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KEY TO ABBREVIATIONS USED IN TABLES OF VOLUME 4 

YEAR - Refers to the contract year studied - 1988, 1993, 1998, or 2003 

STUDY, SCENARIO, or CASE - Refers to the unique combination of Formula 
Allocation, Intertie capacity, and Firm Marketing options. Abbreviations are 
in the form: 

Intertie Firm 
Formula Allocation Capacity Marketing 

(M) PF EX B 
PR DC F 
HF AC A 

MX 

Where: 
PF = Pre-Formula AI location 
PR = Proposed Formual AI location 
HF = Hydro-First Formula Allocation 

EX = Existing capacity 
DC = Existing capacity plus DC Terminal expansion 
AC = Existing capacity plus Third AC 

(MK) 

MX = Existing capacity plus DC Terminal expansion plus Third AC 

B = Existing firm contracts 
F = Existing firm contracts plus Federal Marketing 
A = Existing firm contracts plus Federal Marketing plus assured del ivery 

(M) and (MK) = Additional coding occasionally used to indicate the vintage of 
a computer run. 

MONTH/PERIOD - Generally self-explanatory month abbreviations. Apri I and 
August are split into two periods - AP1 or APR1 and AG1 or AUG1 refer to the 
first halves of April and August, respectively. Simi larly AP2 or APR2 and AG2 
or AUG2 refer to the second half of those months. 

EXAMPLES 

PRMXA means a scenario in which the Proposed Formula AI location, Maximum 
Intertie capacity, and Assured Del ivery are assumed 

HFEXF means a scenario in which a Hydro First Formula AI location, Existing 
Intertie capacity, and Existing Contracts plus Federal Marketing are assumed. 

6169K 





KEY TO SENS I T I V I TY S TUD IES ABBREVIATI ONS 
USED IN TABLES OF VOLUME 4 

Fo l lowing i s  a l i s t  of  abb reviat ions used for  sens i t ivity  s tud i e s . The 
abb reviat ions ( under c o l umn 4) appear at t he end of the codes as 
exp lained b e l o w :  

YEAR - Refers  to  t h e  cont rac t year s tud ied - 1 988 , 1 9 9 3 , 1 9 98 , o r  200 3 . 

STUDY , SCENAR IO , o r  CASE - Refers  t o  the unique comb ina t ion of  f o rmula 
a l l oc a t ion , Inte r t ie capac i ty ,  and f i rm marke t ing op t i ons . Abb reviat ions 
are in the f o rm :  

1 

Formula Al l o ca t ion 

PF 
PR 
HF 

2 
Int e r t i e  
Capac i ty 

EX 
DC 
AC 
MX 

Where : 

PF  P re-lAP Formula A l l o c a t ion 
PR = P roposed Formula Al l o c a t ion 
HF = Hydro-Firs t Formula A l l o ca t ion 

EX = Exi s t ing Capac i ty 
DC = Exi s t ing Capac i ty p l us DC Terminal 
AC Exis t ing Capac i ty p l us Third  AC 
MX = Exis t ing Capac i ty p lus DC Termina l 

B = Exi s t ing Firm Cont rac t s  
F Exi s t ing Firm Cont rac t s  p l us Federal 
A = Exis t ing Firm Cont rac t s  plus Federal 

ED = Environmental  Coal D i s pa t c h  
G H  = High Pac i f  ic Southwe s t Gas P r i ce 
NF = New Non Firm Rate Cap 
NL = Low Pac i f i c  Nor thwe s t  Loads 
S H  = H igh Pac i f ic Southwe s t  Loads 

3 
Firm 

Marke t ing 

B 
F 
A 

Expans ion 

Expans ion 

Marke t ing 
Marke t ing 

p l us 

p l us 

4 
Sens i t ivi t y  

Ana lys i s  

ED 
NF 
GH 
S H  
NL 
2 P 1  
2 P 2  
2 P 3  
MK 

Thi rd AC 

As s ured Del ivery 

The f o l lowing sens i t iv i t i e s  are var i a t i ons of  the As s ured De l ivery case 
with varying contrac t c omb ina t ions : 

2P 1 = As sured De l ivery Al t e rnat ive #1 
2P 2 As sured Del ive ry Al t e rnat ive #2 (more  seasonal power exchange s )  
2P3  = Assured Del ive ry Al t e rnat ive #3 
MK = Addi t ional coding used to  indicate  the vintage of a c ompu t e r  run . 

MONTH / PER IOD - General ly s e l f -exp lanat o ry mont h  abb reviat ions . Apr i l  and 
Augus t are s p l i t  into  two p e r iods  - AP 1 or APR1 and AG 1 o r  AUG 1 refer  t o  
t h e  f i rst halves o f  Ap r i l  and Augus t ,  resp e c t ively . S imilarly  AP 2 o r  
APR2 and AG2 o r  AUG2 refer  t o  the s econd half  o f  tho s e  months . 
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Annual Exp o r t  Sales  SAM F i l e : RESSALE . OUT - l 2-DEC-8 7 
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Pac i f i c  Nor thwe s t  Expec ted Annual M i s c e l l aneous and Non-Cont ro l l ab l e  Re sources 
SAM F i l e : BLUEBOOK . OUT ( As sured De l ivery Al t e rnat ive #1 ) 8-FEB-88 
SAM F i l e : BLUEBOOK . OUT (As sured Delivery Al t e rnat ive #2 ) 9-FEB-88 
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End ing E leva t ion , Draf t ,  F l ow and Draf t Po int f o r : 
Dworshak , G rand Coulee , Albeni  Fal l s ,  Hungry Horse , and Libby 
Year s : 1 988 , 1 9 93 , 1 9 98 , and 2003  
P e r i ods : 1 t o  14 , P lus S e p t embe r  o f  the Fo l l owing Year 
200 Game s - Raw Data - SAS F i l e : FOR043 

Sys tem Draf t P o in t  
Dwor shak , G rand Coulee , Albeni Fal l s , Hungry Horse , and Libby 
Years : 1 988 , 1 9 9 3 , 1 9 98 , and 200 3 
Periods : 1 to  14 , P l us S e p t embe r  of  the Fo l lowing Year 
200 Game s - Raw Da ta - SAS F i l e : FOR043 

Fl ows c f s  f o r : 
Co l umb i a  Fal l s  - Years : 
Lowe r Gran i t e  - Years : 
P r i e s t Rap ids  - Years : 
200 Games - Raw Data -

1 988 , 1 9 9 3 , 1 998 , and 2003  - P e r i od s : 1 to  1 4  
1 988 , 1 9 9 3 , 1 9 98 , and 2 0 0 3  - Periods : 8 t o  1 2  
1 988 , 1 9 9 3 , 1 9 98 , and 2003  - Periods : 8 t o  1 2  

SAS F i l e : FOR04 2  

Bypa s s  Spi l l , Flow cf s ,  Forced Spi l l , Ove rgene rat ion , and Total  Spi l l  f o r : 
Bonnevi l l e , The Dal les , I ce Harbo r ,  John Day , L i t t le Goose , Lower Gran i t e , 
Lowe r Monumental , McNary , P r i e s t  Rapids , Roc ky Reac h ,  Rock I s land , 
Wanapum , and Wel l s  
Years : 1 988 , 1 9 9 3 , 1 9 98 , and 2 0 0 3  
P e r iods : 8 t o  14 , P lus P e r i od 1 o f  the Fo l l owing Year 
40 Games - Raw Data - SAS F i l e : FOR04 2  

Total  Spi l l  f o r : 
Bonnevi l l e , The Da l l e s , I ce Harbo r ,  John Day , L i t t l e  Goose , Lowe r Gran i t e , 
Lowe r  Monumental , McNary , P r i e s t  Rap ids , Rocky Reach , Ro ck I s land , 
Wanapum , and We l l s  
Years : 1 98 7  t hrough 2006  
P e r i ods : 1 t o  14  
200 Games Except  for  last  Year 1 9 9  - B inned Data  - SAS  Fi l e : FOR04 2 

ECC , Ends to rage , Avg . Megawa t t s , To tal  Out f l ow f o r  Rese rvo i r s  f o r : 
Albeni Fal l s , Arrow , Brown l ee , Chief  Joe , Che lan , C o ra Linn , Grand Coul ee , 
Duncan , Dwo rshak , Hungry Horse , John Day , Ker r , Libby , McNary , Mica , Mos sy 
Rock , Noxon , Reve l s to ke , and Ros s  
Year s : 1 98 7  t hrough 2006  
P e r i ods : 1 to  1 4  
2 0 0  Game s - B inned Dat a  - SAS F i l e : FOR03 9  

Compo s i te Draf t ,  Draf t P o in t ,  Ends t o rage , Regulated  Gene rat ion f o r : 
Sys t em 
Years :  1 98 7  t hrough 2006  
P e r iods : 1 t o  14  
200  Game s - B inned Data  - SAS  File: FOR039 



Avg . Megawa t t s  and To tal  Out f l ow f o r  Run of River Projec t s_f o r� 
Bonnevi l le ,  Co l umb ia Fa l l s , The Dal l e s , Ice  Harbor , L i t t l e  Goose , Lower 
Monumental , Lower Gran i te , Pr ies t Rapids , Rocky Reach , Roc k  I s land , 
Wanapum , and We l l s 
Years : 1 9 8 7  through 2006  
Periods : 1 t o  1 t. 
200 Games - B inned Data - SAS Fi l e : FOR03 9  

Ini t ial  Overgenera t ion and_ Res idual Overgenerat ion : 
No P lant S pec i f ic  Data 
Years : 1 9 8 8 , 1 9 9 3 , 1 9 98 , and 2003 
Per iods : 8 to 1 4 , P lus Period  1 o f  the Fo l lowing Year 
40 Games - Raw Da ta - SAS F i l e : FOR045 

V i o l a t ions W i t h  To tal  Ove r al l Years f o r :  
P r ie s t  Rap ids  
Years : 1 98 7  through 2006  
Per iods : No t Broken Down by Per iods  
200 Games - B inned Da ta - SAS F i l e : FOR04S 

Draf t Be l ow 8S Fee t  f o r  F lood  Con t r o l  and P ower w i t h  To tal  Ove r a l l  Years  f o r : 
Hungry Horse  
Years : 1 98 7  through 2006  
Per iods : No t B ro ken Down by P e r iods  
200 Game s - B inned Data - SAS F i l e : FOR045 

Draf t Be l ow 1 10 Fee t  f o r  F l o o d  Con t r o l  and Power w i t h  Total  Ove r Al l Years f o r : 
L ibby 
Years : 1 98 7  through 2006  
P e riods : No t B roken Down by Periods  
200 Games - B inned Da ta i s  Be l o w  1 10 Fee t  and Powe r - SAS  F i l e : FOR045 

Ini t ia l  and Final Overgene ra t ion : 
No P lant Spec i f ic  Da ta 
Years : 1 98 7  through 2006 
P e riods : 1 to  1 4  
200 Game s - B inned Data - SAS F i le : FOR045 

Mon t h ly Ove rgenera t ion ( MW )  
No t p lant spe c i f i c  data 
Years : 1 98 7  through 2006 

Mon t h ly Hydrosys tem Generat ion ( MW )  
No t p lant s pe c i f i c  data 
Years : 1 98 7  through 2006 
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APPEND IX  A 

AFFECTED ENV I RONMENT : SUPPORT ING MATER IAL 

Appendix A con t a ins suppl ement a l  data on s o c io /economic conside ra t ions as we l l  
as data on the na tural resources environmen t .  Informat ion is arranged in the 
f o l l owing o rder : geography / land use ( Tab les  A . I and A . 2 ) ,  powe r 
resourc e s / resources mix ( Tab le s  A . 3  through A . 8 ) ,  o the r uses o f  rive r sys tems 
( Tab l e  A . 9 ) , a i r  qua l i ty ( Tab l e s  A . IO through A . I S ) ,  wa ter  qua l i ty / f i s h  
( Tab l es  A . 1 6 through A . 1 9 ) , and wi l d l i fe and vege t a t ion ( Tab le s  A . 20 and A . 2 1 ) .  

A.l 



TABLE A.l 

fEDERAL COLUMBIA RIVER POWER SYSTEM 
GENERAL SPECIfICATIONS Of PROJECTS EXISTING, AUTHORIZED OR LICENSED, AND POTENTIAL NAMEPLATE RATING Of INSTALLATIONS 

September 24, 1985 

Oper-
ati ng Init ial Number Number Number Number 
Agency Stream (if H) Da te in of 21 Nameplate of Nameplate of Nameplate of Nameplate 

�roje'l lne � S1.a1.e Cit� (if [uell lli.YiJ:.e. ll.n.i1L Bali oll-�ii ll.n.i1L Ralioll-kii ll.n.i1L B�tioll-�ii ll.n.i1L B�tiog-kii 

Minidoka H BR lD Snake 05/07/09 7 13,400 7 13,400 
Boise Rvr Div H BR 10 Boise 05/00/12 3 1,500 3 1,500 
Black Canyon H BR lD Payette 12/00125 2 8,000 2 8,000 
Bonneville H CE OR-WA Columbia 06/06/38 18-2 1,076,600 18-2 1,076,600 
Grand Coulee H BR WA Columbia 09128/41 24-3 6,163,000 6 4,200,000 30-3 10,363,000 
Anderson Rnch H BR ID S fk Boise 12/15/50 2 40,000 1 13,500 3 53,500 
Hungry Horse H BR MT S fk n athead 10129/52 4 285,000 4 285,000 
Detroit H CE OR N Santiam 07/01/53 2 100,000 2 100,000 
McNary H CE OR-WA Columbia 11/06/53 14 980,000 6 747,000 3/ 20 1,727,000 
Big Cliff H CE OR N Santlam 06/12/54 1 18,000 1 18,000 
Lookout Point H CE OR M fk WIllamette 12116/54 3 120,000 3 120,000 
Albeni falls H CE lD Pend Ore 111 e 03125/55 3 42,600 3 42,600 
Dexter H CE OR M fk Wi 11 amette 05/19/55 1 15,000 1 15,000 
Chief Joseph H CE WA Columbia 08/28/55 27 2,069,000 13 1,573,000 40 3,642,000 
Chandler H BR WA Yakima 02/13/56 2 12,000 2 12,000 
Palisades H BR lD Snake 02125/57 4 118,750 2 135,000 6 253,750 
The Dalles H CE OR-WA Columbia 05/13/57 22-2 1,807,000 22-2 1,807,000 

> Roza H BR WA Yakima 08/31/58 1 11,250 1 11,250 
'J Ice Harbor H CE WA Snake 12118/61 6 602,880 6 602,880 

Hills Creek H CE OR M fk Willamette 05/02/62 2 30,000 2 30,000 
Cougar H CE OR S fk McKenz i e 02/04/64 2 25,000 35,000 3 60,000 
Green Peter H CE OR Middle Santiam 06/09/67 2 80,000 2 80.000 
John Day H CE OR-WA Columbia 07/17/68 16 2,160,000 4 540,000 20 2,700,000 
foster H CE OR South Santiam 08/22/68 2 20,000 2 20,000 
Lower 

Monumental H CE WA Snake OS/28/69 6 810,000 6 810,000 
Little Goose H CE WA Snake 05119170 6 810,000 6 810,000 
Dworshak H CE lD N fk Clearwater 09/18171 3 400,000 3 660,000 6 1,060,000 
Grand 

Coulee PG PG BR WA Columbia 12/30174 6 300,000 6 300,000 
Lower Granite H CE WA Snake 04/15175 6 810,000 6 810,000 
Libby H CE MT Kootenai 08129175 5 525,000 3 315,000 .41 8 840,000 
Lost Creek H C[ OR Rogue 12/01177 2 49,000 2 49,000 
Libby 

76,400 Reregulating H CE MT Kootenai 3 76,400 3 
Strube H CE OR S fk McKenzie 1 4,500 1 4,500 
Teton H BR lD Teton 3 30,000 3 30,000 

1a1����ls �od ��meRlate R�tiOg 2Q4-Z 1�L�Q2.2aQ 24 Z.4Q7.2QL ZZ �.n1.5QQ 25Q-7 27�a32.3alL 
latal Number of PrOjects 31 3 0 33 
1/ CE - Corps of Engineers, Br - Bureau of Reclamation, BPA - Branch of Generation Planning 
V Numbers after dashes indicate auxilIary units. 
3/ McNary Second Powerhouse estimates includes six unites at 124.500 kW each. 
1/ Libby Unties 6, 7, 8 at 105,000 kW each have been deferred. 



Tab l e  A . 2 

CANAD Ifu� RESERVO IR DES I GN OPERAT ION LEVELS ( FT )  

McNaughton Lake (Mica Dam ) 1/ 
Ar row Lakes ( Keen l eys ide Dam ) 2/ 
Koo tenay Lake ( Co r ra Linn Dam ) 3/ 
Duncan ( Duncan Dam ) 4/ 
Lake Koocanusa ( Libby Dam ) 5/ 
Wi l l i s ton Lake ( Benne t t  Dam ) 6/ 

Min . E l ev .  

li�����_U 
2,320 
1,377.9 
1,738.1 
1,800 
2,287 
2,100 

Peace Canyon Lake ( Peace Canyon Dam ) Z/ 1,650 
Sources : _._-

No rma l  
Max . E l ev .  

�'-��)�) 
2,475 
1,444.0 
1,748.1 
1,892 
2,459 
2,205 

+0.5 
( run-o f-rive r )  

1/ Br i t i s h  C o l umb ia Hydro and Power Aut ho r i ty ( BCHPA ) 1978 
2/ Minis t ry o f  Envi ronment 1980 
3/ Wa t e r  Survey of Canada 1980-1984 ( e s timated f rom flow reco rds ) 
4/ BCHPA 1960 
5/ Smi t h ,  1970 
6/ Min is try o f  Envi ronment 1982 
7/ Thurbe r ,  1973 

A.l 

Range 

lit _�L 
155 

66.1 
10 
92 

172 
105 



Tab l e  A . 3  

MAJOR THERMAL GENERAT ING RESOURCES IN THE PAC I F IC NORTHWEST 

P lan t 

Nuc l ear 
Trojan 
WPPSS  No . 2 
WPPSS  No . 1 & 3 ( suspended ) 

Coal 
Co l s t r ip  No . 1 

No . 2 
No . 3 
No . 4 

Jim Bridger No . 1 
No . 2 
No . 3 
No . 4 

Cen t ral ia No . 1 
No . 2 

Boardman 
Valmy No . 1 & 2 

Loca t i on 

Rainie r ,  OR 
Hanfo rd , WA 
Hanfo rd / S a t s o p , WA 

C o l s  t r i p ,  MT 
Co l s t rip , MT 
Co l s t r ip , MT 
C o l s t rip , MT 
Rock S p r ings , WY 
Rock S prings , WY 
Rock Sp rings , WY 
Rock Springs , WY 
Cen t ra l i a ,  WA 
Cen t ra l i a ,  WA 
Boardman , OR 
Valmy NV 

Ne t_SapC!b iLili 
( MW )  

1 , 080 
1 , 100  
2 , 4 90 

3 3 0  
3 3 0  
700 
700 
500 
500 
500 
500  
6 40 
6 40 
5 30 
5 22 

Source : Wes t e rn Sys tems Coord ina t ing Counc i l , "Swnmary o f  Es t imated Loads and 
Resources "  i s s ued Apr i l  1 98 6 . 



Power Plant/ 

Un it Number 

Contra Costa 6 

Contra Costa 7 

Et iwanda 3 

Et iwanda 4 

Haynes 

Haynes 

Haynes 4 

Haynes 5 
Haynes 6 

Hunt. B. 

Hunt. B. 4 

Morro Bay 

Morro Bay 2 

Morro Bay 3 

Morro Bay 4 

Moss Land. 4 

Moss Land. 5 

Moss Land. 7 

Pittsburg 1 

Pittsburg 4 

Pittsburg 5 

Pittsburg 6 

Pittsburg 7 

Scattergood 

Scattergood 2 

Scattergood 3 

Valley 1 

Valley 2 

Valley 3 

Valley 4 

Table A.4 

CALIFORNIA POWER PLANT OPERATION DATA: 

FUEL USE CHARACTERISTICS FOR PLANTS INDICATING CHANGE IN GENERATION 

Location 

County State 

Contra Costa, CA 

Contra Costa, CA 

San Bern., CA 

San Bern., CA 

Los Angeles, CA 

Los Angeles, CA 

Los Angeles, CA 

Los Angeles, CA 

Los Angeles, CA 

orange, CA 

Orange, CA 

San Lu. Ob., CA 

San Lu. Ob., CA 

San Lu. Ob., CA 

San Lu. Ob., CA 

Monterey, CA 

Monterey, CA 

Monterey, CA 

Contra Costa, CA 

Contra Costa, CA 

Contra Costa, CA 

Contra Costa, CA 

Contra Costa, CA 

Los Angeles, CA 

Los Angeles, CA 

Los Angel es, CA 

Los Angeles, CA 

Los Angeles, CA 

Los Angeles, CA 

Net 

UU1- Cap. 

;ty M\.I 

PG&E 

PG&E 

SCE 

SCE 

LDWP 

LDWP 

LDWP 

LDWP 

LDWP 

SCE 

SeE 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

PG&E 

LDWP 

LDWP 

LDWP 

LDWP 

LDWP 

LDW!' 

340 

340 

320 

320 

222 

222 

222 

341 

341 

215 

225 

163 

163 

338 

338 

117 

117 

739 

163 

163 

325 

325 

720 

179 

179 

284 

101 

101 

164 

Primary 

Fuel 

Natural Gas 

Natural Gas 

Fuel Oil No.4 

Fuel Oil No.4 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil NO.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.4 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Na tura 1 Gas 

Natural Gas 

Fuel Oil NO.6 

Fuel Oil No.6 

Natural Gas 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Secondary 

Fuel 

Fuel Oil No.6 

Fuel Oil No.6 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Natural Gas 

Fuel Oil NO.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil No.6 

Fuel Oil NO.6 

Fuel Oil No.6 

Natural Gas 

Natural Gas 

None 

Natural Gas 

Natural Gas 

Natural Gas 

Primary 

Fuel Trans 

Meth. 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Tr/Pl/Ship 

Tr/Pl/Ship 

Tr/Pl/Ship 

Tr/Pl/Ship 

Pl/Ship 

Pl/Ship 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipel ine 

Pipeline 

Truck-Rail 

Truck-Rail 

Pipeline 

Truck-Ra il 

Truck-Rail 

Truck-Rail 

Secondary 

Fuel Trans 

Meth. 

Pipeline 

Pipeline 

Pipeline 

P,peline 

Pipel ine 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Ship 

Ship 

Ship 

Ship 

Ship 

Ship 

Ship 

Pipeline 

Pipel ine 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Pipeline 

Los Angeles. CA LDWP 16Q Fuel Oil No.6 Natural Gas Truck Rail Pipeline 
SOURCE: Western Systems Coordinating Council, "Coordinated Bulk Power Supply Program, 1984-1994," 

WSCC, April, 1985. 
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Table A.5 

FUEL RECEIPTS AT CALIFORNIA POWER PLANT STATIONS: STATION UNITS 

INOICATING CHANGE IN GENERATION" 

1980 1980 1981 1981 1982 1982 1983 1983 1984 1984 

Fuel Nat. Fuel Nat. Fuel Nat. Fuel Nat. Fuel Nat. 

Power Plant ut il- Oil Gas Oil Gas Oil Gas Oil Gas Oil Gas 

Station ity % Btu % Btu % Btu I Btu I Btu I Btu ., Btu I Btu I Btu I Btu to 

Contra Costa PG&E 76 38,297 0 59,803 31,934 27,605 40,014 

1.2% 98.8% 0.0% 100.0% 0.0% 100.0% 0.0% 100. 0% 0.0% 100.0% 

Etiwanda SCE 3,485 24,226 2,853 24,839 0 24,356 16, 697 297 17,056 

45.6% 54.4% 40.0% 60.0% 0.0% 100.0% 0.0% 100.0% 9.0% 91.0% 

Haynes LOWP 7,754 17,983 3,745 33,943 1,016 19,300 1,643 17,129 23,868 

71.6% 28.4% 39.0% 61.0% 23.0% 77.0% 36.0% 64.0% 0.0% 100.0% 

Horro Bay PG&E 3,346 24,442 2, 136 34, 163 0 25,790 27,909 41,860 

43.9% 56.1% 27.0% 73.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 

Hoss Land. PG&E 5,493 57,826 3,225 78,584 0 25,791 35,596 57,195 

35.2% 64. 8% 19.0% 81.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100. 0% 

Pit tsburg PG&E 10,469 45, 571 3,308 57, 635 1,798 60,274 52,391 70,085 

57.9% 42.1% 26.0% 74.0% 15.0% 85.0% 0.0% 100.0% 0.0% 100.0% 

Scattergood LDWP 318 23,473 647 20,368 139 5,934 2,045 0 13, 348 

7.2% 92.8% 1.0% 99.0% 12.0% 88.0% 0.0% 100.0% 0.0% 100.0% 

Vall ey LDWP 1, 191 5, 100 166 4, 979 99 695 2,045 2,496 

57.4% 42.6% 16.0% 84.0% 45.0% 55.0% 0.0% 100.0% 0.0% 100.0% 

SOURCES: Western Systems Coordinating CounCil, ·Coordinated Bulk Power Supply Program, 

1984-1994, · WSCC, April 1985. 

Energy Information Administration, U.S. Dept. of Energy, ·Cost and Quality of Fuels for 

Electric Utility Plants,· U.S. Dept. of Energy, Washington, D.C., 1981-1985. 

" Fuel receipts for plant stations; Petroleum (1,000 Bbls); Natural Gas (I,OOOx Hcf). 
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Tab le  A . 6  

ELECTRI C  POWER GENERATION IN CALI FORNIA BY FUEL TYPE (MWH ) 

Year 
Fue l Type 1 980  1 98 1  1 9 8 2  1 98 3  1 984 

Fue l O i l  3 9 , 2 75 , 000 2 7 , 75 1 , 000  9 , 470 , 000  6 , 3 2 7 , 000 2 , 4 1 0 , 000 
Combus t ion Tur . 
and S team 

Natural Gas 5 0 , 2 7 2 , 000  6 3 , 5 5 6 , 000  5 0 , 034 , 000  42 , 8 26 , 000 5 4 , 265 , 000 
Combus t ion Tur . 
and S team 

Hydro e l ec t r i c  40 , 780 , 000 29 , 764 , 000  5 0 , 226 , 000 5 6 , 88 5 , 000 43 , 1 5 9 , 000  

Nuc lear 4 , 9 20 , 000 3 , 206 , 000  3 , 7 35 , 000 5 , 6 1 3 , 00 1 4 , 1 44 , 000 

O the r 5 , 0 9 3 , 000 5 , 70 9 , 000 4 , 85 6 , 000 6 , 08 2 , 000  7 , 6 9 l , 000  

TOTAL 1 40 , 340 , 000  1 29 , 986 , 000  1 18 , 3 2 1 , 000 1 1 7 , 7 3 3 , 000  1 2 1 , 6 6 9 , 000 
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Tab le  A . 7 

FOSS I L  FUEL CONSUMED IN CAL I FORNIA FOR ELECTRIC I TY PRODUCT ION 

Year 
Fue l Type 1 980  1 9 8 1  1 9 8 2  1 9 8 3  1 984 

Fue l Oil 6 5 , 2 22  46 , 0 3 9  1 6 , 140 1 1  , 18 5  4 , 7 3 8  
( l , OOOx Barre l s ) 

Na t ural  Gas 5 18 , 808  6 5 5 , 334 5 3 3 , 8 3 2  465 , 0 6 6  5 7 3 , 00 1  

SOURCE : Energy Inf o rmat ion Admin i s t ra t ion , U . S .  Dep t . o f  Ene rgy , "El ec t ric 
Power Annual ,  1 984 , "  U . S .  Dep t . o f  Energy , Washing ton , D . C . , 1 985 . 



TABLE A.8 

RESOURCES LOCATED IN ISW STUDY AREA 

Resource TYEe 

Hydro Coal 

Arizona 1,741 4,606 

New Mexico 3,840 

Southern Nevada 1,603 2,160 

Utah 157 2,413 20 

Total 3,501 13,019 

ISW Resources (MW CaEacity) 

16% Hydro 
58% Coal 
25% Oil/Gas 

100% 

(MW CaEacity) 1/ 

Geothermal Oil/Gas 

3,302 

1,337 

763 

115 2,705 

20 5,517 

Total 

9,649 

5,177 

4,526 

2,204 

22_L057 
\. 

Source: BPA Division of Power Resources Planning, from Western Systems 
Coordinating Council data. 

Peak 
Load 

7,835 

1,848 

1,123 

13 ,010 

1/ Approximately 23 percent is owned by California utilities. The Palo Verde 
Nuclear Plants Units 1 and 2 (located in Arizona) began commercial 
operation in 1986, with Unit 3 expected to come online in 1987. 
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Dam 

Libby 

Hungry H o r s e  

Albeni Fal l s  

Grand Coulee  

Dwor s hak 

Tab l e  A . 9  

ELEVAT ION VAR IAT I ONS IN PNW RESERVO IRS  
( fee t )  

F i l led Minimum 
E l eva t ion E l eva t ion 

2 , 45 9 2 , 28 7  

3 , 5 6 0  3 , 3 3 6  

2 , 06 2 . 5 )" 2 , 05 0  

1 , 29 0  1 , 208 

1 , 6 00 1 , 445 

* No rmal ful l poo l . Maximum lake e leva t ion i s  20 76 f ee t . 

A. 10 

Drawdown 
Difference 

1 7 2 

224  

1 5  

8 2  

1 5 5  



Tab le  A . 10  

CAL I FORNIA S UBREG IONS FOR A I R  QUAL I TY ANALYS I S  

Bas in 

San Franc i s co A i r  Bas in 

Lo s Ang e l e s  Air Bas in 

San Diego A i r  Bas in 

Central  Coas t 

Southeas t Des e r t  

Coun t ie s  Inc luded 

Alameda , Cont ra Cos ta , Mar in ,  Napa , San 
Franc i s c o ,  San Mateo , and p o r t ions o f  
Santa C lara , and Sonoma 

P o r t ions of  Los Angele s , O range , 
R ivers ide , San Be rnard ino , and Ventura 

San Diego 

Mon te rey and San Lui s  Ob i s po 

Impe rial  and po r t ions o f  San Bernard ino 

A. 1 1  



Table A.ll 

LOCATIONS OF SELECTED COAL-FIRED POWER PLANTS AND LOCAL POPULATIONS 

Plant Utility 

PACIFIC NORTHWEST 

Boardman PGE 

Centralia 1-2 PPL 

Colstrip 1-3 MPC 

Jim Bridger 1-4 PPL 

Valmy 1-2 SSP 

INLAND SOUTHWEST 

Cholla 1-4 APS 

Coronado 1-2 SRP 

Hunter 1-2 UPLC 

Location 
Co., State 

Morrow, OR 

Lewis, WA 

Rosebud, MT 

County 
Pop. 

7,519 

56,025 

9,899 

Plant Site 
Community 

Population 

Boardman 
1,261 

Centralia 
11,555 

Colstrip 
1,476 

Sweetwater, WY 41,723 Rock Springs 
19,458 

Humbolt, NV 9,434 Valmy 
<1,000 

Navaho, AZ 67,629 Joseph City 
<1,000 

Apache, AZ 52,108 St. Johns 
3,368 

Emery, UT 11,451 Castle Dale 
1,910 

A.12 

Nearby* 
Communities 

>1000 

Umatilla, 3199 
Hermiston, 9,408 
Stanfield, 1,568 

Chehalis, 6,100 
Tumwater, 6,705 
Olympia, 27,447 
Fords Prarie, 2,582 
Raymond, 2,991 

Green River, 12,807 

Battle Mt., 2,749 
Winnemucca, 4,140 

Holbrook, 5,785 
Snow Flake, 3,510 
Taylor, 1,915 
Winslow, 7,921 

Eager, 2,797 
Springerville, 1,452 

Concho, Hunt, 
Nutrioso, Vernon: 
<1,000 

Orangeville, 1,309 
Huntington, 2,316 
Wellington, 1,406 
Price, 9,086 



Plant Utility 

Mohave 1-2 SCE 

San Juan 1-4 PNW 

Springerville TEPC 

Table A. ll (Continued) 

Location County 
Co. , State Pop. 

Clark, NV 463,087 

San Juan, NM 81,433 

Apache, AZ 52,108 

Plant Site 
COllUl1unity 

Population 

Laughlin 
<1,000 

Waterflow 
<1,000 

Springerville 
1,452 

Nearby* 
COllUl1unities 

>1000 

Las Vegas, 164,674 
Henderson, 24,363 
Boulder City, 9,590 
Winchester, 19,728 

Kirtland, 2,358 
Shiprock, 7,237 
Farmington, 31,222 
Aztec, 5,512 
Bloomfield, 4,881 

Eager, 2,791 
St. Johns, 3,368 
McNary, 1,320 
Pinetop, 1,527 

Source: U.S. Department of Commerce, Bureau of the Census, General Social and 
Economic Characteristics, (states indicated) (Washington, D. C., 
USGPO, 1983) 

* Nearby cOllUl1unities within approximately 40 miles of the plant site. 

A . ll 



Tab le A . 1 2  

POPULAT ION OF AFFECTED CALI FORNIA AIR BAS INS B Y  COUNTY , 1 980 

Air Bas in --------------
SAN FRAL"IC I SCO 

Sonoma 
Napa 
So lano 
Con tra C o s t a  
San Franc i s co 
Alameda 
San Ma t eo 
Santa C lara 

TOTAL 

LOS ANGELES 

O range 
San Be rnardino 
R ive r s ide 

TOTAL 

SA."I D I EGO 

------------

2 9 9 , 6 8 1  
9 9 , 1 9 9  

235 , 20 3  
6 5 6 , 38 0  
6 78 , 9 74 

1 , 10 5 , 3 7 9  
5 8 7 , 3 2 9  

1 , 29 5 , 0 7 1  
4 , 95 7 , 21 6  

7 , 4 7 7 , 5 0 3  

1 , 93 2 , 70 9  
8 9 5 , 0 1 6  
6 6 3 , 1 6 6  

1 0 , 96 8 , 3 94 

1 , 8 6 1 , 846  

Source : U . S .  Depar tment of Comme r c e , Bureau of the Census , 
Gene ral S o c i a l  and Economic  Charac te r i s t ic ,  
Cal ifo rnia (Wash ing ton , DC , USGPO , 1 9 8 3 ) 
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Cen t ral ia ( 1 )  
Boardman ( 2 )  
Co l s t r ip ( 3 )  
B r idge r ( 4 )  
Valmy ( 5 ) 

INLAND SOUTHWEST 
Cho l la ( 6 )  
S p r ingervi l le ( 6 )  
San Juan ( 7 )  
Mo jave ( 5 ) 
Hun t e r  
C o ronado ( 6 )  

CALIFORNIA 
San Franc i s c o  ( 8 ) 
Lo s Ange les  ( 8 ) 
San D iego ( 8 ) 
C e n t ral Coas t ( 8 ) 
Southeas t De s e r t  ( 8 ) 

CAL I FORNIA 
San Franc i s co ( 8 ) 
Los Ange les  ( 8 )  
San Diego ( 8 ) 
Cent ral Coas t ( 8 ) 
Southeas t Dese r t  ( 8 )  

----�--

Tab l e  A . 1 3  

AMBI ENT A I R  QUAL I TY ( �g/m3 ) 

Year 

1 984 
1 984 
1 984 
1 984 
1 984 

1 984 
1 984 
1 9 8 2  
1 984 
1 984 
1 984 

198 1 
1 9 8 1  
1 9 8 1  
1 98 1  
1 98 1  

1 985  
1 98 5  
1 985  
1 985  
1 98 5  

Annual Ave rage 
S0 2 TSP 

<5 

3 
1 

<5 

5 
<25 

5 
<5 

4 
1 3  
I I  

3 
5 

3 
I I  

8 
3 
o 

5 3  
8 3  
1 6  
5 1  
28 

26 
1 7  
65 

60 
16 

4 7  
1 1 0 

7 7  
48 

1 20 

54  
90  
61  
59  
8 7  

2 4  Hour Maximum 
S0 2 TSP 

104 

2 7  
8 

30  

5 8  
1 0 7  

1 3  
18 7 

7 

9 1  
93  
61 

1 8 7  
3 2  

1 95 
24 7 

43  
166 
1 1 0  

3 1 0 
1 5 0  
1 5 0  

200 
40  

304  
3 9 2  
1 76 
4 5 8  

1 8 2 3  

No te : Dash means that  data are no t ava i lab l e . 1 9 8 1  da ta fo r concent ra t ions 
and emi s s ions we re used f o r  the air bas in mode l ing . 

Sourc e s : 
( 1 )  Was hing ton A i r  P rograms ( 1 985 ) 
( 2 )  Oregon Depa r tment o f  Environmen tal  Qua l i ty ( 1 984 ) 
( 3 )  Mon tana A i r  Qua l i ty Bureau ( 1 9 8 5 ) 
( 4 ) Wyoming A i r  Qua l i ty Divis ion ( 1 984 ) 
( 5 ) Nevada Divis ion of  Env i ronmental P ro te c t ion ( 1 984 ) 
( 6 )  Ar i zona Divi s i on of Envi ronmental Hea l t h Servi ces  ( 1 98 5 ) 
( 7 )  New Mexico A i r  Qual i ty Bureau ( 1 98 2 )  
( 8 )  Cal i f o rnia A i r  Resources  Board Summary ( 1 98 1 , 1 985 ) 
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Tab l e  A . 14 

FEDERAL A I R  QUALITY STANDARDS 

Po l lutant Ave ragi!llL Time 

Annual Ar i thme t r i c  Mean 
Pa r t i culate  ( PM10-
par t i culate wi th  24 hours ( 1 )  
ae rodynamic 
diame t e r  ( nominal 
1 0  mic rome ters  

To tal  Suspended 
Pa r t iculate  

Ozone 

Carbon Monoxide 

Sul fur D ioxide 

Annual  Geome t r i c  Mean 
24 hours ( 1 )  

1 hour ( 1 )  

8 hours ( 1 )  
1 hour ( 1 )  

3 hours ( 2 )  

Ni t rogen 
Diox ide Annua l Ari t hme t ic  Ave rage 

Lead 

NOTES : 

�g /m3 = M i c rograms 

mg/m3 = Mi 1 1  igrams 

o f  

o f  

Cal endar Quar t e r  
Ar i t hme t ic  tvTean 

po l l utant per  cub i c  

po l lutan t per  cub ic 

Federal S t andards 
P r ima ry Secondary 

__________ � Rea ill2 _ _ _ ___ (���t�r� 2 __ _ 

me ter  of  

me t e r  o f  

50  �g /m3 

1 5 0  �g /m3 

235  �g /m3 

10  mg/m3 

40 mg /m3 

100  �g 1m3 

1 . 5  �g 1m3 

ai r .  

ai r .  

50  �g /m3 

1 5 0  �g /m3 

60 �g /m3 

1 5 0  �g 1m3 

235  �g /m3 

1 300 �g /m3 

100  �g/m3 

1 .  5 �g /m3 

( l )  No t to  be exceeded on mo re t han 1 day per  year . 

( 2 )  No t to be exceeded mo re t han one t ime per yea r .  

Sour c e : 40 CFR Part  50  Revised  as o f  July 1 ,  1 9 8 7  
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Tab l e  A . 1 5  

COMPARI SON BETWEEN EMI S S IONS FROM POWER PLANTS AND TOTAL 
EMI S S IONS FOR THE REG IONS IN WH ICH  THEY ARE LOCATED 

( l000 TONS / YR )  

PAC I F I C  NORTHWEST 
Cen t ral ia ( l )  
Boardman ( 2 ) 
C o l s t r i p  ( 3 )  
B r idge r  ( 4 )  
Valmy ( 5 ) 

INLAND SOUTHWES T  
C ho l l a ( 6 ) 
S p r inge rvi l l e ( 6 ) 
San Juan ( 7 ) 
Mo j ave ( 5 ) 
Hun t e r  
Co ronado ( 6 ) 

CALI FOR,\IIA 
San Franc i s c o  ( 8 ) 
Los Ange l e s  ( 8 ) 
San D iego ( 8 ) 
Cen t ral  Coas t ( 8 ) 

S OUTHEAST  DESERT 

CAL I FORNIA 
San Franc i s c o  ( 8 ) 
Lo s Ang e l e s  ( 8 ) 
San D iego ( 8 ) 
Cent ral  Coas t ( 8 ) 

Year 

1 984  
1 984 
1 984 
1 9 8 4  
1 984 

1 984  
1 984  
1 98 2  
1 984  
1 984 
1 984  

1 98 1  
1 9 8 1  
1 9 8 1  
1 98 1  

1 98 1  

1 983  
1 98 3  
1 9 8 3  
1 983  

Powe r  P lan ts  
S 0 2 TSP 

To tal  
Reg ional Emi s s ions 

S 0 2 TSP  Reg ion 

---�-�� ----�------ -�- ---�---

5 5 . 9  
2 . 9  
6 . 1  

45 . 9  
3 . 7  

8 . 4  
1 . 6 

8 1 . 5'10'( 
8 . 8)'0'( 
5 . 5 
3 . 3  

7 . 1 + 
1 3 . 0+ 
1 1 . 6+ 

7 . 0+ 

0 . 5 5 +  

0 . 95 +  
2 . 6+ 
6 . 6+ 
1 . 5 +  

0 . 88 
0 . 5 5 
2 . 1 0 
8 . 80 
0 . 1 6 

0 . 60 
0 . 1 7 
0 . 58"0'( 
6 . 30"0'( 
1 . 80 
0 . 36 

1 . 70+  
1 . 80 +  
5 . 00 +  
1 . 80 +  

0 . 1 1 +  

0 . 2 9 +  
0 . 6 2+ 
2 . 70+  
2 . 80+ 

6 8 . 2  
3 . 1  
6 . 1  

1 28 . 9  
3 . 8  

1 0 . 6  
5 . 3  

1 2 9 . 0  
9 . 3  

1 6 . 1  
5 . 3  

5 1 . 4  
6 9 . 1  
1 7 . 7  
1 9 . 0  

2 2 . 4  

3 6 . 5  
1 5 5 . 0  

1 2 . 4  
l 3  . 1  

2 7 . 0  
l 3 . 5  

5 . 1  
43 . 8  

0 . 26 

7 2 . 2  
48 . 3  
23 . 0  

4 . 2  
2 . 9  

48 . 3  

1 9 1 . 0 
1 6 9 . 0  

85 . 4  
4 6 . 5  

94 . 7  

307 . 0  
584 . 0  
1 24 . 0  

9 1 . 3  

SW  WA 
Mur row Co . 
Ro s e b ud C o . 
SW WY 
Humbo 1  t Co . ;( 

Navaj o  C o , .  
Apache Co . 
San Juan Co . 
C la r k  Co . ,'( 
Eme ry C o . 
Apache Co . 

A i r  Bas in 
A i r  Bas in 
A i r  Bas i n  
:lonte rey & 
San Lui s  
Ob i s po C o s . 

Ai r Bas in 

Air Bas in 
Ai r Bas in 
A i r  Bas in 
Monte rey & 
San Lui s  
Ob i s po C o s . 



Year 
-��--� �---��--------

SOUTHEAST DES ERT 1 9 8 3  

Tab l e  A . 1 5  ( Cont inued ) 

To tal 
Powe r  P lan ts  Regiona l Emi s s ions 
S 02 TS P S 0 2 TS P Reg ion 

���--�-� 

0 . 26+  0 . 04+ 1 2 . 0  1 24 . 0  Ai r Bas in 

- _  .. _ - ---- ------------�----- ----- . .  -.------------------ ---� -----
* P e rmi t ted sources  only ( p o int ) 
** Emi s s ion at  . 6 5 p lan t fac t o r  
+ Total  in bas in f rom e l ec t r i c  u t i l i t ies  

Source s : 
( 1 )  Was h ington A i r  P rcg rams ( 1 985 ) 
( 2 )  O regon Dep t .  of  Envi ronmental Qual i ty ( 1 984 ) 
( 3 )  Mon tana Ai r Qua l i ty Bureau ( 1 985 ) 
( 4 )  Wyom ing A i r  Qua l i ty D ivi s ion ( 1 984 ) 
(5 ) Nevada Divis ion of  Env i ronmental  Pro tec t ion ( 1 984 ) 
( 6 )  A r i z ona Divi s ion of Env i ronmen tal Heal th  S e rvices  ( 1 985 ) 
( 7 )  New �exico  A i r  Qua l i ty Bureau ( 1 98 2 )  
( 8 ) Cal i f o rnia A i r  Re sources  Board Summa ry ( 1 985 , 1 98 6 ) 

A. 1 8  



Table A.16 

PRECIPITATION CONCENTRATIONS FROM WESTERN MONITORING STATIONS 

Length 
Site Years of Record pH Sulfate Nitrate Calcium Anunonium 

(yrs) (eg/1) 1I (eg/1) (eg/1) (eg/1) 

1 Alamosa, CO 1980-81 1.5 5.34 34 16 19 22 
2 Manitou, CO 1980-81 1.8 4.83 39 29 22 17 
3 Pawnee, CO 1980-81 1.9 5.27 38 28 20 39 
4 Rocky MNP, CO 1980-81 1.5 5.00 31 23 18 19 
5 Sand Spring, CO 1980-81 2.0 4.93 29 15 19 09 
6 Mesa Verde, CO 1982 1.0 4.67 38 18 

Site Years Length of pH Sulfate Nitrate 
record (yrs) (eg/1) (eg/1) 

9 Cuba, NM 1982 0.9 4.94 30 17 
10 Bandelier, NM 1982 0.5 5.15 22 10 
11 Grand Canyon, AZ 1982 1.0 5.11 18 12 
12 Oliver Knoll, AZ 1981-82 1. 3 4.68 49 16 
13 Organ Pipe, AZ 1980-82 2.4 5.14 32 15 
14 Tombstone, AZ 1980-81 4.66 75 23 

Site Years Length of pH Nitrate Sulfate 
record (yrs) (eg/l) (eg/1) 

16 Pinedale, WY 1982 1.0 5.16 11 22 
17 Yellowstone, WY 1980-82 2.6 5.30 11 23 
18 Glacier Nat. P. , MT 1980-81 1.6 5.00 6 17 
19 Craters of the Moon, ID 1980-81 1.4 5.16 8 19 
20 Headquarters, ID 1982 0.5 5.44 6 05 
21 Vines Hill, OR 1980-81 1.4 6.04 12 18 
22 Pendleton, OR 1980-81 1.7 5.28 13 22 

Length 
Site Years of Record pH Sulfate Nitrate Calcium Anunonium 

(yrs) (eg/1) 1/ (eg/l) (eg/1) (eg/1) 

24 Bishop, CA 1980-81 1.7 5.8 26 17 26 12 
25 Sequoia, CA 1980-81 1.4 5.3 14 11 4 12 
26 Yosemite,CA 1982 1.0 5.38 6 4 

-- Data unavailable 
eq/1 = equivalents per liter 



Site 

39 Alsea Guard, OR 
40 Schmidt Farm, OR 
41 Lost Creek, OR 
42 H. J. Andrews, OR 
43 Olympic NP, WA 

Source: Roth et a1. ( 1985) 
11 Equivalents per liter 

Table A.16 (Continued) 

Years Length of 
record (yrs) 

1980-8 1 2.0 
1980-8 1 2.0 
1980-8 1 1.2 
1980-8 1 1.6 
1980-81 1. 6 

A.?O 

pH Nitrate Sulfate 
(eg/l ) (eg /1 ) 

5.47 2 12 
5.43 4 11 
5.32 3 06 
5.44 2 07 
5.39 2 07 



Table A.I? 

CHARACTER IST IC FISH SPECIES OF THE COLUMBIA AND 
PEACE RIVER BAS INS IN THE AFFECTED ENVIRONMENT 

Water Resource 

Mainstem Peace River 

Williston Reservoir 

Peace River-Canyon 

Johnson & Gething Creeks 

Mica Dam Reservoir 
& Tributaries 

Duncan Reservoir 

Duncan River 

Koocanusa Reservoir 

Columbia Basin 

Characteristic Species 

Lake whitefish 
Rainbow trout 
Kokanee salmon 
Mountain whitefish 

Lake whitefish 
Mountain whitefish 
Arctic grayling 
Dolly Varden char 
Rainbow trout 
Kokanee 
Redside shiner 

Lake whitefish 
Mountain whitefish 
Arctic grayling 
Dolly Varden char 
Rainbow trout 

Spawning habitat 

Dolly Varden char 
Rainbow trout 
Mountain whitefish 

Rainbow trout 

Kootenay Lake rainbow trout 
Kokanee 

Cutthroat trout 
Dolly Varden char 

Anadromous 
Steelhead trout 
Chinook salmon 
Coho salmon 
Sockeye salmon 
Shad 

A.21 

Arctic grayling 
Longnose sucker 
Northern pike 
Dolly Varden char 

Northern squawfish 
Peasmouth 
Large scale sucker 
Longnose sucker 
White sucker 
Burbot 
Prickly sculpin 

Northern squawfish 
Longnose sucker 
White sucker 
Burbot 

Burbot 
Squawfish 
Suckers 

Dolly Varden Char 

Mountain whitefish 
Burbot 

White sturgeon 
Striped bass 
Eulachon 
Pacific Lamprey 



Columbia Basin (cont.) 

Table A.l? 

Cutthroat trout 
Bull trout 
Rainbow trout 
Brook trout 
Lake trout 
Brown trout 
Dolly Varden 
Kokanee 

(Continued) 

Resident 

Lake whitefish 
Pygmy whitefish 
Mountain whitefish 
Slimy sculpin 
Shorthead sculpin 
Mottled sculpin 
Longnose sucker 
Largescale sucker 
Peamouth 
Northern squawfish 
Northern pike 

A.?? 

Largemouth bass 
Smallmouth bass 
Black crappie 
Bluegill 
Pumpkinseed 
Yellow perch 
Black bullhead 
Brown bullhead 
Yellow bullhead 
Suckers 
Carp 
Dace 
Tench 
Shiners 
Channel catfish 
Chiselmouth 
Burbot 
Three spined stickleback 



Tab le A . 1 8  

CHARACTER I S T I C  F I S H  SPEC IES INHABIT ING WATER RESOURCES SUPPLYING 
ELECTR I C  GENERAT ING PLANTS IN THE AFFECTED ENV IRONMENT 

P l ant Name 

C o l strip  Coal  

As s o c iated 
Wate r Resource 

Ye l l owstone 
R ive r & 
Castl e ro c k  Res e rvo i r  

Castlerock  Res e rvo i r  

Characte r i s t i c  
�c ies  P re s e�_�_ 

Sauger 
Channe l Catf i s h  
Burbo t 
Shove lno s e  Sturgeon 
Go ldeye 
F l athead Chub 
Wa l leye P i ke 
Smal lmo uth Bas s  

------------------------------------------------------------------------------

Br idge r Coa l G reen Rive r  & 
F l aming Gorge Res e rvo i r  

Brown Trout 
Rainbow Trout 

------------------------------------------------------ -------------------------

Central ia  Coal  S kookumchuk Rive r C h inoo k  Sa lmon 
Coho Sa lmon 
C hum Salmon 
Stee l head 
Cutthroat Trout 

---------------------------------------------------------------------------------

Boardman Coal  Carty Res ervo i r  S cu l p ins 
Smal lmo uth Bas s  

-------------------------------------------------------------------------------

P it ts burg & 
Contra Costa 

O i l /Gas Sacramento and 
San Joaquin 
R iver De l tas ; 
San Pab lo and 
San Franc i s co 
Bays 

C h inoo k  Sa lmon 
Ste e l head Trout 
Str i ped Bas s 
Ameri can Shad 
White Sturgeon 
G reen Sturgeon 

-------------------------------------------------------------------------------

Mo ss  Land ing O i l /Gas E l kho rn S l ough 
and Mo s s  
Land ing Harbo r 

Pac if i c  H e r r ing 
Str iped Bas s  
Rubbe r l i p  Seape r c h  
P i l e  P e r c h  
Black P e r c h  
Jackome lt 
Sand So l e  
Stagho rn S c u l p in 
Sta r ry F l ounde r 
Wal l eye P e r c h  
Cabezon 
Sanddab 
No rthern ';nchovy 
Engl i s h  So l e  
Seve ral  Shark S pe c ies  



P l an t Name 

Mo rro  Bay 

Haynes 

Scat te rgood 

Hun t e r s  P o i n t  

Manda lay & 
Ormond 

El Segundo & 
Redondo Beach 

Alam i t o s  

Enc ina & 
South  Bay 

[\lohave 

O i l / Gas 

O i l / Gas 

O i l / Gas 

Tab l e  A . 18 ( Cont inued ) 

As s o c iated C harac ter is t i c 
Wa t e r  Resource  

El kho rn S l ough 

Ylo rro  Bay 

Long Beac h 

Mar ina & San 
Gab r i e l  Rive r 

Santa Monica  Bay 

San Franc i s c o  Bay 

Pac ific coas tal  wa ters  
of Southe rn Cal ifo rn ia 

Pac if i c  c oas tal  wa ters  
o f  Southern Ca l ifo rn i a  

Los Ce r r i to s  Chann e l  

San Diego Bay 

C o l o rado Rive r 

A.24 

Spe c i e s  P r e s en t __ � 

P ismo C l am 
Was h ington C l am 
L i t t l eneck C l am 
S o f tshel led  C lam 
Na t ive Oys ters  
P iddocks 
Gian t Pac i f i c  Oys t e r  

S imi lar  to  Mo s s  Land ing 

S imi lar to  King 
Harbo r l /  

S imi lar  t o  King 
Harbo r l /  

Engl i s h  s o l e  
shiner  pe rch  
j acksme l t 
dwarf perch  
whi te seape rch  
Pac i f .  s taghorn s cu l p i n  
Pac ific sanddab 
s ta r ry flounder 

c roaker  

s im i lar  to  Kings  Harb o r  

c r oake r 
s urf perch  

Data no t ye t rece ived . 
Wi l l  be s e n t  s eparately  

s t r iped bas s 
largemouth bass 
sma l l mouth  bas s 
razorback s ucker  
bony tai l chub 
rainbow t rout 
b rook t rout  
wal l eye pike  
b lack c rapp ie 
s unfi s h  
t read f in s had 
channe l catfish  



P lan t Name 

San Juan 

Tab le  A . l S  ( Cont inue d ) 

As s o c iated Charac t e r i s t i c  
Wat e r  Resource 

San Juan River 

Spe c i e s  P resent  

channel  ca t f i s h  
c rapp ie 
largemo u t h  bas s 
smal lmouth bass  
threadf in shad 

-------------------------------------------------------------------------------

Hun t e r  Fe rron Creek 
Co t tonwoo d  C reek 

rainbow t ro ut 
Cyp r in i dae 

------------------------------------------------ - - -----------------------------

1 /  Lis t of  94  s p e c ies observed in King Harb o r  appears in Tab l e  A . 1 9 .  

fl . •  ?r:.; 



Source: 

Tab l e  A . 1 9  

S PECIES O F  FISH OBSERVED IN KING HARBOR 

Southe rn Spearno se 
Barred surf perch 
Bay Anchovy 
Sargo 
Roughcheek s cu l p in 
Boneyhead s c u l p in 
Topsme l t  
Ke l p  surf perch 
Ocean whi te f i sh 
Swe l l  shark 
B lack c roake r 
Blacksmi th 
Spe c k l ed sanddab 
Woo l y  s c u l p in 
Blackeye goby 
Shine r surf perch 
Whi te s eabass  
B lack perch  
No r thern anchovy 
Whi te c roake r 
Spo t ted  k e l p f i s h  
S t r iped k e l p f ish  
Opa l eye 
Ca l i f o rnia c l ingf ish  
Rock wras s e  
Zeb ra perch 
Horn s hark 
Giant Ke l p f ish  
Ke l p  greenl ing 
Bigmou t h  s o l e  
Wal leye surfperch  
Bay b lenny 
Rockpoo l  b l enny 
Mus s e l  b lenny 
D iamond turbo t 
Ra inbow sur fperch 
Gar iba l d i  
Lavendar s cu l p in 
Cal i f o rnia grunion 
B l ue-banded goby 
Halfmoon 
Cal i f o rnia corb ina 
Dwarf surf perch  
Bay ray 
Sarcas t i c  f r ingehead 
Ye l lowf in f r ingehead 
One s p o t  f r ingehead 

Pygmy poache r 
L ingcod 
Snubnosed s cu l p in 
Senori ta 
Pain ted greenl ing 
Reef f ins po t 
Ke l p  bas s 
Spo t ted sand bas s 
Barred sand bas s 
Ca l i f o rnia ha l ibut  
Eng l ish  s o l e  
Wh i t e  s u r f  perch 
Sheeps head 
Tho rnback 
Co . O .  turbo t 
Cur l f in turbo t 
S p o t ted turbo t 
Ho rnyhead turbo t 
Specklef in midshipman 
Shadow goby 
Smo o t h  ronqui l  
Rubbe r l i p  surfperch  
P i le surfperch  
Gui tarf ish  
Bon i to 
Pac i f i c  macke re l 
Scu l p in 
Cabezon 
Brown ro c k f i s h  
Gopher ro ckf i s h  
Ca l i co  ro ckf i s h  
Vermi l l ion ro ckf i s h  
Blue rockf i s h  
Boca c c i o  
O l ive rockf i s h  
Tre e f i s h  
Whi tebe l ly rockf ish  
Ye l lowta i l  
Queenf ish  
Ca l i f o rnia barracuda 
Spiny dog f i s h  
Ange l  s hark 
Ca l i f o rnia l izard f i s h  
Pac i f i c  e l e c t r i c  ray 
Jack macke re l 
Round s t r ingray 
Fan t a i l s o l e  

J .  S .  S tevens , 1 9 7 7 . Ef f e c t s  o f  The rmal E f f l uent  f rom Southern 
Ca l if o rnia Ed ison ' s  Redondo Beach S team Gene rat ing Plan t on the Warm 
Temperate F i s h  Fauna of King Harbo r .  Fie l d  S t udy Repo r t , Occ idental  
C o l l ege , Los Ange l e s , CA . A.26 



Tabl e A . 2 0 

A F F E C T E D  ENVI RONMENT S .  VEGETA T I ON AND W I L D L I F E  

DOMINANT  P L AN T  C OMMUN I T I E S  

____ �P�r�o�v�i�n�c�e�s�A�f�fe�c�t�e�d�(�M�a�p�C�o�d�e�) ____________________ U�p�l�a�n�dL-______________ �R�i P�ar i an /Wet l a n d 

Ame r i c an  D e s e r t ( 3 2 2 0 )  

Th i s  prov i n c e  i n c l u d e s  the  Moja v e , 

Col orado , a n d  Sonoran  D e s e r t s .  

Ve getat i o n i s  u s u a l l y  very s p a r s e ,  w i t h  

bare  g r o u n d  be tween i n d i v i d u a l  p l a n t s . 

C ac t i  a n d  t h o r ny s h r u b s  are  c o n s p i c u ou s , 

but  many t h o rn l es s  s h ru b s  and  h e r b s  a r e  

a l s o  p r e s e n t . 

C a l i f o r n i a  C h a p a r r a l  ( M2 6 2 0 )  

Montane  veg e t a t i on c on s i s t s  o f  s p e c i e s  

w i t h t h i c k ,  hard , evergreen  l ea v e s . O n e  

c 1 i ma x ,  d om i n a ted b y  t r e e s ,  i s c a l l e d 

s c 1  e ro phy 1 1 f o r e s t ; the  o t h e r , c a l l e d 

c h a p a r r a l , i s  dom i n a t e d  by s h ru b s . 

F o r e s t  a p p e a r s  on n o r t h - f a c i n g s l o p e s  

a n d  wet t e r  s i t e s ; c h a p a r r a l  on  s o u t h 

f ac i n g s l o p e s  and  d r i e r  s i t e s .  T h e  

c o a s t a l  p l a i n s  and  i n t e r i o r  v a l l ey h a v e  

s h r u b  a n d  g r a s s l a n d  commun i t i e s . 

Bacch a r i s  ( c oyote b r u s h ) i s  o f ten  t h e  

dom i n a n t  n o r t h  c o a s t a l  s h ru b ; s a g e  

dom i n a t e s  i n  s o u t h  c o a s t a l  are a s . 

C a l i f o rn i a  G r a s s l an d  ( 2 6 1 0 )  

H i s t o r i c a l l y  s u p po r t e d  b u n c h g r a s s e s ,  

prob a b l y  dom i n ated  by n e e d 1 e g r a s s  

e x c e p t  n e a r  t h e  c o a s t ; t o day i s  

dom i n a t e d  by i n t roduced  annu a l  g r a s s e s .  

C r e o s o t e  b u s h  ( 3 2 2 1 ) :  on 

the Sonoran  D e s e rt 

p l a i n s ,  c r e o s o t e  b u s h  i s  

t h e  mo s t  w i de l y  

d i s t r i bu t ed p l a n t , a n d  

c o v e r s  e x t e n s i ve a r e a s  

i n  n e a r l y pu re s t a n d s . 

On s ome p a r t s  of t h e  

p l a i n s ,  c h o 1 1 a  a n d  o t h e r  

c ac t i  are  a l s o  commo n , 

a s  we l l  as b u r s ag e , 

s h a d s c a 1 e ,  br i t t 1 e b u s h . 

S a l t b u s h  occu r s  on 

a l kal i n e f l a t s , yu c c a  i s  

c ommon on s an dy o r  

l oamy s o i l s .  

L ow woo d l a n d  o r  

s c r u b l an d .  

Sc 1 e r o phy1 1 f o r e s t : 

Domi n a n t  t r e e s  i n c l u de 

l i ve oa k s , t a n o a k , 

C a l i f o r n i a  l au r e l , 

Pac i f  i c ma d r o n e , 

g o l den ch i n q u a p i n ,  

Pac i f i c bay b e r r y .  

C h a p a r ra l  s h r u b l an d :  

dom i n a n t  s h r u b s  

i n c l ude  chami so , ma nzan i t a ,  

C h r i stma s b e r ry ,  s c r u b  

oak , mou n t a i n  

mah o gany , c e a n o t h u s  

I n t e r i o r  a n d  c o a s t a l  

g r a s s l a n d  a n dl o r  

s h r u b 1 a n d .  S o u t h c o a s t a 1  

s h r u b 1 a n d s  are  o f t e n  

dom i n a t e d  b y  s a g e .  

A n n u a l  g r a s s l an d : 

dom i n a n t  spec i e s  

i n c l u d e w i l d  oa t s ,  b r ome , 

f e s c u e , ba r l ey .  

Val l ey g r a s s l a n d  

( h i s t o r i c a l ) 11 

r 'Y7 l '  . (  

M e s q u i t e g r ows a l ong  

wa s h e s  a n d  wat e r c o u r s e s  

R i pa r i a n b r o a d 1 e af  f o r e s t  

C o a s t a l  s a l t 

b r ac k i s h marsh  

dom i n a t e d  by  c o r d g r a s s  

a n d  p i c k l ewe ed 

E s t u a r i e s ( e . g . , 

E l k h o r n  S l o u g h ) 

F r e shwat e r  a n d  brack i s h 

ma r s h e s  11 ( e . g . , Tu 1 e  

ma r s h e s  bord e r i n g 

l owe r reac h e s  of  

Sac rame n t o  - S a n  

J o a q u i n  D e l t a )  

Ve r n a l  pool  

commu n i t i e s 11 



T a b l e  A . 2 0 ( C o n t i n u e d ) 

P r o v i n c e s  A f f e c t e d  ( Map C o d e �  ___________ U.QJ�_n d ______ . ___ --.!.>.R i pa r i an.iWe t l a nL __ 

C o l o r a d o  P l a t e a u  ( P 3 1 3 0 )  

L owe s t  zo n e  i s  c o v e r e d  by a r i d  

g r a s s l a n d s , a n d  many b a r e  a r e a s . X e r i c  

s h r u b s o f t en g row i n  o pen s t a n d s  amo n g  

t h e  g r a s s e s . S a g e b r u s h  i s  dom i n a n t  o v e r  

e x t e n s i v e a r ea s . At l ow e l e v a t i on s  i n  

t h e  s o u t h , seve r a l  k i n d s  o f  c a c t i a n d  

yu c c a  a r e  c ommo n . 

Wo o d l a n d  zone i s  mo s t  e x t en s i v e a n d  i s  

dom i n a t e d  by o p e n  s t a n d s  o f  p i nyon p i n e s  

a n d  j u n i p e r s . 

Mo n t a n e  v e g e t a t i o n v a r i e s  c o n s i d e r a b l y  

o v e r  d i f f e rent  p a r t s o f  t h e  P r o v i n c e .  I n  

t h e  s o u t h e rn p a r t , p o n de r o s a  p i n e i s  

d om i n an t . D o u g l a s f i r  may b e  a s s o c i a t e d  

w i t h  p o n d e r o s a  p i n e  o r  g r ow i n  m o r e  

s h e l t e r e d  a r e a s  o r  a t  h i g h e r  e l e v a t i o n s . 

G r e a t  P l a i n s - S h o r t g r a s s  P ra i r i e  ( 3 1 1 0 )  

C h a r a c t e r i ze d  by s t e p pe ( s h o r t g r a s s  

p r a i r i e ) , a f o r m a t i o n c l a s s  o f  s h o r t  

g r a s s e s  u s u a l l y  b u n c h e d  a n d  s p a r s e l y  

d i s t r i bu t e d ; s c a t t e re d  t re e s  a n d  s h r u b s  

o c c a s i o n a l l y  a p p e a r  

I n t e rmo u n t a i n  S a g e b r u s h  ( 3 1 3 0 )  

S a g e b r u s h  d om i n a t e s  v e g e t a t i o n o f  l owe r 

e l e v a t l o n s . S h r u b s  a l l t o l e r a t e  a l k a l  i 

i n  v a ry i n g d e g r e e s ; t h i s  t o l e r an c e i s  

e s s e n t i a l  t o  t h e i r  s u rv i v a l  o n  t h e  

p o o r l y  d r a i n e d  s o i l s  t h a t  a r e  w i d e s p re a d  

i n  t h e  r e g i o n .  I n  a r e a s  w h e r e  s a l t 

c o n c e n t r a t i o n i s  v e ry h i g h , e v e n  t h e s e  

s h r u b s  a r e  u n a b l e  t o  g r o w ;  h e re 

c ommun i t i e s d om i n a t e d  by g r e a s ew o o d  

o r  s a l t g r a s s  a p p ea r . 

Grama - g a l l e t a  s t e p pe a n d  

j u n l p e r - p i nyon 

woo d l a n d  m o s a i c  

G r ama-n e e d l e g r a s s 

wh e a t g r a s s  ( 3 1 1 1 )  

W h e a t g r a s s - n e e d l e g r a s s  

( 3 1 1 2  ) 

S a g e b ru s h -wh e a t g r a s s  

( 3 1 3 1 ) :  i n  a d d i t i o n t o  

s a g e b r u s h , s h a d s c a l e ,  

f o u rw i n g s a l t b u s h , 

r u b b e r  r a b b i t b r u s h , 

s p i ny h o p s a g e , a n d  

h o r s e b r u s h  a r e  

d om i n a n t  s h r u b s . 

A . ? P 

R i p a r i an w o o d l a n d  II 
c on s i s t s  o f  c o t t o n wo o d , 

w i l l ow ,  a n d  C a l i f o rn i a  

sycamore a t  l ow 

e l e v a t i on s ; wh i t e 

a l d e r , b i g l e a f  ma p l e ,  

we s t e r n a za l e a  a n d  

C a l i f o r n i a  h a ze l n u t  

a t  med i um e l ev a t i on s ; 

a n d  w i l l ow a t  h i g h  

e l e v a t i o n s  

R i p a r i an c o t t onwo o d s  II 

R i p a r i a n woo d l a n d s  

d om i n a t e d  b y  c o t t onwo o d , 

w i l l ow ,  a n d  a s h : t h e s e  

o c c u r  i n  d i s c o n t i n u o u s  

s t an d s  a l o n g  p e r enn i a l 

s t r e ams o r  r i v e r s  
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Me x i c an H i g h l an d s  S h r u b  S t e p p e  ( 3 1 4 0 )  

( C h i h a u h u a n  D e s e r t ) .  

F o u r  l i f e  b e l t s  a re d i s t i n c t  i n  t h i s  

p rov i n c e . T h e  l owe s t  i s  t h e  d e s e r t  b e l t ,  

wh i c h  e x t e n d s  f rom t h e  Ame r i c a n  D e s e r t  

u pwa r d  a l on g  t h e  S a n  P e d r o  wa s h  f o r  a 

n umbe r o f  m i l e s ,  n o r t h  o f  t h e  S a n t a  

C a t a l i n a  Mou n t a i n s .  T h e  e x t en s i v e a r i d  

g r a s s l a n d  b e l t c o v e r s  mo s t  o f  t h e  h i g h  

p l a i n s  o f  t h e  p ro v i n c e .  T h e  s u bmon t a n e  

b e l t c o v e r s  mo s t  o f  t h e  h i l l s  a n d  l ower 

moun t a i n  s l o p e s . S e v e r a l  s pec i e s of 

oak d om i n a t e  t h i s  b e l t ,  b u t  s ome j u n i p e r  

a l s o  o c c u r .  A mon t a n e  b e l t ( g e n e r a l l y  

d om i n a t e d  by p i n e s , b u t  a l s o  o c c a s i on a l l y  

i n c l u d i n g o a k s ,  D o u g l a s f i rm ,  o r  wh i t e 

f i r )  a p p e a r s  on u p p e r  s l o p e s  o f  h i g h e r  

mou n t a i n s . 

Pa c i f i c  F o re s t  ( M2 4 1 0 )  

C o a s t a l  c o n i f e ro u s  f o r e s t s ;  p r i ma r i l y  

mon t an e , b u t  i n c l u d i n g a re a s  f r om s e a  

l ev e l  t o  o v e r  1 5 0 0  m ( 5 , 0 0 0  f t )  

P a l ou s e  G ra s s l a n d  ( 3 1 2 0 )  

B e f o r e  c u l t i v a t i o n , d om i n a t e d  by p r a i r i e  

g ra s s e s .  P o s s i b l y  m u c h  o f  t h e  s ag e b r u s h  

d om i n a n c e  i n  t h i s  r e g i on r e s u l t s  f r om 

g r az i n g 

L ow d e s e r t  wo o d l a n d  o r  

s c r u b l a n d : 

c h a rac t e r i s t i c  p l an t s  

i n c l u de s a g u a r o , 

p a  1 o v e r d e , i r o n wo o d , 

c r e o s o t e  b u s h , c a t -c l aw 

a c a c i a  

S e m i  d e s e r t  g r a s s l an d :  s h o r t  

g r a s s e s  s u c h  a s  g r ama 

a r e  a b u n d a n t , b u t  t a l l e r  

g ra s s e s  a r e a l s o  

p r e s en t ,  a s  we l l  a s  

me s q u i t e ,  yuc c a , 

j u n i p e r , o t h e r  s h r u b s , 

a n d  c ac t i  ( pa r t i c u l a r l y  

c h o l l a )  

S U bmon t a n e  wo o d l a n d :  

d om i n a t e d  by o a k  

s p ec i e s , b u t  a l s o 

c o n t a i n i n g j u n i pe r  

Mon t a n e  f o r e s t : d om i n a t e d  

by p i n e s ; a l s o  

c o n t a i n i n g  o a k  a n d  f i r  

s p ec i e s 

R e dwood f o r e s t  ( M 2 4 1 2 )  

C a l i f o r n i a  m i x e d  e v e r g r e e n  

f o r e s t  ( M 2 4 1 4 )  

S i t k a  s p r u c e - c e d a r 

h eml o c k  f o r e s t  ( M2 4 1 1 )  

C e d a r - h eml o c k - D ou g l a s  f i r  

f o r e s t  ( M 2 4 1 3 )  

S i l v e r  f i r - D o u g l a s f i r  

f o r e s t  ( M2 4 1 5 )  

P ra i r i e  g ra s s e s : a l t h o u g h  

n ume r o u s  s p ec i e s 

c h a r a c t e r i s t i c  o f  o t h e r  

g r a s s l an d  reg i o n s  a re 

p r e s en t , t h e  m a j o r  

d om i n an t s  a r e  

d i s t i n c t i v e ; t h ey 

i n c l u d e b l u e b u n c h  

w h e a t g r a s s , f e s c u e , a n d  

b l u e g ra s s  

A. 2 9  

N o r t h  c o a s t  s a l t a n d  

b r a c k l s h ma r s h e s  II 
( e . g . , S a c ramen t o  - S a n  

J o a qu i n  D e l t a , S u i s u n  

M a r s h , S a n  F r a n c i s c o  

Bay ) 
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S i e r r a n  F o r e s t  ( M26 1 0 )  

C h a r ac t e r i ze d  by wel l -ma r k e d  

v e g e t a t i o n zo n e s . C o n i f e r o u s  a n d  s h r u b  

a s s o c i a t i on s  o c c u r  o n  l ower s l o p e s  a n d  

f o o t h i l l s ,  f r om a b o u t  4 5 5  t o  1 2 2 0  m 

( 1 , 5 0 0  t o  4 , 0 0 0  f t ) .  C o n i f e r  f o r e s t s  

o c c u r  i n  t h e  mo n t a n e  zo n e , f rom a b o u t  

6 0 0  t o  1 8 0 0  m ( 2 , 0 0 0  t o  6 , 0 0 0  f t ) .  T h e  

s u b a l p i n e z o n e , b e tween 1 9 8 0  a n d  

2 9 0 0  m ( 6 , 5 0 0  a n d  9 , 5 0 0  f t ) ,  c on t a i n s  

heml o c k ,  f i r ,  a n d  p i n e  s p ec i e s . A l p i n e 

zone c on s i s t s  o f  t r e e l e s s  a r e a s  a b ov e  

t i mb e r l i n e .  

U p p e r  G i l a  Mou n t a i n s F o r e s t  ( M3 1 2 0 )  

We l l -ma r k e d  v e g e t a t i o n a l  zon e s  a r e  

s t r i k i n g . T h e i r  d i s t r i b u t i o n i s  

c o n t r o l l e d by a c omb i n a t i o n o f  a l t i t u d e , 

l at i t u d e , d i r e c t i on o f  p r ev a i l i n g w i n d s , 

s l o p e  e x p o s u r e .  T h e  f o o t h i l l  z o n e  

e x t e n d s  t o  2 1 0 0 m ( 7 , 0 0 0  f t ) ,  mo n t a n e  

z o n e  f r om a b o u t  2 1 0 0 t o  2 4 0 0  m 

( 7 , 0 0 0  t o  8 , 0 0 0  f t ) ,  s u b a l p i n e  z o n e  

r e p l a c e s  mon t a n e  f o r e s t  a t  a b o u t  2 4 0 0  m 

( 8 , 0 0 0  f t ) on n o r t h - f a c i n g s l o p e s  a n d  a 

l i t t l e h i g h e r  on a l l s l o p e s . At a b o u t  

3 4 0 0  m ( 1 1 , 0 0 0  f t ) ,  a l p i n e b e l t a p p e a r s . 

____ lJo1 a n d  

C o n i f e r o u s  a n d  s h r u b  

a s s o c i a t i o n s  ( o n l ow 

s l o p e  a n d  f o o t h i l l s )  

i n c l u d e  d i g g e r  p i n e a n d  

b l u e o a k  ( dom i n a n t  o n  

h i g h e r  f o o t h i l l s )  a n d  

c h a p a r r  a 1 ( c omnon o n  

l ow e r  s l o pe s ) .  

B u c k b r u s h  a n d  

manzan i t a  p r e d om i n a t e  

i n  c h a p a r r a l ; s e v e r a l  

o a k  s p e c i e s  a r e  a l s o  

c omnon 1 y  a s s o c i a t e d . 

Mon t an e  c o n i f e r  f o r e s t s : 

d om i n a n t  t r e e s  i nc l u d e  

D o u g l a s f i r ,  s u g a r  p i n e ,  

wh i t e f i r ,  i n c e n s e  

c e d a r . D e n s e  c h a p a r r a l  

may s ome t i me s  p e r s i s t 

i n  t h i s  z o n e  a f t e r  f i r e .  

S u b a l p i n e c o n i f e r  f o r e s t s :  

d om i n a n t  t r e e s  i n c l u d e  

m o u n t a i n  heml o c k , 

C a l  i f o r n i a  r e d  f i r ,  

l o d g e p o l e p i n e , we s t e rn 

wh i t e p i n e ,  a n d  

wh i t e b a r k  p i n e .  

L o d g e p o l e  p i n e a p p e a r s  

t o  h a v e  c 1  i m a x  

c h a r a c t e r i s t i c s  n e a r  

u p p e r  l i m i t s  o f  t h e  z o n e  

F o o t h i l l  mo s a i c : i n c l u de s  

a r e a s  d om i n a t e d  by 

m i x e d  g r a s s e s , 

c h a p a r r a l  b r u s h , o a k 

j u n i pe r  wo o d l a n d  a n d / o r  

p i nyon j u n i p e r  

wo o d l a n d  

M o n t a n e  c on i f e ro u s 

f o r e s t s :  f r om a b o u t  

2 1 0 0 m ( 7 , 0 0 0  f t ) ,  

p o n d e r o s a  p i n e o c c u r on 

n o r t h - f a c i n g  s l o p e s ,  

wh i l e p i nyon - j u n i p e r  

d om i n a t e  o n  s o u t h 

f a c i n g  s l o p e s  

A . J O 
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W i l l ame t t e - P u g e t  F o r e s t  ( 2 4 1 0 )  

W h e r e  n o t  c u l t i v a t e d , s u p p o r t s  d e n s e  

c o n i f e r o u s f o r e s t s .  I n  i n t e r i o r v a l l eys , 

t h e  c o n i f e r o u s  f o r e s t  i s  l e s s  d en s e  t h a n  

a l o n g  t h e  c o a s t  a n d  o f t e n  c o n t a i n s  

dec i d u o u s  t r ee s . Some p r a i r i e s s u p p o r t  

o p e n  s t a n d s  o f  o a k  o r  a r e  b r o k e n  b y  

g r o v e s  o f  D o u g l a s  f i r  a n d  o t h e r  t r ee s . 

P oo r l y  d r a i n e d  s i t e s  w i t h  swamp o r  b o g  

c ommun i t i e s a r e  a b u n d a n t .  

Wyom i n g B a s i n  ( A 3 1 4 0 )  

C h i e f  v e g et a t i o n i s  s a g e b r u s h  o r  s h a d 

s c a l e ,  w i t h  a m i x t u re o f  s h o r t  g r a s s e s . 

Mo i s t a l k a l  i n e f l a t s  s u p p o r t  a l k a l  i 

t o l e r a n t  g re a s ewood . H i g h e r  e l e v a t i o n s  

may s u p p o r t  j u n i p e r  p i n e 

S u b a l p i n e f o r e s t s :  f r om 

a b o u t  2 4 0 0  m ( 8 , 0 0 0  f t ) .  

D o u g l a s f i r  i s  d om i n a n t  

t r e e , a s p e n  i s  a l s o  

c ommo n ; a n d  l i m b e r  p i n e 

g r ows on r oc k i e r a n d  d r i e r 

s i t e s . At a b o u t  2 7 0 0  m 

( 9 , 0 0 0  f t ) , E n g e l ma n n  s p r u c e  

a n d  c o rk b a r k  f i r  r e p l ac e  

D o u g l a s  f i r .  L i mbe r a n d  

b r i s t l ec o n e  p i n e s  s t i l l  

g r ow i n  r o c k i e r  s i t e s . 

T r e e l i n e  o c c u r s  a t  a b o u t  

3 4 0 0  m ( 1 1 , 0 0 0  f t ) . 

C o n i f e r o u s  f o re s t :  

d om i n a n t  t r e e s  i n c l u d e 

we s t e r n  r e d c e d a r  

D o u g l a s f i r .  

M i x e d  c o n i f e r o u s  dec i d u o u s  

f o r e s t : d om i n a n t  t re e s  

i n c l u de c o n i f e r s  l i s t e d  

a b o v e  p l u s  b i g  l e a f  

ma p l e ,  O r e g o n  a s h , 

b l  a c k  c o t t o n wo o d  

Wh e a t g r a s s - n ee d l e g r a s s 

s a g e b r u s h  ( A 3 1 4 1 ) 

S ag e b r u s h -wh e a t g r a s s  ( A 3 1 4 2 ) 

R i p a r i a n w i l l ows , s e d g e s , 

a n d  c o t t o nwo o d s  

1 /  C ommun i t i e s  t h a t  a r e  e c o l o g i c a l l y  u n i qu e  a n d / o r  p a r t i c u l a r l y  s e n s i t i v e t o  d i s t u r b a n c e . 

A . 3 1  



T AB L E  A . 2 1 

C H ARAC T E R I S T I C  W I L D L I F E  S P E C I E S  I N  F O U R  P L A N T  C OMMUN I T Y  

T Y P E S  F OU N D  I N  T H E  A F F E C T E D  E N V I RO N ME N T  

F o r e s t/Wo o d l a n d  ____ ._. _____ S h r u b l a n d  

T yp i c a l  Mallln a l s :  

Mu l e  D e e r  

B l a c k  B e a r  

C oyo t e  

B o b c a t  

R e d  o r  G rey F o x  

Mou n t a i n  L i on 

R a c c o o n  

S t r i p e d  S k u n k  

L o n g -t a i l e d We a s e l  

D e e r  Mou s e  

G o l den Man t l e d 

G r o u n d  S q u i r r e l  

P o rc u p i n e 

B e a v e r  

S h r ews 

Mo l e s 

B a t s  

I n  N o rt h e rn Area s 

Qn.l:t : 
M a r t e n  

M i n k 

Mount a i n  B e a v e r  

N o r t h e r n  F l y i ng 

S q u i r r e l  

T yp i c a l  B i  r d s : 

B l u e  G r o u s e  

COlllnon F l i c k e r  

H a i ry ,  D owny , a n d  

T h r e e - t o e d  Woo d p e c k e r s  

G r e a t  H o rn e d  a n d  Pygmy Owl s 

H alllnon d ' s ,  We s t e r n , a n d  

O l i v e - s i d e d  F l yc a t c h e r s  

S t e l l e r ' s  Jay 

C l a rk ' s  N u t c ra c k e r  

C Olllnon R a v e n  

B l a c k - c a p p e d  a n d  

M o u n t a i n  C h i c k a d e e s  

Wh i t e - a n d  R e d - b r e a s t e d  

N u t h a t c h e s  

H e rm i t  a n d  Swa i n s o n ' s  

T h r u s h e s  

Ruby- a n d  G o l d e n - c rown e d  

K i n g l e t s  

S o l  i t a ry V i  r e o  

Y e l l ow-rump e d , T o wn s en d ' s ,  

B l a c k - t h r o a t e d  g ray , a n d  

o t h e r  Wa r b l e r s  

E v e n i n g a n d  P i n e  G r o s b e a k s  

C a s s i n ' s  F i n c h  

P i n e S i s k i n  

R e d  C r o s s b i l l  

D a r k - ey e d  J u n c o  

F o x  S p a r r o w  

�i c a l  Malllna l s :  

Mu l e  D e e r  

C oyo t e  

G r ey F o x  

Mou n t a i n  L i on 

B o b c  a t 

S t r i p e d  S k u n k  

T r u e  R a b b i t s 

C h i pmu n k s  

G r o u n d  Squ i r r e l s 

B r u s h  M i c e  

Woo d r a t e s  

E rm i n e 

�L.rur.d.$. : 
G r o u s e  

F l yc a t c h e r s  

Swa l l ows 

S c r u b  and P l nyon Jays 

T h r a s h e r s  

B l a c k - b i l l e d Ma g p i e  

Wren s 

N o r t h e rn Mo c k i n g b i r d  

C Olllnon Ye l l ow T h r o a t  

a n d  Y e l l ow- b r ea s t e d  

C h a t  

T o wh e e s  

S p a r rows 

O p o r o r n i s  Wa r b l e r s  

P r o n g h o r n  A n t e l o p e  i n  I n t e rmou n t a i n  

S a g e b ru s h  a n d  Wyom i ng B a s i n  

C a l i f o rn i a  Poc k e t  Mou s e  i n  C a l i f o rn i a  
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FIGURE A.2 
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Des c r ipt ion of  Mod e l s  and The i r  Use 

S� 

The Sys t em Analys i s  Mode l ( S� )  gene rated  a maj o r  p o r t i on o f  t he data f o r  
the IDU E I S . S �  s imul a tes , mont h l y  f o r  2 0  years , t he opera t ion of  t he 
Pac i f ic No rthwe s t  hydro/ thermal sys tem.  It  provides  inf o rma t i on 
regard ing t he expec ted opera t i on o f  the hydro sys tem and ind ividual 
therma l resource s , the re l iab i l i t y  of the sys tem , produc t ion c o s t s , t he 
amount of  Cal i fornia sales , and t he revenues generated by Cal i f o rnia 
sales . S� input inc l udes inf o rma t i on f rom two o t he r  computer  mode l s : 
The Leas t Cos t Mix Mode l ( LCMM ) and the Marke t ing Linear Program 
(Marke t ing LP ) .  

The S� s imulates  t he Pac i f ic No r t hwes t ' s powe r sys tem . I t  mode l s  the 
operat ion o f  exis t ing and p l anned resources to mee t  l oad season by 
season , month by month , and hour by hour , ( if run in hour ly mode ) ove r  a 
20-year planning p e r iod . The mode l s imul a t e s  b o t h  opera t i onal p l anning 
fun c t ions and ac tua l  ope rat i ons , on a seasonal (monthly ) bas i s  ( de s c r ib e d  
here ) .  

The f o l l owing maj o r  components  o f  t he region ' s  powe r sys tem are accoun t ed 
for  in S� : 

• po l ic ies of  reg ional p l anning and operat ion , 

• uncer taint ies  o f  l oads and resources , 

• phys i c s  of  hydro and t he rma l resour ces , 

• nonpower cons t rain t s  on t he hydro sys tem , 

• t ransac t ions outs ide t he region , and 

• ne t regional revenue requi remen t s . 

The mode l makes  assump t ions about the reg ion and the l oad to  be served , 
so  t ha t  t he region def ined for  t h i s  mod e l  conf o rms t o  that manda t e d  in 
the Pac i f ic No r t hwe s t  Powe r Ac t .  The def ined reg ion , howeve r ,  is as sumed 
to be a s ing le-owne r sys tem . 

S� mode l s  the region ' s  energy resources : hyd ro , the rmal ( inc l ud ing 
nuc l ear p l ant s ,  combus t ion turb ines , and coal  p ro j ec t s ) ,  and 
m i s c e l laneous ( such as renewab l es , cogene rat ion uni t s , exi s t ing s team 
p lan t s , sma l l d i e s e l  generators ) .  Conserva t ion is  a l s o  cons idered a 
resource . 
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SAM mode l s  uncer tainty in t he f o l l owing : 

• Regional load . The ene rgy l oad re f l e c t s  t he variat ions in 
weather c ond i t ions and economic t rends . SAM does no t ,  howeve r , 
cons ider l oad growth uncer tainty . 

• Ma jor  hydro . Hydro cond i t ions are s e l e c ted from a de ta i led 
40-year h i s t o r i cal  record of  ind ividual pro j e c t  inf l ows . 

• Thermal plan t s . 
availab i l i ty of  
plan t . 

The two sources of  unc e r tainty mode led  are the 
a t he rma l plant  and t he arr iva l  date for a new 

SAM s imulates  the s e  unc e r taint ies  us ing a Mont e  Car l o  proces s , randomly 
s e l e c t ing val ues  for each o f  these  var iab les  for each mont h  o f  t he s tudy 
period ( in t h i s  cas e ,  20 years ) .  SAM runs each s tudy many t imes , each 
t ime se l e c t ing a new set of  var iab les . For  this E I S , each s tudy was run 
200 t imes . Each case ( that is , each comb inat ion o f  Inte r t i e  capac i ty ,  
f o rmul a  al l o c a t i on and f i rm c on t rac ts ) used the same 200 s e t s  of  
variab les  f o r  each  mon t h  of  t he 20 s tudy years . In  mos t  cases , val ues  
for  t he 200  s imula t i ons were s ummar ized (monthly  o r  annua l ly ) . Howeve r ,  
for  certain analyses  ( f o r  examp le , f is h  impac ts ) ,  individual s imul a t ions 
were examined .  

Given t he l oads , resources , and t he es tab l i shed po l i c ies  f o r  t he reg i on , 
SAM operates t he hydro sys t em in con j un c t ion wi t h  t he non-hydro resources 
to  mee t  observed loads in t he mos t  economic manne r pos s ib l e . Inc l uded in 
t hese  po l i c ies  are t he f o l l owing e conomic c ons ide ra t ions : 

• Al l avai lab l e  reg iona l  resources are us ed t o  mee t  f i rm regional 
l oad . 

• A p o r t ion o f  the d i re c t s e rvi ce indus t r ial  cus t ome r l oad i s  no t 
f irm and can be res t r i c ted  and interrup ted , b ut i s  me t ,  provided 
t ha t  reasonab ly p r i ced resources are ava i l ab l e . 

• I f  t he power o u t l oo k  and s t reamf low fo recas t permi t ,  t he reg ion 
s e l ls energy to Cal i f ornia . 

SAM mod e l s  three maj o r  dec i s ion po ints  in operat ing a hydro s ys tem :  

( 1 )  t he annual p lanning proces s , which  d e t e rmines how t o  s h i f t and s hape 
wat e r  ove r  a two-year c r i t ical  p e r iod ; ( 2 )  t he period  p l anning proces s , 
which  l ooks a t  such i tems as f i rm sur p l us , t he runo f f  f o recas t ,  and 
ref i l l ,  t o  de t e rmine the use of hydro over t he f o l l owing f our mont hs ; and 
( 3 )  the period  o pe ra t ing proces s , whi c h  d i s pat ches Pac i f i c  No r thwe s t  
resources t o  mee t  l oads in t he mos t  economic manne r po s s ib l e . I f  there 
i s  suf f ic ient energy , e conomy energy sales are made t o  Cal i f ornia , taking 
into  accoun t  the I n te r t ie Acc e s s  P o l icy  and ava i l ab l e  s e condary energy 
f rom Canada . A mo re comp l e t e  expl anat ion of SAM i s  in the Pac i f ic 
No r thwe s t  U t i l i t ies  Confe rence Commi t tee ' s  Me thods and Theory Manua l , 
Novemb e r  1 9 8 3 . 
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S&� BC Hydro Mode l .  Inc l uded in SAM is  a mode l o f  BC Hydro ' s  resources 
and l oads . BC Hydro ' s  resources are run t o  mee t  i t s  own l oads ; any 
add i t ional energy i s  avai lab le f o r  sale  t o  the U . S .  SAM mode l s  BC 
Hydro ' s  access  to the I n t e r t ie , compe t i t ion wi th Pac i f i c  No rthwes t 
ut i l i t ies f o r  Cal i f o rnia marke t s , and s a l e s  in the Pac i f ic No r t hwes t and 
Ca l i f ornia . BC Hydro ' s  assumed min imum acceptab l e  p r i c e  f o r  i t s  powe r i s  
ente red into SAM .  

BC Hydro ' s  hydro resources are d ivided into  three b l ocks o f  powe r .  Fo r 
the IDU analyses , BC Hydro ' s  prices  in 1 98 7  a t  the Cal i f o rn ia bo rde r 
( inc l ud ing whee l ing ) are assumed t o  be : 

LCMM 

• 14  mi l l s /kwh f o r  BC sp i l l  hydro ( b l o c k  1 )  
• The average o f  the Ca l i f o rnia marke t prices  f o r  BC hyd ro b lo c k  2 .  
• The top  Cal i f o rnia marke t p r i ce f o r  BC hydro b l ock  3 .  

The Leas t C o s t  Mix Mod e l ( LCMM ) f o rmula t e s  p ro j ec ted l oads , exi s t ing 
resources , p o t en t ial  new resources and the i r  cos t s , and the po t en t i a l  f o r  
sa l e  o r  resale o f  resources a s  a l inear program . The ob j e c t ive i s  t o  
minimize overa l l  c o s t  whi l e  mee t ing t h e  l oad requi rement .  The LCMM 
cons iders the cos t s  and benef i t s  o f  add ing or de l ay ing cons t ruc t ion o f  
each avai lab l e  resource . The o p t ima l  mix and t im ing o f  po t en t ia l  new 
res ources are s e l e c ted . Cons t ruc t ion s chedules  are provided f o r  
conserva t i on ,  renewab 1 e s , coal  p lant s , combus t ion t urb ines , and WNP-1  and 
WNP-3 . The model  s e l e c t s  a mix o f  resources in o rder t o  mee t l oad 
(ac c oun t ing f o r  exi s t ing and commi t ted capac i ty o f  resources ) ,  wi t h in the 
l imi t s  o f  pro j e c t  ava i lab i l i ty ,  reserve marg ins , hydro ava i l ab i l i ty on a 
c r i t i c a l  wat e r  bas i s , and maintenance requi rement s . 

Three runs o f  the LCMM we re made , inc l ud ing one f o r  each c o n t rac t cas e . 
The Fede ral Marke t ing case has add i t iona l ene rgy ( 85 MW above Exi s t ing 
Con t rac t s ) avai lab l e t o  the Pac i f i c No r t hwes t af t e r  l oad / resource  balance 
due t o  the conve rs i on of power sales t o  capac i ty / energy exchange 
con t rac ts . The Assured De l ivery case inc reas es  the l oad ( 2 1 6  MW above 
Fede ral Marke t ing cas e ) to the Pac i f i c  No r t hwes t .  Thes e  three 
load /resource s c enar i o s  l ead t o  d i f f erent resource requi remen ts . 

MARKETING LP 

The Marke t ing LP is a l inear p rogramming ( LP )  mode l t ha t  s imul a t e s  in a 
highly aggregat ed and s imp l i f ied manner t he genera t i on and t ran s m i s s ion 
o f  e l e c t r ic i ty in t he We s te rn Region of  the U . S .  I t  mode l s  the region as 
a ne two rk of 20 or so  nodes o r  "bubb les , " each of wh ich  has a s e t  o f  
l oads and resources . The Pac i f i c  No r t hwes t i s  repre s en ted a s  a s ing l e  
bubb l e ;  a l l  l oads and resources  in Cal if o rnia are represented b y  o n l y  two 
bubb l es , one each f o r  Nor thern Ca l i f o rnia (NC )  and Southe rn Cal i f o rnia 
( SC ) .  Each pai r  o f  bubb l e s  has a s pe c i f ied  t rans m i s s ion capab i l i ty i n  
each d i r e c t i on ( no t  necessar i ly t h e  same ) ;  mos t  o f  t h e s e  a r e  z e ro , 
ind icat ing t ha t  there i s  no t ransm i s s i on l ine l ink ing the two p o ints . 
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The mode l i s  opera ted to  minim i z e  t o ta l  regiona l c o s t , as if  al l par t ies 
we re perfec t ly cooperat ive , be cause l inear p rog rams w i t h  a s ing l e  
ob j e c t ive f unc t ion are vas t ly mo re t ractab l e . The l eas t-co s t ly resource 
is  used to  supp ly a g iven load , regard l e s s  of  i t s  l o cat ion o r  owne rship , 
as long as t ransmi ss ion capac i t y  to  d e l ive r  the ene rgy to  the load is  
ava i l ab le .  Ene rgy moved f rom one bub b l e  t o  an ad j acent  one i s  dec reas ed 
by 4 percent , in e f f e c t  inc reas ing i t s  p r i c e , t o  app roxima te l ine l o s ses . 

I t  is  impo r tant to  real i z e  that an o p t ima l s o l u t ion t o  an LP i s  an 
ext reme po int in the s e t  of f eas ib le s o lut ions ; the re i s  no moderat ion . 
I f  two resources d i f fe r  in c o s t  by even the sma l l es t  obse rvab le  amoun t ,  
the cheape r wi l l  be d i s pa tc hed t o  i t s  l imi t before  any of  t he mo re 
expens ive is used . 

The Mark e t ing LP has been emp l oyed in ve ry d i f f erent ways in each of  two 
phases of the IDU E I S . The f i rs t use is to gene rat e  marke t curves 
des c r ib ing Ca l i f o rnia ' s  demand f o r  Pac i f i c  No r t hwe s t  non f i rm energy . 
Thi s  curve i s  one of  the input s  t o  the Sys t em Ana lys i s  Mod e l  ( SAM ) . One 
of SAM ' s  outputs  is an expec ted  d i spa t ch of ene rgy to Cal i f o rnia (nonf i rm 
expo r t  s a l e ) .  Thi s  amount i s  fed  back t o  t he L P ,  whi c h  es t ima t e s  t he 
resul t ing amount  of  gene rat ion of  d i f f e rent resource types in Cal i f o rnia  
in o rder  to  assess  env i ronmen tal  impac t s . These two modes  o f  opera t i on 
wi l l  now be des c r ibed . 

F IRST USE : EST IMAT I ON OF THE CAL I FORNIA MARKET CURVE : 

Inputs . Loads and re s ources  are input f o r  each bubb l e  exc e p t  t he Pac i f i c  
No r thwes t ;  t h i s  bubb l e  i s  g iven a "gene r i c  resour c e "  a t  a ve ry low p r i ce , 
wi th no l oads . Th i s  resource  i s  c e r ta in t o  be d i s pa t ched ful ly because 
i t  is  so  inexpens ive , and al l of  it is sent to No r thern and Southern 
Ca l i f o rn ia , as t he Pac i f i c  No r thwes t bubb l e  has no t ransm i s s i on l inks t o  
any o t he r  bubb les . Loads a r e  des c r ibed in 3-hour period s , 8 p e r i o d s  per  
day , 7 days per typ i ca l  week . This  week repres ent s  t he ent i re mon t h , so  
t h i s  de s c r i p t ion could be t hought of  as  having 7 days per  mon t h . The re 
may be f rom 1 t o  1 0  res ource type s per  bubb l e , de s c ribed by var iab le  
ope rat ions and maintenance c o s t s , maximum and minimum gene rat ion l eve l s  
( and ave rage energy capab i l i ty f o r  hydro resources ) .  The L P  i s  run once 
f o r  each mont h  of the s tudy wi t h  t he Pac i f i c  No r thwe s t  resource  s e t  at 
o MW ;  once aga in w i t h  t he Pac i f i c  No r t hwes t resource = 1 , 0 0 0  MW ;  and so 
on , in 1 , 000  MW inc rements  up t o  8 , 00 0  MW .  

Outputs .  A s e r i e s  of  margina l  c o s t s  f o r  Ca l i f o rnia are outpu t , varying 
wi t h  the s i ze of  t he Pac i f i c  No r thwe s t  res ource . The SC marginal c o s t  
a f t e r  purchas ing f rom the Pac i f i c  No r t hwes t X MW e s t ima t e s  t he c o s t  o f  
t he S C  resource t ha t  wou l d  b e  d i sp laced i f  one more megawa t t  of  nonf i rm 
energy we re s hipped t o  Cal i f o rnia , g iven t ha t  X MW are al ready be ing 
shipped . Only the marg inal c o s t  f o r  SC is used , be cause the marginal 
co s t s  f o r  SC and NC canno t d iverge much : i f  one we re highe r t han t he 
s e c ond , t he energy f rom t he s e cond would  be d i s pa t ched by the LP t o  the 
f i rs t ,  thereby l owe r ing t he marginal c o s t  o f  the f i rs t  bubb l e . The 
ent i re marke t curve f o r  one mont h  cons i s t s  of 56 s e t s  of nine numbers . 
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In  each s e t , corres pond ing to one three-hour period , the f i rs t numbe r  
represents the SC  marg ina l c o s t  w i th a MW o f  Pac i f i c  No r thwe s t  energy 
be ing s h ipped , the second the SC  margina l  c o s t w i t h  1 , 000  MW be ing 
shi pped , e t ce tera . ( Be f o re SA'1 beg ins i t s  d i s pa t c h , i t  wi l l  condens e 
these 56 pe r iod curve s into a s ingle , ave rage curve . )  

SECOND USE : ESTIMAT ION OF  CAL IFORNIA GENERAT I ON LEVELS : 

Inputs . The same loads and resources are inpu t f o r  non-Pac i f i c  No rthwe s t  
bubb les  for  this  s econd use  a s  f o r  t he " f i rs t us e " . Fo r the Pac i f ic 
No r t hwes t ,  no load and a cheap , gene r i c  resource who s e  s ize is  de t e rmined 
by t he resul t s  of a SAM d i spatch  are inpu t . From the SAM d i s pa t c h , the 
to tal  t ransmi ss ion to Cal i f o rnia is  de t e rmined by adding the f i rm exp o r t s  
to  the nonf i rm expo r t s  and s ub t rac t ing b o t h  t h e  f i rm impo r t s  and any 
exchange energy that has been cal led back . This  amount of energy is 
input t o  the Marke t ing LP as average energy avai l ab l e  for expo r t  f rom t he 
Pac i f i c  Nor t hwes t ;  the LP then de termines t he shape o f  t he t ransmi s s i ons 
( f rom Pac if i c  No r t hwe s t  to  SC and NC ) ove r  t he 56 periods  in a par t i cular  
run . 

Output s .  Es t ima tes  o f  gene rat ion l eve l s  in NC and SC by resource type 
( nuc lear , comb ined cyc l e , o i l / gas-f i red s team turb ine , o i l /gas-f i red gas 
t urb ine , cogenerat ion , wind / s o l ar , geo t he rma l ) are output . The s team 
turb ine gene rat ions are f ur the r b roken down into  two d i f f e rent a i r  bas ins 
in NC ( Central Coas t and San Franc i s co ) and t hree a i r  bas ins in SC  ( Lo s  
Ange les , San Diego , and Southeas t De s e r t ) .  This  a i r  bas in breakdown is  a 
pro rat ion accord ing t o  ins tal led  capac i t y :  i f  8 0  percent  o f  the S C  s team 
turb ines are located  in the Lo s Ange les  a i r  bas in , t hen 80 percent o f  the 
SC s team turb ine generat ion is  es t imated  to  be  in Los Ange les . 
D i f ferences  be tween a i r  bas ins , such as the e f f i c iency o r  a tmo s phe r i c  
emi s s ion rates o f  t he t urbines , tha t  might lead t o  gene rat ion leve l s  t ha t  
are no t propo r t ional t o  ins t a l l ed capac i ty ,  a r e  no t mode led . The 
gene rat ion leve l s  ( 56 per  mon t h , 1 2  mon t hs per operat ing year--Sep temb e r  
through Augus t )  a r e  comb ined by a SAS program i n t o  annua l averages f o r  
each resource type in eac h b ubb l e . 

ELFIN 

The bas is  f o r  the analys is  of changes in t he gene rat ion l eve l s  of 
Cal i f o rnia e l e c t r i ca l  p l an t s  in the IDC Draf t E I S  was the ELFIN mode l . 
The s ta r t ing po int  f o r  each ELFIN s imul a t ion  i s  the ex i s t ing o r  fo recas t 
s e t  o f  ut i l i ty l oads ( the sum o f  ind ividua l  cus tome r s ' demands f o r  
e le c t r ic i ty ) , load p ro f i le s  ( the manne r i n  whi c h  t he s e  c us tome r demands 
change over t ime ) ,  gene rat ing resources , resource charac te r i s t i c s , and 
re l a t ive operat ing co s t s . Given t h i s  i n f o rma t ion , ELF IN s imulates  the 
l eas t-c o s t  operat ion of the ut i l i ty sys tem in ques t i on , prov i d i ng 
uni t-spec i f ic p r o j ec t ions o f  gene rat ion , f ue l  us e ,  f ue l  convers ion 
e f f ic i enc ies , and p roduc t i on co s t .  Sys temwide e s t ima t es of t o ta l  f ue l  
us e ,  produc t ion co s t , marg inal ene rgy cos t ,  reserve marg ins , and 
re l iab i l i t y  l eve l s  are a l s o  provided . 

ELFIN ' s  " leas t-cos t "  s imulat ion l o g i c  as s igns resources  as nec e s s ary t o  
mee t l oads in t h e  f o l l owing manne r .  Resources s ub j e c t  to  none conomic 
gene rat ion cons t ra in t s , ( s uc h  as " take-o r-pay" con t rac t s , " run-o f - r ive r "  
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hydro e l ec t r i c  gene rat ion , and o the r mus t-run res ources ) are d i s pat che d  
f i rs t .  Fo l l owing thes e ,  resources wi th the lowe s t  inc remental operat ing 
c o s t s  ( i . e . , bas e l oad resour c e s ) are us ed as ful ly as pos s ib l e . 
Add i t iona l resources are d i s pat ched on the bas is  o f  inc reas ing 
inc remental operat ing c o s t unt i l  t o t a l  demands have been  sat i s f ied . 

The ELF IN mod e l  was deve l o ped and maintained by  the Env i ronmental  Defense 
Fund . It  was made avai lab le  f o r  t he IDU  Dra f t  E I S  ana l ys is  th rough t he 
s e rvices  o f  the Independen t Powe r Co rpo rat ion . ELF IN has been tes ted in 
regulatory proceed ings in many s tates , inc l ud ing Cal i fornia , New Yo rk , 
and Arkansas . Organ i za t ions t hat have us ed ELF I N  inc l ude the Ca l i f o rnia 
Ene rgy Comm i s s ion , the Cal i f o rn ia P ub l i c Ut i l i t ie s  Commiss ion , the 
Pac i f ic Gas and E l e c t r i c  Company , the New Yo rk S tate  Energy O f f i c e , and 
the Argonne Na t i onal Labo rato ry . 

ELF IN was not  used to mod e l  the operat ion o f  Cal i f o rn ia gene ra t ion 
resources f o r  the IDU Fina l  E I S  due to inc ompa t ib i l i t i es  be tween the 
ELFIN and SAM . Ra the r , BPA ' s  Marke t ing LP was used to  mode l Cal i f o rn ia 
genera t ion . 
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APPENDIX  B 

Powe r Sys tem Analyses  

PART 2 

Mod e l  As sumpt ions 





Mod e l  As swnpt ions 

Loads 

The Pac if ic No r thwe s t  reg iona l l oads f o r  1 98 7  through 2006 a re based on BPA ' s  
July 1 986  long-range med iwll load f o recas t reduced by i"10de 1 Cons e rva t i on 
S tandards and are shown in Figure B . 2- 1 . 

The Cal i fo rnia  loads are f rom the July 1 985 Common Fo recas t ing Me t hodo l o gy 
( C FM-V I ) submi t ta l s . The Inland Southwe s t  l oads f o r  Nevada , Utah , C o l o rado , 
Arizona , and New Mexico  are f rom 20-year p l ans s ubmi t ted in 1 985 and 1 9 8 6  by 
the maj o r  ut i l i t ie s  in each s ta t e . 

Resources 

The Pac i f ic No r thwe s t  res ource s  inc l ude exis t ing hydro and therma l p l an t s , and 
curren t l y  planned resources , as pub l ished in the 1 986  Pac i f i c  No rthwe s t  Loads 
and Res ources .  Add i t i ona l re sources we re inc l uded as chosen by the Lea s t  Cos t 
Mix Mod e l  to achieve l oad/ resource balance . See  F igure B . 2-1 . 

The C a l i f o rnia  and Inland Southwe s t  resources f o r  the 1 9 86  - 1 9 95 p e r i o d  were 
taken f rom the Apr i l  1 98 6  Wes tern Sys tems Coo rd ina t ing Counc i l  docwnent on 
generat ion resource add i t ions . The Ca l i f o rnia  and Inland S o ut hwes t resources  
f o r  the 1 9 9 6  - 2006 p e r iod we re taken f rom CFM-V I s ubmi tta l s  and individual 
ut i l i ty resource  p l ans for the Inland S o uthwe s t  s ta tes . 

BPA ' s  January 1 9 8 7  med i wn  Ca l i f o rnia  gas p r i c e  proj e c t ion was used . BPA ' s  
Sep temb e r  1 98 7  l ow and high  Ca l i f o rnia gas p r i ce pro j e c t ions are shown i n  
Figure B . 2-2 . 

I n t e r t i e  Acc e s s  P o l i c ie s  

Tab l e  B . 2-1  i l l us trates  t h e  I n t er t i e  cond i t ions as mode led i n  t h e  System 
Analys i s  Mod e l  for  the P re- lAP , Proposed  Fo rmula Al l o c a t ion , and Hyd ro-F i r s t  
opt ions . 

P re- lAP 

Tab l e  B . 2-1  

Formula A l l o ca t ion 
I n t e r t i e  Cond i t ion 

BC Hydro l S  a l l owed access  at any t ime and comp e t e s  
w i th PNW resources f o r  t he Cal i fo rn i a  marke t .  

P roposed Fo rmula Al locat ion 
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Tab le  B . 2-1  ( Cont inued ) 

Cond i t ion 1 - PNW dec lared surplus 
energy exceeds Inte r t i e  
capac ity and t h e  PNW i s  
approaching s p i l l  ( a t  l e a s t  
6 5  pe rcen t o f  the Inte r t ie 
i s  f i l led w i t h  s pi l l . No 
access  for  BC Hydro . 

Cond i t ion 2 - PNW dec l ared surp l us 
ene rgy exceeds Inte r t ie 
capac ity but the PNW 
i s  not  in Cond i t ion 1 
No access  f o r  BC Hydro . 

Cond i t ion 3 - PNW dec l ared surplus 
energy does  no t exceed 
Inte r t ie capac ity . BC  
Hydro is  a l l ocated the 
remaining I n t e r t ie 
capac ity . 

Hydro-Fi r s t  Int e r t ie Ac c e s s  P o l icy 

The Hydro-Fi r s t  opt ion i s  ident ical  t o  the 
P roposed Formula  Al locat ion except  that a l l P�w 
surpl us hydro resources are d i spatched f ir s t  to  
serve the Cal i f o rnia  marke t .  

Deve l opment o f  Cal i f o rnia  Marke t 

BPA uses  the Marke t ing LP ( LP ) t o  f ind the marginal c o s t  o f  Cal i f o rnia  
gene ration as a func t ion o f  Pac i f ic Nor t hwes t purchases . Marg inal cos t s  
f o r  a month  are deve loped f rom 5 6  three-hour segmen t s  o f  a typ i ca l  week 
in tha t  mon t h . The input to  SAM cons i s t s  o f  these hour ly marginal c o s t s  
a s  a func tion o f  Pac i f i c  No r t hwe s t  purc hases  i n  1 , 000  average megawat t  
energy b locks . The L P  was run f o r  1 98 7 , 1 9 9 2 ,  1 9 94 , 1 9 9 5 , 1 9 9 7 ,  1 9 9 9 , 
2000 , and 200 2 .  Fo r int e rme d iate  years , the previous year ' s  marg inal 
c o s t s  are e s ca l ated at  the same rate as  the Cal i f o rn i a  gas p r i c e  f o recas t . 

SAM acc oun t s  f o r  the impac t o f  f i rm contrac t s  ( see Appendix B ,  Part 4 )  on 
t he Cal i fornia  market by us ing hour ly f i rm Intertie  l oadings to  mod ify  
the C a l i f o rnia  marke t .  F i rm expo r t s  ( capac i ty and energy ) f rom the 
No r thwe s t  to  Cal i f o rnia  typ i c a l l y  are concent rated in those hours when 
Cal i f ornia  is operat ing t he i r  highest  marginal cos t resources .  This  
reduces  bo th  t he amoun t o f  Ca l if o rnia  high  marg inal cos t load t hat  i s  
ava i l ab l e  f o r  d i s p l acement by P ac i f i c No r t hwe s t  nonf irm and t h e  avai l ab l e  
Inte r t ie during the s e  t ime s . Firm impo r t s  to  the No r thwe s t  f rom 
C a l i f o rnia , on the other  hand , requi re Cal i fo rn i a  to operate add i t ional 
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re sources ( during impo r t ing hours which  are norma l ly o f f  peak ) at  a 
marg inal cos t e qua l to tha t o f  resources opera t ing to mee t  i t s  own 
requi rements  and there f o re inc rease the amoun t o f  Cal i f o rnia ' s  load in  
those hours . After  these  adj us tments , the marginal  costs  are s o rted f rom 
h ighe s t  to lowe s t  and then grouped in  1 , 000 ave rage megawa t t  ene rgy 
b l ock s . S o r t ing h igh to l ow across  a l l  hours in  a mon t h  ref le c t s  the 
ab i l i ty o f  the Pac i f ic No r thwe s t  to shape i t s hyd ro to se rve as much h i g h  
p r i c e  marke t as pos s ib l e . 

Tab l e  B . 2-2  shows the mon t h l y  ave rage marginal  cos t f o r  1 9 9 2  by 1 , 000 MW 
b l ocks o f  ene rgy that SAM sees as the Ca l i f o rn ia marke t ava i lab l e  f o r  
Pac i f i c  No r t hwes t  nonf i rm ene rgy . 

SAM d i spatches regional  resources in  o rder of  increas ing c o s t  and s e rves 
load in  o rder of  decreas ing va l ue . SAM wi l l  dispatch  a resource as l ong 
as the  c o s t  of  the resource is less  than o r  e qual to  the val ue o f  t he 
l oad . The va l ue o f  se condary ene rgy i s  s e t  a t  2 mi l l s / kwh l e s s  than 
7 5  percent of Ca l if o rn i a ' s  marg i na l  co s t .  I t  is  assumed that Cal i f o rn i a  
ut i l i t ies  woul d  be  wi l l ing to pay 7 5  percent  o f  t he marg i na l  cos t s  o f  
resources that would  o the rwise  have t o  run , and the Pac i f i c No r t hwes t 
would  run a res ource as l ong as  i t  would  make  at  l eas t 2 mi l l s above the 
c o s t  of run n i ng the resource . 

Tab le  B . 2-2 

CAL I FORNIA Jl'10NTHLY AVERAGE MARG INAL COST 
( 1 9 9 2  Nominal M i l l s / kWh ) 

YEAR MO 1 0 0 0  2000 3000 4000 5000 6000 7000 8000 9000  

1 9 9 2  JAN 40 . 20 3 9 . 4 1  36 . 84 3 3 . 0 5 26 . 8 2  24 . 1 2 20 . 5 6 9 . 38 0 . 00 
1 9 9 2  FEB 40 . 20 38 . 9 2 3 6 . 98 30 . 94 26 . 6 5 23 . 6 3  20 . 7 1 1 4 . 6 4 0 . 00 
1 9 9 2  MAR 40 . 20 3 9 . 7 7 36 . 9 6 3 3 . 78 26 . 7 5 24 . 7 2 20 . 78 1 3 . 4 1 0 . 0 0 
1 9 9 2  APR 40 . 20 3 9 . 9 2 3 7 . 3 2 3 5 . 34 26 . 6 7  25 . 2 9 2 1 . 3 5  1 3 . 18 0 . 0 0 
1 9 9 2  MAY 40 . 20 40 . 20 3 9 . 45 3 7 . 06 3 3 . 1 1 26 . 3 5 2 2 . 3 3 1 5 . 3 1 0 . 00 
1 9 9 2  JUN 40 . 20 40 . 20 38 . 9 3 3 6 . 5 1  28 . 0 2  23 . 7 5  1 7 . 3 9 0 . 00 0 . 00 
1 9 9 2  JUL 40 . 20 40 . 20 40 . 20 3 9 . 74 34 . 05 24 . 8 9  20 . 6 6 8 . 46 0 . 00 
1 9 9 2  AUG 40 . 20 40 . 20 40 . 20 40 . 05 36 . 3 9 25 . 9 7 2 1 . 96  1 4 . 8 7  0 . 00 
1 9 9 2  SEP  40 . 20 40 . 20 40 . 20 40 . 20 3 5 . 5 6 26 . 1 2 1 1 .  7 6  0 . 00 0 . 00  
1 9 9 2  OCT 40 . 20 40 . 20 40 . 20 40 . 20 38 . 70  29 . 23 1 5 . 5 7  0 . 00  0 . 00 
1 9 9 2  NOV 40 . 20 40 . 20 3 9 . 2 7 3 7 . 55 34 . 2 3 26 . 4 7 1 7 . 6 6 0 . 00 0 . 0 0 
1 9 9 2  DEC 40 . 20 3 9 . 3 3 3 7 . 3 9 30 . 1 9 26 . 1 4 2 3 . 1 2 1 3 . 9 1 0 . 00 0 . 0 0 

Transmiss ion  C o s t s . Fac i l i ty add i t ions f o r  the DC Upg rade and the Th i rd 
AC / COTP are spec i f ied  i n  the P lan-o f -S e rvice  ( p -O-S ) f o r  the respe c t ive 
pro j e c t s . C o s t s  f o r  the DC Cpgrade are we l l  de f ined s ince  the pro j e c t  is 
unde rway , whi l e  t he P-O-S f o r  t he Th i rd AC /COTP is  s t i l l  tentat ive . The f inal  
P-O-S for  the Thi rd AC /COTP i s  s c heduled for  comp l e t ion i n  the s p r ing of  1 988 . 
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Tab le  B . 2-3 p rovides the comp l e t ion date s , capac i ty increas e s , and to tal  
p re s en t  value in 1 98 7  d o l lars  f o r  the Intert ie expans ions . Add i t ional c o s t  
info rmation is  deve l o ped i n  Tab le  B . 2-4 . Material  and cons truc t ion c o s t  
e s t imates  a r e  escalated  to  the year o f  ob l igat ion and intere s t dur ing 
cons t ruc t ion is then added . Inve s tments  are conve r ted to  a s tream o f  equal 
annua l paymen t s , wi th  inte re s t  and amo r t ization af ter year 2030  exc l uded . A 
nomina l d i s c ount rate o f  8 . 1 5 percent is  app lied  to  de t e rmine t he present 
val ue . The l i f e  cyc l e  c o s t s a l s o  inc lude operat ions , main t enance , and any 
required f ac i l i ty replacemen ts . 

Tab l e  B . 2-3 

INTERTI E  EXPANS I ONS 

Inte r t ie Comp l e t ion Inc rease in P re s en t  Va lue 
Expans ion Date Capa c i ty (MW) C o s t 

( 1 98 7  $ Mi l l ions ) 

DC Upgrade 2 / 8 9  1 0 30 3 7 6  
Third AC /COTP 5 / 9 1  1 600  8 8 3  
D C  Upgrade and 

Third AC / C OTP 5 / 9 1  2 6 3 0  1 2 5 9  

The D C  Upgrade pro j e c t increases the capac i ty o f  t he D C  I n te r t ie f rom 
1 95 6  MW to  2 9 8 6  MW at the Oregon/Nevada Borde r . This is  ac c omp l is hed by 
bui l d ing add i t ional AC /DC conve r t e r  f ac i l i t ie s  at the Sylmar  Conve r te r  
S ta t ion near Lo s Ange l e s , Cal i fo rnia and the Ce l i l o Conve r t e r  S ta t ion 
near The Dal les , Oregon . Mino r mod i f i c a t ions to  the exi s t ing DC 
t ransmiss ion l ine wi l l  be made . The DC Inter t ie f ac i l i t ie s  in the 
No r t hwe s t  are ful ly owned and operated by BPA . 

No r t hwe s t  
C a l i f o rnia  

We s twide 

Tab l e  B . 2-4 

DC TERMINAL EXPANS ION 
PRESENT WORTH 

1 9 8 7  ( $  Mi l l ions ) 

Intere s t  & Operat ions & 
Amo r t i za t ion Main tenance 

Sub s t a t ion Trans . Subs tation Trans . 

l 35 5 5 7  0 
1 24 5 5 0  0 

2 5 9  1 0  1 0 7  0 
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Total  

1 8 7  
1 7 9 

3 7 6  



Tab le B . 2-4 ( Cont inued ) 

TH I RD AC INTERTI E  
PRESENT WORTH 

1 9 8 7  ( $  Mi l l ions ) 

I n t e re s t  & 
Amo r t i z a t ion 

Ope rat ions & 
Ma intenance  

S ub s t a t i o n  Trans . Sub s tat ion Trans . 

No r t hwe s t  
Cal i fo rnia  

Wes twide 

1 46 
1 4 2  

288 

D i s count Rat e s  ( t hrough yea r 2030 ) 

Inf l a t ion 
Rea l  
Nominal 

5 . 00% 
3 . 00% 
8 . 1 S% 

E s c a l a t ion  ( through year  2006 ) 

S ub s tat ion 
Transm i s s ion 
Operat ions & Maintenanc e 

0 . 90% 
1 . 6 0% 
0 . 40% 

6 5  
294  

359  

1 1 3  
1 1 0 

2 2 3  

3 
1 1  

1 4  

Annual Ope rat ions & Ma intenance Expen�� ( pe rcent o f  inves tmen t )  

Sub s tat ion 
DC Termina l  
Transm i s s ion 

Service Life  (years ) 

Sub s tat ion 
Transm i s s ion 

4 . 00% 
1 . 4 0% 
0 . 20% 

3 7  
4 5  

To t a l  

3 26 
5 5 7  

883  

The Third  AC / COTP Pro j e c t  wi l l  increase the  capac i ty o f  t he AC po r t ion o f  the 
Intert ie  f rom 3 , 200 MVJ to 4 , 800  MW at t he Oregon/ Ca l i fo rnia  Bo rde r .  A t h i rd 
500-kV AC t ransm i s s ion l ine wou l d  run no r t h  f rom the Tes l a  S ub s ta t ion In 
Cen t ra l  Cal i f o rnia to the Oregon/Ca l i f o rnia  bo rde r , where it wou l d  
interconne c t  w i t h  the exi s t ing SOO-kV sys tem in Oregon . A po r t ion  o f  the 
proposed  Lo s Bano s -Ga t e s  t ransm i s s ion l ine c o s t s  are a l so inc l uded . The Th i rd 
AC / COTP P ro j e c t  wi l l  requ i re upgrad ing 1 70 m i le s  o f  exi s t ing t ransm i s s ion l ine 
in Cal i f o rnia  f rom 230  to 500-kV and cons truct ing approxima t e l y  1 70 m i l e s  o f  
new 500-kV l ine i n  Cal i f o rn ia and about 8 mi les  in  Oregon . In  add i t ion , BPA 
has an o p t ion to acqu i re a 5 0 -percent int e r e s t in PP&L ' s  p l anned 
Alvey-Me r id ian ( Eugene to  Med f o rd ) 5 0 0 -kV t ransm i s s i on l ine as part o f  the 
No r thwe s t  re inforcemen t s . A new s ub s t a t ion wi l l  a l so be  bui l t  in  O regon and 
s everal o ther s ub s ta t ions in t he No r thwe s t wi l l  be mod i f ied . 
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Transmis s ion Los se s . Lo s s es  for the I n t e r t i e  and t he No r t hwes t t ransm i s s ion  
ne two rk are c a l c u l a t ed in Sfu� as  a func t ion o f  exp o r t  l eve l s . The 
t ransm i s s ion l ine capa c i t ies shown in Tab l e  B . 2-3 represent  c apac i ty a t  the 
Oregon / Ca l i f o rn i a  b o rde r . Tab l e  B . 2-5 i l l us t rates  t he d i f f e rence be tween 
capac i ty at the po int  of genera t ion in the Nor thwe s t and powe r de l ivered t o  
the b o rder . 

Present  
Feb ruary 1 98 9  
May 1 9 9 1  

Tab le  B . 2-5 

CAPAC ITY AT PO INT OF GENERAT ION 
VERSUS AT THE BORDER 

AC DC 

P o i n t  P o i n t  
Border  o f  Gen . Border of  Gen . 

3 200  3 3 6 6  1 9 5 6  2064 
3 200  3 3 6 6  2986  3 1 98 
4800 5 1 26 2 9 8 6  3 1 98 

TOTAL 

P o i n t  
Bo rder of Gen . -----

5 1 5 6  5430 
6 1 8 6  6 5 6 4  
7 78 6  8 3 24 

Loopflow . Loop f low i s  a phenomenon on an inte r connec ted  t ransmi s s ion 
sys t em whi c h  c an reduce t he t rans f e r  c apab i l i ty of  t he Pac i f i c  AC 
I n t e r t ie .  The ana l y s i s  as sumes t ha t  loop f l ow has t he e f f e c t  of reduc i ng 
the c apac i ty o f  the I nt e r t i e in a l l  cases  by 300  MW ,  c o r res pond ing t o  
e i ther : ( 1 )  Pac i f i c  A C  I n t e r t ie curtai lment f o r  c o un t e r c l ockwi se 
l o o p f l ow ;  o r  ( 2 )  repayment t o  o thers  f o r  curtai lment caus ed by  c l ockwi se 
l oo p f low .  The re i s  only  an impac t  when f l ows reach t he last  300  MW o f  
t ransmi s s ion  c apac i ty .  

Pac i f i c No r t hwe s t  Resource C o s t s  and Secondary Ra t e s . Tab l e s  B . 2-6 and 
B . 2-7  s how t he Pac i f i c No r t hwes t ' s  f ixed and var i ab l e  p roduc t ion c o s t s  by 
resourc e .  The non-f i rm rates  and f i rm s ur p l us rat e  are inc l uded in 
Tab l e  B . 2-7 . 

Pac i f i c  No r t hwe s t  Avai l ab l e  F i rm Surpl us . Tab le  B . 2-8 s hows t he amoun t 
o f  f i rm s urp lus a s s umed in SAM f o r  d i f f erent F i rm c o n t r a c t  s c enar i o s  and 
under  low and h i gh P ac i f i c No r t hwe s t  l oad f o re cas t s . 

( V S 6 -PG-6 2 1 0 K )  

B . 2-6 
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TA8 L E  8 . 2 -8 

AMOUNT O F  F I RM SUR P LUS USED  I N  THE  SAM ANALYSES  II 

S�n s i t i v i t� CgS�S 

Mg rk�ti ng Cg:;�s A s s u red Del i v e ry 

Ex i s t i n g F e d e ral A s s u  red Al t e rnat i ve s  PNW 

YNr: Cont rgct s Mgrke t i ng Del i v e r� -.ttL � .1!.l Low Load 

1 98 7  2 2 6 9  1 54 0  1 32 4  1 4 7 1  1 7 1 5  1 580 289 1 

1 988 1 84 1  1 1 1 2 896 1 04 5  1 288 1 1 53 2986 

1 989 1 40 7  6 7 8  462  6 1 0  853 7 1 8  3026 

1 990 1 2 2 2  493 2 7 7  424 668 553 3 1 69 

1 99 1  1 1 1 4 426 2 1 0  3 3 2  586 443 3409 

1 99 2  8 7 0  448 2 3 2  1 3 1 347 2 2 5  3404 

1 993 4 6 7  552 3 3 6  57  0 6 3 1 6 5 

1 994 3 2 3  4 0 8  1 94 0 0 0 3258 

1 995 1 48 2 3 3  2 0  0 0 0 33 1 3  

1 99 6  8 1  1 66 0 0 0 0 3338 

1 997 1 3 1 2 1 5  4 0 0 0 3509 

1 998 0 0 0 2 8 1  2 1 2  2 3 1  3437  

1 999 4 6 1  546 336 7 2  3 2 2  3384 
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2 0 0 1  1 1 3 1 98 0 0 0 0 3335 

2 0 0 2  0 0 0 345 2 7 7  2 9 7  3365 

2 0 0 3  0 0 0 243 1 74 1 94 3449 

2 0 0 4  4 0 1 486 2 7 8  2 3  1 2  8 3404 

2 0 0 5  2 8 9  3 7 4  1 66 9 1 3  8 3466 

2 0 0 6  2 0 - 1  3548 

II The amo u n t s  s h own we re used for al l f o rmu l a  al l ocat i on s  and I n t e r t i e  s i z e s . 
ZI R u n  for  e c o n om i c s  onl y .  

( VS6-PG- 1 858Z ) 

P NW 

H i gh Load 

1 5 56 

780 

1 2 2 
5 

4 

1 3  

1 2  

1 6  
1 8  
1 4  

7 
4 

5 

6 

7 

1 4  

2 0  

1 7  

1 9  

95  

A s s u red 
Del i v e ry ZI 
� MW 

1 30 6  

8 7 8  
444 

2 5 9  

1 92 

1 96 
1 5 5 

1 3  

0 

0 
0 
0 

1 5 5 
0 

0 

0 
0 

98 

0 

2 







APPEND IX B 

P ower Sys tem Analyses  

PART 3 

Mode l ing Changes 





Mode l ing Changes 

Fo l lowing the c lose  o f  c omment on the dra f t  E I S , BPA unde r took an extens i ve 
review and ana lys i s  o f  c omments  received . Many o f  these comme n t s  were 
d i rec ted t oward the mode l ing und e r lying the envi ronmental ana l ys e s . Thes e  
commen t s  were care f u l l y  cons ide red as s taf f a t temp ted  t o  improve and ref ine 
the mode l s . I n  add i t ion , upda tes  were made t o  b o t h  input data and as sump t ions 
whe re appropriate  t o  as sure the mode l s  we re up-to-da t e . 

Three kinds o f  ana l y t i c  changes have been made s ince the dra f t  E I S : 
changes in SAM whi c h  requi red recod ing o f  t he mode l in  o rder f o r  the 

l o g i c  
l o g i c  t o  

more accura t e l y  re f l e c t  how t he hyd ro sys tem is  operated ; changes in  
as sump t ions made s ince the  draf t E I S ; and an  update  o f  input data  to  re f l e c t  
current ava i l ab l e  info rma t ion . The res u l t s  o f  the F ina l E I S  are now be ing 
inte rpre ted in t he context  of  bene f i t s  an t i c ipated f rom t he cons t ruc t ion o f  
Mid-Co l umb ia bypas s f ac i l i t ie s . The s e  bene f i ts are expec ted t o  s ub s tan t ia l ly 
reduce any impa c t  of  I n te r t ie ac t ions on anad romous f ish  s tocks . 

The f o l lowing d i s cus s ion iden t i f ies  and d i s cusses  t he changes tha t have been 
s ince t he Draf t E I S .  

Sys tem Ana l y s i s  Mode l Change s 

Log i c  Changes 

McNary 1 00-Percent Flow Limi t a t ion : I n  ear l ie r  runs , SAM operated  the 
hydroe l e c t r i c  sys tem in a manne r tha t  exerc ised  the r ight to dra f t reservo i r s  
f o r  nonf i rm energy produc t ion a t  the f i rs t  opportun i t y .  In  s ome case s , the 
l o g i c  in SAM caused t he model  t o  release l a rge vo lume s o f  wat e r  f rom ups t ream 
s to rage pro j e c t s  which  raised  f low leve l s  above turb ine capac i t y  at down s t ream 
pro j e c t s  and caused s igni f i can t amoun t s  of fo rced s p i l l . This  opera t ion was 
b o t h  damaging to f i sh ( b e c ause of l e s s  wa t e r  in subse quent mon ths ) and 
resul ted in a l e s s  economic operat ion t han was probab l e . Fur thermore , s uch 
operat ion was found t o  b e  incons i s tent  with BPA ' s  a c t ual  operat ing 
procedure s . The re f o re , the mod e l  was revised  to  l imi t f l ows on the sys tem t o  
n o  mo re than 100  percen t o f  t h e  t urb ine capac i ty a t  McNary , t he sma l l e s t dam , 
f o r  purpos e s  o f  mee t ing nonf i rm marke t s  when pos s ib le . The intent  o f  t h i s  
l im i ta t ion was to  l imi t t he l arge amoun t s  o f  forced  s p i l l  resu l t ing f rom 
d i s c r e t ionary nonf i rm s a l e s  in win t e r  and early  s p r ing . 

PNW Draf t ing Logic : In  the draf t E I S , the Pac i f i c  No r t hwe s t  reg ion ' s  exi s t ing 
f irm power s ur p l us was a s sumed t o  be  s o l d  in f ixed amount s .  The mode l now 
ref l e c t s  more a c c ura t e l y  t he ac t ua l  marke t ing of BPA ' s  exi s t ing f i rm powe r 
s ur p l us . Spec i f i c a l l y , the mode l now a s s umes that  sho r t  t e rm s a l e s  o f  s ur p l us 
f i rm powe r are dynam i c . Tha t i s , the mod e l  s imula te s  when s uc h  s a l e s  wi l l  
o cc ur based on marke t cond i t ions and o ther f a c t o rs , ra ther t han t re a t ing s uc h  
s a l e s  as  f ixed amount s  as was done in t he dra f t  E I S .  

BC Hydro Logic :  The draf t E I S  contained the resul t s  o f  BPA ' s  f i rs t  a t t emp t a t  
mod e l ing B C  Hydro ' s  sys t em .  The mo del  has s ince been ref ined in o rder t o  
b e t t e r  ref l e c t  BC Hydro ' s  ab i l i ty t o  marke t power t o  t h e  Southwe s t  and t o  
compe t e  w i t h  No r thwe s t  powe r .  B C  Hydro ' s  s urplus power ava i lab l e  f o r  s a l e s  t o  
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the U . S .  i s  d ivided into seve ra l  hydro b locks . The deeper the res ervo i rs are 
draf ted , the h ighe r t he energy is  priced . P r i ces  are somewha t var iab l e  based 
on Cal iforn ia marke t cond i t ions . BPA a l s o  revised  t he mode l to  b e t t e r  re f l e c t  
how B C  Hyd ro can compe te wi th  the Pac i f ic Nor thwe s t  f o r  t he Southwe s t marke t .  
In the draf t E I S , BC  Hydro could  s e l l  d i re c t l y  to  Ca l i fo rnia  o r  d i s p lace 
Pac i f i c  No r t hwe s t thermal resources . In  the f inal s tud ie s , BC Hydro can a l s o  
"bump " Pac i f ic No r thwe s t  s a l e s  o f f  the I n t e r t i e  when they have an I n t e r t ie 
a l locat ion and s e l l  to  the Pac if ic  No r thwes t f o r  f i rm l oads  when the Pac i f i c  
No r t hwes t i s  sho r t  o f  powe r .  

Expi rat ion of Expo r tab le Agreement :  The Expo r t ab l e  Agreement  is  an agreement 
among BPA and o the r Nor thwe s t  ut i l i t ie s  gove rning ac c e s s  t o  the Fede ra l ly 
owned port ion o f  the Inte r t ie under cond i t ions where the demand f o r  ac c e s s  to  
the Intertie  exceeds  avai l ab le capac i ty . The d raf t E I S  as s umed that the te rms 
o f  the Expor tab l e  Agreement  wou l d  c ont inue beyond i t s  exp i ra t ion dat e  in  
1 98 9 .  The f inal runs a s s ume the terms o f  the Expo rtab l e  Agreement wi l l  no t be  
extended when the agreement exp ires  in 1 98 9 , but that  access  to  the  Inte r t ie , 
under  s im i l a r  cond i t ions , wi l l  be  governed by a po l icy s omewha t l ike wha t  
wou l d  have o c curred under  the Expo rtab le Agreement .  In  the draf t E I S , 
Condi t ion One was as sumed to  occ ur i f  the region was in near-s p i l l cond i t ions 
o r  if the SW marke t p r i c e  was wi thin 2 mi l l s o f  the Expo r t ab le Rate . In  the 
f inal s tud ie s , Cond i t ion One oc curs only i f  t he region i s  in near-s p i l l  
cond i t ions . 

Changes in As sump t ions 

Variab l e  Nonf irm Rate : The d ra f t  E I S  ana lyses  assumed tha t  BPA s a l e s  o f  
nonf i rm energy wou l d  oc cur a t  f ixed rates  ( pr i c e s ) .  The p r i c ing l o g i c  in the 
mode l was s ub s e quent ly changed to  re f l ec t  the fac t tha t BPA now has a var iab l e  
nonf i rm ene rgy rate that b e t t e r  enab l es BPA to  respond t o  c hang ing marke t 
cond i t ions . 

Wat e r  Budge t Logi c : Add i t ional t hought has b een g iven s ince the draf t E I S  on 
how to  model  the Wat e r  Budge t ,  a program to  p rovide wa t e r  to  a i d  downs t ream 
migrat ing f i sh .  In  o rder to  ref l e c t  a more rea l i s t ic operat ion , f l ows f o r  t he 
Water  Budge t in the C o l umb ia Rive r have been as s umed to  be provided 
propo r t iona t e l y  f rom ups t ream projec t s , ra ther than draf t e d  f rom onl y  Grand 
Coulee and Arrow res e rvo irs . 

Sys tem Ref i l l  C r i t e r ion : Many p l anning fac t o rs are de termined by whe t he r  o r  
no t the sys t em has " f i l l e d "  i n  the previous yea r . In  the dra f t  E I S , SAM 
as sumed the sys tem was " f u l l "  when the amoun t o f  water  s tored  in the sys t em 
was 8 5  percent o f  the ava i l ab l e  s pace . In the f inal s tudie s , the " f u l l "  
c r i t e r i on was c hanged t o  9 4  percent o f  ava i l ab l e  sys t em s to rage in o rder t o  be  
more cons i s tent with  coordina ted  p l anning . 

New F i rm Con t rac t s : The draf t E I S  inc l uded an ana l ys is o f  impa c t s  due to  
a s s uming add i t ional f i rm con t rac t s . The s e  cont rac t s  cons i s ted  o f  a s ho r t  t e rm 
( lO -year ) power s a l e  conve r t ing to  a capac i ty s a l e  and a seasonal 
capac i ty /ene rgy exchange . The s e  as sump t ions we re c r i t ic i zed by comment e r s  f o r  
no t cove ring the f u l l range o f  probab l e  l ong t e rm f i rm power c on t ra c t  
po s s ib i l i t i e s . The refore , BPA revi sed i t s  f i rm cont rac t as sump t ions . The 
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f inal runs inc l ude a long term ( 20-year ) powe r s a le , a capac i ty s a l e , a powe r 
sale  whi c h  conve r t s  t o  a c apac i ty / energy exchange , a power s a l e  wh i c h  conve r t s  
t o  a seas onal capac i ty/ene rgy exchange , and a seasonal  powe r exchange . I n  
add i t ion to  analyz ing a wider var i e ty o f  con t rac t s , t he f ina l runs inc l ude a 

separa te ana lys is  regar d i ng the impac t s  o f  a l lowing as sured a c c es s . 

�!:_!L��ears : The s tudy years in the draf t E I S  ( 1 98 7 ,  1 9 9 2 , 1 9 9 7 ,  and ZO G 2 )  
we re inc remented by 1 year ( 1 988 , 1 9 9 3 , 1 9 98 , and 2003 ) to  avo i d  ana lyz ing a 

year ( 1 98 7 )  whi c h  was unde rway ( o r  pas t ) .  For purpo s es o f  hyd ro sys tem 
e f fec t s , the draf t E I S  ana l y s i s  s tar ted i n  1 9 9 2 ,  s ince  it was a s s umed th i s  
would  be t he f i r s t  year bo th  the 3rd AC and terminal expans ion pro j e c ts wou l d  
b e  operat ional . I t  was rea l ized , howeve r ,  tha t  ana lys i s  o f  an ear l i er year 
might be imp o r tan t for a s s e s s ing impa c t s  o f  I n t e r t i e  Acc e s s  P o l icy and f i rm 
con t rac t dec i s i ons , so  1 988 was added f o r  the f inal ana lys is . 

P roposed I n t e r t i e  Ac c e s s  P o l i cy :  Be caus e work had pro ceeded on a Proposed  
P o l icy  be tween the  d ra f t E I S  and t he f ina l s t ud i es , t he Proposed  lAP , ra ther  
than  t he Near Term lAP , was us ed . The only  d i f f erence i n  how the po l i cy was 
mod e l ed was t ha t  t he Expor tab le Ag reement was a s s lli�ed to exp i re in t he 
Proposed lAP , but  was a s s umed to  cont inue throughout  the s tudy per i o d  in the 
Near Term lAP . 

E l iminat ion _�i P lan����l : The d ra f t  E I S  analys i s  assumed s p i l l  wou l d  
cont inue a t  Fede ral  dams even a f t e r  bypa s s  ins ta l l a t ion and imp roveme n t s  we re 
comp l e te . Sub s equen t ly , the No r thwe s t  Powe r  P l anning Counc i l  s tated  t ha t  f i s h  
sp i l l  prog rams wou l d  ceas e , f o l lowing ins ta l la t ion o f  e f f e c t i ve by pas s 
sys tems . According l y , BPA has changed i t s  a s s ump t ions . T h i s  c hange a l s o  
inc ludes unre s t r i c ted  opera t ion o f  the se cond powe rhouse l o c a t e d  a t  Bonnev i l l e 
Dam af ter  improvement s  i n  t he exi s t ing f i sh bypass  sys tem are imp l emen t e d . 

Wat e r  BudK� t Extens ion : I n  the dra f t  E I S , the Wa t e r  Budge t ( an al l o c a t ion o f  
wa t e r  t o  improve f is h  migra t ion ) was mode l e d  s o  tha t i t  covered  o n l y  the mon th  
o f  May . In the mo s t  recen t mo de l ing , t he Wa ter  Budge t a t  P r ie s t Rapids  Dam i s  
mod e l ed t o  cover the l a s t hal f  o f  Ap r i l  ( Ap r i l  1 6 - 3 0 ) a s  we l l  as  t he mont h  o f  
May ( the Snake River wa t e r  budge t whi c h  was mod e l ed i n  the mon t h  o f  �lay was 
no t changed ) .  O r i g ina l l y ,  minimum f lows dur ing the Wat e r  Budge t per iod  had 
been mode led  at 1 34 k c f s  in May at P r i e s t Rapids . The cur ren t assump t ion is  
1 1 5 kcfs  f rom Ap r i l  1 6  t hrough the e I : d  o f  May . Th i s  mo re a c c u ra t e l y  re f l e c ts 
a c tua l  operat ing prac t i c e s . 

Mid-Co l umb i a  Bypas s  Sys t ems : I t  was a s sumed in ea r l i e r  ana l y s e s  t ha t  no 
bypa s s  fac i l i t ies  wou l d  be i n t roduced in  the f ut ure at mid-Co l umb i a  
hydro e l e c t r i c  p l ant s . F o r  t h e  Final E I S  runs , BPA a s s umed tha t  byp a s s  
fac i l i t ies  would  be i n t roduced  in  t he f uture (We l l s  1 98 9 , Ro c ky Reac h  1 9 9 1 , 
Rock I s l and 1 9 93 , Wanapum 1 98 9 , and P r i e s t Rap i d s  1 98 9 ) .  Th i s  i s  cons i s tent  
with  updat e d  inf o rma t ion regard ing current  p l ans f o r  cons t ruc t ing bypa s s  
f ac i l i t ies a t  t h e  mid-Co l umb i a  pro j ec t s . 

S l id ing S c a l e  Spi l l : I n  earl ie r  SAM runs , the Corps ' f is h  s p i l l  p lans were 
mod e l e d  as a f ixed perc entage of t he t o ta l  f low at each pro j ec t .  The Corps ' 
1 9 8 7  "Juvenile  F i s h  Pas s age P l an"  has spec i f i ed t ha t  s p i l l  a t  c e r t a i n  p r o j e c t s  
s ho u l d  be c omputed o n  a s l i d ing s c al e .  Thi s  means that  ins t ead o f  s p i l l ing a 
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f ixed percen t age o f  the t o t a l  f l ow ,  the pe rcen tage i t se l f  wi l l  increase as 
t o t a l  f l ow inc reas e s , thus "shar ing the weal th . "  SA.IV! was updated to the 
Corps ' 1 98 7  s p i l l  p lan wi th s l iding s c a l e  s p i l l  at  Lowe r Monumen tal , John Day , 
and The Da l l e s . 

In __ �roduc:_!:_ion of New Resources : Fo r the draf t E I S , t he Leas t Cos t Mix  Mode l 
was a l lowed to  b r ing res ources on l ine to  mee t  inc reased loads in  sma l l  
inc remen t s . Thus , the impa c t s  o f  large new res ource amount s  for  nuc lear  
p l an t s  we re no t seen . For  purpo ses  o f  the f inal ana lyses ,  t he s e  p lan t s  were 
b rought  on l ine at rated capac i ty when reg ional powe r de f ic i t s  approximated  
one-hal f  the to tal  capab i l i ty o f  a ful l p l an t . A gene r i c  purchase c o n t rac t 
was assumed to  provide the power requi red to mee t  de f ic i t s  p r io r  to 
int roduc t ion of such bas e l oad p l an t s . 

I n i t ia l i z a t ion o f  Cen t ra l ia Coal  P i l e  Lo� : The Cen t ra l ia coal  p l an t  
cont inues to rece ive f ue l  regard l e s s  o f  t h e  opera t ion o f  the p l ant . Howeve r , 
there i s  l imi ted  s to rage s pace ava i l ab l e  f o r  the coal  p i le . Thus , i f  the 
p lan t does no t operate f o r  a p r o longed p e r i o d  o f  t ime , the coal p i l e  becomes 
too  large . The p lan t t hen is p laced on a mus t -run s ta t us . I t  was d i s c overed 
that SAM was carry ing ove r the s i ze  of t he coal p i l e  f rom the end of one 
s imula t ion ( 20 th yea r ) to the beg inn ing of the next s imu l a t ion . Thus , 
s imul a t ions whi ch s hould  have been independen t o f  each o t he r were no t .  To 
prevent t h i s  i n t e rac t ion be tween s imula t i ons , the l o g i c  was c o rrected  to  
re-in i t ia l i z e  the s i ze  o f  the  coal  p i le a t  the  beginn ing o f  each  s imul a t ion . 
W i t h  t h i s  c hange , each s imul a t ion s ta r t s  wi th t he same s i zed coal  p i l e . 

I n i t i a l izat ion o f  GM Shrum Sys tem : ( GM S hrum i s  a hyd roe lec t r ic gene rat ing 
s ta t ion located  on the Peace R ive r in B r i t i s h  C o l umb ia . ) Thi s  prob l em was 
s im i l a r  to the prob l em w i t h  the Cen t ra l ia c o a l  p i l e  d e s c r ibed  in  the preced ing 
parag raph . I n  t h i s  case , the G . M .  Shrum con tent was be ing carr ied ove r  f rom 
the end of one s imula t ion to the beg inn ing o f  ano t he r . The l o g i c  was 
c o r rec ted to  re-in i t i a l i z e  the G . M .  Shrum con tent a t  the beg inning o f  each 
s imula t ion . 

Albeni Fal l s  E l eva t ion Data : Both  Albeni  Fal l s and C o r ra L i nn have a c hann e l  
res t r i c t ion be tween t he dam and the mai n  body o f  t h e  reservo i r .  T h e  previous 
e l eva t ion output  for these p l an t s  was the e l eva t ion immediate ly behind the 
dam , whi c h  is used f o r  cal culat ing powe r .  For cul tura l resource impac t s , the 
appropriate  e l eva t ion t o  l ook at is that at  t he ma in b ody o f  the reservo i r . 
The o utput has been correc ted and data now pres ented in  t he f inal  ana l y s i s  are 
p ro j e c t ions o f  res ervo i r  e levat ions rather t han o f  e l eva t ions us ed for power 
c a l cu l a t ions as used in  t he d ra f t  E I S . 

Leakage and Lockage : Leakage and lo ckage ( an amount o f  wa ter  whi c h  l eaks 
around a dam o r  pas s e s  through the navigat ion l o cks wi thout pass ing through 
the t urb ine s ) was counted  twice . The e f f e c t  was to  reduce s l igh t l y  the f l ow 
ava i lab l e  f o r  power whi ch , in  t urn , had an e f f e c t  on powe r p roduc t ion  and 
re f i l l . The e r r o r  has been c o rrec ted f o r  the f ina l runs . 
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Input Data Upda tes  

O iL��fld __ Q§�_��r:.-ice [� re�Cl� :  As o i l  and gas price  f o recas t s  c hanged , mode l 
inputs  we re revised according l y .  Change s in  o i l  and gas pr i c e s  a f f e c t  
Ca l i fo rnia u t i l i t ies ' demand f o r  energy impo rted from the Pac i f i c  No r t hwe s t  
( PNW )  t o  d i s p lace opera t ion o f  highe r cos t o i l - and gas-f i red gene ra t ing 
p lan t s . Th i s  af fec t s  hydro operat ions . In the f inal analys i s ,  the o i l  and 
gas � r i ce f o recas t s  we re changed to  re f le c t  BPA ' s  Janua ry 1 98 7  Gas P r i c e  
Fo recas t ,  replac i ng the fa l l  1 98 5  DR I Forecas t us ed in the draf t E l 8 . 

Cal  iJo r�ja Lo���LfQ���_a_� t : BPA has upda ted the Cal  i f o rn ia load f o recas  t to  
re f le c t  the mo s t  recent Common Fo recas t ing t>le thodo l ogy ( CHI-6 ) .  The C PI-D 
load fo recas t used in  the f ina l s tud ies i s  h ighe r than the C FM-5 used in  the 
d raf t E 1 S . The comb ined e f f e c t s  o f  new gas p r i ce fo recas t and l oad / re s o urce 
d a t a  have s igni f ican t ly changed the shape of the Ca l i f o rnia  demand curve in 
o A!'IIJ . 

9ri3.J:l��Q.ul�e_�fl.E::_r-gy� Q.9_���9_� Cu�y_� _ __ LEC�CJ : The end-o f-June e l eva t ion whi ch  
would  s t i l l  al low Grand Coulee  to  be ful l a t  the  end  o f  July  var i ab l e  ECC  was 
as low as approxima t e l y  1 25 0  f e e t  in the dra f t  E I S  und er  some wa t e r  
condi t ions . Th i s  is  t h e  lowe s t  e leva t ion to  wh i c h  the reservo i r  could  b e  
draf ted to marke t nonf i rm ene rgy . This  l imi t has been inc reased to  1 285  fee t 
f o r  the f inal s tud ies , based upon the  intent  o f  the Bureau o f  Re c l ama t ion , the 
pro j e c t  owne r ,  to  make s uch  a change in i t s  ope ra t ing cons t ra in t s . 

!<:2:lL�_�llFv� s __ �9_g _�9_I���!_Ti3. irl t s : Rese rvo i r ope rat ions are I imi ted  by a number  o f  
cons t raints  i n  add i t ion  to  t hose  re lated  t o  powe r gene ra t ion ( f l ood  con t ro l ,  
naviga t ion , recrea t ion , f i s h , e t c . ) .  The se cons t ra in t s , admin i s te red by 
pro j e c t  operators , are taken i n t o  ac count  when deve lop ing annua l p l ans f o r  
coordina ted operat ion o f  t he res ervo i rs .  Changes i n  t hese cons t ra i Il t s  and 
o the r informa t ion re l a t ing to  how reservo i rs wi l l  be o perated we re made to 
ref l e c t curren t informa t ion . The c r i t i c a l  rule c urves ( a  se t o f  end-o f-mo n t h  
reservo i r  c ontents  whi c h  take t h e  reservo i r f rom ful l to  emp ty dur i ng a 
c r i t i c a l  per iod ) we re upda ted w i t h  Novembe r  1 98 6  data . Changes in o ther 
informa t ion may aff e c t  how re s e rvo i rs opera te . Fo r ins tance , changes in 
load/ res ource f o recas t s  or seasona l var i a t ions in  wea ther  may cause Sk.'IIJ to  
change reservo i r  ope ra t ion as powe r sys tem ope rat ion i s  ad j us t e d  to  mee t 
highe r or  l ower demand . Such change s have resul ted in somewha t d i f f e ren t 
s easona l f low pa t terns whi c h , in turn , may a f fe c t  the downs t ream migra t io n  by 
j uveni l e  anadromous f i s h .  

Var iab l e  and Fixed Ope ra t i n_K_ CO?�£QfE i§Q9�Besou�_c�s : C hang ing economi c 
cond i t ions impac t operat ing cos t s  f o r  therma l resources . Updates  have been 
made s ince the draf t E 1 S  t o  b e t t e r  ref l e c t the c urren t s i t ua t ion . The s e  
inc lude changes t o  today ' s  p r i c e s  as we l l  as change s to  l ong range p r i c e  
f o recas t s . 

R a t e s  f o r  Nonf i rm and F i rm S�!J2.J_us : BPA ' s rates  f o r  secondary energy mus t 
rema in a t  a l eve l whi c h  a l l ows access  to  a compe t i t ive marke t .  Long range 
f o recas t s  change a l ong wi t h  pred i c t ions of s upply and demand . Sk.'IIJ inpu t s  
regarding rates  f o r  sec ondary s a l e s  have been updated  to  ref l ec t  the l a t e s t 
rate  f o recas t ava i l ab l e . 
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PNW Load Forecas t :  The lates t l oad fo recas t ( B PA ' s  1 98 6  Long Te rm Load 
Forecas t )  is  lower than that us ed in the draf t E I S  ( 1 985 Long Term Load 
Fo recas t ) .  Projec ted resource deve lopmen t  has dec reased by approximate ly 1 4 0 0  
average megawa t t s  be tween t h e  dra f t  E I S  and the f ina l s tud ies . Where there 1 S  
a regional s urplus o f  generat ion , there i s  a decrease o f  to tal  resou rces 
needed . 

Fish  Spi l l  P l an :  The draf t E I S  analys is used the 1 985 Corps f i sh s p i l l  plan . 
The f inal ana lys is incorpora t e s  the 1 9 8 7  Co rps f i s h  s p i l l  p L an . 

§.£i l l  P r io r i ty L is t :  When the res ervo ir  s ys tem is  unab l e  to s to re add i t ional 
water  and the f lows are such that the hyd ro pro j ec t s mus t pass mo re wat e r  than 
can be used f o r  powe r produc t ion , the sys tem mus t s p i l l .  A s p i l l  p r i o r i ty 
l is t  i s  used to appo r t ion t h i s  "ove r-generat ion" s p i l l  among the var ious hydro 
pro j e c ts . In  this way , over-gene ra t ion sp i l l  can o c cur at  pro j e c t s  whe re 
add i t ional s p i l l wi l l  be  he l p f u l  to f i sh s urviva l . S ince comp l e t ion o f  the 
draf t E I S , the mode l has been upda ted to incorporate as s ump t ions about  how 
improved bypas s fac i l i t ies at var ious dams wi l l  a l te r  s p i l l  p r i o r i t ies  
a s s igned to a l l  dams . 

9pera_t i oI). o f  Canad ian Treaty F-es�syo irs _(ArrQ!,�nd Mica2 : Each yea r  Canada 
and the Uni ted S tates  prepare s tud i e s  and operat ing p l ans f o r  the o pe ra t ion o f  
Co lumb ia  Rive r s to rage reservo irs  i n  Canada ,  under  the t e rms o f  the C o l umb ia 
River Treaty . S ince comp l e t ion of the dra f t  E I S ,  the mod e l  data  we re upda ted 
to re f l ec t more recent es t ima tes  o f  opera t ions for  wa ter  releases  f rom 
Canad ian reservo irs  agreed upon by the Uni t ed S tates  and Canada . 

Minim� Flow Cons t ra i n t  at  L i bQy : In  ear l i e r  s t ud ies  the minimum f l ow ( the 
lowe s t  al lowab le d i s charge ) cons t raint  at  L ibby Darn was s e t  at 3 , 000  c f s . The 
Corps ' Feb ruary 1 ,  1 98 7 ,  data  s ubm i t tal  f o r  the Pac i f i c  No r t hwe s t C o o rd ina t ion 
Agreement operat ing p lan has s ince inc reas ed the out f l ow cons t raint  at L ibby 
to  4 , 000  c f s . Thi s  change mo re c l o s e l y  mod e l s  how the C o rps p l ans to operate  
Libby Darn . 

Alben i  Fal l s  Energy Content  Curv� ( ECC� :  Al ben i Fal l s  p l anning curves were 
found to  be incorrect  and have been changed to re f l e c t  current opera t i ons . 

S c hedule f o r  Cons t ruc t ion o t�JEils_�§��_�.§. __ ��L�<:l���J �o j e c_t� : When BPA 
conduc ted the s tud ies  used in the draf t E I S , i t  us ed i n f o rma t i on provided by 
the Corps concern ing i t s  p l ans for cons t ruc t ing bypa s s  sys tems at  Federal  
proj e c t s . A mo re recent  and cons erva t ive s c hedule  was o b ta ined f rom the Corps  
ear l ie r  t h i s  year . Th i s  lates t s c hedule ( Lower Gran i t e  and L i t t le Goose , 
1 9 90 ; Lower Monument a l , 1 9 9 1 ; I c e  Harb o r , 1 9 9 2 ; McNary , 1 9 94 ; The Dal l e s , 
1 9 9 7 ;  and Bonnevi l l e  S e cond Powe r Hous e , 1 9 9 4 ) was inc l uded in revis ions made 
to SAM for  p repar ing t he f inal runs . The upda ted s chedul e re f l e c t s  some 
ant i c ipated d e l ays in the int roduc t ion o f  bypa s s  fac i l i t ies  a t  Federal 
pro j e c t s .  

F I SHPASS Mod e l  Changes 

Changes in Logic  

There were no changes in logic  used in F I S HPASS be tween the  draf t E I S  and  the 
f inal ana l yses . 
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Changes in As s ump t i ons 

Fish Transpo r t a t ion Data : The dra f t  E I S , a s s umed t ha t  f i s h  c o l l e c ted  a t  Lowe r 
Gran i te , Li t t le Goos e , and McNary Dams would  be  t rans po r t ed t o  t he maximum 
extent p rac t i cab l e  t o  achieve higher s urviva l . S ub s e quen t to the dra f t  E I S , 
the No r t hwe s t  Powe r P l anning Counc i l , f i s he ry en t i t ie s  and t he Corps  agreed t o  
cont inue f is h  t ranspo r t a t i on a t  a l e s s e r  ra te ,  and t o  pas s yea r l ing ch inook 
back t o  the r ive r a t  h ighe r f l ows . Trans po r t a t i on guidel ines are  deve l o ped by 
the Fish  Trans p o r t a t ion Ove r s ight Team ( FTOT ) compr ised  of  f i s h e ry agenc ies , 
Tribes , and the Corps . The FTOT t rans p o r t a t ion l e ve l s  were used in the f ina l 
ana lys i s . 

Number  o f  S imula t ions : In  the draf t E I S , BPA used 20 s imula t ions in F I SHPAS S ; 
t he f inal ana ly s i s  inc reased tha t numb e r  to  40 . Th i s  inc rea s e s  the conf idence 
l eve l for o b t a in ing a representat ive range of changes in s urvi va l . The 
40 s imula t ions p rovides a 90-percent  conf idence l eve l that  a t  leas t 9 1  percent  
o f  the popu l a t ion l ies  be tween the h ighes t and l owe s t  val ue s  o f  our samp l e  of  
survival changes f o r  t ha t  year . 

I nput  Data Upda t e s  

F i s h  Guidance E f f i c ienc ies : In the dra f t E I S , BPA used f i s h  guidance  
e f f i c ien c i e s  f o r  f is h  bypa s s  sys tems that  were suppo r ted by r e s ea r c h  resul t s  
f o r  exi s t ing sys tems o r  we re c r i te r i a  f o r  des ign and c ons t ruc t ion o f  fut ure 
b ypas s sys tems . For t he f inal runs , BPA updat ed the f is h  guidance 
e f f i c ienc ies  based upon the mos t  current info rma t ion rece ived f rom t he C o r p s  
o f  Eng ineer s . 

F i s h  Bypas s  Cons t ruc t ion S chedu l e : Fo r the d raf t E I S , BPA modeled  new f is h  
bypa s s  c ons t ruc t ion and improvement s  a t  Federal dams based o n  inf o rma t ion f rom 
the C o rp s . The Corps has revised i t s  s chedule  f o r  bypa s s  cons t ruc t ion . 

Res ervo i r  Mo r ta l i ty :  The draf t E I S  used a f i s h  res e rvo i r  mo r t a l i ty ra te  o f  
0 . 7  percent  p e r  day f o r  non-Federa l ,  mid-Co l umb ia  pro j e c t s  b a s e d  o n  ava i l ab l e  
s c ient i f ic l i t e ra t ure and cons u l t a t ions w i t h  var ious ent i t ie s . Pub l ic c ommen t  
and add i t ional recent informa t ion s ugge s t s  a h igher r e s e rvo i r  mo r ta l i ty rate  
o f  3 . 5  percent  per  day . The l a t t e r  was used  in t he f ina l ana lys i s . 

F i s h  Bypas s  E f f i c iency o f  Spi l l  a t  We l l s Dam : The a s s umed e f f i c iency o f  s p i l l  
f o r  pass ing f is h  a t  We l l s Dam was inc reased i n  t he d raf t E I S  f rom 0 pe rcent  
s p i l l / O  percent f is h , 23  percent  s p i l l / 6 9  percen t  f i s h , 5 6  percent  
s p i l l /8 2  percent  f is h , and 1 0 0  percent  s p i l l / 1 0 0  percent  f i sh  t o  0 percent  
s p i l l /O percent  f is h , 2 1  percent  s p i l l / SO percent  f i s h , 3 0  p e r cent  
s p i l l / 94 percent  f is h  and 1 0 0  percent  s p i l l / 100  percent  f i s h  in the f ina l 
s tud ies , based on new info rmat ion f rom the p ro j ec t o p e ra t o r . 

H a t chery Release  Dat a : Current inf o rma t ion on da t e s  and numb e rs o f  f is h  
r e l eased f rom t he nume rous C o l umb ia  b a s i n  f i s h  hat che r ie s  was inc o rporated  
into  F I S HPASS f o r  the draf t E I S . Sub s e quen t l y , f is hery  agenc i e s  pub l i s hed a 
repor t  c ontaining revised  r e l ease  dates  and numb e r s . The f ina l s tud ies  use 
t h i s  newer informa t ion . 
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W i l c! and_!'la t ura l F i s h  Data : I n f o rma t ion on the t iming and numbe r s  o f  s ome 
wi l d  and na tura l  f is h  s tocks  was updated based on consul t a t ion w i t h  the 
Nat ional Mar ine F i s he r ies  Service and o the r regi onal f i s he r i es expe r t s . 

Flow Modul at ion Values : The f l ow and s p i l l  da ta f rom SAM are expressed  as 
mon t h l y  average va l ue s . S ince F I SHPASS requires  da i ly va l ues , a f l ow 
modul at ion computer  s ub rout ine is used to d i s t ribute  and s hape the mont h l y  
f l ows resul t ing f rom SAM i n t o  dai l y  va l ues . Fo r t he draf t E I S ,  the mon thly  
f l ows were s haped to da i ly va l ues based on 1 985  f l ow data . Fo r the  f ina l 
s t ud ies , more recent 1 98 6  f l ow data we re us ed . 

(VS6-WP-PG-5 703K ) 
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APP END IX B 

Power Sys tem Analyses  

PART 4 

Firm Contract  Conf igura t ions 





The impa c t s  o f  f i rm cont rac t s  f o r  t he I DU Final E I S  we re anal yzed f o r  t he 
f o l l owing cont rac t cases : Exis t ing Con t rac t s , Federal Marke t ing 
Con t rac t s , and As s ured De l ive ry Con t rac t s . These  cont rac t s  g ive a wide 
range o f  pos s ib l e  s cenarios  conce rning Pac i f i c  No r t hwe s t  f i rm s a l e s  t o  
C a l i fornia . 

Exi s t ing Con t rac t s . The Exi s t ing Cont rac t s  case con ta ins exi s t ing 
con trac t s  s igned as  o f  December  1 0 , 1 98 6 , p l us a 2 25 MW long-term powe r 
s a l e  under nego t ia t ion a t  t ha t  t ime . 

Fede ral Market ing Cont rac t s . The Fede ral  Marke t ing con t ra c t  case 
contain s  1 , 5 50 MW o f  gene r i c  f i rm con t rac t s  in  add i t ion to  t he Exi s t ing 
Con t rac t s . The add i t ional gene r i c  f i rm con t ra c t s  i n c l ude : 

1 .  PNW/CA - 3 5 0  MW Long-Te rm Power S a l e  

• 1 98 7  t o  end o f  s tudy - 3 5 0  �M powe r  s a l e  al l mon t hs a t  
5 4  percent l oad f a c t o r  ( 1 5  hour s a day , 6 days a week ) .  

2 .  PNW/CA - 300 MW Power Sale  conve r t ing t o  t rad i t iona l Capac i ty / Ene rgy 
Exchange 

• 1 98 7  t o  June 30 , 1 9 9 1 , 300  MW powe r s a l e  al l months  a t  
54  percent l oad f a c t o r  ( 1 5  hour s a day , 6 days a week ) .  

• Jul y 1 ,  1 9 9 1 , t o  end o f  s tudy - 300 MW capac i ty/energy exchange 
f o r  a l l  months  50  hours per week ( 1 0 hours a day , 5 days a 
week ) .  Ret urn o f  repl acement and exchange ene rgy wi l l  be  f l a t  
in  the s ame week dur ing 8 4  o f f -peak hours ( 1 0 hours a day , 
6 days a week , p l us 24 hours on Sunday ) w i t h  an exchange rat i o  
o f  1 200 MWhr /MW .  

3 .  PNW/CA - 700 MW Power Sale  conve r t ing to  Seasonal Capac i t y / Energy 
Exchange 

• 1 98 7  to  June 30 , 1 9 9 2 ,  700 MW power s a l e  a l l  mon ths  a t  
5 4  percent  l oad f a c t o r  ( 1 5 hours a day , 6 days a week ) .  

• Jul y 1 ,  1 9 9 2 ,  to  end o f  s tudy - 700 ffi� s ea s onal capac i ty/energy 
exchange dur ing June - O c tober , 5 0  hours per  week ( 10 hours a 
day , S days a week ) .  Return o f  replacemen t ene rgy w i l l be  f l a t  
in  t he same week dur ing 84 o f f -peak hours ( 1 0 hours a day , 
6 days a week , p l us 24 hours on S unday ) .  Exchange ene rgy wi l l  
b e  f la t  in 8 4  o f f -peak hours per  week ( 1 0 hours a day , 6 days a 
week , p l us 24 hours on Sunday ) dur ing November  - Marc h  wi th an 
exchange rat io of 1 200 MWhr /MW .  
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4 .  PNW/CA - 200 MW Seasonal Power Exchange 

• 1 9 8 7  to end o f  s tudy - 200 MW return f rom CA during 84 on-peak 
hours per week ( 1 4 hours a day , 6 days a week ) November - Marc h .  

• 1 98 7  to end o f  s tudy - 200 �M de l ive r to  the CA dur ing 84 
on-peak hours per  wee k  ( 1 4 hours a day , 6 days a week ) 
June - O c t o ber . 

As sured De l ive ry Contra c t s  ( 400 MW ) . The As sured De l ivery ( 400 MW )  
cont rac t case inc ludes the Exi s t ing Contrac t s , Federal Marke t ing gene r i c  
f i rm cont rac ts , and an add i t iona l Pac i f i c No r thwe s t /Cal i f o rnia 400 MW 
gene r i c  l ong-term powe r sale  f o r  a t o tal  o f  1 , 9 5 0  MW o f  f i rm con t rac ts  
over the Exi s t ing Con t rac ts . 

1 .  PNW/CA - 400 MW long-term powe r sale  

• 1 9 8 7  to the end o f  the s tudy for  a l l  months  a t  5 4  percent  
load fac t o r  ( 1 5 hours  a day , 6 days a week ) .  

As sured De l ive ry Cont rac t s  ( 800  MW ) . The As sured De l ive ry ( 800 MW )  
cont rac t case inc ludes the Exi s t ing Cont rac ts , Federal Marke t ing gene r i c  
f i rm cont rac t s  l e s s  4 0 0  MW ,  360  MW o f  long-te rm powe r sales  and 4 4 0  MW o f  
seas onal power exchanges for  a t o tal  o f  1 , 9 50  MW o f  f i rm cont rac ts  ove r 
the Exi s t ing Contrac t s . 

1 .  PNW/CA - 1 0 5  MW l ong-t e rm powe r s a l e  

• 1 98 7  to t he end o f  t he s tudy f o r  a l l  months at  76  pe rcent 
load fac t o r  for  S e p t ember - May ( 20 hours a day , 6 days a 
week and 8 hours on Sunday and 100  percent load fac t o r  f o r  
June - Augus t .  

2 .  PNW/CA - 25 5 MW l ong- t e rm powe r sale  

• 1 9 8 7  to  the end o f  t he s tudy f o r  a l l  months a t  7 9  perc ent 
load fac t o r  ( 20 hours a day , 6 days a wee k  and 13 hours on 
Sunday . Dur ing Sep tember  - Decembe r  1 . 8  t ime s cont rac t 
demand ( 460  MW )  i s  s ent . 

3 .  PNW/CA - 440 MW Seasonal Powe r  Exchange 

• 1 98 7  to end o f  s tudy - 440 MW re turn f rom CA dur ing 84 
on-peak hours per  week ( 1 4 hours a day , 6 days a week ) 
November  - March .  

• 1 9 8 7  to end o f  s tudy - 440 MW de l ive r t o  the CA during 84 
on-peak hours pe r week ( 14 hours a day , 6 days a week ) June 
- Oc tobe r . 
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• The Federal Marke t ing 700 �� Powe r  Sale  conve r t ing to 
Seas onal Capac i ty / Ene rgy Exchange was reduc ed to 500  MW .  
The 200 MW Seasonal Powe r  Exchange was inc l uded as par t o f  
the 440 MW Seas onal Power Exchange . 

Upon comp l e t ion o f  the p roposed Thi rd AC / C OTP I n t e r t ie in 1 9 9 1  an 
add i t ional 6 0 0  MW o f  f i rm capac i ty cont rac t s  are assumed f o r  the Fede ra l 
Marke t ing and As sured De l ivery con t rac t case s .  Thi s  amounts  to  a to tal  
of  2 , 1 50 and 2 , 5 5 0  MW for the Fede ral  Marke t ing and As sured De l ive ry 
cont rac ts  re l a t ive to the Exi s t ing Contrac ts . Th is  contra c t  was a l s o  
a s s umed o n  t he D C  Termina l Expans i on f o r  the envi ronmen tal , a l though no t 
f o r  t he economic , analyse s . 

1 .  PNW/CA - 600  MW pure capac i ty sale  

• From July 1 ,  1 9 9 1 , to  the end o f  the s tudy f o r  a l l months 
5 0  hours per  week ( 1 0 hours a day , S days a wee k ) .  Re turn 
of rep l acement ene rgy is  f la t  in the same wee k  dur ing 84 
o f f-peak hours ( 1 0 hours a day , 6 days a week , p l us 
24 hours on Sunday ) .  
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PART 5 

Formula Al l o c a t ion S c ena r i o s  





Formula Al l o cat ion Scenarios  

Introduc t ion 

The Sys tems Analys i s  Mod e l  ( SAM ) was mod if ied f o r  the Inte r t ie 
Deve l o pmen t and Use  E I S  in o rder  to mode l three d i f fe rent I n t e r t ie ac c e s s  
po l i c ie s : the P re-lAP , the P roposed lAP , and the Hydro-Fi r s t  lAP . Thi s  
sec t i on describes  how these  three po l ic ies  were mode l e d  i n  SAM and the 
d i f f e rences  be tween them . S ince SAM i s  a reg iona l  mode l , i t  does no t 
a l l ocate the Inte r t ie among ut i l i t ies  wi thin  the reg ion . I t  t reats  the 
Pac i f ic No r t hwe s t  region as a who le .  The only s e parate u t i l i ty mode l ed 
i s  BC Hydro . The a l l ocat ion p r o c e s s  al locates  Int e r t ie access  be tween 
the Pac i f ic Nor thwe s t  region and BC Hydro . One d i f f e renc e , t herefo re , 
among the acce s s  po l ic ie s  in SAM i s  the ac c e s s  that BC Hydro ob tains . 
The o ther d i f f e rence among the acce s s  po l ic ies  is  based on the o rd e r  in 
wh ich  Pac i f i c  No r thwe s t  resources  are d ispat ched . 

Pre-lAP 

In the Pre-lAP Formula Al l o ca t ion , BC Hydro ' s  ac c e s s  i s  no t re s t r i c t ed 
and BC Hydro can compe te  w i t h  the Pac i f i c  No r thwe s t  unde r  a l l wa t e r  and 
marke t cond i t ions . BC Hydro ' s  ene rgy i s  b r oken up into three b l ocks , 
s p i l l  hydro , hydro down to  ECC , and hydro b e l ow ECC . S p i l l  hydro i s  
d i spat ched at  t h e  minimum p r i c e  at whi c h  B C  Hydro i s  wi l l ing to  se l l  t o  
t he Southwe s t ,  hydro down t o  E C C  i s  d i spatched a t  t h e  ave rage Southwe s t  
marke t price  and hydro b e l ow ECC i s  d i s pat ched at  the maximum Southwe s t  
marke t price . SAM , the r e f o re , d i spatches  t he Pac i f i c  No r t hwe s t  and 
BC Hydro as i f  they were one sys tem , each f re e l y  compe t ing f o r  t he 
Southwe s t  marke t .  The a c c e s s  that BC Hydro and the Pac i f i c  No r t hwe s t  
have t o  the Inter t ie , therefore , i s  based pure ly o n  economi c s . 

The Southwes t revenues cal culat ion unde r the P re-lAP i s  based on whe ther 
the Southwe s t  sales are s upply  cons t rained or demand cons t rained . If  the 
Pac i f i c  No r t hwe s t  and BC Hydro do no t have enough s e c ondary to s e rve a l l 
the availab l e  marke t ( o r  I n te r t ie ) , t hen the pr ice the Pac i f i c  Nor thwe s t  
and B C  Hydro g e t  i s  as sumed to  be  the maximum the Southwe s t  i s  w i l l ing t o  
pay ( 75 pe rcent o f  t h e  Southwe s t  dec remental  c o s t ) . I f  t he Pac i f i c  
No r t hwes t  and B C  Hyd ro have more t han enough se condary t o  s e rve the 
ava i l ab l e  marke t ,  the p r i c e  they get i s  assumed t o  be the inc remental  
cost  o f  the l as t  resource s  they  are  runn ing plus 2 m i l l s .  Hydro i s  
as sumed to  b e  p r i c ed at  the same p r i c e  i t  was d i s pat ched p l us 2 m i l l s .  

P roposed  lAP 

The P roposed lAP , as def ined in SAM , cons i s t s  o f  three in t e r t ie 
cond i t ions unde r  wh ich  BC Hydro has d i f f e rent acces s .  Thes e  three 
cond i t ions are def ined in SAM as f o l l ows : 



Cond i t ion 1 :  When the Pac i f i c  No r t hwe s t  is  near s p i l l . Thi s  i s  
def ined by the Pac i f i c  No r t hwe s t  i n  a mont h  having enough "use o r  
l o s e "  hydro to s e rve a l l  o f  t he Pac i f ic No r t hwe s t  f i rm l oads , the .. DS I 
top  quar t i le , and 6 5  percen t  o f  t he ava i l ab l e  Intert ie . 

Cond i t ion 2 :  When the I n te r t ie i s  no t in Cond i t ion 1 and there l S  

enough surplus avai lab le in the Pac i f i c No r thwe s t  to f i l l  the  
I n t er t ie . 

Cond i t ion 3 :  When the inte r t ie i s  no t in Cond i t i ons 1 o r  2 .  

In  Cond i t ions 1 and 2 BC  Hyd ro has no ac c e s s  to  the Inter t ie , but  i t  can 
s hut down h igh c o s t  Pac i f i c  No r t hwe s t  t he rma l ( Boardman and Valmy ) . I n  
Cond i t ion 3 BC  Hydro i s  a l l o cated  t h e  p o r t ion o f  the int e r t i e  no t 
a l lo cated t o  the Pac i f i c  No r t hwe s t .  The a l l ocat ion s e t s  a l imi t on the 
amoun t BC Hydro can se l l  t o  the Southwe s t ,  but BC  Hydro can p r i c e  t h e i r  
powe r be l ow t h e  Pac i f i c  No r t hwe s t ( down t o  a l owe r l i mi t )  s u c h  that in a 
ma rk e t -cons t rained s i tuat ion BC Hydro can "bump " Pac i f i c  No r t hwe s t  s a l e s  
o u t  o f  t h e  marke t .  BC  Hydro can a l s o  s hut  down h igh cos t the rmal in 
Cond i t ion 3 .  When t he Pac i f i c  No r t hwe s t is no t ab l e  to make s a l e s  to  t he 
Southwe s t  and mus t purchase to  mee t  i t s  own f i rm load , BC Hyd ro i s  a 
purchase o p t ion . 

The way SAM mode l s  the above a l go r i t hm i s  t o  f i r s t  d is pa t ch Pac i f i c  
Nor t hwe s t  resources t o  mee t  Pac i f i c  No r thwe s t  loads  and the avai l ab le 
Southwe s t  marke t .  I f  the  Inte r t i e  is  in Cond i t ions 1 or  2 ,  BC  Hydro 
energy is then di spat ched to d i s p l ace h i g h  co s t  runn ing the rma l . If the 
Inte r t i e  i s  in Cond i t ion  3 ,  BC Hydro ' s  a l l o cat ion is de termined and t he i r  
ava i l ab l e  ene rgy ( up t o  the a l l o ca t ion amoun t ) i s  d i s pat ched t o  mee t  
e i ther  the remaining Southwe s t market o r  t o  "bump " Pac i f i c  Nor thwe s t  
resources , whi cheve r i s  h ighe r p r i ced . The bump ing l o g i c  mode l s  the 
compe t i t ion b e tween BC  Hydro and the Pac i f i c No r t hwe s t a t  t imes when the 
Southwe s t  marke t i s  cons t rained . The e f f e c t  i s  that  t he Pac i f i c 
Nor t hwes t l o s e s  sal es  and BC Hydro ga ins a higher p riced marke t .  

The cal culat ion o f  Southwe s t secondary revenues under  the Proposed lAP l S  

exp l a ined in Append ix I .  

Hydro-F i r s t lAP 

Hydro-F i r s t Formu l a  A l l o cat ion is s imi lar to the P ropo sed lAP Formula 
Al l o cat ion . The I n t e r t i e  cond i t ions and BC  Hydro access  are  the same . 
The d i f f e rence among t he po l i c ie s  i s  in the Pac i f i c  No r thwe s t  d ispatch  
o rder . When the  Pac i f i c  No r t hwe s t d i spa t ch i s  done under the P roposed  
lAP , the  d is c re t i onary hydro ( the s e condary that  is  avai l ab l e  t o  s e l l  t o  
t h e  Southwe s t  o r  t h a t  can be  s to red ) is  d i s pa t ched a t  a p r i ce such that  
it  can be  s o l d  t o  the Sout hwes t  ( w i t h in the bounds o f  BPA ' s  nonf i rm 
ra t e s ) .  The re f o re , depend ing on the Southwe s t  marke t and BPA ' s  nonf i rm 
ra t e s , t he d i s c r e t ionary hydro could  b e  d i s pat ched be f o re o r  af t e r  o r  in 
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be tween any d i s p l aceab l e  t hermal in the region . I n  t he Hydro-F i r s t  IAP 
the d i s c r e t ionary hydro i s  always d is pa t c hed b e f o re the d i s p laceab le  
Pac i f ic No r t hwe s t  therma l . 

The cal culat ion o f  Southwe s t  secondary revenue s under  the Hydro-Firs t IAP 
i s  t he same as under  t he P ropo s ed IAP . 

(VS 6-PG-l8 8 6 Z ) 
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APPEND IX B 

Power Sys tem Ana l yses  

PART 6 

Sys tem  Analys i s  Mode l Sens i t ivi t i e s  





Sys tem Analys i s  Mode l Sens i t ivi t ies  

Fo l l owing are  des c r i p t ions o f  me thods used t o  analyze  s ens i t ivi ty 
var iab l e s  us ing t he Sys tem Ana lys is  Mode l .  

Cal i f o rnia Gas P r i ce s . BPA ' s  S e p t embe r  1 98 7  l ow and high l ong-t e rm gas 
p r i ce fo recas ts  were a s s umed . Low gas prices  range f rom 14 t o  
2 2  m i l l s /kwh ove r the s tudy ho r i zon . H igh gas p r i c e s  range f rom 30 to  
6 5  mi l l s /kwh . 

Cal i fo rn ia Loads . I t  was assumed t he l oad varies  p l us ( high ) and minus 
( lo w )  2000 MW f rom t he med ium Common Fo recas t ing Me t hodo l ogy ( C FM-6 ) 
forecas t .  The C FM-6 Ca l i f o rnia loads range f rom approxima t e l y  24 , 0 00 t o  
3 5 , 000  ave rage MW ove r t h e  s tudy ho r i zon . 

Ca l i f o rnia Margina l  C o s t .  I t  was a s s umed Cal i f ornia pays a maximum o f  
5 0  percent  ( ins t ead o f  75  percen t ) o f  t he marg inal cos t o f  t he resource 
d i s p laced by Pac i f ic No rthwe s t  nonf irm . 

Pac i f ic No r thwe s t  Loads . BPA ' s  July  1 986  l ow and high l oad f o re cas t we re 
assumed . Ove r the s tudy ho ri zon , the medium l oads range f rom 1 8 , 000 to 
2 2 , 000  ave rage MW ,  the l ow l oads range f rom 1 8 , 000  t o  1 6 , 000 ave rage MW 
and the h igh loads range f rom 1 9 , 000 t o  30 , 000 ave rage �M . 

Fi rming �onf i rm S t rat�ies . I t  was assumed the Pac i f i c  No r t hwe s t  f i rms 
800 or 1 600 MW of non f i rm w i t h  combus t ion turb ines rep lac ing WNP- 1  and 
WNP-3 . 

Envi ronmental  Dispa t c h . An environmen t a l  d i s patch  o f  coal  res our c e s  
( Co l s t r i p , Val my , Boardman , B r idge r , Core t te ,  Cen t ra l ia ) , rat he r  than an 
economi c  d i spatch  ( Co l s t r i p , Core t te , Br idge r , Cen t ra l ia , Va lmy , 
Boardman ) was a s s umed . 

�Hydro _ Fi rl!l Sa l e . 
Ca l i fo rn ia s tar t ing 

A f i rm powe r s a l e  of 5 0 0  ave rage �M f rom BC Hyd ro t o  
in 1 9 9 1  was as sumed . 

Be �o P r i ce Dec rease .  The p r i c e  o f  BC Hydro s p i l l  was as sumed to  be  
1 0  mi l l s / kwh ins t ead o f  1 4  m i l l s / kwh . 

As sured De 1 ive ry--A1 t e rnat iv�fll .  The fo l l owing gene r i c  f i rm cont rac t s  
were a s s umed i n  add i t ion t o  tho s e  i n  the Exi s t ing Con t rac t cas e : 

1 .  PNW / CA - 3 5 0  MW Long-Te rm Powe r Sal e 

• 1 98 7  t o  end o f  s tudy - 3 5 0  MW powe r s a l e  a l l  months  a t  
54  p e r c e n t  l o ad fac tor  ( 1 5 hours a day , 6 days a week ) .  
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2 .  PNW/CA - 450  MW Powe r Sale  conve r t ing to  Seasona l  Capac i ty/Ene rgy 
Exchange 

• 1 9 8 7  t o  June 30 , 1 99 2 ,  450 MW powe r sale a l l mont hs a t  
54  percent load fac tor  ( 1 5 hours a day , 6 days a week ) .  

• July 1 ,  1 9 9 2 , to  end of  s tudy - 450 MW seas ona l capac i ty/energy 
exchange during June through O c tober , 5 0  hours per week 
( 10 hours a day , S days a week ) .  Re turn of  replacemen t ene rgy 
wi l l  be f la t  in the same week during 84 o f f -peak hours ( 10 hours 
a day , 6 days a week , p lus 24 hours on Sunday ) .  Exchange ene rgy 
wi l l  be f la t  in 84 o f f -peak hours per week ( 10 hours a day , 
6 days a week , p l us 24 hours on Sunday ) dur ing November  through 
March wi th  an exchange ra t io of 1 200  MWhr/MW .  

3 .  PNW / CA - 5 0 0  MW Seas onal Powe r Exchange 

• 1 9 8 7  to  end o f  s tudy - 500  MW re turn f rom CA during 84 on-peak 
hours per week ( 1 5 hours a day , 6 days a wee k )  November  - March .  

• 1 98 7  to  end o f  s tudy - 500  MW de l iver to  CA dur ing 84 on-peak 
hours per week ( 1 5 hours a day , 6 days a week ) June - O c tober . 

4 .  PNW/CA - 3 6 0  MW Long-Term Power Sale 

• 1 9 8 7  to  end of  t he s tudy - Fo r a l l months  at  80  percent l oad 
fac t o r  ( 20 hours a day , 6 days a week , p l us 14 hours on 
Sunday ) . Dur ing Sep tember  - Decembe r 1 . 8 t imes con t rac t demand 
( 6 5 0  MW ) is sent . 

5 .  PNW /CA - 6 0 0  MW Pure Capac i ty Sale  

• Upon comp l e t ion o f  t he proposed Third AC / C OTP Inte r t i e  in 1 9 9 1 . 

• From July 1 ,  1 9 9 1 , to  the end of  the s tudy f o r  a l l  mon ths , 
5 0  hours per  week ( 10 hours a day , S days a week ) .  Re turn of  
replacement energy i s  f lat  in the same week dur ing 84 o f f -peak 
hours ( 10 hours a day , 6 days a week , p lus 24 hours on Sunday ) .  

As s ured Del ive ry--A l t e rna t ive #2 . The f o l lowing gene r i c  f i rm cont rac t s  
were assumed i n  add i t ion t o  tho s e  i n  the Exi s t ing Cont rac t case : 

1 .  PNW / CA - 3 5 0  MW Long-Term Power Sale  

• 1 98 7  t o  end o f  s tudy - 350  MW powe r sale a l l  months at  
54  percent  load fac tor  ( 1 5 hours a day , 6 days a week ) . 

2 .  PNW / CA - 950  MW Seasonal Powe r Exchange 

• 1 98 7  t o  end of  s tudy - 950  �� re turn f rom CA during 84 on-peak 
hours per week ( 1 5 hours a day , 6 days a week ) November - March .  
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• 1 9 8 7  t o  end o f  s tudy - 9 5 0  MW d e l ive r t o  CA dur ing 84  on-peak 
hours per week ( 1 5 hours a day , 6 days a wee k )  June - Oc tobe r .  

3 .  PNW / CA - 3 6 0  MW Long-Term Power S a l e  

• 1 98 7  t o  end o f  t he s tudy - For a l l  mon ths  a t  80  pe rcen t l oad 
fac tor  ( 20 hours a day , 6 days a week ,  p l us 14 hours on 
Sunday ) .  Dur ing Sep tembe r  - December  1 . 8 t imes con t rac t demand 
( 6 50  MW ) is s ent . 

4 .  PNW/CA - 6 0 0  MW Pure Capac i ty Sale  

• Upon comp le t ion o f  t he proposed Thi rd AC / COTP Inte r t ie in 1 9 9 1 . 

• From July 1 ,  1 9 9 1 , to  the end o f  t he s t udy f o r  a l l months , 
50  hours per  week ( 1 0 hours a day , 5 days a week ) . Re turn o f  
replacemen t ene rgy i s  f la t  i n  the same week  dur ing 84  o f f-peak 
hours ( 10 hours a day , 6 days a week , p l us 24 hours on Sunday ) .  

As sured De l ivery--Al terna t ive #3 . The f o l l owing gene r ic f i rm cont rac t s  
we re assumed i n  add i t ion to  t hose  i n  the Exi s t ing Cont rac t cas e : 

1 .  PNW/CA - 3 5 0  MW Long-Term Powe r  S a l e  

• 1 9 8 7  t o  end o f  s tudy - 3 5 0  MW powe r s a l e  a l l mon ths a t  
54  percent  l oad fac t o r  ( 1 5 hours a day , 6 days a week ) .  

2 .  PNW / CA -250 MW Powe r  S a l e  conve r t ing t o  Seas onal Capac i ty / Energy 
Exchange 

• 1 9 8 7  t o  June 30 , 1 9 9 2 , 250  MW powe r s a l e  a l l  mon ths a t  
5 4  percent  l oad fac t o r  ( 1 5 hours a day , 6 days a week ) .  

• July 1 ,  1 9 9 2 , t o  end o f  s tudy - 2 5 0  MW capac i ty / energy exchange 
during June - Oc tober , 50 hours per week ( 1 0 hours a day , 5 days 
a week ) .  Re turn of replacemen t  energy wi l l  be f la t  in the same 
week dur ing 84  o f f -peak hours (10  hours a day , 6 days a week , 
p lus 24 hours on Sunday ) .  Exchange ene rgy wi l l  be f la t  in 84  
o f f -peak hours  per  week ( 1 0 hours  a day , 6 days a week , p lus 
24 hours on Sunday ) dur ing Novembe r  - March  w i t h  an exc hange 
r a t i o  of 1 200  MWhr /MW . 

3 .  PNW/CA - 700 MW Seas onal Power Exchange 

• 1 98 7  to  end o f  s tudy - 700 MW r e turn f rom CA dur ing 84  on-peak 
hours per week ( 1 5 hours a day , 6 days a week ) Novemb e r  - Marc h . 

• 1 98 7  to  end o f  s tudy - 700 MW d e l ive r t o  CA dur ing 84  on-peak 
hours per week ( 1 5 hours a day , 6 days a wee k )  June - O c t o be r . 
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4 .  PNW/CA - 3 6 0  MW Long-Term Power Sale  

• 1 98 7  to  end o f  s tudy - For a l l  months at  8 0  percent load fac t o r  
( 20 hours a day , 6 days a week , plus 1 4  hours o n  Sunday ) .  
Dur ing Sep tember  - December  1 . 8 t imes con t ract  demand ( 6 5 0  MW )  
i s  sent . 

S .  PNW/ CA - 600  MW Pure Capac i ty Sale 

• Upon comp l e t ion o f  the proposed Third AC / C OTP Inte r t ie in 1 9 9 1 . 

• From July 1 ,  1 9 9 1 , to  the end o f  the s tudy f o r  al l mon ths , 
5 0  hours per week ( 1 0 hours a day , S days a week ) .  Re turn o f  
rep lacement ene rgy i s  f lat i n  the same week dur ing 84 o f f -peak 
hours ( 10 hours a day , 6 days a week , plus 24 on Sunday ) .  

( V S 6 -PG-1 842Z ) 
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APP END IX C 

R iver O pera t i ons Output 

PART 1 

The Pac i f ic No r t hwe s t  Hydroe l e c tr i c  Power  Sys tem - A summary o f  
Pac i f i c  No r t hwe s t hyd ropowe r  p lanning and opera t ion 





THE PAC I F I C  NORTHWEST HYDROELECTR I C  POWER SYSTEM 

I .  INTRODUCTION 

The Pac i f i c  No r t hwe s t depends on i ts hydro e l e c t r i c  power sys tem for  
a large percentage o f  i t s  e l e c t rical  power needs . The amoun t o f  runo f f  
in t h i s  sys tem i s  highly  var iab l e . The average annual runo f f  i s  about  
1 34 mi l l ion acre-fee t ( MAF ) , but in the pas t has  ranged f rom a l ow of  
about  78  MAF t o  a h igh o f  193  MAF . The mon t h l y  mean s t reamf l ow 
( unregulated ) can range f rom 40 , 000  c f s  in January to  1 , 240 , 000  c f s  in 
May . 

The hydro sys tem cons i s ts o f  many smal l "run-o f-rive r " pro j e c t s  wi th  
l imi ted dai ly  or  week l y  s torage , and much larger "seasona l s to rage " 
pro j e c t s  whos e  s to rage may be drawn upon over a year o r  more be fore 
emp tying or  ref i l l ing . S ince s t reamf 1 0ws do no t o c cur in t he same 
pa t tern as e l ec t r i c  energy requi remen t s , t he wa t e r  is used as a s to rage 
med i um f o r  po ten t ial  energy . The s t reamf l ow pa t te rn is regulated  into  a 
more usab l e  s hape by contro l l ing p ro j e c t  out f l ow to  s tore ene rgy when 
na tural s t ream f 1 0ws exceed load requi remen t s , and to release  s to red 
energy as needed . The to tal  s to rage capac i ty of the sys tem i s  only  about 
4 2  MAF . Because of  the s ign i f i can t ly l ower s to rage capac i ty compared 
wi th runo f f , the hydro sys tem has the po ten t ial of p roduc ing about 1 2 , 000  
ave rage megawa t t s  (MW ) o f  energy as " f irm" dur ing l ow runo f f  condi t ions . 
I t  can generate  about 1 6 , 000  average MW on a l ong- t e rm ave rage bas i s , and 
about 1 9 , 000  average MW in a h igh runo f f  year . Th i s  means t ha t  in 
planning the coming year there is an add i t ional unknown f ac t o r ; up to 
7 , 000  average MW o f  nonf i rm energy that may o r  may no t be ava i l ab l e . 

I I .  SEASONAL PLANNING 

The opera t i ona l p lanning of t he PNW hydro sys tem is based on t he 
Pac i f ic  No r t hwes t Coord ina t ion Agreemen t ( PNCA ) .  The PNCA i s  a con t ra c t  
among t h e  par t ies  to  t h a t  agreemen t t h a t  def ine s h o w  p l anning and 
operat ion o f  the hydro sys tem is carried out  on a c o o rdinated bas i s . 
P l anning i s  based on the " c r i t i c a l  period " , whi ch i s  that  period  us ing 
the h i s torical  s t reamf l ow data base during wh ich  t he hydro sys t em can 
p roduce the l eas t amoun t of power whi l e  dra f t ing the wat e r  in the 
reservo irs  al located  to power f rom ful l to emp ty . The amoun t of power 
p roduced unde r  c r i t ical  wa t e r  cond i t ions is cal led  " f i rm . " The c r i t ical  
period  i t s e l f  i s  mos t  o f t en def ined as t he 4 2  mon t h s  o f  l ow s t reamf l ow 
f rom Sep tember  1 ,  1 9 28 ,  t h rough Feb ruary 29 , 1 9 3 2 .  This  repre s e n t s  the 
l eve l of  r i s k  that the regional ut i l i t ie s  have c o n t rac tua l ly agreed upon 
unde r  the PNCA in re l ying on the hydro sys t em to produce f i rm ene rgy . 
S ince f l ows are usual l y  be t te r  than what oc curs unde r  c r i t ical  wa t e r  
c ond i t ions , the amoun t o f  add i t ional power t h a t  i s  produced i s  cal led  
"nonf i rm . " I f  al l t he runo f f  could  be s to red in  any s teamf 10w runo f f  
year , a s  i s  the case w i t h  some o t he r  large hydro power sys tems i n  t he 
U . S . , the hydro sys t em could  always produce an ave rage amoun t o f  powe r ,  
and f i rm energy would  b e  based o n  average runo f f . 
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The f l exib i l i ty o f  the hydro sys tem to  "shape " generat ion to mee t  l oad i s  
l im i t ed b y  many cons t rain t s . Cons t ra i n t s  modeled  in the plann ing p r o c e s s  
inc lude upper s t o rage l im i t s  f o r  f l ood c o n t r o l  o r  rec rea t ion , p ro j e c t min imum 
and maximum out f l ows , tai lwa t e r  res t r i c t ions , s p i l l s  o f  wa ter f rom dams to  
trans port  j uven i l e  f is h  around ( rather than throug h )  the turb ine s , and the 
water set as ide f o r  increased s t reamf lows to aid in the downs t ream migra t ion 
of f i s h , ( the water budge t ) .  Whi le mee t ing the s e  and o ther cons t ra in t s , hyd ro 
sys tem f l exib i l i ty i s  used whe reve r po s s ib le f o r  power o pera t ions . By 
dra f t ing rese rvo i r s  ea r l ier  in the year to mee t  h i ghe r loads , ene rgy is  
sh i f ted f o rward in  t ime , o r  "borrowed" f rom the  future , up  to  certain  l imi t s . 
Wh i le therma l p l ants  are mee t ing base l oads , the hydro sys tem i s  mee t ing b o t h  
b a s e  and peak loads . Night t ime cons t ra in t s  on the ab i l i ty to ref i l l  p l ants  
that have s t o rage capab i l i ty f ur the r l imi t the sys tem . Opera t iona l  
cons t ra in t s  l imi t the ab i l i ty to s h i f t  f i rm energy within the c r i t ical  
pe r iod . The s e  cons t ra in t s  place  l im i t s  on  the  amount of  re s e rvo i r  d rawdown 
pe rmi t ted at  certain t imes dur ing the year . 

In p lanning f o r  each coming opera t ing year , No rthwe s t  ut i l i t ie s  prepare a 
c r i t i cal  per iod  s tudy in acco rdance w i t h  the PNCA . Thi s  s tudy def ines c e r tain 
operat iona l parame ters  cal led c r i t i cal  rule  curve s  under wh ich  the sys tem wil l 
opera t e . A c r i t ical  rule c urve f o r  a re s e rvo ir i s  a s c hedule o f  the 
end-o f -month s to rage contents  a t tained by tha t reservo ir in the c r i t ical  
period  s tudy . C r i t i c a l  rule  c urves are  des igned to  pro te c t  the ab i l i ty o f  the 
hydro sys tem to  se rve f i rm load w i t h  the o c c urrence o f  f lows no wo r s e  than 
tho s e  o f  the c r i t ical  pe r iod . Fo r each reservo ir ,  there i s  a s e t  o f  4 rule 
curves showing s to rage content s ,  one rul e curve for each year f rom July 1 9 28 , 
through June 1 93 2 . The c r i t ical  pe r i od s tudy s hows how the sys tem would  
opera te if  all  the  loads  and resources  were  in  p lace as  f o recas ted and the 
h i s t o r i cal  c r i t ical ly low s t reamf l ows reo ccur . The s tudy a l s o  def ine s the 
amount of l oad the sys tem can s erve on a f i rm bas i s  ( the f i rm ene rgy load 
carry ing capab i l i ty ,  o r  FELCC ) .  Ope ra t iona l ly ,  the sys tem reservo i r s  are 
draf ted propo r t iona t e l y  wi th r e s pe c t  to  each res e rvo i r ' s  c r i t ical  rul e  curve s 
under  non-c r i t ical , but  h ighly var iab le , s t reamf l ow cond i t ions . 

I I I .  OPERAT IONS 

The c r i t ical  rule curves are used a l ong w i t h  reservo i r  ref i l l  
requi rements t o  deve l o p  t he gene rat ion needed t o  mee t the FELCC regard l e s s  o f  
the amount o f  s t reamf l ow that ac tual ly o c c ur s . Fo r examp le , i f  the f l ows 
dur ing a g iven month  are l e s s  than the f lows used in the c r i t ic a l  pe riod  
s tudy , the  sys tem res e rvo i r s  would be  draf ted propo r t iona t e ly ac cord ing to  
each  reservo ir ' s  c r i t ical  rule curves tak ing into  cons idera t ion each  pro j ec t ' s  
ref i l l  probab i l i ty .  I f  the f lows are h ighe r , but  the rese rvo i r s  are l owe r 
than the rule curve s , then the res e rvo i rs  could  be p ro po r t iona t e ly f i l led to 
the rul e curve whi l e  mee t ing f i rm loads . I f  the sys tem i s  s ur p l us when 
compared wi th c r i t ical  wat e r  cond i t ions , then nonf i rm energy would be o f f e red 
to  d i s p lace higher c o s t  No r thwes t thermal resources , expo rted  out o f  the 
region , s to red in reservo i rs , o r  s p i l led . No te , however , that the No r thwe s t  
under  t he PNCA would no t draf t the reservo i rs  b e l ow the i r  rule curve s t o  s erve 
nonf i rm marke t s  becaus e that would  j eopard ize  the sys tem ' s  ab i l i ty to mee t  i ts 
FELCC in t he remainder  o f  the o p e ra t ing year . In  add i t ion , t h i s  woul d  a l so 
impa i r  the ab i l i ty o f  t he sys tem to  ref i l l  a l l  res e rvo i rs  by July 3 1  o f  each 
year . 
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Idea l ly ,  the sys tem re f i l l s  each s umme r .  By late  s umme r ,  in  mo s t  years , the 
snowpack in the region has me l ted , caus ing the s t reamf lows to recede sharp ly . 
In o rder  to con t inue mee t ing FELCC , res e rvo i rs mus t be draf ted . In  some 
years , c l ima t i c  cond i t i ons are s uch tha t  the sys tem is surp l us and s ome 
nonf i rm ene rgy is ava i l ab le  in the f a l l  or early winte r .  In January , the 
f i rs t snowpack measuremen ts  and the f i rs t fo recas ts  o f  the Janua ry through 
July runo f f  are made . Flood  con t ro l curves are deve l o ped to  prevent  f l ood ing 
in the s p r ing and ref i l l  requi reme n t s  are deve l o ped so as to ins ure tha t  b o th 
f i rm l oads are me t and sys tem reservo i r s  are re f i l led  by July 3 1 . Th i s  would 
no t be d i f f icu l t  i f  accurate f o recas t s  o f  the January through July runo f f  we re 
ava i l ab l e .  However , the January f o recas t is based on ac tua l  snowpack and 
pro j ec ted prec i p i ta t ion through July . The f uture prec i p i tat ion can vary 
g reat ly f rom pro j e c t ions and s ince mo s t  s to rage reservo irs  and drainage areas 
are re l a t ive ly remo te , l i t t l e  accurate data i s  ava i lab le  on the amount of 
snowpack l o s s  o r  gain be tween snowpack surveys . Even with January through 
July runo f f  pro j e c t ions updated mon thly , a proj e c t  may run f u l l  l oad one mon th 
for f l ood con t ro l , and then because o f  an unexpec te d l y  l ow snowpack 
measuremen t ,  be run at min imum the next month  in o rder  to ref i l l .  The c l os e r  
to Jul y ,  the more accurate the f o recas t ,  s ince l e s s  o f  i t  i s  bas ed on f u t ure 
pre c i p i ta t ion . Unf o r tuna t e ly , if a res e rvo i r  is  d raf ted too much ear ly  in  the 
season based on a high p ro j e c ted runo f f , i t  may be  impo s s ib l e  to re f i l l  i f  
prec i p i ta t ion i s  much be low no rma l . L i kewi s e , i f  i t  i sn ' t  draf ted enough , 
f l ood con t r o l  wi l l  f o rce wa ter  to be s p i l led , a l o s s  that can run to tens o f  
thousands o f  do l lars  per  hour . Wi th an annual runo f f  that var i e s  be tween 
about 60 percen t  and 145 percent of no rmal and l imi ted s to rage s pace , hydro 
operat ions is rea l ly a cont inual ba l anc ing a c t  be tween max i m i z ing revenues and 
the need to ref i l l  annua l ly f o r  rec rea t ion , f i she ries , and to as s ure future 
energy needs . 

IV . D IFFERENCES BETWEEN HYDRO AND THERMAL SYSTEMS 

A maj o r  d i f ference be tween hydro and the rmal sys tems i s  the t ime i t  
takes to b r ing gene ra t ion on l ine . A thermal p l an t  can requi re hours , o r  even 
days , to reach maximum output , wh i le hydro uni ts can be b rough t on l ine in a 
few minutes . A coal o r  nuc l ear p l an t  is  l im i ted in i ts ab i l i ty to ramp up o r  
down , whi l e a hyd ro sys tem can usua l ly  c a l l  upon a large number  o f  uni ts to  b e  
b ro ugh t on l ine s ingly o r  in  groups . A the rma l p l an t ' s  f ue l  s up p l y  can b e  
contro l l ed wi thin  c e r ta in l imi t s  whi l e  there i s  very l imi ted c o n t r o l  over the 
hyd ro sys tem ' s  " f ue l "  due to  var i a t ions in  the amoun t of the s p r ing runo f f ,  o r  
the runo f f  f rom s udden rains t o rms o r  s nowme l t s . Moreove r ,  a s  p reviou s l y  
d i s cussed there a r e  s igni f i cant res t r i c t ions on t h e  ab i l i ty o f  t h e  hydro 
resource to gene rate powe r be cause of the need to  ref i l l  res e rvo i r s , the 
requi rement s  to maintain s pec i f i c e l evat ions f o r  f lood  con t ro l ,  w i l d l i f e , 
rec rea t ion , naviga t ion , o r  i r r i ga t ion ; and the requi rement to  p rovide f l ows 
f o r  f ish  migrat ion , recrea t ion , and naviga t i on . 

(VS 6 -PG- 1 3 l 0 I )  

C . 1-3  





C\J 
I
a:: 
� 





APPEND IX C 

River Opera t ions Out put 

PART 2 

Reservo i r  E leva t i on Changes 





T ab l e C . 2 - 1  
M E A N  CHANGE I N  END O F  P E R I O D  R E S E RVO I R  E L EVA T I O N S  ( f e e t )  

COMPAR I SO N S  FOR L I BBY 

HAR S TUDY l/ S Ef ' T  O C T  �JOV D E C  J A N  F E B  MAR A P R l Z/ A P R 2  '£1 MAY J U N E  J U L Y  AUG l Z I  A U G 2  '£1 1 9B8 P fE X B  2 4 �i S . 1 2448 . 2  2 4 3 � . 0  2 4 0 0 . 7  2 3 6 5 . 8  2 3 4 0 . 0  2 3 3 3 . 5  2 3 3 5 . 7  2 34 4 . 5  2 3 9 7 . 2  2 4 4 5 . 7  2 4 5 5 . '1 2 4 5 5 . 5  2 4 5 5 . 5  H f E X B  -0 . 4  -2 . 1  - 1 . 0  - 1 . 2  - 1 . 2  -0 . 2  -0 . 1  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 1 0 . 1  0 . 1 P R [ X B  O .  :) -0 . 1  1 . 0  O .  :l 0 . 1 0 . 1  O .  1 0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  P R E X F  -0 . 1 1 . 0 3 . '1 4 . 3  4 . 3  2 . 4  2 . 1  2 . 2  2 . 2  1 . 4 0 . 7 0 . 6  0 . 5  0 . 4  P R l:XA 0 . 2  2 . 3  5 . 1 7 . 0  6 . 9  4 . 0  3 . 5  3 . 6  :) . 4  1 . 9 1 . 0 0 . 9  0 . 7  O . b  P F E X F  -0 . 2  1 . 0 2 . 8 4 . 0  3 . 7  1 . 9 1 . 6 1 . 7 1 . 7 1 . 1  0 . 5  0 . 5  0 . 3  0 . 3  H f f' X F  -0 . 4  -0 . 3  2 . 0  3 . 7 :l . 6  1 . 9 I .  "1 1 . 7  1 . 7 1 . 2 0 . 6  0 . 6  0 . 4  0 . 4  H � t.XA 0 . 0  1 . 6 4 . 1 6 . 8  6 . 5  3 . 5  3 . 1 3 . 1 3 . 0  1 . 7 0 . 8  0 . 7  0 . 5  0 . 4  P F EXA 0 . 1  2 . 2  4 . 7 6 . 9  6 . 6  3 . 6  3 . 1 3 . 2  3 . 1  1 . 7 0 . 8 0 . 7 0 . 5  0 . 4  PRMXB O .  :l -0 . 1  1 . 0 0 . 3  0 . 1 0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  P R D C B  0 . 3  -0 . 1  1 . 0 0 . 3  0 . 1  O .  1 0 . 1  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  P R D C F  -0 . 1  1 . 0 3 . 4  4 . 3  4 . 3  2 . 4 2 . 1  2 . 2  2 . 2  1 . 4 0 . 7  0 . 6  0 . 5  0 . 4  PRDCA 0 . 2  2 .  :l 5 . 1  7 . 0  b . 9  4 . 0  3 . 5  3 . 6  3 . 4  1 . 9 1 . 0 0 . 9  0 . 7  0 . 6  P f MX F  -0 . 2  1 . 1  2 . 7  4 . 0  3 . 8  1 . 9 1 . 7 1 . 8 1 . 8 1 . 1  0 . 5  0 . 5  0 . 4  0 . 3  P FMXA 0 . 1  2 . 2  4 . 7  6 . 9  6 . 6  3 . 6  3 . 1  3 . 2  3 . 1 1 . 7  0 . 8  0 . 7  0 . 5  0 . 4  PRACA 0 . 2  2 . 3  5 . 1  7 . 0  6 . 9  4 . 0  3 . 5  3 . 6  3 . 4  1 . 9 1 . 0 0 . 9  0 . 7  0 . 6  P R t1X f -0 . 1  1 . 0 3 . 4  4 . 3  4 . 3  2 . 4  2 .  1 2 . 2  2 . 2  1 . 4 0 . 7  0 . 6  0 . 5  0 . 4  P R MXA 0 . 2  2 . 3  5 . 1 7 . 0  6 . 9  4 . 0  3 . 5  :L 6 3 . 4  1 . 9 1 . 0 0 . 9  0 . 7  0 . 6  H F MX f' -0 . 4  -0 . :1 2 . 0  3 . 7  3 . 6  1 . 9 1 . 7 1 . 7 1 . 7  I . ? 0 . 6  O . b  0 . 4  0 . 4  H � MXA 0 . 0  1 . 6 4 . 1  6 . 8  6 . 5  3 . 5  3 . 1  3 . 1 :1 . 0  1 . 7 0 . 8 0 . 7  0 . 5  0 . 4  

n 1 9 9 3  P i eX B  2 4 �i 1 . 8 2 '1 4 7 . 4  2 4 37 . :1 2 4 0 6 . 6  2 3 7 1 . 0  2 3 4 2 . 8  2 3 3 5 . 0  2 3 :16 . 4  2 3 4 '1 .  ] 2 3 9 7 . 0  2 4 4 3 . 9  2 4 5 3 . 7  2 4 5 .1 . 4 2 4 5 3 . 3  i" If r [ X B  -0 . 2  -0 . I -0 . 1 -0 . 2  -0 . 3  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . I -0 . 1  -0 . 1  -0 . 1  -0 . 1  ! P R I. X B  O .  I 0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  f- - ' P R [ x F  - 1 . :l -2 . 3  -O . B  O .  I O .  :1 0 . 8  0 . 8  1 . 1 1 . 0 0 . 7  0 . 4  0 . 5  0 . 4  0 . '1 fJ R [XA - 0 . 7  -0 . 9  1 . 1  1 .  :1 1 . 7 1 . 6 1 . 5 1 . 6 1 . 5 0 . 9 O . b  o . �i o . :1 o . :l PFE:n -- 1 . 4 -2 . 3  -0 . 1l 0 . 0  0 . 2  0 . 7  0 . 1l  0 . 9  0 . 8  0 . 6  0 . 4  o . �) O .  'i 0 . 3  H F E x r  - I . :1 -2 . :1 -0 . /  -0 . 1  -0 . 1  0 . 5  0 . 7  0 . 8  0 . 7  0 . 5  0 . 3  o JI 0 . \ 0 . 3  H H XA -0 . 1l  - 1 . 0  0 . 1l 1 . 2 1 . 4 1 . 3 1 . 4 1 . 4 1 . 3 0 . 8 0 . 5  0 . 5  o . J  O . L'  f' f L"XA -0 . 7  -0 . 9  0 . 9  1 . 2 1 . 5 1 . 5 1 . 5 1 . 5 1 . '1 0 . 9  0 . 5  o ,. o . :j 0 . 2  • J P R t'1X B  0 . 0  -0 . 1  o ,-
0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  -0 . 1  -0 . 1  

. J  
P R D C I3  0 . 0  -0 . 1  -0 . I 0 . 0  O .  I 0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 1  O .  I -0 . I -0 . 1  -0 . I PRDC F - 1 . :) -2 . 4  -0 . 3  0 . 2  0 . 2  0 . 7  0 . 8 1 . 0 0 . 9  O . b  0 . 4  O .  �) 0 . 4 0 . 3  P RDCA - 0 . 7  - 1 . 0  1 . 3 1 . '1 1 . 7 1 . �) 1 . 5 1 . 6 1 . 4 0 . 9  0 . 6  0 . 5  0 . 3  0 . 2  P F M X F  - 1 . 4 - 2 . 4  -0 . 6  0 . 0 0 . 0 0 . 5  0 . 7  0 . 8 0 . /  0 . 5  0 . 3  0 . 4  0 . 3  o .) . L  P I  t1XA -0 . 9  - 1 . 0  1 . 1  1 . 3 1 . 4 1 . 4 1 . 4 1 . 4  1 . 3 0 . 8 0 . 5  0 . 5  0 . 3  0 . 2  PRACA - 0 . 7  -0 . 9  1 . 2 I .  :) 1 . 1:) 1 . 5 l o S 1 . 6 1 . 4 0 . 9  0 . 6  0 . 5  0 . 3  0 . 2  f'R MX � - 1 . 3  - 2 . 3  -0 . 3  0 . 1 0 . 3  0 . 7  0 . 8  (J . CJ  0 . 8  0 . 6 0 . 4  0 . 4  0 . 3  0 . 2  P R MXA -0 . 7  - 1 . 0  1 . 3 1 . 3 1 . 8 1 . 5 1 . 6 1 . 6 1 . 5 0 . 9 0 . 7  0 . 5  0 . 3  0 . 2  H F MH - 1 . 4  - 2 . 5  -0 . 7  -0 . 2  -0 . 1  0 . 5  0 . /  0 . 7 0 . 7  0 . 4  0 . 3  0 . 4 O .  :) 0 . 2  fW MXA - 1 . 0  - 1 . 2  0 . 9  1 . 1  1 . 3 I .  :l 1 . 4 1 . 4 1 . 3 0 . 8 0 . 5  0 . 5  o . :' o .) • L 
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T a b l e C . 2- 1  ( Co n t i n u e d ) 
MlAN CHANGE I N  lND O F  P E R I OD R E SERVO I R  E L EVAT I O N S  ( f e e t )  

COMPA R I SO N S  FOR L I HBY 

YEAR S T U D Y  II S E P T  O C T  NOV D E C  J A N  F EB MAR A PR l  2.1 A P R 2  2.1 MAY J U N E  J U L Y  A U G l  2.1 AUG2 2.1 
1 998 r F EX B  211 5 1 . 3 2 4 4 7 . 6  2438 . 3  2 4 0 7 . 0  2 3 68 . 0  2 3 3 6 . 5  2 32 8 . 0  2 3 3 0 . 3  2 3 3 9 . 5  2 396 . 0  2444 . 6  2 4 5 3 . 7  2 4 5 3 . 1 2 4 5 3 . 0  

H f" E X B  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X B  0 . 0  -0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X F  - 1 . 0  -2 . 2  - 1 . 1  -0 . 7  -0 . 6  -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 2  -0 . 4  -0 . 4  
P R E XA - 1 . 3  - 2 . 2  - 1 . 0  -O . :l -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  -0 . 2  
P F EX F -0 . 9  -2 . 1 - 1 . 1  -0 . 7 -0 . 6  -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 4  -0 . 4  
H F EXI' - 1 . 0  -2 . 2  - 1 . 1  -0 . 7  -0 . 6  -0 . 2  -0 . 2  -0 . 2  -0 . 2  - 0 . 1  -0 . 1  -0 . 2 - 0 . 4  -0 . 4  
H F EXA - 1 . 3  -2 . 2  - 1 . 0  -0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  -0 . 2  
P F EXA - 1 . 2  - 2 . 1  - 1 . 0  -0 . 3  -D . 2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  -0 . 2 -0 . 2  
P R M X R  -0 . 1  -0 . 2  - 0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  
P R D C B  0 . 0  -0 . 2  - 0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1 -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  
P R DC F - 1 . 0  -2 . 3  - 1 . 2  -0 . 7  -0 . 6  -0 . 2  -0 . 2  -0 . 2  -0 . 2  - 0 . 1  -0 . 1  -0 . 2  -0 . 5  -0 . 5  
PRDCA - 1 . 2  -2 . 2 - 1 . 0  -O . d -0 . 2  -0 . 1 0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 3  
P F MX F - 1 . 0  -2 . 3  - 1 . 3  -0 . 8  - 0 . 7  -0 . 3  -0 . 3  - 0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 2  -0 . 5  -0 . 5  
P F MXA - 1 . 11 -2 . 3  - 1 . 2  - 0 . �, -0 . 3  -0 . 2  -0 . 1  -0 . 1 -0 . 1  0 . 0  -0 . 1  0 . 0  - 0 . 3  -0 . 3  
PRACA - 1 . )  -2 . 5  - 1 . 1  -O . d  -0 . 1  -0 . 1  -0 . I -0 . 1  -0 . 1 0 . 0  0 . 0  0 . 0  -0 . 3  - 0 . 3  
f'RMX F - 1 . 0  -2 . :l -- I . -j -0 . 8  -0 . 7  -0 . :j -0 . :l - 0 . :j -0 . 2 -0 . 1  -0 . 1  -0 . 2  -0 . 5  -0 . 5  
f 'RMXA - 1 . 4  -2 . 3  - 1 . 2 -0 . �i -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 3  -O . d  
H F MX F - 1 . 1  -2 . 4  - I . :l -O . il -0 . 7  -0 . 3  -O . j  -0 . 3  -0 . 3  -0 . 2  -0 . 1  -0 . 2 -0 . 5  -0 . 5  
H F MXA - 1 . d  -::' . :, - l o t  -0 . ') -O . l  -O . t  -0 . 1  -0 . 2  -0 . I -0 . 1 -0 . 1  0 . 0  -0 . 3  -0 . 4  

l '  2 0 0 3  P F EX B  211 5 :) , 3 ::' d I) Y . 6  ( 1) )<) . b  2 1) 0 / . f3 ::' 3 7 1 . 6 ::' 3 4 1 . 5  2334 . ::'  ::' 3 3 6 . d  t 3 d 4 . 7  2 3 9 5 . I 2 d d d . 2  ::' 4 5 3 . 6  2'1 5 ::' . il 2 d 5 2 . 6  
f l F  E X B  0 . 0  --0 . t -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X B  0 . 0  -0 . I U . O O . U  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  i,� 
P R E X F  -0 . 8  -t . O - 1 . 1  -0 . '1 -0 . 11 0 . 0  0 . 1 0 . 1 0 . 1  0 . 1 0 . 0  -0 . 1  -0 . 4  -0 . 5  
P R E X A  -0 . 7  - 1 . 5  -0 . (, 0 . 0  0 . 0  0 . 3  0 . 2  0 . 3  0 . 3  0 . 2  O .  1 0 . 0  -0 . 3  -O . d  
f' l E X F  -0 . 7  - 1 . il  - 1 . 0  -O . d -0 . 3  0 . 1  O .  I 0 . 1  0 . 1 O .  I 0 . 0  -0 . 1  -0 . 4  -0 . 5  
H f l:. X F  -0 . 8  -::' . ::' - I . I -0 . 11 -0 . 11  0 . 0  0 . 0  O .  I 0 . 1 0 . 1 0 . 0  -0 . 1  -O . d  -0 . 5  
I l r EXA -0 . 7  - 1 . 6  -D . b - 0 . I -0 . I 0 . 2  D . ::'  0 . 3  0 . 3  D . ::'  0 . 1  0 . 0  -0 . 3  -O . d  
P F E X A  -O . b  - 1 . 1)  -0 . 5  0 . 0  0 . 0  O .  :l 0 . 2  0 . 3  O .  :j 0 . 2  0 . 1 0 . 0  -0 . 3  -0 . 4  
P R M X B  -0 . I -0 . 3  -0 . I -0 . 1  -D . ::'  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R D C B  -0 . 1  -D . ?  -D . 1 -0 . 1  -D . ::'  D . O  0 . 0  0 . 1  O .  I O . D  0 . 0  0 . 0  0 . 0  0 . 0  
P R D C F -0 . <) -t . :' - 1 . \  -O . c, -0 . 7  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . I -0 . 4  -0 . 5  
P R DCA -0 . 8  - 1 . 7  -0 . 7  -D . t'  -0 . 2  0 . 2  O . t  0 . .3 0 . 3  0 . 1  0 . 0  0 . 0  -0 . 3  -O . d  
P F MX F -0 . 9  -::' . 3  - 1 . /1 -O . b  -0 . 7  -0 . 1  -D . l 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . '1 -0 . 5  
P FMXA -0 . 8  - 1 . 8  -0 . 8  -0 . 2  -0 . 3  D . ::'  D . ::'  O .  :l 0 . 3  0 . 1  0 . 0 0 . 0  -0 . 3  -O . d  
PRACA -0 . 8  - 1 . 8  -0 . 8  - D . ::'  -0 . 1)  O .  I 0 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  -0 . 3  -O . d  
P R M X F  -0 . ')  -::' . /1 - l . d  -O . b  -0 . 7  -0 . I -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  -0 . I -0 . 4  -0 . 5  
P RMXA -0 . 8  - I . e  -0 . 8  -0 . 2  -0 . 3  0 . 2  0 . 2  o -, . , O .  -j O .  1 0 . 0  0 . 0  -0 . 3  -0 . 4  
H F MX F  -0 . 9  -2 . d  - 1 . 11 -O . b  -0 . 7  -0 . 1  -0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  -0 . I -0 . 11 -0 . 5  
H f MXA -0 . 8  - 1 . 8  -0 . 8  - 0 . 2  -0 . -j 0 . 2  0 . 2  o . :l 0 . 3  0 . 1 0 . 0 0 . 0  -0 . :l -O . d  

U P l e d-,,--;- r e f e r  to s t u d y  a b b rev i d t i o r 1 s d t  t h lc b hl i rl r1 i n g 0 1  t h i s V o l ume . 

;;; A f'R  1 A p r i l 1 5 ,  A P R 2  A p r i l :,0 
AUG I c:: A u gu s t 1 5 ,  AUG2 .:: A u y u s t ) 1  



Tabl e C . 2-2 
MEAN CHANGE IN END O F  P E R I OD R E S E RVO I R  E L EVA T IONS  ( f e e t )  

COMPAR I SONS FOR HUNGRY HORSE  

YEAR STUDY I I  S E P T  O C T  NOV DEC JAN FEB MAR APR 1 £! A P R 2  £! MAY J UN E  J U L Y  AUG 1 '2,1 AUG2 £! 1 988 P F EXB 3545 . 2  3536 . 7  3535 . 4  3524 . 5  3508 . 5  3496 . 7  3484 . 9  3486 . 4  3492 . 5  3525 . 0  355 1 . 6  3553 . 9  3553 . 2  3552 . 3  HFEXB - 1 . 6  -3 . 6  -3 . 4  -2 . 8  -2 . 1  - 1 . 5  - 1 . 3  - 1 . 1  - 1 . 2  -0 . 7  -0 . 5  -0 . 4  -0 . 3  -0 . 3  PREXB 0 . 9  0 . 4  0 . 7  0 . 6  0 . 3  0 . 2  0 . 3  0 . 3  0 . 7  0 . 6  0 . 4  0 . 1 0 . 1  0 . 1  P R E X F  - 1 . 2  - 1 . 6  - 1 . 2  -0 . 3  2 . 3  1 . 9 0 . 9  0 . 9  1 . 0 0 . 9  0 . 6  -0 . 1  -0 . 9  - 1 . 5  PREXA -0 . 4  - 1 . 2  -0 . 7  1 . 2 4 . 7  3 . 6  2 . 0 2 . 1  1 . 5 1 . 1  0 . 7  0 . 1  - 1 . 0  - 1 . 6  P F E X F  - 1 . 8  - 1 . 8  - 1 . 5  - 1 . 0  1 . 1  1 . 0 0 . 1  0 . 2  -0 . 1  0 . 1 0 . 0  -0 . 6  - 1 . 5  -2 . 1  H F E X F  -2 . 5  -4 . 3  -3 . 9  -3 . 0  0 . 2  0 . 2  -0 . 5  -0 . 4  -0 . 7  -0 . 3  -0 . 3  -0 . 8  - 1 . 7  -2 . 3  HFEXA - 1 . 3  -2 . 7  -2 . 2  -0 . 7  3 . 2  2 . 4  l . 0 0 . 9  0 . 2  0 . 4  0 . 1  -0 . 5  - 1 . 4  -2 . 1  P F E XA -0 . 8  - 1 . 5  - l . 1  0 . 2  3 . 6  2 . 9  1 . 5 l . 6 0 . 8  0 . 7  0 . 3  -0 . 4  - l . 4  -2 . 1  P RMXB 0 . 9  0 . 4  0 . 7  0 . 6  0 . 3  0 . 2  0 . 3  0 . 3  0 . 7  0 . 6  0 . 4  0 . 1  0 . 1  0 . 1 PRDCB 0 . 9  0 . 4  0 . 7  0 . 6  0 . 3  0 . 2  0 . 3  0 . 3  0 . 7  0 . 6  0 . 4  0 . 1 0 . 1  0 . 1  PRDCF  - 1 . 2  - 1 . 6  - l . 2  -0 . 3  2 . 3  1 . 9 0 . 9  0 . 9  1 . 0 0 . 9  0 . 6  -0 . 1  -0 . 9  - 1 . 5  PRDCA -0 . 4  - 1 . 2  -0 . 7  1 . 2 4 . 7  3 . 6  2 . 0  2 . 1  1 . 5 1 . 1  0 . 7  0 . 1  - l . 0  - l . 6  PFMXF - 1 . 8  - 1 . 7  - 1 . 4  -0 . 9  1 . 1  1 . 1  0 . 2  0 . 2  0 . 0  0 . 1  0 . 1  -0 . 5  - 1 . 4  -2 . 1  P FMXA -0 . 8  - 1 . 5  - l . 1  0 . 2  3 . 6  2 . 9  1 . 5 l . 6 0 . 8  0 . 7  0 . 3  -0 . 4  - 1 . 4 -2 . 1  P RACA - 0 . 4  - 1 . 2  -0 . 7  1 . 2 4 . 7  3 . 6  2 . 0  2 . 1  1 . 5 1 . 1  0 . 7  0 . 1  - 1 . 0  - l . 6  PRMX F - 1 . 2  - 1 . 6  - l . 2  -0 . 3  2 . 3  l . 9 0 . 9  0 . 9  1 . 0 0 . 9  0 . 6  -0 . 1  -0 . 9  - 1 . 5  PRMXA -0 . 4  - 1 . 2  -0 . 7  1 . 2 4 . 7  3 . 6  2 . 0  2 . 1  1 . 5 l . 1  0 . 7  0 . 1  - 1 . 0  - 1 . 6  H FMX F -2 . 5  -4 . 3  -3 . 9  -3 . 0  0 . 2  0 . 2  -0 . 5  -0 . 4  -0 . 7  -0 . 3  -0 . 3  -0 . 8  - 1 . 7  -2 . 3  HFMXA - 1 . 3  -2 . 7  -2 . 2  -0 . 7  3 . 2  2 . 4  l . 0 0 . 9  0 . 2  0 . 4  0 . 1  -0 . 5  - 1 . {1 -2 . 1  

n 1 993 PFEXB  3533 . 1 3524 . 4  3523 . 7  3 5 1 5 . 6  3503 . 9  3490 . 6  34 7 7 . 1  3478 . 3  3484 . 3  3520 . 1  3546 . 3  3 54 7 . 0  3544 . 9  :)54 2 . 6  HFEXB -0 . 1  -0 . 2  -0 . 2  -0 . 7  -0 . 7  -0 . 4  -0 . 3  -0 . 3  -0 . 3  -0 . 3  -0 . 2  -0 . 2  -0 . 2  -0 . 2  N 
PREXB -0 . 1  0 . 0  0 . 0  1 . 0 0 . 7  0 . 3  0 . 3  0 . 3  0 . 4  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  

I 
w P R E X F  -4 . 1  -4 . 8  -4 . 8  -2 . 6  - 1 . 4  -0 . 3  0 . 5  0 . 5  0 . 5  0 . 3  0 . 3  0 . 4  0 . 0  -0 . 4  P R EXA -2 . 4  -2 . 2  -2 . 0  0 . 9  1 . 3 1 . 3 1 . 7 1 . 5 1 . 6 1 . 1  0 . 7  0 . 7  0 . 2  -0 . 5  P F E X F  -4 . 1  -4 . 9  -4 . 9  -3 . 9  -2 . 2  -0 . 7  0 . 4  0 . 4  0 . 2  0 . 3  0 . 3  0 . 4  -0 . 1  -0 . 4  H F E X F  -4 . 1  -5 . 1  -5 . 0  -4 . 5  -2 . 6  -0 . 9  0 . 3  0 . 5  0 . 3  0 . 3  0 . 3  0 . 3  -0 . 1  -0 . 4  H F EXA - 2 . 7  -2 . 6  -2 . 5  -0 . 6  0 . 3  0 . 7  1 . 0 1 . 0 l . 1  0 . 8  0 . 5  O . C  0 . 1  -0 . 5  P F EXA -2 . 6  -2 . 5  -2 . 3  -0 . 4  0 . 4  0 . 7  l . 1  l . 0 l . 1  0 . 9  0 . 6  0 . 6  0 . 1  -0 . 6  P RMXB -0 . 4  -0 . 3  -0 . 4  0 . 6  0 . 6  0 . 3  0 . 1  0 . 0  0 . 4  0 . 2  0 . 0  0 . 0 -0 . 1  -0 . 2  PRDCB -0 . 4  -0 . 4  -0 . 5  0 . 5  0 . 2  -0 . 1  -0 . 1  -0 . 1  0 . 3  0 . 1 0 . 0  -0 . 1  -0 . 1  -0 . 2  PRDCF  -4 . 1  -5 . 0  -4 . 8  -2 . 9  - 1 . 5  -0 . 3  0 . 7  0 . 7  0 . 8  0 . 6  0 . 5  0 . 4  0 . 0  -0 . 4  PRDCA -2 . 6  -2 . 6  -2 . 3  0 . 8  1 . 2 1 . 2 1 . 7 l . 4 1 . 6 1 . 1  0 . 7  0 . 6 0 . 1  -0 . 6  P FMX F -4 . 5  -5 . 2  -5 . 0  -4 . 3  -2 . 7  - 1 . 0  0 . 2  0 . 4  o '1 0 . 2  0 . 3  O .  :) -0 . 2  -0 . 6  . L  

PFMXA - 3 . 1  -2 . 8  -2 . 6  -0 . 4  0 . 5  0 . 8  0 . 9  0 . 9  0 . 9  0 . 7  0 . 4  0 ,  ,1 -0 . 1  -0 , 8  P RACA -2 . 5  -2 . 2  -2 . 0  l . 1  1 . 6 1 . 5 1 . 7 1 . 5 l . 7 1 . 2 0 . 8 O . b  0 . 1  -0 . 5  PRMX F -4 . 0  -4 . 6  -4 . 6  -2 . 8  - l . 5  -0 . 6  0 . 4  0 . 4  0 . 8  0 . 6  o . :) 0 ,  :1 -0 . 2  -O . b  PRMXA -2 . 6  -2 . 3  -2 . 3  0 . 8  1 . 4 1 . 4 1 . 5 l . 4 l . 6 1 . 0 0 . 6  0 . 5  -0 , 1  -0 . 7  H FMX F -4 . 8  -5 . 8  -5 . 7  -5 . 1  -3 . 1  - 1 . 3  0 . 0 0 . 1  0 , 1  0 . 1  0 . 1  0 . 1  -0 , 3  -0 . 8  HFMXA -3 . 5  -3 . 4  -3 . 2  - 1 . 1  -0 . 1  0 . 6  0 . 7  0 . 8  0 . 8  0 . 6  0 . 3  O .  {1 -0 . 1  -0 . 7  

I/
-P'lea-s e

-
r e f e r  t o  s t u d y  abbrev i at i o n s  a t  t h e  b e g i n n i n g  o f  t h i s Vol ume . £! A P R I A p r i l 1 5 ,  APR2  = A p r i l 30 

A U G I  = A u g u s t  1 5 ,  AUG2 = A u g u s t  3 1  



f a b l e  C . 2-2  ( C o n l i n u e d ) 
MEAN CHANGE I N  END O f  P E R IOD R L S E R V O I R  r L l VAT I O N S  ( f ee l ) 

COMPA R I SO N S  FOR HUNGRY HOR S l  

YEAR S T UDY 1 S E P T  OCT  NOV DEC  J AN F EB MAR A P R I 2.1 APR2  2.1 MAY JUNE  J U L Y  AUG I f.! AUG2 2.1 
1 998 P F EXB 3 5 3 0 . 9  3 5 2 3 . 3 3 52 3 . 0  3 5 1 5 . 8 3 5 0 tJ . 3  3'190 . 8  3tJ 77 . 1  3 tJ 7 8 . 8  348tJ . 0  3 5 2 0 . ti  ::l 5 tJ 6 . 5  3 5tJ 6 . 2  3 5 f! ) . 8  :) 5tJ 1 . 6 

H F EXB -0 . 2  -0 . 3  -0 . 1 - 0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PR EXB -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
PREX F - 3 . 0  -::l . 8  - 3 . 6  - ::l . 8  -2 . tJ  - 1 . 2  -0 . 2  -0 . 2  0 . 1 0 . )  0 . 2  0 . 0  -0 . :) -0 . 8  
PR EXA -3 . 6  -4 . 2  -4 . 0  - 3 . tJ  -2 . 1  - 1 . 3  -0 . 5  -0 . :-\ 0 . 0  0 . 2  0 . 2  0 . 1 -0 . 1  -0 . 6  
P F E X F  - 2 . 8  - 3 . 6  - 3 . 5  - 3 . 7  -2 . 3  - 1 . 2  -0 . 2  -0 . 2  0 . 2 0 . )  0 . 2  0 . 0  -0 . 1  -0 . 8  
H F E X F  - 3 . 0  - 3 . 9  - 3 . 6  - 3 . 8  - 2 . 4  - 1 . 2  -0 . 1  -0 . 2 0 . 1 O .  :) 0 . 2  0 . 0  -0 . 3  -0 . 8  
H F EXA - 3 . 7  -4 . 3  -4 . 0  - 3 . 4  -2 . 1  - I . :3 -0 . 5  -0 . :) 0 . 0  0 . 2  0 . 2  0 . 1  -0 . 1  -0 . 6  
P F EXA - 3 . 5  -tJ . l -4 . 0  -3 . 3  - 2 . 1  - 1 . 3  -0 . 5  -0 . 3  0 . 0  0 . 2  0 . 2  0 . 1  -0 . 1  -0 . 6  
PRMXB -0 . 3  -0 . 4  -0 . 1\ -0 . 4  -0 . 3  -0 . 3  - 0 . 1\ - 0 . 4  -O . tJ  -0 . 2  -0 . 1  - 0 . 1  -0 . 2 -0 . 2 
PRDCB -0 . 2 -0 . 3  -0 . 2  0 . 0  0 . 7  0 . 3  0 . 0 0 . 1  0 . 1  0 . 0  0 . 0  0 . 0 -0 . 1 -0 . 1  
PRDCf  -2 . 9  - 3 . 8  - 3 . 7  - 3 . 6  - 2 . 0  - 1 . 0  -0 . 1\ -0 . 3  -0 . 1  0 . 0  0 . 0  - 0 . :) -O . b  - 1 . 1  
PRDCA - 3 . 6  -4 . 3  - 1\ . 1  - 3 . 4  -2 . 1  - 1 . 1\ - O . b  - 0 . 4  -0 . 2  0 . 0  O .  1 0 . 0  -0 . 2  -0 . 7  
P FMXF - 3 . 2  -4 . 0  -::l . l)  - 1\ . 1 -2 . 8  - 1 . 6  -O . C) -0 . 9  -0 . 6  _0 . °) -0 . 2  - 0 . 1\ -0 . 7  - 1 . 2  
P FMXA -4 . 1  -1\ . 7  -1\ . 5  -3 . 9  -2 . 4  - 1 . 6  -0 . 9  -0 . 8  -0 . 5  -O . ::l  -0 . 1  -0 . 1  -0 . <1  - 1 . 0  
PRACA - 3 . 8  -<1 . 5  -1\ . )  -:l . <1 - 1 . 9  - 1 . )  -O . b  -0 . <1 -0 . 2  -0 . 1  0 . 0  -0 . 1  -O . f!  -0 . 9  
PRMX F - 3 . 1  - 3 . 9  - 3 . 9  - 3 . 8  -2 . 3  - 1 . 1\ -0 . 8  -0 . 8  -0 . 5  -0 . 2  -0 . 2  -0 . <1  -0 . 7  - 1 . 2  
PRMXA -tJ . O  -4 . 5  -tJ . tJ  -3 . 5  - 1 . 7  - 1 . 2 -0 . () -0 . 5  -0 . 3  -0 . 2  0 . 0  -0 . 1  -0 . 4  - 1 . 0  
H FMXF - 3 . tJ  -4 . 2  -<1 . 0  -<1 . 2  -2 . 8  - 1 . C  - 1 . 0  -0 . () -0 . 6  -0 . :) -0 . 2  -0 . '1 - 0 . 7  - 1 . 2  
H F MXA -<1 . 1  -4 . 7  -1\ . 5  -:l . 9  -2 . 5  - 1 . 8  - 1 . 0  -0 . 8  -0 . 6  -0 . :) -0 . 1  - 0 . 1  - 0 . 4  - 1 . 0  

n 2 0 0 3  P F EXB 3 5 3 7 . 7  3 52 9 . 8  ::l 5 2 8 . 7  3520 . C  3 5 0 6 . 9  3tJ92 . 0  ::l478 . <1  3480 . h  348b . 1\ ) 5 1 9 . 8  3 54 6 . 6  3 5 <1 7 . 0  :) 5 tJ :l . 9  3 5 <1 1 . 0  
H F EXB -0 . 3  -0 . 5  -0 . 2  -0 . :) -0 . 3  -0 . 2  -0 . <1  -0 . ,1 -O . tJ  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  N P R EXB -0 . 2  -0 . 2  - 0 . 1  -0 . 1  -0 . 1  0 . 0  -0 . 1  - 0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  I 

..,. P R E X F  - 2 . 8  -4 . 1  - 3 . 9  - ::l . l) -2 . 4  - 1 . 3  - 1 . 1  - 1 . 0  - 1 . 0  -O . b  -0 . <1  -0 . '1 -0 . 6  - 1 . 1  
PR EXA - 2 . 4  - 3 . 1  -2 . 9  -2 . 1  - 1 . 0  -0 . 6  -0 . 1  -0 . 1  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 2 -0 . 7  
P F E X F  -2 . 6  - 3 . 8  - 3 . 9  - ::l . 8  -2 . tJ  - I . ::l  - 1 . 0  -0 . 9  -0 . 8  -0 . 5  -0 . 4  -0 . 3  - O . S  - 1 . 0  
H F EX F  - 3 . 0  -tJ . 4  -4 . 1  -<1 . 1  -2 . 6  - 1 . tJ  - 1 . 3  - 1 . 2 - 1 . 2 -0 . 7  -0 . 4  -O . f!  -O . b  - 1 . 1  
H F EXA - 2 . 5  - 3 . 4  -3 . 1  -2 . 4  - 1 . 2  -0 . 8  -0 . 7  - 0 . 5  -0 . 5  -0 . 3  -0 . 1  -0 . 1  -0 . 2  -0 . 7  
P F EXA -2 . 2 -2 . 9  - 2 . 9  -2 . 1  - 1 . 0  -0 . 6  -0 . 1  0 . 0  -0 . 1  -0 . 2  -0 . 1  -0 . 1  -0 . 2  - 0 . 7  
PRMXB -0 . 6  -0 . 9  -0 . 6  - 0 . 7  -0 . 6  -0 . 4  -0 . 6  -0 . 6  -0 . 6  -0 . :) -0 . 1  0 . 0  0 . 0  -0 . 1  
PRDCB -O . tJ  -0 . 7  -0 . 4  -0 . 5  -0 . 4  -0 . :) -0 . 6  -0 . 5  -0 . 5  -0 . 2  -0 . 1  0 . 0  0 . 0  -0 . 1  
PRDC F -3 . 2  -4 . 7  -tJ . 4  -4 . 5  - 2 . 9  - 1 . 7  - 1 . 7  - 1 . 6  - 1 . 5  -0 . 9  -O . b  -0 . 5  -0 . 8  - 1 . :l 
PRDCA -2 . 7  - 3 . 6  - 3 . 3  -2 . 7  - 1 . <1 -0 . 9  - O . l) -0 . 8  -0 . 7  -0 . 1\ -0 . 1  -0 . 1  -0 . )  -0 . 9  
P F MX F - 3 . 2  -4 . 8  -4 . 5  -4 . 7  -2 . 9  - 1 . 7  - 1 . 7 - 1 . 6  - 1 . 4  -0 . 8  -O . b  -0 . 5  -0 . 7  - I . :) 
P F MXA -2 . 8  - 3 . 8  - 3 . 5  - 3 . 0  - 1 . 6  - 1 . 1  - 1 . 2  - 1 . 1  - 1 . 1  -0 . 6  -0 . 3  -0 . 1  -0 . 3  - 1 . 0  
PRACA - 2 . 7  - 3 . 6  -::l . 3  -2 . 8  - 1 . 5  - 1 . 0  - 1 . 1  - 1 . 0  -0 . 9  -0 . 5  -0 . 2  -0 . 2  - 0 . <1  - 1 . 0  
PRMXF - 3 . 2  -4 . 8  -4 . 6  -4 . 7  - 3 . 0  - 1 . 7  - 1 . 7  - 1 . 6  - 1 . <1 -0 . 8  -0 . 6  -0 . 5  -0 . 7  - 1 . 3  
PRMXA - 2 . 8  - 3 . 8  - 3 . 5  - 3 . 1  - 1 . 8  - I . '2 - I . :) - 1 . 2  - 1 . 1  -O . b  -0 . :1 -0 . 2  - 0 . )  - 1 . 0  
H F MX F - 3 . 2  -tJ . 8  -1\ . 6  -4 . 7  -:l . O  - 1 . 7  - 1 . 1  - l o b  - 1 . 4  -0 . 8  -0 . 6  -0 . 5  - 0 . 7  - 1 . 3  
H FMXA - 2 . 8  - 3 . 8  - 3 . 5  -:) . 0  - 1 . 7  - 1 . 1  - 1 . 2  - 1 . 1  - 1 . 1  - O . b  -0 . 3  -0 . 1  -0 . 3  - 1 . 0  

1/ P l e a s e  refer t o  s t u d y  a b b rev i a t i on s  at the be g i n n i n g o f  t h i s  V o l ume . 
f.! APR l A p r i l 1 5 ,  APR2  = A p r i l 30 

AUG l = A u gu s t  1 5 ,  AUG2 = A u g u s t  3 1  



T a b l e C . 2 -:) 
MEAN CHANGE IN END O F  PER I O D R E S E RVO I R  E L EVAT I O N S  ( f e e t ) 

COMPAR I SONS  FOR A L B E N ! FA L L S  

YEAR STUDY I I SEPT  OCT  NOV DEC JAN FEB MAR A P R l V APR2  V MAY JUNE J U L Y  AUG l V AUG2 V 1 988 P F EXB 2 0 6 0 . 8  2 0 5 7 . 4  2 0 5 2 . 6  2 0 5 2 . 8  2 0 54 . 2  2 0 5 4 . 8  2 0 5 5 . 6  2 0 5 5 . 5  2 0 5 5 . 3  2 0 6 2 . 5  2 0 6 2 . 6  2 0 6 2 . 5  2 0 b 2 . 5  2 0 6 2 . 5  H F EXB -0 . 1  -0 . 3  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P R EXB 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  P R E X F  0 . 1  0 . 0  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  O .  1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P R EXA 0 . 2  0 . 0  0 . 0  0 . 1  0 . 7  0 . 5  0 . 0  0 . 0 O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P F E X F  0 . 0  0 . 1  0 . 0  0 . 0  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H F E X F  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H F EXA 0 . 1  -0 . 2  0 . 0  0 . 1  0 . 7  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PFEXA 0 . 2  0 . 0  0 . 0  0 . 0  0 . 6  0 . 4  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRMXB 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  PRDCB 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  PRDCF 0 . 1  0 . 0  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRDCA 0 . 2  0 . 0  0 . 0  0 . 1  0 . 7  0 . 5  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P FMX F 0 . 1  0 . 1  0 . 0  0 . 0  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P �-MXA 0 . 2  0 . 0  0 . 0  0 . 0  0 . 6 0 . 4 0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRACA 0 . 2  0 . 0  0 . 0  0 . 1  0 . 7  0 . 5  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRMXF 0 . 1  0 . 0  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRMXA 0 . 2  0 . 0  0 . 0  0 . 1  0 . 7  0 . 5  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H FMX F 0 . 0  -0 . 3  0 . 0  0 . 0  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  HFMXA 0 . 1 -0 . 2  0 . 0  0 . 1  0 . 7  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

(1 1 993 P F EXB 2 0 6 0 . 7  2 0 5 7 . 2  2 0 5 2 . 6  2 0 53 . 1  2 0 54 . 7  2 0 5 5 . 0  2 0 5 5 . 6  2 0 5 5 . 4  2 0 5 5 . 1 2 0 6 2 . 4  2 0 6 2 . 7  2 0 6 2 . 5  2 0 6 2 . 5  2 0 6 2 . 5  HFEXB 0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  tv 
P R EXB 0 . 0  0 . 0  0 . 0  0 . 2 0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

I 

lJl PREX F 0 . 0  -0 . 1  0 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  P RE XA 0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P F E X F  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H F E X F  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H F EXA 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P F EXA 0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRMXB 0 . 1  0 . 0  0 . 0  0 . 2  0 . 3  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRDCB 0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
PRDCF  0 . 0  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P RDCA 0 . 0  0 . 0  0 . 0  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F MX F 0 . 0  -0 . 1  0 . 0  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P FMXA 0 . 0  0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRACA 0 . 0  0 . 1  0 . 0  0 . 3  0 . 4  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PR MX F 0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 1  0 . 0  0 . 0  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXA 0 . 1 0 . 1  0 . 0  0 . 3  0 . 4 0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
H FMXF 0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
HFMXA 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

II Pl e a s e  re f e r  t o  s t u d y  a b b r ev i a t i o n s  a t  t h e  b e g i n n i n g  o f  t h i s V o l ume . 
V A P R l A p r i l 1 5 ,  APR2 = A p r i l 3 0  

AUGl  = Aug u s t  1 5 ,  AUG2 = A u gu s t  3 1  



T a b l e C . 2-3 ( C o n t i n u e d ) 
MlAN CHANGE l �  END O F  P F R I O D  R E S ERVO I R  E L EVA T I ONS ( t e e t ) 

COMPAR I SONS FOR A I  H E N I  F A L L S  

Y E A R  STUDY 1 1  S E P T  O C T  NOV DEC  JAN FEB MAR APR l 2/ A P R 2  Z/ MAY JUNE  JULY  AUG l z.; AUG2 2 /  
1 998 P F EXB 2 0 6 0 . 8  2 0 5 7 . 4  2 0 52 . 6  2 0 53 . 3  2 0 5 5 . 3  2 0 5 5 . 8  2 0 5 5 . b  2 0 5 5 . 5  2 0 5 5 . b  2 0 b2 . 5  2 0 62 . 6  2 0 b2 . 5  2 0 6 2 . 5  2 0 6 2 . 5  

H F EXB 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O . D  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X F  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXA 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F E X F  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
H F E X F  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
HFEXA -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXA 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXB 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRDCB 0 . 0  0 . 0  0 . 0 0 . 1  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  O . D  0 . 0  0 . 0  0 . 0  0 . 0  
PRDCF  0 . 0  -0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O . D  0 . 0  0 . 0  0 . 0  0 . 0  
PRDCA 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F MX F -0 . 1  -0 . 1  0 . 0  -0 . I -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P FMXA -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  D . O  0 . 0  
PRACA 0 . 0  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
PRMXF D . O  -0 . 1  0 . 0  0 . 0  -0 . I -0 . 1  0 . 0  0 . 0 -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
PRMXA 0 . 0  -0 . 1  0 . 0  0 . 1  0 . 1 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
H F MX F -0 . 1  -0 . 1  0 . 0 -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0 -D . I 0 . 0 0 . 0 0 . 0 0 . 0  0 . 0 
HFMXA -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . ] -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  D . O  0 . 0  0 . 0  0 . 0  

(") 2 0 0 3  P F EXB 2 0 b  1 . 1  2 0 5 7 . 6  2 0 5 2 . b  2 0 ::d . I 2 0 5 5 . 0  2 0 5 5 . 11  2 0 5 :) . b  2 0 5 5 . 5  2 0 5 5 . 4  2 D b 2 . 4  2 0 6 2 . b  2 0 b 2 . 5  2 0 G 2 . 5  2 0 G2 . 5  
HFEXB  -0 . 1  -0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  D . O  0 . 0  0 . 0  0 . 0  

N PREXB -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  O . D  0 . 0  0 . 0  0 . 0  D . O  0 . 0  0 . 0  D . O  0 . 0  I 
P R E X F  - 0 . 2  -0 . 3  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  D . O  0 . 0  ffi 
PR EXA -0 . 2  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  D . O  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F E X F  -0 . 2  -0 . 2  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
H f EX F -0 . 3  -0 . 3  0 . 0 -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  D . O D . O 0 . 0 D . O 0 . 0 

H F EXA -0 . 2  -0 . 2  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  D . D  0 . 0  0 . 0  
P F EXA -0 . 1  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

PRMXB -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1 -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

PRDCB -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  O . D  0 . 0  0 . 0  

PRDC F -0 . 3  -0 . 3  0 . 0  -0 . ] -0 . ] -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

PRDCA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

P FMXF -0 . 3  -0 . 3  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  -0 . ] -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

P F MXA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

PRACA -0 . 2  -0 . 2  0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

PRMXF -0 . 3  -0 . 3  0 . 0  -0 . 1  -0 . I -0 . 1  0 . 0  -0 . 1 - 0 . ] O . D  0 . 0  0 . 0  0 . 0  0 . 0 

PRMXA -0 . 2 -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . ] 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

H FMXF -0 . 3 -0 . 3  0 . 0  -0 . 1  -0 . ] - 0 . ] 0 . 0  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

H F MXA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1/ P l e a s e  r e f e r  t o  s t u d y  abbre v i a t i o n �  a t  t h e  b e y i n n i n y a t  t h i s  Vo l ume . 
2/ APR ] = A p r i l 1 5 ,  APR2 = Ap r i l 3 0  

AUG l = Au g u s t  1 5 ,  AUG2 = Augu s t  3 1  



T a b l e C . 2-4 
MEAN CHANGE IN END OF P E R I O D  R E SERVO I R  E L EVA T I ON S  ( f e e t )  

COMPAR I SO N S  FOR GRAND COULEE 

YEAR STUDY 11 SEPT  OCT NOV DEC  JAN FEB MAR APR I V APR2 V MAY JUNE  JULY  AUG I V AUG2 ZI 1 988 P F E XB 1 288 . 1  1 288 . 2  1 288 . 1  1 28 7 . 2  1 2 7 5 . 1 1 2 5 7 . 9  1 2 3 5 . 5  1 2 33 . 7  1 2 3 1 . 7  1 2 53 . 9  1 286 . 8  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  H F EXB -0 . 1  -0 . 2  -0 . 1  0 . 0  -0 . 4  -0 . 4  -0 . 4  -0 . 6  -0 . 2  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  PREXB 0 . 1  0 . 0  0 . 1  0 . 0  0 . 1  0 . 3  0 . 4  0 . 9  0 . 4  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  P R E X F  0 . 1 0 . 0  0 . 1  0 . 1  1 . 5 1 . 4 0 . 2  0 . 4  0 . 2  0 . 0  -0 . 1  0 . 0 0 . 0  0 . 0  PREXA 0 . 2  0 . 0  0 . 2  0 . 1  2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  P F E X F  0 . 1 0 . 1  0 . 0  0 . 0  1 . 3 1 . 2 -0 . 1  -0 . 3  0 . 0  -0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  H F E X F  0 . 0  -0 . 2  -0 . 1  0 . 0  1 . 3 1 . 0 -0 . 1  -0 . 2  -0 . 1  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  H F EXA 0 . 2  -0 . 1  0 . 0  0 . 1  2 . 2  2 . 2  0 . 3  0 . 0  0 . 0  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  P F EXA 0 . 2  0 . 0  0 . 1  0 . 0  2 . 1  2 . 3  0 . 8  0 . 9  0 . 2  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  P RMXB 0 . 1  0 . 0  0 . 1  0 . 0  0 . 1  0 . 3  0 . 4 0 . 9  0 . 4  0 . 4  O .  1 0 . 0  0 . 0  0 . 0  PRDCB 0 . 1  0 . 0  0 . 1  0 . 0  0 . 1  0 . 3  0 . 4  0 . 9  0 . 4  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  PRDC F 0 . 1  0 . 0  0 . 1  0 . 1  1 . 5 1 . 4 0 . 2 0 . 4  0 . 2  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  PRDCA 0 . 2  0 . 0  0 . 2  O .  1 2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  P FMX F O .  I 0 . 1 0 . 0  0 . 0  1 . 3 1 . 2 -0 . 1  -0 . 3  0 . 0  -0 . 3  -0 . 2  0 . 0  0 . 0 0 . 0  PFMXA 0 . 2  0 . 0  0 . 1  0 . 0  2 . 1  2 . 3  0 . 8  0 . 9  0 . 2  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  PRACA 0 . 2  0 . 0  0 . 2  0 . 1  2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  PRMX F 0 . 1  0 . 0  0 . 1  0 . 1  1 . 5 1 . 4 0 . 2  0 . 4  0 . 2  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  PRMXA 0 . 2  0 . 0  0 . 2  0 . 1  2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  H FMX F 0 . 0  -0 . 2  -0 . 1  0 . 0  1 . 3 1 . 0 -0 . 1  -0 . 2  -0 . 1  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  H FMXA 0 . 2  -0 . 1  0 . 0  O .  1 2 . 2  2 . 2  0 . 3  0 . 0  0 . 0  -0 . 2  -0 . 1  0 . 0 0 . 0  0 . 0  

n 1 993 P F EXB 1 288 . 0  1 288 . 0  1 288 . 2  1 287 . 4  1 2 7 7  . 4  1 260 . 4  1 2 3 5 . 8  1 2 33 . 7  1 2 3 1 . 5  1 2 5 1 . 8  1 286 . 5  1 2 90 . 0  1 2 ') 0 . 0  1 2 90 . 0  
N H F E X B  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 2  -0 . 1  -0 . 1  -0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I PREXB 0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 5  0 . 5  0 . 2  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  --.I P R E X F  0 . 0  0 . 0  -0 . 1  0 . 1  0 . 3  0 . 3  1 . 0 0 . 5  0 . 4  0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  P R EXA 0 . 0  0 . 1  0 . 1  0 . 2  0 . 9  1 . 0 1 . 4 1 . 0 0 . 5  0 . 8  0 . 1  0 . 0  0 . 0  0 . 0  P F E X F  0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 3  -0 . 2  0 . 3  0 . 3  0 . 4  0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  H F E X F  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 4  -0 . 3  0 . 2  -0 . 1  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  

H F EXA 0 . 0  0 . 0  0 . 1  0 . 0  0 . 2  0 . 4  0 . 6  0 . 3  0 . 5  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  P F EXA 0 . 0  0 . 1  0 . 1 0 . 1  0 . 3  0 . 5  0 . 7  0 . 7  0 . 5  0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  
PRMXB O .  1 0 . 0  0 . 2  0 . 2  1 . 0 0 . 9  0 . 9  0 . 4 0 . 0  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  PRDCB 0 . 0  0 . 0  0 . 0  0 . 1  0 . 8  0 . 9  0 . 9  0 . 3  0 . 0  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  
PRDC F 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 3  0 . 4  0 . 7  0 . 5  0 . 4 0 . 9  0 . 2  0 . 0  0 . 0  0 . 0  
P R DCA O .  1 0 . 1  0 . 2  0 . 3  1 . 0 1 . 0 1 . 3 0 . 7  0 . 5  1 . 1  0 . 2  0 . 0  0 . 0  0 . 0  
P FMX F 0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 3  -0 . 2  o . �) 0 . 2  0 . 4 0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
f' FMXA 0 . 0  0 . 1  0 . 1  0 . 1  0 . 5  0 . 5  O . b  0 . 3  0 . 5  0 . 7  0 . 1  0 . 0 0 . 0  0 . 0  
PRACA 0 . 1  0 . 1  0 . 2  0 . 2  1 . 4 1 . 3 1 . 7 1 . 1  0 . 6  1 . 1  0 . 2  0 . 0  0 . 0  0 . 0  
PRMX F 0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 6  1 . 1  0 . 6  0 . 4 1 . 0 0 . 2  0 . 0  0 . 0  0 . 0  
P RMXA 0 . 1  0 . 1  0 . 2  0 . 2  1 . 4 1 . 4 1 . 5 1 . 1  0 . 6 1 . 0 0 . 1  0 . 0  0 . 0  0 . 0  
H FMX F 0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 4  -0 . 3  0 . 2  -0 . 2  0 . 4  o " 0 . 0  0 . 0  0 . 0  0 . 0  . J  
H FMXA 0 . 0  0 . 0  O .  1 0 . 0  0 . 2  0 . 4  0 . 6  0 . 2  0 . 5  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  

II Pl e a s e  re f e r  t o  s t u d y  a b b re v i a t i o n s  a t  t h e  b e g i n n i n g o f  t h i s V o l ume . 
21 A PR I  _ Ap r i l  1 5 ,  APR2  = Ap r i l  30 

AUG I = A u g u s t  1 5 ,  AUG2 = A u g u s t  3 1  



T ab l e C . 2-4 ( C o n t i n u e d ) 
MEAN CHANGE I N  END O F  P E R IOD R E SERVO I R  E L EVA T I ONS ( f ee t )  

COMPAR I SONS FOR GRAND COU L E E  

YEAR S T U D Y  11 S E PT O C T  NOV DEC  JAN FEB MAR A P R 1 V A P R 2  V MAY JUNE  J U L Y  AUG 1 II AUG2 V 1 998 P FEXB 1 288 . 0  1 288 . 1  1 288 . 2  1 28 7 . 6  1 2 78 . 7  1 26 2 . 9  1 2 3 7 . 7  1 2 34 . 5  1 2 30 . 8  1 2 ')2 . 4  1 286 . 3  1 289 . 9  1 289 . 9  1 289 . 9  H F EXB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PREXB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PREX F -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 4  -0 . 5  -0 . 4  -0 . 7  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 1  PREXA -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 2  -0 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  P F E X F  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 4  -0 . 5  -0 . 4  -0 . 7  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 1  H F E X F  -0 . 1  -0 . 1  -0 . 1  -0 . 1  - 0 . 4  -0 . 5  -0 . 4  -0 . 9  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  HF EXA -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 3  -0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P F EXA 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 2  -0 . 3  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P RMXB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 7  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  PRDCB 0 . 0  0 . 0  0 . 0  0 . 1  0 . 9  1 . 0 0 . 4  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  PRDCF  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 2  0 . 3  0 . 1  -0 . 4  0 . 0  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  PRDCA 0 . 0  -0 . 1  0 . 0 0 . 0  -0 . 1  -0 . 2  -0 . 2  -0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PFMXF  -0 . 1  -0 . 1  -0 . 1  -0 . 2  -0 . 4  -0 . 6  -0 . 4  -0 . 9  -0 . 1  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  P FMXA -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 2  -0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRACA -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 3  0 . 4  0 . 3  -0 . 1  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  PRMX F 0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 3  -0 . 4  -0 . 3  -0 . 7  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  PRMXA 0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 6  0 . 5  0 . 3  0 . 0  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  HFMX F  -0 . 1  -0 . 1  -0 . 1  -0 . 2  -0 . 4  -0 . 6  -0 . 5  - 1 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  H F MXA -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 2  -0 . 3  -0 . 3  -0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

n 2003 P FEXB 1 288 . 4  1 288 . 3  1 288 . 4  1 28 7 . 5  1 2 78 . 5  1 262 . 2  1 23 7 . 1  1 2 34 . 6  1 2 3 1 . 3  1 2 5 1 . 1  1 285 . 5  1 29 0 . 0  1 2 90 . 0  1 290 . 0  HFEXB -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 8  - 1 . 1  0 . 0  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  tv 
PREXB -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  I 

CD P R E X F  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 3  -0 . 4  -0 . 2  -0 . 3  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  PREXA -0 . 2  -0 . 1  0 . 0  0 . 1  O .  1 0 . 2  0 . 6  0 . 5  O . l  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  P F E X F  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 3  -0 . 3  0 . 0  -0 . 1  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  H F E X F  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 4  -0 . 5  -0 . 6  - 1 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H F EXA -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 1  -0 . 1  -0 . 3  -0 . 7  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  P F EXA -0 . 1  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 2  0 . 7  0 . 6  0 . 3  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  P RMXB -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 8  - 1 . 3  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  PRDCB -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 7  - 1 . 0  0 . 0  -0 . 2  0 . 0 0 . 0  0 . 0  0 . 0  PRDC F -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 4  -0 . 5  - 0 . 7  - 1 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  PRDCA -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  P FMX F -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 4  -0 . 6  -0 . 6  - 1 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P FMXA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 9  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  P RACA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 7  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  PRMXF -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 4  -0 . 6  -0 . 6  - 1 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  P RMXA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 9  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  H FMX F -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 4  -0 . 6  -0 . 6  - 1 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  H FMXA -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 9  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

1/ P l ease  r e f e r  to s t u d y  a b b r ev i a t i o n s  at t h e  b e g i n n i n g of t h i s Vol ume . ?J A PR 1 = A p r i  1 1 5 ,  A P R 2  = A p r i  1 30 
AUG 1 = A u g u s t  1 5 ,  AUG2 = A u g u s t  3 1  



Tabl e C . 2-5 
MEAN CHANGE I N  END OF P E R I O D  R E S ERVO I R  E L EVA T I O N S  ( f e e t )  

COMPAR I SONS f O R  DWO R S HAK 

YEAR STUDY 11 S E P T  OCT NOV DEC JAN FEB MAR A P R l �I A P R 2  V MAY 
1 988 P F EXB 1 5 7 5 . 1 1 5 7 1 . 4  1 5 56 . 9  1 546 . 2  1 52 6 . 0  1 50 4 . 2  1 4 7 7 . 3  1 48 7 . 6  1 5 06 . 1  1 5 60 . 1  H F EXB -0 . 9  - 1 . 6  - 1 . 7  - 1 . 8  -0 . 5  -0 . 4  0 . 0  0 . 0  0 . 1  0 . 1  

P R EX B  0 . 7  0 . 5  0 . 5  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  P R E X F  -0 . 5  -0 . 5  0 . 1  3 . lJ  3 . 1  2 . 5 1 . 1  0 . 9  0 . 8  0 . 8  P R EXA 0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0 1 . 0 P F E X F  -0 . 9  -0 . 7  -0 . 1  3 . 7  2 . 8  2 . 2  1 . 1  0 . 8  0 . 7  0 . 7  
H F EX F - 1 . 2  - 1 . 8  - 1 . 4  2 . 7  2 . 5  2 . 0  1 . 1  0 . 9  0 . 8  0 . 8  H F EXA -0 . 4  -0 . 9  -0 . 4  4 . 9  4 . 0  3 . 2  1 . 3 1 . 1 1 . 0 1 . 0 
P F EXA -0 . 2  -0 . 4  0 . 3  5 . 1  4 . 1  3 . 3  1 . 4 1 . 1  1 . 0 1 . 0 PRMXB 0 . 7  0 . 5  0 . 5  0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P RDCB 0 . 7  0 . 5  0 . 5  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R D C F  -0 . 5  -0 . 5  0 . 1  3 . 9  3 . 1  2 . 5  1 . 1  0 . 9  0 . 8  0 . 8  
PRDCA 0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0 1 . 0 
P F MX F  -0 . 9  -0 . 7  0 . 0  3 . 7  2 . 8  2 . 2  1 . 1  0 . 9  0 . 8  0 . 8  
P F MXA -0 . 2  -0 . 4  0 . 3  5 . 1 4 . 1  3 . 3  1 . 4 1 . 1  1 . 0 1 . 0 
P RA CA 0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0 1 . 0 
P R MX F -0 . 5  -0 . 5  0 . 1  3 . 9  3 . 1 2 . 5  1 . 1  0 . 9  0 . 8  0 . 8 
P RMXA 0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0 1 . 0 
H F MX F - 1 . 2  - 1 . 8  - 1 . 4  2 . 7  2 . 5  2 . 0  1 . 1  0 . 9  0 . 8  0 . 8 
H F MXA -0 . 4  -0 . 9  -0 . 4  4 . 9  4 . 0  3 . 2  1 . 3 1 . 1  1 . 0 1 . 0 

n 1 9 93 P F EXB 1 568 . 6  1 56 5 . 1 1 5 53 . 4  1 54 9 . 3  1 52 7 . 0  1 5 0 4 . 9  1 4 7 7 . 7  1 48 7 . 1  1 5 05 . 5  1 5 5 9 . 6  
H F EXB -0 . 1  -0 . 2  -0 . 1  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  tv P R EXB 0 . 0  0 . 0  0 . 0  0 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  I 

U) P R E X F  -2 . 6  -2 . 8  - 1 . 5  -0 . 4  0 . 2  0 . 6  0 . 5  0 . 5  0 . 4  0 . 4  
P R EXA - 1 . 5  - 1 . 4  -0 . 5  0 . 5  1 . 0 1 . 3 0 . 7  0 . 6  0 . 4  0 . 4  
P F E X F  -2 . 6  -2 . 8  - 1 . 5  -0 . 7  0 . 1  0 . 5  0 . 4  0 . 4  0 . 4  0 . 4  
H F EXF  -2 . 6  -2 . 9  - 1 . 4  -0 . 9  0 . 0  0 . 4  0 . 3  0 . 3  0 . 3  0 . 3  
H F EXA - 1 . 5  - 1 . 5  -0 . 5  0 . 1  0 . 7  1 . 0 0 . 6  0 . 4  O .  :) 0 . 3  
P F EXA - 1 . 6  - 1 . 5  -0 . 5  0 . 2  0 . 9  1 . 2 0 . 6  0 . 5  0 . 4  O .  f1 
P RMXB -0 . 1  -0 . 1  0 . 0  0 . 3  0 . 0  0 . 0 -0 . 1  0 . 0  0 . 0  0 . 0  
PRDCB -0 . 2  -0 . 2  -0 . 3  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  
PRDCF  -2 . 5  -2 . 7  - 1 . 3  -0 . 5  0 . 2  0 . 6  O . c,  0 . 5  0 . 4  0 . 4  
PRDCA - 1 . 4  - 1 . 5  -0 . 4  0 . 6  1 . 0 1 . 3 0 . 7  0 . 6  0 . 4  0 . 4  
P F MX F -2 . 6  -2 . 8  - 1 . 2  -0 . 8  0 . 0  0 . 4  0 . 4  0 . 4  0 . 3  0 . 3  
P F MXA - 1 . 7  - 1 . 6  -0 . 4  0 . 3  0 . 8  1 . 1  0 . 6  0 . 5  0 . 3  0 . 3  
P RACA - 1 . 4  - 1 . 4  -0 . 3  0 . 6  1 . 0 1 . 3 0 . 7  0 . 6  0 . 4  0 . 4  
PRMXF -2 . 3  -2 . 5  - 1 . 0  -0 . 5  0 . 1  0 . 5  0 . 4  0 . 4  0 . 3  0 . 3  
P RMXA - 1 . 4  - 1 . 4  -0 . 2  0 . 6  1 . 1  1 . 3 0 . 7  0 . 5  0 . 4  0 . 4  
H F MX F -2 . 8  -3 . 1  - 1 . 5  -O . lJ  -0 . 1  0 . 3  0 . 3  O .  :l 0 . 3  0 . 2 
H FMXA -2 . 0  -2 . 0  -0 . 6  0 . 1  0 . 7  1 . 0 0 . 6  0 . 4  0 . 3  0 . 3  

11 P l e a s e  r e f e r  t o  s t u d y  abbrev i a t i o n s  a t  the b e g i n n i n g of t h i s Vo l ume . 
V A P R l  = A p r i l 1 5 ,  A PR 2  = A p r i l 3 0  

AUG 1 = A u g u s t  1 5 ,  A U G 2  = A u g u s t  3 1  

J U N E  J U LY 
1 ') 9 1 . 3  1 5 93 . '1 

0 . 1  0 . 1  
0 . 0  0 . 0  
0 . 6  0 . 2  
0 . 8  0 . 4  
0 . 6  0 . 0  
0 . 6  0 . 0  
0 . 8  0 . 3  
0 . 8  O .  :1 
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 6  0 . 2  
0 . 8  0 . '1 
0 . 6  0 . 0  
0 . 8 0 . 3  
0 . 8 0 . '1 
0 . 6  0 . 2  
0 . 8  0 . 4  
0 . 6  0 . 0  
0 . 8  0 . 3  

1 589 . 6  1 5 90 . l 
-0 . 1  -0 . 1  

0 . 0  -0 . 1  
0 . 3  0 . 1  
0 . 3  -0 . I 
0 . 3  0 . 1  
0 . 2  0 . 0  
0 . 3  -0 . 1  
0 . 3  -0 . 1  
0 . 0  0 . 0  

-0 . 1  -0 . 2  
0 . 3  0 . 0  
0 . 3  -0 . 1  
0 . 2  0 . 0  
0 . 3  -0 . 1  
0 . 3  -0 . 1  
0 . 2  -0 . 1  
0 . 3  -0 . 1  
0 . 2  -0 . 1  
0 . 3  -0 . 1  

AUG l 21 
F, 92 . 6  

0 . 1  
0 . 0  

-0 . :) 
-0 . 2  
-0 . 6  
-0 . 6  
-0 . 4  
-O . fl 

0 . 0  
0 . 0 

-0 . 3  
-0 . 2  
-0 . 6  
-0 . 4  
-0 . 2  
-0 . :1 
-0 . 2  
-O . b  
-0 . 4  

1 588 . 1 
-0 . 1  
-0 . 1  
-0 . 2  
-0 . '1 
-0 . 2  
-0 . 2  
-0 . '1 
-0 . 4  
-0 . 1  
-0 . 2  
-0 . 2  
-0 . 4  
-0 . 2  
-0 . 5  
-O . fl 

o ') - . J  
-0 . 4  
-0 . 2  
-0 . 4  

AUG2 Z I  
1 C, 9 1 . 3 

0 . 1  
-0 . 1  
-0 . 7  
-0 . 5  
- 1 . 0  
-0 . 9  
-0 . 8  
-0 . 8  
-0 . 1  
-0 . 1  
-0 . 7  
-O . c,  
-0 . 9  
-0 . 8  
-0 . 5  
-0 . 7  
-O . c,  
-0 . 9  
-0 . 8  

1 585 . 4  
-0 . 1  
-0 . I 
-0 . 3  
-0 . 5  
-0 . :1 
-0 . 2  
-0 . 5  
-0 . 5  
-0 . 1  
-0 . 2  
-0 . 3  
-0 . 6  
-0 . 4  
-0 . 6  
-0 . 5  
-0 . 4  
-0 . 6  
-0 . f1 
-0 . 6  



Tab l e C . 2-5 ( C o n t i n u ed ) 
MEAN CHANG E  I N  END O F  P E R I O D  R E S E RVO I R  E L EVA T I O N S  ( f e e t ) 

COMPAR I SONS  FOR DWORSHAK 

Y EAR S T UDY 11 S E P T  O C T  NOV D E C  J A N  F E B  MAR APR l ?J APR2  f.I MAY 
1 998 P F E X B  1 56 7 . 7  1 564 . 5  1 5 54 . 0  1 54 9 . 7  1 528 . 2  1 5 06 . 4  1 4 7 9 . 5  1 49 0 . 5  1 5 0 9 . 5  1 5 59 . 8  

HFEXB -0 . 1  -0 . 2  -0 . I -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PR EXB -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X F  -2 . 0  -2 . 3  - 1 . 4  - 1 . 0  -0 . 5  -0 . 3  0 . 0  -0 . 1  -0 . 2  -0 . 2  
PR EXA -2 . 4  -2 . 6  - 1 . 7  - 1 . 0  -0 . 4  -0 . 1  0 . 2  0 . 0  -0 . 1  -0 . 1  
P F E X F  - 1 . 8  -2 . 2  - 1 . 3  -0 . 9  -0 . 5  -0 . 3  0 . 0  -0 . I -0 . 2  -0 . 2  
H F E X F  -2 . 0  -2 . 3  - 1 . 5  - 1 . 0  -0 . 5  -0 . 3  0 . 0  -0 . 1  -0 . 2  -0 . 2  
H F EXA -2 . 5  -2 . 7  - 1 . 7  - 1 . 0  -0 . 4  -0 . 1  0 . 2  0 . 0  -0 . 1  -0 . I 
P F EXA -2 . 3  -2 . 6  - 1 . 6  - 1 . 0  -0 . 5  -0 . 1  0 . 2  0 . 0  -0 . I -0 . I 
P RMXB -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . I -0 . I -0 . I 0 . 0  0 . 0  0 . 0  
PRDCB -0 . I -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . I -0 . 1  -0 . 1  0 . 0  
PRDCF  - 1 . 8  -2 . 2  - 1 . 4  -0 . 9  -0 . 5  -0 . 3  -0 . 1 -0 . 2  -0 . 3  -0 . 3  
PRDCA -2 . 4  -2 . 7  - 1 . 7  - 1 . 0  -0 . 5  -0 . 2  0 . 1  0 . 0  -0 . 2  -0 . 1 
P FMX F -2 . 0  -2 . 4  - 1 . 5  - 1 . 1  -0 . 6  -0 . 4  -0 . I -0 . 2  -0 . 3  -0 . 3  
PFMXA -2 . 7  -2 . 9  - 1 . 9  - 1 . 2  -0 . 7  -O . tJ  0 . 0  -0 . I -0 . 2  -0 . 2  
P RACA -2 . 5  -2 . 8  - 1 . 8  - 1 . 0  -0 . 6  -0 . 3  0 . 0  -0 . I -0 . 2  -0 . 2  
PRMXF - 1 . 9  -2 . 3  -- 1 . tJ  - 1 . 0  -0 . 6  -0 . 4  -0 . I -0 . 2  -0 . 3  -0 . 3  
P RMXA -2 . 6  -2 . 8  - 1 . 8  - 1 . 1  -0 . 7  -0 . 3  0 . 0  -0 . I -0 . 2  -0 . 2  
H FMX F -2 . I -2 . 5  - 1 . 6  - 1 . 1  -0 . 6  -0 . 5  -0 . 1  -0 . 2  -0 . 3  -0 . 3  
H F MXA -2 . 6  -2 . 8  - 1 . 9  - 1 . 2  -0 . 6  -0 . 3  0 . 0  -0 . I -0 . 2  -0 . 2  

n 2 0 0 3  P F EXB 1 5 7 2 . 1  1 5 68 . 3  1 555 . ! 1 550 . 2  1 52 7 . 1  1 5 0 tJ . 0  I tJ  76 . I 1 '185 . 7 1 5 0 :1 . 9  1 5 57 . 5  
H F EXB -0 . 3  -0 . 3  -0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  N 
PREXB -0 . 3  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  I 

f-' P R E X F  -2 . 1  -2 . 1  - 1 . 5  -0 . 7  -0 . 2  -0 . 1  0 . 1  0 . 1  0 . 0  0 . 1  0 
P R E XA - 1 . 7  - 1 . 6  - 1 . 1  -0 . 3  -0 . I 0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  
P F E X F  - 1 . 7  - 1 . 9  - 1  . �) -0 . 6  -O . L  -0 . 1  0 . 1  0 . 2  0 . 1  0 . 1 
H F E X F  -2 . 1 -2 . 3  - 1 . 7  -0 . 8  -0 . 3  -0 . 1  0 . 1  0 . 1 D . O  D . l  
H F E XA - 1 . 8  - 1 . 8  - 1 . 2  -0 . 4  -0 . 1  O .  I 0 . 1  0 . 1  0 . 0  0 . 0  
P F EXA - 1 . 4  - 1 . 5  -0 . 9  -0 . 2  -0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  
PRMXB -0 . 4  -0 . 3  -0 . 3  -0 . 2  -0 . 1  D . O  0 . 1  O .  I 0 . 1  0 . 1  
PRDCB -0 . :1 -0 . 2  -0 . :1  -0 . 2  -0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  O .  I 
PRDCF  -2 . 2  -2 . 4  - 1 . 8  -0 . 9  -0 . 5  -0 . :) O .  I 0 . 1  0 . 0  0 . 1 
PRDCA - 1 . 9  - 1 . 9  - 1 . 3  -0 . 4  -0 . 2  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  
P FMX F -2 . 3  -2 . 5  - 1 . 8  -0 . 9  -0 . 5  -0 . :1 0 . 1  0 . 2  0 . 1  D . l 
P FMXA - 1 . 9  - 1 . 9  - 1 . 3  -0 . 5  -0 . 2  0 . 0  0 . 2  0 . 2  0 . 1  0 . 1  
P RACA - 1 . 9  - 1 . 9  - 1 . :1  -0 . 4  -0 . 3  D . O  0 . 1  D . l  0 . 0  0 . 0  
PRMX F -2 . 3  -2 . 5  - 1 . 8  -0 . 9  -0 . 5  -0 . :1 0 . 1  D . 2  O .  1 O .  1 
PRMXA - 1 . 9  - 1 . 9  - 1 . 4  -0 . 5  -0 . 2  0 . 0  0 . 2  D . 2  0 . 1  O .  1 
HFMXF  -2 . 3  -2 . 5  - 1 . 8  -0 . 9  -0 . 5  -0 . �) D . l  0 . 2  0 . 1  0 . 1  
HFMXA - 1 . 9  - 1 . 9  - 1 . 3  -0 . 5  -0 . 2  0 . 0  0 . 2  0 . 2  0 . 1  0 . 1  

11 Pl ease  r e f e r  t o  s t u d y  a b b r ev i a t i o n s  a t  t h e  b e g i n n i n g  o f  t h i s Vol ume . 
Z/ APR I = A p r i l 1 5 ,  APR2 = A p r i l 3D 

AUG I = Aug u s t  1 5 ,  AUG2 = A u g u s t  3 1  

J UN E  
1 588 . 7  

0 . 0  
0 . 0  

-0 . 1  
0 . 1  

-0 . 1  
-0 . I 

0 . 1  
0 . 1  
0 . 0  
0 . 0  

-0 . 2  
0 . 1 

-0 . 2  
0 . 1  
O .  I 

-0 . 2  
O .  I 

-0 . 2  
O .  1 

1 588 . 8  
0 . 0  
0 . 0  
0 . 0  
0 . 1 
0 . 0  
0 . 0  
0 . 1  
0 . 1  
0 . 0  
0 . 0  
0 . 0  
0 . 1  
0 . 0  
0 . 1  
0 . 1  
0 . 0  
0 . 1 
0 . 0  
0 . 1  

J U L Y  
1 588 . 6  

0 . 0  
0 . 0  

-0 . 4  
-0 . I 
-0 . 4  
-0 . '1 
-0 . I 
-0 . 1  

0 . 0  
-0 . I 
-0 . '1 
-0 . 2  
-0 . 4  
-0 . I 
-0 . 2  
-0 . 1\ 
-0 . 2  
-0 . 4  
-0 . 2  

1 589 . tJ  
0 . 0  
0 . 0  

-0 . :� 
-0 . I 
-0 . 2  
-0 . :) 
-0 . 1  
-0 . 1  

0 . 0  
0 . 0  

-0 . 3  
-0 . 1  
-0 . 2  

0 . 0  
-0 . 1  
-0 . 2  

0 . 0  
o 'J - . L  
0 . 0  

AUG I f.I AUG2 21 
1 �86 . 6  1 584 . 5  

0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 5  -0 . 6  
-0 . 3  -0 . 5  
-0 . 5  -0 . 6  
-0 . 5  -0 . 6  
-0 . 3  -0 . 5  
-0 . 3  -0 . 4  
-0 . 1  -0 . I 
-0 . 1  -0 . 1  
-0 . 6  -0 . 8  
-0 . 4  -0 . 5  
-0 . 6  -0 . 8  
-O . tJ  -0 . 6  
-0 . 4  -0 . 6  
-0 . 7  -0 . 8  
-0 . 4  -0 . 7  
-0 . 7  -0 . 8  
-0 . /) -0 . 6  

1 587 . 1 1 581\ . 6  
0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 5  -0 . 6  
-0 . �) -0 . 5  
-O . tJ  -0 . 6  
-0 . 5  -0 . 6  
-0 . 3  -0 . 5  
-O . :S -0 . 5  
-0 . 1  -0 . 1  
-0 . 1  -0 . 1  
-0 . 5  -0 . 8  
-0 . 4  -0 . 7  
-0 . 5  -0 . 8  
-O . tJ  -0 . 7  
-0 . 4  -0 . 7  
-0 . 5  -0 . 8  
-0 . 1\ -0 . 6  
-0 . 5  -0 . 8  
-0 . 4  -0 . 1  



TAB L E  C . 2-6 ( Se n s i t i v i t i e s )  

MEAN CHANGE I N  END O F  P E R I OD R E SERVO I R  E L EVA T I ONS ( f e e t ) 
COMPA R I SON S FOR L I BB Y  

YEAR S T U D Y  11 S E P T  O C T  NOV D E C  JAN FEB MAR A P R l  2,/ A P R 2  2,/ MAY 
1 988 P F EXB 245 5 . 1  2 448 . 2  2 4 3 5 . 0  2400 . 7  2 365 . 8  2340 . 0  2333 . 5  2 3 3 5 . 7  2 34 4 . 5  2 39 7 . 2  

P F EX B E D  - 1 . 2  - 1 . 8  - 1 . 0  - 1 . 1  -2 . 0  - 1 . 5  - 1 . 7 - 1 . 7  - 1 . 7  - 1 . 1  
P R EXBED  - 1 . 2  -2 . 1  - 1 . 0  -0 . 9  - 1 . 6  - 1 . 3  - 1 . 5  - 1 . 6  - 1 . 5  - 1 . 0  
P R MXBED - 1 . 2  -2 . 1  - 1 . 0  -0 . 9  - 1 . 6  - 1 . 3  - 1 . 5  - 1 . 6  - 1 . 5  - 1 . 0  
PFEXBNF 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 7  - 1 . 2  - 1 . 4  - 1 . 3  - 1 . 3  -0 . 9  
P REXBNF 0 . 3  -0 . 1  1 . 0 0 . 3  -0 . 6  - 1 . 1  - 1 . 2  - 1 . 2  - 1 . 1  -0 . 7  
PRMXBNF 0 . 3  -0 . 1  1 . 0 0 . 3  -0 . 6  - 1 . 1  - 1 . 2  - 1 . 2  - 1 . 1  -0 . 7  
P F EXBGH -0 . 1  0 . 7 0 . 0  0 . 1  0 . 3  0 . 2  0 . 1  0 . 2  0 . 2  0 . 1  
PR EXBGH O . tl 0 . 5  0 . 8  0 . 9  1 . 1  0 . 7  0 . 6  0 . 7  0 . 7  0 . 4 
PRMXBGH 0 . 4  0 . 5  0 . 8 0 . 9  1 . 1  0 . 7 0 . 6  0 . 7  0 . 7  0 . 4  
P F EXBSH 0 . 0  0 . 2  0 . 0  0 . 4  0 . 5  0 . 2  0 . 2  0 . 2  0 . 3  0 . 2  
PR EXBSH 0 . 3  0 . 0  1 . 1  0 . 6  0 . 4  0 . 1  0 . 1  0 . 2  0 . 3  0 . 2  
P RMX BSH 0 . 3  0 . 0  1 . 1  0 . 6  0 . 4  0 . 1  0 . 1  0 . 2  0 . 3  0 . 2  
P F EXBNL  0 . 4  1 . 8 1 . 2 0 . 6  1 . 8 1 . 6 1 . 6 1 . 9 1 . 8 1 . 1  
PREXBNL 0 . 6  1 . 7 2 . 0  1 . 2 2 . 5  2 . 1  2 . 1  2 . 4  2 . 3  1 . 4 
P RMX BNL 0 . 6  1 . 7 2 . 0  1 . 2 2 . 5  2 . 1  2 . 1  2 . 4  2 . 3  1 . 4 
P R EX 2 P l  -0 . 4  -0 . 5  2 . 8  4 . 3  4 . 3  2 . 7 2 . 4  2 . 5  2 . 5  1 . 5 
PRDC 2 P l  -0 . 4  -0 . 5  2 . 8 4 . 3  4 . 3  2 . 7 2 . 4  2 . 5  2 . 5  1 . 5 
P RMX 2 P 2  - 1 . 2  -3 . 9  1 . 2 1 . 8 1 . 5 1 . 1  1 . 1  1 . 2 1 . 3  0 . 9  

n PRDC2P3  -0 . 7 -2 . 0  2 . 0  2 . 9  3 . 3  2 . 4  2 . 2  2 . 3  2 . 3  1 . 5 
10 PRMX 2 P 3  -0 . 7  -2 . 0  2 . 0  2 . 9  3 . 3  2 . 4  2 . 2  2 . 3  2 . 3  1 . 5 

I 
f--' 1 9 93 P F EXB 2 45 1 . 8  2447 . 4  2 4 3 7 . 3  2406 . 6  2 3 7 1 . 0  2 34 2 . 8  2 3 3 5 . 0  2 3 3 6 . 4  2 3 44 . 7  2 3 9 7 . 0  f--' 

P F EXBED 0 . 0  -0 . 1  -0 . 1  0 . 2  0 . 5  0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  
PR EXBED 0 . 0  -0 . 1  -0 . 1  0 . 3  0 . 4  0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  
P RMX BED -0 . 1  -0 . 3  0 . 2  0 . 3  0 . 8  0 . 6  0 . 4  0 . 3  0 . 2  0 . 2  
P F EXBNF -0 . 1  -0 . 1  -0 . 1  -0 . 3  -0 . 3  -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  
PREXBNF -0 . 1  -0 . ] -0 . 1  -0 . 3  -0 . 3  -0 . ] -0 . ] -0 . ] -0 . ] -0 . 1  
PRMXBNF -0 . 3  -0 . 3  -0 . 2  -0 . 2  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . ] 
P F EXBGH 0 . 0  0 . 3  0 . 2  -0 . 1  -0 . 3  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . ] 
P R EXBGH 0 . 0  0 . 3  0 . 1  -0 . 1  -0 . 3  -0 . ] -0 . ] -0 . ] -0 . 1  -0 . ] 
PRMXBGH -0 . 2  -0 . ] 0 . 0  -0 . 3  -0 . 4  -0 . 2  -0 . ] -0 . ] -0 . 1  -0 . ] 
P F EXBSH 0 . 3  0 . 4  0 . 3  0 . 1  -0 . 1  -0 . 1  -0 . ] -0 . 1  -0 . ] 0 . 0  
PR EXBSH 0 . 1  0 . 2  0 . 2  O .  ] 0 . 0  -0 . 1  -0 . ] -0 . 1  -0 . ] -0 . 1  
PRMXBSH -0 . 1  -0 . 2  -0 . 2  -0 . 2  0 . 1  0 . 0  -0 . 2  -0 . ] -0 . 1  -0 . ] 
P F EXBNL - 1 . 4  -2 . 9  -4 . 2  -5 . 8  -3 . 8  - 1 . 4  - 1 . 2  - 1 . tl - 1 . 4  - 1 . 2  
PREXBNL  - 1 . 3  -3 . 0  -4 . 1  -5 . 5  -3 . 6  - 1 . 3  - 1 . ]  - 1 . 0  - 1 . 1  -0 . 9  
P RMXBNL - 1 . 8  -3 . 9  -3 . 9  -6 . 8  -4 . 5  -2 . 1  - 1 . 7  - 1 . 6  - 1 . 5  - 1 . 2  
PREX2 P l  - 1 . 5  - 1 . 8  0 . 5  0 . 7  1 . 0 0 . 8 O .  CJ 1 . 0 0 . 9  0 . 7  
PRDC 2 P l  - 1 . 8  -2 . 0  0 . 6  0 . 7 1 . 0 0 . 6  0 . 8  0 . 9  0 . 7  0 . 6  
PRMX 2 P 2  -2 . 3  -:) . 0  0 . 5  O . tl 0 . 6  0 . 3  0 . 6  0 . 6  0 . 5  0 . 4  
PRD(2P3  - 1 . 8  -2 . 3  0 . 7  0 . 7  0 . 8 0 . 4  0 . 7  0 . 8 0 . 7 0 . 6  
PR J1X2P3 -2 . ] -2 . 6  o 

,- 0 . 5  0 . 8  0 . 4  0 . 6  0 . 6  0 . 5  0 . 4  • J 

I/
- -

Pl e a s e
---;'e f e r  t o  s t u d y  a b b rev i a t i o n s  a t  t h e  beg i n n i n g o f  t h i s V o l ume . 

Z/ APR l A p r i l 1 5 ,  A P R 2  = A p r i l 3 0  
AUG l � A u g u s t  1 5 ,  A U G 2  = A U 9u s t  3 1  

J UN E  J U L Y  
2445 . 7  2455 . 4  

-0 . 9  -0 . 6  
-0 . 7  -0 . 5  
-0 . 7  -0 . 5  
-0 . 7  -0 . 5  
-0 . 5  -0 . 4  
-0 . 5  -0 . 4  

0 . 0  0 . 0  
0 . 3  0 . 1  
0 . 3  0 . 1  
0 . 1  0 . 0  
0 . 2  0 . 0  
0 . 2  0 . 0  
0 . 7  0 . 5  
1 . 1  0 . 8  
1 . 1  0 . 8  
0 . 9  0 . 7  
0 . 9  0 . 7  
0 . 6  0 . 4  
0 . 8  0 . 7  
0 . 8  0 . 7  

2 4 4 3 . 9  245 3 . 7  
0 . 1  0 . 1  
0 . 2  O .  ] 
0 . 2  0 . 1  
0 . 0  0 . 0  

-0 . ] -0 . J 
-0 . ] -0 . ] 
-0 . 1  -0 . ] 
-0 . 1  -0 . ] 

0 . 0  -0 . J 
0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 1  -0 . ] 
-O . tl -0 . 7  
-0 . :� -0 . 6  
-0 . 8  -0 . 8  

o . �) 0 . 2  
D . !)  0 . 2  
O .  :) 0 . 0  
0 . 4  O .  ] 
o . :) 0 . 0  

AUG l Z/ 
2 455 . 5  

-0 . 6  
-0 . 5  
-0 . 5  
-0 . 4  
-0 . 4  
-0 . 4  

0 . 1  
0 . 1  
0 . 1  
0 . 0  
0 . 0  
0 . 0  
0 . 6  
0 . 8 
0 . 8 
0 . 5  
0 . 5  
0 . 2  
0 . 5  
0 . 5  

24 5 3 . tl  
0 . 1  
O .  ] 
0 . 1  
0 . 0  

-0 . 1  
-0 . ] 

0 . 0  
0 . 0  

-0 . ] 
0 . 0  
0 . 0  

-0 . ] 
-0 . 3  
-0 . 2  
-D . !)  
-0 . 2  
-0 . 3  
-0 . 1  
-0 . 5  
-O . b  

AUG2 Z/ 
2455 . 5  

-0 . 6  
-0 . 5  
-0 . 5  
-0 . 4  
-0 . 4  
-0 . 4  

O .  ] 
0 . 2  
0 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 6  
0 . 8  
0 . 8  
0 . 4  
0 . 4  
0 . 1  
0 . 4  
0 . 4  

2 4 5 3 . 3  
0 . 0  
0 . 1  
0 . 0  

-0 . 1  
-0 . ] 
-0 . ] 

0 . 0  
0 . 0  

- 0 . ] 
0 . 0  
0 . 0  

-0 . ] 
-0 . 2  
-0 . 1  

o 
-, - . J  

-0 . 4  
-0 . 5  
- !  . 0  
-0 . 7  
-O . d  



T a b l e C . 2-6 ( S e n s i t i v i t i e s )  ( C o n t i n u ed ) 
MEAN CHANGE I N  END OF PER I OD R E S l RVO I R  E L EVAT I O N S  ( f ee t )  

COMPAR I SONS  FOR L I BBY 

YEAR STUDY 1/ S E P T  O C T  NOV DEC JAN FEB MAR A P R 1  2./ APR2  2.1 MAY JUNE  J U L Y  AUG 1 2 .1  A U G 2  2 .1  
1 998 PFEXB 2 4 5 1 . 3  2 4 4 7 . 6  2 4 38 . 3  2 tl 0 7 . 0  2368 . 0  2 :)36 . 5  2 328 . 0  2330 . 3  2339 . 5  2 396 . 0  2444 . 6  2tl53 . 7  245 3 . 1  2 4 5 3 . 0  

PFEXBED -0 . 2  -0 . 4  -0 . 5  -0 . 2  -0 . 4  -0 . 3  -0 . 2  -0 . 3  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 2  -0 . 2  
PREXBED -0 . 2  -0 . 4  -0 . 4  -0 . 1  -0 . 2  -0 . 2  -0 . 1  -0 . 2  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 2  
PRMXBED -0 . 3  -0 . 6  -0 . 7  -0 . 3  -0 . 5  -0 . 3  -0 . 3  -0 . 3  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 2  -0 . :) 
P F EXBNF 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNF -0 . 1  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  
P F EXBGH 0 . 1  0 . 2  0 . 3  0 . 2  0 . 2  0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 0  0 . 1  0 . 1  
P R EXBGH 0 . 1  0 . 2  0 . 3  0 . 2  0 . 2  0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 1  0 . 1  
P RMXBGH 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBSH 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBSH 0 . 0  -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH -0 . 1  -0 . 2  -0 . 2  -0 . 1  -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  
PFEXBNL  -0 . 8  -2 . 1  -3 . 7  -5 . 6  -3 . 9  -0 . 7  -0 . 8  -0 . 7  -0 . 7  -0 . 8  -0 . 2  -0 . 2  0 . 4  0 . 5  
PREXBNL -0 . 8  -2 . 3  -3 . 8  -5 . 6  -3 . 9  -0 . 7  -0 . 7  -0 . 7  -0 . 7  -0 . 8  -0 . 2  -0 . 2  0 . 4  0 . 5  
PRMXBNL - 1 . 1  -4 . 1  -6 . 9  -8 . 7  -6 . 4  -2 . tl  - 1 . 7  - 1 . 7  - 1 . 7  - 1 . 4  - 1 . 0  -0 . 4  0 . 2  0 . 3  
PREX 2 P 1  - 1 . 4  - 1 . 7  -0 . 1  0 . 5  1 . 1  1 . 3 1 . 2 1 . 3 1 . 3 0 . 8 0 . 5  0 . 6  0 . 7  0 . 7  
PRDC 2 P 1  - 1 . 5  -2 . 0  -0 . 3  0 . 4  1 . 0 1 . 2 1 . 1  1 . 3 1 . 2 0 . 8  0 . 5  0 . 6  0 . 7  0 . 7  
PRMX 2 P 2  - 1 . 9  -2 . 6  -0 . 3  0 . 6  1 . 3 1 . 6 1 . 5 1 . 6 1 . 5 1 . 0 0 . 7  0 . 6  0 . 5  0 . 5  
PRDC 2 P3 - 1 . 6  -2 . 2  -0 . 2  0 . 5  1 . 2 1 . 4 1 . 3  1 . 5 1 . 4 0 . 9  0 . 6  0 . 6  0 . 6  0 . 6  
PRMX2 P3 - 1 . 7  -2 . 3  -0 . 3  0 . 5  1 . 2 1 . 4 1 . 3 1 . 5 1 . 4 0 . 8  0 . 6  0 . 6  0 . 6  0 . 5  

n 

N 2 0 0 3  P F EXB 2453 . 3  2449 . 6  2439 . 6  2 40 7 . 8  2 3 7 1 . 6  2 3 4 1 . 5  2 3 34 . 2  2336 . 4  2344 . 7  2 3 9 5 . 1  2444 . 2  2 4 5 3 . 6  2452 . 8  2452 . 6  
I P F EXBED -0 . 1  -0 . 3  -0 . 2  -0 . 1  -0 . 3  -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  

f-' PREXBED -0 . 1  -0 . 4  -0 . 3  -0 . 1  -0 . 4  -0 . 2  -0 . 2  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  1'..) 
PRMXBED -0 . 2  -0 . 6  -0 . 5  -0 . 3  -0 . 5  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  
P F EXBNF 0 . 0 -0 . 2  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF 0 . 0  -0 . 2  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNF -0 . 1  -0 . 3  -0 . 1  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBGH 0 . 6  1 . 0 1 . 1  0 . 7  0 . 6  0 . 5  0 . 4  0 . 5  0 . 4  0 . 3  0 . 1  0 . 3  0 . 5  0 . 6  
PREXBGH 0 . 6  0 . 9  1 . 0 0 . 7  0 . 7  0 . 5  0 . 4  0 . 5  0 . 4 0 . 3  0 . 1  O .  :) 0 . 5  0 . 6  
PRMXBGH 0 . 5  0 . 6  0 . 8  0 . 6  0 . 5  0 . 4  0 . 3  0 . 4  0 . 4  0 . 3  0 . 1  0 . 3  0 . 5  0 . 5  
P F EXBSH 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  
P R EXBSH 0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  
PRMXBSH -0 . 1  -0 . 3  -0 . 2  -0 . 2  -0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  
P FEXBNL -0 . 3  -2 . 9  -4 . 9  -6 . 5  -4 . 8  - 1 . 1  - 1 . 6  - 1 . 7  - 1 . 6  - 1 . 1  -0 . 6  -0 . 5  0 . 4 0 . 6  
PREXBNL -0 . 4  -3 . 1  -5 . 1  -6 . 6  -4 . 8  - 1 . 1  - 1 . 6  - 1 . 7  - 1 . 6  - 1 . 1  -0 . 6  -0 . 5  0 . 4  0 . 6  
PRMXBNL -0 . 6  -3 . 8  -6 . 6  -9 . 0  -7 . 7  -2 . 7  -2 . 1  -2 . 2  -2 . 1  - 1 . 4  - 1 . 0  -0 . 5  0 . 3  0 . 6  
P R EX 2 P 1  0 . 1  -0 . 4  1 . 0 0 . 8  1 . 7 2 . 3  2 . 6  2 . 8  2 . 7  1 . 8 1 . 0 0 . 5  0 . 5  0 . 6  
PRDC 2 P 1  0 . 0  -0 . 8  0 . 7  0 . 7  1 . 4 2 . 1  2 . 4 2 . 6  2 . 6  1 . 7 1 . 0 0 . 5  0 . 5  0 . 5  
PRMX 2 P2 -0 . 4 - 1 . 6  0 . 6  0 . 8  1 . 5 2 . 3  2 . 6 2 . 9  2 . 8  1 . 9 1 . 0 0 . 4  0 . 3  0 . 3  
PRDC 2 P3 -0 . 2  - 1 . 1  0 . 7  0 . 8  1 . 4 2 . 0  2 . 3  2 . 6  2 . 5  1 . 7 0 . 9  0 . 4  0 . 3  0 . 4  
PRMX 2 P3 -0 . 3  - 1 . 2  0 . 6  0 . 8  1 . 4 2 . 1  2 . 4  2 . 7  2 . 6  1 . 7 0 . 9  0 . 4  0 . 3  0 . 3  

1/ Pl e a s e  r e f e r  to  s t u d y  a b b r ev i a t i o n s  at the b eg i n n i n g o f  t h i s Vol ume . 
2./ APR 1 = Ap r i l  1 5 ,  APR2  = A p r i l 30 

AUG 1 = A u g u s t  1 5 ,  AUG2 = Aug u s t  3 1  



Tabl e C . 2 -7 ( S e n s i t i v i t i e s )  
MEAN CHANGE I N  E N D  O F  P E R I O D  R E S E R VO I R  E L EVAT I ON S  ( t ee t )  

COMPAR I SO N S  f O R HUNGRY HO R S E  

YEAR S T UDY 11 S E PT O C T  NOV D E C  J A N  F E B  MAR A P R l 2.1 A P R 2  2.1 MAY J U N E  J U L Y  AUG l 2.1 AUG2 2 .1  1 988 P F E X l)  3 S 4 5 . 2  3536 . 7  3 5 3 5 . 4  3 5 2 4 . ':1 j 508 . 5  :)tl96 . 7  3484 . 9  : ;486 . 4  :)49 2 . 5  3 S 2 5 . 0  3':1 5 1 . 6  3 ':1 5 3 . 9  " i S 3 . 2  3 5 5 2 . :) P F EX B E D  -4 . 7  - 5 . 6  -5 . 3  - 5 . I -5 . 9  -5 . 8  -5 . 4  -5 . 0  -4 . 4  -2 . 9  -2 . 4  -2 . 8  - 3 . 3  - 3 . 4  P R E X B E D  -4 . 6  -6 . 1  - 5 . 9  -5 . 2  - 5 . 4  -5 . 4  -4 . 9  -4 . 5  - 3 . 8  -2 . 6  -2 . 2  -2 . 7  -3 . 1  -3 . 3 P RMX B E D  - 4 . 6  -6 . 1  -5 . 9  - 5 . 2  -5 . 4  -5 . 4  -4 . 9  -4 . 5  - 3 . 8  -2 . 6  -2 . 2  -2 . 7  - 3 . I - 3 . )  P F EX B N F  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 0  - 1 . 6  - 1 . 6  - 1 . 6  - 1 . 4  -0 . 9  -0 . 9  - 1 . 2  - 1 . 6  - 1 . 7 P R EX B N F 0 . 9  0 . 4  0 . 7  0 . 6  -0 . 7  - 1 . 3  - 1 . 3  - 1 . 3  -0 . 6  -0 . 3  -0 . 4  - 1 . 0  - 1 . :) - 1 . 5  PRMX B N F  0 . 9  0 . 4  0 . 7  0 . 6  -0 . 7  - 1 . :1 - 1 . 3  - 1 . 3  -0 . 6  -0 . 3 -0 . 4  - 1 . 0  - 1  . :� - 1 . 5  P F EXBGH 0 . 1  1 . 0 0 . 7  0 . 7  1 . 0 0 . 7  0 . 8 1 . 0 0 . 9  0 . 4  0 . 2  O .  1 0 . 2  0 . 2 P R E X BGH 1 . 7 1 . 8 1 . 8 2 . 2  2 . 2  1 . 8  1 . 6 1 . 8 1 . 6 0 . 8  0 . 5  0 . 2  0 . 3  0 . 3  P R MXBGH 1 . 7 1 . 8 1 . 8 2 . 2  2 . 2 1 . 8 1 . 6 1 . 8 1 . 6 0 . 8  0 . 5  0 . 2 o . :1 0 . 3  P F E X B S H  -0 . 1  0 . 2  0 . 0  0 . 4 0 . 4  0 . 2  0 . 0 0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  P R E X B S H  1 . 0 0 . 6  0 . 8  1 . 2 0 . 9  0 . 6 0 . 4  0 . 4  0 . 8  0 . 6  0 . 4  0 . 1 O .  I 0 . 1  P R MXBSH 1 . 0 0 . 6  0 . 8  1 . 2 0 . 9  0 . 6  0 . 4 0 . 4  0 . 8 0 . 6  0 . 4  O .  I 0 . 1 0 . 1 P F E X B N L  1 . 8 2 . 7  2 . 3  2 . 1  3 . 1  2 . 9  3 . :) 3 . 6  :) . 1 1 . 5 1 . 4 1 . tl 1 . 6 1 . 7 
P R EX B N L  2 . 6  2 . 7  2 . 6  2 . 7  3 . 9  3 . 7  4 . 1  4 . 4  3 . 9  1 .  q 1 . 8 I . b 1 . 8 1 . 9 
P R M X B N L  2 . 6  2 . 7  2 . 6  2 . 7  3 . 9  3 . 7  4 . 1 4 . 4  :1 . 9  1 . 9 1 . 8 1 . 1> 1 . 8 1 . 9 
P R E X2 P l  -2 . 7  -4 . 1  - 3 . 5  -2 . 2  1 . 4 1 . 5 0 . 7  0 . 7  0 . 6  O . b  0 . 5  -0 . 2  - 1 . 2  - 1 . 8  
P R D C 2 P I  -2 . 7  -4 . 1  - 3 . 5  -2 . 2  1 . 4 1 . 5 0 . 7  0 . 7  0 . 6  O . b  0 . 5  -0 . 2  - 1 . 2  - 1 . 8  P R MX2 P2 -5 . 9  - 7 . 7  - 7 . 1  -6 . 4  -2 . 1  -0 . 8  -0 . :1 -0 . )  -0 . 1  0 . 3  0 . 3  -0 . 2  - 1 . 2  - 1 . 8  
P R D C 2 P 3  -4 . 1  -5 . 4  -4 . 8  - 3 . 8  0 . 1  0 . 7  o . :) 0 . 3  0 . 4  O . b  o 

,-
-0 . I - 1 . 0  - 1 . 7  . :J  

P R MX 2 P3 -4 . 1  - 5 . 4  -4 . 8  - 3 . 8  0 . 1  0 . 7  O .  :1 0 . 3  0 . 4  0 . 6  0 . 5  -0 . 1  - 1 . 0  - 1 . 7  n 

tv 1 99 3  P F f:. X B  3 5 3 3 . 1  3524 . 4  3 5 2 3 . 7  3 5 1 5 . 6  35 0 3 . 9  3 4 90 . 6  :]'1 7 7 . 1  3{1 7 8 . 3  :,484 . :3 3 5 2 0 . 1  3 5 46 . 3  ) 5 4 7 . 0  :] S{1 4 . 9  3 5 4 2 . 6  I P F E X B E D  - 0 . 5  -0 . 6  -0 . 7  - 1 . 3  -0 . 4  0 . 2  -0 . �) -0 . 4  -0 . 3  -0 . 5  -0 . 4  -0 . 4  -0 . 6  -0 . 8  f-' P R E X B E D  -0 . 5  - 0 . 7  -0 . 8  - 1 . 5  -0 . 7  -0 . 1  - 0 . 4  -0 . 3  -0 . 3  - 0 . 4  -0 . 4  -0 . 4  -0 . 6  -0 . 7  w 

P R M X B E D  -0 . 8  - 1 . 0  - 1 . 1  - 1 . 0  0 . 8  1 . 3 0 . 9  0 . 7  0 . 9  0 . 0  -0 . 2  -O . j  -0 . 6  -0 . 7  
P F EX B N F  -0 . 2  -0 . 3  -0 . 3  -0 . 8  -0 . 7  -0 . 4  -0 . 4  -0 . 4  -0 . 4  -0 . 3  -0 . 2  -0 . 2  -0 . 2  -0 . 2  
P R EX B N f- -0 . 2  -0 . 2 -0 . 3  -0 . 7  -0 . 7  -0 . 5  -0 . 4  -0 . 4  -0 . 4  -0 . 3  -0 . 2 -0 . 2 -0 . 2  -0 . 2  
P RMXBNF -0 . 9  -0 . 9  - 1 . 0  - 1 . 4  - 1 . 1  -0 . 7  -0 . 8  -0 . 8  -0 . 7  -0 . 6  -0 . 5  -O . �  -0 . 5  -0 . 6  
P F E X BGH 0 . 5  0 . 9  0 . 5  0 . 2  0 . 0 -0 . 1  O .  I 0 . 1 0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
P R E XBGH 0 . 2 0 . 7  0 . 4 O .  1 -0 . 1  -0 . 2  0 . 1  0 . 1  0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
P R MXBGH -0 . 3  -0 . 3  -0 . 5  -0 . 8  -0 . 6  -0 . 4  -0 . 4  -0 . 4  -0 . 3  -0 . 3  -0 . )  -0 . 2  -0 . 3  ·-0 . 3  
P F E X B S H  0 . 7  1 . 0 0 . 6  0 . 2  0 . 2  0 . 1  0 . 2  0 . 2  0 . 2  0 . 1  0 . 0  0 . 1  O .  I 0 . 1 
P R E X B S H  0 . 0  0 . 3  O .  1 0 . 5  0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . I -0 . 1  
P R MX B S H  - 0 . 4  -0 . 5  - 0 . 7  -0 . 1  0 . 6  0 . 7  0 . 3  0 . 3  0 . 3  -0 . 1  -0 . 2 -0 . 3  -0 . 3  -0 . 4  
P F EX B N L  -2 . 4  - 3 . 5  -4 . 3  -4 . 6  -4 . 8  -3 . 7  -0 . 9  - 1 . 2  - 1 . 0  - 1 . 7  -2 . 0  -2 . 2  - 1 . 6  -0 . 9  
P R E X B N L  - 2 . 3  - 3 . 5  -4 . 3  -4 . 6  -4 . 6  - 3 . 4  -0 . 6  -0 . 6  -0 . 4  - 1 . 5  - 1 . 8  - 1 . 9  - 1 . 4  -0 . 6  
P R MX B N L  - 3 . 7  -5 . 4  - 5 . 4  - 7 . I -8 . 6  -6 . 8  -4 . 4  - 3 . 9  -:1 . 3  - 2 . 4  -2 . 3  -2 . 3  - 1 . 8  - 1 . 0  
P R E X 2 P l  - 3 . 8  - :) . 2  - 3 . 1  -0 . 9  -0 . 6  -0 . 5  O .  1 0 . 0 0 . 4  0 . 2  -0 . 3  -O . S  - 1 . 1  -2 . 1  
P R D C 2 P l  -4 . 4  -:) . 7  - 3 . 6  - 1 . 2 - 1 . 0  -0 . 8  -0 . :1 -0 . 3  0 . 2 0 . 0  -0 . 4  -0 . 7  - 1 . 4  - 2 . <'1  
P R MX 2 P2 - 5 . 4  -5 . 0  -4 . 9  -2 . 3 - 1 . 4  - 1 . 0  0 . 0  -0 . 1  0 . 6  0 . 2 -0 . 6  - 1 . 2  -2 . 1  - 3 . 2  
P R D C 2 P 3  -<'1 . 5  -4 . 1  -<'1 . 0  - 1 . 5  - 1 . 1  -0 . 8  -0 . 1  -0 . 2  0 . 3  O .  I -0 . 6  - 1 . 1  - 1 . 9  -2 . 9  
P R MX 2 P 3  - 5 . 0  -4 . 5  -4 . 4  - 2 . 0  - 1 . 1  -0 . 8  -0 . 2  -0 . 2  0 . 2  -0 . I -0 . 8  - 1  . :) -2 . 1  - 3 . 1  

11 P l e a s e  re f e r  t o  s t u d y  a b b rev i at i o n s  a t  t h e  b e g i n n i n g  o f  t h i s V o l ume . 2.1 A P R l = A p r i l 1 5 ,  A P R 2  = A p r i l 30 
AUG l = A u g u s t  1 5 ,  AUG2 = A u g u s t  3 1  



Tabl e C . 2-7 ( Se n s i t i v i t i e s )  ( C o n t i n u e d ) 
MEAN CHANGE I N  END OF P E R I O D  R E S E R VO I R  E L EVAT I O N S  ( f ee t )  

COMPA R I SONS FOR HUNGRY HORSE  

YEAR STUDY 11 S E P T  O C T  NOV DEC JAN FEB MAR A P R 1  ?j A P R 2  '£1 MAY J UN E  J U L Y  AUG 1 ?j AUG2 ?j 
1 998 P F EXB 3530 . 9  3 5 2 3 . 3  3 52 3 . 0  35 1 5 . 8  3504 . 3  3490 . 8  3477 . 1  3478 . 8  3484 . 0  3 5 2 0 . 6  3 5 46 . 5  3546 . 2  3543 . 8  3 54 1 . 6  

P F EXBED -0 . 8  - 1 . 3  - 1 . 2  - 1 . 4  - 1 . 4  -0 . 8  -0 . 9  - 1 . 0  -0 . 8  -0 . 5  -0 . 3  -0 . 4  -0 . 5  -0 . 6  
PREXBED  -0 . 7  - 1 . 2  - 1 . 0  - 1 . 2  - 1 . 2  -0 . 7  -0 . 8  -0 . 8  -0 . 6  -0 . 4  -0 . 2  -0 . 3  -0 . 4  -0 . 5  
PRMXBED - 1 . 3  - 1 . 8  - 1 . 7  -2 . 0  - 1 . 9  - 1 . 4  - 1 . 8  - 1 . 9  - 1 . 8  - 1 . 2  -0 . 8  -0 . 8  - 1 . 0  - 1 . 1  
PFEXBNF -0 . 2  -0 . 3  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF  -0 . 2  -0 . 3  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P RMX BNF - 0 . 4  -0 . 5  -0 . 4  -0 . 4  -0 . 3  -0 . 3  -0 . 5  -0 . 5  -0 . 4  -0 . 2  -0 . 1  -0 . 1  -0 . 2  -0 . 2  
P F EXBGH 0 . 4  0 . 5  0 . 5  1 . 0 0 . 8 0 . 9  1 . 2 1 . 1  1 . 0 0 . 5  0 . 4  0 . 3  0 . 3  0 . 4  
PR EXBGH 0 . 3  0 . 4  0 . 5  1 . 0 0 . 8  0 . 9  1 . 2 1 . 1  1 . 0 0 . 5  0 . 4  0 . 3  0 . 3  0 . 4  
P RMXBGH 0 . 0  0 . 0  0 . 1  0 . 2  0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 1  0 . 1  0 . 1  0 . 0  
P F EXBSH 0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
PREXBSH -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH  -0 . 4  -0 . 5  -0 . 4  -0 . 4  -0 . 3  -0 . 4  -0 . 5  -0 . 5  -0 . 4  -0 . 2  -0 . 1  -0 . 2  -0 . 2  -0 . 3  
P F EXBNL -0 . 6  - 1 . 0  - 1 . 3  - 1 . 6  - 2 . 4  -0 . 4  1 . 1  0 . 6  1 . 5 0 . 1  0 . 4 0 . 8  1 . 9 2 . 8  
P R EXBNL -0 . 8  - 1 . 4  - 1 . 6  - 1 . 7  -2 . 3  -0 . 3  1 . 1  0 . 6  1 . 5 0 . 0  0 . 3  0 . 7  1 . 8 2 . 8  
PRMX B N L  -2 . 0  -4 . 1  -4 . 0  -G . S  -8 . 3  -G . 1  -3 . 5  -3 . 7  -3 . 0  -2 . 2  - 1 . 1  0 . 1  1 . 2 2 . 2  
P R EX 2 P 1  -3 . 7  -3 . 5  -3 . 3  - 1 . 2  -0 . 4  0 . 2  0 . 8 0 . 9  1 . 0 0 . 8  1 . 3 1 . 8 1 . Y 1 . 9 
P R DC 2 P 1  -3 . 8  -4 . 0  -3 . 6  - 1 . 7  -0 . 6  0 . 0  0 . 5  0 . 6  0 . 7  0 . 6  1 . 2 1 . 7  1 . 8 1 . 8 
PRMX 2 P 2  -4 . 7  -4 . 8  -4 . 4  - 1 . 1  -0 . 1  0 . 3  0 . 5  0 . 6  0 . 7  0 . 5  1 . 0 1 . 4 1 . 3 1 . 0 
P R D C 2 P 3  -4 . 2  -4 . 3  -3 . 8  - 1 . 7  -0 . 5  0 . 1  0 . 5  0 . 7  0 . 8  0 . 7  1 . 2 I . G 1 . 6 1 . 5 
PRMX 2 P 3  -4 . 3  -4 . 5  -4 . 1  - 1 . 2  -0 . 2  0 . 2  0 . 4  0 . 6  0 . 7  0 . 5  1 . 0 1 . 5 1 . 4 1 . 2 

n 
3529 . 8  3492 . 0  3478 . 4  3546 . 6  3547 . 0  3543 . 9  3 54 1 . 0  2 0 0 3  P F E X B  3537 . 7  3 5 28 . 7  3520 . 6  3506 . 9  3480 . 6  3486 . 4  3 5 1 9 . 8  N P F EXBED -0 . 4  -0 . 8  -0 . 6  -0 . 8  -0 . 8  -0 . 4  -0 . 7  -0 . 6  -0 . 5  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 2  I 

I--' PREXBED  -0 . 6  - 1 . 0  -0 . 8  - 1 . 0  - 1 . 0  -0 . 5  -0 . 7  -0 . 6  - 0 . 7  -0 . 4  -0 . 2  -0 . 1  -0 . 2  -0 . 3  .jO. PRMXBED -0 . 9  - 1 . 4  - 1 . 2  - 1 . 5  - 1 . 2  -0 . 8  - 1 . 2  - 1 . 1  - 1 . 1  -0 . 7  -0 . 4  -0 . 3  -0 . 3  -·0 . 4  
P F EXBNF -0 . 3  -0 . 5  -0 . 2  -0 . 3  -0 . 2  -0 . 1  -0 . 4  -0 . 3  -0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF  -0 . 3  -0 . 5  -0 . 2  -0 . 3  -0 . 2  -0 . 2  -0 . 4  -0 . 3  -0 . 4  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
PRMXBNF -0 . 6  -0 . 9  -0 . 6  -0 . 7  -0 . 6  -0 . 4  -0 . 6  -0 . 6  -0 . 6  -0 . 3  -0 . 1  0 . 0 0 . 0  -0 . 1  
P F EXBGH 2 . 1  2 . 5  2 . 6  2 . 7  2 . 3  2 . 0  1 . 8 1 . 7 1 . 5 1 . 0 1 . 0 1 . 2 1 . 5 1 . 6 
P REXBGH 1 . 9 2 . 3  2 . 6  2 . 7  2 . 3  2 . 0  1 . 8 1 . 7 1 . 5 1 . 0 1 . 0 1 . 2 l . G 1 . G 
P RMXBGH 1 . 5 1 . 6 2 . 0  2 . 0  1 . 8 1 . 6 1 . 1  1 . 1  0 . 9  0 . 7  0 . 8 1 . 1  1 . 4 1 . 4 
P F EXBSH 0 . 3  0 . 3  0 . 3  0 . 4  0 . 4  0 . 3  0 . 5  0 . 5  0 . 5  0 . 3  0 . 2  0 . 2  0 . 2  0 . 3  
PREXBSH 0 . 1  0 . 1  0 . 3  0 . 3  0 . 4  0 . 3  0 . 5  0 . 5  0 . 5  0 . 3  0 . 2  0 . 2  0 . 2  0 . 3  
PRMXBSH -0 . 4  -0 . 8  -0 . 5  -0 . 7  -0 . 5  -0 . 4  -0 . 7  -0 . 6  -0 . 5  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
P F EXBNL -0 . 4  - 1 . 8  -2 . 2  - 1 . 5  - 1 . 8  -0 . 3  -0 . 9  - 1 . 3  -0 . 5  - 1 . 0  -0 . 8  -0 . 3  1 . 4 2 . 8  
P R EXBNL -0 . 6  -2 . 2  -2 . 6  - 1 . 9  - 1 . 9  -0 . 4  -0 . 9  - 1 . 3  -0 . 6  - 1 . 3  - 1 . 0  -0 . 4  1 . 2 2 . 6  
P R MXBNL  - 1 . 5  -3 . 5  -4 . 0  -7 . 0  -9 . 6  -7 . 3  -5 . 3  -5 . 1  -4 . 2  -3 . 0  -2 . 1  - 1 . 1  0 . 6  2 . 0  
P R EX 2 P 1  -0 . 3  -0 . 5  -0 . 4  2 .  1 2 . 8  2 . 9  3 . 9  3 . 7  �) . 0 1 . 7 1 . 6 1 . 11 1 . 5 1 . 5 
P R DC 2 P 1  -0 . 7  - 1 . 2  -0 . 9  1 . 3 2 . 1  2 . 1 2 . 4  2 . 4  2 . 0  1 . 4 1 . 4 1 . 3 1 . 3 1 . 3  
PRMX 2 P 2  - 1 . 9  -2 . 7  -2 . 2  0 . 3  1 . 5 1 . 7 1 . 9 1 . 9 1 . 6 1 . 2 1 . 2 1 . 2 1 . 0 0 . 7  
P R D C 2 P 3  - 1 . 2  - 1 . 7  - 1 . 3  1 . 1  1 . 9 1 . 9 2 . 3  2 . 3  2 . 0  1 . 4 1 . 4 1 . 2 1 . 1  0 . 9  
PRMX 2 P 3  - 1 . 4  -2 . 0  - 1 . 6  0 . 8  1 . 6 1 . 7 1 . 7 1 . 8 1 . 5 1 . 3 1 . 3 1 . 2 1 . 1  0 . 9  

II Pl e a s e  re f e r  to s t u d y  a b b rev i a t i o n s  at t h e  b e g i n n i n g  o f  t h i s Vol ume . 
?j A P R 1 A p r i l 1 5 ,  APR2  = A p r i l 30  

AUG 1 = Augu s t  1 5 ,  AUG2 = Augu s t  3 1  



Tabl e C . 2 -8 ( Se n s i t i v i t i e s )  
MEAN CHANGE I N  END O F  P E R I O D  R E S E RVO I R  E L EVA T IONS  ( f ee t )  

COMPA R I SONS FOR  A L B E N  I FA L L S  

YEAR STUDY 1 1  S E P T  O C T  NOV DEC JAN FEB MAR A P R 1  ZI A P R 2  Z; MAY JUNE  J U LY AUG 1 ZI AUG2 Z; 
1 988 P F EXB 2 0 6 0 . 8  2 0 5 7 . 4  2 0 5 2 . 6  2 0 5 2 . 8  2 0 54 . 2  2054 . 8  2 0 5 5 . 6  2 0 5 5 . 5  2 0 5 5 . 3  2 0 6 2 . 5  2 0 6 2 . 6  2 0 6 2 . 5  2 0 6 2 . 5  2 0 6 2 . 5  

P F EXBED 0 . 0 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X B E D  0 . 0  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R MXBED 0 . 0  -0 . 1  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P '� EX B N F  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PR�1X B N F  0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
P F EXBGH 0 . 0  0 . 1 0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBGH 0 . 2  0 . 1  0 . 0  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBGH 0 . 2  0 . 1 0 . 0  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBSH 0 . 0  0 . 1 0 . 0  0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBSH 0 . 1  0 . 0  0 . 0  0 . 1 0 . 1  0 . 1  0 . 0  0 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
P R MXBSH 0 . 1  0 . 0  0 . 0  0 . 1 0 . 1  0 . 1  0 . 0  0 . 0  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
P F EX B N L  0 . 0  0 . 1  0 . 0  0 . 1  0 . 1 0 . 1  0 . 0  0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EX B N L  0 . 1  0 . 1 0 . 0  0 . 2  0 . 2  0 . 2  0 . 0  O .  I 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNL 0 . 1  0 . 1  0 . 0  0 . 2  0 . 2  0 . 2  0 . 0  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EX 2 P l  0 . 0 -0 . 1  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
P RDC2 P l  0 . 0 -0 . 1  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  
PRMX 2 P 2  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 1 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PRD( 2 P 3  0 . 0 -0 . 1  0 . 0  0 . 1  0 . 3  0 . 2  0 . 0  0 . 0  0 . 1 O .  I 0 . 0  0 . 0  0 . 0  0 . 0  
P R MX2 P 3  0 . 0  -0 . 1  0 . 0  0 . 1 0 . 3  0 . 2  0 . 0  0 . 0  0 . 1  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  

n 
N 1 99 3  P F EXB 2 0 6 0 . 7  2 0 5 7 . 2  2 0 5 2 . 6  2 0 5 3 . 1 2 0 5 4 . 7  2 0 5 5 . 0  2 0 5 5 . 6  2 0 5 ::' . 4  2 0 5 5 . 1 2 0 6 2 . 4  2 0 6 2 . 7  2 0 6 2 . 5  2 0 6 2 . 5  2 0 6 2 . 5  
I P F E X B ED 0 . 0  0 . 0 0 . 0  -0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  f--" 

PR EXBED 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  lJl 
PRMXBED  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 4  0 . 5  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PFEXBN F 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EX B N F  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNF  0 . 0  0 . 0  0 . 0 -0 . 1  -0 . I 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
P F EXBGH 0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXtlGH 0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBSH  0 . 1  O .  1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBSH  0 . 0  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R MXBSH  0 . 1  0 . 0  0 . 0  0 . 1  0 . 4  0 . 3  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
P F fX B N L  0 . 0  0 . 1 0 . 0  O .  I -0 . 1  0 . 2  0 . 0  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
P R E X B N L  0 . 0  0 . 1  0 . 0  O .  I -0 . 1  0 . 2  0 . 0  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNL -0 . I -0 . 1  0 . 0  -0 . 2  -0 . 7  -0 . 1) -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0 0 . 0 0 . 0 0 . 0 
P R E X 2 P l  0 . 1  0 . 2  0 . 0  0 . 4  0 . 3  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
PRDC2 P 1  0 . 1  0 . 2  0 . 0  0 . 4 0 . 3  0 . 1  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX 2 P 2  0 . 1  0 . 2  0 . 0  0 . 1) 0 . 3  0 . 2  0 . 0  0 . 0  O .  1 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
PRDC2 P 3  0 . 1  0 . 2  0 . 0  0 . 1)  0 . 2  0 . 1  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  O . D  0 . 0  D . D  
PRMX 2 P :� 0 . 1  0 . 2  0 . 0  0 . 1) O .  :l 0 . 2  0 . 0  O . D  O .  , 0 . 0  D . O  D . O  O . D  (J . O  

11 P l e a � e  re f e r  to s t u d y  a b b rev i a t i o n s  at t h e  b e g i n n i n g ot t h i s V o l ume . 
£! A P R 1  = A p r i l 1 5 ,  A P R 2  = A p r i l 3D 

AUG 1 = A u g u s t  1 5 ,  AUG2 � A u g u s t  3 1  



Tabl e C . 2-8 ( S e n s i t i v i t i e s )  ( Co n t i n u e d ) 
MEAN CHANGE I N  END O F  PER IOD  R E S ERVO I R  ELEVAT I O N S  ( f e e t )  

COMPAR I SONS  FOR ALB E N I  F A L L S  

YEAR S TUDY 11 S E P T  O C T  NOV DEC  JAN FEB MAR APR l 2.1 A P R 2  2.1 MAY J U N E  J U L Y AUG l 2.1 AUG2 21 
1 998 P F EXB 2060 . 8  2 0 5 7 . 4  2052 . 6  2 0 5 3 . 3  2 0 5 5 . 3  2 0 5 5 . 8  2055 . 6  2 0 5 5 . 5  2 0 5 5 . 6  2062 . 5  206 2 . 6  2062 . 5  2 0 6 2 . 5  2 0 6 2 . 5  

PFEXBED  0 . 0  -0 . 1  0 . 0  -0 . 2  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X B ED -0 . 1  -0 . 1  0 . 0  -0 . 2  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
PRMXBED -0 . 1  -0 . 1  0 . 0  -0 . 2  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBNF 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
PREXBNF  0 . 0  -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX BN F  0 . 0  -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
P F E XBGH 0 . 0  0 . 1  0 . 0 O .  1 0 . 1  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PR EXBGH 0 . 0  0 . 1  0 . 0 0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
PRMXBGH 0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBSH 0 . 0  0 . 0 0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX B SH 0 . 0  -0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
P F EXBNL 0 . 0  0 . 2  0 . 0 0 . 2  0 . 2  0 . 7  O .  1 0 . 2  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNL 0 . 0  0 . 2 0 . 0 0 . 2  0 . 2  0 . 7  O .  1 0 . 2  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNL -0 . 2  -0 . 3  0 . 0 -0 . 4  -0 . 9  -0 . 7  -0 . 1  -0 . 1  -0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  
P R EX Z P l  -0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRDC 2 P l  -0 . 1  -0 . 1  0 . 0  O .  1 0 . 1 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX Z P 2  0 . 0  0 . 0  0 . 0  0 . 4  O . Z  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRDC Z P 3  -0 . 1  -0 . 1  0 . 0  0 . 2  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX2P3 0 . 0 -0 . 1  0 . 0 0 . 3  0 . 2  O .  1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

n 

N 2003 P F EXB 2 0 6 1 . 1  2 0 5 7 . 6  2 0 5 2 . 6  2 0 5 3 . 1 2 0 5 5 . 0  2055 . 4  2055 . 6  2 0 5 5 . 5  2 0 5 5 . 4  2062 . 4  2 0 6 2 . 6  2 0 6 2 . 5  2 0 6 Z . 5  2062 . 5  
I P F EXBED -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

f-J PREXBED -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  m 
PRMXBED -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBNF -0 . 1  -0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EX B N F  -0 . 1  -0 . 1  0 . 0 0 . 0  0 . 0 0 . 0 0 . 0 0 . 0 -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0 
PRMXBNF -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P FEXBGH 0 . 0  0 . 1  0 . 0  0 . 1  0 . 1 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBGH 0 . 0  0 . 0  0 . 0 O .  1 0 . 1 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
PRMXBGH 0 . 0  0 . 0  0 . 0  0 . 1  0 . 0 0 . 0 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBSH 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBSH  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH  -0 . 1  -0 . 1  0 . 0 0 . 0  0 . 0 0 . 0 0 . 0  0 . 0 -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EX B N L  -0 . 1  -0 . 1  0 . 0  0 . 6  0 . 8 1 . 4 0 . 1 0 . 2  0 . 5  O .  I 0 . 0 0 . 0  0 . 0 0 . 0  
PREXBNL  -0 . 2  -0 . 1  0 . 0  0 . 6  0 . 8  1 . 4 0 . 1  0 . 2  0 . 5  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
PRMX B N L  -0 . 3  -0 . 3  0 . 0  -0 . 3  -0 . 9  -0 . 4  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
PREX 2 P l  0 . 0  0 . 0  0 . 0  0 . 4  0 . 3  0 . 3  0 . 1  0 . 1  0 . 1 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 
PRDC2 P l  -0 . 1  -0 . 1  0 . 0  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX 2 PZ -O . Z  -O . Z  0 . 0  0 . 3  0 . 2  0 . 1  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
PRDC2 P 3  -0 . 1  -0 . 1  0 . 0  0 . 3 0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
P RMX2 P3 -0 . 1  -O . Z  0 . 0  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

11 Pl ease  re f e r  t o  s t u d y  abb rev i a t i o n s  a t  t h e  b e g i n n i n g  o f  t h i s Vol ume . 
2.1 A P R l = A p r i l 1 5 ,  A P R Z  = Ap r i l 30 

AUG l = Augu s t  1 5 ,  AUG2 = Augu s t  3 1  



(") 

Tabl e C . 2-9 ( Se n s i t i v i t i e s )  
MEAN CHANG E I N  E N D  O F  P E R I O D  R E SERVO I R  E L EVAT I O N S  ( f e e t ) 

COMPA R I SONS FOR GRAND COU L E E  

Y E A R  STUDY 1 1  S E PT O C T  NOV D E C  J A N  F E B  MAR A P R l 2 1  A P R 2  2 1  MAY J U N E  J U LY AUG l 2 1  AUG2 2 1  
1 988 P F EXB 

-
1 288 . 1 1 288 . 2  1 288 . 1  1 28 7 . 2  1 2 7 5 . 1  1 2 5 7 . 9  1 23 5 . 5  1 2 3 3 . 7

-
1 2 3 1 . 7

-
1 2 5 3 . 9  1 286 . 8  1 2 90 . 0  1 ? 90 . 0

-
1 2 90 . 0

-

P F E X B E D  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 4  -0 . 5  -0 . 4  -0 . 5  - 1 . 1  -0 . 4  0 . 0  0 . 0  0 . 0  
P R E X B E D  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 3  -0 . 2  -0 . 2  0 . 0  -0 . 5  -0 . 8  -0 . 3  0 . 0  0 . 0  0 . 0  
P RMX B E D  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 3  -0 . 2  -0 . 2  0 . 0  -0 . 5  -0 . 8  -0 . 3  0 . 0  0 . 0  0 . 0  
P F EXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 2  -0 . 1  -0 . 6  -0 . 2  0 . 0  0 . 0  0 . 0  
PR EXBNF  0 . 1 0 . 0  0 . 1  0 . 0  0 . 1  0 . 3  0 . 2  0 . 8  0 . 3  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  
P RMX B N F  0 . 1  0 . 0  0 . 1  0 . 0  0 . 1  0 . -1 0 . 2  0 . 8  0 . 3  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  
P F E X BGH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 4  0 . 5  0 . 9  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
P R E XBGH 0 . 2  0 . 1  0 . 1  0 . 1  0 . 6  1 . 0 1 . 3 1 . 7 0 . 5  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  
P RMXBGH 0 . 2  O .  1 O .  1 O .  1 0 . 6  1 . a 1 . 3  1 . 7  0 . 5  0 . 5  O .  1 O .  a o .  a a . a 
P F EXBSH  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  0 . 2  0 . 6  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  
PREXBSH 0 . 2  0 . 0  0 . 1  0 . 1 0 . 4  0 . 5  0 . 5  1 . 0 0 . 4  0 . 4  0 . 1 0 . 0  0 . 0  0 . 0  
P R MXBSH 0 . 2  0 . 0  0 . 1  0 . 1  0 . 4  0 . 5  0 . 5  1 . 0 0 . 4  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  
P F EXBNL  0 . 0  0 . 0  0 . 1  -0 . 1  0 . 4  0 . 7  2 . 6  3 . 1 0 . 6  - 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
PR EXBN L 0 . 1  0 . 1  0 . 1  0 . 1  0 . 6  1 . 0 :' . 2  3 . 5  1 . 2 0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
P RMX B N L  0 . 1 0 . 1  0 . 1  0 . 1  0 . 6  1 . 0 -l, 2  :-l, 5 1 . 2 0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
P R EX2 P l  0 . 0  -0 . 1  0 . 1  0 . 1  1 . 5 1 . 4 0 . 4  0 . 3  0 . 3  0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
P RDC2 P l  0 . 0  -0 . 1  0 . 1  0 . 1  1 . 5 1 . 4 0 . 4  0 . 3  0 . 3  0 . 1 -0 . 1  0 . 0  0 . 0  0 . 0  
PRMX 2 P 2  0 . 1  -0 . 1  0 . 1  0 . 0  0 . 6  0 . 4  0 . 7  O . B  0 . 4  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  
P R D C 2 P 3  0 . 0  0 . 0  0 . 1  0 . 1  1 . 0 0 . 8  0 . 3  0 . 5  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
P RMX 2 P3 0 . 0  0 . 0  0 . 1  0 . 1  1 . 0 0 . 8 0 . 3  0 . 5  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  

N 1 99 3  P F EX B  1 288 . 0  1 288 . 0  1 288 . 2  1 2 8 7 . 4  1 2 7 7 . 4  1 2 60 . 4  1 2 3 5 . 8  1 2 3 3 . 7  1 2 3 1 . 5  1 2 5 1 . B  1 286 . 5  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  
I P F EXBED 0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 4  0 . 6  0 . 5  0 . 4  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  � P R EXBED  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 1  0 . 3  0 . 3  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  

PRMX B ED 0 . 0  0 . 0  0 . 0  0 . 0  1 . 8 3 . 3  3 . 3  2 . 4  0 . 6  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  
P F EXBNF 0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X B N F  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 2  -0 . 1  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
P RMXBNF 0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 2  -0 . 1  -0 . 1  -0 . 5  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBGH 0 . 1  0 . 1  0 . 0  -0 . 1  -0 . 2  0 . 0  0 . 5  0 . 9  0 . 1  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
P R E XBGH 0 . 0  0 . 1  0 . 0  -0 . 1  -0 . 2  0 . 0  0 . 5  0 . 8 0 . 1 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBGH 0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 3  -0 . 2  -0 . 1  -0 . 5  -0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
P F I:: XBSH 0 . 1  0 . 1 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBSH 0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 2  0 . 1  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH 0 . 0  -0 . 1  0 . 0  0 . 1  1 . 3 2 . 1  1 . 5 1 . 4 0 . 1  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  
PFEXBNL  0 . 0  0 . 0  -0 . 1  0 . 1  -0 . 3  1 . 0 3 . 6  2 . 5  -0 . 4  0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  
PREXBNL  0 . 0  0 . 0  -0 . 1  0 . 1  -0 . 3  1 . 1  4 . 2  2 . 8  -0 . 2  0 . 5  -0 . 2  0 . 0  0 . 0  0 . 0  
PRMXBNL -0 . 1  -0 . 2  -0 . 1  -0 . 2  -2 . 4  -2 . 7  -0 . 8  - 1 . 7  -0 . 8  0 . 2  -0 . 3  0 . 0  0 . 0  0 . 0  
P R E X2 P l  0 . 1  0 . 1  0 . 2  0 . 3  1 . 0 O . B  1 . 4 0 . 8  0 . 2  0 . 7  -0 . 1  0 . 0  0 . 0  0 . 0  
P R DC 2 P l  0 . 1  0 . 1  0 . 2  0 . 3  1 . 1  0 . 9  1 . :, 0 . 5  0 . 1  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX2P2  0 . 1  0 . 1  0 . 2  0 . 3  1 . 3 1 . 1  1 . 5 0 . 8 0 . 0  0 . 8  -0 . 1  0 . 0  -0 . 1  -0 . 1  
PRDC 2 P 3  0 . 1 0 . 1  0 . 2  0 . 4  1 . 0 0 . 8 1 . 1  0 . :-1 0 . 0  0 . 8  -0 . 1  0 . 0  0 . 0  0 . 0  
P RMX2 P 3  0 . 1 0 . 2  0 . 2  0 . 4  1 . 2 1 .  1 1 . :1 0 . 8  -0 . 1 0 . 7 -0 . 1  O .  a o .  a o .  a 

II P l e a s e  re f e r  to s t u d y  a b b r ev i a t i o n s  a t  t h e  b e g i n n i n g  o f  t h i s  Vol ume . 
£1 A P R l = A p r i l 1 5 ,  APR2  = Ap r i l 3 0  

AUG l = Augu s t  1 5 ,  A U G 2  = Augu s t  3 1  



Tabl e C . 2-9 ( S en s i t i v i t i e s )  ( Co n t i n u e d ) 
MEAN CHANGE I N  END OF PER I OD R E SERVO I R  E L EVA T I ONS  ( f ee t )  

COMPAR I SONS  FOR GRAND COU L E E  

YEAR STUDY 1 1  S E P T  OCT NOV DEC JAN F E B  MAR A P R 1 V A P R 2  V MAY JUNE J U L Y  AUG 1 V AUG2 V 
1 998 P F E X B  1 288 . 0  1 2 88 . 1  1 288 . 2  1 28 7 . 6  1 2 7 8 . 7  1 2 62 . 9  1 2 3 7 . 7  1 234 . 5  1 2 30 . 8  1 2 5 2 . 4  1 2 86 . 3  1 289 . 9  1 289 . 9  1 2 89 . 9  

P F EXBEO 0 . 0  -0 . 1  -0 . 1  o .) - . L  -0 . 5  -0 . 5  -0 . 6  -0 . 7  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
PREXBED -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 4  -0 . 5  -0 . 6  -0 . 7  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBEO -0 . 1  -0 . 1  -0 . 1  -0 . 2  -0 . 5  -0 . 6  -0 . 7 - 1 . 1  -0 . 3  -0 . 2  -0 . 1  0 . 0  0 . 0 0 . 0 
P F E X B N F  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 8  0 . 0  -0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  
P F EXBGH 0 . 0  0 . 1  0 . 1  0 . 1  0 . 4  0 . 8  1 . 5 1 . 1  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PR EXBGH 0 . 0  0 . 0  0 . 1  0 . 1  0 . 4  0 . 8  1 . 5 1 . 1  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PRMX BGH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  -0 . 2  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P FEXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
PREXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 3  -0 . 8  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
P FEXBNL  0 . 0  0 . 1  0 . 1  0 . 0 0 . 4  !J . O  8 . 7  5 . 5  1 . 0 1 . 3 0 . 1  0 . 0  0 . 0  0 . 0  
PREXBNL  0 . 0  0 . 1  O .  1 0 . 0  0 . 4  4 . 1  8 . 7  5 . 5  1 . 0 1 . 3 0 . 1  0 . 0  0 . 0  0 . 0  
PRMXBNL -0 . 3  -0 . 3  -0 . 5  -0 . 6  -3 . 6  -4 . 3  -2 . 6  -2 . 6  -0 . 9  -0 . 5  -0 . 1  0 . 0  0 . 0  0 . 0  
PREX2 P 1  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 3  0 . 4  0 . 9  0 . 9  1 . 0 0 . 8  0 . 2  0 . 0  0 . 0  0 . 0  
PRDC2 P 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 3  0 . 4  0 . 6  0 . 3  1 . 0 0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
PRMX 2 P 2  -0 . 1  -0 . 1  0 . 1  0 . 3  0 . 7  0 . 9  1 . 1  0 . 9  1 . 1  0 . 9  0 . 2  0 . 0  0 . 0  0 . 0  
PRDC2P3  -0 . 1  -0 . 1  0 . 1  0 . 1  0 . 4  0 . 6  0 . 7  0 . 4 1 . 0 0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
PRMX 2 P 3  -0 . 1  -0 . 1  o . 1 0 . 2 O . b 0 . 7  0 . 9 0 . 8 1 . 0 0 . 9 0 . 2 0 . 0 0 . 0 0 . 0 

n 
2 0 0 3  P F EXB 1 288 . 4  1 2 88 . 3  1 288 . 4  1 2 87 . 5  1 2 78 . 5  1 2 62 . 2  1 2 3 7 . 1  1 2 34 . 6  1 2 3 1 . 3  1 2 5 1 . 1  1 28 5 . 5  1 290 . 0  1 2 90 . 0  1 2 90 . 0  

N 
P F EXBED -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 2  -0 . 3  -0 . 7  -0 . 9  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  I 

f--' PREXBED -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 3  -0 . 3  -0 . 7  -0 . 9  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
co 

PRMXBED -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 3  -0 . 3  -0 . 9  - 1 . 4  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
PFEXBNF  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 7 - 1 . 0 0 . 0  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 7  -0 . 9  0 . 0  -0 . 2  0 . 0  0 . 0 0 . 0  0 . 0  
PRMXBNF -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 8  - 1 . 3  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBGH 0 . 1  0 . 0  0 . 1  0 . 1 0 . 3  0 . 3  0 . 5  0 . 4  0 . 3  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  
PREXBGH 0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 3  0 . 4  0 . 2  0 . 3  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  
P R MXBGH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1 -0 . 4  -0 . 9  0 . 3  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  
P F EXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
P R E X B SH -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 8  - 1 . 3  0 . 0  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBNL  -0 . 1  0 . 0  0 . 0  0 . 5  2 . 5  7 . 6  1 0 . 1  6 . 1 0 . 5  0 . 3  0 . 1  -0 . 1  -0 . 1  0 . 0  
PREXBNL  -0 . 2  -0 . 1  0 . 0  0 . 5  2 . 5  7 . 6  1 0 . 0  6 . 0  0 . 4  0 . 3  0 . 1  -0 . 1  -0 . 1  0 . 0  
PRMXBNL -0 . 3  -0 . 2  -0 . 3  -0 . 2  -3 . 3  -2 . 7  -0 . 8  -0 . 6  - 1 . 0  -0 . 3  0 . 0  -0 . 1  0 . 0 0 . 0 
P R E X 2 P 1  0 . 0  0 . 0  0 . 2  0 . 3  0 . 9  1 . 7 3 . 5  2 . 9  1 . 4 1 . 3 0 . 3  0 . 0 0 . 0  0 . 0  
PRDC 2 P 1  -0 . 1  -0 . 1  0 . 2  0 . 2  0 . 6  0 . 7  1 . 2 1 . 0 1 . 1  1 . 1  0 . 3  0 . 0  0 . 0  0 . 0  
PRMX 2 P 2  -0 . 2  -0 . 1  0 . 1  0 . 2  0 . 6  0 . 7  0 . 8  0 . 3  1 . 2 1 . 3 o . �) 0 . 0  0 . 0  0 . 0  
PRDC2 P 3  -0 . 1  -0 . 1  0 . 2  0 . 2  0 . 7  0 . 7  1 . 2 1 . 0 1 . 2 1 . 2 0 . 3  0 . 0  0 . 0  0 . 0  
PRMX 2 P 3  -0 . 1  -0 . 1  0 . 2  0 . 2  0 . 6  0 . 6  0 . 7  0 . 2  1 . 1  1 . 1  0 . 3  0 . 0  0 . 0  0 . 0  

II Pl ease re f e r  t o  s t u d y  a b b r e v i a t i o n s  a t  t h e  beg i n n i n g o f  t h i s  Vol ume . 
V A P R 1 = A p r i l 1 5 ,  APR2  = A p r i l 30 

AUG 1 = Augu s t  1 5 ,  AUG2 = A u g u s t  3 1  



Tabl e C . 2 - 1 0  ( S e n s i t i v i t i e s )  
MEAN CHANGE I N  END O F  P E R IOD R E S E RVO I R  E l EVAT I O N S  ( t e e t ) 

COMPAR I SONS  F O R  DWOR SHAK 

YEAR S T UDY II S I:. P T  o cr  NOV DEC  JAN FEB MAR A P R 1  V A P R L  {j MAY 
1 988 P F E X B  1 5 75 . 1  1 5 7 1 . 4  1 5 56 . 9  1 546 . 2  1 5 L 6 . 0  1 5 04 . 2  1 4 7 7 . � 1 48 7 . 6  1 5 0 6 . 1 1 :160 . 1  

P F EX B E D  -2 . 3  -2 . 3  - 1 . 7  - 1 . 9  -2 . 1  -2 . 3  - 1 . 0  -0 . 8  -0 . 7  -0 . 6  
PR EXBED -2 . 3  -2 . 6  -2 . 1  - 1 . 8  - 1 . 7  -2 . 0  -0 . 8  -0 . 7  -0 . 5  -0 . 5  
P RMX B E D  -2 . 3  -2 . 6  -2 . 1  - 1 . 8  - 1 . 7  -2 . 0  -0 . 8  -0 . 7 -0 . 5  -0 . 5  
P F EXBNF  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 0  - 1 . 3  -0 . 6  -0 . 5  -0 . 5  -O . S  
P R E X B N F  0 . 7  0 . 5  0 . 5  0 . 1  -0 . 7  - 1 . 2  -O . S  -0 . 5  -0 . 4  -0 . 4  
P R MX B N F  0 . 7  0 . 5  0 . 5  0 . 1  -0 . 7  - 1 . 2  -0 . 5  -0 . 5  -0 . 4  -0 . 4  
P F EXBGH 0 . 1  0 . 3  0 . 1  -0 . 4  -0 . 1  0 . 0  0 . 1  O .  1 0 . 1  0 . 1  
P R EXBGH 1 . 3 1 . 2 1 . 0 0 . 2  0 . 3  0 . 4  0 . 2  0 . 1  0 . 1  0 . 1  
P R MXBGH 1 . 3 1 . 2 1 . 0 0 . 2  0 . 3  0 . 4  0 . 2  0 . 1  0 . 1  O .  1 
P F EXBSH  -0 . 1  0 . 1  0 . 0  0 . 3  0 . 3  0 . 2  O .  I 0 . 1  0 . 1  0 . 1  
P R EXBSH  0 . 7  0 . 6  0 . 5  D . S  0 . 5  0 . 2  0 . 0  0 . 0  D . O  0 . 0  
P R MXBSH 0 . 7  0 . 6  0 . 5  0 . 5  0 . 5  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
P F EXBNL  1 . 0 1 . 2 0 . 6  -0 . 8  0 . 5  0 . 8  0 . 9  D . 7  0 . 6  0 . 6  
P R EX B N L  1 . 7  l . G 1 . 1  0 . 1  1 . 2 1 . 2 l . D 0 . 7  0 . 6  O . G  
P RMXB N L  1 . 7  1 . 6 1 . 1  O .  I 1 . 2 1 . 2 1 . 0 0 . 7  O . G  O . G  
P R EX2 P l  - 1 . 1\  - 1 . 7  -0 . 8  :l . 7 3 .  :-l 2 . 6  1 . 2 0 . 9  0 . 8 0 . 8  
PRDC2 P I  - 1 . 4  - 1 . 7  -0 . 8  3 . 7  3 . 3  2 . 6  1 . 2 0 . 9  0 . 8  0 . 8  
P R MX 2 P 2  -2 . 8  -3 . 2  - 1 . 8  2 . 3  2 . 1  1 . 8 0 . 9  0 . 7  0 . 6  O .  () 
PRDC2 P :-l -2 . 0  -2 . 3  - 1 . 2  3 . 0  2 . 8  2 . 3  1 . 1  0 . 9  0 . 8 0 . 8  
PRMX 2 P :l -L . O  -L . J  - 1 . 2  3 . 0  2 . 8  2 . 3  1 . 1  0 . 9  0 . 8  0 . 8  

n 
1 9 ' n  P F E"XI:l 1 568 . 6  1 565 . 1  1 5 5 :1 . 4 1 549 . 3  1 52 7 . 0  1 5 04 . 9  1 4 7 7 . 7  1 1\8 7 . 1 1 50 S .  �i I S 5 LJ . 6  r-. )  

P F E X B E D  -0 . :l -0 . 4  -0 . 3  -0 . 1  0 . 1  0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  I ,- , P R EXBED  -0 . 4  -0 . 5  -0 . 3  -0 . 1  0 . 1  0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  CD 
PRMXBED -0 . 5  -0 . 6  -0 . 4  0 . 0  0 . 0  0 . 2  -0 . 1  0 . 0  -0 . 1  -0 . 1  
P F EXBNF -0 . 1  -0 . 2  -0 . 1  -0 _ 2  -0 . 2  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
P R E X B N F  -0 . 1  -0 . 2  -0 . 1  -0 . :l -0 . 2  -0 _ 1 -0 . 1  -0 . 1  --0 . 1 -0 . 1 
P R MXBNF -0 . 6  -0 . 6  -0 . 4  -0 . 4  -0 . 4  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 1  
P F EXBGH 0 . 3  0 . 5  0 . 5  -0 . 1  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBGH 0 . 1  0 . 4  0 . 3  -0 . 1  -0 . 2  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
P R MXBGH -0 . 2  -0 . 3  -0 . 1  -0 . 3  -0 . 3  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  
P F EXBSH 0 . 6  0 . 6  0 . 5  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
P R EXBSH 0 . 1  0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  
PRMXBSH -0 . 2  -0 . 4  -0 . 2  -0 . 1  -0 . 3  -0 . 1  -D . ?  -0 . 1  -0 . 1  -0 . 1  
P F EX B N L  - 1 . 0  - 1 . 4  - 1 . 7  -4 . 0  -3 . 2  -2 . 6  - 1 . 0  -0 . 9  - 1 . 0  - 1 . 0  
P R r: X B N L  -0 . 9  - 1 . 4  - 1 . 7  -4 . 1  -2 . 9  -2 . 3  -0 . 9  -0 . 9  - 1 . 0  - 1 . 0  
P R MX B N L  - 1 . 7  -2 . 5  -2 . 3  -5 . 1  -3 . 6  -2 . 8  -0 . 9  - 1 . 0  - 1 . 1  - 1 . 1 
P R E X 2 P l  -2 . 6  -2 . 4  - 1 . 1  0 . 0  0 . 6  0 . 8  0 . 4  0 . 3  0 . 1 0 . 1  
PRDC2 P l  -2 . 9  -2 . 6  - 1 . 2  -0 . 1  0 . 3  0 . 6  0 . 3  0 . 2  0 . 0  0 . 0  
P R MX2 P 2  -3 . 8  -3 . 1\  - 1 . 4  -0 . 5  0 . 1  0 . 4  0 . 2  0 . 1  -0 . 1  -0 . 1 
P RDC2 P3 -3 . 1  -2 . 8  - 1 . 2  -0 . i 0 . 3  0 . 5  0 . 2  0 . 1  -0 . 1  -0 . 1  
P RMX2 P3 -3 . 5  -3 . 1  - 1 . 2  -0 . 3  O .  I 0 . 4  0 . 1  0 . 0  -0 . I -0 . I 

II Pl�;; r e f e r  t o  s t u d y  a b b rev i a t i o n s  a t  t h e  b eg i n n i n g o f  t h i s V o l ume . ?c.1 A P R I = A p r i l 1 5 ,  A P R 2  = Ap r i l  3 0  
AUG l = Aug u s t  1 5 ,  AUG2 = A u g u s t  3 1  
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T ab l e C . 2- 1 0  ( S en s i t i v i t i e s )  ( Co n t i nued ) 
MEAN CHANGE I N  END O F  P E R IOD R E S ERVO I R  E L EVA T I ONS ( f e e t ) 

COMPA R I SONS FOR D�O R SHAK 

YEAR STUDY 1/ S E P T  O C T  NOV DEC JAN FEB MAR A P R l  ZJ APR2  ZJ MAY JUNE JULY AUG l ZJ AUG2 ZJ 
1 998 P F EXB 1 5 6 7 . 7  1 564 . 5  1 5 54 . 0  1 549 . 7  1 5 28 . 2  1 50 6 . 4  1 4 7 9 . 5  1 490 . 5  1 5 0 9 . 5  1 5 59 . 8  1 588 . 7  1 588 . 6  1 586 . 6  1 584 . 5  

P F EXBED -0 . 4  -0 . 6  -0 . 5  -0 . 4  -0 . 3  -0 . 3  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 2  -0 . 3  -0 . 4  
P R EXBED -0 . 5  -0 . 6  -0 . 5  -0 . 4  -0 . 3  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 2  -0 . 2  -0 . 3  
PRMXBED -0 . 6  -0 . 8  -0 . 7  -0 . 8  -0 . 7  -0 . 5  -0 . 3  -0 . 2  -0 . 2  -0 . 1  -0 . 3  -0 . 3  -0 . 4  -0 . 5  
PFEXBNF  -0 . 1  -0 . 2  -0 . 1  -0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBNF -0 . 1  -0 . 2  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNF -0 . 3  -0 . 3  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  
P F EXBGH 0 . 3  0 . 3  0 . 3  0 . 3  0 . 2  0 . 2  0 . 1  0 . 1  0 . 0  0 . 1  0 . 0  0 . 1  0 . 2  0 . 2  
P R EXBGH 0 . 2  0 . 2  0 . 3  0 . 2  0 . 2 0 . 2  0 . 1  0 . 1  0 . 0  O .  1 0 . 0  0 . 1  0 . 2  0 . 2  
PRMXBGH 0 . 0  0 . 0  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  
P F EXBSH 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXBSH -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBSH -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 1  
P FEXBNL -0 . 1  0 . 0 -0 . 7  -4 . 4  -3 . 3  -2 . 0  -0 . 9  -0 . 6  -0 . 5  -0 . 5  -0 . 3  0 . 6  1 . 3 1 . 9 
PREXBNL -0 . 2  -0 . 2  -0 . 9  -4 . 3  -3 . 3  -2 . 0  -0 . 8  -0 . 6  -0 . 5  -O . S  -0 . 3  0 . 6  1 . 3 1 . 9 
PRMXBNL -0 . 8  - 1 . 7  -2 . 6  -6 . 8  -4 . 2  -2 . 7  - 1 . 0  -0 . 7  -0 . 6  -0 . 6  -0 . 4  0 . 5  1 . 2 1 . 8 
PREX 2 P l  -2 . 7  -2 . 4  - 1 . 3  -0 . 6  0 . 4  0 . 9  0 . 7  0 . 8  0 . 8  0 . 8  0 . 9  1 . 0 1 . 2 1 . 2 
PRDC 2 P l  -2 . 7  -2 . 7  - 1 . 7  -0 . 7  0 . 3  0 . 8 0 . 7  0 . 8  0 . 8 0 . 8 0 . 9  1 . 0 1 . 1  1 . 1  
PRMX 2 P 2  -3 . 3  -3 . 3  - 1 . 9  -0 . 6  0 . 3 1 . 0 0 . 7  0 . 9  0 . 9  0 . 9  1 . 0 O . Y  0 . 9  0 . 7  
PRDC2 P3 -2 . 9  -2 . 9  - 1 . 7  -0 . 7  0 . 4 1 . 0 0 . 7  0 . 8 0 . 8  0 . 8  0 . 9  O . Y  1 . 0 0 . 9  
PRMX 2 P 3  -3 . 0  -3 . 0  - 1 . 8  -0 . 6  0 . 3  0 . 9  0 . 7  0 . 8  0 . 8  0 . 8  0 . 9  0 . 9  0 . 9  0 . 8  

n 

tv 2 0 0 3  P F EXB 1 5 7 2 . 1  1 568 . 3  1 5 55 . 7  1 550 . 2  1 5 2 7 . 1  1 504 . 0  1 4 7 6 . 1 1 48 5 . 7  1 50 3 . 9  1 5 57 . 5  1 588 . 8  1 589 . !J  1 587 . 1  1 584 . 6  
I P F EXBED -0 . 2  -0 . 3  -0 . 3  -0 . 2  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 2  tv 

P R EXBED -0 . 4  -0 . 4  -0 . 4  -0 . 2  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 -0 . 1  -0 . 2  -0 . 3  0 
PRMXBED -0 . 6  -0 . 6  -0 . 5  -O . t)  -0 . 3  -0 . 2  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  -0 . 1  -0 . 2  -0 . 3  
P F EXBNF -0 . 3  -0 . 3  -0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
PREXBNF  -0 . 3  -0 . 3  -0 . 3  -0 . 2  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PRMXBNF -0 . 4  -0 . 3  -0 . 3  -O . L  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  
P F EXBGH 1 . 2 1 . 2 0 . 7  0 . 9  0 . 9  0 . 6  0 . 3  0 . 2 0 . 2  0 . 2  0 . 5 0 . 7  0 . 7  0 . 8  
PREXBGH 1 . 0 1 . 1  0 . 6  0 . 8  0 . 9  0 . 6  0 . 3  0 . 2  0 . 2  0 . 2  0 . 5  0 . 7  0 . 7  0 . 9  
P RMXBGH 0 . 8  0 . 8 0 . 4  0 . 6  0 . 7  0 . 6  0 . 3  0 . 2  0 . 2  0 . 2  0 . 5  0 . 7  0 . 6  0 . 7  
P F EX B SH 0 . 2  0 . 2  0 . 1  0 . 2  0 . 2  0 . 1  0 . 1  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0  0 . 1  0 . 2  
PREXBSH -0 . 1  0 . 0  0 . 0  0 . 1  0 . 2  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  
PRMXBSH -0 . 3  -0 . 3  -0 . 3  -0 . 2  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  
P F EXBNL -0 . 5  -0 . 7  - 1 . 5  -5 . 6  -5 . 2  -3 . 0  - 1 . 5  - 1 . 2  - 1 . 1  - 1 . 1  -0 . 5  0 . 4  1 . 4 2 . 2  
PREXBNL - 0 . 7  -0 . 9  - 1 . 7  -5 . 6  -5 . 2  -3 . 0  - 1 . 5  - 1 . 2  - 1 . 1  - 1 . 1  -0 . 5  O . !J  1 . 4 2 . 2  
PRMXBNL - 1 . 5  - 1 . 7  -2 . 6  -8 . 0  -6 . 2  -4 . 8  - 1 . 6  - 1 . 3  - 1 . 1  - 1 . 2  -0 . 6  0 . 4  1 . 3 2 . 2  
PREX 2 P l  -0 . 2  0 . 0  0 . 2  0 . 9  1 . 5 1 . 6 0 . 9  1 . 0 1 . 0 1 . 0 1 . 0 0 . 3 0 . 5  0 . 6  
PRDC2 P l  -0 . 5  -0 . 4  -0 . 2  0 . 7  1 . 3 1 . 5 0 . 9  1 . 0 1 . 0 1 . 0 1 . 0 0 . 3  0 . 4  0 . 5  
PRMX2 P2 - 1 . 2  - 1 . 2  -0 . 6  0 . 6  1 . 4 1 . 7 1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 0 . 3  0 . 3  0 . 2  
PRDX2P3  -0 . 8  -0 . 7  -0 . 3  0 . 6  1 . 2 1 . 5 0 . 9  1 . 0 1 . 0 1 . 0 0 . 9  0 . 2  0 . 3  0 . 3  
PRMX2 P 3  -0 . 9  -0 . 9  -0 . 4  0 . 6  1 . 3 1 . 5 0 . 9  1 . 0 1 . 0 1 . 0 0 . 9  o . l  0 . 3  0 . 3  

1/ Pl ease ref e r  t o  s t ud y  abbrev i a t i o n s  a t  the b e g i n n i ng o f  t h i s Vol ume . 
ZJ A P R l  = A p r i l 1 5 ,  APR2  = A p r i l 3 0  

AUG l = Augu s t  1 5 ,  A U G 2  = Augu s t  3 1  

1 40 3 1  







APPEND IX C 

River Operat ions Output 

PART 3 

Annua l  Probab i l i t y  o f  Sys tem Re f i l l  





C A S E  lL 
P F EXB 

P F EXF 

P FMXF 

P F E XA 

P FMXA 

P R E XB 

P R D C B  

PRMXB 

P R E X F  

P R D C F  

PRMXF 

P R E XA 

P R D C A  

PRACA 

P RMXA 

H F E XB 

H F E X F  

HFMXF 

H F EXA 

H FMXA 

C A S E  

P F EXB 

P F E X F  

P FMXF 

P F E XA 

PFMXA 

P R E XB 

P R D C B  

PRMXB 

P R E X F  

P R D C F  

P RMXF 

P R E XA 

PRDCA 

P RACA 

P RMXA 

H F EXB 

H F E X F  

H FMXF 

H F E XA 

H FMXA 

T a b l e  C . 3 - l  

PROBAB I L I T Y  O F  J U L Y  R E F I L L ( OV E R  Z O O  GAME S )  

86-87 U 
87 . 5  

88 . 0  

88 . 0  

87 . 5  

87 . 5  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

87-88 

87 . 0  

87 . 0  

87 . 0  

87 . 5  

87 . 5  

87 . 0  

87 . 0  

87 . 0  

88 . 0  

88 . 0  

88 . 0  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

86 . 5  

87 . 0  

87 . 0  

88 . 0  

88 . 0  

88-89 

87 . 5  

8 8 . 5  

88 . 5  

89 . 0  

89 . 0  

88 . 0  

88 . 0  

88 . 0  

8 8 . 5  

88 . 5  

88 . 5  

89 . 0  

89 . 0  

89 . 0  

89 . 0  

87 . 0  

88 . 5  

88 . 5  

89 . 0  

89 . 0  

89-90 

89 . 5  

9 0 . 0  

9 0 . 0  

90 . 0  

9 0 . 0  

88 . 5  

88 . 5  

88 . 5  

9 0 . 0  

9 0 . 0  

9 0 . 0  

90 . 0  

90 . 0  

9 0 . 0  

90 . 0  

86 . 5  

89 . 0  

89 . 0  

89 . 5  

89 . 5  

96-97 

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

97-98 

84 . 5  

84 . 5  

84 . 0  

84 . 0  

84 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 0  

84 . 0  

84 . 0  

84 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 0  

84 . 0  

98-99 

8 6 . 0  

84 . 5  

84 . 5  

8 5 . 5  

8 6 . 0  

8 6 . 0  

86 . 0  

86 . 0  

84 . 5  

84 . 5  

84 . 5  

8 5 . 5  

8 5 . 5  

8 5 . 5  

8 6 . 0  

86 . 0  

84 . 5  

84 . 5  

8 5 . 5  

86 . 0  

99-00 

86 . 5  

84 . 5  

84 . 5  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

84 . 5  

84 . 5  

84 . 5  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

84 . 5  

84 . 5  

86 . 5  

86 . 5  

90-9 1 

89 . 0  

89 . 0  

89 . 0  

89 . 5  

89 . 0  

89 . 0  

89 . 0  

89 . 0  

89 . 0  

89 . 0  

89 . 0  

89 . 5  

89 . 0  

89 . 5  

89 . 0  

87 . 5  

89 . 0  

89 . 0  

89 . 0  

89 . 0  

0 0 - 0 1 

89 . 0  

88 . 5  

88 . 5  

87 . 0  

87 . 0  

89 . 0  

88 . 5  

88 . 5  

88 . 5  

88 . 5  

88 . 5  

87 . 0  

87 . 5  

87 . 5  

87 . 0  

89 . 0  

88 . 5  

88 . 5  

87 . 0  

87 . 0  

9 1 -n. 
8Z . S  

8Z . S  

8 Z . S  

8 3 . 5  

8 3 . 5  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 1 . 5  

8 Z . S  

8 Z . S  

8 3 . 5  

8 3 . 5  

9 2 - 9 3  

8 1  . 5  

8 Z . 0  

8 Z . S  

8 3 . 5  

8 3 . 5  

8Z . 0  

8 1 . 5  

8 1 . 5  

8 Z . 0  

8 Z . S  

8 Z . S  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 1 . 5  

8 Z . 0  

8Z . S  

8 3 . 5  

8 3 . 5  

0 1 - 0 Z  

88 . 0  

87 . 5  

87 . 5  

88 . 5  

88 . 0  

88 . 0  

87 . 0  

87 . 0  

87 . 5  

87 . 5  

87 . 5  

88 . 5  

88 . 5  

88 . 5  

88 . 0  

88 . 0  

87 . 5  

87 . 5  

88 . 5  

88 . 0  

O Z - 0 3  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

8 Z . S  

9 3 -94 

84 . 5  

85 . 0  

84 . 5  

85 . 5  

85 . 5  

84 . 5  

84 . 5  

84 . 5  

8 5 . 0  

85 . 0  

84 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

84 . 5  

85 . 0  

84 . 5  

85 . 5  

8 5 . 5  

0 3 -04  

8 3 . 0  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 0  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

II P l e a s e  r e f e r  t o  s t u dy a b b r e v i a t i on s  a t  t h e  b e g i n n i n g o f  t h i s  V o l ume . 

