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FOHELAWS ON BOARD, an unincorpo

rated lllillilociation; and Lloyd 

Marbet. Plaintiffs. 

v. 

Peter JOHNSON. as Administrator of the 

Bonneville Power Administration. De

partment of Energy; James Edwards. 

as Secretary of the Department of En

ergy and the United States of America. 

Defendants. 

No. 82-7319. 
United States Court of Appeals, 

Ninth Circuit. 

Argued and Submitted March 6, 1984. 

Decided Sept. 25. 1984. 

As Amended Jan. 21, 1985. 

Linda K. Williams, Portland, Or., for 
plaintiffs. 

George M. Galloway, Washington, D.C., 
for Pacific Power & Light Co. 

Eric Redman, Seattle, Wash., for Martin 
Marietta Aluminum. 

Frank W. Ostrander, Portland, Or., for 
Northwest Power Planning Council. 

David J. Adler, Portland. Or .• for Peter 
Johnson. Dept. of Energy. 

Original Proceeding to Review the 
Bonneville Power Administration Offer of 
Initial Contracts Pursuant to the Pacific 
Northwest Electric Power Planning and 
Conservation Act. 

Before SCHROEDER, FARRIS, and RE
INHARDT, Circuit Judges. 

SCHROEDER, Circuit Judge. 

This is a challenge to the Bonneville 
Power Administration's offers of long term 
contracts for power delivery pursuant to 
the Pacific Northwest Electric Power Plan
ning and Conservation Act (Regional Act), 
16 U.S.C. § 839-839h (1982), without com
pliance with the requirements of the Na
tional Environmental Policy Act of 1969 
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(NEPA), 4� U.S.C. 99 4:321-4:l(il (1976). 
We have previously held that this is a 
review of final agency action which. under 
the Regional Act, must be filed originally 
in this court rather than in the district 
court. Forelaws on Board v. Johnson, 709 
F.2d 1310 (9th Cir.1983) (ForelaU's I). 

Plaintiffs seek an order compelling the 
preparation of an Environmental Impact 
Statement and enjoining operation of the 
contracts. We hold that an Environmental 
Impact Statement is required and should be 
utilized in connection with consideration of 
any further amendments, to which NEPA 
will also apply and for which additional 
EIS's may be required. We decline, how
ever, to enjoin operation of the contracts 
pending completion of the initial EIS. 

Statutory Background 
On December 5, 1980, the Regional Act 

became law. It is a "unique piece of ener
gy legislation" designed to allocate the fi
nite supply of inexpensive hydroelectric 
power, generated on the Columbia River 
System, among competing consumers as 
well as to provide for the acquisition of 
new energy resources. See Central Lin
coln Peoples' Utility District v. Johnson, 
735 F.2d 1101, 1106 (9th Cir.1984). In the 
early 1970's, BPA, faced with increasing 
demand for low-cost hydroelectric power 
and possible power shortfalls, notified its 
non preference customers that their power 
contracts would not be renewed and in
formed its preference customers that it 
could not satisfy any load growth after 
1983. Aluminum Co. of America v. Cen
tral Lincoln Peoples' Utility District, -

U.S. -, 104 S.Ct. 2472, 2477-78, 81 
L.Ed.2d 301 (1984). In response to the 
resulting confusion, Congress passed the 
Regional Act, which was designed to avert 
"regional civil war" by allocating BPA's 
finite supply of hydroelectric power be
tween competing consumers and by provid
ing for the acquisition of new energy re
sources. See Central Lincoln Peoples' 
Utility District v. Johnson, 735 F.2d 1101, 
1106 (9th Cir.1984). The Regional Act re
quired BPA to offer new long-term con-
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tracts to both pref('rence and nonprefcr· 
ence customers "[a]s soon as practicable 
within nine months after December 5, 
1980. " 16 U.S.C. § 839c(g)(I). Each cus· 
tomer was given one year from the date of 
the offer to accept the contract. 16 U.S.C. 
§ 839c(g)(2). Thus, within 21 months of 
the Act's effective date, a new system of 
contracts allocating BPA's supply of hydro
power was to be in place. 

The Act also required BPA to encourage 
energy conservation by its customers as 
well as to take measures to protect the 
environment of the Pacific Northwest. 16 
U.S.C. § 839b, d, f(j). Congress said the 
Act was to be "construed in a manner 
consistent with applicable environmental 
laws." 16 U.S.C. § 839. The questions 
presented in this case thus implicate two of 
the Acts' most important objectives: a new 
system of contracts governing BPA's deliv
ery of power to its customers and an ener
gy program for the Pacific Northwest that 
is sensitive to environmental concerns. 

Procedural Objections to this Suit 

Before reaching the merits of the case, 
there are two preliminary procedural objec
tions by the defendant BPA, and interve
nors Martin Marietta Aluminum, Public 
Power Council, and Pacific Power & Light 
Company, relating to plaintiffs' standing 
and the timeliness of the action. 

[1] Intervenor Martin Marietta con
tends that Forelaws lacks standing because 
it has not alleged that BP A's contract of
fers caused it any injury within the zone of 
interest to be protected by NEPA, citing 
Port of Astoria, Oregon v. Hodel, 595 F.2d 
467, 474 (9th Cir.1979). The complaint, 
however, alleges that plaintiff Forelaws is 
an environmental group whose members 
live in the Pacific Northwest and that one 
of its members, Mr. Marbet, is a resident of 
that region and a consumer of electric pow
er there.! Those allegations coupled with 
the allegations of the environmental conse
quences of the contract are sufficient to 
establish standing. See United States v. 

1. The name Forelaws on Board is apparently 
derived from Barry Commoner's "four laws of 
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SCRAP, 412 U.S. G6!), G8:{-90, 93 S.Ct. 
2405, 2414-17, in L.Ed.2d 254 (1972) (even 
general allegations of potential harm by 
one who lives in or uses an area demon
strate standing); Pacific Legal Founda
tion v. State Energy Resources, Etc., 659 
F.2d 903, 911-12 (9th Cir.1981), cert. de
nied, 457 U.S. 1133, 102 S.Ct. 2956, 73 
L.Ed.2d 1348 (1982). See also Sierra Club 
v. Morton, 405 U.S. 727, 739, 92 S.Ct. 1361, 
1368, 31 L.Ed.2d G36 (1972) ("[A]n organi
zation whose members are injured may rep
resent those members in a proceeding for 
judicial review."). 

[2] The timeliness question arises from 
the confusion generated by the statute's 
provision that suits challenging final ac
tions of the BPA administrator "shall be 
filed within the United States court of ap
peals for the region . . .  within ninety days 

" 16 U.S.C. § 839f(e)(5). The com
plaint in this case was not actually filed 
with the clerk of this court until more than 
90 days after the action being challenged. 
However, it is undisputed that Forelaws 
attempted to file a complaint the day be
fore the expiration of the 90-day period, but 
the clerk of this court rejected the com
plaint because normally this court does not 
have jurisdiction of original complaints. In 
fact the plaintiffs had also filed a complaint 
in the district court, and jurisdictional is
sues were still in litigation. See Forelaws 
I, 709 F.2d at 1311-13. Qur clerk's mistak
en rejection of the complaint when it was 
timely offered should not bar its considera
tion, and it should be deemed timely filed. 
See Loya v. Desert Sands Unified School 
District, 721 F.2d 279, 280-81 (9th Cir. 
1983). We therefore must consider the 
merits of plaintiffs' claim that BP A has 
violated NEPA by failing to prepare an 
environmental impact statement. 

The Contracts' Environmental Significance 

[3] Section 102(2)(C) of NEPA, 42 
,U.S.C. § 4332(2)(C), requires that federal 
agencies, "to the fullest extent possible," 

ecology." B. Commoner, The Closing Circle 
(1971). 
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do a detailed sUltement of the environmen
tal impact of any proposed major federal 
action which would significantly affect the 
quality of the environment.2 BPA did not 
prepare an environmental impact statement 

in connection with its contract offers. It 
did what it termed an " Environmental Re· 
port," a document not contemplated by 
NEPA, and which did not analyze in detail 
any possible adverse environmental conse
quences of the contracts and ways that 
they might be avoided. The environmental 
report did not, in short, do what an environ
mental impact statement is supposed to do, 
and what plaintiffs contend under the pro
visions of NEPA, the agency was required 
to do. 

BPA does not deny that these 145 con
tracts of 20-year duration constitute major 
federal action. It argues that the contracts 
themselves do not significantly affect the 
human environment. It also argues more 
strenuously that the time limitations of the 
Regional Act indicate Congress's intent to 
waive NEP A's application to these con
tracts by making it impossible for the agen
cy to comply with NEPA. We deal with 
each of these arguments in turn. 

BP A initially contends that because Con
gress has mandated it to offer contracts, 
BPA had no discretion with respect to con
tract terms that might have varying effects 
upon the environment. Because the princi
pal purposes of NEPA include making con
siderations of environmental concerns a 
part of the decision-making process, see 
Weinberger v. Catholic Action of Hawaii, 
454 U.S. 139, 143, 102 S.Ct. 197, 201, 70 
L.Ed.2d 298 (1981), other circuits have de
veloped the principle that an EIS is not 
required where the agency's action is 

2. Section l02(2)(C) of NEPA requires that: 

[Tlo the fullest extent possible: . . .  
(2) all agencies o f  the Federal Government 
shall . .. 

(C) include in every recommendation or re
port on proposals for legislation and other 
major Federal actions significantly affecting 
the quality of the human environment, a de
tailed statement by the responsible official 
on-

(i) the environmental impact of the pro
posed action, 
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"mandatory. " Src, c.y., Pa(,ific Lcgal 
Foundation 1'. Andrus, 657 F.2d 829, 839-
40 & n. 13 (6th Cir. 19S1) (mandatory agen
cy duty to list endangered species upon 
specified factual finding); South Dakota v. 
Andrus, 614 F.2d 11!)0, 1193 (8th Cir.), 
cert. denied, 449 U.S. 822, 101 S.Ct. 80, 66 
L.Ed.2d 24 (1980) (non-discretionary acts 
not subject to NEPA); Natural Resources 
Defense Council, Inc. v. Berklund, 609 
F.2d 553, 558 (D.C.Cir.1979) (NEPA not 
applicarle when Secretary has no discretion 
as to coal leases). 

The difficulty with BP A's position that 

the contract action was completely mandat
ed by statutes is that, as BPA recognized 
in its environmental report, "the adminis
trator possesses a great deal of discretion 
in contract matters." This includes con
tract provisions directly aimed at environ
mental concerns. Congress expressly au
thorized the administrator to include, in the 
contracts, provisions designed to achieve 
the Act's environmental purposes, such as 
encouragement of conservation, develop
ment of renewable resources, fish and wild
life protection and enhancement. The con
tent of these contract provisions is not 
mandated but is clearly discretionary. See 
Aluminum Co. of America v. Central 
Lincoln Util. Dist., - U.S. --, -- , 
104 S.Ct. 2472, 2484, 81 L.Ed.2d 301 (1984) 
("Because the Regional Act does not com
prehensively establish the terms on which 
power is to be supplied .. . under the new 
contracts, it is our view that the [BPA] has 
broad discretion to negotiate them."). 

BP.A nevertheless argues that we should 
regard its discretion as limited principally 
to matters of power allocation which, it 

(ii) any adverse environmental effects 
which cannot be avoided should the proposal 
be implemented, 

(iii) alternatives to the proposed action, 
(iv) the relationship between local short

term uses of man's environment and the 
maintenance and enhancement of long.term 
productivity, and 

(v) any irreversible and irretrievable com
mitments of resources which would be in· 
volved in the proposed action should it be 
implemented. 

42 U.S.c. § 4332 (Supp.1982). 
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argues, as a matter of law, cannot affect 
the human environment. It relies upon our 
decision in City of Santa Clara I'. Andrus, 
572 F.2d 660 (9th Cir.1978), and Sierra 
Club v. Hodel, 544 F.2d 1036 (9th Cir.1976), 
for the proposition that federal agency ac
tions that merely allocate federal power to 
different customers do not significantly af· 
fect the environment. 

Although BPA accurakly characterizes 
the holding of these cases, they do not 
control this case. City of Santa Clara and 
the relevant portion of the Sierra Club 
decision involved a simple determination of 
which customers were entitled to a finite 
supply of power. See City of Santa 
Clara, 572 F.2d at 680; Sierra Club, 544 
F.2d at 1039-41. The contracts in this case 
involve considerations of far greater histor
ic and regional import and significantly af
fect the environment. For example, by de
fining the federal base system and "new 
large single loads" the contracts help deter
mine the magnitude of BP A power obliga
tions in the future and thus will have an 
impact upon long-range regional energy 
plans. See Port of Astoria, Oregon v. 
Hodel, 595 F.2d 467, 477-78 (9th Cir.1979) 
(holding that action creating significant 
new commitments of BP A power affecting 
future regional energy planning requires 
an environmental impact statement). 

In addition, the contracts significantly 
affect the environment because they in
volve important policy choices affecting en
ergy conservation. Incentives for conser
vation which could have been included in 
the contracts were suggested by several 
commentators during the time the agency 
was developing its proposals.3 These in
centives included rate schedules that re
ward users who succeed in reducing de
mand; encouragement of utilities to attach 
conservation related conditions to electric 

3. In response to BPA's draft prototype power 
sales contracts published in the July 12, 1981 
Federal Register, a number of groups including 
the Natural Resources Defense Council. the En· 
vironmental Protection Agency. Fair Electric 
Rates Now. and the Oregon Department of En· 
ergy commented on the conservation provi
sions. 
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service; shortfall allocation plans which 
take into account utility conservation poli
cies, and implementation of tiered rates to 
increase the incentive to conserve. BP A 
did in fact include certain measures in the 
contracts to encourage conservation, but 
they were fewer and weaker than those 
proposed by several public groups. In the 
absence of an environmental impact state
ment, we do not know to what extent BP A 
considered the merits of the other propos
als and their feasibility from an environ
[.Iental standpoint. 

Still other significant environmental as
pects of the contracts are the fish and 
wildlife provisions, the most often com
mented upon environmental provisions of 
this statute. Several sections of the Act 
detail BPA's fish and wildlife responsibil
ities, 16 U.S.C. § 839(3)(6), b(e)(2), (h)(lO) & 
(11), which include planning, management, 
protection, mitigation, and enhancement. 
See generally Blumm, Implementing the 

Parity Promise: An Evaluation of the 
Columbia Basin Fish and Wildlife Pro
gram, 14 Envtl.L. 277 (1984). In the 
record before BP A, a great many groups 
suggested provisions which would mitigate 
fishery damage and improve conservation 
efforts.4 As the National Marine and Fish
ery Service pointed out to BPA, a major 
purpose of the Regional Act was to treat 
fish and wildlife interests as coequal part
ners in management of the Northwest hy
drosystem. Again, without an EIS, we do 
not know to what extent these proposals 
were evaluated as feasible alternatives to 
the provisions eventually proposed. 

Also undercutting BPA's present posi
tion is the fact that, despite the repeated 
insistence by plaintiffs and other groups, 
BPA never, throughout the period that it 
was developing its contract proposals, ar
gued that the contracts were not federal 

4. Comments on the July 12, 1981 draft proto· 
type sales contracts were received from groups 
including the Columbia River Citizens Compact. 
the Northwest Steelhead Salmon Council, the 
Upper Skagit Tribes, the National Marine and 
Fisheries Service, the Columbia River Fisher· 
man's Protective Union, and the Washington 
Department of Fisheries. 
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reflect" acknowledgement of environmen· Coordinating Commit/rc, Inc. 1'. [Jnited 
tal consequences of a contract but defend- Statcs Atomic Energy Commission, 449 
ed the noncompliance with NEPA on F.2d 1109, 1114-15 (D.C.Cir.1971). 
grounds of time constraints. We therefore This Circuit recently echoed the confer
hold that the contracts are significant fed- ees' concern for ensuring NEPA compli
eral actions affecting the environment and ance. In State of California v. Block, 690 
turn to the issue of time constraints. F.2d 753 (9th Cir.1982), we held that a 

The Regional Act's Statutory Time 

Constraints as Implied Waiver of 

NEPA Requirements 

BPA's principal argument in this case is 
that the statutory deadlines for contract 
offer and acceptance made it impossible to 
prepare an EIS. The Regional Act, which 
was effective December 5, 1980, gave BPA 
until September 5, 1981, or nine months to 
offer the contracts. 16 U.S.C. § 839c(g)(1). 
Customers then had up to one year from 
the date of the offer to accept the con
tracts. 16 U.S.C. § 839c(g)(2). 

NEPA's legislative history reflects Con
gress's concern that agencies might at
tempt to avoid any compliance with NEP A 
by narrowly construing other statutory di
rectives to create a conflict with NEP A. 
Section 102(2) of NEPA therefore requires 
government agencies to comply "to the 
fullest extent possible." The Senate and 
House conferees, who added that language 
to the statute, explained it in the following 
manner: 

The purpose of the new language is to 
make it clear that each agency of the 
federal government shall comply with 
the directions set out in ... .  [Section 
102(2) ] unless the existing law applicable 
to such agency's operations expressly 
prohibits or makes full compliance with 
one of the directives impossible . . .. 
Thus, it is the intent of the conferees 
that the provision 'to the fullest extent 
possible' shall not be used by any Feder
al agency as a means of avoiding compli
ance with the directives set out in section 
102. . .. [N]o agency shall utilize an ex
cessively narrow construction of its exist
ing statutory authorizations to avoid 
compliance. 

A-5 

section of the National Forest Management 
Act did not preempt NEPA because neither 
the statute nor its legislative history sup
ported a NEPA exemption. Id. at 775. 
See also Southeast Alaska Conservation 
Council, Inc. v. Watson, 697 F.2d 1305, 
1310 (9th Cir.1983) (compliance with envi
ronmental statutes strictly construed). 

There is nothing in the legislative history 
or the language of the Regional Act sug
gesting that Congress intended an exemp
tion from NEPA requirements. On the 
contrary, given the clear statutory empha
sis on environmental concerns, see 16 
U.S.C. § 839, b, d, f(j) & (k), an exemption 
from NEPA requirements is inconsistent 
with the congressional objectives of the 
Regional Act. 

BPA, however, seeks to bring itself with
in the principle announced by the Supreme 
Court in Flint Ridge Development Co. v. 
Scenic Rivers Association of Oklahoma, 
426 U.S. 776, 96 S.Ct. 2430, 49 L.Ed.2d 305 
(1976). The Supreme Court there con
sidered whether an EIS was required prior 
to a real estate developer's filing a disclo
sure statement under the Interstate Land 
Sales Full Disclosure Act, when that Act 
required that the statement be effective 
30-days after filing. Observing that the 
preparation of an EIS often required many 
months, the Supreme Court held that 
NEP A presented "an irreconcilable and 
fundamental conflict" with the 30-day re
quirement of the Interstate Land Sales 
Act. The 30-day requirement led the Court 
to conclude that when there is a "funda
mental conflict of statutory duty," NEPA 
is inapplicable. Id. at 791, 96 S.Ct. at 2440. 

BPA argues that the contract offer re
quirements fall squarely within Flint 
Ridge because BP A had only 30 days to 
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prepare an £IS. Its argument is based not 
so much on what Congress required in the 
statute as it is on the schedule which BP A 
actually followed in the nine-month period 
which Congress provided for the develop
ment of a contract offer. During that peri
od, BP A did not prepare an EIS but it did 
negotiate with customers, hold public meet
ings, and issue draft prototype contracts. 
Its activities can be summarized on the 
following time line: 

December 5, 1980-Regional Act takes 
effect. 

December 31, 1980-BPA puts togeth
er a list of the types of contracts to be 
offered as well as negotiating teams for 
each type. 

January 23, 1981-0rganization meet
ing for negotiating teams held. Teams, 
made up of BP A employees and custom
er groups, meet three days per week, all 
day, from February until August to con
sider various contract provisions. Notice 
of meeting mailed to all interested par
ties and posted at BP A headquarters. 

Mid-May, 1981-BPA holds three pub
lic meetings in Seattle, Boise, and Port
land to receive public comment about the 
contracts. Sends summaries of the 
meeting with responses to the comments 
to all interested parties on June 8. 

June 11, 1981-Draft prototype con
tracts available for public inspection. 
See 46 Fed.Reg. 31238 (1981). BPA 
opens 30-day comment and review period. 

July 13, 1981-End of comment period. 
Late July to early August, 1981-Sta

tus drafts mailed to customers; con
tracts individualized. 

August 28, 1981-Contracts offered to 
BPA customers. 

September 5, 1981-End of statutory 
nine-month period. 

BPA's position is that under the proce
dures it followed, which included six 
months of active negotiations before is
suance of prototype contracts for inspec
tion, the EIS would have had to have been 

S. Giving full deference to BPA's interpretation 
of the Bonneville Power Act, which it adminis
ters, see Aluminum Co. 0/ America v. Central 
Lincoln People's Utility District, - U.S. -, 

104 S.Ct. 2472, 81 L.Ed.2d 301 (1984); Chevron 
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prepared between June 11, 1981 when the 
prototype contracts became available and 
July 13, 1981, the end of the comment 
period, and before BP A began final con
tract preparation. If such a restrictive 
time schedule was mandated in this case, 
then, under Flint Ridge, there would be a 
statutory conflict and an EIS need not have 
been prepared. 

BP A's position, however, represents the 
type of "excessively narrow construction" 
that NEPA cautions against.5 The root of 
BP A's interpretation is its perception that 
the September 5, 1981 offers were already 
to have been negotiated and acceptable to 
the customers. Section 839c(g)(l) states: 

As soon as practicable within nine 
months after December 5, 1980, the Ad
ministrator shall commence necessary 
negotiations for, and offer, initial long
term contracts .... 

16 U.S.C. § 839c(g)(I). The only time limi
tation is that the Secretary begin negotia
tions and offer contracts within nine 
months. The statute allows a further year 
before acceptance is required. 16 U.S.C. 
§ 839c(g)(2). BP A argues that it could not 
begin an EIS until it had a "proposal" for 
federal action, or until the draft prototype 
contracts were available on June 11. But it 
does not explain why it was required to 
negotiate for six months before developing 
the contract proposals. Representatives 
John Dingell and Richard Ottinger, chair
men of subcommittees of the House Ener
gy and Commerce Committee, pointed out 
in a July, 1981 letter to the Administrator, 
which is a part of the record in this case, 
that BPA moved "with greater speed than 
necessary in initiating contract negotia
tions." After making the initial offer man
dated within nine months of the Act's pas
sage, "[t]he customers and BPA had a 
whole year to negotiate and execute a con
tract." 

In fact the statute did not mandate the 
schedule which BPA followed. BPA could 
have used the initial nine months to formu-

USA v. NRDC, - U.S. -, 104 S.Ct. 2778, 81 
L.Ed.2d 694 (1984), we find its position is unrea
sonable, particularly when viewed in the light of 
the congressionally mandated objectives of 
NEPA. 
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late a proposal, perform an 1-:IS, and still 
have met the statutory ueauline for making 
its contract offer and commencing negotia

tions. If necessary, BPA could have uti
lized a "fast track" EIS schedule to speed 
the process. See 40 C.F.R. § 1506.10(d). 

Finally, the Supreme Court has recog· 
nized in Vermont Yankee Nuclear Power 
Corp. v. Natural Resources Defense 

Council, 435 U.S. 519, 551, 98 S.Ct. 1197, 
1215, 55 L.Eu.2d 460 (1978), that NEPA 
requires an agency to address all signifi

cant alternatives to a proposed action. See 

42 U.S.C. § 4332(2)(C ). Under the "arbi
trary and capricious" standard of review 
authorized by the Administrative Proce
dures Act, 5 U.S.C. § 706(2)(A), a court 

may require an agency's decision to be 
"based on a consideration of relevant fac
tors." Citizens to PreseriJe Overton Park 

v. Volpe, 401 U.S. 402, 416, 91 S.Ct. 814, 
824, 28 L. Ed.2d 136 (1971). This require
ment that an agency examine alternative 
courses of action has long been a part of 
the APA's standard of review, see The Su

preme Court, 1982 Term, 97 Harv.L.Rev. 
70, 236--37 (1983), and has recently been 
reaffirmed by the Supreme Court. See Mo

tor Vehicle Manu! Ass'n t'. State Farm 
Insur. Co., 463 U.S. 29, 103 S.Ct. 2856, 77 

L.Ed.2d 443 (1983). 

[4] Major policy choices affecting both 
energy conservation and the preservation 
of fish and wildlife were made by BP A 
during its negotiation of over 140 power 
contracts. But without an EIS, we cannot 
know to what extent the many alternative 

proposals put forth by other groups and 
agencies were evaluated as alternatives to 
the provisions eventually adopted by BP A. 
Given BPA's statutory duty both to con

serve energy use and to preserve fish and 
wildlife, 16 U.S.C. §§ 839(3)(6), 839b(e)(2), 

(h)(10) & (11), and the multitude of alterna
tive proposals suggested by government 
agencies and citizen groups, the failure to 
prepare an EIS demonstrating that the 
agency has considered all significant alter
natives violates both NEPA and the AP A. 

[5] Given the language and history of 
this Act, the lack of any mandated dead
lines remotely similar to the 30 days in 

Flint Ri(l.qc, and the broad construction we 
are compelleu to give N EPA, we must con
clude that there is no irreconcilable conflict 
between the Regional Act and NEPA re
quirements and that BPA violated NEP A 
when it offered contracts without develop
ing an EIS. 

Remedy 
Having agreed with plaintiffs that an 

EIS should have been prepared prior to the 
offer of contracts, and having disagreed 
with the government that Congress had 
mandated a time schedule which made 
preparation of an EIS impossible, we face 
the question of remedy. Forelaws asks 
this court not only to order BP A to comply 
with N EP A by preparing an environmental 
impact statement, but to enjoin the opera
tion of the contracts until the EIS is pre
pared. 

[6] Forelaws correctly points out that 
an injunction is the most common judicial 
response to a N EP A violation, see, e.g., 

A merican Motorcyclist Association 1'. 
Watt, 714 F.2d 962, 965-66 (9th Cir.1983). 
The purpose of enjoining government ac
tion pending preparation of the environ
mental impact statement is, generally, to 
mair.tain the status quo while additional 
environmental data is obtained, in order to 
preserve the decision makers' opportunity 
to choose among policy alternatives. See 

State of Alaska v. Andrus, 580 F.2d 465, 
485 (D.C.Cir.1978); see also F. Grad, Trea

tise on Environmental Law, § 9.03(b) 
(1980). 

[7] In this unusual case, the major fed
eral action subject to the requirements of 
NEP A constitutes ongoing 20-year con
tracts, most of which are now in the third 
year of their term. They have gone into 
effect pursuant to a statutory mandate re
quiring implementation of a contractual 
system no later than 21 months after enact
ment of the Regional Act, or by September, 
1982. The history of the Reb"ional Act 
reflects a certain amount of urgency in 
preventing "an emerging customer strug
gle for BPA power." Central Lincoln 

Peoples' Utility District, 104 S.Ct. at 2476. 
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At this point in the history of the Region
al Act, there is at least a clear tension 
between NEPA's charge to the agency to 
evaluate the effects of action upon the 
environment and the command of the Re
gional Act that the contracts be in place 
within 21 months of its passage. NEPA, 
however, allows for some flexibility in rem
edy because Congress has mandated com
pliance with N EPA procedures "to the full
est extent possible." Faced with reconcil
ing NEPA and the Regional Act, we con
clude that an injunction of the operation of 
the contracts themselves is inappropriate. 
See National Audubon Society, Inc. v. 
Watt, 678 F.2d 299, 309-10 (D.C.Cir.1982) 
(NEPA does not give the Secretary of Inte
rior unlimited discretion to put off con
struction of a water development project 
that was statutorily authorized, relying 
upon Gulf Oil Corporation v. Morton, 493 
F.2d 141, 146 (9th Cir.1973». 

Our decision not to enjoin the operation 
of the contracts does not render the case 
moot or deprive plaintiffs of any meaning
ful relief. The contracts will be in force 
for seventeen more years. Provisions in 
the contracts themselves contemplate 
changes in terms. All the contracts allow' 
periodic adjustment of rates. All the con
tracts contain a clause setting forth the 
procedures for amendment. Most impor
tant for NEPA purposes, all the contracts 
include language "by which the parties . .. 
agree to negotiate amendments to the pow
er sales contracts, as necessary" to coordi
nate the conservation, renewable resource, 
and fish and wildlife provisions with the 
regional plan. 46 Fed.Reg. 44344 (1981). 
Thus, the contracts are not completed 
projects for which an EIS will no longer be 
useful. Rather, they are agreements with 
the flexibility to accommodate the ongoing, 
changing relationship among BP A, its cus
tomers, and the public interest represented 
by the Regional Council established under 
the Act. 16 U.S.C. § 839b(a). 

As the Supreme Court pointed out in 
Catholic Action of Hawaii, 454 U.S. at 

6. Forelaws attempted to argue in this action 
that the October. )982 contract amendments 
required an EIS. Because the amendments 
were clearly a "final action" within the meaning 
of the Regional Act, and because Forelaws did 
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143,102 S.Ct. a t  201, thp purpose o f  NEPA 
is "to inject environmental considerations 
into the federal agency's decision-making 
process" and "to inform the public that an 
agency has considered environmental con
cerns in its decision-making process." Id. 
102 S.Ct. at 201; see also 40 C.F.R. 
§ 1502.1. BPA's "Environmental Report" 
was not a sufficiently detailed analysis to 
inform BPA and the public of the environ
mental consequences of the choices repre
sented by the contracts. Even less inform
ative was the finding of no significant im
pact (FONS!) which BPA filed in connec
tion with the contract amendments of Octo
ber, 1982.6 Only a full environmental im
pact statement will inform BP A, its cus
tomers, the public and the Regional Council 
of all the environmental consequences of 
the contracts and serve as a guide to fu
ture actions. BP A must, therefore, per
form an EIS on the contracts. 

It is so ordered. The panel will retain 
jurisdiction over any further proceedings 
related to enforcement of this order. 

not separately . challenge them or amend its 
complaint in the action to include them within 
the ninety days provided by the Act, the chal· 
lenge is time barred. 





� ----------------------------------------------------------------------------------------------------------------------------------------.. 



Append i x  B 

Gu i de to Northwest Power Act Cont ract s 





Appendix B 

Table of Contents 

PAGE 
Overview of the 1 981 Generic Contracts . . . . . . . . . . . . . . . B-1 

The utility Power Sales Contract . . . . . . . . . . . . . . . 

B.l 

B.2 

B.3 
B.4 
B.S 

B.6 
B.7 

BPA Obligation to Maintain Sufficient Resources to Serve 
Firm Load . . . • • • • • • . • • . • • • • • • . • • 

Acknowledgement of Northwest Power Act Policies 
Regarding Resource Priorities and Fish and Wildlife • 

Provisions in the Event of Resource Insufficiencies • • 

Types of Purchasers • . • • • • • •  • • • . •  • 

Purchaser's Firm Resources • • • •  • . • • •  

Resource Additions (Decrease Purchase From BPA) • 

Resource Deletions (Increase Purchase From BPA) 
General • • • • • • • • • • • • 

New Large Single Loads • • • •  • • . • • 

Billing Provisions, References to Rates • 

The DSI Power Sales Contract 

B.S 
B.9 
B.10 
B.ll 

B.12 

Contract Term and Termination • 

Sale and Purchase of Power • • • • • 

Establishment of Demand Levels • • • •  

Establishment of the Four Quartiles 
First Quartile 
Second Quartile • • • • • • • • • • 

Third Quartile 
Fourth Quartile 
All Quartiles • • • 

Forced Outage and Stability Reserves 
BPA Resource Obligation • • 

B-2 

B-2 

B-2 
B-2 
B-3 
B-S 
B-S 
B-8 
B-8 
B-8 
B-9 

B-9 

B-9 
B-10 
B-10 
B-10 
B-10 
B-ll 
B-ll 
B-ll 
B-ll 
B-ll 
B-12 

The Residential Purchase and Sale Agreements (Residential Exchange) . B-12 

B.l3 
B.14 
B.1S 
B.16 
B.ll 
B.1S 

Mutual Purchases 
In Lieu Purchase by BPA • • 

Average System Cost Exhibit • 

Residential Load Exhibit (Exhibit D) 
Pass-Through of Benefits 
No Net Disbenefit . • • • • • • • 

B-i 

B-12 
B-12 
B-l3 
B-l3 
B-l3 
B-l3 





APPENDIX B 

OVERVIEW OF THE 1 981 GENER I C  CONTRACTS 

Cop i es of tne g e n e r i c  Powe r Sales Contracts,  along w i th deta i l ed i n d exes for 
the uti l ity and D S I  Powe r Sa l es Contracts a nd a copy of the  Ge n eral Contr ac  
Provisions CGCP S), are  containec i r  A p p e nd i x A .  T h e  fol l ow i n g  ov e rv i e w s  wi  1 
de s c r i be kev fe atu r e s  of th e s e  contr acts . T h ey a r e  me a n t  to be i n format i v e  
for reader5 who a r e  not famll i a- w i th th e contr act3 . T h ey do not s u p ply 
i n te r pretarjons of th e contr act: and c an not s u b st i tute for r e ad i ng t h e  
contract3 tne m s elv e s  to u n d e r stand i mporta n t  p rovis i ons. 

T h e  Northwest Power Act r e qu i r ed B PA to offe r  i n i tial n ew l on g-te rm  Power 
Sale s Contra:ts with i n  9 months of t h e  effect i v e  date of the Act to: 
(1) re ques�lng p ubl i c body a nd coooerati v e  c u stomers a nd i n v e stor-ow n e d  
ut i l ity custome rs: (2) e x i sting DSI cu stome r s : (3) e x i s t i n g  F ede r al a g e n cy 
cu stome!s and (4) e l e ctr i c  util i ty cu stome r s  r e q u est i ng pa rt i c i pat i on i n  
BPA's resioent i a1 e x c h a n g e  p rograw 

The Powe- 3aies Contra ct s  conta!n many p rovlslon s tn at are s p e c i fically 
reau i red D' the Northwe st  Power Act or oth er laws. Certa i n  s e ct i ons of the 
Northwes: �ower Act s et fortn the ge n e r a l  pow e r  sales contract framewo r k s  tr 
oe offerpc to c erta i n  typ e s  of c u s tome r s . T h e  g e n er i c  Powe r Sale s Contra cts 
are b a s ec on th e s e  frameworks. The Power Sales Contracts conta i n mUCh 
add i t i onal deta i l  a nd many otn er prov i s ion s n e c e ssary to a c comp l i s h  the i ntent 
of the par:\es. 

S e ct i on 5(0; of the Northwe s:  Power A ct conta i n s  a g e n e r al de s c r i pt i on of the 
contra ct that m u s t  be  p rov i dec to r e q u e st i n g  P a c i f i c  Northwe s t  c u stome r s  which 
a r e  p u bl i cly own ed ut i l i t i e s  or coope rat i ve s ,  inve stor-owned uti l i t i e s, or 
F ede ral age n c i es .  The  North we st  Powe r Act r e q u i re s  BPA  to offe r to me et the  
f i rm powe� load of r e g i on a l  c u stomers to t h e  e xtent th at f i rm power l oad 
e x c eeds flrm re s ou r c e s  of th e c u stome r ( s p e c i f i c a l ly def i ned i n  
s e ct i on s  S( b ) ( l ) ( A )  and ( B» . T h i s  i s  common l y  referred  to a s  a r e q u i r eme nt s  
contra ct. 

S e ct i on s(c) of th e Northwe s t  Powe r Act conta i n s  a g e n e r a l  de s c r i pt i on of the 
p u r c h a s e  and s a l e agreements  that i mp l eme nt the  Re s i de nt i a l  and Sma l l  F a r m  
Powe r E x c h a n g e  ( Re s i de nt i a l  E xcha n ge) . T h i s  s e ct i on or i g i n a l l y  p l a c ed l i m i ts 
on  the  pe r c e ntage  of re s i de nt i al load wh i c h may be  e x c h a n ged , a l l owin g  for 
g r adual pna se- i n .  I t  a l s o  s pe c i f i e s that cost b e n e f i ts are to be  pa s s ed 
throu g h  directly to Re s i de n t i al E x c ha n g e  loads a nd p rov i de s  for a con s u l tat i on 
p roc e s s  to de v e l op a methodology to compute e a c h  e x c h a n g i n g ut� l jty's "av e r a g e  
s y s tem cos:." I t  f u rt h e r  p rov i de s  that B P A  may p u r c h a s e  c h e a p e r  powe r ,  i f  
av ailable from other sou r c es, i n  l i eL of the  power th at th e u t i l i ty offe r s  to 
e x c h an ge. 
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S e c t i on 5 ( d )  of t h e  Nor thwe s t  Power  A c t  con t a i n s  t h e  g e n e r a l  framework for t h e  
con trac t s  t o  b e  offered t o  BPAls D S I  c u s tome r s . Se c t i on 5 ( d )  r e qu i r e s  BPA to 
offer i n i t i a l contr a c t s  to t h e  D S I s ,  p rov i d i n g  t h em w i t h  an amou n t  of power  
e q u al to  t h e  amo u n t  t h e  c u s tome r i s  e n t i t l ed to u nder i t s t h e n - e x i s t i n g  
con trac t .  Se c t i on 5 ( d )  also  s p e c i f i e s t h a t  t h e s e  D S I  con t r a c t s  s ha l l p rov i de 
a por t i on of BPAls r e s e rv e s  for r e g i o n a l  f i rm load s. 

THE UT I L I TY POWER SALES CONTRACT 

T h i s con tr a c t  a p p l i e s to a l l BPA u t i l i ty and Fede r a l  age n cy c u s tomer s .  I n  t h e  
pas t, d i ffere n t  contra c t s  we r e  w r i t t e n  for i nd i v i du al c u s tome r s . T e rms 
v a r i ed, dep e nd i n g  l arge l y  on w h e t h er the u t i l i t i e s h ad s i g n i f i c a n t  r e s ou r c e s  
of t h e i r own wh i ch they  cou l d  ope ra t e , or w h e t h e r  t h ey op e r a t ed t h e i r  own 
au tomat i c  g e n e r at i on contro l  sys tems . T h e s e  i nd i v i du a l  d i ffe r e n c e s  are now 
addre s s ed i n  a s tandard con t r a c t  by i n c l ud i n g  prov i s i on s  a p p l i c a b l e to e a c h  
d i ffe r e n t  p u r c h a s i ng bas i s .  

T h e  fo l l ow i ng  a r e  some of t h e  key feat u r e s  of t h e s e  con t r a c t s: 

B.1 BPA Obi i gat i on to Ma i nt a i n  Suf f i c i ent Resources to Serve F i rm Load 

Becau s e  BPA was g i v e n  au t hor i ty to a c q u i re n e w  r e s ou r c e s  u nder  t h e  Nor t h we s t  
Power Act  for t h e  f i r s t  t i me ,  BPA Power  Sale s Con t r a c t s  i n c l uded a b e s t  
efforts  ob l i gat i on o n  BPA t o  a c q u i re r e sou r c e s  i f  n e c e s s ary t o  p rov i de s e rv i c e 
to i t s f i rm loads . Refe r e n c e s  to t h i s  obli gat i on are  fou nd i n  t h e  U t i l i ty 
Power S a l e s  Con t r a c t  u nder  S e c t i on 5 ,  BPAl s D e c i s i on i n  Acq u i r i ng Re sou r c e s  to 
S e r v e  Loads ; S e c t i on 7, A l l oc at i on Prov i s i on s  i n  t h e  E v e n t  of P l an n i n g  
I n s uffi c i e n c i e s ;  and GCP 44, R e s o u r c e  Acq u i s i t i on a nd Manageme n t . Unde r 
GCP 44 , BPA i s  r e q u i red to u s e  i t s au t hor i ty to a c q u i re r e s ou r c e s  u nde r t he 
Nort hwe s t  Power  A c t  and a l so i t s s hort-term  power p u r c h a s e  author i ty u nde r the  
T r a n s m i s s i on Sys tem Act  of  1 97 4 . 

B.2 Acknow l edgment of Northwest Power Act Po l i c i es Regard i ng Resource 
Pr i or i t i es and F i sh and W i l d l i fe 

T h e  con t r a c t s  a c k now l edge BPAls o b l i gat i on s  u nde r t h e  A c t  to g i v e r e sou r ce 
acqu i s i t i on p r i or i ty to con s e rv at i on r e s ou r c e s  and r e n ewable r e sou r c e s . B PA ' s  
ob l i gat i on s  w i t h  r e s p e c t  to f i s h  a nd w i l dl i fe are a l so a c know l edged . Th e s e  
Northwe s t  Powe r A c t  pol i c i e s are referred to i n  s e c t i on 5 ;  S e c t i on 6 ,  
I n te r p re t a t i on  of F i s h  a nd W i l d l i fe Re s pon s i b i l i t i e s ;  GCP  44 ; a nd GCP 45 , 
Cooperat i on w i t h  Reg i onal Cou n c i l .  The  de s i r a b i l i ty of apply i n g  Nor thwe s t  
Power A c t  r e sou r c e  pr i or i t i e s  t o  a c t i v i t i e s of t h e  p u r c h a s i n g u t i l i ty i s  al so 
acknow l edged i n  s e c t i on 5 ,  and i n  S e c t i on 1 2 ,  P u r c h a s e r s  F i rm R e s ou r c e s . 

B.3 . Prov i s i ons  i n  the Event of Resource I nsuf f i c i enc i es 

Th e s e  prov l slon s  are  cont a i n ed p r i mar i l y  i n  s e c t i on 7 and i n  a n  e x h i b i t 
s e tt i ng fort h  al l oc a t i on  formu l a s .  Fede r a l  Ba s e  Sy s t em r e s ou r c e s  are 
i de n t i f i ed .  S t a t u tory not i c e p rov i s i on s  a r e  i n corpor ated , s u c h  a s  BPA ' s 
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ob l i gat i on to g i v e 5 year s not i c e  of power i n s uffi c i en c i e s to i n v e s tor-ow n ed 
u t i l i t i e s pr i or to g i v i ng not i c e  of i n s uffi c i e n c y  to p r e fe r e n c e  c u s tome r s . 
Not i ce of i n s uff i c i e n cy may not be g i v e n  to p r e fe r e n c e  c u s tomers  u n l e s s  t h e i r  
l oads e x ceed t h e  capab i l i ty of t h e  F ede r a l  Ba s e  Sys tem r e sou r c e s . 

8.4 Types of Purchasers 

S e c t i on 1 3  of t h e  u t i l i ty contra c t  s e t s  for t h  t h e  c r i te r i a  for wh i c h 
p u rc ha s i n g bas i s  s h a l l app l y  to a s p e c i f i c  c u s tome r .  F i g u r e  B- 1 s hows t h e  
r e l at i on s h i p b e twe e n  t h e  c u s tome r ' s  l oad s , i t s own r e s ou r c e s , and i t s p u r c h a s e  
from BPA u nde r t h e  d i ffe r e n t  p u r c has i ng type s .  C u s tome r s  t h a t  do not own 
r e sou r c e s  of s i g n i f i c a n t  s i ze w h i c h t h ey c a n  con t rol  w i l l  be de s i g n ated a s  
p u r c ha s e r s  o n  t h e  Me te red Re q u i reme n t s  ba s i s .  Mo s t  of BPA ' s c u s tome r 
u t i l i t i e s are  Me te red Requ i re me n t s  p u r c h a s e r s . U nder t h i s  p u r c h a s i n g ba s i s ,  
t h e  c u s tome r p u r c h a s e s  from BPA an  amou n t  of power e q u a l  to i t s a c t u a l  f i rm  
l oads l e s s  t h e  a c t u a l ou t p u t  of  i t s r e sour c e s , i f  any. T h e s e  c u s tome r s  are  
g e n e r a l l y  i n  BPA ' s  own g e n e r a t i on con t ro l  a r e a , so that  BPA ' s r e sou r c e s  
r e s pond au tomat i c a l l y  to c h a n g e s  i n  th e i r  l oads. 

Cu s tome r s  that  do own resou r c e s  of s i gn i f i c a n t  s i ze are de s i g n a ted a s  
p u r c ha s e r s  u nd e r  on e of t h r e e  d i ffe r e n t  Comp u ted Requ i reme n t s  forms . T h e s e  
c u s tome r s  a r e  g e n e ra l l y  not i n  BPA ' s control  area  and t h e r e fore operate  a 
ge n er a t i on con tro l  area  of t h e i r  own. II BPA ' s r e s ou r c e s  do not g e n e ra l l y  
r e s pond a u toma t i c a l l y  to c h a n g e s  i n  t h e  l oads of t h e s e  c u s tome r s. I n s t e ad ,  
t h ey mu s t  r e q u e s t  amou n t s  of powe r to be g e n e rated and t r a n s m i t t ed by BPA to 
t h em i n  a proc e s s  c a l l ed " s c h edu l i ng . " 

Comp u t ed Req u i r e me n t s  c u s tome r s  a r e  r e s pon s i b l e  for s e rv i n g a por t i on of t h e i r  
own l oads wi th  t h e  a s s u r ed c a p a b i l i ty of th e i r  own f i rm r e sou r c e s .  BPA i s  
ob l i ged to p rov i de powe r to t h e  e x te n t  that  a c u s tomer ' s  l oad s e x c e ed i t s 
a s s u r ed capab i l i ty .  Compu t ed Req u i reme n t s  c u s tome r s  may p u r c h a s e  u nder  o n e  of 
t h r e e  d i ffe r e n t  forms : Ac t u a l  Compu ted Req u i r eme n t s , P l a n n ed Comp u ted 
Re q u i reme n t s , a nd Con trac ted R e q u i reme n t s . T h e s e  d i ffe r from e a c h  o t h e r  i n  
t h e  deg r e e  to wh i c h BPA a s s u m e s  t h e  r e s pon s i b i l i ty for me e t i n g  a c t u a l  l oads 
wh i c h may d i ffer from for e c a s t ed l oads . 

U nder  t h e  Actua l Compu ted Req u i reme n t s  ba s i s ,  BPA a s s ume s a g r e a t  dea l  of t h i s  
r e s pon s i b i l i ty. Afte r  e a c h  mon t h , t h e  amou n t  of powe r t h e  c u s tome r h ad a 
r i g h t  to r e ce i v e from BPA , t h at i s ,  i t s Compu ted Req u i reme n t , i s  f i g u r ed for 
t h e  mon t h . Under t h e  P l a n n ed Compu t ed Requ i reme n t s  bas i s ,  t h e  c u s tomer s e t s  
i t s BPA e ne rgy a nd capac i ty p u r c h a s e s  for t h e  comi ng  Ope r a t i n g Yea r . T h e  
c u s tome r  t h e n  mu s t  be  re s pon s i b l e  for a c q u i r i n g addi t i on a l  power i f  l oad s a r e  

11 A f e w  Compu t ed Requ i reme n t s  c u s tomer s  a r e  wit h i n  BPA ' s g e n er a t i on con tro l  
are a , and t h e re fore do not  operate  con trol  areas  of  t h e i r  own . BPA ' s 
r e so u r c e s  r e s pond au tomat i c a l l y  to t h e i r c h a n g i ng l oad s. Th e s e  c u s tome r s  
do not s c h ed u l e  amou n t s  of powe r from BPA , b u t , i n s t e ad ,  a c cou n t  for t h e i r  
Compu ted Re q u i reme n t s  p u r c h as e s  after  t h e  fac t . 
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Fig. Boo i 

Different Purchasing Methods Available Under The 
Utility Power Sales Contract 

These dlagrar,�, are schematic. Actual load anG resource shapes vary constant/y: 

Metered Requirements Contract 
�---------.. ---------------

Actual Computed Requirements Contract; 

Assured Capability of Customer Firm Resources 

Contracted Requirements Contract* 

Assured Capability of Customer Firm Resources 

B- 4 

� Actuai Flnl'l Loads 

� Actua: Firm Loads 

"Customers may use some other resources 
subject to availabiltiy charge in rate schedules 

� Actual Firm Loac" 

"Applies to the single Planned Computed 
Requirements cusromer. 



l arger or sh aped differently than forecast. Under the Contracted Reaujre,�ents 
ba s i s ,  the customer sets its BPA energy and capac i ty purchase s �cr 7 year 'n 
advance. The :ontracted Requjrem�nts cu stomer has limited rights to C�dn e 
rnis 7-year schedule of p urcha s e � . The s e  r i g hts  are similar to the notice 
orov l s i on s for firm resource chan]es , e xp l a i ned be l ow. 

8.5 Purchaser's Firm Resources 

'�ect�on ; , Purchaser's � 'rl \t�scurces. establishe s an e:.:hibi: :<Jnsist;nq �f a 
::.01e -fi�): edch customer s;�Jw,n9 iii 1 t h e  resources that �he ::Jur:ha,ser .;li - . �-::e 
::� ser'if; . ts ow!" :.Jad. :::ee Tabie B-1 showing an examo:e F:ro iesources 
':niDit ;:RU.,· -;-;le <issu,"a.d c0.pci.oility of �hes2 resour::es :: F,O] �a je?' e 
-�e imits of 3PA's GOl-00tlon �c oroviae =jrm reauire�ents Jcwe� :J :�� 
Ji;�tv 'See -:-;It;;e � 'Iowinq in examOi2 4,ssured ':0.':,,;:: " ", :d::J'�. 

" 
"',;curc,:;,s -he ilot;ce rec:.Jj'-ements are ':crn:a'nea ''i - a  '--,-'n _ b�':. t' 

" -j geneYCi -he ;eak c aoa o ,  � i t::i [1ay be ;�nanged W� tii ; <.�.,�C �,_\::: ce ,,:1(; -:'�e 
��ergy �aoaoj;� r} �ay oe �nangea , 1 th 7 years �ctjce �er? �r� �cme =ncr:e 
'I;r,:j::e -'?'::u�rement'; I/nicn Tid'. 'lOp:y if :ne cnange ,o.JoLii; .:iU.�2 -:0 Jen-:ment --
3;;<\)1' S Jeyond :',e .:ont;-ci Tf �le purchaser for Jar: '>JS -o.ds.::ns. 

�esource Add i t i on s  (Decrease Purchase f rom SPA) 
--------,-----" ----------,--�--- ---"-.------ - -- -.------�---- ----�-

FeaK capabl1'ty �ay oe alde] �or the f1fth year: 2nergy cipabjli�y may Je 
dddea for the seventh year. 

• �ny Flrm Resource may be 1dded for any year jf jn accordance with 3PA's 
annual program Nnich ;mplements the  plan ( e . g . , 3P,J\': Resource CJrogramJ_ 

Any Firm Resourc e  may De added for any year if BPA :an C�5pos e  )f �urp;us 
:�, -"lit 'tdverse :,conomic e;(:ect. F'or Dur·)OSes c:,f -hi" ,Jil.'-3.Jr;;.on. 3PA 

"lrc� ')a: ance \'Ii 11 lC:: inc 1 vde nur c n as e s  :,?A ' :: 'I;\: �C'l1ml :�ec �.' 

;- ,""" t- "? r mi nat 1 en. 

dlewctOle or cogeneration �esou r c e s  of 50 aMW or ess may ·Je ,jJcea fOr- _jh� 
Jperating Year 30 months from the January 1 when fir st shown �n : h e  eRE. 
�URPA-qualjfying faci l i t 1 e s may be added at any �jme. but rne customer 
nust Jse b e s t  e fforts to g i ve BPA early not1ce of the  r e sour ce. 