94-95 

84 . 0  

8 3 . 0  

8 Z . S  

8 Z . 0  

8 1 . 5  

84 . 0  

84 . 0  

84 . 0  

8 3 . 0  

8 Z . S  

8 3 . 0  

8Z . 0  

8 Z . 0  

8 1 . 5  

8 Z . 0  

84 . 0  

8 Z . S  

8 Z . S  

8 Z . 0  

8 1 . 5  

0 4 - 0 5  

8 6 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

8 6 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

85 . 5  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

85 . 5  

95-96 

85 . 5  

84 . 5  

84 . 5  

85 . 0  

8 5 . 0  

85 . 5  

85 . 5  

85 . 5  

84 . 5  

84 . 5  

84 . 5  

85 . 0  

85 . 0  

8 5 . 0  

85 . 0  

85 . 5  

84 . 5  

84 . 5  

85 . 0  

85 . 0  

05-06  

87 . 5  

87 . 5  

87 . 0  

87 . 5  

87 . 5  

8 7 . 5  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

8 7 . 0  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

8 7 . 5  

87 . 0  

87 . 5  

87 . 5  

�I Y e a r s  a re l i s t e d  s u c h  t h a t  86-87 r e f e r s  t o  c o n t r a c t  year 1 9 8 7 . T h e  t ex t  r e f e r s  t o  

t h i s  year a s  1 987 . 

C . 3 - 1  



CASE  1 I 

P F E XB E D  

PREXBED 

PRMXB ED 

PF EXBNF 

PREXBNF 

PRMXBNF  

PF EXBGH 

PREXBGH 

PRMXBGH 

P F EXBSH 

PREXBSH 

PRMXBSH 

P F EX B N L  

PREXBNL 

PRMX B N L  

PRE X 2 P 1  

PRDC 2 P 1  

PRMX 2 P 2  

PRDC 2 P 3  

PRMX 2 P 3  

CASE 

P F EXB E D  

PREXB E D  

PRMXB E D  

P F E XBNF 

PREXBNF 

P RMXBNF  

P F E XBGH 

PREXBGH 

PRMXBGH 

P F E XBSH 

PREXBSH 

P RMXB S H  

P F EXBNL 

PREXBNL 

P RMXBNL  

PRE X 2 P 1  

PRDC 2 P 1  

PRMX 2 P 2  

PRDC 2 P 3  

PRMX 2 P 3  

T a b l e C . 3 - 1  ( C o n t i n u e d )  

PRDBAB I L I TY OF  J U L Y  RE F I L L  ( OVER  2 0 0  GAME S )  

86-87 U 87-88 

87 . 0  85 . 5  

8 7 . 0  85 . 5  

87 . 0  

87 . 5  

88 . 0  

88 . 0  

87 . 5  

88 . 0  

88 . 0  

87 . 5  

8 7 . 5  

87 . 5  

88 . 0  

88 . 5  

88 . 5  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

88 . 0  

96-97 

8 2 . 5  

8 2 . 5  

8 2 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 2 . 0  

82 . 0  

8 2 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 0 . 5  

80 . 5  

80 . 5  

8 1 . 0  

8 1 . 0  

82 . 0  

8 2 . 0  

8 2 . 0  

85 . 5  

8 7 . 0  

8 7 . 0  

87 . 0  

8 7 . 5  

8 7 . 5  

8 7 . 5  

87 . 0  

8 7 . 0  

87 . 0  

8 7 . 5  

88 . 5  

88 . 5  

8 7 . 5  

87 . 5  

8 7 . 0  

87 . 5  

87 . 5  

97-98 

84 . 0  

84 . 0  

84 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 0  

84 . 0  

8 3 . 0  

84 . 0  

84 . 0  

8 3 . 5  

84 . 0  

84 . 0  

88-89 

86 . 0  

85 . 5  

85 . 5  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

87 . 5  

88 . 0  

88 . 0  

8 7 . 5  

88 . 5  

88 . 5  

88 . 5  

88 . 5  

88 . 0  

88 . 5  

88 . 5  

98 -99 

8 5 . 5  

85 . 5  

85 . 5  

86 . 0  

86 . 0  

86 . 0  

8 5 . 5  

85 . 5  

8 5 . 5  

8 6 . 0  

86 . 0  

86 . 0  

8 2 . 5  

8 2 . 5  

8 2 . 5  

8 3 . 5  

8 3 . 5  

84 . 5  

84 . 5  

84 . 5  

89-90 

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 5  

86 . 5  

86 . 5  

88 . 0  

88 . 5  

88 . 5  

89 . 0  

9 1 . 5  

9 0 . 5  

9 0 . 0  

90 . 0  

89 . 0  

90 . 0  

9 0 . 0  

99-00  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

86 . 5  

88 . 0  

88 . 0  

88 . 0  

87 . 0  

8 7 . 0  

86 . 5  

82 . 0  

82 . 0  

8 2 . 0  

85 . 5  

85 . 5  

86 . 0  

86 . 0  

85 . 5  

9 0 - 9 1  

88 . 5  

88 . 5  

88 . 5  

88 . 0  

88 . 0  

88 . 0  

87 . 5  

88 . 0  

88 . 0  

88 . 5  

89 . 0  

88 . 5  

89 . 5  

89 . 5  

89 . 5  

89 . 5  

89 . 5  

89 . 5  

89 . 5  

89 . 5  

0 0 - 0 1  

88 . 5  

89 . 0  

88 . 0  

89 . 0  

89 . 0  

88 . 5  

89 . 5  

89 . 5  

89 . 0  

89 . 0  

89 . 0  

88 . 5  

84 . 5  

84 . 5  

84 . 0  

85 . 0  

85 . 0  

86 . 0  

85 . 5  

85 . 5  

9 1 - 92 

82 . 5  

82 . 5  

8 2 . 5  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 2 . 5  

8 2 . 5  

82 . 0  

82 . 5  

84 . 0  

8 3 . 0  

84 . 5  

84 . 5  

86 . 0  

86 . 0  

86 . 0  

0 1 - 0 2  

87 . 0  

8 7 . 5  

87 . 0  

88 . 0  

88 . 0  

8 7 . 0  

89 . 0  

89 . 0  

89 . 0  

88 . 0  

88 . 0  

8 7 . 5  

85 . 5  

85 . 5  

8 5 . 0  

87 . 5  

8 7 . 5  

88 . 5  

88 . 0  

8 7 . 5  

92-93 

82 . 0  

8 2 . 0  

82 . 0  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 2 . 0  

82 . 0  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 1 . 5  

8 0 . 0  

80 . 5  

80 . 0  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

0 2 - 0 3  

8 2 . 5  

8 2 . 5  

8 2 . 5  

8 2 . 5  

8 2 . 5  

8 2 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 2 . 5  

8 2 . 5  

8 2 . 5  

8 2 . 0  

8 2 . 0  

8 2 . 0  

84 . 5  

84 . 5  

84 . 0  

84 . 5  

84 . 5  

9 3 -94 

85 . 0  

85 . 0  

85 . 0  

84 . 5  

84 . 5  

84 . 5  

85 . 0  

85 . 0  

85 . 0  

84 . 5  

84 . 5  

85 . 0  

8 2 . 5  

8 2 . 5  

8 2 . 0  

85 . 0  

85 . 0  

85 . 0  

85 . 0  

85 . 0  

0 3 -04 

8 3 . 5  

83 . 5  

8 3 . 5  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 5  

8 3 . 5  

8 3 . 5  

8 3 . 0  

8 3 . 0  

8 3 . 0  

80 . 5  

8 0 . 5  

80 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

8 3 . 0  

11 P l e a s e  refer t o  s t u dy a b b r ev i a t i on s  a t  t h e  b eg i n n i n g of t h i s  Vol ume . 

94-95 

84 . 0  

84 . 0  

8 3 . 5  

84 . 0  

84 . 0  

84 . 0  

84 . 5  

84 . 5  

84 . 5  

84 . 0  

84 . 0  

84 . 0  

8 0 . 5  

8 0 . 5  

8 0 . 0  

8 0 . 5  

80 . 5  

8 0 . 5  

80 . 5  

8 0 . 5  

04-05  

86 . 0  

86 . 0  

85 . 5  

86 . 0  

86 . 0  

86 . 0  

8 7 . 0  

8 7 . 0  

8 7 . 0  

86 . 0  

86 . 0  

86 . 0  

8 3 . 5  

8 3 . 5  

8 3 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

86 . 0  

95-96 

84 . 5  

84 . 5  

84 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

85 . 5  

84 . 0  

84 . 0  

84 . 0  

84 . 5  

84 . 5  

84 . 5  

84 . 5  

84 . 5  

� 
8 7 . 5  

87 . 5  

87 . 5  

87 . 5  

87 . 5  

8 7 . 5  

88 . 5  

88 . 5  

88 . 5  

87 . 5  

87 . 5  

8 7 . 5  

85 . 0  

85 . 0  

84 . 5  

87 . 5  

8 7 . 5  

87 . 5  

87 . 5  

87 . 5  

�I Yea r s  are  l i s t e d  such  that  86-87 r e f e r s  t o  c o n t r a c t  year 1 98 7 . The  t e x t  r e f e r s  t o  

t h i s  y e a r  a s  1 987 . 

( V S6-PG- 1 3 3 3 I )  

C . 3 - 2  







APPEND IX C 

R iver Ope rat ions Output 

PART 4 

Rec rea t ion 

• Des c ri p t ion o f  Cal culat ion o f  Re c rea t ion Ind i c e s  

• Minimum Usab l e  Boat Ramp E leva t ions 

• V i s i to r  Usage as a Fun c t ion o f  Res ervo i r  E l eva t i on 

• Monthly  Recrea t ion Ind ices  f o r  L ibby , Hungry Hors e , Grand Coulee , and 
Dwo rshak ( Tab les  C . 4- l  through C . 4-4 ) 

• Seasona l Rec rea t ion Ind i c e s  f o r  Hungry Hors e , Grand Coulee , and 
Dworshak ( L ibby Da ta are in Vo l ume 1 ,  Tab l e  4 . 2 . 9 . ) ( Tab l e s  C . 4-5 
through C . 4- 7 ) 

• P robab i l i ty o f  Being a t  o r  Above E l evat ion 2054 . 0  ee t a t  Alben i 
Fal ls a t  t he end o f  Apr i l  ( Tab l e  C . 4-8 ) 





IDU FE I S  RECREATIO� fu�ALYS I S  
DEVELOPMENT O F  RECREATION IND I C ES 

In order to de termine and compare po ten t i a l  impac t s  o f  Inte r t i e  dec i s ions 
on rer reat ion at  Fede ral  s t o rage reservo i rs , a me thod o f  conve r t ing Sfu� 
outpu _ ( reservo i r  e l eva t i ons ) to  recrea t ion impac t was needed . A me thod 
was deve l o ped based on ava i l ab le data re l a t ing recreat ion s i t es  to 
reservo i r  e l eva t ions for the reservo i r s  s t ud ied . In general , t h i s  
r e l a t ionship was based o n  boat ramp e l evat ions . In the cases  o f  Libby 
and Dwo rshak , ava i l ab l e  info rmat ion on rec reat ion use as  it  r e l a t e s  to  
reservo i r  e l eva t ion was used . No recreat ion ind i c e s  we re deve lo ped for  
A l beni Fal l s  because s ummer reservo i r  l eve l s  did  no t change f o r  any o f  
the a l terna t ive s . 

Grand Coulee --

In order t o  compare a l terna t ives , e l eva t ion data we re conver ted t o  an 
overa l l  ' re c reat ion index ' f o r  each a l terna t ive .  Thi s  was gene ra l ly 
based upon the e l eva t ions requi red to ut i l ize  boat  ramps and mar inas . 
For each SAM s imulat ion , one po int  was g iven for  each usab l e  boat  ramp o r  
marina , The po int s  we re then t o ta l l ed f o r  a l l  2 0 0  s imulat ions f o r  each 
a l terna t ive to  provide a ' re c reat ion index ' .  Rec rea t i on ind ices  we re 
deve loped for the 20 a l te rnat ives s tud ied us ing end-o f -period  e leva t ions 
f o r  May , June , July , Augus t 15  and Augus t 3 1 . 

The f o l lowing fac i l i t i e s  were g iven one po int f o r  be ing ava i l ab le  ( a 
res ervo i r  e l eva t ion grea t e r  than o r  equal to  the s tated  e leva t ion ) . 

Fac i l i  ty  

Evans 
Bradbury Beach 
Daisy 
For t  Spokane Mar ina 
Nor th Gorge 
Jones Bay 
China Bend 
Marcus I s land 
Hawk Creek 
Seven Bays 
G i f f o rd 
For t  Spokane Campground 
Porcup ine Bay 
Ke t t le  Fal l s  Campground 
Ke t t le Fal l s  Marina 
Spring Canyon 
Hun t e r s  
Enterprise  
Ke l le r  Ferry 

E l eva t ion ( f e e t ) 

C . 4-1 

1 28 7  
1 285  
1 28 5  
1 283  
1 28 2  
1 28 2  
1 28 2  
1 28 1  
1 2 7 7  
1 26 2  
1 249 
1 24 7  
1 238 
1 2 3 7  
1 235  
1 234 
1 233  
1 2 3 3  
1 229  



Hungry Horse --

Re c reat ion ind ices  we re deve loped f o r  each a l t e rnat ive in a manne r 
s im i l a r  to  tha t  de s c ribed f o r  Grand Coulee . One point  was given f o r  each 
ava i lab le  boat ramp and to ta l s  for 200 s imul a t ions we re computed f o r  each 
a l t e rnative . 

The f o l l owing fac i l i t ies  were given one point  f o r  be ing ava i lab l e  ( a  
reservo i r  e l evat ion grea ter  than o r  equal to the s tated  e l eva t ion ) .  

Dwo r s hak 

Fac i l i ty 

Ben C reek 
Errune ry Bay 
Murray Bay 
Don ' s  Point  
Dor i s  C reek 
Graves C reek 
Los t  Johnny Campground 
Lo s t  Johnny Point  Campground 
Devi 1 ' s  Cork s c rew 
Rive rs ide 
Abbo t Bay 

E leva t ion ( fee t ) 

3560  
3 5 5 8  
3 5 5 8  
3 5 5 2  
3 5 4 7  
3 5 45 
3 5 3 6  
3 5 3 2  
3 5 1 6  
3 5 0 6  
3 4 7 3  

Impac t indices  we re deve l oped f o r  Dwo rs hak i n  a s ight l y  d i f f e rent manne r 
than f o r  Grand C oulee and Hungry Horse . Drawdown impac t s  a t  Dwo rshak 
res e rvo i r  have been as ses sed in 5-f t increments by the COE ( COE 
unpub l i s hed ) .  The COE f igure s on the e f f e c t s  of re s e rvo i r  e l eva ti on on 
ove ra l l  re c reat ion vis i ta t ion were used in deve loping the re c reat ion 
ind ices  f o r  compari son purpo ses  in this do cument .  The es t imated 
vis i t a t ion for  each mode l s imul a t ion was surruned for  all  200 s imula t ions 
f o r  each a l te rna t ive . 

The value s  used , adap ted f rom the COE repo r t  are as f o l l ows : 

E l eva t ion 

Great e r  than 1 5 9 5  
L E  1 5 9 5  and GT 1 5 90 
LE 1 5 90 and GT 1 5 8 5  
LE 1 5 8 5  and GT 1580  
LE  1 5 8 0  and GT 15 75  
LE 1 5 75 and GT 1 5 6 5  
LE 1 5 6 5  

V i s i tat ion 
( pe rcent of ful l 

poo l usage ) 

C . 4- 2  

1 0 0  
9 0  
8 0  
7 0  
60  
50  
25 



Libby --

Impact  indices  f o r  L ibby were deve l oped in a manne r s im i l ar to  tho s e  f o r  
Dwo rshak . Drawdown impac ts at  L ibby have been a s s e s s ed b y  the COE ( COE 
1 98 5 ) .  Val ue s  for recreat ion use at various r e s e rvo i r  e l eva t ions we re 
adapted f rom that  document and are given b e l o w .  ( U . S .  rec rea t ion 
fac i l i t ies  only . ) 

E l evat ion 

Greater t han 245 6 . 5  
LE 245 6 . 5  and GT 245 4 
LE 2454 and GT 245 1 . 5  
LE 245 1 . 5  and GT 2449 
LE 2449 and GT 2444 
LE 2444 and GT 243 9 
LE 243 9  and GT 2434 
LE 2434 and GT 2429  
LE 2429 and GT 241 9 
LE 24 1 9  and GT 240 9 
LE 2409 

( V S 6 -PG-5 1 3 9K ) 

Rec reat ion Us e 
( pe rcent o f  f u l l 

poo l  usage ) 

C . 4-3 

100 
9 9 . 3  
9 6 . 2  
9 2 . 9  
88 . 1  
8 2 . 4  
75 . 6  
7 3 . 8  
7 1 . 7 
6 9 . 0  
6 7 . 3  



C) 

-r> 
I 

+,. 

EX 

MAY J UN E  J U L Y  AUG 1 

E X I ST I NG CON T RACTS 

P F  68 . 4  88 . 4  9 6 . 9  9 6 . 9  
P R  68 . 4  88 . 6  9 6 . 9  9 6 . 9  
H F  68 . 4  88 . 3  96 . 9  9 7 . 0  

F E D E RA L  MARKET I NG 

P F  68 . 6  88 . 5  9 7 . 1  9 7 . 1  
P R  68 . 6  88 . 7  9 7 . 2  9 7 . 3  
H F  68 . 6  88 . 5  9 7 . 1  9 7 . 1  

ASSURED D E L I VERY 

PF  68 . 8  88 . 6  9 7 . 2  9 7 . 2  
P R  68 . 8  88 . 8  9 7 . 4  9 7 . 5  
H F  68 . 8  88 . 6  9 7 . 3  9 7 . 3  

ASSUR ED D E L I VERY  A L TERNA T I V E  

P R  68 . 7  88 . 7  9 7 . 3  9 7 . 3  

ASSURED D E L I VERY A L T E RNAT I V E  2 

P R  

ASSUR ED D E L I VERY A L T E RNAT I V E  3 

PR 

:: Case Not  Run 
P F  P re l A P  
P R  P roposed Pol i c y 
H F  H y d ro F i  rst  
EX :: Ex i s t i n g I n t e r t i e 
DC :: DC Upgrade 
AC :: T h i rd AC 
MX :: Max i mum Capac i ty 

( VS6-PG-6060K ) 

AUG2 

9 6 . 9  
96 . 9  
9 7 . 1  

9 7 . 0  
9 7 . 3  
9 7 . 1  

9 7 . 2  
9 7 . 5  
9 7 . 3  

9 7 . 3  

TAB L E  C . 4- 1  

MONTHLY R ECREATION I ND EX FOR L I BBY 
E x p e c t e d  Usage as a P e r c e n tage o f  F u l l Pool  U s e  

l2.Illi 

DC AC 

MAY J UN E  JULY AUG1  AUG2 MAY J UN E  JULY AUG 1 AUG2 

68 . 4  88 . 6  9 6 . 9  96 . 9  96 . 9  

68 . 6  88 . 7  9 7 . 2  9 7 . 3  9 7 . 3  

68 . 8  88 . 8  9 7 . 4  9 7 . 5  9 7 . 5  68 . 8  88 . 8  9 7 . 4  9 7 . 5  9 7 . 5  

68 . 7  88 . 7  9 7 . 3  9 7 . 3  9 7 . 3  

68 . 7  8 8 . 8  9 7 . 3  9 7 . 3  9 7 . 3  

MX 

MAY JUNE  JULY  AUG 1 AUG2 

68 . 4  88 . 6  96 . 9  96 . 9  9 6 . 9  

68 . 7  88 . 5  9 7 . 1  9 7 . 1  9 7 . 0  
68 . 6  88 . 7  9 7 . 2  9 7 . 3  9 7 . 3  
68 . 6  88 . 5  9 7 . 1  9 7 . 1  9 7 . 1  

68 . 8  88 . 6  9 7 . 2  9 7 . 2  9 7 . 2  
68 . 8  88 . 8  9 7 . 4  9 7 . 5  9 7 . 5  
68 . 8  88 . 6  9 7 . 3  9 7 . 3  9 7 . 3  

68 . 5  88 . 7  9 7 . 1  9 7 . 1  9 7 . 0  

68 . 7  88 . 8  9 7 . 3  9 7 . 3  9 7 . 3  



n 

� 
I 

<Jl 

EX 

MAY JUNE J U L Y  AUG 1 AUG2 

E X I ST I NG CQN T RACTS 

P F  68 . 6  8 7 . 4  9 5 . 8  95 . 6  95 . 4  
PR 68 . 6  8 7 . 4  95 . 8  95 . 6  95 . 4  
H F  68 . 6  8 7 . 4  95 . 8  95 . 5  95 . 3  

FEDERAL MARKET I NG 

P F  68 . 7  8 7 . 5  9 6 . 2  95 . 8  95 . 6  
PR 68 . 7  8 7 . 5  96 . 2  95 . 8  95 . 6  
H F  68 . 6  8 7 . 5  96 . 1  95 . 8  95 . 7  

ASSUR E D  D E L IVERY 

PF  68 . 7  8 7 . 6  96 . 1  95 . 7  95 . 5  
PR 68 . 7  8 7 . 7  96 . 1  95 . 7  95 . 5  
H F  68 . 7  8 7 . 6  96 . 1  95 . 7  95 . 5  

ASSUR E D  D E L IVERY A L T E RNA T I V E  

P R  68 . 7  8 7 . 7  95 . 9  95 . 4  95 . 2  

ASSUR E D  D E L I VERY A L TERNA T I V E  2 

P R  

ASSURED  D E L IVERY A L T ERNAT IVE 3 
P R  

= C a s e  Not  R u n  
P F  P r e  lAP 
P R  = P roposed Pol i cy 
HF = Hyd ro F i  r s t  
E X  = E x i s t i n g  I n t e rt i e  
DC = DC U p g rade 
AC = T h i rd AC 
MX = Max i mum Capac i ty 

( V S6-PG-6060K ) 

TAB L E  C . 4- 1  ( Co n t i n u ed ) 

MONTHLY R EC R EA T ION I NDEX FOR L I BBY 
E x p e c ted  U s age as  a P e r c e n tage o f  F u l l Pool U s e  

19..9J 

DC AC 

MAY JUNE J U LY AUG l AUG2 MAY JUNE J U LY AUG l AUG2 

68 . 6  8 7 . 5  95 . 8  95 . 5  95 . 3  

68 . 7  8 7 . 6  96 . 2  95 . 8  95 . 6  

68 . 7  8 7 . 7  96 . 1  95 . 7  95 . 5  68 . 7  8 7 . 8  96 . 1 95 . 8  95 . 5  

68 . 7  8 7 . 7  95 . 9  95 . 4  95 . 2  

68 . 7  8 7 . 7  95 . 8  95 . 3  95 . 0  

MX 

MAY J UNE J U LY A U G 1  AUG2 

68 . 6  8 7 . 6  9 5 . 8  95 . 6  95 . 3  

68 . 6  8 7 . 5  9 6 . 1  9 5 . 8  95 . 6  
68 . 7  8 7 . 6  96 . 1  9 5 . 8  95 . 6  
68 . 6  8 7 . 5  96 . 1  95 . 8  95 . 6  

68 . 7  8 7 . 6  96 . 1  95 . 7  95 . 5  
68 . 7  8 7 . 8  96 . 1  95 . 7  95 . 5  
68 . 7  8 7 . 6  96 . 1  95 . 7  9 5 . 5  

68 . 7  8 7 . 7  95 . 8  95 . 2  94 . 9  

68 . 7  8 7 . 7  95 . 8  95 . 3  95 . 0  



(j 

"...::� 
I 

(J, 

EX 

MAY J UNE J U LY AUG 1  

EX I ST I N� CQN TRACTS 

PF 68 . 4  88 . 1  96 . 1  95 . 8  
PR 68 . 4  88 . 1  96 . 1  95 . 8  
H F  68 . 4  88 . 1  96 . 1  95 . 8  

F EDERAL MARKET I NG 

P F  68 . 4  88 . 0  9 6 . 0  95 . 6  
PR 68 . 4  88 . 0  9 6 . 0  95 . 6  
H F  68 . 4  88 . 0  96 . 0  95 . 6  

ASSUR ED D E L IVERY  

PF  68 . 4  88 . 0  96 . 0  95 . 6  
P R  68 . 4  88 . 0  96 . 0  95 . 6  
H F  68 . 4  88 . 0  9 6 . 0  95 . 6  

ASSUR ED D E L IVERY  A L T ERNA T I V E  

P R  68 . 5  88 . 3  96 . 2  96 . 0  

A�R ED DEL IVERY  A L T ERNA T I V E  2 

P R  

ASSUR ED D E L IV E R Y  A L T ERNA T I V E  3 

P R  

= Case Not  R u n  
P F  = P re l A P  
PR = P roposed Pol i c y 
H F  = Hyd ro F i  r s t  
EX = E x i s t i n g I n t e r t i e 
DC = DC Upgrade 
AC = T h i rd AC 
MX = Max i mum Capa c i t y  

( VS 6-PG-6 0 60 K )  

AUG2 

95 . 5  
95 . 5  
95 . 5  

95 . 4  
95 . 4  
95 . 4  

95 . 4  
95 . 4  
95 . 4  

95 . 8  

TAB L E  C . 4- 1  ( C on t i n ued ) 

MONTHLY RECREAT ION  I NDEX  FOR L I BBY 
Expec ted Usage a s  a Percen tage o f  Ful l Pool Use  

li2.a 

DC AC 

MAY JUNE JULY  AUG 1 AUG2 MAY J UNE JULY AUG 1 AUG2 

68 . 4  88 . 1  9 6 . 0  95 . 8  95 . 5  

68 . 4  88 . 0  96 . 0  95 . 6  95 . 4  

68 . 4  88 . 0  96 . 0  95 . 6  95 . 4  68 . 4  88 . 1  9 6 . 0  95 . 6  95 . 4  

68 . 5  88 . 3  96 . 2  96 . 0  95 . 8  

68 . 5  88 . 4  96 . 2  96 . 0  95 . 7  

MX 

MAY JUNE JULY  AUG 1 AUG2 

68 . 4  88 . 1  96 . 0  95 . 8  95 . 5  

68 . 4  88 . 0  96 . 0  95 . 6  95 . 4  
68 . 4  88 . 2  96 . 0  9 5 . 6  95 . 4  
68 . 4  88 . 0  96 . 0  95 . 5  95 . 4  

68 . 4  88 . 0  96 . 0  95 . 6  95 . 4  
68 . 4  88 . 2  96 . 0  95 . 6  95 . 4  
68 . 4  88 . 0  96 . 0  95 . 5  95 . 4  

68 . 5  88 . 5  96 . 2  95 . 9  95 . 7  

68 . 5  88 . 4  96 . 2  96 . 0  95 . 7  



EX 

MAY JUNE J U LY AUG 1 

E X I ST I NG CONT RACTS 

P F  68 . 4  8 7 . 4  95 . 9  95 . 5  
P R  68 . 4  8 7 . 4  95 . 9  95 . 5  
H F  68 . 4  8 7 . 4  95 . 9  95 . 5  

FEDERAL MA RKET I NG 

P F  68 . 4  8 7 . 4  95 . 8  95 . 2  
PR 68 . 4  8 7 . 4  95 . 8  95 . 1  
H F  68 . 4  8 7 . 4  95 . 8  95 . 1  

() 

+=> ASSURED D E L IVERY  
I 

-.....J P F  68 . 4  8 7 . 4  95 . 9  95 . 2 
PR 68 . 4  87 . 4  95 . 9  95 . 2  
H F  68 . 4  8 7 . 4  95 . 9  95 . 2  

ASSURED D E L I V E R Y  A L T ERNA T I V E  

P R  68 . 7  8 7 . 9  96 . 1  95 . 7  

A S SURED D E L IVERY A L T E RNA T I VE 2 

P R  

ASSUR ED D E L IVERY A L T ERNAT IVE 3 

PR 

---;-Ca s e  N o t  R u n  
P F  = P re l A P  
PR = P ro p o s e d  Pol i c y 
H F  = H y d r o  F i r s t  
E X  = E x i s t i n g I n t e r t i e  
�JC DC Upg rade 
flC = T h i rd AC 
'1� Max i mum Capac i t y 

. " jut( ' 

AUG2 

95 . 1  
95 . 1  
95 . 2  

94 . 9  
94 . 9  
94 . 9  

94 . 9  
94 . 9  
94 . 9  

95 . 4  

TAB L E  C . 4- 1  ( Co n t i nued ) 

MONTHLY RECREAT I ON I NDEX FOR L I BBY 
Expe c t ed Usage a s  a P e r c e n t age o f  F u l l Pool  Use  

ZJ1QJ 

DC AC 

MAY J UNE JULY AUG 1 AUG2 MAY J UNE JULY AUG 1 AUG2 

68 . 4  8 7 . 4  95 . 9  95 . 5  95 . 1  

68 . 4  8 7 . 2  95 . 8  95 . 1  94 . 8  

68 . 4  8 7 . 4  95 . 8  95 . 2  94 . 9  68 . 4  8 7 . 3  95 . 8  95 . 2  94 . 9  

68 . 7  8 7 . 9  96 . 0  95 . 6  95 . 3  

98 . 7  8 7 . 9  96 . 0  95 . 5  95 . 3  

MX 

MAY JUNE J U LY AUG 1 AUG2 

68 . 4  8 7 . 4  95 . 9  95 . 5  95 . 2  

68 . 4  8 7 . 2  95 . 8  9 5 . 2  94 . 8  
68 . 4  8 7 . 2  95 . 8  95 . 2  94 . 8  
68 . 4  8 7 . 2  95 . 8  9 5 . 2  94 . 8  

68 . 4  8 7 . 3  95 . 9  95 . 2  94 . 9  
68 . 4  8 7 . 3  95 . 8  9 5 . 2  94 . 9  
68 . 4  8 7 . 3  95 . 9  95 . 2  94 . 9  

68 . 8  8 7 . 9  9 6 . 1  9 5 . 6  95 . 2  

68 . 7  8 7 . 8  96 . 0  95 . 5  95 . 3  



n 

� 
I 

CD 

-� 
MAY JUNE J U L Y  AUG 1 

E X I ST I NG CQN T RACTS 
P F  30 . 9  7 6 . 8  8 7 . 3  85 . 5  
PR 3 1 . 6  7 7 . 7  8 7 . 4  85 . 7  
H F  30 . 3  7 6 . 0  8 6 . 5  84 . 8  

FEDERAL MARK E T I NG 

P F  30 . 7  7 6 . 7  8 6 . 5  8 3 . 0  
P R  3 1 . 7  7 7  . 8  8 7 . 0  8 3 . 4  
H F  30 . 3  7 6 . 2  8 6 . 1  8 2 . 6  

ASSUR ED D E L IVERY 

P F  3 1 . 5  7 7  . 2  8 6 . 5  82 . 7  
P R  32 . 1  7 7  . 8  8 7 . 2  83 . 0  
H F  3 1 . 3  7 7  . 0  8 6 . 4  82 . 5  

ASSURED D E L IVERY A L T E RNAT I V E  

P R  3 1 . 6  7 7  . 5  8 6 . 9  82 . 8  

ASSUR ED D E L IVERY A L T ERNAT IVE 2 

PR 

ASSU RED  D E L IVERY A L T E RNAT IVE 2 

P R  

:: Case Not  R u n  
P F  :: P re I A P  
PR :: P roposed  Pol i c y 
H F  Hyd ro F i r s t  
EX :: Ex i s t i n g I n t e r t i e 
DC :: DC Upgra d e  
AC :: T h i rd A C  
M X  :: Max i mum Capac i ty 

( VS6-PG-6060K ) 

AUG2 

8 1 . 5  
8 1 . 6  
8 1 . 0  

7 8 . 9  
7 9 . 5  
7 8 . 7  

78 . 4  
7 8 . 9  
7 8 . 5  

7 8 . 6  

TAB L E  C-4 . 2  

MONTHLY RECR EAT ION I NDEX FOR HUNGRY HOR S E  
P e rcent  o f  B o a t  R amps Usabl e 

.l..9ll..a 

DC AC MX 

MAY JUNE J U LY AUG 1 AUG2 MAY J UNE JULY  AUG 1 AUG2 MAY J UNE J U L Y  AUG 1 AUG2 

3 1 . 6  7 7 . 7  8 7 . 4  85 . 7  8 1 . 6  3 1 . 6  7 7 . 7  8 7 . 4  85 . 7  8 1 . 6  

30 . 7  7 6 . 7  86 . 5  8 3 . 0  7 8 . 9  
3 1 . 7  7 7 . 8  8 7 . 0  83 . 4  7 9 . 5  3 1 . 7  7 7  . 8  8 7 . 0  8 3 . 4  7 9 . 5  

3 0 . 3  7 6 . 2  8 6 . 1  82 . 6  7 8 . 7  

3 1 . 5  7 7  . 2  8 6 . 5  82 . 7  7 8 . 4  
32 . 1  7 7 . 8  8 7 . 2  83 . 0  7 8 . 9  3 2 . 1  7 7  . 8  8 7 . 2  8 3 . 0  7 8 . 9  32 . 1  7 7  . 8  8 7 . 2  8 3 . 0  7 8 . 9  

3 1 . 3  7 7  . 0  86 . 4  8 2 . 5  7 8 . 5  

3 1 . 6  7 7 . 5  86 . 9  82 . 8  7 8 . 6  

3 1 . 1  7 6 . 9  8 6 . 7  83 . 0  7 8 . 8  

3 1 . 5  7 7 . 5  8 6 . 9  83 . 1  7 9 . 0  3 1  . 5  7 7  . 5 86 . 9  8 3 . 1 7 9 . 0  



TABLE C . 4-2 ( Co n t i n u e d ) 

MON T H L Y  R EC R E A T I O N  I NDEX FOR HUNGRY HO R S E  
Pe r c e n t  o f  B o a t  Ramps Usabl e 

1 9 93 

EX DC A C  MX 

MAY J UNE J U L Y  AUG 1 AUG2 MAY J UNE J U L Y  AUG 1 AUG2 MAY J U N E  J U LY AUG 1 AUG2 MAY J U N E  J U L Y  AUGl  AUG2 

EX I ST I NG CQN TRACTS 

PF  2 8 . 1  7 1 . 2  7 9 . 5  76 . 2  7 2  . 0  
PR 28 . 2  7 1 . 3  79 . 6  76 . 2  7 1 . 9  28 . 3  7 1 . 3  7 9 . 5  7 6 .  1 7 1 . 7  28 . 3  7 1 . 3  7 9 . 5  7 6 .  1 7 1 . 8  
H F  28 . 1  7 1 . 0  79 . 5  7 6 . 2  7 2 . 0  

FEDERAL  MARKET I NG 

P F  28 . 3  7 1 . 0  7 9 . 4  75 . 5  7 0 . 9  28 . 4  7 1 . 2  7 9 . 3  7 5 . <1 7 0 . 8  
P R  2 8 . 3  7 1 . 0  7 9 . 5  75 . 5  7 0 . 9  28 . 5  7 1 . 8  7 9 . 6  7 5 . 4  7 0 . 9  28 . 7  7 1 . 6  79 . 5  75 . 3  7 0 . 7  
H F  28 . 3  7 0 . 7  7 9 . 2  7 5 . 6  7 1 . 1  28 . 2  7 0 . 7  7 9 . 1  7 5 . 1  7 0 . 6  

() 
A S SURED D E L I VERY 

+:> 
I 

80 . 0  7 1 . 0  28 . 8  7 1 . <1 80 . 0  7 5 . 7  7 0 . 8  lD P F  2 8 . 7  7 1 . 5  7 5 . 8  
PR 28 . 8  7 1 . 5 80 . 2  7 6 . 0  7 1 . 0  2 9 . 0  7 1 . 7  80 . 1  7 5 . 9  7 1 . 0  2 9 . 1  7 1 . 7  80 . 1  7 5 . 9  7 1 . 0  2 9 . 0  7 1 . 3  7 9 . 9  7 5 . 7  7 0 . 7  
HF  28 . 6  7 1 . 5  80 . 0  75 . 9  7 1 . 0  28 . 7  7 1 . 2  79 . 9  7 5 . 7  7 0 . 8  

ASSURED D E L IVERY A L T ER NA T IVE  

P R  2 8 . 3  7 0 . 8  78 . 9  7 5 . 0  7 0 . 2  28 . 3  7 0 . 9  78 . 8  74 . 8  7 0 . 0  

ASSUR ED D E L IVERY A L T E RNAT I VE 2 

PR 28 . 3  7 1 . 0  78 . 6  74 . 0  69 . 9  

ASSURED D E L IVERY A L T E R N A T I V E  3 

PR 28 . 2  7 1 . 0  78 . 5  7 4 . 4  69 . 8  28 . 0  7 0 . 6  78 . 5  74 . 2  69 . 7  

= C a s e  Not  R u n  
P F  P re lAP 
P R  P r oposed  Pol i cy 
HF = H y d r o  F i  r s t  
EX = E x i s t i n g I n ter t i e  
DC = DC Upgrade 
AC = T h i rd AC 
MX Max i mum Capac i t y 

( V S6-PG-60 60K ) 



EX 

MAY JUNE J U L Y  AUG l AUG2 

E X I S T I NG CONTRAC T S  

P F  28 . 2  7 2 . 5  8 1 . 5  78 . 1  74 . 8  
PR 28 . 2  7 2  . 4  8 1 . 5  78 . 2  74 . 8  
H F  28 . 2  7 2  . 5  8 1 . 5  78 . 1  74 . 8  

FEDERAL MARKET I NG 

P F  28 . 3  7 2 . 8  8 1 . 5  7 1 . 5  74 . 4  
PR 28 . 3  7 2 . 8  8 1 . 5  7 1 . 5  74 . 4  
H F 28 . 3  7 2 . 8  8 1 . 5  7 1  . 5  74 . 4  

lJ 

-P A��URED D E L IVERY 

PF  28 . 1  7 2 . 3  8 1 . 5  7 1  . 5  74 . 2  
-' 
o 

PR 28 . 1  7 2 . 3  8 1 . 5  7 1  . 4  74 . 2  
H F 28 . 1  7 2  . 3  8 1 . 5  7 1  . 4  74 . 2  

ASSURED D E L IVERY A L T E RNAT I V E  

P R  28 . 7  7 2  . 5  82 . 0  7 9 . 0  7 5 . 8  

illURED D E L IVERY All ERNA T IV E  2 

PR 

A��UR ED D E L IVERY A L T ERNAT IVE 3 

P R  

Case  No t R u n  
P F  ::: P r e  l A P  
PR ::: P roposed  Pol i c y 
HF ::: Hydro  F i  r s t  
EX ::: Ex i s t i n g I n t e rt i e  
D C  ::: D C  Upgrade 
AC ::: T h i rd AC 
MX Max i mum Capac i t y 

( VS6-PG-b060K ) 

TAB L E  C . 4-2 ( C on t i nued ) 

MONTHLY R E C R EA T I O N  I NDEX FOR HUNGRY HOR S E  
Percent  o f  B o a t  Ramps Us abl e 

l..2.2.a 

DC AC 

MAY JUNE J U L Y  AUG l AUG2 MAY JUNE JULY AUG l AUG2 

28 . 2  7 2 . 7  8 1 . 7  7 7 . 8  74 . 5  

28 . 1  7 2 . 3  8 1 . 3  7 1 . 0  7 3 . 6  

28 . 0  7 2 . 3  8 1 . 5  7 7 . 2  74 . 0  28 . 0  7 2 . 3  8 1 . 3  7 1  . 0  73 . 8  

28 . 6  7 2 . 8  8 1 . 9  78 . 8  7 5 . 6  

28 . 7  7 2 . 7  8 1 . 8  78 . 5  7 5 . 2  

MX 

MAY J UN E  JULY  AUG l AUG2 

28 . 0  7 2 . 6  8 1 . 4  7 7 . 7  7 4 . 5  

28 . 0  7 2 . 0  8 1 . 1  7 6 . 8  7 3 . 5  
28 . 0  7 2 . 6  8 1 . 1  76 . 8  7 3 . 5  
28 . 0  7 2  . 0  8 1 . 1  7 6 . 8  7 3 . 5  

2 7 . 9  7 1 . 8  8 1 . 1  7 6 . 8  7 3 . 4  
2 7 . 9  7 2  . 4  8 1 . 2  7 6 . 9  7 3 . 4  
2 7 . 9  7 1 . 8  8 1 . 3  7 6 . 9  7 3 . 5  

28 . 6  7 2 . 7  8 1 . 8  7 7 . 5  7 4 . 5  

28 . 5  7 2 . 6  8 1 . 7  78 . 1  74 . 7  



EX 

MAY JUNE  J U LY AUG 1 

E X I ST I NG CONTRACTS 

P F  2 7 . 5  7 2 . 0  8 1 . 2  7 5 . 8  
PR 2 7 . 4  7 1 . 7  8 1 . 2  7 5 . 9  
H F  2 7 . 4  7 1 . 5 8 1 . 2  7 5 . 8  

F EDERAL MAR K E T I NG 

P F  2 7 . 3  7 1 . 1  80 . 3  7 4 . 6  
PR 2 7 . 3  7 1 . 0  80 . 3  7 4 . 6  
H F  2 7 . 3  7 1 . 0 80 . 3  74 . 5  

n 
ASSURED D E L I VERY  

.p,-
I 

P F  2 7 . 5  7 1 . 4  80 . 7  7 4 . 9  
P R  2 7 . 5  7 1 . 3  80 . 7  7 4 . 9  
HF  2 7 . 5  7 1 . 3  80 . 7  7 4 . 9  

ASSURED D E L I V E R Y  A L T E RNAT I VE 

P R  2 9 . 0  7 3 . 0  82 . 4  7 7 . 5  

ASSURED D E L I V E RY A L T E RNAT IVE 2 

PR 

ASSUR ED D E L IVERY  A L T ERNA T IVE 3 

P R  

= C a s e  Not  R u n  
P F  = P re l A P  
PR = P ro p o sed Pol i c y 
HF  Hyd ro F i  r s t  
E X  Ex i s t i n g I n t e r t i e  
DC DC U p g rade  
AC = T h i rd A C  
MX Max i mum Capa c i t y  

( V S6-PG-60 60K ) 

AUG2 

7 1 . 7  
7 1 . 7  
7 1 . 7  

70 . 5  
70 . 5  
7 0 . 4  

70 . 7  
7 0 . 7  
7 0 . 7  

7 3 . 2  

TAB L E  C . 4-2 ( C o n t i n u e d ) 

S EASONAL R E C R EA T I ON I NDEX FOR HUNGRY HORSE 
Pe r c e n t  o f  Boat  R amps Usabl e 

2003 

DC AC 

MAY JUNE JULY AUG1 AUG2 MAY JUNE JULY AUG 1 AUG2 

2 7 . 3  7 1 . 5  8 1 . 0  7 5 . 7  7 1 . 7  

2 7 . 1  70 . 8  80 . 1  74 . 2  70 . 0  

2 7 . 5  7 1 . 2  80 . 4  74 . 5  70 . 3  2 7  . 5  7 1 . 0  80 . 4  7 4 . 3  70 . 2  

28 . 8  72 . 4  8 2 . 1  7 7 . 0  7 3 . 0  

2 8 . 8  7 2 . 4  82 . 0  7 7 . 0  7 2 . 8  

MX 

MAY JUNE  J U L Y  AUG 1 AUG2 

27 . 4  7 1 . 5  8 1 . 0  7 5 . 6  7 1 . 5  

2 7 . 2  70 . 9  80 . 1  7 4 . 1  70 . 0  
27 . 2  7 0 . 9  80 . 1  7 4 . 0  69 . 9  
2 7 . 2  70 . 9  80 . 1  74 . 0  69 . 9  

2 7 . 5  7 1 . 1  80 . 4  74 . 2  70 . 2  
2 7  . 5  7 1 . 1  80 . 2  74 . 2  7 0 . 2  
2 7 . 5  7 1 . 1  80 . 4  74 . 2  70 . 2  

28 . 7 72 . 5 8 1 . 8 76 . 8  7 2  . 5 

28 . 6  72 . 3  82 . 0  7 7 . 0  72 . 6  



n 

+:> 

N 

EX 

MAY JUNE  J U LY AUGl  AUG2 

EX IST I NG CQNT RACTS 

PF 46 . 6  9 1 . 9  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
PR 46 . 9  9 1 . 9  1 0 0 . 0  1 00 . 0  1 0 0 . 0  
H F  46 . ':i  9 1 . 9  1 00 . 0  1 0 0 . 0  1 00 . 0  

FEDERAL MARKE T I NG 

P F  45 . 4  9 1 . 5  1 0 0 . 0  1 00 . 0  1 0 0 . 0  
P R  45 . 7  9 1 . 7  1 0 0 . 0  1 00 . 0  1 0 0 . 0  
H F  45 . 5  9 1 . 5  1 00 . 0  1 0 0 . 0  1 00 . 0  

ASSURED D E L IVERY 

P F  4 5 . 3  9 1 . 9  1 0 0 . 0  1 00 . 0  1 00 . 0  
PR 45 . 7  9 2 . 0  1 0 0 . 0  1 00 . 0  1 00 . 0  
H F  45 . 3  9 1 . 9  1 0 0 . 0  1 00 . 0  1 00 . 0  

AS20R ED DE L I VERY A L TERNA T I V E  

P R  46 . 0  9 1 . 7  1 0 0 . 0  1 00 . 0  1 0 0 . 0  

ASSUR ED D E L IVERY  A LT ERNA T I V E  2 

P R  

ASSURED DE L I VERY A L TERNAT IVE 3 

PR 

:: Case Not  R u n  
PF  :: P re l A P  
P R  :: P ro posed Pol i c y 
HF :: Hyd ro F i  r s t  
E X  :: Ex i s t i n g I n t e r t i e  
DC DC Upg rade 
AC T h i rd AC 
MX Max i mum Capac i ty 

( V S6-PG-6 0 60 K )  

TAB L E  C . 4-3 
MONTHLY RECREATION  I NDEX FOR GRAND COU L E E  

P e r c e n t  o f  B o a t  R a m p s  U s abl e 

l2.6..8. 

DC AC 

MAY JUNE JULY AUG l AUG2 MAY JUNE JULY AUG l AUG2 

46 . 9  9 1 . 9  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

45 . 7  9 1 . 7  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

45 . 7  9 2 . 0  1 0 0 . 0  1 00 . 0  1 00 . 0  45 . 7  9 2 . 0  1 0 0 . 0  1 00 . 0  1 0 0 . 0  

46 . 0  9 1 . 7  1 00 . 0  1 0 0 . 0  1 0 0 . 0  

44 . 3  9 0 . 3  99 . 9  99 . 9  99 . 9  

MX 

MAY JUNE  JULY  AUG l AUG2 

46 . 9  9 1 . 9  1 00 . 0 1 0 0 . 0  1 0 0 . 0  

4 5 . 4  9 1  . 6  1 00 . 0  1 00 . 0  1 00 . 0  
4 5 . 7  9 1 . 7  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
45 . 5  9 1 . 5  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

4 5 . 3  9 1 . 9  1 00 . 0  1 0 0 . 0  1 0 0 . 0  
45 . 7  9 2 . 0  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
4 5 . 3  9 1 . 9  1 0 0 . 0  1 00 . 0  1 00 . 0  

46 . 8  9 1 . 7  1 0 0 . 0  1 0 0 . 0  1 00 . 0  

4 4 . 4  90 . 2  99 . 9  9 9 . 9  99 . 9  



() 

-P> 
I 

w 

EX 

MAY JUNE J U LY AUG l AUG2 

E X I ST I N� CQNTRACTS 

PF 4 3 . 2  9 1 . 2  1 0 0 . 0  1 0 0 . 0  1 00 . 0  
PR 43 . 2  9 1 . 2  1 00 . 0  1 0 0 . 0  1 0 0 . 0  
H F  43 . 2  9 1 . 1  1 0 0 . 0  1 00 . 0  1 0 0 . 0  

F EDERAL  MARKET I NG 

P F  4 3 . 1  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 00 . 0  
P R  43 . 2  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
H F  43 . 1  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

ASSUR E D  D E L IVERY 

P F  43 . 2  9 1 . 4  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
PR 43 . 2  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 00 . 0  
H F  43 . 3  9 1 . 3  1 0 0 . 0  1 00 . 0  1 0 0 . 0  

ASSURED  D E L IVERY  AL TERNATIVE  

PR 43 . 3  9 1 . 0  99 . 9  99 . 9  

ASSURED  D E L IV E R Y  A L T E R NA T IVE 2 

PR 

ASSURED D E L IVERY A L TERNATIVE 3 

PR 

Case N o t  R u n  
P F  = Pre  l A P  
P R  = P ro p o s ed Pol i cy 
H F  = Hyd ro F i  r s t  
E X  = E x i s t i n g  I n te rt i e  
DC = DC Upg rad e 
AC = T h i rd AC 
MX = Max i mum Capa c i t y  

( V S6-PG-6 0 60 K )  

99 . 9  

TAB L E  C . 4-3 ( Co n t i n u e d ) 

MO N T H L Y  REC REAT ION  I NDEX FOR GRAND COU L E E  
P e r c e n t  o f  Boat  Ramps U s a b l e 

1m 

DC AC 

MAY JUNE J U LY AUG l AUG2 MAY JUNE JULY AUG l AUG2 

43 . 3  9 1 . 2  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

43 . 3  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

43 . 5  9 1 . 2  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  43 . 6  9 1 . 2  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

43 . 5  90 . 9  99 . 9  99 . 9  99 . 9  

43 . 3  90 . 7  99 . 9  99 . 9  99 . 9  

MX 

MAY JUNE  J U LY AUG l AUG2 

43 . 3  9 1 . 2  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

43 . 1  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
43 . 3  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
43 . 1  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

43 . 2  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
43 . 3  9 1 . 2  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  
43 . 3  9 1 . 3  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

43 . 2  90 . 5  9 9 . 9  9 9 . 9  99 . 9  

43 . 3  90 . 5  99 . 9  9 9 . 9  99 . 9  



c) 

� 
-� 
-l", 

EX 

MAY J UNE J U L Y  AUGl  AUG2 

E X I S T I NG CQNT RACTS 

P F  4 3 . 6  90 . 2  99 . 9  99 . 9  1 0 0 . 0  
P R  4 3 . 6  90 . 2  99 . 9  9 9 . 9  1 0 0 . 0  
HF  4 3 . 6  90 . 2  99 . 9  99 . 9  1 0 0 . 0  

FE DERAL MARKET I NG 

P F  43 . 5  89 . 9  
P R  4 3 . 5  89 . 9  
HF 4 3 . 4  89 . 9  

ASSURED D E L IVERY 

P F  4 3 . 5  90 . 2  
P R  43 . 6  90 . 2  
HF 43 . 5  90 . 2  

99 . 8  9 9 . 8  
99 . 8  99 . 8  
99 . 8  99 . 8  

99 . 9  99 . 9  
99 . 9  99 . 9  
9 9 . 9  99 . 9  

855U RED D E L I V E R Y  A L T ERNAT IVE 

P R  44 . 4  90 . 3  9 9 . 9  99 . 9  

ASSUR ED D E L I V ERY A L TERNAT I VE 2 

P R  

ASSURED D E L I V ERY  A L T E RNAT I V E  3 

P R  

Case  N o t  R u n  
P F  = P re lAP  
P R  P ro p osed Pol i c y 
HF H y d ro F i rs t 
EX = E x i s t i n g I n t e r t i e  
DC DC Upgrade 
AC = T h i rd AC 
MX Max i mum Capac i t y 

( V S6-PG-6060K ) 

99 . 8  
99 . 8  
99 . 8  

99 . 9  
99 . 9  
99 . 9  

99 . 9  

TAB L E  C . 4-3 ( C o n t i n u ed ) 

MONTHLY R EC R E A T I O N  I NDEX FOR GRAND COU L E E  
P e rc e n t  o f  B o a t  Ramp s Usa b l e 

l22B. 

DC AC 

t1AY J UNE J U L Y  AUGl  AUG2 MAY JUNE J U LY AUG l AUG2 

4 3 . 6  90 . 2  99 . 9  99 . 9  1 0 0 . 0  

�3 . 6  89 . 9  99 . 8  99 . 7  99 . 8  

43 . 5  90 . 1  99 . 9  99 . 9  99 . 9  4 3 . 6  90 . 2  99 . 9  99 . 9  99 . 9  

44 . 3  90 . 3  99 . 9  99 . 9  9 9 . 9  

44 . 3  90 . 3  99 . 9  99 . 9  99 . 9  

MX 

MAY JUNE J U L Y  AUGl  AUG2 

43 . 6  90 . 1 99 . 9  99 . 9  1 0 0 . 0 

43 . 5  89 . 9  99 . 7  99 . 7  99 . 8  
43 . 6  89 . 9  99 . 7  99 . 7  99 . 8  
4 :� . 4 8 9 . 9  99 . 7  99 . 7  99 . 8  

�3 . 5  90 . 2  99 . 9  99 . 9  99 . 9  
43 . 6  90 . 2  99 . 9  99 . 8  99 . 9  
43 . 5  90 . 1  99 . 9  9 9 . 9  99 . 9  

4� . 6  90 . 3  99 . 9  99 . 9  99 . 9  

44 . 4  90 . 2  99 . 9  99 . 9  99 . 9  



IX 

MAY JUNE J U L Y  AUG l AUG2 

EX IST I N� CQNT RACTS 

P F  42 . 1  88 . 2  99 . 9  9 9 . 9  1 0 0 . 0  
PR 4 2 . 1  88 . 2  99 . 9  99 . 9  1 00 . 0  
H F  4 1 . 9  88 . 2  9 9 . 9  99 . 9  1 0 0 . 0  

FEDERAL MAR K E T I N� 

P F  4 2 . 0  88 . 0  99 . 8  99 . 8  99 . 9  
PR 42 . 0  88 . 1  99 . 8  99 . 8  9 9 . 9  
H F  4 1 . 7  88 . 1  99 . 8  99 . 8  99 . 9  

n 

+:> ASSURED D E L IVERY 
I 

Ul P F  42 . 2  88 . 2  99 . 9  99 . 9  99 . 9  
PR 4 2 . 2  88 . 2  99 . 9  99 . 9  99 . 9  
H F  42 . 1  88 . 2  99 . 9  99 . 9  99 . 9  

ASSUR ED D E L I V E R Y  A L T E RNA T I V E  

P R  4 3 . 1  88 . 9  1 0 0 . 0  1 00 . 0  1 00 . 0  

ASSU RED D E L IVERY A L T E RNAT I VE 2 

PR 

ASSURED D E L IVERY A L T E RNA T I V E  2 

PR 

= Case Not  R u n  
P F  P re l A P  
PR = P ro po s e d  Pol i c y 
H F  H y d ro F i  r s t  
EX E x i s t i n g  I n t e r t i e 
DC = DC Upgrade 
AC = T h i rd AC 
MX = Max i mum Capac i t y 

( VS6-PG-6060 K )  

TAB L E  C . 4-3 ( C o n t i n u e d ) 

MON THLY R EC R EAT I ON I NDEX FOR GRAND COU L E E  
Percent  o f  Boat R a m p s  U s ab l e 

� 

DC AC 

MAY J UN E  J U L Y  AUG l AUG2 MAY JUNE J U LY AUG l AUG2 

4 1 . 9  88 . 2  99 . 9  99 . 9  1 0 0 . 0  

4 1 . 7  88 . 0  99 . 8  99 . 8  99 . 9  

42 . 1  88 . 2  99 . 9  99 . 9  99 . 9  4 2 . 1  88 . 2  9 9 . 9  9 9 . 9  99 . 9  

42 . 9  88 . 9  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

4 2 . 9  88 . 8  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

MX 

MAY JUNE J U LY AUGl  AUG2 

4 1 . 9  88 . 2  99 . 9  9 9 . 9  1 0 0 . 0  

4 1 . 8  88 . 0  99 . 8  99 . 8  99 . 9  
4 1 . 8  88 . 0  9 9 . 8  99 . 8  99 . 9  
4 1 . 8  88 . 0  99 . 8  99 . 8  99 . 9  

42 . 1  88 . 2  99 . 9  9 9 . 9  99 . 9  
42 . 1  88 . 2  99 . 9  9 9 . 9  99 . 9  
42 . 1  88 . 2  9 9 . 9  9 9 . 9  99 . 9  

4 3 . 2  88 . 8  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  

4 2 . 9  88 . 8  1 0 0 . 0  1 0 0 . 0  1 0 0 . 0  



EX 

MAY JUNE J U LY AUG ] 

E X I S T I NG CQN TRACTS 

P F  40 . 5  8 5 . 9  90 . 6  89 . 2  
P R  40 . 5  8 6 . ] 90 . 6  89 . 1  
HF  40 . 5  85 . 9  90 . 8  89 . 7  

FEDERAL  MAR KE T I NG 

P F  4 0 . 7  8 6 . 3  90 . 2  88 . 6  
PR 4 0 . 7  8 6 . 3  90 . 9  88 . 9  

<) illl.lR!:D D E L IVERY 

� P F  40 . 9  8 6 . 4  90 . 7  88 . 8  I 
P R  4 0 . 9  86 . 3  90 . 9  89 . 6  

CJ) HF 4 0 . 9  86 . 3  90 . 7  88 . 9  

ASSURED D E L IVERY A L T ERNAT IVE 

P R  4 0 . 7  86 . 3  90 . 5  89 . 0  

ASSURED D E L I V E R Y  A L T ERNAT IVE 2 

P R  

ASSURED D E L IVERY  A L TERNA T I V E  3 

P R  

= C a s e  N o t  R u n  
P F  = P re l A P  
P R  = P ro p o s ed Pol i cy 
HF = Hyd ro F i  r s t  
E X  = Ex i s t i n g I n t e r t i e  
D C  = D C  Upg rade 
AC T h i rd AC 
MX Max i mum Capac i t y 

( V S6-PG-6 0 6 0 K )  

AUG2 

8 7 . 7  
8 7 . 6  
88 . 2  

8 6 . 9  
8 7 . 2  

8 6 . 8  
8 7 . 3  
86 . 9  

8 7 . ] 

TABLE C . 4-4 

MONTHLY RECREATION  I NDEX FO R DWO R SHAK 
E x p e c t e d  Usage a s  a P e r c e n t age of F u l l Pool U s e  

l..9..6B 

DC A C  

MAY JUNE J U L Y  AUG ] AUG2 MAY JUNE JULY AUG ] AUG2 

40 . 5  86 . ]  90 . 6  8 9 . ] 8 7 . 6  

40 . 7  86 . 3  90 . 9  88 . 9  8 7 . 2  

40 . 9  86 . 3  90 . 9  89 . 6  8 7 . 3  40 . 9  86 . 3  90 . 9  89 . 6  8 7 . 3  

40 . 7  86 . 3  90 . 5  89 . 0  8 7 . ]  

40 . 7  8 6 . 3  90 . 9  88 . 9  86 . 8  

MX 

MAY JUNE J U LY AUG ] AUG2 

40 . 5  86 . ]  90 . 6  89 . ]  8 7 . 6  

40 . 7  86 . 3  90 . 4  88 . 6  86 . 9  
40 . 7  86 . 3  90 . 9  88 . 9  8 7 . 2  

40 . 9  86 . 4  90 . 7  88 . 8  86 . 8  
40 . 9  86 . 3  90 . 9  89 . 6  8 7 . 3  
40 . 9  86 . 3  90 . 7  88 . 9  86 . 9  

40 . 7  86 . 3  90 . 5  88 . 8  86 . 9  

40 . 7  86 . 3  90 . 9  88 . 9  86 . 8  



n 

-P> 
I 

--..j 

EX 

MAY JUNE  J U L Y  A U G 1  

E X I S T I NG CONTRACTS 

P F  4 1 . 6  83 . 3  8 7 . 4  84 . 4  
PR 4 1 . 6  83 . 3  8 7 . 1  84 . 3  
HF  4 1 . 6  83 . 2  8 7 . 1  84 . 4  

FEDERAL  MAR K E T I NG 

P F  4 1 . 6  83 . 9  8 7 . 5  84 . 3  
PR 4 1 . 6  83 . 8  87 . 4  84 . 3  
HF  4 1 . 6  8 3 . 8  8 7 . 5  84 . 4  

A S SURED D E L IVERY  

P F  4 1 . 6  83 . 9  8 7 . 3  8 3 . 9  
PR 4 1 . 6  83 . 9  87 . 3  84 . 1  
H F  4 1 . 6  83 . 9  8 7 . 2  8 4 . 2  

A S SURED D E L IVERY  A L T E RNA T IVE 

PR 4 1 . 6  8 3 . 5  86 . 6  83 . 6  

A S SURED D E L IVERY  AL TERNA T IVE 2 

P R  

A S S U R E D  D E L IVERY  A L TERNA T IVE 3 
PR 

= Case Not  R u n  
P F  P re J A P  
PR = P ro p o s ed Pol i c y 
HF = Hyd ro F i  r s t  
E X  = E x i s t i n g  I n t e rt i e  
DC = DC Upg rad e 
AC = T h i rd AC 
MX Max i mum Capac i t y 

( V S6-PG-6 0 60 K )  

AUG2 

8 1 . 2  
8 1 . 2  
8 1 . 4  

80 . 8  
80 . 8  
8 1 . 0  

80 . 8  
8 1 . 0  
80 . 8  

80 . 3  

TAB L E  C . 4-4 ( C on t i n u e d ) 

MONTHLY  R ECREAT ION I NDEX  FOR DWOR SHAK 
E x pe c t ed Usage a s  a P e r c e n t age of F u l l Pool U s e  

� 

DC AC 

MAY JUNE J U L Y  AUG 1 AUG2 MA Y JUNE J U LY AUG 1 AUG2 

4 1 . 6 83 . 3 8 7 . 1 8 4 . 1 8 1 . 0  

4 1 . 6  83 . 9  8 7 . 5  84 . 2  80 . 8  

4 1 . 6  8 3 . 9  8 7 . 2  8 4 . 2  8 0 . 8  4 1 . 6  83 . 9  8 7 . 2  84 . 2  8 0 . 7  

4 1 . 6  8 3 . 5  86 . 5  83 . 5  8 0 . 2  

4 1 . 6  83 . 2  86 . 3  83 . 2  7 9 . 7  

MX 

MAY J UN E  J U L Y  AUG 1 AUG2 

4 1 . 6  8 3 . 3  87 . 2  84 . 1  8 1 . 1  

4 1 . 6  8 3 . 7  8 7 . 3  84 . 3  8 0 . 8  
4 1 . 6  83 . 8  87 . 2  84 . 2  80 . 7  
4 1 . 6  83 . 7  87 . 3  84 . 2  80 . 7  

4 1 . 6  8 3 . 9  87 . 2  84 . 1  80 . 1  
4 1 . 6  8 3 . 9  87 . 2  84 . 2  80 . 7  
4 1 . 6  83 . lJ  87 . :1 84 . 3  8 0 . 8  

4 1 . 6  82 . 7  86 . 3  8 3 . 1  7 9 . 5  

4 1 . 6  83 . 1  86 . 3  83 . 2  7 9 . 7  



EX 

MAY JUNE  JULY  AUG l AUG2 

E X I S T I NG CON T RACT S 

P F  40 . 6  83 . 2  86 . 7  84 . 3  8 2 . 1  
PR 40 . 6  83 . 2  8 6 . 7  84 . 3  8 2 . 1  
H F  40 . 6  83 . 2  8 6 . 7  84 . 3  82 . 1  

FEDERAL MA RKET I N G  

P F  40 . 7  8 2 . 9 86 . 4  84 . 2  8 1 . 6  
PR 40 . 7  8 2 . 9 86 . 4  84 . 2  8 1 . 6  
H F  40 . 7  82 . 9  8 6 . 4  84 . 2  8 1 . 6  

n 

�(:::::. ASSURED D E L IVERY 
I 

---' P F  40 . 7  83 . 1  86 . 4  84 . 2  8 1 . 6  co 
PR 40 . 7  83 . 1  86 . 4  84 . 2  8 1 . 6  
H F  40 . 7  8 3 . 1  8 6 . 4  8 4 . 2  8 1 . 5  

ASSURED D E L IVERY A L T ERNA T IVE  

PR 4 1 . 1  83 . 1  86 . 6  84 . 9  82 . 9  

ASSUR ED D E L IVERY A L T ERNA T IVE  2 

PR 

ASSUR ED D E L IVERY A L T ERNAT IVE 3 

PR 

Case N o t  Run 
P F  Pre  l A P  
PR = P roposed  Pol i c y 
HF  H y d ro F i  r s t  
E X  E x i s t i n g I n te r t i e  
DC = DC U p g r ade 
AC = T h i rd AC 
MX = Max i mum Capac i t y 

( VS6-PG-6060 K )  

TAB L E  C . 4-4 ( C o n t i nued ) 

MONTHLY  R E C R EA T I ON I NDEX FOR DWOR SHAK 
E x p e c ted U s age a s  a P e r c e n tage of F u l l Pool U s e  

1 998 

DC AC 

MAY JUNE  J U L Y  AUG l AUG2 MAY J UN E  J U L Y  AUG l AUG2 

40 . 6  83 . 1  86 . 6  84 . 2  8 1 . 9  

40 . 6  8 2 . 9 86 . 4  84 . 1  8 1 . 4  

40 . 7  8 3 . 1  86 . 4  84 . 2  8 1 . 5  4 0 . 6  83 . 0  86 . 4  84 . 1  8 1 . 4  

4 1 . 1  83 . 1  8 6 . 6  84 . 8  8 2 . 7  

4 1 . 1  83 . 2  86 . 7  84 . 8  8 2 . 5  

MX 

MAY J UN E  J U L Y  AUG l AUG2 

4 0 . 6  83 . 2  86 . 7  8 4 . 2  8 1 . 9  

4 0 . 6  8:-' . 9  86 . 11 84 . 0  8 1 . 3  
40 . 6  8 2 . 9  86 . 3  84 . 0  8 1 . 3  
40 . 6  8:-' . (] 86 . 4  8'1 . 0  8 1 . :-' 

40 . 0  8 3 . 0  86 . 4  8 4 . 1  8 1 . 3 
40 . 6  8 3 . 1  86 . 4  84 . 0  8 1 . 2  
40 . 6  8 l . 0  86 . 4  84 . 0  8 1 . :-' 

4 1 . 1  8 3 . 3  8 6 . 8  84 . 7  8:-' . 3  

4 1 . 1  83 . 2  86 . 7 84 . 7  82 . 4  



---� 
MAY J UN E  J U LY AUG l 

E X I S T ING  CONT RAC TS 

P F  39 . 3  83 . 2  8 7 . 3  85 . 0  
PR 39 . 3  8 3 . 1  8 7 . 3  85 . 0  
HF  39 . 3  83 . 1  8 7 . 3  85 . 0  

F EDERAL MA RK E T I NG 

P F  39 . 3  83 . 0  8 7 . 1  84 . 6  
P R  39 . 3  8 3 . 0  8 7 . 1  84 . 6  
H F  39 . 3  83 . 0  8 7 . 1  84 . 6  

() 

-Po ASSURED  D E L IVERY 
I 

<D P F  39 . 3  83 . 0  8 7 . 2  84 . 6  
P R  39 . 3  83 . 0  8 7 . 2  84 . 6  
H F  39 . 3  83 . 0  8 7 . 2  84 . 6  

ASSURED  D E L IVERY A L T E R NAT IVE 

PR 39 . 3  83 . 5  8 7 . 5  85 . 3  

ASSURED D E L IVERY A L T ERNA T IVE 2 

P R  

ASSURED D E L IVERY A L T E R NA T IVE 3 

P R  

= C a s e  N o t  R u n  
P F  = P re l A P  
PR P ropo sed Pol i c y 
HF = Hyd ro F i  rs t 
EX = Ex i s t i n g I n t e r t i e 
DC = DC Upgrade 
AC = T h i rd AC  
MX  = Max i mum Capac i t y 

( VS6-PG-60 60K ) 

AUG2 

8 1 . 7  
8 1 . 8  
8 1 . 8  

8 1 . 0  
8 1 . 0  
8 1 . 0  

8 1 . 1  
8 1 . 1  
8 1 . 1  

82 . 0  

TAB L E  C . 4-4 ( Co n t i n u ed ) 

MON T H L Y  RECREA T ION I NDEX FOR DWORSHAK 
E x p e c t ed Usage as  a Pe rcen tage of F u l l P o o l  U s e  

2 0 0 3  

D C  AC 

MAY J UNE J U LY AUG l AUG2 MAY JUNE J U L Y  AUG l AUG2 

39 . 1  83 . 2  8 7 . 3  84 . 9  8 1 . 5  

39 . 1  83 . 0  8 7 . 0  84 . 6  80 . 8  

39 . 3  83 . 0  8 7 . 2  84 . 6  80 . 8  39 . 3  83 . 0  8 7 . 2  84 . 6  8 0 . 8  

39 . 3  8 3 . 5  8 7 . 5  85 . 2  8 1 . 7  

39 . 3  83 . 4  8 7 . 3  85 . 2  8 1 . 6  

MX 

MAY JUNE  J U L Y  AUG l AUG2 

39 . 1  8 3 . 2  8 7 . 3  81] . 8  8 1 . 4  

3 9 . 1  8 :) , 0  8 7 . 0  84 . 6  80 . 8  
39 . 1  8 3 . 0  8 7 . 0  8 4 . 6  80 . 8  
39 . 1  8 3 . 0  87 . 0  84 . 6  8 0 . 8  

39 . 3  83 . 0  8 7 . 2  81] . 6  80 . 8  
39 . 3  8 :) . 0  87 . 2  84 . 6  8 0 . 8  
39 . 3  8 3 . 0  87 . 2  84 . 6  8 0 . 8  

39 . 3  8 3 . 3  8 7 . 1]  85 . 0  8 1 . 4  

39 . 3  83 . ':1  8 7 . 5  85 . 1  8 1 . 6 



TAB L E  C . 4- 5  

MON T H L Y  RECREATION  I N D E X  FOR  HUNGRY H O R S E  
P e r c e n t  of B o a t  Ramp s U s a bl e 

1 988 1 99 3  
� � � --.!1L � � � --.!1L 

EX I ST I N G  CON TRACT LEVEL  E X I S T ING CONTRACT L EV E L  
P F  69 . 6  P F  6 3 . 2  
PR 7 0 . 0  7 0 . 0  7 0 . 0  P R  6 3 . 2  6 3 . 2  6 3 . 2  
H F  68 . 9  H F  6 3 . 1 

F E D ERAL MARK E T I N G  F E D ERAL MARK E T I N G  
P F  68 . 6  68 . 6  P F  6 2 . 9  6 2 . 9  
PR 69 . 4  69 . 4  6 9 . 4  P R  6 2 . 9  6 3 . 2  6 3 . 1  
H F  68 . 2  68 . 2  H F  6 2 . 8  6 2 . 6  

ASSUR ED D E L IVERY A SSUR E D  D E L IVERY 
PF 68 . 9  68 . 9  P F  6 3 . 3  6 3 . 3  
PR 69 . 4  6 9 . 4  6 9 . 4  69 . 4  P R  6 3 . 4  6 3 . 5  6 3 . 5  6 3 . 3  
H F  68 . 7  68 . 7  H F  6 3 . 3  6 3 . 2  

ASSURE D  D E L I V ERY A L TERNATIVE  ASSUR E D  D E L IVERY A L T E RNATIVE  1 
PR 69 . 1  6 9 . 1  P R  6 2 . 6  6 2 . 5  

ASSURED D E L I VERY A L T E RNATIVE  2 ASSUR E D  D E L IVERY A L T ERNAT I V E  2 
PR 68 . 8  P R  62 . 4  

ASSUR ED D E L IVERY A L T E RNATIVE  3 ASSU R E D  D E L IVERY  A L T E RNATIVE  3 
P R  69 . 2  8 6 9 . 2  P R  6 2 . 4  62 . 2  

1 228 2 0 0 3  
� � � --.!1L � � � --.!1L 

EXIST I N G CON TRACT L E V E L  E X I ST I NG C O N T RAC T L E V E L  
P F  64 . 6  P F  6 3 . 5  
PR 64 . 6  64 . 6  64 . 5  PR 6 3 . 5  6 3 . 3  6 3 . 3  
H F  64 . 6  H F  6 3 . 4  

F E D ERAL MARK E T I N G  F E D ERAL MARK E T ING 
P F  64 . 6  64 . 0  P F  6 2 . 7  6 2 . 5  
PR 64 . 6  64 . 2  64 . 1  P R  6 2 . 7  6 2 . 5  62 . 5  
H F  64 . 6  64 . 0  H F  6 2 . 7  62 . 5  

ASSURED D E L IVERY A S S URED  D E L I V E R Y  
P F  64 . 4  6 3 . 9  P F  6 3 . 0  6 2 . 7  
PR 64 . 4  64 . 3  64 . 2  64 . 1  P R  6 3 . 0  62 . 8  6 2 . 7  62 . 7  
H F  64 . 4  64 . 0  H F  6 3 . 0  62 . 7  

ASSUR ED D E L IVERY  A L T E RNATIVE  ASSUR E D  D E L IVERY  AL  TERNA  T I V E  
PR 6 5 . 1  6 5 . 1  P R  64 . 9  64 . 5  

ASSUR ED D E L I VERY  A L T ERNATIVE 2 ASSUR E D  D E L IVERY  A L T ERNATIVE  2 
PR 64 . 7  P R  64 . 3  

ASSUR ED D E L IVERY A L T E RNATIVE  3 ASSUR E D  D E L IVERY  A L T E RN A T I V E  3 
PR 64 . 9  64 . 7  P R  64 . 5  64 . 4  

C a s e  Not  Run 
P F  Pre l A P  
P R  Propo s e d  Pol i cy 
H F  Hydro F i r s t  
E X  E x i s t i ng I n t e r t i e  
D C  D C  U p g r a d e  
AC Th i r d AC 
MX Max i mum C a p a c i ty 

( VS6-PG-6 0 6 0 K ) 

C . 4 - 20 



TAB L E  C . 4 -6 

SEASONAL RECREATION I N D E X FOR GRAND C O U L E E  
Percent  o f  B o a t  Ramp s U s a b l e 

1 9 88 1 99 3  
---.IL � � -.tlL ---.IL � _AL -.tlL 

E X I S T I N G  C O NTRACT L EVEL  E X I S T I N G  C O N T RACT LEVEL  
P F  84 . 6  P F  8 3 . 5  
PR 84 . 6  84 . 6  84 . 6  PR 8 3 . 5  8 3 . 6  
H F  84 . 5  H F  8 3 . 5  

F E D ERAL MARK E T I N G  F E D ERAL MARK E T I N G  
P F  84 . 2  84 . 2  P F  8 3 . 5  8 3 . 5  
PR 84 . 3  84 . 3  84 . 3  PR 8 3 . 6  8 3 . 6  8 3 . 6  
H F  84 . 2  84 . 2  H F  8 3 . 5  8 3 . 5  

ASSURED D E L IVERY A S SU R E D  D E L IVERY 
P F  84 . 2  84 . 2  P F  8 3 . 6  8 3 . 6  
PR 84 . 4  84 . 4  84 . 4  84 . 4  PR 8 3 . 6  8 3 . 6  8 3 . 6  8 3 . 6  
H F  84 . 2  84 . 2  H F  8 3 . 6  8 3 . 6  

ASSURED D E L IVERY A L T E RNATIVE  ASSURED  D E L IVERY  AL TERNA T I VE 
PR 84 . 4  84 . 4  PR 8 3 . 5  8 3 . 5  

ASSURED D E L I VERY  AL TER NAT IVE  2 A S SU R E D  D E L IVERY  AL  TERNA T I VE 2 
PR 84 . 6  PR 8 3 . 3  

ASSURED  D E L IVERY ALTERNATIVE 3 ASSU R E D  D E L IVERY ALT ERNAT I VE 3 
PR 84 . 4  84 . 4  PR 8 3 . 4  8 3 . 3  

1 298 2 0 0 3  
---.IL .-ll..L � -.tlL ---.IL .-ll..L � -.tlL 

E X I ST I N� CON TRACT L EVEL  E X I S T I N G  C O N TRAC T L EVEL  
P F  8 3 . 4  P F  82 . 5  
P R  8 3 . 4  8 3 . 4  8 3 . 3  P R  8 2 . 5  8 2 . 4  8 2 . 4  
H F  8 3 . 4  H F  8 2 . 4  

F E D E RAL MARK E T I N� F E D E RAL MARK E T I N G  
P F  8 3 . 2  8 3 . 2  P F  8 2 . 4  8 2 . 3  
PR 8 3 . 2  8 3 . 2  8 3 . 2  PR 82 . 4  8 2 . 3  8 2 . 3  
H F  8 3 . 2  8 3 . 1  H F  82 . 3  8 2 . 3  

A SSUR E D  D E L IVERY  ASSURED  D E L I VE RY 
P F  8 3 . 3  8 3 . 3  P F  8 2 . 5  82 . 5  
PR 8 3 . 3  8 3 . 3  8 3 . 3  8 3 . 3  P R  82 . 5  82 . 5  8 2 . 5  8 2 . 5  
H F  8 3 . 3  8 3 . 3  H F  82 . 5  8 2 . 5  

ASSUR E D  D E L IVERY A L T E RNATIVE ASS URED  D E L IVERY  A L T E RNAT I VE 
P R  8 3 . 6  8 3 . 5  P R  8 3 . 0  8 2 . 9  

ASSU RED D E L IVERY ALTERNATIVE 2 ASSURE D  D E L IVERY  ALTERNATIVE  2 
P R  8 3 . 6  PR 8 3 . 0  

ASSUR E D  D E L IVERY ALT ERNAT I VE � ASSUR E D  D E L I VE R Y  A L  TERNA T I VE 3 
PR 8 3 . 5  8 3 . 5  PR 8 2 . 9  8 2 . 9  

C a s e  Not  R u n  
P F  P r e  lAP 
P R  Proposed  Pol i cy 
H F  Hydro F i r s t  
E X  E x i s t i n g I n t e r t i e  
D C  DC U p g r a de 
AC Th i rd AC 
MX Max i mum C a p a c i ty 

( VS6-PG-60 60K ) 

C . 4 - 2 1 



TAB L E  C . 4 -7 

MONTHLY R E C R EAT I O N  I N D E X FOR DWORSHAK 
E x p e c t e d  U s a g e  a s  a Percentage  of  F u l l Poo l U s e  

1 988 
---I.L -.!l.L � 

EXISTING �ONTRACT L E VEL  
P F  76 . 3  
PR 76 . 3  76 . 3  
H F  76 . 5  

F E D E RAL MARK E T I N G  
P F  76 . 2  
P R  76 . 4  76 . 4  
H F  76 . 2  

ASSUR ED D E L IVERY 
P F  76 . 4  
PR 76 . 6  76 . 6  76 . 6  
H F  76 . 4  

ASSUR E D  D E L IVERY ALT ERNATIVE  
P R  76 . 3  76 . 3  

ASSUR ED D E L IVERY A L T ERNATIVE  
P R  

ASSURED  D E L IVERY ALTERNATIVE  
P R  76 . 4  

1 928 
---I.L -.!l.L 

E X I S T I N G  J:..Q1!TRACT L E V E L  
P F  7 3 . 3  
PR 73 . 3  7 3 . 3  
H F  7 3 . 3  

F E D ERAL MARK E T I N� 
P F  7 3 . 1  
P R  7 3 . 1  7 3 . 1  
H F  7 3 . 1  

ASSUR ED D E L IVERY 
P F  7 3 . 2  
P R  7 3 . 2  7 3 . 2  
H F  7 3 . 2  

� 

7 3 . 1  

ASSURE D  D E L I VE RY ALTERNATIVE  
P R  7 3 . 6  7 3 . 6  

2 

3 

ASSURED D E L IVERY ALT ERNAT IVE  2 

--.t1L 

76 . 3  

76 . 2  
76 . 4  
76 . 2  

76 . 4  
76 . 6  
76 . 4  

76 . 3  

76 . 4  

--.t1L 

7 3 . 3  

7 3 . 1  
7 3 . 0  
7 3 . 0  

7 3 . 1  
7 3 . 1  
7 3 . 1  

P R  7 3 . 6  

ASSURE D  D E L IVERY ALT ERNAT I V E  3 
P R  7 3 . 6  7 3 . 6  

C a s e  N o t  Run 
P F  Pre l A P  
P R  Proposed  Pol i cy 
H F  Hydro F i r s t  
E X  E x i s t i n g I n t e r t i e  
D C  D C  Upg rade 
AC Th i r d AC 
MX Max i mum C a p a c i ty 

( VS6-PG-6060K J 

1 9 9 3  
---I.L -.!l.L � 

EXI S T I N G  CON TRACT L E V E L  
P F  7 3 . 7  
PR 7 3 . 6  7 3  . 6  
H F  7 3  . 6  

F ED ERAL MARK E T I N G  
P F  7 3 . 8  
PR 7 3 . 8  73  . 8  
H F  7 3 . 8  

ASSURED D E L IVERY 
P F  7 3 . 7  
P R  7 3 . 8  7 3 . 7  7 3 . 7  
H F  7 3 . 7  

ASSURED D E L IVERY AL T E R N A T I V E  
PR 7 3 . 3  7 3 . 3  

ASSURED  D E L IVERY A L T E RNATIVE  2 
PR 

ASSURED  D E L IVERY ALT E RNAT I VE 3 
P R  7 3 . 1  

2 0 0 3  
---I.L -.!l.L � 

E X I S T I N G CON T RACT  L E V E L  
P F  7 3 . 2  
P R  7 3 . 2  7 3 . 1  
H F  7 3 . 2  

F E D E RAL MARK E T I N G  
P F  7 3 . 0  
P R  7 3 . 0  7 2  . 9  
H F  7 3 . 0  

ASSURE D  D E L I VE RY 
P F  7 3 . 0  
P R  7 3 . 0  7 3 . 0  7 3 . 0  
H F  7 3 . 0  

ASSUR E D  D E L I VERY A L T E RNATIVE  
P R  7 3 . 4  7 3  . 4  

ASSUR E D  D E L IVERY ALT ERNAT I V E  2 
P R  

ASSURE D  D E L I V E RY AL T E RNA T I VE 3 
PR 7 3 . 3  

C . 4 - 2 2  

--.t1L 

7 3  . 6  

7 3 . 7  
7 3 . 7  
7 3 . 7  

7 3 . 7  
7 3 . 7  
7 3 . 8  

7 2  . 9  

7 3 . 0  

7 3 . 1  

7 2 . 9  
7 2  . 9  
7 2 . 9  

7 3 . 0  
7 3 . 0  
7 3 . 0  

7 3 . 2  

7 3 . 3  



STUDY 1I 

MHFEXAMK 
MHFEXBMK 
MHFEXFMK 
MHFMXMIK 
MHFMXFMK 
MPFEXM1K 
MPFEXBMK 
MPFEXFMK 
MPFMXAMK 
MPFMXFMK 
MPRACAMK 
MPRDCAMK 
MPRDCBMK 
MPRDCFMK 
MPREXAMK 
MPREXBMK 
MPREXFMK 
MPRMXAMK 
MPRMXBMK 
MPRMXFMK 

PROBAB I L ITY OF 
AT ALBENI 

1 988  

94 . 0  
9 2 . 5  
94 . 0  
94 . 0  
94 . 0  
95 . 5  
9 3 . 5  
94 . 5  
95 . 5  
94 . 5  
96 . 0  
9 6 . 0  
95 . 5  
9 6 . 5  
96 . 0  
95 . 5  
96 . 5  
9 6  . 0  
95 . 5  
9 6 . 5  

Tab l e  C . 4-8 

BE ING AT OR ABOVE 2054 . 0  FEET 
FALLS AT THE END OF APR I L  

( PERCENT ) 

YEAR 
1 9 9 3  1 9 98  200 3 

94 . 5  9 7 . 0  9 3 . 5  
94 . 5  9 7 . 0  9 3 . 0  
95 . 5  96 . 5  9 3 . 0  
94 . 5  9 7 . 5  9 3 . 5  
95 . 0  96 . 5  9 3 . 5  
94 . 5  9 7 . 0  9 3 . 5  
94 . 5  9 7 . 0  9 3 . 0  
95 . 0  96 . 5  9 3 . 0  
94 . 5  9 7 . 5  9 3 . 5  
95 . 0  9 6 . 5  9 3 . 5  
95 . 0  9 7 . 5  9 3 . 5  
95 . 0  9 7 . 0  9 3 . 5  
95 . 0  9 7 . 5  9 3 . 0  
95 . 5  9 7 . 0  9 3 . 0  
95 . 0  9 7 . 0  9 3 . 5  
95 . 5  9 7 . 0  93 . 0  
95 . 5  9 6 . 5  93 . 0  
95 . 0  9 7 . 0  9 3 . 5  
95 . 0  9 7 . 0  9 3 . 0  
95 . 5  96 . 5  9 3 . 5  

1 /  P l ease refer  t o  s tudy abb reviat i ons a t  t he beg inning o f  t h i s  Vo l ume . 

(VS6-PG-140 1 I  ) 

C . 1, - 2 3  
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APPEND IX C 

Rive r  Ope ra t ions Output 

PART 5 

I r r i gat ion 





Tab le C . 5-1  

PROBAB I LITY OF BE ING AT OR ABOVE 1 240 FEET 
AT GRAND COULEE AT THE END OF MAY 1 /  

( PERCENT ) 

STUDY 2 /  YEAR 
1 988  1 9 9 3  1 998  2003  

MHFEXAMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MHFEXBMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MHFEXFMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MHFMXAMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MHFMXFMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPFEXAMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPFEXBMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPFEXFMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPFMXAMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPFMXFMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPRACAMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPRDCAMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPRDCBMK 8 5 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPRDCFMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPREXAMK 85 . 0  83 . 5  8 1 . 0  78 . 5  
MPREXBMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPREXFMK 8 5 . 0  83 . 5  8 1 . 0  78 . 5  
MPRMXAMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  
MPRMXBMK 8 5 . 0  83 . 5  8 1 . 0  78 . 5  
MPRMXFMK 85 . 0  8 3 . 5  8 1 . 0  78 . 5  

1/ Fai lure to  be above e l eva t i on 1 240 at the end o f  May i s  the res ul t  o f  an 
end o f  May f l ood con t r o l  el eva t i on o f  l e s s  than 1 240 . 0  f e e t . 

2/  P l ease  refer  t o  s t udy abb reviat ions at  the beg inning of  t h i s  Volume . 

(VS6-PG-140 1 I )  

C . 5 - 1  









APPEND IX C 

Rive r  Operat ions Output 

PART 6 

Cul t ural Resources 

• Des c r i p t ion o f  Cul tura l  Resource Ind i ces  Cal cula t ion 

• Samp l e  C a l c u l a t ion  o f  Wave Eros ion and S i te Ac ces s ib i l i ty Ind i c e s  

• E levat ion B i n  Ranges us ed in the Cul tural Res ources Analys i s  
( Tab l e  C . 6- 1 ) 

• S i te  Dis t r ibut ion L i s t ( Tab l e  C . 6-2 ) 

• Monthly  Wave Ero s ion  and S i te Ac ces s ib i l i t y  Ind i c e s  ( percent  
change as a func t ion o f  Inte r t i e  capac i ty ,  Fo rmula Al l o c a t ion , 
and Firm Marke t ing ) ( Tab les  C . 6-3 th rough C . 6 -1 4 )  

• Monthly  Wave E ro s i o n  and S i te Ac ces s ib i l i ty Ind i ces  ( percent  
change f rom no-ac t ion a l t e rnat ive ) ( Tab les  C . 6- 1 5  through C . 6-26 ) 





DESCR I P T I ON OF CULTURAL RESOURCE  IND ICES 

Two measures we re deve l oped to e s t imate the e f f e c t  of  Int e r t i e  act ions on 
cul tural resources . The f irs t addre s s e s  changes in eros ion po ten t i a l  o f  
s i t es  and the second quan t i f ies  the acces s ib i l i ty o f  s i tes . Be caus e o f  
l im i t ed cul tural resources  data f o r  Hungry Horse and Dwo rshak r e s e rvo i rs , 
a quant i tat ive asses sment o f  impac t s  was no t done f o r  these pro j e c t s . 

For purposes o f  analys i s , reservo i r s  were divided into  lO-f t .  e l eva t ion 
ranges or b ins cover ing the operat ing range of the pro j ec t .  Cul tural 
resource s i te s  were then a s s igned to a b in o r  b ins based on s i t e  
e l eva t ion data . S i t e s  were recorded f o r  a l l  b ins i n  which  they 
occurred . Only those s i t es  wi thin the pro j e c t  operat ing range were 
inc l uded in the anal ys i s . A summary of cul tural resource s i t e  
d i s t r ibutions i s  provided i n  Tab l e  C . 6 -2 . 

Reservo i r  e l eva t ion data f rom the SAM s tud ies  we re grouped into  the same 
lO-f t .  e l eva t ion inc remen t s . The wave eros ion index was then cal culated  
by mul t iplying the  numb e r  o f  s i t e s  in  a g iven b in by the  numb e r  o f  
occurrences  o f  e l eva t ions in that b in and t o ta l ing t h e  resul t s  f o r  the 
200 s imulat ions performed . Thi s  is a meas ure of  the co inc idence of s i te s  
w i t h  reservo i r  e l eva t i ons . S im i l a r l y , a s i te  acces s ib i l i ty index was 
deve l oped in which  the number  of acces s ib l e  s i te s  ( s i t es  wh i ch are at o r  
above the reservo i r  l eve l ) were t o t a l led  f o r  a l l  200 s imul a t i ons . 
Resul t s  f o r  both  wave eros ion and s i te acce s s ib i l i ty ind i c e s  are 
presented as a percentage change f rom a base cond i t ion . A s amp le 
calculat ion o f  cul tural resource ind ices  f o l l ows . 

C . 6 - J  



SAMPLE CALCULAT ION OF WAVE EROS ION AND S ITE ACCES S I B I L ITY IND I CES  

Data  f rom Libby 
January 1 988  

Bin  1 /  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  
S i te s  2 /  ( used  for  wave e ros ion ) 

0 2 6 4 1 4 4 1 5  2 2  24 28 3 1  7 0  5 1  4 1  1 9  2 7  2 9  

S i te s  a t  o r  above ( used  f o r  s i te acces s ib i l i ty )  
3 7 8  3 78 3 7 6  3 70 3 6 6  3 6 5  3 6 1  35 7 342 3 2 0  296  2 6 8  23 7 1 6 7  1 1 6 7 5  5 6  2 9  

E l evat ion coun t ( numbe r  o f  s imulat ions out of 200 that the rese rvo i r  e levat ion 
was in each b in a t  the end o f  t h e  month ) 

P FEXB 3 /  0 0 0 0 0 0 1 8  6 7  40 4 1  1 5  1 7  2 0 0 0 0 0 
PREXB 0 0 0 0 0 0 1 8  6 7  40 42 1 3 1 7  3 0 0 0 0 0 
PREXA 0 0 0 0 0 0 2 5 8  48 3 9  1 0  1 3  3 0  0 0 0 0 0 

Sampl e  Calcula t ion f o r  PFEXB case . 

Wave Eros ion : 1 8 ( 4 )  + 6 7 ( 1 5 )  + 40 ( 22 )  + 4 1 ( 24 )  + 1 5 ( 28 )  + 1 7 ( 3 1 ) + 2 ( 70 )  = 4028 

S i te Acc e s s . :  18 ( 3 6 1 )  + 6 7 ( 35 7 )  + 40 ( 3 4 2 )  + 4 1 ( 3 20 ) + 1 5 ( 296 ) + 1 7 ( 26 8 ) + 
2 ( 23 7 )  = 6 6 6 8 7  

Resul t s  

Wave Eros ion S i te Acces s ib i l ity  % Change f rom P FEXB 
Wave S it e  

P FEXB 4028 6 6 6 8 7  0 . 0  0 . 0  
PREXB 406 6 6 6 6 5 2  0 . 9  -0 . 1  
PREXA 5 6 5 3  6 38 78 40 . 3  -4 . 2  

1 /  B ins are in 1 0-foo t e l evat ion ranges .  The h ighe s t  numbe red B in represents 
t he top 10 f e e t  in t he re s e rvo i r .  

2 /  Archaeo l o g i ca l  and H i s t o r i ca l  Services . 1 98 6  and 1 98 7 .  
3 /  P lease ref e r  to  s tudy abbrevia t i ons a t  the beg inn ing o f  t h i s  Vo l ume . 
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n 

0> 
I 

w 

L I BBY 

El evQt i Qn ( feet) 

G reater  Than  o r  

B i n Number 

1 

2 

3 

4 

5 
6 

7 

8 

9 

1 0  

1 1  
1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

( VS6-PG- 1 398 I ) 

EqYQ 1 tQ 

2287  

2289 

2299 

2309 

2 3 1 9  

2 3 2 9  

2 3 3 9  
2 3 4 9  

2359  

2369  

2379  

2389 

2399 

2409 

24 1 9  

2429  

2439 

2449 

Less Than 

2289 

2 2 9 9  

2 3 0 9  

2 3 1 9  

2 3 2 9  

2 3 3 9  

2 3 4 9  

2 3 5 9  

2369  

2379  

2389 

2 399 

2409  

2 4 1 9  

2429 

2439 

2449 

or equal  t o  2459 

B i n Number 

1 

2 

TABLE C . 6- 1  

E L EVAT I ON B I N  RANGES  FOR 

C U L TURAL R E SOUR C E S  ANALY S I S  

A L B E N I  FA L L S  

E l eYiuj on (feet) 

G re at e r  Than  o r  

EquQl t o  Les s  T hQn 

2049 . 7  2056  

2056  or  equal  t o  2065 . 7  

B i n Numbe r 

1 

2 

3 

4 

5 
6 
7 

8 

9 

GRAND COUL E E  
E l  eVil-t i Qn ( feet) 

G re a t e r  Than  o r  

Equil-1 to 

1 208 

1 2 1 0  

1 220 

1 230 

1 240 
1 2 50 

1 260 

1 27 0  

1 280 

Less Than 

1 2 1 0  

1 22 0  

1 230 

1 240 

1 2 50 
1 260 

1 2 7 0  

1 280 

o r  equal to 1 290 



Bin No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
l 3  
1 4  
1 5  
1 6  
1 7  
1 8  

TABLE C . 6-2  

D ISTR I BUT I ON OF CULTURAL RESOURCE S I TES BY ELEVATI ONAL B IN AT THE 
THREE STUDY RESERVO IRS 1 /  

LIBBY  ALBENI FALLS GRAND COULEE 
No . o f  S i tes  Bin  No . No . o f  S i tes  B in No . No . o f  S i te s  

0 1 2 0 2  1 7 
2 2 1 6 5  2 7 
6 3 20 
4 4 17 
1 5 2 7  
4 6 2 2  
4 7 2 1  

1 5  8 2 2  
2 2  9 1 9  
24 
28 
3 1  
7 0  
5 1  
4 1  
1 9  
2 7  
2 9  

1 /  Archae l o g i cal and H i s to r i cal Serv i c e s  1 9 8 6  and 1 988 . 

C . 6-4 
( VS6-PG-1 3 98 I )  



Month  

S e p t ember 

O c t o b er 

No vember 

December 

J a n u a ry 

F e b r u ary 

March 

A p r i l  1 - 1 5  

Apr i l  1 6- 3 0  

May 

J u n e  

J u l y  

Au g u s t  1 - 1 5  

August  1 6- 3 1 

DC U p g d  

Max . C a p . 

Ta b l e  C . 6 - 3  

E F F E C T  O F  I N T E RT I E  CAPAC I T Y 

ON WAV E  EROS I ON I N D I C E S  

( P ercent  Chan g e )  

A s s um i ng : P r o p o s e d  P o l i cy ,  B a s e  Level  C o n t r a c t s  

Comp a r e d  W i t h : E x i s t i n g  I n t ert i e  C a p a c i t y 

Rese rvo i r  

Al ben i F a l l s  

G r a n d  Cou l ee 

L i bby 

Al ben i F a l l s 

G r an d  Cou l ee 

L i bby 

Al ben i Fal l s  

G r a n d  C o u l e e  

L i bby 

Al ben i Fal l s  

G r a n d  C ou l ee 

L i b by 

Al ben i F a l l s  

G r a n d  Co u l ee 

L i b by 

Al ben i F a l l s 

G r a n d  C o u l ee 

L i b by 

Al ben i F a l l s 

G r a n d  C o u l ee 

L i bby 

Al ben i F a l l s 

G r a n d  C ou l ee 

L i b by 

Al ben i F a l l s  

G r an d  Cou l ee 

L i bby 

Al  ben i F a l l s 

Grand  Cou l ee 

L i bby 

Al ben i F a l l s 

Grand  Co u l ee 

L i bby 

Al ben i Fa l l s  

Grand  Cou l ee 

L i b by 

Al ben i F a l l s 

G r a n d  Co u l ee 

L i bby 

A 1 ben i F a l l s 

Grand  C o u l ee 

L i bby 

D C  U p g r a d e  

Max i mum C a p ac i ty 

1 99 3  

D C  Max . 

J.!Qru! � 

- 0 . 1  

0 . 3  

- 0 . 1  

0 . 6  

- 0 . 1  

0 . 4  

- 0 . 1  

0 . 4  

- 0 . 2  

- 0 . 9  - 1 . 2  

- 0 . 6  - 0 . 6  

0 . 7  0 . 9  

- 0 . 6  - 0 . 5  

- 0 . 2  

0 . 5  

0 . 8 

0 . 3  

- 0 . 4  

0 . 6 

0 . 5  

- 0 . 2  

- 0 . 3  

1 . 5 

0 . 2  

0 . 9  

0 . 4 

0 . 3  

-0 . 3  

0 . 5  

0 . 5  

0 . 7  

0 . 2  

0 . 8  

0 . 8  

- 0 . 2  

- 0 . 4  

0 . 6  

1 . 5 

0 . 3  

1 . 0 

0 . 1  

1 9 98 

D C  Max . 

J.!Qru! � 

- 0 . 1  

- 0 . 1  

0 . 2  

- 1 . 7  

1 . 1  

- 0 . 2  

- 1 . 3  

0 . 8 

-0 . 5  

2 . 1  

- 0 . 5  

0 . 6  

1 . 5 

- 0 . 2  

- 0 . 2  

- 0 . 7  

- 0 . 1  

- 0 . 3  

0 . 7  

- 0 . 6  

0 . 4 

0 . 4  

C . 6 - 5  

0 . 4  

0 . 3  

- 0 . 5  

0 . 1  

- 0 . 1  

0 . 1  

- 0 . 1  

-0 . 9  

- 1 . 1  

- 0 . 5  

1 . 9 

- 3 . 3  

- 0 . 3  

0 . 5  

- 0 . 3  

- 0 . 3  

0 . 3  

0 . 4  

- 0 . 3  

0 . 4  

0 . 4  

2 0 0 3  

D C  Max . 

J.!Qru! � 

0 . 7  

0 . 6  - 0 . 4  

0 . 1  0 . 1  

0 . 5  0 . 7  

- 0 . 9  - 0 . 9  

0 . 3  

- 0 . 4  

- 0 . 7  

0 . 1  

- 0 . 8  

0 . 3  

0 . 8  

-2 . 9  

0 . 4 

0 . 9  

0 . 1  

- 0 . 1  

0 . 3  

0 . 1  

- 0 . 5  

0 . 3  

- 0 . 4  

- 0 . 8  

0 . 1  

-0 . 8  

0 . 3  

2 . 3  

- 3 . 6  

0 . 4 

0 . 9  

1 . 3  

0 . 1  

- 0 . 1  

0 . 3  

- 0 . 5  

- 0 . 4  - 0 . 4  

- 0 . 4  - 1 . 0  

- 0 . 4  - 1 . 0  



Ta b l e  C . 6-4 

E F F E C T  OF  I N T E RT I E  CAPAC ITY  
ON  S I TE AC C E S S I B I L I TY I N D I C E S  

( Pe r c e n t  Chan g e )  

A s s um i n g : P r o p o s e d  Pol i cy ,  B a s e  L evel  C o n t rac t s  
Compared W i t h : E x i s t i n g I n t e r t i e  C a p a c  i ty 

1 99 3  1 9 98 2 0 0 3  
DC Max . D C  Max . D C  Max . 

Mon t h  Reservo i r  UQgQ � UQgQ � UQgQ � 
September Al ben i Fal l s  

G r a n d  C ou l ee 0 . 4  0 . 4  
L i b by 0 . 4  0 . 5  0 . 5  -0 . 4  - 0 . 3  

O c t o b e r  Al ben i F a l l s 

G r a n d  C ou l e e 

L i b by - 0 . 1  - 0 . 1  0 . 3  l . 0  0 . 3  1 . 3 
N ovember Al ben i F a l l s 

G r a n d  C ou l e e 

L i b by 0 . 2  - 0 . 9  0 . 2  0 . 6  - 0 . 1  - 0 . 1  
December Al ben i Fa 1 1  s - 0 . 6  - 0 . 3  

Grand  C ou l e e 

L i b by - l . 6  0 . 2  0 . 5  0 . 7  
January Al ben i F a l l s  - 1 . 9  - l . 9 - 5 . 8  0 . 3  

G r a n d  C ou l e e - 1 . 4  -l . 9  - 2 . 2  
L i b by - 0 . 1  0 . 1  0 . 1  0 . 1  

February Al ben i F a  1 1  s - 0 . 6  - 0 . 9  -4 . 3  0 . 3  1 . 0  1 . 0 
G r a n d  C ou l e e - 0 . 9  - 0 . 9  - 1 . 8  0 . 1  0 . 6  0 . 6  
L i b by 0 . 1  0 . 1  - 0 . 1  

March Al be n i  Fa  1 1  s 0 . 3  0 . 3  
G r a n d  C ou l e e - 0 . 2  - 0 . 3  - 0 . 5  0 . 3  0 . 3  0 . 3  
L i b by 0 . 1  0 . 1  0 . 1  0 . 1  - 0 . 1  - 0 . 1  

Apr i 1 1 - 1 5  Al ben i Fa 1 1  s 1 . 8 2 . 5  2 . 0  6 . 5  2 . 7  8 . 0  
Grand  C ou l e e - 0 . 2  - 0 . 4  - 0 . 5  0 . 7  0 . 5  0 . 6 
L i b by 0 . 1  - 0 . 1  - 0 . 1  

Ap r i l  1 6 - 3 0  Al ben i F a l l s  - l . 0  - 1 . 3  - 0 . 7  l . 8 3 . 2  3 . 2  
G r a n d  C ou l e e - 0 . 1  - 0 . 1  
L i bby 0 . 1  0 . 1  - 0 . 1  - 0 . 1  

May Al ben l F a  1 1  s 0 . 6  
G r a n d  C ou l e e - 0 . 3  - 0 . 7  0 . 4  0 . 4  0 . 4 
L i b by 0 . 1  0 . 2  0 . 1  - 0 . 2  - 0 . 1  

J u n e  Al ben i F a  1 1  s 

G r a n d  C o u l ee - 0 . 3  - 0 . 1  
L i bby 0 . 4 - 0 . 8  0 . 7  0 . 4 - 0 . 2  - 0 . 2  

J u l y  Al ben i F a l l s  

G r a n d  C o u l ee 

L i b by - 0 . 3  0 . 3  0 . 8  - 0 . 2  - 0 . 2  
A u g u s t  1 - 1 5  Al b e n i F a l l s  

Grand  C o u l ee 

L i bby 0 . 3  0 . 3  0 . 5  0 . 5  - 0 . 4  - 0 . 1  
A u g u s t  1 6- 3 1  A l ben i F a l l s 

G r a n d  C ou l ee 

L i bby 0 . 8  0 . 3  0 . 4 0 . 4  - 0 . 4  - 0 . 1  

( VS6-WP-PG- 1 3 l 9 I )  
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Ta b l e  C . 6 -5  

E F F E C T  O F  I N T E RT I E  CAPAC I TY 
ON  WAVE E R O S I O N  I N O I C E S  

( P e r c e n t  C h a n g e ) 

A s s u m i n g : P r o po s e d  Po l i cy , A s s u red O e l i ve ry 
Compared W i t h : E x i s t i n g I n t e r t i e  C a p a c i t y 

1 99 3  1 99 8  2 0 0 3  
D C  D C  D C  

Month  R e s�rv o i r  !.J.Qgg � Max . UQgg � Max . !.J.Qgg � Max . 
Se p t ember Al ben i F a l l s 

G r a n d  Cou l e e - 0 . 1  - 0 . 1  
L i b by - 0 . 7  - 0 . 2  - 0 . 2  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  

O c t o b e r  A l ben i Fa 1 1  s 

G r a n d  Co u l e e 

L i b by 0 . 5  - 0 . 1  0 . 5  0 . 3  0 . 2  - 0 . 2  - 0 . 2  - 0 . 1  
November A l ben i F a l l s 

G r a n d  Cou l ee - 0 . 1  - 0 . 1  
L i bby - 1 . 0  0 . 4  0 . 1  0 . 2  0 . 5  - 0 . 1  - 0 . 3  - 0 . 4  

D e c ember A l ben i F a l l s - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  - 0 . 2  - 0 . 2  
G r a n d  C o u l ee - 0 . 1  - 0 . 1  
L i bby 0 . 7  0 . 2  0 . 3  0 . 1  0 . 5  0 . 7  0 . 5  

Jan u a ry A l ben i F a l l s  - 0 . 2  - 0 . 6  - 0 . 7  - 1 . 0  - 1 . 1  0 . 1  0 . 1  0 . 1  
G r a n d  Cou l e e - 0 . 4  0 . 3  0 . 2  1 . 1  1 . 7 
L i b by 0 . 9 0 . 3  0 . 3  0 . 2  0 . 3  -0 . 6  - 1 . 1  - 2 . 0  - 2 . 0  

F e b r u a ry A l ben i F a l l s 0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 7  - 0 . 8  0 . 2  0 . 5  0 . 6 
G r a n d  C o u l ee 0 . 2  0 . 6  0 . 8  0 . 6  0 . 6  - 0 . 1  - 0 . 1  - 0 . 1  
L i bby 0 . 3  0 . 9  0 . 6 - 0 . 5  - 0 . 1  - 0 . 5  - 1 . 8  - 1 . 8  - 1 . 5  

March  A l ben i F a l l s - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 5  0 . 2  0 . 2  0 . 2  
G r a n d  Cou l e e - 0 . 3  - 0 . 2  - 0 . 1  2 . 1  2 . 7  - 1 . 6  - 1 . 6  - 1 . 6  
L i b by 0 . 2  - 0 . 2  - 0 . 4  - 0 . 5  0 . 3  

Apr i l  1 - 1 5  A l b en i  F a l l s  0 . 7  0 . 8  0 . 9  0 . 7  0 . 5  0 . 3  1 . 0 1 . 6 2 . 7  
G r a n d  C o u l e e - 1 . 6  0 . 1  - 0 . 3  - 0 . 5  2 . 8  2 . 6  - 3 . 5  -4 . 2  - 4 . 6  
L i b by 0 . 7  - 1 . 0  - 1 . 0  - 0 . 2  0 . 1  0 . 1  0 . 1  - 0 . 4  - 0 . 4  

A p r i l  1 6- 3 0  Al ben i F a l l s - 0 . 1  - 0 . 3  - 0 . 2  - 0 . 3  - 0 . 7  1 . 0 1 . 2 1 . 3  
G r a n d  C o u l ee 0 . 1  0 . 5  0 . 3  - 0 . 2  - 0 . 2  - 0 . 2  0 . 1  0 . 1  0 . 1  
L i bby - 0 . 2  - 1 . 0  0 . 1  - 0 . 4  - 0 . 9  - 0 . 8  - 0 . 4  - 0 . 1  

May Al ben i F a l l s 

G r a n d  C o u l ee 0 . 4  0 . 4  0 . 2  - 0 . 4  - 0 . 2  - 0 . 3  - 0 . 2  - 0 . 2  - 0 . 1  
L i b by - 0 . 6  - 0 . 6  - 0 . 6  0 . 1  0 . 4  

J u n e  Al ben i F a l l s 

G r a n d  Cou l e e - 0 . 1  - 0 . 1  - 0 . 1  0 . 2  
L i b by - 0 . 1  - 0 . 2  - 0 . 6  

J u l y  Al ben i F a l l s  

G r a n d  C o u l ee 

L i bby 0 . 4 0 . 4  0 . 4  - 0 . 8  
August  1 - 1 5  A l ben i F a l l s 

G r a n d  C o u l ee 

L i b by 0 . 4 0 . 4  0 . 7  - 0 . 8  
Aug u s t  1 6- 3 1 Al ben i Fa 1 1  s 

G r a n d  Cou l e e 

L i bby 0 . 3  - 0 . 8  

D C  U p g d  D C  Upg rade  
AC Th i r d AC 
Max . Max i mum 

C . 6 - 7  



T a b l e C . 6-6 

E F F E C T  O F  I N T E R T I E  CAPAC I TY 
O N  S I T E  ACC E S S I B I L I TY I N D I C E S  

( Pe r c e n t  C h a n g e ) 

A s s um i n g : P r o p o s e d  Pol i cy ,  A s s u re d  D e l i very 
C ompared  W i t h :  E x i s t i n g  I n tert i e  C a pac i ty 

1 99 3  1 998 2 0 0 3  
D C  D C  D C  

Mon t h  R e s e rvo i r  \lQgQ � Max . \lQgQ � Max . \lQgQ � Max . 

September Al ben i Fal l s 

G r a n d  C o u l ee 0 . 3  0 . 3  
L i b by - 1 . 3  - 0 . 7  - 1 . 0  - 0 . 1  -0 . 1  0 . 2  0 . 2  0 . 9  

October  Al ben i F a l l s 

G r a n d  C o u l ee 

L i b by 1 . 3 1 . 1  1 . 0 0 . 9  1 . 4 0 . 8  1 . 0 1 . 6 
Novembe r Al be n i  F a l l s  

G r an d C o u l ee 0 . 3  0 . 3  
L i b by - 0 . 2  - 0 . 4  0 . 5 1 . 1  1 . 5 0 . 1  0 . 3  1 . 2  

December A 1 ben i F a l l s - 0 . 8  - 0 . 6  -0 . 3  - 0 . 3  - 0 . 6  - 0 . 6  
G r a n d  C o u l ee 0 . 4  0 . 4  
L l b by 0 . 3  0 . 2  0 . 4 1 . 1  0 . 5  0 . 7  1 . 1  

J a n u a ry Al ben i Fal l s - 0 . 7  - 2 . 0  - 2 . 3  - 3 . 4  - 3 . 8  0 . 3  0 . 3  0 . 3  
G r a n d  C o u l e e 0 . 7 - 0 . 8  - 0 . 4  - 2 . 0  - 3 . 2  
L i b by - 0 . 1  - 0 . 1  - 0 . 1  0 . 2  0 . 3  0 . 4 

F e b ruary Al ben i F a l l s  0 . 3  - 0 . 3  - 0 . 3  - 0 . 3  - 2 . 3  - 2 . 7  0 . 7  1 . 6 2 . 0  
G r a n d  Co u l ee - 0 . 4  - 1 . 0  - 1 . 3  - 1 . 2  - 1 . 8  0 . 1  0 . 1  0 . 1  
L i b by 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  

March  Al be n i F a l l s -0 . 3  - 0 . 3  - 0 . 3  - 1 . 6  0 . 6 0 . 6  0 . 6  
G r a n d  C o u l ee 0 . 1  - 0 . 1  0 . 1  - 0 . 4  - 0 . 5  0 . 5  0 . 5  0 . 5 
L i b by 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  - 0 . 1  

A p r i l  1 - 1 5  Al ben i F a l l s 2 . 2  2 . 5  2 . 8  2 . 3  1 . 6 1 . 0  3 . 4  5 . 4  9 . 4  
G r a n d  C o u l e e 0 . 1  - 0 . 2  - 0 . 2  - 0 . 7  -0 . 8  0 . 9 1 . 0  1 . 1  
L i b by 0 . 1  0 . 1  0 . 1  0 . 1  

A p r i l  1 6 - 3 0  Al ben i F a l l s  - 0 . 3  - 1 . 0  - 0 . 7  - 1 . 1  -2 . 5  3 . 6  4 . 4  4 . 7  
G r a n d  C o u l ee - 0 . 1  - 0 . 1  - 0 . 1  0 . 1  O .  1 0 . 1  - 0 . 1  - 0 . 1  - 0 . 1 
L i b by 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  

May Al ben i F a l l s  

G r a n d  C o u l e e  - 0 . 6  - 0 . 7  - 0 . 6  0 . 5  0 . 1  0 . 2  0 . 4  0 . 4 0 . 4  
L i b by 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  

J u n e  Al ben i F a l l s  

Grand  C o u l ee 0 . 3  0 . 3  0 . 3  - 0 . 7  
L i b by - 0 . 6  - 0 . 6  0 . 2  0 . 4  0 . 2  - 0 . 3  

J u l y  Al be n i  F a l l s 

G r a n d  C o u l ee 

L i bby 0 . 5  0 . 5  0 . 5  0 . 3  0 . 3  - 0 . 6  
A u g u s t  1 - 1 5  Al ben i F a l l s 

Grand  Cou l e e 

L i b by 0 . 2  0 . 2  1 . 0 0 . 3  0 . 3  0 . 1  
August  1 6- 3 1  A l ben i F a l l s  

Grand  Cou l ee 

L i b by 0 . 8  0 . 3  0 . 3  0 . 1  

( VS6-PG- l 3 1 9  I )  

C . 6 -8 



Ta b l e  C . 6 -7  

E F F E C T  O F  F ORMULA A L L OC A T I O N  

O N  WAVE E RO S I ON I N D I C E S  

( Pe r c e n t  Chan g e )  

A s s um i n g : E x i s t i n g I n t e r t i e  C a pac i ty a n d  Base  Level  Con t r a c t s  

Compared  W i t h : P r e - I A P  

1 988 1 9 9 3  1 9 98 2 0 0 3  

Month  R e s e r v o i r  � -.tiL � -.tiL � .J:i£. .. ---EE_ -.tiL 

S e p t ember A l ben i F a l l s 

G r a n d  C o u l ee - 0 . 1  

L i b by - 0 . 8  0 . 2  0 . 3  - 0 . 2  

O c t o be r  A l ben i F a l l s  0 . 1  

G r a n d  Cou l e e 

L i b by - 0 . 6  - 1 . 7 -0 . 1  - 0 . 1  

N ovember A l ben i F a l l s  

G r a n d  Cou l ee 

L i bby 0 . 6  6 . 8  0 . 1  0 . 6  

Decembe r  A l ben i F a l l s - 0 . 1  - 0 . 1  - 0 . 5  

G r a n d  C ou l e e 

L i b by 5 . 0  - 1 0 . 3  - 0 . 7  - 1 . 0  0 . 2  0 . 3  

January A l be n i F a l l s  0 . 1  - 0 . 8  0 . 1  0 . 1  

G r a n d  C o u l e e 0 . 8 - 1 . 5  0 . 6  - 0 . 6  

L i bby 0 . 9 -5 . 2  1 . 4 - 0 . 8  - 0 . 1  - 0 . 1  

February A l ben i F a l l s 0 . 2  - 0 . 1  0 . 2  

G r a n d  C ou l e e 0 . 3  -0 . 3  0 . 5  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 4  

L i b by - 0 . 4  0 . 7  - 0 . 1  - 0 . 3  -0 . 9  

March A l ben i F a l l s 0 . 1  - 0 . 3  0 . 1  

G r a n d  C o u l ee -0 . 2  - 0 . 8  - 0 . 1  - 0 . 3  - 1 . 4  - 0 . 8  

L i b by - 0 . 4  - 0 . 9  - 1 . 0  - 0 . 9  

Apr i 1 1 - 1 5  A l ben i F a l l s - 0 . 1  0 . 6  - 0 . 3  0 . 7  1 . 7 0 . 2  1 . 8 

G r a n d  Cou l ee 2 . 2  -2 . 6  -0 . 2  - 2 . 0  - 0 . 3  - 3 . 6  -0 . 5  -4 . 1  

L i b by 2 . 4  1 . 3  - 0 . 4  0 . 1  

A p r i  1 1 6 - 3 0  A l ben i F a l l s  - 0 . 3  0 . 8  - 0 . 2  0 . 5  0 . 2  1 . 1  

G r a n d  C ou l ee 1 . 7 - 0 . 5  - 0 . 6  - 0 . 6  - 0 . 1  - 0 . 1  

L i bby 0 . 1  - 1 . 9  - 1 . 2  - 0 . 2  

May A l be n i  F a l l s 

G r a n d  C ou l e e 0 . 5  - 0 . 3  0 . 1  - 0 . 1  - 0 . 1  

L i bby 1 . 4 0 . 5  - 0 . 1  0 . 5  

June  A l be n i F a l l s 

G r a n d  C ou l ee 0 . 1  

L i bby - 0 . 6  0 . 3  1 . 0 

J u l y  A l ben i F a l l s 

G r a n d  C ou l ee 

L i bby - 0 . 5  0 . 3  0 . 3  

Augu s t  1 - 1 5  A 1 ben i F a l l s 

G r a n d  C o u l ee 

L i bby - 0 . 6  0 . 3  0 . 3  

August  1 6 - 3 1 A l ben i F a l l s 

G r a n d  C ou l ee 

L i bby - 0 . 5  0 . 4  0 . 3  

PR P r o p o s e d  P o l i c y  

H F  Hyd ro F i r st  

C . 6 - 9  
( VS6-PG- 1 3 1 9 I )  



Ta b l e  C . 6 - 8  

E F F E C T  O F  F ORMULA ALLOCAT I ON 

ON S I TE AC C E S S I B I L I TY I N D I C E S  

( Percen t C h a n g e ) 

A s sumi n g : E x i s t i n g  I n t e r t i e  C a pac i ty a n d  B a s e  L e v e l  C o n t r a c t s  
Compared W i th : P r e - l A P  

1 988 __ 1_92.L_ 1 9 98 --.f..Q�3 __ 
Mon t h  Reservo i r  � -'iL � -'iL � -'iL � -'iL 

Sep t ember Al ben i F a l l s  

Grand  Cou l e e 0 . 4  
L i bby - 2 . 7  0 . 3  - 0 . 5  0 . 9  

October  Al ben i Fa 1 1  s 0 . 6 
Grand  Cou l e e 

L i bby - 0 . 8  1 1 . 1  0 . 8  0 . 6  0 . 3  0 . 3  0 . 3  
N o vember Al ben i F a l l s 

Grand  C o u l ee 

L i b by - 1 . 0  5 . 7  0 . 1  0 . 6 
Dec ember A l ben i F a l l s  - 0 . 3  - 0 . 3  - 1 . 4  

G r a n d  C o u l ee 

L i b by - 0 . 9  2 . 5  - 0 . 3  0 . 2  0 . 2  0 . 4  
Janu ary A l ben i Fal l s  0 . 3  -2 . 5  0 . 3  0 . 3  

Grand  Co u l ee - 1 . 5  3 . 2  - 1 . 3  1 . 2 
L i bby - 0 . 1  0 . 2  - 0 . 1  0 . 2  0 . 1  0 . 1  

February Al ben i F a l l s 0 . 6  - 0 . 3  0 . 7  
Grand  Co u l ee - 0 . 4  0 . 5  - 0 . 8  0 . 2  0 . 1  0 . 1  0 . 5  
L i bby 0 . 1  0 . 1  

March Al ben i F a l l s 0 . 3  -0 . 9  0 . 3  
Grand  Co u l ee 0 . 1  0 . 1  0 . 1  0 . 4 0 . 3  
L i b by 0 . 1  

Apr i 1 1 - 1 5  Al ben i F a l l s - 0 . 3  1 . 9 - 0 . 9  2 . 1  5 . 8  0 . 7  6 . 0  
Grand  Co u l ee - 0 . 3  0 . 9  0 . 3  0 . 7  0 . 1  0 . 8 
L i b by - 0 . 1  -0 . 1  0 . 1  

Apr i 1 1 6 - 3 0  Al ben i F a l l s - 1 . 0  2 . 7  - 0 . 7  1 . 8 0 . 7  4 . 0  
Grand  C o u l ee - 0 . 3  - 0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  
L i b by 0 . 1  0 . 2  0 . 1  0 . 1  

May Al ben i F a l l s 

G r a n d  Co u l ee -0 . 6  0 . 4 - 0 . 1  0 . 2  -0 . 1  0 . 3  
L i bby -0 . 2  - 0 . 1  0 . 1  0 . 3  

J u n e  Al ben i F a l l s 

Grand  Co u l ee - 0 . 3  
L i bby - 0 . 3  - 0 . 3  0 . 9  0 . 9 

J u l y  Al ben i F a l l s 

Grand  Co u l ee 

L i b by - 0 . 3  -0 . 4  0 . 8 
Au g u s t  1 - 1 5  Al ben i F a l l s 

Grand  Co u l ee 

L i b by 0 . 1  - 0 . 4  0 . 8  
Au g u s t  1 6- 3 1 Al ben i F a l l s 

Grand  Co u l ee 

L i b by - 0 . 3  - 0 . 8  - 0 . 3  0 . 8 -0 . 3  

( VS6-PG- 1 3 1 9 I )  

C .  6 - 1 0  



A s s u m i n g : 

Month Reserv o i r  

Sept ember Al ben i F a l l s 

Grand  C o u l ee 

L i b by 

O c t o b e r  Al ben i F a l l s 

Grand  C o u l ee 

L i b by 
November Al ben i F a l l s 

G ra n d  Cou l ee 

L i b by 
December A l ben i F a l l s  

Gran d Co u l ee 

L i b by 
J a n u a ry Al ben i F a l l s  

Grand  C o u l ee 

L i b by 
Februa ry A l ben i F a l l s  

Grand  C o u l e e  

L i b by 
March Al ben i F a l l s  

Grand  C o u l e e  

L i bby 
A p r i  1 1 - 1 5  Al ben i F a l l s  

Grand C ou l ee 

L i b by 
A p r i  1 1 6 - 3 0  A l ben i F a l l s 

Grand  C ou l ee 

L i bby 
May Al ben i F a l l s 

Grand  Cou l ee 

L i b by 
J u n e  Al ben i F a l l s  

Grand  C o u l ee 

L i bby 
J u l y  Al ben i F a l l s 

Grand  C o u l e e  

L i b by 
Au g u s t  1 - 1 5  A l ben i F a l l s  

Grand  C o u l ee 

L i b by 
Au g u s t  1 6- 3 1  Al ben i F a  1 1  s 

Grand  Co u l ee 

L i b by 

PR Proposed  Pol i cy 
H F  Hyd ro F i r s t  

Ta b l e  C . 6 -9 

E F F E C T  O F  F O RMULA AL LOCAT I O N 

ON WAVE E RO S I ON I N D I C E S  

( Pe r c e n t  Chan g e )  

Max i mum I n t e r t i e  C a p a c i ty a n d  A s s u r e d  D e l i v e ry 
C ompared  W i t h : Pre- lAP  

1 98 8  1 99 3  �_8 __ 

� -':iL � -':iL --ER_ -':iL 

0 . 1  - 0 . 2  

- 0 . 1  0 . 1  - 0 . 1  - 0 . 1  O .  1 

- 0 . 8  - 0 . 5  0 . 4  - 0 . 5  0 . 3  - 0 . 2  
- 0 . 1  - 0 . 4  0 . 1  -0 . 1  0 . 1  

- 0 . 6  - 0 . 5  - 0 . 7  0 . 3  0 . 2  0 . 4  
- 0 . 4  0 . 2  - 1 . 1  0 . 3  - 1 . 0  0 . 2  

0 . 1  - 0 . 3  1 . 1  - 0 . 5  1 . 3 - 0 . 4  
3 . 8  - 0 . 4  1 . 4 - 0 . 7  0 . 2  

- 0 . 1  0 . 1  - 0 . 4  - 0 . 5  0 . 3  
- 0 . 2  0 . 7  - 0 . 5  0 . 7  

7 . 1  - 0 . 4  2 . 1  - 0 . 5  - 0 . 1  - 0 . 1  
- 0 . 3  - 0 . 3  0 . 1  

0 . 1  - 0 . 3  0 . 4  0 . 1  1 . 8 - 1 . 1  
8 . 2  - 0 . 1  0 . 1  -0 . 2  -0 . 2  - 0 . 2  
0 . 1  0 . 5  - 0 . 4  - 1 . 0  
1 . 1  - 3 . 5  2 . 4  2 . 5  - 0 . 9  
6 . 2  - 0 . 2  1 . 9 
0 . 1  0 . 8 - 0 . 4  - 0 . 6  0 . 1  
0 . 5  - 0 . 6  0 . 1  0 . 3  

- 1 . 3  - 0 . 2  1 . 4 - 1 . 2  - 1 . 7  - 1 . 7  

0 . 1  0 . 2  0 . 1  
0 . 9  - 1 . 2  - 0 . 2  - 0 . 6  

0 . 1  
0 . 3  - 0 . 1  

0 . 7  - 0 . 4  

0 . 7  - 0 . 1  

0 . 7  - 0 . 4  0 . 1  

C .  6 - I I  

_2 0 0 3  _ _  

� _liL 

- 0 . 1  

- 0 . 1  

- 0 . 2  

- 0 . 1  - 0 . 1  

0 . 1  0 . 1  

0 . 4  0 . 4  

- 0 . 3  

- 0 . 1  



Tabl e C . 6- 1 0  

E F F E C T  O F  FORMULA ALLOCATION  

ON S I T E  ACC E SS I B I L I T Y  I N D I C E S  

( P ercent  C hange ) 

A s sumi n g : Ma x i mum I n t e r t i e  C a pac i ty a n d  A s s u r e d  D e l i v e ry 

C ompared  W i t h : Pre-lAP  

1 988 1 99 3  1 998 2 0 0 3  
Mon t h  Res e r v o i r  ---.E..!L -.tiL ---.E..!L -.tiL ---.E..!L -.tiL ---.E..!L -.tiL 

September Al ben i F a l l s 

G r a n d  C ou l ee 

L i b by - 0 . 3  1 . 1  - 0 . 3  0 . 3  
October  Al ben i F a l l s  

G r a n d  C ou l ee 

L i b by - 1 . 4  2 . 2  - 0 . 1  0 . 8  0 . 3  0 . 6  0 . 3  
N ovember Al ben i F a l l s  

G r a n d  Coul ee 

L i b by - 0 . 6  1 . 2 0 . 3  - 0 . 1  0 . 2  0 . 1  0 . 1  
December Al ben i F a l l s  - 0 . 3  - 1 . 1  0 . 3  - 0 . 3  0 . 3  

G r a n d  Cou l ee 

L i b by - 0 . 8  0 . 3  - 0 . 3  0 . 4  0 . 2  - 0 . 1  0 . 3  
J a n u a ry Al ben i F a l l s  - 1 . 3  0 . 6  - 3 . 5  1 . 0 - 3 . 4  0 . 7  

G r a n d  C ou l ee - 0 . 2  0 . 6 - 2 . 5  1 . 0 - 2 . 5  0 . 9  

L i b by - 0 . 3  -0 . 3  0 . 1  
February Al ben i F a l l s  - 0 . 3  0 . 3  - 1 . 3  - 1 . 7  1 . 0  0 . 3  0 . 3  

G r a n d  C ou l ee 0 . 3  - 1 . 2  0 . 8  - 1 . 7  0 . 1  

L i b by - 0 . 3  - 0 . 1  0 . 1  
March Al ben i F a l l s  - 0 . 9  - 1 . 0  0 . 3  

Grand  C ou l ee - 0 . 1  0 . 3  - 0 . 4  - 0 . 1  - 0 . 3  0 . 2  

L i b by - 0 . 3  0 . 1  
Apr i l  1 - 1 5  Al ben i F a  1 1  s 0 . 3  1 . 7 - 1 . 2  - 3 . 2  

Grand  C ou l ee - 0 . 2  0 . 7  - 0 . 6  - 0 . 1  - 0 . 8  0 . 1  

L i b by - 0 . 3  0 . 1  - 0 . 1  
A p r i  1 1 6 - 3 0  Al ben i F a l l s  0 . 4 2 . 9  - 1 . 3  - 2 . 1  0 . 4  

G r a n d  Cou l ee 0 . 1  - 0 . 1  

L i b by - 0 . 6  0 . 1  -0 . 1  0 . 1  0 . 1  
May Al ben i F a l l s  

G r a n d  C ou l e e - 0 . 1  - 0 . 8  - 0 . 1  0 . 1  

L i b by 0 . 1  - 0 . 2  0 . 1  
J u n e  Al ben i F a  I I  s 

G r a n d  Cou l ee - 0 . 3  

L i b by - 0 . 4  - 0 . 7  - 0 . 2  0 . 2  
J u l y  Al ben i F a l l s 

G r a n d  C ou l e e 

L i b by - 1 . 4  - 0 . 4  - 0 . 5  - 0 . 3  
August  1 - 1 5  Al ben i F a l l s 

G r a n d  C ou l ee 

L i b by - 1 . 4  - 0 . 1  

Aug u s t  1 6- 3 1  Al ben i F a l l s  

G r a n d  Cou l ee 

L i b by - 1 . 4  - 1 . 0  - 0 . 2  

C . 6 - l 2  



Ta b l e C . 6 1 1  

E F F E C T  O F  L O N G - T E RM F I RM C O N TRAC T S  

O N  WAVE E R O S I O N  I N D I C E S  

( P e r c e n t  C h a n g e ) 

As sumi  n g  : P r o p o s e d  P o l i cy ,  E x i s t i n g I n t e r t i e  C a p a c  i ty 

C omp a r e d  W i t h : E x i s t i n g  C o n t r a c t s  

_ . 1 988 __ . __ J 9 9J __ 1 9 98 _-2.Q.I2l.... . _ 
Mon t h  R e s e r v o i r  ...fl:L ....8Q..- ...fl:L .� ...fl:L -� ...fl:L ...A!l_ 

S e p t ember A l ben i F a l l s  

G r a n d  C ou l ee 

L i bby 1 . 0 0 . 6  0 . 5  - 1 . 3  - 0 . 6  - 0 . 4  0 . 1  
O c t o be r  A l ben i F a l l s 0 . 1  

G r a n d  C ou l ee 0 . 1  0 . 1  
L i bby 0 . 8  1 . 7 -2 . 6  - 1 . 6  - 2 . 3  - 3 . 8  - 0 . 2  0 . 2  

November A l ben i F a l l s  

G r a n d  C ou l ee - 0 . 1  
L i b by 2 0 . 6  28 . 1  - 0 . 5  1 . 3 - 0 . 6  -2 . 1  - 0 . 7  1 . 3  

D e c ember A l ben i F a l l s 0 . 1  0 . 1  0 . 2  0 . 2  
G r a n d  C ou l ee - 0 . 1  
L i b by 3 3 . 1  2 1 . 5  2 . 6  -2 . 1  1 . 3 - 2 . 6  1 . 4 - 0 . 9  

J a n u a ry A l ben i F a l l s - 0 . 5  - 2 . 0  0 . 3  -0 . 6  0 . 6  - 0 . 2  0 . 4  - 0 . 2  
G r a n d  C o u l ee 1 . 9 3 . 1  0 . 3  1 . 1  - 0 . 3  - 0 . 4  -0 . 3  - 0 . 1  
L i b by 2 2 . 1  3 9 . 0  2 . 7  7 . 4  - 2 . 1  - 1 . 0  -0 . 6  0 . 8  

F e b r u a ry A l ben i F a l l s - 0 . 9  - 1 . 8  0 . 2  - 0 . 3  0 . 6  0 . 3  
G r a n d  C ou l ee 1 . 9 3 . 7  - 0 . 3  0 . 3  - 0 . 8  - 0 . 4  - 0 . 5  - 0 . 1  
L i b by 1 7 . 4  4 1 . 8  0 . 7  6 . 9  - 1 . 1  - 0 . 4  - 2 . 3  3 . 5  

March A l ben i F a  1 1  s - 0 . 6  - 0 . 7  - 0 . 1  0 . 2  0 . 3  0 . 2  
G r a n d  C o u l ee 0 . 3  1 . 0 0 . 5  1 . 5 - 1 . 5  - 0 . 8  - 0 . 3  1 . 2 
L i bby 1 8 . 0  4 3 . 8  4 . 2  7 . 0  - 0 . 8  0 . 9  -0 . 3  1 . 9 

A p r i l  1 - 1 5  A l ben i F a  1 1  s - 0 . 1  - 0 . 6  - 0 . 1  1 . 1  0 . 9  0 . 3  - 0 . 3  
G r a n d  C o u l ee - 0 . 7  3 . 0  2 . 1  3 . 4 - 3 . 3  - 1 . 9  - 0 . 2  2 . 2  
L i bby 1 7 . 1 4 0 . 8  8 . 8  1 1 . 3 - 0 . 6  0 . 2  - 0 . 6  5 . 1  

A p r i l 1 6- 3 0  A l ben i F a l l s 0 . 4  - 1 . 1  0 . 1  - 0 . 1  0 . 6  0 . 4 0 . 2  - 0 . 3  
G ra n d  C o u l ee - 0 . 2  0 . 9  2 . 2  2 . 4  - 0 . 2  0 . 3  0 . 5  0 . 7 
L i b by 1 9 . 7  2 0 . 9  6 . 6  1 2 . 8  - 0 . 9  - 0 . 5  - 1 . 3  3 . 1  

May A l b e n i F a l l s 

G r a n d  C o u l ee - 0 . 8  - 0 . 6  0 . 1  0 . 3  0 . 2  0 . 5 0 . 5 
L i bby -4 . 6  -4 . 8  2 . 9  2 . 8  0 . 2  0 . 5  0 . 6  

J u n e  A l ben i F a l l s 

G r a n d  C o u l ee 0 . 1  0 . 1  0 . 2  0 . 2  - 0 . 2  0 . 4 0 . 1  
L i b by - 3 . 8  -5 . 0  - 1 . 4  -2 . 1  - 0 . 2  0 . 3  - 0 . 2  - 0 . 6  

J u l y  A l ben i F a l l s 

G r a n d  C o u l ee 

L i bby - 0 . 7  - 0 . 2  - 2 . 0  - 2 . 0  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 8  
A u gu s t  1 - 1 5  A l ben i F a l l s 

Grand C ou l ee 

L i b by -0 . 5  - 0 . 1  - 2 . 6  - 1 . 9  0 . 4  1 . 1  - 0 . 3  - 0 . 3  
A u g u s t  1 6 - 3 1  A l b e n i F a l l s 

G r a n d  C o u l ee 

L i bby - 0 . 5  - 0 . 1  - 2 . 6  - 1 . 8  0 . 5  1 . 3 0 . 6 - 0 . 5  

FM F e d e r a l  M a r k e t i n g  

A D  A s s u r e d  D e l i ve ry 

C .  6 - l 3  



Ta b l e C . 6 - 1 2  

E F F E C T  O F  LON G-TERM F I RM C ON T RAC T S  

O N  S I T E  AC C E S S I B I L I T Y  CON T RAC T S  

( Pe r c e n t  Chan g e )  

A s s um i n g : P ro posed  Pol i cy ,  E x i s t i n g I n t e r t i e  C a pac i ty 

C ompared  W i t h : E x i s t i n g C o n t r a c t s  

1 9 88 1 9 9 3  1 9 98 2 0 0 3  
Mon t h  Reservo i r  -ElL � -ElL � -ElL � -ElL � 

S e p t ember Al ben i F a l l s  

G r a n d  Co u l e e 

L i bby 3 . 6  2 . 4  5 . 1  3 . 5  l . 3 9 . 1  4 . 3  3 . 3  

O c t o b e r  A l ben i F a l l s  0 . 6  

G r a n d  Cou l e e - 0 . 4  - 0 . 4  

L i b by - 2 . 9  - 1 1 . 0 1 4 . 0  5 . 9 9 . 8  1 0 . 6  9 . 3  7 . 6  

November Al ben i F a l l s  

G r a n d  Co u l e e 0 . 4 

L i bby -8 . 9  - 1 3 . 3  3 . 6 - 2 . 0  2 . 5  3 . 8  4 . 0  3 . 7  

D e c ember  Al ben i F a l l s  0 . 3  0 . 3  0 . 6 0 . 6  

G r a n d  Cou l e e 0 . 4 

L i bby -8 . 1  - 1 7 . 8  0 . 8 -4 . 7  3 . 1  - 0 . 4  l . 5 - 0 . 4  

J an u ary A l ben i F a l l s - l . 5  -6 . 3  l . 0 - l . 9  2 . 0  - 0 . 7  l . 3 - 0 . 6  

G r a n d  Co u l e e - 3 . 7  -6 . 2  - 0 . 5  - 2 . 3  0 . 7  0 . 9  0 . 7  

L i b by - 2 . 5  -4 . 2  - 0 . 3  - l . 1  0 . 3  0 . 1  0 . 2  

Febru ary Al ben i F a l l s  - 3 . 0  -5 . 7  0 . 6  - 0 . 9  2 . 0  l . 0 

G r a n d  Cou l e e - 2 . 3  -4 . 6  0 . 5  - 0 . 3  l . 3 0 . 7  0 . 7  0 . 2  

L i bby - l . 7 - 2 . 8  - 0 . 3  - 0 . 9  0 . 2  0 . 1  - 0 . 2  

March A l ben i F a l l s - 1 . 8  -2 . 1  - 0 . 3  0 . 6 l . 0 0 . 6 

G r a n d  Cou l e e - 0 . 2  - 0 . 8  - 0 . 6  -0 . 9  0 . 1  - 0 . 2  - 0 . 6  

L i bby - 1 . 4  -2 . 5  - 0 . 4  - 0 . 7  0 . 1  - 0 . 1  -0 . 1  

Apr i 1 1 - 1 5  A l ben i F a l l s - 0 . 3  - l . 9  - 0 . 3  3 . 7  3 . 1  l . 0 - l . 0  

G r a n d  Cou l e e - 0 . 1  - 0 . 9  -0 . 7  -0 . 9  0 . 6  0 . 4 0 . 1  - 0 . 7  

L i bby - l . 3  -2 . 4  - 0 . 4  -0 . 8  0 . 1  -0 . 1  - 0 . 1  

Apr  i 1 1 6 - 3 0  Al ben i Fa 1 1  s l . 4 - 3 . 8  0 . 3  - 0 . 3  2 . 2  l . 4 0 . 7  - 1 . 1  

G r a n d  Co u l ee - 0 . 3  - 0 . 5  - 0 . 5  - 0 . 6  -0 . 2  - 0 . 2  - 0 . 3  

L i b by - l . 4  - 3 . 1  - 0 . 4  - 0 . 9  0 . 1  - 0 . 2  

May Al ben i Fa l l s  

G r a n d  Cou l ee 0 . 7  0 . 6  - 0 . 2  - 0 . 5  0 . 1  - 0 . 2  - 0 . 4  - 0 . 5  

L i bby - 2 . 5  - 3 . 5  - l . 2  - 1 . 6  0 . 1  0 . 1  -0 . 2  -0 . 2  

J u n e  Al ben i  Fa l l s  

G r a n d  Cou l ee - 0 . 3  - 0 . 3  - 0 . 4  - 0 . 7  0 . 7  - l . 0  - 0 . 3  

L i bby -6 . 2  -8 . 1  - 3 . 0  - 3 . 9  0 . 7  0 . 1  - 0 . 3  

J u l y  Al ben i F a l l s 

G r a n d  Cou l e e 

L i bby -4 . 5  -6 . 6  -6 . 0  -5 . 3  0 . 8  - 0 . 7  0 . 6 - l . 5  

Au g u s t  1 - 1 5  Al ben i F a l l s 

G r a n d  C ou l ee 

L i bby - 5 . 2  -6 . 9  -6 . 4  -4 . 4  2 . 5  l . 9 3 . 6  0 . 6 

Au g u s t  1 6- 3 1  Al ben i F a l l s 

G r a n d  Cou l ee 

L i bby -4 . 8  -6 . 6  -6 . 9  -5 . 3  l . 3 0 . 7  2 . 5  - 0 . 7  

C . 6 - 1 4  



T a b l e  C . 6 -- 1 3  

E F F E C T  OF  L O N G- T E RM F I RM C O N T RAC T S  

O N  WAVE E RO S I O N I N D I C E S  

( Pe r c e n t  C h a n g e ) 

A s s u m i n g : P r o p o s e d  Pol i c y ,  Ma x i mum I n t e r t i e  C a pac i ty 

Compared W i t h :  E x i s t i n g C o n t rac t s  

Mo n t h  

S e p t ember 

O c t o ber  

November  

December 

J a n u a ry 

F e b r u a ry 

M a r c h  

A p r i  1 1 - 1 5  

Apr i l  1 6- 3 0  

May 

J u n e  

J u l y  

Aug u s t  1 - 1 5  

Aug u s t  1 6- 3 1  

Reservo i r  

A1 ben i F a l l s  

G ra n d Co u l e e 

L i b by 

A1 ben i F a l l s  

Gran d C ou l e e 

L i bby 

A1  ben i F a l l s 

G r a n d  Co u l e e 

L i b by 

A 1 ben i F a l l s 

G r a n d  C ou l ee 

L i b by 

A1 ben i F a l l s 

G r a n d  C ou l e e 

L i b by 

A 1 ben i F a l l s  

Grand  C ou l ee 

L i bby 

A1 ben i F a l l s 

G r a n d  C ou l ee 

L i bby 

A1 ben i F a l l s 

G r a n d  C ou l e e 

L i bby 

A 1 ben i F a l l s  

G r a n d  Co u l e e 

L i bby 

A 1 ben i F a l l s  

Grand  Cou l e e 

L i bby 

A 1 ben i F a l l s 

G r a n d  C ou l ee 

L i bby 

A 1 ben i F a l l s 

Gran d C ou l e e 

L i b by 

A 1 be n i  F a l l s  

G r a n d  C ou l e e 

L i bby 

A1 ben i F a l l s 

G r a n d  C ou l e e 

L i bby 

FM Federal  Ma r k e t i n g 

AD A s s u red D e l i very 

1 9 88 

1 . 0 

0 . 8 

2 0 . 6  

3 3 .  1 

- 0 . 5  

1 . 9 

2 2 . 1  

- 0 . 9  

1 . 9 

1 7 . 4  

- 0 . 6  

0 . 3  

1 8 . 0  

- 0 . 1  

- 0 . 7  

1 7 . 1 

0 . 4  

- 0 . 2  

1 9 . 7  

- 0 . 8  

-4 . 6  

0 . 1  

- 3 . 8  

- 0 . 7  

- 0 . 5  

- 0 . 5  

0 . 6  

1 . 7 

28 . 1  

2 1 . 5 

- 2 . 0  

3 . 1  

3 9 . 0  

- 1 . 8  

3 . 7  

4 1 . 8  

- 0 . 7  

1 . 0 

4 3 . 8  

- 0 . 6  

3 . 0  

4 0 . 8  

- 1 . 1  

0 . 9  

2 0 . 9  

- 0 . 6  

-4 . 8  

0 . 1  

-5 . 0  

- 0 . 2  

- 0 . 1  

- 0 . 1  

__ l2.2..L.. _ _  

-.E.tL ..AiL 

0 . 1  

- 0 . 6  

0 . 1  

- 2 . 7  

- 0 . 1  

- 0 . 8  

0 . 5  

- 0 . 1  

4 . 0  

0 . 9  

- 0 . 2  

3 . 0  

0 . 2  

- 0 . 5  

- 0 . 1  

3 . 5  

0 . 1  

1 . 2 

7 . 4  

- 0 . 1  

1 . 2  

4 . 8  

0 . 1  

0 . 7 

0 . 2  

- 1  . 2  

- 1 . 1  

- 1 . 3  

- 1  . 2  

C . 6 - 1 5  

0 . 1  

- 0 . 1  

0 . 1  

- 1 . 0  

1 . 4 

0 . 2  

- 0 . 8  

- 0 . 7  

o . 3 

8 . 2  

- 0 . 1  

0 . 6 

7 . 0  

- 0 . 1  

0 . 7  

7 . 0  

2 . 3  

1 0 . 4  

0 . 1  

2 . 1  

1 1  . 3  

0 . 2  

1 . 2 

0 . 2  

- 2 . 2  

- 2 . 1  

- 1 . 2  

- 1 . 5  

__ 1 2.98 

-.f.!:L _,�JL 

- 0 . 1  - 0 . 1  

- 0 . 7  - 1 . 1  

0 . 1  

- 2 . 3  - 3 . 8  

- 0 . 1  - 0 . 1  

- 0 . 4  - 1 . 1  

0 . 1  

- 0 . 1  

0 . 8  

- 0 . 2  

- 0 . 2  

- 2 . 2  

0 . 2  

- 0 . 7  

- 0 . 7  

0 . 1  

- 0 . 4  

- 0 . 7  

0 . 2  

0 . 9  

- 0 . 1  

- 0 . 3  

- 0 . 2  

- 1 . 2  

0 . 2  

- 0 . 3  

- 0 . 1  

- 2 . 5  

- 1 . 4  

1 . 3 

- 1 . 4  

- 0 . 9  

0 . 2  

- 0 . 2  

3 . 0  

1 . 0 

- 0 . 7  

4 . 1  

0 . 6 

- 0 . 8  

0 . 1  

- 1 . 0  

0 . 3  

- 0 . 3  

- 0 . 4  - 0 . 1  

- 0 . 6  -0 . 2  

0 . 4  0 . 4  

0 . 7  

0 . 1  0 . 9  

--IQQL_---
-.f.!:L .JIlL 

- 0 . 6  

0 . 3  

- 1 . 5  

1 . 5 

0 . 4  

- 0 . 3  

- 1 . 4  

0 . 4 

- 0 . 6  

- 1 . 6  

0 . 3  

0 . 2  

- 0 . 7  

0 . 1  

- 1 . 5  

0 . 2  

0 . 4 

- 2 . 9  

- 0 . 1  

0 . 4 

0 . 9  

0 . 1  

0 . 5  

0 . 8 

- 1 . 1  

- 0 . 1  

- 0 . 1  

- 0 . 2  

0 . 3  

0 . 3  

2 . 8 

o . 1 
0 . 4  

1 . 9 

o . 1 
1 . 1  

4 . 3  

0 . 1  

0 . 8 

1 . 7 

- 0 . 1  

0 . 4  

0 . 8 

0 . 4  0 . 3  

- 0 . 4  - 0 . 7  

- 0 . 2  - 1 . 2  

0 . 3  - 0 . 2  

0 . 8  - 0 . 3  



Tabl e C . 6 . 1 4 

E F F E C T  O F  LONG-T ERM F I RM C ON T RAC T S  

ON S I T E AC C E S S I B I L I TY I N D I C E S  

( Pe r c e n t  C h a n g e ) 

A s s um i n g : P r o p o s e d  Pol i cy ,  Max i mum I n t e rt i e  Capac i ty 

Compared W i th : E X l s t i n g C o n t r a c t s 

__ 1 9_8_8 __ 1 99 3  1 9 98 2 0 0 3  

Month  R e s e r v o i r  � � � � � � � � 

S e p t ember Al ben i F a l l s 

G r a n d  Cou l e e - 0 . 4  - 0 . 4  0 . 3  0 . 3  

L i bby 3 . 6 2 . 4  5 . 2  1 . 9 2 . 9  8 . 5  4 . 9  4 . 5  

O c t o b e r  Al ben i F a l l s  0 . 6 

G r a n d  Cou l ee -0 . 4  - 0 . 4  

L i bby -2 . 9  - 1 1 .  0 1 4 . 5  7 . 1  9 . 5  1 1 . 0 9 . 7  7 . 9  

N o v ember A l ben i F a l l s  

G r a n d  Co u l ee 0 . 4  0 . 3  0 . 3  

L i bby -8 . 9  - 1 3 . 3  3 . 4 - 1 . 1  2 . 8  4 . 7  5 . 4  5 . 1  

D e c ember Al be n i  F a l l s 1 . 4 0 . 6  0 . 3  

G r a n d  Cou l e e 0 . 4 0 . 4 0 . 4  

L i bby -8 . 1  - 1 7 . 8  2 . 5  - 3 . 0  3 . 0  0 . 7  2 . 1  

Janu ary Al ben i F a l l s - 1 . 5  -6 . 3  2 . 9  - 2 . 3  - 0 . 7  -4 . 7  1 . 3  - 0 . 3  

G r a n d  C ou l e e - 3 . 7  -6 . 2  0 . 4 - 0 . 8  0 . 6 - 2 . 4  0 . 7  

L i bby - 2 . 5  -4 . 2  - 0 . 1  - 1 . 2  0 . 2  0 . 4 0 . 2  

Feb r u a ry Al ben i F a l l s  - 3 . 0  -5 . 7  0 . 6  - 0 . 3  0 . 7  - 3 . 0  1 . 3  1 . 0 

G r a n d  Co u l ee - 2 . 3  -4 . 6  1 . 0 - 0 . 7  1 . 0 - 1 . 1  1 . 0 - 0 . 3  

L i bby - 1 . 7  - 2 . 8  - 0 . 3  - 0 . 8  0 . 1  0 . 1  - 0 . 2  

March  A l ben i F a l l s  - 1 . 8  - 2 . 1  - 0 . 3  0 . 3  - 0 . 6  0 . 9  0 . 3  

G r a n d  Co u l ee - 0 . 2  - 0 . 8  - 0 . 6  - 0 . 6  - 0 . 1  - 0 . 7  -0 . 2  - 0 . 4  

L i bby - 1 . 4  - 2 . 5  - 0 . 4  - 0 . 8  0 . 1  - 0 . 1  

Apr i l  1 - 1 5  Al ben i F a l l s -0 . 3  - 1 . 9  0 . 3  0 . 6  - 2 . 2 0 . 3  

G r a n d  Cou l e e - 0 . 1  - 0 . 9  - 0 . 2  - 0 . 6  - 0 . 2  - 1 . 2  - 0 . 2  

L i bby - 1 . 3  - 2 . 4  - 0 . 4  - 0 . 8  0 . 1  0 . 1  

Apr i l  1 6 - 3 0  Al ben i F a l l s 1 . 4 - 3 . 8  - 0 . 3  0 . 3  - 1 . 1  - 2 . 8  0 . 7  0 . 3  

G r a n d  Cou l ee - 0 . 3  - 0 . 5  - 0 . 5  - 0 . 6  - 0 . 2  - 0 . 1  - 0 . 3  

L i bby - 1 . 4  -3 . 1  - 0 . 4  - 0 . 9  0 . 2  -0 . 1  

May Al ben i F a l l s -0 . 6  - 0 . 6  

G r a n d  Cou l ee 0 . 7  0 . 6  - 0 . 2  - 0 . 4  -0 . 2  - 0 . 4  -0 . 3  - 0 . 5  

L i bby - 2 . 5  - 3 . 5  - 1 . 0  - 1 . 4  - 0 . 1  - 0 . 1  

June A l ben i F a l l s 

G r a n d  Cou l ee - 0 . 3  -0 . 3  - 0 . 4  - 0 . 7  1 . 3 0 . 3  - 1  . 2  - 0 . 9  

L i bby -6 . 2  -8 . 1  - 2 . 0  - 3 . 8  0 . 3  - 0 . 1  - 0 . 4  

J u l y  A l ben i F a l l s 

G r a n d  Cou l e e 

L i bby -4 . 5  -6 . 6  - 3 . 3  - 5 . 0  0 . 5  - 1 . 0  0 . 4 - 1 . 9  

Au g u s t  1 - 1 5 Al ben i Fal l s 

G r a n d  C ou l e e 

L i b by -5 . 2  -6 . 9  - 3 . 5  - 3 . 8  2 . 0  1 . 4 2 . 5  0 . 8  

Aug u s t  1 6- 3 1  Al ben i F a l l s 

G r a n d  Cou l e e 

L i bby -4 . 8  -6 . 6  -4 . 1  -4 . 8  0 . 8  0 . 3  1 . 2 - 0 . 5  

( V S6-PG - 1 3 1 9 I ) 

C . 6 - 1 6  



CONTRACT 
YEAR 

l.illl.a 

n 

O'l 
I 

'-l 
1 993 

ST UDY 11 

MH FEXAMK 
MH FEXBMK 
MH F EX F MK 
MH FMXAMK 
MH FMXFMK 
MPF EXAMK 
M P F E X FMK 
M P F MXAMK 
MPFMXFMK 
MP RACAMK 
MPRDCAMK 
MPR DCBMK 
MPRDC FMK 
MPREXAMK 
MPR EXBMK 
MPREXFMK 
MPRMXAMK 
MPRMXBMK 
MPRMXFMK 

MH FEXAMK 
MHF EXBMK 
MH F EX FMK 
MH FMXAMK 
MH FMX FMK 
MPF EXAMK 
M P F EX FMK 
MP FMXAMK 
MPFMX FMK 
MPRACAMK 
MPRDCAMK 
MPR DCBMK 
MPRDC FMK 
MPR EXAMK 
MPREXBMK 
MPREX FMK 
MP RMXAMK 
MPRMXBMK 
MPRMX FMK 

SE PT 

-0 . 6  
0 . 2  
0 . 1  

-0 . 6  
0 . 1 

-0 . 3  
0 . 0  

-0 . 3  
O . 1 

-0 . 2  
-0 . 2  
-0 . 8  

0 . 2  
-0 . 2  
-0 . 8  

0 . 2  
-0 . 2  
-0 . 8  

0 . 2  

0 . 8  
-0 . 2  

0 . 7  
0 . 5  
0 . 5  
0 . 11 

-0 . 1  
0 . 5  

-0 . 1  
0 . 5  
0 . 0  
0 . 6  
0 . 1  
0 . 7  
0 . 3  
0 . 3  
0 . 5  
0 . 7  
0 . 1  

QCT NOV 

1 . 3 2 9 . 3  
- 1 . 7  6 . 8  

0 . 0  1 8 . 2  
1 . 3 2 9 . 3  
0 . 0  1 8 . 2  
1 . 2 30 . 0  
0 . 2  1 8 . 4  
1 . 2 30 . 0  
0 . 2 1 8 . 4 
1 . 1  28 . 9  
1 . 1  28 . 9  

-0 . 6  0 . 6  
0 . 2  2 1 . 3  
1 . 1  28 . 9  

-0 . 6  0 . 6  
0 . 2  2 1 . 3  
1 . 1 28 . 9  

-0 . 6  0 . 6  
0 . 2  2 1 . 3  

- 1 . 6  1 . 0 
-0 . 1  0 . 6  
-2 . 8  - 1 . 0  
- 1 . 2  0 . 9  
-2 . 9  - 1 . 0  
- 1 . 7  1 . 4 
- 2 . 7  -0 . (1 
- 1 . 1  1 . 4 
-2 . 8  - 1 . 1  
- 1 . 8  0 . 4  
- 1 . 2  1 . 4 
-0 . 2  0 . 7  
-2 . 8  -0 . 3  
- 1 . 7  1 . 4 
-0 . 1  0 . 1  
- 2 . 7  -0 . 4  
- 1 . 2  1 . 8 
-0 . 2  0 . 5  
-2 . 9  -0 . 3  

Tabl e C . 6- 1 5  

WAVE EROS ION 
PERCENT CHANGES FROM THE NO-ACT ION CASE  

L I BBY 

DEC JAN FEB MAR 

2 7 . 7  34 . 7  3 1 . 3  32 . 2  
- 1 0 . 3  -5 . 2  0 . 0  -0 . 9  

3 5 . 3  1 8 . 3  6 . 9  7 . 4  
2 7 . 7  34 . 7  3 1 . 3  32 . 2  
35 . 3  1 8 . 3  6 . 9  7 . 4  
28 . 4  35 . 2  3 1 . 8  3 2 . 3  
39 . 7  1 9 . 0  8 . 8  4 . 9  
28 . 4  3 5 . 2  3 1 . 8  32 . 3  
39 . 7  1 9 . 2  9 . 0  5 . 1  
2 7 . 6  40 . 3  4 1 . 2  4 3 . 2  
2 7 . 6  40 . 3  <'1 1 . 2 11 3 . 2  

5 . 0  0 . 9  -0 . 4  -0 . 4  
39 . 8  2 3 . 3  1 6 . 9  1 7 . 5  
2 7  . 6  4 0 . 3  4 1 . 2  4 3 . 2  

5 . 0  0 . 9  -0 . 4  -0 . 4  
39 . 8  2 3 . 3  1 6 . 9  1 7 . 5  
2 7 . 6  40 . 3  4 1 . 2  11 3 . 2  

5 . 0  0 . 9  - 0 . 4 -0 . 4  
39 . 8  2 3 . 3  1 6 . 9  1 7 . 5  

-2 . 0  6 . 9  5 . 8  5 . 6  
- 1 . 0  -0 . 8  -0 . 1  -0 . 9  

3 . 5  2 . 3  - 0 . 7  2 . 2 
- 1 . 6  6 . 9  5 . 6  5 . 8 

:1 . 4  2 . 3  -0 . 8  2 . 2  
-2 . 3  7 . 7  6 . 2  5 . 9  

2 . 7  3 . 0  -0 . 2  2 . 6 
- 1 . 9  7 . 7  6 . 1 6 . 0  

:3 . 1  2 . 5  -0 . 7  2 . 8  
-2 . 1  9 . 2  8 . 6  6 . 0  
-2 . 8  9 . 9  8 . 0  6 . 0  
- 1 . 6  0 . 8  1 . 5 - 1 . 3  

2 . 1  3 . 8  0 . 7  3 . 3  
-2 . 8  8 . 9  7 . 6  6 . 0  
-0 . 7  1 . 4 0 . 7  - 1 . 0  

1 . 9 <'1 . 1 1 . 4 :) . 2  
-2 . 6  9 . 2  8 . 3  6 . 2  
- 1 . 9  0 . 9  1 . 2 -0 . 8  

2 . 1  4 . 0  1 . 2 2 . 7  

A P 1 ?J AP2 V _ _  MAY ___ ,J..llNf, _ _  lULY ___ AGl ?J _.-AQ2 {j 

35 . 5  2 2 . 5  -5 . 5  -5 . 2  - 1 . 4  - 1 . !\  - 1 . 7  
1 . 3 - 1 . 9  0 . 5  -0 . 6  0 . 3  0 . 3  O . !\  

1 2 . 6  8 . 7  -3 . 9  -4 . 9  - 1 . 9  -2 . 0  -2 . 0  
:) 5 . 5  2 2 . 5  -5 . 5  -5 . 2  - 1 . 4  - 1 . <'1 - 1 . 7  
1 2 . 6  8 . 7  -3 . 9  -<'1 . 9  - 1 . 9  -2 . 0  -2 . 0  
35 . 8  2 2 . 7  -4 . 4  -5 . 2  - 1 . !\  - 1 . 3  ,- 1 . :1 
1 3 . 8  1 0 . 7  -3 . b  -<'1 . 0  - l o b  - 1 . 6  - 1 . 6 
35 . 8  2 2 . 7  -4 . 4  -5 . 2  - 1 . !\  ,· 1 . 3 - 1 . 3  
1 4 . 2  1 0 . 8  -4 . 1  -4 . 4  - 1 . 6 - 1 . 6  - 1 . 6 
44 . 2  2 1 . 0  -3 . 5  -4 . 9  -0 . 7  -O . b  -0 . 6  
11 !\ . 2  2 1 . 0  -3 . 5  -<'1 . 9  -0 . 7  -0 . 6  -0 . 6  

2 . 4 0 . 1 1 . <'1 0 . 0  -0 . 5  -0 . 6  -0 . 5  
1 9 . 9  1 9 . 7  -3 . 3  -3 . 8  - 1 . 2  - 1 . 0 - 1 . 0  
44 . 2  2 1 . 0  - 3 . 5 -4 . 9  -0 . 7  -O . b  -0 . 6  

2 . 4 0 . 1  1 . 4 0 . 0  -0 . 5  -O . G  -0 . 5  
1 9 . 9  1 9 . 7  -3 . :) -3 . 8  - 1 . 2  - 1 . 0  - 1 . 0  
<'14 . 2  2 1 . 0  -3 . 5  -<'1 . 9  -0 . 7  -0 . (, -0 . 6  

2 . 4  0 . 1  1 . 4 0 . 0  -0 . 5  -O . b  -0 . 5  
1 9 . 9  1 9 . 7  -3 . 3  -3 . 8  - 1 . 2 - 1 . 0 - 1 . 0  

8 . 1  8 . 6  1 . 8 - 1 . 4  - 1 . 6  - 1 . 9  - 1 . 8  
-0 . <'1  -0 . 2  0 . 5  1 . 0 0 . 3  0 . 1  0 . 3  

5 . 4  3 . 7  2 . 2  -0 . 2  - 1 . 4  - 1 . 3 - 1 . 2  
8 . 1  8 . 6  1 . 7 - 1 . 7  - 1 . 6  - 1 . 2  - 1 . 5  
5 . 4  3 . 1  2 . 2  -0 . 4  - 1 . 1  - 1 . :1 - 1 . 2 
8 . 7  1 1 .  1 2 . 5  - 1 . 5  - 1 . 7  - 1 . 9  - 1 . 8  
7 . 6  4 . 8  1 . 6 - 1 . 1  - 1 . 7  -2 . 2  -2 . 2  
8 . 1  1 0 . 0  2 . 3  - 1 . 7  - 1 . 7  - 1 . 2  - 1 . �  
6 . 6  4 . 7  2 . 2  -O . !\  -0 . 7  - 1 . )  - 1 . 2  

1 0 . 2  1 0 . 3  2 . 2  - 1 . 8  -2 . 0  - 1 . 5  - 1 . 8  
1 2 . 1 1 1 . 2  2 . 1  - 1 . 7  -2 . 0  - 1 . 5  - 1 . 8  
-0 . 2  0 . 3  0 . 8  0 . 7  0 . 0  0 . 0  O .  II 

7 . 2  4 . 7  1 . 7 - 1 . 1  - 1 . !\  -2 . 0  - 1 . 9 
1 1 . 3 1 1 . 4 2 . 8  - 1 . 1  -2 . 0  - 1 . 9  - 1 . 8  

0 . 0  - 1 . 2  -0 . 1  0 . 3  0 . 0  0 . 0  0 . 0  
8 . 8  5 . 2  2 . 8 - 1 . 1  -2 . 0  -2 . 6  -2 . 5  

1 0 . 2  1 1 . 5 2 . 1  - 1 . 8  -2 . 0  - 1 . 2  - 1 . 5  
-0 . 2  0 . 3  0 . 9  0 . 4  0 . 0  0 . 0  0 . 0  

7 . 2  5 . 0  1 . 6 -0 . 8  - 1 . 1  - 1 . :1 - 1 . 2 



Tabl e C . 6- 1 5  ( C o n t i n u e d ) 

CONTRA C T  
YEAR .s.I.!.JJ2'( 11 SEPT  OCT  NOV DEC J AN FEB  MAR A P 1 21 -----A.E'.2. 21 MAY JUNE JULY AG 1 2/� 21 
l..9..2.a 

MH FEXAMK -0 . 7  -3 . 8  -2 . 2  - 2 . 4  -0 . 8  -0 . 4  0 . 9  0 . 2  - 0 . 5  0 . 0  0 . 3  -0 . 2  1 . 1  1 . 3 
MH F EXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH F EX F MK - 1 . 4  -2 . 4  -0 . 6  1 . 3 -2 . 2  - 1 . 1  -0 . 8  -0 . 6  -0 . 9  0 . 2  -0 . 2  -0 . 3  0 . 4  0 . 5  
MH F MXAMK -0 . 8  -3 . 6  -2 . 1  -2 . 1  - 1 . 3 -0 . 9  0 . 5  0 . 3  - 1 . 4  0 . 0  0 . 2  0 . 1  1 . 1  1 . 2 
MHFMX F MK -0 . 4  -2 . 0  -0 . 9  1 . 4 -2 . 5  - 1 . 6  - 1 . 2  -0 . 4  - 1 . 4  0 . 1  0 . 2  0 . 1  0 . 4  0 . 5  
MPF EXAMK -0 . 6  -3 . 8  -2 . 1  -2 . 3  -0 . 8  -0 . 4  0 . 9  0 . 2  -0 . 5  0 . 0  0 . 3  -0 . 2  1 . 1  1 . 3 
M P F E X FMK - 1 . 3  -2 . 3  -0 . 4  1 . 1  -2 . 2  - 1 . 1  -0 . 8  -0 . 6  -0 . 9  0 . 2  -0 . 2  -0 . 3  0 . 4  0 . 5  
MPFMXAMK -0 . 7  -3 . 6  - 1 . 9  -2 . 5  - 1 . 6  -0 . 8  0 . 7  0 . 3  0 . 4  0 . 0  0 . 1  0 . 1  1 . 1 1 . 2 
MP FMX FMK - 0 . 4  -2 . 0  - 0 . 7  1 . 1 -2 . 5  - 1 . 6  - 1 . 2  -0 . 4  - 1 . 4  0 . 0  0 . 2  0 . 1  0 . 4  0 . 5  
MPRACAMK -0 . 7  -3 . 5  - 1 . 8  -2 . 1  -0 . 6  -0 . 5  0 . 9 0 . 3  - 1 . 4  0 . 0  0 . 2  0 . 1  1 . 1  1 . 3 
MPRDCAMK -0 . 6  -3 . 8  -2 . 0  -2 . 4  -0 . 8  -0 . 9  0 . 7  0 . 0  -0 . 9  0 . 0  0 . 3  0 . 1  1 . 1  1 . 3 
MP RDCBMK 0 . 0  -0 . 1  -0 . 1  0 . 3  -0 . 1  -0 . 5  -0 . 5  -0 . 2  -0 . 7  -0 . 3  0 . 7  -0 . 6  0 . 4  0 . 4  
MPRDC FMK -0 . 7  -2 . 4  -0 . 9  1 . 4 -2 . 2  - 1 . 5  - 1 . 0  -0 . 7  -0 . 9  0 . 2  -0 . 2  0 . 1  0 . 4  0 . 5  
MPREXAMK -0 . 6  -3 . 8  -2 . 1  -2 . 4  -0 . 9  -0 . 4  0 . 9  0 . 2  -0 . 5  0 . 0  O .  :1 -0 . 2  1 . 1  1 . 3 
MPRE XBMK 0 . 0  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPREXFMK - 1 . 3  -2 . 4  -0 . 6  1 . 4 -2 . 1  - 1 . 1  -0 . 8  -0 . 6  -0 . 9  0 . 2  -0 . 2  -0 . 3  0 . 4  0 . 5  
MPRMXAMK -0 . 7  -3 . 5  - 1 . 6  -·2 .  :) - 1 . 5  -0 . 9  0 . 5  0 . 3  - 1 . 3  0 . 0  0 . 1 0 . 1  1 . 1  1 . 3 
MPRMXBMK 0 . 4  0 . 3  -0 . 5  0 . 2  -0 . 1  -0 . 9  -0 . 5  -0 . 3  -0 . 3  0 . 3  0 . 4  -0 . 3  0 . 4  0 . 4  
MPRMX F MK -0 . 4  -2 . 0  -0 . 9  0 . 9  -2 . 3  - 1 . 6  - 1 . 2  -0 . 4  - 1 . 4  0 . 0  -0 . 2  0 . 1  0 . 4  0 . 5  

2.O..Ql 
(') MHF EXAMK 0 . 1 0 . 2  1 . 3 -0 . 7  0 . 5  3 . 1  1 . 9 5 . 3  3 . 1  0 . 7  -0 . 6  -0 . 8  -0 . 3  -0 . 5  
0'\ MHFEXBMK 0 . 0  0 . 0  0 . 0  0 . 3  -0 . 1  -0 . 9  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

I MHF EXFMK -0 . 4  -0 . 3  -0 . 9  1 . 5 -0 . 9  -2 . 3  -0 . 3  -0 . 6  - 1 . 3  0 . 5  -0 . 2  -0 . 1  -0 . 3  0 . 6  f-J MH FMXAMK 0 . 1  0 . 2  1 . 1  -0 . 3  - 1 . 2  2 . 0  2 . 2  5 . 1  3 . 2  1 . 1  - 1 . 2  - 1 . 6  - 1 . 2  - 1 . 3  co 
MHFMX F MK -0 . 5  -0 . 1  - 1 . 4  2 . 6  -2 . 4  -2 . 3  -0 . 4  - 1 . 1  - 1 . 6  1 . 2 -0 . 9  -0 . 6  -0 . 7  -0 . 2  
MPF EXAMK 0 . 1  0 . 2  1 . 3 - 1 . 1  0 . 7  3 . 5  2 . 0  5 . 1  3 . 1  0 . 6  -0 . 6  -0 . 8  -0 . 3  -0 . 5  
M P F E X FMK -0 . 4  -0 . 2  -0 . 7  1 . 0 -0 . 6  -2 . 0  -0 . 3  -0 . 6  - 1 . 3  0 . 5  -0 . 2  -0 . 1  -0 . 2  0 . 6  
MPF MXAMK 0 . 1  0 . 2  1 . 1  -0 . 3  - 1 . 2  2 . 0  1 . 9 5 . 1  3 . 2  1 . 1  - 1 . 2  - 1 . 6  - 1 . 2  - 1 . 3  
MP FMX F MK -0 . 5  -0 . 1  - 1 . 4  2 . 2  -2 . 3  -2 . 3  -0 . 7  - 1 . 1  - 1 . 6  1 . 2 -0 . 9  -0 . 6  -0 . 7  -0 . 2  
MPRACAMK -0 . 1  0 . 0  1 . 0 -0 . 2  - 1 . <'  1 . 7 1 . 5 4 . 7  2 . 8 0 . 7  -0 . 6  -0 . 8  -0 . 4  -0 . 5  
MPRDCAMK -0 . 1  0 . 0  1 . 2 -0 . 4  -0 . 3  1 . 7 1 . 9 5 . 3  3 . 1  0 . 6  -0 . 6  -0 . 8  -0 . '1 -0 . 5  
MPRDCBMK 0 . 7  0 . 6  0 . 1  0 . 5  - 1 . 0  -0 . 7  0 . 3  0 . 4  0 . 1  0 . 3  -0 . 5  -0 . 4  -0 . 4  -0 . 4  
MPRDC FMK -0 . 5  -0 . 1  -0 . 9  1 . 9 -2 . 5  -2 . 4  -0 . 8  - 1 . 2  - 1 . 8  0 . 6  -0 . 8  -0 . 3  -0 . 5  0 . 3  
MPREXAMK 0 . 1  0 . 2  1 . 3 -0 . 9  0 . 7  3 . 5  1 . 9 5 . 1  3 . 1 0 . 6  -0 . 6  -0 . 8  -0 . 3  -0 . 5  
MPR EXBMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPREXFMK -0 . 4  -0 . 2  -0 . 7  1 . 4 -0 . 6  -2 . 3  -0 . 3  -0 . 6  - 1 . 3  0 . 5  -0 . 2  -0 . 1  -0 . 3  0 . 6  
MPRMXAMK 0 . 1  0 . 1  1 . 0 -0 . 4  - 1 . 2  2 . 0  2 . 2  4 . 7  3 . 0  1 . 1  - 1 . 2  - 1 . 6  - 1 . 2  - 1 . 3  
MP RMXBMK 0 . 0  -0 . 4  0 . 1  0 . 7  - 1 . 0 -0 . 8  0 . 3  0 . 4  1 . 3 0 . 3  -0 . 5  -0 . 4  - 1 . 0  - 1 . 0  
MPRMX FMK -0 . 5  -0 . 1  - 1 . 4  2 . 2  -2 . 4  -2 . 3  -0 . 4  - 1 . 1  - 1 . 6  1 . 2 -0 . 9  -0 . 6  -0 . 1  -0 . 2  

11 Pl ease  re f e r  to s t udy abbrev i a t i o n s  at t h e  begi n n i n g  o f  t h i s Vol ume . 
21 A P 1 =A p r i l 1 5 ;  AP2=Ap r i l 3 0 ; AG 1 =A u g u s t  1 5 ;  AG2=A u gu s t  3 1  



CONTRACT  
YEAR  .s..IJlQi 11 SEPT QCT NOV 

12M. 
MHFEXAMK 1 . 0 -8 . 5  - 1 2 . 7  
MH F EXBMK 0 . 3  1 1 .  1 5 . 7  
MHFEX FMK 3 . 1  3 . 0  -4 . 9  
MH FMXAMK 1 . 0 -8 . 5  - 1 2 . 7  
MH F'MX FMK 3 . 1 3 . 0  -tl . 9  
MPF E XAMK -0 . 1  - 1 0 . 5  - 1 3 . 7  
MP FEXFMK 1 . 5 - 1 . 8  -8 . 0  
MPFMXAMK -0 . 1  - 1 0 . 5  - 1 3 . 7  
MPFMX FMK 1 . 2 - 1 . 8  -8 . 0  
MPRACAMK -0 . 4  - 1 1 .  7 - 1 4 . 2  
MPRDCAMK -0 . 4  - 1 1 .  7 - 1 4 . 2  
MPRDCBMK -2 . 7  -0 . 8  - 1 . 0  
MPRDC FMK 0 . 9  -3 . 6  -9 . 9  
MPR EXAMK -0 . 4  - 1 1 .  7 - 1 4 . 2  
MPR EXBMK -2 . 7  -0 . 8  - 1 . 0  
MPREX FMK 0 . 9  -3 . 6  -9 . 9  

() MPR MXAMK -0 . 4 - 1 1 .  7 - 1 4 . 2  
O'l MPRMXBMK -2 . 7  -0 . 8  - 1 . 0  

I MP RMX FMK 0 . 9  -3 . 6  -9 . 9  
'--0 

1 9 93 
MHFEXAMK 2 . 7  7 . 4  - 1 . 5 
MH F EXBMK 0 . 9  0 . 6  0 . 6  
MHFEX FMK 4 . 7  1 5 . 5  3 . 7  
MHFMXAMK 2 . 3  8 . 8  - 2 . 3  
MHFMX FMK 5 . 3  1 5 . 7  3 . 3  
M P F E XAMK 2 . 5  7 . 1  -2 . 0  
MPFEX FMK 5 . 0  1 5 . 0  3 . 6  
MP FMXAMK 2 . 3  8 . 0  -2 . 2  
MPFMX F MK 5 . 3  1 5 . 3  2 . 5  
MPRACAMK 2 . 3  7 . 9  - 2 . 4  
MPRDCAMK 1 . 7 8 . 2  -2 . 2  
MPR DCBMK -0 . 1  0 . 8  0 . 3  
MPRDC FMK 5 . 2  1 5 . 5  2 . 3  
MPR EXAMK 3 . 0  6 . B  -2 . 0  
MPREXBMK -0 . 5  0 . 8  0 . 1  
MPREXFMK tl . 7  1 4 . 9  3 . 6  
MPRMXAMK 2 . 0  7 . 9  - 1 . 9  
MPRMXBMK 0 . 0  0 . 8  -O . B  
MPRMX FMK 5 . 2  1 5 . /j ',1, . 5  

Tabl e C . 6- 1 6  

S I T E ACCE S S I B I L I TY 
PERCENT  CHANGES  FROM THE NO-AC T I ON CASE 

L I BBY 

D E C  J A N  FEB MAR AP 1 .2/� 21 

- 1 7 . 6  -4 . 0  -2 . 5  -2 . 1  -2 . 2  -2 . 4  
2 . 5  0 . 2  0 . 1  0 . 1  -0 . 1  0 . 2  

-7 . 5  -2 . 3  - 1 . 3  -0 . 8  - 1 . 3  -0 . 8  
- 1 7 . 6  -tl . O -2 . 5  -2 . 1  -2 . 2  -2 . 4  

-7 . 5  -2 . 3  - 1 . 3  -0 . 8  - 1 . 3  -0 . 8  
- 1 7 . 9  -4 . 0  -2 . 5  -2 . 1  -2 . 2  -2 . tl  

-8 . 6  -2 . 2  - 1 . 2  - 0 . 7  - 1 . 2  -0 . 8  
- 1 7 . 9  -4 . 0  -2 . 5  -2 . 1  -2 . 2  -2 . tl  

-8 . 6  -2 . 3  - 1 . 3  -0 . 8  - 1 . 3  -0 . 9  
- 1 8 . 5  -4 . 2  -2 . 8  -2 . 4  -2 . 5  -3 . 0  
- 1 8 . 5  -4 . 2  -2 . 8  -2 . 4  -2 . 5  -3 . 0  

-0 . 9  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 1  
-9 . 0  -2 . 6  - 1 . 6  - 1 . 4  - 1 . 4  - 1 . 3  

- 1 8 . 5  -4 . 2  -2 . 8  -2 . 4  -2 . 5  -3 . 0  
-0 . 9  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 1  
-9 . 0  -2 . 6  - 1 . 6  - 1 . 4  - 1 . 4  - 1 . 3  

- 1 8 . 5  -4 . 2  -2 . 8  -2 . 4  -2 . 5  -3 . 0  
-0 . 9  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 1  
-9 . 0  -2 . 6  - 1 . 6  - 1 . 4  - 1 . 4  - 1 . 3  

-4 . 4  - 1 . 0  - 0 . 7  -0 . 6  -0 . 7  -0 . 7  
0 . 2  0 . 2  0 . 1  0 . 0  0 . 1  0 . 1  
2 . 1  0 . 0  -0 . 1  -0 . 2  -0 . 2  -0 . 2  

-4 . 1 - 1 . 0  -0 . 7  -0 . 6  -0 . 7  -0 . 7  
1 . 9 0 . 0  -0 . 1  -0 . 2  -0 . 2  -0 . 2  

-4 . 5  - 1 . 1  -0 . 8  -0 . 7  -0 . 7  -0 . 8  
1 . 4 -0 . 2  -0 . 3  -0 . 3  -0 . 4  -0 . 3  

-4 . 5  - 1 . 1  -0 . 8  -0 . 7  -0 . 7  -0 . 8  
1 . 3 -0 . 1  -0 . 2  -0 . 3  -0 . 3  -0 . 2  

-4 . 7  - 1 . 4  -0 . 9  -0 . 7  -0 . 8  -0 . 8  
-5 . 0  - 1 . 3  -0 . 9  -0 . 7  -O . B  -0 . 8  
-0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 3  -0 . 3  -0 . 3  -O . tl  -0 . 4  -0 . 3  
-5 . 0  - 1 . 2  -0 . 9  -0 . 7  -0 . 8  -0 . 9  
-0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  O .  1 

0 . 6  -0 . 4  -0 . 4  -O . tl  -0 . 4  -0 . 4  
-4 . 8  - 1 . 4  -0 . 8  -0 . 7  -0 . 8  -0 . 8  
- 1 . 8  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 7  -0 . 3  -0 . 3  -O . tl  -O . /j  -0 . 3  

MAY JUNE JULY 

-3 . 5  -8 . 0  -6 . 0  
-0 . 1  -0 . 3  -O . tl  
-2 . 6  -6 . 1  -4 . 5  
-3 . 5  -8 . 0  -6 . 0  
-2 . 6  -6 . 1  -tl . 5  
-3 . 6  -8 . 0  -5 . 6 
-2 . 5  -5 . 8  -3 . 7  
-3 . 6 -8 . 0  -5 . 6  
-2 . 7  -6 . 2  -3 . 7  
-3 . 7  -8 . 4  -6 . 9  
-3 . 7  -8 . 4 -6 . 9  
-0 . 2  -0 . 3  -0 . 3  
-2 . 7  -6 . 5  -4 . 8  
- 3 . 7  -8 . 4  -6 . 9  
-0 . 2  -0 . 3  -0 . 3  
-2 . 7  -6 . 5  -tl . 8  
-3 . 7  -8 " 1  -6 . 9  
-0 . 2  -0 . 3  -0 . 3  
-2 . 7  -6 . 5  -tl . 8 

- 1 . 2  -2 . 7  -':i .  1 
0 . 3  0 . 9  0 . 8  

-0 . 6  - 1 . 6  -tl . 1  
- 1 . 2  -3 . 0  - 5 . 1  
-O . C  - 1 . 4  -:, . 6  

- 1 . 3  -2 . 5  -'l . B  
- 1 . 0  --2 . 2  -�j . 2 
- 1 . 2  -:l . O  -4 . 8  
-0 . 7  - 1 . 4  -3 . 1  
- 1 . tl  --3 . 6  -5 . 3  
- 1 . 4  -3 . 0  -5 . :l 

0 . 2  1 . 2 0 . 0  
- 1 . 1  -2 . 2  -4 . tl 
- 1 . 5  -3 . 0  --5 . 3  

0 . 1  0 . 9  0 . 0  
- 1 . 1  -2 . 2  -6 . 0  
- l . tl  -3 . b  -5 . l 

0 . 0  0 . 1  -O . l  
- 1 . 0  - 1 . 9  -:l . 6  

A G 1  2/_ AG2 Z; 

-5 . 7  
-0 . 4  
-tl . :l 
-5 . 7  
-tl . :l 
-5 . 5  
-3 . 7  
-:i . 5  
--3 . 7  
-6 . 8  
-6 . 8  

[) . 1  
-5 . 1  
-6 . 8 

0 . 1 
-5 . 1  
-(J . 8  

0 . 1  
-5 . 1  

-'1 . ') 
0 . 8  

-:l .  <) 
--3 . 5  
-3 . u  
-4 . tl 

-6 . 3  
-3 . 5  
- l . 6  

4 'y - . , 1 
-11 . :� 

0 . 3  
-4 . 5  
-t1 . 11 

0 . 0  
-6 . ') 
-3 . 5  

0 . 3  
-:l . 2  

-C . 5  
-0 . 8  
-tl . 3  
-C . 5  
-tl . 3  

-5 . 5  
-3 . 7  
-5 . 5  
- 3 . 7  
-6 . 8  
-6 . 8  
-0 . :l 
-5 . 1  
-6 . 1:3  
-0 . 3  
-5 . 1  
-6 . 8  
-0 . 3  
- 5 . 1 

-�) . '-, 
0 . 8  

-tl . t) 
-4 . B  
-4 . 1  
-5 . S  
-h . 1  
-t1 . fl  
-'1 . I 
-5 . 5  
-�-I . � 

0 . 5  
--s . b 
-�J . 5 
-0 . :l 
- 7 . ',I, 
-tl . 8 

0 . 0 
- I; . i 
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CONT RAC T 
YEAR 

� 

£Qfr.3. 

STUDY 1/ 

MH F EXAMK 
MHF E X BMK 
MH F E X F MK 
MH FMXAMK 
MHFMX FMK 
M P F E XAMK 
M P F E X FMK 
MP FMXAMK 
MPFMX FMK 
MPRACAMK 
MPR DCAMK 
MPR DCBMK 
MP RDC FMK 
MPR E XAMK 
MPREXBMK 
MPREXFMK 
M PRMXAMK 
M PRMXBMK 
MPRMX FMK 

MH F E XAMK 
MH F EXBMK 
MH FEX FMK 
MH FMXAMK 
MHFMX FMK 
M P F EXAMK 
MPFEX FMK 
MP FMXAMK 
MP F MX F MK 
MPRACAMK 
MPR DCAMK 
MPRDCBMK 
MPRDCFMK 
M P R EXAMK 
MPREXBMK 
M P R E X FMK 
MPRMXAMK 
MPRMXBMK 
MPRMX FMK 

S E P T  

9 . 4  
0 . 0  
1 . 3 
9 . 3  
3 . 4  
8 . 8  
1 . 0 
9 . 0  
3 . 4 
9 . 0  
9 . 1 
0 . 0  
2 . 9  
9 . 1  
0 . 0  
1 . 3 
9 . 0  
0 . 5  
3 . 4  

3 . 3  
0 . 0  
4 . 3  
4 . 1 
4 . 5  
3 . 3  
4 . 3  
4 . 1 
4 . 5  
3 . 5  
3 . 5  

-0 . 4  
4 . 5  
3 . 3  
0 . 0  
4 . 3  
4 . 1 

-0 . 3  
4 . 5  

QCT NOV D EC 

1 0 . 9  3 . 9  -0 . 2  
0 . 3  0 . 0  0 . 0  

1 0 . 1 2 . 5  3 . 1 
1 2 . 1 5 . 3  0 . 7  
1 0 . 8  3 . 4  3 . 3  
1 0 . 6  3 . 8  0 . 0  

9 . 8  2 . 3  3 . 0  
1 2 . 1 5 . 1  0 . 7  
1 0 . 8 3 . 3  3 . 4  
1 1 . 9 4 . 9  0 . 2  
1 0 . 9  4 . 4  -0 . 2  

0 . 5  0 . 2  0 . 3  
1 0 . 4 2 . 7  3 . 3  
1 0 . 9  3 . 8  -0 . 2  

0 . 3  0 . 0  0 . 2  
1 0 . 1  2 . 5  3 . 3  
1 2 . 4  5 . 4  0 . 9  

1 . 2 0 . 6  0 . 2  
1 0 . 8  3 . 4  3 . 2  

7 . 9  3 . 7  -0 . 2  
0 . 3  0 . 0  0 . 4  
9 . 9  4 . 1  1 . 7 
9 . 0  4 . 8  0 . 5  

1 1 . 5 5 . 3  2 . 7  
7 . 9  3 . 7  -0 . 6  
9 . 6  4 . 0  1 . 1  
8 . 7  4 . 8  0 . 5  

1 0 . 9  5 . 3  2 . 8 
8 . 7  4 . 0  0 . 3  
8 . 4  3 . 9  0 . 2  
0 . 3  -0 . 1  0 . 5  

1 0 . 9  4 . 8  2 . 5  
7 . 6  3 . 7  -0 . 4  
0 . 0  0 . 0  0 . 0  
9 . 3  4 . 0  1 . 5 
9 . 3  5 . 0  0 . 7  
1 . 3 -0 . 1  0 . 7  

1 1 . 2 5 . 3  2 . 8  

Tabl e C . 6- 1 6 ( Co n t i nued ) 

JAN FEB MAR A P l  V_ A P2 V 

0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
O .  :1 0 . 2  0 . 1  0 . 1  0 . 1  
0 . 1  0 . 2  O .  1 0 . 0  0 . 1 
0 . 3  0 . 2  0 . 1  0 . 2  0 . 1  
0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 2  0 . 1  0 . 1  0 . 1  
0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 2  0 . 1  0 . 2  0 . 1  
0 . 0  0 . 2  0 . 1  0 . 0  0 . 1  
0 . 0  0 . 2  0 . 1  0 . 0  0 . 1  
0 . 1  0 . 1  0 . 1 0 . 0  0 . 1  
0 . 3  0 . 2  0 . 1  0 . 2  0 . 1  
0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 2  0 . 1 0 . 1  0 . 1  
0 . 1  0 . 2  O .  1 0 . 0  0 . 1  
0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  
0 . 3  0 . 2  0 . 1  0 . 2  0 . 1  

0 . 1 -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
O .  ,1 0 . 0  -0 . 1  -0 . 1  0 . 0  
0 . 4  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 6  0 . 0  0 . 0  0 . 0  0 . 1  
0 . 0  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 2  0 . 0  -0 . 1  -0 . 1  0 . 0  
0 . 4  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 5  0 . 0  0 . 0  0 . 0  0 . 1  
0 . 4  -0 . 1  0 . 0  0 . 0  -0 . 1  
0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  
0 . 6  0 . 1  0 . 0  0 . 0  0 . 1  
0 . 0  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 0  -0 . 1  -0 . 1  0 . 0  
0 . 4  -0 . 2  -0 . 1  -0 . 1  -0 . 2  
0 . 2  . 0 . 0  -0 . 1  -0 . 1  -0 . 1  
0 . 6  0 . 0  0 . 0  0 . 0  0 . 1  

11 Pl ease  r e f e r  to s t u d y  a b b r e v i a t i o n s  at  t h e  b e g i n n i ng o f  t h i s  V o l ume . 
V A P 1 =Ap r i l 1 5 ;  AP2=Ap r i l 30 ; AG 1 =A u g u s t 1 5 ;  AG2=Augu s t  3 1  

MAY JUNE J U LY 

0 . 1  0 . 0  -0 . 7  
0 . 0  0 . 0  0 . 0  
0 . 1 0 . 7  0 . 8  
0 . 1  0 . 1  -0 . 2  
0 . 2  1 . 1  1 . 3 
0 . 1  0 . 0  -0 . 7  
0 . 1  0 . 7  0 . 8 
0 . 1  0 . 4  -0 . 2  
0 . 1  1 . 1  1 . 3 
0 . 1  0 . 1  -0 . 2  
0 . 1  0 . 0  -0 . 2  
0 . 2  0 . 7  0 . 3  
0 . 1  0 . 7  1 . 3 
0 . 1 0 . 0  -0 . 7  
0 . 0  0 . 0  0 . 0  
0 . 1  0 . 7  0 . 8 
0 . 1  0 . 4  -0 . 2  
0 . 1  0 . 4  0 . 8  
0 . 1  0 . 7  1 . 3 

-0 . 2  -0 . 3  - 1 . 5  
0 . 0  0 . 0  0 . 0  

-0 . 2  0 . 1  0 . 6  
-0 . 2  -0 . 8  -2 . 1  
-0 . 1  -0 . 3  0 . 3  
-0 . 2  -0 . 3  - 1 . 5  
-0 . 2  0 . 1  0 . 6  
-0 . 2  -0 . 8  -2 . 1  
-0 . 1  -0 . 3  0 . 3  

0 . 0  0 . 0  - 1 . 2  
-0 . 1  -0 . 3  - 1 . 2  
-0 . 2  -0 . 2  -0 . 2  
-0 . 1  0 . 1 0 . 7  
-0 . 2  -0 . 3  - 1 . 5  

0 . 0  0 . 0  0 . 0  
-0 . 2  0 . 1  0 . 6  
-0 . 2  -0 . 6  -2 . 1  
-0 . 1  -0 . 2  -0 . 2  
-0 . 1  -0 . 3  0 . 3  

A G l  V �  V 

1 . 9 0 . 7  
0 . 0  0 . 0  
2 . 5  1 . 3 
1 . 9 1 . 0 
2 . 5  1 . 3 
1 . 9 0 . 7  
2 . 5  1 . 3 
1 . 9 1 . 0 
2 . 5  1 . 3 
1 . 9 0 . 7  
1 . 9 0 . 7  
0 . 5  0 . 4  
2 . 5  1 . 3 
1 . 9 0 . 7  
0 . 0  0 . 0  
2 . 5  1 . 3 
1 . 9 0 . 7  
0 . 5  0 . 4 
2 . 5  1 . 3 

0 . 6  -0 . 7  
0 . 0  -0 . 3  
3 . 6  2 . 5  
0 . 6  -0 . 6  
2 . 4  1 . 1  
0 . 6 -0 . 7  
3 . 4  2 . 5  
0 . 6  -0 . 6  
2 . 4  1 . 1  
0 . 9  -0 . 4  
0 . 9  -0 . 4  

-0 . 4  - 0 . 4  
2 . 9  2 . 1  
0 . 6  -0 . 7  
0 . 0  0 . 0  
3 . 6  2 . 5  
0 . 6  -0 . 6  

-0 . 1  -0 . 1  
2 . 4  1 . 1  



Tabl e C . 6- 1 7 

WAVE EROS I ON 
PERCENT  CHANGES FROM THE NO-AC T I ON CASE 

A L BEN I FA L L S  
CONTRACT 
-.l'lA.R_ .sJJ.1Q1 11 �EPT Q�T NOV DE� JAN FEB MAR A P l '2J A P 2  f./ �_� U�_J� __ AG 1  f./ � fj 

lllilli 
MHF EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 4  - 1 . 6  -0 . 7  -0 . 3  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFEXBMK 0 . 0  0 . 0  0 . 0  -0 . 1  O .  1 0 . 2  0 . 1  0 . 6  0 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFEXFMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 6  -0 . 5  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH FMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 4  - 1 . 6  -0 . 7  -0 . 3  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFMX FMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  -0 . 6  -0 . 5  -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 6  - 1 . 7  -0 . 7  -0 . 8  - 1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X F MK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 5  -0 . 7  -0 . 5  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P FMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 6  - 1 . 7  ·-0 . 7  -0 . 8  - 1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP FMXFMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 5  -0 . 7  -0 . 5  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPRACAMK 0 . 0  0 . 0  0 . 0  -0 . 1  -2 . 0  - 1 . 8  -0 . 7  -0 . 7  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M PRDCAMK 0 . 0  0 . 0  0 . 0  -0 . 1  -2 . 0  - 1 . 8  -0 . 7  -0 . 7  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP RDCBMK 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
MPRDC FMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 5  -0 . 9  -0 . 6  -0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPR EXAMK 0 . 0  0 . 0  0 . 0  -0 . 1  -2 . 0  - 1 . 8  -0 . 7  -0 . 7  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPR EXBMK 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPREX FMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 5  -0 . 9  -0 . 6  -0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

n MPRMXAMK 0 . 0  0 . 0  0 . 0  -0 . 1  -2 . 0  - 1 . 8  -0 . 7  -0 . 7  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

O'l M PRMXBMK 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I M PRMXFMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 5  -0 . 9  -0 . 6  -0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

N 

1 993 
MHF EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 7  0 . 0  -0 . 1  0 . 5  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFEXBMK 0 . 0  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFEXFMK 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 3  0 . 4  0 . 1  0 . 7  O .  1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH FMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 7  0 . 0  -0 . 1  0 . 9  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH FMX FMK 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 5  0 . 5  0 . 1  1 . 0 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPF EXAMK 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 9  0 . 0  -0 . 1  -0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F EX FMK 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 1  0 . 5  0 . 1 0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPFMXAMK 0 . 0  0 . 0  0 . 0  -0 . 1  - 1 . 0  0 . 0  -0 . 1  0 . 9  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPFMX FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 4  0 . 1  1 . 0 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP RACAMK 0 . 0  0 . 0  0 . 0  -0 . 6  - 1 . 9  -0 . 4  -0 . 5  0 . 4  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP RDCAMK 0 . 0  0 . 0  0 . 0  -0 . 6  - 1 . 5  -0 . 2  -0 . 5  0 . 3  -0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Mf'RDCBMK 0 . 0  0 . 0  0 . 0  -0 . 5  - 1 . 3  -0 . 2  -0 . 3  0 . 3  -0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPR DC FMK 0 . 0  0 . 0  0 . 0  -0 . 2  0 . 0  0 . 2  -0 . 3  0 . 4  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
MPR EXAMK 0 . 0  0 . 0  0 . 0  -0 . 4  - 1 . 3  -0 . 3  -0 . 4  -0 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R EX BMK 0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 8  0 . 0  -0 . 3  -0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPREX FMK 0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 5  0 . 2  -0 . 3  -0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPRMXAMK 0 . 0  0 . 0  0 . 0  -0 . 5  -2 . 0  -0 . 4  -0 . 4  0 . 5  -0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP RMXBMK 0 . 0  0 . 0  0 . 0  -0 . 6  - 1 . 3  -0 . 3  -0 . 3  0 . 5  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�I P RMX FMK 0 . 0  0 . 0  0 . 0  -0 . 2  -0 . 5  -0 . 1  -0 . 3  0 . 6  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



n 

0) 
I 

tv 
tv 

CONTRACT 
Y EAR 

l.2..2.B. 

.2Jl..Q3. 

STUDY 11 

MH F EXAMK 
MHFEXBMK 
MHFEX FMK 
MH FMXAMK 
MH FMXFMK 
M P F E XAMK 
M P F E X FMK 
M P F MXAMK 
M P FMXFMK 
MPRACA MK 
M P R DCAMK 
MPRDCBMK 
MPRDC FMK 
MPR EXAMK 
MPR EXBMK 
MPREX FMK 
MPRMXAMK 
MPRMX BMK 
MPRMX FMK 

MH FE XAMK 
MH FEXBMK 
MH F E X F MK 
MH FMXAMK 
MH FMX FMK 
M P F E XAMK 
M P F E XFMK 
M P FMXAMK 
MP FMXFMK 
M P RACAMK 
M P R DCAMK 
MPRDC BMK 
MPRDCFMK 
MPR EXAMK 
MPR EXBMK 
MPREX FMK 
MPRMXAMK 
MPRMXBMK 
M P RMX FMK 

SEPT 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 

0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  

Q�T NOV DEC 

0 . 1  0 . 0  0 . 2  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 2  
0 . 1  0 . 0  0 . 2  
0 . 0  0 . 0  0 . 2  
0 . 1  0 . 0  0 . 2  
0 . 0  0 . 0  0 . 2  
0 . 1  0 . 0  0 . 1  
0 . 0  0 . 0  0 . 1  
0 . 1  0 . 0 0 . 0 
0 . 1  0 . 0  0 . 1  
0 . 0  0 . 0  -0 . 1  
0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 2  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 2  
0 . 1  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0 0 . 1  

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0 0 . 0  

T a b l e C . 6- 1 7  ( C o n t i n u e d ) 

JAN FEB MAR A P 1  V A P 2  2/ 

-0 . 1  -0 . 1  0 . 3  1 . 7 0 . 4  
0 . 1  0 . 0  0 . 0  1 . 7 0 . 5  
0 . 7  0 . 5  0 . 2 1 . 9 0 . 7  

-0 . 1  -0 . 1  0 . 2  2 . 2  0 . 4  
0 . 7  0 . 5  0 . 3  2 . 2  0 . 7  

-0 . 2  -0 . 1  0 . 3  0 . 9  0 . 3  
0 . 7  0 . 5  0 . 2  1 . 1  0 . 5  

-0 . 3  -0 . 4  0 . 1 2 . 2  0 . 3  
O . G  O . iJ  0 . 2  2 . 2  0 . 6  

- 1 . 2  -0 . 8  0 . 2 1 . 4 0 . 1  
-0 . 2  -0 . 2  0 . 3  l o G 0 . 4  
- 1 . 7  - 1 . 4  0 . 0  0 . 6  -0 . 2  
-0 . 6  -0 . 5  -0 . 1  1 . 3 0 . 1  
-0 . 2  -0 . 1 0 . 3  0 . 9  0 . 4  

0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  
0 . 6  0 . 5  0 . 2  1 . 1  0 . 6 

- 1 . 3  -0 . 9  -0 . 2  1 . 2 -0 . 3  
0 . 1  0 . 0  0 . 0  1 . 9 0 . 5  

-0 . 1  0 . 2 o . 1 2 . 1  0 . 2 

-0 . 1  0 . 2  0 . 2  1 . 5 1 . 1  
0 . 0  0 . 2 0 . 1 1 . 8 1 . 1  
0 . 4  0 . 5  0 . 4  1 . 8 1 . 2 

-0 . 1  0 . 6  0 . 2  2 . 6  1 . 2 
0 . 4 0 . 7  O . iJ  2 . 6  1 . 3 

-0 . 2  0 . 0  0 . 1 -0 . 2  -0 . 1  
0 . 4 0 . 3  0 . 2  0 . 4  0 . 2  

-0 . 1  0 . 5  0 . 2  2 . 6  1 . 2 
0 . 4  0 . 7 0 . 4  2 . 5  1 . 3 

-0 . 1  0 . 5  0 . 2  1 . 5 1 . 1  
-0 . 1  0 . 2  0 . 2  0 . 9  0 . 9  

0 . 0  0 . 3  0 . 1 1 . 0 1 . 1  
0 . 4  0 . 7  O . iJ  1 . 4 1 . 3 

-0 . 2  0 . 0  0 . 0  -0 . 1  -0 . 1  
0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  
0 . 4 0 . 3  0 . 2  o " • J 0 . 4  

-0 . 1  0 . 6  0 . 2  2 . 6  1 . 2 
0 . 0  0 . 3  0 . 1  2 . 5  1 . 1  
0 . 4  0 . 7  O . iJ  2 . 5  1 . 3 

1/ Pl ease  r e f e r  t o  s t u d y  a b b rev i a t i o n s  at t h e  b e y i n n i ng  o f  t h i s Vol ume . 
V A P 1 ::A p r i l 1 5 ;  AP2::Ap r i l  30 ; A G 1 =Augu s t  1 5 ;  AG2:cAug u s t  3 1  

MAY J UNE J U L Y  

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0 0 . 0 

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

A G 1  V� 2/ 

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0 0 . 0  

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  



Tabl e C . 6- 1 8  

S I T E  ACCE S S I B I L I T Y  
P E RCENT CHANGE S  FROM T H E  NO-AC T I ON CASE 

CONTRACT 
ALBENI  FA l l S 

YEAR 2.IJ.i.Q1 11 SEPT  OCT NOV DEC JAN FEB MA R A P 1  2/_ A P 2  21 MAY JUNE  JJ1L Y AGJ 21_ AG2 V 

l281.l 
MH FEXAMK 0 . 0  0 . 0  0 . 0  0 . 0 -4 . 5  -5 . 1 -2 . 1 - 1 . 0  -2 . 4  0 . 0 0 . 0 0 . 0 0 . 0  0 . 0  MH FEXBMK 0 . 0  0 . 0  0 . 0  -0 . 3  0 . 3  0 . 6  0 . 3  1 . 9 2 . 7  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  MHFEX FMK 0 . 0  0 . 0  0 . 0 -0 . 3  -0 . 9  - 1 . 8  - 1 . 5  -0 . 6  -0 . 7  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  MH FMXAMK 0 . 0  0 . 0  0 . 0 0 . 0 -4 . 5  -5 . 1 -2 . 1  - 1 . 0  -2 . 4  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  MH FMX FMK 0 . 0  0 . 0 0 . 0  -0 . 3 -0 . 9  - 1 . 8 - 1 . 5  -0 . 6  -0 . 7  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  M P F EXAMK 0 . 0  0 . 0  0 . 0 0 . 0 -5 . 1 -5 . 4  -2 . 1  -2 . 6  -5 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  M P F E X FMK 0 . 0  0 . 0  0 . 0 -0 . 3  - 1 . 5  -2 . 1  - 1 . 5  -0 . 6  0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  M P F MXAMK 0 . 0  0 . 0 0 . 0  0 . 0  -5 . 1  -5 . 4  -2 . 1 -2 . 6  -5 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  M P F MX FMK 0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 5  -2 . 1  - 1 . 5  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  MP RACAMK 0 . 0  0 . 0 0 . 0 -0 . 3  -6 . 3  -5 . 7  -2 . 1 -2 . 3  -4 . 8  0 . 0  0 . 0 0 . 0 0 . 0 0 . 0  MPR DCAMK 0 . 0 0 . 0  0 . 0  -0 . 3 -6 . 3  -5 . 7  -2 . 1 -2 . 3  -4 . 8  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  MP RDCBMK 0 . 0  0 . 0  0 . 0 -0 . 3  0 . 0  0 . 0  0 . 0 -0 . 3  - 1 . 0 0 . 0  0 . 0 0 . 0  0 . 0  O . D  MPRDCFMK 0 . 0  0 . 0  0 . 0 -0 . 3  - 1 . 5  -3 . 0 - 1 . 8 -0 . 6  O .  :-l 0 . 0  0 . 0  0 . 0  D . O  0 . 0  MPR EXAMK 0 . 0  0 . 0  0 . 0 -0 . 3  -6 . 3  - 5 . 7  -2 . 1  -2 . 3  -4 . 8  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  M P R EXBMK 0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  0 . 0 0 . 0  -0 . 3  - 1 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 M P R E X FMK 0 . 0 0 . 0  0 . 0 -0 . 3  - 1 . 5  -3 . 0  - 1 . 8  -0 . 6  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 

n M P RMXAMK 0 . 0  0 . 0  0 . 0  -0 . 3  -6 . 3  -5 . 7  -2 . 1  -2 . 3  -4 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  MP RMX BMK 0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  0 . 0 0 . 0  -0 . 3  - 1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0> 
MPRMX FMK 0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 5  -3 . 0  - 1 . 8  -0 . 6  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  I 

N 
w 1 99 3  

MH FEXAMK 0 . 0  0 . 0  0 . 0 0 . 0  -2 . 2  0 . 0  -0 . 3  1 . 5 -0 . 3  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  MH F EXBMK 0 . 0 0 . 6  0 . 0  0 . 0 0 . 3  0 . 0 0 . 0  2 . 1  0 . 0  0 . 0 0 . 0  0 . 0 D . O  D . O  MH F F:X FMK 0 . 0  -0 . 6  0 . 0  0 . 0 0 . 9  1 . 3 0 . 3  2 . 1 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  MHF MXAMK O . D  0 . 0  0 . 0 0 . 0  -2 . 2  0 . 0  -0 . 3  2 . 7  -0 . 3  0 . 0  0 . 0  0 . 0  D . D  0 . 0 MHFMXFMK  0 . 0  -0 . 6  0 . 0  0 . 0 1 . 6 1 . 6 0 . 3  3 . 3  0 . 3  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  M P f EXAMK 0 . 0  0 . 0  0 . 0  -0 . 3  -2 . 8  0 . 0  -0 . 3  -0 . 6  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  M P F E X fMK 0 . 0  0 . 0  0 . 0  -0 . 3  0 . 3  1 . 6 0 . 3  0 . 0 0 . 3  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  MPFMXAMK 0 . 0 0 . 0 0 . 0  -0 . :-l -3 . 1  0 . 0 -0 . 3  2 . 7  -0 . 3  0 . 0 0 . 0  0 . 0  D . D  0 . 0  MP FMX FMK 0 . 0  0 . 0 0 . 0  0 . 0  1 . 2 1 . 3  0 . 3  3 . 3  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  MPRACAMK 0 . 0  0 . 0  0 . 0 - 1 . 7  -6 . 2  - 1 . 3  - 1 . 5  1 . 2 -2 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  MPR DCAMK 0 . 0  0 . 0 0 . 0  -2 . 0  -5 . 0  -0 . 6  - 1 . 5 0 . 9  - 1 . 3  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  MPRDC BMK 0 . 0  0 . 0 0 . 0  - 1 . 4  -4 . 4  -0 . 6  -0 . 9  0 . 9 - 1 . 7  0 . 0  0 . 0  0 . 0  D . O  0 . 0  
MPRDC FMK 0 . 0 0 . 0  0 . 0  -0 . 6  0 . 0  0 . 6  -0 . 9 1 . 2 -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  MPR EXAMK 0 . 0 0 . 0 0 . 0  - 1 . 1  -4 . 4  -0 . 9  - 1 . 2  - 1 . 2  - 1 . 0 0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  
M P R EXBMK 0 . 0  0 . 0  0 . 0  - 1 . 4  -2 . 5  0 . 0 -0 . 9  -0 . 9  -0 . 7  0 . 0 0 . 0  D . O  0 . 0  0 . 0  
MPREX FMK 0 . 0  0 . 0 0 . 0  - 1 . 1  - 1 . 6  0 . 6  -0 . 9  -0 . 9  -0 . 3 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
�IP R MXAMK 0 . 0  0 . 0  0 . 0 - 1 . 4  -6 . 6  - 1 . 3  - 1 . 2  1 . 5 - 1 . 7  0 . 0  0 . 0  0 . 0 0 . 0  O . U  
MPRMX BMK 0 . 0  0 . 0 0 . 0  -2 . 0  -4 . 4  -0 . 9 -0 . 9  1 . 5 -2 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
MP RMX FMK 0 . 0  0 . 0  0 . 0  -0 . 6  - 1 . 6  -0 . 3  -0 . 9  1 . 8 -2 . 3  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  



Tabl e C . 6- 1 8  ( Co n t i n u ed ) 

CONTRACT 
YEAR .s..I.!lQJ' 1 I SEPT QCT NOV D EC JAN F E B  MAR A P l Z/� ZI 

19..9..8. 
MHFEXAMK 0 . 0 0 . 6  0 . 0  0 . 6  -0 . 3  -0 . 3  1 . 0 5 . 8  1 . 4 
MH FEXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  5 . 8  1 . 8 
MH F E X F MK 0 . 0  0 . 0  0 . 0  0 . 6  2 . 4  1 . 7 0 . 6  6 . 5  2 . 5  
MH FMXAMK 0 . 0  0 . 6  0 . 0  0 . 6  -0 . 3  -0 . 3  0 . 6  7 . 5  1 . 4 
MH FMXFMK 0 . 0  0 . 0  0 . 0  0 . 6  2 . 4  1 . 7 1 . 0 7 . 5  2 . 5  
M P F EXAMK 0 . 0  0 . 6  0 . 0  0 . 6  -0 . 7  -0 . 3  1 . 0 3 . 1  1 . 1  
M P F EX F MK 0 . 0  0 . 0 0 . 0  0 . 6  2 . 4  1 . 7 0 . 6  :� . 7 1 . 8 
M P FMXAMK 0 . 0  0 . 6  0 . 0  0 . 3  - 1 . 0  - 1 . 3  0 . 3  7 . 5  1 . 1  
MP FMXFMK 0 . 0  0 . 0  0 . 0  0 . 3  2 . 0  1 . 3 0 . 6  7 . 5  2 . 2  
M PRACAMK 0 . 0  0 . 6  0 . 0  0 . 0  -4 . 1  -2 . 6  0 . 6  4 . 8  0 . 4  
MP R DCAMK 0 . 0  0 . 6  0 . 0  0 . 3  -0 . 7  -0 . 7  1 . 0 5 . 4  1 . 4 
MP RDCBMK 0 . 0  0 . 0  0 . 0  -0 . 3  -5 . 8  -4 . 6  0 . 0  2 . 0  -0 . 7  
MPRDC FMK 0 . 0  0 . 0  0 . 0  0 . 0  -2 . 0  - 1 . 7  -0 . 3 4 . 4  0 . 4  
M P R EXAMK 0 . 0  0 . 6  0 . 0  0 . 6  -0 . 7  -0 . 3  1 . 0 :) . 1 1 . 4 
M P R EXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3 0 . 0  0 . 0  0 . 0  
M P R EX FMK 0 . 0 0 . 0 0 . 0  0 . 6  2 . 0  1 . 7 0 . 6  3 . 7  2 . 2  
MPRMXAMK 0 . 0  0 . 6  0 . 0  0 . 0  -4 . 4  -3 . 0  -0 . 6  4 . 1  - 1 . 1  
MPRMX B MK 0 . 0  0 . 0 0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  6 . S  1 . 8 
MPRMX FMK 0 . 0  0 . 0  0 . 0  0 . 3  -0 . 3  0 . 7  0 . 3  7 .  1 0 . 7  

2..Q.Q] 
() MH F EXAMK 0 . 0  0 . 0  0 . 0  0 . 0 -0 . 3  0 . 7  0 . 6  5 . 0  4 . 0  
0'\ MH FEXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 3  6 . 0  4 . 0  

I MH FEX FMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 3 1 . 6 1 . 3 6 . 3  4 . 4  
tv MH FMXAMK 0 . 0  0 . 0 0 . 0  0 . 0  -0 . 3  2 . 0  0 . 6  9 . 0  4 . 4  � 

MH FMXFMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 3 2 . 3  1 . 3 9 . 0  4 . 7  
M P F EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 6  0 . 0  0 . 3  -0 . 7  -0 . 4  
M P F E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 3 1 . 0 0 . 6  1 . 3 0 . 7  
MPFMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  1 . 6 0 . 6  9 . 0  4 . 4  
M P FMX FMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 3  2 . 3  1 . 3 8 . 7  4 . 7  
MP RACAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  1 . 6 0 . 6  5 . 0  4 . 0  
MP RDCAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 7  0 . 6  3 . 0 3 . 3  
MPRDCBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 3  3 . 3  4 . 0  
MPRDC FMK 0 . 0  0 . 0 0 . 0  0 . 0  1 . 3 2 . 3  1 . 3 4 . 7  4 . 7  
MPR EXAMK 0 . 0  0 . 0 0 . 0  0 . 0  -0 . 6  0 . 0  0 . 0  -0 . 3  -0 . 4  
M P R EXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 7  
MPREXFMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 3 1 . 0 0 . 6  1 . 7 1 . 5 
MPRMXAMK 0 . 0  0 . 0 0 . 0  0 . 0  -0 . 3  2 . 0  0 . 6 9 . 0  4 . 4  
MPRMXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 3  8 . 7  4 . 0  
MP RMXFMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 3 2 . 3  1 . 3 8 . 7  4 . 7  

11 P l e a s e  re f e r  t o  s t u d y  abbrev i a t i o n s  a t  t h e  b e g i n n i n g  o f  t h i s  Vo l ume . 
V A P 1 =A p r i l 1 5 ;  A P 2 =A p r i l 30 ; AG 1 =Augu s t  1 5 ;  AG2=Au g u s t  3 1  

MAY JUNE JULY 

0 . 0 0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0 

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0  0 . 0  
0 . 0 0 . 0  0 . 0  
0 . 6  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

AG l V� V 

0 . 0 0 . 0 
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 0  0 . 0  
0 . 0  0 . 0 
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0 0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  



CONTRACT 
YEAR .s..I!.!Q'{ 11 SEPT QCT NQV 

.l2.8..8 
MHF EXAMK 0 . 0  0 . 0  0 . 0  
MH FEXBMK 0 . 0  0 . 0  0 . 0  
MHFEX FMK 0 . 0  0 . 0  0 . 0  
MH FMXAMK 0 . 0  0 . 0  0 . 0  
MHFMXFMK 0 . 0  0 . 0  0 . 0  
M P F EXAMK 0 . 0  0 . 0  0 . 0  
M P F EX FMK 0 . 0  0 . 0  0 . 0  
M P FMXAMK 0 . 0  0 . 0  0 . 0  
MP FMX FMK 0 . 0  0 . 0  0 . 0  
MPRACAMK 0 . 0  0 . 0  0 . 0  
MPRDCAMK 0 . 0  0 . 0  0 . 0  
MPRDCBMK 0 . 0  0 . 0  0 . 0  
MPRDC F MK 0 . 0  0 . 0  0 . 0  
MPREXAMK 0 . 0  0 . 0  0 . 0  
MPR EXBMK 0 . 0  0 . 0  0 . 0  
MPREX FMK 0 . 0  0 . 0  0 . 0  n 
MPRMXAMK 0 . 0  0 . 0  0 . 0  

O'l MPRMXBMK 0 . 0  0 . 0  0 . 0  I 
MP RMX FMK 0 . 0  0 . 0  0 . 0  r'J 

lJl 
1 99 3  

MH FEXAMK 0 . 0  0 . 1  0 . 0  
MHF EXBMK -0 . 1  0 . 0  0 . 0  
MHF EX FMK 0 . 1  0 . 2  0 . 0  
MHFMXAMK 0 . 0  0 . 1  0 . 0  
MHFMX FMK 0 . 1  0 . 2. 0 . 0  
M P F EXAMK 0 . 0  0 . 1  0 . 0  
M P F E X FMK 0 . 0 O .  I -0 . I 
MP FMXAMK 0 . 0  0 . 1  0 . 0  
MP FMXFMK 0 . 1  0 . 1  -0 . 1  
MPRi\CAMK 0 . 0  0 . 1  0 . 0  
MPR DCAMK 0 . 0  0 . 1  0 . 0  
MPRDCB�lK -0 . 1  0 . 0  0 . 0  
MPRDCFMK 0 . 0  0 . 1  -0 . 1  
M P R E XAMK 0 . 0  0 . 1  0 . 0  
MPRE XBMK 0 . 0  0 . 0  0 . 0  
MPREX FMK 0 . 0  O .  1 -0 . 1  
MPRMXAMK 0 . 0  0 . 1  0 . 0  
MPRMXBMK -0 . 1  0 . 0  0 . 0  
M PRMX FMK 0 . 0  0 . 1  -0 . 1  

Tabl e C . 6- 1 9  

WAVE ERO S I ON 
P E R C E N T  CHANGES  FROM THE  NO-AC T I ON CASE 

GRAND COU L E E  

D E C  JAN FEB MAR 

0 . 0  3 . 5  3 . 8  0 . 4  
0 . 0  - 1 . 5  -0 . 3  -0 . 8  
0 . 0  2 . 4  2 . 0  -0 . 2  
0 . 0  3 . 5  3 . 8  0 . 4  
0 . 0  2 . 4  2 . 0  -0 . 2  
0 . 0  3 . 8  4 . 1  0 . 7  
0 . 0  2 . 7  2 . 1 -0 . 2  
0 . 0  3 . 8  4 . 1 0 . 7  
0 . 0  2 . 7  2 . 1  -0 . 2  
0 . 0  3 . 9  !] . 1  0 . 8  
0 . 0  3 . 9  4 . 1 0 . 8  
0 . 0  0 . 8 0 . 3  -0 . 2  
0 . 0  2 . 7  2 . 2  0 . 1  
0 . 0  3 . 9 4 . 1 0 . 8  
0 . 0  0 . 8  0 . 3  -0 . 2  
0 . 0  2 . 7  2 . 2  0 . 1  
0 . 0  :1 . 9  !] . 1  0 . 8 
0 . 0  0 . 8  0 . :1  -0 . 2  
0 . 0  2 . 7  2 . 2  O .  I 

0 . 0  0 . 4  0 . 3 1 . 1  
0 . 0  -0 . 6  -0 . 1  -0 . ) 
0 . 0  -0 . 4  -0 . 6  0 . 5  
0 . 0  0 . 3  0 . 3  0 . 9  
0 . 0  -0 . 7  -0 . 6  D . !]  
0 . 0  0 . 5  0 . 5  1 . 0 

-0 . 1  -0 . 2  -0 . 6  D . !]  
0 . 0  0 . 8  0 . 9  0 . 9  

-0 . 1  -0 . 3  -0 . 5  0 . 5  
0 . 0  2 . 1  1 . 4 1 . 2 
0 . 0  1 . !] 1 . 0 1 . 0 
0 . 0  1 . 3 1 . 1  0 . 2  

-0 . 1  0 . 9  0 . 3  0 . 7  
0 . 0  1 . 7 0 . 8  I . !] 
0 . 0  0 . 6  0 . 5  -0 . 1  

-0 . 1  0 . 9  0 . 2  0 . 4  
0 . 0  1 . 9 1 . 6 1 . 3 
0 . 0  1 . 6 1 . 0 0 . 6  

-0 . 1  1 . 4 0 . 5  0 . 5  

_� 2J A P 2  V _ MAY __ .JUN E 

0 . 4  1 . 5 -0 . 2  0 . 1  
-2 . 6  -0 . 5  0 . 0  0 . 0  
-0 . 1  0 . 7  -0 . 6  0 . 1  

0 . 4  1 . 5 -0 . 2  O .  I 
-0 . 1  0 . 7  -0 . 6  0 . 1  

4 . 1  2 . 1  -0 . 2  0 . 1  
-0 . 1  0 . 7  -0 . 8  0 . 1  

4 . 1  2 . 1  -0 . 2  0 . 1  
-0 . 1  0 . 7  -0 . 8  0 . 1  

5 . 3  2 . 6  0 . 0  0 . 1  
5 . 3  2 . 6  0 . 0  O .  I 
2 . 2  1 . 7 0 . 5  0 . 0  
1 . 5 1 . 5 -0 . 2  0 . 1  
5 . :1  2 . 6  0 . 0  0 . 1  
2 . 2  1 . 7 0 . 5  0 . 0  
1 . 5 1 . 5 -0 . 2  O .  I 
5 . 3  2 . 6 0 . 0  0 . 1  
2 . 2  1 . 7 0 . 5  0 . 0  
1 . 5 1 . 5 -0 . 2  0 . 1  

0 . 5  1 . 8 0 . 3  0 . 2  
-2 . 0  -0 . 6  -0 . 3  0 . 0  
-0 . 1  1 . 7 -0 . 2  0 . :1  

0 . 5  2 . 2  0 . 4  0 . 2  
-0 . 4  1 . 6 -·0 . 2  0 . 3  

2 . 4  1 . 8 0 . :1  0 . 2  
1 . 5 1 . 6 -0 . 1 0 . 2  
0 . 5  1 . 9 0 . 3  0 . 2  
0 . 8 1 . 6 0 . 0  o .) 

• L 
:1 . 3  2 . 3  0 . 6  0 . 3  
1 . 5 1 . 8 0 . 6  0 . 3  
0 . 3  -0 . 6  0 . 1  D . l  
1 . 1  1 . 6 0 . 2  0 . 2  
3 . 2  1 . 7 0 . 2  0 . 3  

-0 . 2  -0 . 6  0 . 0  0 . 1  
1 . 8 1 . 6 0 . 1  0 . 2  
2 . 8  2 . 1  0 . 11  O .  :) 

0 . 6  0 . 0  O .  :) 0 . 1  
1 . 8 1 . 2 0 . 4  0 . 2  

JULY � 2.1 __ & V 

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0 0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  (J . O  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0 0 . 0  
0 . 0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  O . ll  
0 . 0  D . O  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  



Tab l e C . 6- 1 9 ( C o n t i nued ) 

CONTRACT 
YEAR .s..I.!J.Q.Y 1/ �EPT QCT NOV DEC JAN F E B  MAR A P 1  21 A P2 £I MAY J UNE JULY  A G 1 21 --....Mi£ 21  

� 
MH F EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 5  -0 . 8  -3 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFEXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 1 . 4  -3 . 6  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
MH FEX FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 9  - 1 . 5  -4 . 1  -0 . 2  0 . 0  -0 . 2  0 . 0  0 . 0  0 . 0  
MHFMXAMK -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 5  -0 . 6  - 1 . 1  -3 . 0  0 . 1  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  
MH FMXFMK -0 . 1  0 . 0  -0 . 1  -0 . 1  - 0 . 4  - 1 . 0  - 1 . 5  -4 . 1  -0 . 2  -0 . 1  -0 . 4  0 . 0  0 . 0  0 . 0  
M P F E XAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 5  -0 . 8  - 1 . 9  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X FMK 0 . 0 0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 9  - 1 . 5  -3 . 3  -0 . 2  0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  
M P FMXAMK -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 6  0 . 1  -2 . 1  0 . 1  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  
M P FMX FMK -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 2  - 1 . 0  - 1 . 5  -3 . 8  -0 . 2  0 . 0 -0 . 4  0 . 0 0 . 0  0 . 0  
M PRACAMK -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 6  0 . 1  1 . 3 0 . 6  0 . 1  0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  
M PR DCAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 5  -0 . 8  -2 . 7  0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
MPRDC BMK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 1  0 . 7  2 . 1  1 . 2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPRDC FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  0 . 1  0 . 3  - 1 . 0  -0 . 2  0 . 0  -0 . 4  0 . 0  0 . 0  0 . 0  
MPREXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 5  -0 . 8  -2 . 2  0 . 3  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
MPR EXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  -0 . 3  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
MPREXFMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 9  - 1 . 5  -3 . 6  -0 . 2  0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  
MPRMXAMK -0 . 1  0 . 0  -0 . 1  -0 . 1  1 . 3 0 . 1 1 . 9 0 . 4 0 . 1 0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
M PRMXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 -0 . 1  - 1 . 1  -3 . 6  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
MPRMX FMK -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 2  -0 . 8  - 1 . 5  -2 . 8  -0 . 2  0 . 0  -0 . 4  0 . 0  0 . 0  0 . 0  

£Q]l 
n MH F EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  -2 . 8  0 . 6  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  

MH F EX BMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 8  -4 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  m 
MH F E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 1  -0 . 6  -4 . 0  0 . 4  0 . 1)  0 . 4  0 . 0  0 . 0  0 . 0  I 

tv MH FMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  -3 . 0  0 . 7  0 . 4  0 . 4 0 . 0  0 . 0  0 . 0  m 
MH FMX FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 1  -0 . 6  -4 . 0  0 . 3  0 . 4  0 . 5  0 . 0  0 . 0  0 . 0  
MPF E XAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  2 . 0  1 . 8 0 . 6  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  
MPFEX FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 4  0 . 3  -0 . 2  0 . 4  0 . 6  0 . 4  0 . 0  0 . 0  0 . 0  
MPFMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  -3 . 0  0 . 7  0 . 4  0 . 4  0 . 0  0 . 0  0 . 0  
MPFMX FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 1  -0 . 6  -4 . 0  0 . 3  0 . 4 0 . 5  0 . 0  0 . 0  0 . 0  
MPRACAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  -2 . 6  0 . 7  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  
MPRDCAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  - 1 . 9  0 . 7  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  
MPRDCBMK 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0 -0 . 4  -0 . 8  -3 . 4  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
MPRDC FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 1  -0 . 6  -3 . 6  0 . 3  0 . 4  0 . 4  0 . 0  0 . 0  0 . 0  
MPR EXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  1 . 2 1 . 7 0 . 6  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  
MPR EXBMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPREXFMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 5  -0 . 3  -0 . 7  0 . 4  0 . 6  0 . 4 0 . 0  0 . 0  0 . 0  
MPRMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 5  -3 . 0  0 . 7  0 . 4  0 . 4  0 . 0  0 . 0  0 . 0  
M PRMX BMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 8  -4 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M PRMX FMK 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  - 1 . 1  -0 . 6  -4 . 0  0 . 3  0 . 4  0 . 5  0 . 0  0 . 0  0 . 0  

1/ Pl ease  r e f e r  t o  s t u d y  a b b rev i a t i o n s  at the  b eg i n n i ng  o f  t h i s Vol ume . 
21 A P 1 =A p r i l 1 5 ;  A P 2 =A p r i l  3 0 ; AG 1 =A u g u s t  1 5 ;  AG2=Au g u s t  3 1  
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MHF EXAMK 
MH F EXBMK 
MHFEXFMK 
MHFMXAMK 
MH FMX FMK 
M P F E XAMK 
M P F EX FMK 
MPFMXAt'lK 
MPFMX F MK 
MP RACAMK 
MPRDCAMK 
MPR DCBMK 
MPRDC FMK 
MPR EXAMK 
M P R EXBMK 
MPREXFMK 
MPRMXAMK 
MPRMXBMK 
MPRMX F MK 

MHF EXAMK 
MHFEXBMK 
MHFEX FMK 
MHFMXAMK 
MHFMXFMK 
M P F EXAMK 
MPFEX FMK 
MPFMXAMK 
MP FMXFMK 
M PRACAMK 
MPRDCAMK 
MPRDCBMK 
MPRDC FMK 
MPR EXAMK 
MPR EXeMK 
MPRE X F MK 
MPRMXAMK 
MPRMXBMK 
MPRMX F MK 

S E P T  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 4 

-0 . 4  
0 . 0  

-0 . 11  
0 . 0  
0 . 0  
0 . 0  

-0 . 4  
0 . 0  
0 . 0  
0 . 4  
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
O .  '1 
0 . 0  

OCT NOV 

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0 
0 . 0 0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 4  0 . 0  
0 . 0  0 . 0  

-0 . 8  0 . 0  
-0 . 4  0 . 0  
-0 . 8  0 . 0  
-0 . 4  0 . 0  
-0 . 4  0 . 4  
-0 . 4  0 . 0  
-0 . 4  0 . 4  
-0 . 4  0 . 0  
-0 . 4  0 . 0  

0 . 0  0 . 0  
-0 . 4  0 . 4 
-0 . 4  0 . 0  

0 . 0  0 . 0  
-0 . 4  0 . 4  
-0 . 4  0 . 0  

0 . 0  0 . 0  
-0 . 4  0 . 4  

Tab l e  C . 6-20 

S I T E  ACCE S S I B I L I TY 
PERCENT  CHANGES F ROM THE NO-AC T I O N  CASE  

GRAND COU L E E  

D E C  J A N  FEB MAR A P I  ZI ---.AEZ Z/ 

0 . 0 -6 . 8  -4 . 7  -0 . 3  ·-0 . 3  - 0 . 7  
0 . 0  3 . 2  0 . 5  0 . 1  0 . 9  -0 . 2  
0 . 0  -4 . 6  -2 . 5  -0 . 1  -0 . 1  - 0 . 5  
0 . 0  -6 . 8  -4 . 7  -0 . 3  -0 . 3  -0 . 7  
0 . 0  -4 . 6  -2 . 5  -0 . 1  -0 . 1  -0 . 5  
0 . 0  -7 . 4  -5 . 0  -0 . 6  - 1 . 0  -0 . 8  
0 . 0  -5 . 3  -2 . 5  0 . 0  -0 . 1  -0 . 5  
0 . 0  -7 . 4  -5 . 0  -0 . 6  - 1 . 0  -0 . 8  
0 . 0  -5 . 3  -2 . 5  0 . 0  -0 . 1  -0 . 5  
0 . 0 -7 . 6  -5 . 0  -0 . 7  - 1 . 2  -0 . 8  
0 . 0  -7 . 6  -5 . 0  -0 . 7  - 1 . 2  -0 . 8  
0 . 0  - 1 . 5  -0 . 4  0 . 1 -0 . 3  -0 . 3  
0 . 0  -5 . 1  -2 . 6  -0 . 1  -0 . 4  -0 . 6  
0 . 0  -7 . 6  -5 . 0  -0 . 7  - 1 . 2  -0 . 8  
0 . 0  - 1 . 5  - 0 . 4  0 . 1  -0 . 3  -0 . 3  
0 . 0  -5 . 1  -2 . 6  -0 . 1  -0 . 4  -0 . 6  
0 . 0  -7 . 6  -5 . 0  -0 . 7  - 1 . 2  -0 . 8  
0 . 0  - 1 . 5  -0 . 4  0 . 1  -0 . 3  -0 . 3  
0 . 0  -5 . 1  -2 . 6  -0 . 1  -0 . 4  -0 . 6  

0 . 0  -0 . 7  -0 . 3  -0 . 6  -0 . 5  -0 . 6  
0 . 0  1 . 2 0 . 2  O .  1 0 . 3  0 . 1  
0 . 0  1 . 0 1 . 0 -0 . 4  - 0 . 4  -0 . 5  
0 . 0  -0 . 5  -0 . 4  -0 . 6  -0 . 5  -0 . 6  
0 . 0  1 . 4 1 . 1  -0 . 3  -0 . 3  -O . �  
0 . 0  - 1 . 1  -0 . 7  -0 . 6  -0 . 7  - 0 . 6  
0 . 4 0 . 5  0 . 6  -0 . 4  -0 . 4  -0 . 4  
0 . 0  - 1 . 5  - 1 . 2  -0 . 5  -0 . 4  -0 . 5  
0 . 4  0 . 7  0 . 8 -0 . 4 -0 . 5  -0 . 4  
0 . 0  -4 . 3  -2 . 1  - 1 . 1  - 1 . 1  -0 . 7 
0 . 0  -2 . 9  - 1 . 5  -0 . 8  -0 . 8  -0 . 6  
0 . 0  -2 . 7  - 1 . 7  -0 . 2  -0 . 2  0 . 1 
0 . 4  - 1 . 7  -0 . 5  -0 . 5 -0 . 6  -0 . 4  
0 . 0  -3 . 5  - 1 . 1  - 1 . 0  -0 . 9  -0 . 5  
0 . 0  - 1 . 3  -0 . 8  0 . 0  0 . 0  0 . 1  
0 . 4  - 1 . 7  -0 . 3  -0 . 6  -0 . 6  -0 . 4  
0 . 0  -3 . 9  -2 . 4  -0 . 9  - 1 . 1  -0 . 6  
0 . 0  -3 . 1  - 1 . 7  -0 . 3  -0 . 4  0 . 1  
0 . 11  -2 . 7  -0 . 7  -0 . 9  -0 . 6  -0 . 4  

MAY JUNE J U L Y  � £I A G 2  V 

0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 5  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 5  -0 . 3  0 . 0  0 . 0  0 . 0  

-0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 3  0 . 0  (j . 0  0 . 0  
- 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 1 -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 1 -0 . 3  0 . 0 0 . 0  0 . 0  

-0 . 3  -0 . 7  0 . 0 0 . 0  0 . 0  
0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  - 1 . 0  0 . 0  0 . 0  0 . 0  

-0 . 4  -0 . 7  0 . 0  0 . 0  0 . 0  
0 . 1  - 1 . 0  0 . 0  0 . 0  0 . 0  

-0 . 4 -0 . 7  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 7  0 . 0  0 . 0  0 . 0  

-0 . 4  -0 . 7  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 7  0 . 0  0 . 0  0 . 0  

- 1 . 2  - 1 . 0  0 . 0  0 . 0  0 . 0  
- 1 . 1  - 1 . 0  0 . 0  0 . 0  0 . 0  
-0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 4  - 0 . 7  0 . 0  0 . 0  0 . 0  
-0 . 5  - 1 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  -0 . 3  0 . 0  0 . 0 0 . 0  
-0 . 2  -0 . 7  0 . 0  0 . 0  0 . 0 
- 1 . 1  - 1 . 0  0 . 0  0 . 0  0 . 0 
-0 . 7  -0 . 3  0 . 0  0 . 0  0 . 0 
-0 . 9  -0 . 7  0 . 0  0 . 0  0 . 0  
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MHFEXAMK 
MH FEXBMK 
MHFEX F MK 
MH FMXAMK 
MHFMX FMK 
M P FEXAMK 
MPFEX FMK 
MP FMXAMK 
M P FMX FMK 
MPRACAMK 
MPRDCAMK 
MPRDC BMK 
MPRDCFMK 
MPREXAMK 
M P R EX BMK 
MPREXFMK 
MPRMXAMK 
M P RMXBMK 
MPRMX FMK 

MH F EXAMK 
MHFEXBMK 
MH FEX FMK 
MH FMXAMK 
MH FMX FMK 
M P FEXAMK 
M P F EX FMK 
M P F MXAMK 
MPFMX FMK 
M PRACAMK 
M P RDCAMK 
MPRDCBMK 
MPRDC F MK 
M P R EXAMK 
M P R EXBMK 
MPREX FMK 
MPRMXAMK 
MPRMXBMK 
MPRMX F MK 

S E P T  

0 . 0  
0 . 0  
0 . 0  
0 . 3  
0 . 3  
0 . 0  
0 . 0  
0 . 3  
0 . 3  
0 . 3  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 3  
0 . 0  
0 . 3  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

OCT  NOV DEC 

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 3 0 . 4 
0 . 0  0 . 3 0 . 4  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 3  0 . 4  
0 . 0  0 . 3  0 . 4  
0 . 0  0 . 3  0 . 4 
0 . 0  0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 3  0 . 4  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 3  0 . 4  

0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

Tabl e C . 6-20 ( C o n t i n u ed ) 

JAN FEB MA R A P 1  ;U� ;U 

0 . 9  0 . 8 0 . 1  0 . 5  -0 . 2  
0 . 0  0 . 1  0 . 4  0 . 7  0 . 0  
0 . 7  1 . 4 0 . 2 0 . 7  0 . 0  
1 . 1  0 . 9  0 . 1 0 . 5  -0 . 2  
0 . 8  1 . 6 0 . 3  0 . 8 0 . 0 
0 . 9  0 . 8 O .  1 0 . 4  -0 . 2  
0 . 7  1 . 4 0 . 2  0 . 6  0 . 0  
0 . 2  0 . 8 -0 . 1  0 . 4  -0 . 2  
0 . 6  1 . 6 0 . 3  0 . 8  0 . 0  

- 1 . 1  -0 . 4  -0 . 4  -0 . 3  -0 . 2  
0 . 9  0 . 8  O .  1 0 . 4  -0 . 2  

-2 . 2  - 1 . 7  -0 . 4  -0 . 4  0 . 0  
- 1 . 2  -0 . 3  -0 . 1  0 . 2  0 . 0  

0 . 9  0 . 8  0 . 1  0 . 4  -0 . 2  
0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 7  1 . 4 0 . 2  0 . 7  0 . 0  

- 2 . 4  -0 . 9  -0 . 4 -0 . 4  -0 . 2  
0 . 0  0 . 2  0 . 3  0 . 7  0 . 0  
0 . 6  1 . 2 0 . 2  0 . 5  0 . 0  

0 . 0  0 . 3  -0 . 1  0 . 5  -0 . 2  
0 . 0  0 . 5  0 . 3  0 . 8  0 . 1  
0 . 7  1 . 6 0 . 0  0 . 7  -0 . 1  
0 . 0  0 . 3  -0 . 1  0 . 5  -0 . 3  
0 . 7  1 . 6 0 . 1  0 . 7  -0 . 1  
0 . 0  0 . 1  -0 . 7  -0 . 6  -0 . 2  
0 . 7  0 . 6  -0 . 4  0 . 1  -0 . 1  
0 . 0  0 . 3  -0 . 1  0 . 5  -0 . 3  
0 . 7  1 . 6 0 . 1 0 . 7  -0 . 1  
0 . 0  0 . 3  -0 . 1  0 . 4  -0 . 3  
0 . 0  0 . 3  -0 . 1  0 . 3  -0 . 3  
0 . 0  0 . 6  0 . 3  0 . 6  0 . 0  
0 . 7 1 . 6 0 . 1  0 . 7  -0 . 1  
0 . 0  0 . 2  -0 . 6  -0 . 6  -0 . 2  
0 . 0  0 . 0 0 . 0  0 . 1  0 . 1  
0 . 7  0 . 7  -0 . 2  0 . 2  -0 . 1 
0 . 0 0 . 3  -0 . 1  0 . 5  -0 . 3 
0 . 0  0 . 6  0 . 3  0 . 7  0 . 0  
0 . 7  1 . 6 0 . 1 0 . 7  -0 . 1  

11 Pl ease re f e r  to s t u d y  a b b rev i a t i o n s  at t h e  begi n n i ng  o f  t h i s Vol ume . '{j A P 1 =A p r i l 1 5 ;  A P 2 =A p r i l 30 ; A G 1 =A u g u s t  1 5 ;  AG2=A u g u s t  3 1  

MAY JUNE JULY  A G 1 ;U AG2 ;U 

0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 7  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 3  0 . 0  0 . 0  0 . 0  
0 . 3  1 . 3 0 . 0  0 . 0  0 . 0  

-0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
O .  1 0 . 7  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  
0 . 1  1 . 3 0 . 0  0 . 0  0 . 0  

-0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  

-0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
O .  1 1 . 0 0 . 0  0 . 0  0 . 0  

-0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

O .  1 0 . 7  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 3  0 . 0  0 . 0  0 . 0  

0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
O .  1 1 . 3 0 . 0  0 . 0  0 . 0  

-0 . 2  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  - 1 . 0  0 . 0  0 . 0  0 . 0  

-0 . 2  - 1 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  - 1 . 3  0 . 0  0 . 0  0 . 0  

-0 . 6  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 5  - 1 . 0  0 . 0  0 . 0  0 . 0  
-0 . 2  - 1 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  - 1 . 3  0 . 0  0 . 0  0 . 0  
-0 . 2  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 2  -0 . 3  0 . 0  0 . 0  0 . 0  

0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  
0 . 0  - 1 . 0  0 . 0  0 . 0  0 . 0  

-0 . 6  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 5  - 1 . 0  0 . 0  0 . 0  0 . 0  
-0 . 2  - 1 . 0  0 . 0  0 . 0  0 . 0  

0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  - 1 . 3  0 . 0  0 . 0  0 . 0  
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K P FEXBED 
K P REXBED 
K P RMX BED 
K P F EXBNF  
K P R EXBNF 
K PRMXBNF 
K P FEXBGH 
K P R EXBGH 
K P RMXBGH 
K P FEXBSH 
K PR EXBSH  
K P RMXBSH 
K P F EXBNL  
K P R E XB N L  
K P R MXBNL  
K P R E X 2 P I  
K PRDC2 P l  
K PRMX2P2  
K PR D C 2 P3 
K PRMX 2 P 3  

K P F EXBED 
K P R EXBED 
K P RMXB E D  
K P F EXBNF 
K P R EXBNF 
K P RMXBNF  
K P F EXBGH 
K P R EXBGH 
K PRMXBGH 
K P F EXBSH  
K PREXBSH  
K P RMXBSH 
K P F EXBNL  
K PREXBNL  
K PRMXBNL 
K P REX2 P l  
K PRDC2 P l  
K PRMX2 P 2  
K P R D C 2 P :,  
K P RMX2 P3 

S E PT 

0 . 8  
0 . 8  
0 . 8  
0 . 0  

-0 . 8  
-0 . 8  

0 . 0  
-0 . 8  
-0 . 8  

0 . 0  
-0 . 7  
-0 . 7  
-0 . 6  
-0 . "  
-0 . 4  
-0 . 6  
-0 . 6  
- 1 . 2  
-0 . 5  
-0 . 5  

-0 . 4  
-0 . 4  
-0 . 6  
-0 . 2  
-0 . 2  

0 . 3  
0 . 0  
0 . 1  
0 . 2  
1 . 1  
1 . 1  
0 . 7  

-0 . 6  
-0 . 7  
-0 . 6  

0 . 0  
-0 . 2  
- 1 . 2  

0 . 2  
0 . 0  

OCT NOV 

- 1 . 5  9 . 0  
- 1 . 1  8 . "  
- 1 . 1  8 . 4  

0 . 0  0 . 0  
-0 . 6  0 . 6  
-0 . 6  0 . 6  

0 . 7  1 . 3 
-0 . 1  1 . 0 
-0 . 1  1 . 0 
-0 . 3  1 . 1  
-0 . 1  3 . 3  
-0 . 1  :L 3 

1 . 1  2 . 9  
1 . 0 2 . 2 
1 . 0 2 . 2  

- 1 . 4  1 9 . 8  
- 1 . LJ  1 9 . 8  
-4 . 5  9 . 3  
-2 . 4  1 3 .  " 
-2 . 4  1 3  . 4  

-0 . 1  -0 . 5  
0 . 0  -0 . 8  

-0 . 4  0 . 5  
0 . 0  0 . 2  
0 . 0  0 . 8  

-0 . 4  -0 . 6  
0 . 0  0 . 5  
0 . 0  0 . 9  

-0 _ 1 -0 . 6  
1 . 0 0 . 6  
0 . 7  0 . 5  

-0 . 3  -0 . 1  
-4 . 5  - 1 0 . 1 
-4 . 6  - 1 0 . 3  
-4 . 0  - 1 0 . 2  
-2 . 2  2 . 9  
-2 . 9  2 . 8  
-3 . 2  2 . 8  
- 1 . 9  2 . 8  
-2 . 1  " . 7  

Tabl e C . 6-2 1 

WAVE EROS ION 
P E R C ENT C HANGES FROM THE NO-A C T I O N  CASE 

L I BBY 

D EC JAN F E B  MAR A P 1 V� V� J UNE JU I  Y __ Ahl 2,1 � £1 

-5 . 5  -6 . 5  -4 . 7  -6 . 6  -6 . 5  - 7 . 1  3 . 5  1 . 9 0 . 7  0 . 7  0 . 3  
8 . 2  -5 . 3  -4 . 5  -6 . 1  -6 . 4  -6 . 6  2 . 8  1 . " 0 . 7  0 . 8  0 . "  
8 . 2  -5 . 3  -4 . 5  -6 . 1  -6 . 4  -6 . 6  2 . 8  1 . 4 0 . 7  0 . 8  0 . "  
0 . 0  -2 . 2  -3 . 5  -5 . 5  -5 . 1  -6 . 1  3 . 5  1 . 7 0 . 9  0 . 9  0 . 5  
5 . 0  -2 . 1  -2 . 9  -4 . 8  -4 . 0  - 5 . 6  4 . 7  1 . 7 0 . 5  O .  ':"' 0 . 1 
5 . 0  -2 . 1  -2 . 9  -4 . 8  -" . 0  -5 . 6  4 . 7  1 . 7 0 . 5  0 . 5  0 . 1  

-3 . 9  0 . 7  2 . 1  2 . 6  4 . 7  1 . 0 2 . 9  0 . 0  0 . 5 0 . 1  0 . 1 
6 . 1 5 . 6  5 . 2  5 . 7  9 . 1  4 . 2  3 . 0  -0 . 5  0 . 2  0 . 2  -0 . 2  
6 . 1  5 . 6  5 . 2  5 . 7  9 . 1  4 . 2  3 . 0  -0 . 5  0 . 2  0 . 2  - 0 . 2  
2 . 6  1 . 5 0 . 7  0 . 7  0 . 3  2 . 8 0 . 9  0 . 1 0 . 0  0 . 0  0 . 0  
9 . 1 2 . 0  2 . 3  -0 . 3  2 . 4  0 . 2  2 . 0  -0 . 3  -0 . 5  -0 . 11  -0 . "  
9 . 1 2 . 0  2 . 3  -0 . 3  2 . "  0 . 2  2 . 0  -0 . 3  -0 . 5  -O . L] -0 . "  
2 . 8  4 . 7  6 . 4  6 . 5  1 3 . 7  1 2 . 5  1 . 1  -3 . 6  - 1 . "  - 1 . "  - 1 . 2  
6 . 1 9 . 5  1 1 . 0 1 2 . 4  1 8 . 1  1 5 . "  2 . 5  -3 . 9  -0 . 3  -0 . 6  --0 . 5  
6 . 1 9 . 5  1 1 . 0 1 2 . 4  1 8 . 1 1 5 . "  2 . 5  -:-1 . 9  -0 . 3  -0 . 6  --0 . 5  

4 1 . 3  2 5 . 7  1 9 . 6  2 2 . 1  2 6 . 8  2 0 . 8  -3 . 2  -11 . 3  - 1 . 3  - 1 . 2  - 1 . 2  
4 1 . 3  2 5 . 7  1 9 . 6  2 2 . 1  2 6 . 8  2 0 . 8  -3 . 2  -4 . 3  - 1 . 3  - 1 . 2  - 1 . 2  
"0 . 8  4 . 2  2 . 6  3 . 8  6 . 4  7 . 8 -0 . 9  -3 . 1  - 1 . <) - 1 . 9 - 1 . 9  
" 1 . 9  1 7 . 0 1 6 . 4  1 3 . 0  22 . 6  1 6 . 8  -" . 0  -" . 1  - 1 . 11  - I  . �  - I . ] 
4 1 . 9  1 7 . 0  1 6 . 4  1 3 . 0  2 2 . 6  1 6 . 8  -4 . 0  -" . 7  - 1 . 4  - I  _ :1 - I . :1 

2 . 2  4 . 3  3 . 3  - 1 . 1  0 . 5  -2 . 1  0 . 2  0 . 6  -0 . 2  -0 . "  -0 . 3  
2 . 0  4 . 1 0 . 0  -0 . 6  0 . 5  -2 . 1  0 . 3  0 . "  -0 . 2  -0 . "  -·0 . 3  
1 . 2 :' . 7  " . 7  -0 . "  0 . 8  - 1 . 9  0 . 9  0 . 9  0 . 2  0 . 0  0 . 0  

-0 . 5  -0 . 6  0 . 0  -0 . 2  0 . 1  -0 . 1 0 . 3  0 . "  O .  :1 O .  :1 o . l  
-0 . 8  -0 . "  0 . 0  -0 . 8  0 . 1  -0 . 1  0 . 2  0 . 5  0 . 1  O .  :1 o . l  
-0 . 6  -0 . 4  -0 . 1  - 1 . 0  -0 . 2  - 1 . 4  0 . 6  0 . 6  O .  :1 0 . 3  0 . 3  
-0 . 3  -0 . 3  0 . 2  -0 . :l 0 . 1 -0 . 7  0 . 2  0 . 4  0 . 3  0 . 2  0 . 2  
-0 . 6  -0 . 3  0 . 2  -0 . 9  0 . 3  - 0 . 7  0 . 2  0 . 6  0 . 3  0 . 2  0 . 2  
-0 . 6  -0 . 5  0 . 0  -0 . 6  0 . 3  -0 . 7  0 . 3  0 . 3  o . :1 0 . 2  O . t' 

0 . 0  -0 . 9  0 . 0  -0 . 3  0 . 0  -0 . 2  0 . 3  0 . 4 0 . 0  0 . 0  0 . 0  
-0 . 7  0 . 1  0 . 7  - 1 . 5  0 . 0  -0 . 2  0 . 2  0 . 8  0 . 0  0 . 0  0 . 0  
- 1 . 0  -0 . 3  2 . 6  -0 . 5  -0 . 2 -0 . 5  0 . 6  1 . 2 0 . 4  0 . 3  0 . "  

-20 . 3  - 1 8 . 4  -5 . 7  -4 . 7  -5 . 2  -6 . 6  2 . 2  5 . 5  4 . 8  " . 0  2 . 1  
- 1 8 . 6  - 1 8 . 2  -4 . 8  -4 . 1  -2 . 3  -5 . 3  6 . 0  5 . 1  " . 5  3 . 8  2 . 4  
- 1 7 . 1  - 1 9 . 8  -7 . 5  -6 . "  -" . 1  -7 . 0  6 . 0  5 . 0  11 . 8  3 . "  2 . 0  

-2 . 5  5 . 4  3 . 7  2 . "  6 . 5  3 . 0  2 . 3  - 1 . 7  -2 . 1  -2 . 1 - 1 . 2  
-3 . 7  5 . 3  3 . 6  1 . 7 6 . 1  2 . 7  2 . 8 - 1 . 0  - 1 . 7  - 1 . 7  - 1 . 2  
-0 . 3  2 . 0  1 . 1  0 . 4  3 . 0  2 . 1  0 . 8  - 1 . 2  - 1 . 3  -2 . 8  -2 . 0  
- 1 . 4  3 . 3  2 . 9  1 . " 6 . 5  -0 . 1  2 . 3  - 1 . 0  - 1 . :, - 1 . 6  -2 . 2  
- 1 . 1  2 . 3  2 . "  1 . 2 2 . 9  -0 . :1 0 . 2  -0 . 7  - 1 . 2  -2 . 5  - ]  . 7  
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K P RMXB N F  
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K P R EXBGH 
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K P R MXBSH 
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-0 . 2  -0 . 3  
-0 . 1  -0 . 2  

0 . 0  0 . 4  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 4  0 . 3  
0 . 0  0 . 2  
0 . 0  0 . 2  
0 . 4  0 . 3  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 4  0 . 3  

-2 . 9  -4 . 3  
-2 . 9  -4 . 3  
-3 . 9  -5 . 1  
-2 . 9  -4 . 9  
-2 . 9  -5 . 1  
-3 . 7  -4 . 9  
-3 . 0  -tl . 7  
-3 . 8  -4 . 5  

0 . 7  0 . 5  
0 . 0  -0 . 2  
0 . 0  -0 . 5  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  -O . tl  
1 . 5 1 . 8 
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1 . 5 1 . 6 
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0 . 0  0 . 1  
2 . 2  -0 . 3  
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-0 . 4  1 . 2 0 . 4  O . tl  0 . 4  
-0 . 6  0 . 9  o . tl  0 . 0  0 . 0  
-0 . 4  1 . 2 0 . 6  0 . 5  0 . 5  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 4  -0 . 3  O . tl  0 . 4  

-0 . 7  0 . 7  0 . 1  0 . 3  -0 . 1  
-0 . 7  0 . 7  0 . 1  0 . 3  -0 . 1  
-0 . 5  0 . 9  -0 . 1  0 . 6  0 . 3  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 3  0 . 7  -0 . :� 0 . 4  0 . 4  
0 . 2  2 . 3  3 . 2  4 . 2  tl . O  
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1 . 3 -0 . 5  -O . Y  - 1 . tl  - 1 . 2  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  -0 . 5  -0 . 4  - 1 . 0  - 1 . 0  
0 . 1  -0 . 3  - 1 . 5  - 1 . 6  - 1 . 7  
0 . 1  -0 . 3  - 1 . 5  - 1 . 6  - 1 . 7  
0 . 0  -0 . 5  - 1 . 6  - 1 . 6  - 1 . 4  
1 . 1  O .  1 0 . 0  0 . 1  0 . 1  
1 . 1  0 . 1  0 . 0  0 . 1  0 . 1  
1 . 2 -0 . 1  -0 . 1  -0 . 6  -0 . 6  
3 . 7  3 . 3  1 . 6 0 . 2  0 . 6  
3 . 7  3 . 4  1 . 6 0 . 2  0 . 6  
3 . 5  3 . 2  2 . 0  0 . 6  0 . 6  
0 . 7  -4 . 0  -0 . 2  - 1 . 3  - 1 . 1  
0 . 9  -4 . 1  -0 . 1  - 1 . 3  - 1 . 2  
1 . 1  -3 . 6  -0 . 3  - 1 . 2  - 1 . 1  
0 . 9  -3 . 7  - 1 . 1  - 1 . 8  - 1 . 2  
O .  '1 -4 . 2  - 1 . 1  - 1 . 5  - 1 . 2  
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l..9.8ll. 
K P FEXBED 7 . 1  1 2 . 9  6 . 7  1 . 7 0 . 8  0 . 9  1 . 0 0 . 9  1 . 2 2 . 2  6 . 3  4 . 5 4 . 1  :) . 6  K PR EXBED 7 . 1  1 3 . 4  7 . 5  -0 . 1  0 . 6  0 . 8  0 . 9  0 . 8  1 . 0 1 . 9 5 . 1  4 . 1 3 . 9  3 . 3  K PRMXBED 7 . 1  1 3 . 4  7 . 5  -0 . 1  0 . 6  0 . 8  0 . 9  0 . 8 1 . 0 1 . 9 5 . 1  4 . 1  3 . 9  3 . 3  K P F EX B N F  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 7  0 . 9  0 . 8  1 . 1  1 . 9 4 . 8  3 . 5  3 . 5  2 . 9  K P R EXBNF  -2 . 7  -0 . 8  - 1 . 0  -0 . 9  0 . 5  0 . 7  0 . 8  0 . 7  0 . 9  1 . 4 4 . 8  2 . 6  2 . 9  2 . 0  K P RMXBNF -2 . 7  -0 . 8  - 1 . 0  -0 . 9  0 . 5  0 . 7  0 . 8  0 . 7  0 . 9  1 . 4 4 . 8  2 . 6  2 . Q  2 . 0  K P F EXBGH -0 . 4  -4 . 2  - 1 . 4  - 1 . 0  -0 . 4  -0 . 1  -0 . 1  -0 . 2  0 . 0  -0 . 3  0 . 3  0 . 7  -0 . 3  -0 . :) K PREXB GH -2 . 7  -4 . 1  - 2 . 4  -3 . 3  -0 . 8  -0 . 5  -0 . 4  -0 . 4  - 0 . 4  -0 . 6  - 1 . 8  -0 . 6  -0 . 6  - 1 . 2  
K PRMXBGH -2 . 7  -4 . 1  -2 . 4  -3 . 3  -0 . 8  -0 . 5  -0 . 4  -0 . 4  -0 . 4  -0 . 6  - 1 . 8  -O . () -0 . 6  - 1 . 2  K P F E X B SH 0 . 4  - 1 . 4  0 . 5  - 1 . 1  -0 . :) -0 . 1  -0 . 2  -0 . 1  -0 . 2  -0 . )  -0 . 5  0 . 0  0 . /1 0 . 0 K PREXBSH -2 . 5  -0 . 9  -0 . 9  -2 . 0  -0 . 2  -0 . 1  0 . 0  -0 . 1  0 . 0  -0 . 3  -0 . 7  -0 . 3  -0 . (  -0 . 6  K P RMXBSH -2 . 5  -0 . 9  -0 . 9  -2 . 0  -0 . 2  -0 . 1  0 . 0  -0 . 1  0 . 0  -0 . 3  -0 . 7  -0 . :) -0 . 2  -0 . 6  
K P FEXBNL  -3 . 7  - 1 4 . 3  - 1 . 7  -2 . 2  - 1 . 4  - 1 . 0  -0 . 7  - 1 . 2  -0 . 9  -2 . 5  -5 . 6  -4 . :) -4 . \  -5 . 0  K P R EX B N L  -4 . 4  - 1 2 . 4  -3 . 2  -3 . 3  - 1 . 8  - 1 . 3  - 1 . 2  - 1 . 5  - 1 . 4  - 3 . 3  -7 . 5  -3 . 6  -4 . 5  -5 . 2  n K PRMXBNL -4 . 4  - 1 2 . 4  - 3 . 2  -3 . 3  - 1 . 8  - 1 . 3  - 1 . 2  - 1 . 5  - 1 . 4  -3 . 3  - 7 . 5  -3 . 6  -4 . 5  -5 . 2  m K P R EX 2 P l 0 . 1  3 . 8  - 7 . 0  -8 . 7  -2 . 7  - 1 . 8  - 1 . 6  - 1 . 8  - 1 . 5  - 3 . 1  -6 . 7  -5 . 9  -5 . 8  -5 . 8  I K PRDC2 P l  0 . 1  3 . 8  -7 . 0  -8 . 7  -2 . 7  - 1 . 8  - 1 . 6  - 1 . 8  - 1 . 5  -3 . 1  -6 . 7  -5 . 9  - 5 . H  -5 . 8  w 
K PRMX 2 P 2  - 1 . 5  2 5 . 0  - 1 . 4  -6 . 5  -0 . 9  -0 . 6  -0 . 6  -0 . 7  -0 . 6  - 1 . 7  -5 . 5  -4 . 5  -" . 1  -4 . 1  
K PRDC2P3  -0 . 8  1 4 . 7  -4 . 1  -6 . 9  -2 . 2  - 1 . 5  - 1 . 3  - 1 . 7  - 1 . 2  -3 . 3  -7 . 1  -5 . 6  -5 . 5  -5 . 9  
K PRMX2P3 -0 . 8  1 4 . 7  -4 . 1  -6 . 9  -2 . 2  - 1 . 5  - 1 . :3 - 1 . 7  - 1 . 2  - 3 . 3  -7 . 1  -5 . 6  -5 . 5  -5 . Y  

lW 
K P FEXBED -0 . 6  1 . 0 0 . 2  0 . 3  -0 . 4  0 . 0  0 . 1  0 . 0  0 . 1  -0 . 1  0 . 6  - 1 . 3  - 1 . 3  - 1 . 8  
K P R EXBED - 1 . 0  0 . 6  -0 . 3  O .  1 -0 . 3  0 . 0  0 . 1  0 . 0  0 . 1  -0 . 2  0 . 1  - 1 . 3  - 1 . 3  - 1 . 8  
K PRMXBED -0 . 9  2 . 1  -0 . 8  -0 . 4  -0 . 4  -0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 9  -0 . 8  -0 . 8  - 1 . 4  
K P FEXBNF  0 . 6  0 . 3  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  0 . 8  0 . 8  o . e 
K P R E X B N F  0 . 6  0 . 0  0 . 5  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 8  0 . 8  0 . 8  0 . 8  
K PRMXBN F  1 . 1  1 . 2 0 . 2  0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 3  0 . 9  0 . 8  1 . 1  0 . 8 
K P F E XBGH -0 . 3  0 . 0  -0 . 7  -0 . 1  0 . 0  O .  1 0 . 0  0 . 0  0 . 1  0 . 2  0 . 7  0 . 8  0 . 2  - 0 . 4  
K P R EXBGH -0 . 6  -0 . 3  -0 . 4  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 1  0 . 3  1 . 2 0 . 8 0 . 2  -0 . 4  
K P RMXBGH 0 . 5  0 . 8  0 . 0  0 . 4  0 . 1  0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 3  0 . 8  0 . 2  0 . 2  
K P F EXBSH - 1 . 8  - 1 . 4  - 1 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  -0 . :j 
K P R EXBSH - 1 . 4  -0 . 3  -0 . 5  0 . 2  -0 . 1 0 . 0  0 . 1  0 . 0  0 . 1  0 . 2  1 . 0 0 . 0 0 . :1 0 . 0  
K P RMXBSH O .  :) 1 . 6 0 . 3  0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 3  1 . 8 o 
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K P FEXBNL  2 . 1  1 7 . 0  1 7 . 0  1 7 . 6  2 . 1  1 . 2 0 . 6  0 . 8  1 . 0 1 . 9 6 . 5  7 . 7  7 . 1  l o B 
K PR EXBNL  2 . 7  1 7 . 6 1 6 . 7  1 7 .  " 2 . 0  1 . 1  0 . 6  0 . 7  0 . 8  1 . 6 6 . 1 6 . j  S . 7  D . 11 
K PRMXBNL 4 . 4  2 1 . 5  1 4 . 7  20 . 6  2 . 6  1 . 3 0 . 9  0 . 9  1 . 0 2 .  1 7 . 0 7 .  'I �j . b 0 . 2  
K P R EX 2 P l  6 . 3  1 0 . 6  -0 . 3  -3 . 3  -0 . 6  -0 . 5  -0 . 4  -0 . 4  -0 . 3  - 1 . )  -2 . 11 -3 . 0  0 . 7  - l o t  
K P R DC 2 P l 7 .  1 1 2 .  I -0 . "  -3 . 6  -0 . 6  -0 . 3  -0 . :) -0 . 4  -0 . 3  -0 . 9  - 1 . 5  -2 . 5  l o t - I . " 
K PRMX 2 P 2  1 1 . 0 1 7 . 6  0 . 7  -0 . 5  -0 . 4  -0 . 1  -0 . 2  -0 . 4  -0 . 2  -0 . 6  - 1 . ,1 -0 . 13 2 . 9  (' .  I 
K PRDC2P3  9 . 4  1 2 . 3  - 1  . :) - 1 . 9  -0 . 6  -0 . 2  -0 . 3  -0 . 4  -0 . 2  -0 . 9  - 1 . 5  -2 . 0  ? . �) O • . ; 
K PR MX 2 P 3  1 0 . 7  1 5 . 4  O . Q  - 1 . 5  -0 . 5  -0 . 2  -0 . 3  -0 . 4  -0 . 2  -O . b  -0 . 9  - 1 . �, 2 t) I . b 



n 
m 
I 

w 
tv 

CONTRACT 
YEAR 

19..2.a 

WQJ 

STUD,!:: 11 

K P F EX B E D  
K PREXBED 
K P RMXBED 
K P FEXBNF  
K P R EXBNF 
K PRMXBNF 
K P FEXBGH 
K P R EXBGH 
K PRMXBGH 
K P FEXBSH 
K P R EX B SH 
K PRMXBSH 
K P FEXBNL  
K P R EX B N L  
K PRMXBNL 
K P R EX 2 P l  
K P R D C 2 P l  
KPRMX2P2  
K P R D C 2 P 3  
K P RMX2P3  

K P F E X B E D  
K P R E X B E D  
K P RMXB E D  
K P F EX B N F  
KPREXBNF  
K P RMX BNF 
K P F EXBGH 
K P R E XBGH 
K PRf1X BGH 
K P FEXBSH 
K P R E X B S H  
KPR MXBSH  
K P F EXBNL  
K PREXBNL  
K P RMXB N L  
K P R EX 2 P l  
KPRDC2 P l  
KPRMX2P2  
KPRDC2P3  
KPRMX2P3  

.s E P T  

0 . 5  
0 . 2  
1 . 5 
0 . 0  
0 . 0  
0 . 5  
0 . 0  
0 . 0  
0 . 5  
0 . 0  
0 . 0  
0 . 5  
0 . 6  
0 . 3  
0 . 5  

1 0 . 1  
1 0 . 1 
1 1 . 0 
1 1 .  1 
1 1 . 6 

-0 . 4  
0 . 3  
0 . 0 
0 . 0  
0 . 0  

-0 . 3  
-3 . 5  
-3 . 5  
-3 . 5  
-0 . 2  
-0 . 2  
-0 . 3  

5 . 9  
5 . 9  
6 . 2  

- 1 . 8  
- 1 . 8  

0 . 4  
0 . 8  
0 . 4  

QCT NQV D EC 

1 . 3 1 . 1 1 . 4 
0 . 7  0 . 6  1 . 1  
2 . 7  2 . 2  2 . 3  
0 . 3  0 . 0  0 . 0  
0 . 3  0 . 0  0 . 0  
1 . 2 0 . 6  0 . 2  

-0 . 1  -0 . 3  -0 . 5  
-0 . 1  -0 . 3  -0 . 5  

1 . 2 0 . 7  0 . 0  
0 . 3  -0 . 1  -0 . 2  
0 . 3  -0 . 1  0 . 0  
1 . 2 0 . 8  0 . 3  

1 3 . 5  1 7 . 5  1 5 . 5  
1 3 . 7  1 7 . 7  1 5 . 6  
1 7 . 3  26 . 7  24 . 7  
1 0 . 9  2 . 8  -3 . 3  
1 2 . 0 3 . 6  -2 . 7  
1 5 . 1 4 . 0  -4 . 3  
1 2 . 0  3 . 3  -3 . 7  
1 3 . 5  3 . 8  -3 . 6  

0 . 2  0 . 1  0 . 7  
0 . 8  0 . 4  0 . <1 
2 . 6  1 . 4 1 . 4 
0 . 3  0 . 0  0 . <1 
0 . 3  0 . 0  0 . 4  
1 . 3 -0 . 1  0 . 7  

-7 . 4  -<1 . 3  - 1 . 3  
-7 . 4  -4 . 3  - 1 . 3  
-6 . 6  -<1 . 0  -0 . 7  
-0 . 7  -0 . 4  -0 . 2  
-0 . 7  -0 . 4  -0 . 2  

0 . 4  0 . 3  1 . 4 
1 8 . 3  24 . 0  1 7 . 4  
1 8 . 9  2 4 . 7  1 7 . 8 
1 9 . 4  29 . 4  28 . 3  

3 . 4  -0 . 7  - 5 . 2  
4 . 0  -0 . <1  -4 . 6  
9 . 0  -0 . 2  -4 . 7  
5 . 7  0 . 0  -4 . 6  
5 . 7  0 . 3  -4 . 6  

T ab l e C . 6-22 ( C o n t i n ued ) 

JAN F E B  MAR A P 1 2.1 � 2.1---'::1b.Y 

0 . 1 0 . 1  0 . 1  0 . 1  0 . 1  0 . 3  
0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 
0 . 1  0 . 1  0 . 1  0 . 2  0 . 1  0 . 3  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  

-0 . 1  -0 . 2  -0 . 1  0 . 0  -0 . 1  0 . 0  
-0 . 1  -0 . 2  -0 . 1  0 . 0  -0 . 1  0 . 0  

0 . 0  -0 . 1  -0 . 1  0 . 0  -0 . 1  0 . 1  
-0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 2  
1 . 6 0 . 5  -0 . 1  0 . 3  0 . 4  1 . 0 
1 . 6 0 . 5  -0 . 1  0 . 3  0 . <1 1 . 0 
2 . 6  0 . 9  0 . 4  0 . 5  0 . 5  1 . 8 

-0 . 9  -0 . 9  -0 . 8  -0 . 7  -0 . 9  - 1 . 3  
-0 . 8  -0 . 9  -0 . 8  -0 . 7  -0 . 9  - 1 . 1  
- 1 . 0  - 1 . 0  -0 . 9  - 1 . 0  - 1 . 1  - 1 . 4  
-0 . 9  -0 . 9  -0 . 9  -0 . 9  - 1 . 1  - 1 . 3  
-0 . 9  -0 . 9  -0 . 9  -0 . 9  - 1 . 2  - 1 . 4  

0 . 3  0 . 1 0 . 0  0 . 1  0 . 0  0 . 0  
0 . 3  0 . 2  0 . 1 0 . 1  0 . 1 0 . 0  
0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 1  

-0 . 5  -0 . 3  -0 . 2  -0 . 3  -0 . 3  -0 . 9  
-0 . 5  -0 . 4  -0 . 2  -0 . 3  -0 . 3  -0 . 9  
-0 . 4  -0 . 3  -0 . 2  -0 . 3  -0 . 3  -0 . 8  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  
0 . 3  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  
3 . 3  1 . 2 0 . 5  1 . 0 1 . 3 1 . 9 
3 . 3  1 . 2 0 . 5  1 . 0 1 . 3 1 . 9 
4 . 2  1 . 6 1 . 1  1 . 2 1 . 5 2 . 2  

- 1 . 3  - 1 . 5  - 1 . 7  - 1 . 6  -2 . 0  -2 . 9  
- 1 . 1  - 1 . 5  - 1 . 6  - 1 . 5  -2 . 0  -2 . 8  
-0 . 8  - 1 . 6  - 1 . 7  - 1 . 6  -2 . 2  -3 . 0  
-0 . 8  - 1 . 4  - 1 . 4  - 1 . 5  - 1 . 9  -2 . 8  
-0 . 9  - 1 . 5  - 1 . 4  - 1 . 5  -2 . 0  -2 . 8  

II Pl ease  r e f e r  t o  s t u d y  a b b rev i a t i o n s  a t  t h e  be g i n n i ng  o f  t h i s V o l ume . 
2.1 A P 1 =Ap r i l 1 5 ;  A P2 =Ap r i l 30 ; A G 1 =A u g u s t  1 5 ;  AG2=A u g u s t  3 1  

J U N E  J U L Y  A G l  V AG2 V 

1 . 8 1 . 7 0 . 5  0 . <1 
1 . 4 1 . 7 0 . 0  0 . 0  
1 . 8 2 . 3  1 . 0  1 . 0 
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 4  0 . 8 0 . 5  0 . 4  
0 . 6  -0 . 2  -0 . <1 -0 . 9  
0 . 6  -0 . 2  -0 . <1 -0 . 9  
1 . 2 0 . 6  0 . 0  -0 . 4  
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 7  0 . 8  0 . 5  0 . <1 
5 . 0  3 . 9  0 . 8  - 1 . 4  
5 . 0  3 . 9  0 . 8 - 1 . <1 
8 . 1 4 . 4  2 . 1  0 . 0  

-2 . 5  -6 . 9  -8 . 5  -8 . 1  
-2 . 1  -6 . 9  -8 . 5  -8 . 1  
-3 . 1  -5 . 6  -5 . 3  -6 . 1  
-2 . 1  -6 . 4  -5 . 5  -6 . 2  
-2 . 6  -6 . <1 -5 . 9  -6 . 2  

0 . 0  -0 . 2  -0 . 4  -0 . <1 
0 . 0  -0 . 2  -0 . 4  -0 . 4  
0 . 0  -0 . 4  -0 . 7  - 1 . 1  
0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 2  -0 . 2  -0 . 1  -0 . 1  
-0 . 6  -3 . 5  -<1 . 9  -6 . 6  
-0 . 6  -3 . 5  -4 . 9  -6 . 6  
-0 . 2  -3 . 2  -<1 . 6  -5 . 6  
-0 . 2  0 . 0  -0 . 6  -0 . 9  
-0 . 2  0 . 0  -0 . 6  -0 . 9  

0 . 2  0 . 6  0 . 3  0 . 3  
6 . 7  4 . 0  -0 . 3  -2 . 2  
6 . 5  4 . 0  -0 . 1  -2 . 2  
7 . 4  4 . <1 0 . 2  -2 . 2  

-8 . 7  -5 . 6  -5 . 3  -5 . 7  
-8 . 2  -4 . 7  -5 . 0  -5 . 1  
-8 . 3  -<1 . 1  -<1 . 1 -<1 . 0  
-7 . 8  -<1 . 5  - 3 . 8  -<1 . 5  
-8 . 0  -<1 . 5  -3 . 0  -4 . 5  



CONTRACT 
YEAR 

l.2!lli 

n 

0> 
I 

w 
w 

1 9 93  

STUDY 11 

K P FEXBED 
K P R EXBED 
K PRMXBED 
K P FEXBNF  
K PR EXBNF  
K PRMXBNF 
K P F EXBGH 
K P R EXBGH 
K PR MXBGH 
K P FEXBSH  
K P R [XElSH 
KPRMXBSH 
K P F EXBNL 
K P R EX B N L  
K PR MXBNL 
KPR EX2 P 1  
K PRDC2 P 1  
KPRMX2P2 
KPRDC2P3 
K PR MX 2 P3 

K P F EXBED 
K P R EXBED  
K PR MXBED 
K P F EXBNF 
K PR EXBNF  
K P RMX B N F  
K P FEXBGH 
K P R EXBGH 
K P RMXBGH 
K P FEXBSH  
K P R EXBSH 
K P RMXBSH 
K P FEXBNL  
K PREXBN L 
K P R MXBNL 
K PR EX 2 P 1  
K P R D C2 P 1  
K PR MX 2 P2 
K PRDC2P3 
KPRMX 2 P 3  

SE P T  OCT NQV 

0 . 0 0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0 0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0 0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0 
0 . 0  0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

0 . 0  -0 . 1  0 . 0  
0 . 0  -0 . 1  0 . 0  
0 . 0  -0 . 1  0 . 0  
0 . 0  0 . 1  0 . 0  
0 . 0  0 . 1  0 . 0  
0 . 0  0 . 1  0 . 0  
0 . 0  0 . 1 0 . 0  
0 . 0  0 . 1  0 . 0  
0 . 0  0 . 1  0 . 0  
0 . 0  -0 . 1  0 . 0  
0 . 0 0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0 0 . 1  0 . 0  
0 . 0  -0 . 1  0 . 0  
0 . 0  0 . 0 0 . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 1  0 . 0  
0 . 0 -0 . 1  0 . 0 

Tabl e C . 6-2 3 

WAV E E R O S I O N  
PERCENT  CHANG E S  FROM T H E  NO-A C T I O N  C A S E  

A L B E N  I FA L L S  

D E C  JAN FEB  MAR A P 1  ?J_!'j'p1. Z /_ MAY. ___ JJ)Ji.l�.l Y._. _ _  AG l ,£/ . AG2  f.I 

-0 . 1  0 . 1  0 . 2 0 . 1  0 . 3 0 . 4 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0 
-0 . 1  0 . 1  0 . 2  0 . 0  0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
-0 . 1  0 . 1 0 . 2  0 . 0  0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 0  0 . 0 0 . 0  -0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0 0 . 0  (J . O  

0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 5  -0 . 8  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 0  -0 . 3  -0 . :) -0 . 7  - 1 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 0  -0 . 3  -0 . 3  -0 . 7  - 1 . 2  0 . 0  0 . 0  0 . 0  o 0 0 . 0  

0 . 0  -0 . 1  -0 . 2  -0 . 1  0 . 1  -D . ?  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  -O . t!  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 1  -0 . 1  -0 . 1  0 . 0  -O . t!  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
-0 . 1  0 . 1 -0 . 2  -0 . 4  - 1 . 9  -2 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 1  -0 . 3  -O . t!  -2 . 2  -2 . tl  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 1  -0 . 3  -0 . 4  -2 . 2  -2 . t!  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  -0 . 6  -0 . 8  -0 . 5  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 6  -0 . 8  -0 . 5  -0 . 3  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  -0 . 2  -0 . 3  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  D . O  
0 . 0 -0 . 3  -0 . 4  -0 . 5  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 3  -0 . 4  -0 . 5  -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 1  -0 . 9  0 . 0  0 . 0  - 0 . 4  -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 4  -0 . 2  0 . 0  0 . 0  0 . 0 D . U 0 . 0  

-0 . 1  -2 . 7  -2 . 2  - 1 . 4  -0 . 9  -2 . 2  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
0 . 0  0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
0 . 0  0 . 1 0 . 0  0 . 0  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
0 . 0  0 . 0  -0 . 1  0 . 0  - 1 . 3  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  -0 . 1  0 . 0  - 1 . 2  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 9  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  

-0 . 2  -0 . 5  0 . 0 -0 . 2  -0 . 3  -0 . 3  0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
-0 . 5  -2 . 5  - 1 . 1  -0 . 8  -0 . 2  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 4  -0 . 4  - 1 . 2  -2 . 5  -3 . 7  -3 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
-0 . 3  -O . t!  - 1 . 2  -2 . 4  -3 . 8  -3 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  1 . 7 1 . 9 0 . 6  0 . 9  0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 6  -0 . 9  0 . 0  -0 . 5  -0 . 5  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  U . O  
-0 . 7  - 1 . 0  0 . 1  -0 . 6  0 . 2  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
-0 . 7  - 1 . 5  -0 . 2  -0 . 5  O . t!  - 1 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
-0 . 9  -0 . 9  0 . 2  -0 . 6  0 . 2  -0 . 7  0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  
-0 . 8  - 1 . 3  0 . 0 -0 . 5  0 . 2  - 1 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  



Tabl e C . 6-23 ( C o n t i n u e d ) 

CONTRACT 
YEAR .sI.!.ill..'( 11 SEPT  QCT NQV DEC JAN FEB MAR A P 1 z.; --..8E£ 21 MAY J UNE JULY A G 1 z.; -----AG2 z.; 
19..2.8 

K P FEXBED 0 . 0  0 . 0  0 . 0  0 . 2  0 . 1 0 . 2  0 . 1 1 . 1  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PR EX B ED 0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  0 . 1  0 . 1  1 . 1  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBED 0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  0 . 3  0 . 1  2 . 1  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P F EX B N F  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  1 . 0 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E X B N F  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  1 . 0 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  1 . 9 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 9  -0 . 6  -0 . 8  -0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E XBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 9  -0 . 6  -0 . 8  -0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 3  0 . 0  1 . 9 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
KPR EXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 9 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBNL 0 . 0  0 . 0  0 . 0  -0 . 6  -0 . 7  -3 . 7  -5 . 0  -4 . 9  -4 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E X B N L  0 . 0 0 . 0  0 . 0  -0 . 6  -0 . 7  -3 . 7  -5 . 0  -4 . 9  -4 . 2  0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  
K P RMXBNL 0 . 0  0 . 1  0 . 0  0 . 6  2 . 3  1 . 5 1 . 3 2 . 0  2 . 8  0 . 1  0 . 0  0 . 0  0 . 0 0 . 0  
K P REX2  P 1 0 . 0  0 . 1  0 . 0  0 . 4 -0 . 6  -0 . 8  -0 . 2  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRDC2 P 1  0 . 0  0 . 1  0 . 0  0 . 4  -0 . 4  -0 . 8  -0 . 1  1 . 1  0 . 4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
KPRMX 2 P 2  0 . 0  0 . 1  0 . 0  -0 . 5  - 1 . 1  -0 . 7  -0 . 5  1 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
KPDRC 2 P 3  0 . 0  0 . 1  0 . 0  0 . 4  -0 . 6  -0 . 8  -0 . 3  1 . 1  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
KPRMX2P3  0 . 0  0 . 1  0 . 0  0 . 0  - 1 . 1  -0 . 7  -0 . 3  1 . 3 -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

n ZQQJ 
K P FEXBED 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 1  0 . 9  0 . 9  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  m 
K PR EXBED  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 1  0 . 9  1 . 0 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  I 

w KPR MXBED 0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 4 0 . 1  2 . 6  1 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  01'> 
K P FEXBNF  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  1 . 0 1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E X B N F  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  1 . 0 1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBNF 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 3  0 . 1  2 . 6  1 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEX BGH 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 1  -0 . 1  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PREXBGH 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 1  -0 . 1  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
KPRMXBGH 0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 2  -0 . 1  0 . 1  2 . 4 1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P F EXBSH  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K PR E XBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 1 0 . 2  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBSH 0 . 0 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 2  0 . 1  2 . 5  1 . 1  O .  1 0 . 0  0 . 0  0 . 0  0 . 0  
K P F E X B N L  0 . 0 0 . 0 0 . 0 -3 . 5  -4 . 0  -5 . 7  -6 . 1  -5 . 6  -tJ . tJ  0 . 1  0 . 0  0 . 0 0 . 0 0 . 0 
K P R E X B N L  0 . 0 0 . 0  0 . 0  -3 . 4  -3 . 8  -5 . 6  -6 . 0  -5 . 5  -4 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBNL 0 . 0  0 . 0  0 . 0  0 . 2  1 . 9 1 . 7 0 . 8  -0 . 8  -0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
K PREX2 P 1  0 . 0  0 . 0  0 . 0  0 . 2  - 1 . 5  - 1 . 3  - 1 . 1  - 1 . 6  - 1 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RDC2 P 1  0 . 0 0 . 0  0 . 0  0 . 2  -0 . 6  -0 . 3  0 . 0  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMX2 P 2  0 . 0  0 . 0  0 . 0 0 . 2  -0 . 4  -0 . 2  0 . 0  2 . 1  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R D C 2 P 3  0 . 0  0 . 0  0 . 0  0 . 2  -0 . 6  -0 . 3  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PR MX 2 P 3  0 . 0 0 . 0 0 . 0  0 . 2  -0 . 5  -0 . 2 0 . 0 2 . 3  0 . 6  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  

11 Pl ease  re f e r  to s t u d y  abb rev i a t i o n s  at t h e  beg i n n i n g o f  th i s  Vol ume . 
z.; A P 1 =A p r i l 1 5 ;  A P Z =Ap r i l 30 ; A G 1 =Au g u s t  1 5 ;  AG2 = A u g u s t  3 1  



CONTRACT 
Y EA R  STUDY II SEPT  QCT NOV 

l2llB 
K P FEXBED  0 . 0  0 . 0  0 . 0  
K P R EXBED 0 . 0  0 . 0  0 . 0  
K PRMXBED 0 . 0  0 . 0  0 . 0  
K P FEXBNF  0 . 0  0 . 0  0 . 0  
K P R E X B N F  0 . 0  0 . 0  0 . 0  
K P RMXBNF 0 . 0  0 . 0  0 . 0  
K P F E XBGH 0 . 0  0 . 0  0 . 0  
K P R EXBGH 0 . 0  0 . 0  0 . 0  
K P R MX BGH 0 . 0  0 . 0  0 . 0  
K P FEXBSH 0 . 0  0 . 0  0 . 0  
K P R EXBSH 0 . 0  0 . 0  0 . 0  
K P RMXBSH 0 . 0  0 . 0  0 . 0  
K P FEXBNL  0 . 0  0 . 0  0 . 0  
K P R EX B N L  0 . 0  0 . 0  0 . 0  
K P R MXBNL  0 . 0  0 . 0  0 . 0  

() K P R EX2 P l  0 . 0  0 . 0  0 . 0  
(J') K P R D C 2 P l  0 . 0  0 . 0  0 . 0  

I K P R MX 2 P 2  0 . 0  0 . 0  0 . 0 w 
K P R D C L P 3  0 . 0  0 . 0  0 . 0  Ul 
K PR MX 2 P 3  0 . 0  0 . 0  0 . 0  

1 993  
K P F E XBED 0 . 0  -0 . 6  0 . 0  
K P R E X B E D  0 . 0  -0 . 6  0 . 0  
K P R MXBED 0 . 0  -0 . 6  0 . 0  
K P FEXBNF  0 . 0  0 . 6  0 . 0  
K P R EX B N F  0 . 0  0 . 6  0 . 0  
K P R MX B N F  0 . 0  0 . 6  0 . 0  
K P F E X BGH 0 . 0  0 . 6  0 . 0  
K P R EXBGH 0 . 0  0 . 6  0 . 0  
K P R MXBGH 0 . 0 0 . 6  0 . 0  
K P F EXBSH 0 . 0  -0 . 6  0 . 0  
K P R EXBSH 0 . 0  0 . 0  0 . 0  
K P R MXBSH  0 . 0  0 . 0  0 . 0  
K P F f X B N L  0 . 0  0 . 0  0 . 0  
K P R EXBNL  0 . 0  0 . 0  0 . 0  
K PRMXBNl  0 . 0  0 . 6  0 . 0  
K P R E X2 P l  0 . 0  -0 . 6  0 . 0  
K P R DC2 P l  0 . 0  0 . 0  0 . 0  
K P R MX 2 P 2  0 . 0  0 . 0  0 . 0  
K P R DC L P )  0 . 0  -0 . 6  0 . 0  
K P R MX2P :) 0 . 0  -O . b  0 . 0  

Tabl e C . 6-24 

S I T E  ACC E S S I B I L I TY 
P E RCENT CHANGES  FROM THE NO-ACT I ON CASE 

DEC JAN 

-0 . 3  0 . 3  
-0 . 3  0 . 3  
-0 . 3  0 . 3  

0 . 0  0 . 0  
-0 . 3  0 . 0  
-0 . 3  0 . 0  

0 . 0  0 . 0  
-0 . 3  0 . 0  
-0 . 3  0 . 0  

0 . 0 -0 . :) 
-0 . 3  -0 . 3  
-0 . 3  -0 . 3  
-0 . 3  0 . 3  
-0 . 3  0 . 3  
-0 . 3  0 . 3  

0 . 0  - 1 . 8  
0 . 0  - 1 . 8  
0 . 0  0 . 0  
0 . 0  -0 . 9  
0 . 0  -0 . 9 

-0 . 3  -2 . 8  
0 . 0  0 . 0  

-0 . 3  -8 . 7  
0 . 0  O .  :) 
0 . 0  0 . 3  
0 . 0  0 . 3  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 6  - 1 . 6  
- 1 . 4  -8 . 1  
- 1 . 1  - 1 . 2  
-0 . 8  - 1 . 2  
-0 . 3  5 . 6  
-2 . 0 -2 . 8  
-2 . 2  -3 . 1  
-2 . 2  -::i . 0 
-2 . 8  -2 . 8  
-2 . 5  -4 . 4  

A L B E N  I FA L L S  

FEB  MAR  

0 . 6  0 . 3  
0 . 6  0 . 0  
0 . 6  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 3  -0 . 3  
-0 . 9  -0 . 9  
-0 . 9  -0 . 9  
-0 . 6  -0 . 3  
-0 . 3  -0 . 3  
-0 . 3  -0 . 3  
-0 . 6  - 1 . 2  
-0 . 9 - 1 . 2  
-0 . 9  - 1 . 2  
-2 . 7  - 1 . 5  
-2 . 7  - 1 . 5  
-0 . 6  -0 . 9  
- 1 . 2  - 1 . 5  
- 1 . 2  - 1 . 5  

0 . 0  0 . 0  
0 . 0  -0 . 3  

-7 . 2 -4 . 5  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0 

-0 . 3  0 . 0  
-0 . 3  0 . 0  

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  -0 . 6  

-3 . 8  -2 . 7  

-4 . 1  -8 . 1  
-4 . 1  -7 . 8  

b . 3  1 . 8 
0 . 0  - 1 . 5  
0 . 3  - 1 . 8  

-0 . 6  - 1 . 5  
0 . 6  - 1 . 8  
0 . 0  - 1 . 5  

A P l  Z/� V 

1 . 0 1 . 4 
0 . 3  -0 . 7 
0 . 3  -0 . 7  
0 . 0  0 . 0  

-0 . 3  - 1 . 0  
-0 . 3  - 1 . 0  
- 1 . 6  -2 . 7  
-2 . 3  -4 . 1  
-2 . :) -4 . 1  

0 . 3  -0 . 7  
0 . 0  - 1 . 4  
0 . 0  - 1 . 4  

-6 . 4  - 7 . 1  
-7 . 4  -8 . 5  
-7 . 4  -8 . 5  
- 1 . 0 0 . 0  
- 1 . 0  0 . 0  
-0 . 3  -0 . 3  
-0 . 3  0 . 0  
-0 . 3  0 . 0  

- 1 . 2  -0 . 3  
- 1 . 2  -0 . 7  
- 2 . 7  -7 . 7  

0 . 0  0 . 0  
0 . 0  0 . 0  
3 . 0  0 . 0  

-4 . 3  -2 . 0  
-4 . 0 -2 . 0  

3 . 0  0 . 0  
0 . 0  - 1 . 0 

-0 . 9  - 1 . 0 
-0 . 6  -4 . 7  

- 1 1 . 9 - 1 0 . 7  
- 1 2 . 2  - 1 0 . 7 

3 . 0  2 . 7  
- 1 . 5  -2 . 0 

0 . 6  -2 . 3  
1 . 2 -4 . 0  
0 . 6  -2 . 3  
0 . 6  -3 . 7  

MAY J U N E  JULY_--AW. V -AG2 V 

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
0 . 0  0 . 0  O . U  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0 0 . 0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  CI . O  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  (J . O  0 . 0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  n . o  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  D . O  
0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  O . ll  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0 (J . D  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  D . O  0 . 0  
0 . 0  0 . 0  0 . 0  D . O  O . ll 



Tabl e C . 6-24 ( Co n t i nued ) 

CONTRACT 
YEAR .5.lU..!J.1: 1/ S E P T  OCT NOV DEC JAN FEB  MAR AP 1 ?J ---.AP2 ?J MAY JUNE J U L Y  -.Mil £/ � f./ 

l.2.2.a 
K P F EXBED  0 . 0  0 . 0  0 . 0  0 . 6  0 . 3  0 . 7  0 . 3  3 . 7  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  K PREXBED 0 . 0  0 . 0  0 . 0  0 . 6  0 . 3  0 . 3  0 . 3  3 . 7  1 . 4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMX BED 0 . 0  0 . 0  0 . 0  0 . 6  0 . 7  1 . 0 0 . 3  7 . 1  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P F EXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  3 . 4  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PR EXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  3 . 11  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  0 . 0  6 . 5  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P F EXBGH 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 7  -3 . 0  - 1 . 9  -2 . 7  - 1 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  K P R EX BGH 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 7  -3 . 0  - 1 . 9  -2 . 7  - 1 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMX BGH 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 0  - 1 . 0  0 . 0  6 . 5  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P F EXBSH  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  -0 . 3  -0 . 3  -0 . 4  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
K P R EXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  K P RMXBSH 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  6 . 5  1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P F E XBNL  0 . 0  0 . 0  0 . 0  - 1 . 7  -2 . 4  - 1 2 . 6  - 1 6 . 8  - 1 7 . 0  - 1 5 . 6  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  K P R EXBNL  0 . 0  0 . 0  0 . 0  - 1 . 7  -2 . 4  - 1 2 . 6  - 1 6 . 8  - 1 7 . 0  - 1 5 . 2  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBNL 0 . 0  0 . 6 0 . 0  1 . 7 8 . 2  5 . 0  4 . 2  6 . 8  1 0 . 1 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  K PREX2 P 1  0 . 0  0 . 6  0 . 0  1 . 2 -2 . 0  -2 . 6  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
KPRDC 2 P 1  0 . 0  0 . 6  0 . 0  1 . 2 - 1 . 4  -2 . 6  -0 . 3  3 . 7  1 . 4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMX2P2 0 . 0  0 . 6  0 . 0  - 1 . 4  -3 . 7  -2 . 3  - 1 . 6  3 . 7  -0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R D C 2 P 3  0 . 0  0 . 6  0 . 0  1 . 2 -2 . 0  -2 . 6  - 1 . 0  3 . 7  1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R MX 2 P3 0 . 0  0 . 6  0 . 0  0 . 0  -3 . 7  -2 . 3  - 1 . 0  4 . 4  - 1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

(") .f.ll..Ql 
0'\ K P F E X B E D  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 3  3 . 0  3 . 3  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  I K PR EXBED  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 3  3 . 0  3 . 6  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0 w K P RMXBED 0 . 0  0 . 0  0 . 0  0 . 3  0 . 3 1 . 3 0 . 3  9 . 0  4 . 0  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0'\ 

K P FEXBNF 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 7  0 . 3  3 . 3  4 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
K PR EXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 3  3 . 3  3 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 3  9 . 0  4 . 0  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBGH 0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 6  -0 . 3  -0 . 3  0 . 0  -0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R EX BGH 0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 6  -0 . 3  -0 . 3  0 . 7  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBGH 0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 6  -0 . 3  0 . 3  8 . 4  4 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  0 . 3  0 . 0  0 . 7  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E XBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  0 . 3  0 . 7  0 . 7  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMX B SH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 7  0 . 3  8 . 7  4 . 0  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBNL 0 . 0  0 . 0  0 . 0  - 1 0 . 6  - 1 3 . 3  - 1 9 . 2  -20 . 2  - 1 9 . 4  - 1 6 . 0  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K PREXBNL 0 . 0  0 . 0  0 . 0  - 1 0 . 3  - 1 2 . 6  - 1 8 . 9  - 1 9 . 9  - 1 9 . 0  - 1 6 . 0  0 . 6  0 . 0  0 . 0  0 . 0 0 . 0  
K PRMXBNL 0 . 0  0 . 0  0 . 0  0 . 6  6 . 5  5 . 9  2 . 5  -2 . 7  -0 . 4  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
K P R EX 2 P 1  0 . 0  0 . 0  0 . 0  0 . 6  - 5 . 2  -4 . 2  -3 . 5  -5 . 3  -4 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R D C2 P 1  0 . 0  0 . 0  0 . 0 0 . 6  - 1 . 9  - 1 . 0  0 . 0  0 . 7  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMX 2 P 2  0 . 0  0 . 0  0 . 0  0 . 6  - 1 . 3  -0 . 7  0 . 0  7 . 3  2 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P R D C 2 P 3  0 . 0  0 . 0  0 . 0  0 . 6  - 1 . 9  - 1 . 0  0 . 0  0 . 7  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
KPRMX 2 P3 0 . 0  0 . 0  0 . 0  0 . 6  - 1 . 6  -0 . 7  0 . 0  8 . 0  2 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

11 Pl ease r e f e r  to s t u d y  abbrev i a t i o n s  a t  t h e  beg i n n i n g  o f  t h i s  Vol ume . ZI A P 1 =A p r i l 1 5 ;  AP2=Ap r i l 30 ; A G 1 =Au g u s t  1 5 ;  AG2=A u gu s t  3 1  



CONTRACT 
_ _  liAfL 

l..9..8..8 

n 

0> 
I 

w 
-...; 

1 993 

STUD): II 

K P FEXBED  
K P R EXBEO  
KPRMXBED 
K P F E X B N F  
K P R E X B N F  
KPRMXBNF 
K P F EXBGH 
KPR EXBGH 
KPRMXBGH 
K P F EXBSH 
KPREXBSH 
K PRMXBSH 
K P F E X B N L  
K P R EXBNL  
K PRMXBNL 
KPREX 2 P l  
KPR OC2 P l  
KPRMX2PL 
KPRDC2P3  
KPRMX 2 P 3  

K P FEXBED 
KPREXBED 
KPRMXBEO 
K P F E X B N F  
K P R EXBNF 
KPRMXBNF 
K P FEX BGH 
K P R EXBGH 
KPRMXBGH 
K P FEXBSH  
K P R EXBSH 
KPRMXBSH 
K P FEXBNL  
KPR EXBNL 
KPRMXBNL  
K P R E X2 P l 
KPROC 2 P l  
KPRMX2P2 
KPROC2P3 
K PRMX2P3 

S E P T  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0 
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 1  
0 . 1  
0 . 1  

-0 . 1  
-0 . 1  
-0 . 1  
-0 . 1  
-0 . 1  
-0 . 1  

0 . 1  
0 . 0  

-0 . 1  
0 . 1  
0 . 1  

-0 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

QCT NOV 

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 2  0 . 0  
0 . 2  0 . 0  
0 . 2  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  -0 . 1  
0 . 0  -0 . 1  
0 . 0  -0 . 1  
0 . 1 0 . 0  
0 . 1  0 . 0 
0 . 0  -0 . 1  

-0 . 1  -0 . 1  
-0 . 1  -0 . 1  
--0 . 2  -0 . 1  

0 . 1  0 . 0  
0 . 1  0 . 0  
0 . 0  -0 . 1  
0 . 1  0 . 0  
0 . 1  0 . 0  

Tabl e C . 6-L5 

WAVE EROS I ON 
PERCENT  CHANG E S  F ROM THE NO-ACTION  CASE 

GRAND COULEE 

D EC JAN FEB MAR A P I  ZI---AE'2 ?J_ MAY ___ .l!l� __ 1lLlY ______ AG l ZI�£ 2i 

-0 . 1  -0 . 9  -0 . 4  - 1 . )  - 1 . 8  - 1 . L  -3 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 6  -0 . 2  - 1 . 5  - 1 . 3  - 1 . 2  -3 . 0  0 . 0  0 . 0  0 . 0 O . (J 
-0 . 1  -0 . 6  -0 . 2  - 1 . 5  - 1 . 3  - 1 . 2  -3 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 2  -0 . 4  - 1 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 8  0 . 3  0 . 3  2 . 0  1 . 1  - 1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 8  0 . 3  0 . 3  2 . 0  1 . 1 - 1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 1  0 . 6  0 . 8  0 . 3  3 . 5  0 . 4  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  1 . 7 1 . 3 2 . 2  5 . 9  L . O  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 1  1 . 7 1 . 3 2 . 2  5 . 9  L . O  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  1 . 0 0 . 3  0 . 8  1 . 8 1 . 0 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  1 . 7 O . b  0 . 6  2 r. 1 . 8 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  . J  
0 . 0  1 . 7 0 . 6  0 . 6  2 . 5  1 . 8 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 3  0 . 4  1 . 4 5 . 6  1 1 . 0 2 . 9  -0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 9  1 . 9 7 . 1  1 1 . 8 5 . 1 0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 9  1 . 9 7 . 1  1 1 . 8 5 . 1  0 . 5  0 . 1 0 . 0  0 . 0  0 . 0  
0 . 0  2 . 9  2 . 0  0 . 2  1 . 7 1 . 9 0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  2 . 9  2 . 0  0 . 2  1 . 7 1 . 9 0 . 0  0 . 1  0 . 0  0 . 0 0 . 0  
0 . 0  1 . 8 0 . 7  1 . 1  2 . 9  2 . 3  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  2 . 0  l . L 0 . 2  2 . 0  1 . 8 0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  
0 . 0  2 . 0  1 . 2 0 . 2  L . O 1 . 8 0 . 2  0 . 1  0 . 0  0 . 0 D . D  

0 . 0  0 . 6  0 . 6  1 . 1  1 . 6 0 . 3  -0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . :) 0 . 0  0 . 5  1 . 4 0 . 6  - 0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 0  4 . 1  3 . 4  8 . 3  9 . 8  2 . 2  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 6  -0 . 1  -0 . 1  -0 . 3  -0 . 2  -0 . :) 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 6  -0 . 1  -0 . 3  -0 . 4  -0 . 6  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 7  -0 . 1  -0 . 1  -2 . 3  -0 . 2  -0 . 3  0 . 0  0 . 0  (J . O  O . ll 

-0 . 1  -0 . 6  -0 . 2  0 . 8  4 . 8  0 . 0  0 . 0  0 . 1 0 . 0  0 . 0  D . n  
-0 . 1  -0 . 5  -0 . 2  0 . 4  4 . 2  -0 . <1 0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 8  -0 . 2  -0 . 4  - 1 . 9  -0 . 3  -0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  

0 . 0  -0 . 3  0 . 1  -0 . 2  0 . 6  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 3  -0 . 3  -0 . 1  -0 . 7  -0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0 3 . 1  2 . 1  2 . 5  5 . <1 0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 6  0 . 6  8 . 0  8 . 1  -2 . 4  -0 . 6  -0 . 1  0 . 0  0 . 0 0 . 0  
0 . 0  -0 . 7  0 . 5  8 . 5  9 . 0  - 1 . 8  -0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  -4 . 2  -4 . 6  -2 . 7  -5 . 9  -3 . 2  -0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  2 . 0  0 . 8  0 . 8  3 . 1  0 . 8  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  2 . 1  0 . 9  0 . 4  1 . 1  0 . 2  0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  2 . 6  0 . 9  -0 . 1  2 . 2  -0 . 7  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  1 . 7 0 . 8  0 . 2  0 . 3  -0 . 1  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  1 . 8 1 . 0 -0 . 3  1 . 4 -0 . 5  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  



Tabl e C . 6-25 ( C o n t i n ued ) 

CONTRACT 
YEAR .illlQY II SE PT QCT NOV D EC JAN F E B  MA R A P 1 £! --AE.£ Z/ MAY JUNE JULY AG1 £! AG2 £! 
19..9..8. 

K P F EXBED 0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 8  -0 . 6  - 1 . 6  -3 . 3  -0 . 5  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
K PR E XBED 0 . 1  0 . 0  0 . 0  0 . 0  -0 . 7  -0 . 5  - 1 . 4  -3 . 3  -0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMX BED 0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 7  -0 . 7  - 1 . 8  -4 . 6  -0 . 8  -0 . 4  -0 . 1  0 . 0  0 . 0  0 . 0  
K P FEXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 1 . 4  -3 . 5  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P R EXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 1 . 4  -3 . 5  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 1 . 4  -3 . 7  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
K P F EXBGH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 5  4 . 2  3 . 8  1 . 3 O . b  0 . 1  0 . 0  0 . 0  0 . 0  
K P REXBGH 0 . 0 0 . 0  0 . 0 0 . 0  0 . 4 0 . 5  3 . 9  3 . 8  1 . 3 0 . 6  0 . 1  0 . 0 0 . 0  0 . 0  
K P RMXBGH 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  - 1 . 1  -3 . 7  0 . 2  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  
K P F E XBSH 0 . 0  0 . 0  0 . 0  0 . 0 0 . 1  0 . 0  -0 . 3  0 . 2  0 . 0  O .  1 0 . 0  0 . 0  0 . 0  0 . 0  
K PREXBSH 0 . 0  0 . 0 0 . 0  0 . 0 0 . 1  -0 . 1  -0 . 3  -0 . 2  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBSH 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  -0 . 2  - 1 . 3  -3 . 7  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBNL  0 . 1  0 . 1  -0 . 1  -0 . 2  1 . 2 4 . 7  2 3 . 5  1 5 . 3  2 . 5  1 . 7 0 . 0  -0 . 1  -0 . 1  0 . 0  
K P REXBNL 0 . 1  0 . 1  -0 . 1  -0 . 2  1 .  :i 4 . 6  2 3 . 4  1 5 . 3  2 . 5  1 . 7 0 . 0  -0 . 1  -0 . 1  0 . 0  
K PRMXBNL -0 . 1  0 . 0  -0 . 2  -0 . 5  -6 . 2  -5 . 8  -4 . 0  -8 . 0  -3 . 11  -0 . 9  -0 . 1  -0 . 1  -0 . 1 0 . 0  
K PREX2 P 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 1 0 . 1  2 . 8  3 . 7  2 . 7  1 . 0 0 . 2  0 . 0  0 . 0  0 . 0  
K P R DC 2 P 1  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 1  1 . 4 0 . 9  2 . 7  0 . 8  0 . 2  0 . 0  0 . 0  0 . 0  
K PRMX2P2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 6  2 . 2  3 . 9  3 . 4  1 . 5 0 . 1  0 . 0  0 . 0  0 . 0  
K P R D C 2 P 3  -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 2 0 . 3  1 . 6 1 . 2 3 . 1 1 . 0 0 . 2  0 . 0  0 . 0  0 . 0  
K PRMX2P3 -0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 3  0 . 4 1 . 7 3 . 4  3 . 6  1 . 2 0 . 11 0 . 0  0 . 0  0 . 0  

n 2D..O..3 
K P FEXBED 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 9  -3 . 0  -0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  

m K P R EXBED 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 6  -0 . 9  -3 . 2  -0 . 1  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  I 
w K P RMXBED 0 . 0 0 . 0 0 . 0  0 . 0  -0 . 1  -0 . 7  - 1 . 3  -4 . 3  -0 . 4  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  
CXJ K P FEXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  -0 . 8  -3 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

K PREXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 8  -2 . 9  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -0 . 8  -4 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBGH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 3  1 . 3 1 . 2 1 . 4 0 . 8  0 . 2  0 . 0  0 . 0  0 . 0  
K P R EXBGH 0 . 0 0 . 0  0 . 0  0 . 0  0 . 2  0 . 3  1 . 3 0 . 3  1 . 4 0 . 8  0 . 2  0 . 0  0 . 0  0 . 0  
K PRMXBGH 0 . 0 0 . 0 0 . 0  0 . 0  0 . 3  -0 . 1  0 . 2  -2 . 6  1 . 0 0 . 6  0 . 2  0 . 0  0 . 0  0 . 0  
K P FEXBSH 0 . 0  0 . 0  0 . 0 0 . 0  0 . 1  0 . 1  1 . 0 0 . 2  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P REXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 2 0 . 0  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 8  -4 . 1  -0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBNL  0 . 0  0 . 0  0 . 0  0 . 0  3 . 3  1 0 . 4  2 6 . 4  1 7 . 4 0 . 9  0 . 7  0 . 2  -0 . 2  -0 . 1  0 . 0  
K P REXBNL  0 . 0  0 . 0  0 . 0  0 . 0  3 . 2  1 0 . 4  2 5 . 2  1 6 . 9  1 . 1  0 . 8  0 . 2  -0 . 2  -0 . 1  0 . 0  
K PRMX B N L  0 . 0  0 . 0  0 . 0  0 . 0  -5 . 5  -4 . 0  -0 . 3  - 1 . 0  -3 . 2  -0 . 1  0 . 2  -0 . 2  0 . 0  0 . 0  
K P R EX 2 P 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 3  1 . 6 9 . 3  1 3 . 1  7 . 5  2 . 2  0 . 6  0 . 0  0 . 0  0 . 0  
K P R DC 2 P 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  2 . 6  7 . 1  6 . 3  2 . 0  0 . 6  0 . 0  0 . 0  0 . 0  
K PRMX2 P2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 3  1 . 9 3 . 8  6 . 2  2 . 8  0 . 4  0 . 0  0 . 0  0 . 0  
K PRDC2P3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4 0 . 3  2 . 6  6 . 7  6 . 2  2 . 3  0 . 11 0 . 0  0 . 0  0 . 0  
KPRMX2P3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  1 . 9 2 . 8  6 . 2  2 . 2  0 . 5  0 . 0  0 . 0  0 . 0  

II Pl ease refer t o  s t u d y  a b b rev i a t i ons  a t  the beg i n n i n g of t h i s Vol ume . 
£! A P 1 =A p r i l 1 5 ;  AP2=A p r i l 30 ; AG 1 =A u g u s t  1 5 ;  AGZ=Au g u s t  3 1  



CONTRACT 
YEAR 

1 988 

(j 

en 
I 

w 
1O 

1 99 3  

.$.JUDY 11 

K P F EXBED  
K PR EXBED  
K PRMXBED 
K P FEXBN F 
K P R E X B N F  
KPRMXBNF 
K P F EXBGH 
K P R EXBGH 
K P R MXBGH 
K P F EXBSH 
K P R EXBSH 
K PRMXBSH 
K P FEXBNL  
K PR EX B N L  
K PRMXBNL 
K P R EX 2 P l 
K PRDC2 P 1  
K P R MX 2 P2 
K P R D C 2 P 3  
K PRMX2P3 

K P FEXBED 
K PR E X B E D  
K PR MXBED  
K P FEXBNF  
K P R EX B N F  
K PRMXBNF 
K P F EXBGH 
K PR EXBGH 
K P R MXBGH 
K P F EX B SH 
K P R EXBSH  
K PRMXBSH 
K P F EX B N L  
K P REXBNL  
K PRMX B N L  
K P R EX 2 P l  
K PRDC2 P l  
K P R'1X2 P2 
K P R D U P 3  
K PRMX2P3 

SEPT  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

-0 . 4  
-0 . 4  
-0 . 4  

0 . 4  
0 . 4  
0 . 4  
0 . 4  
0 . 4  
0 . 4  

-0 . 4  
0 . 0  
0 . 4  

-0 . 4  
-0 . 4  

0 . 8  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

QC T NOV 

0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  

-0 . 8  0 . 0  
-0 . 8  0 . 0  
-0 . 8  0 . 0  

0 . 0  0 . 0  
0 . 0 0 . 0  
0 . 0  0 . 0  
0 . 0  0 . 4  
0 . 0  0 . 4  
0 . 0  0 . 4  

- 0 . 4  0 . 0  
-0 . 4  0 . 0  

0 . 0  0 . 4  
0 . 4  O .  ,) 
0 . 4  0 . 4  
0 . 8 0 . 4  

-0 . 4  0 . 0  
-0 . 4  0 . 0  
-0 . 1 0 . 4  
-0 . 4  0 . 0  
-0 . 4  0 . 0  

Tabl e C . 6-26 

S I T E ACC E S S I B I L I TY 
P E RCENT  CHANGES FROM fHE NO-A C T I O N  CASE 

GRAND COU L E E  

D EC JAN FEB  MAR A P I  ZI AP2 ZI 

0 . 4  2 . 0  0 . 3  0 . 6  1 . 1  0 . 4  
0 . 4  1 . 3 0 . 2 0 . 5  0 . 8  0 . 4  
0 . 4  1 . 3 0 . 2  0 . 5  0 . 8  0 . 4  
0 . 0  0 . 0  0 . 0  0 . 1  0 . 1 0 . 2  
0 . 0  - 1 . 5  -0 . 4  -0 . 1  -0 . 2  0 . 0  
0 . 0  - 1 . 5  -0 . 4  -0 . 1  -0 . 2  0 . 0 
0 . 4  -0 . 9  - 1 . 2  -0 . 1  -0 . 5  -0 . 1  
0 . 4  -3 . 2  - 1 . 9  -0 . 8  - 1 . 1  -0 . 2  
0 . 4  -3 . 2  - 1 . 9  -0 . 8  - 1 . 1  -0 . 2  
0 . 0  - 1 . 7  -0 . 5  -0 . 2  -0 . 3  -0 . 1  
0 . 0  -3 . 1  -0 . 8  -0 . 1  -0 . 4  -0 . 3  
0 . 0  - 3 . 1  -0 . 8  -0 . 1  -0 . 4  -0 . 3  
1 . 1  -0 . 6  - 1 . 8  -2 . 5  -2 . 8  -0 . 9  
0 . 0  - 1 . 5  -2 . 3  - 3 . 0 -3 . 2  - 1 . 0  
0 . 0  - 1 . 5  -2 . 3  -3 . 0  -3 . 2  - 1 . 0  
0 . 0  -5 . 5  -2 . 4  -D . ?  -0 . 5  -0 . 7  
0 . 0  -5 . 5  -2 . 4  -0 . 2  -·0 . 5  -0 . 7  
0 . 0  -3 . 4  -0 . 8  -0 . 7  -0 . 6  -0 . 8  
0 . 0  -3 . 9  - 1 . 4  -0 . 3  -0 . 2  -0 . 6  
0 . 0  -3 . 9  - 1 . 4  -0 . 3  -0 . 2  -0 . 6  

0 . 0  - 1 . 1  -0 . 8  -0 . 3  -0 . 5  -0 . 1  
0 . 0  0 . 6  0 . 0  -0 . 1  -0 . 3  0 . 0  
0 . 0  -7 . 5  -6 . 5  -3 . 2  -2 . 2  -0 . 3  
0 . 0  1 . 2 0 . 2  0 . 0  0 . 1  0 . 1  
0 . 0  1 . 2 0 . 2  0 . 1  0 . 2  0 . 1  
0 . 0  1 . 4 0 . 2  0 . 1  0 . 4  0 . 1  
0 . 4  1 . 3 0 . 2  -0 . 3  -0 . 8  0 . 0  
0 . 4  1 . 2 0 . 1  -0 . 2  -0 . 6  0 . 0  
0 . 4  1 . 6 0 . 2  0 . 1  0 . 3  0 . 2  
0 . 0  0 . 6  -0 . 2  0 . 0  -0 . 1  -0 . 1  
0 . 0  0 . 2  -0 . 5  0 . 2  0 . 0  0 . 1 
0 . 0 -5 . 5  -4 . 3  - 1 . 0  - 1 . 3  0 . 1  
0 . 0  1 . 6 -2 . 1  -3 . 4  -0 . 7  1 . 4 
0 . 0  1 . 7 -2 . 1  - 3 . 9  -0 . 9  1 . 2 
0 . 0  9 . 0  5 . 9  1 . 4 2 . 3  1 . 5 
0 . 0  -4 . 2  - 1 . 1  -0 . 7  -0 . 6  -0 . 2  
0 . 0  -4 . 2  - 1 . 2  -0 . 6  -0 . 4  0 . 0  
0 . 0  - 5 . 2  - 1 . 5  - 0 . 4  -0 . 3  0 . 3  
0 . 0  -3 . 4  - 1 . :1 -0 . 4  0 . 0  0 . 2  
0 . 0  -3 . 6  - 1 . 5  -0 . 2  -0 . 2  0 . 4  

MAY JUNE JULY AG 1 {j _Mil ZI 

2 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
2 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
2 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 4  -0 . 7  0 . 0  0 . 0  0 . 0  
-0 . 9  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 9  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  

-0 . 1  -0 . 6  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . 6  0 . 0  0 . 0  0 . 0  

-0 . 7  -0 . 6  0 . 0  0 . 0  0 . 0  
0 . 3 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  

-0 . 2  -0 . �� 0 . 0  0 . 0  0 . 0  
-0 . 2  -0 . 3  0 . 0  0 . 0  0 . 0  

0 . 1 -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  

O .  1 -0 . :1 0 . 0  0 . 0  0 . 0  
-0 . 6  -0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 1  0 . 3  0 . 0  0 . 0  0 . 0  
-0 . 6  -0 . 3  0 . 0  0 . 0  D . D  

0 . 4  0 . 1 0 . 0  0 . 0  0 . 0  
-0 . 6  0 . 0  0 . 0  0 . 0  D . n  
-0 . 6  0 . ) 0 . 0  0 . 0  0 . 0  
-0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  
-0 . 6  O .  :) 0 . 0  0 . 0  D . O  
-0 . 7  0 . 3  0 . 0  0 . 0  D . D  



Tabl e C . 6-26 ( C o n t i n u e d ) 

CON T RACT 
YEAR .5lUQ1 11 S E PT OCT NOV DEC JAN FEB MAR A P 1  '£1 AP2 Z; MAY JUNE JULY AG 1 ,£/� Z; 
.l.22\ 

K P F E XBED -0 . 4  0 . 0  0 . 0  0 . 4  1 . 6 1 . 1  0 . 4  0 . 8  0 . 1 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E X B E D  -0 . 4 0 . 0  0 . 0  0 . 0  1 . 4 0 . 8  0 . 4  0 . 8  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBED -0 . 4  0 . 0  0 . 0  0 . 4  1 . 6 1 . 3 0 . 6  1 . 4 0 . 3  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  
K P FEXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  0 . 6  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P R EX B N F  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  0 . 6  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 8  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
K P F E X BGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 9  - 1 . 1  - 1 . 5  -0 . 9  -0 . 2  -0 . 5  -0 . 3  0 . 0  0 . 0  0 . 0  
K P R E XBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 9  - 1 . 1  - 1 . 4  -0 . 9  -0 . 2  -0 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  
K P RMXBGH 0 . 0  0 . 0  0 . 0  0 . 4  0 . 0  0 . 2  0 . 1  0 . 7  -0 . 1  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  
K P FEXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P REXBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  0 . 1  0 . 1 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
K P RMXBSH 0 . 0  0 . 0  0 . 0  0 . 4  0 . 0  0 . 5  0 . 3  0 . 8  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
K P FEXBNL -0 . 4  -0 . 4  0 . 3  1 . 0 - 1 . 8  -9 . 2  - 1 1 . 0 -3 . 8  -0 . 3  -2 . 5  0 . 3  0 . 4  0 . 4  0 . 0  
K P R EXBNL -0 . 4  -0 . 4  0 . 3  1 . 0 -2 . 0  -9 . 1  - 1 0 . 9  -3 . 8  -0 . 3  -2 . 5  0 . 3  0 . 4  0 . 4  0 . 0  
K P R MXBNL 0 . 3 0 . 0 1 . 0 2 . 0 1 4 . 1  8 . 5  1 . 7 2 . 9 0 . 7  1 . 9 0 . 6 0 . 4 0 . 4 0 . 0 
K P R EX 2 P 1  0 . 3  0 . 0  0 . 3  0 . 4  -0 . 1  0 . 1  - 1 . 6  - 1 . 4  - 1 . 4  -0 . 9  -0 . 7  0 . 0  0 . 0  0 . 0  
KPRDC 2 P 1  0 . 3  0 . 0  0 . 3  0 . 4  0 . 1  0 . 1 - 1 . 1  -0 . 9  - 1 . 4  -0 . 6  -0 . 7  0 . 0  0 . 0  0 . 0  
K PRMX2P2 0 . 0 0 . 0  0 . 0  0 . 0  -0 . 8  -0 . 8  - 1 . 4  - 1 . 9  - 1 . 6  - 1 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  
K PR D C 2 P 3  0 . 3  0 . 0  0 . 3  0 . 4  -0 . 3  -0 . 3  - 1 . 2  -0 . 8  - 1 . 5  -0 . 8  -0 . 7  0 . 0  0 . 0  0 . 0  
K PRMX2P3 0 . 3  0 . 0  0 . 3  0 . 4  -0 . 5  -0 . 4  - 1 . 1  - 1 . 6  - 1 . 6  - 1 . 2  - 1 . 0  0 . 0  0 . 0  0 . 0  

n ZQQJ. 
Q'\ K P FEXBED 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 4  0 . 7  0 . 0  0 . 2  -0 . 3  0 . 0  0 . 0  0 . 0  
I K P R EX B E D  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  0 . 4  0 . 7  0 . 1  0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  

,p.. K PRMXBED 0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 9  0 . 5  1 . 0 0 . 2  0 . 3  -0 . 4  0 . 0  0 . 0  0 . 0  0 
K P FEXBNF  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 3  0 . 6  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
K PR EX B N F  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 3  0 . 7  0 . 1 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBNF 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  0 . 3  0 . 7  0 . 0  0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  
K P F EXBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 4  -0 . 7  -0 . 4  -0 . 5  -0 . 8  -0 . 6  0 . 0  0 . 0  0 . 0  
K PR EXBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 4  -0 . 7  -0 . 3  -0 . 5  -0 . 8  -0 . 6  0 . 0  0 . 0  0 . 0  
K PRMXBGH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 7  0 . 1  -0 . 3  0 . 3  -0 . 5  -0 . 3  -0 . 6  0 . 0  0 . 0  0 . 0  
K P F E X B SH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  -0 . 1  -0 . 2  -0 . 1  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
K P R E XBSH 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  0 . 0  -0 . 1  -0 . 1  -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
K PRMXBSH 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  0 . 3  0 . 7  0 . 1  0 . 4  -0 . 1  0 . 0  0 . 0  0 . 0  
K P F E X B N L  0 . 0  0 . 0  0 . 0  0 . 0  -6 . 2  - 1 7 . 5  - 1 1 .  5 -3 . 9  0 . 7  - 1 . 0  -0 . 2  0 . 8  0 . 4  0 . 0  
KPREXBNL  0 . 0  0 . 0  0 . 0  0 . 0  -5 . 9  - 1 7 . 4  - 1 1 .  3 -3 . 8  0 . 7  - 1 . 2  -0 . 2  0 . 8  0 . 4  0 . 0  
K P RMXBNL 0 . 0  0 . 0  0 . 0  0 . 0  1 1 . 9 6 . 0  1 . 0 0 . 6  1 . 4 -0 . 1  -0 . 2  0 . 8  0 . 0  0 . 0  
K PR E X 2 P 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 8  -3 . 2  -4 . 0  -4 . 3  - 2 . 2  - 2 . 4  - 1 . 8  0 . 0  0 . 0  0 . 0  
K PRDC2 P 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  -0 . 6  - 1 . 6  -2 . 5  -2 . 1  -2 . 0  - 1 . 8  0 . 0  0 . 0  0 . 0  
KPRMX2P2  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 9  -0 . 5  - 1 . 3  - 1 . 9  -2 . 1  -2 . 6  - 1 . 2  0 . 0  0 . 0  0 . 0  
K PR D C 2 P 3  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 1  -0 . 5  - 1 . 7  - 2 . 3  -2 . 1  -2 . 3  - 1 . 2  0 . 0  0 . 0  0 . 0  
KPRMX2P3 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 9  -0 . 4  - 1 . 3  - 1 . 6  -2 . 1  -2 . 1  - 1 . 5  0 . 0  0 . 0  0 . 0  

11 Pl ease  re f e r  to s t u d y  abbrev i a t i o n s  at t h e  begi n n i n g  of t h i s  Vol ume . 
Z; A P 1 =Ap r i l 1 5 ;  AP2=Ap r i l 30 ; AG 1 =Augu s t  1 5 ;  AG2=Augu s t  3 1  











APPEND IX D 

R iver Ope r a t i ons Af f ec t ing Res iden t F i s h  

PART 1 

Mean Changes in Flows a t  C o l umb ia Fa l l s  and Be l ow Libby 





Tab l e s  D . l - . l and D . l - . 2  g ive the mean change in the period  average f l ows at  
C o l umb ia Fal l s and b e l ow L ibby re lat ive to  the No Ac t ion case for  a l l  14  
periods (Apr i l  and Augus t s p l i t ) o f  the years  1 988 , 1 9 9 3 , 1 9 9 8 , and 200 3 . 
Thes e  va l ues  are based on 200 s imula t ions by the SAM . In each tab l e  the mean 
f l ow is given f o r  the No Ac t i on case ( MPFEXBMK ) f o l l owed by the change f rom 
the No Ac t ion case f o r  each IDU a l terna t ive . Thi s  inf o rma t ion is r e f e r red to 
in  Sec t ion 4 . 2 . 3 . 3 . 1 ,  Res i dent Fish  P roduc t ion In S t reams . See the beg inning 
of Vo l ume 4 f o r  a def ini t ion of the 8 l e t te r  codes us e d  in these tab les  to 
i den t i fy the IDU al te rna t ives . 

Examp l e  ( Tab le  D . l - . l ) : At  C o l umb ia Fal l s  f o r  the MPREXBMK a l t e rna t ive , in  
the year 1 988 , in the Sep tember period , the mean f low dec reas e s  0 . 2  k c f s  
r e l a t ive to t h e  mean f l ow o f  6 . 5 k c f s  in  the No Ac t ion c a s e  (MP FEXBMK ) . 



C OM P A R I S O N S  F O R  P L A N T , C O L UM B I A  F A L L S  Tab l e  D . l - l  

M EA N  C H A N G E  I N  E N D  O F  P ER I O D  F l ON S , K C F S  

S T U DY Y EA R  S EP T  O C T  N O V  D E C  J A Il F E B  M A R  A P R  1 A P R 2  MAY J U N E  J U L Y A U G 1  A UG 2  
MP F EX B M K  1 9 8 8  6 . 5  7 . 4  4 . 4  7 . 1 7 . 9 6 . 3  6 . 2 6 . 8 1 3 . 8  2 3 . 3  2 2 . 9  1 0 . 9  5 . 3  4 . 0  
�lP R EX B I1 K  1 9 8 8  - 0 . 2  0 . 2  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  
M H F E X B�I K  1 9 8 8  0 . 5  0 . 7  - 0 . 1  - 0 . 4  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  0 . 1  - 0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  
M P F EX FM K  1 9 8 8  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 2  - 0 . 6  0 . 1  0 . 3  - 0 . 1  0 . 2  0 . 0  o . 1 0 . 2  0 . 7  0 . 4  
M P R E X FM K  1 9 8 8  - 0 . 2  0 . 1  - 0 . 2  - 0 . 3  - 0 . 8  0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  0 . 6  0 . 4  
M H F EX Ff1K 1 9 8 8  0 . 1  0 . 6  - 0 . 2  - 0 . 4  - 1 . 1  0 . 1  0 . 2  0 . 0  0 . 2  0 . 0  0 . 0  0 . 2  0 . 6  0 . 4  
MP F EX A M K  1 9 8 8  - 0 . 4  0 . 2  - 0 . 2  - 0 . 5  - 1 . 0  0 . 4  0 . 4  0 . 0  0 . 4  0 . 1  0 . 2  0 . 3  0 . 7  0 . 5  
�IP R EXM1K 1 9 8 8  - 0 . 4  0 . 3  - 0 . 2  - 0 . 7  - 1 . 0 0 . 6  0 . 5  0 . 0  0 . 4  0 . 1  0 . 2  0 . 3  0 . 8  0 . 4  

t:J f'I H F EX A r1 K  1 9 8 8  - 0 . 4  0 . 5  - 0 . 2  - 0 . 6  - 1 . 2  0 . 4  0 . 5  0 . 0  0 . 4  0 . 0  0 . 1  0 . 2  0 . 7  0 . 4  

f--' �I P R DC BI1 K  1 9 8 8  - 0 . 2  0 . 2  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  

I M P R D c nl K  1 9 8 8  - 0 . 2  0 . 1  - 0 . 2  - 0 . 3  - 0 . 8  0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  0 . 6 0 . 4  
N M P R DC A M K  1 9 8 8  - 0 . 4  0 . 3  - 0 . 2  - 0 . 7  - 1 . 0  0 . 6  0 . 5  0 . 0  0 . 4  0 . 1  0 . 2  0 . 3  0 . 8 0 . 4  

MP R A C A M K  1 9 8 8  - 0 . 4  0 . 3  - 0 . 2  - 0 . 7  - 1 . 0 0 . 6  0 . 5  0 . 0  0 . 4  0 . 1  0 . 2  0 . 3  0 . 8  0 . 4  
MP R M X B M K  1 9 8 8  - 0 . 2  0 . 2  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  
M P F f1 X F M K  1 9 8 8  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 2  - 0 . 6  0 . 1  0 . 3  - 0 . 1  0 . 2  0 . 0  0 . 1  0 . 2 0 . 6  0 . 4  
M P R f1X F M K  1 9 8 8  - 0 . 2  0 . 1  - 0 . 2  - 0 . 3  - 0 . 8  0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3 0 . 6 0 . 4  
I1H F M X F M K  1 9 8 8  0 . 1 0 . 6 - 0 . 2  - 0 . 4  - 1 . 1  o . 1 0 . 2 0 . 0  0 . 2 0 . 0  0 . 0  0 . 2  0 . 6 0 . 4  
�I P FMXAMK 1 9 8 8  - 0 . 4  0 . 2  - 0 . 2  - 0 . 5  - 1 . 0  0 . 4  0 . 4  0 . 0  0 . 4  0 . 1  0 . 2 0 . 3  0 . 7  0 . 5  
MP R M X A M K  1 9 8 8  - 0 . 4  0 . 3  - 0 . 2  - 0 . 7  - 1 . 0 0 . 6  0 . 5  0 . 0  0 . 4  0 . 1  0 . 2  0 . 3  0 . 8 0 . 4  
MH FMXAMK 1 9 8 8  - 0 . 4  0 . 5  - 0 . 2  - 0 . 6  - 1 . 2  0 . 4  0 . 5  0 . 0  0 . 4  0 . 0  0 . 1  0 . 2  0 . 7 0 . 4  

MP F EX B M K  1 9 9 3  7 . 1  7 . 3  4 . 2  6 . 1  6 . 3  6 . 7 6 . 4 6 . 5 1 4 . 1  2 3 . 2  2 2 . 6  1 0 . 8  6 . 0  4 . 7  
M P R E X B M K  1 9 9 3  0 . 0  0 . 0  0 . 0  - 0 . 4  0 . 1  0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  o . 1 0 . 0  0 . 0  0 . 0  
�lH F E X B M K  1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1 P F EX FM K  1 9 9 3  1 . 2 0 . 3  0 . 0  - 0 . 4  - 0 . 6  - 0 . 5  - 0 . 3  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  
M P R E x nl K  1 9 9 3  1 . 2 0 . 2  0 . 0  - 0 . 8  - 0 . 4  - 0 . 4  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  
M H F EX FM K  1 9 9 3  1 . 2  0 . 3  0 . 0  - 0 . 2  - 0 . 7  - 0 . 6  - 0 . 3  0 . 0  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 3  0 . 2  
M P F EXAf1K 1 9 9 3  0 . 6  0 . 0  0 . 0  - 0 . 7  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 3  0 . 4  
M P R EXAMK 1 9 9 3  0 . 5 - 0 . 1  - 0 . 1  - 1 . 0  - 0 . 1  0 . 0  0 . 0  0 . 1  - 0 . 1  0 . 1  0 . 1  0 . 0  0 . 4  0 . 4  
M H F E X A M K  1 9 9 3  0 . 6  0 . 0  0 . 0  - 0 . 6  - 0 . 3  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 3  0 . 4  
M P R DC B M K  1 9 9 3  0 . 0  0 . 0  0 . 0  - 0 . 4  0 . 1  0 . 1  0 . 0  0 . 0  - 0 . 2  0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  
I1P R DC Ff'lK 1 9 9 3  1 . 1  0 . 3  - 0 . 1  - 0 . 7  - 0 . 5  - 0 . 4  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  
M P R DCA I1 K  1 9 9 3  0 . 5  0 . 0  - 0 . 1  - 1 . 1  - 0 . 1  0 . 0  0 . 0  o . 1 - 0 . 1  o . 1 0 . 1  0 . 1  0 . 3  0 . 4  
MP R A CA M K  1 9 9 3  0 . 5  - 0 . 1  - 0 . 1  - 1 . 1 - 0 . 1  0 . 1  0 . 0  0 . 1  - 0 . 1  0 . 1  0 . 1  0 . 1  0 . 3  0 . 4  
MP R I1 X B M K  1 9 9 3  - 0 . 1  0 . 0  0 . 0  - 0 . 4  0 . 0  0 . 2  0 . 1  0 . 0  - 0 . 2  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  
M P FMXFMK 1 9 9 3  1 . 2 0 . 2  0 . 0  - 0 . 3  - 0 . 6  - 0 . 6  - 0 . 3  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  
�I P R M X F M K  1 9 9 3  1 . 0  0 . 2  0 . 0  - 0 . 7  - 0 . 5  - 0 . 3  - 0 . 2  0 . 0  - 0 . 2  0 . 0  0 . 1  0 . 0  0 . 3  0 . 2  
M H F M X F M K  1 9 9 3  1 . 3  0 . 3  0 . 0  - 0 . 2  - 0 . 7  - 0 . 7  - 0 . 3  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 3  0 . 2  
M P F MXM1K 1 9 9 3  0 . 7 - 0 . 1  - 0 . 1  - 0 . 8  - 0 . 3  - 0 . 1  0 . 0  0 . 0 0 . 0 0 . 0 0 . 1  0 . 0  0 . 3 0 . 4  
MP RMXAMK 1 9 9 3  0 . 5  - 0 . 1  0 . 0  - 1 . 1  - 0 . 2  0 . 1  0 . 0  0 . 1  - 0 . 1  0 . 1  0 . 2  0 . 0  0 . 4  0 . 4  
MH FMXAMK 1 9 9 3  0 . 8  0 . 0  - 0 . 1  - 0 . 7  - 0 . 4  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 3  0 . 4  



C O M P A R I S O N S  F O R  P L A N T . C O L UM B I A  FA L L S  Tab l e  D . l-l 
M E A N  C H A N G E  I N  E N D  OF P E R I O D  F L OWS , KC F S  ( con t i rlll c d  ) 

S T U DY Y E A R  S EP T  O C T  N O V  D EC J A N  F E B  M A R  A P R 1  A P R 2  MAY J U N E  J U L Y  A UG 1  A U G 2  
�lP F E X B M K  1 9 9 8 6 . 7 7 . 2  4 . 5  6 . 1 6 . 6 7 . 0  7 . 0  7 . 4 1 5 . 2  2 3 . 5  2 3 . 4  1 1 . 4  6 . 2  4 . 7 
�1P R E X n �1 K  1 9 9 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X B �1 K  1 9 9 8  0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F EX F M K  1 9 9 8  1 . 0  0 . 2  - 0 . 1  0 . 0  - 0 . 5  - 0 . 4  - 0 . 3  0 . 0  - 0 . 2  - 0 . 1  0 . 0  o . 1 0 . 2  0 . 2  
MP R EX FMK 1 9 9 8  1 . 1  0 . 2  - 0 . 1  0 . 0  - 0 . 5  - 0 . 4  - 0 . 3  0 . 0  - 0 . 2  - 0 . 1  0 . 0  0 . 1  0 . 2  0 . 2  
M H F E X F M K  1 9 9 8  1 . 1  0 . 2  - 0 . 1  0 . 0  - 0 . 5  - 0 . 4  - 0 . 3  0 . 0  - 0 . 2  - 0 . 1  0 . 0  0 . 1  0 . 2  0 . 2  
M P F E X A M K  1 9 9 8 0 . 8  0 . 2  - 0 . 1  - 0 . 3  - 0 . 4  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  
M P R E XM1K 1 9 9 8  0 . 8 0 . 2  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  
M H F E X A M K  1 9 9 8  0 . 8 0 . 2  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  
M P R DC B M K  1 9 9 8  0 . 0  0 . 0  0 . 0  - 0 . 1  - 0 . 2  0 . 2  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC FM K  1 9 9 8  1 . 0 0 . 3  - 0 . 1  - 0 . 1  - 0 . 6  - 0 . 4  - 0 . 1  - 0 . 1  - 0 . 1  0 . 0 0 . 0  0 . 1  0 . 2  0 . 2 
M P R D C M1 K  1 9 9 8  0 . 8  0 . 2  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 2  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  
M P R A C A M K  1 9 9 8 0 . 8 0 . 2  - 0 . 1  - 0 . 4  - 0 . 5  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 3  
f'1 P R M X D M K  1 9 9 8 0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1P F�1 X F M K  1 9 9 8  1 . 0  0 . 3  - 0 . 1  0 . 0  - 0 . 5  - 0 . 4  - 0 . 2  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 2  0 . 2  
�lP R M X F M K  1 9 9 8  1 . 0  0 . 3  0 . 0  - 0 . 1  - 0 . 5  - 0 . 3  - 0 . 2  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 2  0 . 2  
f·1 H FMXnl K  1 9 9 8  1 . 1  0 . 2  - 0 . 1  0 . 0  - 0 . 5  - 0 . 5  - 0 . 2  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 2  0 . 2  t::I M P Ff1 XM1K 1 9 9 8 0 . 8  0 . 2  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2 0 . 3  

f� �1P R �1 XM1 K 1 9 9 8  0 . 8  0 . 2  - 0 . 1  - 0 . 4  - 0 . 7  - 0 . 1  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 3  0 . 3  
I M H FMXAMK 1 9 9 8 0 . 8  0 . 2  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 3  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 3  w 

M P F EX B M K  2 0 0 3  6 . 0 7 . 0  4 . 3  6 . 1  7 . 0  7 . 3 6 . 6  6 . 5 1 3  . 8  2 2 . 8  2 3 . 7  1 1  . 4  6 . 8 5 . 2  
M P R E X D f1 K  2 0 0 3  0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lH F E X D �' K  2 0 0 3 0 . 1  0 . 1  - 0 . 1  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
MP F E X F �l K  2 0 0 3  0 . 6 o . (, 0 . 0  - 0 . 1  - 0 . 5  - 0 . 4  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  
f1 P R E X F M K  2 0 0 3  0 . 7  0 . 4  - 0 . 1  - 0 . 1  - 0 . 6  - 0 . 4  - 0 . 1  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 1  0 . 2  
M H F EX Ff'1 K 2 0 0 3  0 . 8  0 . 5  - 0 . 1  0 . 0  - 0 . 6  - 0 . 4  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 2  0 . 3  
�1P F E X M1 K  2 0 0 3  0 . 4  0 . 2  0 . 0  - 0 . 3  - 0 . 4  - 0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  
M P R E X M1 K  2 0 0 3  0 . 5  0 . 2  - 0 . 1  - 0 . 3  - 0 . 4  - 0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  o . 1  0 . 3  
f1H F EX M1 K  2 0 0 3  0 . 6  0 . 3  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 1  0 . 3  
n P R DC B f l K  2 0 0 3  0 . 1  0 . 1  - 0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC FMK 2 0 0 3  0 . 8 0 . 5  - 0 . 1  0 . 0  - 0 . 6  - 0 . 5  0 . 0  - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 2  0 . 3  
�1P R DC tI. M K  2 0 0 3  0 . 6  0 . 3  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 2  0 . 0  0 . 0  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 2  0 . 3  
�1P R A C M1 K  2 0 0 3  0 . 6  0 . 3  - 0 . 1  - 0 . 2  - 0 . 5  - 0 . 2  0 . 0  - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 2  U . 3  
�l r R M X B M K  2 0 0 3  0 . 1  0 . 1  - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  
f1 P Ff1 X nlK 2 0 0 3  0 . 8  0 . 5  - 0 . 1  0 . 0  - 0 . 7  - 0 . 5  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 2  0 . 3  
M P R M X FM K  2 0 0 3  0 . 8  0 . 5  - 0 . 1  0 . 0  - 0 . 7  - 0 . 5  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 2  0 . 3  
�1H nl X nl K  2 0 0 3  0 . 8  0 . 5  - 0 . 1  0 . 0  - 0 . 7  - 0 . 5  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 2  0 . 3  
MP Ff1 XM1 K 2 0 0 3  0 . 6  0 . 3  - 0 . 1  - 0 . 2  - 0 . 5  - 0 . 2  0 . 0  - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 2  0 . 3  
NP R �1 X A M K  2 0 0 3  0 . 6 0 . 3  - 0 . 1  - 0 . 2  - 0 . 5  - 0 . 2  0 . 0 - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 0 0 . 2 0 . 3  
N H Ft'lXAMK 2 0 0 3  0 . 6  0 . 3  - 0 . 1  - 0 . 2  - 0 . 5  - 0 . 2  0 . 0  - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 0  o '-, 

. L  0 . 3  



C O M P A R I S O N S  F O R  P L A N T r L I B BY Tab l e  D . 1 - 2 
M E A N  C H A N G E  I N  E N D  O F  P E R I O D  F L OWS , KC F S  

S T U DY Y E A R  S E P T  O C T  N O V  D EC J A N  F E B  MAR A P R 1  A P R 2  MAY J U N E  J U L Y  A U G 1  A UG 2  
MP F EX D M K  1 9 8 8  8 . 3  1 1 . 8  1 4 . 9  2 5 . 1  1 9 . 5  1 3 . 7  5 . 7  5 . 4  6 . 5 5 . 5  6 . 2  1 2 . 2  9 . 3  6 . 8 
M P R E X B �1 K  1 9 8 8  - 0 . 1  0 . 3  - 0 . 7  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  
M H F EX B M K  1 9 8 8  0 . 3  1 . 2 - 0 . 9  0 . 0  - 0 . 2  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  
M P F EX F M K  1 9 8 8  - 0 . 1  - 0 . 9  - 1 . 1  - 0 . 3  0 . 6  0 . 9  0 . 1  - 0 . 1  0 . 0  0 . 2  0 . 3  0 . 0  0 . 2  0 . 1  
M P R EX F M K  1 9 8 8  - 0 . 1  - 0 . 8  - 1 . 6  - 0 . 1  0 . 5  0 . 9  0 . 1  - 0 . 1  0 . 0  0 . 3  0 . 3 0 . 1  0 . 2  0 . 1  
M H F E X FM K  1 9 8 8  0 . 0  - 0 . 1  - 1 . 6  - 0 . 7  0 . 5  0 . 8 0 . 1  0 . 0  0 . 0  0 . 1  0 . 3  0 . 0  0 . 2 0 . 1  
�1P F EX A M K  1 9 8 8  - 0 . 3  - 1 . 5  - 1 . 7  - 0 . 6  0 . 9  1 . 4 0 . 2  - 0 . 1  0 . 0  0 . 5  0 . 5  0 . 0  0 . 3  0 . 1  
M P R EX A M K  1 9 8 8  - 0 . 3  - 1 . 5 - 1 . 9  - 0 . 4  0 . 8 1 . 4 0 . 2  - 0 . 1  0 . 0  0 . 6 0 . 4  0 . 1  0 . 3  0 . 1  
M H F EXAMK 1 9 8 8  - 0 . 3  - 1 . 2  - 1 . 7  - 0 . 9  0 . 9  1 . 4 0 . 2  0 . 0  0 . 0  0 . 5  0 . 4  0 . 0  0 . 3  0 . 1  
M P R D C B M K  1 9 8 8  - 0 . 1  0 . 3  - 0 . 7  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  
�1P R DC FM K  1 9 8 8  - 0 . 1  - 0 . 8  - 1 . 6  - 0 . 1  0 . 5  0 . 9 0 . 1  - 0 . 1  0 . 0  0 . 3  0 . 3  0 . 1  0 . 2  0 . 1  
M P R DCAMK 1 9 8 8  - 0 . 3  - 1 . 5 - 1 . 9  - 0 . 4  0 . 8  1 . 4 0 . 2  - 0 . 1  0 . 0  0 . 6  0 . 4  0 . 1  0 . 3  0 . 1  
M P R A CA M K  1 9 8 8  - 0 . 3  - 1 . 5 - 1 . 9 - 0 . 4  0 . 8  1 . 4 0 . 2  - 0 . 1  0 . 0  0 . 6  0 . 4  o . 1 0 . 3  o . 1 
M P R M X B �l K  1 9 8 8  - 0 . 1  0 . 3  - 0 . 7  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  
M P F M X FM K  1 9 8 8  - 0 . 1  - 1 . 0  - 1 . 1  - 0 . 3  0 . 5  0 . 9  0 . 1  - 0 . 1  0 . 0  0 . 2  0 . 3  0 . 0  0 . 2  0 . 1  
M P RMX FMK 1 9 8 8  - 0 . 1  - 0 . 8  - 1 . 6  - 0 . 1  0 . 5  0 . 9  0 . 1  - 0 . 1  0 . 0  0 . 3  0 . 3  0 . 1  0 . 2  0 . 1  
M H Hl X FMK 1 9 8 8  0 . 0  - 0 . 1  - 1 . 6  - 0 . 7  0 . 5  0 . 8  0 . 1  0 . 0  0 . 0  0 . 1  0 . 3  0 . 0  0 . 2  0 . 1  

0 N P F�1XAl1K 1 9 8 8  - 0 . 3  - 1 . 5 - 1 . 7  ' - 0 . 6  0 . 9  1 . 4  0 . 2  - 0 . 1  0 . 0  0 . 5  0 . 5  0 . 0  0 . 3  0 . 1  
M P R M X A M K  1 9 8 8  - 0 . 3  - 1 . 5 - 1 . 9  - 0 . 4  0 . 8  1 . 4 0 . 2  - 0 . 1  0 . 0  0 . 6  0 . 4  o . 1 0 . 3  0 . 1  r> MH FMXAMK 1 9 8 8  - 0 . 3  - 1 . 2 - 1 . 7  - 0 . 9  0 . 9  1 . 4  0 . 2 0 . 0 0 . 0  0 . 5  0 . 4  0 . 0  0 . 3  0 . 1  I 

� 
M P F E X B r1 K  1 9 9 3  8 . 6  9 . 8  1 2 . 6  2 3 . 6  2 0 . 5  1 5 . 1  6 . 1  5 . 6  6 . 6 5 . 7  6 . 5  1 1 . 4  9 . 7 6 . 8 
M P R EX B M K  1 9 9 3  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X B M K  1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F EX F M K  1 9 9 3  0 . 9  0 . 7 - 1 . 2 - 0 . 5  - 0 . 1  - 0 . 2  0 . 0  - 0 . 1  0 . 0  0 . 0  o . 1 - 0 . 1  0 . 2  0 . 1  
�l P R EX F M K  1 9 9 3  0 . 9 0 . 7  - 1 . 1  - 0 . 6  - 0 . 1  - 0 . 2  0 . 0  - 0 . 2  0 . 1  0 . 0  0 . 1  - 0 . 1  0 . 2  0 . 1  
M H F E X FM K  1 9 9 3  0 . 9  0 . 7  - 1 . 2 - 0 . 4  - 0 . 1  - 0 . 2  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 1  0 . 0  
M P F EXAl1 K  1 9 9 3  0 . 4  o . 1 - 1 . 3 - 0 . 1  - 0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  0 . 0  0 . 3  0 . 1  
�1P R EXAMK 1 9 9 3  0 . 4  0 . 1  - 1 . 4 0 . 0  - 0 . 1  0 . 1  0 . 0  - 0 . 1  0 . 1  0 . 2  0 . 1  0 . 0  0 . 3  0 . 1  
M H F E X A M K  1 9 9 3  0 . 4  0 . 2  - 1 . 3 - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 3  0 . 1  
M P R DC B M K  1 9 9 3  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 1  0 . 0  0 . 0  
M P R DC FM K  1 9 9 3  0 . 8  0 . 7  - 1 . 6  - 0 . 3  - 0 . 1  - 0 . 2  0 . 0  - 0 . 1  0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 2  0 . 1  
M P RDCAMK 1 9 9 3  0 . 4  0 . 2  - 1 . 6  0 . 1  - 0 . 1  o . 1 0 . 0  0 . 0  0 . 1  o . 1 0 . 1  0 . 1  0 . 3  0 . 1  
M P R A CM1K 1 9 9 3  0 . 4  0 . 1  - 1 . 5 0 . 1  - 0 . 1  0 . 2  0 . 0  0 . 0  o . 1 0 . 1  0 . 1  o . 1 0 . 3  0 . 1  
M P R M X B M K  1 9 9 3  - 0 . 1  0 . 0  - 0 . 5  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 1  0 . 1  0 . 0  
M P FMXFI1 K  1 9 9 3  0 . 9  0 . 7  - 1 . 3  - 0 . 4  - 0 . 1  - 0 . 2  - 0 . 1  - 0 . 1  0 . 0  o . 1 0 . 0  - 0 . 1  0 . 2  0 . 1  
M P RMX F M K  1 9 9 3  0 . 8 0 . 7  - 1 . 5 - 0 . 3  - 0 . 1  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  
M H Ft1 X FM K  1 9 9 3  0 . 9  0 . 7  - 1 . 3 - 0 . 4  - 0 . 1  - 0 . 2  - 0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  - 0 . 1  0 . 2  0 . 1  
MP FMXAl1 K  1 9 9 3  0 . 5  0 . 1  - 1 . 5 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 3  0 . 1  
M P  R�lXAMK 1 9 9 3  0 . 5  0 . 1  - 1 . 6  0 . 1  - 0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 3  0 . 1  
MH F I1XAI1 K  1 9 9 3  0 . 5  0 . 1  - 1 . 5 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 3  0 . 1  



C O MP A R I S O N S  F O R  P L A N T . L I B DY Table D . 1 - 2 
M E A N  C H A N G E  I N  E N D  O F  P E R I O D  F L OHS , K C F S  ( con t inue d ) 

S T U DY Y E A R  S E P T  O C T  tl OV D E C  J A N  F E B  MA R A P R 1  A P R 2  MAY J U N E  J U L Y  A U G 1  A U G 2  
�lP F EX B M K  1 9 9 8  8 . 3  9 . 5  1 2 . 3  2 4 . 2  2 2 . 3  1 6 . 3  6 . 5  5 . 9  7 . 0  5 . 4  6 . 3 1 2 . 1  9 . 9  7 . 0  
M P R E X D �l K  1 9 9 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l H F E X B t'l K 1 9 9 8 0 . 0  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X Ft1 K  1 9 9 8  0 . 7 0 . 8 - 0 . 8  - 0 . 4  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0 0 . 3  0 . 0  
M P R EX F M K  1 9 9 8  0 . 7  0 . 9  - 0 . 9  - 0 . 4  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  
t'l H F E X FMK 1 9 9 8  0 . 8  0 . 9  - 0 . 9  - 0 . 4  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  0 . 0  
M P F E X A M K  1 9 9 8  0 . 5  0 . 6  - 0 . 9  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  
M P R E X A M K  1 9 9 8  0 . 6 0 . 6  - 0 . 9  - 0 . 5  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  
M Il F E X A M K  1 9 9 8  0 . 6 0 . 6 - 0 . 9  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 0  
f l P R D C B t'l K 1 9 9 8  0 . 0  0 . 1  - 0 . 1  0 . 0  0 , 0  0 . 0  0 , 0  0 , 0  0 . 0  0 . 0  0 , 0  0 . 0  o . 1 0 . 0  
M P R DC F M K  1 9 9 8  0 . 7  0 . 9  - 0 . 8  - 0 , 4  - 0 , 2  - 0 . 2  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  0 , 0  
f1P R DCM1 K  1 9 9 8  0 . 5  0 . 7  - 0 . 9  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 , 0  0 , 0  0 . 0  0 . 0  0 . 3  0 . 0  
M P R A C A M K  1 9 9 8  0 . 5  0 . 6  - 0 . 9  - 0 . 5  - 0 . 2  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 . 1  
M P R t'IX B t'l K 1 9 9 8  0 . 0  0 . 1  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  
11P F r1 X F �I K  1 9 9 8  0 . 7 0 . 9  - 0 . 9  - 0 . 4  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  o . 1 
M P R t'I X F MK 1 9 9 8  0 . 7  0 . 9  - 0 . 8  - 0 . 4  - 0 . 1  - 0 . 2  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  o . 1 0 . 4  o . 1 
�I H F�I X nl K  1 9 9 8  0 . 7  0 . 9  - 0 . 9  - 0 . 4  - 0 . 1  - 0 . 2  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  o . 1 

t7 t'l P FMXAt1K 1 9 9 8  0 . 5  0 . 6 - 0 . 9  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 1  
M P R t1XM1 K  1 9 9 8 0 . 5  0 . 6  - 0 . 9  - 0 . 6  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 1  

I M H FMXM1 K  1 9 9 8  0 . 6  0 . 6 - 0 . 9  - 0 , 6  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  0 . 1  Ln ! 
�lP F E X D t1 K  2 0 0 3  8 . 0  9 . 4  1 2 . 7  2 4 , 3  2 0 . 8  1 5 . 8  6 . 0  5 . 3  6 . 5 5 . 7  6 . 1  l l . 8  1 0 . 4  7 . 0  
�lP R E X Bt1 K  2 0 0 3  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l H F E X B I1 K  2 0 0 3  0 . 0  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X FM K  2 0 0 3  0 . 3  0 . 8 - 0 . 7  - 0 . 5  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  0 . 1  
tW R E X F t'l K 2 0 0 3  0 . 3  0 . 8 - 0 . 7  - 0 . 5  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0 0 . 1  0 . 4 0 . 1  
M H F E X nl K  2 0 0 3  0 . 3  1 . 0  - 0 . 8  - 0 , 5  - 0 . 1  - 0 . 2  0 . 0  - 0 . 1  0 . 0  0 , 0  0 . 0  0 . 1  0 . 5  0 . 1  
f lP F E XM1K 2 0 0 3  0 . 2  0 . 5  - 0 . 7  - 0 . 3  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 4  0 . 1  
M P R E X A M K  2 0 0 3  0 . 3  0 . 6 - 0 . 7  - 0 . 3  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 1  o . 1 0 . 0  0 . 4  0 . 1  
M H F E XM1K 2 0 0 3  0 . 3  0 . 7  - 0 . 8  - 0 . 4  0 . 0  - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 1  0 . 0  0 . 4  0 . 1  
11 P R DC Bt'l K 2 0 0 3  0 . 0  0 . 1  - 0 . 1  0 . 0  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  
1'I P R DC FM K  2 0 0 3  0 . 4  1 . 0 - 0 . 8  - 0 . 5  0 . 0  - 0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 1  
1'I P R D C M1 K  2 0 0 3  0 . 3  0 . 7  - 0 . 8  - 0 . 4  0 . 0  - 0 . 2  0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 4  0 . 1  
t'l P R A C M1 K  2 0 0 3  0 . 3  0 . 7  - 0 . 8  - 0 . 1i  0 . 1  - 0 . 2  0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 4  0 . 1  
t'l P RI'l X B M K  2 0 0 3  0 . 0  0 . 1  - 0 . 2  0 . 0  0 , 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t'IP FI·1 X FMK 2 0 0 3  0 , 4  1 . 0 - 0 , 8  - 0 . 6  0 , 0  - 0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 1  
M P R M X F M K  2 0 0 3  0 . 4  1 . 0  - 0 . 8  - 0 . 6  0 . 0  - 0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 1  
t'IH F t1X F t1 K  2 0 0 3  0 . 4  1 . 0 - 0 . 8  - 0 . 6  0 . 0  - 0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 1  
�1 P F �I X M1 K  2 0 0 3  0 . 3  0 . 7  - 0 . 8  - 0 . 4  0 . 0  - 0 . 2  0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 1  0 . 0  0 . 4  0 . 1  
�I P R �I X A t1K 2 0 0 3  0 . 3  0 . 7 - 0 . 8  - 0 . 4  0 . 0  - 0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 1  0 . 0  0 . 4  0 . 1  
�I H F t1 X A M K  2 0 0 3  0 . 3  0 . 7  - 0 . 8  - 0 . 4  0 . 0  - 0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 1  o . 1 0 . 0  0 . 4  0 . 1  









APPEND IX D 

R ive r Ope ra t ions A f f e c t ing Re s ident F i s h  

PART 2 

Frequenc ies  o f  Low Fl ows 





Fre quenc ies  o f  Low Fl ows 
- C o l umb ia Fal l s :  Flows Les s  than 4 . 5  k c f s  
- C o l umb ia Fa l l s :  Fl ows Les s  Than 3 . 5  k c f s  
- Libby : Fl ows Les s  Than 4 k c f s  

Tab l e s  D . 2- 1 , D . 2-2 , and D . 2-3 g ive the f r e quenc i e s  o f  f l ows l e s s  than 
4 . 5  k c f s  and 3 . 5  k c f s  a t  Co lumb ia Fal l s  and the f re quenc ies  o f  f l ows l e s s  than 
4 k c f s  below L ibby f o r  each period  o f  the years  1 988 , 1 9 9 3 , 1 9 98 , and 200 3 . 
Thes e  f requenc ies  are based on 200 s imulat ions by the SAM . Th i s  inf o rma t ion 
is referred to  in Sec t i on 4 . 2 . 3 . 3 . 1 ,  Res ident F i s h  P roduc t ion In  S t reams . See 
the beginning o f  Vo l ume 4 f o r  a d e f i n i t ion of  the 8 l e t t e r  c odes  used  in the s e  
tab l es which  iden t i f y  t h e  I D U  a l terna t ives . 

Examp l e  ( Tab le D . 2-1 ) :  At C o l umb ia Fal l s in the year 1 988 , in  the September  
period , 23 . 0  percent o f  the s imul a t i ons for  the  MPREXBMK al ternat ive showed 
f lows l e s s  than 4 . 5  k c f s  compared to 1 6 . 5  percent f o r  the No Ac t i on case 
(MPFEXBMK ) . 



- - - . - - - - - - - - - - - . . . .  - �--'-' - -- - -..., - -' - �  - ----- ..... -'-- - , �  -

T H E  F R E Q U ENCY O F  F L O N S  L E S S  T H A N  4 . 5  K C F S  ( X )  Tab l e  D . 2- 1  
C O M P A R I S O N S  F O R  P R O J ECT : C O L U M B I A  F A L L S  S I MU L A T I O N S  I 2 0 0  

Y E A R  S T U DY S E P T  O C T  N O V  D E C  J A N  F E B  M A R  A P R 1  A P R 2  MAY J U N E  J U L Y  A U G I  A U G 2  
1 9 8 8  MP F EX B M K  1 6 . 5  1 4 . 0  2 5 . 5  1 2 . 0  28 . 0  3 3 . 5  4 0 . 0  4 1 . 5  1 . 5 0 . 0  0 . 0  1 0 . 0  3 3 . 5  8 0 . 0  

M P R E X B M K  2 3 . 0  6 . 0  4 0 . 0  1 3 . 0  2 7 . 0  3 2 . 5  4 0 . 5  4 2 . 0  1 . 5 0 . 0  0 . 0  1 0 . 0  3 3 . 0  7 8 . 5  
I1H F E X B �l K  7 . 5  1 . 5  3 3 . 0  1 1 . 5  3 2 . 0  3 6 . 5  4 2 . 5  4 1 . 5  1 . 5 0 . 0  0 . 0  1 0 . 0  3 6 . 5  8 1 . 0  
M P F E X FM K  1 6 . 5  6 . 5 4 5 . 5  1 5 . 5  3 4 . 5  3 2 . 5  3 4 . 5  4 0 . 0  0 . 5  0 . 0  0 . 0  4 . 0  2 5 . 5  6 8 . 0  
M P R E X FM K  2 1 . 0 3 . 5  5 1 . 0 1 8 . 5  3 6 . 0  3 0 . 5  3 3 . 5  3 9 . 0  1 . 0  0 . 0  0 . 0  5 . 5  27 . 0  6 9 . 0  
M H F E X F�lK 9 . 5  2 . 0  4 7 . 0  1 3 . 0  3 5 . 5  3 4 . 5  3 6 . 0  4 1 . 0  0 . 5  0 . 0  0 . 0  4 . 0  2 6 . 5  6 9 . 0  
M P F E X M1K 2 3 . 5  4 . 5  4 9 . 5  1 8 . 5  3 9 . 5  2 8 . 5  3 0 . 5  3 9 . 0  0 . 5  0 . 0  0 . 0  4 . 0  2 5 . 5  6 7 . 0  
M P R E XM1K 2 6 . 5  4 . 0  5 8 . 5  2 2 . 0  3 6 . 5  2 6 . 5  2 8 . 5  3 8 . 5  0 . 5  0 . 0  0 . 0  4 . 5  2 5 . 5  6 7 . 5  
M H F E X M1K 2 1 . 0  1 . 5 5 0 . 0  1 7 . 0  4 0 . 5  2 9 . 5  3 1 . 0  3 9 . 0  0 . 5  0 . 0  0 . 0  4 . 5 2 6 . 5  6 7 . 0  
M P R D C B �l K  2 3 . 0  6 . 0  4 0 . 0  1 3 . 0  2 7 . 0  3 2 . 5  4 0 . 5  4 2 . 0  1 . 5 0 . 0  0 . 0  1 0 . 0  3 3 . 0  7 8 . 5  
MP R DC FM K  2 1 . 0  3 . 5  5 1 . 0 1 8 . 5  3 6 . 0  3 0 . 5  3 3 . 5  3 9 . 0  1 . 0  0 . 0  0 . 0  5 . 5  27 . 0  6 9 . 0  
M P R DC A M K  2 6 . 5  4 . 0  58 . 5  2 2 . 0  3 6 . 5  2 6 . 5  2 8 . 5  3 8 . 5  0 . 5  0 . 0  0 . 0  4 . 5  2 5 . 5  6 7 . 5  
M P R A CA M K  2 6 . 5  4 . 0  5 8 . 5  2 2 . 0  3 6 . 5  2 6 . 5  2 8 . 5  3 8 . 5  0 . 5  0 . 0  0 . 0  4 . 5  2 5 . 5  6 7 . 5  
M P R M X B M K  2 3 . 0  6 . 0 4 0 . 0  1 3 . 0  2 7 . 0  3 2 . 5  4 0 . 5  4 2 . 0  1 . 5 0 . 0  0 . 0 1 0 . 0  3 3 . 0  7 8 . 5  
M P F r1 X F M K  1 6 . 5  7 . 0  4 5 . 0  1 5 . 5  3 4 . 5  3 2 . 5  3 4 . 5  4 0 . 0  0 . 5  0 . 0  0 . 0  4 . 0  2 5 . 5  6 8 . 0  
M P R I'lX FI1K 2 1 . 0  3 . 5  5 1 . 0 1 8 . 5  3 6 . 0  3 0 . 5  3 3 . 5  3 9 . 0  1 . 0  0 . 0  0 . 0  5 . 5  2 7 . 0  6 9 . 0  

l-;1 MH F M X F M K  9 . 5  2 . 0  4 7 . 0  1 3 . 0  3 5 . 5  3 4 . 5  3 6 . 0  4 1 . 0  0 . 5  0 . 0  0 . 0  4 . 0  2 6 . 5  6 9 . 0  

t') MP FMXAMK 2 3 . 5  4 . 5  4 9 . 5  1 8 . 5  3 9 . 0  2 8 . 5  3 0 . 5  3 9 . 0  0 . 5  0 . 0  0 . 0  4 . 0  2 5 . 5  6 7 . 0  

I M P R M XAMK 2 6 . 5  4 . 0 5 8 . 5  2 2 . 0  3 6 . 5  2 6 . 5  2 8 . 5  3 8 . 5  0 . 5 0 . 0  0 . 0  4 . 5 2 5 . 5  6 7 . 5  
1',.) M H F MX A M K  2 1 . 0 1 . 5  5 0 . 0  1 7 . 0  4 0 . 5  2 9 . 5  3 1 . 0  3 9 . 0  0 . 5  0 . 0  0 . 0  4 . 5  26 . 5  6 7 . 0  

1 9 9 3  M P F E X B I1 K  1 0 . 0  9 . 0  6 2 . 5  2 8 . 5  4 4 . 0  3 2 . 5  3 6 . 5  5 0 . 5  1 . 0 0 . 0  0 . 0  4 . 5  3 4 . 0  6 8 . 5  
M P R E X D �l K  1 0 . 5  9 . 0  6 2 . 0  3 4 . 0  4 4 . 0  3 1 . 5  3 6 . 0  4 9 . 0  1 . 0  0 . 0  0 . 0  4 . 5  3 4 . 0  6 8 . 0  
M H F E X B M K  1 0 . 0  8 . 5  6 2 . 5  2 5 . 0  4 3 . 5  3 3 . 5  3 6 . 5  5 0 . 0  1 . 5 0 . 0  0 . 0  4 . 0  3 4 . 0  6 8 . 0  
M P F E X F M K  6 . 5 8 . 5  6 0 . 0  3 7 . 5  5 5 . 0  4 0 . 0  4 2 . 5  5 1 . 0  1 . 0  0 . 0  0 . 0  4 . 5  3 2 . 0  6 6 . 5  
M P R E X F M K  6 . 5  9 . 0  6 1 . 5  4 6 . 0  5 2 . 5  3 8 . 0  3 9 . 5  5 0 . 0  1 . 0 0 . 0  0 . 0  5 . 0  3 2 . 0  6 6 . 5  
M H F E X FM K  6 . 5 8 . 0  6 1 . 0  3 3 . 0  5 6 . 5  4 2 . 5  4 3 . 5  5 2 . 0  1 . 5  0 . 0  0 . 0  5 . 0  3 1 . 0 6 6 . 0  
MP F E XA t1 K  7 . 5 9 . 5  6 3 . 0  4 5 . 5  4 9 . 0  3 5 . 5  3 7 . 0  5 0 . 5  0 . 5  0 . 0  0 . 0  5 . 0  3 0 . 5  6 6 . 0  
M P R E X M1K 7 . 5 1 0 . 0  6 6 . 5  5 6 . 0  4 4 . 5  3 5 . 0  3 7 . 5  4 8 . 5  1 . 0  0 . 0  0 . 0  5 . 0  3 0 . 5  6 5 . 5  
M H F E X A M K  7 . 5  1 0 . 5  6 3 . 5  4 3 . 0  4 8 . 0  3 5 . 5  3 7 . 0  5 0 . 5  0 . 5  0 . 0  0 . 0  5 . 0  3 0 . 5  6 5 . 5  
M P R DC B M K  1 0 . 5  9 . 0  6 1 . 5  3 4 . 5  4 6 . 0  3 2 . 0  3 6 . 5  5 0 . 5  1 . 5  0 . 0  0 . 0  4 . 5  3 3 . 5  6 8 . 5  
M P R D C FI'lK 8 . 0  9 . 0  6 6 . 5  4 4 . 0  5 3 . 5  3 9 . 0  4 0 . 0  5 1 . 0 1 . 0  0 . 0  0 . 0  5 . 0  3 0 . 5  6 6 . 0  
M P R DCAMK 8 . 5  1 0 . 0  7 0 . 0  5 6 . 5  4 5 . 5  3 4 . 5  3 8 . 0  4 8 . 0  0 . 5  0 . 0  0 . 0  5 . 0  3 1 . 0  6 5 . 5  
11P R A C A N K  9 . 0  1 0 . 5  6 9 . 5  54 . 5  4 6 . 5  3 5 . 0  37 . 5  4 8 . 5  0 . 5  0 . 0  0 . 0  5 . 0  3 0 . 5  6 5 . 5  
�lP R MX B r1 K  9 . 5  9 . 0  6 6 . 0  3 5 . 0  4 6 . 0  3 3 . 5  3 6 . 0  5 0 . 5  1 . 0  0 . 0  0 . 0  4 . 5  3 3 . 5  6 9 . 0  
MP F M X F M K  7 . 5  8 . 5  6 2 . 0  3 5 . 5  5 6 . 5  4 2 . 0  4 3 . 5  5 2 . 0  1 . 0  0 . 0  0 . 0  5 . 0  3 0 . 5  6 5 . 0  
MP R MX F M K  8 . 5  9 . 0  6 5 . 5  4 2 . 5  5 6 . 5  3 9 . 0  4 1 . 5  5 1 . 0 1 . 5 0 . 0  0 . 0  5 . 0  2 9 . 5  6 5 . 0  
l'l H F l1 x nlK 6 . 5 8 . 0  6 0 . 5  3 4 . 0  5 7 . 5  4 2 . 5  4 4 . 0  5 2 . 0  1 . 0  0 . 0  0 . 0  5 . 0  3 0 . 0  6 4 . 0  
MP Fr'l X A M K  8 . 5  1 0 . 0  6 6 . 5  4 7 . 0  4 8 . 5  3 4 . 5  3 7 . 0  5 1 . 0 0 . 5  0 . 0  0 . 0  5 . 0  3 0 . 5  6 5 . 0  
M P R I1XA M K  9 . 0  9 . 5  6 9 . 0  5 5 . 0  (, 7 . 5  3 5 . 5  3 7 . 0  4 9 . 0  0 . 5  0 . 0  0 . 0  5 . 0  3 0 . 0  6 5 . 0 
M H F M XAMK 7 . 5  1 1 . 0  6 5 . 0  4 4 . 0  4 9 . 0  3 7 . 0  3 7 . 0  5 1 . 0  0 . 5  0 . 0  0 . 0  5 . 0  3 0 . 5  6 5 . 5  



T H E  F R E Q U ENCY O F  F L O N S  L E S S  T H A N  4 . 5  K C F S  ( X )  Ta b l e  D . 2 - 1  
C O MP A R I S O N S  F O R P R O J ECT : C O L UM B I A  FA L L S  ( cont i nued ) S I M U L A T I O N S , 2 0 [1 

Y E A R  S T U DY S E P T  O C T  N O V  D EC J A N  F E B  M A R  A P R 1  A P R 2  MAY J U N E  J U L Y  A U G 1  A U G 2  
1 9 9 8  M P F E X B f'�K 1 5 . 5  1 6 . 0  5 1 . 5 3 2 . 0  4 3 . 0  3 0 . 0  2 8 . 0  4 0 . 5  l . 5  0 . 0  0 . 0  2 . 0  2 8 . 0  6 6 . 0  

I1P R E X B f1K 1 5 . 5  1 6 . 0  5 1 . 5  3 2 . 0  4 3 . 0  3 0 . 0  2 8 . 0  4 0 . 0  1 . 5  0 . 0  0 . 0  2 . 0  2 8 . 0  6 6 . 5  
M H F E X B MK 1 5 . 5  1 6 . 0  5 1 . 5 3 1 . 5 4 3 . 5  3 0 . 0  2 8 . 0  4 0 . 5  1 . 5  0 . 0  0 . 0  2 . 0  2 8 . 0  6 6 . 0  
MP F E X nlK 1 2 . 5  1 0 . 5  5 1 . 5 2 9 . 0  4 9 . 5  3 5 . 5  3 6 . 0  4 2 . 5  2 . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 0 . 0  
M P R E X F M K  1 2 . 5  1 0 . 5  5 1 . 5 2 9 . 0  4 9 . 5  3 5 . 5  3 6 . 0  4 l . 5  2 . 0  0 . 0  0 . 0  2 . 0  2 4 . 0  6 0 . 0  
M H F E X FMK 1 3 . 0  1 0 . 5  5 1 . 5  2 8 . 5  4 9 . 0  3 5 . 5  3 5 . 5  4 2 . 5  2 . 0  0 . 0  0 . 0  2 . 0  2 4 . 0  6 0 . 0  
M P F E X A M K  1 5 . 0  1 1 . 0 5 5 . 5  38 . 5  4 8 . 5  3 5 . 5  3 5 . 0  4 2 . 5  l . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 2 . 0  
M P R E X A M K  1 5 . 0  1 1 . 0 5 5 . 5  3 8 . 5  4 8 . 0  3 5 . 0  3 5 . 0  4 2 . 5  l . 0 0 . 0  0 . 0  2 . 0  2 3 . 5  6 1 . 5  
M H F E XA f1K 1 5 . 0  1 1 . 0 5 5 . 5  3 8 . 5  4 9 . 0  3 5 . 5  3 5 . 0  4 2 . 5  1 . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 1 . 5  
M P R DC B f1 K  1 5 . 0  1 6 . 0  5 1 . 0 3 3 . 0  4 4 . 0  3 0 . 5  2 8 . 5  4 1 . 0  1 . 5 0 . 0  0 . 0  2 . 0  2 5 . 5  6 4 . 5  
M P R D C FMK 1 3 . 5  1 0 . 0  5 1 . 5  3 0 . 0  4 9 . 5  3 6 . 5  3 5 . 0  4 3 . 0  2 . 0  0 . 0  0 . 0  2 . 0  2 2 . 5  5 9 . 5  
M P R D C A folK 1 5 . 0  1 1 . 5  5 5 . 5  3 8 . 5  4 9 . 0  3 4 . 5  3 4 . 5  4 2 . 5  l . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 1 . 5  
�lP R A C A M K  1 5 . 0  1 1 . 5  5 5 . 5  3 9 . 0  4 8 . 5  3 5 . 0  3 4 . 0  4 2 . 5  1 . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 0 . 5  
M P R M X D M K  1 5 . 0  1 6 . 0  5 1 . 0 3 2 . 0  4 3 . 5  3 0 . 0  2 8 . 5  4 1 . 0  l . 5  0 . 0  0 . 0  2 . 0  2 6 . 0  6 3 . 5  
11 p nl X Ff1K 1 3 . 0  1 1 .  0 5 2 . 0  2 9 . 5  5 0 . 0  3 5 . 5  3 5 . 5  4 l . 0  2 . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 0 . 5  
M P R M X Ff'lK 1 3 . 0  1 1  . 0  5 1 . 0  3 0 . 5  5 0 . 5  3 5 . 0  3 5 . 5  4 1 . 0  2 . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 0 . 5  
M H nlX Ff1K 1 3 . 0  1 1  . 0  5 1 . 5 2 9 . 5  4 9 . 5  3 5 . 5  3 6 . 0  4 2 . 5  2 . 0  0 . 0  0 . 0  2 . 0  2 3 . 5  6 0 . 5  
M P F M X A M K  1 5 . 0  1 1 . 5  5 5 . 5  38 . 5  4 9 . 5  3 4 . 5  3 4 . 5  4 1 . 5  1 . 0  0 . 0  0 . 0  2 . 0  2 3 . 0  5 9 . 5  

u MP R �l X A M K  1 5 . 0  1 2 . 5  5 5 . 5  3 9 . 0  5 1 . 0  3 4 . 5  3 5 . 0  4 0 . 5  1 . 0 0 . 0  0 . 0  2 . 0  2 3 . 0  5 9 . 5  
f1H F M X AfolK 1 5 . 0  1 1 . 5  5 5 . 5  3 9 . 0  4 9 . 5  3 4 . 5  3 4 . 0  4 3 . 0  1 . 0  0 . 0  0 . 0  2 . 0  2 3 . 0  5 9 . 5  

t',.) 
I 

2 0 0 3  M P F E X B f'lK 2 2 . 5  1 <l . 0  6 0 . 5  3 0 . 0  3 4 . 5  2 6 . 5  3 4 . 0  4 0 . 0  1 . 5 0 . 0  0 . 0  2 . 5  1 9 . 0  5 8 . 0  w 
M P R EX D r'l K 2 2 , 5  1 <l . 0  6 0 . 5  3 0 . 0  3 5 . 0  2 6 . 5  3 4 . 0  4 0 . 0  1 . 5  0 . 0  0 . 0  2 . 5  1 9 . 5  5 8 . 5  
M H F E X D MK 2 2 . 5  1 4 . 0  6 0 . 0  3 0 . 0  3 5 . 0  2 6 . 5  3 4 . 0  4 2 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 8 . 5  5 7 . 5  
l'l P F E X Ff'lK 1 3 . 0  9 . 0  5 8 . 0  3 1 . 5  4 2 . 0  3 0 . 5  3 6 . 5  4 2 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 8 . 0  5 1 . 5 
r'l P R EX F r'l K 1 3 . 0  8 . 5  58 . 0  3 ]  . 5  4 2 . 5  3 0 . 5  3 7 . 0  4 2 . 5  1 . 5 0 . 0  0 . 0  2 . 5  1 8 . 0  5 1 . 5  
M H F E X H-1 K 1 3 . 0  9 . 0  5 8 . 0  3 1 . 5  4 3 . 5  3 0 . 5  3 7 . 0  4 3 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 8 . 0  5 1 . 5 
r,l P F E X M1 K  1 8 . 5  9 . 5 5 9 . 5  3 5 . 5  38 . 5  2 8 . 0  3 5 . 0  4 0 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 8 . 0  5 3 . 0  
M P R E X A f1 K  1 8 . 0  9 . 5  5 9 . 5  3 5 . 5  38 . 5  2 8 . 0  3 5 . 0  4 0 . 5  1 . 5 0 . 0  0 . 0  2 . 5  1 7 . 5  5 3 . 0  
M H F E X A r1K 1 8 . 0  9 . 5 5 9 . 5  3 5 . 5  3 9 . 0  28 . 0  3 6 . 0  4 2 . 5  1 . 5 0 . 0  0 . 0  2 . 5  1 8 . 0  5 3 . 0  
I1 P R  D C  IlI,lK 2 3 . 5  1 4 . 0  6 1 . 0  2 9 . 0  3 5 . 0  2 6 . 5  3 4 . 5  <l 2 . 5  1 . 5 0 . 0  0 . 0  2 . 5  1 8 . 5  5 6 . 5  
M P R D C F M K  1 3 . 5  9 . 5  5 8 . 5  3 1 . 0 (1 4 . 0  3 l . 5  3 7 . 5  4 3 . 5  1 . 5 0 . 0  0 . 0  2 . 5  1 7 . 0  5 0 . 0  
M P R D C A l-1K ] 8 . 5  1 0 . 0  6 0 . 0  3 5 . 0  3 9 . 0  28 . 5  3 6 . 5  4 2 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 8 . 0  5 2 . 0  
M P R A C Al-1K 1 8 . 5  1 0 . 0  6 0 . 0  3 4 . 5  38 . 5  2 8 . 5  3 6 . 5  4 2 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 7 . 5  5 l . 5  
�l P R M X D r l K  2 3 . 5  1 3 . 5  6 0 . 5  2 9 . 0  3 5 . 0  2 6 . 5  3 5 . 5  4 2 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 8 . 5  5 6 . 0  
r1P F �l X F �l K  1 4 . 0  9 . 5  5 8 . 0  3 0 . 5  4 4 . 5  3 2 . 0  3 8 . 5  4 3 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 6 . 5  5 0 . 0  
M P R f l X nlK 1 <l . 0  9 . 5  5 7 . 5  3 0 . 5  4 <l . 0  3 2 . 0  3 8 . 5  4 3 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 6 . 0  4 9 . 5  
I1 H F r,l X F I'lK 1 4 . 0  9 . 5  5 7 . 5  3 0 . 5  4 4 . 0  3 2 . 0  3 8 . 5  4 3 . 5  1 . 5 0 . 0  0 . 0  2 . 5  1 6 . 0  4 9 . 5  
M P H1 X A l-1 K 1 9 . 0  ] 0 . 0  6 0 . 0  3 <l . 5  3 9 . 0  2 9 . 0  3 7 . 0  <l 2 . 5  1 . 5 0 . 0 0 . 0  2 . 5  1 7 . 5  5 1 . 0  
M P R r,lXM1K 1 9 , 0  1 0 . 0  5 9 . 0  3 4 . 5  38 . 5  2 9 . 0  3 7 . 5  4 2 . 5  1 . 5  0 . 0  0 . 0  2 . 5  1 7 . 5  5 1 . 0 
M H F M X M1 K  1 9 . 0  1 0 . 0  5 9 . 5  3 4 . 5  3 8 . 5  2 9 . 0  3 7 . 0  4 2 . 5  1 . 5 0 . 0 0 . 0  2 . 5 1 7 . 5  5 l . 0  



T H E  F R E Q U ENCY O F  F L O N S  L E S S  T H � N  3 . 5  K C F S  ( % )  T8b l e  D . 2 - ?  
C O M P A R I S O N S  F O R  P R O J E C T , C O L UM B I A  F A L L S  S I MU L A T I O N S  t 2 0 0  

Y E A R  S T U DY S E P T  O C T  N O V  D EC J A N  F E B  M A R  A P R I  A P R 2  MAY J U N E  J U L Y  A UG I  A U G 2  
1 9 8 8  M P F E X B �1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

M P R E X B n K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1H F E X B I1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X FM K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1P R E X nl K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X Fn K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E XM1 K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X A l1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
n H F E X A n K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
N P R DC BM K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R DC F I1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1 P R DC A n K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R�l X B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P nl X FM K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R n X F N K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1H F I'l X F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1 P FI1 X A f-1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R I1 X M1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

[, j M H F M X A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I 

,:'::. 1 9 9 3  MP F E X B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f'1 P R E X B t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1 H F E X n M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1P F E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X F t'1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lP F E X A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1 H F E X A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R DC n l'1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f1 P R DC F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DCAf-1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C A I1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R M X B I'1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
N P nl X F t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1P R�1 X  FI1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H FI'1 X nl K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lP F MX M1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R t1 XM1 K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1H nl X A l1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



T H E  F R E Q U ENCY O F  F L O H S  L E S S  T H A N  3 . 5  K C F S  ( � )  Ta b l e  D . 2 - 2  
C O MP A R I S O N S  F O R  P R O J E C T , C O L UM B I A  FA L L S  ( c on t i n u e d ) S I MU L A T I O N S , 2 C '} 

Y EA R  S T U DY S E P T  O C T  N O V  D EC J A N  F E B  M A R  A P R I  A P R 2  MAY J U N E  J U L Y  A U G I  A UG 2  
1 9 9 8 M P F E X B �l K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

M P R E X B r'lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X B MK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F EX F M K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X Hl K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH F EX F �lK 0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E XM1K 0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R E X A M K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E XM1K 0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C B �lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C Fr1K 0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC A M K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 0  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C A M K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R r1 X B �lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 1 . 5 0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
�lP H1 X F M K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R r1 X F M K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

�J t'l H FMX F r1 K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

C- )  r'l P F t1 X M1 K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I t1 P R t·1XM1K 0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

VI MH Ft·1XAt1 K  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  1 . 5  1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 3  t'l P F EX B �l K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X B �lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t'l H F E X B �lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X HI K  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0 0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  
M P R EX F MK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t'l H F E X F �lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l P F EX M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E XM1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC B r'lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC F t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l P R D C M1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R t1 X  B �l K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l P F�lX Fn K  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  
M P R t'lX F t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t1 H FM X H1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t1 P F �l X M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l P R t1 X A t1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l H H1 XM1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



T H E  F R E Q U ENCY O F  F L ONS L E S S  T H A N  4 KC F S  ( � )  Tab l e  D . 2 - 3  
C O M P A R I S O N S  F O R  P R O J ECT : L I B BY S I MU L AT I ON S : 2 0 0  

Y E A R  S T U D Y  S EP T  O C T  N O V  D E C  J A N  F E B  M A R  A P R  1 A P R 2  MAY J U N E  J U L Y  A U G I  A U G 2  
1 9 8 8  M P F EX B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

MP R E X B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lH F E X B MK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R EXM1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X M1K 0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C B t'l K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lP R D C FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R DC A t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R �l X B �'K 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  o . 0  0 . 0  
M P FM X Ft'l K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1P R �lX Ft'lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H Ft1 X Fr1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�1P FM X Ii M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R M X A M K  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H FM X A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 3  M P F E X B t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R EX B �lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lH F E X B r" K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
r·1 H F EX FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E XM1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X A t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC B t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t1P R DC A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A CM1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R t1 X B t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F M X F t'lK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R M X F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H Ft1 X FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP FMXAMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R t'lXM1 K  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F MX A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



T H E  F R E Q U E N CY O F  F L OWS L E S S  T H A N 4 K C F S  ( X )  Tab l e  D . 2 - 3  
C O M P A R I S O N S  F O R  P R O J E C T , L I B BY ( c o n t i nued ) S I M U L A T I O N S , 2 0 0  

Y E A R  S T U DY S E P T  O C T  N O V  D E C  J A N  F E B  M A R  A P R I  A P R 2  MAY J U N E  J U L Y  A U G I  A U G 2  
1 9 9 8  M P F E X Bf1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

M P R E X n �l K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH F EX B�l K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lP F E X FM K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X F r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH F E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�lP F E X A r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X A r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E XA M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP R DC B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DC F M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R DCA r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C A M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f1P R f1 X B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F f1 X nlK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R f,lX nl K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F M X F �l K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

t:1 M P FMXAf1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R f1 X A f1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

N M H F f1 X A r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I 

--J 
2 0 0 3  M P F E X B MK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

M P R E X B M K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M H F E X B NK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
�l P F E X FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X Ff'IK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f1H F EX Ff1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F E X A r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R E X Af.1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH F E X Af.1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C B f1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C FMK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R D C M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R A C A r1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f1P R�l X B f'l K 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  o . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F M X Ff1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P R�l X Ff1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MH Ff,lX Ff1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P F M X M1K 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MP Rt1 X A f1K 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
f1H Ft1 X A t1 K  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  









APPEND IX  D 

River Ope ra t i ons Af f e c t ing Res ident F i s h  

PART 3 

Mean Changes in Res e rvo i r  E l evat ions 





Mean Changes in Re se rvo i r  E l eva t ions 

Tab les  D . 3-l  through D . 3-5 g ive the mean change in the end-a f -period  rese rvo i r  
e l evat ions f o r  Hungry Horse , L ibby , Grand Coulee , Dwo r s hak , and Albeni Fal l s , 
f o r  a l l  14 p e r i ods o f  the years  1 988 , 1 9 9 3 , 1 9 98 , and 200 3 .  In each tab l e  t he 
mean e l evat ion ( above sea  leve l ) is  g iven f o r  the No Ac t ion case  (MPFEXBMK ) 
f o l l owed by the change f rom the No Ac t ion case f o r  each IDU a l te rna t ive . 
The s e  val ues  are based on 200 s imula t ions by the SAM . Thi s  inf o rma t ion i s  
referred t o  i n  S e c t i on 4 . 2 . 3 . 3 . 2 ,  Res ident  F i s h  P roduc t i on i n  Reservo i rs . See 
the beginning o f  Volume 4 for a de f ini t ion o f  t he 8 l e t t er  codes us ed in these  
tab le s  which  iden t i f y  the  IDU a l t e rna t ives . 

Examp l e  ( Tab l e  D . 3-l ) :  At  Hungry Horse  f o r  t he MPREXBMK a l t e rna t ive , in  the 
year 1 988 , in t he Sep tembe r  period , the mean end-of -period  e levat ion increas e s  
0 . 9  f e e t  relat ive t o  the mean e leva t i on o f  3545 . 2  f e e t  f o r  t h e  N o  Ac t i on case 
(MPFEXBMK ) .  



IIEAII �"�"GE III Elm OF fERIOU fiES9RVOIR ELEVATIOHS I FEET ) 
COlt A lSctlS FOR PROJ CT I U IGR HORSE T a b l e  D . 3 - 1  

n�� i!!�r:;�;�Ri1:�lm( SEPT OCT NOV DEC JAN F EB NAR A P R I  A P R 2  NAY JUNE JULY AUG I AUG2 
35,,5 . 2  �536 . 7 �535 . 4  3524 . 5  3508 . 5  3'. 96 . 7  3'.84 . 9  3'.86 . 4  3(. 9 2 . 5  3525 . 0  355 1 . 6  355 3 . 9  355 3 . 2 3552 . 3  

0 . 9  0 . 4  0 . 7  0 . 6  0 . 3  0 . 2  0 . 3  0 . 3  0 . 7  0 . 6  0 . 4  O . I O .  I O .  I 
- 1 . 6 - 3 . 6  - 3 . 4  - 2 . 8  - 2 .  I - 1 . 5  - 1 . 3  - I . I - 1 . 2  - 0 . 7  - 0 . 5  - 0 . 4  - 0 . 3  - 0 . 3  
- 1 . 8  - 1 . 8  - 1 . 5  - 1 . 0  1 . 1  1 . 0  O .  I 0 . 2  - 0 . 1  O .  I 0 . 0  - 0 . 6  - 1 . 5  - 2 . 1  
- 1 . 2  - 1 . 6  - 1 . 2  - 0 . 3  2 . 3  1 . 9 0 . 9  0 . 9  1 . 0  0 . 9  0 . 6  - 0 . 1  - 0 . 9  - 1 . 5  
- 2 . 5  -( • .  3 - 3 . 9  - 3 . 0  0 . 2  0 . 2  - 0 . 5  - 0 . 4  - 0 . 7  - 0 . 3  - 0 . 3  - 0 . 8  - I . 7 - 2 . 3  
-0 . 8  - 1 . 5  - I . I 0 . 2  3 . 6  2 . 9  1 . 5 1 . 6 0 . 8  0 . 7  0 . 3  - 0 . 4  - 1 . 4  - 2 .  I 
- 0 . 4  - 1 . 2  - 0 . 7  1 . 2  4 . 7  3 . 6  2 . 0  2 .  I 1 . 5 1 . 1  0 . 7  O .  I - 1 . 0  - 1 . 6  
- I .  3 - 2 . 7  - 2 . 2 -0 . 7  3 . 2  2 . 4  1 . 0  0 . 9  0 . 2  0 . 4  0 . 1  - 0 . 5  - 1 . 4  - 2 .  I 

0 . 9  0 . 4  0 . 7  0 . 6  0 . 3  0 . 2  0 . 3  0 . 3  0 . 7  0 . 6  0 . 4  O .  I 0 . 1  O .  I 
- I . 2 - 1 . 6  - I . 2 - 0 . 3  2 . 3  1 . 9  0 . 9  0 . 9  1 . 0  0 . 9  0 . 6  - 0 .  I - 0 . 9  - 1 . 5  
-0 . (,. - I .  2 - 0 . 7  1 . 2  4 . 7  3 . 6  2 . 0  2 .  I 1 . 5 1 . 1  0 . 7  O .  I - 1 . 0  - I . 6 
- 0 . 4  - I . 2 -0 . 7  1 . 2  4 . 7  3 . 6  2 . 0  2 .  I 1 . 5 1 . 1  0 . 7  O . I - 1 . 0  - I . 6 

0 . 9  0 . 4 0 . 7  0 . 6  0 . 3  0 . 2  0 . 3  0 . 3  0 . 7  0 . 6  0 . 4  O .  I 0 . 1  O .  I 
- 1 . 8  - I . 7 - 1 . 4  - 0 . 9  1 . 1  1 . 1  0 . 2  0 . 2  0 . 0  O .  I 0 . 1  -0 . 5  - 1 . 4  - 2 .  I 
- 1 . 2  - I . 6 - I . 2 -0 . 3  2 . 3  1 . 9  0 . 9  0 . 9  1 . 0 0 . 9  0 . 6  -0 . 1  - 0 . 9  - 1 . 5 
- 2 . 5  -4 . 3  - 3 . 9  - 3 . 0  0 . 2  0 . 2  - 0 . 5  - 0 . 4  - 0 . 7  - 0 . 3  - 0 . 3  -0 . 8  - I . 7 - 2 . 3  
- 0 . 8  - ]  . 5  - I . I 0 . 2  3 . 6  2 . 9  1 . 5 1 . 6 0 . 8  0 . 7  0 . 3  -0 . 4  - 1 . 4 - 2 .  I 
- 0 .  {f - I . 2 - 0 . 7  1 . 2  4 . 7  3 . 6  2 . 0  2 .  I 1 . 5 1 . 1  0 . 7  O .  I - 1 . 0  - 1 . 6  
- I . 3 - 2 . 7  - 2 . 2  - 0 . 7  3 . 2  2 . 4  1 . 0  0 . 9  0 . 2  0 . 4  0 . 1  - 0 . 5  - 1 . 4  - 2 .  I 

1 9 9 3  NPFEXBllK 353 3 . I 352( • .  4 �52 3 .  7 35 1 5 . 6  350 3 . 9  3'.90 . 6  y. 7 7 . 1 3(. 78 . 3  3484 . 3  3570 . 1  35'. 6 . 3  354 7 . 0  3544 . 9  3542 . 6  
tlPREXBllK - 0 .  I 0 . 0  0 . 0  1 . 0  0 . 7  0 . 3  0 . 3  0 . 3  0 . 4  0 . 2  O .  I 0 . 0  0 . 0  0 . 0  
1Il1� E XP.IIK -0 . I -0 . 2  -0 . 2  -0 . 7  -0 . 7  -O . f. -0 . 3  - 0 . 3  - 0 . 3  " 0 . 3  - 0 . 2  -0 . 2  - 0 . 2  - 0 . 2  
NPFEXf llK -4 . I -4 . 9  -4 . 9  - 3 . 9  - 2 . 2  - 0 . 7  0 . 4  0 . 4  0 . 2  0 . 3  0 . 3  0 . 4  - 0 .  I - 0 . 4  
tiP RI, XF" 11K -(t . l  -4 . 8  -4 . 8  - 2 . 6  - 1 . 4  - 0 . 3  0 . 5  0 . 5  0 . 5  0 . 3  0 . 3  0 . 4  0 . 0  -0 . 4  
tlH� EXF-I1K -(t . l  -5 . I -5 . 0  -4 . 5  - 2 . 6  - 0 . 9  0 . 3  0 . 5  0 . 3  0 . 3  0 . 3  0 . 3  - 0 .  I - 0 . 4  
I1f'HX M I K  - 2 . 6  - 2 . 5  - 2 . 3  - 0 . 4  0 . 4  0 . 7  1 . 1  1 . 0  1 . 1  0 . 9  0 . 6  0 . 6  O .  I -0 . 6  
I1PI�l X A I lK - 2 .  (t - 2 . 2  - 2 . 0  0 . 9  1 . 3  1 . 3  1 . 1  1 . 5  1 . 6  1 . 1  0 . 7  0 . 7  0 . 2  - 0 . 5  
III1F EXAIIK - 2 . 7  - 2 . 6  - 2 . 5  - 0 . 6  0 . 3  0 . 7  1 . 0 1 . 0  1 . 1  0 . 8  0 . 5  0 . 6  0 . 1  - 0 . 5  
I I P RDCI'IiK -0 . 4  - 0 . 4  -0 . 5  0 . 5  0 . 2  -0 . 1  - 0 . 1  - 0 .  I 0 . 3  O .  I 0 . 0  - 0 . 1  - 0 . I - 0 . 2  
IIPRIlU I lK -4 . I -5 . 0  -4 . 8  - 2 . 9  - 1 . 5  -0 . 3  0 . 7  0 . 7  0 . 8  0 . 6  0 . 5  0 . 4  0 . 0  - 0 . 4  
t1PW)CMIK - 2 . 6  - 2 . 6  - 2 . 3  0 . 8  1 . 2  1 . 2  1 . 7 1 . 4 1 . 6 1 . 1  0 . 7  0 . 6  O .  I -0 . 6  
I1PRACAIiK - 2 . 5  - 2 . 2  - 2 . 0  1 . 1  1 . 6 1 . 5 1 . 7  1 . 5  1 . 7  1 . 2  0 . 8  0 . 6  O .  I -0 . 5  
tlPlil iXP I lK - 0 . 4  -0 . 3  -o . {. 0 . 6  0 . 6  0 . 3  O .  I 0 . 0  0 . 4  0 . 2  0 . 0  0 . 0  - 0 .  I -0 . 2  
I IPF IIXHIK -( • .  5 -5 . 2  -5 . 0  - (t . 3  - 2 . 7  - 1 . 0  0 . 2  0 . 4  0 . 2  0 . 2  0 . 3  0 . 3  -0 . 2  -0 . 6  

0 tlPRIIXf 1 1K -4 . 0  -4 . 6  -it . 6  - 2 . 8  - 1 . 5  - 0 . 6  0 . 4  0 . 4  0 . 8  0 . 6  0 . 3  0 . 3  -0 . 2  -0 . 6  
I1l1 f l l X F l I K  -4 . 8  - 5 . 8  -5 . 7  -5 . I - 3 . 1  - 1 . 3  0 . 0  0 . 1  O .  I O .  I 0 . 1  0 . 1  -0 . 3  - 0 . 8  

w IWHIXAIIK - 3 . 1 - 2 . 8  - 2 . 6  - O .  {t 0 . 5  0 . 8  0 . 9  0 . 9  0 . 9  0 . 7  0 . 4  0 . 4  -0 . I - 0 . 8  

I t1PPlIXAIiK - 2 . 6  - 2 . 3  - 2 . 3  0 . 8  1 . 4 1 . 4 1 . 5 1 . 4 1 . 6 1 . 0  0 . 6  0 . 5  - 0 . 1  -0 . 7  

N I1ItFlIXAlIK - 3 . 5  - 3 . 4  - 3 . 2  - 1 . I -0 . I 0 . 6  0 . 7  0 . 8  0 . 8  0 . 6  0 . 3  0 . 4  - 0 .  I - 0 . 7  

1 998 NPFEXBIIK 3530 . 9  35 2 3 . 3  3 5 Z 3 . 0  35 1 5 . 8  3504 . 3  y. 90 . 8  3'. 7 7 .  I y. 78 . 8  3484 . 0  3520 . 6  3546 . 5  3546 . 2  3 54 3 . 8  3 54 1 . 6  
11I'I1EXllIIK - 0 .  I - O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIHaX['IIK -0 . 2  -0 . 3  -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . I - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I I I'FEXI I IK - 2 . B - 3 . 6  - 3 . 5  - 3 . 7  - 2 . 3  - 1 . 2  - 0 . 2  -0 . 2  0 . 2  0 . 3  0 . 2  0 . 0  - 0 . 3  - 0 . 8  
I IPRE r:H IK - 3 . 0  - 3 . 8  - 3 . 6  - 3 . 8  - 2 . 4  - 1 . 2  - 0 . 2  -0 . 2  O .  I 0 . 3  0 . 2  0 . 0  - 0 . 3  -0 . 8  
IlIlI f Xl l iK - 3 . 0  - 3 . 9  - 3 . 6  - 3 . 8  - 2 . 4  - I . 2 - 0 . 3  - 0 . 2  0 . 1  0 . 3  0 . 2  0 . 0  - 0 . 3  - 0 . 8  
tlPF[ X A I IK - 3 . 5  -4 . I -{t . 0  - 3 . 3  - 2 .  I - 1 . 3  - 0 . 5  - 0 . 3  0 . 0  0 . 2  0 . 2  O .  I - 0 . 1  - 0 . 6  
I IPRfXAIiK - 3 . 6  -4 . 2  -4 . 0  - 3 . 4  - 2 .  I - I . 3 - 0 . 5  -0 . 3  0 . 0  0 . 2  0 . 2  0 . 1  - 0 .  I - 0 . 6  
tlIf I U� A I IK - 3 . 7  -4 . 3  -4 . 0  - 3 .  {. - 2 .  I - 1 . 3  - 0 . 5  -0 . 3  0 . 0  0 . 2  0 . 2  0 . 1  - 0 . I - 0 . 6  
tIPRllU'.IIK - 0 . 2  - 0 . 3  -0 . 2  0 . 0  0 . 7  0 . 3  0 . 0  O .  I O .  I 0 . 0  0 . 0  0 . 0  - 0 .  I - 0 . I 
I I P RIJU 1 1 K  - 2 . 9  - 3 . 8  - 3 . 7 - 3 . 6  - 2 . 0  - 1 . 0  - 0 . 4  - 0 . 3  - 0 . I 0 . 0  0 . 0  - 0 . 3  -0 . 6  - 1 . 1  
I IPIWeAlIK - 3 . 6  -4 . 3  -4 . 1  - 3 . 4  - 2 . 1  - 1 . 4  - 0 . 6  - 0 . 4  - 0 . 2  0 . 0  O .  I 0 . 0  -0 . 2  - 0 . 7  
t1PRACAIIK - 3 . 8  -4 . 5  -4 . 3  - 3 . 4  - I .  9 - 1 . 3  - 0 . 6  - 0 . 4  - 0 . 2  - 0 . I 0 . 0  -0 . 1  -0 . 4  - 0 . 9  
IIPPII:mIIK -0 . 3  - 0 . 4  -0 . 4  - 0 . 4  -0 . 3  - 0 . 3  - 0 . 4  - 0 . 4  - 0 . 4  - 0 . 2  - 0 . I - 0 . 1  - 0 . 2  - 0 . 2  
111'1 1 1;" 11K - 3 . 2 -(t . O  - 3 . 9  -4 . I - 2 . 8  - I . 6 - 0 . 9  - 0 . 9  - 0 . 6  - 0 . 3  - 0 . 2  -0 . 4  - 0 . 7  - 1 . 2  
III'RlIXFIiK - 3 . 1  - ? . 9  - 3 . 9  - 3 . 8  - 2 . 3  - 1 . {f -0 . 8  - 0 . 8  - 0 . 5  -0 . 2  - 0 . 2  - 0 . 4  - 0 . 7  - 1 . 2  
t1I1 I I1XI IIK - 3 .  r. -4 . 2  -4 . 0  -4 . 2  - 2 . 8  - 1 . 6  - 1 . 0  - 0 . 9  - 0 . 6  - 0 . 3  - 0 . 2  - 0 . 4  - 0 . 7  - 1 . 2  ��Ml��ll� -{t . l  -(t . 7  -'t . S  - 3 . 9  - 2 . 4  - 1 . 6  - 0 . 9  -0 . 8  - 0 . 5  - 0 . 3  - 0 . I - 0 .  I - 0 . 4  - 1 . 0  

-4 . 0  -4 . 5  -4 . 4  - 3 . 5  - I .  7 - I .  2 -0 . 6  -0 . 5  - 0 . 3  - 0 . 2  0 . 0  -0 . I - 0 . 4  - 1 . 0  
tIIlFlIXAlIK -(t . l  -It . 7  -{f . 5  - 3 . 9  - 2 . 5  - I . B  - 1 . 0  - 0 . 8  - 0 . 6  - 0 . 3  - 0 .  I -0 . I - 0 . 4  - 1 . 0  

2003 NFF f XI1IIK �5 � 7 . 7  35 2 9 . 8  3528 . 7 3520 . 6  3506 . 9  y. 9 2 . 0  y. 78 . 4  3480 . 6  3486 . 4  35 1 9 . 8  35'. 6 . 6  35(. 7 . 0  354 3 . 9  3 5 41 . 0  
tIPP.f.XI:·IIK - 0 . 2  ··0 . 2  -0 . 1  -0 . 1  -0 . I 0 . 0  -0 . I - 0 . I - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
/llIf� ,:1'.111; - 0 . 3  - 0 . 5  -0 . 2  -0 . 3  -0 . 3  - 0 . 2  -0 . 4  - 0 . 4  - 0 . 4  - 0 . 2  - 0 .  I 0 . 0  0 . 0  0 . 0  
tlPFEXl liK - 2 . 6  - 3 . 8  - 3 . 9  - 3 . 8  - 2 .  (-t - I .  3 - 1 . 0  - 0 . 9  - 0 . 8  - 0 . 5  - 0 . 4  - 0 . 3  - 0 . 5  - 1 . 0  
IIPREXI IiK - 2 . 8  -4 . I - 3 . 9  - 3 . 9  =� : � - J . 3 - I . I - I . 0 - 1 . 0  - 0 . 6  - 0 . 4  - 0 . 4  - 0 . 6  - 1 . 1  
/ I l iff  XI 1 1K - 3 . 0  -{t . 4  -It . 1 -4 . I - 1 . t-t - I . 3 - 1 . 2  - 1 . 2  - 0 . 7  -0 . 4  - 0 . 4  - 0 . 6  - 1 . 1  
I IPH.XAIIK - 2 . 2 - 2 . 9  - 2 . 9  - 2  . j  - 1 . 0  - 0 . 6  - 0 .  I 0 . 0  - 0 . 1  - 0 . 2  - 0 . I - 0 . 1  -0 . 2  - 0 . 7  
IIPRtXMIK - 2 . 4  - 3 . 1  - 2 . 9  - 2 .  - 1 . 0  -0 . 6  - 0 .  I - 0 .  I - 0 . 2  - 0 . 2  - 0 . I - 0 . 1  -0 . 2  -0 . 7  
IIHF E X M IK - 2 . 5  - 3 .  {t - 3 . 1 - 2 . 4  - I . 2 - 0 . 8  -0 . 7  - 0 . 5  - 0 . 5  - 0 . 3  - 0 .  I -0 . I - 0 . 2  -0 . 7  
IIPRllC! ' I I K  -0 . (. -0 . 7  -0 . (t - 0 . 5  -0 . 4  - 0 . 3  - 0 . 6  - 0 . 5  - 0 . 5  - 0 . 2  -0 . I 0 . 0  0 . 0  - 0 .  I 
ltPRl JU I iK - � . 2  -{, . 1 -{ . . (, - (-t . 5  - 2 . 9  - 1 . 7  - I . 7 - 1 . 6  - 1 . 5  - 0 . 9  - 0 . 6  -0 . 5  - 0 . 8  - I . 3 
I I PRlJCA I iK - 2 . 7  - 3 . 6  - 3 . 3  - 2 .  7 - )  . 4  - 0 . 9  - 0 . 9  - 0 . 8  - 0 . 7  -0 . 4  - 0 .  I - 0 .  I - 0 . 3  - 0 . 9  
III'RACAlIK - 2 .  7 - 3 . 6  - 3 . 3 - 2 . 8  - 1 . 5  - 1 . 0  - I . I - I .  0 - 0 . 9  -0 . 5  - 0 . 2  -0 . 2  - 0 . 4  - 1 . 0  
I IPRI I"I'·IIK -0 . 6  - 0 . 9  -0 . 6  -0 . 7 -0 . 6  - 0 . <, - 0 . 6  - 0 . 6  - 0 . 6  -0 . 3  - 0 . 1  0 . 0  0 . 0  - 0 . 1  W'I I I X I IiK - 3 . 2  -{, . 8  - (' . 5 -(,. . 7 - 2 . 9  - I . 7 - I . 7 - 1 . 6  - 1 . 4  -0 . 8  - 0 . 6  -0 . 5  - 0 . 7  - 1 . 3  

PRwa 11K - 3 . 2 -4 . 8  -4 . 6  - ( • .  7 - 3 . 0  - 1 . 7  - I . 7 - J . 6 - 1 . 4  - 0 . 8  - 0 . 6  -0 . 5  -0 . 7  - 1 . 3  
1 1I I�1I :'I I iK - 3 . 2  -4 . 8  -(-t . 6  -(t . 7  - 3 . 0  - 1 . 7  - I .  7 - 1 . 6  - 1 . 4  -O . B  -0 . 6  - 0 . 5  -0 . 7  - I . 3 
I I PF 1 1 :<  AI II; - 2 . B  - 3 . 8  - 3 . 5  - 3 . 0  - 1 . 6  - I . 1 - ] . 2 - I . I - I .  I - 0 . 6  - 0 . 3  -0 . 1  -0 . 3  - 1 . 0  
liP f.IJ:,AIIK - 2 . 8  - 3 . 8  - � . 5  - 3 . 1  - 1 . 8  - I . Z - 1 . 3  - I . 2 - I . I - 0 . 6  -0 . 3  -0 . 2  -0 . 3  - I . 0 
tlltFI iXAlIK - 2 . B - 3 . B - � . 5  - 3 . 0  - I .  7 - I . 1 - 1 . 2  - I . I - I . I -0 . 6  - 0 . 3  -0 . 1  -0 . 3  - I . 0 



IIEAN CIIANGg IN EIID OF PERIOD RESERVOIR ELEVATI0I1S ( FEET ) 
COM P A R IS /lS FOR PRDJEl.1 1 L IIlB'f 

T a b l e  D . 3 - 2  

YEAR STUD'f S E PT OCT /lOV DEC JAil FEB MAR APRI APR2 MAY JUNE JULY AUGI AUG2 
1 988 tlPFE XfII1K 2(.55 . 1  2't{.S . 2  2{.35 . 0  2400 . 7  2365 . 8  2 340 . 0  2 3 3 3 . 5  2 3 35 . 7 23<.4 . 5  2 3 9 7 . 2  2445 . 7  2455 . 4  2455 . 5  2455 . 5  

MPREXBlIK 0 . 3  -0 . 1  1 . 0  0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  
IIHFE XnllK -0 . 4  - 2 . 1  - 1 . 0  - 1 . 2  - I .  , -0 . 2  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  
IWFEXHIK -0 . 2  1 . 0  2 . 8  4 . 0  3 .  1 . 9  1 . 6  1 . 7  1 . 7  1 . 1  0 . 5  0 . 5  0 . 3  0 . 3  
tlPREXFtIK -0. I 1 . 0  3 . 4  4 . 3  4 . 3  2 . 4  2 . 1  2 . 2  2 . 2  1 . 4 0 . 7  0 . 6  0 . 5  0 . 4  
UHf E X f  11K -0 . 4  -0 . 3  2 . 0  3 . 7  3 . 6  1 . 9  1 . 7  1 . 7 1 . 7  1 . 2  0 . 6  0 . 6  0 . 4  0 . 4  
tlPFEX AIIK 0 . 1  2 . 2  4 . 7  6 . 9  6 . 6  3 . 6  3 . 1  3 . 2  3 . 1  1 . 7  0 . 8  0 . 7  0 . 5  0 . 4  
IIPREXAIIK 0 . 2  2 . 3  5 . 1  7 . 0  6 . 9 4 . 0  3 . 5  3 . 6  3 . 4  1 . 9  1 . 0  0 . 9  0 . 7  0 . 6  
I'I I IFEXAI IK 0 . 0  1 . 6 4 . 1  6 . 8 6 . 5  3 . 5  3 . 1  3 . 1  3 . 0  1 . 7 0 . 8  0 . 7  0 . 5 0 . 4  
lIPRIJCflllK 0 . 3  - 0 .  I 1 . 0  0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  
I IPRlJCFlIK -0 . 1  1 . 0  3 . 4  4 . 3  4 . 3  2 . 4  2 . 1  2 . 2  2 . 2  1 . 4 0 . 7  0 . 6  0 . 5  0 . 4  
tlPRIJCAIIK 0 . 2  2 . 3  5 . 1  7 . 0  6 . 9  4 . 0  3 . 5  3 . 6  3 . 4  1 . 9  1 . 0  0 . 9 0 . 7  0 . 6  
I I PRACAl1K 0 . 2  2 . 3  5 . 1  7 . 0  6 . 9 4 . 0  3 . 5  3 . 6  3 . 4  1 . 9  1 . 0  0 . 9  0 . 7  0 . 6  
I1PIUIXBIIK 0 . 3  -0 . 1  1 . 0  0 . 3  0 . 1 0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  
tlPFIIXHIK -0 . 2  1 . 1 2 . 7  4 . 0  3 . 8 1 . 9 1 . 7 1 . 8 1 . 8 1 . 1  0 . 5 0 . 5 0 . 4 0 . 3  
UPRlIXFl1K -0 . I 1 . 0  3 . 4  4 . 3  4 . 3  2 . 4  2 . 1  2 . 2  2 . 2  1 . 4 0 . 7 0 . 6  0 . 5  0 . 4  
I1HFlIXFIIK -0 . 4  - 0 . 3  2 . 0  3 . 7  3 . 6  1 . 9  1 . 7  1 . 7  1 . 7  1 . 2  0 . 6  0 . 6  0 . 4  0 . 4  
tIPF1IXAI1K 0 . 1  2 . � 4 . 7  6 . 9  6 . 6  3 . 6  3 . 1  3 . 2  3 . 1  1 . 7  y . 8  0 . 7  0 . 5  0 . 4  
tlPRHXAllK 0 . 2  2 .  5 . 1  7 . 0  6 . 9  4 . 0  3 . 5  3 . 6  3 . 4  1 . 9  . 0  0 . 9  0 . 7  0 . 6  
I1I1FtlXAtlK 0 . 0  1 . 6  (t . t  6 . 8  6 . 5  3 . 5  3 . 1  3 . 1  3 . 0  1 . 7  0 . 8  0 . 7  0 . 5  0 . 4  

1 99 3  tlPFEXBlIK 2(.5 1 . 8 24'. 7 . 4  2437 . 3  2406 . 6  2 3 7 1 . 0  2 3<. 2 . 8  2 3 35 . 0  2 336 . 4  2 3<.4 . 7  2 3 9 7 . 0  2443 . 9  2453 . 7  245 3 . 4  2453 . 3  
I1PREX[lIlK 0 . 1  0 . 0  0 . 0  0 . 1  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1111FEXI'IIK -0 . 2  -0 . 1  -0 . 1  -0 . 2  -0 . 3  -0 . 1  -0 . 1  - 0 . 1 -0 . 1  - 0 . 1  - 0 . 1 -0 . 1  - 0 . 1  -0 . 1  
1 1PFEXI I IK - 1 . 4  - 2 . 3  -0 . 8  0 . 0  0 . 2  0 . 7  0 . 8  0 . 9  0 . 8  0 . 6  0 . 4  0 . 5  0 . 4  0 . 3  
tlPREXrJIK - 1 . 3  - 2 . 3  - 0 . 8  0 . 1 0 . 3  0 . 8  0 . 8  1 . 1  1 . 0  0 . 7  0 . 4  0 . 5  0 . 4  0 . 4  
IIHFEXFIIK - I . 3 - 2 . 3  -0 . 7  -0 . 1  -0 . 1  0 . 5 0 . 7  0 . 8 0 . 7  0 . 5 0 . 3  0 . 4 0 . 3  0 . 3  
l IPFEX AIlK -0 . 7  -0 . 9  Y : i  1 . 2  1 . 5 1 . 5 1 . 5 1 . 5 1 . 4 0 . 9  0 . 5  0 . 5  0 . 3  0 . 2  
I1PREX A l I K  -0 . 7  -0 . 9  1 . 3  1 . 7  1 . 6 1 . 5 1 . 6 1 . 5 0 . 9  0 . 6  0 . 5  0 . 3  0 . 3  
I I I IFEXAI1K -0 . 8  - 1 . 0  0 . 8  1 . 2  1 . 4 1 . 3  1 . 4 1 . 4 1 . 3  0 . 8  0 . 5  0 . 5  0 . 3  0 . 2  
11 PPJJCIlI IK 0 . 0  -0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 0  -0 . 1  -0 . 1  -0 . 1  - 0 . 1  0 . 1  -0 . 1  - 0 . 1  -0 . 1  
11 PlillCHIK - I .  3 - 2 . c. -0 . 3  0 . 2  0 . 2  0 . 7  0 . 8  1 . 0 0 . 9  0 . 6  0 . 4  0 . 5  0 . 4  0 . 3  
I1PRDC A I IK - 0 . 7 - 1 . 0  1 . 3  1 . 4 1 . 7  1 . 5 1 . 5 1 . 6 1 . 4 0 . 9  0 . 6  0 . 5 0 . 3  0 . 2  t:J I IPRACA!IK -0 . 7  - 0 . 9  1 . 2  1 . 3  1 . 8 1 . 5 1 . 5 1 . 6  1 . 4 0 . 9  0 . 6  0 . 5  0 . 3  0 . 2  
tIPRII:'I'. I IK 0 . 0  - 0 . 1 0 . 5  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  - 0 . 1  -0 . I 

w IIPFII X I IIK -] . 't - 2 . 4  -0 . 6  0 . 0  0 . 0  0 . 5  0 . 7  0 . 8  0 . 7  0 . 5  0 . 3  0 . 4  0 . 3  0 . 2  

I tlPRI1!:I' I IK - I . 3 - 2 . 3  -0 . 3  0 . 1  0 . 3  
g j  

0 . 8  0 . 9  0 . 8  0 . 6  0 . 4  0 . 4  0 . 3  0 . 2  
111 1FIIXHIK - 1 . 4  - 2 . 5  -0 . 7  - 0 . 2  -0 . 1  0 . 7 0 . 7  0 . 7  0 . 4  0 . 3  0 . 4  0 . 3  0 . 2  W tlPFtIXAIlK - 0 . 9  - 1 . 0  1 . 1  1 . 3  1 . 4 1 . 4 1 . 4 1 . 4 1 . 3  0 . 8  0 . 5  0 . 5  0 . 3  0 . 2  
tlPRl I X M IK -0 . 7  - 1 . 0  1 . 3  1 . 3  1 . 8 1 . 5 1 . 6 1 . 6  1 . 5 0 . 9  0 . 7  0 . 5  0 . 3  0 . 2  
11IIFlIXAJIK - I . 0 - I .  2 0 . 9  1 . 1  1 . 3  1 . 3  1 . 4  1 . 4 1 . 3  0 . 8  0 . 5  0 . 5  0 . 3  0 . 2  

1 9 98 tlPFEXBlIK 2{.5 1 . 3  2447 . 6  2,,38 . 3  2'. 0 7 . 0  2368 . 0  2336 . 5  2 3 28 . 0  2330 . 3  2 3 3 9 . 5  2 396 . 0  2444 . 6  2453 . 7  2453 . 1  2453 . 0  
tlPREXBlIK 0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tIllFEXI'IIK 0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I I f'FEXI IiK -0 . 9  -2 . 1  - I . I -0 . 7  -0 . 6  - 0 . 2  - 0 . 2  -0 . 2  -0 . 2  - 0 . 1  -0 . 1  -0 . 1  - 0 . 4  - 0 . 4  
tlPREXfllK - 1 . 0  - 2 . 2  - 1 . 1  -0 . 7  -0 . 6  - 0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  -0 . 1  - 0 . 2  -0 . 4  - 0 . 4  
I I I IHXFlIK - I . 0 - 2 . 2  - 1 . 1  - 0 . 7  -0 . 6  -0 . 2  -0 . 2  -0 . 2  - 0 . 2  - 0 . 1  -0 . 1  -0 . 2  - 0 . 4  -0 . 4  
I I PF E X MIK - I . 2 - 2 . 1  - 1 . 0  - 0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  - 0 . 2  -0 . 2  
IIPREXAIIK - ) . 3 - 2 . 2  - I . 0 -0 . 3  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  -0 . 2  
t1l1 f EXAIlK - 1 . 3  - 2 . 2  - 1 . 0  -0 . 3  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  -0 . 2  
IIPRIJCBIIK 0 . 0  -0 . 2  - 0 .  I 0 . 0  0 . 0  0 . 0  - 0 . 1 -0 . 1  - 0 . 1 - 0 . 1  0 . 0  0 . 0  - 0 . 1  - 0 . 1  
IIPEIJCl IIK - 1 . 0  - 2 . 3  - 1 . 2  -0 . 7  -0 . 6  -0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  - 0 . 1  -0 . 2  -0 . 5  -0 . 5  
IIPHIJCAIIK - I .  2 - 2 . 2  - 1 . 0  -0 . (. -0 . 2  -0 . 1  0 . 0  - 0 .  I - 0 . 1 0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 3  
IIPRACMIK - ) . 3 - 2 . 3  - 1 . 1  -0 . 4  -0 . I -0 . 1  -0 . 1  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 3  -0 . 3  
IIPI�I IXE'.IIK -0 . I -0 . 2  -o . !  - 0 . 1 -0 . 1  -0 . 1  -0 . I -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  -0 . 1  
IIPHIXIIIK - I . 0 - 2 . 3 - ) . -0 . 8  -0 . 7  -0 . 3  -0 . 3  -0 . 3  -0 . 2  - 0 .  ) -0 . 1  -0 . 2  - 0 . 5  -0 . 5  
l I P f<lIXFlIK - I . 0 - 2 . 3  - I . 3 - O . ll  -0 . 7  - 0 . 3  -0 . 3  -0 . 3  - 0 . 2  -0 . 1  -0 . 1  -0 . 2  - 0 . 5  -0 . 5  
tll1l l 1 X I l lK - I . I -2 . 4  - I . 3 - O . ll -0 . 7  -0 . 3  -0 . 3  -0 . 3  -0 . 3  -0 . 2  - 0 . 1  - 0 . 2  - 0 . 5  -0 . 5  
tlPI llXAIIK - I . (. - 2 . ! - 1 . 2  - 0 . 5  -0 . 3  -0 . 2  -0 . ) -0 . 1  - 0 . 1 0 . 0  -0 . 1  0 . 0  - 0 . 3  -0 . 3  
l l P Pl I X Al I K  - 1 . 4  - 2 .  -

1
. 2  -0 . 5  -0 . 2  -0 . 1  - 0 . 1 -0 . 1  - 0 . 1 0 . 0  0 . 0  0 . 0  - 0 . 3  -0 . 4  

1 I I I 1 11XAlIK - I , t, - 2 . 3  - . 2  - 0 . 5  -0 . 3  -0 . 2  -0 . 1  -0 . 2  -0 . 1  - 0 . 1  - 0 . 1  0 . 0  -0 . 3  - 0 . 4  

2003 l1PFEXBlIK 2453 . 3  2,, 4 9 . 6  2,.3 9 . 6  2,,0 7 . 8  2 3 7 1 . 6  23<. 1 . 5  233' • .  2 2 3 3 6 . 4  2344 . 7  2 3 95 . 1  24'.4 . 2  2453 . 6  2452 . 8  2452 . 6  
l'l l 'PUBIlK 0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
11111 E XIIIIK 0 . 0  - 0 . 2  -0 . I - 0 .  I -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I 1 I' F E X H IK -0 . 7  - 1 . 8  - 1 . 0  -0 . r. -0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  - 0 .  I -0 . 4  -0 . 5  
lWIlE X l l IK -0 . 8  - 2 . 0  - I . I -0 . 4  -0 . 4  0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  - 0 . 1  - 0 . 4  -0 . 5  
l lHHXHIK - O . ll - 2 . 2  - I . I -0 . 4  -o . c. 0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  -0 . 1  - 0 . 4  -0 . 5  
tH'FEXMIK - 0 . 6  - 1 . 4  -0 . 5  0 . 0  0 . 0  0 . 3  0 . 2  0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  -0 . 3  - 0 . 4  
III'REXIdIK - 0 . 7  - 1 . 5  -0 . 6  0 . 0  0 . 0  0 . 3  0 . 2  0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  -0 . 3  - 0 . 4  
I IHFEXMIK -0 . 7  - 1 . 6  -0 . 6  - 0 .  I - 0 . 1  0 . 2  0 . 2  0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  -0 . 3  - 0 . 4  
tl PR[)(T.IIK -0 . 1  -0 . 2  -0 . I - 0 .  I -0 . 2  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
II f'EIlCH IK -0 . 9  -2 . 3  - I . 3 -0 . 6  -0 . 7  -0 . 1  -0 . 1  0 . 0  - 0 . 1  -0 . 1  -0 . 1  -0 . 1  - 0 . 4  - 0 . 5  
llPRVCAlIK -0 . 8  - I . 7 -0 . 7  -0 . 2  -0 . 2  0 . 2  0 . 2  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  -0 . 3  - 0 . 4  
l I P Ri\CAlIK - O . ll  - 1 . 11  -0 . 8  ··0 . 2  - 0 . (. O .  I 0 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  -0 . 3  -0 . 4  
tIPHlI';{'.IIK - 0 .  I - 0 . 3  -0 . I -0 . 1  -0 . 2  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
lIPH IXf llK -0 . 9  - 2 . 3  - 1 . 4  -0 . 6  - 0 . 7  -0 . 1  -0 . I 0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1  - 0 . 4  -0 . 5  
tIPP.lIX I IIK -0 . 9  - 2 . 4  - 1 . 4  - 0 . 6  -0 . 7  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 4  -0 . 5  
t1HH I X f I I K  -0 . 9  - 2 . 4  - 1 . 4  - 0 . 6  - 0 . 7  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 4  - 0 . 5  
lIPFtI:,AlIK -0 . 0  - 1 . 8  - 0 . 8  -0 . 2  -0 . 3  0 . 2  0 . 2  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  -0 . 3  -0 . 4  
lIPRl IXMIK - 0 . 8  - 1 . 8  -0 . 8  -0 . 2  -0 . 3  0 . 2  0 . 2  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  -0 . 3  -0 . 4  
t1J1HIXAlIK - O . ll  - 1 . 8  -0 . 8  -0 . 2  -0 . 3  0 . 2  0 . 2  0 . 3  0 . 3  0 . 1 0 . 0  0 . 0  - 0 . 3  -0 . 4  



YEAR STUDY SEPT OCT 
1 9118 HPf-EXIlIIK 1 Wll . 1 1 Z811 . 2  

ItPRE>:n1tK 0 . 1  0 . 0  
tll l F E Xf'.I lK - 0 . 1 - 0 . 2  
IWFEXIIIK 0 . 1  O .  I 
I1P RE XFl tK 0 . 1  0 . 0  
!1tf F EX f I ! K  0 . 0  - 0 . 2  
lfI 'FEX AI!K 0 . 2  0 . 0  
tfPBEXAI!K 0 . 2  0 . 0  
I!H FE XAllK 0 . 2  - 0 .  I 
I!�RllCI'·IIK O .  I 0 . 0  
I1PRlJr.J I t K  0 . 1  0 . 0  
tfPRDCAI!K 0 . 2  0 . 0  
tfPRACAItK 0 . 2  0 . 0  
UPPlt;(P,IIK o .  I 0 . 0  
tfPf-ltr:I·I1K O .  I O .  I 
tfPPl tXn tK 0, I 0 . 0  
IttfHt X F ItK 0 , 0  - 0 . 2  
11 PFI1X AI1K 0 . 2  0 . 0  
It PW tXAI tK 0 . 2  0 . 0  
HtfFItXNtK 0 . 2  - 0 . 1  

1 993 ttPFEXPIIK 1 2811 . 0  1 2118 . 0  
IIPREXIIItK 0 , 0  0 . 0  
ttHf-EXf\I1K 0 . 0  - 0 .  I 
H PFEXf l tK 0 . 0  - 0 . 1  
tII'RF.XF l'IK 0 . 0  0 . 0  
lIflHXFlIK 0 . 0  0 . 0  
tfl'F E X AI1K 0 . 0  O .  I 
tfPRE XAI 1K o 0 O .  I 
I'! I IFEXAItK 0 . 0  0 . 0  
IWRllCI,I1K 0 . 0  0 . 0  
IIPRlJCf-I1K 0 . 0  -0 . I 
IH'RUCAlIK O .  I O .  I 
!1PRACAItK O .  I O .  I 

tJ IIpm l>:ilHK 0 . 1  0 . 0  
I 1 PF l tXF I1K 0 . 0  0 . 0  

w ttPP.ltt:HtK 0 . 0  0 . 0  

I I1tf H IXf- ItK 0 . 0  0 . 0  
I t I'F11XAlIK 0 , 0  O .  I .I'- ItPRltXAItK 0 , 1  O .  I 
!1HFtfXAlIK 0 . 0  0 . 0  

1 9 98 HPFEXBI1K 1 208 . 0  1 288 . 1  
tlPHEXeltK 0 . 0  0 . 0  
l I l t F E Xf?IIK 0 . 0  0 . 0  
It P F E XH t K  - 0 . 1  - 0 . 1  
IIPRF.XFIIK -0 . 1  - 0 .  I 
IIt f F E X f- I tK -0 . 1  -0 . 1  
I II 'FE XAllK 0 . 0  0 . 0  
tlPREXAlIK - 0 . I - 0 . I 
I tt fa XAI tK -0 , 1  - 0 , I 
tn·P.lJCP·t1K 0 . 0  0 . 0  
tfPlmCH1K 0 . 0  - 0 .  I 
ItP RIJCAJ1K 0 . 0  -0 . I 
tlP RACAI 1K - 0 , 1  - 0 .  I 
HPP.l l;:f'.ItK 0 . 0  0 . 0  
11PH1X1 11K - 0 . I - 0 .  I 
I tP PI tX f ltK 0 . 0  - 0 . 1  
11t1H1Xf 1 t K  - 0 .  I -0 . 1  
tll'FItXAItK -0 . 1  - 0 .  I 
l l P Rl I X A I tK 0 . 0  - 0 .  I 
1 1Hf'11XAl lK - 0 . 1  - 0 . I 

2003 tlPF E XIlI1K 1 2118 . 4  1 208 . 3  
1 1 1'R1' XI:I tK - 0 .  I 0 . 0  
ItflHXI!11K - 0 .  I - 0 .  I 
ItPF E Xf l1K - 0 . 2  -0 . 1  
UPREXf ltK -0 . 3  -0 . 2  
I!tff E X H 1K -0 . 3  -0 . 2  
tfPFf- X AI 1K - 0 .  I - 0 . I 
I IP R l X AI1K - 0 . 2 - 0 .  I 
ttflf- EXAI1K - 0 . 2  - 0 . 1  
11PRIlCllIlK - 0 .  I - 0 .  I 
Itl'R IlCH1K -0 . 3  - 0 . 2  
ttPR[)CAlIK - 0 . 2  - 0 .  I 
ttPRACAnK - 0 . 2  -0 . 2  
l1PRllXI'·I lK -0 . 1  -0 . 1  
tlPFllXl l l K  - 0 . 3  - 0 . 2  
tlPPl lXFIlK - 0 . 3  - 0 . 2  
l 1 ! 1 F l1XFnK - 0 . 3  -0 . 2  
I1 PF!1f:A l 1K - 0 . 2  - 0 . 2  
tlpmlXAllK - 0 . 2  - 0 . 2  
tlllFl IXAllK -0 . 2  - 0 . 2  

IIEAtI CHAtIGE �tI ElID RF fERIOD RIifi[RVOl� ELEVATIo/lS ( FEET ) 
COIfPARISUlIS FOR P OJ CT I GRAI COU E 

NOV O E C  J A N  FEB H A R  A P R  I A P R 2 
I Z1l8 . 1 1 211 7 . 2  1 2 75 . 1  1 25 7 . 9 1 2 35 . 5  1 2 3 3 . 7  1 2 3 1 . 7  

O .  ) 0 . 0  0 . 1  0 . 3  0 . 4  0 . 9  0 . 4  
- 0 .  0 . 0  - 0 . 4  - 0 . 4  -0 . 4  - 0 . 6  - 0 . 2  

0 . 0  0 . 0  1 . 3  1 . 2  - 0 . 1  - 0 . 3  0 . 0  
O .  I 0 . 1  1 . 5 1 . 4 0 . 2  0 . 4  0 . 2  

- 0 .  I 0 . 0  1 . 3  1 . 0  - 0 . 1  - 0 . 2 - 0 . 1 
0 . 1  0 . 0  2 . 1  2 . 3  0 . 8  0 . 9  0 . 2  
0 . 2  O .  I 2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  
0 . 0  0 . 1  2 . 2  2 . 2  0 . 3  0 . 0  0 . 0  
O .  I 0 . 0  O .  I 0 . 3  0 . 4  0 . 9  0 . 4  
0 . 1  O .  I 1 . 5 I . " 0 . 2  0 . 4  0 . 2  
0 . 2  O .  I 2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  
0 . 2  O .  I 2 . 3  2 . 5  1 . 1  1 . 5 0 . 4  
0 . 1  0 . 0  0 , 1  0 . 3  0 . 4  0 . 9  0 . 4  
0 . 0  0 . 0  1 . 3  1 . 2  -0 . I - 0 . 3  0 . 0  
0 . 1  0 . 1  1 . 5  1 . 4 0 . 2  0 . 4  0 , 2  

- 0 . 1  0 . 0  1 . 3  1 . 0  - 0 . 1  - 0 . 2  - 0 . 1  
O .  I 0 . 0  2 . 1  2 . 3  0 . 8  Y J  0 . 2  
0 . 2  O .  I 2 . 3  2 , 5  1 . 1  0 . 4  
0 . 0  0 . 1  2 . 2  2 . 2  0 . 3  0 . 0  0 . 0  

1 2118 , 2  1 28 7 , 4  1 2 7 7 . 4  1 2 6 0 . 4  1 2 35 . 8  1 2 3 3 . 7  1 2 3 1 . 5  
0 . 0  0 . 2  0 . 4  0 . 5  0 . 5  0 . 2  0 . 0  
0 . 0  0 . 0  -0 . 2  - 0 . I - 0 .  I - 0 , 4  0 . 0  

- 0 .  I - 0 .  I -0 . 3  - 0 . 2  0 . 3  0 . 3  0 . 4  
- 0 . 1  O .  I 0 . 3  0 . 3  1 . 0 0 . 5  0 . 4  
- 0 .  I - 0 . I - 0 . 4  -0 . 3  0 , 2  - 0 . 1  0 . 4  

0 , 1  O .  I 0 . 3  0 , 5  0 . 7  0 . 7  0 . 5  
0 . 1  0 , 2  0 . 9  1 . 0  1 . 4 1 . 0 0 . 5  
0 , 1  0 . 0  0 . 2  0 . 4  0 . 6  0 . 3  0 , 5  
0 , 0  O .  I 0 . 8  0 . 9  0 . 9  0 . 3  0 . 0  
0 . 0  0 . 0  0 . 3  0 . 4  0 . 7  0 . 5  0 . 4  
0 . 2  0 . 3  1 . 0 1 . 0 1 . 3  0 . 7  0 . 5  
0 , 2  0 . 2  1 . 4 1 . 3  1 . 7  1 . 1  0 . 6  
0 . 2  0 . 2  1 . 0  0 . 9  0 , 9  0 . 4  0 . 0  

- 0 . 1  - 0 . 1  -0 . 3  - 0 . 2  0 . 3  0 , 2  0 . 4  
0 . 0  0 . 0  0 . 7  0 . 6  1 . 1  0 . 6  O J. 

- 0 .  I - 0 . 1  '-0 . 4  - 0 . 3  0 . 2  - 0 . 2  0 , 4  
O .  I O .  I 0 . 5  0 , 5  0 . 6  0 . 3  0 . 5  
0 . 2  0 . 2  1 . 4 1 . 4 1 . 5 1 . 1  0 . 6  
O .  I 0 . 0  0 . 2  0 . 4  0 . 6  0 . 2  0 . 5  

1 288 . 2  1 20 7 . 6  1 2 78 . 7  1 26 2 . 9  1 2 3 7 . 7  1 2 34 . 5  1 2 30 . 8  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  -0 . 7  0 . 0  

- 0 . I - 0 . 1  - 0 . 4  - 0 . 5  -O J. - 0 . 7  0 . 0  
- 0 , I - 0 .  I - 0 . 4  - 0 . 5  -o . {. - 0 . 7  0 . 0  
- 0 , I - 0 .  I - 0 . 4  - 0 . 5  - 0 . 4  - 0 . 9  0 . 0  

0 . 0  0 . 0  -0 . 1  - 0 . 2  -0 . 2  - 0 , 3  O .  I 
0 . 0  0 . 0  - 0 . 1  -0 . 2  - 0 . 2  -0 . 3  0 . 1  
0 . 0  0 . 0  - 0 . 1  - 0 . 2  - 0 . 3  -0 , 6  0 . 1 
0 . 0  O .  I 0 . 9  1 . 0 0 . 4  0 . 1  0 . 0  

-0 . 1  0 . 0  0 . 2  0 . 3  0 . 1  - 0 . 4  0 . 0  
0 . 0  0 . 0  -0 . 1  - 0 . 2  - 0 . 2  - 0 . 6  0 . 1  

- 0 . 1  0 . 0  0 . 3  0 . 4  0 . 3  - 0 . 1  0 . 2  
0 . 0  0 . 0  0 . 0  - 0 .  I - 0 . 3  - 0 . 7  0 . 0  

- 0 . 1  - 0 . 2  -0 . 4  -0 . 6  - 0 . 4  - 0 . 9  - 0 .  I 
- 0 . 1  - 0 . 1  -0 . 3  - 0 . 4  - 0 . 3  - 0 . 7  -0 . I 
- 0 . 1  - 0 . 2  - 0 . 4  - 0 . 6  -0 . 5  - 1 . 0  -0 . 1  
- 0 .  I - 0 . 1  0 . 0  - 0 . 1  - 0 . 2  -0 . 6  0 . 1  
-0 . 1  0 . 0  0 . 6  0 . 5  0 . 3  0 . 0  0 . 2  
- 0 .  I - 0 .  I - 0 . 2  - 0 . 3  -0 . 3  - 0 . 7  0 . 1  

1 2118 . 4  1 287 . 5  1 2 78 . 5  1 2 6 2 . 2  1 2 3 7 .  I 1 2 3(, . 6  1 2 3 1 . 3 
0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  - 0 . 2  0 . 0  
0 . 0  0 . 0  - 0 . 1  - 0 . 2  - 0 . 8  - 1 . 1  0 . 0  

-0 . 1  - 0 .  I - 0 . 3  -0 . 3  0 . 0  - 0 . 1  0 . 1  
-0 . 1  - 0 .  I -0 . 3  - 0 . 4  - 0 . 2  -0 . 3  0 . 1  
-0 . 1  - 0 .  I - 0 . 4  - 0 . 5  - 0 . 6  - 1 . 1  0 . 1  

0 . 0  O .  I O .  I 0 . 2  0 . 7  0 . 6  0 . 3  
0 . 0  0 . 1  O .  I 0 . 2  0 . 6  0 . 5  0 . 3  
0 . 0  0 . 0  O .  I - 0 . I - 0 . 3  - 0 . 7  0 . 2  
0 . 0  0 . 0  - 0 .  I - 0 . 2  - 0 . 7  - 1 . 0  0 . 0  

- 0 . 1  -0 . 1  -0 . 4  - 0 . 5  - 0 . 7  - 1 . 0  0 . 1  
0 . 0  0 . 0  0 . 0  - 0 .  I --0 . 2  - 0 . 5  0 . 2  
0 . 0  0 . 0  0 . 0  - 0 . 1  -o . �  - 0 . 7  0 . 2  
0 . 0  0 . 0  - 0 .  I - 0 . 3  - 0 . 8  - 1 . 3  - 0 . 1  

- 0 .  I - 0 .  I - 0 . 4  -0 . 6  -0 . 6  - I .  2 0 . 1  
- 0 .  I - 0 . 1  - 0 . 4  - 0 . 6  - 0 . 6  - 1 . 2  0 . 1  
- 0 . 1  - 0 . I - 0 . 4  -0 . 6  - 0 . 6  - I .  2 0 . 1  

0 . 0  0 . 0  0 . 0  - 0 . 1  - 0 . 3  - 0 . 9  0 . 2  
0 . 0  0 . 0  0 . 0  - 0 . 1  -0 . 3  -0 . 9  0 . 2  
0 . 0  0 . 0  0 . 0  - 0 . I - 0 . 3  - 0 . 9  0 . 2  

Ta b l e  D . 3 - 3  

HAY JUNE JULY AUG I AUG2 
1 25 3 . 9  1 2116 . 8  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  

0 . 4  0 ' 1 0 . 0  0 . 0  0 . 0  
- 0 . 2  - 0 .  0 . 0  0 . 0  0 . 0  
- 0 . 3  - 0 . 2  0 . 0  0 . 0  0 . 0  

0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  
- 0 . 2  - 0 . 2  0 . 0  0 . 0  0 . 0  
- 0 . 2  - 0 . 1  0 . 0  0 . 0  0 . 0  

0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
- 0 . 2  - 0 . 1  0 . 0  0 . 0  0 . 0  

0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 4  0 , 1  0 . 0  0 . 0  0 . 0  

- 0 . 3  - 0 . 2  0 . 0  0 . 0  0 . 0  
0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  

- 0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  
-0 . 2  - 0 . 1 0 . 0  0 . 0  0 . 0  

0 . 1  0 . 0  0 , 0  0 . 0  0 . 0  
- 0 , 2  - 0 . 1 0 . 0  0 . 0  0 . 0  

1 25 1 . 8  1 286 . 5  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 6  

g :  I 0 . 0  0 . 0  0 . 0  
0 . 7  0 . 0  0 , 0  0 . 0  
0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 8  0 . 1  0 . 0  0 . 0  0 . 0  
0 . 5  O .  I 0 . 0  0 . 0  0 . 0  
0 . 4  O .  I 0 . 0  0 . 0  0 . 0  
0 . 9  0 . 2  0 . 0  0 . 0  0 . 0  
1 . 1  0 . 2  0 . 0  0 . 0  0 . 0  
1 . 1  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 5  O .  I 0 . 0  0 . 0  0 . 0  
0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  
1 . 0  0 . 2  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 7  O .  I 0 . 0  0 . 0  0 . 0  
1 . 0  O .  I 0 . 0  0 . 0  0 . 0  
0 . 5  O .  I 0 . 0  0 . 0  0 . 0  

1 25 2 . 4  1 286 . 3  1 289 . 9  1 28 9 . 9 1 289 . 9  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 , 0  -0 . 1  0 , 0  0 . 0  - 0 . 1  
0 . 0  -0 . 1  0 . 0  0 . 0  - 0 . 1  

- 0 . 1  - 0 . 1  0 . 0  0 . 0  -0 . 1  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 , 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1 0 . 0  0 , 0  0 . 0  0 . 0  
0 . 0  - 0 . 1  0 . 0  - 0 . 1  - 0 . 1  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

- 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  - 0 . 1  0 . 0  - 0 . 1  -0 . 1  
0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1 

- 0 . 1  - 0 . 1 0 . 0  -0 . 1  -0 . 1  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 25 1 . 1  1 285 . 5  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

- 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 3 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

- 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  

- 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  



HEAU CHMIGE III Elm OF �ERIOD RESllRVOIR ELEVATIONS ( FEET ) Tab l e  D . 3 - 4  
COIIPARISOIIS FOR PROJ CT . DWORSI AK 

YEAR STUDY SEPT OCT !IOV OEC JAN FEB MAR A P R I  A P R 2  M A Y  JUNE JULY AUGI AUG2 
I 91313 11P� E ,:BllK 1 5 75 . 1 1 5 7 1 . 4  1 556 . 9  1 5 (-+ 6 . Z 1 5 2 6 . 0  1 50', . 2  1 4 7 7 . 3  1 4 8 7 . 6  1 506 . 1  1 560 . 1  1 5 9 1 . 3  1 59 3 . 4  1 5 9 2 . 6  1 5 9 1 ' j 

II PR� XBtIK 0 . 7  0 . 5  0 . 5  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 .  
I I l lr E XP·I IK -0 . 9  - I . 6 - I . 7 - 1 . 8 -0 . 5  - O . lt 0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  O .  
I I P F E X f  1 1K - 0 . 9  -0 . 7  -0 . 1  3 . 7  2 . 8  2 . 2  1 . 1  0 . 8  0 . 7  0 . 7  0 . 6  0 . 0  -0 . 6  - 1 . 0  
/If'Rl XFIIK -0 . 5  -0 . 5  O .  I 3 . 9  3 . 1  2 . 5  1 . 1  0 . 9  0 . 8  0 . 8  0 . 6  0 . 2  -0 . 3  - 0 . 7  
lI1 1 a X r l lK - I . 2 - 1 . 8  - }  , tt 2 . 7  2 . 5  2 . 0  . 1  0 . 9  0 . 8  0 . 8  0 . 6  0 . 0  -0 . 6  - 0 . 9  
II P F E X M IK -0 . 2  -0 . 4  0 . 3  5 . 1  4 . 1  3 . 3  1 . 4 1 . 1  1 . 0 1 . 0 0 . 8  0 . 3  - 0 . 4  - 0 . 8  
I I PREXMlK 0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0  . 0  0 . 8  0 . 4  - 0 . 2  - 0 . 5  
I I " � E XAIIK - O , {. -0 . 9  - 0 . 4  4 . 9  4 . 0  3 . 2  1 . 3  1 . 1  1 . 0  1 . 0  0 . 8  0 . 3  - 0 . 4  - 0 . 8  
/ I F'lmCPIIK 0 . 7  0 . 5  0 . 5  0 . 1  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . I 
IIPRIJU IIK -0 . 5  - 0 . 5  O .  I 3 . 9  3 . 1  2 . 5  1 . 1  0 . 9  0 . 8  0 . 8  0 . 6  0 . 2  - 0 . 3  -0 . 7  
I 1 I ' lllJCAIIK 0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0  1 . 0 0 . 8  0 . 4  - 0 . 2  - 0 . 5  
1 1 P RACfd l K  0 . 0  -0 . 2  0 . 4  5 . 3  4 . 4  3 . 5  l , lt 1 . 1  1 . 0  1 . 0 0 . 8  0 . 4  -0 . 2  -0 . 5  
I IPlm,:rIlK 0 . 7  0 . 5  0 . 5  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . I 
I I I'f l li< I I I K  -0 . 9  - 0 . 7  0 . 0  3 . 7  2 . 8  2 . 2  1 . 1  0 . 9  0 . 8  0 . 8  0 . 6  0 . 0  -0 . 6  - 0 . 9  
I trRJ1XI  1 1K -0 . 5  - 0 . 5  0 . 1  3 . 9  3 . 1  2 . 5  1 . 1  0 . 9  0 . 8  0 . 8  0 . 6  0 . 2  - 0 . 3 - 0 . 7  
I I I [ F I IXI I I K  - ]  . Z - 1 . 8  - 1 . 4  2 . 7  2 . 5  2 . 0  1 . 1  0 . 9  0 . 8  0 . 8  0 . 6  0 . 0  -0 . 6  - 0 . 9  
tII 'FI I X M I K  -0 . 2 - 0 . 4  0 . 3  5 . 1  4 . 1  3 . 3  1 . 4 1 . 1  1 . 0 1 . 0 0 . 8  0 . 3  - 0 . 4  - 0 . 8  
I I I'RII;, ld I K  0 . 0  -0 . 2  O J  ... 5 . 3  4 . 4  3 . 5  1 . 4 1 . 1  1 . 0  1 . 0  0 . 8  0 . 4  -0 . 2  - 0 . 5  
11IIFIIXAlIK -0 . (. - 0 . 9  - 0 . 4  4 . 9  4 . 0  3 . 2  1 . 3  1 . 1  1 . 0  1 . 0  0 . 8  0 . 3  - 0 . 4  -0 . 8  

1 9 93 IIPFFXIlIIK ] 56£3.  6 1 5 65 . 1  1 553 . 4  1 5', 9 . 3  1 5 2 7 . 0  1 50(' . 9  1 4 77 . 7  1 4 8 7 . 1  1505 . 5  1559 . 6  1 589 . 6  1 5 90 . 3  1 588 . 1 1 585 . 4  
I I r R� XI ' I IK 0 . 0  0 . 0  0 . 0  0 . 3  O .  I 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1  - 0 . 1  
I I" F �. XI ' I IK -0 . 1  -0 . 2  -0 . 1  - 0 . 3  - 0 . 2  - 0 .  I -0 . 1  -0 . 1  -0 . 1  - 0 . 1  - 0 . 1  - 0 .  I - 0 .  I -0 . 1  
I I f'HXI I I K  - 2 . 6  - 2 . 8  - 1 . 5  -0 . 7  O .  I 0 . 5  0 . 4  0 . 4  0 . 4  0 . 4  0 . 3  O .  I -0 . 2  - 0 . 3  
IIPm.Xf I IK - 2 . 6  - 2 . 8  - 1 . 5  -0 . 4  0 . 2  0 . 6  0 . 5  0 . 5  0 . 4  0 . 4  0 . 3  O .  I -0 . 2  -0 . 3  
I I I I F � ,: 1  1 1K - 2 . 6 - 2 . 9  - 1 . 4  -0 . 9  0 . 0  0 . 4  0 . 3  0 . 3  0 . 3  0 . 3  0 . 2  0 . 0  - 0 . 2  -0 . 2  
IIPf'EXAlIK - I . (, - 1 . 5  - 0 . 5  0 . 2  0 . 9  1 . 2  0 . 6  0 . 5  0 . 4  0 . 4  0 . 3  -0 . 1  - 0 . 4  -O . � 
I I P R F X MIK - 1 . 5  - 1 . 4  - 0 . 5  0 . 5  1 . 0 1 . 3  0 . 7  0 . 6  0 . 4  0 . 4  0 . 3  -0 . 1  - 0 . 4  -0 . 
I I I IF I , ;,AI IK - 1 . 5 - 1 . 5  -0 . 5  O .  I 0 . 7  1 . 0  0 . 6  0 . 4  0 . 3  0 . 3  O . ! -0 . 1  - 0 . 4  -0 . 5  
1 1 I 'R1lCI'I IK -0 . 2  -0 . 2  - 0 . 3  0 . 0  - 0 . 1  0 . 0  - 0 . 1  -0 . I .  -0 . 1  0 . 0  -0 . -0 . 2  - 0 . 2  -0 . 2  
I I I' RIlC I I I K  - 2 , 5  - 2 . 7  - 1 . 3  - 0 . 5  0 . 2  0 . 6  0 . 5  0 . 5  0 . 4  0 . 4  O .  0 . 0  - 0 . 2  -0 . 3  
I I I ' IWCMIK - ) . " - 1 . 5  - 0 . (, 0 . 6  1 . 0  1 . 3  0 . 7  0 . 6  0 . 4  0 . 4  0 . 3  - 0 . 1  - 0 . 4  -0 . 6  
/IF'RACAIIK - ]  J-t " 1 . 4  -0 . 3  0 . 6  1 . 0  1 . 3  0 . 7  0 . 6  0 . 4  0 . 4  0 . 3  -0 . 1  -0 . 4  - 0 . 5  
I I I 'FIIY.I' I IK - 0 .  I -0 . 1  0 . 0  0 . 3  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1  

CJ IIPf m: I I I K - 2 . 6  - 2 . 8  - I . 2 -0 . 8  0 . 0  0 . 4  0 . 4  0 . 4  0 . 3  0 . 3  0 . 2  0 . 0  -0 . 2  - 0 . 4  
/IF 'I'll X I  1 1 K  - 2 . 3  - 2 . 5  - 1 . 0  - 0 . 5  0 . 1  0 . 5  0 . 4  0 . 4  0 . 3  0 . 3  0 . 2  - 0 . 1  - 0 . 3  -0 . 4  

C0 I I I I f  I I X I  1 1K - Z , B  - 3 .  I - 1 . 5  - 0 . 9  - 0 . 1  0 . 3  0 . 3  0 . 3  0 . 3  0 . 2  0 . 2  -0 . 1  - 0 . 2  - 0 . 4  

I I I F f  1 1 ;,.\ 1 1 /\ - I .  7 - I . 6 -0 . 4  0 . 3  0 . 8  1 . 1  0 . 6  0 . 5  0 . 3  0 . 3  0 . 3  -0 . 1  - 0 . 5  -0 . 6  
I I I ' P I I;': f. l I K  - I  . <. - I  . .. - 0 . 2  0 . 6  1 . 1  1 . 3 0 . 7  0 . 5  0 . ..  0 . 4  0 . 3  -0 . 1  - 0 . 4  -0 . 6  Ul I I I I I I IX A I I K  - Z . O  - 2 . 0  - 0 . 6  O .  I 0 . 7  1 . 0  0 . 6  0 . 4  0 . 3  0 . 3  0 . 3  -0 . 1  - 0  . ..  -0 . 6  

1 9 98 IIPFEXP·IIK 1 56 7 . 7  1 56( . .  5 1 5!lc, . O  1 5 (, 9 . 7  1 5 28 . 2  1506 . ..  1 4 7 9 . 5  1 4 90 . 5  1 50 9 . 5  1559 . 8  1 588 . 7  1 588 . 6  1 586 . 6  158( . .  5 
I IPP!: ('!' I I K  - 0 .  I -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 1 1 1 1  F (:I'IIK - 0 .  I -0 . 2  -0 . I - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
II I H :\I 1 1 K  - 1 . 8 - 2 . 2  -- I .  3 -0 . 9  - 0 . 5  - 0 . 3  0 . 0  -0 . 1  - 0 . 2  -0 . 2  -0 . 1  -0 . 4  -0 . 5  -0 . 6  
III'Pl X f l l K  - 2 . 0  - 2 . 3  - I  . ..  - 1 . 0  -0 . 5  -0 . 3  0 . 0  -0 . I -0 . 2  - 0 . 2  - 0 .  I - 0 . 4  - 0 . 5  -0 . 6  
I I I 1 I Uil lll; - 2 . 0  - 2 . 3  - ]  . 5  - 1 . 0  - 0 . 5  -0 . 3  0 . 0  - 0 . 1  -0 . 2  -0 . 2  -0 . 1  -0 . 4  - 0 . 5  -0 . 6  
1 1 I ' 1' I, X Iol IK - 2 . 3  - 2 . 6  - I . 6 - I . 0 - 0 . 5  - 0 . 1  0 . 2  0 . 0  - 0 . 1  - 0 . I 0 . 1  - 0 . 1  - 0 . 3  - 0 . 4  
I II ' R � X t. l IK - 2 . " - 2 . 6  - 1 . 7  - 1 . 0  - 0  . ..  -0 . 1  0 . 2  0 . 0  -0 . 1  -0 . 1  O .  I -0 . I - 0 . 3  -0 . 5  
1 1 1 1 1  f,X""K - 2 . 5  - 2 . 7  - 1 . 7  - 1 . 0  - 0 . 4  - 0 .  I 0 . 2  0 . 0  -0 . 1  - 0 . 1  0 . 1  -0 . 1  - 0 . 3  -0 . 5  
I I I ' HJHTIIK --0 . 1  - 0 . 2  - 0 . I 0 . 0  0 . 0  0 . 0  - 0 .  I -0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  - 0 . 1  -0 . 1  
I I I ' JmU I IK - 1 . 8  - 2 . 2  - )  . {t - 0 . 9  - 0 , 5  -0 . 3  - 0 . 1  - 0 . 2  -0 . 3  -0 . 3  - 0 . 2  -0 . 4  -0 . 6  -0 . 8  
I I I ' RIJCAIIK - 2 . f" - 2 . 7  - 1 . 7  - 1 . 0  - 0 . 5  - 0 . 2  0 . 1  0 . 0  -0 . 2  - 0 . 1  O .  I - 0 . 2  - 0 . 4  -0 . 5  
I I I ' RM:td IK - 2 . 5  - 2 . 8  - 1 . 8  - I . 0 - 0 . 6  -0 . 3  0 . 0  -0 . 1  -0 . 2  - 0 . 2  O .  I - 0 . 2  - 0 . 4  - 0 . 6  
l J J' F1I:'[,·lJK - 0 . 2  -0 . 2  -0 . 2  -0 . 2  -0 . 1  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  -0 . 1  
I I I  J I IX I I I K  - 2 . 0  - 2 . 4  - ]  . 5  - I .  I -0 . 6  - 0 . 4  -0 . 1  - 0 . 2  - 0 . 3  - 0 . 3  - 0 . 2  - 0 . 4  - 0 . 6  -0 . 8  
I I P F I I � f  1 1K - I . 9 - 2 . 3  - } . (f - 1 . 0  -0 . 6  - 0  . ..  -0 . 1  - 0 . 2  - 0 . 3  - 0 . 3  - 0 . 2 - 0 . 4  - 0 . 7  -0 . 8  
I I I J J  I I X I I IK - 2 . 1 - 2 . 5  - I . 6 - I .  I - 0 . 6  -0 . 5  -0 . 1  -0 . 2  -0 . 3  - 0 . 3  -0 . 2  - 0  . ..  - 0 . 7  -0 . 8  
l II ' J  1 1 .� ', I JK - 2 . 7  - 2 . 9  - 1 . 9  - I . 2 -0 . 7  -0 . 4  0 . 0  - 0 . I - 0 , 2  - 0 . 2  0 . 1  - 0 . 1  - 0  . ..  - 0 . 6  
I I I'Pl IXAlJK - 2 . 6  - 2 .  B - 1 . 8  - I . I - 0 . 7  - 0 . 3  0 . 0  - 0 . 1  - 0 . 2  - 0 . 2  0 . 1  -0 . 2  - 0 . 4  -0 , 7  
I lilI l I XfJ Ir - 2 . 6  - 2 . B  - 1 . 9  - 1 . 2  - 0 . 6  - 0 . 3  0 . 0  - 0 . 1  - 0 . 2  - 0 . 2  0 . 1  - 0 . 2  - 0 . 4  - 0 . 6  

2 0 0 :;  1 1rrn:r.I IK  I IJ 7 Z . 1  1 56B . 3  1 555 . 7  1 550 . 2  1 5 2 7 .  I 1 50" . 0  1 ',76 . 1  1 (,85 . 7  1503 . 9  1 55 7 . 5  1 588 . 8  1 589 . 4  1 5 8 7 . 1  1584 . 6  
1 1 l 'F E :<1 ' I I K  -0 . 3  -0 . I - 0 .  I - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
l I ! ! f  U,I',"I� - 0 . 3  -0 . 3  -0 . 3  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I Il T l r,J  1 1K - I . 7 - 1 . 9  - I . 3 - 0 . 6  -0 . 2  - 0 .  I 0 . 1  0 . 2  0 . 1  O .  I 0 . 0  - 0 . 2  - 0 . 4  - 0 . 6  
IIPH�l;J  1 1K - 2 . 1  - t:: . l  - 1 . 5  - 0 . 7  - 0 . 2  - 0 .  I O .  I O .  I 0 . 0  O .  I 0 . 0  -0 . 3  - 0 . 5  - 0 . 6  
I l I n· !:,:r 1 1 K  - 2 . 1  - 2 . 3  - I . 7 -0 . 8  - 0 . 3  - 0 . 1  O .  I O .  I 0 . 0  0 . 1  0 . 0  - 0 . 3  - 0 . 5  - 0 . 6  
I l l'f' �X M IK - } . (. - 1 . 5  -0 . 9  -0 . 2  - 0 .  I O .  I O .  I 0 . 1  0 . 0  0 . 0  0 . 1  - 0 . 1  - 0 . 3  -0 . 5  
l I PR� XIdIK - I . 7 - 1 . 6  -- 1 . 1  - 0 . 3  -0 . I O .  I 0 . 1  0 . 1  0 . 0  0 . 0  O .  I - 0 . 1  -0 . 3  - 0 . 5  
I I H � �.XM IK - I . B  - 1 . 8  - 1 . 2  - O . ft - 0 . I O .  I 0 . 1  0 . 1  0 . 0 0 . 0  O .  I -0 . I -0 . 3  - 0 . 5  
1 1 l 'J;JJC1 ' I I K  - 0 . 3  -0 . 2  - 0 . 3  - 0 . 2  - 0 . 1  0 . 1  O .  I 0 . 1  O .  I O .  I 0 . 0  0 . 0  -0 . 1  - 0 . 1  
I ! JT1H I I I K - c' .  z - , . {. - 1 . 8  -0 . 9  - 0 . 5  -0 . 3  O .  I O .  I 0 . 0  0 . 1  0 . 0  -0 . 3  - 0 . 5  - 0 . 8  
I I l liIJC AI 1K - I .  9 - I .  9 - I . 3 -0 . ..  - 0 . 2  0 . 1  0 . 1  O .  I 0 . 0  0 . 0  0 . 1  - 0 .  I - 0 . 4  - 0 . 7  
I I f'RACAIIK - 1 . 9  - 1 . 9  - 1 . 3  -0 . 4  - 0 . 3  0 . 0  0 . 1  O .  I 0 . 0  0 . 0  0 . 1  -0 . 1  - 0 . 4  -0 . 7  
IIPJlI1> : ! ', I IK - D . ft - 0 . 3  - 0 . 3  -0 . 2  - 0 .  I 0 . 0  O .  I 0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  
1'1 r 1 l J> : I I IK - 2 . 3  - 2 . 5  - 1 . 8  -0 . 9  - 0 . 5  - 0 . 3  0 . 1  0 . 2  O .  I O .  I 0 . 0  -0 . 2  -0 . 5  -0 . 8  
1 1 Prm: I I I K  - 2 . 3  -2 . 5  - 1 . 8  - 0 . 9  -0 , 5  - 0 . 3  0 . 1  0 . 2  0 . 1  O .  I 0 . 0  - 0 . 2  -0 . 5  - 0 . 8  
1 1 I J f  I JY.!  1 1K - 2 . 3  - 2 . 5  - 1 . 8  - 0 . 9  - 0 . 5  -0 . 3  0 . 1  0 . 2  0 . 1  O .  I 0 . 0  -0 . 2  - 0 . 5  -0 . 8  
1II"FI I)<: �I IK - 1 . 9  - I .  9 - 1 . 3  -0 . 5  - 0 . 2  0 . 0  0 . 2  0 . 2  0 . 1  O .  I 0 . 1  0 . 0  -0 . 4  -0 . 7  
III'Pl IXAI I K  - 1 . 9  - 1 . 9  - I .  .. - 0 . 5  - 0 . 2  0 . 0  0 . 2  0 . 2  0 . 1  O .  I O .  I 0 . 0  -0 . 4  -0 . 6  
l11n m:A1IK - 1 . 9 - I . 9 - I . 3 - 0 . 5  - 0 . 2  0 . 0  0 . 2  0 . 2  0 . 1  0 . 1  0 . 1  0 . 0  - 0 . 4  - 0 . 7  



tlEAlI CI IAUGE III ElID OF PERIOD RESERVOlR E l.EVATIOHS ( FEET ) T a b l e  D . 4 - 5  
COI1PAR ISOIIS FUR PROJECT , ALDUII F A  LS , YEAR STUDY SEPT OCT NOV DEC JAil FEB I1AR A P R I  A PR 2 MAY JUliE JULY AUG I AUG2 

988 Mf'FE XBI1K 2060 . 8  205 7 . 4  2052 , 6  2052 . 8  2054 . 2  2054 . 8  2055 . 6  2055 . 5  2055 . 3  20 6 2 .  i 2 0 6 2 . 6  206 2 . 5  2 06 2 . 5  20 6 2 . 5  
tlPREXmlK 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  O .  0 . 0  0 . 0  0 . 0  0 . 0  
J1H � E XBIIK - 0 .  I -0 . 3  0 . 0  0 . 0  - 0 . 1  - 0 , I 0 . 0  0 . 0  - 0  . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPFEXI  tlK 0 . 0  0 . 1  0 . 0  0 . 0  O J. 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I IPREXFIIK 0 . 1  0 . 0  0 , 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I'1llF E XF I IK 0 . 0  -0 . 3  0 . 0  0 . 0  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I IPFEXAI I K  0 . 2  0 . 0  0 . 0  0 . 0  0 . 6  0 . 4  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPREXAI1K 0 . 2  0 . 0  0 , 0  0 . 1  0 . 7  0 . 5  0 . 0  0 . 0  0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
tIllFJ:XAlIK 0 . 1  - 0 . 2  0 . 0  0 . 1  0 . 7  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRllCI',IIK 0 ,  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRUClIIK 0 . 1  0 . 0  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
11PRUCAtlK 0 . 2  0 , 0  0 . 0  0 . 1  0 . 7  0 . 5  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
11PI1ACAlIK 0 . 2  0 , 0  0 . 0  0 . 1  0 . 7  0 , 5  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPP.I IXr.!1K 0 . 1  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  
tlPHlxrllK 0 . 1  0 . 1  0 . 0  0 . 0  0 , 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRIIXf llK 0 ,  I 0 , 0  0 . 0  0 . 1  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1HFI1XftlK 0 . 0  - 0 . 3  0 . 0  0 . 0  0 . 4  0 , 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPFtfXAIIK 0 . 2  0 . 0  0 , 0  0 . 0  0 . 6  0 . 4  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1PRI1XAIIK 0 . 2  0 . 0  0 , 0  O .  I 0 . 7  0 . 5  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tllIFtiXAlIK O .  I - 0 . 2  0 . 0  0 . 1  0 . 7  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 993 it �iF·!Fif.j�i!Hm( 2060 . 7  2 05 7 . 2  2052 . 6  2053 . 1  2054 . 7  2055 . 0  2055 . 6  2055 . 4  2055 . 1 206 2 . 4  2 0 6 2 . 7  2062 . 5  206 2 . 5  206 2 . 5  
0 . 0  0 . 0  0 . 0  0 . 2  0 . 1  0 . 1  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  -0 . 1  - 0 .  I 0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . I 0 , 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  - 0 .  I 0 . 0  0 , 2  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  - 0 . 1  0 , 0  -0 , I 

-8 : 1 
- 0 , I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 , 0  0 . 0  0 . 0  O .  I O .  I 0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  -0 . I 0 . 0  O .  I 0 ,  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  O .  I 0 . 0  0 . 3  0 . 4  0 . 2  0 . 0  0 . 0  0 ,  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 ,  I 0 . 0  0 . 0  0 . 2  0 . 3  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

t:! tlir[; rij !�!:;�!I� i� I t: 0 . 0  - 0 . 1  0 , 0  - 0 .  I - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  

- 8 : Y  
0 . 0  0 . 1  0 . 2  0 ,  I 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  - 0 .  I - 0 .  I -0 . I 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  w !:li!;;fiJlti::!:�:liU: 0 . 0  0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I O .  I 0 ,  I 0 . 0  0 . 3  0 . 4  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0'\ 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 998 IIPFEXBIIK 2060 . 8  2057 J .. 2052 . 6  2053 . 3  2055 . 3  2055 . 8  205 5 . 6  2055 . 5  2055 . 6  2 0 6 2 . 5  2062 . 6  20 6 2 . 5  206 2 . 5  2 0 6 2 . 5  
tlPREXBIIK 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I I I 1F EXl'IIK 0 . 0  -0 . I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPFFXHIK 0 . 0  - 0 .  I 0 . 0  -0 , I - 0 . I - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPRtXf llK -0 . 1  - 0 , I 0 . 0 - 0 . 1  - 0 . 1 -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
H l l f E XFIIK - 0 . 1  - 0 . 1  0 . 0  - 0 . 1  - 0 .  I - 0 .  I 0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tIf' F E X AIIK 0 , 0  0 . 0  0 , 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPRI: XMIK 0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
III 1 F EXAIIK - 0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPRIJCBI'IK 0 . 0  0 . 0  0 . 0  0 . 1 0 . 3  0 , 2  0 . 0  0 . 0  0 . 0  0 . 0  a a 0 . 0  0 . 0  0 . 0  
tlPHllcrl lK 0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1PRUCAllK 0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1PIlACAI IK 0 . 0  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRII�P·IIK 0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tll'F1IXf 11K -0 . 1  -0 , I 0 . 0  - 0 .  I -0 . I - 0 .  I 0 , 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
HPIUIXI· I IK 0 . 0  -0 . 1  0 . 0  0 . 0  - 0 .  I - 0 .  I 0 . 0  0 . 0  -0 . I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
UIIFIIXHIK - 0 .  I - 0 .  I 0 , 0  - 0 .  I - 0 . 1 - 0 .  I 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
tlPFIIXAlIK - 0 . 1  -0 . I 0 . 0  0 . 0  0 . 0  0 . 0  0 , 0  0 . 0  - 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1PP.ltr:AIIK 0 . 0  - 0 . 1  0 . 0  0 . 1  0 . 1  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tJIIFtIXAlIK -0 . 1  -0 . I 0 , 0  0 . 0  - 0 . 1  -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2003 tJPFEXIlllK 2 0 6 1 . 1  205 7 . 6  2052 . 6  2053 . 1  2055 . 0  2055 . 4  2055 . 6  2055 . 5  2055 . 4  2062 . 4  2 0 6 2 . 6  2062 . 5  206 2 . 5  2 0 6 2 . 5  
IIPREXlllIK -0 . I - 0 .  I 0 . 0  0 , 0  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
Hll f f. XI'·IIK -0 . I - 0 . 1  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPHXH1K - 0 . 2  - 0 . 2  0 . 0  - 0 . 1  - 0 .  I -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlI'REXrl1K -0 . 2  -0 . 3  0 . 0  - 0 , I - 0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
11IIFfXFtlK - 0 . 3  - 0 . 3  0 , 0  -0 . I - 0 .  I -0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPFf. XAIIK -0 , 1  - 0 .  I 0 , 0  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPRE){AlIK - 0 , 2  - 0 .  I 0 , 0  0 . 1  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIllF I,XAlIK -0 . 2  - 0 . 2  0 . 0  O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPRlJ( BIIK - 0 .  I - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 , 0  0 , 0  
I IPHIlCl I IK  - 0 . 3  -0 . 3  0 . 0  - 0 . 1  - 0 .  I - 0 .  I 0 . 0  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPHUCAIIK -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRACAIIK -0 . 2  -0 . 2  0 , 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tll'l:lIi:nllK - 0 .  I - O .  J 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 .  J - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tl1'HIXH1K -0 . 3  - 0 . 3 0 . 0  - 0 . 1  - 0 .  I - 0 .  I 0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPRWT I IK -0 . 3  -0 . 3  0 . 0  - 0 .  I - 0 .  I - 0 .  I 0 . 0  - 0 . 1  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 1l lfl lXf l iK -0 . 3  - 0 . 3  0 . 0  - 0 . 1  - 0 . 1  - 0 .  I 0 . 0  -0 . 1  - 0 . 2  0 . 0  0 . 0  0 , 0  0 . 0  0 . 0  
I1PFtlXAI1K -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I IPHIIXAIIK -0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  0 . 0  0 , 0  0 . 0  0 . 0  0 . 0  
I111H 1XAlIK -0 , 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  







APP END IX D 

Rive r  Opera t i ons Af f e c t ing Res ident F i s h  

PART 4 

Frequency o f  Res e rvo i r  Elevat ion Change s 
Grea ter  Than 5 Fee t  





Frequency of Rese rvo i r  E l eva t ion 
Changes Grea ter Than 5 Fee t  

Tabl e s  D . 4-l  through D . 4-S g ive the f re quency o f  oc currence o f  e l eva t i on 
inc rease s  ( + )  and decreases ( - )  o f  great e r  than 5 f e e t  re l a t ive to  the No 
Ac t ion case f o r  Hungry Horse , Libby , Grand Coulee , Dwo rshak , and Albeni  Fal l s 
f o r  each period o f  the year s  1 988 , 1 9 93 , 1 9 98 , and 200 3 . The s e  va l ue s  are 
based on 200 s imul a t ions by t he SAM . Thi s  info rma t ion is referred  to  in 
S e c t ion 4 . 2 . 3 . 3 . 2 ,  Res ident Fish P roduc t ion in Reservo i r s . See t he beg inning 
of Volume 4 f o r  a def i n i t ion of the 8 l e t ter  codes used in the s e  tabl e s  which 
iden t i fy the IDU a l t e rnat ives . 

Examp l e  ( Tab l e  D . 4-l ) : At  Hungry Horse  f o r  t he MPREXBMK a l t e rna t ive in t he 
year 1 988 , in the Sep tember  per iod , 4 . 0  percen t  o f  the s imul a t i ons s howed 
end-of-pe r i o d  reservo i r  e l eva t ion inc rease s  of greater than 5 f e e t  r e l a t ive t o  
t he No Ac t ion case ( MPFEXBMK ) and 0 . 5  percent s howed e l eva t ion decrea s e s  o f  
grea t e r  t han 5 fee t . 

l 8 38 Z  

D . 4-l  



TEST COtrrRACT CASE YEAR 

M P F E XJlMK 1 911B 
IIPREXBIIK 1 9BIl 
I I I IFEXEIIK 1 9118 
tlPFEXf 11K 1 91113 
I IPRFXfllK 1 988 
IIHFEXFIIK 1 91)1) 
I I P F E XAIIK 1 91)1l 
llPREXAllK 1 988 
lllli- EXIIl I K  1 9[)8 
l l P RfJCfll lK 1 9[J8 
l l F RDCHIK 1 9B8 
IIPROCMIK 1 95!3 
I IPRACAIlK 1 958 
l'IPRlIXnIlK 1 988 
11rF l I X I IIK 1 ge8 
I1PRlIXIIiK 1 9813 
HilF1IXftiK 1 988 
l lfTIIXAl lK 1 9111l 
11PRlIXAl1K 1 988 
l u n  IIXAlIK 1 9U8 
!If F E XPIIK 1 9 9 3  
tlPflE Xlll l K  1 9 9 3  
t1I1Ff XJ>.IIK 1 9 9 3  
I IPFE XI-lIK 1 9 9 5  
IIPRFXI- l I K  1 9 9 5  
1II1H. Xl llK 1 9 9 3  
lIH l X A I IK 1 9 9 5  
tIPR!:XAIiK 1 9 9 3  
1 I I 1H. X A I IK 1 9 9 3  
IIPRflCPI1K 1 9 9 3  
tlPRDCHIK 1 9 9 3  

tJ tlPRUCAI1K 1 9 9 3  
IIPRACAI1K 1 9 9 3  

of"> 11PPI1;,;r I l K  1 9 9 3  

I 
11P H IXHIK 1 9 9 3  
11PPJIXrliK 1 9 9 3  N tlllFlIXHIK 1 9 9 3  
11FFIIXAl1K 1 9 9 3  
lIPrlIXAIIK 1 9 9 3  
tlllFlIXMIK 1 9 9 5  
IIPFEXBIIK 1 9 98 
uprUPI IK 1 9 98 
l l l l F E XBIIK 1 9 98 
tlP F E X F l I K  1 9 98 
1 I 1 'REXFl IK 1 9 98 
IIH FE X F l IK 1 9 98 
I l F F E X A l IK 1 9 9tl 
1 1PRE X M IK 1 9 98 
tl l l � E X A I 1K 1 9 98 
l I f'EDCl'l I K  1 9 9tl 
l I rRIlCHIK 1 9913 
11 PROCAlIK 1 9 98 
11PHACAI1K 1 9 98 
111'Rm:l' l IK 1 9 95 
11l 'F l I X � IIK 1 9 98 
I1PRIIXf l"IK 1 9 91l 
1Ili H IX F I 1K 1 9 98 
11Pf llXAIIK 1 9 98 
t1PP.I1:<Alll: 1 9 911 
11fI C II X M I K  1 9 913 
l1T'F� XIlIIK 7 0 0 3  
l l PIlEoxellK Z 0 0 3  
l IHf- U <f ' l IK Z 0 0 3  
l l P F Io XHIK 2 0 0 ,  
l IPREoXl lIf: 2 0 0 3  
l I l lH: X F l I K  2 0 0 3  
lIPf+XAlIK 2 0 0 3  
tiP Fr:XAlIK 2 0 0 3  
IIlI r l: X Al IK 2 0 0 5  
l IJ.'ImCI' I IK 2 0 0 3  
l l P RI lCf- I lK 2 0 0 3  
lU'lWCAIiK 2 U O .l 
l I P RACMIK 2 0 0 3  
1 1 P m l:';I' l tK 2 0 0 �  
I IPI I I;,HIK Z O O 3  
I IPRl IXFI IK 200 3 
I Il1fll:< F J I K  2 0 0 5  
tll'H1X AilK 2 0 U 3  
I I P nll:,AlIK 2 0 0 5  
IlIIFtIXAlIK 2 0 0 3  

FREQUEtICY OF E l ID  OF PERIOD RESERVOIR ELEVATION 
CIIAJ1GES r ROl1 BASE CASE GREATER THAU 5 FEET I /. )  
I f'BB . P 9800 . CAH . N f 7  . SE R IES . L J B RA RY I )IT7ZJG 1 ) 

HUHGRY HORSE 

SEPT OCT tlOV DEC JAN F EB tlAR A P I  A P 2  MAY JUUE 

1 + / - 1 1 +/- ) 1 +/- ) 1 < / - , 1 + / - , 1 + / - , 1 + / - ) 1 + /- ' 1 +/- ) 1 +/- ) 1 +/- ) 
0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 

4 . 0/ 0 . 5  5 . 5/ 2 . 5  6 . 0/ 2 . 0  6 . 5/ 2 . 0  3 . 0/ 2 . 0  2 . 5/ 2 . 0  3 . 0/ 1 . 5 3 . 0/ 1 . 5 4 . 0/ 1 . 5 5 . 0/ 0 . 5  i ' O/ 0 . 5  
1 . 0/ 1 0 . 0  1 . 5/ 3 2 . 0  1 . 5 / 2 9 . 5  1 . 5/ 2 2 . 0  2 . 5/ 1 5 . 0  3 . 0/ 1 0 . 5  3 . 0 / 7 . 5  3 . 0/ 6 . 5  2 . 5/ B . O  1 . 5/ 5 . 0  . 5/ 5 . 0  
2 . 5/ 1 � . 5  1 3 . 0/20 . 0  1 3 . 0/ 1 8 . 0  1 3 . 5/ 1 5 . 0  2 6 . 0/ 1 3 . 0  1 9 . 0/ 1 1 . 0 1 3 . 0/ 1 0 . 0  1 2 . 5/ 9 . 0  1 3 . 0/ 9 . 5  9 . 0/ 5 . 5  6 . 5/ 5 . 0  
3 . 0/ 1 3 . 5  9 . 5/ 1 9 . 5  1 0 . 5/ 1 7 . 5  1 9 . 0/ 1 6 . 0  35 . 0/ 1 2 . 0  2 2 . 5/ 1 0 . 5  1 5 . 0/ 9 . 5  1 4 . 5/ 8 . 5  1 5 . 5/ 8 . 0  1 2 . 0/ 5 . 0  1 1 . 0/ 4 . 5  
0 . 5/ 1 7 . 5  3 . 0/ 3 1 . 5  3 . 0/ 2 9 . 5  5 . 0/ 2 3 . 0  28 . 0 / 1 4 . 0  1 7 . 5/ 1 0 . 5  1 3 . 0/ 1 0 . 0  1 3 . 0/ 1 0 . 0  1 2 . 5/ 1 0 . 5  9 . 5/ 7 . 5  6 . 5/ 6 . 0  
5 . 0/ 1 2 . 5  1 4 . 0/ 1 6 . 5  1 4 . 0/ 1 5 . 0  2 1 . 0/ 1 4 . 5 45 . 5/ 1 0 . 5  3 1 . 0/ 9 . 0  1 8 . 0/ 9 . 0  1 5 . 5/ B . O  1 5 . 0/ B . O  1 2 . 0/ 6 . 0  1 1 . 5/ 5 . 0  
6 . 0/ 1 2 . 0  1 5 . 0/ 1 7 . 0  1 6 . 5/ 1 4 . 5  3 2 . 0/ 1 4 . 5 5 3 . 5/ 1 0 . 5  3 7 . 0/ 9 . 5  1 9 . 0/ 9 . 5  1 6 . 5/ 8 . 5  1 6 . 0/ 8 . 0  1 2 . 0/ 5 . 5  1 1 . 5/ 5 . 0  
3 . 0/ 1 5 . 0  9 . 0 /2 2 . 5  9 . 5/ 2 1 . 5  1 8 . 5/1 8 . 0  4 6 . 0 / 1 3 . 0  30 . 0/ 9 . 5  1 6 . 5/ 9 . 0  1 4 . 5 / 8 . 5  1 4 . 0/ 1 0 . 0  1 0 . 5/ 7 . 5  1 0 . 5/ 5 . 0  
4 . 0/ 0 . 5  5 . 5 1 2 . 5  6 . 0/ 2 . 0  6 . 5/ 2 . 0  3 . 0/ 2 . 0  2 . 51 2 . 0  3 . 0/ 1 . 5 3 . 0/ 1 . 5 4 . 0/ 1 . 5 5 . 0/ 0 . 5  3 . 0/ 0 . 5  
3 . 0/ 1 3 . 5  9 . 5 / 1 9 . 5  1 0 . 5/ 1 7 . 5  1 9 . 0/ 1 6 . 0  3 5 . 0/ 1 2 . 0  2 2 . 5/ 1 0 . 5  1 5 . 0/ 9 . 5  1 4 . 5 / 8 . 5  1 5 . 5/ B . O  1 2 . 0/ 5 . 0  1 1 . 0/ 4 . 5  
6 . 0 / 1 2 . 0  1 5 . 0/ 1 7 . 0  1 6 . 5 / 1 4 . 5  32 . 0/ 1 4 . 5  5 3 . 5/ 1 0 . 5  3 7 . 0/ 9 . 5  1 9 . 0/ 9 . 5  1 6 . 5/ 8 . 5  1 6 . 0/ 8 . 0  1 2 . 0/ 5 . 5  1 1 . 5/ 5 . 0  
6 . 0/ 1 2 . 0  1 5 . 0/ 1 7 . 0  1 6 . 5/ 1 4 . 5  3 2 . 0/ 1 4 . 5  5 5 . 5/ 1 0 . 5  3 7 . 0/ 9 . 5  1 9 . 0/ 9 . 5  1 6 . 5/ 8 . 5  1 6 . 0/ 8 . 0  1 2 . 0/ 5 . 5  1 1 . 5/ 5 . 0  
4 . 01 0 . 5  5 . 51 2 . 5  6 . 0/ 2 . 0  6 . 5/ 2 . 0  3 . 0/ 2 . 0  2 . 5/ 2 . 0  3 . 0/ 1 . 5 3 . 0/ 1 . 5 4 . 0/ 1 . 5 5 . 0/ 0 . 5  3 . 0/ 0 . 5  
2 . 5 / 1 5 . 0  1 3 . 0/ 2 0 . 0  1 3 . U / 1 8 . 0  1 3 . 5/ 1 5 . 5  2 6 . 0/ 1 3 . 0  1 9 . 0/ 1 1 . 0 1 3 . 0/ 1 0 . 0  1 2 . 5/ 9 . 0  1 3 . 0/ 9 . 5  9 . 5/ 5 . 5  7 . 0/ 5 . 0  
3 . 0/ 1 4 . 0  9 . 5/ 1 9 . 5  1 0 . 5/ 1 7 . 5  1 9 . 0/ 1 6 . 5  35 . 0/ 1 2 . 0  2 2 . 5/ 1 0 . 5  1 5 . 0/ 9 . 5  1 4 . 5/ B . 5  1 5 . 5/ 8 . 0  1 2 . 0/ 5 . 0  1 1 . 0/ 4 . 5  
0 . 5/ 1 7 . 5  3 . 0 / 3 1 . 5  3 . 0 / 2 9 . 5  5 . 0 / 2 3 . 0  28 . 0/ 1 4 . 0  1 7 . 5/ 1 0 . 5  1 3 . 0/ 1 0 . 0  1 3 . 0/ 1 0 . 0  1 2 . 5/ 1 0 . 5  9 . 5/ 7 . 5  6 . 5/ 6 . 0  
5 . 0/ 1 2 . 5  1 4 . 0/ 1 6 . 5  1 4 . 0 / 1 5 . 0  2 1 . 0/ 1 4 . 5  4 S . 5/ 1 0 . 5  3 1 . 0/ 9 . 0  I Il . OI 9 . 0  1 5 . 5/ 8 . 0  1 5 . 0/ 8 . 0  1 2 . 0/ 6 . 0  1 1 . 5/ 5 . 0  
6 . 0/ 1 2 . 0  1 5 . 0/ 1 7 . 0  1 6 . 5/ 1 4 . 5  3 2 . 0 / 1 4 . 5  5 3 . 5/ 1 0 . 5  3 7 . 0/ 9 . 5  1 9 . 0/ 9 . 5  1 6 . 51 B . 5  1 6 . 01 8 . 0  1 2 . 0/ 5 . 5  1 1 . 5/ 5 . 0  
3 . 0/ 1 5 . 0  9 . 0/22 . 5  9 . 5 / 2 1 . 5  1 8 . 5/ 1 8 . 0  46 . 0/ 1 3 . 0  30 . 0/ 9 . 5  1 6 . 5/ 9 . 0  1 4 . 5/ 8 . 5  1 4 . 0/ 1 0 . 0  1 0 . 5/ 7 . 5  1 0 . 5/ 5 . 0  

0/0 0/0 % 0/0 % 0/0 % % % % 0/0 
2 . 0/ 3 . 5  1 . 5/ 3 . 0  1 . 5/ 3 . 0  1 2 . 0/ 3 . 0  7 . 0/ 2 . 5  3 . 5/ 2 . 0  1 . 5/ 1 . 0  1 . 5/ 0 . 5  2 . 5/ 0 . 0  2 . 5/ 0 . 0  1 . 0/ 0 . 0  
2 . 0/ 2 . 0  2 . 5/ 3 . 0  2 . 51 3 . 5  1 . 5/ 6 . 0  1 . 0/ 6 . 5  1 . 5/ 4 . 0  2 . 0/ 4 . 5  2 . 0/ 3 . 5  1 . 5/ 3 . 5  1 . 0/ 2 . 5  1 . 01 1 . 5 
4 . 0 / 3 7 . 0  4 . 0/46 . 5  3 . 5/4 7 . 0  5 . 5/40 . 5  0 . 0 /2 7 . 5  1 0 . 0/ 1 7 . 0  1 1 . 0/ 1 2 . 0  1 0 . 5/ 1 1 . 0 8 . 5/ 1 0 . 0  6 . 5/ 5 . 5  6 . 0/ 4 . 0  
4 . 0/ 3 7 . 0  4 . 0/45 . 0  3 . 5/45 . 0  1 0 . U/ 3 1 . 0  1 0 . 0/ 2 2 . 0  1 1 . 0/ 1 5 . 5  1 1 . 5/ 1 1 . 0  1 1 . 5/ 1 0 . 5  1 0 . 0/ 9 . 0  7 . 5/ 5 . 5  6 . 5/ 4 . 5  
4 . 5/ 3 7 . 0  4 . 0/4 7 . 5  4 . 0/4 6 . 0  5 . 5/4 2 . 5  6 . 5/ 3 0 . 0  9 . 0/ 1 8 . 5  9 . 5/ 1 3 . 5  9 . 0/ 1 2 . 5  8 . 5/ 1 2 . 0  6 . 5/ 6 . 5  6 . 5/ 5 . 5  
5 . 0/ 2 3 . 5  7 . 0/ 2 3 . 0  7 . 0 / 2 3 . 0  1 4 . 5/ J 5 . 5  1 4 . 5/ 1 1 . 0 1 5 . 5/ 7 . 5  1 5 . 0/ 7 . 0  1 4 . 5/ 6 . 5  1 2 . 0/ 6 . 0  9 . 5/ 4 . 5  8 . 0/ 3 . 0  
6 . 5/ 2 3 . 0  7 . 0/ 2 2 . 0  7 . 0/ 2 3 . 5  2 3 . 5/ 1 2 . 5  1 9 . 51 9 . 5  1 7 . 0/ 6 . 5  1 6 . 0/ 6 . 5  1 5 . 0/ 6 . 0  1 3 . 5/ 6 . 0  1 0 . 5/ 5 . 0  8 . 5/ 3 . 0  
4 . 5/ 2 5 . 0  6 . 5/r� . 0  6 . 5/24 . 0  1 4 . 0 / 1 9 . 0  1 3 . 0/ 1 0 . 5  1 3 . 51 7 . 0  1 4 . 0/ 6 . 0  1 3 . 0/ 5 . 5  1 1 . 5/ 5 . 5  9 . 0/ 4 . 0  7 . 0/ 3 . 0  
2 . 0/ 1 . 0  1 . 5 / 8 . 0  1 . 5/ 1 . 0  1 1 . 5/ 6 . 5  8 . 5/ 5 . 5  4 . 0/ 4 . 5  2 . 0/ 3 . 0  2 . 0/ 3 . 0  3 . 5/ 2 . 5  3 . 0/ 1 . 5 1 . 0/ 1 . 5  
4 . 0/ 3 6 . 0  4 . 0/4� . 0  4 . 0/44 . 0  9 . S/ 34 . 0  9 . 5/ 2 2 . 5  1 0 . 0/ 1 6 . 0  1 1 . 5/ 1 1 . 0 1 1 . 0/ 1 0 . 5  1 0 . 5/ 8 . 5  8 . 5/ 4 . 5  7 . 0/ 4 . 0  
6 . 5/ 2 6 . 0  7 . 5/ 2 5 . 5  8 . 5/ 2 6 . 0  2 6 . U/ 3 6 . 5  2 3 . 0/ 1 1 . 5 1 7 . 5/ 7 . 0  1 6 . 5/ 6 . 0  1 5 . 5/ 6 . 5  1 3 . 5/ 6 . 5  1 1 . 5/ 5 . 5  7 . 5/ 3 . 5  
7 . 5/ 2 7 . 0  9 . 5/ 2 6 . 0  9 . 5/25 . 5  24 . 5/ 1 5 . 0  2 3 . 5/ 1 1 . 0 1 8 . 0/ 6 . 0  1 7 . 0 1 5 . 5  1 6 . 0/ 6 . 0  1 3 . 5/ 6 . 0  1 0 . 0 1 r ' O  7 . 0/ 3 . 5  
4 . 5/ H . O  5 . 5/ 7 . 5  4 . 0 / 6 . 5  1 3 . 0/ 7 . 0  1 1 . 0 1 5 . 5  5 . 5/ 3 . 5  3 . 0 1 3 . 0  2 . 5/ 2 . 5  4 . 5/ 2 . 0  3 . 0/ . 5  1 . 0 /  1 . 5 
4 . 5/ 3 1 . 5  6 . 0/4 7 . 0  5 . 5/47 . 5  7 . 0/40 . 0  7 . 0 / 2 8 . 5  9 . 0/ 1 8 . 0 1 0 . 5/ 1 4 . 0  1 0 . 0/ 1 2 . 5  9 . 0/ 1 0 . 5  7 . 0/ 5 . 0  5 . 5/ 4 . 5  
7 . 5/ 3 6 . 0  9 . 0/44 . 0  6 . 0/44 . 5  1 0 . 0/ 3 1 . 5  9 . 0/ 2 Z . 5  9 . 0/ 1 6 . 0  1 0 . 0/ 1 2 . 0  9 . 5/ 1 1 . 5 1 0 . 5/ 9 . 5  8 . 5/ 4 . 5  6 . 0/ 4 . 5  
4 . 0/40 . 0  4 . 0/ 5 1 . 0  4 . 0/ 5 2 . 0  6 . 0/ 4 5 . 0  7 . 0/ 3 1 . 5  9 . 0 / 1 9 . 0  1 0 . 0 / 1 4 . 5  9 . 5/ 1 3 . 5  9 . 0/ 1 2 . 0  6 . 5/ 7 . 0  6 . 0/ 5 . 5  
5 . 5/ 3U . 0  9 . 5/ 28 . 0  9 . 5/ 2 7 . 5  1 6 . 5/ 1 9 . 0  1 5 . 0/ 1 2 . 5  1 3 . 5/ 7 . 0  1 4 . 0/ 7 . 5  1 3 . 5/ 7 . 0  1 1 . 0/ 6 . 0  9 . 0/ 5 . 0  6 . 0/ 4 . 0  
9 . 5/ 2 8 . 5  1 2 . 5/ 2 7 . 5  1 0 . 0/ 2 7 . 0  25 . 0/ 1 7 . 5  2 4 . 0/ 1 2 . 0  1 6 . 0/ 6 . 5  1 5 . 0/ 6 . 5  1 4 . 0/ 7 . 0  1 3 . 0/ 6 . 5  1 0 . 5/ 5 . 5  6 . 5/ 3 . 5  
4 . 5/ 3 3 . 5  6 . 5/ 3 2 . 0  6 . 5/ 3 1 . 0  1 3 . 5/2 3 . 0  1 3 . 0 / 1 � . 5  1 3 . 0/ 7 . 5  1 4 . 0/ 8 . 0  1 3 . 0/ 7 . 5  1 1 . 0/ 6 . 5  8 . 5/ 5 . 5  6 . 0/ 4 . 5  

0/0 % % 0/0 % % 010 0/0 % % 010 
0 . 0/ 2 . 0  0 . 0/ 1 . 0  
0 . 01 2 . 5  0 . 0/ 2 . 5  
0 . 5/ 1 6 . 5  1 . 0/26 . S  
0 . 5/ 1 9 . 0  1 . 0/ 2 7 . 5  
0 . 5/ 1 9 . 5  1 . 0/ 2 9 . 0  
0 . 5/ Z 5 . 5  1 . 0/ 3 1 . 0  
0 . 5/ 2 7 . 0  1 . 0/ 3 1 . 5  
0 . 5/ ,:' 7 . 5  1 . 01 5 2 . 5  
0 . 01 1 . 5 0 . 0/ 1 . 0 
0 . 5/ 1 7 . 0  1 .  0/2 7 . 5 
0 . 5/ 2 7 . 5  1 . 0/ 3 2 . 5  
O .  G/" S .  5 1 . 0/ 3 3 . 0  
0 . 01 :' . 0  0 . 0/ 2 . 5  
O . 5/ Z' O . O  0 . 5 / 2 9 . 5  
O .  !.l/H3 .  5 O . 5/ Z 0 . S  
O . 5/ 2 � . O  0 . 5/ 3 2 . 0  
0 . 5/ 3 1 . 0  1 . 0 / 36 . 0  
0 . 5/ :'0 . 5  1 . 5/ 3 5 . 5  
o . !;/ � ]  . 5  1 . 01 !. 6 . 5  

0/0 0/0 
0 . 0/ 1 . "  0 . 0/ 2 . 5  
0 . 01 2 . 0  0 . 0/ 5 . 0  
0 . 5/ 1 5 . 5  0 . 5/ 2 5 . 5  
O . 5/ 1 H . 5  O . 5/ 2B . 5  
0 . 5/ (' 1 .  a O . 5/ � 1 . 5  
O . O/ l � . O  1 . 01 Z 0 . 0  
0 . 0/ 1 '1 . 0  I . U / 2 1 . 0  
0 . 0/ 1 6 . 5  1 . 0/2' . .  0 
0 . 5/ 3 . 5  0 . 51 7 . 0  
0 . 5 / ? 3 . 5  O .  �.;/ 36 . :;  
0 . 0 / l f1 . 5  1 .  olZn . 0 
0 . 0/ 1 11 . 5  1 . 0/ 2H . 5  
0 . 5/ (t . 5  0 . 5/ B . O  
0 . 5/ 2 3 . 0  O . �;/ 3 / . 5  
0 . 5/ n . 0  0 . 5/ 3 7 . 5  
0 . 5/ 2 .1 . 0  0 . 5 / 3 7 . 5  
0 . 0/ 1 9 . 5  1 . 0/30 . 5  
0 . 0/ < 0 . 0  1 . 0/ 3 1 . 0  
0 . 0/ 1 9 . 0  1 . 0/30 . 0  

0 . 0/ 0 . 0  
0 . 01 0 . 5  
1 . 0/ 2 6 . 5  
1 . 0/ 2 6 . 5  
1 . 0/ 2 6 . 5  
1 . 0 / 3 1 . 0  
1 . 0/ 3 1 . 0  
1 . 0/ 3 1 . 0  
0 . 0/ 1 . 0 
1 .  0/28 . 0  
1 . 0 / 3 1 . 5  
1 . 0/ � 3 . 0  
0 . 0/ 2 . 5  
0 . 5/ 2 9 . 0  
D . S/ 2 9 . S  
0 . �;/ 2 9 . 5  
1 .  O / ,) S . O  
1 . 5/ 3 '; . 5  
1 . 0/ 35 . 5  

0/0 
0 . 0/ 0 . 5  
0 . 0/ 1 . 5 
0 . 5 /25 . 5  
0 . 5/ 2 6 . 5  
O . !)/ 2 7 , Q  
1 . S/ 2 0 . S  
] . 5/2 0 . 5  
1 . b/ l 2 . 0  
O .  �)/ 5 . 5  
O . 5/ ?, � . O  
l . !.) / (? (L S  
l . S/ ? S . O  
O .  ��/ 5 . 0  
0 . 5/ 3 3 . 5  
O . 5/ 3 . L S  
0 . 5/ 3 5 . 5  
1 . 5 /2 7 . 0  
1 . 5/ 2 / . 0  
1 . 5/ 2 7  . 0  

0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 5  O . U / 0 . 0  0 . 0/ 0 . 0  
2 . 0/ 3 2 . 0  2 . 0/ 1 6 . 5  3 . U/ 8 . 0  
2 . 0/ 3 1 . 5  2 . 0 / 1 7 . 0  3 . 01 8 . 5  
2 . 0/ 3 2 . 0  2 . 0/ 1 7 . 0  3 . 0/ 8 . 5  
1 . 0/ 2 8 . 5  2 . 0I W . 0  1 . 5 1 1 2 . 0  
1 . 0/28 . 5  2 . 0/ 1 7 . 5  1 . 5/1 2 . 5  
] . 0/ ,20 . 5  2 , 0 / 1 7 . 5  1 . 5 / 1 2 . 0  
1 . 0/ 1 . 5 {t , 5/ 1 . 5 2 . 0/ 2 . 0  
2 . 5/32 . 5  3 . 0 / 1 7 . 0  4 . 0/ 9 . 0  
1 . 0/ 30 . 0  2 . 0 / 1 8 . 0  1 . 0/1 2 . 0  
3 . 0/ 3 2 . 0  5 . 5/ 1 9 . 0  3 . 0/ 1 5 . 5  
0 . 0/ 3 . 0  0 . 0/ 2 . 0  0 . 0/ 2 . 0  
1 . 5 /35 . 0  1 . 5 / 1 11 . 5  1 . 51 9 . 0  
2 . 5 / 5 2 . 5  3 . 0/ 1 7 . 0  2 . 01 9 . 0  
1 .  S / 3 5 . 5 1 . 5/ 1 8 . 5  1 . 5/ 9 . 0  
1 . 0/ 3 3 . 5  2 . 5/2 1 . 0  1 . 5 / 1 4 . 5  
3 . 0/ 3 3 . 0  6 . 5/ 2 U . 5  3 . 5 / ) {+ . O  
1 . OI Y  • .  O 2 . 0/ 2 1 . 5  1 . 0/ 1 5 . 0  

0/0 0/0 0/0 
0 . 0/ 1 . 0 0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0 / 2 . 5  0 . 0/ 1 . 5 0 . 01 0 . 0  
0 . 5128 . 5  0 . 5 / 1 7 . 5  1 . 0/1 1 . 0 
0 . 5/30 . 0  0 . 5/ 1 8 . 5  1 . 0 1 1 1 . 5 
o . !;/ ?, ] . O  0 . 5/ 1 9 . 5  1 . 0/ 1 1 . 5  
5 . U/ 1 9 . 0  5 . 5/ ] {+ . S  3 . 5/ 1 0 . 5  
5 . U/ 1 9 . 0  5 .  5/ J C� . a 3 . !;/ 1 0 .  0 
5 . 0/ £' 2 . 0  5 . 5/ 1 5 . 0  3 . 5/ 1 0 . 0  
0 . 5/ 5 . 0  o . !.)/ 2 . 5  0 . 01 0 . 5  
0 . 5/ 3 7 . 0  0 . 5/ 2 3 . 0  1 . 0 / L L 5  
5 . 0/(� 3 . 5  5 . 0/ 1 6 . 5  3 . 5/ 1 1 .  0 
5 . 0/ 25 . 0  5 . 0/ 1 7 . 5  3 . 0/ 1 1 . 5 
0 . 5/ 6 . 0  O .  S/ 3 . 5  0 . 5/ 1 . 5 
0 . 5/ 3 7 . 5  1 . 0/ 2 3 . 0  1 . 0/ 1 2 . 5  
O .  5 / :� 7 . 5  0 . 5/ 2 3 . 0 1 . 0/ 1 2 . 5  
0 . S/ 3 7 . 5  0 . 5/ (' 3 . 0  1 . 0/ 1 2 . �  
{t . 5/26 . 5  5 . 51 1 8 . 5  3 . 0/ 1 2 . 0  
4 . 51 2 6 . 5  5 .  O/ ] [J .  5 3 . 0/ 1 2 . 0  
4 . 5/ 2 6 . 5  5 . 0/ 1 8 . 0  3 . 0/ 1 1 . 5 

0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
4 . 5/ 4 . 0  4 . 5/ 4 . 0  5 . 5/ 2 . 5  3 . 5/ 0 . 5  2 . 5/ 1 . 0 
' . .  5/ 4 . 5  4 . 5/ 4 . 5  5 . 5/ 3 . 0  3 . 5/ 1 . 0  2 . 5/ 1 . 0  
4 . 5/ 4 . 5  4 . 5/ 4 . 5  5 . 5/ 3 . 5  3 . 5/ 1 . 0 2 . 5/ 1 . 0  
4 . 5/ 9 . 5  4 . 5/ 8 . 0  4 . 5/ 5 . 0  5 . 0/ 2 . 5  3 . 5/ 2 . 0  
4 . 5/ 1 0 . 0  4 . 5/ 8 . 5  4 . 5/ 5 . 5  5 . 0/ 3 . 0  3 . 5/ 2 . 0  
" . 5/ 1 0 . 0  4 . 5/ 8 . 5  4 . 5/ 5 . 5  5 . 0/ 3 . 0  3 . 5/ 2 . 5  
0 . 0/ 2 . 0  0 . 51 2 . 0  1 . 0/ 1 . 0  1 . 0/ 1 . 0  1 . 0/ 0 . 5  
3 . 5/ 5 . 5  4 . 0/ 5 . 5  4 . 5/ 4 . 5  3 . 0/ 2 . 0  2 . 0/ 2 . 0  
" . 0/ 9 . 5  4 . 0 1 B . O  4 . 0/ 6 . 0  4 . 5/ 3 . 0  3 . 5/ 3 . 0  
' . .  0/ 1 0 . 0  4 . 0/ 9 . 0  4 . 5/ 7 . 5  4 . 5/ 4 . 5  3 . 0/ 3 . 5  
0 . 0/ 2 . 5  0 . 0 / 2 . 5  0 . 0/ 3 . 0  0 . 0/ 2 . 5  0 . 0/ 1 . 5 
2 . 5/ 7 . 0  2 . 51 7 . 5  3 . 0/ 6 . 5  2 . 0/ 4 . 0  1 . 5/ 4 . 0  
2 . 5/ 6 . 0  2 . 5/ 6 . 5  3 . 0/ 5 . 5  2 . 0/ 3 . 0  { . 5/ 3 . � 
2 . 5/ 7 . 0  2 . 5/ 7 . 0  3 . 0/ 6 . 0  2 . 0/ 3 . 5  . 5/ 3 .  
4 . 0/ 1 1 . 0  4 . 0 / 1 0 . 5  4 . 5/ 9 . 5  4 . 5/ 5 . 5  3 . 0/ 4 . 5  
3 . 5 / 1 0 . 0  3 . 51 9 . 5  4 . 0/ 8 . 0  4 . 5/ 5 . 0  3 . 5/ 4 . 0  
3 . 5/ 1 1 . 0 3 . 5/ 1 0 . 5  4 . 0/ 9 . 5  ' . .  0/ 5 . 5  3 . 0/ 4 . 5  

0/0 0/0 0/0 0/0 0/0 
0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 5  0 . 0/ 0 . 5  0 . 0/ 0 . 5  
0 . 0/ 1 . 5 0 . 0/ 1 . 0  0 . 0/ 2 . 0  0 . 0/ 1 . 0 0 . 0/ 1 . 0 
1 . 01 9 . 0  1 . 01 8 . 5  2 . 5/ 9 . 5  1 . 0/ 6 . 5  0 . 0/ 4 . 5  
1 . 01 9 . 5  1 . 0/ 9 . 0  2 . 5/ 9 . 5  1 . 0/ 6 . 5  0 . 0/ 4 . 5  
1 . 0/ 1 1 . 0  1 . 0/ 1 0 . 0  2 . 5/ 1 0 . 5  1 . 0/ 6 . 5  0 . 0/ 4 . 5  
5 . 5/ 7 . 5  4 . 5/ 7 . 5  5 . 0/ 7 . 0  2 . 5/ 5 . 5  3 . 5/ 2 . 5  
5 . 0/ 7 . 0  4 . 51 7 . 0  5 . 0/ 7 . 0  2 . 5/ 5 . 5  3 . 5/ 2 . 5  
" . 5/ 8 . 0  4 . 5/ 7 . 5  4 . 5/ 8 . 0  2 . 5/ 5 . 5  3 . 5/ 2 . 5  
0 . 0/ 2 . 5  0 . 0/ 1 . 5 0 . 0/ 2 . 0  0 . 0/ 1 . 0 0 . 0/ 1 . 0 
0 . 5/ 1 3 . 5  0 . 5/ 1 2 . 5  1 . 5/ 1 3 . 5  1 . 0/ 8 . 5  0 . 5/ 5 . 5  
3 . 5/ 8 . 5  3 . 5/ 8 . 5  3 . 5/ 0 . 5  2 . 0/ 5 . 5  3 . 01 2 . 5  
3 . 0/ 1 0 . 0  3 . 0/ 9 . 5  3 . 01 9 . 5  2 . 0/ 6 . 5  3 . 0/ 4 . 0  
0 . 5/ 3 . 0  0 . 5/ 2 . 0  0 . 5/ 2 . 5  0 . 5/ 1 . 5 0 . 0/ 1 . 5  
1 . 0 / 1 3 . 0  1 . 0/ 1 2 . 0  2 . 5/ 1 3 . 0  2 . 0/ 8 . 5  0 . 5/ 5 . 5  
1 . 0/ 1 5 . 0  1 . 0 / 1 2 . 0  2 . 5/ 1 3 . 0  2 . 0/ 8 . 5  0 . 5/ 5 . 5  
1 . 0 / 1 3 . 0  1 . 0/ 1 2 . 0  2 . 5/ 1  T, .  0 2 . 01 8 . 5  0 . 5/ 5 . 5  
3 . 5/ 1 1 . 0  3 . 5/ 1 0 . 5  3 . 5 '  ) " . 5  2 . 5/ 7 . 5  3 . 01 4 . 5  
3 . 5/ 1 1 . 0 3 . 5/ 1 1 . 0 3 . 5/ 1 1 . 0  2 . 5/ 7 . 5  3 . 0/ 4 . 5  
3 . 5 / 1 1 . 0 3 . 5/ 1 0 . 5  3 . 5/ 1 0 . 5  2 . 5/ 7 . 5  3 . 0/ 4 . 5  

Tab l e  D . 4 - 1  

JULY AG 1 AG2 

1 +/- ) 1 + /- ) 1 +/- ) 
0/0 0/0 0/0 

1 .  0/ 0 . 0  1 . 5/ 0 . 5  1 .  5/ O .  � 
1 . 5/ 4 . 5  1 . 5/ 3 . 5  2 . 0/ 3 .  
3 . 0/ 9 . 0  2 . 5/ 1 2 . 0  2 . 5/ 1 7 . 5  
5 . 0/ 6 . 5  3 . 5/ 9 . 5  3 . 5/ 1 5 . 0  
3 . 0 / 9 . 0  2 . 5/ 1 2 . 5 2 . 5/ 1 8 . 5  
4 . 0/ 6 . 0  3 . 0 / 1 0 . 0  3 . 0 /20 . 0  
5 . 0/ 5 . 0  3 . 5/ 8 . 5  � . 5/ 1 7 . 5  
3 . 5/ 6 . 5  3 . 5/ 1 0 . 5  . 5/ 2 0 . 5  
1 . 0/ 0 . 0  1 . 5/ 0 . 5  1 . 5/ 0 . 5  
5 . 0/ 6 . 5  3 . 5/ 9 . 5  3 . 5/ 1 5 . 0  
5 . 0/ 5 . 0  3 . 5/ 8 . 5  3 . 5/ 1 7 . 5  
5 . 0/ 5 . 0  3 . 5/ 8 . 5  3 . 5/ 1 7 . 5  
1 .  0/ 0 . 0  1 . 5/ 0 . 5  1 . 5/ 0 . 5  
3 . 0/ 8 . 5  2 . 5/ 1 1 . 5 2 . 5/ 1 7 . 5  
5 . 0/ 6 . 5  3 . 5/ 9 . 5  3 . 5/ 1 5 . 0  
3 . 0/ 9 . 0  2 . 5/ 1 2 . 5  2 . 5/ 1 8 . 5  
4 . 0/ 6 . 0  3 . 0/ 1 0 . 0  3 . 0/20 . 0  
5 . 0/ 5 . 0  3 . 5/ 8 . 5  3 . 5/ 1 7 . 5  
3 . 5/ 6 . 5  3 . 5/ 1 0 . 5  3 . 5/ 2 0 . 5  

0/0 0/0 0/0 
0 . 5/ 0 . 0  0 . 5/ 0 . 0  0 . 5/ 1 . 0  
1 . 0/ 1 . 5  1 . 0/ 1 . 0 1 . 0/ 2 . 0  
6 . 5/ 4 . 5  5 . 0/ 4 . 5  3 . 0/ 7 . 0  
7 . 5/ 5 . 0  5 . 5/ 5 . 0  4 . 0/ 7 . 5  
7 . 0 / 6 . 5  5 . 0/ 7 . 0  3 . 0/ 7 . 5  
8 . 0/ 3 . 5  5 . 0/ 5 . 0  3 . 5/ 1 0 . 0  
8 . 5/ 3 . 5  6 . 0/ 4 . 5  4 . 5/ 9 . 5  
7 . 0/ 3 . 0  5 . 0/ 4 . 5  4 . 0/ 1 0 . 5  
1 . 0/ 1 . 5 1 . 0/ 1 . 5 1 . 0/ 4 . 0  
7 . 5/ 4 . 0  5 . 5/ 4 . 0  3 . 5/ 7 . 0  
7 . 5/ 4 . 0  5 . 0/ 5 . 0  4 . 0/ 1 0 . 0  
7 . 0/ 4 . 0  5 . 0/ 4 . � 4 . 0/ 9 . 5  
1 . 0 /  1 . 5 1 . 0/ 1 .  1 . 0/ 3 . 0  
6 . 5/ 4 . 5  3 . 5/ 5 . 0  2 . 5/ 8 . 0  
6 . 5/ 4 . 0  3 . 5/ 4 . 5  3 . 0/ 8 . 0  
6 . 0/ 6 . 5  3 . 5/ 7 . 0  2 . �/ 1 0 . 0  
6 . 5/ 4 . 5  4 . 0/ 6 . 0  3 .  / 1 1 . 0  
7 . 0 / 4 . 5  4 . 5/ 6 . 0  4 . 0/ 1 1 . 0 
6 . 5/ 4 . 5  4 . 5/ 6 . 0  4 . 0/ 1 1 . 0  

0/0 0/0 0/0 
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  
2 . 5/ 4 . 0  2 . 5/ 5 . 0  0 . 5/ 6 . 0  
2 . 5/ 4 . 0  2 . 5/ 5 . 5  0 . 5/ 6 . 0  
2 . 5/ 4 . 0  2 . 5/ 5 . 5  0 . 5/ 6 . 0  
3 . 5/ 3 . 5  3 . 5/ 4 . 5  1 . 0/ 5 . 0  
3 . 5/ 3 . 5  3 . 5/ 4 . 5  1 . 0/ 5 . 0  
3 . 5/ 3 . 5  3 . 5/ 4 . 5  1 . 0/ 5 . 0  
0 . 5/ 0 . 5  0 . 5/ 1 . 0  0 . 5/ 1 .  0 
1 . 5/ 4 . 5  1 . 5/ 6 . 0  0 . 0/ 7 . 0  
3 . 5/ 3 . 5  3 . 5/ 5 . 0  1 . 0 / 6 . 0  
3 . 0/ 4 . 0  3 . 0/ 6 . 0  0 . 5/ 7 . 0  
0 . 0/ 1 . 0 0 . 0/ 1 . 5 0 . 0/ 2 . 0  
1 . 5/ 5 . 5  1 . 5/ 7 . 5  0 . 0/ 9 . 5  
1 . 5/ 5 . 0  1 . 5/ 6 . 5  0 . 0/ 8 . 5  
1 . 5/ 5 . 5  1 . 5 /  7 . 5  0 . 0/ 9 . 5  
3 . 0/ 4 . 0  3 . 0/ 6 . 0  0 . 5/ 7 . 0  
3 . 5/ 4 . 0  3 . 0/ 6 . 0  0 . 5/ 7 . 5  
3 . 0/ ' . .  0 3 . 0/ 6 . 0  0 . 5/ 7 . 0  

0/0 0/0 0/0 
0 . 0/ 0 . 5  0 . 0/ 0 . 5  0 . 5/ 0 . 5  
0 . 0/ 0 . 5  0 . 0/ 0 . 5  

g J� g J  0 . 5/ 4 . 5  0 . 5/ 4 . 5  
0 . 5/ 4 . 5  0 . 5/ 4 . 5  0 . 5/ 8 . 5  
0 . 5/ 4 . 5  0 . 5/ 4 . 5  0 . 5/ 8 . 5  
3 . 0/ 2 . 5  3 . 5/ 3 . 0  1 . 5/ 6 . 0  
3 . 0/ 2 . 5  3 . 5/ 3 . 0  1 . 5/ 6 . 0  
3 . 0/ 2 . 5  3 . 5/ 3 . 0  1 . 5/ 6 . 0  
0 . 5/ 0 . 0  O . S/ 0 . 5  1 . 0/ 0 . 5  
1 . 0/ 5 . 0  1 . 0/ 7 . 0  1 . 0/ 1 1 . 0  
3 . 0/ 2 . 5  3 . 5/ 3 . 5  1 . 5/ 7 . 5  
3 . 0/ 4 . 0  3 . 5/ 5 . 0  1 . 5/ 8 . 5  
0 . 5/ 0 . 5  0 . 5 / 0 . 5  0 . 5/ 0 . 5  
1 . 51 4 . 5  1 . 5/ 5 . 5  1 . 0 / 1 0 . 0  
1 . 5/ 4 . 5  1 . 5/ 6 . 0  1 . 0/ 1 1 . 0  
1 . 5/ 4 . 5  1 . 5/ 6 . 0  1 . 0/ 1 1 . 0 
4 . 0/ 4 . 0  4 . 5/ 4 . 5  2 . 0/ 8 . 0  
4 . 0/ 4 . 0  4 . 5/ 4 . 5  2 . 0/ 8 . 0  
4 . 0/ 4 . 0  4 . 5/ 4 . 5  2 . 0/ 8 . 0  
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( . / - ) f t / - ) f . / - I f . / - ) f +/- ) f + / - ) f +/- ) f + / - I f + / - l f + / - ) f +/ - l 
0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 

0 . 5/ 0 . 0  0 . 5/ 1 . 0 B . O/ 0 . 5  1 . 5/ 0 . 5  1 . 0 /  1 . 0 1 . 5/ 0 . 5  1 . 5/ 0 . 5  2 . 0/ 0 . 5  3 . 5/ 0 . 5  r o/ 0 . 0  1 . 0/ 0 . 0  
0 . 5/ 0 . 5  0 . 5/1 3 . 5  0 . 5/ B . 5  0 . 0/ 1 2 . 0  1 . 5/ 8 . 5  1 .  5/ 1 . 5 1 . 5/ 1 . 5 2 . 5/ 1 . 5 2 . 5/ 1 . 5 . 0/ 0 . 5  1 . 0 /  1 . 0 
0 . 0 / 1 . 5 1 1 . 5/ 3 . 0  28 . 5/ 5 . 0 4 6 . 0 / 5 . 0  2 9 . 5/ 3 . 5 1 2 . 5 1  2 . 0  1 1 . 5/ 2 . 0  1 3 . 01 2 . 0 1 3 . 01 2 . 0  1 1 . 51 2 . 0  7 . 0 1 1 . 5 
0 . 01 0 . 5  8 . 5/ 2 . 5  5 7 . 51 3 . 5  51 . 0/ 5 . 0  30 . 51 3 . 0  1 3 . 01 2 . 0  1 2 . 5/ 2 . 0  1 3 . 5 /  2 . 0  1 3 . 51 2 . 0  1 3 . 0/ 1 . 5 9 . 01 1 . 5 
0 . 0 / 3 . 0  6 . 0 / 7 . 0  2 3 . 0/ 7 . 5 45 . 01 5 . 0  2 9 . 01 3 . 5  1 3 . 5/ 1 . 5 1 3 . 0/ 1 . 5 1 4 . 01 1 . 5 1 4 . 0 1 1 . 5 1 2 . 0/ 1 . 0 8 . 0/ 1 . 0 
0 . 5/ Z . O  2 3 . 0 / 3 . 5  6 1 . 5/ 5 . 0  70 . 51 3 . 5 4 3 . 5/ 3 . 0  1 5 . 5/ 1 . 0 1 5 . 5/ 1 . 0 1 6 . 01 1 . 0 1 5 . 51 1 . 0 1 3 . 0/ 1 . 0 9 . 5/ 1 . 5 
1 . 51 1 . 0 2 3 . 5/ 2 . 5  6 4 . 5/ 4 . 5  7 1 . 51 3 . 5 4 3 . 51 3 . 0  1 6 . 0 / 1 . 0 1 6 . 0/ 1 . 0  1 7 . 0/ 1 . 0 1 6 . 5/ 1 . 0  1 3 . 0/ 1 . 0 1 0 . 5/ 1 . 5 
0 . 5/ 5 . 0  1 9 . 01 7 . 5 5 9 . 0 1 7 . 0  6 9 . 0/ 4 . 0 4 3 . 0/ 3 . 0  1 5 . 51 1 . 0 1 5 . 51 1 . 0 1 5 . 51 1 . 0 1 5 . 51 1 . 0 1 3 . 5/ 1 . 0 1 0 . 51 1 . 5 
0 . 51 0 . 0  0 . 5/ 1 . 0  8 . 01 0 . 5  1 . 5 /  0 . 5  1 . 0 /  1 . 0 
0 . 0 / 0 . 5  

1 . 51 0 . 5  1 . 51 0 . 5  2 . 01 0 . 5  3 . 5/ 0 . 5  3 . 0 /  0 . 0  1 . 0 /  0 . 0  
0 . 51 2 . 5  3 7 . 5/ 3 . 5 5 1 . 01 5 . 0  30 . 51 3 . 0  1 3 . 0 / 2 . 0  1 2 . 5/ 2 . 0  1 3 . 5/ 2 . 0  1 3 . 51 2 . 0  1 3 . 01 1 . 5 9 . 0/ 1 . 5 

1 . 5/ 1 . 0 2 3 . 5/ 2 . 5  64 . 5/ 4 . 5  7 1 . 5/ 3 . 5 4 3 . 51 3 . 0  1 6 . 0/ 1 . 0 1 6 . 0/ 1 . 0 1 7 . 0/ 1 . 0  1 6 . 5/ 1 . 0 1 3 . 01 1 . 0  1 0 . 51 1 . 5 
1 . 5/ 1 . 0 23 . 51 2 . 5  64 . 5/ 4 . 5  7 1 . 5/ 3 . 5 4 3 . 5/ 3 . 0  1 6 . 0 1 1 . 0  1 6 . 0/ 1 . 0 1 7 . 01 1 . 0  1 6 . 5/ 1 . 0 1 3 . 01 1 . 0 1 0 . 51 1 . 5  
O . S/ 0 . 0  0 . 5/ 1 . 0 0 . 0/ 0 . 5  1 . 5/ 0 . 5  1 . 0/ 1 . 0 1 . 5/ 0 . 5  1 . 5/ 0 . 5  2 . 0/ 0 . 5  3 . 51 0 . 5  3 . 0/ 0 . 0  
0 . 0/ 1 . 0 1 1 . 51 2 . 5  2 9 . 0/ 5 . 0 4 6 . 0/ 5 . 0  30 . 0/ 3 . 5  1 3 . 01 2 . 0  1 2 . 01 2 . 0  1 3 . 5/ 2 . 0  1 3 . 5/ 2 , 0  1 2 . 01 f . o  
0 . 01 0 . 5  8 . 5/ 2 . 5  37 . 51 3 . 5  5 1 . 0/ 5 . 0  30 . 5 1  3 . 0  1 3 . 01 2 . 0  1 2 . 5 / 2 . 0 1 3 . 51 2 . 0  1 3 . 5/ 2 . 0 3 . 0/ . 5  
0 . 0 1 3 . 0  6 . 0 / 7 . 0  2 3 . 0 1 7 . 5 4 5 . 0/ 5 . 0  2 9 . 0 / 3 . 5  1 3 . 5 / 1 . 5 1 3 . 0/ 1 . 5  1 4 . 01 1 . 5 1 4 . 01 1 . 5 1 2 . 0/ 1 . 0 

1 . 0 1 0 . 0  
7 . 51 1 . 5 
9 . 0/ 1 . 5 
8 . 0 / 1 . 0  

0 . 5/ 1 . 5 2 3 . 0/ 3 . 5  6 1 . 51 5 . 0  70 . 5/ 3 . 5 4 3 . 5/ 3 . 0  1 5 . 5/ 1 . 0 1 5 . 5/ 1 . 0  1 6 . 0 / 1 . 0 1 5 . 51 1 . 0  1 3 . 0/ 1 . 0 9 . 5/ 1 . 5 
1 . 5/ 1 . 0 Z 3 . 5/ 2 . 5  64 . 5/ 4 . 5  7 1 . 5/ 3 . 5 4 3 . 5/ 3 . 0  1 6 . 0/ 1 . 0 1 6 . 01 1 . 0  1 7 . 01 1 . 0 1 6 . 51 1 . 0 1 3 . 0/ 1 . 0  1 0 . 5/ 1 . 5 
o . �/ � . O  1 9 . 0/ 7 . 5  5 9 . 01 7 . 0  6 9 . 0/ 4 . 0 4 3 . 0/ 3 . 0  1 5 . 51 1 . 0 1 5 . 5 /  1 . 0  1 5 . 5/ 1 . 0 1 5 . 51 1 . 0 1 3 . 5/ 1 . 0 1 0 . 5/ 1 . 5 

0/0 
O .  �)/ o .  a 
0 . 01 1 . 0 
I .  !:i/ 2 . 0  
1 .  �·)I L .  0 
?: . O./ ;': . 0  
2 . SI 2 . 5  
2 . 51 3 . 0  
2 . 0 1 2 . 0  
0 . 0/ 0 . 0  
1 . !.'/ 1 . 5 
2 .  !;/ 7. . 5  
2 . 51 5 . 0  
0 . 01 0 . 0  
1 . 5/ 2 . 0  
1 . �:i/ 2 .  () 
2 . 01 2 . 0  
2 . 0 / 3 . 5  
2 . 5/ 3 0 
c . OI � . 5  

0/0 
0 . 0/ 0 . 0  
{J . O/ 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 5  
0 . 0 / 0 . 5  
0 . 01 1 . 5 
0 . 0 / 2 . 0  
0 . 0 / 2 . 0  
0 . 0 / 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 1 . 5 
0 . 0 / 3 . 0  
0 . 0/ 0 . 0  
0 . 0 / 0 . 0  
0 . 0 / 0 . 0  
0 . 0 / 0 . 0  
0 . 0 / 3 . 0  
0 . 0/ 1 . 0  
(J . D I " . 0  

0/0 
0 . 0 / 0 . 0  
0 . 0 / 0 . 0  
D �/ 1 . 0 
O .  �;/ ] . 0 
o .  ',I 1 . 0 
0 . 0/ (} . !i 
0 . 01 0 . ', 
0 . 0/ (l . S  
0 _  !:;/ 0 . 0  
O .  !)/ 1 . 0  
U . O/ (} . !; 
0 . 0 / O .  ri 
O .  ')/ 0 . 0  
o . �_;/ 1 . 0 
O .  'i/ ] . 0 
o .  !;/ 1 . 0 
n . o/ 0 . 5  
o 0/ 0 . 5  
0 . 0/ D . !; 

0/0 0/0 
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 51 0 . 5  0 . 0 1 1 . 5 
2 . 01 7 . 5  2 .  �)I 5 . 5  
2 . 0/ 0 . 0  2 . SI 5 . S  
2 . 01 9 . 5  3 . 5 1 5 . 0  
3 . 01 5 . 0  6 . 01 3 . 0  
3 . 51 ( • .  5 6 . 01 5 . 0  
3 . 01 4 . 5  5 . SI 2 . 5  
0 . 01 0 . 0  0 . 0 1 0 . 5  
2 . 0/ 1 0 . 0  2 . S/ 5 . 0  
5 . 5/ 6 . 0  0 . 01 3 . 5  
3 . 5/ 6 . 5  0 . 0/ 2 . 5  
0 . 01 0 . 0  3 . 0 / 0 . 0  
2 . 0/ 1 0 . 0  3 . 01 5 . 5  
2 . 0/ 1 1 . 5  3 . 0/ 5 . 5  
Z . 0/ 1 0 . 5  3 .  �)/ .5 . 0  
3 . 5/ 6 . 0  5 .  :;/ 2 . 0  
4 . 01 7 . 0  n . o / 2 . 5  
3 . 0/ (, . 5  5 . 51 2 . 0  

0/0 0/0 
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 3 . 0  0 , 51 1 . 0  
0 . 0/ 3 . 5  0 . 51 1 . 0 
0 . 01 3 . 5  O .  'jl 1 . 0  
0 , 0 1 5 . 5  0 . 0 / " . 0 
0 . 01 6 . 5  0 . 01 '1 . 0  
0 . 0 / 6 . 5  0 . 01 'I . 0 
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 01 " . 0  0 . 5/ 1 . 5 
0 . 01 6 . 0  0 . 01 " . 5 
0 . 01 7 . 0  0 . 01 5 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 5  
0 . 01 " . 0 0 . 5/ 1 . 5  
0 . 01 ' . .  0 0 . 5/ 1 . 5 
0 . 0 1 ' . .  0 0 . 5/ 1 . 5 
0 . 0 / 7 . 5  0 . 01 5 . 0  
0 . 0/ 7 . 5  0 . 0/ 5 . 0  
0 . 01 7 . 5  O .  0/ �i . 0 

0/0 0/0 
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 01 1 . 5 0 . 01 0 . 5  
o . �)I 3 . 5  0 . 5/ 2 . 0  
() .  S/ (i . 5  O . S/ 2 . 0  
0 . 5/ 7 . 0  0 . 51 2 . 5  
0 . 01 ' . .  5 0 . 01 3 . 5  
0 . 0/ (f . S 0 . 0/ 3 . 0  
0 . 01 6 . 0  0 . 01 '> . 0  
o . �/ 1 . S 0 . <;/ 1 . 0 
O .  E;/ 8 . 0  0 . 51 3 . 0  
0 . 0/ 6 . !i 0 . 0/ (' . 5  
0 . 0/ 7 . 0  0 . 01 ' . .  5 
O .  !)/ 1 . 5 O .  �:;/ 1 . 0  
O .  �;I 7 . 5  O .  S /  ( • .  5 
O .  S/ 7 .  �i g � i�j �! : � O . SI 7 . S  
O .  S/ 7 . 0  0 . 0 / 6 . 5  
{J . S/ 7 . 0  0 . 0 / 6 . 5  
o . 'jl 7 . 0  0 . 0/ 6 . 5  

0/0 010 0/0 
0 . 01 0 . 0  0 . 0 / 0 . 0  0 . 0 1 0 . 0  
0 . 51 1 . 5 0 . 01 2 . 5  0 . 51 1 . 0 
4 . 01 1 . 0 7 . 0 1 3 . 5  6 . 51 1 . 5  
4 . 0/ 1 . 0 7 . 51 3 . 5  6 . 5/ 1 . 5  
4 . 51 1 . 0  4 . 51 4 . 5  5 . 01 2 . 0  
6 . 01 0 . 5  1 0 . 01 1 . 0  9 . 51 0 . 0  
6 . 01 1 . 0 1 1 . 0 1 1 . 0 1 0 . 01 0 . 0  
6 . 5 / 0 . 5  1 0 . 01 1 . 0 9 . 0/ 0 . 0  
0 . 51 0 . 0  0 . 01 1 . 5 0 . 51 0 . 5  
4 . 51 1 . 0 6 . 51 3 . 0  5 . 51 1 . 5 
6 . 0 1 0 . 5  1 1 . 0/ 1 . 0  9 . 5/ 0 . 0  
6 . 01 0 . 5  1 1 . 0/ 0 . 5  9 . 51 0 . 0  
1 . 0 1 0 . 0  0 . 0 1 2 . 0  0 . 51 0 . 5  
' . .  51 1 . 0 6 . 01 4 . 0  5 . 0 1 2 . 5  
4 . 51 1 . 5 6 . 01 3 . 5  5 . 0/ 2 . 0  
4 . 51 1 . 0 4 . 51 4 . 5  4 . 51 2 . 0  
6 . 51 0 . 5  1 0 . 0 / 1 . 5 9 . 0/ 0 . 0  
6 . 51 0 . 5  1 2 . 51 0 . 5  1 0 . 01 0 . 0  
6 . 01 0 . 5  1 0 . 0 1  1 . 5 9 . 0/ 0 . 0  

0/0 010 0/0 
0 . 0 / 0 . 0  0 . 01 0 . 5 0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 5/ 1 . 0 1 . 51 4 . 0  1 . 01 1 . 0 
O . S/ 1 . 5 1 . 51 ( • .  5 1 . 01 1 . 5 
0 . 51 1 . 0  1 . 5/ 4 . 0  1 . 01 1 . 5 
0 . 01 2 . 0  2 . 5 /  3 . 0  2 . 01 2 . 0  
0 . 0 1 2 . 5  2 . 51 3 . 0  2 . 01 2 . 0  
0 . 0/ 2 . 0  2 . 5/ 2 . 5  2 . 01 2 . 0  
0 . 01 0 . 0  0 . 0 / 1 . 0 0 . 01 1 . 0  
0 . 5/ 2 . 0  1 . 51 5 . 0  1 . 0 /  1 . 0  
0 . 01 2 . 5  2 . 51 2 . 5 2 . 0/ 2 . 0  
0 . 0/ 2 . 5  2 . 51 3 . 0  2 . 01 2 . 5  
0 . 01 0 . 0  0 . 01 0 . 5  0 . 0 / 0 . 5  
0 . 5/ 1 . 5 1 . 51 5 . 0  1 . 0/ 1 . 5 
0 . 5/ 1 . 5  1 . !)/ 5 . 0  1 . 0 / 1 . 5 
0 . 5/ 1 . 5  1 . 51 5 . 0  1 . 0 /  1 . 5 
0 . 01 3 . 5  2 . 51 3 . 5  2 . 0/ 2 . 5  
0 . 0/ 5 . 5  2 . 51 3 . 5  2 . 0/ 2 . 5  
0 . 0/ 3 . 5  2 .  S/ 3 . 5  2 . 0/ 2 . 5  

0/0 0/0 0/0 
O .  vi 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0 1 0 . 5  0 . 0/ 0 . 5  0 . 0 1 0 . 0  
0 . 5/ 1 . 5 1 . 01 4 . 5  1 . 5/ 2 . 5 
0 . 51 2 . 0  1 . 01 5 . 0  1 . 5/ 2 . S  
0 . 51 2 . 0  1 . 01 5 . .  5 1 . 5/ 2 , 5  
0 . 01 1 . 5 2 . 51 3 . 0  4 . 01 1 . 0 
0 . 01 1 . 5 2 . 51 3 . 5  4 . 0/ 1 . 0 
0 . 0 1 2 . 0  2 . 51 3 . 5  4 . 0 1 1 . 0 
0 . 51 1 . 0  0 . 5 / 1 . 0  0 . 51 0 . 0  
0 . 51 2 . 5  0 . 5 1 6 . 0  1 . 5/ 2 . 5  
0 . 01 2 . 5  2 . 51 3 . 5  4 . 01 1 . 0 
0 . 01 2 . 5  2 . 01 " . 5 3 . 's/ 1 . 0 
0 . 51 1 . 0 0 . 51 1 . 0 0 . 5/ 0 . 0  
0 . 51 2 . 5  1 . 0/ 6 . 0  1 . 5/ 2 . 5  
0 . 51 2 . 5  0 . 51 6 . 0  1 . 51 2 . 5  
0 . 51 2 . 5  0 . 51 6 . 0  1 . 5/ 2 . 5  
0 . 5/ 3 . 0  3 . 01 4 . 5  4 . 0 1 1 . 0 
0 . 51 3 . 0  2 . 5/ 5 . 0  4 . 01 1 . 0 
o . �,/ 3 . 0  2 . 5/ ( • .  5 4 . 01 1 . 0  

0/0 0/0 0/0 0/0 010 
0 . 01 0 . 5  0 . 0 1 0 . 5  0 . 01 0 . 5  0 . 0/ 0 . 0  0 . 5 1 0 . 0  
0 . 51 1 . 5 0 . 51 1 . 5 0 . 51 1 . 5 0 . 01 1 . 5  0 . 01 0 . 0  
6 . 5/ 1 . 5 9 . 51 1 . 5  8 . ,5/ 1 . 5 4 . 01 0 . 5  2 . 51 0 . 5  
6 . 5/ 1 . 5 1 0 . 51 1 . 5 9 . 5/ 1 . 5 4 . 01 0 . 5  2 . 5/ 0 . 5  
5 . 5/ 2 . 0  7 . 01 2 . 0  7 . 0 1 2 . 0  4 . 0/ 1 .  0 2 . 51 0 . 0  
9 . 01 0 . 0  1 0 . 5/ 0 . 0  1 0 . 0 1 0 . 0  6 . 51 0 . 0  3 . 51 0 . 0  
9 . 5/ 0 . 0  1 1 . 51 0 . 0  1 1 . 01 0 . 0 7 . 01 0 . 0  3 . 51 0 . 0  
9 . 0/ 0 . 0  1 0 . 5 1 0 . 0  9 . 5 / 0 . 5  6 . 01 0 . 0  3 . 51 0 . 0  
0 . 0 / 1 . 5  0 . 01 1 . 5 0 . 01 1 . 5 0 . 0/ 1 . 0  1 . 51 0 . 0  
6 . 5/ 1 . 5 9 . 01 1 . 5 8 . 0/ 1 . 5 3 . 51 0 . 5  2 . 51 0 . 5  
9 . 51 0 . 0  1 1 . 01 0 . 0  1 0 . 5/ 0 . 0  7 . 0/ 0 . 0  3 . 51 0 . 0  
9 . 01 0 . 0  1 0 . 51 0 . 0  1 0 . 01 0 . 0  7 . 0/ 0 . 0  3 . 5/ 0 . 0  
0 . 0/ 0 . 5  0 . 0 1 0 . 5  0 . 01 0 . 5  0 . 0/ 0 . 5  0 . 51 0 . 0  
6 . 5/ 2 . 5  8 . 0/ 2 . 5  7 . 51 2 . 5  3 . 51 1 . 5 3 . 01 0 . 0  
6 . 51 2 . 0  8 . 0/ 2 . 0  7 . 5/ 2 . 0  3 . 5/ 1 . 0 2 . 51 0 . 5  
5 . 51 2 . 0  6 . 5/ 2 . 0  6 . 51 2 . 0  3 . 5/ 1 . 0  2 . 5 1 0 . 0  
8 . 5 / 0 . 0  1 0 . 01 0 . 0  9 . 5 / 0 . 0  6 . 5/ 0 . 5  3 . 51 0 . 0  
9 . 5/ 0 . 0  1 1 . 01 0 . 0  1 0 . 51 0 . 0  7 . 01 0 . 0  4 . 01 0 . 0  
8 . 51 0 . 0  1 0 . 0 1 0 . 0  9 . 0/ 0 . 0  6 . 01 0 . 5  3 . 5 1 0 . 0  

0/0 0/0 0/0 010 010 
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  
1 . 01 1 . 5 1 . 01 1 . 0 1 . 01 1 . 0  0 . 0/ 0 . 5  0 . 01 0 . 0  
1 . 0 /  1 . 5 1 . 01 1 . 5 1 . 0 1 1 . 5 0 . 0 1 0 . 5  0 . 0 1 0 . 0  
1 . 01 1 . 5 1 . 01 1 . 5 1 . 01 1 . 5 0 . 0/ 0 . 5  0 . 0 1 0 . 0  
2 . 5 / 2 . 5  2 . 51 2 . 5  2 . 5/ 2 . 5  1 . 01 1 . 0  0 . 0 / 0 . 0  
2 . 51 2 . 5  2 . 51 2 . 5  2 . 51 2 . 5  1 . 0/ 1 . 0 0 . 0/ 0 . 0  
2 . 51 2 . 5  2 . 51 2 . 5  2 . 51 2 . 5  1 . 01 1 . 0  0 . 0/ 0 . 0  
0 . 01 1 . 0 0 . 0/ 1 . 0 0 . 01 1 . 0 0 . 0/ 0 . 0  0 . 5/ 0 . 0  
1 . 0 1 1 . 5 1 . 01 1 . 0 1 . 0/ 1 . 0 0 . 01 0 . 5  0 . 0/ 0 . 5  
2 . 51 2 . 5  2 . 5/ 2 . 5  2 . 5 1 2 . 5  1 . 01 1 . 0 0 . 01 0 . 5  
2 . 51 3 . 0  2 . 5/ 3 . 0  2 . 5 / 3 . 0  1 . 01 1 . 5 0 . 5/ 1 . 0 
0 . 01 0 . 5  0 . 0 / 0 . 5  0 . 01 0 . 5  0 . 0 1 0 . 0  0 . 0 / 0 . 0  
1 . 0 / 2 . 0  1 . 01 1 . 5 1 . 0/ 1 . 5 0 . 01 1 . 0 0 . 01 1 . 0 
1 . 01 2 . 0  1 . 01 1 . 5 1 . 0 /  1 . 5 0 . 01 1 . 0  0 . 01 1 . 0 
1 . 01 2 . 0  1 . 0 /  1 . 5 1 . 01 1 . 5 0 . 01 1 . 0 0 . 01 1 . 0 
2 . 5/ 3 . 0  2 . 51 3 . 0  2 . 5/ 3 . 0  1 . 0 1 1 . 5 0 . 0/ 1 . 0 
2 . 51 3 . 0  2 . 51 3 . 0  2 . 5/ 3 . 0  1 . 01 1 . 5 0 . 0 / 1 . 0  
2 . 5/ 3 . 0  2 . 51 � . O  2 . 5/ 3 . 0  1 . 01 1 . 5 0 . 01 1 . 0 

010 010 010 0/0 01 0 
0 . 01 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  
1 . 5/ 2 . 5  2 . 01 2 . 5  1 . 5/ 2 . 5  1 . 51 1 . 5 1 . 01 0 . 5  
1 . 5/ 2 . 5  2 . 0/ 2 . 5  1 . 51 2 . 5  1 . 51 1 . 5  1 . 0 /  0 . 5  
1 . 5/ 2 . 5  2 . 01 2 . 5  1 . 51 2 . 5  1 . 5 1 1 . 5  1 . 0/ 0 . 5  
3 . 01 1 . 0  4 . 01 1 . 0  4 . 51 1 . 0 3 . 51 1 . 0 0 . 51 0 . 5  
3 . 0/ 1 . 0 'f . O/ 1 . 0  't . 51 1 . 0 3 . 51 1 . 0 0 . 51 0 . 5  
3 . 01 1 . 0 4 . 0/ 1 . 0 4 . 51 1 . 0  3 . 5/ 1 . 0  0 . 51 0 . 5  
0 . 51 0 . 0  0 . 51 0 . 0  0 . 51 0 . 0  0 . 51 0 . 0  0 . 5/ 0 . 0  
1 . 01 3 . 5  2 . 0 1 3 . 5  1 . 51 3 . 5  1 . 0 1 2 . 0  0 . 51 0 . 5  
3 . 0 1 1 . 0 't . 01 1 . 0 4 . S/ I . 0  3 . 01 1 . 0 0 . 5/ 0 . 5  
2 . 51 1 . 5 3 . 51 1 . 5 4 . 01 1 , 5 2 . 5/ 1 . 5 0 . 0/ 0 . 5  
0 . 51 0 . 0  O .  �jl 0 . 0  0 . 51 0 . 0  0 . 51 0 . 5  0 . 51 0 . 0  
1 . 51 4 . 0  2 . 51 4 . 0  2 . 0/ 4 . 0  1 . 51 2 . 0  1 . 0 1 0 . 5  
1 . 51 3 . 5  2 . 51 3 . 5  2 . 0 1 3 . 5  1 . 51 2 . 0  1 . 01 0 . 5  
1 . 51 3 . 5  2 . 51 3 . 5  2 . 0 1 3 . 5  1 . 5 /  2 . 0  1 . 01 0 . 5  
3 . 5/ 2 . 0  (f . 51 2 . 0  5 . 0 1 2 . 0  3 . 51 1 . 5  1 . 01 0 . 5  
3 . 5/ 2 . 0  4 . 5/ 2 . 0  5 . 01 2 . 0  3 . 5/ 2 . 0  1 . 01 0 . 5  
3 . 51 1 . 5 4 . 51 1 . 5 5 . 01 1 . 5 3 . 5/ 1 . 5 1 . 01 0 . 5  

T a b l e  

JULY AG I 

f + / - l f +/ - I 
0/0 0/0 

0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 5/ 0 . 0  0 . 5/ 0 . 0  
3 . 5/ 0 . 5 6 . 0/ 0 . 5  
5 . 0/ 0 . 5  7 . 0 1 0 . 5  
4 . 5/ 0 . 0  7 . 0 / 0 . 5  
6 . 51 0 . 5  8 . 5/ 0 . 5  
9 . 01 0 . 5  9 . 5/ 0 . 5  
7 . 0/ 0 . 5  9 . 01 1 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
5 . 0/ 0 . 5  7 . 0/ 0 . 5  
9 . 0/ 0 . 5  9 . 51 0 . 5  
9 . 0/ 0 . 5  9 . 51 0 . 5  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
4 . 01 0 . 5  6 . 5/ 0 . 5  
5 . 0/ 0 . 5 7 . 0/ 0 . 5 
4 . 5/ 0 . 0  7 . 0/ 0 . 5  
6 . 5/ 0 . 5  8 . 5/ 0 . 5  
9 . 0/ 0 . 5  9 . 5/ 0 . 5  
7 . 0 / 0 . 5  9 . 0 / 1 . 0 

0/0 010 
0 . 0 1 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 5  0 . 0 1 0 . 5  
3 . 0/ 0 . 0  2 . 51 0 . 0  
3 . 01 0 . 0  2 . 51 0 . 0  
3 . 01 0 . 0  2 . 51 0 . 0  
3 . 01 0 . 0  2 . 0/ 0 . 5  
3 . 01 0 . 5  2 . 01 0 . 5  
3 . 0/ 0 . 0  2 . 0 / 0 . 5  
0 . 0 1 0 . 0  0 . 01 0 . 0  
3 . 01 0 . 0  2 . 51 0 . 0  
3 . 01 0 . 0  2 . 0/ 0 . 5  
3 . 0/ 0 . 0  2 . 0/ 0 . 5  
0 . 0/ 0 . 0  0 . 01 0 . 0  
3 . 0/ 0 . 0  2 . 51 0 . 0  
3 . 01 0 . 0  2 . 51 0 . 0  
3 . 01 0 . 0  2 . 5/ 0 . 0  
3 . 01 0 . 0  2 . 0 1 0 . 5  
3 . 01 0 . 0  2 . 0 1 0 . 5  
3 . 01 0 . 0  2 . 0 1 0 . 5  

0/0 0 10  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 5  0 . 0 1 0 . 5 
0 . 0 1 0 . 5  0 . 0 1 0 . 5 
0 . 01 0 . 5  0 . 0 1 0 . 5  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 5  0 . 0 1 0 . 5  
0 . 0 1 0 . 5  0 . 0 1 0 . 5  
0 . 01 0 . 5  0 . 0 1 0 . 5  
0 . 0 / 0 . 5  0 . 01 0 . 5  
0 . 0 / 0 . 5  0 . 01 0 . 5  
0 . 01 0 . 5  0 . 01 0 . 5  

0/0 010 
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 51 0 . 5  0 . 51 1 . 0 
0 . 5/ 0 . 5  0 . 5/  1 . 5 
0 . 5/ 0 . 5  0 . 51 ! .  5 
0 . 0 1 0 . 0  0 . 01 0 . 5  
0 . 01 0 . 0  0 . 0/ 0 . 5  
0 . 01 0 . 0  0 . 0 / 0 . 5  
0 . 5 / 0 . 0  0 . 5/  0 . 0  
0 . 51 0 . 5  0 . 51 1 . 0  
0 . 0 / 0 . 0  0 . 01 0 . 5  
0 . 0/ 0 . 0  0 . 01 0 . 5  
0 . 51 0 . 0  0 . 51 0 . 0  
0 . 5 / 0 . 5  0 . 51 1 . 0 
0 . 5 / 0 . 5  O . S / I . O 
0 . 5 / 0 . 5  0 . 51 1 . 0 
0 . 01 0 . 0  0 . 01 0 . 5  
0 . 01 0 . 0  0 . 01 0 . 5  
0 . 01 0 . 0  0 . 01 0 . 5  

D . 4 - 2  

AG2 

f +/- I 
0 /0 

0 . 0/ 0 . 0  
0 . 5/ 0 , 0  
6 . 0 /  0 . 5  
7 . 01 0 . 5  
6 . 51 0 . 5  
8 . 51 1 . 0  
9 . 5/ 1 . 0 
9 . 01 1 . 5 
0 . 0 / 0 . 0  
7 . 0/ 0 . 5  
9 . 5/ 1 . 0 
9 . 5/ 1 . 0  
0 . 01 0 . 0  
6 . 5/ 0 . 5  
7 . 0/ 0 . 5  
6 . 51 0 . 5  
8 . 51 1 . 0 
9 . 5/ 1 . 0  
9 . 0 1 1 . 5 

0 /0 

g : g� g J  
2 . 01 0 . 0  
2 . 0/ 0 . 0  
2 . 0/ 0 . 0  
2 . 01 0 . 5  
2 . 01 0 . 5  
2 . 0 1 0 . 5  
0 . 0 1 0 . 0  
2 . 01 0 . 0  
2 . 0/ 0 . 5  
2 . 0/ 0 . 5  
0 . 01 0 . 0  
2 . 01 0 . 0  
2 . 01 0 . 5  
2 . 0/ 0 . 0  � . o / 0 . 5  

. 01 o . � 
2 . 01 O .  

0/0 
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 5  
0 . 01 0 . 5  
0 . 01 0 . 5  
0 . 01 0 . 5  
0 . 0 1 0 . 5  
0 . 0 / 0 , 5  
0 . 0 1 0 , 0  
0 . 01 o . � 
0 . 01 O .  
0 . 0 1 0 . 5  
0 . 0 1 0 . 0  
0 . 01 1 . 0  
0 . 0 1 1 . 0  
0 . 01 1 . 0  
0 . 0/ . 0  
0 . 01 1 . 0 
0 . 0 /  1 . 0  

0/0 
0 . 01 0 . 0  
0 . 0 1  0 . 0  
0 , 51 1 . 0 
0 . 51 1 . 5 
0 . 5 1 1 . 5 
0 . 01 0 . 5  
0 . 0 / 0 . 5  
0 . 01 0 5 
0 . 51 0 . 0  
0 . 51 1 . 0 
0 . 01 0 . 5  
0 . 01 0 . 5  
0 . 51 0 . 0  
0 . 51 1 . 0 8 : �; 1 : 8 
0 . 01 0 . 5  
0 . 01 0 . . 5 
0 . 01 0 . 5  



FRE�X�Uf,tsO�R5IrFl�hPtn�DG�H'f��OiITA�Lp�n91l( % )  
I PCB . P9800 . CAl I .  )U 7 .  SE.R 1ES . LIBRARY I Iff 7ZJ G 1  ) 

TEST COIffRACT 
GRA/ill COULE.E 

CASE YEAJl SEPT OCT 1I0V DEC JAN FEB l1AR API AP2 l1AY 

1 . / - 1 1 +/- ) I t / - I I t / - l 1 + /- ) 1 +/- ) 1 +/- ) 1 +/- ) 1 + /- 1 1 . /- ) 
tlPFEXBtlK 1 9n8 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 
t l l ' l:t XI!,l1K 1 905 0 . 0/ 0 . 0  0 . 0/ 0 , 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 , 5/ 0 , 0  2 , 5/ 0 . 0  2 . 0/ 0 . 0  8 . 0/ 0 . 0  3 . 0/ 0 . 0  3 . 0/ 0 . 0  
1 1 1 1 [  t XBIIK 1 9UU 0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 , 0  0 . 0 / 1 , 5 0 . 0/ 2 . 0  1 .  0 /  2 . 5  1 . 0/ 4 . 5  1 . 0 / 3 . 0  0 . 5/ 2 . � 
1 1 P r E X I I I K  1 9S5 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0 / 0 . 0  2 . 5/ 0 . 5  7 . 0/ 0 . 5  3 . 0/ 2 , 5  2 . 0/ 4 . 5  2 . 5/ 3 . 5  3 . 5/ 6 ,  
tll' REXHIK I 'lUll 0 , 0/ 0 . 0  0 , 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0 / 0 . 0  6 . 5/ D , S 1 0 . 0/ 0 . 5  3 . 0/ 2 . 5  7 . 5/ 3 . 5  4 . 5/ 2 . 5  5 , 5/ 5 . 0  
III1 H X F I IK 1 9111l 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 , 0  0 , 0/ 0 . 0  2 . 5/ 0 . 5  5 , 0/ 1 . 5  2 . 5/ 1 . 5 1 . 5/ 5 . 0  2 . 5/ 3 . 5  4 . 0/ 6 . 5  
I IPFE XAI IK 1 9fJll 0 . 0/ 0 . 0  0 . 0 / 0 , 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  8 . 5/ 0 . 0  2 2 . 5/ 0 . 0  1 2 . 0/ 1 . 5 9 . 5/ 2 . 0  3 . 5/ 2 . 5  4 . 0/ 6 . 5  
1'If'1l�.XAIiK 1 988 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 , 0  0 . 0 / 0 , 0  1 7 , 0/ 0 , 0  2 6 . 0/ 0 . 5  1 4 . 5/ 1 . 5 1 4 . 5/ 2 . 0  5 . 5/ 2 . 0  4 . 5/ 5 . 0  
tll ! F E X A I iK 1 9nn 0 , 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  0 . 0 / 0 . 0  1 0 , 0/ 0 . 5  2 1 , 5/ 0 . 5  7 . 0/ 2 . 0  3 . 0/ 3 . 5  3 . 0/ 3 . 5  4 . 0/ 6 . 5  
tlf' R1ICBIIK 1 988 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 , 0 / 0 . 0  0 . 0/ 0 . 0  0 . 5/ 0 . 0  2 . 5/ 0 . 0  2 . 0/ 0 . 0  8 . 0/ 0 . 0  3 . 0/ 0 . 0  3 . 0/ 0 . 0  
I l r mlCFllK 1 911n 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0/ 0 , 0  6 . 5/ 0 . 5  1 0 . 0/ 0 , 5  3 , 0 / 2 . 5  7 . 5/ 3 . 5  4 . 5/ 2 . 5  5 , 5/ 5 . 0  
t l F WJCMIK 1 9111l 0 , 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  1 7 . 0/ 0 . 0  26 . 0/ 0 . 5  1 4 , 5/ 1 . 5 1 4 . 5/ 2 . 0  5 . 5/ 2 . 0  4 . 5/ 5 . 0  
tIPI?ACAI1K 1 9118 0 , 01 0 , 0  0 , 0/ 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 , 0  1 7 . 0 / 0 . 0  26 . 0/ 0 . 5  1 4 . 5/ 1 . 5 1 4 . 5/ 2 . 0  5 . 5/ 2 . 0  4 . 5/ 5 . 0  
I I I ' FI I XP,flK I 01l8 0 . 0/ 0 , 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 5/ 0 . 0  2 . 5/ 0 . 0  2 . 0/ 0 . 0  8 . 0/ 0 . 0  3 . 0/ 0 . 0  3 . 0/ 0 . 0  
IIf H IX f l lK 1 9l18 0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  0 . 0/ 0 . 0  2 . 5/ 0 . 5  7 . 0/ 0 . 5  3 . 0/ 2 . 5  2 . 0/ 4 . 5  2 . 5/ 3 . 5  3 . 5/ 6 , 5  
IIPRI I : <FI IK 1 955 0 . 0 / 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  6 . 5/ D , S 1 0 . 0/ D , S  3 . 0 / 2 . 5  7 , 5/ 3 . 5  4 . 5/ 2 . 5  5 . 5/ 5 . 0  
1 1 l iFl IXI' I I K  1 9111l 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  2 . 5/ 0 . 5  5 . 0/ 1 . 5 2 . 5/ 1 . 5 1 . 5/ 5 . 0  2 . 5/ 3 . 5  4 . 0/ 6 . 5  
1 1 I ' I I IXt.lIK 1 gefJ 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  8 , 5/ 0 , 0  2 c . S/ 0 . 0  1 2 , 0/ 1 . 5 ' 9 . 5/ 2 . 0  3 . 5/ 2 . 5  4 . 0/ 6 . 5  1 1 I 'f:I 1XMIK 1 91J1l 0 , 0/ 0 . 0  0 . 0 / 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  1 7 . 0 / 0 . 0  26 . 0/ 0 . 5  1 4 . 5/ 1 . 5 1 4 . 5/ 2 . 0  5 . 5/ 2 . 0  4 . 5/ 5 . 0  
I I I ! H IX;,rIK 1 9111J 0 , 0 1 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 , 0  1 0 . 0/ 0 . 5  2 1 . 51 0 . 5  7 . 01 2 . 0  3 . 0/ 3 . 5  3 . 01 3 . 5  4 . 0/ 6 . 5  
I l l ' r t XfJI IK I 99.� 0/0 010 0/0 010 010 010 0/0 010 0/0 010 
1 1 f'IlU:IlIIK 1 9 9 3  0 . 01 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 01 0 . 0  1 . 5/ 0 . 0  0 . 0/ 0 . 0  3 . 5/ 0 . 0  1 . 0/ 0 . 5  0 . 0/ 0 . 5  0 . 5/ 0 . 0  
1 1 1 1 1  t XI',I1K 1 9 9 3 0 . 0 1 0 , 0  0 . 0/ 0 . 0  0 . 0 / 0 . 0  0 . 0/ 0 . 0  0 , 0/ 0 . 5  0 . 0 1 0 . 0  0 . 5/ 0 . 5  0 . 51 4 . 5  0 . 51 0 . 5  0 . 5/ 0 . 5  
1 1 I 'I f, :<I I I K  J 9 9 3  0 . 01 0 . 0  0 . 5/ 0 . 0  0 . 0 1 0 . 5  0 . 0/ 0 . 5  1 . 0/ 1 . 0 1 . 0/ 0 . 5  4 . 51 1 . 0  3 . 01 1 . 0  3 . 5/ 0 . 0  5 . 5/ 1 . 5 
I IPn Xl l iK 1 9 9 3  0 . 01 0 . 0  0 . 5/ 0 . 0  0 . 0/ 0 . 5  0 . 0/ 0 . 5  3 . 51 0 . 5  1 . 5/ 0 . 5  1 1 . 51 1 . 0  3 . 5/ 0 . 5  3 . 5 1  0 . 0  6 . 51 1 . 5 
11111 E X I I I K  1 9 9 3  0 . 5/ 0 . 0  0 . 5/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 51 0 . 5  0 . 51 0 . 0  3 . 5/ 0 . 5  3 . 0/ 5 . 0  4 . 0/ 0 . 0  3 . 0 1 1 . 5 
I I I 'H XM IK 1 9 9 1  O , S/ 0 , 0  0 . 51 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 , 0  1 . 01 0 . 5  0 . 51 0 . 0  3 . 51 0 . 0  4 . 01 0 . 0  4 . 0 1 0 . 0  6 . 0/ 1 . 0  
IWP.E X M I K  1 9 9 1  O . S/ 0 . 0  0 . 5/ 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  3 . 5/ 0 . 0  2 . 0/ 0 . 0  1 2 . 51 0 . 0  6 . 01 0 . 5  4 . 0/ 0 . 5  6 . 51 1 . 0  
tlll I l:,:A1IK 1 9 9 3  0 . 5 1 0 , 0  0 . 5/ 0 . 0  0 . 01 0 , 0  0 . 01 0 . 0  0 . 5/ 0 . 5  0 . 51 0 . 0  3 . 51 0 . 5  3 . 5/ 4 . 0  3 . 01 0 . 0  4 . 01 1 . 0 
t1f'lmc[�IIK 1 9 9 5 0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 , 0/ 0 . 0  6 . 0/ 0 . 0  6 . 5/ 0 , 0  9 . 0/ 1 . 0 4 . 51 5 . 5  0 . 51 1 . 0  4 . 0/ 0 . 5  
IiJ'RllCl I I K  1 9 9 3  0 . 01 0 , 0  0 . 5/ 0 . 0  0 . 0 1 0 . 5  0 . 0/ 0 . 5  3 . 5/ 0 . 5  3 . 0/ 0 . 5 7 . 5/ 1 . 0  7 . 0/ 4 . 5  3 . 0/ 0 . 0  8 . 0/ 1 . 5 U tlPI/DeMIK 1 9 9 3  0 , 51 0 . 0  0 . 51 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  ' • .  01 0 . 0  3 . 0/ 0 . 0  1 2 . 01 0 . 5  7 . 0 1 4 . 0  3 . 5/ 0 . 0  9 . 5/ 1 . 5 
IIPRACAIIK 1 9 9 3  0 . 5/ 0 . 0  0 . 5/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  7 . 01 0 . 0  7 . 01 0 . 0  1 5 . 0/ 0 . 5  7 . 51 3 . 5  3 . 5/ 0 . 0  1 0 . 0/ 1 . 5 

,j:, I I n:IIXP IiK 1 9 9 3  0 . 0/ 0 , 0  0 . 01 0 . 0  0 . 0 1 0 , 0  0 . 0 1  0 . 0  6 . 0 1 0 . 0  7 , 01 0 . 0  8 . 5/ 1 . 0 4 . 5/ 5 . 0  0 . 5/ 0 . 5  5 . 5/ 0 . 5  
I III'FIIXI I I K  1 99 3  0 . 0 1 0 . 0  0 . 51 0 . 0  0 . 0 1 0 . 5  0 . 0 1 0 . 5  1 . 0 1  1 . 0 1 . 0 1  0 . 5  3 . 0/ 1 . 0  4 . 01 5 . 0  3 . 0/ 0 . 0  6 . 0/ 1 . 5 

l'1PPlIXI 1 1 K  1 9 9 3  0 . 01 0 . 0  0 , 5/ 0 , 0  0 . 0 1 0 . 5  0 . 0 1 0 . 5  6 . 01 0 . 5  3 . S/ 1 . 0 1 1 . 01 1 . 5 7 . 01 5 . 0  2 . 51 0 . 5  1 0 . 0/ 1 . 5 "'" 
II I III IX I I I K  ) 9 9 5  0 . 5/ 0 . 0  0 . 5/ 0 . 0  0 . 0/ 0 , 0  0 , 01 0 . 0  0 , 51 0 . 5  0 . 5/ 0 . 0  3 . 0 1 0 . 5  2 . 51 5 . 0  3 . 5/ 0 . 0  3 . 01 1 . 5  
I I H I I X M IK 1 9 9 5  O .  !..,/ 0 . 0  0 . 5/ 0 . 0  0 , 01 0 . 0  0 . 0/ 0 . 0  1 . 51 0 . 5  1 . 0/ 0 . 0  3 . 0 1 0 . 5  3 . 01 4 . 0  3 . 0/ 0 . 0  6 . 01 1 . 5 
l'1prIIXAIIK 1 9 9 3  D . S/ 0 . 0  0 . 5/ 0 . 0  0 . 0 1 0 . 0  0 . 01 0 . 0  7 . 5/ 0 . 0  8 . 51 0 . 0  1 0 . 0/ 0 . 5  8 . 0/ 3 . 5  4 . 01 0 . 0  9 . 0/ 1 . 5 
1I I I I I1XMlI: 1 9 9 3  0 . 51 0 . 0  0 . 5/ 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 51 0 . 5  0 . 51 0 . 0  3 . 0/ 0 . 5  3 . 5/ 4 . 0  3 . 0/ 0 . 0  4 . 0/ 1 . 0 
1'1ITEXBlIK 1 9 "8 010 010 0/0 0/0 010 010 0/0 010 010 010 
1 1 I'I<FXIlIiK ) 9 95 0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0 1 0 , 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
I I I IFE XI'IIK 1 9 95 0 . 0/ 0 , 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0 1 1 . 5 0 . 0/ 5 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
IIn EXl l i K  1 9 9B 0 . 01 0 . 0  0 . 0 1 0 , 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 5/ 0 . 0  0 . 51 0 . 5  1 . 0/ 4 . 0  0 . 5/ 6 . 5  0 . 0/ 0 . 0  0 . 0/ 0 . 5  
IIPp.r X f l I K  1 9 913 0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 , 0  0 . 01 0 . 0  0 . 51 0 . 0  0 . 51 0 . 5  1 . 01 3 . 5  0 . 5/ 6 . 5  0 . 0 / 0 . 0  0 . 0/ 0 . 5  
11I I1 � Xfl1K 1 9 9B 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 , 01 0 , 0  0 . 0 1 0 . 0  0 . 5/ 0 . 0  0 . 51 0 . 5  1 . 0/ 4 . 0  0 . 51 7 . 5  0 . 01 0 . 0  0 . 01 0 . 5  
l iP! E;�MIK 1 9 YEI 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  1 . 51 2 . ';  1 . 51 4 . 0  1 . 01 0 . 0  0 . 0/ 0 . 0  
tIPRE:<AIIK 1 9 9B 0 . 0/ 0 . 0  0 . 01 0 . 0  0 , 0 1 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  2 . 0 1 2 . 5  2 . 0/ 4 . 5  1 . 01 0 . 0  0 . 0 1 0 . 0  
1I11f. EXAIiK 1 9 9B 0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  1 . 51 3 . 0  1 . 5/ 6 . 5  1 . 0 1 0 . 0  0 . 0/ 0 . 0  
lIf'RIJCT,I IK 1 9  'Ill 0 , 01 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  1 . 0/ 0 . 0  3 . 5/ 0 . 5  4 . 0 1  0 . 5  5 . 51 4 . 0  0 . 0 1 0 . 5  1 . 0/ 0 . 5  
IIPR/lC:HIK 1 9 98 0 . 01 0 , 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  1 . 01 0 . 0  3 . 51 0 , 0  3 . 0/ 2 . 5  2 . 0/ 5 . 5  0 . 0/ 0 . 0  0 . 5/ 0 . 0  
/If'IWCAIIK 1 9 98 0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 , 0  0 . 0/ 0 . 0  1 . 5/ 3 . 0  2 . 0 / 6 . 5  1 . 0/ 0 . 0  0 . 01 0 . 0  
I I f'RACAIiK 1 9 98 0 . 01 0 . 0  0 , 0/ 0 . 0  0 , 01 0 . 0  0 . 0 1 0 . 5  1 . 01 D , S  4 . 51 D , S  6 . 51 3 . 5  5 . 5/ 6 . 0  1 . 5/ 0 . 0  1 . 0/ 0 . 0  
/If'RlIXl',IIK 1 9 98 0 , 01 0 . 0  0 , 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 1 1 . 5 0 . 0/ 5 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
I IPI' I I:<I IIK 1 9 95 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0/ 0 . 5  0 . 51 0 . 5  0 . 5 1 I , D 1 . 0/ 4 . 5  0 . 0/ 7 . 5  0 . 01 0 . 0  0 . 0/ 0 . 5  
l'lPi'lI! .l IlK 1 9 9IJ 0 , 0/ 0 , 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 . 01 0 . 5  0 . 51 0 . 5  0 . 51 1 . 0  1 . 01 3 . 5  1 . 01 6 . 0  0 . 0 1 0 . 0  0 . 0 / 0 . 0  
I11H I IX H I K  1 9 98 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 , 0/ 0 . 5  0 . 5 1 0 . 5  0 . 51 1 . 0  1 . 0/ 4 . 5  0 . 0/ 7 . 5  0 . 0 1 0 . 0  0 . 0/ 0 . 5  
I l fT IiXAIiK 1 9 9B 0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 . 0 1 0 . 0  0 . 0/ D , S  0 . 0/ 0 . 5  0 . 5/ 0 . 5  1 . 5/ 3 . 5  1 . 0/ 6 . 5  1 . 0/ 0 . 0  0 . 0/ 0 . 0  
I I P I:m: A1IK ) 90fl 0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 , 01 0 . 5  1 . 51 0 . 5  4 . 0 1 0 . 5  5 . 0/ 2 . 5  4 . 0/ 5 . 0  1 . 0/ 0 . 0  0 . 51 0 . 0  
11II1· 1·1><A 1 IK 1 9 9iJ 0 . 0/ 0 . 0  0 . 0/ 0 , 0  0 . 0/ 0 . 0  0 . 01 0 . 5  0 . 0/ 0 . 5  0 . 0 1 0 . 5  1 . 0/ 3 . 5  1 . 0/ 6 . 5  1 . 0 1 0 . 0  0 . 0/ 0 . 0  
tlFI ExnllK Z 0 0 3  0/0 010 010 010 0/0 010 010 010 0 1 0  010 
1 1 1 ' r.E �I;IIK 2 0 0 5  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 1 . 5 0 . 01 0 . 5  0 . 01 0 . 0  
1 1 I ! 1  UY I IK 2 (1 0 5  0 . 0 1 0 , 0  0 . 0 1 0 . 0  0 . 0 / 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 , 0 1 0 . 0  0 . 01 6 . 0  0 . 0/ 9 . 0  0 . 0 1 0 . 5  0 . 0/ 1 . 5 
/If'I· E X f I iK 2 0 0 1  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 5  1 . 51 1 . 0 1 . 0/ 2 . 0  1 . 0/ 0 . 5  2 . 0/ 0 . 5  
IIfTE XI 1 1K Z O O  \ 0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 , 0/ 0 . 5  1 . 51 2 . 0  1 . 0/ 3 . 5  1 . 0/ 0 . 5  2 . 0/ 0 . 5  

• 1 1 1 1 1  � xr 11K Z O O 3  0 . 01 0 , 0  0 . 0 1 0 . 0  0 . 0 1 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 01 1 . 0  1 . 51 7 . 5  1 . 0/ 1 0 . 0  1 . 0 / 0 . 5  2" 0/ 1 . 5 
1 1 I' 1' � X f ,f IK , 0 0 3  0 . 01 0 , 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 0/ 0 , 0  0 . 5/ 0 . 5  4 . 0/ 0 . 5  4 . 0/ 0 . 5  2 . 51 0 . 0  2 . 5/ 0 . 0  
I1PI:l X M I K  ;: 0 0 ;  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 5/ 0 . 5  4 . 01 0 . 5  3 . 51 0 . 5  2 . 5/ 0 . 0  2 . 0/ 0 . 0  
1 1 1 1 1  U M IK ,; 0 0 ;  0 . 01 0 , 0  0 . 0/ 0 . 0  0 . 0/ 0 , 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 . 5/ 1 . 0  2 . 01 5 . 0  3 . 0/ 6 . 5  2 . 5/ 0 . 0  2 . 01 1 .  5 
I I f' Hf) (I ' l IK ,: 0 0 ; 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 / 0 , 0  0 . 0/ 0 . 0  0 , 0/ 0 . 0  0 . 0 1 0 . 0  0 . 0/ 6 . 0  0 . 0/ 8 . 0  0 . 0/ 0 . 0  0 . 0/ 1 . 5 
I I I'EIlCI I I K  2 0 0 3  0 . 0 1 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ I , D 1 . 51 7 . 0  0 . 5/ 9 . 0  0 . 51 0 . 5  1 . 0/ 1 . 5 
t 1 P I�i)CAtIK (' 0 0 3  0 . 0 1 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 , 0/ 0 . 0  0 . 0/ 0 , 0  O . S/ 0 . 5  1 . 51 4 . 0  2 . 5/ 5 . 0  2 . 0 / 0 . 0  2 . 0/ 1 . 0  
l1f'IU\CNIK z o o ;  0 . 01 0 . 0  0 , 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 , 0  0 . 5/ 1 . 0 1 . 5 1  5 . 0  2 . 51 6 . 5  2 . 0/ 0 . 0  2 . 0 1 1 . 5 
/ I f  RiIXf'IIK 2 0 0 3  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 01 0 . 0  0 , 0 1 0 . 0  0 . 0 1 0 . 0  0 . 01 0 . 0  0 . 0/ 6 . 0  0 . 0/ 9 . 0  0 . 0/ 0 . 0  0 . 0 1 1 . 5 
lIPf l1>:I I I K  2 0 0 3  0 . 0 1 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 01 1 . 0 1 . 51 7 . 0  0 . 5/ 1 0 . 0  0 . 5/ 0 . 5  1 . 0/ 1 . 5 
1 1 I'1:1I:<I I 1K 2 0 0 3  0 . 01 0 . 0  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 01 0 . 0  0 , 0 1 0 . 0  0 . 0/ I , D 1 . 5/ 7 . 0  0 . 5/ 1 0 . 0  0 . 51 0 . 5  1 . 0/ 1 . 5 
1 1 1 I 1 1 I :<l IIK 200 3 0 , 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 1 . 0  1 . 51 7 . 0  0 . 5 / 1 0 . 0  0 . 51 0 . 5  1 . 0/ 1 . 5 
I I P I I I X M I K  2 0 0 3  0 . 0/ 0 . 0  0 . 0 / 0 . 0  0 . 0 1 0 . 0  0 . 01 0 , 0  0 . 01 0 . 0  0 . 51 1 . 0 1 . 5/ 5 . 0  2 . 51 7 . 5  2 . 0/ 0 . 0  2 . 5/ 1 . 5 
IIPPl I;, M I K  2 0 0 3  0 . 01 0 . 0  0 . 0 1 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0 1 0 . 0  0 . 5/ 1 . 0 1 . 5/ 5 . 0  2 . 5/ 7 . 5  2 . 0/ 0 . 0  2 . 51 1 . 5 
tll 1 l l lXl\JlK Z O O 3  0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 5/ 1 . 0 1 . 5/ 5 . 0  2 . 5/ 7 . 5  2 . 0/ 0 . 0  2 . 5/ 1 . 5 

JUNE JULY 

1 + /- ) ( +/- ) 
0/0 0/0 

0 . 0/ 0 . 0  0 , 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 , 0 / 0 , 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 , 0/ 0 . 0  
0 . 0/ 0 , 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0 / 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0 0 , 0 / 0 . 0  
0 . 0 / 0 . 0  0 . 0/ 0 . 0  
0 . 0 / 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0 
0 . 0/ 0 . 0  0 . 01 0 . 0  

010 010 
0 . 0/ 0 . 0  0 . 01 0 , 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 51 0 . 0  0 . 0/ 0 . 0  
0 . 51 0 . 0  0 . 01 0 . 0  
0 . 51 0 . 0  0 . 0/ 0 . 0  
0 . 51 0 . 0  0 . 0/ 0 . 0  
0 . 5/ 0 . 0  0 . 01 0 . 0  
0 . 5/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 51 0 . 0  0 . 01 0 . 0  
0 . 5/ 0 . 0  0 . 01 0 . 0  
0 . 5/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 5/ 0 . 0  0 . 01 0 . 0  
0 . 5/ 0 . 0  0 . 01 0 . 0  
0 . 5/ 0 . 0  0 . 0/ 0 . 0  
0 . 51 0 . 0  0 . 0/ 0 . 0  
0 . 5/ 0 . 0  0 . 0/ 0 . 0  
0 . 5/ 0 . 0  0 . 0/ 0 . 0  

010 010 
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0 1 0 . 0  0 . 0/ 0 . 0  
0 . 0 1 0 . 0  0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 0 1 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 , 0  0 . 0 1 0 . 0  
0 . 0 1 0 . 0  0 . 0/ 0 , 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  

010 010 
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0 1 0 . 0  0 . 01 0 , 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 0/ 0 , 0  
0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 01 0 0 0 . 0 1 0 . 0  
0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0 1 0 . 0  0 . 0 1 0 . 0  
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  

Tab l e  0 . 4 - . 1  

AG 1 AG2 

1 +/- ) 1 +/- ) 
0/0 0/0 

0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 , 0  
0 . 0/ 0 . 0  0 . 0 / 0 , 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0 / 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 , 0  
0 . 0/ 0 . 0  0 . 0/ cI . O  
0 . 0/ 0 , 0  0 . 0/ 0 . 0  
0 . 0 / 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 , 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0 / 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0 0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  

010 010 
0 . 0 1 0 . 0  0 , 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 , 0  
0 . 0 / 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 0 1 0 . 0  0 . 0/ 0 , 0  
0 . 0/ 0 . 0  0 . 0 / 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  O . C I 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  

0 10 010 
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 01 0 . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  
0 . 0 1 0 . 0  0 . 0 1  0 . 0  
0 . 01 0 . 0  0 . 0/ n . O  
0 . 0/ 0 . 0  0 . 0 1 0 . 0  
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APPENDIX E 

Anadromous F i s h  S tocks  

PART 1 

C o l umb ia Bas in Anadromous F i s h  S t o cks  





Co lumb i a  Bas in Anadromous F i s h  S tocks 

A large number o f  anadromous f is h  s t ocks i s  produced in the C o l umb ia 
River Bas in . The se inc lude upper r ive r spr ing and summer chinook , fal l 
chinook , coho and sockeye salmon and s tee l head trout . 

Upper R iver Spr ing Chinook . Upper R iver s p r ing chinook s pawn throughout 
the Co lumb ia and Snake R iver Bas ins . The adul t s  enter the C o l umb ia R ive r 
on the i r  s pawning migra t i on in the s p r ing w i t h  the run peaking a t  
Bonnevi l l e  Dam in Apr i l  o r  May . The adu l t s  s pawn in the fal l .  Juveni le s  
migrate to  the ocean a year f rom the f o l l owing s p r ing as "year l ings . " 
The upr iver s p ring chinook run ave raged a t  1 6 8 , 000  be tween 1 9 3 9  and 
1 9 7 4 .  Thi s  average dec l ined i n  recent years to  a 1 9 75-1985  ave rage o f  
85 , 000 f ish , with  a record  low up rive r  run in 1 9 7 9  o f  5 1 , 500 f i sh . Thi s  
compares to  a de s i red minimum escapement goal o f  the f is he r i e s  manage r s  
of  1 1 5 , 000  f ish  a t  Bonnevi l l e Dam . 

Spr ing chinook are not  harve s ted in s igni f i cant numbers  by the ocean 
f i shery . P r i o r  to  1 9 70 ,  in-r ive r  f is heries  harves ted sub s tan t ial  numb e r s  
of  f is h ,  b u t  due to  dec l ine s in t h e  run s ince that  t ime , s igni f i cant 
catches  occurred only in 1 9 7 7  and 1 986 . In add i t ion to  the ocean 
f is he ry , s p r ing chinook are harve s ted in s p o r t  and ceremon ial / s ub s i s tenc e 
f is he r i es . 

Uppe r R iver Summe r Chinook . The Uppe r River summer chinook run contains 
two d i s t inc t runs d ivided be tween the Snake and the Upper C o l umb ia 
Rive r s . Both groups re t urn as adu l t s  to  Bonnevi l le Dam in June and 
Jul y .  Howeve r ,  t he Snake R ive r summe r chinook have a l if e-cyc l e  s imi lar  
to s p ring chinook in that  the j uveni l e s  migrate  f rom the  sys tem as  
year l ings . In contras t ,  Uppe r C o l umb ia Rive r  summe r chinook have a 
l i fe-cyc l e  l ike f a l l c h inook--the i r  p rogeny migrate  down s t ream during the 
summe r ( June-Augus t )  as  s ubyear l ings . 

Bo t h  t he Snake Rive r  and Upper C o l umb i a  R iver summe r chinook runs have 
dec reased drama t ical ly in recent years . The 1 9 38 - 1 9 6 9  average run a t  
Bonnevi l le Dam was 1 1 1 , 000  f is h ,  whi l e  the 1 9 7 3 - 1 9 8 5  average was 
28 , 000  f is h .  The f i she ry manager ' s  des i red minimum escapement goal i s  
80 , 000-90 , 000  f is h . 

Summe r chinook have cont inued to  be harve s ted in  s ub s tan t i a l  numbers . 
The ocean f i she r i e s  oc cur prima r i l y  in Alaska and B r i t i s h  C o l umb i a .  A 
1 984 e s t imate p laced ocean harve s t  a t  6 2 . 9  pe rcent o f  the s tock . 
In-r ive r harve s t  inc l udes  inc idental cap t ure dur ing sockeye f i s he r i es 
( 1 , 6 6 0  f is h  in 1 98 5 ) ,  and targe ted s ub s is tence and ceremonial f i s he r i e s  
( 445 f is h  at  C h i e f  Joseph Dam and 6 6 6  f ish  in the area be tween Bonnevi l l e 
and McNary Dams , b o th f igured as  a 1 980-1986  average ) .  

Fal l  Chinook . Whi l e  a l imi ted numb e r  o f  some fal l chinook migrate as 
year l ings , the maj o r i ty of j uveni l e s  move down r ive r in the i r  f i r s t  
summe r a s  s ubyearl ings . Adu l t s  enter  the r ive r to  s pawn f rom Augus t 
through November ,  w i t h  coun t s  peaking at  Bonnevi l le Dam dur ing 
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Sep tember .  Fal l  chinook may be d ivided into  two g roups , Tu1e and Uprive r  
B r i ght . The Tu1e chinook are a l ower r iver , predominan t ly Bonnevi l l e  
Poo l , s tock which is  largely hat chery-reared . Tu1 e f a l l  chinook 
maintained their  numbers we l l  unt i l  1 98 2 .  S ince then , the run has 
dec l ined s ub s tant ial l y , p r ima r i l y  due to  ha t chery d isease p ro b l ems . 

Upriver Bright  fal l chinook are d ivided into  two maj o r  segment s ,  one 
which spawns in the Mid-C o l umb ia R iver and the o the r in the Snake Rive r .  
The Mid-Co l umb ia f i sh  are f o r  the mos t  part , e i ther  natura l l y  p roduced in 
the f ree f lowing Han f o rd Reach  of  the C o l umb i a ,  or are p roduced f rom the 
P r ie s t Rap ids  Hat chery . The Snake River populat ion has , un t i l  recen t l y , 
been an ent i re l y  na tural ly p roduced run . The Lyon ' s  Ferry Hatchery has 
begun p roduc ing a s ub s tan t ial  numbe r  o f  Snake River f a l l  chinoo k .  

The Upr iver Bright  fal l chinoo k  count a t  McNary Dam has , s ince 1 96 0 , 
o f t en fal len b e l ow the 40 , 000  adul t e s capement goal . For examp l e , f rom 
1 9 74 to  1 98 2 ,  the es capemen t goal was no t reached . It appears the 
decl ine i s  a t t r ibutab l e  to  a vir tua l  l o s s  o f  the Snake R iver segment o f  
t h e  run . The 1 9 6 2-1 9 7 7  annua l ave rage to tal Snake R iver fal l chinook 
count was 1 6 , 400 , compared to  a 1 9 75-1 984 average o f  2 , 000 f is h . The 
Mid-Columb ia s egment , on the o ther hand , has grown in s t reng t h ,  w i th 
1 984-1 986  coun t s  vas t l y  exceed ing des i red escapement l eve l s . Both  Tu1 e  
and Upr iver B right fal l chinook a r e  heavily  harve s ted i n  the ocean 
f isheries , Tu1 e s  at 6 5 . 9  percent and B r ights  a t  6 7 . 4  percen t . Tu1es are 
harves ted mo s t  heav i ly in the U . S .  Coas tal  F i s he ry ( 39 . 9  percen t ) ,  whi l e  
Upriver B rights  are harves ted predominant l y  i n  the B r i t i s h  C o l umb ia 
Fishe ry ( 40 . 6  percen t ) .  Both  s to ck s  are harves ted  in-river as we l l ,  
Tu1 e s  at  10 . 7  percen t  and Brights  a t  7 . 9  percen t . S ince 1 98 3 ,  the 
Pac i f i c  F i s heries  Management Counc i l  has a t t emp ted to  dec rease the 
harves t  o f  Tu1 e s  to  al low the s tock  to  recove r .  

Coho Salmon . Coho s almon runs above Bonnev i l le Dam are smal l and are 
large ly l imi ted to  the Bonnev i l le Poo l . Near l y  90  percen t  of  the 
1 980-1 984 average Bonnevi l l e  Dam count o f  2 2 , 46 8  adul t coho remained in 
the Bonnevi l le Poo l . L i t t l e  is known about o ther coho runs . The on ly 
hat chery r e l ease occurs in the Mid-C o l umbia a t  the Tur t l e  Rock Hatchery . 
E f f o r t s  to obtain Snake R ive r b rood  s tock  in 1 9 8 3-1 984 f a i led  when no 
coho were t rapped , even though dam coun t s  indi cated  f i s h  should have been 
presen t . Thi s  s eems to ind i cate  that the sma l l  number  of coho counted a t  
t h e  Snake Rive r  Dams and perhaps a po r t ion o f  coun t s  a t  o ther  dams are 
ac tua l ly o ther species  mis i den t i f ied as  coho . Sub s tan t ia l  intere s t  
cont inues i n  res t o r ing t h e  Mid-C o l umb ia and Snake River coho runs . 

Upr iver coho are harve s t ed by ocean and in-river f isheries . 
f o r  s tocks above Bonnev i l le Dam are no t presen t l y  ava i l ab l e . 
escapement goal has been s e t  f o r  coho . 

Harve s t  data 
No 

Sockeye Sa lmon . C o l umbia R iver so ckeye o r i g inate  f rom b o t h  the Snake and 
Mid-Columb i a  Rive r s . By far the maj o r i ty of the run , Mid-Co lumb ia 
so ckeye , comes f rom the Wenat chee and Okanogan R ivers . Over the period  
1 9 70 to 1984 , the  Okanogan sys tem annual ly p roduced 58 . 5  percent of  the  
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7 7 , 8 95 f ish  total . To tal  sockeye numbers  f rom the Mid-Co lumb ia have been 
s tab le s ince 1 9 70 , a l t hough s ockeye are charac terized  by large swing s in 
annual produc t ion . 

Sockeye are not harves ted to  any apprec iab l e  extent in the o cean 
co�ne r c ial or  spo r t  f i sheries . In-r iver f ishe r i e s  have been s po rad i c , 
harve s t ing the larger runs o f  1 9 70- 1 9 7 3 , 1 9 7 7 , and 1 98 3-1 984 when f i sh 
numbers exceeded es capement goal s .  The cur rent des i red escapement f o r  
s o ckeye is  6 5 , 000  at  P r i e s t Rap ids Dam . In add i t ion to  comme rc ial  
harve s t ,  in-r iver and t e rminal ce remonial / s ub s is tence f i sher ie s , as we l l  
a s  s p o r t  f isher ies , harve s t  smal l numbe rs o f  sockeye . 

S teelhead Trout . S te e l head t rout are wide l y  d i s t r ibuted throughout the 
C o l umb ia and Snake R iver bas ins . The i r  b road geograph i c  d i s t r ibut ion i s  
ma t ched b y  the great s pan o f  the i r  run t iming . S te e l head c r o s s  
Bon�evi l le Dam eve ry day o f  the count ing season ( March-November ) and 
beycnd . The summer s te e l head migrat ion i s  general ly divided into an "At! 

run , d i s t r ibuted throughout much o f  the sys tem , and a "B"  run , which  
cons i s ts o f  large r f ish  des t ined for  the  Snake River . The "B"  run 
c ro s ses  Bonnevi l l e  Dam af t e r  Augus t 25 . The t iming o f  the peak o f  the 
"B " run depends on the con t r ibut ion o f  i t s  s ub-populat ions and has var i e d  
f rom mid-July to  ear l y  September . In add i t ion to the s umme r s te e l head 
d i s cussed above , winter s tee 1 head return to s everal s t reams w i thin  the 
Bonnev i l le Poo l . 

Juveni l e  s tee1head migrate to the ocean in the spring , w i th t im ing 
s imi lar to that of yearl ing ch inook . The i r  age at migrat ion i s  var iab le  
( 1 -4 years ) ,  wi th two years as an  average . S te e l head runs have increased 
s ub s t an t ia l l y  in recent years a f t e r  reach ing a l ow point  in 1 9 75 . The 
1 98 5  Bonnevi l le Dam t o ta l  upriver  run o f  348 , 500 was exceeded only by 
those o f  1 940 and 1 95 2- 1 9 5 3 .  The 1 98 1 - 1 985 "A" run s i zes  have a l l  
exceeded the 1 96 9- 1 98 5  average run o f  1 2 1 , 5 00 f ish , wi th  a 1 985  minimum 
run o f  255 , 000 f ish . The "B " run f rom 1 96 9-1 985 ave raged 5 8 , 000 f ish . 
Thi s  f igure has been exceeded each year s ince 1 98 3 , w i t h  a 1 985  run o f  
9 3 , 6 00 . 

S te e l head are not  cap tured in ocean f is he r i e s , but are harve s t ed in 
s ub s tan t ial  number  in C o l umb ia River  ma ins t ern commerc ial  and s po r t  
f isheries  a s  we l l  a s  i n  terminal sport  f is heries . Smal l numb e r s  o f  
s te e l head are taken by ceremonial and s ub s i s tence f is he r i e s . No 
e s c apement goal has been s e t  f o r  s tee 1 head , but  f isheries  manage rs  de s i re 
to  cont inue to  increase the run s i ze . 

( V S 6 -WP-PG- 1 8 7 1 Z )  
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APPEND IX E 

Anadrornous F i s h  

PART 2 

R ive r Opera t i ons Data 





River Operat ions Data 

Tab l e  E . 2-1 g ives the mean changes in the period ave rage f lows at P r i e s t 
Rap ids and Lower Gran i te Dams f o r  Apr i l  1 - 1 5 , Apr i l  1 6 -30 , May , June , and 
Apr i l  t hrough June f o r  1 988 , 1 9 9 3 , 1 9 98 , and 2003 . The mean f l ow is  
g iven f o r  the  No Ac t ion case  (MP FEXBMK ) f o l l owed by the  changes f rom the 
No Ac t ion case for eac h IDU a l t e rnat ive . A l s o  provided in t h i s  tab l e  i s  
t he f requency o f  Wat e r  B udge t f l ows be ing me t at  P r ies t Rap ids ( f l ows 
g rea ter than or equal to 1 1 5  kc f s  May ) .  The c o l umn heading APR 1  
des ignates  t he Apr i l  1 - 1 5  period and APR2 des ignat e s  Ap r i l  1 6 -30 . The 
val ue s  in t h i s  tab l e  are based on 200 s imul a t i ons by the SAM . Thi s  
info rmat ion i s  referred t o  i n  Vo l ume 1 ,  Sec t ion 4 . 2 . 3 . 4 . 1 ,  Downs t ream 
Migrant Survival . See  t he f ront o f  Vo l ume 4 f o r  a de f in i t ion o f  t he 
e ight-l e t te r  codes used In t h i s  tab l e  t o  iden t i fy the IDU al t e rna t ive s . 

EXAMPLE ( Tab l e  E . 2- 1 ) :  At  Pries t Rap ids f o r  the 
MPREXBMK al t e rnat ive , in the year 1 988 , in t he 
Apr i l  1 - 1 5  pe r i o d  (APR1 ) ,  t he mean f l ow decreases 
0 . 9  kcfs  r e l a t ive t o  t he mean f l ow o f  9 7 . 3 k c f s  in t he 
No Ac t ion case (MPFEXBMK ) .  The f requency o f  mee t ing 
the Wat e r  Budget  f lows in the Apr i l  1 6-30 ( APR2 ) and 
May periods  in 1 988 was 98 . 5  pe rcent  f o r  the MPREXMBMK 
al t e rna t ive . 

Tab l e  E . 2-2 g ives the f requency ( percent ) o f  f low changes f rom the No 
Ac t ion case (MPFEXBMK ) greater than 1 0  k c f s  a t  P r i e s t Rap ids  and 5 k c f s  
a t  Lowe r Gran i te f o r  Apr i l  1 - 1 5  (APR1 ) ,  Apr i l  1 6-3 0 (APR2 ) ,  May , and June 
of 1 988 , 1 9 9 3 , 1 9 9 7 ,  and 200 3 . The f requency data i s  based on compari
sons when e i ther t he No  Ac t ion f l ow o r  the  A l te rna t ive f low i s  less  t han 
the o p t imum f low o f  140 k c f s . The numbers  under  t he ( + )  s igns ind i ca t e  
f requenc ies  o f  increases and thos e  under t h e  ( - )  s igns ind icate  
f requenc ies  o f  dec reas e s . This  informa t i on i s  re f e r red t o  in 
S e c t ion 4 . 2 . 3 . 4 . 1 ,  Downs t ream Migran t  Surviva l . See the f ront  o f  
Vo l ume 4 f o r  a def in i t ion o f  the eight-le t te r  codes used  i n  t h i s  tab le t o  
iden t ify  the IDU a l t e rna t ives . 

EXAMPLE ( Tab l e  E . 2-2 ) :  A t  P ries t Rap ids f o r  the 
MPREXBMK a l te rnat ive , in t he year 1 988 , in the 
Apr i l  1 - 1 5  period (APR 1 ) ,  for f l ows l e s s  than 
140 k c f s , there was a 3 . 7  percent f requency o f  f l ow 
inc rease s  g reater  t han 1 0  k c f s  and a 7 . 5  percent  
f requency o f  f low decreas es  g rea ter  t han 1 0  k c f s  
re lat ive t o  t he N o  Ac t ion case ( MPFEXBMK ) .  

Tab l e s  E . 2-3 t h ro ugh E . 2- 1 5  give t he mean change in t o tal  s p i l l  f o r  the 
periods Apr i l  1 - 1 5  (APR1 ) ,  Apr i l  1 6 -30 (APR2 ) ,  May , June , Jul y ,  and 
Augus t 1 - 1 5  (AUG1 ) f o r  the years 1 988 , 1 9 9 3 , 1 9 98 , and 2003 , f o r  the 
f o l l owing run-of-rive r pro j ec t s : Bonnev i l l e , The Da l le s , John Day , 
McNary , I c e  Harbo r ,  Lowe r Monumental , Li t t l e  Goos e , Lowe r Grani te , P r i e s t  
Rapids , Wanapum , Rock I s land , Rocky Reach , and We l l s . Fo r each dam t he 
No Ac t ion case (MPFEXBMK ) mean s p i l l  f o r  40  SAM s imul a t ions i s  g iven 
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f i rs t f o l l owed by the change in s p i l l  f o r  each o f  the a l te rna t ive s 
re lat ive to  the No Ac t ion val ue . Thi s  inf o rmat ion i s  referred to  in 
S e c t ion 4 . 2 . 3 . 4 . 1 ,  Down s t ream Migrant s urviva l . See the front of 
Volume 4 for a de f ini t i on of  the e ight-l e t ter codes used in this tab le  to  
i den t i fy the I DU a l t e rnat ive s . 

EXAMPLE ( Tab le  E . 2-3 ) :  At Bonnevi l le Dam f o r  the 
MPREXBMK a l t e rnat ive , in the year 1 988 , in Apr i l  1 - 1 5  
per iod (APRl ) ,  the mean to tal s p i l l  changes 
0 . 0  percent relat ive to  the mean s p i l l of  1 . 9  percent 
in the No Ac t ion case (MPFEXBMK ) . 

Tab le  E . 2- l 6  g ives the mean monthly hydrosys tem ove rgene rat ion s p i l l  in 
megawat t s  f o r  Apri l ,  May , June , Jul y ,  and Augus t ,  and the ave rage of 
Apr i l  through Augus t .  These  val ue s  are the ave rage of  the s tudy 
years 1 993 , 1 9 98 , and 200 3 . The s tudy year 1 988 was not  inc luded in t h i s  
average s ince inte r t ie capac i ty increases ( which  have t h e  mos t  e f f e c t o n  
ove rgenerat i on s pi l l ) do no t take e f f e c t  unt i l  after  t h i s  year . The s e  
value s  are based on 2 0 0  s imul a t i ons b y  t he SAM . Thi s  inf ormat i on i s  
referred to  i n  S e c t i on 4 . 2 . 3 . 4 . 1 ,  Down s t ream Migrant Surviva l . S e e  the 
front of  Vo l ume 4 for a def ini t ion of the e ight-l e t t e r  c odes  used in t h i s  
tab le  to  ident ify  t h e  I DU al ternat i ves . 

EXAMPLE ( Tab le  E . 2- l 6 ) :  The mean overgene rat ion s p i l l  
i n  the hydrosystem f o r  Apr i l  through Augus t o f  1 9 9 3 , 
1 9 98 , and 2003 decreas e s  f rom 6 0 6  MW in the No Ac t ion 
case (MPREXBMK ) t o  1 2 7  MW under the MPRMXBMK 
a l t e rnat i ve . 

(VS6-PG-18 6 5 Z )  
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Ta b l e  E . 2 - 1  
tlEAU CHAUGE IN PE RIOD AVERAGE F LOriS ( KCFS ) AND FREQUENCY OF MEETING HATER BUDGET FLOHS ( X )  DATE . 1 9FEB88 1 6 . 1 7  

PR IEST R A P IDS , IlE AN f LOH CHAliCES AlID FREQ .  OF FLOHS GE 1 1 5 KCFS A P R 2 -MAY LOWER GRANITE . MEAN F LOH CHANGES AND FREQ . OF F LOWS G� 85 KCFS APRZ-MAY 
WATE R ATE� 

YEAR STlIll't A P R  I A I'f<2 MAY JUN JULY A P R I -JUN BlmCET A P R I  APR2 MA� 3U� JULY APR I -JUN UDG T 
1 988 MI'FEXf-:tlK 9 7 . 3  1 38 . 9  1 5 5 . 2  1 55 . 3  1 3 3 . 8  1 4 3 . 0  98 . 7  66 . 4 9A · 3  105 .  9 • 36 ' 6 96 . 2 �� . o MPHEXI',IlK -0 . 9  -0 . 2  0 . 1  0 . 3  1 . 1  0 . 0  98 . 5  . 0  . 0  O .  . . . 0  . 0  

tlHFE>-:I'IIK - 0 . 1  - 0 . 6  - I .  a -0 . 1  -0 . 3  - 0 . 5  9 9 . 0  0 . 0  0 . 0  0 . 0  f O 0 . 0  0 . 0  r o 
MP, E Yn IK 2 . '+  0 . 0  -0 . 6  1 . 1  1 . 3 0 . 6 9 9 . 0  0 ' 1 0 . 0  8 . 0  . 0  

' I  
0 . 0  5 . 0  

tIP H f X !  11K 1 . 9  -0 . 2  -0 . 5  1 . 3  2 . 3  0 . 6  9 9 . 2 O . 0 . 0  . 0  : 8 o .  0 . 0  5 . 0  
tlllF' E )\H IK 2 .  I 0 . 0  - 0 . 7  1 . 0 1 . 2  0 . 4  98 . 5  O . 0 . 0  8 . 0 o .  0 . 0  5 . 0  
tlPf f' XAI1K 3 . 1  1 . 5 0 . 3  1 . 6 2 . 7  j . 4  9 9 . 2  O . 0 . 0  . 0  O . 0 . 0  � , o  
tlPRE XtJlK 2 . 6  1 . 2  0 . 6  1 . 7  � J  . 4 9 9 . 2  o . j 0 . 0  0 . 0  0 · 8 o . 0 . 0  . 0  
11ll f E X Al IK 3 . 6  0 . 2  - 0 . 5  1 . '+ 0 . 9  9 9 . 0  O .  0 . 0  0 . 0  g : 8 o .  0 . 0  }5 . 0  
tlPlllCBllK -0 . 9  - 0 . 2  0 . 1  0 . 3  1 . 1 0 . 0 98 . 5  0 . 0  0 . 0  0 . 0  g : 0 . 0  5 . 0  
MPRDCHIK 1 . 9  -0 . 2  -0 . 5  1 . 3  2 . 3  0 . 6  9 9 . 2 0 . 1  0 . 0  0 . 0  0 . 0  �5 . 0  
tlPIUlCAlIK 2 . 6  1 . 2  0 . 6  1 . 7  3 . 4  1 . 4 9 9 . 2  0 . 1  0 . 0  8 . 0  8 : 8  o . 0 . 0  5 . 0  
tIPR,\CAIIK 2 . 6  1 . 2 0 . 6  1 . 7  3 . '+  1 . 4 9 9 . 2  0 . 1  0 . 0  . 0 O . 0 . 0  5 . 0 
UPlUIXPIlK -0 . 9  -0 . 2  0 . 1  0 . 3  1 . 1  0 . 0  98 . 5  0 . 0  0 . 0  0 . 0  8 : 8 o .  0 . 0  }s . o  
urFllXHIK 2 . '+  0 . 0  - 0 . 6  1 . 1  1 . 3  0 . 5  9 9 . 0  O . I 0 . 0  0 . 0  0 ' 1 0 . 0  S , O 
tl PWI Xf tlK 1 . 9  -0 . 2  - 0 . 5  1 . 3  2 . 3  0 . 6  9 9 . 2  0 ' 1 0 . 0  0 . 0  8 . 0 o .  0 . 0  }5 . 0  
Ill iHIXf llK 2 .  I 0 . 0  - 0 . 7  1 . 0  1 . 2  0 . 4  98 . 5  O .  0 . 0  0 . 0  . 0  O .  0 . 0  5 . 0  
M P F I IXAlIK 3. I 1 . 5 0 . 3  1 . 6 2 . 7  I . � 9 9 . 2  O .  0 . 0  0 . 0  g ' O 0 ' 1 0 ' 8 �5 . 0  
tIP fj'IXAJ IK 2 . 6  1 . 2  0 . 6  1 . 7 3 . 4  I .  9 9 . 2  O .  0 . 0  0 . 0  : 8 o .  O . 5 . 0  
tll1FMXAlIK 3 . 6  0 . 2  - 0 . 5  1 . 4 2 . 5  0 . 9  9 9 . 0  0 . 1  0 . 0  0 . 0  O . 0 . 0  5 . 0  

1 99 3  M P F E XBIIK 9 9 . '+  1 3 3 . 9  1 5 2 . 6  1 5 1 . 2  1 30 . 5  1 '+ 0 . 3  9 9 . 0  64 . 3  88 : 8  1 0S . 3  92 . �  3s ' 8  9A · 4  r o 
ti PREXBI1K 1 . 0  0 . 4  0 . 3  0 . 1  0 . 4  0 . 4  9 9 . 5  0 . 0  0 . 0  o .  o .  . 0  0 . 0  
I1l1 f E XBIlK 0 . 8  -0 . 9  - 0 . I - 0 . 1  0 . 0  - 0 . 1  9 9 , 0  0 . 0  0 . 0  0 . 0  8 : ' I 

0 . 0  g . o  
M P F E XfllK 0 . 0  -0 . 5  - 0 . 1  0 . 3  0 . 0  0 . 0  98 . 0  0 . 0  o . ! 0 . 0  o .  0 . 0  . 0  
tlfoRE XI I I K  1 . 5 - 0 .  I 0 . 2  0 . 9  0 . 2  0 . 6  98 . 5  0 . 0  o .  0 ' 8 0 . 0  o .  0 . 0  0 , 0  
MIlf-E?:fMK 1 . 0 - 1 . 4  - 0 .  I 0 . 2  - 0 . 2  0 . 0  9 7 . 7  0 . 0  O .  o .  0 . 0  o .  0 . 0  

r 
MI'f- E XAl1K 0 . 6  0 ,  I 0 . 2  1 . 4 0 . 8  0 . 6  98 . 5  0 . 1  O . 0 . 0  I I o .  0 . 0  0 . 0  
MFRf XMIK 1 . 8 0 . 6  0 , 7  1 . 9  1 . 4 A J  9 8 . 7 o . ! O . 0 . 0  o .  0 . 0  0 . 0  
tlHFI;XAlIK 1 . 8 -0 . 6  0 , 3  1 . 0 0 . 6  98 . 7  O .  O . 8 . 0  o .  0 . 0  0 . 0  
tIPI:nn',IIK 0 . 8  0 . 1  0 . 3  0 . 7  1 . 1  0 . 5  9 9 , 2  O . 0 . 0  . 0  o .  0 . 0  0 . 0  
M P RIJCftlK - 0 . 5  - 0 . 7  - 0 . 3  1 . 7  0 . 8  0 . 3  9 7 . 7  0 . 0  o . � 0 . 0  0 ' 1 0 . 0  0 . 0  
M I 'RDCAIIK 2 . 4  - 0 . 2  - 0 . 2  � j  1 . 6 j . 1  98 . 7  o . j O .  0 . 0  o .  o .  0 . 0  0 . 0  
Mf'R!'CAI1K 1 . 7  0 . 2  0 . 5  2 . 0 . 3  98 . 0  O .  O . 0 . 0  O .  o . 0 . 0  0 . 0  
11 I' Pl'I:<lJl lK 1 . 0 0 . 0  0 . 0  1 . 1  1 . 4 0 . 5  9 9 . 0  0 . 0  ' ! 0 . 0  8 : 8  0 . 0  0 . 0  0 . 0  
MPFMXFtlK - 0 . 3  - I . 3 - 0 . 3  0 . 8  0 . 3  - 0 , I 98 , 0  0 . 0  O . 0 . 0  0 ' 1 0 . 0  0 . 0  

fTl 11I'WIXF IIK 0 . 5  - 0 . 6  0 . 0  1 . 8 1 . 2  0 . 6  9U . O  0 . 0  8 : 8 . 0 8 : 8 o .  0 . 0  �o . o  
11liFllXF l 1K 1 . 1  - I . 6 - 0 , 1  0 . 2  - 0 . 1  0 . 0  98 . 0  0 . 0  . 0  o .  0 . 0  0 . 0  
tlHllXAlIK 1 . 7  -0 . 8  0 . 0  1 . 4 1 . 1  0 . 6  98 . 2  0 ' 1 8 :  0 . 0  o · s o .  0 . 0  >0 . 0  N MPPJ1XAliK 1 . 6  0 . 0  0 . '+  2 . '+  1 . 9  1 . 2 98 . 5  O .  0 . 0  O .  o .  0 . 0  0 . 0  

I tlltHIXAlIK 2 . 0  - 0 . 8  O .  I 1 . 0  0 . 8 0 . 6  90 . 7  O .  0 . 0  O .  o .  0 . 0  70 . 0  
(.0 

1 9 98 I1PFEXBMK 1 08 . 9 1 '+ 2 . 9  1 58 . 6  1 58 . 3  1 36 .  I 14 7 . 7 9 9 . 0  66 . 9 86 . 8  1 04 . �  96 : a  36 ' A 9 1 . 6  �� : � 11PREXBIIK 0 . 0  0 . 0  0 . 0  O . � 0 . 0  0 . 0  98 . 7  0 . 0  0 . 0  8 : 0 0 ,  0 . 0  
1111 F E XL I IK 1 . 1  - 1 . 6  - 0 . 5  - 0 . - 0 . 2  - 0 . 3  98 . 7  0 . 0  0 . 0  O .  0 . 0  0 . 0  6 . 5  
M P F E XH I K  O.  I - 1 . 5  -0 . 4  0 . 3  - 0 . 5  -0 . 3  9 9 . 2  0 . 0  0 ' 1 0 . 0  o .  0 ' 8  0 . 0  HJ MPREXF tlK 0 , 2  - 1 . 5  -0 . 4  0 . 3  - 0 . 5  -0 . 3  9 9 . 2  0 . 0  o . 8 : 8  � : 8 : 1 0 . 0  
tlI I F E X f- l IK 0 , 8  - 2 .  I - 0 . 5  0 . 2  - o . � - 0 . 3  9 9 . 2  0 . 0  8 :  0 ' 8 2 . S 
tlPFEX,\lIK 0 . 3  - I . 0 - 0 . 3  0 . 2  - 0 .  - 0 . 1 98 . 5  0 . 0  O .  o .  . S  
tlPHEXAliK 0 . 4  - I . 0 - 0 . 4  0 . 2  - o . � -0 . 2  98 . 2  0 . 0  O . 0 . 0  o .  � . o � . S  
!! I I F  EX AlIK 1 . 2  - I . 7 -0 . 4  0 . 2  - 0 . -0 . 2  98 . 5  0 . 0  o .  0 ' 8 8 :  o .  . 0  . S  
M P lmC�I'lK 2 , '+  0 . 2  O .  I - 0 . I 0 . 3  0 . 4  9 9 . 0  0 . 0  0 . 0  o .  o .  . 0  6 . S  
tlP1UJCF I IK 1 . 7  - 0 . 9  - 0 . I 0 . 4  - 0 . 5  0 . 2  9 9 . 5  0 . 0  0 ' 1 0 . 0  t 0 '1 . 0  6 . �  
tlPRDCIJ1K 1 . 1  - I . 6 - 0 . '+  0 . 2  -o . S  -0 . 2  98 . > 0 . 0  o .  0 ' 8 o .  0 . 0  Z : 11PRACAJ1K 2 .  I -0 . 8  -0 , I - 0 . 1  O .  I 0 . 2  98 . 0 . 0  O . O . o .  0 . 0  
Mf'P!1)O:BIIt; 1 . 1  - I . 7 -0 . 4  - 0 . 5  0 . 2  -0 . 4  9 9 . 0  0 . 0  O .  0 . 0  o .  0 . 0  2 . 5  
MF'fI1XFlIK 0 . 8  - 2 . 1  - 0 . 5  0 . 1  - 0 . 5  -0 . 4  9 9 . 5  0 . 0  0 ' 1 0 . 0  0 ' 1 0 . 0  . S  
tlPI:.tIXFIIK 1 . 0  - I . 6 - 0 . '+  - 0 . 3  0 . 0  - 0 . 3  9 9 . 0  0 . 0  O .  0 . 0  Jf o .  0 . 0  I J tIHFlIXH1K 0 . 8  - 2 . 2  -0 , 5  0 . 1  - 0 . 6  -O . � 9 9 . 2  0 . 0  O .  8 . 0  0 ,  0 . 0  
Mf'f-tiXAIIK 1 . 3  - I . 9 -0 . 2  0 . 1  - 0 . 5  - 0 .  9 9 . 0  0 . 0  o .  : 8 o .  8 . 0 
I1pm1XAlIK 2 . 2  -0 . 6  0 . 2  - 0 . 2  0 . 2  0 . 3  9B . S 0 . 0  O . 0 ,  . 0  
I1lil-llXAlIK 1 . 0 - I . 9 - 0 . 4  0 . 1  -0 . 6  - 0 . 2  98 . 5  0 . 0  O .  0 . 0  -0 . o .  0 . 0  6 . S 

2 0 0 3  I1 PFEXBIIK 1 0 2 . 4  1 4 0 . 2  1 54 . 6  1 56 . 6  1 3'+ . 5  1 4 '+ . 3  9 9 . 0  68 . 0  90 . 8 1 05 · S 98 . � 38 . 94 . S >t� M P f<E XP.l IK 0 , 0  -0 . 5  - 0 .  I 0 . 1  -0 . 2  - 0  . 1  9 9 . 0  0 . 0  0 . 0  o .  o .  o .  8 . 0  
tlHfEXBliK o · t - 2 . � -0 . 7  - 0 . 2  -0 . 4  - 0 . 6  9 9 . 0  0 . 0  0 . 0  0 ' 8 8 . 0 o .  . 0  �6 J tl P F E XFIIK -0 . -0 . - 0 . 2  0 . 4  0 . 0  0 . 0  98 . 2  0 . 0  0 . 0  o .  I I  o .  0 ' 8 t 5  11PREXI'l'IK -0 . 3  -0 . 9  -0 . 3  0 . 5  - 0 . 1  -0 . 1  98 . 2  0 . 0  0 . 0  0 . 0  O .  O .  
M I IFEXfllK 0 . 5  - 2 , 5  - 0 , 8  0 . 2  - 0 . 2  - 0 . 5  98 . 2  0 . 0  0 . 0  0 . 0  o .  0 . 0  r 5 
lWF EXIJIK 0 , 7  0 . 7  0 . '+  0 , 6  0 . 4  0 . 6  98 . 2  0 . 0  O . I 0 . 0  O .  0 . 0  6 . S 
11PHfXAlIK 0 . 6  0 . 6 0 , 3  0 . 7  0 . 2  0 . 6  98 . 2  0 . 0  o . ! 0 . 0  o .  0 . 0  z J  tll l f E X lJ lK 0 . 7  - I . 9 - 0 . 6  0 . 4  0 . 0  - 0 . 3  98 . 2  0 . 0  O .  0 . 0  o .  0 . 0  
M P RIlC£JIIK 0 . 1  - I . 9 - 0 . 6  - 0 . 2  - 0 . 4  - 0 . 6  9 9 . 0  0 . 0  O .  0 . 0  , I  8 : g . o  

!I l 
11PlU)CFIIK 0 . 0  - 2 . 2  - 0 , 8  0 . 2  -0 . 4 - 0 . 6  98 . 0  0 . 0  0 . 0  0 . 0  . 0  
M P KIlCAliK 0 . '+  - 1 . 5  - 0 . 5  0 . 4  0 . 0  -0 . 2  98 . 2  0 . 0  0 ' 1 0 . 0  o .  0 . 0  
tlPRI,CI,IIK 0 . 6  - 1 . 9  -0 . 6  0 . ,+  - 0 . 2  -0 . 3  98 . 2  0 . 0  O .  0 . 0  o .  0 . 0  
I1PRllXhUK 1 . 1  - 2 . 8  - 0 . 8  - 0 . 2  - 0 . 4  -0 . 6  9 9 . 0  8 : 8  0 . 0  0 . 0  � : 8 o .  0 . 0  
tIIH1XflIK 1 . 0  - 2 . 9  - 0 . 9  O .  I - 0 . 5  - 0 . 6  98 . 0  0 , 0  0 . 0  8 :  0 , 0  
I1I'r:l l X f liK 1 . 0 - 2 . 9  -0 . 9  O .  I - 0 . 5  - 0 . 6  98 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1111 FlIX f l iK 1 . 1  - 3 , 0  - 0 . 9  O .  I - 0 . 5  -0 . 6  98 . 0  0 . 0  0 . 0  0 . 0  O .  0 . 0  
M Pf M)I AIIK 1 . 5  - 2 . 6  - 0 . 7  0 . 3  -0 . 2  - 0 . 3  98 . 2  0 . 0  0 . 0  0 ' 8 �J o .  0 . 0  �!J tIPRllXAJ1K 

1
. 5  - 2 . 6  - 0 . 7  0 . 3  -0 . 2  - 0 . 3  98 . 2  0 . 0  0 . 0  O . o .  0 . 0  

11l1F1IXAlIK . 5 - 2 . 6  - 0 . 7  0 . 3  -0 . 2  -0 . 3  98 . 2  0 . 0  0 . 0  O . O . 0 . 0  
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I1EAN CHANGE IN TITA!. SPILL 1 % )  Tabl e E . 2 - J  
BONtiEVI .LE 

TEST COIrmAcr 
CASE YEI,R APlll APR 2 tlAY .JUliE .JULY AUGI 

MPH' ){BIIK 1 9UI) I .  Y 35 : �  4A J 35 . 0  1 7 . � 
� : ij  tlPf<� XnIIK 1 988 0 . 0 0 . 0  O .  

tIHI' /,XEtiK 1 9BIJ 0 . 0  0 . 2  -0 . , -0 . 1  -O .� 0 . 0  
t1PFE XHIK 1 9£1IJ 0 . 3  0 . 3  -0 . 0 . 4  O . i i 
Hf REXF IIK 1 9/18 0 . 3  O . � -0 . 0 . 2  O .  
I IHFEXf- I lK ) 9U8 0 . 3  O .  -0 . 1  0 . 3  O .  
I'1p� E Xn lK 1 9118 0 . 1  0 . 3  0 . 3  0 . 5  l : � o .  
tll'REXMIK 1 911fJ 0 . 1 0 . 3  0 . 3  0 . 2 O .  
I'1I1 F E X AtIK 1 9(\8 O .  I 0 . 3  0 . 0  0 . 2  . 2  O .  
tlf'HDCBIIK 1 99B 0 . 0  0 . 3  0 . 0  0 . 0  . 3 O . 
tll'RDCFl1K 1 9!18 0 . 3  0 . 3  -O

' l 0 . 2  0 . 5  O .  
1I1'1'JJCMIK 1 911B O .  I 0 . 3  O .  0 . 2  1 . 4 O . � I'1PRACAI It: 1 91)8 O .  I 0 . 3  O .  0 . 2 1 . 4 O .  
I'1PR/·IXP.IIK 1 95(\ 0 . 0 0 . 3  0 . 0  0 . 0  0 ' 1 8 . 0  
tIPF/I;,� I'1I� 1 9U8 0 . 3 0 . 3  -0 . 1  0 . 3  o . 8 J  tI P f.:lIXf·IIK 1 9138 0 . 3  0 . 3  - O

' l 
0 . 2 O .  

tll1fllXFllK 1 91J8 0 . 3  0 . 4  -0 .  0 . 3  O .  
MPFIIXAJ1K 

1
9i13 0 1 0 . 3  0 . 3 0 . 5  1 . 3 0 :1 tlPrJl:,AIIK 988 O .  0 . 3  0 . 3  0 . 2 . 4  O .  

IIHFt lXAlIK 1 98 8  O .  0 . 3  0 . 0  0 . 2  . 2 O . 

tlPFfllJl1K 1 9 9 5  6 . 9 30 . B 39 . 2  3 9 . 2  2� : g  3 : 8  I1I'r.FXEIIK 1 9 9 3  - . 2 0 . 1  O .  I 0 . 0  fHIFEXBllK 1 9 9 3  -0 . 3  -0 . 2 0 . 0  O .  I -0 .  r 0 · 8 l P F E X F IIK 1 9 9 3  0 . 0  0 . 0  -0 . I 0 . 4  O .  O .  
NPI{EXf I IK 1 9 9 5  -0 . 2  O .  I O .  I 0 . 5  =8 : 1 -o . � 
tlI I F E XH1K 1 9 9 3  -0 . 3  -0 . 2  0 . 0  o . tt O .  
11P F E: :A11K 1 9 9 3  - 0 . 2  O .  I 0 . 0  0 . 4  - 0 .  D . ! NPHEXAIIK 1 9 9 3  -0 . 2  0 . 2 0 . 1  0 . 5  0 ' 1 -0 .  
NH F EX Al IK 1 9 9 3  -0 . 1  O .  I 0 . 0  0 . 2 O .  

' I  
t1 PRDCBI IK 1 9 9 3  - 1 . 0  - 0 . 9  -0 . 5  - 1 . 5 - 1 . -0 .  
NPRIlCI'lIK 1 9 9 3  - 1 . 0  - 1 . 0  - 0 . 6  - 1 . 1  :P -0 .  
tlPlillCAI1K 1 9 9 3  -0 . 9  - O . B  -0 . 6 - 1 . 1  -0 . 
NP RAC AlIK 1 9 9 3  I I - 1 . 0  - 1 . 2 - I . 6 = �J -0 . 
�PlJ IXEIIK 1 9 9 � - . 4 = I . � - 3 · l - 3 . 5  -0 . 

PFJ1XFlfK 1 9 9  - . 4  -L - 3 .  - 3 . 5  - 0 .  
t1PRI1XF lIK 1 9 9 3  - 1 . 4  -3 . 3  - 3 . 4  :q -0 .  

fTl MHfll:,f 1 1K 1 9 9 3  - 1 . 4  - I . 7 - 3 . 3 -3 . B -0 . 
NP F tlXAl IK 1 9 9 3  - 1 . 4  - I . 5 - 3 . � -3 . 8  -0 .  

N t1P rJlXAI1K F9 3  - 1 · 4  - 1 . 4  - 3 .  - 3 . 4  - t B -0 . 
I I1HF I1XAlIK 993 - . 4  - . 5  -3 . 3  - 3 . 9  - 3 . 3  -0 . 

CJl tlP f E )\llI'IK 1 9 9 8  2 . 0  5 . 2 9 . 7 1 5 . 5  5 . 0  0 . 0  
tlPREXBllK 1 9 98 O .  I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1111 f EXP.llK 1 9 98 0 . 0  -0 . I -0 . 3  -0 . 3  0 . 1  0 . 0  
NP FEXH1K 1 9 98 - 0 .  I - 0 .  I -0 . 4 -0 . 1  -0 .: 0 . 0  
I1P Rf Xf tiK 1 9 98 -D . ! -0 ' 1  - 0 . 4  - 0 .  I -0 . 8 : 8  11Ii F E- XF l I K  1 9 9B -0 . -0 . - 0 . 4  -0 . 3  -0 . 
I1P F E >:A11K 1 9 98 0 . 3  0 . 0  -0 . 2  0 . 6  o ' i 0 ' 8  MPREXAtIK 1 9 98 0 . 3  0 . 0  -0 . 2 0 . 5  O . O .  
I1Ii F E XAllK ) 9 9(3 0 . 3  0 . 0  -0 . 3  0 . 3  O . B 0 · 8 MPRDl.BI IK 1 9 98 - 1 . 4 -0 . 5  - I . 2 -4 . 5  -4 . 2 O .  
tIPJillC FI IK 1 9 98 - 1 . 6  -0 . 5  =u -4 . 3  -� . 2  0 ' 8 I1PIlDCM1K 1 9 9 8  - 1 . 3  -0 . 3  -(-t . O  - . 5  O .  
Mf'RACAtIK 1 9 911 - I . 7 -0 . 5  - 2 . 0  =� J -4 . B O .  
I1PRItXBllK 1 9 98 - 1 . 7  -0 . 5  - 2 . 5  -5 . 0  0 . 0  
I1PFI1XFI1K 1 9 98 - I .  7 -0 . 5  - 2 . 5  - 6 . 8  -5 . 0  0 . 0  
I'IPJ.:I1XFI'IK 1 9 98 - I .  f -0 . 5  -2 . 5  - 6 . 8  1 0 0 . 0  
I1tiFl1XFMK 1 9 "8 -I . -0 . 5  - 2 . 6  -7 . 5 - . 0  0 . 0  
I1PFI IXAlIK 1 9 93 =u -0 . 5  -2 . 6  - f · 3  - . 8  0 . 0  
11prJ'IXAl1K 1 9 98 -0 . 5  - 2 . 5  - . 3  -4 . B 0 . 0  
tlH H!XAlIK 1 9 98 - 1 . 7  -0 . 5  -2 . 5  - 6 . 9 -4 . B 0 . 0  
I1PFE XBtlK 2 0 0 5 2 . 3 5 . 1 8 . 9  I I .  2 -iU 8 : 8 MP r<E XBI IK 2 0 1) 5 0 . 0  0 . 0  0 . 0  0 . 0  
IIHFEXIlIIK 20 0 3 0 . 0  -0 . 3  -0 . 1  0 . 0  -D . } 0 ' 8  IIPFE XFI IK 2 0 0 3  0 . 0  -0 . 5  -0 . 4  -0 . 6  -0 .  o .  nP R E X F I1K 2 0 0 3  0 . 0  -0 . 3  - 0 . 4  -0 . 6 =8 : �  0 . 0  

II IFEXf 11K 2 0 0 3 0 . 0  - 0 . 6 -0 . 5  - 0 . 6  0 . 0  
I1PF E XAllK 2 0 0 3  0 . 0  0 . 2  0 . 9  0 . 2 0 . 5  0 ' 8 MP PFXAl IK 2 0 0 3  0 . 0  0 . 2  0 . 9  0 . 2  0 . 5  O .  
II1 1FEXAJ1K 2 0 0 3  0 . 0  -O . 't 0 . 7 0 . 2 0 . 3  O .  
I'I PI.JJCBIIK 2 0 0 3  - 1 . 4  - I . I - 1 . 2  - 2 . 0  -4 . 3 0 . 0  
I1PPJ)CFI IK 2 0 0 3 - 1 . 4  - I .  I - I . 2 - 2 . 0  -� . 4  8 : 8  11P HOCAl IK z o o  3 - 1 . 3  - I . 0 - 1 . 2 - I . 7 - . 0  
M PRACtJ'IK 2 0 0  :; - 1 . 8  - I .  2 - 1 . 5  - 2 . 0  =5 . � 0 ' 8 tlPRll)<l'.11K 2 0 0 3  - 2 . 1 - 1 . 5  - . 6  - 3 . 1  
tlPFIIXH1K 2 0 0 5  - 2 .  I - 1 . 5  - 1 . 6  -3 . 1  -� : 5 8 : 0 
M P m1XFIIK 2 0 0 3  - 2 .  I - 1 . 5  - I . 6 ·- 3 . 1  -5 . 5  0 . 0  
11I IH1XFtlK 2 0 0 5  - 2 .  I - 1 . 5  - I . 7 - 3 . 1 :5 . � 0 . 0  
l1f' f IIXAI1K 2 0 0 3  - 2 .  I - 1 . 5  - 1 . 6  - 2 . 6  8 : 8 tlpmlXAl IK 2 0 0 5  - 2 .  I - 1 . 5  - 1 . 6 - 2 . 8  -t5 
I1H FI1XAI'IK 2 0 0 5 - 2 .  I - 1 . 5  - . 7  - 2 . 8  -5 . 5  0 . 0  

-- -< -.,- �--.-� --- .,. -. --..-....�-, •• --......................... �----.-• .  ", 



NEAN CHANGE IN TOTAL SPILL ( X l  Tabl e E . 2 - 4  TUE DALLES 
TEST cmn'RACT 
CASE Y E A R  APR1 APR2 NA't JUliE JUL't AUGI 

NP F f XBtlK 1 988 2 . 4  7 . 3  1 7 . 9  1 1 . 9  3 . 8  0 ' 8 tl P F F  XBtlK 1 988 0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  8 : 0 1 1 I1 � E ,a'IIK 1 9B8 0 . 1  0 . 1  -0 . 2  -0 . 3  0 . 0  
tIP! F XHIK 1 96Fl 0 . 4  0 . 7  0 . 5  -0 . 2  o .� 0 . 0  
NPH X F- I IK 1 988 0 . 4  0 . 6  0 . 5  -0 . 2  o . 8

. 0  
1111�T XF I 1K 1 9f1fl o · t 

0 . 7  o . � -o . �  o .  
0 : 8 tiP! f X .uJK 1 988 o .  0 . 9  o .  o .  o .  

IH'r:, XAIIK 1 988 0 . 6  0 . 9  o .  0 . 2  0 . 9  0 . 0  
I'I II F f X M!K 1 9118 0 . 4  0 . 6  0 . 5  -0 . 1  o .� 0 . 0  
tI P I.JJU,IIK 1 9118 0 . 3  0 . 2  0 . 1  0 . 0  o .  0 ' 8 Hi rDC Fl lK 1 91\8 0 . 4  0 . 6  0 . 5  -0 . 2  o .  o .  
I I H<DCAI IK 1 9118 0 . 6  0 . 9  o . � o . � o .  8 : 8  11P R A G I I K  1 988 0 . 6  0 . 9  o .  o .  0 . 9  
IIPI:t-IX1'.I 1K 1 98fl 0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 ' 8 NPI lJ):f I'IK 1 988 0 . 4  0 . 7  0 . 5  -0 . 2  o . � 8 : 0 III' IUIX! 11K 1 91)8 0 . .. 0 . 6  0 . 5  -0 . 2  o .  
NH FlI:-:r 11K 1 9G 8  0 . 4  0 . 7  0 . 3  -0 . 1  o . � 0 ' 8 tl PH1X !,IIK 1 911 8  0 . 6  0 . 9  o . � 0 . 2  O .  o .  
I1PUIXAIIK 1 9118 0 . 6  0 . 9  O .  0 . 2  0 . 9  0 ' 8 tlllHIXAlIK 1 981l 0 . 4  0 . 6  0 . 5  -0 . 1  0 . 9  o .  
1'1 I'FF :.:BI IK 1 9 9 3  2 . 8  6 ' f 1 3 .  ! 1 5 . 3  5 . 6  8 : � tlPI'E 1:£OIIK 1 99 3  0 . 0  -0 . o .  0 . 0  -o . ! I II i F f :,EtIK 1 993 -0 . 2  - 0 .  O .  0 . 2  - 0 ,  
tl H F XFllK 1 993 0 . 0  0 . 0  0 . 0  0 . 3 0 ' 1 0 . 0  
I'1 H : F XH W 1 99 3  0 . 0  -0 . 1  0 . 1  0 . 3  O .  0 . 0  
IIHH XF- I !K 1 99 3  -0 . 2  -0 . 2  0 . 0  0 . 3  o .  0 ' 8 li P !  F ;':':.I IK 1 9 93 0 . 1  0 . 0  0 . 0  0 . 5  0 . 0  
I I HE XAl IK 1 9 93 0 . 1  0 . 1  0 . 1  0 . 4  J� 8 : 8 tllIH X Al iK 1 9 '13 -0 . 1  0 . 0  0 . 0  0 . 5  
I'IPRDCBIIK 1 9 9 3  -2 . 1  - 1 . 6  -0 . 6  -2 . 7  0 . 0  
IIf' RllCF I I K  1 99 3  - 2 . 0  - 1 . \ -0 . 7  -t 1 �ll 0 . 0  
IlPRlJCAlIK 1 9 93 - 1 . 7 - 1 . -0 . 7  - : 5  0 ' 8 tlF HAC/,11K 1 9 9 3  -2 . 4  -2 . 3  - 1 . 6 - 3 . 4  O .  
tlPRllXllliK 1 993 -2 . 8  -2 . 9  -6 . 8  -5 . 0  O

' A �HllxrllK 1 993 -2 . 8  -2 . 5  -6 . 8  -6 . 7  -0 .  
P rJlXHIK 1 9 93 - 2 . 8  -2 . 9  -6 . 7  -5 . 6  O .  

til l FtlXFt IK 1 9 93 - 2 . 8  - 3 . 0  -7 . 0  - 7 . 0  :!J l! f'<1 tlPFtfX;,I IK 1 99 3  - 2 . 8  -2 . 9  -6 . 8  -6 . 7  
! tlPWIXAJIK 1 993 - 2 . 8  - 2 . 9  -6 . 5  -5 . 0  

,:; ) tlI l FI'IXAllK 1 9 9 5  - 2 . 8  -2 . 9  -6 . 6  -7 . 1 - . 1  
lIPFEXBtlK 1 9 9 8  2 . 5  5 ' A 1 1 .  9 1 6 . 5  

8 · l 8 : 8 11PRF :/!'.I IK 1 9 9 8  0 . 1  o . 0 . 0  0 . 0  
tlllFEXlJl l K  1 9 98 0 . 0  0 . 0  -0 . 5  -0 . 2  0 : 1 8 : 8 H P I  E XFIIK 1 9 98 0 . 0  - o . � - o . ! 0 ' 1 

- 0 .  �PFE;':FI IK  1 998 0 . 0  -0 . -0 . o .  l 8 II FEXFIIK 1 998 - o . � -0 . -0 . -o . � 8 : 0 t1PFE XAlIK 1 998 o .  -0 . -0 . O .  0 . 0  
tH'RFXAI IK 1 998 0 . 4  -0 . 1  -0 . 5  0 . 2  O : � 0 ' 8 I'IHFE XM1K 1 9 98 0 . 4  -0 . 1  -0 . 5  0 . 0  O .  
tiP I;D Cil I IK 1 9 98 - 1 . 6  - 3 . 7 :t � -2 . 9  �t� 8 : 8 I1PPJ)CHIK 1 9 98 - 1 .  9 -4 . 0  - 3 . 0  
tIP I<DCA.lIK 1 998 -� . 4  - 3 . 3  -� . 4  -2 . � 8 : 8  11PRACMIK 1 998 - . 3  -4 . 4  - . 3  -5 . 
I1P RIIXPI IK 1 998 - 2 . 5  -4 . 7  :� . 6 - 9 . 8  -6 . 0  8 . 0 I1HtlXrllK 1 9 98 - l . 5  -4 . � 

- 7 : �  
-9 . 0  :6 . � . 0  

IlP I·.tIXFllK 1 9 98 - 2 . 5  -4 . -8 . 8  . 0  
tlIIFllXF I'IK 1 9 98 - 2 . 5  -4 . l 5 -9 . 1  :i : � 8 : 8 tl PF ttXtJlK 1 998 - 2 . 5  -4 . 7  - . 0  -9 . 2  �l � mlXA.lIK 1 998 -2 . 5  -4 . 7  - . 0  -9 . 2  - . 0  
tlllFIIXAlIK 1 998 -2 . 5  -4 . 7  - . 3  - 9 . 1  -6 . 0  0 . 0  
tlP f £ XBIiK 2003 2 . 6  a · 4 1 0 ' 6 1 3 . 7  :!i �J tll'REXl'llK 2003 0 . 0  . 0  O .  0 . 0  
tll l F E XPl lK 2003 0 . 0  0 . 0  -0 . 6  -0 . 9  
NPF F XH IK 2003 -0 . 1  -0 . 1  -0 . 5  -0 . 5  O .  
NPRI: X ! l IK 2003 -0 . 1  -0 ' 1 

-0 . 7  -0 . 5  

;1 1 
8 . 0 III1 F f X F I !K 2005  0 . 0  -0 . -A : i  - 1 . 2 . 0  

H Pf f X M IK 2005  0 . 4  0 . 5  0 . 2  

I! 
l I � r'EXhI1K 2003 o . � o . � o . � O . l  
tlH F E X t ttK 2003 o . O .  O .  - 0 . 4  
tlPWlCBIIK 2003 - 1 . 5  -0 . 9  - 3 . 7  -5 . 4  : 8  I1I'WlCfllK 2003 - 1 . 4  -0 . 9  -4 . 1  -5 . 8  
I'tPlillCMIK 2005  : I j -0 . 8  - 3 . 3  :Z : �  . 0 
Mf' RACAl'IK 2003 -� . 1  -5 . 8  . 0  �pmIXlIl I� 2003 -2 . 6  - . 1  -8 . � -8 . � : 8 PFI'tXFl'1 2003 - 2 . 6  - 3 . 1  -8 . - 8 .  - . 0  
I'IPRHXFIIK 2003 - 2 . 6  - � .  1 -8 . 2  -8 . 5  - . 0  0 ' 8 tl Flf'I'IX F tlK 2003 - 2 . 6  - . 1  -8 . 8  -8 . 9  -6 . 0  
tlPF I'tXAtlK 2003 -2 . 6  - 3 . 1  -8 . 0  -8 . 3 1 0 8 : 8 11PWIXt.lIK 2003 - 2 . 6  - 3 . 1  -8 . 0  -8 . 3  - . 0  
NIIFI1XAJIK 2003 - 2 . 6  - 3 . 1 -8 . 4  -8 . 3  - . 0  O . 



TEST CDIIT[�Acr 
CASE 't E A R  APIlI 

MPFEXBtlK 1 9118 2 . 0  
�IPllE XB/"IK 1 9<11] 0 . 0  
I1H f- E XBllK 1 9118 0 . 0  
I1I'F f X F I iK 1 9131l 0 . 0  
�IP R f XF I iK 1 9813 0 . 0  
I1Hf"EXH1K 1 9 138 0 . 0  
tII'F E XAllK 1 9138 - 0 . 1  
tlPRE XAIIK 1 988 - 0 . 1  
tlllf- EXAtIK 1 9i1ll -0 . 2 
11P lllr./.',IIK 1 9138 0 . 0  
tI f'RJ)Cf 11t� 1 98 8  0 . 0  
tlPRDCAIIK 1 9138 - 0 . I 
I1I'RACAlIK I 'Ill 13 -0 . 1  
tIf' I?)'I :<;BlIK 1 9138 0 . 0  
1 1 I 'H1XFlIK 1 98 8  0 . 0  W£;J IXFIIK 1 9f113 0 . 0  

HFII X f l l K  1 91313 0 , 0  
I1PFI1X;,IIK 1 988 -0 . 1  
MPJU1XAIIK 1 9U8 -0 . 1  
MIiFMXAlIK 1 9U8 -0 . 2 

MPFErEtiK 1 9 9 3 2 . 1 
MPREX�11K 1 9 9 3  - 0 . 2  
1111FE XBlIK 99 3 - 0 . 3  
11PFFXFIIK 1 9 9 5  0 , 0  
MPREXFtlK 1 9 9 3  - 0 . 2  
11H F E XFlIK 1 9 9 3  -0 . 3  
MPF E >: M IK 1 9 9 3  -0 . 2  Ptrr:fXAIIK 1 9 9 3  -0 . 2  
·I H F F X.I\IIK 1 9 9 3  -0 . 1  

tlPRDCBI IK 1 9 9 3  - I . '+ 
�IPRJ)CFIIK 1 9 9 3  - 1 . 5  
11PWCAlIK 1 9 93 - 1 . 2 
MrRACAIIK 1 9 93 - 1 . 8  
MPRJ1)<:Bl IK 1 9 9 3  - 2 . 1  

rrJ W'FIIXFIIK 1 9 9 3  - 2  . j  
·IPJ.:I1!.FtIK 1 9 9 3  - 2 .  

t11 I F I I XF I IK 1 9 9 3  - 2 . 1  N tl PFIIXAIIK 1 9 93  - 2 . 1  
I tlPfJlXAlIK 1 9 9 3  =u '-...j tlHfMXAJIK 1 9 93 

M P F E XlIIIK 1 9 98 2 . 2  
tlPr,EXBIiK 1 9 98 0 . 0  
M H F E X811K 1 9 98 0 . 0  
tlPf E X f- IIK 1 9 98 -0 . 1  f1Pf<EXFIiK 1 9 98 -o . j  
1HFf XHIK 1 9 98 -0 . 

�11'f- E X AI1K 1 998 0 . 2 
tlHEXAIIK 1 9 98 0 . 2 
tlllf E XAlIK 1 9 98 0 . 2 
11P I<DCIltiK 1 9 98 - 1 . 8  
nPrmr:f" K 1 9 98 - I . 7 

pmlCAIlK 1 9 91] - 1 . '+  
tlPIlACAlIK 1 998 - 2 . 2  
tI �mlXBl1K 1 9 ')8 - 2 . 2  Ptml��l1� 1 998 -2 . 2  

1 9 98 - 2 . 2  
l1IiF1"lXFlIK 1 998 - 2 . 2  
�PFI1XAJ'IK 1 9 98 - 2 , 2  
P PlIXfJ1K 1 9 98 - 2 . 2  

tlliFIIXAlIK 1 9 98 - 2 . 2  

tlPFEXl3MK 2 0 0 3  1 . 9  PtPREXl311K 2 0 0 3  0 , 0  
HlFEXPII� 2 0 0 3  0 . 0  

I IPFEXHI , 0 0 3  0 . 0  
II PREXFIIK , 0 0 3  0 . 0  
IlIiH XFIiK 2 0 0 3  0 . 0  
I1PI EXAIIK 2 0 0 3  0 . 0  
tlP R E XAI1K 2 0 0 3  0 . 0  
tlHFEXAliK 2 0 0 3  0 . 1  
tlPP.Dr:BI·IK 2 0 0 3  - 0 . 9  
I1PRllCFtIK 2 0 U 3  -0 . 8  
tlFRUCfJlK 2 0 0 3  -0 . 7  
tlPRAG.I1K 2 0 0 3  - I . I 
M p r�I I�'P 1 1K 2 0 0 3 - 1 . 9  
tlPFlIXFlIK 2 0 0 3  - I .  9 
I1 PIJIXHIK 2 0 0 3  - I .  9 
tll I FUXFIIK 2 0 0 3  - 1 . 9  
tIPfUX;'IiK 2 0 0 3  - I . 9 
tl PRI1XAllK 2 0 0 3  - I .  9 
tIIlFl"I;,A11K 2 u 0 3  - I . 9 

t1EAN CHANG) I
N 

'[;DTAL SPILL 1 % )  
DIU AY 

APR2 MAY JUliE 

2 . 2  1 0 . 6  1 9 . 9  
0 . 3  0 . 0  0 . 0  
0 . 0  8 : 1  - 0 . '+  
0 . 1  -0 . 3  
0 . 1  0 . 6  - 0 . 3  
0 . 1  0 . 6  - 0 . 3  
0 . 2 0 . 9  0 . '+  
0 . 2 1 . 0  0 . '+  
0 . 0  0 . 8  - 0 . 1  
0 . 3  0 . 0  0 . 0  
0 . 1  0 . 6  -0 . 3  
0 . 2 1 . 0 0 . '+  
0 . 2 1 . 0 0 . '+  
0 . 3  0 . 0  0 . 0  
0 ' 1 o . �  - 0 . 3  
O .  O .  - 0 . 3  
O . 0 . 6  -0 . 3  
O . 0 . 9  0 . '+  
0 . 2 1 . 0 0 . '+  
0 . 0  0 . 8  - 0 . 1  

2 ' 1  8 . �  2 3 . '+ 
-0 .  O .  0 . 0  
- 0 .  0 , 0  0 . 1  

0 . 0  -0 . 1  0 . 0  
-0 . 2  0 . 3  0 . 5  
- 0 . 3  -8 : 6  0 . 0  
-0 . 1  0 . 2 
- 0 .  I 0 . 3  0 , 5  
- 0 . 1  0 . 0  0 . 2 
- I . 7 - 1 . 7  -2 . 7 
- I . 7 - I .  3 -2 . 6 
- 1 . 6  - I . 3 - 2 . 5  
-2 . 0  -� . 3 - 3 . '+ 
- 2 . 3  - , 6  -5 . 9  
- 2 . 1  - 6 . 8  - 7 . 0  
- 2 , 2  - 6 . 6  -6 . '+  
- 2 . 2  -6 . 7  - 7 . 2 
- 2 . 2  - 6 . 6  - 7 . 3  
- 2 . 2  =� J -6 . 6  
- 2 . 2  - 7 . '+  

2 . 6  9 . 5  2 '+ . 9  
0 . 1  0 . 0  0 . 0  
0 . 0  - 0 . 3  - 0 . 3  

- 0 . 1  - 0 , 6  0 , 5  
- 0 . I -o . � 0 . 5  

0 . 0  - 0 . 0 . 3  
0 . 8  0 . 6  8 j  0 . 8  0 . 6  
0 . 8  o . �  0 . 3  

- 1 . 5  - 2 . - 3 . '+  
- 1 . 6  - 2 . '+  -'+ . 0  
- . 0  - I . 9 - 3 . 2  
- 2 . 1  - 3 , 0  -5 . 3  
- 2 . 2  -5 . 6  - 9 . 9 
- 2 . 2  -6 . 0  -8 . '+  
- 2 , 2  - 5 . 6  -8. 2 
- 2 . 2  -6 . 0  -8 . 8  
- 2 . 2  -5 . 5  -8 . 9  -2 . 2 -5 , 5  -8 . 9  
- 2 . 2  - 5 , 7  -8 . 5  

3 , 5  8 , 8  2 1 . 0 
0 . 0  0 . 1  0 . 1  

- 0 .  I -0 . 1  0 ,  I 
- 0 . 2 - 0 . 1  - 0 . 5  
-0 . 1  -0 . 1  - 0 . 5  
-0 , 2 -0 . 2 - 0 . 5  

0 . '+  0 . 5  0 . '+  
0 . '+  0 , '+  0 . 5  
0 . 0  0 . 3  0 . 2 

-2 . 2  - 3 . 8  - 3 . 2 =u - ,+ . 0  - 3 , 7  
- 3 . 6  - 3 .  I -2 . 3  =� : � -'+ . 7  

-3 , 2  -8 , 0  - 3 . 2 -6 . 9  -8 . 1  
- 3 . 2  - 6 . 9  - 7 , 3  
- 3 . 2 - 7 . 5  - 7 . 7  
- 3 . 2 -6 ' t - 7 . 0  - 3 . 2 - 6 , -6 . 6  
- 3 , 2 - 7 .  - 7 . 5  

Table E . 2 - 5  

JULY AUGI 

I A : �  g . o  
. 0  

- 0 . 1  � . o o . ! . 0  
O .  . 0  
O .  . 0  
0 . 8  0 . 0  
0 . 9  0 . 0  
0 . 9  8 . 0 0 . 0  . 0  8 : §  0 ' 8 O .  
0 . 9  0 . 0  
0 . 0  0 . 0  o .! 8 . 0 O . . 0  o .  0 ' 8 0 , 8  O .  o . �  O . 
O .  0 . 0  

�a : � 8 : �  
- 0 . 8 : 8  o . � 

O .  O .  
- 0 . 3  � : 8 -o . ! -0 . . 0  

O .  . 0  
- 2 . 6  o ' g t� O .  o .  

0 . 0  8 . 0  -i : o : 8  - . 9  11 8 : 8  8 : 8  
1 5 . 3 g . o  

0 , 0  
0 . 1  0 : 8 1 0 O .  

- . 8  0 . 0  
- . 0  0 , 0  o j 0 . 0  8 . 0 �f f 0 : 8 8 : 8  

0 . 0  
-5 . � 0 . 0  
- 5 .  0 . 0  

11 � . o 
. 0  
. 0  

:g : � . 0  
0 . 0  

1 5 . 0  8 : 8  - o . � 
- 0 . 
-0 . 3  0 . 0  -o . � 0 . 0  
- 0 .  0 . 0  o .  8 : 8  O .  

0 . 6  0 · 8 1 0 O .  
- . '+ 0 . 0  
- , 0  0 . 0  =t �  8 : 8 -5 , 8 O .  =5 .

� 
0

· 8 o .  J� 0 , 0  
0 . 0  

-5 . 8  0 . 0  



MEAN CHAUGE IN TOTAL SPILL 1 1. )  T a b l e  E . 2- 6  MCNAR,{ H�� CDlfrRACT 
'(EAR APRI APR2 IIA,{ JUNE JUL'{ AUGI 

MPFfXBtlK 1 988 0 . 9  9 . 4  1 7 . 4  1 3 . 7  1 . 8 8 : 8  HPRE XP.IIK 1 9r.8 0 . 0  O . I 0 . 0  0 . 1  O . 
tilt F E XP.I IK 1 9(18 0 . 0  - 0 . 2  - 0 . 3  O ' r 0 . 0  � : O tlPFEXfllK 1 988 0 . 1  0 . 2  0 . 0  o .  o .! tll'PEXfl'lK 1 91:18 0 . 1  0 . 2  0 . 0  O .  O . oj tll lF'lXF 11K 1 988 O . I 0 . 2  0 . 0  O . o .  
tlPFEXAIiK 1 988 O .  I 1 . 1  0 . 3 0 . 3  O . 0 . 0  
11PREXI,IIK 1 91\8 0 . 1  1 . 1  0 . 3 0 . 3  O . 0 . 0  
IIIIFEXA1IK 1 988 0 . 1  0 . 3  0 . 0  0 . 2  0 . 4  0 . 0  
MPRDCHHK 1 91]8 0 . 0  0 . 1  0 . 0  O . I 0 . 0  0 . 0  
MFRlH:FIIK 1 9B8 0

' 1 0 . 2  0 . 0  0 . 1 o .� 0 . 0  
11l'RDCAtiK 1 988 O .  1 . 1  0 . 3  0 . 3  O . 8 . 0 I'IPRACAJIK 1 988 O . I 1 . 1  0 . 3 0 . 3  O . . 0  
MPRMXI\IIK 1 9813 0 . 0  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  
tIPFtW- I IK 1 98,3 o . ! 0 . 2  0 . 0  O .  I 0 . 2  0 . 0  
l IPr<IIXFI IK 1 98f1 O . 0 . 2  0 . 0  0 . 1  o .! 0 . 0  
tll lF IIXl l IK 1 9lHl o . ! 0 . 2  0 . 0  0 . 1  o .  8 : 8  tlPHIXAIIK 1 9t18 O . 1 . 1  0 . 3 0 . 3  O .  
I IPIJJ :·:AJIK 1 988 O . I 1 . 1  0 . 3  0 . 3 0 . 4  0 . 0  
11HFIIXAlIK 1 9(18 O . I 0 . 3 0 . 0  0 . 2  0 . 4  0 . 0  
I'IPFEI'BIIK 1 9 9 3  2 . 3  7 . 6  1 4 . 2  1 6 . 2  a : Z  8 : 8  PPREXBIIK 1 9 9 3  0 . 0  O . I 0 . 2  0 . 1  
III FE:\P. 1 1K 1 9 9 3  0 . 0  -o . ! 0 . 0  0 . 1  -o · A 0 . 0  

l lPFEXHIK 1 9 9 3  0 . 0  - 0 .  - 0 . 1  0 . 0  O .  0 . 0  
11PREXFIIK 1 9 9 3  0 . 0  0 . 1 0 . 2  0 . 1 :8 : ! 0 ' 8  tlHFEXH1K 1 9 9 3  0 . 0  - 0 . 3  - 0 . 1  0 . 0  o .  
tlPFEXAJIK 1 9 9 3  0 . 0  0 . 2  0 . 0  0 . 1  O . 0 . 0  
I IPREXAllK 1 9 93 0 . 0  0 . 4  0 . 3 0 . 3  0 . 0  0 . 0  
HIIFEXAlIK 1 9 93 0 . 0  0 . 1  0 . 0  0 . 1  O .  0 . 0  
HPI:DCBl IK 1 9 9 3  0 . 0  0 . 0  0 . 4  0 . 1  O . 0 . 0  
HPPDCl'llK 1 9 9 3  0 . 0  - 0 . 1  0 . 3  0 . 2  O . 0 . 0  
liP RllCtdlK 1 9 93 0 . 0  8 J  0 . 1 0 . 4  o . 0 ' 8 HPRACAllK 1 9 9 3  0 . 0  o . S 0 . 4  O . 

o . 
MPRtIr.IlIlK 1 99 3 0 . 0  0 . 1  0 . 2  8 . 2  o . 8 : 8  Pi 11PF1IXFIIK 1 9 93 0 . 0  -0 . 3  - 0 ' 4 . 0  o . 
MPRlI : : F IIK 1 9 9 3  0 . 0  0 . 0  O .  0 . 2  O . 0 . 0  

r',) tiIlFI I:m'IK 1 9 9 3  0 . 0  - 0 . 3 - 0 . 1  0 . 0  O .  0 . 0  
I 11PFllXAMK 1 9 9 3  0 . 0  8 : !  0 . 0  o . �  o . 

8
. 0  HPf:lIXAJ1K 1 9 9 3  0 . 0  O . S  o .  o . f . 0  CD HHFMXA!IK 1 9 9 3  0 . 0  0 . 1  0 . 0  0 . 1  O . . 0  

t'if.' f.: f.; ;";ii;ii! !!,: 1 9 913 3 . 1  9 . 6  1 4
' 1 1 6 . 2 

a ·
4 0 . 0  

n�: !fni;:;';!i:nFr�i· 1 9 98 0 . 0  0 . 0  - 0 .  0 . 0  . 0  8 . 0 1i'li;I I"!!, :;;:ii" !!Ir-: 1 9 98 0 . 0  - 0 . 2  - 0 .  0 . 0  0 . 0  . 0  
t'I f'F ii' :"'iF ii l�: 1 9 98 0 . 0  - 0 . 2  -0 . 0 , 0  - 0  ' 1 8 : 8 t:IJ; i:;�:i::;tntn: 1 9 98 0 . 0  - 0 . 2  -o . ! 0 . 0  -0 . 

1 9 98 0 . 0  -0 . 2  -0 . 0 . 0  -0 . o . 
f'I f'f F' i',:,iLiiH: 1 9 98 0 . 0  - 0 . 2  -0 . 1  0 . 1  - 0 .  0 . 0  
I�iti �; �: !�i::un�: 1 9 98 0 . 0  - 0 . 2  -0 . 2  0 . 1 -0 . 1  0 . 0  

1 9 98 0 . 0  - 0 . 2  - 0 . 1  O .  ! -o · A o . � till' N.ln::!" .!':': 1 9 98 0 . 0  0 . 2  0 . 0  O . o . 8 :  
[:i!: fii.r:i;�; i::,IH�: 1 9 98 0 . 0  -0 . 1  - o . ! 0 . 0  -o . ! 1 998 0 . 0  -0 . 2  - 0 .  0 . 1  -0 . O .  ril�; Hr.!U:.:j!:!! I.J: 1 9 98 - 0 . 2  - 0 . 1  -0 . 1  0 . 0  - 0 .  0 . 0  tilf'n.l';;:":i!" i i l�: 1 9 98 0 . 0  -0 . 2  :8 : !  0 . 0  0 . 0  0 . 0  
t:i Ff.'i ii;";ir.ii lr; 1 9 98 - 0 . 2  -0 . 2  0 . 0  - 0 . , 0 . 0  
riiVl.i.! !;:":ii: 'i l': 1 9 98 - 0 . 2  -0 . 2  - 0 . 1  0 . 0  - 0 .  0 . 0  
t"",i t tli:":iI' i!'W 1 9 98 - 0 . 2  -0 . 2  - 0 . 2  0 . 0  - 0 .  0 . 0  Pi �: liJm::i �:I::::i 1 9 98 - o . � -0 . 3  - 0 . 2  0 . 0  - 0 .  8 . 0 1 9 98 - 0 .  0 . 1  0 . 0  0 . 0  -0 . . 0  
fili;;iI',lii);;,;;,i!'I': 1 9 98 -0 . 2  - 0 . 2  -0 . 1  0 . 0  - 0 .  0 . 0  
�PFEXBMK Z 0 0 3  2 . 0  1 0 . ! 1 6 . 0  1 6 . 6  � . 8  8 : 8  PREXflllK 20 0 3 0 . 0  -0 . 0 . 0  0 . 0  . 0 
MIiFEX/lIIK , 0 0 3  0 . 0  -0 . 8  -0 . 3  -o . ! . 0  8 . 0 \,\PFEXFlIK 2 0 0 3  0 . 0  :8 : !  0 . 0  - 0 .  . 0  . 0  11PREXFtIK 2 0 0 3  0 . 0  0 . 0  - 0 . 1 8 . 0 0 . 0  IIl :FEXf l lK 2 0 0 3  0 . 0  - 0 . 9  -0 . 3  -0 . 1  . 0  0 . 0  
HPF EXAJ1K 2 0 0 3  0 . 1 0

' 1  
o . ! 0 . 0  8 . 0 �J tlPr;�XA!IK 2 0 0 3  0 . 0  O .  O . 0 . 0  . 0  �HF XAHK 2 0 0 3  0 . 0  - 0 . 8  -0 . - 0 . 1  

_8 . 0  PJU)CBIIK 2 0 0 3  0 . 0  - 0 . 7  - 0 . 3  - 0 . 1  
JoIP RDCfl1K 2 0 0 3  0 . 0  -0 . 7  - 0 . 3 - 0

' 1  
-o : ! tlPRIJCAJIK 2 0 0 3  0 . 0  - 0 . 7  - 0

' 1 
- 0 .  o .  � : 8 MPRACMIK z o o �  0 . 0  - 0 . 8  - 0 .  -0 . :8 : HPPJIXl',I IK 2 0 0 3  0 . 0  - 0 . 8  -0 . 3  - 0 . 1  : 8  HHIW-l IK 2 0 0 �  0 . 0  -0 . 9  -0 . 3  
-

0
' 1 

- 0 .  
tlPfJlXHIK 2 0 0 3  0 . 0  -0 . 9  -0 . 2  - 0 . -0 . 0 . 0  1111fl1XfllK 2 0 0 3  0 . 0  -0 . 9  - 0 . 2  - 0 .  -0 . 0 . 0  
MPFI iXAllK 2 0 0 3  0 . 0  - 0 . 9 -0 . 2  - 0 . 1  - 0 . 8 : 8 III'RlIXAJIK 2 0 0 3  0 . 0  - 0 . 9 -0 . 2  - 0

' 1 :8 : NIIHIXAJIK 2003 0 . 0  - 0 . 9  -0 . 1 - 0 .  



tlEAN CHAUGE IN TOTAL SPI Ll. ( /0 )  Ta b l e  E . 2- 7  ICE H A IlliOR 
TE ST CO/fmt,Cr 
CASE YEAR APRI APR 2 tlAY JUliE JULY AUGI 

tlPF E XEt/K 1 0118 3 . 7 8 . 1 1 4 .  I 1 2 . 4  9 . 4  0 . 0  
MPIlExnllK 1 988 0 . 4  0 . 0  0 . 2 0 . 0  0 . 0 0 . 0 
tIIlFEAlIlIK ] 9HU 0 . 1 0 . 2  -0 . 4  -0 . 1l 0 . 0  0 . 0 
I IPF E XF I IK 1 9tH) 0 . 4  0 . 5  0 . 7  -0 . 3  o . j 0 . 0  
I I P I�E X � I I K  I r}(�8 0 . 4  0 . 5  0 . 7  - 0 . 2 o . 0 . 0  �I IFEXH1K 1 911fl 0 . 4  0 . 5  0 . 4  - 0 . 2  o . � 0 . 0  

PF E XM IK 1 '1118 0 . 6  0 . 6  0 . 9  0 . 3  L � 0 . 0  
tl PRf. XI\I IK 1 9nB 0 . 6  0 . 6  0 . 9  0 . 4  0 . 0  
II I IFE XAIIK 1 9111l 0 . 5  0 . 6  0 . 7  -0 . 2  0 . 0  
l'IP ROCIlIIK 1 911El 0 . 4  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  
tlPIUlCHIK 1 9(\21 0 . 4  0 . 5 0 . 7 -0 . 2  r 0 . 0  
I ll'RDCAlIK 1 9[18 0 . 6  0 . 6  0 . 9  0 . 4  : t  0 . 0  
tl P R A C A l IK 1 9(11l 0 . 6  0 . 6  0 . 9  0 . 4  0 . 0  
11F· Rl'I>\I'.IIK 1 9113 0 . 4  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  
IIPFIIXFIIK 1 91J1l 0 . 4  0 . 5  0 . 7  -0 . 3  0 . 1  0 . 0  
tlPRl I X F I IK 1 9118 0 . 4  0 . 5  0 . 7  -0 . 2  o : � 0 ' 8 I I l I H1:<FIIK 1 9i1ll 0 . 4  0 . 5  0 . 4  -0 . 2  8 : 0 tlPH1:<M1K 1 9(18 0 . 6  0 . 6  0 . 9  0 . 3  1 : 3 tlP I J t :<AJIK 1 91113 0 . 6  0 . 6  0 . 9  0 . 4  0 . 0  
tlllFtIXMIK 1 9513 0 . 5  0 . 6  0 . 7  -0 . 2  0 . 0  
tlPFEr:mIK 1 9 9 5  4 . 8  8 . 0  1 1 . 4 1 5 . 7  1 3 . 9  8 : 8 tlP RE )'BlIK 1 9 'd 0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  
tlH F n lll lK 1 9 9 3 - 0 . 3  - 0 . 4 0 . 0  O .  I 

-
I
. i  

. 0  
NPFE XHIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 3  O .  0 . 0  
M P RE XHIK 1 9 9 3  0 . 0  0 . 0 0 . 0  0 . 3  0 . 0  0 . 0  
NHFE;':Fl1K 1 9 9 5  -0 . 3  -0 . 5  0 . 0  0 . 3  0 . 6  0 . 0  
tlPF E XAl IK 1 9 9 3  0 . 0  0 . 0  0 . 1  0 . 3  - 0 . 6  0 . 0  
tIPR[ XAl'1K 1 9 9 :5  0 . 0  0 . 0  0 . 1 0 . 3  0 . 5  0 . 0  
!'Il I f f  XAIIK 1 9 9 �  -0 . 3  - O .

� 
O .  I 0 . 3  0 . 0  0 . 0  

l'IP kDCflllK 1 9 9 5  - 2 . 5  - 2 .  - 1 . 6  - 2 . 3  -8 . 1 0 . 0  
IIPRDCHIK 1 '1 9 5  - 2 . 3  - 2 . 3  - 1 . 2 - 2 . 2  :It! 0 . 0  
M P RDr:IJ I K  1 9 9 5  - 1 .  9 - 1 . 7 - 1 . 5  - 2 . 2  0 . 0  
tlPRAr:AlIK 1 9 9 3  - 3 .  a - 2 . 9  - 1 .  8 - 2 . 6  0 . 0  
tlP RtlXellK 1 9 9 3  - 4 . 0  - 3 . 3  - 3 . 5  -� . 9  8 : 8  [T1 MPFIIXFIIK 1 9 9 5  -4 . a - 2 . 2  - 3 . 5 - . 9  
11Phll:-:FtlK 1 9 9 5  -4 . 0  - 3 . 3  - 3 . 5  -5 . 2  - 1 2 .  0 . 0  

N MH Fl IX � I IK 1 9 9 5  -4 . a - 3 . 3 - 3 . 5  -5 . 9  - 1 3 . 9  0 . 0  
II P H I:(IdIK 1 9 9 5  -4 . a - 3 . 3  - 3 . 5  - 6 . 2  

=
I
!j  

g . O I tl P H IXA I IK 1 9 0 �  -4 . 0  - 3 . 3 - 3 . 6  -� . 7 
-b.4  

. 0  
ill tllIHIXAMK 1 9 9 3  - 4 . 0 - � . 3 -3 . 5 - . 0  0 . 0  

tl PF E XBl1K 1 9 91l 5 . 1  7 . 7  1 3 . 6  1 7 . 6  1 6 . 7  0 . 0  
tlPHf XP.I IK 1 9 98 O .  I 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  
tltIFD:fII lK 1 9 911 0 . 0  0 . 0  -0 . 5  - 0 . 5  0 . 6  g ' O  
tIP F' E XH1K 1 9 98 - 0 . 2  0 . 0  - 0 . 8  0 . 2  - I . �  . 0  
M P R E X F I I K  1 9 '18 -0 . 2  0 , 0  - 0 . 8  0 . 2  - 0 .  . 0  
Illlf E X H IK 1 9 913 0 . 0  0 . 0  - 1 . 0  -0 . 2  - 1 . 4  0 . 0  
l'IPFEXA1 IK 1 9 98 0 . 8  0 . 2  0 . 1  0 . 7  O .  I 0 . 0  
tlPREXAlIK 1 9 98 0 . 8  0 . 2  0 . 2  0 . 5  0 . 7  0 . 0  
111 1 F E X AllK 1 9 9B 0 . 8  0 . 2 -0 . 1  O .  I 2 . 0  0 . 0  
I1PRDCP-IIK 1 9 98 - 1 . 9  - 0 . 7  - � .  I - 3 . 0  = I Ul  0 . 0  
III' RIlCH IK 1 9 911 - 2 . �  - 0 . 7  -2 . B  - 2 . 7  0 . 0  
MP l':ur:Al'IK 1 9 '113 - 1 . 4  -0 ' 1  - 2 . 7  -� . 5  - 1 0 . 9  0 . 0  
tlPRACl\lIK 1 9 98 - 3 . 3  - 1 .  - � . 4  - . 4  = lt� 0 . 0  
IIPPJIYP.I\K 1 9 96 - � . 3  - 1 . 2  -4 . 4  - 6 . 6  8 . 0  
tlPHIXHIK 1 9 98 - 3 . 3  - 1 . 2 -4 . 3  -5 . 8  - 1 6 . 4  . 0  
11PElI:-:F 11K 1 9 '1B - � . �  - 1 . 2  -4 . I -5 . 8  - 1 6 . 4  0 . 0  
11I1FlI;: F l IK 1 9 91l - 3 . 3  - 1 . 2  -4 . I - 6 .  I - 1 6 . 4  8 . 0  
11 ,'F11X AtlK 1 \0 98 - � . 3  - 1 .  2 -4 . 1  - 6 . 3  - 1 6 . 4 . 0  
tlPEl1XAl IK 1 9 98 - 3 . � - 1 . 2 -4 . 4 - 6 . 3  - 1 6 . 4  0 . 0  
till F I IXA! IK 1 9 96 - 3 . 3 - 1 . 2 -4 . - 6 .  I - 1 6 . 4 0 . 0  
IJPFE X£lMK 2 0 0 3  4 . 3  7 . 9  1 2 . 1  I

� : g  
1 9

' t 8 . 0 gP RE x£11K 2 00 � 0 . 0  0 . 0  0 . 0  =? : . 0  
H F F XI'.IIK 2 0 0 3  0 . 0 0 . 0  -o . � 0 . 0  0 . 0  

IIPFEX FI1K 2 0 0 3  0 , 0 0 . 0 - 0 .  - 0 . 5  11 0 . 0  
I1PEEX� I'IK 2 0 0 5 0 . 0  0 . 0 -0 . 5  - 0 . 5  0 . 0  
tllI F E X H I K  2 0 0 � 0 . 0  0 . 0 -0 . 5  - 0 . 5  8 : 8  tlPHXAJlK 20 0 5 0 . 7  0 . 0  0 . 4  0 . 4  2 . 9  
l'IPREXAIIK 2 0 0 �  0 . 7  0 . 0  0 . 2  0 . 4  2 .  g 8 : 8  I l I iFEXlUlK 2 0 0 3  0 . 0  0 . 0  -0 . 5  0 . 2  1 .  
MPRDCfll lK 2 0 0 � - 0 . 8  - 0 . 1  - 2 . 6  =� : r  =H J 0 . 0  
IIP RDCHIK , 0 0 3  -0 . 8 - 0 . 2  - 2 . 6  0 . 0  
IW1UlCI.I IK 2 0 0 "  -0 . 8  -0 . 2 - 2 . 6  - 2 . I -8 . 3 0 ' 8 MPRACAlIK 20 0 � - 1 . 5 -0 . 6  - 2 . 6  =r. : �  - 1 5 . 4  O .  
tI P RJI:<flI lK 2 00 5 - � . 5  - 1 . 3  - 3 . I = I � : I 0 . 0  
IIPFl IXf'llK 2 0 0 3 - � .  5 - . 3  - 3 .  I -4 . 8  0 . 0  
tlP I·JIXFIIK 2 0 (] �  - � . 5 - 1 . 3 - 3 .  I -{, . 6  - 1 9 .  g . o  
tIllF/'!;, F I I K  2 0 0  > - 3 . 5  - 1 . 3 - 3 . � -5 . 0  -r l . 0  
tlP�N:<tJ1K r o o  5 - 3 . 5  - 1 . 3  - 3 . j -4 . 5  - 9 .  I 0 . 0  
MPRIIXIJ I K 2 0 0  � - 3 . 5  - 1 .  3 - 3 .  -4 . 4 - 9 ' 1 0 . 0  
I1HFMXA!lK 2 0 0 3  - � . 5  - 1 . 3 - 3 . 3 - 4 . 5  - 9 .  0 . 0  



MEAN CNANG[O��R TftM&l1frJk� ( /. )  Table E . 2-8 
TEST CDIITRACT 
CASE YEAR AP R 1  APR2 MAY JUliE JULY AUGI 

I1 P F E XEltlK 1 9!18 3 . 5  2 1 .  7 38 . 6  26 . 4  18 . 0  0 . 0  
tIPI�E XBIIK 1 931l 0 . 5  0 . 2  0 . 0  0 . 2 0 . 0  0 . 0  �I I F E XElIIK 1 ')81l 0 . 0  O .  I -0 . 8  -0 . 6  0 . 0  0 . 0  

PF f X F l lK 1 988 0 . 5  0 . 7  O ' g 0 . 0  o . � 0 . 0  
MPr;�XHIK 1 958 0 . 5  0 . 6  O .  O .  I O .  0 . 0  
H I I F E X F I IK 1 988 0 . 5  0 . 6  0 . 2 0 . 2 O .  0 . 0  
HI', E X ;,IIt: 1 9[J8 0 . 5  0 . 5  1 . 2  0 . 6  1 . 8 0 . 0  
I1r E E XI·JIK 1 ', !lB 0 . 5  0 . 4  1 . 2  0 . 6  2 . 3 0 . 0  
M H F E XAllK 1 '1011 0 . 5  0 . 5  0 . 9  0 . 1 a · 6 0 ' 8 111'1 DCf\11K 1 9!18 0 . 5  0 . 2 0 . 0  0 . 2  . 0  O .  
M P lmCPI1K 1 91)8 o . � 0 . 6  0 . 5  0 . 1  o . � 0 . 0  
I I PI:DCAl IK 1 988 O .  0 . 4  1 . 2  0 . 6  2 .  0 . 0  
t 1PRACAIIK 1 988 0 . 5  0 . 4  1 . 2  0 . 6  2 . 3 0 . 0  
tlPHII:-:BI IK 1 9!\8 0 . 5  0 . 2 0 . 0  0 . 2  0 . 0  0 . 0 
tlPFIIXFtlK 1 9f1ll 0 . 5  0 . 7  0 . 5  0 . 0  0 . 2 0 . 0  
M P IJ1XFrlK 1 9131) 0 . 5  0 . 6  0 . 5  0 . 1 0 . 2  0 . 0  
I II IFllX, 11K 1 988 0 . 5  0 . 6  0 . 2  0 . 2 0 . 6  0 . 0  
tlPHli<l.J IK 1 911B 0 . 5  0 . 5  1 . 2  0 . 6  1 . 8 0 . 0  
I IPt:tlXAllK 1 9!18 0 . 5  0 . 4  1 . 2  0 . 6  2 . � 8 . 0 MlltIIXAl IK 1 988 0 . 5  0 . 5  0 . 9  0 . 1 2 .  . 0  
tlP F E �UII'" 1 9 9 3  '+ . 5  6 . 3  1 0 . 7  1 5 . 7 1 3 . 9  8 : 8  HH:f Xfll lK 1 9 9 3  0 . 0 0 . 0  0 . 0 0 . 0  0 . 6  
MIlFEXhllK 1 9 9 3  -0 . 3  -0 . 4  0 . 0 0 . 2 -0 . 7 0 . 0  
tll'FEXHIK 1 9 9 3  o 0 0 . 0  0 . 0 0 . 4  0 . 8  0 . 0  
MI'RE X F tlK 1 9 9 3  0 . 0  0 . 0  O .  I 0 . 4  0 . 3  0 . 0  
tll l F E X F IiK 1 9 9 � -0 . 3  -0 . 4  0 . 0  0 . 4  0 . 8  0 . 0  
M I' f E Xi,IIK 1 9 9 3  0 . 0  0 . 0  0 . 0  O Jt 13 0 . 0  
tlPREXAI1K 1 99 ,  0 . 0  0 . 0  0 . 1 0 . 4  8 : 8  HHF E1' tIIK 1 9 '} 5  -0 . 3  -0 . 4  0 . 0  0 . 4  

-8 : A  M P IJJr:UIK 1 9 9 3  -2 . 7 -2 . 8 - 1 . 7 -2 . 8  0 . 0  
1 1PlillCFIIK 1 9 9 �  - 2 . � -2 . 5  - 1 . 4  - 2 . 5  - 7  '1 0 . 0  
11P RllCAtlK 1 9 9 ,  - 1 . - 1 . 8  - 1 . 7  - 2 . 2  -6 0 . 0  
tlPRACAI1K 1 9 9 ,  -, . 0  -3 . 0  - 1 . 9  -3 . 1  :H : 0 . 0  

fT1 11P PJ1XlIliK 1 9 9 3  -4 . 3  -3 . 6  -.. . 5 -5 . 3  0 . 0  
MPFMXHIK 1 9 9 5  -4 . 3  - 2 . 5  -4 ' g -6 . 6  : It�  o . g �m!flRFr1� 1 9 9 ,  -'+ . 3  -3 . 6  -4 . -5 . 4  o .  N 1 9 9 3  -'+ . 3  -3 . 6  -4 . 5  -6 . 9  - 1 3 .  � o . g tlPFtlXAllK 1 9 93 -'+ . 3  - 3 . 6  -4 . 8  -6 . 8 - 1 3 . o .  
tIP.:JIXAlIK 1 9 9 ,  -'+ . 3  - 3 . 6  -4 . 8  -5 . 3  :n : � 0 . 0  

0 t1HFI1XAlIK 1 993 -4 . 3  - 3 . 6  -4 . 8 -6 . 8  0 . 0  
tlP f E XBIIK 1 9 98 4 . 7 6 . 0  1 3 . 5  16 : 6 1 7 . 4  0 ' 8 tIPREXBllK 1 998 0 . 2 0 . 3  0 . 0  0 . 0  o .  
111 1 F E >:Bt lK 1 9 98 0 . 0  0 . 0  - 1 . 0  -0 . 5  _0 ' 4 0 . 0  
tlPF EXFI1K 1 9 98 - 0 . 2 0 . 3  -0 . 7 O .  I +i 0 ' 8 tlFREXF tIK 1 998 -o . � 0 . 3  -0 . 7  O .  I O .  
M H F EXHIK 1 9 98 -0 . 0 . 3  - 1 . 4  -0 . ,  0 ' 8 tIPFn:AllK 1 9 98 0 . 2 0 . 7 0 . 0  0 . 6  -0 .  O .  
MPP.EXAtlK 1 9 98 0 . 2 0 . 7 0 . ,  0 . 3  O .  o . 
tlHFEXAlIK 1 998 0 . 2 0 . 7 0 . 0  O .  I I . � 0 . 0  
MPRD(,BI IK 1 9 98 -2 . '+ - 1 . 4  -3 . 7 - 3 .  � - I " 0 . 0  
MPPJX:FMK 1 998 -3 . 0  - 1 . 6 - 3 .  � - , . - 3 . 3 0 . 0  
tlPRDCiJlK 1 9 98 - 1 . 9  -0 . 8  -, . -2 . 6  - 1 1 . f 0 . 0  
tiPRACAl1K 1 998 -4 . 1  -2 . 1 -4 . 9  -( • .  8 - 1 5 . 0 . 0  
t1PRl1XP·IlK 1 998 -'+ . 4  - 2 . I -6 . 3  - 9 .  I - 1 7 .  0 ' 8 II f FI 1XHIK 1 998 -4 . 4  -2 . 1 -6 . 5  - 7 . 8  - 1 7 .  O .  
t1prJ1XFIIK 1 991l -4 . 4  - 2  ' 1 -6 . ,  -7 . 4 =H : I o .  
11H, 11:,1' 11K 1 998 -4 . '+ - 2 .  -6 . 3  -8 . 2  8 : 8  tlPFtIXAIIK 1 998 -4 . '+ - 2 .  -6 . ,  -8 . 2  
tlrmlXAllK 1 998 -4 . 4  -2 . 1 -6 . 3  - 7 . 7  - 1 7 . 0 . 0  
MHFIIXAtIK 1 998 -'+ . 4  -2 . 1  -6 . 3  -8 . 0 - 1 7 . 1  0 . 0  
Mf'FEtl',/1K Z 0 0 3  3 . 9 5 . 8  I I .  3 14 . 4  l 7 0 . 0 np P E XEMK 2 0 0 ,  0 . 0  0 . 0  0 . 5  0 . 0  . 0  0 . 0  
ll1rE XBl'lK 2 0 0 3  0 . 0  0 . 0  -0 . 4  0 . 0  - . 3  0 . 0  

MP� EXFJ1K 200 3 0 . 0  0 . 0  0 . 0  -0 . '  - 1 . 8  0 . 0  
M P I�E XH1K 2005 0 . 0  0 . 0  -0 . ,  -0 . 3  1 8 0 . 0  
1 1HF E XfliK 2 0 0 ,  0 . 0  0 . 0  -0 . 4  -0 . 3  - . 2  0 . 0  
I I P, E XMIK 200 3 0 . 9  0 . 0  1 . 3  0 . 3  . 5  0 ' 8 11PREXAIIK 2 0 0 3  0 . 9 0 . 0  1 . 0  0 . '  . 5  O .  
III1F E X AI IK 2 0 0 3  0 . 3  0 . 0  -0 . 4  0 . 2 -1 ! J 0 . 0  
11PRllCBIIK 2 0 0 3  - 1 . 2 -0 . 5  -2 . 9 - 3 . 4  0 . 0  
U P lmCF I1K 2003 - 1 . 2 -0 . 6  -3 . 5  -3 . 8 - 2 . 1 0 . 0  
11PRilCAlIK 2003 - 1 . 0  -0 . 5  - 2 .  I - 2 . 7  -8 . 0  0 . 0  
tlPRACAlIK 200 � - I . 6 - 1 . 0  -3 . 8 -s . ! - 1' 1 

0 ' 8 11l'RllXBIIK 200, - , . 8  - 2  ' 1 :6 ' 1 - 7 . - 9 .  
I1 PFIIXFIIK 2003 -3 . 8 - 2 .  -h - 7 . 8 - 1 9 . 8 : 0  
I1PEl1)!HIK 200 � - 3 . 8 -2 . 1  - 7 . 6  - 1 9 .  0 . 0  
tll l F I1XF 11K 2 0 0 5 -3 . 8 - 2 . I - 6 . 4  -7 . 9  - 1 9 .  0 . 0 
MPF I IX/JIK 2 0 0 ,  -3 . 8 - 2 .  I -6 . 0  - 7 .  I - 1 9 .  0 . 0  
tlPRI IXAlIK 2 0 0 �  -3 . 8 - 2 .  I -6 . 0  - $ '  I -F ' 0 . 0  
IIHH IXAlIK 200 5 - 3 . 8  -2 . 1  -6 . 3  - . 1  - 9 .  0 . 0  



MEAN CHANGE Il} TOT A L  SP Ill 1 % )  
III lE GOOSE Ta b l e  E . 2-9 

H�t CmITRAL. 
'(EAR A P R )  A P R 2  MA,( JUliE JUI.'( AUG ) 

M P F [XflI1K ) 91lB 0 . 0  2 . 7  2 . 6  � . 5  0 . 0  8 . 0 
11PRE XflilK 1 9[8 0 . 0  0 . 0  0 . 0  . 0  0 . 0  . 0  
1111 f E XflliK 1 088 0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  . 0  
tl P F E XFtlK 1 <.,83 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPREXFMK I 'IRB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1111 F E X F  11K 1 98B 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
11PF E XAI1K I geB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  8 . 0  
III'HEXAIIK 1 9111l 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
IIHFEXAlIK 1 91J>J 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRDCB1IK 1 9L1B 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MI'mlCFtIK I 'Ie. (I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MI'mJrAIIK 1 9fJll 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPRACAl1K I SBS 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPRJIXllIlK 1 988 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IlPFIIXFIIK 1 9B8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
11 P f.J I XF IIK 1 9/1[) 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIIIFIIXFIIK 1 9i18 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPH1XMlK 1 9/\8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
11PRI1:�AJ IK 1 9i18 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIHFI'tXAl IK 1 96B 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

tlPFEXBIIK 1 9 9 3  0 . 0  2 . 3 2 . 5  1 . 2 0 . 0  8 : 8 MPRfXlllIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIII F E t:flllK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
MPF E X FllK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPLEXHIK 1 9 9 :1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
III1FEXfllK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIPFE XfJ IK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  g . o  tlPI1EXAtIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
MIi F E X AJ IK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  8 . 0  
MPRDCBIIK 1 9 9 3  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  . 0  
MPRDCFIIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPlilJCAllK 1 9 9 3 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
MPHACAlIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  nPfJIXEIIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  g . o rrJ I P FtlXFI1K 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
M Pf..I1 X F I I K  1 9 9 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

N MIiFMrHIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  I MPftlXAlIK 1 9 9 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  g . o  MPRlIXAIIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
UHFMXAlIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

M P F E XP.llK 1 9 98 0 . 0  3 .  I 2 . 8 0 . 4  0 . 0 0 . 0  
M P R E XBIIK 1 9 9B 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
II11 F E XBI1K 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I'I PF EXFIIK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  

S ·
o 0 . 0  

11f'f(E�.F  1 1K 1 9 9 8  0 . 0  0 . 0  0 . 0  0 . 0  . 0  g . o  WIF E X!-IIK 1 9 )8 0 . 0  0 . 0  0 . 0  0 . 0  . 0  . 0  
l IP!- EXAtIK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPREXAlIK 1 9 9/l 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
Mli F E XAlIK 1 9 9B 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRDCIlIIK 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
nPRllCFIIK 1 9 9/l 0 . 0  0 . 0  0 . 0  0 . 0  g . o  0 . 0  

PRDCAtlK 1 9 911 0 . 0  0 . 0  0 . 0  0 . 0  . 0  0 . 0  
�PRACAlIK 1 9 98 0 . 0  0 . 0  0 . 0 0 . 0  g . o  0 . 0  

PI:I IXPIIK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  . 0  0 . 0  
MPFMXH'IK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  g . o 8 . 0  
MPfUlXFllK 1 9 98 0 . 0 0 . 0  0 . 0  0 . 0  . 0  . 0  
MHFI1XFMK 1 99/l 0 . 0  0 . 0  0 . 0 0 . 0 0 . 0 . 0  
I1PI- I I X '\l'IK 1 9 913 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPlUlXAlIK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MHFIIXAJIK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

W' F E XBIIK 2 0 0 3  0 . 0  3 . 0  2 . 8  0 . 8 0 . 0  g . o  PEr.<EIIK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
I I I I F E XPIIK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPrFXFIIK 200 3 0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
MPI'EXFI1K 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
III I F E XFIIK 2 0 0 �  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1P I E XAlIK 200 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  8 . 0  
MPf<EXA1IK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  g . o  . 0  
M H F E XAJIK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  . 0  0 . 0  
I I P EflCllllK 2 0 0  3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPHIlCI-lIK 2 0 0 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tJP lilJC;J IK 2 0 0 3  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
M PRACAll1: 2 0 0 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
M P FU1XB I I K  2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
MPH1XFlIK 2 U ll 3 0 . 0  0 . 0  0 . 0  g . o  0 . 0  8 : 8  MPPJ1XHIK 2 U 0 3  0 . 0  0 . 0  0 . 0  . 0  0 . 0  
tJHFtIXF l'IK < 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . g tJPHIXAJ IK 2 0 0 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o .  
M PfJ1XAJIK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1Il FIIXAJIK 2 0 0 3 0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0  



I1EAN CHANGE IN TOTAL SPIll I I. )  
Table E . 2- 1 0  LO;,ER GRANITE 

TEST COJlT I(ACT 
CASE Y E A R  APR ) APR2 HAY JUNE JULY AUG I 

I'1PFEXIlI'IK 1 988 0 . 0  2 . 7  2 . 8  1 . 4  0 . 0  0 . 0  
I1Pf(EXBIIK 1 9RB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . g HIi F E xmlK ) 95B 0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  o .  fmmn� 1 98R 0 . 0  0 . 0 0 . 0 0 . 0  g . o  0 . 0  

1 9t1B 0 . 0  0 . 0  0 . 0  0 . 0  . 0  0 . 0  
tl l l F E X F l l K  1 988 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1PF EXAJlK 1 9R8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IlPf,EXAI'lK ) '188 0 . 0  0 . 0  0 . 0  0 . 0  8 : 8  o . g tlH F E X Al'1K ) 9B8 0 . 0  0 . 0  0 . 0  0 . 0  o .  
UP lmCIlIIK 1 988 0 . 0  0 . 0  0 . 0  0 . 0  8 . 0  0 . 0  
tlPPJJCHIK 1 986 0 . 0  0 . 0  0 . 0  0 . 0  . 0  0 . 0  
tlPPJ)ctliK 1 988 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t!f'RACiJIK 1 98B 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1PRI1X81 lK 1 9B8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . g II PFtlXF t1K 1 9RB 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  
tlPRlIXH1K 1 986 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
WIFI IXH1K 1 988 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1P�11XI\l'IK 988 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
IIprJIXAIIK 1 9118 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tllIHIXAllK 1 988 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tl PFEXB11K 1 9 ') 3 0 . 0  2 . 3  2 . 7 1 . 2  0 . 0  0 . 0  
IIPRDf'.l IK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  8 . 0  
W;F U ,\',IIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  . 0  
tlPF FXFlIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . g UPI,E' �I 1 1K ] 9 9 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o .  
1'1 I 1 n XH1K 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPf EXAIIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPREXAllK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . g 11ilf-E:,AIIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o .  
111'1··or8I1K 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
tIPJ.:.DCHIK 1 9 9 3  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPRDCAl1K 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
11PRACt.llK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlPflJ1Xfll1K 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  g . o  
tlPFllXH1K 1 9 9 3  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  . 0  I'PfdlXl l l K  1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ITI 1HFl1XHIK 1 9 9 3  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  
11PFIIXAlIK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

[,,) �PRl1XtJ IK 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
HH1XiJ1K 1 9 9 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 

tl PFEXBI 1K 1 9 98 0 . 0  3 . 1 3 . 0  0 . 4  0 . 0  g : g 1'0 I1 P PEXBIIK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  o . g 
tlllF EXBI1K 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  o .  0 . 0  
�P I E X f IIK ! 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
PREXFMK 9 9 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  nHFEXl l1K 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  g . o o . g lPF E XAtiK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  . 0  O .  IIPREXAl'IK 1 9 96 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  UIIF E:,PJ I K  1 9 98 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  nPRDCtll1K 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  g : g PW)CFI1K 1 9 911 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

IlPRDCiJ1K 1 9 98 0 . 0  0 . 0 0 . 0  0 . 0 0 . 0 
IlPRACAtlK 1 9 96 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 : 8 
1 1PfU1:,H1IK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . � 
I1Prl1\FllK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  
tlPIJ1'<FtlK 1 9 9 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o .  III IFU:,FI1K 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  
11PFl I X AtiK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlP �1 IXAl'IK 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1111 FI1XAl'IK 1 9 96 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
nPF n:RlIK 2 0 0 3  0 . 0  3 . 0  2 . 9  O . B  0 . 0  0

' 8 PRE X8tlK 2 003 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  
tIII F E X8l'1K 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
NPFfXH1K 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
t lPREX�l'1K 2 0 0 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
I1H F E XFtiK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  
tlPFEXAllK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  o . g 0 . 0  NPREXAIIK 2 0 0 3  0 . 0  0 . 0 0 . 0  0 . 0  o .  o . � PH F EXAliK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  

II>ROO·.11K 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  
NPIWCf I I K  2 0 0 3  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  O .  flPIWCAliK 200 \ 0 . 0 0 . 0  0 . 0 0 . 0 0 . 0  8 : 8  l P RACA/1K 200� 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  � P Rl1;'(BI lK 2 0 0 3  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0

' 8 PFl1>: F I IK 2 0 0 3  0 . 0  0 . 0 0 . 0  0 . 0 0 . 0 o .  
tlprJ1XH1K 2 0 0 5  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  o . g t1l1FtlXF l lK  zoo 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  tiP! l lXAtlK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 o ' g �F Rll;;AIIK 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  

IIFI1XAlIK 20(J3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o .  



tiE AN CHANG� IN TOTAL SPILL ( % l  Ta b] e E . 2- 1 1  
R I EST RAPIDS 

TEST COtfTRACT 
CASE H A il  AP Il I AP Il2 tlAY JUNE JULY AUG I 

M PF E XBtlK 1 91\13 1 . 5 2 .  I 2 3 . 0  8 . 9  6 . 3 0 . 0  MPI�fXf\IIK ) I/BO 0 . 0  0 . 2 0 . 0  0 . 0  . 0  0 . 0  ttHFE Xl'-lIK 1 9t18 0 . 1  0 . 0  -0 . 2  -0 . 2  0 . 0  0 . 0  tIPf- F XH IK 1 9iJiJ 0 . 0  0 . 0  - 0 . 2  0 . 0  0
' 1 0 . 0  ttPHXF I'IK 1 9t1iJ 0 . 0  0 . 0  -D . !  O . I O .  0 . 0  

11H F E XHIK 1 9!18 0 . 0  0 . 0  - 0 . 0 . 0  O .  0 . 0  
111" E X':J IK 1 9tH) 0 . 2 0 . 2 0 . 4  0 . 5  O . 0 . 0  M P H E X AlIK I Oil!l O . I 0 . 2  0 . 4  0 . 5  O . 0 . 0  
UHF E X M IK 1 9L1fl 0 . 2  0 . 0  0 . 1  0 . 3  o .  8 : 8  HP l1Jrp.I IK 1 9RH 0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  
HP RI.lC H IK 1 ')113 0 . 0  0 . 0  -D . ?  0 . 1  O . � 0 . 0  M P RllGJ1K 1 9nq 0 . 1  0 . 2  O . 0 . 5  O . 0 . 0  
HP RACAl IK I Will O .  I 0 . 2  O .  t 0 . 5  O . 0 . 0  HI' fJIXlltlK 1 9tJ8 0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  tl PF I IXFIIK 1 988 0 . 0  0 . 0  - 0 . 2  0 . 0  0

' 1 0 . 0  HI'h1 IX F I I K  1 98iJ 0 . 0  0 . 0  - 0 .  I 0 . 1  O .  0 . 0  M I I H I)-; F I IK 1 9118 0 . 0  0 . 0  - 0 . 2 0 . 0  O . 0 . 0  tlPHIXAlIK 1 988 0 . 2  0 . 2  0 . 4  0 . 5  O .  0 . 0  
HF rJ'IXAI IK 1 981l O . I 0 . 2  0 . 4  0 . 5  8 :  8 : 8 t1HFIIXAlIK 1 988 0 . 2  0 . 0  0 . 1  0 . 3  
t-IPfEXBllK 1 9 9 5  1 . 6  1 . 5 6 ' 1  1 0 . 7  

' j  
8 : a  f'P R E XIlIIK 1 9 9 3  0 . 0  8 : A O . 0 . 0  0 ,  IIH' E XBI IK 9 9 �  0 . 0  0 . 0  0 . 2  - 0 .  0 . 0  nPFE:-:FIIK 1 9 9 1  0 . 0  0 . 0  0 . 2  0 . 1  O .  0 . 0  PRE X F I IK 1 9 9 1  0 . 0  O .  I 0 . 1  0 . 2  - 0 . 0 . 0  HIFUiHIK 1 9 9 1  0 . 0  0 . 0  0 . 0  0 . 1 O . 0 . 0  IIPF EXAtlK 1 9 9 5  0 . 0  0 . 0  0 . 1 0 . 1  O . 0 . 0  I1PI,EXAJ IK 1 9 9 1  0 . 0  0 . 1 0

' 1  
0 . 2  0 ,  8 . 0 t1H FE XAMK 1 9 9 3  0 . 0  0 . 0  o . 0 . 1  O . . 0  tlPrmCf:lIIK 1 9 9 3  - 0 . 9 - 0 . 6  -0 . 6  - I . 7 

- o ' i 0 ' 8 t!f'PllCrlIK 1 9 9 1  - 0 . 9 - 0 . 7  -0 . 3  - I . 3 - 0 .  O .  M P RllCi,tlK 1 9 9 3  -0 . 9  - 0 . 5  -0 . 7  - 1 . 3  -0 . 0 . 0  IIP R;'CAlIK 1 9 9 3  - I  . 2  - 0 . 5  - 0 . 7  - 2 , 4  -0 . 0 . 0  tII-'RJ IImlK 1 9 9 3  - I  . 2  - 0 . 6  - 1 . 9  - 2 . 9 - 0 . 3  0 . 0  tlPFUXF IIK 1 9 9 3  - I  . 2  -0 . 7  - 2 . }  =t 5 - o 'l 8
. 0  I1P r ,W<F1 1K 1 9 9 3  - I  . 2  -0 . 7  - I . - 0 . . 0  rr1 tlH HI :m IK 1 9 9 3  =u -0 . > - 2 .  I - 3 . 7  - 0 . 8 : 8  I I P F I I X;'IIK 1 9 9 3  -0 . - 2 . 0  - 3 . 5  - 0 .  N I1P IJ I XAtIK 1 ') 9 3  - I . 2 -o . �  - 1 . 6  - 2 . 9  -0 . 8 : 8 I I1HFtIXAlIK 9 9 3  - 1 . 2  -0 . - 2 . 1  -3 . 5  -0 .  

tl PFEXPlIK 1 9 98 
6

. 8  2 . 9  8 . 0  1 2 . 0  5 . 7  0 . 0  W nPRE XBl IK 1 9 98 . 0  O .  I 0 . 1  0 . 0  0 . 0  0 . 0  IHFEXllllK 1 Y98 0 . 0  0 . 0  -0 . 2  -0 . \ - D . ! 0 . 0  MPI E XH IK \ 9 91l 0 . 0  - 0  
' 1  - 0 . 6  o .  I - 0 .  8 : 8 n p R E � F MK 1 9 98 0 . 0  - 0 .  - o ' i 

o .  I 
-o . ! l i F E  F I IK 1 9 98 -0 . 2  - 0 . 3  - 0 .  - 0 . 2 - 0 .  0 . 0  I1PF E XM IK 1 9 <)8 0 . 0  0 . 2 0 . 8 0 . 4  O . 0 . 0  tIPr;E XAIIK 1 9 <) 8  0 . 0  0 . 2 0 . 8  0 . 3  O . 0 . 0  n��J��ftll� 1 998 0 . 0  0 . 2 0 . 8 O .  I O . g . o  9 9a - \  . 8  - I . 4 - I .  7 - 2 . 2  - 2 .  [, p mlCfllK 1 9 98 - I . 8 =u - 1 . 1  - 2 . 2 - 2 ' 6 8 : 8  I P RDCiJ IK 1 9 98 - 1 . 5 - 1 .  I - 1 . 9  - 2 .  

HPRACAIIK 1 9 98 - 1 . 8  - 1 . 7  -2 . 2  - 2 . 7  - 2 . ! 0 . 0  H P RtIXElIK 1 9 91l -\ . 8  - I .  7 - 3 .  I -S . B  - 2 .  0 . 0  tl PFl IXFlIK 1 9 98 - \ . 8  
= 1 : > - 3 .  I - 5 · f  - 2  . 0 . 0  MPfil lXFtlK \ 9 93 - 1 . 8  - 3 . 1  .. 5 .  - 2 .  g '

o III1H1XI I IK  \ 9 9il -
1

. 8  
= 1 : > - 3 . 1  -5 . 2  

= �  : : 8  tl PH IXAl lK \ 9 98 - . 8  - 3 . 1 -5 . 2 I1Pl!It ;<A1IK \ 9 <)8 - I . 8 - I .  > - 3 . 1  -5 . I - 2 . � 0 . 0  UIiHIXAlIK \ 9 913 1 . 8 - I . - 3 .  I -4 . 9  - 2 .  0 . 0  
I1PFE�'BI'lK 2 0 0 5  \ . 5 2 . 2  7 . 3  9 . 8  -B : I 0 . 0  MPRE : :HlIK 2 0 0 3  0 . 0  0 . 0  O .  I 0 . 0  0 . 0  MHFE XBllK 200 1 0 . 0  0 . 0  - 0 . 2  0 . 0  - 0 .  0 . 0  MPf l: XF 1 IK 2 0 0 3  0 . 0  0 . 0  -o . �  - 0 . 2  -o . �  0 . 0  tI P I.:EXF 11K 200 ; 0 . 0  0 . 0  - 0 . - 0 . I - 0 .  0 . 0  MHF E XF IIK 2 0 0 5  0 . 0  -8 : !  - 0 . 5  - 0 . 2  - o . � 0 . 0  I I Pf- E XAm: 2 0 0 5 0 . 3 0 . 7  0 . 4  O . 0 . 0  11PREXAI1K 2 0 0 3  0 . 3 0 . 3  0 . 4  0 . 5  o .� 0 . 0  HI:  F E :< A1 IK 2 0 0 3  0 . 4  0 . 3  -0 . 3  0 . 4  O . 0 . 0  I1PRflrBl1K 200 5 - 0 . 8  -0 . 7  - 2 . 2  - 2 . 5  - 2 .  0 . 0  tIf'RiJCfl lK 2 0 0 1 - 0 . 8  -0 . 7  - 2 . 5  - 2 . 6  

= u  
0 . 0  tlPmlCAllK 2 00 3 -0 . 5  - 0 . 4  - 1 . 9  - I .  9 0 . 0  �n�1��I1� 2 0 0 3 

= 1 : I - 0 . 9  - 2 . 7  = �j :2 ' 8 8 : 8 2 0 0 3  - 1 . 0  - 3 . 0  - � :  I HPF I IX Fl'IK 2 0 0 3  - 1 .  I - 1 . 0  - 3 . 0  - 3 . 7  0 . 0  tlPrJ1XF 11K 2 0 0 �  - I . I - 1 . 0  - 3 . 0  - 3 . 7  - 3 .  0 . 0  MHFI1XFMK 2 0 0 1 - \ . 1  - 1 . 0  - 3 . 0  - 3 . 7  - 3 .  8 : 8 I1Pfl lXAliK Z 0 0 5  - \  . I 
= 1 : 8  - 3 . 1 - 3 . 7 - 3  

' 1 liP RI1X Al'IK 2 0 0 5 - \  . I - 3 . 1 - 3 . 7  - 3 .  0 . 0  I1H fl lXAl IK 2 0 0 3  - I . \ - 1 . 0  - 3 . 1  - 3 . 7 - 3 . 1  0 . 0  



I1EAlI CHAIIGE IN TOTAL S P I LL ( I. )  Table E . 2- 1 2  
HANAPl/I'l 

T E ST COIn-HALl 
CASE 'lE A R  A P R I  APR2 I1A'i JUliE JUl'i AUGI 

tl PF E r-1lIlK 1 9EHl 1 . 5 2 . 8  28 . 6  Z · 9 � : g  8 : 8  IWIlEYIl11K 1 983 0 . 0  0 . 3  0 . 0  . 1  
I1I 1 F f Xl ' l l K  1 9113 0 . 0  - 0 . 2 :8 j -0 . I -g j 0 ' 8 �lrF E X F I IK I 'lEW 0 . 0  - 0 . 2 0 . 2  O .  
I1I'RE�I I IK 1 988 0 . 0  - 0 . 2  - 0 . 2  0 . 2  0 . 5  0 · 8 tII l F E  I I IK 1 9G1l 0 . 0  - 0 .  I -0 . 2 0 . 3  0 . 2  O .  
I I P F E XAIIK I gell 0 . 3  0 . 8  0 . 4  0 . 8  1 . 2  0 . 0  m;�[��l� I vU8 0 . 3  0 . 8  0 . 4  0 . '1 . 2  0 . 0  

1 988 0 . 4  - 0 . 2  O .  I 0 . 5  . 1  0 . 0  
tlPliOCBl lK 1 9Be 0 . 0  0 . 3  0 . 0  O .  I . 0  0 . 0  
tlPlmCHIK 1 91111 0 . 0  -0 . 2  - 0 . 2  0 . 2  1 . 5  g . o  
I I p rmCiJ IK 1 988 0 . 3  0 . 8  0 . 4 0 . 9  . 2  . 0  
I I P Ri,CIJIK 1 9118 0 . 3  0 . 8  0 . 4  0 . 9  . 2  0 . 0  
I I P W'IXB I I K  1 988 0 . 0  0 . 3  0 . 0  O .  I 0 . 0  8 : 8  11H'tIX f I l K  1 9U8 0 . 0  - 0 . 2  -0 . 2 0 . 2  0 . 5  
I 1 P F:l l X F I1K 1 gee 0 . 0  -0 . 2 - 0 . 2 0 . 2 0 . 5  0

' 8 WI F ll:< F I IK I ?tlll 0 . 0  - 0 .  I - 0 . 2 0 . 3 0 . 2  O .  
Pf llXAtlK 1 9118 0 . 3  0 . 8  8 : �  0 . 8  1 . 2 0 . 0  

11 f' 1 � IXAJIK I 'lee 0 . 3  0 . 8  0 . 9  U 0 . 0  
tllIH'IXAl I K  1 ge8 0 . 4  - 0 . 2  0 . 1  0 . 5  0 . 0  

�I'FE/:JlIIK 1 9 '1 3  2 . 0  3 .  I 9 . 5  1 2 . 7  Z · O o . g P�EXBIIK 1 9 9 3  0 . 0  O .  I 0 . 4  0 . 1  . 1  O .  
till FE Y.BI IK 1 9 9 3  0 . 0  - 0 . 4  0 . 0  0 . 3  -o ' A 0

' 8 tll' F E XF I IK 1 9 9 3  0 . 0  - 0 . 3  0 . 0  O .  I O .  O .  
lIPJ;EXFllK 1 9 9 3  0 . 0  0 . 0  0 . 3  0 . 3  -o ' A 0 ' 8 till I' EXFllK 1 9 9 3  0 . 0  - 0 . 6  -0 . 2  O .  I O .  O .  
tlPF EXiJlK 1 9 9 3  0 . 2  0 . 2 O .  I 0 . 2 0

' 1 0
' 8 tIP REXiJlr: J 9 9 3  0 . 0  0 . 5 0 . 4  0 . 5  O .  O .  

11HFEXAIIK 1 9 9 3  0 . 2 - 0 . I O .  I O .  I O .  0 . 0  
tlPr.DCBl IK 1 9 9 3  -0 . 5  - 0 . I 0 . 6  - 0 . 5  O .  0 . 0  
tIf'RIJCHIK 1 9 9 3  -0 . 5  -0 . 4  0 . 4  - 0 . 3  O .  I 0 . 0  
tl l ' RlJCIJ1K 1 9 9 3  -0 . 5  0 . 4  0 . 2 -0 . 2 0 . 3  0 . 0  
I l f%\CtJ1K 1 9 9 3  -0 . 8  0 . 4 0 . 9  - 0 . 4  0 . 3  0 . 0  f1PEtlr-BIlK 1 9 \> 3  -0 . 8  - 0 . 1  0 . 5  -0 . 7  D . ! -0 . 

I P F I I XFtIK 1 9 9 3  - 0 . 8  - 0 . 6  - 0 .  I -0 . 9  O .  -0 . 
[Tl I1PRlIXI tlK 1 9 93 -0 . 8  - 0 . 4  0 . 5  -0 . 6  O .  - 0 .  

tll l F I IXF I1K 1 9 9 3  - 0 . 8  - 0 . 6  - 0 . 2 - 1 . 0  0 . 0  - 0 .  
tlPHIXAl1K 1 9 9 3  - 0 . 6  - 0

· 1 0 . 1  - O . ll  0 . 3  - 0 . 1''0 tlPI·j;XAlIK 1 9 9 3  - 0 . 9 - 0 .  1 . 0 - 0 . 4  o . � - 0 .  
11H1 I'1XAlIK 1 9 9 3  - 0 . 6  - 0 .  I - 0 . 1  - 0 . 9  O .  - 0 .  

-1::" tlPFEXBl'IK 1 9 '18 2 . 0  4 . 9  1 0 . 6  1 2 . 8  7 . 6  0 . 0  
tlPH i:B11K 1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
tlHFn:PIIK 1 9 '1f1 0 . 0  - 0 . 3  0 . 0  - 0 . 2 0 . 0  0 . 0  
tlf'F EXFIlK 1 9 98 0 . 0  -0 . 5  -0 . 8  - 0 .  I - 0 . 2 0 . 0  
tlPr.� :<r 11K 1 9 98 0 . 0  - 0 . 5  -0 . 5  - 0 . 1  -o . �  0 · 8 Wl f E XF tlK 1 9 98 -0 . 3  - 0 . 6  - 0 . 8  - 0 . 3  - 0 .  O .  

I'FEXhl'lK 1 9 (18 0 . 0  - 0 . 2  0 . 3  0 . 3  - 0 . 3  0 . 0  
11Pf:EXAtlK 1 9 '18 0 . 0  - 0 . 2  0 . 3  0 . 2 - 0 . 3  0 . 0  
tlH F E XAllK 1 9 '18 0 . 0  - 0 . 3  0 . 3  O .  I - 0 . 3  0 . 0  
I1PROCBIIK 1 9 ge - 1 . 7  - 0 . 4  - 1 . 4  - I .  2 - 0

' 1 0 . 0  
tl P RlJCFIIK 1 9 91l - I ' 4 - 0 . 8  - 1 . 1 - I . 3 - 1 .  o . � I P RlJCAJIK 1 9 98 - I . -0 . 8 - I .  - 1 . 0  -0 . O .  
tlPRACAllK 1 9 98 - I . 7 -0 . 7  - 1 . 5  - . 6  O .  
11PPJ'I):BIIK 1 9 98 - 1 . 7  -0 . 8  - I . 6 - 2 . I 0 . 0  
11PFllXF IIK 1 9 �e - I .  7 -0 . 8 - 1 . 7  - 2 . 2  � J 0 . 0  
tlPF:l'1:,fllK 1 9 CJ8 - I . 7 - 0 . 8  - 1 . 7  - 2 . 2  0 . 0  
tlm J IX F I iK 1 9 98 - I .  7 -0 . 8 - . 6  - 2 . 2  0

' 8 tlP H IXiJ lK 1 9 98 - I . � - 0 . 8  - I . 7 - 2 . 2  O .  
I'1PRtlXAI1K 1 9 98 - I .  -0 . 5  - 1 . 5  - 2 . 2  O .  
tulHIXAlIK 1 9 ge - I .  7 -0 . 8  - \ .  6 - 2 .  I - . 4  0 . 0  
tlPf OBl1K 2 0 0 5  1 . 8 4 . 5  1 0 . 6  1 1 . 7  -q 8 : 8  tlPRf)"P.l lK 2 0 0 3  0 . 0  - 0 . 6  0 . 0  0 . 2  
tuIF E:<f>IIK 2 0 0 3  0 . 0  - I . 3 - 0 . 4  O .  I - 0 .  o . g 
tlPFf:<FIIK 2 0 0 3  0 . 0  - 0 . I - 0 . 3  - 0 .  I - o . � O .  
tlPf:E X F l I K  2 0 0  5 0 . 0  - 0 . 3  - 0 . 3  - 0 . 1  - 0 .  0 . 0  
tll t f F XH IK 2 0 0 3  0 . 0  - 1 . 4  -0 . 6  - 0 .  I - 0 . 3  O

· S tlPHXAl'1K , 0 0 5  0 . 5  0 . 2  0 . 4  0 . 2 0 .
, 

O .  
tII'f<EXAJIK 2 00 3 0 . 5  0 . 1  0 . 5  8 : �  o .  O .  
I'1l1 f E X A I iK 2 0 0 3  0 . 4  - I . 0 -0 . 2  

:1 : 3 
o . � tlPPJ)C!'.11K 2 0 0 3  - 0 . 3  - 1 . 0  -0 . 7 -0 . 7  O .  

tlPrmCF I'IK 2003 - 0 . 4  - 1 . 0  - 0 . 7  -0 . 8  O .  
tlPRlICAJIK , 0 0 3  - 0 . 4  - 1 . 0  -0 . 5  -0 . 6  HJ O .  
I IPRACAJIK 2 0 0 3  -0 . 9  =u - 0 . 6  -0 . 7  0 ' 8 fI P F:l1XBIIK , 0 0 3  -0 . 9  -0 . 7  - 0 . 7 O .  

W H I X F 1 IK 2 0 0  3 -0 . 9  - 1 . 4  -0 . 8  - 0 . 8  0 . 0  
11PF.HXFIIK 2 0 0 3  -0 . 9  - 1 . 4  - 0 . 8  - 0 . 8  0 . 0  
tIIIFllXFJ1K 2 0 0 3  -0 . 9  - 1 . 4  - 0 . 8  - 0 . 8  l 4 0 . 0  f!PF llX;'I'IK 200 I -0 . 9 - 1 . 4  -0 . 6  - 0 . 7  - . 4  0 . 0  
lPRII:-<AIIK 2 0 0 5  -0 . 9  - 1 . 4  -0 . 6  - 0 . 7 = j o . g 

I'1HFI IXAJ1K 2 0 0 3  -0 . 9  - 1 . 4 -0 . 6  -0 . 7 O .  



MEAN CHANGE I� TOTAL SPILL ( 1. 1  Ta b l e E . 2 - 1 3  ROC ISLAND 
TEST COrrrRAl. 
CASE YEAR APR I APR2 MAY JUNE JULY AUGI 

MPFEXlOllK 1 988 1 . 1  1 . 6 30 . 8  8 . 5  2 . 8  0 . 0  
MPREXlOllK 1 988 0 . 0  O .  I -o . � 0 . 0  0 . 0  8 . 0 111 1 � o;mIK 1 90 8  0 . 0  0 . 0  - 0 .  0 . 0  0 . 0  . 0  nPf E Xf l lK 1 988 0 . 3  0 . 0  - 0 . 1  0 . 2  D . ! 0 . 0  

I' R E X F l IK 1 988 0 . 3 0 . 0  - 0 .  I 0 . 2  O .  0 . 0  
H F E XFI'IK 1 9f18 0 . 3  0 . 0  - 0 . 1  0 . 4  O .  8 . 0  

I1Pf' E XhI1K 1 98 8  0 . 3  0 . 3 0 . 5  1 . 0  o . � . 0  
I1PREXAl'lK 1 985 0 . 3  0 . 3 0 . 5  1 . 0 O .  8 . 0 
t11IFE XAJIK 1 913 8  0 . 3  0 . 3  0 . 1  0 . 5  0 . 8  . 0  
tIP I?flCBllK 1 9m1 0 . 0  o .  I - 0 . I 0 . 0  0 . 0  0 ' 8 I I PR[)CFllK 1 9118 0 . 3  0 . 0  - 0 . 1  0 . 2  0 . 3  O .  
I I I' RDCAl'IK 1 9UU 0 . 3  0 . 3  0 . 5  1 . 0  o . � 0 . 0  
MPR,\CAJIK 1 98 8  0 . 3  0 . 3  0 . 5  1 . 0  O .  0 . 0  
tlPlUlXllllK 1 91]8 0 . 0  0 . 1  - 0 .  I 0 . 0  0 . 0  8 . 0 I1f'FII>:f'llK 1 9BB 0 . 3  0 . 0  - 0 .  I 0 . 2  0 . 3  . 0  
I1PRI1;,f tlK 1 'J118 0 . 3  0 . 0  - 0 . 1  0 . 2  D . ! 0 . 0  
:tHFIIXFIIK 1 ')(;8 0 . 3  0 . 0  - 0 . 1  0 . 4  O .  0 . 0  
IIPI'W(AIIK 1 9!18 0 . 3  0 . 3  0 . 5  1 . 0 o .  0 ' 8  MI'RllX,\I 1 K  1 9118 0 . 3  0 . 3  0 . 5  1 . 0  O .  O .  
tlJl� IIXAJIK 1 9(1S 0 . 3  0 . 3  O .  I 0 . 5  0 . 8  0 . 0  

gPf EXBllK 1 9 9 5  1 . 4 1 . 0 5 . 9 9 . 8  3 ' i O ' A P R E XHllK 1 9 9 ,  - 0 . 2  O .  - 0 .  I 0 . 0  O . o .  
tlll F f XRIIK 1 9 9 3  -0 . 2  0 . 0  0 . 0  - 0  . 1  - 0 .  O .  
I1Pf EXrllK 1 9 9 ,  0 . 0  0 . 0  0 . 0  D . ! 0 . 0  0 . 0  
tIPf: F X H lK 1 9 9 5  - 0 . 2  0 . 0  0 . 1 O .  -0 . 2  0 ' 8 I1HF E XFIIK 1 9 9 5  -0 . 2  0 . 0  0 . 0  0 . 1  0 . 1  O . 
IIPF EXAlIK 1 9 9 3  -0 . 2  0 . 0  0 . 0  0 . 0  -D . ! O .  
tlI'REX{.JlK 1 9 9 5  - 0 . 2  0 . 0  0 . 1  0 . 1  O .  0 ' 0 WI FEXf.JlK 1 9 9 ,  0 . 0  0 . 0  0 . 0  0 . 0  o . � O .  
I1PJJlCBlIK 1 9 9 5  -0 . 9  - 0 . 3  - 0 . 5  - 1 . 6  - 1 . 0 ' 1 I1PlWCFtIK 1 9 9 5  -0 . 9  - 0 . 3  - 0 . 6 - 1 . 5 - 1 . O .  
MPJ:DCAlIK ] 9 9 5  - 0 . 9  - 0 . 3 - 0 . 8  - 1 . 7  - 1 . 0  O .  
I1PRACAJIK 1 9 9 5  - 1 . 0  - 0 . 5 - 0 . 2  - 2 . 3 =l J O .  
I1PRJIXI',I IK 1 9 9 3  - I .  I - 0 . 5  - 1 . 8  - 3 . 0 O .  
tIPFI'IXFI'IK 1 9 9 3  - I . I - 0 . 5  - 1 . 7  - 3 . 3  O .  
I1I'r.lIt:FlIK 1 9 9 3  - 1 . 1  -0 . 5  - 1 . 6  - 3 . 3  - . 9  0 ' 0 gllfllXHIK 1 9 9 3  - I  . I - 0 . 5  - 1 . 9  - 3 . 6  - . 0  O .  

fTl PHIXAlIK 1 9 9 5  - I . j - 0 . 5  - I . 7 - 3 . 6  - j . 8  O ' A  I1prl1XM1K 1 9 9 3  - I . - 0 . 5  - 1 . 5  - 3 . 3  - . 9  O .  
MII FMXAJIK 1 9 9 3  - I  . - 0 . 5  - 1 . 8 - 3 . 6  - I . 9 O .  N 

I MPF EXEIIK 1 9 9!l 1 . 1  2 . 5  8 . 6  1 0 . 7 5 . 1 0
' 8 I1P RU -:f: l1K 1 9 9(1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  O .  

0'1 tlllF E XBI iK 1 9 ')(1 0 , 0  - 0 . 1  - 0 . 2  - 0 . 2  0 . 1  0 . 0  
I I P F DV IR 1 9 98 0 . 0  - 0  . j  - 1 . 2  0 . 1  - 0 ' 0 0 ' 8  I1PRf X tl 1 9 98 0 . 0  - 0 .  - 1 . 2  0 ,  I 

-8 : !  
o . ���m,nR 1 9 98 0 . 0  -0 . I - 1 . 2  - 0 .  I g . o  

1 9 91l 0 . 7  0 . 2  -0 . (t 0 . 3  O .  . 0  
tlPf.cEXAlIK 1 9 9il 0 . 7  0 , 2  =8 : z  0 . 2  o . � 0 . 0  
tlH F E XAlIK 1 9 98 0 . 4  0 . 1 0 . 2  o . 0 ' 8 I IPROCBIIK 1 9 98 - 0 . 9 - 1 . 5  - 2 . 8  - I ' O =� . 9  O .  
I1 PI:OUIIK 1 9 98 - I . I - 1 . 5  - 2 , 2  - . 9  -r � o . 
tlPRDCAJIK 1 9 Y8 - 0 . \ - I . 3 - 2 . I - 1 . 6  0 , 0  
MPH ACAlIK j 9 98 - I .  - 1 . 6  - 2 . 8  - 2 , 8  - . 7  0 . 0  
MPTU1;,BI IK 9 98 - I . I - 1 . 6 -4 . 3  -5 . 2  18 0 . 0  
M P F I IXHIK 1 9 98 - I .  I - 1 . 6  - 4 . 3  -4 . 4 - . 9  0 . 0  
tlPJ:IIXHIK 1 9 98 - I .  I - 1 . 6  =2 J -" . 3  = J 0 ' 8 tlll H I X f llK 1 9 911 - I . I - 1 . 6  - 4 . 5  O .  
I1 Pfl'lXAllK 1 9 '111 - I . I - 1 . 6  -4 . 3 _f • .  5 - , 8  0 . 0  
tll'rJ IXAlIK 1 9 98 - I .  I - 1 . 6  -4 . 3 -4 . 5  - . 8  0 . 0  
1111Fl'IXAlIK 1 9 9tl - I .  I - 1 . 6  - 4 . 3 -4 . 5  - 3 . 8  0 . 0  

M P F E XBI1K 2 0 U  5 1 . 5 1 . 8 6 . 9  8 . 8  g . o 0 . 0  
NPTlf XlIHK 200 3 0 , 0  0 . 0  0 . 2  0 . 0  . 0  0 . 0  
tlHFE :';I'.IIK 200:;  0 . 0  - 0 . 1  - 0 . 1  0 . 0  - 0 . 6  0 . 0  
tlP F E X F MK 2 00 , - 0 .  I 0 . 0  0 . 0  - 0 . 4  -0 . 8  0 . 0  
tlPI<E XHIK 20(J ) -0 . I 0 . 0  - 0 . 1  - 0 . 4 - 0 . 8  g . o  
I'lllfE X � 11K 2 0 0 5  - 0 .  I - 0 .  I - 0 . 2 - 0 .  (t -o . � . 0  
I'IPF f X AtlK 200 3 o . it 0 . 3  0 . 5  0 . 5 O . 0 , 0  
tll'l, E X AJ I K  2 0 0 �  O J, 0 . 3  0 . 5  0 , 5  8 . 3 8 . 0 
I I I 1 F E XAIIK 2005  0 . 2  -8 J  0 . 1 0 . 5  . 0  . 0  
tlPf:OCBtIK 2 0 0 3  -O . B  :L � - 1 . 9  - � . 5  0 . 0  
MF'RllCF11K 2 0 0 � -0 . 8  - 0 . 6  - 2 . 0  - . 6  0 . 0  
tlPf<1lCAJ IK 2 0 0 5  -0 . 8  -0 . 4  =Li  - 1 . 5  l � 8 : 8  tlPRACAllK 2 0 0 ,  - 1 . 2  - 0 . 8  - 2 . 7  flPlltIxellR 200 5 - 1 . 2  - 0 . 9  - 3 . 5  -� . o  - . 0  8 : 8  1f FrIXFlI 2 0 0 3  - I . 2 - 0 . 9  - 3 , 5  - . 1  -4 . 9  
t l P RlIXf'11K 2 0 0 3  - I . 2 -0 . 9  - 3 . 5  -4 , I 1 9 0 . 0  
tlHFIIXF l I K  2 0 0 ,  - 1 . 2  -0 . 9  - 3 . 5  -4 . I - . 9  � : 8  M P H f�AllK �005  - I .  2 - 0 . 9 - 3 . 5  -' • .  0 - . 9 
M P IJ I X mK L O O ,  - I . 2 - 0 . 9  - 3 . 5 -4 . 0  - . 9  0 : 8  I'IH FtIXAl IK 2 U 0 3  - 1 . 2  - 0 . 9  - 3 . 5  -4 . 0  - . 9  



MEAN CHANGE I� T�AL SPILL ( % )  Ta bl e E . 2- 1 4 
ROC ':( R ACII 

TEST conTRACT 
JUL'i AUG1 CASE Y E A R  APR I  APR2 !'IA,:( JUliE 

1 988 1 . 0 A ·4 1 5 . 6  5 . 5  A · 7 � : g 1 988 0 . 0 . 2  0 ' 1 0 . 0  . 0  1 988 0 . 0  0 . 0  - 0 .  -0 . 1  0 . 0  . 0  
r

88 0 . 3  0 . 0  o .  0 ' 1 " j  o : g 988 0 . 3  0 . 0  O .  o .  8 :  988 0 . 3  0 . 0  o .  o 'i O .  1 988 0 . 3  0 ' 1 0 . 5  o .  8 :  0 . 0  1 988 0 . 3  O .  0 . 5  O .  0 . 0  1 988 0 . 3  8 : !  0 . 3  o .  o .  0 · 8 1 9R8 0 . 0  0 . 0  0 . 0  o .  O .  1 9fJ8 0 . 3  0 . 0  o . � 0 . 1  0 . 1  o . g 1 988 0 . 3  0 ' 1 O .  0 . 4  0 . 3  O .  1 9(18 0 . 3  O .  O .  0 . 4  1 ' 3 0 ' 8 1 988 0 . 0  0 . 2  0 . 0  0 . 0  J O .  1 988 D . ! 0 . 0  0 . 2  0 . 1  8 : 8  1 91313 O .  0 . 0  8 . 2  0 . 1  F88 0 . 3  0 . 0  o j  D . ! 8 . 0  988 0 . 3  0 . 1  o .  0 : 8  1 988 0 . 3  0 . 1  o . � 0 . 4  0 . 3  1 988 0 . 5  0 . 1  O .  0 . 2  0 . 3  0 . 0  1 9 93 1 . 2  1 . 0  � : A 6 . 8  2 . 2  g . o 1 9 93 -0 . 1  0 . 0  0 . 0  0 ' 8 0 : 8  1 993 -0 . 1  0 . 0  0 . 0  0 . 2  O .  1 993 0 . 0  0 . 0  0
' 1 O ' l o . � 0 . 0  1 993 - O ' l 0 . 0  o .  o . -0 .  g ' O 1 99� - 0 .  0 . 0  o .  0 ' 1 _8 . 0  : 8 1 99 -0 ' 1 0 . 0  o .  o .  oj  1 993 -0 .  0 . 0  o .  o .  0 ' 8 993 o .  0 . 0  D . ! o .  . 0  O .  1 993 -0 . 9  -0 . 5  -0 .  - 1 .  - . 3  8 . 0 1 993  -0 . 9  -0 . 6  - 0 .  - 1 . 0 - J . 0  1 993 -0 . 9  -0 . 5  -O
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Tab l e  E . 2-16  

THE MEAN MONTHLY HYDROSYSTEM OVERGENERATION 
SP I LL FOR APR I L ,  MAY , JUNE , JULY , AND AUGUST 
AVERAGED OVER THE YEARS 1 9 9 3 , 1 9 98 , AND 2003  

Apr i l  through 
A l t e rna t ive Apr i l  � June � Augus t Augus t 

MPFEXBMK 208 1 , 0 14 1 , 4 2 7  384 0 6 0 6  

MPREXBMK 208 1 , 10 5  1 , 4 30 3 8 7  0 608  

MHFEXBMK 204 9 6 2  1 , 388 3 76 0 586  
.r 

PREXF 1 9 9  9 6 9  1 , 3 9 5  3 5 9  0 585  

MPREXAMK 2 3 3  1 , 0 6 0  1 , 495  430  0 644 

MPRDCBMK 6 9  545  963  1 18 0 3 3 9  

MPRDCFMK 6 2  5 35 9 70 1 0 5  0 3 35 

MPRDCAMK 8 3  5 9 2  1 , 0 48 1 44 0 3 74 

MPRACAMK 30  3 9 6  8 1 7  5 6  0 2 6 0  

MPRMXBMK 1 1 3 3  495  5 0 1 2 7  

MPRMXFMK 1 1 3 5  5 1 2  6 0 1 3 1  

MPFMXAMK 1 1 4 1  4 9 9  7 0 1 30 

MPRMXAMK 1 1 44 5 1 5  8 0 1 34 

MHFMXAMK 1 1 3 2  4 9 1  7 0 1 26 

( V S 6 -PG-18 6 5 Z ) 
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APPEND IX E 

Anadromous F i s h  

PART 3 

F I SHPASS Mode l Assump t ions and Input Parame t e rs 





F I SHPAS S Mode l As s ump t ions and Input Parame t e r s  

The FI SHPASS mode l was u s e d  t o  s imulate  downs t ream f ish  pas sage s urvival 
f o r  anadromous f is h  pass ing the Lowe r Snake , Mid-C o l umb ia , and ma ins team 
C o l umb ia River hydrop ro j e c t s  dur ing the Apr i l  through Augus t period  o f  
downs t ream migra t i on .  S imulated f lows and s p i l l s  f rom the SAM we re used 
as input to  the F I SHPASS mode l to  cal culate the down s t ream s urvival , to  
b e l ow Bonnevil le .  A gene ral des c r i p t ion o f  the F I SHPAS S mod e l  analys i s  
is  provided i n  S e c t ion 4 . 2 . 3 . 4 under  Surviva l  Change s : Ana 1yt ica1  
Me thods . Th is Append ix provides add i t ional inf o rma t ion for  the  key 
FI SHPASS mode l a s s ump t i ons and input parame te r s . 