• :f a resource acquisition optlon has been granted to SPA, a Flrm Resource 
'nay be added w i th i n  2 year s of the date B PA dec l ined to e xerc � se such 
/)ption. 
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Revision 4 
Exhibit I, Page 1 
Contract No. DE-MS79-81 BP90493 
Cowlitz County PUD No. 1 
Effective at 2400 hours on June 30, 1 986 

Table B-1 
F IRM RESOU RCE EXH I B IT 

P.L. 96-501 5 (b) (1 ) (A) Firm Resources 
a. Generating Resources 

Name 
of 

Resource 

51 
Wanapum 

51 
Wanapum 

51 Wanapum 
51 Wanapum 

Priest Rapids 
51 

Priest Rapids 
51 

Priest Rapids 51 

Priest Rapids 51 

b. Contract Resources 

Name 
of 

Resource 

PU RCHASES 
CSPE 
Supplemental and 

Entitlement Capacity 

OBLIGATIONS 
Canadian Entitlement 

Return 
Restoration 

Number 
of 

U n its 

1 0  
1 0  
1 0  
1 0  

1 0  
1 0  
1 0  
1 0  

Peak 11 

Capability 
(MW) 

986.0 41 

986.0 41 

986.0 41 

986.0 41 

9 1 2.0 41 

9 1 2.0 41 
91 2.0 41 
91 2.0 41 

Supplier 

CSPE 

Bonneville 

Purchaser 
Purchaser 

P.L. 96-501 5 (b) (1) (B) Firm Resources 
8. Contract Resources 

PU RCHASES 
Swift Project 5/ Pacific P&L 

At full reservoir for hydroelectric resources. 

Purchaser's Percent of 
Resource Dedicated to Firm 
Load u nder this Agreement 

4.01 40% 
5.0500% 
4.01 40% 
2.7000% 

3.3 1 40% 
4.3500% 
3.31 40% 
2.0000% 

Identifying 

Number
2f 

1 4-03-47291 
1 4-03-47454 
1 4-03-47455 

1 4-03-47454 
1 4-03-47455 
1 4-03-48221 

PUD No. SW6 

Resource 
Addition 

7/1 /86 

31 

31 

7/1 /86 

7/1 /86 

Date of 
Resou rce 
Addition 

7/1 /86 
9 / 1 /86 
7 / 1 /87 
9/ 1 /87 

7 / 1 /86 
9 / 1 /86 
7/ 1 /87 
9 / 1 /87 

Date of 
Resource 
Removal 

8/31 /86 
6/30/87 
8/31 /87 

8/3 1 /86 
6/30/87 
8/3 1 /87 

Resource 
Removal 

31 

31 

1 1 
2J 

31 
41 

51 

Purchaser's entitlement to a Firm Resource supplied pursuant to a contract purchase which is not tied to the capability of a 
generating project shall be determined from the contract identified herein. 
Purchaser's entitlement to Firm Resource is based on Purchaser's share of P riest Rapids and Wanapum .  
Pre-encroached value and unadjusted for derated units. 
These resources include all rights or obligations for Restoration pursuant to the Pacific Northwest Coordination Agreemen' 
(Contract No. 1 4-03-4822 1 ) .  
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COWLITZ COUNTY P U D  
Power Sales Contract 
Section 17 (i) Submittal 

0 1 / 1 4/86 

Table B-2* 
ASSURED CAPABILITY 

ENERGY (ave. Megawatts) 

Estimated Firm Load 

Plus: Canad Ent Alice 

Less: Priest & Wanapum 

Less: Swift 

Less: CSPE 

Comp Avg Engy Reqmt '86-87 

Estimated Firm Load 

Plus: Canad Ent Alice 

Less: Priest & Wanapum 

Less: Swift 

Less: CSPE 

Comp Avg Engy Reqmt '87-88 

Estimated Firm Load 

Plus: Canad EntAllce 

Less: Priest & Wanapum 

Less: Swift 

Less: CSPE 

Comp Avg Engy Reqmt '88-89 

Estimated Firm Load 

Plus: Canad Ent Alice 

Less: Priest & Wanapum 

Less: Swift 

Less: CSPE 

Comp Avg Engy Reqmt '89-90 

JUL AUG 

369.0 

1 .6 

- 34.7 

- 8.7 

- 9.2 

31 8.0 

373.0 

1 .5 

- 34.7 

- 8.7 

- 8.6 

322.5 

377.0 

0.8 

- 22.3 

- 8.7 

- 8.1 

338.7 

381 .0 

0.8 

- 22.3 

- 8.7 

- 7.7 

343.1 

403.0 

1 .6 

- 33.3 

- 7.3 

- 9.2 

354.8 

407.0 

1 .5 

- 33.3 

- 7.3 

- 8.6 

359.3 

41 1 .0 

0.8 

- 2 1 .3 

- 7.3 

- 8.1 

375.1 

41 5.0 

0.8 

- 2 1 .3 

- 7.3 

- 7.7 

379.5 

SEP OCT NOV 

375.0 428.0 461 .0 

2.1  2.1  2.1 

- 45.0 - 47.0 -42.1 

- 8.6 - 1 8.4 -25.4 

- 1 0.8 - 1 0.8 - 1 0.8 

31 2.7 353.9 384.8 

379.0 432.0 464.0 

0.9 0.9 0.9 

- 22.4 - 23.4 - 21 .0 

- 8.6 - 1 8.4 - 25.4 

- 1 0.2 - 1 0.2 - 1 0.2 

338.7 380.9 408.3 

383.0 435.0 468.0 

0.8 0.8 0.8 

- 22.4 -23.4 - 21 .0 

- 8.6 - 1 8.4 - 25.4 

- 9.5 - 9.5 - 9.5 

343.3 384.5 412.9 

387.0 439.0 472.0 

0.8 0.8 0.8 

- 22.4 - 23.4 - 21 .0 

- 8.6 - 1 8.4 -25.4 

- 9.0 - 9.0 - 9.0 

347.8 389.0 41 7.4 

'This sample, Assured Capability Exhibit, shows energy only. 

DEC 

41 7.0 

2.1 

- 4 1 .8 

- 44.5 

- 1 0.8 

322.0 

420.0 

0.9 

- 20.8 

-44.5 

- 1 0.2 

345.4 

423.0 

0.8 

- 20.8 

- 44.5 

- 9.5 

349.0 

426.0 

0.8 

-20.8 

-44.5 

- 9.0 

352.5 
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JAN FEB MAR 

493.0 474.0 

2.1 2.1 

- 39.6 - 53.0 

- 54.3 - 26.2 

- 1 0.8 - 1 0.8 

390.4 386.1 

497.0 477.0 

0.9 0.9 

- 1 9.7 -26.4 

- 54.3 -26.2 

- 1 0.2 - 1 0.2 

41 3.7 415.1 

500.0 481.0 

0.8 0.8 

- 1 9.7 - 26.4 

- 54.3 - 26.2 

- 9.5 - 9.5 

417.3 41 9.7 

504.0 485.0 

0.8 0.8 

- 1 9.7 -26.4 

- 54.3 - 26.2 

- 9.0 - 9.0 

421 .8 424.2 

455.0 

2.1 

- 32.7 

- 1 8.3 

- 1 0.8 

395.3 

458.0 

0.9 

- 1 6.2 

- 1 8.3 

- 1 0.2 

41 4.2 

462.0 

0.8 

- 1 6.2 

- 1 8.3 

- 9.5 

418.8 

465.0 

0.8 

- 1 6.2 

- 1 8.3 

- 9.0 

422.3 

APR MAY 

431 .0 

1 .9 

- 43.0 

- 0.0 

- 8.6 

381.3 

435.0 

0.8 

- 21 .4 

- 0.0 

- 8.1 

406.3 

439.0 

0.8 

-21 .4 

- 0.0 

- 7.7 

410.7 

442.0 

0.7 

-21 .4 

- 0.0 

- 8.0 

41 3.3 

41 5.0 

1 .9 

- 40.0 

- 1 5.8 

- 8.6 

352.5 

41 9.0 

0.8 

- 20.1 

- 1 5.8 

- 8.1 

375.8 

423.0 

0.8 

-20.1 

- 15.8 

- 7.7 

380.2 

427.0 

0.7 

- 20.1 

- 1 5.8 

- 8.0 

383.8 

J UN 

41 1 .0 

1 .9 

- 4 1 .9 

- 1 9. 1  

- 8.6 

343.3 

41 5.0 

0.8 

- 21 .0 

- 1 9.1  

- 8.1  

367.6 

41 9.0 

0.8 

- 2 1 .0 

- 1 9.1  

- 7.7 

372.0 

423.0 

0.7 

-21 .0 

- 1 9.1 

- 8.0 

375.6 



• R e s ou r c e s  wh i c h q u a l i fy for p r i or i ty u n d e r  s e c t i on 9 ( i ) ( 3 )  of t h e  
Nort hwe s t  Powe r A c t  may be  a d d e d  o n  2-year not i c e . Se c t i on 9 ( i ) ( 3 )  
prov i d e s  a pr i or i ty for proj e c t s  wh i c h were  u n d e r  c on s t r u c t i on on t h e  
effe c t i ve  d a t e  of t h e  Nor t hwe s t  Power A c t , were  off e r e d  t o  BPA for s a l e ,  
b u t  we re  not a c c e p t e d  by BPA for p u r c h a s e  w i t h i n  1 year  of t h e  offe r .  

• I f  BPA has  a f i rm powe r d e f i c i t ,  a F i rm R e s o u r c e  may be  a d d e d  for any 
year . BPA l oa d / r e s o u r c e  b a l a n c e  s h a l l not i n c l u d e  p u r c h a s e s  u n l e s s  BPA 
h a s  a c t ua l l y  comm i t t e d  i t s e l f  to make t h e  p u r c h a s e . 

Resou rce De l et i ons ( I ncrease Pu rchase From BPA ) 

• A F i rm Resou r c e  may b e  d e l e te d  i f  u s e  i s  pe rman e n t l y d i s con t i n u e d  d u e  to 
l os s  of re sou r c e  or l o s s  of con t r a c t  r i g h t s . ( I f r e t u r n e d  to t h e  Ex h i b i t 
l a t e r , t h e  same r u l e s app l y  as  i f  i t  were  a new re sou r c e . )  For 
o b s o l e s c e n c e  or r e t i reme n t , t h e  c u s tomer mu s t  con s u l t w i t h  BPA , b u t  t h e  
r e s o u r c e  may be  d e l e t e d  e v e n  i f  BPA i s  re q u i r e d  t o  p u r c h a s e  r e p l a c eme n t  
powe r . 

• A F i rm Resou r c e  may b e  d e l e t e d  i n  any year i f  BPA h a s  a f i rm power s u r p l u s  
i n  t h e  f i r s t  ope ra t i n g  year  of t h e  remov a l . 

• A r e sour c e  may be d e l e te d  i n  any year  i f  an  e q u i v a l e n t  amou n t  of r e sou r c e  
i s  added . 

• A r e source  may be  d e l e t e d  or a d d e d  at  any t i me i f  i t  i s  t h e  r e s u l t of a 
tran sfer  of r e s ou r c e s amo n g  BPA c u s tome r s  s u c h t h a t  t h e r e  i s  no  n e t  c h a n g e  
i n  t h e  tota l  l oad on BPA . 

• Re sou r c e s  may be  a d d e d  or r emov e d  i f  t he r e  i s  a r e source  t r a n s f e r  b e tw e e n  
t h e  p u r c h a s e r  and  BPA . 

• S hor t e r  not i ce i s  a l l owed for p r e-Nor t h we s t  Power A c t  con t r a c t s  wh i c h 
c o n t a i n s hor t e r  not i c e  prov i s i on s  for w i t h d rawa l s .  

Gene ra l 

• Re sou r c e s  may be a d d e d  or d e l e t e d  for ot h e r  r e a s on s w i t h  BPA wr i t t e n  
con s e n t . 

B . 6  New Large S i ng l e  Loads 

Se c t i on 8 ,  Determi n a t i on of New Large  S i n g l e Load s , d e a l s w i t h  t h e  Nor t hwe s t  
Powe r Act  p rov i s i on s  r e q u i r i n g t h at new  l arge  s i n g l e l oa d s  b e  s e parate l y  
i d e n t i f i ed and  be  s u bj e c t  to d i ff e r e n t  r a te s . S e c t i on 9 ,  L i m i tat i on s  on 
I n c r e a s e s  of S i n g l e Load s ,  a l so s e t s  for t h  some l i m i ta t i on s  on BPA ' s 
o b l i g a t i on to s e r v e  l oad i n c rea s e s . U n l i ke t h e  new  l a r g e  s i n g l e l oad 
prov i s i on s ,  the s e c t i on 9 l i m i tat i on s  wer e  not s pe c i f i e d i n  the Ac t .  T h ey are 
s i m i l ar to prov i s i on s  i n  BPA con t r a c t s  wh i c h p r e-date  the Ac t .  The s e c t i on 9 
prov i s i on s  l i m i t BPA ' s ob l i gat i on to s e r v e  s u c h  l oad s i f  t h ey i n c r e a s e  by mor e  
t h a n  3 5  aMW i n  1 year o r  mor e  t h a n  7 5  aMW i n  5 year s to a l l ow B P A  t i me to 
acq u i r e  re sou r c e s  to s e r v e  l ar g e  i n c r e a s e s  i n  i n d u s tr i a l  l oad s .  
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B . 7  B i l l i ng Prov i s i ons , References to Rates 

B i l l i n g prov i s i on s  for M e t e r e d  Re q u i reme n t  c u s tome r s  are i n  s e c t i on 1 5 ,  a n d  
for Comp u t e d  Req u i reme n t  c u s tome r s  i n  s e c t i on 1 9 . Se c t i on 8 ,  E qu i ta b l e 
Adj u s tme n t  of Rate s , c o n ta i n s  t h e  g e n e r a l  con t r a c t  prov i s i on s  rega r d i n g  t h e  
e s tab l i s h m e n t  of ra t e s  a n d  con s e r v a t i on s u r c harg e s . 

THE OS I POWER SALES CONTRACT 

The  q u a l i ty of s e rv i c e  to DS l s  u n d e r  t h e  Nor thwe s t  Powe r A c t  con t ra c t  i s  
somewh at d i ffe r e n t t h a n  i t  wa s p r i or to t h e  Ac t .  P r i or to 1 97 5 , t h e r e  was  no 
un i form q u a l i ty of s e rv i c e to the DSI c u s tomer s .  Con t r a c t  t e rms  v ar i ed from 
c u s tomer to c u s tome r . Some DSl s had  con t r a c t s  for 1 00 p e r c e n t  f i rm s e rv i c e ,  
wh i l e  ot h e r s  d i d  not . BPA so l d l ar g e  amou n t s  of i n te r r u p t i b l e pow e r  to some 
DS l s  i n  some year s . T h e s e  i n t e r r u p t i b l e power s a l e s  we r e  s u ppor t e d  w i t h  u s e  
of prov i s i on a l  e n e r gy , i . e . , borrow i n g  e n ergy from l a t e r  i n  t h e  c r i t i c a l  
pe r i od for u s e  ea r l y  i n  t h e  c r i t i ca l  p e r i od .  

Be twe e n  1 9 6 1  and  1 97 1 , Mod i f i ed F i rm ( M F )  con trac t s  were  n egot i a t e d  w i t h  t h e  
DS l s .  T h e s e  con t ra c t s  we r e  a l so non u n i form . Mos t  DS l s  r e c e i v e d  f i rm s e rv i c e 
u n d e r  t h e  M F  con trac t s  e q u a l  to 7 5  p e rc e n t  of t h e i r  l oad , b u t  some DS l s  
r e ce i v e d  con t rac t s  for 1 00 per c e n t  of t h e i r  r eq u i reme n t s . Any por t i on of D S I  
l oad n o t  s e rved  a s  f i rm u n d e r  t h e s e  con t r a c t s  was  s e r v e d  w i t h  nonf i rm e n e rgy , 
or w i t h  borrowe d f i rm e n ergy  ( prov i s i on a l  e n e rgy ) p rov i d e d  u n d e r  s e parate  
agreeme n t s . 

I n  1 97 5 , I n d u s tr i a l F i rm ( I F )  con trac t s  we r e  n e got i a t e d  w i th  t h e  DS l s  a s  part  
of t h e  i mp l eme n tat i on of  P h a s e  I I  of  t h e  Hydro- Th e rma l Power Prog r am . BPA a n d  
t h e  D S l s op erated  u n d e r  t h e s e  con trac t s  o n  an  i n t e r i m  ba s i s--be c a u s e  o f  t h e  
n e e d  to comp l e te  a n  E I S  on t h e  Hyd ro- T h e rma l  Power P rogram-- u n t i l t h e  
Northwe s t  Power A c t  con t r a c t s , wh i c h a r e  t h e  s u bj e c t  of t h i s E I S ,  we r e  s i g n e d  
i n  1 98 1 . T h e  I F  con t r a c t s  prov i d e d  s e r v i c e t o  1 00 p e r c e n t  of e a c h  D S I ' s  l oad 
w i th  a s i n g l e grade of power  k nown a s  I n d u s t r i a l  F i rm powe r . The I F  con t r a c t s  
d i v i d e d  e a c h  DS I l oad  i n to q u ar t i l e s ,  eac h of wh i c h wa s s u bj e c t  to s p e c i f i c  
r i g h t s  for BPA r e s tr i c t i on .  The  I F  con t ra c t s  prov i d e d  for nonf i rm a n d  
borrowed f i rm (Adva n c e  E n e rgy ) for s e rv i n g t h e  F i r s t  Quar t i l e .  Separate  
Prov i s i on a l  E n e rgy Agr e eme n t s  wer e , t h e r efore , u n n e c e s s ary . T h e  I F  con trac t s  
s pe c i f i e d  a s i n g l e r a t e  for powe r , i n c l u d i n g t h a t  for t h e  F i r s t  Q u a r t i l e .  T h e  
DS l s  were  comp e n s a t e d  for any i n t e r r u p t i on s , i n c l u d i n g t ho s e  t o  t h e  F i r s t  
Quart i l e ,  t h rough  a n  " av a i l a b i l i ty c r e d i t . " 
The  fo l l ow i n g  are  some of t h e  key feat u r e s  of t h e  c u r r e n t  DSI  con t r a c t s : 

B . 8  Cont ract Term and Term i nat i on 

S e c t i on 2 ,  Term of Con trac t ,  s e t s  for t h  t e rm and  t e rm i na t i on prov l s l on s .  I t  
prov i d e s  t h a t  t h e  DS l s  c a n not t e rm i n a t e  t h e i r  con tr a c t s  a n d  p u r c h a s e  from 
anot h e r  s u pp l i e r u n l e s s  BPA d e t e rm i n e s  t h a t  t h e r e  wou l d  be no a d v e r s e  i mpac t 
on BPA . 
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B.9 Sa l e  and Purchase of Power 

S e c t i on 4 ,  S a l e and P u r c h a s e  of Powe r , prov i d e s  t h a t  BPA  s h a l l s e l l to a D S I , 
a n d  t h e  D S I  s h a l l p u r c h a s e  from BPA , I n d u s tr i a l  F i r m Power i n  an  amo u n t  u p  to 
and  i n c l u d i n g t h e  DS l s '  Con t r a c t  Dema n d  a s  s p e c i f i e d by t h e  DS l s '  O p e r at i n g  
Dema n d , C u r ta i l e d Deman d , or  Re s tr i c t e d  Deman d , a s  e a c h  i s  i n  e ff e c t  from t i me 
to t i me .  T h i s p rov i s i on p r e c l u d e s  t h e  n e e d  for a D S I  to ac q u i r e  r e so u r c e s  or  
ad d i t i on a l  s e r v i c e f rom a n o t h e r  u t i l i ty e x c e p t  po s s i b l y  for  a p l a n t  e x pa n s i on 
( s ee  s e c t i on 4 ( d ) , or for i n d u s tr i a l r e p l a c eme n t  e n e r gy ( I RE ) . �/  

B . 1 0  Estab l i shment of Demand Leve l s  

S e c t i on 5 ,  Amou n t  of Powe r , d e f i n e s  i mpor t a n t  terms  r e l at i n g to d e m a n d  
l ev e l s .  Con t r a c t  Dema n d  i s  t h e  max i mu m  l e v e l  o f  powe r t h a t  c a n  be  t a k e n  b y  a 
D S I  u n d e r  i t s contr a c t . O p e r at i n g Dema n d  m a y  be  l e s s  t h a n  Con t r a c t  Dema n d  a n d  
c an be  c h a n g e d  mor e  f l e x i b l y .  Te c h no l og i c a l  A l l ow a n c e s  f o r  c e r t a i n t e c h n i c a l  
i mp r ov e me n t s  a n d  p l a n t  mod i f i c at i on s  may be  u s e d for l i m i te d  i n c r e a s e s  to 
Ope r a t i n g Demand  a n d  Con t r ac t  Dema n d . Wh e e l  T u r n i n g Load , wh i c h i s  l oad at  a 
D S I  p l a n t  t h at  i s  not i n t e g r a l  to i t s i n d u s t r i a l p r oc e s s  a n d  i s  not  p a r t  of a 
T e c h no l og i c a l  A l l owan c e , may be  s e r v e d  by B PA or by a l oc a l  u t i l i ty .  

B . 1 1 Estab l i shment of the Four Qua rt i l es 

Eac h DS l s '  l oa d  i s  d i v i d e d  i n to four  q u ar t i l e s ,  of w h i c h t h r e e  a r e  f i rm l oad  
for wh i c h BPA mu s t  p l a n r e s o u r c e s .  S e c t i on 7 ,  Re s t r i c t i on of De l i v e r i e s ,  
d e s c r i be s  t h e  r e s tr i c t i on r i g h t s  wh i c h a p p l y  to eac h of t h e  fou r q u a r t i l e s .  
S e c t i on 8 ,  O p e r a t i on s , d e s c r i be s t h e  o p e r at i on s  t h a t  B PA w i l l  e n gage  i n  to 
p r ov i d e s e r v i c e to t h e  F i r s t  Quar t i l e .  S e e  A p p e n d i x  C ,  S e c t i on  3 ,  on 
Bor r ow i n g  Te c h n i q u e s  U s e d  by the  Coor d i n at e d  Sy s tem , for a n  e x p l a n at i on of 
t h e s e  ope r at i on s . 

T h e  s e c t i on 7 r e s tr i c t i on r i g h t s  are  s umma r i z e d  be l ow .  

F i rst Quart i l e :  

• Pow e r  S a l e s  Con t r a c t  l an g uage  s t a t e s  t h a t  B PA may r e s tr i c t  t h e  F i r s t  
Q u a r t i l e  a t  any t i me for any r e a s o n  to p rote c t  B PA ' s f i r m  l oad s . BPA ' s  
f i r m  l oad s i n c l u d e  t h e  o t h e r  t h r e e  q u a r t i l e s of D S I  l oad , a s  we l l a s  o t h e r  
f i r m  c u s tome r s .  

• I f  B PA h a s  p r ev i ou s l y  s h i fted  F E LCC ( s e e  A p p e n d i x  C for d e s c r i p t i on of 
F E LCC s h i f t i n g ) , BPA m u s t  attempt  to p u r c ha s e  p ow e r  at " Re a s o n a b l e  Cos t "  
before  r e s t r i c t i n g  t h e  D S I  F i r s t  Q u a r t i l e .  

2 /  I R E  i s  p u r c h a s e d  on b e h a l f of DSl s a n d  at  t he i r e x p e n s e  by BPA  u n d e r  t h e  
t e r m s  o f  a s e p ar a t e  con t r a c t . I RE i s  p u r c h a s e d  b y  DS l s  u n d e r  s p e c i f i e d 
cond i t i on s  to r e p l a c e  p owe r f rom B PA . 
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Second Quart i l e :  

• BPA c a n  r e s tr i c t  t h e  Se c o n d  Quar t i l e  b e ca u s e  of 

Re sou r c e  d e l ay s , i n c l u d i n g con s e r v a t i on ;  
U n e x p e c te d  poor p e r forma n c e  of r e sou r c e s ,  i n c l u d i n g con s e r v a t i on ,  or 
A gov e r nme n t a l  or d e r  cau s i n g d e l ay or s h u t-down of r e sou r c e s .  

• Before  r e s tr i c t i n g  t h e  s e con d q u a r t i l e ,  B PA h a s  a n  ob l i ga t i on  to p u r c h a s e  
o r  r e c a l l e n e r gy f rom a n y  sou r c e , i n c l u d i n g t h e  i n d u s t r i a l p u r c h a s e r s . 

• T h e r e  are  no Second  Q u a r t i l e  re s tr i c t i on r i g h t s  for t h e  p u r po s e  of me e t i n g 
u n a n t i c i p a t e d  l oad growth or for t h e  r e g i on ' s  fa i l u r e  to p l a n a d e q u ate  
re sou r c e s .  

• Se cond  Quar t i l e  r e s t r i c t i on r i g h t s  p rov i d e r e s e r v e s  for tho s e  F e d e r a l  
s y s t e m  a n d  con s e r v a t i on r e sou r c e s  l i s te d  i n  an  a n n u a l  B PA not i c e  i s s u e d  
e a c h  J u n e  1 to t h e  i n d u s tr i e s .  

Th i rd Quart i I e :  

• BPA may r e s tr i c t  t h e  Th i r d Q u a r t i l e  i n  t h e  amou n t  of a DS I ' s  o b l i g a t i on to 
r e p l a c e  s h i fte d F E LCC , A d v a n c e  E n e r gy ,  or F l e x i b i l i ty E n e r gy . 
( S ee  A p p e n d i x  C . ) 

• E a c h  J u n e  1 ,  B PA prov i d e s  to a l l DS l s  a not i c e  of pot e n t i a l  th i r d q u ar t i l e  
re s t r i c t i on s  r e l a t e d  to s h i ft e d  F E LCC . 

Fou rth Quart i l e :  

• BPA h a s  no Fou r t h  Q u a r t i l e  r e s tr i c t i on r i g h t s  p e r  s e . The  l oad  may , 
howe v e r , be r e s tr i c t e d  a s  n e c e s s ary u n d e r  t h e  for c e d  o u tage a n d  s ta b i l i ty 
r e s e rv e  prov i s i on s  ou t l i n e d  be l ow .  

A l l Quar t  i l es :  

• Forced Outage and Stab i l i ty Reserves . W h e n  n e c e s s ary to m i n i m i z e 
r e s tr i c t i on s  of B PA ' s F i rm Ob l i gat i on s , B PA c a n  r e s tr i c t  t h e  i n d u s tr i e s . 
Th i s  r e s t r i c t i on r i g h t  i s  not d i r e c t l y  r e l a t e d  to t h e  con c e p t  of 
"Quar t i l e s . "  For for c e d  outages  a n d  s ta b i l i ty p u r po s e s , B PA c a n  r e s tr i c t  
t h e  D S l s a s  fol l ows : 

One- h u n d r e d  p e r c e n t  of Operat i n g Demand  for 1 5  m i n u t e s  ( wh i c h may be  
fol l owed by  a 30  m i n u t e  r e s tr i c t i on of  50 p e r c e n t  of  t h e  l oad  
op e ra t i n g  a t  the  t i me of  the  or i g i n a l  r e s tr i c t i on ;  

F i f ty p e r c e n t  of t h e  l oad  " t h e n  ope r a t i n g "  for 2 hou r s  p e r  d ay ; 

Twe n ty-f i v e p e r c e n t  of t h e  Ope r a t i n g Dema n d  s u bj e c t  t o  v a r i ou s 
l i m i ta t i on s  i n  s e c t i on 7 ( b ) ( 3 )  of t h e  DS I con t r a c t . 
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B . 1 2  BPA Resource Ob l i gat i on 

BPA mu s t  p l an to have  s uf f i c i e n t  f i rm  r e s ou rc e s  to s e r v e  t h r e e  q u ar t i l e s of 
t h e  O S I  l oad . S e c t i on 1 2 ,  M i d - T e rm Con t r a c t  Rev i ew ,  p r ov i d e s  for t h e  p a r t i e s  
t o  r e v i ew t h e  s ta t u s  of B PA ' s  p l a n a n d  e x i s t i n g r e s ou r c e s .  I t  a l s o  p r ov i d e s  
t h a t  BPA w i l l  p romp t l y p roc e e d  t o  a t t e m p t  t o  a c q u i re r e s o u r c e s  for O S I  l oad  i n  
t h e  years  after  the  e x p i r a t i on of t h e  c u r r e n t  con t r a c t  i f  OS I s  r e q u e s t  n e w  
Powe r Sa l e s Con tracts  b y  t h e  e n d  o f  t h e  twe l ft h  y e a r  ( 1 9 9 2 ) . I f  B PA a c q u i r e s  
r e sou r c e s  o r  makes  ot h e r  e x p e n d i t u r e s  t o  s e r v e  O S I  l oad  for t h e  p er i od 
fo l l ow i n g  e x p i r a t i on of t h e s e  i n i t i a l con t r a c t s , a n d  t h e  O S I  f a i l s  to s i g n t h e  
n e w  con t r a c t  afte r a good f a i t h  offe r b y  B PA t o  negot i a t e , t h e  OS I mu s t  
r e i mb u r s e  BPA for u n r e cov e r ab l e  cos t s . 

THE RES I DENT I AL PURCHASE AND SALE AGREEMENTS (RES I DENT I AL EXCHANGE) 

T h e  backgrou nd  of the  r e s i d e n t i a l e x c h a n g e  con c e p t  w i l l  a i d a n  u n d e r s ta n d i n g 
of th i s  i s s u e . T h e  p u r po s e  of t h e  re s i d e n t i a l e x c h a n g e  was  to p rov i d e a c c e s s  
to t h e  F e d e r a l  Ba s e  Sys tem  for r e s i d e n t i a l  a n d  r u r a l  con s ume r s  i n  t h e  re g i on 
s er v e d  by BPA c u s tome r s  t h a t  are  not e n t i t l e d to p r e fe r e n c e u n d e r  t h e  
Bon ne v i l l e Proj e c t  A c t , t h a t  i s ,  I OU s . T h e  p rogram w a s  c r e a t e d  l arg e l y  i n  
r e s pon s e  to a p ropos a l  made  by t h e  S ta t e  of Oregon p r i or to t h e  p a s s a g e  of t h e  
Nor t h we s t  Power  A c t . U n d e r  t h i s  p ropos a l , t h e  S t a t e  wou l d  h a v e  c r e a t e d  a n e w  
mu n i c i pa l  cor pora t i on to a pp l y  for an  a l l oc a t i on o f  BPA ' s t h e n  l i m i t ed  amou n t s  
o f  powe r t o  s e rv e  t h e  S t a t e ' s  dome s t i c a n d  r u r a l  c u s tome r s . T h e  r e s i d e n t i a l  
e x c hange  p rogram was  a comprom i s e  con c e i v e d  u n d e r  t h e  p r ov i s i on s  of t h e  
Nor t h we s t  Power  A c t  t h a t  a l l owed  i mmed i a te  a c c e s s t o  t h e  FBS  for t h e s e  typ e s  
o f  con s ume r s , w i t hout  p l a c i n g t h e  e n t i r e  i mmed i a te  n e e d  t o  a c q u i r e r e s o u r c e s  
o n  BPA . 

T h e  fol l ow i n g  a r e  some of t h e  key fe a t u r e s  of t h e s e  c on trac t s : 

B . 1 3 Mutua l Purchases 

S e c t i on s  2 a n d  3 prov i d e for BPA a n d  t h e  u t i l i ty to " p u r c h a s e "  e q u a l  amou n t s  
o f  powe r f rom e a c h  othe r . T h e  u t i l i ty w i l l  pay BPA a t  t h e  rate  t h a t  a p p l i e s 
to i t s p refe r e n c e  c u s tome r s  ( t h e  p r i or i ty f i rm or P F  r a t e ) a n d  BPA  w i l l  p ay 
t h e  u t i l i ty ' s av e rage s y s t e m  cos t ,  a s  f i n a l l y  d e t e rm i n e d  by t h e  a d m i n i s t ra tor . 

B . 1 4 I n  L i eu Purchase by BPA 

S e c t i on 4 a l l ows  BPA to p u r c h a s e  from a c he a p e r  s o u r c e  t h a n  t h e  u t i l i ty ,  wh i l e  
con t i n u i ng to s u p p l y  powe r to t h e  u t i l i ty a t  t h e  P F  r a t e . BPA ' s Re s i d e n t i a l  
E x c hange  con t r a c t s  a l l ow B P A  t o  p u r c h a s e  r e s o u r c e s  ot h e r  t h a n  t h e  u t i l i ty ' s 
e x c hange  powe r u n d e r  c e r ta i n c i r c um s ta n c e s  a n d  aft e r  7 y e a r s  n ot i c e .  BPA mu s t  
g i v e 7 y e a r s  not i ce b e for e mak i ng a p u r c h a s e  i n  l i e u o f  e x c h a n g e  u n d e r  t h e  
Re s i d e n t i a l  E x c h ange  con t r a c t s . T h e  p u r c h a s e  i n  l i e u o f  e x c h a n g e  mu s t  l a s t  a t  
l e a s t  5 y e ar s . Some p a r t i e s  a r g u e  t h a t  B P A  s u rp l u s c a n not b e  p u r c h a s e d  a s  t h e  
i n  l i e u r e s o u r c e , b u t  BPA ' s pos i t i on i s  t h a t  t h i s  i s  n o t  p roh i b i te d  by t h e  
contr a c t . A l t e r n at i v e  3 . 4  d i s c u s s e s  t h i s mor e f u l l y .  
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B . 1 5  Average System Cost Exh i b i t  

T h e  me thodol ogy for d e t e rm i n i n g t h e  av e r age  sys tem cos t of a u t i l i ty i s  
c on ta i n e d  i n  E x h i b i t C to t h e  Re s i d e n t i a l  E x c h a n g e  A g r e e me n t . I t  p r ov i d e s  
t h a t  t h e  BPA A d m i n i s trator  may c h an g e  t h e  me t hodol ogy for c a l c u l a t i n g  a v e r a g e  
s y s tem cos t a f t e r  a con s u l t a t i on p roc e s s  a n d  approv a l  by t h e  F e d e r a l  E n e rgy 
Re g u l atory Comm i s s i on ( F E RC ) . E x h i b i t C i s  c h a n g e d  wh e n e v e r  t h e  m e t hodo l ogy 
i s  c hang ed . BPA adopted  i t s p r e s e n t  me t hodol ogy i n  1 98 4 . 

B . 1 6 Res i dent i a l  Load Exh i b i t  ( Exh i b i t  D)  

The  u t i l i ty r e s i d e n t i a l  and  farm  l oa d s  e l i g i b l e  for  t h e  e x c h a n g e  a r e  s pe c i f i e d 
a c cord i n g to r e q u i reme n t s  s e t  for th i n  E x h i b i t  D .  T h e  l oad i nfor ma t i on i s  
u p d a ted  pe r i od i c a l l y .  

B . 1 7  Pass-Through of Benef i t s 

S e c t i on 8 r e q u i re s  any r e d u c t i on i n  who l e s a l e powe r cos t s  r e s u l t i n g f r om t h e  
r e s i d e n t i a l e x c h a n ge t o  b e  p a s s e d  through  t o  t h e  r e s i d e n t i a l  a n d  farm  l oad s 
t h a t  are  d ef i n e d  i n  E x h i b i t D .  

B . 1 8 No Net D i sbenef i t  

S e c t i on 1 0 ,  E l e c t i on to E q u a l i ze Rate s , s e t s  for t h  p r ov l s l on s  d e a l i n g w i t h  t h e  
po s s i b i l i ty t h a t  a u t i l i ty ' s  a v e r age sys tem  c o s t  m i g h t  a t  t i me s  b e  l e s s  t h a n  
BPA ' s P F  r a t e . I t  i s  i n t e nd e d  to p r ev e n t  t h e  u t i l i ty f r om b e i n g  for c e d  to p ay 
BPA d u r i n g  s u c h  t i me s , b u t  a l s o  l i m i t s  t h e  amou n t  of l a t e r  b e n ef i t s  t h e  
u t i l i ty c a n  r e c e i v e .  ( S e e  F i g u r e  B-2 . )  
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APPEND I X  C 

Th i s  appe n d i x h a s  t h r e e  s e c t i on s . S e c t i on 1 d e s c r i be s  i mpor t a n t  te rms  
e s s e n t i a l  to an u n d e r s tand i n g of P ac i f i c Nort hwe s t  hydro ope ra t i on s  p l an n i n g .  
S e c t i on 2 d e s cr i b e s  t h e  proce s s e s  of p e r i od i c  ope r at i on s  p l a n n i n g u n d e rtake n 
by BPA and  other Pac i f i c Nort hwe s t  part i e s .  Se c t i on 3 de s c r i b e s  borrow i n g  
t e c h n i q u e s  wh i c h a l l ow Coord i n at i on Agreeme n t  pa r t i e s  t o  s h ape  t h e  
ava i l ab i l i ty of f i rm e n e rgy from mon t h  to mon t h  a n d  from year- to-ye ar of t h e  
c r i t i c a l  p e r i od .  

SECT I ON 1 :  I MPORTANT TERMS 

C . 1  Federa l Co l umb i a  R i ver Power System (FCRPS ) as a Mu l t i -Use System 

The F e d e r a l  Col umb i a R i v e r  Power  Sy s tem s erve s mu l t i p l e  p u r pos e s  i n  add i t i on 
to power  g e n erat i on :  f l ood con t ro l , nav i gat i on , r e c r e a t i on ,  i r r i ga t i on , 
f i s h ery  be nef i t s , and  o t h e r  s u c h  nonpowe r u s e s . BPA marke t s  t h e  power  from 
FCRPS proj e c t s  p u r s u a n t  to t h e  Bon n e v i l l e Proj e c t  Act  and  ot h e r  F e d e r a l  
l eg i s l at i on a n d  ord e r s .  FCRPS proj e c t s  are ope r ated  by t h e  U . S .  Army Corp s  of 
E ng i n e e r s  and  t h e  B u r e au of Rec l amat i on . BPA and  t h e s e  age n c i e s have  
Memor a n d u m s  of U n d e r s tan d i ng  r e cog n i z i n g each  o t h e r s ' r e s pon s i b i l i t i e s and  
e s tab l i s h i ng operat i n g a r r a n g eme n t s . Nonpowe r u s e s  and  e l e c tr i c pow e r  
p rod u c t i on a r e  brou g h t  tog e t h e r  i n  t h e  deve l opme n t  of "operat i n g con s tr a i n t s "  
( s ee  d i s c u s s i on of Operat i n g Con s tr a i n t s  be l ow) , and  "opera t i on s  p l a n n i n g "  
( s e e  S e c t i on 2 of t h i s app e n d i x ) . 

C . 2  The Pac i f i c Northwest Coord i nat i on Agreement (Coord i nat i on Agreement )  

The  e l e c tr i c  u t i l i t i e s of t h e  Pac i f i c Northwe s t  p l an and  ope r a t e  t h e i r  s y s t em s  
i n  a coord i nated ma n n e r . B P A  p l ay s  a maj or rol e i n  t h i s p l an n i n g .  T h i s 
p l an n i ng  i s  carr i e d o u t  u n d e r  t h e  s pec i f i cat i o n s  of t h e  Agreeme n t  for 
Coord i n at i on of Operat i on s  among Power Sys t ems  of t h e  P a c i f i c Nor thwe s t ,  a l so 
known as the Pac i f i c Nor t hwe s t  Coor d i n at i on Agr e e me n t . The  Coor d i n at i on 
Agreeme n t ' s maj or p rov i s i on s  d e a l  w i t h  preparat i on of t h e  An n u a l  Op e r at i n g 
P l an ,  and  t h e  mon t h l y ,  wee k l y ,  and  d a i l y  ope ra t i o n s  of t h e  p ar t i e s ' g e n e r at i n g 
s y s tem s . Coord i n at i on of r e s ervo i r ope r at i on s  i s  g i v e n  s p e c i a l a t t e n t i on , 
part i c u l ar l y  wh e n  t h e r e  i s  d i v e r s e  own e r s h i p of g e n e r at i ng  p l a n t s  down s t re am 
from a r e s e rvoi r .  

T h e  Coord i na t i o n  Ag r e e me n t  prov i d e s  for a Coord i nat i on Con t r a c t  Comm i t t e e , 
wh i c h i s  r e s pon s i b l e for p r e p ar i n g  s t u d i e s and  t h e  r e q u i red  An n u a l  Operat i n g 
P l an .  T h e  commi t t e e  r e c e i v e s  t e c h n i c a l  a s s i s ta n c e  from t h e  Nor t hwe s t  Power  
Poo l Coord i nat i ng Grou p .  

T h e  Agreement  doe s not cov e r  two s i g n i f i c a n t  a s p e c t s  of coord i n at i o n :  
l on g - r a n g e  p l an n i n g of new  r e s o u r c e s , a n d  s hort- t e r m  hour-by- hou r coord i n a t e d  
oper a t i on o f  ge n e r a t i n g fac i l i t i e s .  
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A l l maj or g e n erat i n g  u t i l i t i e s i n  t h e  Pa c i f i c  Nor t hwe s t  are part i e s to t h e  
Coord i na t i on Agreeme n t ,  e x c e p t  The  I daho Power Compa ny . I daho Powe r doe s 
coord i n a t e  i t s Brown l e e Re s ervoi r op e ra t i on s  i n  con c e r t  w i t h  t h e  A g r e eme n t  to 
a c e r ta i n e x t e n t .  Jo i n t  p l an n i n g i s  e s s e n t i a l b e c a u s e  t h e  s y s tem  u t i l i t i e s a r e  
i n te r con n e c te d  e l e c tr i c a l l y  t h rou g h  s h ared  tran s m i s s i on fac i l i t i e s ,  a n d  
hydra u l i c a l l y  t hrou g h  t h e  effe c t  o f  r e l e a s e d  wa t e r  o n  down s t r e am hydroe l e c t r i c 
proj e c t s . The  adva n t age s to t h e  reg i on of ope r a t i n g  a coor d i n a t e d  s y s tem  are : 

• ab i l i ty to take advan tage  of mor e  eff i c i e n t  op e ra t i on of hydro r e sou r c e s ; 

• a b i l i ty to e x c h a n g e  power  among membe r u t i l i t i e s ; 

• as s i s ta n c e  ga i n ed  d u r i n g emerge n cy ou t a g e s  of t ra n s m i s s i on 1 i n e s  or 
g e n e rator s ; 

• ab i l i ty to take advan tage  of d i v e r s i t i e s among  s y s t ems i n  l oad s , 
g e n e ra t i on ,  a n d  ma i n t e n a n c e  ou tage s ;  a n d  

• r e d u c e d  ove ra l l co s t s  from coor d i n a t e d  u s e  of a l l fa c i l i t i e s a n d  
e l i m i nat i on of d u p l i c a t i ve  or mu l t i p l e  g e n e r a t i on ,  t ran s m i s s i on ,  a n d  
con trol  fac i l i t i e s . 

Re s e rvoi r-own i ng par t i e s  a n d  par t i e s w i t h  down s t ream g e n e r a t i n g p l a n t s  
coord i n a t e  s torage a n d  r e l e a s e  of wa t e r  a n d  i n t e r c h a n g e  power amo n g  s y s tems  to 
a c h i eve  mor e  eff i c i e n t  u s e  of t h e  hydro s y s tem for t h e  r eg i on a n d  g r e a t e r  
guara n t e e s  of mee t i n g f i rm l oad . 

C . 3  Operat i ng Cons t ra i nts  

FCRPS p l a n t s  a r e  ope r a t e d  to  prod u c e  power  w i t h i n  "op e r a t i n g con s t r a i n t s , "  
some of wh i c h d e s c r i b e t h e  phys i ca l  operat i n g l i m i t s  of t h e  proj e c t , a n d  s ome 
of wh i c h p r i or i t i ze t h e  u s e  of t h e  proj e c t  be twe e n  powe r a n d  non pow e r  u s e s . 
Operat i n g con s tra i n t s  may l i m i t max i mum or m i n i mu m  r e s e rvoi r l ev e l s ,  proj e c t  
outf l ows , s p i l l s ,  ra t e s  of c hange  of outf l ows , or many  other  opera t i n g  
parame t e r s . The s e  l i m i t s a r e  oft e n  d i ffe r e n t  for var i ou s  t i me s  o f  t h e  year . 

Operat i on s  p l a n n i n g i s  anot h e r  i mpor t a n t  g u i d e to FCRPS ope ra t i on , a n d  to t h e  
trad e-offs b e twee n  powe r a n d  non power  fu n c t i on s  o f  e a c h  proj e c t .  

A t  the  t i me each  hyd roe l e c tr i c  proj e c t  i s  d e s i gn e d , n ume rou s op e r a t i n g  
parame t e r s  are  d e f i n e d . T h e s e  i n c l u d e  t h e  max i mu m  a n d  m i n i mu m  r e s ervo i r 
e l evat i on s , m i n i mum outf l ows , a n d  oth e r  parame t e r s . Ope r a t i n g  l i m i t s  
some t i me s  i n c l u d e  max i mu m  rate s of c ha n ge of re s e rvo i r l eve l s or o u t f l ows . 
Some may b e  t h e  d i r e c t  r e s u l t of phy s i c a l  d e s i g n parame te r s : for e x amp l e ,  t h e  
m i n i mum r e s e rvoi r e l evat i on may b e  d e t e rm i n e d  b y  t h e  v e r t i c a l  p l a c e me n t  of t h e  
out l e t wor k s . Some may b e  to p r e s e r v e  e x i s t i n g  r i v e r  u s e s . A good e x amp l e of 
t h i s i s  t h e  m i n i mum proj e c t  outf l ow .  Some ope ra t i n g  c o n s tra i n t s  may b e  
e s ta b l i s h e d  t o  obta i n b e n e f i t s  for u s e s  ot h e r  t h a n  powe r ,  for e x amp l e ,  m i n i mum 
outfl ows may be  e s tab l i s he d  to prov i d e water  for i r r i ga t i on or for down s tr e am 
n av i ga t i on . M i n i mu m  r e s e rvoi r e l ev a t i on s  may be  e s ta b l i s h e d  to p e r m i t 
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nav i gat i on or r e c r e a t i on on t h e  r e s e rvoi r .  F l ood con tro l  operat i on of typ i c a l  
Pac i f i c Nort hwe s t  r e s e rv o i r s  r e s u l t s  i n  some of t h e  mo s t  comp l e x  operat i n g 
con s tra i n t s . Th e s e  u s u a l l y  vary bot h s e a son a l l y  and  w i t h  for e c a s t s  of r u noff . 
To t h e  e x t e n t  t h e s e  con s tr a i n t s  are e s ta b l i s h e d  d u r i n g  t h e  de s i gn  p h a s e , t h ey 
are t a k e n  i n to accou n t  i n  t h e  s t u d i e s  wh i c h d e t e r m i n e  t h e  fea s i b i l i ty of t h e  
proj e c t .  After  a p roj e c t  b e g i n s  op e r at i ng , add i t i on a l  operat i n g con s tr a i n t s  
may h a v e  to b e  e s tab l i s h e d , po s s i b l y b e c a u s e  some effe c t  of ope r a t i on s  wa s 
over l ooked  i n  t h e  d e s i g n p h a s e  or b e c a u s e  cond i t i on s  h a v e  c h a n g e d . Hopefu l l y ,  
t h e s e  con s tr a i n t s  w i l l  not b e  so great  a s  to u n do t h e  fea s i b i l i ty of t h e  
proj e c t .  

Wh i l e  some con s t ra i n t s  are  v e ry d e f i n i te ,  for e x amp l e t h o s e  ba s e d  on t h e  
phys i c a l  c h aracter i s t i c s  of t h e  proj e c t , ot h e r s  may be  s i mp l y  a p r i or i ty of 
u s e . Not i nfre q u e n t l y ,  non power  con s tr a i n t s  can  be m e t  w i t hou t a d v e r s e l y  
i mpact i n g power prod u c t i on . Howe v e r , w h e n  s i m i l ar con s t r a i n t s  a r e  app l i e d to 
many FCRPS proj e c t s , me e t i n g them  a l l may be come i mpos s i b l e .  Some con s t r a i n t s  
are mor e  def i n i te ,  wh i l e  ot h e r s  e x pr e s s  a d e s i re for a c e r t a i n ope r at i on i f  i t  
i s  pos s i b l e  w i t hout  i mp a c t i n g other  u s e s . 

C . 4  Wat e r  Budget 

As me n t i on e d  prev i ou s l y ,  t h e  Nor t hwe s t  Power  A c t  gave BPA s i g n i f i c a n t  n e w  
r e s pon s i b i l i t i e s t o  m i t i gate  t h e  effe c t s  of t h e  d e v e l opme n t  and  op e r a t i on of 
t h e  FCRPS on f i s h  a n d  w i l d l i fe .  Th e s e  a c t i v i t i e s  are  con d u c ted  w i t h  t h e  
gu i d a n c e  of t h e  Nor t hwe s t  Power  P l an n i ng  Cou n c i l ' s F i s h  a n d  W i l d l i fe Program . 
One  of t h e  f i r s t  mea s u r e s  take n by BPA and  hydroproj e c t  ope r a tor s to c arry o u t  
t h e  Cou n c i l ' s f i r s t  P rogram was  t h e  i mp l eme n tat i on of t h e  f i r s t  W a t e r  B u d g e t  
i n  1 98 3 . BPA t r e a t s  t h e  Wa t e r  Budget  a s  a f i rm ope r a t i n g con s tr a i n t t h a t  
a l l ow s  for t h e  F i s h  P a s sage  Manager s t o  r eq u e s t  c e r ta i n l ev e l s  o f  f l ow i n  t h e  
Co l umb i a and  Snake R i v e r s  be twe e n  Apr i l 1 5  a n d  J u n e  1 5  t o  h e l p j uv e n i l e  s a l mon 
and s t e e l  head a c h i e v e  t h e i r  down s t r e am m i grat i on to t h e  s e a . For t h e  Wa t e r  
Budge t , water  i s  r e s e rv e d  i n  t h e  r e s ervo i r s  and  i s  r e l e a s ed , e i t h e r  t h rough 
t h e  t u r b i n e s  or as  s p i l l , d e p e n d i n g on the  demand for e n e rgy , at t i me s  and  i n  
quan t i t i e s  a s  s pe c i f i e d by t h e  F i s h  Pa s s age Manage r s  w i t h i n t h e  g u i d e l i n e s  of 
t h e  Wat e r  Budge t p l an .  T h e  Wa t e r  B u d g e t  r e s u l t s i n  an  amo u n t  of F i rm E n e rgy 
Load Car ry i ng  Capab i l i ty ( F E LCC - s e e  fol l ow i ng  d i s c u s s i on of F E LCC)  to be  
prod u c e d  i n  t h e  Apr i l 1 5  to J u n e  1 5  p e r i od wh i c h i s  i n  e x ce s s  of the  d emand  
for f i rm  e n e r gy .  I t  r e s u l t s  i n  an ove ra l l d e c r e a s e  i n  the  amou n t  of  f i rm 
power  wh i c h can  be  p rod u c e d  to me e t  t h e  r e g i on ' s  f i rm l oad s . Th i s  d e c r e a s e  i s  
born e  co l l e c t i ve l y  by t h e  Coord i n at i on Agreeme n t  par t i e s .  Aff e c t e d  par t i e s , 
i n c l ud i n g BPA , at tempt  to s tore t h e  e x c e s s  f i rm e n e rgy from Apr i l 1 5  to 
J u ne 1 5  o u t s i de t h e  Co l umb i a  R i v e r  B a s i n  or marke t i t .  