The period ave rage val ue s  o f  p l anned , ove rgenerat ion , and f o rced  s p i l l  
f rom the SAM were shaped into s e parate val ue s  o f  s p i l l  within  a 24-hour 
period : ( a )  s p i l l  dur ing p l aned f ish-s p i l l  hour s ; and ( b ) s p i l l  during 
nonf i s h-s p i 1 1  hours . On a rea l - t ime operat iona l bas i s , ove rgene rat ion 
s p i l l  can be shaped int o  the hours w i th the grea te s t  bene f i t  to f ish  
( p l anned f ish-sp i l l  hours ) ,  wh i l e  f o rced s p i l l  i s  no t con t ro l lab le . 
The re f o re , f o r  the F I SHPASS analyses , the p l anned and ove rgene rat ion 
s p i l l are s haped into the f ish-s p i l l  hours f o r  the s pe c i f i c  p ro j ec t , 
whi l e  the f o rced s p i l l  i s  maintained as a f lat  dai ly ave rage ra te 
occurring during b o th f is h-s p i l l  and nonf i s h-s p i 1 1  hours . Tab l e  E . 3-1  
shows the f ish-s p i l l  hours used in the analys i s  and the percent  o f  f ish  
in a given day whi c h  pass  the dam dur ing those  s p i l l  hours . 

The period average f lows s imul a ted by the SAM we re modulated t o  dai ly 
val ues  wi thin each period  b e f o re ent ry into F I SHPASS us ing the 1 986  
h i s t o ri cal  (wi thin period ) f l ow shape s . the 1 986  da i l y  f l ows at  P ries t 
Rap ids , Ice  Harbo r ,  and The Dal le s  we re used to  modulate  ( shape ) the 
pe r i o d  average SAM data f o r  the Mid-C o l umb i a ,  Lowe r Snake , and Lowe r 
C o l umb ia hydropro j e c t s , repe c t ive 1y . The modulated f l ows f o r  the 
SAM-FI SHPASS runs we re dai l y  ave rage val ue s  and we re the same f o r  b o th 
f ish-sp i l l  and nonf i sh-s p i 1 1  hours . S p i l l  rates  we re not af f ec ted by the 
dai ly modulation o f  period  ave rage f l ows . 

Bo th hatche ry and nat ural f ish  numb e r s  f o r  f i sh  above Lowe r Gran i te Dam 
are based on dam coun t s  as used in the 1 9 8 7  deve l o pment o f  the C o rps  o f  
Enginee rs ' Juven i l e  F i s h  Pas sage P l an .  For  o the r p ro j e c ts , hatchery f ish  
release numbers  and t iming are  based  on  1 986  hatche ry re lease data 
repo rted in the Smo 1 t  Mon i t o r ing Program Annual Rep o r t  by the F i s h  
Pas sage Cent e r . Natural f i sh  numbers  and migra t ion t iming a r e  based on 
( a )  the 1 984 f inal repo r t  on S tock  As s e ssment of C o l umb ia R iver 
Anad romous Sa1mon i d s ; (b ) the 1 985 repo r t  on Down s t ream M i g ran t Es t imates  
for  Rocky Reach and Rock  I s land ; and ( c ) cons ul t a t i on w i th the  Nat ional 
Mar ine Fishe ries  S e rvi c e . 

The p l anned f ish  s p i l l  at  Fede ral p ro j e c t s  i s  based on the C o r p s  of  
Enginee rs  1 9 8 7  Juveni l e  Fish Pas sage P lan wi t h  s l i d ing scale s p i l l  at  The 
Dal l e s , John Day , and Lower Monumenta l . P lanned f i s h  s p i l l  at  
Mid-Co l umb ia PUD p ro j e c t s  is  based on the current Fed e ral  Energy 
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Regul a t o ry Commi s s ion s t ipulat ion agreement .  P l anned s p i l l  is  only an 
interim pro tec t ion that is as sumed t o  be  e l imina t ed at  each pro j e c t  when 
bypass improvements are comp l e ted . 

Values and relat ionships  used f o r  s p i l l  e f f i c ienc ies , dam pas sage 
parame te rs , and reservo i r  survival are p rovided in Tab les  E . 3-2 and E . 3-3 
for the Mid-Co lumb ia and Fede ral hydro pro j e c t s . These  values for the 
Mid-Columb ia pro j e c t s  were based on consul tat ion with the p ro j ec t 
managers . For the Federal proj e c t s , the values are those s pe c i f ied by 
the Counc i l ' s  Mains tem Fish  Pas sage Adv i s o ry Commi t tee ( 1 9 8 6 ) .  The 
reservo i r  mo r tal i ty rat e  f o r  the Mid-C o l umb ia pro j e c ts was recen t ly 
increased based on comment s  f rom the Nat ional Mar ine Fisheries  S e rvice 
and review o f  the tes t imony in the cour t proceed ings for  the Mid-Co lumb ia 
S t ipulat ion Agreement . The f is h  guidance e f f ic iency values  pro j ec ted f o r  
future bypass  improvement s  at  Federal p ro j e c t s  a r e  be s t  ava i lab l e  
es t ima tes f rom the COE based o n  research and expe rience regarding current 
sys tems . Fo r the Mid-C o lumb ia p ro j ec t s , the va l ue s  f o r  future f ish 
guidance e f f i c ienc ies are the bypas s sys tem minimum des ign s tandard s . 
Tab l e  E . 3-4 g ives bo th the current and future pro j ec ted val ues  o f  f ish 
guidance e f f i c ienc ies  us ed the analyses and the dates when passage 
improvement s  are expec ted to o ccur . 

Fish  t rans po r ta t ion at  Lower Gran i t e , L i t t le Goo s e , and McNary are based 
on the current guide l ines deve loped by the Fish Transp o r tat ion Over s i g h t  
Team ( FTOT )  comp r is ed o f  f ishery agenc ies , Tribes , and t h e  Corps . 
Trans portat ion survival i s  as sumed to  be  95  percen t  at  Lower Gran i te and 
Li t t l e  Goo s e , and 99 percent  at McNary . 

Overgene ra t ion s p i l l  was al located  to  d i f f e rent hydro p ro j ec ts based on 
the s p i l l  p r io r i ty l i s t s  g iven in Tab l e  E . 3-5 which  were deve l oped f rom a 
review o f  Fish  Pas sage Center s pi l l  reques t s . 

(VS6-PG-186 6 Z )  
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Tab le  E . 3- 1  

HOURLY F I SH PASSAGE D I S TR I BUT I ONS 

P rojec t S to cks Spi l l  Hours P e rcen t F i s h  ,', 

We l l s  S p r ing Chinook 20 : 00 - 6 : 00 7 1  
Swruner C h inoo k  20 : 00 - 6 : 00 58  
S te e 1 head 20 : 00 - 6 : 00 5 8  
S ockeye 20 : 00 - 6 : 00 43  

Roc k  Reach Al l 20 : 00 - 6 : 00  43  
Rock I s land A l l  20 : 00 - 6 : 00 7 1  
Wanapwn Al l 20 : 00 - 6 : 00 58  
P r ies t Rap ids Al l 20 : 00 - 6 : 00 58  
Lower Gran i t e  A l l  1 8 : 00 - 6 : 00  82  
Li t t le Goose  Al l 1 8 : 00 - 6 : 00  82  
Lowe r Monwnenta1 A l l  1 8 : 00 - 6 : 00 8 2  
I c e  Harbor Al l 1 8 : 00 - 6 : 00  66  
McNary Al l 1 8 : 00 - 6 : 00  82  
John Day A l l  1 8 : 00 - 6 : 00 8 2  
The Dal les  Al l 1 8 : 00 - 6 : 00  66  
Bonnevi l le Al l 20 : 00 - 6 : 00 71 

* Pe rcent o f  the dai l y  to tal  o f  f is h  arriving at  the p ro j e c t  whi c h  pas s 
during the g iven hours o f  s pi l l . 
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Tab l e  E . 3-2 

DAM PASSAGE PARAMETERS 

S p i l l  Turb ine Co l l e c t ion Bypass 
Pro j e c t  SEi l l  E f f ic iency 1 /  Mo rta l i ty Mo rta l i ty Mo r ta l i ty Mo r ta l i ty 

( % )  ( '%. )  ( '%. )  ( '%. )  

We l l s  80% F i s h / 2 l %  S p i l l 0 1 5  1 1 
94% F i s h 1 30% Sp i l l  

Rocky Reach y = O .  6 6 3x 0 1 5  1 1 
( range 20-80% ) 

Rock I s land y = exp ( 0 . OS4x )  0 6 . 5 1 1 
( range 1 5 -80% ) 

Wanapwn y = 1 5 . 4 2  I n ( x )  0 1 1  1 1 
( range 20-8 5 % )  

P r ies t ln ( y )  = 0 . 8 1 9  I n ( x )  0 1 1  1 1 
Rapids ( range 20-85 % )  

Federal 
P ro j e c t s  2 /  y = x 2 1 5  1 1 

1 /  S p i l l  E f f i c iency - y = % f is h  s p i l l e d  
x = % rive r s p i l led  ( ins tantaneous ) 
S pi l l  outs ide ranges given f o r  data are 
interpo lated  toward end points  of  0% f ish/O% s p i l l  
and 100% f ish/ 1 0 0% s p i l l  

2 /  Fo r The Dal les  the f o l l owing s p i l l  e f f ic iency r e l a t io�sh i p  i s  used 
for x/y : 0 / 0 ,  2 0 / 5 2 ,  41 / 8 0 , 100 / 95 
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Rocky Reach 
Flow/ Surviva l  

0 / 2 1 . 3  
10 / 24 . 8  
5 0 / 8 5 . 

1 00 / 9 2 . 5  
2 5 0 / 9 7  
750 / 9 7  

Li t t le Goose 
Flow/Survival 

0 / 5 3 . 0  
1 2 / 5 4  
5 0 / 6 7  
7 5 / 79 

1 00 / 8 7  
1 25 / 92 
1 5 0 / 9 2  
1 75 /88 

1000/88  

McNary 
Flow/Surviva l  

0 / 5 5  
5 0 / 5 6  

1 50 / 72 
1 75 / 7 9 
200 / 8 5  
225 / 8 9  
250 / 9 2  
2 7 5 / 9 3 
300 / 9 2  
3 5 0 /84 

1000 /84 

Tab le  E . 3-3 

RESERVO I R  FLOW/ SURVIVAL RELATIONS H I P S  ( KCFS / % )  

For Mid-C o l umb ia P ro j e c ts '" 

Roc k  I s land 
F l ow/Surviva l  

0 / 76 . 6  
1 0 / 80 . 1  
5 0 / 96 . 0  

1 00 / 98 . 0  
250 / 9 9 . 2  
750 / 9 9 . 2  

Wanapum 
F l ow/ Surviva l 

0 / 0  
1 0 / 0  
5 0 / 7 9 . 4  

1 0 0 /8 9 . 7  
250 / 9 5 . 9  
75 0 / 9 5 . 9  

For  Snake River  P ro j e c ts*  

Lower Monumental  
Fl ow/Surviva l  

0 / 6 1  
1 2 / 6 2  
5 0 / 73  
7 5 / 8 3  

100 / 90 
1 25 / 94 
1 50 / 94 
1 75 / 9 1  

1000 / 9 1  

For  Mains t em Co lumb ia P ro j e c t s  

John Day The Dal le s  
F l ow/Survival Flow/ Surviva l  

0 / 30 0 / 6 8  
5 0 / 3 1  5 0 / 6 9  

1 5 0 / 5 2  1 5 0 / 8 1  
1 75 / 6 2  1 75 /8 6  
200 / 7 2  200 / 90 
2 2 5 / 8 0  2 2 5 / 9 3  
2 5 0 / 8 5  2 5 0 / 95 
2 7 5 / 8 6  2 7 5 / 9 5  
300 /84 300 / 9 5 
350 / 7 1  3 5 0 / 90 

1000 / 7 1 1000 / 90 

P r ies t 
F low/ Surviva l  

0 / 6 1 . 5  
1 0 / 6 5 . 0  
5 0 / 9 3 . 0  

100 / 96 . 5  
250 / 98 . 6  
750 / 98 . 6  

Ice  Harb o r  
Flow/Survival 

0 / 58 
1 2/ 5 9  
5 0 / 7 1  
7 5 / 8 1  

100 / 8 9  
1 25 / 93 
1 50 / 93 
1 75 / 90 

1 0 0 0 / 90 

Bonnevi l l e  
F l ow / S urvival 

0 / 4 9  
5 0 / 5 0  

1 5 0 / 6 8  
1 75 / 76 
200 / 8 2  
2 2 5 / 8 7  
250 / 9 1  
2 7 5 / 9 2  
300 / 90 
350 /8 1  

1000 / 8 1  

* We l l s  and Lowe r  Gran i t e  use f is h  input  data given as  f is h  coun t s  a t  
t he dam and there is  n o  reservo i r  mor t a l i ty app l i ed t o  these f i s h  
numbers . 
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Tab l e  E . 3-4 

F I SH GUIDANCE  EFFIC I ENC IES  
( Percent ) 

P rojec t Yea r l ing Sub-Yearl ing S te e 1 head So ckeye CY  
F C F C F C F C 

Lower Gran i t e  7 1  5 0  40  40  85 74 40 40 1 9 9 3  
Li t t l e  Goo s e  7 4  5 0  40 40 80 74 40 40 1 9 9 3  
Lowe r Monumental  74 3 35  3 80 3 35  3 1 9 9 3  
I c e  Harbo r 8 71' 5 1  7 1", 5 1  90", 5 1  7 1 '� 5 1  1 9 9 3  
McNary 88 74 54  38 8 7  76  65  38  1 9 98 
John Day 7 2  7 2  3 0  30  85 85  38 38  NC 
The Dal l e s  88", 4 3  78", 43  9 1 '� 43  9 0'" 43  1 9 98 
Bonnevi l le I 7 6  7 6  7 2  7 2  78 78 7 2  7 2  NC 
Bonnevi l le I I  64  1 9  30  24  60  35  30  24  1 998 
We l l s  7 0  0 5 0  0 70 0 5 0  0 1 9 9 3  
Rocky Reach 7 0  0 5 0  0 7 0  0 5 0  0 1 9 9 3  
Rock I s land 70  0 5 0  0 70 0 5 0  0 1 99 3  
Wanapum 7 0  0 5 0  0 70 0 5 0  0 1 99 3  
P r i e s t  Rapids  70  0 5 0  0 70  0 5 0  0 1 99 3  

C = Current guidanc e  e f f ic ienc ies  
F = Future guidance e f f i c ienc ies  with  bypas s imp rovements  
CY  = Cont rac t year  of  FI SHPASS ana l ys is  in whi c h  change takes p lace 
OY = Opera t ion year f o r  future f i sh guidance e f f ic i ency val ue based on 

conversat ions wi th  the COE . 
NC = No change in bypas s sys tem i s  p lanned 
* = Bypass p l us s luiceway e f f i c iency 
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OY 

1 9 90  
1 9 9 1  
1 9 9 1  
1 9 9 2  
1 9 94 
NC 

1 9 9 7  
NC 

1 9 94 
1 989  
1 99 1  
1 9 9 3  
1 989  
1 98 9  



Tab l e  E . 3-5 

PRIOR I TY L I STS FOR ALLOCATION OF 
OVERGENERAT ION S P ILL WITH IN SAM 1 /  

APRIL 
Pro j e c t  

Lower Monumental 
Ice  Harb o r  

SEi l l  uE to  (kef  s )  

Lower Monumental 
Ice Harb o r  
The Dal les  
Lower Monumental 
Ice Harbo r  
The Dal les  
John Day 
Bonnevi l le 
Rock I s l and 
Ro cky Reach 
Wel l s 
Wanapum 
P r ie s t  Rapids  
Lowe r Monumental  
I c e  Harb o r  
The Dal l e s  
John Day 
Bonnevi l le 
Lowe r Monumen tal  
I c e  Harb o r  
The Dal les  
John Day 
Bonnevi l le 
Ro ck I s land 
Rocky Reach 
We l l s  
Wanapum 
P r ie s t  Rap ids  
Lower Monumental  
I ce Harb o r  
The Da l les  
Rock I s l and 
Rocky Reach 
Wanapum 
P r i es t Rapids  
Lower Monumental 
Ice Harb o r  
John Day 
Bonnevi l l e  

25  
30  
40  

40 
40 
40 
40 

E . 3- 7  

5 
5 

1 2 . 5  
1 2 . 5  
1 5  
2 0  
20 
30 
30 
3 0  
1 0 . 4  
1 0 . 4  
1 0 . 4  
1 6 . 7  
1 6 . 7  
25  
25 
40 
40 
40 
40 
40 
6 0  
6 0  
60  
20 . 8  
20 . 8  
20 . 8  
3 3 . 3  
33 . 3  

pe rcent o f  daily  f low 
percent of dai l y  f low 
percent of dai ly f l ow 

41 . 7 
3 3 . 3  
4 1 . 7  
5 0  

percent o f  dai l y  f l ow 
percent o f  dai ly f low 
percent of daily  f low 
percent of dai l y  f low 



P ro je c t  
Lowe r Monumen tal 
I c e  Harbor  
The Dal les  
Lower Monumen tal 
I c e  Harbor  
The  Dal les  
Lower Monumental 
I c e  Harbor  
The  Dal les  
Lowe r Monumental  
I c e  Harbor  
The Dal les  
John Day 
Bonnevi l l e  
Rock I s l and 
Rocky Reach 
Wel l s 
Wanapum 
Pries t Rap ids  
John Day 
Bonnevi l l e  
Lower Monumental  
Ice  Harb o r  
The Da l les  
Lower Monumental  
Roc k  I s land 
Rocky Reach 
We l l s  
Wanapum 
P r i e s t Rap ids 
John Day 
Bonnevi l l e  
The Dal les  
Lower Monumental  
I c e  Harbo r 
John Day 
Bonnevi l l e  
Lowe r Monumental  
I ce Harb o r  
The Da l les  
Rock I s land 
Rocky Reach 
We l l s  
Wanapum 
P r i e s t Rap ids 
Lowe r Monumental  
I c e  Harbor 
John Day 
Bonnevi l le 

Tab le  E . 3-5 ( Cont inued ) 

MAY 

25 
30 
40 

40 
40 
40 
40  

E . 3-8 

Spi l l  up to  ( k e f  s )  
5 
5 
7 . 5  
7 . 5  
7 . 5 

1 2 . 5  
1 2 . 5  
1 2 . 5  
1 7  . 5  
1 7  . 5  
1 7  . 5  
22 . 5  
1 0  
1 0  
20 . 8  
1 0 . 4  
1 0 . 4  
1 2 . 5  
1 2 . 5  
1 5  
15  
25  
25 
30  
40  
3 3 . 3  
20 . 8  
20 . 8  
25 
25 
30 
30 
60 
40 
40  
60  
60  

percent of  daily f l ow 
percent o f  dai ly f l ow 
percent o f  da i l y  f l ow 

4 1 . 6  
3 3 . 3  
3 3 . 3  
4 1 . 6  
5 0  

percent of  dai l y  f l ow 
percent of daily  f l ow 
percent of dai l y  f l ow 
pe rcent o f  daily  f l ow 



P ro j e c t  
Ro ck I s land 
Wanapum 
Pries t Rapids 
We l ls 
Rocky Reach 
Lower Monumental 
Ice Harb o r  
The Dal le s  
John Day 
Bonnevi l le 
Rock I s l and 
Wanapum 
Pries  t Rapids 
We l ls 
Rocky Reach 
Lower Monumental 
Ice  Harbor  
The Dal les  
John Day 
Bonnevi l le 
Rock I s l and 
Wanapum 
P r i e s t  Rapdis  
We l l s  
Rocky Reach 
Lower Monumental 
I c e  Harb o r  
The Dal les  
John Day 
Bonnevi l le 
Ro ck I s l and 
Wanapum 
P r i e s t  Rapids  
We l l s  
Rocky Reach 
Lower Monumental 
I c e  Harbor  
The Dal les  
John Day 
Bonnevi l l e  
Wanapum 
P r i e s t Rapids 
We l l s  
Rocky Reach 
Lower Monumental  
Ice  Harbo r  
The Dal les  
Lower Monumental 
Ice  Harbo r 
John Day 
Bonnevi l l e  

Tab le  E . 3-5 ( Cont inued ) 

JUNE , JULY , AUGUST 
St>i l l  

25 percent 
30  percent 
40 percen t  
4 0  percent 
40 percent 
40 percent 
40 percent 

ut> to  ( k e f  s )  
1 0 . 4  

8 . 3  
8 . 3  
4 . 2  
4 . 2 

1 0  
1 0  
1 5  
1 5  
1 5  
20 . 8  
1 6 . 7  
1 6 . 7  

8 . 3  
8 . 3  

20 
20  
3 0  
3 0  
3 0  
3 1 . 3  
25 
25  
1 2 . 5  
1 2 . 5  
30  
3 0  
4 5  
45  
45  
4 1 . 7  
3 3 . 3  
3 3 . 3  
20 . 8  
20 . 8  
40 
40 
60 
6 0  
6 0  
4 1 . 7  
5 0  
3 3 . 3  
3 3 . 3  

o f  dai ly f low 
of  dai ly f low 
o f  dai l y  f low 
of  dai l y  f low 
o f  dai l y  f low 
of  dai ly f low 
o f  dai l y  f low 

1 1  Sp i l l  rates  are in add i t ion to  p lanned s p i l l , but inc l ude f o rced 
s p i l l  and are app l ied  to  monthly  average f l ows in SAM . To tal  s p i l l  
a t  Bonnevi l l e  i s  l imi ted to  6 0  percent o f  the mont h l y  ave rage f low . 
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APPENDIX  E 

Anadromous F i s h  

PART 4 

F I SHPASS S imulat ion Requi rement s  





FISHPASS S imul a t ion Requi rements : 40 Versus 200 S imul a t i ons 

To d e t e rmine the adequacy of us ing 40 F I SHPAS S s imul a t ions f o r  each year 
of analys i s  for IDU f is h  impac t s , a compar i s on was made be tween the 
resul ts  o f  40 s imula t i ons ( Tab l e  E . 4-l ) and 200 s imul a t ions 
( Tab l e  E . 4-2 ) . The changes in survival  f o r  the Proposed Fo rmula  
Al l ocat ion , Maximum Capac i ty ,  As sured Mark e t ing a l terna t ive re l a t ive to  
the  No  Ac t ion case were used f o r  this  analys i s . Tab l es E . 4-l  and E . 4-2 
g ive the mean , med ian , maximum inc rease , and maximum dec reas e of the 
re l a t ive changes in f is h  surviva l  p l us the p e rcent of the re l a t ive 
inc reas es and dec reas es in surviva l  exceeding 1 percent and 5 percen t . 
The comparison o f  the s ta t i s t ics  f o r  the re l a t ive changes in survival 
us ing t he 40 s imulat ions versus 200 s imul a t i ons shows tha t  there are no 
sub s tan t ial  d i f f e rences  in the resul t s . The impa c t s  s imulated w i th 
40 runs provides an adequate  es t imat e  o f  b o t h  the mean and the range o f  
s ingl e  year impac t s  compared to  the much larger samp l e  s ize  o f  200 . No t e  
that  the resul t s  for  the 4 0  s imulat ion run ( Tabl e  E . 4-l ) f o r  t he 
a l t e rnat ive comparison us ed in this  ana l ys i s  are no t ident i c a l  t o  t he 
f inal E I S  resul t s  g iven in Appendix E ,  Part 5 ,  f o r  this  same IDU 
a l te rnat ive s ince the SAM had s ome updated data be tween the t ime of  t h i s  
sens i t ivity analys i s  and the f inal IDU E I S  mo del  runs . The data w i t hin 
the s e  tab les is des c r ibed  in more de tai l in Part 5 of t h i s  Append ix . 

( VS6-PG-1832Z ) 
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Ta b l e  £ . 4- 1  STATISTICSII��x�liAgvRpfM�lmAS ( �M �tmm )STOCK SURVIVAL 

PROGRAM DSN=PJI . PF400 . RtlR . SAS . REPORTS I FSUl1AVG3 ) 4 0  S i mu l a t i o n s  

FILE , PJI . PF400 . CBS . F ISH . PASS . DATA . tIlDCOLFG 
F ILE I PJI . PF400 . CbS . F ISH . PASS . DATA . MIDCOLFG 

YEARLING SUBYEARLiliG 
POOL YEAR MR tuJR Mlll/URO F II /F 15 FD I /FD5 11R I1DR MRI/MRO F I I /F I5 FD I /FD5 

HELLS 1 988 1 993 
998 

Z003 
AVG3 

RRECH 1 988 
1 993 
1 998 
Z003 
AVG3 

RISL 

tHG 

Lril1 

MCN 

JOAY 

OALS 

BONN 

SYS 

1 988 
993 
998 

Z003 
AVG3 
1 988 
1 993 
1 998 
2003 
AVG3 
1 988 
1 993 
1 998 
Z003 
AVG3 
1 988 
1 993 1 998 
Z003 
AVG3 
1 988 
1 993 
1 998 
2003 
AVG3 
1 988 
1 993 
1 998 
2003 
AVG3 
1 988 
1 993 
1 998 
Z003 
AVG3 1 988 
993 
998 

2003 
AVG3 

LEGEND tlR 
tlDR 
I1RI 
I1RO 
FI I 
F r5 
FD I 
FD5 

AVG3 

0 . 1  
- I .  9 
- 1 . 5  
- 1 . 1  
- 1 . 5  
0 . 2  

- 1 . 4  
-0 . 8  
0 . 3  
-0 . 6  
- 0 . 2 - 1 . 3  
-0 . 8  
0 . 4  

-0 . 5  
-0 . 0  
-0 . 1  
-0 . 0  
-0 . 0  
-0 . 0  
-0 . 1  
- 1 . 5  
-0 . 7  
-0 . 3  
-0 . 8  
0 . 3  

- I .  7 
0 . 0  
0 . 4  

- 0 . 4  
1 . 4 

- 1 . 4 
0 . 1  

-0 . 4  
-0 . 5  
1 . 5  

- I .  3 
0 . 4  

-0 . 1  
-0 . 3  
0 . 3  
-0 . 3  
-0 . 0  
-0 . 1  
-0 . 2  
0 . 2  

-0 . 6 -0 . 2  
-0 . 0  
-0 . 2  

0 . 0  
- I .  I 
-0 . 2  
-0 . 2  
-0 . 5  
O .  I 

-0 . 3  
-0 . 2  
0 . 0  
-0 . 2  
0 . 0  

-0 . 4  
0 . 0  
0 . 0  

- 0 . 1  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

- 1 . 0  
-0 . 3  
- O .  I 
-0 . 5  
0 . 2  

-0 . 3  
0 . 0  
0 . 0  

-0 . I 

0 . 6  
-0 . 6  
0 . 0  

-0 . 2  
-0 . 2  
0 . 3  

-0 . 2  
- 0 .  I 
-0 . 1  
-0 . I 
O .  I 

-0 . 2  
0 . 0  
0 . 0  

-0 . I 
0 . 2  

-0 . 3  
-0 . 1  
-0 . I 
-0 . 2  

2/ -3 
2/- 1 0  
1/ -7 
4/ -6 
2/ -8 
3/ -7 
1 /  -8 
5/- 1 3  
15/ -4 
7/ -8 
2/ -8 
2/ - 9  
1/- 1 1  

1 3/ -2 
6/ -8 
0/ -0 
0/ -I 
0/ -0 
1 /  -0 
0/ -0 
4/ -6 
1/ -7 
1 /  -5 
6/ -3 
3/ -5 

1 0/ -6 
7/- 1 0  
8 /  - 6  
9 /  -5 
8/ -7 
9/- 1 2  
5/- 1 1  
6/ -4 
6/ -5 
6/ -6 
9/- 1 4  
4 /  -9 
7/ -4 
5/ -6 
6/ -6 
2/ -3 
0/ -3 
2/ - I  
1 /  - I  
1 /  - 2  
2 /  - 3  
0/ - 3  
1 /  -2 
2/ - I 
1 /  -2 

1 0/ 0 8/ 0 
8/ 0 5 3/ 1 3  
0/ 0 40/ 8 
1 0/ 0 38/ 1 5  
6/ 0 4 3/ 1 2  

28/ 0 1 3/ 5 
5/ 0 38/ 8 
8/ 0 30/ 3 
1 3/ 5 25/ 0 
8/ 2 3 1 /  3 
5/ 0 1 0/ 5 
8/ 0 45/ 8 
3/ 0 28/ 3 

1 5/ 5 2 3/ 0 
8/ 2 32/ 3 
0/ a 
0/ a 
0/ 0 
0/ a 
0/ 0 
8/ a 
3/ 0 
3/ 0 

1 0/ 3 
5/ I 

28/ 3 
3/ 3 
15/ 3 
1 8/ 1 0  
1 2/ 5 
48/ 1 3  
1 3/ 0 
1 3/ 5 
1 3/ 3 
1 3/ 3 

30/ 20 
1 3/ a 
2 3/ 8 
20/ 3 
18/ 3 
18/ a 

0/ a 
3/ a 
0/ a 
1 /  0 

18/ 0 
0/ 0 
5/ a 
1 0/ 0 
5/ a 

0/ a 
0/ 0 
0/ 0 
0/ 0 
0/ 0 

1 0/ 3 
5 3/ 1 0  
28/ 0 
25/ a 
35/ 3 

�g� I � 
15/ 3 
25/ 3 
26/ 7 
5/ 3 

40/ 8 
25/ 0 
30/ a 
32/ 3 
3/ 3 
33/ 1 0  
20/ a 
23/ 3 
25/ 4 
3/ a 
8/ 0 
3/ 0 
5/ a 
5/ a 

8/ 0 
25/ a 
8/ a 
3/ 0 

1 2/ 0 

3 . 0  
- 0 . 3  
- 1 . 4  
- 1 . 6  - 1 . 1  
1 . 1  

-0 . 8  
- I . I 
- I . I 
- 1 . 0  

2 . 2  
0 . 0  

-0 . 2  
0 . 0  

-0 . 1  
0 . 4  

= 8 : �  
-0 . 7  
-0 . 6  

Z 2/ -5 
1 1 /  -8 
4/ -8 
4/- 1 0  
6 /  - 9  
1 6/ -5 1 1 / -8 
5/ -6 
6/ -6 
7/ -7 

5 : f  & : 3  I �� =� 
-0 . 4  -0 . 6  7/ -5 
-0 . 5  -0 . 1  6/ -5 
-0 . 3  -0 . 3  7/ -5 

O .  J 
-O . Z  
-0 . 3  -0 . 3 
-0 . 3  
0 . 5  

- 2 . 0  
- 2 . 5  
- I .  9 
- 2 . 2  

0 . 2  
0 . 0  

-0 . I 
0 . 0  

-0 . 0  
O .  I 
0 . 0  

-0 . 5  
-0 . 3  -0 . 3 

0 . 5  0 . 3  -0 . 6  -0 . 5  
-0 . 6  -0 . 6  
- 0 . 5  -0 . 4  
-0 . 6  -0 . 5  
0 . 6  0 . 3  

= U  = l j 
- 1 . 5 - 1 . 3 
- 1 . 6  - 1 . 4  
0 . 9  
-0 . 3  
-0 . 4  
-0 . 4  
-0 . 3  
0 . 5  

- 0 . 4  
0 . 0  

-0 . 1  
-0 . 2  
0 . 6  

-0 . 7  
-0 . 5  
-0 . 5  
-0 . 5  

0 . 8  
-O . Z  
-0 . 3  
-0 . 2  
-0 . 2  
O . Z  

-0 . 1  
-0 . 1  
-0 . 1  
-0 . 1  
0 . 4  

-0 . 4  
-0 . 3  
-0 . 4  
-0 . 4  

1/ -0 
0/ -I  
0/ - I  0/ -2 
0/ - I  

6/ -3 
5/- 1 3  
1/ - 1 0 
2/- 1 1  
3/- 1 1  
6/ - 2  3/  - 3  
1/ -3 
1 /  -3 
2/ -3 
9/ -5 
8/ -9 4/ -7 2/ -8 
5/ -8 
5/ -Z 3/ - 3  
1/ - Z  
1 /  -2 
21 -2 
3/ -5 
1/ -4 
2/ -2 
1/ -2 
21 - 2  
3/ -3 
21 -3 
1/ - 3  
1 /  -3 
1/ -3 

65/ 1 8  
25/ 1 3  
30/ 0 
1 3/ 0 
23/ 4 

5/ 0 
33/ 1 0  
43/ 23 
38/ 23 
38/ 18 

301 
20/ 
20/ 
1 5/ 
18/ 
58/ 
Z3/ 
25/ 
1 0/ 
1 9/ 

8 1 0/ 3 
5 43/ 15 
o 40/ 8 
3 43/ 8 
3 42/ 1 0  

1 5  8/ 0 5 33/ 0 
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Tab l e  E . 4 - 2  200 Simula t ions 
STATISTICS f O R  RELATIVE CHANGES IN SYSIEM STOCK SURVIVAL 

11PRMXAI1H VS I1PfEXBI1H I NO ACT ON I 
PROGRAM : DSN=PJ I . P h OO . RIIR . SAS . REPORTS I FSIJl1AVG3 ) 
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F IS HPASS Resu l t s  

S tat i s t ic s  for  Re lat ive Changes in Sys tem S tock Survival 

Tab l e s  E . 5-1  through 19  g ive s ta t i s t ics  for  the relat ive changes in 
sys tem s tock survival ( survival to be low Bonnevi l l e )  f o r  each category o f  
f i s h  s tocks (year l ing , subyear 1 ing , s te e 1 head , and sockeye ) ,  f o r  each 
poo l  o f  o rigin . These  val ues  are given for 1 988 , 1 9 9 3 , 1 9 98 , and 2003  
based on 40 F I S HPASS s imulat ions f o r  each s tudy year . Each tab l e  
provides these  s tat i s t ics  f o r  the comparison o f  a g iven al ternat ive 
relat ive to the No Ac t ion case . The re l a t ive changes tha t  these 
s ta t i s t i c s  are based on were cal culated by sub t rac t ing the No-Ac t ion case 
survival  f rom the a l t e rnat ive surviva l  and d ivid ing by the No-Ac t ion case 
surviva l . The informa t ion in these tab les  is  ref e rred to  in 
Sec t ion 4 . 2 . 3 . 4 . 1 ,  Survival Changes :  Analyt ical  Me thods . See t he f ront  
o f  Vo lume 4 f o r  a def in i t ion of  t he 8 l e t t e r  codes  g iven at  the top  o f  
these tab l es t o  iden t ify  the a l te rnat ives . The f o l l owing s ta t i s t ic s  are 
g iven in these tab les : 

( 1 )  The mean o f  t he re lat ive changes in surviva l  (MR )  

( 2 )  The med ian re l a t ive change in surviva l  (MDR ) 

( 3 )  The maximum re lat ive increase in survival  (MR I ) 

( 4 )  The maximum relat ive dec rease in survival ( MRD ) 

( 5 )  The percent o f  survival  inc reases exceed ing 1 percent ( Fl 1 )  and 
5 percent ( FI 5 )  

( 6 )  The percent o f  surviva l  decreases exceed ing 1 percent ( FD 1 ) and 
5 percent ( FD5 ) 

( 7 )  For each o f  t he above s tat i s t ic s , t he ave rage ove r the years 
1 988 , 1 9 9 3 , 1 9 9 7 , and 200 3  f o r  exi s t ing capac i ty al t e rnat ive s , 
and over the years 1 99 3 , 1 9 9 7 ,  and 2003  f o r  increased capac i ty 
a l t e rnat ive s ( AVG ) .  

E . 5-1  
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STATISTICSM����AkA��VAp
¥���S

I �M �� ISTOCK SURVIVAL Tab l e  E . S- 2  

PROGRAM ; DSN;PJ I . PF400 . RNR . SAS . REPORTSI FSUMAVG4 1 
F ILE . PJI . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG RUN DATE U 788 RUN TIME 

F ILE . '  PJ I . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG RUN DATE 1 0Z987 RUN TIME 

YEARLING SUB'tEARLING STEEUIEAD SOCKE'tE 
POOL 'tEAR MR MDR MR IIMRD F l l /F I5 FD I /FD5 I1R MDR I1RIIMRD F I I /F I5 FD l/FD5 I1R J1DR I1RI/I1RD F I l /F I!i fDl/FD5 I1R J1DR I1RI/I1RD F I l /F�5 FDl/FD5 

HELLS f 988 -0 . 0  0 . 0  Z/ -3 8/ 0 5/ 8 o . � 0 . 0  lI� �i 1 0/ � lA� i :8 : A  8 : 8  �� :1 i� � I� 1 �tf 1 :
8 f� H 8� I 

1 0/ 8 993 0 . 0  0 . 0  Z/ -0 3/ 0 0/ O .  0 . 0  3/ i� !gg� - 0 . 0  0 . 0  1 /  - I  0/ 0 0/ 0 -0 '2 0 ' 8 3/ a 0/ -0 · 8 8 : � r - : 8  �� 8 0 . 2  0 . 0  5/ - I  8/ 0 0/ 0 -0 . O .  0/ 0 1§� - 0 .  / -AVG4 0 . 1  0 . 0  Z/ - I  4/ 0 1 / 0 -0 . 0  0 . 0  6/ -3 4/ Z -0 . 0  O .  / - . 0  0 
RRECH I ��� o . � 0 . 0  5/ -4 1 3/ 0 �� 0 -0 . 3  8 . 0  �� :1 5/ 0 11� 

a -8 : � I J !� �l S� 
1 i� I i i i IJ �� 8 8� 8 8� 0 o .  0 . 0  1 1 / - I  8/ 3 0 0 . 0  . 0 5/ 0 0 0 p98 o . � 0 . 0  5/ -! 5/ 0 i� 8 -o .

! 
0 · 8 0/ -I 0/ 8 � :8 :  i� 8 8� � 8� 8 003 O .  0 . 0  1 6/ - 1 0/ 8 O .  O .  5/ - 8/ 8� AVG4 0 . 4 0 . 0  9/ - 3  9/ 3 3/ 0 -0 . 0 . 0 3/ - 4/ 0 5/ -0 . 0  0 0/ 0/ 0 

RISL un 8 :! 
0 . 0  3/ -A 1 0/ � 0/ 0 0 ' 1 O ' g 12� :1 1 0/ � 1�� 0 8 : 1 

8 : 1 }� H IJ� I I� I -ti I] I� H I� 1 8� 0 0 . 0  8/ - 5/ 0/ 0 O .  o . 5� 0 0 o .  0 . 0  3/ - I 3/ 0/ 0 -o . q o . r - 0 o . 8 :  I� 8 o .  0 . 0  15/ - 1 0/ 8 0/ 0 - 0 . 0 . 0  / - 0/ � �� 0 o .  
o .  0 . 0 7/ - 7/ 3 0/ 0 0 . 0  0 . 0  / - 4/ 0 O .  0 . 0  0 0 

LHG p�� 8 : 8  0 . 0  1 /  -0 0/ 0 0/ 8 -0 . 0  0 . 0 0/ -8 0/ 0 8� 8 8 : 1 
8 :
1 

8� 
:1 

8� I I� I =1 1 1 I J 
0/ -g 0/ 

1 �� 8 0 . 0  0/ -0 0/ 0 0/ -0 . 0  0 . 0  0/ - 0/ 0 0/ - 0/ 
99! 0 . 0  0 . 0  r -0 0/ 0 0/ 0 -8 . 0  0 . 0  0/ -0 8� � g� 0 o .  O .  0/ �� r - 8� 0 rTJ 00 8 . 0  0 . 0  / 0 0/ 0 0/ 8 - . 0  0 . 0  0/ -8 0 8 : 0  o .  8� - � :8 0 

AVG . 0  0 . 0  / -0 0/ 0 0/ -0 . 0  0 . 0  0/ - 0/ a 0 . 0  0/ a 0/ 0 lJl I LHJ1 l ��� 0 ' 1 0 ' 8 �/ -3 1 5/ 8 i� 8 -0 ' 3 0 . 0  
!� =} �� 0 zl� � IJ 8 : 1 I� H li� � ,� I IJ IJ I� I g� 8 8� 0 

w 8 : 0  o .  / -1 5/ o .  0 ' 8 8 0 
9 9! 0 . 0  3/ - 3/ 0 0 -o ' f O .  0/ O .  8 0/ 0 00 o . � 0 . 0  �/ - 1 3/ � 0/ 0 O .  0 . 0  i/ - �� 8 8 8 :  0/ 0/ 0 

AVG O .  0 . 0  / - 9/ 3/ 0 - 0 .  0 . 0  / - 0/ 0/ 0 
I1CH Hii o . ! 0 . 0  9/ -5 1 5/ i 3/ 0 -O ' A 0 . 0  �� =! 3/ 8 g� 8 0 ' 1 �J i� �� 1�� , �� i i � i i : 8 �� 8 0/ i 8� 0 

o .  0 . 0  9/ -! �� 0/ 0 - 0 .  8 : 8  3/ O .  8� 8 o .  0 . 0  1 0/ - 3/ 0 -0 . 0  0/ 0/ 8 :  iOO o .  0 . 0  1 0/ -� 1 3/ 8 �� � -0 . 0  0 . 0  �/ -0 �� 8 �� 8 8 : 8  12� i� : 8  8� 8 0/ 0/ 8 VG O .  0 . 0  0/ - 9/ 4 -0 . 0  0 . 0  / - 1  0/ 0/ 
JDA't l��� o . � 0 . 0  5/ - 9 1 3/ � �� � -0 '1 0 . 0  !� :� 5/ 0 ZO/ � =g : t r� E H  f� 1 I� i t� tl 0/ � 0/ 0 8� 0 O .  0 . 0  6/ -2 3/ - 0 .  0 . 0  3/ 0 i� 0/ 0/ 8 0 

998 O .  0 . 0  7/ -� Aj � 3/ 0 - 0 .  0 . 0  / -� 0/ � 8� 0/ 0/ 0 OO� o .  0 . 0  6/ - 8/ 0 o · f 0 ' 8 �j : 5/ :8 : 8� 8 8� 8 VG 0 . 1 0 . 0  6/ -5 6/ 3 4/ I -0 . O .  3/ . 0  O .  0/ a 
DALS U�l -o . � 8 . 0 �/- 1 0  �� 8 3/ � 0 . 0  0 . 0  �� : 1  �� 8 8� a =rl � : 8 I� �l I� I 1� I iJ iJ I� i 0/ 

I 
0/ 8 O .  . 0  / - 3  5/ 0 . 0 0 . 0  � 0/ g� p9 -0 .  0 . 0  5/ -� 3/ 3 3/ 3 0 . 0  8 . 0 8/ -0 8 0/ 0/ 0 00 O .  0 . 0  5/ - 2j � 3/ 3 -O ' A . 0  / -r �� �� 8 : 8  0/ 0 AVG4 -0 .  0 . 0  5/ - 3/ 2 -0 . 0 . 0  1 / - a 0/ 0/ a 

BONN J ��� -0 . 0  0 . 0  V -2 0/ 0 3/ a -0 . 0  0 . 0  �� :1 3/ 8 �� i 0 ' 8 o . � E H  I� i I� i i � � iJ 8� 0 8� 8 0/ g 0 . 0  0 . 0  / -t 0/ 0 0/ a 0 . 0  0 . 0  3/ :8 : 8 o .  � 0/ 
998 -0 . 0  0 . 0  1 /  - 0/ 0 3/ 0 -0 . 0  0 . 0  / -� 3/ 0 j� O .  0/ 8� 8 0/ 8 2003 -0 . 0  0 . 0  1 /  - 0/ 0 3/ 0 -0 . 0  0 . 0  / - �� 0 0 . 0  8� 8� AVG4 -0 . 0  0 . 0  1 / - 0/ 0 Z/ a -0 . 0  0 . 0  Z/ - 2  0 0 8 : 0  0 . 0  . 0  0 

SYS 19�8 o . � 8 . 0 V -2 3/ 0 �� 8 :8 : A  0 ' 8 E H  3/ 8 S� 8 g : � 8 : 8  r :A i� I I� I �tl I � I t� H g� I i� 8 o .  . 0  / -0 5/ 0 O .  0/ 
Z9f -o ' f 0 . 0  �j :1 3/ 0 �j 0 -0 . 0  0 . 0  0/ g j� 8 g : 8 / -8 0 

Av8 o .  0 . 0  1 0/ 0 8 -0 . 0  0 . 0  0/ O .  / - 0/ 0 O .  0 . 0  2/ - 5/ a Z/ -0 . 0  0 . 0  1 /  0 0 . 0  . 0  / -0 . 0  0/ a 
LEGEND 

f' 
!�I: 'l.i�J�'i' I�E �ELApVE CHA�GES I� SURV;r�AL I I:  I . JjL""M. R A VE HANGE I SURV VAL ( ;:  h�:i{iir�if�tH RELITIV� INCREAS IN SURVIVAL 1 (. 1  4 �  ·A.1 , r,·,I,rn RELATIV DECREASE I SURVIVAL /. rfl(IiW�" OF RE�ATIVE SURVIVAL INCREASES EtEED I�G FNE PERCE� i · f. P.;�'f.�U' OF RE ATIVE SURVIVAL ltlCREASES E CHDI G I�E �ERC NT ' f'�F!'!pt:r OF RE[ATIVE SURVIVAL DECREASES E CEEDI G ON P RCE� ! L ! \::;� !�r:�' OF RE ATIXE SURVIVAL DECREASES EXCEEDING F I  E PERC NT 
;11; �; , ;;,,;,r.,,[. OF THE YE R 1 988 . 1 9 93 . 1 998 AND 2003 . 

. DATE RUN= 1 411AR88 . 0 9 . 3 7 . 5 9  
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STATISTICS FOR RELAT�VE CH�GRS AN �YfIE" STOCK SURVIVAL MPFEXFMK v MPFE M ' 0  CT 0 I Tabl e E . 5- 3  

PROGRAM ; DSNzPJI . PF400 . RNR . SAS . REPORTS I FSUMAVG4 1 
F I LE .  PJI . PF400 . CBS . F ISH . PASS . DATA . MIDCOLFG 

F ILE . PJI . PF400 . CB S . F ISH . PASS . DATA . HIDCOLFG 

YEARLING SUBYEARLING 
l- OOL YEAR MR I1DR 11RI/MRJ) F I l /F I S  FD l /FDS MR I1DR MRI/MRO F I 1 /FIS FD I/FOS 

HELLS 1 988 
9 9 3  

1 998 
2003 
AVG4 

RRECH 1988 
9 9 3  
9 98 003 

AVG4 
R ISL 1 988 

j 993 
998 2 0 0 3  

AVG4 
LWG r88 

993 
9 98 003 

AVG4 
:.� r88 

991 �9 00 
AVG4 

MCN liU 
OO� AVG 

.lOA'i 1 988 
993 

f98 003 
VG4 

DALS r81 99 
99 

. OO� AVG 
BOI-IN r88 

991 9 9  
2 0 0  
AVG 

SYS l ��� 
p98 003 
AVG4 

LEGEND �; Ju 
DATE RUN'" 

-o . � 0 . 0  2/ -4 5/ 0 8/ 0 I .j O ' a 
F/ -5 4 3/ i O .  0 . 0  3/ - 2  8/ 0 S/ 0 O .  O .  0/ - 2  I S/ · 0 . 3  0 . 0  2/ -S 3/ 0 1 3/ 0 O .  0 . 0  5/ - 3  f5/ -0 . 2  0 . 0  1 /  - 3  5/ 0 8/ 0 -0 . 0 . 0  l �j =� 3/ 0 -0 . 1  0 . 0  2/ -4 5/ 0 8/ 0 O .  0 . 1 24/ 3 

O . � 0 . 0  4/ - 3 1 8/ 0 1 0/ 0 A ' O 0 . 0  II� �! 18/ 1 0  " -g . 0 . 0  1 4/ - I  8/ 3 3/ 0 
A : r 

0 . 0  8/ 5 0 . 0  4/ - 3 8/ 0 1 5/ 0 Ij -o j 0 . 0  2/ - 3  8/ 0 5/ 0 
0 . 2  0 . 0  6/ - 3  1 0/ 1 8/ 0 O .  

0 . 0  0 . 0  3/ -3 8/ 0 8/ 0 I . j o ' r 0 . 0  1 2/ - 2  3/ 3 5/ 0 O .  -0 .  0 . 0 2/ - I  3/ 0 3/ 0 O .  -0 .  0 . 0  1 /  ··2 0/ 0 1 0/ 0 O .  0 . 0  0 . 0  4/ - 2  3/ 1 6/ 0 O .  

0 ' 8 0 . 0  1 /  -0 0/ 0 0/ 0 0 . 1  
O .  0 . 0  0/ -0 0/ 0 0/ 0 0 . 0  0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 0 . 0  0 . 0 0 . 0  0/ 0 0/ 0 0/ 0 -0 . 0  
0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 0 . 0  o . � 8 . 0 3/ - I 1 8/ 8 �j 0 o . � o .  . 0  3/ - 8/ 0 O .  0 . 0  0 . 0  2/ -2 8/ 0 5/ 0 o ' I -0 . 0  0 . 0  U -1 5/ 0 5/ 0 -0 . 0 . 1  0 . 0  2/ - 9/ 0 3/ 0 O .  

0 . 3  0 . 0  8/ -5 25/ 3 1 3/ 3 o . � 0 . 0  0 . 0  5/ -6 8/ 0 3/ 3 8 :  O ' l 0 . 0  9/ - 2  8/ 8 1 3/ 0 
- 0 .  0 . 0  r - 6  0/ 0 8/ 3 -0 . 0  

O .  0 . 0  / -5 1 0/ 3 9/ 2 0 . 2  o . ? 0 . 2  8/ -9 3S/ 5 5/ 3 o . � -0 . 0 . 0  2/ -� 3/ 0 1 0/ 0 O .  0 . 0  0 . 0  8/ - 8/ 5 1 5/ 0 o . ! -0 ' 1 
0 . 0  1 /  .- 0/ 0 1 0/ 0 O .  

O .  0 . 0  5/ -5 1 1 /  3 0/ 1 O .  

A ' o O ' a 
9/- 1 0  25/ 5 5/ 3 o . � O .  3/ - 2  5/ 0 5/ 0 O .  o : i 0 . 0  9/ - 7  1 8/ 5 P/ 5 O .  -0 . 8 . 0  2/ -t 8/ � 3/ � -o .

q O .  . 0  5/ - 1 4/ 9/ O .  

0 . 2  0 . 0  2/ - 2  5/ 0 3/ a 0 . 3  -0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 -0 . 0  - 0 . 0  0 . 0  2/ - 2  3/ 0 5/ 0 -0 . 0  -0 . 0  0 . 0  0/ - I  0/ 8 0/ 0 -0 ' 1 0 . 0  0 . 0  1 /  - 2/ 2/ 0 o .  
O ' f 

0 . 0  2/ -1 8/ 0 a� 0 o ' I O .  0 . 0  2/ - 3/ 0 0 o .  -0 ' 8 0 . 0  2/ - I 5/ 0 5/ 0 O .  - 0 .  0 . 0  0/ - 0/ 0 0/ 0 -0 . 0 . 0 0 . 0  1 /  - 4/ 0 U 0 o . aEA� OF Tr,E RELATIVE CHANGES I� SURyA�AL 1 1. 1  
ED AN RE .ATIVE CHANGE IN SURV VAL 1. 
AXItIUM REtATIVE IIlCREASE IU SURVIVAL I � I 

0 . 0  28/ 0 . 0  1 5/ 0 . 0  1 0/ - 9/ 
0 . 9  1 �� =} 38/ 0 . 0  20/ 0 . 0  5/ .. 

f
S/ 0 . 0  

�
/ - 3/ 0 . 2  / - 2  24/ 

0 . 0  A/ -0 0/ 0 . 0  / -0 0/ 0 . 0  0/ -0 0/ 0 . 0  v -0 0/ 
0 . 0  / -0 0/ 
0 . 0  5/ -I 20/ 
0 . 0  5/ -

f
O/ 0 . 0  3/ - S/ 0 . 0  �/ - 8/ 0 . 0  / - 1 6/ 

0 . 0 Ii H l �j 0 . 0  
0 . 0  0/ 0 . 0  5/ 
0 . 0  1 0/ 
0 . 0  1/ - 3  } 5/ 
0 . 0  / -2 3/ 
0 . 0  1 0/ -I 28/ 0 . 0  g/ - 1 5/ 0 . 0  / - 8/ 
0 . 3  Ii H 1 5/ 0 . 0 ij 0 . 0  
0 . 0  3/ 0 . 1  6/ 
0 . 0  H H  20/ 
0 . 0  0/ 0 . 0  8/ 0 . 0  0/ 
0 . 0  7/ 
O ' a r - 2  1�� O .  / -0 
0 . 0  

i� =1 1 3/ 0 . 0  0/ 0 . 0  9/ 

AXIHWf RE ATIVE DECREASE I SURVIVAL '. RCE OF RELATIVE SURVIVA INCREASES E CEEDING ONE P RCENT 
��RCEt OF REtATIVE SURVIVAt INCREASES ��CEEDING F IVE �ERCENT 
�ERCENT OF RE ATIVE SURVIVA DECREASES XCEEDING ON6 P�RCEtIT 

E RCENT or RELATIVE SURV VAL DECREASES EXCEEDING F I  E ERCENT 
AVERAGE 0 THE YEAR 1 988 , 1 99 3 , 1 998 AND 2003 

14MAR88 . 0 9 . 45 . 1 3  

� 
� 
0 0 
2 

8 0 
0 
0 

� a 
0 
q 
8 � � 6 0 
q 
0 
0 
0 
0 
0 
0 
0 
0 0 
0 

1 0/ a 3/ 
P

/ 0 
8/ q 1 3/ 

1 0/ 0 
0/ 0 

l �j 0 
0 

6/ 0 
3/ 8 5/ 

1 0/ 0 S/ 0 
5/ 0 
0/ 0 
0/ 0 0/ 8 0/ 
0/ 0 
8/ 8 5/ 
18j 8 8/ 0 

3/ 0 0/ 0 
3/ 0 
�� 8 

1 3/ 0 
8/ 0 

1 0/ 0 
Hj 8 
�� 8 3/ 0 
�j 0 

0 
3/ 8 0/ 

1 3/ 0 �� 0 
0 

8j 0 
0 

8/ 0 0/ 8 3/ 

RUN DATE 2 1 788 RUN TIME 

RUN DATE 1 02987 RUN T IME 

STEELHEAD 
MR I1DR MRI/MRO f I l /FI5 fD l /FD5 

-0 ' 1 8 : 8  H H  a� � If� � -0 .  -0 . 0 . 0  �� -0 .  8 . 0 -0 . . 0  �tJ 8 . 0 Ii H �� � Ii I 0 : 8 
8 . 0 -0 .  . 0 

8 : f 8 : a H H  3i� � r � o . 

8 : Y  
1 / 1 � -0 . / 

O .  1 / 
0 ' 8 8 : 8  8j -i 8j 8 8� � O .  

8 : & 
0 .

& 8j - &� 8 8� 8 :  O .  0/ - 0/ 
0 ' 1 8 : � H H  lr i i� i O .  j -8 : 8 : 0 j O .  

8 : J IJ H H  Iii I i� i O .  
-0 . j O .  

o .� 8 : 8 I� H !I� I a� I O . o .  
8 : 8 �� o .  

0 . 2  1 / 
0 ' 1 0 ' 8 !� =1 3�� i li� I o . O .  
o . 

& : 8 
1 / -8 : !/ - dj . 0  / -

o . � 8 : 8  �� =f I� � r I -0 . 
-o . � 0 . 0  j -0 .  8 : 8 y

/ -
O .  / - / 
0 ' 8 8 : � Aj :� �� 8 I� I 
O .  -8 : 8 8 :  r - & / -
O .  0 . 0  / - 0/ 

SOCKEYE 

MR I1DR HRI/MRO f U /FI5 fD l/FD5 

o · t IJ �� =1 18� 0 8/ 8 - 8 : 8 8/ 3/ 10/ 3 -0 . / -� 
3/ �� q -0 .  U - 8/ 0 

� : o IJ 
0/ 8 0/ 0 8� 8 0/ 0/ 0 
0/ 

& 
0/ 0 0/ 8 oj 8j 0/ 8 8� . 0  0/ 

�tI � � � r :� 2�� 0 §� 8 0 
/ -� 8j 0 9� 8 / - 0 

O . / - 6/ 0 0 

-� � � �j 0/ -� 8� 8 0/ 8 0/ - 0/ 0/ - 0/ 0 8j 8 0/ - 0/ 0 
. 0 0 . 0  0/ -0 0/ 0 0/ 0 

t� � �� 8j 8 8j 8 8j 0 
0 

0/ 
& &� 

0 
&� & 8j 8 o .  . 0  

I] �J 
0/ 

& &� & 8j I 0/ 
0/ 

&� 0/ 8 8j 0 0/ 0 

IJ IJ 
0/ 0 0/ 

I 
0/ 8 8� ! 0/ 0/ 0/ 0/ 

8j 8j 0/ 8 . 0 0/ 

�J 8 :8 0/ I 8j & 
0/ 

& 0/ 0/ 0/ 
&� 

0/ 
8 : 8 8j 8 0/ 8 0/ 

�J 8 : 1 
0/ 0 0/ 8 8� 8 8� � 0/ 

&� 8 0/ 
& : 8  8 :  8j 8� 

:IJ I � I Aj :1 8� 8 0/ 8 0/ 

r - &� 8 ,� 8 / -- . 0  / - 0 
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STATISTICS �O� 'EkATIV� C��G�S 1M �t¥IEn STOCK SURVIVAL 
M R x M VS PF M I N 0 ) Ta ble E . 5- 4 

PROGRAM ; DSN;PJ I . PF400 . RNR . SAS . REPORTS I FSUMAVG4 ) 

F ILE . PJI . PF400 . CBS . F I SH . PASS . DATA . M IDCOLFG 

F I LE . '  PJI . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG 

'tEARLING 

POOL 'tEAR MR I1DR MRI/MRO F I I / F I 5  FD I /FD5 

WELLS 1 988 -o . � 0 . 0  2/ -1 �� 0 8/ 0 
1 99 3  -0 .  0 . 0  2/ - 0 P/ 0 �998 -0 . 4  0 . 0  2/ -5 3/ 0 3/ 0 

003 -o . � 0 . 0  V - 3 3/ 0 8/ 0 
AVG4 - 0 .  0 . 0  / -4 4/ 0 1 0/ 0 

RRECH 1 988 0 ' 1 0 . 0  4/ -� I�� 0 8/ 0 
993 -0 . 0 . 0  2/ - 0 5/ 3 �ZZ� -0 .  0 . 0  4/ - 3 8/ 0 1 5/ 0 

- 0 .  0 . 0  2/ - 3 1 0/ 0 5/ 0 
AVG4 0 . 0  0 . 0  3/ -4 1 0/ 0 8/ I 

RISL U�� o . � 0 . 0  �� =� 
8/ 0 8/ 0 

-0 . 0 . 0  3/ 0 1 0/ 3 

p98 -0 
' 1 0 . 0  l� =l 3/ 0 3/ 0 

003 -0 .  0 . 0  0/ 0 1 0/ 0 
AVG4 -0 . 0 . 0  2/ - 3/ 0 8/ I 

LWG r88 8 . 0  0 . 0  A� =y 0/ 0 0/ g 993 - . 0  0 . 0  0/ 0 0/ 
998 0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 1003 0 . 0  0 . 0  0/ 0 0/ 0 0/ 0 
VG4 0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 

LwtI UU -8 : � 0 . 0  3/ -� 18/ 0 d� 0 
0 . 0  2/ - 5/ 0 0 o .  0 . 0 v - i� 0 5/ 0 

- 0 . 0 . 0  / - 2 0 

�
� 0 

0 . 0  0 . 0  2/ - 2  0 0 

HCN un 0 '1 0 . 0  8/ -5 28/ 3 1 3/ � -0 . 0 . 0  5/ 
-� 

8/ 0 5/ 
O .  0 . 0  9/ - 8/ 8 r/ 0 -o . � 0 . 0  1 /  -� 

I Y� � 0/ � O .  0 . 0  6/ - 0/ 

JDA't l��� A : � 0 . 2  8/ -� 38/ 5 3/ 0 
0 . 0 2/ - 8/ 0 5/ 0 

998 - 0 .  0 . 0  8/ -4 8/ 5 15/ 0 
003 - 0 .  0 . 0  1 /  -5 0/ 0 1 3/ 0 

AVG4 O .  0 . 0  5/ - 3 1 3/ 3 9/ 0 

DAl,S I ��� AJ 0 . 2  r -0 f8/ 5 0/ 8 0 . 0  / - 3  0/ 0 3/ 
9 9! 0 . 0  0 . 0  9/ - 7 1 8/ 5 1 3/ 5 

200 -o . � 0 . 0  2/ -� 8/ 0 1 5/ Y AVG O .  0 . 0  6/ - 1 6/ 3 8/ 

BONN In! o · s 0 ' 8 V - I 5/ 0 0/ 0 
O .  O .  / -0 0/ 0 0/ 0 -O ' A 0 . 0  2/ - 2 3/ 0 5/ 0 

003 -0 . 0 . 0  0/ - I  0/ 0 0/ 0 
AVG4 ' O .  0 . 0  1 /  - I 2/ 0 1 /  0 

s'ts 8 . 2 0 . 0  8/ 0 0/ 0 
- . 0  0 . 0  0/ 0 3/ 0 

SUB'tEARLING 

MR I1DR MR I/MRD F I I/FI5 FD 1 /FD5 

A :j o . g O .  
O . 0 . 0  

-0 .  0 . 0  
O .  0 . 2  

0 . 5  0 . 0  
0 . 7  0 . 0  
1 . 1 0 . 0  
O .  0 . 0  O .  0 . 0  

A : j o . g O .  
O .  0 . 0  
O .  0 . 0  
O .  0 . 2  

o
' A O .  8 . 0  

. 0  
0 . 0  0 . 0  

-0 . 0  0 . 0  
0 . 0  0 . 0  

D . ! 0 . 0  o .  0 . 0  
O .  0 . 0 

-0 .  0 . 0  
O .  0 . 0  

o . � 0 . 0  o .  0 ' 8 0 . 2  O .  
-0 . 0  0 . 0  

0 . 2  0 . 0  

0 . 2  0 . 0  
0 '1 0 . 0  
O .  0 . 0  
O .  0 . 0  
O .  0 . 0  

0 . 6  0 . 3  
O ' A 0 . 0  

-0 .  o . � -0 . 0  O .  
0 . 2  O .  

0 ' 1 O .  8 : A  
-0 . 0  0 ' 8 - 0 ' 1 o .  

O .  0 . 0  

o · s O .  

ib� =� 4 3/ 1 0  
1 5/ 

r -� 28/ 
/ - 14/ 

1 / -4 2 / 

'1 5� =1 �5/ 
0/ 

r - 28/ 
/ - 15/ 

1 0/ - 1 9/ 

1 �� =1 �O/ 
0/ 

r - 25/ 

� :! 1 0/ 
24/ 

0/ -0 0/ 
0/ -0 0/ 

r -0 0/ 
/ -0 0/ 
/ - 0 0/ 

�/ - 3  15/ 
/ - 2 5/ 

!� =i 5/ 

I �� 

r - 2  1 0/ 
/ -� 5/ 
/ - 0/ 
/ -! 5/ 
/ - 10/ 

�/ 
-} r/ 

/ - 5/ 
1 0/ - 8/ 

8/ - 1 5/ 
8/ - 7/ 
5/ - I 1 8/ 
2/ - 3/ 

v -
�� / -

2/ -

r =A 20/ 
3/ 

/ -f 8/ 
/ - 0/ 
/ - 8/ 

/ - 5/ 

I 
I 
� 
0 
0 
3 

0 
0 
0 
0 
0 

� 
3 
0 
0 Y 
i 
6 
0 Y 
0 

g 
0 

0 
0 

10/ 0 

f�� g 
5/ 0 

10/ 6 
I �� 0 Y 8/ 

J� � i� 0 

0/ 8 0/ 
0/ 0 
0/ 0 
0/ 0 

1 0/ 8 
18� 0 

�� 0 
0 

I� 8 8 l
i� 8 
h� 0 

8 

i� 0 
0 
0 

8 
8� 0 

0 
1!� 8 
8� 8 

RUN DATE 2 1 788 RUN TII1E 

RUN DATE 1 0 3087 RUN TD1E 

STEELHEAD 

MR I1DR MRI/MRD F I 1 /F I5 FD1 /FD5 

�IJ 
-0 ' 1 -0 . =8 : -0 . 
8 : 1 -8 : 
O .  

-8 : 8 0 ' 8 o .  
0 . 0  

-gJ 8 : 8 
-8 : j -8 : 

D .
! 8 :  o .  

0 . 2  

O ' I O .  
O .  

-0 .  o .  
8 : f - 0 .  

-0 . 
O .  

8 : A 

o .� u a  o .  
O .  o .  
0 . 0  

8 : 8 �� H 8 : 8 O .  

8 : 6 I� H g : y 
8 : 8 8� -8 8� -8 o : g o . 0/ -

t l , I� �f O .  / -

0 ' 8 I� H 8 : 0 8 : 8 
8 :
1 t H  o .  

o . 
O .  

o . � I� �i O .  
o .  
O .  
0 . 0  0 ' 8 I� H o .  8 : 8 o .  

8 : 8  

I� 1 II� 1 
,� 8 11� I 8 
3r i I�� I 1 / 

/ 
1 / 

i� I I� I 
11� I 11� I li� I I� 1 ll� 1 / I I� I 
21� I 1'� I 1 � 
1 / 

I� I �� I . : 
p�� 
Z9! -O ' A 0 . 0  

f� =J s/ - 5� 0 5/ 0 O .  
8 : 1 8 . 0  

r -, 18/ r - ' 1 3/ 0 g� 8 0 ' 8 0 ' 8 Ii �� I� I I� I I 
AVa 

LEGEND 
ImR 
MRI r I I  

A U . . 
DATE RUN= 

- 0 .  0 . 0  / - 0 0/ 0 -0 .  
O .  0 . 0  1 /  - 3/ 0 2/ 0 O .  

iMi!�;ij.;!ii ,OF THE RELATIVE CHANGES IN SURYHAL , Yo )  
i!f;!E!�r�,I,.I� RELATIVE CHANGE I N  SURVIVAL . 

. 0 
0 . 0  

/ - 0/ 
/ - 9/ 

iMi,i!, �;;nIW! RELATIV� INCREASE IN SURVIVAL I i: I 'fi'� " ;H" �i!r:� RELATlV DECREASE I SURVIVAL i: lUi�;[;�" r�r' OF RElATIVE SURVIVAl: INCREASES rCEEDING ONE PEfCENT 
i ' E irnlfii O� �ELATIVE SURVIVA INCREASE� XC�EDING F I�E P RCENT i !; !f.n;Jrii 0 ELATIVE SURVIVAL DECREASE XC EDING ON PERCENT 
i, !:,,�:��!t;f.[ OF RELATIVE SURVIVAL DECREASES EXCEEDING FIVE PERCENT .� .' " )I,""ru, OF THE 'tEAR 1 988, 1 99 3 ,  1 9 98 AND 2003 

1 4tfAR88 . 0 9 . 40 . 0 9  

0 -0 . o . 
0 3/ O .  O .  

SOCI(E'tE 

MR I1DR MRI/I1RD F I l /F �5 FDl /FD5 J:1 IJ I� �i I �� 0 8/ i , 1 0/ 
3/ 0/ 

-0 .  g� A� - 0 .  

8 : 8  I i i �� 8 8� 8 g� 8 8J 8 8� 8 0 

8� 0 
0/ 0/ 0 

8 :1 IJ I� �i 2�� J �� 6 =8 : 9� 8/ 0 Ig� 0 
1 

=� � I f 8 0/ -8 8� 8 8� 8 r -: 8  � =A 0/ 8 8 0/ 0/ 
o .  0 /  -0 0/ 0/ 0 

IJ IJ 8� 8 8� I g� 8 
g� 8� 0 8 0/ 0 

0/ 0 

8 : 8 1 : 8 
0/ 

I 
0/ 8 0/ 0 �� 8� 0/ 0 

0/ 0 8 : 8  : 8 8� 8 0/ 0 
0/ 0 

8 . 0  IJ 8� 8 0/ 0 8� 0 

g : 8 
0/ 8 g 8� 0/ 

: 8 0 0/ 8 8� 8 0 0/ 

iJ IJ i� 8 0/ 8 0/ 0 
0/ 8� 0 8 0/ 0 0 
0/ 8 0/ 8 0/ 0/ 

8 : 1 I � I 8� I 8� 8 0/ 0 
0/ 0 8� 8� 0 0/ 0 8 : 0 0/ 8 0/ 0 0/ 

8 : 1 I � � i� H �� 8 I� g 
-0 .  8� 8 8 :8 : . 0  1 /  0 

11-

.!. 



STATISTICS�OR REkAT�V E  C��GRS AN �t¥I6U STOCK SURVIVAL 
FEXFM V MPF M I 0 ) Ta b l e  E . S- S  

PROGRAM = DSN=PJ I . PF400 . RNR . SAS . REPORTSI FSUMAVG4 ) 

F I LE . PJ I . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG 

F I L.E .  PJ I . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG 

YEARLING SUBYEARLING 

rOOL YEAR MR MDR MRI/MRD F I l /F IS FD l /FDS MR I1DR MRI/HRD F I l/FIS FD l /FD5 

HELLS J 98� t ��� 
200� 
AVG 

RRECH I ��� 998 
2 0 0 5  
AVG4 iUSl. ras 

993 
998 

i0 0 3  
VG4 

LHG p�� 998 
003 .- ,., AVG4 

. n tWit p�� :�\') 99� 
0 0  

AVG4 

MeN I ��� 99� 
200 
AVG4 

JOAY p�� 99� 00 
AVG4 

DALS Inl 10 0 3  
VG4 

BONN j ��8 

99� 
ieg� 

51'S r88 
993 
998 

. O O� AVG 

LEGEND HI P 
At&t 

DATE RUN= 

- o .! 0 . 0  U -4 S/ 0 1 3/ 0 6 . 5 0 ' 6 27/ -� 4 3/ I o .  0 . 0  3/ - 2 1 0/ 0 3/ 0 . 2  O .  1 0/ - 8/ 
- 0 .  0 . 0  U -� 3/ 0 r/ 0 o .! g . o  5/ -� �5/ 

0 . 0  0 . 0  4/ - 1 0/ 0 3/ 0 -0 .  . 0 �/ - 3/ 
-0 . 1  0 . 0  3/ - 7/ 0 0/ 0 O .  0 . 2  1 / - 3  2 /  

0 , 3  0 . 0  4/ -f 1 8/ 0 1 0/ 0 0 . 9  0 . 0  I�� =I 18/ 1 0  
I o .! 0 . 0  14/ - 1 0/ S 0/ 0 0 . 8  0 . 0  5/ ! ,J - 0 .  0 . 0  4/ - 3  8/ 0 1 5/ 0 6 . 0  0 . 0  

1�� :�  8/ 
O .  ' O .  

0 . 0  O ' y - 0 .  
o . � O .  
0 . 0  
0 . 0  
O ' A O .  O .  
o . � o .  
0 . 0  
0 . 4  
0 . 2  8 : � O . � O .  
0 . 4  

g . 7  
. 0  

0 . 0  
-0 . 0  

0 . 2  8 : 1 
-8 : 0 

0 . 2  

0 ' 6 o .  
-0 . 0  
-0 . 0  

0 , 0  

D . ! O .  
-0 . 

8 j  

0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 1  

0 ' 6 O . 
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

1 6/ - �  0/ -

3/ -r 
l U  -U -
1 4/ -� 8/ -

1 /  -0 
1 / - 0 
0/ -0 

V 0 
/ -0 

3/ - 3  
3 /  - 1  
2/ - 2 
5/ - 2  
3 /  - 2  

�/ -5 
/ -6 

9/ -� 1 0/ -
8/ -5 

8/ - 9 
6/ - 2  
8 /  -� 
V -/ -5 

9/- 1 0  
5/ - 2  

r -7 
/ -� 
/ -

�� 
::5 / - r lj :: 

�j :1 
2/ -
3/ -
2/ -

1 5/ � 8/ 0 o j 1 3/ 8/ 0 

8/ 0 8/ 0 6 . 2  
8/ S 3/ 0 

o j 3/ 0 3/ 0 
1 3/ � �j 0 o . ! 8/ 0 O .  

0/ 0 0/ 0 O ' A 0/ 0 0/ 0 O .  
0/ 0 0/ 0 - 0 . 0  
0/ 0 0/ 0 -0 . 0  
0/ 0 0/ 0 0 . 0  

I S/ 0 �� 0 o . � 3/ 0 0 o . 
5/ 0 5/ 0 0 ' 1 H� 5 3/ 0 -0 .  

1 4/ 0 O .  
25/ 0 1 0/ � O · f 1 0/ 3 3/ O .  

8/ 8 1 3/ 0 0 . 2  
I S/ 1 0  0/ 3 -0 . 0  
1 4/ 5 9/ 2 0 . 1  

33/ 5 5/ � O . � 5/ 3 8/ O .  
8/ 5 1 5/ 0 0 . 8  

1 0/ � 18/ 0 -0 . 0  
1 4/ 1 /  1 0 . 3  

2 3/ � 8/ a 0 . 5  
8/ 5/ - 0 . 0  

1 8/ 5 P/ 1 -0 . 0  

1 8/ 3 5/ - 0 . 0  
6/ 3 1 0/ 0 . 1  

5/ 0 3/ 0 o . � 0/ 0 0/ 0 O .  
3/ 0 5/ 0 -0 . 0  
0/ 0 3/ 0 -0 . 0  
2/ 0 3/ 0 0 . 1  

5/ 0 3/ 0 o ' f 8/ 0 0/ 0 O .  
5/ 0 �j 0 O .  

1 0/ 0 0 -o . � 7/ 0 3/ 0 O .  
iHir.: l�i'i ,�'ir' TilE REl.AT lVE CHANGES IN SURyx�A L  1 % )  i Hit:: 'ii:L','i RELATIVE CHANGE ItI SURVI VAl. % 

0 . 0  1 8/ 
0 . 0  1 9/ 

0 . 7  1 7/ -1 38/ 
0 . 0  �/ - 1 5/ 
0 . 0  / ·-2 25/ 
0 . 0  a� :� 1 0/ 
0 . 2  22/ 

0 . 0  1 /  -0 0/ 
0 . 0  0 /  -0 0/ 
0 . 0  0/ -0 0/ 
0 . 0  v -0 0/ 
0 . 0  / -0 0/ 

0 . 0  �/ - 2 1 8/ 
0 . 0  

!� =i 
5/ 

0 . 0  1 5/ 
0 . 0  8/ 
0 . 0  / - 3 14/ 

0 . 0  6/ -, P/ 
0 . 0  3/ - 0/ 
0 . 0  V - 10/ 
0 . 0  / - 8/ 
0 . 0  3/ - 1 0/ 

0 . 0  8/ -� H� 0 . 0  9/ -
0 . 0  10/ -I f8/ 
0 . 0  8/ - 5/ 
0 . 0  9/ - 7/ 

0 . 3  �� :: 1 1 8/ 
0 . 0  3/ 
0 . 0  V 5/ 
0 . 0  / -I 1� 0 . 1  2/ -

0 . 0  �� :1 1 8/ 
0 . 0  3/ 
0 . 0  3/ - 8/ 
0 . 0  �j :� 3/ 
0 . 0  8/ 

0 . 2  I� H 15/ 
0 . 0  5/ 
0 . 0  1 3/ 
0 . 0  0 /  
0 . 0  8/ 

iff;li;�:r.Wj�;i RELATIVE INCREASE IN SURVIVAL 1 % 1  itr:!� itil i!i!L�r §�L�HXhe�c�5��ivl� Y���H�ks I � CEEDING 0 E PERCENT �;iiii�'i!:: idw! OF �ELAT l Vi SURVFAL INCREASES ��CEE'D I�I� F�VE fERCEIIT �;if.: !r�I[: � :IWi OF �LATIV SURV VAl: DECREASES CEED I� ON� P RCENT ';ni(:�: "l OF R LATIV IURVIVA �ECVEASES E CE ED I G FI E PERCENT 
,il' I " ,r';�'r.;:; , Of T E YEAR 988 , 1 9 9 , 998 AND 2003 

1 4MAR88 . 09 . 4 7 . 2 2 

I 
0 
2 

0 8 8 
� 
0 1 
� 
0 
0 
1 

� 
i 
a 
0 Y 
8 
0 
0 
0 

� 

r/ a 0/ 
3/ 0 n� � 

1 0 /  � 0/ 
8/ 

1 5/ 8 8/ 

8/ 8 
1 �� 0 i� 8 

0/ 0 8� 0 
0 

0/ 8 0/ 

1 0/ 

� 
5/ 

P/ 
0/ 
9/ 

g� 8 
�� 0 

0 
0 

1�� 0 
0 

r/ 8 0/ 
4/ 0 

�� 0 
0 

I� 0 
0 
0 

�� 
� 1 3/ �j 

8� 8 !� 8 

RUN DATE Z l 788 RUN TD1E 

RUN DATE 1 0 3087 RUN TD1E 

STEELHEAD 

I1R I1DR I1RI/HRD FI 1/FI5 FD l /FD5 

-0 ' 1 8 : � H H  �� � 11� � -0 . 
-0 .  o .  
- 0 .  O • 
-0 .  0 . 0  
-O ' i 8 : 8 �� H a� 

� i� i 
-0 . 
- 0 . o . � 0/ 
-0 .  o . i� 2� -0 . O .  

0 ' 1 � . 3  

H H  
30/ I II� i o . : 8  la� O .  8 :  o . y 1�� g� O .  

-o . � 0 . 0  0/ 

-I 8� � �� i 
o . 0 . 0  0/ -
O .  0 . 0  0/ -
o .  8 : 8  0/ 8� 8 0 . 0  0/ -

8 : ! 8 . 0 �� :f 11� I l� i 0 : 8 O .  r -8J 0 . 0  / - 1 / 
0 . 0  / - 8/ 

0 ' 1 8 . 0 I� H 1�� I a� 
� 

O . o .  0 : 8 1�� �� o . 8 : 8 O .  9/ 

8 : ! 8 : 8 
!� H ll� � I� � o .  0 ' 8 -8 : 2  o . 

0 . 0  1 / 0 

8 :1 0 . 0  

H H  zr i li� i 0 ' 8  -8 : 1 / 8 : 0 / 
o . 0 . 0  1 / 

:8 : � 8 : 0 

8 : � 8 : 0  i� H I� I �j 
� �� 

8 : A � : 8 H �� i� � �� i . 0  . 0  8 . 0 0 : 8 • 0 

SOCKEYE 

M R  

:� � l 
-0 . 

8 : 8 
� . o : 8  

:� : I -8 ' - . 

-r � : 8  
0 ' 8 o .  8 . 0 0 : 8  
� : 8  8 : 8  
8 : � 8 :  
0 . 0  

8 : 8 
� : 8 
�J 
:�J 

MD R  

�J 
�J 
�J 
r� : 8 
�J 
8 :� 
8 : 
I] 
8 : 1 � : 
8 : � 
� : 
� � I O • 

MRI/HRO FI 1/FI5 FD l /FD5 

�� :1 18/ � 19� 8 0/ 

r - �� 1 0/ � / - 8 3/ 
/ - 8/ 9/ 1 
8� 8 8� 8 8� 8 
0/ 0 0/ 8 0/ � 0/ 8 0/ 0/ 
0/ 0/ 0 0/ 

U -� 2�� � I� 0 

r - 8 / -� :j 5/ 8 1 �� 8 8/ 

0/ -0 0/ 0 0/ 0 8� :� 0/ 0 0/ 0 
0/ 0 0/ 0 8/ - 8� 8 0/ 8 / - 0/ 

0/ 

I �� 8 8� � 0/ 
0/ � 0/ 
0/ 8� 8� 0 
0/ 0 

�� 8 8� 8 8� 
I 8 0/ 0 0/ 

0/ 0 8j 0 0/ 0 

8� � 8� 0 8� I 0 
0/ 0/ 0 �� 8j 

0/ 0 
0 0/ 0 

8� � 8� 8 8� 
I 0/ 0/ 0 8� 0/ 0 0/ 8 0/ 0 0/ 0/ 

8j � 
8� 8 

i� 
0 
0 

0/ 0/ 8 0 
0/ 0/ 8 0/ 0/ 0 

Aj :1 0/ 8 8� � 0/ 

r - 0/ 5/ 
/ - 8� 8 y� 8 / -



STATISTICSM�P�x�kA��V�p¥��gRS( �� �t¥I�n JSTOCK SURVIVAL Table E . 5-6 

PROGRAM : DSN=PJ I . PF400 . RNR . SAS . REPORTS( FSUMAVG4 1 
FILE . PJI . PF400 .CBS . FISH . PASS . DATA . tlIDCOLFG RUN DATE Z 1 788 RUN TIME 

FILE . ' PJI . PF400 .CBS . F ISH . PASS .DATA .MIDCOLFG RUN DATE 1 1 0287 RUN TIl1E 

'fEARLING SUB'fEARLING STEELHEAD SOCKE'fE 

POOL 'fEAR MR MDR MRI/MRD FI l/fI5 FD l/FD5 MR I1DR MRI/MRD f I 1/FIS fD1/fDS MR MDR HRI/MRD FI 1/FI5 FD1/FD5 MR MDR MRI/MRD FI1/qs FD 1/fDS 

WELLS 1 988 0 . 1  0 . 0  4/ - 3  1 3/ 0 1 3/ 0 3 . 0  2 . 2  24/ -8 63/ 18 5/ � o 'f 0 ' 8 i� =1 21� I Ii � 8 : 1 8 : ' i� �I P/ � I� 
0 1 993 0 . 0  0 . 0  2/ -2  �� 0 5/ 0 0 . 5  0 . 0  r -2  25/ � 1 �� 

o . 8 : 0  0/ 0 1 998 0 . 0  0 . 0  3/ -4 0 8/ 0 0 . 5  0 . 3  / -! 33/ 0 -0 . 8/ 0 0 2003 -0 . 1  0 . 0  �� =: �  3/ 0 8/ 0 O
' I O .S �� =: 25/ 0 8/ � O .  8 . 0 V - 8 :  8 :  l�j � 8 AVG4 0 . 0  0 . 0  6/ 0 8/ 0 1 .  0 . 8  36/ 5 8/ O .  . 0  / - 3/ 

RRECH 1 988 -O · S 0 . 0  5/- 1 1  33/ 0 15/ 8 A · 5 0 . 4  1 7/ -1 38/ 10  0/ 8 -8 : �  ti H H  1i� � i� � �J � : 8 
0/ 0 0/ 0 0/ 8 993 O . 0 . 0  3/ - 3  8/ 0 8/ 0 . 9  0 . 0  1 /  - 20/ � 0/ 8� 8 0/ 0 0/ 998 O ' A 0 . 0  6/ - 3  1 0/ 3 1 3/ 0 0 . 8  0 . 0  5/ - 28/ 0/ 8 -8 : y . 0  0/ 8 0/ 2003 O .  0 . 0  2/ - 3  8/ 0 8/ 0 o . � 0 . 3  5/ - !8/ � I� �� : 8  0/ 0 0/ 8j 8 AVG4 -0 . 0  0 . 0  4/ -5 14/ 1 1 1/ 2 O .  0 . 2  1 0/ - 1 6/ O .  0/ 0 0/ 

RISL r88 -0 . 4  0 . 0  3/- 10  10/ 0 1 3/ 8 2 . � 1 . 4 1!� =1 63/ 1 0  3/ 0 A : I � � � l� =1 li� � I� � tI i j J 1� �I 33/ � �� 0 993 -0
' 1 0 . 0  1/ -3  3/ 0 8/ 0 O .  0 . 0  25/ � 5/ 8 5/ 0 998 O .  0 . 0  2/ - 1  3/ 0 3/ 0 o . � o .

! 25/ �j O .  8/ 0 i� 0 2003 -0 . 0 . 0  1 /  -2 0/ 0 10/ 0 O .  O .  4/ - 1 0/ 0 8 o .  r - 0/ � 8 AVG4 - 0 .  0 . 0  2/ -4 4/ 0 8/ 2 1 .  0 . 4  8/ -2  31/ 3 5/ 0 . 4  O .  / - 1 / 1 1/ 
LWG l��� 0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 0 ' 6 0 . 2  A/ -0 3/ 0 0/ 8 0 ' 8 8 . 0 0/ -I 8� 

� �� I � : A 0 ' 8 r -0 0/ 8 8j 8 0 . 0  0 . 0  0/ ··0 0/ 0 0/ 0 O .  0 . 0  / -0 0/ 0 0/ O .  . 0  0/ 8 : 8 / -� 0/ 99� 0 . 0  0 . 0  0/ 0 0/ 0 0/ 0 0 . 0  0 . 0  0/ -0 0/ 0 0/ 8 0 · 8 0 . 0  8� - 0/ / - 8� g 8� 8 00 -0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 o . � 0 . 0  0/ -0 0/ 0 0/ -0 . 0 ' 8 0/ 0 : 8  0/ -
I'l AVG4 0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 O .  0 . 0  1 /  -0 1/ 0 0/ 0 0 . 0  O . 0/ - 0/ 0/ 0 . 0  0/ - 0/ 0 0/ 0 
;.;, LHtI U�� -8 : 1 8 : 8  f� :1 1�� a 1 3/ a o . � 8 . 3  �j =1 ��j ! ij 8 0 ' 1 8 : 8  1� �I �� � I� I �J I j � 8� 8 8� 0 8� 8 0/ O .  . 0  -0 .  0 I 1 998 O .  0 . 0  2/ - �� 0 3/ 0 o .! 0 . 0  r - 8/ �� 0 O .  . 0  �� 8� 8� 8 0/ 8 � 

i003 -0 . 0 . 0  1 /  - 0 1 0/ 0 O .  0 . 0  / - 15/ 8 -0 . 0 ' 8 0 0/ VG4 -0 . 0 . 0  3/ -3 8/ 1 6/ 1 O .  0 . 1 / - 6/ 3 4/ O . O .  u - 0/ 0 0/ 0 0/ 0 
MCN r88 -o . � 8 . 0 �� =( 25/ 0 25/ 5 o . ! 8 : � �j =1 il� 8 �� 8 8 : i 8 : � Ii H 11� � 11� I 8 : � IJ 8� 8 8� 8 8� 8 993 O .  . 0  1 0/ 0 0/ 0 O .  998 0 . 0  0 . 0  3/ -5 8/ 0 1 0/ 0 O .  0 . 1  r - 3/ 8 O .  o . O .  0/ 0/ 0 8� 8 OM -o . �  0 . 0  1/  -� 0/ 0 1 0/ 0 o . o . ! / - � �� -0 .  O .  1 / 8 : 0 : 8  0/ 8 0/ 0 

AV -0 .  0 . 0  3/ - 1 1/ 0 1 1/ 1 O .  O .  / - 1 1/ 0 O .  O .  / 0/ 0/ 0 0/ 
JDA'f r88 A : i 8 . 4  8/ -7 48/ 10  5/ 3 o . � o . � 9/ -i 25/ � I� 8 8 :1 8 : g i� H I'� � 8j I 8 :0 

i J 
8� � 8� 0 0/ 8 99j . 0  7/ - P/ � 0/ 0 O .  O .  23/ 8 0/ 99 O .  0 . 1 6/ -5 0/ 8/ 0 O .  0 . 0  �� =1 25/ 0 O .  y� 8J 0/ 0/ 0/ 0 

2eO -0 . 0  0 . 0  2/ -� 5/ 0 8/ 0 O ' i 0 ' 1 r - P/ � �� 0 o . 8 : 8  8� 0/ 0 0/ 8 A G4 0 . 5  0 . 1  6/ - 1 9/ 4 5/ 1 O .  O .  / - 1/ 0 O .  1 / . 0  0/ 0 0/ 
DALS f88 � : 1 8 : a  r -9  30/ 20 3/ 3 0 . 9  0 . 8  H H  33/ 0 6� 8 o . � 

rg i� �I f�� I i� I 8 : 1 IJ 0/ 8 0/ 8 8� 0 991 / - 1  1 3/ 3 0/ 0 o · t 0 . 0  3/ 8 0 ,  0/ 0/ 0 99 0 . 0  7/ -� 1 8/ 3 8/ 3 O .  0 . 2  8/ �� 0 0 . 2  
1�� 0/ 8 0/ 0 8� 8 00 -o . � o . ? �/ - 8/ 2 1 3/ 0 O .  0 . 0  0/ 0 8 8 j  : � 8 :  : 8  0/ 8� 8 VG4 O .  O .  / - 1 7/ 6/ 1 O . 0 . 2  1 1/ 0 0/ 

BONN 

p�� 
O . � O ' A U -2 1 3/ 0 3/ 0 0

' 1 0 . 2  3/ -4 25/ 0 3/ 8 � � i �j H �i 11� I Ii I 8 : � � : 8 
0/ 8 8� 0 0/ 0 

O .  o . V -0 3/ 0 0/ 0 O .  0 . 0  r =� 3/ 0 0/ 8� 0 0/ 8 998 O .  0 . 0  / -2 3/ 0 3/ 0 O .  0 . 0  5/ 0 5/ 0 0/ 0 0/ 
OO� -0 . 0  0 . 0  0/ - I �� 0 0/ 0 -0 .  0 . 0  / -� 0/ 8 3/ 8 : 8  8 :  : 8  0/ 8 0/ 0 8� 8 AVG . 0 . 1 0 . 0  1/  - 0 1 /  0 O .  0 . 0  / - 8/ 3/ O .  0/ 0/ 0 

S'fS r88 8 : S  0 . 2  l� =f 
1 3/ 0 1 0/ 0 0

' 1 o . � 3/ -2 3 3/ 0 �� 8 � : A 8 : � 
Aj :� 8� 

i �� i IJ I i ' H H  
5/ 0 0/ 0 99� 0 . 0  3/ 8 0/ 0 O .  8 :  1 g �f 8/ 0 gj 0 �� 8 89 0

' 8 0 . 0  A/ - 3/ 3/ 8 O .  8/ 8 3/ 8 - : 8  0/ - 8� 8 -0 .  0 . 0  / - 0/ 0 0/ o .  o . ! 3/ 0/ 8 :  8/ - �� 8 AVg� 0 . 1  0 . 0  1 /  - 1  4/ 0 3/ 0 O .  O .  1 3/ 0 U 0 . 1 / -0 0 
LEGEND HR i��f,ii� i[�P'i' IHE RELATIVE CHANGES IN SURVI�AL ( % )  

WM i r,n:i; ,lJ! R LATIVE CHANGE I� SURVIVAL ( %  !���iifm:�i'r� �E�ATIV� I1ICREAS . In SURVIVA� 1 (. 1  i ".,\,,�,.,!!";J , E ATIV DECREASE I SURVIVA /. 

!p �01<1 OF RfLAm, '"""At we",,,,, f�"ro"'G 0"' 'W"" .'i .'iii'lt'm�� : ' OF RELATIVE SURVIVA INCREASES E CEEDING FIVE RCEIIT 

A g! " i ii"ir':if,: · '  OF �E�ATIV� SURVIVAL DECREASES �XCEEDIIlG ON� PERCEIIT . " i!' iknr OF E ATIV SURVIVAL DECREASES XCEEDING FI  E PERCEIIT i\.'I/��tli;i , OF THE 'fEAR 1 988 , 1 993 ) 1 998 AND Z003 . 
DATE RUN:: 14HAR88 . 09 . 4 9 . 44 
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STATISTICS
M
���xfRkA�§V�p���RS, �� �tfI�n JSTOCK SURVIVAL Table E . S - 7  

PROGRAM ; DSN;PJ I . PF400 . RNR . SAS . REPORTS I FSUNAVG4 ) 
FILE .  PJI . PF400 . r�S . F ISH . PASS . DATA .NIDCOLFG 

FIJ.i:! PJI . Pf400 . CBS . F ISH . PASS . DATA . NIDCOLFG 

YEARLING SUB'fEARLING 
POOL 'tEAR I1R NOR NRI/MRD F I I /FI5 FD I /FD5 HR NOR HRI/MRD FI I/FI5 FDI/FD5 

f'lEL.lS 
1
988 
993 
998 
003 

AVG4 
IlRfCH I ��I 

�9
9 

00 
AVG4 

rnSl 
r

a8 
993 
998 

2003 
AVG4 

LHG p�� 
99� 00 

AVG4 
LHM l��� 99

1 00 
AVG 

IiCN r8
1 99 

99 
'5g� 

..lOA'f l�� 998 
OO� 
VG 

DALS 
r

S8 

9

9� 99 
i6a 

BONN f88 ��� 003 
VG4 

51'S r8� 99 g8� 
VG4 

I.EGEND 

� 
R� 
RD Il 85 

A G4 
OATE RUN'" 

0 . 0  0 . 0  oi/ -3 1 0/ 0 1 3/ 0 3 . 4  2 . 3  24/ -5 �O/ 25 -0 . 2 0 . 0  3/ -� 3/ 0 15/ 0 o . � 0 . 0  �� ::� 8/ 0 
-0 . 0  0 . 0  3/ - 5/ 0 8/ 0 O .  o . � 35/ 0 
-0 . 0  0 . 0  2/ - 2  3/ 0 5i 0 o . � O .  4/ - 25/ 2 -0 . 1  0 . 0  3/ -3 5/ 0 1 0/ 0 1 .  0 . 8  9/ -4 39/ 
-0 .  � 0 . 0  4/- 1 1  30/ 0 H� � 0 . 8  O

' } F/ -I 30/ 8 -0 .  0 . 0  1 / - 1 2  0/ 0 0 . 7  o . 1/ - 20/ 5 
0 . 1  0 . 0 6/ - 3  1 0/ 3 1 3/ 0 0 .8 8 :  5/ 

-
25/ � 0 . 0  0 . 0  2/ - 3  8/ 0 5/ 0 0 . 4  5/ - 18/ -0 . 2  0 . 0  3/ - 7  1 2/ I 1 2/ 3 0 . 7  O .  1 0/ - 23/ 

-0 . 5  0 . 0  3/- 1 0  8/ 0 
P

/ � 2 . � A : �  I!� =1 60/ 1 0  -O ' y  O .  -0 . 0  
-0 . 2  
-0 . 0  
-0 . 0  
-8 : 8  
-0 . 0  
-0 t --0 :  
O .  -0 . -0 . 

-0 . 0  -O · A o . 
:8 : i  

A : � O .  
-0 . 0  
0 . 4  

A :l O .  ,,0 .  o . 
o . � o . 0 . 0 

-8
. 0  ' . 1  

0 ' 1 -0 . 0 . 0  
-0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  O ' A O .  
0 . 0  
0 . 0  
0 . 0  
0 . 9  
0 . 0  
0 . 1  
0 . 0  
0 . 3  
0 ' 3 O .  
0 . 0  
0 . 0  
0 . 1  
O ' A O .  
0 . 0  
0 . 0  
0 . 0  
o . � O .  
0 . 0  
0 . 0  
0 . 0  

2/- 1
1 2/ -

1/ - 2  
2/ -6 
0/ -0 
0/ - 1  
0/ 0 
0/ -0 
0/ -0 t� =i 
1/ -� 
3/ -
4/ -� 
8/ -
3/ -5 .V -5 
/ -6 

8/-1 3  
5/ - 3  
6 /  -5 
2/ -5 
5/ -6 
9/- 15  
5/  -6  
7/  -9  
2/ -� 
6/ -
2/ - 3  
1/ -0  
1/  - 2  
0/ -� 
1 / -

f� =f 1 /  -
y/ -/ -

5/ 0 5/ O .  
3/ a 3/ 0 0 . 6  
0/ a 8/ 0 0 . 3  
4/ 0 9/ 3 1 . 0 
0/ 0 0/ 0 8 : � 0/ 0 0/ 0 
0/ 0 0/ 0 0 . 0  
0/ 0 0/ 0 0 . 0  
0/ a 0/ 0 0 . 1  

1 5/ � P
/ a 8 : 1 3/ 5/ 

�j a 3/ 0 8 :  0 8/ Y 8/ 1 9/ O .  
28/ 0 23/ g 0 . 6  
5/ � 8/ 0 . 2 
8/ 1 0/ 0 o . ! 0/ a 8/ a o . 

1 0/ 1 1 2/ 3 O . 
50/ 1 3  5/ 3 O

'
i 

10/ � 8/ 0 O .  
1 0/ 10/ a o . 5/ 0 8/ 0 o .� 1 9/ 4 8/ 1 O .  

30/ 18  3/ i A : � 1 0/ 3 5/ 
18/ 3 8/ O . 
I �j 2 1 3/ � o . � 7/ O .  
1 3/ a 3/ 0 8 : 6  0/ 0 0/ 0 
3/ a 3/ 0 0 . 1  
0/ 0 0/ a -o . y 4/ 0 1/ 0 O .  

1 3/ 0 1 0/ 0 0
' 1 0/ 0 5/ 0 O .  

3/ 0 3/ 0 o . 0/ 0 0/ a o .  
4/ a 4/ 0 O .  

�EA� OF TH� RELAtI
X
E CHANGES I N  SURy�VAL ( X )  

ED All REL TIVE H NGE I SURVIVAL . )  nA�IH� RElATIV� INCREASE IN SURVIVAL I � I A IH RELATIV DECREASE 1 SURVIVAL ' .  

28/ o . � l5/ 
O .  / -� 0/ 0 . 4  8/ - 31/ 
o . � O .  A� ::8 a� 
0 . 0  0/ -8 0/ 
0 . 0  0/ - 0/ 0 . 0  1 /  -0 1/  
o ' A �� :i �O/ 
O .  3/ 0 ' 8 r - 8/ 
O .  / -2 

1
8/ 

0 . 0  / -3 7/ 
0 . 6  t� =1 

�O/ 
0 . 0  �� 0 '

1 8 :  �� ::! 1�� 
0 . 0  9/ -l 20/ 
0 . 0  

�
/ - 2�/ 

O '
A 

/ - 2 / o . 9� ::i �5/ 
O .  0/ 
0 . 8  5/ -1 33/ 
0 . 0  r - 5/ o . � / - 1 0/ 
8 :  2� ::� 0/ 

1 2/ 
o . � 3/ -5 28/ 
O .  �� =i 3/ 
0 . 0  5/ o . y 0/ O .  / - 3  9/ 
0 . 5  f� �I 33/ 0 . 0  5/ 
0

'
1 

8/ o . 3/ 
O .  2/ - 1 2/ 

PERCE OF ELATIV SURVIVA INCREASES CEEDIN F VE RC NT PERCENt OF �ElATIV
i 

SURVIVA� INCREASES 
i
�CEEDIN� O�E P

f
�CE� 

�ERCENT O� RELATIV SURVIVAl: DECREASES XCEEDItlG ONE P RCEr.; 
EIlCENT 0 RELATIVE SURVIVt DECREASES XCEEOING FIVE PERC NT 

AVERAGE OF THE 'fEAR 1 988 . 993 . 1 998 AND 2003 
14MAR88 . 09 . 42 . 1 2 

� 
3 

8 
0 
0 
0 

� 
8 3 
a 
8 
1 

i 
� � 
8 
0 
8 
0 
0 

8 
0 
0 
0 

l�� 0 
8 

0/ i 8/ 
10/ � 8/ 
0/ 
5/ 
6/ I 
8/ 8 8/ 

�� 0 
0 0 

0/ 8 0/ 
0/ 0 
0/ 0 
0/ 0 

P
/ I 0/ 5/ 5/ 8/ 1!� � 0 

1�� 
1 / � 
�� y 

I� 0 � 
I� f 
8� I a� 
3/ 

RUN DATE 2 1 788 RUN TIME 

RUN DATE 1 1 0287 RUN TINE 

STl:ELHEAD 
I1R NOR I1RI/MRD fIl/FI5 fDl/FD5 

8 : � o . � I� �l 2�� I 1�� 1 8 :  -0 . 
8 :  8 : 8  �� 
8 : 6 0 ' 6 H �} 1�� � I� � O .  :&J 0 . 0  8� o . y O . 5/ tl 8 : 6  H H  li� 8 i� f 8 : 8  � o . 
O .  0 . 2  1 / 

-8 : 8 8 : ! 8� :8 !� I �� i 8 . 0 � : �� :& - . 0  
0 . 0  0/ 

-8 : 1 8 : 8  I� �! I li� I � O .  8 : � � -8 : O .  / 
0

' 1 � : � I� H 1!� 1 11� I -8 : 
:8 :  8 : 8 
o
. ! 8 :� I� H IJ� I Ii I O .  

O .  O .  

8 :  8 :  1 / 

t f � : J H �I i5� I I� J J� 8 :  � : l 8 : � f� �j ll� I i� I O .  

8 : Y  8 : Y  

iJ � .
o !� =A i� i I� i . 0  

0 :8 / -� 8� : 

SOCKEYE 

I1R I1DR I1RI/MRO FIl/Fl5 fDI/FD5 
o . ! �J i� �i !3/ � J� J 8 :  0/ 

8/ 
8 :  8 : 8 li� Y 

�
: 8 � : � �� � �� � 0/ 8 8� : & 8 8 :  0/ 8 0/ 0/ 0 0/ 0/ 0 8 : 1 � : 6 Ig� ::1 f2� � I� f . 0  r - 8/ 0 

8 :  0 : Y  
/ - 0/ Y / - 1 2/ 

I � � � � I A� 
:1 

8� 8 �� 8 
8/ - 8� 8 8 / -

. 0  O .  0/ - 0/ 0/ 0 

IJ IJ 8� I 8� 8 8� 8 
8� �� 8 8� � 0/ 0 0/ 

8 :
1 [I 8� � I� I 8� � � : 0/ 8� 8� 8 8 

IJ IJ 8� i 8� � �� � 0/ 0/ 
8� 0/ 0/ 

0/ 0 0/ 0 

IJ IJ �� � �� � 8� 8 
0/ 0 0/ 8 8� 8 8� 8 0/ 

I � � tl �� � �� 0 8� 8 � 0/ 0 0/ 8� 0/ 8 . 0  0/ 0/ 

l i f iJ H �J I� � 6� 8 i� 8 8 . 0  



STATISTICSMk��xfRkA��VRpr���RS( AM �t¥I5n ISTOCK SURVIVAL 
Ta b l e  E . 5-8 

PROGRAM ; DSN=PJ I . PF400 . RNR .SAS . REPORTS ( FSUMAVG4 1 
FILE . PJI . PF400 . CBS . F ISH . PASS . DATA . MIDCOLFG RUN DATE £ ]788 Rim TIl1E 

F ILE . PJI . PF400 .CBS . F ISH . PASS .DATA .MIDCOLFG RUN DATE 103087 RUN TIME 

YEARL ING SUB'fEARLING STEELHEAD SOCKf'tE 

POOL 'fEAR MR tIDR MRI/MRD FI l/FI5 FDl/FD5 MR tIDR MRI/MRD FI l/FI5 FDl/FD5 I1R I1DR MRI/MRO FIl/FI5 fDl/FD5 I1R I1DR MRI/MRD FIJ/FI5 FDJ/I:1l5 

WELLS r88 -0 ' 1 0 . 0  2/ -3 8/ a 8/ a 3 . 0  2 . 0  24/ -� 58/ I g  �j a 8 : 1 8 : 8  H H  !� 

i 
5/ 

i � � � 1 : 8 I� H 
2g� � i� 

a 
993 O .  0 . 0  2/ -! 5/ a 3/ a 0 . 8  0 . 0  1/ - 25/ 0/ a 
998 -0 . 0  0 . 0  2/ - 5/ a 8/ a 0 . 6  0 . 3  / -� 33/ 2 10/ a -0 . �J �� �� : 8  8/ 8 003 0 . 2  0 . 0  4/ -2 1 0/ a 5/ a o . � 0 . 3  4/ - �O/ 3/ � -8 :  8/ 8 AVG4 0 . 1  0 . 0  3/ -2 7/ a 6/ a 1 .  0 . 7  1 0/ -5 4/ 8/ O .  , 0  1 0/ 0 

RRECH l��� O ' j 0 . 3  �/ -3 30/ a 8/ a 1 . 1 0 . 0  1 7/ -� P/ � 8/ 8 0 . 0 o . � B H  �� i i� � r 8 
�J 

8� 8 0/ 0 01 0 O .  0 . 0  / - 3 8/ a 5/ a o .  0 . 0  7/ - 5/ 0/ o ' A �J 0/ a 0/ 0 
998 J O .  0 . 0  6/ -3 10/ 3 1 3/ a 0 . 7  O ' A 5/ - 25/ � !� a o .  : 8 0/ a 0/ a 0/ 8 003 1 . 1  0 . 1  1 6/ -3  18/ 5 3/ a 0 '1 o .  5/ - 18/ a -o ' A 8 0/ 8 8� a 0/ 

AVG4 0 . 5  0 . 1  8/ -3  1 6/ 2 7/ a O .  0 . 0  9/ - 20/ a O .  0/ 0 0/ 
RISL r88 0 . 2  0 . 0  3/ -3 1 0/ a 5/ a 2 . ! A · 3 1 7/ -1 55/ 1 0  3/ a 8 : �  o ·a H �I 19� i i� i 8 :1 � : 8 r -5 28/ a 5/ � 998 -0 . 0  0 . 0  2/ -3 �� 

a �j a o . . 0  �/ - 2i/ � �� 
a 8 : 0  / -� 

g� � 
0/ 

99 0 . 1  0 . 0  2/ - 1  a a o .  0 . 0  / - 2 / a / - 3/ 
2003 0 . 9  0 . 0  14/ - 2  1 3/ I �j a 0 . 3  0 '4 4/ -� !O/ 5/ 8 o . � 8 : Y  )9� 8 :  : Y  �� : 1�� 1 0/ 8 AVG4 0 . 3  0 . 0  5/ -2 8/ a 0 . 9 o .  8/ - 8/ 4/ O .  4/ 

LWG r88 0 . 0  0 . 0  1 /  -0 0/ a 0/ a 0 . 1  O ' A 1/ -0 3/ a 0/ � 0 ' 8 0 . 0  8� -8 �� i 
0/ 

� � � � � : 8 
0/ -0 8� 

a 0/ 0 
993 0 . 0 0 . 0  0/ -0 0/ a 0/ a 0 . 0  o .  0/ -0 0/ 8 0/ O .  8 . 0 8� 8� :A � 8� 8 998 0 . 0  0 . 0  0/ a 0/ a 0/ a 0 . 0  0 . 0  1 /  -0 0/ 0/ 0 . 0  0 : 8  0/ 003 0 . 0  0 . 0  V -0 0/ a 0/ a 0 . 0  0 . 0  0/ -0 0/ a 0/ 8 8 . 0 8j :8 0/ : 8  0/ 0/ a 

AVG4 0 . 0  0 . 0  / -0 0/ a 0/ a 0 . 1  0 . 0  1 /  -0 1/  a 0/ . 0  0 . 0  0/ O .  0/ -0 0/ 0/ a 
fTl 

LWI1 l��� 0 . 0  �/ - 1  1 5/ a 5/ a 0 ' 1 0 . 0  6/ -3  15/ � l�j a 8 : 1 0 ' 8 l� H li� i i� i 8 : 8 iJ 
0/ 8 o ' I 0/ 8 0/ 8 <Jl O .  0 . 0  / - 1  8/ a 0/ a o .  0 . 0  6/ -� 5/ 8 0/ 0/ 0/ 

I 99l a .! 0 . 0  1 /  -� 8/ a 3/ a o .  0 . 0  2/ - 8/ 1 / 8 :  8 : 0 0/ a 0/ 8 0/ 8 LD 00 O .  0 . 0  5/ - P/ 3 3/ a O .  0 . 0  £/ - 15/ a 1� 8 . 0  1 / 0 . 0  0/ a 0/ 0/ AVG 0 . 2  0 . 0  3/ -1 1/ 1 3/ a 0 . 3  0 . 0  / - 3/ 2 O .  0 . 0  / 0 . 0  0/ a 0/ 0 0/ a 

MCN r88 o . � O ' A 9/ -7 25/ � 1 8/ 5 o . � 8 . 2  6/ 
-I iO/ 8 5/ 8 8 : 1 8 : A  

I� H ll� � I� 
8 8 : i f 8 8� 8 0/ 8 0/ 8 993 O .  O .  9/ - 1  8/ 0/ a O .  . 0  2/ - 5/ 0/ 0/ 0/ 99� 0 . 2  0 . 0  9/ -5 8/ 3 8/ a 0 . 1  0 . 2  1/ - 1  3/ i� a o . 0 ' 8 8 o . . 0  8 0/ 8 0/ 8 00 0 . 4  0 . 0  9/ -6 1 3/ 8 1 3/ 3 a . ! 0 . 0  2/ - I  5/ Y a o .  o . 1 / 8 : : 8  0/ 0/ 0/ 

AVG4 0 . 3  0 . 0  9/ -5 1 3/ 4 9/ 2 O .  0 . 1  3/ - 1 1/ a O .  0 . 0  9/ 0/ a 0/ 0 0/ a 

JDA't r88 1 .£ 0 . 4  8/ -9 35/ 8 5/ 3 0 . 4  0 . 0  9/ - I  18/ 5 1 �� 8 8 : 1 8 :� H H  I,� i i� i 8 : 8 r o 8� a 0/ a 0/ 

� 
998 o . 0 . 0  5/ -1 1 5/ � 0/ a 0 . 4  0 . 0  4/ - 18/ . 0  a 0/ a 0/ 
99 0 . 3  0 . 1  7/ - 10/ 8/ a o . � 0 . 0  �/ - iO/ a 1 0/ a O .  o .  8 : 8 : 8  0/ 8 0/ g 0/ 003 -0 . 0  0 . 0  7/ -5 8/ l,j Y o .  0 . 0  / -3 5/ 

� 
8/ a o . O .  0/ 0/ 0/ AVG4 0 . 5  0 . 1  7/ -5 1 7/ 4 0 . 4  0 . 0  6/ - 2  18/ 8/ a O .  0 . 0  1 / Z/ 0 . 0  . 0  0/ a 0/ 0/ 

DALS I ��� A : �  0 ' 6 9/ -r 
j�� 

18 3/ 3 8 : �  0 . 6  5/ -I 35/ a 5/ 8 0 . ( 8 : S  
i� H 

M� 

I i� � 
8 : 8  1 : 8 0/ a 0/ 8 0/ 8 O .  4/ - 0/ a 0 . 0  2/ - 5/ a 0/ o . 0/ a 0/ 0/ 

998 0 . 4  0 . 0  7/ -9 18/ ! 5/ 3 0 . 2  0 . 2  V - 8/ a 0/ a 8 :  0 ' 8 1!� 0 ' 8 . 0  8� 8 0/ 8 0/ 8 2003 -0 . 0  0 . 0  5/ -4 1 3/ 15/ a 0 . 0  0 . 0  / -r 
0/ a 

�� 
a 8 :  o .  

: 8 
0/ 0/ AVG4 0 . 5  0 . 1  6/ -6 18/ 6/ 1 0 . 3  0 . 2  2/ - 1 2/ a a o . O .  0/ 0 0/ 0 0/ 

BONN r8e 0 . 2  0 . 1  2/ -2 1 3/ a 3/ a 8 . 5  0 . 1 3/ -4 20/ 8 3/ a O ' f O ' g I� �, li� I i� � 8 : 1 1 . 0 gj 
� 

0/ 8 0/ 8 993 0 ' 1 0 . 0  1 /  -0 0/ a 0/ a 0 :  1 0 . 0  2/ -0 3/ 0/ a 8 :  8 :  . 0  0/ 0/ 998 O .  0 . 0 1/ - 2  3/ a 3/ a 0 . 0  2/ - r 5/ �� a o . . 0  0/ 0/ 8 0/ 0 200� 0 . 0  0 . 0  1 /  - 1  0/ a 0/ a 0 . 0  0 . 0  2/ - 3/ 8 8 - o . y 8 : 8  o .  . 0  0/ 8� 
0/ 0 AVG 0 . 1 0 . 0  1 /  - 1  4/ a 1/  a 0 . 2  0 . 0  2/ -2  8/ O .  0 O .  . 0  0/ a 0/ a 

S'tS r88 0 ' 1 0 . 1  2/ -2 1 3/ a 3/ a 0 . 5  0 . 4  3/ -� 25/ 8 5/ 0 o . � O ' A H �i i� 8 �� I 
o . � iJ F =� 

0/ 0 0/ 

� 993 O .  0 . 0  1 /  - I 3/ a 0/ a 0 . 2  0 . 0  V - 8/ 0/ a 8 :  �J 8 :  0/ 8 0/ . 
99� O .  0 . 0  1 /  - 5/ a 3/ a 0 . 2  0 . 2  / - 8/ a 3/ a 0/ 3/ 

iOO O .  0 . 0  3/ -I 1 0/ a 0/ a a . ! 0 . 0  1 /  - ) 
l r� 8 �� 8 8 :  8 8j 8 :  / -Y 8� 8 0/ VG4 O .  0 . 0  2/ - 8/ a 1/  a o . 0 . 1 2/ - / - 1/ a 

LEGEND rulR 

1M r.i!En,,�(:jH��r OF- RELAtIVE- SURVIVAL INCREASES EXCEEDING ONE PERCENT j! �U�[:!Ui/1r OF REl:ATIVE SURVIVAL IIICREASES rCEED IflG F IVE PERCENT 
"!�!�;[iHij1' OF RE ATIVE SURVIVAL DECREASES XCEEDI IG ONE PERCENT 

A &4 
�'![ii;:'r.::iHir:t OF RELATIVE SURVIVAL DECREASES XCEEPING FIVE PERCENT . 

DATE RUN= 14I1AR88 . 09 . 46 . 33 
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STATISTICS �OR�ELATgVE C��GRS IN �t¥I�n STOCK SURVIVAL Tab l e  E . 5- 9  
M RD til< V I1PF 11 I NO ) 

PROGRAM � DSN;PJ I . PF400 . RNR . SAS . REPORTSI FSUI1AVG3 ) 
FILE . PJI . PF400 .CBS . FISH . PASS .DATA . I1IDCOlFG 
F ILE . PJI . PF400 . CBS . F ISH . PASS . DATA .MIDCOLFG 

'fEARLING SUB'fEARLING 
POOL 'fEAR MR I1DR MRIIMRD FI l/FI5 FD l/FD5 I1R I1DR MRIIMRD F l l /FI5 FDI/FD5 

WELLS 1 988 
993 
998 
003 

AVG3 
RP.£CH 1 988 

99i 99 
200 
AVG3 

IUSL r8� 99.  998 003 
AVG3 

UIG 
l ��� 
99� �oo 

AVG3 
l.HI'I Ull AVG 
I1CN r�

� 
991 00 
VG 

.JDA·f U1I 
OALS ! 9B� uz� 

AVG 
BONN 

p
�� 

998 003 
AVG3 

S'fS Inl OO� AVG 
l.EGEND �b 

p� Bl 
AVG3 . 

-DATE RUN'" 

-0 . 0  0 . 0  21 - 1 31 a 31 a o . � =� . 7 -0 . 2  21 -� 3/ a 28/ a -0 . -o j -0 . 2  0/ - 0/ a 331 5 = 1 . � 0 . 0  5/ -� 8/ a 30/ a - 1 : 0  -0 . 7  -0 . 2  21 - 31 a 301 2 
a . ! 0 . 0  r - 3 5/ a 3/ a -0 . 3  

-0 . 0 . 0  �j-i� 5/ a 281 3 -0 . 8  
-0 . 8  0 . 0  5/ a 331 3 -0 . 8 
0 . 5  0 . 0  I / -5 1 0/ 5 201 a -0 . 6  

-0 . 3  0 . 0  7/ -8 7/ 2 271 2 -0 . 8  
o . � 0 . 0  �j =! g� a 0/ a a . ! -0 . 0 . 0  a 25/ 3 -0 . -o . � 0 . 0  2I- l i  3/ a tOt a -0 . 
O .  0 . 0  1 5/ - 1 0/ 5 3/ -0 . --a .  0 . 0  7/ -6 6/ 2 1 9/ 2 -0 . 4  

-0 . 0  0 . 0  0/ -� 01 a 01 a 0 . 0  -0 . 0  0 . 0  01 - 01 a 0/ a -o . � -0 . 0  0 . 0  01 -0 0/ a 0/ a -0 . 0 . 0 0 . 0  0/ -0 0/ a 0/ a -0 . 
-0 . 0  0 . 0  01 -0 0/ a 0/ a -0 . 2  -o ' A 0 . 0  01 -! 0/ 

8 
0/ 

8 :� : t -0 .  -o · A r - 0/ f31 -0 . 5  o .  / - 31 a 51 0 - 1 : 0  0 . 0  0 . 0  / -2 1 01 5 8/ a -0 . 4  -0 . 0  3/ -3  4/ 2 251 a - 1 . 1 
0 . 0  0 ' 8 

61 -6 �� 3 d� ! o . � -0
' 1 O .  8/ -6 � -0 . 

-0 . 0 . 0  9/ -1 5/ 8/ a -0 ' 1 o . 0 . 0  9/ - 1 0/ 5 8/ 
� 

-0 . 
-0 . 0 . 0  91 -5 61 3 1 31 -0 . 3  
0 '1 0 . 0  141 -� �� 3 01 a -0 . 0  -0 . 0 . 0  51 - 3 jO/ 5 - 1 .  a 

-0 . 0 . 0  7/ -3  8/ 3 5/ a -o . � -0 . 0 . 0  6/ -5 5/ � 23/ a -0 .  -0 . 0 . 0  6/ -5 5/ 23/ 2 -0 . 8  
0 ' 1 

0 . 0  1 41 -l �� 3 0/ a 0 ' 1 -0 . -0 . 1  4/-1 � 201 5 -0 . 
=8 : � 0 . 0  5/ - 51 51 -0 . 0 . 0  �� ::f �� � 1

0/ � -0 . 
-0 . --0 . 0  21 -0 . O ' l 0 . 0  r -0 3/ a 0/ a o . � -0 .  0 . 0  / -2 0/ a 3/ a -0 . -0 . 0 . 0  / - I 3/ a 0/ a -o . � -0 ' 1 

0 . 0  / - 0/ a 3/ a -0 . -0 . 0 . 0  I - 1  1 /  a 21 0 - 0 .  
o ' l 0 . 0  V -0 !� a 01 a 0

' 1 -0 . 0 . 0  / - 1  a 1 0/ 0 -0 . -0 . 0 . 0  r -2 3/ a i� a - 0 .  
-0 . 0 . 0  / -! 81 0 a -0 . 
-0 . 1  0 . 0  / - 41 0 a -0 . 

ii'!!ii; ;ii.:t�JIF Tki RELApVE CH��GES 11 SURrl;�Al I /, )  ; ;;,.�1"" ,,-; . . . RE TIVE HANGE SURV VAL % 

0 . 0  r =� 81 0 . 0  1 01 o ' f 
I -6 51 -0 . I -6 0/ -0 . I -6 51 

0 . 0  r- 1 O  31 0 . 0  / -9 5/ -0 . 1  I -5 0/ -0 ' 1 I -� 81 -0 . 31 - 41 
0 ' 8 !� =! 81 
O . 1 01 0 . 0  V -3  8/ 0 . 0 I -� 3/ 0 . 0 21 - 71 
0 . 0  

8
1 a 01 0 . 0  / - I 0/ 0 . 0  0/ - 01 0 . 0  0/ - 0/ 0 . 0  01 - 01 

0 . 0  I� =� 5/ 0 . 0  51 0 . 0  / -� 31 0 . 0  I - �� 0 . 0  I -
0 . 0  �� :� 51 -0 ' 1 51 -0 . 01 -2 01 -0 . 2  V -2 �� -0 . 2  I -2 
0 . 0  

�� :� 51 -o . � 51 -0 . 51 -o . � 81 - 51 -0 . 41 - 51 
0 . 0  31 -1 �� 0 . 0  

11 -
-0 . 2  / --o · t 01 - 01 -0 . 21 - 31 
0 . 0  �I -0 31 0 . 0  �� 0 . 0  I� �� -0 . 1  �� -0 . 0  
0 . 0  f� :t 6� -0 . 2  -0 . 2  01 -o . �  �/ -2 0/ -0 . . / -2 01 

f��\i� iHt::�t� R LATIVE IIICREAS IN SIJRVIV l 1 (. 1  ;�i!n�t::i�!;i�tl! ��l�HXtI��c�5��lvIL j���g�ks �XC
H

DING ONE prCE� 'i":!�r,:f.!�rr OF RELATIVE SURV VAL IIICREASES XC DItlG VGE ERC� 
�! ! "(:;!!;!�r.[ OF RElATIV SURVIVAL DEC EASES E CEEDI G P RCE 
, ;U'[::!�; i!!lt OF RElATIV� SURVIVAL OEC�EASES E�CEEDIUG � E ERC NT ,ll;Y�_liK�i;'!L OF THE 'fEARS 1 993 , 1 998 , AND 2003 

14HAR88 , 09 , 54 . 1 0 

� 51 a !�� 1 �  a a ��� ft 2 
a 

��� � 8 01 a a 281 � a 281 
a 2�� 0 a a a �8/ a a 3/ a a 8/ a 
a 01 8 a 01 a 51 0 a 01 0 a 21 a 
0 �I a a � / 10 a 0/ 8 
8 n� 8 

8 

a t�� a a 
8 8 01 

0/ a a 41 0 
a i!� � a a 3/ 
1 8/ 38/ 
a 01 � 0 j i� a a 8 a 
a 0/ � a i� a 
8 a a 

� 01 � l�� 8 81 
1 21 8 

RUN DATE 2 1 788 RUN TII1E 

RUN DATE ZOZ88 RUN TII1E 

STEElHEAD 
I1R I1DR MRIIMRD FIl/FI5 FD I/FD5 

o
'I ti I� �l i� � �i� I =8 : -0 . =8 :  -0 .  

:8 : 1 
8 : � I� �� �� I t�� I 8 : 8 -0 . �� -0 .  o .  

-8 : �  o . � �� :t Ii I II� I -0 . -o . � 8 :  r --0 .  I --0 .  -0 . I - 1 I 

:8 : 8 8 : 8  �� :� ii 1 Ii I -
8
. 0  0 ' 8 -0 : 8 8 : 0  8� -0 

-0
'1 8 . 0 Ii �t lli 1 f�� I -0 .  -0 .  � : 8 o . : 8  -0 . 1 I 

_8
. 0  0

' 1 Ii H J� I l�i I o . -o : a  o .  o . � o . -0 . o . 51 

��j 8 : 1 H H  I� I I!i I -0 . -0 . -0 . 

:8 : 1 
0
' 1 �� :1 Ii � z�� 1 -0 . -0 . :8 :  ::8 : V -

I - 1 I 

-8 : 1 

:8J 8 : 1 o . o . Ii H Ii I �� 1 �� 
:� : I -0 . -0 . 

-�J 
-0 : 8 J� H �� � Ii I 8� 

SOCKE'fE 
I1R I1DR MRIIMRD FIllfI5 FDIIFD5 

�iJ �IJ i� �t �� 8 la� g 01 0 1� 31 0 � 31 0 
o .

� I J �� 8 01 � �� � 8 :  8� 0 
8 :  8� 8 01 8 01 a 01 01 0 

:8 : 1 r 8 H a  i� I �g� � -0 . : J 31 -0 . 31 a -0 .  31 0 

�tI 
-8 : � 01 -� 8� � 8� � �� :� 01 �� J: o 01 01 - 01 0 0 

�J IJ 
8� i 

01 8 �� 0 01 a 
8� 01 � � 8� 01 01 

�] I] 
8� 8 8� � 8� � �� 8 8� �� 8 0 01 0 

! : � IJ Ii � 8� � �� 8 
01 0 

: 8 . a 8� 8 8� 8 . 0  a 

8 : 1 I J 
01 � 01 0 01 � �� 8� 0 8� � 8 :  8 8� 8� 8 01 

I � I IJ �� 8 8� 0 8� 8 � 8 01 01 � 8� 01 01 0 01 01 
:8 :1 �IJ E H  01 8 l�� 0 

31 8 -0 . 01 0 :8 : �� 0 1�� 0 0 0 



STATISTICS �Op. �ELATIVA C��G�S 1M �YSI8n STOCK SURVIVAL 
M ROC MK VS PF tI ( N CT ) Table E . 5- 1 0  

PROGRAM : DSN:PJ I . PF400 . RNR . SAS . REPORTS ( FSVtlAVG 3 1 

FILE . PJ I . PF40 0 . CBS . F ISH . PASS . DATA . M IDCOLFG RUN DATE U 788 RUN TIME 

F ILE . PJI . PF400 . CBS . F ISH . PASS . DATA . MIDCOLFG RUN DATE 1 0 3087 RUN TItlE 

YEARLING SUBYEARL ING STEEUIEAD SOCKEYE 

POOL YEAR I1R tlDR I1RI/tIRD F I l /FI5 FD l /FD5 tlR tlDR HRI/tIRO F I l /FI5 FD l /FDS I1R tlDR tlRI/tIRO F I l /FI5 FD l /FD5 I1R tmR I1RI/tIRO F I l /F IS FDI /FDS 

HELLS r88 -0 . 2  0 . 0  2/ -4 5/ 0 8/ 0 1 . 8 0 . 6  F/ -� r/ 1 0  !O/ 0 -O · t J�i l� a �� i ��� , -8 :1 �tl l� �i 19� � 8/ I 993 -0 . 9  -0 . 2  1 /  - 7  5/ 0 35/ 3 -0 . 2  0 . 0  0/ - 3/ 5 5� I� -0 . i�� 998 -0 . 9  -0 . 2  0/ -5 0/ 0 30/ 3 -0 . 9 - 0 . 3  5/ -8 8/ � -0 . 0/ -0 . 0/ i003 -o . g -o . � 4/ -5 1 0/ 0 38/ 3 - 1 . 3  - 1 . 0  �� =� 
U� �O/ 8 -0 .  �� 5/ =A : �� Y VG3 - 0 .  - 0 .  2/ -6 5/ 0 34/ 3 -0 . 8  -0 . 4  8/ 8 -0 .  -0 . 8/ 30/ 

RRECH 1 988 0 . 3  0 . 0  (./ - 3 1 8/ 0 8/ 0 0 . 5  0 . 0  15/ -� r/ I !O/ S -O '! J: I i� �i �� � l�� � 8 : 8 I J 
0/ � �� 8 8� 8 9 9i -0 . 8  0 . 0  4/- 1 � 8/ 0 25/ 5 0 . 0 0 . 0  0/ - 8/ ��� -0 . 8� 99 d -g j  0 . 0 �/ - 5/ 0 30/ 0 O ' f 0 . 0  1 /  - 5/ 3 -0 . 0/ O . 0/ 00 0 . 0  1 / -� 1 5/ � 20/ 0 - 0 .  -0 . 3  5/ -5 !8/ � 5/ Y - 0 . =8 : �� 0/ Y 8 : 8 0 8� 0 AVG3 -0 . 2  0 . 0  8/ - 9/ 25/ 2 -0 .  - 0 . 1  9/ -5 0/ 28/ -0 . 8/ 0/ 0 /  0 0 

RISL I ��� 0 . 0  0 . 0  3/ -� 8/ 0 8/ 0 A : �  o . g I �� =! r/ � �s� 8 0 ., ��J H �! 3g� I t!� i �� 1 1 
-8 :1 � �i P/ � 2§� � -o . � 0 . 0  3/- 1 8/ 0 30/ 5 O .  5/ -0 . 8� 998 -0 .  0 . 0  2/ - 2  3/ 0 ] 8/ 0 0 ' 1 0 . 0  r - 8/ 0 5/ 0 -0 . I / O .  2 3/ Y 200� O . 0 . 0  14/ -2 1 3/ � 20/ 0 - 0 . - o . � / - 1 3/ � �8/ 8 -g . 2 ,� -0 . 0/ Y �8/ AVG -0 . 2  0 . 0 6/ -5 8/ 23/ 2 -0 . - 0 . / -4 1 8/ 1 /  - . 2  - 0 . 3/ 6/ 

LHG l��� 0 ' 8 0 ' 8 1/ -0 0/ 8 0/ 0 0 ' 1 0 . 0  0/ -1 
0/ 0 0/ 

I _8 . 0 o . � 0/ � 8� � 8� i �tI I J 8� :� 8� I 8� 8 -0 . O . 0/ - 1 0/ 0/ 0 -0 .  0 . 0  0/ - 0/ 8 0/ -g : 8 o . 8� : 99� -0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 -0 . 0 . 0 0/ - 0/ 5/ 8 : 0 

0/ 8� 0/ 0/ 00 0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 - 0 .  0 . 0  1 /  - 0/ 8 �� -0 : 8 8� - 8� 8/ - 0/ 8� 8 AVG3 -0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 - 0 . 0 . 0  0/ - 0/ / - 0/ 
fTl LNJ1 Uli -8 :1 -8 : 1 f� =i 18/ 0 3/ 0 o · t 8 : 8  �� :! 15/ g 10/ i -8 : 1 8 : � I� �f II� I f�� I �J 8 : 8 8� 8 0/ 0 8� � 8/ 0 30/ 0 -0 . 3/ 0/ 0/ 0 Ul :8 : -0 . 3/ 0 2 3/ 0 =? : 0 . 0  r - 3/ 5/ :8 : 8 : 0/ 8 8� 8 0/ I -0 .  5/ - 2 1 0/ � 25/ 0 - O · f � =K 8/ 0 H� I / 

I �� : 8  8 : 8 0/ 0/ AVG -0 .  -0 . 3/ - 3 7/ 26/ 0 - 0 . -0 . 1 1 / 0 8 -0 . O .  7/ 0/ 0/ 0 0/ � 
I1CH Uli -8 : j 0 . 0  8/ -� 28/ � H� I S 0 ' 1 o . g �� :� 1 0/ g t

�� 8 -8 :1 r 8 Ii �i II� I Iii i 1 : 8 I J Ii 8 8� 8 8� � -0 . 2  9/ - 1 5/ -0 . O . 0/ 
O . 0 . 0  9/ -, 8/ � P/ 0 - 0 .  -0 . 2  2/ - 0/ 0/ 8 -0 . : 8 : 8 8 8� 8 8� o .  0 . 0  9/ - 1 0/ 0/ 3 -0 .  - 0 ' 1 v - 8/ 0 l� -8 : 1

6� AVG -0 . 2  -0 . 1  9/ -6 8/ 5 1 6/ 4 -0 .  -0 .  / - 2  9/ 0 . 0 0 0 0/ 0 
JDAY f88 :! : i 0 ' 1 8/ -I 38/ ! 3/ 0 -g :1 0 ' 8 b/ -i 10/ i !O/ I 0 ' 1 -8 :i j� =1 li� i li� 8 8 : 8 ti 8� i 

0/ � 8� � 993 -0 . 5/ - 1  3/ 3�/ 1 0  O . / - 3/ s� -8 : 0/ 998 -0 . 8/ - 8/ 5 2 / 0 -0 .  -o . ?  1 0/ - 5/ o . 8 : 8 0/ 0/ 0/ oo� -0 .  -0 ' 1 6/ -5 5/ 3 30/ 0 - 0 .  -o . � 8/ -6 1 5/ 45/ -0 .  :g : r - l� 8 8 : 8� 0/ 8 0/ AVG -0 .  -0 . 7/ -7 5/ 3 28/ 3 -0 . -0 .  9/ -5 18/ 39/ -0 . / - 1 / . 0  0/ 0/ 0 
DALS U!I - I : �  0 . 2  9/ -0 28/ 5 0/ 0 0 . 6 -8 : 1 f� �i 1 8/ � 0/ 8 O ' i :8 : 1 l� �I 2r i fl� � � : 8 I J 8� 8 8� 8 0/ 8 _8 . 0  5/- 1 6  5/ i8/ 1 0  -o . ! 5/ 5/ :8 : 8� -o . � 9/ - 7  }8/ 5 8/ 3 - 0 .  -0 . 5/ fO/ I / 0/ 0 iOO -0 .  -0 : 1 5/ -6 3/ 3 2 3/ 3 - 0 ' 1 -0 . 0/ 8/ 8 -o . � :g : / : 8 8� 8 8� 0 8� 8 VG -0 .  -0 . 6/- 1 0  2/ 3 23/ 5 -0 .  - 0 . 2  3/ 4/ -0 . / 9/ 0 
BOHH lUj 0 ' 1 0 . 0  I� =� 5/ 0 0/ 0 O 'i O ' A �� :i 20/ 8 0/ � -8 : 1 -t i E H  I� I Il� I 8 : 8 � : 8 8� � 8� 8 0/ � -0 .  0 ' 8 0/ 0 5/ 0 -0 . O . 3/ I �� 0/ -0 .  O . 2/ - 2 3/ 0 3/ 0 -0 .  - 0 . 1 8/ -0 .  8 : 8 

0/ 0/ 0 0/ 
Ooi -0 .  0 . 0  v - ] 0/ 0 3/ 0 - o . � - 0 ' 1 !� =� �� 0 0/ Y - 0 . : 8  0/ 0/ 8 0/ 0 AVG - 0 . 0 . 0  / -2 1 /  0 3/ 0 -0 .  -0 .  0 2/ -0 . -0 . 0  0/ 0/ 0/ 0 

SYS l��� -8 : �  O ' r 2/ - I  8/ 0 0/ 0 0 '1 o . � r :! 18/ 0 5/ 0 o .
! J:i H H  �� I I� I �IJ �IJ �� �i �� 8 I �� 8 -0 .  1 /  -5 3/ 0 1 3/ 3 -0 . - 0 . 5/ 0 fg� � -0 . 

998 -O ' A -0 .  2/ -�  5/ 0 5/ 0 -0 . -0 . / - 2 1 3/ 0 -0 . 0 0 003 -0 .  0 . 0  3/ - 8/ 0 5/ 0 -0 . -0 . 4  / - 2  0/ 8 3/ :8 : 1 -8 : �� 0 0/ 8 AVG3 -0 . 2  -0 . 1  2/ - 3 5/ 0 8/ 1 - 0 .  - 0 . 3  / - 2 6/ 7/ 0 1 /  
LEGEND 

� 
1i'fiif.:;li.�� 'iF THE RELApVE CHANGES IN XU Ryx�AL ( % )  

U 1!'i�:In:�,�N R�LATIVE HAUGE IN SURVIV I. % �,p;'H!:tn·n.i!ll'f; ELATIVE IIlCREASE IN SURVIVAL ( %  I f.H ��tl"'� RELATIVE DECRE ASE IN SURVIVAL ( %  H " 'iFp��;I!( ' ; ' OF RE .ATIVE SURVIVAL NCREASES EXCEEDING ONE P RCEHT i�l!ftl'!:: �'�i ' OF REtATIVE SURVIVAL INCREASES EXCEEDING F IVE �E RCEHT 

A 8l n�tc:nii'!r' OF RELATIVE SURVIVAL gECREASES E�CEEDI Hf� ONE P�ECEHT 
I :'Fri::�: ;'k'1r OF RELAT I VE SURVIVAL ECREASES E CEEDING FIVE · RcEHT JI.'i'!�!FlJlI!]i:: OF THE 'tEARS 1 9 9 3 .  1 9 98 . AND 2 0 0 3  

-DATE RUN;: 1 4MAR88 . 0 9 . 58 . 1 8 
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STATISTICS
M��C�A��VHpf���RS, �M ��I�" ISTOCK SURVIVAL Ta ble E . S- l l  

PROGRAM " DSN=PJI . PF400 . RNR . SAS . REPORTS I FSUl1AVG3 1  
F ILE . PJI . PF400 .CBS . F ISH . PASS .DATA .MIDCOLFG 
F ILE . PJI . PF400 .CBS . F ISH . PASS .DATA .MIDCOLFG 

YEARLING SUBYEARLING 
POOl. YEAR MR 11DR MRIIMRD FI I/FI5 FD I/FD5 HR I1DR HRIIMRD FI I/FI5 FD I /FD5 

WELLS 1 988 0 . 0  0 . 0  
993 -0 . 9  -O ' ! 998 -0 . 8  -0 . 

200 � AVG 
-0 ' 1 -0 . 

o . � -0 . 
RRECH r�� -0 . 2  0 . 0  

g98 
-o . � 0 . 0  

, -0 . -0 . 1  
OO� J -.8 : r 0 . 0  

AVG -0 . 0  
RI5L un -0 . 5  0 . 0  

-o . � 0 . 0  -0 .  0 . 0  
0 . 5  0 . 0  

AVG3 -0 . 2  0 . 0  
lWG l��� -0 . 0  0 . 0  -0 . 0  0 . 0  

99� 0 . 0  0 . 0  
00 0 . 0  0 . 0  

AVG3 -0 . 0  0 . 0  
LliM l��� :8J o . � -0 . 991 -0 . 3  0 . 0  

00 -0 . 0  0 . 0  
AVG -0 . 3  -0 . 1  

Melf i��� -o . � O ' A -0 .  O .  
998 0 . 0  0 . 0  OO� o . y 0 . 0  
VG -0 .  0 . 0  

JDA'i un -A : � 0 ' 8 O .  O .  0 . 0  
-o . � 0 . 0  -0 .  0 . 0  

0ALS r88 -gJ o . � 993 O .  
998 0 . 0  OO� -0 . 1  -O ' A VG -0 . 0  -0 .  

'30NI{ Ini o · f 0 . 1  -0 .  0 . 0  -0 . 0  0 . 0  
003 -·0 ' 1 0 . 0  
VG3 -0 .  0 . 0  

SYS l��� o · t o . � -0 . O .  
99� -0 . 0 . 0  
00 0 . 0  0 . 0  
VG3 -0 . 1  0 . 0 

4/ -� 1/ -
1 /  -5 �� ::� 
4/- 1 1  ��-!! 

1 6/ -� 
8/ -
3/- 1 0  
2/- 1 0  
2 /  -Z 

14/ - 2  
6 /  -5 
0/ -0 
0/ -A 0/ -
0/ -0 
0/ -0 
6/ -� 
1/ -
�/ -2 
/ - z  

ZI - 3  
4/  -6 
8/ -! 9/ -
9/ -
9/ -6 
8/-1 � ;/ -
/ -5 

6/ -5 
6/ -5 
9/- 1 ; 4/ ., 
7/ -9 
�/ -4 
/ -7  

ZI -I r -
/ ::1 1/ -

F ::� 
/ - I 3/ -

2/ -

1 0/ 0 
3/ 0 
0/ 0 

1 0/ 0 
4/ 0 

30/ 0 
3/ 0 

1 0/ 3 
1 5/ ! 9/ 
8/ 0 
5/ 0 
5/ 0 

1 3/ 5 
8/ 2 
0/ 0 
0/ 0 
0/ 8 0/ 
0/ 0 

1 5/ a 5/ 
t !/ 0 

0 
7/ 0 

28/ 0 
5/ ! 8/ 1 0/ 
8/ 3 

T8� I � 
1 0/ � 5/ 
8/ 3 

30/ 18 r/ 
8/ 5 
3/ 3 
3/ 3 

1 3/ 0 
0/ 0 
3/ 0 
0/ 8 1/  

1 3/ 0 
3/ 0 
5/ 0 
8/ 0 
5/ 0 

P/ 0 3 . 4  Z . 3  21j :j �O/ 25 
0/ 0 -0 ' 2 g . o 8/ 3 

28/ � -0 .  . 0  5/ - 18/ 0 
�O/ - o . � :8J �/ - 5/ 0 
3/ 2 -0 .  / - 3/ 1 

15/ 8 0 . 8  0 . 0  1 7/ -f 30/ I Z8/ 5 O ' l 
0 . 0  1/ - l8/ 

28/ 0 -0 . 0 . 0  5/ - 0/ 
15/ 0 -0 .  -o ' ! 1/ - }8/ 

� 23/ 2 -0 . -0 .  / - , 8/ 

P/ 8 a : i A · 4 11� a fO/ 1 0  
8/ 5 . 0  8/ � 1 3/ 0 O .  0 . 0  25/ 
3/ 0 -0 .  -O ' A 8/ 
8/ 2 O .  -0 .  1 71 1 
0/ 0 0

' 1 0 . 2  �� =1 a� 8 0/ 0 -0 . 0 . 0  
0/ 0 -0 .  0 . 0  0/ 
0/ 0 -0 .  0 . 0  0/ - 0/ 0 
0/ 0 -0 . 0 . 0  0/ - 0/ 0 

!i/ a o . � O ' A i� :; 20/ � -0 .  O .  20/ 18� 0 -0 .  0 . 0  3/ 
0 -0 . 7  0 . 0  / -6 8/ 8 2 1/ 0 -0 . 8  0 . 0  / -6 1 0/ 

P/ � -8 : 1 o . g �� :� iO/ 8 3/ O .  3/ 
8/ � -0 .  0 . 0  j �  :1 3/ 

1�/ -0 .  -O · f 3/ 8 I / 4 -0 . 2  -0 .  6/ 

2�� a -8 : 1 o ' i g� :i 20/ 
! O .  20/ 

1 5/ 0 -0 .  -0 .  r - 18/ � 28/ 0 -0 . 5  -0 .  / -5 5/ 
23/ 0 -0 . 5  -0 . 3  / -5 18/ 

1 �� i 1 . 1 o . g l� =i 3l� 8 -0 . 8 : 0  5/ -0 .  5/ 
20/ 0 -0 .  0 . 0  v - 0/ 0 
1 3/ 2 -0 . 0 . 0  / - 3/ 0 
3/ 0 O ' A O . Z  r -5 28/ 0 
0/ 8 -0 .  0 . 0  / -� �� 0 
3/ -0 .  0 . 0  / - 0 
0/ 0 -0 ' 1 -O ' A l� ::� 3/ 0 
1 /  0 -0 .  -0 .  3/ 0 

10/ 0 o ' i o . � r :� 31� 0 �/ 0 -0 .  -0 .  0 
0 -0 . -0 . 2  / -l 0 

0/ 0 -0 .  -0 . 2  / - 0 3/ 0 -0 . 2  -0 . 2  / - 4/ 0 
Lf.GEIfD �� = i'i!:,�i� iri:pi' _ TilE RELATIVE CHANGES Jtl SURv:IVAL ( % )  lit · ," " """ OF " 'Atm s.m,,, INcom" 11',,","G ""' Tcr� '.: if;i,f.!�: i;i�[[ OF RELATIVE SURVIVAL NCREASES CEEDING FI�E ERC NT 

D ;: i�f:Ei�;:!:i�r[ OF RELATIVE SURVFAL DECREASES �CEEDItlG O� P RCENT 
D = i : fiu:i�f'ii' OF RELATIVE SURV VAL DECREASES CEEDItlG F VE ERCENT 

A G3 
DATE RUN;: 14HARaa . 09 . 56 . 09 

5/ 8 �Ij 1 l6� � 
lO/ 
5/ 8 

28/ 8 P/ 
8/ 

8/ 0 ��� � 8/ 
8/ 8� 8 0/ gj 0 

0 

F� I 8/ 
0/ 

30/ 

tB� 8 0/ 8 3/ 
8/ 0 U� B 
i8/ j 3/ 
3/ A� 8 

10/ 8 §� 

I� 8 8 
II� 0 8 li� 8 

RUN DATE 

RUN DATE 

STEE LHEAD 

HR 

0 '1 -0 .  :8 : -0 .  
0

'1 :8 : -o . � -0 .  

� : O 
-o j 0 . 0  
0 . 0  

-0 . 0  -0 ' 8 O . 
-0 . 0  -8 : 1 -0 .  -8 :  -8 : 1 o . O .  
-0 . -8 : 1 :8 : -0 . -8 : f o .  -0 .  -0 .  

-8 : 3 . 0 :8 : A -8 : � -0 .  -g . - . 

I1DR 

J: I :8 :  
o . � o . O . o . g O .  -8 : i g . - . 8 : i 8 :  
O .  8 : 8 
0 . 0  8 . 0  

. 0  -8 : ! -8: 8 8 : g :8 : 1 -0 . -8 : 1 :8 :  8 : � 8 :  8 : � 8 : 

21 788 RUN TIME 

1 10Z87 RUN TIME 

HRIIHRD F I I/FI5 FD I IFD5 

E �! 21� � IBj 8 i� � 
l� a ll� � II� g� � i� �i 11� I 

5/ � I'� 
6/ - 1 / 8� =1 0/ 

i 8� � 0/ 8� 8� 0/ -
0/ - 0/ 

l� �t 1!� � 2i� 1 / 1 
I� �! li� 1 

)8/ 1 0/ 9� 1 / 
/ 

i� �l IJ� 1 / � li� I 
l� �I 3r I ll� � 1 / � 1 / 

I� H 11� I i� I 
H H  I� � !� I 

SOCKEYE 

HR I1DR HRIIHRD F I lIFI5 FD I /FD5 

�r, ��J Ii �i iAj f !�j I 0/ ijj 2� 0/ 

�] �J 8� 8 0/ 8 0/ 1 8� 8� 
0/ 8 8� 8 8� 0/ -8 : 1 :�J 5/ -I fl� i 3/ i 1 0/ - 30/ -0 .  r - 20/ -0 .  / -

Y 
2�/ 

Y -0 .  / - 2 / 

��J �iJ A� :1 
g� 8 0/ � 0/ 8/ - g� 0 0/ 

/ - 0 0/ 
0/ - 0/ 0 0/ 0 

IJ IJ 8� 8 I� 8 0/ 8 0/ 8 0/ 8 8� 0 0/ 
0 0 0/ 0 

IJ i j i 8� � I� 8 8� � 0/ 8 0/ 
0/ 0/ 
0/ 0 ! 0/ 0 � � I jJ 8� 8 8� 8 8� � 8� 8j 0 0/ 8 0 0/ O .  . 0  0/ 0/ 0 0/ 0 8 : 8  I] �� 8 �� � 8� 8 0/ 8 : 8 8 8� 0/ 8 0/ 0 0/ 

IJ I j l 0/ I I� 0 8� 8 8� 8 0/ � 0 8� 8 0/ 0 

��J �IJ ,� �i ,� � la� 8 �� 0 
0 



STAT ISTICS FOR RE�ATIVE CHANGES IN SYSIEM ��OCK SURVIVAL 
M�RACAMK VS MPFEXBMK ( NO ACT ON ) Ta b l e  E . 5- 1 2  

PROGRAM = DSN=PJ I . PF400 . RNR . SAS . REPORTS ( FSUNAVG 3 J  

F I LE . PJI . PF400 . CBS . F ISH . PASS . DATA . MIDCO�FG 

F ILE . PJI . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG 

YEARLING SUBYEAR� ING 

RUN DATE 

RUN DATE 

STEEUtEAD 

n 78S 

1 03067 

RUN TItlE 

RUN TItlE 

SOCKHE 

POOL YEAR MR I1DR MRI/MRD F I l /F I S  FD l /FD5 MR I1DR MRI/MRO F I l /F I S  FD l /FDS tlR I1DR tlRI/MRD F U /FI5 FD l /FD5 tlR I1DR tlRI/MRD F U /FIS FD I /FD5 

WElLS 1 988 
9 9 3  
9 98 

2003 
AVG3 

RRECH 1 988 
993 
998 
0 0 3  

RISL 

�HG 

AVG 3 1 988 
993 
998 
0 0 3  

AVG3 1��� 
998 
0 0 3  

AVG3 
rrl LHI1 
Ul l��� 

991 I 
w 

MCH 

JDAY 

DALS 

80NN 

SYS 

LEGEND 

. 

00 
VG Ull 

Avd H�IJ 
1 9 98 
ieg� 
1 988 I ��� 
ieg� l��� 

998 
0 0 3  

AVG3 

1 988 
993 
998 

ieg� 

Wd EU 
At8� 

_ O�J 
- . l  

= j 
- 0 . 2  
- 1 . 1 
-0 . 6  

0 . 6  
-0 . 4  

-O . S 
- 1 . l 
-0 . 6  

O . S 
-0 . 4 

-0 . 0  
-0 . 1 
-0 . 0  

0 . 0  
-0 . 0  

=� J 
- 0 . 5 
-0 . 2  
-0 . 6  -� . o  - . 0  
- . 0  

0 . 0  
-0 . 3  

1 . 3  
- 0 . 9  

0 . 0  
-0 . 3  
-0 . 4 

1 . 4 -0 . 8 
O ' f - 0 .  

- 0 .  

O . l  
- 0 . 2  
-0 . 0  
- 0 . 1  

, -0 . 1  

O ' i -0 . 
- 0 . 
-0 . 0  
-0 . 2  

0 . 0  
-0 . 9  
-0 . 2  

0 . 0  
- 0 . 4  

4/ - 3  
1 1  -S 
01 -6 
41 -S 
21 -S 

1 0/ 
3/ 
01 
8/ 
31 

o 1 3/ 0 o 4S1 3 o 401 8 o 3 31 8 o 3 91 6 

3 . 4  
-0 . 4 
- 1 . 1  
- 1 . S  
- 1 . 0  

2 . 3  
0 . 0  
0 . 0  

- 0 . 2  
-0 . 1  

l41 -5 
71 -7 
S/- I 0  �� =� 701 

2 81 
331 
1 51 
251 

l5 �I g �s �8� l O 
481 20 
391 1 6  

0 . 0  8 : 8  
-0 . 2 
-0 . 1  

0 . ; -0 . 
-0 .  
-0 .  
- 0 .  !� �i 2 01 

1 0 /  
0 1  

�� � �l� I �f j f  �I fi I� :, I -� I -I -
0 . 0  

-0 . 1  
0 . 0  
0 . 0  

-0 . 0  

0 . 0 
-0 . 4  

0 . 0  
C . O 

- 0 . 1 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 0 
-0 . 6  

0 . 0  
0 . 0  -o . z 
O .

! - 0 .  
O .  
0 . 0  

-0 . 0  

0 . 9  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

O ' f -0 .  
-0 . 
-0 . 
- 0 .  

4/- 1 1  
Z/- l l  
6 1  - 9 

1 6/ - 3  
81 -8 

31- 1 0  
21- 1 0  
2 1  -8 

1 4/ - 2  
61 - 7  

0 /  -A 01 -
01 -
1/ -0 
0/ -0 t� =, 
1/ -4 
4/ -2 
21 -4 

41 -6 
8/ - 1 0  
9/ -6 
91 - 7  
9 /  - 8  

8/- 1 3  
S/ - l l 
7/ -S 
61 -S 
61 - 7 

9/- 1 S  
4 /  - 9  
8 /  - 9  
S/ -4 
61 -7 

301 0 
3/ 0 

1 01 3 
l SI S 

9/ 3 

1 5/ 8 
301 5 
3 31 3 
20/ 0 
281 3 

81 
3/ 

o ] 31 8 o 381 8 

1 �� 
71 

o 251 3 
S 2S1 0 
Z 2 9/ 3 

0/ 0 
01 0 
0/ 0 
0/ 0 
0/ 0 

0/ 0 
01 0 
0/ 0 
01 0 
01 0 

1 51 3 1 31 3 
31 0 4 31 3 
31 0 28/ 0 

1 31 0 2S1 0 
6/ 0 321 1 

28/ 
SI 

1 31 
1 3/ 
1 0/ 

o 2 31 S 
3 30/ 1 0  
3 1 3/ 3 
S 1 8/ 5 
3 201 6 

SO/ 1 3  
1 0/ 3 
1 31 5 

81 3 
1 0/ 3 

30/ 1 8  
1 3/ 0 
201 8 
I S/ 3 
1 6/ 3 

SI 3 
30/ 5 
2 3/ 0 
281 0 
271 2 

31 3 

13/ 8 
81 3 
51 0 

2 21 3 

0 . 8  0 . 0  
-0 . 1  - 0 . 1 
-0 . 6  -0 . 3  
-0 . 7  -0 . 3  
-O . S  - O . l 

2 . 3  
- 0 . 0  
- O . � 
-0 . 
-0 . 

O . � -0 .  
-0 . 
-O . l  
-0 . 2  

:L f 
- 1 .1 

O .! - 0 .  
-0 . 
-0 . 
-0 .  

0 '1 -0 . 
- 1 .  
-0 . 
-0 . 9 

1 . 0  
- 0 . 2  
- 0 . 3  
-0 . 4 
-0 . 3  

1 . 4 
0 . 0  
0 . 0  

-0 . 3  
-0 . 1  

0 . 2  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 1 
0 . 0  
0 . 0  
0 . 0  
0 . 0  

0 . 6 
-0 . 3  
-0 . 1 
- 0 . 2  
-0 . 2  

0 . 0  
-0 . 8  
-0 . 7  
-0 . 9 
- 0 . 8 

0 . 8  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

H� = � S/ -6 
SI -5 
71 -6 Il� =f il 

-
I -
I -

11 -0 
01 - 1  
01 -I 01 -
01 -�� :1 
1 / - 1 0  
2/- 1 1  
21 - 9  f� =§ 

I - 2 I -2 
I - 2  �� :� 

51 -6 
81 - 6 
71 - 6 

r� =! I - Z  
I - 3  
I - 3  

3 01 
1 81 
201 
1 81 
1 81 

601 
1 81 
l81 

81 
1 81 

� � 
1 01 5 �3� ! 
3 51 
341 1 8 81 0 
3 31 0 6 }g� 3 

1 371 Y 
31 8 01 

01 0 
01 0 

1 01 0 
81 0 
61 0 

01 8 01 01 0 rg� 8 31 8 81 
91 0 n� II ig� 6 u� 8 31 8 251 8 31 201 
61 0 241 0 

201 
201 18/ 

SI 
81 

3 31 
51 
81 2� 

� U� i � 2�� ! 8 16� � o 201 � g 2�� 8 

0 '1 - 0 . 
-0 . 
- 0 .  
-0 . 

-AJ 
0 . 0  

-0 . 0  
-0 . 1  

0 . 0  
- 0 . 0  -8 : 8 
-0 . 0  o . � :8 : 2  

0 . 0 
-0 . 3  -8 : � 8 : 9 -o . t  

8 : 6 =8 : f I� :i I -3 I -4 -8 : � f� :1 -0 . I -O .  I -
- 0 . I -8 : � o .  o . 

0 . 0  

01 -8 01 -
01 - 0  
01 - 0  
01 - 0  

H �! 
t� i� �f 
O .� -0 . o .  8 · 0 - . 1  

:� � !  :� � �  ;� �l -o . �  -o . i ;I -� 

18� � �� 8 

I 
01 

� 01 
01 8� 
1�� 01 18� 
I� 

1 0/ 
71 

1�� 1 6/ 
61 

u� It 
O ' f 0 ' 1 -0 . -0 . 

-0 . -0 . 
-0 . -8 ' -0 . - . 

I� :9. 3i� I -� 1 I 
I -Z I I -3 I 8 : A 

-0 . 1  
0 . 0  

-0 . 0  

21 - 3  
1 1  - 3  
2 1  - l  
1 1  - 1 
1/ - 2  

1 3/ 8 01 
51 0 
01 0 
21 0 

31 0 
51 0 
:31 0 
01 0 
31 0 

0 ' 1 0 . 2  
- 0 . 0 . 0  
-0 . - 0 ' 1 -0 . - 0 .  
-0 . - 0 . 

�� :� 
ZI -3 
1 / -2 
21 - 3 

281 0 
31 0 
81 0 
31 0 
41 0 

31 
1 31 
1 0/ 

81 
1 0/ 

� =� � � � � �  f� �} o -0 . 1 0 . 0  t/ -! 
11� 

� 
� 
� 
� 
i 

O . � 
-0 . 1  

0 . 0  
0 . 0  

-0 . 0  

21 - 3  I � =� 
31 - 1 
21 - 2  

1 3/ 0 
31 0 
81 0 
81 0 
6/ 0 

1 0/ 0 
1 3/ 0 

81 0 
01 0 
71 0 

:8 : � 
-0 . 4  
-0 . 4  

[I'F' THE RELATIVE CHANGES I N  SURrIVAL , %  J 
.� RELATIVE CHANGE I N  SURV I VAL % )  

RELATIVE INCREASE IN SURVIV L ( %  I RELATIVE DECREASE IN SURVIVA L  ( %  

0 . 5  
-O ' i -0 . 
- 0 .  
-0 . 3  

31 -� 
1 1 -
2/ -I� =� 

331 
51 

1 0/ 
31 
61 

OF RELATIVE SURV IVAL INCREASES EXCEEDIIIG ONE PERCENT 
OF RELATIVE SURV IVAL ItICREASES EXCEED ItlG F IVE �ERCEtIT 

.. OF RELATIVE SURV I VAL DECREASES EXCEED I tlG ONE PERCENT �;I' OF RELATIVE SURVIVAL DECREASES EXCEEDING FIVE PERCENT 1:>.[ OF THE 'tEARS 1 993 . 1 998 . AND 2003 

o o o o o II� 8 31 8 21 
:8 : :8 : � : o . ! o . � I/ -

t -8 . -8 . I -

8� 8 8� 8 

51 f8� 51 
81 

f�� 81 
51 
81 8� 
01 8� 38� 
81 

l �� II� 
18� 01 

01 
01 

fi� 
1 �1 

� g � 8 � � �  � 8 . 8 0 , 8  

, �I �I ��J 
� :� � � :t� 8 -o J -0 . Y 
� iJ �] 
� � � g � � �  � 0 . 8 8 . 8  

� iJ �] 
I iJ i � �  

01 
� 8� 8� li� �i A� :1 81 -I -

01 -81 0 o� 8 
01 0 
01 0 8� 8 8� 8 
01 0 

8� 8 8� 8 
8� 8 8� 8 I 0 

i� � � � �  � � �  �� � t 8 0 • 8 8 . 8  01 0 

'� I �I jl �I j �  �� �I 
-DATE RUN= 1 4MAR88 . 0 9 . S 9 . 55 

U� � 
01 � 2� Y 
8� 8 81 0 I 0 f8� � �� 0 �I 1 01 8 01 
01 0 01 8 01 81 0 

I 0 
01 0 
01 0 
01 0 01 8 8� 8 01 
01 0 01 8 01 
01 0 
01 0 
01 0 

01 0 
01 0 01 8 01 
01 �� 8 01 0 81 0 

I 0 

�I 0 

�� 8 y� 8 

�3� 
�I i 

��� 01 
� 01 

01 
01 
01 

t6� 31 
01 

31/ �� 
01 

y� 

� 
� 

g 8 o� 8 8� 0 81 0 01 � 01 8� 
01 0 01 8 01 81 0 o� 8 01 8 01 01 R 8� 0 8� 
01 
01 
01 

f�� 
81 
51 
81 

I 
� 
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STATISTICS �OR REkATIVA C��GRS I� �trSf8n STOCK SURVIVAL 
M RI1XBtI VS PF tI , N J Table E . 5- 1 3  

PROGRAM = OSN;PJI . PF400 . RNR .SAS . REPORTSt FSUMAVG3 1  
FILE . PJI . PF400 . CBS . FISH . PASS . OATA .MIDCOLFG 
F ILE . PJI . PF400 . CBS . F ISH . PASS .OATA .MIDCOLFG 

YEARLING SUBYEARLING 
POOL YEAR MR I1DR MRI/MRD F I I /FI5 FD I /FD5 MR I1DR MRI/MRO FI I/FI5 FDI/FD5 

WELLS j 988 
993 p98 oo� AVG 

RRi::CH } 988 993 
1 99� 200 
AVG3 

RISL 1 988 993 
998 

ieg� 
LHG l ��� 

2
998 
003 

AVG3 
I..I\'M un VG3 
MCN r88 

991 2ZZ 
AVG 

JDAY un 
OAL!> f88 

993 
998 oo� VG 

BONN r8� 99 
ZZ� 

AVG3 
SYS r�� �9� 00 

AVG3 
LEGEND 

� 
R� 

il 0 1  
A g� . 

-DATE RUN= 

-0 . 0  0 . 0  21 - 1  31 a 31 a 0 . 4 8 . 0 81 -2 81 
-
1 . 6 -0 ' 1 

21 -9 31 a 401 r - 1 .1 . 0  81 -8 101 
- . 6 -0 .  01 - 7  01 a 381 8 -2 . -o . � r -9 01 - I ' � 0 . 0  51 -3 51 a 351 5 ::f : -0 . 1- 1 0  01 
- . 5  -0 . 2  21 - 31 a 381 15  -0 . 3  I -9 31 
_o ' A 0 . 0  51 -3  51 a 31 a -0 . 3  0 . 0  r- I O 31 
-A : 6 

0 . 0  21 -8 51 a 351 s - 1 . 5  -0 . 6  I -8 31 
0 . 0  21 -4 51 a 281 a - . 9  -o . � I - 7  01 

0 . 3  0 . 0  161 -5 1 31 � 251 a : : i -0 . I -6 81 
-0 . 4  0 . 0  71 -6 81 291 2 -0 .  I - 7  31 � . o 0 . 0  1 1  - 1  31 a 01 a 0 ' 1 

0 . 0  i� :! 81 - . 0 0 . 0  41 -8 31 0 381 3 -0 .  -0 . 3 1 01 -o .� 0 . 0  1 1  -3 01 a 201 8 - 1 . 0  -0 . 1  51 o .  0 . 0  151 -� 81 � 201 -0 . 9  -o . � I -� 31 
-0 . 4  0 . 0  61 - 31 261 1 -0 . 8 -0 .  31 - 61 
-o . y 0 . 0  01 -y 01 a 01 a 0 ' 1 8 . 0  8� -I 01 -0 .  0 . 0  01 - 01 a 01 a -0 . . 0  01 
-0 . 0  0 . 0  01 -0 01 a 01 a -0 . 0 . 0  01 - 01 -0 . 0  0 . 0  1 1  -0 01 a 01 a -0 . 0 . 0  01 - 01 
-0 . 0  0 . 0  01 -0  01 a 01 a -0 . 3  0 . 0 01 - 01 

:l � 0 . 0  8� ::�  01 a �g� g -� : I 8 : 8 �i:U �� -o ' A 01 a -0 .  01 -4 01 a 81 a - 2 .  o . y 01 -o: � o .  61 -4 1 01 � 251 a -2 .  -0 .  51 -0 . 8 -0 . 2  21 -5 31 331 3 -2 .  -0 . 0  �/- 2 31 
0 . 0  o . � 61 -� 31 � 31 3 a . ! _8

. 0  r -1 �� -o . � -0 .  81 - 31 r81 3 -0 . I -I -0 .  0 . 0  91 -2 31 51 a -0 .8 -o :f I - 01 o . 0 . 0  91 - 7  151 1 181 � -0 . 6  -0 . I � :3 01 
-0 . -0 . 1  81 -6 71 5 201 -0 . 7  -0 . U -Y :I 0 . 0  141 -�  �� a 01 g 

-0 . 0  �Ij 51 -3 
§� -0 . 2  51 - 331 :! : � r -

-0 . 0 . 0  61 -3  31 3 2 31 a I -8 31 
-0 . 0 . 0  51 -5 1 01 3 251 

� -! : o  I -8 51 -0 . -0 . 1 51 -s 51 2 2 71 I -8 51 
0 . 4  0 . 0  141 -l 51 3 01 a o . � 0 . 0  31 - 1  81 -o . � -o . � (,1-1 51 a rOI � -0 . -o . � a� :� 51 -0 .  -0 . 51 - 31 3 81 -0 . -0 .  01 -a . ! -0 ' 1 
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STATISTICS FOR RELATIVE CHANGES IN SYSTEM STOCK SURVIVAL MPFMXFMK VS MPFEXBMK ( NO ACTION ) 
PROGRAM ; DSlI=PJI . PF400 . RNR. SAS . REPORTS( FSUHAVG3 ) 

FILE , PJI . PF400 . CBS . FISH . PASS .DATA . MIDCOLFG 
FILE ,  PJI . PF400 .CBS . F ISH . PASS .DATA .MIDCOLFG 

YEARLING SUBYEARLING 

RUN DATE 
RUN DATE 

STEELHEAD 

2 1 788 

1 1 0 287 

Table E . S- 1 4  

RUN TIME 
RUN TIME 

SOCKEYE 
POOL YEAR MR NDR MRI/MRO FI l/FI5 FD 1/FD5 HR MDR MRI/MRO FIl/FI5 FD l/FD5 HR MDR HRI/MRD F Il/FI5 FDl/FD5 HR MDR HRI/MRD FIl/FI5 FDI/FD5 

HELLS 1 988 1 993 
998 

2003 
AVG3 

RRECH 1 988 

RISL 
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1 993 998 
2003 
AVG3 

1 988 
993 
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1 988 1 993 
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rr1 LHI1 

<.Jl 1 988 
993 
998 200 3 
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I 
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JDAY 
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BONN 
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-O . � - 1 . � = 1 : 4 
0 . 2  

-0 . 2  -0 . 6  
0 . 3  

-0 . 2  

0 . 0  -0 . 2  
-0 . 2  
-0 . 3  -0 . 3  
0 . 0  

-0 . 2  -0 . 3  0 . 0  -0 . 2  

2/ -4 
3/ - 7  
0 /  -7 
4/ -6 
3/ - 7 
4/ -3 1 4/ -5 4/ -4 

1 6/ -4 
1 1 / -4 

5/ 0 
8/ 0 
0/ 0 
8/ 0 
5/ 0 

18/ 
3/ 
8/ 

1 5/ 
1 2/ 

o 3 o 
5 3 

8/ 0 
38/ 8 
38/ 1 8 45/ 1 5  40/ 1 3  
1 0/ 0 28/ 0 
38/ 0 
23/ 0 29/ 0 

1 · 6 O
' f - . 3  -0 . - . 5 - 0 .  -2 . 1  - 1 . 0  - 1 . 6  -0 . 4  

1 . 0 0 . 0  -0 . 8  -0 . 3  -0 . 7  -0 . 5  - 1 . 2  -0 . 8 -0 . 9  -0 . 5  

'a/ -5 1 0/ -9 
5/- 1 0  
4/- 10 
6/- 1 0  
15/ -I  
l i� =9 
5/ - 7  

10/ - 7  

45/ 5/ 
28/ 
1 0/ 14/ 
1 8/ 
18/ 
25/ 
1 8/ 
20/ 

I �g� d 
3/ 2� 2� f8 

II !o/ 
5/ 
�� 
2/ 

II 
I� 

- I . -0 . :8 : 1 -8 : 1 -0 .  -0 . -0 . -0 . 

�� :1 1/ -I -
/ -

:8 : 10 -0 . -0 . -0 .  
-8 :1 f� :1 -0 . / --0 . / -
-0 . I -

�� 8 0/ 0 
0/ 0 1 /  0 

�i� � :I � l  :8 � 9 iu � - ,; J. 9  
I� � ��� i 8 :8 / a/ R . o I 2/ 0 . 0 

8 : 8  8 . 0 
. 0 . 0  

0 . 0  -0 . 4  -0 . 6  
0 . 4  -0 . 2  

0 . 0  0 . 0  
0 . 0  

-0 . I -0 . 0  

3/ -3 1 2/ -4 
1 /  -3 

14/ -3  9/ -3 

8/ 
5/ 
0/ 1 0/ 
5/ 

o 8/ 0 
3 30/ 0 o 25/ 0 5 25/ 0 
3 2 7/ 0 

1 . 4 -0 . 6  
-0 . 5  
-0 . 7  -0 . 6  

O ' I -0 . 
O .  -0 . 8 -0 . 3  

If� 
4/ 5/ 

-4 38/ -� 15/ 
- 25/ - } 3/ - 8/ 

� Y 
3/ 

38/ 45/ 38/ 40/ i ��J 0 . , -0 . -0 . -0 .  -0 .  H �i 3

1�� I tl� i :� :i :� : ! 0/ 8/ -8 ' -0 . 8/ 0/ - . -0 . 
0 . 0  -0 . 0  

-0 . 0  -0 . 0  
-0 . 0  
o . � -0 .  

-0 . -0 . 4  -0 . 6  
o . � -0 . O .  0 . 3  0 . 0  

-8 : i8 
-0 . -0 . -0 .  
1 . 0 

-0 . 6  
-0 . 3  
-0 . 2  
-0 . 4 
0 . 2 -0 . 2  -0 . 2 -0 . 1  

-0 . 2  
0 . 2  -0 . 2  

-0 . 2  -0 . 1 -0 . 2  

I �'m' h, ,,,r:,,'�1 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

-0 . 3  
-0 . 3  
-0 . 2  
0 . 0  

-0 . 2  
0 . 0  
0 . 0  

-0 . I 
0 . 2 -0 . 2  -0 . 3  
0 . 0  

-0 . 2  
0 . 2  

-0 . 2  
-0 . 2  
-0 . 2  
-0 . 2  
0 . 0  -0 · 1 -0 . 
0 . 0  

-0 . 1 · 

1 /  -0 0/ -0 
0/ -0 1 /  -0 
0/ -0 
3/ - I  
3/ -5 
2/ -4 
5/ -4 
3/ -4 

0/ 0 
0/ 0 
0/ 0 0/ 0 
0/ 0 

1 8/ 0 
10/ 0 
3/ 0 

1 0/ 3 
8/ I 

0/ 0 0/ 0 
0/ 0 0/ 0 
0/ 0 
3/ 0 

28/ 5 
30/ 0 
30/ 0 
2 9/ 2 

8/ -5 25/ 3 1 3/ 3 
8/ -6 8/ 3 23/ 3 
9/ -2 1 0/ 8 20/ 0 
9/ -8 15/ 10 23/ 3 
9/ -5 1 1/ 7 22/ 2 
8/ -9 5/ -5 
7/ -4 6/ -5 
6/ -5 
9/- 1 0  
4/ -4 
8/ - 7  
5 /  - 6  
6/  -6 
2/ -2 
0/ - I  1 /  - 2  
1 /  - I  
1 /  - 1  

35/ 5 
3/ 0 
8/ 5 

1 0/ 3 
7/ 3 

5/ 3 30/ 0 
33/ 0 
33/ 0 
32/ 0 

25/ 
5/ 

20/ 18/ 1 4/ 

5 5/ 3 o 20/ 0 
5 23/ 5 o 25/ 3 
2 2 3/ 3 

5/ 0 0/ 0 
3/ 0 
0/ 0 
1/ 0 

3/ 0 3/ 0 
5/ 0 
3/ 0 
3/ 0 

0 . 0  2/ -2 8/ 0 3/ 0 
-0 . 1  2/ -2 3/ 0 1 3/ 0 
-0 . 1  1/ - I  3/ 0 1 0/ 0 
0 . 0  3/ -2 8/ 0 1 3/ 0 -0 . 1  2/ - 1  4/ 0 1 2/ 0 

O .  I -0 . 2  -0 . 3  -0 . 3  
-0 . 3  
0 ' 1 - 2 . 

- 2 .  -2 . 3  -2 . 2  
O 'i -0 . 

-0 . 
-0 . 6  
-0 . 6  

0 . 0  
0 . 0  
0 . 0  

-0 . 1  -0 . 0  
0 . 0  
0 . 0 -0 . 1  -0 . 3 -0 . 1  
0 . 0  

-0 . 5  -0 . 3  -0 . 6  
-0 . 5  

-�J _9 : 2 
- 1 . 3  - 1 . 3 - 1 . 8  - 1 . 9 
- 1 . 5  - 1 . 6  
0 . 5  o . � -0 . 7  -0 ' 3 =8J =8 : 3  -0 . 6  -0 . 4  
0 . 3  -0 . 2  

-0 . 2  
-0 . 2  
-0 . 2  

0 . 0  -0 . 1  
-0 . I 
-0 · 1 -0 . 

0 . 3  o . � -0 . 6  -0 . 
-0 . 5  -0 . 
-0 . 6  -0 . 5  -0 . 6  -0 . 4  

THE RELATIVE CHANGES IN SURVIVAL ( X )  
RELAIIVE CHANGE IN SURVIVAL ( X )  
REL TIVE INCREASE IN SURVIVAL I X )  
RELATIVE DECREASE IN SURVIVAL X l  

1 /  -0 . 0/ -I 0/ -
0/ 0 8/ 0 
o� R 
0/ 0 tg� 8/ 0/ 7/ 

� A� : 1  �/ -3 18/ 
/- 1 3 3/ 
/- 0 3/ 3/- 1 1  8/ 4/- 1 1/ 

6/ -2 3/ -4 2/ -3 1/ -3 
2/ -3 

1§� 
1 0/ 5/ 8/ 

7/ -3 1 3/ 9/ -7 3/ 
10/ -8 23/ 
7/ -8 15/ 
9/ -8 7/ 

8 
g d� d 
8 �i� �2 

� I�� 8 
8/ 0 
3/ 0 o 35/ 0 

! !g� t� � 68/ 3 
3 63/ 6 

5/ - 1  
2/  -3 
1 /  - 3  
1/ -2 
1 /  - 3  

1 5/ 3 3/ 8 3/ 0 13/ 
5/ 0 3/ 8 0/ 0 0/ f� :� 

/ -2 
/ -2 / -2 

3/ -2 
1/ -3 
2/ -3  
l�  =� 

3/ 0 32/ 0 
20/ 
3/ �� 
4/ 

15/ 5/ 
1 0/ 0/ 5/ 

8 g� o j8/ o 5/ o 3/ 
g o o 

8 i�� R o 0/ 0 o 3/ 0 o 5/ 0 

OF RELATIVE SURVIVAL INCREASES EXCEEDING ONE PERCHIT 
OF RELATIVE SURVIVAL INCREASES EXCEEDING FIVE PERCE1IT 
OF RELATIVE SURVIVAL DECREASES EXCEEDIIIG ONE PERCENT 
OF RELATIVE SURVIVAL DECREASES EXCEEDIIIG F IVE PERCENT 
OF THE YEARS 1 993 ,  1 998 , AND 2003 

1 4MAR88 . 1 0 . OO . 38 

8 · 0 - . 0  
-0 . 0 -0 '8 -0 . 
O , � -8 ' ,!  :0 : 1 

-0 . 3 
0 . 3  -0 . 2  -8 . 0  . 2  -0 . 0 

0 ' 8 8 : 0  0 · 8 o . 
8 : 8 o : R 
0 . 0 
0 . 0 -o .

! -0 . o .  -0 . 0 

-8 : A  -8 : �  
-0 . 6 -0 . 
-0 . 3  -o . � -0 . 6  -0 . 

0
'1 -0 . -0 . -0 . -0 . 

-8 :1 -0 . -0 .  -0 .  

8/ 0 
/ -8 R/ -

o� :8 

i� �I 
i� H 
!� a 
I� �l 

R/ 8/ -0 . -0 .  
8� 

� 
o� 

� _R : ! -8 : 1 
o� 8� :8 : :8 : 
la� 8 i� 8 8 : 8  8 : 8  
1�� 8 h� 8 8 : 8 8 : 8  
:i� � li� I 
;I� � ll� I 
�I� ! ll� I 

R : 8 � : 8  0 ' 8 . 0  
8 . . 0  
. . 0  

� : 8 � : 8  ' s . 0 . . 0  o .  0 . 0  

8 : 8 8 : 8  
0 . 0 

8 · 0 . 0 0 . 0 0 . 0  
0 . 0  

�i � i =i �1 f� �f i� � i� i � j i 
8 : 8  
8 : 8  
0 . 0  

o · t 0 ' 1 -0 . -0 . -0 . -0 . -8 ' -0 . - . -0 .  t� � l  i� � i� i �i j i �i ji 

f� :� 
/ -: / -
/ -

8� 8 
0/ 8 0/ 
0/ 

H �i 
8� :

01 0/ -
0/ -0/ -

8� R 
0/ 0 0/ 0 
0/ 0 

8� R 
0/ li 0/ 8 0/ 

8� 8 0/ 0 0/ 8 0/ 

8� g 
0/ 8 0/ 0/ 0 

8� 8 
8� 8 0/ 0 

A� :! 0/ -I 0/ -
0/ -

15/ 8 8/ 
0/ 0 
0/ 0 
3/ 0 

8� 8 0/ 8 0/ 
0/ 0 

l5/ 0 
5/ 0 
0/ 0 
�� 8 
0/ 

I 
0/ 
0/ 
0/ 0/ 
0/ 8 0/ 0/ 0/ 8 0/ 
0/ g 0/ 0/ 0 
0/ 0 
0/ 0 

8� 8 
0/ 8 0/ 0/ 0 

8/ 0 
/ 0 

0/ 8 0/ 0/ 0 
0/ 8 0/ 0/ 0 
0/ 0 
0/ 0 

4�� 1 8 38/ 8 
45/ 5 
43/ 4 
8� R 
0/ 0 
0/ 0 0/ 0 
5/ 8 35/ 

28/ 0 
j2� 8 �/ 0 / 0 

/ 0 
0/ 0 
1/  0 

8/ 0 
/ 0 

0/ 0 
0/ 8 0/ 
0/ 0 
8/ 0 
/ 0 0/ 0 0/ 0 

0/ 0 
0/ 0 
0/ 0 
0/ 0 
0/ 0 

8/ 0 
/ 0 

0/ 0 
0/ 0 
0/ 0 
0/ 0 
0/ 0 
0/ 0 
0/ 8 0/ 

0/ 0 0/ 0/ 8 l5/ 0/ l8/ 
8 o 

8/ 0 23/ / 0 25/ 8 



tTl 
(;1 

I 

0> 

STATISTICS �IDl VELATIVE C�MtGRS IN �mEn STOCK SURVIVAL M x MK VS MPF M ( NO 0 )  Ta b l e  E . S- l S  

PROGRAM = DSN=PJ I . PF400 . RNR .SAS . REPORTS I FSUMAVG3 ) 
FILE . PJI . PF400 . CBS . F ISH . PASS .DATA . MIDCOLFG 
F ILE • .  PJI . PF400 . CBS . F ISH . PASS . DATA .M IDCOLFG 

'iEARLING SUB'iEARLING 
POOL 'lEAR MR I1IJR MRI/MRD F l l/F IS FOl/FDS I1R MDR MRI/MRD Fll/FIS FDl/FDS 

HELLS 1 988 1 993 998 
2003 AVG3 

RRECII 1 988 { ��� 
2003 AVG3 

RISL p88 
993 

p98 
003 

AVG3 
LHG raB 993 

998 003 
VG3 

LHl1 l��� 
99� 00 
VG3 

I1CN r�� Z6� 
VG3 

JDA'i I ��� 
998 

2003 
AVG3 

DALS 
Uil ZOO� AVG 

BONl� I n� 
iOo� 
VG3 

$'ts p1i S8� 
LEGEND flh tiRO �I l  

'81 
A G3 . 

·DATE RUH; 

-0 . 2  0 . 0  2/ -4 5/ 0 8/ 0 -A : 9  o . g pi -S r/ l O - { . 9  -0 . 9  1/- 1 2  S/ 0 48/ 1 0 O . 0/ 
-z SI � - . 6  -0 . 2  0/ -7 0/ 0 38/ 8 - 1 . S -0 . 1  S/- I 81 - 1 .  3 -0 . 3  4/ -6 8/ 0 - 1 . 6  -O . S  2/ -8 41 0 

4S/ IS 43/ 4 
-f ' o - . 4  

- 1 .2 -0 . �/ - 0 
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0 . 3  0 . 0  4 /  -3 18/ 0 8/ 0 O . S - I . t -O ' l 4/- 1 6  S/ 0 3S/ S :A ' O -0 .  -0 . 4/ -4 8/ 0 3B/ 0 0 . 3  0 . 0  1 6/ -4 I S/ S 23/ 0 - 1 : I -O . S  -0 . 1  8/ -8 9/ 2 32/ 2 - 0 .  
0 . 0  0 . 0  31 -3 81 0 8/ g A · 3 :A · 3 -o . ! 1�-�� S/ 0 40/ - . 2  -0 . 01 0 20/ 0 -o . S  O :�  o .  14/ -i 1 0/ S 25/ 0 -0 . 7  -O . S  -0 . 1  6/ - S/ 2 28/ 2 -0 . 5  

8 . 0 0 . 0  AI -0 01 0 0/ 0 o ' l - . 1  0 . 0  I - 1  01 0 31 0 -0 . -0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 -0 . -0 . 0  0 . 0  1 /  -0 0/ 0 0/ 0 -0 . 3  -0 . 0  0 . 0  0/ - 1  0/ 0 1/ 0 -0 . 3  

A · 3 0 . 0  31 -� 1 8/ 0 3/ 0 0 ' 1 - . 4  -0 ' 1 11 - 3/ 0 43/ 1 0  -2 .  :8 : 4 -0 .  1/ -� 0/ 0 28/ 0 -2 .  -0 . S/ - 1 0/ 
r 

30/ 0 - 2 .  - . 8  -0 . 3  2/ -S 4/ 331 3 -2 .  � . 4  -8J 81 -6 281 i !�� 16 _o · t - J 8/- 1 S/ -8 : i 0 . 0  91 -2 I�� 1 �81 0 0 . 0  91 -8 3/ 3 -0 .  -0 . 3  -0 . 1 8/ - 7  1 0/ 7 2S1 4 -O . S  
:! : !  -8 : i ��-q 3�� S 6/ 0 :1 : � 0 4 I 1 0  -0 . 81 S 30/ 0 -0 . 4  0 . 0  61 - 1 0/ 3 331 0 -0 . 8  -0 . 2  61 -7 71 3 341 3 - I : s  
:!j 

o . � 9/ -0 281 6 01 0 O ' i -0 .  4/- 1 6  S/ 28/ 1 0  -0 .  - 0 .  8/  -7 20/ S 23/ S -0 .  -o . � -o . � il -6 1 8/ 0 2S/ t -o . S  
-0 . -0 .  /-1 0  14/ 2 2S1 -O . S  
0 '1 0 . 0  2/ -� 5/ 0 01 0 o . � -0 . -o . � 0/ - 0/ 0 �� 0 -0 .  - 0 . -0 . r - 31 0 0 -o . � -0 . o . � ::� 01 0 �� 0 -0 .  -0 . 2  -0 . 1 /  0 0 -0 . 3  
0 ' 1 0 . 0  f� =� 8/ 0 0/ 0 0 '1 -8 ' -o . � 0/ 0 fS/ � -0 . -0 .  31 0 0/ -o . S  :8 :  o . �� ::� �� 8 I �� � -o . �  -0 . -0 . 

MEA� OF THE RELATIVE CHANGES IN SURyl�AL I X )  
nED AN RELAIIVE CHANGE I� SURVIVAL X 

0 . 0  -o . � -0 .  
-0 . -0 .  
0 . 9  8 . 0 . 0  -o . � -0 . 
0 . 0  
0 . 0  
0 . 0  :8 : A 
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-0 . 6  -O . S 

-r2 - . 3  
: j 
0 . 3  
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-0 . 3  -o . � -0 . 
0 ' 1 -0 . 

-0 . 
-0 . -0 . 
O ' i -0 . 

-0 . ::8 : �  

IS/ -9 151 0/ - 18/ 1/ - 2S1 SI -7 1 8/ 
91 -7 201 If� =} 401 �81 SI �I -S I -5 pi 8/ 
01 -0 01 0/ - I 01 01 - 01 11 - I 01 01 - 0/ 
SI -� 1 51 4/- 1 31 3/- 0 31 3/-P 81 4/- 1 1 11 

�� �� 1 0/ 
1 01 

j� :1 1 01 
51 2/ - 81 

�I -! 101 / - 01 
1 01 - 31 71 - lSI 
81 -8 61 

F :l 181 
81 
51 I -� 01 I - 41 

I� :� 201 
31 I -2 81 !� :� �� 

r -i 1 8/ / - 5/ / - 1 0/ 
/ -� . 0/ I - SI 

AXIMUM REl TIVE INCREAS IN SURVIVAL I X I HAXII1Wj1 RELATIVE DECREASE IN SURVIVAL % fERCE OF REtAfIVE SURVIV L INCREASES EXCEEDINg O�E PERCE� ERCEIIT OF �E A IVE SURVIVAL ItICREASES EXCEED IN F VE �ERCW ERCEIIT OF ELA IVE SURVIVAt DECREASES �XCEEDJNG ONE P RCE 
�RCE� OF RELATlVE SURVIVA DECREASES XCEEDING FIVE ERCEIIT ERAG OF THE 'i ARS 1 993 ,  998 , AND 2003 

14MAR88 . 1 0 . 0l . 28 

i 
� 0 
� 
0 � 
g 0 
0 

� 
0 

I 
3 
8 0 
0 
0 
8 
0 0 

8 0 
0 

��� �8 31 0 
01 3 2/ 8 

!�� II 
�I� 1� 
31 0 

�g� 2 ��� � 
01 8 SI t81 0 
01 8 41 

�g� �I �g� � 

ig� I 81 
31 
SI 

�g� f� �6� � 
631 01 i !�� 01 
01 
01 0 

li� 6 
51 Y l SI 

i�� I 01 
81 
'V 

RUN DATE 

RUN DATE 

STEEUIEAD 
I1R 

�IJ 
-0 . 0  -o . � -0 . =8 :� 
0 '1 -0 . -0 .  -0 . -0 . 
o . � - 0 .  

-0 . -0 . 0  
-0 . 0  

-0 .  
-8 :1 -8 ' - . -8 :i -0 . O .  -0 . 2  

-0 .  
-8 :1 -0 . -0 .  J:i :8 :  
-8 :1 -0 . -8 ' - . 
�IJ 

I1DR 

o
. ! -8 '  :0 : -0 . 0 ' 8 O .  -o .� -0 .  -0 . 

-8 : 1 -0 . 
-0 . -0 . 

8 : 8 8 : 8  
8 :� o . o . 0 . 0  :8 : J O .  -0 .  

-8 :, -g ' - . - . :8 : 1 -8 ' - . 8 ' J - . -
0 : -0 .  

�IJ 

U788 RUN TIME 
1 10387 RUN TIME 

I1RI/MRD FII/FIS FD I /FDS 

f� �j I� i i�� I 81 
01 
91 

i� �! §� � SI I rl 31 �� 2� 

I� �I 3�� I li� � 13� i� �� :� �� I 01 I �� 81 - 01 I - 01 

H �I lij� I fl� , 1 I 
I 91 

I� H IJ� � zl� I 1 I I 0 1 I 

i� �f li� I il� 8 
8 1 I 

i� �I zr I i�� � 1 � S� I 81 

m �1 I� 8 11� I 8 

t� H 8� � I� I �� 

SOCKEYE 
11K I1DK I1RIIHRD Fll/F15 FD I /FDS 

�IJ =� �f r-ig l�� � ��� I� I -9 01 81 8 I - g� �SI S -0 . I -8 3/ 6 

!J �J 01 � 01 � 01 8 01 01 01 01 01 01 
8� 

0 01 8 8� 8 0 01 :� : i ��J f� �i z6� � SI � fl 01 SI :8 : �� Y 
01 SI Z 

�iJ �IJ 8� =1 01 8 01 I 01 81 
01 0 01 81 

-
01 8 �� I - 01 

IJ 1 : 8 01 � 8� 0 01 0 8� 8 01 � : 8  01 01 8� 01 0 01 . 0  0 01 0 01 

IJ IJ 8� � 01 8 8� 8 8� g� 8 01 8 01 0 01 0 01 0 � � I 1 ) 1 8� 8 8� � 8� � 8� 8 01 8� 01 O . 01 0 01 0 01 0 

IJ 1 :8 8� I 8� 8 01 8 01 01 01 01 . 0  01 01 0 8� 8 . 0  01 01 0 

I] I � � 01 � �� 0 8� � 8� 0 0 01 8 01 . 0  01 01 01 

�iJ �tl !� =1 01 8 d� � 31 01 8 yl - y� B� 8 I -



STAT ISTICS
M��nx�AkA��VRp����RS

(
�� �tTIBn)STOCK SURVIVAL Ta ble E . 5- 1 6  

PROGRAM � DSN:PJI . PF400 . RN R . SAS . REPORTS I FSUMAVG3 1 
F I LE . PJ I . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG RUH DATE U 788 RUH TIME 
F I LE .  PJ I . PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG RUN DATE 1 1 038., RUN TIME 

'tEARLING SUB'tEARLING STEEUIEAD SOCKE'tE 

POOL 'tEAR MR I1DR MRIIl1RD F l l /F I S  FD l /FDS MR I1DR MRIIl1RD F I I /F IS FD I /FDS MR I1DR tlRIIl1RD F I l /FIS FD I/FDS I1R I1DR I1RIIl1RD FI I/FIS FDI IFDS 

WELLS 1 ��� �y :! 0 . 0  2/ -4 S/ 0 1 31 0 ::1 : i 0 . 7 FI 
-
� 

4 31 I !�� �! -O ·t ::� � i i� a �� I i8� , �rt �I j � E �! 181 

i i�1 0 
0 . 0  31 -8 8/ 0 3S/ 1 0  -o . � 01 - 31 -0 . 8� 1 9 91 -0 . 2  01 -7 01 0 38/ 1 8 - 2 J -0 . S/- IO 2S1 =1 : 8� �� I i 200 - 1 : 4  

-o . � 4/ -6 81 0 4S1 S ::A : 7  �/- 0 1 0/ �Ol P 01 
AVG -0 . 3/ -7 S/ 0 3 91 1 4  - 1 . 7 1- 0 31 71 8 - 0 . 71 31 21 ::> 

RRECH l��� 0 . 3  0 . 0  r - 3  1 8/ 0 1 0/ 0 

::b : Z 
o . � 16/ -i I�� 11 il� Ii ::8 :t 8 :1 ,� �l �� � �8� i �J iJ 

8� 8 01 i 8� 0 
-0 . 0  0 . 0  1 I -S 1 0/ S 2 3/ 0 -0 . 31 - 01 () 

99� d -0 . 6  -0 ' 6 4/ -4 8/ 0 38/ 0 
- 1  j - O . S  �I - 2S1 -0 . :8 :  � 6� 8� 8 01 01 0 

00 0 . 3  O .  1 6/ -4 IS/ 5 2 3/ 0 -o . �  / - 1 8/ -0 .  01 01 0 
AVG3 -0 . 1  -0 . 1  1 1 1 -4 l /  3 281 0 - 0 . 9 -0 . 1 0/ - 1 8/ 01 1 - 0 . -0 . 01 I I 01 0 01 01 0 

RISL ln� o . � 8 : 8  31 -4 81 g 2�� 0 -A J  0
' 6 1!� �! rl � �g� I 0

' 1 :t i E �I 3r I i�� I =tl �IJ r :g z6� � I�� � -0 .  lr - 51 0 O . 01 -0 . -0 . 6  0 . 0  I - 3 0/ 0 2S1 0 -0 . 6  -O . S  S/ 0 SI :8 : I � a� I 
-1 01 0 /  

001 0 . 3  0 . 0  1 I - 3 1 0/ S 2S/ 0 -o . � -0 . 8  31 Y 01 :8 :  I - 01 01 
AVG -0 . 2  0 . 0  9/ - 3  S /  3 2S1 0 -0 . - O . S  I -6 1 6/ 42/ -0 .  I -0 . I - 01 41 1 

LWG Hli 8 . 0 0 . 0  I I  -0 01 8 01 0 O
' l 0 . 0  AI -0 01 8 01 8 :8 : 8  r 8 r -0 i� i 8� i �tl �IJ 01 -I 01 � �� 0 

- . 0  0 . 0  01 -0 0/ 01 0 - 0 .  0 . 0  I - I 01 VI I -8 01 - 01 0 
-0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 - 0 .  - 0 . 2  01 - 01 0 81 0 -0 ' 8 . 0  I - 01 81 - 01 31 0 fO O  -0 . 0  0 . 0  ] /  -0 0/ 0 0/ 0 -o . �  - 0

' 1 A/ - 01 0 01 0 - 0 .  : 8  8�  :8 01 I - 01 0/ 0 
VG -0 . 0  0 . 0  01 -0 0/ 0 0/ 0 - 0 .  - 0 .  I - 1  01 0 71 0 -0 . 0  01 01 - 01 0 2/ 0 

rrJ LWJ1 l ��� o . � 8 . 0  3/ -3 l S/ 0 SI 0 o . ! 
0 . 0  f - 2  1 8/ 6 fl 0 -8 :1 8 : � I� H 1!� I fl� I 8 :1 1 : 8  8� I 01 8 8� 8 - 0 .  . 0  3/ -5 1 0/ 0 281 S - 2 .  0

' 1 1- 16 SI �� P 01 
01 1998 ::8 : �  -0 . 3  2/ -4 3/ 0 30/ 0 

:� : 3  
- 0 . 3/- 1 31 0 31 28 -0 .  o . 8 :  : 8  01 8� 0 8� 0 

I 003 -0 . 3  S/ -4 1 0/ � 30/ 0 - 0 . 3/··B 81 0 -0 .  8 : 8  1 I 01 8 0 
VG3 -0 . -0 . 2  3/ -4 8/ 2 9/ 2 -2 . 3  - 0 .  4/- 81 0 11 2 3  -0 . I O . 01 01 0 

-....J I1CN f8B 0
' 1 0 . 0  4/ -S 2S1 0 1 0/ 3 O ' a 0 . 0  6/ -� 1 31 8 SI 8 0 ' 1 -8 : i I� �i 1!� I li� i 8 : 1 � . o 8� 8 01 � 01 8 99� - 0 .  0 . 0  81 -6 1 0/ 3 2 31 6 -0 . -o . �  31 - SI 10/ :8 :  . 0  0/ 01 

99 O .  0 . 0  91 - 2  1 0/ 8 2 31 -O . S  - 0 . r - 1 0/ 81 t 8 : �  8� 8 01 01 0 
003 o . � 0 . 0  9/ -8 1 5/ 1 0  P/ 3 -0 . 6  - 0 . 7  � ::� 1� 0 3S1 8 O .  o . 1 � 01 8 01 8 VG3 o . 0 . 0  9/ -S 1 2/ 7 3/ 2 -0 . 7 -0 . 6  0 381 -0 . -0 . 01 01 01 

JOA't r88 O
' I o .

! 
81 - 9  331 S 51 3 O

'l , . 0  81 - 3  1 31 I H� 18 0 ' 1 :8 : 0 i� =1 la� I d� I 8 : � i : � 
01 0 01 8 01 0 ��� -0 . -0 . SI -S 3/ 0 2 3/ 0 : 1 : : : �  91 -8 81 :8 : 01 8 01 8� 8 -0 .  - 0 .  71 -4 81 5 33/ 0 1 0/ -8 f31 2 I 01 01 

2003 -0 . 4  0 . 0  61 -S 1 0/ 3 33/ 0 - 1 . 8  : I J 71 -8 SI ��� � :8 : 
-o : � �I -

la� ��� 8 : 8  . 0 01 01 0 01 0 
AVG3 -O . S -0 . 1  6/ -S 71 3 2 9/ 0 - . 6  91 -8 SI -0 . I - . 0 01 0 01 0 01 0 

DALS p�� _8 . 9 0 ' 1 9/ - 1 0  2 31 S 81 3 o . � 0 ' 1 SI -! 
181 8 51 8 :� :l :8J i� �i Zi� I �g� I 8 : 8 1 : 8  8� 8 8� 8 01 8 -0 . 41 -4 SI 0 20/ 0 - 0 .  -0 .  r - 31 !51 01 

99� -O : �  -0 . 2  8/ -7 201 S 28/ S -0 . 6  -0 . � ::� SI SI 0 1 I o . . 0  01 0 0 01 a 
00 - 0 .  -O · f S/ - 6  1 8/ 0 25/ � -O . S  - 0 .  01 8 301 0 -0 . -o . � I 0 ' 8 : 8  01 0 01 0 01 0 

AVG3 -0 . 4  -0 . 6/ -6 1 41 2 24/ -0 . 6  -O . S  I - 3 3/ 3 31 0 -0 . -0 . I Z�� o . 01 0 01 0 01 0 
80NN f8B o . � 0 . 0  2/ 

-f SI 0 3/ 0 o . � 0
' 1 r -4 1 81 8 

f�� 
0 -8 : 1 =�J H H  I� 1 i� 8 8 :1 1 : 8  8� 8 8� 8 01 8 993 -0 . 0 . 0  01 - 01 0 3/ 0 -0 . -0 . I - 2  31 0 01 

99� -0 . 2  -0 . 1  r - 2  3/ 0 SI 0 - 0 .  -0 .  I - 2  �� 0 8 -0 . 8 8 :  J 0 01 0 01 0 
00 -0 . 1  0 . 0  / - I 0/ 0 31 0 -0 . 2  - 0 .  r - 2  0 SI - 0 . 01 0 01 0 01 0 

AVG3 -0 . 2  -0 . 0  / - 1  I I 0 3/ 0 -0 . 2  - 0 .  / - 2  41 0 31 -0 . 0 O .  01 0 0/ 0 01 0 
S'tS f8B o . � 0 . 0  2/ - 2  S /  0 I �� 0 o . � -8 : � �� :1 l SI 8 t� 8 -8 : l -8 :1 H �l 8� I I� 8 -8 : � ��J A� :t 8� 8 2g� � 9 9 3  -0 . -0 , 1 2/ - 2  5 1  0 0 -0 . SI gg8 -0 . 3  -0 . !� :� 31 0 31 0 -0 ' 2 - 0 .  v - I Ol 01 0 :8 : -0 . 01 8 :8 : 01 - 01 8 iSI 

-8 ' I 0 . 0  8/ 0 P/ 0 -0 . -O . S  / - 2  0 /  8 01 0 -0 . 8� 0/ - 01 SI 0 
Avd - . 2 -0 . 1  2/ - SI 0 31 0 -0 . 6  -O . S  1 1  - 3  SI SI 0 -0 . -0 . -0 . 01 - 01 0 51 0 

LEGEND � �EA� OF THE RELATIXE CHANGES IN SURyX�AL 1 % 1  �d ED AN RELATIVE CH NGE IN SURVIVAL % 
AX II1l1ll RELATIVE INCREASE r SURVIVAL I % I AXIM RELATIVE DECREASE N SURVIVAL % �H �ERCE� O F  RELATIVE SURVIV t INCREASES EXCEEDING ONE PERCENT 
ERCE OF �ELATIVE SURVpA INCREASES EXCEEDING F I VE P�RCENT 

A gl ��RCENT OF ELATIVE SURV VA DECREASES �XCEEDING ONE P� CEIIT 
RCENT OF RELATIVE SURVIVA DECREASES XCEEDING FIVE ERCENT 

AVERAGE OF THE �EARS 1 9 93 , 1 998 , AND Z O O 3  . 
-DATE RUH= 14I1AR88 . 1 0 . 08 . S 9 
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STATISTICSM���x�kA�!V�p����S, �� �tr� )STOCK SURVIVAL Tabl e E . S- 1 7  

PROGRAM '" DSN=PJI .  PF400 . RNR . SAS . REPORTS' FSlJl'lAVG3 1 
FILE . PJI . PF400 .CBS . F ISH . PASS .DATA .MIDCOLFG 
fILE . PJI . PF400 . CBS . FISH . PASS .DATA . MIDCOLFG 

'iEARLlNG SUB'iEARLlNG 
POOL 'iEAR MR I1DR MRI/MRD F I I/F IS FD I/FDS MR I1DR HRI/MRD FIl/F I5 FDl/FD5 

�JELLS 1 988 o .
! 

0 . 0  4/ -3  1 3/ 0 1 3/ 0 1 '
0 -S

: i 2�/ -8 63/ I g  t� �� 1 993 - 1 . -0 . 2  1 /  -8 5/ 0 43/ 1 0 : J / -9 20/ 1 998 - 1 . 6  -o . � 0/ -7 0/ 0 40/ 18 -0 . S/- I O  28/ 0 8/ 0 2003 - . 3  -0 .  4/ -6 8/ 0 38/ 18  -2 . 0  -0 . �/-I O  1 3/ 0 8/ 3 AVG3 - 1 . 4 -0 . 2  2/ -7 4/ 0 40/ IS - 1 . S  -0 . /- 10 20/ Z 2/ 8 
RRECH 1988 -0 . , 0 . 0  �/-1 1 33/ 0 I S/ 8 

A ' S 0
'1 I�� :9 38/ 1 0  i�� I g 993 -0 . 0 . 0  / -5 8/ � 28/ 0 - . 8  -0 . 

!
5/ 

5 
99¥ ') -0 . 6 -0 . 2  5/ -� 1 0/ 38/ 0 - 1 . 2  -0 .  3/ 0 5/ 3 00 0 . 4  0 . 0  1 6/ - 1 5/ S 2 3/ 0 - . 0  -0 . / -6 18/ � 0/ AVG3 � -0 . 3  -0 . 1 8/ -4 1 1/ 3 29/ 0 - 1 . 0  -0 . / -7 8/ 9/ 3 

RISL l��� -0 . 4  0 . 0  3/- 1 0  1 0/ 0 
P

/ g 2 . ! A : a  1 7/ -� f�� 18 �l� � -0 . 8  0 . 0  1 /  -4 3/ 0 5/ -0 . 51 -
998 -0 . 5  0 ' 8 2/ -� 3/ 0 231 0 -0 . o . � 61 - 25/ � 3/ 003 0 ' 1 

o .  1 4/ - 1 0/ S 25/ 0 -0 .  -0 . �/ -S 8/ 40/ 0 VG3 -0 .  0 . 0  6 /  -3 51 2 28/ 0 -0 .  -0 . I / -6 1 7/ 39/ Z 
LHG I ��� 0 . 0  8 : 8  0/ -0 0/ 0 0/ 0 o . ! 0

' 5 A� :� 3� 8 0/ � -0 . 0  01 -0 0/ 0 0/ 0 -0 . O .  V/ 99� -0 . 0  0 . 0  0/ -0 01 0 0/ 0 -0 . 3  -O ' A 
01 -I 0/ 0 81 200 -0 . 0  0 . 0  1 /  -0 0/ 0 0/ 0 -0 . 3  o . 0/ - 01 0 0/ 0 AVG3 -0 . 0  0 . 0  0/ -0 0/ 0 0/ 0 -0 . 3  -0 . 0 01 - 0/ 0 7/ 0 

UIl1 r88 -0 . 1  0 . 0  6/ -� I �� 3 1 3/ l 0 . 8  0 ' 6 ��:p 20/ � �/ 0 993 -A ' O -o . { 1 / - 0 28/ -2 . � o . 1 51 � / �8 998 - . 6  -0 . I -4 01 0 28/ 0 -2 .  -0 . 2  �j: 1 31 3/ 0 200 3 -0 ' 1 
-o . � 4/ -3  1 3/ 0 30/ 0 -2 . 0  -o . � 81 8 �8/ 22 AVG3 -0 . -0 . 2/ -4 6/ 0 28/ 2 -2 . 3  -0 .  8/ 8/ Z 

MCN U1i -o . � 0 . 0  4/ -7 2S/ 0 25/ S o . ! o .! F ={ 23/ 6 i�� 0 -0 . -0 . 2  8/ -� 1 01 3 �o/ 0 -0 . -0 .  1 31 8 -0 . 0 . 0  91 - 1 0/ 3 01 3 -0 . -0 . 31 � 0/ o . z  0 . 0  91 -7  1 5/ 1 0  25/ � -0 . 5  -0 . I -� 3/ 51 0 VG3 -0 . 0  -0 . 1 81 -6 2/ S 22/ -0 . 6  - 0 .  / - 6/ 4/ 0 
JDA'i un I . � 0 . 4  81 -i 48/ 1 0  5/ 3 O . B  _o . � g/ -2  f5/ � g/ 0 -0 . 0 . 0  �I - lSI 0 20/ 0 : I :! d J  / -8 8/ �o� !8 -o . � 0 . 0  / - 1 0/ S 25/ 0 r -8 181 -0 . 0 . 0  6/ -� 1 01 3 33/ 0 : 1 : / -8 1 5/ � �g� 1� -0 . 0 . 0  6/ - 1 2/ 3 261 0 / -8 1 7/ 
DALS f88 -A : f 

o . ! 9/ -9 rO/ 20 3/ 6 0 . 9  o .g n a  33/ 0 3/ 

� 99§ -0 .  al 
-5 

5/ 0 15/ -o · t -0 .  �� 8 �8/ 99 o .  -0 . I -9 25/ 5 20/ 3 -0 .  -o . z  01 003 :8 : -0 .  5/ -� 18/ 0 2S1 0 -0 . 5  - o . � 0/ 0 
r

/ VG3 -0 . 6/ - 1 9/ Z 20/ 1 -0 . 5  -0 . 3/ 0 9/ 0 
BONN r88 0 . 3  O .  I 2/ -2 1 31 0 3/ 0 0

'1 0 ' 1 f� =1 2S/ 0 g� 0 993 -0 ' 1 0 . 0  0/ -! 0/ 0 0/ 0 -0 .  O .  3/ 0 0 99� -0 .  -0 . 1  V - 3/ 0 3/ 0 -0 . -0 . 5/ 0 pi 0 00 -0 .  0 . 0  / - I 0/ 0 01 0 -0 . -0 . / -2 31 0 0/ 8 AVG3 -0 . 1  -0 . 0  1 /  - 1/ 0 1/ 0 -0 . -0 .  2/ -z 3/ 0 8/ 
S'iS l��� o . � 0 . 2  r :� 1 3/ 0 1 0/ 0 o . � -8 :i r :� 33/ 8 i5� 8 -0 . 0 . 0  01 8 31 0 -0 . 

5
1 

99¥ -0 . -O ' A 
/ -I A� 

8/ 0 -0
' 1 -0 .  / -I 5/ 0 0/ 8 00 -0 . 0  O .  / - 0 SI 0 -0 . -0 . / 

-
3/ 0 01 AVG3 -0 .  I -0 . 0  / - 3/ 0 8/ 0 -0 . -0 . / - 4/ 0 0/ 

LEGEND fill �M Ui'it: [Iii(::tt.' i;fF,' OF RELATIVE suRVIVAL INCRI':ASE� EXCEEDING ONE PERCE� F
U rr;[�: [lij;r::[L;n' OF RELATIVE SURVIVAL I tICREASE jXCEEDING FI�E PERC NT �D
! �;Uj;r.:Hfr OF RELATIV� SURVIVAL DECREASES XC�EDING ON PERCE� 

A 83 "i!;i��r,::H!rr QE BI':!,AnL_Sl)BYIVAt.J:!I;CREA.1?E!? _�c EDING FIVE PERC NT 
� 
-DATE RUN= 1 4MAR88 . 09 . S7 . 1 9  

RUN DATE 
RUN DATE 

STEELHEAD 
MR 
-8 :1 :A : -0 . 

-8 :1 -0 .  - 0 .  -0 . -A : � -0 .  
O .  -0 . 0  

-8 : 8  -0 , 8 -0 .  
-0 . 0  :8 :1 -8 ' - . 
-g : A o . § O .  
0 ., :8 :  -8 ' - . 
�ti 
-8 :, -0 .  -8 ' - . :8 : t -8 ' - . 

I1DR 

0 . , O .  -0 . :8 :  

:� � i -0 .  
0 ' 1 -0 . -0 . 
o .  - 0 .  

8 : 8 o .  
8 : 8  
8 . 0  
. 0  8 : 8 

o . � 8 :  O .  o .  
0 . ; -8 ' :8 : - . � 'l - . 

:8 :  

ti O .  
0 ' 1 :8 : -0 .  

Z 1 7BB RUN TD1E 
1 l 03B7 RUN TIME 

MRI/MRD FI l/FI5 FDl/FDS 

H �i zl� i �I� J 
H �l 11� I II� I 
I� �! 19� i tl� I 18� 

9/ 

8� :8 �� i �� i 01 -� 8/ -
/ -

l� �f l�� i f!� I 
I� �i 1!� 1 � i li� � 
i� �t 'i� i l�� �� i 
I� �t 31� � fl� i 1 / / 

I 

E H  11� � I� I 
fi B I� i i� I 

SOCKE'iE 
MR I1DR MRI/MRO FIl/FIS FDl/fDS 

�J � l :� � i F =1 P
/ � ��� 18 0/ 

0/ 
4�/ 2 / -� 

0/ 0 -0 .  / - 3/ 0 42/ 

8 : 8  � : 8 8� 8 8� 8 8� � 8 . 0 8� � 0/ 8 0/ 
0 : 8 oj 0/ 0/ 8 0/ 0/ 0 0/ 

=� � � -8 : J H �! 3�� 6 3/ 8 3ij/ 3/ 0 0 :8 : �  0/ 0 �8� 0 -0 . 8  -0 . 3/ 0 33/ 0 

��J :�J �� �I 8� 8 0/ 8 0/ 
0/ 0 3/ 8 : J 0/ 8 y� 0/ - 0/ 0 

8 : 8 �J 
0/ 8 �� 8 0/ 8 0/ 0/ 0/ 0 0/ 

8 : 8  . 0  8� 8 0 0/ 8 . 0 0/ 0 0/ 
0 . 0  

� : 8 g� � 8� � 0/ 0 �J 0/ 8 01 0/ 
: 8  0/ 8 0/ 0 8� 0 0/ 0/ 0 0 

i i i I : � �� 8 8� 8 8� 8 0 0/ 0 0/ . 0  8 0/ 0 0/ 8 . 0  0/ 0/ 0 0/ 

� : 8 �J 8� 8 8� 8 8� 8 8� 0 0/ 
: 8  : 8  8 8� 8 0/ 8 0/ 

g : 1 �J 8� 8 8� 8 8� � 0/ 0/ 0 
8 :  8� 8 0/ 0 0/ 0/ 0 0/ 0 

=� �I �!J S� :! g� � 0/ 

� r/ 
8/ - 8� 3/ / - 0/ -0 .  0/ - 0/ 0 3/ 0 



STATISTICS
M��xlRkA�!VAp�M��S

I �� �f¥I� )STOCK SURVIVAL 
Table E . 5- 1 8  

PROGRAM : DSN=PJI . PF400 . RNR . SAS . REPORTSI FSUMAVG3 )  
FILE .  PJI . PF400 .CBS . FISH . PASS .DATA . MIDCOLfG 
FILE . PJI . PF400 .CBS . FISH . PASS .DATA .MIDCOLFG 

YEARLING SUBYEARLING 
POOL YEAR MR MDR tlRI/I1RD FI l/FI5 FDI/FD5 MR tmR MRI/I1RD FII/FI5 FDI/FD5 

HELLS p�� 998 
003 

AVG3 
RRECH 1988 

993 
998 
003 

AVG3 
RISL Inl 

leg� 
LHG lUI VG3 

fTl LHH lUI Ul 
• 

1O MCN in! 003 
VG3 

JDAY p�� 
998 OO� 

AVG 
DALS p�� 

99� 00 
AVG3 

BONN l��� 
998 
003 

AVG3 
SYS p�� 

998 . - 003 
AVG3 

LEGEND Wd �U D� 
A 83 . 

.DATE RUN= 

-r � 0 . 0  4/ - 3  1 0/ 0 1 3/ 0 3 ' 1 - ) . 6  1 /  -9  5/ 0 53/ 1 3 -0 . 
- . 7  -0 . 2  0/ -8 0/ 0 4 3/ 8 = ! : 0 - . 2  0 . 0  4/ -6 1 0/ 0 38/ 8 - . 6  -0 . 6  2/ -8 5/ 0 44/ 1 6  - 1 . 4  =o . � o . y 4/- 1 � 30/ 0 15/ � _0 ' 2  -0 . 1/ - 5/ 0 35/ 

-! : O -0 . 3  5/- 14 8/ 3 r/ 3 -t : 2 
. 5  0 . 0  1 6/ -4 1 8/ 5 3/ 0 - . 0  -0 . 6  -0 . 1  8/ -9 1 0/ 3 3/ 3 - . 0  

=A : f 0 . 0  3/- 10  8/ 0 1 3/ 8 2 ' 1 -0 . 1  2/ -8 3/ 0 4 5/ � -0 . - . 8  0 . 0  2/- 1 2  3/ 0 2 3/ -0 . o · t 0 . 0  14/ -�  1 0/ 5 25/ 0 -0 . 7  - 0 .  -0 . 0  6/ - 5/ 2 31/ 3 -0 . 4  
-o . y 0 . 0  0/ -0 0/ 0 0/ 0 0 . 2  
-0 .  0 . 0  0/ -A 0/ 0 0/ 0 -o . � -0 . 0  0 . 0  0/ - 0/ 0 0/ 0 -0 . 
-0 . 0  0 . 0  A/ -0 0/ 0 0/ 0 -o .

� -0 . 0  0 . 0  / -0 0/ 0 0/ 0 -0 . 

=AJ 0 . 0  r -5 15/ 3 P/ 3 � . 6  -0 . 9  / -2 3/ 0 5/ 1 0  : : 2 
- o :� 

-o . ! / - 0/ 0 30/ 0 
-0 . / -i 1 5/ 0 30/ 0 -� . 9  -0 . 9  -0 . / - 6/ 0 35/ 3 - . 2  

-0 . 0  o . ! 4/ -6 28/ 0 2 3/ 5 -8 : '  
-A · 2 - 0 .  8/- 1 ! 5/ � 35/ 1 0  - . 0  0 . 0  9/ - 1 3/ 1 8/ 3 -0 . 6  o . � 0 . 0  9/ -7 15/ 1 0  25/ � 

- o . � -0 . -0 . 1 8/ -8 1 1 / 5 26/ -0 . 

-!j 0 . 9  8/-
P 50/ 1 3  5/ 3 �IJ 0 . 0  5/- � 1 0/ 0 �5/ 8 0 . 0  7/ - 1 3/ 5 3/ 0 -O ' g 0 . 0  6/ - 1 0/ 3 3/ 0 -0 . 0 . 0  6/ -7 1/ 3 30/ 3 

- I  : 1  -8 J 9/- 1 5  30/ 18  
2�j 16 -A :i 4/ -9 1 3/ 0 

0 ' 1 =8 : 1 8/ -4 20/ 5 20/ 0 -0 .  -0 . 5/ -t 1 8/ 0 25/ 0 -0 . -0 . -0 .  6/ - 1 7/ 2 23/ 3 -0 . 4  
-8 : f 0 ' 1 F =� 1 6� 0 �� 0 O ' j -0 . 0 0 -0 . -0 . -0 . 3/ 0 3/ 0 -0 . -0 . 0 . 0  / -! 0/ 0 0/ 0 - 0 .  -0 . 1  -0 .  I / - 1/ 0 3/ 0 -0 . 2  

-8 : 1  o . � f� =� 1 3/ 0 1 0/ 0 o . � -0 . 0/ 0 23/ 0 -0 . 
-0 . 2  0 . 0  3/ 0 1 0/ 0 -0 . 5  
-0 . 0  0 . 0  rj =!  8/ 0 5/ 0 -o . � -0 . 3  -0 . I 3/ 0 1 3/ 0 -0 . rlf:'l�lt{ '�'F THE RELApVE CHANGES Iy SURp�AL 1 % )  
· m"j , .  ,;I, fi!  RELATIVE HANGE I� SURV VAL % l'ii,I, �:H�iliii!f, RELATIVE ItlCREAS IN SURVIVAL I % I 

2 . 3 2t/ -5 fg� Zg 
o . y / -8 

-0 . 5/-1 0 jO/ -0 . 8  �/- 0 3/ � - 0 . 3 /- 1 0  2 3/ 
0 . 0  I V  -9 jO/ � -0 . 3  / -8 8/ -0 . 6  r -7 0/ � -0 '2 / -

, 1 8/ -0 .  / - 8/ 

J : �  Ir -4 60/ 1 8 / -4 2 3/ 
/ - 7  25/ � -O : } / -g 8/ -0 . / - 18/ 

0 . 2  r -0 3/ 

I 0 . 0  / -I 0/ 
-0 . 2  / - 0/ 

o . y 8� : 0/ -0 .  0/ 
o . � r-I� 20/ 8 
o . 1 8/ 0 -0 .  / - I 3/ 0 -o . � 

/- �j 8 -0 .  /-
0 . 6  �/ -Z 30/ I -o .� I� :� I�� -0 . 

- o . � / -3 3/ 8 -0 . / - 3  7/ 
0 . 0  9/ -6 r/ I = I J  8/-1 0  0/ 

r -8 8/ / -8 5/ - . 4  / - 9  1 8/ 

-8 : �  �� :! P/ 
0/ 8 -o . � I� :� 5/ 0 

-0 . 0/ 0 
-o . z  / - 3  5/ 0 O · f �� :f 28/ 8 -0 . 3/ 
0 . 0  Ij =� �j 0 -0 ' 1 8 -0 . / -2 3/ 

-8 : � r :� 33/ 8 5/ -0 . / -I 5/ 8 - o . � / - 3/ -0 . 1/ - 4/ 0 

k'J,�:qt!llj!fi RELATIVE DECREASE IN SURVIVAL % 
j·nl:i;:n�r OF RELATIVE SURVIV L INCREASES EXCEEDING ONE PE�CENT 
! R::�:ir,;R;:t�I OF fiELATlVE SURVIVAl: INCREASES ��CEEDING FIVE f RCW i�U; i�:i::;U;;��·[· OF ELATIVE SURVIVA DECREASES CEEDING O�E P RCE i .. ], �!i:ift.�:i ' OF RELATH� SURVIVA� DECREASES EXCEEDING F VE PERCENT ,I";U.,�,,,,�, OF THE Y S 1 993 ,  998 , AND 2003 

14MAR88 . 1 0 , 02 1 2� 

��� �8 0/ 0 
0/ 3 2/ 8 

l�� IH 3/ � 
0/ 
8/ 

il� 0/ 9/ i 
0/ 

I 8/ 

t8/ 0/ 
5/ 

U� d 
i�� �� I Ui �I 60/ I ��� � 5/ 
0/ 

Z9/ 0 

I �� I 6� 2/ 
8/ 

I · r/ 0/ 3/ 
1/  

RUN DATE 
RUN DATE 

STEELHEAD 
HR 

�rl 
-8 :1 :8 :  -0 . -� :i 8 ' - . :8 : 1 O .  -0 .  

-8 :1 -0 .  -8 ' - . . o . �  :8 : . -8 : �  
-8 :l -0 .  -0 . -0 .  -8 :1 :8 :  -0 .  

-8 :, :8 :  -0 .  :8 : 1 :8 :  

HOR 

8 : , -8 ' 
:0 :  

:IJ -r� - : Y  
8 : 8  
. 0  

0 . 0 0 . 0  -r� ' Y  - . 

-8 : 
O 'l -8 :  

�IJ 
-8 :1 :8 :  -0 . 

8 : � o . 8 :  
-8 : � -8 : -0 .  

U 788 RUN TItlE 

ZOZ88 RUN TItlE 

HRI/HRD FIl/FI5 FDl/FD5 

H �I zl� I }i� ! §� 3 

n �i 1§� I �i� , �� 
l� �! r/ I II� I 8� 

8� 8� �i �I 0/ - I� � I I� I 
I� �I li� 1 II� I 
I� �I 11� 1 / 

/ , �Ii 1 / I 
l� �I Iii I / I II� , 
}� �I 31� I II� , I / 

/ 
/ 2/ 

H H  II� I Ii I 
t� H �� I I� I 

SOCKEYE 
HR HOR HRI/HRD FIl/FI5 FDl/FD5 

�J � i �t' Ii �� �g� f t� Ii 0/ 
g� �� 2 / -8 

tl tl I� 8 g� 8 8� 8 � 8 8� 0 
8� 8 0/ 

�tf :8 : 1 :8 :  11� �I fl� 0/ 7/ � ii� 2� f :8 : 1 �IJ �i H 0/ 8 I� � 0/ 
0/ :8 :  8� 8 �� 8 

tl I] 8� 8 0/ 8 8� 8 0/ 0 0/ 0/ 
8� 8 0/ 8 8� 8 0/ 

8 : 1 8 : 1 8� 8 8� 8 0/ � 8� 0/ 
8 :  8 : 8� 8 8j 8 8� 8 

IJ 8 :i 8� 0 0/ 8 8� I 8 0/ 0/ 8 : 0 8� 0 8� 0 8� 0 0 

8 : 1 I J 8� I 8� I 8� 8 8 :  8� 0/ 0/ 0/ 0 O .  0/ 0/ 0/ 0 

f 8 f� 8� I 8� 8 8� 8 : 8 0/ 0/ 
8� 0/ 0 0/ 0 

. 0  0/ 0 0/ 0 :� � I �IJ i� �I I� 8 ��� I Yj 0 z6� -0 .  0 Z6/ 



STATISTICS�F�x�kA��VRpf��ftRS« �M ��Sf6U )
STOCK SURVIVAL Table E . 5- 1 9  

PROGRAM = OSN=PJ I . PF400 . RNR . SAS . REPORTS( FSUHAVG3 ) 
F ILE . PJI . PF400 . CBS . F ISH . PASS . OATA . H IOCOLFG RUN DATE Z1 788 RUN TIME 
F ILE . PJI . PF400 . CBS . F ISH . PASS . OATA . H IOCOLFG RUN DATE 1 1 0387 RUN TIME 

'fEARLING SUB'fEARLING STEELHEAD SOCK£�E 

POOL 'fEAR HR HDR HRIIMRD F I I/F I 5  FD I /F05 HR tIDR MRIIMRD F I I IF I5 FDl/FD5 MR tIDR MRIIMRD FI l/FI5 FDl/FD5 HR tIDR HRIIMRD F I l IFI5 FD I IFD5 

HELLS 1 986 =O : �  0 . 0  2/ -3 61 0 61 0 6 . 0  Z . O  Z11 -8 56/ 18 i�� �A :�J 8 : , I� �j g� I II� i :r� =tl F �f zo/ � 8/ 0 993 -0 . 2  1 /  -6 31 0 381 1 0 - . 9 -o .! ��-Ig 20/ 3/ r/ r 996 =L� -O ' l 0/ -8 01 0 401 6 - 1 . 6  -0 . f6/ 0 -0 .  �� y� 8/ 8 2003 -0 . 4/ - 6  8/ 0 361 1 6  -2 . 0  -0 . /- 0 3/ � �� n =8 : 8 5/ � AVG3 -0 . 2  2/ - 7  3/ 0 38/ 1 5  - 1 . 5  -O . Z 5/- 1 0  ZO/ -0 . 9 - . 6 -0 .  / -8 1/ 
RRECH I g�� 0 . 5  0 ' 6 �/ - 3 301 0 8/ 0 - I : 1 o . � 1 �� ::A V/ i 3�� Ig -8 :1 o ' f m a  g� I fA� � 8 :� � : 8 8� � 8� I 8� 8 -0 . 6  O .  / -5 61 0 281 0 -0 . 3/ o . �ggi -0 . 6  -0 . 2  5/ -4 1 01 3 3�/ 0 =j : 1 -o . g g/ - 7  0/ i�� � -0 . -8 :  �� g� 8 :  : �  8� 8� 8� 8 0 . 4  0 . 0  1 6/ -4 151 5 2 I 0 -0 . I - 6  61 -0 .  

AVG -0 . 3  -0 . 1  61 -4 1 1/ 3 2 9/ 0 - . 1  -0 . 5  6/ - 7  1 7/ 9/ 3 -0 .  -0 .  8/ 0 . 0  0/ 0 0/ 0 
R ISL 1 96� 0 . ; 0 . 0  31 -� 1 0/ 0 5/ 0 

-� : 4 A : �  1 7/ -� n� 1� ��� I J :i -tJ t� �I 1i� I fg� � :tl 8 :j i� �I zl� 8 IA� � r9 -0 . 0 . 0  1 1  - !,/ 0 301 0 6/ -
996 -0 . 6  0 . 0  r -3 3/ 0 2 31 0 -0 . 5  -o . } 61 - 5/ i� =8 : 0 8/ OO� 0 . 4  0 . 0  1 / -2 1 01 5 25/ 0 -0 . 7  - 0 .  �I -� 8/ � �Ol -8 : 1 � �� 8 8/ 0 AVG -0 . 3  0 . 0  I -3 5/ 2 26/ 0 -0 . 5  - 0 .  5/ - 1 6/ 0/ -0 . -0 . 1/ 0 

LHG r88 0 . 0  0 . 0  1 1  -0 01 0 0/ 0 0 ' 1 8 : A 1/ -i 3/ 0 0/ 0 -� : 8  tl 8� =1 I� � 8� I �t i �IJ �� �I �� I 8� 8 99� -0 . 0  0 . 0  0/ -0 0/ 0 0/ 8 -0 .  0/ - 0/ 8 f/ 0 99 -0 . 0  0 . 0  01 -0 01 0 0/ -0 . 3  0 . 0  0/ - 0/ 8/ 0 - . 0  r - 3/ 8 003 -0 . 0  0 . 0  A/ -0 0/ 0 01 0 -o . � 0 . 0  0/ - I 0/ 0 2� 8 -
8 . 0  / - 8 8� y� AVG3 -0 . 0  0 . 0  / -0 0/ 0 0/ 0 -0 . 0 . 0  0/ - 0/ 0 - . 0  / - 0/ - 0/ 0 

rrl lWM I g�� 8 ' z 0 . 0  3/ -I 151 0 5/ g o . � 0 ' 1 '�-I� 15/ 8 t�� �g -8 : 1 iJ I� �i It� � fl� � 8 : � �J 8� � 0/ 

I 8� 8 - . 9  0 . 0  1 /  - 5/ 0 25/ =� : O .  �� 8� 01 99� -0 . 7  -0 . 1  1 /  - 0/ 0 28/ 0 -0 .  /- 0 0/ 8 -0 .  0/ 0/ 0 ZOO -o . � -0 ' 1 41 - 1 31 0 30/ 0 -Z . O -0 .  2/- P 8/ 8 0/ �O -o . � 1 � 8 8 : 8 : &  8� 8 8� 0/ 8 I AVG3 -0 .  -0 .  2/ - 6/ 0 28/ Z - Z . 3  -0 .  2/- 1 6/ 8/ 5 -0 .  0/ N C) HCH p�� O · f o . � 9/ -f 25/ 1 8/ g 0 . 5  0 ' 1 H �i ZO/ � i�� I -8 :� �j i� �I li� , li� � �J 8J 8� 8 �� � 8� � - 0 .  O .  81 - 8/ i 201 -0 ' 2 
-0 .  1 �� 998 -0 . 0  O . 91 - 101 1 81 3 - 0 .  -0 . 0/ -0 .  0/ 003 O . Z 0 . 0  91 - 7 51 1 0  251 

� 
-0 . 5  -0 . i� 0 5/ o . : 8 1 / 8 : 8 0/ 8 8� 8 8� & AVG3 0 . 0  0 . 0  8/ -6 1 /  5 2 1 /  -0 . 6  -0 . 0 3/ -0 .  / 0/ 

JDA'f I g�� 1 . 1 0 . 4  8/ - 9  3�/ 8 5/ � 0 . 4  �Ij r -Z 18/ 1 i�� �� -8 : �  ��J l� �i li� I 1I� I IJ f � 8� 0 8� I 8� 0 -0 . 0 . 0  ;� =� lo� 
0 1 8/ 

:1 : a I -g 3/ 8 0 998 -0 .  0 . 0  ! Z51 / -
I�� 8/ 0 :8 :i 8� 0/ 0 

i003 -0 . 0 . 0  6/ -5 1 0/ 331 0 - . 5  / -8 0/ � : 8  8 8� 8� 0 VG3 -0 . 0 . 0  6/ -5 2/ 3 25/ 1 - . 7  I -8 5/ 8/ 1 0/ 0 

OAlS I g�� -A : } o ' r 2� :l �O/ 18 
1 �� 6 O ' l -8 : 1 r - 1 35/ 8 ig� 8 -8 :1 :8 : 1 !� �I 3f � II� I 8 : 1 8 : 8 

0/ � 8� 8 8� 8 -0 . 31 0 -0 . / -i �� 0/ �881 -0 . -0 . 8/ -2 1 8/ 5 20/ 5 -O . �  -0 . / - 8 5/ 0 :8 : 1 � 8 :  8 . 0 0/ 0/ 0 0/ -o . � -0 . 5/ - 81 0 f5/ 0 -0 . - 0 .  / - 0/ 0 -0 . 0 : 8  0/ 0/ 0 0/ 0 AVG -0 . -0 . 6/ -6 1 6/ Z 9/ Z -0 . 5  -0 . 1/ - 3  4/ 0 32/ 0 -0 .  -0 .  / 0 0/ O .  0/ 0 0/ 0 0/ 0 

BONN p�� -8 : 1 O ' A I� :f 1 3/ 0 6� 8 0 ' 1 8 : A  i� :1 zl� � a� 8 �iJ t� H H  11� I I� I 1 : 8 � : 8 8� 8 8� 8 �� 8 O .  0/ 0 -0 .  99� -0 . -O ' A I -I 31 0 51 0 -0 .  -0 ' 1 f� :� Ig� 0 
: 8 : 8  0/ 8 8� 8 0 00 =8 :  o .  / - 0/ 0 01 0 -0 . -0 .  0 0/ 8� 0 AVG3 -0 . 0  / - 1 /  0 2/ 0 -0 . 1  -0 . U - Z 0 8/ 0 O .  . 0  0 . 0  0/ 0 0/ 0 0 

S'fS 1 988 o . � O ' A I� =� 1 3/ 0 3/ 0 O . � 0 '1 r :� 25/ 8 ig� � -8 : i :8 : l t� H �� I �� I -8 :i -8 : ! A� :l �� 8 I�� I 99§ - 0 .  O .  0/ 0 
P

/ 8 -0 .  -0 .  �� 99 :8 : S -0 . 1  31 0 0/ -0 . 6  -0 . I -� 3/ -0 .  -0 .  :8 :  0/ - �� 200 � 0 . 0  / - � 81 0 81 0 -0 . 5  -0 . / - 3/ 8 �� 
0 :8 : 

o .  8� =8: 0/ - 8 AVG -0 . 2  -0 . 0  1 /  - 3/ 0 1 0/ 0 -0 . 6  -0 . / - 5/ 0 -0 .  -0 .  0 /  - 0/ 3/ 
LEGEND rm� imi!:,�'i '[:�F: THE RELATIVE CHANGES IN SURrEAL « X )  

i f;iF,:ir (K.H,� RELATIVE CHANGE IN SURVIVAL ' .  
itf,·� :ijFH:mrr,'i RELATIVE INCREASE IN SURVIV L « :I. I r !11!.� �,.H:IU� RELATlXE DECREASE IN SURVIVAL « X  

M �·!�: ;�'r.; IHki OF RE TIVE SURVIVAL INCREASES EXCEEDING O�E PERCEIfI' 
hit· !�ii.;titt.!r OF RELATIVE SURVIVAl: INCREASES EXCEEDING F VE PERCEIfI' ��: Ili.;:�;!t-l·:\· OF RELATIVE SURVIVA DECREASES EXCEEDING ONE PERCEIfI' 

05 . ·� I!fq;i(�:[ OF RELATIVE SURVIVAr DECREASE� EXCEEDING F IVE PERCEIfI' 
A G3 .it;�f..iF�;�'�'�; OF THE 'fEARS 1 99 3 ,  998 . AND 003 . 

"DATE RUN= 1 4HAR88 . 1 0 , 09 . 0 9  

'�� , ���� ,� ! 



Mean , Minimum , and Maximum Survival Val ues 

Tab les  E . S -20 through 38  give the mean, minimum , and maximum sys tem s tock  
s urviva l s  ( survival to b e low Bonnevi l le )  for  each category o f  f is h  s tocks  
(year l ing , s ubyear l ing , s tee l head , and s o c keye ) ,  f o r  each  poo l of  
or lgln . Thes e  val ues are g iven for  1 988 , 1 9 9 3 , 1 9 9 8 , and 2003  based  on 
40 FI SHPASS model  s imul a t i ons for  each s tudy year . Each tab l e  provides  
the  above info rmat ion f o r  the  No-Ac t ion case and a g iven al ternat ive . 
The legend at  the b o t tom o f  each tab le  iden t i f ies  each s tat i s t i c . The 
inf o rmat ion in these tab l e s  is referred to in S e c t ion 4 . 2 . 3 . 4 . 1 ,  S urviva l 
Changes : Analyt i cal  Me thods . See the f ront  of  Vo lume 4 for  a def in i t i on 
o f  the 8 l e t ter codes g iven at the top  o f  these tab l e s  to  ident i fy the 
a l t erna t ive s . 

E . S - 2 l  



rrl 

01 
I 

N 
N 

t1EAN . t1 I N ItlUl1£ AIm t1AXltI� SU�VfVAL �luli� 
t1PR XlltlK VS tlPF XIltl NO A 10 

EROGRAt1= DSII = P J I . PF400 . RIm . F ISH PASS . SAS . REPORTSI FSUl12 1 ) 
F I  E S .  PJ I · PF�OO . CBS . F I SH . P � SS . DATA . N IOCOLFG RUn DATE 

PJ . PF400 . CIlS . F lSH . PASS . DAI A . tl ILJCOI. F G  R U  DATE 
2F88 1 0  087 

T a b l e  E . S - 2 0  

YEA RLING SUBYEARLIIIG STEEL/lEAD SOCKEYE 

POOL YEAR 

NELLS 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  

RRECH 1 988 
9 9 3  

1 998 
2 0 0 3  

R ISL j 988 
9 9 3  

1 998 
2 0 0 3  

LHG 1 988 j 9 9 3  
9 9 8  

2 0 0 3  

l NJ1  1 988 
1 9 9 3  
1 9 98 
2 0 0 3  

tlCN 1 9118 
1 9 9 3  
1 9 98 
2 0 0 3  

JDAY r88 
9 9 3  

266� 
OAtS 1 988 

9 9 3  
1 998 
2 0 0 3  

BOliN 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  

51'S j 988 
9 9 3  

! 998 
0 0 3  

LEGEND � 
mIB 
MilA m�� 

·DATE RUN= 

tlBlIlA 11lIBIIINA MXIlII'IXA tIBII1A 
30 . 0/30 . 0  25 . 7/ 2 5 . 8  3 3 . 4/ 3 3 . 0  1 5 . 8/ 1 5 . 9  
38 . 8/ 38 . 8  3 1 . 5/ 3 1 . 5  4 2 . 6/ 4 2 . 6  2 3 . 3/ 2 3 . 4  
4 1 . 7/ '> 1 . 7  3 2 . 4/ , 2 . 4  4 6 . 4/46 . 4  26 . 5/26 . 5  
4 1 . 5/'> 1 . 6  32 . 5/ 3 2 . 5  4 7 . 0/4 7 . 0  2 6 . 8/ 2 6 . 8  

32 . 8/ 3 2 . 9  25 . 4/25 . 6  38 . 6/38 . ,>  2 5 . 6 /25 . 5  
4 3 . 1 /4 3 . 0  3 2 . 2 / 3 1 . 9  4 9 . 5/'> 9 . 5  3 ) . 1 / 34 . 0  
4 5 . 9/45 . 9  3 3 . 8/ 3 3 . 8  5 3 . 5/53 . 5  3· . .  1 / 3  . 1  
4 6 . 2/46 . 5  3 3 . 2/ 3 3 . 2  54 . 6/54 . 6  35 . 1 / 35 . 2  

4 0 . 3/40 . 3  3 1 . 1 / 34 . 3  '1 7 . 1 /4 6 . 9  2 5 . 0/25 . 0  
4 7 . 5/4 7 . 5  34 . 9/ 3 . 9  54 . 0/54 . 0  30 . 5/ 3 0 . 5  
50 . '>/50 . 4  35 . 7/35 . 8  5 9 . 1 / 5 9 . � 34 . 9/34 . 9  �0 . 6/50 . 9  36 . 0/ 36 . 0  5 9 . 6/5 9 .  35 . 3/ 35 . 3  

6 5 . 2/65 . 2  5 7 . 1 / 5 7 . 0  68 . 0/68 . 0  5 2 . 7/5 2 . 7  
7 9 . 9/7 9 . 9  70 . 8/70 . 7  8 3 .  V8 3 . 1  5 3 . 4/5 3 . � 
7 9 . 6/ 7 9 . 6  7 1 . 3/ 7 1 . 3  8 Z .  /82 . 1  54 . 3/54 . 
7 9 . 8/ 7 9 . 8  7 1 . 0/ 7 1 . 0  8 1 . 8/81 . 8  54 . 0/54 . 0  

3 3 . 9 / 3 3 . 9  25 . 3/25 . 3  38 . 2/ 38 . 3  28 . 7/ 28 . 7  
36 . 5/ 3 6 . 4  3 1 . 4/ 3 1 . 4  ��j:��J 3 1 . 9/ 3 1 . 9  
38 . 6 / 38 . 6  3 3 . 3/ 3 3 . 3  3 6 . 4/ 3 6 . 4  
3 9 . 5/ 3 9 . 6  34 . 2/34 . 2  4 . 7/44 . 7  35 . 6/ 35 . 6  

58 . 0/58 . 0  4 9 . 1 /48 . 9  6 9 . 0/69 . 0  4 0 . 9/40 . 9  
5 9 . 9/ 5 9 . 8  4 5 . 9/4 5 . 9  6 9 . 0 / 6 9 . 0  4 3 . 4/ 4 3 . 4  
6 3 . 8/ 6 3 . 8  4 7 . 5/4 7 . 6  76 . 1 / 76 . 1  50 . 5/50 . 5  
6 3 . 9/6'1 . 1  4 7 . 9/4 7 . 9  75 . 5/ 76 . 1  50 . 6/50 . 6  

5 4 . 1 /54 . 3  3 9 . 2 / 3 ? 2 65 . 7/65 . 7  49 . 0/4 9 . 0  
54 . 6/!A . 6  3 9 . 5/ 3 9 . 5  6 7 . 9/ 6 7 . 9  50 . 2/50 . 2  
55 . 1 /55 . 1  '> 1 . 8/4 1 . 8  68 . 4 / 68 . 4  4 8 . 3/'.8 . 3  
5 6 . 9/56 . 9  4 2 . 6/42 . 6  70 . 3/ 70 . 3  4 9 . 9/50 . 0  

6 3 . 1 /6 3 . 3  4 1l . 9/'18 . 9  H : ?:H : ?  5 3 . 5/53 . 6  
65 . 0/65 . 0  4 8 . 9/48 . 9  56 . 6/56 . 6  
6 7 . 5/ 6 7 . 6  5 3 . 3/ 5 3 . 3  8 0 . 3/80 . 3  56 . 9/56 . 9  
68 . 0/68 . 0  54 . 1 /54 . 1  8 1 . 1 /81 . 0  5 7 . 1 /5 7 . 0  

86 . 4/86 . 4  80 . 5/80 . 5  90 . 0/90 . 0  8 1 . 6/8 1 . 7  
86 . 7/86 . 7  80 . 3/80 . 3  8 9 . 7/8 9 . 7  82 . 7/82 . 7  
86 . 1 /86 . 1  80 . 3/80 . 3  9 0 . 3/90 . 3  8 1 . 3/81 . 3  
86 . 5/1l6 . 5  8 1 . 0/8 1 . 0 9 0 . 4/ 9 0 . 5  8 1 . 5/8 1 . 5 

65 . 0/65 . 1  6 1 . 4/6 1 . 4  6 8 . 5/68 . 5  5 1 . 4/5 1 . 5 
70 . 9/70 . 9  6 6 . 1 / 6 6 . 0  74 . 3/74 . 3  5 3 . 9/53 . 9  
7 1 . 7/ 7 1 . 7  6 7 . 1 / 6 7 . 1 76 . 3/ 76 . 3  5 7 . 1 /5 7 ' 4 
72 . 0/72 . 1  6 6 . 9/ 6 6 . 9  76 . 0/ 76 . 3  5 7 . 4/5 7 .  

= tlE Atl N O  ACTHlII SURVIVAL I /. I  
= 11FAtl Id.Tf. RtlATI VE CASE SUHVIVAL 1 % 1  

tlHBlIlNA tlXBII1XA 
7 . 5/ l '  5 2 8 . 2/28 · i P . 0/ 1  . 0  3 7 . 1 / 3 7 .  
4 . 8/ 1  . 8  38 . 9/ 38 . 9  

1 4 . 0/ 1 4 . 0  38 . 2 /38 . 2  

j 2 . 2/ 1 � . 2  2 9 . 5/ 2 9 . 5  6 . 1 / 1  . 1  35 . 4/ 3 S . � 2 2 . 3/ 2 2 . 3  3 9 . 5/ 3 9 . 
2 2 . 8/ 2 2 . 8  38 . 9/4 0 .  

1 3 . 9/ 1 3 . 9  35 . 6/35 . 5  
1 8 . 1 / 1 8 . 1  4 1 . 6/44 . 7  
2 2 . 6/22 . 6  44 . 3/4 . 3  
2 2 . 9/ 2 2 . 9  4{t .  0/44 . 0 
48 . 7/48 · I 5 9 . 6 /5 9 ' 1 
4 9 . 1 /4 9 .  58 . 1 /58 . 
4 9 . 5/4 9 .  6 0 . 7/60 . 
4 9 . 5/4 9 . 4  6 0 . 5/60 . 

1 � : r�dJ �� : ���t� 
1 5 . 5/ 1 5 . 5  5 1 . 2/5 1 .  1 8 . 2/ 1 8 . 6  5 0 . 2/50 . 2  

2 8 . 2/28 . 2  5 2 . 3/5 2 . 5  
30 . 2 / 30 . 2  5 3 .  6/5§ . � 4 0 . !/40 . 1  5 9 . 5/5 . 
40 . /40 . 5  5 9 . 0/59 . 0  

2 0 . 9/2 0 . 9  6 1 . 4/6 1 ' 1 
2 2 . 8/ 2 2 . 8  g :  r:�! : 1 24 . 9/24 . 9  
2 7 . 6/ 2 7 . 6  5 9 . 7/5 9 . 7  40 . 8/40 . 8  6 7 . 4/6 7 . � 4 3 . 8/4 3 . 8  70 . 0/6 9 .  
4 6 . 0/46 . 0  6 8 . 7/68 . 
45 . 3/45 . 3  68 . 5/68 . 5  

74 . 1 / 74 . 1  88 . 7/88 . � 7' • .  0/ 74 . 0 8 7 . 2/8 7 .  
74 . 0 /74 . 0  88 . 5/88 . 5  
74 . 7/ 74 . 7  8 7 . 8/87 . 8  

4 0 . 0/40 . 0  5 9 . 7/60 . 0  
4 1 . 3/4 1 . 3  6 1 . 9/6 1 . 9  
4 7 . 0/47 . 0  64 . 9/64 . 9  
4 7 . 2/4 7 . 2 64 . 0/64 . 0  

MBII1A 

�2 . 7/ 3 2 . 7  � . 3/43 . 3  
4 . 9/45 . � 4 6 . 4/4 6 .  

�2 · 0/32 · 1 . 1 /4 . 
48 . 8/48 . 
4 9 . 4/4 9 .  

4� · V42 . � i . /�9 .  
2 . 0/ 2 .  
3 . 1 /5 3 . 

8 3 . 3/8 3 . 3  88 . 0/88 · Z 8 7 . 9/87 . 88 . 0/88 . 
20 . 5/40 ' 1 3 . 4/4 3 .  
45 . 2/45 . 2  47 . 0/4 7 . 0  
6 7 · 9/6� . 0  U · / 6  ' 4  Nt! . . 0/ . 0  
g8 ' r58 ' I 9 .  /5 9 .  
6 0 .  / 6 0 . 
6 1 . 4/6 1 . 

6� . 3/65 ·1 
6 . 2/66 . 
6 7 . 8/6 7 .  
68 . 8/68 . 8  

8 3 ' V8 3 ' j 8f · /8i -
8 . /8 . 
82 . 6/82 . 6  

P 'T/ 7� '1 5 .  /7 . 
75 . 9/75 . 
76 . 5/76 . 

tt J lHl IUl 1 110 ACT lOti SURV IVAL FOR SIHULATIOIlS OF TIfE G�VEti conTRACT YEAR f /. )  
I I I lW IIII! ALTERII,\TIVE rASE SURVIVAL FOR SUIULATlOtlS 0 TIlE GIVfN COlffRACf YEAR f /, 1  
M A X l tlUl1 NO ACTI Otl Sli R V I V .; L  FOR S IlIUI.ATIONS OF TIfE GIVEH CONTRACT YEAR /. )  
11AXllIUlI ALTERtlATlVE CASE SURVIVAL FOR S IlIULATIOll5 OF THE G I VEN CDlffRACT YEAR l % )  

2 3FEB88 . 08 . 30 . 1 6 

tlHB II1NA !8 . 4/28 . � 8 . 9/ 38 .  0 . 7/40 . 
40 . 8/40 . 8  p . 0/3r · t 

. 1 /4 . 
3 · V�3 . 
3 .  / 3 .  

�l : ���1 : � . 0/4 . 
4 . 2/47 . 

r ij/80 ' ij � .  /8� . 
· /8 . 

8 J/85J �lJKl �5 .  /35 . 
8 .  /38 . i* :!��r 7 

· /�9 .� 
9 . 5/ 9 .  

�8 · 0/38 · t · r4 O .  · / 3 .  4� .  /�7 . �9J�t� �! . 8/ 1 .8 
. 9/52 . 9  ��J���J 6 . 0/ 6 . 0  

76 . 3/7 6 . 3  

19 : ���g : 1  2 .  /F ' 3 . 2/ 3 .  

t1XBII1XA 

rr38 .! y .  /g
!

' 
. / . 

3 . 4/5 . 
it i��� : ! 5 .  /5 . 

i� : I�il : 1 Z .  / 6  . 

lrlI g . /g . . / . 
88 . /6 . 

��j��I : t �U:� : 
��j�H : l 8 . 6/ . 
�t���ti �8 .  / 9 ' 7 . 8/6 . 

W��P :I 8 . 8/ t 89r8� ' i 8 . /8 . 
8 . /87 .  
88 . /88 .  

}l : ��p : � �8 : 2� 3 :  

MBIIIA 

Uj�U:1 . 3/ 36 .  � ' 8/ o . � . / O .  . 0/ O .  
. 0/ O .  

U: t�!1 : 1 . 9/4� . 

rFg� : i Z .  /60 . 
O .  /60 . � : 8� 8 : 8  . 0/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  
8 : 8� 8 : 8  0 . 0/ 0 . 0  
8 . 0/ 8 . 0  . 0/ . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  
8 : 8� 8 : 8  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
8 . 0/ 0 . 0  . 0/ o . g  

. 0/ O .  0 . 0/ 0 . 0  
2� : ��2f : ! 
�! . �/5 . 

. /5 . 

t1HBII1NA 

HJ��I : f  . 2/ 3  . � . o/ 0 . 8 . 0/ O .  
. 0/ 8 . 0 . 0/ . 0  !� :r�5 :f 

9 .  / 3g . 0 . 8/40 . rl�R' t rS5 . 
7 .  /57 .  

8 : 8� 8 : 8 0 . 0/ 0 . 0  0 . 0/ 0 . 0  � . o/ 0 . 0  . 0/ 8 . 0 . 0/ . 0  . 0/ 0 . 0  
8 : 8� 8 : 8  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
8 . 0/ 8 ' 8 . 0/ . 0 . 0/ 0 . 8 0 . 0/ O .  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  r · 4/2° · a 3 . 0/ 3 .  
7 . 0/�� . 0 
8 . 8/ . 8  

t1XBII1XA 
30 . 8/ 30 . � �5 . 6/35 . 0 . 7/'>0 . 41 . 8/41 . 8 
8 . 0/ 0 ' 8 . 0/ O .  . 0/ 0 . 0  0 . 0/ 0 . 0  
2� : ,�

4� : � 
go . �Ao . 

3 .  /5 3 .  

fr6� . 7  

� .  /z . ! Z : 6�6t 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 ' 8 g . o/ O .  
. 0/ O .  0 . 0/ 0 . 0  

U · 1 /l f . 6/5 . 
. !/5 . 

54 . /54 . 

- -. --- --_. ---.. _-------_. _----
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(Jl I 
N 
W 

MEAN, MIIHllutltJ1Ul UAX II1)!l1 SU�VfVAl ��ufi� 
UHF 11K S I1PF XBM NO A 0 

Ta b l e  E . S- 2 1  

PRllGRAI10 DSlloPJ I .  PF4 0 0 . RIIR . F ISHPASS . SAS . REPORTSI FSut12 1 ) 
fILES , �J I . P F 4 0 0 . (:IlS . F lSI! . PASS . DATA . tllD(:OLfG RUN DAfE 2F89 J I . PF400 . CBS . F I SH . PASS . DATA . tlIDCOlfG RU DA E 1 0  98 

YEcARlIIIG SUBYEARLING STEElHEAD 
POOL YEAR 
HEllS 1 988 

1 9 93 
1 9 98 
2 0 0 3  

RRECH 1 988 
1 99 3  
1 9 98 
2 0 0 3  

RISL 1 988 
993 

1 998 
2 0 0 3  

lHG r88 
993 
998 

2 0 0 3  
lH11 1 988 

993 
1 9 98 
2 0 0 3  

MCN 1 988 
1 99 3  
1 9 98 
2 0 0 3  

JDAY 1 988 1 993 
998 

2003 
DAlS 1 988 

1 9 93 
1 9 98 
2 0 0 3  

BONN r08 
993 
998 

2003 
SYS 1 908 

r
93 

998 
0 0 3  

LEGEND tIB 
11A 
Will 
tiNA 
MXB 
I1XA 

-DATE RUII= 

MB/IIA MIUl/IINA MXB/llXA tIB/I1A 
3 0 . 0/30 . 0  25 . 7125 . 7  33 . 4/ 3 3 . 3  1 5 . 8/ 1 5 . 8  
38 . 8/38 . 8  3 1 . 5/ 3 1 . 5  4 2 . 6/42 . 6  2 3 . 3 / 2 3 . 3  
4 1  . 7/ 4 1 . 7  32 . 4/ 3 2 . 4  4 6 . 4 /46 . 4  26 . 5/ 2 6 . 5  
4 1 . 5/4 1 . 6  32 . 5/ 3 2 . 5  4 7 . 0/4 7 . 0  26 . 8/ 2 6 . 7  
3 2 . 8/ 3 2 . 9  25 . 4/ 2 5 . 4  38 . 6/38 . 5  25 . 6 / 2 5 . 5  
4 3 . 1 /4 3 . 3  3 2 . 2/ 3 3 . 2  4 9 . 5/4 9 . 5  3 1 . 1 / 3 1 . 1  
45 . 9/45 . 9  3 3 . 8/35 . 4  �� : ��R� 34 . 1 / 34 . 1  
4 6 . 2/46 . 6  3 3 . 2134 . 8  35 . 1 / 35 . 2 
40 . 3/40 . 5  3 1 . 1 / 3 1 . � 4 7 . 1 /4 6 . 9  2 5 . 0/25 . 0  
4 7 . 5/4 7 . 7  34 . 9/ 3 " . 54 . 0/54 . 0  30 . 5/30 . 5  
50 . 4/50 . 5  35 . 7/3 5 . 7  5 9 . 1 / 5 9 . 0  3" . 9/ 34 . 9  �0 . 6/ 5 1 . 0  36 . 0/ 36 . 0  5 9 . 6/59 . 6  35 . 3/ 35 . 3  
6 5 . 2165 . 2  5 7 . 1 / 5 7 . 2  6 8 . 0/68 . 0  5 2 . 7/52 . 7  
7 9 . 91 7 9 . 9  70 . 8/ 7 1 . 1  8 3 . 1 /8 3 . 1 53 . 4/ 5 3 . 4  
7 9 . 6/ 7 9 . 6  7 1 . 3/ 7 1 . 7  82 . 1 /8 2 . 1  54 . 3/54 . 3  
79 . 817 9 . 8  7 1 . 0/ 7 1 . 5 8 1 . 8/ 8 1 . 8  54 . 0/54 . 0  
3 3 . 9/ 3 3 . 9  2 5 . 31 2 5 . 4  38 . 2138 . 6  28 . 7/28 . 5  
3 6 . 5/ 3 6 . 5  3 1 . 4/ 3 1 . 3  44 . 3/44 . 3  3 1 . 9/ 3 1 . 9  
38 . 6/ 38 . 6  3 3 . 3/3 3 . 3  4 6 . 5/46 . 5  36 . 4 / 3 6 . 4  
39 . 5/ 3 9 . 7  34 . 21 34 . 2  4 4 . 7/44 . 7  35 . 6/35 . 6  
58 . 0/58 . 3  4 9 . 1 /4 9 . 3  6 9 . 0/68 . 9  4 0 . 9/4 0 . 8  
5 9 . 9/ 6 0 . 0  4 5 . 9/45 . 9  6 9 .  0 / 6 9 . 3  4 3 . 4 /4 3 . 4  
6 3 . 8/6 3 . 9  4 7 . 5/4 7 . 5  76 . 1 / 76 . 0  50 . 5/50 . 5  
6 3 . 9/64 . 3  4 7 . 9/47 . 9  75 . 5/ 75 . 9  50 . 6/50 . 6  
5 4 . 1 /54 . 2  3 9 . 2/ 3 9 . 4  65 . 7/65 . 7  4 9 . 0/48 . 8  
54 . 6/54 . 6  3 9 . 5/39 . 4  6 7 . 9/ 6 7 . 9  5 0 . 2150 . 2  
55 . 1 /55 . 1 4 1 . 8/4 1 . 8  6 8 . 4/68 . I 48 . 3/', 8 . 2  
56 . 9/56 . 9  4 2 . 6/ 4 2 . 6  70 . 31 70 . 3  4 9 . 9/50 . 0  
6 3 . 1 /6 3 . 0  4 8 . 9/48 . 8  7 7 . 0 / 7 7 . 0  5 3 . 5/53 . � 
6 5 . 0/6 5 . 1  48 . 9/48 . 9  7 7 . 1 / 7 7 . 1 56 . 6/56 . 
6 7 . 5/6 7 . 5  5 3 . 3/ 5 3 . 3  80 . 3/80 . 3  56 . 9/56 . 9  
6 8 . 0/68 . 0  54 . 1 /54 . I 8 1 . 1 /8 1 . 0  5 7 . 1 / 5 7 . 0  
86 . 4/86 . 3  00 . 5/80 . 5  90 . 0/ 90 . 0  8 1 . 6/81 . 5  
8 6 . 7/86 . 7  8 0 . 3/80 . 3  89 . 7/89 . 7 8 2 . 7/8r · 7 
86 . 1 /86 . I 80 . 3/80 . 3  90 . 3/90 . 3  8 1 . 3/8 . 3  
86 . 5/86 . 5  8 1 . 018 1 . 0 90 . 4/90 . 5  8 1 . 5/8 1 . 5  
6 5 . 0/65 . 0  6 1 . 4/ 6 1 . 4  6 8 . 5/68 . 4  5 1 . 4/51 .� 
70 . 9/70 . 9  6 6 . 1 /6 6 . 9  �2 : �� �� J 5 3 . 9/5 3 .  p . 7/ 7 l . 7  6 7 . 1 / 6 7 . 4  5 7 . 1 /5 7 . ! 2 . 0/ 7 2 . 1  66 . 9/6 7 . 7  76 . 01 76 . 2  5 7 . 4/5 7 .  

tlEAN NO ACTIOII SUHV I VAl I /, '  

111lB/l1NA MXB/tIXA 
7 . 51 7 . 5  28 . 21 28 . 2  P . 0/ 1 0 . 8  3 7 . 1 / 3 7 . � 
4 . 81 1 4 . 8  3 8 . 9/38 . 

1 4 . 0/ 1 4 . 0  3 8 . 2 1 38 . 2  

F · 2I 1 2 . 7  2 9 . 51 ? 9 . 6  
6 . 1 / 1 6 . 3  35 . 4 / 3 5 . � 2 2 . 3 1 2 2 . 3  3 9 . 5/ 3 9 . 

2 2 . 8/ 2 2 . 8  38 . 9/40 . 8  
1 3 . 9/ 1 4 . 0  35 . 6/ 3T · � 
1 8 . 1 / 1 8 . 1 4� . 6/4 . 
2 2 . 6/ 2 2 . 6  4 . 3142 . 3  
2 2 . 91 2 2 . 9  44 . 0/4 . 0  
4 8 . 7/48 . 6  5 9 . 6/59 . 6  
4 9 . 1 /4 9 . � 58 . 1 /58 . � 4 9 . 5/4 9 .  60 . 7/60 . 
4 9 . 5/4 9 . 4  60 . 5/60 . 5  

9 . 91 1 0 . 0  4 6 . 5/4g . � 
1 3 . 1 1 1 3 . 0  46 . 4/4 . 
1 5 . 5/ 1 5 . 5  5 1 . 21 5 1 . 
1 8 . 21 1 8 . 6  5 0 . 2150 . 2  
28 . 2128 . 9  5 2 . 3/5 2 . � 
3 0 . 21 3 0 . r 5 3 . 6/5 3 .  
4 0 . 1 /4 0 .  5 9 . 5/59 . 5  
4 0 . 5/40 . 5  5 9 . 0/59 . 0  
20 . 912 1 . 1  6 1 . 4/6 ! ' 1  
2 2  . 812 2 . 6  6 1 . 716 . 
24 . 9/24 . 9  6 2 . 1 / 6 2 . 
2 7 . 61 2 7 . 6  5 9 . 7/5 9 .  
4 0 . 8/4 2 . 0  6 7 . 4/ 6 7 ' 3 
4 3 . 8/44 . 3  70 . 01 70 .  
46 . 0/4 6 . 0  68 . 7/68 . � 
45 . 3/45 . 3  68 . 5/68 . 
74 . 1 174 . ! 88 . 7108 . � 74 . 01 74 . 8 7 . 218 7 . 
74 . 0174 . a 88 . 5/88 . 5  
74 . 71 74 . 7  87 . 8/87 . 8  
4 0 . 0/4 0 . � 5 9 . 7/59 . 6  
4 1 . 3/4 1 .  6 1 . 9/6� . 9  
4 7 . 0/4 7 . 0  64 . 9/6 . Z 4 7 . 214 7 . 2  64 . 0/64 . 

tIB/I1A 
32 . 7/ 3 2 . 6  
4 3 . 3/4 3 . � 
4 5 . 9/45 . 
4 6 . 4/46 . 4  
38 . 0/38 . 0  
!

6 . I If,6 . 1  
8 . 8148 . 8  
9 . 414 9 . 4  

�� : ��2
2 :y 

2 . 0/5� . 
5 3 . 1 /5 3 . 2  
8 3 . 3/83 . 3  g� . 0/8� . 0  

. 9/8 . 9  
88 . 0/88 . 0  
4 0 .�/�0 .� 
4 3 .  I 3 .  
4 5 . 2I4� . 
4 7 . 0/4 . 2  

g:l��f : A H '  17 . � . 0172 . 
�8 ·r58 . 6  

9 .  159 ' A 6 0 .  160 . 
6 1 .  161 . 4  
�5 . 3/65 . � 6 . 216 6 . 
6 7 . 8/67 . 7  
68 . 8/68 . 8  

gH/8 3 . � · 183 .  
8 1 . 7/8 1 .  
82 . 6/8 2 . 6  

ffl�7� : T · Ih · o  
· I . 5  

H E  All A�rERNATIVE CASE SURVIVAL 1 % '  
tl l N II IIIl'I NO ACI' 1 011 SURVIVAl FOR S II IUlATIOIIS OF THE GIVEII CDlffRACT YEAR 1 /, 1  
M l N l IIUII ALIERIIATIVE C A S E  SURV IVAL FOR S IIIUlATIOIIS OF THE GIVEN COIffRA9' 1EAR 1 % )  ���illWl ��T�fum1v�ugX§�i'l;uhB�v�l" �bf§�Mol�h6I!g gfv¥UEcg�����o{J��C'lYEAR 1 % )  

2 3FEE88 , 08 , 28 , 5 9 

MNB /t1NA MXB/t1XA 

�� :��3� :5 gSrg8 : ! 4 0 .  140J 5! . 1St . 
40 . 8/40 . 8  5 . 15 . 

F : O��I : I ! : k2 : F :F�j : i �� .  1 5  . 
5 .  15 . 

�l : z�!l : �  27 . 214 7 .  i9 :I��� : I Z .  1 6  . 
80 . 5/80 . 5  nJ�!i : t �� . 0/a5 . 0  . f  5 . 3  
85 . 185 . 3  88 . 9/8 . 

TI�KI � . 1�5 .  
8 .  I 8 .  U:f��i :t 56 . I� • 52 :F�2 : 1 k ��� : r i�ff !  � .  71 . 

. 61 . r , Y/ 38 . 2  
lr

6� 'i � .  140 . 0  � . I� . 
. 8/4 3 . y . I 9 '  
. 1 /4 7 .  6 7 . 8/6 . i!J��8 : i ft9�ft� . 8/5f . � . 51 9 .  
. 9/52 . . 81 8 .  

nJ��� : 3 8A · 6/8A · i 8 'r8 . 
. 01 6 .  8 7 .  187. 
. 3/ 7 6 . 3  88 . 188. 

t O/�6 ·t O ' r O .  � :  �H : nJ�fti 

SOCKEYE 
tIB/t1A 

�� .gI 2 5 .g 
. 1 2 9 .  � . 8/3� . 8  

3 . 3/3 . 3  
g . OI O ' g 

. 01 O .  
0 . 01 g . 
0 . 01 . 0  UJ�UJ 
f8 : !�fg : ! O .  I O .  
g . OI g . o  

. 01 . 0  g . OI g . o  

. 01 . 0  

. 01 . 0  
� . Ol � . o  

: g� : g 
o . gl 0 . 0  g ' I g ' O  

. 01 . 0  

. 01 . 0  
g . OI g . g  

. 01 . 
. 01 0 . 0  

0 . 01 0 . 0  
g . OI � . o  

. 01 . g g . OI . . 01 . 0  iA : 0�2f � �J�� J 

MllB/t1I1A 

!rr8 ' 1 · 1 2 2 . 
I .  1 3 1 . 
2 .  1 3 2 . 
g . OI o . g . 01 O . 
0 . 01 o . g 
0 . 01 O .  1! · 8125 ·1 ·r2 9 •  

· I 9 .  
O .  I�O .  n:f�R' · 155 . 

· 1 5 7 .  

. 01 O .  g . OI o . � 
0 . 01 O .  
0 . 01 0 . 0  
0 . 01 0 . 0  g . OI 0 . 0  

. 01 g . o  

. 01 . 0  
0 . 01 o . g 0 . 01 O .  g . OI 0 . 0  

. 01 0 . 0  
g . OI O ' g 

. 01 O .  g . OI O .  

. 01 0 . 0  
g . OI o . g . 01 O .  

. 01 0 . 0  
0 . 01 0 . 0  i � : 3�2° : 3 7 .  0/21 . a 
8 . 81 8 . 8  

tlXB/t1XA r · 8/3� . 0  
5 . 6/ 3  . �  
0 · A/4O . 
1 .  14 1 . 8 
0 . 01 0 . 0  
0 . 01 0 . 0  g . OI 0 . 0  

. 01 0 . 0  

i�l�L� o .  150 ' i 3 .  15 3 .  

n:t�r :I . 8/6t 
g . OI 0 . 0  

. 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  g . OI o . g 

. 01 O .  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
g . OI 0 . 0  

. 01 0 . 0  g . OI 0 . 0  

. 01 0 . 0  
g . OI g . o  

. 01 . g . 01 O .  
0 . 01 0 . 0  i! : A�� ! :f 5 ' 1/55 . 
4 .  154 . 
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MEAN,  MINIMUM£ AIID UAXJP� SU�V1VAL ��ufi� 
tlPF XFIIK S M F XBM NO A 0 

PHOGRAI1= DSII=PJI . PF400 . RIIR . F ISHPASS . SAS . REPORTSI FSUM2 1 ) 
F ILES . �JI . Pf400 . ces . F 1 SH . PASS . DATA . tl J OCOLFG RUN BAT� JI . PF400 .CCS . F ISH . PASS . DA fA .MIDCOLFG RUN AT 

2F89 1 0  98 

Ta b l e  E . S - 2 2  

YEARL I1IG SUB'IEARLING STEELHEAD 
POOL 'IHR JIBlllA tlNBIlINA MXBIl1XA tIBll'lA 11tIBIl'INA MXBIl1XA tJBIl'IA 
HELLS 1 988 30 . 0/30 . 0  25 . 7/25 . 7  3 3 . 4/33 . 0  1 5 . 8/ 1 6 ' 2 1 . 5/ 8 . 2  28 . 2/2� . � �� : ���� : I 993 38 . 8/38 . 9  3 1 . 5/3 1 . 5 42 . 6/4 2 . 8  2 3 . 3/23 .  1 . 0/ 1 0 . 9  3 7 . 1/3 . 

1 998 � I  j�� 1 J 3 2 . 4/ 3 2 . 4  46 . 4/46 . 3  26 . 5/26 . 5  1 . 8/ 1 5 . 6  38 . 9/38 . 5  45 · r45 . 
2003 32 . 5/32 . 5  4 7 . 0/47 . 0  26 . 8/26 . 8  1 4 . 0/ 14 . 6  38 . 2/38 . 5  4 6 .  /46 . 

RRECH 1 988 3 2 . 8/32 . 9  25 . 4/25 . 4  ��J���J 25 . 6/25 . 7  1 2 · Vp · 3 2 9 . 5/29 . 8  3� . 0/3� .! 
RISL 

LHG 

LH/1 

MCN 

JDA'I 

DALS 

BONN 

S'IS 

LEGEND 

1 993 4 3 . 1 /4 3 . 3 3 2 . 2/32 . 2  
1 998 45 . 9/45 . 8  33 . 8/35 . 0  53 . 5/53 . 1  
2003 46 . 2/46 . 2  33 . 2/33 . 2  54 . 6/54 . 7  
1 988 40 . 3/� 0 .  4 3 1 . 1 /3 1 . 1  f · I/46 . 3  
1 993  47 . 5/4 7 . 7  34 . 9/34 . 9  � . 0/54 . 2  
1 998 50 . 4/50 . 4  35 . 7/35 . 8  5 . 1 / 5 9 · l 2003 !i0 . 6/50 . 5  36 . 0/36 . 0  59 . 6/59 . 
1 988 65 . 2/65 . 2  5 7 . 1 /5 7 . 2  68 . 0/68 . 0  
1 993 79 . 9/79 . 9  70 . 8/70 . 8  8 3 . 1 /83 . 1  
1 998 79 . 6/79 . 6  7 1 . 3/7 l . y 82 . 1/1l2 . 1 
2003 79 . 8/79 . 8  7 1 . 0/ 7 1 . 8 1 . 8/81 . 8  
1 968 33 . 9/3.4 . 0  25 . 3/25 . 9  38 . 2/38 . 7  
1 993 36 . 5/36 . 6  3 1 . 4/3 1 . 4  �� J��� : �  998 38 . 6/38 . 6  3 3 . 3/33 . 4  
2003 3 9 . 5/39 . 5  34 . 2/34 . 2  44 . 7/44 . 4  
1 988 58 . 0/58 . 2  4 9 . 1/49 . 2  69 . 0/68 . 9  
1 993 59 . 9/59 . 9  (. 5 . 9/45 . 9  69 . 0/69 . 3  
1 998 6 3 . 8/64 . 0  4 7 . 5/4 7 . 5  76 . 1 /75 . 9  
2003 6 3 . 9/63 . 8  4 7 . 9/4 7 . 9  75 . 5/76 . 0  

1 988 54 . 1 /54 . 6  39 . 2/39 . 4  65 . 7/66 . 0  
993 g{" 6/54 . 5  39 . 5/39 . 4  6 7 . 9/6 7 . 9  

1 99� 5 . 1/55 . 1  4 1 . 8/42 . 1  �g : �;;�g : A  200 56 . 9/56 . 8  4 2 . 6/42 . 8  
1 988 6 3 . 1/63 . 7  48 . 9/49 . 1  7 7 . 0/77 · T 1 993 65 . 0/65 ' 1 48 . 9/49 . 0  77 . 1/77 .  
1 9 98 6 7 . 5/6 7 .  5 3 . 3/53 . 8  80 . 3/80 ' 1 2003 68 . 0/6 7 . 9  54 . 1/54 . 6  8 1 . 1 /8 1 . 
1 988 86 . 4/86 . 5  80 . 5/80 . � �� : ����j 1 993 86 . 7/86 . 7  80 . 3/80 . 
1 998 86 . 1 /86 . 1  80 . 3180 . 4  90 . 3/90 . 1  
2003 86 . 5/86 . 5  8 1 . 0/8 1 . 2  90 . 4/90 . 5  
1 988 �5 . 0/65 . 1  6 1 . 4/6 1 . 5 68 . 5/68 ' J 1 993 0 . 9/70 . 9  66 . 1/66 .  1 7� . 3/74 . 
1 998 $ 1 .  7/7 1 . 7 6 7 . 1/6 7 . 4  7 . 3/76 . 2  
2003 2 . 0/7 1 . 9  6 6 . 9/66 . 7  76 . 0/76 . 2  

tIB = tlEAN 110 ACTION SURVIVAL / ;( )  
MA 

3 1 . 1 /3 1 . 2  
34 . 1 /34 . 4  
35 . 1 /35 . 1 
25 . 0/25 . � 30 . 5/30 . 
34 . 9/35 . 0  
35 . 3/35 . 3  
5 2 . 7/52 . 7  
5 3 . 4/53 . 4  
54 . 3/54 . 3  
54 . 0/54 . 0  
28 . 7/28 . 7  
3 1 . 9/32 . 0  
36 · r36 . 5  
35 . /35 . 5  
40 . 9/4 1 . 0  
43 . 4/4 3 . 5  
50 . 5/50 . 5  
50 . 6/50 . 6  
4 9 . 0/49 . 0  
50 . 2/50 . 3  
48 . 3/48 . 5  
49 . 9/49 . 9  
53 . 5/53 . 8  
56 . 6/56 . 6  
56 . 9/56 . 9  
57 . 1/57 . 1  
8 1 . 6/81 ' 9 82 · V82 .  
8 1 . /8 1 .  � 
8 1 . 5/81 . 
5 1 . 4/51 . 6 
5 3 · Y/54 . 0  
57 .  /57 . 2  
57 . 4/57 . 4  

1 6 .  / 6 . 6  
22 . 3/23 . 3  
2 2 . 8/23 . 3  
1 3 . 9/ l a · l 1 8 . 1/  . 
22 . 6/23 . 5  
22 . 9/2 3 . 9  

�� : r��� : r  
4 9 . 5/4 9 . 5  
4 9 . 5/49 . 5  
9 , Y/ 1 0 . 4  

1 3 .  / 1 3 . 3  
1 5 . 5/ 1 5 . 6  
1 8 . 2/ 18 . 7  
28 . 2/29 . 8  
30 . 2/30 . 6  
4 0 . 1/40 . 6  
40 . 5/4 1 . 0  
20 · Z/22 . � 22 . /22 .  
21 . 9/25 . 2  
2 . 6/27 . 9  
40 . 8/43 . 0  
4 3 . 8/42 . 0  
46 . 0/4 . 2  
4 5 . 3/45 . 6  
74 . A/�� ' 2 74 . / . 0  
74 . 0/74 . 2  
74 . 7/74 . 9  
4o . �/4 1 · 2  4 1 .  /4 . 5  
4 7 . 0/47 . 3  
4 7 . 2/47 . 6  

35 . 4/35 . � 39 . 5/39 .  
38 . 9/40 . 3  
35 . 6/35 . 6  
4 1 . 6/4� . 9  44 . 3/4 . 0  
44 . 0/44 . 2  
59 . 6/59 . 6  
58 . 1/58 . 2  
60 . 7/60 . 7  
60 . 5/60 . 5  

46 . 4/46 .  
46 . 5/46 . � 
5 1 . 2/5A · 
50 . 2/5 . 1  

52 . 3/52 . 2  
5 3 . 6/53 . 2  
59 . 5/59 . 0  
59 . 0/59 . 2  
6 1 . 4/6! . � 6 1 . 7/6 . 
62 . 1/6 . �  
59 . 7/59 .  
6 7 . 4/67 . � 70 . 0/69 .  
68 . 7/68 . 5  
68 . 5/68 .4  
88 . 7/8: . � 87 . 2/8 . 
88 . 5/

8 
. 2  

8 7 . 8/87 . 8  
59 . 7/5y . 9  
6 1 . 9/6 . �  
64 . 9/64 . 
64 . 0/64 . 

4 ' A/4 . 
�8 .  /48 .  
9 . 4/49 .  

�� . /4 . 
42 ' V4� ' 1 

. 0/52 .  
53 . 1/53 .  
8 3 . 3/89 · a 88 . 0/8 . 
87 . 9/8 ' Z 88 . 0/88 . 

r�/40 .
� 3 .  /4S ' 5 . 2/4 . 

4 7 . 0/47 . 0  
6r O/l 2 
6 '4/6 . �  
h : o�$ : 
�� :Fg� :i 60 . /6� . 
6 1 . /6 . 
6� . 3/6� ·i 6 . §/6 . 
6 7 .  /� . 
68 . 8/ 8 .  

gt �;;gr � 8! . /8 . 
8 . 6/8 . 6  

t� : �;;tt : � � . �/ . 
. / . 

= MfAII A I.TEIUlAT lVE CASE SUP-V IVAL I ;( )  
IIIIB = II ItHi lllJl liD ACTIOII SURVIVAL FOR SIMULATIONS OF THE GIVEII CONTRACT 'IEARcfi: )  
MilA = H 11( I I I  UtI AI .TERIIATIVE CASE SURVIVAl. FOR S IMULATIOIIS OF THE GIVEII CO�ITRA lEAR ( i: )  tlX8 = 11AXJI I1III NO ACTIOII SURVIVAL FOR SIIIUL4TIot/S OF THE GIVEII CONTRACT EAR ;( 
MXA ; M4XIlIUll AlTERlIAT IVE CASE SURVIVAL FOR SItlULATIOHS OF TIlE G IVEII COIITRACT 'lEAR I ;( )  

-DATE RUN= 23FEB88 . 08 . 3 7 . 1 6  

MUB Il1NA 

rrr! 8 .  / 8 .  
O .  / O .  
0 . 8/40 . 

U : Y;;3t : 1 �� : I;;k 
�t �;;r 2 46 . 0/ � . !  
47 . 2/47 . 3  gO . 5/80 . ; 
� . 0/85 . 

. �/85 . 
85 . /65 . r ·r28 . 0  � .  /35 ' f 

· /35 . 
8 .  /38 .  

it��g�j g. /�9 . � · / 9 .  

fSlfZ : f � .  / a · 
· / . 

�f
J;;48j 
. 8/H · 2 5 . 9/ . 4  

W��t� : 2 . 0/ 6 ' 2 6 . 3/ 6 .  �8 · 0/66 . 2  
· �

/7
° · i � : ;;H : 

MXBIl'1XA 

ig : !��f : 1  ! . 4/5 • 

it ��UJ 
n:I�UJ 
RlFlt 8 . /3 . 
8 . /8 . 

U:f�U:f 
Hj�P: 1  . 6/ g . U :i;;U :! z9 ' / . 

. / . 

r:1��fl t /7 . 

8 . /89 ' 
8�
r8

7

'i 87 .  /8 • 
88 . /87 .  

ttiHt� 

SOCKE'IE 
tIBll'lA 

nJ;;�� : I . 8/�� . 
. 3/ . 

8 · g/ 0 , 8 . / O .  
0

' 8/ 0
, 8 O .  / O .  

�tt��ti 
�� : ���� : i  � . �/6 . 

8 : 8;; o
: � o .  / 8 .  

0 . 0/ O .  

g ' 8/ 0
' 8 . / O .  

. 0/ 8 , 0 . 0/ . 0  

8 : 8;; 8 : 0 
8 :  8;; 8 : 8 

8 . 0/ 8 , 
0 . 0/ o . � . 0/ . 
0 . 0/ O .  
0 . 0/ 0 ' 8 8 . 0/ O .  

. 0/ 0 . 0  
0 . 0/ 0 . 0  

�
�

: !;;�� :

O 

5! : ;;S! :i 

MUBIl1NA 

tr 9/�8 ' i . 3/ 2 .  
! · V3 1 . 

. /32 . 
0 . 0/ g ' 8 0 . 0/ . 
0 . 0/ ' 8 0 . 0/ O .  

g .  t/ . 
�
5 . 8/!� .! . / . 

40 . 8/ O .  

I� :  9;;g� : , 
· f/55 . 

7 .  /57 .  
0 . 0/ 0 . 0  
8 . 0/ o . g . 0/ O .  
0 . 0/ 0 . 0  

g . o/ 0 . 0  
. 0/ 0 . 0  

8 . 0/ 8 . 0  
. 0/ . 0  

g ' o/ 8 . 0  . 0/ . 0  
. 0/ 0

' 8 0 . 0/ O .  
0 . 0/ g ' O 
8 . 0/ . 0  

. 0/ . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
8 . 0/ 0 . 0  

. 0/ 0 . 0  
0 . 0/ 0 . 0  

3 . 0/ . 
r

4/�! ' t 7 . 0/4 • 
8 . 8/4 • 

MXBIl1XA 

r�/3

I

.i 5 .  /35 . 
0 . 7/40 . 
1 .  8/4 1 . 

8 . 0/ 0 . 0  
. 0/ g . o  

8 . 0/ . 0  
. 0/ 0 . 0  

�! : f;;�! :i O .  / O .  
53 . 2/53 . 0  lf62 'I � . /6� . 

. !/6 • 

. /6 . 
0 . 0/ 0 . 0  8 , 8/ 0 . 0  

. / 8 . 0  
0 . 0/ . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

8 . 0/ 8 . 0  
. 0/ . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

8 . 0/ g . o  . 0/ . 0  0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

nJ��t : 2 . 1/5 . 9  
. 6/5 . 8  
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MEAN , M INIn}{UtxMll1 V�xA��xfig�vl��\��gfi� EROGRAM= D5tl = P J I  _ P F 4 0 0  _ RIm . F ISIiPASS . SAS . REPORTS! FSUl12 I ) 
FI ES . PJ 1 . P F 4 0 0 . CP �, . F TSH . PASS . DATA . 11 J OCOLFG RUN DATE 

P J 1 .  PF 4 0 0 .  ellS .  f iSH . PASS . DHA . I1lUCOU G RUll DATE 
2 1 788 

1 0 3087 

Ta b l e  E . 5 - 2 3  

'tEAIlL lIlG SUB'tE A R L ING STEELHEAD 

POOL 'tEA R  till II IA tuillll-INA MXll/l1XA tIBlIlA tIIilllJ1NA MXBIIIXA MBII1A 

WELLS 1 988 3 0 . 0/ 30 . 0  2 5 . 7 / 2 5 . 7 3 3 . 4/ 3 3 . 0  1 5 . 8/ 1 6 . 0  7 . 51 8 . 2  
�9 : i��9 : r �� : ��� � :  � 1 9 9 3  38 . 8/ 33 . 7 3 1 . 51 3 1 . 5 4 2 . 6 /4 2 . 8  2 3 . 3/ 2 3 . 4  1 1 . 0/ 1 0 . 9  

9 98 4 1  . 7/4 1 . 6  3 2 . 4 / 3 2 . 4  4 6 . 4 / 4 6 . 3  2 6 . 5/ 2 6 . 5  1 4 . 1l/ 1 5 . 6  3 8 . 9/31l . 5  4 5 . 9/45 . 8  
2 0 0 3  4 1 . 5/4 1 . 5 3 2 . 5/ 3 2 . 5  4 7 . 0/ 4 7 . 0  2 6 . 8/ 2 6 . 7 1 4 . 0/ 1 4 . 6  38 . 2/ 38 . 5  4 6 . 4/46 . 4  

RRECH 1 988 3 2 . 8/ 3 2 . 9  2 5 . 4/ 2 5 . 4  38 . 6 / 38 . 3  25 . 6/ 25 . 7  ) 2 . 21 1 3 . 5  2 9 . 5 /2 9 . 8  �8 . ?1 3� . 0  
1 9 9 3  4 3 . 1 /4 3 . 1 32 . 2 1 3 2 . 2  4 9 . 5/4 9 . 6  3 1 . 1 1 3 1 . 2  6 . 1 / 1 6 . 6  35 . 4/35 . 4  6 .  14 . !  
1 9 98 4 5 . 9/4 5 . 8  3 3 . 8/ 35 . 0  5 3 . 5/ 5 3 . 2  34 . 1 / 34 . 4  2 2 . 3/ 2 3 . 3  3 9 . 5/ 3 9 . � 48 . �/�1l .  
2 0 0 3  4 6 . 2/46 . 2  3 3 . 21 3 3 . 2  54 . 6/ 54 . 7  35 . 1 / 35 . 1  2 2 . 8/ 2 3 . 1  38 . 9/4 0 .  4 9 .  I 9 .  

R ISL 1 988 4 0 . 3/40 . 3  3 1 . 1 1 3 1 . 1  4 7 . 1 /4 6 . 3  25 . 0/25 . 2  1 3 . 9/ 1 4 . 6  35 . 6/ 35 . 6  �2 t4 2 .� 
1 9 9 3  4 7 . 5/4 7 . 5  34 . 9/ 34 . 9  54 . 0/ 54 . 2  30 . 5/ 3 0 . 6  1 8 . 1 1 1 8 . 5  4 1 .  6/4� . 7 9 .  14 � . 
1 9 98 5 0 . 4 / 5 0 . 4  3 5 . 7/35 . 8  5 9 . 1 / 5 9 . 1  34 . 9/ 35 . 0  2 2 . 6/ 2 3 . 5  44 . 3/4 . 0  5 2 . 15 ' A  
2 0 0 3  !l0 . 6/50 . 5  36 . 0/36 . 0  5 9 . 6 /5 9 . 6  35 . 3 / 35 . 3  2 2 . 9/ 2 3 . 9  4 4 . 0/4 . 2  5 3 . 1 /5 3 . 

LWG 1 988 6 5 . 2165 . 2  5 7 . 1 /5 7 . 1 68 . 0/68 . 0  5 2 . 7/52 . 7  48 . jl48 . r 5 9 . 6/59 . 6  8 3 . 3/8 3 . � 
1 99 3  7 9 . 91 7 9 . 9  70 . 8/ 70 . 8  8 3 . 1 /8 3 . 1  5 3 . 4/ 5 3 . 4  4 9 .  14 9 .  5 8 .  I /!i8 . f 88 . 0/88 . 
1 9 98 7 9 . 61 7 9 . 6  7 1 . 3 1 7 1 . 6  8 2 .  I ( 1l 2 . I 5' • .  3/54 . 3 4 9 . 5 /4 9 . 5  6 0 . 7/6 0 . 8 7 . 9/8 7 .  
2 0 0 3  7 9 . 8/ 7 9 . 8  7 1 . 0 1 7 1 . 1  8 1 . 8/8 1 . 8  54 . 0/54 . 0  4 9 . 5/4 9 . 5  6 0 . 5/60 . 88 . 0/88 . 

LWM 1 988 3 3 . 9/ 34 . 0  L5 . 3/Z5 . 9  38 . 21 38 . 7 28 . 7/28 . 7  9 . 91 1 0 . 4  4 6 . 5/ 4 6 . � 4 0 . 5/4 0 . J 1 9 9 3  3 6 . 5/ 36 . 4  3 1 . 4 / 3 1 . 4  4 4 . 3/44 . 3  3 1 . 91 3 2 . 0  p . I / B . 3  4 6 . 4 /46 . 4 3 · f4 3 .  
1 9 98 3 8 . 6/ 30 . 6  3 3 . 3/ 3 3 . 4  4 6 . 5/ 4 6 . 6  36 . 4 / 36 . 5  5 . 51 1 5 . 6  5 1 . 2/5 1 . Y 4 5 . 14 5 .  
2 0 0 3  3 9 . 5/ 3 9 . 5  3 .. .  2 1 3 4 . 2 4 4 . 7/44 . 4  3 5 . 6 / 35 . 5  1 8 . 21 1 8 . 8  5 0 . 2150 . 4 7 . 0/4 7 .  

MCN 1 988 5 8 . 0/58 . 3  " 9 . 1 /4 9 .  I 6 9 . 0/68 . 9  4 0 . 9/4 1 . 0  28 . 2 12 9 . 8  5 2 . 3/5 2 . 3  6 } . 0/6f ' � 
1 9 9 3  5 9 . 9/5 9 . 8  4 5 . 9/4 5 . 9  6 9 . 0 / 68 . 9  4 3 . 4/4 3 . 5  30 . 2/ 30 . 6  5 3 . 6/5 3 . 5  6 '4/6 . 
1 9 98 6 3 . 8/64 . 0  4 7 . 5/4 7 . 5  76 . 1 / 75 . 9  5 0 . 5/ 50 . 5  4 0 . 1 /4 0 . 6  5 9 . 5/5 9 . 0  p .  I }  . 
2 0 0 3  6 3 . 9/63 . 7  4 7 . 9/4 7 . 9  75 . 51 76 . 0  50 . 6/50 . 6  4 0 . 5/4 1 . 0  5 9 . 0/59 . 2  2 . 01 1 .  

JDA't 1 988 54 . 1 /54 . 7  3 9 . 2/ 3 9 . 4  6 5 . 7/66 . 0  4 9 . 0/4 9 . 0  2 0 . 91 2 2 . 4  6 1 . 4/6 1 · � 58 ' jl58 .! 
9 9 3  54 . 6/54 . 7  3 9 . 5/ 3 9 . 4  6 7 . 9/ 6 7 . 9  5 0 . 2 1 50 . 3  2 2 . 8/ 2 2 . 9  6 1 .  7/6 . 5 9 .  159 .  

1 9 98 5 5 . 1 / 5 5 . 1 4 1  . 8/4 2 .  I 6 8 . 4 / 6 8 . 1 4 8 . 3/48 . 5  2' • . 9/25 . 2  6 2 . 1 /6 2 . � 6 0 . �/60 .  
2 0 0 3  5 6 . 9/56 . 8  4 2 . 6/ 4 2 . 8  70 . 3/70 . 2  4 9 . 9/4 9 . 9  2 7 . 6/ 2 7 . 9  5 9 . 7/5 9 .  6 1 . 16 1 .  

OALS 1 988 6 3 . 1 /6 3 . 9  4 8 . 9/4 9 . 2  7 7 . 0 1 7 7 . 2 5 3 . 5/5 3 . 8  4 0 . 8/4 3 . 0  6 7 . './6 7 . 6  65 . �/65 . 6  
1 9 9 3  6 5 . 0/ 6 5 . 1 4 13 . 9/4 9 . 0  7 7 . 1 1 7 7 . 1  56 . 6/56 . 6  23 . 8/44 . 0  70 . 0/6 9 . 9  6 6 .  166 'A 
1 99 8  6 7 . 5/6 7 . 5  5 5 . 3/ 5 3 . 8  80 . 3/80 . 1 56 . 9/56 . 9  6 . 0146 . 2  68 . 7/68 . 5  6 7 . 8/6 7 .  
2 0 0 3  68 . 0/6 7 . 8  54 . 1 /54 . 2  8 1 . 1 /8 1 . 0  5 7 . 1 / 5 7 . 1 4 5 . 3/45 . 6  68 . 5/68 . 4  6 8 . 8/68 . 7  

BOIlN 1 988 8 6 . 4/86 . 6  80 . 5/80 . 5  90 . 0/90 . 2  8 1 . 618 1 . 9  74 . A/ 7 4 . 2 88 . 7/88 . 9  83
· r

83 .
� 1 99 3  8 6 . 7/86 . 7  80 . 3/80 . 3  8 9 . 7/8 9 . 7  82 . 7/82 . 7  74 . 1 74 . 0  8 7 . 2187 . 3  8 3 .  183 . 

1 9 98 8 6 . 1 /86 . 1  80 . 3/80 . 4  90 . 3/ 90 .  I 8 1 . 3/8 1 . 2  74 . 0/ 74 . 2  88 . 5/88 . ; 8 1 . 181 . 
2 0 0 3  8 6 . 5/86 . 5  8 1 . 0/8 1 . 2 90 . 4 / 9 0 . 5  8 1 . 5/8 1 . 4  74 . 7 1 74 . 9  8 7 . 8/8 7 .  82 . 6/8 2 . 6  

S'tS 1 988 6 5 . 0/65 . 1 6 1 . 4/6 1 . 4 6 8 . 5/68 . 4  5 1 . 4 1 5 1 . 6 4 0 . 0 /4 1 . 2  5 9 . 7/5! . 9  P · TI 7 l · � 1 9 9 3  7 0 . 91 70 . 9  6 6 . 1 /6 6 . 3  74 . 3/ 74 . 3  5 3 . 9/5' • .  0 4 1 . 3/'. 1 . 5  6 1 . 9/6 . ?  5 .  175 . 
1 9 98 7 1 . 7/ 7 1 . 7  6 7 . 1 /6 7 . 4  7 6 . 3 / 76 . 2  5 7 . 1 /5 7 . 2  4 7 . 0/4 7 . 3  6 4 . 9/6 . }5 .  9176 . 2 
2 0 0 3  7 2 . 0/ 7 1 . 9  66 . 9/66 . 7  7 6 . 01 76 . 2  5 7 . 4/5 7 . 4  4 7 . 2 14 7 . 6  64 . 0/63 . 9  6 . 51 76 .  

LEGElID tiS = tiE AN 1m ACTION SURVIVAL ! I. ) 
tlA = IIE AII ALTERIIAT T V E  CASE SUF:VIVAL ( I. I 
MIlB = tI I tl l l lUtl  NO ACf l Ol 1  SURVIVI. L  F O R  SI1 IULATIOIlS OF TilE G I VEN COIITRACT 'tEAR I I.  I 
t-1I1A = I I l N l I ll J1I ALTERIIATIVE CASE SURV I V A L  F O R  S IlIULATIOIIS OF TI(E G IVEII Co/ITRACf 'tEAR ( I.  I 
M);S = I I A X I I I IJt1 110 Acr HHI SU IlV I Vi,L FOR S IlIULATIOIiS OF TIlE GIVEN COlffRACT 'tEAR I. I 
MXA = l1AXlI IU11 A U E HIIATIVE CASE SUHVIVAL FOR SUIULATIOI'S OF 1I1E c;rVEII COlfrRACT 'tEAR ( %  I 

-DATE RUN= 2 3FEB88 , 08 0 3 1 , 4 1  

MllB IJ1NA 

rr28 . 5  
8 .  1�8 ' I O .  I O .  
0 . 8140 . 

�i : ??i : 1 
4 ' 1/�3 .  
4 . I 3 .  

U: ���5 : I . 0/4� . 
4 7 . 2 14 7 .  
80 . 5/80 . 5  g5 . 0/85 . 0 g · r8 5 . � 8 . 185 . r · 81 2� . 0  gT3 ' f  · I 5 .  
38 . oA8 . 
58 . !/5� . ! 56 . 15 . g9 . 4 /59 .� 

9 . 515 9 .  
�g . 0/ 3 9 . 2  

. 1 /2° ·i 
2fT 

4 .  
· 148 . 

U · 3/48 . 2  
. 614 7 .� 
. 8/ 5 2 . 
. 9/5 3 . 2  t�T76

' 3 · 1 7 6 .  
6 . 0176 . 
6 . 3/76 . 4  r · 0/66 .! 
0 . 9/ 7 0 . 
2 . 3/ 7 2 . 
3 . 21 7 3 .  

tlXBIJ1XA 

�tf�nj 
ii : J��I : ! � .  15 . 

n:l��� :l 60 . 8/6 . 
84 r8� · t 89 . Ig . 89 . I � .  
88 .  18 . 

U�t�U�t 
P : I��i : 1  t 1 8 . 

�� : ��2� :! 8 .  1 6  . 
6 7 .8/ 6 . 

W��U:i 8 . 81 . g�rg� : i 8 7 . 18� . 8 8 .  18 . 

r �/

lt 7 .  I} . 
8 ' 21 . 
8 .  178 . 

SOCKE'tE 
MBII1A 

2� . 3/ 25 ·i i . 5/ 2 9 . 
l · 8/35 . 

. 3/ 36 . 
0 . 01 o . g  
0 . 01 O .  
0 . 01 o . g  
0 . 01 O .  

!l : V��1. : 1 4 : ���5 : 
Uf5 9 .! · Il9 .  

· I o .  60 . 160 . 
� . Ol o . �  

. 01 O .  

. 01 g .  

. 01 . 
g . OI o . �  

. 01 O .  
g . OI g .  

. 01 . 
g . OI 0 . 0  

. 01 0 . 0  
g . ol o . g  . 01 O .  
g . OI g . � . 01 . 
0 . 01 O .  
0 . 01 0 . 0  
g . gl o . g  

· I O .  
0 . 01 0 . 0  
0 . 01 0 . 0  

�b :
O
��� : a  

I .  il I .  
5 2 . 152 . 3  

MllB/tlllA r- �/ 1 8 .  i 
2 .  1 2 2 .  
1 . 11 3 1 . 
2 . 2/ 3 2 . 

� . Ol � . g  . 01 . 
. 01 . 0  

0 . 01 0 . 0  ��-r26 . � 
. 1 2 9 .  

4Z : 8��8 : 8  

I
�J�gt

O 
� . 9/55 ·r . 1 /5 7 .  
0 . 0 1 o . g  8 . 01 g .  

. 01 . 0  

. 01 0 . 0  
� . Ol 0 . 0  

. 01 0 . 0  

. 01 0 . 0  

. 01 0 . 0  
o . gl 0 . 0  
O .  I 0 . 0  
0 . 01 g . o  
0 . 01 . 0  
0 . 01 � . o  
g . OI . 0  

. 01 . 0  
0 . 01 . 0  
g . OI o . g  

. 01 O .  
0 . 01 0 . 0  
0 . 01 0 . 0  

f . ol 3 .  �
0 . 4/rl . 01 7 .  

48 . 81 8 .  

I1XBIJ1XA 

r8/3� . � 5 . 6/3 . 
O .  71�0 . 5  

41 . 81 1 . 8 

0 . 01 g . o  
0 . 01 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

�!j��tz 
0 . 915 0 . 

5 3 . 2/5 3 . 1  r · 6/6 2 ·I 2 . 1 16 2 . 
4 .!/ 61 · 
3 .  16 . 
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  8 . 01 0 . 0  

. 01 0 . 0  

. 01 0 . 0  
g . OI 0 . 0  

. 0 1 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  U: !/g! j . 1 15 . 9  

54 . 6/54 . 5  
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PROGRAM= DSII = PJI . PF400 . RtlR . F ISHPASS . SA S . RE PORTS ( FSUM2 1 ) 
F ILES . �J I . PF400 . CBS . F JSH . PASS . DATA . M I DCoLFG RUN DATE JI . PF400 .CllS . F ISH . PASS . DATA . 11IDCOLFG RUN DATE 

2 1 789 
1 0 308 

Ta b l e  E . S - 2 4  

YEARLING SUilYE A R L IIIG STEELHEAD 
POOL 'tEAR llB/HA MIIB/HIIA MXB/lIXA l'lB/lIA 11llB/lIUA MXB/lIXA MIl/llA 
HELLS 

1
988 30 . 0/ 30 . 0  2 5 . 7/ 25 . 7  3 3 . 4/32 . 9  1 5 . 8/ 1 6 . 0  7 . 5/ 8 . 2  28 . 2/ 28 . 2  �� :  �;�� : I 993 38 . 8/ 38 . 9  3 1 . 5/31 . 5  4 2 . 6/42 . 8  �gJ;�gJ 1� · 0/ 1 1 . 0 �A : ���� J 998 4 1 . 7/4 1 . 5 32 . 4/ 3 2 . 4  46 . 4/46 . 3  . 8/ 1 5 . 6  45 · Z/�5 . 

2003 4 1 . 5/41 . 5  3 2 . 5/ 3 2 . 5  4 7 . 0/4 7 . 0  26 . 8/26 . 8  1 4 . 0/ 4 . 6  38 . 2/ 38 . 5  46 . / 6 .  
RRECH 1 988 32 . 8/32 . 9  25 . 4/ 2 5 . 4  38 . 6/38 . 3  H : j;�l : f  F

· 2/1 3 · 3 2 9  . 5/2 9 .� �2 · 0/38 .! 1 9 9 3  4 3 . 1 /4 3 . 4  3 2 . 2 / 3 3 . 2  4 9 . 5/49 . 6  6 . 1 / 1 6 . 6  35 . 4/ 35 .  . 1/46 . 
1 995 45 . 9/'.5 . 8  3 3 . 8/35 . 0  53 . 5/53 . 1 34 . /3 . 4  2 2 . 3/ 2 3 · f 39 . 5/ 3 9 .  4 8 . 8/48 . 
2 0 0 3  4 6 . 2/46 . 6  3 3 . 2/ 34 . 8  54 . 6/54 . 7  35 . 1 / 35 . 1  2 2 . 8/ 2 3 .  38 . 9/40 . 7  4 9 . 4/49 .  

RISL 1 988 4 0 . 3/40 . 4  31 . 1 /3 1 . 1  4 7 . 1 /46 . 4  �5 . 0/ 25 . 2  p . 9/ 14 . 6  35 . 6/ 35 . 6  42 · 2/
r !  1 993 4 7 . 5/4 7 . 8  34 . 9/34 . 9  54 . 0/54 · i 0 . 5/30 . 5  8 . 1 / 1 8 .

� 
4 1 . 6/4

!
. 9  �� : 6; � : 998 50 . 4/50 . 4  35 . 7/ 35 . 8  5 9 . 1 / 5 9 .  34 . 9/35 . 0  2 2 . 6/ 2 3 . 44 . 3/4 . 0  

2003 50 . 6/51 . 0  36 . 0/ 36 . 0  59 . 6/59 . 6  35 . 3 / 35 . 3  22 . 9/23 . 9  44 . 0/4 . 2  53 . 1/5 3 . 
LHG 1 988 65 . 2/65 . 2  5 7 . 1/57 . 1 68 . 0/68 . 0  5 2 . 7/52 ' 4 48 . 7/48 . 7  59 . 6/59 . 6  8 3 . 3/83 . � 

r
9 3  79 . 9/80 . 0  70 . 81 7 1 . 1  8 3 . 1 /8 3 ' 1 5 3 . 4/53 . 4 9 . 1 /4 9 . � 58 . J l58 .� g8 . 0/88 . 

9
9� 

79 . 61 7 9 . 6 7 1 . 3/ 7 1 . 6  �2 . 1/8 2 . 54 . 3/54 . 3 4 9 . 5/49 .  6 0 . 7/60 . 7 . 9/87 .  
00 7 9 . 81 7 9 . 8  7 1 . 0/ 7 1 . 5  1 . 8/8 1 . 9 54 . 0154 . 0  4 9 . 5/49 . 5  60 . 5/60 . 88 . 0/88 . 

LHM f88 3 3 . 9/34 . 0  2 5 . 3/25 . 9  38 . 21 38 . 7 2 8 . 7/28 . 7 9 . 9/ 1 0 . 4  46 . 5/46 ·
i 

40 . 5/t f 9 9 3  36 . 5/36 . 6  3 1 . 4/ 3 1 . 3  42 . 3/44 . 3  3 1 . 9/ 3 2 . 0  1 3 . 1 / 1 3 . 1  4 6 . 41{. 6 .  4 3 . �/ 3 .  
998 3 8 . 6/38 . 6  33 . 3/3 3 . 4  4 . 5/46 . 6  36 . 4/36 . 5  1 5 . 5/ 1 5 . 6  5 1 . 2/51 . 4

1
, / 5 .  

0 0 3 39 . 5/39 . 7  34 . 2/ 34 . 2  44 . 7/44 . 4  35 . 6/ 35 . 5  1 8 . 2/ 1 8 . 8  50 . 2150 . 4 . 0/47 . 

MCN 

r
S8 58 . 0/58 . 2  4 9 . 1 /4 9 . 1  6 9 . 0/69 . 0  40 . 9/4 1 . 0  28 . 2/2 9 . 8  5 2 . 3/52 . 2  67 . 0/l� 

99 3 59 . 9/6 0 .  I 45 . 9/45 . 9  6 9 . 0/69 . 3  4 3 . 4 /4 3 . 4  30 . 2 1 30 . 5  5 3 . 6/53 . 5 67 '4/6 . 
998 6 3 . 8/6{ • .  0 4 7 . 5/47 . 5  76 . 1/75 . 9  50 . 5/50 . 5  4 0 . 1/,.0 . 6  5 9 . 5/59 .  

2 0 0 3  6 3 . 9/64 . 3  4 7 . 9/47 . 9  75 . 5/ 76 . 0  5 0 . 6/50 . 6  40 . 5/4 1 . 0 5 9 . 0/59 . 2  H : o;t : 2  
JDA't 

r
88 54 . 1 /54 . 5  3 9 . 2139 . 5  6 5 . 7/66 . 0  4 9 . 0/4 9 . 0  2 0 . 9/ 2 2 . 5  6 1 . 4/6 1 . 6  58 ' V58 ' J 993 54 . 6/54 . 6  39 . 5/39 . 3  6 7 . 9/67 . 9  50 . 2150 . 3  2 2 . 8/ 2 3 . 0  g : �;� : 1  �9 .  159 .  

998 55 . 1 /55 . I 4 1 . 8/4 2 .  I 68 . 4/68 . 1  48 . 3/48 . 5  24 . 9/25 . 2  0 . 1/60 .  
2003 56 . 9/56 . 9  4 2 . 6/4 2 . 8  70 . 3/70 . 2  4 9 . 9/4 9 . 8  2 7 . 6/ 2 7 . 9  59 .  /59 . 6  6 1 . 4/6 1 .  

DALS 1 988 6 3 . 1 /6 3 . 6  48 . 9/49 . 1  H: ?�H : r  �iJ;�g : 2 40 . 8/4! . 0  6 7 . 4/6 7 . ! 6� . 3/�5 . ; 
1 99� 6 5 . 0/6 5 . � 48 . 9/4 9 . 0  4 3 . 8/4 . 9  70 . 0/6g . 6 . 2/ 6 .  
1 99 6 7 . 5/67 .  53 . 3/5 3 . 8  80 . 3/80 . 1  56 . 9/56 . y  46 . 0/46 . 2  68 . 7/6 . f · 8/67 . 
2 0 0 3  6 8 . 0/68 . 0  54 . 1/54 . 2  8 1 . 1 / 8 1 . 0  5 7 . 1 /5 7 .  45 . 3/45 . 6  68 . 5/68 . 4  8 . 8168 . 

BONN p88 86 . 4/86 . 5  80 . 5/80 . 6  90 . 0/90 .
, 

8 I .  6/81 . 9 t� ·
�

/ 7
�

· 3  88 . 7/89' � 8� · f8 3 . � 
993 86 . 7/86 . 7  80 . 3/80 . 3  89 . 7/8 9 .  82 . 7/8 2 .  . / 7  . 0  8 7 . 218 . 8 . 183 . 

1 99� 86 . 1 /86 . I 80 . 3/80 . 4  90 . 3/90 . 1 8 1 . 3/81 . 2  74 . 0/ 7� . 2  88 . 5/88 . 2  8 1 . 718 1 . 
200 86 . 5/86 . 5  8 1 . 0/81 . 2  90 . 4/90 . 5  8 1 . 5/81 . 5  74 . 71 7  . 9  8 7 . 8/87 . 8  82 . 6/82 . 6  

SYS r88 6 5 . 0/6 5 . 1  6 1 . 4/6 1 . 4  68 . 5/68 . 5  5 1 . 4151 '
8 

40 . 0/4 1 . 3  5 9 . 7/59 . 9  

�tI;7 1 : � 99
� 

70 . 9/7 1 . 0 6� · 1/66 . 9  7� . 3/7� . 3  5 3 . 9/54 . 4 1 . 3/4 1 .  � 6� . 9/6� . � 99 p .  7/ 7 1 . 7 6 . 167 . � 7 . 3/7 . 2  5t · I / 5 7 . 1  4 7 . 0/4 7 .  6 . 9/6 . 5 . 9At 
00 2 . 0/ 7 2 . 1  66 . 9/6 7 .  76 . 0/76 . 2  5 . 4/57 . 4  4 7 . 214 7 . 6  64 . 0/64 . 0  6 . 5/ 76 .  

LEGEla> MIl = M E AN tiD ACTIDtI SURVIVAL ( I: )  
MA = tlEAN ALTERNAT IVE CASE SUR V I VA L  ( % )  
MIlB = M I N ItIlIlI NO ACTIDtI SURV IVAL FOR SlttULATI0I1S OF TilE GI VEtI CONTRAct 'tEAR I I: )  
ttllA = M I N I I IlJl1 ALl ERtiATIVE CASE SURVIVAL FOR SIMULATIotlS OF THE GIVEN .0�ITRA9' )EAR ( I: )  

�� � n�mHJl1 �eT���1��v�ugn�A�u�e�v�t"�5�
T
��H3L�hbll� gPfUEcg�����otA��CT\EAR I 1: )  

-DATE RUN= 2 3FEB88 , 08 : 3 7 , 04 

MIIB /l1NA 

!8r�
8 .! 8 .  / 8 .  O .  /�O .  

4 0 .  / O .  
�

3 . 0/l J I . r� . R ;  3 : 

�l
· 7/35 · i · 9/�

� .  
. �/ 6 .  

4 . /47 . 

�
0 . 5/80 . 5  
� . 0/8� . 0  

8 T8 . �  5 .  /85 . 1� · �/ 28 . 0  
· / 35 ' f 5 · A/ 35 .  

8 .  /38 . 

lr58 . � � . 156 . 
· /5 . 

9 .  /5 g . 

0 . 1 /40 . �8 .  0/39 . , 
4 3 . y/�4 . 
4 7 .  / 8 .  

4 . g/ 7 .  
49 ' 3/�8 . � 
5 1 . /5 2 .  
52 . 9/53 . 

f� : �;f� : � 6 . 01 6 . � 6 . 3/ 6 .  

0 . 9/ . t o/�8 'i �J�7� : 3 

MXB/l1XA �8 J;�
8

:f u;d: 
42 :F�I : ! U .  /5 . 

. /5 . 

�t!��! :l O .  /6 . 
9. /3 . l�r8

l : 1 8 .  188 . 

rf�l : f i .  /� . 
6 .  / • 

fU�fi : i  8 . 6/ 8 . !� : f�n :f 69 . / . 

ft �;f� :l 9 .  / 9 .  
8 . 8/ 8 .  

8�
rli 8 . / 8  . 

8 7 .  /8 . 
88 . /8 . 

��¥ftl 8 .  / 8 .  

SOCKE'tE 
MD/l1A 

U�I�UJ 
8 . 0/ 0 . 0  

. 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

!tl�!t g 5 .  / 5 . � 

rrr! 9 .  / 9 .  g .  / o . . /60 .  

8 . 0/ 8 . 0  
. 0/ . 0  g . o/ g ' 8 . 0/ . 

0 . 0/ o . � 
g ' 8

/ O . . / O . 0 . 0/ O .  8 . 0/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  

8 . 0/ g . o 
. 0/ . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  g . 0/ 8 · g . 0/ . 
0 . 0/ O .  
0 . 0/ 0 . 0  �h : O;U : 1 g l . �/ . 
2 . 3/ . 

MNB/lINA 

F :F!8

:i � . /31 -
. /3 . 

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

�5J�* : ! � . /�9 . 
40 .  / O .  
5
� J;�t ' �5 · r/55 . 
7 .  /57 .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

8 : 8; 8 : 8  
8 : 8; 8 : 8  
0 ' 8/ o . g O .  / O .  
0 . 0/ o . g 
0 . 0/ O . 
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

0 . 0/ g . g  
0 . 0/ . 
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  g . o/ o . g 

. 0/ O .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

r
· 4/4

°
·
1 � . 0/� 3 .  . 0 /  � .  

8 . 8/4 . 

MXB/lIXA 
30 . 8/3� · i rr3 .  � .  /40 . � 

. /4 1 . 

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  i� : ?;�� : f 0 . 9/50 . 
3 . 2/5 3 .  

rF�tI �. /6� . 
. /6 . 

8 : 8; 8 : 8  
0 . 0/ . 0  
0 . 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 ' 8 0 . 0/ O . 
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  g . o/ 0 . 0  

. 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ o . g 

0 . 0/ O .  
0 . 0/ 0 . 0  

8 . 0/ 0 ' 8 . 0/ O .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

itF�! : i 4 .  /�4 . 
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PROGRAM= DSN =PJI . PF400 . RlIR . F ISHPASS . SAS . REPORTS l f"UM2 1 I 

f I LES . �JI . PF400 . CBS . F T SH . PASS . DATA . I I J []COLFG RUN DATE 
J I . Pf400 . CBS . f lSH . PASS . D AlA . t1IDCOLFG RUN DATE 

2 1 788 
1 1 0 287 

Tabl e E . 5 - 2 5  

'tEARLIIIG SjlBYEARL IUG STEE LHEAD 

POOL YEAR /1B/tlA tlIill/llllA MXB/l1XA ttq/liA tIIIB/lUlA UXBIlIXA 1 /1B/tlA 

HELLS 1 988 30 . 0/ 30 . 0  25 . 7/25 . 8  3 3 . 4/ 3 3 . 3  1 5 ·r I 6 . 2  7 . 5/ 8 . 3  28 . 2/28 . 2 32 . 7/ 3 2 . 8  
1 9 9 3  38 . 8/38 . 8  3 1 . 5/ 3 1 . 5 4 2 . 6/4 2 . 8  2 3 .  /2 3 . � 1 1  . O/ ! 1 .  � 3 7 . 1 / 36 . 9  4 3 . 3/4 3 . � 1 9 98 4 1 . 7/4 1 . 7  32 . 4/ 3 2 . 5  46 . 4/ 4 6 . 4  2 6 . / 2 6 . 1 4 . 8/ 5 .  38 . 9/ 38 . 7  45 . 9/4 5 .  
2 0 0 3  4 1 . 5/41 . 5  32 . 5/ 3 2 . 5  4 7 . 0/4 7 . 0  2 6 . 8/26 . 9  1 4 . 0/ 1 4 . 5  38 . 2/38 . 6  46 . 4/46 . 4  

RRECH 1 988 3 2 . 8 / 3 2 . 8  25 . 4/25 . 4  38 . 6 /38 . 4  25 . 6/2 5 . 9  1 � : I� I � : t  2 9 . 5/ 2 9 . 8  38 . 0/38 . y 1 9 93 4 3 . 1 /4 3 . 1  3 2 . 2 / 3 2 . 0  4 9 . 5/4 9 . 6  3 1 . 1 / 3 1 . 3 35 . 4/ 35 . 4  46 ·f46 . 
1 9 98 45 . 9/45 . 9  3 3 . 8/ 34 . 4  5 3 . 5/53 . 3  34 . 1 / 34 . 4  2 2 . 3/ 2 3 . 2  3 9 . 5/ 3 9 . 9  4 8 .  /48 .� 2 0 0 3  4 6 . 2/46 . 2  3 3 . 2 / 3 3 . 2  54 . 6/54 . 7  35 . 1 / 35 . 2  2 2 . 8/ 2 2 . 9  38 . 9/ 3 9 .  a 4 9 . 4/4 9 .  

RISL 1 988 4 0 . 3/4 0 . 2  3 1 . 1 / 3 1 . 1  4 7 . 1 /4 6 . 8  25 . 0/25 . 5  1 3 . 9/ 1 4 . 7  35 . 6/35 . 5  4 2 ' V22 ' g 1 9 9 3  4 7 . 5/4 7 . 5  �4 . 9/ 3rt . 9 54 . 0/54 . 2  30 . 5/30 . 6  1 8 . 1 / 1 8 . 6  4 1 . 6 /41 . 9  4 9 .  / 9 .  
1 9 98 50 . 4/50 . 5  35 . 7/ 3 5 . 8  5 9 . 1 / 5 9 . 2  34 . 9/ 3 5 . 0  2 2 . 6/ 2 3 . 9 4 4 . 3/4( • .  2 5 2 . �/52 · 1 
200 3 50 . 6/50 . 5  36 . 0/ 36 . 0  5 9 . 6/ 5 9 . 6  3 5 . 3/35 . 4  2 2 . 9/ 2 3 . 9  44 . 0/44 . 3  5 3 .  /5 3 .  

LrlG 1 988 65 . 2/65 . 2  5 7 . 1 / 5 7 . 2  6 8 . 0/68 . 0  5 2 . 7/52 . 7  48 . 7/48 . 7  5 9 . 6/59 . 7  8 3 . 3/8� . 3  
1 99 3  7 9 . 9/7 9 . 9  70 . 8/ 7 0 . 8  8 3 . 1/8 3 . 1  5 3 . 4/53 . 4  4 9 . 1 /4 9 . 1  58 . 1 /58 . , 88 . 0/8 . 0  
1 9 98 7 9 . 6/ 7 9 . 6  7 1 . 3/ 7 1 . 4  8} . 1/ 8 2 . 1  54 . 3/ 54 . 3  4 9 . 5/4 9 . 5  60 . 7/ 6 0 . 8 7 . 9/8 7 . g 
2 0 0 3  7 9 . 8/ 7 9 . 8  7 1 . 0/ 7 1 . 0  8 . 8 /8 1 . 8  54 . 0/54 . 0  4 9 . 5/4 9 . 5  60 . 5/60 . 6  88 . 0/88 . 

LHI1 1 908 3 3 . 9/ 3 3 . 9 2 5 . 3/25 . 5  38 . 2/ 38 . 7  28 . 7/28 . 8  1 � : j� ! � : �  4 6 . 5/,.6 . 8  40 'r4O ' 1 1 99 3  36 . 5/ 3 6 . 5  3 1 . 4 / 3 1 . 5  2� : ��2� : �  3 1 . 9/ 32 . 0  46 . 4/,. 6 · i 4 3 .  /4 3 .  
1 998 38 . 6/38 . 6  3 � . 3/ � 3 . 4  36 ·r 36 . 5  1 5 . 5/ 1 5 . 6 5 1 . 2/5 1 . 45 . /'. 5 .  
200 3 3 9 . 5/ 3 9 . 5  34 . 2/ 3 3 . 7  44 . 7/44 . 3  35 . / 35 . 7  1 8 . 2/ 1 8 . 2  50 . 2/50 . 4 7 . 0/4 7 .  a 

tlCN 1 988 58 . 0/57 . 9  4 9 . 1 /4 9 . 3  6 9 . 0/6 9 . 2  40 . 9/4 1 . 1  �8 . 2/ 2 9 . 8  5 2 . 3/52 . 2  H · 0/67 . 0  
1 99 3  5 9 . 9/60 . 0  4 5 . 9/46 . 0  6 9 . 0/ 6 9 . 4  4 3 . 4/43 . 5  0 . 2/ 3 0 · Z 5 3 . 6/5 3 . 2  . 7/6 \ . 8  
1 9 98 6 3 . 8/63 . 8  4 7 . 5/4 7 . 6  76 . 1 / 76 . 0  50 . 5/50 . 5  4 0 . 1 /40 . 59 . 5/ 5 9 . 3  7� . 4/� . 5  
200 3 6 3 . 9/6 3 . 7  4 7 . 9/ 4 7 . 9  75 . 5/ 7 6 . 0  50 . 6/50 . 7  4 0 . 5/4 1 . 0  5 9 . 0/59 . 3  7 . 0/ 1 . 9  

JDAY 1 988 54 . 1 /54 . 9  3 9 . 2 / 3 9 . 4  6 5 . 7/66 . 8  4 9 . 0 / 4 9 . 2  20 . 9/ 2 2 . 6  6 1 . 4/6 1 .  6 58 . 7/5 9 . 0  
1 99 3  54 . 6/54 . 8  39 . 5/ 3 9 . 5  6 7 . 9/ 6 7 . 9  50 . 2/50 . 4  2 2 . 8/ 2 3 ' 1 6 1 . 7/6 1 . 8 5 9 .  V5 9 'i 
1 9 98 55 . 1/55 . 3  4 1 . 8/4 2 . 2  68 . 4/68 . 3 4 8 . 3/48 . 4  24 . 9/25 . 6 2 . 1 /6 2 . 2  60 . /60 . 
2 0 0 3  5 6 . 9/56 . 9  4 2 . 6/42 . 9  70 . 3/ 70 . 5  4 9 . 9/50 . 0  2 7 . 6/28 . 0  5 9 . 7/59 . 8  6 1 . 4/6 1 .  

DALS 1 988 6� . 1 /6 3 . 9  48 . 9/4 9 . 2  T O/ 7 7 ' T �i · 5/5� . 0 4 0 . 8/4 � . 8  f- 4/6 7 . � 6� . �/6� . � 9 9 3  6 . 0/65 . 3  4 8 . 9/4 9 . 2  7 . 1 / 7 7 .  . 6/5 . 6  4 3 . 8/4 . 9  0 . 0/ 6 9 .  6 . / 6  . 
1 9 98 6 7 . 5/6 7 . 7  5 3 . 3/ 5 3 . 7  80 . 3/80 . 3  56 . 9/57 . 0  46 . 0/4 6 . ! 6 8 . 7/68 . 8  6 7 . 8/67 . g 
2 0 0 3  68 . 0/68 . 0  54 . 1 /53 . 2  8 1 . 1 /8 1 . 3  5 7 . 1 /5 7 . 1  45 . 3/4 5 .  6 8 . 5/68 . 5  6 8 . 8/68 . 

BONN 1 988 86 . 4/86 . 6  80 . 5/80 . 6  90 . 0/90 . 1 8 1 . 6/82 . 0  74 . 1 /74 . 3  88 . 7/88 . 9  8 3 . 1 /8 3 ·i 
1 99 3  86 . 7/86 . 8  80 . 3/80 . 3  8 9 . 7/89 . 7  8 2 . 7/82 . 8  74 . 0/ 74 . � 87 . 2/87 . 3  8� . 3/8 3 .  
1 9 98 86 . 1 /86 . 2  80 . 3/80 . 5  9 0 . 3/9 0 . 3  8 1 . 3/81 . 4  74 . 0/ 74 .  88 . 5/88 . 5  8 . 7/ 8 1 . 
2 0 0 3  86 . 5/86 . 5  8 1 . 0/80 . 9 90 . 4/90 . 4  8 1 . 5/ 8 1 . 5  74 . 7/74 . 4  8 7 . 8/87 . 8  8 2 . 6/8 2 .  

S'tS 1 988 6 5 . 0/6 5 . 1  6 1 . 4/ 6 1 . 5  68 . 5/68 . 6  5 1 . 4/ 5 1 . 7  2� : ��2 1 j 5 9 . 7/ 6 0 . 3  r . 5/7� . � 1 9 9 3  70 . 9/7 0 . 9  6 6 . 1 /6 6 . 0  7� . 3/7� . 3 5 3 · r/54 . 0  6 1 .  9/64 , � 5 ' V7 . 
1 9 98 7 1 . 7/ 7 1 . 7  6 7 . 1 /6 7 . 5  7 . 3/7 . 2  5 7 .  /5 7 . � 4 7 . 0/4$ . 3  64 . 9/6 . 5 .  /7Z ' 
200 3 7 2 . 0/ 7 1 . 9  66 . 9/66 . 7  76 . 0/ 76 . 2  5 7 . 4/5 7 .  4 7 . 2/4 . 7  64 . 0/64 . 0  6 . 5/7 . 5  

LEGEND /1B MEAN NO ACTION SURVIVAL I I.  1 

nA MEAII A t:J F I :lIAT IVE CASE SUIlV IVAL 1 1. 1  lIB M ItH/HIII 110 ACTIOll SURV IVAL FOR S II1ULATIONS Of HIE G I V E N  COIffRACT 'tEAR
e
r I 

lilA tI I tHllUlI A t:l E RllATIVE CASE SURVIVAL FOR S 1I1ULA lOllS OF l ll[ GIVEU CO�ffRA )E A R  ( I. I  
MXB IfAXTl IUlI UO AerrON SURVIVAL FOR SItllJ!.ATIOtIS OF TIlE G I VEU CONTRACT E AR I. 
MXA I'IAXIlIUII ALTEHUATIVE CASE SURVIVAL FOR S ItIULATIOIlS OF Till: GIVEIl CUNTRACT YEAR ( I.  1 

-DATE RUN= 2 3FEB88 : 08 : 38 . 08 

tllIB /I1NA 

28 'rl� �8 .  / 3  . 
0 . 7/4 . 

40 . 8/40 . 8  F: O�U : I  3 .  k4 3 .  
3 .  /4 3 .  �t ���t t 46 . 0/ 6 .  

4 7 . 2/ 7 .  

80 . 5/80 . 5  g5 . 0/85 . 0  
5 . �/85 . 3  

85 . /85 . 2  

r-8/�� ' f 5 . 3/ . 
5 . 1 /!5 .  
8 . 0/ 8 .  

5i · l /58 ·1 � ·r5 6 . 
· /59 .  

5 . /59 . 

3� ·r�9 . 5  

� . / O ' i · /4� . 
· /4 . 

l3�49 : 1  � . /�2 .  
5 . 9/52 .  

HJ�r:f 76 . 3/ t 
nJ�nJ 

tlXB/I1XA 

38 . 6/ 3 8 '1 
50 . �/50 . B- /5! . 

. 4/5 • 

��J��l' 5� ' r� . 
5 . / . 

�tl�U :1 60 . 8/ . 

g�lg� : t  8 9 .  /8 • 
88 . /88 . 

�I : t�n : t �6 .  / . 

pj��i : !  �
. 6/ 8 .  

6g
fli g8 .  /� . 

6 7 .  /6 . 

��J��j : � t 8/ . �  
8A ·�/8

7
·a 8 . /89 ' 

8 7 ' V8 . 
88 . /88 . 2  

�tIH1J 

SOCKEYE 
118/11A i�J��5 : ! 

5 . 8/ 3i · 
6 . 3/ 3  • 

8 . 0/ � ' 8 . 0/ . 0 ' 8/ . 0  
O .  / 0 . 0  

U · 8/3� . � . 1 /� . 
. 9/ . 
. 9/ . 

fZ: ��IZ : i O . �/ O .  

8 . 0/ � . � . 0/ . 

8 ' 8/ . 
. / . 

� . O/ � . O  
. 0/ . 0  
. 0/ . 0  

0 . 0/ . 0  � : �� � : � . 0/ . 

g : 8� � : 8 . 0/ ' 8 0 . 0/ • 

8 . 0/ � . � . 0/ • 
0 . 0/ . 
0 . 0/ . 

it : 
0�

2t
:
! +5 .  

. /5 . 

tllIBllll{A 

u · r8 .! · /2 2 .  
· /3 1 .  

3 2 . 2/ 3 2 . 

8 . 0/ 0 ' 8 . 0/ O .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

r�/26 .! Z . /2 9 .  
. 6/ 3g . 
. 8/4 . r ·l/5� . 0  

5 .  /5 . �  1 . 9/55 . 
. 1 /57 . � . o/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  

8 . 8/ 0 . 0  
· / 0 . 0  

0 . 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

8 · g/ 0 ' 8  · / O .  
8 : g� 8 : 8  
0 . 0/ 0 . 0  

g
'O/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  

ra�2� : t � . 0/ 7 .  
. 8/48 . 

tlXB/I1XA 

30 . �/ � a . � �� . / 3� . 
. 7/4 . 

4 1 . 8/4 1 . 8  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

�t ���t f O .  /50 . � 53 . 2/5 3 .  �Ilf : t � . /6t 
. /6 3 .  

8 . g/ 0 . 0  
. / 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 8 ' 8 0 . 0/ . g . o/ 0 ' 8 . 0/ O . 8 . 0/ 8 . 0  
. 0/ . 0  

S . O/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  

51 · 1 /5 1 .! � . 6/5 1 . 
· r55 . 

5 . /54 . 
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t1E A N ,  MHIIMUH£ AIID MAXIM� SUpVFAL ��UE
� tlPR XAlII< vs MPF XBM NO A ON 

PROGRAJ1= DSIl = P J I . PF400 . RIlR . F ISHPASS . SAS . REPORTSI FS\Jl'1 2 1  ) 
FILES , P J I . P f " O O . CBS . F T St L PASS . rJATA . M I llCOU G RU

N 
DATE 

PJI . PF400 . CBS . F I SH . PASS . O AIA . l l llJCOUG RU DATE 
2 1 �66 

1 1 0 87 

T a b l e £ . 5 - 2 6  

YEARL ING SUBYEARLUIG STEELHEAD 
POOL YEAR tlB/IIA 11NB/lII!A Mm/lIXA 

fjELLS 1 986 30 . 0/30 . 0  25 . 7/25 . 8  3 3 . 4/ 3 3 . 2  

j 9 9 3  38 . 8/ 38 . 7 3 1 . 51 3 1 . 5  4 2 . 6/42 . 8  
996 4 1 . 7/4 1 . 7 3 2 . 4/ 3 2 . 5  46 . 4 /4 6 . 4  

2003 4 1 . 5/4 1 . 5  3 2 . 51 3 2 . 5  4 7 . 0/4 7 . 0  

RRECH 1 986 3 2 . 6/ 3 2 . 8  25 . 4/25 . 4  36 . 6/ 36 . 4  
1 9 9 3  4 3 . 1 /4 2 . 6  3 2 . 2/ 32 . 0  4 9 . 5/49 . 6  
1 9 98 4 5 . 9/45 . 9  3 3 . 6/ 3 4 . 4  5 3 . 5/5 3 . 2  
2 0 0 3  4 6 . 2/4 6 . 2  3 3 . 21 33 . 2  54 . 6/54 . 7  

RISL 1 968 4 0 . 3/4 0 . ! 3 1 . 1 1 3 1 . 1  4 7 . 1 /46 . 6  
1 9 9 3  F · 5/4 7 .  34 . 9/ 34 . 9  5 .. . 0/54 . 2  
1 9 98 0 . 4/50 . 5  3 5 . 7/35 . 6  5 9 . 1 /59 . 1  
2 0 0 3  liO . 6/50 . 6  36 . 0/36 . 0  5 9 . 6/5 9 . 6  

LfjG 1 986 6 5 . 2/65 . 2  5 7 . 1 /5 7 . 2  68 . 0/66 . 0  
993 7 9 . 9/79 . 9  70 . 61 70 . 7  8 3 . 1 /6 3 . 1 
9 98 7 9 . 6/ 7 9 . 6  7 1 . 3/ 7 1 . 4  8 2 . 1 /8 2 . I 

200 3 79 . 8/ 7 9 . 8  7 1 . 01 7 1 . 0  8 1 . 81 8 1 . 8  

LfjM 1 988 3 3 . 9/ 3 3 . 8  2 5 . 3/25 . 5  38 . 2/ 38 . 7  
1 9 9 3  36 . 5/ 36 . 4  3 1 . 4 1 3 1 . 5  4 4 . 3/44 . 3  
1 9 98 38 . 6/ 38 . 7  3 3 . 3/ 3 3 . 4  2t J;:�t : 1  2 0 0 3  3 9 . 5/ 3 9 . 5  34 . 2 / 3 3 . 7  

MCN 1 988 5 8 . 0/58 . 0  49 . 1 / .. 9 . 3  6 9 . 0/6 9 . 2  
1 9 9 3 5 9 . 9/59 . 8  45 . 9/4 6 . 0  6 9 . 0/68 . 9  
1 9 98 6 3 . 8/6 3 . 8  4 7 . 5/47 . 6  76 . 1 / 75 . 9  
2 0 0 3  6 3 . 9/63 . 8  4 7 . 9/4 7 . 9  75 . 51 76 . 0  

JDAY 1 988 54 . 1 /54 . 9  3 9 . 2 1 3 9 . 4  65 . 7/66 . 8  j 9 9 3  54 . 6/54 . 8  3 9 . 5/ 3 9 . 5  6 7 . 9/ 6 7 . 9  
998 55 . 1 /55 . 2  4 1 . 8/4 2 . 2  6 8 . 4/6 8 . 3 

2 0 0 3  5 6 . 9/56 . 9  4 2 . 6/42 . 9  70 . 3170 . 5  

DALS j 968 6 3 . 1 /6 3 . 9  48 . 9/4 9 . 2  7 7 . 0/ 7 7 . 2  
9 9 3  65 . 0/65 . 1 4 8 . 9/49 . 2  7 7 . 1 / 7 7 . ! 

1 9 98 6 7 . 5/ 6 7 . 7  5 3 . 3/5 3 . 7  80 . 3/80 . 
2 0 0 3  6 8 . 0/68 . 0  54 . 1 /53 . 2  8 1 . 1 18 1 . 1  

BONN r88 86 . 4/86 . 6  80 . 5/80 . 6  90 . 0/ 90 . 1  
9 9 3  86 . 7/86 . 7  80 . 3/80 . 3  8 9 . 7/8 9 . 7  
998 86 . 1 /86 . 1  80 . 3/80 . 5  90 . 3/90 . 3  

2 0 0 3  86 . 5/86 . 5  8 1 . 0/80 . 9 90 . 4/ 90 . 5  

SYS 1 988 65 . 0/65 . 1  6 1 . 41 6 1 . 5  6 8 . 5/68 . 6  
1 9 9 3  70 . 9/70 . 8  66 . 1 /6 6 . 0  72 . 3/ 74 . 3  
1 998 7 1 . 7/ 7 1 . 7  6 7 . 1 / 6 7 . 5  7 . 31 76 . 2  
2003 72 . 0/72 . 0  66 . 9/6 6 . 7  76 . 0/76 . 2  

LEGEND MB = MEAII NO ACTIOI! SU RVIVAL I % I 
MA 

MB/l1A 

1 5 . 8/ 1 6 . 3  
2 3 . 3/ 2 3 . 4  
26 . 5/ 2 6 . 6  
26 . 81 2 6 . 9  

2 5 . 6/ 2 5 . � 3 1 . 1 / 3 1 . 
3( . .  1 / 34 . 3  
35 . 1 / 35 . 2  

25 . 0/ 2 5 . � 30 . 5/30 . 
34 . 91 35 . 0  
35 . 3/35 . 4  

5 2 . 7/52 . 7  
5 3 . 4/53 ' 1 54 . 3/54 . 
54 . 0/54 . 0  

28 . 7128 . 8  
3 1 . 91 3 1 . 9  
36 ' 2/36 . 5  
35 . 1 35 . 7  

�� : Z��!J  
50 . 5/50 . 6  
50 . 6/50 . 7  

4 9 . 0/4 9 . 1 
50 . 2/50 . 4  
4 8 . 3/48 . 4  
4 9 . 9/50 . 1  

5 3 . 5154 . 0  
56 . 6/56 . 6  

g� :U�J 
8 1 · f8 1 . 9  
8 2 .  182 . 7  
8 1 . 3/81 . 3 
8 1 . 5/ 8 1 . 5  

5 1 . 4/ 5 1 . 7  
5 3 ·r54 . 0  
5 7 .  157 . 2  
5 7 .  15 7 . 4  

tlllB/l1NA 

{ - 51 8 . 5  
1 . O/ l � ' 3 
1 4 . 81 . 5  
1 4 . 0/ 1 4 . 5  

1 2 . 2I 1 3 . � 1 6 . 1 / 1 6 .  
2 2 . 31 2 3 . 2  
2 2 . 61 2 2 . 9  

p . 9/ 1 4 . 9  
8 · f I 6 . 6  

2 2 .  1 2 3 . 9  
2 2 . 9/2 3 . 9  

4 8 . 7/46 . 7  
4 9 . !/4 9 . 1 
4 9 .  14 9 . � 4 9 . 5/4 9 .  

1
� : I� I� J 

1 5 . 5/ 1 5 . 6  
1 8 . 21 8 . 6  
�8 .  2 1 2 9 . 8  

0 . 21 30 . 6  
4 O · f40 . 6  
40 . 1 4 1 . 0  

20 . 9/2 2 . 6  
2 2 . 8/ 2 3 . � 24 . 9125 . 
2 7 . 6/28 . 0  

40 . 8/�2 .  8 
4 3 . 81 3 . 9  
4 6 . 0/4 6 · l 4 5 . 3/45 . 

74 . 1 /74 . 3  
74 . 0/74 . ! 74 . 0174 . 
74 . 71 74 . 4  

4 0 . 0/4 1 · � 4 1 . 3/4 . 
4 7 . 0/4 7 . 3  
4 7 . 2/4 7 . 7  

11XB/liXA tIB/l1A 

26 . 2128 . 2  3� . 71 3 2 · 1 
3 7 . 1 / 37 . 1  4 . 3/4 3 .  
38 . 9/38 . 7 45 · ZI25 .  
36 . 2 136 . 6  4 6 . I 6 .  

2 9 . 5/ 2 9 . 9  32 · 0/�8 · 1 35 . 4 / 35 . 2  4 . 1 1 6 .  
39 . 5/ 3 9 . 9  28 . 8/28 ' 2 38 . 9/40 . 8  9 . 41 9 .  

35 . 6/ 35 . 5  4 2 ' V4 2 ' f 
4 1 . 6/4� . � �i ' 1�9 .  
44 . 3/4 . . 01 2 .  
44 . 0/4 . 3  5 . 1 /53 . 

5 9 . 6/5 9 . 7  8 3 . 3/83 . 3  
56 . 1 156 . , 88 . 0/88 . 0  
6 0 . 7/60 . 8� . 9/87 . g 6 0 . 5/60 . 6  8 . 0/88 . 

4 6 . 5/46 .� 4 0 . �/2 ° · � 4 6 . 4/4 6 .  4 3 .  I 3 .  
5 1 . 2/5 1 .  4 5 . 2/25 .  � 
50 . 2150 . 3  4 7 . 01 7 .  

52 . 3/52 . 2  6 7 . 0/6 f ' l 
5 3 . 6/53 . 4  6 7 .  7,/6 . 
5 9 . 5/ 5 9 . 3  7! . / 7 1 . 
5 9 . 0/59 . 3  7 . 01 7 1 . 

6 1 . �/6 1 · 6  tr58 'j 6 1 . 16 . 8  9 .  159 . 
6 2 . 1 /6 2 . 2  O .  160 . 
59 . 7/5 9 . 8  6 1 .  16 1 .  

6 7 . 4/6 7 . 8  6� . �/25 . � 70 . 0/69 . 9  6 . I 6 .  

�gj��g : �  6 7 . 8/67 . 8  68. 8/68 . 8  
88 . 7/88 . 9  g3 .  V8 3 'i 8 7 . 2187 . 3  � .  18 3 .  
88 . 5/88 . 5  8 . 7/8 1 .  
87 . 8/87 . 7  8 2 . 6/82 .  

5 9 . 7/60 . 3  
6 1 . 9/ 6 1 . 9  
64 . 9/6� . 8  
64 . 0/6 . 0  

7�r7 1 . � � . IT 5 .  17 . 0  
6 .  1 7  . 5  

= M E A N  Al.TE RIIATIVE CASE SURVIVAL I /. '  
IIIIB = I I INIt lllll 110 ACTION SURVIVAL FOR SII1ULATIOlIS OF THE GIVEN CONTR�rt YEAR I %{ 
tlllA = III N lIllJlI ALTERNATIVE CASE SURVIVAL FOR S II1Ul.AT l OlIS OF THE GIVE ONTRA9" EAR I % I 
R� � m�ilWI1 ��T�:V;1��v�u�n�Al;u���v�lll�6�T��WjL2h6H� gtV{U/g����rtofiH�clYEAR 1 % )  

-DATE RUN= 2 3FEB88 : 08 , 34 , 4 0 

MNB IMNA 

�8 . �/28 .! 
8 .  138 . 

40 . 7/4 0 .  
4 0 . 8/40 . 8  

n: ��U : 1  . j l4 3 .  
· 14 3 .  n : ��r l . 01 � .  
. 2/4 7 . 3  

gg . 5/60 . 5  
. 0/85 . � 

85 . �/85 . 
8 5 .  185 . 

K 8127 . � 
. 3/ 3 5 .  �5 . 1 /35 . i 8 . 01 3 8 .  

12 : ��g2 :f � . 15 9 .  
· 15 9 .  

O .  14 . rrlf � .  12 . 
· I . 

i1J�49 : f  . 8/�2 .  
2 . 9152 .  

HJ���J . 01 � . !  
76 . 3/7 . �8 · 0/�6 . 2  

. 91 o .! 
� . 3/F · 

. 21 3 .  

MXB/l1XA 

rr38 .! o .  IS? I .  Ig . 
3 .  I 3 .  

rF�� : '  � .  lSi ' 
. 15 . 

i9 : !��f : � 9 .  I� . 
o .  I . 

i�lg� : t Z · 18Z ' 
8 . 18 . 

i�f�ft 6 .  Ig . 
6 .  I . 

f� :Ffi : t 8 .  I 8 .  

�tFll 6 7 .  I� . 

rrri 5 .  I 5 .  Z :  � t 
i�r

8 7 '1 . 188 . 
7 .  187 .  

88 . 188 . 

ftlHIJ 

SOCKEYE 
MB/l1A 

r · �125 .! !. I�r . 81 6 '  
. 3/ 3 . 

8 . 01 8 . 0  . 01 . 0  8 . 01 0 . 0  
. 01 0 . 0  

!l : t��� : !  4 . 12 . �  
U:i�U: i 60 .  160 .  

8 : 8� 8 : 8  8 . 01 0 · 8 
. 01 O .  

8 . 01 � ' g . 01 . 8 . 01 . 
. 01 . 0  

0 ' 81 g ' 8  O .  I . 8 . 01 ' 8 . 01 O .  

8J 0 . 0  
. I 0 . 0  

O .  I 0 . 0  
0 . 01 0 . 0  

0 . 01 g ' O 8 . 01 ' 8 . 0 1 . 
0 . 01 0 . 0  

i� : ���� : i ! J�5! : 

MllB/l11lA 

fT l 8 'i 2 .  I2j ' 
I .  1 1 3  . 

3 2 . 21 3  . 

0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  r2126 .! 9 .  12 � . 

Z · 6/3 . 
. 8/40 . 

f 9/54 '

$ � . 5/55 . 
· f/55 . 

7 .  157 . 2  

8 . 01 0 . 0  
. 01 0 . 0  

0 . 01 8 ' 8  0 . 01 . 

0 . 01 0 . 0  
0 . 01 O ' g 0 . 01 O .  
0 . 01 O .  

0 . 01 0 ' 8 0 . 01 g ' 0 . 01 . 0  
0 . 01 . 0  

8 . 01 0 ' 8 
. 01 O .  8 . 01 8 . 0 . 01 . 0  

0 . 01 0 . 0  8 : 8� 8 : 8  0 . 01 0 . 0  

r

4/�0 ' i 3 . 01 � .  
� . 0/4 . 

. 8/4 . 

MXB/l1XA 

r 8/3� . � 5 . 6/ 3  . 
0 . 7/2 1 . 2  
1 . 81 . 8  

0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

r��4t � 6 . 9/�0 . 6 
3 . 215 3 . 2  rr6 2 . 8  t8�H : l 
8 . 01 0 . 0  

. 01 0 . 0  8 . 01 0 . 0  

. 01 0 . 0  

8 ' 81 0 . 0  
. I 8 . 0  

0 . 01 . 0  
0 . 01 0 . 0  

0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

0 . 01 8 ' g 0 . 01 . 
0 . 01 O .  
0 . 01 0 . 0  

iU�gl :i � . 1 I5� . 
. 6/5 . 
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NEAN,  NIIUn:-il1EX!fll? V�\Wl!I1xfig�vn�L AH�gfi� 
PROGRAM= DStl=PJI . PF" OO . RI/R . FISHPASS . SAS . REPORTS! FSUH2 1 ) 

FILES , PJI . PF�00 . CIlS . F ISJI . PA5S . [)ATA . N I JJCOl.FG RUt! DATE 
PJI . PF400 . CIlS . F ISH . PI,SS . OAIA . l l llJCOLFG RUII DATE 

2 1 788 
1 0 3087 

Ta b l e E . S - 2 7  

YEARL ItlG SUB'tEARLING STEELHEAD 
POOL 'tEAR 
HELLS 1 988 

1 993 
1 9 98 
2003 

RRECH 1 988 
993 

1 998 
2003 

R ISL 1
988 
993 

1 998 
2003 

UIG 1 988 
1 993 
1 998 
2003 

LHI1 1 988 
1 9 93  
1 998 
2003 

NCN 1 988 
1 99 3  
1 998 
200 3 

JDA't 1 988 
1 993 
1 9 98 
2003 

DALS 1 988 
1 9 93  
1 9 98 
2003 

BOtHl 
r

88 
993 
998 

2003 
SYS 1 988 

1 9 93  
1 998 
2003 

LEGE/ill I1B 
NA 
tIIlB 
I'ItIA 
NXB 
NXA 

·DATE RUN; 

tIB/IIA t1tlBltItIA NXB/IIXA tIBitiA 
30 . 0/30 . 0  25 . 7/25 . 7  3 3 . 4/32 . 9  1 5 . 8/ 1 6 . 2  
38 . 8/33 . 8  3 1 . 5/31 . 5 4 2 . 6/42 . 8  2 3 . 3/23 . 4  
4 1 . 7/4 1 . 7  32 . �/32 . 5  46 . 4/'. 6 . 4  26 . 5/26 . 6  
4 1 . 5/4 1 . 6  32 . 5/32 . 5  4 7 . 0/47 . 0  26 . 8/26 . 9  
32 . 8/33 . 0  25 . 4/25 . 4  38 . 6/38 . �  25 . 6125 . 8  
4 3 . 1 14 3 .  I 3 2 . 213 3 . 1  4 9 . 5/'. 9 .  3 1 . 1 /3 1 . 2  
45 . 9/4 5 . 9  33 . 81 55 . 0  5 3 . 5/53 . 2  34 . 1 / 34 . 3  
46 . 2146 . 6  3 3 . 2/ 34 . 6  5'+ .  6/54 . 7  35 . 1 / 35 . 2  

4 �J;;4� : � 3 1 . 1 1 3 1 . 2  4 7 . 1 /46 . 8  HU;;�lU 34 . 9/h .  9 54 . 0/54 . 2  
50 . 4/50 . 5  35 . 7/35 . 8  5 9 . 1/59 . 1  34 . 9/ 35 . 0  
!i0 . 6/5 1 . 0  36 . 0/36 . 0  59 . 6/59 . 6  35 . 3135 . 4  
65 . 2165 . 2  5 7 . 1/57 . 2  68 . 0/68 . 0  52 . 7/52 . 7  
79 . 9/ 79 . 9 70 . 8/ 7 1 . I 8 3 . 1/83 . 1  5 3 . 4/53 . 4  
79 . 6/79 . 6  7 1 . 31 7 1 . 6  82 . 1 /82 . 1  54 . 3/54 . 3  
7 9 . 8/79 . 8  7 1 . 01 7 1 . 5  8 1 . 8/81 . 9  54 . 0/54 . 0  
3 3 . 9/ 34 . 0  2 5 . 3/25 . 5  38 . 21 38 . 7  28 . 7/28 . 7  
36 . 5/36 . 5  3 1 . 4/31 . 4  44 . 3/,.4 . 3  3 1 . 9/32 . 0  
38 . 6/38 . 6  3 3 . 3/ 3 3 . 4  4 6 . 5/'. 6 . 4  36 . 4/36 . 5  
3 9 . 5/39 . 7  34 . 2134 . 3  44 . 71'+4 . 3  35 . 6/ 35 . 7  
58 . 0/58 . I 4 9 . 1/49 . 3  6 9 . 0/69 . 3  4 0 . 9/4 1 .  I 
59 . 9/60 . I 45 . 9/46 . 0  6 9 . 0/69 . 4  '.3 . 4/4 3 . 5  
6 3 . 8/63 . 9  4 7 . 5/47 . 6  76 . 1 /75 . 9  50 . 5/50 . 5  
6 3 . 9/64 . 2  4 7 . 9/47 . 9  75 . 5176 . 0  50 . 6/50 . 7  
54 . 1 /54 . 8  39 . 2139 . 4  65 . 7/66 . 1  �g : �;;�g : !  54 . 6/5' • .  8 3 9 . 5/39 . 4  6 7 . 9/67 . 9  
55 . 1/55 . 3  't 1 . 8/42 . 2  68 . 4/68 . 2  4 8 . 3/48 . 4  
56 . 9156 . 9  '.2 . 6/42 . 9  70 . 3170 . 2  4 9 . 9/50 . 0  
6 3 . 1/63 . 9  48 . 9/49 . 2  77 . 0177 . 2  5 3 . 5/5� . 0  
6 5 . 0/65 . 2  48 . 9/4 9 .  I 77 . 1 /77 . 1  56 . 6/5 . 7  
6 7 . 5/67 . 8  53 . 3/53 . 7  80 . 3/80 . 3  56 . 9/57 . 0  
68 . 0/68 . 0  54 . 1 /53 . 2  8 1 . 1 18 1 . 1  5 7 . 1/57 . 1  
86 . 4/86 . 6  80 . 5/80 . 7  90 . 0/90 . I 8 1 . 6/81 . � 86 . 7/86 . 8  80 . 3/80 . 3  89 . 7/89 . 7  8 2 . 7/8 2 .  
86 . I /U6 . 2 80 . 3/80 . 5  90 . 3/90 . 3  8 1 . 3/81 . 4  
86 . 5/86 . 5  8 1 . 0/80 . 9  90 . 4/ 90 . 6  8 1 . 5/81 . 5  
65 . 0/65 . 2  6 1 . 4/6 1 . 5  68 . 5/68 . 6  5 1 . 4/5 1 ' "6 70 . 9/7 1 . 0  66 . 1/66 . 9  74 . 3174 . 3  53 ·

r
S4 . 

7 1 . 717 1 . 7 6 7 . 1 /6 7 . 5  76 . 3176 . 2  5 7 .  157 . 2  
72 . 01 72 . 1 6 6 . 9/67 . 7  76 . 0/76 . 2  5 7 .  157 . 4  

p
E A t! /10 ACTIOtl SURVIVAL I I. I 

lEA" ALTERtIATIVE CASE sur:VIVAL ( % )  

tltlBltlNA tlXBltlXA 

\ . 51 8 . 4  28 . 2128 . 2  I . 0/ 1 1 . 6  37 . 1 /36 . 9  
1 4 . 8/ 1 5 . 5  

�g J;;�g : 2  1 4 . 0/ 1 4 . 5  
1 2

Tp · 6  
1 6 .  I 6 . 9  

2 9 . 5/29 . g  
35 . 4/35 . 

2 2 . 3/23 . 2  39 . 5/39 . 9  
2 2 . 8122 . 9  38 . 9/40 . 8  

j
3

· i
/ l�

. 9  �r : �;;�r : �  8 .  I I  . 8  
2 2 . 6123 . 9  44 . 3/'.4 . 2  
22 . 9123 . 9  44 . 0/44 . 3 
48 . jl48 . 7 59 . 6/59 . 7  
4 9 .  149 . 1 �g : �;;�g : ,  4 9 . 5/4 9 . 5  
4 9 . 5/49 . 4  6 0 . 5/60 . 5  

1 � : j� I � : T  46 . 5/46 . 4  
46 . 4/46 . 4  

1 5 . 5/ 1 5 . 6  5 1 . 2/5 1 . 5  
1 8 . 21 1 8 . 6  50 . 2150 . 3  
28 . 2129 . 8  5 2 . 3/52 . 2  
30 . 2130 . 9  5 3 . 6153 . 2  
40 . 1 /40 . 6  5 9 . 5/59 . 3  
40 . 5/4 1 . 0  5 9 . 0/59 . 3  
20 . 9/22 . 6  6 1 . 4/6 1 . 6  
2 2 . 8/2 3 . 3  6 1 . 7/6 1 . 8 
2' • .  9/25 . 2 �� : �;;�U 27 . 6/28 . 0  
40 . 8/4 2 . 8  6 7 . 4/6 7 . 7 
4 3 . 8/4� . 7 70 . 0/69 . 6  
4 6 . 0/4 . I 68 . 7/68 . 9  
45 . 3/45 . 6  68 . 5/68 . 7  
74 . 1 /72 . 3  88 . 7/88 .

� �4 . 017 . ! 87 . 2187 .  
4 . 0174 . 88 . 5/88 . 5  

74 . 7174 . 4  87 . 8/87 . 8  

4� : �;;4 1 j 59 . 7/60 . 1  
64 . 9/6 1 . 7  

4 7 . 0/47 . 3  6 . 9/64 . 8  
4 7 . 2147 . 7  64 . 0/64 . 0  

tIB/I'IA 
32 . 7/32 . � 4 3 . 3/4 3 .  
4 5 . 9/45 . � 46 . 4/46 .  
32 · 0/3� . 0  
4 . 1 /4 . A 48 . 8/48. 
49 . 4/49 . 4  
4 � . 2I42 ' $ 4 . 7/49 .  
f · 0/52 . � 3 . 1 153 . 
83 . 3/8 3 ' 6  
88 . 0/88 . 
87 . 9/87 . 9  
88 . 0/88 . 0  
40 . 5/40 .

� 2t �;;4t 
4 7 . 0/4 7 .  I 
6 7 . 0/67 . 2  
67 . 7/67 . 8  
p

. 4/
?! .

! 2 . 01 . 
58 '

r
58 'j 

5 9 .  159 .  
6 0 .  160 . 
6 1 . 4/6 1 .  
6
Z · 3/65 ·

i 6 . 2166 . 
6 7 . 8/67 .  
68 . 8/68 . 8  
8 3 . 1 /83 · i 83 .  

V
83 .  

81 . 18 1 .  
82 . 6/82 .  �� : !��� : �  Z . 517� . 5 

N l tHl JUJl NU ACTIOII SUllV IVAI. FOR SIt1UI.ATIONS OF THE GIVftl CotITRACT YEAR ( I. )  ni�ll Ilill �61�1!¥�MV§u�eitt
U
���

V
�\'J lG��TnIJ�

L
�p�ll� g�vnIEcgfin�L-f°���cr 1.1EAR « %  I 

IIAXlJ IUJ1 ALTEllHArrVE CASE SUIlVIVAL FOR S ItIULATIOIiS OF THE GIVEII CUIITRACT 'tEAR « I. )  

2 3FE888 , 08 , 37 , 28 

NtlB INNA 
2g . 4/28. � 
3 . 9/38 . 
20 · b/4O . 
O .  140 . 8  

. 1 1 I . F ·
0/�3 · 1 3 .  V4 3 .  

4 3 .  143 .  

�t �;;�! : I 46 . 0/'. . 
4 7 . 2147 .  

g
O . 5/80 . 5  
5 . 0185 . 0  85 . 3/

0
5 . 3 5 . 2185 . 2  

· r/3" .  �
� . 812� ' J 5 .  135 .  

38 . 0/38 . 

i2J;;�� J � . �/59. � 5 . 159 .  

� j;;22 : r 0139 '

i 7 . 1 /48 . 

rT49 · 5 
\ . 14 . 8 

. 8/52 . �  
2 . 9152 .  �i : l;;7� : 0 
. OA6 .! 

6 . 3176 . r · 0/66 . 2  
0 · r7

°
· l h�H:4 

NXBINXA 

rr38 ' j O .  I
U ' I .  I . 

3 . 41 . 

rrr! 2 .  I � .  � . I . 
. I 4 .  

�9 : 1;;�� : ! 5 9 .  IZ . 
60 . I . 
8�r8� : t g9 . 189 . 
88 . 188 . 

�ff�rt 5 . 1 5  . 
56 . 15 . 

f�j�a : l 8 . 6178 . 

�6f6� '1 6 .  I� . 9 . I 8 .  
6 . 8/67 .  

f� : i��� : � t I7t 8�r8� . � 8 . 18 . 87 . 187 .  
88 . 188 . 0  fl¥�t ; 8 .  178 . 

SOCKEYE 
I1B/IIA 

!�J?
5

:i 5 . 8/R 
6 . 3/36 . 
0 . 01 g . g  
0 . 01 . 
0 . 01 0 . 0  
0 . 01 0 . 0  

U:���1 : !  . t .t 
rrr� 9 .  I 9 .  
O .  I g .  
0 . 9/6 . 
0 . 01 0 . 0  8 : 8� o : g 

. I 
g . o 

8 : 8� 8 : 8  
0 . 01 g . g  
0 . 01 . 
g . OI g . g  

. 01 . 
0 . 01 0 . 0  
0 . 01 0 . 0  
g . OI 0 . 0 

. 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  g . OI o . g  
. 01 g .  
. 01 . 0 

0 . 01 0 . 0  

i� : !;;li ! . I� . 
. 15 . 

NtlBINNA 

r : ��!I : � t . 1/3 .� 
3 2 . 213  . 0 . 01 g . o  
0 . 01 . 0  0 . 01 o . g  
0 . 01 O .  

1� : 2;;�$ : I 9 . 6/39 . 
0 . 8/40 .  

rr
5� .

� 5 .  15" . 
5 .  155 . 
7 . 1/57 . 0  
8 . 01 0 . 0  

. 01 0 . 0  
0 . 01 o . g  
0 . 01 O .  

g : 8� 8 : 8  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
g . OI 0 . 0  

. 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
g . OI 0 . 0  

. 01 0 . 0  
0 . 01 0 . 0  0 . 01 o . g  
0 . 01 O .  
0 . 01 0 . 0  

r3/40 ·

t 3 . 143 .  
7 . 0/46 ' 
8 . 814 . 

NXBINXA r · 8/3 1 . 2  
5 . 6/35 . 6  
0 . 7120 . 5 1 . 81 1 . 8 
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

i�j�2t ?  
0 . 9/50 · 3 
3 . 215 3 .  

6 2 . 6/62 . 8  6� . V6
� ' 1 6 . 16 . 6 . 816 3 . 8  

0 . 01 0 . 0 
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

8 : 8� 8 : 8  0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

iU��l : i � ·r55 . 
. 154 . 
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MEAN , tlIN1MUUn AlID MAXIMWl1 SU�V IVAl �I.UE� 
tiP CBHK vs MPF XBH ( NO A ION 

EROGRAM= DSN=PJI .  PF400 . RII R .  F ISHPASS . SAS . REPORTS( FSutl2 I ) 
FI ES ,  PJ I . PF400 . CBS . F ISH . PASS . DATA . l I JOCOlFG RUN DATE 

PJI .  PF400 . CBS . F ISli . PASS . DATA . I IlDCOLfG RUIl DATE 
2 1 788 
20288 

T u b l e £ . 5 - 2 11 

YEARLIIIG SUBYEARllllG STEElIlEAD 
POOL YEAR tlB/l IA MllB/tUlA M>'.B/l1XA l'lB/l1A WlE/I1NA MXB/l1XA 118/11A 
HELLS 1 988 30 . 0/30 . 0  25 . 7125 . 8  33 . 4/33 . 0  1 5 . 8/ 1 5 . 9  7 . 51 7 . 5  28 . 2128 . 2  r �

/
f ' I 993 38 . 8/38 . 5  3 1 . 5/3 1 . 4  42 . 6/42 . 6  23 . 3/23 . 2  I I .  011 l .  0 3 7 . 1 / 36 . 8  3 .  I 3 .  

1 998 4 1 . 7/4 1 . 3  32 . 4/32 . 1  46 . 4/46 . 5  26 . 5/26 . 1  1 4 . 8/ 1  . 8  38 . 9/37 . 5  � ·r45 . 
2003 4 1 . 5/4 1 . 4  32 . 5/32 . 4  4 7 . 0/4 7 . 0  26 . 8/26 . 3  14 . 0/ 1 4 . 0  38 . 2136 . 8  4 . 146 . 

RRECN 1 988 32 . 8/32 . 9  25 . 4/25 . 6  38 . 6/38 . 4  2 5 . 6/25 . 5  1 2 . 21 1 2 . 2  2 9 . 5/29 . 5  38 . 0/32 . 0  

R ISl 

lHG 

lHl1 

MCN 

JOAY 

DAlS 

BONN 

SYS 

LEGEND 

1 993 4 3 . 1 /42 . 8  3 2 . 2/32 . 9  4 9 . 5/4 9 . 5  3 1 . 1 / 30 . 8  1 6 . 1 / 1 6 .  I 35 . 4/35 . 0  4 6 . 1 12 . 0  
1 998 4 5 . 9/45 . 5  33 . 8/35 . 0  g3 . 5/5 3 . 0  34 ' jl33 . 8  22 . 3/22 . 3  3 9 . 5/39 . 5  48 · 2/ 8 . ! 2003 46 . 2146 . 4  3 3 . 2/33 . 8  4 . 6154 . 6  35 . 134 . 9  2 2 . 8/22 . 8  38 . 9/40 . 7  4 9 .  149 .  
p88 40 . 3/40 . 3  3 1 . 1 1 3 1 . 3  4 7 . 1/,,6 . 9  25 . 0/25 . 0  1 3 . 91 J 3 .  9 35 . 6/35 '1 42 . V4 2 .  � 
99� 47 . 5/4 7 .  r 34 . 91 �4 . 6 54 . 0/54 . 0  

�2 : �;;�� j 
!8 .  1 / 1 8 . ! �� : �;2! :  4 9 .  14� . 

1 99 50 . 4/50 .  35 . 7/35 . 5  �9 . 1/57 . 9  2 . 6/22 . 5 2 . 0/5 . 
2003 !i0 . 6/50 . 8  36 . 0/35 . 7  9 . 6159 . 6  35 . 3/35 . I 2 2 . 9/22 . 9  44 . 0/43 . 2  5 3 . 1/53 . 
1 988 65 . 2165 . 2  5 7 . 1 /57 . 0  68 . 0/68 . 0  52 . 7/52 . 7  48 . 1148 . 7  

�� : i;;�� : g  8 3 .  5/83 .  � 
993 79 . 9179 . 9  7 0 . 8/7 1 . 0  83 . 1 /83 ' j 53 . 4/53 . 3  4 9 . 1 /4 9 . 0  88 . 188 . 

1 998 79 . 6/79 . 6  7 1 . 31 7 1 . 6  g2 . 1 /82 . 54 . 3/54 . 2  4 9 . 5/49 . 5  60 . 7/60 . 5  g� · Z/87 . 2003 79 . 8179 . 8  7 1 . 0/7 1 . 3  1 . 8/8 1 . 8 54 . 0/53 . 9  4 9 . 5/49 . 5  60 . 5/60 . 0  . 188 . 
1 968 3 3 . 9/33 . 9  25 . 3/25 . 3  �8 .  2138 . 3 28 . 7/28 . 7  9 . 91 9 . 9 4 6 . 5/46 ' J 40 ·r4O . ! 1 993 36 . 5/36 . 2  3 1 . 4/ 3 1 . 4  4 . 3/44 . 3  3 1 . 9/ 3 1 . 4  I �J;HJ 4 6 . 4/45 .  �� : ;�t ! 9 98 38 . 6/�8 . 4  33 . 3/33 . 3  2� : �;;�� : Z  36 . 4/35 . 9  5 1 . 2150 . 
003 39 . 5/39 . 5  34 . 2134 . a 35 . 6/35 .  I I ll .  2/18 . 8  50 . 2148 . 3 4 7 . 0/47 .  
p88 58 . 0/58 . 0  4 9 . 1 /48 . 9  6 9 . 0/69 . 0  4 0 . 9/40 . 9  28 . 2128 . 2  52 . 3/52 . 5  H:l;g : �  993 5 9 . 9/59 . 5  45 . 9/45 . 5  6 9 . 0/69 . 0  4 3 . 4/4 3 . 2  30 . 2130 . 2  5 3 . 6/5 3 . 2 
1 9 98 6 3 . 8/63 . 7  4 7 . 5/47 . 2  76 . 1 / 7 3 .  I 50 . 5/50 . 3  40 . 1/40 . 1  5 9 . 5/58 . 8  n · IT 4 
2003 6 3 . 9/6', . a 47 . 9/47 . 5  75 . 5/75 . 9  50 . 6/50 . 5  40 . 5/40 . 5  59 . 0/58 . 1  . 017 . 1  
1 988 54 . 1 154 . 3  39 . 2/39 . 2  6 5 . 7/65 . 7  4 9 . 0/49 . 0  20 . 9/20 . 9  6 j . 4/6 1 . a g8r58 ' j 1 993 54 . 6/54 . 2  39 . 5/39 . 5  6 7 . 9/66 . 4  50 . 214 9 . 7 2 2 . 8/22 . 8  6 . 7/59 .  9 .  158 . 
1 998 55 . 1 /55 . I 4 1 . 8/4 1 . 8 68 . 4/67 . 9  48 . 3/47 . 8  24 . 9/24 . 9  62 . 1 /60 . 7  6 0 .  15Y . 
2003 56 . 9/56 . 7  4 2 . 6/42 . 6  70 . 3/69 . 0  4 9 . 9/49 . 5  2 7 . 6/27 . 6  5 9 . 7/5 7 . 4  6 J .  16  . 
1 988 6 3 . 1 /6 3 . 3  48 . 9/48 . 9 7 7 . 0/77 . 0  5 3 . 5/53 . 6  40 . 8/40 . 8  6 7 . 4/67 . 3  6� . 3/65 · 9 j 993 65 . 0/64 . 5  48 . 9/48 . 9  7 7 . 1 175 . 8  56 . 6/56 . 5  �i : g;;�� : g  70 . 0/69 . 8  6 . 2/6, . 
998 6 7 . 5/67 . 5  5 3 . 3/53 . 3  80 . 3/79 . 6  56 . 9/56 . 7  68 . 7/6 7 . 8  6 7 . 8/6 . 

2003 68 . 0/67 . 8  54 . 1 /54 . I 8 1 . 1 / 79 . 9  5 7 . 1 /56 . 9  45 . 3/45 . 3  68 . 5/6 7 . 9 68 . 8/68 . 6  

r88 86 . 4/86 . 4  80 . 5/80 . ! 90 . 0/90 . 0  8 1 . 6/8 1 . 7  74 . 1 /74 . 1 88 . 7/88 · f 8! . l/83 . ! 993 86 . 7/86 . 6  80 . 3/80 . 89 . 7/89 . 6  82 . 7/82 . 5  74 . 0/74 . 0  87 . 2/87 .  8 . 183 . 
998 86 . 1 /86 . 0  80 . 3/80 . 3  90 . 3/89 . 8  8 1 . 3181 . 2  74 . 0/74 . 0  88 . 5/87 .  ! 81 . 7/8 1 .  

2003 86 . 5/86 . 4  8 1 . 0/81 . 0  90 . 4/89 . 8  8 1 . 5/81 . 4  74 . 7174 . 7  8 7 . 8/87 .  82 . 6/82 . 

r88 
n : �;�iU 

6 1 . 4/6 1 . 4  68 . 5/68 . 5  5 1 . 4/5 1 . 5 40 . 0/40 . 0  59 . 7/60 . 0  �! . yl7J . � 993 66 . 1 /66 . 7  74 . 3/7� . 2  53 . 9/53 . 7  4 1 . 314 1 . 3  6 1 . 9/6i · 8 . 175 .  
998 7 1 . 7171 . 5  6 7 . 1 / 6 7 . , 76 . 317 . 3  5 7 ·r56 . 9  4 7 . 0/47 . 0  64 . 9/6 . 2  5 . 9/f5 . � 2003 7 2 . 0/72 . a 66 . 9/67 .  76 . 0/76 . 2  5 7 .  157 . 2  47 . 2/4 7 . 2  64 . 0/6 . 0  76 . 51 6 .  

� tlEAN NO ACTION SURVIVAL ( /, )  
tlEAN ALl Er<NATIVE CASE SURVIVAL ( /, )  

MIlE ti l II II lUll NO ACT ION SURVIVAL FOR S lilULATlONS OF TIlE GIVEN CDtffRACT YEAR ( /. )  
tlllA tlItlTllIlI1 AL'l ERtiAT IVE CASE SURVIVAL FOR SItIULATlOliS OF l ifE GIVEll CONTRACT YEAR ( % )  
MXB = tlAX1i 1U1I 110 ACTION SURVIVAL FOR S lIlUl.ATIDtlS OF TilE GIVEN CONTRACT YEAR ( I. I 
MXA = lIAXIl1lJ11 AL'lERIIATIVE CASE SURVIVAL FOR S UlULATlOliS OF 1I1E GIVEN COlffRACT YEAR ( %  I 

-DATE RUN= 2 3FEB88 , 1 0 1 0 1 , 04 

MIlE /I1NA 

�8 'r�8 ' f 8 .  I 8 .  
4 0 .  140 . 
4 0 . 8/40 .  

P: 0;H : 8 2t l;RY U ' 7/1 7 . Z/� . Z 
4 7 : 2;:h: 2 
gO . 5/80 . 5  g . 0/85 . � 8 . �/85 . 
85 .  185 . 1� · 8/27 · 1 

· V35 .  
5 .  1!5 .  
8 . 01 8 .  12 . 1 /57 . 7  

f56 'i 9 .  1�9 .  
9 .  I 9 .  

�8 . ?/�8 ·1 O .  I O .  
2 1 . 8/2 3 .  

. I I  7 .  

iIJ��8J . 9/5L 9 nJ;��J 
. 0/76 . 0  
. 3/76 . 3  

66 . 0/66 . 0  

r�;ri t 21 � .  

MXB/I1XA 

!g : ���tl U/ 2 . 

i�J;if! � · v . 
· I . 

�tI�n : I 6 0 .  I . 

8 . 18 . 
8irl ! 8 . Ig . 
88 . I 8 .  

rf�r '  � .  I� . • I . 

HJHtt 
U : i;U :I �9 ' I . 

· I . 

WI�W� 8. I 8 .  

g� : �;g� : ! 8� · Vg6 . 8 . I 7 .  

ftlHIJ 

SOCKEYE 
t18/11A 

Uj�UJ 
8 : 8; 8 : 8 
8 . 01 0 . 0  

. 01 0 . 0  

UJ�UJ U:i;g9 : l . 16Z . 
6 0 .  160 . 8  

8 : 8; 8 : 8 . 01 O .  
0 . 01 0 . 0  

8 : 8; 8 : 8  
8 . 01 8 . 0  

. 01 . 0  

8 : 8; 8 : 8  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
8 . 01 o . g 

. 01 O .  
0 . 01 0 . 0  

8 : 8; 8 : 8 
0 . 01 0 . 0  
0 . 01 0 . 0  

if : °�H : ' • t5 2 .  

MllE/I1NA 

UfH:I . I! I .  
. I 2 .  

8 . 01 0 ' 8 . 01 O .  
0 . 01 0 . 0  
0 . 01 0 . 0  

�5 ·2/25 .! � .  129 .  
. 6/39 .  

4 0 . 8/40 . 5  
5 3 ' lI53 ' l g� . 155 . 

· YI55 · Z 5 . 157 . 

� . Ol 8 . 0 . 01 . �  
. 01 O .  

0 . 01 O .  

8 : 8; 8 : 8  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
8 . 01 0 . 0  

. 01 0 . 0  

8 . 01 0 . 0  
. 01 o . g g . ol O . 
. 01 0 . 0  

8 . 01 0 . 0  
. 01 0 . 0  

0 . 01 0 . 0  
0 . 01 0 . 0  

4°l�0 ' 8 u .  I 3 . 
. 147 .  
. 8/48 . 8  

MXB/I1XA r2/30.y 5 .  135 . 
0 . 7/�Y · 4 1 . 81 . 

8 . 01 0 . 0  
. 01 0 . 0  

0 . 01 0 . 8 0 . 01 O .  

t 2l2 1 . f 5 . 7/ 5 .  
0 . �/50 . 

5 3 .  152 . 6  f'f62 ' I � .  162 .  
·AI63 .  

3 .  163 . 
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

8 : 8; 8 : 8 0 . 01 0 ' 8 0 . 01 O .  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
8 : 8; 8 : 8  0 . 01 0 . 0  

� . Ol g . o  
. 01 . 0  
. 01 0 . 0  

0 . 01 0 . 0  

l!fi! : 2 4 .  15 J 



fTl 

0'1 I 
W 

MEAN , MINIMlIllo Mill MAXIl1l1l1 SU�VfYAL VALUE� tlPI Cf/lK VS tlPFEXBtI NO ACTIOIl 

E
ROGRAt1= DSIl=PJI . PF4 00 . Rtm . F ISHPASS . SAS . REPORTSI FSlIl12 1 ) FI ES , PJI . PF400 . CBS . F TSH . PASS . OATA .H IOCOI.FG RUIl DATE 

PJI . PF400 .C1lS . f ISH . PA5S . DATA . l I IDCOUG RUN DATE 
2 1 788 

1 0 3087 

Ta bl e E . 5-29  

YEARLING SU8YEARLIIIG STEELIIEAD 
POOL YEAR tIBIIIA t1IUlIl1NA tlX8111XA tID 111 A MI!BII1NA MX8I11XA tlBlI1A 
HELLS 1 988 30 . 0/30 . 0  25 . 7/25 . 7  3 3 . 4/3 3 . 0  1 5 . 8/ 1 6 . 0  7 . 5/ 8 . 2  28 . 2/28 . 2  f · 7/32 . 6  

1 993  38 . 8/38 . 5  3 1 . 5/3 1 . 4  42 . 6/42 . 8  H J;�� : t  1 1 . 0/1 0 . 9  3 7 . 1/36 . 8  3 . 3/4 3 . 0  
1 998 4 1 . 7/41 . 3  3 2 . 4/3 1 . 9  46 . (+/( .. 6 . 3  1 4 . 8/ 1 5 . 6  38 . 9/36 . � 45 . 9/45 . 6  
2003 4 1 . 5/4 1 . 3  32 . 5/32 . 4  4 7 . 0/4 7 . 0  26 . 8/26 . 3  1 4 . 0/ 1 4 . 6  38 . 2/36 . 46 . 4/46 . 2  

RRECH 1 988 32 . 8/32 . 9  2 5 . 4/25 . 4  ')tl . o/58 . 3  25 . 6/25 . 7  1 2 · V I 3 . 5  2 9 . 5/2 9 . 8  �� . 0/38 . 0  
1 993  43 . 1 /42 . 7  32 . 2133 . 2  4 9 . 5/'. 9 . 6  3 1 . 1 /3 1 . 0  1 6 .  / 1 6 . 6  35 . 4/35 . 0  . 1 /45 . 9  
1 998 45 . 9/45 . 7  3 3 . 8/35 . 0  5 3 . 5/53 . 4  3 (  • . 1/34 . 1 22 . 3/23 . 3  3 9 . 5/39 . 5  28 . 8/48 . 6  
2003 4 6 . 2/46 . 4  3 3 . 2/33 . 6  54 . 6/54 . 7  35 . 1/34 . 9  22 . 8/23 . 3  38 . 9/40 . 7  9 . 4/4 9 . 2  

RISL 1 988 40 . 3/40 . 3  3 1 . 1 / 3 1 . 1 47 . 1/'. 6 . 3  25 . 0/25 . 2  p . 9/ 14 . 6  35 . 6/35 . 6  r · 2/42 . 5  
1 993 4 7 . 5/4 7 .  ! 34 . 9/34 . 6  54 . 0/54 . 2  30 . 5/30 . 5  8 · r I 8 . 5  4 1 . 6/4 1 . 8 9 · 6/49 . � 1 998 50 . 4/50 .  35 . 7/35 . 5  5 9 . 1 /59 . 1  34 . 9/34 . 8  2 2 .  /23 . 5  44 . 3/4 3 . 5  2 .  /52 .  
2003 !i0 . 6/50 . 8  36 . 0/35 . 7  5 9 . 6/59 . 6  35 . 3/35 . 1 22 . 9/2 3 . 9 44 . 0/4 3 . 2 5 3 . 1 /53 . 0  

LHG p88 65 . 2/65 . 2  57 . 1 /5 7 . 1 68 . 0/68 . 0  Kl;K � 2� : ij4� : r  59 . 6/59 . 6  8 3 . 3/83 ' 6 
993 7 9 . 9/79 . 9  70 . 8/7 1 . 1  8 3 . 1183 . 1  58 . 1 /58 . 0  88 . 0/88 . 

1 9 98 p . 6/79 . 6  7 1 . 3/ 7 1  . 6  82 . 1 /82 . 1  St, . 3/54 . 2  4 9 . 5/49 . 5  6 0 . 7/60 . 6  8 7 . 9/87 . 9  
2003 9 . 8/79 . 8  7 1  . 01 7 1  . 2  81 . 8/81 . 9  54 . 0/53 . 9  49 . 5/49 . 5  6 0 . 5/60 . 0  88 . 0/88 . 0  

LHI1 1 988 3 3 . 9/34 . 0  25 . 3/25 . 9  38 . 2/38 . 7  28 . 7/28 . 7  9 . 9/ 1 0 . 4  46 . 5/46 . 1  40 . 5/40 . 6  
1 99 3  36 . 5/36 . 3  3 1 . 4/3 1 . 4  

2t J;�2 : l  
3 1 . 9/31 . 5  p . 1 / 1 3 . 3  46 . 4/44 . 8  4 3 · i/43 . ! 

1 998 38 . 6/38 . 5  3 3 . 3/ 3 3 . 4  3 6 . 4/35 . 9  5 . 5/ 1 5 . 6  5 1 . 2/50 . 4  45 . /45 . 
2003 39 . 5/39 . 5  34 . 2/34 . 0  44 . 7/44 . 3  35 . 6/35 . 0  18 . 2/ 1 8 . 8  50 . 2148 . 4  4 7 . 0/47 . 

I1CN 1 988 58 . 0/58 . 3  49 . 1 /49 . 1  6 9 . 0/68 . 9  40 . 9/4 1 . 0  28 . 2/29 . 8  5 2 . 3/52 . 3  6 7 . 0/67 .� 
1 993  59 . 9/59 . 3  45 . 9/45 . 5  69 . 0/69 . 0  4 3 . 4/43 . 3  30 . 2/30 . 6  5 3 . 6/53 . 2  6 7 . 7/6 7 .  
1 998 6 3 . 8/64 . 0  4 7 . 5/,, 7 . 2  76 . 1 176 . 1  5 0 . 5/50 . 3  40 . 1 /40 . 6  5 9 . 5/58 . 5  � 1 . 4/7 1 . 
2003 6 3 . 9/64 . 0  4 7 . 9/4 7 . 5  75 . 5/76 . 0  50 . 6/50 . 5  4 0 . 5/4 1 . 0  59 . 0/58 . 0  2 . 0/72 . 

JDAY p88 �4 . 1 /54 . 7 39 . 2/39 . 4  65 . 7/66 . 0  4 9 . 0/49 . 0  20 . 9/22 . � 6 1 .4/6 1 . 5  58 . 7/58 . 8  
993 4 . 6/53 . 9  39 . 5/59 . 4  6 7 . 9/66 . 4  5 0 . 2/4 9 . 9 2 2 . 8/22 .  6 1 . 7/60 . 0  5 9 . 1/59 . 0  

1 9 98 55 . 1 /55 . 0  4 1 . 8/4 2 .  I 6 8 . 4/67 . 9  48 . 3/48 . 0  24 . 9/25 . 2  6 2 . 1 /60 . 3  6 0 . �/60 . 0  
2003 56 . 9/56 . 6  42 . 6/42 . 8  70 . 3/69 . 3  4 9 . 9/49 . 4  2 7 . 6/27 . 9  59 . 7/57 . 2  6 1 . /6 1 .  2 

OALS 1 98� 6 3 . 1 16 3 . 9  48 . 9/49 . 2  7 7 . 0177 . 2  
gl : �jgi : �  

40 . 8/4� . 0  6 7 . 4/6 7 . 6  65 .  3/65 . � 
1 99 65 . 0/64 . 2  48 . 9/49 . 0  7 7 . 1 / 75 . 8  4 3 . 8/4 . 0  70 . 0/69 . 8  66 . 2/65 . 
1 998 6 7 . 5/67 . 5  5 3 . 3/5 3 . 8  80 . 3179 . 2  56 . 9/56 . 7  46 . 0/4 . 2  68 . 7/6 7 . 9 6 7 . 8/67 .  
2003 68 . 0/6 7 . 8  54 . 1/54 . 6  81 . 1/79 . 9  5 7 . 1 156 . 8  45 . 3/45 . 6  68 . 5/67 . 8  68 . 8/68 . 6  

BOlIN 1 988 86 . 4/86 . 6  80 . 5/80 . 5  90 . 0/90 . 2  8 1 . 6/81 . � �4 . 1172 ' 2 88 . 7/88 . 9  83 . 1 /8 3 .} 
993 86 . 7/86 . 5  80 . 3/80 . 3  89 . 7/89 . 6  82 . 7/82 . 4 . 0/7 . 0  8 7 . 2/87 . 2  3 . 3/8 3 .  

1 998 86 . 1 /86 . 0  80 . 3/80 . 4  9 0 . 3/89 . 8  81 . 3/81 . 2  74 . 0/72 . 2  88 . 5/8 7 . 2  8! . 7/81 . 
2003 86 . 5/86 . 4  8 1 . 0/81 . 2  90 . 4/89 . 8  8 1 . 5/81 . 3  74 . 7/7 . 9  8 7 . 8/87 . 1  8 . 6/82 . 

SYS 1 988 6 5 . 0/65 . 1 6 1 . 4/6 1 . 4  68 . 5/68 . 4  5 1 . 4/51 . 6  40 . 0/4 1 . 2  5 9 · V59 . 9  r . 5/7� , 5  
j 993 70 . 9/70 . 6  66 . 1 /66 . 7  

�t �;�t � 53 . 9/53 , 7  4 1 . 3/4 1 . 5  6 1 . /6 1 . 8  5 .  1 /� . 0  
998 7 1 . 7/7 1 . 6  6 7 . 1 /6 7 . 1 5 7 . 1 /57 . 0  4 7 , 0/47 , � 64 . 9/63 . 9  5 . 9/ � ' �  

2003 72 . 0/71 . 9  66 . 9/6 7 . 0  76 , 0/76 . 2  5 7 . 4/57 , 2  4 7 . 214 7 .  64 . 0/6 2 . 9  6 . 5/7 . 

LEGEND lIB MEAIl NO ACT lotI SURVIVAL I /. )  
NA /lEAH ALTE I;IIATIVE CASE SURVIVAL I /. )  
tII!B 111III1 IUM tlO ACT lotI SURV IVAL FOR SlNUI.ATlotlS Of THE GIVEIl CotffRACT YEAR I /. )  
tlllA Il I tl I I /lilt ALTlHt lAT I 'lE CASE SUI·:VIVAL FOR SUIULATIONS OF TilE GIVEIl CotITRACf \EAR ( /. )  
MXB MAXII /UI'I 110 M:-nOIl SUHV IV;,L FOR S II1UI .ATIOIIS OF TilE GIVE II COtHRALi YEAR /. 
MXA tiAXI/lUl1 Al'I E RNATIVE CASE SUHVIVAL fOR S IMULATIOIIS OF TilE GIVEN CONTRACT YEAR I /. )  

·DATE RUN= 23FEB88 , O B  , 4 1 , 3 9 

MIlB II1NA 
28 . �/28 .� 
38 .  /38 .  2° T�9 .  
O .  / 0 . 6  

�rj�� : A · !;43 . � 4 . 1 /43 .  

n :r�5 : 1  · /4
�
. 

. 2/47 .  

gg : g;gg J 
85 . 3/85. � 85 . 2/85 . ii · 8/28 . 0  

· jl35 . i 
· /35 . 

8 . 0/38.  

lf58 .! � . /r · / 9 .  
59 .  / 9 .  

�8 : 0j�� :i 
4�+ . 4 . /4 . 

nj��t! . 9/53 .  

��Jj�f : � � : g;7 : � 
66 ·r6 6 . � �� ' /�O .  : j � J  

MXBII1XA 

50 . /� . 
38ll I R j52 : 

i� : ij�! : i � . /g . 
. / . 

i9 :I�i� :1 6Z . /6 . 

g� :F�i : t  89 . / 8  . 
8 .  /88 . 

it 2j�l : t 6 · f/g . 
6 .  / . 

��J�r !  8 . 6/ t 
��
f

�� : 9 
�8 .  /� . �  7 .  / 6 . 

f�J��ti 8 . 8A8 .  
87fli 88 . /8 . 
87 . /8 . 
88 . /8 . 

�tl��t! 
8 .  /78 . 6  

SOCKEYE 

tlBII1A 

U : gj�5 : � 
. �/3t � 
· /35 . 8 . 0/ 0 . 0  
. 0/ O ' g 8 . 0/ 8 ' . 0/ . 

U: t�UJ 
f� : !j�� : i 8 ' /Zo .  

· / O .  

g : 8j O : i . 0/ 8 . 
0 . 0/ O .  8 · g/ o ' i · / O .  8 . 0/ 8 ' . 0/ . 

iJ� iJ 
g :8j 8 : i ' 8/ O .  O .  / O .  

i : gj 8 : i · / O .  
. 0/ O .  

if: !��� : '  · /5! . 

111lBII11lA 

F :F!� : � 1 .  /3! . 
2 .  /3 . 5  

8 . 0/ 0 . 0  
. 0/ 0 . 0  8 . 0/ 0 . 0  
. 0/ 0 . 0  

lr26 . � i . /29 .  
· / . 7  

0 . 8/�Z . 5  

l�f5� . 0  
· /5 . 5  l '  /5, · Z · /5 . 

0 . 0/ 0 . 0  

g ' o/ 0 . 0  
. 0/ 0 ' 8 . 0/ O .  

8 . 0/ 0 . 0  
. 0/ 0 . 0  g . o/ 0 . 0  
. 0/ 0 . 0  

i ' O/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  8 . g/ 0 . 0  
· / o . g 

0 . 0/ O .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

g ' O/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  

2� : �j2� : t . 0/(. 7 ,  
48 . 8/40 . 

MXBII1XA 

!�ln:! O .  /3� . 
4 1 .  /4 . 

g ' o/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 ' 8 0 . 0/ O .  

. /45 . 2� 'V4 1 . � 
50 . 9/50 . 
5 3 . 2/52 . 

f ·r6 2 . 8  
2 .  /62 .! 

6� . /6 3 .  
6 . /63 .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ g . o  
0 . 0/ . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  8 . 0/ 0 . 0  

. 0/ 0 . 0  
0 . 0/ 0 ' 8 0 . 0/ O .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  8 . 0/ 0 . 0  

. 0/ 0 . 0  
0 , 0/ 0 . 0  
0 . 0/ 0 . 0  

i1 ' t/51 .' . /5� . 
' A/5 . 

4 .  /54 . 
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MEAN . MnmlllJ'lo AIID UAXHl1'Il SU�VfVAL ��uR� tIP CAJ'IK S IWF Xflll NO A 0 

rROGRAJ'1= DSN=PJI . PF400 . RIIR . F ISHPASS . SAS . REPORTS( FSIII12 I ) FI ES , �Ji · PF400 . CBS . F I S H . PASS . DATA . M l nCOLFG RUN DATE 
J . PF400 . CE S . F lSII . PASS . DATA . tllDCOLFG RU DATE 

2F89 1 1  28 

Ta b l e  E . 5-30 

YEARLl tiG SUBYEARLIIIG STEELHEAD 
POOL YEAR I IBIJ1A tit IB/I'll I A MXB/tIXA tlBlJ1A tltlBlJ1NA HXBIJ1XA tlBlJ1A 
HELLS 1 988 30 . 0/30 . 0  2 5 . 7/25 . 8  �U�U j 15 . 8/ 1 6 . 3  [ . 51 8 . 5  �8 . 2/22 · 2 F· �/32 · I 993 38 . 8/38 . 4  3 1 . 5/31 . 5  23 . 3/23 . 2 1 . O/ I � .  3 7 . 1/3 . !  ! .  143 .  1 9 98 4 1 . 7/41 . 4  3 2 . 4/32 . 1  46 . 4/46 . 4  26 . 5/26 . 2 . 8/1 . 5  38 . 9/37 .  4 . /4 . 2003 4 1 . 5/4 1 . 4  32 . 5/32 . 4  4 7 . 0/47 . 0  26 . 8/26 . 5  1 4 . 0/ 1 4 . 5  38 . 2/ 3 7 .  4 .t4t 3 
RRECH 1 988 32 . 8/32 . 8  2 5 . 4/25 . 4  38 . 6/38 ' 2 25 . 6/25 . 7  j 2 . 2/ ll · 5  29 . 5/29 . 9  32 : ?��� : t  993 4 3 . 1/42 . 7  3 2 . 2132 . 9  4 9 . 5/49 .  3 1 . 1 / 3 1 . 0  6 . I /� . 9  35 . 4/35 . 0  �8 . 8/48 . 
RISL 

LHG 

LHM 

MCN 
JDAY 

OALS 

bONN 

SYS 

LEGEND 

1 998 45 . 9/45 . 8  3 3 . 8/35 . 0  5 3 . 5/53 . 3  34 . 1 / 34 . 0  22 . 3/ 3 . 2 3 9 . 5/39 . 5  2003 46 . 2146 . 5  33 . 2133 . 7  54 . 6/54 . 7  35 . 1/35 . 0  2 2 . 8/23 . 2  38 . 9/40 . 8  9 . 4/49 .  
1 988 40 . 3/40 . 1 3 1 . 1 / 3 1 . 1  4 7 . 1 146 . 8  �5J��1U 1 3 . 9/ 1 3 . 9  35 . 6/3� . 5  rr42 ' f 1 993 4 7 . 5/4 7 .  I 34 . 9/34 . 7  54 . 0/54 . 2  1 8 .  I I I  . 6  4 1 . 6/4 . l  9 .  /�9 .  1 998 50 . 4/50 . 3  35 . 7/35 . 6  59 . 1/59 . 0  3{1 , 9/34 . �  22 . 6/23 . 9  44 . 3/43 . J ' I 2 . 2003 !jO . 6/50 . 9  36 . 0/35 . 8  59 . 6/59 . 6  35 . 3/35 . 22 . 9/23 . 9  44 . 0/4 3 . 6  • 1 /53 .  
1 988 65 . 2/65 . 2 5 7 . 1/5 7 . 2 68 . 0/68 . 0  52 . 7/52 . 7  48 . V48 . I 59 . 6/5� . 7  83 . 3/83 . � j 993 79 . 9/79 . 9  70 . 8/ 7 1 . 0  8 3 . 1/83 ' 1 53 . 4/53 . 3  4 9 .  149 .  58 . l iS . 0  88 . 0/89 ' 998 �9 . 61"19 . 6  7 1 . 3/ 7 1 . 6  82 . 1 /82 . y • .  3/51 · 2 4 9 . 5/49 .  60 . 7/60 . 6  8 7 . 9/8 . 9  2003 9 . 8/79 . 8  7 1 . 0/ 7 1 . 2  81 . 8/81 . 9 54 . 0/5 . 9  49 . 5/49 . 4  60 . 5/6 0 . 2 88 . 0/88 . 0  
m� 3 3 . 9/3 3 . 8  25 . 3/25 . 5  38 . 21 38 . 7 28 . 7/28 . 8  9 . 9/ 1 0 . 5  46 . 5/46 . �  4� . �/40 · 1 36 . 5/36 . 2  3 1 . 4/3 1 . 5  44 . 3/44 . 3  3 1 . 9/31 . 5  1 3 . 1 / 1 3 · l 46 . 4/44 . � . 143 .  
p98 38 . 6/38 . 5  33 . 3/33 . 4  4� . 5/46 . 4  36 ' 2/36 . 0  1 5 . 5/ 1 5 .  5 1 . 2/50 ' 2 1 : ���� : 003 39 . 5/39 . 5  34 . 2134 . 0  4 . 7/43 . 9  35 . /35 . 2  8 . 21 18 .  50 . 2/48 .  
1 988 58 . 0/58 . 0  4 9 . 1 /4 9 . 3  6 9 . 0/69 . 2  40 . 9/4 1 . I 28 . 212 9 ' 2  52 . 3/52 . 2  HJ?P 1 993 5 9 . 9/59 . 6  45 . 9/45 . 6  6 9 . 0/68 . 8  4 3 . 4/43 . 3  30 . r3O . 53 . 6/53 . 0  1 998 6 3 . 8/63 . 8  4 7 . 5/4 7 . 2  76 . 1 / 76 . 0  50 . 5/50 . 3  4 0 .  140 . 6  59 . 5/58 . 8  . 0/�2J  2003 6 3 . 9/63 . 9  4 7 . 9/4 7 . 5  75 . 5176 . 0  50 . 6/50 . 5  40 . 141 . 0  5 9 . 0/58 . 4  
p88 54 . 1 /54 . 9  3 9 . 2139 . 4  65 . 7/66 . 8  4 9 . 0/49 .  � 20 . 9/22 .  � 6 1 · 4/6 1 . � �8 ·r58 . 9  993 54 . 6/54 . 5  39 . 5/39 . �  6 7 . 9/66 . 5  50 . 2/49 .  2 2 . 8/23 .  6 . 7/60 . Z . 159 . 0  1 998 55 . 1 /55 . 1  4 1 . 8/42 .  68 . 4/68 . 0  48 . 3/4 7 . 8  24 . 9/25 . 6 2 . 1 / 6 1 . 6 . 15� . � 2003 56 . 9/56 . 7  4 2 . 6/42 . 9  70 . 3/69 . 6  49 . 9/49 . 6  2 7 . 6/28 . 0  59 . 7/5 7 .  6 1 . /6 • 

1 988 6 3 . 1/63 . 9  48 . 9/49 . 2  7 7 . 0/ 7 7 . § 53 . 5/52 . 0  40 . 8/4 ! . 8 67 . 4/67 . f 65 . 3/65 . 7  
r93 65 . 0/64 . 9  4tl . 9/4 9 .  2 7 7 . 1/75 .  56 . 6/5 . 5  43 . 8/4 . �  70 . 0/69 .  66 . 2166 . 0  998 6 7 . 5/6 7 . 7 5 3 . 3/53 . 7  80 . 3/79 . 6  56 . 9/56 . � 46 . 0/46 . 68 . �/68 . 6 7 . 8/67 . � 003 68 . 0/6 7 . 9  54 . 1/54 . 3  81 . 1/80 . 3  57 . 1/56 . 45 . 3/45 . 6  68 . /68 . 68 . 8/68 . 
r88 86 . 4/86 . 6  80 . 5/80 . 6  90 . 0/90 · l  8 1 . 6/8� . 9 74 ' A/7� ' I 88 . 7/89 . 9  �U�Ri 993 86 . 7/86 . 6  110 . 3/80 . 3  89 . 7/89 .  82 . 7/8 . 6  �4 . I� . 87 ·f8 ' 1  998 86 . 1 /86 . I 80 . 3/80 . 5  90 . 3/89 . 8  81 . 3/81 . � 4 . 01 4 .  88 . 187 . 8 1 . 7/81 .  2003 86 . 5/86 . 4  8 1 . 0/81 . 2  90 . 4/90 . 0  81 . 5/8 1 . 74 . 7/74 . 9  87 . 8/87 . 2  82 . 6/82 . 
j 988 65 . 0/65 . I 6 1 . 4/6l · 5  68 . 5/68 . 6  5 1 . 4/51 . 7  40 . 0/4 1 . � 5 � .  7/6 0 . , ftJjftt 993 70 . 9170 . 7  66 . 1 /6 . 7  74 . 31 72 . 2  5 3 . 9/5 3 . 8  4 1 . 3/4 1 . 6 . 9/6i ' 1 998 7� . 7/7 1 . 6  6 7 . 1/67 ' 1 76 . 317 . 2  57 . 1/57 . 0  47 . 0/47 . 3  64 . 9/6 . � . 9/7� . 2003 7 . 0/72 . 0  66 . 9/6 7 .  76 . 0/76 . 2  5 7 . 4/57 . 2  4 7 . 2/47 . 7  64 . 0/6 . . 5/7 . 

tIB = tlEAN liD ACTION SURVIVAL I % I 
nA = HFAII ALTE RNATIVE CASE SURVIVAL ( % )  

lIB = n l tlHIUI1 liD AcnDII SURV I V A L  FOR SIMUI.ATIOIIS Of 611E GIVElj COIITRASI: YEAR ( % )  
tIIlA = I10 I IUJ I ALTERIIATIVE CASE SUHVIVAL FOR SItIUJ.A I IlS OF TI E GIVEN UlITRA9" YEAR 1 % )  M:<B = MAXII IIJIl 110 ACTIOIl SURV IVAL FOR S UlULATI0I1S Of TilE GIVFlj COIITRACl YEAR /. )  
tlXA = tlAX n1U1l AL·I ERNAT I VE CASE SURVIVAL FOR SItlULA lOllS OF TI E G I VEN ONTRACT YEAR 1 % )  

-DATE RUN= 23FEB88 1 08 1 42 , Z4 

MNB IJ1NA 
�8 .�/28 . � 8 .  138 . 40 . 140 . � 40 . 8/40 . 

H : rj�i : A · /4 . 0  · 143 . 1  

nj�ri · 21 � . 10 . 5/80 . 5  5 . �/85 . 0  5 .  /85 . � 5 . 2185 . 1l :8�H: f 5 · A/35 . 8. /38 . 

!2f�2 :! � . 15� . • /5 . 

rrf' 5 O .  I 2 ' 1  � . I . 
• / 8 .  

48 · l/�8 . 6  U. / 7 . 9  : ��5� : � 
nJ��� :i . 0/ 7  . . 3/76 . �8 : �?8 : 1 ! : �k 

MXBIJ1XA 

ig :lji� : � I .  I O . 3 .  / 3 .  
it J�iti 
UJ�UJ 
n:t�n: t 88 . /88 . 

U:t��9 :t · 15� . 
• /56 . 

HJHt� 
��J��� : J 6 . 8A6. f� : i�f� : '  � .  / 8 .  

· / 8 .  

ur
87 .� • /82 , 

• /8 . · /87 . 

nJjp:i ' 21 g .  · I . 

SOCKEYE 
tlBlJ1A 

r: I�lij ! .  13 . 0  
g . o/ g . o  . 0/ . 0  0 . 01 o . g 0 . 0/ O .  

UJ�UJ 
U:i���J 60 . 16 . 9  
8 : 8� 8 : 8  . 0/ g . g 0 . 0/ . 
0 ' 8/ 0 . 0  o .  / 8 ' 8  0 ' 8/ . 
O .  / . 0  
8 . 0/ 8 . 0  . 0/ . 0  0 . 0/ g . o  0 . 0/ . 0  
g . o/ g ' 8 . 0/ . 0 . 0/ g ' 8  0 . 0/ . 
0 ' 8/ 8 ' � o .  I . 0 . 0/ . 0 . 0/ O .  

it : ���� :  t : ���! : 

MNBIJ1NA 

�r i�!8J . 13f . � 3 . 2/3 . 
g . ol g . o  . 0/ ' 8 0 . 0/ g . 0 . 0/ . !� :2��* : � 9 . �/�9 .  O .  / 0 . 6  r' 9/5� . 0 . 15 . 5 . 515 . z  
j , f/5 7 .  

� : 8� 8 : 8 . 0/ 0 . 0  . 0/ 0 . 0  
0 . 0/ 0 . 0  8 . 0/ 0 . 0  . 01 0 . 0  0 . 0/ 0 . 0  
8 . 0/ 0 . 0  . 01 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
8 . 0/ 0 ' 8 . 0/ O .  8 : 8j 8 : 8 0 . 0/ o . g 0 . 01 O .  g . OI g ' 8  . 0/ . 
�� : a��o : t ��: g��� : 

MXBIJ1XA 

!0 . 8/31 . ! 5 . 6135 . 0 . 7/�9 .  4 1 . 81 1 . 6  
0 . 01 g . o  0 . 0/ . 0  0 . 01 0 . 0  0 . 01 0 . 0  

it ���t ' O .  150 . 3 .  152 . �I : t�f :; 6 . 16j . 6 . 8/6 . 
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 01 g . o  0 . 0/ . 0  
0 . 0/ 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  
8 . 0/ 0 . 0  . 01 0 . 0  0 . 01 0 . 0  0 . 0/ 0 . 0  
8 . 0/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 ' 8  0 . 0/ O .  � . o/ 0 ' 8  . 0/ g . . 0/ . 0  . 0/ 0 . 0  it l�iti 4 . 1/54 . 
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HEAN . Hnufllt'ilAct� V�\;tll!t1x3X�Vf��L 
A��gfii 

EROGRAU= DSII = PJI . PF" 00 . RIm . F ISHPASS . SAS . REPORTS! FSUl1 2 1  ) FI E S I  PJI . PF " O O . CllS . F I S H . PASS . DATA . I1 I nCOLFG RUII DATE 
PJI . f' r400 . CBS . F ISH . PASS . DATA . I 1 HJCOLFG RUN DATE 

2 1 788 
1 0 3087 

Table E . S- 3 1  

YEARL ING SUBYEARL lIIG STEELHEAD 

POOL YEAR t18/tlA HlllltlllA HXB 111 X A 1 18111 A IINBI11NA MXBItIXA MBlt1A 

HELLS l ��� 30 . 0/30 . 0  25 . 7/ 2 5 . 8  3 3 . 4 / 3 3 . 2  1 5 . 8/ 1 6 . 3  
1 L 5� 1 ? : �  �� : i��� j f�j�!� : g 38 . 8/38 . 3  3 1 . 51 3 1 . 2  4 2 . 6 /4 2 . 8  2 3 . 3/ 2 3 . 1  

J 998 4 1 .  7/4 1 . 2 32 . 41 3 1 . 9  46 . 4/46 . 4  2 6 . 51 2 6 . 0  1 4 . 8/ 1 5 . 5  3 8 . 9/36 . 5  5 . 91 5 . 5  
2 0 0 3  4 1 . 514 1 . 3  32 . 5/ 3 2 . 4  4 7 . 0/4 7 . 0  2 6 . 8/ 2 6 . 2  1 4 . 0/ 1 4 . 5  3 8 . 2 1 3 7 . 0  6 . 4/46 . 2  

RRECH 1 988 3 2 . 8/ 3 2 . 8  25 . 4/25 . 4  38 . 6 / 38 . 4  25 . 6/25 . 7  1 2 . 2I 1 � . 5  2 9 . 5/ 2 9 . 9  �2 : ���� : l 
RISL 

LHG 

LHH 

tlCN 

JDAY 

DALS 

BOllN 

SYS 

LEGEND 

1 9 9 3  4 3 . 1 /4 2 . 6  32 . 2/ � 2 . 8  4 9 . 5/,, 9 . 6  
1 9 98 45 . 9/45 . 6  3 3 . 8/ 34 . 9  5 3 . 5/ 5 3 . 0  
200 3 4 6 . 2146 . 4  3 3 . 21 34 . 1  54 . 6/54 . 7  

1 988 4 0 . 3140 . 1  3 1 . 1 / 3 1 . 1  4 7 . 1 / ', 6 . 8  
9 9 3  4 7 . 5/47 . 0  34 . 9/34 . 6  54 . 0 / 54 . 2  

1 9 98 50 . 4/5 0 . 2  3 5 . 7135 . 5  5 9 . 1 / 57 . 8  
2003  50 . 6/50 . 8  36 . 0/3 5 . 6  5 9 . 6/59 . 6  

1 988 6 5 . 2/65 . 2  5 7 . 1 /5 7 . 2  6 8 . 0/68 . 0  
9 9 3  7 9 . 9/ 7 9 . 9  70 . 8/ 7 1 . 0  8 3 . 1 / B 3 . 1 

1 9 98 7 9 . 6/ 7 9 . 6  7 1 . 3/ 7 1 . 5  8 2 . 1 /8 2 . 1  
2 0 0 3  7 9 . 8/ 7 9 . 8  7 1 . 01 7 1 . 4  8 1 . 8/ 8 1 . 9  

1 988 3 3 . 9/ 3 3 . 8  2 5 . 3/ 2 5 . 5  38 . 2 1 38 . 7  
1 9 93  36 . 5/36 . 0  3 1 . 4/ 3 1 . 5  4� . 3/4� . 3  
1 9 98 38 . 6/38 . 4  33 . 3/ 3 3 . 4  4 . 5/4 . 8  
2 0 0 3  3 9 . 5/ 3 9 . 4  34 . 2 1 34 . 0  44 . 7/4 3 . 9  

1 988 58 . 0/58 . 0  4 9 . 1 /', 9 . 3  6 9 . 0/6 9 . 2  
1 9 9 3  5 9 . 9/5 9 . 3  45 . 9/45 . 4  6 9 . 0/68 . 8  
1 9 98 6 3 . 8/6 3 . 7 4 7 . 5/47 . 2  76 . 1 / 7 2 . 7  
2 0 0 3  6 3 . 9/ 6 3 . 9  4 7 . 9/4 7 . 4  75 . 5/ 7 6 . 0  

1 9B8 54 . 1 /54 . 9  3 9 . 2 1 3 9 . 4  65 . 7/66 . 8  
1 9 9 3  54 . 6/5', . 1  39 . 5/ 3 9 . 5  6 7 . 9/65 . 2  
1 9 98 55 . 1 /55 . 1  4 1 . 8/42 . 2  6 8 , " / 6 7 . 9  
200 3 56 . 9/56 . 7  4 2 . 6/4 2 . 9  70 . 3169 . 0  r88 6 3 . 1 / 6 3 . 9  48 . 9/4 9 . 2  7 7 . 0 1 7 7 . 2  

9 9 3  6 5 . 0/64 . 4  4 8 . 9/4 9 . 2  7 7 . 1 1 75 . 3  
998 6 7 . 5/6 7 . 6  5 3 . 3/53 . 7  80 . 3/ 7 9 . 0  

2 0 0 3  6 8 . 0/6 7 . 9  54 . 1 /54 . 3  8 1 . 1 1 7 9 . 9 

1 988 86 . 4/86 . 6  80 . 5/80 . 6  90 . 0/90 . ! 
1 9 9 3  86 . 7/86 . 5  80 . 3/80 . 3  8 9 . 7/8 9 .  
1 9 98 86 . 1 /86 . 1  80 . 3/80 . 5  90 . 3/89 . 8  
2 0 0 3  86 . 5/86 . 4  8 1 . 0 /81 . 2  90 . 4/ 8 9 . 8  

1 988 6 5 . 0/6� . 1  6 1 . 4 /6 1 . 5  68 . 5/68 . 6  
1 99 3  70 . 9/ 70 . 6  6 6 . 1 / 6 6 . 6  74 . 3 / 74 . 2  
1 9 98 7 1 . 71 7 1 . 6  6 7 . 1 / 6 7 . 1  76 . 3/ 7 5 . 0  
2 0 0 3  7 2 . 0/ 7 2 . 0  66 . 9/ 6 7 . 2  76 . 01 76 . 2  

118 = MEAN 110 ACTION S U RV I VAL I /, I  
IIA = I 1 E A II A U r lltiAT I V E  CASE S U h V I V A L  I /, I  

3 1 . 1 1 30 . 9  1 6 . 1 / 1  . 9  
34 . 1 / 3 3 . 8  2 2 . 312 3 . 2  
3 5 . 1 / 34 . 8  2 2 . 8/2 3 . 2  

25 . 0/25 . � p . 9/ 1 4 . 9  
30 . 5/ 30 .  8 . 1 / 1 8 . 6  
34 . 9/34 . 7  2 2 . 6 /2 3 . 9 
35 . 3/35 . 0  2 2 . 912 3 . 9  

5 2 . 7/52 . 7  48 . 7/4 8 . \ 5 3 . 4/5 3 . 3 4 9 . 1 /4 9 .  
54 . 3/5 .. . 1 4 9 . 5/,, 9 . 5  
54 . 0/5 3 . 8  4 9 . 5/4 9 . 4  

28 . 71 28 . 8  9 . 9/ 1 0 ' � 
H : 4��� : i  p . 1 / 3 .  

5 . 51 1 5 . 6  
35 . 6/ 34 . 9  1 8 . 21 1 8 . 6  

2� : 4��U 
28 . 21 2 9 . 8  
30 . 2130 . 6  

50 . 5/50 . 3  40 . 1 /40 . 6  
50 . 6/50 . 4  4 0 . 5/4 1 . 0  

4 9 . 0/4 9 . 1  2 0 . 9/22 . 6  
50 . 21't 9 . 7 2 2 . 8/2 3 . � 4 8 . 3/4 7 . 6  24 . 9/25 . 
4 9 . 9/4 9 . 4  2 7 . 6/28 . 0  

53 . 5/5� . 0  40 . 8/4 2 . 8  
56 . 6/5 . 4  4 3 . 8/4 3 . 9  
56 . 9/56 . 7  4 6 . 0/4 6 . ! 
57 . 1 /56 . 8  4 5 . 3/45 . 

8! · f8 1 .� 74 . 1 /74 . 3  
8 . /8 2 .  r · 0174 . � 
8 1 . 31 8 1 . 2  4 . 0/ 74 .  
8 1 . 5/81 . 4  4 . 7174 . 

5 1 . 4/ 5 1 . 7  40 . 0/4 1 . 2  
5 3 . 9/5� . 7  
5 7 . 1 /5 . 9  

4 1 . 3/4 1 . 6  
4 7 . 0/47 . 3  

5 7 . 4/57 . 2  4 7 . 214 7 . 7  

35 . 4 / 35 . 0  
3 9 . 5/ 3 9 . 4  
3 8 . 9/40 . 8  

3 5 . 6 / 35 . � 4 1 . 6/40 . 
',4 . 3/43 . 2  
44 . 0/4 3 . 2 

5 9 . 6/5 9 . 7  
58 . 1 / 58 . 0  
60 . 7/6 0 . 2  
60 . 5/59 . 8  

4 6 . 5/46 . 9  

�f J�2� J 
50 . 2148 . 1 

5 2 . 3/52 . � 
5 3 . 6/5 2 .  
5 9 . 5/58 . 
5 9 . 0/58 . 0  

6 1 . 4/6 1 . 6  
6 1 . 7/59 . 0  
6 2 . 1 / 5 9 . 6  
5 9 . 7/56 . 8  

6 7 .  4/6 � .  � 
70 . 0/6 . 
6 8 . 7/6 7 . 7  
68 . 5/6 7 . 8  

g9J�g� : r 88 . 5/B . 2  
8 7 . 6/87 . 1  

5 9 . //6 0 . 3  
6 1 . 9/6 1 . � 64 . 9/6 3 .  
64 . 0/ 6 2 . 7  

4 8 . 8/4 8 .  
4 9 . 4/4 9 . 2  

4 2 ' V2� ' � 4 9 .  / . 
5 2 . 0/5 . y  
5 3 . 1 /53 . 

8 3 . 3/83 . 3  
88 . 0/88 . 0  
8 7 . 9/8 7 . 9 
88 . 0/88 . 0  

4 0 . 5/4 0 · f �t ��2t 
7 . 0/4 7 . 0  

�q��I : i 7! . 17 . 
7 . 01 7  . 

58 . 7/58 . 9  
5 9 ·r58 . 9  
6 0 .  159 . 8  
6 1 . / 6 1 . 2  

6� . 3/ 6 5 · f 6 . 2165 . 
6 7 . 8/67 . 
6 8 . 8/68 . 

8 3 . 1 / 8 3 . � 
8 3 . 3/8 3 .  
8 1 . 7/ 8 1 . 
82 . 6/82 . 5  

7 1 . 5/ 7 1 . 5  
75 . 1 / 75 . 0  
75 . 9/�5 .� 
76 . 5/ 6 .  

IIIIB = 1 1 1 11 H1lfll 110 ACTIOII SURV I V A L  FOR SIIIULAT I DNS OF THE GIVEN CDlffRACT YEAR ' /, )  
/'IliA " t 1 I N l I IlJlI Al.TE RIIATHE CASE sur,V IVAL F O R  S HlULATIDlIS OF THE. G I VE N  COlffR AL. )EAR I /, )  
11XB = I IA X I I HII I 110 ACT IOII S U R V I V A L  FOR S I I I U l.ATI DlIS OF TilE G I VE I I  COIlrRAL. YEAR I I. 
MXA = tlAX lIIUI1 AL'l E RIIATI V E  CASE SURV I VAL FOR S I tlULATIDNS OF TIlE GIVEN COlffRACT YEAR 1 /, )  

-DATE RUN= 2 3 F EB88 1 08 . �4 . 0 9 

HIll I11NA 

�8 . 4/28 . � 
8 . 9136 . 

40 · b/ 3Z · 
4 0 .  14 . 6  

3 3 . 0/ 3 3 .  � 
4! · r4 O .  
4 . /4 3 .  
4 3 .  /43 . 0  

�l : ���tl . 0/4 6 .  
4 7 . 214 7 .  

80 . 5/80 . � 
85 . 0/8� . 
8� . 318 . 
8 . 2185 . 2  r- 8/�� . 9  

5 l ' i  5 .  / 5 .  
38 . 1 3 8 .  

r !�g2 :i � .  159 . 
9 . 5/5 9 .  

r · 0/�9 . 5  � . 1 / O .� 
. 8/44 . 

7 . 1/48 . 

i9 : i�2�: * 
! . 8/5� . � . 9/5 . 

f� : t?� : i � . 0/�6 .  
. 3/ 6 .  �� . 0/66 . � 
T�O ' 
. / 2 .  

3 . 21 73 . 2  

MXBI11XA 

�gJ��� : i ! . 41 O .  
5 . 4/52 . 

1 3/

�i 'i 5 . �/ . 
5 . / . 
5 . 1 /5 . 

�� : I��l : � 
5Z ' /�Z ' 
6 . 8/ . 

g� : t�glt 8� . /8 • 
8 . /8 . 

U:t�itt 56 . I 6 .  

l��H : 1  � . 6/ . 

��J�; : 9 6 8 .  /6 . f  
6 7 .  /66 .  

W��WJ 8 . 8/ 8 .  

87

rgr i 88 . / . 
8 7 .  /g6 .  
88 . / 7 .  

ttl��t i 8 .  / 8 .  

SOCKEYE 

MBlt1A 

l���� : � i : ��R� 0 . 0/ S . O  

S ' 8/ . 0  
. / . 0  
. 0/ 0 . 0  

�1.J�U : 9  t 9/ , . 6  

r 6/

li 9 ' r5 • 
O .  /6 . 
O .  /60 . 

0 . 0/ 0 . 0  

S , O/ 0 ' 8  . 0/ 8 ' . 0/ • 

8 . 0/ 8 ' 8  . 0/ . 

8 . 0/ 8 ' 8 . 0/ . 

0 . 01 0 . 0  

8 : 8� 8 : 8  
0 . 0/ O .  

S : 8� 8 : 8  
. 0/ 8 . 0  0 . 0/ . 0  8 . 0/ � . � . 0/ . 

0 . 0/ . 
0 . 0/ . 

it l�n : i  

MIIDltlNA 

F :F!� : � ! . 1 3! . � · /3 . 

0 . 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  r 2/�6 ' 2 9 .  / 9 .  

Z · �1 3 9 . � · 
/40 . r- l/5� . * 5 .  /g . � .  f/ 5 .  

· /57 . 0  

0 . 01 0 . 0  

8 . 0/ 0 ' 8 . 0/ O .  
0 . 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

8 . 0/ 0 ' 8 . 0/ O .  � . O/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  
. 0/ 0 . 0  

8 ' 8/ 0 . 0  
· / 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 ' 8 8 . 0/ O .  
. 0/ 0 . 0  

r 3/40 · t , . /4 3 .  
. 0/4 7 .  

8 . 8/4 8 .  

MXBI11XA 

!gj�!� : �  
2

0 .  7/3 9 .� 
1 . 8/4 1 . 

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

i�j�Rb 
0 . 9150 . 2  

5 3 . 2152 . 5  

�2 'r6 2 'I I ' /6 2 .  
6 . /6 3 .  
6 . 8/6 3 .  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

8 . 0/ 0 ' 8 . 0/ O .  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

0 . 0/ 0 . 0  

8 . 0/ 0 . 0  
. 0/ 0 . 0  

0 . 0/ 0 . 0  

8 . 0/ 8 . 0  
. 0/ . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  

0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  U , V5 I .t . /5� . 

. /5 . 
54 . 6/54 . 1  
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MEAN , MINIM� AND UAX III� SU�VfVAL �LUE� liP XBIIK S MPF XBM NO A ION 

EROGRAM= DSU=PJl ' PF400 . RIm , F ISH PASS . SAS . REPORTS( FSlIH2 I J 
F I  ES . PJI · PF400 .  BS . F ISH . PASS . DATA . ll I DCOLFG RUN DATE PJ . PF 4 0 0 . CBS . F I SH . PASS . DATA . lllDCOLF G RUN DATE 

2 1 788 2 1 788 

Ta b l e  E . 5 - 3 2  

YEARLIIIG SlIBYEARLING STEELHEAD 

POOL YEAR MBIJ1A tIIlB/tlllA H:-ll/J1XA t18/J'IA tIIlBlJ1NA MXD/tIXA MBIJ1A 

WELLS 1 9118 �0 . 0/�0 . 0  25 . 7125 . 8  �� . 4/�� . 0  1 5 . 8/ 15 . 9  [ . 51 1 - 5 28 . 2I28 . � � 2 . �/�2 . � , 1 99� 38 . 8/38 . 2  3 1 . 5/30 . 8  4 2 . 6/42 . 6  2 3 .  �/2 � .  a 1 . al l . a �7 . 1/�4 .  4 3 .  142 .  1 998 4 1 . 7/4 1 . I 32 . 4/ 5 1 . 8  46 . 4/46 . 4  26 . 5/25 . 8  I . 8/ 14 . 8  38 . 9/�5 . 8  4t · 9/45 ·a 200� 4 1 . 514 1 . 1  32 . 5/� 1 . 6  4 7 . 0/47 . 0  26 . 8/26 . 0  1 4 . 0/ 1 4 . 0  �8 . 2155 . � 4 . 4/46 . 
RRECH 1 988 �2 . 8/�Z . 9  25 . 4/25 . 6  38 . 6/38 . � Z5 . 6/25 . � r · Zl I 2 . Z  29 . 51Z9 . 5  �8 . y/38 ·1 
RISL 

LHG 

LHI1 

MCN 

JDAY 

DALS 

SONN 

SYS 

LEGEND 

1 99� 4 3 . 1/42 . 7  3Z . Zl32 . 6  4 9 . 5/49 .  1 998 45 . 9/45 . 6  3 3 . 8/34 . 6  
�� : ��R � 2003 46 . Zl46 . 3 3 3 . Zl34 . 2  

1 988 40 . 3/40 . 3  3 1 . 1/3 1 . 3  47 . 1/46 . 9  1 993 4 7 . 5/47 .  I 34 . 9/34 . 0  54 . 0/54 . 0  
F98 5 0 . 4/50 . Z  35 . 7/35 . 5  59 . 1/59 . a 003 50 . 6/50 . 8  36 . 0/35 . 3  59 . 6/59 . 6  p88 �5 .  2165 . Z 5 7 . 1 /57 . 0  68. 0/68 . 0  993 9 . 9179 . 9  70 . 8/70 . 9  83 . 1/83 . I 
! 998 9 . 6179 . 6  71 . 3/ 7 1 . 4  82 . 1 /82 . I 003 79 . 8179 . 8  7 1 . 017 1 . 3  8 1 . 8/81 . 8  
1 988 33 . 9/ 33 . 9  25 . 3125 . � 38 . Zl38 . 3 1 993 36 . 5/36 . 0  3 1 . 4/3 1 . 4� . 3/'+4 . 3  1 998 38 . 6/38 . 3 3 3 . 3/33 .  i 4 . 5/46 . 4  Z003 39 . 5/39 . 4  34 . Zl33 .  44 . 7/44 . 6  

6 9 . 0/69 . 0  j 988 �8 . 0/58 . 0  4 9 . 1 /48 . 9 993 9 . 9/5 9 . 4  45 . 9/44 . 7  6 9 . 0/69 . 3  1 998 2 3 . 8/6 5 . 7 4 7 . 5/'+ 7 .  I 7 6 . 1176 . 0  Z003 � . 9/64 . 1  4 7 . 9/46 . 9  75 . 5/76 . 0  
m� 54 · lI54 . 3  39 . 2139 . 2  65 . 7/6� . 7  54 . 154 . 0  39 . 5/39 . 5  6 7 . 9/6 . 7  1 998 55 . 1 /54 . 9  4 1 . 8/41 . 8  68 . 4/6 7 . 9  2003 56 . 9/56 . 7  42 . 6/4Z . 6  70 . 3/6 7 . 9 r88 6 3 .  1/6 3 . �  48 . 9/48 . 9  7 7 . 0177 . 0  99j 65 . 0/64 . 4  48 . 9/48 . 9  7 7 . 1 1 73 . 8  99 6 7 . 5/67 . 3  5 3 . 3/53 . 3 80 . 3/ 78 . 6  00 68 . 0/67 . 9  54 . 1 /54 . I 81 . 1 1 79 . 1  r88 86 . 4/86 . 4  80 . 5/80 . 5  90 . 0190 . 0  993 86 . 7/86 . 5  80 . 3/80 . 3  89 . 7/89 . 6  998 86 . 1/85 . 9  80 . 3/80 . 3  90 . 3/89 . 8  Z003 86 . 5/86 . 4  81 . 0/81 . 0  90 . 4/89 . 8  r88 65 . 0/65 · l H :1�U : 1  68 . 5/68 . 5  993 70 . 9/70 . 7� . 3/ 74 . 3  998 p . 717 1 . 5  6 7 . 1 /6 7 . 0  7 . 3176 . 2  Z003 Z .  0171 . 9  66 . 9/6 7 . 0  76 . 01 76 . Z  

MB = NEAN NO ACTION SURVIVAL ( /. J  
MA 

31 . I/�O . 6 . 1 / 1 6 .  I 34 · V3 3 . � Z . 3/ZZ . 3  �5 . 134 .  2 . 8/22 . 8  
25 . 0125 . 0  1 3 . 9/p . 9  30 . 5/ 30 . 3  !8 . r 8 . 0  34 . 9/34 . � Z .  1Z2 . 6  �5 . 3/�4 . 22 . 91Z2 . 9  
52 . 7/5� . 7  48 . jl48 . 7 53 . 4/5 . 3  r'  149 . 1  54 . 3/54 . A 9 . 5/�9 . 5  54 . 015 3 .  9 . 51 9 . 5  
28 . 7/28 . 7  9 . fl 9 . 9  31 . 9/30 . 9  1 3 .  Ip . � 36 ·r35 • 0  5 . 51 5 .  35 . 1 34 . 5  8 . 21 1 8 . 8  
40 . 9/40 . 9  �8j��8 : �  4 3 . 4/43 . a 50 . 5/50 . 1  4 0 . 1 /40 . ! 50 . 6/50 . 3  40 . 5/40 . 
4 9 . 0/49 . 0  20 . 9/20 · X 50 , 214 9 .  A ZZ . 8/ 2 2 .  48 . 3/4 7 .  Z4 . 9/24 . 9  4 9 . 9/4 9 .  a 27 . 61Z7 . 6  
53 . 5/53 . 6  40 . 8/40 . 8  56 . 6/56 . �  4 3 . 8/4 3 . 8  56 . 9/56 . 5  46 . 0/46 . 0  57 . 1 /56 . 7  45 . 3/45 . 3  
81 . 6/8! . 4 r · 1 /74 . 1  8 2 . 7/8 . 4 . 017� . 0  81 . 3/81 . ! 4 . 017 . 0  81 . 5/8 1 .  74 . 7/74 . 7  
5 1 . �/51 . 5  40 . 0/40 . 0  5 3 .  153 . 5  4 1 .  3/4� . � 5 7 ·r56 . 7  4 7 .  0/4 . a 5 7 .  157 . 0  4 7 . 2147 . 2  

�5 . 4/34 . 6  39 . 5/39 . � 38 . 9/40 . 
35 . 6/35 . 5  4� . 6/40 . 7  4 . 3/42 . 8  44 . 0/42 . 6  
5 9 ' Y/59 . g 58 . 158 . 6 0 . 7/59 .� 60 . 5/59 .  
4 6 . 5/46 . 5  46 . 41<. 3 .  I 5 1  . Zl47 . � 50 . 2146 . 2  
5Z . 3/5Z . 5  53 . 6/51 . 9  59 . 5/57 . 9  59 . 0/57 . 5  
6 1 . 4/6 1 . �  6 . 7/57 .  6 2 . 1 /58 . 3  59 . 7/56 . 8  
6 7 . 4/67 . 3  70 . 0/68 . 7  68 . 7/67 . 6  68 . 5/6 7 . 7 
88 · V88 . , 87 . 187 .  88 . 5/87 .  87 . 8/87 . 1 
59 . 7/60 . 0  6� . 9/60 . 8  6 . 9/6 3 . 0  64 . 0/62 . 6  

6 .  145 .  �8 . 8/48 .  9 . 4149 .  
�� : ����J 2 .  I ! . r  5� . 1/5 . 
g3 · 6/83 . � 8 .  188 . g7 . 9/87 .  8 . 0/88 . 

nJ�iti . 01 7 . 

�r��H:i : a�H : 
58 . 7/58 ' 1 59 ·r58 . �O .  159 .  I .  16 1 .  
6� . �/65 ·1 6 . 165 . f · 8/67 .  8 . 8168 . 
83 . l /g3 · f 83 . 31 3 .  81 . 7/81 . 82 . 6/82 . 6  

!! :��W 5 
5T J 6 .  I 6 . 4  

= MEAN ALTERIIATIVE CASE SURVIVAL I /. J  
ttllB = M I NII iUll NO AcrIOII SURV IVAL FOR S IMULATIOIIS OF THE GIVEN CONTRACT YEAR

cV J �"A = M I ll lllUll ALTERII A T I V E  CASE SURVIVAL FOR S lIllJLATIOIIS OF TIlE GIVEN conTRA YEAR ( /.  J 
XB = MAXUll1H NO ACTIOII SURV I V A L  FOR SIIiULATlOllS OF THE GIVEN COlfrRACT YEAR /. J  

MXA = MAXI/lUll A Ll E RIIATIVE CASE SURVIVAL FOR SUIULATIO/IS OF THE GIVEN CUNTRACT :tEAR ( % J  

"DATE RUN= 23FES88 . 0 9 . 5 7 . 40 

MNfI IJ1NA 

�g : ���9 : a 4o ·hIF · 7 40 . I 9 . 6  

�� . 0/�3 . 0  I .r O . 9  
4! : ���J 
�lj��t � 4 . ZI�7 .  
80 . �/80 ·i g5 .  185 . 5 · f8� . 85 . 18 . r -r11 � .  13 . � . I� . 38 . 01 8 . 
�2 : l��l : f 5 9 ·r59 •  59 . 159 . 
38 ·r�8 . 0  �O .  140 . 1  3 .  1�3 .y 47 . I 7 .  �9J�n :& 1 . 81 . 52 . 91 . 9  

!� . 9/r - l . 51 6 .  � . Ol � . �  . �I . �g . 0/�6 . 0  . �I O .  i 
z .  17� . 3 . 217 . 

MX8IJ1XA 

�8 : i��� : ! R �5Y : 
�� : J��! : ;  ��

. 15 . . 15 . �� : i�itl 60 . 8/60 .  

9 .  Ig . g� :FlI 88 . 188 . 

U:t�U : f 56 . I . 

HJ�H� ! �
� : �?� : I  68 . I� . 6 7 . 81 6 .  

W��ftf 8 . 81 8 .  
gh :Fg� : ! 87 . 186 .  88 . 187 .  

ftl�fti 8 .  I 8 .  

SOCKEYE 

tl8/tIA 

n:i�n : � · 135 . 
� . Ol o . � . 01 g '  ' 81 . 

· I . 

U���UJ 
n:i�n : i · 160 . 
�J� �J g : g� � : g  8 : g� : 8  � . Ol � . g . 01 . . gl . g · I O .  
�J� O : � . 01 8 .  
�J� � : � . 01 . 

n: !��h : i · 15! . 

MtIB/J'lNA 

! fJ�FJ 3 ' V�r . �  �2 .  132 . 
0 . 01 o . g 
8 : g� 8 : 0 0 . 01 0 . 0  

rr2� :i � . A9 .  a . 8/�9 . 
R r53 . ! . 155 . �� : f��� : 
0 . 01 0 . 0  g . OI 0 . 0  . 01 0 . 0  0 . 01 0 . 0  
g : 8� 8 : 8 g . OI g . o  . 01 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 g . o  0 . 01 . 0  
8 : g� g : 8 0 . 01 0 . 0  0 . 01 0 . 0  
g . OI 0 . 0  . 01 0 . 0  g . OI 0 . 0  . 01 0 . 0  r · 4/40 · a 3 . g/4� . 7 .  14 . 0  8 . 814 . 8  

MX8IJ1XA r · �/�0 . 8  
I i: 7�!� : � 1 . 8/4 1 . 0  
0 . 01 o . g 0 ' 81 o .  O .  I 0 . 0  0 . 01 0 . 0  

it ���� : t O .  150 . � .  152 . 
6�r6� ' I 6 . 16 . �1 '  16 ! . . 8/6 . 
0 . 01 0 . 0  g . OI � . o  . 01 . 0  0 . 01 . 0  
8 : 8� g : 8 g . gl 0 . 0  . I 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  g . OI o . g . 01 O .  
g . 0 1  g . 8 . 01 . g : 8� g : 8  
g . gl g . o  . I . 0  0 ' 81 g . o  O .  I . 0  

II : Fr : f  5 .  I � . 4 .  154 . 
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MEAN , MINlnWtixM� U�x��l-%&g�vfM
L
A�ig�� 

FIr���
R
r11 . ���Ob��B�����i(���sP5�n�� i��8iJ�PORTS( FSUl12 1  J 

RUN DATE 
PJI . PF400 . CBS . F ISH . PASS . DATA . 1 J lDCOLfG RUN DATE 

f i 788 
1 0287 

Tabl e E . 5-33 

YEARLING SUBYEARLING STEELHEAD 
POOL YEAR tIB/l1A Mlill/l(NA MXB/l1XA 11B/lIA tIIillltlllA MXB/lIXA tIB/l1A 
HELLS 1 988 30 . 0/30 . 0  25 . 7/25 . 7  3 3 . 4/33 . 0  1 5 . 8/ 1 6 . 0  { - 51 8 . 2  �8 . 2128 . 2  �2 . �/�2 . � 

1 993 38 . 8/38 . 4  31 . 5/30 . 8  4 2 . 6/42 . 8  23 . 3/22 . 9  1 . 0/ 1 1 . 0 7 . 1 /33 . 8  3 .  I 2 .  
1 998 4 1 . 7/41 . 1  32 . 41 3 1 . 5  46 . 4/46 . 3  26 . 5125 . 9  ! 4 .8/ 1 � .

� 
38 . 9/35 . 8 45 ·r45. 

2003 4 1 . 5/41 . 1  32 . 5/31 . 5  47 . 0/47 . 0  26 . 8/26 . 0  4 .  all . 38 . 2135 . 3  46 . 146 . 
RRECH 1 988 3 2 . 8/32 . 9  25 . 4/25 . 4  38 . 6/ 38 . 3  25 . 6/25 . 7  1 2 . 2/ 1 3 . 3  2 9 . 5/29 . 8  �8 . 0/38 . 0 

993 4 3 . 1 /4 3 . 0  32 . 21 32 . 8  49 . 5/49 . 6  3 1 . 1/30 . � 1 6 . 1 / 1 6 . 6  3 5 . 4/35 . 0  6 . 1 145 . 9  

RISL 

LHG 

LfIl1 

MCN 

JDAY 

DAL5 

BOliN 

SYS 

LEGEIID 

1 998 45 . 9/45 . 6  3 3 . 8/04 . 6  53 . 5/53 . 2  
2003 46 . 2146 . 3  33 . 2134 . 2  54 . 6/54 . 7  
r88 4 0 . 3/4 0 . 4  3 1 . 1 /3 1 . 1  4 7 . 1 /46 . �  
993 4 7 . 5/47 . 4  34 . 9/34 . 1  54 . 0/54 . 
998 50 . 4/50 . 2  35 . 7/35 . 2  59 . 1 159 . 1  
2003 �0 . 6/50 . 8  36 . 0/35 . 2  59 . 6/59 . 6  
1 988 65 . 2165 . 2  5 7 . 1 /57 . 2  68 . 0/68 . ?  
1 993 79 . 9/79 . 9 70 . 8170 . 9  83 . 1 /83 . 
1 99� 79 . 6179 . 6  7 ! . 31 7 1 . 4  82 . 1 /82 . 1  
200 7 9 . 8/79 . 8  7 . 0171 . 3 8 1 . 8/81 . 9  
j 988 3 3 . 9/34 . 0  25 . 3125 . 9  38 . 21 38 . 7  
993 36 . 5/36 . 2  3 1 . 41 3 1 . 4  �� : g��� : �  1 998 38 . 6/38 . 3  3 3 . 3/33 . �  
2003 3 9 . 5/ 3 9 . 4 34 . 213 3 . 44 . 7/44 . 3  

49 . 1 /49 . 2  6 9 . 0/68 . 9  1 988 58 . 0/58 . 2  
1 993 5 9 . 9/59 . 6  45 . 9/44 . 5  69 . 0/69 . 3  
1 998 6 3 . 8/6 3 . 9 4 7 . 5/46 . 9  76 · r75 . 9  
2003 6 3 . 9/64 . 1 4 7 . 9/46 . 9  75 . 176 . 0  
1 988 54 . 1 /54 . 6  3 9 . 2139 . 4 65 . 7/66 . 0  
1 993 54 . 6/54 . I 3 9 . 5/39 . 4  67 . 9/64 . 7  
1 998 55 . 1 /5't .  9 4 1 . 8/,, 2 . 1  68 . 4/6 7 . 9  
2003 56 . 9/56 . 6  42 . 6/42 . 8  70 . 3/67 . 9  

m� 6 3 . 1 /63 . 7  48 . 9/49 . 1  7 7 . 0177 . 2  
65 . 0/64 . 6  48 . 9/,. 9 . 0  7 7 . 1 173 . 8  

1 998 6 7 . 5/67 . 3  53 . 3/53 . 8  80 . 3/78 . 7  
2003 68 . 0/6 7 . 8  54 . 1 /54 . 6  81 . 1 1 79 . 1 
j 988 86 . �/86 . 5  80 . 5/BO . 5  90 . 0/90 . 2 
993 86 . 186 . 5  80 . 3/80 . 3  89 . 7/89 . 6  
1 998 86 . 1 /86 . a 80 . 3/80 . 4  90 . 3/89 . 8  
2003 86 . 5/86 . 4  8 1 . 0/81 . 2 90 . 4/89 . 8  

m� �iU��iU 6 1 . 4/6 1 . 5  68 . 5/68 . 4  
66 . 1/66 . 2  74 . 3174 . 2  

1 998 1 . 7171 . 5  6 7 . 1 /67 . 0  76 . 3176 . �  
2003 2 . 01 7 1 . 9  66 . 9/66 . 9  76 . 0176 . 

I1B = MEAIl NO ACTIOIl SURVIVAL ( I.  I 

34 ' 1 /33 . 
35 . 134 . 7  

22 . 3/23 . 3  
2 2 . 8/23 . 3  

25 . 0125 . 2 1 3 . 91 14 . 7  
30 . 5/30 . 2  1 8 ·rI 8 . �  
34 . 9/34 . 6  2 2 .  123 . 
35 . 3/34 . 9  2 2 . 9123 . 9  K4�K� 48 . 7/48 . 7  

4 9 . 1 /4 9 . 0 
54 . 3/5� . 1  
54 . 0/5 . 8  

4 9 . 5/49 . 5  
4 9 . 5/49 . 5  

28 . 7/28 . 7  9 ' f! l
0 . 4  

3 1 . 9/30 . 9  1 3 .  I 3 .  'i 
36 . �/35 . 3  1 5 . 5/ 1 5 .  
35 . 134 . 5  1 8 . 21 1 8 . 8 
40 . 9/41 . 0  �8 : ���Z : 2 43 . 4/43 .  a 
50 . 5/50 . �  40 . 1 /40 . 6  
50 . 6/50 . 40 . 5/41 . 0 
49 . 0/49 . a 20 . 9/22 . 4  
50 . 2149 . 3  2 2 . 8/22 . 9  
48 . 3/47 . 3  24 . 9125 . 2  
49 . 9/48 . 9  2 7 . 6/27 . 9  
53 . 5/53 . 8 40 . 8/4 3 . 0  
56 . 6/56 · l  4 3 . 8/2 3 . 9  56 . 9/56 . 46 . 01 6 . 2  
5 7 . 1/56 . 7  45 . 3/45 . 6  
8� · f8� . 8  74 . 117� . 2  
8 . 18 . 5  �4 . 017 . 0  
81 . 3/81 . 1  4 . 0174 . 2  
81 . 5/81 . 3  74 . 7174 . 9  

� ! : r�R � 4 0 . 0/4 ! . g 
4 1 . 3/4 . 

57 . 156 . 7  4 7 .  0/4 7 . 3 
57 . 4/57 . 0  47 . 2147 . 6  

39 . 5/39 . �  
38 . 9/40 . 
35 . 6/35 . 6  
� 1 . 6/40 . 3  
4 . 3/4 2 . 9  
44 . 0/42 . 6  

�Z : y�gg : 8  
60 . 7/59 . 9  
60 . 5/59 . 6  �t���t A 
5 1 . 2/48 . 3  
50 . 2146 . 2  
�2 . 3/52 . �  
3 . 6/5 1 . 
E� ·

5/57 .
� . 0/57 .  

�
1 . 4/6 1 . 5  
� . 7/57 . 2  
6 . 1/58 . 8  
59 . 7/56 . 8  
f · 4/67 . 6  
0 . 0168 . 1  
68 . 7/67 . 5  
68 . 5/6 7 . 6  
88 . 7/88 . 9  
87 . 2186 . 8 
88. 5/87 . !  
87 . 8/87 .  zr : ��zZJ 64 . 9/62 . 9  
64 . 0/62 . 6  

�8 . 8/48 . 5  
9 . 4/49 . 2  
42
lr, �
9 .  I r . 2 .  I . 
5 3 . 1/53 . 
r · 3/83 . �  
8 . 0188 . 
� . 9/87 . g  

8 . 0/88 . 

4 3 .  143 .  
40
·
r
4O .

! �5 . 1�5 . 
7. 01 7 .  

6 '41 . 
6
> -
0/
� f
'
i 

H : 0�
�
2 :  

rr
58 '

2 g . 158 . 
. IZ

9 .y 
6 1 .  I 1 .  

�
5 . �/6� . � 
6 .  1 6  . 
6 7 . 8/6 . 
68 . 8/68 . 5  

83 . 183 .  
83 · r83 . �  
8 1 . 181 . 7  
82 . 6/82 . 5  

�t l��� : g 5 .  I 5 . � 
6 .  176 . 

MA = 11EAN ALTERNATIVE CASE SURVIVAL ( /, 1  HlfB = 11 1 1lT1 1IJM lID ACTIOIl SURVIVAL FOR SII1ULATIONS OF THE GIVEIl CmITRACT YEAR ( /,  I 
MilA = M Hf I I1l1l1 ALTERtIATIVE CASE SURVIVAL FOR SINUI.ATIOIlS OF THE GIVEIl CDlITRACf )EAR ( /,  J 
NXB = N A X I I IUII NO AcrID11 SUf,V IVAL fOR SUlULATIDlIS OF TIlE GIVEIf CONrHACT YEAR /, 
MXA = MAXlIfUl1 AL1HIIATIVE CASE SUHVIVAL FOR SI/IULATIOIIS OF lHE GIVEN CONTRACT YEAR ( /,  J 

-DATE RUN= 2 3FEB88 , 08 . 43 . 05 

Will /l1IlA 
28 . �/�� . 5  
4 0 .  1 3  . 
38 . I . , 
40J/39 . 

� 3f�� : A �! . 14� . 8  
3 .  14 . 8  

�tg
�
35

: 1  
6 .  12i .  
7 . 21 7 .  
8� . ij/80 . � 8 . 18� . 
8 . �/8 . 
85 . 185 . 

rr
�8 . 0  

5 .  I 5 .  
5 .  I 5 ' f  
38. A8 . 

g2 : !�I2 : f 59 . I � . 59 .51 . 

�8 : y��g : i  � � . yl 4 .  
. I 8. 

U
·
3l
tf 

. 61 7 .  

. 81 2 .  

. 9/53 . 4  
��
J��2 :

0 
�6 . 0/�6 . 2 
6 . 31 6 .  

�8 : ��n : 1 2
· r  

. 
3 .  I . 

MXB/l1XA 

�8 : g��� : i E! . �/50 .  . 151 . 

i� J�U:l t il . 

r:���l : 1 � .  1�9 . 
O .  I O . 

I�fg� : t  9 . /
U
· 

88 . I . 

i .  15 . rf�i : t 6 . 15 . 

Hj�P: �  . 61 3 .  

��
f

�
; : I 

6 � .  I � . 
6 . I 6 .  

W���a : � 8 . 81 8 . 

87rgr! 
88 . I . 
87 . 18� . 
88. 18 . 

p: 'i�n:i 8 ' 21 . 
8. I . 

SOCKEYE 
M8/l1A 

1� : i��I : � � .  I� . 
· I . 

�
. Ol o . � 
' 8
1 �

. · I . 
. 01 . 0  

UJ�UJ 
iti�UJ 
�J� �J 

�
. Ol 

�
.
� l '  · 

I . 
· I . 

�
' 81 0 ' 8 
· 
I O .  

. 01 
8 ' 8 . 01 . 

� : 8� � : �  
'
8
1 . 

· I . � : 8� 8 : 8  
. 01 8 ' 8  . 01 . 

U:I�i� : 1  · Is! . 

MHB/l1NA 

H :F

�

� : f 
· 13! . 
· 
13 . 

0 '
8
1 0 . 0  

O .  I 0 . 0  
8
. 01 0 . 0  
. 01 0 . 0  

25
rl� 

r' 12 . 
9 .  13 . 
0 . 8139 . 8  

i�fgt � ,
. 15

Z ' 
· 
15 . 

8 : 8� 8 : 8 · I 0 . 0  
0 . 01 0 . 0  � : 8� 8 : 8 ' 81 0 . 0  · I 0 . 0  
0 . 01 0 . 0  
8
. 01 0 . 0  
' 8
1 
8
. 0  

O .  I . 0  

8 'r 0 . 0  · I 
8
. 0  8 . I . 0  

. 01 0 . 0  0 ' 81 0 . 0  O .  I 0 . 0  
8
. 01 0 . 0  
. 01 0 . 0  

r�

/40
·
t 

i '  123 .  . gl � .  
· 14 . 

MXB/l1XA 

l� : 2��� : t 
? �

/3
f ·  · 14 . a 

0 . 01 0 . 0  
0 .
8
1 0 . 0  8 . I 0 . 0  . 01 0 . 0  i�J�it3 3 . 2I52J 

U:FH:I . /H-
· I . 

0 . 01 0 . 0  
g
. OI 0 . 0  
. 01 0 ' 8 . 01 O .  

0 . 01 0 . 0 
0 . 01 0 . 0  
0 . 01 0 ' 8 0 . 01 O .  
0 ' 8

1 
8 ' 8 O .  I . 

0 '
8
1 0 . 0  

O .  I 0 . 0  
0 . 01 0 . 0  
0 . 01 

8
. 0  

0 . 01 . 0  
0 . 01 0 . 0  8 ' 81 � . o  
· I . 0  
O .  01 . 0  
0 . 01 . 0  

i' : Fll � . I� . 
· 15 . 
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I1EAN . I1IN Il1l111 . MID UAXUll1\1 SU�V1VAL �LU�� 
tlPRllXFI1K S tlPF xau NO A 10 

EROGR�= DSN=PJI . PF400 . RIW . F ISHPASS . SAS . REPORTS( FSUl12 I I 
FI ES . P I . PF4 00 . r.F1S . F JSH . PASS . DATA . M IDCOI.FG RU� DAT� PJI . PF 4 0 0 . CBS . F ISH . PASS . D A fA . I1IUCOLFG Rut DAT 

2 1 789 
1 1 038 

T a b l e  E . S-34 

YEARLIHG SUBYE A R L ING STEELHEAD 

POOL YEAR tlB//1A NlIB//1NA MXB//1XA tlll//1A I1t1B/I'lNA I1XB//1XA tlBl11A 

HELLS 1 9138 30 . 0/30 . 0  2 5 . 7/25 . 7  33 . 4/ 3 3 . 0  !5 . 8/ 1 6 . 0  IU�lg : �  28 . 2128 . 2  r �/3

�
. g 1 9 9 3  38 . 8/ 38 . 1 3 1 . 5/ 30 . 8  4 2 . 6/ 42 . 8  3 . 3/ 2 3 . 0  3 7 . 1 / 35 . 0  3 .  14 . 

1 9 98 4 1 . 7/41 . 1  32 . 4/ 3 1 . 8  46 . 4/46 . 3  2 6 . 51 25 . 9  1 4 . 8/ 1 5 . 6  38 . 9/ 35 . 8  5 T2 ' 3 2003 4 1 . 5/4 1 . 1  3 2 . 5/ 3 1 . 5  4 7 . 0/4 7 . 0  26 . 81 2 6 . 1  4 . 01 1 4 . 6  38 . 2135 . 3  6 .  I 6 .  

RRECH 1 988 �2 . 8/3 2 . 9  25 . 4/25 . 4  38 . 6/38 . 3  2 5 . 6125 . � 1 2 ' f/ l i · 5  2 9 . 5/ 2 9 . 8  �� . 0/3� . 0  

RISL 

LHG 

LHI1 

I1CN 

JDAY 

DALS 

SONN 

S'I'S 

LEGEND 

1 9 9 3  3 . 1 14 2 . 5  3 2 . 2 1 3 2 . 7  4 9 . 5/4 9 . 6  
1 9 98 4 5 . 9/45 . 6  3 3 . 8/ 34 . 6  5 3 . 5/53 . 3  
2003 46 . 2146 . 3  3 3 . 2 13 4 . 2  54 . 6/54 . 7  

1 m 4 0 . 3/40 . 3  � 1 . 1 / 3 1 . ! 4 7 . 1 /46 . 3  
4 7 . 5/4 7 . 0  4 . 9/34 . 54 . 0/54 ' 5 

1 9 98 �g : ���g : �  35 . 7/ 3 5 .  5 9 . 1 /5 9 .  
2 0 0 3  36 . 0/ 3 5 . 59 . 6/59 . 6  

1 9B8 ,5 . 2165 . 2  5 7 . 1 /5 7 . � 68 . 0/68 . 0  
993 9 . 91 7 9 . 9  70 . 81 70 .  8 3 . 1 /83 . ! 

1 9 9� f9 .  6/ 7 9 .  g 7 1 . 31 7 1 . 4  82 . 1 / 8j ' 
200 9 . 8179 . 7 . 01 7 1 . 3  8 1 . 8/8 . 

1 9B8 33 . 9/34 . 0  2 5 . 3/25 . 9  38 . 2138 . 7 
1 9 93 36 . 5136 . 0  3 1 . 4/ 3 1 ' 2 4� . 3/44 · 1 
!ZZ� 38 . 6/ 38 . 3 B . 3/ 3 3 .  4 . 5/4 6 .  

39 . 5/ 3 9 . 4  34 . 21 3 3 .  44 . 7/44 . 3  

I ��� 58 . 0/58 . 3  4 9 . 1 /4 9 . 1 6 9 . 0/68 . 9  1
998 

5 9 . 9/59 . 1  45 . 9/44 . 5  6 9 . 0/6 9 . 3 
6 3 . 8/6 3 . 9  4 7 . 5/4 7 .  I 76 . 1 1 76 . 0  

2003 6 3 . 9164 . 1 4 7 . 9/46 . 9  75 . 5/ 76 . 0  1 9B8 54 . 1 /54 . 7  39 . 21 3 9 . 4  65 . 7/66 . 0  
993 54 . 6/53 . 7  39 . 5/ 3 9 . 4  6 7 . 9/64 . 7  

1 9 9� g5 . 1 /54 . 9  4 1 . 8/42 . 1  68 . 4/6 7 . 9 
200 6 . 9/56 . 6  4 2 . 6 /42 . 8  70 . 3/6 7 . 9  

1 m 6 3 . 1 /6 3 . 9  48 . 9/4 9 . 2  7 7 . 0/ 77 . 2  
65 . 0/64 . 0  48 . 9/4 9 . 0  7 7 . 1 / 7 3 . 8  p98 6 7 . 5/ 6 7 . 3  5 3 . 3/53 . 8  80 . 3/78 . 7 

003 68 . 0/6 7 . 8  54 . 1 /54 . 6  8 1 . 1 / 7 9 .  I 
p88 86 . 4/86 . � 80 . 5/80 . 5  90 . 0/90 . � 993 g6 . 7/86 . 80 . 3/80 . 3  8 9 . 7/8 9 .  
1 9 9� 6 . 1 /86 . 0  80 . 3/80 . 4  90 . 3/89 . 8  
200 86 . 5/86 . 4  8 1 . 0/8 1 . 2  90 . 4/89 . 8  

1 988 65 . 0/65 . � 6 1 . 4/6 1 . 4 68 . 5/68 . 4  j 993 70 . 9/70 . 6 6 . 1 / 6 6 . 2  72 ' 3/7� . 3 998 7 1 . 7/ 7 1 . 5  6 7 . 1 / 6 7 . 0  7 . 3/ 7  . 2  
2003 7 2 . 01 7 1 . 9 66 . 9/66 . 9  76 . 0/ 76 . 2  

� = �IEAN NO ACTIOH SURV I V A L  ( %  I 

3 1 . 1 / 3 0 . 
34 . 1 3 3 ' 9 
35 . 1 /34 . 

2 5 . 0125 . � 
30 . 5/ 30 . 
3( • .  9/34 . 
35 . 3/35 . 0  

52 . 715� ·1 
5 3 . 4/5 . 
54 · 5/5J . 
54 . 15 . 

28 . 7128 . 7  
3 1 . 9/ 30 . 9  
36 . 4/ 3� . 3  
35 . 6/3 . 6  

40 . 9/4 1 . 0  
4 3 . 4/4 3 · l 
50 . 5/50 . 
50 . 6/50 . 

4 9 . 0/2 9 . 0  
50 . 21 9 . 2  
48 . 3/4 7 . 3  
4 9 . 9/49 . 0  

5 3 . 5/5i · 8 
56 . 6/5 ' i  
56 . 9/56 . 
5 7 . 1 /56 . 7  

8 1 . 6/81 . 9 
8 2 . 7/8 2 · i 8 1 . 3/81 . 
8 1 . 5181 . 3 

5 1 . 4/5! . 6  
5 3 . 9/5 . �  
5 7 . 1 /56 . 
5 7 . 4/5 7 . 0  

1 6 .  I I  . 6  
2 2 . 3/2 3 . 3  
2 2 . 8/2 3 . 3  

1 3 . 9/1 � · � 1 8 . 1 1  . 
2 2 . 612 3 . � 2 2 . 9/ 2 3 .  

9 .  14 9 .  28r48 ' I 
4 9 .  14 9 .  
4 9 .  14 9 . 5  

9 . 9/ 1 0 '1 
1 3 . l ip . 
1 5 . 51 5 .  
1 8 . 21 1 8 . 8  

2 8 . 2I2 9 . ! 
30 . f/30 . 
4 0 . 140 .  
4 0 . 5/4 1 . 0  

20 . 91 2 2 . 4  
2 2 . 812 2 . 9  
24 . 9125 . � 
2 7 . 612 7 .  

40 . 8/43 . 0  
4 3 .  8/4� . 0 
46 . 0/4 . �  
45 . 3/45 . 

�4 . 1 /74 . 2 
4 . 01 72 . 0  

74 . 01 7  . 2  
74 . 7174 . 9  

40 . 0/41 . 2  
4 1 . 314 . � 
4 7 . 0/4 7 .  
4 7 . 2147 . 6  

35 . 4/35 . 0  . 1 /4 . �  
�� : ���Z : �  8 . 8/4 8 .  

4 9 . 4/4 9 .  

�5 . 6/35 . ' 4 2 J2f " 
1 . 6140 . 4� . I . 

44 . 3/42 . 9  � . 15 . 
44 . 0/4 2 . 6  3 . 1 /5 . 

�9 . 6/5 9 · 8 83 . �/83 · i 
8 . 1 158 . 88 . 188 . 

6° · l/59 . 9  8� · ZI87 .  60 . 159 . 6  8 . 188 . 

4 6 . 5/46 . 1  40 . 5/40 · f 
4 6 . 4/4 2 . � 4 3 · r2 3 .  
5 1 . 214 8 .  4 5 .  I 5 .  
50 . 2146 . 2  4 7 . 0/4 7 .  

5 2 . 3/52 . 3  6 � . 0/6 7 . � 
5 3 . 6/5 1 . 9  6 t6 { -
5 9 . 5/57 . 7  H ' 1 7  . 
5 9 . 0/57 . 5  . 1 7 2 . 

6 1 . 4/6 1 . 5  � 1 . 7/57 . 2  
2 . 1 158 . 8  

5 9 . 7/56 . 8  

9 .  158 . �8 T58 ' i 6 0 .  159 . 
6 1 . 4/6 1 . 

6 7 . 4/6 7 . 6  6� . �/65 .� 
70 . 0/68 . 9  6 . 165 . 
68 . 7/6 7 . 5  6 7 . 8/6 7 .  
6 8 . 5/6 7 . 6  68 . 8/68 . 

88 . 7/88 . 9  g3 ·r83 · 3 8 7 . 218 7 . 0  I ' 183 .  
88 . 5/87 ' 1  8 . 7/8 1 . l 
8 7 . 8/8 7 .  8 . 6/8 2 .  

5 9 . 7/59 . 9  �!J��� : 5 6 1 .  9/60 . 8  
64 . 9/62 . 9  � . 91 7  J 
64 . 0/62 . 6  7 . 5176 . 4  

= lEAN ALTfRIlAT I VE CASE SURVIVAL ( %  I nilS = I1l HIlllJll HO ACTIOI( SURVIVAL FOR SII1ULATIONS OF THE GIVEN CONTRACT 'l'EARcf% I 
NA = 11 1 l1 1 ll lni  AL'l E ll N U I VE CASE SUHVIVAL FOR S ItIULATIONS OF TNE G I VEN COtflRA ,E A R  1 %  I 
XB = I1AX I I1U11 lID ACTIOII SURVIVAL FOR S IIIUIATIONS OF THE G I VE) CONTRACT EAR % 

I1XA = I1AX IIIUI1 ALTERNAT I VE CASE SURV I VAL FOR S IMULATIONS OF TilE GI VEII CONTRACT 'l'EAR ( % 1  

-OATE RUN= 23fEB88 . 08 . 4 5 . 0 0 

I1tIB I11NA �a12 8 . � · 1 3 7 . O .  1 3 9 .  O . 1 3 9 . 6  

U:P�� :! · 14 � . 

ft��ft l 7 .  I 7 .  

gl : i��2 : i g . 185 . 
· 185 . 

H:r2t �  �t �bJ 

it!�l� 9 .  1�9 .  

fg :F�fi � .  14 . 
· 14 . 

rJ�i9 : 1 r 81 2 .  
. 91 3 .  

FJ�ft2 � . Ol � ' 2 . 31 . lr66 . 2  . I
ri  � : � � : 

!1XBI11XA 

38f�� : � i? I o .  
3 .  lSI . 

i� : f��! : ; � .  1 5  . 
· 15 . i�:��i! : ' 

6 . 16 . 

g .  18 . rrlt · 18 . 
88 . 18 . 

U:t
�
�9 : f · 15j . 

· 15 . 

HJH!J !6fl f g .  16 . 
· 16 . 

6 7 .  166 . 

f�J74: ' 9 .  A8 .  
8 .  1 7 8 .  

g�fg� : 1 g� . 18� . 
· 18 . 

�tl��ij 8 .  I . 5  

SOCKEYE 

tlBl11A 

Iti�UJ 
1 : 8� � : I . 01 O .  
�tt�UJ 
iz : i�rl O .  I 8 .  
IJ� 8 : 1 . 01 O .  
If 8 : 1 · I 8 '  · I . 

If 
0 '
1 · I O .  

· I O .  
. 01 O .  
I : o� 8 : 1 . 81 8 ' . 01 . 

�f 8 : �  · I 8 '  · I . 

nJ�nJ 

11t1B/I'INA U :F!tf · lB ' 
· I . 

8 . 01 0 ' 8 
. 01 8 . 8 . 01 . 0  
. 01 0 . 0  

UJ�nJ �� : '��ti � :  ��t 1 . 01 g . o  
. 01 . 0  : 8� 8 : 8  
Il 8 : 1 · I 8 '  · I . 
8 . 01 8 . 0  

. 01 . 0  8 . 01 0 ' 8 

. 01 O .  1 . 01 0 ' 8 ' 81 O .  
· I 0 . 0  
. 01 0 . 0  

8 ' 81 0 ' 8 · I O .  
0 . 01 0 . 0  
0 . 01 0 . 0  

rr
4 0 ·

t � .  Ip . 
: 8��� : 

I1XBI11XA 

!�l3� : i o . /k 
1 .  14 1 . 0  

0 ' 81 8 ' 8 O .  I . 8 . 01 0 . 0  
. 01 0 . 0  

it f�U:f 
3 . 215 2 .  

· 162 . ��r6 2 . ! � : �R 
� ' 81 0 ' 8 

· I O .  
' 81 8 . 0  O .  I . 0  

g : 8� 0 : 8 8 . 01 g ' 8 
. 01 . 

8 ' 81 0 . 0  
· I 0 . 0  

0 . 01 0 . 0  
0 . 01 0 . 0  

0 . 01 0 . 0  8 . 01 0 ' 8 . 01 O .  
0 . 01 0 . 0  

8 : 8� 8 : 0 8 . 01 o . � 
. 01 O .  

ilf�! :l � .  1 5  . 
· 15 . 
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tlEAN , tlINImITII1X�� U�X���xfm�Vf��L 
Ag�g�� 

PROGRAI1= DSN=PJI . PF400 . RtlR . FISHPASS . SAS . REPORTS( FSUJ12 I I 
FILES . PJ I . PF400 . CBS . F ISH . PASS . DATA . tl I OCOI.FG RUN DATE 

PJI . PF400 . CES . F ISH . PASS . DAfA . l l IDCOLFG RUN DATE 
2 1 788 

1 1 0387 

Table E . 5-35 

YEARlIIIG SUBYEARlING STEElNEAD 
POOL YEAR IIIlIl1A tlHll/tlHA tlXllll1XA t!ll/tlA tllIDlttllA tlXllltlXA t!llll1A 

HEllS 1 988 30 . 0/30 . a 25 . 7/25 . 7  3 3 . 4/32 . 9  1 5 . 8/1 6 . 0  7 . 51 8 . 2 28 . 2128 . 2  3� · V3� . 6  j 993 38 . 8/38 . 4  3 1 . 5/30 . 8  4 2 . 6/42 . 8  2 3 . 3122 . 8  1 1 . 0/ 1 1 . 0  37 . 1 /33 . 8  4 . 14 . �  998 4 1 . 7/4 1 . 1  3 2 . 4/3 1 . 7  4 6 . 4/46 . 3  26 . 5/25 . 9  1 4 . 8/ 1 5 . 6  38 . 9/35 . 8  
25 .  9/4� . 2003 4 1 . 5/41 . 0  3 2 . 5/30 . 9  4 7 . 0/4 7 . 0  26 . 8126 . 1  1 4 . 0/ 1 4 . 6  38 . 2135 . 3  6 . 414 . 

RRECH 1 988 32 . 8/32 . 9  25 . 4/25 .� ��j��� : l  2 5 . 6125 . 7  1 2 · 2I I 3 · l �9 .  512 9 . 8  3� . 0/�8 . 0  1 993 4 3 . 1 /4 3 . 1 32 . 2132 . 3 1 . 1 1 30 . 6  1 6 . 1 / 1 6 .  5 . 4/35 . 0  4 . 1 1 5 . 9  1 998 45 . 9/45 . � 3 3 . 8/34 . 6  5 3 . 5/53 . 1  34 . 1 / 33 . 8  22 . 3/23 . 3  39 . 5/ 3 9 . � 48 . 8/48 . 5  2003 46 . 2146 . 3 3 . 2134 . 2  54 . 6/54 . 7  35 . 1/ 34 . 7  2 2 . 8123 . 3  38 . 9/40 .  4 9 . 4/49 . 2  
RISL p88 4 0 . 3/40 . 4  3 1 . 1 /3 1 . 1  4 7 . 1 /46 . 4  25 . 0/25 . 2  1 3 . 9/ 13 . 6  �5 . 6/ 35 . 6  rr42 ' t 99� 4 7 . 5/47 . 5  34 . 9/34 .  � 54 . 0/5' • .  2 30 . 5/30 . 2  1 8 · r l . � 1 . 6/40 . � 9 .  149 .  1 99 50 . 4/50 . 2  35 . 7/35 . 5 9 . 1 /59 . 1  34 . 9/34 . 5  2 2 .  1 2 3 .  44 . 314 2 .  � .  151 . 2003  !j0 . 6/50 . 8  36 . 0/35 . 2  59 . 6/59 . 6  35 . 3/34 . 9  22 . 9123 . 9  44 . 0/42 . 6  . 1 /53 . 1  
lHG 1 988 65 . 2165 . 2  5 7 . 1 /5 7 . 1  �t ���� : � 52 . 7/52 . 7  

�� :  r�2� : 6  5 9 . 6/59 . 6  83 . 3/8 3 .  6 1 993 79 . 9/ 79 . 9  70 . 8170 . 9  5 3 . 4/53 . 2  58 . 1/58 . 0  8� . 0/88 . 1 99� 7 9 . 6/79 . 6  7 1 . 3171 .4  82 . 1/82 . � 54 . 3154 . I 4 9 . 5/49 . 5  60 . 7/59 . 9  8 . 9/87 . 9  200 7 9 . 8179 . 8  7 . 0171 . 3 8 1 . 8/81 . 54 . 0/53 . 8  4 9 . 5/49 . 5  60 . 5/59 . 6  88 . 0/88 . 0  
UII1 r88 

�l J��t g 25 . 3125 . 9  3� . 2138 . I 28 . 7128 . 7  9 . 9/ 1 0 . 4  
2� : ���U 40 ·r40 . � 993 3 1 . 4/3 1 . 3  4 . 3/44 . 3 1 . 9/30 . 9  

I t �� lg : l  4 3 .  143 .  998 38 . 6/ 38 . 3  3 3 . 3/ 3 3 . 4  4 . 5/46 . 7  36 . 4/35 . � 5 1 . 2148 . 3  
2� '  145 .  � 2003 39 . 5/39 . 3  34 . 2133 . 3  44 . 7/44 . 3  3 5 . 6/34 . 1 8 . 21 1 8 . 8  50 . 2146 . 2  . 0/46 .  

tlCN 1 988 58 . 01<;8 . 2  4 9 . 1 /49 . 1  6 9 . 0/69 . 0  40 . 9/4 1 . 0  28 . 2129 . 8  
K l��i : �  6� . 0/6f ' i 1 993  59 . 9/59 . 7  45 . 9/44 . 5  6 9 . 0/6 9 . 3  4 3 . 4/4 3 . 0  30 . 2/30 . 5  6 . �/6 . 1 9 98 6 3 . 8/6 3 . 9  4 7 . 5/4 7 . 0  76 . 1 /75 . 9  50 . 5/50 . 2  4 0 . 1/40 . 6  5 9 . 5/57 . 7  7 1 . 1 7  . 2003 6 3 . 9/64 . 1  4 7 . 9/4 6 . 8  75 . 5176 . 0  50 . 6/50 . 3  40 . 5/4 1 . 0  5 9 . 0/57 . 5  72 .  172 . 

JDA'i 1 988 54 . 1 /54 . 5  3 9 . 213 9 . 5  65 . 7/66 . 0  4 9 . 0/49 . 0  20 . 9/22 . 5  6 1 . 4/6 1 . 6  58 ·r58 .� 1 993 54 . 6/54 . 2  39 . 5/39 . 3  6 7 . 9/64 . 7  5 0 .  214 9 .  � 2 2 . 8123 . 0  6 . 7/57 . 2  5 9 .  158 . 998 55 . 1 /54 . 8  4 1 . 8/42 . 1  68 . './67 . 9  48 . 3/4 7 .  24 . 9/25 . 2  6 2 . 1/58 . 8  6 0 .  15f -Y 2003 56 . 9/56 . 6  42 . 6/42 . 8  70 . 3/67 . 9 4 9 . 9/48 . 9  2 7 . 6127 . 9 59 . 7/56 . 8  6 1 .  16 • 
DALS 1 988 6 3 . 1 /6 3 . 6  48 . 9/49 . 1  7 7 . 0177 . 2  53 . 5/53 . 8  40 . 8/4 3 . 0  6 7 . 4/67 . 6  6� . 3/65 . 5  993 6 5 . 0/64 . 6  48 . 9/49 . 0  7 7 . 1173 . 8  56 . 6/56 . 1  4 3 . 8/4 3 . 9  70 . 0/68 . I 6 . 2165 . 7  !66� 6 7 . 5/6 7 . 3 53 . 3/53 . 8  80 . 3178 . 7  56 . 9/56 . 5  4 6 . 0/46 . 2  68 . 7/6 7 . 5  6 7 . 8/67 . 5  68 . 0/6 7 . 8  54 . 1 /54 . 6  8 1 . 1 1 79 . 1  5 7 . 1 /56 . 7  45 . 3/45 . 6  68 . 5/6 7 . 6  68 . 8/68 . 5  
BONN 1 988 86 . 4/86 . 5  8 0 . 5/80 . 6  90 . 0/ 90 . 2  8 1 . 6/81 . 8  74 . 117� . 3 88 . 7/82 ·A lf83 . � 1 993 86 . 7/86 . 6  80 . 3/80 . 3  89 . 7/89 . 6  82 . 7/82 . 5  74 . 01 7  . a 87 . 218 . 8 . 183 .  1 998 86 . 1 /86 . 0  80 . 3/80 . 4  90 . 3/89 . 8  8 1 . 3/81 . 1  74 . 0174 . 2  88 . 5/87 ' 1  8 . 7/8! . 2003 86 . 5/86 . 4  8 1 . 0/81 . 2  90 . 4/89 . 8  8 . 5/8 1 . 3  74 . 7174 . 9  8 7 . 8/87 . 82 . 6/8 . 5  
S'iS 1 988 6 5 . 0/65 . 1 6 1 . 4/6 1 . 4 68 . 5/68 . 5  5 1 . 4/5 1 . 6 4O . 0/4 1 · � 5 9 . 7/59 . � 

�
� ' 1171 • 5  1 993 70 . 9/ 70 . 8  66 . 1 /66 . 2  7i ' 3/74 . 2  5 3 . 9/53 . 5  4 1 . 3/4 . 

�J. : ���� : 9  . 175 . 0  1 998 p . 7/7 1 . 5  6 7 . 1 /6 7 . 0  7 . 3/ 76 . 2  5 7 . 1/56 . 7  4 7 . 0/4 7 .  i 5 . 917l: '� 2003 2 .  0171 . 9 66 . 9/66 . 9  7 . 0176 . 2  5 7 . 4/57 . 0  4 7 . 2147 .  64 . 0/62 . 6  6 . 517 . 

LEGElill t!Il IIEAIl NO Ar:T 1011 SURVIVAL ( %  I 
tlA I IEAN ALTElllIAT rVE CASE SURVIVAL ( %  I 
Mill I I T IHlIl!!1 lID ACTIOH SUIlV IVAl FOR SII1Ul.ATIONS OF THE GIVEII CONTRACT YEAR 1 % )  W1A n!�HlXl1 �5T�g�m;�\ §ufie1Q ArU�X�V �YI1���TnnML�p¥u� g�vnIEcg�H;�cf°t}I��cr JEAR ( % )  XB 
MXA tlAXUllJl1 ALlEHIIATIVE CASE SURV IVAL FOR SUIULATIOIIS OF TIlE GIVE" CONTRACT 'lEAR 1 % )  

-DATE RUN: 23FEB88 . 08 . 46 . 3 1 

tlllB II1NA 

�8 ·r28 . 5  
8 .  1 3 7 .� 

2
0 .  13 9 .  
O .  1 39 . 2  

lr36 ' A 4 . 14 . 
2 

. 14� . 9  

. 14 . 8  

rr35 . � � . 14i '  . 14 . 
4 7 . 2147 . 3  
80 . �/80 . 5  
85 .  185 . 0  
85 T8� . � 85 .  18 . 

2t��!� : , h · A/35 .  
38 . 138 . 

il� : !�g2 : t ;9 .  159 .  
9 .  159 .  

r �/�9 . ' O .  I o .  , . 8123 ' 
4 . 11 • 

ri��t : � r . 81 . 
2 . 9/5 . 

�f �
�
�� : a . 01 6 .  

. 31 6 . 4  

nJ�nJ 

tlXllIl1XA 

�g : f��� : f d .  1 5  . 

�� : F�! : ; 5� . I� . 5 . I • 

�t I�itl 60.  I O. 
8� . 8/8! · t 
8 ' r8 . 
8 9 .  I� . 
88 . I • 

rf��� : f t 1St 

tl : ��ti : I . 61 8 .  

�
6 :F�� :I 6t 16 . 

6 7 .  166 . 

W���I : � 8 . 81 8 .  

��T�f : 1  87 .  18 . 
88 . 187 .  

�t�HIJ 

SOCKEYE 
t!Illl1A 

ur2 5 .� · I�� . 
· I . 
· 13 . 

�
. Ol o . g . 01 O . 
. 01 8 ' 8 . 01 . 

U:��H : I • 145 . 

iZ : i�UJ O . 160 . 8  

� ' 8
1 0 . 0  

· I o . g . 01 O . . 01 0 . 0  

� : &� 8 : 8  · I 0 . 0  
. 01 0 . 0  

8 : g� 8 : 8 0 . 01 O . 0 . 01 0 . 0  

8 . 01 0 . 0  
. 01 0 . 0  

0 . 01 0 . 0  
0 . 01 0 . 0  

g . OI 8 . g . 01 . g : g� 8 : 8 
r
O/r� at i '  ! :  � 5  : 

tlNBII1NA 

�I : F�f : i 3 • 132 . 

�
. Ol 0 . & . 01 O .  ' 81 O . . I 0 . 0  !� :i?iJ 8 . j . 8  

�� : '�;�J � : �g�J 
�

' 81 0 . 0  . I 0 . 0  
. 01 0 ' 8 . 01 O . 
�
. Ol 0 . 0  
. 01 0 . 0  
. 01 0 . 0  
. 01 0 . 0  

g : 8� 8 : 8  
0 . 01 0 . 0  
0 . 01 0 . 0  8 . 01 0 . 0  

. 01 0 . 0  
o : g� 8 : 8  
g . OI 0 . 0  

. 01 0 . 0  
8 . 01 0 . 0  

. 01 0 . 0  

r

a/40 ·

t �. 143 .  
. 0/

2� · . 81 • 

tlXllIl1XA 

l� : !
�
!� :i o . I�f -1 .  I . 0  

0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

�t �
�
4� : 1 o .  Ao . 

53 . 2152 . 

f16 2 .! � .  162 .  
6 • lB . 6 . 163 .  

8 . 01 0 . 0  
. 01 0 . 0  

0 ' 81 0 . 0  O . I 0 . 0  

8 . 01 0 . 0  
. 01 0 . 0  
. 01 0 ' 8 0 . 01 O . 

0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 ' 8 0 . 01 O .  8 . 01 0 . 0  

. 01 0 . 0  

. 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

nJ�RI 
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MEAN , MINIMlltI , Mill MAXII IUI1 SU�VFAL VALUE� tlPFMXAJIK VS tlPFEXBtl NO ACTION 
PRr,�. ·. '1= DStl=PJ I . PF400 .  IltlR . F ISHPASS . SAS , REPORTS I FSUI121 I F .LES . : .' I . PF400 . rBS . F ISH . PASS . DAfA .M JOCO!.FG RUN DATE ' J1 .  PF400 , CBS . F ISH . PASS . DATA . t1 HJCOLFG RUN DATE 2 1 788 1 1  0387 

'l'a l>l e E . 5 - 3 6 

'(EARLING SU\WEARLING STEELHEAD 
POOL '(EAR tlIl/J1A tIIlB/UNA MXB/tIXA tlB/JIA tlllB/J1NA tIXD/tIXA tlB/tIA 

fiELLS 1 988 30 . 0/30 . 0  25 . 7125 . 8  3� . 4/33 . 3 1 5 . 8/ 1 6 . 2  7 . 5/ 8 .  � �8 . 2/28 . 2  �2 . �/32 , 8  1 993 38 . 8/38 . 3  3 1 . 5/30 . 8  4 . 6/42 . 8  2 3 . 3/22 . 9  1 1 . 0/ 1 1 .  7 . 1/33 . 8  3 .  /42 'a 1 9 98 4 1 . 7/41 . 1  32 . 4/31 . 7  46 . 4/46 . 4  26 . 5/25 . 9  1 4 . 8/1 5 . 5  38 . 9/35 . 9  . 9/45 , 2003 4 1 . 5/4 1 . 1  32 . 5/3 1 . 6  4 7 . 0/47 . 0  26 . 8/26 . 1  1 4 . 0/ 1 4 . 5  38 . 2/35 . 3  4� . 4/46 . 
RRECH 1 988 32 . 8/32 . 8  25 . 4/ 25 . 4  38 . 6/38 . � 25 . 6/25 . � 1 2 . 2/ 1i · 6  2 9 . 5/29 . 8  �2 · 0/3� . � 

RISL 

L�G 

LHJl 

MCN 

JDA'l' 

DALS 

BONII 

S,(S 

LEGEND 

1 993 4 3 . 1 /4 2 . 8  32 . 2/32 . 7  4 9 . 5/4 9 .  1 998 4 5 . 9/45 . 6  3 3 . 8/34 . 6  5 3 . 5/53 . 2  2003 46 . 2/46 . 4  3 3 . 2/34 . 2  54 . 6/54 . 7  
1 988 40 . 3/40 . 2  3 1 . 1 /3! . 1 �,U��t� 1 993 4 7 . 5/47 . 2  34 . 9/ 3  . ! 998 50 . 4/50 . 2  35 . 7/35 . 5 9 . 1 / 5 9 . 1 2003 �0 . 6/50 . 8  36 . 0/35 . 3  5 9 . 6/59 . 6  
1 988 65 . 2/65 . 2  5 7 . 1 /57 . 2  gt ��g� : 1  1 993 79 . 9/79 . 9  70 . 8/70 . 9  !gZ� �9 , 6/79 . 6 7 1 . 317 1 . 4  8 2 . 1 /82 . 9 . 8/79 . 8  7 1 . 017 . 3  8 1 . 8/81 . 9  
p88 33 . 9/33 . 9  25 . 3/25 . 5  38 . 2/38 . 7  995 36 . 5/36 . 1  3 1 . 4/3 1 . 5  �� : g��� : � 1 998 38 . 6/38 . 4  3 3 . 3/33 . 4  2003 3 9 . 5/39 . 4  34 . 2/33 . 7  44 . 7/43 . 9  
1 988 58 . 0/57 . 9  4 9 . 1 /4 9 . 3  �u��� : �  1 993 59 . 9/5 9 . 8  {,5 . 9/44 . 5  1 998 6 3 , 8/6 3 . 7 4 7 . 5/47 . 0  76 . 1 /75 . 9  2003 63 . 9/64 . 1  4 7 . 9/47 . 0  75 . 5/76 . 0  
1 988 54 . 1 /54 . 9  39 . 2139 . � 65 . 7/66 . 8  1 993 54 . 6/54 . 3  3 9 . 5/39 . 67 . 9/64 . 7  
�Zg� �5 . 1 /55 . 0  41 . 8/42 . 2  68 .4/6 7 . 9  6 . 9/56 . 7  42 . 6/42 . 9  70 . 3/68 . 0  m! 6� . 1 /63 . 9 48 . 9/4 9 . 2  7 7 . 0/77 . 2  6 . 0/64 . 8  48 . 9/4 9 . 2  7 7 , 1/73 . 8  1 99 6 7 . 5/67 . 6  53 . 3/53 . 7  80 . 3/78 . 7  2003 68 . 0/67 . 9  54 . 1 /54 . 3  8 1 . 1 / 79 . 2  
r88 86 . 4/86 , 6  80 . 5/80 . 6  �� : ���u 993 86 . 7/86 . 6  80 . 3/80 . 3  998 86 . 1/86 . 0  80 . 3/80 . 5  90 . 3/89 . 8  2003 86 . 5/86 . 4  8 1 . 0/81 . 2  90 . 4/89 . 8  
1 988 65 . 0/65 . � 6 1 . 4/6 1 . 5 68 . 5/68 . 6  1 9 9� 70 . �/70 . �6 . 1 /66 . 2  7� . 3/7t . � 1 99 7 1 . /71 . 6  7 . 1/67 , 0  7 . 3/7 . 2003 72 . 0/7 . 9  66 . 9/67 . 0  76 . 0/76 . 2  

m 

3 1 . 1 /30 . 34 . 1 /33 . 6  35 . / 34 . 7  
25 . 0/25 . ! 30 . 5/30 . 34 . 9/34 . 6  35 . 3/35 . 0  
K4�Ki 54 . 3/5(\ . 54 . 0/53 . 8  
28 . 7/28 . 8  3l '  9/30 . I 3 . 4/35 . 35 . 6/34 . 
40 . 9/4 1 . 1  4 3 . 4/43 . 0  50 . 5/50 . 1  50 . 6/50 . 4  
49 . 0/4 9 . 2  50 , 2/49 . 2  48 . 3/47 . 2  49 . 9/4 9 . 1  
5 3 .  5/5� . 0 5 6 . 6/5 . 2  56 . 9/56 . 6  5 7 . 1/56 . 8  
8 1 . 6/82 . 0  82 . 7/82 . 6  8 1 . 3/81 . 2  8 1 . 5/81 . 4  
5 1 . 4/51 . 7  5 3 · r/5i · 6  5 7 .  /5 . 7  57 . 4/57 . 1  

1 6 . 1 / 1  . 9  22 . 3/23 , 2  2 2 . 8/23 . 2  
p . 9/ la · 7 8 . 1 /  . 6  2 2 . 6/23 . 9  22 . 9/23 . 9  
48 . 7/48 . 7  4 9 .  1 /�9 . 0  4 9 . 5/ 9 . � 4 9 . 5/49 .  
9 . 9/ 1 0 . 5  p . 1 / 1 3 .  i 5 . 5/ 1 5 .  18 . 2/ 18 . 6  

28 . 2/ 2 9 . ! 30 . 2130 . 40 . 1 /40 . 40 . 5/41 . 0  
20 . 9/22 . 6  2 2 . 8/23 . 4  24 . 9/25 . 2  27 . 6/28 . 0  
40 . 8/42 . 8  4 3 . 8/4 3 . 9  4 6 . 0/46 . 1  45 . 3/45 . 6  
�4 . 1/74 .  f 4 , 0/7� . �4 . 0/7 . 4 . 7/74 . 9  
4 0 . 0/4 ! . � 4� . 3/4 . 4 . 0/4 . 47 . 2/47 . 7  

35 . 4/35 . 0  . 1 /4 . 3 9 . 5/39 . � 48 . 8/�8 .  38 . 9/40 . 4 9 . 4/ 9 . 2  
35 . 6/35 . 5  r · 2/42 . ; 41 . 6/40 . 2  9 . 7/r · 44 . 3/43 . 0  2 . 0/ 2 .  44 . 0/42 . 6  3 . 1 / 3 .  
59 . 6/59 . 7  83 . 3/�3 · 6 58 . 1 /58 . 0  K8 . 0/ 8 .  6 0 . 7/59 . 9  7 . 9/87 ' 8 60 . 5/59 . 6  88. 0/88 . 
46 . 5/46 . 8  40 . 5/40 ' 1 46 . 4/42 . 7  �3 ·r43 . 51 . 2147 . 5  5 .  /4� . 50 . 2/46 . 2  47 . 0/4 . 0  
52 . 3/52 . � 6 7 . 0/67 ., 53 . 6/51 . 6 7 ·4/6 f -�9 . 5/57 . 8  �1 . /� , 9 . 0/57 . 5  2 . 0/ 2 .  
6 1  . 4/61 . � 58 ·r59 . ! 6 1 . 7/57 .  59 .  /58 . 6 2 · V58 . 8  6 0 .  /5r . 59 .  /56 . 8  6 1 .  / 6  , 
6 7 . 4/67 . 8  �� . 3/65 . 8  70 . 0/68 . 0  . 2I65 . ! 68 . 7/67 . 6  6 7 . 8/67 .  68 . 5/67 . 7  68 . 8/68 . 
88. 7/88 . 9  83 . 1/83 . � 87 . 2/86 , 8  83 . 3/83 . 88 . 5/87 · l 8 1 . 7/81 . 8 7 . 8/87 .  8 2 . 6/82 . 6  
59 . 7/6 0 . � W���i :i 6! . 9/60 . 6 . 9/63 . 0  64 . 0/62 . 6  6 . 5/7 . 

� ���� �rT��l��v�U�X§�A�ukVlvAL I % J  MIIB ; MINII IUI'I 110 ACrIOII SURVIVAL FOR SII1ULATIONS OF TnE GIVEN COlITRACT 'tEAR ( %  J MNA ; tlItlJlllnl AL'lERIIATIVE CASE SURV IVAL FOR SIMULATIOl S OF THE GIVEN CONTRACf �EAR t % J  �XB ; 11AXlIIlIII NO ALTIOI. SURVIVAL FOR SItlUl.ATIOIIS OF THE GIVEN COtHRACT 'tEAR I. 
A ; MAXU1U11 ALTEWIATIVE CASE SURVIVAL FOR SIMULATIONS OF TilE GIVEN CONTRACT 'tEAR ( %  J 

-DATE RUN; 23FEB88 . 08 . 4 3 . 48 

tulB /J1NA 

!8 . �/28 . � 8 .  /3 � . 8 '  7/3 . �  4 . 8/39 . 
�f : o��� : A  � . 1 / 2 . 9  3 .  / 2 . 9  �Jj��ij 4 . 2/ 7 . 5  
8° · 8/8� . 5  8� . /8 . 0  8 'r8g ' � 85 . /8 . r · 8/F · 9 
gT s . �  · /�5 .  8 .  / 8 .  

i2fg2J 9 .  /�9 . 2  9 .  / 9 . 2  
�8r�9 . 5  4 . 14 . O .  / a ' 2 4� . 1/4 . 2  

nJ48' i · /u · 
· / . . 9/53 . 

nJ�nJ . 0/ . ! . 3/ . l O/6g ' J � J�k 

MXB/J1XA 

!8 : ��U : i ! . �/5 1 . 

��fU:; Et �gt 

�9J�l : 1 9 .  /�g . 6 0 .  / • 

n:F�lt 88 . /K . 

iI : t�n: , 6 .  /56 . 

p :rp : l 7 .  / 8 .  8 . 6/ 8 .  
U : 4�f� : f 6 7j/ 6 .  

W;�ft' 8 .  / 8 .  
8A :�?�: ! 87 · Vg� · 88 . / • 

UJHIJ 

SOCKE'tE 
tIB/J1A 

I
�J

�
�� : � � ·r35. 

• /35 . 
� . o/ g ' 8 . 0/ , . 0/ o . g . 0/ O .  

U: t�l � · /� . �  · / . 

U�i�UJ 
�J� �

: � , 0/ . � . o/ g . � , 0/ . 
· g/ O .  
· / 0 . 0  

� : g� 
g : � . 0/ O .  . 0/ O .  � . o/ o . � . 0/ O .  ' 8/ O .  · / O .  ' 8/ . � .o/ 8 ' � · / . 0 . 0/ O .  

n: !��f : � , /5 . 0  

MIIB/tIIlA 

F:F�� : � ! .  /31 . 
• /32 . 5  

0 . 0/ g ' o  g ' o/ . 0  . 0/ . 0  . 0/ 0 . 0  !�JHJ 9 .  /�9 . � O .  / O .  
igJ�gt ! �T55 . 

• /56 . 
�r 

0 . 0  · / o . g 
· / O .  . 0/ 0 . 0  

or 0 ' 8 O .  / O .  O .  / 0 , 0  0 . 0/ 0 . 0  
�J o . g · / O .  

· / 0 , 0  0 . 0/ 0 . 0  
g . o/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
g . o/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  

ra�tt l · o/ �. . 8/48 . 

I1X1l/J1XA 

r8/�! . 2 5 . 6/ . 8  0 · A/�9 . 5  41 . / 1 . 0  
0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  
�� : ���

! : A  �O . / o . � 3 .  /52 . 
6 . / 2 .  
6
�
rf '1 6� . /63 .  6 . /63 .  

0 . 0/ g ' o  0 . 0/ . g g . o/ . . 0/ 0 . 0  
g . o/ 0 ' 8 . 0/ O .  0 . 0/ o . g 0 . 0/ O .  

g . o/ o . g . g/ O .  O .  / 0 . 0  0 . 0/ 0 . 0  
0 . 0/ o . g gJ O . . / 0 . 0  O .  / 0 . 0  
g ' o/ g . g  . 0/ . . 0/ g . o  0 . 0/ . 0  

n: i�U :I . /54 . 



rTJ 

01 
I 

W 
\.0 

HEA N ,  I1Unrlln1 , AND HAX ItIUH SU�VlVAL �LUE� 
tlPRI1XAUK VS MPfEXBH NO A ION 

PROGRAM' DStI=PJ I . Pf'+00 . RIIR . f ISHPASS . SAS . REPORTS l fSUH 2 1 ' 
2 1 788 f I LES I PJI . PF'+ O O .  CllS . F ISH . PASS . DATA . ll l llCOLFG RUN DATE 

PJ . PF 400 . CBS . f lSH . PASS . DATA . tI lDCOLFG RUN DATE 20268 

YEARLING SUBYEARL ItlG SfEELHEAD 

POOL YEAR MB/MA tIHIlltltlA MXB/ltXA tlB/MA tUlB/MIIA HXB/MXA I1Il/UA 

HELLS 1 988 30 . 0 /30 . 0  2 5 . 7/25 . 8  3 3 . 4/ 3 3 . 2  1 5 . 6/ 1 6 . 3  7 . 51 8 . 5  28 . 2128 . 2  32 . �/32 . 8  
1 9 9 3  38 . 8/ 38 . 1 3 1 . 5/30 . 8  4 2 . 6/'. 2 . 8  2 3 . 3/ 2 3 . 0  1� . 0/ 1 1 . 3  3 7 . 1 / 34 . 0  � 3 .  142 . � 
1 9 98 4 1 . 7/4 1 . 0 3 2 . 4/ 3 1 . 7  '+6 . 4/'. 6 . 4  2 6 . 512 5 . 9  I . 8/ 1 5 . 5  38 . 9/35 . 9  5 . 9/4� . 
200 3 4 1 . 5/4 1 .  I 32 . 5/ 3 1 . 6  4 7 . 0/4 7 . 0  26 . 8126 . 1  1 4 . 0/ 1 4 . 5  38 . 21 35 . 3  46 . 4/4 . 0  

RRECH 1 966 f · 6/32 . 6  25 . 4 / 2 5 . � 36 . 6 / 36 . 4  2 5 . 6/25 . 7  l � j� li : �  �9 . 5/29 . 9  r O/�6 · t 1 9 9 3  3 . 1 14 2 . 5  32 . 2132 . 4 9 . 5/4 9 . 6  3 1 . 1 / 30 . 7  5 . 4/35 . � 6 . 1 1 5 .  
1 9 96 45 . 9/45 . 4  3 3 . 6/ 34 . 6  5 3 . 5/ 5 3 . 0  34 . 1 / 3 3 . � 2 2 . 3/ 2 3 . � 3 9 . 5/ 3 9 .  6 . 6126 .  
2003 46 . 2146 . 4  3 3 . 2/34 . 2  54 . 6 /54 . 7  3 5 . 1 / 34 .  2 2 . 6/2 3 .  36 . 9/4 0 .  9 . 41 9 .  

R ISL 1 986 4 0 . 3/40 . 1  3 1 . 1 / 3 1 . ! F · 1 /46 . 6  25 . 0/25 . 5  p . 9/ 1 4 . 9  3 5 . 6/ 3 5 . � rrr� j 9 9 3  4 7 . 5/46 . 9  34 . 9/34 . � . 0/54 . 2  3 0 . 5/30 . � 6 . 1 1 1 6 . 6  4 1 . 6/40 . 9 .  I � .  
998 50 . 4/50 . 0  3 5 . 7/35 . 5 . 1 /5 7 . 9  34 . 9/34 . 2 2 . 6/2 3 . 9  44 . 3/4 3 .  2 .  I . 

2003 !i0 .  6/50 . 6  36 . 0/ 35 . 3  5 9 . 6/59 . 6  35 . 3/35 . a 2 2 . 91 2 3 . 9  44 . 0/42 . 6  5 3 . 1 / 5 3 . 1  

LHG p�� 6 5 . 2165 . 2  5 7 . 1/57 . 2  6 6 . 0/68 . 0  5 2 . 7/52 · f 2� : r�2� : r  g� : t��� : 6  g3 . �/
63 . � 79 . 91 7 9 . 9  70 . 61 70 . 9  6 3 . 1 /83 ' 1 5 3 . 4/5 3 .  6 .  169 ' 

998 p . 6 / 7 9 . 6  7 1 . 3/ 7 1 . 4  8 2 . 1 /8 2 .  54 . 3/5� . 4 9 . �/49 . 5  6 0 . 7/5 9 . 9  g7 . 9/8 . 
003 9 . 81 7 9 . 8  7 1 . 0171 . 3 8 1 . 8/ 8 1 . 9  54 . 0/5 . 8  4 9 .  149 . 4  6 0 . 5/5 9 . 6  8 . 0188 . 

LHH 1 988 3 3 . 9/ 3 3 . 8  25 . 3/25 . 5  38 . 2/ 38 . 7  2 8 . 7/28 . 8  9 . 9/ 1 0 ' j 46 . 5/4 6 . � 4°
· r2° · i 9 9 3  36 . 5/ 35 . 9  3 1 . 4/ 3 1 . 1  2t ��2� J 3 1 .  9/ 3 1 . a 1 3 . 1 / 1 3 .  �f : ��2� : 0 2 3 .  I 3 .  

1 9 98 38 . 6/ 38 . 3  3 3 . 3/33 . 4  36 . 4/ 3 5 . , 1 5 . 5/ 1 5 . � 5 . 2145 . 
2 0 0 3  3 9 . 5/ 3 9 . 4  34 . 21 3 3 . 7  44 . 143 . 9  35 . 6 / 34 . 1 8 . 21 1 8 .  50 . 2146 . 2  4 7 .  0/4 7 .  

MCN 1 988 �8 . 0/58 . 0  4 9 . 1 /'+ 9 . 3  6 9 . 0/6 9 . 2  40 . 9/4 1 . 1  2 8 . 2129 . 8  5 2 . 3/5 2 . � 
�f '

o
/l

O 1 9 9 3  9 . 9/5 9 . 1  4 5 . 9/44 . 5  6 9 . 0/68 . 9 4 3 . 4/4 3 . 0  �g : f��g : �  5 3 . 6/5 1 . . 7/6 ' i  
998 6 3 . 8/6 3 . 8  (. 7 . 5/4 7 .  a 76 . 1 / 7 3 . 0  50 . 5/50 . 1  5 9 .  5/5 7 . � } . 4/ 7  . 

200 3 6 3 . 9/6'+ . 1  4 7 . 9/4 7 . 0  75 . 5/76 . 0  50 . 6/50 . 4  40 . 5/4 1 . 0  5 9 . 0/5 7 .  . 0/7 . 

JDAY 1 988 54 . 1 /54 . 9  3 9 .  2 I 3 9 . � 6 5 . 7/66 . 8  �9 . 0/4 9 . 1  20 . 9/2 2 . 6  6 1 . 4/6 1 . 6  �8 ·r58 . 9  
1 9 9 3  54 . 6 /53 . 9  3 9 . 5/ 3 9 .  6 7 . 9/64 . 7  0 . 2149 . 2  2 2 . 8/2 3 . 4  6 1 . 7157 . 2  9 .  158 . � 
1 9 98 55 . 1 /55 . 1  4 1 . 6/42 . 2  6 8 . 4 / 6 7 . 9  48 . 3/4 7 . ! �1J��� : 5  6 2 . 1 / 58 . 8  6 0 .  1�9 .  
2003 56 . 9/56 . 7  42 . 6/42 . 9  70 . 3/68 . a 4 9 . 9/4 9 .  5 9 . 7/56 . 8  6 1 .  I I . 

DALS 1 968 6 3 . 1 /6 3 . 9 4 8 . 9/49 . 2  77 . 01 77 . 2  5 3 . 5/54 . a 40 . 8/42 . 8  6 7 . 4 /6 7 . 8  �5 .  3/11 9 9 3  65 . 0/64 . 3  48 . 9/4 9 . 2  7 7 . 1 1 7 3 . 8  56 . 6/56 . 3  4 3 . 0/4 3 . 9  7 0 . 0/68 . 3  6 . 216 . 
9 98 6 7 . 5/ 6 7 . 6  5 3 . 3/5 3 . 8  80 . 3/ 78 . 7  56 . 9/56 . 6  46 . 0/46 . 1  68 . 7/ 6 7 . 6  6 7 . 6/6 . 

2 0 0 3  66 . 0/6 7 . 9 54 . 1 /54 . 3  8 1 . 1 / 7 9 . 2  5 7 . 1 /5 6 . 8  45 . 3/45 . 6  68 . 5/6 7 . 7  6 8 . 8/6 . 

BONN p88 86 . 4/86 . 6  80 . 5/80 . 6  ��J��� : l  8 1 . 6/8 1 . 9  74 . 1 /74 . ! 08 . 7/88 . 9  8 3 '

r
8� ' l 9 9 3  86 . 7/86 . 5  80 . 3/80 . 3  8 2 . 7/82 . 4  72 · 0/}4 .  87 . 2/87 . 0  8 3 . 18 . 

1 9 98 86 . 1 /86 . � 80 . 3/80 . 5  90 . 3/89 . 8  8 1 . 3/81 . 2 7 . 01 4 . 2  88 . 5/8 7 .  1 8 1 . 18! . 
2003 86 . 5/86 . 8 1 . 0/81 . 2  90 . 4/89 . 8  8 1 . 5/81 . 4  74 . 7174 . 9  8 7 . 8/ 8 7 .  82 . 6/8 . 6  

SYS 1 988 6 5 . 0/65 . 1  6 1 . 4/6 1 . 5  6 8 . 5/68 . 6  5 1 . 4 /5 1 . 7  4 0 . 0/4 1 . 2  5 9 . 7/60 . 3  7�-r7� . 5  
1 9 9 3  7 0 . 9/70 . 5  66 . 1 /66 . 2  74 . 3/74 . 2  5 3 . 9/5� . 5  4 1 . 3/4 1 . 6  6 1 . 9/60 . 5  7 • 1 7  . 9  
1 9 98 7 1 . 7/ 7 1 . 5  6 7 . 1 /6 7 . 0  76 . 3 1 75 . 2  gU�g7 : r 4 7 .  0/4 7 . ; 64 . 9/6 3 .  a }5 .  175 . � 200 3 72 . 0171 . 9 66 . 9/6 7 . 0  76 . 0/76 . 2  4 7 . 2/4 7 .  64 . 0/6 2 . 6  6 . 5176 . 

LEGElIll I1B = 11EAN tlO ACTION S U R V I VA L  I /, .  
MA = MfAN A L1 E Rt/AT IVE CASE SURVIVAL I /, .  
HllB = 1 I I 11I1 11J1I /10 ACrIOl1 S U R V I V A l .  FOR SItIlJLATIOIIS Of THE GIVEN CDIITRACT YEAR ( %  I 
HilA = HUll/lint ALTERfIt.T IVE CASE SURV IVAL fOR S IHULATIOIIS Of THE G I VEN CDIIT RA9' YEAR ( % )  
HX8 = UAXIIIlJIl 110 AcnON SURV I VAL fOR S ItlULATIOIIS Of TilE GIVEII Co/ffHACT 'fEAR /, .  
MXA = MAXII IUt1 AlTEHIlAT IVE CASE SURVIVAL fOR SIIIULAT IONS OF THE G I VEN CONTRACT YEAR ( % 1  

-DATE RUN' 2 3F E888 I 08 , 4 7  I I 2 

HNB /MNA 

4 0 .  1 3� . 
�g : ���8 : i 
40 . 8/39 . 

�� :  O��� : A  
p · h2 . � 3 .  I 2 .  

UT35 ' 1 · I�� . 
· I . 

4 7 . 214 7 .  

go . �/6i · 1 5 .  16 . 
8� ' V8 . 
8 . 18 . 

�t
8�1� : 1 �8 1 8 .  Itf5� : � · 1�9 . � 9 .  159 . 

fE · O/rt . 1 / 0 .  
3 , YI 4 .  
7 .  14 8 .  

n: ��t6 . 81 �J 
. 9/5 3 . 2 

W�?tl . 0/�6 .  
6 . 31 6 .  

tOlt� o . r O .  � . I 2 . � 
. 21 3 .  

Ta b l e  E . 5 - 3 7  

I1XB/MXA 

rrr- � O .  I ? 
! . I . . I • 

i� : ���! : t  5t I� . 
�tI��I : i O .  I� . 
g�lglI gg : � B : 
U�f�U�t 
HJHf l 
nj�nj 
w��n:f 8 . 81 78 . 

g� : ��g} : 1  
8 7 · V8� . 
88 . 18 . 

SOCKEYE 

I1B/MA 

r·�I2� · i  9 .  1 2  . 

� . �135 . 
. 135 . 

� . Ol o . g  . 01 O .  : g� g : g 
UJ�UJ 
U:i�U :i . 160 .  g . OI � . g  . 01 . g . OI . g  

. 01 . o . gl g . g  g .  I . . gl . g  O .  I O .  
� . Ol o . � . 01 S . . 01 . 

. 01 . g . OI 0 . 0  

. 01 o .  g 
0 . 01 g .  
0 . 01 . 0  g . OI g . g 

. 01 . 
0 . 01 0 . 0  
0 . 01 0 . 0  

n�fHij rO�it : A t .t . 5  
. 3/5 . 0  

HNB/MNA 

rrl 6 ' i 2 .  IF '  
! . I ! .  · 1 3  . o . gl 0 . 0  O .  I 0 . 0  g . ol 0 . 0  

. 01 0 . 0  

I!J�* : ! · 139 . O .  140 . 

I�J�gt i 1 T5� . · 15 . g . gl g . o  
· 
I . 0  g . gl 0 . 0  

· I 0 . 0  

8 . 01 0 . 0  
. 01 0 . 0  g . OI 0 . 0  
. 01 0 . 0  g . OI g . g  
. 01 . 
. 01 0 . 0  

0 . 01 0 . 0  g . OI 0 . 0  
. 01 0 . 0  
. 01 0 . 0  

0 . 01 0 . 0  g . OI g . g  
. 01 . 

0 . 01 0 . 0  
0 . 01 0 . 0  

r 4/40 · t 3 . 014 3 .  
� . 0/47 .  

. 8148 . 9  

tIXB/MXA !0 . 8/ 3}. . � 
5 . 6 / 3� . 

40 . 7/� . 5  
4 1 . 8/ 1 . 0 g . OI 0 . 0  

. 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  i� : ;�4! :t 
0 . 9/�0 .  
3 . 215 2 .  

· 16 2 .  �ir6 2 . ! � . 1 6 3 .  · 1 6 3 .  

i . OI o . g  . 01 O .  
. 01 o . g  
. 01 O .  

� . Ol 0 . 0  
. 01 o . g  
. 01 g . · 01 . 0  g . OI o . g  
. 01 O .  
. 01 o . g  

0 . 01 O .  8 . 01 0 . 0  
. 01 0 . 0  
. 01 0 . 0  

0 . 01 0 . 0  

i . OI g . o  . 0 1 . 0  
. 01 0 . 0  
. 01 0 . 0  

U: i�U: I · 154 . 
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MEAIl , MINIMlIIj ,  A11ll UAXItI!!tlJU�VTVAl �lUfil 
tIIlfMXN1K S tlPFE 11 110 A 10 

Ta ll I e  E . 5 - 3 8  
PROGIlAM= D S N = P J T . PF400 . RIlR . FISIIPASS . SAS . REPORTS( FSlII I2 1 I 

F ILES , PJ I . PF'. o o . ChS . F ISH . PASS . DATA . 1'1 IDCOlFG RUN DATE I IU�9 PJ . PF400 . CllS . F  ISH . i'ASS . DAIA . ll llJCOUG RUN DATE 
i'EARllHG SUBYEARLIIIG STEEllfEAD 

POOL YEAR IIl.l/HA MNBIl IllA MXB/HXA tlB/llA MllBilItIA MXBIlIXA I1BIl1A 
HEllS 1 908 30 . 0/30 . 0  25 . 7/25 . 7  33 . 4/32 . 9  1 5 . 8/ 1 6 . 2  7 . 51 8 . � 28 . 2128 . 2  3 2 .  71�2 . � 

1 993 38 . 8/30 . 4  3 1 . 5/ 30 . 8  4 2 . 6/42 . 8  2 3 . 3/22 . 9  1 1 . 011 1 .  37 . 1 /33 . 8  4 3 . 31 3 .  
1 9 98 4 1 . 7/4 1 . I 3 2 . 4/ 3 1 . 7  46 . 4/46 . 4  26 . 5/25 . 9  4 . 8/ 1 5 . 5  38 . 9/35 . 9  4� : ��4� :  2003 4 1 . 5/4 1 . 1  32 . 513 1 . 3 4 7 . 0/4 7 . 0  26 . 8/26 . 1  14 . 01 14 . 5  38 . 2/35 . 3  

RRECH 1 908 32 . 8/33 . 0  25 . 4/25 . 4  00 . 6/38 . 4  2 5 . 6125 . � 1 2 . 2I 1 � . 6  2 9 . 5/29 . 9  �� . y/�8 . 0  

RISl 

triG 

lHil 

tlCIl 

JDAY 

DAlS 

BOUN 

S�S 

lEGE/ill 

1 993  4 3 . 1/42 . 9  3 2 . 2/32 . 7  49 . 5/49 . 6  
1 998 4 5 . 9/45 . 6  3 3 . 8/ 34 . 6  5 3 . 5/53 . 2  
2003 46 . 2/46 . 4  3 3 . 2134 . 2  54 . 6/54 . 7  
1 988 40 . 3/4 0 . 4  3 1 . 1 131 . 2  4 7 . 1 /46 . 8  
1 993 4 7 . 5/4 7 . 2  34 . 9/34 . 1  54 . 0/54 . 2  
!99

8 
50 . 4/50 . 2  35 . 7/3 5 . 4  5 9 . 1/59 . 1  

0 0 3  �0 . 6/50 . 8  36 . 0/35 . 2  59 . 6/59 . 6  
1 988 65 . 2/65 . 2  5 7 . 1 /57 . 2  68 . 0/68 . 0  ) 993  7 9 . 9/79 . 9  70 . 8/70 . 9  8 3 . 1/83 . ) 998 79 . 6179 . 6  71 . 3/71 . 4  82 . 1 /82 . 
200 3 7 9 . 8/79 . 8  71 . 0/71 . 3  81 . 8/81 . 9  
1 988 !lJ��� : g  25 . 3125 . 5  38 . 21 38 . 7  
993  3 1 . 4/ 3 1 . 4  4�J�4� J  ! 998 38 . 6/38 . 3  3 3 . 3/33 . 4  
0 0 3  39 . 5/39 . 3  34 . 21 33 . 3  44 . 7/43 . 9  

1 988 58 . 0/58 . 1 4t ��44J 6 9 . 0/6 9 . 3 
993  59 . 9/59 . 8  6 9 . 0/ 6 9 . 4  

1 998 6 3 . 8/63 . 8  4 7 . 5/47 . 0  76 . 1 / 75 . 9  
2003  6 3 . 9/64 . 0  47 . 9/46 . 9  75 . 5/76 . 0  
1 988 54 . 1 /54 . 8  39 . 2139 . 4  65 . 7/66 . 1  
1 993  gt y��� : �  39 . 5/39 . 4  6 7 . 9/64 . 7  
1 998 4 1 . 8/42 . 2  68 . 4/6 7 . 9  
200 3 56 . 9/56 . 7  4 2 . 6/42 . 9  70 . 3/68 . 0  r88 6 3 . 1 / 6 3 . 9  48 . 9/4 9 .  t 7 7 . 0/77 . 2  
993 6 5 . 0/6" . 8  48 . 9/4 9 .  7 7 . 1173 . 8  
998 6 7 . 5/61 . 4  53 . 3/53 · i 80 . 3178 . 7  

2003 68 . 0/6 7 . 9 54 . 1/54 . 81 . 1 179 . 2  
1 988 86 . 4/86 . 6  80 . 5/80 . 7  90 . 0/90 . 1  ) 993 86 . 7/86 . 6  80 . 3/80 . � 89 . 7/89 . 6  
998 86 . 1 /86 . 0  80 . 3/80 . 90 . 3/89 . 8  

2003 86 . 5/86 . 4  81 . 0/81 . 2 90 . 4/89 . 8  
1 988 65 . 0/65 . 2  6 1 . 4/61 . � 68 . 5/68 . 6  
993 70 . 9/70 . 8  66 . 1166 . 72 . 31 74 . 2  

1 9 98 71 . 7/ 7 1 . 5  6 7 . 1/67 . 0  7 . 3176 . 2  
2003 72 . 0171 . 9 66 . 9/66 . 9  76 . 0176 . 2  

tlB � 11EAH 110 ACTIOIl SURVIVAL 1 % )  
HA 

3 1 . 1/30 . 1 6 . 1 / 1  . 9  
34 . 1 /33 . 7  2 2 . 3/2 3 . 2  
35 . 11 34 . 7  2 2 . 812 3 . 2 
25 . 0/25 . 4  1 § : r� I �J 30 . 5/30 . 3  
34 . 9/34 . 5  2 2 . 6123 . 9  
35 . 3/35 . 0  2 2 . 9123 . 9  
52 . 7/5 2 .! 4� : r�4� : 6  5 3 . 4/5 3 .  
54 . 3/54 . 4 9 . 5/49 . 5  
54 . 0/53 .  4 9 . 5/49 . 4  
2? 7/28 . � 9 ·rO . ! 3 . 9/30 . 1 3 .  / ) 3 .  
36 ·r35 . � 5 .  / 5 .  
35 . / 34 .  8 . 21 1 8 . 6  

4t4�4U 28 . 2/29 . 8  
30 . r3O . 9  

50 . 5/50 . 1  40 . /40 . 6  
50 . 6/50 . 3  40 .  /41 . 0  
4 9 . 0/49 . ! 20 . 9/22 . 6  
50 . 214 9 .  22 . 8123 . 3  
48 . 3/47 · i 2� . 9125 . 2  
4 9 . 9/4 9 .  Z . 6/28 . 0  

g� : ��gt g 40 . 8/42 . 8  
4� : g�4� :  r 56 . 9/56 . 6  

5 7 . 1/56 . 8  45 . 3/45 . 
81 . 6/81 . 9  �4 · 1 /74 . 3  
8 2 . 7/82 · t . 0174 · ! 8 1 . 3/81 . 4 . 0/7 . 
81 . 5/81 . 4  74 . 7174 . 9  

R��gU 40 . 0/41 . 2 
4 1 . 3/4 1 . 8 

5 7 .  �/56 . r 4 7 . 0/47 . 3  
57 . 157 .  4 7 . 2147 . 7  

35 . 4/35 . 0  
39 . 5/39 ·a 
38 . 9/40 .  
35 . 6/35 . � 
4 1 . 6/40 .  
44 . 0/4 3 . 0  
44 . 0/42 . 6  
5 9 . 6/59 . 7  
58 . 1/58 . 0  
60 . 7/59 . 9  
60 . 5/59 . 6  

6 . �;t, . 46 . 5/4� · 1 
51 . /48 . 
50 . 2146 . 
52 . 3/5i · j 
5 3 . 6/5 . 
5 9 . 5/5r 
59 . 0/5 . 5  
6 1 ·�/6� . � 
6 . /5 . 
6 2 . 1 /5 . g  
5 9 . 7/56 . 
6 7 . 4/6h · 2 
70 . 0/6 . 
68 . 7/6r 
68 . 5/6 . 7  
88 . 7/08 . , 
87 . 2/06 . 
88 . 5/8 7 .  
8 7 . 8/87 .  
5 9 .  7/6 0 . � 
6 1 . 9/60 . 
64 . 9/6� . 0  
64 . 0/6 . 6  

. I 5 . 9  48 . �/48 . � 9 .  149 .  
4� T4� . � 4 . /4 . g2 . 0/5! . 

3 . 1 /5 • 

83 . 3/8 3 . � 
88 . 0/�8 .  
87 . 9/ h .  
88 . 0/8 . 
40 . 5/4° · � 
4 3 .r 3 .  
45 . /45 . A 
4 7 .  /47 .  

ll�lf � . 0A • 

g8
:Fg8

: f 68 . /5y . 
6 1 .  16 . 
65 . 3/�! . 7 66 . 21 . �  
F · 8/6 . 
8 . 8/6 . 

lV83 · l 8 . /gr 8 . / . 
8 2 . 6/82 . 6  

�� : y��t g 5 . 91 Z . 2  6 . 51 . 

= HfAlI AL'lERIIATIVE CASE SURVIVAL ( % )  
tIIlB = I IIH ll JlJll 110 ACT10H SURV IVAL FOR S UllJlATIONS 0t TIlE GIVE)I COfvRACT YEAR ( % 1  
MIlA = I I I II I I IUH ALTERHATIVE CASE SURV IVAL FOR S UlUlA ·lOIIS OF lifE G VF.II CO/ITRACf YEAR 1 %  I 
MXB = H A X l IIlJll NO ACTION SURVIVAL FOR S IIIUlATIOIIS OF TIlE GIVEII COIrrRACT YEAR % I 
MXA = HAXII IlIIl ALTERIIATIVE CASE SURVIVAL FOR S II1UlATIOlIS OF THE GIVEII COlITRACr YEAR ( %  I 

-DATE RUN= 2 3FEB88 , 08 , 4 7 , 02 

MNB Il1NA 

�� : ��18 : f 4° T � .  O .  13 . 

�1 :
y��a : A 4 . jl42 . g 

. 142 .  

n: ���! :! J/47 .  
80 . 5/80 · 1 
85 . 0/85 .  
85 . 3/85 . 
85 . 2185 . 

KI�I� : J �5 .  1 A .  8 .  I . 

il : i?2: � 9 .  J�. 
�8 . 0/�f i 
0 . 1 / . 

41 . 8/4 . 
4 . 1/4 . 

4f : ���9 : 1 g . 8/ � .  
. 915 . rl�ri t OI ! . 

6 . 3/ . 

�8 : ���g : ! � .  31 � . 
. 21 . 

MXBIl1XA 

nJ�nj 
UJ�UJ 
nJ�itl 
UJ�UJ 
UJ�it' 
�l : !Ht l 
nj�nJ 
r::��fi t 81 . 

Iti�if � '  
ftlHti 

SOCKEYE 
I1BlllA 

1�-r25 . � · 1 2 9 .  
· / 35 .  

6 . 3/35 . g . gl 8 . 0  
· / . 0  

0 . 0/ o . g  
0 . 01 o .  

ltt�UJ 
�g : i��Z : i 60 .  160 .  

8 : 8� 8 : g  
0 . 01 o . g  
0 . 01 o .  
0 . 0/ � . �  
0 . 01 . 
0 . 01 . 
0 . 01 . 

8 . 0/ 8 . 8 . 0/ . g : 8� 8 : 0 
g : g� � : g  8 : 8� : g 
0 . 0/ 8 . g g . gl . . I . 
0 . 01 0 . 0  

�A : o��A : y  dj�5! : � 

MNBlllNA 

f . 13 1 . r:F!� : i 
32 . 2/32 . 
0 . 01 0 . 0  
0 . 0/ 0 . 0  
0 . 0/ 0 . 0  
0 . 01 0 . 0  

!�J�U : ! 0 . 8/39 .  

lFg� : i � . /55 . 
. /56 . 

O .  / O .  
o
r 

O .
� g . / g . . I . 

0 . 0/ 0 . 8 0 . 01 8 . 0 . 0/ . 
0 . 01 . 0  
0 . 0/ g . g g : 8� 0 : 0 
0 . 01 0 . 0  
o . gl o . g o .  I o .  
0 . 0/ o . g  
0 . 01 o .  
8
. 01 o . g 
. 0/ o .  
. 01 0 . 0  

0 . 01 0 . 0  

r

a/2° · 1 3 .  I 3 .  
h · O/4h · . 814 . 

MXBIl1XA 

r �/3� · 1 5 .  13 . 
O · h/H. 

4 1 .  /41 . 0 
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  
0 . 01 0 . 0  

5 .  14 . 8  r · V4� . 7 o . �/go . �  3 .  I 2 .  tr6Z ·1 4 .  16 . 
2 .  16� . 

6 3 .  /6 . 

8 : 8� g : � 0 . 01 o .  
0 . 01 o .  
0 . 01 0 . 0  
0 . 01 . 
0 . 01 8 . g 0 . 01 . 0  
0 . 01 g . g g . OI . 

. 01 0 . 0  
0 . 01 0 . 0  g : g� 8 : g 0 . 01 . 0  
0 . 01 0 . 0  
g . OI o . g  

. 01 g . 0 . 01 . 0  
0 . 01 0 . 0  

fU��! : J � . !/5 . 
. 15 . 



Relat ive Changes in Mean Survival and Impac t s  Re lat ive to  1 988  No Ac t ion 
Survival 

Tab les  E . 5-39  through 5 7  g ive informat ion on t he changes in mean sys tem 
s tock survival ( surviva l to b e l ow Bonnevi l l e )  for each category of f is h  
s to cks (yearl ing , subyearl ing , s tee l head , and sockeye ) ,  for  each poo l o f  
or l g ln . These  val ues are g iven f o r  1 988 , 1 9 93 , 1 99 8 , and 2003  based on 
40 FI SHPASS mode l s imulat i ons for each s tudy year . Each tab l e  provides 
these s ta t i s t ic s  for the c omparison o f  a g iven a l t e rnat ive r e l a t ive to 
the No Ac t ion case . The inf ormat ion in these tab les  is  referred t o  in 
Sec t ion 4 . 2 . 3 . 4 . 1 ,  Survival Changes : Analyt i cal  Me thods . See  t he f ront  
o f  Vo lume 4 f o r  a def ini t ion o f  t he 8 l e t t e r  codes g iven a t  the top  o f  
t h e s e  tab l e s  to  iden t i f y  t h e  a l t erna t ives . The f o l l owing s ta t is t ics  are 
g iven in these tab les : 

( 1 )  The mean survival unde r  the No Ac t ion cas e condi t ions (MB ) 

( 2 )  The mean surviva l  unde r  the Al t e rnat ive condi t ions (MA )  

( 3 )  The relat ive change i n  the mean survival ( RM ) . Thi s  i s  
calculated b y  sub t rac t ing the No-Ac t ion case surviva l f rom the 
Al ternat ive survival and d ividing by the No-Ac t ion case 
surviva l . This  resul t i s  mul t i p l ied by 100  to  ge t t he percent 
change . 

( 4 )  The change in the mean No-Ac t ion case survival over t ime ( 1 9 9 3 , 
1 9 98 , 200 3 )  relat ive t o  the 1 988  mean No-Ac t ion case survival 
( CMB ) ( i . e . , the  change in survival due to  bypas s 
improvement s ) .  Thi s  i s  calculated  by sub t rac t ing the mean 1 988  
No-Ac t ion cas e surviva l f rom the mean No-Ac t ion case surviva l  
f o r  t h e  g iven s tudy year ( 1 99 3 , 1 9 98 , or  200 3 )  and dividing b y  
t h e  mean 1 988  No-Ac t ion c a s e  survival . Thi s  value i s  g iven as a 
percen t . 

( 5 )  The change in the mean Al t e rnat ive case survival over t ime 
( 1 9 9 3 , 1 9 98 , 200 3 ) relat ive t o  the 1 988 mean No-Ac t ion case 
surviva l  ( CMA ) ( i . e . , the change in surviva l  due to  a 
comb ina t i on o f  the bypass improvements and t he I DU 
a l t e rnat ive ) .  Thi s  i s  cal cula ted by sub trac t ing the mean 1 98 8  
No-Ac t ion case survival f rom t h e  mean Al t e rna t ive case survival 
f o r  the g iven s tudy year ( 1 9 93 , 1 9 98 , or 200 3 )  and d iv i d ing by 
the mean 1 988  No-Ac t ion case survival . Thi s  value i s  g iven as a 
percen t . 

( 6 )  The average ove r the s tudy years 1 9 93 , 1 9 9 8 , and 2003  f o r  each 
o f  t he above s ta t i s t i c s  ( AVG ) . 

( V S 6 -WP-PG- 1 8 7 7 Z )  

E . 5 -4 l  



IT) 

Ul I +0> N 

RELATIVE CHANGES iN MEAl SUR�M�L AND IMPACTS RELAT IVE 0 1 98 NO ON SURVIVAL H ITH TH R E YEA AVE S 
MPREXBI1J( VS MP FEXBM ( NO ACTION ) 

PROGRAM = DSN=PJ I . PF400 . RNR . F ISHPASS . SAS . REPORTS ( FSUH5 1 I 
F ILES ,  PJI . PF400 . CBS . FISH . PASS . DATA . M IDCOLFG RUN DATE P J I . PF400 , CBS . FISH . PASS . DATA .M IDCOLFG RUN DATE 

YEARLING 
POOL 'tEAR I1B I1A RM CI1B Cl1A 
HELLS 1 988 993 

998 
003 

AVG 
RRECH I g�� 1 998 2003 

AVG 
R ISL 

LHG 

LHI1 

tlCN 

JDA't 

DALS 

I g�� 1 998 
2 0 0 3  
AVG 1988 

9 93 998 
003 
VG 1988 993 
ZZ� 
VG 

I �n !0 0 3  
AVG 1988 

993 
998 003 
VG U!I 

AVG 

30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  
38 . 8  38 . 8  -0 . 0  2 9 . 3  2 9 , 3 
4! . 7  4 1 . 7  -0 . 0  38 . 9  38 . 9  
4 . 5  4 1 . 6  0 . 3  38 . 4  38 . 8  
4 . 7 40 . 7  0 . 1  35 . 5 35 . 7  
32 . 8  32 . 9  8 . 1  0 . 0  0 , 1  
4 3 . 1  43 . 0  - . 2 3 1 . ! 3 1 . 0 
45 . 9  4 5 . 9  0 . 0  3 9 .  39 '1 46 . 46 . 0 ,  40 . 4 .  
�5 . f 45 . � O . �  37 . 1  3� . rO . � 40 . 3  0 . 0  0 . 0  0 . 0  

7 .  i7 ' i - 0 . 1 1 7 . 8  1 7 . 7 
O .  O . -0 . 0  25 . 0  25 . 0  O .  O .  0 . 7  25 . 4  26 . 3  

4 9 . 5  49 . 6  0 . 2  2 2 . 7  2 3 . 0  
65 . 2  6 5 . 2  -0 . 0  0 '1 -0 . 0  f9 . 9  7 9 . 9 -0 . 0  2 2 . 2 2 . ! 

9 . 6  79 . 6  0 . 0  2 2 .  2 2 . 
9 . 8  79 . 8  0 . 0  2 2 .  2 2 .  9 . 8  79 . 8  -0 . 0  2 2 .  2 2 .  

I� ' E �3 . 9  -0 . 1  0 . 0  -0 · 1 
8 : 6 3g :' -g : �  I � : � 1 � : 9  9 . 5 3 9 . X 0 . 2  6 . 6  6 . 8 8 . 2  38 . 2  -0 . 0  2 . 7  2 . 7 

58 . 0  58 . 0  0 . 0  0 . , 0 . 0  5 9 . 9  59 . 8  -0 . 2  3 .  3 . 0 
. 8  6 3 .  -0 . 0 9 .  9 .  � � . 9  64 . � 8 . 3 1 0 .  1 0 . 1 6� . 5  6 2 . A . 0  7 . 7  7 . 1 ,4 ' 1 54 . 3  0 . 4  0 . 0  0 . 4  

4 .  �� . 6  -0 . 0  0 . 9  0 . 8 
5 . . 1  :0 . 0  l ·8 1 ' 1 6 .  . 9  O .  . 2 5 .  
5 . 5  55 . 5  -o . A  . 6  2 .  13 . 1 6� . 3  _

0 . 4  0 . ) 0 . 4  5 . 0  6 . 0  0 . 1 3 .  3 . 0  
7 . 5  6 . 6 0 . 0  7 .  7 . 1  
8 . 0 68 . 0  -0 . 0  7 . 8  7 . 8 

66 . 9  66 . 8  -0 . 0  6 . 0  6 . 0  

SUB'tEARLING 
I1B I1A RM CI1B Cl1A 

�� : 9  �� : 7.  8 : 1 i� : �  49 : f
3 

2 6 , 5 26 . 5 -0 . 0  7 . 9  6 7 .  
26 . 8  26 . 8  -0 . 2  9 . 6  6 9 .  
25 . 6  25 . 6  -0 . 1  1 . 7  6 1 . 
25 . 6  2 5 . 5  -0 . 2  O 'i -O 'i 
3 1 . 1 31 . 0  -0 . 0  2t . � 1 .  
34 ' 1 3 ' j 0 . 0  3 .  3 .  35 . 3 . O .  2 3 .  7 .  
3 3 .  3 3 .  0 . 0  30 . 30 . 8  
25 . 0  25 . 0  0 . 1  0 . 0  0 ' 1 3 0 . 5  30 . ! 0 . 0 2 2 . 1  2 2 . 
34 . 9  34 . 0 . 0  31 . 6 31 ' 35 . 3  35 . - 0 .  8 4 . 3 4 . 
33 . 5  3 3 .  O .  3 . 3 3 . 
5 2 ·1 5 2 ·1 0 . 0  0 . 0  9 . } �3 ' 3 5� ' 3 -0 . 0  1 ' 1  ! .  
5� : 0 �4 : 0 _80 : 8  : 2 : 
53 . 9  5 3 . 9 . 0  . 2 . �I � � �1� 7. -

g � � �I � �  �I � l �I , i  14 . 1 8 . A  20 . S 20 . t 
�0 . 9  �� ' I O ' A i ' O O .! �g:� �g : =8 : g  � :l �t : 
48 . � 48 . -0 . 0  t . 8 t 7 .  
49 . 0  49 ' 1 0 . 0  f ' ! 0 . 0  
50 ' l 5 0 .  -0 . 0  . 2 . 5  
4 .  50 .  O .  • • 
48 . 48 . O ' i - .  - t ' r  
4� . 5  4 9 . 5  O .  1 .  . 
�� : �  �� : �  8 : A O : � i : i 
56 · t 16 . 9 :O . O � .  . 57 .  7 . 0 0 . 1 6 .  . 
56 . 6 . 8  -0 . 0  6 . 2  . 2  

2 1 788 1 0 3087 
STEELHEAD 
I1B MA RH CI1B Cl1A 
�3
�

:1 ��:f _8 : A if :j i�:l 6 .  6 .  0 . 0  . 2 . 
5 .  �5 .  0 . 0  . O .  

45 . 5 .  0 . 0  • 8 .  }� : Y �� :i =8 : �  2Y :1 I-� :I �8 . ' �8 .  O . �  28 . A .  
4 9 .  9 .  -8 ' 8 30 .  O .  
48 . 8 .  . 26 . 6 .  i� � � � S � ! :� � i �2 � � ��� � 
� 1 . 1 �� . I -0 '& 2f .� �tf 
83 . 3  83 ' 1 - 0 . 0  1 ' 1 -0 ' 1 88 . 0  88 . -0 . 0  . ! . 
87 . 9  8 7 .  8 . 0 . . 88 ' 8 88 . ' 8 . . 88. 88. -0 . . . 
�! �I �i�1 �� 1 � li �t ii �i 
�,�� i'�i =i � � I �i I�i 
�8 :1 18 :1 =0 :8 j : } -j : ! 6 1 . 1 .  8 ' 8 . . 
6 0 .  O .  8 .  . . 

i!� ! ���1 -� � �  i �g i �� 
6 7 . ! h.2 0 .8 ij ij 

Table E . 5-39 

SOCKf'tE 
I1B MA RH am Cl1A 

Il j l lij ! =J j J ii i ' Ii il 
I ii I ii l i � i iI I i i 
fi �J li � i ;I i l Ii i! il i l 
fl it flii :I i l -f i l :i i l 
I i i I i i I i i I � I I i I 
i \1 1 \ 1 I � I I i i I � I 
I i i I j l I j l I j l I j l 
I j l I i i I j l I i i i i i 

BONN 

S'tS 

lill VG 

3� :1 g� :1 -8 : A 8 : 0 8 : t 
§� : 8� : �  -8 : 8  -8 : 1  -8 : xx . g6 . 4 -0 . 0  o . r o . 

1 988 �f ' O  65 . 1  0 . 1  0 . 0  0 . 1  993 . 0 . 9  - 0 . 0 9 .  9 . 0 
998 . � ft . 7  -0 . 0  l0 , ! 1 0 . 3  

2 003 7 . 0 . 1  0 . 1  0 . 7  1 0 . 8 
AVG 7 . 5 . 5  0 . 0 0 . 0 1 0 . 0  

a� : �  g� : I -g : � -Y : i _9 : 1 8 1 ' II ' 0 ' 8 8 , 6 .  8 .  . -0 .  - . -0 .  
81 . 8  . 8  -0 . 0  0 . 3  0 . 3  
51 . � 5 1 . 5  O · A 9. . 0  O · t �� :  r I� : I -

8 : 0 11 : �
8 It : 5 7 . 4  7 .  0 . 0  1 .  . 56 . 1 6 . 0 . 0 9 . . 

li i � Ifil :i i � :i i i :i i i I i i i j i i � 1 I � I I i i 
�i j l fi ji :i 1 1 I i I I jJ il il jIil =i ) i 11 ) 1 il il 

LEGEND 

. 

� MEAN SURV!VAL �ITH NO ACTION COND ITIONS ( X I  1NO kCTION ) 
A EAN SURV VAL I H LT RNATI E COND ITIO S (X ( A  TE RI ATIV �ELATIVE HANG IN AEA� SURV¥VAL ( X I  ( AtTERN {IV SURVIV�l - NOJ,IO� SUHIVAL ) I ( HO ACTION SURVIVAL ) CI1B THE CHANGE IN TH NO ACTION SURVIVAL OVER TIM RELAIIVE TO THE 9 8 0 A ON SURVIVAL ( X l  NO ACTIO SURVIVAL - 1 988 0 ACT ION SURV VA ( 1 88 NO .CTIO UR 

CHA' = THE CHANG� IN THE ALTERNATI�E SURVIVAL RELIT IX� fo TH 1 988 Ao A I ON 3X� AL ( X )  ALTERNAIIVE SURVIVA L - 1 988 NO ACT I ON SURV IV I I 1 988 NO ACT ION SURV IOl 
AVG � THE AVER GE OF THE 'tEARS 1 9 9 3 ,  1 998 , AND 2003 X I  

oDATE RUN= 14MAR88 . 0 9 , 59 , 32 
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RE�ATIVE CHANGES IN MEAN SURim� AND 
HITH THREE YEA AVE S IMPACTS RELATIVE TO 19� NO ION SURVIVA� 

MHFEXBMK VS MPFEXB ( NO A ION ) 

PROGRAM = DSN=PJI . PF400 . RIIR . F ISHPASS . SAS . REPORTS( FSUI15 1 ) 
FILES . PJI . PF400 . C8S . FISH . PASS . DATA .MIDCOLFG RUN DATE 

. PJI . PF400 . C8S . F ISH . PASS . DATA .MIDCOLFG RUN DATE 
YEAR�ING SUBYEARLING 

POOL YEAR tIB MA RH CtIB CHA tIB MA RH CtIB CHA 
HE�LS } 988 30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  1 5 . 8  15 . 8 -0 . 1 0 . 0  -0 . 1 993 38 . 8  38 . 8  0 . 1  29 . 3  2 9 . 4  23 . 3  23 . 3  -0 . 4 f . 7 4 7 . 6  1 998 4 1 . 7 4 1 . 7  - 0 . 0  38 . 9  38 . � 26 . 5  26 . 5  -0 . 0  6 . 9 6 7 . 8  

2003 4 1 . 5 4 1 . 6  0 . 2  38 . 4  38 . 26 . 8  26 . 7  -0 . 4  6 . 6  6 9 . 0  
AVG 40 . 7 40 . 7  0 . 1  35 . 5  35 . 25 . 6  25 . 5  -0 . 2  6 . 7  6 1 . 5  

RRECH 1988 32 . 8  32 . 9  0 . 3  0 . 0  0 . 3  25 · t 25 . 5  -0 . 3  0 . 0 - O 'f 993 43 . 1 4 3 . 3  0 . 4 3 1 . 2 3 1 . 7  3 1 . 3 1 . 1 0 . 0  2 1 . 4  2 1 . 998 45 . 9 45 . 9  0 . 1  39 . 6  3 9 . 8  34 . 34 . - a . ! 3 3 . 4  33 . 
003 46 . 2 46 . 6  0 . 8 40 . 6 41 . 7  35 . 1  35 . 2  8 ' 37 . 2  37 .  
VG 45 . 1  45 . 2  0 . 4  3 7 . 1  37 . 7  3 3 . 4  33 . 4  . 30 . 7  30 . 

RIS� 

�HG 

�HI1 

MCN 

JDAY 

DA� 

BONN 

SYS 

LEGEND 

l��� 
998 003 

AVG 
1 988 1 993 1 998 
2003 
AVG 1 988 
993 
998 003 

AVG 1988 993 
998 003 

AVG 1988 993 998 
003 

AVG 

1 988 993 998 
2003 
AVG 
1 988 1993 998 
003 

AVG 

} 988 993 
998 

2003 
AVG 

40 . 3  40 . 5  0 . 3  0 . 0  0 . 3  
4 7 . 5  4 7 . 7  0 . 3  1 7 . 8  �8 . ! 50 . 4  50 . 5  0 . 0  25 . 0  5 .  
50 . 6  5 1 . 0  0 . 9  25 . 4  6 .  
49 . 5 49 . 7  0 . 4  22 . 7  2 3 . 2  
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  79 . 9  79 . 9  0 . 0  22 . 6  2 2 '1 
79 . 6  �9 . 6  0 . 0  22 . 1  2 2 .  
79 . 8  9 . 8  0 . 0  2 2 . 4  22 . 
79 . 8  9 . 8  0 . 0  2 2 . 4  2 2 . 4  
33 . 9  33

'
f 36 . 5  36 . 

38 . 6  38 .  3 9 . 5  39 .  
38 . 2  38 . 3  
58 . 0  58 . 3  59 . 9  60 . 0  
6 3 . 8  63 . 9  
63 . 9 64 . 3  
62 . 5  62 . 7  

a . } o .  
0 . 0  
0 . 5  
0 . 2  
0 . 5  0 . 3  
0 . 1  
0 . 6  
0 . 3  

54 . 1 54 . 2  0 . 1  54 . t 54 . 6  0 . 1  
55 . 55 . 1  0 . 0  
56 . 56 . 9  0 . 0  
55 . 5 55 . 6 a . a 

63 . 1  6 3 . 0  -0 . 1  
65 . 0  65 . 1  O ' r 6 7 . 5  6 7 . 5  -0 . 
68 . 0  68 . 0  8 ' 66 . 9  66 . 9  . 0  

0 . 0  0 . 1  
7 . 7  7 . 6  
1 3 . 9  1 3 . 9  
6 . 6  7 . 1  2 . 7  2 . 9  
0 . 0  0 '3 3 . 1  3 .  
9 . 9 1 0 .  

1 0 . 1  0 . 7  
7 . 7  8 . 1 
0 . 0  0 . 1  0 . 9  0 . 9  
1 . 8 1 . 8  
5 . 2  5 . 2  
2 . 6  2 . 7  

�J  -� : !  
7 . 8  7 J 6 . 0  6 . 0  

86 . 4  86 . 3  -0 . 0  o . �  -o . � 86 . 7 86 . 7  0 . 0  O .  O .  
86 . 1 86 . 1  -0 . 0  -0 . - 0 .  
86 . 5  86 . 5  -0 . 0  O . Z  0 . 2 86 . 4  86 . 4  -0 . 0  0 . 1  0 . 1  
65 . 0  65 . 0  0 . 0  0 . 0  0 . 0  70 . 9  70 . 9  0 . 1  9 . 1 9 . 1  

�f . 7  7 1 . 7  -0 . 0  ) 0 . 3  1 0 . 2  . 0  7 2 . 1 0 . 2  1 0 . 7  0 . 9  
. 5  7 1 . 6  0 . 1 1 0 . 0  1 0 . 1  

25 . 0  25 . 0  -0 . 0  0 . 0  -0 . 0  

io . 5  30 . 5  _O ' y !2 ' i 22 . 1 4 '1 34 . 9  o .  I ' 31 . 5  
5 .  35 . 3  - . . 4 .  

3 3 .  33 . 5  -8 . 0  3 .  3 J 
5 . 3  5 .  -0 . a . . 
52 . 7  52 ' i :0 . 0  1 . 0 -0 ' 1 5� . 4 53 . 0 . 0  ' 1 1 .  
5 . 0  5 . 0  -0 . 0  . � .  
53 . 9  5� . 9  -0 . 0  2 .  2 .  �I :i �! : � =8 : a  �I : �  iY : �  �5 .  35 .2 8 . S  2 . �  �t . �  34 .  34 . 6  -0 . 0  2 . 9  20 . 8  

i8 : i i8 : i =8 : 8 �� : � � : §  
40 . � 40 .� -g · A 0 '1 -2 ' 1  
48 . 2  48 . 2  -O . Q  t� . t7 . 8  

O .  50 . 2  O .  2 . 5  . �9 ' i 48 . 8  :0 '1 0 . 0  -I " 
8 .  48 . 2  -0 . - 1 . 3 - . 
9 .  50 . a o .  . 9 . 29 . 5  4 9 . 5  O .  . 0 . 

53 . 5  5 3 . 5  -0 . 0  0 . 0  -0 . 0  
56 · t 56 . 6 0 ' 8 f ' �  i ' l 56 . 56 . 9  

_
0 .  . . 

5 7 .  57 . 0  0 . 1  . . 
56 . 56 . 8  -0 . 0 . 6 .  

82 . 82 . 7 O .  a . . 4  
81 . ! 8 1 . 5  -0 . 0  A '

� -A ' O 
8 1 ' 8 } . 3  -0 . 0  - . - . 4 
8 .  8 . 5 -0 . 0  -0 . 0  -0 . 0  
8 .  81 . 8  -0 . 0  0 . 3  0 . 3  11 'f 5 1 . 4  -0 . 1  0 . 0  -0 . 1  . 53 . 9  -0 . 0  . 8  4 . 6  � .  57 . 1  -0 . 0  11 . 0  1 1 . 0  
7 .  5 7 . 4  -0 . 0 . 6 1 . 6  6 .  56 . 1 -0 . a . 2 . 2 

2 1 788 
102987 

STEE�HEAD 
tIB HA RI1 CtIB CHA �1� I �! � t �� � � 3� � � �� � �  ia. i  i5 . i o . �  �� . !  1l . �  
!!� i  �i �� �� � � �� �j �i �l �t1 �t l 0 .8 �2j �6j 
IJ j i  iJ ji � i f  li j j �l ji 
g� : 6  g� : � 
87 ' 8 87 .  88 . 88 . 
88 . 88 . 0  �J I] IJ 
;,o . � ;,o . � 8 . t  � . �  � . !  �!� � i! � l  g � t I t � J I t � 1 
'I � i 'lit I � l i i i } i i 
8 .  60 . O .  . • 18 :1 �� : i :8 : � i : i -1 : 1 1 .  61 . :0 .  . . O .  60 . O .  • • 

il ji iii i =� i � i �1 -i ji Ii : } I�: j :� : � :I : i :8 : J 82 . 8t 6 8 '  . A .  82 . 82 . 6 - . - . -0 . 

!t � t !t� ! � � �  �� i � � i �5 . � �5 . � 0 . 8 l . �  l . �  

Table E . S-40 

SOCKEYE 

tIB HA RI1 CtIB CHA 

itl ltl �� � i  ilJ Uil 
I � I I � � I i i I � I I i i 
li �l lij l :I j l li j i li ji fl�t II�t =i � 1 -i i i :i �1 
I i i I � I I i I I � I I � I 
I � I I � I I � I I � I I � I 
I � I I i i I � I I i i I i i 
I j l I � I I � � I � � I � I 
I � I I � � I � I i � 1 i � i 
if �1 If�1 �I i l fl it ii � ' 

� MEAN SURVIVA� HITH NO ACTION CONDITIONS 1 % )  ( NO ACTION ) A MEAN SURVIVA� ITH ALTERNATIVE CONDITIONS ( % )  ( ALTER ATIVE ) 

rELAT IVE CHAtlG� IN MEAN SURVIVAL ( % )  ( ALTERNATIVE SURVIVAL - NO ACTIO� SUHIVA� ) / ( NO ACTION SURVIVA� ) CNB HE CHANGE IN THE NO ACTION SURVIVA� OVER TIME t RELATIVE TO THE 1 968 0 A ION SURVIVA� ( % 1  
NO ACTION SURVIVAL - 1 988 NO ACTION SURV VAL l / t 1 988 NO ACTION SUR 16XL CHA = THE CHANGE IN THE ALTERNATIVE SURVIVAL RELATIVE T9 HE 1 988 NO CTION U I A� ( % )  ALTERNATIVE SURVIVAL - 1 988 NO ACTION SURVIVAL ) 1 988 NO ACT ON SURVI L 

AVG ; THE AVERAGE OF THE YEARS 1 993,  1 998 , AND 2003 ( % )  . 
-DATE RUN: 14HAR88 . 0 9 . 59 . 09 

\ ' 
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�ELAtfVE C�A�GES IN MEAN SUR�l¥�L AM6 MPA S RE � IVE �o 1 98
� 

NO ON URVIVAL HI H !H� � �A AVE A ¥ 
NPFEXFMK V P E N I NO A ON I 

PROGRAM = DSN=PJI . PF400 . RNR . F ISHPASS . SAS . REPORTSI FSUM51 I 
FILES . �JI . PF400 .CBS . FISH . PASS . DATA .MIDCOLFG 

POOL 'tEAR 
I-;ELLS 1 988 

1 993 
1 998 
2003 
AVG 

RRECH 1 988 
1 993 1 998 
2003 
AVG 

RISL j 988 993 
!66� 
AVG 

LHG 1 988 993 
p98 003 
AVG 

LHI1 r88 993 
998 
003 

AVG 
MCN p�� 

998 
003 

AVG 
JDAY I ��� 

998 
2003 
AVG 

DALS 1 988 993 
1 998 
iOO:5 
VG 

BONN 
r

88 993 99� 200 
AVG 

SYS I ��� 
1 998 
2003 
AVG 

LEGEND 

JI . PF400 . CBS . F ISH . PASS .DATA . MIDCOLFG �UN 
DAT� U DAT 

YEARLING 
I1B MA RI'I 01B O1A 
30 . 0  30 . 0  -0 . 1  0 . 0  -0 . 1  
38 . 8  38 . 9  0 . 1  �9 . 3  2 9 . �  
41 . 7 4 1 . 6  -0 . 3  8 . 9  38 . 
4 1 . ,  4 1 . 5  -0 . 2  38 . 4  38 . 2  
4 0 .  40 . 6  -0 . 1  35 . 5  35 . 4  
32 . 8  32 . 9  0 . 2  0 . 0  0 . 2  
4 3 . 1 �3 . 3  0 . 5  3 1 . 2  3 1 . 8  
4� . 9  � . 8  -0 . 1  39 . 6  39 . 5  
4 . f  4 . 2  -0 . 0  40 . 6  40 . 5  
45 . 45 . 1  0 . 1  37 . 1  37 . 3  

0 . 0  0 . 0  0 . 0  iO . 3  40 . �  7 . 5  4 7 .  0 . 3  1 7 . 8 18 . 2  
�o . �  50 . �  -0 ' 1  25 . 0  24 . 9  O .  50 . -0 . 25 . 4  25 . 2  
4 9 . 5  49 . 5  0 . 0  22 . 7  22 . 8  

0 . 0  0 . 0  0 . 0  �5 . 2  65 . 2  9 . 9  79 . 9  
�9 . 6  79 . 6  

0 . 0  22 . y  22 . 6  
0 . 0  22 . 22 . 1  

9 . 8  � 9 . 8  0 . 0  2 2 . 4  2 2 . 4  
7 9 . 8  9 . 8  0 . 0  22 . 4  2 2 . 4  
�3 . 9  34 . 0  0 . 3  0 . 0  0 . 3  6 . 5  36 . 6  0 . 2  7 . 7 7 . 9  38 . 6  38 . �  0 . 0  1 3 . 9  

I l
. 9  

3 9 . �  3 9 .  -o . �  6 . 6  . 5  
38 . 38 . 2 0 . 1 2  . 7 2 . e 
58 . 0  58 . �  0 . 3  0 . 0  0 . 3  
59 . 9  59 .  0 . 0  3 . 1  3 . �  
� 3 . 8  64 . 0  O ' l 9 . 9 1 0 .  
� . 9  6:5 . 8  -0 . 1 0 . 1  9 . 9 

6 . 5  62 . 6  O .  7 . 7  7 . 8  
54 . f 54 . 6 0 . 8  
5� . 5� . 5  -0 . I 
5 .  5 . 1 0 . 0  
�� ' l 56 . 8  -O · f . 55 . 5  -0 . 
6 3 .  I 6 3 . 7  1 . 0 61 . 0  65 . 1  0 . 0  � . 5  6 7 . 6  0 . 0  
2 . 0  f . 9  -0 . 2  

6 . 9  6 . 8  -0 . 0  

0 . 0  
0 . 9  
1 . 8 
5 . 2  
2 . 6  
0 . 0  
3 ' 1 7 .  
7 . 8  
6 . 0  

0 . 8  
0 . 7  
1 . 8 
5 . 0  
2 . 5  
1 . 0 
� . 2  
. 1  7 ' b  6 .  

86 . 4  86 . 5  0 . 2  0 . 0  0 . 2  
g6 . 7  86 . 7  -0 . 0  0 . 4  0 . 4  6 ' 1 86 . 1  -0 . 0  -0 . 3  -0 . 3  
86 . 86 . 5  -0 . 0  0 . 2  0 ' 1  86 . 4  86 . 4  -0 . 0  0 . 1  O .  
�5 . 0  �5 . 1  O · l  0 . 0  O ' l  � . �  0 . 9  O .  9 . 1 9 .  � .  71 . 7  - 0 . 0 1 0 ' � 1

0 ' � f . o  � 1 · 9 -0 . 0  O .  O .  
. 5  . 5  -0 . 0  1 0 . 0  0 . 0  

SllBYEARLING 
tIS NA Rt1 01B CiA 
1 5 . � 1 6 . 0  1 . 2  0 . 0  1 . 2  
2 3 .  2 3 . �  0 . 2  �� . 7  �8 . 0  
26 . 5  26 . -0 . 1  . 9  7 . 7  
26 . 8  26 . 8  -0 . 2  6r ' � 69 . �  25 . 6  25 . 6  -0 . 0  6 .  6 1 . 
25 . 6  25 . 7  3� ' 1 3 1 . 2  
3 .  3� . 4  
35 . !  3 . 1  3 3 .  3 3 . 6  
25 . 0  2 5 . � 30 . 5  30 .  
34 . 9  35 . 0  
35 . 3  35 . 3  
3 3 . 5  3 3 . 6 

0 . 6  0 . 0  0 . 6  0 . 5  H ' i  F ' O  0 . 8  . ) . � 0 . 0 3 7 .  � .  0 . 5  30 . 1 . 3  
1 . 1  o . y � .! 0 . 3  2 2 .  2 .  o . � r' �  �O . O  O .  1 .  � ' l  0 . 2  4 . 3  3 . 

g2 . ,r g� . 7  0 . 1  3 .  . 4  0 . 0  0 ' 2 1 .  y :t �4 . 3  5� ' 6 0 . 0  
4 . 0  5 .  -0 . 0  

53 . 9  53 . 9  0 . 0  
� J  � : 
2 . 3  2 .  

28 . 7  28 . 7  D . ! 0 . 0  y . l  
�1 · 9 32 . 0  O .  

�
1 . 3  � ' 4  J ' i  36 .

� 
O ' f  7 .

� 4 '  35 . 3 .  -0 . 4 .  . 0  
34 . 3t o . 20 . 1 .  0 

43 .  . 5  0 . 2  6 .  . 
4° ' i i! ' O 0 . 2  o . y 2 ' � 
50 . 0 . 5  0 . 1  23 . 5  23 . 6  
50 . 50 . � -0 . 0  23 . 9  f 3 . 8  
48 . 2  48 . 0 . 1  1 7 . 8  7 . 9  
49 . 0  4 9 . 0  0 . 2  0 . 0  0 . 2  50 . � 50 . 3  48 . 48 . 5  
�9 . 9  �9 . 9  
9 . 5  9 . 6  

o . � -f ' � _S · 8 O .  . . 9  0 . 0  . 9  1 . 9  0 . 2  . 0  . 3  
53 . 5  53 . 8  0 . 5  
�6 . t 56 ' $ 0 . 0  
6 .  56 . -0 . 0  

57 .  57 ' 1 -0 . 0  
56 . 56 . -0 . 0  

0 . 0  
i · 7 

f�  . 2  

0 . 5  
� : �  
6 . � 6 .  

82 . 7  8 . 7  -0 . 0  A ' A ' 
81 . 6  8� . 8  0 . 3  o . � O 'f 
81 . :5 8

1
. 2  -0 . 0  - . - .  

8 . 5  8 . 5  -0 . 1  -0 . 0  -0 .  
8 1 . 8  8 . 8  -0 . 0  0 . :5 0 . 3  
�! : 4 �! : g  8 : �  2 : g  f : � 5
r I r · 2 _0 ' 1 1 1 . 0  I ' 1  5 .  7 . 4  O .  . 6  . 

56 . 6 . 2  0 . 0  9 . 2  . 2  

2F89 1 0  98 
STEELHEAD 
I1B NA RI1 01B CiA 

�� : �  f� :f :8 : 1 �� :I �� : f �5 .  9 5 .  -0 . O .  O .  
6 ' 1  6 .  -0 .  � 2 .  �2 .  

45 . 45 . -0 . 8 .  8 .  
38 . 0  32 ' 1 - D . ' 0 . 0  -o . � 46 ' A  � .  :0 . 2 1 .

3 
� 1 . 48 . 8 .  O .  �8 .  8 .  

4 9 . 4  4 9 .  -0 .  O .  2 9 .  � 
48 . 1  48 . 1  -0 .  26 . 6  26 . 

4 9 .  . O .  1 .  U. 4 2 . , i� ' r O ' b  9 ' ! 0 '1 
�2 . 0  2 .  D . ! 2 3 .  . 
3 . 1 3 .  -0 .  26 . . 

51 . 6  51 . -0 . 2 2 .  2 2 . 4  
83 ' 6 83 . � 88 . 88 . 
87 . 9  8 7 .  
88 . 0  88 . 
88 . 0  88 . 0 

8 . 0  . 0  
0 : 8 
0 . 0  IJ ti 5 .  5 .  5 . 

4 0 .
� 

40 ' 1 8 . 2  l ' t l 'J �� : o i� : _8 : 8 I :  I :  
45 . 2  5 .  0 . 8  . . � f : � 6 �

: j  8 : j 
�2 . h. o - 0  . 
0 . 4  .4 O .  

58 '1 58 '1 � . � 56 ' 5f . 
6 .  6 .  . 
6 1 . 6 .  -o . �  
60 .  6 .  O .  
65 . 3  65 ' 1 

0 . 5  �� : §  �1 : 8 : A 68 ' 2 � ' l -8 ' A 67 .  7 .  . 

tl l: IJ O ' J ri O .  
t6 tj t� � : t� 

8� .
� 

8� ' J _0 ' 0 O ' f o . � 8 .  8 .  O .  A ' o .  8 .  8 .  - . 0  - . - . 8! . �  8! . 6  -8 ' A - . -� . 82 . 8 2 . 5  -0 . -0 .  - .  
H : i  l� 8 : � 
76 . 5  � . �  -0 . 0  
75 . 9  5 .  0 . 0  J � J 6 .  

tl  7 . y 6 .  

Table E . 5-4 1 

SOCKE'l'E 
I1B NA RI1 01B 01A 

ii i ! Il j} :� i f il � i il ii 
ti 8 : � iJ IJ � : 8 o . : 8  0 ' 8 O .  O .  0 . 0  

li j} li ii �� i r  �' ij Ii i : 
�8 :i f8: i _� : 8 -8 : 1 _0

: 1 �O . o .  ' 8 t · I · 60 .  O .  O .  . . 

8 : 8  8 : � �J 8 : 8  8 . 0 8 : 8 8 : 8 : 8 8 : 8 . 0  O .  O .  . 0  

8 : 8  8 : � 1 : 8 �J 8 : � 8 : 8 o .  : 8  8 : 8 : 8 O .  . 0 

0 ' 8 rl 1 : 8 �J � : � �J . 0  
: 8  8 : 8 

i : 8 8 : � ti 8 : � 
0 . 0 
8 : 8 : 8 8 : 8 : 8 . 0 
. 0  

r� tl IJ �J 0 . 0  

�J : 8 O .  
if � 1 if �1 :� j � II ji II � t 

� = M�AN SURVIVAL HITH NO ACTION CONDITIONS ( X I  \NO ACTION� 
A = N AN SURVIVAL HITH ALTERNATIVE C0t!P.ITIOIIS ( X  ( ALTERNA IVE I �� = fELATIVE CHANGE IN MEAN SURVIVA� ( X I  ( ALTERNATIVE SURVIVAL - UO ��IO� S��IVALJ � �

U
O AfJ.�ON SURVIVAL ) 

01B = 1 �5 XHA�gE �UR��VAro_A��gN �U�cf¥�L O�O�vIQ�E \ /RE�t���EN60 &rEo 9s3R 0v 0 U V AL /, 
CiA' = THE diING� III THE ALTERNATI�E SURVI�AL RELATI

XE 
TO THE 1 988 Ao I�IO

U 36X� AL ( X )  
( ALTERNATIVE SURVIVAL - 1 988 NO ACTION SURVIV I / 1 988 NO ACTION 5 RVI L 

AVG = THE AVERAGE OF THE YEARS 1 993 , 1 998 ,  AND 2003 ( X l  
-DATE RUN" 1 4MAR88 . 1 0 . 0l . 20 
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RELAfIVE CHANGES IN MEAN SURxe¥�L AMe 
HIPA rs R�LATI\lE TO 1 988 NO ON URVIVAL 

ITH THREE YEA� AVERAGES 
I1PREXFI1K VS NPFEXDM ( NO ACTION ) 

PROGRAM :: DStl = PJ I . PF400 . RNR . FISHPASS . SAS . REPORTS I FSUH5 1 ) 
F ILES . PJI . PF�OO . CBS . F ISH . PASS . DATA . MIflCOLFG RUN 8ATE PJ I .  PF400 . CBS . F ISH . PASS . DATA . M IDCOLFG RUN ATE 

POOL YEAR 
YlELLS 1 988 

1 993  
1 998 
2003 
AVG 

RRECH 1 988 
1 993  
1 998 
2003 
AVG 

RISL 1 988 
1 993  
1 998 
2003 
AVG 

LHi 1 988 
1 993  
1 998 
2003 
AVG 

UlJ1 1 988 
1 993  
1 998 
2003 
AVG 

/'ICN 1 988 
J
993  
998 

2003 
AVG 

JDAY p88 
993  

p98 
003 

AVG 
DALS 1 988 

1 993 
1 998 
2003 
AVG 

BONN 1 988 
1 993  
1 9 98 
2003 
AVG 

SYS 1 988 
1 993  
1 998 
2003 
AVG 

LEGEND 

YEARLING 
tlB MA RI1 O'IB CI1A 
30 . 0  30 . 0  -0 . 2  0 . 0  -0 . 2  
38 . 8  38 . 7  -0 . 2  2 9 . 3 29 . 1  
4 1 . 7  4 1 . 6  -0 . 3  38 . 9  38 . 5  
4 1 . 5  4 1 . 5  -0 . 2  38 . 4  38 . 2  
40 . 7  40 . 6  -0 . 2  35 . 5  35 . 2  
32 . 8  32 . 9  0 . 3  0 . 0  0 . 3  
4 3 .  I 4 3 .  I -0 . I 3 1 . 2  31 . I 
45 . 9  45 . 8  -0 . 1  3 9 . 6 3 9 . 5  
46 . 2  46 . 2  -0 . 0  40 . 6  40 . 5  
45 . 1 45 . 0  -0 . 1  3 7 . 1  3 7 . 0  

�
0 . 3  40 . 3  0 . 0  0 . 0  0 . 0  
7 . 5  4 7 . 5  -0 . 2  1 7 . 8  1 7 . 6  

50 . � 50 . 4  -0 . 1  2 5 . 0  24 . 9  
50 . 50 . 5  -0 . 1  25 . 4  25 . 3  
4 9 . 5  49 . 5  -0 . 1  22 . 7  22 . 6  
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  
79 . 9  79 . 9  -0 . 0  22 . 6  22 . 6  
7 9 . 6  7 9 . 6  0 . 0  2 2 . 1  2 2 . 1  
7 9 . 8  7 9 . 8  0 . 0  22 . 4  2 2 . 4  
7 9 . 8  79 . 8  0 . 0  22 . 4  22 . 4  
33 . 9  34 . 0  0 . 3  0 . 0  0 . 3  
36 . 5  36 . 4  -0 . 2  7 . 7  7 . 5  
38 . 6  38 . 6  0 . 0  1 3 . 9  1 3 . 9 
3 9 . 5  39 . 5  -0 . 0  1 6 . 6  1 6 . 5  
38 . 2  38 . 2  -0 . 1  1 2 . 7  1 2 . 6  
58 . 0  58 . 3  0 . 4  0 . 0  0 . 4  
5 9 . 9 5 9 . 8  ·-0 . 1  3 .  I 3 . 0  
6 3 . 8  64 . 0  0 . 3  9 . 9  10 . 3  
6 3 . 9  6 3 . 7  -0 . 3  1 0 . 1  9 . 8  
6 2 . 5  6 2 . 5  -0 . 0  
54 . 1  54 . 7  1 . 1  
5� . 6  54 . 7  0 . 2  
5 . 1 55 . 1  0 . 0  
56 . 9  56 . 8  -0 . 3  
55 . 5  55 . 5  -0 . 0  
6 3 ' A 

6 3 . 9  
65 . 65 . 1  
6 7 . 5  6 7 . 5  

1 . 3  
0 . 2  
0 . 0  

68 . 0  6 7 . 8  -0 . 3  
66 . 9  66 . 8  -0 . 0  
86 . 4  86 . 6  0 . 2  
86 . 7 86 . 7  0 . 0  

7 . 7  7 . 7  
0 . 0  1 . 1  
0 . 9  1 . 0  
1 . 8 1 . 8 
5 . 2  4 . 9  
2 . 6  2 . 6  
0 . 0  1 . 3  
3 .  I 3 . 3  
7 .  I 7 . 1 
7 . 8  7 . 6  
6 . 0  6 . 0  
0 . 0  0 . 2  
0 . 4  0 . 4  

86 . 1  86 . 1  -0 . 0  -0 . 3  -0 . 3  
86 . 5  86 . 5  -0 . 1  0 . 2  0 . 1  
86 . 4  86 . 4  -0 . 0  0 . 1  0 . 1  
65 . 0  65 . 1  0 . 2  0 . 0  0 . 2  
70 . 9  70 . 9  ·-0 . 0  9 .  I 9 . 0  
71 . 7 7 1 . 7  -0 . 0 1 0 . 3 1 0 . 2  
7 2 . 0  7 1 . 9  -0 . 1  1 0 . 7  1 0 . 6  
7 1 . 5  7 1 . 5  -0 . 0  1 0 . 0  1 0 . 0  

SUBYEARLING 
lIB MA RI1 alB CI1A 
1 5 . 8  1 6 . 0  1 . 4 0 . 0  1 . 4 2 3 . 3  2 3 . � 0 . 2  � 7 . 7  47 . 9  
26 . 5  26 . -0 . 0  7 . 9  6 7 . 8  
26 . 8  26 . 7  -0 . 3  6 f . 6  6 9 . 2  
25 . 6  25 . 6  -0 . 1  6 . 7  6 1 . 6  
25 . 6  25 . 7  
3 1 . 1 3 1 . 2  
34 . I 34 . 4  
35 . I 35 . I 
3 3 . 4  33 . 6  
25 . 0  25 . 2  
30 . 5  30 . 6  
34 . 9  35 . 0  
35 . 3  35 . 3  
3 3 . 5  33 . 6  
52 . 7  5 2 . 7  
53 . 4  5 3 . 4  
54 . 3  54 . 3  

0 . 3  0 . 0  0 . 3  
0 . 5  2 1 . 4  2 2 . 0  
0 . 8  3 3 . 4  3

1
. 5  

0 . 1  3 7 . ; 3 . 3  
0 . 5  30 . 3 1 . 3  
1 . 0  0 . 0  1 . 0 
0 . 3  22 . 1  2 2 . 4  
0 . 3  3f . 6  40 . 0  
O .  I 1 . 3  

14
. 4  

0 . 2  4 . 3  . 6  
O .  I 0 . 0  D . !  0 . 0  1 . 4 I .  
0 . 0  3 .  I 

54 . 0  54 . 0  -0 . 0  2 . 5  
3 . � 2 .  53 . 9  53 . 9  0 . 0  2 . 3  2 . 3  

28 . 7  28 . 7  -0 . 0  0 . 0  -0 . 0  
3 1 . 9  3 2 . 0  0 . 2  1 1 . 3  1 1 . 5  
36 . 4  36 . 5  0 . 2  27 . 2  2 7 . 4  
35 . 6  35 . 5  -0 . 1 24 . 2  24 . 0  
34 . 6  34 . 7  O .  20 . 9  2 1 . 0  
40 . 9  4 1 . 0  
4 3 . � �3 . 5  
50 . 0 . 5  

O .  6 . 1  6 .  
O ' f 0 . 0  0 . 2  
O .  2 3 . 5  2 3 , i  

50 . 6  50 . 6  -0 . 1 1
3 . 9  2 3 . 8  

48 . 2  48 . 2  O .  7 . 8  1 7 . 9  
4 9 . 0  49 . 0  0 . 0  0 . 0  0 . 0  50 . 2  50 . 3  0 . 2  

f
. 5  2 . 8  

48 . 3  48 . 5  0 . 5  - . 3  -0 . 9  
29 . 9  4 9 . 9 -0 . 0  1 . 9  1 . 9  9 . 5  49 . 6  0 . 2  1 . 0  . 3  
53 . 5  53 . 8  0 . 5  0 . 0  0 . 5  
56 . 6  56 . 6  0 . 1  5 . 7  5 . 8  
56 . 9  56 . 9  -0 . 0  6 . 3  6 . 3  
57 . 1  57 . 1  -0 . 0  6 . 7  6 . 6  
56 . 9  56 . 9  0 . 0  6 . 2  6 . 2  
8 1 . 6  8 1 . 9  0 . 4  0 . 0  o . � 82 . 7  82 . 7  0 . 1  1 . 4 I .  
81 . 3  8 1 . 2  -0 . 1  -0 . 3  - 0 . 4  
8 1 . 5  81 . 4  -0 . 1  -0 . 0  -0 . 1 
8 1 . 8  8 1 . 8  -0 . 0  0 . 3  0 . 3  
5 1 . 4  5 1 . 6  0 . 3  0 . 0  0 . 3  
5 3 . 9  54 . 0  0 . 1  4 . 8  5 . 0  
57 ' 4 57 . 2  0 ' 1 1 1 . 0  1 1 . 1  
5 7 .  57 . 4  -0 . 1 . 6 1 . 5 
56 . 1  56 . 2  0 . 0  9 . 2  9 . 2  

5 1 788 
I 3087 

STEELHEAD 
I1B I1A RI1 D'IB D1A 
3 2 . 7  32 . 6  -0 . 0  0 . 0  -0 . 0  
4 3 . 3 4 3 . 3 -0 . 1  32 . 6  32 '

I 45 . 9  45 . 8  -0 . 3  40 . 6  40 . 
46 . 4  46 '

1 
-0 . 1  4 2 . 2  4 2 . 0  

45 . 2  45 . -0 . 2  38 . 4  38 . 2  
38 . 0  3

�
. 0  -0 . 0  0 . 0  -0 . 0  

46 . 1  4 . 1  -0 . 0  2 1 ' a 2 1 . 2  
48 . 8  4 8 ' 4 -0 . 2  28 . 28 . 2  
4 9 . 4  �9 .  -0 ' 1 30 . 2 9 . 8  
48 . 1  8 . 1  - 0 .  26 . 6  26 . 4  

�2 .
, �� . 5  0 . 8  � . O  0 . 8  

9 .  ' l  0 . 2  � . 9  1 8 . 1 
53 . 1  5 3 .  -0 . 6 .  25 . 
52 . 0  52 . O . � 3 . � 2 3 ' i 
5 1 . 6  5 1 . 6  0 . 0  22 . 4  2 2 .  
8 3 . 3  8 3 . � 0 . 0  
88 . 0 88 . -0 . 0 
87 . 9 87 . g 0 . 0  
88 . 0  88 . 0 . 0  
88 . 0  88 . 0  0 . 0  

0 . 0  0 . 0  5 . 6  5 . 6  
�J � : �  5 . 6  5 .  

�� : � �� : �  -8 : f  � : �  O
: f  

25 . 2  21 ' 5 0 . 0  J1 · 8  11 . 8  
7 . 0  . 0 . 0  . , . , 45 . 2  45 . 2  -0 . 0  I .  I I .  

6 7 . 0  6 f ' i  0 ' 6  
. 4  7 .  o .  F . 7 6 .  -0 . 

2 . 0  p . � -D . !  
0 . 4  O .  -0 . 

58 . 7 58 . 8  
5 9 ' 1 5 9 . 3 
60 . 60 . 2  

0 . 1 O . � O .  
6 1 . � 6

A
' � -0 . 0  

60 . 6 .  0 . 2  
65 . 3  65 . 6  0 . 5  
66 . 2  66 . 2  0

' 1 6 7 . 8  67
' 9 O . 68 . 8  68 . -0 . 1  

6 7 . 6  6 7 . 6  0 . 0  

o 'l tf 1 : 
I :  I :  
0 . 0  0

' 2 o . �  I .  
2 .  2 .  
� . 7 . 6  � . 6  

• 7 
0 . 0  0 . 5  
!
. 4  ! :

5 
. 8  

5 . � 3J 3 .  
8 3 . ! 83 .� 0 . 3  0 . 0  0 . , 
83 . 8 3 .  0 . 1  0 . ; O .  81 . 7 81 . -0 . 0  -A ' - 1 .  
82 . 6  82 . 6  -0 . 1  - . 6  -0 . 
82 . 6  82 . 6  -0 . 0  -0 . 7  -0 .  

r ·
5 7� . 5  O

' A  
0 . 0  o . � 5 . � 7 . 2 o .  � : !  5 .  5 .  f6 ' 2 0 . 0  6 . 3  

f6 . 5  6 .  - 0 . 0  . 0  7 . 0  
5 . 9  75 . 9  0 . 0  6 . 1  6 . 1  

Ta b l e  E . 5-4 2  

SOCKEYE 
I1B I1A RI1 alB D1A l! : i �i : ; :8 : '  it : g it : �  
� . 3  3 . �  O . � . �  3 .  

. 9  3 3 .  -0 . . 3 .  
0 . 0  0 . 0  0 . 0  8 : 8  0 ' 8 0 . 0  0 . 0  8 . 0 O .  8 . 0  0

' 8  
. 0  0 . 0  0 . 0  

. 0  O . 0 . 0  8 : 8 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  

!i � t II � i :g � I li � i �t � ! �2 . 6 2 .  -8 . • 2 .  2 

�9 'i fg · } 8 . 0  _o . �  -f ' O 9 .  . . 0  O . . 2  
6
8

' . -0 . 0  t ' l  . i 6 .  . -0 . 0  • . 
60 . 6 8 .  -0 . 0  . . g ' o  0 ' 8  8 . 0  8 : 8  0 . 0  

. 0  O .  . 0  0 . 0  

8 : 8 0 . 0  0 . 0  0 ' 8  0 . 0  0 ' 8  0 ' 8  o .  0 . 0  
. 0  O .  O . 0 . 0  0 . 0  

S · o 8 : � 0 . 0  8 . 0 0 . 0  
. 0  0 . 0  . 0  0 ' 8  8 : 8 o .  0 . 0  0 . 0  O . o .  

8
. 0  0 ' 8  8

. 0  
. 0  O .  . 0  O .  . 0  

8 : 8  0 ' 8 0 . 0  0 . 0  8 . 0  8 : 8 8 . 0  
0 . 0  : 8 . G  0 ' 8  8 : 8 o .  0 . 0  0 . 0  O . 0 . 0  8 : 0 0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 ' 8  8 : 8  8
. 0  0 . 0 0 . 0  O .  . 0  0 . 0  0 . 0  8 . 0  

8
. 0  0 . 0  0 . 0  

. 0  0 . 0  . 0  0 . 0  0 . 0  

8 . 0  g : o  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  O : �  8 : 8 0 ' 8 0 . 0  0 . 0  O .  O .  0 . 0  0 . 0  O . . 0  O . 0 . 0  0 . 0  

if ' !  If ' i  g . ! � . o  � . o  
2 : : : : Irj If f 50 . 8  0 . 8 -8 . 8 .  . 

tlB = MEAN SURVIVAL Yl ITH 110 ACTION COtIDITIONS I X )  
\NO ACTION ) MA :: NEAll SURV IVAL W ITH ALTERIIATIVE CONDITIONS 1 %  ( ALTERItATIVE ) lUi RELATIVE CHANGE III MEAII SURVIVAL 1 % )  ( ALTERNATIVE SURVIVAL - n0 ACTION SURVIV

A
L
J 

/ �UO Aq�ON SURVIVAL ) alB THE CHA IIGE IN THE NO ACfIOtI SURVIVAL OVER THIE
l 

RELATIVE TO T E 1 988 0 A£)IO URV AL ( X  ( NO ACTION SURVIVAL - 1 988 NO ACfION SURVIVAL / ( 1 988 NO ACTION SUR�IVAL CI1A TIlE CHAliCE IN THE ALTERNATIVE SURVIVAL RE I.ATIVE TO THE 1 988 NO ACTION UR
X

I�AL ( X )  I ALTEI<tIATIVE SURVIVAL - 1 988 NO ACTION SURVIVAL ) / ( 1 988 NO ACTION SURVIV L AVG ;: THE AVERAGE OF THE YEARS 1 99 3 , 1 998 , AIID 2003 ( I. )  
·DATE RUN= 14MAR88 . 1 0 . 02 . 28 
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RELATIVE CHANGES IN HE AN SURV�AL AND 
IHPACTS REI .ATIVE TO 1 988 NO A ION SURVIVAL 

H ITH THREE YEAR AVER GES 
HHFEXFtlK VS HPFEXBtlK ( NO ACTION ) 

PROGRA11 = DSN = P J I . PF400 . RUR . F ISH PASS . SAS . RE PORTS ( FSlII151 ) 
F I LES . PJ I . PF400 . CBS . F ISH . PASS . DATA . H IDCOLFG RUN DATE 

PJ I . PF400 . CBS . F lSH . PASS . D ATA . tI lDCOLFG RUN DATE 
YEA RLING SUBYEARLIIIG 

POOL YEAR I1B HA Rl! Q'1El Q1A tIEl HA Rl1 Q1B Q1A 
HELLS 1 988 

1 9 9 3  
1 9 98 
2 0 0 3  
AVe, 

�O . O  30 . 0  
38 . 8  �8 . 9  
4 1 . 7 4 1 . 5  
4 1 . 5  4 1 . 5  
40 . 7 40 . 7  

- 0 . 2  0 . 0  - 0 . 2  
0 . 2  2 9 . 3  2 9 . 5  

- 0 . 4  38 . 9  38 . 5  
0 . 0  38 . 4  38 . 4  

- 0 . 0  35 . 5  35 . 5  
RRECH 1 988 

1 9 93 
1 9 98 
2 0 0 3  
AVG 

32 . 8  3 2 . 9  
4 3 . 1  4 � . 4  
45 . 9  45 . 8  
46 . 2  4 6 . 6  
45 . 1 45 . 3  

0 . 3  0 . 0  O . �  
0 . 7 � 1 . 2 3 2 . 1  

- 0 . I 39 . 6  39 . 5  
0 . 8  40 . 6  4 1 . 7  
0 . 5  3 7 . 1  3 7 . 8  

R ISL 

LYIG 

LYll1 

HCN 

JDAY 

DALS 

BOlIN 

SYS 

1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 
1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 
1 988 
1 9 93 
1 9 98 
2 0 0 3  
AVG 

4 0 . �  40 . 4  0 . 0  0 . 0  0 . 0  
4 7 . 5  4 7 . 8  0 . 5  1 7 . 8  1 8 . 4  
50 . 4  50 . 4  - 0 . 1  25 . 0  24 . 9  
50 . 6  5 1 . 0  0 . 8  25 . 4  2 6 . 4  
4 9 . 5 4 9 . 7  0 . 4  2 2 . 7  2 3 . 2  
65 . 2  65 . 2  
7 9 . 9  80 . 0  
79 . 6  7 9 . 6  
7 9 . 8  7 9 . 8  
79 . 8  7 9 . 8  
3 3 . 9  34 . 0  
36 . 5  36 . 6  
38 . 6 �8 . 6 
39 . 5  3 9 . 7  
38 . 2  38 . 3  

0 . 0  0 . 0  0 . 0  
0 . 0  2 2 . 6  2 2 . 6  
0 . 0  2 2 . 1  2 2 . 1  
0 . 0  2 2 . 4  2 2 . 5  
0 . 0  2 2 . 4  2 2 . 4  
0 . 2  0 . 0  0 . 2  
0 . 3  7 . 7  8 . 0  
0 . 0  1 3 . 9 1 3 . 9  
0 . 4  1 6 . 6  1 7 . 0  
0 . 2  1 2 . 7  1 3 . 0  

1 988 58 . 0  58 . 2  0 . 2  0 . 0  0 . 2  
1 993 5 9 . 9  6 0 . 1  0 . 4  3 . 1  3 . 5  
1 9 98 6 3 . 8  64 . 0  0 . 4  9 . 9  1 0 . 3  
2003 6 3 . 9  64 . 3  0 . 6  1 0 . 1 1 0 . 8  
AVG 6 2 . 5  6 2 . 8  0 . 4  7 . 7  8 . 2  1 988 54 . 1 54 . 5  0 . 7  

993 54 . 6  54 . 6  0 . 0  
1 9 98 55 . 1  55 . 1  0 . 0  
2 0 0 3  56 . 9  56 . 9  -0 . 1  
AVG 55 . 5  55 . 5  -0 . 0  

0 . 0  
0 . 9  
1 . 8 
5 . 2  
2 . 6  

0 . 7  
0 . 9  
1 . 8 
5 .  I 
2 . 6  

1 988 1 993 
998 

2003 
AVG 
1 988 
1 9 93 
1 9 98 
2 0 0 3  
AVG 
1 988 1 9 9 3  

9 98 
2 0 0 3  
AVG 

6 3 .  I 
6 5 . 0  
6 7 . 5  
68 . 0  
6 6 . 9  
86 . 4  
86 . 7  
86 . I 
86 . 5  
86 . 4  

6 3 . 6  0 . 8  0 . 0  0 . 8  
65 . 1  0 . 1  3 . 1 3 . 3  
6 7 . 5  0 . 0  7 . 1 7 . 1 
68 . 0  - 0 . 0  7 . 8 7 . 8  
6 6 . 9  0 . 0  6 . 0  6 . 1  
86 . 5  0 . 1  0 . 0  g . l  
86 . 7  0 . 0  0 . 4 . 4  
86 . 1  - 0 . 0  -0 . 3  -0 . 3  
86 . 5  -0 . 0  0 . 2  0 . 1  
86 . 4  - 0 . 0  0 . 1  0 . 1  

6 5 . 0  6 5 .  I O .  I 0 . 0  O .  I 
7 0 . 9  7 1 . 0  0 . 1  9 . 1  9 . 2  
7t . 7  7 1 . 7  - 0 . 0  1 0 . 3  1 0 . 2  
7 . 0  7 2 . I 0 . 2  1 0 . 7  1 0 . 8  
7 . 5  7 1 . 6  0 . 1  0 . 0  1 0 .  I 

1 5 . 8 1 6 . 0  1 . 2 0 . 0  1 . 2 
2 � . 3  2 3 . 4  0 . 1 4 7 . 7  4 7 . 7  
2 6 . 5  2 6 . 5  -0 . 1  6 7 . 9 6 7 . 6  
2 6 . 8  2 6 . 8  -0 . 3  6 9 . 6  6 9 . 2  
25 . 6  25 . 5  -0 . 1  6 1 . 7  6 1 . 5  
25 . 6  25 . 7  
� 1 . 1  3 1 . 2  
34 ' 1 �4 . 4 
35 . 35 . 1  
3 3 . 4  3 3 . 6  
25 . 0  25 . 2  
30 . 5  30 . 5  
34 . 9  35 . 0  
3 5 . 3  35 . 3  
3 3 . 5  3 3 . 6  

0 . 5  0 . 0  0 . 5  
0 . 5  2 1 . 4  2 2 . 0  
0 . 7  3 3 .  4 �4 . 4 
0 . 0  37 . 2  3 7 . 3 
0 . 4  30 . 7  31 . 2  
0 . 9  0 . 0  0 . 9  
0 . 2  2 2 . 1  2 2 . 3  
0 . 3  3 9 . 6  39 . 9  
0 . 0  4 1 . 3  4 1 . 3  
0 . 2  34 . 3  34 . 5  

5 2 . 7 5 2 . 7  0 . 1  0 . 0  0 . 1  
5 3 . 4  5 3 . 4  0 . 0  1 . 4 1 . 4 
54 . 3 54 . 3  - 0 . 0  3 . 1 3 . 1  
54 . 0  54 . 0  - 0 . 0  2 . 5  2 . 4  
5 3 . 9  5 3 . 9  -0 . 0  2 . 3  2 . 3  
2 8 . 7 28 . 7  0 . 1  0 . 0  0 . 1  
� J . 9  3 2 . 0  0 . 3  1 1 . 3  1 1 . 6 
36 . 4  36 . 5  0 . 0  2 7 . 2  2 7 . 2  
35 . 6  35 . 5  -0 . 1 24 . 2 24 . 0  
34 . 6  34 . 7  0 . 0  20 . 9  20 . 9  
40 . 9 4 1 . 0  O ' f 0 . 0  0 . 2  
4 3 . 4 4 3 . 4  O .  6 . 1  6 . 2  
50 . 5  50 . 5  O .  2 3 . 5  2 3 . 6  
50 . 6  50 . 6  - 0 . 0  2 3 . 9  2 3 . 8  
48 . 2  48 . 2  0 . 1  1 7 . 8  1 7 . 9  
4 9 . 0  4 9 . 0  D . !  0 . 0  0 . 1 
5 0 . 2  50 . 3  O .  2 . 5  2 . 8  
48 . 3  48 . 5  O .  - 1 . 3  - 1 . 0  
4 9 . 9 4 9 . 8  - 0 . 1  . 9  . 8  
4 9 . 5  4 9 . 5  0 . 2  1 . 0 1 . 2  
5 � . 5  53 . 8  0 . 4 0 . 0  0 . 4  
56 . 6  56 . 6  - 0 . 0  5 . 7  5 . 7  
56 . t 56 . 9  -0 . 0  6 . 3  6 . 3  
5 7 . 5 7 . 1  - 0 . 0  6 . 7  6 . 6  
56 . 56 . 8  -0 . 0  6 . 2  6 . 2  
8 1 . 6  8 1 . 8  0 . 3  0 . 0  0 . 3  
82 . 7 8 2 . 7  0 . 0  1 . 4 1 . 4 
8 1 . �  8 1 . 2  - 0 . 1  -0 . 3  -0 . 4  
8 1 . 5  8 1 . 5  - 0 . 0  -0 . 0  -0 . 1  
8 1 . 8 8 1 . 8  - 0 . 0  0 . 3  0 . 3  
5 1 . 4  5 1 . 6  
5 3 , ! 54 . 0  
5 7 .  5 7 . 1  
5 7 .  5 7 . 4  
56 . 1  56 . 2  

O ' f 0 . 0  0 . 2  O .  4 . 8  4 .  O . 1 1 . 0 1 1 . f 
-0 . 0  1 1 . 6 1 . 6 

0 . 0  9 . 2  9 . 2  

LEGElID I1B 
HA 

HEAII SURVIVAL HITH 110 ACTIOII COIID IT IONS ( % )  ( NO ACTION ) 

2 1 788 
1 0 �087 

STEELHEAD 

I1B I1A Rl1 alB QlA 
� 2 . 7  � 2 . 6  -0 ' 1 0 . 0  -o . � 
4 � . 3  4 � . �  -0 . � 2 . 6  � 2 . 
45 . 9  45 . 8  -0 . 40 . 6  40 . 
4 6 . 4  4 6 . 4  - 0 . 2  4 2 . 2  42 . 0  
45 . 2  45 . 1  - 0 . 2  38 . 4  �8 . 2  
38 . 0  38 . { - 0 . 1  0 . 0  -0 . 1  
4 6 . 1  4 6 . - 0 . 0  2 1 . 3 2 1 . 2 
48 . 8  28 .  - 0 . 2  28 . 4  28 . 2  
4 9 . 4  9 .  - 0 ' 1 30 . 0  2 9 . 8  
48 . 1  8 .  - 0 .  2 6 . 6  2 6 . 4  

i� : �  i� : l5 8 : 17 �� : �  !2 : f 
5 3 . 1  5 3 .  g . } . o  2� .  5 1 . 6  5 1 . . 2 . 4  2 2 . 
8 3 . 3  83 . 3  0 . 0  o . � 0 . 0  
88 . 0  88 . 0  0 . 0  5 .  5 ' i 
87 . 9  8 7 .  0 . 0  5 .  5 .  
88 . 0  88 . Z 0 . 0  5 . 6  5 .  
88 . 0  88 . 0  0 . 0  5 . 6  5 .  

40 . 5  40 . 5  0 ' 1 0 . 0  0 . 1  
4 3 . 4  4 3 ' 1 O .  ! . 2  7 . 3  
45 . 2 45 . 0 . 0  I . 8  1 1 . 8 
4 7 . 0  4 7 .  0 . 3  . 2  1 6 . 5  
4 5 .  2 45 . O .  1 1 . 7 1 1 .  9 
6 7 . 0  6 7 . 2 0 ' 1 1 . 0  o . � 
6 7 . 7  6 7 . 8  o .  ' i � ' 
7 1 . 4  7 1 . O .  • • 
72 . 0  72 . � O .  7 .  . 8  
70 . 4  70 . 5 o .  5 .  1 5 . 2  

58 . 7  58 ' 1 0 . 1 0 . 0  0 . 1  
5 9 . 1  5 9 .  0 . 2  � . �  � . 9  
60 . � 6 0 .  _ o .  f . . 6  
6 1 . 6 1 . O .  • . 6  
60 . 6 0 .  O .  . 6  2 . 7  
65 . 3 6 5 . 5  0 ' 1 0 ' 1 0 ' 1 
66 . 2  6 6 . 2  O .  1 . 1 . 
6 7 . 8  6 7 . 8  O .  � . 3 .  
68 . 8  68 . 7  -0 . . . 
6 7 . 6  6 7 . 6  O .  • t 5 

8 1 . 8 . 7 - 0 . 0  - .  - . 
8 � . 1  8 3 . 3  0 . 2  0 . 0  0 . ; 
8 3 . ! 8 3 . 3 0 . 0  A . 2  O .  
82 . 8� . 6  -0 . 0  - . l  -A . 6  
82 . 8 2 . 5  -0 . 0  -0 . 7  -0 . 7  
7 1 . ! 7 1 . 5  o . � 0 . 0  0 . 1  
75 . 75 . 2  O .  5 . 1 5 . 2  
75 . 76 . 0  O .  6 . 3  6 . 3  
76 . 5  76 . 5  0 . 0  7 . 0 7 . 0 
75 . 9  75 . 9  0 . 0  6 . 1  6 . 2  

Tab l e  E . S- 4 J  

SOCKEYE 

t1B I1A RI1 Q1B 01A �� : I �I : �  _g : A  1 2 : J i9 : � is . 3 .  g . j 4 1 .  r . 0 
. . - .  4 3 .  2 .  t h . 8  - 0 . 3 3 .  3J 

0 . 0  g . o  
0 ' 8 . 0  o .  g ' o  
0 . 0  . 0  
0 . 0  . 0  

� . o  � : g 
0 . 0  
0 . 0  

0 . 0  0 . 0  
0 . 0  0 . 0  g . o  0 . 0  

. 0  g . o  
0 . 0  . 0  

lj · t �j ' Z  O ' f o . � 0 . 3  

ij � f  !j � !  �� � I  II � I  II � I 
5 9 'i !9 .� o . � 0 . 0  0 . 0  

O .  O .  . . 9  . 9  19 .  

9 .  -8 ' -1 . 2 -1 . 2  8 : 3  �g : �  g : 8  : �  : �  
0 . 0  0 . 0  
0 . 0  0 . 0  o . g 0 . 0  O .  0 . 0  
0 . 0  0 . 0  
O . g o . g O .  O .  
0 . 0  8 ' 8 0 . 0 . 
0 . 0  0 . 0  

0 . 0  g : 8 g : o � . o  
: g 
. 0  

0 . 0  

0 . 0  
0 . 0  
0 . 0  
0 ' 8 o .  
o . g 
� : o 0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  

8 · 0 
. 0  

8 · 0 
. 0  

0 . 0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  g . o 8 · 0 0 ' 8 8 ' 8 0 . 0  

. 0  8 '  . 0 . 0  
0 . 0  . 0  o .  0 . 0  

0 : 8  0 . 0  . 0  8 . 0  0 . 0  
0 . 0  0 . 0  . 0  0 . 0  g . o  8 · 0 � . g 8 ' � 0 ' 8 . 0  . 0  . . o .  

8 : �  � : 8  : �  8 :  8 : g o . �  0 . 0  . �  0 . 0  0 . 0  
o . g 0 . 0  8 . 0  o .  0 . 0  . 0  
8 . g  g . g 0 . 0  

. . 0 . 0  
0 . 0  0 . 0  0 . 0  

8 : 0  8 : 8  o .
g g ' 8 o . g . o .  o .  

;f� �  ���� =8 � �  1� � 9. 19 � �  go J !tfi g , !  1 . 1  1J 

dill 
= tfEAIi SURVIVAL H I fH ALTERNATIVE CONDIT IOIIS ( % )  ( A LTERIIAT I VE ) 

RELAT I VE CHAIIGE IN HEAN SURV IVAL ( % )  ( A LTERIIATIVE SURVIVAL - NO ACTIOU SURVIVAL I / ( NO ACTION SURVIVAL I 
THE CHANGE III THE 110 ACTION SURVIVAL OVER T itlE I RELATIVE TO THE 1 988 0 ACTION SURVIVAL ( % )  ( 1l0 ACT ION SURVIVAL - 1 988 NO ACTION SURVIVAL I ( 1 988 NO ACTION SUR IVAL ) 
THE CHAIIGE IN THE ALTE RIIAT l VE SURVIVAL RELATIVE TO THE 1 988 NO ACTION SURVlVAL ( % )  ( A L1 E RNATIVE SURVIVAL - 1 988 NO ACTION SURVI VAL I / 1 988 NO ACTION SURVIVA ) 

QlA 
AVG THE AVE RAGE OF THE YEARS 1 9 9 � , 1 9 98 , AIID 2003 ( % )  

-DATE RUN= 1 4MAR88 . 1 0 . 0 2 . 5 3 
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RELATIVE CHANGES IN MEAN fjURVIVAL Alffi 
IMPACTS RELATIVE TO 1 988 0 A�ION S RVIVAL 

WITH THREE �AR AVERA ES 
MPFEXAMK VS 11PFE tlK ( 110 ACTION ) 

PROGRAM = DSII=PJ I . PF4 0 0 . RIIR . F l SHPASS . SAS . RE PORTS I F SUI15 1 ) 
F I LE S .  PJ I . PF400 . CBS . F lSH . PASS . [)ATA . M IDCOLFG RUII DATE 

PJ I .  PF400 . CBS . F ISt! . PASS . DATA . tl lDCOLFG RUt! DATE 

'fEARLIIIG 

POOL YEAR I1B tlA RM O IB  OIA 
HELLS 1 988 30 . 0  30 . 0  O .  I 0 . 0  0 . 1 

1 9 93 38 . 8  38 . 8  0 . 0  2 9 . 3  2 9 . 3  
1 9 98 4 1 . 7 4 1 . 7  - 0 . 0  38 . 9  38 . 9  
2 0 0 3  4 1 . 5  4 1 . 5  - 0 . 1  38 . 4  38 . 3  
AVG 40 . 7 4 0 . 7  -0 . 0  35 . 5  35 . 5  

RRECH 1 988 3 2 . 8  3 2 . 8  - 0 . 2  0 . 0  -0 . 2  
1 9 93 4 3 . 1 4 3 . 1  0 . 0  3 1 . 2  3 1 . 2  
1 9 98 45 . 9  4 5 . 9 0 . 1 3 9 . 6  39 . 7  
2 0 0 3  46 . 2  4 6 . 2  0 . 0  40 . 6  4 0 . 6  
AVG 45 . I 45 . 1  0 . 0  37 . 1  3 7 . 2 

RISL 1 988 40 . 3  4 0 . 2  - 0 . 5  0 . 0  - 0 . 5  
1 9 93 4 7 . 5  4 7 . 5  - 0 . 1  1 7 . 8  1 7 . 7  
1 9 98 50 . 4  5 0 . 5  0 . 1  25 . 0  25 . 1  
2 0 0 3  50 . 6  50 . 5  - 0 . 1  25 . 4  25 . 3  
AVG 4 9 . 5  4 9 . 5  - 0 . 0  2 2 . 7  22 . 7  

UIG 1 988 65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  
1 9 9 3  7 9 . 9  7 9 . 9 0 . 0  2 2 . 6  2 2 . 6  
1 9 98 7 9 . 6  7 9 . 6 0 . 0  2 2 . 1  2 2 . 1 
2003 7 9 . 8  7 9 . 8  -0 . 0  2 2 . 4  2 2 . 4  
AVG 7 9 . 8  7 9 . 8  0 . 0  2 2 . 4  2 2 . 4  

LHI1 1 988 3 3 . 9  3 3 . 9  - 0 . 1  0 . 0  - 0 . 1  
1 9 9� 36 . 5  36 . 5  0 . 1  7 . 7  7 . 7  
1 9 9 38 . 6  38 . 6  0 . 1  1 3 . 9  1 4 . 0  
2 0 0 3  3 9 . 5  3 9 . 5  - 0 . 1  1 6 . 6  1 6 . 4  
AVG 38 . 2  38 . 2  0 . 0  1 2 . 7  2 . 7 

MCN 1 988 58 . 0  5 7 . 9 -0 . 3  0 . 0  -0 . 3  
1 9 9 3  5 9 . 9  6 0 . 0  0 . 3  3 . 1  3 . 4  
1 9 98 6 3 . 8  6 3 . 8  0 . 0  9 . � 9 . 9 
2003 6 3 . 9  6 3 . 7 - 0 . 3  1 0 .  9 . 8  
AVG 6 2 . 5  6 2 . 5  0 . 0 7 . 7  7 . 7  

JDA'f 1 988 54 . I 54 . 9  1 . 4 0 . 0  1 . 4 
1 9 93 54 . 6  54 . 8  0 . 3  0 . 9  1 . 2  
1 9 98 5 5 . 1 55 . 3  0 . 3  1 . 8 2 .  I 
2003 56 . 9  56 . 9  - 0 . 0  5 . 2  5 . 1 
AVG 55 . 5  55 . 7  0 . 2  2 . 6  2 . 8  

DALS 1 988 6 3 . 1 6 3 . 9  1 . 4 0 . 0  1 . 4 j 9 9 3  65 . 0  65 . 3  0 . 4  3 .  I 3 . 5  
9 98 6 7 . 5  6 7 . 7  0 . 3  7 . 1  7 . 4  

2 0 0 3  68 . 0  68 . 0  -0 . 0  7 . 8  7 . 8  
AVG 6 6 . 9  6 7 . 0  0 . 2  6 . 0  6 . 2  

8011t! 1 988 86 . 4  8 6 . 6  0 . 3  0 . 0  0 . 3  
1 9 93 86 . 7  86 . 8  O .  I 0 . 4  0 . 4  
1 9 98 8 6 . 1  86 . 2  0 . 0  - 0 . 3  - 0 . 3  
2 0 0 3  86 . 5  86 . 5  - 0 . 0  0 . 2  0 . 2  
AVG 86 . 4  86 . 5  0 . 0  O .  I 0 . 1  

S'fS 1 988 6 5 . 0  65 . 1  O .  I 0 . 0  O .  I 
1 9 93 70 . 9  7 0 . 9  0 . 0  9 .  I 9 .  I 
1 9 98 7 1 . 7  7 1 . 7  0 . 0  1 0 . 3  1 0 . 3  
2 0 0 3  72 . 0  7 1 . 9  -0 . 0  1 0 . 7  1 0 . 7  
AVG 7 1 . 5  7 1 . 5  0 . 0  1 0 . 0  1 0 . 0  

SUB'fEARL IIIG 

tIB HA RM C/1B O1A 
1 5 . 8  1 6 . 2  
2 3 . 3  2 3 . 4  
2 6 . 5  26 . 6  
26 . 8  2 6 . 9  
25 . 6  25 . 7  
25 . 6  25 . 9  
3 1 . 1  3 1 . 3  
34 . I 34 . 4  
35 . � 35 . 2  
3 3 .  3 3 . 6  
2 5 . 0  25 . 5  
30 . 5  30 . 6  
34 . 9  35 . 0  
35 . 3  35 . 4  
3 3 . 5  3 3 . 7  
5 2 . 7 5 2 . 7  
5 3 . 4  53 . 4  
54 . 3  54 . 3  
54 . 0  54 . 0  
5 3 . 9 5 3 . 9  
28 . 7  28 . 8  
3 1 . 9  3 2 . 0  
3 6 . t 36 . 5  
35 . 35 . 7  
34 . 6  34 . 7  
4 0 . � 4 1 . 1  
4 3 .  4 3 . 5  
50 . 50 . 5  
50 . 6  50 . 7  
48 . 2  48 . 2  
4 9 . 0  4 9 . 2  
50 . 2  50 . 4  
48 . 3  48 . 4  
4 9 . 9  50 . 0  
4 9 . 5  4 9 . 6  
5 3 . 5  54 . 0  
56 . 6  56 . 6  
56 . � 5 7 . 0  
5 7 .  5 7 . 1  
56 . 9  56 . 9  
8 1 . 6  8 2 . 0  
8 2 . 7 8 2 . 8  

2 . 6  0 . 0  2 . 6  o . 3 4 7 . 7  48 . I 
0 . 2  6 7 . 9  68 . 2  
0 . 5  6 Y - 6  70 . 4  
0 . 3  6 . 7  6 2 . 2  
1 . 1  0 . 0  1 . 1  
0 . 6  2 1 . � 2 2 . 2  
0 . 6  3 3 .  34 . 3  
0 . 3  3 7 . 2  3 7 . 6  
0 . 5  30 . 7  3 1 . 3 
2 . 0 0 . 0  2 . 0  
0 . 5  2 2 ' l 2 2 . 6  
0 . 4 3 9 .  40 . 2  o . �  4 1 . 3  4 1 . 6  
O .  34 . 3  34 . 8  
O .  I 0 . 0  O .  I 
0 . 0  1 . 4 1 . 4 
0 . 0  3 .  I 3 .  I 
0 . 0  2 . 5  2 . 5  
0 . 0  2 . 3  2 . 3  
0 . 5  0 . 0  0 . 5  
O . � p . 3  1 1 . 7  o .  7 . 2  2 7 . 4  
O .  3 24 . 2 24 . 5  
0 . 3  2 0 . 9  2 1 . 2  
0 . 5  0 . 0  0 . 5  
0 . 2  6 . 1 6 . � o . j  2 3 . 5  2 3 .  O . p . 9  24 . 0  
0 . 1  7 . 8  1 8 . 0  

0 . 6  0 . 0  0 . 6  
0 . 5  2 . 5  3 . 0  
0 . 3  - 1 . 3  - I . ! 
0 . 2  1 . 9  I '  
0 . 3  1 . 0 . 
0 . 9  0 . 0  0 . 9  
0 ' 1 5 . 7  5 . 8  
O .  6 . 3  6 . 5  
O .  6 . 7  6 . 8 O .  I 6 . 2  6 . 4  
0 . 5  0 . 0  0 . 5  
0 . 1  1 . 4 1 . 5 

8 1 . 3  8 1 . 4  0 . 1  -0 . 3  -0 . 3  
8 . 5  8 1 . 5  - 0 . 0  -0 . 0  -0 . 0  
8 1 . 8  8 1 . 9 

5 1 . 4  5 1 . 7 
5 3 . 9 54 . 0  
5 7 . 1  5 7 . 2  
5 7 . 4  5 7 . 4  
56 . 1  56 . 2  

O .  I 0 . 3  0 . 4  
0 . 6  0 . 0  0 . 6  
O ' r 4 . 8  5 . 0  O .  1 1 . 0 p . 2  
0 . 1  1 � . 6  1 . 7  
0 . 1 . 2  9 . 3 

LEGEtID 11B = l1EAlI S U RV IVAL W IT H  110 ACTION COtIDIT IONS ( % )  ( 110 ACTION ) 

2 1 788 
1 1 0287 

STEELHEAD 

I1B MA RM C/1B O1A 
3 2 . 7  32 . 8  0 . 4  0 . 0  o . t 
4 3 . 3  4 3 . 3  0 . 0  32 . Z �2 .  
45 . 9  45 ' i -0 . 1  40 . 0 . 5  
4 6 . � 46 . 0 . 0  �2 . 2  4 2 . � 
45 . 45 . -0 . 0  8 . 4  38 . 
38 . 0  38 ' j 0 . 4  0 . 0  0 ' 1 
46 . 1  �6 .  -0 . 0  2 1 . � 2 1 . 
48 . 8  8 . 8  0 . 0  28 . 28 . 
4 9 . 4  �9 . 4  -0 . 0  �O . O  30 . 0  
48 . 1  8 . 1 - 0 . 0  6 . 6  26 . 5  
4 2 . � 4 2 . 6  �9 .  4� . 8  

2 . 0  5 . 1  
5 3 . � 5 3 . � 
5 1 .  5 1 .  
8 3 . 3  8 3 . 3  
88 . 0  88 . 0  
8 7 . 9  8 7 . 9  

A ' O  0 . 0  1 . 0 
. 3  H' �  1 8 . � 

O .  � . 2 3 .  
O .  26 . 0  2 6 .  
0 . 2  2 2 . 4  2 2 . 6  
0 . 0  o . �  0 . 0  0 ' 8  5 .  5 . 6  O . 5 .  5 . 6  

88 . 0  88 . 0  -0 . 0  5 · Z 5 . � 
88 . 0  88 . 0  0 . 0  5 .  5 .  
40 . 5  io . t 0 . 2  0 . 0  0 . 2  

�g : �  � :  =8 : 1 lr� I I : f f · O � . o  O . . 1 6 .  
5 . 2  5 . 2  O .  . I .  

6 7 . 0  6 7 . g 0 . 0  

�I : 4 F:! -8 : 1 � . 0  I .  o .  
0 . 4 70 . -0 . 

58 . r 5 9 . 0  
5 9 .  5 9 . 3  
6 0 . 1  6 0 . � 
6 1 . � 6 1 . 
6 0 .  6 0 . 3  

6 5 . 3 65 . � 
6 6 . 2  66 . 
6 7 . 8  6 7 . 8  
68 . 8  68 . 8  
6 7 . 6  6 7 . 7  

0 . 5  
0 . 2  
0 ' 1 O .  O .  
8 . 8  O : !  O .  
0 . 1  

� : O 0 . 0  � . 2  { !  . 8  

5 J . I 
0 . 0  0 . 5  
0 . 7  0 . 9  � : 1 � . 5  

. 8  
. 6 2 . 7  

Y : � Yj � : � 3 . � 
5 .  

3 .  3 .  
8 3 . 1  8 3 . � 
83 . 3  8 3 .  
8 1 . 7 8� . � 
8 2 . 6  8 . 
82 . 6  8 . 6  

O ' l  ff D . ' O .  . o .  O .  - . -A '  0 . 0  - .  - . 
0 . 0  -0 . -0 . 

7 1 . 5  f! · 6  O ' A �5 . 1  . 2  8 ' 5 . 9  6 . 0  . 0  �6 . � 6 . 5  -0 . 0  
5 .  5 . 9  0 . 0  

0 . 0  O ' l � J  5 .  
6 .  

7 . 0  7 . 0  
6 . 1  6 . 2  

Ta b l e  E . S . 4 4 

SOCKEi'E 
/1B t1A 
2 5 '1 25 '1 �9 .  r '  �� : � t 

3 .  3 .  
o . � 0 . 0  
O .  8 . 0  O .  . 0  
0 . 0  0 . 0  
0 . 0  0 . 0  it} !! : ! 

�t �J  
�9 :i !� : � 6Z . o .  
60 . 60 . � 60 . 3  60 . 

0 ' 8 8 . 0  8 : 0  . 0  
0 . 0  

0 ' 8 0 . 0  O .  0 . 0  

0 ' 8 O .  0 ' 8 O .  8 : 8 8 . 0  
. 0  

0 . 0 0 . 0  

8 : 8  8 . 0  
. 0  8 : 8  8 . 0  
. 0  

0 . 0  0 . 0  
0 ' 8 O .  8 . 0  

. 0  8 . 0 0 . 0  

0 : 8  0 . 0  
0 . 0  

0 . 0  8 . 0  
0 . & . 0  
o .  0 . 0  
o .  8 . 0  
0 . 0  . 0  iA :) n:l  t �2 ' A O .  O .  

RM C/1B O1A 

8 : f d:� �2 J 
o .  . I .  6 8 : J J� : �  
o : � 0 . 0  0 . 0  

0 . 0  0 . 0 
0 . 0  0 . 0  � : O 0 . 0  0 . 0  

. 0  0 . 0  0 . 0  � : I Ir� dJ o .  . �  ' 2  O . . . 
o . � 

_
0 . 0  

_
o . � 

� � 8 IJ I � �  
8 . 0  � . o  0 . 0  

8 : & . 0  0 . 0  
0 : 8 0 ' 8 o .  

. 0  0 . 0  0 . 0  

� � � 
8 . 0  8 . 0  

. 0  8 : 8 0 . 0  
. 0  0 . 0  

O .  . 0  0 . 0  

8 . 0  � . o 8 . 0  
. 0  . 0  . 0  8 : & . 0  0 . 0  8 . 0  0 . 0  

O . . 0  0 . 0  

8 : 8 8 . 0 0 . 0  
. 0  0 . 0  8 : 8 .8 . 0  0 . 0  
. 0  0 . 0  

. 0  0 . 0  0 . 0  � . o  � . o  0 . 0  
. 0  . 0  0 . 0  

J . 0  8 : 8 . 0  
0 . 0  0 . 0  � � I Ifl l �J 8 . . 1 . 2 

HA = HEAII SURVIVAL W I T H  A I.TERNATIVE COND ITIONS ( % )  ( A LTERIIAT IVE ) 
RM = R E L ATI VE CHANGE IN MEAII S U R V I V A L  ( % )  ( A LTERIIATIVE SURVIVAL - NO ACTION SURVIVAL ) I I UO Aq�OIl SURVIVAL ) 

C/1B = m6 ����gfi WIl���A�O 
_ 

A)lfiW'
1l8U��H�h 0�5�vH�[ I IRE�gfi�E

N6° 
Al¥�oh 9�aRU�v�£1IOII SURVI AL 1 %  

O1A = THE CHAtIGE I N  THE ALTE RNAT IVE SURVIVAL RELAT I V E  TO TIl E  1 988 110 ACTIOtl SURXX�AL ( % )  
( A LTE RNATIVE SURVIVAL - 1 988 110 ACTION SURV IVAL I I ( 1 988 110 ACTION S RVIV L 

AVG = THE AVE RAGE OF THE 'fEARS 1 9 9 3 ,  1 9 98 , AIID 2 0 0 3  ( % )  
·DATE RUII= 1 4MAR88 , I O , 0 3 , 4 7  
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RELATIVE CHANGES IN MEAN SURat¥AL Aill} 
ItIPACTS R� LATIVE TO 1 988 NO ION URVIVAL Ta b l e  E . 5-45  

; ITH THREE YEA� AVE AGEl 
/'IPREXAJ1K vs MPFEXBM ( NO ACT ON ) 

PROGRAM = DSH=PJ I . PF400 . RIlR . FISHPASS . SAS . REPORTSI FSUM51 ) 
F ILES , PJ I .  PF400 . CBS . FISH . PASS . DATA . tlTDCOLFG RUN DATE 

PJI . PF400 . CBS . F ISH . PASS .DATA . 11 IDCOLFG RUN DATE 

POOL YEAR 
HELLS 1 988 

1 993 
1 998 
2003 
AVG 

RRECH 1 988 
1 99 3  
1 998 
2003 
AVG 

R ISL 1 988 
1 993  
1 998 
2003 
AVG 

LHG 1 988 
993 

1 998 
2003 
AVG 

LHI'I p88 
993 

1 998 
2003 
AVG 

tlCN 1 988 
p93 
998 

2003 
AVG 

JDAY 1 988 
1 993 
1 998 
2003 
AVG 

DALS 1 988 
i 993  
998 
003 

AVG 
BOlIN 1 988 

993 
1 998 
2003 
AVG 

S1'S p88 
993 

!
998 
003 

AVG 

LEGEND 

YEARLIIIG 
I1B NA Rtf OIB Of A 
30 . 0  30 . 0  0 . 0  0 . 0  0 . 0  
38 . 8  38 . 7  -0 . 2  29 . 3  29 . 0  
4 1 . 7 4 1 . 7  -0 . 0  38 . 9  38 . 9  
4 1 . 5  4 1 . 5  -0 . 1  38 . 4  38 . 3  
40 . 7  4 0 . 6  -0 . 1  35 . 5  35 . 4  
32 . 8  32 . 8  -0 . 2  0 . 0  -0 . 2  
4 3 . 1  4 2 . 8  -0 . 7  3 1 . 2  30 . 3  
45 . 9 45 . 9  
46 . 2  46 . 2  

0 . 0  39 . 6  39 . 7  
0 . 0  40 . 6  40 . 6  

45 . 1  45 . 0  -0 . 2  37 . 1  36 . 8  
40 . 3  40 . 1  -0 . 5  0 . 0  - 0 . 5  
4 7 . 5  4 7 . 3  -0 . 5  1 7 . 8  1 7 . 3  
50 . 4  50 . 5  0 . 0  25 . 0  2 5 . 1  
50 . 6  50 . 6  - 0 . 0  25 . 4  25 . 3  
4 9 . 5  4 9 . 4  -0 . 2  22 . 7  2 2 . 5  
65 . 2  65 . 2  -0 . 0  0 . 0  -0 . 0  
79 . 9  79 . 9  -0 . 0  2 2 . 6  22 . 6  
79 . 6  79 . 6  
7 9 . 8  79 . 8  

0 . 0  22 . 1  22 . 1  
7 9 . 8  79 . 8  

0 . 0  2 2 . 4  2 2 . 4  
0 . 0  2 2 . 4  2 2 . 4  

33 . 9  33 . 8  -0 . 1  0 . 0  -0 ' 4 
36 . 5  36 . 4  -0 . 3  7 . 7  7 .  
38 . 6  38 . 7  0 . 1  1 3 . 9  1 4 . 0  
39 . 5  3 9 . 5  -0 ' 1  1 6 . 6  6 . 5  
38 . 2  38 . 2  - 0 .  1 2 . 7  1 2 . 6  
58 . 0  58 . 0  -0 . 1  0 . 0  -0 . 1  
59 . 9 5 9 . 8  -0 . 2  3 .  I 3 . 0  
6 3 . 8  63 . 8  -0 . 0  9 . 9  9 . 9  
63 . 9  6 3 . 8  -0 . 2  1 0 . �  9 . 9  
62 . 5  6 2 . 5  -0 . 1  7 .  7 . 6  
54 . I 54 . 9  1 . 4 0 . 0  1 . 4 
54 . 6  54 . 8  0 . 3  0 . 9  1 . 1  
55 . I 55 . 2  0 . 2  1 . 8 2 . 0  
56 . 9  56 . 9  -0 . 0  5 . 2  5 .  I 
55 . 5  55 . 6  0 . 2  2 . 6  2 . 8  
6 3 . 1 6 3 . 9  1 . 3 0 . 0  1 . 3  
65 . 0  65 . 1 O. I 3 .  I 3 . 3  
6 7 . 5  67 . 7  0 . 3 7 .  I 7 . 4  
68 . 0  68 . 0  -0 ' 1 7 . 8  7 . 8  
66 . 9  66 . 9  O .  6 . 0  6 . 1  
86 . 4  86 . 6  0 . 2  0 . 0  0 . 2  
86 . 7 86 . 7  0 . 0  0 . 4  o . t  
86 . 1 86 . 1  0 . 0  -0 . 3  -0 . 
86 . 5  86 . 5  0 . 0  0 . 2  O .  
86 . 4  86 . 5  0 . 0  0 . 1  0 . 1  
65 . 0  65 . 1  O .  I 0 . 0  O .  I 
70 . 9  70 . 8  -0 . 1  9 .  I 9 . 0  
7 1 . 7 7 1 . 7 0 . 0  1 0 . 3  1 0 . 3  
72 . 0  72 . 0  -0 . 0  1 0 . 7  1 0 . 7  
7 1 . 5  71 . 5  -0 . 0  1 0 . 0  1 0 . 0  

SUBYEARLING 
I1B MA 
15 . 8  1 6 . 3  
2 3 . 3 2 3 . t 26 . 5  26 . 
26 . 8  26 . 9  
25 . 6  25 . 7  
25 . 6  25 . 7  
31 . 1  3 1 . 2  
34 ' 1  34 . 3  
35 . 35 . 2  
33 . 4  33 . 6  
25 . 0  25 . 5  
30 . 5  30 . 6  
34 . 9  35 . 0  
35 . 3  35 . 4  
33 . 5  33 . 7  
52 .

! 
5 2 .

! 53 .  53 .  
54 . 3  54 . 3  
54 . 0  54 . 0  
53 . 9  53 . 9  
28 . 7  28 . 8  
31 . 9 3 1 . 9 
36 . 4  36 . 5  
35 . 6  35 . 7  
34 . 6  34 . 7  
40 . 9 4 1 . 1  
4 3 . �  43 . 5  
50 . 50 . 6  
50 . �  50 . �  
48 . 48 . 
4 9 . 0  49 . 1  
50 . 2  50 . 4  
48 . 3  48 . 4  
4 9 . 9 50 . � 
49 . 5  4 9 .  
5 3 . 5  5t . 0  
56 . 6  5 . 6  
56 . 9  57 . 0  
57 . 1  57 . 1  
56 . 9  56 . 9  

RI1 Q1B OIA 
3 . 0  0 . 0  3 . 0  
0 . 4  47 . 7  48 . 2  
o . �  6 7 . 9 68 . 3  O .  6 9 . 6  70 . 3  
0 . 3  6 1 . 7  62 . 3  
0 . 6  0 . 0  0 . 6  
0 . 5  2 1 . 4  22 . 0  
0 . 6  3 3 . 4  34 . 2  
o . �  37 . 2  37 . 8  
0 . 30 . 7 3 1 . 3  
2 . 0  0 . 0  2 . 0  
o . �  22 . 1  2 2 . 6  O .  39 . 6  40 . 2  
0 . 2  4 1 . 3  4 1 . 6  
0 . 4  34 . 3 34 . 8  
0 . 2  0 . 0  o . �  
0 . 0  1 . 4 1 .  
0 . 0  3 .  I 3 .  I 
0 . 0  2 . 5  2 . 5  
0 . 0  2 . 3  2 . 3  
0 . 3  0 . 0  0 . 3  
0 . 0  1 1 . � � 1 . 3  
0 . 1  21. . 7 . � 0 . 3  2 . 2  24 . 
0 . 2  20 . 9  2 1 . 
0 . 5  0 . 0  0 . 5  
0 . 1  6 . 1  6 . 3  
0 ' 1 2 3 . 5  2 3 . 6  O .  23 . 9  24 . 0  O .  1 7 . 8  1 8 . 0  
0 . 3 0 . 0  0 . 3  
0 . 4  2 . 5  3 . 0  
0 . 2  - 1 . 3  - 1 . 1  
o . � 1 . 9  2 . 3  O .  1 . 0 1 . 4 
1 . 0  0 . 0  1 . 0  
o . �  5 . 7  5 . 8  O .  6 . 3  6 . 5  
0 . 0  6 . 7  6 . 7  
0 . 1  6 . 2  6 . 3  

8� . 6  8 1 . 9  0 . 5  0 . 0  0 . 5  
8 ' j  82 . 7  0 . 0  1 . 4 1 . 4 
8 1 . 81 ' g  0 . 1  -0 . 3  -0 . 3  
8 1 . 8 1 . - 0 . 0  -0 . 0  -0 . 0  
8 1 . 8  8 1 . 9  
5 1 . 4  51 . 7  
53 . 9  54 . 0  
57 . 1  5 7 . 2  
57 . 4  5 7 . 4  
56 . 1  56 . 2  

0 . 0  0 . 3  0 . 4  
0 . 6  0 . 0  O .  I 4 . 8  5 .  

o . g  
0 ' 1 H ' O 

H ·
2 O .  . 6  . 7  

0 . 1  9 . 2  9 . 3  

p 788 I 0287 
STEELHEAD 
I1B MA RI1 Q1B CiA 

4 3 .  �3 . 3  o .  32 . 6  3 2 .  
32 . �  32 . 8  0 ' 1 0 . 0  O 'l 
45 . 9  � . 9  -0 . �� . 6  40 . 
46 . 4  4 . 5  0 . 0  . 2  42 . 
45 . 2  45 . 2  0 . 0  38 . 4  38 . 
�2 ' �  38 . 1  o . �  0 . 0  � 'I . 46 . 1  O .  2 1 . �  2 . 
48 . 8  48 ' i -0 . 0  28 . 28 .  
4 9 . 4  49 .  -0 . 0  30 . 0  30 . 
48 . 1 48 . 0 . 0  26 . 6  26 . 

52 . 0  
�
2 .  ��j 

4� : j A ' � 9 . 0  1 . 0  
• 1 . 9 1 8 .  � 

53 .  � 53 .  
5 1 . 51 . 7 

8 : 5 �t �  �� :  
0 . 2  22 . 4  2 2 .  

83 . 3  83 . �  0 . 0  
88 . 0  88 . -0 . 0  
87 . 9  87 . 9  0 . 0  
88 . 0  88 . 0  0 . 0  
88 . 0  88 . 0  0 . 0  

0 . 0  0 . 0  
5 . 6  �J gJ 
5 . 6  5 . 6  

40 . 5  40 . 5  0 ' 1 
o . �  o ·t 

43 .  43 . 3  - .  . . 
45 . � 45 . �  _8 . I I ·

8 I I .  47 . 0  r. O .  . ; . 
45 . 2  5 . 2  -0 . 0  1 .  1 .  
6 7 . 0  6 f ' 0  0 . 0  
7 1 . . O .  6 7 .

� 
6 . 7  -0 '

1 
F '  �A ' !  :0 .  O .  7 .  O .  
58 . 7 58 . 9  
59 ' 1 59 . � 60 . 60 . 
6 1 . � 6 1 . 5  
6 0 .  60 . 3  
65 . 3  65 . �  
66 . 2  66 . 
6 7 . 8  6 7 . 8  
68 . �  �8 . �  
67 .  7 .  

0 . 2  O · f O .  8J 
0 . 7  
0 . 1 O ' } O .  O .  

0 . 0  0 . 0  1 : �  1 : 8  
� : y  � : 1  
0 . 0  g :� 0 . 7  � : �  t . 6  
0 ' 2 

0 '1 1 .  ! :  3 . 8  
!j � :  

83 . 1  83 'j O ' l 0 . 0  O 'l 
8r � 83 .  O .  _o . �  _� . 
8 .  8! . o . A ' . 
82 . �  8 .  -0 . 0  - . ,  - 0 .  
82 . 82 . 0 . 0  -0 .  -0 . 

H: t  H : S O ' A O
: ! �J O .  

0 . 0  � : O �� : 5  �t5 0 . 0  
, 75 . 9  75 . 9  0 . 0  6 . 1  6 . 2  

I1B = MEAN SURVIVAL HITH NO ACTION COIIDITIOtlS ( % )  \NO ACTION ) 
MA = NEAll SURVIVAL �IITH ALTEP.IIATIVE CONDITIOIlS ( %  I ALTERIIATIVE ) 

SOCKEYE 
I1B I1A 

i�J n�i t9 33 . 8 . 0  8 . 0  
. 0 8 : 8 8 : 8  . 0  

0 . 0  0 . 0  

nJ UJ 
�g : i ,g : j �O . o .  O .  o .  60 . 60 . 
0 . 0  � . o � . o  . 0  : 8 

0 :8 . 0  

8 : 8  8 . 0  : 8  8 : 8 0 ' 8 . 0  O .  8 . 0  0 . 0  
. 0  g . o g ' O  . 0  
. 0  8 : 8 . 0  

8 . 0  0 ' 8 . 0  o .  
. 0  g : o 0 ' 8 O .  . 0  

0 . 0  �J � : 8 
. 0 
. 0  

�b : J if4 �� : : i  O .  . 

RI1 Q1B CiA 

& : 1 d : ! i2 : * O .  �3 .  !J O .  3 .  . 0  
0 ' 8 8 . 0  �J o . 

0 : 8 0 ' 8 8 : 0 
0 . 0  
0 . 0  0 . 0  8 ' { 2 . 0 " 1  t uJ L � 8 : �  -8 : � -8 : 1 8 : I : i t : o .  f .  . 8 : 8 0 . 0  8 : 8  0 . 0  

0 . 0  0 . 0  0 ' 8 8 : 8  0 . 0  8 : 0 0 . 0 

0 . 0  8 . 0  0 ' 8 � . o  . 0  O .  
. 0 . 0  O . : 8  0 . 0  8 : 8  0 . 0  � : 8  0 . 0  0 . 0  

0 . 0  8 : 8  . 0  0 . 0  
. 0  0 ' 8 8 : 8 0 . 0  O .  8 . 0  0 . 0  0 ' 8 . 0  0 . 0  8 : 0 . 0  0 . 0  0 ' 8  8 . 0  0 ' 8 o . . 0  O .  

8 . 0  0 . 0  0 . 0  : 8  0 . 0  8 : � 8 . 0  
0 ' 8 . 0 O . O .  0 . 0  O .  8 ' � � . o  f 2 r Iri I J 

RI1 = RELATIVE CHANGE IN tlEAN SURVIVAL ( % )  I ALTERIIATIVE SURVIVAL - NO ACTION SURVIZAL )  , ( uO Af}.�ON SURVIVAL ) 
Q1B = THE CHAIIGE IN THE NO ACfION SURVIVAL OVER TltIE \ RELATIVE TO THE 1 988 0 ACTI N SU V I  AL % ( 110 ACTIOH SURVIVAL - 1 988 NO ACTION SURVIVAL / ( 1 988 NO ACTION SURVIVAL ) 
O1A = THE CHANGE IN TltE ALTERNATIVE SURVIVAL RELATIVE TO THE 1 988 NO ACTIO� SURXI�AL ( % )  

I ALTEIlIIATIVE SUllVIVAL - 1 988 NO ACTION SURVIVAL l / 1 988 NO ACfION S RVIV L 
AVG = THE AVERAGE OF THE YEARS 1 993 ,  1 998 , AND 2003 ( X )  

-DATE RUN= 14MAR88 : 1 0 , 0 1 , 39 
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AHBRVIVAL 
TH �EE �A AVE S 

HHFEXAM� V PFE H I Na A ION ) 

�ROGRAM = DS�= PJ I . PF400 . RNR . F ISHPASS . SAS . REPORTS I FSUH5 1 ) 
ILES . PJI . P  400 . ceS . F lSn . �ASS . DATA . M IDCOLFG RUN gATE 

POOL 

PJI . PF400 . ceS . F IS . ASS . DATA . M IDCOLFG RUN ATE 

'fEAR LING SUB'fEARLIHG 

'fEAR tIB MA RI1 01B O1A tIB HA RI1 OIB O1A 

HELLS F88 
993 

30 . 0  30 . 0  -0 . 1  0 . 0  -0 ' 4 38 . 8  38 . 8  0 . 1  2 9 . 3  2 9 .  2 3 . 3  3 .  
1 5 . 8  �6 ' i 5 : �  29 : �  2§ : l 1 9 98 

2003 
AVG 

RRECH 1 988 
993 !gg� 

AVG 

RISL l ��� 199� 
VG 

LHG 1 988 
9 9 3  ! 998 
0 0 3  

AVG 

LHH 1 988 1 9 9 3  
998 

2003 
AVG 

MCN fe8 
9 9 3  
998 
003 
VG 

JDA'f r88 
9 9 3  
998 

1003 
VG 

DALS rS8 
993 
99� 00 

AVG 

BONN l��� 
99� 00 

AVG 

S'fS rS8 
993 
998 

1003 
VG 

4 1 . 7 4 1 . 7  -0 . 0  38 . 9  38 . 9  � 1 . 5 4 1 . 6  0 . 2  38 . � 38 . 7  
0 . 7 4 0 . 7  0 . 1  35 . 35 . 7  

3 2 . 8  33 . 0  0 . 5  0 . 0  0 . 5  
4 3 . 1 4 3 . 1  0 . 1  3 1 . 2  3 1 . 3  
45 . 9  4l . 9  0 . 1  3 9 . 6 3 9 . 8  
46 . 2  4 . 6  1 . 0 40 . 6  4 2 . 0  
<t5 . 1 45 . 2  0 . 4  3 7 . 1  3 7 . 7  " iO ' �  40 . � 0 . 2  0 . 0  0 . 2  

7 .  4 7 .  -0 . 0  1 7 . 8  1 7 . 8  8 ' 2  50 . 5  0 . 1 2 5 .
� 

2� . � . 5 1 . 0  0 . 9  25 . 2 .  
9 . 5  4 9 . 7  0 . 3  2 2 .  2 3 . 1  

65 . 2  65 . � 
7 9 . 9  7 9 .  r . 6  7 9 . 6  

9 . 8  7 9 . 8  
9 . 8  7 9 . 8  

p . 9  34 . 0  
6 . 5  36 . 5  
�8 .

� 
38 . 6  

9 .  3 9 . 7  
38 . 38 . 3  

58 . 0  58 ' l 
5i . 9  60 . 
6 . 8  6 3 .  
6 . 9  64 . 2  
6 2 . 5  6 2 . 7  

0 . 0  0 . 0  0 ' 2 0 . 0  F . 6  2 2 .  
0 . 0  2 . 1  2 2 . ! 
0 . 0  2 2 . 4  2 2 .  
0 . 0  2 2 . 4  2 2 .  

0 . 2 0 . 0  O ' A 0 ' 1 7 . 7  7 .  O .  1 3 . 9  p ' O  
0 . 4  � . 6  . 0  
0 . 2  . 7  3 . 0  

0 . 1  0 . 0  o . �  
0 ' 1 3 . 1  3 .  O .  9 . 9  0 . 1 O .  1 0 .  � 1 0 ' T 0 . 3  7 .  8 .  

54 . � 54 . 8 1 .  � 54 . 54 . 8  O .  0 . 0  
0 . 9  1 :

2 

2 : 1 55 . � 55 . � 0 . 3  

�6 .  �6 .  -0 . 0  
5 . 5  5 .  0 . 2  � . 8  

J 
P ' A 6� . 9  

5 .  6 . 2 

f . 5  6 7 . 8  
8 . 0  68 . 0  

66 . 9  6 7 . 0  

86 ' 1 8� . 6  
86 . 8 . 8 
86 . � 86 . � 86 . 8 6 . 
86 . 4  86 . 5  

�5 . 0  65 . 2  
0 . 9  7 1 . 0  � 1 .  7 7 1 . 7 
2 . 0  7 2 . 1 7 1 . 5 7 1 . 

AJ  0 . 0  1 . � 3 .  I 3 .  
0 . 3  7 . 1  � . 5  
0 . 0  7 . 8  . 9  
0 . 2  6 . 0  6 . 3  

0 . 2  0 . 0  o . � 0 . 1  0 . 4  O .  
0 . 0  - 0 . 3  -o . �  
0 . 0  0 . 2  O .  
0 . 0  0 . 1  0 . 1  

0 . 2  0 . 0  0 . 2  O .  I 9 .  I 9 .  I 
0 . 1  1 0 . 3  1 0 . 3  
0 . 2  1 0 . 7  o . y  
0 . 1  1 0 . 0  1 0 .  

2 6 . 5  2 6 . 
26 . 8  2 6 . � 25 . 6  25 . 

H : t  �I : � 
3� . ! 3� . 3  
3 .  3 . 2 
3 3 . 3 3 . 6  

�5 . 0  25 ' 2 
0 . 5  30 . 

�� :r�� : � 
3 3 .  3 3 .  

5 2 . i 5 2 . ! 5 3 .  5 3 . 
54 . 5� . 3  
54 . 0  5 . 0  
53 . 9  53 . 9  

�8 . 7  28 . 7  � ' i 3i ' 0  
3 .  3 . � 35 . �5 .  
34 . 6  4 .  

4 0 . i 4 1 . ! �3 .  �3 .  O .  o . 
50 . 50 . 
48 . 2  48 . 

4 9 ' 1 4 9 . ! 
50 . 50 . 
48 . 48 . 4  
4 9 .  �O . O  
4 9 .  9 . 6  

5� . 5  52 . 0  
5 ' 1  5 . 7  

�6 .  5 7 . 0  
7 .  5 7 . 1  

56 . 56 . 9  

�! : i �! J 
8 1 ' 8 1 ' � 8 .  8 .  
8 1 . 8 1 . 9 

�! : � g4 : 7 

5 7 ' 4 5� .� 
5 7 .  5 .  
56 . 1  56 . 2  

O .  7 .  8 .  
0 . 2  6f . 6  70 . 
0 . 3  6 . 7  6 2 . 3  

0 . 7  � . � l ' ! 0 ' 2 2 .  2 .  O .  3 3 . � � . 
0 . 3  3 7 .  . 
0 . 4  30 . 7  3 1 . 

A : � !� : I �t i O .  . . 
o . � ! . l '  
0 . 4  3 .  � .  
0 . 1  0 . 0  ti 0 . 0  tl  0 . 0  
0 . 0  � : 3 0 . 0  2 . 3  

gj �tJ �� : !  8 J  �O : �  21 : 1 

o . � O 'I o . ! 8 : I ft 2t o . � ' K f� ' o O .  • . 0  

O .  - . - . 

0 ' 1 0 . 0  1 ' 2  O .  f ' � · t 8 J  : : 
0 . 8  0 ' 9 0 . 8  
0 . 2  iJ t !  0 . 2  
0 . 0  
0 . 1  

O ' y O .  y . o . 4  y : � O ' A =o · a =8 ' � o . O .  • 
0 . 1  0 . 3  O .  
8 J 1 : 8 O : ij  
O ' f I . 0  )f ' f O .  1 . 6  . O .  9 . 2 9 .  

LEGEND HB = MEAN SURVIVAL HITH NO ACTION CONDITIONS 1 %1 I NO tflION l 

2 1 788 
1 0 3087 

SfEELHEAD 

I1B HA RI1 OIB O1A 

�� :I �� :f -8 : 1 i� : I i� :i �5 .  45 . O .  . � .  
6 .  �6 .  - 0 . . . 

45 . 5 .  -0 . 0  8 .  8 .  

�� : A �� : A 8 : ! I� : I �� : i �8 .  8 .  O .  8 .  8 .  
9 .  4 9 .  - . O .  9 .  
8 . 1 48 . 1 8 . A 6 .  6 . 6  

9 .  4 9 .  
�2 . � 4 2 '1 
UJ n: 
83 · a 83

· a 88 . 88 . 
8� . g 8 7 . g 
8 .  88 . 
88 . 0  88 . 0  

4 0 '1 40 '1 i� : i� : 
� : 2 � :  

UJ UJ 
Iz �I i' � 1 6A . O .  Itl r�; 
6 7 , 2 J. 

� � I !rl �! � f O .  � .  2t 
0 ' 8 fI IJ O .  0 ' 8 O .  
0 . 0  

�J IIJ liJ 
0 ' 1 IJ t! O .  
8 : O .  � � I ti 8 : j  t9 O .  
O ' f IJ iJ O .  8 : 

�� : �  g
�
:1 � : f _o : � -� : I 8 1 . B! ' . � . . 

8 2 . . - .  - . - . 
8 2 . Z 8 2 .  O .  - .  - 0 .  

UJ UJ s : !  f � J � � i 0 . ) O .  6 .  6 .  

Ta ble E . 5-46 

SOCl<EYE 

I1B I1A RI1 OIB O1A 

Itl llJ r, dJ d�1 � � � O .  I] IJ . 0  I ] IJ : 8  
UJ UJ IJ dj d�! 
UJ UJ IJ -rl -r t 
I : � : 8 IJ IJ � : I 8 : IJ 
IJ IJ � :I 8 : IJ t� 
�J IJ IJ I] IJ : 8 
IJ IJ IJ IJ 1 : 8 . 0  

. 0  . 0  

. 0  . 0  . 0  

IJ IJ IJ �J 1 . 0 
. 0  : 8  . 0 0 . 0 

UJ UJ IJ II] itt 
H A  = MEAN SURVIVAL HITH ALTERNATIVE CONDITIONS %1 I A  T RUATIVE ) RH = RELATIVE CHANGE IN MEAN SURV IVAL 1 % )  I ALTERN lIVE S RVIVAL -�o t�AoN SU�I�AL� , �U2 A��ON SURVIVAL ) 

01B = THE CHANGE IN TIlE NO ACTION SURVIVAL OVER TIM \ RELA�IVE TO E 9 �O A U V L % 1 NO ACTION SUR IVAL - 1 988 NO ACTIO SURV V I I 88 NO 0 SUR IVAL Cl1A" = THE CH�NGE IN ¥HE ALIERNATIVE SURV I�AL RE LIT�Xt fa T�E 1 988 Ao I�I0tl U6XI AL 1 1. )  
ALTERNATIVE SURV I V¢ - 1 988 NO AijION SURV I� l / 988 NO ACTION S RVI L 

AVG = THE AVERAGE OF THE EARS 1 9 9 3 ,  1 9 9 , AND 200 I /o )  

-DATE RUN= 14MAR88 . 1 0 . 0 3 . 0 7 
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Ta b l e  E . 5- 4 7  
RELATIVE CHANGES IN MEAN SURVIVAL AND 
II'IPACTS REl.ATIVE TO 1 988 NO ACTION SURVIVAL 

WITH THREE YEAR AVERAGES 
MPRDCBMK VS tlPFEXBI1K ( NO ACTION ) 

PROGRAM ; DSH = P J I . PF .. OO . RIIR . FISHPASS . SAS . RE PORTS( FSlJI151 1 
F I LES . P J I . PF"OO . CB S . F I SH . PASS . DATA . M IDCOLFG RUN DATE 

PJI . PF"OO . CBS . F ISH . PASS . DATA . M IDCOLFG RUN DATE 

YEAR L I IIG POOL YEAR t1B MA R11 Cl1B CMA 

WELLS 1 988 
1 993 1 998 
2003 
AVG 

RRECH 1 988 
1 993 
1 998 
2003 
A V G  

R ISL 

LWG 

LWI1 

MCN 

JDAY 

DALS 

BOliN 

SYS 

LEGEND 

1

988 
993 
998 
003 

AVG 

1 988 
1 993 
1 998 
2003 
AVG 

1 9M 
1 993 
998 
2003 
AVG 

1 988 
1 993 
1 998 
2003 
AVG 1 988 
993 
998 
2003 
AVG 1 988 
993 
998 
2003 
AVG 

1 988 
1 993 

1
99
6 

003 
V G  

I ��� 
998 
2003 
AVG 

30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  
�� : �  �� : � =? : t  �� : �  �� : g  
4 1 . 5  .. 1 . 4 -0 . 4  38 . 4  37 . 9  
40 . 7  40 . 4  -0 . 7  35 . 5  34 . 6  
3c . 8  32 . 9  
.. 3 .  I 4 2 . 8  
45 . 9  " 5 . 5  
46 . 2  46 . 4 
45 . 1  4 .. .  9 

O .  I 0 . 0  0 . 1  
-0 . 6  3 1 . 2  30 . 4  
-0 . 8  39 . 6  38 . 5  
0 . 5  40 . 6  4 1 . 2  
-0 . 3 37 . I 36 . 7 

"0 . 3  .. 0 . 3  
4 7 . 5  47 . 3  
50 . 4  50 . 1  
50 . 6  50 . 8  
4 9 . 5  4 9 . 4 

- 8 : �  1 9J 1 9 : �  
-0 . 7  25 . 0  24 . 2 0 . 5  25 . 4  26 . 0  
-0 . 2  22 . 7 2 2 . 5  

65 . 2  65 . 2  -0 . 0  0 . 0  -0 . 0  
79 . 9 7 9 . 9  - 0 . 0  2 2 . 6  2 2 . 6  
79 . 6  79 . 6  -0 . 0  22 . 1  2 2 . 1 
79 . 8  79 . 8  0 . 0  2 2 . 4  2 2 . 4  
79 . 8  7 9 . 8  -0 . 0  2 2 . 4  22 . 3  

!� : �  !� : �  =8 : A 9 : 9  -2 : A  
38 . 6  38 . ..  -0 . 5  1 3 . 9  1 3 . 3  
39 . 5  3 9 . 5 0 . 0  1 6 . 6  6 . 6  
38 . 2  38 . 0  -0 . 4 1 2 . 7  1 2 . 2  
58 . 0  58 . 0  0 . 0  0 . 0  0 . 0  
5 9 . 9 5 9 . 5  -0 . 5  3 . 1  2 . 6  
6 3 . 8 6 3 . 7  -0 . 1  9 . 9  9 . 8  
63 . 9 64 . 0  0 . 2  1 0 . 1 1 0 . 3 
6 2 . 5 6 2 . 4  -0 . 2  7 . 7  7 . 6  
54 . 1  5 .. .  3 0 . ..  
54 . 6  54 . 2  -0 . 8  
55 . 1  55 . 1  - o . � 
56 . 9 56 . 7  -0 . 
55 . 5  55 . 3  - 0 . 
63 . 1  6 3 . 3  0 . 4 
65 . 0  6', . 5  -0 . 8  
6 7 . 5  6 7 . 5  -0 . 0  
68 . 0  6 7 . 8  -0 . 2  
66 . 9  66 . 6  -0 . 3  

0 . 0  0 . ..  
0 . 9  0 . 0  
1 . 8 1 . 7  
5 . 2  4 . 7 
2 . 6  2 . 2  
0 . 0  0 . 4  
3 .  I 2 . 3  
7 .  I 7 . 1 
7 . 8  7 . 6  
6 . 0  5 . 7  

8 6  . ..  86 . "  0 . 1 0 . 0  o . ! 
66 . 7  86 . 6  -0 . , 0 . 4  O .  
86 . 1 86 . 0  -0 . -0 . 3  - 0 .  
86 . 5 86 . 4  -0 . 0 . 2  0 . 1 
86 . 4 86 . 3  -0 . 1  0 . 1  -0 . 0  
65 . 0  65 . 1  0 . 1  0 . 0  0 . 1  
70 . 9  70 . 7  -0 . 2  9 . 1  8 . 8  
7 1 . 7  71 . 5  -0 . 2  1 0 . 3 1 0 . 0  72 . 0  72 . 0  -0 . 0  1 0 . 7  0 . 7  
7 1 . 5  71 . 4  -0 . 1  1 0 . 0  9 . 8  

SUBYEARLING 

t1B MA RtI Cl1B CMA 

1 5 . 8  15 . 9  0 . 3  0 . 0  0 . 3  
23 . 3  23 . 2  -0 . 8 4 7 . 7 " 6 . 5  
26 . 5  26 . 1  - 1 . 7  6 7 . 9  65 . 0  
26 . 8  26 . 3  - 1 . 8  6 9 . 6  66 . 6  
25 . 6  25 . 2  - 1 . 4 6 1 . 7 5 9 . 4 
25 . 6  
3 1 . 1  
34 ' 1  35 . 
3 3 . 4  

25 . 5 
30 . 8  
33 . 8  
34 . 9  
33 . 2  

-0 . 2  0 . 0  -0 . 2  
-0 . 9  2 1 . 4  20 . 3  
-0 . 9  33 . 4  3$ . 2  
-0 . 6  37 . 2 3 . 4  
- 0 . 8 30 . 7  2 . 7  

25 . 0  
30 . 5  
34 . 9  35 . 3  
3 3 . 5  

25 . 0  
3
0 .

! 
34 . 
35 . 
3 3 . 

0 . 1  0 . 0 o . � 
-0 . 3  2 2 . 1 2 1 . 
-0 . 6  4 . 3 40 . 
- 0 . 6  31 . 6  38 . 
-0 . 5  3 . 3  3 3 .  

52 . 7 52 . 7  0 . 0  0 . 0  � . o  
5 3 . 4 53 . 3  -0 . 1  1 . 4 . 2  
54 . 3 5 .. .  2 -0 . 2  3 . 1  . 8  
54 . 0  5 3 . 9  -0 . 2  2 . 5  2 . 3  
5 3 . 9 5 3 . 8 -0 . 2  2 . 3  2 . 1 

�� : �  �� : 4  - ? :
� 

I Y : � � : !  
36 . 4  35 . 9  - 1 . 5  2 7 . 2  25 . 3  35 . 6 35 . I - . 3 24 . 2 2 2 .  5 
34 . 6  34 . I - 1 . 4  20 . 9  1 9 .  I 

2� : � �� : �  -8 : ! � : Y  g : }  
50 . 5  50 . 3  -0 . 4  2 3 . 5  2 3 . 0  
50 . 6  50 . 5  -0 . 4  2 3 . 9  2 3 . 4  
48 . 2  48 . 0  -0 . 4  1 7 . 8  1 7 . 4 
4 9 . 0 4 9 . 0  0 . 0  
50 . 2 4 9 . 7 - 1 . 1  
48 . 3 4 7 . 8 - I . 
49 . 9  4 9 . 5  -0 . 8  
4 9 . 5  4 9 . 0  - 1 . 0  
5 3 . 5 53 . 6  0 . 1  
56 . 6  5 6 . 5 - O ' i 
56 . 9 56 . 7  - 0 . 
57 . 1 56 . 9  -0 . 
56 . 9 56 . 7  -0 . 

+1 
O : � i : 7  
t 2  

0 . 0  
1 . 4 
- 2 . 4  
1 . 1  
0 . 0  
0 . 1  
5 . 5  
i ·
9 

5 : �  
B I . 6  8 1 ' 1 _0 . 2 0 . ,  '1 . 2 82 . 7  82 . 0 . 2  I .  . 2  
8 1 . 3 8 1 . -0 . 1  - 0 .  - . 4 
8 1 . 5 8 1 . 4  -0 . 2  -0 . 0  -0 . 2  
8 1 . 8 8 1 . 7  -0 . 2  0 . 3  0 . 2  
5 1 . 4  5 1 . 5  0 . 1  0 . 0  o . ! 
5 3 .  5 3 . 7  - 0 . 4  . 8  4 .  
57 . ?  56 . 9  -0 . 4 11 . 0  1 0 . 5 7 . 4 57 . 2  -0 . 4  . 6  1 . 2 
56 . 1  55 . 9  -0 . 4  9 . 2  8 . 8  

2 1 788 
20288 

STEELHEAD 

t1B ttA RI1 Cl1B O1A 

45 . 45 . O .  O .  3 .  
� � : f

7 �� : I :8 : f 2� : i
O 3°f : � 4 6 . 4 6 . -8 ' 2 . 4 . 45 . 45 . - .  38 . 3 .  

�� : ?  �2 : 8  :8 : j 
�� :I �-�O : f 

48 . 8 48 ·
A 

8 ' . . 
4 9 . 4 9 .  - .  . . 
48 . 1  48. -0 . 26 . 26 . 

2� : ,  �� : f -
8 : , � 9 : � i� : 1 5 2 . 0  52 . - 0 .  3 .  . 

53 . 1 5 3 . - 0 .  6 .  . 
51 . 6  5 1 .  -0 . 2 .  2 .  

88 . 0 88 . 0 -0 . . . 
83 . 3  83 . 3  -0 ' 8  

" 1 -" 1 g� : 8  g� : g  -8 : 8 : : 
88 . 0  88 . 0  -0 . 0  . . 
40 . 5  40 .

! 
4 3 .

S 
4 3 .  

4 5 .  45 . 
4 7 .  4 7 .  
45 . 2 45 . 1  

7 1 . 71 . 4 
6 7 . 0 6 7 . 0 
6 7 .

� 

6 7 . 5 
72 . 72 . 1  
70 . 70 . 4  

ll ll � t ifJ 
J! fi t! 

58 '

1 

58 . 7  -0 . 0  
5 9 .  58 . 9  - O 'f 
60 . 5 9 . 8  - 0 .  
6 1 .  6 1 . 2  -0 . 
60 . 60 . 0  -0 . 

6 6 . 65 . 8 -0 . 
65 .� 6 5 . 4 0 '

1 
67 . 6 7 't -0 . 
66 . 8  68. - 0 . 
6 7 . 6 67 . - 0 . 
83 . 1  8 3 .

! 

o . � 8 3 . 3  8 3 .  -8 ' 8 1 . 7 81 . - .  
82 . 6  8 2 .  - 0 . 
82 . 6  8 2 .  -0 . 

0 :

; 

-O : � 
1 : 6  JJ 
l � g 

8 �t �j t2 

8 : 0 8 :
1 :A : �  :A : -o . � -0 . 

��
:
� �� : 5  :

8 :
1 � : I f : i 75 . �  75 ' 3 O .  . . 76 . 5  6 .  -0 . . . 

75 . 9  >5 . - 0 . 6 .  6 .  

SOCKEYE 

t1B ttA RtI Cl1B CMA 

if i l !I�i �� � � iI i ! i! � i � �� � � � � � � � � i � � � 
�I � I li � ! �� � i �l � i i' � i f� �! f� � j � � � I _o � � :8 � g  
60 . �  60 . t - � .  1 . 1  t . �  
8 : 8 � : � � : � � : 8 8 : � 8 ' 8  . . . 0  8 '  · . . . 0  . 

· . . 0 . 0  0 . 0  � : � � : � � : � � : 8 0
:
0 

· O .  . 0 . 0  8 . 8  
· 8 '  . 8 . 0 8 ' 8  · • • . 0  • 8 : � � : o � : � � : 8 � : � o . . 8  . 8 . 0 . o . . 8  . . 0  . IJ � � � iJ 0 . 0  � ' 8 . 0  . �

. o . 

. 0  O . � 

. 0  0 . 0  � . � � . � � ' 8 0 . 0  0 . 0  
· . . 0 . 0  . 0  · . . 0 . 0  

�

. o  
· . ' 8 0 . 0  ' 8 · . . 0 . 0  . �f � � �i � 2 �� : � 1 � � 9. i� � � �o J R � 0 J X J 7 . 8  

tlB 
MA 
R11 

Cl'1B 

MEAII SURV IVAL H ITH NO A CT I OI( COIID ITIOIIS ( I. )  ( NO ACTION ' 
ttEAU SURV IVAL WITH Al.TERUATIVE COl/D ITI OUS ( 1. 1 I ALTERIIATIVE ' 
RELAT I V E  CHAUGE I II MEAN SURV IVAL I I. )  ( A LTl:RNATlVE SURVIVAL -

N
0 tCT!ON SUll.'qvAL I I ( NO ACTION SURVIVAL I nil ��-4�gfi Wl<�liv Aro -Ar;;AgNIf5u��H8h 0�5�v n�t I /l:HUXE

If6
° 

A&�ON 
9�URV�V�t i ON SURVIVAL ( I. )  

0iA 

AVG 

l HE (HANCE IN THE ALTERIfATIVE SURV IVAL RELAT I V E  TO THE 1 9B8 110 ACTIOfI SURVI VAL ( I. )  
I Al.TEIltIAT IVE SURVIVAL - 1 988 1(0 ACTION SURV IVAL ) I ( 1 988 NO AcnON SURV IVAL ) 
l HE AVERAGE OF THE YEARS 1 9 9 3 , 1 998 , AlID 2003 I I. )  

"DATE RUN; 22FEB88 . 1 5 . 38 . 34 
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Ta b l e  E . 5 - 4 8  
RElATIVE CIIANGE� IH NEAll SURV�AL Mill 
ItlPACTS REtATIV TO 1 988 NO A ION SURVIVAL 

mTH T REE YEAR AVERA ,fS 
NPRDCFIlK VS UPFEXBI1K I NO ACTION ) 

PROGRAM = DSII= PJ I . PF400 . RIIR . F ISHPASS . SAS. REPORTSl fSIJI15 1 ) F ILES . PJI . PF400 . CBS . F ISH . PASS . DATA . N IDCDLFG RUN DATE 
PJI . Pf400 .ceS . F ISIl . PASS . DATA . N IDCDLFG RUN DAlE 

YEARLIIIG 
POOL YEAR lIB NA RH Ct1B alA 
HELLS 1 988 30 . 0  30 . 0  -0 . 2  0 . 0  -O ' J 1 99 3 38 . 8 38 . 5  -0 . 9  29 . 3  28 . 

1 998 4 1 . 7 4 1 . 3  -0 . 9  38 . 9  37 . 
2003 4 1 . 5 4 1 . 3  -0 . 6  38 . 4  37 . 6  
AVG 40 . 7 40 . 4  -0 . 8  35 . 5  34 . 5  

RRECH 1 988 32 . 8  32 . 9  0 . 3  0 . 0  0 . 3  1 993 43 . 1 4 2 . 7  -0 . 9  3 1 . 2  30
'
l 

998 45 . 9 45 . 7  -0 . 4  39 . 6  3 9 .  
2003 46 . 2  46 . 4  0 . 6 40 . 6  4 1 .  

RISL 

LHG 

LHI1 

AVG 45 . 1 45 . 0  -0 . 2  3 7 . 1 36 . 8  
1 988 40 . 3  40 . 3  0 . 0  0 . 0  0 . 0  
I ��§ �b : �  �b : �  =g : �  � � : g  �� : Z  
2003 50 . 6  50 . 8  0 . 5  25 . 4  26 . 0  
AVG 4 9 . 5 4 9 . 4  -0 . 2  22 . 7  2 2 . 5  
1 988 
1 99 3 
1 998 
2003 
AVG 
1 988 1 993 998 
2003 
AVG 

65 . 2  65 . 2  0 . 0  0 . 0  O '! 79 . 9  79 . 9  -0 . 0  22 . 6  2 2 .  
7 9 . 6  7 9 . 6  -0 . 0  22 . 1  2 2 .  
7 9 . 8 79 . 8  0 . 0 2 2 . 4 22 . 
7 9 . 8 79 . 8  -0 . 0  2 2 . 4 2 2 . 4  

�i : �  �� : �  -g : �  9 : 9  2 : �  
38 . 6  38 . 5 -0 . 4  1 3 . 9 1 3 . 4  
39 . S  3 9 . 5  -0 . 1  1 6 . 6  6 . 4  
38 . 2  38 . 1  -0 . 4  1 2 . 7  2 . 3  

/'fCN I ��� �� : �  �� : �  _g : �  � : �  g : �  
1 998 6 3 . 8  64 . 0  0 . 3  9 . 9 1 0 . 2  
2003 63 . 9 64 . 0  0 . 1  1 0 . 1  1 0 . 2  
AVG 6 2 . 5  6 2 . 4  -0 . 2  7 . 7  7 . 5  

JDAY 

DALS 

80NN 

SYS 

LEGEIIll 

1 988 99 3 1 998 
2003 
AVG 

j988 993 
996 00 3 
VG , 988 
993 
998 
2003 
AVG 1 988 
993 
1 998 2003 
AVG 

HB 

�� : l  �� : �  -u 
55 . 1 55 . 0 -0 . 2 
56 . 9  56 . 6  -0 . 5  
55 . 5 55 . 2  -0 . 7  
6 3 . 1 6 3 . 9  1 . 3  
65 . 0  6' • .  2 - I .  3 
6 7 . 5  6 7 . 5  -0 . 0  
66 . 0  6 7 . 8  -0 . 4  
66 . 9  66 . 5 -0 . 6  

0 . 0  l 't 
0 . 9  -0 . 
1 . 8 I .  
5 . 2  4 . 6  
2 . 6  1 . 9  
0 . 0  1 . 3  
3 . 1 . 8  
7 . 1  7 . ! 7 . 8  7 .  
6 . 0  5 .  

86 . 4  86 . 6  0 . 2  0 . 0  0 . 2  
86 . 7 86 . 5  -0 . 3  0 . 4  0 . 1  
86 . 1 86 . 0  -0 . 1  -0 . 3  -0 . 4  
86 . 5 86 . 4  -0 . 1  0 . 2  0 . 0  
86 . 4 86 . 3  -0 . 2  0 . 1  -0 . 1  
65 . 0  65 . 1  0 . 2  0 . 0  0 . 2  
70 . 9  70 . 6  - 0 . 4  9 . 1  8 . 6  
7 1 . 7 7 1 . 6  -0 . 1 1 0 . 3 1 0 . 1 
72 . 0  7 1 . 9  -0 . 0  1 0 . 7 1 0 . 7  
71 . 5  71 . 4  -0 . 2  1 0 . 0  9 . 8  

SUBYEARLING 
t1B riA Rt1 Ct1B CJ1A 

1 5 . 8  1 6 . 0  1 . 4 0 . 0  1 . 4 
23 . 3  2 3 . 2 -0 . 6  47 . 7  46 . 7  
26 . 5  26 . 1  - 1 . 6  6 7 . 9  65 . 2  26 . 8  26 . 3  - . 9  6 9 . 6 66 . 4 
25 . 6  25 . 2  - 1 . 4 6 1 . 7 5 9 . 4  

34 . 34 . 1  -0 . 1  3 3 . 4  33 . 
25 . 6  25 . 7  0 . 3  0 . 0  o . ! 
3 1 . , 3 1 . 0  -0 . 3  2 1 . 4  2 1 . 
35 . 34 . 9  -0 . 7  37 . 2  36 . 
3 3 . 4  3 3 . 3 -0 . 3  30 . 7  30 . 
25 . 0  25 . 2  1 . 0  0 . 0  1 . 0  
30 . 5  30 . 5  -0 . 0  22 . 1  12 . 0  
34 . 9  34 . 8  -0 . 3  3 9 . 6  9 '1 
35 . 3  35 . 1  -0 . 6 4 1 . 3  O .  
3 3 . 5  3 3 . 4 -0 . 3  34 . 3  3 .  
52 . 7  52 . 7  0 . 1  
53 . 4  53 . 3  -0 . I 54 . 3 54 . 2 -0 . 2  
54 . 0  53 . 9  -0 . 2  
53 . 9 53 . 8  -0 . 2  

0
: 2 ! : ! lJ �J 

28 . 7  28 . 7  -0 . 0  0 . 0  -o . ! 
3 1 . 9  31 . 5  - 1 . 3  1 1 .  9 .  
36 . 4  35 . 9  - 1 . 4  2 7 . � 25 . 
35 . 6  35 . 0  - . 5  24 . 2 22 . 
34 . 6  34 . 2  - 1 . 4 20 . 9  1 9 .  
40 . 9  4 1 . 0  0 . 2  
4 3 . 4 43 . 3  -0 . 2  
50 . 5  50 . 3  -0 . 3  
50 . 6  50 . 5  -0 . 4  
48 . 2 48 . 0  -0 . 3  

�8 : g  �� : �  -8 : 2  
48 . 3 48 . 0  -0 . 7  
4 9 . 9  4 9 . 4  - 1 . 0  
4 9 . 5  4 9 . 1 -0 . 8  

0 . 0  0 '1 
6 . 1  5 .  
2 3 . 5  f3 .  
2 3 . 9  3 .  
1 7 . 8  7 .  

g J  Y : �  
- I 'g - 2 . 0  
. 0 . 9 
1 .  0 . 3  

53 . 5 5 3 . 6 0 . 5 0 . 0 o . � 
56 . 6  56 . 5  -0 . 1  5 . �  5 .  
56 . 9 56 . 7  -0 . 6 .  . 
57 . 1  56 . 6 -0 ) 6 .  t z  
56 . 9 56 . 7  -0 . 3 6 . 2 5 . 9  
81 . 6 8 1 . 9  0 . 4  0 . 0  o .� 
82 . 7  82 . 3  -0 . 4 1 . 4  O .  
8 1 . 3  8 1 . 2  -O ' l -0 . 3  -0 . 8 1 . 5 8 1 . 3  - 0 .  -8 . 0  -0 . 3  8 1 . 8 8 . 6  - 0 .  . 3  0 . 1  

53 . 9  53 . -0 . . 8  . 
5 1 . 4  5 1 . � O 'f 0 . 0  0 . 3 
57 . 1 5 7 .  -0 . li . o  1 � . 1  
57 . 4 57 . 2  - 0 . 1 . 6 1 1 . 2  
56 . I 56 . 0 - 0 .  9 . 2 8 . 8 

2 1 788 
1 03087 

STEE LIfE AD 

t1B /'fA Rt1 Ct1B CJ1A 

32 . 7  32 . 6  -0 . 0  0 . 0  
43 . 3  4 3 . 0  -0 . 6  3Z . 6  
45 . 9  �5 ' l -o . � 40 . 6  
46 . 4 6 .  -0 . 42 . 2  
45 . 2  4 .  - 0 . 38 . 4  
38 . 0  38 . 0  -0 . 0  0 . 0  
46 . 1  45 . 9  - o . � 2 1 .� 48 . 8 48 . � - 0 .  28 . 
4 9 . 4  4 .  - 0 .  3 .  
48 . 1 4� . -0 . 22 . 6  

-0 � R� �9 : i 
Z 9 .  26 . 

42 . 2  4 2 .� 0 '1 
4 9 . 7 19 .  -0 . 
52 . 0  2 .  -0 . 
53 . 1  3 . 0  -0 . 
5 1 . 6  1 . 5 -0 . dJ ilJ 
83 . 3  83 . 3  
88 . 0  88 'g 
87 . 9 87 . 
88 . 0  88 . 
88 . 0  88 . 0  
4 0 . 5 40 .! 
4 3 . 4  4 3 .  
45 . 2  45 . 
4 7 . 0  4 7 .  
45 . 2  45 . 1  

0 . 0  
-0 . 0  
0 . 0  0 ' 8 - 0 .  O · t -0 . 
- 0 .  
-0 . 
-0 . 

67 . 0 67 ' 1 O 'f 67 . 7  i7 . -0 . 
7 1 . 4  I .  - 0 . 
72 . 0  2 .  O .  
70 . 4  O .  -0 . 
58 . 7  58 . 8  0 ' 1 
5 9 . 1 59 . 0  -0 . 
60 . 1  60 . 0  -0 . 
6 1 . 4  6 1 . 2  -0 . 
60 . 2  60 . 1  -0 . 

fl l ; l 
If it I f ! ! YJ � � �  ! . 1 � J  �J 8 � 4 t 6 �J 

65 . 3  65 . � 
66 . 2  65 . 
6 7 . 8  6 7 .  
68 . 8  68 . 6  
6 7 . 6 67 . 3  ��J I ii iJ 
83 . 83 . . � . O .  83 . � 83 ' l -8 ' l 0 . : -O 'l 8 1 . 8 1 . - 0 . - .  - .  
82 . 6  82 . 5  -0 . - .  - A .  
82 . 6  82 . 4  - 0 .  -0 . - 0 .  71 . 5  71 . 5 D . ! 0 . 0 1 . 1  
75 . I �5 . 0  -0 . � . �  . 0  
75 . 9  5 .  - .  . . 
76 . 5  6 .Z -8 ' 1  . . �  
75 . 9  5 . 8  -0 . 6 . 1  . 0  

SOCKEYE 
t1B /'fA RI1 Ct1B CJ1A 

Ifit ii i! �� i ! i! i l ifi! 
8 : 8  0 : 8 � : �  8 : 8 8 : � 8 : 8 � : 8  8 : 8  8 : 8 8 : 0 
Ii i} li iI �� it lI ii lf i ! 
flii fiii �i i r -� i l -� i ! 
� i � l i � � i� � i l i i � 
� � � � � � � � � � � 8 

� �
� 

0 . 0  8 . 8  8 . 8  8 . 8  0 . 8 
� � 8 8 � �  � � � � � � � � � 
0 . 8 8 . � 8 . 8 8 . 0  0 . 0  8 : 8  � : � 8 : � � :8 � : � 0 . 0  . � . . � o .  
0 . 0  . o .  . 0  o .  8 : i  � : � � : � i : 8 8 : i  o .  . . ' 8 o .  8 · . . . o .  

. . . . o .  

If i} !fi f �i i i Ii i ! I� !i 
M 
01B 
0iA 
AVG 

NEAll SURVIVAL H ITH NO ACTION CDlUlITIOIIS I i( )  I NO ACTION ) 
HEAII SURV IVAL H ITH ALTHNATIVE CDlIllITIDlIS I i( )  I ALTERIIATIVE ) 
REI.ATIVE CHANGE III IIEAN SURVIVAl. I I. )  I ALTERNATIVE SURVIVAL - NO ACTIO� SURVIVAL ) / I NO ACTION SURVIVAL ) 
THE CIII,NCF. III THE 110 ACTIOIi SURVIVAL OVER TIllE I RELATIVE TO TilE 1 988 0 ACT ION SURVIVAL I I. )  
1 110 AcnOIl SURV IVAL - 1 988 110 AcrION SURVIVAl. / 1 1 988 110 ACTION SUR lVALl 
THE CHAUGE III TlfE A I.TERIIATIVE SURVIVAL RELATIVE TO 1'HE 1 988 NO ACTION SURVIVAL ( i( )  I AI.TE HlIATIVE SURVIVAL - 1 988 110 ACTION SURVIVAL ) / 1 988 NO ACTION SURVIVAL ) 
lHE AVERAGE OF THE YEARS 1 99 3 . 1 998. A/Ill 2003 1 1. )  

-DATE RUII= 22FE888 & \  5 . 40 & !  I 



rrT 
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Ta b l e  E . 5 - 4 9  
�R��H�ERHI�n�� ·m ���� �gRX�H�llffiRVIVAL 

H ITH THREE YEA� AVERAGES 
HPROCMK VS ttPFE XBtl 1 110 ACTION ) 

fROGRAM = DSN=PJ r . PF�00 . RIIR . F ISHPASS . SAS . REPORTS( FSutt5 1 1 
ILES . �J I . PF�OO . (RS . F J�( . PASS . DATA . H InCOLF G RUN DATE 

POOL '{EAR 
HELLS 1 9(18 

1 9 9 3  
1 9 9� 
200 
AVG 

RRECH 1 988 
9 9 3  

1 9 98 
2003 
AVG 

R ISL 1 988 
1 9 9 3  
1 9 9� 
200 
AVG 

LHG 1 988 
1 99 3  
1 998 
2 0 0 3  
AVG 

LHI1 f88 
9 9 3  
99� 
00 
VG 

MCN 1 988 f9 3  
9 9� 
00 
VG 

JDA,{ 1 988 
9 9 3  

1 9 98 
2003 
AVG 

DALS j 988 
9 9 3  !Zg� 

AVG 

BOliN j 988 
9 9 3  

1 9 98 
2003 
AVG 

SYS j 988 
993 

1 9 9� 
200 
AVG 

LEGEND 

J I . PhOO . C!lS H�II . PASS . D ATA . M IDCOLf G RU DATE 

,{EARL IIIG 

tlB MA RJ1 Q1B 01A 

�g : g  �g : 2  -? : 8  2� : �  2g : �  
4 1 . 7 4 1 . 4  - 0 . 7  38 . 9  3 7 . 9  
4 1 . 5 4 1 . 4  -0 . 3  38 . 4  3 7 . 9  
40 . 7 40 . 4  - 0 . 7  3 5 . 5  34 . 6  

� 2 . 8  3 2 . 8  -0 . 2  0 . 0  -o . f 
3 . 1 42 . 7  -0 . 9  3 1 . 2  3 0 .  

45 . 9 4 5 . 8  -0 . 3  3 9 . 6  3 9 . 3 
4� . 2  46 . 5  0 . 7  40 . 6  4 1 . 5  
4 . 1  45 . 0  -0 . 2  3 7 . 1  3 7 . 0  �0 . 3  40 . 1  -0 . 5  0 . 0  -0 . 5  

7 . 5 4 7 . 1 - 0 . 9  1 7 . 8  1 6 . 8  
0 . 4 50 . 3  -0 . 2  25 . 0  2� . 7  

50 . 6  50 . 9  0 . 6  25 . 4  2 . 1  
4 9 . 5 4 9 . 4  -0 . 2  2 2 . 7  2 2 . 5  

6 5 . 2  65 . 2  -0 . 0  0 . 0  - 0 . 0  
7 9 . 9 7 9 . 9 - 0 . 0  22 . 6  2 2 . 6  
7 9 . 6  7 9 . 6  0 . 0  2 2 . 1  2 2 . � f9 . 8  7 9 . 8  0 . 0  2 2 . 4  2 2 . 

9 . 8  7 9 . 8  - 0 . 0  2 2 . 4  2 2 . 4  

3 3 . 9  3 3 . 8  -0 . I 0 . 0  -0 . I 
36 . 5  36 . 2  - o . � 7 . 7  6 . 9  
38 . 6  38 . 5  - 0 . 1 3 . 9  1 3 . 6  
3 9 . � �9 ' r - 0 . 0  6 . 6  1 6 . 5  
38 . 8 .  -0 . 3  1 2 . 7  2 . 3  

58 . 0  58 . 0  - 0 .  I � : ?  -� : A  5 9 . 9  5 9 . 6  - 0 . 4  
6 3 . 8  6 3 . 8  - 0 . 0  9 . 9  9 . 9  
6 3 . 9 6 3 . 9  0 ' 1 1 0 . 1 1 0 . � 
6 2 . 5 6 2 . 5  - 0 .  7 . 7  7 .  

�� : !  ��  J -b : 1 0 . 0  (U 0 . 9  
55 . I 55 . I 0 . � 1 . 8 1 . 9  �6 . 9  56 . 7  - 0 .  5 . 2  4 . 8  

5 . 5  55 . 4  - 0 . 2  2 . 6  2 . 4  

6 3 . 1 6 3 . 9  1 . 3  0 . 0  1 . 3  
65 . 0  64 . 9  - 0 . 2  3 .  I 2 . 9  
6 7 . 5  6 7 . 7  0 . 2  f

- I 7 . 3  
68 . 0  6 7 . 9  -0 . 2  . 8  7 . 7  
66 . 9  6 6 . 8  -0 . 1  6 . 0  6 . 0  

86 . 4  86 . 6  0 . 2  0 . 0  0 . 2  
86 . \ 86 . 6  -0 . 1  0 . 4  0 . 3 g� : 5  �� : �  =8 : ?  -8 : �  - g : �  
66 . 4  86 . 4  -0 . 1  0 . 1  0 . 0  

�5 .  0 65 . I O .  I 0 . 0  O .  I 
0 . 9  70 . 7  - 0 . 2  9 . 1  8 . 8  p . 7  7 1 . 6  - 0 . 1  1 0 . 3 1 0 . 2  
2 . 0  7 2 . 0  0 . 0  1 0 . 7  0 . 7  

7 1 . 5  7 J . 4  -0 . 1  1 0 . 0  9 . 9  

SUB,{EARL IIlG 

tlB tlA RJ1 018 OIA 

1 5 . 8  1 6 . � 3 . 0  0 . 0  i ' O  
2 3 . 3  2 3 .  - 0 . 5  � 7 . 7 4 . 9  
26 . 5  26 ' g - I ' �  7 . 9  �5 . 7  
26 . 8  26 . - .  6 9 . 6  7 . 6  
25 . 6  25 . 3  - 1 . 0  6 1 . 7  60 . 1  

�5 . 6  25 . 7  0 . 6  0 . 0  o . � 
1 . 1  3 1 . 0  - 0 . 2  2 1 . � 2 1 . 

34 . ! 34 . 0  -o . � 3 3 .  3 3 . 0  
35 . 35 . 0  - 0 .  3 7 .  36 . 7  
3 3 .  3 3 . 3  -0 . 3  30 . 7  30 . 3  

25 . 0  25 . 5  2 . 0  0 . 0  2 . 0  
30 . 5  30 . 5  - 0 . 1  2 2 ' l �2 .! 
34 . 9  34 . 8  -0 . 2  3! . 9 .  
35 . 3  35 ' g -o . � 4 . �  4 0 .  
3 3 . 5  3 3 . - 0 . 3 .  34 . 

5 2 . 7 5 2 . 7  0 . 2  0 . 0  o . � 
5 3 . 4  5 3 . 3  -o . ! ! . 4  
54 . 3  51 . 2  - 0 .  . 1  ! : � 54 . 0  5 . 9  - 0 ' 1 2 . 5  2 .  
5 3 . 9  5 3 . 8  -0 . 2 . 3  2 . 2  

28 . 7  28 . 8  0 . 3  0 . 0  0 . 3  
3 1 . 9  3 1 . 5  - I . � It . � 9 . � 
36 . � 36 . 0  - I ' 2 .  2 5 .  
35 . 3 5 . � - . 0  2 . � F ' g 
34 . 6  34 . - . 2 20 . 9 .  

40 . g 4 1 ' 1 0 . 5  0 . 0  0 . 5  
4 .  4 3 .  - 0 . 2  6 . 1  5 . 9  
56 . 5  50 . - 0 . 3  2 3 . 5  �3 ' l 
50 . 6  50 . - 0 . 3  2 3 . 9  3 .  
48 . 2  48 . 1  - 0 . 3  1 7 . 8  7 . 5  

�g : �  � � : � -g : i  � : g  J : �  4 8 . � 4 7 . 8  - 0 . 9  - 1 . 3  - . � 4 9 .  4 9 . 6  - O ' f . 9  . 
4 9 . 5  4 9 . 1 - 0 . . 0  0 . 3  

�� : � �t : g -A : ?  � . o ! . o 
. 7 . 6  

56 . 9  56 . 8  - o . � 6 . 3  6 . � 
5 7 . 1 5 6 . 9  - 0 .  6 . 7  6 .  
56 . 9 5 6 . 7  - 0 . 2  6 . 2  6 .  

8 1 . 6 8 1 . 9  0 . 5  0 . 0  0 . 5  
82 . 7 82 . 6  - 0 ' 1 A · 4 I . � 
8 1 . 3 8 1 . 2  - 0 .  - . 3 - 0 . 
8 1 . 5  8 ' 3  - 0 .  -0 . 0  -o . � 
8 1 . 8 8 1 . - 0 .  0 . 3  O .  

5! . 4  5 1 . 7  o . � 5 . 9  5 3 . 8  - 0 .  
0 . 0  2 J  4 . 8  �7 . 1  5 7 . 0  - 0 . 2  1 1 ' 2 1 0 . 8  

7 . 4 �7 . 2  -0 . 3  I .  1 . � 
56 . 1  6 . 0  - 0 . 2  9 . 2  8 .  

2 1 788 
1 1 0287 

STEELHEAD 

tlB MA RM Q1B OIA 

32 . 7  32 '1 o . � o . � o ' J 4 3 . 3 4 3 .  - 0 .  3 2 .  r '  
4 5 . g 45 . - o . � �O .  � .  
46 . 46 . - 0 .  2 . 2  . 
45 . 2  45 . 0  - 0 .  38 . 4  . 8  

3� . y 38 . � 0 . 3  0 . 0  o . � 4 .  45 . - 0 '1 2 1 ' 1 2 0 .  
48 ' 2 9 8 .  -0 . 28 . 28 ' t 
4 9 .  4 9 .  -0 . �o .  p.  
48 . I 4 8 .  -0 . 6 .  6 .  

4 2 . � 4 2 'f A ' I 0 . 0  � ' l 
�9 .  �9 .  . 1 7 . � ! . 

2 . 0 � . O .  2 3 .  3 .  
5 3 ' l 5 .  - 0 .  2 6 . � �� . 
5 1 . 5 1 . O .  2 2 .  . 

8 3 ' 6 8 3 ' 6 0 . 0  
88 . 08 . - 0 . 0  
8 7 . 9 8 7 . S -g . o  
88 . 0  88 . . 0  
88 . 0  88 . - 0 . 0  i 1 l 0

: 1 � : 6 

4 0 . 5  4° ' i 0 .

, l ' t " 1  4 3 .  3 .  - 0 .  . . 
4 5 . � �

5 .  - 0 .  I ' I ' �� . 0 4 7 .  0 . 0  . . 
. 2  45 . - 0 . 2  . . 

6 7 . 0 6r O 0 . 0  
6 7 . 7 � . 6  - 0 . 2  
7 1 . 4  1 . 5 8 . 0 7 2 . 0  2 . � . 1  
70 . 4  70 . - 0 . 0  

g� :  7 �� : g  -8j 
6 0 . ! z r ' �  =o . � 6 1 . . O .  
6 0 . 2  60 . - 0 . 

65 . � 65 . � o . � 
6 6 .  6 6 .  - 0  . 
6 7 .� 6 7 'f -8 ' Y 6 8 .  6 8 .  - .  
6 7 .  6 7 .  -0 . 2  

IJ 0 . 0  2 : 1  t . 1  8 : ; t 6 i iI 
ti 3 .  tI 

8 3 . ! 8 3 .! _o . � O . � f ' J 
8 3 . 8 3 .  O .  A ' . 
8 1 . 7  8 .  o .  A - .  - . 
82 . 6  81 . - 0 .  - . 6 - . 
82 . 6  82 . 5  - 0 .  - 0 . 7  - 0 .  

7

� · t 7 1 . 1 -8
· � 7 .  75 . . 

7Z ' �5 .  -0 . 
7 . 5  6 .  - 0 .  
75 . 9  75 . 8  - 0 . 1 

o . � � : A 5 .  � :  
6J 6 .  

SOCKEYE 

t1B MA RM Q1B OIA 

il � 1 !f � 1 �� �l iI �J i! : �  8 : 8  8 : 8 �J �J 
o .

� 8 : o . � �J o .  . 0  8 :  O .  . 0  

�i : 1 ii f l �� :i �t � ! It :i f� � l f� � 1 �� � I  -I � I -f � i 60 . 6 0 .  . . . 

o .

� 
o .

� �J �
. o 

�J 
o .  8 : : 8  o .  
8 :  8 : : 8  

� : � 8 :  

o : � � : o  �J �J �J : 8  8 : 8 O ' i �J �J � : 8 O .  
o . � O .  . 0  
O .  O .  . 0  
O .  O .  0 . 0  . 0  8 : � 8 : 8 �J �

. o � : 8 : 8 o .  �J O .  . 0  
oj O .  . 0  o . � [� �J 

8 : 8 
[� 

O .  o .  � . o 
0 . 0  . 0  
0 . 0  . 0  

If :l II : t  �� : i  II :! Ii :! 
m � �Wj ��m��t �H� ��T�af?�v�Ot�lJ;I?�8I1r�lx',II? Atfnfl�·hVE ) 
Rl1 = RELAT I VE CHAIIGE I MEAII SURVIVAL ( % 1  ( ALTERNATIVE SURVIVAL - N0 ACTION SURV IVAL ) / I �O Aq�ON SURVIVAL ) 

OIB = THE CHMH;E III TilE 110 ACT IO" SURV IVAL OVER T ItIE \ RElATIVE TO P}E 1 988 UO A£1ION SURVI AL ( I:  
( 110 ACTIOII SURV I VAL - 1 988 tiD ACTION SURV IVAL / I 1 988 NO A ION SUR IVAL 

·DATE RUN= 

OIA = THE CIIANGE IN THE ALIE RIIAT IVE SURVIVAL RElAT I VE TO lHE 1 988 NO ACTIOU SURp�AL , % )  
I ALTE Rti H I VE SURVIVA . - 1 988 110 ACT ION SURVIVA ) / 1 988 NO ACTION S RVIV L 

AVG = THE AVERAGE OF THE YEARS 1 99 3 ,  1 9 98 , AND 2003 I % I 

22FEB88 . 1 5 . 4 1 . 1 4 
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Ta b l e  E . S - S O  
REI.ATIVE CHAIIGES IN MEAN SUR� IVAL AND 
ItIPACTS RELATIVE TO 1 986 NO CTION SURVIVAL 

H Ull TH REE YEAR AVE ACES 
MPRACAJ'IK VS MPFEXBtlK ( NO ACT ION ) 

PROGRAM = DStt = PJ I . PF{.00 . RtlR . F ISIiPASS . S AS . REPORTS( FSlJI·15 1 )  
F ILES , P J I . PF{. O O . CBS . F ISH . PASS . DATA . M I DCOlFG RUlj DATE 

PJ I . H400 . UlS . F ISII . PASS . DATA . tllIlCOLFG RUI DATE 

YEARL lltG SlffiYEARLItIG 

POOL YEAR till t1A RI'1 018 alA tlB 11A Rtl Cl1D O1A 

HELLS 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

RRECH 1 988 
1 9 93 
1 9 98 
2 0 0 3  
AVG 

RISL 

L1tG 

Ultl 

MCN 

JDAY 

DALS 

eOIlN 

SYS 

LEGElill 

1 988 
9 9 3  

1 9 98 
2003 
AVG 

1 988 
993 

1 9 98 
2 0 0 3  
AVG 

1 988 
1 9 9 3  
1 998 
2 0 0 3  
AVG 

1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

1 988 
1 99 3  
1 9 98 
2 0 0 3  
AVG 

1 988 
1 9 9 3  
1 9 98 
2003 
AVG 

1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

1 988 
1 99 3  
1 9 98 
2 0 0 3  
AVG 

30 . 0  30 . 0  0 . 0  0 . 0  0 . 0  

�? : �  �? : �  : I : f  �� : �  � � : 4  
4 1 . 5 4 1 . 3  -0 . 7  38 . 4  37 . 5  
40 . 7  40 . 3  - 1 . 0  35 . 5  34 . 2  

� � : ?  �� : �  :� : �  3� : � 2� : '  
4 5 . 9 4 5 . 6  -0 . 6  39 . 6  38 . 8  
4 6 . 2 4 6 . 4  0 . 6 40 . 6 4 1 . 4  
45 . 1  44 . 9  -0 . 4  37 . 1  36 . 6  

4 0 . 3 4 0 . 1  -0 . 5  0 . 0  -0 . 5  
4 7 . 5  4 / . 0  - 1 . 2  1 7 . 8  1 6 . 4  
5 0 . 4  50 . 2  -0 . 6  25 . 0  24 . 3  
50 . 6  �0 . 8  0 . 5  25 . 4  26 . 0  
4 9 . 5 4 9 . 3 - 0 . 4  2 2 . 7 2 2 . 2  

6 5 . 2  6 S . 2  - 0 . 0  
7 9 . 9  79 . 9  -0 . 1  
7 9 . 6  7 9 . 6  -0 . 0  
79 . 8  7 9 . 8  0 . 0  
79 . 8  7 9 . 8  -0 . 0  

3 3 . 9  3 3 . 8  -0 . 1  
36 . 5  36 . 0  - 1 . 2  
3 8 . 6  38 . 4  - 0 . 5  
3 9 . 5  3 9 . 4  -0 . 2  
38 . 2  38 . 0  -0 . 6  

0 . 0  -0 . 0  
2 2 . 6  2 2 . 5  
22 . I 2 Z . 1  
2 2 . 4  2 2 . 4  
2 2 . 4  2 2 . 3  

0 . 0  -0 . I 
7 . 7  6 . 3  ! 3 . 9  1 3 . 3  
6 . 6  1 6 . 3  

1 2 . 7  2 . 0  

58 . 0  58 . 0  - 0 . 1  0 . 0  -o . !  
5 9 . 9 5 9 . 3 - 1 . 0  3 . 1  2 .  
6 3 . 8  6 3 . 7 -0 . I 9 . 9  9 . 8  
6 3 . 9  6 5 . 9  0 . 0  1 0 . 1 1 0 . 1  
6 2 . 5  6 2 . 3  - 0 . 4  7 . 7  7 . 4  

54 . I 54 . 9 I . 4 
se • .  6 54 . I - I .  0 
55 . 1 55 . 1  -0 . 0  
56 . 9  5 6 . 7 -0 . 4  
55 . 5  55 . 3  - 0 . 5  

6 3 . 1 6 3 . 9  1 . 3  
6 5 . 0  6,t . 4  - 0 . 9  
6 7 . 5 6 "1 . 6  0 . 1  
6 11 . 0  6 7 . 9  -0 . 2  
66 . 9 6 6 . 7  - 0 . 3  

0 . 0  1 . 4 
0 . 9  -0 . 1  
1 . 8 1 . 8 
5 . 2  4 . 7  
2 . 6  2 . 1 

0 . 0  
3 . 1  
7 . 1  
7 . 8  
6 . 0  

1 . 3  
2 . 2  
7 . 3  
7 . 7  
5 . 7  

86 . 4  86 . 6  0 . 2  0 . 0  0 . 2  �� : r  �Z : I  :8 : t  -8 : �  -8 : �  
86 . 5  8 6 . 4  - 0 . 1  0 . 2  0 . 0  
86 . 4 86 . 3  -0 . 1  0 . 1 - 0 . 0  

�6 : �  �6 : l  - 8 : �  � : �  g : l  
�! : 6  j! : 3  :8 : 5  1 8 : j  1 8 : }  
7 1 . 5  7 1 . 4  - 0 . 2  1 0 . 0  9 . 8  

1 5 . 8  1 6 . 3  3 . 0  0 . 0  3 . 0  

�� : �  �� : A  : l : �  2 � : � 2z : �  
2 6 . 8  2 6 . 2  - 2 . 2  6 9 . 6  6 5 . 9 
25 . 6  25 . 1  - 1 . 7 6 1 . 7 58 . 9  

25 . 6  25 . 7  0 . 6  0 . 0  0 . 6  
3 1 . ! 3 0 . 9  - 0 . 4  2 1 . 4  2 0 . 9  
34 . 3 3 . 8  - 0 . 9  3 3 . 4  3 2 . 3  
3 5 . 1 34 . 8  - 0 . 8  3 7 . 2  36 . 2  
3 3 . 4  3 3 . 2  -0 . 7  30 . 7  2 9 . 8  

25 . 0  25 . 5  2 . 0  0 . 0  2 . 0  
30 . 5  30 . 4  - 0 . 3  2 2 . 1  2 1 . 7  
34 . 9  34 . 7  - 0 . 5  3 9 . 6  38 . 8  
35 . 3  35 . 0  - 0 . 7 4 1 . 3 40 . 3  
3 3 . 5  3 3 . 4  - 0 . 5  34 . 3  3 3 . 6  

5 2 . 7 5 2 . 7  0 . 2  0 . 0  0 . 2  
5 3 . 4  5 3 . 3  - 0 . 2  1 . 4 1 . 2  
54 . 3 54 . 1 - 0 . 3 3 .  1 2 . 8  
54 . 0  53 . 8  - 0 . 3  2 . 5  2 . 2  
53 . 9  5 3 . 8  -0 . 2  2 . 3  2 . 1  

28 . 7  28 . 8  0 . 3  0 . 0  0 . 3  
3 1 . 9  3 1 . 3  - 1 . 7  1 1 . 3  , . 4  
3 6 . 4  35 . 6  - 2 . 2  2 7 . 2  2 . 4  
35 . 6  34 . 9  - 1 . 9  24 . 2  2 . 9  
34 . 6  34 . 0  - . 9  2 0 . 9  1 8 . 5  

� � : 4  � ! : !  -8 : �  2 : ?  � : �  
50 . 5  50 . 3  -o . � 2 3 . 5  2 2 . 9  
50 . 6  50 . 4  - 0 . 2 3 . 9  2 3 . 4  
48 . 2  4 8 . 0  - 0 .  1 7 . 8  1 7 . 3  

4 9 . 0 4 9 . 1 0 . 3  0 . 0  0 . 3  
50 . 2  4 9 . 7  - 1 . 0  2 . 5  1 . 5 
48 . 3  4 7 . 6  - I ' I - 1 . 3  - 2 . 9  
4 9 . 9 4 9 . 4  - I ' . 9  0 . 8  
4 9 . 5  48 . 9  - .  . 0  -0 . 2  

5 3 . 5 54 . 0  1 . 0 0 . 0  1 . 0 
56 . 6  56 . 4  - 0 . 3  5 . 7  5 . 4  
5 6 . 9  5 6 . 7  - O . � 6 . 3  5 . 9  
5 7 . 1 56 . 8  - 0 .  6 . 7  6 . 2  
56 . 9  56 . 6  - 0 .  6 . 2  5 . 8  

8 1 . 6  8 1 . 9  0 . 5  0 . 0  
8 2 . 7  82 . 4  - 0 . 3  1 . 4 
8 1 . 3  8 1 . 2  - 0 . 1  -0 . 3  
8 1 . 5 8 1 . 4  - 0 . 2  - 0 . 0  
8 1 . 8 8 1 . 7  - 0 . 2  0 . 3  

5 1 . 4 5 1 . 7  0 . 6  0 . 0  
5 3 . 9  5 3 . 7  -0 . 4  4 . 8  
5 7 . 1 5 6 . 9  - 0 . 4  ! ! . o  
5 7 . 4  5 7 . 2  - 0 . 4  . 6  
56 . 1  55 . 9  - 0 . 4  . 2  

0 . 5  
I . i -0 . 

-0 . 
0 . 2  

O .� 
4 .  

1 0 .  
1 . 1 
8 . 7  

2 1 788 
1 0 3087 

STE E LHEAD 

tID t1A Rt1 018 D1A 

32 . 7  3 2 . 8  o . � 0 . 0  { ' I 7, 3 . 3  4 3 . 0  - 0 .  3 2 . 6  3 . 
" 5 . � 45 . 5  - 0 .  4 0 . ! 3 . 
46 . 4 6 . 2  - 0 . 6  4 2 .  4 .  
45 . 44 . 9  - 0 . 7  38 . 3 .  

38 . 0  38 . 1  o .! 0 . 0  O 'j 
46 . 1 4 5 . 9 :0 .  2 1 . 3  10 .  
48 . 8  �6 ' l  o . �8 . 4  7 .  
4 9 . 4  9 .  - 0 . 4  0 . 0  9 .  
48 . 1  7 .  -0 . 5  6 . 6  6 .  

i
4

� :i �� : �  :� : � �9 :�0 !� : i 3 .  5 3 . � : O . � } .  2 5 .  
1 .  5 1 . 6 0 . 1 2 .  2 2 .  

8 3 . 3 8 3 . � 0 . 0  
88 . 0 88. -0 . 0 
8 7 . 9 8 7 .  - 0 . 0  
88 . 0  88. 0 . 0  
88 . 0  88 . 0  - 0 . 0  IJ i i i 
20 ' 1 40 . � o . § o . � 2 ' 1 � J :  2J : A  ls I I :  1 1 :  45 .  45 . 1  -0 . 3  1 .  I .  f 7 . 0  6 7 . 0  _ o . �  I 'I 8 . 0 7 '4 6 7 . 4  o . � . . 6  Lo  �� : 1  J :  1 : � : r  

0 . 4  70 . 3 o .  . 5 . 0  

9 .  58 . 9  O .  
�8 ' r 58 . 9  

-
O 'i 

O .  5 9 . 8  - 0 .  
6 1 . 4  6 1 . 2 -0 . 
60 . 2  60 . 0  -0 . 

65 . 3  65 . I 0 . 7  
66 . 2  6 5 .  -0 . t 
6 7 . 8  67 . -0 . 
66 . 8  68 . - 0 .  
6 7 . 6  6 7 .  -0 . 

iJ I i i 
i : i IJ 

8 3 . 1  8 3 . ! o . � 0 . 0  o . } 8 3 . 3  8 3 .  -0 . 1 . 2  O .  
8 1 . 7 8 1 . O .  - . 7 - 1 .  
8 2 . 6  82 . -0 , 1 - . 6  - 0 .  
8 2 . 6  8 2 . 5  - 0 .  -0 . 7  - 0 .  

7 1 ' 1 7 1 . 5  _o . � " J  
I · t 5 .  75 . :0 .  . . 

f5 .  75 . 0  O .  . . 

6 .  76 . O .  . . 
5 . 9  75 .3 -0 . . . 

SOCKEYE 

tlB I1A R11 018 D1A 

il ; ! 11;1 �r ; j  il i ! tfii 8 · � � . � 0 . 0  � . � 0 . 0  O : � : 0
: 8 : 0  8 : 8 8 : 8 : 8 : 8  : 8  8 : 8 

�I ; J li ;t �� i i �! i i �' i l 
I� i i f� il �i ; ! -f i t -i ;t 
� � �  � � � 

8
� � � � 8 � � � 8 . 8  8 , 8  8 . 8  8 . 8 0 . 0  8 : � � : � � : � 8 : 8  

�
: 8 � .  . � . � ' 8 . 0  

· . o .  . . 
· . o . . 0  0 . 8 8 : � � : � 8 : 1 1 : 8 1 : 8 � . . 8 ' . � . 0  � .  . . . �  . 0  

8 : � � : � � : � � : g  � : 8  8 · . . ' 8 . 0  
· . . . . 0  � . � � . � o . � � . o  0 . 0  · . 

�
. 

. 0  8 ' 8 · . . . 0  . 8 . . . . 0  0 . 0  · . . . 0  0 . 0  

!b 'l II · t -8 '1 1 . 0  

� ' g  ! :  : :� : I : � 18 : A  o .  . O .  . 2  7 . 7  

tIB 
tfA 
Rt1 

alB 

a'IA 

AVG 

nf�!l ��m��t �m �eT��I��v�Ot�fJ;I�nll�I.HN?At�HR�JIVE ) 
RElATIVE CHAIlGE III MEAN SURV IVAL ( I. )  ( A LTERNAT IVE SURV IVAL - NO ACTION SURVIVA L )  I 010 ACTION SURVIVAl ) 
TIlE CII A tlGE Itl TilE ItO ACTION SURVIVAL OVER TUfE \ RElATIVE TO TIlE 1 9M NO ACTION SURVIVAL ( I. )  
( NO ACTION SURVIVAL - 1 988 ItO ACT IOII SURVIVAL I ( 1 988 NO ACTION SURVI VA L )  1 H E  CIIANGE IN TIlE ALTERIIATIVE SURV IVAL REI.ATIVE T O  THE I Y88 NO CTION SURVIVAL ( I. )  

A L'l E IlIlATIVE S U RVIVAL - 1 988 110 ACTION SURVIVAl l I ( 1 988 NO ACTION SUllV IVAl l 
THE AVERAGE OF TilE YEARS 1 99 3 ,  1 998 , Alill 2 0 0 3  ( I. )  

'DATE RUN= 22f EB88 , 1 5 . 44 , OO 
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I 
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Tab l e  E . 5 - 5 1 
RElATIVE CHA/4GES IN tlEAN SUR��AL AND ItlPACTS REI.ATIVE TO 1 988 NO ION SURVIVAL 

�ITH THREE YEAR AVE A ES 
MPRI1XBtlK VS tlPFEXBlIK I NO ACTION ) 

PROGRAM = DSII=PJ I .  PF',OO . RlIR . F ISIfPASS . SAS . REPORTSI FSUM51 ) 
FILES , PJ ! . PF400 . ces . F ISIf . PASS . lJATA . 11 IDCOLFG RUN DATE 

PJ . PF"OO . CBS . F ISIL PASS . DATA . ltIDCOLFG RUN DATE 

POOL YEAR 
HELLS I ��� 

1 9 98 
2003 
AVG 

RRECH 1 988 
993 
998 
2003 
AVG 

RISL 

LHG 

LHl1 

HCN 

JDAY 

DALS 

BONN 

1 988 
993 
1 998 
2003 
AVG 1 988 
993 
998 
2003 
AVG 1 988 
993 998 
003 
AVG 

1
988 
993 
1 998 
2003 
AVG 1 988 
993 
998 
003 AVG 1988 993 
998 
003 AVG 1988 993 
998 
003 AVG 

YEARLING 
I1B tlA R/1 CI1B Q1A 
30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  
38 . 8  38 . 2  - 1 . 5  29 . 3  2 7 . 3 
" I . 7 4 1 .  I - I . "  38 . 9  36 . 9  
" I  . 5 4 1 . I - I . a 38 . "  3 7 . a 
40 . 7  "0 . 1  - 1 . 3  35 . 5  3 3 . 8 
32 . 8  32 . 9  0 . 1 0 . 0 0 . 1  
"3 . 1 4 2 . 7  - 1 . 0  3 1 . 2  30 . 0  
"5 . 9  "5 . 6  -0 . 5  39 . 6  38 . 9  
"6 . 2  46 . 3  0 . 3  "0 . 6  " 1 . 0  
"5 . 1  "" . 9  - 0 . 4  37 . 1  36 . 6  
"0 . 3  "0 . 3  0 . 0  0 . 0  0 . 0  
"7 . 5  " 7 . 1 -0 . 9  1 7 . 8  1 6 . 8  
50 . 4  50 . 2  -0 . 5  25 . 0  2" . "  
50 . 6  5 0 . 8 0 . 4 2 5 . " 25 . 9  
"9 . 5  " 9 . 4 - 0 . 3 22 . 7  2 2 . 4 
65 . 2  65 . 2  - 0 . 0  0 . 0  - 0 . 0 
f� : l  �� : l  = 8 : A  �� : t  �� : r  
79 . 8  79 . 8  -0 . 0  2 2 . 4  2 2 . 4  
7 9 . 8 79 . 7  -0 . 0  2 2 . "  22 . 3  
33 . 9 33 . 9  -0 . 1  0 . 0  -0 . 1  
36 . 5  36 . 0  - 1 . 4  7 . 7 6 . 1  
38 . 6  38 . 3  -0 . 7  1 3 . 9  1 3 . 0  
39 . 5  3 9 . "  - 0 . 3  1 6 . 6  1 6 . 2  
38 . 2  37 . 9  - 0 . 8 1 2 . 7  1 1 . 8 

�8 . 0  58 . 0  0 . 0  o . y 0 . 0  6 �J  � t 1  = 8 : �  � : 9  � J  
.; 3 .  9 64 . I a . "  I O .  1 1 0 . 5  
6 2 . 5 6 2 . 4  -0 . 2  7 . 7  7 . 5  

g� : !  g� : 5  - ? : �  8 : �  - 8 : l  
55 . 1 54 . 9  -0 . "  1 . 8 1 . " 
56 . 9 56 . 7  -0 . 4 5 . 2  4 . 8  
55 . 5 55 . 2  -0 . 6  2 . 6  1 . 9  

R A  �� : �  -? :� 
6 7 . 5  6 7 . 3 -0 . "  
68 . 0  67 . 9  -0 . 2  
66 . 9  66 . 5  -0 . 5  

0 . 0  O 'l � .  1 2 .  
. 1  6 .  
. 8  7 . 7  

6 . 0  5 . 5  

g� : 1  g� : � -8 : !  8 : �  8 : 1  
86 . ! 85 . 9  -0 . 2  -O ' i -0 ' 1 86 . 86 . 4  -0 . 1  O .  O .  
86 . 86 . 3  -0 . 2  O . - 0 . 

SYS 1988 65 . 0  65 . 1  0 ' 1 0 . 0  0 . 1  
993 70 . 9  0 . 6  - 0 .  9 . 1  8 . 6  
998 7 1 . 7  5 1 . 5 - 0 . 1 0 . 3  1 0 . 0 
003 72 . 0  7 1 . 9  -0 . 0  10 . 7  0 . 6  VG 7 1 . 5  7 1 . 3  -0 . 2  0 . 0  9 . 7  

SUBYEARLING 
tIB tI A RI1 ClIB Q1A 
1 5 . 8  1 5 . 9  0 . 3  0 . 0  0 . 3  
23 . 3  2 3 . 0  - 1 . 6  "7 . 7 45 . 2  
26 . 5  25 . 8  -2 . 7  6 7 . 9  63 . 3  
26 . 8  26 . 0  -2 . 9  6 9 . 6  6" . 8  
25 . 6  24 . 9  - 2 . 4 6 1 . 7  57 . 8  

34 . B .  - 2 . 1  3 3 . 4 30 . 
25 . 6  25 . 5  - 0 . 2  0 . 0  -0 . 2  
31 . ! 30 . � - 1 . 6  2 1 . 4  1 9 ' i 
35 . 3" . - I .  3 3 7 . 2 35 . 
33 . 32 . 9  - 1 . 7  30 . 7  28 . 
25 . 0  25 . 0  0 . 1  0 . 0  O ' l 30 . 5  30 . 3  -0 . 7  22 . 1  2 1 . �  
3" . 9  3" . 4  - 1 . 2  39 . 6  3 7 . 9 
35 . 3  3" . 9  - 1 . 0  4 1 . 3  39 . 8  
33 . 5  33 . 2  - 1 . 0  34 . 3  32 . 9  
52 . 7 52 . 7  0 . 0  
53 . 4  53 . 3  -0 . 2  
5� . 3 5" . 1  -0 . 4 
5" . 0  5 3 . 8 -0 . 4  
53 . 9  53 . 7  -0 . 3  

0 . 0  0 . 0  1 : t  ! : t  Z . 5  . 1  
2 . 3  . 0  

28 . 7  28 . 7  0 . 1  0 . 0  0 . 1  
3 1 . 9  30 . 9  - 3 . 0  1 1 . 3  8 . 0  
36 . 4  35 . 0  - 3 . 8  2 7 . 2  22 . 3  
35 . 6  34 . 5  -3 . 0  24 . 2  20 . 5  
3" . 6  3 3 . 5 -3 . 3  20 . 9  1 6 . 9  
"0 . 9  "0 . 9  0 . 1  0 . 0  0 . 1  
" 3 . " "3 . 0  -0 . 9  6 . 1  5 . 2  
50 . 5  50 . 1  -0 . 8  2 3 . 5 2! . "  
50 . 6  50 . 3  -0 . 7  2 3 . 9  2 . 0  
"8 . 2  4 7 . 8 -0 . 8  1 7 . 8  I . 9  

�Z : g  �� : ?  -g : g  g : �  8 : �  
48 . 3 4 7 . 0  -2 . 7  - 1 . 3  -" . 0  
"9 . 9 4 9 . 0  - 1 . 8  . 9  0 . 1  
"9 . 5  "8 . 4  -2 . 2  . 0  - 1 . 2  
5 3 . 5 53 . 6  0 . 1  0 . 0  
56 . 6  56 . 3  -0 . 5  5 . 7  
56 . 9  56 . 5  -0 . 7  6 . 3  
57 . 1  56 . 7  -0 . 6  6 . 7  
56 . 9  56 . 5  -0 . 6  6 . 2  

0 . 1  
5 . 2  
5 . 6  
6 . 0  
5 . 6  

8 1 . 6  8 1 . 7  0 . 2  0 . 0  0 . 2  
82 . 7  82 ' 1 -0 . 3  1 . 4 1 . 1  
8 1 ' i 81 . -0 . 3  -0 . 3  -0 . 6  
8 .  8 1 . -0 . 2  -0 . 0  -0 . 2  
8 .  8 1 . - 0 . 2  0 . 3  0 . 1 
5 1 . 4 5 1 . 5  0 . 1  0 . 0 0 ' 1 53 . ! 5 3 . 5  -0 . 7  4 . 8  " .  
5 7 .  56 . 7  -o . �  1 1 . 0  1 0 . 2  57 . 57 . 0 - 0 . . 6 1 0 . 9  
56 . 1 55 . 7  -0 . . 2  8 . 4  

2 1 788 
2 1 788 

STEELHEAD 
tlB tlA RI1 ClIB Q1A 
32 . 7  32 . 7  
"3 . 3 42 . 9  
"5 . 9  "5 . 4 
"6 . 4 "6 . 0  
"5 . 2  "" . 8  

J? �t� �� � �  - I . S  �8 .� �U 
38 . 0  38 . 0  -0 . 0  
46 . 1  "5 . 8 -8 . 7  "8 . 8  48 . 5 - . 6  
4 9 . 4 4 9 . 2 -0 . 5  48 . J 4 7 . 8  -0 . 6 !IJ UJ 
�� : � �r : i  :8 : 1 !I

o : �  iiO : J 
53 . 1  53 . 1  - 0 .  2 . 0 . 
5 1 . 6  5 1 . 5  -0 . 2 . 4 . 
83 . 3  83 . 3  -o ' g 88 . 0  88 . 0  -0 . 
87 . 9  87 . 9  - 0 . 
88 . 0  88 . g -0 . 0  
88 . 0  88 . -0 . 0  !j 11 
"O .� "0 . 5 43 . 43 . 0  
45 . 45 . S 47 . 0  4 7 . 45 . 2  4 5 . �I if I fJ if] 
� f : �  � � :I :8 : 0 1 : J � : 9  5! : �  �! : _go : f : 7 : � 
70 . 4 70 .  . J  . 5 . 6 
59 . 58 . - 1 . 58 '1 58 . , -0 · 8 
60 . 59 . :g .8  
6 1 . 6 1 . . 6  
60 . 2  59 . -0 . 8  

gJ :� � � t 6 iJ  
�� : �  �5 : 1 -� : � 1 : 1 I: � 6 7 . 8  6� . -g . � . ' 1  
68 . 8  68 . - .  . . 
6 7 . 6  6 7 .  -0 . . . 
!� : �  31 : I :8 : t  _O : � :I: A 
82 . 6  8 2 .  -0 . -Y . 6  - . Q  
82 . 6  82 . - 0 .  -8 . 7 - . b  
75 . . O . � . . 7 1 ' 1 Ii ' ; _o . ! o

. � 1 ' 1 �5 .  . -0 . • . 
. . - 0 .  . . � . 9  5 .  -0 . 6 .  . 

LEGEND MEAN SURVIVAL HITH 110 ACTION COIID ITIOUS I Eo )  1 110 ACTION ) 
tlEAlI SURV IVAL HUH ALTERNATIVE COIIDITIONS I Eo )  I ALTERUATIVE ) 

SOCKEYE 
I1B MA RI1 alB Q1A �� � � II � � �I � � ! 2 � � !� � � i3 . 1  3 3J - J �lJ 3Y j o . g � . o � .� g ' g 8 . 0 o . . 0  . . . 0  

0 . 0  . g  . g .  . g  o . g . . . 0  g .  o . . 0  . 0 . 0  . 0  

ii i ! liii �� i! �f ) f i� ;1 i�� � i� � �  �� � � - � � � :o � �  �o . t 6 0 . 1 � . ; f . �  J . 8 O : � g : � � : 8 g : 8 8 : 8 8 .  g .  . 0  0 . 8 � ' 8 o . . . 0  0 . 0  � .  
� � � � � �  � � � � � 8 1 � 8 o . � � . � g . o � . 8  o . � 8 : i 1 : 1 1 : 8 � : 8 8 : 8 � .  . . �  . 0  0 ' 8 . . . . 0  o .  
. . . . 0  0 . 0  

i i � � i � � il i i � i iI � i � I i I I i I i i � l i � 
ifi! ifii �l i I I l i i �! i I 

tIB 
HA 
RI1 CI1S RE l.ATIVE CHAUGE III tlEAU SURVIVAL I Eo )  I ALTERIIATIVE SURVIVAL - N0 t�101l SURVIVhL )  I I UD ACT�ON SURVIVAL ) m& x!L}I/gfi WR���Aro _ 

AY;;§�III1�U��H�h 0�5�vI3�t \ /REHU�ElI6° AP}�ON9 s3Rt}�v�£1 0 SURVI AL ( Eo  
01A 
AVG 

1I1E CIIANGE III TIlE ALTERlIATlVE SURVIVAL RELATIVE TO THE 1 988 NO ACTIOU SURV�VAL l Eo )  
I A I.TEJIHATIVE SURVIVAl - 1 988 NO ACTION SURVIVAL ) I 1 1 988 NO ACTION S IlVIVAt , 
lifE AVERAGE OF THE YEARS 1 993 , 1 998 , AIID 2003 I I. )  

-DATE RUN= 22FEB88 , 1 5 , 37 , 44 

� " , . 
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Table E . 5 - 5 2 
RELATIVE CHAIIGES IN MEAN SURVIVAL AIID ItIPACrS RELATIVE TO 1 9B6 NO ACIION SURVIVAL H ITIt TIIHEE YEAR AVERAGES tlPfllXHIK VS NPfEXIlJIK ( NO ACIION ) 

PROGRAM = DStl=PJI . Pf400 .  RtiR . F ISttPASS . SAS . REPORTSI fSlJI151 ) f ILES ,  PJ I . PF',OO . CflS . F IStt . PASS . llATA . N IDCOLFG RUN DATE PJI . PF400 . CBS . F lStt . PASS . DATA . IIIDCOLFG RUN DATE 
1'EARLWG 

POOL YEAR till MA Rll OIB D'IA 
HElLS 1 9/16 1 993 1 996 2003 AVG 
RRECH 1 988 1 99 3  1 996 2003 AVG 
R ISL 

LHG 

LHI1 

MCN 

JDA'!' 

DALS 

BOliN 

S1'S 

1 986 1 993 1 998 2003 AVG 
1 9/18 1 993 1 998 2003 AVG 
1 98B 993 1 996 2003 AVG 
! 9B6 993 1 996 2003 AVG 
1 98B 1 99 3  1 996 2003 AVG 
1 9/16 1 993 1 996 2003 AVG 
! 9B8 993 1 996 2003 AVG 
1 986 1 993  1 996 2003 AVG 

30 . 0  30 . 0  -0 . 1  0 . 0  -0 . 1  38 . 6  36 . 4  - 1 . 1  29 . 3  27 . 9  4 1 . 7 4 1 . 1  - 1 . 5  36 . 9  36 . 9  4 1 . 5 4 1 . 1  - 1 . 1  38 . 4  36 . 6  40 . 7 40 . 2  - 1 . 2  35 . 5  33 . 9  
3 2 . 8  3 2 . 9  0 . 3  0 . 0  0 . 3  43 . 1 4 3 . 0  -0 . 2  3 1 . 2  3 1 . 0  45 . 9  45 . 6  -0 . 6  39 . 6  36 . 9  4 6 . 2 4 6 . 3  0 . 3  4 0 . 6  4 1 . 0  45 . 1 45 . 0  -0 . 1  3 7 . 1 37 . 0  
40 . 3 40 . 4  0 . 0  0 . 0  0 . 0  4 7 . 5  4 7 . 4  - 0 . 3  1 7 . 6  1 7 . 5  50 . 4  50 . 2  -0 . 5  25 . 0  24 . 4  50 . 6  50 . 6  0 . 4  25 . 4  25 . 6  4 9 . 5 4 9 . 5  -0 . 1  22 . 7  22 . 6  
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  79 . 9  79 . 9  -0 . 0  22 . 6  2 2 . 6  79 . 6  79 . 6  -0 . 0  22 . 1  2 2 . 1  79 . 8  79 . 6  -0 . 0  2 2 . 4  2 2 . 4  7 9 . 6  7 9 . 6  -0 . 0  22 . 4  22 . 3  
�t : l  �� : �  - 8 : � 9 : 9  � : �  3/l . 6  38 . 3  -0 . 7  1 3 . 9  1 3 . 1 3 9 . 5  3 9 . 4  - 0 . 4  1 6 . 6  1 6 .  36 . 2  36 . 0  -0 . 6  1 2 . 7  1 2 . 0  
5B . O  5B . 2  0 . 3  O . � 0 . 3  59 . 9  59 . 6  - 0 . 4  3 .  2 . 6  6 3 . 6  6 3 . 9  0 . 2  9 .  1 0 ' a 6 3 . 9  6', .  I 0 . 3  1 0 .  I 1 0 .  6 2 . 5 6 2 . 5  0 . 0  7 . 7 7 .  
54 . 1 54 . 6  0 . 6  5' . .  6 54 . 1  -0 . 9  55 . 1 54 . 9  -0 . 5  56 . 9  56 . 6  -0 . 5  55 . 5  55 . 2  -0 . 6  

0 . 0  0 . 6  0 . 9  -0 . 0  1 . 6 1 . 3  5 . 2  4 . 6  2 . 6  2 . 0  
63 . 1  6 3 . 7  1 . 0  0 . 0  65 . 0  64 . 6  - 0 . 7  3 . 1 6 7 . 5  67 . 3  -0 . 3  7 . 1 66 . 0  6 7 . 6  - 0 . 3  7 . 6  66 . 9  66 . 6  -0 . 4  6 . 0  

1 . 0 2 . 4  6 . 6 7 . 6  5 . 6  
66 . 4  /l6 . 5  0 . 2  0 . 0  0 . 2  66 . 7 66 . 5  - 0 . 2  0 . 4  0 . 2  66 . 1 86 . 0  -0 . 2  -0 . 3  -0 . 5  66 . 5 86 . 4  -0 . 1  0 . 2  0 . 0  66 . 4  86 . 3  -0 . 2  0 . 1  -0 . 1  
65 . 0  65 . 1  0 . 1  0 . 0  0 . 1  70 . 9  70 . 7  - 0 . 2  9 . 1  6 . 8  7 1 . 7  7 1 . 5  -0 . 2  1 0 . 3  1 0 . 0  72 . 0  7 1 . 9  - 0 . 1 1 0 . 7  1 0 . 6  7 1 . 5  7 1 . 4  -0 . 2  1 0 . 0  9 . 8  

SUB1'EARLING 
tlB MA RI1 D'IB 01A 
1 5 . 6  23 . 3  26 . 5  26 . 6  25 . 6  
25 . 6  3 1 . 1 34 . 
3 5 .  33 . 4  

1 6 . 0  2 2 . 9  25 . 9  26 . 0  24 . 9  
�IU 3 3 . 6  34 . 7  3 3 . 0  

1 . 2  0 . 0  1 . 2  -2 . 0  4 7 . 7 44 . 7  -2 . 4  6 7 . 9  6 3 . 6  - 2 . 9  6 9 . 6  64 . 6  -2 . 4  6 1 . 7  5 7 . 6  
0 . 6  0 . 0  0 . 6  - 1 . 2  2 1 . 4  20 . 0  - 1 . 1  3 3 . 4  3 1 . 9 - 1 . 3  37 . 2  35 . 5  - I .  2 30 . 7 2 9 .  I 

�5 : �  �5 : �  -A : �  2� : �  2 1 : A  34 . 9  34 . 6  -0 . 9  3 9 . 6  36 . 3  35 . 3  3� . 9  - 1 . 0  4 1 . 3  39 . 9  3 3 . 5  33 . 2  -0 . 9  34 . 3  3 3 . 1  
52 . 7 52 . 7  0 . 1 53 . 4  53 . 2  - 0 . 3  54 . 3 54 . 1  -0 . 3  5r . .  0 5 3 . 6  -0 . 4  5 3 . 9 53 . 7  -0 . 3  

0 . 0  O ' l  1 . 4 I .  
� J  � : !  2 . 3  2 . 0  

26 . 7 26 . 7  0 . 0  0 . 0  0 . 0  3 1 . 9  30 . 9  -3 . 0  1 1 . 3  7 . 9  36 . 4  35 . 3  - 3 . 3  2 7 . 2  2 3 . 0  35 . 6  34 . 5  - 3 . 0  24 . 2  20 . 4  34 . 6  3 3 . 6  - 3 . 1  20 . 9  1 7 . 1 
2 � : 4  2! : 8  -g : �  9 : �  g : �  50 . 5  50 . 2  - o . � 2 � . 5  f 2 . 7  50 . 6  50 . 3  -0 . 23 . 9  3 . 0  46 . 2  4 7 . 6  -0 . 1 7 . 8  7 . 0  
4 9 . 0  4 9 . 0  0 . 1  50 . 2 4 9 . 3  - 1 . 9  46 . 3  4 7 . 3  -2 . 0  49 . 9  46 . 9  - 2 . 0  4 9 . 5  46 . 5  -2 . 0  

f . o  0 . 1 ' l  0 . 6  - .  : 3 . 3  . 0 . 1  . 0 -0 . 9  
53 . 5  53 . 6  0 . 5  0 . 0  
�� : *  �� : l  =g : �  � : �  57 . 1  56 . 7  -0 . 6  6 . 7  56 . 9  56 . 5  -0 . 7  6 . 2  

0 . 5  4 . 9  5 . 7  6 . 0  5 . 5  
6 1 . 6  6 1 . 6  0 . 3  0 . 0  0 . 3  62 . 7 62 . 5  -0 . 2  1 . 4 1 . 2  6 1 . 3  6 1 . 1  -o . � -0 . 3  -0 . 6  8 1 . 5  6 1 . 3  - 0 .  -0 . 0  -0 . 3  81 . 6 6 1 . 6  -0 . 0 . 3  0 . 1  
5 1 . 4  5 1 . 6  0 . 3  0 . 0  0 . 3  53 . 9  5 3 . 6  - 0 . 7  j . 6  4 . 2  57 . 1 56 . 7  - 0 . 6  

I 
. 0  1 0 . 3  5 7 . 4  57 . 0  -0 . 7  . 6  1 0 . 9  56 . 1  55 . 6  -0 . 7  9 . 2  6 . 5  

LEGEND MEAII SURVIVAL HITII 110 ACIIOII COIID ITIOIIS ( 1. )  OlD ACIIOII ) 

2 1 7B6 1 1 0267 
STEELIIEAD 
till MA RI1 D'IB C/1A 
�� :17 �� : * :8 : g  3� : i

o 
i-�
o
: g 45 . 45 . 4  I . � 40 .  . 0  46 . 46 . 0  -0 . 4 2 .  . 45 . 44 . 8  -0 . 36 . 7 . r  

36 . 0  36 . 0  -0 . 0  0 . 0  - D . ! 46 . 1  45 . 9  -o ' i 2g '� 20 . 4 6 . 8  46 'i -0 . 2 .  2� . 4 9 . 4  . -0 . . . 48 . 1  a? -0 . �6 .  i .  
4 2 · Z 4 2 . 5  0 ' 1 0 . 0  0 . 7  4 9 .  49 . 6  =0 .  1 7 . � 1 7 . 6  5 2 .  51 ' 1  o .  2 3 .  2 3 . 0  53 . 1  5 3 .  -0 . 26 . 25 . 8  51 . 6 51 . -0 . 2 2 .  22 . 1  
63 . 3  63 . 3  0 ' 8 66 . 0  88 . 0  -0 . 67 . 9  67 . 9  -0 ' 8 88 . 0  68 . 0  - 0 .  66 . 0  66 . 0  -0 . 0  

o : � 1 :
0 �J 5J 

4 3 . 4  3 .  4 0 . 5  iO ' !  45 . 2  5 .  4 7 . 0  7 .  4 5 . 2 45 . 1 

o . �  � . o  2 ' ,  :8 : f U: A  Ir �  -8 . 3  1 1 ' ;  1 . 4 

�f � J. af � � =� � i � � � � � �  70 . 2 fo . ! o . A  ! . �  � . f  
58 ' 1 �6 'i o .

� 59 .  6 .  -0 . 6 0 .  9 .  -0 . 6 1 . 1 .  -0 . 6 0 .  59 .  -0 . 
66 . 2  65 . -0 . 65 . 3  65 '1 o .

! 6 7 . 6  6 7 .  - 0 .  66 . 6  66 .  -0 .  6 7 . 6  6 7 .  -0 . 
6 3 . 1 63 .� 0 ' 1 63 . 3 6 3 .  -0 . 6 1 . 7 6 1 . -0 . 62 . 6  62 . - 0 .  62 . 6  6 2 .  -0 . 

iJ t� 
�J 

o

: i t� to 
J� J� -0 . � -0 . %  

71 . 5  � 1 . 5 _o ·
t 

0 . 0  2 ' 1 75 . 1  5 '1 O .  1 . 1  . 75 . 9  5 .  - 0 .  . 3  . 76 . 5  76 . -0 . . 0  6 .  75 . 9  75 .  -0 .  . 1  6 .  

SOCKE'I'E 
tIB MA RI1 D'IB 01A 

!f [ i 11 [ 1 �I [ ! �I � � �i [ t 8 : 8 � : � � : o 0 . 0  . . g o . g . ' 8 o . . . 

0 . 0  0 ' 8 0 . 0  o .  0 . 0  g . 0 . 0  . 0  0 . 0  0 . 0  

li i l li f t �� i � �t : i �� [ � 
I! ; } I! : I �� ; ! -1 ; 1 -1 : 1 
� . 8 g . R ' 8  8 · g 8 · 8 
8 : 0 8 : i 8 : 8  8 : 8  8 : 0 

is : 8  0 :  is : o  0 : 0  0 : 8  
I : i i : � 1 : 8  8 : 8  8 : 8 
: : : 8  � : 8  8 : �  . . . 0  is . o  o . iS  
� ; � � i � � [ � � i i 1 [ 1 
� . o  8 ' � � . o  � . o  o . � . 0  . . g is . g g . : R  R :  : g g : o  0 :  o . iS  is . . . 0  o .  
� : g � : 8 � : 8  8 : �  8 : 8 0 : 8 � : 8 � : 8 g j 8J �� . o  �h ' �  -8 ' �  � . o  o . �  HJ �rR :g � i  IX : } I � � � 

tIB MA 
RI1 

D'IB 
I lf  All SI IRVI VAL H ITH AI.TEmlATIVE COIIDITIOtiS I /, )  ( ALTERNATIVE ) 
R E I .ATIVE CIIAtIGE III NEAll SURVIVAL 1 % )  I AI.TERtlATIVE SURVIVAL -

N
0 ACIION sUJl.':'I�fiLJ / I UO Aq�ON SURVIVAL ) nl� ��,;,�g� �tjR�ll�Aro _ AnAgIl1l5u��H�h 0�5�vH�f. ! /REI·gA�EHbo Ab'ioh 9�al(V�v�ti URVI Al 1 %  

01A 
AVG 

l HE C H /,IIGE III TIlE AlTERIIATIVE SURVIVAL RELATIVE TO 1 HE 1 9B6 NO ACIION SURVIVAL ( 1. )  I ALHRlIATlVE SURV IVAL - 1 9!36 110 ACIIOII SURV I VAl J / 1 9!36 NO ACTION SURVIVAL ) l llE AVERAGE Of THE 'fEARS 1 99 3 ,  1 996 , MID 2003 ( 1. )  

-DATE RUN; 2 2FEBBB , 1 5 , 4 2 , O I  



['Tl 

Ul I 
Ul 
(j) 

Ta b l e  E .  5 - 5 3  
RELATIVE CHAlIGES IN ltEAN SURXt¥A!i AND UIPACTS R�I HIVE TO 1 988 NO I II SURVIVAL ITH THHEE 'fEAR AVERAGES 

MPlmXHIK VS tlPFEXBI1K ( /10 ACTION ) 
PROGRAM = DSII=PJ I . PF400 . RIIR . F ISHPASS . SAS . REPORTSI FSUl I5 1 1 
FILES I �JI  . 1'1" ,00 . CElS . FISH . PASS . DATA . II ![)COLFG RUII DATE Z I 788 

J I .  PF .. OO . CBS . F ISH . PASS . D ATA . IUDCOUG RU/I DATE 1 1 0387 
'tEARLIIIG SUll'I'EARLIIIG STEELHEAD SOCKE'tE 

POOL 'fEAR t!lJ IIA RM 01B O1A t!13 MA R11 01B O1A I1B MA RI1 01B O1A I1B MA RM 01B O1A 
HELLS m� !g : 2  !g : �  =? : ,  z� : �  29 : 5  1 5 . 8  1 6 . 0  1 . 4  0 . 0  I . � 

Z 3 . 3  Z 3 . 0  - 1 . 5  t7 . 7  45 .  �� ' I  32 . g -Y ' ! 0 '1 -o
. � d 4 2 .  = .  f ·  r '  li : � �� : I =l :i !t: � Ii : ! 1 998 4 1 . 7 4 1 . 1  - 1 . 5  38 . 9  36 . 9  26 . 5  Z5 . 9  - 2 . 4  7 . 9  6 3 ' A 4

�
.
� 

4� '
3 A '  o . 9 .  2003 41 .5 4 1 . I - . I 38 . 4  36 . 8  Z6 . 8  Z 6 . 1  -2 . 8  6 9 . 6  64 . 4 .  4 .  - .  4 2 .  O .  

3 3 -' n. - .  H .  I .  3 AVG 40 . 7  40 . I - 1 . 5  35 . 5  33 . 6  25 . 6  25 . 0  - 2 . 2  6 1 . 7  58 . 1  45 .  2 44 . 7  - I . 0 38 . 7 . 0  
RRECH 1988 32 . 8  32 . 9  0 . 3  0 . 0  0 . 3  25 . 6  25 . 7  0 . 3  0 . 0  0 . 3  �2 : ?  �� : ; :8 : 2 �? :i 28 : � 8 : g �J �j 8 : 8 o . � 993 4 3 . 1 42 . 5  - 1 . 3  3 1 . Z  2 9 . 5  3 1 .

1 
30 . 7  - 1 . 3  2 1 . � 1 9 . 8  O .  998 45 . 9  45 . 6  -0 . 5  39 . 6  38 . 9  34 . 3 3 . 8  - . 1  3 3 .  3 1 . 9  28 . 8  48. - 0 .  8 .  � 7 .  8 : 0 0 . 0  8 :  003 46 . 2  4 6 . 3  0 . 3  40 . 6  4 1 . 0  35 . 34 . 7  - 1 . 2  3 7 .  35 . 5  9 . 4  4 9 .  - 0 . , 30 . 9 .  

R ISL 

LriG 

LHI1 

tlCN 

JDA't 

DALS 

BONN 

SYS 

LEGEIID 

AVG 
1 988 
j 993 998 
!003 
VG 

1 988 
1 993 
1 9 98 
2003 AVG 
1 988 
1 993 
998 

2003 AVG 
1 988 
993 

1 998 
Z003 AVG 

p88 
993 

1 998 
Z003 AVG 
1 988 
993 

1 998 
!003 
VG 

1 988 
1 993 998 
2003 AVG 

r
a8 

993 
998 

2003 AVG 

45 . 1  44 . 8  -0 . 5  37 . 1  36 . 5  
40 . 3  4 0 . 3  0 . 0  0 . 0  0 . 0  �6 : �  �6 : g  =6 : �  �l : �  �t : 2  
50 . 6  50 . 8  0 . 4  25 . � 2� . 9  
4 9 . 5  49 . 3  -0 . 4  22 . Z • .  2 
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  
79 . 9  79 . 9  -0 . 1  22 . 6  2 2 . 5  
7 9 . 6  79 . 6  - 0 . 0  2Z ' 4  22 .