C . S  Annua l Sp i l l  P l ans 

U n t i l ma i n s tem Co l umb i a  and S n ake R i v e r  proj e c t s  are p rope r l y  s c r e e n ed  to 
prot e c t  f i s h  r u n s ,  t h e  Cou n c i l ' s F i s h  and W i l d l i fe P rogr am c a l l s  for s p i l l s  of 
wat e r  to carry f i s h  ov e r  dams  i n s te ad of l e tt i n g t h e  f i s h  p a s s t h rough  t h e  
t u r b i n e s . E nou g h  s p i l l  m u s t  be  prov i ded  t o  prot e c t  at  l e a s t  9 0  p e r c e n t  of t h e  
you ng f i s h  at  e a c h  p roj e c t  t h rough  t h e  m i dd l e 8 0  p e r c e n t  of t h e  r u n s . The  
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Program c a l l s  for proj e c t  own e r s  a n d  operator s  to d e v e l op and  i mp l eme n t  s p i l l  
p l an s .  T h e s e  p l an s  l i s t p e r c e n tage s of s p i l l  for s p e c i f i c  proj e c t s . 
Deve l opme n t  and  i mp l eme n tat i on of s p i l l  p l a n s  are mu l t i party effor t s  i nvol v i n g 
f i s h e ry age n c i e s  and T r i be s and  proj e c t  own e r s  and  oper ator s . BPA and  f i s h e r y  
age n c i e s  and  T r i be s have  deve l oped a l O-ye ar s p i l l  a g r e e me n t  wh i c h wou l d  s e t  
forth s p i l l s  a t  s pe c i f i c proj e c t s  p e n d i n g comp l e t i on of oth e r  a c c e p tab l e  
bypa s s  me t hod s . 

C . G  The C r i t i ca l  Per i od 

The c r i t i c a l  p e r i od i s  t hat  por t i on of t h e  h i s tor i c a l  50-ye a r  s t r e amf l ow 
r e cord wh i c h ,  wh e n  comb i ne d  w i t h  d raft of a l l ava i l a b l e r e s e rvo i r s torage , 
w i l l  prod u c e  t h e  l e a s t  amou n t  of e n e r gy ,  w i th  e n e rgy u s e d  a c cord i n g to 
season a l  l oad pattern s .  At pre s e n t , t h e  coord i n a t e d  sy s tem ' s c r i t i c a l  pe r i od 
i s  abou t 3 1 / 2 y e a r s  l ong , e n compa s s i ng  t h e  h i s tor i c a l  p e r i od from S e p te m b e r  
1 928 t h rough  F e br uary 1 93 2 . 

Pr i or to t h e  con s t r uc t i on of the  t h r e e  " Ca n ad i an S torage " re s e r vo i r s  and  t h e  
L i bby dam , t h e  coord i n a te d  sy s tem ' s c r i t i c a l  p e r i od w a s  about 9 mon t h s  l ong , 
e n compa s s i n g  t h e  h i s tor i c a l  mon t h s  from S e p tember  1 9 3 6  t h rough Ap r i l 1 9 3 7 . 
The data on a c t u a l  wa t e r  cond i t i on s  t h a t  prev a i l e d d u r i n g  t h e  c r i t i c a l  p e r i od 
are u s e d  w i t h  c ur r e n t  d a ta on l oad s and  re sou r c e s  to d e t e rmi ne  F E LCC . 

C . 7  F i rm Energy Load Carry i ng Capab i l i ty ( FELCC ) 

FE LCC i s  t h e  l eve l of e ne rgy capab l e  of be i n g prod u c e d  by the  hydrog e n e rat i on 
sys tem u s i n g a l l of t h e  re s e rvoi r s torage i n  comb i n a t i on w i t h  c r i t i c a l  p e r i od 
streamf l ows . F E LCC i s  u s e d  to d e t e rm i n e  t h e  l eve l s to wh i c h t h e  coord i n ated  
system ' s r e s e rvoi r s  may be  d rafted to prod u ce f i rm e n e r gy .  As  w i l l  be  
d e s c r i bed  i n  S e c t i on 2 ,  F E LCC for t h e  mu l t i -year c r i t i c a l  p e r i od i s  c a l c u l ated  
for the  F i n a l  Regu l at i on .  T h e  Coor d i n at i on Agreeme n t ' s p u b l i s h e d  a n n u a l  
ope rat i ng p rogram i nc l u d e s  t h e  f i rm e ne r gy l oad c a r ry i n g capa b i l i ty ( F E LCC ) 
for e a c h  mon th  of t h e  com i n g  operat i n g year  for t h e  c oord i nated  s y s t e m  a n d  for 
each  par t i c i pa n t . 

C . S  Ref i l l  

Each  year , Coor d i nated  Sy s te m  Operat i on s  e n deavor to r e f i l l  r e s e rvoi r s  e a c h  
s ummer t o  w h a t  i s  refe r r e d  t o  i n  t h e  Coord i n a t i on Agre eme n t  a s  " norma l top 
e l evat i on . "  Operat i o n s  dur i n g t h e  year  a r e  con s ta n t l y  a n a l yzed i n  l i gh t  of 
be s t  av a i l a b l e data to c h e c k  t he i r  effe c t  on proba b i l i ty of r e f i l l . ( Se e  a l so 
Var i ab l e E n e rgy Con te n t  Curv e s  i n  Se c t i on 2 b e l ow . ) If  r e f i l l  s t andar d s  are  
not  ac h i e v e d , Coord i na t i on Agreeme n t  par t i e s mu s t  adopt t h e  F E LCC for  a 
c r i t i c a l  p e r i od year o t h e r  t ha n  t h e  f i r s t  year . I n  s u c h  a c a s e , F E LCC Sh i ft 
i s  not a v a i l ab l e .  ( Se e  S e c t i on 3 be l ow . ) I f  f i r s t  y e ar F E LCC i s  not adop t e d , 
par t i e s  may have  to i n c r e a s e  e xp e n s i v e t h e rma l ope r a t i on s , make o u t s i d e 
purchas e s , or u s e  r e s t r i c t i on r i g h t s  s u c h  a s  t h o s e  i n  t h e  D S I  Pow e r  Sa l e s 
Con tra c t s . ( Se e  A l t e r n a t i ve 4 . 3 ,  I n c r e a s e  Qu a l i ty of S e rv i c e to D S I  F i r s t  
Quart i l e . )  
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SECT I ON 2 :  THE OPERAT I ONS PLANN I NG PROCESS 

C . g  Annua l Operat i ng P l an 

E a c h  year , an operat i n g p l an i s  p r e p a r e d  for t h e  n e x t  J u l y- J u n e  op e r a t i n g 
year . I t  comb i n e s  t h e  operat i n g c h a r a c t e r i s t i c s  of t h e r ma l  a n d  hydroe l e c t r i c 
p l an t s , l oad for e c a s t s , a n d  h i s tor i c a l  s tr e amf l ows  to d e t e r m i n e  s y s t e m  
c ap a b i l i t i e s .  I t  u s e s  mon t h l y  ( some t i me s  ha l f-mo n t h ) t i me i n c r e me n t s . I t  
d e s c r i b e s  l oa d s  and  r e s o u r c e  c a p a b i l i t i e s i n  t e rms of two q u a n t i t i e s--ave rage  
e n e r gy for mon t h l y  p e r i od s , and  p e a k l oad or g e n e r at i n g  c ap a b i l i ty d u r i n g  the  
mon th . The  p u r po s e  of  t h e  A n n u a l  Ope r a t i n g  P l a n i s  to d e t e r m i n e  how mu c h  l oad 
can b e  s e rv e d  w i t h  e x i s t i n g  r e so u r c e s .  

C . 1 0  Determ i nat i on of The Mu l t i -Year Cr i t i ca l  Per i od and FELCC 

Pr eparat i on of t h e  An n u a l  Ope r a t i n g P l an s ta r t s  i n  F e b r u ary of e a c h  year . 
Part i c i p a n t s  i n  the  Coor d i n at i on Agre eme n t  ( BPA , var i ou s  i n v e s tor-ow n e d  
u t i l i t i e s ,  p u b l i c  u t i l i t i e s ,  a n d  hydroe l e c tr i c proj e c t  ope r ator s ) s u b m i t 
l oads , re sour c e s , and  ope rat i n g con s t r a i n t s  for a mu l t i ye a r p e r i od ( t h a t  i s ,  
e a c h  year t hey s u bm i t data  for t h e  n e x t  4 ye ar s )  for u s e  i n  d e v e l op i n g an  
Annua l  Operat i n g P l an .  The  Northwe s t  Powe r Poo l Coor d i na t i n g Gro u p  t h e n  u s e s  
a comp u t e r i zed  mod e l  to prod u c e  t h e  A c t u a l  E n e rgy Regu l a t i on s tudy  to 
de termi n e  the c r i t i c a l  p e r i od for the coord i n ated  s y s t e m  and the tota l F E LCC 
for t h e  coord i n ated  sys t e m  a n d  for e a c h  me mber  sys tem . The  p l an n i n g  mod e l 
take s i n to a c co u n t  t h e  con s t r a i n t s  i mpos ed  on  t h e  s y s t e m  ( f l ood con t ro l , 
nav i ga t i on , i r r i gat i on , t h e  Water  B u d ge t , a n d  o t h e r  fa c tor s ) .  

An i mpor t a n t  c o n c e p t  of t h e  Coord i n a t i on Agreeme n t  i s  t h a t  t h e  e ne rgy s t u d i e s  
a r e  mad e  by u s i n g  t h e  tot a l  coord i n a t e d  sys t e m  as  i f  i t  were  a s i ng l e 
own er s h i p s y s t e m . 

C . 1 1  Perm i tted Changes 

I n  prepar i ng t h e  An n u a l  Opera t i n g  P l an ,  i n d i v i d u a l  sy s te m s  i n  t h e  coor d i n a t e d  
s y s tem de t e r m i n e  the rma l p l a n t  c a p a b i l i t i e s ,  p l a n n e d  ma i n t e n an c e , ou tage s , 
power s a l e s  and  p u r cha s e s , a n d  con s t r a i n t s  on  r e s e rvoi r d raft rate s of 
i nd i v i du a l  r e s e rvoi r s . T h e  goa l i s  to mat c h  g e n e rat i on more c l os e l y  to l oad . 
Th e s e  c h a n g e s  may somewhat  r e d u c e  t h e  coor d i n a t e d  sy s te m ' s  capa b i l i t i e s from 
tho s e  d e v e l oped for a s i ng l e-own e r s h i p  s y s t e m , b u t  c h a n g e s  are c a r e fu l l y  
l i m i ted  i n  ord e r  not to i nv a l i d a t e  t h e  bas i c  con c e p t  of ope rat i n g a s i n g l e  
s y s tem  of r e sou r c e s  to me e t  a s i ng l e l oad . 

C . 1 2  The F i na l  Regu l a t i on 

Afte r  p e r m i t t e d  change s have  bee n mad e , t h e  f i n a l  s t udy  re s u l t s  are 
p u b l i s h e d . The  p u b l i s h e d  r e s u l t s of t h e  f i n a l  r e g u l at i on i n c l u d e  the F E LCC 
for e a c h  mon t h  of t h e  year  for t h e  coor d i n at e d  s y s tem  a n d  for e a c h  
par t i c i pa n t . The s e  n umbe r s  norma l l y  c ome from t h e  f i r s t  year  of t h e  c r i t i c a l  
p e r i od i n  t h e  s t u dy j u s t  comp l e ted . I f  coor d i n a ted  s y s tem  re s e rvo i r s  h a v e  
fa i l e d  t o  ref i l l  d u r i ng  t h e  s umme r , t h ey may come from t h e  s e cond , t h i rd ,  o r  

C - 5  



e v e n  fou r t h  year  i n  a s t u d y  comp l e te d  i n  a p r i or y e a r . T h e  r e s u l t s of t h e  
F i n a l  Regu l at i on a r e  i mpor tan t b e c a u s e  t h ey d e term i n e  t h e  e x t e n t  t o  wh i c h t h e  
coord i n ated  sys tem ' s r e s e rvo i r s  may b e  d r aft e d  t o  p rod u c e  f i rm powe r i f  norma l 
or better  f l ow s  o c c u r . ( Wh e n  l owe r t h a n norma l f l ow s o c c u r , p ropor t i on a l  
d raft poi n t s , d e s c r i bed  be l ow ,  a r e  u s ed . )  I f  a p a r t i c i p a n t  h a s  u s ed t h e  
Coord i n a t i on Ag r e eme n t  t o  s h ape  i t s F E LCC i n to a p a t t e r n  d i ffe r e n t  f rom i t s 
f i rm l oad ( for e x amp l e ,  to i n c r e a s e  a n  amou n t  of marke t a b l e  s u rp l u s  a s  
d e s c r i bed  i n  S e c t i on 3 be l ow ) , t h i s w i l l  b e  r e f l e c t e d  i n  t h a t  p a r t i c i p a n t ' s  
and  t h e  coord i n a t e d  sy s t em ' s mon t h l y  F E LCC s h a p e . 

C . 1 3  The Cr i t i ca l  Ru l e  Curve--Leve l s  to  Meet F i rm Loads 

After  p e r m i t t e d  c h a n g e s  h av e  b e e n  mad e , t h e  r e s u l t s of t h e  f i n a l  r e g u l at i on 
s tu dy a r e  p u b l i s h e d . Two i mpor t a n t  g u i d e s  to s ea s on a l  r e s ervo i r ope r a t i on s  
are  d ev e l oped  f rom t h e  s t u d i e s . One i s  t h e  " c r i t i c a l  r u l e c u rv e . "  I t  i s  a 
t a bu l at i on for e a c h  r e s e rv o i r of t h e  e n d-of-mon t h  e l e v a t i on t h at corr e s pon d s  
to t h e  r e s ervo i r ' s  d raft u n d e r  c r i t i c a l  p e r i od s tr e amf l ow cond i t i on s  to 
p rod u c e  t h e  f i rm e n e rgy c ap a b i l i ty .  Be cau s e  t h e  c r i t i c a l  p e r i od i s  l on g e r  
t h a n  o n e  year , s e v e r a l  c r i t i c a l  r u l e c u r v e s  ar e n e c e s s ary t o  d e s c r i be  e a c h  
r e s ervoi r ' s  d raft r e g i me d u r i n g  t h e  f i r s t-ye ar , s e cond-year , t h i r d-year , and  
fou r t h-ye a r  of  t h e  c r i t i c a l  p er i od .  T h e  c r i t i c a l  r u l e  c u r v e s  for  an  
i nd i v i d u a l  sys tem  or for  t h e  coord i n a t e d  s y s t e m  c a n  be  con s t r u c t e d  by  
con v er t i ng  t h e  r ema i n i n g  s torage  i n  e a c h  r e s e rvo i r a t  the  e n d  of the  mon t h  to 
u n i t s  of e n ergy , t h e n  tot a l l i n g a l l r e s e rv o i r s  i n  t h e  s y s tem . T h e  c r i t i c a l  
r u l e  c u r v e  i s  a n  i mpor t a n t  gu i d e to ope r at i on s . I f  t h e  coord i n a t e d  s y s t em 
r e s ervoi r s  are  be l ow t h e  c r i t i c a l  r u l e c u r v e  l ev e l , t h e n  t h e  r eoc c u r r e n c e  of 
one  or pos s i b l y  mor e  h i s tor i c a l  s e q u e n c e s  of l ow s tr e amf l ow s  cou l d  r e s u l t i n  
t h e  i n a b i l i ty of t h e  s y s t em to g e n e r a t e  i t s f i rm e n e r gy capab i l i ty ,  e v e n  i f  
a l l i t s r e s e r vo i r s  were  d r afted  emp ty . T h u s , oper a t i on  of t h e  coord i na t e d  
sys tem r e s ervo i r s  be l ow t h e i r c r i t i c a l  r u l e c u r v e s  cou l d  j eopard i ze t h e  
s y s t em ' s a b i l i ty t o  me e t  i t s f i rm l oad s for t h e  r e ma i n d e r  o f  t h e  c r i t i c a l  
p e r i od .  

C . 1 4  Energy Content Cu rve--Leve l s  to Protect Ref i l  I 

A s e cond  r u l e c u rv e  d ev e l op e d  from t h e  f i n a l  s t u dy i s  t h e  " e n e rgy con t e n t  
c u r v e . "  T h e  e n e r gy con t e n t  c u rv e  for e a c h  r e s ervo i r i s  t h e  h i g h e r  o f  i t s 
c r i t i c a l  r u l e c u rv e  or t h e  l owe s t  l ev e l  f rom wh i c h t h e  r e s e rvoi r wou l d h a v e  a 
9 5  p e r c e n t  probab i l i ty of r e f i l l i n g by t h e  fo l l ow i n g  J u l y  3 1 . R e f i l l  
probab i l i t i e s are  b a s e d  on an  an a l y s i s of 50-year  h i s tor i c a l  s tr e amf l ow s  a t  
t h e  r e s ervoi r .  

T h e  e n er gy con t e n t  c u r v e  i s  a v e ry i mpor t a n t  g u i d e  to o p e r at i on s . I n  o r d e r  to 
prot e c t  t h e  s y s tem ' s  ab i l i ty to d e v e l op i t s f i rm e n e rgy  c ap a b i l i ty i n  f u t u r e  
year s , s y s tems  a r e  not p e rm i t t e d  t o  g e n e r a t e  e n ergy  i n  e x c e s s  o f  t h e i r F E LCC 
l oa d s  i f  t h e i r s y s t em of r e s ervo i r s  i s  be l ow t h e  e n e rgy  con t e n t  c u r v e  a s  l ong  
a s  s u c h  e n e rgy c a n  b e  s tor e d . T h i s mea n s  t h a t  t h e  u s e  of s t r e amfl ows to 
ref i l l  a r e s e rvo i r i s  g i v e n  p r i or i ty ov e r  t h e i r  u s e  for g e n e r a t i n g nonf i rm 
e n e rgy . T h u s , t h e  e n e r gy con t e n t  c u r v e  i s  t h e  p r i mary g u i d e t h a t  s y s t e m  
operator s u s e  to d e t e rm i n e  w h e t h e r  nonf i rm e n e rgy i s  a v a i l ab l e f o r  s a l e f r om 
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t h e i r  s y s t e m s . T h e  e n e r gy con t e n t  c u rv e  a l s o  d ef i n e s  t h e  r i g h t s  a n d  
ob l i gat i on s  o f  p a rt i e s  to  r e c e i v e o r  d e l i v e r  i n  l i e u e n e r gy ,  a n d  r i g h t s  a n d  
ob l i gat i on s  b e twe e n  r e s e r v o i r op erator s a n d  down s tr e am p l a n t  ope r a tor s 
r e g a rd i ng t h e  r e l e a s e  of s to r e d  wat e r  for u s e  a t  dow n s t r e am p l a n t s  ( or 
d e l i v e ry a n d  r e t u r n  of e n e r gy i n  l i e u  of s u c h  r e l ea s e s ) .  

C . 1 S  Per i od i c  Updates--Var i ab l e  Ene rgy Content Curves 

A l mo s t  e v e ry yea r , an  ana l y s i s  of s nowp a c k , p r e c i p i ta t i on ,  a n d  o t h e r  v a r i a b l e s 
w i l l  i n d i c a t e  t h a t  c u r r e n t-year  cond i t i on s  a r e  b e t t e r  t h a n  con d i t i on s  d u r i n g  
t h e  h i s tor i c a l  y e a r  o n  wh i c h t h e  e n e r gy con t e n t  c u r v e  wa s b a s e d . I n  
a c cord a n c e  w i t h p r oc e d u r e s  i n  t h e  Coord i n a t i on A g r e e me n t , e a c h  r e s e r vo i r 
op erator p r e pare s for e c a s t s  of e a c h  r e s e rv o i r ' s  v o l ume of s p r i ng  s nowme l t  
r u noff a s  s oon after  t h e  b e g i n n i n g of e a c h  mon t h , J a n u a ry t h rough  J u l y ,  a s  t h e  
n e c e s s ary d a ta be come ava i l a b l e .  S t a t i s t i c a l  formu l a s a r e  a p p l i e d to t h e  
hyd rome teoro l og i c a l  o b s e r v a t i on s  a n d  t h e  r e s u l t i n g for e c a s t s  a r e  u s e d  to 
compu t e  a " v a r i a b l e e n e rgy con t e n t  c u rv e "  s i m i l ar to t h e  e n e rgy con t e n t  c u r v e  
p r epared  p r i or t o  t h e  ope r a t i n g  year . T h e  v a r i a b l e e n e rgy con t e n t  c u r v e  i s  
t h e  b e s t  e s t i ma t e  of t h e  l owe s t  l eve l to wh i c h t h e  r e s e rv o i r may be  d r af t e d  
w i t hou t j eopard i z i n g t h e  c oord i n ated  s y s t em ' s a b i l i ty to r e f i l l  t h e  
r e s e rvoi r s . O n c e  i t  b e c ome s av a i l ab l e ,  t h e  v a r i a b l e e n e rgy con t e n t  c u r v e  
s u p e r s e d e s  t h e  e n e rgy con t e n t  c u r v e  for a l l p u r pos e s  u n d e r  t h e  Coor d i n a t i on 
Agreeme n t . 

C . 1 6  Proport i ona l Draft Po i nts  

Re s e rvoi r s  may be  ope ra t e d  to t h e i r  p ropor t i on a l  d r af t  po i n t s  i n s t e a d  of  t h e i r  
c r i t i c a l  r u l e  c u r v e s  i f  t h i s i s  n e c e s s ary to d e v e l op t h e  F E LCC of t h e  
coord i n ated  sys tem . T h i s i s  l i k e l y  t o  h a p p e n  d u r i n g y e a r s  o f  b e l ow- norma l to 
we l l -be l ow- norma l wate r . P r opor t i on a l  d raft  p o i n t s  a r e  d e t e r m i n e d  by a s s um i n g  
t h a t  h i s tor i c a l  c r i t i c a l  wate r  con d i t i on s  we r e  p r e s e n t  a n d  t h a t  l oa d s  we r e  
e x a c t l y  e q u a l  t o  F E LCC . T h e  r e s e r v o i r s  a r e  d rafted  p ropor t i on a l l y  b e twe e n  
t h e i r  c r i t i c a l  r u l e  c u r v e s .  T h e  Nor t hwe s t  Pow e r  Poo l Coor d i n a t i ng  Grou p , i n  
prod u c i n g t h e  A c t u a l  E n e r gy Re g u l a t i on s t u dy for t h e  Nor t h we s t  u t i l i t i e s ,  a l so  
p rod u c e s  t h e  p roport i on a l  d r aft po i n t s . T h e  t i me s pa n  of  t h e  Ac t u a l E n e rgy 
Regu l at i on cov e r s  the p re s e n t  mon t h  and t h e  mon t h  fo l l ow i n g . T h i s s t u d y  i s  
done  at  l e a s t  t w i c e  a mon t h , a n d  i s  b a s e d  on e s t i ma t e d  s t r e amf l ows a n d  F E LCC , 
wh i c h may c a u s e  t h e  e n d  of mon t h  p ropor t i on a l  d raft po i n t s  to c h a n g e  
s i g n i f i c a n t l y .  T h i s  c au s e s  t h e  p roj e c t  ope r a tor s t o  con t i n u a l l y  r e a s s e s s  t h e  
p l a n n e d  ope r at i on of t h e i r r e s e r vo i r s  a n d , i f  n e c e s s a ry ,  c h a n g e  t h e i r 
op erat i on s  to i n c r e a s e  or r e d u c e  d r af t s  on t h e i r p roj e c t s  to a d h e r e  to t h e  
p ropor t i on a l  d raft  po i n t s . 

C . 1 7  Week l y  P l ann i ng 

E a c h  wee k , BPA p e r son n e l  p r e pa r e  an  o p e r a t i n g p l a n for t h e  FCRPS e n compa s s i n g 
t h e  com i n g  mon th . T h i s p l a n i s  d i v i d e d  i n to 1 0  on e-day i n t e r v a l s ,  a l -w e e k  
i n t e r v a l , a n d  a 2-week  i n t e r v a l . T h e  p l an r e f l e c t s  t h e  c u r r e n t  l ev e l s of 
r e s e rvoi r s , t h e  ope ra t i on a l  s t a t u s  of t h e rma l  p l a n t s , b a l a n c e s  i n  c e r ta i n 
typ e s  of power s a l e s , a n d  ot h e r  s y s tem  cond i t i on s . T h e  l oa d  for e c a s t s  u s e d i n  

C-7 



t h i s p l an ,  wh i l e  b a s e d  on t h e  t r e n d  a n d  g e n e r a l  magn i t u d e  of t h e  mon t h l y  l oad  
e s t i mates  u s e d  i n  r e so u r c e  p l a n n i n g  and  t h e  A n n u a l  Oper a t i n g  P l an ,  are  u p d at e d  
a s  m u c h  a s  pos s i b l e .  T h e  we e k l y  operat i n g p l a n for e c a s t s  re f l e c t  r e c e n t  
t r e n d s  r e l a t i v e t o  t h e  op e r a t i n g  p l a n a n d  c u r r e n t  w e a t h e r  for e c a s t s . T h e  
we e k l y  opera t i n g  p l a n a l so  d i ffe r s  from t h e  A n n u a l  Oper a t i n g  P l a n i n  t h a t  
for e c a s te d  proba b l e s tr eamf l ow s  a r e  u s e d , b a s ed o n  c u r r e n t  s t r e amf l ow l e v e l s 
a n d  wea t h e r  for e c a s t s . 

T h e  mos t  r e c e n t  e n e r gy con t e n t  c u r v e s  ( or p roport i on a l  d r aft po i n t s ) a r e  u s e d 
to g u i d e t h e  w e e k l y  op e ra t i on of maj or s tor a g e  r e s e r v o i r s . T h e  wee k l y p l a n 
r e g u l ates  t h e  w a t e r  l ev e l  b e h i n d pon dage  p roj e c t s  s u c h  a s  Bon n e v i l l e Dam , a s  
oppo s e d  to t h e  A n n u a l  Oper a t i n g  P l a n s , wh i c h u s e  mon t h l y  i n t e r v a l s a n d  a s s ume 
no net wa ter  r e g u l a t i on s  a t  pon d a g e  p roj e c t s  d u r i n g  the mon t h . 

BPA  per son n e l  p r e p a r i n g  t h e  w e e k l y  operat i n g p l a n a r e  i n  f r e q u e n t  con tac t w i t h  
t h e  Cor p s  of E n g i n e e r s , t h e  B u r e a u  o f  R e c l ama t i on ,  e n t i t i e s ope r at i n g t h e rm a l  
p l a n t s  s u p p l y i n g  BPA , a n d  u t i l i ty a n d  i n d u s t r i a l  c u s tome r s  o f  BPA . 
I nforma t i on com i n g  from a l l t h e s e  sou r c e s  i s  r e f l e c t e d  i n  B PA ' s week l y  
op e r a t i ng p l a n . A l arge , comp l e x  comp u t e r  p rogram i s  u s e d to make t h e  
n e c e s s ary c a l c u l a t i on s  a n d  s i mu l a t e  w a t e r  r e g u l a t i on o f  t h e  r i v e r . Norma l l y ,  
t h e  wee k l y  p l a n i s  b a s e d  on for e c a s t s  of l oa d s  a n d  s tr eamf l ow s  mos t  l i ke l y  to 
oc c u r , a l t hou g h  o c c a s i on a l  s i tu a t i on s  c a l l for s p e c i a l s t u d i e s , s u c h  a s  
s t u d i e s u s i n g s t r e amf l ow l e v e l s t h at h av e  s ome l ow proba b i l i ty of oc c u r r i n g .  
T h e s e  we ek l y  op e r a t i n g p l a n s  a r e  o n e  of t h e  i mpor ta n t  too l s u s ed by BPA 
man ageme n t  i n  mak i n g d e c i s i on s  r egard i n g a v a i l a b i l i ty of nonf i rm e n e r gy for 
Nor t hwe s t  u t i l i ty a n d  i n d u s t r i a l c u s tome r s  a n d  s u r p l u s  e n e r gy for e x por t f r om 
t h e  r eg i on . T h e  wee k l y  p l a n  p e rm i t s  BPA manag e r s  to a n t i c i p a t e  ope r a t i n g 
capa b i l i ty ,  a n d  i s  u s ed to d e t e r m i n e  t h e  b e s t  ma n n e r of p roj e c t  oper a t i on for 
t h e  near  t e r m . I t  a l so  c a n  b e  u s e d to d e t e r m i n e  t h e  probab l e  F e d e r a l  
g e n e r at i ng s y s tem  ab i l i ty to me e t  req u e s t s  o f  nonpow e r  i n t e r e s t s  for s p e c i a l 
r i v e r  operat i on s . 

T h e  week l y  ope r a t i n g cyc l e  s u p p l i e s s ome of t h e  i nformat i on BPA man age r s  u s e  
to make maj or d e c i s i on s  r e g a r d i n g re s e rv o i r op e r a t i on s , s e r v i c e to nonf i rm 
l oad s , ope r at i on of t h e rm a l  r e s o u r c e s ,  ope r a t i on s  for non pow e r  p u rpos e s  s u c h  
a s  Water  B u d g e t  a n d  f l ood con tro l , a n d  pow e r  p u r c h a s e s  w h e r e  s u c h  p u r c h a s e  i s  
opt i on a l . 

SECT I ON 3 :  BORROW I NG TECHN I QUES USED BY THE COORD I NATED SYSTEM 

C . 1 8  Borrow i ng Techn i ques Used by A l l Coord i nated System Part i es 

FELCC Sh i f t 

• A s  de s c r i b e d  i n  S e c t i on 2 a b ov e , F E LCC for t h e  coor d i n a t e d  s y s tem i s  f i r s t  
d e t e r m i n e d  a s  a whol e amou n t  for t h e  mu l t i ye a r  c r i t i c a l  p e r i od ,  
d i s t r i b u t e d  a c ros s t h e  year s a s  n e c e s s a ry to me e t  f i rm  ob l i ga t i on s . T h i s 
i s  done p u r s u a n t  to a s u b m i t t a l  of d a t a  from t h e  par t i e s , made  
a pprox i ma t e l y  F e b r u a ry 2 of e a c h  year . T h e  p r e v i ou s l y  d e s c r i b e d  
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l e n g t h e n i ng  of t h e  c r i t i c a l  p er i od to mor e t h a n  1 year  i n trod u c e s  some 
d i ff i c u l t to u n d e r s t a n d  b u t  i mpor t a n t  con c e p t s  i n to t h e  a n n u a l  p l a n n i n g  
a n d  ope r at i ng p roc e s s e s . F E LCC Sh i ft i s  a p l an n i n g me c h a n i s m by wh i c h t h e  
Coor d i n at e d  Sy s tem p l a n s  t o  g e n e r a t e  mor e F E LCC i n  o n e  por t i on of t h e  
c r i t i ca l  p e r i od wh i l e  g e n e r a t i n g l e s s  i n  anot h e r . U s u a l l y ,  F E LCC i s  
s h i fted  i n to t h e  f i r s t  year  of t h e  c r i t i c a l  p e r i od , r e s u l t i n g i n  d e e p e r  
d r af t s  o f  r e s e rvoi r s . T h i s  borrowed  wat e r  h a s  a h i g h probab i l i ty o f  b e i n g 
r e s tored  e a c h  year  by norma l a n n u a l  s nowp a c k  a n d  r u noff . 

• I n  e ar l y  Apr i l ,  t he  p a r t i e s a g a i n s u bm i t d a t a , t h i s t i me s pe c i fy i n g  
" E s t i ma t e d  Adj u s ted  F i r m E n e r gy Load s , "  a n d  i nd i c at i ng  how mu c h  F E LCC t h ey 
d e s i r e for eac h mon t h . T h i s  E s t i mat e d  A d j u s ted  F i rm E n e r gy Load mu s t  
e q u a l  t h e  average  cr i t i c a l  p e r i od F E LCC p r e v i ou s l y  d e v e l op e d . T h i s d a t a  
s u bm i t t a l  s how s the  p ar t i e s ' d e s i re s  for F E LCC s h i ft a n d  for s h ap i n g  of 
e n e rgy among t h e  mon t h s  of an ope r a t i n g year . 

• Th e s e amou n t s  a r e  r e q u i r e d  to av e r a g e  t h e  s ame a s  t h a t  par t i c i pan t ' s 
g e n e r at i n g  sys tem  cap a b i l i ty d u r i n g  t h e  c r i t i c a l  p e r i od a n d  to me e t  
c e r ta i n o t h e r  con s tr a i n t s  o n  t h e i r mon t h l y  d i s tr i b u t i on . T h e  
mon th- to-mon t h  s hap i n g o f  F E LCC t o  t h e  e x t e n t  perm i t t e d  affe c t s  t h e  
mon th l y  d i s t r i b u t i on o f  t h e  coor d i n a t e d  s y s t em ' s hydro g e n e r a t i on ,  a n d  
t h e r efor e the  e n d -of-mon t h  l e v e l s o f  r e s e r v o i r s  s hown i n  t h e  c r i t i c a l  
p e r i od s tu dy . After  t h e  f i n a l  r e g u l at i on i s  comp l e t e d , t h e s e  be come t h e  
b a s i s for e a c h  p a r t i c i pa n t ' s F E LCC a n d  for t h e  cr i t i c a l  r u l e  c u r v e s  of t h e  
coord i n a t e d  s y s t em ' s r e s e rvo i r s .  

• T h e  comb i n e d  r e q u e s t s  for s h i ft i n g  a n d  s h ap i n g c a n not  r e s u l t i n  a n e e d  for 
g e n e ra t i on wh i c h e x c e e d s  t h e  amo u n t  of powe r t h e  s y s tem  c a n  p rod u c e  w i t h i n 
i t s v ar i ou s  ope ra t i n g  con s t ra i n t s . Con s tr a i n t s  s e t  by t h e  U . S .  Army Cor p s  
of E ng i n e e r s  a n d  the  B u r e a u  of Re c l ama t i on o n  e n d -of-year  d r a f t s  l i m i t t h e  
tot a l  amou n t  of s y s t em F E LCC s h i ft .  

• O t h e r  con s tra i n t s  on F E LCC s h i ft are  i mpos e d  by t h e  Coor d i n a t i on 
Agr e eme n t . P a r t i e s may not s h i ft F E LCC so  a s  to c r eate  a s u r p l u s  i n  one  
p e r i od a t  the  e x p e n s e  of  a d e f i c i t i n  a n ot h e r  p e r i od .  I f  t h e r e  i s  s u r p l u s  
F E LCC for the  c r i t i c a l  p e r i od , p ar t i e s  may mov e i t  forwar d .  I f  t h e r e  were  
a n  ov er a l l d e f i c i t i n  F E LCC for  t h e  c r i t i c a l  p e r i od ,  p ar t i e s  may d e l ay i t  
to a l a ter  yea r . I f  t h e  s y s tem f a i l s  to r e f i l l  s u c h  t h a t  p l a n n i n g  mu s t  be  
based  on a s e cond  or  t h i r d  year  of  t h e  c r i t i ca l  p e r i od ,  F E LCC s h i ft i s  not  
av a i l ab l e .  

F l ex i b i l i ty Energy 

• T h e  Coor d i n a t i on Agr e e me n t  a l l ow s  p a r t i e s to make l i m i t ed  c h an g e s  i n  t h e  
amou n t s  o f  F E LCC a l l oc a t e d  t o  e a c h  mon t h  o f  t h e  O p e ra t i ng  Y e a r . A 
F l e x i b i l i ty Ac cou n t  i s  k e p t  for e a c h  p a r ty s how i n g  t h e  a c c umu l ated  
i n c r e a s e s  or  d e c r e a s e s  for  a n  Operat i n g Year . T h e  amou n t s  of  F E LCC 
i n c r e a s e d  i n  an e ar l y  mon th  mu s t  be  b a l a n c e d  by cor r e s pon d i ng  d e c r e a s e s  i n  
l at e r  mon t h s , a n d  v i c e  v e r s a . Eac h F l e x i b i l i ty A c cou n t  s ta r t s  a t  z e r o  on 
J u l y  1 of e a c h  Ope rat i n g Y e a r  and mu s t  b e  brou g h t  to z e ro by the e n d  of 
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t h e  Operat i ng Year , or t h e e n d  of t h e  c r i t i c a l  p e r i od ,  i f  t h e  c r i t i c a l  
pe r i od e n d s  w i t h i n a n  O p e r a t i n g Year . 

T h e  amou n t s  of mon th l y  c h a n g e s  a r e  l i m i te d  by a n umber  of con s tr a i n t s  i n  
t h e  Coor d i n a t i on A g r e e me n t . For e x amp l e ,  a t  any  t i me ,  t h e  n e t  tot a l  of 
i n crea s e s  i n  mon th l y  F E LCC s hown i n  t h e  F l e x i b i l i ty A c c ou n t  may not e x c e ed  
5 p e rc e n t  of  t h a t  p a r ty ' s F E LCC rema i n i n g be twe e n  that  date  a n d  t h e  d a te 
on wh i c h t h e  F l e x i b i l i ty A c c ou n t  b a l a n c e  mu s t  be  brou g h t  to z e ro . 

• A l l t h e  a bov e-d e s c r i b e d  bor row i n g  t e c h n i q u e s  a r e  u s e d  by B PA a n d  ot h e r  
par t i e s  t o  t h e  Coord i n a t i on Agr e eme n t  for s e rv i c e t o  t h e i r  c u s tome r s .  
F l e x i b i l i ty E n e rgy i s  e s p e c i a l l y  i mpor ta n t  for B PA ' s A c t u a l  Comp u t e d  
Requ i reme n t  c u s tomer s  t o  ma t c h  t h e i r F E LCC to a c t u a l  l oad . I n  ad d i t i on ,  a 
p a r ty w i t h  f i rm s u rp l u s  F E LCC or w i t h  l oa d s  wh i c h u n d e r r u n  t h e  e s t i ma t e s  
u s ed i n  p r epar i ng t h e  AOP may u s e  F l e x i b i l i ty t o  b e t t e r  mar k e t  th i s  e n e r gy . 

C . 1 9 Use of Borrow i ng Techn i ques for OS I Customers 

U n d e r  t h e  Nor t h we s t  Power  A c t , B PA i s  to con t i n u e  to p l a n f i rm r e sou r c e s  to 
s er v e  75  pe r c e n t  of the tot a l  OS I r e q u i reme n t s  i n  add i t i on to i t s ot h e r  f i rm 
l oad s . A s  s tated  i n  t h e  S e n a t e  E n e r gy R e por t ( p .  5 9 )  for t h e  Nort hwe s t  Power 
A c t , the ba l an c e  of the O S I  l oad i s  to be  s e r v e d  w i t h  r e sou r c e s  wh i c h are i n  
e x c e s s  of c r i t i c a l  p l a n n i n g  amou n t s  b u t  w h i c h a r e  ope r at e d  to m e e t  t h e  e n t i r e  
O S I  l oad  " a s  i f  i t  w e r e  f i rm . " 

A s  e x p l a i n e d  i n  Appe n d i x  B ,  BPA  d i v i d e s  t h e  OS I l oa d  i n to four q u a r t i l e s .  B PA 
i s  not ob l i g a t e d  to a c qu i r e  r e sou r c e s  to me e t  t h e  F i r s t  Quar t i l e  of t h e  O S I  
l oad ; i n s t e ad , B PA u s e s  t e c h n i q u e s  t o  s e r v e  t h e  F i r s t  Q u a r t i l e t h a t  a r e  
d ef i n e d  i n  t h e  OS I Power  S a l e s  Con t ra c t . A l um i n um sme l t e r s  may e l e c t  s e r v i c e 
u n de r  t h e  Var i a b l e Rate  con t r ac t , w h i c h  w i l l  t h e n  tempor ar i l y s u p e r c e d e  t h e  
Power  S a l e s  Con t r a c t  p r ov i s i on s  r e g a rd i n g r a t e s  a n d  q u a l i ty of s e r v i c e .  T h e s e  
t e c h n i q u e s  i n c l ud e  nonf i rm e n e r gy w h e n  a v a i l ab l e ,  borrowe d f i rm e n e rgy f r om 
f u t u r e  mon t h s  or year s ( F E LCC S h i ft ,  Ad v a n c e  E n e rgy , a n d  F l e x i b i l i ty E n e r gy ) , 
a n d  S u rp l u s  F i rm E n e rgy Load Carry i n g  Ca pab i l i ty ( S u r p l u s F E LCC ) . Ad v a n c e  
E n e rgy i s  a bor row i ng  t e c h n i q u e  wh i c h i s  p r i mar i l y  re l e v a n t  t o  O S I  s e r v i c e . 
F E LCC S h i ft a n d  F l e x i b i l i ty E n e r gy are  bor row i n g  t e c h n i q u e s  u s e d  by a l l 
Coor d i n a t i on A g r eeme n t  par t i e s  for var i ou s  p u r pos e s . 

Advance Energy 

• A d v a n c e  e n e rgy i s  e n e r gy w h i c h  i s  prod u c e d  by d r a f t i n g a p a r t i c u l a r 
r e s ervoi r be l ow t h e  l owe s t  l e v e l  ot h e rw i s e  p e r m i t t e d  u n d e r  t h e  
Coord i n a t i on Agreeme n t . T h e  r e s u l t i n g e n e r gy i s  d e l i v e r e d  to a c u s tome r  
w i t h  t h e  prov i s i on t h a t  t h e  c u s tome r  r e p l a c e  i t  i f  t h e  d e l i v e r i ng  p a r ty 
l a ter  d e te r m i n e s  t h a t  i t  n e e d s  t h e  e n e r gy to me e t  i t s f i rm o b l i g at i on s . 

• W i t h  r e s p e c t  to B PA u s e  of t h i s  t e c h n i q u e , t h e  U . S .  Army Corp s  of 
E n g i n e e r s  a n d  t h e  B u r e a u  of R e c l amat i on h a v e  d ef i n e d  l i m i t s  w i t h i n  wh i c h 
B PA may d raft s p e c i f i e d r e s e r v o i r s . Coor d i n a t i on A g r e e me n t  par t i e s  o t h e r  
t h an  B P A  h a v e  g e n e r a l l y  n o t  u s e d  t h i s t e c h n i q u e  e x c e p t  to r e ta i n a n d  
market  t h e  e n e r gy prod u c e d  a t  t h e i r  down s t re am p l a n t s  w h e n  BPA make s 
p r ov i s i on a l  d r a f t s  f rom F e d e r a l r e s ervo i r s . 
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• A d v a n c e  E n e r gy h a s  i t s be g i n n i n g i n  t h e  1 9 50 s ,  w h e n  BPA d e l i v e r e d  w h a t  was  
then  c a l l ed p rov i s i on a l  e n ergy  to i t s DS I s  d u r i n g  f a l l mon t h s . T h i s  
e n e r gy was p r od u c e d  by d r aw i n g  w a t e r  from t h e  H u n g ry Hor s e  r e s e rvo i r .  T h e  
l i m i ted e n e r gy av a i l ab l e w a s  d e l i v e r e d  " p rov i s i on a l l y " t o  s e r v e  O S I  
i n t e r r u p t i b l e l oa d s  w h e n  nonf i rm e n e rgy w a s  n o t  ava i l ab l e .  ( T h e  amo u n t  of 
i n t e r r u p t i b l e l oad  was  not t h e  s ame p e r c e n t age  of e a c h  OS I s '  l oad  u n d e r  
t h e  p r e-Nor t hwe s t  Power  A c t  con t r a c t s  i n  p l a c e  a t  t h i s  t i me . )  I f  BPA 
l at e r  n e e d e d  the  e n e r gy wh i c h  that  i n cr eme n t  of water  w a s  p l a n n e d  to 
prod u c e  to me e t  B PA ' s f i rm l oad s , the  OS I s  wou l d  rep l a c e  the  e n e rgy , e v e n , 
i f  n e c e s s ary , by r e d u c i n g t he i r f i rm l oad s . T h i s  con t r a c t u a l  agre eme n t  
c a l l ed for t h e  e n e r gy to b e  r e p l a c e d  on l y  i f  BPA n e e d e d  t h e  e n e r gy t h e  
wa t e r  cou l d h a v e  prod u c e d , b u t  for t h e  prov i s i on a l  d raft s , t r e a t i n g t h a t  
wat e r  a s  t h e  l a s t  water  to be  r e l e a s ed f rom t h e  r e s e r vo i r .  On l y  
onc e--fol l ow i n g  t h e  1 97 4  d ro u g h t--was r e t u r n  e n e rgy r e q u e s t e d . 

• L a t e r , b u t  b e fore t h e  Nor t h we s t  Power  A c t , t h i s  arrangeme n t  was  e x pa n d e d  
t o  u s e  oth e r  maj or Fed e r a l  r e s e rvoi rs a n d  t h e  name w a s  c h an g e d  to Ad v a n c e  
E n e r gy .  Many docume n t s  u s e  t h e  term  prov i s i on a l  e n e rgy , b u t  t h e  O S I  Powe r 
S a l e s  Con t r a c t  u s e s  t h e  t e rm A d v a n c e  E n e r gy . The  p r a c t i c e  of p rov i s i on a l  
d r af t i ng  of r e s e rvo i r s  w a s  for ma l i ze d  i n  s e c t i on 9 ( n )  of t h e  P ac i f i c  
Nor thwe s t  Coor d i n at i on A g r e e me n t . 

FElCC Sh i f t 

• F E LCC S h i ft i s  a l so  u s e d  to s e rve  t h e  O S I  F i r s t  Quar t i l e .  F E LCC S h i f t  
u s e d to s e r v e  t h e  F i r s t  Quart i l e  o f  D S I  c u s tome r s  i s  t h e  s ame borrow i n g  
t e c h n i qu e  a s  i s  u s ed b y  Coor d i n at i on Agreeme n t  par t i e s for v ar i ou s  l oa d s . 
Howev e r , DS I s  a r e  s u bj e c t  to f u t u re r e s tr i c t i on s  of t h e i r  Th i rd Quar t i l e  
l oa d s  i f  coor d i n a t e d  s y s t e m  r e s e rvo i r s  f a i l to r e f i l l ,  t h e  y e a r  f rom w h i c h 
t h e  s h i ft was  mad e i s  adop t e d , a n d  BPA n e e d s  t h e  e n e r gy to me e t  i t s f i rm 
ob l i ga t i on s . O t h e r  c u s tome r s  are  not s u bj e c t  to s u c h  r e s tr i c t i on r i g h t s  
t hough  t h ey may h a v e  t o  b e a r  t h e  cos t s  of p u r c h a s e s  o r  op e r at i on o f  mor e  
e x p e n s i ve r e s o u r c e s .  A d v a n c e  En e rgy d i ff e r s  from F E LCC S h i ft i n  t h a t  
F E LCC Sh i ft i s  d o n e  at  t h e  t i me t h e  A n n u a l  Ope r a t i n g P l a n  i s  p r e p ar ed , 
w h e r e a s  t h e  A d v a n c e  E n e r gy operat i on i s  not  r e f l ec ted  i n  t h e  a n n ua l  
p l a n n i ng  proce s s .  A l s o ,  A d v a n c e  E n e r gy h a d , i n  t h e  pa s t ,  b e e n  r e s e rv e d  by 
BPA for u s e  on l y  for i t s O S I  l oad s ,  a n d  i s  s t i l l  u s e d p r e dom i n an t l y  for 
t h a t  p u r pos e .  F E LCC S h i ft i s  u s e d  by BPA for s e rv i c e to O S I  l oa d s  a n d  
o t h e r  marke t s , a n d  i s  u s e d  b y  o t h e r  r e g i on a l  u t i l i t i e s for v a r i ou s  
p u r pos e s . 

F l ex i b i l i ty Energy 

• B PA u s e s  i t s Coor d i n at i on A g r e eme n t  f l e x i b i l i ty r i g h t s  to s h ape  i t s F E LCC 
among  mon t h s  of an Ope rat i n g Year  for s e rv i c e to t h e  O S I  F i r s t  Quar t i l e ,  
amo n g  oth e r  p u r pos e s . 
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Comb i nat i on of Techn i ques 

• Du r i n g DS I con tr a c t  negot i a t i on s , n egot i a tor s r ea l i z e d  t h a t  F E LCC s h i f t 
cou l d  not prov i d e f u l l  s e r v i c e to t h e  F i r s t  Q u a r t i l e  l oa d  t h rougho u t  a 
con trac t year  fo l l ow i n g  r e s e r v o i r r e f i l l .  I n s t ead , t h e  con trac t prov i d e s  
for t h e  u s e  of F E LCC S h i ft ,  A d v a n c e  E n e rgy , a n d  u s e  o f  Coord i n a t i on 
Ag re eme n t  f l e x i b i l i ty a c cou n t i ng  u n t i l t h e  d a t e  of a v a i l ab i l i ty of t h e  
for e c a s t , d e te r m i n e d  by B PA t o  be  t h e  f i r s t  r e l i ab l e  for e c a s t ,  o f  t h e  
Co l u mb i a R i v e r  Ba s i n  v o l ume r u noff . T h i s  d a t e  i s  con s i d e r e d  t o  be  J a n u ary 
1 0 .  The DS I Power  S a l e s Con trac t c a l l s  for a l l t h r e e  t e c h n i q u e s -- F E LCC 
S h i ft ,  F l e x i b i l i ty E n e r gy , a n d  A d v a n c e  E n e rgy-- to be  u s e d  by B PA to s e r v e  
t h e  F i r s t  Quar t i l e  l oad s u p  t o  t h e  d a t e  o f  t h a t  fore c a s t . T h i s w a s  don e 
ma i n l y  b e c a u s e  s t u d i e s made a t  t h e  t i me of t h e  n e got i a t i on s  i n d i c a t e d  t h a t  
u s e  o f  a l l t h r ee  o f  t h e s e  de v i c e s  wou l d  be  n e e d e d  t o  me e t  t h e  F i r s t  
Q u a r t i l e  l oad for t h e  e n t i re  p e r i od from abou t Labor Day t o  J a n uary  1 0 .  
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GLOSSARY 

The wo rds b e l ow are def ined f o r  the reader as they are us ed in this 
Environmental Impac t S t a t ement . 

AC - ( S e e  A l t e rnat ing c ur rent . )  

aMW - ( Se e  Ave rage megawa t t s . )  

Abso l ute - Be ing ful ly as  indi cated ; independent o f  any o ther value o r  
s tandard ; no t c omparat ive o r  relat ive ( opposed to r e l a t ive ) .  

Access - ( S e e  Inte rtie  a c c e s s . )  

Ac i d  depos i t i on - The c omb ina t ion o f  oxi des o f  n i t ro gen and sul fur , in the 
a i r , wi th water , forming a c i d  rain or snow , whi ch may adve r s e ly affe c t  wat er 
resour c e s  and p lant and anima l  l if e . 

Acre-foot - The vo lume of  wa ter that wi l l  c over an area o f  I-acre to a depth 
o f  I foo t . 

Advanced Energy - E l e c t r i c  ene rgy d e l ive red by BPA t o  indus trial cus tome rs 
in l ieu o f  r e s t r i c ting f i rm power d e l ive r i e s  when the Federal C o l umb ia River 
Powe r Sys tem ' s  res ervo i r s  are be ing f i l l ed . BPA may cal l  this ene rgy if it i s  
l ater needed t o  mee t  BPA ' s  f i rm l oads . 

A i r  bas i ns - Def ined areas whi ch genera l ly c onf ine the air-borne p o l l utan t s  
produce d  wi thin them . A i r  p o l lutan t s  tend to c i r cul a t e  and mix toge ther 
wi thin a b a s in . 