� 7 9 . 8  79 . 8  -0 . 0  Z Z .  2 Z .  
7 9 . 8  79 . 7  - 0 . 0  2 2 . 4  2 2 .  
3 3 . 9 34 . 0  0 . 3  0 . 0  0 '1 36 . 5  36 . 0  - 1 . 4  7 . 7  6 .  
38 . 6  38 . 3  -0 . 7  l i . 9  1 3 .  
39 . 5  3 9 . � -0 . 4  I . 6  1 6 .  
38 . 2  3 7 .  -0 . 9  1 2 . 7  I I .  

58 . 0  58 . 3  0 . 4  0 . 0  0 . 4  
59 . 9  59 .  I - 1 . 3  3 .  I 1 . 8 
6 3 . 8  63 . 9  o . � 9 . 9  1 0 .

! 6 3 . 9  6 .. . 1 O .  1 0 . 1  1 0 .  
6 2 . 5  6 2 . 4  -0 . 3  7 . 7  7 .  

g2 J gt � - u  
55 . � 54 . 9 -0 . 4  
56 . 56 . 6  -0 . 5  
55 . 5 55 . 1 -0 . 9  

R A R Z -U 
6 7 . 5  6 7 . 3  -0 . 3  
t8 . 0  6 7 . 8  -0 . 3  
6 . 9 66 . 4  -0 . 7  

8 : � -6 J 
1 . 8 I . t 5 . Z  4 .  
2 . 6  1 . 7  
0 . 0  U 3 .  I 7 .  I 6 . 8  
7 . 8  7 . 6  
6 . 0  5 . 3  

�� : r g� : �  -g : � 8 : 2  8 : a  
86 . 86 . 0  -0 . -0 . 3  -0 . 5  
86 . 5  86 . 4  -0 . 1  0 . 2  0 . 0  
86 . 4  86 . 2  -0 . 2  O .  I -0 . 1  
65 . 0  65 . 1  o . �  0 . 0  0 . 2  
70 . 9  70 . 5  -0 . 9 . 1 8 . 4  
7 1 . 7  � 1 . 5  -0 . 2  1 0 . 3  1 0 . 0  
72 . 0  1 . 9  -0 . 0  10 . 7  1 0 . � 7 1 . 5  7 1 . 3  -0 . 3  0 . 0  9 .  

33 . 4  33 . 0  - . 2  30 . 7  2 9 . 1 
25 . 0  25 . 2  1 . 0 0 . 0  1 . 0  
30 . 5  30 . 3  -0 . 5  2 2 ' l 2 . �  
34 . 9  34 . 6  -0 . 9  39 . 38 . 
35 . 3  35 . 0  -0 . 9 11 . 3  39 . 9  
33 . 5  33 . 3  -0 . 8  4 . 3  33 . 2  
52 . 7  52 . 7  0 . 1  0 . 0  O

: ! 53 . 4  5 3 . 3 -0 . 2  1 .
1 54 . 3 54 . 1  -0 . 3  3 .  L 5' • .  0 5 3 . 8  -0 ' 1 2 . 5  

53 . 9  53 . 7  - 0 .  2 . 3  2 . 0  
Z8 . 7  Z8 . 7  -0 . 0  0 . 0  -0 . 0  
3 1 . 9  30 . 9  - 3 . 0  I I . � 8 . 0  
36 · t 35 . 3  - 3 . 2  2 7 .  2 3 . 1  
35 . 34 . 6  -2 . 9  Z4 . 2  ZO . 6  
34 . 6  3 3 . 6  - 3 . 0  ZO . 9  1 7 . 2  

�� : �  2 ! : ! -8 : ,  2 : �  � : £  
50 . 6  50 . 3  -0 . 6  3 .  3 .  
50 . 5  50 . -0 . 6  � 3 .  � 2 ' r 
48 . 2 4 7 . 9  -0 . 7  1 7 . 8  1 7 .  

�Z : �  2? : �  -� : 8  0 . 0  0 . 0  
2 . 5  0 . 5  

48 . 3 4 7 . 3 - f . o  - I ' �  -3 . 3  
4 9 . 9 4 9 . 0  - . 9 . 0 . 0  
4 9 . 5  48 . 5  - 1 . 9 1 . 0  -0 . 9  

giJ R � -8 : �  0 . 0  0 . 5  
5 . 7  5 . 2  

56 . 9  56 . 6  -0 . 6  6 . � � . 7  57 . 1 56 . 7  -0 . 6  6 .  . 0  
56 . 9  56 . 5  -0 . 5  6 . 2  5 . 7  
8 1 . 6  8 1 . 9  0 . 4  0 . 0  0 . 4  
82 . 7  82 . f  -0 . 5  1 . 4 o . � 8 1 . 3 81 . - o . z  -0 . 3  - 0 .  
8 . 5  8 1 . � -0 . 2  -0 . 0  -0 . 3  8 . 8  8 1 .  -0 . 3  0 . 3  0 . 0  

R �  R �  -8J 0 . 0  � . 3  
4 . 8  . 1  

5 7 ' 4  56 . 7  -0 . 6  1 1 . 0  1 0 . 3  
5 7 .  5 7 . 0  -0 . 6  . 6  o .� 
56 . 1 55 . 8  -0 . 7  9 . 2  8 .  

I1B = I1E AII SURVIVAL HITH NO ACTIOlI CONDITIOIIS 1 Z )  1 110 ACT IOU I 

48 . 1  4 7 . 8  - 0 .  26 . 25 .  i� : �  �f :l : 8 : 9 !� :I !! : A 3 . � 5 5 .  -D .! 2 6 .  � . � 
5 1 . 5 1 . -0 . 2 2 .  1 .  

�� : 6  g�J -8 : 8  
87 . 9  8 7 . 9 -0 . 0  
88 . 0  88 ' 8 -0 . 0  
88 . 0  88 . -0 . 0  

0 . 0  

�J 5 . 6  

0 ' 1 g :  t 6 
40 . 5  40 . � O . Z  0 . 0  , . z  2� : �  2� :  :6 : 1 , I : t , : � 4 7 . 0  7 .  O .  . . �  
45 . 2  4 5 . 0  - 0 .  . . 

6 . 7  6 .  . 6 f ' 0  6
f ' f -8 ' !  f' 4 p '  -0 . 

2 . 0  . O .  0 . 4  0 . 3  - 0 .  
58 . \ 58 ' 2 o . � 59 .  58 . - I . 
60 ' 4  51 '1 -0 .  6 1 . 6 .  -0 .  
60 . 2  59 .  -0 . 7  

66 . 2  65 . - .  
65 . 3  65 . ! Y 'j 6 7 . 8  r' -0 . 
68 . 8  8 .  -0 . 
6 7 . 6  7 . 2  -0 . 

1 : } �J 7 .  
5 .  . 9  
0 . ; 

_
D . ! O .  J ' . ' 8  � :  6 : 9 

I i i o . � O .  
� : O  
2 . 9  

83 . 1  83 '1 0 '1 8 . 0 0 .; 
81 . 8 1 . -0 . -A ' - .  83 . , 8 3 .  - 0 .  . ; 1 
82 . 6  8 2 .  -0 . - .  - . 
82 . 6  0 2 .  -0 . -0 . -0 . 9  

}5 .  
� 

. -0 . 
H :

5 Wt -8 : 1  6 . 5 . -0 . 
75 . 9  5 .  -0 . i : i 6 .  i i t 

0 . 0  
o . g O .  0 . 0  

li : J li : ! �� :i �f : ! }� : ! 
59 ' 1 fZ ' , -g ' ! _0 . 0  

_
0 ' 2 �9 .  . . , . 2  I ' O .  . - .  . . 6  �O .  o . :8 , . 1  . 0  O .  O .  . . . 0  

0 . 0  �J g : � 8 . 0 g : 8 S · o . 0  . 0  8 : 8  . 0  8 : 0 ' 8 0 . 0  0 . 0  O .  
0 . 0  8 : �  �J g ' o 0 . 0  0 . 0  . 0  g ' O g ' O O .  . 0  . 0  . 0  8 : 8 . 0  . 0  
. 0  . 0  0 . 0  

8 : 8  �J �J g ' o 8 : � . 0  
0 ' 8 . 0  8 : 8 : 0 8 : 8 . 0  . 0  0 . 0  

� . o �J i : � g : o 8 : 8  . 0  
. 0  8

J 0 ' 8 . 0  O .  
. 0  0 . 0  

8 . 0  g : 8  �J o . � � . o 
8 : 8  o .  . 0  

8 : 
. 0  

. 0  8 : 8  . 0  
0 . 0  . 0  0 . 0  

ii i! II : ! �
� : I 11 : 1 I! : I 

MA = ltFAll S U R V I VA L  flITH ALTEr:tIATIVE COIIDITIOHS 1 Z )  1 ALTERIIATIVE ) 
RI1 = HELATIVE CHAIIGE 111 MEAII SURVIVAL 1 Z )  1 ALTERNATIVE SURVIVAL -

N
0 �CT�OIl SURVIVALJ / I UO A

R�ON SURVIVAL ) 018 = Tmj �Mtfgfl Wl;O�SAro _ 
Ay���1I116u�;gMh 0�5�vn�f I /

E
!·gA�EII60 

A&�ON9�URU�v�£1ION URVI AL Z 
Cl1A = l HE CHA/IGE IN THE ALTERIIATIVE SURVIVAl. RELATIVE TO TIlE 1 988 NO ACTIOU SURXl�AL ( 7. )  

1 Al.Um/HIVE SURVIVAL - 1 988 110 ACTIOII SURVIVAL 1 I 1 1 988 110 ACTlOII S RVIV AVG = THE AVERAGE OF THE YEARS 1 993 ,  1 998 , AIID 2003 1 7. 1  

-DATE RUII= 2 3F EB88 , 15 I 1 0 , 32 
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Ta b l e  E . 5 - 5 4  

�fl�!&WR�r�n�� {�  ���� flgRXl-Hhr/tmRvIVAL filTH THREE YEAR AVERAGES I1I1FIIXFMK VS flPFlXlltiK ( NO ACTION ) 
PROGRAl1 = DSII=P.1 I . PF400 . RlIR . F ISI l PASS . SAS . REPORTS( FSUM5 1 1 F ILES , PJ I . PF400 . CB� . F ISH . P�SS . OATA . M IDCOLFG RUII DATE RUII DATE PJI . FF400 . CBS . FISH . PASS . DATA . tllDCOLFG 

1'EARLIIIG SUUYEARLIIIG 
POOL YEAR MB I1A Rl1 ClIB Cl1A I'IB MA Rl1 Cl!B ClIA 
H[LLS 1 988 

1 993 1 998 2003 AVG 
RRECH 

R ISL 

UIG 

LHM 

MCII 

JDA'f 

DALS 

801U1 

SYS 

LEGElID 

1 988 1 99 3  
1 998 200 3 AVG 
1 968 993 
1 998 2003 AVG 
1 988 
993 

1 998 2003 AVG 
1 988 1 993 
1 998 2003 AVG 1 968 993 
998 

2003 AVG 
1 988 
1 993 
998 2003 AVG 

1 968 
993 

1 998 2003 AVG 
1 988 
1 993 
1 9 98 2003 AVG 
1 988 
1 9 93 
1 998 2003 AVG 

30 . 0  30 . 0  -0 . 2  0 . 0  -0 . 2  1 5 . 8  1 6 . 0  1 . 2  0 . 0  1 . 2  
38 . 8  38 . 4  - 1 . 0  2 9 . 3 28 . 0  2 3 . 3  22 . 8  - 2 . 3 4 7 . 7 44 . 3  
4 1 . 7 4 1 . 1  - 1 . 5  38 . 9  36 . 8  26 . 5  25 . 9  - 2 . 5 67 . 9 63 . 6  �A : }  2 A : g  = l : �  �� : t  �� : �  �� : �  �t : �  = � : �  � r : �  �� : 2  
32 . 8  3 2 . 9  0 . 3  0 . 0  0 . 3  4 3 . 1 4 3 . 1 0 . 0  3 1 . 2  3 1 . 2  45 . 9  4 5 . 6  -0 . 6  39 . 6  38 . 8  46 . 2  46 . 3  0 . 3 4 0 . 6  4 1 . 0  45 . 1  4 5 . 0  -0 . 1  37 . 1  3 7 . 0  
4 0 . 3  4 0 . 4  0 . 0  0 . 0  0 . 0  4 7 . 5 4 7 . 5  -0 . 1  1 7 . 8  1 7 . 7  50 . 4  50 . 2  - 0 . 5  25 . 0  24 . 4  50 . 6  50 . 8  0 . 4 25 . 4  25 . 8  4 9 . 5 49 . 5  -0 . 1  22 . 7  22 . 6  
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  
79 . 9  79 . 9  - 0 . 0  2 2 . 6  22 . 6  
79 . 6  79 . 6  - 0 . 0  2 2 . 1 22 . 1  79 . 8  79 . 8  - 0 . 0  2 2 . 4  2 2 . 4  
79 . 8  7 9 . 8  -0 . 0  2 2 . 4  2 2 . 3 
33 . 9  34 . 0  0 . 2  0 . 0  0 . 2  
�� : �  �� : �  =8 : }  I � : �  I � : r  3 9 . 5  39 . 3  - 0 . 5  1 6 . 6  1 6 . 0  38 . 2  38 . 0  - 0 . 6  1 2 . 7  1 2 . 0  
58 . 0  58 . 2  0 . 2  O ' l 0 . 2  5 9 . 9 59 . 7 - 0 . 2  3 .  2 . 9  6 3 . 8  6 3 . 9  0 . 2  9 .  1 0 . 1 63 . 9 64 . 1  0 . 3  1 0 . 1  1 0 . 4 62 . 5  62 . 6  0 . 1  7 . 7 7 . 8  
5 4 .  I 54 . 5  O .  7 �t t �;! j = 8 : � 56 . 9  56 . 6  -0 . 5  
55 . 5  55 . 2  - 0 . 6  
6 3 . 1 6 3 . 6  0 . 8  65 . 0  6', . 6  - 0 . 6  6 7 . 5  6 7 . 3 - 0 . 4  68 . 0  6 7 . 8  -0 . 3  66 . 9  66 . 6  - 0 . 4  

0 . 0  0 . 9  
1 . 8 t £  

0 . 7  0 . 0  
1 . 3 
4 . 6  2 . 0  

0 . 0  0 . 8  
3 .  I 2 . 5  
7 .  I 6 . 7 7 . 8  7 . 5  6 . 0  5 . 6  

�� : �  �� : �  -8 : !  8 : 2  8 : !  86 . 1  66 . 0  - 0 . 2  - 0 . 3  - 0 . 5  86 . 5 86 . 4  - 0 . 1 0 . 2  0 . 0  
86 . 4  86 . 3 -0 . 2  0 . 1  - 0 . 1  
�5 : S  �5 : A  -8 : !  � : �  g : �  
7 1 . 7  7 1 . 5  -0 . 3  1 0 . 3  1 0 . 0  72 . 0  71 . 9  - 0 .  I 1 0 . 7 1 0 . 6  7 1 . 5  71 . 4  -0 . 2  10 . 0  9 . 8  

25 . 6  25 . 7  0 . 5  0 . 0  0 . 5  
3 1 ' 1 30 . 6  - 1 . 4  2 1 . 4  1 9 . 8  34 . 33 . 8  - 1 . 1  33 . 4  3 1 . 9  
35 . 34 . 7  - 1 . 3  37 . 2  35 . 5  
33 . 4  33 . 0  - 1 . 2  30 . 7  29 . 1 

25 . 0  25 . 2  
30 . 5  30 . 2  
34 . 9  34 . 5  
35 . 3  34 . 9  
33 . 5  33 . 2  

-� : 6  2� : �  28 J 
- 1 . 0  3! . 6 38 . 2  - . 0  4 . 3  3 9 . 9 
- 1 . 0  3 . 3  3 3 . 0  

52 . 7  52 . 7  O .  I 53 . 4  53 . 2  - 0 . 3  54 . 3 54 . 1 -0 . 4 54 . 0  53 . 8  - 0 . 4  
53 . 9 53 . 7  -0 . 3  

� : 2  p 2 . �  2 . f  2 . 3  2 . 0  
�� : �  �S : �  - � : !  I ? : �  9 : A  
36 . 4  35 . 2  - 3 . 4  2 7 . 2  2 2 . 8 35 . 6  34 . 5  - 3 . 0  24 . 2  20 . 4  
34 . 6  33 . 5  - 3 . 2  20 . 9  1 7 . 0  
40 . 9 4 1 . 0  0 . 2  0 . 0  0 . 2  4 3 . 4 4 3 . 0  - 1 . 0  6 . 1  5 . 1  50 . 5  50 . 2  -0 . 7  2 3 . 5  22 . 7  
50 . 6  50 . 3 - 0 . 7  2 3 . 9 2 3 . 0  48 . 2  4 7 . 8  -0 . 8  1 7 . 8  1 6 . 9  
4 9 . 0  4 9 . 0  0 . 1  0 . 0  0 . 1  50 . 2  4 9 . 2  - 2 . 0  l . 5  0 . 4  48 . 3 47 . 3 -2 . 1  - 1 . 3  - 3 . 4  
4 9 . 9 46 . 9  - 2 . 0  1 . 9  - 0 . 1 4 9 . 5 48 . 5  -2 . 0  . 0  - 1 . 0  
53 . 5  53 . 8  0 . 4  56 . 6  56 . 1  -0 . 8  
56 . 9  56 . 5  -0 . 6  57 . 1  56 . 7  -0 . 6  56 . 9 56 . 5  -0 . 7  

0 . 0  0 . 4  
5 . � � . 8  
6 .  . 6  
6 .  . 0  6 . 2  5 . 5  

81 . 6  8 1 . 8 
82 . � 82 . 5  
8 1 . 8 1 . 1  
8 1 . 8 1 . 3  
8 1 . 8  8 1 . 6  

R �  �! J 57 . 1  56 . 7  5 7 . 4  57 . 0  
56 . 1 55 . 8  

0 . 3  0 . 0 D . !  -0 . 2  1 . 4 I .  - 0 . 3  -0 . 3  - 0 .  -0 . 2  -0 . 0  -0 . 3  - 0 . 2  0 . 3  0 . 1 
0 . 2  0 . 0  0 ' 1 - 0 . 7  . 8  4 .  -0 . 7  l i · o 1 0 .  

- 0 . 6  . 6  0 . 9  - 0 . 7  9 . 2  8 . 4  

2 1 788 
1 1 0387 

STEELlIEAD 
M8 MA 
��j �U 45 . 9  (.5 . 4  46 . 4  4 6 . 0  45 . 2  44 . 8  
38 . 0  38 . 0  46 . 1  45 . 9  48 . 8  48 . 5  4 9 . 4  4 9 . 2 
48 . I 4 7 . 9  
4 2 . 2  4 2 . 5  4 9 . 7 4 9 . 6  52 . 0  5 1 . 9  
53 . 1  53 . 1  
5 1 . 6 5 1 . 5 
��J �� : 6  
87 . 9  8 7 . 9  88 . 0  86 . 0  
86 . 0  88 . 0  
40 . 5  40 . 5  4 3 . 4  4 3 . 2  45 . 2  45 . t 4 7 . 0  46 . 45 . 2  45 .  
�� :l. 6�r f 7
t il  � : 

50 . 4  o .  
5 9 .  58 . 5  58 ' 1 56 . 6 
60 . 5 9 . 8  6 1 . 6 1 . 1  60 . 5 9 . 8  
65 . 3  65 . � 66 . 2  65 . 
6 7 . 8  !7 .  
6 6 . 8  8 .  
6 7 . 6  7 . 2  
83 . 1 83 '

1 
83 . 3  8 3 .  
8 1 . 7  8 1 . 
82 . 6  8 2 .  
82 . 6  82 . 5  

Rl1 Cl!B CI1A 
=8 : !  3� : �

0 !-� )  
- 1 . 2 4 0 .  8 . 9  
-0 . 9  4 2 .  0 . 9  
- 1 . 0  38 . 4  37 . 1 
:8 : 11 -0 . -0 .  -0 .  

0 . 0  
-8

.
1 2 1 . 3 2 . 7 

28 . 4  27 . 6  30 . 0  2 9 . 3  26 . 6  25 . 8  

=
8 : f 1 9 : �  �io :i7 o .  2 3 ' 2 . -0 . 26 . . -0 . 2  2 2 .  2 .  
0 . 0  

-0 . 0  -0 . 0  -0 . 0  -0 . 0  o . � -0 . -0 . -0 . 1  -0 . 3  
0 ' 1 -0 .  -0 . o .  -0 . o ' i - I . - 0 .  

- 0 . - 0 .  o 'l -0 . 
- 0 .  
-0 . 3 
-0 . 5  

� : io t 2 5 .  5 . 5  5 .  5 . 6  
5 .  5 . 6  
0 . 0  2 . 1  IL t uJ 
IJ IJ 
� :  � : 0  

0
:

0 

-i :! 1 . 6  . 8  

ti ; : 1 
0 . 2  o . � � . � -0 . 2  O .  . 

-8 ' 1 -6 ' - .  
:0 : :o : �  :0 : 8  

�� : i  �� : �  -8 : 1 g : l i : l 75 . 9  75 .  � -0 . 6 .  . 76 . 5  6 .  -0 . 7 .  . 
75 . 9  55 .  - 0 .  6 . 1  6 .  

SOCKE'fE 
t!B MA Rl1 Cl!B ClIA 
2 9 .  25 ' i 35 . 36 . 3 3 .  

1
2
� : � =I : i  1 9 : �  l2 : �  5 . �  . 41 . 5  48 . �  ! : �  : : H J  3� : �  

8 ·
� 

0 ' 1 � . o  0 . 0  � . O  o .  . . . . 
8 

. 
�
. ' 8  0 ' 8 

. 0  
. . . . 0  . 

8 .  . 8 . 0  8 . 0  0 . 0  

�l � t '-i � �  :� � I §� � � �! � i  42 , l  2,J -0 . 9  ZL 3 2 1 . 2  

i� � � �� � �  �� � S  - � � � -� � �  6 0  J 60 . � � J t J t .  0 
8 :

i i

: 8  
� : � 

o : � 0 : 8  � : : �  : 8
: 0 

8 : � o . . 0  . 8 . 0  8 . 0  

8 . 8  . . . 0  O .
Q 

0 : 0  

i
:
i 

�
: i  i

: 8 

� :

8 

8 : 8  : : : 8  8 : 0  

8
: 8  � : �  � : �  � :

� 
� : 8  

Q
' 8  8 '  

. . . 
8 o . . . . . 

i [
� �

[ i  
�
[
� �

[
� 

i [
� 

� � � � � � � : � � � � � � � 
0 . 8  0 . 8  �J  0 . 0  0 . 0  

�f � � �f � � �� � � 1 � : 9. 1 ! � ! �o J �o j �J  AJ 7 . 5  

M8 l1A Rf1 
C/1B 

n��ll ����mt �m ��T��I9�v�oggfJ;I9�811�%l:N? At.f.Hft�·hVE ) RELATIVE CIIAIIGE III llEAU SURVIVAL ( % )  I ALTERUATlVE SURVIVAL - NO tCTION SUJl.¥I�nLJ / ( UO ARION SURVIVAL ) TIm �1�iljgr �UR��G Al�o _ 
A11J�1l1l8U�;tH�h o�5�vn�f: \ /REHU�Ellbo APfYoN 9�3RWAt\ I URVI AL % ) 

THE CIlAIH;� III TIfE ALTERIIAT lVE SURVIVAL RELATIVE TO l'IIE 1 988 UO ACTION SUIlVIVAL ( % )  ( A I.TI: HlIATlVE SURVIVAL - 1 988 110 ACTIOII SURVIVAl l / 1 988 110 ACTION SURVIVAL ) C/'IA 
AVG TIll AVERAGE OF THE YEARS 1 993 , 1 998 , MID 2003 1% I 

·DATE RUN= 22FEB86 , 15 , 46 , 3 1 



Ta ble E o  5 - 5 5  

RELATIVE CIiAHGES IN HEAN SURVIVAL AIm 
IHPAcrs HFl.ATIVE TO 1 9118 NO ACTION SURVIVAL 

HITH THRFE YEAR AVERAGES 
HPFI1XAMK VS HPFEXBtlK ( NO ACTION 1 

PROGRAM = DSH=PJI . PF'<OO . RHR . F ISIIPASS . SAS . REPORTS( FSUI151 ) 
FILES . �1U��gg : �� : n�� : ��§� : BHUlIg�8lJ� ��H gH� I fHg9 

YEARLIHG SUBYEARLING STEELIiEAD SOCKEYE 
POOL YEAR tlB I1A RI1 ctIB O1A l IB  I1A RI1 OIB C/1A I1Il HA RI1 0111 O1A tlB I1A R11 OIB O1A 
HELLS 1 988 30 . 0  30 . 0  0 . 1 0 . 0  0 . 1 1 5 . 8  1 6 . 2  2 . 6  0 . 0  2 . 6  32 . 7  32 . � O 'y 0 ' 1 0 . 4  !1 · 3  !� ' i 1 ' 1  D . ! o . ! 993 38 . 8  38 . 3  - 1 . 3  29 . 3  2 7 . 6  2 3 . 3  22 . 9  - 1 . 8  '<7 . 7  '<5 . 0  4 3 . 3 4 2 .  - 0 .  2 .  3 1 . 5  . 5 . _ . 6 .  4 .  

1 998 '< 1 . 7  '< 1 . 1  - 1 . 38 . 9 36 . 9  26 . 5 25 . 9  - 2 . '<  6 7 . 9  6 3 . 8  4 .  4 .  - 1 . 0 . . 0  " _ .  . . 
2003 '< 1 . 5  '< I . ! - I . � 38 . 4  36 . 9  26 . 8  26 . 1  - 2 . 8  6 9 . 6  6 S . 0  4� .4 4� . -0 . 9  �2 .  }Y . o  . ; . _ .  �l . !S . 
AVG '<0 . 7  '<0 . - 1 . 3 35 . 5  33 . 8  25 . 6  25 . 0  -2 . 3 6 1 . 7 57 . 9  45 . 2 44 . 8  -0 . 9  �8 . 4  37 . 2  . 9 . _ . �3 .  3 1 .  

RRECH 1 988 32 . 8  3 2 . 8  -0 . 2  0 . 0  -0 . 2  25 . 6  25 . 9  1 . 1  0 . 0  1 . 1  38 . 0  38 . 2  0 '1 0 . 0  0 ' 1 � . � � . � 0 ' 8  8 ' 8 8 . 0  1 993 '< 3 . 1 '<2 . 8  -0 . 7  31 . 2  30 . 4  3 1 ' 1 30 . 7  - 1 . 2 2 1 . '<  1 9 . 9  � 6 . 1  45 . 9  - 0 .  2 1 . 3 20 .  " 8 ' . . 0  
1 9 98 '<5 . 9  '<5 . 6  -0 . 6  39 . 6  38 . 9  34 . 33 . 6  - 1 . 5  33 . ,<  3 1 . 5  8 . a  '<8 . 5  -0 . 28 . 4  2 7 .  . . . 0 0 . 0  8 . 0  
2003 '<6 . 2  '<6 . '<  0 . ,<  '< 0 . 6  4 1 . 2  35 . 3'< . 7  - 1 . 1  3 7 . 2 35 . 7  9 . 4 49 . 2 - 0 .  30 . 0  2 9 .  0 " 8 0 ' 8 8 . 0  . 0  
AVG 45 . 1 '<4 . 9  -0 . 3  37 . 1  36 . 8  33 . 4  33 . 0  - 1 . 3  30 . 7  2 9 . 0  8 . 1 '< 7 . 9 - 0 .  26 . 6  25 . 9  O .  O .  O .  . 0  0 . 0  

RISL 1 988 '<0 . 3  '<0 . 2  -0 . 5  0 . 0  -0 . 5  25 . 0  25 . 5  2 . 0  0 . 0  2 . 0  '< 2 . 2  4 2 . 6  I . ,  0 . 0  t · o If ' } li . 1  � . 8 � . ! � . 8 1 993 '< 7 . 5  '< 7 . 2 -0 . 8  1 7 . 8  6 . 9  30 . 5 30 . -0 . 7  22 . 1  2 1 . 2  '< 9 . 7 4 9 .  -0 . . 9 . 8  . . 7 - . 0 . . 3  1 998 50 . 4  50 . 2  -0 . 5  25 . 0  !,< . 5  34 . 9  34 . i -0 . 9  3 9 . 6  38 . '<  52 . 0  52 · f -0 . !I ' � l . 2  
" i - . �  � . � . 9  

2003 50 . 6 50 . 8  0 . ,<  2 5 . '<  25 . 9  35 . 3 35 . 0  -0 . 9  '< 1 . 3  '<0 . 0  53 . 1 5 3 .  -0 . 0 2 .  25 . 9  " _ .  I .  . a  
AVG '< 9 . 5 4 9 . 4  -0 . 3  22 . 7  22 . 4  33 . 5  33 . 3  -0 . 8  34 . 3  33 . 2  5 1 . 6 5 1 . - 0 . 1 2 . 22 . 3  . '< .  - 0 .  2 .  1 . 3  

LHG 1 988 65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  52 . 7 52 . 7  0 . 1  0 . 0  0 . 1 83 . 3 83 . 3  0 . 0  0 '1 0 . 0  ig ' i Iz '! 8 ' � f ' O f . t 998 79 . 6  79 . 6  -0 . 0  2 2 .  I 22 . I 5 .. . 3 5'< . I -0 . 4  . 1  2 . 7  87 . 9 87 . 9  - 0 .  5 .  5 . 5  " - 0 .  . . 
2003 79 . 8  7 9 . 8  -0 . 0  2 2 . 4  2 2 . '<  54 . 0  53 . 8  -0 . 3  � . 5  2 . 1  88 . 0 88 . 0  0 ' 8 5 .  5 . 6  60 . 8 ' -0 . . . 
1 993 79 . 9  7 9 . 9  -0 . 0  22 . 6  2 2 . 6  5 � . '<  5 3 . 2 -0 . 3  1 . '< 1 . 1  88 . 0 88 . 0  -0 ' 8 5 .  5 . 6  " - .  - ' 1 _ . 

AVG 79 . 8  7 9 . 8  -0 . 0  2 2 . '<  2 2 . 3  53 . 9 53 . 7  -0 . 3  2 . 3  2 . 0  88 . 0 88 . 0  -0 . 5 .  5 . 6  6 0 .  . -0 . . . 0  
LHN I ��� �t : �  �� : r  =� : A  � : �  -2 : �  �� : �  �g :

81 -� : �  l Y : �  � : ij  2g : �  2� :
5� -8 : 1 °l :t 2 : 1 � :� � : � 8° : � � : 08 � : 8° 1 998 38 . 6  38 . '<  -0 . 6  1 3 . 9  1 3 . ! 36 . 4  35 . - 3 . 6  27 . 2  2 2 . 6  45 . 2  '<5 .  - 0 .  I ' I i '  0 . . . 0 . . 2003 39 . 5  3 9 . ,<  - 0 . 4  1 6 . 6  1 6 .  35 . 6  3'< . - 2 . 6  24 . 2  20 . 9  4 7 . 0  4 7 .  - 0 .  " 8 " ' 8 ' 8 . 0  AVG 38 . 2  37 . 9  -0 . 7  1 2 . 7  2 . 0  3'< . 6  3� . 6  -3 . 1  20 . 9  1 7 . 1 '<5 . 2 45 . - 0 .  . . " O .  . . 0  

nl I1CN 1 988 58 . 0 57 . 9  -0 . 3  0 . 0  -0 . 3  40 . 9 4 1 . 1  0 . 5  0 . 0  0 . 5  fl ' O  �7 ' I 0 . 0 i ' J 8 . 0  � ' 8  � . � 0 . 0  � . o  g ' O  993 59 . 9 5 9 . 8  -0 . 2  3 . 1 3 . 0  4 3 . 4  '< 3 . 0  -0 . 9  6 . 1  5 . 2  . 7  7 .  -0 . 2  . . 9 " 0 . 0  ' 8 . 0  
01 998 6 3 . 8  6 3 . 7 -0 . 1  . 9  9 . a  50 . 5  50 . -0 . 7  2 3 . 5  2 2 . 6  . 4  I .  O .  . 6 . 7  " O .  . . 

I 003 63 . 9 64 . 1  0 . 2  1 6 . 1  1 0 . ,<  50 . 6  50 .� -0 . 6  23 . 9  2 3 . 1 . 0  2 .  O . � • 7 . 6  ' 8 . 8 '
� ' 8 8 . 8 

01 AVG 6 2 . 5  6 2 . 5  -0 . 0  7 . 7  7 . 7 48 . 2 47 . 8  -0 . 7  1 7 . 8  1 7 . 0  0 . 4  o .  - 0 . 6 . 5 . 1  . . . 0 . . 0 
00 JDAY 1988 54 . 1  54 . 9  1 . 4 0 . 0  1 . 4 4 9 . 0  49 . 2  0 . 6  f ' O  0 . 6  58 .! 5 9 . 0  O 'i 0 . ; o .! o . � � . � 8 . 0 � ' 8 8 . 0  

993 5'< . 6 54 . 3  -0 . 5  0 . 9  0 . 4  50 . 2 49 . 2 - 1 . 9  . 5  0 . 6  5 9 .  !8 . � -0 . i '  - 0 .  � . . . o . . o 
003 56 . 9 56 . 7 -0 . 4  5 .  2 4 .  7 4 9 .  9 4 9 .  I - I . 6 . 9 O .  3 6 1 . I . _ .  " . . . . .  
998 55 . 1 55 . 0  -0 . 2  1 . 8 1 . 6  '<8 . 3 4 7 . 2  -2 . 3  - . 3  - 3 . 6  60 . 9 .  -8 ' . � . " 8 ' 8 ' 8  8 ' 8 
VG 55 . 5  55 . 3  - 0 .  '< 2 . 6  2 . 2  4 9 . 5  48 . 5  - I . 9 . 0  -0 . 9  60 . 5 9 . 8  - 0 .  . 6 . " 0 . 0  • 0 . 0  

DALS 1 988 6 3 . 1 63 . 9  I . � 0 . 0  1 . '< 53 . 5 54 . 0  0 . 9  0 . 0  0 . 9  65 .; 65 .! 8 " i ' i o .! � . � � . � 0 ' 8 0 . 0  8 . 0  
99 6 7 . 5  6 7 . 6  O .  7 .  I 7 .  56 . 9  56 . 6  -0 . . 3  5 . 7  6 7 .  6 7 .  -0 . " . . . 0 . . 
993 6 5 . 0  64 . 8  -0 . 3 .  I 2 ' f 56 . 6  56 . 2  -0 . 7  5 . 7  5 . 0  6 6 .  6 5 .  - .  . O .  " o .  � . o . 0  !OO� 68 . 0 6 7 . 9  -0 ' 1 7 . 8  7 .  57 . 1 56 . 8  -o J � . 7  6 . 1  68 .  68 .  -0 . . t " � . o  . 8  8 . 8  

AVG 66 . 9  66 . 8  - 0 .  6 . 0  5 . 9  56 . 9  56 . 5  -0 . 6  Z . 2  5 . 6  6 7 .  6 7 .  - 0 .  . 3 .  . 0 . 0 . 0 . 0  . 0  
BONN 1 988 86 . '<  86 . 6  O

'
r 0 . 0  0 . 3 8 1 . 6  82 . 0  o · t o . � 0 . 5  83 ' i 83 ' j O 't f ' � o . } � . � � . � 0 . 0  8 ' 8  0 . 0  

993 86 . 7 86 . 6  - 0 .  0 . 4  0 . 3  82 . 7 82 . 6  - 0 .  I .  1 . 3  83 . 83 . -0 . . o .  " 0 . 0  . 0 . 0  
998 86 . 1  86 . 0  - 0 .  -0 . 3  -0 . 4  8 j . 3  8 1 . 2  - 0 .  -0 . -0 . 5  8 1 . 8 1 . -0 . - . - I . " 8 ' g 8 . 0  g ' 8 003 86 . 5 86 . 4  -0 . 0 . 2  0 . 1  8 . 5 8 1 .  - 0 .  -0 . 0  - 0 . 2  8 2 .  82 . 6  - .  - . 6 -0 . . . . . 0 .  
AVG 86 . 4 86 . 4  - 0 .  0 . 1 -0 . 0  8 1 . 8  8 1 .� -0 . 1  0 . 3  0 . 2  82 . 82 . 5  -8 . -0 . 7  -0 . 

'
" 0 . 0  . 0  

SYS 1 988 65 . 0  65 . 1  0 . 1  0 . 0  0 . 1 5 1 ·l 5 1 . 7  0 . 6  0 . 0  0 . 6  7 1 . 5 7 1 . 6  o · t  � . o i ' l If'1 11 'i 
8 'f 0 . 0  ! . �  

LEGEND 

993 70 . 9  70 . 7  -0 . 2  9 . 1  !l . 8  5 3 .  53 . 6  -0 . 6  4 . 8  4 . 2  75 . 1  75 . 0  - 0 .  . 1 . " _ .  2 . 8  . 
998 7 1 . 7  7 . 6  - 0 .  O .  1 0 .  5 7 .  56 . - 0 .  . 0  0 . 3  5 . . _ . " " _ .  . . !003 72 . 0  7 1 . 9  -0 . 5 j o J  1 0J 5 7 .  5 7 . 1 -0 . 9 1 1 . 6  

!
1 . 0 �6 . � $�.7. -8 . ) . " _� . j V . �  I . 6  

AVG 7 1  . 5  7 1 . 4  -0 . I 0 . 0  9 . 8  56 . I 55 . 8  - 0 . 6 9 . 2  8 . 5  }S . 9 75 . 8 -0 . 6 .  r .  " -0 .  8 . 2 . 5  

I1B 
HA 
R11 

CJ1B 
OIA 
AVG 

HEAN SURV IVAL HITH NO ACTIOII COIIDITIOIIS ( % 1  ( 110 ACTION ) 
HEAII SURVIVAL HITH ALTERNATIVE CDtIDITIOIlS ( /. )  ( AlTERIIATIVE ) 
RELATIVE CHAIIGE IN HEAIl SURVIVAL ( % 1  ( A l.TERNATIVE SURVIVAL - NO ACTIO� SURVIVAL 1 I ( NO ACTION SURVIVAL ) 
THE CHAIIGE III TilE IlO ACI IOII SURVIVAL OVER TUIE . RELATIVE TO THE 1 988 0 ACTION SUIiVIVAL ( % )  
I NO ACTION SURVIVAL - 1 988 110 AcrrON SURVIVAL , I ( 1 933 110 ACTION SUB IVAI. )  
THE CHAll(;E IN TilE ALTERIIATIVE SURVIVAL RELATIVE TO THE 1 988 NO ACTIOU SURVIVAL 1 % 1 
I ALTERIlATIVE SURVIVAL - 1 988 NO ACTIOII SUHV IVAL J I ( 1 988 NO ACTION 5 RVIVAl l 
1 HE AVERAGE OF THE YEARS 1 993 , 1 998, AIID 2003 ( I.  J 

-DATE RUN= 22FEB88 d 5 . 4 3 d l  



Ta LJ l e  E . 5 - 5 6  

RELATIVE CHANGES IN tlEAH SURVIVAL AHll 
IIIPACrS REl.ATIVE TO 1 988 NO ACI'IOH SURVIVAL 

I-nTH THREE 'fEAR AVERAGES 
tIPRl1XAJIK VS tll'FEXBtlK 1 110 ACTIOH I 

PROGRMI = DSII=PJ I . PF400 . RllR . F ISIIPASS . SAS . REPORTSI FSlItI51 1 
FILES . �JU��g8 : L�� : H�U : ���� : gnU1I8E8Hg t�ll B�H 

YlAkLIIlG SUBYEARLIIIG 
POOL YEAR tIB IIA Rl1 CI1B O'IA IlB MA Rt1 CI1B O'IA 
HELLS 1 988 30 . 0  30 . 0  0 . 0  0 . 0  0 . 0  

1 993 38 . 8  38 . 1  - 1 . 8  29 . 3  2 7 . 0  
1 998 4 1 . 7 4 1 . 0  - 1 . 6  58 . 9  36 . 7  
2003 4 1 . 5 4 1 . 1  - 1 . 0  !8 . 4  37 . 0  
AVG 40 . 7 40 . 1  - 1 . 5  35 . 5  3 3 . 6  

RRECH 1 988 3 2 . 8  3 2 . 8  -0 . 2  0 . 0  -0 . 2  
993 4 3 . 1 4 2 . 5  - 1 . 3  3 1 . 2  2 9 . 5  
1 998 45 . 9 4 5 . 4  - 1 . 0  3 9 . 6  38 . 2  
2003 46 . 2 4 6 . 4  0 . 5 40 . 6 4 1 . 2  
AVG 45 . 1 44 . 8  - 0 . 6  37 . 1 36 . 3  

RISL 

Ll1G 

LHM 

Mell 

JDAY 

DALS 

BOlIN 

SYS 

1 988 
1 993 
1 998 
2003 
AVG 
1 9B8 
1 993 
1 998 
2003 
AVG 
1 9B8 1 993 
998 

2003 
AVG 
1 988 
1 993 
1 998 
2003 
AVG 
1 988 
1 993 
1 9 98 
2003 
AVG 
1 988 
995 

1 998 
2003 
A V G  
1 988 
1 993 
1 998 
2003 
AVG 
1 988 
1 993 
1 998 
2003 
AVG 

40 . 3  �O . I  -0 . 5  0 . 0  -0 . 5  
4 7 . 5 '. 6 . 9  - 1 . 3  1 7 . 8  1 6 . 3  
50 . 4  50 . 0  -0 . 8  2 5 . 0  24 . 0  
50 . 6  �O . 8  0 . 5  25 . 4  25 . 9  
4 9 . 5 4 9 . 2  - 0 . 6  2 2 . 7  2 2 . 1  
65 . 2  6 5 . 2  -0 . 0  0 . 0  -0 . 0  
79 . 9  79 . 9  -0 . 1  2 2 . 6  2 2 . 5  
79 . 6  79 . 6  -0 . 0  2 2 . 1  2 2 . 1  
79 . 8  7 9 . 8  - 0 . 0  2 2 . 4  2 2 . 4  
79 . 8  7 9 . 7  - 0 . 0  2 2 . 4  2 2 . 3  
5 O .  9 3 \ .  8 -0 . 1 0 . 0 -0 . 1 
36 . 5  35 . 9  - 1 . 7  7 . 7  5 . 9  
38 . 6  38 . 3  -0 . 8  1 3 . 9  1 3 . 0  
3 9 . 5  3 9 . 4  -0 . 3  1 6 . 6  1 6 . 2  
38 . 2 3 7 .  9 -0 . 9 1 2 . 7 1 I .  7 
58 . 0  58 . 0  -0 . 1  0 . 0  -0 . 1  
59 . 9  5 9 .  I - 1 . 3  3 .  1 1 . 8  
6 3 . 8  6 3 . 8  -0 . 0  9 . 9  9 . 9  
6 3 . 9 64 . 1  0 . 2  1 0 . 1  1 0 . 4  
6 2 . 5  62 . 3  - 0 . 4  7 . 7  7 . 3  
54 . I 5" . 9 I .  4 
54 . 6 5 5 .  9 - 1 . 4 
55 . 1  55 . 1  -0 . 1 
56 . 9  56 . � -0 . 4  
55 . 5  55 . c  -0 . 6  
6 3 . 1 6 3 . 9  1 . 3  
6 5 . 0 6' • .  3 - 1 . 2  
6 7 . 5  6 7 . 6  0 . 1 
68 . 0  6 7 . 9 - 0 .  
66 . 9  66 . 6  - 0 . 4  

0 . 0  1 . 4 
0 . 9  -0 . 5  
1 . 8  1 . 7  
5 . 2  4 . 7  
2 . 6  2 . 0  
0 . 0  
3 . 1  
7 . 1  
7 . 8  
6 . 0  

1 . 3  
1 . 9  
7 . 2  
7 . 7  
5 . 6  

�� : �  �� : �  -8 : �  8 : 2  8 : i  
86 . 1  86 . 1  -0 ' 1 - 0 . 3  -0 ' 1 
86 . 5  86 . 4  - 0 .  0 . 2  O .  
86 . 4  86 . 3  -0 . 2 0 . 1  -0 . 
65 . 0  �5 . 1  0 . 1  0 . 0  0 . 1  
70 . 9 70 . 5 -0 . 5  9 .  1 8 . 5  
7 1 . 7 7 1 . 5  -0 . 2 1 0 . 3 1 0 . 0  
72 . 0  71 . 9  0 . 0  1 0 . 7  1 0 . 7  
7 1 . 5  7 1 . 3  -0 . 3  1 0 . 0  9 . 7  

1 5 . 8 1 6 . 3 3 . 0  
2 3 . 3  2 3 . 0  - 1 . 4 
26 . 5  2 5 . 9  - 2 . 3  
2 6 . 8  26 . 1  - 2 . 8  
25 . 6  25 . 0  -2 . 2  

0 . 0  
47 . 7  
6 7 . 9 
6 9 . 6  
6 1 . 7 

3 . 0  
45 . 6  6 3 . 9 
64 . 9  
58 . 1  

25 . 6  25 . 7  
3 1 . 1 30 . 7  0 . 6  O .  a 

- 1 . 0  2 1 . 4 
0 . 6  
20 . 2  
3 1 . 4  
35 . 7  
2 9 . 1 

34 . 33 . 6  
35 . 34 . 7  
3 3 . 4  33 . 0  

- 1 . 5  33 . 4 - . I 37 . 2  - I . 2 30 . 7  
25 . 0  25 . 5  2 . 0  0 . 0  2 . 0  
30 . 5  30 . 4  -0 . 5  2 2 . 1  2 1 . 5  
34 . 9  34 . 6  -0 . 9  39 . 6  38 . 4  
35 . 3  35 . 0  -0 . 9 4 1 . 3 40 . 0  
33 . 5  33 . 3  -0 . 7  34 . 3  3 3 . 3 
52 . 7 52 . 7  0 . 2  
5 3 . 4 53 . 3  -0 . 2  
54 . 3  54 . 1 - 0 . 3 
54 . 0  5 3 . 8  -0 . 3  
5 3 . 9 53 . 7  -0 . 3  

0 . 0  0 . 2  
1 . 4 I .  t 
3 .  I 2 .  
2 . 5  2 .  
2 . 3  2 . 0  

28 . 7  2 8 . 8  0 . 3  0 . 0  0 . 3  
3 1 . 9  3 1 . 0  - 2 . 9  1 � . 3  8 . 0  
36 . 4  35 . 2  - 3 . 5  2 . 2  2 2 . 7  
35 . 6  34 . 7  - 2 . 6  2 . 2  20 . 9  
34 . 6 3 3 .  6 -3 . a 2 . 9 1 7 .  2 
40 . 9 4 1 . 1  0 . 5  0 . 0  0 . 5  
4 3 . 4  4 3 . 0  -0 . 9  6 . 1  5 . 2  
50 . 5 50 . 1  -0 . 7  2 3 . 5  i 2 . 6  
50 . 6  50 . 4  -0 . 6  23 . 9  3 . 2  
48 . 2  47 . 8  -0 . 7  1 7 . 8  7 . 0  
4 9 . 0  4 9 . 1  0 . 3  0 . 0  0 . 3  
50 . g  � 9 . 2 - 1 . � f . 5  0 . 6  
48 . •  4 7 . 1 - 2 . - . 3 - 3 . 8  
" 9 . 9 49 . 1  - 1 .  . 9  0 . 3  
4 9 . 5 48 . 5  - 2 . 0  . 0  - 1 . 0  

�i : �  �Z : �  - A : �  � : �  56 . 9 56 . 6  -0 . 5  6 . 3  
57 . 1  56 . 8  -0 . 6  6 . 7  
56 . 9  56 . 6  - 0 . 5  6 . 2  

1 . 0  5 . 2  
5 . 8  
6 . 0  
5 . 7  

8 1 . 6 8 1 . 9  0 . 5  0 . 0  0 . 5  
82 . 7 82 . 4  -0 . 4  1 . 4 1 . 0 
81 . 3 8 1 . 2  -0 . 1  -0 . 3  -0 . 4  
8 1 . 5  8 1 . 4  -0 . 2  -0 . 0  -0 . 2  
8 1 . 8 8 1 . 7  -0 . 2  0 . 3  0 . 1  

� ! : �  � ! : l  -8 : �  2 : g  2 : Y  
5 7 . 1 56 . 7  -0 . 6  1 ! . 0  1 0 . 3  
5 7 . 4  57 . 1  -0 . 6  I . 6  1 1 . 0 
56 . 1 55 . 8  -0 . 6  . 2  8 . 5  

2 1 788 
20288 

STEELIIEAD 
tIB MA Rt1 01B Q1A 
32 . 7  32 . 8  0 . 4  O 'j � ' l  
4 3 . 3  4 2 . 8  - 1 . 0  3 2 .  I ' 
45 . 9 4 5 . 4  - . 1 40 . . 
46 . 4  4 6 . 0  -0 . 8  4 2 .  1 . 0 
45 . 2 44 . 8  - 1 . 0  38 . 1 .  1 
38 . 0  38'2 O ' i 46 . 1  4 5 .  - 0 .  
48 . 8  48 . - 0 .  
4 9 . 4  4 9 . 2  - 0 .  
48 . 1  4 7 . 8  - 0 .  

0 . 0  0 '1 
2 1 . � 2 0 .  �S : O �� :  
26 . 6  25 . 8  

4 2 . 2 4 2 . 6  1 . 0 0 . 0  1 ' 1  
49 . 7 4 9 . 5  - 0 . 5 �7 . �  I . 
52 . 0  52 . 0  -0 . 0  3 .  2 .  
53 . 1 53 . 1  -0 . 0  6 .  2 .  
5 1 . 6  5 1 . 5  -0 . 2  2 2 . 4  2 2 .  
83 . 3  83 . 3  0 . 0  
813 . 0  88 . 0  -0 . 0  
87 . 9 87 . 9  -0 . 0  
813 . 0  88 . 0  0 . 0  
88 . 0  88 . 0  - 0 . 0  
40 . 5  40 . 5  
4 3 . 4  4 3 . 0  
45 . 2  45 . 1  
4 7 . 0  4 7 . 0  
45 . 2 45 . 0  Zt : O H: O 
7L4  q : � �0 . 2 70 . ! 

0 . 2  - I . � 
- 0 .  
-0 . 
-0 . 5  

D . ! -0 .  
- 0 .  O .  
- 0 .  

58 '1 58 . 9  a .! 
5 9 .  58 . 6  -8 ' 60 . 5 9 . 7 - .  
6 1 . 6 1 . 2 -0 . 5  
6 0 .  5 9 . 8  -0 . 6  
65 . 3  65 . 7  0 . 7  
66 . 2  6 5 . � -a . ! 
6 7 . 8  6 7 .  - 0 .  
68 . 8  68 . -0 . 
6 7 . 6  6 7 . 3  -0 .  
8 3 . 1 8 3 .4 8 .4 83 . 3 83 . 1  - . 2  
81 . 7 8 1 . 7 -0 . 0  
82 . 6  82 . 6  -0 . 1  
82 . 6  82 . 5  -0 . 1  
7 1 . 5 7 1 . 5 -

0 ' 1 75 . 1 74 . 9  O .  �5 . 9  75 . � -0 . 
6 . 5  76 . -0 . 
5 . 9  75 . -0 . 

!j !J 
I IJ I IJ 
fl tl 
�J tf t ,  I . �  

I J 1 : 1 
J! Ja 
-0 . 7  - O . � � : O t+ 
6J �J  

LEGEHll IIE AII �URV I VAL H ITH 110 ACTIOII COItDlTlOlIS 1 /. )  I UO ACTIOIt I 
IIE ldl SUEV IVAL fl l m A I.TE�NATIVE COItDlTIONS I /. I  I Al.TERtlAT IVE ) 

SOCKEYE 
I1B MA Rt1 01B Q1A 

It 1 ii � i �I � ! il � t li �i 
0 . 0 1 ' 1 8 . 0 0 . 0  . . 0  
0 . 0  . � ' 8 0 . 0  . . 
0 . 0  . . 0  

8 · 0 . 0  
0 . 0  
0 . 0  
0 . 0  

8 : 8  � . o . 0  
. 0  

�� . y ii ' l  -� ' I 2 ' � � ' i �� : g 2 :  : :  \� J \s : 
4 2 . 6  4 .  . H . 3  � 1 .  
�� : �  I � : l :8 : l _O : �  _ O : � 
60 . 1 D .  o .  t ·  9 t · 60 . o .  - 0 .  . 3  . 
60J 60 .  - 0 .  . 3  . 0  
0 . 0  0 , 8 8 : �  8 : �  8 . 0  o .  
. 0  o .  

� .  0 . 0  . 
O . � 0 . 0  8 ' 8 . 0 . 0  � . o 
. 0 . 0  . 0  

o .  o .  a . 0  

8 : 8  � : � 1 : 1 0
: 8 1 : 8 0 . 0  . . 8 . 0  ' 8 0 . 0  . . 8 .  a . 

8 : � � : �  � : �  
0
: 8 

� : 8 8 . 8  � . 8  � . 8  
�
. 8 0 . 8 

i : � i : 1 i : i 8 : 8  8 : � 
· . . 0 . 0  o .  
· . . 8 . 0 o .  
. 0  . . . 0  0 . 0  

� : I  i : i i : � i :
8 8 : 8  

· . . . 0  8 ' 8 · . . . 0  . 
o .  . . 0  . 0  0 . 0  

if � i if � i �i � i ll �! 1 ! � 1 
tIB 
IIA 
Ill'( 

D Ill 
IH· l./d IVE CHAlIGE III BEAll SURV I VAL 1 / 1  I ALTERIIATIVE SUHVIVAL - NO ACTION SURVIVAL 1 / l ijO Aq�OH SURVIVAL ) nUl �t�{dfg� .Wh� '15Aro 

_ 
A
Y�ligIl1l6u�HMh 

O�!J�vn��[ I /
L \ gA�EII6° AH'ioh 9�eIlV?v�E1ION SURVl AL I /, 

OIA 
AVG 

1 m' [ 1 l � Ii(;E III 'l IlE ALTERIIAT I VE SURVIVAL RELATIVE TO l llE 1 988 NO ACTION SURV IVAL I I.  1 
( A L I E HIl ,\T I V E  �UIlV IVAL - 1 988 110 ACflON SURVIVAL ) / I 1 9118 NO AcnON SURVIVAL ) 
l itE AVlRAGE UF TilE YEARS 1 99 3 ,  1 998 , AIID 2003 I I. I  

-DATE RUtI= 23FEI>B8 , 08 , l'1 .  06 



rrl 

01 I 
(J) 
o 

Ta b l e  E .  5 - 5 7  

RfLATIVE CHAHGES IN ttEAH SURVIVAL AHll 
lIWAcrs REl .ATIVE TO 1 908 NO ACTIOII SURVIVAL 

IHTlI TItJ:FE YEAR AVERAGES 
11HHtXAl'lK VS tWHl'.lll tK 1 Il0 ACTION ) 

PIlOr.RAI1 = D5W P Jl . PF', O O . 1lI1R . F ISItPA5S . SAS . REPORTSI FSUl15 1 I 
F ILlS . 1'.] [ . l'f < ,OU CP-S . F ISII . I'ASS . UATA . M mCOl.FG RUII DATE 

PJ I . H � O O . LIlS . F lSIl . PASS . UATA . IHUCOUG RUIl DATE 
'tEA I(l. l I!G SUB'tEARLHIG 

POOL YEAR till I1A I�I"I a ID  O1A HB 11A RI1 Cl'1B a1A 
,tELLS 1 900 1 993 

1 9 98 
2003 
AVG 

RRECH I ��� 
1 998 
2003 
AVG 

RISL 1 9118 
1 993 
1 998 
2003 
AVG 

LHG I ,UIl 
1 9 93 
1 9 98 
2003 
AVG 

LHI1 1 9B8 1 993 
1 998 
2003 
AVG 

I1CN 1 988 
1 993 
1 998 
2003 
AVG 

JDA't 1 9118 1 993 
1 998 
2003 
AVG 

DALS 1 988 1 993 
998 
2003 
AVG 

BOliN 1 988 
1 993 
1 998 
2003 
AVG 

SiS 1 988 

LEGEIID 

1 993 
1 998 
2003 
AVG 

30 . 0  30 . 0  -0 . 1  0 . 0  -0 . 1  
3B . 8  38 . 4  - 1 . 1  2 9 . 3 2 7 . 8  
4 1 . 7 4 1 . 1  - 1 . 5  38 . 9  36 . 8  
4 1 . 5 4 1 . 1  - 1 . 1  38 . 4 36 . 9  
40 . 7  40 . 2  - 1 . 3  35 . 5  33 . 8 
32 . 8  3 3 . 0 0 . 5  0 . 0  0 . 5  
4 � . 1 4 2 . 9  -0 . 6  3 1 . 2  50 . 5  
45 . 9 45 . 6  -0 . 6  39 . 6  38 . 8  
46 . 2 40 . 4  0 . 4  4 0 . 6  4 1 . 2  
45 . 1 44 . 9  -0 . 2  37 . 1  36 . 8  
40 . 3 40 . 4  0 . 2  0 . 0  0 . 2  4 7 . 5 4 7 . 2 -0 . 6  1 7 . 8  1 7 . 1 
50 . 4  :'0 . 2  -0 . 5  25 . 0  24 . 4  
50 . 6  �0 . 8  0 . 4  2S . �  2 5 . 9  
4 9 . 5  4 9 . 4  -0 . 2 2 2 . 7  2 2 . 5  
05 , 2  6 5 . 2  0 . 0  0 . 0  0 . 0  
79 . 9  79 . 9 -0 . 0  2 2 . 6 2 2 . 6  
7 9 . 6  7 9 . 6  -0 . 0  2 2 . 1  22 . 1 
7 9 . 8  7 9 . 8  -0 . 0  2 2 . 4  22 . 4  
79 . 8 7 � . 8  -0 . 0  2 2 . 4  2 2 . 3  
3 3 . 9  3� 0 0 . 2  0 . 0  0 . 2  
36 . 5  36 . 2  - 0 . 9  7 . 7  6 . 7  
30 . 6  38 . 3  -0 . 7  1 3 . 9 1 3 . 1 
39 . 5  3 9 . 3  -0 . 4  1 6 . 6  1 6 . 1  
38 . 2  30 . 0  -0 . 7  1 2 . 7  1 2 . 0 
50 . D  58 . 1  0 . 1  0 . 0  0 . 1  
59 . 9  59 . 8 -0 . 1  3 . 1  3 . 0  
6 3 . 8  6 3 . 8  -0 . 0  9 . 9 9 . 9  
6 3 . 9 64 . 0 0 . 2  1 0 . 1  1 0 . 3  
62 . 5  62 . 5  0 . 0  7 . 7  7 . 7  
54 . 1  5� . 8  1 . 2  0 . 0  1 . 2  
54 . 6  54 . 4 -0 . 4  0 . 9  0 . 4  
55 . 1  54 . 9  -0 . 3  1 . 8 1 . 5 
56 . 9  56 . 7  -0 . 4  5 . 2  4 . 7  
55 . 5  55 . 3  -0 . 4  2 . 6  2 . 2  
6 3 . 1  63 . 9  1 . 4 0 . 0  1 .  4 
65 . 0  6( . .  8 -0 . 4 3 . 1  2 . 8  
6 7 . 5  6 7 . 4 -0 . 2  7 . 1 6 . 9  
68 . 0  6 7 . 9  -0 . 1  7 . 8  7 . 7  
66 . 9  66 . 7  -0 . 2  6 . 0  5 . 8  
8 6 . 4  86 . 6 0 . 2  0 . 0  0 . 2  
86 . 7 86 . 6  -0 . 1  0 . 4  0 . 3  
86 . 1  R6 . 0  -0 . 1  -0 . 3  -0 . 4  
86 . 5 86 . 4  -0 . 1  0 . 2  0 . 1  
86 . 4  86 . 3  -0 . 1  0 . 1  -0 . 0  
65 . 0  65 . 2  0 . 2  0 . 0  0 . 2  70 . 9 70 . 8  - 0 . 2 9 . 1 8 . 8  
7 1 . 7  7 1 . 5  -0 . 2  1 0 . 3  1 0 . 0  
72 . 0  71 . 9  -0 . 0  10 . 7  1 0 . 6  
71 . 5  71 . 4  -0 . 2  1 0 . 0  9 . 8 

1 5 . 8  1 6 . 2  2 . 6  0 . 0  2 . 6  
2 3 . 3  22 . 9  - 1 . 8  47 . 7  45 . 1 
26 . 5  25 . 9  - 2 . 5  6 7 . 9  63 . 7  
26 . 8  26 . 1  - 2 . 8  6 9 . 6  64 . 9  
25 . 6  25 . 0 -2 . 3 6 1 . 7 5 7 . 9 
25 . 6  25 . 8  0 . 7  0 . 0  
3 1 . 1 30 . 6  - 1 . 4  2 1 . 4  
34 . 33 . 7  - . 4 3 3 ' <1 
35 . 1  34 . 7  - 1 . 2  37 . 2  
3 3 . 4 33 . 0  - . �  30 . 7  
25 . 0  2 5 . 4  1 . 8 0 . 0  
30 . 5  30 . 3  - 0 . 8  22 . 1  
34 . 9  34 . 5  -0 . 9  39 . 6  
35 . 3  35 . 0  -0 . 9 4 1 . 3  
33 . 5  33 . 3  -0 . 9  34 . 3 
52 . 7  52 . 7  0 . 1  0 . 0  
53 . 4  53 . 2 -0 . 3  1 . 4 
54 . 3 54 . 1 -0 . 4 3 . 1 
54 . 0  5 3 . 8  -0 . 3  2 . 5  
53 . 9 5 3 . 7  -0 . 3 2 . 3  

0 . 7  1 9 . 7 
3 1 . 6  
35 . 6  
29 . 0 
1 . 8  

2 1 . I 
38 . 3 
40 . 0  
33 . I 

Y :  I 
2 . 7  
2 .  I 
2 . 0  

28 . 7  28 . 7  0 . 2  0 . 0  0 . 2  
31 . 9  30 . 9  -3 . 2  1 1 . 3  7 . 7  
36 . 4  35 . 2  - 3 . 5  27 . 2  2 2 . 8  
35 . 6  34 . 6  -2 . 7  24 . 2  20 . 8  
34 . 6  33 . 6  -3 . 1  20 . 9  1 7 . 1 
40 . 9 4 1 . 1  0 . 4 0 . 0  0 . 4  
4 3 . 4 4 3 . 0  -0 . 9  6 . 1 5 . 1 50 . 5 50 . 1  -0 . 7  2 3 . 5  2 2 . 6  
50 . 6  50 . 3  -0 . 6  2 3 . 9  23 . 1  
48 . 2  4 7 . 8  - 0 . 8  1 7 . 8  1 6 . 9  
49 . 0 4 9 . 1 0 . 2  0 . 0  0 . 2  
50 . 2  49 . 2 -2 . 1  2 . 5  0 . 4  
48 . 3 4 7 . 2  -2 . 3  - 1 . 3  - 3 . 6  
49 . 9 4 9 . 1 - 1 . 7  . 9  0 . 2  
4 9 . 5 48 . 5  - 2 . 0  . 0  - 1 . 0  
53 . 5  54 . 0  0 . 8  0 . 0  0 . 8  
56 . 6  56 . 2  -0 . 6  5 . 7  5 . 0  
56 . 9  56 . 6  -0 . 6  6 . 3  5 . 7  
57 . 1 56 . 8 - 0 . 6  6 . 7  6 ' 1 
56 . 9  56 . 5  - 0 . 6  6 . 2  5 .  
8 1 . 6  
82 . 7  
81 . 3 
81 . 5  
8 1 . 8  
5 1 . 4  
53 . 9  
57 . 1  
5 7 . 4  
56 . 1  

8 1 . 9  82 . 6  8 1 . 1  
8 1 . 4  
8 1 . 7 
5 1 . 7  
5 3 . 6  
56 . 7  
57 . I 
55 . 8  

0 . 5  0 . 0  0 . 5  
-0 . 1 1 . 4 1 . 3  -0 . 2  -0 . 3  -0 . 5  
-0 . 2  -0 . 0  - 0 . 2  -0 . 1  0 . 3  0 . 2 
0 . 5  0 . 0  0 . 5  -0 . 6  4 . 8 4 . 2 

-0 . 7  1 1 . 0 1 0 . 3  
-0 . 6  1 1 . 6  1 1 . 0 
-0 . 6  9 . 2  8 . 5 

2 1 786 '1 10387 
STEELHEAD 

HD MA RI1 Cl'1D Cl'IA 
32 . 7  32 . 7  0 . 0  0 '1 � . �  
4 3 . 3 4 3 . 0  -O ' l 32 . 3 .  
45 . 9 4 5 . 4 - I . 40 . � .  
46 . 4  46 . 0  -0 . �z . 40 . 9  
45 . 2  44 . 8  - 0 .  38 . 37 . 2  
46 . 1 4 5 . -0 . 2 .  20 . 
38 . 0  38 ' 1 o . � A ' � o · t 48 . 8 48 .  - 0 .  2 .  27 . 7, 9 . 4  4 9 .  -0 . 5  30 . 0  29 . 3 ,8 . 1 4 7 . -0 . 5 26 . 6 25 . 9 
�u �� : �  -A : 8  52 . 0 5 1 . I -0 . 2 
53 . 1  53 . -0 . 0  
5 1 . 6 5 1 .  -0 . 1  

g� : �  g� : �  -8 : 8  �� : Z g� : z  -8 : 8 
88 . 0  88 . 0  -0 . 0  
40 . 5  40 . , 0 . 2  
4 3 . � 4 3 .  -0 . 5  
45 . 45 . -0 . 3  
4 7 .  4 7 . 0  - 0 .  I 
45 . 2  45 . 1  -0 . 3  

!�J !ttO 26 . 0  25 . 
22 . 4  22 . 
0 . 0  0 . 0  
5 . 6  5 . 6 � J  t l  5 . 6  5 . 6  

� . � 
o · t l L� It h . 7  1 1 .  

6 7 . 0  
67 . 7 
71 . 4  
72 . 0  
70 . 4  iI : I �i : f I : i I : f 
�� : r  
60 . � 6 1 . 
60 . 

I' : �  :A : 2  � : ;  -i :i 
59 .1 -8 . 1  2 . 6  I .  

65 . 3  65 .� 
66 . 2  65 . 
67 .8 6 7 .  
68 . 8  68 . 7  
67 . 6  67 . 3  

O . 7 � . o  o . z  
-o . � fa  

o . g l� f� t f  
83 .  I 83 ' l  8 . 3  83 . 3 83 . - . 0 
8 I . 7 8 1 . -0 ' 1 82 . 6  82 . 6  -0 . 
82 . 6  82 . 5 -0 . 
7 1 . 5  f l . 6  0 . 1  75 . I 5 . 0  -0 . 2 
75 . 9  5 ' a  :O ' j 76 . 5  6 .  O .  
75 . 9  5 .  - 0 .  

_o : � _oJ 

J 6 J 9 
-0 . 7  -0 . 8  

� : Y  g : A i : �  �J 

SOCKE'tE 

tIS MA RI1 CI'IB CI'1A 

li ; 1 ii : ! �I : l iI : ! �i : i 
0 . 0  � ' i 0 . 0  0 ' 8 8 : 8  0 :  R : 8  8 : 0 0 . 0  o .  0 . 0 0 . 0  
0 . 0  o .  0 . 0  0 . 0  

8 : 8  
8 . 0 
0 : 8 

�� : t J.� : �  :8 : i �, : ¥  �! : � 42 . 6 �� . i -8 . 8 22 . � 2 1 . £ �� :i fg : i :8 : !  -8 : 1 - f : ! 
6 0 .  D .  O . 3 t .  . 6  6 0 .  O .  -0 . 3  . . 0  
6 0 .  6 0 .  -0 . 3  . 3 . 0  

0 ' 8  8 ' � 8 . 0  i ' � 0 . 0  
o .  . . 0  . 0 . 0 
0 . 0  8 ' 0 . 0 . 8 . 0  o .  . . 0  . . 
0 . 8 . 0  8 . 0  . 0  0 . 8 
� : 8  � : �  � : 8 � : 8 8 : 8  o ' R  . · 8 o ' R  8 ' 8 8 : 0  : : 0 8 : 0 0 : 0  
i ) � � : � � ) i � : � � : � 

8 : 8  8 : i 8 : 8  8 : 8  g : 8  0 . 0  o .  8 . 0 0 . 0  0 . 0  
0 . 0  o .  0 . 0  0 . 0  0 . 0  

8 . 0  . 
0 . 0  i ' i 
0 : 8 : 
0 . 0  . 

0 . 0  0 . 0  g ' o 0 . 0  0 . 0  . 0  
0 . 0  0 . 0  . 0  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

�� . � �� . y  -8 ' �  � . o 

� ' l  
i! : A  �� : � :8 : !  I x : i 1 9 : �  

tIS 
I1A 
WI 

urn 

I lfAI! SURV IVAL [-l ITH NO ACrIotl CotIDITIotlS 1 % )  I NO ACTIOII I 
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'1I1 E  (,IIMII.E HI TIl E  ALTLIlIIATlVE SURV IVAL RELATIVE TO Ti lE I 91Hl 110 ACTlotl SURV IVAL 1 % )  
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APPENDIX E 

Anadromous Fish  

Part 6 

F IS HPASS Sens i t ivity Tes t  Resul t s  





F I SHPAS S Sens i t ivity  Tes t Resul t s  

Relat ive Changes in Mean Survival and Impa c t s  
Relat ive t o  1 988  No-Ac t ion Surv i val  

Tab les E . 6-1  through 2 1  g ive inf o rma t ion on changes in mean sys tem s tock  
s urvival for  the  sens i t ivi ty s t udies  iden t i f ied in  S e c t ion 4 . 2 . 3 . 4 . 1 ,  
Sens i t ivi ty Ana lyses . See the des c r i p t ion o f  Tab les  E . 6-39  t hrough 5 7  in 
Part  5 of Append ix E ,  F I SHPAS S Resul t s , f o r  a des c r i p t ion of t he 
informat ion g iven in t he f o l l owing tab l es . The f i rs t tab l e  in t h i s  
s e c t ion ( Tab le  E . 6 -1 ) gives t he re s u l t s  wi t h  t h e  expec ted cond i t ions f o r  
t h e  t e s t  a l t e rnat ives , MPRMXBMK , compared t o  t he N o  Ac t ion case . The 
remaining tab les  g ive t he res u l t s  f o r  the same IDU a l t e rna t ive and No 
Ac t ion case comparison f o r  the d i f f e rent assumpt ions be ing tes ted . 

These  tab les  are grouped into  t he three catego r ies  o f  sens i t iv i t y  
analyses : ( 1 )  F I SHPASS mode l Parame ters ; ( 2 )  F i s h  Bypass As sump t i ons ; 
and ( 3 )  SAM Input As sump t ions . 

Fo r the f i r s t  category of  tes t s , F I SHPASS Mode l Parame ters , the 
sens i t ivity analyses are ident if ied b y  the las t l e t ters  at  the end of the 
input f i l e ,  P J I . PF400 . CBS . F I SH . PASS . DATA . - - - - - ,  given in t he 
uppe r-l e f t  corner of  t he tab l e . These  l e t ters  f o r  the expec ted F I SHPAS S 
input parame ters  are M I DCOLFG . Fo r t he s ens i t ivi ty t e s t s , Tab les  E . 6 -2  
t hrough 1 1 ,  t hey are  as  f o l l ows : 

RESMORLO and RESMORH I - Rese rvo i r  mo rtal i ty dec reased and inc reas ed 
by 50  percent for  al l pro j e c ts , res pec t ive l y .  

S P I LEFLO and S P I LEFH I - Sp i l l  e f f i c iency decreased and increased b y  
50  percent a t  a l l  proj e c ts , respe c t ive l y . 

TURBMOLO AND TURBMOH I - Turb ine mortal i ty dec reased and inc reased by 
25 percent  at  al l p r o j e c t s , respe c t ive ly .  

SUBCONMO - Cons tan t  subyear1 ing reservo i r  mo r ta l i ty f o r  al l p r o j e c t s . 

TRANSURV - S urviva l  o f  al l t rans p o r t ed f is h  de c reased by 5 0  percen t . 

FGELOW and FGEH IGH - F i s h  guidance e f f ic ienc i e s  d e c reased and 
inc reas ed by 25 percen t  at al l pro j e c t s , respec t ive l y .  

The sens i t ivity analyses f o r  the F i s h  Bypass As sump t ions , Tab l e s  E . 6 - 1 2  
through 1 5 ,  are iden t i f ied b y  t he 8 l e t t e r  code which  a l s o  iden t i f ies  the 
IDU al ternat ive in t he tab le t i t l e . For t he b ypass ass��p t ion analyses  
t hey are  as  f o l l ows : 

KPRMXBSV - A 3-year de lay in al l bypass  improvemen t s . 

KPRMXBDA - No new bypass  sys tems at  The Dal l es  and I c e  Harb o r .  

E . 6 -1  



KPRMXBDL - No new bypas s sys t ems at  The Dal l e s , Ice  Harbor ,  and Lower 
Monumental . 

KPRMXBB I  - No bypas s improvement s  o r  new bypas s sys t ems f o r  a l l  hydro 
pro j e c t s . 

See the f ront o f  Vo l ume 1 f o r  the 8 l e t t e r  codes which  iden t i fy the 
sens i t iv i t y  analyses  f o r  SAM Input Assump t ions in Tab les  E . 6 - l 6  t hrough 
2 1 . 

(VS6-WP-PG-1880Z ) 

E . 6-2  



TABLES E . 6 - 1  THROUGH E . 6 - 1 1 

F I SHPASS MODEL INPUT PARAMETERS 

( V S 6 -WP-PG- 1 8 80 Z ) 

E . 6-3  
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Tab l e  E . 6 - 1  
RELATIVE CHANGES IN tlEAN SURVIVAL AlID 
ItIPACTS RELATIVE TO 1 9111l NO ACTIO/l SURVIVAL 

filTH THHEE YEAR AVHAGES 
NPHtIXBI'IK VS NPFEXBlIK ( NO ACTIOli l 

PROGRAM = OSN=PJI . PF400 . RI�R , F TSHPASS . SAS . REPORTS( FSUN5 1 1 
F ILES . PJI . PF"OO , CBS , F ISH , PASS . DATA . I 1 HlCOl.FG RUN DATE 

PJ1 . PF 400 . CBS . F IS)( . PASS . OATA .mOCOLFG RUN DATE 
YEARLIIIG SUBYEARLIIiG 

POOL YEAR tlB I1A Rl1 018 OIA 

HELLS 1 9118 
1 993 
1 9 98 
2003 
AVG 

30 . 0  30 . 0  - 0 . 0  0 . 0  -0 . 0  
38 . 8  38 . 2  - 1 . 5  2 9 . 3  2 7 . 3 
4 1 . 7 4 1 . 1  - 1 . 4  38 . 9  36 . 9  
4 1 . 5 4 1 . 1  - 1 . 0  38 . 4  3 7 . 0  
40 . 7 40 . 1  - 1 . 3  35 . 5  3 3 . 8  

RRECH 1 988 32 . 8  32 . 9  0 . 1  0 . 0  0 . 1  

R ISL 

LHG 

LHN 

NCN 

JDAY 

DALS 

BONN 

SYS 

.EGUID 

l ��� �� : �  � � : �  = b : �  �� : �  �g : �  
2003 46 . 2 46 . 3  0 . 3 40 . 6  4 1 . 0  
AVG 45 . 1 44 . 9  -0 . 4  37 . 1  36 . 6  

I ��� 29 : §  �9 : �  -8 : � 1 9 : 9  1 2 : g 
1 998 50 . 4  50 . 2  -0 . 5  25 . 0  24 . 4  
2003 50 . 6  50 . 8  0 . 4  25 , 4  25 . 9  
AVG 4 9 . 5 49 . 4  -0 . 3  22 . 7  22 . 4  
1 988 
1 993 
1 998 
2003 
AVG j 988 
993 
1 998 
2003 
AVG 1 988 
993 
1 9 98 
2003 
AVG 

1 ��� 1
998 
2003 
AVG 
1 988 
1 993 
1 998 2003 
AVG 

65 . 2  65 . 2  -0 . 0  0 . 0  -0 . 0  
7 9 . 9 79 . 9  -0 . 1  22 . 6  2 2 . 5 
7 9 . 6  79 . 6  -0 . 0  2 2 . 1 2 2 . 1 
79 . 8  7 9 . 8  -0 . 0  2 2 . 4  2 2 . 4  
79 . 8  79 . 7  -0 . 0  2 2 . 4  22 . 3  
33 . 9  33 . 9  -0 . 1  0 . 0  - 0 ' 1 
36 . 5  36 . 0  - 1 . 4  7 . 7  6 .  
38 . 6  38 . 3  -0 . 7  1 3 . 9  1 3 , 0  
3 9 . 5  39 . 4  -0 . 3  1 6 . 6  1 6 . 2  
38 , 2  3 7 . 9  -0 . 8  1 2 . 7  1 1 . 8 
58 . 0  58 . 0  0 . 0  0 . 0  0 , 0  
59 . 9 59 , 4  - 0 . 8  3 . 1  2 . 3  
6 3 . 8 6 3 . 7 -0 . 2  9 . 9 9 . 7  
6 3 . 9 64 . 1  0 . 4  10 . 1  1 0 . 5  
62 . 5  6 2 . 4  -0 . 2  7 . 7  7 . 5  

�� : !  �� : 6  -u 
55 , 1  54 . 9  -0 . 4  �t� �� J =8 : � 
63 . 1  6 3 . 3  0 . 4  
65 . 0  64 . 4  - 1 . 0  
6 7 , 5  67 . 3  -0 , 4  
68 . 0  6 7 . 9  -0 . 2  
66 . 9  6 6 . 5 -0 . 5  

0 . 0  0 . 4  
0 . 9  -0 , 3  
1 . 8 1 . 4 
5 . 2  4 , 8  
2 . 6  1 . 9  
0 . 0  
3 . 1 
7 . 1  
7 . 8  
6 . 0  

0 . 4  
2 . 1  
6 . 7  
7 . 7  
5 . 5  

1 988 86 , 4 86 . 4  0 . 1  0 . 0  0 ' 1 1 99
3 

86 . 7  86 . 5  -0 . 3  0 . 4  O .  
998 86 . 1  85 . 9  -0 . 2  -0 . 3  -0 . 5  
2003 86 . 5  86 . 4  -0 . 1  0 . 2  0 , 1  
AVG 86 , 4  86 . 3  -0 , 2  0 . 1 -0 . 1  1 988 
993 
1 998 
2003 
AVG 

65 , 0  65 . 1  0 . 1  0 . 0  0 . 1  
70 . 9 70 . 6  -0 , 4  9 .  1 8 . 6  
7 1 , 7  7 1 . 5  -0 . 3  1 0 . 3 10 . 0  
72 , 0  71 . 9  -0 . 0  1 0 . 7  1 0 . 6  
7 1 , 5  7 1 . 3  -0 . 2  0 , 0  9 . 7  

tlB IIA Rl1 O'lB CNA 
1 5 . 8  1 5 . 9 0 . 3  0 , 0  0 . 3  
23 . 3  2 3 . 0  - 1 . 6  47 . 7 45 , 2  
26 , 5  25 . 8  - 2 , 7  67 , 9 6 3 . 3  
26 . 8  26 , 0  -2 , 9  69 , 6  64 . 8  
25 . 6  24 , 9  - 2 , 4  6 1 , 7  5 7 , 8 
25 . 6  25 . 5  -0 , 2  0 . 0 -o . � 
31 . 1 30 , 6  - 1 . 6  2 1 . 4  1 9 .  
34 . 33 . 4  -2 . 1  3 3 , 4  3 0 ,  
35 , 1  34 . 6  - 1 , 3  37 , 2  35 , 4  
33 . 4  32 , 9  - 1 , 7  30 . 7  28 , 5 
25 . 0  25 . 0  0 , 1  0 . 0  0 . 1  
30 , 5  30 , 3  -0 , 7  22 . 1  2 1 , 2  
34 ' 1 34 , 4  - 1 , 2  39 , 6  37 . 9  
35 . 34 , 9  - , 0 4 1 . 3  39 , 8  
3 3 . 33 . 2  - . 0  34 . 3  32 . 9  

K 4  K �  - 8 : � 
54 . 3  54 . 1  -0 . 4  
54 , 0  5 3 . 8  -0 . 4  
5 3 . 9 53 , 7  -0 . 3  
28 . 7  28 . 7  0 . 1  
3 1 . 9  30 . 9  - 3 . 0  
36 . 4  35 . 0  - 3 . 8  
35 . 6 34 . 5 - 3 . 0 
34 . 6  3 3 , 5  - 3 ,  3 

0 , 0  1 . 0  
1 . 4  . 1  
3 .  I , 7  
2 . 5  , 1  
2 . 3  2 . 0  

1 � : � g J  
27 , 2 22 . 3  
24 , 2  20 . 5  
20 , 9  1 6 , 9  

4 0 . 9 40 . 9  0 , 1 0 . 0  0 . 1  
4 3 , 4 4 3 , 0  -0 . 9  6 . 1 5 . 2  
50 . 5  50 , 1  -0 , 8  2 3 , 5 2 2 . 4  
50 . 6  50 . 3  -0 , 7  23 , 9  2 3 . 0  
48 . 2  4 7 . 8  -0 . 8  1 7 , 8  1 6 , 9  
4 9 . 0  4 9 . 0  0 . 0  
50 . 2  49 . 1  - 2 . 2  
48 . 3 47 , 0  - 2 . 7  
4 9 . 9 49 . 0  - 1 . 8  
49 , 5  48 . 4  -2 , 2  

0 . 0  
2 , 5  

lz 
0 . 0  
0 . 3  
-4 , 0  
0 , 1  
-1 . 2 

5 3 , 5 5 3 , 6  0 . 1  0 . 0  O ' l 
56 . 6  56 , 3  -0 . 5  5 , 7  5 .  
56 , 9  56 , 5  -0 , 7  6 , 3  5 .  
5 7 . 1  56 . 7  -0 . 6  6 , 7  6 ,  
56 . 9  56 , 5  -0 . 6  6 . 2  5 . 6  
8 1 . 6 8 1 . 7  0 . 2  0 . 0  o . !  
82 . 7 82 , 4  -0 , 3  1 . 4  1 ,  
8 1 . 3 8 1 , 1  -0 . 3  -0 , 3  -0 , 
8 1 , 5  8 1 , 4  -0 , 2  -0 . 0  -0 , 2  
8 1 . 8  8 1 . 6  -0 . 2  0 . 3  0 , 1  
51 . 4 5 1 . 5  0 . 1  0 . 0  0 , 1  
5 3 , 9 5 3 . 5  -0 , 7  4 , 8  4 , 1  
57 . 1 56 , 7  -0 , 8  1 1 . 0  1 0 . 2  
5 7 . 4 5 7 . 0  -0 . 6  , 6  0 , 9  
56 . 1 55 . 7  -0 , 7  , 2  8 , 4  

�mg 
STEELHEAD 
t!B 11A Rl1 01B CNA 
32 . 7  32 . 7  O ' i 0 . 0  O ' � 
4 3 , 3 42 . 9  - I . 32 . 6  3 1 , 
45 , 9 45 . 4 - I .  40 . 6  �9 ,  46 . 4 46 , 0  -0 . 42 , 2  1 .  
45 . 2  44 . 8  - 1 , 38 , 4  7 ,  
38 , 0  38 . 0  -0 . 0  0 . 0  -0 . 0  
46 , 1  45 , � :0 , 7  2 1 , 3  20 ' 1 48 . 8  48 . 0 , 6  28 . 4  2 7 ,  
49 , 4  4 9 .  -0 , 5  30 , 0  2 9 ,  
48 , 1  4 7 , 8 -0 . 6  26 . 6  25 , 
4 2 . � 42 '1 o . �  
� h  �9} : :::8 : ] 
53 , 1  5 ,  -0 , 0  
51 . 6 5 ,  -0 . 2  

!�: � !9 :� 
26 ) �t 9 
2 2 , 4 22 , 1  

g� : 6  g� J :8 : 8  !J 11 
��� � I r � � -It � 

87 . 9 87 . 9  -O ' g  88 . 0  88 , 0  -0 . 
88 , 0  88 . 0  -0 , 
40 . �r- 40 . 5  4 3 ,  4 3 . 0  
45 . 45 . 1  
4 7 . 0  47 . 0  
45 . 2  45 . 0 o , � 1 . ; 1 . 1  
%� : 9  %U H : �  H : �  
70 . 4  70 . � IJ iJ 0 ' 1 -0 , 

-0 , 
0 ,  
- 0 , 

51l ' I 58 . 7 -A ' 0 59 , 58 . 5  - . 0  
60 , 59 , 6  - ' 1  
6 1 .  6 1 . 1  -0 . 
60 , 59 , 7  - 0 , 

o , � :o , � 0 ' 1 � '  t 6 f 
65 . 3  6 5 , 4 0 ' 1 
66 , 2  65 , 5  - 1 . 
6 7 , 8 6 7 , 5 -0 , 
68 , 8  68 . 6  -0 , 
6 7 , 6  6 7 , 2  -0 , IJ tl 
83 , 3 8 3 . - 0 , A ' 2  -0 , 
8' . 1  8 3 ' J o · t 0 . 0  o , � 8 1 . 7 8 1 . -0 . - . 7 - 1 .  
82 . 6  82 , 6  - 0 , - , 6  -0 . 
82 , 6  82 , 5  -0 , -0 . 7  -0 . 
7 1 . 5  �� , 5  0 , 0  0 . 0  
75 , 1  , 9  -0 , 3  5 , 1 
75 . 9  . �  -0 ' 1 6 , 3  
76 . 5  76 , - 0 , 7 , 0  
75 , 9  75 , -0 , 6 , 1  iJ 

SOCKEYE 
Nil NA Rl1 01B CNA 

�� : � I� : � =1 :1 iOl : 1 !� : i �t � 35 , ::: . , 40 , !3 , 9 3 3 ,  , , 31 .  
0 . 0  � ' � � ' � o . � o , � 8 : 8 : �  : � : 8 : � 
o . g ' 8 ' , 8 ' 8 o . , . . . 

�� j i ii j i �� :� }l j I i� j l 
gZ : i �9 : i �� : I  -f : 1 :::o : �  � o ,  �8 .  , , V , O  
60 , 60 . - ,  , t . o  8 : 8  8 : � 8 : � � : o 8 : � 8 , 0  g '  g '  . � 8 ' . 0  . , , 0  . 
0 , 0  , , . 0  0 , 0  8 : 8  o : � � : � 8 : � 8 : � o , o � , , 8 '  g '� 
0 , 0  o .  . . . 0  
0 , 0  0 ,  , 0 , 0  , 0  

I � � � � i  � � � � � � � � � 
0 , 0  o , � � ' � � , o  0 . 0  0 , 0  o .  , . 0  0 ' 8 
0 . 0  0 ,  , ' 8  0 ,  
0 , 0  8 ' , , 0 ,  
0 . 0  , , 0 . 0  0 . 0  
0 . 0  � . � � . � 0 , 0  0 . 0  
0 , 0  , , � . � g ' o  0 , 0  , , , , 0  
0 , 0  , , , , 
0 , 0  0 ,  , , 0 , 8  �b ' o �b ' o ::: � ' � � ' 9.  -� ' � �t ! �� J =8 � i  It} 1 9 � � 

t!B 
NA 
Rl1 

018 
CNA 
AVG 

MEAN SURVIVAL HITH 110 ACTIOIl CotIDITIOIiS ( % )  ( NO ACTIotl ) 
tlEAIi SUHV IVAL H Il t( ALTEHIIATTVE CONDITIotlS ( % )  ( ALTERtIAT IVE ) 
RELATIVE CHAIlGE HI NEAN SURVIVAL 1 % )  ( ALTERNATIVE SURVIVAL - NO ACTIO� SURV IVAL ) / lNo ACTION SURVIVAL I 
THE CHAliCE III THE tiO ACl'Iotl SURV I VAL OVER TIIIEJ RELATIVE TO TilE 1 988 0 ACTION SURV VAL ( % 1 I liD ACTION SURVIVAL - 1 988 110 ACT IOII SURV IVAL / ( 1 988 110 ACrION SUR IVAL ) 
THE CltAtlGE III THE ALTERNATIVE SURVIVAL RELATIV TO THE 1 9118 NO ACTIotl SURVIVAL ( % 1  
I AI.TERIiATIVE SURV IVAL - 1 988 NO ACTION SURVIVAL ) / ( 1 988 NO ACTIOII SURVIVA L )  
THE AVlRAGE OF THE YEARS 1 993 , 1 998 , AIID 2003 ( % 1  

-DATE RUN= 22fEB88 . 1 5 . 37 . 44 
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Ta b l e  E . 6 - 2  
REI.ATIVE CHANGES IN NEAN SURVt¥AL AND 
IN PACTS RnLATIVE TO 1 988 110 A ION SURV IVAL 

ITN TItREE YEAR AVERAGES 
NPRHXDNK VS NPFEXBNK ( NO ACTION ) 

fROGRAll ; DStI;PJI . PF400 . !lIIR . F ISHPASS . SAS . RE PORTS( FSUM51 ) 
ILES : PJ I . PF400 . CIlS . F ISH . PASS . DATA . RESll0RI.O RU� DATE 

POOL 

PJ I . PF400 . CBS . F l SIL PASS . DATA . RESIIORLO RU DATE 

'fEARLIIIG SUBYEARLItlG 

YEAR HB NA RH CIIB C/lA l IB  NA RH om O1A 
WELLS 1 988 40 . 8  40 . 9  0 . 0  0 . 0  0 . 0  25 . 9  26 . 0  o . � 0 . 0  0 . 2  

1 993  
1 998 
2003 
AVG 

RRECN 1 988 
j 993 

998 
2003 
AVG 

RISL j 988 
993 

1 998 
2003 
AVG 

LWG 1 988 
1 993 
1 998 
200 3 
AVG 

LWH 1 988 
1 993 
1 998 
2003 
AVG 

HCN U�� 
1 998 
2003 
AVG 

JDA'f r88 
993 
998 
003 

AVG 

DALS j 988 
993 

1 998 
2003 
AVG 

BONN p88 
993 

F
98 

003 
AVG 

SYS r88 
993 
998 

2003 
AVG 

52 . 2 5 1 . 4  - 1 . 4  2 7 . 7 2 5 . 9 
55 . 4 54 . 6  - 1 . 6  35 . 7  33 . 6  
55 . 1 54 . 4  - 1 . 3  34 . 8  33 . 1  
54 . 2  53 . 5  - 1 . 4 32 . 7  30 . 9  

4 3 . 4  4 3 . 5  O .  I 0 . 0  0 . 1  
56 . 4  55 . 9  -0 . 9  2 9 . 8  28 . 6  
59 . 6  5 9 . 3 -0 . 6  37 . 3  36 . 4  
59 . 5 5 9 . 5  -0 . 1  37 . 1  36 . 9  
58 . 5 58 . 2  -0 . 5  34 . 7  34 . 0  

i� : r  �5 : �  -8 : g  12 : 2  1 � : �  
64 . 4  64 . 0  -0 . 6  22 . 7  2 2 . 0  
64 . 2  64 . 2  -0 . 0  22 . 3  2 2 . 3 
6 3 . 2  62 . 9  -0 . 5  2 0 . 5  1 9 . 9  

7 1 . 0  71 . 1  0 . 0  0 . 0  0 . 0  

�� : 1  �� : �  =8 : 1  I } : �  I } : �  
8 3 . 3 83 . 3  -0 . 0  1 7 . 3  1 7 . 2  
8 3 . 3 83 . 3  -0 . 1  1 7 . 3  1 7 . 2  

50 . 5  50 . 5  0 . 0  0 . 0  0 . 0  
54 . 8 54 . 1  - 1 . 2  8 . 5  7 . 2  
57 . 7 5 7 . 2  -0 . 8  1 4 . 2  1 3 . 3  
58 . 1 5 7 . 8  -0 . 5  1 5 . 0  1 4 . 4  
56 . 9 56 . 4  -0 . 8  1 2 . 6  1 1 . 7  

71 . 7 7 1 . 7 -0 . 0  0 . 0  -0 . 0  
7 3 . 0  72 . 5  -0 . 7  1 . 8 1 . 0  n .  I 76 . 9  -0 . 3  7 . 6  7 . � n . o  7 7 . 0  0 . 1  7 . 3 7 .  
75 . 7  75 . 5  -0 . 3  5 . 6  5 . 2  

6 7 . 4  6 7 . 6  0 . 2  0 . 0  0 . 2  
6 7 . 4  66 . 8  -0 . 9  -0 . 0  - 0 . 9 
6 9 . 5  6 9 . 2  -0 . 4  3 . 1  2 . 6  
70 . 6  70 . 3  -o . �  4 . 7  4 . 3  
6 9 .  2 68 . 8  - 0 .  2 . 6  2 . 0  

74 . 3 74 . 4  O .  2 0 . 0  8 J  75 . 3  74 . 7  -0 . 8  1 . 3  
79 . 2  78 . 9  -0 . 3  6 . 7  6 . 3  
p . 4  79 . 2  -0 . 2  6 . 9  6 . 7  

8 . 0  77 . 6  -0 . 4  5 . 0  4 . 5  

90 . 5  90 . 5  0 . 0  0 . 0  0 . 0  
90 . 6  90 . 5  -0 . 2  O .  I -0 . 1  
90 . 3  90 . � -0 . 2  -0 . 2  -0 . 4  
90 . 5  90 . -0 . 1  -0 . 0  -0 . 2  
90 . 5  90 . 3  -0 . 2  -0 . 0  -0 . 2  

72 . 5  72 . 5  0 . 0  0 . 0  0 . 0  
78 .£ 7 7 . 9 -0 . 4  7 . 9  7 . 5  
7 9 . 79 . 2 -0 . 3  9 . 5  9 . 2  
7 9 . 4  79 . 3  -0 . 1  9 . 5  9 . 4  
79 . 0  78 . 8  -0 . 3  9 . 0  8 . 7  

35 . 9  35 . 4  - I . 38 ' f 36 . 4  
3 9 . ! 38 . 9  - 2 .� 5 3 .  50 . 1  
40 . 3 9 . 1 -2 . 54 . 8  � 1 . 0 
38 . 3 7 . 8  -2 . 2 4 9 . 1  5 . 8  

36 . 7  36 . 6  - 0 . 1 0 . 0  - 0 .  I 
44 . 1  4 3 .t - 1 . 6  20 . 3  1 8 . 3 
4 7 . 6  46 . -2 . 2  29 . 9  2 7 . 0  
48 . 0 4 7 . 3 - 1 . 5  3} ' 1 2� 'A 
46 . 6  45 . 7  - 1 . 8  2 .  2 .  

38 . 1  38 . 2  0 . 1  0 . 0  o . } 
44 . 9  44 . 5  -0 . 8  1 7 . 6  1 6 .  
4 9 . 8 4 9 . 2  - 1 . 2  30 .! 28 . 9  
50 . 0 4 9 . 5  - 1 . 0  3 1 . 2 9 . 8  
48 . 2  4 7 . 7 - 1 . 0  2 6 .  25 . 1  

60 . 1  60 . 1  0 . 0  0 . 0  0 . 0  
6 1 . 0  60 . 8  - 0 . 2 6 2 . 3  6 1 . 9  -0 . 

1 . 6  ! : I  3 . 6  
61 . 1 6 1 . 7  -0 . 6  3 . 3  2 . 7  
6 . 8  6 . 5  - 0 . 5  2 . 8  2 . 3  

�� : �  �� : � -� : l  g : 8  � : !  
51 . 5 4 9 . 6  - 3 . 6  1 8 . 8  Ii '  50 . 6  4 9 . 2  - 2 . 8  1 6 . 8  . 5  
49 . 6  48 . 1  - 3 . 0  1 4 . 5  . 1  

56 . 1  
g

6 . � 0 . 0  
58 . 0  7 .  -0 . 9  

0 . 0  
3 . 4  

0 . 0  
2 . 5  

64 ' b 64 . � -0 . 9  15 . 4 I � ' l  64 . 64 . -0 . 8  5 . 4  . 
62 . 5  62 . 0  -0 . 9  1 1 . 4 1 0 . 5  

6 3 . 3 6 3 . 3  0 . 0  
64 . 4  6 3 . ! -2 . 0  
6� . 9 62 . - y . 5  
6 . 6  6 3 .� - . r  
64 . 3  6 2 .  - 2 .  

6 9 . 2  6 9 . 2  o . � 
7 1 . 0  70 . 6  -0 . 
72 . 5  7� . 1  -0 . 6  
72 . 6  7 . i -0 . 5  
72 . 0  7 1 . -0 . 5  

0 . 0  0 . 0  
1 . 7  -0 . 3  
0 . 9  -A . 6  
2 ' A 

. i I .  - 0 .  

0 . 0  0 . 1  
2 . 6  2 . 0  

�J . 1 � : �  3 . 

8 7 . 9  88 . 0  o . ! 0 . 0  o ' a 
88 . 5  88 . 2  - 0 .  0 . 6  O .  
8 7 . 4  8 7 . 2  - 0 . 2  - 0 . 6  -0 . 
8 7 . 5  8 7 .t -0 . 2  -0 . 4  -0 . 6  
87 . 8 87 . -0 . 2  -0 . 1  -0 . 4  

R2 Rt -g : �  
0 . 0  0 . 0  
3 . 6  2 . 8  

68 . 9  68 . 3  - 0 . 9 8 . 8  7 . 9 
6 9 . 1  68 . 6  - 0 . 7  � . o 8 . � 6 7 . 9 6 7 . 3  -0 . 8  . 1  6 .  

LEGEND m ; NEAll SURV IVAL WITH NO ACTIOII COIIDITIONS ( ;I, )  ( NO tCTION I 

1 1 0687 
1 0687 

STEELItEAD 

11B NA RH om C/lA 

42 'A �2 . � o · t 0 . 0  0 ' 1 
55 . 5 .  - 0 .  32 ' 1 3 1 . 
58 . 6  58 . � -A ' 3 9 .  �7 .  
58 . 8  58 . - .  3 9 .  8 . � 57 . 7 5 7 . 2  - 1 . 0  37 . 0  35 . 
4 9 . 0  �9 . 0  -0 . 0  0 . 0  -0 . 0  
5 9 . 3 8 . 9  -o . �  �o .� �0 . 2  
6 2 . 2  6 1 .! -0 . 6 .  6 . ! 
6 2 .� 6 2 . -o . � 2 7 '3 2� . 
6 1 . 60 . -0 . 25 . 2 .  

54 . 0  5� ' l 0 ' 1 9 . 0  o · t 6 3 . 4  � . - 0 .  ! . � �6 .  
66 . I 5 .  -0 . 2 . ! . 6 6 '4 Z6 . � -0 . � 3 . 4  . 
65 . 5 .  -0 . 1 . 0  20 . 

85 . � 85 . � 0 . 0  
8 9 .  8 9 .  -0 . 0  
8 9 .  89 . -0 . 0  
8 9 . 5  8 9 . 5  -0 . 0  
8 9 . 5  8 9 . 5  -0 . 0  

�J  ti �J 
55 . � 55 ' 1 0 . 0  0 . 0  0 '1 
�� : 9  �� :� =8 : f I � : � I� : 64 . 0  6 3 .  -0 . . 5 .  
6 2 . 5  62 . - 0 .  2 .  2 .  

V 8 F'r _o ' j 8 . 2  \ .  O . 
8 1 . 8  8 .  -0 . 
82 . 0  82 . O . 
80 . 7 80 . - 0 .  

p ·t �A · 4 -0 . 0  
I .  . 9  - 1 . 0  

7 3 .  � � . � - 0 ' 1 4 .  . -0 . k 7 .  -0 . 

76 . � 76 .} 0 '1 
76 . f6 .  -0 . 
b9 . 6  9 .  -g . 

0 . 1  f� ' - .  
78 . 8  . -0 . 

o · t 8 : � o . � :  � . o J 3 .  

IJ ti 
tl ti 

87 . 6  8 .  -0 . - . 2 - . 

88 ' f 88 . � o ' { i ' O  v ' O  88 . 88 . - 0 .  . 0  - ' 1  
88 . 0  8 .  - 0 .  - . 8 -0 . 
88 . 1  8� . � -0 . -0 . 7  -0 . n.� lJ 0 . 0  
8 1 . 8 .  -0 ' 1 
82 . 8 .  -0 . 
82 . 7 82 . -0 . 
82 . 2  82 . 0  -0 . 1 ' 0  iJ . 6  

J 

SOCKEYE 

HB HA RI1 om O1A 

�} � I �f � 1 :J �I tl � � �l � � 4l . � . - . 9 8 .  2 . � 
0 . 0  �

:� 
o . � 8 : 8 o . � 0 . 0  O .  O .  

0 . 0  o . � : 8 8 : 0 . 0  8 : 0 g : 0 . 0  . 0 O . 
!i �1 !! �t �I :I fl �1 ij �i U �f I� �� :8 �i 6 6 .  6 .  -8 . iJ tI 

0 . 0  

� � I r
� � . o 0 ' 8  0 . 0  . 0  8 : � 0 . 0  : 8  0 . 0  O .  

0 . 0  O .  . 0  O .  o . � �J t� 8 : 8  8 : 8  O .  8 : g S · o 8 : 8  : 8 O .  0 . 0  0 . 0  
0 . 0  8

: � � f � � f � � : 8 o . � g : : 8  to 0 . 0  . 0  

0 . 0  r� t� i f i � : i 0 '
8 O . o . : 8  8 : 0 . 0  

s : � �J �J iJ 8 : 8  �J 0 ' 8 O .  
!t �1 11 [1 �r [1 t� ! l I! !I 

A ; IU,AN SURV 1 VAL WITH ALTERNATIVE COIID ITIONS ( ;I, )  ( A  TERIIATIVE ) 
RH ; REI.AT IVE CHAIIGE III MEAN SURV IVAL 1 ;1, )  ( ALTERNATIVE SURVIVAL - NO ACT!ON SURVIVALJ I ( UO AfJ.�ON SURVIVAL ) 

alB ; THE CHANC;E IN TIlE NO ACTIOtI SURVIVAL OVER TIllE \ RELATIVE TO TItE 1 98 0 ARlO URV I AL I. 
I N0 ACTIOII SURVIVAL 1 988 110 ACT ION SURVIVAL / 1 1 988 110 ACTIgy SURVIVAL 

alA ; 11 E CHAIIGE IN THE ALTERIlATIVE SURVIVAL RELATIVE TO THE 1 988 NO A 1011 SURF�AL ( ;1, )  
I ALTE RNATIVE SURVIVAL - 1 988 110 ACTION SURVIVAL ) I ( 1 988 110 ACTION SUHVIV L 

AVG ; THE AVERAGE OF THE 'fEARS 1 99 3 ,  1 998 , AlID 2003 ( ;1, )  
·DATE RUN; 22FEB88 , 1 5 , 26 , 23 



f'll 

0'> 
I 

0, 

-

Ta b l e  r: . 6 - 3  
RElAHvE CHANGES I N  tIE All sunpVAL AND 
ItIPA S HELATIVE TO 1 988 NO £lION SURVIVAL 

HITN THREE YEA� AVERA ES 
tlP Rl1XIltlK VS I1PFEXBII ( NO ACTION ) 

He���PJIDW4�� �c;;�4��sW%'�§���*�SR���o�fi�
ORTS( FSUJ151 )  

RUtI DATE 
PJI . P� 'tOO . CllS . F ISH . PASS . DATA . RES1IORHI RUII DAlE 

l I 0687 

POOL YEAR 
HELLS 1 988 

1 993 
1 998 
2003 
AVG 

RRECH 1 988 
1 993 
1 998 
2003 
AVG 

R ISL 1 988 
j 993 
998 

2003 
AVG 

LHG r88 
993 
998 

2003 
AVG 

LWI1 r88 
993 
998 
003 

AVG 
"CII 1 988 

993 
�66� 
AVG 

JDAY 1 988 
993 

1 998 
2003 
AVG 

DALS 1 988 
993 

1 998 
2003 
AVG 

SONll r88 
993 
998 
003 

AVG 
SYS 1 988 

1 993 
998 

2003 
Ave; 

LEGEND I1B 
I1A 

YEARLIIIG 
I1B NA Rl1 CI1B alA 

�� : ?  �� : �  =? : l 3? : 8  2� : A  
3 1 . 1 30 . 7  - 1 . 3 4 2 . 0 40 . 2  
3 1 . 2  30 . 9  - 0 . 7 42 . 2 4 1 . 1  
30 . 3  30 . 0  - 1 . 2  38 . 4  36 . 8  
24 . 7  2't . 7  0 . 1  0 . 0  0 . 1 
32 . 8  32 . 5  -0 . 9  32 . 7  3 1 . 5  
35 . 0  34 . 9  - 0 . 4 4 1 . 7 4 1 . 1  
35 . 6  3 5 . 9  0 . 7  44 . 2  4 5 . 2  
34 . 5  34 . 4  -0 . 2  39 . 5  39 . 3  
�0 . 9  30 . 9  -0 . 0  0 . 0  -0 . 0  
36 . 8  36 . 5  - 1 . 0  1 9 .  3 1 8 .  1 
39 . 2  3 9 . 1 -0 . 4 2 7 . 0  26 . 5  
39 . 6  40 . 0  0 . 9  28 . 3  2 9 . } 
38 . 6  38 . 5  -0 . 2  24 . 9  24 . 
60 . 8  6 0 . 8  -0 . 0  0 . 0  -0 . 0  
77 . 1  77 . 1  -0 . 0  26 . 8  26 . 7  
76 . 6  76 . 6  -0 . 0  26 . 0  26 . 0  
76 . 9  76 . 9  0 . 0  26 . 5  26 . 5  
76 . 9  76 . 9  -0 . 0  26 . 4  26 . 4  
2 1 . 9 2 1 . 9  -0 . 1  0 . 0  -0 . 1  
23 . 3  23 . 0  - 1 . 6  6 . 5  4 . 8 
24 . 7  24 . 5  -0 . 7  1 2 . 7  1 1 . 9  
25 . 8  25 . 8  -0 . 1  1 8 . 0  1 7 . 9  
24 . 6  24 . 4  -0 . 8  1 2 . 4  1 1 . 5 

2t � 2t � -8 : �  0 . 0  0 . 0  4 . 6  3 . 7  
52 . 0 5 1 . 9  -0 . 1  1 1 . 8 1 1 . 6  
52 . 4 52 . 8  0 . 7  2 . 7  1 3 . 5  
5 1 . 0  5 1 . 0  -0 . 1  
42 . 9 4 3 . 2 0 . 6  
4 3 . 8 4 3 . 2  - 1 . 5  
4 3 . 2  4 3 . 1 -o . � 45 . 4  45 . 2  -0 . 
44 . 2  43 . 8  -0 . 7  
52 . 7 53 . 0  0 . 7  
55 . 5 5'1 . 8  - 1 . 3  
56 . 7  56 . 5  -0 . 4  
5 7 . � 57 . 3 -0 . 1  
56 . 56 . 2  - 0 . 6  

9 . 7 9 . 6  
0 . 0  0 . 6  2 . 1 0 . 6  
0 . 7  0 . 3  
5 . 7  5 . 4  
2 . 8  2 . 1  
0 . 0  0 . 7  
5 . 4  4 . 0  
7 . 7 7 . 2  
9 . 0  8 . 9  
7 . 3  6 . 7  

82 . 1 82 . 1 O .  1 0 . 0  O .  � 
82 . 6  82 . 4  - 0 . 3 0 . 7  O .  
8 1 . 7  81 . � - 0 ' 1 - 0 . 4  -0 . 
8 2 . � 82 . - 0 .  0 . 3  0 . 2  
82 . 82 . 0  -0 . 0 . 2  -0 . 0  
58 . 7 58 . 8  0 . 1  0 . 0  0 . 1 
64 . 7  64 . 4  -0 . 4  1 0 . 1  9 . 6  
65 . 0  64 . 9  -0 . 2  1 0 . 7  1 0 . 5  
65 · 1 65 . 6  0 . 0  1 A . 6  1 1 . 6 
65 . 64 . 9  -0 . 2  I . 8  1 0 . 6  

SUBYEARLIIIG 
tlB l1A RI1 01B CHA 

9 . 9  9 . 9  0 . 5  0 . 0  0 . 5  
1 5 . 6  1 5 . 3 - 1 . 9 57 . 7 54 .! 
1 8 . 1 j 7 . 5  - 3 . 0 82 . 7  7 7 .  
1 8 . 3 7 . 7  - 3 . 2 85 . 0  79 . 
1 7 . 3  1 6 . 8  -2 . 7  75 . 1  70 . 
1 8 . 1  1 8 . 1 -0 . 3  0 . 0  -0 . 3  
�2 . 1  2 1 . 8  - 1 . 5  22 ' 1 20 . 2  
L4 . 7  24 . 3  - 2 . 0  36 . 33 . 9  25 . 9  25 . 6  - 1 . 0 42 . 9 4 1 . 4  
24 . 2  2 3 . 9 - 1 . 5  3 3 . 9  3 1 . 9  
1 6 . 8  1 6 . 9  o . � 0 . 0  O . � 
2 1 . 2  2 1 . � - 0 .  26 . 0  25 . 
24 . 8  24 . - 1 . 3 4 7 . 3 4 5 ' 1 25 . 2  24 . 9  - 1 . 0  4 9 . 6  48 .  
23 . 7  2 3 . 5  -0 . 9 40 . 9  3 9 . 6  
47 . 9 4 7 . 9  0 . 0  
�� : �  2� : 1 =8 : !  
48 . 8  48 . t -0 . 2  
48 . 8  48 . -0 . 2  

0 . 0  � . o 
. 6  U 

0 . 0  
o .� 2 .  
1 .  
1 . 7  

1 9 . 3  1 9 . 3  0 . 1  0 . 0  o . � 
22 . 0  2 1 . 3  - 3 . 3  1 4 . 2  1 0 . 
26 . 2  25 . 1  -4 . 0  35 . � 30 . � 
25 . 3  24 . 5  - 3 . 0  3 1 . 2 7 .  
24 . 5  2 3 . 6  - 3 . 4  27 . 1  2 2 .  

!� : I  !� : g  -8 : �  g : 2  � : � 
�9 . 9  39 . 6  -0 . 8  30 . � �9 .  
0 . 1  39 . 9  -0 . 6  3 1 . O .  

37 . 7  3 7 . 4  -0 . 8  2 3 . 6  22 . 6  
37 . 5  37 . 5  0 . 1 0 . 0  8 : !  38 . 6  37 . 7  - 2 . 4  2 . 8  
36 . 0  35 . 0  - 2 . 8  -4 . 0  - 6 . ! 
37 . 9 3 7 . 2 - 1 . 7  1 . 0 - 0 .  
3 7 . 5  36 . 6  -2 . 3  -0 . 1  - 2 .  
39 . 9  40 . 0  0 . 2  0 . 0  O ' i  4 3 . 9  4 3 . 6  -0 . 5  1 0 . 0  9 .  
4 3 . 3 42 . 9  -0 . 9  8 . 4  � :  4 3 . 5  4 3 . 2  -O ' f 9 . 0  
43 . 5  4 3 . 2  -0 . 9 . 1 8 . 4  
75 . 1 75 . 2  O . � 0 . 0  o . � 76 . 8  76 . 5  - 0 .  2 . ! I .  
75 . 0  74 . 8  -0 . 3  - 0 .  - 0 ' 1 
75 . 4  75 . 2  -0 . 2  O .  O .  
75 . 7  75 . 5  - 0 . 3  0 . 9  O .  

42 . 6  42 . 7  0 . 2  0 . 0  0 . 2  
4� . 1  44 . 8  -0 . 8  5 . 9  I ' I  
4 . 9 4 7 . 5  -0 . 8  1 2 . 4  ! . 
48 ' r 48 . 0  -0 . 6  1 3 . � 2 . 7  
4 7 .  46 . 8  -0 . 7  1 0 .  9 . 8  

NEAN SURVIVAL HITH 110 ACTION CotIDITIotlS ( %  J ( NO ACTION J 

0687 
STEELIfEAD 
I1B IIA RI1 nlB CHA 

�� : g  �! : I -I : A  3� : 2  �A : t 35 . 8  35 . - . 1 4� . � . 36 . 6  3t · - ' 8 4 .  �3 .  
35 . 3 3 .  - 1 . 3 .  6 8 . 
2 9 . 4  2 9 . � -D . }  0 . 0  -o . ! 35 . 8  35 . - 0 .  2 1 . 6  20 . 
38 . ?  �8 . 0  -o . � 29 . Z 29 .  
39 . 0  8 . � -0 . 3 2 .  � � .  
3 7 . 7 3 7 .  - 0 .  28 . . 
32 . 8  32 '1 0 ' 1 g . o  o · a 38 . 8  �8 .  - 0 .  � . � �8 .  
40 . 6  O .  -0 . 3 .  3 . � 
42 . 0  42 .� 8 . 28 .� 28 . 
40 . 5  40 . - .  2 3 .  2 3 .  
8 1 . 3 81 . 3 -0 . 0  
86 . 7 86 . 7  - 0 . 0  
86 . 6  86 . 6  -0 . 0  
86 . 7  86 ' f -0 . 0  
86 . 7 86 . -0 . 0  

t �  l� 
6 .  � .  
6 . 6  . 6  

2 9 . 2  29 . � -0 . 0  0 . 0  - 0 ' 3 
3 1 . 9  3 1 . 8  - .  . . 
30 . 5  30 . -A ' I � ' J  3 .  
34 . 0  34 . 0  O .  1 6 .  12 . , 32 . 1  32 . 0  - 0 .  O . 9 .  
57 . 7 57 . 7  o .� 
6 2 ' r 6 2 .  -8 ' 58 . 7 58 ' 1 - 0 .  
6 3 .  6 3 .  . 
6 1 . 3 6 1 .  - 0 .  

48 . 2  . - . 0 4 7 .  7 2� 'l l o 

48 . 3  . - . 9 
50 . \  4 9 .  -·0 . 6  
48 . 9 48 .  -0 . 9  
55 . 1 �5 '1 A . , 56 . 4  5 .  - .  
56 . 8  56 . - .  
58 . 2  5� . - 0 .  
5 7 . 1 5 .  - 0 .  

� : 9 tJ 7 . � 
9 .  
6 . 3  6 . 2  

I i !  l! 
IJ tI . 6  
. 6 3 . 

f� : }  ff :� :8 : { -8 :i -� : i �5 .  \ � .  -8 ' -s · _
. 7 .  . . . . 6 . 9  76 . - 0 .  -0 . - 0 .  

66 . 0  6 6 ' 1 0 . 0  
6 9 . � 6 9 .  -O . � 70 . 70 . - 0 .  p .! p .  -0 . 

O .  O .  - 0 .  

0 . 0  � � I � . 7  
7 : � 6 .  6 .  

SOCKEYE 
I1B I1A RI1 01B alA 

�i � i !� � l �I � I i� � 1 li � j 2� . �4 .  . i .  6 .  

8 : 8  0
' 1 o . � 8 : 8  8 : 8  O .  O .  

0 . 0  o .  8 :  g : 8 0 . 0  0 . 0  O .  0 . 0  
0 . 0  O .  0 . 0  

�� � f !f �I �� � � I� � f i� �f �2 . 8  32 . - . a 6 .  � .  
55 : 2 i

5 : f =8 : ! _0 : 1 -f : �  ��
· I I · o .  I · . 5 6 .  5 .  - 0 .  . . 

55 . 7  55 . - 0 .  . . 
0 . 0  0 . 0  8 : � �j 0 . 0 
0 . 0  0 . 0  o . � 0 . 0  0 . 0 O .  O .  
0 . 0  0 . 0  O .  O .  0 . 0  0 . 0  O .  O . 
8 . 0  8 : 8  �j � : i o . � o .  
o : g o ' g 

8 : 
O .  O .  
0 . 0  O .  

8 . 0 8 : 8 �J �J o . � . 0  O .  

8 : 8  o .  8 : 0 o .  
0 . 0  0 . 0  . 0  . 0 O . 

8 . 0 8 : 8  �J �J � : � . 0  
8 . 0  g : 8  . 0  
0 . 0  . 0  . 0  0 . 0  

0 ' 8 � J �J � : 8 8 : 8 O .  
0 ' 8 0 . 0  
o .  : 8  8 : 8  O .  0 . 0  

ii i� li i � � I j � II i l iI j ' 
Rl1 

018 
NEAll SURVIVAL HITH ALTERUATIVE co/m ITIOUS ( % 1  ( ALTERNATIVE ) 
RELATIVE CIIA tIGE III IIEAlI SURVIVAL 1 %  J ( ALTERIIATIVE SURVIVAL - N0 ACTION SURVIVAL ) / 

�V
O Aq�Otl SURVIVAL ) 

THE CHAliCE III TilE 110 ACTIotl SURV IVAL OVER TUtE ! REl.ATIVE TO T IE 1 988 UO A£1ION SURV AL ( /,  
( NO ACrIllM SURVIVAL - 1 988 110 ACTION SURVIVAL / 1 1 988 NO ACTIOIl SUH IVAL 

01A 
AVG 

THE CHANG IN TilE A LTERIIATlVE SURVIVAL RELATIVE TO l"E 1 988 NO 
�
CTIO

U 
SURxnAL ( /, )  

( Al.URIiATIVE SURVIVAL - 1 988 110 ACTIOII SURVIVAL ) / 1 988 110 Acr ON S RVIV 
1HE AVERAGE OF TIlE YEARS 1 99 3 ,  1 998 , AIm 2003 ( /, )  

-DATE RUN= 22FE888 . 1 5 : 2 7 . 1 9  



[01 

(T'. I 
--...j 

Tab l e  E . 6 - 4  
RELATIVE Cr.ANGES I N  HEAN SURpVAL AND 
IttPACTS HE .AT IVE TO 1 988 NO 5J; ION SURVIVAL 

WITH ntRFE Y E A R  A V l R A  ES 
ttPRI"IXIlI'11( VS tl�fEXIlIIK ( NO ACTION ) PROGRAI"I = D S N � P J I . PF � 0 0 . Rtl R . F ISHPASS . SA S . RE PORTS( FSUl15 1 ) 

F I LES , PJ I .  PF', o o . Les . F IS H . PASS . DATA . S P I l. E F LO 
PJ I . Pf'tOO . CBS . F ISH . PASS . DATA . SP I LE F l.O 

RU
N 

D ATE 
RU DATE 

POOL YEAR 

WI:LLS 1 988 
1 9 9 3  
1 9 98 
2003 
AVG 

RRECH 1 988 
1 99 3  
1 9 98 
2 0 0 3  
AVG 

RISL 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

LHG 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
A V G  

LHtt 1 988 
1 9 9 >  p98 

0 0 3  
AVG 

/101 1 988 
1 9 9 3  
1 9 98 
2 0 0 5  
A V G  

JDA'X 1 988 

I Y 9 3  
9 9 8  

2 0 G 3  
Ave; 

DALS 1 9BO 
1 9 9 3  
1 9 98 
2 G 0 3  
A '/G 

SONN 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
A V G  

S'X5 1 988 
1 9 9 3  
1 9 98 
I:� O O  3 
AVG 

LEGEND 

YEAIlLlllG 

tlli J1I\ W1 alB 01A 

n . 6  ? l . 6  - 0 . I O .  a - 0 . 1  
35 . ;  38 . 0  -0 . 9  S8 . 8  3 7 . 5  
4 1 . 5 4 1 . 2  - 0 . 7 5 0 . 3 4 9 . 2 
4 1 . 5 4 1 . 3  -0 . 4 5 0 . 0  4 9 . 5  
4 0 . 4  4 0 . 2  - 0 . 6  46 . 3  45 . 4  

3 2 . 3  3 2 . 3  O .  I 0 . 0  O .  I 
4 2 . 9 4 2 . 6  ' 0 . 5  3 2 . 8  3 2 . 1  
45 . 9  � S . 8  - 0 . 2  4 2 . 3  4 2 . 0  
(1 6 , .2  'i ll . 5  o . 6 4 3 .  3 44 . 2 
4 5 . 0  4 5 . 0  - 0 . 0  3 9 . 5  3 9 . 4  

3 9 . 5  3 9 . �  - 0 . 0  0 . 0  - 0 . 0  
4 7 . 2  4 7 . 0  - O . S  1 9 . 7  1 9 .  I 
50 . 5  �0 . 4  - 0 . 2  28 . 1  2 7 . 8  
5 0 . 7 5 1 . 0  0 . 7  2 8 . 5  2 9 . � 4 9 . 5  4 9 . 5  - 0 . 0  25 . 4  25 . 

6 5 . 5  65 . ,)  - 0 . 0  0 . 0  - 0 . 0  
B O . 3  80 . 3  ' 0 . 0 c 3 . 0  2 3 . 0  
80 . 1  80 . 1  - 0 . 0  2 2 . 7  2 2 . 7  
80 . 3  80 . 3  0 . 0  2 3 . 0  2 3 . 0  
80 . 2  80 . 2  - 0 . 0  2 2 . 9  22 . 9  
32 . 5  3 2 . 5  --0 . 0  0 . 0  - 0 . 0  
3 6 . 2  3 5 . 9  - 0 . 8  1 1 . 6  1 0 . 7  

�� : �  �� : �  -8 : �  �� : �  �� : ?  
38 . 2  38 . 1  - 0 . 3  1 7 . 7  1 7 . 3  

58 . 0  5 "/ . 9  - 0 . 0  0 . 0  - 0 . 0  
5 9 . 7  5 9 . 5  - 0 . 5  3 . 1 2 . 6  
64 . 1 6{t . 1 - 0 . 0  1 0 .  7 1 0 . 6  
6(' . 3  6 '  • .  7 0 . 6  1 0 . 9  1 1 . 6  
6 : . 7 6 2 . 7  0 . 0  B . 2  8 . 3  

S 3 .  3 5 � . !l 0 . 4  0 . 0  0 . 4  
5 3 . 8  0:, 5 . 4  - 0 . 7  0 . 9  0 . 2  
51! . 9  S 't . B  - O .  2 2 . 9  2 . 8  
5 6 . 7  ,,6 . 7  - 0 . 1  6 . 4  6 . 2  
b5 . 2  ', 5 . 0  .. 0 . 3 3 . 4  3 . 1  

6 2 . 6  6 2 . 9  a . ..  0 . 0  0 . 4  
6 4 . S  6·' . . 1 - 0 . '7  3 . 0  2 . 3  
6 7 . 4 6 1 . 5 - 0 . 2  7 . 6  7 . 4  
6 7 . Q  6 7 . 9  " 0 . 0  8 . 4  8 . 3  
6 6 . 6  6 6 . (. - 0 . 3  6 . 3  6 . 0  

86 . 2  86 . 1 - 0 .  1 0 . 3  O .  
8 6 . 0  Bb . 1  0 . 1  0 . 0  0 ' 1 
8(, . 0  85 . 9  - 0 . 1 - 0 . 0  - 0 .  
8 6 . 4 8(, . 4  - 0 . 1  0 . ,+ 0 . 4 
8 6 . 2  8 6 . 1  - 0 . 1 0 . 2  0 . 1  

6{t . .5 6(t . 6 0 . 1 0 . 0  0 . 1  
70 . 7  70 . 5  - 0 . 2 9 . 5  9 . 2  
7 1 . 7 7 1 . 7 - o . j 1 1 . 2  p . o  
7 2 . 0  7 2 . 1  O .  . 6  I .  7 
7 1 . 5  7 1 . 4  -0 . 1  1 0 . 8  1 0 . 7  

SUB Y E A R L I NG 

l IB  tlA Rtl O'IB O1A 

1 5 . 4  1 5 . 4  0 . 3  0 . 0  o . � 
2 2 . 8  2 2 . 7  - 0 . 7 4 8 . 4 4 7 .  
2 6 . 1  25 . 7  - 1 . 4  6 9 . 6 6 7 ' 1 
2 6 . 4  2 6 . 0  - . 4  7 1 . 6  6 9 .  
25 . 1  24 . 8  - 1 . 2  6 3 . 2  6 1 . 

24 . 9  24 . 8  - 0 . 2  0 . 0  - 0 . 2  
3 Q . 6  3 0 . 4  - 0 . 7  2 3 . 2  2 2 . 3  
34 . 2  3 3 . 9  - 1 . 0  3 7 . 7 3 6 . 4  
3 5 . 4  3 5 . 2  -0 . 5 4 2 . 4 4 1 ' 4 
3 3 . 4  3 3 . 2  - 0 . 7  34 . 4  3 3 . 

�� : t  �� : j  -8 : �  2� : �  2� : I  
34 . 8  34 . 6  - 0 . 6  4 1 . 2  4 0 . � 
35 . 3  35 . ! - 0 . 4  4 3 . 2  4 2 .  
3 3 . 4  3 3 .  - 0 . 4  35 . 6  3 5 . 0  

52 . 8  5 2 . 8  0 . 0  0 . 0  0 . 0  
5 3 . 5  5 3 . 4  - 0 . 1  1 . 4 1 . 2  
54 . 3  54 . 2  - 0 . 2  3 . 0  2 . 8  
54 . 1 sr • .  0 -0 . 2 2 . 5  2 . 3  
54 . 0  5 3 . 9  -0 . 1  2 . 3  2 . 1  

2 7 . 6  2 7 . 6  0 . 1 0 . 0  0 . 1  
3 1 . 2  3 0 . 7  - 1 . 5  1 3 . 0  1 1 . 3  
36 . ! 35 . 6  - 1 . 8  3 1 . 2  28 . 8  
35 . 35 . 2  - 1 . 3  2 9 . � 2 7 . 7  
34 . 3 3 . 8  - 1 . 5  2 4 .  2 2 . 6  

4 0 . 8  4 0 . 8  0 . 1  0 . 0  O ' a  
4 3 . 2  4 3 . 0  - 0 . 4  . 8  5 .  
5 0 . 7  50 . 5  - 0 . 4  2� . 3  2 3 .  
5 1 . 0 5 0 . 8  - 0 . 3  2 . 0  21 . 6  
48 . 3  48 . 1  - 0 . 4  1 8 . 4  1 . 9  

4 7 . 3 4 7 . 3 0 . 0  
4 8 . 2  4 7 . 7  - I . 1 

0 . 0  0 . 0  
1 . 9  0 . 7  

4 6 . 9  4 6 . � - 1 . 3  - 0 . 7  - 2 ' 4 
4 8 . B  4 8 . - 0 . 8  r . 2  2 .  
4 8 . 0  4 7 . 5  - 1 . 1  . 5  0 . 4  

5 2 . 9 5 3 . 0  0 . 1 0 . 0  0 . 1 
55 . 8  55 . 7  - 0 . 2  � . 4  5 . 2  
5 6 . 6  56 . 4  . 0 . 4  . 0  6 . 6  
56 . B  5 6 . 7  - 0 . 3  7 . 3  7 . 0  
56 . 4  5 6 . �  - 0 . 3  6 . 6  6 . �  
8 1 . 2  8� . 3  0 . 1  0 . 0  O ' l 
8 2 . 3  8 e . 1  - 0 . 2  1 . 3  1 .  
8 j . 1  8 1 . 0  -0 . 1  - 0 . 1  - 0 .  
8 . �  8 1 . 3  -0 . 1  0 . 2  0 . 1  
8 1 . 8 1 . 5  - 0 . 1  0 . 4  O . �  

g ! : �  g! : !  -8 : !  l : �  2 : �  
5 7 . 0  5 6 . 8  - 0 . 4  1 . 7  . 
5 7 . 4  5 7 . 3  - 0 . 3  1 . 5  H J  
5 6 . 0  55 . 8  - 0 . 3  9 . 6  9 . 3  

p 0 6 8 7  
1 0 6 8 7  

STEELlIEAD 

tlB ttA RM OIB O1A 
3 1 . 7  3 1 . 7  0 . 0  0 '1 0 ' 2 
4 6 . 7 4 . 4  -0 . 6  7 .  4 6 . 6  
4 3 . 8  4i · 6 - 0 . 5  f8 .  3 7 .  

4 7 . 3  4 7 . � - 0 . 5  9 .  4 8 . � 
45 . 9 45 .  - 0 . 5  5 . 1 4 4 .  

4 6 . 7 4 6 . 6  - 0 . 3  25 . � 25 . 
3 7 . 2  3 7 . 2 - 0 . 0  0 . 0  - 0 ' 1 
4 9 . 8  4 9 ' 4 - 0 . 3  �4 .  3 3 .  
5 0 . 5  5 0 .  - 0 . 3  5 . � 35 . 
4 9 . 0  4 8 . 9  - 0 . 3  3 1 . 3 1 . 5  

4 2 . 4  4 2 . 5  0 . 1  0 . 0  0 '1 
5 2 . 9  5 2 . - 0 . 1  l '  l '  50 . 2  5 0 ' A - 0 . 2  �8 .! �8 .  

54 ' 2 54 . 0  0 . 0  2 .  2 .  
5 2 .  5 2 . 3  - 0 . 1  2 3 .  2 3 .  

8 3 . 6  8 3 .� - 0 . 0  
88 . 4  88 . - 0 . 0  
88 . 3  88 . 0 . 0  
8 11 .  4 88 . 0 . 0 
88 . 4  88 . -0 . 0  

0 ' 2 -0 ' 2 5 .  5 .  il : � 5 .  t � 
22 : i 2� : �  :8 : 1 18 : f - � : l 4 6 .  2 6 . ! - 0 .  6 .  �8' 
4 8 .  B .  O .  O .  . 
46 . 3  46 . 2  - 0 .  1 5 . 8  1 5 . 6  

68 . 2  68 ' 3 0 . 0  
68 'l 68 . - 0 . 3  
7 .  3 .  - 0 . 0  

�f : 8 h : K  -8 : 6  
5 7 . � 5 7 . � : 8 ' � 5 7 .  �7 .  . 
5 9 . 6 9 .  - 0 . 
6 1 . 0  6 0 . 9  - 0 . 3  
5 9 . 4  5 9 . 2  - 0 . 4  

6 4 . 5  6 4 . 6  0 . 2  
6 5 . � 6� .� - 0 . 6  
6 7 .  6 .  - 0 . 2  
6 8 . 6  6B . - 0 . 1 
6 7 . 1 6 6 . 9  - 0 . 3  

o . � o . � 
O .  O .  

t iJ 
iJ 11 
0 . 0  o ' i tt o .  

t 
3 . 8  

8 2 . 7  8 2 . � 0 ' 1 a ,! o ' A 8 2 . B  8 2 . - 0 .  O .  O .  
8 1 . 6 8 1 . 6  - 0 . 0  - 1 . -A ' i 8 2 . 5  8 2 . 5  - 0 . 0  - 0 . - .  
8 2 . 3  8 2 . 3  - 0 . 1  - 0 .  -0 . 

7 1 . � 7 1 . 5  0 . 0  
75 . 

r� - 0 ' 1 76 . 6 .  - 0 .  
7 7  . 0 7 . 0  - 0 . 0  
7 6 . 3  7 6 . 2  - 0 . 1  

0 . 0  � : � �J 
6 . 6  6 . 6  

SOCKEYE 
HB HA RM CHB O1A �i : t i� : t �8 : l  il : � �! : A 3 6 ' $ t 8 ' . � . �  
3 3 .  3 3 .  - . 3 . 5  . 
8 : 8  8 . 0  �J � . o 0 . 0  

8 : 8 . 0  0 ' 8 0 . 0  : 8  0 . 0  . 0  8 : 0 
0 . 0  . 0  0 . 0  . 0  !I �I �f � J �� � I i� �i i' � 1 � 2 . � J - 0 .  6 .  6 .  

gr� I� : I :
8 : 1 6 .  . . 

6 .  � .  _� . 
6 .  O .  - .  

8 : � � � i � J 8 : 
0 . 0  O .  0 ' 8 � : � � J 8 : 8 
0 . 0  0 . 0  

0 . 0  � J �J o . � 8 : 
O .  . 0  

0 ' 8  � � �  i : 8 8 : 0 0 . 0  : 8  0 . 0  O .  

8 . 0 iJ �J . 0  
0 . 0  
0 . 0  
0 . 0  

' � i  :8 J . 1 . 7  
� J 8 : 8  � : 8 . 0  

� : � � : 8 . 0  : 8  
� : o � . o 

. 0  

: 8  oj � : 8 8 : 8 . 0  8 . 0 
. 0  8 : 8  
� J 0 . 0  

i : 8 . 0  : 8  . 0  

�t �l �t �1 �� � I 1� �f 1! � 1 o .  3 .  . �7 . 27 . 

� � llH�j ����mt um �P.T�\5;UWv�
o
EgllI��5tl�i:I/IN? AtYHR�·hVE ) 

Rl1 FELATlVf CII A tIGE IN 11EAN SURV I VA L  I I. I ( A LTERNATIVE S U R V I V A L  - flO ACTION SU R,IVAL ) / ( ijO ACTION SURVIVAL ) 
OID 
O t A  

nm �m':ltl �UR��t�O 
_ ATiJ!WI1l5U��H�h 0�5�vWlr. 1 /RE!.g��EN6° AtiiolI

9
�3Hv�v�f: 

ION SUR V I  AL ( I. )  
T H E  C H idl"" III TitE ALTERNATIVE S U R V I VAL R E LAT I VE TO nlE 1 Y88 NO ACTIOU SUR V I�AL ( i: ) 

AVG 
1 .� Li r R �I :,'J· rvE !)IJ R V I V A L  - 1 988 tiD ACfIotl SURV IVAl ) / ( 1 988 NO ACTION S R V I VAL . 
l aE ," YL 1�AGE UF THE Y E A RS 1 9 9 5 ,  1 9 98 , AND 2 0 0 3  ( I. )  

-DATE RUN� 22f EB88 , 1 5 , 28 ,  00 



fT' 

0) 
! 

co 

Ta b l e  E . 6 - 5  
RELATIVE CHANGES I N  MEAN SURVIVAL AMB 
II1PACTS RELATI¥E TO 1 933 NO ACTION RV IVAL 

HITH HREE Y E A� AVt RAGES 
MPRI1XBMK VS tlPFEXBtJ I NO ACT 1011 ) 

fROGRAll = DSN=PJ I . PF400 . RtIR . F IS I l PASS . SA S .  REPORTSI FSutl51 ) 
I LES , PJ I . PF400 . [BS . F T SII . PASS . OATA . SP I I E F H I  RUII DATE 

POOL 

P J I . P F 4 0 0 . CI.lS . F ISH . PASS . DATA . S P I LE F U I  RUII DAlE 

YEARLIltG SUBYEARL II(G 

YEAR HB MA RI1 CHB CJIA HB 11A RI1 CHB CJ1A 
HELLS 1 983 3 I . 3 3 I .  3 -0 . 0  0 . 0  -0 . 0  1 6 .  I 1 6 .  I 0 . 3  0 . 0  0 . 3  

1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

RRECH m� 
1 9 98 
2 0 0 3  
AVG 

RISL 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

LHG 1 988 
1 9 9 3  
1 9 9� 200 
AVG 

LHI1 1 938 
1 9 9 3  p98 

0 0 3  
AVG 

t1CN 1 988 
1 99 3  
1 998 
2 0 0 3  
AVG 

JDAY m� 
1 9 9� 200 
AVG 

DALS r38 
9 9 3  
998 

2 0 0 3  
AVG 

BONN j 9B8 
9 9 3  

1 9 98 
2 0 0 3  
AVG 

SYS r88 
9 9 3  
99� 200 

AVG 

33 . 9  313 . 3  - 1 . 4  24 . 4  2 2 . 6  
4 1 . 7 40 . 9  - 1 . 8  3 3 . 3  3 0 . 8  
4 1 . 5 4 0 . 9  - 1 . 4  3 2 . 6  3 0 . 7  
4 0 . 7 40 . 0  - 1 . 6  30 . 1  2 8 . 1 

3 3 . 2  3 3 . 3  0 . 1 0 . 0  0 . 1  
4 � . 2  4 2 . 8  - 0 . 9  2 9 . 8  2 8 . 6  
4 5 . 8 45 . 5  - 0 . 8  3 7 . 8  3 6 . 7  
4 6 . I 4 6 .  I O .  I 38 . 6  38 . } 4 5 . 0  4 4 . 8  - 0 . 5  35 . 4  34 . 

4 0 . 9 4 0 . 9  0 . 0  0 . 0  0 . 0  
4 7 . 6  4 7 . 2  - 0 . 8  1 6 . 3  1 5 . 4  
50 . 4  50 . 0  - 0 . 7  2 3 . 0  2 2 . � 50 . 4  50 . 5  0 . 2  2 3 . 2  2 3 .  
4 9 . 5 4 9 . 2  - 0 . 4  2 0 . 9  2 0 . 3  

6 5 . 0  6 5 . 0  0 . 0  0 . 0  0 . 0  
7 9 . 5  79 . 4  - 0 . 1  2 2 . 4  2 2 . 3  
7 9 .  I 7 9 . 0  - 0 . 1 2 1 .  7 2 1 . 6  
7 9 . 3  79 . 2  -0 . 0  2 2 . 0  2 2 . 0  
7 9 . 3  7 9 . 2 -0 . 1  2 2 . 0  2 2 . 0  

�� : g  �� : 5  =� : 2  g : g  -2 : � 
3 8 . � 38 . 0  - 1 . 0  1 1 . 4 1 0 .  
3 9 .  3 9 . 0  - 0 . 5  1 3 . 8  1 3 . 2  
38 . 1  3 7 . 7 - 1 . 0  1 0 . 4  9 . 3  

5 7 . 9  5 7 . 9  0 . 0  
5 9 . 7  5 9 . 3  - 0 . 8  
6 3 . 4  6 3 . 2  -0 . 4  
6 3 . 5  6 3 . 6  0 . 2  
6 2 . 2  6 2 . 0  -0 . 3  

54 . 6  54 . 9  0 . 4  
55 . ! 5., . 5  - I . l 55 . 54 . 9  - 0 .  
5 7 . 1  56 . 8  - 0 . 5  
5 5 . 8  55 . 4  -0 . 8  

6 3 . 3 6 3 . 6 0 . 4  
6 5 . 3 6' • .  6 - 1 . 1  
6 7 . 7  6 7 . 3 - 0 . 5  
68 . 1 6 7 . 9 - 0 . 2  
6 7 . 0  66 . 6  -0 . 6  

B6 . 6 36 . 7  O .  I 
8 7 . 0  86 . 8  -0 . 2  

0 . 0  0 . 0  
3 .  I 2 . 3  
9 . 5  9 .  I ? - 6  9 . 9  

. 4  7 .  I 

8 : 3  - 8 : �  
1 . 2  0 . 6  
4 . 5  3 . 9  
2 .  I 1 . 4 

0 . 0  0 . 4  
3 .  I 2 . 0  
6 . 9  6 . � 
7 . 6  7 .  
5 . 9  5 . 2  

0 . 0  8 ; !  0 . 4  
36 . 2  B6 . 0  - 0 . 3  - 0 . 4  - 0 . 7  
86 . 6  86 . 5  - 0 . 2  0 . 0  -0 . 2  
86 . 6  86 . 4  - 0 . 2  -0 . 0  - 0 . 2  

6 5 . 2  6 5 . 3  O .  I 0 . 0  O .  I 
70 . 9  70 . 7  - 0 . 4  8 . 7 8 . 3  
7 1 . 6  7 1 . 3  -0 . 4  9 . 7  9 . 3  
7 1 . 8  7 1 . 8  - 0 . I 1 0 .  I 1 0 . 0  
7 1 . 4  7 1 . 2  - 0 . 3  9 . 5  9 . 2  

�g : �  �� : �  =� : !  2l : !  �� : � 2 7 . 0  26 . 1  - 3 . 6  68 . 0  6 2 .  
2 5 . 8  2 5 . 0  - 3 . 0  60 . 4  55 . 5  

2 6 . 1  26 . 0  -0 . 2  0 . 0  - 0 . 2  
3 1 . 2  3 0 . 6  - 1 . 9  1 9 . 7 1 7 . 4  
3? 9 3 2 . 9  - 2 . 8  30 . 0  2 6 . � 
3� . 7  34 . 1  - 1 . 9  3 3 . 2  30 . 
3 3 . 3 3 2 . 5  - 2 . 2  2 7 . 6  24 . 8  

25 . 2  2 5 . 3  O .  I 0 . 0  O .  I 
30 . 7  3 0 . 4  - 0 . 9  2 1 . 7  20 . 6  
34 . 8  34 . 3  - 1 . 6  3 8 . 0  3 5 . 8  
35 . 2  3 4 . \ - 1 . 4  3 9 . 5  3 7 . 5  
3 3 . 6  3 3 .  - 1 . 3  3 3 . 1  3 1 . 3  

5 2 . 7 5 2 . 7  0 . 0  0 . 0  IJ 5 3 . 4  5 3 . 2  - 0 . 3  1 . 4 
54 . 3 54 . I - 0 . 4  3 . � 
54 . 0  5 3 . 7  - 0 . 4  2 .  

2 : A 5 3 . 9 5 5 . 7  - 0 . 4  2 .  

2 8 . 9  2 8 . 9  0 . 1  0 . 0  o . � 
3 2 . 0  30 . 9  -� . 3  �0 . 5  t . 36 . ! 3 4 . 5  - . 8  5 . 2  I . 2  
3 5 . 3 3 . 8  -� . 8  1 1 . 5 6 . � 3 4 . 3 3 . 1 - . 0 9 . 1  4 .  

<, 0 . 8 4 0 . 9  0 . 0  0 . 0  0 . 0  
4 3 . 4 4 2 . 9  - 1 . 0  6 . 2  5 . � 50 . 2 4 9 . 6  - . 0  2 2 . 8 2 1 . 
50 . 3  4 9 . 8  - 0 . 9  2 3 . � I� ' O 4 7 . 9  4 7 . 5  - 1 . 0  1 7 .  . 2  

�9 . 9 4 9 . 9 0 . 0  0 . 0  0 ' 2 1 . 2  5 0 . � -� . o  f . 5  O .  
4 9 . 0  4 7 .  - . 0 - . 9  -4 . 8  
50 . 6  4 9 . 5  - 2 . 2  . 3  - 0 . 9  
50 . 3 4 9 . 1  - 2 . 4  

g � : g  g gJ -8 j 
5 7 . � 56 . 6  - 0 . 9 
5 7 .  56 . 8  -0 . 8  
5 7 .  5 6 . 7  - 0 . 7  

0 . 7  - 1 . 7  

0 . 0  D . !  5 . 8  
6 . 0  t! 6 . 3  5 .  
6 . 0  5 . 3  

g! : �  �! : ?  -8 : !  ? :i ? : I 
8 1 . 4  8 1 . 1  -0 . 3  -0 . - 0 ' 2 8 1 . 7  81 ' � -0 . 3  - 0 . -0 . 
8 2 . 0  8 .  - 0 . 3  0 . 3  -0 . 0  

5 1 . 6  5 1 . 6  O .  I 0 . 0  
54 . 1 5 3 . 7  -0 . 7  4 . 8  2 :  I 
5 7 . 0  56 . 5  - 1 . 0  1 0 · t 9 ' 1 
5 7 . 3  56 . 8  -0 . 8  I I .  1 0 .  
56 . 1  55 . 7  -0 . 9  8 . 8  7 .  

LEGEND HB = MEAN SURVIVAL HITH NO ACTION COIID ITIOHS ( %  J I NO ACTION J 

1 1 0 587 
1 0587 

STEELHEAD 

tlB t1A RI1 CHB O1A 
�2 . 9  3 � . � � ' I 0 . 0  o .! 

2 . 6  4 .  - .  �9 . � 2 8 .  
4 5 . 0  44 . � - 1 ' 1  6 .  �2 ' 4 5 . 4  44 . - .  38 . . 
4 4 . 3 4 3 . 8  - . 2  34 . 7  3 3 .  

33 . 4  313 . 4  -0 . 0  0 . 0  -o .� 
45 . 4  4 5 . � -0 . 7  �8 . � �! . 4 7 . 8  4 7 .  -O ' J 4 .  . 

8 . 3  48 . -0 . 25 . 2 .  27 . 2  4 6 . 8  - 0 .  2 2 . 8  2 1 . 9  

9 . 2  9 .  - 0 .  � 7 . 5  � . 0  2 1 . 9 il · Z  o . � 0 . 0  1 . 2  

5 1 . 2  1 . 0  - 0 . 4  2 . � ' f  
52 . 2  5 2 . � -0 . 0  21 ' 2 .  
50 . 9  50 . -0 . 3  2 .  2 .  

3 2 . 8  8 2 . 8  0 . 0  
8 7 . 5  8 7 .� ··0 . 0  
8 7 . � 8� . - 0 . 0  
8 7 .  8 .  - 0 . 0  
3 7 . 5  8 7 . 5  - 0 . 0  

0 . 0  1 : 1 5 . 7 
5 ' 2 5 .  
5 .  

�g : �  �� : t =8 : �  g : j -! : �  
4 4 . 0  4 3 .  - 0 .  9 .  . 
4 5 . i 4 5 .  - 0 . 1 1 3 .  I .  
4 4 .  4 3 .  - 0 .  9 .  . 

6 5 . 6  6 5 . 6  0 . 0  
66 . 6  66 . � - o . t 
6 9 . 8  6 9 .  - 0 .  
70 . 3  70 . § O .  
6 8 . 9  6 8 . -0 . 

5 9 . 3 5 9 . 3  - o . � 5 9 . 8  5 9 . 3  - 0 .  
60 ' 1 5 9 . � - 1 . 0  
6 1 . 6 1 . -O . � 6 0 . 6  60 . 1  -0 . 

6 5 . 7 6l . 8  O .  � 
6 6 . 6  6 . 0  - 0 .  
6 7 . 9 6 7 . Z - o . � 
68 . 9  68 . -0 . 
6 7 . 8  6 7 .  - 0 . 

0 . 0  0 . 0  I ' f  t� 6 .  � :  
o .� -O . � O .  -0 . � .  o .  � 
: 2 i :  

0 . 0  o .� tt O . ? t�  
B 3 . 5  B 3 . � 8 ' 1 

o . � 8 ' 1 8 3 . 6  8 3 .  - .  O .  . 
8 1 . 8 8 � .  -0 . -A ' l 8 2 .  8 .  -0 . - .  - .  
8 2 . } 8 2 . � -0 . -0 . 9  - . 0  

7 1 . 1  11 0 . 0  r 7 7 .  - 0 ' 1 
5 .  7 .  - .  
5 j }5 .  - 8 . 

75 . 3  5 .  - 0 .  

0 . 0  ft tx 
5 . 9  

SOCKEYE 

HB t1A RI1 CHB alA 

� t : i  �t : �  :! : � l� : 3 �y : �  r . 5  3� . � . . � . 5 .  3 � .  - .  . 3 .  
3 . 2 3 2 . - .  . 25 . 1  

0 . 0  8 : � 8 : � � . o 0 . 0  
0 . 0  . 0  0 . 0  
0 . 0  8 : 8 : : 8  0 ' 8 0 . 0  O .  
0 . 0  0 . 0  o .  . 0  0 . 0  

35 ' 1 3 5 .

� f ' r  l · q 0 . 0  

�i : �� : : : 1 : 1 2� : f 2 2 . 2  1 . ,  - . . � 1 . iZ : I ig : � �� :! -f : J =O : � 6 0 . 6 0 .  . . I . 6 0 . 0  5 9 .  - 0 .  . . 

0 . 0  0 ' 8  � : � � . o  

1
' 0 

0 . 0  o .  : 8 . 0  
0 . 0  0 . 0  . 0  
0 . 0  0 · 8 . 0  . 0  
0 . 0  o .  o .  . 0  . 0  

0 . 0  O . � O : � � : 8 � : O 0 . 0  O .  � . O O .  � : 8  . 0  8J . 0  8 : 0 : 8  . 0  

0 . 0  0 . 0  0 . 0  � : 8 i ii 0 . 0  0 . 0  �J 8 . 0  8 : 8 . 0  . 0  
0 . 0  O .  . 0  0 ' 8 8 : 8 � : � �j iJ O . 8 . 0  8 : 8 . 0  8 :  0 . 0  

0 . 0  0 . 0  o . � � : 8 �J 0 . 0  0 ' 8  O . 0 . 0  o .  8 :  0 . 0  0 . 0  
oj 0 . 0  0 . 0  o .  0 . 0  

!
3 'i i� ' � -r ' � � . o  ; . � it : � :  : , : � f : ! � � 

t1A = tlEAII SURV I VA L  HITH ALTEJnIATIVE CotlD I T I ONS I % I I ALTERltATIVE ) 
RI1 = REL.ATIVE CHAliCE III I1E AN SURV I V A L  ( % J  ( A LTERNAT IVE SURVIVAL - 110 ACTION SURVIVAL ) I I UO ACTION SURVIVAL ) 

alB = T�5 �gitigij WR�II�A�O _ Af�AglltJ5u�n¥�h 0�5�vn�b /EI'HAXEtJ6° At¥10A 9�8RU9v�r;ION SURV l AL ( % ) 

-DATE RUN= 

CJ1A = THE r. t I A tIGE Ttl TilE A LTERtJAT I VE S U R V I VAL RELATlV[ TO lHE 1 988 NO ACTIOU S U RXI�AL 1 % )  
I ALTERtJATlVE SUHV IVAL - 1 988 110 ACTION S U R V I V A  I I 1 938 110 ACTION S R V I V  L 

AVG = THE AVEHAGE OF THE YEARS 1 99 3 , 1 9 98 , MID 2 0 0 3  1 % )  
2 2FEB88 , 1 5 , 28 , 38 



Tab l e  E . 6 - 6  

�fi��H�EHr���1�� f� \I��M �g
R

xeH�l�'BRVlvAL 11PR/1xl'mllv�Hllt>h�M� t�6
R

�g.HolI ) 
PIWGR hll = DStl - P J I  P r 4 0 0 Rlill f ISHPASS SAS . HEPORTSI FSU1I5 1 ) 
F I L�S > P H  fT y O O  ( e ', F ISH P�SS UATA l U [.fltIOl.O RUtl DATE 1 1 0 787 

PJI . Pf • •  O O . CbS . F lSH . P I.SS . O ATA l UhllllOLO RUt DATE 1 0 787 
YEARL IIIG SUIll'EARLIIIG STEELIIEAD SOCKE'fE 

POOL 'fEAr- till tlA RJI ClID ClIA till tlA R/1 ClIB ClIA lID tlA Rt\ ClIB CI1A tlB tJA Rt\ OIB CI1A 
HE LLS 1 988 3� . 6  34 . 6  - 0 . 0  0 . 0  - 0 . 0  1 9 . 1  1 9 . 1  0 . 3  0 . 0  0 . 3  58 . 0  38 . 0  0 . 1  0 . 0  0 . 1  30 '

1 I� ' I -1 '1 0 . , - 0 ' 1 1 9 9 3  4 1 . 3 4 0 . 8  · 1 . 2  1 9 . 2  1 7 . 7  2 5 . 9  25 . 6  - 1 . 2  35 . 9  34 . 3  45 . 8 45 . 4  - O . B  20 . 1 9 . 7  3 . . - .  18 . B .  
1 9 98 4 3 . 9 4 1 . 5  - 1 . 1  2 6 . 8  25 . 4  2 9 . 0  28 . 4  - 2 . 1  5 2 . 1  4 9 . 0  4 8 . 2 4 7 . 8  - 0 . 8  2 7 .  2 6 . 0  9 . . - .  . . 
2 0 0 3  4 3 . 1l  4 � . 5  -0 . 7  2 6 . 5  25 . 6  2 9 . 3 28 . 7  = 2 . 2  5 3 . 7  5 0 . 4  4 0 . 8 4 8 . 5  =0 . 6  28 . � 2 7 . 8  19 . 9  9 .  = . .  �z . q .  
AVG 4 3 . 0  4 L . 6  - 1 . 0  24 . 2  2 2 . 9  2 8 . 1 2 7 . 6  1 . 8 4 7 . 3 44 . 6  4 7 . 6 4 7 . 3  0 . 8  2 S J 24 . 5 3 7 . 4  6 .  . 24 . h .  

RilECII 1 98� 3 ;' . 6  3 7  . . 6 0 . 1  , 0 . 0  0 . 1  2 9 . 6  2 9 . 5  -0 . 2  0 . 0  -0 . 2  4 2 . 5  4 2 . '1  - 0 . 0  0 . 0  - 0 . 0  0 . 0  0 ' 8 � . o  0 ' 8 g . o  
1 9? , 4 � . � 4 S . 0  0 . 7  , 0 . 7  1 9 . 8  34 . 0  ? 5 . 6  = 1 . 2  1 4 . 9  1 3 ' 1 4 0 . 2  '1 7 . 9  = 0 . 5  1 3 . 5 l 2 . ! 8 . 0  o .  . 0  3 '  . 0  
1 9 ,8 4 , . , 4 1 . 7  · 0 . 4  2 7 . 4  2 6 . 9  36 . 8  _ 6 . 2  1 . 5 24 . 3 2 2 .  50 . 50 . 5  0 . 5  9 . 4  8 .  . 0 . . 0 .  0 . 0  
2 0 0 3  48 . 2  't H . 4  0 . 4  � 8 . 4  28 . 9  i8 . O  3 7 . 6  =0 . 9  28 . 3  2 7 .  5 1 . Z 5 1 . 2  -0 . 3  2 1 . 0  O .  0 . 0  3 ' 8 . 0  0 . 0  0 . 0  
AVG 4 7 . 1 4 1 . 0  - 0 . 2  ,5 . 5  25 . 2  �6 . 2  35 . 8  1 . 2 2 2 . 5  2 1 . 0  50 . 1 4 9 . 9  - 0 . 4  1 8 . 0  7 . 4  0 . 0  O .  . 0  0 . 0  0 . 0  

R I S L  ! 988 4 4 . 0 4' • .  0 0 . 0  0 . 0  0 . 0  2 7 . 6  2 7 . 7  0 . 2  0 . 0  0 . 2  45 . 9 4 5 . 9  0 . 2  0 . 0  0 . 2  3 8 .} 3 8 .! -8 . 0  � . o  - 0 . 0  
1 9 9 3  4 9 . 4  4 9 . 0  0 . 7  1 2 . 3  1 1 . 5  32 . 6  3 2 . 4  - 0 . 5  1 7 . 8  1 7 . 2  5 1 . 3 5 1 . 2  - 0 . 3  1 1 . 9  1 . 6  3 9 .  9 .  - . 8 . 6  2 .  
1 998 52 . 0  S I . 8  -0 . 4  1 8 . 2  1 7 . 8  36 . 7  36 . 4  -0 . 9  32 . 3 1 . 5 3 .  5 3 . 3  -0 . 2  1 6 . 4  6 . 2  4 7 .  . - . 6 . 2 .  
2 0 0 3  52 . 2  � 2 . 4  0 . 5  1 8 . 7 1 9 . 3  3 7 . 2  36 . 9  -0 . 8  34 . � 3 3 . � 54 . � 5� . 6  0 . 0  1 9 . 0  1 9 . 0  4 0 .  �l . -3 . 6 � . �  �5 . ' 
A'/G 5 1 . 2 5 1 . 1 0 . 2 1 6 . 4 1 6 . 2  35 . 5 35 . 2  -0 . 7  28 . 3  2 7 . 4 5 3 . 1 5 3 . 0  - 0 . 1  5 . 8 1 5 . 6  45 . �4 . - . 6 t . 4  t 6J 

LNG 1 98� 6 6 . 8  � 6 . 8  0 . 0  . 0 . 0  0 . 0  54 . 0  5� . 0  
_

0 . 0  0 . 0  0 . 0  84 . 2  84 . 2  :0 . 0  g . o  - 0 . 0  6 1 ' 1 II " : 0 . 0 _ 0 . 0  :0 . 0  
1 9 9 _  80 . 8 80 . 7  - 0 . 1  Z I . O  20 . 9  54 . 7  5 • .  6 0 . 2  . 4 . 2  88 . 4 08 . 4  0 . 0  _ .  5 .  6 . . 0 . 2  0 . 3  . 
! 9 9� 80 . �

. 
80 . 4  - 0 . 0  � 0 . 4  l O . 4  55 . 7  55 . 5  -0 . 3  ! . 2  � . 8  88 . 4  88 . 4  - 0 . 0  5 . 1 1 . 1 6 2 . . -o . � 1 . 8  1 · 1  L O O �  00 . 0  80 . 6  0 . 0  < 0 . 7  2 0 . 8  5 5 . 3 5 5 . 2  -0 . 3  2 . 5  2 . 2  88 . 5 88 . 5  0 . 0  5 . . 6 2 . 9 . -0 . . 3  . AVG 80 . 6  8 0 . 6  - 0 . 0  2 0 . 7  20 . 7  55 . 2  55 . 1  - 0 . 3  2 . 4  2 . 1  88 . 4  88 . 4  - 0 . 0  5 . . 62 . 2 . - 0 .  . 3  . 

L�m I W
.
J8 3 6 . 0  36 0 - 0 . 1  0 . 0  - 0 . 1  30 . 8  30 . 8  0 . 1  0 . 0  0 . 1  4 2 . 7 4 2 . 7  - 0 . 0  0 . 0  -1 . 0  0 . 0  8 . 0  0 ' 8 0 ' 3 0 . 0  

1 9 9 �  3 7 . 7 37 . 3  - 1 . 1  4 . 7  3 . 6  3 3 . 9 3 3 . 2  - 2 . 1 1 0 . 1 0 7 . 8  44 . 4 44 . 1  - 0 . . 0 . 3  0 ' 3 ' 8 o .  o .  0 . 0  
1 9 ·)8 3 9 . 5  � 9 . 3  - 0 . 5  9 . 8  9 . 2  38 . 3 7 . 1  - 2 . 7  2' . .  1 . 0 . 8  4 6 . 0 45 . 9  - 0 . . . 4  0 . . O .  . 0  . 0  
2 0 0 3  4 0 . 5 4 0 . 5  -0 . 1  1 2 . 5 1 2 . 5  3 7 j 36 . 7  - 2 . 0  2 1 . 8  1 9 . 3  4 7 . 8 4 7 . 9  oj J . b  I . 1 0 . 0  � . o  3 . 0 � . o  3 . 0 AVG 3 9 . 2  3 9 . 0  -0 . 6  9 . 0  8 . 4  36 . 5  35 . 7  - 2 . 3  1 8 . 6  1 6 . 0  46 . 1 46 . 0  - 0 . 3  7 . 9 . 6  0 . 0  0 . 0  . 0  0 . 0  0 . 0  

� MCN j 958 5 9 . 0  59 

.

. 0 0 . 0  0 . 0  0 . 0  4 2 . 2  4 2 . � O ' } 0 . 0  O ' l 6 7 . � 6 7 . �  0 ' 2 y . y  0 ' 9 3 ' 3  3 ' 1 8 ' 8  g ' 8 3 · 3 
en I � �� �g : �  �g : �  =8 : 1  � : S  § : �  �1 : �  �1 : 1  :8 : 6 2� :�3 

2
51 : 2  �� : 8  �� : �  =8 : 0 6 : & 01 : 1 8 : 0 3 : 8 : 8 8 : 0 g : o 

; 2 0 0 �  94 . 5 6' • .  8 0 . 4  9 . 2  9 . 7  5 1 . 6 5 1 . 4  - 0 . 5  2 2 .  2 . 9 7 2 . 4  7 2 . 6  0 . 3  6 . 8 . ' 8 . . . 0 . 0 
l.D AVG 0 3 . 2  6 .\ . 1  -0 . 1  7 . 0  6 . 9  4 9 . 3 4 9 . 0  -0 . 6  1 6 .  1 6 . 2  70 . 9  70 . 9  - 0 . 0  4 . 6 . O .  O .  . 0 . 0  . 0  

JDA'f 1 988 56 . 5 5 6 . 5  0 . 4  0 . 0  0 . 4  5 1 . 3 5 1 . 3  0 . 0  0 . 0  0 . 0  6 0 . 4  60 . 4  -0 . 0  O ' i - 0 . 0  8 . 0 g ' 3 � . � 3 . 0 3 ' 8 1 99 3  56 . 9 5(, . 4  .. 0 . 9  1 . 1  0 . 1  5 2 . 5 5 1 . 7  - 1 . 5  2 . 4  0 . 8  6 0 . S  60 . 4  -0 . 7  l '  -0 . 0  . 0 . . . 0 .  
1 9 98 56 . 5 5 6 . 4  -0 . 3  0 . 4  0 . 1  5 0 . 1 4 9 . 2  - 1 . 8  - 2 . 2  -4 . 0  6 1 . 0 60 . 7  - 0 . . 0 . 4  . 0 . . .  O .  
2 0 0 3  58 . 4  �8 . 5  - 0 . 2  3 . 8  3 . 5  5 2 . 0  5 1 . 4  - 1 . 2  1 . 5 0 . 3  6 2 . 5  6 2 . 2  _o . t . 3 . 0  0 ' 8 8 . 3 . 3 . 3  0 . 0  
AVG 5 7 . 3 5 1 . 0  - 0 . 5  1 . 8 1 . 3  5 1 . 6 5 0 . 8  - 1 . 5  0 . 5  - 1 . 0  6 1 . 4  6 1 . 1  - o . Z I .  1 . 1  0 . . 0 . 0  0 . 0  0 . 0  

OALS 1 988 65 . 2  6 � . 5  0 . 4  o . Q  0 . 4  55 . 2  55 . 2  0 . 1  0 . 0  0 . 1  6 7 . 1 6 7 . 2  0 . 2  0 . 0  0 . 2  8 . 0 � ' 8 � . � 0 ' 3 8 ' 8 1 9 9 3  6 7 . 3  66 . 8  - 0 . 8  3 . L  2 . 4  58 . 3  58 . 1  - 0 . 3  5 . 6  5 . 3  68 . 0  6 7 . 5  - 0 . 7  t ' l  0 . 6  . 0 . .  O .  . 
1 9 98 68 . 5 6 8 . 3  - 0 . 3  5 . 1 4 . 8  58 . 1 5 7 . 8  - 0 . 5  5 . 3  4 . ! 68 . 6 68 . 4  - o .! . 1 . 9  . 0 . 0 . 3 . 0  8 ' 8 (. 0 0 3  6 9 . 0  6 9 . 0  -0 . 1  5 . 8  5 . 7  58 . 3  58 . 0  - 0 . 4  5 . 6  5 .  6 9 . 6  6 9 . 6 - 0 .  . 3 . 7  0 . 0 ' 8 ' . 3 . "VG 6 8 . 3  W . O  0 . 4  4 . 7  4 . 3  58 . 2 58 . 0  - 0 . 4  5 . 5  5 .  68 . 7 68 . 5  -0 . 2 .  2 . 1  0 . 0 . . o .  . 

Boml I 988 I) 7 . 2 8 1 .  3 0 . I 0 . 0 0 . I 8 Z . 5 8 2 . 6 0 . I 0 . 0 0 . I 8 5 .  7 8 3 .  8 O .  I 0 . 0 0 . ! 0 . 0 g . 8 � . 3 0 . 0 0 . 0 
1 9 9 3  8 7 . 6 8 1 . 4  · 0 . 2  0 . 4  0 . 2  8 3 . 6  8 3 . 4  -0 . 3  1 . '1  1 . 1  8 3 . 9 8 3 . 8  - 0 . 2  0 '1 O .  0 . 0 . . 8 ' 8 g ' o  1 9 98 8 7 . 0 8 (; . 9  · 0 . 1  - 0 . 3  -0 . 4  8 2 . 4 8 2 . 2  - 0 . 2  - 0 . 1  - 0 . 3  8 2 . 5  82 . � - 0 . 1  - 1 . . - 1 . 3 . 0 8 ' 3 . 0  . . 0  
2 0 0 3  8 1 . 4 8 1 . 3  - 0 . 1  0 . 2  0 . 1  0 2 . 7 8 2 . 5  - 0 . 1  0 . 2  0 . 1  83 . 5 83 . - 0 . 1  -0 . -0 . 4  . 0 . . 0 0 . 0  . 8 AVG 8 7 . 3 8 1 . 2  -0 . 1  0 . 1  -0 . 0  8 2 . 9 82 . 7  -0 . 2  0 . 5  0 . 3  8 3 . 3 8 3 .  -0 . 1  -0 . -0 . 6  0 . 0 . 0 . 0  0 . 0  O .  

SYS 1 985 6 ? . 0  6 7 . 0  0 . 1 0 . 0  0 . 1  5 3 . 0  5 3 . 0  0 . 1 0 . 0  0 . 1  7 2 . 9  72 . 9  0 . 0  0 . 0  0 . 0  36 . 6  36 . � -� ' i 0 . 0  -j ' O  
1 9 9 3  7 Z . 2  1 1 . 9  0 . 3  7 . 7  7 . 4  5 5 . 4  55 . 1  -0 . 6  4 . 6  � . O  7 6 . 0  75 . 9  -O · �t 4 . 3  i ' l  !8 '1 II ' - . 5 . ,  . 8  
1 9 98 1 2 . 8  7 2 . 6  0 . 2  8 . 6  8 . 4  58 . 4 58 . 0  - 0 . 6  1 0 . 2  9 . 5  76 . 7  76 . 6  -0 . 5 . 2 . 4 . . - . Z .  2 . 0 
2 p 0 3  7 3 . 1  7 ; . 1 o . � 9 . 1 9 . 2  58 . 7 58 . 5  -0 . 4  1 0 . 8  1 0 . 4  7 ? 2 7 7 . 2  -0 . 0  g . � . 5 . . 0  - .  �4 .  2 . 0 AVG 72 . 7  ' L . 6  - O . L  8 . 5  8 . 3  5 7 . 5  5 1 . 2  - 0 . 5  8 . 6  8 . 0  7b . 6  76 . 5  - 0 . 1  � . . . 42 . . 5  - . 9  t 7 .  1 . 3 

LEGEND lID  1 1 1':.11 SlJH'I I 'JAL lHTH 110 ACTIOII COtnlIT IOIIS I I. )  1 110 ACTIOII )  
tlA I I � M I  S U H V  I V A I. HI fH AI.TE I\HAT IVE CorIO IT LOllS ( /. )  I A1.TERtiAT I VE t 
Ell 1'i' L, rI VI' CJ!AIIGF HI !lUll SURV I V I, L  ( I. )  ( A l.TE F:II ATl VE SUllV I V A I. - 110 ACTION SURVIVAL l I 010 Aq,oN SURVIVAL ) 

G ill nl� ��' � '!ht\ §UI:�II� A�O _ M;:Ugllll�u�nMh 0�5�v n�t \ lLHU�E
II6° Aftjoh 9�8HU�v�E�lON SURVIVAL I I. 

Cl'IA 'I H �  ('lI t,II(;F III T il E  ,\ l.Tl RIIAT I V E  SURV I V A L  RELAT I VE TO TIlE I V!l8 NO ACTION SURVIVAL 1 /. )  
I Al.l l f.:iI;\T I VE �lJl�V I V '\ L  - 1 988 110 ACTION SURV I V AL ) I 1 1 988 110 ACTION SURVIVAL ) 

AVG l H� A V E r-AGE OF TilE Y E A RS 1 9 9 5 , 1 998 , AIID 2003 1 1. )  
-DATE RUN-=- 2 2 Fi:E85 1 1 5 , 2 9 1 5S 
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Rfll�nV� f� \I��� �gRXtH5l!mRVIVAL 
H 1TH THREE YEA� AVERAGES MPRI1XIltlK VS tlPFtXBtI ( NO AcnoN I 

PROGRAJ1 = DSII=PJ I . f'F', OO RIIR . F ISHPASS . SAS . RE�ORTS( FSUI'I51 ) 
FILES ,  PJI . PF400 . C£IS . F ISH . PASS . OATA . 1 URIlIIOH RUlj DATE PJI . P�400 . C!;S . F ISH . PASS . D ATA . TUIlliIlOH I RUI DAlE 

POOL YEAR 
HELLS I ��� 1 998 

2003 
AVG 

RRECH 1 988 
1 993 
1 998 
2003 
AVG 

RISL 1 988 
1 993 
1 99B 
2003 
AVG 

LHG 1 98B 
1 993 
1 99B 
2003 
AVG 

D IM  1 988 
1 993 
1 998 
2003 
AVG 

MCN 1 98B 
1 99 3  
1 99B 
2003 
AVG 

JDAY 1 98B 993 
1 99B 
2003 
AVG 

DALS 1 98B 
1 993 
1 99B 
2003 
AVG 

BOliN 1 988 
1 993 
1 998 
2003 
AVG 

SYS 1 988 
1 99 3  
1 998 
2003 
AVG 

LEGEND tlB I1A 

YEARLItIG 
tlB 11A RI1 alB alA 
25 . 7  25 . 7 -0 . 0  0 . 0  -0 . 0  
36 . 3  35 . 7  - 1 . 8  � 1 . 4  38 . 9  
�� : �  �n : �  = l : � �� : �  �8 : 2  
38 . 3  37 . 7  - 1 . 6 4 9 . 2 46 . 8  
28 . 3  28 . 4  0 . 1  0 . 0  0 . 1  
� � : g  � � : �  =6 : } �� : �  �� : �  
44 . 1  4 4 . } 0 . 2  55 . 6  55 . 8  
42 . 9 4 2 .  -0 . 5 51 . 5 50 . 7  
�6 . 6  36 . 6  0 . 0  0 . 0  0 . 0  
45 . 7 4 5 . 2 - 1 . 1  24 . 6  2 3 . 3 
48 . B  48 . 5  - 0 . 6  33 . 3  32 . 5  
48 . 9  '.9 . 0  0 . 3  3 3 . 5  33 . 9  
47 . 8  4 7 . 6  -0 . 5  30 . 5  2 9 . 9  
6 3 . 7  6 3 . 7  -0 . 0  0 . 0  -0 . 0  
7 9 . 1 79 . 1  -0 . 1  24 . 2  24 . 1  
78 . B  78 . 8  -0 . 0  2 3 . 7 2 5 . 6  
79 . 0  79 . 0  -0 . 0  24 . 0  2 3 . 9 
7 9 . 0 78 . 9  -0 . 0  2 3 . 9 23 . 9  
31 . 9 31 . 9  0 . 0  0 . 0  0 . 0  
35 . 3  34 . 7  - 1 . 7  1 0 . B  B . 9  37 . 7  37 . 3  -0 . 9  1 8 . 2  1 7 . 0  
38 . 5  38 . 3  -0 . 5  20 . 9  20 . 3  
37 . 2  36 . 8  - 1 . 1  1 6 . 6  1 5 . 4  
57 . 1  5 7 . 1 - 0 . 0  0 . 0  -0 . 0  
5 9 . 0  58 . 4  - 1 . 0  3 . 2  2 . �  
6 3 . 3  6 3 . 1 -0 . 3  1 0 . 8  J O .  
6 3 . 4  6 3 . 6  0 . 3  0 . 9  1 1 . 3  
6 1 . 9 6 1 . 7  -0 . 3  8 . 3 8 . 0  
52 . 0  52 . 2  0 . 4  0 . 0  0 . 4  
52 . 4  51 . 6  1 . 4 0 . 7  -0 . 8  
53 . 7  5 3 . 4  -0 . 6  3 '

l 
2 . 6  

55 . 5  55 . 2  -0 . 5  6 .  6 . 0  
53 . 9  53 . 4  -0 . 8  3 . 5  2 . 6  
60 . 9 6 1 . 2  0 . 5  0 . 0  0 . 5  
6 2 . 8  6 2 . 1  - 1 . 2  3 . 1  1 . 9  
66 . 6  66 . 3  -0 . 5  9 . 3  B . 7  
6 7 . 0  66 . 8  -0 . 3  1 0 . 0  9 . 7 
6 5 . 5  65 . 1  -0 . 6  7 . 4  6 . 8  
85 . 6  85 . 6  0 . 1  0 . 0  0 . 1  
85 . 8  B5 . 6  - 0 . 3  0 . 3  0 . 0  
85 . 2  85 . 0  -0 . 2  -0 . 4  - 0 . 6  
85 . 6  85 . 5  -0 . 2  0 . 1  - D . !  
85 . 6  85 . 4  -0 . 2  0 . 0  - 0 .  
6 3 .  I 6 5 . 1  0 . 0  0 . 0  0 . 0  
6 9 . 6  6 9 . 3  -0 . 5  1 0 . 4  9 . 8  
70 . 6  70 . 3  -0 . 3  1 1 . 9  p . 5  
�8 : �  58 : !  :8 : !  l i : �  I I : �  

SUBYEARLIIIG 
UB MA RI1 01B O1A 

� 5 : �  �b : �  -� : �  6� : g  5� : 3  
�� : 4  � � : §  = � : i  g� : �  g� : �  
2 3 . 1  22 . 4  - 3 . 0  79 . 9  74 . 4  
2 1 . 9  2 1 . B  -0 . 2  0 . 0  -0 . 2  
2B . 2  27 . 7  - 2 . 0  2 9 ' 1 26 . 5  31 . 5  30 . 7  - 2 . 6 44 . 40 . 3  
32 . 3  31 . 7  - 1 . \ 4 7 . 5  45 . 0  30 . 7  30 . 0  - 2 .  40 . 2  37 . 3  
22 . 3  2 2 . 4  0 . 2  0 . 0  0 . 2  
28 . 4  2B . 1  - 1 . 0  2 7 . 4  26 . 1  
3 3 . 0  32 . 5  - 1 . 6  47 . 7 45 . 4  
33 . 3  32 . 9  - 1 . 3  4 9 . 3 4 7 . 3 
31 . 6  31 . 2  - 1 . 3 4 1 . 5  39 . 6  
5 1 . 6 51 . t 0 . 0  
52 . 3  52 . -0 . 3  
53 . 1  52 . 9  -o . � 
52 . B  52 . 6  -0 . 
52 . 8  52 . 6  -0 . 4  
26 . 7 26 . 7  0 . 1  

0 . 0  0 . 0  
1 . 3  1 . 0  
2 . 9  2 . 4  
2 . 3  ) . 9  
2 .  I . 8 
0 . 0  0 . 1  

30 . 0  2B . 9  - 3 . 8  1 2 ' 1  8 . , 34 . B  3 3 . 1 -5 . 0  30 . 2 3 .  
33 . 8  32 . 5  - 3 . 9  26 . 6  f l . 6 32 . 9  3 1 . 5  -4 . 2  2 3 . 1  7 . 9  
3 9 . 7 39 . 7  O .  I 0 . 0  0 . 1  
4 2 . 0  41 . y - ) . 1  6 . 0  4 . 8  
4 9 . 6  4 9 .  - . � 25 . 0  2 3 . 6  
4 9 . \ 4 9 . 3  -0 . 25 . � 2� . 2  4 7 .  46 . 6  - 1 . 0 1 8 .  1 . 5 

�t b �� : Z  - � : g  0 . 0  0 . 0  
2 . 7  -0 . 2  46 . 5  4

�
' 2  - 3 . 6  -o . �  -4 . 0  

4 7 . 8  4 .  -2 . 5  2 .  -0 . 2  
4 7 . 4 46 . 0  - 2 . 9  I .  - 1 . 4  

�). : �  ��J - 8J 0 . 0  0 . 1  
5 . 7  5 . 0  

55 . 8  55 . 3  -0 . 9  
�
. 5  

�
. 5  

55 . 9  55 . 5  - 0 . 8  . 8  . 9  
55 . 5 55 . 1  -0 . 8  . 0  6 . 1  

g? : �  �? : �  - 8 : 4  0 . 0  8 J  1 . 3  
80 . 2  79 . 9  -0 . 3  -0 . 6  -0 . 9  
80 . 4  80 . 2  -0 . 2  -0 . 3  -0 . 6  
80 . B  80 . 5  -0 . 3  0 . 1  -0 . 2  

� � : �  �� : 8  -8 : �  g : 8  2 : 1  5� ' r  55 ' i  - 1 . 0  1 1 . 8 1 0 .  5 .  55 . -O . B  2 . 3  I I .  
54 . 8 54 . 3  -0 . 9  9 . 7  8 . 7  

NEAll SURVIVAL HITH 110 ACIIOII COIIDITIOIIS 1 % '  1 110 ACIIOII ' 

1 1 8��� 
STEELI(EAD 
MB I1A RI1 01B O1A 

40 . 8  40 . - .  4 7 .  4 5 .  
2 7 . 8  2 7 . � � ' l  0 ' 8 D . ! 
4� . 6  4� ' 2 - 1 '  56 '

l �� . 4 . 0  4 .  - .  58 . . 
4 . 8  42 . 3  - . 2  54 . 2  52 . 
33 . 7  3 3 .

{ 
-0 . 0  0 . 0  -0 . 0  

46 . 9  46 . - 0 .  3 9 .  iB .  
44 . 0  4 3 .  - o . � 30 ' l 2 9 ' 1 4 7 . 4  4 7 .  -0 . 6  4 0 .  9 .  
46 . 1  45 .8 -0 . 7  36 . 8  35 . 

48 . 0  4 7 . 8  - 0 .  25 . �4 .  
30 . 4  3B . 4  o . � o . � D . !  
50 . 5 50 . 4  -0 ' 1  3� . � . 5 1 . 6  5 1 . � -0 . 3 . 5 3 . 
50 . 0 4 9 .  -0 . 3  30 . 5  30 . 1  
82 . 5  B2 . 5  0 . 0  
8 7 . 5  8 7 . �  -0 . 0  
B7 . 5 8 7 .  -0 . 0  
8 7 . 6  B7 . 6  -0 . 0  
8 7 . 5  8 7 . 5  -0 . 0  
3B . 3  38 . 3  0 . 0  

t I O ' r 6 .  
6 .  

6 .  6 .  
6 .  6 .  
0 . 0  0 . 0  4 2 . � 4 2 . 0  -& . 0  I � ' I  9

' 1 '2 , 4
�
. 3  

- '1 . 
1
5 .  

� . 2  4 . )  - 0 .  fO . o .  
44 . 4  4 4 .  -0 . 5 . 8  5 .  

�� : b  �t i -8 : j 
7
1 · 1  

7
1
'
� 

- 0 .  
7 .  7 .  O .  
69 . 9  6 9 .  -0 . 1  
5 � . 1 57 .! -0 . 0  
5 . !  56 . - ) . 3  
59 .  58 . - ' y 
6 0 .  5 9 .  -� . 
59 . 0  58 . - .  
6 3 . 5  6 3 . 6  o . � 
64 '

f 
6 3 '

i 
- 1 . 

6 6 .  6 6 .  -0 . 
6 7 .  6 7 .  -0 . 3  
6 6 .  65 . -0 . 7  

O
: !  

0 ' 1 O .  t o 
7 .  � : 3 5 . 5  

0 ' 9  -o . � O .  - 0 .  

� : � 3 .  � : � . 3  
0 . 0  0

: 1 t� i : 9  4 . 6  
82 . 5  82 . � 0 ' 1 o . �  0 '

1 
82 . 7 8 2 .  -0 . O .  -0 . 
8 1 . 0  80 . -0 . -& . g  - I ' 8 1 . 8 8 1 . - 0 .  - .  - .  
8 1 . 8 8 1 . - 0 .  -0 . 9  - . 0  

�2 : !  �2 :  t -8 : 0 7S . 2 �5 . -0 . i 75 . 5 .  - 0 .  
75 . 1  74 . 9  -0 .  

o : � �J � : t 6 . 9  

SOCKEYE 
tlB I1A RI1 OIB O1A 

Ii : ! !t : i �� : I �I : � !8 : ! 30 . 9 .  - 2 .  4 . 2  A . 8  g ' O  0 . 0  � : 8 0 ' 8 8 : 8  . 0  
8
. 0  

0 : 8  
. 0  : 8  g : o 0 . 0  

0 . 0  . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  �� ' I � ! ' Z -� ' 2 � ' i g . o  

4 : 2 : : : r � :  p : � 4 3 .  2 . �  . 8 .  . �  4 0 .  9 .  - .  28 . 6 .  

�� : � �
�
: !  :� : i 

_8 : 0  :0 : 0  
5B . 8 .  . t . f J . ! 5� . �  g8 . 9  : .  . . 
5 .  B . 3  . . . 
0 . 0  0 . 0  O : � 0 . 0  0 . 0  8 . 0  8 : 8 8 : 8 0 . 0  
. 0  t o 

0 . 0  
0 . 0  . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  8 : 8 I ; � 

0 . 0  0 . 0  0 . 0  8 . 0 0 . 0  8 . 0 8 . 0 . 0  0 ' 8  . 0  8 : 8  0 . 0  0 : 8  8 : 0 
0 . 0  �J �J 

0 . 0  � : 8 0 . 0  8 : 8 g ' O  
. 0  0 . 0  8 : 8 . 0  . 0  0 . 0  

0 . 0  

[� �j � : 8  �J 0 . 0  8 . 0  : 8 . 0  
0 . 0  0 . 0  0 . 0  8 : 8  � : �  � : � 8 : 8 0 . 0  

0 . 0  8 . 0  8 : 8  (l . 0  0 : 8  0 . 0  
o .  O .  0 . 0  0 . 0  li : i ii :! =I : I l� : 8 l! : �  !� . O  . - .  28 . �  � . �  

NEAll SURV IVAL filTH ALTElmATIVE COIIDIlIOIIS 1 % )  ( ALTERIIATIVE ' 
RI1 RELATIVE CHAIIGE III I1EAII SURV IVAL 1 % '  ( ALTERIIAlIVE SUHVIVAL - 110 ACIID

� 
SURVIVAL ' / I �o A�qOH SURVIVAL ) 018 rn5 x�}ligfi ��R��L�

O 
-
A
glgtlll�U��HAh 0�5�v n�t I lEH�8�EII6° Agl'foh 9�8R

I �v�[VON SURvl AL ( Z  
O1A THE CHAIIGE HI THE ALTERIIATIVE SURV IVAL RELATIVE TO THE 1 9l1B NO ACIIO

U 
URXI�AL ( %  I f ALTE IWATIVE SURV IVAL - 1 98B 110 ACIIOII SURVI VAL ' / ( 1 988 NO AcrIOl1 S RVIV L AVG THE AVERAGE OF THE YEARS 1 99 5 ,  1 99B , AlID 2003 ( X , 

-DATE RUN= 22FEIlll8 , 1 5 , 50 . 58 



fTl 

(J") 
I 

Ta b l e  E . 6 - 8  

����H�ERkr.��1�� f�  ��fty ftgRXEH&NA�I(lRVIVAL 
I HTH THI�EE YEAR AVE RAGES 

l'lPRMXBMK VS MPFEXIltlK t NO ACI'IOII J 
PROGRAM = PStI =PJ I . PF400 . RttR . F ISHPASS . SAS . REPORTSt FSI.II151 ) 
F ILES .  PJ I . PFt.OO . CBS . F I:;H . PASS . lJATA . SUBCOII1"IO RUN PATE 

PJI . Pf400 . C1lS . F ISH . PASS . lJATA . SUBCOIUIO RUN PATE 
'iEARLIHG SUBYEARLIIIG 

POOL 'fEAR tlB MA Rll CtiB alA tlB tlA RM CI1B C1IA 
1 7 . 0  1 7 . 0  0 . 0  0 . 0  0 . 0  
2 2 . 0  2 1 . 7  - 1 . 4  2 9 . 7 2 7 . 9 25 . 5  25 . 0  - 1 . 9  50 . 3  47 . 5  
25 . 5  25 . 0  -2 . 0  50 . 3  47 . 3  
24 . 4  2 3 . 9 - 1 . 8 4 3 . 5 40 . 9  

HELLS 1 988 1 993  
1 998 
2003 
AVG 

RRECH 1 988 
1 993 
1 998 
2003 
AVG 

RISL 

LHG 

DIM 

MCN 

JPA'f 

PALS 

BONN 

S'fS 

LEGEND 

1 988 
1 993 
1 998 2003 
AVG 

1 988 
993 

1 998 
2003 
AVG 

1 988 993 1 998 2003 
AVG 

1 988 
993 

1 9 98 2003 
AVG 
1 988 
1 993 
1 998 2003 
AVG 
1 988 1 993 
1 998 2003 
AVG 
1 988 1 993 1 998 
2003 
AVG 
1 988 
1 993 1 998 
2003 
AVG 

30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  
38 . 8  38 . 2  - 1 . 5  2 9 . 3 2 7 . 3 4 1 . 7 4 1 . 1  - 1 . 4  38 . 9  36 . 9  
4 1 . 5 4 1 . 1  - 1 . 0  38 . 4  37 . 0  
40 . 7 40 . 1  - 1 . 3  35 . 5  33 . 7  
32 . 8  32 . 9  0 . 1  0 . 0  0 . 1  
�� : �  �� : g  =6 : g  �� : �  �g : � 
46 . 2 46 . 3  0 . 3 40 . 6 4 1 . 0  
45 . 0  44 . 9  -0 . 4  37 . 1  36 . 6  
40 . 3  40 . 3  0 . 0  0 . 0  0 . 0  
4 7 . 5 4 7 . 1 -0 . 9  1 7 . 8  1 6 . 8  
g8 : �  g8 : §  -8 : �  �� : 2  �� : �  
4 9 . 5 4 9 . 4  -0 . 3  22 . 7  2 2 . 4  
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  79 . 9  79 . 9  -0 . 1  2 2 . 6  22 . 5  79 . 6  7 9 . 6  -0 . 0  2 2 . 1  22 . 0  
79 . 8  79 . 8  -0 . 0  2 2 . 4  2 2 . 4  
7 9 . 8  79 . 7  -0 . 0  2 2 . 4  22 . 3  

�i : �  �i : 6  =? : �  � : �  -2 : 1 
38 . 6  38 . 3  -0 . 7  1 3 . 9  1 3 . 0  
3 9 . 5 3 9 . 4  -0 . 3  1 6 . 6  1 6 . 2  
38 . 2  3 7 . 9 -0 . 8  1 2 . 7  1 1 . 8 
58 . 0  50 . 0  0 . 0  0 . 0  0 . 0  59 . 9 59 . 4  - 0 . 8  3 . 1  2 . 3  
6 3 . 8 63 . 7  -0 . 2  9 . 9  9 . 7 
63 . 9 64 . 1  0 . 4  1 0 . 1  1 0 . 5  
62 . 5  6 2 . 4  -0 . 2  7 . 7  7 . 5  

�� : l  g� : 5  - ?  J 55 . 1  54 . 9  -0 . 4  
56 . 9  56 . 7  -0 . 4  
55 . 5  55 . 2  -0 . 6  
6 3 . 1 6 3 . 3  0 . 4  
�� J �� : 1  =6 : 9.  
68 . 0  6 7 . 9  -0 . 2  
66 . 9  6 6 . 5  -0 . 5  

0 . 0  0 . 4  0 . 9  -0 . 3  
1 . 8 1 . 4 
5 . 2  4 . 8  2 . 6  1 . 9  
0 . 0  
3 . 1 
7 . 1  
7 . 8  
6 . 0  

0 . 4  2 . 1 
6 . 7  
7 . 7  
5 . 5  

86 . 4 86 . 4  0 . 1  0 . 0  0 . 1  
86 . 7 86 . 5  -0 . 3  0 . 4  0 . 1  
86 . 1 85 . 9  -0 . 2  -0 . 3  -0 . 5  
86 . 5 86 . 4  -0 . 1  0 . 2  0 ' 1 86 . 4 86 . 3  - 0 . 2  0 . 1  - 0 .  

�5 : �  �5 : 2  -8 : �  � : ?  g : l  
7 1 . 7  7 1 . 5  -0 . 3  1 0 . 3  1 0 . 0  
72 . 0  71 . 9  -0 . 0  1 0 . 7 1 0 . 6  
7 1 . 5  71 . 3  -0 . 2  1 0 . 0  9 . 7  

1 9 . 8  1 9 . 9  0 . 0  0 . 0  0 . 0  
�i : �  �i : l  = l : �  !� : �  !t : �  
26 . 3  25 . 9  - 1 . 4  32 . 3  30 . 5  
25 . 4  25 . 1  - . 5  28 . 2  26 . 2  
2 7 . 2  2 7 . 2 0 . 0  0 . 0  0 . 0  
�g : I  �2 : 1  :? : g  ! � : fi  � � : 1  
34 . 9  34 . 6  - 0 . 8  28 . 4  27 . 3  
3 3 . 5  3 3 . 2  -0 . 9  2 3 . 2  22 . 1  
6 1 . 6  6 1 . 6  0 . 0  0 . 0  0 . 0  6 2 . 0  6 1 . 8  -0 . 4  0 . 7  0 . 4  
6 3 . 5  6 3 . 2  -0 . 5  3 . 2  2 . 7  
6 3 . 4  6 3 . 1 -0 . 5  3 . 0  2 . 5  
6 3 . 0  62 . 7  -0 . 4  2 . 3  1 . 9  
36 . 0  36 . 0  0 . 0  0 . 0  0 . 0  37 . 3  36 . 6  -2 . 1  3 . 7  1 . 5  
42 . 3  4 1 . 1  - 2 . 8  1 7 . 6  1 4 . 2  
4 1 . 8 40 . 8  -2 . 3  6 . 0  1 3 . 4  
40 . 5  3 9 . 5  -2 . 4  2 . 4  9 . 7  

� ! : �  �! : �  :8 : Y 8 : 8  :8 : Y  
59 . 4 59 . 0  -0 . 7  1 4 . 5  1 3 . 8  
59 . 2  58 . 9  -0 . 6  4 . 2  1 3 . 5  56 . 8 56 . 5  -0 . 7  9 . 6  8 . 9  
52 . 4  52 . 4  0 . 0  
52 . 7  5 1 . 8  - 1 . 8  
53 . 9  52 . 6  - 2 . 4  
53 . 3  52 . 3  - 1 . 9  
53 . 3  52 . 2  -2 . 0  
68 . 3 68 . 3  0 . 0  68 . 4  68 . � -0 . 5  70 . 8  70 . -0 . 5  
70 . 7 70 . -0 . 5  
70 . 0  6 9 .  - 0 . 5  

8 : 2  -Y : �  
f . 9  o . � . 8  - 0 .  

. 7  - 0 .  
0 . 0  0 . 0  
0 . 2  -0 . 3  
3 . 7  3 . 1  
3 . 6  3 . 1  
2 . 5  2 . 0  

85 . 0  85 . 0  -0 . 0  0 . 0  -0 . 0  84 . 9 84 . 7  -0 . 1  -0 . 1  -0 . 3  
84 . 4 84 . 2  -0 . 2  - 0 . 7  - 1 . 0  
84 . 3  84 . 1  -0 . 2  - 0 . 8  - . 0  
84 . 5 84 . 4  -0 . 2  -0 . 5  -0 . 7  

g� : l  g� : r  =8 : 2  Y : 8  -8 : 9.  
6 2 . 4  6 2 . 0  -0 . 7  7 . 8  7 . 0  
62 . 2  6 1 . 9  -0 . 6  7 . 5  6 . 8  
6 1 . 0  60 . 7  -0 . 6  5 . 4  4 . 8  

1 1 0887 1 1 0707 
STEELIlEAD 
tID MA RI1 CIIB C1IA 
32 . 7  32 . 7  0 . 1  0 . 0  o . � 43 . 3  42 . 9  - 1 . 0  32 . 6  3 1 . 
45 . 9 4 5 . 4  - 1 . 1  4 0 . 6  3 9 .  
46 . 4  46 . 0  -0 . 8 42 . 2  4 1 . 
45 . 2  44 . 8  - 1 . 0  38 . 4  3 7 .  
38 . 0  38 . 0  -0 . 0  0 . 0  -0 . 0  
46 . 1  4 5 . 8  -0 . 7  2 1 . 3  20 ' 1  48 . 8  48 . 5  -0 . 6  28 . 4  2 7 .  
4 9 . 4  49 . 2  -0 . 5  30 . 0  2 9 .  
40 . 1 4 7 . 8  -0 . 6  26 . 6  25 .  
42 . 2  42 . 3  0 . 2  0 . 0  o . � 
4 9 . 7 4 9 . 5  -0 . 4  1 7 . 9  1 7 .  
52 . 0  51 . 9  -0 . 3  23 . 3  2 3 .  
53 . 1  53 . 1  -0 . 0  26 . 0  25 . 9  
5 1 . 6  5 1 . 5  -0 . 2  22 . 4  22 . 1  
83 . 3  83 . 3  0 . 0  0 . 0  88 . 0  88 . 0  -0 . 0  5 . 6  
87 . 9 87 . 9  -0 . 0  5 . 5  
80 . 0  88 . 0  0 . 0  5 . 6  
88 . 0  80 . 0  -0 . 0  5 . 6  

g : fO t 
5 .  

40 . 5  40 . 5  -0 . 0  4 3 . 4  4 3 . � -0 . 8  45 . 2  45 . -0 ' 1 47 .  a 4 7 .  -0 . 
45 . 2  45 .  -0 . 
6 7 . 0  6 7 . 0  0 ' 1 6 7 . 7 67 ' i - 0 .  
71 . 4  7 1 . -0 . 72 . 0  72 . O .  
70 . 4  70 . 3  -0 . 1  
58 . 7  58 ' f -0 . 0  
5 9 .  1 58 . - 1  . a 60 . 1  59 .  -0 . 8  
6 1 . 4  6 1 . -0 . 6  
60 . 2  5 9 .  -0 . 8  
65 . 3  65 . � 0 . 2  66 . 2  65 .  - 1 . � 
6 7 . 8  6 7 .  -0 . 
68 . 8  68 . 6  - 0 .  
6 7 . 6  6 7 . 2  -0 . 5  
83 . 1  83 . 2  o . t 83 . 3  8 3 . 1 - 0 .  81 . 7 81 . 7  -0 . 
82 . 6  82 . 6  -0 . 
82 . 6  82 . 5  - 0 .  

75 . 9  75 . -0 . 2  
71 . 5  7 J . � 0 . 0  
75 . 1  74 . -0 . 3  

�� : �  �� : :8 J 

I r � � It� 1 . 7 1 1 . 1  � : l  8 : Y � .  � . �  
5 :  5 :  6 
8 : ; :0

: 1 � : 6  ; : 7  
0 . 0  o . f.  
L a  

0
: 4  t� t A o .  a � . 1  0 . 2  - . 0  

- 1 . 7 - . 8 -0 6 - 7 -0 : 7  - 0 : 8  , � � � : l  6 J g . o  

SOCKEYE 
till MA RI1 CIIB C1IA 

�� : � i2� : � �I : ! it : � l-a : 1 36 . � 5. � . • O . 
33 . �  3 . 3  - .  . 1 .  

8 : 8  � : �  8 : �0 � : � 8 : �0 

0 ' 8 
11 . 0  o . . o .  o . 0 . 0  o . . o .  

ll � l !i �� �� � � �� �� ;! � �  42 . 6  � 2 J O . �  �IJ Z l . �  

ti l! 
0 ' 8 o . � � . � � . o � . o o .  o . . . 0  '

8 
8 : 8  8 :  : : �  : 0  
0 . 0  o .  . . 0  0 . 0  

5 9 '1 i9 'i -0 . 0  5 9 .  9 .  -0 ' 1 6 0 .  o . -0 .  6 0 .  O . -0 . 
6 0 .  6 0 . �  -0 . 

8 : 8 8 : 8 8 : 1 � : 8 8 : 8 
8 . 0  � . 8  8 .  . 8  0 . 8  
0 . 0  0 . 0  o . . 0  0 . 0  

8 : 8  � : �  i : i  � : 8  8 : 8  
0 . 0  o .  . '

8 8
. 0  

0 . 0  o . . . '
8 0 . 0  0 . 0  . . 0  o . 

8 : 0 8 : 8  � : i i : o i : g o . � g . g . . g . 0  
0 . 0  . . '

8 
' 8 0 . 0  . 0  . . . 

8 : 8  8 : 0� i : � � : 08 o� : �o o . g o . . . . o . o .  . . . 
0 . 0  o . . . 0  . 

�� . � j� · t  :I ' � 
� . o  -o . � �! � � �! � � : � I  ��� l �f � �  

MB 
MA 
RM 

CtIB 

MEAN SURVIVAL H IlIl 110 ACI'ION COIllJ ITIOIIS ( % )  t 110 ACI'IOIO 
I1EAN SURVIVAL HII"Il ALTEHNATIVE COIIDITlOlIS ( % )  ( AlTERIlATIVE ) RELATIVE CHAItGE III MEAU SURVIVAL t % )  ( AI.TERIIATIVE SURVIVAL - 110 �CI'ION SURVIVAL ) � (

V
O ACI'�ON SURVIVAL ) Tll& ��t%H §UR���AtO _Ar�§�uN3U��H�h o�5�vg�[ \ lEH�§�EIl6° AM

EoN 9�flRV�v�£1ION SU VI AL ( % 
1 HE CHAI�r.E III THE ALTERIIATIVE SURVIVAL REI.ATIVE TO TilE 1 988 110 ICTION SURVI,IAL ( % )  ( A LHHltATlVE SUllVIVAL - 1 908 itO ACI'IOIl SURV IVAL J I ( 1 988 110 ACI'ION SURVIVAL! C1IA 

AVG THE AVERAGE OF THE 'fEARS 1 993 ,  1 998 , Alill 2003 t % )  

·PATE RUN= 2 2FEB88 . 1 5 , 3 1 . 39 
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AlffiRVIVAL 
�IITH THIlEE YEA� AVERAGES 

ttPfU1XBI1K VS tlPFEXBIi ( NO ACTION ) 

PROGRAM = OSN =PJI . PF400 . Rim . F ISH PASS . SAS . RfPORTSI FSutl51 ) 
F ILES I P J I . PF400 . CBS . F ISII . PASS . DATA . T RAIlSUrlV RUII DATE 

POOL 

PJ I . PF400 . CIlS . f I SII . PASS . OATA . 1 RAIISUIlV RUIl DATE 

YEARLlIlG SUBYEARLING 

YEAR tUl I1A RJ1 QUl O1A tUl I1A R11 0Ul 01A 

WELLS 1 988 2 2 .  I 2 2 . I 0 . 0  0 . 0  0 . 0  1 0 . 5  1 0 . 6  0 . 4  0 . 0  O . J 1 9 93 !998 
0 0 3  

AVG 

RRECH 1 988 
1 9 9 3  

p98 
0 0 3  

AVG 

R ISL 1 988 
9 9 3  

1 9 98 
200 3 
AVG 

LWG p88 
9 9 3  

1 9 98 
2 0 0 3  
AVG 

LWI1 1 988 
9 9 3  

1 9 98 
2003 
AVG 

HCN 1 988 
1 9 9 3  
1 998 
2003 
AVG 

JDAY 1 988 
9 9 3  

1 9 9� 
200 
AVG 

OALS 1 988 r9 3  
998 
0 0 3  

AVG 

BONN 1 988 
1 9 9 3  19 98 

003 
AVG 

SYS r88 
9 9 3  
998 

2 0 0 3  
AVG 

2 7 . 0  26 . 6  - 1 . 8  2 2 . 5  2 0 . 3  
2 7 . 9  2 7 . 4  - 2 . 0  26 . 6  24 . 0  
28 . 5  28 . 0  - 2 . 0  2 9 . 3  26 . 7  
2 7 . 8  2 7 . 3 - 1 . 9  2 6 . 1  2 3 . 7  

2 3 . 1  2 3 . 2  0 . 3  0 . 0  0 . 3  
28 . 7  28 . 4  - 1 . 0  �4 . 2  2 3 . 0  
2 9 . 7  2 9 . 5  - 0 . 6  28 . 2  2 7 . 4  
30 . 7  30 . 4  - 1 . 0  3 2 . 6  3 1 . 2  
2 9 . 7  2 9 . 4  -0 . 9  28 . 3  2 7 . 2  

28 . 8  28 . 8  0 . 0  0 . 0  0 . 0  
3 2 . 0  3 1 . 7  -0 . 9  1 0 . 9  9 . 9  
3 2 . 8  3 2 . 6  -0 . 8  1 3 . 9  1 3 . 0  
3 3 . 9  3 3 . 6  -0 . 9  1 7 . 6  6 . 4  
3 2 . 9  3 2 . 6  -0 . 9  1 4 . 1  1 3 . 1 

34 . 8  34 . 8  -0 . 0  0 . 0  -0 . 0  
4 1 . 2 4 1 . 1  -0 . 1  1 8 . 2  1 B . 1 
4 1 . 1 4 1 . 0  - 0 . 1 1 7 . 9  1 7 . 9  
4 1 . 2 4 1 . 2  -0 . 1  1 8 . 4  1 8 . 4  
4 1 . 2 4 1 . 1  - 0 . 1  1 8 . 2  1 8 . 1  

25 . 0  25 . 0  -0 . 1  0 . 0  - 0 . 1  
25 . 4  25 . 0  - 1 . 6  1 . 6  0 . 0  
26 . 0  25 . 7  - 1 . 1  4 . 1  2 . 9  
2 7 . ! 2 6 . 8  - 1 . 1  8 . 5  7 . 3  
26 . 25 . 8  - 1 . 2  4 . 7  3 . 4  

3 9 . 0  3 9 . 0 0 . 1  0 . 0  O .  I 
38 . 9  38 . 5  - 1 . 0  -0 . 3  - 1 . 3  
3 9 . 8  3 9 . 6  -0 . 5  2 . 1  1 . 6  
40 . 6  4 0 . 4  - 0 . 6  4 . 2  3 . 6  
3 9 . 8  3 9 . 5  -0 . 7  2 . 0  1 . 3  

�2 : l  �� : 6  - ? : �  0 . 0  0 . 4  
0 . 9  - 0 . 3  

55 . I 54 . 9 - a . 4 � . 8  1 . 4  
56 . 9 56 . 7  - 0 . 4  . 2  4 . 8  
55 . 5  55 . 2  - 0 . 6  2 . 6  1 . 9  

6 3 . 1 6 3 . 3  0 . 4  0 . 0  D . ? 65 . 0  64 . 4  - 1 . 0  3 .  I 2 .  
6 7 . 5 6 7 . 3  -0 . 4  7 .  I 6 . 7  
68 . 0  6 7 . 9 -0 . 2  7 . 8  7 . 7  
6 6 . 9  6 6 . 5  - 0 . 5  6 . 0  5 . 5  

86 ' 1 86 . 4  0 . 1 0 . 0  o . t 
86 . 86 . 5  -0 . 3  0 . 4  O .  
86 . 1  8 5 . � -0 ' 1 - o . � - 0 .  
86 . 5  86 . - 0 .  O . o .  
86 . 4  86 . 3  - 0 . 0 . 1  - 0 .  

�4 . 5  54 . 6  0 . 1 0 . 0  
Z : l  7 . 3 5 7 . 1 -0 . 4  5 . 1 

5 7 . 4  r . 3  -0 . 3  5 . 3  5 . 0  
58 . 0  7 . 8  -0 . 3  6 . 3  6 . 0  
5 7 . 6  7 . 4  - 0 . 3  5 . 6  5 . 2  

1 5 . 9  1 5 . 6  - 2 . 0  5 1 . 3  4 8 .  
1 6 . � 1 5 . 9  - 3 . 2  56 . 3  5! . 2  
1 6 .  1 6 . 0  - 3 . 4 5 7 . 7 5 . 3  
1 6 . 3  1 5 . 8  - 2 . 9 55 . 1  50 . 6  

1 9 . 0  1 9 . 0  - 0 . 1  0 . 0  - 0 ' 1 
2 3 . 3 2 2 . � - 2 . 0  2 2 . 5  20 . 
2 3 . 2  2 2 .  - 2 . � 2 2 . 3  1 9 . 0  
24 . 0  2 3 . 6  - 1 . 26 . � 24 . 3  
2 3 . 5  2 3 . 0  - 2 . 1  2 3 .  2 1 . 2  

1 7 . 1  1 7 . 1 0 . 2  0 . 0  0 . 2  
2 1 . 2  2 1 . 0  -0 . 9  2 4 . 4  2 3 . 2  
2 2 . 1 2 1 . 7  - 1 . 7  2 9 . 1 2 6 . r 
2 2 . 4  2 2 . 0  - 1 . 5  3 1 . 0  2 9 .  
2 1 . 9  2 1 . 6  - 1 . 4  28 . 2  2 6 . 4  

2 7 . 5  2 7 . 5  0 . 0  0 . 0  0 . 0  

�� : �  �� : f  :8j 1 . 9  1 . 5 
3 . 0  f : � 28 . 1  28 . 0  -0 . 5  2 . 4  

28 . 1  28 . 0  - 0 . 5  2 . 4  . 9 

2 0 . 9  20 . 9  o .� 0 . 0  0 . 1  
2 3 . 8  2 3 . 0  - 3 .  1 3 .  9 . 9  
25 . 2  24 . 0  -4 . 20 . � 1 4 . 8  
24 . 4  2 3 . � - 3 . 7 1 � ' 6 1 2 . � 
2 4 . 5  2 3 .  - 3 . 9  1 .  1 2 .  

2 7 . 9  28 . 0  o . � 0 . 0  0 . 1  
30 . 2 9 .  - .  8 .  2 . 
3 2 . f 3 1 . � - I .  14 . 9  I � . � 
3 2 . 2  3 1 . 8  - 1 ' 1 5 . 2  14 . 0  
3 1 . 5  3 1 . 1  - 1 . 1 2 . 8  1 . 4  

4 9 . 0  4 9 . 0  0 . 0  0 . 0  0 . 0  
50 . 2  4 9 . 1  - 2 . 2  2 . 5  0 . 3  
48 . 3 4 7 . 0  - 2 . 7 - 1 . 3  -4 . 0  
4 9 . 9 4 9 . 0  - 1 . 8  . 9  0 . 1  
4 9 . 5  48 . 4  - 2 . 2  1 . 0 - 1 . 2  

5 3 . 5  5i . 6  o . � 0 . 0  t! 56 . 6  5 . 3  - 0 .  5 . 7  
56 . 9 56 . 5  - 0 . 7  6 . , 5 7 . 1  5 6 . 7  - o . � 6 .  6 . 0  
56 . 9  5 6 . 5  -0 . 6 . 2  5 . 6  

8 1 . 6 8 1 ·f 0 . 2  0 . 0  D . ! 
8 2 . 7 82 . - 0 . 3  1 . 4 1 .  
8 1 . 3 8 1 . - 0 . 3  -0 ' 6 - 0 .  
8 1 . 5  8 1 . - 0 . 2  -0 . -0 . 2  
8 . 8 8 1 . -0 . 2  0 . 3  0 . 1  

�� : �  �� : �  -8 : A  
0 . 0  

Z J  4 . 9  
4� . 0  4 6 . 6  -0 . 9  5 . 8  � . 8  
4 . 3  4 6 . 9  -0 . 7  6 . 3  . 5  
4 7 . 0  4 6 . 6  - 0 . 8  5 . 6  4 . 8  

LEGEND I1B = I1E A N  SUR V I V A L  WITH NO ACTION COIIDITIONS ( % )  I NO ACTIOII ) 

1 0{,88 
0488 

STEELHEAD 

tUl I1A fU1 QUl O1A 

26 . 9  ' J - . 28 . 2 7 .  
20 . 9  �l · O y . �  0 ' 2 D . ! 
2 7 . 5  2 7 .  - I ' J � 1 ' 1 2 9 .  
28 . 1  2 7 .  - .  4 .  3 2 .  
2 7 . 5  2 7 . 2 - 1 . 3  3 1 . 5  2 9 .  

28 . 28 . - 0 . 1 7 . 8 1 6 .  
24 ' 1 24 . � 0 ' 9 0 . 0  o 'f 
2 9 . 9 2 9 .  - 0 . 8  2 . 8  . 
2 9 . 2 2 9 . 0  - 0 . 7  20 . 0  t .  
2 9 . 3  2 9 . 1 -0 . 8  �0 . 2  f . 3  

25 . 8  25 . � o . � 0 . 0  D .! 
30 . 2  30 . 0  -0 . � 6 .  6 .  
2 9 . 9 2 9 .  - 0 .  15 'f 15 .  

3 1 . 0  30 . 9  - 0 .  O .  , . 
30 . 4  30 . >.  - 0 . 5  1 7 .  . 1  

4 2 . 5  4 2 . , 0 . 0  
44 . 7 4 4 .  - 0 . 0  
44 . 6  44 . -0 . 0  
44 . 7 44 . -0 . 0  
44 . 7 44 .  - 0 . 0  

26 . 2  26 . 2  0 . 0  
2 7 . 2  26 . � -A ' O 2 7 . 4  2 7 .  - . 5 
2 8 . 7  28 . � -0 ' 1 
2 7 . 8  2 7 .  - 0 .  

0 . 0  
5 ' 1 5 .  
5 .  
5 . 

0 . 0  

� : � 
9 . � 
6 .  

0 ' 1 5 .  

t 
0 . 0  t! 

4 1 . 7 4 1 . 8  0 . 0  0 . 0  1 . 0  2 1 . 4 4 . �  - o . � -O ' f - ' f 
2 . 0  4 .  - .  O .  . 

4 2 . 7  4f . * -g . ! 2 .  . 
4 2 . 0  4 .  - 0 .  O . . 

58 . 7 58 . 7  - 0 . 0  
5 9 . 1 5 8 · f - 1 . 0  
6 0 . 1  5 9 .  -o . � 6 1 . 4 6 1 .  - 0 .  
60 . 2  5 9 .  - 0 . 8  

6 5 . 3  65 ' 1 0 . 2  
6 6 . 2  6 5 .  - 1 . 0  
6 7 . 8  6 7 .  - o .� 
68 . 8  68 . - 0 .  
6 7 . 6  6 7 .  - 0 .  

0 . 0  - D . ! t �  l 2 . 6  . 7  tt 8 : i 3 .  
5 .  � :  3 .  

8 3 . 1 8 3 ' f o · t D . ! o . � 8 3 . 3  8 3 .  - 0 .  o .  -A ' 8 1 . 7  8 .  - 0 .  - .  - . 
8 2 . 6  8! . 6  - 0 .  -A . - .  
82 . 6  8 2 . 5  -0 . -0 . 7  - 0 .  

2U 2J : T  -g : � 
4 7 . 4  2hl  -0 . 
4 7 . 9 . - 0 . 2  
4 7 . 5  4 7 . 4  -0 . 2  

O ' f 3 .  t 
4 . 4  

� : �  3 .  
5 . 0  
" . 1  

SOCKEYE 

tID I1A RI1 0Ul O1A !� � � tI � � �! �i !i � l It � ! 21 . 1 2 2 .  . 2 .  . 

0 '
8 8 : 8  � !� � :� 0 . 0  

8 : 0 
0 . 0  8 : 8 0 . 0  

0 . 0  
8 : 8  0 . 0  

�6 ' f !6 ., -J ' I I ' � -t ' ,  �t 9 f � � j � < 
3 1 . 9  �! . 9  :g 'j -� ' 1 :0 . 0  
3 . 8 . 6  . .  0 . 9  
3 2 . 0  ! . I - . . -0 . � 
32 . 2 . -0 . ' l  O .  
32 . 0  3 .  - 0 .  . -0 . 

8 . 0 � : � � � � � :g g ' O . 0  . 0  
0 . 0  . 0  
0 . 0  

: 8  0 . 0  
0 . 0  O .  0 . 0  

0 . 0  g : � �j �j 8 . 0  
0 . 0  . 0  8 . 0 . 0  

. 0  
8 :  8 . 0 

. 0  . 0  

8 . 0 
8 : � 8 : � i i i � . o . 0  . 0  

0 . 0  o . 
8 :  . 0  

0 . 0  
8 :  . 0  

0 . 0  O . 0 . 0  

8
. 0  0 ' 8 � : � �j 0 . 0  
. 0  O . 0 . 0  

0 . 0  
8 : 8 0 ' 8 0 . 0  

8 : 0  0 . 0  O . 
0 . 0  

8 : 8  i � � �J 8 : 8  8 . 0 
. 0  o ' g 0 ' 8 0 . 0  O .  O . 

0 . 0  O . O . 0 . 0  

ff � l �f � � �r � � j l � i j! � 1 26 J 2 5 .  . . O . 
H A  = tlEAN SURV I VA L  WITH ALTEnllATIVE COHD IT IOIIS I % I I A I.TERIlATIVE ) 
RI1 = RELATI VE CHAliCE IN IIEAN SURVIVAL I % I ( ALTERNAnVE SURV IVAL - NO ACTIOIj SURVIVAL ) I I UO ACTION SURV IVAL ) 

QUl THE CHAliCE III TilE 110 AcnON SURV I VAL OVER TItlE I RELATl VE TO ptE 1 988 1 0  ARION SURVI AL 1 % )  
1 110 ACTION SUIlV IVAL - 1 98B NO AcnON SURV I V A L  I ( 1 988 NO A ION SURVIVAL 

O1A = pIE CII A tI[;E III THE A LTI:RIIATIVE SURVIVAL REl.ATIVE TO THE 1 988 NO ACTIOU SURXI�AL I % J  
ALH RIIATI VE SURV I V A L  - 1 988 110 ACTION SURVIVAL I I ( 1 988 NO ACflON S RVIV L 

AVG = TIlE AVE RAGE OF THE YEARS 1 9 9 3 ,  1 9 98 , AlID 2003 I I. )  

-DATE RUN: 2 2F Ee88 , 15 , 3 2  , 38 



Tab l e  E . 6 - 1 0  
RELATIVE CHANGES IN MEAN SURVIVAL AND HIPAcrs 1l�I.ATIVE TO 1 9!1B NO AcnON SURVIVAL 

fUTII TlIP.fE 'tEAR AVF RAGES 
MPRl1XlJMK VS IWFEXBIIK 1 NO ACIION ) 

PROGRAM = DSII =PJI . PF400 . RtlR . FISHPASS . SAS . REPORTS 1 FSUH51 ) 
F ILES . PJI . PF400 . CBS . F TSIL PASS . DATA . f GELOfl RUIl DATE 1 1 2487 PJI . PF400 . mS . F ISH . PASS . DATA . fGElOfl RUII DATE 1 2087 

'tEARLltlG SUB'tEARLING STEELHlAD SOCKEYE 
POOL 'tEAR HB MA RN ClID 01A tIE MA Rl1 018 O1A tIE MA Rl1 018 01A tlB MA Rl1 018 O1A 
WELLS 1 988 2 6 . 8  2 6 . 8  -0 . 0  0 . 0  -0 . 0  1 3 . 4  1 3 . 5  0 . 4  0 . 0  0 . 4  28 . 7 28 . 8  j . 1  0 . 0  o · t 2 3 . ! 2 3 . 0  -� . ! � ' i -0 . 0  

1 993 3 1 . 6 30 . 9  - 2 . 1 1 7 . 9 1 5 . 4  1 9 . 0 1 8 . 6  - 2 . 4 4 1 . 8 38 . 5  34 . 3' • .  3 - . 5 2 1 . 1 . 25 . 2 .  - .  . . 5  
1 9 98 33 . 5  32 . 7  - 2 . 4  2 5 . 0  2 Z . 0  2 1 . 2  20 . 4  - 3 . 8 5 7 . 7 5 1 . 8  36 . �  35 . 9  - . 9  2 7 . 3 17. . 2 9 .  2a .! - . � .  2� ' I 
2003 33 . 5  32 . 8  - 2 . 1  25 . 0  2 2 . 5  2 1 . 4  20 . 5  -4 . 0  59 . 2  52 . 9  3 7 . 1 36 . 5  - 1 . 6 2 9 . 1 27 . 30 . 0  2 9 .  - 2 .  . 27 . 
AVG 32 . 9  32 . 2  -2 . 2  22 . 7  1 9 . 9  20 . 5  1 9 . 8  -3 . 4  52 . 9 47 . 7  36 . 2  35 . 6  - . 7  25 . 8  2 3 .  28 . 3  2 7 .  - 2 .  . 1 9 .  

RRECH 1 988 2 9 . 0  2 9 . 0  0 . 2  0 . 0  0 . 2  2 3 . 0  2 3 . 0  -0 . 2  0 . 0  -0 . 2  3 3 . 4  33 . 3  -0 . 0  0 . 0  -0 . 0  
8

. 0  o ' g g ' � � .� 0 . 0  
993 35 . 4  34 . 9  - 1 . 3  2 2 . 0  20 . 4  26 . 9  26 . 3  -2 . 1  1 6 . 8  1 4 . 4  3 7 . 8  37 . 4  - 1 . 0  1 3 . 4  1 2 . 2  . 0  

8
· . . 8 ' 8 1 998 3 7 . 1 36 . 8  - 1 . 0  28 . 1 26 . 8  28 . 7 2 7 . 8  - 3 . 0  24 . 7  20 . 9  3 9 . 7 39 . 2  - . 2 9 . 1l  1 7 . 6  0 . 0 . . . .  

2003 37 . 6  3 7 . 5  - 0 . 4  2 9 . 9 2 9 . 4  2 9 . 5  28 . 9  - 1 . 9  28 . 3  25 . 8  40 . 4  39 . 9  - ' 1  2 1 . 0  9 . 7  0 '
8 

0 . 0  o .  . 8
. 0  

AVG 36 . 7  36 . 4  -0 . 9  26 . 7  25 . 6  28 . 3  2 7 . 7 -2 . 3  2 3 . 3  20 . 4  39 . 3  38 . 9  - .  1 7 . 8  6 . 5  O .  0 . 0  o .  . . 0  
RISL 1 988 �5 . 8  35 . B  -0 . 0  0 . 0  -0 . 0  2 1 . 6  2 1 . 7  0 . 2  0 . 0  O ' r 36 . 7 36 . ! 0 . 2  0 . 0  D . ! 31 . ! 3� . � -J ' I 0 . , -A ' , 993 40 . 2  3 9 . 7 - 1 . 3  1 2 . 2  1 0 . 8  26 . 0  25 . 7  - 1 . 1  20 . 2  1 8 .  4 1 . 4 4 1 . -0 . 7  . 8 . 3 2 . . _ .  . . 

1 998 42 . 1 4 1 . 6  - 1 . 0  1 7 . 4  1 6 . 2  28 . 9 28 . 4  - 1 . 9  33 . 6  3 1 . 42 . 8  4 2 .  - O .� 1 � . 7 It 38 . � .  - .  IS .  t .  
2003 4 2 . 4 42 . 3  -0 . 3 1 8 . 4 18 . 1  2 9 . 2 28 . 8  - 1 . 7  35 . 1 32 . 9  44 . 0 4 3 . 8  - 0 .  20 . 0  9 .  39 .  38 . 6  - .  3 .  2 .  AVG 4 1 . 6 4 1 . 2  - 0 . 9  1 6 . 0  1 5 . 0  28 . 0  2 7 . 6  - . 5 2 9 . 6  2 7 . 6  42 . 7 42 . 5  -0 . 1 6 . 5  5 . 8  36 . 36 . 1  - .  5 .  4 .  

LflG 1 988 54 . 5  54 . S  0 . 0  00 . 0  0 . 0  42 . 4  4 2 . 4  0 . 0  0 . 0  0 . 0  72 . 0  �2 . 0  0 ' 1 0 . 0  I ' i 4 9
' I 4 9

' 1 -
8

' 1 1 . 0  -0 ' 1 
1 993 68 . 0 67 . 9  -0 . 2  <4 . 8  24 . 5  43 . 2 43 . 0  -0 . 5  1 . 8  1 . 3  76 . 7  6 . 7  -0 . 6 . 5 . 5 .  5 .  - .  . 8  8 .  
1 998 6 7 . 6 6 7 . 5  -0 . 2  �4 . 1  23 . 9  44 . 0 43 . 7  -0 . 7  3 . 8  3 . 0  76 . 8  6 ' 9 -0 . 6 .5 . 5t 5}. .  -

8 ' 1 . 0  1 0 .  2003 6 7 . 9 6 7 . 8  -0 . 1  <4 . 7  24 . 5  43 . 7 4 3 . 4  -0 . 7  3 . 0  2 . 3  76 . 9  6 .  -0 . 6 . 7 . 55 .  55 . - .  . 5  1 .  AVG 6 7 . 9 6 7 . 7  -0 . 2  24 . 5  24 . 3  4 3 . 6  4 3 . 4  -0 . 6  2 . 9  2 . 2  76 . 8  6 .  - 0 .  6 . 6 . 5  54 . 54 . -0 . . 4  9 .  

1 993 30 . 6  29 . 9  - 2 . 2  3 . 0  0 . 7  28 . 0  26 . 9  - 3 . 8  1 1 . 1  6 . 9  36 . 35 . 5  - . 6 . 1 .  0 . . O .  . . 
LfIM 1 988 2 9 . 7 29 . 7  -0 . 0  0 . 0  -0 . 0  25 . 2  25 . 2  0 . 1 0 . 0  0 . 1  35 ' 1  35 . 1  j ' O  0 . 0  0 '1 o

' g 8
'
8 

0
' 8  � '

8 8
'
8 

1 998 3 1 . 9  3 1 . 4  - 1 . 7  7 . 4  5 .  3 1 . 3  2 9 . 6  -5 . 5  24 . 5  7 . 7  37 . 3  6 .  - . 2 . .  . .  o .  . 0  0 . 0  
2003 32 . 9  32 . 5  - 1 . 3  1 0 . 6  9 . �  30 . 3  29 . 1  -4 . 2  20 . 6  

1
5 . 6  38 . 8  �8 . �  -0 . 8  1 � . � � .  8 . 0  8 . �  o . �  . 0  0 . 0  

AVG 3 1 . 8  3 1 . 3  - 1 . 7  7 . 0  5 . 2  2 9 . 9  28 . 5  -4 . 5  1 8 . 8  1 3 . 4  3 7 . 4 36 . 9  - 1 . 2  2 . 6  5 .  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
rrl MCN ! 988 50 . 9  E.O .  9 0 . 0 0 . 0  0 . 0  35 . 5  35 . 5  O .  1 0 . 0 O .  I 58 . 5  58 . 6  O .  i 0 . 0  0 ' 1 o .  � i ' � 8

' g � . � 0 . 0  993 52 . 2  5 1 . 6  - I . 1 2 . 6  I .  4 38 . 1  3 7 . 6  - 1 . 3 7 . 3  5 . 9  58 . 9  58 . I - 0 .  2 . 6  - 0 .  0 . . . .  o .  g 
m 998 54 . 8 54 . 5  -0 . 6  7 . 8  7 . 2  43 . 1 42 . 5  - 1 . 4  2 1 . 1 9 . 7  6 1 . 4 . -0 . . 9 . 0 . . . .  O .  

I 2003 55 . 2 55 . 2  -0 . 1  B . 6  8 . 5  4 3 . 2 42 . 7  - 1 . 2  2 1 . �  20 . 3  62 . 2  H .  -0 . . 3  t 0 . . � '
8 

. 
8

' 
AVG 54 . 1 53 . 7  - 0 . 6  6 . 3  5 . 7  4 1 . 5 40 . 9  - 1 . 3  1 6 . 8  1 5 . 3 60 . 8 60 . -0 . 3 . 9  3 .  0 . 0 . O .  . 0  . 0  

C0 JDAY 1 988 5 1 . 4  5 1 . 6  0 . 4  0 . 0  0 . 4  4 7 . 4 4 7 . 5  0 . 0  0 . 0  0 . 0  56 . 1 56 ' 1 -0 . 0  0 . 0  -0 . 0  0 . 0  � . �  � . � � '
8 

0 . 0  1 993 5 1 . 8 5 1 . 0  - 1 . 5  0 . 7  -0 . 8  48 . 7 4 7 . 5  - 2 . 5  2 . 7  0 . 1  56 . 6 5 5 .  - 1 . 6  0 . 8  -D . ! o . � . . .  O . S 
998 5 1 . 2 50 . 7  - 1 . 0  - 0 . 4  - 1 . 3  46 . 3 44 . 6  - 3 . 6  -2 . 5  -6 . 0  56 . 4 55 . -2 . 0  0 . 6  -- 1 . 0 " "

8 
O .  

2003 52 . 9 52 . 4  -0 . 9  2 . 8  1 . 9 4 7 . 6 46 . 4  - 2 . 5  0 . 3 - 2 . 2  5 7 . 4 56 . 5  - 1 . 6  . 3  0 .  0 . . . . .  
AVG 52 . 0 5 1 . 4  - 1 . 1  1 . 1  -0 . 1  4 7 . 5 46 . 2  -2 . 9  0 . 1 - 2 . 7  56 . 8 55 . 8  - 1 . 7  t . 2  - 0 .  0 . 0  O .  . 0 . 0  8 . 0  

DALS 1 988 60 . 9 6 1 ·
t
' 0 . 4  0 . 0  0 . 4  5 1 . 9  5 1 . 9  0 . 1  0 . 0  0 ' 1 6 3 . 4 6 3 . 5  D . !  1 . 0  0 . 2  0 . 0  O ' j � . �  i ' O 0 . 0  

993 6 2 . 8  6 2 .  - 1 . 2  3 . 2  2 . 0  54 . 9  54 . 5  -0 . 7  5 . 8  5 .  64 . 2 6 3 . 5 - I ' . 3  0 . 2  0 . 0 � · · ·
8 

0 '
8 1 998 64 . 2  65 . 7  -0 . 8  5 . 4  4 . 6  54 . 5 53 . 8  - 1 . 1  . 0  3 . 8  64 . 6 6 . 0  - .  . 9  0 . 9  0 . 0 . . .  O .  

2003 64 . 6  64 . 3  -0 . 5  6 . 1  5 . 5  54 . 6  54 . 0  - 1 . 0  � . 2  4 . 2  65 . 5  6� . 0  -0 . 7  . 3 2 . 5  
8 ' 8 "

' 8 
0 . 0  AVG 6 3 . 9  6 3 . 4  -0 . 8  4 .  9 4 . 0  54 . 6  54 . 1 - . 0  5 .  3 4 .  3 64 . 8  64 . 1 -0 . 9  . 2 1 .  2 . . . .  0 . 0  

BONN 1 988 84 . 8  !l4 . 9  0 . 1 0 . 0  0 . 1  BO . I  BO . 2  0 . 1  0 . 0  0 . 1 8 1 . 7 8 1 . 8  D . ! 0 . 0  O ' l 0 . 0  � ' i � . � � '
8 

0 . 0  
1 993 85 . 1  84 . 8  -0 . 3  0 . 4  0 . 0  8 1 . 2  80 . 9  -0 . 4  1 . 3  1 . 0  8 1 . 8 8 1 . 6  -0 . 0 . 2  -t o 

8 ' 8 ' " 8
. 0  

998 84 . 1 8 5 . 8  -0 . 3  -0 . 8  - 1 . 1  7 9 . 6 79 . 3  -0 . 4  -0 . 6  - . 0  7 9 . 8  9 .  -0 . - 2 . 3  - . . . . . 0 . 0 2003 84 . 5 84 . 3  -0 . 2  -0 . 4  -0 . 6  7 9 . 8  7 9 . 6  -0 . 3  -0 . 3  -0 . 6  80 . 7 �o . l,  -0 . 2  - 1 . 3  - . 5  0
' 8 8 ' . 

' 8  8
. 0  

AVG 84 . 6  84 . 3  -0 . 3  -0 . 3  -0 . 6  80 . 2  7 9 . 9  -0 . 3  0 . 1  -0 . 2  80 . 8 80 . 6  -0 . 2  - . 1  - . 4  0 . . . . . 0 
S'tS 1 988 6 0 . 4  60 . 4  0 . 1  0 . 0  0 . 1  4 7 . 9 48 . 0  0 . 1  0 . 0  0 . 1  63 . 6 6 3 · i 0 . 0  0 . 0  i ' � 21 ' 1 12 ' 1 -I ' i i ' O -1 . 0  

1 998 65 . 2  64 . 9  -0 . 5  8 . 0  7 . 5  52 . 2  51 . 6  - 1 . 2  8 . 9 7 . 6  6 7 . 0  6 6 .  -0 . " 3 . � .  _ .  • . 
1 993 65 . 0 64 . 7  -0 . 5  7 . 7  7 . 1  50 . 2 49 . 7  -0 . 9  4 . 8  3 . 8  6 6 . 7 66 .  - 0 '1 ! ' I ' 3 .  Yo '  - . . �  . �  
2003 65 . 6  65 . 4  -0 . 3  8 . 6  8 . 3  52 . 5 .  - 1 . 0  9 . 4  8 .  6 7 . 6  6 7 .  - 0 .  . .  . 5 .  _ .  . . 
AVG 65 . 3  65 . 0  -0 . 4  8 . 1  7 . 7  5 1 . �  51 . r  - 1 . 0  7 . 7  6 . �  6 7 . 1 6 6 . 8  -0 . 5 .  5 . �  �4 . 2  33 .  - .  , . t . 6  

LEGEtill m � n��N ��m�ml: HITn ��T�gI��v�
O
t'8f�I��8N�% 11. ')

N
? Ati1R�NIVE ) 

Rl1 = RELA I IVE CHANGE IN MEAN SURVIVAL 1 % )  1 A LTERNATIVE SURV IVAL - tlO ACTION SURVI�AL ) � 1 NO ACT�ON SURVIVAL ) 
OIB = T�6 �[!{%fi §tlR���A��U _ 

A
f�§gtltl6

U��H�� 0�5�vn�f. 
\ 

/
RE�g§�E

H60 Agtio I 9�SRV�V�P;I II SU VIVAL 1 % 
O1A ; T HE CIi A/ll;E III TilE ALTERUATlVE SURVIVAL REI.ATIVE TO lHE 1 988 NO A�ION SURp�AL 1 % ) 
AVG ; { �FXe��n�

E
u�U¥XP?bRS

1 1��31.t° 1 ��A!0�uBU��A�A�J. / 1 988 110 ACTIOIl SURVIV L 

-DATE RUN; 2 2FEB88 . 1 5 . 34 . 0 9 



Pl 

01 
I 

+:> 

Ta b l e E . 6 - 1 1  

�ELATIVE CHANGES HI tlft-N SURV IVAI. AHil 
IWACTS RE LATIVE TO 1 9118 110 ACTIOIl SUHVIVAL 

W ITH l�REE YEAR AVERAGES 
HPRliXBMK VS IIPFEXBIIK I NO ACTIOIl ) 

rROGRAM = DSII = PJ I . PF400 . RIIR . F ISHPASS . SAS . REPORTS I FSUM5 1 )  
IlES . PJ I . PF(,OO . CBS . F ISH . PASS . D ;,TA . f GFII IGH RUIl DATE 

POOL 

PJ I . PF 'i O O . CBS . F ISH . PASS . D ATA . FGUUGH RUN DA l E  

YEARLIIIG SUBYE ARL I NG 

YEAR tIB HA Rl1 D1B a1A 11Il HA RJ1 CtIB Ct1A 

,IELLS 1 988 �i : �  �g : �  =? : 8  4 ? : �  3� : g  1 8 . 1  1 8 . ! O ' r 0 . 0  0 . 3  
1 9 9 3  
1 9 98 
200 3 Ave 

RRECH 1 9B8 
1 9 9 3  
1 9 98 
200 3 
AVG 

RISL 1 988 
1 9 9 3  
1 9 98 
20 0 3 
AVG 

LWG 1 988 
1 9 9 3  
1 9 98 
200 3 
AVG 

LHtI 1 988 
1 9 9 3  
1 9 98 
20 0 3 
AVG 

HCN 1 988 1 9 9 3  
998 

2 0 0 3  
AVG 

JDAY p88 
9 9 3  

p98 
0 0 3  

AVG 

OALS pB8 
993 

1 9 9� 200 Ave 
BONN 1 988 1 993 

998 
2 0 0 3  Ave 

SYS r88 
9 9 3  
9 98 

i0 0 3  
V G  

4 8 . 4 4 8 . 0  - 0 . 7 4 6 . 3 45 . 3  
48 . 2 48 . 1  - 0 . 3 4 5 . 7 4 5 . 3  
4 7 . 8 4 7 . 4  - 0 . 7 44 . 4  4 3 . 5  

36 . 5  3 6 . 6  0 . 0  0 . 0  0 . 0  
5 1 . 3  5 1 . 0  -0 . 6  4 0 . 5  3 9 . 7  
52 . 5  5 2 . 4  -0 . 2  4 3 . 7  4 3 . 4  
52 . 7 5 3 . 1  0 . 7  4 4 . 3  4 5 . 3  
5 2 . 2  5 2 . 2  -0 . 0  4 2 . 8  4 2 . 8  

�� : j  �� : �  -8 : 2  2� : � 2� : � 
5 6 . 3 5 6 . 2  - 0 . 2  25 . 9  25 . 7  
56 . 3  56 . 7  0 . 8  26 . 0  2 7 . ? 5 5 . 9 55 . 9  -0 . 0  2 5 . 1 2 5 .  

74 . 2  74 . 2  - 0 . 0  0 . 0  -0 . 0  
88 . 8 88 . 8  -0 . 0  1 9 . 7  1 9 . 7  
811 . 5  811 . 5 0 . 0  1 9 . 3  1 9 . 3  
88 . 6 811 . 7  0 . 0  1 9 . 4  1 9 . 5  
88 . 7  Bll . 7  - 0 . 0  1 9 . 5  1 9 . 5  

38 . 0  3B . 0  - 0 . 1  0 . 0  - 0 .  I 
4 2 . 1 4 1 . 8  - 0 . 8  1 0 . 9  1 0 . 0  
4 2 . 9 4 2 . 8  - 0 . 1  1 3 . 0  1 2 . 8  
4 3 . 9  44 . a 0 . 4  1 5 . 6  1 6 . 0  
4 3 . 0  4 2 . 9  -0 . 2  1 3 . 1 1 2 . 9  

64 . 9  64 . 9  -0 . 0  0 . 0  - 0 . 0  
6 7 . 2 6 6 . 8  -0 . 5  
68 . 6  68 . 6  0 . 0  
68 . 6  6 9 . 1 0 . 6  
68 . 1  68 . 2  0 . 0  

5 7 . 0  5 7 . 2  0 . 4  
5 7 . 5  5 7 . 0  -0 . 9  
58 . � 5 8 . 5  - 0 . 1  
6 0 .  6 0 . 5  - 0 . 0  
58 . 8 58 . 7  - 0 . 3  

65 . 2  6 5 . 5  0 . 4  
6 7 . 3  66 . 7  -0 . 8  
70 . 1  }O . I  - 0 . 1  
70 . 7  0 . 7  O .  I 
6 9 . 4  6 9 . 2  -0 . 3  

88 . 0  88 . 0  0 . 1  
88 . 3  8 8 .  I -0 . 2  
811 . I 811 . I - 0 . 1  
811 . 6  88 . 5  -0 . 0  
88 . 3  8B . 2  -0 . 1  

3 . 5  
5 . 7  
5 . 7  
5 . 0  

0 . 0  
1 . 0  � . 7  

. 2  
3 . 3  

0 . 0  
3 .  I 
7 . 5  
8 . 3  
6 . 3  

0 . 0  
0 . 4  
0 . 2  
0 . 7  
0 . 4  

6 9 . 2  6 9 . 2  0 . 1  0 . 0  
76 . 1  75 . 9  - 0 . 3  1 0 . 1 

2 . 9  
5 . 8  
6 . 4  
5 . 0  

0 . 4  
O .  I 
2 . 7  
6 . 2  
3 . 0  

� : 1 7 . 4  
8 . 4  
6 . 0  

O .  I 
0 . 2  
O .  I 
0 . 6  
0 . 3  

0 . 1  
9 . 7 

76 . 6  76 . 5  - 0 . 1  1 0 . 7  1 0 . 6  
76 . 8  76 . 9  0 ' 1 1 1 . 0  I .� 
76 . 5  7 6 . 4  - 0 . 1 0 . 6  1 0 .  

2 7 . 9  2 7 .  - I .  54 . 5  52 . 7  
32 . 3  3 1 . 7  - 2 . 0  78 . 8  75 . � 
32 . 7  32 . 0  - 2 . 1  80 . 9  7 7 .  
3 1 . 0  30 . 5  - 1 . 7  7 1 . 4  68 . 4  

2 8 . � 28 . 1  - D . ! 0 . 0  -o . �  
35 . 35 . 0  - I . 2 6 . 2  24 . 
39 . 9  3 9 . g - 1 . 4  4 1 . 8  3 9 . � 4 1 . 0  4 0 .  - 0 . 8 4 5 . 8 42 ' 
38 . 8  38 . 3  - 1 . 1  3 7 . 9 3 . 4  

28 . 3  28 . 3  0 . 1  0 . 0  0 . 1  
3 5 . 1  35 . 0  - 0 . 5  24 . 3  2 3 . 6  
4 1 . 0 4 0 . 6  - 0 . 8  4� . 9  4 3 . 8  
4 1 . 5  4 1 . 2  - 0 . 6  4 . 6  4 5 . � 3 9 . 2  38 . 9  - 0 . 6  38 . 6  3 7 .  

6 1 . 9 6 1 . 9  0 . 0  0 . 0  0 . 0  
6 2 . 5 6 2 . 5  - 0 . 1  1 . 0  0 . 8  
6 3 . 3 6 3 . 2 - 0 . 2  2 . 3  2 ' A 6 3 . 0  6 2 . 9  -0 . 2  1 . 8 l : s  6 3 . 0  6 2 . 9  -0 . 1  1 . 7  

3 2 . 2  3 2 . 2  0 . 1 0 . 0  o . t 3 5 . 9 3 5 .  - 2 . 2  1 . 6  9 .  
4 1 . 7  40 . � - 2 . 5  

!
9 . � 26 . 

40 . 9  4 0 . 1 - 2 . 0  2 7 .  24 . 
3 9 . 5  38 . - 2 . 2  22 . 8  20 . 0  

4 6 . 2  46 . 2  0 . 1  0 . 0  D . ! 
�� : �  �� : �  =8 : �  2� : �  2� : 2 
5 7 . 8  5 7 . 6  - 0 . 3  2 5 . 3  24 . 8  
54 . 7  54 . 4  - 0 . 5  1 8 . 5  1 7 . 9  

50 . 5  50 . 5  0 . 0  
5 1  . 7 50 . 8 - I . 8 

0 . 0  0 . 0  
2 . 4  0 . 6  

50 . 4  4 9 . � - 1 . 8  -0 . 2  - 2 . 0  
5 2 . 3 5 1 . - . 2 3 . 5  2 . 3  
5 1 .  5 5 0 . 6  - 1 . 6  1 . 9 0 . 3  

�iU ��J -8 j �
:
� � J  

59 . 4  5 9 . 3  -0 . 3  � . 7  7 . 4  
5 9 . 6  59 . 5  - 0 . 2  . 0  7 . 8  
5 9 . 1  5 9 . 0  - 0 . 3  7 .  I 6 . 8  

84 . 2 84 . 0  - 0 .  1 . 4 I .  
8 3 . 1 83 . 2  o . ! 0 . 0  D . ! 
83 . 0  82 . 9  - 0 . 2  - 0 . 1  - 0 . 
83 . 2  83 . 2  - 0 . 1  
8 3 . 5  8 3 . 4  - 0 . 2  

0 . 2  
0 . 5  

O .  I 
0 . 3  

54 . 9  54 . 9  0 . 1  0 . 0  o . � 5 7 . 6  5 7 . 3  - 0 . 6  5 . 0  4 .  
6 1 . 9 6 1 . 6  -0 . 5  1 2 . 9  1 2 .  
6 2 . 3  6 2 . ! - 0 . 4  1 3 . 5  3 . 1 
60 . 6  60 . - 0 . 5  1 0 . 5  9 . 9  

LEGElill I1Il = HEAIl S U R V I VAL WITH 110 ACTIOIl CotlDITIOIlS 1 % )  1 110 ACTIOIl ) 

j l 2487 
1 2 087 

STEELliEAD 

tIB HA Rl1 D1B Ct1A 

52 . 5 2 .  - 0 .  � . 8  4 3 .  
3 6 ' g 36 . � D . ! 2 . 0  o . � 
53 . 5  5 3 . � -0 . 5  � . 5  �6 .  
54 . 1  5 3 .  - 0 . 4  4 . 0  8 .  
5 3 . 4  5 3 . 1 - 0 . 5 4 7 . 1 46 . 4  

4 2 . 3  4 2 . � -0 ' 2 0 . 0  - 0 . 0  
54 . 8  54 . - 0 .  Z y . 3  �8 . 8  
5 5 . 8  55 . 6  -0 . 3  3 . 8 . 
56 . 3  5 6 . 3  - 0 . 2  3 3 . � ! . �  
55 . 6  55 . 5  - 0 . 3  3 1 .  3 1 . 0  

58 .� t8 .  - O ' r 2 3 . 0  �2 .  
4 7 . 3 4 7 . � 0 . 2  0 . 0  0 ' 1 
58 . �8 .� - 0 .  2 3 . 5  3 .  
5 9 .  5 9 .  O .  25 . 25 . 
58 . 7  58 . - o . r 24 . r 24 . 

�! j �! j -8 : 8  0 . 0  0 . 0  
2 . 6  z . ! 9 3 . 5  9 3 . 5  0 . 0  2 . ! � :  9 3 . 5  9 3 . 5  0 . 0  2 .  

9 3 . 5  9 3 . 5  - 0 . 0  2 .  2 . 6  

(. 5 . 6  4 5 . 6  - 0 . 0  0 . 0  - 0 . 0  
50 . 2  50 ' 2 - 0 . 4  1 0 . 0  Z ' *  
50 . 3  50 . 0 . 0  o . � I . 52 . 3  5 2 . � 0 . 3  1 4 .  1 . 9  
50 . 9 50 .  0 . 0  1 . 6 . 6  

74 . 8  74 . 8  0 . 0  
76 . 0  75 . ! - O ' g 
7 7 ' a 7 7 .  8 ' 7 7 .  7 7 .  . 
76 . 76 . 0 . 0  

6 1 . 0  6 1 . 0  -o . �  
6 1 . 1 6 1 . ! - 0 .  
6 2 .  f·  - O ' A 64 . 3  4 . 3  - 0 .  
6 2 . 8 6 2 . 7 - 0 . 2  

6 7 . , 6 7 ' i 0 . 2  
68 . 6 7 .  - o . r 6 9 .  6t . f - 0 .  
71 . 7 .  0 . 0  
6 9 . 7 6 . 5  -0 . 3  

0 . 0  i J l · 5 
. 0  J J o . � - 0 . 0  o .  o . �  � :  t �  

2 .  2 .  � : i 8 j  t � . o  . 8  
3 . 8  . 5 

84 . 5  84 . � D . ! o . � o . � 
84 . 8  84 . - 0 .  O .  � .  
8 3 . 7 8 3 .  - 0 .  - . 0 - . 
84 . � 84 . 6  - o . y  A . !  . 
84 . 84 . 3  - 0 .  - 0 .  - 0 .  

�6J �;U -8 : �  tl iJ 8 1 . 0  8 1 . 0  - 0 . 0  
8 1 . 5  8 1 . 5  0 . 0  
8 1 . 1 11 1 . 0 -0 . 1  4 .  . 5  

SOCKEl'E 

tIB HA Rl1 CtIB aiA 

�4 : � !I : I =1 : 1 �1 : 8 2� :! F · a  i '  -
' 

' i  
g
} .  

2 .  . . . . 
3 9 . 8  9 .  - .  . 4 .  

8 : 8  8 : 8  �J 8 . 0  
i :

8 . 0  

8 . 0  0 ' 8 o ' g : 8  . 0 o . O .  
0 . 0  0 . 0  O .  . 0  

3i ' � �I · 9  =8 ' f  � . o  - 0 . 0  � 1 : 6 : 1  :0 : � : I �' : i  52 . � 5 .  O .  8 .  . 
4 8 .  4 8 . - 0 .  8 .  . 

�t i ��J tl Itt I X : I 75 . }� . 2 . 8 ' O .  
74 . 9  . 8  - .  . O .  

8 : 8 
0 . 0  0 ' 8  8 . 0  8 : 8  0 . 0  

0 . 0  0 . 0  �J 0 : 8 
0 . 0  0 . 0  g . o  0 . 0  
0 . 0  0 . 0 . 0  0 . 0  

8 . 0  0 . 0  iJ �J 0 . 0  

0
:
8 0 . 0  �J g : 8  o . g : 8  O .  . 0  

o .� 8 : � � : � 8 . 0  8 . 0  O .  . 0  . 0  

8 : 8 :  8 . 0  0 · 8  . 0  8 : 0 0 . 0  0 . 0  o .  0 . 0  

8 : 8  8 : 8  t� 8 : 8  0 . 0  
0 . 0  

0 . 0  O ' g g : 8  8 . 0  0 . 0  O .  . 0  
0 . 0  O .  O . 0 . 0  

0 . 0  0 ' 8 �J i :
8 g . o  

0 . 0  O .  . 0  
0 . 0  8 : 8  : 8  8 :

8 o . g 
O .  o .  . 0  . 0  

�� :I �i :! =i : ! l� � f  �i � f 6 . 9  6 .  - .  Z . 8  2 9 .  

HA = 11EAII SURV IVAL WITH ALl E I,NATIVE COIIDITIOIIS 1 % )  I AI.TERIIATIVE ) 
RH = HELATI VE CHA lIGE IN tiE All SURV I V A L  1 % )  I ALTERIIATIVE SURVIVAL - NO ACTION SURVIVAL ) I I VO ACT�OI' SURVIVAL ) 

alB = Tn5 x�i�mj �UR���AtO 
_ 
ATU�1l118U��Mh O�D�vH�t I /lE} rUXE

II60 APiioh 9�3I<U�v�fPOIl SURV I AL 1 % 
a1A = T HE CIIAIIGE IJj THE A LTERNATIVE S U R V I VAL RELATI Vf TO TilE ! 9ua NO ACTlOU SUijVnAL 1 % )  

I ALH RIIATIVE SURVIVAL - 1 988 110 ACT 1011 SURV IVA ) I 1 98 NO ACTION S IlVI A 
AVe = THE AVl RAGE OF THE YEARS 1 9 9 3 ,  1 9 98 , Alill 2003 1 % )  

·DATE RUN= 2 2FEBB8 . 1 5 . o4 . 59 



TAB L E S  E . 6 - 1 2  TH ROUGH E . 6 - 1 5  F I SH B YPASS ASSUMPT I ON S  

E . 6 - 1 5  



rr", 

0, 
J 

0> 

Ta b l e  E . 6 - 1 2  

�R��H�ER�\I�mj� ·W tl��� �gRx[H�l�IIJRVIVAL 
H IT1I TlIHEE YEAR AVtRAGES 

KPRl1XllSV VS KI'FEXBSV t 110 ACTIOII ) 
PROGRAI1 = DSN=PJ I . PF400 . RlIR . F ISItPASS . SAS . REPORTSI FSUJ15 1 )  
F ILES . �jU��88 : f]� J H" : ���� : 8nUllBE8lrg ��N g�n 

YEARLIHG SUBYEARLING 
POOL YEAR )l8 MA Rl1 a IB alA lIB MA Rl'1 018 alA 
HELLS 1 988 30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  1 5 . 8  1 5 . 9 0 . 3  

1 993 35 . I 34 . 5  - I . 7 1 6 .  9 1 4 .  9 2 1 .  7 2 I .  3 - I . 7 0 . 0  0 . 3  
37 . 3  3'1 . 9  
66 . 5  6 1 . 8  
6 9 . 5  6 ... . 8 
57 . 7 5 3 . 8 

998 4 1 . 2  40 . 6  - 1 . 4  37 . 2  35 . 2  26 . 3  25 . 6  -2 . 8  
2003 4 1 . 5 4 1 . 1  -0 . 9  38 . 3  3 7 . 0  26 . 8  26 . 0  -2 . 8  
AVG 39 . 3  38 . 7  - 1 . 4  30 . 8  2 9 . 1 24 . 9  24 . 3  -2 . 4  

RRECH 1 988 32 . 8  32 . 9  0 . 1  0 . 0  0 . 1  
1 99 3 39 . 0  38 . 6  - 1 . 0  1 8 . 6  1 7 . 4  
1 998 45 . 4 45 . 1  -0 . 7  38 . 2  3 7 . 2  
2003 46 . 1 4 6 . 3  0 . 4 40 . ... 4 1 . 0  
AVG 4 3 . 5 43 . 3  -0 . 4  32 . 4  3 1 . 9  

RISL 

LHG 

LWl1 

HCN 

JDAY 

DALS 

BONN 

SYS 

LEGEtID 

1 988 40 . 3  40 . 3  0 . 0  0 . 0  0 . 0  
993 4 7 . 5 4 7 . 1 -0 . 9  1 7 . 8  16 . 7  
1 998 50 . 0  4 9 . 6  -0 . 6  2 3 . 8  2 3 . 1 
2003 50 . 6  50 . 8  0 . ... 25 . 3  25 . 9  
AVG 49 .... 49 . 2  -0 . 4  22 . 3  2 1 . 9  
1 988 
1 993 
1 998 
2005 
AVG 

65 . 2  65 . 2  -0 . 0  0 . 0  -0 . 0  
79 . 7  79 . 6  -0 . 1  22 . 3  2 2 . 1  
f � : �  f� : �  :8 : 8  �� : �  �� : �  
79 . 7  79 . 6  -0 . 1  22 . 2  2 2 . 2  

1 988 3 3 . 9 3 3 . 9 -0 . 1  0 . 0  -0 . 1  
993 3 5 . 3  32 . 6  - 2 . 2  - 1 . 7  - 3 . 9  
1 998 38 . 2  3 7 . 8  -0 . 9  1 2 . 6  1 1 . 6 
2003 39 . 5  39 . 4  -0 . 3  1 6 . 6  1 6 . 2  
AVG 37 . 0  36 . 6  - 1 . 1  9 . 2  8 . 0  
1 988 58 . 0  58 . 0  0 . 0  0 . 0  0 . 0  
993 59 . 9  59 . 4  -0 . 8  3 . 1  2 . 3  266� � � : � �� : ?  -8 : � 1 6 : ?  I g : �  
AVG 62 . 3  6 2 . 2  -0 . 3  7 . 4 7 . 1  
1 988 993 !66� 
AVG 
1 988 
993 
998 
2003 
AVG 
1 938 
1 993 
1 998 
2003 
AVG 
1 988 
993 
998 
2003 
AVG 

�� : !  �� : �  -? : �  8 : g -8 : �  52 . 4  52 . 0  -0 . 9  - 3 . 2  -4 . 0  
56 . 9  56 . 7  -0 . 3  5 . 1  '1 . 8  
54 . 6  5'1 . 2  -0 . 8 0 . 9  0 . 1  
6 3 . 1  6 3 . 3  0 . '1  0 . 0  
65 . 0  64 . 4  - 1 . 0  3 . 1  
64 . 0  6 3 . '1  - 1 . 0  1 . 6  
68 . 0  6 7 . 9  -0 . 1  7 . 8  
65 . 7 65 . 2  -0 . 7  4 . 2  

0 . 4  
2 . 1 0 . 6  
7 . 7  
3 . 5  

86 . 4  86 . '1  0 . 1 0 . 0  0 ' 1  
86 . 7 86 . 5  -0 . 3  0 . 4  O .  
86 . 1 85 . 9  -0 . 2  -0 . 3  -0 .5 
86 . 5 86 . 4  -0 . 1  0 . 2  0 ' 1 86 . '1  86 . 3  -0 . 2  0 . 1  - 0 .  

�B : �  �B : I  - 8 : �  g : �  9 : A  
7 1 . 3 71 . 1 -0 . 3 9 . 7  9 . '1  
71 . 9  7 1 . 9  - 0 . 0  1 0 . 7 1 0 . 6  
7 1 . 2  71 . 0  -0 . 2  9 . 5  9 . 3  

25 . 6  25 . 5  -0 . 2  0 . 0  -0 . 2  
28 . 9 28 . 4 - 1 . 7  1 3 . 0  1 1 . 1  3 3 . 8  3 3 . 0  -2 . 3  3 2 . 0  2 9 . 0  
35 . 1 34 . 6  - 1 . 3  37 . Z  35 . ... 
32 . 6  32 . 0  - 1 . 8  2 7 . 4  25 . 2  
25 . 0  25 . 0  0 . 1  0 . 0  0 . 1  
30 . 5  30 . 3  -0 . 7  22 . 0  2 1 . 2  
34 . 6  34 . 1  - 1 . 4 38 . 5  36 . 5  
35 . 3  34 . 9  - 1 . 0  4 1 . 2  3 9 . 8  
3 3 . 4  3 3 . 1 - 1 . 0  33 . 9  32 . 5  
52 . 7 52 . 7  0 . 0  0 . 0  
53 . 3 53 . 1  -0 . 3  1 . 1  
54 . 2  54 . 0  -0 . ... 

3
. 0  

54 . 0  5 3 . 8 -0 . 4  2 . 5  
53 . 8  5 3 . 6  -0 . 3  2 . 2  

0 . 0  
0 . 8  

i ·
6 
. 1  
. 8  

28 . 7  28 . 7  0 . 1  0 . 0  0 . 1  
3 1 . 2  30 . 1  - 3 . 6  8 . 8  4 . 9  
36 . 1  34 . 6  -4 . 3  26 . �  20 . 8  
35 . 6  34 . 5  - 3 . 0  24 . 2 0 . 5 
34 . 3  33 . 1  -3 . 6  1 9 .  1 5 . 4 
40 . 9  '10 . 9  0 . 1  0 . 0  o . �  
4 3 . 4 43 . 0  -0 . 9  6 . 1  5 .  
50 . 1  4 9 . c  - 1 . 0  2 2 . 5  2 1 .  
50 . 6  50 . 3  -0 . 7  2 3 . 8  23 . 0  
'18 . 0  '17 . 6  -0 . 9  1 7 . 5  1 6 . 5  

�6 : �  �� : �  -� : �  � : g  
46 . 8  45 . 2  -3 . '1 -4 . 4  
'19 . 9  '1 9 . 0  - 1 . 8  1 . 9 
4 9 . 0  4 7 . 8  -2 . 5  0 . 0  
5 3 . 5  53 . 6  0 . 1  0 . 0  
56 . 6  56 . 3  -0 . 5  5 . 7  
54 . 7 54 . 1  - 1 . 0  2 . 2  
57 ' 1  56 . 7  -0 . 6  6 . 6  
56 . 55 . 7  -0 . 7  4 . 8  

8 :10 
-6 :  
- z .  

0
: I 
1 : 0  t l  

81 . 6 8 1 . 7  0 . 2  0 . 0  0 . 2  
82 . 7 82 . ... -0 . 3  I . ... 1 . 1  
8 1 . 3  81 . 1  -0 . 3  -0 . 3  -0 . 6  
8 1 . 5 81 . ... -0 . 2  -0 . 1  -0 . 2  
8 1 . 8 8 1 . 6  -0 . 2  0 . 3  0 . 1  

� ! : �  � ! : �  -8 : A  � : �  � : \  
56 . 8  56 . 2  -0 . 9  1 0 . ... 9 . §  
57 . ... 57 . 0  -0 . 6  1 1 . 6  1 0 . 9  
56 . 0  55 . 5  -0 . 8  8 . 8  8 . 0  

1 0888 
0888 

STEELJlEAD 
lIB HA 
32 . 7 32 ·

I 
39 . 2  38 . 
45 . 5  45 . 
46 . 4  '1 6 .  
'13 . 7  '1 3 .  

Rl1 OIB ct1A � ' I  0 . 0  o . � 
- .  1 9 '

f 

18 . 
- . 0 3 9 . 38 . 
: . 8  "' Z .  "' 1 .  a 
. 0  33 . 32 . 5  

38 . 0  �8 . 0  -0 . 0  ? ' O 41 . 7  I .  -0 . . 
48 . 5  8 . 1  -o .� 2 . �  
4 9 . 4  4 9 .  - 0 .  29 . 9  
4 6 . 5 46 . -0 . 22 . 4  dJ 
42 . 2  4 2 . 3 8 ' � 0 . 0  0 '

1 

49 . 7  4 9 . 5  - .  1 7 . 9  1 7 . 51 . 7 5 1 . 1 - 0 . 2� . 5  2� . 
53 . 1  5 3 .  0 . 0  2 . 9  Z . 
5 1 . 5 5 1 . -0 . 2  2 . 1  2 . 
83 . 3  8 3 '

1 

- 0 ' 8 0 . 0  

-1 ' 1 87 . 9 87 . - 0 . 

�

. 5  . 
87 . 9  8 7 .  -0 . 0  . 5  . 
88 . a 88. - 0 . a . 6  . 
87 . 9  87 . 9  -0 . 0  . 6  . 
'10 . 5  40 '

i 
39 . 1  38. 
'1'1 . 9  44 . 
'1 7 . 0  4 7 .  
'1 3 . 7 4 3 . 4  
67 . 0  6 7 . �  
6 7 . 7 6 7 .  
71 . 0  70 . 
72 . 0  72 . Z  
70 . 2  70 . 2  

J� 1� : � :1 � : 18 0 . 1  1 2 . 2  6 .  
-0 . 7  7 . 9  7 .  
-8 : g o

: Y 8 : 2  �8 : �  1 ; g  � : Q  
o . ! � . 9  4 . t  

58 . 7  58 . 7  -

�

. o  8 . 0 -o 'l 59 . � 58 .

, 

- . 0 . 7 -0 . 
6 1 . 6 1 . . 6  . . 
5 7 .  56 . : . 6 -� ' i -3 ' 
59 . 3  58 . - . 1 . - . 

6'1 . '1  6 3 .  - .  - . - . 
65 . 3  65

'
1 

0 . 2  o .! 0 '
1 

66 . 2  65 . - l ' �  l '  , . 
68 .8 8 .  -0 . . . 
6 6 . 4 �5 . 9 -0 . 8  . . 
83 . 1  83 . �  0 . 1  
8 3 . 3  8 3 . -0 . 2  
8 1 . 8 8 1 . -0 ' 1  
82 . 6  82 . 6  -0 . 
82 . 6  82 . 5 -0 . 

JJ J� 
-0 . 7  -o J 

7 1 . 5  7 1 . 5  � . o j ' O  i ' o  7 ... . 6 74 ' 1 : ' 1 . 3  . 0  
75 . 5 5 .  . . 6  . 
76 . 5  �6 . -0 . . 0  ) 
75 . 5  75 . -0 . . 6  . 4  

SOCKEYE 
lIB HA Rl1 OIB ct1A 

�i � i �� � �  �f � � }i �j ;� � § 
� 3 . 0  �Z . t  J 3�j h . �  
0 . 0  o . � � . � � . � o . � 8 ' 8 8 '  . . 8 ' � 0 : 8 0 :  : : 0 : 8 o .  0 . 0  . . o .  

�i ' 8 �� . � :� . ! f ' � -o . � � : �  4� : 9  : :  � :  d: 
4 . 4  � 2 . �  . � .  2 0 .  

li ; 1 fi ;i �� ;i - � ; ! :f ;1 
8 :8 8 :8 8 : � � : � 8 : 8  0 ' 8  0 ' 8  8 '  . 8 ' 8 8 : 0  8 : 0  0 :  : 0 : 0  
0 ' 8 o . � 
o .  o .  0 ' 8  o .  
o .  o .  
0 . 0  0 . 0  

� J �J �J 
8 : � � : � 8 : � � : � 8 : � 8 . 0  o .  8 .  . 8 ' 8  0 . 0  o .  o .  . . 

� : 8 o
:
� � : � i : i  8 : 8  

0 . 0  8 . � 0 .  . 0 ' 8 0 ' 8  0 ' 8  8 '  . o .  
o .  o .  . . 0 . 0  

0 . 0  o .  o .  
0 . 0  o .  o .  

0 . 0  o . �  o . � 
0 . 0  0 . 0  o .  
0 . 0  0 . 0  o .  

i : � 8 : 8  
· 0 . 0  
· 0 . 0  

· 
0 . 0  

5 '  7 .  -0 . . O .  �f ' O 17 ' 1 -0 ' 1 t
·
! 

-0

'
1 �oj � :  1 I : + 

tIB 
HA 
RJl 

OIB 

MEAN SURVI VAL HITH NO ACTIOII CotIDITIOIIS 1 % )  1 110 ACTIotl ) 
MEAN SURV IVAL HITH ALTEI:HATIVE COIIDITIOIIS 1 % )  I ALTERIIAT IVE ) RELATIVE CItAIIGE III IIEAH SURV IVAL 1 % )  I A I.TERIIATIVE SURVIVAL - NO ACTION SURVIVAL ' I I �O ACJ:�ON SUllVIVAL I TUB �t!��gfi Wlloll� AtO _ ACingHII�u��H�h O�D�v n�E \ RE

HU�
E
II6° Ap;YOlI 9�aHI.8v�R

ION SURV I AL 1 % 
THE CIW([;E III THE ALTERIIATIVE SURV IVAL RELATIVE fo THE I Y88 110 AgJ.!ION SURVIVAL 1 % I 
I ALlERIIHIVE SURVIVAL - 1 988 tlO ACTION SURVIVAL J I ( 1 988 NO ACTION SUIlVIVAL I 

ct1A 
AVG THE AVEHAGE OF THE YEARS 1 99 3 , 1 998 , AlID 2003 1 1. )  

-DATE RUII= 18FEB88 . j j . 2 7 . 1 0  



fT1 

Q') I 
-.....J 

Ta b l e  E .  6 - 1 3  

�B��tf�E
R���¥1�� iH ���� �gRXt¥�bN

AMBRVI V A L  
H ITH T H R E E  Y E A R  AVERAGES 

J(PRI1X£lDA VS J(PFEXBDA 1 110 ACTION } 

PROGRAM = DSN=PJ I . PF"00 . RIIR . F ISHPASS . SAS . REPORTS I FSI1H5 1 } 
F I LES . P J I . PF400 . CfIS . F ISH . PASS . DATA . �I IIlCOLFG RUN BATE 

P J I . PF 400 . CL:S . F ISH . PASS . DATA . I lUCOLFG RU ATE 

POOL YEAR 

HElLS 1 988 
1 99 3  
1 998 
2 0 0 3  
AVG 

RRECH 1 988 
1 9 9 3  
1 9 98 
2003 
AVG 

RISL pB8 
993 

1 9 9� 200 
AVG 

LHG 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

LHN 1 988 
1 9 9 3  
1 9 98 
2003  
AVG 

NCN 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

JDAY 1 988 
1 99 3  
1 9 98 
2003 
AVG 

DALS 1 988 
993 

1 998 
2003 
AVG 

BONII 1 988 
1 9 93 
1 9 98 
2 0 0 3  
AVG 

SYS l ��� 
1 9 98 
2003 
AVG 

YEARL IIIG 

118 tlA Rl1 018 O1A 

30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  
38 . 8  38 . 2  - 1 . 5  2 9 . 3  2 7 . 3  
4 1 . 2  4 0 . 6  - 1 . 5  3 7 . 2  35 . 2  
40 . 9 40 . 5  - 1 . 0  36 . 4  35 . 0  
40 . 3  39 . 8  - 1 . 3  34 . 3  3 2 . 5  

3 2 . 8 3 2 . 9  0 . 1  0 . 0  0 . 1 
4 3 . 1 42 . 7  - 1 . 0  3 1 . 2  30 . 0  
4 5 . 4 4 5 . 1  -0 . 7  38 . 2  3 7 . 2  
45 . 6  45 . 7  0 . 3 38 . 8 3 9 . 2  
44 . 7 44 . 5  -0 . 5  36 . 1  35 . 5  

" 0 . 3 4 0 . 3  0 . 0  0 . 0  0 . 0  
4 7 . 5  4 7 .  I -0 . 9  1 7 . 8  1 6 . 8  
50 . 0  4 9 . 6  - 0 . 6  2 3 . 8  2 3 . 0  
4 9 . 9 50 . 1  o . 4 2 3 . 8  24 . 3 
49 . 1  4 9 . 0  - 0 . 4  2 1 . 8  2 1 . 4  

65 . 2  6 5 . 2  - 0 . 0  0 . 0  -0 . 0  
7 9 . 8  7 9 . 8  - 0 . 1  2 2 . 5  2 2 . 3  

� � : �  � � : �  :8 : 6  � � : ?  �� : ?  
7 9 . 6  7 9 . 6  - 0 . 1  2 2 . 1  2 2 . 1  

3 3 . 9 33 . 9  -0 . 1  0 . 0  - 0 . 1  
34 . 9 3'+ . 3 - 1 . 7 3 . 0  1 . 3  
36 . 5  36 . 1  - 1 . 1  7 . 8  6 . 5  
3 7 . 3  3 7 . 1 -0 . 5  1 0 . 0  9 . 4  
36 . 2 35 . 8 - 1 . 1 6 . 9  5 . 8  

58 . 0  58 . 0  0 . 0  0 . 0  0 . 0  
5 9 . 9  5 9 . 4  -0 . 8  3 . 1  2 . 3  
6 3 . 3  6 3 . 0  -0 . 4  9 . 0  8 . 6  
6 3 . 3 6 3 . 5  0 . 3  9 . 0  9 . 4  
62 . 1 62 . 0  - 0 . 3  7 . 1  6 . 8  

g� : � g� : 6 -Y j 0 . 0  0 . 4  
0 . 9  -0 . 3  g� : 1  g� : g =8 : 2  =6 : i  =� : 9  

5 3 . 7 5 3 . 2  - 0 . 9  -0 . 8  - 1 . 7  

63 . 1  6 3 . 3  0 . 4  0 . 0  0 . 4  
65 . 0  64 . 4  - 1 . 0  3 . 1  2 . 1  
64 . 0  6 3 . 4  - 0 . 8  1 . 4 0 . 6  
64 . 3  64 . 0  - 0 . 6  2 . 0  1 . 4 
6" . 4  6 3 . 9  -0 . 8  2 . 2  1 . 4 

86 . 4  86 . 4  0 . 1 0 . 0  0 . 1  
86 . 7  86 . 5  -o . �  0 . 4  0 . 1  
86 . 1 85 . 9  - 0 .  - 0 . 3  -0 . 5  
86 . 5 86 . 4  -0 . 1  0 . 1  0 , 1 
86 . 4  86 . 3  -0 . 2  0 . 1  - 0 .  

�5 . 0  65 . 1  o . �  0 . 0  0 . 1  
0 . 9  70 . 6  - 0 . 9 . 0  8 . 6  

7 1 . 3  7 1 . 1  - 0 . 3  9 . 7  9 . 3 � 1 . 5 7 1 . 5  -0 . 1  1 0 . 0  9 . 9  
1 . 2  7 1 . 0  -0 . 3  9 . 6  9 . 3  

SUBYEARLIIIG 

lIB NA RI1 01B O1A 

1 5 . 8  1 5 . 9  0 ' 1 0 . 0  o . � 2 3 . 3  2 3 . 0  - 1 . 
�

7 . 7  4 5 .  
26 . 3  25 . 6  - 2 . 9  6 . 4 6 1 . 7  
26 . 6  25 . 8  - 3 . 0  68 . 2  6 3 . 2  
2 5 . 4  24 . 8  -2 . 5 60 . 8 56 . 7  

25 . 6  25 . 5  -0 . 2  0 . 0  - 0 . 2  
3 1 . 1  30 . 6  - 1 . 6  2 1 . 4  1 9 . 4  
3 3 . 8  3 3 . 0  - 2 . 3 32 . 0  2 9 . 0  
34 . 7  34 . 2  - 1 . 5  35 . 5  3 3 . � 3 3 . 2  32 . 6  - 1 . 8  2 9 . 6  2 7 .  

25 . 0  25 . 0  0 . 1  0 . 0  y . !  
30 . � 30 . 3  - 0 . 7  2 2 . 1  � . 
34 . 34 . 1 - 1 . 4  38 . 4 6 . 4  
35 . 0  34 . 5  - 1 . 2  4 0 . 0  38 . 3  
3 3 . 3  3 3 . 0  - . 1  33 . 5  3 2 . 0  

5 2 . 7 5 2 . 7  0 . 0  
53 . 3  5 3 . 2 -0 . 3  
54 . ! 53 . 9  - 0 . 4  
5 3 . 53 . 6  -0 . 4  
5 3 . 8  5 3 . 6  -0 . 4  

0 . 0  
1 . 2  
2 . 8  
2 . 2  
2 . 1  

0 . 0  
0 . 9  

f · 4 
. 8 
. 7 

�? : �  �g : �  -� : ! g : �  � : �  
35 . 4  3 3 . 8  -4 . 2 3 . 4  I . 9  �1 : }  �� : �  = � : 1  i9 : �  � : I  
40 . 9  40 . 9  o . �  0 . 0  0 . 1  
4 3 . 4 43 . 0  -y . � . 1  � . �  
50 ' l 4 9 . 6  - . 0  2 . 5  2 . 
50 . 4 9 . 8  -0 . 8  22 . 8  2! ' l 4 7 .  4 7 . 4  -0 . 9  1 7 . 1 1 . 

4 9 . 0  4 9 . 0  0 . 0  0 . 0  0 . 0  
5 0 . 2  4 9 . 1 - 2 . 2  2 . 5  0 . 3  
46 . 8 45 . 2  - 3 . 3  -4 . 5  -� . 7  
48 . 2 4 7 . 0  - 2 . 3  - 1 . 6  - . �  
48 . 4 4 7 . 1 - 2 . 6  - . 2  - 3 .  

5 3 . 5  5 3 . 6 0 . 1  0 . 0  O : t  56 . 6  56 . ! -0 . 5  5 . � 54 . 7 54 . - 1  . 1 2 .  ! : z 5� . 8  54 . - 1 .  0 � . 4  
5 . 4  54 . 9  -0 . 8  . 4  

8 1 . 6  8 1 . 7  0 . 2  0 . 0  O ' t 
82 . 7 8 2 . 4  - 0 . 3  A ' �  1 .  
8 1 . � 8 1 . 1  -0 . 2  - .  -0 . 
8 1 . 8 1 . Z -0 . 2 -0 . 1 -0 . 
8 1 . 8 8 1 . -0 . 2  0 . 3  O .  

g! : �  g ! : g  -8 : !  � : g  � : A  g� : b  g� : i  :8 : � 1 8 : �  1 8 : 6 
55 . 9  55 . 4  - 0 . 8  8 . 6  7 . 8  

LEGEtID NB NEAll SURVIVAL H ITH NO ACTIOII COtID ITIOt!S 1 % )  I NO ACTION ) 

1 0688 
0608 

STEELHEAD 

tlB NA RI1 01B 01A 

32 . � 32 . 7  I ' A 0 . 0  D . ! 
4 3 .  4 2 ' 1 - .  32 . 6  3 1 . 
45 . 5  45 . - . ! �9 . 5  3� . 0  
46 . 0  45 . - . O .  3 .  
45 . 0  44 . 5  - 1 . 0  7 .

� 
36 . 2 

38 . 0  38 . 0  -0 . 0  l ' O  -0 . 0  

48 . 48 . 2  -0 . 6  2 .  6 .  
46 ' A 45 . 8  -0 . 7  2 . �  �O ' i 
4 9 . 0  48 . 8  -o . � 28 . � .  4 7 . 9 4 7 . 6  -0 . 25 . 9  2 . 

4 2 . , 4 2 . ! D . } 9 . 0  0 ' 1 
4 9 .  4f - -0 . 1 . � r-5! . 7 5 .  -0 . 22 . � . 5 , 2 5 2 .  -0 . 25 .! . 
5 1 . 5 1 . -0 . 3  2 1 . 2 1 . 5  

8 3 . 3  8 3 . � -0 . 0  
8 7 . � 8 7 .  - 0 . 0  
87 . 87 . 9  -0 . 0  
8 7 . 9 8 7 . 9  -0 . 0  
8 7 . 9 8 7 . 9  -0 . 0  

4 0 . 5  4 0 . 5  -0 . 0  
4 1 . i 40 ' 1 - 1 .  � 
4 2 .  4 2 .  -0 . 
44 . 4� . -0 . � 
4 2 .  4 .  -0 . 

6 7 . 0  6 7 .� 0 . 0  
6 7 ' l 6 7 .  -0 . ; 
7 1 . 70 . -0 . 
7 1 . � 7 1 . 8 O .  
70 . 70 . -0 . 

I ' 0 -0 . 0  
. 5  5 ' 1 

J 

� : . 5  5 . 5  

0 . 0  -� ' I � . �  . 
: 8 f 6 . 0  . 

IJ 0 '1 o .  
5 .  

. 7  t . 6  

58 . 7 58 . 7  -0 . 0  0 . 0  -0 . 0  
5 9 .! 58 .� - 1 . 0  0 ' 1 - 0 . 3  

58 . 5 7 .  - . 3 -0 . - .  
5 7 .  5 6 . - . 6 - 2 .  -f ' 9  

58 . 3  57 . 2 - 1 . 3  - 0 .  - . * 
66 . ! 65 . - 1 . . � o .  6 5 . 3  6 5 ' i o . �  1 . 0  o . � 
6� . 6 3 .  - 1 . 0  - .  - 2 .  
6 . !  6 4 .  -0 . 7  - ' i  -o . g  
6 5 .  64 . 6  -0 . 9 -0 . - 1 .  

8 3 . 1 83 ' f o · t  � . o O 'i 8 3 . � 8 3 .  - 0 .  . ; -0 . 
8 1 . 8! . -0 . - .  -A ' 
82 . 6  8 . 6  -0 . - . � - . 
82 . 6  82 . 5  -0 . - 0 .  -0 . 

7 1 . 5  7� . � o . �  
75 . 0  7 .  -0 . 
75 ' 3 75 . 2  -O ' l  
75 . 75 . � -0 . 
75 . 4  75 . -0 . 

0 . 0  iJ 5 . 0  � : � 
. 0  

5 . 5  5 . 3  

SOCJ(EYE 

tlB NA RI1 ctlB O1A 

!I � I li � f �J � ! �1 � 1 ii � ' o . � 0 , 8 � � � I] 1 : 8 O .  O .  � : 8 . 0  o .  : 8 O .  . 0  

�} 'i �J ' g =� ' I 2 ' j -� . o f : : :  �r 2
8 : ' 

4 2 .  . x  . 1 .  � O .  �� : i �z : t =I : ! _o : R =1 : 3 6 0 .  � .  . 1 ' 3 . � 6 0 .  O .  - . . . 
6 0 .  59 . - 0 . . 9  . 

8 : 8 8 : 8 �J �J �J . 0  0 · 8 8 : 8 O .  . 0  . 0  

0 ' 1 � : 8 �J 0 , 8 �J o .  O .  : 8  8 : 8 O .  O .  O .  O .  

i i i 1 : 8 I i i 8 : 8 iJ . 0  8 : 8 . 0  

0 ' 1 8 . 0 � � � IJ �
. o o . : 8 8 :  �J . 0  

0 . 0  . 0  o . � � . o �J 1 . 0  

1 :
8 o .  : 8  . 0  o .  . 0  J 0 , 8 . 0  : 8  O .  . 0  �A ' I iI ' f :I ' � � ' 2 -, . 0  

g L  : : : l : l : 9  
5 0 .  5 . 2 - 0 .  . . 8  

NA l iE  All SUIlV I V A L  lUI H ALl E I:IIATIVE COtID IT IOIIS 1 % )  I ALTERIIATIVE t 
Rl1 RElATIVE CHAlIGE III tlEAN SURV I V A L  1 % )  I ALTE RIIAT IVE SUHVIVAL - N0 ACTION SURVIVAL } I I UO AI;qON SURVIVAL ) O'IB 1 I1E. C H f.W;E Itl TIlE 110 ACT lotI SURV IVAL OVER TltlE I RELATIVE TO T IE 1 988 UO ARION SURVI AL I i:  

1 110 ACT lotI SUHVIVAL - 1 988 110 ACTIotl SURVIVAL I 1 1 988 110 ACTION SUR IVAL 

-DATE RUt!= 

O'IA = T HE CIIAHGE Itl THE ALTERHATIVE SURVIVAL RELATIVE TO TH E  1 988 110 ACT IOU SURx r�A L  I % }  
I ALTl I! l I ,\T IVE SURVIVAL - 1 988 110 ACTION SURVIVA L ) I 1 988 110 ACTION S RVIV L 

AVG = 1 HE AVEIIAGE OF THE YEARS 1 99 3 ,  1 998 , AlID 2 0 0 3  I % }  

1 8F EB88 : 1 1 , 2 7 , 24 
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�IjJRVIvAL 
I'I ITH TlI RFf YEAR An RAGES 

KI'RI1X1:1DL VS Kl'fEXI:IDL 1 NO ACTION ) 
PROGRAM = DSN=PJI . PF400 . RtlR . F ISHPASS . SAS . REPORTS I FSl1l'15 1 1 
F I LES . PJI . PF400 . CP,S . F ISH . PASS . llATA . tI TOCOU·G RUII DATE 

PJI . l'f"OO .C!JS . F ISH . PASS . DATA . tIlDCULf-G RUII DAlE 
YEARLlHG SUllYEARlllIG 

POOL YEAR lIB IIA RI1 GIB OIA I'IB I'IA RJl OlD C/1A HELLS l ��� �g : g  �g : ? =? : �  2� : g  2� : ?  !� : �  !� : g  _? : �  4� : �  4� : �  
1 9 98 4 1 . 1 4 0 . 5  - 1 . 4  37 . 1  35 . 1  26 . 3 25 . 6  - 2 . 9 66 . 5 6 1 . 6  
2003 40 . 9 4 0 . 5  - 1 . 1  36 . 4  34 . 9  26 . 6  25 . 8  - 2 . 9  68 . 1  6 3 . 2 
AVG 40 . 3  39 . 7  - I . "  3" . 2  32 . "  25 . "  24 . 8  - 2 . 5  60 . 7  56 . 7  

RRECH 1 988 1 993 1 998 
2003 
AVG 

RISL 

LHG 

LHlI 

HCN 

JDAY 

DALS 

BONN 

SYS 

LEGEND 

1 988 
j 993 
998 

2003 
AVG 
1 988 
1 993 
1 998 
Z003 
AVG 
1 9118 
993 1 908 

2003 
AVG 
1 988 1 993 
1 998 
2003 
AVG 
j 988 993 
1 998 
2003 
AVG 
1 988 
993 

1 998 
2003 
AVG 
1 988 
1
993 
998 
003 

AVG 
1 988 
993 

1 998 
2003 
AVG 

32 . 8  32 . 9  0 . 1  0 . 0  0 . 1  " 3 . 1 42 . 7  ' 1 . 0 3 1 . 2 29 . 9  
45 . "  45 . 1  -0 . 7  38 . 1  3 7 . 2  
45 . 7 45 . 7  - 0 . 1 3 9 . 2  39 . 2  
"4 . 7  "4 . 5  -0 . 6  36 . 2  35 . "  
"0 . 3  40 . 3  0 . 0  0 . 0  0 . 0  
" 7 . 5 4 7 . 1  -0 . 9  1 7 . 8  1 6 . 7  
4 9 . 9 " 9 . 6  - 0 . 6  2 3 . 8  2 3 . 0  
50 . 1  50 . 1  0 . 1  2" . 1  24 . 3  
"9 . 2  4 9 . 0  -0 . 5  2 1 . 9  2 1 . 3  
65 . 2  6 5 . 2  -0 . 0  0 . 0  -0 . 0  
7 9 . 7 79 . 6  · 0 . 1 2 2 . 3  22 . 1  
79 . 3  79 . 2  -0 . 1  2 1 . 6  2 1 . 5  
79 . 5  79 . 4  -0 . 1  2 1 . 9  2 1 . 8  
7 9 . 5  7 9 . "  -0 . I 2 2 . 0  2 1 . 8  
33 . 9  33 . 9  -0 . 1  0 . 0  -0 . 1  
3 3 . 3 32 . 6  - 2 . 2  - 1 . 7  - 3 . 9  
34 . 9  34 . 2  - 2 . 0  3 . 0  0 . 9  
35 . 6  3 5 . 1  - 1 . 5  5 . 1 3 . 5  
3" . 6  34 . 0  - 1 . 9  2 . 1 0 . 2  
58 . 0  58 . 0  0 . 0  
59 . 9 59 . 4  - 0 . 8  
6 3 .  2 6 3 . 0  -0 . 4  
6 3 . 2  6 3 . 5  0 . 4  
6 2 . 1 6 1 . 9  -0 . 3  

0 . 0  
3 .  I 
8 . 9  
9 . 0  
7 . 0  

0 . 0  2 . 3  
8 . 5  
9 . 4  
6 . 7  

54 . 1  54 . 3  0 . 4  0 . 0  0 . 4  
54 . 6  53 . 9  - 1 . 2  0 . 8  -0 . 3  
5 2 . 4  52 . 0  -0 . 8  - 3 . 3 ' 4 . 0  54 . 0 5 3 . 8  -0 . 5  -0 . 2  - 0 . 7  
53 . 7 53 . 2  -0 . 8  -0 . 9  - 1 . 7  
6 3 . 1 6 3 . 3  0 . 4  0 . 0  
65 . 0  64 . 4  - 1 . 0  3 . 1  
63 . 9  6 3 . 3 -0 . 8  j . 3  
''' . 3  64 . 0  -0 . 5  . 9  
64 . 4  6 3 . 9  -0 . 8  2 . 1  

0 . 4  
2 .  I 
0 . 5  
1 . 5  
1 . 3  

86 . 4  86 . 4  0 . 1 0 . 0  D . !  
86 . 7  86 . 5  - 0 . 3  0 . 4  O .  
86 . 1  85 . 9  -0 . 2  - 0 . 3  -0 . 
86 . 5 86 . 4  -0 . 1  0 . 1  0 ' 1 86 . 4 86 . 3  -0 . 2  0 . 1  - 0 .  
65 . 0  65 . 1  0 . 1 0 . 0  0 . 1 
70 . 8  70 . 5  - 0 . 4  8 . 9  8 . 5  
7 1 . 2  7 1 . 0  -0 . 3  9 . 6  9 . 3  
7 1 . 5  7 1 . 5  - 0 . 1 1 0 . 0  9 . 9  
7 1 . 2  7 1 . 0  - 0 . 3 9 . 5  9 . 2  

25 . 6  2 5 . 5  -O . Z  0 . 0  -O . Z  
3 1 . 0  30 . 5  - 1 . 6  2 1 . 3  1 9 . 4  
33 . 7  3 3 . 0 -2 . 2  3 1 . 9  2 9 . 0  
�� : �  �� : �  = l : §  �� : �  � � : �  
25 . 0  25 . 0  0 . 1 0 . 0  o . � 30 . 5  30 . 3  - 0 . 7  2 2 . 0  2 1 .  
3" . 6 34 . I - 1 . 5  38 . 4  36 . 
35 . 0  34 . 5  - 1 . 2  39 . 9  38 . 2  
33 . 3  33 . 0  - . 1  3 3 . 4  3 1 . 9  
52 . 7 52 . 7  0 . 0  
53 . 3 53 . 1 - 0 . 3  
54 . 1  53 . 8  -0 . 5  
53 . 8  5 3 . 5  -0 . 5  
53 . 7 53 . 5  -0 . 4  

0 . 0  
1 . 1  
2 . 7  
2 .  I 2 . 0  

0 . 0  0 . 8  

f · Z  . 6  
. 6  

�? : �  �8 : f  -� : l  g : g  � : �  
35 . 3  33 . 4  -5 . 3  23 . 2  

1
, . 7  

3" . 3  32 . 8  -4 . 2  1 9 . 6  4 . 6  
33 . 6  32 . 1  -4 . "  1 7 . 2  2 . 1  
"0 . 9 40 . 9  0 . 1  0 . 0  0 . 1 
43 . 4 4 3 . 0  -0 . 9  6 . 1  5 . 2  
50 . 1 49 . 5  - 1 . 0  2 2 . "  2 1 . 2  
50 . 2  4 9 . 8  -0 . 8  22 . 7  2 1 . 7  
4 7 . 9 4 7 . 4  -0 . 9  1 7 . 1 1 6 . 0  
4 9 . 0  4 9 . 0  0 . 0  0 . 0  0 . 0  50 . 2  49 . 1  -2 . 2  2 . 5  0 . 2  
46 . 7 45 . 1 - 3 . 3  -4 . 6  - 7 . 8  
48 . 1  4 7 . 0  -Z . 2  - 1 . 8  - 3 . 9  
48 . 3  4 7 . 1 - 2 . 6  - 1 . 3  - 3 . 8  
5 3 . 5 5 3 . 6  0 . 1  0 . 0  o . j 56 . 6  56 . 3  -0 . 5  5 .

! I ' 54 . 7 54 . 1  - 1 . 1  2 .  . 1  
54 . 8  54 . 3  -0 . 9  2 .  . 4  
55 . 3  54 . 9  -0 . 8  3 . 4  . 5  
8 1 . 6 8 1 . 7  0 . 2  
8Z . 7  8 2 .

! 
-0 . 3  

8 1 . 2  8 1 . -0 ' 1 8 1 . 5 8 .  -0 . 
8 1 . 8 8 1 . 6  -0 . 
5 1 . 4 5 1 . 5  0 . 1 
53 . 9  53 . 5  -0 . 8  
56 . 7 56 . 2  -0 . 9  
56 . 9 56 . 5  -0 . 7  
55 . 8  55 . 4  -0 . 8  

0 . 0  
1 . 4  

-0 . 4  
-0 . 1  
0 . 3  
0 . 0  4 . 8  

1 0 . 2  
1 0 . 7  
8 . 6  

0 . 2  
1 . 1  -0 . 6  

-0 . 2  O .  I 
O .  I 
4 . 0  
9 . 2  
9 . 9  
7 . 7  

1 0 788 0 7118 
STEELHEAD 
l ID  IIA 
32 . 7  32 . 7  
43 . 3  42 . 9  
4 5 . 5  45 . 0  
"6 . 0  "5 . 6  
"4 . 9  "{t . 5  

RI1 O'IB alA 
0 . 1  0 . 0  o .  I 

- 1 . 0  32 . 5  iJ . 2  
- 1 . 0  39 .4  7 ' f -0 . 8 40 . 9  9 .  
-0 . 9  3 7 . 6  36 . 

38 . 0  38 . 0  -0 . 0  0 . 0  -0 . 0  
"6 . 1  "5 . 8  -0 . 7  2 1 . 2  20 'j "8 . 4  "8 . 2  -o . � 2 7 . 4  26 . 
" 9 . 0  "8 . 8  -0 . 28 . 8  26 .  
" 7 . 8  " 7 . 6  -0 .  25 .8 25 . 
"2 . 2  4 2 . 3  o . � 0 . 0  0 ' 1 " 9 . 7 4 9 . 5  -0 . 1 7 . 9  1 7 .  
5 1 . 7  5 1 . 5  -0 . 2 2 . 5  2 2 .  
5 2 · l  52 . 7  -0 . 0  25 . 0  25 . 
5 1 . t 5 1 . 3  -0 . 2  2 1 . 8  2 1 . 5  
8 3 . 3 83 . 3  -0 . 0  
8 7 . 9  87 . 9  -0 . 0  
8 7 . 8  8 7 . 8  -0 . 0  
8 7 . 9  8 7 . 8  -0 . I 
87 . 9 8 7 . 8  -0 . 0  

0 . 0  -0 . 0  

�J t� 
5 . 5  5 . �  

40 . 5  40 . 5  -0 . 0  0 ' 1 -0 . 0  
39 . 1  31l . 4  - 1 . 8  - 3 .  -f ' O  40 . 5  39 . 9  - j . 6  O .  - .  
{,2 . 0  {, . 5  - .  . . "0 . 5  3& . 9  - 1 . � � . 2  - . �  
6 7 . 0  6 7 . 0  0 . 0  1 . 0  0 . 0  6 7 . 7 6 7 . 4  - 0 . , . 1  0 . 6  7 1 . 0  70 . 9  - 0 .  . 0  5 . 8  7 1 . 4  7 1 . 6  O .  . 7  6 . 9  
70 . 1  70 . 0  - 0 .  . 6  4 . 4  
51l . 7  58 . 7  -0 . 0  0 . 0  -0 . 0  59 . 1 58 . 5  - 1 . 0  0 . 7  -0 . 4  5 7 . 3 56 . 4  - j . 6  - 2 . 3  -

1
. 9  51l . 5  5 7 . 8  - . 2  -0 . 4  - . 6  58 . 3  57 . 6  - 1 . 3  -0 . 7  - . 0  

65 . 3  65 . 4  0 . 2  O .� 0 '1 
66 . 2 65 . 5  - 1 . 0  I ' O .  
64 . 2 6 3 . 6 - 1 . a - .  - 2 .  
65 . 1  64 . 7  -0 . 7  -0 . 2  - 0 .  
65 . 2  64 . 6  -0 . 9  -0 . 1  - I . 

83 . 1 83 . 2  0 . 1  0 . 0  0 . 1  8 3 . 3 83 . 1  -0 . 2  0 ' 1 -0 . 0  8 1 . 7 8 1 . 6  - 0 . 1 - I .  - J . �  
82 . 6  82 . 6  -0 . 0  - 0 .  - 0 .  8 2 . 5  82 . 4  -0 . 1  - 0 .  - 0 .  
7 1 . 5  7 1 . 5  0 . 0  � . o 0 . 0  74 . 9  74 . 7  -o . � . �  � . 5  75 . 3  75 .  -0 . . . 0  75 . 7  75 . 1  - 0 .  5 .  . 8  
75 . 3  75 . 1 - 0 .  5 . 4  5 . 1  

SOCKEYE 

t'IB tlA RJl alB D1A 
25 . � 25 . ! -1 '1 0 ' 1 - 9. ' 8 29 : 2B : : :  j6 : 1 6 : 7 �� . �� .  - . Z . �1l . 6  
33 . 5  3 2 .  - .  2 .  2 9 . 8  

0 . 0  . . . 0 . 0  
0 . 0  0 ' 8 o . � 0 . 0  0 ' 8 o . o � . � .  0 ' 8 o .  
8 : 8  : 8  : 

8
: 8 8 : 8  

3
1 · B �� 'I - � ' I � . , -0 . 0  

2� : �  4 :  �& : �l : �I : !  42 . �  a .  8 . � r .  �o . f  
i
9 . 6  5g' l :o 'f -1 . 0  :0 . 0  9 'f 5 .  o .  ' i 0 . 8  o .  6 .  - .  . • 

6 0 .  6 0 .  : 8 . . . 1 . 9. 6 0 .  5 9 .  O .  • & . �  
0 . 0  8 ' 8 8 ' 1 � . o  � . o 
0 . 0  . . . 0  ' 8  
0 . 0  . . . 0  . 
0 . 0  8 . 0  8 ' . 0  . 
0 . 0  . 0  . . 0  0 . 0  
0 . 0  0 ' 8 o .  
0 . 0  
0 . 0  

8 : 8 8 : 8  8 : 8 8 : 8  � . o  8 ' 8  � . 8  0 . 0  
0 . 0  . 0 . 0  0 . 0  

8 : 8  8 : 8  
8 : 8 8 : �  0 . 0  0 . 0  

o . � 0 . 0  o .  0 ' 8 8 :  R : 8 o .  O .  
8 : 8  
8 : � 
0 . 0  

0 . 0  8 . 0 o . � � ' 8 0 ' 8 0 . 0  . �  o .  . o .  
0 . 0  8 ' 8 ' . 0 ' 8 0 . 0  . . . o . 0 . 0  o .  o .  0 . 8 0 . 0  
0 . 0  o . � g ' g  � . �  8 . 0  
0 . 0  8 ' . . . 0  
0 . 0  . . . 0 . 0  
0 . 0  o .  0 ' 8 . 0 ' 8 0 . 0  0 . 0  o .  0 . 0  O .  

4� . � iI ' l :0 . ; � 'I -� ' 8 �H : J I : 9 : ij 50 . 5  . O .  . 6 . 8  

I1B 
HA 
RI1 

om 

MEAN SlJRV IVAL HITH 110 ACTION CONDITIOIIS ( % 1  1 110 ACTIOII I 
tlE�1I SURVIVAL HllH ALTERtIAT IVE CUtu) IT IOIIS 1 %  1 1 ALTERIIATIVE 1 
RELATIVE CIIAIIGE III MEAII SURVIVAL I % I 1 ALTERIIAT IVE SURV IVAL - 110 ACTION SURVIVAL ) / l itO ACT�O/{ SURVIVAL I 1116 ��!:min Mj,{�'i�A�O 

-AY1)��1I)15u��H�h o�O�vn�[ \ lErg§XElI6u At¥1uh 9�en��v�r;IOII SURVIVAL 1 % 
01A 
AVG 

l HE CII MI(;E IN TilE ALTERtlATlVE SURVIVAL RE1.ATIVE TO 
1
'HE 1 988 NO ACTIOII SURVIVAL 1 % )  

1 AI.TU.')WIIVE SURVIVAL - 1 988 110 ACTIOIt SURVIVAL ) / 1 988 ItO ACrION SURVIVAL ) 
TIlE AVERAGE UF THE YEARS 1 993 ,  1 998 , AND 2003 1 % )  

·DATE RUN= IBFEB88 , 1 1 . 2 7 . 58 
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-

Ta b l e  £ . 6 - 1 5  

RElATIVE CHAtlGES IN MEAN SURFVAL Alffl IMPACTS RELATIVE TO 1 9B8 110 �ION URVIVAL flITH THREE YEAR AVERA ES 
I(PRMXBBI VS KPFEXBBI 1 110 ACTION ) 

PROGRAM = DSII=P .l I .  PF400 . Rt'R . F ISHPASS . SAS . REPORTSI FSUI15 1 ) 
F ILES . P.J I . PF400 . CBS . F ISH . PASS . DATA . IHDCOLFG 

P.lI . PF400 . CBS . F ISH . PASS . DATA . tIIDCOU G 
RUN DATE 
RU DAl E 

YEARLIIIG 
POOL YEAR 118 11A ru t  WB ClIA 
HELLS 1 988 30 . 0  30 . 0  -0 . 0  0 . 0  -0 . 0  

1 993 30 . 3  29 . 7 -2 . 2  I .  I - I . I 
1 998 30 . 0  29 . 4  - 2 . 0  -0 . 1  -2 . 1  
2003 30 . 0  29 . 5  - 1 . 5  -0 . 1  - 1 . 6  
AVG 30 . 1  2 9 . 5  - 1 . 9  0 . 3  - . 6  

RRECII 1 988 32 . 8  32 . 9  0 . 1  0 . 0  0 . 1  1 99 3  3 3 . 6  33 . 2  - 1 . 2  2 . 2  1 . 0 1 998 32 . 7  32 . 4  - 1 . 0  -0 . 4  - 1 . 4 
2003 33 . 1 33 . 0  -0 . 3  0 . 7  0 . 4  
AVG 33 . 1 32 . 9  -0 . 8  0 . 9  0 . 0  

RISL 1 988 40 . 3 40 . 3  0 . 0  0 . 0  0 . 0  
j 993 4 1 . 3 40 . 8  - 1 . 1  2 . 4  1 . 2  
998 40 . 3  40 . 0  -0 . 9  -0 . 0  -0 . 9  

2003 40 . 6  40 . 6  -0 . I 0 . 6  0 . 5  
AVG 40 . 7 40 . 5  -0 . 7  1 . 0  0 . 3  

LHG 1 988 65 . 2 65 . 2  -0 . 0  0 . 0  -0 . 0  
1 993 65 . 5  65 . 4  -0 . 3  0 . 5  0 . 3  
1 998 64 . 9  64 . 7  -0 . 2  -0 . 4  -0 . 7  
2003 65 . 2  65 . 1  -0 . 2  0 . 0  -0 . 1  
AVG 65 . 2  6 5 .  I -0 . 2  0 . 0  -0 . 2  

LHII 1 988 33 . 9  3 3 . 9  -0 . 1  0 . 0  - 0 . 1 
j 993 �� : �  �t : �  = t : A  =� : �  :� : !  998 
2003 3 3 . 2  !2 . 8  - 1 . 3  - 2 . 0  - 3 . � AVG 32 . 9  2 . 4  - 1 . 7  - 2 . 8  -4 . 

MCII j 988 58 . 0  58 . 0  0 . 0  0 . 0  0 . 0  
993 5 9 . 8  5 9 . 4  -0 . 8  3 . 1  2 . 3  

1 998 58 . 2  51lo 0 -0 . 4  0 . 4  -O ' l 2003 58 . 6  58 . 7  o . ! 1 . 0  I .  
AVG 58 . 9 58 . 7 -0 . . 5  I .  

.lDAY j 988 54 . I 5" . 3  0 . 4  0 . 0  0 . 4  
993 54 . 6  53 . 9  - I . 2 0 . 8  - 0 . 4  

1 998 52 . 6  52 . 1  -0 . 8  -2 . 9  - 3 . � 2003 54 . 4  54 . 0  -0 . 6  0 . 4  -0 . 
AVG 53 . 8 5 3 . 4  -0 . 9  -0 . 5  - 1 . 4  

DALS 1 988 6 3 . 1  6 3 . 3  0 . 4  0 . 0  0 . 4  
1 993 65 . 0  6't , 4  - 1 . 0  3 .  I 2 .  I 
1 998 6 3 . 6  6 3 . 0  -0 . 9  0 . 9  - 0 . 0  
2003 64 . 0  63 . 7  -0 . 5  1 . 5 1 . 0 
AVG 64 . 2  6 3 . 7 -0 . 8  1 . 9  1 . 0 

BOliN 1 988 86 . 4  86 . 4  O .  I 0 . 0  O .  I 
1 993  86 . 7 86 . 5  -0 . 3  0 . 4  O .  I 
1 998 86 . 2  86 . 0  -0 . 2  -0 . 2  -0 . 5  
2003 86 . 6  86 . 4  -0 . 2  0 . 3  O .  I 
AVG 86 . 5  86 . 3  -0 . 2  0 . 1  -0 . 1  

S1'S 1 988 65 . 0  65 . I O .  I 0 . 0  8 : 4  1 993 65 . 6  65 . 3  -0 . 5  0 . 9  
1 998 64 . 9  6" . 6  -0 . 4  -0 . 2  -0 . 6  
2003 65 . 2  6 S . 1 -0 . 2  0 . 3  0 . 1  
AVG 65 . 2  65 . 0  -0 . 4  0 . 3  -0 . 0  

SUBYEARLIIIG 
tIB If A RM am DIA 

! � : �  1 1 : �  - � : �  I � : g  I � : i  
1 7 . 1 1 6 . 3 -4 . 7  8 . 2  3 . 2  
1 7 . 2  1 6 . 4  -4 . 4  8 . 8  

2
. 0  

1 7 . 5  1 6 . 9  - 3 . 9 1 0 . 9  . 6  
25 . 6  25 . 5  -0 . 2  0 . 0  -0 . 2  
26 . 5  25 . 9  -2 . 3  3 . 4  1 . 0  
25 . 2  24 . 2  -3 . 7  - 1 . 7  -5 . 3  
25 . 9  25 . 3  -2 . 3  
25 . 8  25 . 1  -2 . 7  
25 . 0  25 . 0  O .  I 
2 7 . 4  2 7 . � -0 . 9  
26 . 1  25 . -2 . 0  
26 . 3 25 . 9 - 1 . 4  
26 . 6  26 . 2  - 1 . 4  
52 . 7 52 . 7  0 . 0  
53 . 3  53 . 1  -o . � 53 . 5  53 . 3  -0 . 
5 3 . 2 53 . 0  -0 . 4  
53 . 4  5 3 . 2 -0 . 4  

�? : �  !g : i  -� : l  3 1 . 0 2 9 . 1 -6 . 1  
30 . 0  28 . 6  -4 . 6  
30 . 7  2 9 . 3  -4 . 8  

�� : �  2 � : 6  -8 : �  
�� : �  2 U  :U 
42 . 6 42 . 2  - I . I  

4 9 . 0  4 9 . 0  0 . 0  

1 . 3  - 1 . 0  
1 . 0  - . 7  
0 . 0  0 . 1  
9 . 8  8 . 8  
4 ' J 2 . 3  
5 .  3 . 8  
6 . 5  5 . 0  
0 . 0  0 . 0  
1 . 2  0 . 9  
1 . 7  1 . 2  
1 . 1  0 . 7  
. 3  0 . 9  

0 . 0  
2

. 1  
8 . 8  . 9  
8 . 1  1 . 5  
1 . 7  -0 ' 1 . 2  2 .  
0 . 0  o . ! 6 .  I 5 .  
3 . 3  2 .  
� . 5  2 . 5  

. 3  3 . 2  
0 . 0  0 . 0  

50 . 1  4 9 . 0  -2 . 2  2 . 4  0 . 2  
" 7 . 5  45 . 9  - 3 . � -3 . 0  -6 . 2  
49 . 1  48 . 0  - 2 .  0 . 3  - 1 . 9  
48 . 9 4 7 . 7  -2 . 5  -0 . 1  -2 . 6  R� gi : �  -8j 
55 . � 5� . 8  -0 . 9  
55 . 5 . 0 -0 . 9  
55 . 7 55 . 3  -0 . 7  
8 1 . 6 8 1 . 7  0 . 2  
82 . 7  82 . 4  -0 . 3  
8 1 . 9 8 1 . 8  -0 ' 1 82 . 2  82 ' 1 - 0 .  
82 . 3 8 2 .  - 0 .  

R� g L �  -8 j 
52 . 2 5 1 . 7 - 1 . 1  
52 . 5  52 . 1  -0 . 8  
52 . 7 52 . 2  -0 . 9  

0 . 0  5 . 7  
3 . 3  
3 . 6  
4 . 2  
0 . 0  
1 . 4 
0 . 5  
0 . 8  
0 . 9  
0 . 0  
T · 7  . 6 
2 . ! 2 .  

U 
2 ' 1 2 .  
3 . 4  
0 . 2  
1 . 0  
0 . ] O .  
0 . 6  
O .  I 
2 . 9  
0 . 5  
1 . 2  
. 5  

LEGEND MB = tlEAti SURVIVAL flITII NO ACTIotl CotIDITIotlS I I.  I 1 110 ACTION I 

1 0 788 1 0888 
STEELIIEAD 
tID tll\ RM 01B O1A 
32 'f 32 . � o . � 0 . 0  � . � 
32 . 3 1 . - I ' -0 . 7  - . 
3 2 .  1 . 5 - .  - . 8 - . 
32 . �2 . 0  - . 5  -a . 5  - � .  
32 . 3 3 1 . 8  - 1 . 7  - 1 . 0  - 2 .  
38 . 0  !8 ' l -o . ! 1 . 0  

-
0 ' 1 3 7 . \ 7 .  - 1 . - . 0 - 2 .  

3 7 .  3 6 .  - I ' - . � - 3 .  
3 7 . 7 3 . 3  - .  - .  -2 . 
37 . 5  3f . 0  - . 3  - 1 .  -2 . 7  
4 2 . � 42 'f o . � 0 . 0  0 '1 42 .  42 . -0 . 1 . 0  O .  
4 1 . 4  4 1 .  -0 . 6  - . 8  - 2 .  
4 2 . 4  4 2 .  -o . � O ' y O .  
42 . 1  4 1 . 9  -0 . -0 . -0 . 

g� : �  �� : T  :8 : 1 -8 : 1 :8 : 1 83 . 0  83 . 0  -0 . -0 . - 0 .  
8 3 . 1 8 3 ' 1 -0 . - 0 .  - 0 .  
83 . 1 8 3 .  - 0 .  -0 . 2  -0 . 
4 0 . 5  40 . 5  -0 . 0  0 . 0  -0 . 0  
39 . 0  38 . � = 1 ' 4 :i · S  =i ' �  38 . 0  3 7 .  . . . 
3 9 . 5  3� . ! - ' 2  -� . 3  - . �  3B . 9  3 .  - .  - . 0 - . 
6 7 . 0  6 7 .� 0 . 0  � . o  8 ' t 66 . 66 . -0 .  - .  -0 . 
6 7 ' l 6 7 .  -0 '1 , 1  . 
6 7 .  6 7 . 3 o .  . o .  
6 7 . i  6 7 . 0  -0 . O . � o . �  
58. 7 58 ' l -r '

O g . o  -8 ' ! 59 .  I 58 . - . 0 . 6  - . �� : �  !b : �  : : l  -a : � :� : 58 . 7  8 .  - .  0 . 0  - . 
65 . 3  6 5 . � r ' O  � . o  0 ' 1 66 . 1  6 5 .  - .  . 3  O .  64 . � 64 . 0  - . 0  - . 9  -

S
o 

65 . 65 . 1  -0 . 8  . 5  - . 
65 . 5  64 . 9  -0 . 9  0 . 3  -0 . 
8 3 . 1 8 3 . ! o . � 0 . 0  0 ' 6 83 . 3  83 . - 0 .  0 . 2  -0 . 
82 . 4 8! . -0 ' 1 -0 . 9  - I . � 
83 . 4  8 . �  - 0 .  o . � o .  
83 . I 82 . - 0 .  -0 . - 0 .  
7 1 . 5  f l . 5  8 . 0  8 . 0  g ' l 7 1 . 5 I .  � - ' 1 . 0  - . 70 . 9  70 . -0 .  -0 . 8  -a . 7 1 . 4  7 1 . 3  -0 . -0 . 1  - . 7 1 . 3  7 1 . 0  -0 . -0 . 3  - 0 .  

SOCKEYE 
MB MA RI1 01B O1A 

�i � 1 �i �1 �I �I :I � i �� � � 24 . 8  24 . - .  - .  -� . 5  
o . � 8 : 8  � : 8 8 : 8 0 . 0  o .  0 . 0  
o .  8 : 8 : 8 0 ' 8 8 . 0  
0 . 0  o .  . 0  
0 . 0  O .  . 0  0 . 0  0 . 0  

i! iI iiiI �f i l �f il �i iI i� : i I� : i :8 : j :8 : 0 :8 : 0 
9 .  . 8 '  0 . , � ' I  5 9 .  9 .  - .  - .  - . 

59 . 59 .  - .  -8 . - .  

8 . 0  o · s �J 0 . 0  0 . 0  . 0  o .  8 : � g . o  0 . 0  O .  . 0  8 : 8  8 : 8 8 : 0 . 0  . 0  0 . 0  
0 , 8 �J �J �J g . o  8 : 8 8J 8 : 0 : 8 

8 : � �J 8 : � o . g �J O .  8 : 8 : 8 8
: 0  0 . 0  . 0  0 . 0  

0 ' 8 8 : 8  [� 8 : � �J O .  
0 . 0  8 . 0  O .  

8 : 8  . 0  O .  
. 0  0 . 0  

8 : 8  � . o  �J 8 : � 8 . 0  . 0  . 0  
8 : 8  : 8  8 : 8 O .  
0 . 0  . 0  . 0  0 . 0  . 0  

if;I if; t �� i ' �� i f �';i 
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T o b I e  E . 6 - 2 1 
RElATIVE CHAIIGES IN MEAN SURVIVAL AND 
IMPACTS RELATIVE TO 1 988 NO ACTION SURVIVAL 

HITH THREE YEAR AVERAGES KPRl1)(2P3 VS MPFEXBtlK I NO ACTION 1 
PROGRAM = OSII=PJI . PF400 . RNR . F ISHPASS . SAS . REPORTSI FSUtI5 I ) 
F ILES . PJI . PF�OO . CRS . F ISH . PASS . DATA . H IDCOLFG RUN DATE 

PJI . PF400 . CBS . F ISII . PASS . DATA .HIDCOLFG RUN DATE 
YEARLIIIG SUBYEARlHIG 

POOL YEAR lID HA Rll alB alA tlB HA Rll QlB Q1A 
HELLS 1 988 1 993 

1 998 
2003 
AVG 

RRECH 1 988 
1 993 
1 998 
2003 
AVG 

RISl 1 988 

lHG 

LHI1 

HCN 

JOAY 

OALS 

1 993 998 
2003 
AVG 
1 988 
1 993 
1 998 
2003 
AVG 
1 988 
1 993 
1 998 
2003 
AVG 
1 988 
1 993 
1 998 
2003 
AVG 
1 988 
1 993 
1 998 
2003 
AVG 

1
988 
993 
998 

2003 
AVG 

BUlIN 1 988 
1 993 
1 998 
2003 
AVG 

SYS 1 988 
1 993 
1 998 
2003 
AVG 

30 . 0  30 . 0  0 . 1  0 . 0  0 . 1  
38 . 8  38 . 2  - 1 . 6  29 . 3  2 7 . 2  
4 1 . 7 4 ; . 0  - 1 . 7  38 . 9  36 . 6  
4 1 . 5 4 1 . 2  - 0 . 9  38 . 4  37 . 2  
40 . 7  4J . 1  - 1 . 4  35 . 5  33 . 7 
32 . 8  33 . 0  0 . 5  0 . 0  0 . 5  
4 3 . 1 4 2 . 5  - 1 . 4  3 1 . 2  2 9 . 3  
45 . 9 45 . 4  - 1 . 0  3 9 . 6  38 . 2  
46 . 2  4 6 . 4  0 . 4 40 . 6  4 1 . 1  
�5 . 1  44 . 8  -0 . 7  37 . 1  36 . 2  

Z9 : g  �2 : �  -� : �  1 9 : 9  1 2 : � 
50 . 4 4 9 . 9  - 1 . 0  25 . 0  2 3 . 8  
50 . 6  50 . 8  0 . 4  25 . 4  25 . 8  
49 . 5 4 9 . 2  -0 . 7  22 . 7 22 . 0  
65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  
79 . 9  79 . 9  -0 . 1  2 2 . 6  2 2 . 5  
79 . 6 7 9 . 6  -0 . 0  22 . 1  2 2 . 0  
7 9 . 8  79 . 8  -0 . 0  2 2 . 4  2 2 . 4  
7 9 . 8  79 . 7  -0 . 1  2 2 . 4  22 . 3  
33 . 9  34 . 0  0 . 3  0 . 0  0 . 3  
36 . 5  35 . 9  - 1 . 7  7 . 7  5 . 9  �� : g  �� : �  =8 : �  l i : l  1 � : 6  
38 . 2  3 7 . 8  - 1 . 0  1 2 . 7  1 1 . 6  
58 . 0  58 . 4  0 . 6  0 . 0  0 . 6  
59 . 9 5 9 . 1 - 1 . 2  3 . 1  1 . 9 
6 3 . 8  63 . 5  - 0 . 4  9 . 9  9 . 5  
6 3 . 9 64 . 2  0 . 4  1 0 . 1 1 0 . 6  
6 2 . 5  62 . 3  - 0 . 4  7 . 7  7 . 3  
54 . I 54 . 7 I . I 
S4 . 6  5 3 . 8  - 1 . 5  
55 . 1  55 . 0  - 0 . 2  
56 . 9  56 . 8  -0 . 3  
55 . 5  55 . 2  -0 . 7  
63 . 1  6 3 . 8  1 . 2  
65 . 0  64 . 2  - 1 . 3  
6 7 . 5 6 7 . 7  0 . 2  
68 . 0 6 7 . 9 -0 . 1  
66 . 9  66 . 6  -0 . 4  

0 . 0  I .  I 
0 . 9  -0 . 6  
1 . 8 1 . 6 
5 . 2  4 . 8  
2 . 6  1 . 9  
0 . 0 3 .  I 
7 .  I 
7 . 8  
6 . 0  

1 . 2  
1 . 8 
7 . 4  
7 . 7  
5 . 6  

86 . 4  86 . 6  0 . 2  0 . 0  0 . 2  
86 . 7 86 . 5  -0 . 3  0 . 4  0 . 1  
86 . 1 86 . 1  -0 . 1  -0 . 3  -0 . 3  
86 . 5 86 . 4  -0 . 1  0 . 2  0 . 1  
86 . 4 86 . 3  -0 . 2  0 . 1  -0 . 1  
65 . 0  65 . 2  0 . 2  0 . 0  0 . 2  
70 . 9  70 . 5  - 0 . 5  9 . 1 8 . 5  
7 1 . 7  7 1 . 5  -0 . 3  1 0 . 3  1 0 . 0  
7 2 . 0  7 1 . 9  -0 . 0  10 . 7  1 0 . 6  
7 1 . 5  7 1 . 3  -0 . 3  1 0 . 0  9 . 7  

1 5 . 8  1 6 . 0  1 . 4 0 . 0  1 . 4 
23 . 3  23 . 0  - 1 . 6 4 7 . 7 45 . 3  
26 . 5  25 . 9  - 2 . 5  67 . 9  6 3 . 7  
26 . 6  26 . 3  -2 . 1  6 9 . 6  66 . 1  
25 . 6  25 . 0  -2 . 0  6 1 . 7  58 . 4  
25 . 6  25 . 7  
3 1 . 1 30 . 9  34 . 33 . 9  
35 . I 34 . 9  
3 3 . 4  3 3 . 2 
25 . 0  25 . 3  
30 . 5  30 . 3  
34 . 9 34 . 6  
35 . 3  35 . 2  
33 . 5  33 . 4  

0 . 6  0 . 0  0 . 6  
-0 . 6  2 1 . 4  20 . 7  
-0 . 7  33 . 4  32 . 5  
-0 . 6  37 . 2  36 . '. 
-0 . 6  30 . 7  2 9 . 9 
1 . 2 0 . 0  1 . 2 -0 . 5  22 . 1  2 . 5  

-0 . 7  39 . 6  38 . 5  
-0 . 4 4 1 . 3 40 . 7  
-0 . 5  34 . 3  33 . 6  

5 2 . 7 52 . 7  0 . 1  
5 3 . 4  53 . 3 -0 . 2  
54 . 3  54 . 1  -0 . 3  
54 . 0  5 3 . 8  -0 . 3  
53 . 9 5 3 . 7  -0 . 3  

0 . 0  1 . 4 
3 . 1  
2 . 5  
2 . 3  

! : � 2 . r  
2 . 0  

�? : �  �? : �  -g : g  I �
:
� g : g  

36 . 4  35 . 3  -3 . 3  2 7 . 2  2 3 . 0  
35 . 6  34 . 7  -2 . 5  24 . 2  2 1 . 0  34 . 6  33 . 7  -2 . 7  20 . 9  1 7 . 6  

2� : Z  � ! : �  - 8 : �  2 : �  � : �  
50 . 5  50 . 2  -0 . 5  2 3 . 5  2 2 . 6  
50 . 6  50 . 5  -0 . 4  2 3 . 9  2 3 . 4  48 . 2  4 7 . 9 - 0 . 5  1 7 . 8  1 7 . 2  

�6 : g  2 � : �  -� : �  g : �  � : r  
48 . 3 4 7 . 6 - 1 . 5  - 1 . 3  -2 . 9  4 9 . 9 49 . 3  - . 2 . 9  0 . 7  
49 . 5 48 . 8  - 1 . 4  1 . 0 -0 . 4  
5 3 . 5  5 3 . 8  0 . 6  
56 . 6  56 . 3  -0 . 5  
56 . 9 56 . 5  -0 . 7  
5 7 . 1 56 . 9  -0 . 3  56 . 9  56 . 6  -0 . 5  

0 . 0  
5 . 7  
6 . 3  
6 . 7  
6 . 2  

0 . 6  
� . 2  
6
. 6  

5 : 1  
8 1 . 6  81 . 9  0 . 4  0 . 0  0 . 4  
8 2 . 7 82 . 3  - 0 '

1 
1 . 4 0 . 9  

8
1
. 3 8 1 . 2  -0 . - 0 . 3 -0 . 4  

8 . 5 8 1 . -0 . -0 . 0  -0 . 
8 . 8  8 1 . Z  -0 . 2  0 . 3  o . I  
� ! : �  �! : �  -8 : �  2 : g  2 : �  
5 7 . 1  56 . 8  -0 . 5  1 1 . 0 1 0 . 5  5 7 . 4  5 7 . 2  - 0 . 4  1 1 . 6 1 . 2  
56 . 1  55 . 9  -0 . 5  9 . 2  8 . 6  

2 1 788 
30988 

STEELHEAD 
tlB MA Rl1 QlB Q1A 

4 3 . 3  
�
2 .  - . 0 3 2 .  3 1 .  

32 . 7  32 ' f 1 . 1  O . � D . !  
46 . . - . 8 2 . 2  . 
45 .

� 
5 .  - . 2 40 . �� ' r 

45 .  4� . - . 0 �8 . 4  . 
38 . 0 38 . I 0 . Z 46 . 1  45 . 8  -0 . 6  
48 . 8  48 . 5  -0 . 6  
4 9 . 4  49 . 2  -0 . 5  48 . 1  4 7 . 6  -0 . 6  

�t� �� � � 
�6 . 2  2t a 

42 . 2  4 2 . 5  
4 9 ' f 4 9 . 4  
52 . 52 . 0  
5 3 .  53 . 1  
5 1 . 5 1 . 5  
83 . 3 83 . 3 
88 . 0  88 . 0  
87 . 9 8 7 . 9  
88 . 0  88 . 0  
88 . 0  88 . 0  

2� : 5� �g : �  
4 5 .  45 .

Z 4 7 .  4 6 .  
45 . 2  45 . 
6 7 . 0  6 7 .� 
6 7 .

� 
6 7 .  

7 1 . 7 1 . 
7 2 .  72 . 
70 . 4  70 . 2  

J� �t�O !�J :0 . 1  6 .  25 . 9  
0 . 2  2 .  22 . 1  
0 . 0  0 . 0  o . � :8 : 8 1

5 : i � : !  o .  a . . 
-0 . 0  . . 

y . 2  o . � I ' �  �8 : �  I r : � I : �  o j  f .  7 J 
-0 . 0  l .  . J f  0 : 1 j :� 
-0 . 3 � . . 

58 ' 1 58 . 9  0 . 2 8 . 0  59 . 58 . 8  -0 . 5  . 7  6 0 .  60 '
1 

-o . ! 2 . 3 6 1  . I .  - 0 .  4 . 7  
6 0 .  2 �o . -0 . 2 . 6  

o . � O ' g t 3 
65 . 3  65 . 6  0 . 5  
66 . 2  65 ' 1 -0 . 9  6 7 . 8 6 7 .  -0 . 0  
68 . 6  68 . -8 . 1  6 7 . 6  6 7 .  - . 3  I J  1 : 1 
83 . 1  83 ' l 

0 . 3  0 . 0  o . ! 
83 . 3  63 .  -o . � 0 . 2  -0 .  
81 . 7 8 1 . -0 . - I . 7 - I . 
82 . 6  82 . 6  - 0 .  -0 . 6  -0 . 
82 . 6  82 . 5  -0 . -0 . 7  -0 .  
7 1 . 5  7 1 . 5  0 . 1  
75 . I 74 . 9 -0 . j 
75 . 9  75 . 9  - 0 .  
76 . 5  76 . 4  -o ' l 75 . 9  75 . 7  -0 . IJ iJ 

LEGEIID nWl ��mm: �m �rA\hlI9�v�
O
t'glJI9�8,,�XM

N
�Atfnft�·hVE ) 

SOCKEYE 
/1B MA RU QlB alA II � � �� � l �I � � �� � � !1 � 7 33J h.t J �� j � I . �  
0 . 0  O . � � . � O . S O .  . O . O .  . o .  8 ' . 
0 . 0  . . 

�0 : 8 8 : 08 . 0  8 '  . 0  . 0  
. 0  0 . 0  

11 : 1 Ii : i �� : i �i : i �� :i 
5� :i �� : i :8 : 1 _0 : 0 -, : f �o . 60 . 8 '  ' · 1 . �o . o .  - .  . . 
60 . �0 . 2  - . . . 
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

8 · 0  . 0  
0 . 0  
8 · 0 . 0  

� : 8 � : � 0 ' 8 . o .  . 
� . O 0 . 0  
. 0  8 . 0  . 0  . 0  
. 0  0 . 0  

0 . 0  0 . 0  

8 : � � : � � : 8  8 :
0 

8 . . . 0  0 . 8 
. . . 0  g . o  

0 . 0  o .  0 . 0  . 0  

8 : � 8 : � 
8 . o .  . o .  8 : 8  sJ 

8 : 8  8 : 8  
8 : 8  8 : 8  

0 . 0  0 . 0  0 . 0  0 . 0  O ' s O . O . 
0 . 0  
0 . 0  

8 : 8  8 : � 0
:
0 8 : 8  o ' s 8 '  8 . 8 0 . 0  o .  . 8 . 0  0 ' 8 o .  . . 0  o .  

0 . 0  0 . 0  0 . 0  8 . 0  0 . 0  
0 . 0  0 . 0  � . � . 0  0 . 0  o . g 0 . 0  . � . o  0 . 0  o .  0 . 0  . . 0  8 . 0  
0 . 0  0 . 0  . . 0  . 0  

�
7 . 0  

� 7 . � � . �  0 . 0  o . �  

�I � ! �I � 2 �8 � �  l i � i 1 � � 2 
lID 
11A 
Rl1 

QlB 
REl.ATIVE CHANGE III MEAN SURVIVAL I X )  I ALTERIIATIVE SURVIVAL - NO A�ION SU!i.'tIVAL I / ( NO A(:J:ION nl� �M�ml �URtll�A�O _ 

A
rU�

N
N8

Uf�H�h O�D�vn�[ \ lE�NA�EN6° At'lioh 9 S3RU�V�ti
ION SURVIVAL (/.) SURVIVAL ) 

Q'IA 
AVG 

1 1i E  CHAliCE IN THE ALTERNATIVE SURVIVAL RELATIVE TO TIlE 1 988 NO ACTION SURVIVAL ( X )  I Al.l E RIIAT IVE SUIlVIVAI. - 1 988 liD ACTION SURVIVAL ) / 1 1 988 NO ACTION SURVIVAL ) THE AVEIlAGE OF THE YEARS 1 99 3 ,  1 998 , AlID 2003 I /, I  
·OATE RUN= 09MAR88 , OB . 26 . 50 



Ta b l e  E . 6 - 2 0  

RELATIVE CHANGES IN tlEAN SURVIVAL AND lllPACTS RE LATIVE TO 1 988 NO AcrION SURVIVAL 
WITH TlWfE YEAR AVERAGES 

KPRtlX2P2 VS MPFEXBMK I NO ACTION ) 
PROGRAM = DSII=PJI . PF400 . RIIR . F ISHPASS . SAS . REPORTSI FS1JI15 1 )  
FILES , �J� : f��88 : �� : � I�� : ���� : 8�t� :n}8�gl�g ��N 8�t� ��f�� 

Yc:ARLING SUBYEARlUlG STEELHEAD SOCKEYE 
POOL YEAR UB tlA RtI ctIB alA tlB MA RtI ctIB D1A tlB MA RI1 ctIB D1A tlB MA RI1 ctIB D1A 
WELLS 1 988 30 . 0  30 . 0  0 . 1  0 . 0  0 . 1 1 5 . 8  1 6 . 0  1 . 1  0 . 0  1 . 1  32 . 7 32 ·

f 
o
·
t 0 . 0  o

·
t 

25
' 1 �

5 ' i 1 ' 1  l ' � o . } 993 38 . 8  38 . 1  - 1 . 7 29 . 3 2 7 . 1 2 3 . 3 2 3 . 0  - 1 . 5 4 7 . 7 45 . 5  43 . 3 4 2 .  - I ' 3 2 . 6 �t · 19 .  I ' - .  i '  i4 .  
1 998 4 1 . 7 41 . 0  - 1 . 7  38 . 9  36 . 6  26 . 5 25 . 9  - 2 . 3  6 7 . 9  64 . 0  45 . 9 4 5 .  - .  40 . 6 . 5 . . _ . . 9 .  
2003 4 1 . 5 4 1 . 2  - 0 . 8  38 . 4  37 . 3  26 . 8  26 . 3  - 1 . 9 6 9 . 6  66 . 5  46 . 4  46 . - 0 .  4 2 . 2 . 6 .

3 3 . - .  . I ' AVG 40 . 7 40 . 1  - 1 . 4 35 . 5 33 . 7  25 . 6 25 . 1  - . 9 6 1 '. 7 58 . 6  45 . 2 44 . 8  - 1 . 38 . 4 . 3 . 9 3 . _ .  . . 
RRECH 1 988 32 . 8  33 . 0  0 . 3  0 . 0  0 . 3  25 . 6  25 . 8  0 . 9  0 . 0  0 . 9  38 . 0  38 . 1  0 . 2  o . � 0 '1 0 . 0  

�
.
� �

.
� � . � o . � 1 993 43 . 1 42 . 5  - 1 . 3  3 1 . 2  2 9 . 5  3 1 . 1 30 . 9  -0 . 4  2 1 . 4  20 . 9  46 . 1 4 5 . 8  - 0 . 7  2 1 . �O .  0 . 0 . . .  O .  1 998 45 . 9 45 . 4  - 1 . 1  39 . 6  38 . 1  34 . 1  34 . 0  -0 . 5  33 . 4  32 . 8  48 . 8 48 . 5  -0 . 6  28 . 7 .  g . o . . .  g .  2003 46 . 2  46 . 3  0 . 3  40 . 6  4 1 . 0  35 . 1  3' • .  9 -0 . 5  37 . 2  36 . 6  4 9 . 4  49 . 2  - 0 . 4  30 . 9 .  . 0 . . . .  AVG 45 . 1 44 . 7  -0 . 7  37 . 1 36 . 2  3 3 . 4  33 . 3  -0 . 5  30 . 7  30 . 1  48 . 1 47 . 8  -0 . 6  26 . 6  5 .  0 . 0 . . 0 . 0  0 . 0  

RISL 1 988 40 . 3 40 . 4  0 . 1 0 . 0  0 . 1  25 . 0  25 . 2  I . ! 0 . 0  1 . 1  4 2 . 2 4 2 . 5  0 . 7  � . o o

' f l4· t li ' i � ' i I '! ! ' f 1 993 4 7 . 5 46 . 9  - 1 . 4  1 7 . 8  1 6 . 2  30 . 5  30 . 4  - 0 .  22 . 2 . 6 49 . 7  9 . 4  - 0 .  . 7 .  7 . . _ .  . . 1 998 50 . 4  50 . 0  - 0 . 9 25 . 0  23 . 9  34 . 9  34 . 7  -0 . 5  39 . l  38 . 8  52 . 0  �z . �  -o . t  ! . ?  ! 3 .  � . . _ . � .  � .  2003 50 . 6  50 . 8  0 . 4  25 . 4  25 . 8  3S . 3  3S . 2  -0 . 2 4 1 . 3 4 1 . 0  5 3 . 1 �3 .  - 0 .  � . 8 h .  . 9 . -8 ' • • 
AVG 4 9 . 5 4 9 . 2  -0 . 7  22 . 7  22 . 0  33 . 5  3 3 . 4  - 0 . 4  34 . 3  33 . 8  5 1 . 6  5 1 . - 0 .  22 . 4  2 2 .  4 . 6 . - . . 1 .  

lWG 1 968 65 . 2  65 . 2  0 . 0  0 . 0  0 . 0  5 2 . 7 52 . 7  0 . 1  0 . 0  0 . 1  83 . 3  8 3 .
� 

0 ' 8 o ' ! 0 ' 1 59
'j �9 '1 � ' i  J ' I f " 1 993 79 . 9  79 . 9  -0 . 1 22 . 6  22 . 5  53 . 4 53 . 3  -0 . 2  1 . 4 1 . 2  88 . 0 88 . - 0 .  5 .  5 .  

1
9 .  9 .  _ .  _ .  _ .  

1 998 79 . 6  79 . 6  -0 . 0 2 2 . 1 22 . 0  54 . 3 54 . 1  -0 . 3  3 . 1 2 . 7  87 . 9 8 7 .  -o . g 5 .  i '  o . o . _ .  . . 
2003 79 . 8  7 9 .  -0 . 0  2 2 . 4  22 . 4  54 . 0 5 3 . 8  - 0 .  2 . 5  2 . 1 88 . 0 88 . -0 . 5 . . O .  O .  _ . . . AVG 79 . 8  79 . 9  -0 . 1  2 2 . 4  22 . 3  53 . 9  53 . 7  -o . �  2 . 3  2 . 0  88 . 0  88 . 0  -0 . 0  5 . 6 . 6  6 0 .  ZO o _ .  . . 

lHM 1 98
1 

33 . 9  34 . 0  0 . 3  0 . 0  0 . 3  28 . 7 28 . 7  0 . 1  0 . 0  0 . 1  40 . 5 40 . 5  0 ' 1 f ' o " J  o .
g 

g .
� �

.
� � ' 8 � .

� 1 99 36 . 5  35 . 9  - 1 . 7  7 . 7  5 . 8  3 1 . 9  3 1 . 2  -2 . 2  1 1 . 3  8 . 9  4 3 . 4 42 . 9  - 1 . " 0 . . . . .  99 38 . 6  38 . 3 -0 . 9  1 3 . 9 2 .  9 36 . 4  35 . 4  -3 . 0  2 7 . 2  2 . 4  45 . 2  45 . 0  -0 .  . .  . 0 . . . .  
rrJ �003 39 . 5  39 . 3  -0 . 5  1 6 . 6 1 6 . 0  35 . 6  34 . 7  - 2 . 6  24 . 2  z r . o 4 7 . 0 46 . 9  -0 . I . § 1 . 

8 . g � . . . � .  
AVG 38 . 2  37 . 8  - 1 . 0  2 . 7  1 . 6 34 . 6  3 3 . 7 -2 . 6  20 . 9  1 7 . 7  45 . 2 45 . 0  -0 . 6  . S . O .  O .  . . 0  O .  

(J') MCN 
1
988 58 . 0  58 . 3 0 . 5  0 . 0 0 . 5  4 0 .  � 4 1 .

1 
0 . 3  0 . 0  O .  3 6 7 . 0  6 7 .  i o . I i ' J 0 '1 o .  

� � . � � . i � . � � . � 1 993 59 . 9 59 . 1 - 1 . 2  3 . 1  1 . 9  4 3 .  4 3 .  -0 . 7  6 . . 4  7 . 7 6 . -0 .  " . . . .  . 
N 998 6 3 . 8  6 3 . 6  -0 . 3  9 . 9  9 .  50 . 50 . - 0 .  2 3 .  2 . 0 1 . 4 . -0 . . . . . . .  . 
N Z003 63 . 9  64 . ,  0 . 4  1 0 . 1  1 0 . �  50 . 6  50 . - o . �  Z 3 . l  Z ! . 5  �2 . 0  �L -0 . . 2 .  8 . . . . .  AVG 6, . 5 62 . 3  -0 . 4  7 . 7  7 . 3  48 . 2  48 . 0  -o . � 1 7 . 8  1 � . 3  fo . 4  �o . - 0 .  • 4 .  8 .  O .  • . . 0  

JDAY 
1
988 54 . 1  54 . 6  0 . 9  0 . 0  0 . 9  4 9 . 0 4 9 . 2 0 .

, 
0 . 0  0 . 4  58 . 7 5 9 . 0  0 . 4  i ' o i ' I o .

� �
.
� �

.
� 8 ' � o . � 993 54 . 6 5 3 . 8  - 1 . 4  0 . 9  -0 . 6  50 . 2 4 9 . 5  - I ' f

· 5  1 . 2  59 . 1 58 '
i 

-0 . 5  . � . g . . . .  8 . 
998 !is . 1  55 . 0  -0 . 3  1 . 8 1 . 5  48 . 3 4 7 . 6  - . - . 3 - 2 . 7  60 .  60 . 0 . 0  . .  . . . . .  
003 �6 . 9  56 . 7  -0 .  5 .  .8 49 . 9 49 . 3  - .  . 9  0 . 8  6 1 . . - 0 .  . .  0 . . . . .  

lVG 55 . 5  55 . 2  - 0 . 1  2 J  1 . 9  4 9 . 5 48 . 8  - . 3 . 0  -0 . 2  60 j zA . -O . �  . 6 . 0 . . .  8 . 0  g . 
OAlS 

1
988 6 3 . 1 6 3 . 7 , 0 . 9  q . o 0 . 9  53 . 5  53 . 8  0 . 5  0 . 0  0 . 5  65 . 3  65 '1 o . � 1 . 0  8 . 6  o .

g g . �  i ' i  � . g  o . � ZZ� f : ii  �rt -8 J 7 : A  7 : 6  �� : Y  � �J  :8 : 2  6 : : z� : g  6� : :8 : : : : 
0

: : : : 
993 65 . 0 64 . 3  - 1 . 2  f l  � . �  56 . 6  56 . 3  -o . � � . 7  � ' I 66 . 2  Z5 . -o . y · i · 5 g . . .  . � ' O 

AVG 62 . 9  66 . 6  -0 . 4  6 . 0  5 . 6  56 . 9 56 . 6  - 0 . 4  6 J  t 6 7 . 6  6 7 .  -o j • ti 8 . 8 8 . . 0 . 8  . g 
BOliN 1 988 86 . 4  86 . 5  0 . 2  0 . 0  o . ! 8 1 . 6  8 1 . 8  0 . 3  0 . 0  0 . 3  83 '

1
83

'
1 g . 2  f ' O f 'l 8 . 0  � ' i � . � i . g o . g 993 86 . 7  8S . 5 -0 . 3  0 . 4  O .  82 . 7  8 2 .  i - 0 . 4  I .  � 1 .  0 8 3 .  83 . - . 3 . 2  - . . 0 . . .  

8
' 

1
998 86 . 1 1'6 . 0  - 0 ' 1 -O ' i - 0 .  8 1 . 3 8 1 . -0 . 2  -0 . -0 . 5  8 1 . 8 1 . -o ' r  - . 7  - . 0

' 8
" '

8
'
8 

003 86 . 5  86 . -0 . O .  0 . 0  8 . 5  8 1 . -0 . 2  -0 . -0 . 3  82 . 6  82 . - 0 .  - . 6 - • 0 . . . . .  
VG 86 . 4  86 j -0 . 2  O .  -0 . 1  81 . 8 8 1 . 6  -0 . 3  0 . 3  0 . 1  82 . 6 82 . -0 . - 0 . 7  -0 . O .  O .  • • O .  

SYS 
1
98� 6ii ' 0 65 . � _o . � 0 . 0  o . � 5 1 . 4  5 1 . � _o . � 0 . 0  � . 4  }I . � f� ·t -8 · t J ' Y 9. · A �� 'l !� ' i -i 'i � 'I O 'i 

LEGEHO 

�� 71 : ?  f� : 5  -8 : 3  I Z :  1 3 : 0  � � :
9 

�i : 9  - 8 : 4  
4

: 3  0 :  7 � :  5 :  -0 : : l : ,  : :  _ : : � :  
,oo� h . o 7 1 . 9  -0 . 0  1 0J  1 0 . 6  5 7)  5 7 . 2 - 0 . 4  1 1

. 6  b J  76 } 6 .  - 0 .  . �  6 . 9  � t  t _ . l � . 1 0 .  AVG 7 1 . 5 7 1 . 3  -0 . 3  0 . 0  9 . 7  5 6 . 1 55 . 9  -0 . 5  9 . 2  8 . 7  75 . �  5 .  - 0 .  6 . 1  6 . 0  �o . O .  _ .  A .  7 .  

m 
R11 ctIB 

D1A 
AVG 

MEAlj SURVIVAL WITH NO ACTION CotIDITIONS 1 % )  I NO ACTION I 
I lEAl SURV IVAL WITH ALTERNATIVE COIIDITIONS 1 % )  I ALTERNATIVE ) 
RELArIVE CHAIIGE III MEAIl SURVIVAL 1 % )  I ALTERIIATlVE SURVIVAL - U

O fCTroN SUJ!.'iIVAL )  I I NO AqION SURVIVAL ) Tn� xr.1�g� WR���Aro 
-
A
�A�1

I
1I8u��HAh 0�5�vn�[ \ IRE�NA�EN6° Agl¥ON9�aRV�V�t \  ION SURVIVAL ( % )  

THE CHANGE 1 N  THE AlTERIlATlVE SURVIVAL RElATIVE TO THE 1 988 NO ACTION SURvhAL ( % )  I ALTERIlAI
IVE SUIIV (VAL - 1 988 NO ACTION SURV IVAL J I 1 1 988 NO ACTION SURVIVAl ) 

THE AVER GE OF THE YEARS 1 993 , 1 998 , AlID 2005 I I. )  

-DATE RUN= 08MAR88 . 08 . 1 2 , 40 



rr1 

m I N 
W 

Ta b l e  E . 6 - 1 9  

RELATIVE CHAIlGES I N  MEAN SURVIVAL AND 
HlPACTS RfLATIVE TO 1 988 NO ACTION SURVIVAL 

h ITU THREE YEAR AVERAGES 
KPRMXBHF VS I(f'FEXBHF I HO ACTION ) 

PROGRAM = DSN=PJ I . PF 4 0 0 . RII R . F ISHPASS . SAS . REPORTSI FSUtl5 1 )  
F I LES I PJ I .  PF'+OO . rF�S . F 1511 . PASS . DATA . IHDCOI.FG RUN DATE 

PJI . f'F400 . CilS . F ISH . PASS . DATA . tl lDCOLFG RUIl DATE 

YEARLIHG 

POOL YEAR lIB UA Rl1 CUB 01A 

HELLS 1 988 30 . 0  30 . 0  0 . 0  0 . 0  0 . 0  
1 9 9 3  38 . 8  38 . 4  - 1 . 2  2 9 . 4  2 7 . 9  
1 9 98 4 1 . 7 4 1 . 1  - 1 . 4  3 9 . 0  3 7 . 0  
2 0 0 3  4 1 . 6  4 1 . 1  - 1 . 2  38 . 8  3 7 . 1  
AVG 40 . 7 4 0 . 2  - 1 . 3  3 5 . 8  34 . 0  

RRECH 1 988 3 2 . 8  3 2 . 9  0 . 1 0 . 0  0 . 1  
1 99 3  4 3 . 2  '+ 3 . 0  - 0 . 6  3 1 . 7  30 . 8  
1 9 98 4 5 . 9  4 5 . 6  - 0 . 6  3 9 . 8  3 9 . 0 
2 0 0 3  4 6 . 5 4 6 . 3  -0 . 5 4 1 . 7 4 1 . 0  
AVG 4 5 . 2 45 . 0  - 0 . 6  3 7 . 7  3 7 . 0  

RISL 1 988 40 . 3 4 0 . 3 0 . 0  0 . 0  0 . 0  
1 9 9 3  4 7 . 6  4 7 . 4  - 0 . 6  1 8 . 2  1 7 . 5  
1 9 98 50 . 5  50 . 2  - 0 . 5  25 . 2  24 . 5  
2 0 0 3  5 1 . 0 5 0 . 8  - 0 . 4  2 6 . 4  2 6 . 0  
AVG 4 9 . 7 4 9 . 5 - 0 . 5  2 3 . 2 2 2 . 7  

LHG 1 988 65 . 2  6 5 . 2 - 0 . 0  0 . 0  - 0 . 0  
1 9 9 3  7 9 . 9  7 9 . 9  ' 0 . 1  2 2 . 6  2 2 . 5  
1 9 98 7 9 . 6  7 9 . 6  - 0 . 0  2 2 . 1  2 2 . 1  
200 3 7 9 . 8  79 . 8  -0 . 0  2 2 . 4  2 2 . 4  
AVG 7 9 . 8  7 9 . 7  - 0 . 0  2 2 . 4  2 2 . 3  

LHM j 988 3 3 . 9  3 3 . 9 - 0 . 0  0 . 0  -0 . 0  
9 9 3  36 . 5  36 . 2 - 1 . 0  7 . 7  6 . 7  

1 9 98 38 . 6  3 8 . 3  - 0 . 8  1 4 . 0  1 3 . 1  
2 0 0 3  39 . 7  3 9 . 4  - 0 . 7  1 7 . 1 1 6 . 2  
AVG 38 . 3  38 . 0  - 0 . 8  1 2 . 9  2 . 0  

MCIl j 988 58 . 1  58 . 2  0 . 2  0 . 0  0 . 2  
9 9 3  5 9 . 9  5 9 . 7 - 0 . 4  3 . 2  2 . 8  

p98 6 3 .  9 6 3 .  7 - 0 . 3 9 . 9  9 . 6  
0 0 3  64 . 1  6 4 . 1  0 . 0  1 0 . 4  1 0 . � 

AVG 6 2 . 6  6 2 . 5  - 0 . 2  7 . 9  7 .  

JDAY j 988 54 . 2  54 . 4  0 . '+  0 . 0  0 . 4  
9 9 3  Sft . 6 5', . 2 - 0 . 7 0 . 7  0 . 0  

1 9 98 5 5 . 1 54 . 9  - 0 . 5  1 . 8 1 . 3  
2 0 0 3  56 . 9 5 6 . 7 - 0 . 2  4 . 9  4 . 7  
AVG 55 . 5 55 . 3 - 0 . 5 2 . 5  2 . 0  

DALS 1 988 6 3 . 2  6 3 . 5  0 . 5  0 . 0  0 . 5  
1 9 9 3  65 . 0  6 4 . 6  - 0 . 6  2 . 8  2 . 2  
1 998 6 7 . 5 6 7 . 3 - 0 . 3  6 . 7  6 . 4  
2 0 0 3  68 . 0  6 7 . 9 - 0 . 1  7 . 5  7 . 4  
AVG 6 6 . 8  6 6 . 6  - 0 . 3  5 . 6  5 . 3  

BONN 1 988 86 . 4  86 . 5  0 . 1  0 . 0  
D . !  1 9 9 3  86 . 7 86 . 6  - 0 . 2  0 . 3  O .  

1 9 98 86 . 1 85 . 9  - 0 . 2  - 0 . 4  - 0 . 5  
2 0 0 3  86 . 5 86 . 4  -0 . 1  o .  I 0 . 0  
AVG 86 . 4 86 . 3  - 0 . 1  0 . 0  - 0 . I 

SYS 1 988 65 . 0  65 . 1  0 . 1 0 . 0  0 . 1  
1 99 3  }0 . 9  7 0 . 7  -0 . 3  9 . 0  8 . 8  
1 9 98 1 . 7 7 1 . 5  - 0 . 3 1 0 . 2  9 . 9  
2 0 0 3  72 . 0  7 1 . 9  - 0 . 2  1 0 . 8  1 0 . 6  
AVG 7 1 . 5  7 1 . 4  - 0 . 2  1 0 . 0  9 . 8  

LEGEIIll UB 
MA 

SUBYEARLING 

lIB MA RM Cl'1B O1A 

1 5 . 7 1 5 . 8  0 . 2  0 . 0  0 . 2  �l : �  � � : A  : � : � �� : � 2� : �  
2 6 . 7  26 . 0  -2 . 5  6 9 .  65 . 7  
25 . 5  24 . 9  - 2 . 4  6 2 .  58 . 5  

25 . 6  25 . 6  0 . 0  0 . 0  0 . 0  
34 . 1  30 . 5  - 1 . 8  2 1 . 5  1 9 . 4  
3 . 1  3 3 . 4  - 2 . 0  3 3 . 3  30 . � 
35 . 2  34 . 7  - 1 . 4  3 7 . 5  35 . 
3 3 . 4  3 2 . 9  - 1 . 7  30 . 8  28 . 5  

25 . 0  25 . 0  0 ' 1 0 . 0  0 ' 6 
30 . 5  30 . 2  - 1 . 2 2 . 3  2 1 . 
34 . 9  34 . 4  - 1 . 2  3 9 . 7 38 . 0  
3 5  . 3 34 . 9 - 1 . 0 4 1 . 3 3 9 .  9 
3 3 . 5  3 3 . 2  - 1 . 1  34 . 4  3 3 . 0  

5 2 . 7  5 2 . � 0 . 0  0 . 0  0 . 0  
5 3 . 4  5 3 .  - 0 . 3  1 . 4 I . � 54 . 3  54 . 1  - 0 . 4  3 . 1 2 .  
54 . 0  5 3 . 8  - 0 . 3  2 . 4 2 . 1  
5 3 . 9 5 3 . 7  -0 . 3  2 . 3 2 . 0  

28 . 7  28 . 7  0 . 1  0 . 0  g :  I 3 1 . 9 3 1 . 0  - 3 . 0  1 1 . 4 
3 6 . 4  35 . 0  - 3 . 7  2 7 . 0  2 2 . 3  
35 . 6  34 . � - 3 . 0  24 . 2  2 0 . 6  
34 . 6  3 3 .  - 3 . 2  2 0 . 9  1 7 . 0  

4 0 . 9  40 . 9  0 . 1  0 . 0  �J  4 3 . 4  4 3 . 0  -0 . 9  6 . 2  
5 0 . 5 5 0 . 1  - 0 ' 2 2 3 . 6  2 2 . y 
50 . 6  5 0 . 3  -0 . 2 3 . 9  2 3 .  
48 . 2  4 7 . 8  - 0 . 8  1 7 . 9 1 7 . 0  

4 8 . 9 4 9 . 0  0 . 1  0 . 0  0 . 1 
5 0 . 2 4 9 . 1 - 2 . 2  2 . 6  0 . 4  
4 8 . 2  4 7 . 0  - 2 . 6  - 1 . 4  -4 . 0  
5 0 . 0  4 9 . 0 - 1 . 9  I . 1  ? 2 
4 9 . 5  48 . 4  - 2 . 2  . 1  - . 2  

5 3 . 5 5 3 . 5  0 . 1  0 . 0  O .  I �t � � �j :8J 5 . 8  � . I  6 . 5  
6 : 1  5 7 . 0  56 . 7 -0 . 5  6 . 6  

56 . 8  56 . 5  -0 . 6  6 . 3  5 . 7  

8 1 . 6  8 1 . 8  0 . 1  0 . 0  o . j 8 2 . 7 82 . 5  -D . ! 1 . 2  I .  
8 1 . 3 8 1 . 1  - 0 .  -0 . 5  -0 . 7  
8 1 . 5 8 1 . 4  -0 . 1  - 0 . 2  - 0 . 3  
8 1 . 8  8 1 . 7 -0 . 2  0 . 2  0 . 0  

� ! : �  �! : �  -8 : �  2 : g  2 : } 5 7 . 1  56 . 7  - 0 . 8  1 1 . 0  1 0 .  
5 7 . 4  5 7 . 0  - 0 . 6  1 . 6 1 0 .Z 
56 . 1 55 . 7  -0 . 7  9 . 1 8 .  

1 2 24 8 7  
1 2 24 8 7  

STEELHEAD 

UB I1A RI1 CI'IB O1A 

3 2 . 6  3 2 . 6  o . t o . � � . �  
4 5 . 9  4 5 . 4  -A ' O .  . 
4 3 . 3 4 3 . 0  - 0 .  f ·  I ' 
4 6 . 4 4 6 . 0  - . 8  �2 ' i I . � 4 5 . 2  44 . 8  -0 . 8  8 .  7 .  

38 . 0  38 . 0  -0 . 0  0 . 0  -0 . 0  
46 . 1  4 5 . � - O 'i 2 1 . � �O ' i 48 . 8  4 8 .  - 0 .  2 8 .  7 .  
4 9 . 4  4 9 . 2 -0 . 3 0 . 0  2 9 .  
4 8 . 1 4 7 . 9 -0 . 26 . 6  26 . 

4 2 . 2  4 2 'f 0 ' 1 0 . 0  o . � 
4 9 . 7 4 9 .  -0 . 1 7 . 8  F' 
52 . 1 5 1 . - 0 .  2 3 ' i � . ,  
5 3 . 1 5 3 .  -0 . 0  25 . 2 .  
5 1 . 6  5 1 . -0 . 2  2 2 . 3  2 2 .  

�� : 6  �fiJ :8 : 8  fi ll 8 7 . 9  87 . 9  - 0 . 0  
88 . 0  88 . 0  -0 . 0  
88 . 0  88 . 0  -0 . 0  

40 . � 4 0 . � - 0 . 0  � . o  - 0 . 0  �� : 2  �� : I  :8 :l I t : i  I I : ! 4 7  . 1 4 7 .  0 -0 . . . 
45 . 3 45 . 1  -0 . I .  . f' �  6 7 . � 

_
0 . 0  f? I i i 7 .  6 I ' 8 ' �  H :

5 
} :  - :  : }  

70 J 70 . 4  - 0 .  . 2  

5 8 . ! 58 ' l 
-O ' A 0 . 0  -o .� 

5 9 .  5 8 .  - 1 .  i '  7 -0 . 
60 . 5 9 ' f - 0 .  j � :  6 1 . � 6 1 . -0 . 6  
60 . 5 9 .  -0 . 8  . 5  1 . 7  

65 . 3  65 . 5  0 . 2  0 . 0  0 ' 1 6 6 . 1  65 . 7  - O 'f ! : f  o .  
6 7 .  7 6 7 .  � - 0 . 

t 68 . 8  68 . -0 . 5 .  
6 7 . 5  6 7 . 2 -0 . 3 . 4  

83 . 2  8 3 . 2  0 ' 1 0 . 0  O ' A 
8 3 . 3 8 3 . , -0 . ? � o .  
8 1 . 7 8 1 . - 0 .  - .  - 1 . 8  
8 2 . 6  82 . 6  -0 . - 0 .  -o . � 82 . 5  82 . 5  -0 . 1  - 0 . 8  - 0 .  

7 1 . 5  7 1 . 5  O ' f 0 . 0  0 . 0  
75 . 1  75 . 0  -0 . � : � t t  76 . 0  75 . 8  -0 . 
76 . 5  76 . � -0 . 7 .  6 .  
75 . 9  7 5 .  -0 . 6 .  I 6 . 0  

SOCKEYE 

tlB MA RI1 CI'IB O1A �I � I �� � �  �f � i �f � 1 !i � � i3 .  9 �t - . 3 .  3 1  J 
0 . 0  8 : 8 o . � 8 : � 8 : � 0 . 0  O .  8 . 0  . 0 o . 8 : . 0  0 . 0  o .  8 : 0 0 . 0  0 . 0  O .  O .  

liiJ fii i �liI Ifi! ifil �� : � f� : i :8 : 1  -f : J  :8 : 0  6 0 .  O .  O .  . t .  g 
60 . � O .  - 0 .  . . 
6 0 .  O .  - 0 . . . 0  8 . 0  8 : 8  IJ IJ 8 : 8  8 : 8 0 . 0  8 : 8  . 0  8 . 0  0 . 0  . 0  . 0  0 . 0  

� : 8 0 . 0  �j � � I 
0 ' 8 0 . 0  O .  

. 0  8 : 8  o .  

. 0  0 ' 8  0 . 0  0 . 0  O .  O . 

o .� 
IJ IJ 8 : 8  0 . 0  8 : 0 . 0  8 : 8  0 . 0  

o .  : 8  8 . 0  O .  0 . 0  . 0  8 : 8  � : 8 � � I 8 : � 8
. 0  
. 0  

0 . 0  o .  0 . 0  
0 . 0  

o j o .  8 . 0  0 . 0  O .  0 . 0  . 0  

0 . 0  0 . 0  o .� �J 0 . 0  
0 . 0  0 . 0  o .  0 ' 8 0 . 0  0 . 0  O .  
0 . 0  0 . 0  o .  8 : 8 0 . 0  0 . 0  O . 0 . 0  

� 7 . 0  4 7 . 0  0 '

1 i ' f  ! . o  ' i  4
�

.
g :

0 .  . . 

51 : 3 j2 : 0 -8 : j :  1 :� 
5 . 8 0 . 5  -0 . . 7 .  

RM 
Cl'1Il 

Cl'IA 

nBN �:m�m� �m ��T�lJcI?
l
iv�

O
t�{i6f?�5Nk

(
i/)

N
?AtfHfl�iIVE ) 

REl .A T I V E  CHAtiGE l/I liEAH SURV IVAL 1 % )  I A l.TERtlATIVE SURVIVAL -
U

O ACTIO
N 

SURVI�AL ) h I NO ACTION SURVI VA L ) 
THE C H A liCE III THE 110 ACTIOII SURV IVAL OVER TItIE l REl.AT IVE TO T E 1 988 t o  AfF N SU V IVAL 1 % ) 
1 1 10 AC] 'J[)H SUI/V IVAL - 1 988 110 AC'f I OH SURVIVAL / 1 1 988 NO ACTIOIl SlJl�VIVAL 
1 11E CHArIGE III  THE ALTERIIAT I V E  SURV IVAL RELATIVE TO lHE I Y88 tW AITIOH SURVI�AL 1 % )  

AVG 
I A LH ml�flvE SUUV IVAI. - 1 9a8 110 ACfION SUIlVIVAl. I I 1 1 988 110 ACfIOII SURVIVAL 
THE AVlRAGE OF THE YEARS 1 9 9 5 ,  1 9 98 , MID 2003 I /, )  

-DATE RUN= 1 81' EB88 I I I  I Z 5 , 0 3  



fT1 

0'> 
I 

N 
-P> 

Tab l e  E . 6 - 1 8  �ELAT I VE CIIANG�S IN NEAN SUR�tl'�B A� 
liP ACTS RELAT I E TO 1 9BB 110 _ N RV IVAL WITH l� RfE Y E A R  AVE AGES 

KPRtlXllIlL VS KI'FEXIlIlL 1 110 ACTION ) 

fROGRAI1 = DSN = PJ I . PF 4 0 0 . RIIR . F I SIlPASS . SAS . REPORTS I FSUH5 1 ) 
I LES . PJI . PF 4 0 0 . CBS . F 1 S H . PASS . OATA . M IDCO L F G  RUII DATE 

PJ I . f'F400 . CllS . F I SII . PASS . DA fA . llIDCOLFG RUll DAlE 

POOL YEAR 

WELLS 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

RRECH 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

RISL 1 988 
1 9 9 3  

!9 98 
0 0 3  

AVG 

LWG 1 988 j 9 9 3  
9 98  

2 0 0 3  
AVG 

LWl1 1 988 
1 9 9 3  
1 9 98 
2 0 0 3  
AVG 

l1CN j 988 
9 9 3  

1 9 98  
200 3 
AVG 

JOAY r88 
9 9 3  
9 9 8  
0 0 3  

AVG 

DALS j 988 
9 9 3  

1 9 98 
2 0 0 3  
AVG 

BONN j 988 
9 9 3  

1 9 98 
2 0 0 3  
AVG 

SYS 1 988 
1 99 3  

!998  
003 

AVG 

LEGEND 

YEARLING 

tlB NA Rl1 ctlB OIA 

30 . 9  3 0 . 9  0 . 0  0 . 0  0 . 0  
3 9 . 4  38 . 8  - 1 . 3  2 7 . 5  25 . 8  
42 . 0 4 1 . 7  - 0 . 5  35 . 9  35 . 2  
4 2 . 7 4 1 . 9  - 1 . 9  38 . 4  35 . 8  
4 1 . 4 40 . 8  - 1 . 2 3 3 . 9  3 2 . 3  

3 3 . 0  33 . 0  -0 . 2  0 . 0  - 0 . 2  
4 2 . 9 4 3 . 3  0 . 9  2 9 . 9  3 1 . 2  
45 . 7 4 6 . 0  0 . 5  38 . 5  3 9 . 2  
4 6 . 9 4 6 . 3  - 1 . 3 4 1 . 9 40 . 1  
45 . 2  45 . 2  0 . 1 36 . 8  36 . 8  

40 . 5  40 . � -0 . 3  0 . 0  -o . t 
4 7 . 1 4 7 .  1 . 2 1 6 . 3  1 7 .  
50 . 0  5 0 . 6  1 . 3  2 3 . � 25 . 0  
50 . 8 50 . 8  - 0 . 1  25 . 2 5 . t 
4 9 . 3 4 9 . 7  0 . 8  2 1 .  2 2 .  

65 . 4  65 . 3  - 0 . 0  0 . 0  -0 . 0  
7 9 . 9 80 . 0  
7 9 . 6  7 9 . 6  

0 . 1 2 2 . 2  2 2 . 3 o .  2 1 . 7  2 1 . 8  
7 9 . 8  7 9 . 8  0 . 1  a . 1  2 2 · 1 
7 9 . 7 7 9 . 8  0 . 1 2 2 . 0  2 2 .  

34 . 5  34 . 5  -0 . 2  0 . 0  - 0 . 2  
36 . 3  36 . 6  0 . 7  5 . 2  6 . 0  
38 . 4  38 . 8  0 . 9  I I . ;  1 2 . 3  
3 9 . 6  3 9 . 7 0 . 3 1 4 .  1 5 . 1 
38 . 1  38 . 4  0 . 6  1 0 . 4  I I .  

�g j �� : §  O .  I 0 . 0  0 . 1  
2 . 3  0 . 4  2 . 7  

6 2 . 6  6 3 . 8  1 . 9  7 . 4  9 . 4  
6 3 . 2  6 3 . 8  . 0  8 . 4  9 . 4  
6 1 . 4  6 2 . 5  1 . 7  5 . 4  7 . 2  

�5 . 9  55 . 9  0 . 0  0 . 0  0 . 0  
5 . 0  54 . 2  - 1 . 5  - 1 . 5  - 2 . 9  

5 5 . 9  54 . 5  - 2 . 4  
5 8 . � 5 6 . 6  - 3 . 4  
56 . 55 . 1  - 2 . 4  

0 . 0  - 2 ' 1 
4 . 8  I .  
1 . 1  - I .  