A l l uv i a l  fan - A low c one-shaped depo s i t  o f  s ed iment laid down by a 
swif t-f l owing s tream as i t  enters  a p lain o r  an open va l l ey ,  commonl y  in dry 
regions wi th interior drainage . 

A l pha - In the f i e l d  o f  s ta t i s t i c s , the probab i l i t y  ( pe r c entage ) o f  e r r ing 
by re j e c t ing the nul l hypo the s i s  when it i s  ac tua l ly t rue . 

A l ternat i ng current (AC) - Term app l ied to an e l e c t r i c  current o r  vo l tage 
that reve r s e s  i t s  d i re c t i on of f l ow at  regular interva l s  and has a l t e rna t e l y  
pos i t ive and negat ive val ue s , t h e  average value o f  whi ch ( over a p e r i o d  o f  
t ime ) i s  z e ro . 

Amb i en t  A i r  - Amb ient a i r  i s  the a i r  surrounding a par t i cular s po t ,  such as 
a power p l ant . 

Anadromous F i sh - Fish s p e c i e s  tha t spawn and ini t ia l ly rear in fresh water , 
migrate and mature in the o c ean and re turn to f resh water as adul t s . 
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App l i cab l e  rate - The rate ( s )  c ontained in ra t e  s chedul e s  f o r  s e rvice  o f  a 
def ined type . 

Aquat i c  b i ota - The p l ant and an ima l l i f e  of a water body , c ons idered as a 
total  e co l og ical  ent i ty . 

Aqu i fer - Any geological  f o rma t ion c onta ining wate r ,  e sp e c ia l ly one that 
sup p l ies water to we l l s , s p r ing s , e t c . 

Art i fact - An ob j e c t  of  any type made by human hands . Too l s , weapons , 
po ttery , and s cul ptured and eng raved ob j ec t s  are representat ive art i f ac t s . 

Ave rage megawat t s  (aMW ) - The ave rage amount of  ene rgy (nwnbe r  o f  megawa t t s ) 
sup p l ied o r  demanded ove r a spec if ied pe riod o f  t ime . 

Avo i ded-cost methodo l ogy - A me thod used t o  determine the payments f rom 
u t i l i t i e s  to qua l i fying f ac i l i t ie s  ( QF ' s )  unde r  PURP A .  The ut i l ity pays the 
QF an amount based on the c o s t s  f o r  power the ut i l ity avo ids by purc has ing 
power f rom the QF . 

Base l oad - In a demand s ens e ,  a l oad that varies only s l ightly in l eve l ove r 
a s pe c i f ied t ime period . In a supp ly s ense , a p lan t that operates mo s t  
e f f i c ient l y  a t  a relat ive ly c ons tant l eve l o f  gene ra t ion . 

Bent h i c  i nsects - Inse c t s  l iving on the b o t t om of reservo irs o r  s t reams . 

B l ock s l ump - The (usua l ly l imited ) downward d i splacement o f  a mas s  o f  earth 
as  a uni t ,  o f t en caused by exc e s s ive s o i l  saturat ion . 

Borea l - P e rtain ing to the f o re s t  areas and tundras o f  the No r t h  Tempe ra te  
zone and Arc t i c  region . 

Bot tom-ash - Unc ombus ted ma terials  which accumulate in the bot tom o f  a 
b o i l e r and which mus t  b e  removed and , genera l l y ,  d i s p o s e d  o f  as s o l i d  was te . 

Brack i sh - Conta ining s ome sa l t . Brackish wat e r  o f ten resul t s  where f re s h  
waters mee t  the o c ean . 

Buf fer i ng capab i l i ty - The ab i l i ty of  a ma te rial to res i s t  a change in pH 
( ac idity o r  bas i c i t y )  when an ac id o r  base i s  added . 

Bypass - Water re leased f rom a 
turb ines or ove r the s p i l lway . 
r e l eases , and f i sh l adde r s . 

pro j e c t  whi ch does not  go  through the 
Bypas s  may inc lude l eakage , navi gat ion l o c k  

cf s - ( See Cub i c  f e e t  pe r s e c ond . )  

CFM V I  - ( Se e  Common Fo recast ing Me thod o l ogy V I . )  
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Capac i ty - The amount o f  power that can b e  produced by a generator o r  
carried b y  a transmi s s ion fa c i l i ty at any ins tant . Al s o , the s ervi c e  whereby 
one uti l i ty del ive rs f i rm ene rgy during ano ther uti l i ty ' s  period of peak usage 
w i th return made dur ing the s e c ond ut i l i ty ' s  o f fpeak peri ods ; compensat ion f o r  
t h i s  servi ce may b e  w i th money , energy o r  o ther s e rvi c e s . 

Capac i ty add i t i ons - Propo s a l s  to  inc rease the power carrying capab i l i ty o f  
the Inte r t i e--the Third AC / C OTP and the D C  Terminal Expans ion Proj e c t .  

Capac i ty/energy d i vers i ty exchange - A t ransac t ion in wh i ch one ut i l i ty 
provides ano the r with capac i ty s ervi ce dur ing i t s  peak season , with 
compensat ion as the d e l ive ry o f  add i t ional amount s  o f  ene rgy to the f i r s t  
ut i l i ty during i ts peak s eason . This  type o f  exchange bene f i t s  ut i l i t i e s  tha t  
do no t peak at the same t ime , i f  delive r i e s  and re turns can be made a t  the 
t ime of each ut i l i ty ' s  sys tem peak . 

Capac i ty/energy exchange - A t ransac ti on in wh i ch one ut i l i ty provides 
anothe r wi th capac i ty s e rv i c e  in exchange for add i t ional amoun ts  of f i rm 
ene rgy ( exchange ene rgy ) usua l ly dur ing o f f peak hours o r  money under spe c i f ied 
cond i t ions . 

Cap i ta l  costs  - The cos t s  to  c ons truc t a powe r p lant , inc lud ing the cos ts o f  
ma terial s ,  permi t s , and intere s t  on borrowing . 

Cap i ta l  i nvestment i n  new resou rces - ( s ee Capi tal c o s t s ) 

Car ry i ng capac i ty - The amount o f  ene rgy tha t a Transm i s s ion f ac i l i ty can 
carry unde r  spe c i f ied c ond i t ions . 

Cogenerat i on - The genera t ion o f  power in con j unc t ion w i t h  ( usua l ly )  an 
indus trial  pro c e s s , us ing was t e  heat f rom one pro c e s s  to f ue l  the o the r . 

Common Forecast i ng Methodo l ogy V I  (CFM V I )  - F i l ings o f  p ro j e c ted loads , 
c os ts , and prices  by Cal i f o rnia ut i l i t i e s  to  the Cal i f o rnia Energy Comm i s s ion . 

Compos i te reta i l rates - The ave rage retai l rat e s  calculated f o r  ( 1 )  a l l  the 
pub l i c ly owned ut i l i t i es and ( 2 )  a l l  the inve s t o r-owned ut i l i t ies in the 
Pac i f i c  No r thwe s t . 

Computed Requ i rements - BPA ut i l i ty cus tomers wi th l arge power generat ing 
res ources , or s hares of large res ources , purchase powe r on the bas is  o f  
c omputed requi rements . Th is  means that the cus tome rs ' en t i t l ement to  power is  
c omputed wi thin cer tain minimums and maximums . This  d i f f e r s  f rom me tered 
requi rement s  whi ch ent i t l e s  a cus tome r to  whatever it needs dur ing a month to 
s e rve its regional f i rm l oad . Al l computed requi remen t s  cus tome rs " as s ure " 
the capab i l i ty o f  the i r  f i rm power gene rat ing resourc e s . S ome c omputed 
requi rement s cus tome rs may pur chase a l l  o f  the f i rm powe r needed to  s e rve the 
remainder o f  the ir  f irm l oad . O the r c omputed requi rement s  cus tome rs f ix in 
advance the amount of  power they are g o ing to  pur chase f rom BPA e i ther f o r  a 
year or f o r  7 years bas ed on e s t imates of  the i r  power needs wh ich exc eed the ir 
as sured capab i l i ty .  

D-3 



Coord i nat i on Agreement - An agreement among s everal o f  the reg i on ' s  larges t 
gene rat ing u t i l i ties and BPA wh i ch provides rul es f o r  opera tion o f  the 
parties ' hydro e l e c t r i c  pro j e c t s as if they were a l l  owned by a s ingle en t i ty .  
Th is agreemen t makes the b e s t  use o f  the water and s to rage capab i l ity o f  the 
reg ion by a s s ur ing that the who l e  sys tem is operated as if it was al l owned by 
a s ing l e  ent i ty .  

Cr i t i ca l  Ru l e  Curve - A s e t  o f  end-of-mon th reservo ir contents wh ich take 
the reservo i r  f rom ful l to emp ty dur ing a c r i t ical  period . C r i t i ca l  rul e 
curves are used to guide reservo ir operat ion dur ing ac tual operat ion . 

Crustaceans - Aqua t i c  c rea tures such as  barnac l e s  and c rab s , which have a 
s egmented body , an exterior s he l l - l ike ske l e ton , and pai red , j o inted l imb s . 

Cub i c  feet per second (cfs)  - A uni t  o f  meas urement pertaining to f low o f  
wa te r .  One c f s  i s  equa l to 4 4 9  ga l l ons per  minute . 

Cu l t u ra l resou rces - The nonrenewab l e  evidenc e  o f  human o c cupa t ion o r  
a c t ivity a s  s een i n  any d i s tr i c t ,  s i te , bui l d ing , s t ruc ture , ar t i fac t ,  ruin , 
obj e c t ,  wo rk o f  art , arch i t e c ture , o r  natural f eature that was importan t in 
human his tory at the na t iona l , S tate , or l o cal l eve l . 

DC - ( See D i re c t  current . )  

DS I - ( See Direc t-se rvice indus t ries . )  

Dam passage - The percentage of  f i s h  which g e t  f rom one s ide o f  a dam t o  the 
o ther al ive . 

Damage funct i ons - Mathema t i cal expre s s ions based on s c ient i f i c  and 
s o c ioeconomic  obs e rvat ions whi ch can be used to re late expo sure to an 
environmental c ond i t ion to an e c onomic o r  s o c ial  cond i tion .  

Dec l i n i ng b l ock rate st ruct ure - I n  a rate s chedul e f o r  a par t i cular 
cus tome r c l as s , a s t ruc ture that s pe c i f ie s  l ower kWh ra tes  as c onsump t i on 
inc reases f o r  s pe c i f ied ranges of  usage . 

Decrementa l cost - The c o s t  that a ut i l i ty c ould avo id by no t operat ing a 
power plant ; a ut i l i ty ' s  dec remen tal c o s t  i s  cons idered by s ome regulators  to 
be a "fair" rate for the u t i l i ty to pay for purchas ed power . 

Deoxygenat i on - The dep l e t ion of  d i s s o l ved oxygen in wa ter . 

Deta i l ed F i she r i es Operat i ng P l an - A C o l umb ia River hydro e l e c t r i c  sys tem 
operat ion manual prepared by f ish and wi l d l i f e  agen c i e s  and Ind ian Tribes f o r  
f i sh pas sage re lated t o  the mains tem Columb ia Rive r .  

Dewater - ( a )  T o  remove wa ter f rom a s o lut i on containing was t e s  in order to 
c oncentra t e  and then dispo s e  of  the was tes . (b ) To d ive rt or remove wa ter 
f rom a s t ream o r  r iver channel in order to c ons truc t o r  rebui l d  dams and 
related hydro e l e c t r i c  f ac i l i t ie s . 
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D i rect current ( DC )  - Term app l i ed to an e l e c t r i c  current o r  vo l tage whi c h  
may have pul sat ing charac t e r i s t i c s , but wh i c h  d o e s  no t reverse d i re c t ion at  
regul ar interva l s . 

D i rect Serv i ce I ndust r i es ( DS l s ) - Indus trial  cus tome rs ( pr imar i l y  a l uminum 
c ompanies ) whi ch purchase ene rgy d i re c t l y  f rom BPA . 

D i spatch - The mon i t o r ing and regulation o f  an e l e c t r i cal sys tem to provide 
coordination ; o r  the sequenc e  by which e l ec t r i cal gene rat ing res ourc es are 
cal l e d  upon to g enerate powe r t o  s erve chang ing amounts o f  load . 

D i sp l acement - The sub s t i tu t i on o f  l ess -expens ive ene rgy ( usua l ly 
hydro e l e c tr i c  ene rgy transm i t te d  f rom the Pac i f i c No r thwe s t  o r  Canada ) f o r  
more expens ive the rma l energy produced i n  Cal i f o rnia . Such d i s p lacement means 
that the thermal plants may reduce or shut down the i r  p roduc t i on ,  saving money 
and o f ten reduc ing air po l l ut ion as we l l . 

D i sso l ved gas concen t rat i ons - The amount of  chemi cals  no rma l l y  o c curr ing as 
gas e s , such as n i t rogen and oxygen , whi c h  are held in s o lut ion in wa te r , 
expres sed in uni t s  such as mi l l igrams of  the gas per l i t e r  of  l i quid . 

D i st r i but i on cost s  - Cos ts faced by a util i ty that s e l l s  e l e c t r i c i ty at  
r e tai l to consumers , the  c o s t s  of  t rans p o r t ing the powe r  f rom the transmi s s ion 
subs tat ion to the c onsume r .  

Doub l e-c i rcu i t  - The plac ing o f  two separate e l e c t r i cal c i r cui ts on the same 
row of towers . For al ternat ing current , each c i rcuit c ons i s t s  o f  three 
separate conduc tors o r  bund l e s  of conduc tors . 

Downst ream M i grant Surv i va l  - The survival of  an ind ividua l j uven i l e  salmon 
or s teelhead f rom the t ime it ent ers the mains t em Snake or Columb ia rive r s , 
unt i l  i t  ge ts b e l ow Bonnevi l l e  Dam . 

Drawdown - The d i s tance that the wa ter s urface o f  a reservo i r  is  l owered 
f rom a g iven e l evat ion as water is rel eas ed f rom the reservo ir ( draf ted ) .  

Economy energy - Nonf i rm energy that can be generated on a par t ia l l y  l oaded 
generat ing uni t ,  o r  purchases  o f  ene rgy , at a p r i c e  l e s s  than decremental 
cos t .  Economy energy i s  unc ond i t iona l l y  interrup t ib l e . 

E l ect rostat i c  prec i p i tators - Devices used to remove par t i culate a i r  
p o l lutants f rom an air s tream b y  e s tab l i shing an e l e c t r i c  c harge o n  the 
part i c l e s  whi ch then are a t t racted to an oppo s i tely charged c o l l ec to r . 

Emergence - Migrat ion o f  ha t ched salmon f ry up through the grave l of  a redd 
p reparatory to cont inuing the i r  l i f e  cyc l e  in o pen wat er . 

Endangered - A p l ant or animal spec ies whi c h  i s  in dange r  o f  ext inc t ion 
throughout all o r  a s igni f i cant port ion of i t s  range becaus e i t s  hab i tat  i s  
threa tened with de s t ruc t ion , dras t i c  mod i f i c a t i on ,  o r  severe c urtai lment , o r  
becaus e o f  overexp l o i tat ion , d i sease , predat ion , or o ther f a c t or s ; federa l ly 
endange red s pe c ie s  are o f f i c i a l ly des ignated by the U . S .  F i s h  and Wi l d l i f e  
Se rvi c e  and pub l i shed in the FEDERAL REG I STER . 
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Energ i zat i on - The p o int at  wh ich a c ompl eted ene rgy f ac i l i ty is  put into 
operat ion . 

Energy Content Curve ( ECC) - A s e t  o f  end-o f -mon th reservo ir contents which 
as sure a high probab i l i ty o f  ref i l l ing the reservo i rs . 

Energy l osses - The d i f f erence b e twe en power supp l ied and power rece ived , 
due to d i s s ipat ion by the t ransmiss ion l ine o r  o ther fac i l i ty .  

Energy surp l us - A cond i t i on in whi ch a ut i l i ty sys tem can supp ly more 
ene rgy than is  demanded ; the ene rgy may b e  nonf i rm ,  due to wa ter c ond i t ions , 
o r  f i rm , due to exc e s s  gene rat ing capab i l i ty .  

Entra i nment - The drawing o f  f ish and o ther aqua t i c  organisms into tubes  o r  
tunnels  carrying water f o r  c oo l ing purposes into thermal p l ants  o r  f o r  
gene rat ing purpo s e s  into hydro e l e c t r i c  p l an t s . Ent rainment inc reases  
morta l i ty rates f o r  those  o rganisms . 

Env i ronment a l  I mpact Statement ( E I S) - A document prepared by a Federal 
agency on the environmental impa c t  of its propo sals  for l e g i s lat ion and / o r  
o ther maj o r  a c t ions s igni f ican t ly a f f e c t ing the qua l i ty of  the human 
environment . E 1 S s  are used as too l s  f o r  dec i s ionmaking and are requi red by 
the Na tional Envi ronmen tal P o l i cy Ac t of 1 96 9 .  

Equ i l i br i um va l ues - For the pro j e c t ion o f  B C  Hydro ' s  re tai l  power rat e s  f o r  
the E 1 S , the rates  tha t  ref l e c t  an e c onomic e qui l ib r ium of  supply and demand , 
c ons ider ing the c o s t  to supp ly the power ( le s s  revenue s f rom s e c ondary s a l e s ) 
and the l oads . 

Estuary - A c oas tal inlet where sa l t  wa ter mee t s  f resh wate r , as  at  a 
r ive r ' s  mouth . 

Eut roph i ca t i on - The increase o f  aqua t i c  vegetat ion (at  the expense o f  
anima l l if e ) as mo re p lant nut r i en t s  are supp l ied . 

Exchange energy - Unde r  a capa c i ty/energy exchange c ontrac t ,  the energy that 
mus t be gene rated or purchas ed by a uti l i ty as  compensat ion f o r  capa c i ty 
s e rvice  that was provided by ano ther ut i l i ty .  

Export sa l es - The sales  o f  e l e c t r i c i ty f rom one region t o  ano ther . 

Ext rareg i ona l - Any ent i ty o r  place  no t w i thin the Pac i f i c  Nor thwe s t .  

FCRPS - ( See Federal Columb ia River Power Sys tem . ) 

Federa l Base System - Resources c ons i s t ing o f  hydro e l e c t r i c  fac i l i t i e s  of  
the Federal gove rnment ,  as we l l  as  Washingt on Nuc l ear Pro j e c t  No . 1 and No . 2 ,  
and 7 0  perc ent o f  No . 3 ,  part o f  the Hanford Nuc l ear Proj e c t , and a portion of  
the Tro j an Nuc l ear Pro j ec t ,  a l ong with a f ew o ther m i s c e l laneous powe r 
gene ra t ing resources . BPA uses the s e  resourc e s  t o  serve the f irm ene rgy l oads 
of  i t s  cus tomers . When BPA a l l o cates  power dur ing periods of insuf f i c i enc y , 
i t  i s  the Federal Base Sys t em resources  that  are used in the a l l o c a t ions 
f o rmula . 

D-6 



Federa l Co l umb i a  R i ver Powe r System ( FCRPS) - The hydro e l e c t r i c  dams on the 
C o l umb ia Rive r f inanced by the U . S .  Treasury , wh i ch operate as a coord ina t e d  
gene rat ion sys tem ,  and for wh ich B P A  s e rves as t h e  powe r ma rke t e r . 

Federa l Energy Regu l atory Comm i ss i on - A Federal agency whi ch reviews 
hydroelectric  pro j e c t s  and submi t t ed app l i ca t ions for opera t ing l i c ens e s . 

FELCC Sh i f t - ( S ee Firm Energy Load Carrying Capab i l i ty . ) A p lanning 
a c t ion , under the C o o rdina t ion Agreement , in which they hydrosys tem genera t e s  
mo re e l ec t r i c i ty i n  one port ion o f  t h e  c r i t i ca l  period whi l e  generat ing l e s s  
in ano ther port ion o f  the period . Usua l ly FELCC i s  shif ted into the f i rs t 
year o f  the c r i t ical  period , result ing in l owe r reservo i r  l eve l s . 

FGD - ( S ee Flue-gas desulfurizat ion . )  

F i nge r l i ngs - Young o r  sma l l  f i sh ,  e s pe c ial ly very sma l l  sa lmon o r  t rout . 

F i rm - In the powe r indus t ry , guaran teed o r  as sured . May ref er to  a 
guaranteed supply o f  power , to  guaranteed ac c e s s  to a means to  t ransmi t powe r ,  
o r , wi th re ference to l oads , t o  guaranteed s ervi c e  f o r  a def ined need . 
Usua l ly def ined f o r  a g iven period of  t ime . 

F i rm Energy Load Ca rry i ng Capab i l i ty ( FELCC) - The l eve l o f  energy capab l e  
o f  be ing produc ed b y  the hydro gene rat ion sys tem us ing a l l  o f  the reservo i r  
s t o rage in combinat ion wi th c r i t i ca l  period s t reamf l ows . ( C r i t i cal  period 
r e f ers to that portion of  the h i s t o r i cal 40-year s t reamf low r e c o rd which 
produc e s  the l eas t amount o f  energy , with energy be ing used a c c o r d ing to  
seasona l load pa t t erns . )  

F i rm energy l oad carry i ng capab i l i ty - The mlnlmum l evel o f  energy that can 
be produced and shaped to  l oad dur ing the period i t  woul d take r e s e rvo irs  t o  
be dra f ted f rom ful l to  emp ty under c r i t ical  s t reamf low cond i t i ons . 

F i rst Quart i l e - The DS I s  e l ec t r i c  opera t ing demands are d ivided into four 
quar t i l e s . The upper quar t i l e  ( a l s o  cal led f i r s t o r  !Qp )  i s  that port i on of  
the DS I ' s e l e c t r i c  l oad whi ch B PA may res t r i c t  for  any reason o r  which DS I ' s  
may curtail f o r  any reason . 

F i sh l adder - A s e r i e s  o f  a s c ending poo l s  c on s t ructed to  enab l e  salmon o r  
o t he r  f ish t o  swim ups t ream around o r  over a dam . 

F i sh passage fac i l i t i es - Features o f  a hydroe l e c t r i c  or o ther type of  dam 
to enab l e  f i sh to move around , through , or over them wi thout harm . 

F i sh Sp i l l  P l an - A p l an to  provide a certain percentage o f  the to ta l  f l ow 
o f  a pro j e c t  as s pi l l , f o r  Federal and non-Federa l proj e c t s . 

F l a r i ng - The prac t i c e  o f  d i s p o s ing of  a was te  c ombus t ib l e  gas by burning i t  
in a open f l ame wi thout re c overy o f  heat and , typ i cal ly , a t  the top o f  a s tack . 
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F l ow rate - The volume o f  a f luid whi ch pas s e s  a p o int  in a def ined channe l 
per un i t  of t ime . 

F l ow reg i mes - The pat t e rn of f l ow as  i t  changes with t ime ove r the course 
o f  s ome spec i f i c  t ime period . 

F l uctuat i on zone - The area be twe en the maximum and min imum wa t e r  l eve l s  in 
a res ervo i r .  

F l ue-gas desu l fu r i zat i on (FGD ) - The pro c e s s  o f  removing sulfur d ioxide and 
o ther oxides of sul fur f rom gas e s  gene rated by c ombus t ion or s ome other 
process  before they are discharged t o  the a tmos phere . 

F l y-ash - Par t i culate  mat ter rema ining af t e r  c ombus t ion o f  a ma t e r ial whi c h  
i s  en t rained into t h e  g a s  s tream , and whi ch may i n  l arge part be cap tured b y  
an a i r  po l lut ion c ontrol  devi c e  and , gene ra l l y ,  d i s posed as a s o l i d  was t e . 
Fly-ash not s o  cap tured i s  d i s charged as  par t i culate  mat t er int o  the 
a tmo s phere . 

Foodweb - The int e r l oc king pat t e rn o f  food chains that resul t s  f rom the i r  
int e rc onne c t ion wi t h  one ano the r ; a way of p r e s ent ing the f l ow o f  energy 
through an ecosys t em .  

Forced outage - The unexpec ted f a i l ure o f  s ome par t  o f  the powe r sys tem t o  
perform i t s  func t i on .  

Forebay - The por t i on o f  the res e rvo i r  a t  a hyd roe l e c t r i c  plan t which i s  
immedia t e ly ups t ream o f  the gene ra t ing s tat ion . 

Formu l a  a l l ocat i on - C ond i t ions e s tab l i shed by the NTIAP f o r  a l l o cat ing 
a c c e s s  to the Int e r t i e , spe c i f ied by formul a .  

Foss i I fue l - A combus t ib l e , carbonac eous mat e r ial  f o rmed f rom the remains 
of anc ient plan t s  and anima l s . C ommon f o s s i l  f ue l s  include coal , natural gas , 
and derivat ives o f  petro l eum such as fuel o i l  and gas o l ine . 

Funct i ona l capac i ty - The actua l  power carrying capab i l i ty o f  a t ransmiss ion 
l ine . 

Fue l  convers i on e f f i c i enc i es - The rat io ( c ommonly expres sed in percent ) o f  
t h e  heat ing value o f  t h e  f u e l  us ed per uni t  t ime t o  the powe r output of a 
gene rat ing plant . 

Genera l Cont ract Prov i s i ons (GCPs ) - Power s a l e s  contract provlS lons c ontain 
d e t a i l ed inf ormat ion on charge s , rat e s , d e l ivery , e quipment , b i l l ing , 
me tering , and o t he r  prov i s i ons required by s tatute . Thes e  prov i s i ons are 
c ommon t o  a l l  BPA powe r sales contracts and are a l s o  c ontained in o ther BPA 
c ontrac t s . (Al l references to GCP Form P SC-1 , dated 8-25-81 . )  

Geot herma l (energy ) - The heat ene rgy ava i l ab l e  in the ro cks , hot wate r ,  and 
s t eam in the earth ' s  subsurf ace . 
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Groundwater - The supp ly o f  f resh wa ter under the earth ' s  surface in an 
aqui f e r  o r  soil . 

Hydrau l i c head - The ve rt ical d i s t ance be tween the surface of the reservo i r  
and the surface immediately dO�l s t ream of the turbine and dam . 

Hydrau l i c res i dence t i mes - The ave rage trave l t ime f o r  a par t i c l e  o f  wat e r  
through a reservo ir o r  o ther body of wa ter . 

Hyd ro B l ock - The e l e c t rical  ene rgy ava i l ab l e  f rom the hydro sys tem which i s  
divided into various port ions o r  " b l o c k s , "  depending o n  c ond i t ions app l ied to  
i t s  use . 

Hyd rocarbons - Chemi cal c ompound s containing hyd rogen and carbon . Some 
hydrocarbons may become a i r  p o l lutan t s . Some hydrocarb on air p o l l utants are 
carc inogeni c ,  and some react with o t he r air p o l lutan t s  to f o rm pho tochemi cal  
smo g . 

Hyd roe l ect r i c  - With referenc e to a power sys tem , the produc t ion o f  e l e c t r i c  
powe r through u s e  o f  the gravi tat i ona l f o r c e  o f  f a l l ing wate r . 

Hyd ro l ogy - The local i zed cond i t i ons relating to  the o c c urrenc e , 
c i rculat ion , d i s t r ibut ion , and prope r t ies o f  ground and surface wa t e rs . 

Hyd rostat i c  test i ng - The use o f  pres surized wat e r  to  t e s t a tank , pipel ine , 
or other equipment f o r  l eaks . 

I OU - ( See Inve s t o r-owned ut i l i t ie s . )  

I nvestor-Owned Ut i l i t i es ( I OU ' s ) - P r ivate ly owned ut i l i t ie s  who s e  p rograms 
are f inanced by priva t e  (nongove rnment ) inve s t or s  in the u t i l i ty ' s  s tocks and 
bond s . ( In contras t to pub l i c l y  owned ut i l it ies . )  

I SW - ( See Inland Southwe s t . )  

I mpoundment - The accumulat ion o f  wat e r  in a r e s e rvo i r . 

I ncubat i on - The period be tween f e r t i l izat ion o f  an egg and i t s  ha t c hing . 

I n l and Southwest ( I SW )  - For the purposes  o f  this E I S , the S t a t e s  o f  Nevada , 
Ar izona , Colorado , Utah , and New Mexi co . 

I nstantaneous f l ow rate - The minimum amount o f  f l ow required ( usua l ly in 
terms o f  f ish surviva l and f unc t ioning ) at a g iven moment in t ime . 

I nterrupt i b i l i ty - The extent to whi ch the f l ow o f  powe r can be s to pped f o r  
a given period o f  t ime . By agreement , the supply o f  interrupt i b l e  powe r can 
be shut o f f  to a cus tome r on relat ive ly short ( hours or a f ew days ' )  no t i c e . 

I nundat i on - The f l ooding or cove r ing up o f  an area w i th wa te r . Inundat ion 
o c curs when a reservo ir i s  f i rs t f i l l ed . 
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Juven i l e  - The s tage in the l i fe cyc l e  o f  anad romous f ish when they migra te 
downs tream to the oc ean . 

kcfs - One thousand cub i c  fee t per s e c ond . A measure o f  speed and vo l ume o f  
wa ter f l ow .  ( See Cub i c  f e e t  per s e c ond . ) 

K i l owat t hour (kWh ) - The c ommon uni t  o f  e l ec t r i c  energy equa l to  1 k i l owa t t  
o f  power suppl ied t o  o r  taken f rom an e l e c t r i c  c i rcuit  for  1 hour . A k i l owa t t  
equa l s  1 , 000 wat t s . 

LCMM - ( See Leas t C o s t  Mix L inear P rogram Mod e l . )  

LP - ( S e e  Marke t ing L inear Program Model . )  

LT I AP - ( See Long Term Inte r t ie Ac c e s s  P o l i cy . ) 

La i ssez-fa i re - A hypo the t ical hands-off  po l ic y  o f  Inte r t ie ac c e s s  that 
would a l l ow the Inte r t i e  to  b e  used on a f i rs t-come , f i rs t-served bas i s ; no 
re s t r i c t ions woul d be imposed on ac c e s s  t o  the I n te r t i e  for new resourc e s . 

Larvae - The newly hat che d , ear l i e s t  s tage o f  anadromous f ish . 

Lead Federa l agency - The Federa l  agency charged with  pr imary res pons ib i l i ty 
for  evaluat ing in c onfo rmance with the Nat ional Envi ronmenta l  P o l icy Ac t the 
poten t ia l  envi ronmental e f f e c t s  of a pro j e c t  invo lving Federal ac t ion . 

Leakage - An amount of wa ter which l eaks around a dam wi thout pas s ing 
through the turb ine s , s p i l lway gat e s , or naviga t i on l o cks . 

Lockage - An amount of  wat e r  which pas s e s  through the naviga t i on l o c k s  and 
doe s no t pas s  through the s p i l lway gat e s  or turb ine s o f  a dam . 

Least Cost M i x  L i near Prog ram Mode l ( LCMM ) - A l inear program c omputer mod e l  
tha t e s t imat e s  t h e  amount of reg ional generat ion and c onserva t i on resour c e s  
tha t  should be a c quired t o  yield  a l eas t-co s t  resource mix to  me e t  a g iven 
f i rm l oad ove r a 20-year p l anning hor izon . 

Least cost m i x  of  resou rces - The c omb inat ion o f  gene rat ing ( inc l uding 
c ons e rva t ion ) resourc e s  that woul d  mee t  a given amount of load a t  a g iven t ime 
or f o r  a given period mo s t  e c onomi ca l ly .  

Leveed i s l ands - An area o f  l and c omp l e t e l y  s ur rounded by wat e r  pro t e c t e d  
f rom f l ooding during high wa ter by l evees , embankment s  of earth r imming the 
i s land . 

Leve l i zed - Of c os t s , a me tho d of cal culat ing e qual , periodic paymen t s  or 
receipts  from une qual c o s t  data for the s ame t i me period , cons i d e r ing the t ime 
value o f  money . 

L i near reg ress i on ana l ys i s  - The derivat ion o f  a ma thema t ical r e l a t ionship 
be tween dependent and independent variab l e s  bas ed on a random samp l e  of 
ob s e rvat i ons . 
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L i t tora l zone - The sha l l owe r wa ters  near the shore o f  a reservo i r  o r  lake . 

Load - The amoun t o f  e l e c t r i c  powe r o r  energy de l ive red o r  required at any 
spe c i f ied po int o r  po int s on a sys t em .  Load o r i g ina t e s  pr ima r i l y  a t  the 
ene rgy-consuming equi pment of the cus tomers . 

Load g rowt h  - Inc rea s e  in demand f o r  e l e c t r i c i ty . 

Load management - Inf luenc ing the l eve l and shape o f  the demand f o r  
e l e c t r i c a l  energy so that i t  ma tches resources avai lab l e  as we l l  as  long-run 
obj ec t ives and const raint s .  

Load prof i l es - Informat ion on the shape o f  cus tomers ' demands f o r  
e l e c t r i c i ty over time . 

Load/resou rce ba l ance - The point a t  which the demand f o r  e l e c t r i c i t y  
ma tches o r  balanc es t h e  amount and type o f  resources  ava i lab l e  t o  s e rve tha t 
demand . 

Long Term I ntert i e  Access Po l i cy ( LT I AP)  - The po l i cy be ing deve l o ped by BPA 
to a l l o ca t e  use of the Federal po rt ion o f  the Intertie  for the l ong t e rm , an 
inde f ini te  period tha t would a t  l eas t encompa s s  l ong-term powe r s a l e s  ( up to  
20 years ) and long-term t ransmiss ion c on t rac t s . 

Low water  years - Years in which l e s s  wa ter than usua l  i s  rece ived in a 
r ive r sys tem produc ing power f rom wat e r  f l ow .  This i s  usua l ly a c ons equence 
o f  reduc ed rain/ snow f a l l  ove r the f a l l  and winter months . 

MW - ( See Megawa t t s . )  

Macro i nvertebrates - Nonmicroscopic  an ima l s  wi thout a s p ine . 

Marg i na l  energy costs - For a generat ing resource , the c o s t  to produce one 
more k i l owa t thour of e l e c t r i c i t y .  

Market i ng L i near Prog ram Mode l ( LP)  - A l inear p rogram c ompute r  mode l tha t  
calcul a t e s  decremen tal c o s t f o r  each ut i l i ty i n  the Southwe s t . 

Megawa t t s  (MW) - A megawa t t  is one mi l l ion wat ts , an e l e c t r i c a l  un i t  o f  
power . 

M i croc l i mate - The c l imat e  o f  a sma l l  area , as o f  hous e s , o f  p l an t  
c ommun i t i e s , or of urban c ommuni t i e s . 

M i ne-mouth - Used to  r e f e r  to  the rma l generat ing plan t s  l o cated c l ose  enough 
to the fue l  source ( general ly c oa l ) that no long-d is tance fue l  t rans port  i s  
necess ary . 

M i n i mum generat i on const ra i nts - For thermal powe r p l an t s , the �ln lmum l eve l 
of opera t ion tha t mus t  be ma in tained to keep the p lant ready to gene rat e  power 
when needed . 
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Mode l Conservat i on Standards - A c ons e rva t ion program deve loped in 
acco rdance wi th the Pac i f i c  No rthwe s t  Power Ac t by the No r thwe s t  P owe r 
Planning Counc il  to def ine and adopt c o s t-e f f e c t ive conservat i on s t andards as 
one of  the reg ion ' s  e l e c t r i c  gene rat ing resources . 

New Large S i ng l e  Load ( NLSL )  - Any l oad as s o c iated w i th a new f ac i l i ty , and 
exi s t ing f ac i l i ty ,  or an expans ion o f  an exi s t ing f ac i l i ty whi ch : 

is not contrac ted f o r , or c ommi t ted to , as  determined by BPA , by a 
pub l i c  body , cooperative , inve s t o r-owned ut i l i t y ,  o r  Federal agency 
cus tome r prior to  Septembe r  1 ,  1 9 7 9 ; and wh i ch 

wi l l  resul t in an inc rease in powe r requi rement s  of  such cus tomer of  
1 0  average megawa t t s  or mo re in any c onsecut ive 1 2-month period . 

N i t rogen supersaturat i on - A cond i t ion of  water in wh ich the concen t ra t ion 
of d i s s o l ved n i t rogen exceeds the satura t i on level of the water . Exc e s s  
nit rogen can l ead to bubb l e s  of  n i t rogen i n  the c i rculatory sys tems of  f i sh . 

Nom i na l  do l l a rs - Fo r e c onomi c analys i s , d o l lars in the year s pe c i f i ed , no t 
adj us ted f o r  the e f f e c t s  o f  inf lat ion o r  the t ime va lue of  money . 

Nonf i rm energy - Energy ava i lab l e  due to  wa ter cond i t ions b e t t e r  than 
c r i t i ca l , s o l d  on an in terrupt ib l e  (nonguaranteed ) b a s i s . 

Northwest Power Act - ( See Pac i f i c  Northwe s t  E l e c t r i c  Power P l anning and 
Cons erva t ion Act . )  

Northwest Power P l ann i ng Counc i l (Counc i l )  - The Pac i f i c Nor thwes t  E l e c t r i c  
Powe r and Cons e rva tion P l anning Counc i l ,  e s tab l ished by the No r t hwe s t  Power 
Ac t .  They are charged wi th devis ing a regional e l e c t r i c  energy p lan f o r  the 
Pac i f i c  Nor thwe s t  and a regional program to  prote c t , mi t i gate , and enhanc e  
f ish and wi l d l i f e  i n  t h e  Co lumb ia River Bas in . The C ounc i l  i s  c omposed  of  two 
appo inted representat ives f rom the S ta tes o f  Oregon , Idaho , Wash ing ton , and 
Montana . 

Nu l l  hypothes i s  - A s ta t i s t i cal hypo the s i s  to be t e s t e d  and a c c e p t e d  o r  
rej e c ted in f avo r o f  a n  a l t e rna t ive ; s pe c i f i ca l l y ,  t h e  hypothe s i s  that an 
ob served d i f f e rence i s  due to chance a l one and no t due to a sys t ema t i c  caus e .  

Nut r i ent l oad i ng - The quant i ty o f  e l emen t s  o r  compounds es sen t ia l  a s  raw 
materia l s  f o r  o rganism growth and deve lopment which are d i s so lved o r  sus pended 
in a samp l e  of wat e r .  

Of fpeak hours - Period o f  relat ive ly low sys tem demand f o r  e l e c t r i c a l  
energy , as  s p e c i f ied by the suppl ie r  ( such as the m i d d l e  of  the night ) .  

Outp l ant i ngs - Fish ha t ched and ini t i a l ly reared in a ha t chery , whi c h  are 
then planted into natural hab i ta t s  to  c ont inue j uven i l e  rearing . 

Overburden - The topmo s t  l ayers o f  s o i l . In this E I S ,  the 30-5 0 ' l ayers o f  
s o i l  s t r ipped o f f  to reveal coal s eams i n  the proc e s s  o f  s trip mining . 
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PCB ' s  - ( See Po lychlorinat e d  b iphenyl s . )  

PF rate - ( See Prio r i ty F i rm rat e . )  

PNW - ( S ee Pac if ic No r thwe s t . )  

PSD - ( Se e  P revention o f  S igni f i cant Deteriora t ion inc remen ts . )  

PURPA - ( See Pub l i c  U t i l i t i e s  Regulatory P o l icy Ac t . )  

Pac i f i c  Northwest (PNW) - For this E I S , the S tates o f  Was hington , Oregon , 
and I daho ; the port ion of Montana wes t  of the Cont inen tal Divide ; and areas in 
Mon tana , Nevada , and Wyoming surrounding coal  plant s  that s e rve the PNW . 

Pac i f i c Northwest E l ect r i c  Power P l ann i ng and Conservat i on Act - S i gned into 
law Dec ember 5 ,  1 980 , the Ac t provides f o r  coord ina ted p l anning of the Pac i f i c  
No rthwes t ' s  energy future , through a Reg iona l P l anning Counc i l  with  
representation f rom O regon , I daho , Montana , and Washing ton . 

Pa i red t-test - A s ta t i s t i ca l  c omparison be tween two s e t s  o f  data used t o  
determine to  what ext en t they a r e  d i s s imilar . 

Passage surv i va l  - The surv ival ra te  o f  migratory f i sh through , around , o r  
ove r dams o r  o ther ob s t ruc t i ons in a s tream o r  r iver . 

Peak l oads - The maximum e l e c t r i cal  demand in a s tated  period o f  t ime . I t  
may b e  the maximum ins tantaneous l oad o r  the maximum ave rage l oad wi thin a 
des ignated  interval o f  the s ta ted period o f  t ime . 

Perco l at i on - The movement o f  water through the subsurface s o i l  l aye r s , 
usua l ly c ont inuing downward to  the groundwater and wa t e r  tab l e  r e s e rves . 

Photochem i ca l  smog - A type o f  air pol lut ion resul t ing when sunl ight induc es 
chemi cal reac t ions o f  o the r p o l lutan t s , notab l y  n i t ro gen d ioxide and 
hydrocarbons . E l eva t e d  o z one l eve l s  are an ind icator of pho to chem i c a l  smog 
s ince ozone is one of the produc ts  of the pho tochemi c a l  reac t ion . 

Phytop l ankton - The p lant port ion of the f l oa t ing o r  weakl y  swimming 
o rganisms , of ten micros c o p i c  in s iz e , in a body of wa t e r . 

P l ume - The dis charge o f  gas and o ther p o l lutan t s  into amb ient a i r , o r  the 
d i s charge o f  pol luted o r  hea ted water into a b ody of wa t e r  f rom i t s  s ourc e  to 
the poin t  whe re the d i s charge is no l onger i dent if iab l e  s ince i t  has mixed 
with the amb i ent air or the wa t e r . 

P l ung i ng f l ows - Wat e r  f l ow ove r a ve ry s teep surface o r  o f f  of a pre c i p i c e  
into a pool . Thi s  s i tua t i on i s  one wh ich produc e s  high l eve l s  o f  d i s so l ved 
gas es in the water , such as  n i t rogen supersatura t i on .  

Po l ych l or i nated b i pheny l s  ( PCB ' s ) - A g roup o f  noncombus t ib l e  synthe t i c 
insulat ing / dielec t r i c  f luids used in certain e l e c t r i c a l  equipment ; f ound to  be 
very per s is t ent  in the envi ronment and s t rong ly suspe c ted o f  having 
car c inogeni c e f f ec t s . 
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Poo l Morta l i ty - Dea th that o c curs to a j uvenile  sa lmon or s tee lhead as i t  
migrates through the p o o l  or reservo ir o f  a run-of-the r ive r proj e c t . 

Power poo l - A power pool  is two or mo re e le c t r i c  sys tems in terconne c t e d  and 
coordinated to supply power in the mo s t  e c onomi cal  manner for  the i r  c omb ine d 
load requirements and main tenance program . 

Power Sa l es Cont racts - C ontrac ts  which e s tab l ish the t e rms and c ond i t ions 
of BPA ' s  powe r sales . The maximum term o f  powe r s a l e s  cont rac ts  e s tab l ished 
by the Bonnevi l le Proj e c t  Act  i s  20 years . All  such c ontrac ts  s pe c ify the 
quantity o f  the sale and the rate s chedul e or s chedul e s  to be used f o r  
b i l l ing , and incorporate the Gene ral Rate S chedule P r ovi s i ons and the 
appl icab le Gene ral Cont rac t P rovi s i ons . Gene ral ly they inc lude a de s c ript ion 
of the point or points o f  del ivery and spec ify the v o l tage or vo l tages at 
which the power wi l l  be de l ivered . Other provi s ions c over s pe c ia l  c ond i t ions 
app l i cab l e  t o  the s pe c i f i c  cus tomer . 

Pre-emergent f ry - Fish a f ter they have hat ched f rom the i r  eggs but before  
they have le f t  the ir incuba t ion environmen t .  

Predat i on - The capturing of  prey as a means of ma inta ining l i f e . 

Preference customers - Co operat ive s and pub l i c  bodies  ( S tates , pub l i c  
ut i l i ty d i s t r i c t , count i e s , and mun i c ipa l i t ies , in the No rthwe s t  wh ich have 
been g iven pref erent ial rights by Congre s s  to f edera l ly gene rated 
hydroe l e c t r i c  power . 

Prevent i on of s i gn i f i cant deter i orat i on (PSD) i ncrement - Any one of  s everal 
incremental changes in amb i ent total sus pende d par t i culate or sul fur d ioxide 
c oncentrat ions es tab l i s he d  by the Envi ronmental Pro t e c t ion Agency to  pro t e c t  
exis t ing a i r  qua l ity f rom be ing degraded s i gn i f i cant l y  through new 
devel opmen t s , such as c on s t ru c t ion and opera t i on of a new a i r  p o l lut ion s ource . 

Pr i or i ty F i rm (PF) rate - The prio r i ty f i rm ( P F )  rate s chedul e i s  f o r  s a l e  
of  f irm powe r to be us e d  wi thin the Pac i f i c  Northwe s t  b y  pub l i c  bodies , 
coopera t ive s , Federal agenc ies , and I OU ' s  par t i c ipa t ing in the res iden t ia l  and 
sma l l  farm exchange und e r  S e c t i on S ( C )  o f  the Nor thwe s t  Powe r Ac t .  

Project out f l ow - The volume of  water per uni t  o f  t ime downs t ream f rom a 
proj e c t . 

Pub l i c  ut i l i t i es Regu l at ory Po l i cy Act ( PURPA) - Enac t e d  in 1 9 78 , i t  i s  the 
Federal l e g i s l a t ion tha t requires ut i l i t ie s  to  pur cha s e  e l e c tr i c i ty f rom 
qua l i f ied independent power producers at a p r i c e  that ref l e c ts  wha t the 
ut i l i t ie s  would o therwi s e  have to  pay for the c ons t ruc t ion of new gene ra t ing 
resources . 

Pumped Storage - An ar rangement whereby e l e c t r i c  powe r may be gene rat e d  
during peak l oad periods b y  hydro e l e c t r i c  p l ants us ing wa ter previous ly pumped 
into a s to rage res ervo i r  dur ing o f f peak periods . 

Qua l i fy i ng Fac i l i t i es (QF ' s )  - Renewab l e  and cogenera t ion resources  
deve l oped under the  Pub l i c  Ut i l i t ie s  Regula tory P o l i c y  Ac t o f  1 9 78 .  
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Rea l cost esca l at i ons - The increase in c o s t  ove r a period of t ime due 
s o l e l y  to the t ime va lue of money ; that i s , adjus te d  f o r  p r i c e  inf l a t i on . 

Rea l d i scoun t  rate - The f a c t o r  used to  c omput e the p r e s ent va lue o f  a 
future amoun t ,  which adjus t s  s o l e l y  f o r  the t ime value o f  money and does  no t 
inc lude p r i c e  inf lat ion . 

Rec l amat i on - The res torat ion of land to resemb l e  i t s  o r i g ina l c ond i t i on o r  
an ac ceptab l e  sub s t i tute as  to  s hape , vege tation , and wi l d l i f e ; re c l ama t i on 
takes place a f t e r  an area has been s t ripmined o r  af t e r  an ene rgy fa c i l i ty has 
been bui l t .  

Record of Dec i s i on - The documen t no t i f y ing the pub l i c  o f  a d e c i s ion taken 
on a power proj e c t ,  together with the reasons f o r  the c ho i c e s  en ter ing into 
tha t  dec is ion . The Record of De c i s ion is pub l i shed in the FEDERAL REGI STER . 

Recordat i on - The mak ing o f  appropriate reco rds ( fo l l owing Na t iona l Park 
Service guid e l ine s ) to  insure tha t a pe rmanent record o f  a cul tura l r e source ' s  
present appearance and c ont ext are made b e f ore the res ource i s  d i s turbed 
through des t ruc t ion , demo l i t ion , o r  inunda t i on . Such a r e c o rd might  c ons i s t  
o f  wri t ten description , pho to graphs , and s o  on . 

Redds - Grav e l  nes t  c rea t e d  by f emal e  sa lmon o r  t rout whe re i t s  eggs are 
laid , subse quently hatched , and f ry eme rge . 

Reg i ona l - Referring to  the c harac teris t i c s  o f  an area , as opposed t o  tho s e  
o f  a surround ing o r  adj ac ent area . Gene ral ly used in this  E I S  to  d i s t ingu i sh 
be tween the Pac i f i c  No rthwe s t  and Canada o r  Cal i fornia o r  the Inland 
Southwes t .  ( See Extraregiona l . )  

Reg i ona l Counc i l ' s Energy P l an - A p l an t o  enc ourage conservat ion and 
e f f i c ient use of e l e c t r i c  power and the deve l opment o f  renewab l e  r e s ou r c e s  
wi thin the Pac if i c  Northwe s t . The Nor t hwe s t  P owe r Ac t mandated the 
deve l o pment o f  the program . 

Reg i ona l Counc i l ' s F i sh and W i l d l i fe Program - A program to  protec t ,  
mi t igate , and enhance f i s h  and w i l d l i f e . The Northwe s t  P ower Ac t manda ted 
this P rogram . 

Re l at i ve - C ons idered in r e l a t ion to  a Base Case c ond i t ion ; c ompara t ive ; n o t  
abs o lute o r  independent ( o pposed to  ab s o lute ) .  

Re l at i ve change i n  surv i va l  - The d i f f e rence in surviva l be tween the two 
a l ternat ive s d ivided by the Base Cas e survival value . The change in survival 
in re lat ion to  the Base Cas e surviva l . 

Re l i ab i l i t y  l eve l - For a powe r sys tem,  a measure of the degree o f  c e rtainty 
that the sys t em wi l l  c ont inue o pe rat ion for a spe c i f ied period o f  t ime . 

Re l i c co l l ec t i ng - The seeking out and removal o f  ar t i fa c t s  o r  o ther 
cul tural res ourc e s  by priva t e  persons . The prac t i c e  c ons equently exc ludes  
o pportun i t i e s  f o r  s tudy o r  pre s e rva t i on o f  the s i te , and o f t en resul ts  in 
de s t ruc t ion of a r t ifac t s , the s i te  i t s e l f , and / o r  nearby s i tes . 
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Renewab l e  resou rces - Re sources f o r  energy wh i c h  are cont inua l ly 
rep lenished . Wa te r ,  f o r  ins tanc e ,  i s  a renewab l e  resour c e , wh i l e  coal  whi c h  
is  converted into carbon d i oxide , wat e r , and ash when burned i s  no t .  

Rep l i cat i on - A c opy o r  reproduc t ion o f  a cul tural ar t i f ac t . Rep l i c a t ion i s  
mos t  o f t en done f o r  rock a r t  o r  eng raving s ,  b y  mak ing a mo l d  o r  cas t o f  the 
wo rk . 

Reserve marg i ns - For a powe r p l an t  o r  t ransm i s s ion f ac i l i t y , ext ra capac i ty 
above the amount proj e c ted t o  be needed , t o  a l low f o r  unan t i c ipated demand f o r  
powe r ,  equipment failure , o r  o ther unforeseen even t s . 

Reservo i r  draft  rate - The rat e  at  whi c h  wa t e r , re l eased f rom s t orage behind 
a dam , reduc e s  the poo l e l eva t ion of the r e s e rvo i r .  

Reservo i r e l evat i ons - The various l e ve l s  reached b y  wa t e r  s to red behind a 
dam . 

Res i dent f i sh - F i s h  s pe c ie s  whi c h  reside in f resh wat e r  dur ing the i r  ent ire 
l if e  cyc l e .  

Res i dent i a l  Exchange Program - An exchange o f  power pre s c ribed b y  s e c t i on 
S ( c )  o f  the Nor thwe s t  Power Ac t .  Pac i f i c  Nor thwe s t  ut i l i t ie s  s e l l BPA an 
amount of powe r e qual to the i r  res iden t ia l  and sma l l  farm l oad , in exchange 
for l e s s -expens ive Federal e l e c t r i c i t y .  The c o s t  b ene f i t s  are d i re c t ly pas s e d  
o n  by the ut i l i t ie s  t o  the i r  res iden t ia l  and sma l l  f arm c onsumers , in t h e  f o rm 
of  l ower retail  rat e s  to those  cus t omers . 

Res i dua l f ue l o i  I - Fuel o i l  that remains a f t e r  separat i on o f  valuab l e  
d i s t i l lates ( such a s  gas o l ine ) f rom petro l eum through d i s t i l lat ion . 

Resource d i spatch - For t h i s  E I S , the order o f  ac c e s s  o r  the mon i t o r ing o f  
power resources f o r  ac c e s s  t o  the Inter t i e . 

Resou rce m i x  - The d i f f e rent type s o f  resources  used t o  gene rate power 
( e . g . , hydro e l e c t r i c , the rma l , e t c . ) wi thin a g iven area o r  for a g iven 
u t i l i t y . 

Resource schedu l e  - The p l anne d s chedule o f  when and what resour c e s  wi l l  b e  
avai lab l e  i n  t h e  future t o  s e rve l oad i n  a g iven a r e a  o r  o f  a g iven ut i l i ty .  

Ret rof i t  - To weathe r i z e  an exi s t ing s t ru c ture . 

R i prap - Broken rock , c obb l e s , o r  boulder s  p l a ce d  on the bank o f  a s t ream o r  
r iver f o r  pro t e c t ion agains t t h e  eros ive ac t i on o f  wate r .  

Run-of-the-R i ver Dams - Hydro e l e c t r i c  gene rat ing p lant s  that operate based 
only on ava i lab l e  s t reamf low and s ome short-te rm s to rage (hour l y ,  dai ly ,  or  
weekly ) .  

Run-of-R i ver P l ant - A hydr o e l e c t r i c  p l an t  with  l i t t l e  o r  no ab i l i ty t o  
regulate  f l ow . 
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Runn i ng costs - Also cal l e d  variab l e  c o s t s--the c o s t s  that are incurred o r  
are inc reased when a powe r p l an t  opera t e s . 

Sa l mon i ds - Fish bel ong ing t o  the f ami l y  o f  sa lmonidae , inc luding sa lmon , 
t rout char , whi tef i s h ,  and a l l ied f reshwa t e r  and anadromous f i sh . 

Schedu l i ng ut i l i t i es - Pac i f i c  Nor thwe s t  s chedul ing ut i l i t i e s  inc l ude 
Bonnev i l l e  Powe r  Admin i s t rat ion , Seat t l e  C i ty L i ght , Tac oma C i ty Li ght , Gran t 
C ounty PUD , Doug las County P UD , Che lan Coun ty PUD , Pend Ore i l l e  PUD , Eugene 
Wa ter and E l e c tric  Board , Cowl i t z  Coun ty PUD , Snohomi sh Coun ty PUD , Mon t ana 
Power Company , I daho Power C ompany , Pac i f i c  Power & L i ght Company , P o r t land 
General E l e c t r i c  Company , Pug e t  Sound Power & L i ght , and Was hington Wat e r  
Power Company . U t i l i t i e s  that e i the r opera t e  a genera t i on c o n t r o l  area or are 
wi thin BPA ' s contro l area that s chedul e with BPA . 

Scop i ng - The def ini t i on o f  t he range o f  i s sues requi r ing examinat i on in 
s tudying the environmental e f f e c t s  o f  a proposed a c t ion .  S c o p ing genera l ly 
takes place through pub l i c  c onsul t a t i on wi th int e re s ted ind ividua l s  and 
g roups , as we l l  as wi th agen c i e s  w i t h  j ur i s d i c t ions ove r par t s  of the p r o j e c t  
area o r  resources i n  that area . S c o p ing i s  mandated by the C ounc i l  on 
Environmental Qual i ty regul a t ions . 

Secondary power - The exc e s s  above f i rm power t o  be furni shed to  a cus t omer 
when , as , and if avai l ab l e . 

Secondary revenues - Revenues rece ived f rom s a l e s  of  s e c ondary ene rgy , whi c h  
i s  the energy produced i n  exc e s s  o f  f i rm powe r due t o  f avorab l e  wa t e r  
c ondi t ions . 

Secondary sa l es Surplus powe r , b o th f i rm and nonf irm ,  in t he Pac i f i c  
Nor thwe s t  that i s  avai lab l e  f o r  s a l e  t o  the Pac i f i c S outhwe s t . 

Sed i mentat i on - The s e t t l ing o f  mat er i a l  ( such as  dus t o r  o ther par t i c l e s ) 
into water and eventua l  depo s i t ion on the b o t t oms of  s t reams , r ivers , and s o  
on . 

Set t l i ng ponds - A pond into whi ch wat e r  c ontain ing suspended s o l id mat e rial 
is  di scharged t o  a l l ow the s o l id ma terial  t o  s epara te f rom the wa t e r  by 
gravity . 

Shap i ng - The schedul ing and opera t ion o f  genera t ing resources t o  mee t  l oad 
of  chang ing l eve l s . Load shap ing on a hydro sys t em usua l ly invo lves the 
adjus tment of s to rage releases  s o  that genera t ion and l oad are c on t inuous ly in 
balance . 

Short-run marg i na l  cost - The c o s t  per un i t  o f  buy ing ( o r  the amoun t save d 
by no t buying ) or produc ing a s pe c i f ied amount o f  a p roduc t in the near future . 

Short-term sa l es - Sales made f o r  a re l a t ive ly short period o f  t ime . 

S i mu l at i on - The representat ion of  an ac tua l  sys tem by ana l ogous 
charac t e r i s t i cs of s ome dev i c e  eaS ler to c ons t ruc t ,  mod i f y , or unde r s tand , o r  
b y  mathema t ical equa t ions . 
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S l ag - In the c on text of this  E I S ,  mo l ten o r  s o l i d i f ied ash f o rme d f rom 
noncombus t ib l e  ma terial  in a f ue l  by chemi cal  a c t ion and f us ion at b o i l e r  
opera t ing t emperatures . 

S l udge - The w e t , s o l id o r  s emis o l i d mat e r i a l  f o rmed when part iculate a i r  
p o l lutants and / o r  sul f ur d i oxide i s  removed b y  a we t s c rubb e r  a i r  po l l ut ion 
control devi c e . 

S l urry p i pe l i ne - A means o f  coal  t rans port  in whi ch t he coal  i s  f ine ly 
ground , mixed w i t h  wa t e r , and run through a p i p e l ine t o  i t s  des t inat i on , where 
it is  dewatered and combus t e d . 

Sma I I hydro - Genera t ing res ources  which us e running wat e r  t o  genera t e  
e l ec t r i c  energy , b u t  which a r e  sma l l  in gene ra t ing capa c i ty .  BPA gene ra l l y 
c ons iders sma l l  hydro pro j e c t s  t o  b e  tho s e  capab l e  o f  produc ing 25 ave rage MW 
o r  l es s . 

Smo l t  - A j uven i l e  salmon o r  s t e e l head t ha t  i s  migrat ing t o  the o cean and i s  
i n  a phys io l o g i c a l  s ta t e  t o  t rans i t ion f rom f resh t o  sal t wa t e r . 

Snowme l t  f reshet - Inc reased s t reamf low f rom the me l t ing o f  ac cumulated 
snowfal l .  

Spawn i ng - The a c t  o f  f i sh r e l eas ing and f er t i l i z ing eggs . 

Sp i I I (forced ) - Wat e r  f o r  whi c h  there i s  no t s to rage capab i l i ty in the 
sys tem reservo i r s  and whi c h  c ould not  be us ed for powe r produc t ion b e cause the 
resul t ing f l ows woul d exceed t urb ine capac i ty .  

Sp i l I ( i nadvertent/overgenerat i on )  - An amount of wa t e r  wh i c h  c ould have 
b een used to generate e l e c t r i c i ty but wa s no t becaus e of lack of ava i lab l e  
marke t ,  and inab i l i t y  t o  s to r e  f o r  later  use . 

Sp i I I (programmed or p l anned ) - Wat er inten t iona l ly pas s ed through a 
hydro e l e c t ric  p r o j e c t  wi thout p roduc ing e l e c t r i c i ty .  Thi s  i s  usua l ly done f o r  
f i she r i es mi t ig a t ion propo s e s . 

Spo i I p i l es - Heaps o f  s o i l  and o ther ma t e r i a l  removed dur ing surface 
mining , and l a t e r  used t o  rec l a im t he s i te . 

Sport f i sh - F i s h  wh i c h  are s ought by re c rea t i onal f i she rmen . 

Spot market - A marke t f o r  e l e c t r i c i ty c harac t e r i z e d  by nego t iat ion almo s t  
s o l e l y  on the bas i s  o f  p r i c e , f o r  r e l a t ive ly sho r t - t e rm s a l e s . 

Storage reservo i rs - Reservo i r s  ma intained behind darns f o r  the purpose o f  
r e t a in ing exc e s s  wat e r  read i ly ava i l ab l e  dur ing s p r ing t ime f l ows a s  snow 
me l t s . Retained wat e r  is then re l eased , as ne c e s sary , during periods of l ower 
f l ow in order t o  maintain ne c e s sary l eve l s  o f  power produc t ion . ( Wa t e r  may 
a l s o  be relea s e d  f o r  o ther purpo s e s , such as navi gat ion , i r r i ga t ion , and 
ma int enance of l i f e  suppo r t  f o r  f is h . ) 
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Storage r i ghts - Rights provided t o  BPA f o r  us e o f  s torage in Canad ian 
res ervo irs . 

St rat i f i cat i on (chem i ca l )  - The s eparat ion into l ayers d i f f e rent iated by 
chemical compo s i t i on .  

St rat i f i cat i on ( t herma l )  - The s epara t ion in t o  layers d i f f eren t ia t ed by 
t emperature . 

Suba l p i ne - A terre s t r ia l  zone o f  high up land s l opes , immed iately  b e l ow the 
t imberl ine , charac t e r ized by c oni f e r  f o re s t  c ons i s t ing of  s p ruce and f i r . 

Subscr i pt i on - A proposed o f f e r  t o  Pac i f i c  No rthwe s t  generat ing ut i l i t ie s  
that  af ter  comp l e t ion o f  the Third A C  pro j e c t  would a l low them t o  buy a 
port ion of  800 MW o f  uprated Inter t ie . 

Subyear l i ng - A j uveni le  salmonid , norma l ly a f a l l or summe r ch inook salmon , 
tha t hat ches and migrates to the o cean in the same year . 

Su rp l us capac i ty - The amount o f  exc e s s  Inte r t i e  capa c i ty ava i l ab l e  a f t e r  
reserving suf f i c ient capac i ty f o r  sale  o f  BPA surp lus f i rm and non f i rm ene rgy . 

Surp l us energy - Gene ral ly ene rgy generated tha t  i s  beyond the imme d ia t e  
ne eds of  the produc ing sys tem . Spe c i f i cal ly f o r  BPA , f i rm o r  nonf i rm e l e c t r i c  
ene rgy gene rated at  Federa l  hyd ro e l e c t r i c  pro j e c t s  whi ch would o therwi s e  b e  
was ted i f  there was n o t  a marke t f o r  the ene rgy . 

Surp l us f i rm energy - Ene rgy t hat  can be genera ted and guaranteed t o  be 
provided , but is  exc e s s  t o  demand . 

Surp l us f i rm power - Powe r t ha t  can be provided on a guaranteed bas i s , t ha t  
i s  exc e s s  to sys t em demand , and tha t  can b e  provi ded i n  an agreed upon s hape . 

Surp l us nonf i rm energy - An exc e s s  o f  inte rrup t ib l e  ene rgy that is  ava i l ab l e  
due t o  wa ter c ondi t ions b e t t e r  than c r i t i cal . 

Su rp l us peak i ng capac i ty - E l e c t r i c  peaking c apac i ty f o r  wh i c h  there is  no 
demand in the Pac i f i c  No r thwe s t a t  the rate e s tab l ished f o r  the d i spos i t i on o f  
such capa c i t y .  

System Ref i l l  - The coord ina ted hydro sys t em i s  c onsidered ful l ,  f o r  the 
purposes of the IDU E I S  mode l ing , when the amount of wat e r  s tored in 
res ervo i rs is equal to 94 percen t  of  the t o ta l  ava i lab l e  s pac e .  

System Stock Surv i va l  - The s urvival o f  migrat ing juven i l e  salmon o r  
s te e l head of  a par t i c ular f i sh s tock f rom t h e  p o in t  o f  en t ry into the 
hydro e l e c t r i c  s ys tem t o  a point be l ow Bonnevi l l e Darn . 

TSP - ( See To tal suspended par t iculates . )  

Ta i l water - The wa t e r  surface immedia t e l y  downs t ream f rom a darn o r  
hydro e l e c t r i c  powerplant . 
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Therma l resources - Gene rat ing p l an t s  whi c h  c onve r t  hea t ene rgy into 
e l e c t r i c  ene rgy . Coal , o i l , and gas-f ired powe r p lan t s  and nuc l ear power 
p lan t s  are common therma l resourc e s . 

Therma l st ructure - Re se rvo i r s  s t ra t i fy into three laye r s  in summe r months : 
l i gh t warme r wa ter on surface , a thermo c l ine of  c o o l e r  wa te r ,  and a laye r o f  
c o l d  oxygen de f i c ien t wat e r  o n  b o t tom . Rap id drawdowns caus e t h i s  
s t ra t i f ica t ion t o  breakdown , reduc ing produc t i on o f  food o rgani sms , and 
c o o l ing water t empera ture s .  

Therma l l y  enhanced o i l recovery - A process  by whi ch heavy c r ude p e t r o l eum 
underground i s  sub j e c ted t o  l ive s team , wh ich reduces the o i l ' s  v i s c o s i ty s o  
i t  can f low up the p i pe t o  t h e  surfac e . S t eam f rom t h e  pro c e s s  can be u s e d  t o  
c ogenerate energy , wh i ch can be s o l d  to u t i l i t ie s  pursuan t t o  PURPA . 
The rma l l y  enhanced o i l  recovery i s  b e ing used in Cal i f o rnia ' s  San Joaquin 
Val l ey . 

Tota l Suspended Part i cu l ates (TSP) - An a i r  p o l lut ion t e rm r e f e r r ing t o  a l l  
ma t t er c ontained in a s amp l e  o f  a i r  which i s  i n  s o l i d  o r  l i quid f o rm 
regard l e s s  of  i t s  par t i c l e  s i ze o r  chemi cal  c ompo s i t ion . 

Trace e l ements - P o l lutant s ,  o f t en me tal s in ionic o r  chemi c a l ly c omb ined 
f o rm ,  wh i ch appear in very sma l l  c oncentra t ions in wat e r , o r  in reference t o  
a i r  pol lut ion , which c ons t i tute a ve ry sma l l  part o f  the t o ta l  amount o f  
par t i culate pol lut ion b y  we i gh t . 

Transfer capab i l i ty - The amount o f  power that can be t ransmi t ted be twe en 
one interconnec ted sys t em and ano the r , based on ins t a l l e d  f ac i l i t i e s . 

Transfer capac i ty - ( Se e  Tran s f e r  capab i l i ty . ) 

Transm i ss i on gr i d  - An interconne c te d  sys t em o f  e l e c t ri c a l  t ransmi s s ion 
l ines and as s o c iated e quipment for the tran s f e r  of e l e c t r i c  ene rgy in bulk 
b e tween points o f  supp ly and points  of demand . 

Transm i ss i on l osses - Powe r l o s t  in t ransmi s s ion b e tween one po int and 
ano ther . 

Turb i d i ty - A measure o f  the o p t i ca l  c lar i ty o f  wa t e r ,  whi ch depends on the 
l ight s ca t te r ing and ab sorpt ion charac ter i s t i c s  of b o th suspended and 
d i s s o lved mat e r ia l  in the water . 

Turb i ne Capac i t y - The maximum amount o f  water that can be passed through 
the turb ines of the dam at any ins tant . 

ut i l i ty reta i l rates - The pr i c e s  f o r  e l e c t r i c i ty that a ut i l i ty c harge s  i t s 
c la s s e s  of c onsumers . 

Var i ab l e  ECC - The January through July p o r t ion o f  the ECC . 
expe c ted amount o f  spr ing runof f  w i t h  ava i l ab l e  forecas t s . 
be no higher than the Base ECC . 
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Vent i ng - The r e l ease o f  l im i t ed amounts  of gas e s  or vapors t o  ma intain 
pres sures wi thin tanks , pipes , and o ther equipment involved in o i l  and na tura l 
gas pro c e s s ing and t rans porta t i on wi thin de s i gn l imi t s . 

Water Budget - A part o f  the Pac if i c  No r thwe s t  Power P lanning Counc i l ' s  F i s h  
and W i l d l i f e  Program ca l l ing f o r  a vo lume o f  wa t e r  t o  be reserved o n  a 
planning bas i s  and re l ea s ed when and i f  needed t o  augment s t ream f l ows in 
order to as s i s t  in the downs t �eam mi grat ion of j uven i le salmon and s t eelhead . 

Wa ter cond i t i ons - The ove ra l l  supply o f  wa t e r  t o  operate the Pac i f i c  
No r thwe s t  hydro e l e c t r i c  generat ing sys tem at  any g iven t ime , tak ing into 
a c count reservo ir leve l s , snowpack , needs t o  provide wa ter o r  re tain wa t e r  to 
mee t  var ious opera t ing c ons traints ( such as t he Wa ter Budg e t , f l ood c on t ro l , 
f l ow c ons t raints , e t c . ) ,  wea the r c ond i t ions , and o ther fac tors . 

Who l esa l e  rates - The p r i c e s  f o r  e l e c t r i c i ty that a u t i l i t y  charges f o r  
powe r that wi l l  be reso l d . In BPA ' s  case , BPA a l s o  charges who l e s a l e  ra t e s  t o  
i t s  D S I  cus tomer s  be caus e they buy at  relat ive ly high vo l tage . 

Year l i ngs - Juveni l e  salmon and s te e lhead that migrate to the o cean ,  of t en 
spending a ful l year rear ing in f resh wa te r .  

Zoop l ankton - Aqua t i c  anima l s  whi ch canno t ac t ive ly swim agains t the curren t 
and whi ch canno t make the i r  own food by pho to synthe s i s . 

(VS6-PG-1445 I )  
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APPEND I X  E 

AFFECTED ENV I RONMENT : SUPPORT I NG MATER I AL 

Appe n d i x  E c o n ta i n s  s u p p l e me n t a l  d a t a  on  g e n e r a t i on r e sour c e s , bot h hydro  a n d  
t h e rma l , a n d  t h e  s t u dy r e g i on ' s  n a t u r a l  e n v i ronme n t  a s  d e s c r i b e d  i n  C h a p t e r  3 
of t h e  t e x t ,  Affe c te d  E n v i ronme n t . Tab l e s E . 1 - 4 l i s t c h a r a c t e r i s t i c s  of t h e  
reg i on ' s  g e n e r a t i ng re sou r c e s . Ta b l e s  E . S-J  a r e  c on c e r n e d w i t h  a i r q u a l i ty .  
Tab l e s  E . 8- 1 0  d e s c r i b e wa t e r  q u a l i ty a n d  f i s h . T ab l e  E . l l  l i s t s  w i  l d l i fe 
s p e c i e s i n  t h e  s t u dy a r e a  a n d  i t s s u b a r e a s . 
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TAB L E  E . 1 

FED ERAL CO LUMB IA R IVER POWER SYSTEM 
GEN ERAL S P EC I F I CA T I O N S  O F  PROJ ECTS  E X I S T I NG , AUTHOR I Z E D  OR L I CENSED , AND POTENTIAL NAME PLATE RAT I NG O F  I N S TA L LATI ONS 

Septembe r 24 , 1 985 

P rQj.lli 

M i n i doka  
B o i s e  Rv r D i v  
Bl ack  Canyon 
Bonnev i l l e  
G rand Coul e e  
And e rson  R n c h  
H u n g ry Ho r s e  
D e t  ro i t  
McNary 
B i g C l i f f 
Loo k o u t  Po i n t 
Al be n i  Fal l s  
Dex t e r  
C h i e f  J o s e p h  
Chan d l e r  
Pal i sades 
T h e  Dal l e s 
Roza 
I ce Harbor  
H i  1 1  s C re e k  
Cougar 
G reen Peter  
J o h n  Day 
Fo s t e r  
Lowe r 

Monumental 
L i t t l e Goo s e  
Dwo rshak 
G rand 

Coul ee PG 
Lowe r Gran i te 
L i bby 
Lost C reek  
L i bby  

Reregul a t i ng  
S t rube 
Teton 

Oper
a t i ng 
Age n cy St ream ( i f  H )  

� � � C i ty ( i f  Fuel ) 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

H 
H 
H 

PG 
H 
H 
H 

H 
H 
H 

BR 
BR 
BR 
C E  
BR 
BR 
BR 
CE 
CE 
CE 
CE 
CE 
CE 
CE 
BR 
B R  
C E  
B R  
C E  
C E  
CE 
CE 
CE 
C E  

C E  
C E  
C E  

B R  
C E  
C E  
C E  

CE 
C E  
B R  

1 0  
I D  
1 0  
OR-WA 
WA 
1 0  
MT 
OR 
OR-WA 
OR 
OR 
1 0  
O R  
WA 
WA 
1 0  
OR-WA 
WA 
WA 
OR 
OR 
OR 
OR-WA 
OR 

WA 
WA 
1 0  
WA 
WA 
MT 
OR 

MT 
OR 
1 0  

Snake  
Bo i se 
Pay e t t e  
Col umb i a  
Col umb i a  
S F k  B o i se 
S Fk Fl athead 
N Sant i am 
Col umb i a 
N San t i am 
M F k  W i 1 1 ame t t e  
P e n d  O re i  1 1  e 
M F k  Wi 1 1  amet t e  
Col umb i a  
Yak i ma 
S n a k e  
Col umb i a  
Yak i ma 
Snake  
M F k  W i  1 1  amet te  
S F k  McKe n z i e  
M i d d l e San t i am 
Col umb i a 
So u t h  San t i am 

Snake  
Snake 
N F k  Cl e a rwate r  

Col umb i a  
Snake 
Kootenai  
Rogue 

Koo t e n a i  
S F k  McKenz i e  
Teton 

I n i t i al 
Date i n  
Se rv i  ce 

0 5 /0 7 / 0 9  
0 5 /00 / 1 2  
1 2/00125 
06/06138 
09 /28/41  
1 2 / 1 5/50  
1 0 /29/52 
07/0 1 / 53 
1 1 /06/53 
0 6 / 1 2 / 54 
1 2 / 1 6 / 54 
0 3 1 2 5 1 5 5  
0 5 / 1 9 / 5 5  
08/28 / 5 5  
0 2 1 1 3/56  
02125 /57 
0 5 / 1 3 1 5 7  
08/ 3 1 /58 
1 2/ 1 8 /6 1 
0 5 /02/62 
02 /04/64 
0 6 /09/67 
0 7 / 1 7 /68 
08/22 /68 

0 5 /28/69 
0 5 / 1 9 170 
0 9 / 1 8 174 

1 2 /30174 
04/ 1 5 1 7 5  
08129175 
1 2 /0 1 1 7 7  

Numb e r  
o f  2.1 

l.!.o..it..L 

7 
3 
2 

1 8-2 
24-3 

2 
4 
2 

1 4  
1 
3 
3 
1 

27 
2 
4 

22-2 
1 
6 
2 
2 
2 

1 6  
2 

6 
6 
3 

6 
6 
5 
2 

Numb e r  
Namepl ate  o f  Namepl ate 
Rati ng-kW l.!.o..it..L Rati ng-kW 

1 3 , 400 
1 , 50 0  
8 , 000 

1 , 0 76 , 60 0  
6 , 1 63 , 00 0  

40 , 0 0 0  
285 , 0 00 
1 00 , 000 
980 , 00 0  

1 8 , 000 
1 20 , 00 0  

42 , 600 
1 5 , 000 

2 , 069 , 000 
1 2 , 000 

1 1 8 , 7 50 
1 , 80 7 , 000 

1 1 , 250  
602 , 880 

30 , 000 
25 , 000 
80 , 000 

2 , 1 60 , 000 
20 , 000 

8 1 0 , 0 0 0  
8 1 0 , 0 0 0  
400 , 0 0 0  

300 , 0 0 0  
8 1 0 , 00 0  
525 , 000 

49 , 000 

6 

4 

3 

3 

3 
1 
3 

747 , 0 00 3.1 

35 , 00 0  

540 , 000 

660 , 0 0 0  

3 1 5 , 000 1 1  

76 , 40 0  
4 , 50 0  

30 , 000 

Numbe r 
o f  Namepl ate 

l.!.o..it..L Rat i ng-kW 

6 
1 

1 3  

2 

4 , 20 0 , 000 
1 3 , 500 

1 , 57 3 , 00 0  

1 35 , 0 0 0  

Numb e r  
o f  

l.!.o..it..L 
7 
3 
2 

1 8-2 
30-3 

3 
4 
2 

20 
1 
3 
3 
1 

40 
2 
6 

22-2 
1 
6 
2 
3 
2 

20 
2 

6 
6 
6 

6 
6 
8 
2 

3 
1 
3 

Namepl ate 
Rat i ng-kW 

1 3 , 40 0  
1 , 50 0  
8 , 0 00 

1 , 0 76 , 600 
1 0 , 363 , 000 

53 , 500 
285 , 000 
1 0 0 , 000 

1 , 7 27 , 000 
1 8 , 000 

1 20 , 000 
42 , 600 
1 5 , 0 0 0  

3 , 642 , 00 0  
1 2 , 0 00 

2 5 3 , 7 50 
1 , 80 7 , 0 00 

1 1  , 2 50 
602 , 880 

30 , 000 
60 , 000 
80 , 000 

2 , 7 0 0 , 000 
20 , 000 

8 1 0 , 0 00 
8 1 0 , 00 0  

1 , 0 60 , 000 

300 , 000 
8 1 0 , 000 
840 , 000 

49 , 000 

7 6 , 400 
4 , 500 

30 , 000 

Total Number of Un i ts and Namepl ate Rat i ng 204-7 1 9 . 502 . 980 24 2 , 407 . 900 22 5 . 92 1 , 500 250-7 27 ,832 . 380 
Total Numbe r  of P roject s 3 1  3 0 33 

11 CE - C o r p s  o f  E ng i neers , B r  - B u reau o f  Recl amat i o n ,  B PA - B ra n c h  o f  Ge n e ra t i o n  Pl ann i n g 
ZI Numbe rs a f t e r  d as h e s  i n d i cate aux i l l a ry u n i t s . 
JI McNary Second Powe r h o u s e  es t i mates i n c l u d e s  s i x  u n i tes at 1 24 , 500 kW each . 
11 L i bby U n i ts  6 ,  7 ,  8 at 1 0 5 , 000 kW each  have been d e f e r red . 



Tab l e  E . 2  

MAJOR THERMAL GENERAT I NG RESOURCES I N  THE PAC I F I C  NORTHWEST 

P l an t  Loc a t i on N e t  CaQab i l i t� 
( MW )  

N u c l ear  
Troj an  Ra i n i er ,  OR 1 , 080  
WPPSS  No . 2 H a n for d , WA 1 , 1 00 
WPPSS  No . 1 & 3 ( s u s p e n de d )  H a n ford / Sa t sop , WA 2 , 4 90 

Coa l  
Co l s tr i p  No . 1 Co l s tr i p ,  MT 3 3 0  

No . 2 Co l s t r i p ,  MT 3 3 0  
No . 3 Co l s tr i p ,  MT 7 0 0  
No . 4 Co l s t r i p ,  MT 7 0 0  

J i m  Br i dger  No . 1 Roc k  Spr i ng s , WY 500 
No . 2 Roc k  Spr i n g s , WY 500  
No . 3 Roc k  Spr i n g s , WY 500 
No . 4 Roc k  Spr i n g s , WY 500 

Ce n t ra l i a  No . 1 Ce n tr a l i a ,  WA 6 40 
No . 2 Ce n tr a l i a ,  WA 640  

Boardman Boar d ma n , OR 5 30 
Va l my No . 1 & 2 Va l my NV 522  

Sou r ce : We s te r n  Sys tems  Coor d i na t i ng  Cou n c i l ,  " Summary of E s t i ma t e d  Loa d s  a n d  
Re sou r c e s "  i s s ue d  A p r i l 1 986 . 
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Dam 

L i bby 

H u n g ry Hor s e  

A l b e n i F a l l s  

Grand  Cou l ee 

Dwor s hak 

Tab l e  E . 3  

ELEVAT I ON VAR I AT I ONS I N  PNW RESERVO I RS 
( feet ) 

F i l l  e d  M i n i mu m  
E l e v a t i on E l e v a t i on 

2 , 45 9  2 , 2 8 7  

3 , 560  3 , 3 3 6  

2 , 062 . 5  * /  2 , 050 

1 , 2 90  1 , 208  

1 , 600 1 , 44 5  

* /  Norma l fu l l  poo l . Ma x i mum  l ake  e l e v a t i on i s  2 0 7 6  fe e t .  
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Tab l e  E . 4  

LOCAT I ONS OF SELECTED COAL-F I RED POWER PLANTS AND LOCAL POPULAT I ONS 

P l ant  S i te 
! ' J e , t i on Cou nty  Commu n i ty 

P l a n t  U t i  1 i ty ! .;c . , S t a t e  Pop . Popu l a t i on 

PAC I F I C  NORTH W E S T  

Boa r dman PG E Mor row , O R  7 , 5 1 9  Boardma n  
1 , 2 6 1  

Ce n tra l i a  1 -2 P P L  L e w i s ,  WA 5 6 , 02 5  Ce n t r a l i a  
1 1  , 55 5  

Co 1 s t r i p  1 - 3 MPC  Ros e b u d , MT  9 , 89 9  Co l s tr i p  
1 , 47 6 

J i m  B r i d g e r  1 -4 P P L  Swe e twa te r , WY 4 1 , 7 2 3  Rock S pr i n g s  
1 9 , 45 8  

Va l my 1 -2 S S P  H u mbol t ,  NV 9 , 4 3 4  Va l my 
< 1 , 000 

N e a r by �/ 
Commu n i t i e s 

) 1 000 

Uma t i  l l a ,  3 1 99 
H e rm i s ton , 9 , 408 
S ta nf i e l d ,  1 , 56 8  

C he h a l i s ,  6 , 1 00 
T umwa ter , 6 , 70 5  
O l ymp i a ,  2 7 , 447  
For d s  Prar i e ,  2 , 582  
Raymond ,  2 , 9 9 1  

G r e e n  R i ve r , 1 2 , 807 

B a t t l e  M t . ,  2 , 749  
W i n n e muc c a , 4 , 1 40 

Sou r c e : U . S .  D e p a r t me n t  of Comme r c e , Bureau  of t h e  Cen s u s , Ge n e r a l  Soc i a l  and  
E conom i c C h a r a c t e r i s t i c s ,  ( s tate s i nd i c a te d )  ( Wa s h i ngton , D . C . , 
USGPO , 1 98 3 )  

* /  Nearby commu n i t i e s w i t h i n  approx i mate l y  40 m i l e s of t h e  p l a n t  s i te .  
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Tab l e  E . S  

AMB I ENT A I R  QUAL I TY (�9/m3 ) 

Year A n n u a l  Av e r age  
S02 TSP  

PNW  
Ce n t r a l i a ( 1 )  1 984  < 5  5 3  
Boardman ( 2 )  1 984  83  
Col str i p  ( 3 ) 1 984  3 1 6  
Br i dger  ( 4 ) 1 984  1 5 1  
Va l my ( 5 )  1 984 < 5  2 8 

Note : Da s h  mea n s  that  data  are  not av a i l ab l e .  1 98 1  d ata 
and emi s s i on s  were  u s e d  for t h e  a i r ba s i n  mode l i n g .  

Sourc e s : 
( 1 )  Wa s h i ngton A i r  P rograms ( 1 98 5 )  
( 2 )  Ore gon Departme n t  of E n v i ronme n t a l  Qua l i ty ( 1 9 8 4 )  
( 3 )  Montana  A i r Qua l i ty B u r e au ( 1 9 8 5 )  
( 4 )  Wyomi ng A i r Qua l i ty D i v i s i on ( 1 984)  
( 5 )  Nevada  D i v i s i on of  E n v i ronmen t a l  Prote c t i on ( 1 984 ) 
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2 4  Hour  M a x i mum 
S02 TSP  

1 04 1 9 5 
2 47 

27 43  
8 1 6 6 

3 0  1 1 0 
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Tab l e  E . G  

FEDERAL A I R  QUAL I TY STANDARDS 

Po l l u t a n t  Ave rag i  n g  T i  m e  

A n n u a l  Ar i thme t r i c  M e a n  
Part i c u l ate  ( PM 1 0-
part i c u l ate  wi t h  2 4  hou r s  ( 1 )  
aerodynam i c  
d i ame t e r  < nom i n a l  
1 0  m i  c rometers  

Tot a l  S u s pe nded 
Part i c u l ate  

Ozon e 

Carbon Monox i de 

Su l fu r  D i ox i de 

A n n u a l  Geome tr i c Mean  
24  hou r s  ( 1 ) 

hour ( 1 )  

8 hou rs  ( ] )  
1 hou r ( 1 )  

3 hou r s  ( 2 )  

N i troge n  
D i ox i d e Ann u a l  Ar i thme t i c A v e rage  

Lead  

NOTES : 

)Jg/m3 

)Jg/m3 

Ca l e n dar Qua r t e r  
A r i thmet i c  Mean  

M i c rograms of pol l u ta n t  

M i l l i grams of po l l u t a n t  

p e r  

p e r  

c u b i c 

c u b i c  

Fede r a l  S t a n d a r d s  
P r i mary S e condary 

( H e a l t h )  ( We l fare ) 

2 3 5  )Jg/m3 

1 0  mg /m3 

40 mg /m3 

1 00 )Jg /m3 

1 . 5  )Jg/m3 

me t e r  of a i r .  

me t e r  of a i r .  

50  )Jg / m3 

1 50 )Jg/m3 

60 )Jg/m3 

1 50 )Jg / m3 

2 3 5  )Jg/m3 

1 00 )Jg/m3 

1 . 5 )Jg/m3 

( 1 ) Not to be e x ce ed e d  on more t h a n  1 day p e r  year . 

( 2 )  Not to be  e x c e e ded  mor e  than  o n e  t i me p e r  year . 

Sou r c e : 40 CFR  Part  50 Rev i s e d  a s  of J u  1 Y 1 .  1 987  
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Tab l e  E . 7  

COMPAR I SON BETWEEN EM I SS I ONS FROM POWER PLANTS AND TOTAL 
EM I SS I ONS FOR THE REG I ONS I N  WH I CH THEY ARE LOCATED 

( 1 000 TONS/YR) 

Powe r P l an t s  
Year  S02 TSP  

PAC I F I C  NORTHWEST 
Cen t r a l i a  ( 1 )  1 984  5 5 . 9  0 . 88 
Boardman ( 2 )  1 9 84 2 . 9  0 . 55 
Co 1 s t r i p ( 3  ) 1 984  6 . 1  2 . 1 0  
Br i dger  ( 4 )  1 984  4 5 . 9  8 . 80 
Val my ( 5 ) 1 9 84 3 . 7  0 . 1 6  

* /  P e r m i  tted  sour c e s  on l y  ( po i n t )  

Sou r c e s : 
( 1 )  Was h i ng ton A i r Progr ams ( 1 98 5 )  
( 2 )  Oregon Dep t . of E n v i ronme n t a l  Q u a l i ty ( 1 9 8 4 )  
( 3 ) Mon tana Ai r Qual i ty B u r e a u  ( 1 9 8 5 ) 

Tota 1 
Reg i on a l  Em i s s i on s  

S02 T S P  

68 . 2  2 7 . 0  
3 . 1  1 3 . 5  
6 . 1  5 . 1  

1 2 8 . 9 43 . 8  
3 . 8  0 . 2 6 

( 4 ) Wyom i ng A i r Qua l i ty D i v i s i on ( 1 9 8 4 )  
( 5 )  N e v a d a  D i v i s i on o f  E n v i ronme n t a l  Prot e c t i on ( 1 9 8 4 )  
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Reg i on 

SW WA 
M u r row Co . 
Ros e b u d  Co . 
SW WY 
H umbo l t Co . * /  
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PREC I P I TAT I ON CONCENTRAT I ONS FROM WESTERN MON I TOR I NG STAT I ONS 

S i t e  

1 P i n e d a l e ,  WY 
2 Ye l l ows tone , WY 
3 G l a c i e r  Nat . P . , MT 
4 Cra t e r s  of t h e  Moon , 1 D  
5 H e a d q u arters , 1 D  
6 V i  n e s H i l l ,  OR 
7 Pe n d l e ton , OR 
8 A l s e a  Guard , OR 
9 S c hm i d t  Farm , OR 

1 0  Los t Creek , OR 
1 1  H .  J .  An drews , OR 
1 2  O l ymp i c N P , WA 

Sou r c e : Roth e t  a l . ( 1 98 5 )  
eq/ l  = e q u i v a l e n t s  p e r  l i te r  

Year s 

1 982  
1 980-82 
1 980- 8 1  
1 980- 8 1  
1 982 
1 980- 8 1  
1 980-8 1 
1 980- 8 1  
1 980- 8 1  
1 980- 8 1 
1 980- 8 1  
1 980- 8 1  

E- 9 

L e n g t h  of pH  N i t r a t e  
r e cord ( yr s )  ( eq / 1 ) 

1 . 0 5 . 1 6  1 1 
2 . 6  5 . 30 1 1 
1 . 6 5 . 00 6 
1 . 4 5 . 1 6  8 
0 . 5  5 . 44 6 
1 . 4 6 . 04 1 2  
1 . 7 5 . 2 8 1 3  
2 . 0  5 . 47 2 
2 . 0 5 . 43 4 
1 . 2 5 . 32 3 
1 . 6 5 . 44 2 
1 . 6 5 . 39 2 

Su l fate  
( eq/ 1 ) 

22  
2 3  
1 7  
1 9  
05  
1 8  
22  
1 2  
1 1  
06  
07  
07  
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CHARACTER I ST I C  F I SH SPEC I ES OF THE COLUMB I A  AND 
PEACE R I VER BAS I NS I N  THE AFFECTED ENV I RONMENT 

Water Resource 

Ma i n s t em Peace R i v e r  

Wi l l i ston R e s e rvo i r  

Peace R i v e r  C a nyon 

J o h n s o n  & Geth i n g C r eeks 

M i c a  D am R e s e r v o i r  

& T r i b u t a r i e s 

D u n c a n  Reserv o i r  

D u ncan R i ve r  

Koocan u sa R e s e rv o i r  

C o l umb i a  Bas i n  

Character i st i c  Spec i e s  

L a k e  wh i t e f i s h 

R a i n b ow t rout 

Kokanee s a l mon 

Moun t a i n  wh i t e f i s h 

L a k e  wh i t e f i s h 

Moun t a i n  wh i t ef i s h 

A r c t i c  grayl i n g 

D o l l y  Varden c h a r  

R a i n bow t rout 

K o k a n e e  

R e d s i de sh i n er 

Lake wh i t e f i sh 

Mou n t a i n  wh i t ef i s h 

A r c t i c  g rayl i n g 

D o l l y  Varden char 

Ra i n b ow t rout 

S pawn i n g h a b i tat 

D o l l y  Varden c h a r  

R a i n bow t rout 

Moun t a i n  wh i t ef i sh 

R a i n b ow t r out 

K o o t enay Lake ra i n b ow t rout 

K o k a n e e  

C u t t h roat trout 

D o l l y  Varden char 

Anadromous 

Steel head trout 

C h i n o ok s a l mo n  

C o h o  s a lmon 

Sockeye s a l mon 

Shad 

E- IO 

A rc t i c  g rayl i n g 

L o n g n o s e  s u c k e r  

N o r t h e r n  p i k e 

D o l l y  Varden c h a r  

N o r t h e rn s quawf i s h 

Pea smouth 

Large s c a l e s u c k e r  

L o n g n o s e  s u c k e r  

Wh i t e s u c k e r  

B u r bot 

P r i c k l y  s c u l p i n  

N o r t h e r n  s q u awf i s h 

L o n g n o s e  s u c k e r  

Wh i t e s u c k e r  

B u r b o t  

B u r b ot 

Squawf i sh 

S u c k e r s  

D o l l y  V a r d e n  C h a r  

Mou n t a i n  wh i t e f i s h 

B u r bot 

Wh i t e s t u rgeon 

S t r i ped b a s s  

E u l a c h o n  

Pac i f  i c L amprey 



Tab l e  E . g  (Cont i nued ) 

C o l umb i a  Bas i n  ( cant . )  Res i dent 

C u t t h roat t rout 

Bu l l  trout 

Ra i n bow trout 

B r o o k  trout 

L a k e  trout 

B rown t r o u t  

D o l l y  Varden 

Kokanee 

Lake wh i t ef i sh 

Pygmy wh i t e f i sh 

Mount a i n  wh i t e f i s h 

S l i my s c u l p i n  

Short h e a d  s c u l p i n  

Mott l e d s c u l p i n  

L o n g n o s e  sucker 

L a r g e s c a l e sucker 

P eamouth 

N o r t h e rn s q u awf i s h 

N o r t h e rn p i k e  

E-ll 

L argemo u t h  b a s s  

Smal l mo u t h  b a s s  

B l ack cra p p i e  

B l ueg i l l  

Pump k i n s e e d  

Yel l ow p e r c h  

B l ack b u l l h e a d  

B rown b u l l h e a d  

Yel l ow b u l l h e a d  

Suckers 

Carp 

Dace 

Tench 

Sh i n ers 

C h a n n e l  ca t f i s h 

C h i s e l mo u t h  

B u r b o t  

T h r e e  s p i n e d  st i c k l e b a c k  
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CHARACTER I ST I C  F I SH SPEC I ES I NHAB I T I NG WATER RESOURCES SUPPLY I NG 
ELECTR I C  GENERAT I NG PLANTS I N  THE AFFECTED ENV I RONMENT 

P l ant  Name 

Co l s tr i p Coa l  

A s soc i a t e d  
W a t e r  Re sou r c e  

Ye l l ows ton e 
R i v e r  & 
Ca s t l erock  Re s e r vo i r 

Cas t l e roc k Re s e rvoi r 

Char a c t e r i s t i c 
Spe c i e s P r e s e n t  

Sauger  
Cha n n e l  Catf i s h  
B u r bot 
Shov e l  nos e S t u rg eon 
Go l d eye 
F l a t h e ad Ch u b  
W a l l eye P i ke 
Sma l l mo u t h  Ba s s  

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

Br i dger  Coa l Gr e e n  R i v e r  & 
F l am i n g  Gorge  R e s e rvoi r 

Brown Tro u t  
R a i n bow Trout 

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

Ce n tr a l i a  Coa l Skookumc h u k  R i v e r  Ch i nook Sa l mon 
Coho S a l mon 
Chum  S a l mon 
S te e l h e ad 
C u t t h roat Tro u t  

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

Boardman Coa l  Car ty Re s e rvoi r Sc u l p i n s 
Sma l l mo u t h  Ba s s  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE E . 1 1  

CHARACTER I ST I C  W I LDL I FE SPEC I ES I N  FOUR PLANT COMMUN I TY 
TYPES FOUND I N  THE AFFECTED ENV I RONMENT 

Forest/Woodl and 

Typi cal Manmal s :  
Mu l e  Deer 
Bl ack Bear 
Coyote 
Bobcat 
Red or Grey Fox 
Moun t a i n  L i on 
Raccoon 
Str i pe d  S k u n k  
L ong-t a i l e d We a s e l  
D e e r  Mou s e  
Gol den Mant l e d  

Ground S qu i rrel  
Porcu p i ne 
Beaver 
Sh rews 
Mol es 
Bats  

I n  Northern Areas 
Qnl:i :  

Marten 
M i nk 
Moun t a i n  Beaver 
Northern F l y i ng 

Squ i rr e l  

T YP i c a l  B i rds :  
B l u e  G r o u s e  
C onmon F l i ck 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 r n e d  a n d  Pygmy Owl s 
H anmon d ' s .  Western . a n d  

D l i ve - s i d e d  F l yc a t c h e r s  
S t el l er ' s  J ay 
C l ar k ' s  Nut c ra c k e r  
C onmon R a v e n  
Bl a c k - c a p p e d  a n d  

Mou n t a i n  C h i c k a d e e s  
Wh i t e - a n d  Red-bre a s t e d  

N u t h a t c h e s  
Herm i t  a n d  Swa i n s o n ' s  

Thru s h e s  
Ru by- a n d  G o l den-c rowned 

K i ng l e t s  
Sol i t ary V i reo 
Yel l ow-rump e d .  Towns e n d ' s .  

B l a c k - t h roated g ray . a n d  
other Wa r b l ers 

Even i ng and P i ne G r o s b e a k s  
C as s i n ' s  F i n c h  
P i n e  S i sk i n  
R e d  C r o s s b i l l  
D ark-eye d J u n c o  
F o x  Sparrow 

Grassl and 

Typi cal Manmal s :  
Mu l e  Deer 
C oyote 
Fox 
Bobcat 
B a dger 
Kangaroo Rats 

Pocket M i c e  
Pocket Gophers 
Grou n d  Squ i rrel s 
Prar i e  D o g s  
Harvest M i c e  

Wh i t e - a n d  Bl ack
t a i l ed J ac k ra b b i t  

I n  th e  Great P l a i ns :  
P ronghorn Antel ope 
B l ack-footed Ferret 

( endangered ) 

Typi cal B i rds : 
Horned L ar k  
Shr i k e s  
We s t e r n  Meadowl ark 
Brewer ' s  B l a c k b i rd 
Sparrows 

Typi cal Raptor s :  
R e d -t a i l e d Hawk 
Rough - l e g g e d  Hawk 
Swa i n s on ' s  Hawk 
Ferrun i n o u s  H awk 

N orthern Harr i er 
Burrow i ng Owl 
Amer i can K e s t r e l  
Pra i r i e  Fa l c on 
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Shrubl and 

Typ i ca l Manmal s :  
Mu l e  Deer 
C oyote 
Grey Fox 
Moun t a i n  L i on 
Bobcat 
Str i pe d  S k u n k  
T r u e  R a b b i t s  
C h i pmu n k s  
Grou n d  Squ i r r e l s 
Bru s h  M i ce 
Woo d r a t e s  
E rm i ne 

Typi cal B i rds :  
Grou s e  
F l yc a t c h e r s  
Swa l l ows 
Scrub a n d  P i nyon Jays 
T h r a s h e r s  
B l a c k - b i l l e d  Mag p i e  
Wre n s  
N o r t h e r n  Moc k i ng b i r d 
Conmon Y e l l ow T h roat 

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

Towh e e s  
Sparrows 
Opororn i s  Wa r b l e r s  

Pronghorn A n t e l o p e  i n  I n t ermo u n t a i n  
S a g e b r u s h  a n d  Wyom i ng B a s i n  

C a l i f o rn i a  P o c k e t  Mouse i n  C a l i f or n i a  
C h a p a r r a l  

C h i s e l -toot h e d  Kangaroo R a t  i n  
I n t ermou n t a i n  Sagebrush 

Sag e br u s h  Vol e in  I n t e rmou n t a i n 
Sag e b r u s h  a n d  Wyom i n g  B a s i n  

Desert 

Typical Car n i vores : 
Coyot e 
Spott e d  Skunk 
K i t  fox 

( endanger e d )  

Typi cal Rodents :  

Kangaroo R a t s  
W h  i te-ta i 1 e d  

Antel ope Squ i r r e l  
Botta ' s  P o c k e t  

Gopher 

P o c k et M i c e  
Cact u s . Northern 

a n d  Southern 
G r a s s h o p p e r  M i c e  
D e s e r t  Cotton-t a i l  

Typ i cal B i rds :  
G i l  a Wood p e c k e r  
E l f  Owl 
Gambel ' s  Qu a i l  
C a c t u s  Wren 
L eC o n t e ' s  T h r a s he r  
Typical  B i rds :  
( c ont . ) 
Roadr u n n e r  
B l a c k - t h r o a t e d  

S p a r r ow 

E ndangered 
Rept i 1 es : 

G i l  a Mon s t e r  
D e s ert T o r t o i s e 
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APPEND I X  F 

ENV I RONMENTAL I MPACTS OF 
GENER I C  RESOURCE TYPES 

Th i s  a p p e nd i x prov i d e s  a s ummary of pot e n t i a l  e nv i ronme n t a l  i mp a c t s  for t h e  
var i ou s  type s  of r e s ou r c e s  t h a t  BPA o r  o t h e r  u t i l i t i e s cou l d  u s e  t o  mee t 
e l e c tr i c a l  demand ( l oad ) . The  typ e s  of r e s ou r c e s  d i s c u s s e d i n c l u d e  
con s er v a t i on ,  cog e n erat i on ,  hydro , n u c l e ar , coa l , a n d  combu s t i on t u r b i n e s  
( CT s ) . For deta i l o n  i mpac t s  r e l a t e d  to s p e c i f i c  e x i s t i n g r e s ou r c e s , s ee 
Chap t e r  4 of t h i s  E n v i ronme n ta l  I m p a c t  Stateme n t  ( E I S ) . Be c a u s e  of t h e i r  
n umbe r , a l l Tab l e s  ar e l oc a t e d  a t  t h e  e n d  of th i s  A p p e n d i x .  

CONS ERVATION  

I ndoor A i r Po l l u t i on 

One of t h e  e as i e s t  and  mos t  e conom i c a l  ways to i n cr e a s e  t h e  eff i c i e n cy of 
e n er gy u s e  i n  a home or b u s i n e s s  i s  to p r e v e n t  l os s  of h e a ted or coo l ed  a i r 
from t h e  bu i l d i ng .  Con s e r v at i on progr ams oft e n  are  b a s e d  on  t i g h t e n i n g 
b u i l d i n g s ; for e x amp l e ,  cau l k i n g c r a c k s  and  i n s t a l l i n g dou b l e- or tr i p l e-paned  
w i ndows and  s torm door s i n  e x i s t i n g  b u i l d i n g s . New  b u i l d i n g s  a l s o  may be  
bu i l t  to  s tandard s that  l i m i t a i r  i nf i l trat i on .  Effor t s  to  t i g h t e n  bu i l d i n g s  
may l ead to prob l ems  of i ndoor a i r  po l l u t i on and  mo i s t u r e  prob l em s  ca u s ed by 
i n adequate  a i r  f l ow i nto and  ou t of t h e  bu i l d i n g s . I n a d e q u at e  a i r f l ow 
i ndoo r s  c a n  r e s u l t  i n  t h e  b u i l d u p  of po l l u t a n t s  prod u c ed i n  t h e  b u i l d i n g ,  s u c h  
a s  g a s e s  a n d  par t i c l e s prod u c ed by combu s t i on ( for e x amp l e ,  fu r n a c e s  and  
peop l e  s mok i n g ) ; forma l d e hyd e and  other  c h em i c a l s r e l e a s e d  by n e w  b u i l d i ng 
mater i a l s and  furn i s h i ng s ; and  c h em i c a l s u s ed i n  c l e a n e r s  and  p e s t i c i de s . 
Po l l u t a n t s  i n  t h e  out s i d e e n v i ronme n t  a l so  may s e e p  i n to bu i l d i n g s . T h e  
e ffec t  of t i g h t e n i n g i n  t h i s  c a s e  i s  not c l e ar , howe v e r : a t i gh t  b u i l d i n g may 
e i t h e r  p r ev e n t  po l l u ta n t s  from e s c ap i n g or p r ev e n t  pol l u t a n t s  from e n te r i n g .  
I n  some s i tuat i on s , hou s e  t i g h t e n i n g h a s  b e e n  s hown to r e d u c e  i ndoor 
con c e n tr at i on of pol l ut a n t s . I n door a i r  po l l ut i on may l e ad to adv e r s e  h ea l t h  
e ffec t s  g i v e n  e x po s u r e  for l on g  p e r i od s  o r  t o  h i g h con c e n trat i on s .  