0 . 0  0 . 2  64 . 9  65 . � 0 . 2  
6 5 . 2  64 . - 0 . 4  0 . 4  - 0 . 0 
68 . 2  6 6 . 6  - 2 . 4  
6 9 . � 6 7 . 3  - 2 . 7  
6 7 .  6 6 . 3  - I . 9 

86 . 9  8 6 . 9  0 . 0  

5 ' 1 6 .  
4 . 0  

0 . 0  

2 . 6  
3 . 7  
2 .  I 

0 . 0  
86 . 7 8 6 . 7  - 0 . 1  -0 . 2  - 0 . 3 
86 . 1 85 . 9  -0 . 7  -0 . 5  - I . � 
8 7 .  86 . � -0 . 8  0 . 2  - 0 .  
86 . 8 86 . -0 . 5  - 0 . 2  -0 . 7  

6 5 . 4  65 . 5  
70 . 8  70 . 9  

0 . 0 0 . 0  
0 . 1  8 . 2  

7 1 .4 7 1 . 6  -0 . 2  9 . 6  
7 2 . 7 1 . 9  - 0 . 6  1 0 . 6  
7 1 . 6  7 1 . 5  -0 . 2  9 . 5  

0 . 0  
8 . 4  
9 . 4  
9 . 9  
9 . 2  

SUBYEARLWG 

tlB tJA Rl1 C/lB O1A 

1 6 . 5  1 6 . 6  0 . 3  0 . 0  o . r 
24 . 4  2 3 . 0  - 6 . 0  �7 . 9  3 9 .  
2 7 . 4  25 . 9  -5 . 3  5 . 7  l7 . 0  
2 7 . 7 26 . 6  -4 . 1 6 7 . 8  0 . 9  
26 . 5  25 . 2  -5 . 6 0 . 5  5 2 . 3  

2 6 . 6  26 . 7  0 . 4  0 . 0  0 . 4 
32 . 5  3 1 . 4  - 3 . 3  2 2 . 1  1 8 . � 
35 . 2  34 . 2  - 3 . 0  3 2 . 5  28 . �* : g  �� : �  =� : �  �b : 1  �� : �  
25 . 6  25 . 7  0 . 3  0 . 0  O . � 
3 1 . 2 30 . 4  - 3 . 2  2 2 . 6  1 8 .  
35 . 3't . 4 - 2 .  9 38 . � 34 . 3 
35 . 9  35 . 0  - 2 . 6  40 . 36 . � 34 . 2  3 3 . 2 - 2 . 9  3 3 . 8  2 9 . 

5 2 . 8  52 . 8  0 . 0  0 . 0  ! . O  
5 3 . 6  5 3 . 3 - 0 . 5  ! . 5  . 0  
54 . 5  54 . 2  - 0 . 4  . 1  . 6  
54 . 2 5' . .  0 - 0 . 4 2 . 5  2 .  I 
54 . 1  5 3  8 - 0 . 4  2 . 4  1 . 9  

30 . 0  30 . 1 0 . 5  0 . 0  0 . 5  
3 3 . 4  3 2 .  -4 . 1 1 . 6 . 0  
3 7 . 8  36 . - 3 . ! 2 6 . 0  2 � . 1  
3 7 . 5 36 . I - 3 .  2 5 .  I 20 . 6  
36 . 2  34 . 9  - 3 . 6  2 0 . 9  1 6 . 5  

2! J � ! :  � -? j 0 . 0  0 . 2  
6 . 9  5 . 2  

50 . 7  5 0 . � -& . 0  �3 . � 2 2 . 0  
5 1 . 0 50 . - . 8 3 .  f 2 . 8  
48 . 5 48 . 0  - 1 . 1  1 8 . 0  6 . 7  

50 . 1  50 .} � . 5  
52 . 3  50 . - .  I 
50 . 3 48 . � - 3 . 8  
5 2 . t 50 . - 3 . 7 
5 1 . 4 9 . 8  - 3 . 5  

54 . 0  54 . ! 0 . 0  
5f · 3 56 .  - 1 . 9  
5 . 2  56 . 3  - 1 . 6  
5 7  . � 56 . 8 - . 5 
5 7  . 56 . 4  - I . 7 

O . �  ! . 5  
4 .  . 0  
0 . 4  - . �  
4 . 3  O .  
3 . 0  -0 . 

0 . 0  0 . 0  
6 . 0  � . o  
5 . 8  . 1  
6 . 7  . 0 
6 . 1  4 . 4  

82 . 3  82 . 3  0 . 1  0 . 0  o . �  
82 . 6  8 2 . 6  -0 . 0  0 . 4  o .  
8 1 . 9  80 . 9  - I . � -0 . 1 - I . 
82 . 5  8 1 . 3  - I . O .  - 1 . 2  
82 . 3  8 1 . 6  - 0 . 9  0 . 1  -0 . 8  

g� : �  g� : �  -{ : i  2 : g  � : �  
5 7 . 7 5 6 . 8  - . 5  1 1 . 0 9 . 3  
52 . 2  5 7 . 3 - I ' �  I . � 1 0 . 2  
5 . 8  56 . 0  - .  9 .  7 . 7  

j 2 2 587 
2 2 587 

STEELHEAD 

tm UA RI1 C/lB O1A 

't . 1  4 3 . 2  - I .  3 .  2 7 .  
�3 . 9  3 5 . 9  -o . y  8 · ; -0 · 1 
4 6 . 3  45 .� - . �  36 . 35 . 
4 7 . 7 4 6 .  - .  40 . 3 .  
46 . 0 45 . - 1 . 7  35 . 8  3� . 

3 9 . 1  3 9 . & -0 . 0  0 . 0  -� . � 
46 . 6  4 6 . -A ' � �9 · l � . 
4 9 . 0 48 . 7  - .  5 .  . 
50 . 1  4 9 . 1 - I . �  2� . 2 .  
4 8 . 5  4 8 .  - 0 .  2 .  2 3 .  

�5 : 1  � § : �  :{ : I I g : 1 Ii: ! 5 2 . 5 5 ! . . 2 0 .  . 
54 . 2  5 . �  - 2 .  �4 .  . 
5 2 . 2  5 1 . - I . O .  . 

8 3 . 3 8 5 . 5 - 0 . 0  � . O  -o . � 
88 . 0  1111 . 0  0 . 0  . � I · 8 7 . 9  8 7 . 9  0 . 0  
88 . 0  88 . 0  0 . 0  g : �  J 88 . 0  88 . 0  0 . 0  

4 1 . 4  4 1 .

� -O ' l  i · i -� · t 3 . 3 4 3 .  O .  . . 24 . 9  't 5 .  o .  . . 
4 7 . 1 4 7 . ! o .  I .  I � . 
45 . 45 . 0 . 4  8 .  . 

6 7 . 2  6 7 . ! - O . i 
6 7 . 4 6r O . 
7 1 . 0 7 .  o .  
7 1 . 7 7 1 . o .  
70 . 0  70 . 3  O .  
5 9 . 5  5� . � f ' l 
60 . 6  5 .  - .  
60 . 7  6 0 .l - . 
6 2 . 3  6 1 . - .  
6 1 . 2  60 . - .  

6 6 . 6  6 6 . 7  0 . 1 
6 6 . 9 6 6 . 1 - 1 ' 
6 8 . 5  6 7 . 3  - . 
6 9 . 8  68 . 5  - . 9  
68 . 4  6 7 . 3 - . 7  

o . �  -o ' A O .  O .  ! : �  . 3  ! : � . 7 

IJ tt 
8 :! l§ ? .  . 0  " .  . y 
2 . 8  . 

8 3 . 8  8 3 . 8  - 0 . 0  o .
! 

- 0 . 0  
8 3 . 4  8 3 . � -o . �  - 0 .  - 0 . 8  
82 . 2 8 1 . -0 . - I . - f . 7  
8 3 . 4 8 2 .  - . 1 - 0 .  - .  
8 3 . 0  8 2 . � -A . 8  -0 . 9  - . �  
7 1 . 9  7 1 . 8  -0 . 0  
75 . 3  75 . � -0 '1 
76 . 0  7 5 .  -0 . 
76 . 8  f6 . 5  -0 . 
76 . 0  5 . 8  -0 . tg 11 � . 8  . 

. 8  . 

A = NEAll Suny I V A L  WITH ALTERNATIVE CUllD ITIotlS 1 % )  1 ALTERIIAT I VE ) 

SOCKEYE 

t1B l1A RI1 C/lB O1A 

�3 : � !t : � =i : !  li : l  !Y : i 36 .1 � .� . . 5 .  
38 . . - . . 8 .  
35 . . - .  . 8 .  8 : � � : � 8 : 8 8 : � 0 . 0  

8 : 8  o .  8 :  0 · 8 o .  8 : 8  8 . 0  O .  O . O .  . 0  

!6 ' I �! · i :o .! i · I -� ' A 21 � �  � � : i � �o : f � i  
5� : 9 �� : I :� : i - � : I _o : � lO . ! �O .  . . I . 6A ' A ' :8 ' . ' A 6 .  6 .  . . . 

8 : 8 0 . 0  o . � �J 
0 . 0  

8 : 8  8 :  0 . 0  o .  0 . 0  
0 . 0  0 . 0  8 :  0 . 0  
0 . 0  0 . 0  0 . 0  

8 : 8  8 . 0 � : � �J 
0

' 8 
0 . 0  8 : �  8 : 0 

8 . 0  . 0  
. 0  0 . 0  O . 0 . 0  

8 . 0  8 : 8  � : � s : � 
8 : 8  . 0  

0 . 0  8 : 8 8 . 0 0 . 0  8 :  8 :  . 0  
0 . 0  O .  0 . 0  O · S  8 : � S :� �j S · O O . . 0  o .  8 : 8 

. 0  
0 . 0  O . 0 . 0  
0 . 0  O .  O .  0 . 0  

8 : 8  0 ' 8 8 : � �J 
0 . 0  O .  0 . 0  

0 . 0  o
· s  8 :  0 ' 8  0 . 0  O .  O .  

0 . 0  O .  O . 0 . 0  

2� ' 1 j7 · t -I ' , I "  A ' I  k t : � < 12 � 
\lA = NE All SURVIVAL WITH NO ACT lotI COND IT I ONS 1 % )  1 NO ACTION ) 

= RELATIVE CHAliCE III IIEAN SURV IVAL 1 % )  1 ALTERIIATIVE SURVIVAL - 110 ACTION SU� IVAL ) � �UO ACT�ON SURV IVAL ) 
Cl1B = THE CHAIlr;E IN TIlE 110 ACTIOII SURVIVAL OVER T IME RELAT I V E  TO T H E  1 988 NO A 1011 SU V AL 1 %  

1 110 ACTIOII SUI<VIVAL - 1 988 tlO ACTIOII S U R V I V A LJ / 1 1 988 HO ACTION SURV IVAL ) 
etlA = TilE C H A tIGE II I  TilE ALTERIIAT IVE SURV I V A L  R E I.ATIV TO THE 1 908 110 ACTIOU SURXI�AL 1 % )  

( A I.TE HtlAT I V E  S U H V I V A L  - 1 988 110 ACTION SUHVIVAL I / ( 1 9B8 110 ACTIOIl S RVIV L 
AVG • THE AVE RAGE OF THE YEARS 1 9 9 3 , 1 9 98 , MID 2 0 0 3  ( % )  

·DATE RUll= 1 8FEB88 : l l . 25 . 35 



rr1 

m 
I 

N 
Ul 

Ta b l e  E . 6 - 1 7  

����g�ERkr�¥Y�� f� Im� �gRUn6t/lffiRVIVAL 
HITH THREE YEAR AVERAGES 

KPRtIXBSH VS KPFEXBSH I NO ACTION I 
PROGRAM : DSH=PJI . PF400 . RtlR . F ISHPASS . SAS . REPORTSI FSUtI5 1 1 
F ILES . PJI . PF400 . CBS . F ISH . PASS . DATA . MIOCOLFG RUN DATE PJI . PF400 . LIlS . F ISH . PASS . DAfA . IIlDCOLfG RUN DAlE 

YEARLING 
POOL YEAR tIB MA Rt1 alB alA 
HELLS 1 968 30 . 0  30 . 0  0 . 1 0 . 0  0 . 1  

1 993 38 . 8 38 . 1 - 1 . 7 29. 3 2 7 .  1 
1 998 4 1 . 7 4 1 . 1  - 1 . 4  38 . 9  37 . 0  
.2003 4 1 . 5 4 1 . 1  - 1 . 0  38 . 4  37 . 0  
AVG 40 . 7 40 . 1  - 1 . 4  35 . 5  33 . 7  

RRECH 1 988 32 . 9  32 . 9  0 . 1  0 . 0  0 . 1 
1 993 43 . 1 4 2 . 4  - 1 . 6  3 1 . 3  2 9 . 2  
1 998 45 . 9  45 . 6  -0 . 6  39 . 6  38 . 8  
2003 46 . 1 46 . 3  0 . 4  40 . 3 40 . 9  
AVG 45 . 0  44 . 8  -0 . 6  37 . 1  36 . 3  

RISL 1 968 40 . 3  4 0 . 4  0 . 0  0 . 0  0 . 0  
1 993 4 7 . 6 4 6 . 8  - 1 . 7  1 7 . 9  1 5 . 9  
1 998 50 . 4  50 . 2  -0 . 4  2 5 . 0  24 . 5  
2003 50 . 5  5 0 . 8  0 . 5  25 . 3  25 . 9  
AVG 4 9 . 5 4 9 . 3  -0 . 5  22 . 7  2 2 . 1  

LHG 1 988 65 . 2  65 . 2  -0 . 0  0 . 0  -0 . 0  
1 993 7 9 . 9 7 9 . 8  -0 . 1  2 2 . 6  2 2 . 5  
1 998 79 . 6  79 . 6  -0 . 0  2 2 . 1  2 2 . 1  
2003 79 . 8  79 . 8  -0 . 0  2 2 . 4  22 . 4  
AVG 7 9 . 8  79 . 7  -0 . 1  22 . 4  22 . 3  

LHM 1 988 33 . 9  3 3 . 9  -0 . 1  0 . 0  - 0 . 1 
1 993 36 . 5  35 . 8  -2 . 0  7 . 6  5 . 5  
1 998 38 . 6  38 . 3  -0 . 6  1 3 . 8  1 3 . 1 
2003 39 . 5  39 . 4  -0 . 3  1 6 . 5  1 6 . 2  
AVG 38 . 2  3 7 . 8  - 1 . 0  1 2 . 6  1 1 . 6 

MCN 1 988 58 . 0  58 . 0  0 . 0  0 . 0  0 . 0  
1 993 5 9 . 9 58 . 9  - 1 . 6  3 . 3  1 . 6 
998 6 3 . 8  63 . 7  -0 . 1  1 0 . 1  1 0 . 0  

2003 64 . a 64 . 1  0 . 2  1 0 . 4  1 0 . 7 
AVG 62 . 5  62 . 3  -0 . 5  7 . 9  7 . 4  

JDAY 1 988 54 . 1  54 . 2  0 . 2  0 . 0  0 . 2  1 993 5't . 6 54 . 1 -a . 9 0 . 9  -0 . 0  
1 998 55 . 1  54 . 9  -0 . 5  1 . 8 1 . 4 
2003 56 . 9  56 . 7  -0 . 4  5 . 2  4 . 8  
AVG 55 . 6  55 . 2  -0 . 6  2 . 6  2 . 0  

DALS 1 988 6 3 . 0  6 3 . 1 0 . 2  0 . 0  0 . 2  
1 993 6 5 . 0  64 . 4  - 1 . 0  3 . 2  2 . 2  
1 998 6 7 . 6  6 7 . 3  - 0 . 4  7 . 3  6 . 8  2003 68 . 0  6 7 . 9  -0 . 2  8 . 0  7 . 8  
AVG 66 . 9  66 . 5  -0 . 5  6 . 2  5 . 6  

BONN 1 9138 86 . 4  86 . 4  0 . 0  0 . 0  0 . 0  
1 993 86 . 7 86 . 4  -0 . 3  0 . 4  0 . 1  
1 998 86 . 1  85 . 9  -0 . 2  -0 . 3  -0 . 5  
2003 86 . 5  86 . 4  -0 . 1  0 . 2  0 . 1  
AVG 86 . 4  86 . 3  -0 . 2  0 . 1  -0 . 1  

SYS 1 988 65 . 0  65 . 0  0 . 0  0 . 0  0 . 0  
1 993 70 . 9  70 . 5  -0 . 6  9 .  I 8 . 5  
1 9 98 7 1 . 7  7 1 . 5  -0 . 3  1 0 . 3  1 0 . 0  
2003 72 . 0  7 1 . 9  -0 . 0  1 0 . 7  1 0 . 7  
AVG 7 1 . 5  7 1 . 3  -0 . 3  1 0 . 0  9 . 7  

LEGEND t1B 

SUBYEARLING 
lIB IIA Rt1 CI1B O1A 
1 5 . 9  1 5 . 9  0 . 4  0 . 0  O ' i 
23 . 3  2 3 . 0  - 1 . 6 46 . 9  Z4 . 
26 . 5  25 . 8  -2 . 7  6 7 . 2  2 .  
26 . 8  26 . 0  -2 . 7  68 . 7  64 . !  
25 . 5  24 . 9  -2 . 3  6 1 . 0  5 7 .  
25 . 6  25 . 6  -y . ,  0 . 0  -0 . 2  
3 1 . 0  30 . 5  - .  2 1 . 1  ! 9 . 0  
34 . 2  3 3 . 4  -2 . 2  33 . 2  o . � 
35 . 1  34 . 7  - 1 . 3  37 . 0  35 . 
3 3 . 4  32 . 9  - 1 . 7  30 . 4  28 . 2  
25 . 1  25 ' 1 0 . 0  0 . 0  0 . 0  
30 . 5  3 0 .  -0 . 9  2 1 . 6  20 . 6  �� : �  �� : �  :A : �  �Z : !  �� : ! 33 . 5  33 . 2  - 1 . 0  33 . 8  3 2 .  
52 . 7 52 . 7  0 . 0  0 . 0  0 . 0  
53 . 4  53 . 2  -0 . 2  1 . 3  I . � 
54 . 3  54 . I - 0 . 4  3 . � 2 .  
54 . 0  5 3 . 8  - 0 . 4  2 .  2 . 1  5 3 . 9  53 . 7  -0 . 3  2 . 3  1 . 9  
28 . 7  28 . 7  -0 . 1  0 . 0  -0 . 1  
3 1  . 9  30 . 7  -3 . 7  1 1 . 2  7 . 0  
36 . 5  35 . 1  -4 . 0  27 . 2  22 . 2  �� : �  �� : �  : � : �  �� : A  i2 : �  
40 . 9 40 . 9  0 . 0  2 . 0  2 . 0  
4 3 . 4 4 2 . 9 - 1 . 1  . 0  . 8  
50 . 5  50 . !  -0 . 9  2 3 ' 1 2 2 . 3  
50 . 6  50 . -0 . 6  Y 3 .  22 . 9  
48 . 2  4 7 . 8  -0 . 9  7 . 7  1 6 . 7  
4 9 ' 1  4 9 . 0  -0 . ,  0 . 0  -0 . 2  
50 . 48 . 8  - 2 .  2 . 2  -2 . 5  
48 . 3 4 7 . 0  - 2 . 8  - 1 . 5  - . 3  
49 . 9  4 9 . 0  - 1 . 8  ' b -D . ! 4 9 . 5  48 . 3  -2 . 4  O .  - 1 . 

giJ gi J -8 J  
56 . 9  56 . 5  -o . � 
5 7 . 0  56 . 7  - 0 .  
56 . 8  56 . 5  -0 . 6  
81 . 6  8 1 . �  0 . 0  82 . 7 82 . -0 . 3  

0 . 0  
5 . 6  6 . 2  
6 . 4  
6 . 1  
0 . 0  
1 . 4 

gJ  
5 . 5  
5 . 9  
5 . 4  
0 . 0  
1 . 0  

8 1 . 3  8 1 . � -0 . 3  -0 . 3  -0 . 6  
8 1 . 5 8 1 . -0 . 2  -0 . 0  -0 . 2  
8 1 . 8 8 1 . -0 . 3  0 . 3  0 . 1  
5 1 . 5  5 1 . 5  0 . 0  0 . 0  0 . 0  
53 . 9  5 3 . 5  -0 . 8  � . 8  3 . 9  
57 . 1  56 . 6  -0 . 8  1 . 0  10 . 1  
57 . 4  57 . 1  -0 . 6  I I . ! 0 . 9  
56 . 1  55 . 7  -0 . 8  9 .  8 . 3  

1 22587 
1 22587 

STEEUIEAD 
lIB MA Rt1 alB Q1A 
32 . 7  3 2 .

! 
O . � 0 . 0  a . ! 4 3 . 3 4 2 .  -0 . �2 ' 1 1 1 . 45 . 9 45 .  - 1 . 0  O . 8 .  46 . 4  46 . 0  -0 . 8  42 .  �O .  

45 . 2  44 . 8  -0 . 9  38 . 3  7 . 0  
38 . 0  38 . 0  -0 . 0  0 . 0  -0 . 0  
46 . 1 45 . 9  -0 . 5  2 1 . 2  2 0 . ! 
48 . 8  �8 . 5  -0 . 5  28 . �  � 7 .  
4 9 . 4  9 . 2  -0 . 5  � 9 .  9 .  
48 . 1  4 7 . 9  -0 . 5  6 . 5  25 . 

4 9 . 7 4 9 . 5  -0 . 1 7 . 9 1 '  
4 2 . 2  4 2 . 2  O ' i 0 . 0  � . � 
52 . 0  gl ' I -0 . 3  2i · 3  � .  
5 3 . 2 3 .  -0 . 0  2 . 0  2 . 5 1 . 6  5 1 .  -0 . 3  2 2 . 4  2 . 1  
8 3 . 3  83 . 3  -0 . 0  0 . 0  -0 . 0  88 . 0  88 . 0  -0 . 0  t �  5 · t 87 . 9 8 7 . 9 -0 . 0  5 .  88 . 0  88 . 0  -g . o  g . 6  g : 88 . 0  88 . 0  - . 0  . 6  
40 . 5  4 0 '

1 
-o ' l o ' I -o ' l 4 3 . 4  2 .  - I . . . 45 . 2  k -0 . ( t 

4 7 .  a � 7 . 0 -0 . 6 . 0  6 .  
45 . 2  5 . 0  -0 . 5  1 . 6 1 . 0 
66 . � g6 ' I -0 . 0  
6 7 .  7 .  - O ' I � 1 . H . -0 . 2 .  . O .  
70 . 4  70 . - 0 .  2 
58 . 8  58 . � -D . ! 59 . 1 50 . - 1 . 
60 . 1  5 9 .  - 0 .  
6 1 . 5 6 1 . 1  -0 . *  
60 . 2  59 . 7  -0 . 
65 .  i 65 .  f a ' I 66 . 65 .  -o . � 6 7 .  6 7 .  - 0 .  
68 . 8  6 8 .  -o . � 
6 7 . 6  6 7 . 2  -0 . 

IJ -8 : 1  . 6  1 .  . 2  . 0  
o . g -a . ! 
O .  -0 . 
2 .  g } .  
4 .  . 
2 . 4  . 5  
0 . 0  [t ! . 3  : �  
3 . 5  

8 3 . !  8 3 ' 1 0 . 0  0 . 0  � ' 8 81 . 8  8 . 6  -0 . - I .  - .  
8 3 .  8 3 .  - O ' f 0 . ,  . 
82 . 6  8! . 6  - 0 .  -0 . 6  -o .� 
82 . 6  82 . 5  -0 . -0 . 7  -0 . 

�� : T  �� : �  :8 : ; 
75 . 9  75 . 8  -0 . 
76 . 5  76 ' 1 -0 . 75 . 9 75 . -0 . 2  �J If 6 . 1  . 9  

MA 
MEAN SURV IVAL HITH NO ACTIOIl CDtmITIONS 1 % 1  I tiO ACT lOti I 
ttEAtI SURV IVAL HUH ALTERNATIVE COlm ITlOtlS 1 % )  I ALTERNATIVE I 

SOCKEYE 

t1B I1A Rt1 CI1B O1A 

�l :i �l:i =1 : 1  11 : 1  I

� :i �6 . �  35 .  . . �O .  
3 3 .  3 3 .  - .  . 5  I .  

o . � 0 ' 8 0 ' 8 �J 8 . 0 O .  o .  8 : g . 0  
o .  0 ' 8  0 . 0  
0 . 0  o .  8 :  8 . 0 0 . 0  0 . 0  0 . 0  . 0  0 . 0  

�� . !  li ' � :8 ' 1 f ' i -0 . 0  

� � 6 2 � t :8 � � � �� � �  
9 .  9 .  O . . 0 . 6  g9 ' j f9 ' l :

O
' i -" 1 :0 . 0  

60 . O .  - 0 .  . t .  � o .  O .  - . . . Z O o  60J -8 . . . 0  
0 . 0  0 . 0  8 : � � : o o . � 0 · 8  o . � O .  
o .  o .  O .  O .  0 . 0  O .  O . 

oj O . 0 . 0  O .  O . O . 
0 . 0  8 : 8 �J �J o . � 0 . 0  O .  8 . 0  8 : 8  o .  . 0  O .  0 . 0  0 . 0  0 . 0  

8 : 8  o
· s [� �J o . � 
O .  O .  

8 . 0 o .  O . 
. 0 0 . 0  O . 
. 0  0 . 0  0 . 0  

0 . 0  0 . 0  � � � [ � o . � 0 . 0  0 . 0  O .  0 . 0  o ' g 8 :  0 . 0  O .  
0 . 0  O .  O .  0 . 0  

8 : 8  o :
� � ! � �J 8 : � 0 . 0  O .  0 . 0  � : O  

o .  
0 . 0  . 0 O . 

!7 . � �� . o  :8 ' 1 i ' , -o . � t � g ! : � :8 : I :  J� 0 . 8  50 . . . 7 .  

Rt1 RH.ATlVE CHAtICE III I1EAN SURV IVAL I % I I ALTERNATIVE SURV I VAL - NO ACTION SURVIVAL ) I I �O Aq�ON SURVIVA L ) 
alB nm �Pttlfm MjH�lnA�O -AI��g"tI�u��mh 0�5�vn�[ \ / 

RELAT IVE TO nlE 1 980 NO ACTION SURVI AL ( %  
1 1 988 tiD ACTION SUHVIVAL ) 

-DATE RUN: 

a lA 
AVG 

THE CIIAIIC;E HI THE ALTERIIATIVE SURVIVAL RELATIVE TO IHE 1 988 NO ACTION SURVIVAL ( % 1  
I A I.U lill l, T! V E  SURVIVAL - 1 968 NO ACTION SURVIVAL ) I 1 988 NO ACTION SUHVIVAL I THE AVUlAGE OF THE YEARS 1 993 ,  1 998 , AIm 2003 1 1. 1  

18FEB88 , 1 1 , 24 , 52  



Tu b l e E . 6 - 1  6 
�R��H�E

R�r.�n�� f� 'I�B� �gIlXti'�BII
A!ffiRv IVAL 

I HTH TlIHF E  YEAR AVEllAGES 
r PRl1A£lGH VS YPFEXllGII 1 110 ACTION ) 

PROGRAM = DSII = PJ I . PF'100 . RIIR . F ISHPASS . SAS . RE PORTS I FSutI5 1 ) 
F I LES . PJ I . PF4 0 0 . CBS . F I StL PASS . D ATA . tl TOCOI.FG RUII DATE 1 2 24 8 7  

PJ I . PF400 . CBS . f lSIL I'ASS . UATA . IllDCOLf G RUII DAlE 1 2 2587 
'tEAIlLItIG SUIll'EARLING STlEl.HEAD SOCYE'iE 

POOL 'tEAR lIB tlA RI1 [.J IB OIA l IB  11A RI1 01B O1A tID NA RI1 01B O1A /1B NA RI1 01B O1A 
HELLS 1 988 30 . 0  30 . 0  -0 . 1  0 . 0  - 0 . 1  1 5 . 9  1 6 . 0  0 . 6  0 . 0  0 . 6  52 . 8  3 2 . 8  - 0 . 0  D . ! -0 . 0  25 . 5  25 . 5  f ' } ! ' i f ' ! 1 9 9 3  38 . 7 38 . 3  - 1 . 1 2 9 . 1 2 7 . 7  2 3 . 3 2 2 . 9  - 2 . 0  4 7 . 1 44 . 1  4 3 . 4 4 3 . 0  -0 . 9  3 2 .  10 ' � 2 9 . 6 19 • 0  - .  i '  ! .  

1 9 98 4 1 . 6 4 1 . 1  - 1 . 2  38 . 6  3 7 . 0  26 . 6  25 . 8  - 2 . 8  6 7 . 4  6 2 . 7  45 . 8 4 5 . 4  -0 . 9  3 9 .  8 .  i5 . 8  5 . � _ .  . . 
2003 4 . 6 4 1 . 1  - 1 . 1  3 t! . 6  3 7 . 1  26 . 8 26 . 0  - 2 . 8  68 . 6  6 . 9  4 6 .  46 . 0  -0 . 9 4 1 . O .  6 .  5 .  _ .  . . 
AVG 4 0 . 6 40 . 2  - 1 . 1  35 . 5  33 . 9  25 . 6  24 . 9  - 2 . 5 6 1 . 0  5i . 9  4 5 . � 44 . 8  -0 . 9  3 7 . � 6 . 5  3 . � 3 3 .  _ .  . . 

9 9 3  42 . 8 4 2 . 9  0 . 2  3 1 . 2  3 1 . 5  3). . 0  30 . 5  - 1 . 7  20 . 7  1 8 . 6  46 . 1  45 . 9  - 0 . 5  20 . 8  20 .! 0 . . . .  O .  
RRECH 1 958 3 2 . 6  32 . 6  0 . 0  0 . 0  0 . 0  25 . 7  2 5 . 8  0 . 2  0 . 0  0 . 2  38 . 2  38 . 2  - 0 . 0  0 . 0  - 0 . 0  o ' g 8 ' 8 � .

g � . � 0 ' 8  
998 45 . 8 4 5 . 6  -0 . 5  40 . 4  3 9 . 8  3 1 ' j 3 3 . 4  - 2 . 1  32 . 7  2 9 . 9  48 . 8 48 . 5  - 0 . 5  2 7 . 8  2 7 .  O .  

g
. o  . 0  . 0 ' 8 2003 4 6 . 3 46 . 3  -0 . 0 4 2 . 1 4 2 . 1  35 . 34 . 7  - 1 . 2  3 6 . 5  34 . 8  49 . �  4 9 . 2  -0 . 4  2 9 . 4  28 . 

g . o . o . o . O .  
AVG 45 . 0 44 . 9  -0 . 1 3 7 . 9 3 7 . 8  3 3 . 4  32 . 9  - 1 . 7  30 . 0  2 7 . 8  48 . 1 4 7 . 9 -0 . 5  26 . 0  25 . 4  . 0  0 . 0  . 0  . 0 . 0  

R ISL 1 988 39 . 9  3 9 . 9  -0 . 1  0 . 0  - 0 . 1  25 . 1  25 . 2  , . 3  0 . 0  o ·
t 

4 2 . 3 4 2 . 4  D . ! 0 . 0  D . ! 35 ' 1 35 ' l -
�
·t f ' J -i ' i 

1 99 3  4 7 . 2 4 7 . 3 0 . 2  1 8 . 1 1 8 . 4  30 . 5  30 . 2  - . 0  2 1 . 4  2 0 .  4 9 . 7 4 9 . 6  - 0 .  7 . 3  1 7 . 3 7 .  36 . _ .  . • 
1 998 50 . 2 50 . 2  -0 . 2  2 5 . 8  2 5 . 6  34 . 9  34 . 4  - . 3  38 . 9  3 7 .  52 . 2 5 1 . 9  - 0 . 5  ! 5 . 2  2 2 .  44 . 9 44 . _ .  } '  � .  
2003 50 . 7 50 . 8  0 . 1 2 7 . 0 2 7 . 1 3S . 3  34 . 9  - . 0 4 0 . 4 38 . 5 3 . 1 5 3 . 1  -0 . 0 25 . 4 25 . 4 5 . 9 4 5 .  _ .  . . 
AVG 49 . 4 4 9 . 4  0 . 0  2 5 . 6 2 3 . 7  3 3 . 5  3 3 . 2  - 1 . 1  3 3 . 6  3 2 . 1  5 1 . 6  5 1 . 5  -0 . 2  2 2 . 0  2 1 . 7  4 2 . 6  4 2 . 3  - 0 .  . O .  

LHG 1 988 6 5 . 2  6 5 . 2  0 . 0  �O . O  0 . 0  5 2 . 7  52 . 7  0 . 0  0 . 0  0 . 0  8 3 . 3  8 3 . 3  - 0 . 0  0 ' 1 - 0 '1 5 9 .} 5 9 . � � . o 1 ' 1 I ' ! ! 9 9 3  79 . 9  79 . 9  -0 . 0  � 2 . 6  2 2 . 6  5 3 . 4 5 3 . 2  - 0 . 2  1 . 3  1 . 1  88 . 0 88 . 0  -0 . 0  5 .  5 .  5 9 .  5 9 .  _ ' j _ .  _ .  
998 79 . 6  79 . 6  -0 . 0  . 2 . 1  2 2 . 54 . 3  54 . 1  - 0 . 4  3 .  2 . 7  87 . 9 8 7 .  -0 . 0  " 6 0 .  6 0 .  _ .  . . 

2 0 0 3  7 9 . 8  7 9 . 8  - 0 . 0  2 2 . 4  2 2 . 4 5 3 . 9  5 3 . 8  -0 . 4  2 . J. 2 . 0  88 . 0  8 8 . 8 o . o � .  g . 6  6 0 .  60 . 8  _ .  . . 
AVG 7 9 . 8  7 9 . 7  - 0 . 0  2 2 . 4  22 . 4  5 3 . 9 5 3 . 7  - 0 . 3  2 . 3 1 . 9  88 . 0  88 . 0  -o . o � .  5 . 6  6 0 .  60 . 2  _ .  . . 

9 9 3  36 . 3  36 . 1  -0 . 7  7 . 7  7 . 0  3 . 9 30 . 9  - 3 . 1  1 0 . 8 . 4 3 . 3 4 3 .  - 0 .  . •  0 . . . 0 . . 
2003 3 9 . 5  3 9 . '. - 0 . 4  1 7 . 1 1 6 . 7  35 . 6  3'+ . 6  - 2 . 9  2 3 . 8  20 . 2  4 7 . 0 4 7 . 0  -0 . . r  6 . 0  0 . 0  g .  . 0  . . 0  

LHN 1 908 3 3 . 8  3 3 . 7  - 0 . 1 0 . 0  - 0 . 1  28 . 7  28 . 8  0 . 2  0 . 0  0 . 2  4 0 . 5 4 0 . 5  - 0 . 1  f ' O  -� . 1  0 . 0  
g ' 8 � . o � . � 8 . 0 1 998 38 . 5  38 . 3  -0 . 6  1 4 . 1  1 3 . 4 31 . 5  3� . 0  - 3 . 9  26 . 9  2 f . 3 45 . 2  4 5 . � - 0 · 1 I . �  I . 1  o . g  0 ' 8  . 0  . 8 . 8  

AVG 3 8 . 1 37 . 9  -0 . 5  1 3 . 0  1 2 . 4  3' . .  6 33 . 5  - 3 . 3  20 . 5  1 6 . 5  45 . 1 45 . 1  -0 . . 5  1 . 3  0 . 0 . 0 . 0 . . 0 
� NCN

I 
1 ��� g � : g  g� : �  g : �  � : 2  � : �  �� : 4  � ! : g  -g : �  2 : 8  � : �  �6� : � �� : �  8 : 8  ! :

�
o 

a
O :
�
o 

�
o
: �  8 : 8  � : � i : � � : � 

m 996 6 3 . 6 6 3 . 8  0 . 1 1 1 . 0 1 1 . 0 50 . 5 50 . 1  - 0 . 9 2 3 . 5 2 2 . 4 1 . 5 7 1 . 4 -0 . 1  " . 0  g ' 8 . . . 0  
I 2003 6 3 . 8  64 . 0  0 . 3  1 1 . 1  1 . 4 50 . 6 50 . 3  - 0 . 7  2 3 . 8  2 3 . 0  1 . 9  72 . 1  0 . 2  " . 0 . . . . 0 

N AVG 6 2 . 4  6 2 . 5  0 . 2  8 . 5  8 . 7  48 . 2  4 7 . 8  - 0 . 8  1 7 . 8  1 6 . 8  70 . 3  70 . 4  0 . 1  . 5 .  0 . 0 . 0 . . . 0 
0', JDA't 1 988 54 . 2  54 . 5  0 . 5  0 . 0  0 . 5  4 9 . 1 4 9 . 3  0 . 3  0 . 0  0 . 3  50 . 9  58 . � 0 ' 1 0 . 0  o ·t o · s 8 ' 8  g ' 8 � ' g 0 ' 8 

. 

1 99 3  54 . 6 54 . 2  -0 . 7  0 . 8  0 . 0  50 . 2 4 9 . 0  - 2 . 2  2 . 1  - 0 . 1  5 9 . 1 58 . - 1 . � . 4  - 0 .  0 . . . .  O .  
1 9 98 55 . 5  54 . 9  - 1 . 1  2 . 5  1 .  48 . 3  4 7 . 0  - . 7  - . 7  -4 . 3  60 . 1  5 9 .  - 0 . 8  . 0 . o .  0 . 0  . 0  . • 
2 0 0 3  56 . 8 5 6 . 7  -0 . 3  4 . 9  4 . 2 4 9 . 9 4 9 . 0  - J . 8  1 . 6  - 0 . 2  6 1 . 4  6 1 . 1  - 0 . 6  . 3  I .  0 . 0  8 ' 8 8 . 0  ' 8 � . g 
AVG 55 . 6 55 . 2  - 0 . 7  2 . 7  2 . 0  4 9 . 4 48 . 3  - 2 . 2  0 . 7  - 1 . 6  60 . 2 5 9 . 7  - 0 . 8  . 2  I .  0 . 0 . . 0 .  0 . 0  

DALS 1 988 6 2 . 7  6 3 . 2  0 . 8  0 . 0  0 . 8  5 3 . 6  5 3 . 7  0 . 1 0 . 0  0 . 1  6 5 . 2  6 5 . 5  o . �  0 . 0  0 ., 0 ' 8 8 ' 8 8 ' S � ' 8  0 ' 8 1 9 93 64 . 6  64 . 5  - 0 . 4  3 . 3  2 . 9  56 . 6  56 . 2  - 0 . 7  5 . 6  4 . 8 6 6 . 1  65 . 6  -0 . i . 3  O .  o . . . . � . 
1 99 6 8 . 1 6 7 . 3 - 1 . 2  8 . 6  7 . 3 56 . 9 5 6 . 5  - 0 . 8  6 . 2  5 . 4  68 . 1 6 7 .  - 0 .  . •  0 . 0  o .  . . . 
200� 6 7 . 8  6 7 . 8  -0 . 1  8 . 1 8 . 0  5 7 . 1  56 . 7  -0 . 6  6 . 4 5 . 8  68 . 7  6 8 . � -0 . 2  . � � .  0 . 0  o . g � . o . �  . 8  
AVG 66 . 9  6 6 . 5  -0 . 6  6 . 7  6 . 1  56 . 9  56 . 5  - 0 . 7  6 . 1  5 . 3  6 7 . 6  6 7 . 2 - 0 . 6  . �  j .  0 . 0  0 . 0  0 . 0  0 . 0 . 0  

801lH 1 988 86 . 3 86 . 4  0 . 1 0 . 0  0 . 1  8 1 . 4 8 1 . 7  0 . 3  0 . 0  0 . 3  8 3 . 2 8 3 . 3  0 ' 1 o 'l 0 . 1 8 . 0  � ' 8 � ' 8  � . � g . o 1 99 3  86 . 7 86 . 5  -0 . 1  0 . 4  0 . 2  82 . 6 82 . 5  - 0 . 1  1 . 4 1 . 3  8 3 . 3 8 3 . 2  - 0 .  O .  0 . 0  . 0 . . . . 0 
1 9 98 86 . <  86 . 0  -0 . 3  -o . j  -0 . 4  8 1 . 5 8 1 . 1  -0 . 5  0 . 1  - 0 . 4  8 1 . 9 8 1 . 7  - 0 .  - 1 . - I ' i  8 ·

0 . g . 0 . 8 ' 8 2003 86 . 4  8? 4 - 0 . 1 O .  0 . 1  8 j . 4  8 1 . 3  - 0 . <  - 0 . 0  - 0 . 2  8 2 . 6 8 2 . 5  -0 . 1  - 0 .  - 0 .  ' 8 . . 0 . . 
AVG 86 . 4  8b . 3  -0 . 2  0 . 1 -0 . 0  8 . 8 8 1 . 6  - 0 . 3  0 . 5  0 . 2  8 2 . 6 8 < . 5  - 0 . <  - 0 .  - 0 .  O .  0 . 0  . 0  • O . 

S'tS 1 988 64 . 9 64 . 9  0 . 1  0 . 0  0 . 1  5 1 . 4  5 1 . 5  0 . 2  0 . 0  0 ' 1 7 1 . 5  7 1 . 5  0 . 0  0 . 0  0 . 0  4? �  4 7 . 1 -
g
. o j ' � -o . � 

9 9 3  70 . 8 70 . 7  - 0 . 1  9 . 1 9 . 0  5 3 . 9 5 3 . 5  - 0 . 7  4 . 8  4 .  75 . 1 75 . 0  - 0 . <  5 . 1 . 4 .  48 . 0  - . 7 . 2 .  
998 7 1 . 7  7 1 . 5  - 0 . 3  1 0 . 5  1 0 . 2  5 7 . <  56 . 6  - 0 . 9  1 . 2 O .  76 . 0  75 . 8  -0 . . 3 . . 5 .  -0 . . . 

2003 7 1 . 9  7 1 . 9  - 0 . 1 1 0 . 9  1 0 . 8  5 7 . 4  57 . 0  -0 . 6  1 1 . 6  1 0 . 9  76 . 5  76 . 4  -o . f � . o  i .  f � 2 . 3  5! . � - 8 . 2  I .  I � .  
AVG 7 1 . 5 7 1 . 4  -0 . 2 1 0 . <  1 0 . 0  56 . 1 55 . 7  -0 . 7  9 . <  8 . 4  75 . 8 75 . 7  - 0 .  6 . 1  6 . 8 50 . 8 50 . 5 - . Z . � .  

LEGEND /1B = tlEAN SURVIVAl H ITH 110 ACT Iotl COIID ITIOIIS 1 % )  1 110 ACTION I 
NA = NEAll SURV I V A L  HITH A LTERNAT IVE COIID ITIOIIS 1 % )  I AI.TERIIATIVE ) 
RI1 = R E I.ATI VE CHAlIGE IIl IlEAU SURVIVAL 11. )  I A LTERtiATIVE SURV IVAL - NO ACTIOti SURV I VAL l l i ND ACTlUN SURV I VAL ) 

alB = TI1� �t�}ygfi WI{�I��A�O 
_ Af!;5�1I116U��f¥�h O�D�vn�t \ I

R[H�5�EtlbO 
Al¥io�9�3HU9v!fPOIl SUR V I VAL 1 % )  

O1A = TItE OIAllGf III THE ALTERIIAT I V E  SURV I V A L  RELATIVE TO THE 1 988 NO ACT 1011 SURVIVAL 1 % )  
f AL1 ElUIAT I VE S U R V I VAL - 1 908 UO ACTIOtl SURV I VAL I I f 1 906 110 ACT ION SUH V I VA L l  

AVG = THE AVERAGE O F  THE 'tEARS 1 9 9 3 ,  1 9 98 , AIID <003 f % )  

-DATE RUN= 1 8FEB88 . 1 1 . 2 3 . 5 7 







APPENDIX E 

Anadromous Fish  

Par t 7 

S igni f icance Analys i s  





I .  S tock Lis t 

Sign i f icance Analysis  

The Divis ion o f  Fish  and W i l d l i f e , Bonnevi l le Power Admini s t ra t ion , 
comp i led in Tab l e  E . 7- l  a l i s t  o f  a l l  viab le anadromous f is h  s to cks 
o r i g inat ing in the Co l umb ia Bas in . S tocks cons idered t o  be in a 
po ten t ia l l y  c r i t i cal  cond i t ion o r  s tocks whose  surviva l could  be  impac ted 
a t  a l eve l great e r  than " f lagging" c r i teria  u t i l i zed by BPA are 
iden t i f ied as suc h .  In  the case of f l agged s tocks , the type o f  IDU 
a l t e rnat ive caus ing the s to ck to be  f lagged is  a l s o  ind icated . B o t h  the 
f lagg ing c r i teria and the c r i te r ia used f o r  des i gnat ing a s tock cond i t ion 
as "po tent ial ly c r i t ical " are dis cus sed in Vo lume 1 ,  Chap ter  4 ,  
Sec t ion 4 . 2 . 3 . 4 . 1 ,  in the sub s e c t ion headed Survival Changes :  Analyt i cal  
Me t hods . 

S tocks in Tab le E . 7-l are grouped by the poo l ( reservo i r )  at whi ch t hey 
enter  the Snake and Co l umb ia Rive r hydro e l e c t r ic sys tem . 

Tab le  E . 7-l 

ANADROMOUS F I SH STOCKS ORIG INATING IN THE COLUMB IA BAS IN 

Poo l / S tock 

Lowe r Gran i te Pool  

Year l ings 

Po tent ial ly 
C r i t ical  

S tock  

Aso t in Spring Chinook X 
Grande Ronde Rive r  and t ributaries  

Spring Chinook X 
Imnaha River Spring Chinook X 
Middle  Fo rk Salmon River and t ributaries 

Spring Chinook X 
Midd l e  Fork Salmon R iver and t r ibutaries  

Summe r Chinook X 
Minam River Spring Chinook X 
Rapi d  R iver Summer Chinook  X 
Se lway River and t ributari e s  S p r ing Chinook  X 
Uppe r Salmon R iver and t r ibutaries  

Spring Chinook X 
Upper Salmon River and t r ibutari e s  

Summer Chinook X 
Wenaha River Spring Chinook X 

E . 7-l 

Reason for L i s t ing 

Fo rmula 
Al loc . 

Firm Capac i ty 
Mrktng . Inc rease 

DC /AC /MX 



Poo l / S tock 

Poten t ia l ly 
C r i t ical  

S t ock 

Lower Gran i t e  Poo l 

Yearl ings ( con t inued ) 

Non-C r i t ical /Non-Flagged Yearl ings 

C learwa ter-Kooskia Ha tchery Spr ing Chinook 
Eas t Fo rk Sa lmon River Summer Chinook 
Lochsa River and t ributaries Spring Chinook 
Pahs imero i  S ummer Chinook 
Rap i d  R iver S p r ing Chinook 
Salmon Rive r and t r ibutaries  

Spring Chinoo k  
South Fork Salmon Rive r and t ributaries 

Summer Chinook  

S ubyear l ings 

Snake River Fal l  Chinook 

S tee lhead 

Middle Fork Salmon River and t r ibutaries 
Summer S t eel head 

Selway Rive r and t r ibutaries B-run 
Summer S tee l head 

South Fork Salmon River and t r ibutaries  
Summer S t ee l head 

Non-C r i t ic a l / Non-Flagged S te e l head 

Aso t in Summe r S tee l head 
C l earwater and t ributaries B-run 

Summer S te e l head 
Eas t Fork Salmon R ive r B-run Summer S te e l head 
Grande Ronde Rive r and t r ibutaries 

Summer S tee l head 
Hagerman Ha tchery S ummer S te e l head 

"B " & "A"** 
Imnaha and t ributaries  Summe r S t e e l head 
Lowe r Snake R iver & t r ibutaries 

Summer S te e l head 
Magi c  Val l ey Ha t c he ry Summer S te e l head 

"B" & "A"** 
Niagara Springs Hatchery S tee l head 

"B" & "A"** 
Oxbow Trap Snake Rive r Summer S te e l head 

E . 7-2 

x 

x 

x 

x 

Reas on f o r  L i s t ing 

Formula 
Al l oc . 

Firm 
Mrktng . 

Capac i ty 
Inc rease 
DC /AC /MX 



Poo l / S tock 

Lowe r Gran i te P o o l  

S te e l head ( cont inued ) 

Pahs imeroi  Hatchery Summer S te e l head 
Sawtoo th Hatche ry Summe r  S tee l head 
Wa l lowa Summe r  S te e l head 

S o ckeye 

None 

Lowe r Monumental Poo l 

Yearl ings 

Tucannon Rive r S p r ing Chinook 

S ubyearl ings 

Lyons Ferry Hatche ry Fal l  Chinook 

S te e l head 

byons Ferry Summe r  S te e l head 
Tucannon River Summe r S te e l head 

Sockeye 

None 

We l l s  Poo l 

Yearl ings 

Me t how R ive r and t ributar ies  
S p r ing Chinook 

Winthrop Spring Chinook  

Subyearl ings 

Me t how R iver Summe r  Chinook 
Okanogan River and S imi lkameen R ive r 

Summer Chinook 

E . 7-3  

Potent ial ly  
C r i t ical  

S to c k  

x 

x 

X 

X 

X 

Reason f o r  L i s t i� 

Fo rmula  
A l l o c . 

Firm 
Mrk tng . 

Capac i ty 
Inc rease 
DC /AC /MX 

x X 
X X 

X X X 



Reason f o r  L i s t ing 

Po tent ial ly 
Cri t ical  Fo rmula F i rm Capac i ty 

Poo l / S t ock S tock  A l l o c . Mrk tng . Inc reas e 
DC /AC /MX 

We l ls Poo l  ( cont inued ) 

S te e l head 

Me thow River and t ributaries  
Summer S te e l head X X X 

Okanogan River and t r ibutaries  
Summer S te e l head X X X 

Sockeye 

Okanogan River Sockeye X X X 

Ro cky Reach Poo l 

Yearl ings 

Ent iat  River S p r ing C hinook X X X X 

Subyearl ings 

Wel l s Hat che ry Summer Chinook X 

S te e l head 

Ent iat  River Summe r  S te e l head X 
We l l s  Hatchery Summer S teelhead X 

Sockeye 

None 

Rock I s l and Poo l 

Yearl ings 

Leavenwor t h  S pr ing Chinook X X X X 
Wenat chee R iver and t ributar ies  

S p r ing Chinook  X X X X 

Subyearl ings 

Wena t chee R iver S umme r  C h inook 

E . 7-4 



Poo l / S to ck 

S teelhead 

Rock I s l and P o o l  ( cont inued ) 

Wenat chee River and t r ibutari es 
Summer S te e l head 

Sockeye 

Wenat chee R iver and t r ibutar ies  Sockeye 

McNary Poo l 

Yearl ings 

P o tent ial ly 
C r i t ical  

S tock  

Yakima Rive r  and t r ibutaries  Spring Chinook 

Subyear l ings 

Co l umb ia River Fa l l  Chinook--Mains tem S pawners 

S teelhead 

Hanford Summer S te e l head 
Wal la Wal la and t r ibutaries  Summe r  S te e l head 
Yak ima River and t ributaries  Summe r S te e l head 

Sockeye 

None 

John Day Poo l 

Yearl ings 

John Day Rive r  S p r ing Chinook 

Subyear l ings 

John Day River Fal l  Chinook 

S teelhead 

John Day River Summe r S tee l head 
Uma t i l la Rive r  and t ributaries 

Summer S te e l head 

E . 7-S 

Reason for L i s t ing 

Formula  
Al l o c . 

F i rm 
Mrktng . 

Capac i ty 
Inc reas e 
DC /AC /MX 

X X X 

X X X 

X X 

x 
X 
X 

X X X 

X X 

X X X 

X X X 



Poo l / S tock 

John Day Poo l  ( cont inued ) 

Sockeye 

None 

The Dal les Poo l 

Yearl ings 

De schutes  River and t ributaries 
Spring Chinook 

Warm Springs R iver S p r ing Chinook 

Subyear l ings 

Des chutes River Fal l  Chinook 

S teelhead 

Des chutes R ive r and t ributaries 
Summe r S teelhead 

Sockeye 

None 

Bonnevi l l e  Poo l 

Po ten t ia l ly 
C r i t ical  

S tock 

Reason for  L i s t ing 

Formu l a  
A l l o c . 

Capac i ty 
Inc rease 
DC /AC /MX 

x X X 

X X X 

X 

X X X 

No Bonnevi l le Poo l S t ocks  we re F I�ed or I den t i f ie d  as C r i t i cal  

Yearl ings 

Eag l e  C reek Coho 
Early Run Coho ( Li t t l e  Whi te Salmon ) 
Hood R ive r Spring Chinook  
Hood  R iver t r ibutaries  Coho 
K l i ck i tat  Spring Chinook  
Late  Run Columb ia Rive r  Coho (Kl i cki tat ) 
Wind Rive r / Carson Spring Chinook 

Subrear l ings 

Bonnevi l le Poo l Fal l  Chinook 
Eagl e  C reek Fal l  Chinook 
K l i c k i tat  Fal l  Chinook 

E . 7-6 



Reason f o r  Li s t inE 

Poo l / S to ck 

Bonnevi l l e  P o o l  Subyear 1 ings ( cont inued ) 

Li t t le Whi t e  Salmon Fal l  Chinook  

S tee 1head 

Big Whi te Salmon S te e 1 head 
Fif teen Mi l e  C reek S te e 1 head 
He rman C reek S te e 1 head 
K l i c k i tat  Summe r S te e 1 head 
Skamania Summe r S teel  head 
Wind River Winter S te e 1 head 
Wind Rive r  Summe r S te e 1 head 

Sockeye 

None 

Po tent ia l ly 
C r i t ical  

S to c k  
Formula 
Al l o c . 

Firm Capac i t y  
Mrktng . Inc rease 

DC/AC / MX  

* *  Al l re l eased i n  Salmon and Snake River t r ibutar ies , ha t chery , o r  adul t 
t raps . 

Tab le E . 7- 2  conta ins a l i s t  o f  add i t ional s to cks  sugges ted b y  commenters  on 
the IDU Draf t E I S , t he Hydro Operat ions Info rmat ion Pape r , and l e t t e r  o f  
Decemb e r  3 0 , 1 98 7 ,  reque s t ing comments o n  f is h  s t ocks t ha t , i n  the o p inion o f  
BPA , do no t represent d is t inc t s to cks . 

Tab le  E . 7 - 2  

ADDI T I ONAL ANADROMOUS F I SH STOCKS 
SUGGESTED BY COMMENTERS BUT NOT INCLUDED 

IN THE BPA STOCK L I ST 

Lowe r Gran i t e  Poo l  

C l earwater B-Run Dworshak Hatchery Summe r S te e 1 head Managed as "B"  run 
Panther Creek S p r ing Chinook  
Yankee Fork S p r ing Chinook 
Upper Salmon S p r ing Chinook  
Eas t Fork  Salmon River S p r ing Chinook  
Redf ish  Lake S o ckeye 

Lower Monumental Poo l  None 

We l l s  Pool  None 

E . 7-7  



Rocky Reach Poo l 

Tur t l e  Roc k  Fal l  Chinook  
Tur t l e  Rock Fal l  Coho 

Roc k  Is land Pool  None 

McNary Poo l 

Yak ima Fal l  Chinook  
Yak ima Coho 

John Day Poo l  

Uma t i l la River Fal l  Chinook 
Umat i l la River Coho 
Uma t i l la River S pr ing Chinook 
Rock Creek Fa l l  Chinook 

The Dal les Poo l None 

Bonnev i l l e  Pool  

S p r ing Creek Fal l  Chinook 
Hood R iver Summer S te e l head 
Big  Whi te Salmon Fa l l  Chinook 

I I .  S tock  Analyses 

Tab l e  E . 7-2 ( cont inued ) 

S to c k  analyses were p repared f o r  each o f  the s t ocks iden t i f ied as 
c r i t ical  or f l agged in the s tock  l i s t . The analyses  f o r  eac h s tock  are 
o rgani zed by the poo l  of o r i g in and type of s tock  ( i . e . , yearl ing , 
subyearl ing , s tee l head and so ckeye ) . Within  each s to c k  type , s tocks  are 
presented al phab e t ical ly . 

S inc e a l l  s tocks o f  the same type w i th in a g iven poo l  are as sumed to  
expe r ience the same hydroe l e c t r i c  sys tem opera t ions impac t s , t he e f f e c t s  
o f  t h e  Int e r t i e  dec is i ons o n  t h e  survival rates o f  these s tocks  are 
i dent ical . Theref o re , in d i s cuss ing the e f f e c t s  of these dec i s ions , the 
resul t s  o f  the impac t analyses w i l l  be presented f o r  a group o f  s t ocks , 
a l l  o f  the same type , o r i g ina t ing in a g iven res e rvo i r . 

The s ens i t ivity  o f  the resul t s  o f  the impac t analyses  to  var ia t ions in 
bypas s cons t ruc t ion and to  as sump t ions regarding f is h  guidanc e  
e f f i c i enc ies , turb ine mo r tal i ty ,  reservo i r  mo r ta l i ty ,  t ranspo r tat ion 
mo r ta l i ty ,  and s p i l l  e f f ic iency was evaluated  f o r  a l l  s to c k  g roups at  a l l  
poo l s . Wi t h  the exc e p t ion o f  bypas s cons t ruc t ion , none o f  the ind ividual 
variat ions s tudied woul d al t e r  the conc lus ions regarding the s i gn i f icance 
of t he changes in f is h  survival . A d i s c us s ion of t he sens i t iv i ty 
ana l yses  i s  presented in Append ix E ,  Part  6 .  
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P l anned imp rovements in hyd rosys tem f is h  bypas s fac i l i t ies are expe c ted 
to  produce sub s tan t ia l  improvement in survival rates f o r  mos t anadromous 
f i s h  in coming years . The s igni f i cance of the resul t s  of the I DU impac t 
analyses are inte rpre ted within the context o f  these ant i c i pated  
improvemen t s . E f f e c t s  o f  var iat ions in  bypas s assump t i ons on this  
c ontext are d i scus sed whenever they woul d alter  c onc l us ions regard ing the 
s igni f icance o f  impac t s  to  a s tock or group of s tocks . 

In those cas es where s i gni f icant impac t could  occur w i t hin the s to c k  
group , info rmat ion o n  b i o l og i cal s tatus and s tock management i s  
cons idered i n  arr iving at  a de terminat ion regard ing s igni f i cance . For 
poten t ia l ly c r i t ical  s tocks , a s ign if i cance de termina t ion is  made f o r  
each Inter t ie dec i s i on .  For nonc r i t ical  f lagged s tocks , de termina t i ons 
are rendered for  only  those decis ions resul t ing in the f lagg ing o f  the 
s tock . 

The resul ts  o f  the analys i s  o f  the impac t o f  the proposed Inter t ie 
ac t ions for  each s tock  type wi thin a given poo l  are presented in the 
f o l l owing manne r .  The re sul ts  o f  the e f f e c t s  o f  the Fo rmula Al l ocat ion 
opt ions are presented f i rs t ,  f o l l owed by those due to  l ong-term f i rm 
contrac ts  and expansion o f  Inte r t i e  capac i t y .  The capac i ty ana lyses 
f ocus on the e f f e c t s  of the DC Upgrade , f o l l owed by those of the Thi rd AC 
and the Maximum Capac i ty c ond i t ions . 

The impac t s  of  each Inter t i e  dec is ion are eva l uated  by de t e rmining t he 
d i f ference between the No-Ac t ion case and s e l ec te d  te s t  cases des igned to  
i s o late  the effects  o f  each dec i s ion . The tes t cases  used t o  eva l ua t e  
each o f  the I n t e r t i e  dec i s ion opt ions are l is ted i n  Tab le  E . 7-3 . 

Tab le E . 7-3 

TEST CASES ANALYZED TO EVALUATE EFFECTS OF 
INTERTI E  DEC I S IONS ON ANADROMOUS F I SH 

Fo rmula Al locat ion 

Proposed Formula Al locat ion/Exi s t ing Capac i ty /Exi s t ing Contrac t s  
Hydro-F i r s t  Fo rmula Al locat ion/Exi s t ing Capac i ty / Exi s t ing 
Con t rac t s  

Long-Te rm Firm Contrac t s  

Federal Marke t ing , Exi s t ing Capac i ty ,  P re- lAP Formula Al locat ion 
Fede ral Marke t ing , Exi s t ing Capac i ty ,  P roposed  Fo rmula Al l o cat ion 
Federal Marke t ing , Exi s t ing Capac i ty ,  Hydro-F i r s t  Fo rmula 
A l l o cat ion 

Ass ured De l ive ry , Exi s t ing Capac i ty ,  Pre-lAP Formula Al l o c a t ion 
As sured Del ivery , Exis t ing Capac i ty ,  Proposed  Formul a  Al locat ion 
As sured Del ivery , Exi s t ing Capac i ty ,  Hydro-Firs t Formula 
Al l ocat ion 
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DC Upgrade 

DC Upgrade , Proposed Fo rmula Al locat ion , Exi s t ing Cont rac t s  
DC Upgrade , P roposed Fo rmula Al locat ion , Federal Marke t ing 
DC Upg rade , P roposed Fo rmula Al l ocat i on , Assured Del ivery 

Thi rd AC 

Thi rd AC , P roposed Fo rmula Al locat i on ,  As s ured De l ive ry 

Maximum Upgrade 

Maximum Capac i t y ,  P roposed Fo rmula Al locat ion , Exi s t ing Cont rac t s  
Maximum Capac i ty ,  P roposed Fo rmula Al l o c a t ion , Federal Mark e t ing 
Maximum Capac i ty ,  P roposed Formula Al locat ion , As s ured De l ivery 

Maximum Capac i ty ,  Hydro-F i r s t  Fo rmula Al l ocat ion , Federal 
Marke t ing 
Maximum Capac i ty ,  Hydro-F i r s t  Formula Al l o c a t ion , As s ured 
De l ivery 

A comp l e t e  d i s cuss ion of  the me thodo logy f o r  eva l ua t ing I n t e r t i e  dec i s i on 
impac t s  on the migra t ion of  anadromous f is h  is  p rovided in Vo lume 1 ,  
Chapt e r  4 ,  S e c t ion 4 . 2 . 3 . 4 . 1 ,  s ub s e c t ion Survival Changes : Analyt ical  
Me thods . De tai l ed data on j uven i l e  f i s h  s urviva l are inc l uded in 
Append ix E ,  Part 5 ,  al ong wi t h  ant ic ipated inc reases  in f i s h  survival due 
to p lanned bypass fac i l i t ies  and minimum and maximum annual survival 
rates . A d iscuss ion of  t he sens i t ivi ty analyses  BPA conduc ted  on bypass 
ins tal lat ion and i ts t iming i s  presented in Appendix E ,  Par t 7 .  Mo re 
d e t a i led data on s tock  s ta t us , summarized in t he f o l l owing assessmen t s , 
are avai lab l e  f rom BPA . 

Once al l s tocks of  a g iven t ype f rom a s pec i f i c poo l ( e . g . , Lower Gran i t e  
poo l yearl ings ) have been addres sed , s tocks of  t h e  next type wi thin t he 
g iven poo l ( Lower Gran i te poo l  s ubyearl ings ) wi l l  be d i s cussed . 

Af ter  al l s to cks in each s to c k  gro up wi thin a g iven poo l  have been 
addressed , the d i s cuss ion wi l l  proc eed in t he same manner t o  s tocks 
o r i g inat ing in the next poo l . The poo l s  are addressed  in o rder  o f  t h e i r  
geographical l o ca t ion , beg inning w i t h  t he poo l s  o n  the Snake Rive r , 
f o l lowed by the Mid-C o l umb ia poo l s , and moving downs t ream t o  t he 
Bonnev i l le Poo l . 

LOWER GRANITE POOL 

Yearl ings 

Of t he 18 year l ing s tocks  BPA iden t i f ied f o r  the Lowe r Gran i t e  Poo l , 1 1  
were des ignated  po ten t ia l l y  c r i t ical . None o f  the rema in ing seven 
nonc r i t ical  s tocks  was f lagged . P l anned f is h  pas sage improvements  in the 
hydrosys tem wou l d  be  expec te d  to  resul t in an inc reas e o f  2 2 . 4  percent in 
downs t ream s urvival for a l l  Lower Gran i t e  yearl ing s tocks  by t he year 
200 3 . 
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Re lat ive to the No-Ac t ion case , none o f  t he I n t e r t i e  tes t cases s tudied  
would  cause e i ther an average relat ive inc rease o r  dec rease in  s urvival  
f o r  any stock  wi thin  t h i s  gro up by more t han 0 . 1  perc ent . G iven t he 
ant i c ipated improvement  in survival  due to  planned pas sage imp rovemen ts , 
this  l evel o f  e f f e c t  is  no t cons ide red s igni f ican t . Howeve r , i f  p lanne d 
bypass fac i l i ty upgrades a t  Lower Gran i t e  and Li t t l e  Goose  Darns are no t 
cons truc ted , pas sage surviva l s  for  a l l  o f  these s t ocks would dec l ine 
s l ightly  be tween now and 2003 in the No-Ac t ion case . Thi s  s i tuat ion 
would be agg ravated  if  f ish guidance e f f ic ienc ies o r  t rans po r ta t ion 
s urvivals  are l ower than assumed f o r  the I DU s tudies . Given t h i s  
context , even the s l i g h t  dec rease in survival ra tes  that c o u l d  resu l t  
f rom some o f  the Maximum Capac i ty tes t cases could represent a 
s igni f icant adverse e f f ec t  f o r  po ten t ial ly c r i t i cal  s tocks in t h i s  s tock  
group . 

The minimum and maximum annua l migran t  s urvival values f o r  these  s to cks 
f o r  the 40 randomly s e lec ted water  cond i t ions examined , for each s tudy 
year , are essent ial l y  the same f o r  a l l t e s t  cases s tud ied as f o r  the 
No-Ac t ion cas e . Fo l l owing are desc r i p t ions of  t he b i o l o g i ca l  s ta tus and 
any management program e f f o r t  f o r  each o f  the Lower Gran i t e  P o o l  c r i t ical  
s tocks . 

S to ck As ses smen t s : Lowe r Gran i t e  
P o o l  Year l ings 

Aso t in Spring Chino o k . Redd counts  s how this  s to c k  t o  be s igni f ican t l y  
depressed . The only recent data show redd counts  to  be  l e s s  t han 6 ,  
which  means less  t han 20 adu l t s  in t he current spawning popul a t ion . W i t h  
only  a remnant popula t ion l ef t , t he Washington Depar tment o f  F i she r i e s  
( WDF ) has ind i cated  t ha t  suppl ementat ion wi l l  be  necessary to  rebui l d  
this  run . Hydroe l e c t r i c  deve l o pment ,  a long with  poor  agr i c u l t ure 
prac t ices , has con t r ibuted to  t h i s  s to c k ' s  dec l ine . 

The s tock  is curren t ly managed f o r  natural produc t ion , and i f  this  run i s  
to  be rebui l t ,  i t  wi l l  need to be suppl emented through the Lowe r Snake 
R iver Compensat ion P l an .  No terminal f is he ry is a l l owed and 
ins ign i f i can t numbers are taken in any f ishery . The s tock  is managed 
throughout i ts l if e  c y c l e  as a po ten t ia l ly c r i t ical  na t ura l s to c k . 

Grande Ronde R iver and Tr ibutar ies  Spr ing Chinook . Redd coun t s  ind icate 
this  s tock  is  in a depressed  cond i t ion . Redd coun t s , f rom 1 9 7 9 - 1 984 , 
show a relat ive l y  s tab l e  e s capement t rend o f  500  t o  1 , 000  f ish . Unde r  
the Lowe r Snake River C ompensa t ion P rogram , t h i s  s to c k  is  being 
suppl emented f rom Loo k ingg lass Fish  Hat c he ry , us ing s to c k  deve l o ped f rom 
Rapid  River f is h .  The hat c hery is expec ted to sup p l y  900 , 000  smo l ts 
annua l l y  to  t he Grande Ronde Bas in . 

The natura l l y  s pawning s tock  is  viab l e , but depre s s e d . The s to ck ' s  
s igni f icant sup p l ementat ion wi th  Rap id  R iver f ish  may l ike l y  endange r the 
natural gene poo l in such a way that i ts f uture exi s t ence may no t be as a 
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dis t inct  s tock . �he re has been no terminal s p o r t  harve s t  s ince 1 9 74 ,  nor 
any Ind ian sub s i s tence f ishery s ince 1 984 . Co lumb ia Rive r spo r t , 
commerc ial , and Ind ian s pring ch inook f isher ies are regulated  to  harve s t  
minimum numbers o f  up river s tocks . I t  i s  there f ore as sumed tha t  
ins igni f ican t numbers o f  Grande Ronde s p r ing chinook are taken i n  any 
f ishery . Th is  s tock i s  there f o re assumed to  be managed as a suppl emented 
na tural s tock . 

Imnaha Rive r Sprt�hinook . 
t rend s ince 1 9 79 . Es t ima ted 
to about 400 f i s h .  Based  on 
the l eve l s  seen in the 1 9 50s  

Da ta on  s to ck es capemen t s  show an imp roving 
es capement has gene ra l ly inc reased f rom 1 5 0  
redd ind i c e s , t h i s  i s  about 5 0  percent o f  
and 1 9 60s . 

The s tock i s  managed f o r  na tural produc t ion w i t h  ha t c he ry sup p lementat ion 
o f  about 490 , 000  smo l t s  annual ly f rom the Lookingglass  Fish Hatchery . 
There has b een no t e rminal s p o r t  f i she ry s ince 1 9 74 ,  and an Ind ian 
sub s i s tence f i shery has been c l osed  s ince 1 984 . C o l umb ia Rive r  s p o r t , 
comme rc ial , and Ind ian s p r ing chinook f is he r ies  are regulated t o  harves t 
minimum numbers  o f  uprive r s tocks . I t  i s  t he re f o re assumed tha t  
ins ign i f i can t numbers o f  Imnaha s p r ing c h inook are taken i n  any f i shery . 
The s tock i s  there f ore assumed to be managed throughout i ts l i fe  cyc le  as 
a poten t ial ly c r i t i cal supp lemen ted s tock . 

Middle Fo rk Salmon R iver and T r ibutaries Spring Chinook . Redd coun t s  
ind icate  t h i s  s tock to be in a s ignif ican t ly depres sed  cond i t i on .  Redd 
count s  have been l e s s  than 1 , 000  s ince 1 9 70 ,  al though the populat ion has 
d i splayed an inc reas ing t rend f rom 1 9 7 9-1 984 . Extens ive hab i tat  
improvement work in Bear Val ley C reek , a maj o r  s pawn ing and rearing area , 
s hould improve future produc t ion . 

The s tock i s  managed s t r i c t ly f o r  natural produc t ion , w i t h  no hat c he ry 
suppl ementat i on p l anned . The re has been no term ina l s po r t  o r  Ind ian 
harve s t  s ince 1 9 78 .  C o l umb ia Rive r  spo rt , commerc i a l , and Indian s p ring 
c h inook f is heries  are regulated  to harves t  minimum numbers  of upr iver 
s tocks . I t  i s  there f o re assumed t hat ins ign i f icant numbers o f  Middle  
Fork Sa lmon s p ring chinook are taken in any f ishery . The s tock  l S  

theref o re assumed to  be managed throughout i t s l i fe cyc l e  a s  a 
p o t ent ial ly c r i t ical  w i l d  s tock . 

Middle  Fo rk Sa lmon R ive r Summe r Chinook . No da ta are avai lab l e  on run 
s ize f o r  t h i s  s tock , a l t hough i t  i s  be l ieved to be l e s s  than 1 0 0  adul t s . 
S tab le redd index coun t s  o f  around 30 annua l l y  ind i cate  t h i s  s t ock to  be 
in a s igni f ican t ly depres sed cond i t ion . Recent hab i ta t  imp rovements  wi l l  
inc rease  the na tural produc t ion o f  t h i s  s tock . 

The s tock i s  managed f o r  natural p roduc t ion w i t h  no p lanned hat c he ry 
supp lementat i on .  The re has no t been any te rminal f i s he ry f o r  t h i s  s tock 
s ince 1 9 78 .  The harve s t  in the C o l umb ia R iver i s  regulated  t o  take 
minimum numbers  of upr iver s tocks inc i den tal ly  in the sockeye and shad 
commerc ial f i she ries . I t  is there f o re assumed that ins i gn i f icant numbers  
o f  Middle  Fork Salmon R ive r summe r chinook are  taken i n  any f i she ry . The 
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s tock  i s  there f o re a s s umed to  be managed thro ughout i t s  l i fe  cyc l e  as a 
po ten t ia l ly c r i t ical  na tura l s tock . 

Minam Rive r Spri��nook . Redd coun t s  s how that t h i s  s to c k  i s  
s igni f icant ly depre s sed , wi th e s t ima ted e s capemen t  l e s s  than 100  f is h  
f rom 1 9 7 9-1984 . Thi s  s to c k  decreased d i re c t l y  w i t h  the cons t ruc t ion o f  
add i t i onal hydro e l e c t r i c  dams o n  the Lowe r Snake Rive r .  The s pawning and 
rearing hab itat  o f  the s to c k  is s t i l l  re l a t ive ly unal tered and there f o re 
ful ly capab le  o f  improved produc t ion . 

The s tock  has been managed f o r  na tural produc t ion . The re has been 
supplementat ion o f  900 , 000  smo l ts annual ly  f rom t he Lookingg las s F i s h  
Hatchery i n  the Grande Ronde Bas in o f  wh ich  t h e  Minam Rive r i s  a 
t r ibutary . There has been no terminal s po r t  f is he ry s ince 1 9 74 , and an 
Ind ian s ubs i s t ence f is he ry has been c lo s ed s ince 1 98 4 . Co lumb ia Rive r 
s p o r t , commercial , and Ind ian spring chinoo k  f is he r i e s  are regulated to  
harve s t  minimum numbers  o f  upr iver s tocks . I t  i s  there f o re as s umed t hat  
ins ign i f icant numbers  of  Minam s p r ing chinook are taken in  any f is hery . 
The s to c k  i s  the re f o re assumed to  be managed throughout i t s  l i fe  cyc l e  as 
a p o t en t ia l l y  c r i t ical  na tural s tock . 

Rapid River S umme r  Chinook . The late s t  data ava i lab l e  on the run s i ze o f  
the f i sh  s to c k  s how e s capement s  have been l e s s  t han 100  in the 1 98 0 s , 
exc e p t  1 985 and 1 986 , when about  1 , 0 9 7  and 700  f is h , respe c t ive l y , we re 
e s t imated to  have re turned . The s to c k  appears to be  s igni f ican t ly 
depre s sed , but s howing s ome recent improvement s . 

The s tock  i s  managed f o r  nat ural p roduc t ion w i t h  no ha tche ry 
suppl ementat ion p l anned . There i s  a res t r i c ted t e rmina l s p o r t  harve s t on 
Rapid  River s p r ing chinook  which  probab l y  takes s ome early s umme r  
chinook . Ind ian ceremonial and s ub s i s tence harve s t  d o e s  o ccur . Harve s t  
i n  the Co lumb ia R ive r i s  regulated to  take min imum numbers  o f  upr iver 
s to cks  inc identa l l y  in the s o c keye and s had commerc ial  f ishe r i e s . I t  i s  
there f o re assumed t hat  sma l l  nloobers  o f  Rap id Rive r s ummer c h inook are  
harves ted . The s tock  i s  there f o re as sumed t o  be  managed as a depres sed 
nat ural s to c k .  

Selway River and Tributaries  Spr ing Chinook . Redd coun t s  show t h i s  s tock  
to  be s igni f ican t ly depre s sed , but  s tab l e , with  index c o un t s  be low 100  in  
the 1 980s . 

The s to c k  i s  managed f o r  natural produc t ion . The re are no terminal s p o r t  
o r  Ind ian f i she r i e s . C o l umb ia R iver s po r t , commerc ia l , and Ind ian s p r ing 
chinook f is her ies  are regulated to harve s t  minimum numbers o f  upr iver 
s tocks . Conse quent l y ,  i t  i s  as sumed that ins ign i f icant numbers  o f  Se lway 
spr ing chinook are taken in any f i shery . The s to c k  i s  t herefore  a s s wned 
to be managed t hroughout i t s  l if e  cyc l e  as a po tent ial ly  c r i t i cal  natural 
s to c k . 
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(JDge r Sa lmon Rive r  and Trj.buta r i�§_j)2 r i�J:1_�nogJ� . The exis t ing data 
shows a s teady dec l ine in the redd index c oun ts  for the las t two 
decades . The current e s t imated escapement of nacura l spawne rs is  be low 
200 . S ince the late  1 9 7 0s , this  run has been heav i l y  sup p l emen ted w i t h  
f ish f rom t h e  Sawto o th Fish  Hatchery as par t  o f  the Lowe r Snake R ive r 
Compensa t ion P rogram . I t  i s  p l anned tha t  up t o  2 . 3  mi l l ion smo l t s and 
1 . 1  m i l l ion f inge r l ing wi l l  be re l eased in the Upper Salmon Bas in . 

The re has no t been a t e rmina l f is he ry s ince 1 9 78 . The C o l umb ia Rive r  
s po r t , comme rc ial and I nd ian sp r ing ch inook f ishe r ies  are regula ted t o  
harve s t  minimum numb e r s  o f  upr ive r s tocks . I t  i s  as sumed that an 
ins ign i f i can t nwnbe r  o f  Upper Sa lmon Rive r s p r ing chinook are taken in 
any f ishe ry . The s tock  i s  t he re f o re assumed to be managed throughout i t s  
l i fe  cyc l e  a s  a po tent ial ly c r i t ical  supp lemen ted s tock . 

�r Salmon River and Tr ibutar ies  Summe r Chinoo� .  
avai lab l e  on run s ize  f o r  t h i s  s to c k ,  al though i t  i s  
than 1 0 0  adu l t s . Redd index c oun t s  o f  l e s s  than 100  
to  be in a s igni f i can t l y  dep ressed  cond i t ion . 

No data are 
b e l ieved to  be  l e s s  
ind icate  t h i s  s tock  

The s tock i s  managed for  na tural p roduc t ion , w i t h  no  ha t chery 
supp l ementat ion . Howeve r ,  I daho P ower Company i s  deve l op ing a run in the 
Pahs ime ro i  Rive r  whi ch wi l l  u l t ima t e l y  p rovide 1 mi l l ion summe r c hinook 
smo l ts f o r  the Pahsime ro i .  The re is curren t ly no t e rminal f ishery on 
t h i s  s tock . Harve s t  in the C o l umb ia River is regulated to  take minimum 
numbers  o f  upriver  s tocks  inc identa l ly in t he sockeye and shad comme r c ial 
f isheries . I t  i s  theref o re as sumed that ins ign i f i cant nwnbers  o f  Uppe r 
Salmon R ive r s umme r ch inook are taken in any f ishe ry . The s tock  i s  
the refore assumed t o  be  managed throughout i ts l i f e  cyc l e  a s  a 
poten t ia l l y  c r i t ical  na t ural s tock . 

Wenaha Ri�er Spring Chinook . Redd index coun t s  show t h i s  s tock  to  be  
s i gni f i cant ly depres sed , with  es capement less  than 1 0 0  f i sh f rom 
1 9 7 9-1 984 . Thi s  s to c k  dec reased d i re c t l y  w i t h  the cons t ruc t ion o f  
add i t ional hydroe l e c t r i c  dams on t h e  Lower Snake Rive r .  The s pawning and 
rear ing hab i tat o f  the s tock  i s  re l a t ive ly  unal tered and there f o re ful ly  
capab l e  o f  imp roved p roduc t ion . 

The s tock  has been managed f o r  natura l p roduc t ion . There has been 
suppl emen tat ion of 900 , 000  smo l t s  annua l ly f rom the Lookingglass  Fish  
Ha tchery in  the  Grande Ronde Bas in o f  which  the  Wenaha River  i s  a 
t r ibutary . The re has been no t e rminal  s p o r t  f ishery s ince 1 9 7 4 ,  and an 
Indian sub s i s t ence f ishery has been c l osed  s ince 1 984 . Co l umb ia River 
spo r t , comme rc ia l , and Ind ian s p r ing ch inook f i s heries  are regulated  to 
harve s t  minimum numbers  of upr iver s tocks . I t  i s  ther e f o re as s umed t hat  
ins ign i f icant numbers  o f  Wenaha s p r ing chinook are  taken in  any f i shery . 
The s to ck i s  t here f o re as sumed to  be  managed t hroughout i ts l if e  cyc l e  as 
a po t en t ia l ly c r i t ical  na tural s to ck . 

Subyearl ings 

Snake R iver Fal l  Chinook . Only one subyear l ing s to c k , Snake R iver fal l 
chinook , was ident i f ie d  by BPA f o r  the Lower Gran i t e  Poo l .  Thi s  s to c k  
was des igna ted po t en t ia l ly c r i t i cal . Coun t s  o f  f a l l  chinook o ver  Lower 
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Gran i t e  Dam ( curren t l y  about 900  adul t s )  have dec l ined about  9 0  pe rcent  
s ince the late  1 95 0 s  due p r ima r i l y  t o  cons t ruc t ion of  hydroe l e c t r i c  
pro j e c t s  and ocean harves t .  This  informa t ion shows that t he na tural 
s pawning p o r t ion of t h i s  populat ion is  in a s igni f ican t ly depre s sed 
cond i t i on . Spec ial p rovi s ions t o  p ro t e c t  much  o f  t he s pawning hab i ta t  
were inc luded i n  an agreement  be tween f i shery ent i t ies  and I daho Powe r 
Company , e f f e c t ive unt i l  1 98 2 ,  relat ive to  opera t i ons o f  He l l s  Canyon 
Dam . Beginning in 1 98 3 , I daho Powe r has vo lun ta r i l y  cooperated wi t h  
f is he ry ent i t ies , when ab l e , in provid ing more s tab l e  s pawn ing , 
incuba t ing , and emergence f lows . 

The s tock  is  no t managed f o r  na tural produc t ion . Brood s to c k  and 
produc t i on are current ly be ing inc reas ed a t  Lyons Ferry Ha t chery w i t h  
smo l t  outp lan t s  into  Lower Monumental  Poo l and barg ing t o  b e l o w  I c e  
Harbor  Dam . When the hat c he ry at tains ful l planned produc t ion o f  
9 mi l l ion smo l t s  and s tab i l i ty  i n  supply o f  b rood f is h , outplant ing i s  
p l anned above Lower Gran i t e  Dam and i n  t ributary s t reams . There i s  no 
t e rminal f is hery on t he s e  fal l  chinook , but t hey are assumed t o  be taken 
extens ive ly in o cean s p o r t  and c omme r c ia l  f isheries , and rna ins t em 
Co lumb ia River s p o r t , comme r c ia l , and Ind ian f isheries  at  a rat e  
( 24 percent to  7 1  percen t ) t h a t  i s  s imilar  t o  Hanfo rd Reach f a l l 
chinook . The re cent U . S . / Canada Salmon Treaty should reduce t he ocean 
harve s t  rat e ,  w i t h  s igni f icant increas es  o f  adul t s  re t urning . The s tock  
i s , the refore , assumed t o  be  managed as  sup p l ement e d  with  hat c he ry f is h  
and , due t o  t he harve s t  ra t e , n o t  as a c r i t ical  s to c k . 

P lanned f is h  pas s age improvements  in t he hydrosys t em would be  expe c t e d  t o  
resul t in a survival increase o f  2 . 5  percen t . 

Average survival rat e s  f o r  Snake R iver fal l chinook in t he Fo rmula 
Al l ocat ion t e s t  cases were the same as that f o r  the No-Ac t i on case . 
S l ight inc reases  ( up t o  0 . 2  percent l/ ) in ave rage s urvival oc curred f o r  
t h e  f i rm contrac t s  t e s t cases . S l ight  average r e l a t ive dec reases  in 
s urviva l --be tween -0 . 1  and -0 . 2  percen t  l/  f o r  t he DC Upgrade , 
-0 . 2  percen t  f o r  the Third  AC , and -0 . 3  percent f o r  Maximum 
Capa c i ty--would  resul t f rom increas ing t he s ize  o f  t he Inte r t ie . These  
leve ls  o f  e f f ec t in the c on t ext o f  t he p lanned passage improvement s , 
harves t management , and f u t ure hat c hery suppl emen ta t ion wou l d  no t b e  
expec ted t o  be s igni f ican t , par t i cularly  s ince mo s t  o f  t h e  s tock  is  
managed at  Lyons Ferry Ha t c he ry . Even if  p l anne d  bypass  s y s t ems were no t 
cons t ruc ted , the IDU a l te rnat ives would  no t be expec ted  t o  have 
s igni f icant impa c t s  on t h i s  s tock . 

l/  For Formula Al l o c a t ion and Long-Term Marke t ing cases w i t h  exi s t ing 
Inte r t i e  capac i ty ,  the ave rage re lat ive changes in survival are t he 
average o f  the 1 988 , 1 9 9 3 , 1 9 9 8 , and 2003  mean r e l a t ive c hanges In 
surviva l . A range is exp re s s ed when t he re is more t han one 
a l t e rna t ive be ing d i s cus s ed . 

l/  For t he expanded Inter t i e  capaci ty  cases , the average r e l a t ive 
changes in survival are t he average o f  t he 1 9 9 3 , 1 9 98 , and 2003  mean 
relat ive changes in surviva l . A range i s  expressed  when t he re i s  
more t han one a l te rnat ive be ing d i s cus sed . 
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The mj nimum and maximum annua l migran t surviva l  va lues f o r  the s t ock f o r  
the 4 0  randomly s e l e c ted wa ter  cond i t ions examined f o r  e a c h  s tudy year 
are e s s en t ia l ly the s ame f o r  a l l  tes t cases s tud ied  as  f o r  t he No-Ac t ion 
case . Fo r the l ong-term f i rm contrac ts  tes t cases , any d i f f e rences  are 
mino r and a l l  are bene f i c ia l , part icularly f o r  t he minimum surviva l 
l eve l . For the capa c i ty expans i o n  cases , surviva l in the l owe s t  runo f f  
year i s  improved s l i ght l y , wh i l e  survival i n  the bes t year i s  s l igh t l y  
l es s .  

S te e l head 

Of the 16 s t ee l head s t ocks BPA iden t i f ied for t he Lower Gran i t e  Poo l , 
three were des i gna ted po tent ial l y  c r i t i c a l . P l anned f is h  passage 
improvements  in the hydrosys tem would  be expec ted to resul t in an 
increase o f  5 . 6  percent in downs t ream surviva l for Lower Grani te 
s te e l head s tocks by the year 200 3 . 

The re was no measurab l e  d i f ference be tween ave rage surviva l f o r  any o f  
t h e  tes t cases s tudi e d  and average survival in t h e  No-Ac t ion case . Thus , 
the e f f e c t s  o f  t he I n t e r t i e  dec i s i ons would  no t be expec ted  t o  resul t in 
s igni f i can t impac t  to t hese  s tocks . Fur thermore , the minimum and maximum 
annual migrant s urviva l values f o r  the 40 randomly  s e l ec ted  wa ter  
cond i t ions examined f o r  each  s tudy year are  e s s en t i a l l y  the s ame f o r  a l l 
tes t cases  s tud ied as f o r  the No-Ac t i on case . 

I f  p lanned bypa s s  fac i l i ty upgrades a t  Lower Grani t e  and L i t t l e  Goose 
Darns are no t cons t ruc ted , passage surviva l s  for the s e  s to cks would 
dec l ine s l igh t l y  be tween now and 2003 in the No-Ac t ion case . Thi s  
s i tua t ion would be  aggrava ted i f  f is h  guidance e f f i c i enc i e s  o r  
t ransportat ion surviva l s  a r e  l ower than as s umed f o r  t he I D U  s t ud ies . 
However , g iven t he l ac k  o f  any measurab l e  e f f e c t  on t hese s t ocks in any 
o f  the tes t cases examined , t he e f fe c t s  o f  capa c i t y  expans i on on t hese  
s to cks would  no t be  s igni f i cant even in  t he absence o f  t he s e  bypas s 
fac i l i ty upg rades , w i t h  the except ion o f  the t hree c r i t i ca l  s t ocks . For 
these three s tocks , w i t hout bypa s s  improvements  at  Lower Grani t e  and 
Li t t le Goose , t he maximum Inte r t i e  expans ion could cause s igni f i can t 
impac t s . 

S to c k  As s e s sment s :  Lowe r Gran i t e  
P o o l  S te e l head 

Midd l e  Fork Salmon Rive r  Summe r S tee lhead . The current l evel s  ( 1 , 500 
adul ts ) are s igni f i cant l y  l owe r than t he h i s t o r i ca l  runs ( e s t ima ted 
1 0 , 00 0  adul ts ) .  The re was a drama t i c  dec l ine in t he 1 9 70 s , but s ince 
1 9 75 t he run has shown s ome improvement .  The popula t i on has been 
chara c t e r i zed as s tab l e  but s t i l l  depre s s e d . Much o f  the d e c l ine has 
been a t t r ibuted to the hydrosys t em and envi ronmen tal  des t ruc t ion f rom 
mlnlng . Improved produc t i on wi l l  be achieved f rom t he hab i ta t  
improvement s o n  s everal maj o r  t r ibutar ies  o n  the Middle  Fork . 
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The s tock is  managed exc l us ive ly f o r  natural  produc t ion with  no hatchery 
supplementat ion p l anne d . The terminal s p o r t  f i s he ry is  regulated to  
prevent any consump t ive harves t  o f  the na tura l s tock . Some f is h  are 
harve s ted by Ind ian g i l lne t ters  in the C o l umb ia Rive r .  In 1 986 , 
8 percent o f  the upr ive r natural "A" run s te e l head and 39 . 5  percent o f  
the natural "B" run s te e l head were harve s ted . This  harves t is  no t 
thought to  b e  caus ing any prob l emat ic reduc t ion in the ongo ing 
improvement o f  natural runs of Snake Rive r s tee l head . 

S e l way River and Tributaries B-Run Summe r S tee l head . This is  one o f  the 
las t remaining nat ural s to cks o f  s tee l head in the C l earwater sys tem . 
Al though accurate es capement da ta are unava i l ab l e f o r  the Se lway 
drainage , e s t imates  have been cal culated f o r  the ent i re natural s te e l head 
run in the C l earwater  sys tem . The current popul a t ion e s t imates  s how the 
s tock  to  be  in an increas ing mode s ince about  1 9 75 when coun t s  f o r  the 
C learwater  we re about 1000  and by 1 98 3  i t  was about  8000 and r i s ing . 
This  increase is  par t l y  f rom the catch and re lease regulat ions in the 
upper  C learwater  sys tem which  reduced the j uveni l e  s te e l head harves t .  

This  s tock  i s  managed as na tural s tock w i t h  no hat c he ry s upplementat ion 
planned . The re have no t been any terminal f is he r i e s  f o r  this  s to ck in 
recent years . Some f i s h  are harves ted by Ind ian g i l lne t ters  in the 
C o l umb ia Rive r .  Thi s  harves t is  no t thought to  be  caus ing any 
problernrna t i c  reduc t ion in the ongo ing improvement o f  natural runs o f  
Snake Rive r s teelhead . 

South Fork Salmon River and Tributaries Summer S te e l head . Current run 
s i ze is  e s t ima ted to  be  be tween 500  and 1 , 000  f i s h , down f rom h i s t o r i c  
leve l s  o f  about  3 , 000  f is h . I t  i s  as sumed tha t  t h i s  s tock has bene f i ted 
grea t l y  f rom improvement s  in f i s h  t rans po r t a t ion o f  the 1 98 0 s  that have 
resul ted in record runs o f  s te e l head in the Snake Rive r  Bas in . Na tural 
runs of Snake Rive r Bas in s tee l head have been inc reas ing drama t ical l y  
s ince 1 9 72 when ove ra l l  nat ural runs we re l e s s than 5 , 000 . Runs are now 
approaching 30 , 000  f is h . 

The s to ck i s  managed f o r  natural produc t ion w i t h  no s upp lementat ion wi t h  
hat che ry f i s h . There is  n o  s p o r t  o r  Ind ian harve s t  i n  t he terminal area 
and no s p o r t  harves t  in t he Columb ia River s ince only marked hat c he ry 
f is h  are al l owed t o  be  taken . Some f is h  are harve s ted  by Indian 
g i l lne t ters  in t he C o l umb ia Rive r .  I n  1 986 , 8 percent  o f  the uppe r r iver 
nat ural "A" run s te e l head and 3 9 . 5  percent of the nat ural "B" run 
s te e l head we re harve s ted . Thi s  harves t is  no t thought to  be  caus ing any 
prob lema t i c  reduc t ion in t he ongo ing improvement  o f  natura l runs o f  Snake 
River s te e l head . 

Sockeye 

No viab le  s to ck s  o f  s ockeye o r iginate at t he Lowe r Granite  P oo l . 
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LOWER �ONUMENTAL P O O L  

!-'ucannon River � ing Ch �_�oo� . The one year l i ng ", cock BPA iden t i f ied f o r  
t h e  Lowe r r.lonumenta1  P o o l --Tucannon River s p r i <J.g chinook--was des igna ted 
po tent ial ly c r i t ic a l . E s t imates  of  t he Tucannon spr ing chinook r �� are 
about  200 f is h  with redd counts  s tab le at  about 50 through the ear ly 
1 980s . The re has no t been any s ign i f icant change in t he numbers o f  t he s e  
f is h  s ince the 1 9 5 0 s  and 1 960s . Hab i ta t  improvement s are be ing 
cons idered to o f f s e t  adve rse e f f e c t s  of agr i c u l tural prac t ices  in the 
bas in . Hatchery s up p l ementat ion i s  unde r  way us ing Lower Snake R ive r 
Compensat ion P l an produc t ion f rom wi l d  Tucannon s tock at Lyons Fe rry 
Hat c he ry . 

The s tock has been managed f o r  na tural produc t ion , al though hatche ry 
releases  wi l l  resul t in a s up p l emented s tock . There has been no t erminal 
s p o r t  f is he ry ,  but an Ind ian sub s i s tence f i s he ry taking 40 to  50 f i s h  
annual ly i s  o c c urr ing . C o l umb ia River s p o r t , comme r c ial , and Ind ian 
s p r ing chinook f i sheries  are regulated to  harve s t  minimum numb e rs o f  
upriver s to c k s . I t  i s  t herefore assumed t h a t  ins ign i f icant numbers  o f  
Tucannon s p r ing ch inook are taken i n  the C o l umb ia River f i shery . Based 
on these data , it  i s  a s s umed the s tock is  to  be  managed as a 
hat chery-supp l emented s tock . 

P l anned f i s h  pas sage improvement s  ln the hydrosys tem would be  exp e c t ed to  
resul t in about a 1 7-per c ent increase in down s tream s urvival  f o r  t he 
s tock  by the year 200 3 . 

Re l a t ive to  the No-Ac t ion case , none of  the Inte r t ie tes t cases s tudied 
woul d e i ther increase o r  dec rease the average s urviva l rate of  this s tock  
by more  than 0 . 1  percen t . Under t he Maximum Capac i ty cases , t he 
imp rovement in downs t ream migran t s urvival as a resul t o f  p l anned f is h  
pas sage improvement s  c o u l d  be  reduced t o  b e tween 1 6  and 1 6 . 2  percen t . 
Thi s  l eve l o f  e f f e c t  in t he con t ext o f  the p lanned passage improvement s  
and p l anned hat chery s up p lementat ion wou l d  no t b e  expec ted to  be 
s ign i f icant . Fur thermo re , t he minimum and maximum annual m i g rant 
survival  val ue s  f o r  t h i s  s tock  f o r  the 40 randomly s e l e c ted wat e r  
cond i t ions examined f o r  each s tudy year a r e  e s s en t ial ly  the same f o r  a l l  
t e s t  c a s e s  s tud ied a s  f o r  the No-Ac tion  case . 

I f  p l anned bypa s s  f ac i l i ty ins tal l a t ion at  Lowe r Monumental  Dam does  no t 
take p lace , o r  i f  bypass upgrades at  McNary Dam do no t take p l ace , 
pas sage s urviva l s  f o r  the s tock  could  dec l ine s l igh t ly b e tween now and 
2003 in a l l  case s , inc l ud ing the No-Ac t ion case . E i ther o f  these 
s i t uat ions would  b e  aggravated if  f is h  guidance e f f ic ienc ies  or 
t ransportat ion s urviva l s  are l ower t han as s umed for the IDU s tudi e s . 
G iven t h i s  c on t ex t , even the s l ight  dec rease in s urvival rat e s  that could  
resul t f rom the capac i ty expans ion tes t  cases  could  represent  a 
s igni f icant adver s e  e f f e c t  f o r  t h i s  c r i t ical  s tock . 

E . 7-18  



Subyearl ings 

Lyons Ferry Hat chery Fal l  Chinook . The one subyearl ing s tock  BPA 
ident i f ied for the Lower Monumental  P o o l --Lyons Ferry Hat c hery fal l 
chinook--was des i gna ted  po tent ial ly c r i t ical . Coun t s  o f  fa l l  c hinook 
over Lower Monumental  Dam have shown a dras t i c  dec l ine s ince t he 
comp l e t ion o f  the Lowe r Snake Rive r  dams . Numbers s tab i l ized  at  about 
1 , 500  in the 1 9 70 s . Returns t o  the ha t c he ry s tarted  with s ix in 1 985 . 
Re turns in 1 9 8 7 were ove r 1 , 600  adul t s . The Lyons Ferry Ha tchery i s  
b u i l d ing u p  i ts b rood  s tock  to  ge t t he ha tche ry u p  t o  ful l p roduc t ion 
( 9  mi l l i on f a l l  chinook ) .  The large returns in 1 9 8 7 s hould  al low 
produc t ion t o  inc rease f rom a few mi l l ion to  about  6 mi l l ion j uven i l e  
f is h . 

The s tock  i s  managed as a hat chery s tock  now and wi l l  b e  used in the 
fut ure to s upplement na tural p roduc t ion above Lower Gran i t e  Dam and t o  
es tab l is h  produc t ion i n  t r ibutary s t reams . There i s  n o  terminal f i shery 
on the s tock ; howeve r , it is a s s umed t hey are taken extens ive ly in ocean 
s p o r t  and commerc ial  f i sheries , and ma ins tem C o l umb ia River s p o r t , 
comme r c ial , and Indian f is he r i e s  a t  a rate ( 24 percent to  7 1  percen t ) 
s imi lar to Hanfo rd Reach fa l l  chinook . The s tock  is  theref o re assumed to  
be managed as a hat c he ry s tock  and , due to  the exten t o f  harve s t , no t as  
a c r i t i cal  s tock . 

By the year 200 3 , p l anned f is h  passage improvement s in the hydrosys t em 
wou l d  be  expec ted  t o  resul t in a 24 . 2  percent increase in downs t ream 
survival  f o r  tho s e  hat chery f i s h  re l eased in t he Lowe r Monumental poo l  
and 2 3 . 8  percent improvement f o r  tho se  f i s h  barged t o  b e l ow I ce Harbo r  
Dam . 

Relat ive to  the No-Ac t i on case , the expected  average re l a t ive change in 
surviva l f o r  the Formul a  Al l o c a t ion cases  is -0 . 1  to  -0 . 2  percen t ; f o r  
the cont rac t s  cas e s , t he s urviva l change expec ted i s  0 . 2  percent  to  
0 . 3  percent  f o r  f i s h  r e leased in the Lower Monumental  Poo l and 
0 . 1  percent  to 0 . 2  percent f o r  t ho s e  re leased below  I c e  Harb o r  Dam ; f o r  
t he D C  Terminal Expans ion , t h e  s urvival change expec ted is  -0 . 8  perc ent 
to  -1 . 1  percent f o r  f i s h  rel eased in the Lower Monumental P o o l  and -0 . 2  
to  -0 . 4  percent f o r  f is h  r e l eased be low I c e  Harbo r  Dam ; f o r  the Thi rd AC , 
the survival change expec ted  i s  -1 . 4  percen t  f o r  tho s e  f is h  rel eased in 
the Lower Monumental poo l  and -0 . 5  percent f o r  those f is h  re l eased b e low 
Ice Harbor  Dam ; and for the  Maximum Capac i ty cases , the survival  change 
expec ted is -2 . 2  percen t  to -2 . 4  perc en t  f o r  f is h  re l eased in the Lowe r 
Monumental P o o l  and -0 . 5  percent  to  -0 . 7  percent f o r  f is h  re leased be low 
Ice Harbor Dam . The s e  l eve l s  of e f f e c t  in the c ontext of  p l anned f is h  
pas sage improvements , inc reased hat che ry produc t ion and the extent o f  
harves t  are no t cons idered s igni f icant . 

The minimum annual migrant survival values f o r  the s tock  f o r  the 
40 randomly s e l ec t e d  wat e r  cond i t ions examined for each s tudy year are 
s l i gh t ly  improved unde r  t he Fo rmula  Al l o ca t i on cases  s tud ied , whi le 
maximum survival  i s  e s s en t i a l l y  the same f o r  t ho s e  t e s t  cases  s tud ied  as 
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f o r  t he No-Ac t ion cas e . The mln lmum and maximum annua l migrant surviva l  
val ues , under the l ong-t e rm f i rm cont rac t s  case s , show s l igh t ly imp roved 
surviva l  dur ing the wo r s t  years and l i t t le change in the b e s t  year . 
Unde r  the Thi rd AC and Haximum Capa c i t y  cases , t he minimum and maximum 
annual migrant surviva l values show s l igh t ly improved surviva l during the 
wo rs t year and s l ig h t ly l e s s  survi va l  in the b e s t  year . 

I f  p lanned bypass f ac i l i ty ins tal l a t ion a t  Lower Honumental Dam does  no t 
take p lace , o r  bypass upgrades a t  HcNary Dam do no t take place , pas sage 
s urviva l s  f o r  the s tock  wou l d  no t imp rove s igni f i cant ly be tween now and 
2003  in the No-Ac t ion case . E i ther o f  these s i tua t ions woul d  be 
aggravated if f ish guidance e f f i c ienc i e s  or t rans po rtat ion surviva l s  are 
l ower than assumed f o r  the IDU s t ud ies . G iven this  context , even the 
s l ight  decrease in surviva l rates that could re sul t f rom the capa c i ty 
expans ion t e s t cases  could  represent a s igni f i cant adverse e f f e c t  f o r  
t h i s  po tent i a l ly c r i t i ca l  s t ock . 

S te e l head 

The two s tee lhead s to cks BPA iden t i f ied f o r  the Lower Honumental  
Poo l --Lyons Ferry s umme r  s tee l head and Tucannon R iver summe r  
s te e l head--were f l agged f o r  the Thi rd AC and Haximum Capac i ty Inter t ie 
expan s i on cases . 

P lanned f is h  passage improvement s in the hydrosys tem would be  expec ted to  
res u l t  in a 1 6 . 2  percent improvement in downs t ream surviva l  f o r  the Lower 
Honumental  P o o l  s te e l head s to cks by the year 2003 . 

Fo r the Thi r d  AC and Haximum Capac i ty cases , the min imum and maximum 
annua l migrant survival values f o r  these s tocks f o r  the 40 randomly 
s e l e c ted wat e r  years examined are e s s en t i a l ly the same as  for the 
No-Ac t i on cas e . 

Re l a t ive to  the No-Ac t ion case , the expected  ave rage survival c hange 
unde r  the Thi rd AC t e s t case  is -0 . 3  percen t . Under the Haximum Capac i ty 
cases , expe c t ed average survival dec reased by be tween -0 . 3  percent and 
-0 . 5  percen t . Based on these  data , the re would  no t be any expec te d  
s igni f i cant impa c t  o n  t h e s e  s tocks  assum ing bypas s fac i l i t ies  are 
ins tal led  at  Lower Honumental  Dam and bypa s s  upgrades are comp l e ted  a t  
HcNary Dam . 

I f  the p l anned bypa s s  sys tem i s  no t ins tal l ed a t  Lowe r Honumental  Dam , o r  
i f  bypass  upgrades a t  HcNary Dam do no t take p lace , passage surviva l s  f o r  
t h e  s tock could  dec l ine s l i gh t l y  b e t ween now and 2 0 0 3  in t h e  No-Ac t ion 
case . Ei ther of  these s i tuat ions would be  aggravated i f  f is h  guidance 
e f f i c i encies  or t rans p o r t a t ion surviva l s  are l ower than assumed f o r  the 
I DU s tudies . 

S tock  As ses smen t s : Lowe r Honumental  P o o l  S tee l head 

Lyons Ferry Summe r  S t ee lhead . Th i s  s tock  was recent l y  devel oped  f rom 
f is h  imported  f rom We l l s  S FH and R ingo l d  Hatchery dat ing f rom 1 98 2 .  
Unt i l  re turns f rom these  impo r t e d  f is h  are real i zed , there wi l l  b e  no 
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t rue Lyons Fe rry s tee 1 head s tock . Under the Lowe r Snake Rive r 
Compensa t i on P ro g ram , Lyons Fe rry Ha tchery w i l l put 300 , 000  smo 1 t s o f  
t h i s  s tock into  the Snake River f o r  b roods tock  ma intenance p l us ano ther 
250 , 000 into the Tucannon R ive r for mi t igat ion . S ince this  i s  such a new 
program , no t much data are ava i lab l e  to determine run s tatus o r  viab i l i t y .  

The s tock  is  managed f o r  ha tchery p roduc t ion , s inc e al l f is h  t hat  are 
re leased f rom this  fac i l i ty are marked and can be harve s t e d  in the spo r t  
a s  we l l  a s  the t riba l , f is he ry . Some harve s t  i n  the C o l umb ia Rive r i s  
assumed assoc iated w i t h  Indian and comme rc ial f isheries  f o r  f a l l 
chinoo k . This  inc idental harves t  is  no t tho ught to  be caus ing any 
prob lema t i c  reduc t ion in t he ongo ing improvements  o f  the nat ural runs o f  
the Lyons Ferry s te e 1 head . S po r t  harve s t  in t he C o l umb ia Rive r has been 
l imi ted to marked ha t c he ry f i sh of  which this  s tock  i s  made up ; the 
ac tual  harves t  has no t been de termined . 

Tucannon Summe r S tee 1 head . This  s tock is  in a seve rely degraded s tate . 
A downward t rend in run s ize i s  expec ted to  be  reve rsed with  smo 1 ts 
released f rom the Lyons Ferry Ha t c he ry through the Lowe r Snake River 
Compensa t ion Program . Thi s  s tock  i s  mi t iga ted through the Lower Snake 
Rive r Compensa t ion Program . P lanned f i s h  pas sage improvemen t s  in the 
hydro sys tem would  be expec ted to cause a 1 6 . 2  percent increase in s tock 
p roduc t ivi ty . 

The s tock  wi l l  be  managed as a supp l emented ha tchery s tock . There are 
current l y  no termina l f is he r i e s ; howeve r , C o l umb ia River spo r t , 
commerc ial , and Ind ian s te e 1head f is heries  harve s t  upr iver s tocks . 

WELLS POOL 

Yearl ings 

Of the two yearl ing s t ocks BPA iden t i f ied f o r  the We l l s  Poo l , one--Me t how 
River and t r ibutaries  spr ing chinook--was des ignated po t en t ial ly 
c r i t i cal , and one--Winthrop s p r ing chinook--was f lagged f o r  a l l  three 
capac i ty expans ion cases . P l anned f ish pas sage improvement s  in the 
hydro sys tem woul d be  expe c ted to  resul t in a 38 . 4  percent inc rease in 
downs t ream migran t  survival f o r  We l l s  Poo l yearl ings by the year 200 3 . 

Relat ive to  the No-A c t ion case , the expec ted average survival change f o r  
the Formula Al l ocat ion c a s e s  i s  0 . 0  perc en t ; f o r  the D C  Te rmina l 
Expans i on cases , the survival  change expec ted i s  -0 . 8  percen t ; f o r  t he 
Thi rd AC case , t he survival change expec ted i s  -1 . 1  percent ; and f o r  the 
Maximum Capac i ty cases , t he survival change expec ted i s  -1 . 5  to  
-1 . 6  percent . The minimum and maximum annual migrant survival val ues  for  
these  s tocks f o r  t he 40 randomly s e l ec ted water  cond i t ions examined for  
each s tudy year are  e s sent ial ly the same under t he Fo rmula A l l ocat ion 
cases s tudied as f o r  t he No-Ac t ion case . Under t he DC Te rminal Expans ion 
and Thi rd AC case s , surviva l s  would  be s l igh t l y  l ower in the l ow runo ff  
year . Under the Maximum Capac i ty cases , the minimum and maximum annua l 

E . 7-21  



migrant  survival va l ues  show a s l ight ly improved survival i n  the lowe s t  
wa ter  year and es sent i a l ly the same surviva l in � '�e bes t yea� . 

Given p l anned hydrosys tem passage improvemen t s , trl ese  e f f e c t s  on We l l s 
Pool  yearl ings would  no t be cons idered s igni f i can c . Howeve r , unde r  the 
expanded Inte r t ie cases , i f  p lanned bypass  sys tems at  the Mid-C o 1 lli�bia 
PUD dams are no � cons t ruc ted , pass age s urvival s  for  the  s tocks could  
dec l ine s l igh t ly be tween now and 2003 in the  No-Ac t ion case . Thi s  
s i tua t ion would b e  agg ravated if  f ish guidance e f f i c ienc ies  o r  
t ranspo r t a t ion surviva l s  are lower than assumed f o r  t he I D U  s tud ies . 

S to c k  Asses smen t s : We l l s Poo l Yearl ings 

Me thow R ive r and Tributaries  Spring Chinook . Thi s  run is  p robab ly a 
mixture o f  natural s to c k  and f i s h  f rom Winthrop Na t iona l  Fish Hatchery . 
The s tock  has shown improvement in recent years w i th bo th runs having 
about 6 0 0  s pawners . I t  i s  s t i l l  cons ide red depre s s e d  and unharve s tab 1 e , 
but the improvemen t s  are promis ing . 

The Winthrop Nat iona l F i s h  Hat che ry produces  about 900 , 000  spr ing chinook 
smo 1 t s  for the Me thow River . The re has been no t e rminal spo r t  or Ind ian 
harves t .  C o l umb ia  Rive r  s po r t , comme r c i a l , and Indian s p r ing chinook 
f ishe r i e s  are regulated  t o  harve s t  minimum numbe r s  o f  upr ive r  s to c ks . I t  
i s , there f o re , as sumed that no s ign if icant numbers o f  Me thow s pr ing 
chinook are taken in any f i she ry . The s tock  is there f o re managed 
throughout i t s  l if e  cyc l e  as a c r i t ical  hatchery-supplemented  s tock . 

The re l a t ive dec rease s  in average surviva l  for  t h i s  s tock of  up to  
1 . 6  percen t  under the Maximum capac i ty cases are no t cons idered 
s igni f i c an t  in the context o f  p lanned pas sage impro vemen t s . Howeve r , 
wi thout the increase in survival resul t ing f rom the ins tal l a t ion o f  
p l anned bypass  sys tems a t  the Mid-C o l umb ia  PUD dams , the dec rease in 
ave rage survival due to  the capac i ty expans ions could represent a 
s igni f i cant adverse e f f e c t  on t h i s  s tock . 

Winthrop Spring Chinoo k . The Winthrop s p ring chinook run i s  depressed , 
but has improved in recent years . Re turns to the Winthrop Hat c hery were 
l e s s  than 100 in the l a t e  1 9 70 s , but inc reased t o  600 to  1 , 200  f ish in 
the mid-1 980 s . 

The spr ing ch inook run i s  managed as a hatchery s tock  wi th an annua l 
re l ease  o f  about 900 , 000 smo 1 ts .  There are p l ans to re l ease an 
add i t ional 1 m i l l ion smo 1 ts as  a resul t of the Ro ck I s land s e t t l emen t . 
Thi s  hatche ry s tock  was deve l oped in the l a t e  1 9 70s  f rom seve r a l  l owe r 
r iver s tock s . There has been no terminal f ishe ry in the Me thow R iver f o r  
t h i s  s to c k . Co lumb i a  R iver spo r t , comme rc ia l , and I nd ian f i she r i e s  are 
regulated  to minimize harve s t  of upr ive r s t o cks . Therefo re , i t  is 
as sumed the run is a viab l e  hat chery s to ck .  
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Al though this  s tock  was f lagged f o r  the Inter t ie capac i ty dec is ions , the 
IDU s tudies  indicate  none o f  the capac i ty dec is ions would  resul t in 
s ignif icant impac t to Winthrop s pr ing ch inook orig inat ing f rom above 
We l l s  Dam , provided bypas s sys tems are ins tal led  at Mid-Co lumb ia dams as 
p l anned . 

Subyear1 ings 

The two subyear1 ing s to cks BPA iden t i f ied f o r  the We l l s P o o 1 --Me thow 
River summe r chinook and Okanogan and S imi 1kameen River s umme r  
c hinook--were de s ignated  po ten t i a l l y  c r i t ical . Neve r the l es s , p l anned 
f i s h  pas sage improvements  in the hydrosys tem would  be expe c te d  to  resul t 
in a 6 9 . 6  percent inc rease in downs t ream pas sage s urvival f o r  We l l s  P o o l  
s ubyear 1 ings by t h e  year 200 3 . 

Re l a t ive to the No-Ac t ion case , the expec ted  average s urvival change for  
the Fo rmula A l l o ca t ion cases  is  -0 . 1  to -0 . 2  percen t ; f o r  the l ong-term 
f i rm con t ra c t s  cases , t he survival change i s  0 . 4 percent to 1 . 2  percen t ; 
f o r  the DC Terminal Expans ion cases , the survival change expe c ted  i s  -0 . 5  
t o  -0 . 8  percen t ; f o r  the Third AC , the expec ted survival  change i s  
-1 . 0  percent ; and f o r  the Maximum Capac i ty case s , the s urviva l c hange 
expec t ed is -1 . 4  to - 1 . 8  percent . 

The minimum and maximum annual migran t  survival values f o r  t he s tocks  f o r  
t h e  40 randomly s e l ec ted  wa ter cond i t ions examined for  each s tudy year 
are e s s en t ia l l y  t he same under the Fo rmula Al l ocat ion cases s tudied as 
for the No-Ac t ion cas e . Unde r the l ong-term f irm cont rac t s  cas e s , t he 
minimum and maximum migran t  s urviva l  values are e s s en t ia l ly t he same in 
the bes t survival year and improved f o r  the lowe s t  s urvival cond i t ions 
compared to  the No-Ac t ion cas e ; under the cases , the minimum and maximum 
annual migrant s urvival value s  are s l i gh t ly l ower in the bes t s urvival 
year and improved f o r  the l owe s t  survival cond i t i ons compared to  the 
No-Ac t ion cas e .  

Al t hough the current c ond i t ion o f  these s ubyear1 ing s to cks  was des ignated 
p o t ent ial ly c r i t ical , impac t s  of  the magni t ude presented wou l d  no t be  
cons i de red s igni f icant in the context o f  the  inc reas es  in s tock  s urviva l  
expec ted a s  a resul t o f  p l anned hydrosys tem bypa s s  improvement s . 

I f  p l anned bypas s sys t ems at  the Mid-C o l umb ia PUD dams are no t 
cons truc ted , pas sage s urvival s  f o r  the s t ocks  would  no t inc rease 
s ub s tan t ia l l y  be tween now and 2003 in the No-Ac t ion case re l a t ive to  the 
impac t s  of  capac i ty expans ion . Thi s  s i tua t ion wou l d  be aggravated  i f  
f is h  guidanc e  e f f ic ienc i e s  or  t ranspo rtat i on surviva l s  are l ower than 
as sumed f o r  t he I DU s tudies . Given t h i s  context , even t he s l ight  
dec rease in s urvival rates  that  could  resul t f rom the  capac i t y  expans ion 
t e s t  cas e s  coul d represent a s igni f icant adverse e f f e c t for t he s e  s to cks . 
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S to c k  Asses smen t s : We l l s  P o o l  S ubyear l ings 

Me thow River Summer Chinook . Redd count s  s how this  s tock  to be severely  
degraded , w i t h  e s t imated es capement dec reas ing f rom over 1 , 50 0  in  1 9 78 to 
508 in 1 985 . Thi s  downward t rend s hould  turn aro und once the m i t igat ion 
f rom the Rock I s l and s e t t lement 11 is  implemen t ed . The re are p lans to 
enhanc e this run with 6 00 , 000 smo l t s . Changes  in Doug las County PUD ' s  
We l l s hat c he ry prog ram wi l l  a l s o  provide an add i t ional 2 1 1 , 000  smo l ts f o r  
t h e  Me thow Rive r . 

The s tock  has been managed f o r  natural produc t ion , but  wi l l  be 
supplemented  with f ish f rom the FERC m i t igat ion . There has been no 
terminal s po r t  f i shery or  Ind ian sub s is tence f i shery in recent years . 
C o l umb ia R iver so ckeye and shad f isheries  are regulated to  harves t  
minimum numbe rs o f  upr ive r summe r chinook  s tocks . I t  i s  therefore 
assumed that ins ign i f icant numbers o f  Me thow summer chinook are taken in 
any f i s hery . The s tock  is  managed throughou t  i t s  l i f e  cyc l e  as a 
p o t en t ia l l y  cri t ical  suppl emented s tock . 

Okanogan River and S im i lkameen Rive r Summer Chinook . The escapement 
averaged 1 , 0 9 7  f rom 1 9 70-1984  wi th  a s ign i f i can t downward t rend in the 
l a s t  20 years . Changes in the r e l ease s t rategies  wi l l  be  provid ing mo re 
smo l t s from We l l s  Ha t c hery . Add i t i ona l p roduc t ion f rom the recent Rock 
I s land s e t t l emen t wi l l  be putt ing grea t l y  inc reas ing numbers  o f  smo l ts 
into  the Okanogan-S imi l kameen sys tem.  

The s tock  has been managed for natural produc t ion , but wi l l  be 
s igni f ican t ly enhanced with the above-ment i oned mi t igat ion programs . 
There has been no t e rminal f is he ry in the Okanogan sys tem in recent 
years . Co l umb ia Rive r s po r t , comme r c ia l , and Ind ian f isheries  are 
regulated to  harves t  minimum numbers of upriver s tocks . I t  is , therefore 
assumed that ins ign i f icant numbers o f  S im i lkameen and Okanogan summer 
chinoo k  are taken in any o f  t he f isheries . The s tocks are managed 
throughout the i r  l if e  cyc l e  as natural suppl emented  s t ocks . 

S te e l head 

The two s tee l head s t ocks BPA iden t i f ied f o r  the We l l s  P o o l --Me t how River 
and t r ibutaries s umme r s tee l head and Okanogan River and t ributaries  
s umme r s te e l head--we re f lagged f o r  al l three capac i ty expans ion cases . 
Neve r t he les s ,  p l anned pas sage improvements  f o r  the hydroe lec t r i c  sys tem 
wou l d  be expec ted t o  resu l t  in a 4 2 . 2  percent improvement in downs t ream 
migran t surviva l o f  the We l l s  P o o l  s te e l head s tocks by the year 200 3 .  

11 Agreemen t be tween Che lan P UD , f i s he ry ent i t ies , and FERC p rovid ing 
ha tchery produc t ion to repl ac e  unavo i dab l e  smo l t  l o s s es at Rock 
I s l and dam . 
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Re lat ive to  the No�Ac t ion cas e , the expected  average survival change f o r  
t h e  D C  Terminal Expans ion cas es  is  -0 . 5  percent to -0 . 6  percen t ; f o r  the 
Thi rd AC , the expec ted average s urvival change i s  -0 . 8  percen t ; and f o r  
the Maximum Capac i ty cases , the surviva l change expec ted i s  -0 . 9  to  
-1 . 1  percen t . Under al l capac i ty expans ion tes t cases  s tud ied , t he 
minimum and maximum annual migraGt s urvival val ues f o r  the s to c k s  f o r  the 
40 randomly selec ted wa ter  cond i t ions are s l ight l y  l owe r in b o t h  the 
lowe s t  and highe s t  s urvival years compared to  the No-Ac t ion cas e . 

The sma l l  reduc t i ons in ave rage s urvival  in the context o f  planned 
pas sage improvements  and p l anned ha tchery supplementat ion would  no t be 
expec ted to  be s i gn i f i cant for e i ther o f  the f lagged We l l s  P o o l  s tee 1 head 
s t ocks . If p l anned bypa s s  sys tems at the Mid-Co lumb ia PUD dams are no t 
cons truc ted , passage s urviva l s  f o r  t he s t ocks  could dec l ine s l ight ly  
be tween now and 200 3 in the No-Ac t ion case . This  s i tuat ion wou l d  be 
aggravated if  f ish  guidance  e f f ic ienc ies or  t rans por tat ion s urviva l s  are 
l ower than assumed for t he IDU s tud ies . Given this context , even t he 
s l ight decrease in survival rates that  could  resul t f rom the capac i ty 
expans ion t e s t  cases could  represent a s igni f icant adverse e f f e c t f o r  
b o t h  o f  these f l agged s to cks . 

S t o c k  A s s e s sment s :  We l l s  P o o l  S te e 1 head 

Me thow Rive r  and Tributar ies  SWR�e r S tee 1 head : Thi s  run i s  viab l e  and 
e s t imated to be about 5 pe rcent of the s te e 1 head pass ing We l l s  Dam . 
Rec ent coun t s  show an inc reas ing t rend . The run i s  heav i l y  s up p l emen ted 
with We l l s  Hatchery f i s h  ( 380 , 000 smo 1 t s  per  year ) .  The Rock I s land 
s e t t lemen t wi l l  provide ano ther 200 , 000 smo 1 t s  f o r  the Me thow and 
Okanogan Rivers . The t erminal s p o r t  harves t  is managed to pro t e c t  t he 
nat ural produc t ion . 

Okanogan River and Tributaries  Summe r S te e 1 head . Thi s  is a remnant run 
heavily  supp lemented wi th  We l l s  Hat c he ry f i s h .  Few , if any , wi l d  f is h  
rema in . There are n o  f i rm enhancement plans unt i l  r e s o l ut ion o f  f i sh  
pas sage at Enloe  Dam . The terminal sport  harves t  i s  regulated to  p r o t e c t  
the natural produc t ion . 

Al though these s tocks  we re f lagged f o r  Int e r t i e  capac i ty dec i s ions , the 
IDU s tudies  indicate none o f  the capac i ty dec i s ions wou l d  resul t in 
s ignif i cant impac t  to Me t how River and t ributaries s umme r s te e 1 head or  
Okanogan River and t r ibutaries  summe r  s te e 1 head , provided bypa s s  sys tems 
are ins ta l l ed at the Mid-Co l umb ia dams and hat che ry sup p l ementat i on takes 
p lace as planned . 

Sockeye 

Okanogan River Sockeye . The sockeye s tock  BPA iden t i f ied f o r  t he We l l s  
P o o 1 --0kanogan River sockeye--was f lagged f o r  al l three capac i ty 
expan s i on cases . Popul a t ion e s t ima t e s  show that t h i s  run f luc tuates  
wide ly , f rom a l ow in 1 9 78 of  l e s s  than 10 , 000 to  ove r 100 , 000 in 1 985 . 
The s tock  i s  showing an increas ing t rend in the 1 980s . 
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The sockeye run is  managed as a na tural  s t ock . No terminal f ishe r ies  f o r  
the Okanogan component of  the Co lumb ia Rive r so ckeye run are a l l owed . 
C o l umb ia River comme rc ial and Ind ian f is he r ies are al l owed dur ing the 
l arger run years in t he l owe r C o l umb ia Rive r .  I t  i s  therefore assumed 
t he s tock is viab l e  and managed as a harve s tab l e  s t ock . P l anned f ish  
pas sage improvements  would be  expec ted to  resul t in a 43 . 3  percent 
improvement in downs t ream mi gran t survival of  the s tock by t he year 200 3 . 

Relat ive t o  the No-Ac t ion case , the expec ted average s urviva l  change f o r  
t he DC Terminal  Expans ion c a s e s  is  -0 . 8  percent to -0 . 9  percent . F o r  the 
Th ird AC , the expec ted  ave rage survival change is  -1 . 4  percent , and f o r  
t he Maximum Capac i ty cases , t h e  survival change expe c ted is  -1 . 7  percent  
to  -1 . 8  percent . The pro j e c ted  relat ive decrease in smo l t  s urvival in 
t he context of  the p l anned passage improvemen ts  and management e f f o r t s  
would no t be expec t e d  t o  b e  s ign if icant . Under al l the capac i t y  
expans ion tes t cases , the minimum and maximum annual migrant survival 
val ues  for t he s t o cks for t he 40 randomly selec ted  water  cond i t i ons show 
s l ight ly  improved surviva l  in the wo rs t pas sage year and s l igh t ly l owe r 
survival in t he bes t pas sage year compared to  t he No-Ac t ion cas e .  

I f  planned bypas s sys tems a t  the Nid-Co lumb ia PUD dams are no t 
cons t ruc ted , pas sage surviva l s  for  the s tock could  de c l ine s l igh t ly 
be tween now and 2003  in t he No-Ac t ion case . This  s i t ua t ion would  be 
aggravated i f  f i sh guidance e f f ic ienc ies  or  t ransp o r ta t ion s urviva l s  are 
lower than assumed for the IDU s tud ies . Given this context , even t he 
s l ight  decrease in s urvival rates  t hat  could  res u l t  f rom t he capa c i ty 
expans ion tes t cas es  relat ive to  the No-Ac t ion case coul d represent a 
s igni f i cant adve rse e f f e c t  t h i s  s tock . 

Ent ia t  Rive r  Spring Chinook . 
t he Rocky Reach Po o l --Ent iat  
long-term f i rm cont rac t s  and 

ROCKY REACH POOL 

Year l ings 

The one yearl ing s tock  BPA iden t i f ied f o r  
River spr ing chinook--was f lagged f o r  
a l l  t hree capac i ty expans ion cases . 

The run of  Ent ia t River spr ing chinook , cons idered a nonc r i t ical  s tock , 
has averaged 1 , 4 1 5  f i s h  f rom 1 980-1 986 . The run is  s uppo r t e d  by a 
release of  about 700 , 000  smo l ts annua l l y  from the Ent iat  F i s h  Ha tchery . 
This  supp l ementa t ion was ini t iated in the 1 9 70 s . Ove r t he years , o t he r  
spr ing chinook s tocks  have been impo rted  i n t o  t he bas in to  supp l ement t he 
natural s tock . 

The s tock i s  managed as a hatchery s tock , supplement ing nat ural 
produc t ion . A t e rminal s po r t  f i s hery was o pened in 1 98 7  t o  harves t f i s h  
i n  excess  o f  e s capement needs . Co lumb ia Rive r spor t , comme r c ia l , and 
Indian spring chinook f ishe r ie s  are regulated to harve s t  minimum numbers  
of  Ent iat spring chinook . The s tock i s  managed as a viab l e , but 
depre s sed hat c he ry s t ock  with very l imited  f i s he r ies . P l anned f i s h  
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passage improvement s  in the hydro e l e c t r i c  sys tem wou l d  be expe cted  t o  
resu l t  i n  a 40 . 6  percent improvement i n  downs t ream s urvival of  t h i s  s tock  
by the year 200 3 . 

Relat ive to  the No-Ac t ion cas e , t he expec ted ave rage s urvival changes f o r  
t he l ong-term contrac t s  cas e s  range be tween -0 . 2  percent to  +0 . 4  percent , 
depending on t he al t e rna t ive . For t he DC Termina l Expans ion case s , the 
expec ted s urviva l c hange is -0 . 1  percent to  -0 . 3  percent . The expec ted 
average surviva l  change for the Thi rd AC tes t  case is  -0 . 3  percent , and 
f o r  t he Maximum Capac i ty cas es , the expec ted s urviva l change i s  
-0 . 1  percent to  -0 . 9  percent . 

A l t hough t h i s  s tock  was f l agged f o r  l ong-term f i rm contrac t s  and capac i ty 
expans ion e f fec ts , t he IDU s tud ies  ind icate  t ha t  ne i ther the l ong-term 
f i rm contrac ts  dec i s ion nor t he Inte r t i e  capac i ty de c i s ion woul d resul t 
in s i gni f i cant  impa c t  to  Ent ia t  River spr ing chinook , provided bypas s 
sys tems are ins tal l ed at  the Mid-Co lumb ia darns and management e f f o r t s  
take p lace a s  p l anned . 

Under t he l ong-te rm con t ra c t s  cas e s , the minimum and maximum annual 
migrant surviva l  val ue s  f o r  the s tock  f o r  t he 40 randomly s e l e c ted water  
cond i t i ons examined f o r  each  s tudy year are  e s s en t ia l l y  the same f o r  al l 
tes t cases s tudied as f o r  the No-Ac t ion case . Under al l t he expanded 
Inte r t i e  cas e s , t he minimum and maximum annual migrant survival values 
are e s sent ial ly  t he same unde r  the bes t s urvival cond i t i ons and s l igh t l y  
improved f o r  the l ow wat e r  cond i t i on compared to  t he No-Ac t ion cas e . 

I f  p l anned bypas s sys tems at  the Mid-C o lumb ia PUD darns are no t 
cons t ructed , pass age s urviva l s  f o r  t he s tock  would no t inc rease  
s igni f icant l y  be tween now  and 200 3 in the  No-Ac t i on case . Thi s  s i tuat ion 
woul d  be  aggravated if f i sh guidance e f f i c ienc i e s  or t rans portat ion 
surviva l s  are l ower t han as s umed for the IDU s tud ies . Given t h i s  
contex t , even the s l ight  decrease in s urviva l  rates  that c ou l d  resul t 
f rom the capacity  expansion  tes t cases re l a t ive to  t he No-Ac t ion case 
could represent a s igni f i cant adverse  e f f e c t for this  s tock . 

Subyear 1 ings 

We l l s  Hatche ry Summer Chinook . The one subyea r 1 ing s tock BPA iden t i f ied 
f o r  the Ro cky Reach Poo 1 --We 1 1 s  Hat c he ry s umme r  chinook--was d e s i gnated 
c r i t ical . The coun t s  at  We l l s  Darn s how a s tab l e  viab le  run , but at  
depre s s ed leve l s . The average for  1 9 70-1 985  was 5 , 5 24 f i s h . Thi s  run 
does no t p rovide f o r  any d i re c t  harve s t .  Large increases in ha t chery 
produc t ion are p l anned . Almo s t  1 . 0  mi l l ion smo 1 t s  wi l l  corne f rom the 
Rock I s land s e t t l emen t . 

There i s  no terminal f is hery , and t he C o l umb ia River s o ckeye and s had 
f is he r i e s  are regulated to harves t  minimum numbers  of upriver s umme r  
chinoo k  s to cks . I t  i s  there f o re as sumed that ins ignif i cant numbers  of  
the  We l l s  Hat c hery s umme r  chinook s tock  are  taken in any f i shery and that 
the s tock  is managed t hroughout  i t s  l if e  cyc l e  as a p o t ent ial l y  c r i t ical  
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ha tche ry s to ck . P lanned f i s h  pas sage improvement s  in the hydrosys tem 
would  be  expec ted to  resul t in a 3 7 . 2  percent improvement in down s t r eam 
migrant surviva l o f  the s tock  by the year 2003 . 

Relat ive to  the No-Ac t ion case , the expec ted average surviva l  change f o r  
t h e  Fo rmula Al locat ion c a s e s  is  -0 . 1  percent ; f o r  t h e  l ong-term f i rm 
con t rac ts  cases , the expec ted s urvival change is an average 0 . 5  percent 
to  0 . 8  percen t ; for the DC Termina l Expans ion case s , the expec ted 
survival change is  -0 . 2  to  -0 . 7  percen t ; f o r  the Third AC , the expe c ted  
average surviva l  change is  -0 . 6  percent ; and for  the Maximum Capac i ty 
cases , the expec ted s urvival change is  -0 . 8  to  -1 . 6  percen t . Given the 
s ub s tan t ial  ant ic ipated improvement in surivival of this s to ck due to  
p l anned f i s h  pas s age improvemen t s , a relat ive decrease of  about 1 to  
2 percent in smo l t  s urviva l woul d not  b e  expec ted to be  s igni f i can t . 

The minimum and maximum annual migrant survival val ue s  f o r  the s tock  for  
the  40 randomly s e l e c ted wat e r  cond i t ions examined for  each s tudy year 
are es sen t ia l ly the same unde r  the Formula Al l o cat ion cas es  s tudied as 
for the No-Ac t ion cas e .  In a l l  o ther tes t cases , the minimum and maximum 
migrant surviva l  val ues are e s sential ly  the same in the b e s t  s urvival 
year and improved in the l ow wat e r  cond i t ion compared to the No-Ac t ion 
cas e . 

I f  p lanned bypa s s  sys tems at  the Mid-Co lumbia PUD dams are no t 
cons t ruc ted , passage s urviva l s  f o r  the s tock  woul d  not  inc rease 
s ub s tan t ia l l y  be tween now and 2003 in the No-Ac t ion cas e . Thi s  s i tua t ion 
wou l d  be  aggravated if  f is h  guidance e f f i c ienc ies  or t rans po r t a t ion 
s urviva l s  are l ower t han a s s ume d  f o r  the I DU s tud ie s . Given this  
context , even the  s l ight dec rease  in survival rates  t hat  could  res u l t  
f rom the capac i ty expans ion tes t cases  re l a t ive to  the No-Ac t ion case 
could  represent  a s igni f icant adve rse e f f ec t f o r  thi s poten t ial ly  
c r i t i cal s to c k . 

S teelhead 

The two s te e l head s tocks  BPA iden t i f ied f o r  the Rocky Reach Poo l --Ent iat 
River summer s te e l head and We l l s Hatchery s ummer s te e l head--were f l agged 
for Maximum Capac ity  Inter t ie expans ion . P lanned f is h  passage 
improvement s  in the hydrosys tem wou l d  be expected  t o  resul t in a 
30 . 0  pe rcent improvement in downs t ream s urvival  f o r  the Rocky Reach P o o l  
s te e l head s tocks  by t h e  year 200 3 . 

Re l a t ive t o  the No-Ac t ion cas e , the exp e c t e d  average decreas e s  in 
s urvival f o r  the Maximum Capa c i ty cases range be tween -0 . 5  percent  and 
-0 . 7  percent . Unde r  a l l  the Maximum Capac i ty cases , the minimum and 
maximum annual migran t s urvival val ues wou l d  dec l ine s l ight l y  in b o th the 
high and low wa ter cond i t ions compared to  the No-Ac t ion cas e . Based  on 
these data , nei ther of the Roc ky Reach P o o l  s tee l head s to c k s  wou l d  be 
expec ted t o  s uf fe r  s igni f icant adverse  e f f ec t as s uming bypas s fac i l i t ie s  
a r e  ins tal l ed at  Mid-Co l umb ia dams and management programs take place  as 
p l anned . 

E . 7-28 



I f  p lanned bypas s sys tems at  the Mid-Co lumb ia PUD dams are no t 
cons t ruc ted , pas sage surviva l s  f o r  these s to cks c ou l d  dec l ine s l igh t l y  
be tween now and 2003 i n  the No-Ac t ion case . Thi s  s i t uat ion woul d be 
aggravated i f  f is h  guidance e f f ic ienc ie s  or t rans portat ion s urviva l s  are 
l owe r than as sumed for the IDU s tud ies . G iven t h i s  con text , even t he 
s l ight  dec rease in s urviva l  rates  that  could  resul t f rom the capac i ty 
expan s i on tes t  cases could represent a s ignif icant adve rse e f f e c t f o r  
these f lagged s tocks . 

S tock As s e ssment s : Rocky Reach Poo l S te e 1 head 

Ent iat  R iver S umme r  S te e 1 head . Thi s  run was e s t ima ted to have ranged in 
s ize  f rom 23  in 1 9 7 7  to 90  f is h  in 1 985 . S ince 1 9 7 7  no count has 
exceeded 100 f is h .  Recent regulat ions have been ins t i tuted to  p ro te c t  
the natural run b y  a l l owing only harve s t  of  marked hatche ry f i s h . There 
i s  a s igni f i cant infus ion o f  hatchery f is h  w i t h  over 46 , 000  smo 1 ts be ing 
p lanted every year to s upplement the s p o r t  f is he ry in the Ent ia t . 

The s tock i s  managed as a ha tchery s tock s ince only marked hatche ry f is h  
are a l l owed to  be kep t in the Columb ia Bas in s p o r t  f i s he r i e s . Thi s  s tock  
i s  managed throughout i t s  l if e-cyc le  as a hatche ry s upp lemented s to c k . 

We l l s  Hat che ry Summer S te e 1 head . Thi s  s tock  is  used t o  s up p l emen t  
s eve ral Columb ia Rive r  t r ibuta r i e s  f rom the Wal la Wal la Rive r  t o  the 
Okanogan Rive r .  The populat ion has shown t remendous increases  in recent 
year s . The s tock  was deve loped in the early 1 96 0 s  w i t h  f i s h  t rapped at  
P r ie s t  Rapids  Dam . By  t he 1 9 70 s , the run was several thousands and by  
the late  1 98 0 s  had topped almo s t  20 , 000 . Thi s  i s  almo s t  an ent i re l y  
hat chery-sus tained run wi th  s ome natural f is h  inc luded a s  b roods t o c k . 

The s tock i s  managed as a hat chery s tock s ince only marked hat c he ry f is h  
are a l lowed to  be  kept in t he Columb ia Bas in s po r t  f is he r ie s . Over 
1 mi l l ion We l l s  s to c k  smo 1 ts are d i s t r ibuted throughout the Uppe r 
Columb ia Bas in . I t  i s  assumed t h i s  s tock  i s  managed throughout i t s  l if e  
cyc l e  a s  a hat c he ry s tock . 

ROCK I S LAND POOL 

Yearl ings 

The two yearl ing s to c k s  BPA iden t i f ied f o r  t he Rock I s land 
P o o 1 --Leavenworth  s p r ing chinook and Wenatchee River and t r ibutaries  
s pr ing chinook--were f l agged f o r  long-term f i rm c on t ra c t s  and capac i ty 
expans ions . P l anned f i s h  passage improvements in the hydroe l e c t r i c  
sys tem would be expec ted t o  cause a 25 . 4  percent improvement i n  
downs t ream s urviva l f o r  the Ro ck I s land poo l year l ing s to cks b y  the year 
2003 . 
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Relat ive to the No-Ac t ion cas e ,  t he expec ted average survival  change f o r  
the l ong-term cont rac t s  c a s e s  is  -0 . 2  percent to  +0 . 2  percent , depending 
on the a l t e rnat ive . Fo r t he DC Terminal Expans ion cas e s , the expec ted 
survival change i s  -0 . 2  percent ; for  the Third AC , the expec t ed ave rage 
survival change is  -0 . 5  percent ; and for the Maximum Capa c i ty cas e s , the 
expected  survival change is -0 . 2  percent to -0 . 6  percent . Based  on the s e  
data , there would be  no expec ted s igni f i cant adverse  impac t on 
Leavenworth  s p r ing chinook o r  Wenat chee Rive r and t r ibutaries  s p r ing 
chinook , provided improvements in pas sage fac i l i t ie s  and management are 
as an tic ipated . 

Under  t he l ong-term cont rac t s  cases , the mlnlmum and maximum annua l 
migrant survival values f o r  the s tocks  for  the 40  randomly s e l e c ted wat e r  
cond i t ions examined f o r  eac h s tudy year a r e  essent ial ly  t he same f o r  al l 
t e s t  cases s tudied as f o r  the No-Ac t ion cas e . Under a l l  the increased  
capac i ty cases , the  minimum and maximum annua l migrant survival val ue s  
are s l ight l y  l owe r f o r  the poo r s urvival year and e s s en t ial ly  the same 
f o r  the b e s t survival year compared to the No-Ac t ion cas e . 

I f  planned bypass sys tems a t  the Mid-C o l umb ia PUD dams are no t 
cons t ruc ted , passage s urviva l s  f o r  the s tocks  would  no t inc rease  
s igni f icant ly b e tween now  and 2003 in  the No-Ac t ion case . Thi s  s i tuat ion 
woul d  be  aggravated if f i s h  guidance e f f i c ienc ies  or t ran s po r tat ion 
surviva l s  are l ower t han assumed for the IDU s tudie s . Given t h i s  
context , even the s l ight  dec rease i n  s urvival rat e s  that c o u l d  resul t 
f rom the capac i ty expans ion tes t cas es  and some o f  the f i rm con t rac t 
cases could represent a s i gn i f ican t adve rse  e f f e c t  f o r  these f l agged 
s tocks . 

S to ck As s e s smen t s : Rock I s land Pool  Yearl ings 

Leavenwor t h  Spring Chinook . Leavenwor t h  s pring chinook have b een 
inc reas ing in run s i z e  w i t h  a 1 9 70-1984  average of  3 , 35 0  f is h . The s tock  
i s  of  hatchery o r i g in wi th  2 . 3  mi l l ion smo 1 t s  re l eased annua l l y .  The 
populat ion i s  heal thy , no t in c r i t ical  cond i t ion , a l t hough improvement s  
are s t i l l  needed to achieve increased Co l umb ia Ba s in runs . F i s h  pas sage 
improvement s  at Dryden Dam should a l s o  improve produc t ion . 

The s tock  i s  managed as a ha tchery s tock . There are t e rminal  s p o r t  and 
Indian f ishe r i e s  f o r  t he s tock  in I c i c l e  C reek be low Leavenwo r th 
hat c hery . Co l umb ia River spor t ,  comme r c ial , and Indian s p r ing chinook 
f i s he r i e s  are regulated  to  harve s t minimum numb e r s  of  Leavenworth  s p r ing 
chinook . The s tock is managed f o r  hat c he ry produc t ion , in a depre s s ed 
but no t c r i t i cal cond i t ion . 

Wenat chee River and Tributaries  Spr ing Chinook . Based  on inter-dam f is h  
coun t s , Wenat c hee s p r ing c hinook are o n  an improving t rend , wi t h  runs of  
2 , 000 t o  4 , 00 0  fish  in t he late  1 9 70s  and early 1 980s , improving to  near 
1 1 , 000  in 1 985 . The populat ion is heal thy and not  in c r i t ical  cond i t ion . 
F i s h  passage improvement s  made at  Dryden and Tumwat e r  Dams s hould  improve 
p roduc t ion . 

E . 7-30 



The s to ck i s  managed f o r  natural produc t ion . There are no s p o r t  or  
Indian termina l f isheries  target ing on  the  popul a t ion . C o l umb ia Rive r 
s p o r t , comme r c ia l , and Indian s p r ing chinook f is heries  are regulated t o  
harves t minimum numbers o f  Wenat chee s p r ing c h ino ok . The s to c k  appear s 
to  be managed as a viab l e  natural popul a t ion , but add i t ional years o f  
high returns are needed p r i o r  to  a l l owing t erminal f is he r i e s . 

Subyear1 ings 

Wena tchee R ive r S umme r  Chinoo k . From inte r-dam e s t imates  ( Ro ck 
I s l and-Roc ky Reach ) this  s to c k  s eems to  be in a relat ive l y  s tab l e  and 
viab le  s tat e . The run has averaged ove r 8 , 6 00 f is h  annua l l y  f rom 
1 9 6 6-1 985 . I t  has been managed as a natural s to c k  but w i th p lanned 
enhancement t h i s  may change . The Rock I s l and s e t t l ement p l an s  a 
m i t igat ion package t ha t  would  produce ove r a m i l l ion Wenat chee s umme r 
c h inoo k  ini t ia l ly . 

The re have no t been any te rminal f i s heries  f o r  thi s s to ck in recent 
years . The harve s t in the Co lumb ia Rive r i s  regulated to t ake minimum 
numbers of upr ive r s t ocks inc idental ly in t he s o c keye and s had comme rcial  
f is he r i es . I t  i s  the refore a s s umed tha t  ins igni f icant numbe r  o f  
Wena tchee s ummer chinook are taken i n  any f is hery . The s to ck i s , 
there f o re , as s umed t o  be managed as a non-c r i t ical  nat ural s to c k  
throughout i t s  l ife-cyc l e . P l anned f i s h  pas sage improvement s  i n  the 
hydrosys tem wou l d  be expe c ted to resul t in a s urviva l  inc rease o f  
4 1 . 3  percen t . 

The re were no c hanges in s urvival f o r  the Fo rmula Al l o c a t ion t e s t cas e s  
relat ive to t h e  No-Ac t ion cas e . Sma l l  inc reases  ( up to  0 . 9  percent ) i n  
survival occurred f o r  the f i rm cont rac t s  tes t  cas e s . S l ight  decreas e s  o f  
-0 . 1  pe rcent t o  -0 . 4  percent woul d o c cur w i t h  the D C  Upgrade ; 
-0 . 3  pe rcent f o r  t he Thi rd AC ; and -0 . 5  percent t o  -0 . 8  percent f o r  
Maximum Capac i ty .  The s e  l eve l s  o f  e f f ec t i n  the contex t  o f  t h e  p l anned 
passage improvements  would  no t be expec ted to be s igni f i can t . 

The minimum and maximum annual migrant s urvival val ue s  for  t he s to c k , f o r  
t he 4 0  randomly s e l e c t e d  water  cond i t ions examined f o r  each s tudy year , 
are e s s ential l y  the same f o r  t he t e s t cases compared t o  t he No-Ac t ion 
cas e . Thes e tended t o  be  s l ight ly highe r s urviva l s  in the l o we s t runo f f  
years , whi l e  s urvival i n  t h e  bes t year i s  s l ight l y  l e s s . 

I f  p l anned bypas s e s  are no t ins tal l ed at  the Mid-Co l umb ia dams , t hen 
f uture pas s age s urviva l s  wou l d  only be s l igh t ly improved in the future . 
Thi s  cond i t ion could  become c r i t ical  if i t  were comb ined w i t h  l e s s  t han 
assumed f i s h  guidance e f f i c ienc i e s . 
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Sockeye 

Wenatchee R iver and Tributaries  Sockeye . The s oc keye s to c k  BPA 
iden t i f ied  for the Roc k  I s l and Poo l--Wenat c hee Rive r  t ributaries  
sockeye--was f lagged f o r  al l three capa c i ty expans ion cas e s . 

Wenatchee R iver s oc keye , whi l e  a depre s s ed popul a t ion , i s  viab l e  and 
improving . The 1 9 70-1984  run average was 3 2 , 300 f i sh and e s capement in 
1 984 was 5 3 , 05 0 . Pas sage improvement at  Tumwa t e r  and Dryden Dams s hould 
improve protec t ion . A t r ial  produc t ion program is  planned as par t  o f  the 
s e t t l emen t f o r  Rock I s l and Dam . 

The s o ckeye run i s  managed f o r  natural produc t ion , al though future 
hatche ry s upp l ementat ion is  planned . A termina l f ishery is al l owed in 
Lake Wenat chee for these s o c keye and Co lumb ia Rive r commercial  and Ind ian 
f ishe r i e s  are under taken in t he highe r run year s . The s to c k  i s  
cons idered viab l e  and harve s tab l e . P l anned pas sage improvement s  f o r  the 
hydrosys tem wou l d  be expected  to  resul t in a 3 1 . 7  percent  increase in 
survival of  downs t ream migran t s  f o r  the s to ck by the year 200 3 . 

Re lat ive to  the No-A c t ion cas e , the expec ted average survival change f o r  
t h e  D C  Terminal Expans ion case s  i s  -0 . 4  percent t o  -0 . 5  percen t ; f o r  the 
Third AC , the expec t ed average survival change i s  -0 . 6  percent ; and f o r  
the Maximum Capac i ty case s , t h e  expec ted s urviva l change i s  -0 . 8  percent 
to  -1 . 0  percent . Under a l l  the capa c i t y  expans ion t e s t cases , the 
minimum and maximum annual migrant surviva l  val ue s  for the s tock for the 
40 randomly s e l e c ted wat e r  c ond i t i ons examined in each s t udy year s how 
e s s en t ia l ly the same s urviva l in the low wa ter  years and s l ight ly l ower 
s urvival in the b e s t year compared to  the No-Ac t ion case . G iven expec ted 
improvement s  in s urvival due to  p l anned pas sage improvemen t s , a re l a t ive 
decrease of about 1 percent in smo l t  s urviva l  woul d no t be expec ted to be  
s ign i f i cant . 

I f  p l anned bypass  sys tems at  the Mid-C o l umb ia P UD dams are no t 
cons t ruc ted , pas sage s urviva l s  f o r  the s tock  could  decl ine s l i gh t l y  
be tween now and 200 3  in the No-Ac t ion cas e . Thi s  s i tuat ion woul d be  
aggravated i f  f is h  guidance e f f ic ienc ies  o r  t rans p o r tat ion s urviva l s  are  
l ower t han ass umed f o r  the  I DU s tudies . G iven t h i s  context , even the 
s l ight decrease in s urvival rates  that could resul t f rom the capac i ty 
expans ion tes t cas e s  relat ive to  the No-Act ion case could represent a 
s igni f i cant adverse  e f f e c t  f o r  this  s tock . 

MCNARY POOL 

Yearl ings 

Yakima River and Tributar ies Spring Chinook . The one yearl ing s to c k  BPA 
iden t i f ied  f o r  the McNary P o o l--Yakima River and t ributaries  s pr ing 
chinook--was f l agged f o r  a l l  three capac i ty expans ion case s . 
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The run of  Yakima s pring chinook i s  depre s s ed , but  has been on an 
inc reas ing trend , w i th l e s s  than 1 , 000  f i s h  re turning in the late  1 9 70 s  
and over  2 , 000  f ish  recen t ly . Numerous f is h  pas sage improvements  have 
been comp l e ted in the bas in , and plans are be ing f inal ized f o r  a maj o r  
hatchery comp lex which  wi l l  provide a s i gn i f icant number of  s p r ing 
ch inook f o r  this bas in . 

The s p r ing chinook run is  managed as a natural s tock  with  s i gnif icant 
hat chery supplementat ion . There have no t been any t e rminal s p o r t  
f ishe r ie s , al though Ind ian s ub s i s tence f is he r ies  are conduc ted  annual ly . 
C o l umb ia Rive r  sport , comme r c ial , and Indian f is he r i e s  are regulated to  
harve s t  minimal numbers  of  upr iver s tocks . It  is  the re f o re assumed the 
s to c k  i s  viab l e  and managed as a supplemented natural s tock . P l anned 
pas sage improvements f o r  the hydroe l e c t r i c  sys tem wou l d  be expected  t o  
resul t i n  a 1 0 . 1  percent improvement i n  s urvival of  downs t ream migrant s  
f o r  the s tock  b y  the year 200 3 . 

Relat ive to  the No-Ac t ion case , the expec ted average s urvival change f o r  
the D C  Te rminal Expans ion cases  is  -0 . 1  percent t o  -0 . 2  percent ; f o r  the 
Thi rd AC , t he expected  ave rage survival change is  -0 . 4  percent ; and f o r  
the Maximum Capacity  case s , the expe cted  s urvival c hange i s  -0 . 4  percent  
to  +0 . 1  percent . 

Under the DC Terminal  Expans ion case s , the minimum and maximum annual 
migrant s urvival val ue s  f o r  the s tock  f o r  the 40 randomly s e l e c ted  wat e r  
cond i t ions examined f o r  each s tudy year show essential ly  the same 
s urvival in the bes t water  cond i t i ons and s l ight l y  l ower survival in the  
l ow runo f f  years compared to  the  No-Ac t ion case . Unde r  the  Th i rd AC  tes t  
cas e ,  the minimum and maximum annual survival  val ue s  show s l igh t l y  l ower 
s urvival  in bo th the l ow and highe s t runo f f  years compared to  the 
No-Ac t ion cas e . Unde r  the Maximum Capac i ty cases , t he minimum and 
maximum annual migrant survival  val ue s  s how s l ight ly l ower s urvival in 
the low water  cond i t ion and about the same s urvival  in the high water  
cond i t ion compared to  the  No-Ac t ion cas e . 

A l t hough th i s  s tock  was f lagged f o r  Inte r t i e  capac i ty dec i s ions , the IDU 
s tudies  indicate these  dec i s ions would no t resul t in s i gnif ican t  impact 
to  Yakima Rive r  and t r ibutaries s p r ing chinoo k  in the context of  
improving f is h  runs and p l anned hatchery cons t ruc t ion , provided bypas s 
upg rades at  McNary Dam are comp l e ted as p l anned . 

I f  planned bypa s s  upg rades at  the McNary Dam are not  cons t ruc ted , pas sage 
s urviva l s  for the s tock  would improve only s l igh t l y  be tween now and 2003  
in the No-Ac t ion cas e . This s i tuat ion would  be aggravated if  f i sh 
guidance e f f i c ienc ies  o r  t rans portat ion s urviva l s  are l owe r than as sumed 
f o r  the IDU s tud ie s . Given this  con text , even the s l ight de c rease in 
s urvival  rates that could  resul t f rom the capac i ty expans ion t e s t cases  
re l a t ive to  the  No-Ac t ion case  could repre sent a s igni f i cant adve rse  
e f f ec t f o r  this  s tock . 
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Subyearl ings 

C o l umb ia R ive r Fal l  Chinook--Mains tem Spawne rs . Thi s  s tock s pawns 
p r ima r i l y  above McNary Dam w i th the principa l  areas in the Hanf o rd 
Reach .  The current e s capemen t goal of  40 , 000 adul t s  above McNary has 
been exceeded annua l ly s ince 1 98 3 , with  the 1 98 6  run at  over 90 , 000 . 
Thi s  drama t i c  turnaround f o r  th i s  s tock i s  from s ign i f icant harves t  
( ocean and in-rive r ) reduc t ion down f rom the h i s t o r i c  rat e  o f  20 to  
70  percent , reduced ups t ream passage mo r tal i ty ,  improved smo l t  s urviva l , 
and increased hatchery p roduc t i on .  Even w i t h  this  large ha tche ry 
p roduc t ion , the na tural s tocks  s hould inc rease due to  the s igni f icant 
harves t  reduc t ions . Thi s  s tock is managed as a suppl emented na tural 
s tock  which is increas ing and harves ted b o th in-river and in the ocean . 
P l anned f ish  pas sage improvements  in the hydrosys tem woul d  be expec ted to 
cause a 23 . 9  percent improvement in downs t ream survival . 

The average relat ive survival change f o r  the Fo rmula Al locat ion t e s t  
cas e s  was a decrease of  -0 . 1  percent compared to  t he No-Ac t ion cas e . For 
the l ong-term con t ra c t  case s , there were s urviva l  increase s  of  
0 . 1  percent . Surviva l  decreased s l igh t ly , -0 . 2  percent  to  -0 . 4  percent 
for t he DC Upgrade , -0 . 5  percent for the Thi rd AC , and -0 . 6  percent to  
-0 . 7  percent f o r  Maximum Capac i t y .  Thes e  leve l s  of  e f f e c t in the context 
of p l anned pas sage improvements  and high run re turns would no t be 
expec ted to  be s igni f i cant . 

The minimum and maximum annua l migrant s urviva l  "val ue s "  f o r  the s tock , 
f o r  the 40 randomly s e l e c ted wa ter  cond i t ions examined , are e s sent ial ly 
the same f o r  a l l  tes t  cases s tud ied as f o r  the No-Ac t ion cas e . Fo r the 
capac i ty expans ion cases , survival  in the lowe s t runo f f  year is improved 
s l i ght l y ,  whi le  surv ival in the b e s t year l S  s l i gh t ly l e s s . 

I f  t he planned bypas s upgrade i s  not made a t  McNary Dam , then future 
passage survivals  would  only be s l ightly  improved in the future . Thi s  
cond i t ion could  become a pos s ib l e  concern i f  i t  were comb ined w i t h  l e s s  
than as s umed f i s h  guidance e f f i c iences o r  t ran s po rtat ion s urvival . Given 
the produc t ive s tatus of this  s tock , howeve r ,  no s igni f i cant change in 
the populat ion or i t s  harves t  would  be expec ted even w i t hout the bypas s 
improvement s . 

S te e l head 

The three s te e l head s to cks  BPA iden t i f ied f o r  the McNary P o o l --Hanf ord  
summer s te e l head , Wal la Wal la River and t ributaries  summe r s te e l head and 
Yak ima R iver and t ributaries s ummer s te e lhead--we re f lagged f o r  the 
Maximum Capac i t y  expans ion case . P lanned f is h  pas sage improvement s  in 
the hydrosys tem would be  expected  to  resul t in a 7 . 5  percent improvement 
in down s tream s urviva l  f o r  the McNary P o o l  s te e l head s to cks  by the year 
200 3 . 

Re l a t ive to  t he No-Ac t ion cas e , the expec ted ave rage survival change f o r  
t he Maximum Capac ity  cas es  i s  a n  average of  0 . 0  pe rcent t o  -0 . 2  percent . 
G iven ant i c ipated increases  in s urvival due to  p l anned pas sage 
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improvemen t s , this  woul d  no t cons t i tute a s igni f ican t adve rse  e f f e c t f o r  
any of  the s e  s t e e l head s to ck s . Under a l l  the Maximum Capac i ty cases , the 
minimum and maximum annual migrant survival values would  show a s l ight 
inc rease in s urviva l in the high water  year and s l ight l y  l e s s  survival  in 
the lowe s t  water  cond i t ion compared to the No-Ac t ion case . 

I f  planned bypas s sys tems a t  t he McNary Dam are no t cons t ruc t e d , pas sage 
surviva l s  f o r  the s to c k s  would  improve only s l igh t l y  be tween now and 2003  
in  the No-Ac t ion cas e . Future improvements  in s urviva l s  could  dec rease 
if f ish  guidance e f f i c ienc ies  or t rans portat ion s urviva l s  are l o wer than 
assumed for  the I DU s tud i e s . Given this  context , even the s l ight  
decreas e in surviva l rat e s  that  could  resul t f rom the maXimllln capac i ty 
expans ion t e s t cases  c o u l d  represent a s igni f icant adverse  e f f e c t  f o r  
these f l agged s to cks . 

S tock  As s e ssmen t s : McNary P o o l  S tee l head 

Hanfo rd Sllffimer S te e l head . No current popula t ion e s t imates  are ava i l ab l e , 
but us ing informa t ion f rom 1 968-70  aerial  s pawning ground s urveys and 
data expans ion f rom s p o r t  harve s t ,  a bes t e s t ima t e  o f  5 0 0  f is h  exi s ted in 
the late  1 96 0 s . No recent s urvey data exi s ts on t h i s  populat ion , 
therefore , no t rend o r  s tatus can be  determined . Wha t  i s  known i s  that 
only hatche ry marked f is h  are harve s ted , thereby enhanc ing the l ik e l ihood 
o f  natural spawne rs  inc reas ing . A l s o , f i s h  t ranspo r t a t ion f rom McNary 
Dam should be  inc reas ing the produc t iv i ty of the s to c k . Thi s  s to c k  i s  
managed a s  a natural s t oc k  w i t h  no hatchery s upp l emen tat ion p l anned . But 
it can be assumed that hatche ry s tock  ( We l l s  up rive r s tock ) d o e s  
interbreed with  t h i s  natural s t ock . 

P l anned f i s h  pas s age imp rovement s  in the hydrosys tem woul d be  exp e c t e d  to  
cause a 7 . 5  percent improvement in downs t ream s urvival . 

There have not  been any te rminal f is he r i e s  f o r  t h i s  s tock in recent 
years . Some harves t  in the Co lumb ia River is  as s umed ass o c iated  w i t h  
Indian f isheries  and ind i re c t l y  i n  f i s he r i e s  f o r  fal l chinook . Thi s  
harve s t  is  n o t  thought t o  be caus ing any p rob lema t i c  reduc t ion i n  
expec ted improvements  in t h i s  s t ock . 

Wal la Wal la River and Tributaries  S llffime r  S te e l head . A l t hough no ac curate 
e s t imates  are ava i l ab le for the s tab i l ity  and s i z e  o f  this run , 
s igni f icant modi f icat ion of  the natural s tock  gene poo l can b e  
ant i c ipated in the future due t o  a rather l arge m i t iga t ion program . 
Lyons Ferry Hatche ry , unde r  the Lower Snake R ive r C ompensa t i on Program ,  
wi l l  p lant 450 , 00 0  smo l t s o f  We l l s  s tock into the Wal la Wal la Rive r  as 
m i t igat ion . Some of  the returning adul t f is h  sho u l d  interb reed w i t h  
natural Wal la Wal la s t o c k . 

The s to c k  i s  managed as a supp l emented  hatche ry s tock , s ince ha t c hery 
f i s h  that are p l anted are marked and can be harve s ted  in the s p o r t  as 
wel l  as the t r ibal  f i s he ry . Some harves t  in the C o l umb ia River i s  
assumed as s o c iated  w i t h  Indian and commer c i a l  f i s he r i e s  f o r  f a l l 
chinook . Thi s  inciden t a l  harve s t i s  no t thought t o  be  caus ing any 
p rob l ema t i c  reduc t ion in the ongo ing improvement s  of the na tural runs of  
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t he Wal la Wal la s te e l head . Spo r t  harves t  in Co lumb ia River has been 
l imi ted to marked hat c he ry f i s h .  

Yakima River and Tributari e s  Summe r S t e e l head . Coun t s  ove r P r o s s e r  Dam 
f o r  1 984-8 7 s how a run s iz e  o f  around 2 , 200  adu l t s  wi t h  80 p e rcent o f  
these e s timated t o  be f rom natural s tock . The harve s t o f  only marked 
s te e l head in the Upper C o l umb ia Bas in has s igni f i can t ly inc reased t he 
natural spawning e s capement into the Yak ima River . P r i o r  to  1 984 run 
s iz e  was e s t imated f rom expanded harves t records  t o  be l e s s  than 1 , 000 . 
Thi s  inc reas e in e scapement s hows the viab i l i ty and res i l ience o f  the 
s to ck .  

The s tock i s  managed f o r  natural produc t ion , a l t hough 6 0 , 000  Yak ima 
origin  smo l t s  are released f rom Ne l s on Springs Rearing Pond . The only  
consumpt ive terminal harves t  i s  f rom the  t r ibal  s ub s is tence f i s hery . 
Some harve s t  in the Co lumb ia River i s  as s umed as s o c iated  w i t h  Ind ian and 
c ommerc ial f i s he r i e s  f o r  f a l l  c hinook . Thi s  inc idental harves t i s  no t 
t hought to be  caus ing any p rob l ema t i c  reduc t ion in the ongoing 
improvement s  of t he natural runs of the Yakima s te e lhead . S p o r t  harves t 
in Co lumb ia River has been l imi ted to  marked hatche ry f i s h  s o  few Yakima 
f i s h  are taken . 

JOHN DAY POOL 

Yearl ings 

John Day Rive r Spring Chinook . The one yearl ing s t ock  BPA iden t i f ied f o r  
t h e  John Day P o o l --John Day Rive r  s p r ing chinook--was f lagged f o r  a l l  
three capac i ty expans ion case s . 

Thi s  natural s p r ing chinook s t ock  i s  s howing s igni f ican t  improvement s  in 
run s i z e , f rom about 1 , 000  f i s h  in the 1 9 70 s  and ear l y  1 98 0 s , to  about 
5 , 000  f ish  in 1 98 7 .  Numerous hab i ta t  improvement s  have been made in the 
Bas in and divers ion s c reens have been modern i zed . 

The s p r ing c hinook s tock  1 S  managed s t r i c t l y  f o r  natural produc t ion . No 
hatchery supp lementat ion i s  p l anne d . There has been no terminal s p o r t  
f i s hery t o  a l low runs to  bui l d  up . An Ind ian sub s i s tence f i s hery has 
been ini tiated , but wi l l  be regulated to take l e s s  than 5 percent o f  the 
run . Co lumb ia River spo r t , commerc ial , and Indian s p r ing c h inook 
f i s he r ie s  are regulated to  harves t  a minimum numbe r  of upr iver s to cks . 
I t  i s  there f o re assumed that the John Day s p r ing chinook s tock  i s  managed 
f o r  natural produc t ion throughout i t s  l i fe  cyc l e  and is not in a c r i t ical  
c ond i t ion . 

The John Day s p r ing chinook s to c k  i s  increas ing s ign i f ican t l y  due , in 
par t , to recent ins tal l at ion of  bypa s s  fac i l i t ie s  at John Day Dam . 
P l anned f i s h  pas s age improvements  f o r  the hydrosys tem woul d  be  expec t ed 
t o  resul t in a 5 . 2  percent imp rovement in s urvival o f  down s t ream migran t s  
of  t h e  s tock b y  t h e  year 200 3 . 

Relat ive to  the No-Ac t ion cas e , t he expected  average survival change f o r  
t h e  t h e  D C  Terminal Expans ion c a s e s  ranges be tween -0 . 2  percent and 
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-0 . 7  percen t ; f o r  the Thi rd AC case , t he expec ted average survival  change 
is -0 . 5  percent ; and f o r  the Maximum Capac i ty cas es , i t  is be tween 
-0 . 3  percent and -0 . 8  percent . A re l a t ive dec rease of l e s s  than 
1 pe rcent in smo l t  survival in the context o f  planned passage 
imp rovement s  and improving f i s h  runs f o r  t h i s  s tock  would no t be expec ted 
to be s ignif icant . 

Under the DC Terminal Expans ion and Thi rd AC tes t cases , the minimum and 
maximum annual migrant survival val ues  f o r  the s to c k  f o r  t he 40 randomly 
s e l e c ted water  cond i t ions examined for each s tudy year show s l igh t l y  
improved survival during the wors t wat e r  years and s l i gh t l y  l ower 
survival in the b e s t  wat e r  years compared to  the No-Ac t ion case . Under 
the Maximum Capac i ty cases , the minimum and maximum annual migrant 
survival values  show e s s en t ial ly t he same surviva l in the l owes t  year and 
s l i gh t l y  l e s s  survival in the bes t year compared to the No-Ac t ion case . 

I f  a planned bypass sys tem at  The Dal l es  Dam i s  no t ins tal led , o r  o t he r  
f is h  pas sage a c t ion , such a s  t ranspo r tat ion f rom John Day Dam , w i t h  
s imi lar survival e f f e c t s  i s  no t imp l emented , passage surviva l s  f o r  t he 
s tock  would dec rease s l ightly  be tween now and 2003  in the No-Ac t ion 
case . Thi s  s i tua t ion would  be aggravated i f  f is h  guidance e f f i c ienc ies  
are  l ower than assumed f o r  the  IDU s tud ies . G iven this  context , even the 
s l ight  dec rease in survival ra tes that  could  resul t f rom the capac i ty 
expans i on tes t cases could represent a s igni f ican t  adverse e f f e c t f o r  
t h i s  f lagged s tock . 

Subyearl in� 

John Day R iver Fal l  Chinook . The one subyearl ing s tock BPA iden t i f ied 
f o r  the John Day Pool --John Day River fal l chinook--was f l agged for the 
Thi rd AC and Maximum Capac i ty expans ion cas es . 

The run of  t h i s  s tock  is  no t known , but  i t  i s  thought to  be ve ry l o w . I t  
i s  managed as a na tural s to c k  w i t h  no suppl emental s t o ck ing o r  
enhancement .  The l imi t ing fac tors  are the envi ronmental prob l ems ( high 
water  temperature and spawn ing grave l )  in the lower John Day R ive r . 

The s tock  has been and w i l l  cont inue to  be managed as a na tural s to c k . 
No suppl ementat ion i s  planned . The re i s  no t e rm inal f is hery on t h i s  
s tock . There i s  an intens ive mixed s tock oc ean c h inoo k  f i shery whi c h  
harve s t s  s i gnif icant numbers o f  C o l umb ia  R iver fal l chinoo k  
( 20-60 percent ) .  Recent management a c t ions w i t h  Canada unde r  the 
U . S . -Canada t reaty has caused needed harve s t  re l ie f  for the C o l umb ia 
River fal l c h inook s t ocks . 

Because of the mixed s tock  ocean f is hery , the na tural fal l chinook s tocks  
are  assumed to  be harves ted at  the  same ra te as t he hat c hery s tocks . 
The refore , because of the large surp lus e s  in o ther fal l chinook s tocks , 
the maj o r  f i sher i e s  d i c tate that  ove ra l l  t h i s  s to c k  i s  harve s t ed w i t h  
o ther heal thier  s tocks . P lanned f ish passage improvements i n  the 
hydro sys tem would  be expec ted to  resul t in a 1 . 9  percen t  inc rease in 
downs t ream migrant survival . Recent ins tal l a t ion of  bypas s fac i l i t ies at 
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John Day Dam is  a l s o  inc reas ing s urviva l that  has no t yet  man i f e s t ed 
i t s e l f  in run s ize . 

The ave rage re lat ive change in s urvival f o r  the Formula Al l o cat ion tes t 
cases was a decrease o f  -0 . 1  pe rcent to  -0 . 2  percent compared to  t he 
No-Ac t ion cas e .  Sma l l  ave rage survival increas es  ( up to  0 . 3  percent ) 
o c curred f o r  the f i rm con t rac t tes t  cas es . S l ight decrease s  of  
-0 . 6  percent to  -0 . 9  percent wou l d  oc cur w i th the  DC  Upgrade ; 
-1 . 0  percent for  the Thi rd AC , and -1 . 6  percent to  -2 . 0  percent f o r  the 
Maximum capac ity . 

The minimum and maximum annual migrant survival val ues f o r  the s to ck , f o r  
t h e  40 randomly s e lec ted  wat e r  cond i t ions examined f o r  each s tudy year , 
are e s s en t ia l ly the same f o r  the tes t cas e s  compared to  the No-Ac t ion 
cas e . For the capac i ty expans i ons , there we re s l igh t ly highe r s urviva l s  
i n  the l owes t runof f  year , whi l e  s urvival i n  the b e s t year i s  s l ig h t l y  
les s . 

A 1 to  2 pe rcent relat ive dec rease in migrant s urvival due t o  hydros ys tem 
o pe ra t ions woul d no t l ike l y  be  s igni f i cant , however ,  relat ive to  the 
management o f  this f ish  s t o ck . C o l umb ia R iver fal l chinook are harve s ted  
heav i l y  in  mixed-s t ock ocean , s p o r t  and commerc ial f is heries  and in  
Co lumb ia River spor t , commercial , and Indian f i sherie s . Ocean harves t  
rat e s  f luc tuate f rom 20 t o  6 0  percent al one . A t temp t s  have a l s o  no t b een 
made to  s pe c i f i cal l y  enhance t h i s  f i sh s to c k  through hab i ta t  a l t e rat ions 
or art i f i c ial  produc t ion . The John Day fal l chinook are , therefore , no t 
managed by f i she ry ent i t i e s  as a s e para te s tock . The fate  o f  this  s tock  
i s  d i rec t l y  re lated to  managemen t p rac t i ces  o f  C o l umb ia River fal l 
chinook and to  l imi ted hab i ta t  o f  poor  qua l i t y .  The smal l e f f e c t s  o f  the 
Maximum Int e r t ie are ins ign i f i cant re lat ive to harves t  and produc t ion 
po l i c i e s  f o r  this s to c k ; the s tock ' s  future woul d , there f o re , no t b e  
s ignif ican t l y  af f e c t e d  due t o  de c reases in passage survival po ten t ia l l y  
caused b y  the Maximum Inter t ie . 

S te e l head 

The two s teelhead s to c k s  BPA iden t i f ied f o r  the John Day Poo l --John Day 
R iver s umme r s teelhead and Umat i l la River and tr ibutari e s  summer 
s teelhead--were f lagged f o r  a l l  three capac i ty expans ion cas e s . John Day 
s umme r s te e l head have recen t l y  s hown s t rong inc reas e s , whereas the 
Uma t i l la run has dec reased over the l ong term ,  but has remained s tab l e  
ove r the las t 5 years . P lanned f is h  pas sage improvemen t s  would  be  
expec ted to  resul t in a 4 . 7  percent improvement in s urvival of  downst ream 
migrant s  f o r  the s tocks  b y  the year 200 3 .  

Relat ive to  t he No-Ac tion case , the expe c ted average survival change f o r  
the D C  Te rminal Expans ion cases  i s  f rom -0 . 3  percent to  -0 . 4  percen t ; f o r  
t h e  Thi rd A C  case , t h e  expected  average survival change i s  -0 . 4  percen t ; 
and f o r  the Maxiwum Capac i ty cases , the expec ted survival change i s  f rom 
-0 . 6  percent to -0 . 8  percent . Unde r  a l l  capac i ty expans ion t e s t  cases , 
the minimum and maximum annual migrant survival values f o r  t he s e  s to cks  
for  the 40 randomly s e l e c ted wa t e r  cond i t i ons examined f o r  each s tudy 
year show s l igh t l y  improved s urvival dur ing the wo r s t  runof f  cond i t ions 

E . 7-38 



and s l igh t l y  l ower s urviva l in the bes t wat e r  cond i t ions compared to  the 
No-Ac t ion cas e . Al though these s tocks  we re f lagged f o r  capac i ty 
expans ion , the I DU s tud i e s  ind i cate  these dec i s ions would  no t resul t in 
s igni f icant  impac t to  John Day R ive r summe r s te e 1 head and wou l d  no t 
resul t in s igni f icant impac t t o  Uma t i l la River summe r s te e 1 head , provided 
a bypas s sys tem is ins tal led  a t  The Dal l e s  Dam and management e f f o r t s  
take p lace a s  p l anned . 

I f  a p l anned bypa s s  s ys tem a t  The Dal le s  Dam i s  no t ins tal led , o r  o ther 
f ish  pas sage a c t ion , such as t rans portat ion f rom John Day Dam w i t h  
s imi lar survival e f f ec t s , no t imp l emented , pas sage survival s f o r  the 
Uma t i l la s tock  wou l d  decrease s l ightly  be tween now and 2003  in the 
No-Ac t ion cas e . Th is s i tua t ion would be aggravated if f is h  guidance 
e f f ic ienc ies  are l owe r than as sumed f o r  t he I DU s tud i e s . G iven t h i s  
context , even the s l ight decrease i n  survival r a t e s  tha t coul d resul t 
f rom the capa c i ty expans ion t e s t cas e s  r e l a t ive t o  the No-Ac t ion case 
could  repre s ent  a s ignif icant adve rse e f f e c t for this  f lagged s tock . 

S tock  As s e s s men t s : John Day P o o l  S te e 1 he a d  

John Day Rive r S umme r S te e 1 head . The run o f  John Day s umme r s te e 1 head 
has been increas ing s igni f icant l y , with 3 3 , 000  f is h  re turning in 1 98 7 .  
Numerous hab i ta t  improvemen ts , b e t te r  f o re s t ry prac t i c e s , and mode rni zed 
s c reening fac i l i t ie s  wi l l  further improve p roduc t ion of this s tock . 

The s to ck i s  managed exc l us ive ly  f o r  natural produc tion  w i th no p l anned 
hatche ry supplementation . The s tock  suppo r t s  a viab l e  s p o r t  f i s he ry tha t  
has been enhanced by res t r i c ted t rout f i s he r i e s  and changed s tee 1head 
regul a t i ons . Ind ian f is he r i e s  in the Co l umb i a  R ive r harve s t John Day 
s tee 1 head . Theref ore , it i s  as s umed tha t the s tock  is in a heal thy 
cond i t ion and managed f o r  natural produc t ion . 

Uma t i l la River and Tributar i e s  Summe r S tee 1head . The run o f  Uma t i l l a 
s tee 1 head has dec reased over t he l ong t e rm ,  but  has remained s tab l e  f o r  
the pas t f ive years . The Uma t i l la Rive r has been severely  degraded b y  
agr icul tural prac t i ce s . Hab i ta t  and pas sage enhancement p ro j ec t s , b e t te r  
s c reens on i r r i gat ion dive r s ions , increased ha tche ry s upp l ementat ion , and 
pe rhaps f low improvement s houl d a l l  comb ine to improve produc t ion great ly . 

The s ummer s te e 1 head are managed as a na tural s to ck wi th s ign i f i cant 
ha tchery supp l ementat ion . Terminal s p o r t  and Ind ian f i sher i e s  occur in 
t he bas in f o r  marked hatchery f i s h .  Co l umb ia Rive r s po r t  f i s he r ie s  woul d 
be  expec ted t o  harves t  s ome o f  the hat c he ry f i sh , whi l e  Indian f i she r i e s  
woul d take b o th natural and hatchery f i s h  o f  Uma t i l la o r i gin . I t  i s  
as sume d  that t h e  Uma t i l la s tee 1 head a r e  managed as a 
hatche ry-sup p l emented s tock . 
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THE DALLES POOL 

Yearl ings 

The two year l ing s t o c k s  BPA ident i f ied f o r  The Dal l e s  Poo l --Des ch�tes  
River and t r ibutar i e s  s p r ing chinook and Warm S p r ings River s p r ing 
chinook--we re f l agged for al l three capac ity  expans ion case s . P l anned 
f ish  passage imp rovement s  f o r  t he hydrosys tem wou l d  be expec t ed to resul t 
in a 7 . 8 percent improvement in downs t ream migrat ion f o r  the s tocks  by 
t he year 200 3 . 

Re l a t ive to the No-Ac t ion case , the expected  ave rage s urvival change f o r  
the D C  Termina l Expans ion � a s e s  i s  -0 . 1  percent to  -0 . 5  percen t ; f o r  the 
Th ird  AC , the expe c t ed ave rage survival  c hange i s  -0 . 3  percent ; and for  
t he Maximum Capac i ty cas e s , the  expec �ed  s urv ival change i s  -0 . 2  pe rcent 
to  -0 . 7  percent . Given expec ted fu�ure i l lc reas e s  in s tock  survival , a 
relat ive decrease o f  l e s s  than 1 pe rcent in  smo l t  s u�viva l  in the context 
o f  ? l anned pas sage impro veme n t s  wo uld  no t be expec t e d  t o  be  s i gn i f ican t . 

Unde r a l l  t he capac i ty expans ion te s t  cases , the min imum and maximum 
annua l migrant s urvival va lues f o r  these s to cks f o r  the �O randomly 
s e l e c ted  wa t e r  cond i t ions examined for each s tudy year s how s l ight ly 
improved survival  dur ing the wo rs t runo f f  cond i t ions and s l i gh t ly l owe r 
survival  in the b e s t  wa t e r  cond i t ions  compared t o  the No-Ac t ion case . 

I f  a p l anned bypa s s  sys tem at  The Da l l e s  Dam i s  no t ins tal l e d , pas sage 
s urviva l s  f o r  the s to c k  wou l d  imp rove only s l ight ly  be tween now and 2003  
in  the No-Act ion cas e . Th is  s i tua t i on would  be  aggravated i f  f i sh  
guidance e f f i c ienc i e s  are  lowe r  than as sumed f o r  the IDU s tud ie s . G iven 
this  context , even the s l ight  dec rease in s urvival  rates that could  
resul t f rom the maximum capac i ty expans ion tes t cases  re l a t ive to  the 
No-Ac t ion case coul d repre sent a s igni f i cant adver s e  e f f e c t  f o r  the s e  
f lagged s t ocks . 

S to c k  As s e s smen t s : The Dal l es  P o o l  Year l ings 

Des chutes  River and Tr ibutar i e s  Spring Chinook . The run of  Des chutes  
Rive r s p ring chinook has b een increas ing s tead i l y  through the 1 98 0 s , 
par t icularly in the las t few years . Fish  coun t s  have inc reas ed f rom l e s s  
than 2 0  i n  1 9 78 t o  above 1 , 5 0 0  i n  1 98 7 .  Improvemen t s  in hat che ry 
prac t ices  are b e l ieved t o  be  the cause o f  improving runs . There are 
proposa l s  to furthe r  inc rease hat chery produc t ion . 

The populat ion i s  managed as a ha t c hery s t ock . The re is  a t e rminal s p o r t  
and Ind ian s ub s i s tence f ishery mos t  year s  at  Sheare r ' s  B r i dge . Fishing 
is  c l osed  in the remainder o f  the bas in . C o l umb ia R iver s p o r t , 
comme r c ial , and Ind ian s p r ing chinook f is heries  are regulated t o  harve s t  
minimum numb e r s  o f  upr ive r s to cks . I t  i s , there f o r e , a s s umed the 
Des chutes  R iver s p r ing c h inook are no t in a c r i t i c a l  c ond i t ion and are 
b e ing managed as a hat chery s to c k  w i t h  l imited harve s t .  

Warm Springs River Spr ing Chinook . The run o f  Warm S p r ings R iver s p r ing 
chinook has b een increas ing in r e c ent years  f rom l e s s  than 1 , 5 00  f is h  in 
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the early 1 980s  t o  ove r 2 , 000  f i s h  in 1 984- 1 98 7 .  P l anned f is h  pas sage 
improvements f o r  the hyd rosys tem would be expe c ted to cause a 7 . 8  pe rcent 
improvement in downs t ream migrat ion survival . 

The populat i on i s  managed as a s upplemented s tock  w i t h  a l l  hat c hery f ish  
marked at re leas e . Only  unmarked adul ts  are  pas sed  ups t ream o f  the 
hatchery f o r  natural produc t i on and a po r t i on of  t he unmarked f i sh  are 
re tained f o r  hat che ry b rooks t o c k . A te rminal s po r t  and Ind ian 
s ub s is tence f is he ry at  Sheare r ' s  B r idge harve s t s  s ome o f  the s e  f ish . 
Fishing i s  c lo s e d  in the remainde r o f  the bas in . C o l umb ia Rive r  spor t , 
comme r c ial , and Indian s p r ing c h inook f i sheries  are regulated to  catch 
minimum numbe r s  of  upr ive r s to cks . Based on this  i n f o rma t ion , i t  is  
as sumed the  Warm S p rings s p r ing c h inook are  no t in a c r i t ical condi t ion 
and are be ing managed as a nat ural s tock  with  l im i t e d  harve s t .  

Subyearl ings 

Deschutes River Fal l Chinook . The one s ubyearl ing s to c k  BPA iden t i f ied 
for The Dal le s  P o o l --De s c hutes Rive r  fal l chinook--was f lagged for the 
Maximum Capac i ty expans ion cas e . 

Populat ion e s t imates  show t h i s  s to c k  to be a viab le  p o pulat ion . 
Es t imated populat ion s i ze i s  over 5 , 000 adul t e scapemen t .  There have 
been repor t s  o f  s ome recove ry in recent years . There i s  no t e rminal 
f ishe ry in the Des chutes Rive r , but harves t  does o c cur in the zone 6 
f is he ry and to  a large extent in the ocean . Recen t management ac t ions 
w i th Canada , which  harve s t s  a large par t  of t he C o l umb ia Rive r  f a l l  
c h inook , s hou l d  p rovide re l ie f  f rom the intens ive harve s t  on Co lumb ia 
R iver fal l  ch inoo k . Thi s  s to c k  has been managed for natural produc t ion 
with  no hat c he ry s upp l ementation in the Des chutes R i ve r . Howeve r ,  mixed 
s tock f ishe r i e s  targe ted on mo re p l en t i f u l  fal l c h inook s to c k s  d i c tate  
that this  s to c k  i s  managed mo re s imi larly as a ha t c he ry s to c k . P lanned 
f ish  pas sage improvements  would be expe c ted to resul t in a 6 . 7  percen t  
increase in downs t ream migrant s urvival f o r  the s to c k  by t h e  year 200 3 . 

Relat ive to  the No-Ac t ion case , the expected  ave rage s urviva l  change f o r  
the Maximum Capa c i t y  cas es  i s  an average -0 . 4  percent to  -0 . 7  percen t , 
depending on the a l t e rna t ive . Unde r  a l l  the Maximum Capac i ty cas es , t he 
minimum and maximum annual mig rant s urvival value s  f o r  the s tock  f o r  the 
4 0  randomly s e l e c ted wa t e r  cond i t ions examined f o r  each s tudy year s how 
s l igh t l y  imp roved s urvival in the l ow runo f f  cond i t i ons and s l ightly  
l ower survival in the  b e s t wa t e r  cond i t ions compared to  the No-Ac t ion 
cas e . Based on these data , there would no t be any expec ted s igni f i cant 
impac t to D e s c hutes R iver fal l chinook . 

I f  a p l anned bypass  sys tem is  no t ins tal l e d  at  The Dal l e s  Dam , pas sage 
s urvivals  f o r  t he s to c k  wou l d  improve only s l igh t l y  b e t ween now and 2003 
in t he No-Ac t ion case . Thi s  improvement could  be  even l e s s  if f i sh  
guidance e f f i c ien c i e s  are  lowe r  than as sumed f o r  the IDU  s tud ies . 
Insuf f ic ient data are ava i l ab le to  j udge whe ther  the e f fec ts  o f  the 
Maximum Capac i ty o p t i ons would  s ign i f i cant l y  affec t t h i s  s tock ' s  current 
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produc t ivity . Howeve r ,  e f f e c t s  o f  this  magni tude would not be  
s igni f i cant relat ive to  the harves t and produc t ion po l ic ies  app l ied to  
t h i s  s tock . 

S te e l head 

Des chutes  River and T r ibutaries S umme r S te e l head . The one s te e l head 
s tock  BPA iden t i f ied f o r  The Dal l es  Poo l--Des chutes  River and tr ibutaries  
s umme r s te e l head--was f lagged f o r  a l l  three capac ity  expans ion cases . 
Th is  run i s  composed o f  a hat che ry c omponent and a natural produc t ion 
popula t i on .  Runs are hea l t hy and s tab l e  for  b o t h  s to cks . Nume rous 
hab i tat  improvements are a l s o  be ing imp l emented in Des chutes  Rive r 
t r ibutar ies , par t i cularly Trout C reek , that w i l l  f ur ther improve 
p r o duc t ion of the na tural s tock . 

The s ummer  s te e l head I'u:} is  managed as t lv O  s e parate  s to c k s , ha t chery and 
natura l . There is a large termina l  s po r t  f i s hery for  the ha tchery s tock ; 
unmarked natura l f is h  are requi red t o  be re l eased . An Ind ian s ub s i s tence 
f ishe ry takes bo th hat c he ry and nat ura l f i s h  at Shearer ' s  B r i dge . 
Co lumb ia River s po r t  f is he r i e s  woul d  be expe c t e d  to harve s t  a s ign i f i cant 
numb e r  o f  the Des chut es  ha tchery f is h .  Aga in , regulat ions require the 
r e l ease of unmarked na tural f ish . Ind ian f i she r ies  in the Co lumb i a  R ive r 
harves t both  ha tchery and na tural De s chutes s t e e l head s t o cks . There f o re , 
i t  i s  assumed t hat  b o th the na tural and ha t c he ry summer s tee l head s to cks  
o f  the Des chutes  Rive r are in a viab l e  cond i t ion . P lanned f i s h  pas sage 
improvements f o r  the hydrosys tem wou l d  be expe c t e d  to resul t in a 
5 . 4  percent improvement in s urvival o f  down s t ream migran ts  o f  the s t ock  
by the year 2003 . 

Relat ive to  the No-Ac t ion case , the expe c ted ave rage survival change f o r  
the DC Terminal expans ion cases i s  -0 . 2  percent to  -0 . 4  percen t ; f o r  the 
Thi rd AC cas e , the expec ted average surviva l  change is  -0 . 3  percent ; and 
f o r  the Maximum Capac i ty cases , the expe c ted s u rvival change i s  
-0 . 4  pe rcent to  -0 . 6  percen t . A relat ive decrease of  about ha l f  a 
percent  in smo l t  survival in the context o f  the p l anned pas sage 
improvements and s tock  heal th  would no t be  expe c ted  to  be  s igni f i cant . 

Under  a l l  the capac i t y  expans ion tes t cas es , the minimum and maximum 
annual migrant s urvival val ues f o r  the s to ck f o r  the 40 random wat e r  
cond i t i ons examined f o r  each s tudy year s how  s l ight ly improved survival 
dur ing the wor s t runo f f  cond i t ions and s l igh t ly l ower survival in the 
bes t survival cond i t ions compared to  the No-Ac t ion cas e . 

I f  a p lanned bypas s s ys t em at  The Dal les  Dam i s  not  ins tal led , pas sage 
s urviva l s  f o r  Des chutes River s umme r  s te e l head wou l d  imp rove only 
s l ight l y  b etween now and 2003  in the No-Ac t ion case . G iven the viab i l i ty 
and harve s t  o f  t h i s  s tock , the s l ight  dec rease in s urvival rat e s  that 
could resul t f rom t he capac i t y  expan s ion t e s t  cases r e lat ive to  the 
No-Ac t ion case would  no t represent a s igni f ican t  adverse  e f f e c t  f o r  t h i s  
f lagged s tock . 

(VS6-P G-1 3 5 9 I  ) 
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APP ENDIX  F 

Thermal Resource Opera t ion and Weather izat ion 

PART 1 

Supp l emental Inf orma t ion on Resources  





Supplemental Inf o rmat ion on Coal Mining and Coal -Fired Gene ration 

Over hal f the nat ion ' s  demons t rated coal reserves l ie s  wes t  o f  the 
Mis s i s s ippi Rive r , mos t l y  in the no r thern Great P l ains and Ro cky Mountain 
provinces ( Tab le  F . l-l ) .  Coal resources in these areas have s everal 
common character i s t i c s : the Federa l  gove rnment owns mos t  of  the coal 
l ands ; compe t i t ion for surface land use i s  re l a t ive l y  low;  much o f  the 
coal is near the s urface and can be eas i ly s t ri p-mine d ; the coal  has a 
low ene rgy value and a low  sul fur content ; and wat e r  res ourc e s  in mining 
areas are s carce . In Wyoming and Montana , cond i t ions f o r  surface mining 
approach the i deal , wi t h  coal s eams 50-75 fee t thick  and overburdens 
30-50 feet  t h i ck . Ove r 90  pe rcent of  Wes t e rn coal i s  mined at  the 
s urface ( O f f ice  of  Techno l ogy Assessment , 1 9 79 ) ,  and the maj o r i ty of  
Wes te rn s t rip-mine s have been open s ince t he late  1 96 0 s . 

Tab l e  F . l-l  

DEMONSTRATED COAL RESERVE BASE FOR SELECTED WESTERN S TATES 
(Mi l l ions of Shor t  Tons ) 

Mining To tal  
S tate  Me thod B i tuminous Sub b i tuminous Lign i te Tonnage 

Arizona 
Montana 
New Mexico 
Washington 
Wyoming 

Surface 
Surface 
Surface 
Surface 
Surface 

28 1 
0 

8 1 5  
0 

5 48 

0 0 
3 3 , 6 25 1 5 , 76 5  

1 , 758  0 
1 29 9 

26 , 5 6 4  0 

Source s : Nat ional Coal As s o c iat ion , " 1 98 3  Fac t s  About Coa l "  ( Washing t on , 
D . C . : Nat ional Coal As s o c iat i on , 1 9 8 3 ) .  

28 1 
4 9 , 3 9 0  

2 , 5 73 
1 38 

2 7 , 1 1 2  

O f f i c e  o f  Coal /Nuc lear E l e c t ri c  Power and Al t e rnat ive Fue l s , Energy 
Informat ion Admini s t ra t ion , U . S .  Department  of Ene rgy . 

In  surface ( s trip ) mining , topso i l  and o ther surface mat e r i a l s  are 
usua l ly removed and s to re d  in p i l e s  f o r  later  use in rec lama t ion . Power 
s hove l s  o r  drag l ines d i g  a t rench o r  box cut t hrough t he remaining 
overburden to  exp o s e  a p o r t ion of  the coal seam .  I n  a s e r i e s  o f  paral l e l  
cut s , the overburden f rom each t rench c u t  i s  depo s i ted i n  the previ ous 
excava t ion . A s e r i e s  of  para l l e l  r i dges  of d i splaced overburden is thus 
f o rme d , c reating a washboard-l ike e f f ec t across  t he mined terrain . 
F inal l y ,  power shove l s  and bul ldozers  remove the coal  s eam , whi c h  i s  
usua l l y  l oaded into t rucks and t rans po r ted e i ther d i rec t ly to  the power 
p l an t  ( in the case of  mine-mouth operat ions ) or to  rai l termina l s  f o r  
t ransport  t o  d i s tant power p lant s  (Atwood , 1 9 7 9 ; Rowe , 1 9 7 9 ) .  

Land reclamat ion of  the excava t ion s i te  inc l udes recontouring and 
revegetat ion . The succes s  o f  rec lamat ion var i e s  great ly , depending on 
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lo cal cond i t ions such as c l imate  and s o i l  hydro l o gy .  A l t ho ugh coal 
compan i e s  are required to  under take rec l ama t ion of mined lands , m in ing 
impo s e s  at l eas t a s ho r t - t e rm change in land use , w i t h  longe r- t e rm 
changes depend ing on the s u c c e s s  o f  rec lama t ion e f f o r t s . 

Tab l e  F . 1-2 s hows 1 980-1 984 coa l rece i p t s  for  PNW powe r s tat ions . 
Al though p lan t s  usua l l y  s to c kp i le coal for future us e ,  the s e  re c e i p t s  
provide a re lat ive l y  ac cura te  measure o f  annual amoun t s  o f  coal burned 
per individual  powe r p lant . Re c e i p t s  represent  coal us e for a l l  un i t s  
curren t ly o pe rat ing at  a gene ra t ing s tat i on . 

Tab l e  F . 1-2 

COAL REC E I PTS AT PAC I F I C  NORTHWEST POWER PL��TS 
( tons ) 

Year ---- ---------- -_._----------- - ------------- �---------

Powe r P lan t 1 980 1 98 1  1 982  1 98 3  1 984 ---�-- - ------ ---- ---

Boardman 1 , 0 75 , 000 1 , 1 6 L , 000 1 , 1 3 5 , 000 0 3 5 2 , 000  

C entral ia  4 , 00 , 000  4 , 400 , 000 4 , 400 , 000  3 , 600 , 000 3 , 600 , 000  

Co l s t r i p  2 , 5 4 2 , 000  2 , 6 9 2 , 000 2 , 1 0 3 , 000  1 , 4 9 9 , 000 4 , 5 5 2 , 000  

J im Br idger  5 , 8 3 9 , 000  6 , 44 9 , 000 6 , 0 25 , 000  4 , 3 1 7 , 000 4 , 4 6 2 , 000 

Valmy 0 3 3 7 , 000  7 1 6 , 00 0  8 2 2 , 000  6 35 , 000  

Source s : Energy Inf o rmat ion Admin i s t ra t ion , U . S .  Dep t . o f  Ene rgy , "Co s t  and 
Qua l i ty of Fue l s  for  E l e c t r i c  Ut i l i ty P lan ts , "  U . S .  Department o f  
Ene rgy , Washing t on , D . C . , 1 98 1 -1 985 . 

Tab le  F . 1 -3 i dent i f ies  s urface coal m ines  s e rving PNw powe r p lan t s  
addre s s ed in  t he F ina l E I S . Seve ral  o f  the s e  mines provide  coal to mo re 
than one powe r p lant ; there f o re , tonnage f igures f o r  indivi dua l mines do 
no t ne cessar i l y ind i ca t e  produc t ion ded i cated  to  a s ing le  s tat ion . Fo r 
examp le , mine s i n  Campbe l l  Coun t y ,  Wyo m i ng , supply  coal to  local  p lan t s  
a s  we l l  a s  to  t he Boardman un i t  i n  Oregon . In  con t ras t ,  the  Cen t ra l ia 
m ine , i n  Was hington  S t a t e , s upp l i es only  the Cen t ral ia un i t s . 

Tab l e  F . 1-4 s hows pas t and present  reclamat ion e f f o r t s  a s s o c iated  w i t h  
coal p lan t s  i n  t h e  PNW . The va l ue s  s hown f o r  land d i s t urb ed represent  
only t ho s e  acres a f f e c t e d  by d i re c t  coal  removal , and do  no t inc l ude 
o ther land-us e act ivi t i e s  s uch as roads and powe r l ine corrido rs . The 
rat i o  of t ons ext rac t e d  to  t o t a l  land d i s rupted  is a f un c t ion of coal 
s eam thi ckn e s s  and min ing me thods us ed . 
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Ta b l e  F .  1 -3 

C OAL M I N I N G  ACTIV I T I E S  R E LATED TO  PAC I F I C N OR THWE ST POWER P LANTS 

Locat i on Over- Rat i o  

Powe r of F u e l  b u r de n  ( C over/ Tons  M i n e d  

P l a n t  Sou rce M i ne iJgill Coal ) 1 98 2  1 98 3  1 9 84 

Boa rdman C ampbe l l , WY Bel l e  Ayre 98 1 . 3 :  1 1 5 , 1 6 1 , 2 98 1 3 , 8 2 5 , 2 4 2  1 3 , 4 1 7 , 4 4 2  

C e n t r a l i a  L ewi s ,  WA C e n t r a l i a  2 5 0  8 :  1 4 , 2 0 0 , 0 0 4 , 1 2 0 , 0 0 0  3 , 69 0 , 0 0 0  

C o l s t r i p  Rosebu d ,  MT Rosebud  1 5 0 4 :  1 9 , 446 , 90 5  9 , 564 , 9 0 5  1 1 , 9 0 7 , 0 9 9  

J i m  Sweetwa t e r , B r i dger  1 2 0 6 :  1 6 , 1 0 0 , 0 0 4 , 3 0 0 , 0 0 0  

B r i dger  WY 

Va l my Humbo l t ,  U T  ( Un der-

g roun d )  

Sourc e :  K eystone Coal  I n d u s t ry Manual , 1 98 3 - 1 98 5 . 

N o t e : Underg r o u n d  m i n e s  are  s h own by n ame a n d  l o cat i on f o r  c omp l e t e n e s s  b u t  

t h ey do n o t  con t r i bu t e  t o  l an d  d i s t u rbance  t o  t h e  e x t en t  t h a t  s u r f a c e  

m i ne s  do . 
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Tab l e  F . 1-4 

COAL S URFAC E MINING LAND RECLAMATION ACT I V I T I ES RELATED 
TO PAC I F I C  NORTHWEST POWER PLANTS 

Coal Mined To tal  Land To tal Land 
Power P lant Mine BY Oc t 86  1 /  D i s turbed 2 /  Rec la imed 3 /  

( tons ) (acres ) ( acres ) 

Boardman Be l le Ayre 1 36 , 0 1 3 , 30 3  2 , 3 1 6  45 1 

Centra l ia Cen t ral ia 54 , 45 3 , 000 3 , 200 900 

Co l s t r ip  Rosebud 1 1 8 , 45 6 , 70 1  2 , 08 7  1 , 946 

J im B r idger B r i dger 5 7 , 23 6 , 000 3 , 800 1 , 1 6 6  

Sources : Personal communicat ion w i t h  O f f ice  o f  Surface Mining s t af f ,  U . S . 
Dep t  o f  the Interio r ,  Denve r ,  C o l o rado , Decemb e r  1 98 5 -January 1 98 6 . 

Personal communicat ion with  Land Qual i ty s t af f ,  Wyoming Dep t . o f  
Environmental Qua l i t y ,  Decembe r  1 98 5 -January 1 986 . 

Pers onal communicat ion w i t h  Mining and Mine rals Divis ion s t af f , New 
Mexico Dep t . of Ene rgy and Minera l s , January 1 986 . 

Personal communicat ion w i t h  Manager o f  Permi t t ing , Was h ing ton 
I r r i gat ion and Deve l opment  Company , January 1 98 6 . 

1 /  Tonnage mined t o  date i s  an approximate  f i gure bas ed on ava i l ab l e  
ref e rences . None o f  t h e  f igures p rovided inc l ude tonnage mined p r i o r  to  
1 9 72 .  Figures for  Be l le Ayre and B ridger extend through 1 98 5 ; f o r  
Cen t ra l ia and Ro s eb ud t hrough 1 984 . 

2 /  Doe s  no t inc lude land used f o r  f a c i l i t ie s , road , o r  power l ine c o rrido r . 
3 /  Inc l udes l and in a l l  rec lamat ion phas e s . 

When coal  i s  mined , machines produc e dus t ,  and par t i culates , carbon 
monoxide ( CO ) , n i t ro gen oxides (NOx ) '  and o ther po l lutan t s  f rom t he i r  
own f o s s i l  fuel  combus t ion . P lant s  that c l ean the raw coal and coal  
s t o rage piles  also  contribute some air  p o l lutant emi s s ions . When the 
earth t hat was removed to al l ow c oal  to  b e  mined is  returned , eart hwork 
and winds commonly ra i s e  dus t ,  e s p e c i a l l y  unt i l  the area i s  revege tated . 
S t ronger winds inc rease the po ten t ia l . Dus t  i s  con t ro l led  a t  mine s i te s  
by s everal techn ique s , inc luding surface compac t ion , water  s p raying , and 
app l ic a t ion o f  coat ings s uch  as asphal t .  Compared to emi s s ions f rom 
coal-f ired power plan t s , however , the amount  of po l l utants  re leased 
during mining is  mino r ( s ee Tab l e  F . 1-5 ) .  
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Tab l e  F . 1-5 

POLLUTANTS ASSOC IATED WITH COAL-F IRED GENERAT ION 
( Tons per  1 0 9 kWh o f  e le c t r i c ity  produced ) 

Pol lutant 
Par t iculates 
Sul f ur oxides 
Nit rogen oxides 

Mining 
1 1  

4 
5 0  

Powe r P lant 
5 0 - 1 1 00 

6 5 0-9400 
2 , 900  

Sources : U . S .  Dep t . o f  Energy , 1 9 8 3 , Energy Techno l ogy Charac t e r i za t ions 
Handbook for mining . 
Append ix G to  t h i s  E I S , Tab l e  G . 2  f o r  powerplan t s . 

Some p l an t s  ( "mine mouth" )  are l o cated very near o r  at  t he mlnlng 
operat ions . Coal is moved f rom the mine to t he p lant by t ruck . Some coal 
may also be t ransported by s lurry pipel ine , a process whi c h  us e s  l arge 
amoun t s  of wate r . In  the s t udy area , the Mohave plant  rece ive s coal  in 
this  manner .  Ano ther common me thod o f  coal t ranspo r t  i s  by uni t  t rain . 
Boardman and Valmy rece ive coal  in this  manne r .  Tab l e  F . 1-6 compares 
emi s s ions f rom coal t rains w i th the emi s s ions f rom the generat ing p l ant 
i t s e l f . Coal t ra in impac t s  on air qual i ty are d iscus sed  further in 
Chap ter  4 . 3 . 2  of Volume I .  

Tab l e  F . 1-6 

POLLUTANTS RELEASED AS A RESULT OF COAL-FI RED GENERAT ION 
( Tons Per  1 0 9 kWh o f  E l e c t r i c i ty P roduced ) 

Par t i culates 
Sul f ur Oxides  
N i trogen Oxides 
Carbon Monoxide 

Coal Train 
1 540 

5 5  
5 0  
50  

Powe r  S ta t ion 
50-1 100  

6 50-9400 
2900  

300  

Sources : U . S .  Department of  Ene rgy , 1 98 3 , Energy Techno l ogy Charac t e r i zat ions 
Handbook . 

Appendix G to  this  E I S ,  Tab l e  G . 2  
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Suppl emental  Informa t ion on O i l - and Gas-Fired Gene rat ion 

Ext rac t ion of  o i l  and gas requi res exp l o rat ion , s i te prepara t ion , 
d r i l l ing , mud c i rculat ion , and we l l  comp l e t ion . S i tes  may be  on land , 
underground , o r  at  s ea . Bo th o i l  and gas are of ten p roduced f rom the 
same we l l s . S ince Ca l i fornia impo r t s  mo s t  of the natural gas it use s  as 
fue l , the environmental impac t s  of  inc reas ed ext rac t ion of  na tural gas 
would  occur outs ide t he region . 

Maj o r  natural gas p ip e l ines extend f o r  thousands of  m i l es , acro s s  a l l  
types of  terrain ; b ranch  l ine s d i s t ribute fuel  d i rec t ly to  e le c t ric  power 
p l ant s . The p i p e l ine s have extens ive rights-of-way , but  gene ral ly  
require l i t t le land us e .  The greates t d i s rupt ion of  land o c c ur s  dur ing 
cons t ruc t i on of the p i pe l ine and access  roads . Tab l e  F . 1-7  compares a i r  
po l lutant emis s ions f rom gas and o i l  ext rac t ion and proce s s ing o r  
ref ining wi th emis s i ons f rom gas and o i l-f i red gene rat ing p lant s . S ince 
land d i s turbance impa c t s  e i ther occur outs ide the region or resul t f rom 
cons t ruc t ion of p i p e l ines which would have a l ready occurred , and s ince 
a i r  qua l i ty impac t s  at  s p e c i f i c  ref ine r ie s  and gas p roce s s ing p lant s  can 
not  be  l inked we l l  w i t h  changes in genera t ion at  s pe c i f i c  generat ing 
p lant s , this  E I S  cons iders  only the impa c t s  of PNW market ing and Int e r t ie 
cond i t i ons on gas and o i l  generat ion and no t on land d i s turbance . 

Tab l e  F . 1-7  

POLLUTANTS ASSOC IATED WITH GAS- AND O I L-FIRED GENERAT ION 
( Tons pe r B i l l ion kWh o f  E l ec t r i c i ty P roduced ) 

Gas -Fi red Gene rat ion 

Part iculates  
Sulfur oxides 
N i t rogen oxides 
Hydrocarbons 
Carbon monoxide 

O i l -Fired Gene rat ion 

Par t iculates  
Sul f ur oxides 
N i trogen oxides 
Hyd rocarbons 
Carbon monoxide 

Produc t ion 
and P roces s ing 

20 
1 5000 

1400 
1 0  
20 

Ext ract ion Ref ining 

60  1 0-6 0 
1 5 0  200-700 
200 1 40-220 
100  1 40-280 

2-20 

Gas-Fi red 
Power P lant 

30-80 
6 - 1 0  

6 50-6 300 
1 00-300 
1 5 0-800 

O i l-Fi red 
Power P lant 

200-400 
700-7200 

1 900-7900  
1 00-400 
1 50-800 

Sources :  Univ . of  Oklahoma , 1 9 75 ; H i t tman , 1 9 74 ; and Cal if ornia Forecas t ing 
Me t hodo logy-VI Repo r t s  of Southern Cal i f o rn ia Edison , Pac i f i c  Gas 
and E l e c t r i c  Company , and Los Ange l e s  Department of Wat e r  and Power , 
1 98 5 . 
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Supplemental  Informat ion on Nuc l ear Gene rat ion 

Uranium mining , whe the r s urface or  underground , can produce a i r  
po l lutan t s  f rom the ope rat ion o f  heavy mining e quipment and f rom the 
breakup of  the uranium o re . I t  i s  unl ike ly tha t  the uranium used to  
supply reac tors  in the PNW wi l l  be mined in the PNW o r  I SW ,  be cause the 
lowe s t c o s t supp l ie s  are loca ted e l s ewhere . 

Mi l l ing ( the proce s s  o f  concent rat ing the uranium c ompounds ) and 
pur i f ica t i on and enrichmen t  a l s o  produce re l a t ive ly sma l l  amount s  o f  a i r  
res idual s .  The impa c t s  of  t h e s e  proces se s  d o  no t a f f e c t t he PNW , I SW ,  o r  
Cal ifornia b e cause the pro c e s s e s  occur e l s ewhere . 

Enriched urani um  hexaf l uo r ide i s  conver ted for  fab r icat ion into  pe l le t s  
and then into bundl e s  of  f ue l  rods . Air emi s s ions a t  the manufac turing 
p lant corne f rom fue l  used as i t s  source of  heat . As s um ing tha t  the 
manufac turing p l an t  use s  na tural gas , air res idua l s  released  at the 
manufac tur ing p l an t  ( pe r  10 9 kWh o f  e le c t r i c i ty p ro duced at  the nuc lear 
power p l an t )  compare as s hown in Tab l e  F . 1-8 w i t h  emi s s ions f rom 
coa l -f i red p lant s  s imi lar to  t ho s e  in the PNW and I SW .  

Tab le F . 1-8 

COMPARI SON OF POLLUTANTS RELEASED FROM COAL AND NUC LEAR GENERATI NG P LANTS 
( Tons per  10 9 kWh of e le c t r i c i ty produced ) 

P o l l utan t s  

Sulfur Dioxide : 
Ni t rogen Oxide s : 
Carbon Monoxide : 

Nuc l ear Fue l Manufac turing 
P lant 

3 . 80 
0 . 95 
0 . 0 3 

Coal-Fired Gene ra t ing 
P l an t  

6 5 0-9400 
2 , 900  

300  

Sources : U . S .  Depar tment o f  Energy , 1 98 3 , Energy Techno l ogy Charac t e r i za t ion 
Handbook . 
Appendix G to  t h i s  E I S , Tab l e  G . 2  

A nuc l ear gene ra t ing uni t  conve r t s  a part  o f  the ene rgy re leased dur ing 
nuc l ear f i s s ion into e l e c t r i c i t y .  There i s  no c ombus t i on d i re c t ly 
as s o c iated wi th  the proces s .  Howeve r , the operat ion o f  auxi l iary 
e quipment , inc l ud ing d ie s e l -powered eme rgency gene rat o r s  and pump s , 
p roduces  f o s s i l  f ue l  emi s s i ons when t hey are te s ted p e r i o d i ca l l y . 
Gaseous rad ioac t ive ma t e r i a l s  are emi t ted during the no rma l ope ra t i on o f  
a nuc lear genera t ing uni t .  ( USNRC , 1 9 75 ) .  They cons i s t  par t ia l ly o f  
minute amoun t s  of  f i s s ion produc t s  that l eak o u t  of  t h e  f ue l  e leme n t s  and 
eventua l ly l eave t he reac t o r . There a l s o  are some ma t e r i a l s  ac t ivated  by 
the high ene rgy nuc lear rad iat ion in and around the reac t o r  c o re . 
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When o pe rated at  6 0 0  MW ,  a i r  emis s ions f rom a gene r i c  p res surized  wat e r  
reac tor  are ( U . S .  Department o f  Ene rgy , Energy Techno l o gy 
Characterizat ion Handbook , 1 98 3 ) :  

nob l e  gas e s : 0 . 18 curie s / hour 
carbon 14 : 0 . 0006  curie s / hour 
tri t ium : 0 . 08 curies / hour 
To tal air po l lutant emi s s ions f rom f o s s i l  

fue l  combus t i on : 1 0  pounds / hour ave rage 

These  are very smal l emis s ion rates . For examp l e , w i t h  the Boardman 
me teoro l ogy , an emi s s ion rate o f  0 . 1 8 C i /hr corre s ponds to a maximum 
one-hour concentrat ion o f  6x10-9 C i / cm3 , far b e l ow a s igni f i cant 
val ue even f o r  cont inuous expo sure . Fo r t h i s  reason and b e cause change s  
i n  nuc l ear p lan t operat ions would no t b e  expe c ted under any o f  the 
In ter t ie deve l o pmen t and use a l ternat ives for economic reasons , impa c t s  
of  a i r  po l lutant  emi s s ions f rom nuc l ear reac t o r s  wi l l  no t be  cons ide red 
furthe r .  

Suppl emental Inf o rma t ion on Wea the r i zat ion 

Wea therizat ion typical l y  invo lves adding insulat ion , s to rm windows , 
weathe r s t ripping , and caulking to  exi s t ing s t ruc ture s . The s e  measures 
reduce the amount  of  air  f l owing through a bui l d ing , which  in t urn 
reduc e s  the heat ing and c o o l ing requiremen t s . Ful l  weather i za t ion of a 
home can reduce air  inf i l t ra t ion up to  29 percent . Thi s  reduced air  f l ow 
can inc rease the concen t rat ions of  any a i r  po l l utan t s  whi c h  occur in the 
home . 

A number of  air  po l l utan t s  can o c cur in a home , inc l ud ing radon , 
fo rmaldehyde , combus tion gases  such as carbon monoxide and n i t rogen 
oxide s , part iculates , and househo l d  chemica l s  ( see Tab l e  F . 1-9 ) .  The s e  
air  po l l utan t s  come f rom the earth s urround ing a hous e ; f rom wood 
cons t ruc t ion material s ,  furn i t ure , and carpe t s ; f rom combus t ion 
a s s o c iated w i th hea t ing , cooking , o r  smoking ; and so on . The nature o f  
indo o r  a i r  po l l ut ion varies  grea t l y  f rom house to  house and area to area . 

Many indoor  a i r  p o l lutan t s  resul t f rom dome s t ic ac t iv i t ies , and 
consequen t l y  can be contro l led  by res iden t s  if they are inf o rmed and 
cho o s e  to do s o . Radon , however , requires s pe c ia l  e f f o r t s  to d e t e c t  and 
contro l , and is thus the only indoor  air  p o l l utan t  tha t is the target of  
mi t igat ion efforts  by BPA . 
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Tab  1 e F .  1 -9 

I NDOOR A I R  POL LUTANT S ,  POTEN T I A L  HEA LTH E F F EC T S ,  AND WAY S  TO REDUCE E X PO SURE  

Pol l utan t Desc r i pt i on Heal th  E f fects Sou rces i n  Home s  To Reduce Expo s u re 

Radon 

Fo rmal d e h y d e  

Combu s t i o n gases : 

C a rb o n  monox i d e 

N i t rogen O x i d e s  

O d o rl e s s ,  c o l o rl e s s , 

rad i oa c t i ve ga s ,  a 

decay  p rod u c t  o f  

rad i um ,  wh i c h o c c u r s  

n a t u ral l y i n t h e  

e a r t h  I s c r u s t . 

Bel i eved respo n s i b l e  

f o r  a b o u t  5% o f  al l 

1 u n g  c a n c e r s . 

S t rong-smel l i n g ,  c o l o r- Nose , t h ro a t  and  eye 

l e s s , wa t e r  s o l u b l e i r r i t a t i o n ,  p o s s i bl y  

gas , a c om p o n e n t  o f  nasal  ca n c e r .  

s ome i n s u l a t i o n and o f  

gl u e s  u s e d  i n  ma k i n g  

p l ywood , par t i c l e  b o a rd 

and  t ex t i l e s .  

C o l o rl es s , o d o r l e s s , 

t a s t e l e s s  gas f rom al l 

f u e l  b u rn i ng .  

Col o r l e s s , t a s t el e s s , 

gas f o rmed d u r i n g  

c omb u s t i on .  

L u n g  a i l me n t s , i mp a i red 

v i s i o n and b ra i n f u n c

t i o n i ng .  F a tal  i n  v e ry 

h i gh c o n c e n t rat i o n s . 

L u n g  d amage . L u n g  

d i s e a s e  a f t e r  l o ng 

e x p o s u re . 

E a r t h  and  r o c k  beneath  

h ome . 

V a r i o u s  ma t e r i al s ,  

i n c l u d i n g u rea- f o rmal 

d e h y d e  i n s u l a t i o n 

( U F F I ) ,  par t i c l e  

b o a r d , pl ywood , 

f u rn i t u re , d rapes and  

carpe t . 

Ke rosene  h e a t e rs , wood 

s t oves , unven t ed gas 

s t ov e s , a t t a c hed 

garage s . 

K e r o s e n e  h e a t e r s , 

u n v e n t e d  gas s t oves . 

I n c rease ven t i l at i on :  
O pen w i nd ows and  

c rawl s p a c e  v e n t s . 

Add c rawl s p a c e  v e n t s . 

Avo i d  h ome-t i g h t e n i ng 

measu res l i k e wea t h e r

s t r i p p i n g ,  o r  i n s t al l 

a i r- t o-a i r e x c h a nge r .  

Seal c ra c k s  and o t h e r  

o p en i ngs  i n  f l o o r .  

Use ma t e r i al s t h a t  a re 

rel a t i vel y l ow i n  f o rm

al d e h yd e .  Examp l e s  

are l ow- f o rmal d e h y d e  

p a rt i c l e  b o a rd and  

e x t e r i o r-grade p l ywood , 

wh i c h rel ease l e s s  

f o rmal d e h y d e  t h a n  

i n t e r i o r  g rad e s . 

Be s u re s t ov e s  are  

p ro pe rl y v e n t ed . 

I n s tal l ex h a u s t  f a n  

a b o v e  g a s  s t ove . Keep  

gas appl i ances  p r o p e r l y 

adj u s ted . Cl ean 

c h i mneys . Do not  l e t 

f i res smol d e r .  Do n o t  

l eave c a r  i d l i n g i n  

garage . 

I n s t a l l e x h a u s t  fan s 

above gas s t ove . K e e p  

gas appl i ances  p r o p e r l y 

adj u s t ed . I n c rease 

v e n t i l a t i o n .  
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Tabl e F . 1 -9 ( Co n t i nued ) 

Pol l utan t Desc r i pt i o n  He91 th E f fects Sou rces i n  Homes To Reduce Exposu re 

R e s p i rabl e S u s pended  

P a r t i c ul a t e s  ( R S P )  

P a r t i c l e s  i n  t h e  a i r 

smal l e n o u g h  to be 

i n hal ed . 

Benzo- ( a ) -p y rene  ( Ba P )  A t a r r y  o rgan i c p a r t i 

c l e f rom i n c omp l e t e  

c ombu s t i o n .  

Hous ehol d Chemi cal s Compo u n d s  f o u n d  i n  

h o u s e ho l d p rod u c t s . 

Nose , t h roat and e y e  

i r r i tat i o n ,  l u n g  

c a n c e r ,  emp h y s ema , 

h e a r t  d i seas e , b ron

c h i t i s ,  re s p i rat o ry 

i n f e c t i o n s . 

Nose , t h roat and  eye 

i r r i  ta  t i o n ,  1 ung  

c a n c e r ,  emp h y s ema , 

hea r t  d i seas e , 

b ro n c h i t i s ,  re s p i ra

t o ry i n f e c t i o n s . 

I r r i ta t i o n o f  s k i n ,  

e y e s , nose  and  t h roat , 

e f fe c t s  o n  c en t ral  

n e rv o u s  s y s tem and 

metabol i c  p ro c e s s e s . 

Tobacco  smo k e , wood 

smo k e , u nven ted gas 

a p p l i an c e s , k e ro s e n e  

heaters , a s b e s t o s  

c o n s t ru c t i on ma t e r i al s ,  

h o u s e  d u s t . 

Wood smo k e , t o b a c c o  

smo k e . 

S y n t he t i c  mat e r i al s ,  

p e s t i c i d e s , aero s o l 

s p ray s ,  c l ean i n g 

agen t s , p a i n t s . 

Avo i d  smo k i n g .  Be s u re 

p i p e f rom wood s t ov e  

does  n o t  l ea k .  V e n t  

combu s t i o n ap p l i ances  

o u t d o o r s . Change a i r 

f i l te rs regu l a r l y .  

I n c rease v e n t i l a t i o n .  

Avo i d  smok i n g .  Be s u re 

p i p e f rom wood s t ove 

does  n o t  l ea k . Ve n t  

comb u s t i o n appl i an c e s  

o u t d o o r s . Change a i r 

f i l te rs regul a rl y .  

Fol l ow d i re c t i o n s  on  

l ab e l s for  u s e . Use  

c hemi cal s o n l y i n  

wel l -v e n t i l ated a reas . 

S t o re c h emi cal s i n  a 

ga rage o r  o u t d o o r  shed . 

S u b s t i t u t e  l e s s  

h a z a r d o u s  p ro d u c t s . 
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Analys i s  o f  Fue l , Land , and Wat e r  Use 

The O f f ice o f  App l ied Energy S tudies  at  Wash ington S tate  Univers i ty 
( 1 98 7 )  deve l o ped coef f i c ient s  f o r  use in re lat ing e le c t r i cal  genera t i on 
a t  the rmal power p lant s  to  requirements  f o r  fue l , c o o l ing water , and land 
d i s turbance by s t rip  mining operat ions . 

Fue l Use Coe f f ic ient s : The s teps  f o l l owed to  der ive the fue l  use 
coef f i c ient (amoun t  of f ue l  used per uni t  o f  e l ec t r i c i ty generated , e . g . , 
tons of  coa 1 /MWh )  at  each powe r p l an t  we re : ( 1 )  relate  MWh generat ion t o  
heat requirement s  us ing p lant heat rates and then ; ( 2 )  re late  heat  
requirement s  t o  f ue l  requi rements  us ing heat ing va l ue s  o f  the fue l s  in  
use  at  the  p l an t . The data  s ources used  to  ob tain these  data  inc luded 
pub l ications o f  the U . S .  Energy Info rma t ion Admin i s t ra t ion ( "Co s t  and 
Qual i ty o f  Fue l s  for  E l ec tr i c  U t i l i ty P l an t s "  and " Hi s to r i ca l  P lant Cos t  
and Annual P roduc t ion Expense s  for  S e l e c ted  E lec t r i c  P l an t s "  var ious 
years ) ,  and the Cal i f o rnia Forecas t ing Me thodo logy repo r t s  of Cal if o rnia 
ut i l i t ie s  t o  the Cal i f o rnia Energy Commi s s ion . Fo rmulae for de termining 
changes in f ue l  use us ing the coef f ic ient s so der ived are repo r ted in 
Tabl e  F . 2-1 . 

Land Dis turbance Coe f f ic ient s : Thes e  coe f f ic ien t s  we re used to  de termine 
land d i s turbance as s o c ia ted wi th surface coal  mining to supply 
coal-f i red power p lant s  in the Pac i f i c  No rthwe s t  and Inland Southwes t .  
The uni t s  are acre s /MWh . The assumpt ion i s  made that the d i s turbed 
ac reage grows at  the ra te at wh ich the acres of  mined coal grow . Mining 
f rom thin coal  seams w i l l  produce more d i s turbance per  MWh than mining 
f rom thick s eams . The data used to  der ive these c oe f f ic ients  came f rom 
various source s . Some were ob tained f rom the mine operato r s , s ome f rom a 
proprie tary data co l l ec t ion o f  the contrac t o r , and s ome f rom the Keys t one 
Coal Indus t ry Manual pub l ished annua l l y  by McGraw H i l l .  The tons per  
acre  of  coal mined was ob tained d i rec t ly in  s ome cas e s , but  in o thers i t  
was de r ived f rom the overburden thicknes s  and ove rburden rat i o  t ogether 
w i t h  the  dens i ty o f  the coal . Fo rmulae f o r  the calculat ion of  changes in  
land d i s turbance a t  surface coal  mines  are  shown in Tab le  F . 2-2 . 

Wa ter Use  Coef f i c ient s :  The coe f f i c ients used are presented  in 
Tab l e  4 . 3 . 29 of Vo lume I of t h i s  E I S . They were derived f rom data in 
Thomas , 1 9 75 ( c i ted in t he reference s e c t ion of Vo lume I ) .  Thomas gave 
data f o r  wa ter  requirement s  o f  a l te rna te coo l ing sys t ems f o r  a 1 0 0 0  MWe 
p l an t  operat ing a t  70  percent capac i ty .  The as sump t ion i s  made tha t  
wat e r  us e is  p ropo r t ional t o  genera t i on leve l and can be expressed  in 
uni t s  of acre-fee t  per average annual MW us ing Thomas ' da ta . The 
assump t ion is genera l l y  val id al though t he coe f f ic ients  us ed p robab ly 
resul t in a s l ight  ove res t ima t ion of  change s  in wa ter  use . 
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Tab le  F . 2-1  

FORMULAE FOR CALCULAT ING FUEL USE CHANGES  
ASSOC IATED WT I H  CH&�GES IN ANNUAL GENERAT ION 

INLAND SOUTHWEST  COAL US E FOR�1ULAE 
( Resu l t s  in un i t s  o f  1 , 000 ' s  of tons o f  coal ) 

Cho l la Coal , AR MWs ,', 4 . 984 
Co ronada Coa l , AR MWs "I, 4 . 984 
Generic  Coal , AR MWs ,', 4 . 1 4 
S p r inge rvi l le Coa l , AR MWs ,', 5 . 06 7 
San Juan Coal , NM MWs ,', 4 . 38 "k l l5 48 1 0 5 00 
Mohave Coal , 
Generic  Coal , 
Hunter  Coal , 

Valmy 
C o l s t ri p  
Boardman 
Centra l ia 
Br idge r 

NV MVJs ,', 4 .  38  ,� l l 500  1 0 9 0 0  
UT MWs ,', 4 . 25 

UT MWs ,', 4 .  38 ,� l l 2 1 0  l l 258  

PAC I F I C  NORTHWEST COAL USE FORMULAE 
( Resul t s  in uni t s  of 1 , 000 ' s  of tons of coal ) 

MWs ,� 4 . 36 
MWs ,', 5 . 7 1 6  
MWs "I, 5 . 88 2  
MWs ,', 5 . 948  
MWs ,', 5 . 25 1  

CAL I FORNIA GAS USE FORMULAE 1 /  
( Resu l t s  in un i t s  o f  b i l l ions o f  cub i c  feet  ( b c f » 

Central  Coas t MWs ,', 0 . 008 76  ,', 1 0 280  1 0 5 0  ,', 
San Fran c i s c o  MWs ,', 0 . 00 8 76 ,', 1 1 500  1 0 5 0  ,', 
Lo s Ang e l e s  MWs ,� 0 . 008 76  ,', 1 1 500  1 0 5 0  "I, 

S E  Desert  �1Ws ,', 0 . 00 8 76 ,', 10800  1 0 5 0  "I, 

San Diego �1Ws 

CAL I FORN IA O I L  USE 
( Resul t s  

Central Coas t 
San Fran c i s c o  
Los Ange l e s  
SE  Des e r t  
San D iego 

1 /  Ass umes use of  90% gas . 
2 /  Assumes use o f  1 0% o i l . 

in un i t s  o f  

MWs 
MWs 
�1Ws 
MWs 
MWs 

F . 2-2  

,', 0 . 00 8 7 6  ,', 1 0 5 0 0  1 0 5 0  "I, 

FORMULAE 2 /  
barre l s  ( bb 1 s » 

,', 0 . 0 1 ,', 8 . 76 ,', 1 0 . 28 6 . 1  
,', 0 . 0 1  ,', 8 . 76 "/, 1 1 . 5  6 . 1  
,', 0 . 0 1 ,', 8 . 76 "/, 1 1 . 5  6 . 1  
,', 0 . 0 1  ,', 8 . 76 ,', 1 0 . 8  6 . 1  
,', 0 . 0 1 "/, 8 . 76 '* 1 0 . 5  6 . 1  

. 90 

. 90 

. 90 

. 90 

. 90 



Tab l e  F . 2-2 

FORMULAE FOR DETERMIN L\'G LAt'iD D I STURBANCE CHANGES AT 
COAL ::'-'I INES AS S OC IATED W I TH CHANGES IN ru�NUAL GENERAT ION 

( Re s ul t s  in acres  pe r yea r ; coal  us e va l ue s  
derived us ing the f o rmulae i n  Tab l e  F . 2- 1 0 ) 

INLAND SOUTHWEST LAND USE  FORMULAE 

Cho l la Coa l ,  AR Coal U s e  2 2 . 2  
Co ronada Coal , AR Coal  Use  2 2 . 2  
Gene ric  Coal , AR Coal  Use  2 7 . 8  
Spr inge rvi l l e Coal , AR Coal Use 1 9 . 6 4 4  
San Juan Coal , NM Coal  Use  25 . 9  
:v1ohave Coal , NV Coal Use 2 7 . 76 
Gene ric  Coa l , UT Unde rground - No t App l i cab le  
Hunt er  Coal , UT Unde rg round - No t App l i cab l e  

PAC I F I C  NORTHWES T  LAND U S E  FORMULAE 

Valmy Unde rground Mine - No t Appl i cab le  
Co l s  t r i p  Coal  Use  5 3 . 5 9 2  
Boardman Coal U s e  58 . 7 2 2  
Cen t ra l i a  Coal U s e  1 7 . 0 1 7  
B r i dger Coal  Use  1 5 . 06 2  

6 l l 1K 
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Air  Qual i ty Analys is  





Ai r Qua l i ty Analys i s  

P lume cal culat ions we re performed by BPA ' s  con t rac to r ,  the O f f ice  of  App l ied 
Ene rgy S tud ie s , Was h ington S tate Unive rs i ty ( 1 98 7 ) ,  us ing the PTD I S  Gaus s ian 
p l ume model  to determine maximum hour ly S 0 2 and par t iculate concentra t ions 
downwind of each s ource for a range of  a tmo s pher i c  s tab i l ity  c lasses . 
Seasonal and annua l ave rage S 02 and part i culate concentrat ions were 
cal culated us ing the CDMQC c l ima t o l ogical  Gaus s ian p l ume d i s pe rs ion mode l 
along with  the STAR data ob tained f rom the Nat ional C l ima t i c  Cente r . O zone 
concen t rat ions f o r  sources in Los Ange l e s  we re e s t imated by us ing i s o p l e ths  
cal culated with  the  EKMA o zone mode l .  Al l changes in concen t rat ion are 
presented as f un c t ions of changes in Inte r t ie opera t ions . 

PTD I S  HOURLY CALCULATIONS 

PTD I S  is a s imple Gaus s ian p l ume mod el  that cal cul a t e s  plume r i s e  us ing 
B r i gg ' s  formulat i ons , and e s t ima tes  ground-leve l concent ra t i ons of nonreact ive 
species  at  s p e c ified d i s tances  downwind of a s ingl e  s ource f o r  a s pe c i f ied 
w ind s peed , mixing he i gh t , and a tmo s phe r i c  s tab i l i ty c l as s . 

PTD I S  was used in a f la t-terrain mode f o r  a l l  power p l an t s  to  s c reen impa c t s  
and determine which  a r e  po ten t ial ly s ign if i cant . 

Flat-terrain cal cula t ions were performed f o r  s ix atmo s pheric  s tab i l i ty c la s s e s  
ranging f rom uns tab le  t o  s tab le , covering downwind d i s tance s  out to  5 0  k m  f rom 
each power p lant . P r e l iminary cal culat ions were used t o  iden t i fy b e s t 
receptor  s pac ing in o rder to  b racke t c lo s e l y  the locat ion o f  maximum impac t 
f o r  each s tab i l ity  cond i t ion . Mod e l  runs yielded s ix maximum concent rat ions . 
The resul t s  o f  this  work were maximum hour ly concent ra t ions o f  S 0 2 and 
par t iculates f o r  each powe r  plant . 

ANNUAL AVERAGE CDMQC CALCULAT I ONS 

CDMQC empl oys a s e c t or-ave raged Gauss ian plume algo r i t hm to cal culate 
l ong-term concentrat i ons at spec i f i c  recep t o r s  caused b y  s ing le  or  mul t ip l e  
po int and area s ources .  For each s ource-receptor  pa i r ,  the mod e l  de t e rmine s 
the concentra t i on as s o c iated  w i t h  each pos s ib l e  comb inat ion o f  s ix wind speed 
c lasses , s ix s tab i l i ty c la s s e s , and 1 6  wind d i rec t ion s e c t o r s . Thes e  
concentrat ions are t hen we ighted and summed by t he j o int me teoro l o g i ca l  
f requency d i s t ribution contained i n  the S TAR da ta t o  g ive a s ing l e  l ong-term 
average concent ra t ion .  The impa c t s  o f  mul t ip l e  s ources are s ummed to  g ive the 
to ta l  impa c t  at  a recep tor .  

In applying CDMQC t o  s pec i f i c  power plan t s , resul t s  f o r  each s ource we re 
obtained at an array of receptors  covering al l w ind d i re c t i ons at  s evera l 
downwind d i s tance s . 

As ind icated earl ier , t he p rimary ind icator  o f  annual air  qual i ty i s  the 
maximum annual average concen t ra t ion pred i c ted w i thin the array of rece p t o r s . 
Sul fate concent ra t i ons we re e s t ima ted us ing CDMQC , a s s uming a f irs t -o rder  
sul fur d i oxide-to-sul fate ( S0 2 t o  S 04 ) convers ion rate  o f  1 percent  per  
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hour . The convers ion rate was der ived f rom current l i terature repo r t ing f i e l d  
and lab o ratory meas urements  o f  s u l f ur d i oxide-sul fate chemis t ry i n  a tmos phe ric  
p l ume s . The magni tude s  o f  the maximum concen t ra t i ons calculated  w i t h  the 
mode l we re compared wi t h  reg ional and /or  s ta tewide amb ient concen t rat i ons to  
de termine the overal l impac t s  upon exi s t ing air  qua l i ty . 

OZONE EKMA CALCULATI ONS 

The EKMA algor i t hm a s s umes that ear ly-mo rning emiss ions are we l l -mixed w i t hin 
an air  parc e l . The model  t hen d i lutes  emi s s ion concen tra t ions wi thin the 
parcel during the day in res ponse to  growth of  the mixing laye r , adds 
emi s s i ons t o  s imulate  t ransp o r t  ove r par t i cular source areas , and s imul a t e s  
emi s s ion species  reac t ions  throughout the day accord ing t o  a de ta i led 
pho tochemi cal  kine t i c  me chan i sm .  Concent rat ions o f  ozone and i t s  precurs o rs 
are ob tained as a func t ion o f  t ime o f  day . The mode l t hus s imulates  the 
comp lex na ture of  pho to chemical  po l l utan t s  in terms o f  a we l l -mixed chem i c a l  
reac t o r . Wh i le t h e  mode l d o e s  no t treat p l ume r i s e  o r  p lume d i f fus ion 
exp l i c i t ly ,  i ts resul t s  do ref l e c t  quan t i tat ive ly  the de tai l s  o f  urban 
pho tochemis t ry . 

O zone l eve l s  in  t he Los Ange l e s , San Franc isco , and San Diego Bas ins we re 
e s t imated us ing res ul t s  f o r  EKMA based on emi s s ions of NOx and 
hydrocarbons . I s o p l e t hs deve loped by the South Coas t Air  Qua l i ty Mode l 
s p e c i f ical ly f o r  the Lo s Ange les  Bas in were emp loyed . Thes e  calculat ions are 
based on cond i t ions meas ured dur ing 1 2  days of ext reme ozone f o rma t ion . 
Val ues  for  t o ta l  bas in-wide emi s s ions o f  NOx and hyd ro carbons and those due 
t o  power genera t ion are s ummarized in Tab le G . I .  Emi s s ion o f  hydrocarbons 
f rom e l e c t r i c  ut i l i t ie s  are a ve ry sma l l  f ra c t ion ( 0 . 00 3  or  l e s s ) o f  the t o tal  
emi s s ions wh i l e  NOx emi s s ions accoun t  f o r  ab out one- tenth  o f  the t o tal . The 
calcul a t i ons s how tha t changes in operat ion of power p lant s  w i l l  have ve ry 
sma l l  e f f e c t s  on wo rs t -case ozone l eve l s . I n  the compar i sons made in 
S e c t i on 4 . 3 . 2 . 4 ,  the assump t ion is made that the changes are l inear ove r  the 
range of  emi s s ions as s o c iated w i t h  changes in power genera t ion in the three 
bas ins . 
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Tab le  G . 1  
SUMMARY OF NOx AND HYDROCARBON EMI S S I ONS IN THE LOS ANGELES , 

SAN FRANC I SCO , AND SAN D I EGO BAS INS 
( tons / year ) 

NOx HC 

Los Ange les  
E l e c t r i c  U t i l i t ies  3 1 708 1 4 4 2  
To tal  4 1 75 3 4  4 8 2 1 8 5  
Frac t ion of To tal 0 . 0 78 0 . 00 3  

San Franc i s c o  
E l e c t r i c  U t i l i  t ie s  285 4 3  1 4 6  
To tal  2236 6 8  2385 90  
Fra c t ion of To tal 0 . 1 28 0 . 00 0 6  

San Diego 
E le c t ric  U t i l i t ies  9 4 7 9  2 0 1  
To tal 7 4 3 4 3  944 2 9  
Frac t ion of To tal 0 . 1 28 0 . 00 2  

TREATMENT O F  AC ID DEPOS I T I ON 

Sul fur oxides  and n i t rogen oxides emi t ted f rom power p lant s  and s ub s e quent ly 
removed f rom the atmo s phere via we t o r  dry depos i t ion can caus e s e r ious damage 
to  the environment because of the i r  acidic  nature . Howeve r ,  even the mo s t  
e l aborate reg ional t rans p o r t  mod e l s  can make only very approximate  e s t imates  
o f  the  impa c t s  o f  power p l an t s  on a c i d  depos i t ion . Resul t s  f rom one o f  the s e  
mode l s  ( S hannon , Argonne Na t i onal Laborato ry ) were us ed to  make t h e  e s t imates  
s hown in  S e c t ion 4 . 3 . 2 . 1 .  

MODEL INPUT 

S tack parame ters , emi s s ion loadings per uni t  of thermal output , and o the r 
s ource data have been ob tained f rom EPA reg ional o f f i c e s , l o c a l  a i r  p o l lut ion 
contro l d i s t r i c t s , and ut i l i t y  companies  for each of  t he s e l e c te d  power 
p l ant s . For Ar i zona and Cal i f o rnia s ources , t he EPA Nat ional Emi s s ion Data 
Sys tem (NEDS ) data base was used . Therma l  loadings were comb ined wi th the 
ope rat ional leve l s  predi c t ed for var ious Intert i e  s cena r i o s  to  y i e l d  po l lutant 
emi s s ion rat e s  f o r  each s ource and f o r  each case in the mat r i x .  Mod e l  input 
data are s hown in Tab l e  G . 2 .  
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Tab le  G . 2 
MODEL INPUT DATA 

Emi s s ion 
S tack S tack Exhaus t Exi t  Fac tor 

Power P l ant  Heigh t  Diame ter  
Da ta 

Temp . Ve l o c i ty ( ib . /MMBTU ) S tar  

( m )  ( m )  ( K )  (m/ s ) S 0 2  T S P  Loca t ion 

Central ia 1 5 2  4 . 3  388  3 3  1 .  6 9 5  0 . 0  0 O lymp ia ,  WA 
1 5 2  4 . 3  388 33 1 .  6 9 5  0 . 0 3 0  

Boardman 200 6 . 8  4 2 2  3 7  0 . 780  0 . 0 60  Spokane , WA 
Val my 1 5 2  5 . 8 405 1 9  0 . 6 3 0  0 . 0 1 0  Love lock , NV 

1 3 9  5 . 2  3 5 9  2 3  0 . 1 20 0 . 0 1 0  
Co l s t r i p  1 5 2  5 . 0 3 6 6  3 2  0 . 1 20 0 . 040 Cus te r ,  MT 

1 5 2  5 . 0 3 6 6  3 2  0 . 290  0 . 040 
2 1 1  7 . 3  3 7 2  3 2  0 . 0 70 0 . 05 0  

B r i dger 1 5 2  7 . 3  3 2 5  2 2  0 . 300  0 . 1 0 0  R o c k  S p r ings , WY 
1 5 2  7 . 3  3 25 2 2  0 . 300  0 . 1 0 0  
1 5 2  7 . 3  325  22  0 . 300  0 . 1 0 0  
1 5 2  9 . 4  3 25 1 7  0 . 200 0 . 1 0 0  

Cho 1 1a 76  3 . 6  433  1 8  0 . 46 0  0 . 2 1 0  Wins low , AZ 
1 6 8  5 . 3  5 5 8  24 0 . 46 0  0 . 2 1 0  
1 6 8  5 . 3  5 5 8  24 0 . 46 0  0 . 2 1 0  

Springervi l l e  1 5 2  7 . 0  400 20 0 . 1 5 0  0 . 0 20 Wins l o w ,  AZ 
San Juan 1 2 2  6 . 1  3 5 2  2 6  1 . 140 0 . 040 Farming ton , NM 

1 2 2  6 . 1  3 5 2  20 1 . 40 0 . 05 0  
1 2 2  8 . 5  3 5 2  1 6  2 . 0 1 0  0 . 040 
1 2 2  8 . 5  35 2 1 6  2 . 0 1 0  0 . 040 

Mohave 1 5 2  4 . 6  408 1 7  0 . 1 30 0 . 0 90  S t .  Geo rge , UT 
1 5 2  4 . 6  408 1 7  0 . l 30 0 . 1 10 

Hun t ington 1 8 3  7 . 0  342  21  0 . 1 30 0 . 040 Ro ck Spr ings , WY 
1 8 3  7 . 0  40 2 2 2  0 . 6 9 0  0 . 040 

Hun te r  1 8 3  7 . 0  3 3 0  2 0  0 . 20 0 . 05 0  R o c k  Spring s , WY 
1 8 3  7 . 0  3 3 0  20 0 . 20 0 . 05 0  
1 8 3  7 . 3  3 3 6  2 1  0 . 1 0 0 . 05 0  

Navaj o  2 3 6  7 . 6  408 3 3  0 . 88 5  0 . 06 8  Wins low , AZ 
2 3 6  7 . 6  408 33 0 . 88 5  0 . 06 8  
2 3 6  7 . 6  408 3 3  0 . 88 5  0 . 06 8  

Whi te P ine 2 2 9  7 . 9  343  20  0 . 1 90 0 . 0 20 Love lock , NV 
229  7 . 9  343  20 0 . 1 90 0 . 0 20 

E 1  Centro 3 0  2 . 7 450  9 0 . 148 0 . 0 1 2  Wins l o w ,  AZ 
30 2 . 7 442 10 0 . 1 48 0 . 0 1 2  
30  2 . 7 434 15 0 . 148 0 . 0 1 2  
33  2 . 7  405 20 0 . 1 48 0 . 0 1 2  



Power P lant 

Coo lwater 

Mos s  Landing 
Mo rro Bay 
Cal if o rnia Air  
Bas in P lant s  1 /  

S tack 
He ight 

(m ) 

1 5 2  
1 5 2  
1 5 2  
1 5 2  
1 5 2  
1 3 7  

Tab le  G . 2 ( Cont inued ) 
MODEL INPUT DATA 

S tack 
Diame ter  

( m )  

7 . 0  
7 . 0  
7 . 0 
7 . 0 
4 . 6  
4 . 6  

Exhaus t 
Temp . 

( K )  

400 
400 
400 
400 
422  
408 

Exi t  
Ve l o c i ty 

( m/ s ) 

20 
20 
20 
20 
25 
33  

Emi s s ion 
Fac to r  

( lb . /MMBTU ) 
S 0 2  TSP 

0 . 23 0  0 . 0 20 
0 . 230  0 . 0 20 
0 . 10 0 . 040 
0 . 10 0 . 040 
0 . 0 3 8  0 . 00 2  
0 . 046  0 . 00 2  
0 . 043  0 . 00 5  

11 As sumes f u e l  u s e d  i s  9 0% gas and 1 0 %  o i l  o n  an ene rgy bas i s . 

S tar Data 
Lo cat ion 

Wins low , AZ 

Mi ra Mar , CA 
Mira Mar , CA 
( . 1 6 1  lb /MMBTU 

NOx ) 

Sources : P r ivate communicat ions w i t h  p lant pers onne l and C FM-VI repo r t s . 

MODEL OUTPUT 

Fo r each averag ing per iod , the primary mod e l  output is impact c o e f f i c ien t s  
def ined i n  terms o f  S 02 and par t iculate  concentra t i ons p e r  uni t  po l lutant 
emis s ion rate . The coef f ic ients  derived f rom the mode l are shown in 
Tab le  G . 3 ,  G . 4 ,  and G . S .  Because concen trat ion is a l inear f unc t ion of 
emis s ion rate , these impact  coef f ic ients can then be used  to  d e t e rmine changes 
in concentra t i on re lated t o  each po l icy s cenar io . In  the case o f  o zone , the 
resul t s  are based on o z one i s o p l e ths for  the South Coas t air bas in . The 
resul t s  of the analys i s  of air qua l i ty impa c t s  on the many case s  examined , 
deve loped through apply ing the coef f ic ients f rom the mode l t o  generat ion 
leve l s  or changes in gene rat ion , are provided in Tab l e s  G . 6 through G . 1 7 .  
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Tab le  G . 3  
INLAND SOUTHWEST 

AIR QUAL ITY CALCULAT ION FORMULAS 

Cho 1 1a 
S 02MAX MWs * 0 . 3229  
TSPMAX = MWs ,'< 0 . 1 4 7 5  
S02  MWs "i< 0 . 00 2486 
S04 = MWs 1< 0 . 00000 5 5 3  
TSP = MWs * 0 . 00 1 105  + S04 

Coronado 
S 02MAX = MWs * 0 . 1 8 5 0  
TSPMAX = MWs * 0 . 1 1 26 
S02  = MWs * 0 . 00 1 2 38 
S04 = MWs * 0 . 00000 275  
TSP = MWs * 0 . 000 6 8 7 5  + S04 

Gene r i c  Coal ( AR )  
SO  2 MAX = MWs * 0 . 3 25 3  
TSPMAX MWs * 0 . 0 248 
S02  MWs * 0 . 00 146 7 
S04 = MWs '1< 0 . 0000 0 2 7 5  
TSP = MWs * 0 . 0000 9 1 6 7  + S04 

SEringervi 1 1e 
S 02MAX MWs ,� 0 . 0 750  
TSPMAX = MWs ,� 0 . 00 9 9  
S02  = MWs * 0 . 000550  
S04  = MWs * 0 . 00000 1 10 
TSP = MWs * 0 . 0000 5 5 0  + S04 

San Juan 
S 02MAX = MWs * 0 . 0 9 5 8  
TSPMAX = MWs * 0 . 028 1  
S02  = MWs '1< 0 . 00 7 9 9 2  
S04 MWs ,� 0 . 00000 6 9 5  
TSP = MWs ,� 0 . 00020 8 5  + S04 

Mohave 
S 02MAX MWs * 0 . 1 15 1  
TSPMAX MWs * 0 . 08 5 1  
S02  = MWs * 0 . 0008 6 9 9  
S04 = MWs * 0 . 00000290 
TSP = MWs * 0 . 0005 7 9 9  + S04 

Hunter  
SO 2 MAX = MWs * 0 . 1 10 9  
TSPMAX = MWs * 0 . 0 330  
S02  = MWs * 0 . 00 0 7 9 0 7  
804 = MWs * 0 . 00000 1 76 
TSP = MWs * 0 . 0002635  + 804 



Tab le G . 4  
PAC I F I C  NORTHWES T  

AIR QUALI TY CALCULATION FORMULAS 

Cen t ra l ia 
S 0 2MAX = MWs * 1 . 0 940 
TSPMAX = MWs * 0 . 0 1 7 9  
S 0 2  = MWs t( 0 . 005 7 1 4  
S 0 4  = MWs * 0 . 000 0 1 3 6  
TSP = MWs * 0 . 0 0 0 0 9 5 2 9  + S 0 4  

Boardman 
S 0 2MAX = MWs * 0 . 2825 
TSPMAX = MWs * 0 . 0 21 5  
S 0 2  = MWs * 0 . 000 5 8 8 2  
S 0 4  = MWs * 0 . 00000 1 5 9  
TSP = MWs * 0 . 00005 348 + S04 

Co 1 s triE 
SO 2 MAX = MWs t( 0 . 0 9 6 3  
TSPMAX MWs ,'( 0 . 0 2 5 9  
S 0 2  = MWs ,'( 0 . 000440 1 
S04 = MWs t( 0 . 00000094 
TSP = MWs t( 0 . 00009243  + S04 

Br idge r 
SO 2 MAX = MWs ,'( 0 . 206 5 
TSPMAX = MWs * 0 . 0 745 
S 0 2  MW s  * 0 . 00 1 8 1 9  
S04 = MWs * 0 . 000004 1 6  
TSP = MWs * 0 . 00 0 6 3 9 1  + S04 

Valmy 
SO 2 MAX = MWs * 0 . 2 1 86 
TSPMAX = MWs t( 0 . 005 7 
S 0 2  = MWs * 0 . 00 1 6 96 
S04 = MWs * 0 . 000005 2 2  
TSP = MWs -I( 0 . 00005 2 2 1  + S04 
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San Franc i s c o  
S 0 2  = 

S04 = 

TSP = 

NOX = 

HC = 

03  

Los  Ange les  
S02  
S04 
TSP 
NOX 
HC 
03 

San Diego 
S 0 2  
S 0 4  
T S P  
NOX 
HC 
0 3  

Mos s  Landing 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

S 0 2MAX = 

TSPMAX = 

S 0 2  = 

S04 = 

TSP = 

0 3  = 

Mo rro Bay 
SO 2 MAX 
TSPMAX 
S 0 2  
S04 
TSP 
0 3  

Coo 1 water  
SO  2 MAX 
TSPMAX 
S02  
S04  
TSP  
0 3  

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

= 

Tab l e  G . 5  
CAL IFORNIA 

AIR QUALI TY CALCULATION FORMULAS 

MWs ''< 0 . 040 ,'c 42 . 7 1 ,'c 3 . 9 3 E 5 1 3 6 2 
MWs ,,< 0 . 040 ,,< 4 2 . 7 1 ,'c 3 . 95 E 5 1 3 6 2  
MWs ,'c 0 . 0020  ,,< 4 2 . 7 1 -Ic 42 . 96 E 1 90643  + S04 
MWs * 0 . 3 24 * 42 . 7 1 E 2 2 3 6 6 8  
MWs -Ic 0 . 00 9 9  -Ic 4 2 . 7 1 E 2 3 8 5 9 0  
1 22 . 5  -Ic NOX 

MWs * 0 . 026  * 3 8 . 54 ,,< 1 3 . 10 E 6 90 9 5  
MWs -Ic 0 . 0 26 * 38 . 54 * 8 . 5 1  E 6 90 9 5  
MWs ,,< 0 . 00 5 1  ,,< 38 . 5 4 -Ic 1 0 1 .  3 0  E 1 6 9042 + S04 
MWs * 0 . 3 3 2  ,'c 38 . 54 E 4 1 75 3l� 
MWs * 0 . 00 9 9  * 3 8 . 5 4 E 48 2 1 8 5  
1 54 . 7  -Ic NOX 

MWs '1c 0 . 0 2 6  '1c 38 . 54 ,'c 1 0 . 48 E 1 7 7 24 
MWs ,'c 0 . 0 2 6  ,,< 3 8 . 54 * 7 . 6 2  E 1 7 724 
MWs * 0 . 00 5 1  * 38 . 5 4 * 6 9 . 1  E 8 5 3 6 6  + S04 
MWs * 0 . 3 3 2  * 38 . 54 E 74343 
MWs * 0 . 00 9 9  * 38 . 54 E 94426 
9 1 . 88 -Ic NOX 

MWs * 0 . 00 2 6 2  
MWs * 0 . 00 0 3 2  
MWs * 0 . 000 1 0 2 9  
MWs * 0 . 00000026  
MWs * 0 . 000005 14 + S04 

MWs * 0 . 0 0 246  
MWs * 0 . 00028  
MWs * 0 . 000 1 284 
MWs * 0 . 00000026  
MWs * 0 . 0000025 7 + S04  

MWs * 0 . 0 6 5 5  
MWs * 0 . 0 1 1 8  
MWs * 0 . 0004400 
MWs * 0 . 00000 1 1 0  
MWs * 0 . 0000550  + S04 

G-8 



E l  Cen t r o  
SO  2 MAX = 

TSPMAX 
S 0 2  = 

S04 = 

TSP = 

0 3  = 

�s 
�s 
�s 
�s 
�s 

Tab le  G . S  ( Cont inued ) 
CALI FORNIA 

AIR QUALITY CALCULATION FORMULAS 

* 0 . 2 1 6 9  
* 0 . 0 1 7 6 
* 0 . 03806  
* 0 . 0000 1 10 
* 0 . 0 0 30 8 0  + S04 

LIMITS OF UNCERTAINTY IN A I R  QUALITY ANALYSES 

Gaus s ian P l ume Calculat ions 

Both  the maximum I-hour ave rage concen t rat ions and the maximum annual average 
concent rat ions f o r  S 0 2 ' S 04 ' and TSP were calculated  us ing Gauss ian p l ume 
mode l s  f o r  po int sources . As a resul t ,  bo th  s e t s  o f  calculat ions are 
res t ri c ted by the inherent unc e r tainties  assoc iated wi t h  us ing a Gaus s ian 
p l ume mode l o f  atmospheric  t rans p o r t  and di f fus ion . These unc e r tainties  arise  
f rom the as sumpt ions o f  homogeneous , s ta t ionary turbulence ; s teady-s tate 
cond i t ions ; and cons tan t  wind s peed in the mode l and f rom the use o f  empi r ical 
but nons i te s pec i f i c  d i f fus ion c o e f f i c ients . I t  is  gene ra l l y  assumed that 
these uncertain t ies , under the bes t o f  cond i t ions , l im i t  the accuracy o f  a 
Gaus s ian p l ume calculat ion t o  approxima t e l y  a fac t o r  o f  two . 

Add i t ional l imitat ions to  the accuracy o f  t he resul t s  are int roduced in bo th  
sho rt - t e rm and l ong-term calculat ions f o r  powe r  p lant s  l ocated in rough 
terrain . Ne i ther PTD I S  ( short-term )  nor CDM ( long-term )  accoun t  f o r  t he 
e f f e c t s  of  comp l ex terrain . Thes e  e f f e c t s  general l y  imply  that dur ing s tab le  
cond i t ions high  surface concen t rat ions may resul t f rom impingement o f  a p l ume 
upon a t e rrain obs tac l e , whi l e  during uns tab le  o r  neutral cond i t ions , the 
p l ume may pas s c l o s e r  to the surface than p redic ted f o r  a s imilar  f l a t  terrain 
case . The Complex Terrain D i s pe rs ion Model (CTDM ) now under deve l o pmen t  by 
EPA is  des igned to address  the s tab le  and neutral cases , but it i s  no t 
avai l ab l e  f o r  this  analys is . Unfo rtunate l y , i t  is  no t pos s ib l e  to  ass ign a 
leve l  o f  uncertainty f o r  the e f f e c t s  o f  compl ex te rrain s ince t he resul t s  are 
ext reme l y  s i te  dependent .  

O ther fac t o rs whi c h  af f e c t  the accuracy o f  t he calculat ions inc l ude pos s ib l e  
e rrors in emiss ion invent o r ies ; the use o f  STAR me t e o ro l ogical  data f rom 
Nat ional Weather Service s i tes  l o cated t oo far f rom t he powe r  p lant s  o f  
concern ; the assumpt ion o f  a 1 percen t  p e r  hour f i rs t  o rder conve rs ion rat e  o f  
S 0 2 t o  S04 ; and the assumpt ion that we t and dry depos i t ion are neg l ig i b l e  
wi thin the t ransp o r t  dis tance to  the maximum recep t o r . The e n d  resul t o f  al l 
o f  t he s e  uncertain t ies i s  that t he a i r  qual i ty impac t canno t be  e s t imated to  
be more accurate than a fac t o r  o f  two in  the bes t c i rcums tances and in case s  
wi th  comp l i cat ing f ea tures t he unce rtainty probab l y  increas e s  sub s tant ial ly . 
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Air Bas in Es t ima tes 

The concen trat ions of S0 2 , TSP , and S04 for the maj o r  air bas ins of 
Cal ifornia we re de termined by assuming the f rac t ional changes in 
concentrat ions we re dire c t ly propo r t ional to  f rac t i ona l changes in to tal  air  
bas in emiss ions due to  shif t s  in  power p lant emi s s ions . In the case of  03 , 
changes in emis s ions we re used w i th avai lab l e  isop l e t hs o f  0 3 concent ra t ion 
based upon EKMA model  calculat ions to  determine c hanges in 0 3 
concen t ra t ion . Bo t h  approaches imp ly  tha t  pol l utants  in the bas in can be 
mode led with a we l l-mixed box , and horizontal inhomogene i t ies  as s o c iated  w i th 
t he dis t ribut ion of  power p lant s  in the bas in and t he d i f fus ion ra tes  o f  these 
p lumes acro s s  the bas in are no t treated . 

The e f f e c t s  o f  me teoro logical  cond i t ions , changes in o ther emi s s ion sources , 
and any removal or  chemical  e f fec t s  are inheren t ly inc luded in the measured 
concent rations in the bas in which are used in the calculat ion of  S 02 and 
TSP . I t  is  very d i f f i cul t to  ass ign leve l s  of  uncer tainty to  these bas in 
cal culat ions , but i t  appears reasonab le  to  assume t ha t  the overal l accuracy 
wi l l  no t be b e t ter  than w i t h  the Gaus s ian p l ume cal culat ions , i . e .  a fac tor  o f  
two . I n  the cas e o f  0 3 ' t hese k inds o f  factors  are covered to certain 
degree through mod e l ing s pe c i f i c  wo rs t-case 0 3 days during s p r ing , summer ,  
and fa l l .  The uncer tainty e s t ima ted in t he EKMA analys is  through a compar ison 
o f  mode l pred i c t ions and obs e rva t i ons and through a mod e l  sens i t iv i ty analys i s  
was repo rted to be approxima t e l y  5 percen t . However , d i f fe rences be tween 
mode l pred i c t ions and obs erva t ions ranged f rom 5 percent to 22  percent for  t he 
twelve tes t days used in the analys is . 

1 8 3 1 2  
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T ab l e  G . 6  

E F F E C T S  O F  I N T E RT I E  CAPAC I T Y  ON  A I R  QUA L I T Y  I N  T H E  P N W  

A S SUMI N G  T H E  PROPOSEO  F ORMU LA AL LOCAT I ON M E T H O D  1/ 

( M i c r o g rams/C u b i c  Meter of A i r )  

AnnUgl Avergge Concen t rgt i Qn 

I n t e r t i e  1 -H R  Max i mum 

C a pac i ty/ CQn c entrat i Qns 

Y.e..il P l gn t  Genergti o n  �2 .$M. T S P  Q1 SD2  TSP  

( aMW )  ( flg /m3 ) ( flg/m3 ) ( flg /m3 ) ( flg /m3 ) ( flg /m3 ) 

( flg /m3 ) 

E x i s t i ng Contqc t s  

E x i st i ng Inter t i e 

1 99 3  C e n t r a l i a  7 1 1 4 . 0 6 0 . 0 0 9 7  0 . 0 7 7  777 . 8 3 1 2 . 7 3 

Boa r dman 69 0 . 04 0 . 0 0 0 1  0 . 0 0 4  1 9 . 49 1 . 48  

Col s t r i p  969 0 . 4 3  0 . 0 0 0 9  0 . 0 9 0  9 3 . 3 1 2 5 . 1 0  

Br i d g e r  9 8 6  1 .  79  0 . 0 0 4 1 0 . 6 34 2 0 3 . 6 1 7 3 . 46 

Va l my 1 46 0 . 2 5 0 . 0 0 0 8  0 . 0 0 8  3 1 . 9 2 0 . 8 3 

DC Uogrgde 

1 99 3  C e n t r a l i a  3 2  0 . 1 9 0 . 0 0 04 0 . 0 04 3 5 . 0 1  0 . 5 7  

Boardman 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 2 8 0 . 0 2 

C o l s t r i p  24  0 . 0 1 0 . 0 0 0 0  0 . 0 0 3  2 . 3 2 0 . 6 2 

Br i dger  1 9  0 . 0 4 0 . 0 0 0 1  0 . 0 1 2  3 . 9 2  1 . 4 1  

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Max i mum Upgrgde 

1 99 3  C e n t r a l i a  1 4  0 . 0 8 0 . 0 0 0 2  0 . 0 0 2  1 5 . 3 2 0 . 2 5  

B o a r dman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 85 0 . 0 7 

C o l s t r i p  4 7  0 . 0 2  0 . 0 0 0 1  0 . 0 0 5  4 . 5 3  1 .  2 1  

B r i dg e r  3 1  0 . 0 6 0 . 0 0 0 1  0 . 0 2 0  6 . 4 0 2 . 3 1  

Va l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 1  0 . 0 1 

E x i  sti ng I n tert i e  

1 998 C e n t r a l i a  7 3 4  4 . 1 9  0 . 0 1 0 0 0 . 0 8 0  8 0 3 . 0 0 1 3 . 1 4 

Boa r dman 98 0 . 0 6 0 . 0 0 0 2  0 . 0 0 5  2 7 . 68 2 . 1 1  

C o l s t r i p  945 0 . 4 2  0 . 0 0 0 9  0 . 0 88 9 1 . 0 0 24 . 48 

Br i dger  966  1 .  7 6  0 . 0 0 4 0  0 . 62 1  1 99 . 4 8 7 1 . 9 7  

Va l my 1 5 6 0 . 2 6 0 . 0 0 0 8  0 . 0 0 9  3 4 . 1 0  0 . 89 

DC Upgrgde 

1 99 8  C e n t r a l i a  2 8  0 . 1 6 0 . 0 0 04 0 . 0 0 3  3 0 . 6 3 0 . 5 0  

Boardman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 8 5 0 . 0 6 

Col s t r i p 3 9  0 . 0 1  0 . 0 0 0 0  0 . 0 0 4  3 . 76 1 . 0 1  

B r i d g e r  1 8  0 . 0 3 0 . 0 0 0 1  0 . 0 1 2  3 . 7 2 1 .  3 4  

V a l my 2 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  0 . 44 0 . 0 1  
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Tab l e  G . 6  ( Co n t i n u e d ) 

Max i mum Upgrade 

1 99 8  C e n t r a l i a  8 0  0 . 46 0 . 0 0 1 1  0 . 0 0 9  87 . 5 2 1 .  4 3  

Boardman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 85 0 . 0 6 

C o l st r i p  9 7  0 . 0 4 0 . 0 0 0 1  0 . 0 0 9  9 . 34 2 . 5 1  

B r i dger  8 1  0 . 1 4 0 . 0004  0 . 0 5 2  1 6 . 73 6 . 0 3 

V a l my 2 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 44 0 . 0 1 

E x i s t i ng I nt ert i e  

2 0 0 3  C e n t r a l i a  795  4 . 5 4 0 . 0 1 0 8 0 . 0 8 7  869 . 7 3 1 4 . 2 3 

Boardman 1 1 3  0 . 0 7 0 . 0 0 0 2  0 . 0 0 6  3 1 . 9 2 2 . 4 3  

C o l st r i p  945  0 . 4 2 0 . 0 0 09 0 . 088 9 1 . 0 0 24 . 4 8 

B r i dger  957  1 .  74  0 . 0040  0 . 6 1 6  1 9 7 . 6 2 7 1 . 3 0 

V a l my 1 96 0 . 3 3 0 . 0 0 1 0  0 . 0 1 1  42 . 85 1 .  1 2  

DC Upgrade 

2 0 0 3  C e n t r a l i a  5 5  0 . 3 2 0 . 0 0 08 0 . 0 0 6  6 0 . 1 7  0 . 98 

Boardman 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  1 .  4 1  0 . 1 1  

Col st r i p  4 1  0 . 0 1 0 . 0 0 0 0  0 . 004  3 . 95 1 .  06 

B r i dger  42  0 . 08 0 . 0 0 0 2  0 . 0 2 7  8 . 67 3 . 1 3  

V a l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 1 0 . 0 0 

Max i mum Upgrade 

2 0 0 3  C e n t r a l i a  1 1 0  0 . 6 3 0 . 0 0 1 5  0 . 0 1 2  1 2 0 . 34 1 .  97  

Boardman 6 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  1 .  70  0 . 1 3  

C o l st r i p  1 0 2 0 . 0 4 0 . 0 0 0 1  0 . 0 1 0  9 . 83 2 . 64 

B r i dger  1 08 0 . 2 0 0 . 0 0 0 4  0 . 069 2 2 . 3 0 8 . 0 4 

Val my 9 0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  1 .  96 0 . 0 5 

Federal Market i ng 

E x i st i ng I ntert ie 

1 99 3  C e n t ra l i a  7 0 7  4 . 04  0 . 0096  0 . 0 7 7  7 7 3 . 46 1 2 . 6 6 

Boardman 69 0 . 0 4 0 . 0 0 0 1 0 . 004  1 9 . 49 1 . 4 8  

C o l st r i p  9 7 2  0 . 4 3  0 . 0 0 0 9  0 . 09 1  9 3 . 6 0 2 5 . 1 7  

B r i dger 956  1 .  74 0 . 0040  0 . 6 1 5  1 9 7 . 4 1  7 1 . 2 2 

Va l my 1 45 0 . 2 5 0 . 0 0 0 8  0 . 0 0 8  3 1 . 70 0 . 8 3 

DC Upgrade 

1 99 3  C e n t r a l i a  - 2  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 2 . 1 9 - 0 . 04 

Boa r dman 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 28 0 . 0 2 

C o l s t r i p  2 0  0 . 0 1 0 . 0 0 0 0  0 . 0 0 2  1 .  9 3  0 . 5 2 

B r i dger  50  0 . 0 9 0 . 0 0 0 2  0 . 0 3 2  1 0 . 3 3 3 . 7 3 

V a l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 
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Tab l e  G . 6  ( C on t i n u e d )  

Max i mum Upgr ade 

1 99 3  Central i a  -4 - 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  -4 . 3 8 - 0 . 0 8 

Boardman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 8 5 0 . 0 7 

Col s t r i p  4 5  0 . 0 2  0 . 0 0 0 1  0 . 0 04 4 . 3 4 1 .  1 7  

B r i dger  4 1  0 . 0 7 0 . 0 0 0 1  0 . 0 2 6  8 . 4 7 3 . 0 6 

V a l my 2 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 4 3  0 . 0 1  

E x i s t i ng I n t ert i e  

1 998 Centra l i a  729  4 . 1 7  0 . 0 0 99 0 . 079  797 . 5 3 1 3 . 0 5 

Boardman 99 0 . 0 6 0 . 0 0 0 2  0 . 0 0 5  2 7 . 9 7  2 . 1 3  

C o l s t r i p  9 5 0  0 . 4 2  0 . 0 0 0 9  0 . 089 9 1 . 48 24 . 6 0 

B r i dger  9 2 8  1 . 69 0 . 0 0 3 9  0 . 5 9 7  1 9 1 . 6 3 69 . 1 4 

V a l my 1 5 8 0 . 2 7 0 . 0 0 08 0 . 0 0 9  34 . 5 4 0 . 9 0 

DC Upgrade 

1 99 8  Centra l i a  6 0 . 0 3 0 . 0 0 0 1 0 . 0 0 1  6 . 5 6 0 . 1 1  

Boa r dman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 84  0 . 06 

C o l s t r i p  3 5  0 . 0 1  0 . 0 0 0 0  0 . 0 0 3  3 . 3 8 0 . 9 1  

B r i dger  57  0 . 1 0  0 . 0 0 0 2  0 . 0 3 7  1 1 . 77 4 . 24 

V a l my 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 1 

Max i mum Upgrade 

1 998 C e n t ra l i a  7 5  0 . 4 2  0 . 0 0 1 0  0 . 0 0 9  8 2 . 0 5 1 .  34 

Boar dman 4 0 . 0 0  0 . 0 0 0 0  0 . 0 0 1  1 . 1 3  0 . 0 8 

C o l s t r i p  9 3  0 . 0 4 0 . 0 0 0 1  0 . 0 0 8  8 . 96 2 . 4 1  

B r i dger  1 1 5 0 . 2 1 0 . 0 0 04 0 . 0 7 4  2 3 . 75 8 . 5 6 

V a l my 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 44 0 . 0 1  

E x i st i ng I n tert i e  

2 0 0 3  C e n t ra l i a  8 0 0  4 . 5 7 0 . 0 1 0 9 0 . 087  875 . 2 0 1 4 . 3 2 

Boar dman 1 0 4 0 . 0 6 0 . 0 0 0 2  0 . 0 06 2 9 . 3 8 2 . 2 4 

C o l s t r i p  9 5 0  0 . 4 2  0 . 0 0 0 9  0 . 089 9 1 . 48 24 . 6 0 

B r i d g e r  960  1 .  7 5  0 . 0 0 4 0  0 . 6 1 8  1 98 . 2 4 7 1 . 5 2  

V a l my 1 9 3 0 . 3 3 0 . 0 0 1 0  0 . 0 1 1 4 2 . 1 9 1 .  1 0  

DC Upgrade 

2 0 0 3  C e n t ra l i a  5 7  0 . 3 3 0 . 0 0 0 8  0 . 0 0 6  6 2 . 3 6 1 .  0 2  

Boar dman 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  1 .  1 3  0 . 0 8 

Col s t r i p  4 0  0 . 0 2  0 . 0 0 0 0  0 . 0 0 3  3 . 86 1 .  04  

B r i dger  4 5  0 . 0 8 0 . 0 0 0 2  0 . 0 2 8  9 . 2 9 3 . 3 5 

Va l my 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 8 7  0 . 0 2 
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Tabl e G . 6  ( C on t i nu e d ) 

Max i mum Upgrade 

2 0 0 3  C e n t r a l i a  1 1 0  0 . 6 3 0 . 0 0 1 5  0 . 0 1 2  1 2 0 . 34 1 .  9 7  

Boardman 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  1 . 4 1  0 . 1 0  

C o l s t r i p 99 0 . 04 0 . 0 0 0 1 0 . 0 0 9  9 . 54 2 . 5 7 

B r i dger  1 0 7 0 . 1 9 0 . 0 0 04 0 . 068 2 2 . 1 0 7 . 9 7 

V a l my 1 1  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  2 . 4 0 0 . 0 6 

Assured D e l i v-.eu 

E x i s t i ng Intert i e  

1 99 3  C e n t ral i a  704 4 . 0 2 0 . 0096  0 . 0 7 7  7 70 . 1 8 1 2 . 6 0 

Boardman 87  0 . 0 5 0 . 0 0 0 1  0 . 0 0 5  24 . 5 8 1 .  8 7  

C o l s t r i p  968 0 . 4 3  0 . 0 0 0 9  0 . 090  9 3 . 2 2 2 5 . 0 7 

B r i dg e r  9 2 2  1 .  68 0 . 0 0 3 8  0 . 5 9 3  1 9 0 . 3 9 68 . 6 9 

V a l my 1 54 0 . 2 6 0 . 0 0 0 8  0 . 0 0 9  3 3 . 66 0 . 88 

DC Upgrade 

1 99 3  C e n t ral i a  3 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  3 . 2 8 0 . 06 

Boa rdman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 84 0 . 0 6 

C o l s t r i p  2 2  0 . 0 1 0 . 0 0 0 0  0 . 0 0 2  2 . 1 2  0 . 5 7 

B r i dg e r  8 4  0 . 1 5 0 . 0 0 04 0 . 0 5 4  1 7 . 3 5 6 . 26 

V a l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

Th i rd AC 

1 99 3  C e n t r a l i a  -4 -0 . 0 2  - 0 . 0 0 0 1  -0 . 0 0 1  -4 . 38 - 0 . 0 7 

Boardman 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 84 0 . 0 6 

C o l s t r i p  2 8  0 . 0 1  0 . 0 0 0 0  0 . 0 0 3  2 . 69 0 . 7 3 

Br i dger 9 0  0 . 1 6 0 . 0 0 04 0 . 0 5 8  1 8 . 5 9 6 . 7 0 

V a l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

Max i mum Upgrade 

1 99 3  C e n t r al i a  9 0 . 0 5 0 . 0 0 0 1  0 . 0 0 1  9 . 84 0 . 1 6 

Boardman 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  1 . 4 1  0 . 1 1  

C o l s t r i p  4 2  0 . 0 1 0 . 0 0 0 0  0 . 0 0 4  4 . 04 1 .  0 9  

B r i dg e r  3 0  0 . 0 5 0 . 0 0 0 2  0 . 0 1 9  6 . 2 0 2 . 2 3 

Va l my 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 44 0 . 0 1 

E x i st i ng I n ter t i e  

1 998 Cent r a l i a  7 1 7 4 . 1 0  0 . 0 0 98 0 . 078 784 . 40 1 2 . 8 3 

Boardman 1 0 3 0 . 0 6 0 . 0 0 0 2  0 . 0 0 6  2 9 . 1 0  2 . 2 1  

C o l s t r i p  939  0 . 4 1  0 . 0 0 0 9  0 . 088 9 0 . 4 3 24 . 3 2 

B r i dger 9 1 0  1 . 66 0 . 0 0 38 0 . 5 85  1 8 7 . 9 1 6 7 . 79 

Va l my 1 5 9  0 . 2 7 0 . 0 0 08 0 . 0 0 9  34 . 76 0 . 9 1  



Ta b l e G . 6  ( C on t i n u e d ) 

DC Upgrade 

1 998 C e n t r a l i a  2 9  0 . 1 6  0 . 0 0 0 3  0 . 0 0 3  3 1 . 7 2 0 . 5 2  

Boa r dman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  3 9  0 . 0 2 0 . 0 0 0 0  0 . 0 0 3  3 . 75 1 .  0 1  

Br i dger 67  0 . 1 2  0 . 0 0 0 3  0 . 04 3  1 3 . 84 5 . 0 0 

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Th i r d AC 

1 99 8  C e n t r a l i a  3 7  0 . 2 1 0 . 0 0 05 0 . 004  40 . 48 0 . 6 7 

Boa r dman 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 5 6 0 . 0 5 

C o l s t r i p  5 8  0 . 0 3 0 . 0 0 0 0  0 . 0 0 5  5 . 5 8 1 .  5 0  

B r i dg e r  8 3  0 . 1 5  0 . 0 0 0 3  0 . 0 5 4  1 7 . 1 4  6 . 1 9  

Va l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

Max i mum Upgrade 

1 998 C e n t r a l i a  70  0 . 40 0 . 0 0 0 9  0 . 0 0 8  76 . 5 8 1 .  26 

Boa r dman 5 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  1 . 4 1  0 . 1 1  

C o l s t r i p  8 9  0 . 04 0 . 0 0 0 1  0 . 0 0 8  8 . 5 7 2 . 3 1  

B r i dg e r  1 2 3 0 . 2 2 0 . 0 0 0 5  0 . 0 7 9  25 . 40 9 . 1 7  

Va l my 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 65  0 . 0 1  

E x i st i ng I n terlli 

2 0 0 3  C e n t ra l i a  7 7 9  4 . 4 5  0 . 0 1 0 6 0 . 085  8 5 2 . 2 3  1 3 . 94 

Boardma n 1 1 1  0 . 0 7  0 . 0 0 0 2  0 . 0 06 3 1 . 3 6 2 . 3 9 

C o l s t r i p  9 3 5  0 . 4 1  0 . 0 0 0 9  0 . 0 87 9 0 . 04 24 . 2 2 

Br i dger 948 1 .  72  0 . 0 0 3 9  0 . 6 1 0  1 95 . 76 7 0 . 6 3 

Va l my 1 9 1  0 . 3 2 0 . 0 0 1 0  0 . 0 1 1 4 1 . 7 5  1 .  0 9  

D C  Upgrade 

2 0 0 3  C e n t r a l i a  5 5  0 . 3 2 0 . 0 0 0 7  0 . 0 0 6  6 0 . 1 7 0 . 99 

Boa rdma n 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 8 0 . 0 2 

C o l s t r i p  46 0 . 0 2 0 . 0 0 0 0  0 . 0 0 5  4 . 4 3 1 .  1 9  

Br i dger 46 0 . 0 9  0 . 0 0 0 2  0 . 0 2 9  9 . 5 0 3 . 4 2  

Va l my 5 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  1 .  1 0  0 . 0 3 

Th i rd AC 

2 0 0 3  C en t ra l i a  9 1  0 . 5 2  0 . 0 0 1 2  0 . 0 1 0  99 . 5 5 1 .  6 3  

Boardma n 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 84 0 . 0 6 

C o l s t r i p  67  0 . 0 3  0 . 0 0 0 0  0 . 0 0 7  6 . 45 1 .  7 3  

Br i dg e r  6 9  0 . 1 3  0 . 0 0 0 3  0 . 044 1 4 . 2 5 5 . 1 4 

V a l my 7 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  1 .  5 3  0 . 0 4 

G- 1 5  



Tabl e G . 6  ( C on t i nued ) 

Max i mum Upgr ade 

2 0 0 3  Cen t ra l i a  1 1 5 0 . 66 0 . 0 0 1 6  0 . 0 1 2  1 2 5 . 8 1  2 . 0 6 
Boardman 4 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  1 .  1 3  0 . 08 
C o l s t r i p  1 0 5 0 . 0 5 0 . 0 0 0 1  0 . 0 1 0  1 0 . 1 1  2 . 7 2 
B r i d g e r  1 0 2 0 . 1 9  0 . 0 0 0 5  0 . 0 6 5  2 1 . 0 6 7 . 5 9  
Va l my 1 2  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  2 . 6 3 0 . 0 7  

I I  C a l c u l ated  u s i n g  t h e  M a r k e t i n g  L P  ( R P S E . P980 0 . D CW . I DU E I S . NOV8 7 . SASOUT- 3-N OV-8 7 )  a n d  

SAM ( R E SC OAL . AL L - 2 9-0CT-87 ) f o r  genera t i on numb e r s  a n d  t h e  coeff i c i en t s  prov i d ed by 

WSU to produce a i r  qual i ty re s u l t s  ( PG . P 9800 . MC E . L O TU SAQ . JAN0 788 . R E P ORT ) .  A i r  

qual i t y re s u l t s  f o r  Va l my r e p r e s e n t  e f f e c t s  f o r  t h e  who l e p l an t .  Col s t r i p  re s u l t s  

represent  onl y that  port i on serv i n g t h e  PNW . 1 988 d a t a  are  not  sh own s i n ce n o  

i n crease  i n  I n tert i e  capac i ty i s  av a i l a b l e f o r  t h a t  yea r . E n t r i e s f o r  " E x i s t i n g 

I n t e rt i e " are  pro j e c t e d  a c t u a l  v a l u e s  f o r  a n n u a l  generat i on a n d  c o n t r i bu t i on s  t o  

amb i en t  a i r  qual i t y l ev e l s ;  ent r i e s f o r  other I n t e r t i e  c a p a c i t i e s are  d i f f e re n c e s  

f rom the  c o r r e s p o n d i ng v a l u e s  f o r  t h e  Ex i s t i ng I n t er t i e .  

G - 1 6  



T a b l e G . 7  

E F F ECTS  O F  I N T E R T I E  CAPA C I T Y  ON A I R  QUAL I TY I N  CAL I F OR N I A  ASSUMING T H E  

PRO P O S E D  FORMULA A L L OCAT I ON METHOD  1/ 

( M i crograms/C u b i c  Met e r )  

Annual  Average Con cen t rat i on 
I n t e r t i e  l -H R  Ma x i mum 

Capac i ty/A i r  Concen t rat i on s  
Year B a s i nLP l an t  �enerat i on .$..Q2 S04 T S P  Ql S 0 2  T S P  

( aMW ) ( flg/m3 ) ( flg/m3 ) ( flg/m3 ) ( flg/m3 ) ( flg /m3 ) 
( flg/m3 ) 

E x i s t i ng I n tert i e 

1 99 3  San Franc i s c o  4 6 0  

Los  Ang e l e s  2 2 4 3  

S a n  D i ego 4 1 9  

Central  Coa s t  

Mos s L an d i n g 3 4 0  

Morro Bay 340  

S .  E .  Desert  

Cool  wat e r  1 98 

E l  C e n t r o  1 98 

DC Upgrade 

1 9 9 3  San F ranc i s co - 1 5  
L o s  Ang e l e s  - 6 1  

S a n  D i ego - 1 1 

Central  C oa s t  

Mo s s  Lan d i n g - 1 1 

Morro Bay - 1 1 

S .  E .  Des ert 

C o o l water  - 5  
E l  C en t ro - 5  

Max i mum Upgrade 

1 9 9 3  San F ranc i s c o  - 5 9  

L o s  Angel e s  -69 

San D i ego - 1 3 
Central  C oa s t  

Mo s s  L an d i n g - 4 3  

Morro Bay - 4 3  

S .  E .  Des ert 

Coo l wa t e r  -6  
El  Centro -6  

E x i st i ng C o n t rac t s  

0 . 0 6 0 . 0604 0 . 0 69 

0 . 4 3  0 . 2 768 0 . 54 1  

0 . 2 5 0 . 1 8 0 5  0 . 24 7  

0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  

0 . 0 2  0 . 0 0 0 0  0 . 0 0 0  

0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  

1 .  4 3  0 . 0 0 04 0 . 1 1 6 

0 . 0 0 - 0 . 0 0 1 9  -0 . 0 0 2  

- 0 . 0 2  -0 . 0 0 7 5  - 0 . 0 1 5  

-0 . 0 1  - 0 . 0 0 4 7  - 0 . 0 0 6  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

- 0 . 0 3 0 . 0 0 0 0  -0 . 0 0 3  

-0 . 0 1  -0 . 0 0 7 7  - 0 . 0 0 9  

- 0 . 0 2  -0 . 0 0 8 5  - 0 . 0 1 7  

-0 . 0 1  - 0 . 0 0 5 6  - 0 . 0 0 7  

0 . 0 0 - 0 . 0 0 0 1 0 . 0 0 0  

-0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

-0 . 0 4 0 . 0 0 0 0  - 0 . 0 0 3  

G- 1 7  

3 . 49  

1 0 . 6 3 

6 . 6 3 

0 . 56 0 . 0 7 

0 . 3 1  0 . 04 

1 0 . 5 0 1 .  89 

8 . 1 6  0 . 66 

- 0 . 1 2  

-0 . 2 9 

-0 . 1 8  

-0 . 0 2  0 . 0 0 

-0 . 0 1  - 0 . 0 1  

-0 . 2 6 - 0 . 0 5 

-0 . 2 1  - 0 . 0 1  

- 0 . 4 5 

-0 . 3 2 

- 0 . 2 1  

-0 . 0 7 - 0 . 0 1  

-0 . 0 4 - 0 . 0 1  

-0 . 3 1 - 0 . 0 5 

- 0 . 2 5 - 0 . 0 2 



Ta b l e  G . 7  ( C ont i n ued ) 

E x i s t i ng I n t er t i e  

1 998 San F ranc i s co 560 0 . 0 7 0 . 0 736  0 . 084 4 . 24 
Los An g e l e s  3 0 9 3  0 . 5 9 0 . 3 8 1 7  0 . 746 1 4 . 66 
San D i ego 546 0 . 3 2 0 . 2 3 5 2  0 . 3 2 2  8 . 6 3  
C e n t r a l  C o a s t  

Mo s s  L an d i n g  4 1 6  0 . 0 3  0 . 0 0 0 1  0 . 0 0 1  0 . 7 1 0 . 0 9 
Mo rro Bay 4 1 6  0 . 0 2  0 . 0 0 0 0  0 . 0 0 0  0 . 3 6 0 . 0 4 

S .  E .  D e s e r t  

C o o l wa t e r  2 5 7  0 . 0 9 0 . 0 0 0 2  0 . 0 1 2  1 3 . 64 2 . 46 
E l  Centro  257  1 .  86  0 . 0 0 0 5  0 . 1 5 1  1 0 . 5 9 0 . 86 

DC Upgrade 

1 998 San F ranc i s c o  -4 3 0 . 0 0 - 0 . 0 0 5 7  - 0 . 0 0 6  -0 . 3 2 
Los  An g e l e s  - 1 8 0 - 0 . 04 - 0 . 0 2 2 2  - 0 . 04 3  - 0 . 8 5 
San D i e go - 3 2  - 0 . 0 2 - 0 . 0 1 3 8 - 0 . 0 1 9  - 0 . 5 0  
C e n t r a l  C o a s t  

Mo s s  L an d i n g - 3 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 06  -0 . 0 1  
Mo rro Bay - 3 2  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 3 0 . 0 0 

S .  E .  D e s e r t  

C o o l  wa t e r  - 1 5 0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  -0 . 8 0  -0 . 1 5  
E l  C en t ro - 1 5  - 0 . 1 1  0 . 0 0 0 0  - 0 . 0 0 9 - 0 . 6 2 -0 . 0 5 

Max i mum Upgrade 

1 998 San F ranc i s c o  - 1 4 5  -0 . 0 2 - 0 . 0 1 9 1  - 0 . 0 2 1  - 1 . 0 9 
Los Ang el es - 1 74 - 0 . 04 - 0 . 0 2 1 5  - 0 . 042  - 0 . 8 2 
San  D i eg o  - 3 1  - 0 . 0 1  - 0 . 0 1 3 3 -0 . 0 1 8  -0 . 49 
C e n t r a l  C o a s t  

Mo s s  L a n d i n g - 1 0 8 -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  -0 . 1 9 - 0 . 0 3 
Morro Bay - 1 0 8 -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 9 - 0 . 0 1  

S .  E .  D e s e r t  

C o o l  wa t e r  - 1 4  0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 7 5 - 0 . 1 4 
El  Centro - 1 4  - 0 . 1 0  0 . 0 0 0 0  - 0 . 0 0 8 - 0 . 5 8 - 0 . 0 5 

Ex i st i ng I n ter t i e  

2 0 0 3  San F ranc i s co 1 2 1 4  0 . 1 6 0 . 1 5 95 0 . 1 8 3  9 . 2 0 
Los  A n ge l e s  4449 0 . 85 0 . 549 1 1 . 07 3  2 1 . 0 9  
San D i eg o  7 9 5  0 . 47 0 . 3425  0 . 469 1 2 . 5 7 
Cen t ra l  C oa s t  

Mo s s  L a n d i n g 890  0 . 0 6 0 . 0 0 0 2  0 . 0 0 3  1 .  5 2  0 . 1 9 
Morro Bay 890  0 . 04 0 . 0 0 0 1  0 . 0 0 1  0 . 77 0 . 0 9 

S .  E .  D e s e r t  

C o o l  wa t e r  369 0 . 1 3  0 . 0 0 0 3  0 . 0 1 7  1 9 . 5 8 3 . 5 3 
E l  C e n t r o  3 6 9  2 . 67 0 . 0 0 0 8  0 . 2 1 7  1 5 . 2 1 1 .  2 3  



DC Upgrade 

2 0 0 3  San Franc i sc o  

Los  An g e l es  

San  D i eg o  

C e n t r a l  Coa s t  

M o s s  Lan d i n g 

Morro Bay 

S . E .  D e sert  

Cool  wa t e r  

E l  C e n t ro 

Max i mum Upgrade 

2 0 0 3  

Ex i st i ng 

1 99 3  

San F ranc i sc o  

L o s  An g e l e s  

San  D i eg o  

C en t r a l  C o a s t  

M o s s  La n d i n g 

Morro Bay 

S .  E .  Desert  

Cool  wa t e r  

E l  C e n t r o  

I n tert i e 

San  F r a n c i sc o  

L o s  Ang e l e s  

S a n  D i eg o  

C en t r a l  C o a s t  

M o s s  Lan d i n g 

Morro Bay 

S . E .  Desert  

Cool  wa t e r  

E l  C e n t r o  

DC Upgra de 

1 99 3  San  F r a n c i sc o  

L o s  Ange l e s  

San D i eg o  

C e n t r a l  C o a s t  

M o s s  L an d i n g 

Morro Bay 

S . E .  D e s e r t  

Cool  wat e r  

E l  C en t ro 

-42  

- 1 7 3  

- 3 1  

- 3 1  

- 3 1  

- 1 4  

- 1 4  

- 1 7 1  

- 2 0 4  

- 3 6  

- 1 2 6 

- 1 2 6 

- 1 7 

- 1 7  

465 

2 2 5 7  

4 2 0  

3 4 3  

3 4 3  

1 99 

1 99 

- 1 7  

-69 

- 1 3  

- 1 3  

- 1 3  

-6  

- 6  

T a b l e G . 7  ( C on t i n u e d ) 

- 0 . 0 1  -0 . 0 0 5 5  - 0 . 0 0 6  -0 . 3 2 

-0 . 0 4 - 0 . 0 2 1 4  -0 . 04 2  - 0 . 8 2 
- 0 . 0 2 - 0 . 0 1 34 -0 . 0 1 8  -0 . 49 

0 . 0 0  - 0 . 0 0 0 1  0 . 0 0 0  - 0 . 06 -0 . 0 1  
0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 3  - 0 . 0 1  

0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 75 - 0 . 1 4 
- 0 . 1 0  - 0 . 0 0 0 1  - 0 . 0 0 9  -0 . 5 8 - 0 . 04 

- 0 . 0 2 - 0 . 0 2 2 5  -0 . 0 2 6  - 1 . 3 0 
- 0 . 0 4 - 0 . 0 2 5 2  - 0 . 049 - 0 . 97 
- 0 . 0 2 - 0 . 0 1 5 5 -0 . 0 2 1  -0 . 5 7 

- 0 . 0 1  - 0 . 0 0 0 1  0 . 0 0 0  - 0 . 2 2 - 0 . 0 3  
- 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  -0 . 1 1  - 0 . 0 2 

0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  -0 . 9 0 - 0 . 1 7 
- 0 . 1 2  - 0 . 0 0 0 1 - 0 . 0 1 0  - 0 . 70 - 0 . 0 5 

F e dera l Market i ng 

0 . 0 6 0 . 0 6 1 1 0 . 0 7 3 . 5 2 
0 . 4 3  0 . 2 78 5  0 . 5 4 1 0 . 7 0 
0 . 2 5 0 . 1 8 09 0 . 2 5 6 . 64 

0 . 0 2 0 . 0 0 0 1  0 . 0 0 0 . 5 7 0 . 0 7 
0 . 0 2 0 . 0 0 0 0  0 . 0 0 0 . 3 1  0 . 04 

0 . 0 7 0 . 0 0 0 2  0 . 0 1 1 0 . 5 6 1 .  9 0  
1 . 44 0 . 0 0 04 0 . 1 2  8 . 2 0 0 . 6 7 

0 . 0 0 -0 . 0 0 2 2  0 . 0 0 -0 . 1 2  
- 0 . 0 1  - 0 . 0 08 5  - 0 . 0 2 -0 . 3 3 
- 0 . 0 1  - 0 . 0 0 5 6  - 0 . 0 1  - 0 . 2 0 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 0 3 0 . 0 0 
0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 0 1  - 0 . 0 1  

0 . 0 0  0 . 0 0 0 0  0 . 0 0 - 0 . 3 2 - 0 . 0 6 
- 0 . 0 4 0 . 0 0 0 0  0 . 0 0 - 0 . 2 5 - 0 . 0 2 

G- 1 9  



Tabl e G . 7  ( C on t i nue d )  

Max i mum Upgr a de 

1 99 3  San F r anc i s co - 5 7  -0 . 0 1  - 0 . 0075  - 0 . 0 1  - 0 . 4 3  

Los  Ange l e s -67 - 0 . 0 1  - 0 . 0082  - 0 . 0 2 - 0 . 3 2 

San D i ego - 1 3 -0 . 0 1  -0 . 0 0 5 6  - 0 . 0 1  - 0 . 2 0 

Central  Coast  

Mo s s  L an d i n g -42  0 . 0 0 - 0 . 0 0 0 1  0 . 0 0 - 0 . 0 7 - 0 . 0 1  

Mo rro B ay -42  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 - 0 . 0 4 - 0 . 0 1  

S .  E .  Desert  

C oo 1 water  -6  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 3 2 - 0 . 0 6 

E l  C e n t r o  -6  - 0 . 04 0 . 0 0 0 0  0 . 0 0 - 0 . 2 5 - 0 . 0 2 

E x i st i ng I ntert i e  

1 99 8  S a n  F ranc i s c o  574 0 . 0 8 0 . 0754  0 . 0 9 4 . 3 5 

Los  Ange l e s 3 1 1 4  0 . 59 0 . 3843  0 . 75 1 4 . 7 6 

San D i ego 548 0 . 3 2 0 . 2 3 6 1  0 . 3 2  8 . 67 

Cen t ra l  C o a s t  

Moss  L an d i ng 426  0 . 0 3 0 . 0 0 0 1  0 . 0 0 0 . 7 3 0 . 0 9 

Morro B ay 426  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0 . 3 7 0 . 04 

S .  E .  Desert  

Cool  wat e r  2 5 9  0 . 0 9 0 . 0 0 0 2  0 . 0 1  1 3 . 74 2 . 48  

El  Centro 2 5 9  1 .  87 0 . 0 0 0 5  0 . 1 5  1 0 . 67 0 . 87 

DC Upgrade 

1 998 San F r anc i s co -39 - 0 . 0 1  - 0 . 0 0 5 1  0 . 0 0 - 0 . 3 0 

Los  Ange l e s  - 1 6 1  - 0 . 0 3 - 0 . 0 1 99 - 0 . 04 - 0 . 7 6 

San D i ego - 2 8  - 0 . 0 1  - 0 . 0 1 2 1 - 0 . 0 2 - 0 . 4 5  

C e n t r a l  C o a s t  

Mo s s  Lan d i n g - 2 9  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 0 5 - 0 . 0 1  

Mo r ro Bay - 2 9  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 0 3  0 . 0 0 

S .  E .  D e se r t  

Cool  wa t e r  - 1 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0  -0 . 69 - 0 . 1 3  

E l  Centro  - 1 3  - 0 . 0 9 0 . 0 0 0 0  - 0 . 0 1  - 0 . 5 3 - 0 . 0 5 

Max i mum Upgrade 

1 998 San F r anc i s co - 1 5 3  -0 . 0 2 - 0 . 0 2 0 1  - 0 . 0 2 - 1 . 1 6 

Los  Ange l e s  - 1 8 3 -0 . 0 3 -0 . 0 2 2 6  - 0 . 04 - 0 . 86 

San D i eg o  - 3 2  -0 . 0 1  -0 . 0 1 3 8 - 0 . 0 2 - 0 . 5 1  

Cen t r al C o a s t  

Mo s s  Lan d i ng - 1 1 4  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 - 0 . 2 0 - 0 . 0 3 

Morro Bay - 1 1 4  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 - 0 . 1 0  - 0 . 0 1  

S .  E .  D e s e r t  

Cool  wat e r  - 1 5  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 79 - 0 . 1 5  

E l  Centro  - 1 5  - 0 . 1 1  0 . 0 0 0 0  - 0 . 0 1  - 0 . 6 1  - 0 . 0 5 



Tabl e G . 7  ( Con t i nued ) 

E x i st i ng I n tert i e  

2 0 0 3  San  FranC i s c o  1 2 3 7  0 . 1 6 0 . 1 6 2 5  0 . 1 9 9 . 3 8 

Los  Ang e l e s  4445 0 . 84 0 . 5486 1 .  07 2 1 . 0 7 

San D i ego 795 0 . 47 0 . 34 2 5  0 . 4 7  1 2 . 5 7 

Cen t ral  Coast  

Moss  Lan d i n g 9 0 6  0 . 0 6 0 . 0 0 0 2  0 . 0 0 1 .  54 0 . 1 9 

Morro Bay 9 0 6  0 . 04 0 . 0 00 1 0 . 0 0 0 . 78 0 . 0 9 

S .  E .  Desert  

C o o l  wa ter 369 0 . 1 3 0 . 0 0 0 3  0 . 0 2 1 9 . 5 8 3 . 5 3  

E l  Centro  369  2 . 67 0 . 0 0 0 8  0 . 2 2  1 5 . 2 1 1 .  2 3  

D C  Upgrade 

2 0 0 3  San Franc i s c o  - 4 1  0 . 0 0 - 0 . 0 0 5 4  -0 . 0 1  -0 . 3 2 

Los  An g e l e s - 1 68 -0 . 0 3 - 0 . 0 2 0 8  - 0 . 0 4 -0 . 7 9 

S a n  D i e go - 3 0  -0 . 0 2 -0 . 0 1 2 9 -0 . 0 2 - 0 . 47 

Cen t r a l  Coa s t  

Moss  L a n d i n g - 3 0  0 . 0 0 -0 . 0 0 0 1  0 . 0 0 - 0 . 0 5 - 0 . 0 1 

Morro Bay - 3 0  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 0 3 0 . 0 0 

S .  E .  D e s ert 

Cool  wa t e r  - 1 4  0 . 0 0 0 . 0 0 0 0  0 . 0 0  - 0 . 7 5 - 0 . 1 4 

E l  Centro - 1 4  - 0 . 1 0 - 0 . 0 0 0 1 -0 . 0 1  -0 . 5 8 - 0 . 0 4 

Max i mum Upgrade 

2 0 0 3  San Franc i s c o  - 1 68 - 0 . 0 2 - 0 . 0 2 2 0  -0 . 0 2 - 1 . 2 8  

Los  Ange l es - 2 0 0  -0 . 0 3 -0 . 0 247 -0 . 0 5 -0 . 9 5 

San D i ego -36 -0 . 0 2 - 0 . 0 1 5 5  - 0 . 0 2 -0 . 5 7 

Central  Coast  

Moss  L an d i n g - 1 2 3 - 0 . 0 1  - 0 . 0 0 0 1 0 . 0 0 - 0 . 2 1  - 0 . 0 3 
Morro Bay - 1 2 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 1 1  - 0 . 0 1  

S .  E .  Desert  

Cool  wa ter - 1 7  0 . 0 0 0 . 0 0 0 0  0 . 0 0  - 0 . 9 0  - 0 . 1 7 
E l  C e n t r o  - 1 7  -0 . 1 2 - 0 . 0 0 0 1  - 0 . 0 1  - 0 . 7 0 - 0 . 0 5 

A s s u r e d  D e l i very 

E x i st i ng I n tert i e  

1 9 93  San  F ranc i sc o  462  0 . 06 0 . 0 6 0 7  0 . 0 7 3 . 5 0 
L o s  Ang e l e s  2246  0 . 4 3  0 . 2 7 7 2  0 . 5 4 1 0 . 6 5 
San  D i ego 4 1 8  0 . 2 5 0 . 1 8 0 1  0 . 2 5 6 . 6 1  
Central  C o a s t  

M o s s  L an d i ng 342  0 . 0 2 0 . 0 0 0 1 0 . 0 0 0 . 5 6 0 . 0 7 
Morro Bay 342  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0 . 3 1 0 . 0 4 

S .  E .  Desert  

Cool  wa t e r  1 98 0 . 0 7 0 . 0 0 0 2  0 . 0 1  1 0 . 5 0 1 .  89 
El  C en t r o  1 98 1 .  4 3  0 . 0 0 04 0 . 1 2  8 . 1 6  0 . 66 
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Ta b l e  G . 7  ( C on t i n u e d ) 

DC Upgrade 

1 99 3  San Franc i s co - 1 6  0 . 0 0 - 0 . 0 0 2 1  0 . 0 0 - 0 . 1 2  

Los  Ange l e s  -65 -0 . 0 2 -0 . 0 0 8 0  - 0 . 0 2 - 0 . 3 1 

San D i eg o  - 1 2  -0 . 0 1  - 0 . 0 0 5 2  -0 . 0 1  - 0 . 1 9 

C en t r a l  Coa s t  

Mo s s  L an d i n g  - 1 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 -0 . 0 2 0 . 0 0  

Morro Bay - 1 2  0 . 0 0  0 . 0 0 0 0  0 . 0 0 - 0 . 0 1  - 0 . 0 1  

S .  E .  D e s e rt 

Coo l wa t e r  -6 0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 3 1  - 0 . 0 5 

E l  Centro -6  - 0 . 0 4 0 . 0 0 0 0  0 . 0 0  - 0 . 2 5 - 0 . 0 2 

Th i rd AC 

1 99 3  San F ranc i s c o  - 5 0  - 0 . 0 1  - 0 . 0 066 - 0 . 0 1  -0 . 3 8 

Los  An g e l e s  - 2 7  - 0 . 0 1  -0 . 0 0 3 3  - 0 . 0 1  -0 . 1 3  

San D i ego -5  - 0 . 0 1  - 0 . 0 0 2 2  0 . 0 0 - 0 . 0 8 

C en t r a l  C o a s t  

Moss  L an d i n g  - 3 7  0 . 0 0 - 0 . 0 0 0 1  0 . 0 0  - 0 . 0 6 -0 . 0 1  

Morro Bay - 3 7  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 -0 . 0 3 - 0 . 0 1  

S .  E .  D esert  

C o o l wa t e r  - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 1 0  - 0 . 0 2 

E l  Centro  - 2  - 0 . 0 1 0 . 0 0 0 0  0 . 0 0 - 0 . 08 0 . 0 0 

Max i mum Upgrade 

1 99 3  S a n  F ranc i s c o  -58  - 0 . 0 1  - 0 . 0076 - 0 . 0 1  - 0 . 44 

L o s  Ang e l e s -68 -0 . 0 2 - 0 . 0084 - 0 . 0 2  - 0 . 3 2 

San D i ego - 1 3 - 0 . 0 1  - 0 . 0 0 5 6  - 0 . 0 1  - 0 . 2 1  

Central  Coa s t  

M o s s  L an d i ng -43 0 . 0 0  - 0 . 0 0 0 1  0 . 0 0  - 0 . 0 7 - 0 . 0 1  

Mo rro Bay -43 - 0 . 0 1  0 . 0 0 0 0  0 . 0 0  - 0 . 0 4 - 0 . 0 1  

S .  E .  Desert  

C oo l  wat e r  - 6  0 . 0 0  0 . 0 0 0 0  0 . 0 0  -0 . 3 1  - 0 . 0 5 

E l  Centro  -6  - 0 . 0 4 0 . 0 0 0 0  0 . 0 0  -0 . 2 5 -0 . 0 2 

E x i st i ng I ntert i e  

1 99 8  San  Franc i s c o  544 0 . 0 7 0 . 0 7 1 5  0 . 0 8 4 . 1 2  

L o s  Ang e l es 3 0 66 0 . 58 0 . 3784 0 . 74 1 4 . 5 4 

San  D i eg o  5 4 1  0 . 3 2 0 . 2 3 3 1  0 . 3 2 8 . 56 

Central  C oa s t  

Moss L an d i n g 4 0 3  0 . 0 3 0 . 0 0 0 1  0 . 0 0  0 . 69 0 . 0 8 

Morro B ay 4 0 3  0 . 0 2 0 . 0 0 0 0  0 . 0 0  0 . 3 5 0 . 0 4 

S . E .  D e s e r t  

C oo l water  2 5 5  0 . 0 9 0 . 0 0 0 2  0 . 0 1 1 3 . 5 3 2 . 44 

E l  Centro  2 5 5  1 .  8 4  0 . 0 0 0 5  0 . 1 5  1 0 . 5 1  0 . 8 5 
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Tab l e  G . 7  ( C on t i n u e d ) 

DC Upgrade 

1 998 San  F r a n c i s c o  - 4 1  0 . 0 0 - 0 . 0 0 54 - 0 . 0 1  - 0 . 3 1  

Los  An g e l e s - 1 69 - 0 . 0 3 -0 . 0 2 0 9  - 0 . 04 - 0 . 8 1  

S a n  D i eg o  - 3 0  - 0 . 0 2 - 0 . 0 1 3 0 - 0 . 0 2 - 0 . 4 8 

C en t r a l  C o a s t  

Moss  L an d i ng - 3 0  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 - 0 . 0 5 0 . 0 0 

Morro B ay - 3 0  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 0 3 0 . 0 0 

S .  E .  D e s e r t  

C o o l  wat e r  - 1 4  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 74 - 0 . 1 4 

E l  C en t ro - 1 4  -0 . 1 0 0 . 0 0 0 0  - 0 . 0 1 - 0 . 5 8 -0 . 0 4 

Th i rd AC 

1 998 San F r a n c i sc o  - 1 3 9 -0 . 0 2 - 0 . 0 1 83 -0 . 0 2 - 1 . 0 5 

Los  Ang e l e s  -74 - 0 . 0 1 - 0 . 0 0 9 1  - 0 . 0 2 - 0 . 3 6 

San D i eg o  - 1 3  -0 . 0 1  -0 . 0 0 5 6  - 0 . 0 1  -0 . 2 1  

C e n t r a l  C o a s t  

Moss  L an d i ng - 1 0 3  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 - 0 . 1 8 -0 . 0 2 

Morro Bay - 1 0 3 - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 -0 . 09 - 0 . 0 1  

S .  E .  D e s e r t  

Cool  wat e r  - 6  0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 3 2 -0 . 0 6 

E l  C e n t ro -6  - 0 . 04 0 . 0 0 0 0  0 . 0 0 - 0 . 2 5 - 0 . 0 2 

Max imum Upgrade 

1 998 San F r a n c i sc o  - 1 48 - 0 . 0 2 - 0 . 0 1 95 - 0 . 0 2 - 1 . 1 2  

L o s  Ang e l e s  - 1 7 7  - 0 . 0 3 - 0 . 0 2 1 9  - 0 . 04 -0 . 84 

San D i eg o  - 3 1  - 0 . 0 2 - 0 . 0 1 34 - 0 . 0 2 - 0 . 5 0  

C e n t r a l  C o a s t  

M o s s  L a n d i n g - 1 1 0  - 0 . 0 1  - 0 . 0 0 0 1  0 . 0 0 - 0 . 1 9 -0 . 0 2 

Morro B ay - 1 1 0  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 - 0 . 1 0  - 0 . 0 1  

S .  E .  D e s e r t  

C o o l  wa t e r  - 1 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 - 0 . 8 0 - 0 . 1 5 

E l C en t ro - 1 5  - 0 . 1 0  0 . 0 0 0 0  - 0 . 0 1  - 0 . 6 2 - 0 . 0 5 

E x i st i ng Intert i e  

2 0 0 3  S a n  F r a n c i sc o  1 2 1 6  0 . 1 6 0 . 1 5 98 0 . 1 8 9 . 2 2 

Los  Ang e l e s  4 4 0 9  0 . 84 0 . 5 4 4 1  1 .  0 6  2 0 . 9 0 

San D i eg o  7 8 8  0 . 47 0 . 3 39 5  0 . 47 1 2 . 46 

C e n t r a l  C o a s t  

Moss  L an d i ng 890  0 . 0 6 0 . 0 0 0 2  0 . 0 0 1 .  5 2  0 . 1 9 

Morro Bay 890  0 . 04 0 . 0 0 0 1  0 . 0 0 0 . 77 0 . 0 9 

S .  E .  Desert  

Cool  wat e r  366  0 . 1 3  0 . 0 0 0 3  0 . 0 2 1 9 . 42 3 . 5 0  

E l  C e n t r o  3 6 6  2 . 65 0 . 0 0 0 8  0 . 2 2 1 5 . 0 8 1 .  2 2  
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DC Upgrade 

2 0 0 3  

Th i rd AC 

2 0 0 3  

S a n  F r a n c i s c o  

los  Ange l e s  

San D i eg o  

C e n t r a l  C o a s t  

Mo ss land i n g  

Mo rro Bay 

S . E .  Desert  

C o o l water  

E l  C e n t r o  

S a n  F r anc i s c o  

los  Ange l e s 

San D i eg o  

C e n t r a l  C o a s t  

Mo s s  la n d i n g 

Mor r o  B ay 

S . E .  D e s e r t  

Coolwater 

E l  Centro 

Max i mum Upgrade 

2 0 0 3  San F r anc i s c o  

l o s  Ang e l e s  

San  D i eg o  

Central  C o a s t  

Mo s s  lan d i n g  

Morro B ay 

S . E .  D e s e r t  

Coolwater  

E l  Centro  

Tabl e G . 7  ( C on t i nu e d )  

-44 -0 . 0 1  -0 . 0 0 58 -0 . 0 1  - 0 . 34 

- 1 79 - 0 . 04 -0 . 0 2 2 1  -0 . 0 4 - 0 . 8 5 

- 3 2  -0 . 0 2 -0 . 0 1 38 - 0 . 0 2  - 0 . 5 0 

- 3 2  0 . 0 0 - 0 . 0 0 0 1  0 . 0 0 

- 3 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 

- 1 5  0 . 0 0 0 . 0 0 0 0  0 . 0 0 

- 1 5  - 0 . 1 1  -0 . 0 0 0 1  -0 . 0 1  

- 1 8 3 - 0 . 0 2 -0 . 024 1 -0 . 0 3  - 1 . 3 9 

-97 - 0 . 0 2 - 0 . 0 1 1 9  -0 . 0 2 - 0 . 46 
- 1 7  - 0 . 0 1  -0 . 0 0 7 4  - 0 . 0 1  

- 1 34 - 0 . 0 1 -0 . 0 0 0 1  0 . 0 0 

- 1 34 -0 . 0 1  0 . 0 0 0 0  0 . 0 0 

-8  0 . 0 0 0 . 0 0 0 0  0 . 0 0 

-8 - 0 . 0 6 - 0 . 0 0 0 1  -0 . 0 1  

- 1 89 - 0 . 0 3 - 0 . 0 249 -0 . 0 3 

- 2 2 4  -0 . 04 -0 . 0 2 76 - 0 . 0 5 

-40 -0 . 0 3 - 0 . 0 1 7 3 -0 . 0 2  

- 1 3 8 -0 . 0 1  - 0 . 0 0 0 1  

- 1 38 -0 . 0 1  0 . 0 0 0 0  

- 1 9  -0 . 0 1  0 . 0 0 0 0  

- 1 9  - 0 . 1 4 -0 . 0 0 0 1  

0 . 0 0  

0 . 0 0 

0 . 0 0  

- 0 . 0 1  

-0 . 2 7  

- 1 . 44 

- 1 . 0 6 

- 0 . 6 3 

-0 . 0 6 - 0 . 0 1  

- 0 . 0 3 - 0 . 0 1  

- 0 . 8 0  - 0 . 1 5  

-0 . 6 1  - 0 . 0 5 

- 0 . 2 3 - 0 . 0 3 

- 0 . 1 2  - 0 . 0 2 

-0 . 4 3  - 0 . 0 8 

- 0 . 3 3  -0 . 0 2 

- 0 . 2 4 - 0 . 0 3 
- 0 . 1 2 - 0 . 0 2 

- 1 . 0 1  -0 . 1 8 

- 0 . 78 - 0 . 0 6 

II C a l c u l ated  u s i n g t h e  Market i n g  l P  ( RP S E . P98 0 0 . D CW . I D U E I S . NOV8 7 . SASOU T - 3 -NOV-87 ) f o r  

gener at i on n umbe r s  and  t h e  c o e f f i c i en t s  prov i de d  by WSU t o  p r o d u c e  a i r  q u a l i ty 

res u l t s  ( PG . P98 0 0 . MC E . l O T U SAQ . O EC 1 68 7 . REPOR T ) . 1 988 d a t a  are  n o t  s h own s i n c e  n o  

i n c r e a s e  i n  I n t e r t i e  c a pac i ty i s  av a i l a b l e  f o r  t h a t  yea r .  E n t r i e s f o r  " E x i s t i n g 

I n t ert i e "  a re p r o j e c t e d  a c t u a l  v a l u e s  f o r  annual  generat i on a n d  c on t r i bu t i o n s  t o  

amb i en t  a i r  qual i ty l evel s ;  e n t r i e s  f o r  I n t e r t i e  c a p ac i t i e s a r e  d i f f e r e n c e s  f rom t h e  

c o r r e s p on d i n g v a l u e s  f o r  the E x i s t i n g I n t e r t i e .  
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Ta b l e  G . 8  

E F F E C T S  OF  I N T E R T I E  CAPAC I TY O N  A I R  QUAL I TY I N  T H E  I N LAND SOUTHWE S T  

ASSUM I NG THE  PROPOSED  FORMULA ALLOCA T I O N  METHOD  1/ 

( M i c rog rams/ C u b i c  Meter of A i r )  

Annual  Ave rage C o n c e n t rat i on 

I n t er t i e  l -H R  Ma x i mum 

Capac i ty Concen t r a t i on s  

Ye a r  Pl ant  Gen e rat i on S02  S04 TSP  S02 T S P  

( aMW )  ( flg/m3 ) ( flg/m3 ) ( flg /m3 ) ( flg /m3 ) ( flg/m3 ) 

E x i s t i ng C o n t r a c t s  

E x i s t i n g I n t e r t i e  

1 993  Chol l a  720  1 .  79  0 . 0 0 4 0  0 . 8 0 0  2 3 2 . 49 1 0 6 . 2 0 

Coronado 4 1 7  0 . 5 2 0 . 0 0 1 1  0 . 2 88 77 . 1 4 46 . 9 5 

Gener i c  Coal  86 0 . 1 3 0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3  

Spr  i n g e r v  i l l  e 5 2 5  0 . 2 9 0 . 0 0 0 6  0 . 0 2 9  39 . 3 7 5 . 2 0  

S a n  Juan 1 1 85 9 . 47 0 . 0 0 8 2  0 . 2 5 5  1 2 98 . 5 2 3 3 . 3 0 

Mohave 806 0 . 70 0 . 0 0 2 3  0 . 470  9 2 . 77 68 . 5 9 

H u n t e r  768 0 . 6 1  0 . 0 0 1 4  0 . 204  85 . 1 7 2 5 . 34 

DC U p g r a de 

1 993  C h o l l a  - 1 1 - 0 . 0 3  - 0 . 0 0 0 1  -0 . 0 1 3  - 3 . 5 5 - 1 . 6 2  

Coronado  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S pr i ngerv i l l e  - 1 8  -0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 3 5 - 0 . 1 8 

San Juan  - 1 2  -0 . 1 0 0 . 0 0 0 0  -0 . 0 0 2  - 1 3 . 1 5 - 0 . 3 4 

Mohave -2 0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  -0 . 2 3  - 0 . 1 7  

H u n t e r  - 1  0 . 0 0 - 0 . 0 0 0 1  - 0 . 0 0 1  - 0 . 1 1  - 0 . 0 3  

Max i mum U p g r a de 

1 993  Chol l a  - 3 5  -0 . 0 9 - 0 . 0 0 0 2  -0 . 0 3 9  - 1 1 . 3 0 - 5 . 1 6 

Corona do 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r i ngerv i l l e  - 2 1  -0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 5 7 - 0 . 2 1  

San Juan - 3 2  - 0 . 2 6 -0 . 0 0 0 2  -0 . 0 0 7  - 3 5 . 0 6 - 0 . 9 0 

Mohave - 2 3  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 1 4  -2 . 65 - 1 . 96 

Hunter - 7  -0 . 0 1  - 0 . 0 0 0 1  -0 . 0 0 2  - 0 . 78 - 0 . 2 3 

E x i st i ng I n tert i e  

1 998 C h o l l a  8 0 7  2 . 0 1  0 . 0 045  0 . 896 260 . 5 8 1 1 9 . 0 3 

Coronado 4 1 7  0 . 5 2  0 . 0 0 1 1  0 . 288 7 7 . 1 4 46 . 9 5 

Gener i c  Coal  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 04 0  1 3 6 . 3 0 1 0 . 3 9 
Spr i n g e r v i l l e 8 1 6  0 . 4 5  0 . 0 0 0 9  0 . 046 6 1 . 2 0 8 . 0 8 
San Juan 1 2 1 8  9 . 7 3 0 . 0 0 8 5  0 . 262  1 3 34 . 68 3 4 . 2 3 

Mohave 8 1 8  0 . 7 1 0 . 0 0 24 0 . 47 7  94 . 1 5 69 . 6 1  

Hunter  865  0 . 6 8  0 . 0 0 1 5  0 . 2 2 9  95 . 9 3 2 8 . 54 
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Ta b l e  G . B  ( C ont i n u e d ) 

DC Upgrade 

1 99 B  C h o l l a  -3  -0 . 0 1  - 0 . 0 0 0 1  -0 . 0 0 3  -0 . 9 7 - 0 . 44 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gener i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Spr  i ngerv i l l  e -3  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  -0 . 2 3  -0 . 0 3 
San  Juan 7 0 . 0 6 0 . 0 0 0 0  0 . 0 0 2  7 . 6 7 0 . 1 9 
Mohave 1 8  0 . 0 2 0 . 0 0 0 0  0 . 0 1 0  2 . 0 7 1 .  5 3  
H u n t e r  - 7  0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  -0 . 78 -0 . 2 3 

Ma x i mum Upgrade 

1 998 C h o l l a -3  - 0 . 0 1  -0 . 0 0 0 1  -0 . 0 0 3  - 0 . 97 - 0 . 44 
C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
S p r i n g e rv i l l e  - 1 4  -0 . 0 1  0 . 0 0 0 0  -0 . 0 0 1  - 1 . 0 5  - 0 . 1 4 
San  Juan 1 0 . 0 1  0 . 0 0 0 0  0 . 0 0 1  1 .  1 0  0 . 0 2  
Mohave 8 0 . 0 1 0 . 0 0 0 0  0 . 0 04 0 . 9 2 0 . 68 
H u n ter - 2 8  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 7  - 3 . 1 1  - 0 . 9 2 

Ex i st i ng I n tert i e  

2 0 0 3  C h o l l a 8 5 3  2 . 1 2  0 . 0 0 4 7  0 . 947 275 . 4 3 1 2 5 . 8 2 
C o ronado 4 4 1  0 . 5 5 0 . 0 0 1 2  0 . 3 04  8 1 . 5 B 49 . 66 
Gen e r i c  Coal  794 1 .  1 6  0 . 0 0 2 2  0 . 0 75  2 5 8 . 2 9 1 9 . 69 
S p r i n g e rv i l l e 872 0 . 48 0 . 0 0 1 0  0 . 0 49 6 5 . 4 0 8 . 6 3 
San  Juan  1 2 5 2  1 0 . 0 1 0 . 0 0 8 7  0 . 2 7 0  1 3 7 1 . 94 35 . 1 8 
Mohave  841  0 . 7 3  0 . 0 0 24 0 . 49 0  96 . 8 0 7 1 . 5 7  
H u n t e r  8 9 3  0 . 7 1  0 . 0 0 1 6  0 . 2 3 7  99 . 0 3  29 . 47 

2 0 0 3  C ho l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
Coronado -4 -0 . 0 1  0 . 0 0 0 0  -0 . 0 0 2  -0 . 74 - 0 . 4 5 
Gener i c  Coal  - 1 1 - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 1  -3 . 5 8 -0 . 2 7  
S p r i n g e r v i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
San  Juan  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Mohave 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
H u n t e r  3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 3 4  0 . 1 0  

2 0 0 3  C h o l l a 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
Coronado - 1 1  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 7  -2 . 0 3 - 1 . 2 4 
Gen e r i c  Coal  -26 - 0 . 0 3 -0 . 0 0 0 1  -0 . 0 0 2  -8 . 4 6 - 0 . 64 
S p r i n g e rv i l l e - 2  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5  - 0 . 0 2 
San Juan  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
H u n t e r  -6 - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 2  -0 . 6 6 -0 . 2 0 



T ab l e  G . 8  ( C ont i n u e d ) 

Federal  Marke t i ng 

E x i s t i ng Int ert i e  

1 9 93  C h o l l a  7 1 6  1 .  78 0 . 0 0 4 0  0 . 7 95 2 3 1 .  2 0  1 0 5 . 6 1  

Coronado 4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 288 7 7 . 1 4 46 . 9 5 

Gen e r i c  C o a l  8 6  0 . 1 3 0 . 0 0 0 2  0 . 0 0 8  2 7 . 9 8 2 . 1 3  

S p r i ng e rv i l l e 5 2 5  0 . 2 9 0 . 0 0 0 6  0 . 0 2 9  39 . 3 7 5 . 2 0  

San  Juan 1 1 88 9 . 49 0 . 0 0 8 3  0 . 2 56  1 3 0 1 . 8 1  3 3 . 3 8 

Mohave 806 0 . 7 0 0 . 0 0 2 3  0 . 470  9 2 . 77 6 8 . 5 9 

H u n t e r  7 8 2  0 . 6 2 0 . 0 0 1 4  0 . 2 0 7  86 . 7 2 2 5 . 8 1  

D C  Upgrade 

1 9 93  C h o l l a - 7  - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 8  - 2 . 2 6 - 1 . 0 3 

C o ronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0 0 . 0 0 0 . 0 0 

Gene r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  

S p r i ng e rv i l l e  - 1 8  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 3 5  - 0 . 1 8 

San Juan  - 1 2  - 0 . 0 9 -· 0 . 0 0 0 1  - 0 . 0 0 3  - 1 3 . 1 5  - 0 . 3 3 

Mohave -2 0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 2 3  - 0 . 1 7  

H u n t e r  - 1 0  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 2  - 1 . 1 1  - 0 . 3 3 

Ma x i mum Upgrade 

1 9 9 3  C h o l l a  - 3 1  -0 . 0 8 - 0 . 0 0 0 2  -0 . 0 34 - 1 0 . 0 1 -4 . 5 7  

Coronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

S p r i n g e rv i l l e  - 2 1  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 5 7 - 0 . 2 1  

San Juan  - 3 2  - 0 . 2 5 - 0 . 0 0 0 3  - 0 . 0 0 7  - 3 5 . 0 7 - 0 . 9 0 

Mohave - 2 2  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 1 3  - 2 . 5 3 - 1 . 8 7 

H u n t e r  - 1 1 - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 2  - 1 . 2 2  - 0 . 3 7 

E x i s t i ng Intert i e  

1 998 C h o l l a 8 0 6  2 . 0 0 0 . 0 0 4 5  0 . 89 5  2 6 0 . 2 6 1 1 8 . 88 

Coronado 4 1 7  0 . 5 2  0 . 0 0 1 1 0 . 28 8  7 7 . 1 4  46 . 9 5 

Gener i c  C o a l  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 04 0  1 3 6 . 3 0 1 0 . 3 9 

S p r  i ngerv  i 1 1  e 8 1 4  0 . 45 0 . 0 0 0 9  0 . 0 4 6  6 1 . 0 5 8 . 0 6 

San  Juan  1 2 1 8  9 . 7 3 0 . 0 0 85  0 . 2 6 2  1 3 3 4 . 68 3 4 . 2 3 

Mohave 8 2 1  0 . 7 1  0 . 0 0 2 4  0 . 4 78 9 4 . 5 0 6 9 . 8 7  

H u n t e r  8 6 5  0 . 68 0 . 0 0 1 5  0 . 2 2 9  9 5 . 9 3  2 8 . 54 

DC Upgrade 

1 998 C h o l l a  - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 3 3 - 0 . 1 4 

Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Gene r i c  C o a l  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S p r i n g e rv i l l e - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 8 - 0 . 0 1  

San Juan  9 0 . 0 8 0 . 0 0 0 0  0 . 0 0 2  9 . 8 7 0 . 2 5 

Mohave 1 4  0 . 0 2 0 . 0 0 0 0  0 . 0 0 9  1 .  6 1  1 .  1 9  

Hunter  - 8  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 89 - 0 . 2 6 

G - 2 7  



Max i mu m  Upgrade 

1 998 Chol l a 

C o ronado 

Gener i c  Coal  

S p r i n g e rv i l l e  

San Juan 

Mohave 

H u n t e r  

E x i st i ng I n tert i e  

2 0 0 3  C h o l l a  

C o r onado 

Gen e r i c  Coal  

S p r i nger v i l l e  

San  Juan 

Mohave 

H u n t e r  

DC Upgrade 

2 0 0 3  C h o l l a 

C o ronado 

Gener i c  C o a l  

S p r i nger v i l l e  

San  Juan  

Mohave 

H u n t e r  

Max i mum Upgrade 

2 0 0 3  C hol l a 

Coronado  

G e n er i c  Coal  

S p r i n g e rv i l l e  

San  Juan 

Mohave 

H u n t e r  

E x i s t� I n tert i e  

1 99 3  C h o l l a 

C o r o n a do 

Gener i c  Coal  

Spr i n g e r v i l l e  

San  Juan  

Moh ave 

H u n t e r  

- 3  

0 

0 

- 1 2  

2 

1 4  

- 2 7  

8 5 3  

4 4 0  

7 8 8  

8 7 2  

1 2 5 2  

84 1 

893 

0 

- 3  

- 7  

0 

0 

0 

3 

0 

- 1 0  

- 2 5  

- 2  

0 

0 

-6  

7 2 0  

4 1 7 

86 

5 2 8  

1 1 88 

8 0 6  

782  

T a b l e G . 8  ( C on t i nu e d )  

0 . 0 0 -0 . 0 0 0 1  - 0 . 0 0 3  - 0 . 9 7  - 0 . 44 

0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

-0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 90 -0 . 1 2 

0 . 0 2 0 . 0 0 0 0  0 . 0 0 1  2 . 2 0 0 . 0 5 

0 . 0 2 0 . 0 0 0 0  0 . 0 0 9  1 .  6 1  1 .  1 9  

- 0 . 0 2 0 . 0 0 0 0  -0 . 0 0 7  - 3 . 0 0 -0 . 89 

2 . 1 2  0 . 0 0 4 7  0 . 94 7  2 7 5 . 4 3  1 2 5 . 8 2  

0 . 54 0 . 0 0 1 2  0 . 3 0 4  8 1 . 4 0 49 . 5 4 

1 .  1 6  0 . 0 0 2 2  0 . 0 7 4  2 5 6 . 3 4 1 9 . 54 

0 . 48  0 . 0 0 1 0  0 . 049 6 5 . 4 0 8 . 6 3 
1 0 . 0 1  0 . 0 0 8 7  0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 

0 . 7 3  0 . 0 0 24 0 . 49 0  96 . 8 0 7 1 . 5 7 

0 . 7 1  0 . 0 0 1 6  0 . 2 3 7  9 9 . 0 3 2 9 . 4 7 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 56 - 0 . 3 3 

- 0 . 0 1  -0 . 0 0 0 1  0 . 0 0 0  -2 . 28 -0 . 1 7 

0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 34 0 . 1 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

-0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 7  - 1 . 8 5 - 1 . 1 2  

-0 . 0 4 -0 . 0 0 0 1  -0 . 0 0 2  -8 . 1 4 - 0 . 6 2 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5  -0 . 0 2 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

- 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 2  -0 . 66 - 0 . 2 0 

Assured  D e l i v ery 

1 .  79  0 . 0 0 4 0  0 . 8 0 0  2 3 2 . 49 1 0 6 . 2 0 

0 . 5 2  0 . 0 0 1 1  0 . 2 8 8  7 7 . 1 4 46 . 9 5 

0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3  

0 . 2 9 0 . 0 0 0 6  0 . 0 3 0  3 9 . 6 0 5 . 2 3 

9 . 49 0 . 0 0 8 3  0 . 2 5 6  1 3 0 1 . 8 1  3 3 . 3 8 

0 . 7 0 0 . 0 0 2 3  0 . 47 0  9 2 . 77 68 . 59 

0 . 6 2  0 . 0 0 1 4  0 . 2 0 7  86 . 7 2 2 5 . 8 1  

G-28 



Ta b l e  G . 8  ( C on t i n ue d )  

D C  Upgrade 

1 99 3  Chol l a - 1 1 -0 . 0 3 -0 . 0 0 0 1  - 0 . 0 1 3  - 3 . 5 5 - 1 . 6 2  

C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gene r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  O . O C 0 . 0 0 

S p r  i ngerv  i 1 1  e - 2 1  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 2  - 1 . 5 8 - 0 . 2 1 

San Juan - 1 2  - 0 . 0 9 - 0 . 0 0 0 1  - 0 . 0 0 3  - 1 3 . 1 5  - 0 . 3 3 

Mohave -2 0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 2 3 - 0 . 1 7 

H u n t e r  -2 1 - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 5  - 2 . 3 3 - 0 . 7 0 

Th i r d AC 

1 99 3  C h o l l a -2 1 - 0 . 0 5 - 0 . 0 0 0 1  - 0 . 0 2 4  -6 . 78 - 3 . 1 0  

Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r  i n g erv i 1 1  e - 1 4  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 0 5 - 0 . 1 4 

San  Juan - 3 0  - 0 . 24 - 0 . 0 0 0 3  - 0 . 0 0 7  - 3 2 . 87 - 0 . 84 

Mohave - 3 6  - 0 . 0 3 - 0 . 0 0 0 1  - 0 . 0 2 1  -4 . 1 4 - 3 . 0 6 

Hunter  - 1 6  - 0 . 0 1  - 0 . 0 0 0 1  - 0 . 0 0 4  - 1 . 77 - 0 . 5 3 

Max i mum Upgrade 

1 993  Chol l a - 3 5  - 0 . 09 - 0 . 0 0 0 2  - 0 . 0 3 9  - 1 1 .  3 0  -5 . 1 6 

C oronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S p r  i ngerv i 1 1  e - 2 6  - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 2  - 1 . 95 - 0 . 2 6 

San  Juan - 3 2  - 0 . 2 5 - 0 . 0 0 0 3  - 0 . 0 0 7  - 3 5 . 07 - 0 . 9 0 

Mohave - 2 9  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 1 7  - 3 . 34 - 2 . 47 

H u n t e r  - 2 5  - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 6  - 2 . 77 - 0 . 8 3 

Ex i st i ng I ntert i e  

1 998 Chol l a  8 0 3  2 . 0 0 0 . 0 0 44 0 . 89 2  2 5 9 . 29 1 1 8 . 44 

Coronado 4 1 7 0 . 5 2 0 . 0 0 1 1 0 . 288 7 7 . 1 4 46 . 95 

Gener i c  C o a l  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 04 0  1 36 . 3 0 1 0 . 39 

S p r i  ngerv  i 1 1  e 8 1 4  0 . 4 5  0 . 0 0 0 9  0 . 046 6 1 . 0 5 8 . 0 6 

San Juan 1 2 1 6  9 . 72 0 . 0 0 8 5  0 . 26 2  1 3 3 2 . 49 34 . 1 7  

Mohave 8 1 3  0 . 7 1 0 . 0 0 24 0 . 474 9 3 . 5 8 69 . 1 9 

H u n t e r  865  0 . 68 0 . 0 0 1 5  0 . 2 2 9  95 . 9 3 28 . 54 

DC Upgrade 

1 998 Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r  i n g e r v  i l l  e - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5 - 0 . 0 2 

San  Juan 2 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  2 . 1 9 0 . 0 6 

Mohave 1 4  0 . 0 1 0 . 0 0 0 0  0 . 0 0 8  1 .  6 1  1 .  1 9  

Hunter  - 1 1 0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 2  - 1 . 2 2 - 0 . 36 

G-29  



Tabl e G . 8  ( C o n t i n u e d ) 

Th i rd AC 

1 998 Chol l a 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 3 2  0 . 1 5 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr i ngerv i l l  e - 7  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 5 3  - 0 . 0 7 
San Juan 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  1 .  1 0 0 . 0 3 
Mohave 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 2  0 . 46  0 . 34 
H u n t e r  - 2 3  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 6  -2 . 5 5 - 0 . 75 

Max i mum Upgrade 

1 998 Cho l l a  -6  - 0 . 0 2 0 . 0 0 0 0  -0 . 0 0 7  - 1 . 94 - 0 . 8 8 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Spr i ngerv i l l  e - 1 2  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 9 0 - 0 . 1 2  
San J u an 3 0 . 0 2 0 . 0 0 0 0  0 . 0 0 1  3 . 2 9 0 . 0 8 
Mohave 1 1  0 . 0 1  0 . 0 0 0 0  0 . 0 0 6  1 .  2 6  0 . 9 3 
Hunter  - 3 2  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 8  - 3 . 5 5 - 1 . 0 5 

E x i s t i ng I n te rt i e 

2 0 0 3  Chol l a  8 5 3  2 . 1 2  0 . 0 04 7  0 . 94 7  275 . 4 3 1 2 5 . 8 2 
Coronado 4 3 7  0 . 5 4 0 . 0 0 1 2  0 . 3 0 2  8 0 . 84 49 . 2 1  
Gener i c  Coal  788  1 .  1 6  0 . 0 0 2 2  0 . 0 74 256 . 3 4 1 9 . 5 4 
S p r i nger v i l l e  872  0 . 48  0 . 0 0 1 0  0 . 049 65 . 4 0 8 . 6 3 
San  J u an 1 2 5 2  1 0 . 0 1  0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Moh ave 84 1 0 . 7 3  0 . 0 0 24 0 . 49 0  96 . 8 0 7 1 . 5 7 
H u n t e r  8 9 2  0 . 7 1 0 . 0 0 1 6  0 . 2 3 7  98 . 9 2 2 9 . 44 

DC Upgrade 

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 1 8 - 0 . 1 2  
Gener i c  Coal  - 1 6  - 0 . 0 3 - 0 . 0 0 0 1  - 0 . 0 0 1  -5 . 2 1  - 0 . 3 9 
Spr i n ger v i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 1 1  0 . 0 3 

Th i r d  AC 

2 0 0 3  Chol l a 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coro n a do - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 1 8 - 0 . 1 2 

Gener i c  Cnal  - 2 1  - 0 . 0 3  - 0 . 0 0 0 1  - 0 . 0 0 2  -6 . 8 3 - 0 . 5 2 
Spr i nger v i l l e  - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5 - 0 . 0 2 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  - 1  - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 1  - 0 . 1 1  - 0 . 0 4 

G - 3 0  



Tab l e  G . 8  ( C on t i n u e d ) 

Max i mum Upgrade 

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o r o n a d o  - 8  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 6  - 1 . 48 - 0 . 9 0 

G e ne r i c  Coal  -2 7  - 0 . 0 4 - 0 . 0 0 0 1  - 0 . 0 0 2  -8 . 79 - 0 . 67 

S p r  i n g e r v  i 1 1  e -2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5 - 0 . 0 2 

S a n  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H u n t e r  -5  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 5 5 -0 . 1 7 

1/ C a l c u l a t e d  u s i n g the  Mark e t i n g L P  ( R P S E . P98 0 0 . D CW . I D U E I S . NDV8 7 . SASOUT- 3 -NDV-8 7 )  f o r  

generat i on numb e r s  a n d  t h e  c o e f f i c i en t s  prov i de d  b y  W S U  t o  p ro d u c e  a i r  q u a l i ty 

resu l t s  ( PG . P98 0 0 . MC E . L OTUSAQ . JAN 0 5 88 . RE P O RT ) . 1 988 d a t a  a r e  n o t  s h own s i n c e  n o  

i n c r e a s e  i n  I n t e r t i e  c a p a c i ty i s  av i l a b l e f o r  t h a t  yea r .  E n t r i e s f o r  " E x i s t i n g 

I n t er t i e "  a r e  p r o j e c t e d  a c t u a l  v a l u e s  f o r  a n n u a l  generat i on a n d  c o n t r i b u t i on s  t o  

amb i en t  a i r  qu a l i ty l ev e l s ;  ent r i e s f o r  I n t er t i e  c a pac i t i e s a r e  d i f f e r e n c e s  f r om t h e  

c o r r e s p on d i n g  v a l ues  f o r  t h e  E x i s t i n g I n t e r t i e .  