Part i c u l a t e s  a r e  par t i c l e s or f i b e r s i n  t h e  a i r that  a r e  sma l l e no u g h  t o  be  
i n h a l e d . T h ey a r e  s u s pe n d e d  i n  tobac co smoke a n d  wood smoke ; are  prod u c ed by 
u n v e n t e d  g a s  app l i an ce s , keros e n e  h e a te r s ,  and  a s b e s tos  con s tr u c t i on 
mater i a l s ;  and  come from soap powde r s , pol l en ,  l i n t ,  and  hou s e  d u s t . W h e n  
i n h a l e d , part i cu l at e s  may c a u s e  n os e , t h roa t , a n d  eye i rr i ta t i on . W h e n  t h ey 
l od g e  i n  t h e  l u n g s , part i c u l a t e s  may c a u s e  l u n g  c a n c e r , emphys ema , h ea r t  
d i s ea s e , bron c h i t i s ,  a n d  r e s p i r a tory i nf e c t i on s . Par t i c u l at e s  a l s o  c ar ry 
r adon a n d  i t s prog e ny ( s e e  b e l ow ) . 

Combu s t i on gas e s  i n c l u d e  c a r bon monox i de a n d  n i trog e n  ox i de s .  T h ey a r e  
co l or l e s s  a n d  odor l e s s  g a s e s  that  a r e  p rod u c e d  by keros e n e  h e a t e r s ,  wood 
s tove s ,  a n d  u n v e n ted gas  app l i an c e s . Car bon monox i de ,  a l so fou n d  i n  toba c c o  
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smoke , c a n  c a u s e  l u ng  a i l me n t s  a n d  i mp a i r e d  V 1 S l on a n d  bra i n f u n c t i on s . I n  
h i gh con c e n trat i on s  c a r bon mono x i de  c a n  be  f a t a l . N i trogen  o x i d e s  c a n  c a u s e  
l ung  damage a n d  l u n g  d i s e a s e . 

Forma l de hyde i s  a compon e n t  of u r e a-forma l d e hyde  foam i n s u l at i on and  s ome 
g l ue s  u s e d  i n  p l ywood , p a rt i c l e  board , a n d  t e x t i l e s s u c h  as f u r n i t u r e , d r a p e s ,  
and carpe t . Forma l de hyde  h a s  e s p e c i a l l y  b e e n  a prob l em i n  mob i l e  home s , w i t h  
the i r r e l at i ve l y  sma l l l i v i n g a r e a  a n d  con s tr u c t i on w i t h  more  p a r t i c l e  board 
and p l ywood than con v e n t i on a l  hou s e s . H owe ve r , new  board s ta n d ar d s  for 
manufa c t u r e d  hou s i n g  h a v e  s o l v e d  t h i s  prob l em .  Re l a t i ve l y  h i g h l e v e l s of 
forma l d e hyde  are  l i ke l y  to be  fou n d  i n  new  h ou s e s  a n d  b u s i n e s s e s , w h e r e  
mate r i a l s h a v e  not h a d  t i me to r e l e a s e  mu c h  o f  t h e  g a s . Leve l s a l s o  i n c r e a s e  
w i t h  h i g h e r  tempe rat u r e s  a n d  h um i d i ty .  Forma l d e hyd e , a s tron g - s me l l i n g ,  
col or l e s s  g a s , c a n  cau s e  no s e , t h roat , a n d  eye i rr i t at i on ; s t ud i e s h a v e  s hown 
that  i t  can c a u s e  n a s a l  c a n c e r  i n  a n i ma l s .  

Other  c h em i c a l s t hat  may p rov i d e i n door a i r po l l u t a n t s  i n c l ud e  t h o s e  i n  
synthe t i c ma ter i a l s ,  p e s t i c i d e s , a e r o s o l  s p ray s , c l e an i n g produ c t s , a n d  
pa i n t s . T h e s e  c h e m i c a l s may i r r i tate  s k i n ,  eye s , n o s e , a n d  t h roat , a n d  affe c t  
t h e  c e n t r a l  n e rvou s s y s tem  a n d  metabo l i c  p ro c e s s e s . I n t e rac t i on s  o f  two or 
more  c h e m i c a l s may be  p a rt i c u l ar l y  h a r mf u l .  

Mo i s t u r e  i s  p rod u ced  by l e ak s ; a c t i v i t i e s  u s i n g wat e r  s u c h  a s  l au n d ry ,  
d i s hwa s h i ng ,  bath i n g ,  a n d  cook i n g ; p e op l e b r e a t h i n g a n d  p e r s p i r i n g ;  a n d  t h e  
soi l b e n e at h  t h e  b u i l d i n g .  Moi s t u r e  c a n  a i d  t h e  g rowt h  of m i l d e w , mo l d ,  
bacter i a ,  a n d  v i r u s e s . I t  a l s o  c a n  a c t  a s  a s o l v e n t  for forma l d e hyde  a n d  
other  po l l u t a n t s , i n c r e a s i n g  t h e  r a t e  o f  re l e a s e  o f  h a rmf u l  g a s e s . 

Radon i s  a c o l or l e s s , odor l e s s , r ad i oa c t i v e g a s , a d e c ay prod u c t  of u r a n i um .  
Radon s e e p s  i n to home s a n d  ot h e r  bu i l d i ng s  f rom t h e  s o i l b e n e a t h  a n d  from s ome 
b u i l d i ng mate r i a l s s u c h  as con c r e t e  a n d  b r i ck . Radon  q u i ck l y  d e cays  i n to 
s e v e r a l  type s of " prog e n y "  t h at can  be  c a r r i e d by p a r t i c u l a t e s  i n  the  a i r to 
l odge  i n  t h e  l u n g s . I n c r e a s ed l ev e l s of p a r t i c u l a t e s  t h u s  i n c r e a s e  t h e  
pote n t i a l  l e v e l s  of e x po s u r e  to r ad i a t i on from radon  em i s s i on s , a l t ho u g h  r a don 
unattac h e d  t o  part i c u l a t e s  h a s  a g r e a t e r  c h a n ce of s t i c k i n g  i n  the  l u n g s . As  
radon prog eny  d e c ay , t h ey e m i t a l p h a  r ad i a t i on  t h a t  may d amage l u n g  t i s s u e . 
Pro l onged  e x po s u r e  to r adon i n c r e a s e s  t h e  r i s k of l u n g  c a n c e r : b e tw e e n  5 a n d  
1 5  pe r c e n t  o f  a l l l u n g  c a n c e r s  may b e  c a u s e d  b y  r a d o n  ( t h e  S u rgeon  G e n e r a l  
attr i b u t e s  8 5  p e r c e n t  o f  a l l l u n g  c a n c e r s  to s mok i n g ) .  E x po s u r e  to radon  a l s o  
may cau s e  b i r t h  d e fe c t s  a n d  g e n e t i c  d amage . 

Curre n t l y  l i tt l e i nforma t i on  e x i s t s  r e l a t e d  to a c c e p t ab l e l ev e l s or  d i r e c t  
hea l t h  eff e c t s  of t h e s e  i n d oor a i r po l l u t an t s , a n d  i nd i v i d u a l  s e n s i t i v i ty to 
each  po l l u t a n t  v a r i e s . B PA has  p e rforme d e x t e n s i v e mon i tor i ng and  r e s e a r c h  o n  
radon , howev e r . A b o u t  3 . 5  p e r c e n t  o f  t h e  Nor t hwe s t  h ou s e s  mon i tor e d  s o  far  
appear  to h a v e  l ev e l s of radon  h i g h e r  than  B PA ' s " ac t i on l ev e l . "  B PA ' s 
c u r r e n t  r e s i d e nt i a l w e a t h e r i zat i on  p rograms  for e x i s t i n g home s i n c l ud e  t h e  
fol l ow i ng  s te p s : 
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1 .  I nform i ng  r e s i d e n t s  about  t h e  s ou r c e s  of i n door a i r pol l u t i on a n d  
a b o u t  pract i c a l  s te p s  t o  r e d u c e  i n door pol l u t a n t s . 

2 .  Offer i ng to mon i tor e a c h  p a r t i c i pa n t ' s  hou s e  for r adon l e v e l s .  

3 .  Pay i n g  8 5  p e r c e n t  o f  t h e  cos t o f  a n  a i r-to-a i r  h e a t  e x c h a n g e r  ( u p to 
$850 ) i f  radon l e v e l s e x c ee d  5 p C i / l  ( p i coCu r i e s  p e r  l i te r  of a i r )  
i n s i d e the  hou s e . For l ow- i n come p a r t i c i pa n t s , BPA pays 1 00 p e r c e n t  
u p  t o  $ 1 000 . 

I n  the  Record  of De c i s i on for BPA ' s  New  E n e rgy-Eff i c i e n t  Homes  P rog rams , BPA 
s tates  t h a t  i t  has d e c i d e d  to offe r fou r  " p a thways " to g u i d e  con s t r u c t i on of 
e n e rgy-e ff i c i e n t  new home s . BPA d e s i g n e d  t h e  pat hway c o n c e p t  to prov i d e 
b u i l de r s  a n d  con s ume r s  w i t h  a m e n u  of con s tr u c t i on m e t hod s . T h e  s e l e c t i on of 
the fou r  con s tr u c t i on p a t hway s c h o s e n  was b a s e d  on  b a l a n c i n g  f i v e  maj or 
f a c tors : e n v i  ronme n t a  1 ,  e conom i c ,  te c h n i  ca  1 ,  p u b l  i c con c e r n s , a n d  1 e g a  1 .  T h e  
c ho s e n  p a thways e x h i b i t h e a l t h  e ff e c t s  c l os e  t o  t h o s e  a s s um i n g  c u r r e n t  
con s t ru c t i on p r a c t i c e s  we r e  c on t i n u e d  w i thout  c ha ng e ; s u b s ta n t i a l  e n e rgy 
s av i ng s ; a n d  max i mum p rogram  f l e x i b i l i ty at r e a sonab l e  cos t .  T h e  c ho s e n  
p a thways a l l i n c l ud e  s e v e r a l  e n v i ronme n ta l  m i t i gat i on r e q u i reme n t s : e x h au s t  
f a n s  for k i t c h e n s  and  b a t h rooms ; d e s i g n a t e d  a i r s u p p l i e s for comb u s t i on 
ap p l i an c e s ; i nforma t i on  o n  i n door a i r q u a l i ty ;  Hou s i n g a n d  U r b a n  D e v e l opme n t  
p rod u c t  s ta n d ar d s  for forma l d e hyde  e m i s s i on s  from s tr u c t u r a l  boar d  ma te r i a l s ;  
a n d  the  offe r of radon mon i tor i n g a n d  r adon source  c o n t r o l . 

S e v e r a l  m e thod s can  m i t i g a t e  t h e  i mp a c t s  of i n door a i r pol l u t i on . T h e  mos t  
e ffe c t i v e  m i t i g a t i on i s  p r e ve n t i on .  Homeowne r s  s hou l d  avo i d o r  i so l a t e  f rom 
t h e  l i v i n g a r e a  b u i l d i n g m a t e r i a l s  a n d  h ou s e ho l d c h e m i c a l s t h a t  a r e  s ou r c e s  of 
h armfu l g a s e s . Smok i n g  s ho u l d  be d i s co u r age d . F i re p l a c e s a n d  wood s tov e s  
s hou l d  h a v e  t i g h t-f i t t i n g  doo r s  a n d  s ou r c e s  of o u t s i de a i r for comb u s t i on .  
F i re s  s hou l d not be a l l owe d to s mo l d e r . De h um i d i f i e r s  may be u s e d  t o  r e move 
mo i s ture  from the a i r .  A i r - to- a i r h e a t  e x c h an g e r s  and o t h e r  type s of 
m e c h an i c a l  v e n t i l at i on s y s t e m s  may be  u s e d  to prov i de v e n t i l at i on n e e de d  to 
d i l u te  a l l typ e s  of i n door a i r pol l u t an t s . 

Sour c e s : 

Bon n ev i l l e Powe r A d m i n i s t r a t i on 1 98 3  Who l e s a l e Pow e r  Rate  F i n a l  
Env i ronme n ta l  I mpa c t  S tateme n t ,  S e p te m b e r  1 98 3 , p .  I V- 4 9- 5 1 . 

BPA , I s s u e  Sackgrou n d e r : E n e r gy Eff i c i e n t  New  Home s & I ndoor A i r 
Pol l u t a n t s , Aug u s t 1 98 7 . 

SPA , Ba c kg round e r : U n d e r s ta n d i ng I nd oor Radon , J u n e  1 987 . 

BPA , Re por t No . 1 0 :  Radon  Mon i tor i n g Re s u l t s  from BPA ' s R e s i d e n t i a l  
Weathe r i z a t i on  Program , J an uary 1 98 9 ,  p .  2 .  

BPA , F i n a l  E n v i ronme n ta l  I mpac t  S t a teme n t  o n  New  E n e r gy - E ff i c i e n t  Home s 
Prog r am s : A s s e s s i n g I n d oor A i r Q u a l i ty Opt i on s , Vo l ume 1 ,  A u g u s t  1 98 8 , 
S umma ry . 
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BPA , New E n e rgy- Eff i c i e n t  Home s Prog r ams Re cord  of D e c i s i on ,  F e b r u ary 1 9 8 9 . 

Other  E n v i ronme n t a l  I mpa c t s  

The  mos t fea s i b l e  typ e s  o f  con s erv a t i on  e ffo r t s  i n c l u d e  we a t h e r i za t i on a n d  
o t h e r  me a n s  of i n cre a s i n g t h e  e ff i c i e n cy o f  e n e rgy u s e  i n  b u i l d i n g s ; i n cr e a s ed 
e ff i c i e n cy of e n e rgy u s e  by i r r i gat i on  pumps  a n d  othe r mac h i n e ry ; a n d  
i n c re a s e d  e ff i c i e n cy of t r a n s m i s s i on a n d  d i s t r i b u t i on of e l e c t r i c i ty .  
I n crea s i n g  t h e  e ff i c i e n cy of e n e rgy u s e  i n  b u i l d i n g s  i n vo l v e s  t h e  prod u c t i on 
a n d  tran s por t a t i on of i n s u l at i on mate r i a l s ,  we a t h e r s t r i p p i n g , c au l k i n g ,  s torm 
w i ndows , i nf i l t ra t i on b a rr i e r s , a n d  so  on . I t  a l so  cou l d  r e q u i re t h e  
i n s ta l l a t i on or rep l aceme n t  o f  mac h i n e ry .  I n c r e a s i n g t h e  eff i c i e n cy of 
i rr i gat i on p u m p s  cou l d r e q u i re rep l a c e me n t  of e x i s t i n g  p ump s who l l y  or  i n  
par t . I n c r e a s i n g t h e  e f f i c i e n cy of t r a n s m i s s i on a n d  d i s t r i b u t i on a l s o  cou l d  
requ i re  t h e  r e p l aceme n t  of e qu i pm e n t .  A l l con s e r v a t i on effo r t s  req u i r e  
p e r son n e l to au d i t  a n d  t e s t  e x i s t i n g b u i l d i n g s  a n d  e q u i pme n t  a n d  t o  i n s t a l l or 
rep l a c e  e q u i pme n t  and ma c h i n e ry . 

E n v i ronme n t a l  i mp a c t s  c a n  be  c a u s e d  by t h e  s t e p s  n e e d e d  to prov i d e t h e  
mater i a l s a n d  mac h i n e ry to t h e  u s e r . S u c h  s t e p s  i n c l u d e : m l n l ng raw 
mate r i a l s ;  ma nufac t u r i n g  mate r i a l s s u c h  as  me t a l s ,  g l a s s , and i n s u l a t i on ; 
fabr i c at i ng t h e  f i n i s h e d  p rod u c t s ; tran s por t i n g  t h e  raw  a n d  f i n i s h ed 
mate r i a l s ;  a n d  i n s ta l l i n g t h e  con s e rv a t i on  me a s u r e s  at  t h e  po i n t  of u s e . E a c h  
s te p  i nvo l v e s  e n e rgy con s umpt i on a n d  l abor . 

Soph i s t i c a t e d  d e v i c e s  s u c h  a s  h e at p u mp s a n d  a i r-to-a i r  h e a t  e x c h a n g e r s  
requ i re more r a w  mate r i a l , man uf a c t u r i n g , a n d  fabr i c at i on t h a n  con s tr u c t i on  
mat e r i a l s s u c h  as  i n s u l a t i on . They  a l s o  may requ i re more  e n e rgy i n  
tran s portat i on ,  more  h i g h l y  tra i ne d  i n s t a l l e r s , a n d  more m a i n te n a n c e . 

Pote n t i a l  e n v i ronme n t a l  i mp a c t s  from man ufactu r i n g  a n d  tra n s port i ng 
con s e rv at i on d ev i c e s  a n d  mate r i a l s i n c l u d e  i n c r e a s e d  e n e rgy u s e , a i r a n d  wate r 
emi s s i on s , l an d  u s e , emp l oyme n t , a n d  oth e r  e conom i c e ff e c t s . D i s po s a l  of s u c h  
d ev i c e s  a n d  mate r i a l s a l s o  cou l d  c a u s e  a dv e r s e  i mp a c t s . 

I n  g e n e ra l , h owev e r ,  t h e  pote nt i a l a dv e r s e  e n v i ronme n t a l  i mp a c t s  t h a t  cou l d  
r e s u l t f rom t h e  p rod u c t i on a n d  tran s porta t i on of con s e rv a t i on mate r i a l s a r e  
r e l a t i v e l y  i n s i gn i f i ca n t . I n  a dd i t i on , any  a dv e r s e  eff e c t s  l i ke l y  wou l d b e  
off s e t  comp l e te l y  or  p a rt i a l l y  b y  t h e  e n v i ronme n t a l  b e n e f i t s  of con s e rv a t i on .  
B e ca u s e  con s e rv a t i on mea s u r e s  r e s u l t i n  i n c r e a s e d  eff i c i e n cy of e n e rgy u s e , 
t h ey cou l d  r e s u l t  i n  r e d u c e d  operat i on a n d  d e v e l opme n t  of g e n erat i on 
resourc e s . R e d u c e d  ope r at i on a n d  d e v e l opme n t  of g e ne ra t i on re s ou r c e s  cou l d  
re s u l t i n  l e s s  r e l ated  e n v i ronme n t a l  effe c t s . A pos s i b l e  i n c r e a s e  i n  
emp l oyme nt  for manufact u r i n g ,  tra n s port i n g ,  i n s t a l l i n g ,  a n d  i n s p e c t i n g  
con s e rvat i on mea s u r e s cou l d  be  a pos i t i ve soc i o-e conomi c effe c t . 
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Sour c e s : 

BPA , F i n a l  E n v i ronme n t a l  I mp a c t  S t a t e me n t : T h e  Ro l e of t h e  Bon n e v i l l e  
Powe r A d m i n i s t rat i on i n  t h e  P ac i f i c  Nor t h we s t  Power  S u pp l y  Sy s t e m ,  
D e c e m b e r  1 980 , p .  I V- 1 2 3 .  

BPA , E n v i ronme n ta l A s s e s s me n t : Propos e d  Powe r Sy s tem  C h a n g e s  to I mp l eme n t  
t h e  W a t e r  Budge t , May 1 98� , Append i x  C ,  p .  C- l - C-4 . 

COG E N E RA nON 

Cog e n e r a t i on i s  the  g e n e r a t i on of power i n  conj u n c t i on w i t h  ( u s u a l l y )  an  
i nd u s tr i a l  p roc e s s ,  u s i n g wa s te heat  from o n e  proc e s s  to f u e l the  ot h e r . 
Cog e n e r a t i on i s  a we l l - e s t a b l i s h e d  t e c h n o l ogy t h a t  wa s re l a t i ve l y  common a t  
manufac t u r i n g p l a n t s  e ar l y  i n  t h i s c e n t u ry . Cog e n e r a t i on p e a k e d  a s  a n  
e l e c tr i c i ty g e n e r at i n g te c h no l ogy i n  1 95 0 , b u t  d e c l i n e d  a s  e l e c tr i c u t i l i t i e s 
d e v e l op e d  l a r g e r  c e n t r a l s t a t i on g e n e ra t i on w i t h  i t s e conom i e s  of s c a l e .  W i th 
t h e  pas s age  of t h e  P u b l i c  U t i l i ty Regu l atory Po l i c i e s A c t  ( PU RPA ) i n  1 97 8 , 
i n t e r e s t  i n  cog e n e rat i on h a s  g rown . T h e  re l a t i v e d e c l i n e i n  fos s i l  f u e l  
( e s pe c i a l l y  n at u ra l g a s )  p r i c e s  a n d  t h e  g row i n g  ava i l ab i l i ty of 
" off- t h e- s h e l f " equ i pme n t  h a s  i n c r e a s e d  t h e  popu l ar i ty of cog e n e r a t i on .  

T h e  u s e  of coge n e ra t i on  c a n  r e s u l t i n  l e s s  wa s te d  t h e rm a l  e n e rgy a n d  g r e a t e r  
fue l  eff i c i e n cy than  i f  i n d u s t r i a l a n d  e l e c t r i c g e n e r a t i n g p r oc e s s e s  we re  
c a rr i ed o u t  s eparate l y .  T h e  effi c i e n cy of j o i n t l y  prod u c i n g  e l e c tr i c i ty a n d  
< i nd u s t r i a l ) " proc e s s "  h e a t  i s  e s t i ma t e d  to r e d u ce fu e l  con s umpt i on on  t h e  
ord e r  of 1 5- 30 p e r c e n t  w h e n  compared  w i t h  s ep arate  produ c t i on . Coge n e r a t i on  
of e l e c t r i c i ty c a n  re s u l t i n  r e d u c e d  n e e d  for ope r at i n g  and  b u i l d i n g 
c e n t ra l - s t at i on g e n e r a tor s , w i t h  a concom i t a n t  r e d u c t i on i n  em i s s i on s  a n d  
o t h e r  e n v i ronme n t a l  i mp a c t s .  

T e c h n o l ogy 

Coge n e r a t i on  t e c h nol og i e s  a r e  of t h r e e  b a s i c  type s .  T h e  f i r s t  type , t h e  s t e am 
topp i ng-cyc l e  s y s tem , i n c l u d e s  a s te am g e n e ra tor i n  wh i c h fu e l  i s  f i r e d  to 
p rod u c e  s te a m . T h e  s team t u r n s  a t u r b i n e-ge n e r ator f i r s t  and  then  i s  u s e d  for 
proc e s s  app l i c at i on s .  I n  t h e  s e cond  typ e , a bottom i n g- c yc l e s y s t e m ,  r e s i d u a l  
h e a t  l eft after  proc e s s  u s e  i s  u s e d  t o  g e n e ra t e  e l e c tr i c i ty .  T h e  th i rd  type , 
a g a s  t u r b i n e cog e n e r a t i on cyc l e ,  u s e s  a CT to d r i v e  a g e n e r a tor . T h e  e x h a u s t  
h e a t  from t h e  t u r b i n e  i s  u s e d  for p roc e s s  a pp l i c at i on s , e i t h e r  d i r e c t l y  o r  by 
way of a s te am cy c l e .  

Off-the - s h e l f  equ i pm e n t  for t h e  coge n e r a t i on of e l e c t r i c i ty a n d  s t e a m  i s  
av a i l ab l e f rom s ev e ra l man ufac t u r e r s . F l e x i b l e  a c qu i s i t i on arran geme n t s  c a n  
mee t  t h e  s p e c i f i c n e e d s  of mos t  i nd i v i d u a l  u s er s . Av a i l ab l e g e n e r a to r s for 
s te am topp i ng- or bot tom i n g - cyc l e  s y s t e m s  c a n  be  f i t t e d  to u s e  g a s , o i l ,  coa l , 
wood was te s , r e d  and  b l a c k  l i q uor s , c a r bon  monox i d e a n d  ot h e r  g as e s , a n d  o t h e r  
fu e l s .  T h e  g a s  t u r b i n e  coge n e r a t i ng sys tem s  g e n e r a l l y  u s e  n a t u r a l  g a s , 
#2 d i s t i l l at e , or  n a p h t h a  fu e l s for comme r c i a l  a p p l i ca t i on s .  
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Pote n t i a l  

T h e  reg i on h a s  about 790  megawa t t s  ( M W )  o f  i n s t a l l ed cog e n e r a t i on c a p a c i ty ,  
mo s t  i n  the  wood and  paper  i n d u s tr i e s .  T h e  l ar ge s t  per c e n tage  of t h e  
pote n t i a l  for cog e n e r a t i on i n  t h e  Pa c i f i c Nor t h we s t  i s  i n  t h e  s ame i n d u s try  
( p aper  a n d  l umbe r ) . Oth e r  maj or i n d u s tr i a l app l i c a t i on s  i n  the  Nor t h w e s t  a r e  
c h em i c a l s a n d  o i l a n d  food p roc e s s i n g .  M u n i c i pa l  s pon sor s a c c ou n t  f o r  s ome 
pote n t i a l , a l s o . Mo s t  cog e n e r ator s i n  the Nor t hwe s t  a r e  e x p e c ted  to g e n e r a t e  
e l e c t r i c i ty for t he i r own u s e  o n l y .  Some , howev e r , e n co u r ag e d  b y  PURPA , may 
s e l l  e x c e s s  power  to the i r  l oc a l  u t i l i t i e s .  

E n e rgy prod u c t i on by cog e n e r ator s i s  d i ff i c u l t to p r ed i c t .  I t  d e pe n d s on  
var i ou s  fac tor s ,  s u c h  a s  f u e l p r i c e s , r e t a i l e l e c tr i c i ty p r i c e s , e l e c tr i c i ty 
b uyback  p r i c e s , and  i n d u s t r i a l  prod u c t i on a c t i v i ty .  W h e n  c a l l e d u pon  to 
op e r ate , howe v e r , cog e n e r a t i on fac i l i t i e s g e n e r a l l y  h a v e  h i g h ava i l a b i l i t i e s ,  
80 perc e n t  or h i g h e r . 

A s  m i g h t  be e x p e cted , u t i l i t i e s t h a t  are  f a c e d  w i th  l o s s  of l oad  cau s e d  by 
coge n e r a t i on oft e n  offe r s pe c i a l  r a te s or s e r v i c e  to r e t a i n the l oad of 
pote n t i a l  cog e n e r ator s .  B e c au s e  of r e l i ab i l i ty con s i d e r a t i on s , u t i l i ty b a c k u p  
of coge n e r a t i on  i s  r e q u i r e d . 

E xpected  I mpac t s  

T h e  type s o f  e n v i ronme n t a l  i mp a c t s  to be  e x pe c te d  from coge n e r a t i on f a c i l i t i e s 
a r e  approx i mate l y  the  s ame a s  t h o s e  of  t h e  te c h no l ogy from wh i c h the  s y s tem  
d er i ve s  i t s e n e rgy . That  i s ,  for  e x amp l e ,  t h e  e x pe c t e d  i mpac t s  from a 
cogenerat i n g f ac i l i ty that  b u r n s o i l for f u e l a r e  s i m i l ar to t h e  i mp a c t s  f rom 
e i t h e r  an i nd u s tr i a l or a powe r-ge n e r at i n g o i l -f i r e d  p l a n t . T h e  i mp a c t s  wou l d  
be  p r i mar i l y  l oc a l  a n d  may b e  g r e a t e r  t h a n  e i t h e r  t h e  i nd u s tr i a l or g e n e r a t i on  
proc e s s  a l one . The  type of proc e s s  that  f i r e s  f u e l to p r od u c e  s team f i r s t  for 
g e n e r at i on a n d  t h e n  for an i nd u s tr i a l u s e  typ i c a l l y  b u r n s 1 0  to 2 0  p e r c e n t  
mor e  fue l w h e n  cog e n e r a t i n g t h a n  w h e n  prod u c i n g s o l e l y  p r oc e s s  s team . 
D e p e n d i ng on  t h e  f u e l u s e d  a n d  t h e  effi c i e n cy of t h e  p l a n t ,  a d d i n g  
cog e n e r a t i on  of e l e c t r i c i ty t o  an  i nd u s tr i a l p l ant  may i n c r e a s e  the  e m i s s i on 
of p a r t i c u l ate s a n d  g a s eou s prod u c t s  of comb u s t i on and  may i n c r e a s e  wat e r  
po l l u t i on a n d  con s ump t i on . 

I n  p a r t i c u l a r , s i n c e  t h e  g r e ate s t  poten t i a l  for coge n e r a t i on  i n  the  Northwe s t  
i s  i n  t h e  wood p r od u c t s  i nd u s try , t h e  r e s u l t cou l d be  a n  i n cr e a s e  i n  t h e  
r e l e a s e  o f  par t i c u l ate matte r , h e avy organ i c  mat e r i a l s ,  a n d  f i n e  par t i c l e s of 
i norgan i c  a s h . P a rt i c u l a t e s f rom wood b ur n i n g  a r e  mos t  oft e n  b l amed for 
r e d u ced  v i s i b i l i ty and r e s p i r a tory i rr i ta t i on . Ot h e r  prod u c t s  of comb u s t i on 
a r e  s u l fu r  d i ox i d e s , c a r bon  mon o x i d e ,  hyd roc a r bon s ,  a n d  n i trog e n  ox i d e s . 
Ot h e r ,  l e s s e r , pote n t i a l  e n v i ronme n t a l  i mp a c t s  of wood b u r n i n g  for 
cog e n e r at i on i n c l u d e  water  po l l u t i on f rom d i s c ha r g e d  w a s t e  wat e r  or  from 
r u noff . Dome s t i c wate r  s u p p l i e s ,  f i s her i e s ,  a n d  r e c r e a t i on a l  a r e a s  c ou l d  b e  
affe c ted . D i s po s a l  o f  s o l i d  wa s t e s  from wood f u e l b u r n i n g g e n e ra l l y  i s  n o t  a n  
e n v i ronme n t a l  p r ob l em a s  l on g  a s  p roper  w e t  h a nd l i n g m e t h od s  a r e  u s e d  a n d  
t h e r e  wer e  no tox i c  c h e m i c a l s i n  the  wood f u e l o r  t h e  combu s t i on proc e s s . 
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M i t i ga t i on 

E x i s t i ng  fa c i l i t i e s r e trof i t t e d  for coge n e r a t i on may be  r e q u i r ed  to a d d  a i r 
p o l l u t i on con trol  e q u i pme n t  to h a n d l e  t h e  a d d i t i on a l  r e l e a s e  of ga s e s  a n d  
p o l l u t a n t - .  Bo i l e r s  a n d  f i r i n g te c h n i q u e s  d e s i g n ed for eff i c i e n cy a l s o  c a n  
r e d u c e  e m l s s i on s  ov e r  thos e t o  be e x p e c t e d  from l e s s  eff i c i e n t  fa c i l i t i e s .  
Cog e n e r a to r s  a l so  a r e  r e q u i r e d  to comp l y  w i t h  F e d e r a l , S tate , a n d  l oc a l  
e n v i ronme n t a l  reg u l a t i on s . 

I f  cog e n e r a t i on  b e come s a s i g n i f i c a n t  e n e r gy p r od u c e r  i n  a p a r t i c u l ar ar e a , a 
n e t  r e d u c t i on i n  e n v i ronme n t a l  i mp a c t s  cou l d oc c u r  i f  t h e  n e e d  for 
c e n t ra l - s tat i on g e n e r a t i n g  p l a n t s  i s  r e d u c e d . 

Sou r c e s :  

BPA , F i n a l  E n v i ronme n t a l I mp a c t  S t a t e me n t :  T h e  Ro l e of t h e  Bon n ev i l l e 
Powe r Adm i n i s trat i on i n  t h e  Pa c i f i c  Nor t hwe s t  Powe r S u p p l y  Sy s t em , 
Dec ember  1 980 , p p . IV- 1 2 9- 1 3 3 .  

BPA , E n v i ronme n t a l  A s s e s s me n t : Propo s e d  Pow e r  Sy s t e m  C h a n g e s to I mp l e me n t  
t h e  � at e r  Budg e t , May 1 9 8 3 , A p p e n d i x  C ,  p p . C-7 - C-8 . 

Bon n e v i l l e Powe r Admi n i s t r at i on 1 9 8 3  W h o l e s a l e Powe r Rate  F i n a l  
E n v i ronme n ta l  I m p a c t  S ta t e me n t , S e p t e m b e r  1 9 8 3 , p p . IV-5 1 - 52 . 

BPA , Coge n e r at i on Pote n t i a l i n  t h e  Pa c i f i c Northwe s t ,  D e c em b e r  1 988 , 
App e n d i x  B .  

Nor t hwe s t  Power  P l an n i n g  Cou n c i l ,  1 9 89  S u p p l e me n t  to t h e  1 98 6  Nor t h we s t  
Con s e r v at i on a n d  E l e c t r i c Pow e r  P l a n ,  Vol ume 1 ,  p p . 50- 5 1 . 

HYDROELECTRIC  

Hydroe l e c t r i c i ty i s  a renewab l e  re sour c e . Water  s p i n s t u r b i n e s , wh i c h d r i v e  
g e n e r a tor s t o  p r od u c e  e l e c t r i c i ty .  T h e  Pa c i f i c  Nor thwe s t  h a s  m a ny s tr e a m s  
w i t h  f l ow a n d  h e a d  < d i ff e r e n c e  i n  wa t e r  l e v e l ) s uff i c i e n t  to p r od u c e  
e conom i c a l  e l e c t r i c a l  e n e rgy . A hydro  fa c i l i ty may h a v e  p u r pos e s  i n  a d d i t i on 
to powe r g e n e r at i on ,  i n c l u d i n g  i r r i g a t i o n , n av i g at i on , f l ood con t ro l , 
r e c r e a t i on ( for e x amp l e ,  f i s h i n g ,  boa t i ng , a n d  camp i n g ) , a n d  wat e r  s u pp l y  for 
dome s t i c a n d  i n d u s t r i a l u s e . D e t e rm i n i n g an a c c e p tab l e b a l a n c e  of t h e s e  
oft e n - co n f l i c t i n g u s e s  i s  a m a t t e r  for con s i d e r a b l e d e b a t e  w i t h i n t h e  r e g i on . 

Large H yd ro 

Con s tr u c t i on and  o p e r at i on of r e l a t i v e l y  l ar g e  d ams  a n d  maj or ad d i t i on s  to 
thos e fa c i l i t i e s h a v e  u n d e n i ab l y  s i g n i f i c a n t  e n v i ronme n t a l  i mp a c t s . D u r i n g 
con s tr u c t i on ,  d u s t  a n d  v e h i c l e  e m i s s i on s  c a n  r e d u c e  a i r q u a l i ty .  Eros i on ,  
d u s t ,  a n d  o t h e r  d i s c h a rg e s  c a n  r e d u c e  w a t e r  q u a l i ty a n d  i n cr e a s e  s i l tat i on .  
T h e  i nf l u x  of worke r s  to t h e  area  may c au s e  temporary e n v i ronme n ta l  a n d  
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soc i oe conom i c effe c t s  a s  worke r s  s e e k  hou s i n g ,  t r a n s port , a n d  food . T h e  
fa c i l i t i e s t h ems e l v e s  r e q u i r e h u ge  q uan t i t i e s  o f  e a r t h  f i l l ,  s t e e l , a n d  
con c r e te . 

T h e  d am s  i mpou n d  h u g e  vo l ume s of wate r ,  f l ood i n g a n d  e rod i n g e x t e n s i v e a r e a s  
a n d  d i s rupt i n g l an d  u s e , i n c l u d i n g  w i l d l i fe a n d  h uman  h a b i tat  a n d  c u l t u r a l  
( s u c h  as  h i s tor i c a l ) s i t e s . Dams  d i s ru p t  c e r ta i n r e c r e a t i on a l  u s e s  o f  t h e  
r i v e r  b u t  p e rm i t othe r s  b y  t h e  c re a t i on of r e s e rvo i r s . Dams c a n  a s s i s t  
i r r i ga t i on a n d  f l ood contro l  b y  e n a b l i n g wat e r  s torage . 

One  of the  mos t  s i g n i f i c a n t  e n v i ronme n t a l  i mp a c t s  d am s  c a n  h a v e  i s  harm  to 
a n adromou s ( m i gratory ) a n d  r e s i d e n t  f i s h . I mpou n d e d  wate r d i s r u p t s  the  
m i grat i on of j u ve n i l e  f i s h  down s t r e am to the  oc e a n  and  ad u l t f i s h  u p s tr e am to 
s pawn i n g  a r e a s . Prob l ems  ar i s e d u e  to wa t e r  t u r b i d i ty ,  i n c r e a s e d  water  
t emperatu r e , a n d  s l ow or ab s e n t  c u r re n t . De l ay of m i grat i on can  red u c e  t h e  
s u rv i v a l  r a t e  o f  j uv e n i l e  f i s h  a n d  d e c r e a s e  s pawn i n g s u c c e s s  o f  ad u l t s .  
I mpou n ded  water  a l s o  c a n  adv e r s e l y  aff e c t  t h e  food c h a i n ,  i n c l u d i ng t h e  
organ i sms  e a t e n  b y  f i s h  a n d  t h e  s p e c i e s t h a t  p r e y  on  game / a n ad romo u s  f i s h .  

Lack  of pa s s ag e  fac i l i t i e s c a n  prev e n t  m i g ra tory s p e c i e s f rom r e a c h i n g 
s p awn i ng and  r e ar i n g a r e a s . E v e n  w i t h  p a s s a ge  fac i l i t i e s ,  m i g r at i on i s  
g e n e ra l l y  i mpa i r e d . F i s h  m i g r a t i n g  down s tr e am may be  c a u g h t  i n  t h e  t u r b i ne s  
a n d  be k i l l e d ;  or , i f  s t u n n e d , f i s h  may b e c ome p r ey to s c a v e n g e r  s p e c i e s o n  
t h e  dow n s tream ( t a i l wa te r )  s i d e o f  t h e  d am . 

T h e  e x te n t  of t u r b i n e mor ta l i ty d e p e nd s , a t  l ea s t  i n  part , o n  t h e  type of 
t u r b i ne u s e d . B u l b t u r b i n e s , u s u a l l y  u s e d  on  l ow- h e ad hyd ro f a c i l i t i e s , may 
r e s u l t i n  l e s s  harm  to f i s h  t h a n  conve n t i on a l  typ e s  of t u r b i n e s . 

W a t e r  s p i l l e d a t  t h e  d am c a n  c a u s e  n i trog e n  s up e r s at u r a t i on of f i s h  i n  t h e  
t a i l wate r , ano t h e r  pot e n t i a l c a u s e  o f  d e a t h . Red u c t i on i n  n umbe r s  o f  f i s h  c a n  
r e d u c e  t h e  food s u pp l y  for b a l d e ag l e s a n d  o t h e r  an i ma l s .  

Hour l y ,  d a i l y ,  a n d  s e a son a l  o p e r a t i on s  of t h e  r i v e r  for powe r p u r po s e s  c a n  
conf l i c t w i t h  o t h e r  u s e s .  Fore bay ( up s t re a m  s i d e o f  t h e  d a m )  a n d  t a i l w a t e r  
f l u c tua t i on s  c a n  d i s r u p t  r e c r e a t i on a n d  n av i g a t i on for s af e ty a n d  a c c e s s  
r e a son s .  F l u c t u at i on s  a l so  c a n  r e d u c e  t h e  a b i l i ty to w i t h d raw water  for 
i r r i g a t i on a n d  c au s e  e ro s i on of r i v e rb a n k s . An i ma l  h a b i t a t s , n e s t i n g  a r e a s , 
a n d  s pawn i n g g r a v e l s  c a n  b e  a l t e r n a te l y  s t r a n d e d  a n d  f l ood ed . T h e  mor e  t h e  
hydro sy s tem  i s  u s e d  to m e e t  p e ak r a t h e r  t h a n  b a s e  l oad s , o r  to p rov i d e 
r e s e r v e s  a n d  s ho r t- t e rm r e p l a c eme n t  powe r ,  t h e  mor e  freq u e n t  a n d  r ap i d  ( a n d  
t h u s  harmfu l )  f l u c t u a t i on s  c ou l d  be . 

I n c re a s ed Eff i c i e n c y of E x i s t i ng H yd ro 

T h e  Nort hwe s t  Powe r P l an n i n g  Cou n c i l  ( Co u n c i l )  h a s  i nv e s t i g a t e d  t h e  b e n ef i t s  
a n d  cost  of i n c re a s i n g t h e  eff i c i e n cy of e x i s t i n g  maj or hydroe l e c tr i c  
fa c i l i t i e s i n  t h e  Nor t hwe s t . V a r i ou s  r e trof i t me a s u r e s  pot e n t i a l l y  c a n  
i mp rov e proj e c t  eff i c i e n cy a n d  capac i ty a n d  e ne rgy capab i l i ty .  I mprov eme n t s  
t o  t u r b i n e e ff i c i e n cy a l s o  a p p e a r  to r e d u c e  t h e  mor ta l i ty of f i s h  pas s i n g 
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t h ro u g h  t h e  t u r b i n e s . The Cou n c i l h a s  e s t i ma t e d  t h a t  1 1 2 MW  of hyd ropow e r  
e ff i c i e n cy i mprov e me n t s  a r e  c u r r e n t l y  cos t  e ffe c t i ve  ( i n d i v i d u a l  me a s u re  c o s t s  
r a n g e  from 1 to 1 1  m i  1 1  s p e r  k i 1 owa t t ho u r  i n  1 9 88 $ ) . I n c r e a s  i n g  t h e  
e ff i c i e n c y  o f  t h e  hyd ro s y s t e m  cou l d  m i t i gate  t h e  s i gn i f i c a n t  e n v i ronme n t a l 
i mpac t s  of the  fac i l i t i e s by r e d u c i n g the  i mp a c t  p e r  k i l owat t h o u r  of 
g e n e r a t i on .  Hyd ropow e r  Eff i c i e n cy I mproveme n t s  are i n c l u d e d  as a re s ou r c e  i n  
t h e  Cou n c i l ' s 1 98 9  S u p p l eme n t  to t h e  1 986  Nor t h we s t  Con s e rv a t i on a n d  E l e c t r i c 
Pow e r  P l an .  

" F i rm i n g "  Non f i rm  

A n ot h e r  f a c e t  of hyd ropowe r fa c i l i ty e ff i c i e n cy i s  i de n t i f i e d by t h e  Cou n c i l  
a s  " be t t e r  u s e  of t h e  e x i s t i n g hyd ropowe r s y s t em . " Th i s  s t r at egy a l so i s  
known a s  " f i rm i n g "  t h e  nonf i rm e n e r gy that  i s  a v a i l ab l e i n  wa t e r  year s t h a t  
a r e  b e tt e r  t h a n  c r i t i c a l . T h e  b e n ef i t o f  f i rm i n g  nonf i rm e n ergy  i s  i n  mak i n g 
t h e  ava i l a b i l i ty of i n e x pe n s i v e nonf i rm e n e rgy mor e  r e l i ab l e .  T h e  Cou n c i l  h a s  
i d e n t i f i e d s e v e r a l m e t hod s t o  b a c k  u p  t h e  r e g i on ' s  hydro r e s ou r c e s : i mp rov e d  
coor d i n a t i on o f  t h e  U . S .  a n d  Canad i a n s e c t i on s  o f  t h e  Co l u mb i a  R i v e r ; p u r c h a s e  
o f  e n e r gy from e x i s t i n g  powe r p l a n t s ; l oad  manageme nt  t e c h n i q u e s ; a n d  u s e  of 
n e w  pow e r  p l a n t s . T h e s e  s u g g e s t e d  me thod s for f i rm i n g  nonf i rm e n e rgy cou l d  
h av e  s i g n i f i c a n t  e n v i ronme n ta l e ffe c t s , par t i c u l ar l y  t h e  m e t hod s i nvo l v i n g  u s e  
o f  e x i s t i n g o r  n e w  power  p l a n t s . 

T h e  Cou n c i l h a s  i n v e s t i ga t e d  cos t-effe c t i v e way s to f i rm  t h e  e n e r gy prod u c t i on 
of e x i s t i n g  hyd ropower fac i l i t i e s a n d  s ugge s t s  u s i n g CTs . T h e  Cou n c i l ' s 
s t u d i e s s how t h a t  a bou t 3500 MW  of CT  capac i ty may be  co s t  e ff e c t i v e to a d d  to 
the  r e g i on ' s  pow e r  s y s tem b e for e ad d i n g typ i c a l  ba s e l oad  g e n e ra t i on s u c h  a s  
coa l p l an t s . F i rm i n g  t h e  hydro  s y s t em ' s nonf i rm e n ergy prod u c t i on w i t h  t h a t  
amou n t  o f  C T s  wou l d  prod u c e  a b o u t  3000 M W  o f  f i rm e n e rgy . S e e  t h e  CT s e c t i on 
of t h i s  append i x  for a d i s c u s s i on of CTs ' pote n t i a l  e n v i ronme n t a l  i mpac t s . 

Sma l l H yd ro 

T h e  r e g i on  g e n e r a l l y  a g r e e s  t h a t  t h e  Co l umb i a  R i v e r  a n d  t h e  o t h e r  r e g i on a l  
s tr eams  w i l l  s u ppor t n o  fu r t h e r  maj or hyd ro d ev e l opme n t . Howe v e r , s i t e s  do 
e x i s t  for sma l l h y d ro i n s t a l l a t i on s , and  s ma l l e n e r gy prod u c e r s  a r e  e n co u r a g e d  
b y  PURPA . Sma l l hyd ro pote n t i a l cou l d  come from t h ree  sou r c e s :  pre s e n t l y  
e x i s t i n g  p l an t s ; n ew l y  i n s ta l l e d g e n e r a t i on fa c i l i t i e s a t  e x i s t i n g  nonpow e r  
( for e x amp l e ,  i r r i g a t i on or f l ood con tro l ) d ams ; a n d  g e n e ra t i on fac i l i t i e s a t  
n e w  dams . Sma l l hydro p l a n t s  g e n e r a l l y  are  l ow-h e a d  proj e c t s ; r e s e r vo i r s  a r e  
s ma l l or  n o n e x i s te n t . Te c h no l ogy f o r  s m a l l h y d ro i s  s i m i l ar to t h a t  f o r  l ar g e  
hydro , e x c e p t  t h a t  l ow-head  p roj e c t s  often u s e  a b u l b  t u r b i n e r a t h e r  t h a n  t h e  
F r a n c i s or  Kap l a n t u r b i n e s  n e a r l y  a l way s u s e d  for h i gh-head  p roj e c t s . Bu l b  
t u r b i n e s  may r e s u l t i n  l e s s  h ar m  to f i s h  t h a n  con v e n t i on a l  typ e s  of t u r b i n e s . 

Sma l l hydro i n s t a l l a t i on s  g e n e r a l l y  may be con s tr u c te d  a t  r e a sona b l e  c os t . 
T h e  Cou n c i l e s t i ma t e s  that  4 1 0 a v e r a g e  megawa t t s  ( aMW )  of f i rm e n e rgy may 
r e a s on a b l y  be a s s umed  to be av a i l a b l e  at a l ev e l i ze d  cos t of 60  m i l l s  p e r  
k i l owa t t ho u r  or  l e s s  ( 1 988 $ ) . Con s t r u c t i on t i me s  a l so a r e  r e l at i v e l y  s ho r t , 
a l t ho u g h  l i ce n s i n g  may take con s i d e r a b l e  t i me .  
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T h e  pot e n t i a l e n v i ronme n t a l  i mp a c t s  of sma l l hydro  fac i l i t i e s a r e  s i m i l ar to 
t h o s e  for l arge  hydro , b u t  wou l d  b e  of p ropor t i o n a t e l y  s m a l l e r s c a l e .  
De v e l opme n t  of hydroe l e c t r i c pot e n t i a l  at  a n  e x i s t i n g  dam l i ke l y  wou l d  r e s u l t  
i n  l e s s  e n v i ronme n t a l  h ar m  t h a n  d e v e l opme n t  of a n e w  s i te .  S i te- s pe c i f i c 
con s i d e r a t i on s  for s ma l l hydro  d e v e l opme n t  wou l d  i n c l u d e  c u r r e n t  a n d  f u t u y  = 
r e c r e a t i o n a l  u s e s  of t h e  l a n d  a n d  wate r ; e x i s t i n g f i s h  a n d  w i l d l i fe m i g r at i on ,  
h a b i t a t  and  spawn i n g a r e a s ; a n d  h i s tor i c a n d  ar c h ae o l og i c a l  s i t e s . 

T h e  F e d e r a l  E n ergy Re g u l atory Comm i s s i on ( F ERC )  h a s  j u r i s d i c t i on ov e r  t h e  
t e r m s  o f  l i ce n s e s  t h a t  gov e r n  s ma l l h ydro ope r a t i n g con d i t i on s . Many Fe d e r a l  
l aw s  app l y  to hydroe l e c tr i c proj e c t s . T h e  F E RC r e v i e w  proc e s s  a d d r e s s e s  f l S h , 
w i l d l i fe ,  and  e n v i ronme n t a l  i s s u e s .  Loc a l , S t a t e , a n d  Fed e r a l  a g e n c i e s  
i n te r v e n e  i n  t h e  F E RC l i c e n s i n g p roce s s  t o  e n s u r e  t h a t  t h e i r i n te r e s t s  a r e  
add r e s s e d . I n  ad d i t i on ,  l oc a l  a n d  S t a t e  r e g u l at i on s  app l y  to h y d r o  proj e c t s . 

I n  p a r t i c u l ar ,  the  Cou n c i l h a s  s p e c i f i e d ' cond j U on s  of d e v e l opme n t l l i n  
Se c t i on 1 1 03 ( a ) of i t s f i s h  a n d  w i l d l i fe D r og r �m a n d  A o p e n d i x 1 1 - 8 of i t s 
1 9 86  Nor t h we s t  Powe r P l a n .  T h e  Cou n c i l a l so � a s  e s t a b l i s h e d  a p r o t e c t e d  a r e a s  
r u l e ,  wh i c h d e s i g n a te s s t r e am r e ac h e s  p ro t e c t ed  frcm hydro d e v e l opme n t .  
Hyd ropow e r  dev e l opme n t  i n  t h e s e  prote c ted  s t r e a m  r e a c h e s  c ou l d  c a u s e  
u n a c c ep t ab l e  r i s k  of l o s s  to f i s h  a n d  w i l d l i fe s p e c i e s , t h e i r  p r od u c t i v e 
c a p a c i ty or  hab i tat . B PA s u ppor t s  t h e s e  I I P ro t e c te d  A r e a s l l  i n  l t s Long-Te r m  
I n t e r t i e  A c c e s s  P o l i cy by p r e c l u d i n g i n t e r t i e a c c e s s  for power  from p l a n t s  on  
p r o t e c t e d  s t r eam r e a c h e s . T h e  Cou n c i  l '  s de s ;  g n at i on of prote c t e d  a r e a s  i s  
b a s ed on  t h e  Pac i f i c Nor t hwe s t  Hyd ropowe r S i te D a t a b a s e  d ev e l ope d  by t h e  
Cou n c i l ,  t h e  U . S .  Cor p s  o f  E n g i n e er s , a n d  BPA ; a n d  t h e  Hyd ropow e r  A s s e s sme n t  
S t u dy con d u c t e d  by t h e  Cou n c i l ,  BPA , F e d e r a l  agen c i e s ,  State s ,  a n d  t r i b e s . 