G - 3 1 



Tabl e G . 9  

E F F E C T S  O F  FORMU LA AL LOCATION  O P T I O N S  ASSUM I N G  E X I S T I N G  
I N T E R T I E  SIZE  ON  A I R  QUAL I T Y  I N  THE  PAC I F I C NORTHWEST 1/ 

( M i c ro g rams/C u b i c  Meter o f  A i r )  

Annual  Average Con!:;ent rat i on 
Al l ocat i on 1 - HR Max i mum 

O p t i on /  Conc�n t rat i on� . 
Year P l ant  !;ien�ra t i o n .$..Q 2 $M ill JU S0 2 T S P  

( aMW ) ( fJ.g/m3 ) ( fJ.g /m3 ) ( fJ.g/m3 ) ( fJ.g/m3 ) ( fJ.g /m3 ) 
( fJ.g/m3 ) 

Ex i s t i ng C o n t ra c t s  

Pre-lAP  

1 988 Central i a  447  2 . 5 5 0 . 0 0 6 1  0 . 049 489 . 0 2 8 . 0 0 
B o a r dman 1 1  0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  3 . 1 1  0 . 24 
C o l s t r i p  8 2 2  0 . 3 6 0 . 0 0 0 8  0 . 0 7 7  79 . 1 6  2 1 . 29 
B r i d g e r  7 0 4  1 .  2 8  0 . 0 0 2 9 0 . 4 5 3  1 45 . 3 8 5 2 . 45 
Va l my 1 3 7 0 . 2 3  0 . 0 0 0 7 0 . 0 0 8  2 9 . 9 5 0 . 78 

P roposed 

1 988 C e n t r a l i a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Boar dman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 28 0 . 0 2 

C o l s t r i p  -9  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 8 7 - 0 . 2 3 

B r i d g e r  - 6  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 04 - 1 . 24 - 0 . 4 5 

Val my - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 2 0 . 0 0 

Hydro- F i rst 

1 988 C e n t r a l i a  0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  1 .  0 9  0 . 0 2 
Boardma n - 2  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 5 7 - 0 . 0 5 

C o l s t r i p  -4 0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 3 9 - 0 . 1 0  

B r i d g e r  2 9  0 . 0 5 0 . 0 0 0 1  0 . 0 1 9  5 . 98 2 . 1 6 

Va l my 5 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  1 .  0 9  0 . 0 3 

P re- lAP  

1 99 3  C en t r a l i a  7 0 3  4 . 0 2 0 . 0 0 96 0 . 0 7 7  769 . 0 8 1 2 . 5 8 

Boar dman 69 0 . 04 0 . 0 0 0 1  0 . 0 04 1 9 . 4 9 1 . 48  

Col s t r i p  9 7 0  0 . 4 3  0 . 0 0 0 9  0 . 0 9 1  9 3 . 4 1  25 . 1 2 

B r i d g e r  9 5 3  1 . 7 3  0 . 0 0 4 0  0 . 6 1 3  1 96 . 79 7 1 . 0 0 

Va l my 1 45 0 . 2 5 0 . 0 0 0 8  0 . 0 0 8  3 1 . 7 0  0 . 8 3 

P roposed 

1 99 3  C e n t r a l i a  8 0 . 0 4 0 . 0 0 0 1  0 . 0 0 0  8 . 75 0 . 1 5  

B o a r dman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 1 0  - 0 . 0 2 

B r i dger  33  0 . 0 6 0 . 0 0 0 1  0 . 0 2 1  6 . 8 2 2 . 46 

Val my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

G - 3 2  



Ta b l e  G . 9  ( C ont i n u e d ) 

H ydro- F i rst  

1 99 3  C e n t ra l i a  - 3  -0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 1  - 3 . 2 8 -0 . 0 5 

B o a r dman 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 2 8 0 . 0 2 

C o l s t r i p  -7  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 6 7 -0 . 1 8 

B r i dger 1 7  0 . 0 3 0 . 0 0 0 0  0 . 0 1 1 3 . 5 1  1 .  26 

Va l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

Pre- rAP 

1 998 C e n t ra l i a  725  4 . 1 4 0 . 0 09 9  0 . 0 7 9  793 . 1 5 1 2 . 98 

Boardman 98 0 . 0 6 0 . 0 0 0 2  0 . 0 0 5  27 . 68 2 . 1 1  

C o l s t r i p  945 0 . 42  0 . 0 0 0 9  0 . 088 9 1 . 0 0  24 . 48 

B r i dger 956 1 .  74 0 . 0 0 4 0  0 . 6 1 5  1 97 . 4 1 7 1 . 2 2 

Va l my 1 5 6 0 . 2 6 0 . 0 0 0 8  0 . 0 0 9  3 4 . 1 0  0 . 89 

P roposed 

1 998 Cen t ral i a  9 0 . 0 5 0 . 0 0 0 1  0 . 0 0 1  9 . 8 5 0 . 1 6 

Boa rdman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

B r i dger 1 0  0 . 0 2 0 . 0 0 0 0  0 . 0 0 6  2 . 0 7 0 . 7 5 

Va l my 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro -F i rst 

1 998 C e n t r a l i a  -7 -0 . 04 - 0 . 0 0 0 1  - 0 . 0 0 1  -7 . 66 - 0 . 1 3  

B o a r dman 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  -6 - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 5 7 - 0 . 1 6 

B r i dger - 1 1 -0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 7  - 2 . 2 7 - 0 . 8 2 

V a l my 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Pre- r AP 

2 0 0 3  C e n t ra l i a  8 1 0  4 . 6 3 0 . 0 1 1 0  0 . 088 886 . 1 4 1 4 . 5 0 

B o a r dman 1 1 3  0 . 0 7 0 . 0 0 0 2  0 . 0 0 6  3 1 . 9 2 2 . 4 3 

C o l s t r i p  944 0 . 42  0 . 0 0 09 0 . 088  9 0 . 9 1  24 . 45 

Br i dger 943  1 . 72 0 . 0 0 39 0 . 6 0 7  1 94 . 7 3 7 0 . 2 5 

Va l my 1 9 5 0 . 3 3 0 . 0 0 1 0  0 . 0 1 1 4 2 . 6 3  1 .  1 1  

Proposed 

2 0 0 3  C en t ra l i a  - 1 5  - 0 . 09 - 0 . 0 0 0 2  -0 . 0 0 1  - 1 6 . 4 1  - 0 . 2 7 

B o a r dman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 9 0 . 0 3 

Br i d ger 1 4  0 . 0 2 0 . 0 0 0 1  0 . 0 0 9  2 . 89 1 .  O S  
Va l my 1 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 1 

H ydro-F i rst 

2 0 0 3  Cent ral i a  - 1 2  - 0 . 0 7 - 0 . 0 0 0 1  - 0 . 0 0 1  - 1 3 . 1 3  - 0 . 2 2 

Boa rdman 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 8 0 . 0 2 

C o l s t r i p  -6 - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 5 8 - 0 . 1 6 

B r i dger - 1 1 - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 7  - 2 . 2 7 -0 . 8 2 

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

G - 3 3  



Tabl e G . 9  ( C ont i n u e d )  

Federal Mark e t i ng 

Pre- l AP 

1 988 Central i a  4 8 0  2 . 74 0 . 0 0 6 5  0 . 0 5 2  5 2 5 . 1 2 8 . 5 9 
Boardman 1 7  0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  4 . 8 0  0 . 3 7 
C o l s t r i p  8 0 5  0 . 3 5 0 . 0 0 0 8  0 . 0 7 5  77 . 5 2 2 0 . 8 5 
B r i dger 7 1 8  1 .  3 1  0 . 0 0 3 0  0 . 4 6 2  1 48 . 2 7 5 3 . 49 
Va l my 1 4 0  0 . 2 4 0 . 0 0 0 7  0 . 0 0 8  3 0 . 6 0 0 . 8 0 

Propo sed  

1 988 Central i a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Boardman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 8 0 . 0 2 
C o l s t r i p  -4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 3 8 - 0 . 1 0  
B r i dger - 2  - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 1  - 0 . 4 2 - 0 . 1 5 
Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydr o - F i rst 

1 988 C e n t r a l i a  2 0 . 0 1 0 . 0 0 0 1  0 . 0 0 0  2 . 1 9 0 . 0 4 
Boardman - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 8 - 0 . 0 3 
C o l s t r i p  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 1 0  0 . 0 3 
B r i dger  22  0 . 04 0 . 0 0 0 1 0 . 0 1 4  4 . 5 4 1 .  64 
Va l my - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 1  - 0 . 0 1  

Pre- l AP 

1 993  C e n t r a l i a  688 3 . 9 3 0 . 0 0 94 0 . 0 7 5  7 5 2 . 67 1 2 . 3 2 
Boardman 69 0 . 0 4 0 . 0 0 0 1  0 . 0 0 4  1 9 . 49 1 . 48  
C o l st r i p  9 7 3  0 . 4 3  0 . 0 0 0 9  0 . 0 9 1  93 . 70 2 5 . 2 0 
B r i dger 9 3 2  1 .  7 0  0 . 0 0 3 9  0 . 6 0 0  1 9 2 . 46 6 9 . 4 3  
Va l my 1 4 5 0 . 2 5 0 . 0 0 0 8  0 . 0 0 8  3 1 . 7 0 0 . 8 3 

P roposed 

1 99 3  C e n t r a l i a  1 9  0 . 1 1  0 . 0 0 0 2  0 . 0 0 2  2 0 . 79 0 . 3 4 
Boardman 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 0 -0 . 0 3 
B r i dger 24  0 . 0 4 0 . 0 0 0 1  0 . 0 1 5  4 . 95 1 .  79  
Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H ydro-F i rst 

1 993  C en t ra l i a  -6  - 0 . 0 3 - 0 . 0 0 0 1 - 0 . 0 0 1  -6 . 5 6 - 0 . 1 1  
B o a r dman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o l s t r i p  -8 - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 7 7 - 0 . 2 1  
B r i dger  1 4  0 . 0 2  0 . 0 0 0 0  0 . 0 0 9  2 . 89 1 .  0 5  
Val my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 



Ta b l e  G . 9 ( C o n t i n u e d ) 

Pre- r AP 

1 998 C e n t r a l i a  7 2 4  4 . 1 4 0 . 0 0 98 0 . 079 792 . 0 6 1 2 . 96 

Boardman 9 9  0 . 0 6 0 . 0 0 0 2  0 . 0 0 5  2 7 . 9 7 2 . 1 3  

C o l s t r i p  9 5 1  0 . 4 2  0 . 0 0 0 9 0 . 0 89 9 1 . 5 8 24 . 6 3  

B r i dg e r  9 1 4  1 . 66 0 . 0 0 3 8 0 . 588 1 88 . 74 68 . 0 9 

Valmy 1 5 8 0 . 2 7 0 . 0 0 0 8 0 . 0 0 9  3 4 . 54 0 . 9 0  

P roposed 

1 998 Central i a  5 0 . 0 3  0 . 0 0 0 1  0 . 0 0 0  5 . 47 0 . 0 9 

Boardman 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 0  - 0 . 0 3  

Br i dger  1 4  0 . 0 3  0 . 0 0 0 1  0 . 0 0 9  2 . 89 1 .  0 5  

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H ydro-F i rst 

1 998 Central i a  - 1  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 1 . 1 0  -0 . 0 2 

Boardman 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  - 7  0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 6 7 -0 . 1 8 

B r i dger  -4  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 3  - 0 . 8 3 - 0 . 3 0 

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

P re- rAP  

2 0 0 3  C e n t r a l i a  8 1 1 4 . 6 3  0 . 0 1 1 0  0 . 088  887 . 2 3 1 4 . 5 2 

Boa rdman 1 0 4 0 . 0 6 0 . 0 0 0 2  0 . 0 0 6  2 9 . 3 8 2 . 24 

C o l s t r i p  9 5 0  0 . 4 2  0 . 0 0 0 9  0 . 089 9 1 . 48 2 4 . 6 0  

Br i dger 946 1 .  72  0 . 0 0 3 9  0 . 6 0 9  1 95 . 3 5 7 0 . 48 

Va l my 1 9 3 0 . 3 3 0 . 0 0 1 0  0 . 0 1 1 4 2 . 1 9  1 .  1 0  

P r oposed 

2 0 0 3  C e n t r a l i a  - 1 1 - 0 . 0 6 - 0 . 0 0 0 1  - 0 . 0 0 1  - 1 2 . 0 3 - 0 . 2 0 

Boardman 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

C o l s t r i p  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

B r i dger  1 4  0 . 0 3 0 . 0 0 0 1  0 . 0 0 9 2 . 89 1 .  0 4  

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Hydro- F i rs t  

2 0 0 3  C e n t r a l i a  - 2  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 2 . 1 8 - 0 . 0 4 

Boar dman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 8 0 . 0 2 

C o l s t r i p  -7  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 6 7 - 0 . 1 8 

B r i dger  - 8  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 6  - 1 . 6 5 - 0 . 6 0 

Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

G - J S  



Ta b l e  G . 9  ( C o n t i n u e d )  

Assured Del i very 

P re- l A P  

1 988 C e n t r a l i a  5 0 3  2 . 8 7 0 . 0 0 68 0 . 0 5 5  5 5 0 . 2 8 9 . 0 0 
B o a r dman 1 8  0 . 0 1  0 . 0 0 0 0  0 . 0 0 1  5 . 0 8 0 . 3 9 
C o l s t r i p  8 1 0  0 . 3 6 0 . 0 0 0 8  0 . 076 78 . 0 0 2 0 . 98 
B r i dger 747 1 .  36  0 . 0 0 3 1  0 . 48 1 1 54 . 2 6 5 5 . 6 5 
Va l my 1 4 0 0 . 2 4 0 . 0 0 0 7 0 . 0 0 8  3 0 . 6 0 0 . 8 0  

Proposed 

1 988 C e n t ral i a  - 2  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 2 . 1 9 - 0 . 0 3 
B o a r dman - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 8 - 0 . 0 2 
C o l s t r i p  -7  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 6 7 - 0 . 1 8 
B r i dger -4  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 3  - 0 . 8 3 - 0 . 3 0 
V a l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H ydro- F i rst 

1 988 C e n t ral i a  0 . 0 1 0 . 0 0 0 1  0 . 0 0 0  1 .  1 0  0 . 0 2 
B o a r dman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o l s t r i p - 1 3 - 0 . 0 1  - 0 . 0 0 0 1  - 0 . 0 0 2  - 1 . 2 5 - 0 . 34 
B r i dger 1 0  0 . 0 2  0 . 0 0 0 0  0 . 0 0 6 2 . 0 6 0 . 7 5 
Val my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

P r e - l A P  

1 99 3  C e n t ral i a  676 3 . 8 6 0 . 0 0 9 2  0 . 0 74 7 3 9 . 5 4 1 2 . 1 0  
B o a r dman 87 0 . 0 5 0 . 0 0 0 1  0 . 0 0 5  2 4 . 5 8 1 . 87  
C o l s t r i p  969 0 . 4 3  0 . 0 0 0 9  0 . 0 9 0  9 3 . 3 1 2 5 . 1 0  
Br i dger 9 1 1 1 .  66 0 . 0 0 3 8 0 . 586 1 88 . 1 2  67 . 8 7 
Va l my 1 5 4 0 . 2 6 0 . 0 0 0 8 0 . 0 09 3 3 . 6 6 0 . 8 8  

P roposed 

1 9 9 3  C e n t ral i a  2 8  0 . 1 6  0 . 0 0 0 4  0 . 0 0 3  3 0 . 64 0 . 5 0  
B o a r dman 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 9 - 0 . 0 3 
B r i dger  1 1  0 . 0 2 0 . 0 0 0 0  0 . 0 0 7  2 . 2 7 0 . 8 2 
Val my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

H ydro- F i rst 

1 99 3  C en t ral i a  -6 - 0 . 0 3  - 0 . 0 0 0 1  - 0 . 0 0 1  -6 . 5 6 - 0 . 1 1  
B o a r dman 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 5 6 0 . 0 4 
C o l s t r i p  - 7  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 6 7 - 0 . 1 8 
Br i dger 7 0 . 0 1  0 . 0 0 0 0  0 . 0 0 5  1 .  4 5  0 . 5 2  
Va l my 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 



Pre- I A P  

1 998 

P roposed 

1 998 

Hydro-F i r st 

1 998 

P re- I AP 

2 0 0 3  

P ropos ed 

2 0 0 3  

Hydro- F i rst 

2 0 0 3  

C e n t ra l i a  

Boa r dman 

Col s t r i p  

B r i dger 

Va l my 

Cent ral i a  

Boa rdman 

C o l s t r i p  

B r i dger  

Va l my 

Cent ral i a  

Boa rdman 

Col s t r i p  

Br i dger  

Va l my 

C e n t r a l i a  

Boardman 

Col s t r i p  

B r i dger  

V a l my 

C en t ra l i a  

Boardman 

Col s t r i p  

B r i dger  

Va l my 

C e n t r a l i a  

Boardman 

C o l s t r i p  

Br i dg e r  

Va l my 

7 0 8  

1 0 3 

9 3 9  

897 

1 5 9 

9 

o 

o 

1 3  

o 

1 

o 

- 6  

o 

o 

7 9 1  

1 1 1  

9 3 5  

9 3 5  

1 9 1  

- 1 2  

o 

o 

1 3  

o 

- 1  

o 

- 6  

- 1 8  

o 

Ta b l e  G . 9  ( C on t i n ued ) 

4 . 0 5 0 . 0 0 96 

0 . 0 6 0 . 0 0 0 2  

0 . 4 1  0 . 0 0 0 9  

1 . 6 3  0 . 0 0 3 7  

0 . 0 7 7  

0 . 0 0 6  

0 . 0 88 

0 . 5 7 7  

0 . 2 7 0 . 0 0 08 0 . 0 0 9  

0 . 0 5 0 . 0 0 0 2  

0 . 0 0 0 . 0 0 0 0  

0 . 0 0 0 . 0 0 0 0  

0 . 0 3  0 . 0 0 0 1  

0 . 0 0 0 . 0 0 0 0  

0 . 0 0 

0 . 0 0 

0 . 0 0 

0 . 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 . 0 0 0 0  

0 . 0 0 1  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 8  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

- 0 . 0 0 1  

0 . 0 0 0  

0 . 0 0 0  

4 . 5 2  0 . 0 1 0 8 0 . 086 

0 . 0 7 0 . 0 0 0 2  0 . 0 0 6  

0 . 4 1  0 . 0 0 0 9  0 . 0 87 

1 . 7 0 0 . 0 0 39 0 . 6 0 1  

0 . 3 2 0 . 0 0 1 0  0 . 0 1 1  

- 0 . 0 7 - 0 . 0 0 0 2  

0 . 0 0 0 . 0 0 0 0  

0 . 0 0 0 . 0 0 0 0  

- 0 . 0 0 1  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 2 0 . 0 0 0 0  0 . 0 0 9  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

- 0 . 0 1  - 0 . 0 0 0 1  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

- 0 . 0 3 - 0 . 0 0 0 1  - 0 . 0 1 1  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

774 . 5 5 

2 9 . 1 0 

9 0 . 4 3  

1 85 . 2 3 

34 . 76 

9 . 8 5 

0 . 0 0 

0 . 0 0  

2 . 68 

0 . 0 0 

1 . 1 0  

0 . 0 0  

- 0 . 5 8 

0 . 0 0 

0 . 0 0 

8 6 5 . 3 5 

1 2 . 6 7  

2 . 2 1 

24 . 3 2 

6 6 . 8 3  

0 . 9 1  

0 . 1 6  

0 . 0 0  

0 . 0 0 

0 . 9 6  

0 . 0 0  

0 . 0 2  

0 . 0 0 

- 0 . 1 6 

0 . 0 0  

0 . 0 0 

1 4 . 1 6  

3 1 . 3 6 2 . 3 9 

9 0 . 04 24 . 2 2 

1 9 3 . 0 8 6 9 . 6 6 

4 1 . 75 1 . 0 9 

- 1 3 . 1 2  

0 . 0 0 

0 . 0 0 

2 . 6 8  

0 . 0 0 

- 0 . 2 2 

0 . 0 0 

0 . 0 0  

0 . 97 

0 . 0 0 

- 1 . 0 9 - 0 . 0 2 

0 . 0 0 0 . 0 0 

- 0 . 5 8 - 0 . 1 6 

- 3 . 7 2 

0 . 0 0 

- 1 . 3 4 

0 . 0 0 

II C a l c u l ated u s i n g t h e  M a r k e t i n g L P  ( RP S E . P9 8 0 0 . D CW . I D U E I S . N OV87 . SASOUT - 3 - N OV - 8 7 ) and  SAM 

( RE S C OAL . A L L - 2 9-0C T - 1 987 ) for g en e ra t i on n umb e r s  and the coe f f i c i en t s  p rov i d ed by WSU to 

produce a i r  qual i ty res u l t s  ( PG . P9 8 0 0 . MC E . L O T U SAQ . J AN 0 788 . R E P O R T ) .  A i r  qual i t y resu l t s 

f o r  Val my r e p r e s e n t  t h e  e f f e c t s  f o r  the  t o t a l  p l a n t .  C o l s t r i p  r e s u l t s  repr e s e n t  o n l y  

t h a t  Dort i o n serv i n g  t h e  PNW . E n t r i e s f o r  " P re - I A P "  a r e  p r o j e c t e d  a c t u a l  v a l u e s  f o r  

annual  generat i o n a n d  con t r i b ut i o n s  t o  amb i e n t  a i r  q u a l i ty l ev e l s ;  ent r i e s  f o r  o t h e r  

a l l o c a t i o n o p t i on s  a r e  d i f f e r e n c e s  f rom the  c o r r e s p o n d i n g v a l u e s  f o r  t h e  P re - I A P  

A l l oc a t i o n O pt i o n .  {" " "...J - � I 



Ta bl e G . l 0 

E F F EC T S  O F  F ORMU L A  A L L OCAT I O N  O P T I O N S  A S S U M I N G  MAX I MUM 
I N TERT I E  S I Z E  O N  A I R  QUAL ITY I N  TH E PAC I F I C  NORTHWE ST 11 

( M i cro g r ams/C u b i c  Meter o f  A i r )  

Annual  Average C o n c e n t r at i on 
Al l ocat i o n  l -H R  Max i mum 

O p t i on/ Con!:;e n t r a t i on s  
Yea r  P l ant �enerQt i o n 5 0 2  � T5P  0 3  502 T5P  

( aMW )  ( i-!g/m3 ) ( i-!g/m3 ) ( i-!g/m3 ) ( i-!g/m3 ) ( i-!g/m3 ) 
( i-!g/m3 ) 

Federal  Mark e t i ng 

Pre-lAP 

1 993  C en t r a l i a  684 3 . 9 1  0 . 0 0 9 3  0 . 0 74 748 . 3 0 1 2 . 24 
Boardman 73 0 . 04 0 . 0 0 0 1  0 . 0 0 4  2 0 . 6 2 1 .  5 7  
Col s t r i p  1 0 1 9  0 . 45  0 . 0 0 1 0  0 . 0 9 5  98 . 1 3  2 6 . 3 9 
B r i dger  994  1 . 8 1  0 . 0 0 4 1  0 . 6 3 9  2 0 5 . 26 74 . 0 5 
Va l my 1 4 7 0 . 2 5 0 . 0 0 0 8  0 . 0 0 8  3 2 . 1 3 0 . 84 

P r o p o s e d  

1 99 3  C e n t ra l i a  1 9  0 . 1 1  0 . 0 0 0 3  0 . 0 0 3  2 0 . 78 0 . 34 
Boardman - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 8 - 0 . 0 2 
Col s t r i p  - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 9 - 0 . 0 5 
B r i dger  3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 2  0 . 6 2 0 . 2 3 
Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro - F i r st  

1 99 3  C e n t r a l  i a  - 1 0  - 0 . 06 - 0 . 0 0 0 1  - 0 . 0 0 1  - 1 0 . 94 - 0 . 1 8 
Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Col s t r i p  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
B r i dg e r  -6  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 3  - 1 . 24 - 0 . 44 
Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Pre-lAP 

1 99 8  Central i a  8 0 1 4 . 5 8 0 . 0 1 0 9 0 . 0 87  876 . 29 1 4 . 3 4 
Boardman 1 0 2 0 . 0 6 0 . 0 0 0 2  0 . 0 0 6  2 8 . 8 1 2 . 1 9 
Col s t r i p  1 0 4 3  0 . 46 0 . 0 0 1 0  0 . 0 97  1 0 0 . 44 2 7 . 0 1  
Br i dg e r  1 0 2 5  1 .  8 6  0 . 0 0 4 3  0 . 65 9  2 1 1 . 66 76 . 3 6 
Va l my 1 6 0 0 . 2 7 0 . 0 0 0 8  0 . 0 0 9  34 . 98 0 . 9 1  



Tab l e  G . 1 0  ( C on t i n u e d ) 

Propo s e d  

1 998 Centr a l i a  3 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  3 . 2 9 0 . 0 5 
Boa r dman 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 9 0 . 0 2 
Col s t r i p  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
B r i dg e r  1 8  0 . 0 4 0 . 0 0 0 0  0 . 0 1 2  3 . 7 2 1 .  3 4  
Val my 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 998 Central i a  - 3  - 0 . 0 2  0 . 0 0 0 0  0 . 0 0 0  - 3 . 2 8 - 0 . 0 6  
Boa r dman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 9 0 . 0 2 
Col s t r i p  -4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 3 8 - 0 . 1 0  
B r i dger 5 0 . 0 1 0 . 0 0 0 0  0 . 0 04 1 .  0 3  0 . 3 7 
Va l my - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 2 0 . 0 0 

Pre-rAP 

2 0 0 3  Central i a  9 0 7  5 . 1 8 0 . 0 1 2 3 0 . 099  992 . 2 6 1 6 . 24 
Boa r dman 1 0 9 0 . 0 6 0 . 0 0 0 2  0 . 0 0 6  3 0 . 79 2 . 3 4 
Col st r i p  1 049 0 . 46 0 . 0 0 1 0  0 . 098  1 0 1 . 0 2 2 7 . 1 7  
B r i dg e r  1 05 2  1 . 9 1  0 . 0 044 0 . 67 7  2 1 7 . 2 4 78 . 3 7 
Val my 2 0 4  0 . 3 5 0 . 0 0 1 1 0 . 0 1 2  4 4 . 5 9 1 .  1 6  

Propos e d  

2 0 0 3  Centra l i a  3 0 . 0 2 0 . 0 0 0 1  0 . 0 0 0  3 . 2 8 0 . 0 5 
Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o l s t r i p  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
B r i dg e r  1 5  0 . 0 3 0 . 0 0 0 0  0 . 0 0 9  3 . 1 0  1 .  1 2  
Val my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

2 0 0 3  Centr a l i a  -2 - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 2 . 1 9  - 0 . 04 
Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Col s t r i p - 5  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 48 - 0 . 1 3  
B r i dg e r  8 0 . 0 2 0 . 0 0 0 0  0 . 0 0 5  1 .  65  0 . 60 
Val my 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Assured Del i very 

Pre-rAP 

1 99 3  C e n t r a l i a 690  3 . 94 0 . 0 0 94 0 . 0 7 5  754 . 86 1 2 . 3 5 
Boa rdman 9 2  0 . 0 5 0 . 0 0 0 1  0 . 0 0 5  2 5 . 99 1 .  98 
Col s t r i p  1 0 1 3  0 . 45 0 . 0 0 1 0  0 . 0 9 5  9 7 . 5 5  2 6 . 2 4 
B r i dger 939  1 .  7 1  0 . 0 0 3 9 0 . 6 0 4  1 9 3 . 9 0  6 9 . 96 
V a l my 1 5 6  0 . 2 6 0 . 0 0 08 0 . 0 0 9  3 4 . 1 0  0 . 89 
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Tab l e  G . l 0  ( C on t i n u e d )  

P r o p o s e d  

1 99 3  Central i a  2 3  0 . 1 3  0 . 0 0 0 3  0 . 0 0 3  2 5 . 1 6 0 . 4 1  

Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Col s t r i p  - 3  - 0 . 0 1  -0 . 0 0 0 1  - 0 . 0 0 1  - 0 . 2 9 - 0 . 0 8 

B r i dger 1 3  0 . 0 2  0 . 0 0 0 1  0 . 0 0 8  2 . 69 0 . 96 

Valmy 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 99 3  Central i a  -7 - 0 . 04 -0 . 0 0 0 1  - 0 . 0 0 1  - 7 . 66 - 0 . 1 2  

Boardman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 28 0 . 0 2  

C o l s t r i p  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 0  0 . 0 2 

Br i dger -4 - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 3  - 0 . 8 2 - 0 . 3 0 

Valmy 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0  

P r e - l A P  

1 998 Central i a  786 4 . 4 9 0 . 0 1 0 7 0 . 086 859 . 88 1 4 . 0 7 

Boardman 1 0 6 0 . 0 6 0 . 0 0 0 2  0 . 0 0 6  29 . 94 2 . 2 8 

C o l s t r i p  1 0 29 0 . 45 0 . 0 0 1 0  0 . 0 96 99 . 0 9 2 6 . 6 5 

B r i dger 1 0 1 4  1 .  84 0 . 0 0 4 2  0 . 6 5 2  2 0 9 . 3 9 7 5 . 54 

Valmy 1 6 1  0 . 27 0 . 0 0 0 8  0 . 0 0 9  3 5 . 1 9 0 . 9 2 

P r o p o s e d  

1 9 98 C en t r a l i a  0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  1 .  1 0  0 . 0 2 

Boardman 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 5 7 0 . 04 

C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 9 -0 . 0 2 

B r i dger 1 9  0 . 04 0 . 0 0 0 1  0 . 0 1 2  3 . 9 2 1 . 4 2  

Valmy 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

Hydro- F i r s t  

1 9 98 C en t r a l i a  -8  - 0 . 04 - 0 . 0 0 0 1  -0 . 0 0 1  -8 . 7 5 - 0 . 1 4 

Boardman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 9 0 . 0 2 

C o l s t r i p  - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 9 - 0 . 0 5  

Br i dger 8 0 . 0 2 0 . 0 0 0 1  0 . 0 0 5  1 . 65  0 . 6 0 

Valmy 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 . 0 0 

Pre-lAP  

2 0 0 3  Central i a  890  5 . 0 9 0 . 0 1 2 1 0 . 097  973 . 66 1 5 . 9 3 

Boar dman 1 1 5  0 . 0 7 0 . 0 0 0 2  0 . 0 0 6  3 2 . 49 2 . 4 7  

C o l s t r i p  1 04 0  0 . 46 0 . 0 0 1 0  0 . 097  1 0 0 . 1 5 2 6 . 94 

Br i dg e r  1 0 3 5  1 .  88 0 . 0 0 4 3  0 . 666 2 1 3 . 7 3 7 7 . 1 1  

Valmy 2 0 3  0 . 34 0 . 0 0 1 1 0 . 0 1 2  44 . 3 8 1 .  1 6  
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Ta b l e G . l 0  ( C on t i n u e d ) 

Pro p o s e d  

2 0 0 3  Central i a  4 0 . 0 2 0 . 0 0 0 1  0 . 0 0 0  4 . 3 8 0 . 0 7 

Boa rdman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

B r i dger 1 5  0 . 0 3 0 . 0 0 0 1  0 . 0 0 9  3 . 0 9 1 .  1 1  

Val my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hyd ro- F i r s t  

2 0 0 3  Central i a  -4 -0 . 0 3  - 0 . 0 0 0 1  -0 . 0 0 1  -4 . 3 8 - 0 . 0 7 

Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o l s t r i p  -5  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 48 -0 . 1 3  

B r i dger 1 1  0 . 0 2 0 . 0 0 0 1  0 . 0 0 7  2 . 2 7 0 . 82 

Val my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

II C a l c u l ated u s i n g t h e  Mark e t i ng L P  ( RP S E . P9800 . 0 CW . I O U E I S . NOV8 7 . SASOUT-3 -NOV_8 7 )  a n d  SAM 

( R ESCOA L . AL L -29-0C T- 1 98 7 )  for generat i on numbers  a n d  the c o e f f i c i en t s  prov i de d  by WSU to 

produce  a i r  qual i ty resu l t s ( PG . P98 0 0 . MC E . LO TUSAQ . JAN 0 788 . R E PORT ) . A i r  q u a l i ty r e su l t s  

f o r  Va l my represent  t h e  e f f e c t s  f o r  t h e  t o t a l  p l a n t . C o l s t r i p  res u l t s  represent  o n l y  

t h a t  port i on serv i ng t h e  PNW . En t r i e s f o r  · P r e - I A P ·  a re p r o j e c t e d  ac t u a l  v a l u e s  f o r  

annual  gener at i on a n d  c on t r i bu t i on s  t o  amb i en t  a i r  qual i ty l ev e l s ;  ent r i e s  f o r  o t h e r  

a l l oc a t i on opt i on s  are d i f f erences  f rom t h e  c o r r e s p on d i n g  val u e s  for  t h e  Pre- IAP 

Al l ocat i on Opt i on .  1 9 88 data  a re n o t  p r ov i de d  s i nc e  Max i mum I n t e r t i e  C a p a c i ty c ou l d  n o t  

be av a i l a b l e u n t i l  1 99 3 . 
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Tabl e G . 1 1  

E F F E C T  OF  FORMULA A L L OCATION OPTIONS  ON  AIR  QUAL I TY 

I N  CALI F O RN I A  A S S UMING  EX I ST I N G  I N T E RT I E  S I ZE 1/ 

( M i crog rams/C u b i c  Meter of A i r )  

Annual  Average C on�en t ra t i o n 

Al l ocat i on 1 -H R  Max i mum 

Opt i on /A i r  Concen t rgt i on s  

Year Basi nLPl a n t  Gen erat i on S02 2Q4 T S P  Q.l S 0 2  T S P  

( aMW )  ( flg/m3 ) ( flg/m3 ) ( flg /m3 ) ( flg/m3 ) ( flg /m3 ) 

( flg/m3 ) 

1 988 Pre-lAP 

San F ranc i s c o  586 

Los  An g e l es  2 1 7 2 

San D i eg o  3 1 8  

Central  Coas t 

Mo s s  L an d i ng 4 0 9  

Mo rro Bay 4 0 9  

S . E .  D e s e r t  

Cool  water 1 6 0 

E l  C e n t ro 1 6 0 

1 9 88 Proposed  

San  F ranc i s co - 1 4  

Los  Ang e l e s  a 
San D i eg o  a 
Central  C o a s t  

Mo s s  L an d i n g - 1 0  

Mo rro Bay - 1 0  

S . E .  Desert  

Cool  water a 
E l  C e n t ro a 

1 988 Hydro-F i r s t  

San Franc i s c o  2 9  

Los  An g e l es  4 

San D i eg o  a 
Cent ral Coa s t  

M o s s  L a n d i n g  2 1  

Morro Bay 2 1  

S .  E .  Desert  

Cool  wa t e r  a 
E l  C e n t r o  a 

E x i s t i ng C o n t r a c t s  

0 . 0 8 0 . 0 7 7 0  0 . 088 

0 . 4 1  0 . 2 6 8 1  0 . 5 2 4 

0 . 1 9 0 . 1 3 7 0  0 . 1 8 8 

0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  

0 . 0 2  0 . 0 0 0 0  0 . 0 0 0  

0 . 0 6 0 . 0 0 0 1  0 . 0 0 7  

1 .  2 8  0 . 0 0 0 4  0 . 1 04 

- 0 . 0 1  -0 . 0 0 1 8  - 0 . 0 0 2  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 3 8  0 . 0 0 5  

0 . 0 0 0 . 0 0 0 5  0 . 0 0 1  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
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4 . 44 

1 0 . 3 0 

5 . 0 3 

0 . 7 2 0 . 0 9 

0 . 3 3 0 . 04 

8 . 2 8 1 . 49  

7 . 2 9 0 . 5 9  

- 0 . 1 0  

0 . 0 0 

0 . 0 0 

- 0 . 0 2 0 . 0 0 

- 0 . 0 1  0 . 0 0 

0 . 0 0 0 . 0 0 

0 . 0 0  0 . 0 0 

0 . 2 2 

0 . 0 2 

0 . 0 0 

0 . 0 3  0 . 0 0 

0 . 0 2  0 . 0 0 

0 . 0 0 0 . 0 0 

0 . 0 0  0 . 0 0  



Tab l e G . 1 1  ( C ont i n u e d )  

1 99 3  P r e - l AP 

San Franc i s c o  4 6 1  0 . 0 6 0 . 0606  0 . 069 3 . 49 
L o s  Ange l e s 2246  0 . 4 3  0 . 2 7 7 2  0 . 5 42  1 0 . 6 5 
San D i e g o  4 1 9  0 . 2 5 0 . 1 8 0 5  0 . 2 47 6 . 6 3  
Central  C o a s t  

Mo s s  Lan d i n g 3 4 1  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 5 6  0 . 0 7 
Morro Bay 3 4 1  0 . 0 2  0 . 0 0 0 0  0 . 0 0 0  0 . 3 1  0 . 0 4 

S .  E .  D e s e r t  

Coo l water  1 98 0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 5 0 1 .  89 
E l  C e n t r o  1 98 1 .  4 3  0 . 0 0 04 0 . 1 1 6 8 . 1 6  0 . 66 

1 99 3  Proposed 

San Franc i s c o  - 1  0 . 0 0 -0 . 0 0 0 2  0 . 0 0 0  0 . 0 0 
L o s  Ang e l e s  - 3  0 . 0 0 - 0 . 0 0 04 -0 . 0 0 1  -0 . 0 2 
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Cen t r a l  C o a s t  

Moss  Lan d i n g - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Morro Bay - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S . E .  D e s e r t  

C o o l  wat e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

1 99 3  Hydro- F i r s t  

San F ranc i s c o  1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 1  0 . 0 1  
L o s  Ang e l e s  3 0 . 0 0 0 . 0 0 0 4  0 . 0 0 0  0 . 0 1 
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Central  C o a s t  

Mo s s  Lan d i ng 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Morro Bay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 9 98 Pre-lAP 

San Franc i s c o  5 5 8  0 . 0 7 0 . 0 7 3 3  0 . 084 4 . 2 3 
L o s  Ange l e s 3 0 9 0  0 . 5 9 0 . 3 8 1 4  0 . 74 5  1 4 . 6 5 
San D i eg o  546 0 . 3 2 0 . 2 3 5 2  0 . 3 2 2  8 . 6 3 
Central  C o a s t  

Mo s s  Lan d i n g 4 1 5  0 . 0 3  0 . 0 0 0 1  0 . 0 0 1  0 . 7 1  0 . 0 9 
Mo rro Bay 4 1 5  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 6 0 . 0 4 

S .  E .  D e s ert 

C o o l water  257  0 . 0 9  0 . 0 0 0 2  0 . 0 1 2  1 3 . 6 4 2 . 46 
El C e n t r o  2 5 7  1 .  8 6  0 . 0 0 0 5  0 . 1 5 1  1 0 . 5 9 0 . 86 
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Ta b l e G . l l  ( C o n t i n u e d )  

1 998 P r o p o s e d  

S a n  F ranc i s c o  2 o .  0 0  0 . 0 0 0 3  0 . 0 0 0  o .  a 1 
L o s  Angel e s  3 0 . 0 0 0 . 0 0 0 3  0 . 0 0 1  o .  a 1 
San D i e g o  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
C e n t r a l  C o a s t  

Moss  L a n d i n g  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Morro Bay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

Cool  wa t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  C e n t ro a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 Hydro- F i r s t  

San F ra n c i s c o  5 0 . 0 0 0 . 0 0 0 7  0 . 0 0 1  0 . 0 4 
L o s  An g e l e s  2 0 . 0 0 0 . 0 0 0 2  0 . 0 0 1  0 . 0 1  
San D i e g o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Central  Coast  

Mo s s  L a n d i n g  4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Morro Bay 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S .  E .  D e s e r t  

Cool  wat e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t ro 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  

2 0 0 3  P r e - l A P  

S a n  F ranc i s c o  1 2 1 1 0 . 1 6 0 . 1 5 9 1  0 . 1 8 2 9 . 1 8  
Los  Angel e s  4445 0 . 84 0 . 5486 1 . 0 7 2  2 1 . 0 7  
San D i ego 795 0 . 47 0 . 3425  0 . 46 9  1 2 . 5 7 
C e n t r a l  C o a s t  

Mo s s  La n d i n g 888 0 . 0 6 0 . 0 0 0 2  0 . 0 0 3  1 .  5 1  0 . 1 8 
Morro Bay 888 0 . 04 0 . 0 0 0 1  0 . 0 0 1  0 . 76 0 . 0 9 

S .  E .  D e s e r t  

Cool  wat e r  3 6 9  0 . 1 3  0 . 0 0 0 3  0 . 0 1 7  1 9 . 5 8 3 . 5 3 
E l  C e n t ro 3 6 9  2 . 67 0 . 0 0 08  0 . 2 1 7  1 5 . 2 1 1 .  2 3  

2 0 0 3  Proposed  

San  F ranc i s c o  3 0 . 0 0 0 . 0 0 04 0 . 0 0 1  0 . 0 2 
L o s  Angel e s  4 0 . 0 1 0 . 0 0 0 5  0 . 0 0 1  0 . 0 2 
San D i e g o  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  
C en t r a l  C o a s t  

Mo s s  L a n d i n g  2 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 1  
Morro Bay 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0 . 0 0 

S .  E .  D e s e r t  

C o o l  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
E l  C e n t r o  0 o .  0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 



Tabl e G . l l  ( C on t i n u e d ) 

2 0 0 3  Hydro-F i r s t  

San Franc i s co 8 0 . 0 0 0 . 0 0 1 1 0 . 0 0 2  0 . 0 6 

Los  Ang e l e s  1 5  0 . 0 1 0 . 0 0 1 8  0 . 0 04  0 . 0 7 

San D i eg o  3 0 . 0 0 0 . 0 0 1 3  0 . 0 0 2  0 . 0 5 

Central  C o a s t  

Mo s s  L an d i n g 6 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0  0 . 0 1 0  
Morro Bay 6 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0  0 . 0 0 0  

S . E .  D esert  

C oo l wa t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 5 0 . 0 1 
E l  Centro  0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  0 . 04 0 . 0 1  

Fede r a l  Mark e t i ng 

1 988 Pre-IAP 

San Franc i s c o  5 9 7  0 . 0 8 0 . 0784 0 . 0 9 0  4 . 5 2  

Los  Ang e l e s  2 1 58 0 . 4 1  0 . 2 6 6 3  0 . 5 2 1  1 0 . 2 3 

San D i eg o  3 1 6  0 . 1 9 0 . 1 3 6 1  0 . 1 86 5 . 0 0  

Central  C o a s t  

Mo s s  L an d i n g 4 1 9  0 . 0 3 0 . 0 0 0 1  0 . 0 0 2  0 . 74 0 . 0 9  
Morro Bay 4 1 9  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 34 0 . 0 4 

S . E .  D e s e r t  

Cool  wa t e r  1 5 9 0 . 0 6 0 . 0 0 0 1  0 . 0 0 7  8 . 2 3 1 . 48  
E l  Centro  1 5 9 1 .  2 7  0 . 0 0 0 4  0 . 1 0 3  7 . 2 4 0 . 5 9 

1 988 Proposed 

San  Franc i s c o  - 6  0 . 0 0 -0 . 0 0 0 8  - 0 . 0 0 1  - 0 . 0 4 
Los  Ang e l e s  - 4  0 . 0 0 - 0 . 0 0 0 5  - 0 . 0 0 1  - 0 . 0 2  
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Central  Coast  

Mo s s  L an d i n g -4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 1  0 . 0 0 
Morro Bay -4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

S . E .  D e s e r t  

C oo l water  - 1  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  -0 . 0 5 - 0 . 0 1  
E l  Cen t ro - 1  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 4 - 0 . 0 1  

1 988 Hydro- F i r s t  

San Franc i sc o  25  0 . 0 0 0 . 0 0 3 3  0 . 0 0 4  0 . 1 9 
L o s  Ange l e s  5 0 . 0 0  0 . 0 0 0 6  0 . 0 0 1  0 . 0 2 
San D i ego 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Cent ra 1 C o a s t  

Mo s s  L an d i n g 1 9  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 3 0 . 0 0  
Morro Bay 1 9  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 2  0 . 0 0  

S .  E .  D e s e r t  

Cool  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  Cen t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 



Ta b l e G . l l  ( C ont i n ued ) 

1 99 3  Pre-lAP  

San F ranc i s c o  465  0 . 0 6 0 . 0 6 1 1 0 . 0 7 0  3 . 5 2  
Los  Ang e l e s  2 2 6 0  0 . 4 3 0 . 2789 0 . 5 4 5  1 0 . 7 1 
San D i eg o  4 2 0  0 . 2 5  0 . 1 8 0 9  0 . 24 8  6 . 64 
C e n t r a l  C o a s t  

Mo s s  Lan d i ng 3 4 3  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 5 7  0 . 0 7 
Morro Bay 3 4 3  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 1  0 . 0 4 

S .  E .  D e s e r t  

C o o l water  2 0 0  0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 6 1  1 .  9 1  
E l  C e n t r o  2 0 0  1 .  4 5  0 . 0 0 0 4  0 . 1 1 7 8 . 24 0 . 6 7  

1 99 3  P r o p o s e d  

San F ranc i sc o  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
L o s  Angel e s  - 3  0 . 0 0 -0 . 0 0 0 4  - 0 . 0 0 1  - 0 . 0 1 
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Central  Coast  

M o s s  L an d i ng 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Morro Bay 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  

S .  E .  Desert  

C oo l  wat e r  - 1  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  -0 . 0 5 - 0 . 0 1  
E l  Centro  - 1  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 4 0 . 0 0  

1 99 3  Hydro- F i r s t  

S a n  F ranc i s c o  - 4  0 . 0 0  - 0 . 0 0 0 5  - 0 . 0 0 1  - 0 . 0 3 
L o s  Ange l e s 1 0 . 0 0  0 . 0 0 0 1  0 . 0 0 0  0 . 0 1  
San D i eg o  0 . 0 0 0 . 0 0 0 5  0 . 0 0 0  0 . 0 2 
Central  C o a s t  

M o s s  L an d i n g - 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 1 0 . 0 0  
Morro Bay - 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  Desert  

C oo l  wat e r  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

1 998 Pre- l A P  

S a n  F ranc i s c o  567  0 . 0 7 0 . 0 74 5  0 . 0 8 5  4 . 3 0 
Los Ang e l e s  3 1 1 4  0 . 5 9 0 . 3 8 4 3  0 . 75 1  1 4 . 76 
San D i eg o  5 4 7  0 . 3 2 0 . 2 3 5 6  0 . 3 2 3  8 . 6 5  
C e n t r a l  C o a s t  

Mo s s  Lan d i ng 4 2 1  0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  0 . 7 2  0 . 0 9 
Morro Bay 4 2 1  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 6 0 . 0 4 

S .  E .  D e s e r t  

Cool  wat e r  2 5 9  0 . 0 9 0 . 0 0 0 2  0 . 0 1 2  1 3 . 74 2 . 4 8  
E l  C e n t r o  2 5 9  1 .  87 0 . 0 0 0 5  0 . 1 5 2  1 0 . 67 0 . 8 7  



Tabl e G . l l  ( C on t i n u e d ) 

1 99 8  Proposed 

San F ranc i s c o  7 0 . 0 1 0 . 0 0 0 9  0 . 0 0 1  0 . 0 5 
Los  Angel e s  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  
San D i ego 0 . 0 0 0 . 0 0 0 5  0 . 0 0 0  0 . 0 2 
Central  C o a s t  

Moss  La n d i ng 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 
Morro Bay 5 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 

S .  E .  Desert  

C o o l wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C en t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 Hydro-F i r s t  

S a n  F ranc i s c o  9 0 . 0 1 0 . 0 0 1 2  0 . 0 0 2  0 . 0 7 
Los  Angel e s  0 . 0 0 0 . 0 0 0 1  0 . 0 0 0  0 . 0 1  
San D i ego 0 . 0 0 0 . 0 0 0 5  0 . 0 0 0  0 . 0 2 
C e n t r a l  C oa s t  

M o s s  L an d i n g 7 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 0 1  0 . 0 0 
Morro Bay 7 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 

S . E .  D e s e r t  

Cool  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C en t ro 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

2 0 0 3  Pre-lAP  

San F ranc i s c o  1 2 3 9  0 . 1 6 0 . 1 6 28 0 . 1 87 9 . 3 9 
Los  Ang e l e s  4 4 3 8  0 . 84 0 . 5477  1 . 07 0  2 1 . 04 
San D i e g o  7 9 4  0 . 4 7  0 . 34 2 1  0 . 468 1 2 . 5 6 
Central  C o a s t  

Mo s s  L an d i ng 9 0 7  0 . 0 6 0 . 0 0 0 2  0 . 0 0 3  1 .  54  0 . 1 9  
Mo r r o  Bay 9 0 7  0 . 0 4 0 . 0 0 0 1  0 . 0 0 1  0 . 78 0 . 0 9 

S .  E .  D e s e rt 

Cool  wat e r  3 6 8  0 . 1 3  0 . 0 0 0 3  0 . 0 1 7  1 9 . 5 2 3 . 5 2 
E l  C en t ro 3 6 8  2 . 66 0 . 0 0 0 8  0 . 2 1 6  1 5 . 1 7  1 .  2 3  

2 0 0 3  Proposed  

San F ranc i s c o  - 2  0 . 0 0 -0 . 0 0 0 3  - 0 . 0 0 1  -0 . 0 1  
L o s  Ang e l e s  7 0 . 0 0  0 . 0 0 0 9  0 . 0 0 2  0 . 0 3  
San D i ego 0 . 0 0 0 . 0 0 04 0 . 0 0 1  0 . 0 1  
Central  C o a s t  

Mo s s  L a n d i n g - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Morro Bay - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  Desert  

C o o l wa t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 6 0 . 0 1 
E l  C e n t r o  0 . 0 1  0 . 0 0 0 0  0 . 0 0 1  0 . 0 4 0 . 0 0 

G-47 



Ta b l e  G . l 1  ( C on t i n u e d ) 

2 0 0 3  Hydro- F i r s t  

San F ranc i s c o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Los  Ange l e s 7 0 . 0 0 0 . 0 0 0 9  0 . 0 0 2  0 . 0 3 
San D i ego 0 . 0 0 0 . 0 0 04 0 . 0 0 1  0 . 0 1  
C e n t r a l  C o a s t  

Mo s s  Lan d i n g 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mo rro Bay 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S . E .  D e s e r t  

C o o l wa t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 6 0 . 0 1 
E l  Centro  0 . 0 1  0 . 0 0 0 0  0 . 0 0 1  0 . 04 0 . 0 0 

As s u red D e l i very 

1 988 Pre-lAP 

San F ranc i s c o  6 0 9  0 . 0 8 0 . 0 8 0 0  0 . 0 9 2  4 . 6 2 
Los Ange l e s 2 1 4 0  0 . 4 1  0 . 264 1 0 . 5 1 6  1 0 . 1 5 
San D i eg o  3 1 4  0 . 1 9 0 . 1 3 5 3  0 . 1 85 4 . 97 
C e n t r a l  C o a s t  

Mo s s  L an d i n g 4 2 9  0 . 0 3 0 . 0 0 0 1  0 . 0 0 2  0 . 75 0 . 0 9 
Mo rro Bay 4 2 9  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 5 0 . 04 

S .  E .  D e s e r t  

Cool  wa t e r  1 5 7 0 . 0 5 0 . 0 0 0 1  0 . 0 0 7  8 . 1 2  1 . 46 
E l  C e n t ro 1 5 7 1 .  2 5  0 . 0 0 04 0 . 1 0 2 7 . 1 5  0 . 5 8 

1 988 P r o p o s e d  

San F ranc i s c o  - 3  0 . 0 0 - 0 . 0 0 04 - 0 . 0 0 1  - 0 . 0 3  
Los  Ange l e s 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
San D i ego 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  
C e n t r a l  C o a s t  

Mo s s  Lan d i n g  - 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mo rro Bay - 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l  wat e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

1 988 Hydro-F i r s t  

San F ranc i s c o  1 7  0 . 0 0 0 . 0 0 2 2  0 . 0 0 2  0 . 1 2 
L o s  Ange l es 1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 0  0 . 0 0 
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
C e n t r a l  C o a s t  

Mo s s  Lan d i ng 1 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 2 0 . 0 0 
Morro Bay 1 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0 . 0 0 

S .  E .  D e s e r t  

C o o l  wat e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 



Ta b l e G . l l  ( C ont i n u e d )  

1 99 3  Pre-lAP 

San  F ranc i sc o  460  0 . 0 6 0 . 0 604 0 . 0 69 3 . 49  
L o s  Ang el es 2 2 4 9  0 . 4 3  0 . 2776 0 . 5 42  1 0 . 66 
San  D i eg o  4 1 9  0 . 2 5 0 . 1 80 5  0 . 2 47 6 . 6 3 
C e n t r a l  C o a s t  

Moss  L an d i n g 3 4 1  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 56 0 . 0 7 
Morro Bay 3 4 1  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 1 0 . 0 4 

S .  E .  Dese rt 

Cool  wat e r  1 99 0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 5 6 1 .  9 0  
E l  Cen t r o  1 99 1 . 44 0 . 0 0 0 4 0 . 1 1 7 8 . 2 0 0 . 67 

1 99 3  Proposed 

San  F r anc i s c o  2 0 . 0 0 0 . 0 0 0 3  0 . 0 0 1  0 . 0 1  
L o s  Ang e l e s  - 3  0 . 0 0 -0 . 0 0 0 4  0 . 0 0 0  -0 . 0 1  
San  D i eg o  - 1  0 . 0 0 -0 . 0 0 04 0 . 0 0 0  -0 . 0 2 
C e n t r a l  Coast  

Moss  Lan d i n g 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Morro Bay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s ert 

C o o l water  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 6 - 0 . 0 1  
E l  Centro  - 1  - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 1  -0 . 04 - 0 . 0 1  

1 99 3  Hydro- F i r s t  

S a n  Fran c i sc o  2 0 . 0 0  0 . 0 0 0 3  0 . 0 0 1  0 . 0 1  
L o s  An g e l es 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  
S a n  D i e g o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Cen t ral  Coast  

Moss  L an d i n g  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Morro Bay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S .  E .  D e s e r t  

C oo l water  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 Pre- lAP 

San  F r an c i sc o  5 3 9  0 . 0 7 0 . 0 7 0 8  0 . 0 8 1  4 . 0 9 
L o s  Angel e s  3 0 65  0 . 5 8 0 . 3 7 8 3  0 . 7 3 9  1 4 . 5 3 
San  D i eg o  5 4 1  0 . 3 2 0 . 2 3 3 1  0 . 3 1 9  8 . 5 6 
C e n t r a l  C o a s t  

Mo s s  L an d i ng 399  0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  0 . 68 0 . 0 8 
Morro Bay 399 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 4 0 . 0 4 

S .  E .  D e s ert 

C o o l wa t e r  2 5 5  0 . 0 9 0 . 0 0 0 2  0 . 0 1 2  1 3 . 5 3 2 . 44 
E l  C en t ro 2 5 5  1 .  8 4  0 . 0 0 0 5  0 . 1 5 0 1 0 . 5 1  0 . 8 5 



Ta b l e G . l l  ( C ont i n u e d ) 

1 9 98 Proposed  

San  F ranc i s co 5 0 . 0 0 0 . 0 0 0 7  0 . 0 0 1  0 . 0 3 
L o s  Angel e s  1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 1  0 . 0 1 
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Central  Coast  

Mo s s  L an d i n g  4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 
Morro Bay 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0  

S .  E .  D e s e r t  

Cool  wat e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t ro 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 Hydro- F i r s t  

San F r anc i s c o  5 0 . 0 0 0 . 0 0 0 7  0 . 0 0 1  0 . 0 3 
L o s  Ange l e s  1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 1  0 . 0 1  
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
Central  C o a s t  

Mo s s  L an d i ng 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0  
Morro Bay 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0  

S .  E .  D e s e r t  

Cool  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  C e n t r o  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

2 0 0 3  Pre-lAP  

San  F ranc i s c o  1 2 1 1 0 . 1 6 0 . 1 59 1  0 . 1 8 2  9 . 1 8  
L o s  Ange l e s  4406 0 . 84 0 . 54 3 8  1 . 0 6 3  2 0 . 8 9 
San D i eg o  787 0 . 47 0 . 3 3 90  0 . 464 1 2 . 45 
C e n t r a l  C o a s t  

Mo s s  L an d i n g 887 0 . 0 6 0 . 0 0 0 1  0 . 0 0 3  1 .  5 1  0 . 1 8 
Morro Bay 887 0 . 0 4 0 . 0 0 0 1  0 . 0 0 1  0 . 7 6 0 . 0 9 

S . E .  Desert  

Cool  wa t e r  3 6 6  0 . 1 3  0 . 0 0 0 3  0 . 0 1 7  1 9 . 4 2  3 . 5 0  
E l  C e n t ro 3 6 6  2 . 6 5 0 . 0 0 0 8  0 . 2 1 5  1 5 . 0 8 1 .  2 2  

2 0 0 3  P r o p o s e d  

S a n  F ranc i s c o  5 0 . 0 0  0 . 0 0 0 7  0 . 0 0 1  0 . 0 4 
L o s  Ange l e s  3 0 . 0 0 0 . 0 0 0 3  0 . 0 0 0  0 . 0 1  
San D i eg o  0 . 0 0  0 . 0 0 0 5  0 . 0 0 1  0 . 0 1 
Central  C o a s t  

Mo s s  L an d i n g  3 0 . 0 0 0 . 0 0 0 1  0 . 0 0 0  0 . 0 1  0 . 0 1 
Morro Bay 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 

S .  E .  D e s e r t  

Cool  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

G - 5 0  



T a b l e G . l l  ( C on t i n u e d ) 

2 0 0 3  Hydro-F i r s t  

San Franc i s c o  2 0 . 0 0 0 . 0 0 0 3  0 . 0 0 1  0 . 0 1  

Los  Angel e s  3 0 . 0 0 0 . 0 0 0 3  0 . 0 0 0  0 . 0 1 

San  D i eg o  0 . 0 0 0 . 0 0 0 5  0 . 0 0 1  0 . 0 1 

C e n t r a l  C o a s t  

Mo s s  Lan d i n g  0 . 0 0 0 . 0 0 0 1  0 . 0 0 0  0 . 0 0 0 . 0 0 

Morro B ay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

Cool  wat e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

II C a l c u l a t e d  u s i n g t h e  Market i n g L P  ( RP S E . P9 8 0 0 . DCW . l D UE l S . NOV87 . SASOU T - 3 - N OV -8 7 )  for  

generat i on numbers  and  t h e  coeff i c i en t s  prov i d e d  by  WSU  t o  produce a i r  qu a l i ty r e s u l t s  

( PG . P980 0 . MC E . LOTUSAQ . D E C 1 687 . R E PORT ) .  Ent r i e s for  " Pre-lAP"  are  p r o j e c t e d  ac t ua l  v a l u e s  

f o r  a n n u a l  generat i on a n d  c o n t r i bu t i on s  t o  amb i en t  a i r  q ua l i ty l evel s ;  e n t r i e s f o r  o t h e r  

a l l ocat i on opt i o n s  a r e  d i f f e r e n c e s  f rom t h e  c o r r e s p on d i n g  v a l u e s  for  t h e  Pre-lAP  

Al l ocat i on Opt i on .  

G-S l 



Ta b l e  G . 1 2  

E F F E C T  OF  FORMULA AL LOCAT ION O P T I O N S  ON A I R  QUA L I  TY 

I N  CAL I F O R N I A  ASSUMING MAX IMUM I N T E R T I E  S I ZE 11 
( M i c rog rams/Cu b i c  Meter of A i r )  

Annual  Average CQnc entrat i o n  

Al l oc a t i on 1 -H R  Max i mum 

Opt i o n/A i r  Concen t ra t i on s  

Year Ba s i nLPl ant �en e r at i o n .s..Q2 S04 TSP  � S 0 2  T S P  

( aMW )  ( flg/m3 ) ( flg /m3 ) ( flg/m3 ) ( flg/m 3 ) ( flg/m3 ) 

( flg/m 3 ) 

Federal  Market i ng 

1 99 3  Pre-IAP 

San  Franc i sc o  4 0 5  0 . 0 5 0 . 0 5 3 2  0 . 0 6 1  3 . 0 7 

Los  Angel e s  2 1 89 0 . 4 2  0 . 2 7 0 2  0 . 5 2 8  1 0 . 3 8 

San D i eg o  4 0 7  0 . 24 0 . 1 75 3  0 . 2 4 0  6 . 44 

Cen t r a l  C o a s t  

Mo s s  L an d i n g 299 0 . 0 2 0 . 0 0 0 0  0 . 0 0 1  0 . 49 0 . 0 6 

Morro Bay 2 9 9  0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 2 7 0 . 0 3  

S . E .  D e s e r t  

Cool  wa t e r  1 94 0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 29 1 .  85 

E l  C e n t r o  1 94 1 . 40  0 . 0 0 04 0 . 1 1 4 7 . 99 0 . 65 

1 99 3  Proposed  

San  F ranc i sc o  3 0 . 0 0 0 . 0 0 04 0 . 0 0 0  0 . 0 2 

L o s  Angel e s  1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 0  0 . 0 0 

San  D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 

Central  Coast  

Mo s s  L a n d i n g 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0 . 0 0 

Morro B ay 2 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S . E .  D e s e r t  

Coo l wa t e r  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 5 - 0 . 0 1  

E l  C e n t r o  - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 04 0 . 0 0 

1 99 3  Hyd ro- F i r s t  

San  F r a n c i sc o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 

L o s  Ange l e s  6 0 . 0 0 0 . 0 0 0 7  0 . 0 0 1  0 . 0 3 

San  D i eg o  2 0 . 0 0  0 . 0 0 0 9  0 . 0 0 1  0 . 0 3  

Cent  r a  1 C o a s t  

Mo s s  L a n d i n g  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Morro B ay 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 



Tabl e G . 1 2  ( C o n t i n u e d ) 

1 998 Pre-IAP 

San Franc i s co 4 1 6  0 . 0 5  0 . 0 547  0 . 0 6 3  3 . 1 5 
Los  An g e l e s  2 9 3 3  0 . 5 6 0 . 3 6 2 0  0 . 7 0 7  1 3 . 9 0 
San D i ego 5 1 5  0 . 3 1  0 . 2 2 1 9  0 . 3 0 4  8 . 1 4 
Central  Coast  

Mo s s  L an d i n g 3 0 9  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 5 3 0 . 0 6 
Morro Bay 3 0 9  0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 2 7 0 . 0 3 

S .  E .  D e s e r t  

C o o l w a t e r  244 0 . 0 9 0 . 0 0 0 2  0 . 0 1 1 1 2 . 9 5 2 . 3 3 
E l  C e n t ro 244 1 .  76 0 . 0 0 0 5  0 . 1 4 3  1 0 . 0 6 0 . 8 2 

1 998 Proposed 

San  F r an c i s c o  5 0 . 0 1  0 . 0 0 06 0 . 0 0 0  0 . 04 
Los  Ang e l e s -2  0 . 0 0 -0 . 0 0 0 3  0 . 0 0 0  0 . 0 0  
S an D i ego 0 . 0 0 0 . 0 0 04 0 . 0 0 0  0 . 0 2 
Central  C o a s t  

Mo s s  L an d i n g 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 
Mo rro Bay 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 

S .  E .  D e s e r t  

C oo l wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  Cen t ro 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 Hydro-F i r s t  

S a n  F ranc i s c o  7 0 . 0 1  0 . 0 0 0 9  0 . 0 0 1  0 . 0 6 
L o s  Ang e l e s  - 1  0 . 0 0 -0 . 0 0 0 1  0 . 0 0 0  0 . 0 0 
San D i ego 1 0 . 0 0 0 . 0 0 04 0 . 0 0 0  0 . 0 2 
Central  Coast  

Mo s s  L an d i n g 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 1 
Morro Bay 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S . E .  D e s e r t  

Cool  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t ro 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

2 0 0 3  Pre-IAP 

San Franc i s c o  1 0 68 0 . 1 4 0 . 1 4 0 3  0 . 1 6 1  8 . 0 9 
Los  Ang e l e s  4 2 3 5  0 . 8 0 0 . 5 2 2 7  1 . 0 2 1  2 0 . 0 8 
San D i eg o  7 5 8  0 . 45 0 . 3 2 65  0 . 44 7  1 1 . 99 
C en t ra l  C o a s t  

Mo s s  L an d i n g 782 0 . 0 5 0 . 0 0 0 1  0 . 0 0 3  1 .  3 3  0 . 1 6 
Morro Bay 782 0 . 04 0 . 0 0 0 1  0 . 0 0 1  0 . 67 0 . 0 8 

S . E .  D e s e r t  

C o o l w a t e r  3 5 1  0 . 1 3  0 . 0 0 0 3  0 . 0 1 6  1 8 . 6 2 3 . 3 5 
E l  C e n t ro 3 5 1  2 . 54 0 . 0 0 0 7 0 . 2 0 6  1 4 . 47 1 .  1 7  

G - 5 3  



Tabl e G . 1 2  ( C on t i n u e d ) 

2 0 0 3  Propo s e d  

S a n  Franc i s c o  0 . 0 0 0 . 0 0 0 2  0 . 0 0 0  0 . 0 1 
Los  Ange l es  1 0  0 . 0 1  0 . 0 0 1 2  0 . 0 0 3  0 . 04 
San D i eg o  0 . 0 0 0 . 0 0 0 5  0 . 0 0 1  0 . 0 1  
C e n t r a l  C o a s t  

Mo s s  L an d i n g  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Morro Bay 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

Cool  wat e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 6 0 . 0 1 
E l  Centro  0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  0 . 04 0 . 0 1 

2 0 0 3  Hydro- F i rs t  

San Franc i s c o  6 0 . 0 0 0 . 0 0 0 8  0 . 0 0 1  0 . 0 5 
Los  Ange l e s 1 4  0 . 0 1 0 . 0 0 1 7  0 . 0 04  0 . 0 6 
San D i eg o  2 0 . 0 0 0 . 0 0 0 9  0 . 0 0 1  0 . 0 3 
C e n t ral  Coast  

Mo s s  Lan d i ng 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 
Morro Bay 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 

S .  E .  D e s e r t  

Cool  wat e r  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 1  0 . 0 2 
E l  C e n t r o  2 0 . 0 1  0 . 0 0 0 0  0 . 0 0 1  0 . 0 8 0 . 0 1 

A s s u r e d  D e l i very 

1 99 3  P r e - l A P  

San  Franc i s c o  400  0 . 0 5 0 . 0 5 2 6  0 . 0 6 0  3 . 0 3 
Los  Angel e s  2 1 78 0 . 4 1  0 . 2 6 88 0 . 5 2 5  1 0 . 3 3 
San  D i eg o  4 0 6  0 . 24 0 . 1 749 0 . 2 40  6 . 42  
C e n t r a l  Coa s t  

Mo s s  Lan d i n g 2 9 7  0 . 0 2  0 . 0 0 0 0  0 . 0 0 1  0 . 49 0 . 0 6 
Morro Bay 297 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  0 . 2 7 0 . 0 3  

S .  E .  D e s e r t  

Cool  wat e r  1 9 3 0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 2 4 1 .  84 
E l  Cen t r o  1 9 3 1 .  40  0 . 0 0 04 0 . 1 1 3 7 . 9 5 0 . 6 5 

1 99 3  P r o p o s e d  

San  F r a n c i s c o  4 0 . 0 0 0 . 0 0 0 5  0 . 0 0 1  0 . 0 3 
L o s  Angel e s  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
San D i ego - 1  0 . 0 0 -0 . 0 0 04 - 0 . 0 0 1  - 0 . 0 2 
C e n t r a l  Coa s :  

Mo s s  Lan d i n g 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mo rro Bay 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

Cool  wat e r  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 5 0 . 0 0  
E l  Centro  - 1  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 4 - 0 . 0 1  



T a b l e G . 1 2  ( C on t i n u e d ) 

1 99 3  Hydro- F i r s t  

San Franc i s c o  3 O .  0 0  0 . 0 0 0 3  O .  0 0  1 0 . 0 2 
L o s  An g e l e s  2 0 . 0 0 0 . 0 0 0 2  0 . 0 0 1  0 . 0 0 
San D i eg o  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
C e n t r a l  C o a s t  

Mos s L a n d i n g  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Morro Bay 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e rt 

Cool  wa t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  C e n t r o a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 Pre-IAP  

San  F ranc i s c o  3 9 2  0 . 0 5 0 . 0 5 1 5  0 . 0 5 9  2 . 97  
Los  An g e l e s  2890  0 . 5 5 0 . 3 5 6 7  0 . 6 97 1 3 . 7 0 
San  D i e g o  5 1 0  0 . 3 0 0 . 2 1 9 7 0 . 3 0 1  8 . 0 6 
C en t ra 1 C o a s t  

Mo s s  Lan d i n g  2 9 0  0 . 0 2 0 . 0 0 0 0  0 . 0 0 1  0 . 49 0 . 0 6 
Morro Bay 2 9 0  o .  0 1  0 . 0 0 0 0  0 . 0 0 0  0 . 2 5 0 . 0 3 

S . E .  D e s e r t  

C o o l wa t e r  2 4 0  0 . 0 9 0 . 0 0 0 2  o .  a 1 1  1 2 . 7 3 2 . 29 
E l  C e n t ro 240  1 .  74  0 . 0 0 0 5  0 . 1 4 1  9 . 89 0 . 8 0 

1 998 Proposed  

San  F r a n c i s c o  4 0 . 0 0 0 . 0 0 0 5  0 . 0 0 1  0 . 0 3 
Los  Ange l e s - 1  0 . 0 0 -0 . 0 0 0 2  0 . 0 0 0  0 . 0 0 
San D i eg o  a 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
C e n t r a l  C oa s t  

Mos s L an d i n g 3 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  o .  a 1 0 . 0 0 
Morro Bay 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C oo l wa t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t ro a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

1 998 Hydro- F i r s t  

San F r a n c i s c o  7 0 . 0 0 0 . 0 0 0 9  0 . 0 0 1  0 . 0 5 
L o s  Ange l e s  2 0 . 0 0 0 . 0 0 0 2  0 . 0 0 1  o .  a 1 
San D i eg o  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
C e n t r a l  C oa s t  

Mos s L an d i n g 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  o .  a 1 0 . 0 0  
Morro Bay 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

S .  E .  D e s e r t  

Cool  wa t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 6 o .  0 1  
E l  C e n t ro 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 04 o .  0 1  

G - 5 5  



T a b l e  G . 1 2  ( Cont i n ued ) 

2 0 0 3  P r e - l A P  

San  Franc i sc o  1 0 2 4  0 . 1 3  0 . 1 345 0 . 1 54 7 . 76 
Los  An g e l e s  4 1 84 0 . 79 0 . 5 1 64 1 . 0 0 9  1 9 . 8 4 
San  D i eg o  7 4 7  0 . 44 0 . 3 2 1 8  0 . 44 1  1 1 . 8 1 

C e n t r a l  C o a s t  

M o s s  Lan d i n g 7 5 0  0 . 0 5 0 . 0 0 0 1  0 . 0 0 3  1 .  2 8  0 . 1 6 

Mo rro Bay 7 5 0  0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  0 . 65 0 . 0 7 

S . E .  D e s e r t  

Cool  wat e r  348 0 . 1 2  0 . 0 0 0 3  0 . 0 1 6  1 8 . 46 3 . 3 3 

E l  C e n t r o  3 4 8  2 . 5 2  0 . 0 0 0 7  0 . 2 0 4  1 4 . 34 1 .  1 6  

2 0 0 3  Proposed  

San  Franc i s c o  0 . 0 0 0 . 0 0 04 0 . 0 0 1  0 . 0 2 

Los  Ange l e s 0 . 0 1  0 . 0 0 0 1  0 . 0 0 0  0 . 0 0 

San  D i ego 0 . 0 0 0 . 0 0 04 0 . 0 0 0  0 . 0 2 

C e n t ra l  C o a s t  

Mo s s  La n d i n g 2 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Morro Bay 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l  wat e r  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 5 - 0 . 0 1 

E l  C e n t r o  - 1  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 04 0 . 0 0 

2 0 0 3  Hyd ro- F i r s t  

S a n  Franc i s c o  5 0 . 0 0 0 . 0 0 0 7  0 . 0 0 1  0 . 04 

L o s  Ang e l e s  7 0 . 0 1  0 . 0 0 0 8  0 . 0 0 2  0 . 0 3 

San  D i ego 2 0 . 0 0  0 . 0 0 0 9  0 . 0 0 1  0 . 0 3 

C e n t r a l  C o a s t  

Mo s s  La n d i ng 3 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Morro Bay 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

S .  E .  D e s e r t  

C ool wat e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

II C a l c u l ated  u s i n g t h e  Market i ng LP ( R PSE . P98 0 0 . DCW . I D U E l S . NDV8 7 . SASDUT-3 -NDV-8 7 )  f o r  

generat i on numbers  and  t h e  coe f f i c i en t s  prov i de d  by W S U  t o  produce  a i r  q u a l i ty re s u l t s  

( P G . P9800 . MC E . L D T U SAQ . D EC 1 68 7 . R E P D R T ) .  E n t r i e s f o r  " P r e - l A P "  a r e  p r o j e c t e d  a c t u a l  v a l u e s  

f o r  a n n u a l  generat i on a n d  con t r i bu t i on s  t o  amb i en t  a i r  qu a l i ty l ev e l s ;  ent r i e s f or o t h e r  

a l l oc a t i o n opt i on s  are d i f f e r e n c e s  f rom t h e  c o r r e s p o n d i n g v a l u e s  f o r  t h e  P r e - l A P  

Al l oc a t i on O pt i on .  1 988 d a t a  are  n o t  p rov i de d  s i n c e  Max i mum l n t e r t i e  C a pa c i ty c ou l d  n o t  

be a va i l a b l e u n t i l  1 99 3 . 
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Ta b l e  G . 1 3  

E F F E C T  OF  F ORMULA AL L OCAT I O N  O P T I O N S  ON A I R  QUAL I TY IN THE  I N LAND 

SOU THWE ST ASSUM I N G  E X I S T I N G  I N T E R T I E  S I ZE 1/ 

An n u a l  Ave rage C o n c e n t r at i on 
Al l ocat i on l -H R  Max i mum 

Opt i on /  Concentrat i on s  
Year P l a n t  Gen�rat i on S02  S04  T S P  S 0 2  T S P  

( aMW )  ( flg/m3 ) ( flg/m3 ) ( flg/m3 ) ( flg/m3 ) ( flg/m3 ) 

E x i s t i ng C o n t r a c t s  

P r e - I A P  

1 988 Chol l a 693  1 . 72  0 . 0 0 3 8  0 . 77 0  2 2 3 . 77 1 0 2 . 2 2 
Coronado 278  0 . 34 0 . 0 0 0 8  0 . 1 9 2 5 1 . 4 3  3 1 . 3 0  
Gen e r i c Coal  30  0 . 04 0 . 0 0 0 1  0 . 0 0 3  9 . 76 0 . 74 
S p r i ngerv i l l e  2 5 8  0 . 1 4 0 . 0 0 0 3  0 . 0 1 4  1 9 . 3 5 2 . 5 5 
San Juan 1 1 68 9 . 3 3 0 . 0 0 8 1  0 . 2 5 2  1 2 79 . 89 3 2 . 8 2 
Mohave 7 3 0  0 . 64 0 . 0 0 2 1  0 . 4 25  84 . 0 2 6 2 . 1 2  
H u n t e r  6 6 6  0 . 5 3 0 . 0 0 1 2  0 . 1 77 7 3 . 86 2 1 . 98 

P r o p o s e d  

1 98 8  C ho l l a  - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 2  -0 . 3 2 -0 . 1 5  
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
S p r i ngerv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  1 .  1 0  0 . 0 3 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Hydro- F i r st  

1 98 8  Chol l a  1 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  0 . 3 2 0 . 1 4 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i ngerv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  5 0 . 0 4 0 . 0 0 0 1 0 . 0 0 1  5 . 48 0 . 1 4 
Mohave 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 2  0 . 3 5 0 . 2 6 
H u n t e r  4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 44 0 . 1 3  

P r e - I A P  

1 99 3  Chol l a 7 2 0  1 .  79  0 . 0040  0 . 8 0 0  2 3 2 . 49 1 0 6 . 2 0 
Coronado 4 1 7  0 . 5 2  0 . 0 0 1 1 0 . 2 88 77 . 1 4 46 . 95 
Gener i c  C o a l  8 6  0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  27 . 98 2 . 1 3  
S p r i n g e rv i l l e 5 2 5  0 . 2 9 0 . 0 0 0 6  0 . 0 2 9  3 9 . 3 7 5 . 2 0 
San  Juan 1 1 85 9 . 4 7 0 . 0 0 8 2  0 . 2 55 1 2 9 8 . 5 2 3 3 . 3 0 
Mohave 8 0 6  0 . 7 0 0 . 0 0 2 3  0 . 4 70  9 2 . 7 7 68 . 5 9 
H u n t e r  7 7 1  0 . 6 1  0 . 0 0 1 4  0 . 2 0 5  85 . 5 0 25 . 44 
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Tabl e G . 1 3  ( C ont i n u e d ) 

Proposed  

1 99 3  Ch o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r  i n g e rv i 1 1  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Moh a v e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  - 3  0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 3 3 -0 . 1 0  

Hydro- F i rst  

1 99 3  C h o l l a  1 0 . 0 0  0 . 0 0 0 0  0 . 0 0 1  0 . 3 2 0 . 1 5 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i ngerv i l l e  4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 3 0 0 . 0 4 
San Juan  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 3 0 . 0 7 

Pre-lAP  

1 9 98 C h o l l a  8 0 6  2 . 0 0  0 . 0045  0 . 895 2 6 0 . 2 6 1 1 8 . 88 
Coronado  4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 288 77 . 1 4 46 . 9 5 
Gen e r i c  Coal  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 0 40  1 3 6 . 3 0 1 0 . 3 9 
S p r i nger v i l l e  8 1 4  0 . 4 5  0 . 0 0 0 9  0 . 046 61  . 0 5 8 . 0 6 
San  J u a n  1 2 1 8  9 . 7 3 0 . 0085  0 . 2 6 2  1 3 34 . 68 34 . 2 3 
Mo have 8 1 7  0 . 7 1  0 . 0 0 24 0 . 476 94 . 0 4 69 . 5 3  
H u n t e r  8 6 5  0 . 68 0 . 0 0 1 5  0 . 2 29 95 . 9 3  2 8 . 54 

Proposed  

1 998 Ch o l l a 1 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  0 . 3 2 0 . 1 5 
Coronado  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
S p r i n g e rv i l l e  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 5  0 . 0 2 
San Juan  0 o .  0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave  0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 1 1  0 . 0 8 
H u n t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro - F i r st 

1 998 C h o l l a 1 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  0 . 3 2 0 . 1 5  
Corona do 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i n g e r v i l l e  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 5 0 . 0 2 
San  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Mo have 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 1 1  0 . 0 4 
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Ta b l e  G . 1 3  ( C o n t i n u e d )  

Pre-lAP  

2 0 0 3  C h o l l a  8 5 3  2 . 1 2  0 . 0 0 4 7  0 . 94 7  275 . 4 3 1 2 5 . 8 2 
Coronado 44 1 0 . 5 5 0 . 0 0 1 2  0 . 3 04 8 1 . 58 49 . 6 6 
Gen e r i c  C o a l  79 1 1 .  1 6  0 . 0 0 2 2  0 . 0 75 2 5 7 . 3 1  1 9 . 6 2 
Spr  i n g erv i 1 1  e 8 7 2  0 . 48 0 . 0 0 1 0  0 . 049 6 5 . 4 0 8 . 6 3 
San Juan 1 2 5 2  1 0 . 0 1  0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Mo have 84 1 0 . 7 3 0 . 0 0 24 0 . 49 0  96 . 8 0 7 1 . 5 7 
H u n t e r  8 9 3  0 . 7 1 0 . 0 0 1 6  0 . 2 3 7  99 . 0 3 2 9 . 47 

P r o p o s e d  

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gener i c  Coal  3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 98 0 . 0 7 
S p r i ngerv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Hydro -F i r s t  

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  4 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  1 .  3 0  0 . 1 0  
S p r i ngerv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San J uan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Federal  Market i ng 

Pre-lAP  

1 9 88 C h o l l a 685  1 .  7 0  0 . 0 0 3 8  0 . 76 1  2 2 1 . 1 9 1 0 1 . 04 
Cor onado 278  0 . 34 0 . 0 0 0 8  0 . 1 9 2 5 1 . 4 3  3 1 . 3 0  
Gener i c  C o a l  3 0  0 . 04 0 . 0 0 0 1  0 . 0 0 3  9 . 76 0 . 7 4 
S p r  i n g e rv i 1 1  e 2 5 3  0 . 1 4 0 . 0 0 0 3  0 . 0 1 4  1 8 . 97 2 . 5 0 
San Juan 1 1 6 7  9 . 3 3 0 . 0 0 8 1  0 . 2 5 1 1 2 78 . 8 0 3 2 . 79 
Mohave 7 0 9  0 . 6 2 0 . 0 0 2 1  0 . 4 1 3  8 1 . 6 1  6 0 . 34 
H u n t e r  665 0 . 5 3 0 . 0 0 1 2  0 . 1 7 6 7 3 . 75 2 1 . 94 



Tabl e G . 1 3  ( C on t i n u e d ) 

P r o p o s e d  

1 988 C h o l l a -6 -0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 7  - 1 . 94 - 0 . 89 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave -2 0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 2 3 - 0 . 1 7  
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Hydro - F i r s t  

1 988 C h o l l a 5 0 . 0 2 0 . 0 0 0 0  0 . 0 0 5  1 .  6 1  0 . 7 3 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
S p r  i ngerv  i l l  e 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 08 0 . 0 1  
San  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0 0 . 0 0 0 . 0 0  
Mohave 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 1 1  0 . 0 8 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Pre-rAP  

1 99 3  C h o l l a 7 1 8  1 .  7 8  0 . 0 04 0  0 . 797 2 3 1 . 84 1 0 5 . 9 0 
C oronado 4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 288 7 7 . 1 4 46 . 9 5 
Gen e r i c  Coal  86 0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3 
S p r i n g e rv i l l e 5 2 5  0 . 2 9 0 . 0 0 0 6  0 . 0 2 9  3 9 . 3 7 5 . 2 0 
San Juan  1 1 88 9 . 4 9 0 . 0 0 8 3  0 . 2 5 6  1 3 0 1 . 8 1 3 3 . 3 8 
Mohave 8 0 6  0 . 7 0 0 . 0 0 2 3  0 . 4 7 0  9 2 . 77 68 . 5 9 
H u n t e r  782  0 . 6 2 0 . 0 0 1 4  0 . 2 0 7  86 . 7 2 2 5 . 8 1  

P r o p o s e d  

1 993  C h o l l a  -2  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 64 - 0 . 2 9 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gener i c  Coa l 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r  i ngerv  i 1 1  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San  Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Mohave 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Hydro- F i r st  

1 993  Cho 1 1  a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0 0 . 0 0 0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 2 3 0 . 06 



Ta b l e  G . 1 3  ( C on t i n u e d )  

Pre-rAP  

1 998 Chol l a 8 0 3  2 . 0 0 0 . 0 0 44 0 . 89 2  2 5 9 . 29 1 1 8 . 44 
Coronado 4 1 7  0 . 5 2  0 . 0 0 1 1 0 . 2 88 7 7 . 1 4 46 . 9 5 
Gen e r i c  C o a l  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 0 40 1 3 6 . 3 0 1 0 . 3 9 
Spr  i n g e rv i l l  e 8 1 4  0 . 45 0 . 0 0 09 0 . 046 6 1 . as  8 . 0 6 
San J u an 1 2 1 8  9 . 7 3 0 . 0 0 8 5  0 . 26 2  1 3 34 . 68 34 . 2 3 
Mohave 8 1 6  0 . 7 1 0 . 0 0 2 4  0 . 476 9 3 . 9 2 69 . 44 
H u n t e r  865  0 . 68 0 . 0 0 1 5  0 . 2 2 9  95 . 9 3 2 8 . 5 4 

Proposed  

1 998 Chol l a  3 0 . 0 0 0 . 0 0 0 1  0 . 0 0 3  0 . 97 0 . 44 
C oronado a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  C o a l  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i ngerv i l l e  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 o .  0 0  
San J u an a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Mohave 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 2  0 . 5 8 0 . 4 3 
H u n t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 998 Chol l a  4 o .  0 1  0 . 0 0 0 1  0 . 0 04 1 .  29 0 . 5 9  
C oronado a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gene r i c  Coal  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i ngerv i l l e  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 5 0 . 0 2 
San Juan a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Mohave 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 2  0 . 5 8 0 . 4 3 
H u n t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Pre-rAP 

2 0 0 3  C hol l a 8 5 3  2 . 1 2  0 . 0 0 47 0 . 94 7  2 7 5 . 4 3 1 2 5 . 8 2 
Coronado 440 0 . 5 4 0 . 0 0 1 2  0 . 3 0 4  8 1 . 4 0  49 . 5 4 
Gen e r i c  C oal  788 1 .  1 6  0 . 0 0 2 2  0 . 0 74 2 5 6 . 34 1 9 . 5 4 
S p r  i ngerv  i l l  e 8 7 2  0 . 48 0 . 0 0 1 0  0 . 049 6 5 . 4 0 8 . 6 3 
San Juan 1 2 5 2  1 0 .  0 1  0 . 0 0 8 7  0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Mohave 84 1 0 . 7 3 0 . 0 0 24 0 . 49 0  96 . 8 0 7 1 . 5 7 
Hunt el" 8 9 3  0 . 7 1 0 . 0 0 1 6  0 . 2 3 7  99 . 0 3 29 . 4 7 

P r o p o s e d  

2 0 0 3  C hol l a  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado a 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r  i n g e rv i l l  e a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
San Juan a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
H u n t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

G-6 1 



Tabl e G . 1 3  ( C ont i n u e d ) 

Hydro- F i rs t  

2 0 0 3  C h o l l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Coronado - 2  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 3 7 - 0 . 2 2 

Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Spr  i ngerv i I I  e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hunter  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

A s s u re d  D e l i very 

Pre-rAP 

1 988 Chol l a 678 1 .  69 0 . 0 0 3 7  0 . 75 3  2 1 8 . 9 3  1 0 0 . 0 0 

Coronado 2 78 0 . 34 0 . 0 0 0 8  0 . 1 9 2 5 1 . 4 3  3 1 . 3 0 

Gener i c  Coal  30  0 . 04 0 . 0 0 0 1  0 . 0 0 3  9 . 76 0 . 74 

S pr i n ge rv i l l e  249 0 . 1 4 0 . 0 0 0 3  0 . 0 1 4  1 8 . 67 2 . 4 7  

San J u a n  1 1 65  9 . 3 1  0 . 0 0 8 1  0 . 2 5 1  1 2 76 . 6 1  3 2 . 74 

Mohave 7 0 3  0 . 6 1  0 . 0 0 2 0  0 . 4 1 0 8 0 . 9 2 5 9 . 8 3 

H u n t e r  6 6 5  0 . 5 3  0 . 0 0 1 2  0 . 1 76 7 3 . 7 5 2 1 . 94 

Proposed  

1 988 Chol l a -4 - 0 . 0 1 0 . 0 0 0 0  - 0 . 0 0 5  - 1 . 3 0  - 0 . 5 9 

Coron a do 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r i n ge rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

San Juan  - 1  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 1 . 1 0 - 0 . 0 3 

Mo have - 2  0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  -0 . 2 3 - 0 . 1 7  

H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro-F i r st  

1 9 88 Chol l a 1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 1  0 . 3 2 0 . 1 5 

C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  Coa l 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S pr i ngerv  i l l  e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

San Juan  -2  - 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  -2 . 1 9 - 0 . 0 6 

Mohave  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hunter  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 



Ta b l e G . 1 3  ( C on t i n u e d )  

A s s u r e d  D e l i v e ry 

Pre- l AP 

1 993  C h o l l a 7 2 0  1 .  7 9  0 . 0 0 4 0  0 . 8 0 0  2 3 2 . 49 1 0 6 . 2 0 
Coronado 4 1 7  0 . 5 2 0 . 0 0 1 1  0 . 288 77 . 1 4 46 . 95 
Gen e r i c  C o a l  86 0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3  
S p r i n g e rv i l l e  5 2 8  0 . 29 0 . 0 0 0 6  0 . 0 3 0  3 9 . 6 0 5 . 2 3 
San Juan  1 1 88 9 . 49  0 . 0 0 8 3  0 . 2 5 6  1 3 0 1 . 8 1  3 3 . 3 8 
Moh ave 806 0 . 7 0 0 . 0 0 2 3  0 . 4 7 0  9 2 . 7 7 68 . 5 9 
Hun t e r 782 0 . 6 2  0 . 0 0 1 4  0 . 2 0 7  86 . 7 2 2 5 . 8 1  

P r o p o s e d  

1 993  C ho l l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gen e r i c  C o a l  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Spr  i n g e r v  i l l  e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 99 3  Ch o l l a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 3 2 0 . 1 5  
Coronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S pr i n g e rv i l l e  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

P re - l A P  

1 998 C h o l l a  8 0 3  2 . 0 0 0 . 0 044 0 . 89 2  259 . 2 9 1 1 8 . 44 
Coronado 4 1 7  0 . 5 2  0 . 0 0 1 1  0 . 2 8 8  7 7 . 1 4  46 . 95 
Gen e r i c  C o a l  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 04 0  1 36 . 3 0 1 0 . 3 9 
S p r i n g e r v i l l e  8 1 4  0 . 4 5  0 . 0 0 0 9  0 . 046 6 1 . 0 5 8 . 0 6 
San Juan  1 2 1 6  9 . 7 2 0 . 0 0 85  0 . 26 2  1 3 3 2 . 49 3 4 . 1 7 
Moh ave  8 1 2 0 . 7 1 0 . 0 0 24 0 . 4 7 3  9 3 . 46 69 . 1 0  
H u n t e r  8 6 5  0 . 68 0 . 0 0 1 5  0 . 2 2 9  95 . 9 3 2 8 . 54 



Tabl e G . 1 3  ( C ont i n u e d ) 

P r o p o s e d  

1 998 Chol l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gene r i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i nger v i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 O . O C 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave  0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 1 2  0 . 0 9' 
Hunter  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 998 Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr  i ngerv  i 1 1  e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Moh ave 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 1 2  0 . 0 9 
H u n t er 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

P r e - I A P  

2 0 0 3  Chol l a 8 5 3  2 . 1 2  0 . 0 04 7  0 . 94 7  2 7 5 . 4 3  1 2 5 . 8 2 
Coronado 4 3 7  0 . 54 0 . 0 0 1 2  0 . 3 0 2  BO . B4 49 . 2 1  
Gen e r i c  Coal  78B 1 .  1 6  0 . 0 0 2 2  0 . 0 74 2 5 6 . 3 4 1 9 . 54 
Spr  i ngerv  i l l  e 872 0 . 4 8 0 . 0 0 1 0  0 . 049 65 . 4 0  8 . 6 3 
San Juan  1 2 5 2  1 0 . 0 1 0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Moh ave 841  0 . 7 3 0 . 0 0 2 4  0 . 49 0  96 . 8 0 7 1 . 5 7 
H u n t er 892  0 . 7 1  0 . 0 0 1 6  0 . 2 3 7  98 . 9 2 29 . 44 

P r o p o s e d  

2 0 0 3  Chol l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S pr i n ger v i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Moh ave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
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Ta b l e  G . 1 3  ( C on t i n u e d ) 

Hydro- F i r s t  

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coron ado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
S p r  i ngerv  i 1 1  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 1 1  0 . 0 3 

Ii C a l c u l ated  u s i n g t h e  Mark e t i n g L P  ( R P S E . P 98 0 0 . D CW . I D U E I S . NOV87 . SASOUT- 3 -NOV- 8 7 )  f o r  

generat i on numbers a n d  the  coeff i c i en t s  prov i de d  b y  W S U  t o  p r o d u c e  a i r  q u a l i ty resu l t s 

( PG . P98 0 0 . MC E . L O TUSAQ . JAN0588 . REPORT ) . E n t r i e s f o r  " Pre- I A P "  are p r o j e c t e d  a c t u a l  v a l ues  

f o r  annual  genera t i on and c o n t r i bu t i on s  t o  amb i en t  a i r  q u a l i ty l ev e l s ;  en t r i e s f o r  o t h e r  

a l l oc a t i on opt i on s  are  d i f f erences  f rom t h e  c o r r e s pon d i n g  va l u e s  f o r  t h e  P r e - I A P  

A l l oc a t i on O pt i on .  
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Ta b l e  G . 1 4 

E F F E C T  O F  FORMULA AL LOCATION  O P T I O N S  ON  A I R  QUAL ITY  I N  T H E  

I N LAND SOUTHWE ST AS SUMING MAX IMUM I N T E R T I E  S I ZE 11 

A n n u a l  Average C o n c e n t rat i on 
Al l ocat i on 1 -HR Max i mum 

Opt i on /  C on!:;e n t r at i o nL 
Year P l iln t  Gener a t i on 202 S04 I.Sf S02 TSP  

( aMW )  ( �g/m3 ) ( �g /m3 ) ( �g/m3 ) ( �g/m3 ) ( �g/m3 ) 

Federal  Market i ng 

P r e - l A P  

1 99 3  C h o l l a  685 1 .  70 0 . 0 0 3 8  0 . 76 1  2 2 1 . 1 9  1 0 1 . 04 
Coronado 4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 288 7 7 . 1 4 46 . 9 5 
Gener i c  Coal  86 0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3  
Spr i n g e rv i l l e  5 04 0 . 2 8 0 . 0 0 0 6  0 . 0 28 3 7 . 8 0 4 . 99 
San Juan 1 1 56  9 . 24 0 . 0 0 8 0  0 . 249 1 2 66 . 74 3 2 . 4 8 
Mohave  789  0 . 69 0 . 0 0 2 3  0 . 460  9 0 . 8 1  6 7 . 1 4 
H u n t e r  7 7 1  0 . 6 1  0 . 0 0 1 4  0 . 2 0 5  85 . 5 0 2 5 . 44 

Proposed 

1 9 9 3  Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Co ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gene r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
S p r  i ngerv  i l l  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
S a n  Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Mohave -5  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 3  - 0 . 5 7 - 0 . 4 2 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 99 3  Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gene r i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Spr i n g erv i l l  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Mohave  - 1  0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 1 1  - 0 . 0 8 
Hunter  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  

Pre-lAP  

1 9 98 C h o l l a 8 0 4  2 . 0 0 0 . 0 0 44 0 . 89 3  2 5 9 . 6 1  1 1 8 . 5 3  

Co ronado 4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 2 88 7 7 . 1 4 46 . 9 5 
Gener i c  Coal  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 0 40 1 3 6 . 3 0 1 0 . 3 3 
S p r i n g e rv i l l e  80 3 0 . 44 0 . 0 0 0 9  0 . 0 45 6 0 . 2 2 7 . 9 5 
San Juan 1 2 2 0  9 . 75 0 . 0 0 85 0 . 2 6 3  1 3 3 6 . 88 34 . 2 8 
Mohave  835  0 . 7 3 0 . 0 0 24 0 . 487 96 . 1 1  7 1 . 0 6 
H u n t e r  8 3 8  0 . 66 0 . 0 0 1 5  0 . 2 2 2  9 2 . 9 3 2 7 . 6 5  
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Ta b l e  G . 1 4 ( C on t i n u e d )  

P r o p o s e d  

1 998 C h o l l a  - 1  0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 3 2 - 0 . 1 5 

C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r i ngerv i l l e  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 7 - 0 . 0 1  

San Juan 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Mohave 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro-F i r s t  

1 998 C h o l l a  - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  -0 . 3 2 - 0 . 1 5 

Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r i ngerv i l l e  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 7 - 0 . 0 1  

San  Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

P r e - r A P  

2 0 0 3  C h o l l a 8 5 3  2 . 1 2  0 . 0 0 47 0 . 94 7  2 7 5 . 4 3 1 2 5 . 8 2 

C oronado 4 3 0  0 . 5 3  0 . 0 0 1 2  0 . 29 7  79 . 5 5 48 . 4 2  

Gener i c  Coal  763 1 .  1 2  0 . 0 0 2 1  0 . 0 72  248 . 2 0 1 8 . 9 2 

S p r i ngerv i l l e  8 7 0  0 . 4 8 0 . 0 0 1 0  0 . 0 49 65 . 2 5 8 . 6 1  

San Juan 1 2 5 2  1 0 . 0 1  0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 

Mohave 84 1 0 . 7 3 0 . 0 0 24 0 . 49 0  96 . 8 0 7 1 . 5 7 

H u n t e r  887 0 . 7 0 0 . 0 0 1 6  0 . 2 3 5  98 . 3 7 2 9 . 27  

P ro p o s e d  

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gene r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Mohave 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

H u n t e r  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hyd ro-F i r s t  

2 0 0 3  C h o l l a 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o ronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coa l 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 3 3 0 . 0 3 
S p r i ngerv i l l e  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
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Ta b l e  G . 1 4  ( C on t i n u e d ) 

Assu red D e l i ve r y  

P r e - l A P  

1 99 3  Chol l a 685 1 . 7 0 0 . 0 0 3 8  0 . 76 1  2 2 1 . 1 9  1 0 1 . 04 

Coronado 4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 288 7 7 . 1 4  46 . 9 5 

Gen e r i c  Coal  86 0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3  

S p r i n g e r v i l l e 504  0 . 28 0 . 0 0 06  0 . 0 2 8  3 7 . 8 0 4 . 99 

San Juan  1 1 5 6 9 . 24 0 . 0 0 8 0  0 . 249 1 2 66 . 74 3 2 . 4 8  

Mohave 777  0 . 6 8 0 . 0 0 2 3  0 . 4 5 3  8 9 . 4 3  6 6 . 1 2  

H u n t e r  7 5 9  0 . 6 0  0 . 0 0 1 3 0 . 2 0 1  84 . 1 7  2 5 . 0 5 

Proposed  

1 99 3  Chol l a 0 0 . 0 0 0 . 0 0 0 0 0 . 0 0 0  0 . 0 0 0 . 0 0 

Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Gen e r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S p r i n g e rv i l l e - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5  - 0 . 0 2 

San J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Moh ave  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H u n t e r  -2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 2 - 0 . 07 

Hydro- F i r s t  

1 99 3  Chol l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . (1 0  

Coronado 0 0 . 0 0  0 . 0 0 0 0 0 . 0 0 0  0 . 0 0 0 . 0 0 

Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

S p r  i n g e r v  i l l  e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

S a n  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

Moh ave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

H u n t e r  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 2 2  0 . 06 

Pre-lAP  

1 998 Chol l a 796 1 .  98 0 . 0 0 44 0 . 8 84 2 5 7 . 0 3  1 1 7 . 4 1  

Coronado 4 1 7  0 . 5 2  0 . 0 0 1 1  0 . 288 7 7 . 1 4 46 . 95 

Gen e r i c  C o a l  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 04 0  1 3 6 . 3 0 1 0 . 3 9 

S p r i n g e rv i l l e  8 0 2  0 . 44 0 . 0 0 09  0 . 04 5  6 0 . 1 5  7 . 9 4 

San J u a n  1 2 1 9  9 . 74 0 . 0 0 85  0 . 2 6 3  1 3 3 5 . 78 34 . 2 5 

Mohave 824 0 . 7 2 0 . 0 0 24 0 . 4 80  94 . 84 7 0 . 1 2  

H u n t e r  8 3 3  0 . 66 0 . 0 0 1 5  0 . 2 2 1  9 2 . 3 8 2 7 . 4 9 
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Ta b l e G . 1 4 ( C o n t i nu e d ) 

Propo s e d  

1 998 Chol l a  1 0 . 0 0  0 . 0 0 0 0  0 . 0 0 1  0 . 3 2 0 . 1 5  
C oronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gene r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i ngerv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  O . O Cl 0 . 0 0 
San Juan 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Hydro- F i r s t  

1 998 Chol l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  Coal  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i n g e r v i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 1  0 . 0 3 

Pre- rAP 

2 0 0 3  C ho l l a  8 5 3  2 . 1 2  0 . 0 0 4 7  0 . 947 2 7 5 . 4 3 1 2 5 . 8 2 
Coronado 429  0 . 5 3 0 . 0 0 1 2  0 . 2 96 79 . 3 6 48 . 3 1  
Gener i c  Coal  7 6 1  1 .  1 2  0 . 0 0 2 1  0 . 0 7 2  247 . 5 5 1 8 . 8 7 
S p r i ngerv i l l e  870  0 . 48 0 . 0 0 1 0  0 . 0 49 65 . 2 5 8 . 6 1  
San Juan 1 2 5 2  1 0 . 0 1  0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Mohave 84 1 0 . 73 0 . 0 0 2 4  0 . 49 0  96 . 8 0 7 1 . 5 7 
Hunter  887  0 . 7 0 0 . 0 0 1 6  0 . 2 3 5  9 8 . 3 7 2 9 . 2 7 

Propo s e d  

2 0 0 3  Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
S p r  i n g e rv i 1 1  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
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Ta b l e  G . 1 4 ( C on t i n u e d ) 

Hydro-F i r s t  

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

San J u an 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Mohave 0 O .  D O  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  O .  D O  
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

I I  Cal c u l ated  u s i n g t h e  Market i n g L P  ( RP S E . P98 0 0 . D CW . l D U E l S . NDV8 7 . SASDUT - 3 - N DV- 8 7 )  f o r  

gene rat i on numbers  a n d  t h e  c o e f f i c i e n t s  p r o v i ded b y  W S U  t o  produce  a i r  qual i ty res u l t s 

( PG . P9 8 0 0 . MC E . LOTUSAQ . JA N 0 5 8 8 . RE PORT ) .  E n t r i e s  f o r  " P r e - l A P "  are p r o j e c t e d a c t u a l  val u e s  

f o r  a n n u a l  gen erat i on and  con t r i but i on s  t o  amb i en t  a i r  qual i t y l ev e l s ;  e n t r i e s  f o r  o t h e r  

a l l ocat i on op t i on s  a r e  d i f f e rences  f rom t h e  c o r r e s p on d i n g v a l u e s  f o r  t h e  Pre-lAP  

Al l oc at i on O p t i on .  1 988 data  are n o t  p r o v i de d  s i n c e  Max i mum l n t e r t i e  Capac i ty c ou l d  not  

be av a i l a b l e  unt i l  1 99 3 . 
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Ta b l e  G . 1 5  

E F F E C T S  O F  LONG -T ERM F I RM C O N TRACTS ON  A I R  QUAL I T Y  

I N  T H E  PAC I F I C  NORTHWE ST A S S UM I N G  TH E PRO P O S E D  FORMULA A L L OC A T I O N  1/ 

( M i c rog rams/C u b i c  Meter of A i r )  

A n n u a l  Ave rage C o n c e n t r at i o n 

Con t ract!  

l -H R  Max i mum 

C o n c e n t ra t i on s  

Year P l ant 

( l-lg /m3 ) 

E x i st i ng Con t racts  

1 988 Cen t r a l i a  

Boardman 

Col s t r i p  

B r i dger  

Va l my 

Federal Marke t i ng 

1 988 Cen t ra l i a  

Boardman 

Col s t r i p  

B r i dg e r  

Va l my 

As s u red Del i very 

1 988 C e n t r a l i a  

Boardman 

Col st r i p  

Br i dg e r  

Valmy 

E x i st i ng Contracts 

1 99 3  C e n t r a l i a  

Boardman 

C o l s t r i p  

B r i dger 

Va l my 

Generat i on S02 S04 TSP 0 3  S02 

( aMW ) ( l-lg /m3 ) ( l-lg/m3 ) ( l-lg /m3 ) ( l-lg/m3 ) ( l-lg/m3 ) 

447 

1 2  

8 1 3  

698 

1 3 6 

3 3  

6 

- 1 2  

1 8  

4 

54 

5 

- 1 0  

4 5  

4 

7 1 1 

69 

969 

986 

1 4 6 

E x i s t i ng I n t e r t i e  

2 . 5 5 

0 . 0 1  

0 . 3 6 

1 .  2 7  

o . 2 3 

0 . 1 9 

0 . 0 0 

- 0 . 0 1  

0 . 0 3  

0 . 0 1  

0 . 3 1  

o 
- 0 . 0 1  

0 . 0 8 

0 . 0 1  

0 . 0 0 6 1  

0 . 0 0 0 0  

0 . 0 0 0 8  

0 . 0 0 2 9  

0 . 0 0 0 7  

0 . 0 0 0 4  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 1  

0 . 0 0 0 0  

0 . 0 0 0 7  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 2  

0 . 0 0 0 0  

4 . 0 6 0 . 0 0 9 7  

0 . 0 4 0 . 0 0 0 1  

0 . 4 3  0 . 0 0 0 9  

1 .  7 9  

0 . 2 5 

0 . 0 0 4 1  

0 . 0 0 0 8  

0 . 049 

0 . 0 0 1  

0 . 0 76 

0 . 449 

0 . 0 0 8  

0 . 0 0 3  

0 . 0 0 0  

- 0 . 0 0 1  

0 . 0 1 2  

0 . 0 0 0  

0 . 0 0 6  

0 . 0 0 0  

- 0 . 0 0 1  

0 . 0 2 9  

0 . 0 0 0  

0 . 0 7 7  

0 . 0 04 

0 . 0 90  

0 . 6 3 4 

0 . 0 08  

G-7 1 

489 . 0 2 

3 . 3 9 

78 . 2 9 

1 44 . 1 4 

2 9 . 7 3  

3 6 . 1 0  

1 .  69 

- 1 . 1 5  

3 . 7 1  

0 . 87  

5 9 . 0 7 

1 . 4 1  

-0 . 96 

9 . 2 9 

0 . 87  

777 . 8 3 

1 9 . 49 

9 3 . 3 1  

2 0 3 . 6 1  

3 1 . 9 2  

8 . 0 0 

0 . 2 6 

2 1 . 06  

5 2 . 0 0 

0 . 78 

0 . 5 9 

0 . 1 3  

- 0 . 3 1  

1 .  3 4  

0 . 0 2 

0 . 9 7 

0 . 1 1  

- 0 . 2 6 

3 . 3 5 

0 . 0 2 

1 2 . 7 3 

1 .  48 

2 5 . 1 0 

7 3 . 46 

0 . 8 3 

TSP  



Ta b l e  G . 1 5  ( C ont i n ued ) 

Federal Market i ng 

1 99 3  Centra l i a  -4 - 0 . 0 2 -0 . 0 0 0 1  0 . 0 0 0  -4 . 37 - 0 . 1) 7  

Boa r dman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  O . Il O  

C o l s t r i p  3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 2 9 0 . 1l 7  

Br i dger - 3 0  - 0 . 0 5 - 0 . 0 0 0 1  - 0 . 0 1 9  -6 . 2 0  -2 . ;�4 

Va l my - 1  0 . 0 0  0 . 0 0 0 0 0 . 0 0 0  - 0 . 2 2 0 . 0 0 

Assured Del i very 

1 99 3  Centra l i a  - 7  - 0 . 0 4 - 0 . 0 0 0 1  0 . 0 0 0  - 7 . 6 5 - 0  . . : 3 

Boardman 1 8  0 . 0 1  0 . 0 0 0 0  0 . 0 0 1  5 . 0 9 0 . 3 9 

C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 9 - 0 . 0 3 

B r i dger  -64  - 0 . 1 1  -0 . 0 0 0 3  - 0 . 04 1  - 1 3 . 2 2  -4 . ?7 

Va l my 8 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  1 .  74 0 . 0 5 

E x i s t i ng Cont r acts 

1 998 Cen t ra l i a  7 3 4  4 . 1 9  0 . 0 1 0 0 0 . 0 8 0  8 0 3 . 0 0 1 3 . 1 4 

Boardman 98 0 . 0 6 0 . 0 0 0 2  0 . 0 0 5  2 7 . 68 2 . 1 1  

C o l s t r i p  945 0 . 4 2 0 . 0 0 0 9  0 . 0 88 9 1 . 0 0 24 . 4 8  

B r i dger  966 1 .  76 0 . 0 0 4 0  0 . 6 2 1  1 99 . 48 7 1 . 97 

Va l my 1 5 6 0 . 2 6 0 . 0 0 0 8  0 . 0 0 9  34 . 1 0  0 . 8 9  

Federal Market i ng 

1 998 Cen t ra l i a  - 5  - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 1  - 5 . 47 - 0 . 0 9 

Boardman 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 9 0 . 0 2 

C o l s t r i p  5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 48 0 . 1 2  

B r i dger - 3 8  - 0 . 0 7 - 0 . 0 0 0 1  - 0 . 0 2 4  - 7 . 85 - 2 . 8 3 

V a l my 2 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 44 0 . 0 1  

Assu red Del i very 

1 998 C e n t ra l i a  - 1 7  - 0 . 0 9 - 0 . 0 0 0 2  - 0 . 0 0 2  - 1 8 . 6 0 - 0 . 3 1 

Boardman 5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  1 . 42  0 . 1 0  

C o l st r i p  -6  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 57 - 0 . 1 6 

B r i d g e r  - 5 6  - 0 . 1 0  - 0 . 0 0 0 2  -0 . 0 3 6  - 1 1 . 5 7 -4 . 1 8 

V a l my 3 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 66 0 . 0 2 

E x i st i ng Contract s  

2 0 0 3  Centr a l i a  795  4 . 5 4 0 . 0 1 0 8 0 . 0 87  869 . 7 3 1 4 . 2 3 

Boa r dman 1 1 3  0 . 0 7 0 . 0 0 0 2  0 . 0 0 6  3 1 . 9 2 2 . 4 3 

Col s t r i p  945 0 . 4 2  0 . 0 0 0 9  0 . 0 88 9 1 . 0 0 24 . 4 8 

B r i dger  9 5 7  1 .  7 4  0 . 0 0 4 0  0 . 6 1 6  1 97 . 6 2 7 1 . 3 0 

V a l my 1 96 0 . 3 3 0 . 0 0 1 0  0 . 0 1 1 4 2 . 85 1 .  1 2  
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Ta b l e  G . 1 5  ( C o n t i n u e d )  

Federal  Market i ng 

2 0 0 3  Central i a  5 0 . 0 3 0 . 0 0 0 1  0 . 0 0 0  5 . 4 7  0 . 0 9 

Boardman -9 - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 2 . 54 - 0 . 1 9 

C o l s t r i p  5 0 . 0 0  0 . 0 0 0 0  0 . 0 0 1  0 . 48 0 . 1 2  

B r i dger 3 0 . 0 1 0 . 0 0 0 0  0 . 0 0 2  0 . 6 2 0 . 2 2 

Va l my - 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 66 - 0 . 0 2 

As s u r e d  Del i very 

2 0 0 3  Centr a l i a  - 1 6  - 0 . 0 9 - 0 . 0 0 0 2  - 0 . 0 0 2  - 1 7 . 5 0 - 0 . 29 

Boardma n - 2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 5 6 - 0 . 0 4 

C o l s t r i p  - 1 0  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 96 - 0 . 26 
B r i dger -9 - 0 . 0 2 -0 . 0 0 0 1  -0 . 0 0 6  - 1 . 8 6 - 0 . 6 7 
Va l my -5  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 1 . 1 0  - 0 . 0 3  

D C  Upgrade 

E x i s t i ng Con t ract s 

1 99 3  Central i a  743 4 . 25 0 . 0 1 0 1  0 . 0 8 1  8 1 2 . 84 1 3 . 3 0 

Boardman 7 0  0 . 04 0 . 0 0 0 1  0 . 0 0 4  1 9 . 77 1 .  S O  
C o l s t r i p  993  0 . 44 0 . 0 0 0 9  0 . 0 9 3  9 5 . 6 3 2 5 . 7 2 
B r i dger  1 0 0 5  1 .  8 3  0 . 0 0 4 2  0 . 646 2 0 7 . 5 3  74 . 87 
Va l my 1 46 0 . 2 5 0 . 0 0 0 8  0 . 0 0 8 3 1 . 9 2  0 . 8 3  

F edera l Marke t i ng 

1 99 3  C e n t ra l i a  - 3 8  - 0 . 2 2 - 0 . 0 0 0 5  -0 . 0 0 4 -4 1 . 5 7  - 0 . 68 
Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 

C o l s t r i p  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 0  - 0 . 0 3 
B r i dger 1 0 . 0 0  0 . 0 0 0 0  0 . 0 0 1  0 . 2 1  0 . 0 8 
Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

As su red D e l i v ery 

1 99 3  C e n t r a l i a  - 3 6  - 0 . 2 1  - 0 . 0 0 0 5  - 0 . 0 0 4 - 3 9 . 3 8 - 0 . 64 
Boardman 2 0  0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  5 . 65 0 . 4 3  
C o l s t r i p  - 3  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 2 9 - 0 . 0 8 
B r i dger 0 . 0 0  0 . 0 0 0 0  0 . 0 0 1  0 . 2 1  0 . 0 8 
Va l my 9 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  1 .  96 0 . 0 5 

E x i st i ng Contracts 

1 99 8  C e n t r a l i a  762 4 . 3 5 0 . 0 1 0 4 0 . 0 8 3  8 3 3 . 6 3  1 3 . 64 
Boardman 1 0 1  0 . 0 6 0 . 0 0 0 2  0 . 0 06  28 . 5 3  2 . 1 7  
C o l s t r i p  984 0 . 4 3  0 . 0 0 0 9  0 . 0 92 94 . 76 2 5 . 49 
B r i dger 984 1 .  79 0 . 0 0 4 1  0 . 6 3 3  2 0 3 . 2 0 7 3 . 3 1  
Va l my 1 5 8  0 . 2 7 0 . 0 0 0 8  0 . 0 0 9  34 . 54 0 . 9 0  



Ta b l e  G . 1 5 ( C ont i n u e d ) 

F e dera l Market i ng 

1 99 8  C e n t ra l i a  - 2 7  - 0 . 1 5 - 0 . 0 0 04 - 0 . 0 0 3  -29 . 54 - 0  48  
Boardman 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 28 a 0 2  
C o l  s t r i p  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 0  a 0 2  
B r i dger 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 2 0 0 , 0 7 
Va l my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 0 ,  0 1  

As sured Del i very 

1 998 C e n t r a l i a  - 1 6  - 0 . 0 9 - 0 . 0 0 0 3  - 0 . 0 0 2  - 1 7 . 5 1  - 0 , 29 
Boardman 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 5 7 0 , 0 4 
C o l s t r i p  -6 0 . 0 0  0 . 0 0 0 0  -0 . 0 0 1  - 0 . 5 8 - 0 , 1 6 
B r i dger - 7  - 0 . 0 1  0 . 0 0 0 0  -0 . 0 0 5  - 1 . 4 5 - 0 . 5 2 
Val my 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 2 o .  0 1  

E x i st i ng Contrac t s  

2 0 0 3  Centra l i a  8 5 0  4 . 86 o .  0 1 1 6  0 . 0 9 3  9 2 9 . 9 0  1 5 . 2 1 
Boardman 1 1 8 0 . 0 7 0 . 0 0 0 2  0 . 0 0 6  3 3 . 3 3  2 . 5 4 
C o l s t r i p  986 0 . 4 3  0 . 0 0 09  0 . 0 9 2  94 . 95 2 5 . 5 4 
B r i dger 999 1 .  82 0 . 0 042  0 . 64 3  2 0 6 . 2 9 74 . 4 3  
Va l my 1 97 0 . 3 3 0 . 0 0 1 0  O .  a l l 4 3 . 0 6 1 .  1 2  

Fede r a l  Market i ng 

2 0 0 3  Centra l i a  7 0 . 04 0 . 0 0 0 1  0 . 0 0 0  7 . 66 0 . 1 3  
Boa r dman - 1 0  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  -2 . 8 2 - 0 . 2 2 
Col s t r i p  4 O .  a 1 0 . 0 0 0 0  0 . 0 0 0  0 . 3 9 0 . 1 0  
B r i dger 6 O .  a 1 0 . 0 0 0 0 0 . 0 0 3  1 .  24  0 . 44 
Va l my a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Assured D e l i very 

2 0 0 3  C e n t r a l i a  - 1 6  - 0 . 0 9 - 0 . 0 0 0 3  - 0 . 0 0 2  - 1 7 . 5 0 - 0 . 28 
Boardman -6 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 1 . 69 - 0 . 1 3  
C o l s t r i p -5 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 48 - 0 . 1 3  
Br i dg e r  -5 - 0 . 0 1  - 0 . 0 0 0 1  - 0 . 0 04 - 1 . 0 3  - 0 . 38 
Va l my - 1  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 1  O .  0 0  

Max i mum Upgrade 

E x i st i ng Contract s  

1 99 3  C e n t r a l i a  7 2 5  4 . 1 4  0 . 0 0 99 0 . 0 7 9  79 3 . 1 5 1 2 . 98 
Boardman 7 2  0 . 04 0 . 0 0 0 1  0 . 004 2 0 . 34 1 .  55 
Col s t r i p  1 0 1 6  0 . 45 0 . 0 0 1 0  0 . 095  97 . 84 2 6 . 3 1 
B r i dger 1 0 1 7  1 . 85  0 . 0 0 4 2  0 . 654 2 1 0 . 0 1  7 5 . 77 
Val my 1 4 7  0 . 2 5 0 . 0 0 0 8  0 . 0 08 3 2 . 1 3 0 . 84 
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Ta b l e  G . 1 5 ( C on t i n u e d ) 

F e deral  Market i ng 

1 99 3  C e n t ra l i a  - 2 2  - 0 . 1 2  - 0 . 0 0 0 3  - 0 . 0 0 2  -24 . 0 7  - 0 . 4 0 
Boardman 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o l s t r i p  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 0  0 . 0 3 
B r i dg e r  - 2 0  - 0 . 0 4 - 0 . 0 0 0 1  - 0 . 0 1 3  -4 . 1 3 - 1 . 4 9 
Va l my 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Assu red Del  i very 

1 99 3  C e n t ra l i a  - 1 2 - 0 . 0 7 - 0 . 0 0 0 2  - 0 . 0 0 1  - 1 3 . 1 3  - 0 . 2 2 
Boardman 2 0  0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  5 . 6 5 0 . 4 3  
C o l s t r i p  -6  - 0 . 0 1  - 0 . 0 0 0 1  - 0 . 0 0 1  - 0 . 5 8 - 0 . 1 5  
Br i dger -65  - 0 . 1 2  - 0 . 0 0 0 2  - 0 . 0 4 2  - 1 3 . 4 2  -4 . 85 
Va l my 9 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  1 .  97  0 . 0 5 

E x i st i ng Contracts 

1 998 C e n t ra l i a  8 1 4  4 . 6 5 0 . 0 1 1 1  0 . 0 89 890 . 5 2 1 4 . 5 7 
Boardman 1 0 1  0 . 0 6 0 . 0 0 0 2  0 . 0 0 6  2 8 . 5 3 2 . 1 7  
C o l s t r i p  1 0 42  0 . 4 6  0 . 0 0 1 0  0 . 09 7  1 0 0 . 3 4 2 6 . 99 
B r i dg e r  1 04 7  1 .  9 0  0 . 0 044 0 . 6 7 3  2 1 6 . 2 1 78 . 0 0 
Va l my 1 5 8 0 . 2 7 0 . 0 0 0 8  0 . 0 0 9  3 4 . 54 0 . 9 0  

Federal Market i ng 

1 99 8  C e n t ra l i a  - 1 0  - 0 . 0 6 - 0 . 0 0 0 2  - 0 . 0 0 1  - 1 0 . 94 - 0 . 1 8 
Boardman 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 5 7 0 . 0 4 
C o l s t r i p  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 0 0 . 0 2 
B r i dger -4 0 . 0 0 - 0 . 0 0 0 1  - 0 . 0 0 2  -0 . 8 3 - 0 . 3 0 
Va l my 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 44 0 . 0 1 

As su red D e l i ve ry 

1 99 8  C e n t ra l i a  - 2 7  - 0 . 1 5 - 0 . 0 0 04 - 0 . 0 0 3  - 2 9 . 54 - 0 . 48 
Boardman 7 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  1 .  98 0 . 1 5  
C o l s t r i p  - 1 4  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 3 4 - 0 . 3 6 
B r i d ger - 1 4  - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 9  - 2 . 9 0 - 1 . 04 
Va l my 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 87 0 . 0 2 

E x i st i ng Contracts 

2 0 0 3  C e n t ra l i a  9 0 5  5 . 1 7 0 . 0 1 2 3 0 . 0 99 990 . 0 7 1 6 . 2 0 
Boardman 1 1 9 0 . 0 7 0 . 0 0 0 2  0 . 0 0 7  3 3 . 6 2 2 . 5 6  
C o l s t r i p  1 04 7  0 . 46 0 . 0 0 1 0  0 . 0 9 8  1 0 0 . 8 3 2 7 . 1 2 
B r i dger  1 0 6 5  1 .  9 4  0 . 0 044 0 . 685  2 1 9 . 9 2 79 . 34 
Va l my 2 0 5  0 . 3 5 0 . 0 0 1 1 0 . 0 1 2  44 . 8 1  1 .  1 7  



Ta b l e  G . 1 5  ( C ont i n ued ) 

Federal  Market i ng 

2 0 0 3  C en t r a l i a  5 0 . 0 3 0 . 0 0 0 1  0 . 0 0 0  5 . 4 7  0 . 09 

Boardman - 1 0  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 2 . 8 3  - 0 . t� 2  

C o l s t r i p  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 9 0 . 0 5 

B r i dger 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 4 2  0 . 1 5  

Va l my - 1 0 . 0 0 0 . 0 0 0 0 0 . 0 0 0  - 0 . 2 2 - 0 . 0 1  

A s s u red D e l i very 

2 0 0 3  Central i a  - 1 1 - 0 . 06 - 0 . 0 0 0 1  - 0 . 0 0 2  - 1 2 . 0 3 - 0 . 2 0 

Boardman -4 0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 1 3  - 0 . 0 9 

C o l st r i p  - 7  0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 68 - 0 . 1 8 

B r i dger - 1 5  - 0 . 0 3 0 . 0 0 0 0  - 0 . 0 1 0  - 3 . 1 0  - 1 . 1 2  

Va l my - 2  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 4 3 - 0 . 0 1  

1/ C a l c u l ated  u s i n g t h e  Market i ng L P  ( R P S E . P98 0 0 . D CW . I D U E I S . N DV8 7 . SASDUT - 3- NOV-8 7 )  a n d  SAM 

( R E SC OAL . A L L -29-0C T- 1 98 7 )  f o r  g en erat i on numb e r s  a n d  t h e  coef f i c i e n t s  p r o v i ded by WSU t o  

p r o d u c e  a i r  qu a l i ty re s u l t s  ( PG . P98 0 0 . MC E . LOTU SAQ . JAN 0 788 . RE POR T ) . A i r  q u a l i ty resu l t s  

for  Va l my r e p r e s e n t  e f f e c t s  f o r  t h e  wh o l e  p l ant . C o l s t r i p  r e s u l t s re p r e s e n t  o n l y  t h a t  

port i on s e rv i ng t h e  PNW.  1 988 data  are not  s h own when the D C  Upgr ade o r  M a x i mum U pg r ade 

are a s sumed s i n c e  t h ey are not  av a i l a b l e  f o r  t h a t  year . E n t r i e s  f o r  " E x i s t i n g  C o n t r ac t s "  

a r e  p r o j e c t e d  a c t u a l  v a l ues  f o r  a n n u a l  g en erat i on a n d  con t r i b u t i on s  t o  amb i e n t  a i r  

q u a l i ty l ev e l s ;  e n t r i e s  f o r  o t h e r  f i rm s a l es  c o n d i t i on s  a r e  d i f f er e n c e s  f rom t h e  

c o r r e s p on d i n g va l u e s  f o r  t h e  E x i s t i n g Contrac t s . 
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Tabl e G . 1 6 

E F FECTS  OF  L ON G - T E RM F I RM C O N TRACTS ON A I R  QUA L I TY IN CAL I FORN I A  

ASSUM I N G  T H E  PRO P O S E D  FORMULA AL L O CAT I O N  11 
( M i c rograms /C u b i c  Meter of A i r )  

Annual  Average C o n c e n t ra t i o n 

l -H R  Max i mum 

Contract/A i r  C o n c e n t rat i on s  
Year Bas i nt:P l a n t  Generat i on S0 2 S04 T S P  Ql S 0 2  T S P  

( aMW )  ( �g /m3 ) ( �g /m3 ) ( �g /m3 ) ( �g/m3 ) ( �g /m3 ) 
( �g /m3 ) 

E x i s t i ng I n te r t i e  

1 988 E x i s t i n g  Con t r a c t s  

San Franc i s co 572 0 . 0 7 0 . 0 7 5 2  0 . 086  4 . 34 

L o s  Ang el e s  2 1 7 2 0 . 4 1  0 . 268 1 0 . 5 24 1 0 . 3 0 
San  D i ego 3 1 8  0 . 1 9 0 . 1 3 7 0  0 . 1 88 5 . 0 3 
Central  Coa s t  

Mo s s  L an d i n g 399 0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  0 . 70 0 . 0 9 
Morro B ay 3 9 9  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 2 0 . 04 

S . E .  D e s e r t  

C o o l  wat e r  1 6 0 0 . 0 6 0 . 0 0 0 1  0 . 0 0 7  8 . 2 8 1 . 49  
El  Centro  1 6 0 1 .  2 8  0 . 0 0 0 4  0 . 1 04 7 . 2 9 0 . 5 9 

1 988 Federal  Market i n g 

San Franc i s co 1 9  0 . 0 1 0 . 0 0 24 0 . 0 0 3  0 . 1 4 

L o s  Ang e l e s  - 1 8  0 . 0 0 - 0 . 0 0 2 3  - 0 . 0 04 - 0 . 0 9 
San D i ego - 2  0 . 0 0 - 0 . 0 0 0 9  - 0 . 0 0 2  - 0 . 0 3 
Central  Coast  

Moss L an d i n g 1 6  0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 0 3 0 . 0 0 
Morro Bay 1 6  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 2 0 . 0 0 

S . E .  Desert  

Cool  wat e r  - 2  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 0  - 0 . 0 2 
El  Centro  -2  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 0 9 - 0 . 0 1  

1 988 A s s u r e d  D e l i ve ry 

San  Franc i s co 34  0 . 0 1  0 . 0 044 0 . 0 0 5  0 . 2 5 
Los Angel es  - 3 2  0 . 0 0 - 0 . 0 0 4 - 0 . 0 0 8 -0 . 1 5  
San  D i ego -4 0 . 0 0 - 0 . 0 0 1 7  - 0 . 0 0 3  - 0 . 0 6 
Central  C o a s t  

Moss Lan d i n g 2 7  0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 0 5 0 . 0 0 
Morro Bay 2 7  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 3 0 . 0 0 

S . E .  D e s e r t  

Cool  wa t e r  - 3  - 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 6 - 0 . 0 3 
E l  Cen t ro - 3  - 0 . 0 3  0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 1 4 - 0 . 0 1  
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Tabl e G . 1 6 ( C on t i nu e d ) 

1 99 3  E x i s t i n g C o n t r a c t s  

San Franc i s co 460 0 . 0 6 0 . 0604 0 . 069  3 . 49 
Los Ange l e s 2 2 4 3  0 . 4 3  0 . 2768 0 . 5 4 1  1 0 . 6 3 
San D i eg o  4 1 9  0 . 2 5 0 . 1 8 0 5  0 . 2 47 6 . 6 3 
C e n t r a l  C o a s t  

Mo s s  L a n d i n g 3 4 0  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 5 6 0 . 0 7  
Morro Bay 3 4 0  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 1 0 . 04 

S .  E .  D e s e r t  

C o o l  wa t e r  1 98 0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 5 0 1 . 89 
E l  C en t ro 1 98 1 .  4 3  0 . 0 0 0 4  0 . 1 1 6 8 . 1 6 0 . 66 

1 99 3  Federal  Mark e t i n g  

San Franc i s co 5 0 . 0 0 0 . 0 0 0 7  0 . 0 0 1  0 . 0 3 
Los  Angel e s  1 4  0 . 0 0 0 . 0 0 1 7  0 . 0 0 3  0 . 0 7 
San  D i eg o  1 0 . 0 0 0 . 0 0 0 4 0 . 0 0 1  0 . 0 1 
Cent ral  Coast  

Mo s s  L an d i n g 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 1l 0  
Morro B ay 3 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 1l 0  

S .  E .  D e s e r t  

C o o l wa t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 6 0 . 0 1  
E l  C e n t ro 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  0 . 0 4 0 . 0 1  

1 99 3  A s s u r e d  D e l i very 

San  F r a n c i s co 2 0 . 0 0 0 . 0 0 0 3  0 . 0 0 1  0 . 0 1 
L o s  Ange l e s 3 0 . 0 0 0 . 0 0 0 4 0 . 0 0 1  0 . 0 2 
San D i eg o  - 1  0 . 0 0 - 0 . 0 0 0 4  0 . 0 0 0  - 0 . 0 2 
C e n t r a l  C o a s t  

Mo s s  L an d i n g 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  O . Cl O  
Morro Bay 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
E l  C en t ro 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

1 998 E x i s t i n g C o n t r a c t s  

San F ranc i s co 5 6 0  0 . 0 7 0 . 0 7 3 6  0 . 084 4 . 24 
Los  Ang e l e s 3 0 9 3  0 . 5 9 0 . 3 8 1 7  0 . 746 1 4 . 66 
San D i eg o  5 4 6  0 . 3 2 0 . 2 3 5 2  0 . 3 2 2  8 . 6 3 
C en t ra l  C o a s t  

Mo s s  L a n d i ng 4 1 6  0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  0 . 7 1 0 . 0 9 
Morro Bay 4 1 6  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 6 0 . 04 

S . E .  D e s e r t  

C oo l water  257  0 . 0 9 0 . 0 0 0 2  0 . 0 1 2  1 3 . 64 2 . 46  
El  C en t ro 2 5 7  1 . 86 0 . 0 0 0 5  0 . 1 5 1  1 0 . 5 9 0 . 86 
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T a b l e G . 1 6 ( C o n t i n u e d )  

1 998 F ederal  Market i n g 

San  Franc i s c o  1 4  0 . 0 1 0 . 0 0 1 8  0 . 0 0 2  0 . 1 1  
L o s  Ange l e s 2 1  0 . 0 0 0 . 0 0 26 0 . 0 0 5  0 . 1 0  
San  D i eg o  2 0 . 0 0  0 . 0 0 09 0 . 0 0 1  0 . 04 
Central  C o a s t  

Mo s s  L an d i n g 1 0  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 2 0 . 0 0 
Morro B ay 1 0  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 

S .  E .  Desert  

Cool  wat e r  2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 0  0 . 0 2 
E l  Centro 2 0 . 0 1 0 . 0 0 0 0  0 . 0 0 1  0 . 0 8 0 . 0 1  

1 9 98 A s su red D e l i very 

San F ranc i s c o  - 1 6  0 . 0 0  - 0 . 0 0 2 1  -0 . 0 0 2  - 0 . 1 2 
L o s  Ang e l e s  - 2 7  - 0 . 0 1  - 0 . 0 0 3 3  - 0 . 0 0 6  - 0 . 1 2  
San  D i eg o  - 5  0 . 0 0 - 0 . 0 0 2 1  - 0 . 0 0 3  - 0 . 0 7  
Cent ral  C o a s t  

Mo s s  L an d i ng - 1 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 2  - 0 . 0 1  
Morro B ay - 1 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 1  0 . 0 0 

S . E .  D e s e r t  

Cool  wa t e r  -2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 1  - 0 . 0 2 
E l  Centro - 2  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 0 8 - 0 . 0 1 

2 0 0 3  E x i s t i n g C on t r a c t s  

San  Franc i s c o  1 2 1 4  0 . 1 6 0 . 1 5 95  0 . 1 8 3 9 . 2 0 
L o s  Angel e s  4449 0 . 85  0 . 549 1 1 . 0 7 3  2 1 . 0 9 
San  D i eg o  795  0 . 4 7  0 . 3 4 2 5  0 . 46 9  1 2 . 5 7 
C e n t r a l  C o a s t  

Mo s s  L an d i n g 890  0 . 0 6 0 . 0 0 0 2  0 . 0 0 3  1 .  5 2  0 . 1 9 
Morro B ay 8 9 0  0 . 0 4 0 . 0 0 0 1  0 . 0 0 1  0 . 77 0 . 0 9 

S .  E .  D e s e r t  

C o o l  wa t e r  3 6 9  0 . 1 3  0 . 0 0 0 3  0 . 0 1 7  1 9 . 5 8 3 . 5 3 
E l  Centro  369 2 . 6 7  0 . 0 0 0 8  0 . 2 1 7  1 5 . 2 1  1 .  2 3  

2 0 0 3  F e deral  Mark e t i n g 

San  F ranc i s c o  2 3  0 . 0 0 0 . 0 0 3 0  0 . 0 0 3  0 . 1 8 
L o s  Ange l e s  -4 -0 . 0 1  - 0 . 0 0 0 5 - 0 . 0 0 1  - 0 . 0 2 
San D i eg o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
C e n t r a l  C o a s t  

Mo s s  L an d i n g  1 6  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 2 0 . 0 0 
Morro Bay 1 6  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 0 

S . L  D e s e r t  

C o o l  wa t e r  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C en t r o  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
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Ta b l e  G . 1 6  ( C o n t i nu e d ) 

2 0 0 3  A s s u r e d  D e l i v ery 

San F ranc i s c o  2 0 . 0 0 0 . 0 0 0 3  0 . 0 0 0  0 . 0 2 
Los  An gel es  -40 -0 . 0 1 - 0 . 0 0 5 0  - 0 . 0 1 0  - 0 . 1 9 
San D i ego - 7  0 . 0 0 - 0 . 0 0 3 0  - 0 . 0 0 4  - 0 . 1 1  
C e n t r a l  C o a s t  

Mo s s  L an d i n g a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 o .  a 1 
Morro B ay a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  Des ert  

C o o l water  -3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 6 - 0 . 0 3 
E l  Centro - 3  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 1 3 - 0 . 0 1  

D C  Upgra de 

1 99 3  Ex i s t i n g  Contrac t s  

San F ranc i s co 445 0 . 0 6 0 . 0585  0 . 0 6 7  3 . 3 7 
L o s  An g e l es  2 1 82 0 . 4 1  0 . 2 6 9 3  0 . 5 26 1 0 . 3 4 
San D i eg o  4 0 8  0 . 24 0 . 1 758 0 . 2 4 1  6 . 4 5  
C e n t r a l  C o a s t  

Mos s L an d i n g 3 2 9  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 54 0 . 0 7 
Morro B ay 3 2 9  0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 0 0 . 0 3 

S .  E .  D e s er t  

C o o l w a t e r  1 9 3  0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 24 1 . 84 
El C e n t r o  1 9 3 1 .  4 0  0 . 0 0 0 4  0 . 1 1 3 7 . 95 0 . 6 5 

1 99 3  Federal  Ma rket i n g  

S a n  F r anc i s c o  3 0 . 0 0 0 . 0 0 0 4  0 . 0 0 0  0 . 0 3 
Los  Ang e l e s  6 0 . 0 1 0 . 0 0 0 7  0 . 0 0 2  0 . 0 3 
San D i eg o  - 1  0 . 0 0 - 0 . 0 0 0 5  - 0 . 0 0 1  - 0 . 0 1 
Central  Coast  

Mos s L an d i n g  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 o . n o 
Morro Bay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S . E .  D e s e r t  

C o o l w a t e r  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 O . D O 
E l  C e n t r o  a 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 99 3  A s s u r e d  D e l i v e ry 

San F ranc i s co 0 . 0 0 0 . 0 0 0 1  0 . 0 0 0  o .  0 1  
L o s  Angel e s  - 1  0 . 0 0 - 0 . 0 0 0 1  0 . 0 0 0  0 . 0 0 
San  D i ego -2 0 . 0 0 - 0 . 0 0 0 9  - 0 . 0 0 1  - 0 . 0 3 
C e n t r a l  C oa s t  

Mos s L a n d i n g 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Morro Bay 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S . E .  Deser t  

C oo l wa t e r  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 5 0 . 0 0 
E l  C en t ro - 1  - 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  - 0 . 04 - 0 . 0 1  

G-80 



Ta b l e  G . 1 6  ( C o n t i n u e d ) 

1 998 E x i s t i n g Con t r a c t s  

S a n  F ranc i s c o  5 1 7  0 . 0 7 0 . 0679  0 . 0 78 3 . 9 2 
L o s  Ange l e s  29 1 3  0 . 5 5 0 . 3 5 9 5  0 . 7 0 3  1 3 . 8 1  
San D i ego 5 1 4  0 . 3 0 0 . 2 2 1 4  0 . 3 0 3  8 . 1 3  
Central  Coast  

Mo s s  L an d i n g 384  0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  0 . 65  0 . 0 8 
Mo rro Bay 384 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  0 . 3 3 0 . 0 4  

S .  E .  Desert  

Cool  wat e r  242  0 . 0 9 0 . 0 0 0 2  o .  a 1 1  1 2 . 84 2 . 3 1  
E 1  C e n t r o  242  1 .  75 0 . 0 0 0 5  0 . 1 4 2 9 . 9 7 0 . 8 1  

1 998 Federal Marke t i n g 

San F ranc i s c o  1 8  O .  0 0  0 . 0 0 24 0 . 0 0 3  0 . 1 3  
L o s  Angel e s  4 0  o .  a 1 0 . 0 0 49 0 . 0 0 9  0 . 1 9 
San D i ego 6 o .  a 1 0 . 0 0 2 6  0 . 0 04 0 . 0 9 
C e n t r a l  C o a s t  

Mo s s  Lan d i n g 1 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 3  0 . 0 0 
Mo rro  B ay 1 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  o .  a 1 0 . 0 0 

S .  E .  D e s e r t  

Coo 1 water  4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 2 1 0 . 0 4 
E l  C e n t r o  4 0 . 0 3 0 . 0 0 0 0  0 . 0 0 2  0 . 1 7 o .  a 1 

1 998 A s s u r e d  D e l i very 

San F ranc i sc o  - 1 4  0 . 0 0  - 0 . 0 0 1 8  - 0 . 0 0 2  - 0 . 1 1  
L o s  An g e l e s  - 1 6  0 . 0 0 - 0 . 0 0 2 0  -0 . 0 0 4  -0 . 0 8 
San D i ego - 3  0 . 0 0 - 0 . 0 0 1 3  - 0 . 0 0 2  -0 . 0 5 
C e n t ra l  C o a s t  

Mo s s  Lan d i ng - 1 1 -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  -0 . 0 1  0 . 0 0 
Mo rro  B ay - 1 1 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 1  0 . 0 0 

S .  E .  D e s e r t  

Coo 1 water  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 0 5 - 0 . 0 1  
E l  C e n t r o  - 1  - 0 . 0 1  0 . 0 0 0 0  o .  0 0 0  - 0 . 0 4 O .  0 0  

2 0 0 3  E x i s t i ng  C o n t r a c t s  

San F ranc i s co 1 1 7 2  0 . 1 5  0 . 1 5 4 0  0 . 1 77 8 . 88 
L o s  Ang e l e s  4 2 7 6  0 . 8 1  0 . 5 2 77 1 .  0 3 1  20 . 2 7 
San  D i eg o  764 0 . 4 5  0 . 3 2 9 1  0 . 4 5 1  1 2 . 0 8 
C e n t r a l  C o a s t  

Mo s s  L an d i ng 8 5 9  0 . 0 6 0 . 0 0 0 1  0 . 0 0 3  1 .  46 0 . 1 8 
Morro B ay 8 5 9  0 . 0 4 0 . 0 0 0 1  O .  0 0  1 0 . 74 0 . 0 8 

S .  E .  Desert  

C oo l wa t e r  3 5 5  0 . 1 3  0 . 0 0 0 3  0 . 0 1 6  1 8 . 8 3 3 . 3 9 
E l  C e n t r o  3 5 5  2 . 5 7 0 . 0 0 0 7  0 . 2 0 8  1 4 . 6 3 1 .  1 9  



Ta b l e  G . 1 6  ( C on t i n u e d ) 

2 0 0 3  Federal  Market i n g 

San  F ranc i sc o  2 4  0 . 0 1 0 . 0 0 3 1  0 . 0 0 3  0 . 1 8 
L o s  Ange l e s 0 . 0 0 0 . 0 0 0 1  0 . 0 0 1  0 . 0 1 
San  D i eg o  0 . 0 0 0 . 0 0 0 5  0 . 0 0 0  0 . 0 2 
C e n t r a l  C o a s t  

Mo s s  La n d i n g  1 7  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 3 0 . 0 0 
Morro Bay 1 7  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1  0 . 0 1  

S .  E .  Desert  

Cool  wa t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

2 0 0 3  A s s u r e d  D e l i very 

San Franc i s c o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 
L o s  Ange l e s  -46 - 0 . 0 1  - 0 . 0 0 5 7  - 0 . 0 1 1 - 0 . 2 2 
San  D i eg o  - 8  0 . 0 0 - 0 . 0 0 34 - 0 . 0 0 5  - 0 . 1 2 
Central  C o a s t  

Moss  Lan d i n g - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 ., 0 0  
Mo rro Bay - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 ,, 0 0 

S . E .  D e s e r t  

Cool  wa t e r  - 4  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 2 1  - 0 , 0 4  
E l  C en t ro -4 - 0 . 0 3 0 . 0 0 0 0  - 0 . 0 0 2  -0 . 1 6 - 0 , 0 2  

Ma x i mum Upgrade  

1 99 3  E x i s t i n g Cont rac t s  

San  F ranc i s c o  4 0 1  0 . 0 5 0 . 0 5 2 7  0 . 06 0  3 . 04 
L o s  Angel e s  2 1 74 0 . 4 1  0 . 26 8 3  0 . 5 2 4  1 0 . 3 1 
San  D i eg o  4 0 6  0 . 24 0 . 1 749 0 . 24 0  6 . 4 2  
C e n t r a l  C o a s t  

Mo s s  L an d i n g 297  0 . 0 2 0 . 0 0 0 0  0 . 0 0 1  0 . 4 9 0 . 0 6 
Morro Bay 297 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 2 7 0 . 0 3 

S .  E .  D e s e r t  

Cool  wa t e r  1 9 2 0 . 0 7 0 . 0 0 0 2  0 . 0 0 9  1 0 . 1 9 1 .  84 
E l  C e n t r o  1 9 2 1 .  3 9  0 . 0 0 0 4  0 . 1 1 3  7 . 9 1  0 . 64 

1 99 3  Federal  Mark e t i n g 

San  Fran c i s c o  7 0 . 0 0 0 . 0 0 0 9  0 . 0 0 1  0 . 0 5 
L o s  Angel e s  1 6  0 . 0 1 0 . 0 0 2 0  0 . 0 0 4  0 . 0 7 
San  D i ego 0 . 0 0 0 . 0 0 0 4  0 . 0 0 0  0 . 0 2 
Cent ral  C o a s t  

M o s s  Lan d i n g  4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0 . 0 0 
Morro B ay 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l water  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 5 0 . 0 0 
E l  Centro  0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  0 . 04 0 . 0 1  



T a b l e  G . 1 6 ( C on t i n u e d ) 

1 99 3  A s s u r e d  D e l i ve ry 

San F ranc i s c o  3 0 . 0 0 0 . 0 0 04 0 . 0 0 1  0 . 0 2  
L o s  A n ge l es 4 0 . 0 0 0 . 0 0 0 5  0 . 0 0 1  0 . 0 2 
San D i eg o  - 1  0 . 0 0 - 0 . 0 0 0 4  - 0 . 0 0 1  - 0 . 0 2 
C e n t r a l  Coa s t  

Mo s s  L an d i n g 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Morro Bay 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

Cool  wat e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
E l  C e n t r o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

1 998 E x i s t i n g C o n t r a c t s  

San F r a n c i s c o  4 1 5  0 . 0 5 0 . 0 5 4 5  0 . 0 6 3  3 . 1 5 
L o s  A n g e l e s  2 9 1 9  0 . 5 5 0 . 3 6 0 2  0 . 7 0 4  1 3 . 84 
San D i eg o  5 1 5  0 . 3 1 0 . 2 2 1 9  0 . 3 0 4  8 . 1 4 
C e n t r a l  C o a s t  

Mo s s  Lan d i n g  3 0 8  0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  0 . 5 2 0 . 0 6 
Morro Bay 3 0 8  0 . 0 1  0 . 0 0 0 0 0 . 0 0 0  0 . 2 7 0 . 0 3 

S .  E .  D e s e r t  

C o o l wa t e r  24 3 0 . 0 9  0 . 0 0 0 2 0 . 0 1 1 1 2 . 89 2 . 3 2 
E l  C e n t r o  2 4 3  1 .  76  0 . 0 0 0 5  0 . 1 4 3  1 0 . 0 1  0 . 8 1  

1 998 Federal  Market i n g  

San F r a n c i s c o  6 0 . 0 1  0 . 0 0 0 8  0 . 0 0 0  0 . 04 
Los  A n g e l e s  1 2  0 . 0 1  0 . 0 0 1 5  0 . 0 0 3  0 . 0 6 
San  D i eg o  1 0 . 0 0 0 . 0 0 0 4  0 . 0 0 0  0 . 0 2 
C e n t r a l  C o a s t  

Mo s s  L an d i ng 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 1 0 . 0 0 
Morro Bay 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S .  E .  D e s e r t  

C o o l wa t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 6 0 . 0 1  
E l  C e n t ro 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 5 0 . 0 1  

1 998 A s s u r e d  D e l i ve ry 

San F r a n c i s c o  - 1 9  0 . 0 0 - 0 . 0 0 2 5 - 0 . 0 0 3  - 0 . 1 5 
L o s  Ange l e s - 3 0  0 . 0 0 - 0 . 0 0 3 7  - 0 . 0 0 7  - 0 . 1 4 
San  D i eg o  - 5  - 0 . 0 1  - 0 . 0 0 2 2  - 0 . 0 0 3  - 0 . 0 8 
C e n t r a l  Coas t 

Mo s s  L a n d i n g  - 1 5  0 . 0 0 - 0 . 0 0 0 1  0 . 0 0 0  - 0 . 0 2 0 . 0 0 
Morro B ay - 1 5  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 2 0 . 0 0 

S .  E .  D e s e r t  

Cool  wat er - 3  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 6 - 0 . 0 3 
E l  C e n t r o  - 3  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 1 2  - 0 . 0 1  

G,- 8 1  



2 0 0 3  E x i s t i n g c o n t rac t s  

S a n  Franc i s c o  

L o s  Ang e l e s 

San D i eg o  

C e n t r a l  C o a s t  

Mo s s  L an d i n g 

Morro Bay 

S . E .  Desert  

C o o l  wa t e r  

E l  C en t ro 

2 0 0 3  Federal  Ma rket i n g  

San  Franc i s c o  

L o s  Angel es  

San  D i ego 

Cen t r a l  C o a s t  

Mo s s  L a n d i n g 

Morro Bay 

S . E .  D e s e r t  

C o o l  wa t e r  

E l  C en t ro 

2 0 0 3 A s s u re d  D e l i ve ry 

San F r anc i s c o  

L o s  Angel e s  

S a n  D i ego  

Cent ral  Coast  

M o s s  L an d i n g 

Morro  Bay 

S . E .  D e s e r t  

C o o l  wat e r  

E l  Cen t r o 

1 04 3  

4 2 4 5  

7 5 9  

7 6 4  

764 

3 5 2  

3 5 2  

2 6  

o 
o 

1 9  

1 9  

o 
o 

- 1 6  

- 6 0  

- 1 1 

- 1 2  

- 1 2  

- 5  

- 5  

T a b l e  G . 1 6  ( C o n t i n u e d )  

0 . 1 4 

0 . 8 1  

0 . 4 5 

0 . 1 3 7 0  

0 . 5 2 3 9  

0 . 3 2 7 0  

0 . 1 5 7 

1 . 0 2 4  

0 . 448 

0 . 0 5 0 . 0 0 0 1  0 . 0 0 3  

0 . 0 3 0 . 0 0 0 1  0 . 0 0 1  

0 . 1 3  0 . 0 0 0 3  0 . 0 1 6  

2 . 5 5 0 . 0 0 0 7  0 . 2 0 7  

0 . 0 0 0 . 0 0 3 5  

0 . 0 0 0 . 0 0 0 0  

0 . 0 0 0 . 0 0 0 0  

0 . 0 0 0 . 0 0 0 0  

0 . 0 1  0 . 0 0 0 0  

0 . 0 0  0 . 0 0 0 0  

0 . 0 0 0 . 0 0 0 0  

0 . 0 04 

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

- 0 . 0 1 - 0 . 0 0 2 1 - 0 . 0 0 2  

- 0 . 0 1  - 0 . 0 0 7 4  - 0 . 0 1 5  

- 0 . 0 1  - 0 . 0 0 48 - 0 . 0 0 7  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

- 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  

- 0 . 04 0 . 0 0 0 0  - 0 . 0 0 3  

7 . 9 0  

2 0 . 1 2  

1 2 . 0 0 

0 . 2 0  

0 . 0 0 

0 . 0 0 

- 0 . 1 2  

- 0 . 2 8 

- 0 . 1 7 

1 .  3 0  

0 . 66 

1 8 . 68 

1 4 . 5 1  

0 . 0 3 

0 . 0 1 

0 . 0 0 

0 . 0 0 

0 . 1 6 

0 . 0 7  

3 . 3 6 

1 .  1 8  

0 . 0 0 

0 . 0 1  

0 . 0 0 

0 . 0 0 

- 0 . 0 2 0 . 0 0 

- 0 . 0 1  0 . 0 0 

- 0 . 2 7 -0 . C 4 
- 0 . 2 1  - 0 . 0 2 

II C a l c u l a t e d  u s i n g t h e  Ma rk e t i n g LP ( R P S E . P98 0 0 . DCW . I D U E I S . NOV8 7 . SASOU T - 3 -NOV-87 ) f o r  

g e n e rat i on numbers  a n d  t h e  c o e f f i c i e n t s  prov i de d  b y  WSU t o  p roduce a i r  qual i ty res u l t s  

( PG . P98 0 0 . MC E . LOTUSAQ . D E C I 6 87 . R E POR T ) . 1 988 d a t a  are  n o t  s h own wh e n  t h e  DC Upg rade o r  

Max i mum U p g r a d e  are  a s s ume d s i n c e  t h ey a r e  n o t  a v a i l a b l e  f o r  t h a t  yea r . E n t r i e s f o r  

" E x i s t i n g C o n t r ac t s "  are  p r o j e c t e d  a c t u a l  v a l ues  f o r  a n n u a l  g e n e r a t i o n a n d  c o n t r i bu t i on s  

t o  amb i en t  a i r  qual i ty l ev e l s ;  en t r i e s f o r  o t h e r  f i rm s a l e s  co n d i t i on s  a r e  d i f f e r e n c e s  

f rom c o r r e s p o n d i n g v a l u e s  f o r  t h e  E x i s t i n g C o n t ra c t s . 

G-84 



Tabl e G . 1 7  

E F F EC T S  OF  L ON G-TERM F I RM CON TRACTS ON A I R  QUAL ITY  I N  T H E  

IN LAND SOUTHWE S T  ASSUM I N G T H E  P R O P O S E D  FORMULA A L L O C A T I O N  1/ 

( M i c r o g rams/C u b i c  Meter of A i r )  

A n n u a l  Average C o n c e n t ra t i on 

C o n t r a c t /  

P l an t  

l -H R  Max i mum 

Concen t ra t i on s  

S02 TSP Gen e ra t i on 

( aMW )  

S02 

( l-lg/m3 ) 

S04 

( l-lg/m3 ) 

T S P  

( l-lg/m3 ) 

03  

( l-lg/m3 ) ( l-lg /m3 ) 

( l-lg /m3 ) 

E x i s t i n g C on t r a c t s  

1 988 C ho l l a 

Coronado 

Gener i c  Coal  

Spr i ngerv  i l l  e 

San Juan  

Moh ave 

H u n t e r  

Federal  Market i n g 

1 988 C ho l l  a 

Coronado 

Gener i c  Coal  

Spr i ng e rv i l l e  

San Juan  

Moh ave 

H u n t e r  

A s s u re d  D e l i ve ry 

1 988 C h o l l a  

Coron a do 

Gener i c  Coal  

Spr  i n gerv  i 1 1  e 

San Juan  

Mohave 

H u n t e r  

E x i s t i n g C o n t rac t s  

1 99 3  C h o l l a 

Coronado  

Gener i c  Coal  

Spr i n ge rv i l l e  

San  Juan  

Mohave 

H u n t e r  

6 9 2  

278  

30  

2 5 8  

1 1 69 

7 3 0  

666 

- 1 3 

o 
o 

-5 

-2  

- 2 3  

- 1  

- 1 8  

o 
o 

-9 

-5  

- 2 9  

- 1  

7 2 0  

4 1 7  

86 

5 2 5  

1 1 8 5  

8 0 6  

768 

E x i s t i ng I n t e r t i e  

1 . 7 2  

0 . 3 4 

0 . 0 4 

0 . 1 4 

9 . 3 4 

0 . 64 

0 . 5 3  

- 0 . 0 3 

0 . 0 0 

0 . 0 0 

0 . 0 0  

- 0 . 0 1  

- 0 . 0 2 

0 . 0 0  

- 0 . 0 4 

0 . 0 0 

0 . 0 0  

0 . 0 0 

- 0 . 0 4 

-0 . 0 3 

0 . 0 0  

1 .  79 

0 . 5 2 

0 . 1 3  

0 . 2 9 

9 . 4 7  

0 . 7 0 

0 . 6 1  

0 . 0 0 3 8  

0 . 0 0 0 8  

0 . 0 0 0 1  

0 . 0 0 0 3  

0 . 0 0 8 1  

0 . 0 0 2 1  

0 . 0 0 1 2  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

-0 . 0 0 0 1  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

0 . 0 0 0 0  

-0 . 0 0 0 1  

0 . 0 0 0 0  

0 . 0 0 4 0  

0 . 0 0 1 1  

0 . 0 0 0 2  

0 . 0 0 0 6 

0 . 0 0 82 

0 . 0 0 2 3  

0 . 0 0 1 4  

G-85 

0 . 768 

0 . 1 9 2 

0 . 0 0 3  

0 . 0 1 4  

0 . 2 5 2  

0 . 4 25  

0 . 1 77 

-0 . 0 1 4  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

-0 . 0 0 1  

-0 . 0 1 3  

-0 . 0 0 1  

-0 . 0 2 0  

0 . 0 0 0  

0 . 0 0 0  

0 . 0 0 0  

-0 . 0 0 1  

-0 . 0 1 6  

-0 . 0 0 1  

0 . 8 0 0  

2 2 3 . 4 5 

5 1 . 4 3  

9 . 76 

1 9 . 3 5 

1 2 8 0 . 99 

84 . 0 2 

7 3 . 8 6 

-4 . 2 0 

0 . 0 0  

0 . 0 0 

-0 . 3 8 

-2 . 1 9 

- 2 . 64 

-0 . 1 1  

-5 . 8 2 

0 . 0 0 

0 . 0 0  

- 0 . 68 

-5 . 4 8 

- 3 . 3 3 

- 0 . 1 1  

2 3 2 . 49 

0 . 2 88 7 7 . 1 4 

0 . 0 0 8  2 7 . 98 

0 . 0 2 9  3 9 . 3 7 

0 . 2 5 5  1 2 98 . 5 2 

0 . 4 7 0  9 2 . 77 

0 . 2 04 85 . 1 7 

1 0 2 . 0 7 

3 1 . 3 0 

0 . 74 

2 . 5 5 

3 2 . 8 5 

6 2 . 1 2 

2 1 . 98 

- 1 . 9 2  

0 . 0 0 

0 . 0 0 

-0 . 0 5 

-0 . 0 6 

- 1 . 9 5 

-0 . 0 4 

- 2 . 66 

0 . 0 0  

0 . 0 0 

- 0 . 0 8 

-0 . 1 4 

- 2 . 4 6 

- 0 . 0 4 

1 0 6 . 2 0 

46 . 9 5 

2 . 1 3  

5 . 2 0 

3 3 . 3 0 

68 . 5 9 

2 5 . 3 4 



Tabl e G . 1 7  ( C o n t i n ued ) 

F edera l Market i n g 

1 99 3  Chol l a  -4 - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 5  - 1 . 29 - 0 . 5 9 
C o ro n a d o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gen e r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Spr i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  
S a n  Juan  3 0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  3 . 2 9 0 . 0 8 
Mohave  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  1 4  0 . 0 1  0 . 0 0 0 0  0 . 0 0 3  1 .  5 5  0 . 4 7  

A s s u r e d  Del i ve ry 

1 99 3  C h o l l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
C o ronado  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gen e r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr i n g e r v i l l e  3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 2 3 0 . 0 3 
San J u an 3 0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  3 . 2 9 0 . 08 
Mohave  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  1 4  0 . 0 1 0 . 0 0 0 0  0 . 0 0 3  1 .  5 5  0 . 4 7  

E x i s t i n g C o n t r a c t s  

1 998 C h o l l a 8 0 7  2 . 0 1  0 . 0 04 5  0 . 896 2 6 0 . 58 1 1 9 . 0 3 
C o ro n a d o  4 1 7  0 . 5 2 0 . 0 0 1 1  0 . 288 7 7 . 1 4 46 . 95 
Gener i c  Coal  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 0 4 0  1 3 6 . 3 0 1 0 . 3 9 
S p r i n g e rv i l l e  8 1 6  0 . 4 5  0 . 0 0 0 9  0 . 046 6 1 . 2 0  8 . 0 8 
San  Juan  1 2 1 8  9 . 7 3 0 . 0 0 8 5  0 . 2 62 1 3 34 . 68 34 . 2 3 
Mohave 8 1 8  0 . 7 1  0 . 0 0 2 4  0 . 47 7  94 . 1 5 69 . 5 1 
H u n t e r  8 6 5  0 . 68 0 . 0 0 1 5  0 . 2 2 9  95 . 9 3 28 . 54 

F e d e r a l  Mark e t i n g  

1 998 Chol l a - 1  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 3 2 - 0 . 1 5 
C o r o n a do 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
S p r i n g e rv i l l e  -2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5 - 0 . 0 2  
San  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Mohave 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 3 5 O .  :16 
H u n t er 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0  

A s s u r e d  Del i ve ry 

1 998 C h o l l a  -4 - 0 . 0 1  - 0 . 0 0 0 1  - 0 . 0 04 - 1 . 2 9  - 0 . S9 
C o r o n a d o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gene r i c  C o a l  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr i n g e r v i l l e  -2  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  -0 . 1 5 - 0 . 0 2 
San  Juan  -2  -0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 2 . 1 9 -0 . 06 
Mohave -5 0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 3  - 0 . 57 - 0 . 4 2 
Hunter  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  



T a b l e G . 1 7  ( C o n t i n u e d ) 

E x i s t i n g C o n t r a c t s  

2 0 0 3  C h o l l a  8 5 3  2 . 1 2  0 . 0 04 7  0 . 94 7  275 . 4 3 1 2 5 . 8 2  
C o r o n a d o  4 4 1  0 . 5 5 0 . 0 0 1 2  0 . 3 0 4  8 1 . 5 8 49 . 6 6 
Gener i c  C o a l  794 1 .  1 6  0 . 0 0 2 2  0 . 075  2 5 8 . 29 1 9 . 6 9 
S p r i n g e rv i l l e  872  0 . 48  0 . 0 0 1 0  0 . 0 49 65 . 40 8 . 6 3  
S a n  J u an 1 2 5 2  1 0 . 0 1  0 . 0 08 7  0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Mohave 84 1 0 . 7 3 0 . 0 0 24 0 . 4 9 0  96 . 8 0 7 1 . 5 7 
H u n t e r  8 9 3  0 . 7 1  0 . 0 0 1 6  0 . 2 3 7  99 . 0 3 2 9 . 4 7 

Federal  Market i n g 

2 0 0 3  Chol l a 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado  - 1  - 0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 8 - 0 . 1 2  
Gen e r i c  C o a l  - 6  0 . 0 0  0 . 0 0 0 0  -0 . 0 0 1  - 1 . 9 5 - 0 . 1 5  
S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

A s s u r e d  Del i ve ry 

2 0 0 3  Chol l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado  -4  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 2  - 0 . 74 - 0 . 4 5 
Gen e r i c  C o a l  - 6  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 95  - 0 . 1 5  
S p r i n g e rv i l l e  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
San  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
H u n t e r  - 1  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 1  - 0 . 0 3 

DC Upgrade 

E x i s t i n g  C o n t r a c t s  

1 99 3  C h o l l a  7 0 9  1 .  7 6  0 . 0 0 3 9  0 . 787 2 2 8 . 94 1 0 4 . 5 8 
C o ro n a d o  4 1 7  0 . 5 2 0 . 0 0 1 1  0 . 288 7 7 . 1 4 46 . 9 5 
Gen e r i c  C o a l  8 6  0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 98 2 . 1 3  
S p r i n g e rv i l l e  5 0 7  0 . 2 8  0 . 0 0 0 6  0 . 0 28 3 8 . 0 2 5 . 0 2 
San J u a n  1 1 7 3 9 . 3 7 0 . 0 0 8 2  0 . 2 5 3  1 2 85 . 3 7 3 2 . 96 
Mohave 8 0 4  0 . 7 0 0 . 0 0 2 3  0 . 469 9 2 . 54 68 . 4 2 
H u n t e r  7 6 7  0 . 6 1  0 . 0 0 1 3  0 . 2 0 3  85 . 0 6 2 5 . 3 1  

Federa l Mark e t i ng 

1 99 3  Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gen e r i c  C o a l  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr  i n g e r v  i 1 1  e 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
S a n  J u a n  3 0 . 0 3 0 . 0 0 0 0  0 . 0 0 0  3 . 2 9 0 . 0 9 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Hun t er 5 0 . 0 0  0 . 0 0 0 1  0 . 0 0 2  0 . 5 5 0 . 1 7 

G-87 



T ab l e  G . 1 7  ( C ont i n ued ) 

A s s u re d  D e l i v e ry 

1 9 9 3  C h o l l a 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i nger v i l l e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San  J u a n  3 0 . 0 3 0 . 0 0 0 0  0 . 0 0 0  3 . 2 9 0 . 0 9 
Mo h a v e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
H u n t e r  - 6  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 67 - 0  . ;� O 

E x i s t i n g C o n t r a c t s  

1 9 98 C h o l l a  804 2 . 0 0 0 . 0 044 0 . 89 3  2 5 9 . 6 1  1 1 8 . S 9 
C o ronado 4 1 7  0 . 5 2  0 . 0 0 1 1 0 . 288 7 7 . 1 4 46 . 95 
Gen er i c  Coal  4 1 9  0 . 6 1  0 . 0 0 1 2  0 . 04 0  1 3 6 . 3 0 1 0 . 39 
S p r i n g e rv i l l e  8 1 3  0 . 45 0 . 0 0 0 9  0 . 046 6 0 . 97 8 . 0 5 
San J u a n  1 2 2 5  9 . 79 0 . 0 0 8 5  0 . 2 64 1 34 2 . 3 5 3 4 . " 2 
Moh ave 836 0 . 7 3 0 . 0 0 24 0 . 48 7  96 . 2 2 7 1 . 1 4 
H u n t e r  858  0 . 6 8 0 . 0 0 1 5  0 . 2 2 8  9 5 . 1 5 28 . 3 1 

F e d e r a l  Mark e t i n g 

1 998 C h o l l a 1 0 . 0 0 0 . 0 0 0 1  0 . 0 0 1  0 . 3 2 0 . 1 5 
C o ronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gen er i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 O .  C O  
Spr i ngerv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
San  J u a n  2 0 . 0 2 0 . 0 0 0 0  0 . 0 0 0  2 . 2 0 0 . 0 6 
Moh ave  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 1  -0 . 0 8 
H u n t e r  - 1  0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 1 1  - 0 . 0 3  

A s s u r e d  D e l i v ery 

1 9 98 C h o l l a - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 3 2 - 0 . 1 5  
Coronado  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gener  i c Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr i n g e rv i l l e  - 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 0 7 - 0 . 0 1  
San  J u a n  -7  - 0 . 0 6 0 . 0 0 0 0  - 0 . 0 0 2  - 7 . 6 7 - 0 . 1 9 
Mohave -9 -0 . 0 1  0 . 0 0 0 0  -0 . 0 0 5 - 1 . 0 3 - 0 . 76 
H u n t er -4 0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 44 - 0 . 1 3  

E x i s t i n g  C o n t r a c t s  

2 0 0 3  C h o l l a  8 5 3  2 . 1 2 0 . 0 04 7  0 . 94 7  2 7 5 . 4 3 1 2 5 . 8 2 
C o ronado 4 3 7  0 . 5 4 0 . 0 0 1 2  0 . 3 0 2  8 0 . 84 49 . 2 1 
Gen e r i c  Coal  7 8 3  1 .  1 5  0 . 0 0 2 2  0 . 0 74 2 5 4 . 7 1 1 9 . 4 2 
Spr i n g e rv i l l e  872  0 . 48 0 . 0 0 1 0  0 . 049 65 . 4 0 8 . 6 3 
San  Juan  1 2 5 2  1 0 . 0 1  0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 
Mohave 84 1 0 . 7 3  0 . 0 0 24 0 . 49 0  96 . 80 7 1 . 5 7 
H u n t e r  896 0 . 7 1  0 . 0 0 1 6  0 . 2 3 8  99 . 3 7 2 9 . 5 7 



T a b l e G . 1 7  ( C o n t i n u e d )  

Federal  Marke t i n g  

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
C o r o n a d o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gener i c  C o a l  -2  0 . 0 0 - 0 . 0 0 0 1  0 . 0 0 0  - 0 . 6 5 - 0 . 0 5 
Spr  i ngerv  i l l  e 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Hunter  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

A s s u r e d  D e l i very 

2 0 0 3  Cho l l a 0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado - 1  0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 1 8 - 0 . 1 2  
Gene r i c  C o a l  - 1 1 - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 1  - 3 . 58 - 0 . 2 7 
S pr i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Hunter  - 3  0 . 0 0 0 . 0 0 0 0  -0 . 0 0 1  - 0 . 3 4 - 0 . 1 0  

Max i mum Upgrade 

E x i s t i n g  C o n t r ac t s  

1 9 9 3  Chol l a  685 1 .  70  0 . 0 0 3 8  0 . 7 6 1  2 2 1 . 1 9 1 0 1 . 0 4 
Coronado 4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 2 88 7 7 . 1 4 46 . 9 5 
Gene r i c  C o a l  8 6  0 . 1 3  0 . 0 0 0 2  0 . 0 0 8  2 7 . 9 8 2 . 1 3  
S p r i ngerv i l l e  5 0 4  0 . 2 8 0 . 0 0 0 6  0 . 0 2 8  3 7 . 8 0 4 . 99 
San Juan  1 1 5 3  9 . 2 1 0 . 0 0 8 0  0 . 2 48 1 2 6 3 . 4 6 3 2 . 4 0 
Mohave 783  0 . 6 8 0 . 0 0 2 3  0 . 456 90 . 1 2  66 . 6 3 
Hunter  76 1  0 . 6 0  0 . 0 0 1 3  0 . 2 0 2  84 . 3 9 25 . 1 1  

F e d e r a l  Market i n g  

1 9 9 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
C o ro n a d o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  
Gene r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San Juan  3 0 . 0 3 0 . 0 0 0 0  0 . 0 0 1  3 . 2 8 0 . 0 8 
Mohave  0 . 0 0 0 . 0 0 0 0  0 . 0 0 1  0 . 1 2  0 . 0 9 
Hunter  1 0  0 . 0 1 0 . 0 0 0 1  0 . 0 0 3  1 .  1 1  0 . 3 3 

A s s u r e d  D e l i ve ry 

1 9 9 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Coronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
Gen e r i c  C o a l  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0  0 . 0 0 
S p r i n g e rv i l l e  -2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  - 0 . 1 5 - 0 . 0 2 
San  Juan  3 0 . 0 3 0 . 0 0 0 0  0 . 0 0 1  3 . 2 8 0 . 0 8 
Mohave -6 0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 3  - 0 . 69 - 0 . 5 1  
H u n t e r  -4 0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 44 - 0 . 1 3  

G-89 



Ta b l e  G . 1 7  ( C on t i n ue d )  

E x i s t i n g C o n t r a c t s  

1 998 C ho l l  a 804  2 . 0 0 0 . 0 044 0 . 89 3  2 5 9 . 6 1  1 1 8 . 5 9 
Coronado  4 1 7  0 . 5 2 0 . 0 0 1 1 0 . 2 88 7 7 . 1 4  46 . 9 5 
Gen e r i c  C o a l  4 1 9  0 . 6 1 0 . 0 0 1 2  0 . 0 4 0  1 3 6 . 3 0 1 0 . 3 9 
S p r i n g e rv i l l e  8 0 2  0 . 44 0 . 0 0 0 9  0 . 0 4 5  6 0 . 1 5 7 . 94 
San J u a n  1 2 1 9  9 . 74 0 . 0 0 8 5  0 . 2 6 3  1 3 3 5 . 78 34 . 2 5 
Mohave 826 0 . 7 2 0 . 0 0 2 4 0 . 48 1  95 . 0 7 7 0 . 2 9 
H u n t e r  8 3 7  0 . 66 0 . 0 0 1 5  0 . 2 2 2  9 2 . 8 2  27 . 6 2 

Federal  Market i ng 

1 998 C ho l l a - 1  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 3 2 - 0 . 1 5 
C o ronado  0 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Gen e r i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
San J u a n  0 . 0 1  0 . 0 0 0 0  0 . 0 0 0  1 .  1 0  0 . 0 3 

Mohave 9 0 . 0 1  0 . 0 0 0 0  0 . 0 0 6  1 .  0 4  0 . 77 

H u n t e r  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 1 1  0 . 0 3 

A s su r e d  D e l i very 

1 998 C ho l l  a - 7  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 8  - 2 . 2 6 - 1 . 0 3 

C oronado 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gener i c  Coal  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 
Spr i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

San J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Mohave -2  0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 2 3 - 0 . 1 7  

H u n t e r  -4  0 . 0 0  0 . 0 0 0 0  - 0 . 0 0 1  - 0 . 44 - 0 . 1 3  

E x i s t i n g C o n t rac t s  

2 0 0 3  C h o l l a  8 5 3  2 . 1 2  0 . 0 04 7  0 . 94 7  2 7 5 . 4 3  1 2 5 . 8 2 

C o ronado 4 3 0  0 . 5 3  0 . 0 0 1 2  0 . 2 9 7  79 . 5 5 48 . 4 2  

Ge n e r i c  Coal  768 1 .  1 3  0 . 0 0 2 1  0 . 0 7 3  249 . 8 3  1 9 . 0 5 

S p r i n g e rv i l l e  870  0 . 48 0 . 0 0 1 0  0 . 0 4 9  6 5 . 2 5 8 . 6 1 

San Juan  1 25 2  1 0 . 0 1 0 . 0 0 87 0 . 2 7 0  1 3 7 1 . 94 3 5 . 1 8 

Mohave 84 1 0 . 7 3 0 . 0 0 24 0 . 4 9 0  96 . 8 0 7 1 . 5 7 

H u n t e r  887 0 . 7 0 0 . 0 0 1 6  0 . 2 3 5  98 . 3 7 2 9 . 2 7 

F e deral  Market i n g 

2 0 0 3  Chol l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

C oronado  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

Gen e r i c  C o a l  - 5  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - 1 . 6 3  - 0 . 1 3  

Spr i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

San Juan 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

Mohave 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 



T a b l e  G . 1 7 ( C o n t i n u e d ) 

A s s u r e d  D e l i ve ry 

2 0 0 3  C h o l l a  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

C o r o n a d o  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

G e n e r i c  C o a l  - 5  - 0 . 0 1  0 . 0 0 0 0  - 0 . 0 0 1  - l . 6 3  - 0 . 1 3  

S p r i n g e rv i l l e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

S a n  J u a n  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

M o h a v e  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0  

H u n t e r  0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  0 . 0 0 0 . 0 0 

11 C a l c u l a t e d  u s i n g t h e  M a r k e t i n g L P  ( R P S E . P98 0 0 . D CW . I D U E I S . N O V8 7 . SASOU T - 3 - N OV- 8 7 )  f o r  

g e n e ra t i on n umbe r s  a n d  t h e  c o e f f i c i e n t s  p r o v i de d  b y  WSU t o  p ro d u c e  a i r  q u a l i t y r e s u l t s  

( PG . P98 0 0 . MC E . L OT U SAQ . J A N 0 5 88 . R E P O R T ) .  1 988 d a t a  a r e  n o t  s h own wh e n  t h e  D C  U p g r a de o r  

Max i mum U p g r a d e  a r e  a s s ume d s i n c e  t h ey a r e  n o t  a va i l a b l e f o r  t h a t  yea r . E n t r i e s f o r  

" E x i s t i ng C o n t r ac t s "  a r e  p ro j e c t e d  a c t u a l  v a l u e s  f o r  a n n u a l  g en e r a t i o n a n d  c o n t r i bu t i o n s  

t o  amb i en t  a i r  q u a l i ty l ev e l s ;  e n t r i e s  f o r  o t h e r  f i rm s a l e s  c o n d i t i on s  a r e  d i f f e re n c e s  

f rom c o r r e s p on d i n g v a l u e s  f o r  t h e  E x i s t i n g  C o n t r ac t s .  

G - 9 1  









APPENDIX H 

Resource Deve l opmen t : Cal ifornia and the Inland Southwe s t  





Res o urce Deve l opment :  Cal i f ornia and the Inland Southwe s t  

Inter t ie capac i t y  and the provi s ions o f  the Long-Term Inte r t i e  Access  
P o l icy may af f e c t  the ava i l ab i l i ty  o f  t ransmiss ion for  interreg ional 
power t ransac t ions and , consequent ly , the amount and mix of new resources 
l ike ly to be deve l oped in the Pac if i c  No r t hwes t ,  Canada , Cal i f o rnia , and 
the I SW .  I n  Ca l i fornia , the deve l o pment o f  new resources woul d  vary 
depending on the p r i c e  of e l e c t r i c i ty f rom the Pac i f i c  Nor t hwe s t  re lat ive 
to the c o s t  o f  new in-reg ion generat ion . I f  e le c t r i c i ty can be impor ted 
rel iab l y  and a t  a cos t less t han the i r  own generat ion , then fewe r and 
d i f ferent types o f  resources woul d  be bui l t  in Cal i f o rn ia . 

In the sup p l y  regions o f  the Pac i f i c  Nor t hwes t ,  Canada , and the Inland 
Southwe s t , t he mix of new resources also  w i l l  be a f f e c ted by the s i ze and 
price  o f  the access ib l e  Cal if o rnia marke t , the ava i l ab i l i ty of econom i c  
supp l i e s  to  s e rve tha t  mark e t , the degree o f  compe t i t i on f rom o ther 
supp ly regi ons , the terms of the contrac t s , and t he contro l s  governing 
access  to  transm i s s ion . 

Predi c t ing po t en t ial e f f e c t s  on new resource deve l o pment f o r  up to  
20 years adm i t tedly  i s  sub j e c t  to  unce rtainty . Load growth may be mo re 
or l e s s  than tha t  curren t l y  pred i c ted by No r t hwe s t  and Cal i f o rnia 
ut i l i t ies . O i l  and gas prices  may vary cons i derab l y .  Fur thermore , t he 
relat ive p r i ce o f  al ternat ive sources o f  suppl y  may c hange and new 
sources of supply may deve l o p  as t echno l o gy changes . P o l i c ies  p romo ted  
by regulatory agenc i e s  on t he acquis i t ion and f inanc ing o f  new resources  
may change and ut i l i t ies ' own s t rategies for  resource deve l o pmen t  wi l l  
evolve over the next two decades . The f o l l owing ana l ys i s  of  new res ource 
devel o pment in Cal i f o rn ia and the Inland Southwe s t  i s  based on t he bes t 
current inf o rmat ion , but i s  sub j e c t  to a l l  the unce r t a in t ies  that 
surround resource p l anning . 

To s tudy p o t en t ia l  e f f e c t s  on new resource deve l o pment in Cal i f o rnia , 
s everal ana ly t i c  t echn iques were used . Pub l i s hed p l anning document s  o f  
Cal i f o rn ia ut i l i t ies  ( inc l ud ing Common Forecas t ing Me thodo logy V I  
subm i t t a l s  t o  t he Cal i f o rnia Energy Commis s ion ) were reviewed t o  
de termine t he extent t o  whi c h  ut i l i t ies  p l anned to r e l y  o n  Pac i f ic 
Nor t hwe s t  supp l i e s . The po t en t ial  e f f e c t o f  a l ternat ive leve l s  o f  
Inte r t i e  s a l e s  and a l ternat ive cont rac tual agreement s  ( such a s  f irm 
contrac t s ) on Cal if o rn ia ut i l i t ies ' plans we re a l s o  evaluated . 
Corres pond ing s tudi e s  were done f o r  the Inland Southwe s t . 

Inc reased Inter t ie capac i t y ,  g iven only e conomy sales , i s  expec ted  t o  
have a neg l i g i b l e  e f f e c t  o n  resource deve l o pment in Cal i f o rnia  and the 
Inland Southwe s t . I f  a Cal i f o rnia ut i l i ty has a f irm contrac t to  
purchas e s p e c i f ied  amoun t s  o f  power at s pe c i f ied t imes , the cont ra c t  can 
be t reated as a dependab l e  generat ing resource f o r  p l anning purpo s e s . 
Al t e rnat ive ly ,  in  mos t  cases , sales  on an economy o r  surp lus bas i s  can be  
r e l ied  upon t o  t empo rari l y  d i s p lace operat ing resources only when it  is  
economi c  t o  do so . General l y ,  they canno t be  used  to  defer  deve l opment 
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of  new resources needed to  mee t  f i rm l oad . However , i f  mo re economy 
ene rgy could  be c o unted on in mos t years , Ca l i f o rnia  u t i l i t ies  might b e  
ab l e  to  se rve l o a d  w i t h  a c omb inat ion of  economy energy (when ava i lab le ) 
and new o r  ref urb ished o i l  and gas p lan ts , to  be  used when the Pac i f i c  
No r t hwe s t  ec onomy ene rgy was no t ava i l ab l e .  

Al though the operat ing cos t s  o f  these ref urb ished p lan t s  may be qui te 
high , the c o s t  saving s res u l t ing f rom the re l a t ive ly low c o s t  of  economy 
energy in comb ina t ion with  the deferra l  o f  cap i t a l  i nves tment in bas e l oad 
p l an t s  might exceed the cos t s  incurred by operat ing the o i l / gas  plants  
when economy ene rgy i s  no t ava i l ab l e  f rom the No rthwe s t . Howeve r ,  in 
general , change s  in the amo un t of  ec onomy ene rgy purchases  affe c t  on ly 
the operat ion of a ut i l ity sys tem and have l i t t l e impa c t  on i ts p l anne d 
future res ource mix . 

Ca l i f o rnia  ut i l i t ies genera l ly a s s ume tha t f i rm capa c i ty purchases  f rom 
the Pac i f i c No r t hwe s t  wi l l  cont inue and inc reas e  in and beyond the early  
1 9 90s  ( IPC , 1 98 6 ) .  Wi th  f i rm Pac i f i c No r thwe s t  cont rac t s , Ca l i fo rnia  
c o u l d  avo id inve s t ing in combus t ion turb ines o r  o t her  sources  of peak 
powe r  and energy . The exa c t  na t ure of the resources that Cal i f o rnia 
could  avo id ac qui ring by s ign ing f i rm Pac i f i c  No r thwe s t  cont rac t s  is  no t 
known . The cho i c e  wou l d  depend on the ava i lab i l i ty of impo rted  powe r  on 
a f i rm bas i s  f r om o ther s ources  ( such as  the Inland Southwes t ) ,  and on 
the s upply and regula t ion o f  QFs , among o ther fac t o rs . 

Howeve r , based  on pub l i s hed documen ts  of  Cal i f o rnia ut i l i t ies  ( in 
par t i c ula r ,  Common Forecas t ing �le thodol ogy-V I f i l  ings ) ,  i t  appears tha t  
the 2 , 5 5 0  MW capac i ty o f  the Fede ral marke t ing c ase could  b e  used t o  
defer  a c qui s i t i on o f  e quiva lent amoun t s  o f  c ombus t ion turb ines and 
refurb ishmen t s . With  t he upgrad ed I n t e r t i e , the s i ze of the Fede ral 
Marke t ing and Assured De l ive ry con t ra c t s  would  b e  expec ted to  increase by 
600  MW ,  and resource deferra l  in C a l i f o rnia  c o u l d  inc rease by 6 00 MW of 
combus t ion turb ine s . 

The Assured De l ive ry A l t e rnat ive s  1 ,  2 ,  and 3 ,  invo lving increased 
amount s  of exchanges and powe r sales  above those inc l uded in the bas i c  
As s ured De l ive ry analys i s , would fur the r  reduce the need f o r  Ca l i fornia 
and the Inland Southwe s t  to  deve lop  add i t iona l  bas e l oad re source s . 
Rathe r ,  Ca l i f o rnia and the Inland Southwe s t  l i kely  would  use the 
con t rac ts  w i t h  the Pac i f i c  Northwe s t  ins tead , and concen t ra t e  on 
combus t i on t urb ines that could  s erve peak l oads . 

( VS 6 -PG-1 8 8 2Z ) 
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APPENDIX I 

Economic Analyses 

PART 1 

Thi rd AC Economics  





Third AC Economics  

I . l . l  Me thod o f  Analys is  

The Wes twide e conomic  bene f i t  o f  add ing the Third AC Int e r t i e  is  measured 
by calcula t ing , ove r the l i f e  of the pro j ec t , changes in Pac i f ic 
Nor thwe s t  and BC Hydro produc t ion c o s t s , Pac i f ic No r t hwe s t  curtai lmen t 
cos t s , Pac i f ic No r thwes t and Cal i f o rnia t ransmi s s ion cos t s , and 
Cal i forn ia dis p lacement bene f i t s  relat ive t o  a "Base Case . "  For the 
regional benef i t s , changes in Pac i f ic No r t hwe s t  and BC Hydro sec ondary 
revenues ,  Pac i f ic Nor t hwe s t  whee l ing , and Cal i f o rnia purchas es are a l s o  
measured . The "Base Cas e "  assumes the Third  AC i s  inc remental t o  an 
inte r t ie capac i ty o f  6 300 MW ( this  inc l udes the DC Terminal Expans ion ) , 
the P roposed Fo rmula A l l o cat ion po l icy , and Exis t ing Con t rac t s . 

BPA ' s  bene f i t s  are based on a percen tage o f  t he incremental  Pac i f ic 
No r t hwe s t  secondary revenues . I t  i s  as sumed tha t  BPA wou l d  provide 
be tween 60  percent and 100  percen t  of the inc remental hydro expo r ted to  
Cal if o rnia . BPA ' s  hydro s o l d  re l a t ive to  the to tal  energy expor ted to  
Cal i f ornia determines t he percentage of  the secondary revenues a t t r ibuted 
to  BPA . Thi s  me thod i s  intended to  bracket  BPA ' s  s hare o f  the Pac i f ic 
Nor t hwe s t  net  benef i t s . 

The Sys tem Analys i s  Mod e l  ( SAM )  mode l s  t he operat ion o f  the Pac i f i c 
Nor t hwe s t  and BC Hydro sys tems and determine s the operat ing bene f i t s  and 
cos t s  f o r  each sys tem . SAM also  calculates  the d i s p lacement bene f i ts f o r  
Cal iforn ia based o n  the C a l i f o rnia marg inal cos t . The Marke t ing LP is  a 
l inear programming mode l that i s  us ed to  deve l o p  Cal i fo rnia ' s  marg inal 
cos t and demand marke t .  See Append ix B ,  Part  1 ( De s c r i p t ion o f  Mode l s  
and The i r  Use ) for  a detailed  des c r i p t ion o f  S AM  and the Marke t ing LP . 

SAM ' s  s tudy hori zon i s  twenty years . In o rder to  analyze a p ro j e c t  w i t h  
a l onger l i f e , i t  i s  neces sary to  make assump t ions f o r  the per io d  beyond 
twenty years . S ince the sys t em is  in near l oad/resource ba lance  in t he 
las t years (and i t  i s  the intent o f  p l anne rs to  maintain balance ) ,  i t  was 
dec ided t hat  a reasonab l e  me t hod would  be to  ext end the las t year ' s  
impac t over t he balance o f  t he years at  a 5-percent  i n f l a t i on rate and a 
O-percent escalat ion rat e . 

The ne t presen t  val ue o f  changes in cos t s  and bene f i t s  f o r  t he Third  AC 
are c a l c ulated t hrough the year 20 30 . The comb ined net  bene f i t  o f  the 
Pac i f ic No r thwes t ,  BC Hydro , and Cal i fornia represent the Wes t s ide net 
bene f i t  of the Third AC . 

1 . 1 .  2 Resul t s  

The economi c analys is  o f  t he Third AC s hows a Wes twide n e t  present  va l ue 
bene f i t  o f  $ 6 6 1  mi l l ion when the inc reased int er t ie capac i ty i s  only used 
for  t ransmi t t ing economy energy . Thi s  benef i t  is  due to  the ab i l i ty of 
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the Pac i f i c  No r t hwe s t and BC Hyd ro t o  s e l l  more ene rgy during mon ths o r  
years of  h igh f lo w .  The increased capac i t y  of  t h e  Thi rd AC wou l d  a l s o  
a l l ow the hydro sys tem t o  be  s haped t o  make mo re sales  during 
Ca l i fornia ' s  higher p r i ced day t ime ma rke t . Th i s  ene rgy is more va l uab le 
to  Cal i f o rnia and there f o re commands a higher p r i c e  for t he Pac i f ic 
Nor t hwes t .  

The b reakdown o f  the We s twide bene f i t s  for  the Pac i f i c  No rthwe s t ,  
Cal i f o rnia and BC Hydro is  $ 25 3  m i l l ion , $ 24 7  m i l l ion , and $ 1 6 1  mi l l ion , 
respe c t ive l y , f o r  economy ene rgy sales . BPA ' s  share of  the Pac if ic 
No r t hwes t bene f i t  at  60  percent , 85 percent , and 100 percent of t he 
incremen tal  hydro secondary sales  is  $ 1 0 9  mi l l ion , $ 1 9 9 mi l l ion , and 
$ 254 m i l l ion , respe c t i ve l y .  Thes e  resul t s  rep resent  expe c ted  va l ue s  ove r 
the wa ter  cond i t ion unc e r tainty and resource pe r f o rmance uncertainty  
conta ined in  the  Sys tem Ana l y s i s  Mode l ( Sfu� ) and a s s ump t i ons d e s c r i b e d  in  
S e c t ion 1 . 1 . 5 . 1 .  The expe c t ed va l ue s  f o r  s pec i f i c s ens i t iv i t ies  and f o r  
t h e  comb ined sens i t iv i t y  o f  Pac i f ic No r t hwe s t  l oads and Ca l i f o rn ia gas 
prices  we re a l s o  calculated . The expec ted va l ue , over the comb ined 
impac t s  o f  Pac i f i c  Nor t hwe s t loads and Cal i f o rn ia gas p r i ces , wi th  
economy energy sales , are  about $ 1  b i l l ion Wes twide and about  
$500  m i l l ion f o r  BPA . Tab les  1 . 1 -1  and 1 . 1 - 2  s how t he ma t r ix o f  bene f i t s  
and probab i l i t ies . 

1 . 1 . 3  Sens i t iv i ty o f  Bene f i t s  t o  Change s in As s��lio�� 

Wes twide bene f i t s  f rom t he Thi rd AC vary depend ing on changes in 
a s s umpt ions . To d e termine the p o t en t ial  range in benef i t s , BPA conduc ted 
sens i t ivi ty s t ud ie s . Each o f  the f o l l owing a s s ump t ions were changed , one 
at  a t ime . 

1 . 1 . 3 . 1  Sen s i t iv i ty t o  Cal i f o rn i a _Gas P�i��� 

A h i gher gas p r i ce s ub s tant ial ly  increases the Wes twide benef i t  o f  t he 
Thi rd AC , whi le a l owe r gas p r i c e  reduces t he Wes twide  bene f i t . Th i s  one 
var iab le can change the Wes twide bene f i ts f rom -$388 mi l l ion to 
+$ 1 9 6 3  mi l l ion . However , the expe c ted val ue is  +$ 7 24 mi l l ion , assum i ng 
probab i l i t ies  o f  . 25 that l ow gas p r i ces wi l l  occ ur , . 50 f o r  med ium gas 
pri ces , and . 25 f o r  h igh gas p r i ces . 

1 . 1 . 3 . 2  Sens i t ivi ty to Pac i f ic Nor th�es t Load� 

Under BPA ' s  l ow load f o recas t f o r  t he Pac i f i c  No r t hwe s t ,  Wes twide 
benef i t s  increas e sub s tant ial ly to nea rly  $ 2 . 8  b i l l ion . The h igh 
Pac i f i c  No r t hwe s t  l oad f o recas t does no t have the same magn i tude o f  
e f f e c t  ( s ince  resources  are added t o  mee t  regional de f i c i ts ) but  i t  does  
reduce benef i t s  t o  -$98 m i l l ion . The expec ted va l ue o f  bene f i t s is  $ 9 9 8  
mi l l ion , a s s uming probab i l i t ie s  o f . 25 , . 5 0 ,  and . 25 f o r  l o w ,  med i um ,  and 
high l oads respe c t ive l y . 

The e f f e c t s  o f  comb ining Pac i f i c  No r t hwe s t  l oad var i ab i l i ty w i t h  
Cal i f ornia gas p r i ce var iab i l i ty are s hown in Tab l e s  1 . 1 - 1  and 1 . 1 - 2 . 
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Tab l e  I . l-l  1 /  

COMB INED EFFECTS OF CAL I FORNIA  GAS PRICE  AND PNW LOAD CHANGES 
ON WESTW I DE BENEFITS  OF TH I RD AC INTERT I E  

Ne t Present  Val ue through 2030  1 9 8 7  $ Mi l l ions 

Cal i f o rn ia Gas P r i ce 
H igh Med iwn Low 
( 25 % )  ( 5 0% )  ( 25% )  

No r t hwe s t  Load 

H igh  ( 25% ) 1 1 79 ( 6 . 25 % )  -98 ( l 2 . 5% )  -80 3  ( 6 . 25 % )  

Med i wn  ( 5 0% )  1 96 3  ( l 2 . 5'70 )  6 6 1  ( 25 % )  -388  ( l 2 . 5% )  

Low ( 25%)  5 5 9 1  ( 6 . 25 % )  2 7 6 6  ( 1 2 . 5% )  5 30 ( 6  . 25 ) 

Expec ted Va lue 1 10 2  

Tab l e  I . 1-2  1 /  

COMB INED EFFECTS O F  CAL IFORNIA  GAS PRICE  AND PNW LOAD CHANGES 
ON BENEFITS OF TH I RD AC INTERTI E  TO BPA 2/ 

No r t hwes t Load 

H igh ( 25%)  

Med i wn  ( 5 0% )  

Low ( 25 % )  

Expec ted  Va lue 

Ne t Present  Value t hrough 2030  1 9 8 7  $ Mi l lions 

H igh 
( 25% ) 

6 0  ( 6 . 25 % )  

8 4 7  ( l 2 . 5% )  

3 100  ( 6 . 25 % )  

5 1 6  

Cal i f o rn ia Gas Price  
Med iwn 

( 5 0% )  

-76  ( 1 2 . 5% )  

1 9 9  ( 25 % )  

1 28 9  ( l 2 . 5% )  

Low 
( 25% ) 

- 2 5 6  ( 6 . 25 % )  

-64 ( 1 2 . 5% )  

5 5 9  ( 6 . 25 % )  

1 /  Al l percen tage nwnb e rs indicate  pro j e c t e d  probab i l i ty of  o c c urrence . 
2:/ As swnes 8 5  percent o f  hydro s a l e s  are made by BPA . 
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I . 1 . 3 . 3  Sens i t ivity to  Cal i f o rnia Market 

Assuming med i um gas p r i ce s , medium Pac i f i c No r t hwe s t  load , exi s t ing 
contrac t s , and med i um Ca l ifornia marke t  yie l ds a ne t bene f i t  o f  
$ 6 6 1  mil l ion Wes twide . When t h e  Cal ifornia l oad i s  increased by 4 0 0 0  MW ,  
( 1 2  to 1 6  percent o f  Cal i f ornia load ) t he bene f i t s  increas e to  
$ 8 24 mi l l ion Wes twide . Dec reas ing the Cal i f o rnia l oad by 4000 �M 
dec reases the bene f i t s  t o  $ 9 5  mi l l ion Wes twide . 

I . 1 . 3 . 4  Sens i t iv i ty to  Percent Marginal Co s t  Limi t for  Cal i f o rn ia 

The bene f i t s  would be  $ 6 6 1 mi l l ion if  Cal i f o rnia we re wi l l ing to  pay f o r  
s ur p l us No rthwe s t  power a t  a rate equal to  o r  l e s s  t han 75 pe rcent o f  t he 
cos t of  the i r  marg ina l resource . I f  Ca l i f o rnia we re only  wi l l ing to 
import  surplus power a t  a cos t equal to  o r  l e s s  than 50 percen t  o f  the 
marg inal cos t ,  then bene f i t s  wou l d  dec rease to  $440 m i l l i on .  I f , on the 
o the r hand , Cal i f o rn ia was wi l l ing to  pay up to 8 5  pe rcent o f  the 
marg inal cos t , Wes twide bene f i t s  would increase to  $ 6 99 mi l l ion .  

I . 1 . 3 . 5  S ens i t ivity  to  Firming Non f i rm 

I t  was as s umed tha t  t he Pac i f i c  Nor thwe s t  would ins tal l 800  and 1 6 0 0  MW 
of  combus t ion turb ines which would run only if  there is  insuf f i c ient  
nonf i rm ene rgy . The  combus t i on turb ines would  replace WNP - 1  and WNP-3 . 
Assuming 800  MW o f  f i rming nonf i rm ,  the ne t bene f i t  Wes twide is  
$ 3 5 4  mi l l ion .  Wi t h  1 600  MW o f  f i rming nonf i rm ,  the Wes t wide ne t bene f i t  
drops to  $ 180  mi l l ion .  

I . 1 . 3 . 6  Sens i t ivi t y  t o  Third AC Transmiss ion Cos t s  Increase 

If  the net  present val ue o f  the t ransmi s s ion cos t s  increase s  by 
1 0  pe rcen t t he Wes twide net  benef i t  drops  to  $ 5 7 2  mi l l ion . 

I . 1 . 3 . 7  Sens i t ivi ty to D i s count Rates 

I f  a real d i s coun t  rat e  of 7 percent i s  assumed ins t ead of 3 percent , the 
Wes twide ne t bene f i t  drops  to  $ 25 mi l l ion . 

1 . 1 . 3 . 8  Sens i t ivity to  Chang .. es in Con t ra c t  Scenar ios  

To  t e s t  the sens i t iv i t y  o f  Third AC  bene f i ts to  a change in  contrac t 
s cenarios , maximum cont rac t s  we re assumed t hat  wou l d  inc l ude 2 5 5 0  MW p l us 
the exi s t ing cont rac t s . Of  the 2 5 5 0  t o tal , 1 75 0  MW are BPA con t ra c t s  
and 800  MW a r e  ava i l ab le f o r  As sured De l iveries  by o ther ut i l i t ies . One 
of BPA ' s  con t rac Ls , a 6 0 0  MW capac i ty sale , is assumed to be dependent 
upon ins tal l a t i on o f  t he Third AC in 1 9 9 1 . I t  i s  as sumed that the Third 
AC wi l l  open new mark e t s  in Cal if o rnia to  t he Pac i f i c  No r thwe s t . This 
6 00 MW capac i ty sale represen t s  an e s t imate  of t he increased marke t .  
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Sens i t ivi ty analys is  ind icates  that the ne t bene f i t  o f  bui l d ing the Third 
AC /COTP Inte r t ie , assuming As s ured De l ivery f irm cont rac t s  are in place  
(bo th  wi th and wi thout the Third  AC ) is  $ 9 90 m i l l ion . The inc reas e in  
bene f i t s  ove r those  seen w i t h  exi s t ing con t rac ts  ( $ 6 6 1  mi l l ion ) i s  
p r imari l y  due to the add i t ion o f  the 600  MW capac i ty sale  when the Third 
AC comes on l ine . 

The types o f  contrac t s  inc l uded in the 2550  MW are : 

- 350 MW o f  powe r sales  
- 300  MW o f  power sales  convert ing to capac i ty /ene rgy exchange 
- 500 MW of power sales  conve r t ing to seasonal capac i ty / energy 

exchange 
440 MW of seasonal power exchange ( Assured De l ivery ) 

- 360 MW o f  f irm power sales  (Assured De l ivery ) 
600 MW capac i ty sale 

Total  255 0  MW 

This analys is  uses 800 MW o f  As sured De l ivery f o r  f i rm sales , ins tead o f  
the 400 MW used i n  the bas ic  As sured De l ivery case . I t  i s  a s s umed that a 
3 6 0  MW powe r sale and a 440 MW seasona l exchange are a l l owed unde r  
As sured De l ivery . 

See Appendix B ,  Part 4 ( Firm Con t ract Conf igurat ions ) f o r  detailed  
contrac t info rmat ion . 

SENS I T IV I TY SUMMARY 

Tab le  1 . 1-3 s hows the incremental  ne t bene f i t s  f o r  BC Hydro , Ca l i f o rnia , 
the Pac i f i c  No rthwes t ,  and the to tal  bene f i t s  Wes twide unde r  each o f  the 
assump t ions t e s t e d  in sens i t iv i t y  s t udies . 

Tab le  1 . 1-4 s hows the sens i t ivit ies ne t bene f i t s  to  BPA assuming that  
BPA ' s  s hare o f  the inc remental  revenues f rom secondary sales  are  based on : 

a .  6 0  percent o f  the inc remental hydro secondary sales  
b .  85  percent o f  t he inc remen tal hyd ro s econdary sales  
c .  100  percent o f  the inc remental  hydro secondary sales  

This  es t imat e  is des igned to b racke t BPA ' s  s hare o f  the  Pac i f ic  Nor thwe s t  
s e condary revenues . I n  add i t ion t o  the secondary revenues , BPA ' s  
economic bene f i t  due to  the Third AC is measured by c a l c u l a t ing change s 
in curtai lment c o s t s , transmi ss ion c o s t s , whee l ing revenues f rom BC 
Hydro , and wheel ing revenues f rom o the r Pac i f ic No r t hwe s t  part ies . Under 
some sens i t iv i t i e s , i t  is  p o s s ib l e  that  BPA ' s  bene f i t  of  t he Th ird AC may 
exceed the bene f i t  o f  the Pac i f i c  No rthwes t .  This  can o c cur under the 
f o l l owing cond i t i ons : 

a .  BPA cap t ures 100  percent o f  the inc remen tal hydro s e c ondary 
sales . 

h .  The variab l e  produc t ion c o s t  o f  Pac i f i c  No r t hwes t  resources 
approach 75 percent o f  Ca l i fornia ' s  margina l cos t . 
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Tab le  1 . 1-3  

SENS I T I V I TY STUD IES  
INCREMENTAL NET BENEFITS OF TH IRD AC 

Ne t Present Val ue Through  20 30 
( 1 98 7 $ Mi l l i ons ) 1/ 

Case BC Hydro Ca l i f o rnia 

Base 1 6 1  247 
Ca l i f o rnia Low Gas 2 1  -324 
Ca l i f o rn ia High  Gas 258  195  
Ca l i f ornia Low Load ( -2000 ) 1 2 1 2 5 9  
Ca l if o rnia H igh Load ( +2000 ) 1 8 0  15  
Ca l i f o rn ia Low Load ( -4000 ) 73  129  
Cal i f ornia H igh Load ( +4000 ) 25 7 -104  
Nor t hwe s t  Low Load 24 1 1 3 3 3  
Nor t hwe s t  H igh Load 140 3 1  
50% Margina l  Cos t  L im i t 5 7  434 
85% Marginal  Cost Limi t 256  -454 
F i rm ing Nonf i rm 800 1 20 79  
F i rm ing Nonf i rm 1 6 00 98  8 
Thi rd AC Trans . C o s t  1 6 1  1 9 1  
7 Percent Real D i s count Rate 74 -42 
Maximum Cont rac t ( 800  MW AD ) ! )  145  360  3 /  

Wes twide 
PNW Region 

253  6 6 1  
-8 5 -388 

1 5 10 1 9 6 3  
105  485  
5 14 709  

- 1 0 7  9 5  
6 7 1 8 24 

1 1 9 2  2 7 6 6  
-26 9 -98 

-5 1 440 
8 9 7  6 9 9  
1 5 5  354  

74 180 
220 5 7 2 

-7 25 
485 3 /  9 9 0  

1 /  These  val ues  a r e  t h e  inc remental  bene f i t s  o f  t h e  Third  AC given a 
change in one var iab l e . The economic  bene f i t s  o f  a given var iab l e  
canno t b e  measured f rom t h i s  inc rement .  Fo r examp l e : compar ing 
Firming Nonf i rm 800  MW bene f i t s  of $ 3 5 4  m i l l ion to the base case 
bene f i t s  of $ 6 6 1  mi l l ion does no t mean that Firming Nonf i rm 800  MW 
c o s t s  the Wes twide reg ion $ 6 6 1

-=-$ 3 5 4  = $ 3 0 7  mi l l ion . To make 
t h i s  compar i son ( with  Rnd wi thout F i rming Nonf i rm ) add i t ional 
cap i tal  cos t s / savings o f  the Was hington Pub l i c  Powe r Supp ly  Sys tem 
p lant s  and combus t ion turb ines and add i t ional sys tem p roduc t ion 
c o s t s  would need to be accounted f o r .  These  cos t s  wash out in the 
incremental analys is  o f  I n t e r t i e s . 

2 /  AD  = Assured De l ivery 
3 /  Benef i ts o f  t he 6 0 0  MW capac i ty sale  are shared equa l ly be tween 

the Pac if ic  Nor thwes t and Cal i f o rn ia . 
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Tab l e  I . 1 -4 

S ENS I T I V I TY STUD I E S  
INCREMENTAL NET BENEFITS  OF TH I RD AC 

Ne t Present  Val ue Through 2030  
( 1 98 7  $ Mi l l ions ) I I 

Case 

Base 
Ca l i fornia Low Gas 
Cal i f o rnia High Gas 
Cal i fornia Low Load ( -2000 ) 
Cal if ornia High Load ( +2000 ) 
Cal i fornia Low Load ( -4000 ) 
Cal i fornia H igh Load ( +4000 )  
Nor t hwes t Low Load 
No r t hwe s t  H i g h  Load 
50% Marginal Cos t  Limi t 
85% Marginal Cos t Limi t 
Firming Nonf i rm 800  MW 
Firming Nonf i rm 1 600  MW 
Third AC Trans C o s t  
7 Percent Real D i s c ount Ra te 
Maximum Cont rac t ( 800  MW AD �/ ) 

6 0% 

1 0 9  
-1 0 2  

5 7 6 
3 6  

2 1 2  
- 1 5  
2 7 2  
9 3 9  
-8 9 
-5 7 
3 6 6  

3 6  
- 1 6  

80  
-29  
290  

BPA 
8 5 %  

1 9 9  
-64 
8 4 7  
1 0 3  
3 3 9  

4 2  
4 1 8  

1 28 9  
-76  
- 1 8  
5 5 6  
1 0 9  

44 
1 70 

1 2  
388  

100% 

254  
-4 1 

1 0 0 8  
144 
4 1 4  

7 6  
5 0 6  

1 4 9 8  
-68  

6 
6 6 9  
1 5 2  

7 9  
225 

35  
447  

PNW 

25 3 
-85 

1 5 1 0  
1 0 5  
5 14 

-10 7 
6 7 1  

1 1 9 2  
-26 9 

-5 1 
8 9 7  
1 5 5  

74 
2 20 

- 7  
485 

I I These  val ue s  are the incremental bene f i t s  o f  the Th ird AC g iven a 
change in one variab l e . The e conomic bene f i t s  o f  a g iven variab l e  
cannot  b e  measured f rom t h i s  inc rement .  See Tab l e  I . 1-3 
Foo tno te 1 / .  

2 1  AD = As sured De l ive ry 
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Thus , o ther Pac i f i c  No r t hwe s t  par t ies  may , unde r  these c ircums tances , 
incur a sma l l  l o s s  because t he comb ined thermal resource produc t ion 
c o s t s , t ransmiss ion c os t s , and whe e l ing cos t s  exceed t he s e condary 
revenues . In  ac tual opera t i on , a Pac i f ic Nor t hwe s t  u t i l i ty would  no t 
d is pat ch  under  t h i s  c ond i t ion . Thus , the 100  percent case i s  
overes t imat ing BPA ' s  bene f i ts . 

1 . 1 . 4  Caveats  and Conc lus ions 

The conc l us ion f rom j us t t he e conomic analys i s  is  tha t  t he Third AC is a 
viab l e  economic inter t ie .  Howeve r ,  there is  s t i l l  unce r t ainty as t o  
whe ther the CPUC wi l l  accept  o r  rej e c t  appl i c a t i ons b y  Cal i f o rnia I OU ' s  
for  par t ic ipat ion in the Third  AC . Als o , there is  unce r tainty as to  
whe the r  PG&E wi l l  bui l d  the Los Banos-Gates  l ine south o f  Tes la . Wi t hout 
this l ine the Southern Cal i fo rnia marke t  for  capac i ty sales i s  reduced . 
In add i t ion , f u l l  agreement o f  t rans fer  arrangements  be tween the 
Cal if o rnia I OU ' s  and t he muni ' s  has no t been achieved . The e conomic  
analys i s  as sumes no  add i t ional environmental  cos t s . 

Numerous model  changes and data updates have o ccurred s ince  the Draf t IDU 
E I S . See sec t ion 1 . 1 . 5 . 1  ( As s ump t ions ) f o r  the data updat e s  and 
Appendix B ,  Part 3 ( Mod e l ing Changes ) for the model  c hanges .  

1 . 1 . 5  Background 

1 . 1 . 5 . 1  Assumpt i9ns 

A number  o f  assumpt ions have been updated s ince t he analys i s  f o r  t he 1 98 6  
Dra f t  Inte r t ie Deve l o pment and Use  Environmental Impac t S ta t ement 
( IDU-E IS ) : ( The f o l lowing ass ump t ions we re used in the current economic 
evalua t ion of t he Third AC ) 

Int e r t i e  Acc e s s  P o l icy  - The  current analys i s  assume s  t he Revis e d  Dra f t  
Long-Term Inte r t i e  Ac c e s s  P o l icy  o f  December  1 98 7 ,  i s  ado p t e d  a s  the 
f inal p o l icy . The Revised  Dra f t  p o l icy assumes exp i ra t ion o f  t he 
Exp o r tab le Agreement .  Fo r de tai l s  on hand l ing o f  the Exportab l e  
Agreement s e e  Appendix B ,  Part 3 ( Mode l ing Change s ) .  

DC Terminal Expans ion - The DC Te rminal  Expans ion inc rease s  the capaci ty 
o f  the D . C .  Inte r t i e  by 1 0 30 MW a t  the Oregon/Nevada b o rder . Thi s  
add i t ional capac i ty i s  as sumed to  be  in p lace by early 1 98 9 .  

Par t i c ipat ion in Third  AC Intert ie - Non-Federal par t i c ipat ion in t he 
No rthwe s t  port ion o f  a Third  AC intertie  i s  no t cons idere d  in the current 
evalua t ion of t he bene f i t  of the Thi rd AC . A s eparat e  s t udy has examined 
t he b ene f i t s  of non-Federal par t i c ipat ion . 

Cal i f o rn ia Gas P r i c e s  - The IDU Dra f t  E I S  used t h e  Da ta Resources 
Incorporated gas forecas t f rom fal l 1 98 5 . The current economic 
evalua t ion of the Third AC used BPA ' s  January 1 98 7 , f o recas t of medium 
and BPA ' s  September  1 98 7  f orecas t o f  high and low gas prices . The 
January and S ep t ember  med i um gas f o recas t s  are so c lo s e  t ha t  the med ium 
cases  were no t rerun when t he S e p t ember f o recas t b ecame ava i l ab l e . 

1 . 1 -8 



Figure 1 . 1  s hows t he IDU Draf t E I S  f o recas t and t he f o recas t us ed in the 
cur rent eva l ua t ion . F igure 1 . 2  shows the f o recas ted high , med i um , and 
l ow Cal i f o rnia gas p r i c e  proj e c t ions . 

Pac i f ic Nor t hwe s t  Loads /Resources - The Pac i f ic No r t hwe s t  l oad f o recas t 
i s  based on BPA ' s  as ses sment of  loads in July  of  1 98 6  and resources in 
December of 1 98 6 . I t  was de termined in 1 98 7  that there we re insuf f i c i en t  
changes to warrant p roduc ing a new l oad forecas t .  

Cal i fornia Loads /Resources  - The f o recas t o f  Cal i f o rnia l oad i s  f rom the 
Cornmon Forecas t ing Me thodo l o gy S ix ( C FM-V I ) l oad f o recas t pub l i s hed by 
the Cal i f o rnia ut i l i t ies  in June 1 98 5 . Cal i f ornia resources are f rom the 
We s t e rn Sys tems Coord inat ing Counc i l ' s  (WSCC ) Apr i l  1 98 6  Loads and 
Resources  pub l i cat ion . The CFM-VI l oad f o recas t is h igher than the 
Cal i fornia l oad f o recas t used in the Draf t .  There was a l s o  a change in 
resource addi t ions be tween the Draf t and the Final . 

B ?A us ed the CFM-VI and the resource f o recas t 1 98 6  to  de termine the s ize  
o f  the Cal i f o rnia marke t .  The marke t in Cal i f o rnia  that  i s  ava i lab l e  t o  
t he Pac i f i c  No r thwe s t  i s  de termined by use o f  a marke t ing mode l whi c h  
accounts  f o r  the Cal i f o rn ia l oad , the nond i s p laceab l e  resources ava i l ab l e  
i n  Cal i f o rn ia , and energy t rans fers  avai lab l e  f rom the Inland Southwe s t . 

Pe rcent Margina l  C o s t  L imi t f o r  Cal i f o rnia - The analys i s  assume s that 
the Cal i fornia Nou l d  be  wi l l ing to  pay for surpl us No rthwes t power a t  a 
rate l e s s  than o r  e qual t o  7 5  percen t  o f  the var iab l e  cos t o f  resources  
they could  d i s p lace wi t h  the surp l us powe r . 

Exi s t ing Con t ra c t s  - The Exi s t ing Contrac t s  case con t a ins exis t ing 
contrac t s  s igned as of Decembe r  1 0 , 1 98 6 , p lus a 225  MW l ong-term power 
sale under nego t iat ion at t ha t  t ime . A de t a i l e d  b reakdown o f  the 
Exi s t ing Con t ra c t s  i s  in Append ix B ,  Part 4 ( Fi rm Contrac t 
Conf igura t i ons ) .  

Transmi s s i on Co s ts - Fac i l i ty add i t ions for  the Thi rd AC Inte r t i e  are 
s pec if ied in the P l an-o f -S e rvice  ( p-O-S ) f o r  the respe c t ive p r o j e c t s . 
The f ina l P-O-S f o r  the Thi rd AC / COTP i s  s c heduled f o r  comp l e t i on in the 
s p r ing o f  1 988 . Tab l e  1 . 1-5  s umma r i zes  the to tal presen t  val ue in 1 98 7  
d o l lars o f  the Thi rd AC / COTP t ransmiss ion fac i l i t ies . Material  and 
con s t ruc t ion co s t  e s t ima t e s  ( Tab l e s  1 . 1-7  and 1 . 1 -8 ) are escalated  to the 
year of  ob l igat ion ( Tab l e  1 . 1 -6 ) ,  and in tere s t  during cons t ruc t ion 
( Tab l e  1 . 1-9 ) is  then added . Inves tments  are conve r t ed t o  a s t ream o f  
e qual annual payment s ,  w i th interes t and amo r t i z a t i on af t e r  year 2030 
exc l uded . A nominal d i s c o un t  rate of  8 . 1 5 percent i s  appl ied to  
de t e rmine the presen t  val ue . The l if e  cycl e  costs  a l s o  inc l ude 
ope ra t ion , maintenance and any require fac i l i t y  r e p lacemen t s . 

Ove ral l ,  the present val ue o f  t ransm i s s ion cos t s  has increased f rom $6 76  
mi l l ion to $884 m i l l ion s ince the I DU Draf t E I S . P reparing the 
P l an-o f -Service ( p-O-S ) for the Thi rd AC P ro j e c t  is  a process  of 
cont inuing ref inemen t . P l anners s tr ive to  f ind the l eas t -cos t 
al t e rnat ive whi c h  mee t s  environmental , re l iab i l i ty ,  and o ther 
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cons t rain t s . The IDU Dra f t  E I S , i ss ued in Oc tobe r ,  1 98 6 , was based on 
t he ini t ial  P -O-S deve l oped in 1 98 5 . S everal key changes have been made 
whi c h  increase t he cos t : 

• No r t hwe s t  s e r i e s  capac i t o r  rat ings were inc reased t o  mee t  power 
hand l ing requiremen t s . 

• The Southe rn Oregon sub s tat ion was expanded to improve 
rel iab i l i t y .  

• The Los Banos-Gates  l ine was added in Cal if o rnia t o  mee t 
t rans f e r  requirement s south  o f  Tes la .  

The f inal P-O-S i s  s c heduled f o r  comp l e t ion in t he Spring o f  1 988 . Whi l e  
ref inements  wi l l  cont inue , we d o  no t exp e c t  further s igni f icant c o s t  
inc reases . 

Tab l e s  1 . 1 -5 through 1 . 1-9  i l l us t ra t e  the b reakdown o f  t ransmi s s ion c o s t s  
f o r  the Third AC . 

Other  Economic As s ump t ions - An inf lat ion rate o f  5 percent i s  used . A 
real d i scount rate-- ( the rat e  whi c h  represen t s  the t ime val ue o f  money 
assuming no risk  and no inf l a t ion ) --o f 3 percent is assumed . The 
bene f i t s  and c o s t s  o f  t he Third AC are evaluated  f rom 1 9 8 7  through 20 30 . 

Revenue Logic - In o rder t o  de t e rmine bene f i t s  be tween t he Pac i f i c  
No r t hwe s t  and Cal i fornia , assump t ions mus t be  made a s  to  what price  wi l l  
b e  paid under  each cond i t ion o f  the propo s ed p o l icy . S e c t ion 1 . 1 . 5 . 2 , 
Revenue Log i c / Po l icy  Condi t ions , d e ta i l s  t he revenue assumpt ions by 
Inte r t ie Acc e s s  P o l icy  cond i t ion . 

Loopf low - Loo p f low i s  a powe r f low phenomenon whi c h  can reduce t he 
t rans f e r  capab i l i ty o f  the Pac if ic No r t hwe s t -Pac i f i c  Southwe s t  Intert ie . 
The ana lys i s  assume s  that loopf low  has the e f f e c t  o f  reducing t he 
capac i ty o f  the Int e r t ie in a l l  cases  by 300 MW , co rresponding to  
e i t her : ( 1 ) Pac i f i c  AC Inte r t ie c ur t a i lment f o r  counte r c lo ckwi s e  
l o o p f l o w ;  o r  ( 2 )  repayment to  o ther  f o r  curtai lment  cause d  by c l oc kwise 
loopf l o w .  The impa c t  i s  no t iceab l e  only when f lows reach the las t 300 MW 
o f  t ransmi s s ion capac i ty .  

Transmi s s ion Los s es - The t ransmi s s ion l ine l o s s e s  are calculated as a 
f unc t ion o f  l ine load ing s . Tabl e  1 . 1 - 1 0  s hows generated MWs adjusted  f o r  
l o s s e s  to  t h e  b o rde r .  
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Tab le 1 . 1 -5 

THI RD AC INTERTI E  
PRESENT WORTH 

( 1 98 7 $ Mi l l ions ) 

Intere s t  and Amo r t izat ion 
Subs tat ion Transmiss ion 

Opera t ion & Maintenance 
S ub s t a t ion Transmi s s ion 

Northwe s t  
Cal ifornia 

To tal 

146 
142 

28 9 

6 5  
294 

3 5 9  

Discoun t  Rat e s  ( Through year 2030 ) 

Inflat ion 
Real 
Nominal 

Escalat ion ( Through year 2006 ) 

Subs tat ion 
Transmiss ion 
Opera t ions & Maintenance 

5 . 00% 
3 . 00% 
8 . 15%  

0 . 90% 
1 . 60% 
0 . 40% 

1 1 3  
1 10 

222  

Operat ions & Maintenance ( Percent of Inves tmen t )  

Sub s t a t ion 
Transmiss ion 

Service Life  ( Years ) 

Subs tat ion 
Transmiss ion 

4 . 00% 
0 . 20% 

1 . 1 - 1 3  

3 7  
45 

3 
1 1  

14  

TOTAL 

3 2 7  
5 5 7  

884 



SUBSTATION 

1 99 1  
2028 

TRANSMI SS ION 

1 9 9 1  

Tab l e  1 . 1-6 

TH IRD AC INTERTI E  
INVESTMENT 

( $  Mi l l ions ) 

NORTHWEST 
1 986  $ Nom $ 
w/o IDC 1 1  w i  IDC 

1 22 . 3  
1 22 . 3  

5 5 . 1  

1 8 2 . 6  
1 , 2 70 . 4  

88 . 0  

THIRD AC INTERTI E  
ANNUAL O&M 

( 1 986  $ Mi l l ions ) 

CAL I FORNIA 
1 986  $ Nom $ 
wlo IDC wi IDC 

1 1 9 . 0  1 7 7 . 7  
1 1 9 . 0  1 , 23 6 . 1  

249 . 1  3 9 7 . 9  

NORTHWEST CAL I FORNIA 

SUBSTATION 
TRANSMISS I ON 

4 . 8 9  
0 . 1 1 

1 /  IDC - Interes t during contruc t ion . 

1 . 1-14  

4 . 76 
0 . 50 



Tab l e  1 . 1- 7  

THIRD A C  INTERT I E  PROJECT COSTS - NORTHWEST 
( 1 986 $ 000 ) 

I TEM Inve s tment 

AC INTERTIE  RE INFORCEMENT 

Mar ion 5 , 8 20 
S la t t  2 , 2 1 0  
Buckley 4 , 380  
Mal in 5 , 4 1 0  
Grizzly  6 , 940 
San Springs ( Gr-Mal caps ) 1 4 , 080 
Sand S p r ings ( P ond-SL caps ) 7 , 100  
Ft . Rock 1 2 , 940 
Sycan ( Gr-Mal cap s ) 14 , 0 2 0  
Sycan ( SL-Mal caps ) 6 , 7 90  
Ashe 80 
John Day 
So Oregon ( PCBs ) 
So  Oregon ( comm & Cont r )  
S o  Oregon ( caps & reac t ) 
Power Sys t em Contro l  

S ub s tat ion Sub t o tal  

Loop  in to  S la t t  
Loop int o  Buckley 
Mis c .  l o o p-ins 
Misc . l ine upgrade s  
So  Oregon-OR/CA b o rder 
Gr-Mal Loop-in t o  So  Oregon 
E I S  

Transmiss ion S ub to ta l  

EUGENE-MEDFORD 500-kv 

Alvey 
Dixonv i l l e  
Meridian 
Power Sys tem Con t r o l  

Sub s tat ion S ub to tal  

Alvey-Spencer 
S pencer-Dixonvi l le 
Dixonvi l le-Mer i dian 

Transmi s s ion S ub t o tal  

1 , 25 0  
l 3 , 900  

5 , 6 20 
8 , 1 30 
5 , 900  

4 24 
6 9 2  
1 8 3  
989  

4 , 1 20 
3 , 180  

6 1 2  

5 , 1 1 2  
1 4 , 400 
1 0 , 9 20 

5 , 0 0 0  

2 , 2 1 0  
34 , 000  
5 3 , 6 00 

Al l o c  

100% 
100% 
1 00% 
100% 
100% 
1 00% 
1 00% 
1 00% 
100% 
1 00% 
1 00% 
1 00% 

8 1% 
1 00% 

1 0% 
1 0 0% 

1 00% 
1 00% 
1 00% 
1 00% 
1 00% 
1 00% 
1 00% 

50% 
5 0% 
50% 
50% 

5 0% 
50% 
5 0% 

BPA 

5 , 8 20 
2 , 2 1 0  
4 , 38 0  
5 , 4 1 0  
6 , 940 
7 , 040 
7 , 100  
6 , 4 7 0  
7 , 0 1 0  
6 , 7 9 0  

8 0  
1 , 25 0  

1 1 , 294 
5 , 6 20 

8 1 3  
5 , 90 0  

84 , 1 2 7  

424 
6 9 2  
1 8 3  
989  

4 , 1 20 
3 , 18 0  

6 1 2  
1 0 , 200  

2 , 5 5 6  
7 , 20 0  
5 , 4 6 0  
2 , 500  

1 7 , 7 1 6  

1 , 10 5  
1 7 , 000  
26 , 8 0 0  
44 , 905 

PGE 

7 , 040 

6 , 4 70 
7 , 0 1 0  

20 , 5 20 

-

o 

-

o 

-

o 

PROJECT TOTAL 1 5 6 , 948 20 , 5 20 
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Tab l e  I . 1 -8 

TH I RD AC INTERTIE  PROJECT COSTS - CALI FORNIA 
( 1 986  $ 000 ) 

I TEM 

Round Mountain 
Redding/ Co t t onwood 
Tracy Pump 
Tes 1 a  
Southern Oregon ( caps and reac t )  ( 90% ) 

S ub s tat ion Sub t o tal  

Cal i f o rnia/Oregon B o rder  to  Redd ing ( 140 mi ) 
Redding to  Round Mt ( 34 mi ) 
Redding to Tracy ( 1 9 3  mi ) 
Tracy to  -Tes 1a ( 7  mi ) 

Transmiss ion S ub to tal  

Los Banos /Ga t e s  p ro j e c t  

Mgmt , s tudies , l icenses 

PROJECT TOTAL 

NOTES : 

1 9 9 0  $ 

9 , 20 0  
6 0 , 00 0  
48 , 200 

5 , 000  
7 , 300  

1 2 2 , 40 0  

94 , 6 0 0  
30 , 200 

1 25 , 000  
6 , 300  

25 6 , 1 0 0  

6 6 , 500  

1 9 , 700  

464 , 700  

1 .  1 9 90  c o s t s  adj us ted t o  1 98 6  a t  6 %  annual inf lat ion rate . 
2 .  COTP a l l ocated 7 / 1 6  o f  Lo s Banos-Ga t e s  pro j e c t  c o s t s . 

1 98 6  $ 

7 , 30 0  
4 7 , 50 0  
38 , 20 0  

4 , 000  

9 7 , 00 0  

74 , 900  
23 , 900  
9 9 , 000  

5 , 000  

20 2 , 800  

5 2 , 700 

1 5 , 60 0  

3 6 8 , 100  

3 .  Lo s Bano s /Gat e s  p ro j e c t  and Management wi l l  be pro ra t e d  t o  sub s tat ion 
( 3 2% )  and t ransmi s s i on ( 68%) . 

4 .  Al though the P 1 an-of-Se rvice  f o r  the COTP has c hanged , the l a t e s t  ove ra l l  
c o s t  e s t imate  has no t changed s i gn if i cant ly and i s  s l ight ly l e s s  than what  
i s  pro j e c te d  here . 

REFERENCES : 
1 .  COTP E I S / E I R , Vo l 3A , Pg . 73  ( 1 1 /8 6 ) 
2 .  Southe rn Oregon cos t s  f rom BPA CPA 1 0 3  Rev 2 ( 10 / 20 /8 6 ) 
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TAB L E  I . [ - Ij 

T H I RD AC I N T E RT I E : 

I N T E RE S T  D U R I N G  C O N S T RU C T I ON 1/ 

S U B STATION  ( 4  YEARS ) 

I N T  ON  AMO U N T  AMO U N T  C UM C UM I N T E R E S T  

C O N S T R  E X I S T  T O  B E  BONDS  BOND S C O N S T R  D U R I N G  

YEAR � � F I NANC E D  ill!.!1Q ill!.!1Q � C O N S T R  

1 2 . 0  0 . 0  2 . 0  2 . 1  2 . 1 2 . 0  0 . 1  

2 8 6 . 0  0 . 2  86 . 2  8 9 . 8  9 1 . 9  88 . 0  3 . 9  

3 675 . 0  7 . 5  682 . 5  7 1 1 . 5 8 0 3 . 4  763 . 0  4 0 . 4  

4 2 3 7 . 0  65 . 5  3 0 2 . 5  3 1 5 . 3  1 1 1 8 . 7  1 0 0 0 . 0  1 1 8 . 7  

I n t e r e s t  D u r i n g  C o n s t ru c t i on = 1 1 . 87% 

TRAN SM I S S I O N  ( 7  YEAR S )  

I N T  ON  AMOUN T AMOUNT  CUM C UM I N TE R E S T  

CONSTR  E X I S T  T O  B E  BON D S  BO N D S  C O N S T R  D U R I N G  

YEAR � � F I NANCED ill!.!1Q � ---.ffiill CON STR 

1 5 . 0  0 . 0  5 . 0  5 . 2  5 . 2  5 . 0  0 . 2  

2 1 0 . 0  0 . 4  1 0 . 4 1 0 . 9  1 6 . 1 1 5 . 0  1 . 1 

3 1 0 . 0  1 . 3  1 1 . 3 1 1 . 8 2 7 . 9  25 . 0  2 . 9  

4 95 . 0  2 . 3  97 . 3  1 0 1 . 4  1 2 9 . 3  1 2 0 . 0  9 . 3  

5 1 2 0 . 0  1 0 . 5  1 3 0 . 5  1 3 6 . 1  265 . 4  240 . 0  25 . 4  

6 580 . 0  2 1 . 6  6 0 1 . 6 6 2 7 . 2  8 9 2 . 5  8 2 0 . 0  72  . 5  

7 1 8 0 . 0  72 . 7  2 5 2 . 7  2 6 3 . 5  1 1 5 6 . 0  1 0 0 0 . 0  1 5 6 . 0  

I n t e r e s t  D u r i n g  C on s t r uc t i on = 1 5 . 60% 

1/ D i s c o u n t  Rate  8 . 1 5% 

Bon d i n g  Factor  95 . 9 3% 

I .  1 - 1 7  



Tab l e  1 . 1 - 1 0 

INTERTIE  CAPAC I TY :  
AT P O INT OF GENERATI ON AND AT 

CALIFORNIA/OREGON BORDER 
( MW )  

AC 

Exis t ing + DC Upgrade ( Feb 1 98 9 ) 

P o in t  o f  
Generat ion 

3 3 6 6  
Border  

3 200 

Exis t ing + DC Upg rade 5 1 26 4800 
+ Third AC / COTP (May 1 9 9 1 ) 

1 . 1-18 

DC 
P o in t  o f  

Generat ion 
3 1 98 

3 1 98  

Border 
2986  

2986  



1 . 1 . 5 . 2  REVENUE LOG I C /POL I CY CONDITIONS 

Variable  Rate : 

Condi t ion 1 :  Suf f i c ient  dec lared hydro b l o ck 1 ( hydro energy above 
upper-rule curves -s pi l l ) to  a t  leas t e qual 6 5  percent o f  t he int e r t i e  
s ize . Thus , whi l e  t h e  int e r t ie doesn ' t  have to  b e  f u l l y  l oaded , i t  does 
have to  be l oaded to  a t  l eas t 65  percent wi th  hydro b l o ck 1 .  This  
cond i t ion a t t emp t s  t o  mode l the c ond i t ion of  s pi l l  o r  near s p i l l . 

75% PSW M ar g i n a l  C a s t  

M i W /", I 
NF R a t e  

: \. V a r i ab l e  
I -\ C a s t  o f  
, PNW R e s o u r c e s  ���������-

MW 

( A )  

\l n t e r u e  
S i ze 

75X PSW M a r g i n a l C a s t  

M i l l s/k Wh 

I 
I 
I 

NF R a t e  

i \. V a r i a b l e  
I -\ C a s t  o f  
: PNW R e s o u r c e s  �������4-�-

MW 

( B )  

\l n t e r u e  
S i z e  

Compe t i ti on forces  the Pac i f i c  Northwes t rate to the m1n1mum of t he 
projec t e d  NF rat e  o r  7 5  percent o f  the Cal i fornia marke t price  as 
i l lus t ra ted by Cas e  A and B .  

1 .  1-1 9 



Cond i t ion 2 :  Dec lared resources are suf f ic ient to  l oad the int e r t ie , but 
less than 6 5  pe rcent is  hydro block 1 .  The availab le  hydro can be s t ored 
f o r  later  use . 

75X P S W  M a r g I n a l  C o s t  

M i l l s /k Wh 

F ! rm S u r p l u s  
R a t e  

N F  R a t e  

: \.\ V a r i a b l e  //< C o s t o f  /J, PNW R e s o u r c e s  ���������-

MW \. \T .. .. ' 
. n , e r . I e  

S i z e  

( A )  

75X P S W  M a r g I n a l  C o s t 

F i r m  Su r p l u s  
R a t e  

N F  Cl a t e  

M W  \. 

( B ) 

\r n t e r t  i e  
S l Z e  

I f  t he Pac i f i c  Nor t hwes t region is  f i rm s urplus , t he Pac i f ic Nor t hwe s t  
rate i s  equal t o  t he minimum o f  t he f i rm s urplus rate  o r  7 5  percent o f  
the Cal if o rnia marginal cos t unt i l  t he f i rm surplus i s  s o l d . 

I f  t he Pac i f ic Nor t hwes t region 1S n o t  f irm s urplus , t he Pac i f ic 
Nor t hwes t rate  is  equal t o  the minimum of  t he NF rate  o r  75  percent of  
the Cal i f o rnia marginal cos t .  

Cas e  A i l lus t rates  the s i t ua t i on where the variab l e  cos t o f  t he las t MW 
i s  less  than 75 percent  o f  t he Pac i f ic Southwe s t  mar g inal cos t . 

Cas e B i l l us t rates  t he s i t ua t ion where the dec lared res ources are 
suf f i cient to l oad the int e r t i e , but t he var i ab l e  c o s t of  Pac i f i c  
Nor t hwe s t  res our c e s  exceeds 75  percent o f  the Pac i f i c  Southwes t marginal 
cos t .  
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Cond i t ion 3 :  Insuf f ic ient resources to l oad the inter t i e . Insuf f ic ient 
hydro b lock 1 to  l oad 65  percent of the inte r t ie . BC Hydro has int e r t ie 
access  unde r Cond i t ion 3 .  

75X PSW Ma r g i n a l  C o s t 

M i W / k Wh I 
NF R a t e  

Re s o u r c e s  

MW \ 

( A )  

\I n t e r t  i e  
S i z e 

75X PSW M a r g i n a l  C o s t  

! 
M i l l s /k W h  / 

- - - - - -�- - - - - - - - - - - � - -

, : 
NF R a t e  

I 

I 
I 
I . � V a r I a b l e  

- � C o s t  o f  
: PNW R e s o u r c e s  ���-L��-L __ �_ 

MW 

( B )  

\I n t e r u e  
S i z e  

I f  the mos t  expens ive dec l arab l e  s urpl us resource c o s t  i s  less  t han 
75 percent o f  the Cal if o rnia marginal c o s t  ( case A ) . the rate i s  equal to  
75 percent o f  the Cal i f o rnia marginal cos t . 

I f  the cos t  o f  the mos t  expens ive dec l arab le  surplus resource exceeds 
75  percent of the Cal i f o rnia marginal c o s t  ( case B ) .  the Pac i f i c  
Nor t hwe s t  rate i s  equal to  the incremental  produc t ion c o s t  + 2 mi l l s  o f  
t h e  las t resource dispatche d .  

B C  Hydro price would b e  the same a s  the Pac i f i c  Northwe s t  price . 
BC  Hydro would  not  d i s pa tch b e l ow 1 6  mi l l s /kWh to  the Cal i f ornia marke t .  

( V S 6 -P G-186 7 Z ) 
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APPENDIX I 

Economic Analyses  

PART 2 

DC Te rminal Expansion  





D . C .  Terminal Expans ion 

1 . 2 . 1  Me t hods /As sumpt ions 

The economic bene f i t s  of the D . C .  Terminal Expans ion were analyzed w i t h  
the same me thods and assump t ions u s e d  in the Third  AC economics  shown in 
Appendix I ,  S e c t ion 1 . 1  wi t h  two notab l e  exc e p t ions . Firs t , the 
economic s  o f  the Terminal Expans ion were measured relat ive to  a "Base 
Case "  that as sumed an int e r t ie capac i ty of  5 200 MW ( the exi s t ing inte r t ie 
sys tem)  in addi t ion to  the Proposed Fo rmula al locat ion po l i cy and the 
Exi s t ing Con t rac t s . Secondly , the Te rminal Expans ion wi l l  invo lve l e s s  
t ransmiss ion inves tment t han t he Third AC . The present val ue o f  the DC 
Terminal Expans ion t ransmis s ion co s t s  has increased from $ 2 9 9  mi l l ion to  
$376  mi l l ion s ince t he Draf t IDU  E I S . Tab les  1 . 2-3 t hrough 1 . 2-5 
i l l us t rate the b reakdown of transmis s ion cos t s  f o r  the Terminal 
Expan s i o n .  The Te rminal Expansion is c urren t l y  unde r cons t ruc t i on wi th  
comple t ion s c heduled f o r  February 1 98 9 . 

1 . 2 . 2  Resul t s  

The economic analys i s  o f  the Te rminal Expans ion s hows a Wes twide net  
present  val ue bene f i t  of  $996  mi l l ion when the increased inte r t i e  
capac i ty i s  used only f o r  transmi t t ing economy energy . The breakdown o f  
the Wes twide bene f i t s  f o r  the Pac i f ic No r t hwes t ,  Cal if o rnia , and BC hydro 
is $483  mi l l ion ,  $ 329  m i l l ion , and $ 1 84 mi l l ion , respe c t ive ly .  BPA ' s  
share o f  the Pac i f i c  No r t hwe s t  bene f i t  at  6 0  percen t , 8 5  percen t , o r  
100 percent o f  the inc remental hydro secondary sales  is  $ 2 2 2  mi l l ion , 
$306  mil l ion , and $ 3 5 7  mi l l ion ,  respe c t ive l y . Tab les  1 . 2-1  and 1 . 2 . 2  
i l l us t rate the sens i t iv i t ies  t o  the Bas e Case analys i s . The 
sens i t iv i t ies  s hown in Tab les  1 . 10 and 1 . 1 1 are ident ical to t ho s e  
analyzed under the Third  A C  wi t h  t h e  excep t ion o f  � 4000 MW Cal i fornia 
load and t he 8 5  percen t  Marginal Cos t Limi t , whi c h  were no t analyzed 
under t he Terminal Expans ion . 
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Tab l e  1 . 2-1  

S ENS I T I V I TY STUD I E S  
INCREMENTAL NET BENEFITS  OF THE TERMINAL EXPfu�S ION 

Ne t P re s ent  Value Through 2030 
( 1 98 7  $ Mi l l ions ) 11  

- ----------------- -_. -- ---��---.---------- --

BC NORTH- WESTW IDE 
Case HYDRO CAL I FORNIA WEST  REG I O� 

Base 184  329  483 996 
Ca l i f o rn ia Low Gas 54 -70 1 2 9 1 1 3  
Cal ifo rnia High Gas 2 5 9  1 3 1  1 6 23 20 1 3  
Cal i f o rnia Low Load ( -2000 ) 1 54 3 6 3  3 70 8 8 7  
Cal i f o rn ia H i gh Load ( +2000 ) 2 3 7  3 6 5  5 6 6  1 1 68  
Pac i f i c No rthwes t Low  Load 1 4 7  4 5 6  20 1 1  26 14  
Pac if i c No rthwe s t  H igh Load 1 5 3  7 7  -60 1 70 
50% Marg inal C o s t  Limi t 73  5 70 1 7 9 882  
F i rming Nonf i rm ( 800 ) 1 26 266  314  706 
F i rming Nonf i rm ( 1 6 00 ) 9 2  2 5 3  1 74 5 1 9  
TE Trans . Cos t 184  3 1 1  4 6 3  9 5 8  
7 Percen t  Real Dis c ount Ra t e  8 7  1 3 4  1 6 3  384 
Maximum Con t rac t ( 800 MW AD 'l:./ ) 1 4 9  48 7 4 5 1  108 7 

I I The se va l ue s  are the inc remental  bene f i t s  o f  the Te rmina l 
Expan s i on g iven a change in  one variab l e . The economi c bene f i t s  
of  a g iven variab l e  canno t b e  measured f rom t h i s  incremen t .  

2 1  AD  = As s ured De l ivery 
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Tab l e  1 .  2-2 

S ENS ITIVITY STUD IES 
INCREMENTAL NET BENEFITS OF THE TERMINAL EXPANS I ON 

Ne t Presen t  Value Through 20 30 
( 1 98 7  $ Mi l l i ons ) II 

BPA 
CASE 60% 85% 1 00% 

Base 222  306  35 7 
Cal if o rnia Low Gas 5 6  1 0 7  1 38 
Ca l i fo rnia H igh Gas 5 8 2  804 9 3 9  
Cal if o rnia Low Load ( -2000 ) 1 5 8  224 26 5 
Cal if o rnia H igh Load ( +2000 ) 288 3 8 9  45 1 
Pac i f ic Nor t hwe s t  Low Load 1 24 1  1 6 9 3  1 96 5  
Pac i f i c  No r t hwe s t  H igh Load -28 - 1 6  - 9  
5 0 %  Marginal C o s t  Limi t 1 6 0  2 3 9  28 7 
F i rming Non f i rm ( 800 ) 1 6 5  24 1 28 7 
Fi rming Nonf i rm ( 16 0 0 ) 1 20 1 8 3  2 2 2  
T E  Trans Cos t  20 2 286 3 3 7  
7 Percent  Real D i s coun t  Rat e  50  90 1 1 5  
Maximwn Contrac t ( 800 MW AD ,!:/ ) 249 344 400 

NORTH-
WEST 

48 3 
1 2 9  

1 6 2 3  
3 70 
5 6 6  

20 1 1  
-60 
1 7 9 
3 14 
1 74 
46 3 
1 6 3  
45 1 

II These  values are the incremen tal  benef i t s o f  the Te rminal Expans ion 
g iven a c hange in one variab l e . The economic bene f i t s  o f  a given 
var iab l e  canno t be measured f rom this  increment .  

,!:I AD = As sured Del ivery 
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Tab l e  1 . 2-3 

DC TERMINAL EXPANS I ON 
PRESENT WORTH 

( 1 98 7 $ Mi l l ions ) 

Intere s t  and Amo r t izat ion 
Sub s t a t ion Transmiss ion 

Ope rat ion & Maintenance 
Sub s tat ion Transmiss ion 

NORTHWEST 1 3 5  5 

CALI FORNIA 1 24 5 

TOTAL 25 9 1 0  

D i s coun t  Rat e s  ( Through Year 2030 ) 

Inf lat ion 
Real 
Nominal 

Escalat ion ( Through Year 2006 ) 

Subs tat ion 
Transmis s ion 
Operat ions  & 

Maintenance 

5 . 00% 
3 . 00% 
8 . 1 5% 

0 . 90% 
1 . 6 0% 
0 . 40% 

Operat ions & Maintenance ( Pe r cent Inves tmen t ) 

Sub s tat ion 
DC Terminal 
Transmiss ion 

S e rv i c e  L i f e  ( Years ) 

Sub s t a t i on 
Transmis s i on 

4 . 00% 
1 . 40% 
0 . 20% 

3 7  
45 

I . 2-4 

5 7  o 

5 0  o 

1 0 7  o 

TOTAL 

1 9 7  

1 7 9 

3 7 6  



SUBSTATI ON 

TRANSMI S S ION 

1 98 9  
2 0 2 6  

1 98 9  

Tab l e  1 . 2-4 

DC TERMINAL EXPANS ION 

INVESTMENT 
( $  Mi l l i ons ) 

NORTHWEST 

1 98 6  $ wlo NOM $ 
IDC I I  wl IDC 

100 . 5  l 33 . 7  
100 . 5  946 . 9  

4 . 0  5 . 6  

ANNUAL OPERAT ION & MAINTENANCE COSTS 
( $  1 98 6  Mi l l ions ) 

CAL I FORNIA 

1 98 6 $  NOM$ 
wlo IDC wl IDC 

9 2 . 7  1 2 3 . 3  
9 2 . 7 8 73 . 4  

3 . 7  5 . 2  

NORTHWEST CAL I FORNIA 

SUBSTATION 2 . 25 

TRANSMISS ION 0 . 0 1 

I I IDC = Intere s t  Dur ing Cons truc t ion 

1 . 2-5 
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Ta b l e 1 . 2- 5  

TERMINAL EXPAN S I ON 

( 1 986 $ 0 0 0 ) 

I NVE STME N T  C O S T S  

N OR THWE ST 

C e l i l o  1 1 0 0 MW t e rm i n a l  

C e l i l o  & B i g  E d dy s u b  

T x m  re i n forcemen t  

SVC 6 0 0  MVAR 

Tot a 1 

S OUTHWE S T  

Syl mar 1 1 0 0  MW t e rm i n a l  

AC s u b s t at i on ad d i t i on s  

Txm re i n forcement 

S VC 600 MVAR 

Tot al  

Operat i on s  & Ma i n tenance 

T r a n sm i s s i on 

4 , 0 0 0  

4 , 0 0 0  

3 , 7 3 0  

3 , 7 3 0  

S u b s t a t i on 4 . 0% 

D C  Term i n a l  1 . 4% 

Transmi s s i o n  0 . 2% 

S u b s t at i on 

68 , 0 0 0  

1 1 , 1 0 0  

l..L.J...2..Q. 

1 0 0 , 49 0  

66 , 4 0 0  

5 , 0 5 0  

9 2 , 74 0  

Total  

1 04 , 49 0  

96 , 470  

Referen ce : C PA 1 1 1  ( 1 2 / 2 1 /84 ) and  CPA 1 5 0-7  Rev 1 ( 1 0 / 2 0 /86 ) .  

C o s t s  f o r  D C  t e rm i n a l  rev i s ed based  on BBC b i d .  

( VS6-PG- 1 868Z ) 

I .  2-6 

O P E R A T I O N  & 
MA I N TENANCE  COSTS  

Transmi s s i o n S u b s t at i o n  

8 

8 

7 

7 

9 5 3  

444 

-ill 

2 , 249 

9 3 0  

2 0 2  

1 , 98 3  

TOTAL 

2 , 2 5 7  

1 , 99 1 
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Economic Analyses 

PART 3 

Inter t i e  Acc e s s  P o l i c y  Econom i c s  





1 . 3  INTERTI E  ACCESS POLICY ECONOM I C S  

1 . 3 . 1  Int roduc t ion 

Three po tent ial  Inter t ie Ac c e s s  P o l i cy f o rmula al locat ion op t ions are 
analyzed in this sec t ion ; the Propo sed , Hydro-Firs t and P re- lAP o p t ions . 
Bene f i t s  were cal culated f o r  t he Wes twide reg ion ( Pac i f i c  No r t hwe s t  + 
Cal i fo rnia + BC Hydro ) ,  f o r  each region separate ly ,  and f o r  BPA . 
Analyses were comp l e t e d  as suming 1 )  nonf irm sales  and exis t ing f irm 
contrac t s  as we l l  as 2 )  new f i rm sales , nonf i rm sales , and exi s t ing f i rm 
cont rac t s . 

The d i s t ribut ion o f  bene f i t s  i s  very sens i t ive to  the assumed secondary 
revenue po l i c y .  For purp o s e s  of t h i s  analys i s , to  be cons i s tent w i t h  the 
e conomi c  analys i s  of Inter t ie expans ions , the current variab l e  rate 
revenue po l i cy i s  as sumed f o r  t he Proposed and Hydro-Firs t o p t ions . For  
the P re-lAP o p t ion , i t  i s  assumed that  t he secondary p r i ce is  driven to  
the incremental cost  o f  the  l as t  res ource s o l d  p lus 2 mi l l s . 

Any o the r revenue po l icy wou l d  red i s t r ib ute t he bene f i t s  among the 
reg ions . A "share-the-savings " p o l i cy would d i s t r ibute t he b enef i t s  
e qua l ly among the regi ons . Many revenue po l ic ies have been cons idered 
s ince the release o f  the I DU Dra f t  E I S . The conc lus i on was that no one 
po l i cy could pre c i s e ly f o recas t t he d i s t r ibut i on of b enef i ts over the 
next 20 years . Ut i l i t ies w i l l  nego t iate in an e f f o r t  to  ache ive wha t i s  
b e s t  f o r  the i r  respe c t ive companies . 

1 . 3 . 2  Methods /As sump t i ons 

1 .  The bene f i t s  o f  t he lAP ' s  are in 1 9 8 7  p resent  value do l lars 
(mi l l ions ) for 1 98 7  t hrough 2006 . 

2 .  The Exis t ing In t e r t ie i s  assumed . Inc remen tal  values d o  no t 
change s i gn i f i can t ly wi t h  l arge r Inte r t ie s izes . 

3 .  Fo r the Exi s t ing Cont rac t s  case , bene f i ts inc lude e conomy energy 
sales onl y .  

Pac i f ic Nor t hwe s t  Bene f i t s  = 

Secondary Revenue s + Whee l ing Revenues f rom BC  Hydro -
Curt a i lmen t C o s t s  - P roduc t ion Cos t s  - Purchases f rom 
BC Hydro 

Cal i fornia Bene f i t s  

Secondary D i s p l acemen t  - Purchases f rom the Pac i f ic 
Nor t hwe s t  - Purchas es f rom BC Hydro 
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BC Hydro Bene f it..§. = 

Revenues f rom the Pac i f i c  No r thwe s t  + Revenues f rom 
Cal i f o rnia  - Whe e l ing - P roduc t ion Cos t s  

Bonnevi l le P owe r Admin i s t ra t ion Bene f i ts = -------- ----- - ---- ------ ----_ .. ---- --------

Secondary Revenues + Whe e l ing Revenues f rom BC Hydro + 
Whee l ing Revenue s f rom the Pac i f i c No r thwe s t  - Curtai lment 
Cos t s  - Produc t ion Co s t s  

Part  o f  B PA ' s  s hare o f  the economy ene rgy bene f i t s  i s  based  o n  a 
percentage o f  the  Pac i f i c  No r t hwe s t ' s  s e condary revenue s . Fo r 
the Propo s e d  Fo rmula Al locat ioll and Pre- lAP cases , 5 5 , 6 0  and 
6S percen t o f  the to tal s e c ondary revenue s repre s e n t  a range o f  
po ten t ia l  BPA bene f i t s . Howeve r ,  unde r  t h e  Hydro-F i rs t  o p t ion , 
BPA shoul d cap t ure highe r  pr i c e d  marke t s  ( n o t  nec e s s a r i ly more 
marke t )  whi ch wou l d  resul t i n  a h i gher pe rcent  o f  the s e c ondary 
revenue s .  The r e f o re , a range of 6 5 , 70 and 75 percen t wou l d  
mo re l i kely  r e p r e s e n t  BPA ' s  po ten t ial  bene f i t s unde r  the 
Hydro-Fi r s t o p t i on . 

In calculat ing bene f i t s , a produc t i on cos t o f  1 mi l l / kWh i s  
as sumed f o r  hydro produc t i on .  No te  that  t h i s  as s ump t i on i s  
d i f f erent  i n  t h e  Inte r t i e  analys e s  whe re a 0 m i l l / kWh produc t ion 
c o s t  on hyd ro was assume d .  S ince the Inte r t ie analyses  are 
incremen tal  s tud i e s  ( look ing at  inc remental  c hanges as I n te r t i e  
s ize  i s  increas e d ) the impac t o f  inc rement a l  hydro produc t ion 
cos t is ve ry sma l l , approxima t e l y  $ 1 8  m i l l ion ove r 44 years . 
Howeve r , in t he lAP ana lys i s , t o tal  lnte r t i e  b ene f i ts are 
compared requ i r ing inc l us ion of t o tal  produc t ion c o s t s . The 
1 mi l l / kWh p r i ce re f l e c t s  wear and tea� on turbines and o the r 
var iab l e  o pe ra t ing cos t s . 

4 .  Fo r the As s ured  De l ivery Cont rac t s  cas e , bene f i t s inc l ude f i rm 
and e cono�y�ne �EY sales . 

Pac i f i c  No r t hwe s t  Bene f i t s 

S e c ondary and Firm Revenues + Whe e l ing revenue s f rom B C  
Hyd ro +1- F i rm Purcha s e s  - Curtai lment  C o s t s  - P roduc t ion 
Co s t s  - Purchases  f rom Be Hydro 

Cal i f ornia Bene f i t s  = 

F i rm and S e c ondary D i s p l acement + Re s o urce De f e rral - F i rm 
and S e c ondary Purchase s  f rom the Pac if ic No r t hwe s t  -
Purchas e s  f rom BC  Hyd ro 

BC  Hydro Bene f i t s = 

Revenue s f rom the Pac i f ic No r thwe s t  + Revenue s f rom 
Cal i f o rnia - Whe e l ing - Produc t ion Co s ts 
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Bonnevi l le Powe r Admini s t ra t ion Bene f i ts = 

Secondary and F i rm Revenues + Whe e l ing Revenue s f rom BC 
Hydro + Whe e l ing Revenues f rom t he Pac i f ic Nor thwe s t  -
Curtai lment C o s t s  - P roduc t ion C o s t s  

The As sured De l ive ry c on t rac t s  cons i s t  o f  3 6 0  MW o f  long-term 
powe r sales  and 440 MW o f  seasonal power exchanges .  

The Pac i f ic No r t hwe s t / BPA revenue s f rom the f i rm con t rac t s  are 
based on a " s hare-the-savings "  rat e . Cal i f o rnia ' s  bene f i t s  are 
based on d i s p l acement o f  gas-f i red generat ion priced  ac c o rd ing 
to  BPA ' s  January 1 98 7  Cal i f o rnia gas price  f o recas t and defe rra l  
o f  CT ' s  at  a cos t o f  $4 . 94/KW .  The on-peak t o  o f f -peak 
d i f f e rence in generat ion cos t s  i s  as s umed to  be  6 . 0  m i l l s /kwh . 

1 .  3 . 3  Resul t s  

Tab le  l . 3- 1  s hows the bene f i t s  o f  the f o rmul a  al locat i on o p t ions unde r  
Exi s t ing cont rac t s  and Assured De l ive ry ( 800 MW )  con t rac t s , 
respec t ive ly .  The bene f i t s  f o r  each reg ion are s hown as b o t h  d o l lar  
amoun t s  and percentages o f  the  to tal  benef i t s . 

The resul t s  s how the d i s t r ibut ion o f  bene f i t s  t o  be  in favor o f  the 
Pac i f ic No r t hwe s t  in t he P roposed and Hydro-F i rs t o p t i ons . Cal i f o rnia  i s  
favored unde r  t he P re -lAP o p t ion . Bene f i t s  are sens i t ive to  t he 
as s ump t ion that Cal i f o rnia  i s  wi l l ing to  pay a max imum o f  75 percent o f  
t he i r  marg inal ( dec remen ta1 ) cos t ( i . e . , t he cos t saved b y  no t o perat ing 
a d i s p laced resource ) .  More of the bene f i t s  acc rue to  the Pac i f ic 
Nor thwe s t  in the P roposed Formul a  Al locat ion and Hyd ro-F i rs t o p t ions 
be cause revenues are based on 75 percent of Cal i f o rnia ' s  marg inal c o s t  
( see  Sec t ion 1 . 1 . 5 . 2  o f  Appendix I f o r  a de s c r i p t i on o f  BPA ' s  current 
var iab l e  rat e  revenue po l i cy ) . Howeve r , Cal i fo rnia  ge t s  mo re o f  the 
benef i ts unde r  the P re-lAP o p t ion because the p r i c e s  are as s umed t o  d rop 
to  the inc remental  c o s t  of the las t resource so ld  ( see  Appendix B ,  
Par t 5 ,  f o r  a des c r i p t ion o f  the Pre-lAP revenue po l i cy ) .  

Assuming Exi s t ing cont rac t s , BPA ' s  s hare o f  the to tal  benef i t s  i s  
3 1  percent f o r  P re-lAP , 43  percent f o r  the P roposed and 48 percent f o r  
the Hydro-F i r s t o p t i on .  As suming Assured De l ivery ( 800  MW )  con t rac t s , 
BPA ' s  share i s  28 percen t , 3 7  percent and 40 percen t , res pec t ivel y .  

BPA ' s  bene f i t s  are no t ve ry d i ff e rent unde r  t he Exi s t ing and Assured 
Del ivery ( 800  MW )  cont rac t cases . Thi s  s hows that BPA ' s  added bene f i t s  
f rom the 1 , 15 0  MW o f  Federal Marke t ing cont rac t s  are roughly e qual t o  
BPA ' s  l o s t  benef i ts f rom a l l ow ing 800  MW o f  As sured De l ivery . 

A l t hough the P roposed f o rmula al l o ca t ion s h i f t s  economic bene f i t s  to  the 
Pac i f i c  Nor t hwe s t .  the to tal  bene f i t s  iden t i f ied  in t h i s  analys i s  inc l ude 
ne i ther t he env i ronmental  cos t s  to  the Nor t hwe s t  nor the env i ronmental  
benef i ts t o  Cal i fo rnia  as s o c iated with interregional power t ransac t ions . 

( V S 6 -PG-18 90 Z )  
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Tabl e I . 3 - 1  

E F F ECTS  O F  FORMULA ALLOCAT I ON O P T I O N S  

O N  D I STRIBUTION OF  I N T E RT I E  B EN E F I TS - 1 987 THROUGH 2 0 0 6  

( 1 987 N e t  P r e s e n t  Va l ue $ 0 0 0 , 0 0 0 )  

Ex i s t i n g C o n t rac t s  

( No n f i rm Benef i t s  O n l y )  

Formul a Al l oc a t i on Opt i on 

Benef i c i ary P re- IAP P r oposed H Ydro- F i rst 

BPA 11 
5 5 /65 

6 0 / 7 0  

6 5 / 7 5  

percent  

percent  

percent  

Ot h e r  P ac i f i c Northwe s t  

Tot a l  Pac i f i c N o r t hwe s t  

C a l  i f orn i a  

B C  Hydro 

We s t s i de 

Benef i c i a ry 

BPA 11 
5 5 / 6 5  percent  

6 0 / 7 0  percent  

6 5 /7 5  percent  

O t h e r  P ac i f i c  Northwe s t  

T o t a l  Pac i f i c  N o r thwe s t  

C a l  i f orn i a  

B C  Hydro 

We s t s i de 

V 

V 

$000 , 00 0  Percent $0 0 0 . 0 0 0  Percen t 

2 , 496 29 3 , 4 1 3  4 0  

2 . 66 2  3 1  3 . 66 3  4 3  

2 , 82 8  3 3  3 . 9 1 3  46  

--lli -.3. � --1.Q 
2 . 88 7  3 4  4 . 5 1 8  5 3  

5 . 1 3 6 6 0  3 . 464 40 

� d ----5.Z2 ---2. 
8 . 6 0 1 1 0 0 8 , 5 54 1 0 0 

ASSURED  D E L IVERY ( 8 0 0  MW )  

( N o n f i rm a n d  F i rm Benef i t s )  

F ormu l a  Al l ocat i on Opt i on 

P re- IAP P ropo s ed 

$ 0 0 0 , 000  Percent $000 , 0 0 0  Percent 

2 . 66 2  2 7  3 . 4 3 2  3 5  

2 . 79 0  2 8  3 , 6 3 0  3 7  

2 . 9 1 7  2 9  3 . 82 9  3 9  

---D1 --2 L1.1Z -1l 
3 , 5 0 4  3 5  4 . 86 7  49 

5 . 84 1  59  4 . 4 38 4 5  

� d � d 
9 . 95 4  1 0 0 9 . 9 04 1 0 0 

$000 , 0 0 0  P resent 

3 , 86 3  4 5  

4 . 1 0 9 4 8  

4 . 3 5 6  5 1  

-.ill -.S. 
4 . 5 0 3  5 3  

3 . 5 2 6  4 1  

� d 
8 . 5 7 7  1 0 0 

H ydro- F i rs t  

$0 0 0 . 0 00  P resen t 

3 . 8 0 3  3 8  

3 . 999 4 0  

4 . 1 96 4 2  

� -.2 
4 . 88 1  49  

4 . 46 3  4 5  

� d 
9 . 9 3 5  1 0 0 

11 Benef i t s  t o  BPA are  s h own a s s um i n g BPA rece i ve s  5 5 . 60 or 6 5  percent  of t o t a l  

Pac i f i c  Nort hwe s t  secon dary r e v e n u e s  u n der t h e  P r e - I A P  a n d  P r o p o s e d  O p t i on s  and  6 5 . 

7 0 . a n d  75 perc e n t  under t h e  Hydro - F i r s t  O pt i on . 

£1 B a s e d  on t h e  a s s umpt i on t h a t  BPA rec e i ve s  6 0  percent of t o t a l  P ac i f i c  N o r t hwe s t  

s e c o n dary s a l e s  u n d e r  t h e  Pre-IAP  a n d  P r o p o s e d  O p t i ons  a n d  7 0  percent  u n d e r  t h e  

Hydro-F i r s t  O p t i on . 

( VS6-PG - 1 890Z ) 
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APP END IX J 

B i o l og i cal  As ses sment and 
Threa tened and Endangered Species  Lis t 





!n reply refer to EFBG 

Mr . Larry Lockard 

Department of Energy 
Bon n evi l le Power Admin istrat ion 

P.O. Box 3621 
Port land, Oregon 97208-3621 

March 14 , 1 988  

U . S .  Fish  and Wi l d l if e  Service  
Cres ton Fisheries  Cen ter  
780 Cres ton Ha tche ry Road 
Kal ispe l l , MT 5 9 90 1 

Dear Mr . Loc kard : 

In comp lying wi th i t s  respons ib i l i t ie s  under the Endangered Species  Ac t o f  
1 9 7 3 , as amended , Bonnevi l l e  Powe r  Admini s t rat ion ( BPA ) subm i t s  the enc losed  
B i o l og ical As ses sment to  the  U . S .  Fish  and Wild l if e  Service  (USFWS ) on the 
threatened and endangered s p e c i e s  l is ted in t he USFWS l e t te r , l - 7-8 7-SP-7 , o f  
November  1 9 ,  1 9 8 6 , and the upda ted l i s t  o f  January 7 ,  1 98 7 , f rom the S a l t  Lake 
C i ty o f f ice . 

In order to  exped i t e  your review and comment ,  we are f o l lowing the sugges t ion 
of Ralph Swanson , USFWS , Reg ion 1 ,  by mai l ing copies  d i rec t ly to  each f ie l d  
o f f ice invo lved ( l i s t  enc l o sed ) .  

Bio logical As ses sment - Conc l us ion 

We conc lude tha t  opera t ions of the energy fac i l i t ies  in Montana whi c h  are 
covered by this p ro j e c t  are no t l ikely to  adversely  a f f e c t  any Federa l ly 
l i s ted threatened and endangered species . 

We would appre c iate  a wri t ten response . S ince the pro j e c t  has a high agency 
p r i o r i ty , we woul d a l s o  appr e c iate  receiving your res pons e in as t ime ly a 
manner as pos s ib l e . Thank you f o r  your a s s is tance . I f  you should have any 
ques t ions , p lease contac t me a t  ( 5 0 3 ) 230-3295  o r  FTS 429-3295 . 

Encl osures 

S incerely , 

P h i l l i p  D .  Havens 
W i l d l i f e  B io logis t 

CefeiJratillR the U. S. COllstitution Bicelltenni(/I -- 1 78 7- / 98 7  



B i o l ogical  Asses sment Addre s s es : 

Le s l ey Fi t z pa t rick  
U . S .  Fish  and Wi l d l i fe Se rvice  
Phoenix , AZ 

Dave Har low 
U . S .  F i s h  and Wi l d l i f e  Service  
Sac ramento , CA 

Kar l a  Kramer 
U . S .  F i s h  and Wi l d l i f e  Service 
Laguna Nigue l , CA 

Randy McNa t t  
U . S .  Fish  and Wi l d l i f e  Service  
Reno , NV 

Don Archer 
U . S .  Fish and Wi l d l i fe Servi ce 
Sal t  Lake C i ty ,  UT 

Rus se l l  Pet erson 
U . S .  Fish and Wi l d l i f e  Service  
P o r t l and , OR  

Jim  Michae l s  
U . S .  F i s h  and Wi l d l i f e  Service 
O l ympia , WA 

R i c h  Howard 
U . S .  F i s h  and Wi l d l i f e  Service  
Bo i s e , ID  

Larry Lochard 
U . S .  Fish and Wi l d l i f e  Se rvi ce 
Ka l is pe l l , MT 



B IOLOGICAL ASS ES SMENT 

BACKGROUND 

On Oc tober 2 ,  1 98 6 , Bonnevi l l e Powe r Admini s t ra t i on ( BPA ) reques ted f rom 
the U . S .  Fish and W i l d l i f e  Service ( US FWS ) a l is t  of threatened and 
endange red species  tha t  might be a f f e c ted  by dec i s i ons made in i t s  
Inte r t ie Deve l opment and Use Envi ronmental Impa c t  S ta temen t ( IDU E I S ) .  
( A  copy of  the reque s t  i s  a t tached . )  

The IDU E I S  c overs a wide range o f  operat ional po s s ib i l i t ies . I t  does  
no t address the phys i cal  e f f e c t s  o f  any new fac i l i t y  cons t ruc t i on .  This  
very comp lex pro j e c t  invo lves hundreds o f  f ac i l i t ies  t hroughout the 
Wes t .  Prel iminary analys i s  s howed that a numbe r  o f  t ho s e  f ac i l i t ie s  
would have n o  changes exceed ing t h e  N o  Ac t ion a l te rnat ive . There f o re , we 
reques ted  species  l i s t s  only f o r  those f ac i l i t ie s  t ha t  woul d po s s ib l y  
have operat ional changes  exceeding t h e  N o  Ac t ion Al t e rnat ive . (A  copy o f  
t h e  spec ies l is t  rece ived i s  a t tached . )  

Inf o rmat ion on the primary concerns f o r  each spe c ies  ident i f ie d  was 
ob tained f rom the USFWS coo rd ina t o r  in each S ta t e . The analys i s  whi c h  
f o l l owed inc l uded further def in i t ion o f  fac i l i t ies  wi th p o t en t ial  impac t ,  
toge t he r  wi t h  analys i s  o f  the k ind and extent o f  such  impac t .  The s teps  
o f  this  ana l y s i s  are d i s cussed b e l ow . 

ASSUMPT I ONS AND METHODOLOGY 

Focus on Opera t i ons . This  ana l ys i s  covers operat ions only ; i t  does no t 
cover any new cons t ruc t ion . Al l f ac i l i t ies  are in p lace and f unc t ion
ing . Many fac i l i t ie s  are owned and operated by priva t e  ut i l i t ie s : BPA 
has no cont ro l over these  fac i l i t ie s . In  s ome cases , assump t ions we re 
made t ha t  p lant s  would expand t o  mee t  f o recas ted  loads . However ,  
cons t ruc t ion pro j e c t s , i f  t hey occur , wou l d  be  t reated s epara t e ly by the 
owne r / operat o r . 

The "No Ac t ion" ( or Base Case ) A l t e rnat ive . Thi s  a l te rnat ive repre s en t s  
t he opera t ional output i f  BPA were not  t o  imp lement any of  t h e  a c t ion 
al t e rnat ives covered by the E I S . "No Ac t ion" leve l s  o f  opera t ion are 
beyond BPA ' s  con t r o l  and would occur in any case . 

For exampl e :  A curren t ( 1 988 ) No Ac t i on Al t e rna t ive genera t i on o f  
7 3 8  megawa t ts ( MW )  a t  a fac i l i ty might  become a future ( 20 0 3 ) No 
Ac t ion Al t e rnat ive of 9 6 3  MW .  That i s , p l ans and events  whi ch have 
al ready o ccurred or whi c h  woul d take p lace w i t hout regard to IDU 
ac t ions would  cause an increas e f rom 738 MW to 963 MW. An I DU 
"Ac t ion" a l te rna t ive by 2003  might  show a h igher fac i l i ty generat ion 
of 1 0 7 1  MW .  

Our ana lys i s  would l o o k  a t  the d i f f e rence b e tween No Ac t ion and 
Ac t ion ( 96 3  MW vs . 1 0 7 1  MW )  in 2003 . 
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A l s o : A plan t  shows No Ac t ion gene ra t ion o f  500  MW in 1 988 and 1 0 0 0  
MW i n  200 3 .  An "Ac t ion" a l te rna t ive m i g h t  be  950  MW in 200 3 . S ince 
output is actua l l y  reduced ,  impac t s  would be the same or l e s s  than 
those of No Ac t ion . The re f o re , no analys is  wou l d  be done . 

The l i s t  o f  f a c i l i t ies that  exceeded the No Ac t ion A l t e rnat ive was 
ref ined a f t e r  fur ther analys i s , reduc ing the numbe r  of f ac i l i t ies  wh i ch 
requ i red examina t i on .  Thi s  process  is  documen ted in Tab l e  I ,  Fac i l i t ie s  
o n  t he Original Reque s t  f o r  T&E Da ta and S ub sequent Resul t s . 

Tab le I l is ts tho s e  fac i l i t i e s / l o ca t i ons f i r s t  iden t i f i e d  as having the 
p o t ent ial for operational �hanges to exceed the No Ac t ion A l t e rnat ive 
( C o lumns 1 / 2 ) . These are the fac i l i t ies  f o r  wh i c h  we reque s t ed s p e c i e s  
l is ts . I t  also  s hows wh ich  o f  those fac i l i t ies  had T&E spec i e s  
iden t i f ied by USFWS ( Co lumn 3 ) ;  whi c h  f ac i l i t ies  exceeded N o  Ac t ion cas es  
after  f inal data  review , o r  ( f o r  hydroe l e c t r i c  fac i l i t ies ) which  might  
affect  f is h  s tocks* ( Co lumn 4 ) ;  and which  fac i l i t ies  are  consequent ly 
covered in the B i o l o g i ca l  As ses sment ( Co l umn 5 ) .  Those  wi th  a "YE S "  in 
C o l umn 5 were those analyzed for impac t s .  Fac i l i t ies  whi c h  d i d  no t 
exceed the No Ac t i on cas e o r  whi c h  would  no t a f f e c t  f is h  s t ocks we re 
d ropped f rom asses smen t , as no changes in o pe ra t ions due to  BPA ' s  ac t ions 
would oc cur . 

Fo r example : The Reid Gardner p l an t  was submi t ted as part  o f  the 
l i s t  reque s t ing T&E area info rma t i on .  T&E s p e c i e s  we re f o und t o  be 
present in t he area . Howeve r ,  analys i s  showed t ha t  no a l t e rnat ive 
would exceed t he e f f e c t s  o f  No Ac t ion . The re f o re , Reid  Gardne r i s  
no t cove red i n  t he B i o l o g i c a l  Ass e s smen t . 

Fo r example : 
reque s t  l i s t . 
a f fe c t ing thi s  
t he B i o l o g i ca l  

The Co l s t r i p  
T&E spec ies  
p l an t  might  
As ses smen t . 

p l ant was s ubmi t ted as par t o f  the same 
we re iden t i f ied in the area . Al terna t ives 
exceed No Ac t ion . The p lant is covered in 

* The only p o t en t ia l  impa c t s  iden t i f ied a t  dams we re on f is h , whi c h  
make up par t  o f  t he eagl es ' f o o d  supp ly . 
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Tab l e  I 

FAC I L IT I ES ON THE OR I G INAL 
REQCEST FOR T&E DATA AND SUBS EQUENT RESULTS 

COLUMN 1 2 3 4 5 --

Might  Covered in 
T & E ,', Af fec t F i s h  B i o l og i cal 

Dam Fac i l i t ies  Lo cat ion P resen t ?  S to c k s ?  As s e s smen t ?  ----- -------

Bonnevi l le OR/I.JA YES NO NO 
The Da l les OR/WA YES NO NO 

John Day OR/WA YES NO NO 

i'-'lc;�ary OR/WA YES NO NO 
P ries t Rapids WA YES NO NO 

Wanapum WA YES NO NO 
Rock I s land WA YES NO NO 
Ro cky Reach WA YES NO NO 
We l l s  WA YES NO NO 
Chief  Joseph WA YES NO NO 
I c e  Harbor WA YES NO NO 
Lower Monumental WA YES NO NO 
Li t t l e  Goose WA YES NO NO 
Lowe r  Grani t e  WA YES NO NO 
Libby MT YES NO NO 
Hungry Horse MT YES YES YES 
Albeni Fal l s  I D  YES NO NO 
Grand Coulee WA YES NO NO 
Dworshak I D  YES NO NO 

Exceed C overed in 
Thermal P lant T & E'" No Ac t ion B io l o g ical  

Fac i l i t ies  Locat ion P resent ? A l t e rna t ive ? As s e ssme n t ?  
C o l s t r i p  MT YES YES YES 
Boardman OR NO N/A NO 
C en t ral ia WA NO N/A NO 
J im B ridger WY YES YES YES 
Valmy NV NO N/A NO 
Apache AZ YES NO NO 
Springervi l l e  AZ YES NO NO 
Co ronado AZ YES NO NO 
I rving ton AZ YES NO NO 
Reid  Gardner NV YES NO NO 
Hayne s CA YES YES YES 
S c a t t e rgood CA YES YES YES 
Val ley CA NO N/A NO 
Con t ra Cos ta CA YES YES YES 
Mo rro Bay CA YES YES YES 
Moss  Landing CA YES YES YES 
P i t t sburg CA YES YES YES 
E t iwanda CA NO N/A NO 
Hun t ing ton Beach  CA  YES YES YES 

* Supp l ied by U .  S .  F i s h  and W i ld l i f e  Servi ce . 
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Tab l e  I ( Cont inued ) 

FAC I L IT I E S  ON THE OR I G INAL 
REQUEST FOR T&E DATA AND SUBS EQUENT RESULTS 

COLUMN 1 -----

Therma l  P lant 
Fac i l i t ies  

Be l le-Ayre 
( Boardman ) 

Cen t ra l ia 
( Central ia ) 

Rosebud 
( Co l s trip ) 

B r idger 
( Jim Br idger ) 

Lee Ranch  
( Springervi l l e )  

McKinl ey 
( C o ronado ) 

Wes t r idge 
( C o ronado ) 

Towe r 
( Re id Gardne r )  

Arco--Beaver Creek 
(Reid  Gardne r )  

Coop 
( Reid  Gardner ) 

Tra i l  Moun tain 
( Reid  Gardne r )  

2 -

Loca t i on ---- --

WY 

WA 

MT 

WY 

NM 

NM 

NM 

OT 

UT 

UT 

UT 

3 

T & E>" 
P resen t ?  ------------

YES 

NO 

YES 

YES 

NO 

NO 

NO 

YES 

YES 

YES 

YES 

4 -
Exceed 

No Ac t ion 
Al t e rnat ive ? ------

YES 

N/A 

YES 

YES 

N/A 

N/A 

N/A 

NO 

NO 

NO 

NO 

* S upp l ied by U . S .  F i s h  and Wi l d l i f e  Servi ce . 

5 
Covered in 
B i o l o g i c a l  
As s e s smen t ?  

YES 

NO 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

* *  Benea t h  the Coal Mine name , in ( paren t heses ) i s  the name of t he 
Therma l  P lant to  whi c h  the m ine supp l ies  coal . 
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Key As sumpt ions . B e l ow i s  a l i s t  o f  assump t ions used in deve l o p ing t h e  
B i o logical  Asses sment . 

• The inf o rma t ion and analys i s  in t he DE I S  and the add i t ional and 
ref ined data deve loped f o r  the FE I S  provide an ac curate base f o r  
the B i o l og ical  As ses sment . Data used f o r  impac t p re d i c t ions 
were modeled  and evalua ted for 1 988  ( current ) ,  1 9 9 3 , 1 9 98 , and 
200 3 . 

• Exi s t ing fac i l i t ies would be  o pe ra ted w i t h in des ign l im i t s  and 
capab i l i ty .  

• Cal i f o rnia gas / o i l  thermal p lant s  w i l l  c on t inue to  use gas mo s t  
o f  the t ime . 

• Numbers  o f  re turning adul t anadromous f is h  are propo r t ional t o  
surviva l  o f  down s tream j uven i l e s . 

• Re s i dent f i s h  produc t ion i s  adve r s e l y  a f f e c ted  by dec reased 
rese rvo i r  leve l s  o r  s t ream f lows . 

• Wat e rf owl  on t he Co l umb ia and Snake Rive r s  would not  be  a f f e c ted 
by any opera t i onal ac t ion covered by t h i s  E I S . 

• Wat e r  l eve l s  behind dams would rema in w i t h in present phys ical  
l imi ts , because the dams w i l l  no t be mod i f ie d . 

• No c hange in human use o f  fac i l i t ie s  would  o ccur as the re sul t 
o f  these a c t ions ; t he r e f o re no add i t ional d i s t urbance o f  anima l s  
wi l l  b e  caused . 

• Where coal  p lant opera t i ons  do no t exceed No Ac t ion a l ternat ive , 
t he mine sup p lying i t s  coal  w i l l  a l s o  not  exceed No Ac t ion . 

• Where  an al t e rnat ive ' s  operat ions would  fal l below  t he leve l o f  
t he N o  Ac t ion A l ternat ive , n o  s igni f ican t  impac t s  would  o c c ur on 
vege t a t ion or w i ld l i f e . 

ASSESSMENT 

The As ses sment i s  d ivided into  t hree sec t ions : 

A .  D i s cuss ions o f  gene r i c  and s i te-spec i f i c  impac t s  t hat  can o c cur w i t h  
each type o f  fac i l i ty cove re d  b y  t h i s  a s s e s smen t : Dams , O i l - and 
Gas-Fired The rmal P lant s , Coa l -Fired The rma l P lant s ,  and Coal  Mine s . 

B .  Tab l e s  whi c h  addre s s  individua l fac i l i t ie s , as s o c iated  s p e c i es , and 
pos s ib l e  impac t s . 

c .  A De tai l ed D i scus s i on o f  t he Impac t s  o f  opera t i ons o n  res i dent  f is h , 
a food  supply  o f  t he bald  eag l e , a t  t he reservo i r  behind Hungry Horse  
Dam . 
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A .  D I SCUSS IONS 

Dams 

The B i o logical  As s e s sment covers two bas i c  types o f  dams : ( 1 )  Run-of 
t he-Rive r ;  and ( 2 )  S to rage . Run-of-the-R iver dams have l i t t le  o r  no 
ab i l i ty to regul a t e  f l ows seasona l l y .  Wha t comes in , goes out , and a t  
about the same ra t e . Impac t s  as s o c iated  w i t h  wat e r  f luc tua t ion are 
there f o re beyond BPA ' s  contro l . Anadromous f i sh are affec ted by t he 
amount o f  water  pas s ing through t urbines ; mo r ta l i ty i s  as s o c iated  wi th  
turbine pas sage and p redat ion in t he poo l , among o the r things . Impa c t s  
on res ident f is h  are , f o r  t he mo s t  par t , no t a f f e c ted  by dam operat ions 
because wat e r  1 eve 1 s --the maj o r  impac t o r s --are no t regulated . 

S t o rage dams pass wat e r  through t urb ines and impound varying amount s  o f  
wat e r . They ho l d  o r  re l ease the water , depending upon powe r needs and 
ope rat ional cons t ra in t s . Wa ter l eve l f luc t ua t ions can be large , and 
impac t s  on res ident f is h  can be a conc e rn . The only po t en t ia l  impac t 
iden t i f ied in the B i o l o g ical  As s e s smen t  i s  on res i dent  f is h  a t  the 
reservo i r  behind Hungry Horse Dam ( see  part C ) .  The s t o rage dams 
addre s s e d  by t h i s  As s e s sment  ( Grand Coulee , A1ben i  Fal l s , Dworshak , 
L ibby , and Hungry Horse ) have no anadromous f is h . 

The e f f e c t  o f  IDU dec is ions on anadromous f is h  t hroughout t he C o l umb ia 
R iver Sys tem has been analyzed i n  dept h ,  bearing in mind the inte r im 
goa l s  of  t he F i s h  and W i l d l i f e  P rogram as o u t l ined by t he Nor t hwe s t  Power 
P l anning Counc i l  ( NP P C ) :  to  doub l e  the runs of anadromous f is h . These  
planned inc reases  wi l l  b e  the  res u l t o f  inc rease d  produc t iv i ty  due t o  dam 
passage improvement s , d i s ease c on t ro l , hatchery opera t i ons , and o ther 
mi t igation measures .  

Several E I S  a l ternat ives would have minor impac t s  on t he s e  p lanned f is h  
pro- duc t ion increases . However , these  impac t s  wou l d  b e  ins i gn i f i cant 
c ompared t o  t he large inc reas es  p ro j e c t ed . In  no ins tance  would  
anadromous f is h  pas s ing t h ro ugh any p o o l  be  decreased to  numbers  less  
t han are  curre n t l y  ava i l ab l e .  I n  a l l  cases , f is h  numbers  are expec ted t o  
increase g rea t l y .  

No impac t s  f r om dam ope ra t i on are expec t ed o n  res ident f i s h ,  w i t h  the 
pos s ib l e  exc e p t ion of Hungry Horse Dam ( see par t  C ) .  No a l te rnat ive 
inc l udes chang ing the s i ze of  any dam through  new c ons t ruc t i on ,  s o  
res e rvo i r  wat e r  l eve l s  w i l l  remain wi thin  present  phys i c a l  l imi t s . 

O i 1 - and Gas-Fired P lant s  

Our o r i g inal reques t l i s te d  nine gas - and o i l-f i r e d  p lant s  ( s ee Tab l e  I ) ,  
iden t i f ied t hrough individual p lant mod e l ing whi ch s howed these  n ine 
p o t en t ia l l y  exceeding the No Ac t ion al t e rna t ive . Howeve r ,  the s tudy 
mode l proved to be  inc ompa t ib l e  w i t h  the overal l sys t ems mOde l ing f o r  the 
E I S .  O i 1 - and gas - f ired p lant s  were c onsequen t l y  grouped by a i r  qua l i ty 
bas ins f o r  a c ompa t ib l e  analys i s . ( The bas i s  f o r  t h i s  c hange i s  
d i s cussed i n  the f inal E I S . )  The s tudy ind i cated that a i r  p o l l ut i on 
would  be  genera l ly reduced in Cal i fo rn i a  b e cause l es s  gas and o i l  would  
be  used . 
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The USFWS in Cal i f o rnia iden t i f ied hab i tat  mod i f icat ion , a i r  qua l i ty ,  and 
o i l  s p i l l s  as primary concerns as s o c iated  w i t h  o i l - and gas -f i red p lan ts  
in Cal i fo rnia . No cons t ruc t ion is  planned . Howeve r , inc reased air  
po l lut ion and o i l  s p i l l s  could  po tent ial ly  a f f e c t  t he vari e ty o f  
t hreatened and endangered species  t hat o ccur i n  the area o f  the power 
p lants  ( see Tab l e  I ) .  

These p l ants  are capab l e  o f  burning e i ther natural gas or  o i l . In recent 
years , t hey have used natural gas mo s t  of  the t ime . The E I S  conc ludes  
that  the po ten t ial  f o r  gas  s p i l l s  i s  neg l ig ib le . S ince IDU Ac t ion 
al terna t ives  genera l ly reduce o i l - and gas -p lant operat ion in Cal i f ornia , 
the potential  f o r  o i l  and gas s p i l l s  i s  no h igher t han t hat  f o r  a No 
Ac t ion al ternat ive . 

S ince no cons t ruc t ion i s  p l anned and s ince p l an t s  w i l l  cont inue t o  
operate wi t h in des ign l im i t s , w i t h  ins ign i f icant c hanges in a i r  qua l i ty 
and l i t t le  l ikel ihood o f  o i l  s p i l l s , no impa c t s  on t hreatened and 
endangered s pe c i e s  or t he i r  hab i ta t  are expe c ted . 

Coal-F i red P lant s  

Exis t ing coal-f i red p lant s  i n  the Pac i f i c  No r t hwes t ,  In land Southwe s t ,  
and Rocky Moun tains we re evaluated  f o r  po t en t ial t o  exceed the No Ac t ion 
Al t ernat ive . Onl y  Co l s t r i p  and J im B r i dger might exceed tha t  l eve l ( see 
TABLE I ) .  

Fo r exis t ing coal-f i red p lant s , impac t s  can occur f rom increas ed wat e r  
w i t hd rawa l s  f o r  c o o l ing o r  increased re t urn-wa t e r  t empe ra ture . A i r  
po l lu t ion can a l s o  cause impac t s , but  a i r  qua l i ty c hanges p r o j e c ted  are 
so  sma l l  tha t  any e f fec t s  on vegetat ion o r  w i l d l i f e  are very unl ikely . 

Bo t h  the Co l s t rip  and the J im B r idger p lan t s  use c l os e d  cyc l e  wat e r  
coo l i ng ,  whi c h  d i s charges was t e  heat int o  t he atmo s phere rather than t o  
wat er .  Increas ing wat e r  t empera ture s due t o  wat e r  return are there f o re 
no t a p rob l em .  

Howeve r , water  withdrawal s  f rom the Green Rive r  f o r  c o o l ing at  t he Jim 
Bridger P lant could pres ent a prob l em because the humpback chub and 
C o l orado s quawf i s h  are presen t . (No f is h  s p e c i es are l i s ted f o r  the 
Co l s t r i p  P lant . )  

The FEIS  addres s es t he prob lem as f o l l ows : 

For p lants  us ing wat e r  f rom surface s treams , change in 
wat e r  use was compared to  the minimum dai l y  s t ream 
d i s c harge f o r  the per iod of  record of  the s ource 
water  • .  impa c t s  we re cons idered ins ign i f i cant if 
the magni tude o f  change f e l l  wi thin  the error range of 
dis charge measurement s  ( i . e . , 5 p e rcent  f o r  exce l l en t  
rat ing , 1 0  percent f o r  good , and s o  on ) .  

( P rel iminary FE I S , S e c t i on 4 . 3 . 3 )  

TABLE 4 . 3 . 30 ( f o l l owing ) ind icates  t ha t , f o r  the C o l s t r i p  p l an t , c hange 
in wat e r  us e is so s l ight  as to be cons idered 0 as a percent of min imum 
d i s charge , whi l e  the B r idger p l ant  has only a 2 percen t  change . The 
Tab l e  a l s o  s hows that  the Green R iver has a good-poor record rat ing , 
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which  means the ac curacy o f  t he d i s c harge meas ur�ment s  i s  l e s s  t han 
1 0  percent of the i r  t rue val ue . The r e f o re , a change of 2 pe rcent mus t  be 
cons idered unmeasurab l e  and ins ign i f i c ant . 

D i scharge o f  c losed  cyc l e  heat ed wa ter  and wa t e r  wi thdrawa l s  f o r  c o o l ing 
as  a consequence of Ac t ion a l t e rna t ives do no t present  a p rob lem for f ish . 

Coal Mines 

Only  three mines are expe c ted t o  mine mo re coal  under  any IDU a l t e rnat ive 
t han under  t he No Ac t ion Al t e rnat ive . Thes e  are t he Ro sebud Mine in 
Mont ana , and the Be l le-Ayre and Br idge r Mines in Wyoming . 

These mine s , on Fede ral  l ands , are operat ing under  permi t s  granted by t he 
O f f i c e  o f  Sur face Mining . Permi t s  require  comp l iance w i t h  the Na t i onal 
Envi ronmental  P o l i c y  Ac t (NEPA ) ,  inc l ud ing a requ irement deal ing wi t h  
t hreat ened and endangered s pec L e s . The U . S .  Depar tment o f  t h e  I n t e r i o r  
mus t  approve t he perm i t  and a s s ure comp l iance w i t h  a l l  Federal  l aws 
inc l ud ing t he Threa tened and Endangered Spe c ie s  Ac t (Ho lbrook , 1 98 7 ,  
persona l  commun i c at i on ) .  Thes e  permi t s  apply  only  t o  a c e r t a in surface 
area ; if  expans ion is ne ces s ary , a new permi t mus t  be ob tained . A l l  NEPA 
requi rements  and o th e r  app l i cab l e  laws such as t he Threatened and 
Endange red S pec ies  Ac t mus t be reviewed again . 

The Ro sebud Mine i s  o p e ra t ing under permi t numbers  MT-00 2  A ,  B ,  C ,  D ,  and 
E ;  t he Be l le-Ayre Mine permi t numbe r  i s  WY-0 0 6 ; the B ridger  Mine permi t 
numbe r  i s  WY-OO I .  

S ince the s e  pe rmi t t ing requi rements  and resu l t ing c e r t i f i c a t ion are 
mandated , i t  is  BPA ' s  o p inion that  no a c t ion cove red by the IDU E I S  would 
cause add i t ional impa c t s  on any t h rea tened o r  endange red s pe c ie s  f rom 
operat ion of t he s e  mine s . 

B .  TABLES 

TABLE I I  Threatened and Endange red Spe c ie s  Po ten t ia l ly Affec t ed 

TABLE I I  l i s t s  each f ac i l i ty covered in the B i o l o g i ca l  A s s e ssment as  
to  pos s ib l e  e f f ec t s , toge t he r  w i t h  the s pe c i f i c T&E  s p e c i e s  
iden t i f ied b y  the USFWS f o r  t h e  fac i l i ty area . 

TABLE I I I  Find ings 

TABLE I I I  p re s e n t s  conc lus ions f o r  impac t s  on each po ten t ia l l y  
a f f e c ted s p e c ie s . The maj o r  concerns we re iden t i f ied a f te r  s peaking 
wi th  USFWS personne l at the approp r i a t e  o f f i ce . They we re used t o  
f o cus impac t review o n  mos t-l i k e l y  p rob l em area s . Ra t ional e  f o r  
impa c t  p red i c t ion i s  b r ie f ly d iscussed  and i s  covered i n  more de tai l 
wi thin the approp r i a t e  Spe c ie s  and Foo tno te  D is cus s ions . 

Co l umn 1 
C o l umn 2 
C o l umn 3 

C o l umn 4 
C o l umn 5 

S pec i e s  l i s ted  
Fac i l i ty whe re the s p e c ie s  is  p re sent  
The maj o r  concerns a s s o c iated  w i t h  the s pe c ie s  

( foo tno t e d  to  de t a i le d  references  f o l l ow ing ) 
Impac t s  no ted 
Find ings and / o r  rat iona l e . 
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Tab le  I I  

THREATENED AND ENDANGERED SPEC IES  POTENTIALLY AFFECTED 

Fac i l i  ty 

Hungry Horse  Dam 

C o l s t rip Coal-Fired 
The rmal P lant 

J im Bridger  Coal
Fired The rmal P lant 

Haynes O i l  and Gas 
Thermal P lant 

S ca t tergood O i l  and 
Gas Thermal P lant 

Con t ra Cos ta O i l  and 
Gas The rmal P lant 

Morro Bay O i l  and Gas 
Thermal P lant 

Mos s  Land ing O i l  and 
Gas Thermal P lant 

P i t t sburg O i l  and Gas 
Thermal P lant 

Hun t ington Beach O i l  
and Thermal P lant 

Rosebud Coal  Mine 

Bridger Coal Mine 

E ::: Endangered 
T ::: Threatene d 

S tate  

MT 

MT 

WY 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

MT 

WY 

Spec ies  Presen t 

Bald Eag le  ( E ) ,  Peregrine Fal con ( E ) ,  
G r i z z l y  Bear ( T ) , Gray Wo l f  ( E )  

Bal d Eag le  ( E ) ,  Peregrine 
Fal con ( E ) , B l ac k-Foo ted Ferre t ( E )  

Bald Eag le  ( E ) ,  Peregrine Fal con ( E ) , 
Blac k-Fo o ted Ferre t ( E ) , Humpback 
Chub ( E ) ,  C o l o rado S quawf i s h  ( E )  

Cal i f o rnia Leas t Tern ( E ) , 
Ligh t -Foo ted  C l apper  Rai l  ( E ) ,  Brown 
Pe l i can ( E ) , Sal t Marsh B i rds  Beak ( E )  

Cal if o rnia Leas t Te rn ( E ) ,  
Brown P e l ican ( E )  

Sal t Marsh Harve s t ,  Mouse ( E )  

Peregrine Fal con ( E ) , Brown 
Pe l ican ( E ) , Mo rro Bay Kangaroo 
Rat ( E ) , Southern Sea O t t e r  ( T ) , 
Sal t Mar s h  B i r d s  Beak ( E )  

Brown P e l ican ( E ) ,  S outhe rn 
Sea O t ter  ( T )  

Sal t Mar s h  Harve s t ,  Mouse ( E )  

Cal i f o rnia  Leas t Tern ( E ) ,  
Brown P e l ican ( E )  

Bal d  Eag l e  ( E ) , Peregrine Fal con ( E ) , 
B lack-Fo o ted Fe rre t ( E )  

Bald Eag le  ( E ) ,  Peregrine Fal con ( E ) , 
Black-Foo ted  Ferre t ( E ) ,  Humpback 
Chub ( E ) ,  C o l o rado S quawf i s h  ( E )  
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c..... I 
t-' 
o 

Soeci es 
Bal d Eagl e 

Peregr i ne 

� 

Gri z z l y  

� 

Gray Wo l f 

Bl ac k-Footed 

f..e..rJ:tl 

Humpback 

.c.h.u.Q 

Col o rado 
Squawf i s h 

F.a.d] i tv 

H u n g r y  H o r s e , 

Col s t r i p ,  B r i d g e r  

T h e rmal s ;  Rosebud , 

B r i d g e r  Mi nes  

H u n g ry H o rs e ,  

Col s t r i p ,  B r i d g e r  

M o r r o  Bay T h e rmal s ;  

Rosebud , B r i  d ge r  

Mi n e s  

H u n g r y  Horse  

H u n g ry Horse  

Col s t ri p ,  B r i d ge r  

T h e rmal s ;  Rosebud , 

B r i d g e r  Mi nes  

B r i d g e r  T h e rmal ; 

B r i d ge r  M i n e  

B r i d g e r  T h e rmal ; 

B r i d g e r  M i n e  

Mai n Concerns 
Food Suppl y 

Roos t Fl ood i n g  

A i r Em i s s i o n s  

Hab i tat C h anges  

Food S u p p l y 

Habi tat C h a n ge 

( 1 ) * 
( 2 )  
( 3 )  
( 4 )  

( 5 ) 
( 4 )  

Hab i tat  C h a n ge ( 4 )  

I n c rease i n  ( 6 )  

Human A c t i v i t i e s 

Food Suppl y ( 7 ) 

Habi tat C h ange ( 4 )  

I n c rease  i n  ( 6 )  

Human A c t i v i t i e s 

Mi n e  Expa n s i o n  ( 8 )  

Habi tat  C h anges ( 4 )  

Water  Wi t h d rawal s ( 9 )  
and T emp . C h anges 

Hab i t a t  C h ange 

and Wate r Temp . 

C h anges 

( 4 )  

Tab 1 e I I  I 

Page 1 o f  3 

Impacts 
Poss i bl e  i mp a c t  on 

res i d e n t  f i s h  at 

Hu n g ry Horse . No 

i mp a c t s  o n  o t h e r  

c o n c e rn s . 

No I mpa c t s . 

No I mpac t s . 

No I mpac t s . 

No I mpac t s . 

No I mpac t s . 

No I mpac t s . 

Rat i ona 1 elfj nd i nas 
No al t e rna t i ve wi l l  a f fe c t  eagl e food s u p p l y a t  

any fac i l i ty ,  wi t h  t h e  p o s s i b l e  exce p t i on o f  

Hungry Horse  i n  Montana . Wat e r  l evel s c a n n o t  

e x c eed ex i s t i ng max i mums , s o  roo s t  a reas wi l l  

n o t  be i n u n dated . A i r qual i t y c h anges  a re 

i n s i gn i f i ca n t . No h a b i t a t  al t e ra t i o n s . M i n e  

operat i n g wi t h i n  s t andards  s e t  by t h e  U . S .  

Department o f  t h e  I n t e r i o r  ( U S D I ) .  

No habi tat  al t e ra t i on s  a n d  n o  i mpact  o n  food 

s u p p l y .  M i n e  operat i ng wi t h i n s ta n d a r d s  set  

by U . S . D . I .  

No h ab i tat  al t e ra t i o n  o r  i n c reased  h uman 

d i s tu rbanc e s . 

No habi t a t  al t e ra t i o n  o r  i n c reased human 

d i s t u rbances . 

No h ab i t a t  c h ange s ; m i n e s  o p e ra t i n g  wi t h i n  

s ta n d a rd s s e t  by U S D I . 

C h anges  i n  wa t e r  con d i t i o n a re i n s i gn i f i ca n t  . 

C h anges i n  wa t e r  con d i t i on a re i n s i gn i f i ca n t . 



L, 
I ,..... ,..... 

Spec i e s  
Cal i fo rn i a 

Leas t  Tern 

lighl-
D!Jl.kQ 
Cl apper Rai l  

B rown 

Pel i can 

Si.!lt Mi.!rSh 

B i rds Bea k 

Sal t Ma rs h 
Hi.!rvest 

� 

MQ r rQ Bi.!Y 

Ki.!ngi.!rQQ 

M 

SQ!Jthe rn 

Sea Otter 

Fac i l ity 
Hay n e s , Scatte rgood , 
H u n t i ngton Beach 

T h e rmal s 

Hay n e s  T h e rmal 

Hay n e s , S c a t t e rgood , 

Mo r ro Bay , Mo s s  & 
L nd g .  & Hun t i ngton  
Beach T h e rmal s 

Hay n e s  and Morro 

Bay T h e rmal s 

C o n t ra C o s t a  

P i  t t s b u rg 

T h e rmal s 

Morro Bay 

T h e  rma 1 

Mo r ro Bay & Moss 

Land i n g T h e rmal s 

See Footnotes  fol l owi n g .  

Tabl e I I I  ( Co n t i n u ed ) 
Page 2 of 3 

Ma i n  Concerns I mpacts 
Hab i tat  C h ange 

A i r Pol l u t i o n 

O i l S p i l l  

Hab i tat  C hange 
A i  r Qual i ty  
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i n c rease  i n  genera t i n g  capac i ty . A i r 
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No change i n  p l a n t  opera t i on me t h o d s  n o r  

i n c rease  i n  genera t i n g  capac i ty .  A i r 

qual i ty c h anges a re i n s i gn i f i can t . 

No change i n  p l a n t  o p e ra t i o n  me t h o d s  n o r  

i n c rease i n  gene ra t i n g capac i t y .  



Ta b l e  I I I  ( C o n t i n u e d ) 

FOOTNOTE  D I SC U S S ION 

Page 3 of 3 

( 1 )  BALD EAGL E FOOD  SUPP L Y . Impa c t s  on f i s h have  been anal yzed i n  depth  f o r  t h e  E I S .  The  

st u d i es conc l u de d  t h at , a l though  there  a r e  m i n o r  i mpac t s  on some anad r omou s  f i s h s t oc k s  i n  

some c a s e s , t h e  s t o c k s  w i l l  c on t i n u e  t o  i n c r ease due t o  i n - p l ace a n d  p l anned  m i t i g at i on . 

Res i dent f i sh ( ex c e p t  at H u n g ry H o r s e )  a r e  not  e x p e c t e d  to be a f f ec t e d . At H u n g ry H o r s e  Dam ,  

o p erat i on s  u n d e r  many a l t e r n a t i v e s  cou l d c a u s e  a n  u n q u an t i f i a b l e decrease i n  res i den t f i sh 

product i on i n  t h e  r e s ervo i r .  Th i s  i s  d i s c u s sed  i n  g reater deta i l  l a t e r  i n  t h i s  a s s e s sment  

( Part  C ) . 

( 2 )  ROOST F L OOD I N G . Kn own roos t i n g  areas have been i d en t i f i e d on t h e  l ak e s  beh i n d  several  o f  t h e  

D ams . I n  a l l c a s e s , t h e  roost  t r e e s  a re above max i mum h i g h wat er l evel s .  No c on s t ru c t i on i s  

p l anned  f o r  t h i s  p r o j e c t ; t h e r ef o r e , wa t e r  l ev e l s w i l l  n o t  exc eed ex i s t i n g des i g n max i mums . 

No i n un dat i on of i d en t i f i ed roo s t i n g t rees i s  p o s s i b l e .  

( 3 )  A I R  QUA L I TY . A i r  p o l l u t i on i s  a conc ern f o r  several  s pec i e s  i n  s everal  area s . Impact c ou l d  

occur  d i rect l y  o n  t h e  s pec i e s  i t s e l f ,  a s  wel l a s  o n  poten t i a l h a b i t a t  o r  prey s pec i e s .  

P r o j e c t e d  c h a n g e s  i n  amb i en t  a i r  qual i ty show m i n i ma l  i n c r eases  a n d  decreases  i n  p o l l u t a n t s ,  

depen d i n g  upon  t h e  a l t e rnat i v e .  Al l are j u dg e d  t o  b e  n e g l i g i b l e  a n d  i n s i g n i f i c an t . 

( 4 )  HABI TAT CHAN G E S . N o  c h a n g e s  i n  h a b i t at w i l l  o c c u r  f o r  t h i s  act i on .  N o  c o n s t r u c t i on w i l l  

occur , a n d  oper a t i onal  chang e s , i f  any , are w i t h i n  des i g n a n d  l i c en s e  paramet e r s . 

( 5 )  FOOD  SUPPL Y .  N o  i m p a c t s  are e x p e c t e d  on any prey s pec i e s ( smal l b i r d s  a n d  wat e r f owl ) u s e d  by 

t h e  peregr i n e f a l con . No c h anges  i n  hab i t at ( See N o . 4 abov e )  f o r  e i t h er pereg r i n e  or t he i r  

prey s pec i e s  wi l l  occ u r .  

( 6 )  INCREASE  I N  H UMAN AC T I V I T I E S .  H uman d i s t u r ba n c e s  w i l l  n o t  i n crease  a s  a r e s u l t o f  any 

a l ternat i v e covered by t h i s  E I S  act i on .  F ac i l i t i e s are i n  p l ace and f u n c t i on i n g .  No 

c o n s t r u c t i on wi l l  o c c u r . 

( 7 )  GR IZZLY FOOD S U P P L Y .  F i sh a r e  an i n c i dental  part  of t h e  g r i zz l y  bear ' s  d i et a t  H u n g ry H o r s e  

( E r i cson  1 987 ) . Th e i r  f o o d  s u p p l y i s  otherw i s e  u n a f f e c t e d . 

( 8 )  M I N E S . M i ne e x p an s i on was v i ewe d a s  a poten t i a l p r o b l em , part i c u l ar l y  i n  p l aces  near  

b l ack-f oot e d  f er r et h a b i t a t . Al l of t h e  m i n e s  covered by t h i s  A s s e s smen t  a r e  o n  l an d s  

admi n i s t e r e d  b y  t h e  Bureau  of L a n d  Manageme n t , a n d  operat i n g u n d e r  a perm i t i s su e d  b y  t h e  

Of f i c e  of S u r f a c e  M i n i n g .  Before t h e s e  perm i t s  a re i s s u e d , a l l a p p l i c a b l e l aws a n d  

reg u l at i on s  mu s t  be met , i n c l u d i n g N E PA a n d  t h e  Threatened and  E n dangered  S pec i es Ac t .  N o  

ac t i on c ov ered b y  t h e  I D U- E I S  wou l d  d i rect l y  c a u s e  m i n e e x p a n s i on .  E v e n t u a l l y ,  t h e  m i n e s  may 

have  to e x p a n d  w i t h  or w i t h o u t  act i on s  covered by t h i s  E I S .  I f  t h a t  o c c u r s , t h e  perm i t t i ng 

system w i l l  be f o l l owed a n d  c o n c e r n s  about enc roachment i n t o  b l ack-footed  f e r r e t  h a b i t a t  wi l l  

be addres s e d . 

( 9 ) WATER WITHD RAWAL S .  W i t h dr awa l s f rom t h e  Green R i ver  f o r  cool i n g t h e  B r i dger  Therma l P l ant  

a r e  s o  s l i g h t  a s  t o  b e  unme a s u r a b l e ,  a n d  t h erefore i n s i g n i f i c ant . N o  changes  in  m i n e  

o p erat i on s  a r e  p r o po s ed , s o  n o  i mpac t s  d u e  t o  i n c r e a s e d  wat e r  w i t h dr awa l s a r e  e x p e c t e d  ( s ee 

N o .  7 ) . 

( 1 0 )  O I L/GAS S P I L L . T h e  C a l i f orn i a  Th e rmal P l a n t s  are equ i pp e d  to u s e  e i t h e r  o i l  or natural  g a s . 

H i s t o r i c a l l y ,  g a s  h a s  been u s e d  mu c h  of t h e  t i me . The poten t i a l f o r  s p i l l s  i s  n e g l i g i b l e ;  

u s e  of g a s  a n d  o i l  i s  e x p e c t e d  t o  decrease  w i t h  IOU  Act i on a l t e rnat i v e s . 
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C .  RES IDENT F I SH AND BALD EAGLES AT HUNGRY HORSE RESERVO IR 

Breed ing , winter ing , and migrat ing bald eag l e s  we re ident i f ied  as an 
endangered s p e c i e s  f o und in the areas o f  s ome fac i l i t ie s  covered by t h i s  
Asses smen t . In  reviewing o pe rat ion o f  those  f a c i l i t ies  ( see TABLES I ,  
I I ,  and I I I ) ,  we conc lude that  operat ional changes are no t l ike l y  to  
a f f e c t adve r s e l y  the bald  eag l e . Operat ional changes at Hungry H o r s e  
could  a f f e c t  t h e  f is he ry resource ; this  pos s i b i l i ty and i t s  r e l a t ions h i p  
t o  bal d  eag les  i s  d i s c us s ed b e l o w .  

Res i dent Fisheries  

Common f is h  s pe c i e s  in Hungry Horse  rese rvo i r  inc lude wes t s lope  
cut t hroat t rout , bul l t rout , mountain whi te f i s h ,  nor the rn s quawf i s h , 
large scale  suckers , l ongnos e  sucke rs , and pygmy whi te f is h  ( May and 
Weaver ,  1 98 7 ) . S tudy of t h i s  f ishery has been unde rway s ince 1 98 3  t o  
quant i f y  seasonal wat e r  l eve l s  needed t o  maintain o r  enhance t he 
reservo ir f is he r i e s . 

A l t ho ugh quan t i f i cat ion o f  impac t s  i s  no t current ly pos s ib l e , wes tslope  
c u t t hroat , bul l t rout , and mountain whi te f is h  are  l ike l y  to  be a f f e c t e d  
by increased d rawdowns  as soc iated  w i t h  the IDU p ro j e c t  (May 1 988 ) .  
Impa c t s  on nor thern s quawf i s h  are no t c l ear . 

F i f t een out  o f  t he 20 IDU a l te rnat ives examined s how a po ten t ial  f o r  
a f f e c t ing res i den t f is h  i n  Hungry Horse  Res e rvo i r . F o r  these 
al t e rna t ives , the Hungry Horse  reservo i r  l eve l i s  expec ted t o  decreas e by 
an average of 3-6 f e e t  beyond t he No Ac t ion a l te rna t ive during 
Sep tember/Oc t obe r /Novembe r ,  a c r i t i c a l  pe r io d  f o r  food  p roduc t i on and 
growth f o r  wes t s l ope cut t hr oa t , bul l t rout , and mountain whi te f i s h .  

None o f  t he IDU a l te rnat ives examined wi l l  adve r s e ly a f f e c t  re s ident f is h  
in t he r iver b e l ow Hungry H o rse  Dam . Res ident f is h  in the r iver wi l l  
experience very sma l l  changes in s t ream f lows relat ive t o  the No Ac t ion 
case . No impa c t  on t he i r  s pawning , incubat ion , rear ing o r  migrat ion are 
expe c ted ; nor are f l ows l ikely  to  a f f e c t  the p roduc t ion of  food  suppl ies  
adverse ly . 

The C o l umb ia Rive r  Bas in F i s h  and Wi l d l i fe P rogram ( P rogram ) a l ready 
addres s e s  Hungry H o r s e  o p e ra t i onal impa c t s  on res ident f is h  and a process  
f o r  m i t igat ing any adver s e  impac t s . Spec i f i ca l ly , the  P rogram cal l s  f o r  
research to  b e  c ondu c t e d  to  relate  reservo i r  e l evat ions and f luc t uat i ons 
cause d  by hydro powe r o p e ra t i ons to  populat ion s tab i l i ty or changes .  
Based on t h i s  res earch ,  recommenda t i ons to  p r o tec t res ident f is h  wi l l  be 
deve loped , amended into t he P rogram ,  and cons idered for imp l ementat ion . 
The P rogram al s o  s pe c i f i e s  an exi s t ing mi t igat i on p r o c e s s  t o  be  
impl emented  by BPA when reservo i r  drawdowns due t o  powe r  ope rat i ons 
exceed s pe c i f i c  e l evat i ons . 

Bal d  Eagle 
Acc o r ding to  P .  McC l e l land ( 1 988 ) ,  one pa i r  o f  eag l e s  nes t  near Hungry 
Horse Res e rvo i r . Ano t he r  pai r  i s  s us pe c t ed of  nes t ing t he r e ; howeve r , 
t he i r  nes t ing has no t been conf i rmed . During the fal l m i g ra t i on ,  as many 
as 1 0 0 0  bald eagl e s  may pass  t hrough the reg i on . This  i s  based  on peak 
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coun t s  and a h igh ra te o f  turnove r along McDonal d  C reek and t he midd l e  
f o rk of  the F l a t head R iver . I t  has been e s t imated  that perhaps 
75  p e rcent o f  these b i rds  l eave the reg i on via t he d rainage of  t he south  
f o rk of  the Fla thead R iver ( Casey e t  al . 1 984 ) .  Areas of  the south f o rk 
used f o r  f eeding and res t ing by eag les  dur ing t h i s  period  inc lude the 
uppe r end o f  t he r iver val ley above the re servo i r , the re se rvo i r , and t he 
r ive r be l ow the dam ( Casey e t  a l . 1 984 ) .  The amount of  use during the 
fal l and s p ring migrat ion i s  no t we l l  documented . Howeve r ,  there i s  no 
known maj o r  aggregat ion of eag les  in the south f ork drainage above Hungry 
Horse  Dam ( Casey 1 988 , Mace 1 988 , B . R .  McC l e l land 1 988 ) .  

P .  Mc C l e l land ( 1 988 ) i s  jus t  beg inning to  analyze food  hab i t s  of  Hungry 
Horse  eag l e s . Al t hough no da ta have ye t been comp i l ed ,  she be l ieves t ha t  
t he migrat ing eag l e s  use the mountain whi t e f i s h  (which  s pawn in t he 
t r ibutar i e s  during t he f a l l ) ,  and that  t he b reed ing pair of  eag l e s  w i l l  
"f i s h "  in the lake f o r  whateve r  species  i s  ava i l ab l e . O t he r  f ood 
supp l ies  at  Hungry Horse Reservo i r  are no t wide ly ava i lab le ,  as there are 
few wa terfowl  and l im i t ed dee r carr ion in the s pr ing ( C ro s s  1 9 88 ) . 
Al t e rnat ive food  sources may become ava i lab le  in the future , s ince BPA 
began a big game hab i ta t  rehab i l i tat i on e f f o r t  al ong Hungry Horse  
Reservo i r  in 1 98 7 .  

Ac c o rd ing t o  Fie l de r  and Starkey ( 1 980 ) ,  " . . .  Bald  eagl e s  are 
opportuni s t i c  in t he i r  feeding hab i t s  and usua l l y  p rey on what ever i s  
mos t  ava i lab le  to  them . . . .  " Fielder  and S tarkey ' s  s tud i e s  of  b a l d  
eagl e  feeding hab i t s  on Lake Pateras and Rufus Woods  Lake on the C o l umb ia 
R ive r s how that wat e r f owl made up 9 1  percent o f  the winter food i tems , 
whi le f is h  comp r i s e d  7 . 7  percen t . Dur ing a 1 5 -month  s tudy in that same 
gene ral area ( 1 980 ) ,  Wood  observed that bald  eag l e s  f ed p r ima r i l y  on 
f i s h ;  howeve r , Wood  a l s o  f ound p rey remains of gul l s , chukars , and 
mergansers . Fi t zne r e t  a l . ( 1 980 ) ,  s t udying wintering bald  eagl e s  on t he 
Co l umb ia Rive r  on the U . S .  Department of  Ene rgy Hanf o rd S i te , found no 
correlat ion be tween eag le  numbers and salmon carcas s e s , but a s igni f i cant 
pos i t ive c o r r e l a t ion f o r  duck dens i t ies  and eag l e  dens i t i e s . McC l e l l and 
et a1 . ( 1 98 1 ) found a d i re c t  re l a t ions h i p  be tween kokanee and bald  eagl e  
numbe r s  a t  McDona l d  C reek i n  Glac ier  Nat i onal Park . Bal d  eagl e s  thus 
appear to be f l ex i b l e  in the i r  feed ing hab i t s . 

S tudies  have a l s o  s hown t hat  yearly  and seasonal d i s t r ibution and 
d i s pe rsal of eag l e s  i s  t i e d  to concent rated food  sup p l ies  ( C renshaw 1 98 7 , 
Se rvheen 1 9 75 , Shea 1 9 7 3 , S ta1ma s t e r  1 9 76 ) .  The eagl e s  the re f ore become 
nomadi c  during the winter ( Se rvheen 1 9 75 ) .  

The adaptab i l i t y  of  eagl e s  t o  a chang ing food  suppl y  i s  fur t he r  evidenced 
by eag les  that  use McDonald  C reek in Glac i e r  Nat ional Park . B e f o re 
kokanee runs were e s tab l ished in McDonal d  C reek , large concent rat ions o f  
eag les  we re unknown i n  the upper Flathead sys tem ( Mc C l e l l and 1 9 73 , Shea 
1 9 73 ) .  Ove r t ime , the numbe r  of eag les  us ing t he salmon in McDonal d  
C reek inc reased i n t o  t h e  hundreds (McC l e l land 1 9 7 3 , McC l e l land , e t  a l . 
1 98 1 , Shea 1 9 73 ) .  Howeve r , in the las t  several year s , the s ize  o f  t he 
kokanee run in McDona l d  Creek has dec l ined drama t i ca l ly . The numbe r  o f  
eag l e s  us ing McDona l d  Creek has a l s o  s igni f i cant l y  dec l ined . The Glac i e r  
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Nat ional Park eag l es have probab ly moved to  areas where food sup p l es are 
mo re abundant or  have migrated on through to  the i r  over-winter ing areas 
( B . R .  McC l e l l and 1 988 ) .  

Bas ed on the evidence above , this  As ses sment c onc l udes that operat ional 
changes of  Hungry Horse Darn proposed in the IDU pro j e c t  are no t l ikely to 
adversely af f e c t  the b a l d  eag l e . Thi s  f ind ing is  based on the 
opportunis t i c  feeding hab i t s  o f  eagles ; the i r  adaptab i l i ty and nomadic 
behavior  in relat ion to  chang ing food  supp l y ;  the po t en t ial for b ig game 
hab i tat improvement e f f o r t s  al ong Hungry Hor s e  reservo ir  which  may 
provide an addi t ional food  sourc e ; provi s ions in the Co lumb ia R iver Bas in 
Fish  and Wi l d l i f e  P rogram that address  Hungry Horse  opera t ional impac t s  
o n  res ident f is h  and a process  f o r  m i t igat ion ; provis ions i n  the Program 
that p rovide f o r  f is hery m i t igat ion when res ervo i r  drawdowns due to powe r  
operat ions exceed spec i f ic e l evat ions ; and commi tment b y  BPA t o  t he 
f o l lowing c onserva t ion meas ures . 

Cons e rvat ion Measures :  

1 .  Inc rease res ident f is h  us e o f  Hungry Horse t ributaries . 

BPA wi l l  fund imp r in t  p lant ing o f  wes t s lope cut throat t rout  and 
mountain whi te f ish  in four t r ibutaries ( Fe l ix ,  Harris , Margare t ,  and 
Mc Inernie C reeks ) .  This  wi l l  be  a short-term benef i t  t o  b a l d  eag l e s  
a s  an immediate  inc reas e i n  f o o d  supp ly  i n  t h e  r ivers ; and i n  the 
l ong-term , wi l l  increase b iomass in the rese rvo i r .  

2 .  BPA wil l  fund o f f-s i te f is h  hab i tat  improvement o n  Brennemans and 
S iderius S loughs on t he F l athead Rive r . 

Thi s  wi l l  increase res ident f is h  ( we s t s l ope cut throat , kokanee , and 
mountain whi te f i s h )  in the Flathead sys t em in an area that contains 
nes t ing as we l l  as migra t o ry b a l d  eagles . 

3 .  Cont inue to  moni t o r  the f i s he ry resource in Hungry Horse Reservo ir .  

This 3-year mon i t o r ing e f f o r t  wi l l  as s i s t  t he e f f o r t  o f  the Montana 
Department of Fis h , Wi l d l i f e  and Parks (MDFWP ) to verify  the i r  
res ident f is h  produc t ion mode l deve l oped f o r  Hungry Horse  Reservo i r  
and to  ass i s t in d e t e rmining t he need f o r  f is hery mi t igat ion . 

4 .  Undertake e f f o r t s  t o  m i t igate adverse  res ident f is he ry impac t s  i f  
they occur . 

I f  moni t o r ing , research data , and f is hery mode l ing capab i l i t ies 
conc l ude that  Hungry Horse res ident f is h  populat ions are adve r s e l y  
af f e c t e d  by darn opera t ions , BPA  wil l m i t igate f i s hery impac t s . BPA 
wi l l  consul t with the U . S .  F i s h  and W i l d l ife  Service , Bureau o f  
Rec lama t ion , MDFWP , and the No r t hwe s t  Power P lanning Counc i l  to  
de termine appropriate  m i t igat ion a l t e rnat ives  f o r  res ident f ish . The 
needs of the bald  eag le s ha l l  be taken into  cons iderat ion in the 
devel opment of these m i t iga t i on a l t e rnat ives . 
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CONCLUS I ONS 

From the evidence above , we conc l ude tha t  opera t i ons of the dams ; o i l 
gas - ,  and coal-f i red therma l p l ant s ; and coal mines are no t l ikely to  
adve r s e l y  a f f e c t  any t hrea tened and endangered s pec ies  in t he pro j e c t  
area . 

(VS 6-PG- 1 8 6 1 Z )  
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CASEY , D . , C . A .  YDE AND A .  OLSEN . 1 984 . Wi l d l i f e  Impac t Asses smen t and 
M i t igat ion Summary : Montana Hydroe lec t r i c  P r o j e c t s , Vo lume I I I  _ 

Hungry Horse  Dam , F ina l Repo r t . Montana Dep t .  o f  Fish , Wi l d l i fe , and 
Parks . Bonnevi l le Power Admin . Pro j e c t  83-46 4 . ( DO E / BP-3 l 3 )  

CASEY , D .  B i o l o g i s t .  Montana Depar tmen t  o f  Fish , W i l d l i f e , and Parks , 
Kal ispe l l . Personal Communicat ion , March 1 988 . 

CRENSHAW , J . G .  1 98 7 .  E f f e c t s  o f  the Cab ine t Gorge Kokanee Hat chery on 
Wintering Bal d  Eagl e s  in the Lower C lark Fork River and Lake Pend 
O r ie l l e , Idaho . Final Repo r t . Idaho Depar tment o f  F i s h  and Game . 
Bonnevi l le Power Admin . P ro j e c t  86-14 . 

CROSS , J .  B io l og is t . Montana Depar tment o f  Fish , W i l d l i fe , and Parks , 
Kal ispe l l . Personal Communicat ion , February 1 988 . 

ERICSON , G l en . Montana Depar tment o f  Fish , Wi l d l i fe and Parks , He l ena . 
Personal commun i ca t i on ,  Apri l  1 98 7 .  

F I ELDER , PAUL C .  and RONALD G .  STARKEY . 1 980 . Wintering Bald  Eag l e  Use 
Along t he Upper Co lumb ia  Rive r , Washing ton . IN P ro c . Was h ington Bal d  
Eag l e  Symp . June 14-1 5 , 1 980 , Sea t t l e  ( R . L .  Knight  e t . al . ,  EDS ) . 

F ITZNER , R I C HARD E . , DONALD G .  WATSON , and W I LL IAM R I CKARD . 1 98 0 . 
Bald Eag l e s  o f  the Hanfo rd Nat i onal Envi ronmental Research Park . I N  
Proc . Washington Bald  Eagl e  Symp . June 14-1 5 , 1 980 , Sea t t l e  ( R . L . 
Knight e t . al . ,  EDS ) . 

HOLBROOK , R .  O f f i c e  o f  Surface Mining , Denver , Co l o rado . Pers onal 
communicat ion , July 1 98 7 .  

MAC E , R .  B i o logi s t .  Montana Depar tment o f  F i s h , Wi l d l i f e , and Parks , 
Kal ispe l l . Persona l Communicat ion , March 1 988 . 

MAY ,  BRUCE . B i o l o g i s t .  Montana Department o f  F i s h , W i l d l i f e , and Parks , 
Kal ispe l l .  Personal commun i c a t i o n ,  February 1 988 . 

MAY , B .  and T .  WEAVER . 1 98 7 .  Quan t i f icat ion o f  Hungry Ho rse  Reservo i r  
Water  Leve l s  Needed t o  Maintain o r  Enhance Reservo i r  F i s he r i e s . 1 98 6  
Annual Repo r t . Montana Depar tmen t o f  Fish , Wi l d l i f e , and Parks . 
Bonnevil le Power Admin . P ro j e c t  8 3-46 5  ( DOE . BP-1 2 6 5 9-3 ) .  

McCLELLAND , B . R .  Resource Management Special i s t : G l a c i e r  Nat ional 
Park . Personal Communicat ion , March 1 988 . 

McCLELLAND , B . R . , L . S .  YOUNG , D . S .  SHEA , P . T .  McCLELLAND , H . L .  ALLEN,  
and E . B .  SPOTT I GUE . 1 98 1 . The Bal d  Eag le  Concen t rat ion in G l a c i e r  
Nat i onal Park , Montana ; Origin , Growth , and Vari a t ion in Numbers . 
Living B i rd 20 : 1 33 - 1 3 5 . 

McCLELLAND , P . T .  Gradua t e  S t uden t : Univers i ty o f  Mon tana . P e r s onal 
communicat ion , January 1 98 8 . 
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SERVHEEN , C . W .  1 9 75 . E c o logy o f  the Wintering Ba l d  Eag l e s  on the S kag i t  
Rive r ,  Was h ing ton . M . S .  The s i s , Univ . o f  Washing ton , Seat t le .  9 6  pp . 

SHEA , D . S .  1 9 73 . A Managemen t  O r i ented S tudy o f  Ba l d  Eag l e  
Concen t rat ions i n  Glac i e r  Na t iona l Park . M . S .  Thes i s , Univ . o f  
Montana , Mis s oula . 78  pp . 

S TALMASTER , M . V .  1 9 7 6 . Win t e r  E c o logy and E f f e c t s  o f  Human Ac t ivity  on 
Bald Eagl e s  in the Nooksack R iver Va l ley , Was h ing ton . M . S .  Thes i s , 
Wes tern Was hington S tate Co l lege , Be l l ingham , Was hing ton . 100  pp . 

u . S .  DEPARTMENT OF ENERGY . Bonnevi l l e  Power Admini s t ra t ion . 1 98 6 . 
Inte r t i e  Deve l o pmen t  and Us e .  Draf t Env ironmen tal  Impa c t  S tatement .  
DOE / E I S -0 1 2S . 

U . S .  DEPARTMENT OF ENERGY . Bonnevi l l e  Powe r Adminis t rat ion . 1 988 . 
Inte r t ie Deve l o pment and Us e .  Pre l iminary Final Env i ronmen tal Impa c t  
S tatement ( In prepara t i on ) . 

WOOD , BRAD . 1 980 . Winter Eco logy o f  Bald  Eag l e s  at  Grand Coulee Dam , 
Was hing ton . IN P ro c . Was hington Bal d  Eag le Symp . June 14- 1 5 , 1 980 , 
Seat t l e  ( R . L .  Knight  e t . al . , EDS ) .  

( VS 6 -PG-186 1 Z )  
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EVHE 

Hr. Williac Shake 
AB�i3tant Regional Direotor 
U.S. F1!Ih and Wildlife Service 
500 NE. Hul toomab Street 
Suit.e 1692 
Portland , OR 97232 

Dear Bill : 

Ootober 2 ,  198 6 

The Bonoey�e Pover Administrat10n i8 in the proce�� ot preparing an Environ
mental ImPAct Statement (ELS ) 00 -Intertie Development � � 18sues . 

This will QoOumeDt the env1ronmeo � iQpact� from a wide range of o pera tional 
poas1b 1lit1ea that could re8ult from C1eo1s1ooa 00 whether or not a Third AC 
I..otert1e is developed and/or tne ex1.st1og DC In tertie Us upgrade<i , and What 

BPA ' s  Long-Term Intertie Aeous Polloy w� be . ' .. , 

The EIS covers the ertect&! ot deci8.1on.s concerning In ter tie expams10n and 
aCC8aS polio,. OD the ope:rat.1.on and development of Wes t Coast pover systems 
(38 3ites ) .  It does not address tbe pb,aical etfect8 of oew faci11ty con
struotion . Tbe8e 38 facilit.1.es are located 1.n e1&b t stat� and are both hydro 
and thermal. A lut of each aite with i t&! locatioo and fuel :source ( i f  coal 
tired ) .1.a enolosed . 

• 

Aa required by Section 7(0)  of tZle amended Endangered Species Act ,  'We are 
requeatj.ng a llat of tJlreatttned and endangered apecies that may ooeur in the 
area of any of thee. fac.1.li ties . 

As per our meeting ot AUgu!lt 29 , 1986 t we understand tbat the Portland Field 
Office will. take the lead on the specie8 liat and consul tation and will coord
inate with Begiona 2 and 6 .  !hie 1s a com�oated project , and we certainly 
thank )'ou for ),our eftort:s to hel.p expedite the threatened and endangered 
speoiea portion or it. If additional information is required , or if I can be 
ot help in any ot.ber vay . please contaot me at (503 ) 230-3295 or FTS _29-3295 .  

Enclosure 

SUlcerely , 

Phllllp D. Ravens 
Wildlite Biologis t 





Enc l o s u re 
IMP ACTED H YDRO FACI LITI ES I N  PNW 

FACILITY COUNTY STATE 

BONNEVILLE Mu l tnomah OR 

Skaman i a  WA 

TH E DALLES Wa s co OR 
K l i c k i  tat WA 

.JOHN DAY Sherman OR 
K l i c k i  tat WA 

MCNARY Umat i l l a OR 
Benton WA 

PRI EST RAPIDS Yak i ma WA 
Grant WA 

WANAPUM K i tt i ta s  WA 
Grant WA 

ROCK ISLAND Doug las WA 
Che lan WA 

ROCKY R EACH Doug las WA 
Che lan WA 

WELLS Doug las WA 
-.' 

O k anogan WA 

CHIEF .JOSEPH Doug las WA 
Okanogan WA 

ICE HARBOR Wa l la Wa l la WA 
Frank l i n WA 

LOWER MONUMENTAL Wal la Wa l la WA 
Fran k l i n  WA 

LIITLE GOOSE Co l umbia WA 
Wh i tman WA 

LOWER GRANITE Wh i tman WA 
Garf i e ld WA 

LIBBY L i nc o l n  MT 

HUNGRY HORSE Flathead MT 

ALBENI FALLS B onner 10 

GRAND COULEE O kanogan/ WA 
L i nco l n/Doug las 

DWORSHAK C l earwate r 10 



( ,  
THERMAL GENERATING RESOURCES SHOWING SIGNIFICANT IMPACT 

COLSTRIP 1-4 

BOARDMAN 

CENTRALIA 1{'2 

J"IM BRIDGER 1-4 

VALMY 1{'2 

APACHE 6 UNITS 

S P RINGERVILLE 1 

CORONADO 1602 P ROJ . 

I R VINGTON 1-4 & GT 1-3 

REID GARDNER 1-4 

HAYNES 1-6 

SCATTERGOOD 1-3 

VALLEY 3{'4 

CONTRA COSTA 5-7 

MORRO BAY 1-3 

MOSS LANDING 4 , 5 , 7  

PITTSBURG 1-7 

ETIWANDA 3&4 

HUNTINGTON BEACH 3&4 

MPC 

P GE 

PPLL 

P P{'L 

S i erra Pac i f i c  
Power Co . 

Arizona £ l ee . 
Power Coop Inc . 

A l imito Co . 

Salt R i ve r  

Tuc son E lec . 
POWJer Co . 

Co l s t r i p  

Boardman 

Centra l ia 

Rock Spri ng s  

Valmy 

Cochi s e  

S pri ng e rv i l le 

S t .  Johns 

Tuc son 

Ne vada Power Co . Moapa 

LADINP Long Beach 

LADINP P l aya D e l  Rey 

LADWP S u n  Val l ey 

PG&E Ant i oc h  

PG&E Mo rro  Bay 

PG&E Mo s s  Land i ng  

PG&E P i tt s bu rg  

SCE Etiwanda 

Hunt i ng .  Beach 

STATE COUNTY 

MT Ro sebud C . of S .  1 /2 

OR Morrow near N .  bord e r  

lolA Lewi s N . part of 101 . 1 /2 

lollY Sweetwater central 

NV Humbo l t  near SE bord e r  

A Z  Cochi se NIoJ 1 /4 

AZ Apache near S .  bord e r  

AZ Apache central 

AZ Pima NE 1 /4 

NV Clark NE 1 / 4  

CA Los Ange l e s  ne� S . bo rd e r  

CA L o s  Ange l e s  SIN 1 /4 

CA Los Ange l e s  N .  1 / 2  

CA Contra Co sta N .  bord e r  

CI1 San Lu i s  Obi s po  C .  of 101 .  

CA Monterey near N .  bord e r  

CA Contra Co s ta  N .  borde r  

CA San B e rnad i no SIN corne r 

CA Orange SIoJ bord e r  



COAL MINES SUPPLYING IMPACTED GENERAT ING RESOURCES  

POWER PLANT MINE COUNTY C ITY S TATE 

BOARDMAN Be l le Ayre Campbe l l  WY 

C ENTRALIA Cen t ra l ia Lewi s  WA 

COLSTR I P  Rosebud Rosebud MT 

JIM BR IDGER Bridge r Swe e twa t e r  WY 

SPRINGERVI LLE Lee Ranch McKinley NM 

CORONADO McKinl ey McKinl ey NM 
Wes tridge C o l fax NM 

REIDGARDNER Tower  Mine Co . Carb on UT 
Arco Mine C o . Carbon UT 
Coop Mine C o .  Emery UT 
Trai l  Mountain Emery UT 
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Oc tober 7 .  1 9 8 6  

T O : Re g i on a l  D i r e c t o r s , Re g i on 2 ,  6 

FROM : ���Re g i o n a l  D i r e c t o r , Re g i on 1 ,  P or t l an d ,  O R  ( A FWE ) 

S UB JE C T :  . : , __ S p e c i e s L i s t  Reques t ,  I n t e r t i e  D e v e l o pm e n t  an d .  U s e  

I . . 
The a t t ached . r e q u e s t from B on n e v i l l e  P ow e r  Adm i n i s t r a t i on w i l l  
r e qu i re i n t er-re g i on a l  c o o p e r at i on .  We h a v e  a g r e e d  t o  c o o r d i n a t e  

. a n d  p repare a s i n g l e  r e s p o n s e  t o  t h i s  re ques t .  P l e a s e  s en d  t h e  
� a t t a ched . t o  y o u r  approp r i a t e  fi e l d  o f fi ces w i t h  a r e qu e s t  t h a t  

- �: :  t h e y  p r ep ar e  a l i s t  o � . l i s t ed , p r opo s e d , an d , ' a t  t h e i r . o p t i o n , 
- = :  c an d i da t e s p e c i es • .  :_ F i e l d .' o f f i c e s  are wel c ome t o  s e n d  t h e i l',.  i n p u t  
- . , �: -

d i re ct l y  _t o - our P o rt l an d � )' i e l d - O f f i c e '  a t ' 7 2 7  N . E .  2 4 t h  . .  s t r e e t , 
P O ;r t l �n d ,. �. _�.� �:"�.!!.?2� 2 , : .. �� ���.E2: .�n a  

. I!w�� .�_: '-F.T� : 4���6_�7.� �.:  _ _ _ . _ _ _ _ _ _ _  ., _ . . _ _  . .  
•• .� :��: . • . ' J •. . • � 

. .. - . - . .  � :_ ' 0 

�r . H a v en s ·  w i l l  l i k e l y  b e  t h e  b e s t  s o u r c e  i f  your f i e l d  p e op l e  
.�_. n e e d  mo r.e s p e c i fi c p r o j e c t _ ,i n f orm a t i on . _  .. ,� . . . _ _  __ -, 0  " . _  .- . - --- . - - ._- • •  . . .. - - __ . . ...... , '0' " _ _  -• •  _ .  _'. J ..... __ _ _ _  • _ _ __ .. . _ • _ _  ....... _ ', ___ _ • •  _ ' _ " ' _ 

_ -� We wou l d · apprec i a t e  r e spon s e s , i n c l u d i n g  n e ga t i v e  r e p l  i e s , from 
" " .. _ the fi e l d  wi t h i n  3 0  days • .  ; . - . ... . _ _ .. .  ' . .. ;"0 ."->.; : .. .  : . , . • . _ . ... .. . . . . . _ . . .. _ ,  ' _  .. . . . . . .. ..  '-... -:: �� - - -- --:�.....---.--. -- --- - �  •. �.-- - .- -' - - . - - _.- ... -.. - � . - - .. 

.. . ,..- - '. 

. .. . . � -:.::.�����>;. .�� :-Y . .  
.

. 

:: :- . At t a chmen�;}�
�

.: . c�:::<:F<�:> - : . -

-

cc : . .  .. . :. �:-:.:):!. ; 
P c oJ e 6 t L��d�r , FWB , P or tl an d . O R  

. . ' : f' rO .· ,:' � ; - . ' �.� : .:�.:-:':' ".t· .' . 

· . ��PG�:;rM. RG�p-r#3 
. .. ' : . . .. . 
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. . .. 

( " 

. ' ," . . � 
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Origins\ �ignecl bV 
J�eph R. alum 
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United States Department of the Interior 

Re : 1 - 7 - 8 7 -SP-7 

P h i l l i p D .  Havens 

FISH AND WILDLIFE SERVICE 
Port l and F i e l d  O f f i ce 

727 NE 2 4 t h  Avenue 
Port l and . OR 9 7 2 32 

�ovember 1 9 , 1 9 8 6  

B o n n e v i l l e P o w e r  Adm i n i s trat i o n 
P . O .  Box 3 6 2 1  
P o r t l an d , O rego n 9 7 2 0 8 - 3 6 2 1  

D e � r  Mr . Have n s : 

As r � que s t e d  by your l e t t e r . d a t e d  O c t o b e r  2 ,  1 9 86 and r e c e i ve d  by us on 
O c t o b e r  9 ,  1 9 86 , we have at tached a l i s t  o f  e ndange r e d  and t h r e a t e n e d  s p e c i e s 
that may be pre s e n t  w i t h i n  the area of the p r o p o s e d  I n t e r t i e  D e ve l o pm e n t  and 
U s e  �ro j e c t  l o cated i n  e i ght wes t e r n  s t a t e s . The l i s t  f u l f i l l s  the 
requ i rement o f  the F i s h and Wi l d l i f e S e r v i ce u n d e r  S e c t i o n  7 ( c )  o f  the 
Endange r e d  Spe c i e s Act of 1 9 7 3 , as amende d . Your requi rements under t h e  Act 
are ou t l i ne d  i n  A t t a chme n t  B .  Add i t i o n a l  comm e n t s  under t h e  Na t i o n a l  
Envi ronmen t a l  Pro t e c t i o n  Act ( NE PA )  wi l l  b e  provi d e d  under s e pa r a t e  cove r . 

Sho u l d  your b i o l ogi cal a s s e s sment dete rmi ne that a l i s t e d  s pe c i e s  i s  l i k e l y  
t o  b e  advers e l y  a f f e c t e d  by the pro j e c t . y o u r  agency s h o u l d  request f o rm a l  
S e ct i on 7 cons ul t a t i o n  thro ugh t h i s o f f i c e . E v e n  i f  your b i o l ogi c a l  
a s s e s s m e n t  shows a " no e f fe c t " or " b ene f i c i a l e f f e c t " s i tuat i o n , we r e q u e s t  
a c o p y  t o  revi ew h o w  y o u r  age ncy m a d e  i ts d e t e r m i n at i o n . 

We have a l s o i n c l ud e d  a l i s t  o f  cand i da t e  s p e c i e s  pres e n t l y  under r e v i ew by 
t h i s Serv i ce for c on s i der a t i o n  as endangered or threat e n e d .  I t  s ho u l d  be 
n o t e d  that can d i date s p e c i es have no p r o t e ct i o n  under the Endange red Sp e c i e s  
Act . Sho u l d  you determine your pro j e c t  may a f f e c t  can d i date s p e c i e s . y o u  are 
not requ i re d  to perform a b i o l og i c a l  as s e s sment o r  to c on s u l t w i th the F i s h 
and Wi l d l i fe S e rvi ce . Can d i dates are i nc l uded s i m p l y  as advanc e  no t i ce to 
Federal age n c i e s  o f  spe c i e s  whi ch may be propo s e d  and l i s t e d  in the futur e . 
I f  e a r l y  eva l ua t i o n  o f  your pro j ect i nd i cates that i t  i s  l i ke l y  t o  adve r s e l y  
i mpact a candidate s p e c i es . you may w i s h  to reque s t  techn i cal a s s i s t an c e  from 
t h i s  o ff i ce .  

I l BPA . D H . BO . DD I SK3 : 1 1 - 1 3 - 8 6  
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I f  you have any ad d i t i o n a l  que s t i o n s  r e gard i n g your r e s po n s i b i l i t i e s u n d e r  

t h e  Act , p l e a s e  c o n t a c t  D i ana Hwang a t  o u r  o f f i c e , p h o n e  ( 5 03 ) 2 3 1 - 6 1 7 9 o r  

FTS 4 2 9 - 6 1 7 9 . I f  you have qu e s t i o n s  r e gar d i ng a · s p e c i f i c  area o r  e n dan g e r e d  

s pe c i e s , y o u  m a y  c o n t a c t  the appro p r i a t e  o f f i c e  as i d en t i f i e d be l ow .  

S t a t e  
WA 
OR 
no . CA 

s o . CA 
I D  

WY ,  MT 

NV 
UT 

AR 
NM 

At tachm e n t s  

c c : 

C on t a ct 
J i m  Mi chae l s  
D i ana Hwang 
Jack Wi l l i am s  

K a r l a  K r am e r  
R i ch Howard 

Wayne G .  B r e w s t e r  

D o n  S ada 
Don a l d  A r c h e r  

L e s l e y  F i t z p a t r i ck 
J e r r y R o e hm 

RO 1 ( AFA/ S E ) P o r t l an d , OR 
RO 2 ( AFA/SE ) Al buque rque , NM 
R O  6 ( AFA/S E ) ,  D enve r , CO 
P F O  ( E S )  1 -7 - 8 7 - S P - 7  
O F O  ( SE )  1 -3 - 8 7 - S P- 1 1  
BFO ( SE )  1 -4 - 87 - S P - 1 8&27 
S E S O  ( SE )  1 - 1 - 8 7 - S P - 6 3  
LN ( S E )  
GBG ( SE )  1 -5 - 8 7 - SP-3 
FWS , H e l ena , MT ( S E )  
FWS , S a l t L ake C i ty , UT ( SE )  
FWS , Phoen i x , AR ( ES )  
FWS , A l buquer q u e , NM ( ES )  
ODFW ( No ngame ) 
ONHP 

I 1 BPA . DH . BO . DD I SK3 : 1 1 - 1 3 - 8 6  

O f f i c� 
O l ym p i a  F i e l d  O f f i c e 
Po r t l and F i e l d  O f f i ce 
S a c r am e n t o  Endange r e d  

S p e c i e s  O f f i c e 

Pho ne 
FTS 4 3 4 - 9 4 4 4  
FTS 4 2 9 - 6 1 7 9  
FTS 4 6 0 - 4 8 6 6  

Laguna N i gu e l F i e l d  O f f i c e FTS 7 96 - 4 2 7 0  
B o i s e  F i e l d  O f f i c e  

H e l e na E ndange r e d  
S p e c i e s  Of f i c e 

G r e a t  Bas i n  Comp l ex , Reno 
S a l t  Lake C i t y Endange r e d  

S p e c i e s  O f f i c e 
Pho e n i x  F i e l d  O f f i ce 
A l b u q u e r q u e  F i e l d  O f f i c e  

S i n c e r e l y  y o ur s , 

FTS 5 5 4 - 1 8 0 6  

F T S  5 8 5 - 5 2 2 5  

FTS 4 7 0 - 5 2 2 7  
FTS 5 8 8 - 4 4 3 0  

FTS 2 6 1 -4 7 2 0  
FTS 4 7 4 - 3 9 7 2  

I�\t?· � \ 
R us s e l l  D .  P e t e r s o n  
F i e l d  S u p ervi s o r  

'. 



Proposed  Endangered and Threatened Spe c ies  
and Cand idate Spe c ies  

Fo l l owing are  l is ted and p ropo sed endangered and threatened spec ies  and 
candidate s pe c ies  t ha t  may o c cur wi thin the area o f  p r o posed  I n t e r t i e  
Deve l opment and Use . The l e t ters  o r  numbers  tha t  f o l l ow the s c ient i f i c  
names are expl ained b e l ow :  

( E )  Endangered 
( T )  Threa tened 
( C H ) C r i t ical  Hab i tat  

( 1 )  Catego ry 1 :  Taxa f o r  whi c h  the F i s h  and W i l d l i f e  S e rv i ce has 
suf f ic ient b i o l o g i cal  info rma t ion to suppo r t  a proposal  to l is t  as 
endangered or threatened . 

( 2 )  Catego ry 2 :  Taxa f o r  whi c h  exis t ing inf o rma t ion ind i ca t e d  may 
war rant l i s t ing , but  f o r  whi ch s ubs tan t ial  b i o l o g ical  inf o rma t ion 
to suppo r t  a proposed rule is lacking . 

TABLE J . 1  

L I S TED AND PROPOSED ENDANGERED AND THREATENED SPEC I ES AND 
CAND IDATE SPEC I E S  THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED 

INTERTIE  DEVELOPMENT AND USE OF BPA HYDRO FAC I L I T I ES IN PNW 

BONNEVI LLE 

L i s ted 
( Skamania Coun ty , 
Pere g r ine falcon 
Bald eagl e  

W A  and Mu1 tnomah Coun t y , OR ) 

(wintering ) 

Candidate 
( Skamania County , WA ) 
C o l umb ia cres s 

( T 2N R7E S 30 . 3 1 )  
Howe l l ' s  f leabane 

( T 2N R7E  S 6 ) 

( Mu1 tnomah County , OR ) 
Whi t e  top  as t e r  ( Cur tus ) 
Go l den paintbrush 
C lackamas co rydal i s  
P a l e  l arkspur 
Peacock larkspur 
Howe l l ' s  f leabane 
Howe 1 1 ia 
C o l umb ia cress  
Oregon s u 1 1 ivant ia 

Fal c o  peregrinus 
Ha1 iaee tus 1 eucocep�a1us 

Ror ippe col��b ia� 

Er igeron howe 1 1 i i  

As t e r  cur tus 
Cas t i l le ja 1 evi s e c t s  
Corydal i s  aguae-ge 1 idae 
Delph i n i um 1 eucophaeum 
Delphinium pavonaceum 
E r ige ron howe 1 1 i i  
Howe 1 1 ia aquat i 1 is 
Rorippe co1umb iae 
Su1 1 ivan t ia o regana 
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THE DALLES 

Listed  
(Klickitat  County , 
Peregrine f a l con 

WA and Was co  County , OR ) 

(An eyrie in t he v i c in i ty 
o f  t he p ro j e c t  located  a t  
T2K R14E S l S  ( NW  1 /4 )  and 
S 1 6  ( NE 1 /  4 ) . 

Bald  eag l e  
(winter ing ) 

Cand idate 
(Was co  County , OR ) 

Tygh Val ley s i lk-ve t c h  
Long-haird  s tar-tul i p  

Ye l l ow hai ry Indian paintb rush 
B r i s t l e-f l owered c o l l omia 
Howe l l ia 
Smo o t h  des e r t  par s e l y  
S uks dorf ' s  des e r t  pars ley  
Barre t t ' s  pens t emon 
Peck ' s  pens temon 

JOHN DAY 

Lis ted  
( K l i ck i tate  County , WA and 
S he rman County , OR ) 

Bal d  eag l e  
( winter ing ) 

Peregr ine f a l con 
(migra t o r y )  

Candidate  
( K l i c k i ta t  County , WA ) 
Loma t ium l aeviga t wm 

( T3N R l 7E S 3 0 ) 

( Sherman Coun ty , OR ) 

Smo o t h  des e r t  pars l ey 

MCNARY 

Fal c o  peregr inus 

Hal iaee tus l eucocephal us 

As t ragal us d iap�anus 
As t ragal us ��ns i s  
C a l ochor tus l ongebarba tus var . 
l ongebarbatus 

Cas t i l le ja  xantho t r i cha 
Co l l omia mac rocalyx 
Howe l l ia aguat i Us 
Lomat ium l aeviga tum 
Loma t iwm suk s do r f i i  ----

Pens temon ------ barre t t iae 
Pens t emon pecki i 

Fal c o  peregrinus 

Ar temi s ia campe s t r is 
var . wo rms k i o l d i i  

As t ragal us diaphanus 
Loma t ium laeviga t um 
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Lis ted 
( Benton County , WA and 
Uma t i l la County , OR ) 

Bal d  eagl e  Hal iaeetus l eucocephal us 
( A  concent rat ion o f  winter ing 
bald eag les  occurs a t  
T5N R 2 6 E  S 9 )  

Peregrine fal con 
(migratory ) 

Candidate 
( Ben ton Coun ty , WA 

( T5N R28E s 7 )  
Giant Co lumb ia River l impe t 

( Found along f ree-f l owing 
s t re t c h  of Hanford Reach ) 

Great C o l umb ia R i ver 
s pire sna i l  
( Found along f ree-f l owing 
s t re t c h  of  Hanford Reach ) 

( Umat i l la County , OR ) 

P R I EST  RAP IDS 
( Yakima/Grant Coun t ies , WA ) 

Lis ted  
Bald eagle  

(win t e r ing ) 

WANAPUM 
(Ki t t i tas and Grant Coun t i e s , WA ) 

Lis t ed 
Bald eag l e  

(win t e r ing ) 

ROCK I SLAND 
( Doug las and Che l an Coun t i e s , WA ) 

Listed  
Bald  eagle 

(winte ring ) 

Candidate 
(Chelan County , WA ) 

( T21N R 2 2E S 7 , 18 , 20 )  

Fal c o  pe regrinus 

Haplopappus l ia t r i f ormis  

Fishero la  nut tal l i  

Li t hoglyphus c o l umb ianus 

As t ragal us d iaphan�� 
S i le�e §pald ingit 

Hal iaee tus l euco cephal us 

Hal iaee tus leucocephalus 

Hal iaee tus l eucocephalus 

As t ragal us s inuatus 
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( Douglas County , WA ) 
As t ragal us m i s e l lus var . �r 2 

(T21N R22E S4 , 1 5 )  

( T2lN R22E S4 ) 

ROCKY REACH 
( Doug las and Che lan Count ies , WA ) 

Lis ted 
Bal d  eag l e  

(wintering ) 

Candidate -------

( Che l an County , WA ) 

( T23N R20E S 20 )  

( T23N R 20E S lO ) 

WELLS 
(Doug las and Che lan Count ies , WA ) 

Lis ted 

Phac e l ia lenta 

Hal i a�e tus leucocephal us 

Delphinium yi rides cens 

P e t roph�Jll� c ineras cens 

Bald  eagl e  �ali�E:O e t us leucocephal us 
( A  win t e ring concen t ra t ion o f  
bald  eagl e s  o c curs a t  
T28N R23E S 23-Douglas Co . )  

C H I EF JOSEPH 
( Doug las and Okanogan Coun t i e s , WA ) 

L i s t e d  
B a l d  eagl e  Hal iaee tus l eucocepha l us 

( A  winte r ing concen t r a t ion o f  
bald  eagles  o ccurs  f rom 
B rews t e r  t o  B r i dgepo r t  in 
Douglas County ( T29N R25E  S 3 ) .  
A wintering concent r a t ion o f  
bald  eagles  o c curs i n  Okanogan 
County ( T29N R25E  S 24 ) . 

I CE HARBOR 
(Wa l l a  Wal l a  and Frankl in Coun t ies , WA ) 

L i s ted  
Bald  eagl e  

(wintering ) 

LOWER MONUMENTAL 
(Wa l l a  Wal l a  and 
Frankl in Coun ties , WA ) 

Hal iaee t us leucocephalus 
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Lis ted 
Bal d  eag l e  

(win ter ing ) 

LITTLE GOOSE 

Hal iaee t us l euco c ephal us 

( C o lumb ia and Whi tman Coun t ies , WA ) 

Lis ted 
Bal d  eagl e  

(win te r ing ) 

LOWER GRANITE 
(Whitman and 
Garf ie ld Coun t ies , WA ) 

Lis ted 
Bal d  eag l e  

(winter ing ) 

Cand idate 
(Wh i tman County , WA ) 

( T 1 4N R43E S33 ) 

GRAND COULEE 
( Okanogan , Linco ln , 
and Doug las Coun t ies , WA ) 

Lis ted 

Hal iaee tus l eucocephalus 

Ha1 iaee tus 1 euco cepha1us 

Rubus n igerr imus 

Bald eag l e  Ha1 iaee tus 1 euco cepha1us 
( A  bal d  eag l e  communal night 
roos t  o c curs in L inco ln 
Coun t y  a t  T28N R 3 1 E  S 7 . )  

ALBEN I FALLS 
( Bonner County , I D )  

Lis ted 
Bal d  eag le  

DWORSHAK 
( C l earwater  County , I D )  

Lis ted 
Bald eag le  

Candidate  

Ha 1 iaee t us 1 eucoc epha1 us 

Ha1 iaee tus 1 eucocepha1us 

Phlox idahoen s i s  
( T38N R 5 E  Sec . 5 , 6 , 8 , 1 7 , 18 , 20 )  

L IBBY 
( Lincoln  Coun t y , MT ) 
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Lis ted  
Grizzly  bear 

( Re s iden t ) 
Bald  eag l e  

( Re s iden t ) 
Peregrine falcon 

( Res iden t ) 

HUNGRY HORSE 
( Flathead Coun ty , MT ) 

Lis ted 
Grizzly  bear 

( Res iden t ) 
Gray wo l f  

( Re s ident )  
Bald eag l e  

(Res iden t ) 
Peregrine falcon 

( Res iden t ) 

Ursus aro tos  hor r ib i l is 

Hal iaee t us l eucocephalus 

Fal c o  peregrinus 

Ursus arc t o s  horrib i l is 

Can i s  l upus 

Hal iaee tus l euco cephalus 

Fal c o  peregrinus 

TABLE J . 2  

L I STED AND PROPOSED ENDANGERED AND THREATENED S P EC I E S  AND 
CANDIDATE SPEC I E S  THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED 
INTERTI E  DEVELOPMENT AND USE OF BPA THERMAL GENERATING RESOURCES  

IN ARI ZONA , MONTANA , NEVADA , OREGON , WASH INGTON , AND WYOMING 

COLSTR I P  
( Ro sebud County , MT ) 

Lis ted 
Bald  eagle  Hal iaee tus leuc o c ephal us 

(Migra t o ry ,  Winter res iden t ) 
Peregrine falcon Fal co peregrinus 

(Migra t o ry )  
Blac k-foo ted f erre t Mus t e la n igripes 

( Po s s ib l e  res ident o f  pra i r ie 
dog towns . )  

BOARDMAN 
( Mo rrow Coun ty , OR ) 

Candidate 
Thompson ' s  sandwor t  

CENTRALIA 1 & 2 PLANTS 
( Lewis Coun ty , WA ) 

No spec ies . 

Arenaria f rankl in i i  
var . t homsoni i 
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J IM BRIDGER 
( Swee twater  County , WA ) 

Lis ted 
Bal d  eagle  Hal iaee tus leucocephal us 

(Migratory , winter res iden t ) 
Peregrine falcon Fal co pe regrinus 

(Migrato ry ) 
B lack-foo ted ferre t  Mus t e l a  n igr ipes 

( Pos s ib l e  res ident o f  prairie  
dog towns . )  

Humpback chub G i l a  � 
(Water  dep l e t ions f rom the 
Green River may a f fe c t  
populat ions downs t ream in 
the Co l o rado Rive r . ) 

Co l o rado s quawf ish  P tycho che i lus l uc ius 
(Wate r depl e t ions f rom t he 
Green River may a f f e c t  
populations down s t ream in 
the C o l orado River . )  

VALMY 1 &# 
(Humb o l d t  County , WA ) 

No Spe c ies . 

APACHE 6 UNITS 
( Cochise  County , AR ) 

Lis ted  
Peregrine fal con Fal co pe regrinus 

( Res ident in mountain ranges 
near the plan t ; m i g ra t o ry 
individua l s  are a l s o  present . )  

Whooping C rane Grus ame ricana 
( Rare s ight ings have been 
made at Wi l l cox P laya . ) 

SPRINGERVI LLE 1 
(Apache Coun ty ,  AR ) 

Lis ted 
Bald eagle Hal iae e t us leucoc ephal us 

(Migra t o ry )  

P roposed  
Li t tl e  Co l o rado R iver s p inedace Lepidomeda vi t tata 

( Found in the uppe r reaches 
of the Li t t le C o l o rado River 
and i t s  t r ibutar i e s . )  
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CORONADO 1 AND 2 
( Apache County , AR ) 

Same as S p r ingervi l l e  1 ,  above . 

I RVINGTON 1-A AND GT 1-3  
( P ine County , AR ) 

Lis ted 
Tumamoc g l obeberry 

P roposed 
Thornber ' s  f is hhook cac t us 

Cand idate 

Lis ted  
Moapa dace 

Candidate 
Moapa Whi te R iver s p r ingf i s h  
Moapa round t a i 1  chub 
Moapa speckled dace 
Meadow Val ley Was h  s peckled  dace 
Moapa Warm S prings r i f f l e  bee t le 
Wes t e rn yel low-b i l led  cuckoo 

Tumamoca macdouga 1 i i  

Mammil laria thornberi  

Neo 1 1 oydia e re c t o centra 
var .  acunens i s  

Moape c o r iacea 

E 

T 

1 

E 

C renichthys bai 1 eyi moapa 2 
Gila  robus ta s s p .  2 
Rhinichthys o s cu1us moapae 2 
Rhinichthys o s c u 1 us s s p . 2 
S tene 1mis  cal ida moapa 2 
C o c cyzus ame ricanus o c c idental is 2 
As t ragal us geye ri  2 

var .  t r ique t rus 
Pens temon b ic o 1 o r  var .  roseus 2 

TABLE J . 3  

L I S TED AND PROPOSED ENDANGERED ��D THREATENED S P EC I E S  AND 
CANDIDATE SPEC I ES THAT MAY OCCUR W I TH I N  THE AREA OF THE PROPOSED 

INTERT I E  DEVELOPMENT AND USE OF COAL MINES  
S UPPLYING BPA  GENERATING RESOURCES 

BELLE AYRE C OAL MINE 
(Campb e l l  County , WY ) 

L i s ted 
Bal d  eagle  Ha1 iae e t us 1 euco cepha1us 

(Migra t o ry , win t e r  res iden t ) 
Pe re g r ine fal con Fal c o  pe regrinus 

(Migra t o ry )  
B l ack-footed  ferre t Mus t e 1 a  nigripes 

( P o s s ib l e  res ident of  p ra i r ie 
dog towns ) 
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CENTRALIA COAL MINE 
( Lewis County , WA ) 

No s pec ie s . 

ROSEBUD COAL MINE 
( Rosebud County , MT ) 

Bal d  eagl e  Hal iaee tus l eucocepha l us 
(Migra t o ry , winter  res ident ) 

E 

Peregrine f a l c on Fal co peregrinus 
(Migra t o ry )  

E 

Blac k-foo ted f e r re t  Mus t e l a  n igripe s  
( Po s s ib le res ident o f  p rair ie 

E 

dog towns ) 

BR IDGER COAL MINE 
( Swee twater  County , WY ) 

Bald eagl e  
(Migra t o ry ,  win t e r  res iden t ) 

Peregrine fal c on 
(Migra t o ry ) 

Black-foo ted f erre t 
( Po s s ib l e  re s ident o f  p ra i r ie 
dog towns ) 

Humpback C hub 
C o l o rado s quawf i s h  

Hal iaee tus leuc ocephal us 

Fal co pe regrinus 

Mus tela  n igr ipe s 

G i l a  � 
P tychoche i l us l uc ius 

E 

E 

E 

E 
E 

LEE RANCH , MCK INLEY , & WESTR I DGE COAL MINES 
(McKinley and C o l fax Coun t i e s , NM )  

No s p e c ie s . 

TOWER MINE CO . , ARCO MINE CO . , BEAVER CREEK COAL , COOP MINING CO . ,  
TRA I L  MOUNTAIN 
( Carbon County , UT ) 

Lis ted 
Bald eagl e  
B lack-foo ted fe rre t 
Bony tai l chub 
C o l o rado s quawf i s h  
Humpback chub 
Maguire daisy  
Uinta Basin hookl e s s  cac t us 

P roposed 
Toad-f l ax c re s s  

Hal iaeetus  l euco cephal us E 
Mus t e la n igripe s  E 
G i l a  e l egans E 
P tychoche ilus  luc ius E 
G i l a  � E 
Br ige ron magu i r e i  var . magu i r e i  E 
S c l e ro cac tus glaucus T 

Glaucocarpum s uf f ru t e scens P 
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Cand idate 
Canyon swe e t ve t ch 

Ferrug inous hawk 
No c ommon name as t e r  
Long-b i l l e d  curlew 
Wink l e r  cac t us 
Jones p s o r o t hamnus 

Raz o rback sucker 
Wes t ern snowy p l over 
Whi te-faced ib i s  

( Great Bas in pop . onl y )  
Yel l ow b 1 anke t f 1owe r 
Creut z f e 1 d t  catseye 

Hedysarum o c c i dentale 
var .  canone 

Buteo rega 1 i s  
Hymenoxys depressa  
Numenius americanus 
Pediocac t us wink 1 e r i  
P s o r o t hamnus po 1yadenius 

var . jone s i i  

1 

2 
2 
2 
1 
2 

Xyrauchen t exanus 2 
Charad rius a 1 exandr inus nivo s us 2 
P 1 egad i s  chihi  2 

Gai 1ardia f 1ava 2 
C ryptantha creut z f e 1d t i i  2 

TABLE J . 4  

L IS TED AND PROPOSED ENDANGERED AND THREATENED SPEC I ES AND 
CANDI DATE SPEC I E S  THAT MAY OCCUR W I TH IN THE AREA OF THE 
FOUR BONNEV I LLE POWER ADMINISTRAT I ON INTERTIE  FAC I L I T I E S  

IN  CAL I FORNIA 

Mammal s  
Sal t marsh harve s t  mouse 

( Cont ra C o s ta 5 - 7 , Ant io c h ; 
and P i t t sburg 1 - 7 , P i t t sburg ) 

Southern s ea o t t e r  
(Morro Bay 1-3 , Mo rro Bay ; 
and Mos s  Landing 5 ,  6 ,  7 ,  
Mos s  Land ing ) 

B i rds  
Ame r i can peregrine fal con 

(Morro Bay 1-3 , Morro Bay ) 

Cal i fornia brown p e l ican 
(Morro Bay 1-3 , Morro Bay ; 
and Mo ss  Land ing 5 ,  6 ,  7 ,  
Mo s s  Landing ) 

P lant s  
Sal t marsh  b i rd ' s-beak 

(Morro Bay 1-3 , Morro Bay ) 

Propos e d  Spe c i e s  

None 

Re i thodontomys ravivent r i s  

Enhydra 1 u t r i s  nereis  

Fal co  peregrinus anatum 

P e 1 ecanus o c c identa1 i s  
Ca1 i f orn icus 

Cordy1an thus mar i t imus 
subsp . mar i t imus 
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Cand idate Species  

P lants  
Suisun as ter  

( P i t tsburg 1 - 7 , P i t tsburg ; 
and Contra Costa  5-7 , Ant i o c h ) 

De l ta tu1e-pea 
( P i t tsburg 1 - 7 , P i t t sburg ; 
and Contra Costa  5-7 , Ant io c h ) 

Mason ' s  1 i 1aeop s i s  
( P i t tsburg 1 - 7 , P i t tsburg ; 
and Con t ra C o s ta 5-7 , Ant ioch ) 

S o f t b ird ' s -beak 
( P i t tsburg 1 - 7 , P i t t sburg ) 

Aster  chi 1 ensis  var . 1 eurus 

Lathyrus j epsoni i  
subs p .  jepsonii  

Li1aeops is  masoni i  

Co rdy1anthus mo 1 1 is 
sub s p .  mo l l i s 

Long Beac h ,  Los Ange les  County 

Listed  Species  

Birds  
Cal if ornia l eas t tern 
Light-footed c lapper rai l  
Brown pe l ican 

P lant s  
Sal tmarsh b i rds beak 

Candidate spec ies 

B i rds  
Be l d ing ' s  savannah s parrow 

Marruna1 s  
O rnate sal tmarsh s hrew 
Pac i f ic pocket  mouse 

P lants  
Ventura marsh  loc oweed 

Gairdne r ' s  yampah 

S te rna ant i 1 1arurn browni 
Ra 1 1us 10ngiro s t r i s  1 evipes 
P e 1 ecanus o c c i dental is 

Co rdy1anthus mar i t imus 
s s p .  mar i t imus 

Passe rcu1us sandwichen s i s  
b e 1 d ingi 

Sorex o rna tus sa1 i cornicus 
Perognathus 10ngimemb r i s  

pac if i cus 

As t raga l us pycnos tachvus 
s s p . 1anos i s s imus 

Perideridia  ga irdne ri  
s s p . gai rdne r i  
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P l aya Del Rey , Los Angeles  County 

Lis ted Spe c ies 

B i rds  
Cal ifornia l eas t t e rn 
Brown pel ican 

Cand idate spec ies 

B i rds  
Be l d ing ' s  savannah sparrow 

Mammal s  
Ornat e  sal tmarsh shrew 
Pac i f i c  pocket  mouse 

S terna ant i l larum brown i  
Pelecanus o c c idental is  

Pass erculus sandwichen s i s  
beld ingi 

Sorex ornatus sal icorn i c us 
Perognathus longimemb r i s  

pac i f i cus 

S un Val ley , Los Angeles  County 

NONE 

P G&E , Morro Bay , San Luis Ob i s po County 

Lis ted  Spec ies  

Mammal s  
Mo rro Bay kangaroo rat 

B i rds 
Peregrine fal con 

Cand i date  Spe c ies  

P lant s  
Mo rro manzani ta 
Beach s pe c tacle  pod 
Jones l ayia 
Indian Knob Mtn . balm 
San Lui s  Ob i s po cur ly-

l eaved monarde l l a 
Nor t h  coas t b irds-beak 

D ipodonya heemanni po rroc s i s 

Fal c o  peregr inus 

Arc tos taphylo s  mo rrens i s  
Di thyrea mar i t ima 
Layia jone s i i  
Briodic tyon a l t i s s imum 
Monarde l l a  undulata 

var . f rutescens 
Cordylan thus mari t imus 

s s p . pal us t r i s  
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SCE , E t iwanda , San Bernard ino Coun t y  

L i s ted Spec ies  

None 

P roposed  Spe c ies  

P lant s  
S l ender-ho rned spine f l ower 
Santa Ana woo l ly s tar  

Cand ida t e  Spec ies  

Rept i les  
San Diego Coas t horned l i zard 
Orange throated whiptai l 

Cen t ro s tegia l eptoceras 
B rias trurn dens i fo l iurn 

s s p . sanc t orurn 

E 
T 

Phryno soma co rona turn b l ainvi l l e i  2 
Onemidophorus �e rythrus 2 

Hung t ing ton Beach , Orange Coun t y  

Lis ted  Spe c i e s  

B i rds  
Cal i fo rnia leas t -tern 
B rown pe l i can 

Cand i date  Spec ies  

B i rds  
B e l d ing ' s  savannah sparrow 

Mammal s  
O rnate  sal t marsh s hrew 
Pac i f i c  pocket  mouse 

(VS6 -PG-18 8 1 Z ) 

S t e rna ant i l larurn b rowni  
P e l ecanus o c c iden ta l i s  

Pas s e rculus sandwi chens is  
b e l dingi 

Sorex o rnatus sal i c o rnicus 
Perognat hus l ongimemb r i s  

pac i f  i cus 
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Decemb�r 12 , 1 �86 

EVRE 

Mr. Don Archer 
U . S .  Fish and ijl1dlife Service 
Eodangered Specie� Orfice 
Administrat10n Building , Room 2078 
17q 5  Wes t 1700-SOuth 
Salt Lak a City , U1 84l0� 

Dear Mr . Aroher : 

In the apecies request from th13 offioe dated October 2 ,  1986 , on BPA ' s  
lntertie Development and Use E1S , w e  listed five coal cines in Carbou County , 
Utah , that 8upp1.1ed fuel to the neidgardner Power Plant. 

Arter further re8ear<lh , I have been able to pinpo.1nt !<lOre precise l ocations o f  
those .Ilines , which may ellm1nato s ome  o f  trJe s pecies o n  your orit;inal l.1st .  '. 
The n�w locations are :  

Tover Mine - 9 �es north of Pr.1ce i n  Carbon County 
Beaver Creek (!iCC) Mine- - 15 miles west of Helper in Corbon Coun ty 
Coop Mine-- - 10 c11es northwe�t o f  Huntington in Emery County 
Trail Mountain Mine " - 10 miles west of Orangeville in Emery County 

• In an 1.n.1tial roqueat. AReO wu ll:sted separa tely When , in t'act , i t  13 
the same aa beaye.I" Creek • 

•• Originally listed as located in Carbon County . 

I would appreciate your review of toe threatened and endangered s peoies 
located in the area of these mines . and a reply at your earliest convenience . 
It you have any Questions , please oall me at (503 ) 230-3295 , FTS ij29-3295 . 

PDHaven3 :mra : 3295 ( EVRE-2050e ) 

c c :  
J .  Tave3 - P 
Official File - EVR 

Sincerely , 

Phillip D. F�veD� 
W1ldlife Biologis t  





IN REPLY REFER TO 

Phillip Havens 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

ENDA N G ERED SPECIES OFFICE 

2078 A DMINISTRATION BLDG." 

1745 WEST 1700 SOUTH 

SALT LAKE CITY, UTAH 84104 
January 7 ,  1 987  

Bonneville Power Adminis tration 
P . O .  Box 3 6 2 1  
Port land , Oregon 97 208-3 6 2 1  

Dear Mr . Havens : 

We have reviewed the more de tailed information you have provided on the c o al 
mine s  associated wi th the proposed Intertie Development pro j ec t  and have 
reduced the list of endangered or threa tened species to the follo wing : 

Li s t ed 

Bony tail chub 
Colo rado squawf i s h  
Humpback chub 

Candi date 

Canyon sweetvetch 
Ferruginous hawk 
No c ommon name aster 
Long-billed curlew 
Razorback sucker 
Swainson ' s  hawk 

aS tatus = E - Endangered 

bCandidate Category � 1 
2 

Gila elegans 
Ptychochei lus lucius 
G i la cypha 

Hedysarum oc cidentale var .  canone 
Buteo regalis 
Hymenoxys depres sa 
Numenius ameri canus 

',- Xyrauchen t exanus 
Buteo swainsoni 

Enough data to support l i s t ing 
Seeking addi t i onal data 

a 

E 
E 
E 

1 
2 
2 
2 
2 
2 

A concern that we have relat ive to the Colorado River endangered f i shes 
pertains to water deple tions. W e  consider all depleti ons to the upper 
Colorado River bas in as s igni f i cant and regard them as "may affect" 
pe rturbations whi ch call f o r  formal consul tation. The only exc epti on to this 
policy is in the s i tuation where wat e r  wi thdrawals are from very deep aq uifers 
which c learly do not dis charge into the Colorado River system. 

I f  we can be of fur t her assis tance please advi s e  us .  

nrelY , 

��/;;:;L 
£"\..-- Robert G .  Rues ink 

(r Field Supervisor 

cc : Pro j e c t  Leader , ES /Portland 









APPENDIX K 

Pub l i c I nvo l vement Ac t ivi t i e s  





Pub l ic Invo l vement Ac t ivi ties  

Pub l ic invo lvement ac t iv i t ies f o r  the  Int e r t ie Deve l o pmen t  and Use  
Environmental Impac t S ta tement ( IDU E I S )  and the  Inte r t ie Acc e s s  P o l icy 
( lAP ) have taken several f o rms : pub l ic no t ices  and papers , comment 
f orums and mee t ings , and consul tat ions with agencies  and intere s ted 
g roups . These have been carried out  to  ful f i l l  the intent o f  t he Counc i l  
on Environmental Qua l i ty in p re s c r i b ing a s c o p ing o f  the pro j e c t and to  
encourage and integrate pub l ic info rmat ion and inte res t s  into  t he s t udies  
and dec is ions taken on Inte r t ie Deve lo pment and Use . A des c r i p t ion and 
chrono l o gy of the event s  is presented b e l o w .  

7 / 2 2 / 8 3  

8 / 22 / 8 3  

9 / 1 6 /8 3  

2 / 1 6 /84  

2 / 24 /84 

3 / 1 6 /8 4  

4 / 4/84  

7 /84 

7 / 3 /8 4  

7 / 24/84  

BPA pub l ished No t i ce o f  Intent to deve l o p  an I n te r t ie Access  
Pol icy in the FEDERAL REGI S TER (48  FR 3 3 5 1 5 ) .  BPA  inv i t e d  the 
pub l i c  to  a t tend s c o p ing mee t ings and to subm i t  wr i t ten o r  
oral  comments  o n  the i s sues t o  b e  cons ide red in the upcoming 
po l i cy by 8 / 1 9 /8 3 . BPA a l s o  extended an o f f e r  to  ho l d  comment 
mee t ings on reques t .  

BPA extended comment dead l ine on lAP deve lo pmen t  t o  9 / 1 6 /8 3 . 

Comment dead l ine on No t ic e  o f  I n tent to  Deve lo p  lAP . BPA 
rece ived 55 wri t ten comment s . 

BPA pub l ished D i s cus s ion of  Po l i cy I s s ues  on P roviding Access  
to  the  Pac i f i c  Nor t hwes t-Pac i f i c  Southwe s t  Inte r t i e  in  t he 
FEDERAL REGI STER with  reque s t  f o r  comments  by 3 / 1 6 /8 4  
(49  F R  5 9 9 0 ) .  BPA d i s t ributed Fede ral Regis ter  No t ic e  and 
cove r  l e t ter  to in teres ted par t ies . 

BPA pub l i shed I s sue Aler t , "Us ing the Only No r t hwe s t  to 
Southwes t Powe r 1 ines ; The Intert ie , "  on the deve l o p ing 
Inter t ie Ac cess  P o l icy , inc l uding need , i s s ues , and p o t en t ia l  
d i re c t ions . 

Comment dead l ine on D i s cus s ion o f  P o l icy I s s ues . BPA rece ived 
76  comment s . 

BPA mai led  update to interes ted par ties  announc ing p o s s ib i l i ty 
of  proposed po l i cy by May . 

BPA pub l ished P ro j e c t  B r ie f , " Increas ing the Carrying Capac i ty 
o f  the DC Inte r t ie . "  

BPA announced a two-phase  po l icy deve l o pmen t p ro c es s , wi th  a 
proposed Near  Term po l icy to  be re l eased about  7 / 1 3 /84 . BPA 
s cheduled pub l ic commen t  forum on proposal in P o r t land . 

BPA me t wi t h  t e c hnical opera t o rs o f  the Inter t ie . 

K-2 



7 / 24 & 
26 /84 

7 / 2 7 /84 

7 / 30/84  

7 / 30 /84 

8 / 3 / 84 

8 / 1 3/84  

8 / 14/84 

9 / 7  /84 

1 0 / 1 5 / 84 

1 1 / 2/84 

1 1 / 5 /84 

1 1 /84 

1 1 / 30 / 84 

1 2 / 1 0 / 8 4  

1 /  3 1 /85  

Two pub l i c comment fo rums he ld  in P o r t l and on the  proposed 
Near-Term Inter t i e  Access  Po l icy . The se  mee t ings we re 
a t t ended by 1 24 people  represent ing BFA cus tome rs , intere s t  
groups , and o t he r  gove rnmen t agenc ies . 

BPA pub l i s hed "BPA ' s  New Inte r t ie Ac c e s s  Po l icy , "  to  upda te 
the pub l ic on BPA ' s  upcoming Int e r t ie Ac cess  Po l i cy . 

BPA re leased Proposed Near Term lAP . 

Proposed Interim Inter t i e  Ac cess  Po l icy  pub l i s hed in FEDERAL 
REG I STER ( 4 9  FR 30098 ) and d i s t ributed f o r  pub l i c  comment . 

BPA hos t ed pub l i c  c omment mee t ing on as s ured de l ive ry . 

C lo s e  o f  comment on Proposed Near Te rm Intert ie  Ac c e s s  
P o l icy . BPA Cus tome rs , in teres t gro ups , gove rnment agenc i e s , 
and ind ividua l s  subm i t ted 5 5  wr i t ten c omment s .  

BPA pub l is hed Adminis trato r ' s  Record o f  Dec i s i on on the 
Interim Intert ie Ac cess  P o l icy . 

BPA imp lemented t he In t e r im Int e r t ie Ac c e s s  P o l i cy and mai l ed 
copies  to  interes ted par t ies . BPA asked Intert ie  users  t o  
review Exh ib i t  B and commen t b y  9 / 20 /84 . 

BPA pub l ished No t ice o f  Intent  to  prepare an Envi ronmental 
Impac t S ta temen t on a Long Te rm Inte r t i e  Access P o l icy ( LTIAP ) 
in t he FEDERAL REG I STER ( 4 9  FR 4 1 088 ) .  

BPA announced scop ing mee t ings on the E I S  in San Franc i s c o  and 
P o r t land and asked f o r  wr i t ten comments  by 1 1 1 30 / 84 . 

No t i ce o f  Near Term Inter t ie Access  P o l icy  i s  pub l i shed in the 
FEDERAL REGI STER (49 FR 442 3 2 ) . 

Pub l ic s c o p ing mee t ings he l d  in P o r t land ( 1 1 / 7 /84 ) and San 
Franc i s c o  ( 1 1 / 1 4 / 84 ) .  S ixty-e ight  peo p l e  a t t ended , 
represent ing BPA cus tomers , Cal i fo rnia and Canadian pr ivate  
and pub l i c  ut i l i t ies , envi ronmental  groups , S tate  and Federal 
agenc ies , d i re c t  service indus t r ies , and ind ividua l s . 

C lo s e  o f  comment on scop ing . BPA rece ived twenty-four wr i t ten 
comment s  on t he s cope o f  the LT IAP and i t s  E I S . 

BPA comp i led  and d i s t ributed the scop ing comment s  t o  those  
a t t ending the mee t ings . El even cross-comments  we re 
subsequent ly rece ived . 

BPA mai led Draf t Revised  Near Term lAP to  interes ted par t ies  
and s e t  comment deadl ine a t  3 / 1 5 /85 . 
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2 / 1 5 / 8 5  

3 / 7 /8 5  

4 / 1 5 /8 5  

4 / 2 6 / 8 5  

4 / 2 6 / 8 5  

5 / 1 5 /85  

5 / 29 /85  

5 / 3 1 / 8 5  

5 / 3 1 /8 5  

6 / 1 /8 5  

6 / 3 /8 5  

1 2 / 3 /85  

1 / 3 /8 6  

1 / 14 / 8 6  

1 / 28 /8 6  

BPA extended the t e rm o f  the In t e r im lAP t o  5 / 1 /8 5  to  a l l ow 
s uf f i c ient t ime f o r  comp l e t i on o f  an Envi ronmental  As ses sment on 
the Near Te rm lAP . Th is  no t ice pub l i s hed in the FEDERAL REG I STER 
( 5 0  FR 6 3 7 9 ) .  

DOE app roved Env i ronmen tal  Ass e ssment on the P roposed  Nea r  Te rm 
Int e r t ie Acc e s s  Po l ic y .  BPA ma i l ed c o p i e s  to  inte re s ted par t ies  
for  comment . The co�nent dead l ine was set  a t  4 / 15 / 8 5 . 

C l o s e  o f  c omment on t he Envi ronmental  As s e s sment on the Near Te em 
lAP . 

BPA no t i f ie d  a l l  in t e re s ted par t i e s  that i t  was extending the 
of  the In t e r im lAP to  May 3 1 , 1 98 5 , and the comment period  on 
Environmental  A s s e s sment on the Near Term lAP to May 3 ,  1 98 5 . 
no t ice pub l i shed in the FEDERAL REGI STER on May 1 0 , 1 9 8 5  
( 5 0  F R  1 9 78 1 ) .  

t e rm 
the 

Thi s 

Long Te rm Inte r t i e  Ac c e s s  Po l icy  Envi ronmental  Impa c t  S t a t ement 
Draf t Imp l ementat ion P lan pub l i s hed and d i s t r ibuted  to  the pub l ic .  

BPA mai led updat e  l e t t e r  announc ing pub l i c f o rum on draf t E I S  
Imp lement a t i on P l an .  

BPA hos ted Pub l ic Consul tat ion mee t ing in P o r t land on t he Dra f t  E I S  
Imp l emen tat ion P l an .  The 24 a t tende e s  inc l uded BPA cus tome rs , 
Cal i f o rn i a  u t i l i t ies , and Fede ral  agenc i e s . 

DOE approve d  F ind ing o f  No S i gn i f i can t Impa c t  on P roposed  Near Term 
Intert ie Ac c e s s  Po l ic y .  

BPA pub l i shed Admin i s t ra t o r ' s  Record o f  Dec i s i on o n  Nea r  Term 
Int e r t ie Acc e s s  Po l ic y .  

BPA impl emented Nea r  Term Inte r t ie Ac c e s s  Po l i c y . 

C l o s e  o f  Comment on the draf t E I S  Imp l emen t a t ion P l an .  BPA 
rece ived 15 wri t t en commen ts . 

BPA ho s t ed pub l ic mee t ing on a s s ured del ivery in Po r t land . Fo r ty 
BPA cus tome r s  and o thers  a t t ended . 

BPA mai led revised  E I S  Impl emen tat ion P lan and Upda t e  Le t te r  on t he 
Int e r t ie Deve l o pment and Use E I S  to  interes ted  par t ie s . 

BPA hos ted mee t ing in P o r t l and on non-Federal  s ub s c r i p t ion r i gh ts 
to  the Inte r t i e . Fo r ty-nine BPA cus tome r s  and o thers  a t t ended . 

BPA hos ted mee t ing on C anad ian and o t he r  extraregional Int e r t ie 
acce s s  in P o r t l and . Thi r ty-one BPA cus tome r s  and o thers a t t ende d . 
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2 / 28 /8 6  

3 / 1 1 /86  

3 / 20 / 8 6  

4/4 / 8 6  

6 / 18 / 8 6  

7 / 1 /8 6  

1 0 / 2 2 / 8 6  

1 0 / 3 1 /86  

1 1 / 1 9  & 
2 0 / 8 6  

1 2/ 9 / 8 6  

1 2 / 1 0 / 8 6  

1 2 / 1 1 / 86  

1 2 / 24 / 8 6  

1 / 1 6 / 8 7  

2 / 9 / 8 7  

BPA mai l ed update  l e t t e r  t o  intere s t ed par t ies  announc ing upcoming 
D i scus s ion Pape r on the Draf t Long Te rm Inter t ie Ac c e s s  P o l icy , and 
scheduled a c l a r i f i ca t ion s e s s ion in Po r t land . 

BPA mai l ed D i s cus s ion Pape r t o  interes ted  par t ies . Comment 
dead l ine s e t  for 4 /4 / 8 6 . 

BPA ho s ted D i s c us s ion Paper c l arif i c a t ion sess ion In P o r t l and . 
Th i r ty-f ive BPA cus tome rs and o t hers  a t tended . 

C lo s e  o f  comment on D is cus s ion Pape r .  BPA rece ived approximate ly 
50  commen t s . 

BPA mai l ed upda te  t o  interes ted  par t ies announc ing an E I S  and lAP 
schedul e d e l ay and extens ion o f  the Near Term lAP t o  July 1 ,  1 98 7 .  

BPA pub l ished no t i ce o f  Near Te rm lAP extens ion t o  7 / 1 / 8 7  in 
FEDERAL REG I S TER ( 5 1  FR 2 3 8 1 9 ) .  

BPA mai led  Inte r t ie Deve l o pment and Use Draf t E I S  t o  int e res ted  and 
affec ted par t ies . C l o s e  of COIT@ent date  was s e t  at January 2 ,  
1 98 7 ,  t hen l a t e r  extended to  January 1 6 , 1 98 7 .  BPA f i l ed the draf t 
E I S  w i t h  U . S .  Envi ronmental  Pro t e c t ion Agency ( EPA ) . BPA a l s o  
re l eased a "Proposed  Long-Term Inter t ie Ac cess  Po l i cy I s sues " paper 
and an I s sue Ale r t , "The Inte r t ie : P o t en t ial Changes , P o s s ib le  
Consequence s " . 

EPA ' s  No t ice o f  Ava i lab i l i ty o f  the draf t E I S  was pub l ished in the 
FEDERAL REGI STER ( 5 1  FR 3 9 8 04 ) .  

BPA he l d  techn i c a l  d i s cus s ion mee t ing s on the proposed I n t e r t i e  
Ac cess  Po l icy and o n  t h e  draf t E I S  i n  Po r t land , Oregon . 

BPA he l d  a pub l ic  comment mee t ing on the draf t E I S in  Oak land , 
Cal if o rn ia . 

BPA he ld  a pub l ic comment  mee t ing on the draf t E I S  in P o r t land , 
Oregon .  

BPA he l d  a pub l ic comment mee t ing on the d raf t EIS  In Klama t h  
Fa l l s , Ore gon . 

BPA pub l ished no t i ce o f  extens ion o f  the d raf t E I S  commen t period 
in the FEDERAL REGI STER ( 5 1  FR 46 704 ) . 

C l o s e  o f  comment on the draf t E I S . 

BPA reques t s  comment s  on proposed response to  Nat ional Mar ine 
Fisheries  Service  cha l l enge under  the Near Te rm lAP . C l o s e  o f  
comment  is  3 / 30 /8 7 .  
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3 / 2 7 / 8 7  

3 / 30 / 8 7  

1 1 / 1 3 1 8 7  

1 2 1 1 8 / 8 7  

1 2 / 3 1 / 8 7  

1 1 6 & 7 
/88 

1 / 1 2 / 8 8  

1 /  20 /88 

1 / 2 7 / 88 

2 / 5 /88 

2 / 8 /88 

2 / 1 1 / 88 

2 / 1 7 / 88 

2 / 1 9/88  

1 8 5 9Z 

BPA extended the Near Term lAP t o  June 30 , 1 988 , or  unt i l  
imp l ementa t ion o f  the Long Term lAP , wh i c hever i s  f i rs t .  

C l o s e  o f  comment on Nat ional Mar ine F i s he r ies  cha l l enge unde r the 
Near Term lAP . BPA rece ives 7 co mment s . 

BPA mai led Hydro Operat ions Info rmat ion Pape r .  Comment dead l ine 
s e t  for  1 2 / 3 1 /8 7 . 

BPA mai led Revised  Draf t Long Te rm Inte r t ie Ac c e s s  P o l icy  to  
interes ted and af fec ted par t ies . Comment deadl ine set  f o r  2 / 1 9 / 88 .  

C l ose  o f  comment on Hydro Operat ions Informat ion Pape r .  

Pub l i c mee t ing in P o r t l and to d i s cuss Revised Draf t Long Te rm 
Int e r t i e  Ac c e s s  P o l icy and BPA revenue impa c t  s tud ies  and po l i cy 
al terna t ives . 

Pub l ic mee t ing in P o r t land to  d i s cuss  Rev i s e d  Draf t LTIAP and 
as s ured del ivery , f o rmul a  al l ocat ion and revenue impac ts . 

Pub l i c  mee t ing in Por t l and to  d i s cuss  Revised Draf t LT IAP and f is h  
and wi l d l i f e  pro te c t ion . 

Pub l i c  mee t ing in P o r t l and to  d i s c us s  var ious i s s ue s  in Revised  
Draf t LTIAP . 

Deadl ine f o r  ini t ia l  comments on Revi s e d  Dra f t  LT IAP . 

I n i t ial comments  on Revised  Draf t LTIAP d i s t r ibuted f o r  pub l ic 
comment .  

BPA d i s tr ibuted s uppl emental s tud ies  t o  Revised  Draf t LT IAP . 

BPA d i s t r ibuted documenta t i on f o r  s up p l emental s tud ies  to  Revised 
Draf t LTIAP . 

C lo s e  o f  comment on Revised  Draf t LTIAP . 1 4 7  comment  l e t ters  
rece ived . 
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