Ta b l e  F- l pre s e n t s  i nformat i on r e gar d i ng e n v i ronme n t a l  con c e r n s  a s soc i ated  
w i t h  a sma l l hydroe l e c tr i c  p l a n t .  E ven  i f  i n d i v i d u a l  sma l l hydro  fac i l i t i e s 
h a v e  r e l at i v e l y  m i nor e nv i ronme n t a l  effe c t s , t h e  c u mu l a t i v e i mp a c t s  of many 
s ma l l hydro fac i l i t i e s w i t h i n  a s i ng l e  r i v e r  ba s i n  c ou l d b e  s i g n i f i can t . BPA , 
t h e  Co u n c i 1 ,  reg  i on a l i n t e r e  s t g r 0 u p s , a n d  t h e  F E R  C 1 i c e n s i n  g p ro c e s s a l 1 w i l l  
mon i tor a n d  a s s e s s  c umu l at i v e  i mp a c t s  of sma l l hydro  fac i l i t i e s i n  t h e  
Nor t h we s t . 

Sou r c e s : 

BPA , F i n a l  E n v i ronme n t a l  I mp a c t  S tateme n t : T h e  Ro l e of t h e  Bon n e v i l l e  
Pow e r  Adm i n i s tr a t i on  i n  t h e  P a c i f i c Northwe s t  Powe r Supp l y  Sy s tem , 
D e c ember  1 980 , pp . I V- 1 3 3 - 1 3 7 . 

BPA , E n v i ronme n t a l  A s s e s s me n t :  P ropo s e d  Pow e r  Sys tem  Ch an g e s  to I mp l e me n t  
t h e  Water  B u d ge t , May 1 9 8 3 , App e n d i x C ,  pp . C- 4 - C- 6 .  

Bon n e v i l l e Power A d m i n i s tr a t i on 1 98 3  Who l e s a l e Power  Rate  F i n a l  
E n v i ronme n t a l  I mp a c t  S t ateme n t , S e p tember  1 98 3 , pp . IV- 5 2 - 5 3 . 
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Nor t h we s t  Powe r P l a n n i n g Cou n c i l ,  1 98 9  S u pp l eme n t  to t h e  1 98 6  Nor t hwe s t  
Con s ervat i on a n d  E l e c tr i c Power P l a n ,  Vo l ume 1 ,  pp . 47-48 . 

U . S .  Depar tme n t  of E n ergy , E n e rgy Te c h no l ogy Charac t e r i z at i on s  H a n d book , 
E n v i ronme n t a l  Po l l u t i on a n d  Con tro l  F a c tor s , Th i r d Ed i t i on ,  Mar c h  1 98 3 . 

U . S .  Depar tme n t  of E n e r gy , E n e r gy Te c h no l og i e s a n d  t h e  E n v i ronme n t , 
E n v i ronme n t a l  I n for ma t i on H a n d book , October  1 988 . 

NUCLEAR 

The  Pac i f i c  Nor thwe s t  r e c e i v e s  e l e c tr i c a l  e n e r gy from two operat i n g n u c l e a r  
p l a n t s  w i t h i n  t h e  r e g i on , t h e  Troj an  p l a n t , own e d  a n d  ope r ated  b y  Por t l a n d  
Ge n e r a l  E l e c tr i c  Company ( PG E ) , a n d  t h e  Was h i n g ton P u b l i c  Powe r S u p p l y  Sy s t em  
( Su p p l y  Sy s tem )  N u c l e a r  P l a n t  ( WN P )  No . 2 .  Two  other  Supp l y  Sy s t e m  p l a n t s , 
W N P - l  and  - 3 , a r e  par t i a l l y  comp l e ted  a n d  are  mot h b a l l e d .  I f comp l e t ed , t h e y  
cou l d s u pp l y  power for t h e  r e g i on ' s fu t u r e n e e d s .  S P A  and  t h e  S u pp l y  Sy s t em 
are  coope r at i ng  to d e v e l op a p l a n for p ar t i a l l y  r ef i n a n c i n g the p l a n t s ; f u t u r e  
f i n a n c i n g for pre s e r v a t i on a n d  c omp l e t i on i s  u n c e r t a i n .  ( SPA a n d  t h e  S u p p l y  
S y s t em a l so  are  c o n s i d e r i n g  r e power i n g t h e  H a nford G e n e r a t i n g  Proj e c t , wh i c h 
wa s powe r e d  by s te am from t h e  p l u ton i um-prod u c i n g H anford N-Reac tor . 
Re powe r i ng  l i ke l y  wou l d  u s e  coa l or n a t u r a l  g a s  r a t h e r  t h a n  n u c l e ar f u e l to 
ge n e r ate  s te am . ) 

N u c l ear  g e n e r a t i on i n vo l v e s  p l a n t  con s t r u c t i on ;  u r a n i um m i n i n g a n d  
pr eparat i on ;  f u e l f i s s i on i n g to g e n e r a t e  e l e c t r i c a l  e n e r gy ;  s p e n t  f u e l 
d i s po s a l ; and  p l a n t  d e comm i s s i on i n g .  A l l ph a s e s  of p l a n t  con s tr u c t i on a n d  
f u e l  proc e s s i ng  u s e  s u b s t an t i a l  q u a n t i t i e s  o f  e n e r gy ,  for t r a n s por t a t i on ,  
ma c h i n ery u s e , proc e s s  u s e , a n d  s o  on . Tab l e s F-2 t h rough  F - 1 0 s how t h e  
n a t u r a l  r e sour c e  u s e  a n d  e n v i ronme n ta l  i mpac t s  o f  t h e  s te p s  i n  n u c l e a r  
g e n e r at i on ,  wh i c h a r e  d i s c u s s e d  be l ow .  

F u e l M i n i ng a n d  Proce s s i ng 

M i n i ng .  T h e  u r a n i um for g e n e r at i n g p l a n t s  i n  t h e  Nor t h we s t  prob a b l y w i l l  b e  
i mpor t e d  f rom o u t s i d e t h e  re g i on .  U r a n i um i s  m i n e d  by bot h u n d e r grou nd  a n d  
op e n- p i t t e c h n i q u e s ;  mo s t  o f  t h e  c u r r e n t  U . S .  p r od u c t i on  o f  u r a n i um come s from 
ope n -p i t m i n e s . S u rface  ( p i t )  m i n i n g of u r an i um h a s  s e v e r a l  a d v e r s e  
e n v i ronme n t a l  i mp a c t s . T h e  m i n i n g n e c e s s a ry t o  s uppor t a 1 , OOO-MW n u c l e a r  
p l a n t  d i s t u r b s  54 . 6  a c r e s  per  year . M i n i n g p r od u c e s  s i g n i f i c a n t  amou n t s  of 
a i r po l l u t i on from t h e  op e r a t i on of h e a v y  m i n i n g e q u i pme n t  a n d  t h e  b r e a k u p  of 
t h e  u r a n i um ore . A i r po l l u t i on con s i s t s  of par t i c u l at e s , s u l f u r  d i ox i d e ,  
n i t r og e n  ox i d e s , a n d  r adon a n d  r adon d a u g h te r s . S u rf a c e  m i n i n g a l s o  can  
prod u c e  water  pol l u t i on c a u s e d  by  r u noff from p i l e s of s o i l a n d  m i n e d  
s u rfac e s . A i r a n d  w a t e r  pol l u t i on con ta i n s h e a v y  me ta l s a n d  l ow- l e v e l 
rad i oac t i v i ty .  Rad i a t i on e x p o s u r e  i s  s t r i c t l y mon i tor ed  a n d  l i m i t ed  for 
u n d er grou n d  u r a n i u m m i n e r s . Rad i a t i on h az ar d s  are  not s i gn i f i c a n t  i n  U . S .  
l ow-g r a d e  open-p i t  m i n e s .  
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M i l l i ng .  Dur i n g m i l l i n g ,  at  t h e  m i n e  s i te ,  u r a n i um i s  e x tr a c t e d  f rom t h e  o r e  
and  con c e n trate d , u s i n g c h em i c a l  a n d  m e c ha n i c a l  p roc e s s e s . T h e  m i l l i n g 
proc e s s  p rod u c e s  s i g n i f i c a n t  amou n t s  of par t i c u l at e  a n d  t h e rma l em i s s i on s  a n d  
r e l e a s e s  r ad i oa c t i v e  a n d  o t h e r  m i n e r a l s i n to t h e  a i r a n d  wat e r . I t  a l so 
r e s u l t s i n  c l os e  to 2 00 , 000 ton s  of rad i oa c t i v e  s o l i d  wa s t e ( t a i l i n g s )  
a n n u a l l y ,  wh i c h mu s t  b e  s tab i l i z e d  to p r e v e n t  w i n d  a n d  water  eros i on .  

Conv e r s i on .  T h e  ref i n e d  u r an i um ( "ye l l owcake " )  t h e n  i s  con v e r t e d  to a 
vol a t i l e  u r an i um h e x af l uor i d e .  Con v e r s i on oc c u r s  i n  on l y  a f e w  U . S .  
l oc a t i on s , wh i c h a r e  ou t s i de t h e  W e s t .  T h e  conve r s i on proc e s s  r e s u l t s i n  a i r 
and  water  pol l u t i on ,  s ome of wh i c h i s  rad i oa c t i v e , a n d  h e a t  d i s c h a r g e  to t h e  
a i r .  T h e  res u l t i n g rad i oa c t i v e  s l u d g e  i s  h e l d for r e proc e s s i n g or  b u r i a l . 

E n r i c hmen t .  Ne x t  t h e  vo l a t i l e  u r a n i um h e x af l uor i d e compou n d  i s  e n r i c h e d  by 
mea n s  of g a s eou s d i ffu s i on or gas c e n tr i fuge . E n r i c hm e n t  i n  t h e  U . S .  i s  don e 
by Department  of E n e r gy c o n t r a c tor s i n  a few l oc a t i on s  ou t s i d e of t h e  W e s t .  
En r i c hme n t  u s e s  s u b s tan t i a l  amou n t s  of e n e rgy , wate r , a n d  o t h e r  r e so u r c e s ,  a n d  
re s u l t s  i n  a i r a n d  water  po l l u t i on a n d  t h e rma l d i s c h a r g e . 

Fabr i c a t i on .  F u e l f a b r i c a t i on c on s i s t s  of c h e m i c a l  conver s i on of u ran i u m 
h e x af l uor i de  to u r a n i um d i ox i d e a n d  me c h an i c a l  proce s s i n g of t h e  f u e l pe l l e t s  
a n d  fue l e l eme n t s . Fue l f a b r i ca t i on r e s u l t s  i n  a i r po l l u t i on a s  a r e s u l t of 
the  p roc e s s  i t s e l f  a n d  of the e n e r gy n e e ded  for the proce s s . A i r ,  wate r , a n d  
so l i d  wa s te s  a l l a r e  rad i oa c t i v e t o  some e x te n t ; s o l i d  wa s t e s  mu s t  be  bu r i e d .  
I n  a dd i t i on ,  h e a t  i s  r e l e a s e d  to t h e  a i r .  

P l an t  Con s tr u c t i on a n d  Ope r at i on 

T h e  e n v i ronme n t a l  i mpac t s  of con s tr u c t i n g  a n u c l e a r  p l a n t  a r e  s i m i l ar to tho s e  
for con s tr u c t i ng  a n y  l arge  g e n e ra t i on p l a n t  or  o t h e r  i n d u s tr i a l  fa c i l i ty .  
P l a n t  c on s tr u c t i on d i s t u r b s  l an d  a r e a s , u s e s  l arge  q u a n t i t i e s  of b u i l d i n g 
mate r i a l s ,  and  c a n  h a v e  soc i oe conom i c i mpac t s  d u e  to t h e  l arge  n u mb e r  of 
worke r s  e mp l oye d .  

The  two mo s t  common type s of rea c to r s  a r e  bo i l i n g wa t e r  a n d  p r e s s u r i z e d  
wate r .  T h e  Troj a n  p l an t  i s  a p r e s s u r i z e d  wat e r  r e a c tor ; WNP-2 i s  a bo i l i n g 
wat e r  r e a c tor . T h e  two type s have  s i m i l ar e n v i ronme n ta l  e ff e c t s . 

I n  t h e  r e a c tor , a toms s p l i t  i n  a c h a i n r e ac t i on c a l l e d f i s s i on i n g ,  produ c i n g 
e n e r gy . T h e  re l e a s e d  e n e r gy h e a t s  wat e r  to s team . T h e  s te am t u r n s  a t u r b i ne , 
wh i c h d r i v e s  an e l e c tr i c a l  g e n e r a tor . T h e  p l a n t s  u s e  con s i d e r a b l e amo u n t s  of 
water for coo l i ng .  T h e  wate r , g e n e r a l l y  from a n e a r by r i v e r , i s  r e cyc l e d 
t h rou g h  t h e  p l an t ,  b u t  t h a t  l o s t  t h ro u g h  evapor a t i on  mu s t  be  made  u p . L e v e l s  
of r a d i oa c t i v i ty i n  a i r a n d  wat e r  d i s c ha r g e s  a r e  l ow ,  a n d  a r e  r e g u l a t e d  by 
Fed e r a l  l aw .  W a t e r  v apor f rom coo l i n g towe r s  c a r r i e s h armfu l s a l t s , wh i c h 
f a l l onto  s u rroun d i n g l an d  a r e a s . N u c l e a r  p l a n t s  a l s o  p rod u c e  s o l i d  a n d  o t h e r  
wa s te p r od u c t s , s ome of w h i c h a r e  rad i oa c t i ve a t  a l ow l ev e l . For e x amp l e ,  a 
boi l i ng wat e r  r e a c tor n u c l e a r  p l a n t  prod u c e s  1 8 , 900 c u b i c  f e e t  a n n u a l l y  of we t 
l ow- l ev e l  r ad i oa c t i v e wa s te t h a t  mu s t  be  embe d d e d  i n  con c re te for d i s po s a l  a n d  
3 , 36 0  c u b i c fee t  a n n u a l l y  o f  d ry l ow- l e v e l  rad i oa c t i v e  wa s te t h a t  i s  e n c a s e d  
i n  d r um s  for d i spos a l . 
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Fos s i  1 f u e l  em i  s s i on s  r e s u l  t from t h e  p e r i od i  c ope r a t i on  of au x i  1 i a ry 
equ i pme n t ,  i n c l u d i n g  d i e s e l -powe r e d  eme rge n cy g e n e r a tor s and  p u mp s , for 
te s t i n g .  

Spe n t  n u c l e a r  fu e l  e l eme n t s  are  remov e d  pe r i od i c a l l y  d u r i n g  r e f u e l i n g a n d  
g e n e r a l l y  a r e  s tored  a t  t h e  p l an t s  p e n d i n g d e s i g n a t i on  o f  a p e rma n e n t  d i s po s a l  
s i te .  D u r i ng  de comm i s s i on i ng ,  t h e  p a r t s  o f  a n u c l e a r  p l a n t  mu s t  b e  d i s ma n t l e d  
a n d  s tored  s afe l y  f o r  h u n d r e d s  o f  yea r s  t o  p r ev e n t  r e l e a s e  o f  ma s s i v e 
quan t i t i e s  of l ong- l i v e d  r ad i at i on .  F i n a l  d i s po s a l  of r ad i oac t i v e p a r t s  of 
d e comm i s s i on e d  n u c l e a r  p l a n t s  a l s o  w i l l  awa i t e s t a b l  i s hme n t  of a p e rma n e n t  
rad i oac t i v e wa s te d i s po s a l  s i te .  

W i th i n  t h e  re g i on , d e s i g n i s  u n d e rway for t h e  Han ford  Wa s te V i tr i f i c a t i on 
P l an t ,  to be  b u i l t  n e a r  R i c h l an d , Wa s h i ng ton . Con s t r u c t i on of t h e  p l a n t  i s  
s c h e d u l e d to s ta r t  i n  m i d- 1 990 , w i t h  op e r a t i on p roj e c t e d  for 1 9 99 . A t  t h e  
p l an t ,  h i gh l y  rad i oa c t i v e l i qu i d wa s te s  now h e l d  i n  u n d e rgrou n d  s torage  t a n k s  
at  Hanford w i l l  be  s o l i d i f i ed .  T h e  wa s te s , i n c l u d i n g c h emi c a l s ,  h e avy m e ta l s ,  
and  oth e r  tox i c  ma t e r i a l s , w i l l  be  h e a t e d  a n d  pou r e d  i n to c y l i n d e r s  to 
h a rd e n . T h e  v i tr i f i e d  wa s t e s  w i l l  be s h i pped  off s i t e for perma n e n t  d i s po s a l  
u n d e rgrou n d . Opera t i on o f  t h e  p l a n t  w i l l  be  for a t  l e a s t  1 5  y e a r s  t o  comp l e te  
proce s s i n g t h e  e x i s t i n g  was te . 

Sou rc e s : 
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BPA , E n v i ronme n t a l  A s s e s sme n t : P ropo s e d  Pow e r  Sys tem  Chan ge s to I mp l eme n t  
t h e  Water  Budge t , May 1 98 3 , Appe n d i x  C ,  pp . C- 1 0  - C- 1 2 .  

Bon n e v i l l e Powe r Adm i n i s trat i on 1 98 3  Who l e s a l e Power  Rate F i n a l  
E n v i ronme n t a l  I mp a c t  Sta teme n t , S e p tember  1 98 3 , pp . I V- 5 3  a n d  I V-70-7 l .  

Nor t hwe s t  Power P l a n n i ng  Cou n c i l ,  1 98 9  Supp l eme n t  to t h e  1 98 6  Northwe s t  
Con s e r v a t i on a n d  E l e c t r i c  Powe r P l a n ,  Vo l ume 1 ,  p .  62 . 

Bon n e v i l l e Powe r Adm i n i s trat i on ,  F i n a l  E n v i ronme n ta l  I mp a c t  S t a t e me n t , 
I n t e r t i e  Dev e l opme n t  a n d  U s e ,  Ap r i l 1 988 , Vo l ume 4 ,  App e n d i x  F ,  
pp . F . 1 -7 - F- 1 -8 . 

" So l i d i fy i ng  rad i oac t i v e  wa s t e s , "  E l e c tr i c  L i g h t  & Powe r ,  Vo l ume 67 , 
Numb e r  3 ( Ma r c h  1 98 9 ) , page 44 . 

U . S .  Departme n t  of E n e r gy ,  Ene rgy T e c h no l ogy C h a r ac t e r i za t i on s  H a n d book , 
E n v i ronme n t a l  P o l l u t i on and  Con t ro l  F a c tor s ,  T h i rd Ed i t i on ,  M a r c h  1 98 3 . 

U . S .  Departme n t  of E n e r gy ,  Ene rgy T e c h no l og i e s  a n d  t h e  Env i ronme n t , 
Env i ronme n t a l  I n forma t i on H a n d book , O c tobe r  1 988 . 

T h e  Nort hwe s t  r e c e i v e s  pow e r  from 1 3  coa l -f i r e d  g e n e r a t i on p l a n t s . Be c a u s e  
coa l  g e n e r a t i on i s  a p rov e n  t e c h n o l ogy , i n  r e c e n t  y e a r s  coa l p l a n t s  h a v e  b e e n  
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con s i d e r e d  to be  t h e  ba s e l oad r e s ou r c e s  of t h e  f u t u r e . T h e  We s t e r n  U . S .  h a s  
about h a l f o f  t h e  n a t i on ' s  coa l r e s er v e s ,  mos t  n e a r  t h e  s u rf a c e  a n d  w i t h  l ow 
s u l fur  con t e n t . B e c a u s e  of l ow prod u c t i on cos t s  a n d  l ow s u l fu r  con t e n t , mos t  
of t h e  n a t i on ' s  i n c r e me n t a l  con s ump t i on of coa l i s  e x pe c t e d  to b e  m e t  f rom 
We s te r n  sour c e s . 

I n c r e a s i ng know l edge  abou t t h e  " gr e e n hou s e  effe c t , "  t h e  pos s i b l e warm i n g  of 
t h e  Earth  c a u s e d by grow i ng  amo u n t s  of c a r bon  d i ox i d e i n  t h e  atmos p h e r e , h a s  
mad e  f u t u r e  coa l u s e  for power g e n e r a t i on l e s s  c e r ta i n .  A c i d  p r e c i p i ta t i on ,  
c a u s e d  by e m i s s i on s  of s u l fu r  d i ox i d e  a n d  n i trog e n  ox i d e s , a l so  h a s  b e e n  
l i nked  t o  coa l - f i r e d  g e n e r a t i on p l a n t s . I n  add i t i on ,  s e v e r a l  f a c tor s may 
aff e c t  the d e v e l opme n t  of coa l r e s e r v e s  i n  the We s t : r e s ou r c e  s c ar c i ty ,  
e s pe c i a l l y  of water ; h i gh t r a n s port  cos t s  to pr i mary coa l - u s e  r e g i on s i n  t h e  
Ea s t ; a n d  e co l og i ca l f r a g i l i ty o f  many we s t e r n  coa l -prod u c i n g  a r e a s . Coa l 
m i n i n g and  u s e  are r e g u l a t e d  by Fed e r a l  a n d  State  l aw s  t h a t  r e s t r i c t  wa t e r  u s e  
and  i mp a c t  o n  water  q u a l i ty ,  p r e c l u d e  m i n i n g i n  c e r t a i n a r e a s  i n c l u d i n g  pr i me 
farm l and , r e s tr i c t  a i r em i s s i on s , a n d  r e q u i re r e c l ama t i on of m i n e  s i t e s . 

Coa l g e n e r a t i on i nv o l v e s  coa l m i n i n g a n d  preparat i on a n d  p l a n t  c on s t r u c t i on 
a n d  oper at i on .  Tab l e s  F - l l t h rough  F- 1 8  s how t h e  n a t u r a l  r e s ou r c e  u s e  a n d  
e n v i ronme n t a l  i mpac t s  o f  t h e  s te p s  i n  coa l g e n e r at i on ,  wh i c h a r e  d i s c u s s ed 
be l ow .  Th i s  s e c t i on a l s o  d i s c u s s e s  advan c e d  t e c h no l og i e s for e l e c t r i c i ty 
g e n e r a t i on w i t h  coa l , i n c l u d i n g coa l g a s i f i c a t i on  a n d  f l u i d i z e d  b e d  comb u s t i on .  

F u e l M i n i ng a n d  P roc e s s i ng 

M i n i ng .  Coa l i s  m i n e d  a t  s e v e r a l  s i te s  i n  a n d  n e ar t h e  P a c i f i c Nor t h we s t , 
i n c l u d i n g  s i te s  i n  t h e  S t a t e s of W a s h i ng ton , Mon t a n a , Wyom i n g , a n d  U t ah . T h e  
coa l i n  t h e  W e s t  g e n e r a l l y  h a s  l ow e n e r gy v a l u e  a n d  l ow s u l f u r  c o n t e n t . 
A l mo s t  a l l of t h e  coa l m i n e s  from w h i c h  r e g i o n a l  p l a n t s  r e c e i v e t h e i r c o a l  a r e  
s u rfa c e  ( s tr i p ) m i n e s . I n  s ur f a c e  m i n i n g ,  top so i l i s  r emov e d  for l a t e r  u s e  i n  
re c l amat i on .  T h e  a r e a  i s  b l a s ted  a n d  t h e  ove r b u r d e n  ( e a r t h  ov er l y i n g  t h e  coa l 
s e am )  i s  r e mov ed  i n  l on g  p ar a l l e l c u t s . T h e  e x pos e d  coa l i s  r emov e d  a n d  
l oaded  i n to t r u c k s  f o r  t r a n s port to a coa l c l e an i n g a r e a  a n d  t h e n  to r a i l 
l i n e s  or  m i n e-mouth  p l a n t . Re c l ama t i on con s i s t s  of g r ad i ng  t h e  s o i l ,  
r ep l a c i ng t h e  tops o i l ,  a n d  r e p l a n t i n g  v e g e t a t i on . F e d e r a l  l aw s  r e q u i r e m i n i n g 
compa n i e s  to r e c l a i m  m i n e d  l an d s  by approx i ma t i ng  t h e  or i g i n a l  topog r a p hy a n d  
p l an t i n g  s u i t ab l e  v e g e t a t i on .  

M i n i n g d i s r u p t s  l an d  u s e s , i n c l ud i n g agr i c u l t u r e  a n d  g r az i n g .  E v e n  w i t h  
re c l amat i on ,  t h e  l an d  i s  n o t  r e t u r n e d  t o  i t s or i g i n a l  form a n d  may n o t  r e s ume 
i t s forme r p r od u c t i v i ty .  The s o l i d  wa s te prod u c e d  by m i n i n g c a n  e v e n tu a l l y  be  
u s ed  a s  f i l l  for  re c l amat i on .  Coa l m i n i n g to  s u pport a l OOO-MW coa l p l a n t  
wou l d p e rma n e n t l y  d i s t u r b  abou t 2 5 1  a c r e s  a n d  temporar i l y d i s t u r b  a bou t 
52 a c r e s e a c h  year . Aq u i f e r s  i n  m i n e d  a r e a s  may be  d i s t u r b e d  a n d  may be  
contam i n a t e d  by  m i n i n g wa s te s . New  and  e x pa n d e d  m i n i n g opera t i on s  may hav2  
s i g n i f i c a n t  soc i oe conom i c i mpa c t s  i f  many n e w  worker s are  a t t r a c t e d  to the  
ar ea . 
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A i r pol l u t i on r e s u l t s f r om e m i s s i on s  of t h e  d i e s e l -powere d  equ i pme n t  t h a t  d i g s 
a n d  h a u l s coa l  and  ov e r b u r d e n . I t  a l s o  ar i s e s  from d u s t  r a i s e d  by t h e  w i n d  
and  b y  v e h i cu l ar ope r a t i on .  Du s t  s u ppr e s s i on prac t i c e s , i n c l u d i n g s pr ay i n g  
the  a r e a  w i th  water , c a n  r e d u c e  t h e  p a r t i c u l at e s  cau s e d  by w i n d  eros i on a n d  
moveme n t  o f  v e h i c l e s . Wate r po l l u t i on may oc c u r  w h e n  s u s p e n d e d  s o l i d s a r e  
prod u c e d  by ru noff f rom p i l e s of ov e r bu r de n . U n d e r  con tro l l e d cond i t i on s , 
coa l  p i l e  d r a i nage  a n d  r u n off are  c o l l e c te d  a n d  t r e a t e d  pr i or to d i s c h a r g e , 
wh i c h r e d u c e s  s u s p e n d e d  s o l i d s a n d  r e s u l t s i n  a zero  ac i d  con te n t . Surfac e 
coa l m i n i n g cau s e s  n o i s e  d u r i ng  d r i l l i n g ,  b l a s t i n g ,  a n d  operat i on of e q u i pme n t .  

Tab l e  F - 1 3 a s s ume s t h a t  a p re parat i on p l a n t  i s  s i te d  n e a r  t h e  coa l m i n e . Coa l 
prepa r a t i on or b e n e f i c i a t i on i n c l u d e s  r e mov i ng i mpu r i t i e s  from t h e  coa l , 
s i z i n g t h e  coa l , a n d  r e mov i n g  s u l fu r . T h e  d e g r e e  a n d  type of b e n ef i c i a t i on 
depe n d s  on t h e  type of c oa l . Coa l from t h e  We s te r n  S t a t e s  g e n e r a l l y  i s  
re l at i v e l y  c l ea n  a n d  doe s not r e q u i re wa s h i n g .  Howe v e r , t h e  coa l goe s t h rough  
a " br e ak i n g and  s i z i n g "  p r oc e s s  t h a t  r e s u l t s i n  n o i s e  a n d  r e q u i re s  s ma l l 
amou n t s  of recyc l e d wat e r  for d u s t  c o n t ro l . T h e  b r e ak i n g a n d  s i z i n g ope r at i on 
and  l oad i n g a n d  s torage  r e q u i re t h e  l on g- t e r m  d i s t u r b a n c e  of about  6 3  a c r e s  of 
l an d  for a 1 000-MW p l a n t .  Tab l e  F- 1 4  s hows t h e  r e sou r c e  u s e  and e n v i ronme n ta l  
i mpac t s  of b e n e f i c i a t i on . B e n e f i c i a t i on r e s u l t s i n  a i r  a n d  wa t e r  po l l u t i on 
and  s o l i d  wa s te s , a s  s hown on t h e  t a b l e .  

Coa l p l a n t s  r e c e i ve coa l by t r u ck or tr a i n ,  d e p e n d i n g on  t h e  p l an t ' s d i s ta n c e  
from t h e  c oa l m i n e ( s )  t h a t  s u pp l y  i t .  Coa l t h a t  mu s t  b e  t ra n s por t e d  l on g  
d i s ta n c e s  g e n e ra l l y  i s  mov e d  b y  un i t  t r a i n s . U n i t t ra i n s  are  d e d i c at e d  to 
th i s  p u rpos e  a n d  ope ra t e  r e g u l ar l y  b e tw e e n  two f i x e d  po i n t s . Coa l a l s o  may be  
tran s po r t e d  by conve n t i on a l  t r a i n s , wh i c h c ar ry c a r goe s of v a r i o u s  typ e s  i n  
add i t i on to coa l . T r a n s por t i ng  coa l by e i t h e r  type of tr a i n r e s u l t s  i n  
s i m i l ar typ e s  and  l e v e l s of pol l u t a n t s .  Tab l e  F- 1 5  l i s t s  t h e  e n v i ronme n ta l  
effe c t s  of coal  u n i t t r a i n s . 

A 1 000-MW p l an t  r e qu i r e s , a s  a n  a n n u a l  a v e r age , ov e r  9000 ton s of coa l p e r  
d ay . H a u l i n g b y  t ra i n r e s u l t s i n  n o i s e , em i s s i on s  f rom d i e s e l  f u e l 
combu s t i on , and  w i n d- b o r n e  p a r t i c u l a te s .  A i r po l l u t i on con s i s t s  c h i ef l y  of 
part i c u l at e s , s u l f u r  d i ox i d e ,  n i t r og e n  o x i d e s , hydrocar b on s ,  and c a r bon 
monox i d e .  P a r t i c u l a t e  e m i s s i on s  d u r i ng t ra n s po r ta t i on are e s t i ma t e d  to be 
2 per c e n t  of coa l ton n a g e  c a r r i ed by con v e n t i on a l  t ra i n s  and  1 p e r c e n t  of 
ton nage  c a rr i ed by u n i t t ra i n s and t r u ck s .  O t h e r  me t hod s of t r a n s po r t  a r e  
b arge , s l u r ry p i p e l i n e ,  t r u ck , and  conv eye r b e l t  ( u s e d  b e twe e n  t h e  J i m  B r i d g e r  
M i n e  a n d  P l a n t  i n  Wyom i n g ) . 

P l ant  Con s tr u c t i on a n d  Ope r a t i on 

Facto r s  t h a t  mu s t  b e  con s i d e r e d  w h e n  s i t i n g a coa l - f i r e d  power p l a n t  i n c l u d e  
the  c u r r e n t  cond i t i on o f  t h e  a i r s h e d  a n d  i t s a b i l i ty t o  d i l u te t h e  a tmos p h e r i c 
d i s c h a r g e s  of t h e  p l an t ;  a v a i l ab i l i ty of wat e r  for c oo l i n g ;  prox i m i ty to t h e  
tran s m i s s i on gr i d ;  prox i m i ty t o  a n d  r e l i ab i l i ty o f  r a i l or  wat e r  
tran s por t at i on for c oa l ; a n d  ava i l ab i l i ty o f  l an d  for d i s po s a l  of a s h  a n d  f l u e  
g a s  d e s u l fu r i zat i on p rod u c t s . Abou t 1 56 a c r e s  o f  l a n d  mu s t  be  d e d i c a t e d  to 
hou s i n g t h e  p l a n t  a n d  s o l i d  was te d i s po s a l  for 30  y e ar s . Con s t r u c t i on of a 
coa l  p l a n t  i s  s i m i l ar to t h a t  of a n y  l ar ge i n d u s tr i a l  fa c i l i ty .  
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Mod e r n  coa l p l a n t s  i n c l u d e  po l l u t i on con t r o l  dev i c e s  i n c l u d i ng  e l e c t ro s t a t i c  
p r e c i p i tator s or  oth e r  d e v i c e s  to c o n t r o l  p a r t i c u l at e  em i s s i on s ; s c r u b b e r s  t o  
contro l  s u l fu r  d i ox i d e e m i s s i on s ; o n s i te  s o l i d  wa s te d i s pos a l  to p r e v e n t  l os s  
d ur i ng t r a n s po r t ; a n d  on s i t e water  t r eatme n t  s o  wat e r  may b e  r e c i r c u l a t e d  to 
e l i m i nate  d i s c ha r ge s . T h e  C l e a n  A i r A c t  r e q u i r e s  t h at powe r p l a n t s  
con s tr u c t e d  aft e r  p a s s ag e  o f  t h e  a c t  i n c l u d e  s y s t e m s  for contro l  o f  n i t r o g e n  
ox i d e ,  s u l f u r  d i ox i d e ,  a n d  p ar t i c u l at e s . Coa l  p l a n t s  a r e  s u bj e c t  to F e d e r a l  
a n d  State r e g u l at i on s  r e g a r d i ng po l l u t a n t s . 

I n  a con v e n t i on a l  g e n e r a t i n g p l a n t , t h e  coa l i s  pu l v e r i z e d  and  b u r n e d  i n  a 
bo i l er to g e n e rate  s t e am to power  a t u r b i n e . T h e  t u r b i n e  d r i v e s  an  e l e c t r i c a l  
g e n e r ator . Comb u s t i on o f  t h e  coa l p r od u c e s  a f l u e  g a s  contam i n a t e d  w i t h  
s e v e r a l  a i r p o l l u ta n t s , mos t  notab l y  s u l f u r  d i ox i d e ,  n i t rog e n  o x i d e s , a n d  
c a r bon monox i d e .  Em i s s i on s  from coa l p l a n t s  r e s u l t i n  ac i d  p r e c i p i t at i on ,  
wh i c h cor rod e s  b u i l d i n g m a t e r i a l s  a n d  h arms  a q u at i c a n d  t e r r e s t r i a l l i f e , 
i n c l ud i n g f i s h , fore s t s , a n d  food c rop s . Data  on ac i d  p r e c i p i t a t i on ar e be i n g 
gathered  to d e t e rmi n e  t h e  l ong-term  e n v i ronme n t a l  effe c t s . 

I n  the  1 1  W e s t e r n  State s , t h e  s e co n d- l arg e s t  sou r c e  of s u l f u r  d i ox i d e  a n d  
n i trog e n  ox i d e i s  e l e c t r i c i ty g e n e r a t i on ( nonfe r rou s m e t a l  s me l t i n g p r od u c e s  
mor e s u l f u r  d i ox i de ,  a n d  motor ve h i c l e s p rod u c e  mor e n i trog e n  ox i d e ) . Ac i d  
depos i t i on t e n d s  to be  con c e n tr a t e d  arou n d  t h e  sou r c e s  of em i s s i on s , a l t hough  
po l l u t a n t s  a r e  tran s po r t e d  by  s torms  a n d  p r e v a i l i n g w i n d s . Ac i d  d e p o s i t i on i s  
e x t r eme l y  var i ab l e  over  t i me ,  d e p e n d i n g o n  l oc a l i z e d  we a t h e r  con d i t i on s ; 
s nowme l t  patte r n s  ( s nowme l t c a u s e s  " p u l s e s "  of ac i d i c  water ) ;  a n d  e x i s t i n g  
ac i d i ty o f  s o i l and  wate r . 

T h e  We s t  h a s  many a r e a s  t h a t  are  pot e n t i a l l y  s e n s i t i v e to ac i d i ty .  T h e  t h i n  
s o i l of t h e  mou n t a i n s  i s  not s uff i c i e n t  to n e u t r a l i z e t h e  ac i d  f r om 
p r e c i p i t a t i on r u noff . T h e  f l or a  a n d  f a u n a  of frag i l e  mou n t a i n a n d  d e s e r t  
a r e a s , b e c au s e  of t h e  r e l a t i v e l y  s ho r t  g r ow i n g  s e a son , c a n  take ye a r s  to 
r e c ov e r  f rom a c i d  d amage . T h e  d e e p  s nows t h a t  f a l l on  t h e  mou n t a i n s  c a n  
prov i de p u l s e s  o f  ac i d i ty d u r i n g  s pr i n g s n owme l t .  

Su l f u r  d i ox i d e  mu s t  be  l ar ge l y  remov e d  f r om combu s t i on g a s e s  before  
d i s c harge . A wet  s c r u b b e r  to p e r fo r m  t h i s f u n c t i on cou l d prod u c e  ov e r  
1 200 ton s  o f  l i me s to n e  s l u d g e  d a i l y  a t  a 1 000-MW p l a n t . T h e  l i me s to n e  wa s te 
h a s  no v a l u e , e v e n  for f i l l ,  a n d  cou l d l e a c h  i n to grou n dwater . Dry  s c r u b b e r s  
now av a i l ab l e  p rod u ce  a d ry wa s t e  for wh i c h h a n d l i n g a n d  d i s po s a l  a r e  e a s i er .  

Comb u s t i on of coa l  a l so  r e l e a s e s  l ar g e  amou n t s  of c a r bon monox i d e a n d  c a r bon  
d i ox i d e ,  bot h  of wh i c h con t r i b u t e  to the  " gr e e n ho u s e  e ff e c t . "  Car bon d i ox i d e 
b l oc k s  t h e  e s c ape  of h e a t  r ad i a t i on f r om t h e  E a r t h ; i n c r e a s i n g  amou n t s  of 
c a r bo n  d i ox i d e  are t h ou g h t  to be c au s i ng a warm i n g  of t h e  E a r t h  t h a t  c ou l d 
c h ange  t h e  E a r t h ' s  c l i ma t e . No sys tems  for contro l  of c a r bon  d i ox i d e 
e m i s s i on s  a r e  i n  c u r r e n t  u s e  on  powe r p l a n t s . 

Sc i e n t i s t s  d i s ag r e e  abou t t h e  l on g - t e r m  i mp l i c at i on s  of t h e  " gr e e n hou s e  
effe c t "  a n d , i n d eed , wh e t h e r  i t  e x i s t s  a t  a l l .  S t u dy o f  t h e s e  i s s u e s  i s  
u n d e rway , howev e r . For e x amp l e ,  E P R I - s p o n sor ed  e x p e r i me n t s  ar e u n d e r way to 

F - 1 6  



e v a l u a t e  t h e  fea s i b i l i ty of u s i n g a l gae a n d  o t h e r  p l a n t s  to absorb  t h e  c a r bon 
d i ox i d e o u t p u t  of t h e rma l p l a n t s . Labor atory r e s u l t s  are  promi s i n g .  

A l OOO-MW coa l p l an t  b u r n i n g coa l w i t h  a 1 0-pe r c e n t  a s h  con te n t  w i l l  p r od u c e  
a n  av erage 900 ton s  o f  a s h  e a c h  d ay . Some of t h e  a s h  i s  s l ag ( bot tom a s h ) 
from t h e  boi l e r ,  a n d  some i s  f l y  a s h  cap t u r e d  by t h e  a i r po l l u t i on con t r o l  
de v i ce .  F l y  a s h  may be s o l d f o r  u s e s  s u c h a s  for road b u i l d i n g mate r i a l . T h e  
other  so l i d  wa s t e s  mu s t  be d i s po s e d  o f  i n  l an d f i l l s .  

Advanced  Te c h no l og i e s  

Two ad van ced  t e c h no l og i e s , g a s i f i c at i on a n d  f l u i d i ze d  b e d  comb u s t i on , c a n  
g e n erate  e l e c tr i c i ty u s i n g  coa l more eff i c i e n t l y  and  w i t h  l e s s  h a r mf u l  
em i s s i on s  t h a n  conv e n t i on a l  coa l b u r n i n g .  

Ga s i f i c a t i on .  Coa l g a s i f i c a t i on i s  t h e  c o n v e r s i on of coa l or coa l c h a r  to 
g a s eou s p rod u c t s  by r e ac t i on w i t h  s te am m i x e d  w i t h  a i r or oxyge n . T h e  prod u c t  
i s  a l ow- to me d i um- B t u  g a s . To prov i d e h e a t  t o  e n a b l e  t h e  c h em i c a l  
rea c t i on s ,  g e n e r a l l y  some of t h e  coa l i s  b u r n e d . T h e  r e s u l t i ng g a s  wou l d  b e  
u s ed a s  a s u b s t i tute  for n a t u r a l  g a s  i n  a CT o r  comb i n e d-cyc l e  g e n e r a tor ( s e e  
s e c t i on o n  CT s ,  fol l ow i n g ) . 

Ga s i f i c at i on wa s t h e  or i g i n a l  a pp l i c a t i on of f l u i d i ze d - b e d  com b u s t i on , 
d i s c u s s e d  i n  t h e  n e x t  s e c t i on .  A g a s i f i e r b u r n s  coa l  i n  a f l u i d i ze d  b e d  w i t h  
l e s s  a i r t h a n  i s  req u i r e d  for comp l e te combu s t i on ,  r e s u l t i n g i n  a h i g h 
conce n t r a t i on of comb u s t i b l e g a s e s  i n  t h e  e x h a u s t . Coa l g a s i f i c at i on i s  
app l i ed i n  s e v e r a l  p i l ot p l a n t s  i n  t h e  U . S . ; i t  i s  an  op t i on to be u s e d  i f  
n a t u ra l g a s  pr i c e s  i n c re a s e  s i g n i f i c a n t l y .  T h e  e n v i ronme n ta l  i mpa c t s  of coa l 
m i n i n g a n d  t ra n s por t are  not  e l i m i n ated  by g a s i f i c a t i on ,  a l t h o u g h  g e n e r a t i n g 
e l e c t r i c i ty w i t h  syn t h e t i c  g a s  wou l d  i n c r e a s e  t h e  eff i c i e n cy of coa l u s e . 

F l u i d i ze d  B e d  Combu s t i on .  F l u i d i ze d  b e d  comb u s t i on i s  a me t hod of b u r n i n g 
f u e l i n  wh i c h t h e  f u e l i s  con t i n u a l l y  f e d  i n to a " be d "  of par t i c l e s s u p por t e d  
b y  upf l ow i n g  a i r .  Dur i n g f l u i d i za t i on ,  t h e  b e d  o f  mat e r i a l e x pan d s  ( b u l k  
d e n s i ty d e c r e a s e s ) ; a s  t h e  a i r  v e l oc i ty i n c r e a s e s ,  t h e  p ar t i c l e s m i x mor e  
v i o l e n t l y .  T h e  p rope r  a i r v e l oc i ty ,  op er a t i n g  t empe r a t u r e , and  b e d  mat e r i a l 
cau s e  t h e  b e d  to f u n c t i on a s  a c h em i c a l  r e a c tor . 

For h i gh- s u l f u r  coa l comb u s t i on ,  t h e  bed  may b e  compo s e d  of l i me s ton e . T h e  
l i me s tone  r e ac t s  w i t h  a n d  a b s or b s  t h e  s u l f u r  r e l e a s e d  d u r i n g b u r n i n g ,  r e d u c i n g  
s u l fur  d i ox i de  e m i s s i on s . T h e  a l ka l i compou n d s  i n  coa l from t h e  we s te r n  U . S .  
can  r e a c t  w i t h  t h e  s u l fur  d i ox i d e to l i m i t e m i s s i on s ,  s o  t h e  bed  for 
l ow- s u l f u r  coa l cou l d be s i mp l y  coa l a s h . F l u i d i z e d - b e d  comb u s t i on a l so tak e s  
p l ace  a t  temp e r a t u r e s  l ow e no u g h  ( 1 400- 1 500 ° F  o r  7 60-840 ° C )  t h a t  n i t r og e n  
o x i de  forma t i on i s  i n h i b i te d . F l u i d i ze d  b e d  combu s t i on c a n  me e t  F e d e r a l  
e m i s s i on s ta n d ar d s  w i thou t t h e  u s e of f l u e g a s  s c r u b b e r s ,  wh i c h i mprov e s  t h e  
e ff i c i e n cy of f u e l  u s e  a n d  r e d u c e s  c a p i t a l  a n d  ope r a t i n g cos t s  from s ta n d a r d  
coa l g e n e r a t i on .  
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G e n e rat i on w i t h  f l u i d i z e d - b e d  c omb u s t i on i nv o l v e s  i mme r s i ng h e a t - t r a n s f e r  
t u be s w i th i n  t h e  hot f l u i d i ze d  b e d . The  h i g h e f f i c i e n cy of h e a t  t r a n s f e r  
r e s u l t s i n  t h e  n e e d  for r e l a t i v e l y  l e s s  t u b e  s u rfa ce  a re a , r e d u c i n g t u be 
requ i reme n t s  a n d  c os t s . Th i s  t e c h no l ogy , a n d  p l a n t s  w i t h  p re s s u r i z e d  
f l u i d i z e d - b e d  combu s tor s , a r e  be i n g te s te d  w i t h i n  t h e  U . S .  

Sou r c e s :  

BPA , E n v i ronme n t a l A s s e s sme n t :  P ropo s e d  Powe r Sy s tem  C h a n g e s  to I mp l eme n t  
t h e  W a t e r  B u dg e t , May 1 98 3 , Appe n d i x  C ,  pp . C- 1 2  - C- 1 5 .  

Bon n ev i l l e Power Adm i n i s tr a t i on 1 98 3  Who l e s a l e Powe r Rate  F i n a l 
E n v i ronme n t a l  I mp a c t  S t a t eme n t ,  Se ptember  1 98 3 , pp . I V-7 l a n d  I V-80-8 l .  

Nor thwe s t  Powe r P l a n n i n g  Cou n c i l ,  1 98 9  S u p p l eme n t  to t h e  1 98 6  Nor t h we s t  
Con s e r v a t i on a n d  E l e c t r i c  Power P l an ,  Vo l ume 1 ,  pp . 5 7  a n d  6 1 . 

Bon n ev i l l e Powe r Adm i n i s tr a t i on , F i n a l  E n v i ronme n ta l  I mp a c t  S t a t e me n t , 
I n t e rt i e Dev e l opme n t  a n d  U s e , Apr i l 1 988 , Vo l ume 4 ,  Appe n d i x  F ,  
pp . F .  1 - 1 - F .  1 -5 .  

Wor l d  Re s ou r c e  I n s t i t u t e , " Th e  Ame r i c a n  We s t ' s  A c i d  Ra i n Te s t :  Re s e a r c h  
Repor t # 1 , "  M a r c h  1 98 5 . 

The  S e a t t l e Pos t- I n t e l l i g e n c e r , " Powe r cou n c i l  contemp l a t e s  ' gr e e n hou s i n g '  
of Ame r i ca , "  F e b r u ary 1 4 , 1 98 9 . 

Jame s , P e te r . The  F u t u r e  of Coa l . S e co n d  Ed i t i on ,  1 98 4 . M a c M i l l a n 
P re s s , Lon don . 

McGraw-H i l l  E n cyc l ope d i a  of S c i e n c e  & T e c h no l ogy , 6 t h  E d i t i on ,  1 98 7 . 
Vo l ume 4 ,  pp . 7 2 - 7 4  a n d  Vo l ume 7 ,  pp . 1 98-200 . 

U . S .  Depar tme n t  of E n e rgy , E n e r gy Te c h no l ogy C h a r a c te r i z a t i o n s  H a n d book , 
Env i ronme n t a l  Pol l ut i on a n d  Con tro l  Fac tor s , Th i rd E d i t i on ,  Marc h  1 98 3 . 

U . S .  D e p a r tme n t  of E n e rgy , E n e r gy Te c h no l og i e s  a n d  t h e  E n v i ronme n t , 
Env i ronme n t a l  I nforma t i on H a n d book , Oc to b e r  1 988 . 

COMBUSTION  TURB I N ES 

Te c h no l ogy 

C T s  are  rotary e n g i n e s  s i m i l ar i n  de s i gn a n d  ope ra t i on to a t u r boj e t  a i r c raft  
e n g i n e .  Ou t s i d e a i r p a s s e s  t hrou gh  a rotary compre s sor  i n to a combu s t i on 
c hambe r . T h e  hot  combu s t i on g a s e s  f l ow t h ro u g h  t h e  t u r b i n e b l a d e s , t u r n i n g a 
s haft  t h a t  powe r s  t h e  t u r b i n e , a i r compr e s sor , a n d  e l e c tr i c a l  g e n e r a to r . I n  a 
s i mp l e  cyc l e  CT , t h e  g a s e s  a r e  t h e n  e x h au s te d  to t h e  a t mo s p h e r e  t h ro u g h  a 
muff l i n g s y s t e m .  I n  a comb i n ed - c yc l e  ope r a t i on ,  t h e  hot e x ha u s t  ga s e s  a r e  
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u s ed to prod u c e  s team i n  a b o i l e r .  The  s team i s  u s e d  to p r od u c e  ad d i t i on a l  
power i n  a s t eam t u r bog e n e r a tor . Becau s e  o f  t h e  t i me n e e d ed t o  h e a t  t h e  
boi l er ,  t h e  s te a m  por t i on  o f  a comb i n ed-cyc l e  C T  cannot  b e  u s e d  to me e t  
s hor t-term p e a k l oad s . Comb i ne d - cy c l e ope ra t i on s  a r e  mo s t  e f f i c i e n t l y  u s e d 
d u r i ng  l on g e r  p e r i od s  of h i g h l oad s .  CTs u s u a l l y  are  powe r e d  by fos s i l  f u e l s ,  
e i t h e r  nat u r a l  g a s  or  oi l ,  b u t  a l s o  may u s e  g a s eou s or l i q u i d  s yn t h e t i c  f ue l s .  

CTs are r e l a t i v e l y  q u i ck  to b u i l d ,  and s e v e r a l  manufac t u r e r s  off e r  " t u r n- k e y "  
fac i l i t i e s .  C T s  a l s o  are  r e l a t i ve l y  i ne x pe n s i v e to bu i l d ,  a l t h ou g h  t he i r  
cos t s  are e x tr e me l y  s e n s i t i v e to s i te c h a r a c te r i s t i c s  s u c h  a s  d i s ta n c e  to g a s  
l i ne s  and  e l e c t r i c a l  tran s m i s s i on l i ne s . Newe r p l a n t s  a r e  d e s i g n e d  t o  b e  mor e  
e ff i c i en t  and  r e l i ab l e t h a n  o l d e r  fac i l i t i e s .  

Pote n t i a l  

I n  the  Nor t h we s t ,  C T s  have  i n  t h e  p a s t  b e e n  u s ed  r a re l y ,  ma i n l y  to s u p p l e me n t  
ba s e  l oad g e n e ra t i on p l a n t s  s u c h  a s  nuc l ea r  a n d  coa l . CTs  t e n d  to b e  o p e r a t e d  
i nfreque n t l y  a n d  for s hort p e r i od s  d u e  t o  t h e i r  d e s i g n a s  p e ak i ng  u n i t s , 
r e l at i ve l y  h i g h f u e l a n d  op e r at i n g  cos t s , a n d  F e d e r a l  a n d  l oc a l  r e g u l at i on s  
gov e rn i n g f u e l  u s e , em i s s i on s , a n d  noi s e .  

P G E , for e x am p l e ,  u s ed i t s 534-MW Beav e r  comb i n e d - cyc l e  CT d u r i n g  t h e  Troj an  
N u c l ear P l a n t ' s  1 98 9  s pr i n g r e f u e l i ng outage . P G E  was  a b l e  to  s i g n 3-mo n t h  
s upp l y  con t r a c t s  for nat u r a l  g a s , wh i c h m a d e  t h e  s hor t - t e r m  operat i on of t h e  
Beaver  p l a n t  e conomi c a l . 

T h e  Cou n c i l h a s  s u gge s te d  t h e  pos s i b i l i ty of " f i rm i n g "  nonf i rm hyd ro e n e r gy 
u s i ng CTs to b a c k  u p  e x i s t i n g hyd ropower fac i l i t i e s .  T h e  Cou n c i l po i n t s  o u t  
t h a t  the  av a i l ab i l i ty o f  n a t u r a l  gas  i s  u n known : t h e  r e g i on a l  g a s  
t r a n s mi s s i on s y s tem  may not b e  adequ ate to s u ppor t f u t u r e  e l e c tr i c g e n e r a t i on 
p l an t s . CTs wou l d  r e q u i re  t h a t  g a s  tra n s m i s s i on fac i l i t i e s be  a v a i l ab l e ,  b u t  
m i g h t  not r e q u i r e g a s  d e l i v e r i e s e v e n  e v e ry y e a r  b e c a u s e  o f  the i r  pote n t i a l  
i n te rm i tte n t  u s e . Tab l e  F - 1 9  g i v e s  p l an n i n g c h a r a c t e r i s t i c s  for CTs . 

E xpected  I mpa c t s  

C T  p l ants  a r e  ma n u fa c t u r e d , a n d  have  env i ronme n t a l  i mp a c t s  a s s umed t o  b e  
typ i c a l  o f  man uf a c t u r i ng f a c i l i t i e s .  A t  t h e  t u r b i n e  s i te ,  con s tr u c t i on o f  
a c c e s s  road s ,  g a s  a n d  e l e c tr i c a l  tran s m i s s i on l i n e s , f u e l s torage , a n d  t h e  
p l a n t  hou s i n g b u i l d i ng a l l h av e  typ i c a l  c on s tr u c t i on-r e l a t e d  i mp a c t s . I mpac t s  
o f  con s tr u c t i on a r e  l e s s  f o r  C T s  t h a n  for l ar g e r  g e n e r a t i on p l a n t s , howe v e r . 

Prod u c t i on of g a s  a n d  o i l h av e  s i g n i f i c a n t  e n v i ronme n t a l  i mp a c t s , b u t  on l y  a n  
i n s i g n i f i c a n t  f r a c t i on o f  t h e  i mpacts  cou l d b e  attr i bu t e d  t o  C T s  i n  t h e  
Northwe s t  u s i ng t hos e f u e l s .  

T h e  operat i on a l  effe c t s  of CTs  i n c l ud e  noi s e  a n d  a i r po l l u t i on .  T h e  e m i s s i on s  
e m i tted i n  g re a t e s t  q u an t i ty a r e  n i troge n  ox i de s , wh i c h r e s u l t from h i g h 
temperature s  i n  t h e  combu s t i on c h ambe r . N i t roge n  ox i d e s , a s  e x p l a i n e d  i n  t h e  
s e c t i on o n  coa l , a r e  p r e c u r s o r s  o f  ac i d  p re c i p i t at i on . N i t rog e n  o x i de s  may b e  
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r e l at i v e l y  c h e ap l y  a n d  effe c t i v e l y  r e d u c e d  by w a t e r  or s t e a m  i n j e c t i on i n to 
t h e  g a s  t u r b i n e  comb u s tor s . W a t e r  and s o l i d  wa s t e  po l l u t i on from t h i s p r o c e s s  
i s  m i n i ma l . T h e  mo s t  effe c t i v e me t hod of r e d u c i n g  em i s s i on s  of s u l f u r  o x i d e 
i s  to m i n i m i ze t h e  u s e  of h i g h s u l fu r  f u e l  o i l .  T h e  E n v i ronme n ta l  Prot e c t i on 
Ag e n cy ( EPA ) h a s  e s ta b l i s h ed  s t a n d a r d s l i m i t i n g e m i s s i on s  of n i t roge n o x i d e s  
and  s u l f u r  ox i d e for n e w  g a s  t u r b i n e  g e n e r a tor s .  O i l s torage  a n d  h a n d l i n g c a n  
r e s u l t i n  ad d i t i on a l  em i s s i on s  of hyd roc arbo n s . O t h e r  e m i s s i on s  of con c e r n  
a r e  part i c u l at e s  a n d  car bon d i ox i d e ,  a l thou g h  com b u s t i on o f  n a t u r a l  g a s  
prod u c e s  l e s s  carbon d i ox i d e t h an combu s t i on of t h e  s ame amou n t  o f  coa l . 

To con t ro l  n o i s e  i mp a c t s , sou n d  d e a d e n i ng i s  norma l l y  r e q u i r e d . B u ff e r  s p a c e  
s u rrou n d i ng  CTs  a l so c a n  r e d u c e  n o i s e  po l l u t i on .  A comb i n e d - cyc l e p l a n t  o f  
3 0 0  MW may r e q u i r e a 400- a c r e  p a r c e l  a s  an  a d e q u a t e  no i s e  buffe r . 

S i mp l e-cyc l e  CTs  u s u a l l y  h a v e  n e g l i g i b l e  i mp a c t  on  wat e r  s u p p l y  or q u a l i ty .  
Water  or s team  i n j e c t i on for contro l  of a i r po l l u t i on r e q u i r e s  a s u pp l y  of 
d em i n e ra l i ze d  water  a n d  prod u c e s  a wa s te s tr e am con t a i n i n g t h e  m i n e r a l s 
r e moved  from t h e  wate r . T r e a tme n t  of f u e l o i l to remov e m i n e r a l s a l s o  c a n  
r e s u l t i n  water  con s ump t i on a n d  pol l u t a n t s . P l a n t  s i te r u noff a n d  o i l s p i l l s  
are  ad d i t i on a l  pot e n t i a l  s ou r c e s  of wa t e r  po l l u t i on .  

Comb i n e d-cyc l e  u n i t s  req u i re  both  d e m i n e ra l i ze d  water  for u s e  i n  t h e  s t e a m  
cy c l e  a n d  mak e u p  wa t e r  for coo l i n g towe r s  or pon d s . 

Sou r c e s  

BPA , E n v i ronme n t a l  A s s e s s me n t :  Propo s e d  Power  Sy s tem  C h a n g e s t o  I m p l eme n t  
t h e  Water  B u d ge t , May 1 98 3 , Append i x  C ,  p p . C-9 - C- 1 0 .  

Bon n ev i l l e Power Adm i n i s t r a t i on 1 98 3  W h o l e s a l e Power Rate  F i n a l  
E n v i ronme n t a l  I mp a c t  Stateme n t , Septemb e r  1 98 3 ,  pp . I V- 8 l -8 3 .  

Nor thwe s t  Powe r P l a nn i n g Cou n c i l ,  1 989  S u p p l eme n t  to t h e  1 98 6  Nor t h we s t  
Con s er v a t i on a n d  E l e c tr i c  Power  P l an ,  Vo l ume 1 ,  p p . 55-57 . 
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T a b l e  F - l 

S MA LL HYDROELECTRI C  PLANT 

REFERENCE ENERGY SYSTEM FACILITY OPERATI N G  PARA M ETERS 

Smell hydroeIec1ric p6anu • •  those wtth less than 1 5  MWe of 
capacity and usually fed by II dam with height not more than 65 
ft. Impoundng is generilly less than 500 acres. Components of 
a typical system (not an exhaustive listing! indude the dam. 
penstod. hydraulic turbine. generatortsl transformer. and other 
miscellaneous structures and equipment. 

RESOU RCES USED 

Size: 

Annual Capacity Factor: 

Annual E�gy Production: 

Efficiency: 

lifetime: 

Quantities Used 

4 MWe 

0.35 for new plants. 0.37 for 
retrofits 

0.04 )( 1 0 1 2  Btu 
90% 

SO vr  

Reference Energy System 
Annual Usage 

Engish Units Metric Units 

Per 1 012 Btu 
Energy 

Produced Remarks 

� Materials 

Water 

Energy Requirements 

Auxiliary 

Construction Materials 

Personnet 

e onstn.Jction 
Opeflltion lind maintenance 

COSTS 

Facility "  

e onstruction 

Operation and maintenance 

En...wonmental Controb. 
UpsfTtMlm fish passage facilities 

can cost berween $27 )< l oJ  
to $ 1 34  x l oJ/m o f  elevatIon 

0.792 )( 1 0'  aa&-ft OEn x 1 012 1 1 9.8 x loe acr&-ft Kinetic _gy of 
falling 01 flowing 
wa_ 

Not Determined 

Total Usage 

Not DetefTTlined 

Not Determined 

Not Determined 
t 

Refer� Energy System Per 1 0 1 2  Btu Energy Produr.ed 

$ 1 0.3 x 1 0'  total 
$0. 1 09  x 1 00Ivr 

( 1 981 $1 

$257 x 10' total 
$2.72 )( 1 00Ivr 

$ 1 .35 )( 1 0sfyr 

Typical systam 
components are 
listed in Reference 
Energy System 
description 

Reman.:s 

Reference years for costs 
are 1 9n for construction 
and 1 972 for operation and 
maintenance. The con&
sponding eel aWfages "A' 
.. 25n ( 1 9771 and 1 753 

11 912J. See Explanatory 
Notes Section. 

Hydroelectric systems can 
have wllter Quality lind 
ecological impacts 

• Costs ant f-or "installed hydr� at new dams." 
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Tab l e  F-l cont inued 

S MALL HYDROELECTRI C  PLANT 

ENVIRONMENTAL RESIDUALS 

Wat. PoIIutan1ll 

Thennat S1ratification ... the 
resentOir can lead to a 
lowering of disaolved 
oxygen ..,... and elaYated 
cOllcantnllion 01 ammonia, 
hydrogen aMide, iron, and 
metlQlll'-; IhcnIine 
.a.ion may result in 
increased turbidity 

TNrmal 0iicNrge 
Thermal anCification ... the 

resentOir can IeaIIt ... 
diIc:harged watIIr being 
w.'nw in wintBr and 
cooIar in .. mmer than 
ambient river water 

PRODUCTS 

Primary 
Electricity 

Refeteilce Energy Syseem 
Annual LeveIII 

Engish Units 

Quantities Produced 
Reference Energy System 

Annual Production 
English Units Melric Units 

0.01 2 x 1 0' kWh 0.012 x 1 0' kWh 

I OCCUPATIONAL SAFETY AND HEALTH 
Not Determined 

F-22 

Per 1012 Btu 
Energy Produced 

0.293 x 1 0' kWh 



T a b l e  F - 2  

OPEN PIT U RAN I U M  M I N I N G  

REFERENCE ENERGY SYSTEM FACIlITY OPERATI NG PARAMETERS 

Open pit minng • conducted when the ore body in under rela
tiYIIfy friIbIe � .t deptha to 1 20 "'- The COf'I'1C)Oflef'ts of the 
mnng OS*8Don include onsite support IKiities such n offices 
and � mine :MIter pumped into local surface 
d� 01 holding ponds, and mine spois end Ole storage 
.-. 

Size: 528 x l oJ  tons/yr (actual 

RESOURCES USED 

Energy 

EIec1ric ity 
D .. fuel and lubricants 

Proc II fag Materials 

Explosives 

Water 

MN WIItIIr from dewatering 
Sprays 101 dust control 

Conatruction Materials 
Coocretll 
Totlll sleet and CIStings 
Copper. brass, and bronze 
Aluminum and castings 
Manganese 
Chromium 
Nick. 
Cast iron 

� 
PelSOIu,1 
Construction 64 yO 
Operation end maintenance 

COSTS 

Cons1ruction 64 yO 
Operation end maintenance 

EnWonmentel Controls 

Diversion of surfacs WIItMS 
Weter spnry;ng 101 dust control 
Revegetation 

output! 
Annual Capacity Factor: 80 % 

ArYlUai Energy Production: - 1 1 5  x 1 012 Btu 

Efficiency: 8O'lEo (recovery efficiency) 
Uletime: 20 yr 

Engish Units 

1 .32  x loJ MWh 
1 .46 x 1 06 gal 

2.00 x loJ ecnt-ft 

Quantities Used 

Merrie Units 

1 .32 x l oJ  MWh 
5.53 x 1 0'  I 

Not Oetermned 

2.46 x 1 0' I 
Not Oetermned 

Total Usage 

16 tons 
3.73 x loJ tons 

46 tons 
22 tons 
17 tons 
8 tons 

023 ton 
1 55  tons 

300 acres 

15 tonnes' 
3.J8 x l oJ  tonnes 

42 tonnes 
20 tonnes 
1 6  tonnes 
7 tonnes 

021 tonne 
141 tannes 

1 20  ha 

1 1 5  wont lIB 
400 wor1ters 

Reference Eneo-gy Systllm 

1 1 981 $1 

P.- 1 012 Btu 
Energy 

Produced -

1 1 .5  MWh 
1 2.7 x loJ gal 

1 7.3 acre-ft 

0.1 4  ton 
32.40 tons 

0.40 ton 
0.1 9 ton 
0.1 5 ton 
0.07 ton 
0.002 ton 
1 .35 tons 

2.6 acres 

$76.0 x l oa  total 
$29.2 x 1 ci'/yr 

$0.662 )( l oa  total 
$0.253 x 1 ci'/yr 

Not Detem1ined 

l 

Refwence V- for 
costs is 1 918.. 1918 
CO average " .. I m 

2776. See � 
etory Notes Section. 

-In eiectriCII enervv (outputl lit the nMlctor; _ note on page 1 .  
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Ta b l e  F-2 c on t i n u e d  

OPEN PIT U RAN I U M  M I N I NG 

ENVIRONMENTAL RESIDUALS 

Nt PoIIutan1s 
Pa'ticula,1BS 
SuHur dioxide 
Oxides of ni1rogen 
HydIOC8IbOI_ 
Carbon monoxide 
R8don and radon daughterw 

Wablf Pollutants 

5uspeI1ded soid. 
0ia0Ived solids 
Trace .. menta 

Sotid Wes1eS 

Overburden moved 

PRODUCTS 

UrriJm ore 
Up, concenlnlte 

Ouentities Released 
Rei .... 1Ce Energy Systllm 

Annual levels 

Engbh Unrt. Me1ric Units 

J1 ton& 28 lDMeS 
49 ron. 45 tDnnes 
29 ton& 26 tonnes 
2.3 tor-. 2.1 tonnes 
0.12 ton 0.1 0  tonne 

337 x 1()l Ci 3.37 x 1 ()l Ci 

Not Oelltrmined 
� 

18 x loa 1Df-. 15 x loa tonnes 

Ret.ence Energy System 
Arnual Production 

Enghh Units 

0.53 x loa 1DnB 
1 .06 x 101 tor-. 

Me1ric Unrt. 

0.48 x loa tonnes 
960 tDnnes 

I OCCUPATIONAL SAFETY AND HEALTH 

"In �I energy (ootputl at the �; _ note on PI'Qe 1 .  

F-24 

Par 1012 Btu 
Energy Ptoduced · 

on IOn 
O.U IOn 
0.25 IOn 
0.02 IOn 
0.001 IOn 

29.3 0 

0.14 x loa tona 

4.8 x 101 tons 
92 1DnB 

Renw1t. 



Ta h l e  F - l  

U RAN I U M  M I LLI NG 

R E FERENCE ENERGY SYSTEM FACI LITY OPERATING PARAM ETERS 

The model • a Uf1Inium mil de:Ia bed by the N� R�" 
tory Co.M.1iuion in the Rnal Generic EnvWo .... "'.tllil Impect 
SClitament on Uranium Milling, NUREG�706, Vat I-III. 
sepbiii.iber 1980. failings contra and disposal indudea 
r.c.ntion t..in. clay liner, 8Y1Iporation pond, in situ soI� 
fittmion, and -m cover. 

Size: 635 tonsIyr uranium concentrwte 
('f1IIlowcakll al 90% U10.1 

R ESOURCES USED 

Fe.j Materials 

Ur.wum ore 10. � % uranium) 

Er-vt" 

EIec1ricaI 
Natural gas (pr0c8SS heat) 

Pro sidg Materials 
S4J1ftn: acid 
Sodium dWor1te 
ArnrnoraJm 
FIoa:uIent 
Amine 

Alcohol 

Kerosana 

Iron 

Water 
Process _ ter 

Construction Mal$ials 

Conc:r1IU! 
Steel 
Copper and aluminum 
Wood 
Ptastics 

lind 
Mil opera6ol1S 
Taiirvs 
Unc:onwnined 

TO!BI 

Penornel 

Construction (S yrl 
O� and maintenance 

Annual Capacity Factor. 85% 

Annual Energy Production: · 68.3 x l Oll Btu 

Efficiency: 93% (recowry) 

lifetime: 1 5  yr 

Quantities Used 

Reference Energy System 
Per 1 012 Btu Arnlal Usage 

ErterVf 
Engrt5h Units Metric Units Produced -

620 x l li' tons 560 x l li'  tonnes 9.1 x l li' tons 

1 0.8 x lli' MWh 10.8 x 1 Ii' MWh 1 58 MWh 
274 x l d'  sci 7.76 x l d' m3 4.0 x ld' set 

28 x l li'  tons 25 x l li'  tonnes 400 tons 
860 tons 780 tormes 1 3  tons 
sao tons 61 0 tonnes 10 tons 

n tons 34 tormes 0.54 ton 
9 tons 8 tonnes 0.1 ton 

25 tons 22 tonnes 0.4 ton 
280 tons 250 tonnes 4 tons 
1 50  tons 140 tonnes 2.2 tons 

320 acre-ft J90 x ld' I 4.7 acr&-h 

Total Usage 

250 x 1 Ii' ttl 7.0 X 1 03m3 3.7 x 1 03 ttl 
1 .7 x l li' tons 1 .6 x l li'  tonnes 25 tons 

52 tons 47 tonnes 0.76 ton 
18 tons 16 tormes 0.26 ton 
1 8  tons 1 6  tormM 0.26 ton 

1 20  acres 50 he 1 .8 eaas 
250 8CJ1!5 1 00  he 3.7 eaas 
J70 8CJ1!5 1 50  he 5.4 acres 
740 acres JOO he 1 0.9 eaas 

1 20  woriters 1 .76 worten 
160 WOfkers 2.34 worten 

O'n .... nicaol --vv (outpull at the �tOf; _ note on page 1 .  
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COSTS 

fM:Ility 
-

Eflyironmeolal Controts 
ore CiUShinglhllnaiiflQ 

wet scrubbers 

Yellowcake drying 
wet scrubbers 

Tamngs control and disposal 

Trtb l e  F - J  c on t i n u e d  

U RA N I U M  M I LLI N G  

.37 .1 )( 1 d' total 
• 8.5 )( ld'/yr 

$1 55 x loJ total 
$18.8 x loJ/yr 

$50.4 x loJ total 
$6.2 )( 1 oJ Iyr 

$13.7 x ld' toUII 

1 1981 $1 
to.54 x 1 d' total 

to.1 3  x l d'/yr 

$ 2.J x 1 oJ toUII 
$0.275 x 1 oJ Iyr 
$0.7 x loJ total 
$0.091 x l oJ/yr 

$0.200 x 1 d' total 

Rernarlts 

T otlII capital costs 
Operating costs per V-
Total Capital COIJtS 
Operating costs per V
Includes capital and total 
operating costs 0Yf!II lifetime 

ENVIRONMENTAL RESIDUALS 

Ait PoIIulBnts 

Par1jculates 

Sulfur OlOXide 
Oxidel of nitrogen 
Kerosene 

Uranium-238.. Uranium-234 
Thorium-230 
Radon 
Weter Pollutants 
Wet.et olSCherged 

• Sutfate 
• Iron 
. Ma� 
• Selenium 

Un.nium-naturlil 
Radium-226 
Thorium-230 

Solid Wastes 

Tailings 
Uranium-nau.! 
Redium-226 
Thorium-230 
L.eaO-210. poIonium-210. 

bismuth-210 
Thermal Oisctwge 

Process heIIt to air 

PRODUCTS 

� Yellowak. 190% u,o.' 
RecoverablesiRecyclables 
�� of the tailings liquid 

Quantities R� 

Reference Energy System 
Anrusl l.eveIs 

English Units 

J70 tor-. 
0.34 ton 

28 tore 
24 tons 

0.1 60  Ci 

0.1 22  0 
4.5 x loJ Ci 

326 acr&-ft 

13 x loJ tons 
440 toni 

22 toni 
0.88 ton 

1 .3 CI 

0.1 Ci 

J6 Ci 

610 x loJ toni 
21 .8 CI 

156 Ci 

156 Ci 

0.3 Ci 

280 x 10' Btu 

Metric Urns 

340 tonnes 

0.31 tDnnes 
25 �  
22 tonnes 
0.1 60  0 
0.1 22  0 

4.5 x l oJ  0 

402 x l d' 1 
1 2. 1 x l oJ  tonnes 

400 tomes 
20 tonneII 

0.80 tDfYle 
1 .3 0 
0.1 0 
J6 0  

560 x loJ tonnes 

21 .8 0 
1 56 0 
1 56  0 

0.3 0 

JOO x 1 012 J 

Quantities � 

Reference Energy System 
AIVlUaI Production 

English Units Melric Urns 

6J5 tons 580 tomes 

1 35  ealt-h l ee  x ld' i 
°In eiectrical -vv (output' lrt the �tor: 1<118 note on � 1 

F-z6 

Per 1 012 Btu 
Energy Produced • Remarts 

5.4 toni 
5.0 x 1 0 - l tDn 

0.41 tons 
0.35 ton 

2.3 x 1 0 - 1  Ci -

1 .8 x 10-1  Ci 
66 0  

4.8 acre-ft 
1 90  tons 
6.S tons 

0.32 ton 
0.01 ton 

1 9  x 1 0 - 3  Ci 

1 .4 x 10-1 0 
0.53 0 

9.0 x loJ toni 
0.32 0 

2.3 0 
2.3 0 

4 x 1 0 - l 0 

4.1 x 10' Btu 

Per 1 012  Btu 
Energy Produced • Rerneri(1 

9.3 toni 

1 .99 8ttIt-h 

I I 
I 



T Cl b l e  F - J  c o n t. i n u e ci  
----------------------------------------------------------------------------------------� 

U RAN I U M  M I LLI N G  

OCCU PATIONAL SAFETY AND HEALTHb 

Deaths 

Injuries 

Reference Energy System 
Annual 

0.47 

34 

Per 1 012 Btu Energy Produced -

0.007 

0.50 

·U.S. Atomic Energy Commission. Environmental Survey of the Uranium Fuel Cycle. WASK-124B. 1974. 

Remarlr.s 

1 9n Data t 
bDak Ridge National Laboratory. An I ntegrated Assessment of the Impacts Assocoated with Uranium Mining lind Milling. ORNUTM� 
Juty 1 979. 

. 

-In Mectrical energy (output) at the rtNIctor, _ note on page , .  
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Table F - 4  

U RAN I U M  H EXAFLU O R I D E  C O NVERS I O N  

REFERENCE ENERGY SYSTEM FACILITY OPERATING PARAMETERS 

conversion of "yellowcake" uranium concentrale inlo a volatile 
tnnium hexafluoride compound for enrichmenl by the gaseous 
diffusion prOcess; uranium hexafluoride conversion by either Ihe 
rrt hydrofluor process or the weI soIvenl exchange process; 
otfgas treatmenl to minimize airborne resK1uals; neutralization 
and impoundment of liquid wasles. 

Size: 5.5 x lIP tons/yr !actual 

RESOURCES USED 

Feed Malerials 
Yelowcake 05% Up-J 
Up. (purified! 

Energy 
Electricity 
Natural gas 

Processing Materials 

Nitric acid 
T rOltyiphosphate 
Hexane 
Anhydrous ammonia 
Hydrofluoric � 
Auorine 
Water 

Discharged 10 aw 
Discharged 10 WIlIer 
Total 

Construction Materials 
Concrele 
SleeI and castings 
Copper. brass. and bronze 
Aluminum and castings 
Manga� 
Ctwomium 
Nickel 
Cat iron 
Pumpa and drMn 
Heat exchangers 
Nonnuclear pr __ vessel 

� 
PenonneI 
Construction C3 v" 
Operation and maintenance 

output} 
Annual Capacity Factor: 80% 

Annual Energy Production: - 655 x 1 0' 2  Btu 

Efficiency: l OO� (recovery eHiciency) 

lifetime: lO Y'  

Quantities Used 

Reference Energy System 
Per 1 0'2 Btu Annual Usage 

Energy 
English Units Metric Units Produced - Remarks 

7.34 x 1 0J  IOns 6.66 x 1 0J  lonnes 1 1 2  IOns 
5.5 x lIP tons 5.0 x 10J lonnes 8.4 tons 

46 x 1 03 MWh 46 x 1 03 MWh 71 MWh 
540 x 1 06 set 15 x 1 05 m3 0.83 x 1 05 set 

NOI Determined 

J 
028 x 1 0J acre-ft 0.34 x 1 0' ,  0.42 IICnt-ft 
1 .92 x lIP acre-fl 2.38 x 1 0' ,  2.94 acnt-ft 
2.20 x 1 03 acre-ft 2.72 x 1 09 , 3.36 acre-fl 

Total Usage 

259 x 1 0J tons 235 x 1 0J  tonnes 395 tons 
8.1 9 x 1 0J tons 7.43 x 1 03 tonnes 1 2.5 tons 

1 20  tons 1 1 0 10nnes 0.1 9 IOn 
39 tons J6 tonnes 0.06 ton 
39 tons J6 lonnes 0.06 Ion 
39 tons 36 tonnes 0.06 ton 

7 tons 6 10nnes 0.01 IOn 
98 tons B9 tonnes 0.1 5 Ion 

7 x l Ql  hp 5 x 1 0S W  0.01 x lijl hp 
30 x 103 ttl 3 x 1 03 m2 0.05 x 103 ft2 

220 tons 200 lonnes 0.33 IOn 

65 8Ct1!S 27 ha 0.1 0  acre 

200 woriceB 0.3 woricer 
300 woricers 0.4 woricer 

-In eleclrical energy (output) al the IlIliclor: see note on page 1 .  
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Tab l e  F-4 con t inued 

U RA N I U M  H EXAFLU O R I D E  CONVERS I O N 

COSTS 

Faciity 

Cons1ruction 13 � 
Operlltion and maintenance 

EnvironmentAll Con1rOIs 

FkJom. scrubbers 
Raffwwtelwaate ponds 
Offgas filtcnltrapa 

Reference Energy System Pet' 1012 Btu Energy Produced · 

11 981 $1 
170.7 x 101 total SO.l (JI x l a' total 
$20.5 x l ollVI' SO.031 x lollY' 

Not Oel8fmned 

I 
ENVIRONMENTAL RESID UALS 

Ail PoIutlnts 

Sulur dioxide 
Oxides of nitrogen 
Hydo oc:aibollS 
Carbon monoxide 
Auoride 
UraRum 
Radon ..t radon dMIghtera 

Watllr Pollutants 

F\Ioride 
Sulfate 
NitnIte 
Chloride 
Socium " 
Ammonium 
Iron 
Radium-226 
Thorium-230 
Uranium 

Solid Wastes 

Said chemical eflbJnts 
lnonvolatile ash containing 
iron, caIc"'m. magnesium. 
copper. fIuorideI 

low ..t intermedilte level 
�tive lburied! 

n.maI Oisch8rge 

Ha.t d8charged 10 .. 

PRODUCTS 

Pnrt-.y 
U�m heuftuoride 

� ReIeesed 

Reference Energy System 
Annual ltMlis 

English Units Metric Units 

850 tons 770 tDnnes 
300 tons 270 mnr-

30 tons 20 tonnes 
7 tons 6 1Dnnes 

3.3 tons 3.0 tDnnes 
4.1 x 1 0 - l  Ci 4.1 • 1 0 - l  Ci 

Not De1ermned 

790 tons 710 tonnes 
1 40  tons 120 tonnes 

7 tons 6 tonnes 
7 tons 6 tonnes 

105 tons 95 tonnes 
50 tons 40 tonnes 

1 .3 tons 1 2  tonnes 
92 • 1 0 - 3  Ci 92 x 1 0 - l  Ci 
41 x 10 - 3 Ci 41 )( 10 - l Ci 

1 2  Ci 1 2 Ci 

1 2  x 103 tons 1 .1 x 103 tannes 

. , 

24 Ci 24 Ci 

0.54 x 1012 Btu 0.57 x 10'� J 
� -

Quantities Produced 
Reference Energy System 

Annual PTOduction 

English Units Metric Units 

5.5 x lol tons 5.0 x 103 tonnes 

I OCCUPATIONAL SAFETY A N D  H EALTH 
Not Determined 

°In MectricIII energy (outputl at the 'Meter: _ note on - - - - • 
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Per 1 0'2 Btu 
Energy Produced • 

1 .3  tons 
0.46 ton 
0.04 ton 
0.01 ton 
0.005 ton 

6.2 • 1 0 - 1  Ci 

12 tons 
021 ton 
0.01 ton 
0.01 ton 
0.1 6 ton 
0.07 ton 

Ono> - I 0.14 x 1 0 - 3  Ci 
0.063 x 1 0 - 3  Ci 

1.8 x 1 0 - l  Ci 

1.8 tons 

J6 x 1 0 - 3  Ci 

Q.83 x 10' Btu 

Per 10'2 Btu 
Energy Produced • 

8.4 tons 

Remanta 

Reference V- for 
costa is 1978. 1978 
CCI average ""I ,. 
XT76. See Explen-
atory Notes Section. 

Remar1ts 

10 cm 20 apecifiea 
allowable IeYeIs 

-

1 0  cm 20 specifIeS 
alowable leve. 

Rem.1ts 



T a b l e  F - 5  

U RA N I U M EN RICH M ENT GASEOUS D I FFUS I O N  

REFERENCE ENERGY SYSTEM FACIUTY OPERATI N G  PARAMETERS 

G ..-ouI  dilfu lion  •• ic:hnwnt plant using porous berriers and 
c:ompI'eaorI a ... 1Qiid in __ to produce untnium heuftuoride 

Size: 12 x loJ tonsIyr lerwiched 
uranium-235 .. uranium helut
fluoride; tails HSiIy 0.2 % 
uranium) 

eoriched to 4� um1Iium-235; onsite support faciities; wis 
1toreQr. ..nIng/neutntlization ponds; waste burial grounds; 
feed vaporization and product recov«V systems; steam piant. A.nnuaI Capacity Factor: 80% 

RESOURCES USED 

Feed Materials 

Uranium heuftuoride 
luna. ic:hedI 

� 
Elec:!ric:ity 

� 
Diac:haVed to ai' 
Dilcharged 10 water bodies 

lat diffusion plant) 
Dilcharged to_tar 

bodieII lat pOwer P'antJ 

Con.truction Materials 

Concrete 
To'- steel and castings 
Copper, br-. and bronze 
Aluminum and castings 
Mangeneee 
Ctwomium 
Nidtel 
c..t iron 
S lMm tulbogenerat," 
Pumps and driwrs 
Axial c:orT98SS01' 
CentrifU9tJ compressors and 

drivers 
Heet exchangers 

� 

PerIonneI 
Cons1ruction C8 vrI 
Operation and maintenance 

A.nnuai Energy Production: ° 

Efficiency: 

21 90 x 1 0' 2 BtIJ 

65.4 % (recovery efficiencyl 
20 vr Lifetime: 

Quantities u.d 

Reference Energy System 
Per 1 0,2 BtIJ 

A.nnueI Usage Energy 
Engish Units Metric: Units PtocIuced° Remar1ts 

18 )( loJ tons 1 7  )( 1 oJ 10Iwles 8.4 tons 

28 )( 1 0'  MWh 28 )( 1 0'  MWh 1 3  )( l oJ  MWh 

23 )( l oJ  acnHt 29 x 1 0' 1  1 1  acre-ft 
1 .8  x l oJ  ac:r&-h 22 x 1 0' 1 0.8 acnHt 

3.07 )( 1 0· acnHt 3.8 x lO,l 1 1 .4 x l oJ  acnt-h 

Total Usaoe 

1670 )( loJ tons 1 510  x l oJ  10Iwles 760 tons 
723 x l oJ  tons 656 x l oJ  tonnes D) tons 
25.6 )( l oJ  tons 23.3 x loJ tonnes 1 1 .7 tons 
1 6 x l oJ  tons 1 5  x loJ tonnes 7.5 tons 
3..9 )( 1 oJ tor-. 16 x loJ tonnes 1 .8 tons 
5.0 x loJ tons 4.6 x l oJ  tonnes 2.3 tons 

0.90 )( l oJ  tons 0.82 x loJ tonnes 0.41 ton 
58.0 x 1 oJ tons 52.7 x l oJ  tonnes 26.5 IOnS 

520 MWe S20 MWe 0.24 MWe 
590 x l oJ  hp 44O x l o' W  0.27 x l oJ  hp 

8300 )( l oJ  hp 6200 x 10' W 3.8 x loJ hp 
22 tons 20 tonnes 0.01 IOn 

7..9 )( 1 0' ttl 73) )( 1 oJ rrfZ 16 x loJ rt2 

Not DetarTlVled 

6.1 x l oJ  wor1I:ers 2.8 wonceB 
2.2 x loJ wor1I:ers 1 .0 woncer 

O'n electrial energy loutput) at the reactor; _ note on page 1 .  

F-3 0  



Ta b l e  F - 5  c o n t i n u e d  

U RA N I U M  E N R I C H M E NT G ASEO U S  D I FFU SION 

COSTS 

Construction 18 yO 
O�tion and maintel'lllflC8 

Emnronmental Controls 

Cooing towers 
Liquid waste systems 
Neulnlization pond 
Filtera 
FkJorine scrubber 

Reference Energy System P1!r 1 01 2  Btu Energy Produced 0 

$ 1 4.7 x l li' total 
$0.98 x l rJllyr 

1 1 981 $) 

Not Detllrmined 

1 
$6.71 x 1 rJl total 
$0.448 x l rJllyr 

ENVIRONMENTAL RESIDUALS Quantities Released 

Reference Energy System 
Arv1ual levefs 

Per 1 0'2 Btu 

Aitf PoIlu tants Engish Units Metric Units Energy Produced 0 

P.-tic u Ia res 1 1 3  x loJ tons 1 03  x l oJ  toones 51 .8 tons 
Sulfur dioxide 431 x l oJ  tons 192 x loJ tonrleS 1 97 tons 
Oxides of nitrogen 1 1 3  x l oJ  tons 1 03 x l oJ  tonnes 51 .8 tons 
Hydrocarbons 1 .1 x loJ tons 1 .0 x loJ tonnes 05 ton 

Carbon monoxide 2.8 x l oJ  tons 2.6 x l oJ  toones 1 .3 tons 
Auoride 0.044 x l oJ  tons 0.04 x l oJ  tonnes 0.02 ton 
Uranium 0.1 8 Ci 0.1 8  Ci 83 x  1 0  - a  Ci 
T echnetium.99 0.74 Ci 0.74 Ci 0.34 x 1 0 - 3  Ci 
Ruthenium-l 06 0.Q10 Ci 0.01 0 Ci 4.6 x 1 0 - '1  Ci 

Water Polutants 
Calcium 700 tons 600 tonnes 0.3 ton 
Chloride 900 tons 800 tonnes 0.4 ton 
Sod .... m ·  900 tons 800 tonnes 0.4 ton 
Sulfate 700 tons 600 tonnes 0.3 ton 
Iron 44 tons 40 tonnes 0.02 ton 
Nitrate 250 tons 240 tonnes 0.1 2  ton 
Uranium 1 .8 Ci 1 .8 Ci 0.83 x 1 0 - 3  Ci 
T echnetium-99 9.6 Ci 9.6 Ci 4.4 x 10 - 3  Ci 

Soid Wastes 
Equipment components Not Determined 
Sludges t 
Thermal Discharge 
Heat discharged to water 226 l( 1 0'2 Btu 238 l( 1 0'5  J 1 03  x 1 Ii' Btu 
Heat discharged to air 68 x 1012  Btu n x l 0 ' 5 J 31 x I ii'  Btu 

Noise Pollution 
In�lant Not Determined 
Cooling tower t 

PRO D U CTS Quantities Produced 

Reference Enet"gy Syst1lm 
Annual Production 

Per 1 0' 2  Btu 
English Units . Metric Units Energy Produced • 

Primary 

Enriched uran .... m-235 1 2.0 x 1 0'" tons 1 0.9 x 1 0'" tonnes 5.49 tons 

in uranium helIl8fluoride 

Byprod� 
20 tonnes 0.01 ton Uranium-235 in blita 22 tons 

O C C U PATIONAL SAFETY AND HEALTH 
Not Determined 

O'n electrial enervv loutput) at the reactor; see nohl on pe..,. 
F- 3 1  

Remarits 

Reference year for 
costs is 1 978. 1 978 
CCI average (lR) = 

W6. See Explan&
tory Notes Section. 

Remartc. 

Remarks 

Tais 0.2 % uranium 



Table F-6 
----------------------------------------------------------

U RA N I U M  E N R I C H M ENT GAS CENTR I FU G E  

REFERENCE ENERGY SYSTEM FACI LITY OPERATIN G  PARAMETERS 

Tl1e gas c::entrifuge •• ic:hrYw1t proc.a uses a system of centri
ruga to enrich urwnium in wanium.2J5 to 2�%. System c0m
ponents include production f3cilities; feed. product. and tails 
� IYStemI; decontamination facilities; recirculating 
.,Jd sanitary water systems; sewage � etc.. 

Size: 10 x 101 toraIyr 
(tails assay 0.2%1 

RESOU RCES USED 

Feed Materials 

Uranium helIafIuclride 

� 
C()8I 

GaoIine and a .... Net 
81IctricitY 
Waw 
Oi:schafged to air 
DGc:harged to water 

. 

(Anstruction Materials 

Concrete 
SIIIeI 
�minum 

Copper 
Zinc 
Tr3nstonner cooing oil 
Prrog materials 
Miscellaneous metal products 

LAnd 

PenonneI 
Construction f1 yrl 
Operation and maintenance 

COSTS 

Fkility 

Construction f1 yrl 
Operation and maintenance 

Environmental Controls 

Filters 
Uquid W8St1t processing 
Neutralization facilities 
Cooling towers 
F\Joone scrubbers 

Annual Capacity Factor: 80% 

Annual Energy Production: · 1 821 x 1012 Btu 

Efficiency: 65.4 % 

lifetime: 20 yr  

Quantities Used 

Reference Energy System 
Per 101 2  Btu ArvluaI Usage 

Energy 
English Units MetriE Units Produced • 

15 x 101 tons 14 x l oJ  tofVles 8.4 tons 

66.8 x 101 tons 60.7 x l oJ  tonnes 36.7 tons 

208 x l oJ  gat 786 x 101 1 1 1 4  gal 
2.0 x las MWh 2.0 x l Q1  MWh 1 .1 x l oJ  MWh 

890 Knt-ft 1 . 1  x 1(1' 1 0.49 acr.ft 
1 .82 x 101 acr.ft 2.24 x 1 0' I 1 .00 acr.ft 

Total Usage 

6Q) x loJ tons 540 x l oJ  tonres 330.00 tons 
280 x l oJ tons 250 x l oJ  tonnes 1 51 .00 tons 

25 x  l oJ tons 23 x loJ tonnes 14.00 tons 
4.9 x l oJ  tons 4.5 x loJ tcones 2.70 tons 

0.22 x l oJ  tons 0.20 x loJ tcones 0.1 2  ton 
0.33 x l oJ  tons 03) x loJ tcones 0.1 8  ton 

1 .3 x l oJ  tons 1 .2  x loJ tonnes 0.70 ton 
1 .2  x loJ tons 1 .0 x l oJ  tonnes 0.63 ton 

840 acres 340 ha 0.46 acre 

5.1 x l oJ  W'OOttn 2.B workers 
1 .8 x 1 oJ W'OOt 8I'"S 1 .0 worker 

Refen1nC8 Eneryy System Per 1012 Btu Energy Produad · 

1 1 981 $I  

$5.7 x lot total $3.13 x las total 
$755 )( las/yr $0.41 5 x lo'>/yr 

Not Detl!rmined 

I 

Remarks 

H_ting and process 
-.m 

Remarks 

Referencll year for 
costs is 1975. 1 975 
CCl averaoe 11,,1 -
221 2. See ExpiaM. 
tory Notes Section 

°In electric.aJ energy (outpull at the reactor: see notlt on pege I .  
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Tab l e  F - 6  c on t i nu e d  

U RA N I U M  E N R I C H M E NT GAS C E NTR I FU G E  

ENVIRONMENTAL RESID UALS 

AI' Pollutants 

PwtiaJlates 
Sulfur dioxide 
Oxides of nitrogen 
HydrocarbollS 
c.bon monoxide 
Uranium (total isotopes) 

Wat"" PoikJrants 

Condensata 
• Wet"" 

Aqueous waste 
• Wat81 
• Nitric acid 
• Aluminum nitrate 

Noncondensable gas 
• Oxides of nitrogen 

Radiation 
• Uranium (total isotopes) 

Solid Wastes 

Failed ro� 

Thermal Discharge 
Heat dissipated from steam plant 

Noise PoAition 
I�t 

PROD UCTS 

Primary 
Enriched uranium-23S in 

uranium hexafluoride 

Byproducts 

Uranium-23S in tails 

Quantities Released 

Reitl1'enc1! Energy Sys tern 
Annual levels 

English Units 

40 tons 
840 tons 
670 tons 

1 8  tons 
56 x  1 0 - 3  Ci 

3.70 x l oJ  tons 

560 tons 
90 tons 

1 1 0  tons 

1 .8 tons 

6.0 x 1 0 - 3  Ci 

360 x 1 0'  Btu 

Metric Units 

JO tormes 
760 tOfYl85 
610 tQfVleS 
Negligible 
16 tOfVleS 

56 x 1 0 - 3  Ci 

3.J6 x loJ tonnes 

510 /ofYles 
81 tonnes 

100 tonnes 

1 .8 tonnes 

6.0 x 1 0 - 3  Ci 

Not Determined 

J81 x 1012 J 

Not Detellllilled 

Ouantities Produced 
Ref""enc;e Energy System 

Annual Production 

English Units Metric Units 

1 .00 x l oJ  tons 9.08 x loJ tonnes 

1 8  tons 16 tonnes 

I OCCUP-'HlONAL SAFETY ANO H EA LTH 

Not Detelnli.,ed 

°In electrical energy (outputl et the rMCIOf: _ note on pege 1 .  

F- 3 3  

P"" 1 01 7  Btu 
Energy Produced·· 

0.02 ton 
0.40 Ion 
0.37 ton 

O.Ot ton 
31 x 10 - 6 Ci 

2.03 tons 

0.31 ton 
0.05 ton 
0.06 ton 

0.001 ton 

3.3 x 1 0 - 1  Ci 

0.2 x 1 0'  Btu 

Per 1 012 Btu 
Energy Produced · 

5.49 tons 

0.01 ton 

Remarks 

,. 

Remarks 

0.2% uranium in tails 



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

-
Tab l e  F - 7  

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

FU EL FAB R I CATI O N  P LA NT 

REFERENCE ENERGY SYSTEM FACILITY OPERATING PARAMETERS 

Size: Fuel fabrication is � by chemical conversion of 
Ufllnium hexafluoride to uranium dioxide and mechanical proc· 
essing indu<WIg pelet production and fuel IHement fabrication 
loaded in zircalloy or stainless steel tubes. lined with end caps. 
.nd welded. 

Annullf Capacity Fector: 

990 tonsJyf 

80% 

RESOURCES USED 

Feed Maleriab 

Ur8oom-235 efYiched 
in uranium hexafluoride 

EnerlJ'( 
Electricity 
Natural gas 

Pnx8Ssing Materials 

Aqueous ammonia 
Nitric ICid C70%1 
Sodium ttydroxide 150%1 
Sulfuric ICid qo'llal 
Water 
�ischarged 10 water 

Construction Materials 

Concrete 

Total sted and castings 

Copper, brass. and bronze 
Aluminum and castings 
Manganese 
Chromium 
Nickel 
Cast iron 
SllIIIm lurbines 
Pumps and dfivers 
Heat exchangers 

land -
PlII'sonnei 
Construction 12 -3 yrl 
OPllfalion and maintenellC8 

Annual E�gy Production: " 619 x 1 0'2 Btu 

EffICiency: 

ljfetime: 

Quantities Used 

Reference EOEnJY - (Stem 
Annual Usage 

Engish Units 

3.40 x 1 01  tons 

44 )( 1 01 MWh 
93 x 1 0&  x:f 

41 0 acre-ft 

Metric Units 

3.08 x 101 10nneS 

Not DeternW1ed 

1 
510 x 1 0&  I 

Total Usage 

462 x 1 03 - 275 x 1 01  42.0 x 1 01  - 2SO x 1 01  
t ons  tonnes 

7.43 x l oJ  - 27.8 x 101 6..74 x l oJ  - 25.3 x 1 01  
tons 10nnes 

300 - 3.22 x 1 01 tons J3) - 2.92 x 1 01  tornes 
1 70-885 Ions 1 50-800 10nnes 

50-1 JO tons 40- 1 20  tonnes 
62-93 tons 56-84 10nnes 
1 2- 1 8  tons 1 1 -17 tonnes 

300-560 tons 280-510 tonnes 
0 - 6.2  x 1 01 hp 0 - 4.6 ·x l ()6 W 

62 x 101 - 2S x 1 01 � 4.6 x 1 0& - 1 B x 1 rf> w 
o - 1 8  x 1 01 ft2 0 - 1 .7 )( 1 01 m2 

7.4 acres 3.0 he 

400-2.1 x 1 01 worilers 
990-2.1 x 1 01 woril ers 

1 00% (urcmum-23S output vs. 
uranium-23S input) 

20 yr  

Per 1 0'2 Btu 
Energy 

Produced " 

5.49 tons 

71 MWh 
0.1 5 )( 1 0&  set 

0.67 ecre-ft 

74.70-444.0 tons 

1 2.00-45.00 tons 

0.59-5.20 IOns 
027-1 .43 IOns 
0.08-021 IOn 
0.1 O-Q.1 5 IOn 
0.02�.03 ton 
0.4�.90 IOn 

0-10 hp 
l� hp 
0-30 ft2 

0.0 1 2  acre 

0.7-3.4 worters 
1 .6-3.4 worters 

Remarks 

·'n electrical energy (output) at the reector; see note on peg.!! 1 .  
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COSTS 

Construction 12-3 yTl 
Operation and maintenance 

Environmental Controls 

HigtHIfflCiency particulate 
aerosol filter system 

Scrubbers and dryers 
Waste lagoons 
Sanitary WilSte system 

Ta b l e  F - 7  c o n t i n u e d  

F U E L  FA B R I CATI O N  P LA NT 

Refet'ence Enetgy System Pet' 1 0 1 2  Btu Enetgy Produced " 

1 1981 $1  

$248 )( 1 rfS - 792 x 1 rfS lotal 
$ l n  x 106 - 257 x l06/yT 

$0.400 x lrfS - l 28 )( l o" total 
$0.287 x l 06/yr - 0.4 1 5  x l 06/yr 

Nee Determined 

I 
ENVIRONMENTAL R ES I DUALS 

Ail Pollutants 

Sulfur dioxide 
Oxides of nitrogen 
Carbon monoxide 
Uranium 

WatM Pollutants 

Nitrogen as ammonia 
Nitrogen as nitrate 
Auoride 
Uranium 
Thorium-234 

Solid Wastes 

Calcium fluoride 
Ammonia 
Fluorine 
Suttt. oxide 
Nitrate 
Uranium (buried! 

Thermal Discharge 

Heat dissipated 

FRODUCTS 

Primary 

Uranium (uranium dioxidel 
fuel elements 

Quantities Released 

Referenc8 Energy System 
AnnuaI L� 

Engish Units 

681 tons 
1 70  tons 
62 tons 

5.1 )( 1 0  - J Ci 

280 tons 
681 tons 
1 20  tons 
0.51 Ci 
026 Ci 

743 tons 

5.9 C 

200 )( 1 09 Btu 

Metric Units 

61 8 tonnes 
1 60  tonnes 
5_6 tonnes 

5.1 x 1 0  - J Ci 

260 tonnes 
61 8  tonnes 
1 1 0  tonnes 

0.51 Ci 
026 Ci 

674 tonnes 
Nee Determined 

I 
5.9 Ci 

JOO x 10 12  J 

Q.antities Produced 

Reference Energy System 
Annual Production 

English Units Metric Units 

990 tons 9(X) tonnes 

O C C U PATIONAL SAFETY AND H EA LTH 

Not Determined 

"In electrical energy (output) at the reactor; see note on page 1 .  
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Per 1012 Btu 
Energy Produced · 

1 .1 0  tons 
028 ton 
0.01 ton 

83 )( 1 0 - &  Ci 

0.46 ton 
1 . 1 0  tons 
0.1 9  ton 

0.83 )( 1 0 - 3  Ci 
0.42 x 1 0 - J Ci 

1 20 tons 

9.6 x 1 0  - 3  Ci 

0.4 x 1 0' Btu 

Per 1 012 Btu 
Ener-gy Produced · 

1 .6 tons 

Remar'u 

Referenc8 yelII fOf 
costs is 1 978. 1 978 
CCI average UR' = 

W6. See Explana
lory Notes Section. 

Remarks 



Table F-8 

P R ESS U RIZED WATE R  R EACTOR N U C LEAR POWER PLA NT 

REfER ENCE EN ERGY SYSTEM FACI LITY OPE RATI NG PARAMETERS 

PresSUrized wa ter  reectDr nuclear� e4e<:tric generating 
pWit using 3.3'l6. enriched uranium-23S fuel: onsite sttlI'lIge 01 
spent raactOf fuel; mDimum recycing 01 iquid radioactive 
wanes; fittration of buiJding exhausts; onsite _ter treatment of 
river supply water: nannl draft wet cooing tooNers. 

Size: 1 x 1 03 MWe 

R ESOU RCES USED 

Feed Materials 
Ura,...m fuel lJ.J% 

uranium-235l 

Construction Materials 
Concrete 
Metal conduit 
c.- 1raY  _ 

LMge process pipe 
5r'twI pipe 
Wre and cabMt 

lMld 
Site .. 
L� redioective waste 

cispot;al arllll 

Personnel 
ConstnJction IS yr1 
()peqlion and main� 

COSTS 

� 
Construction IS yr1 
Operation and maintenance 

Annual Capacity Factor: 70% 
Annual Energy Production: · 21 x 1 01 2  Btu 

16. 1 3  x 1 011 MWhI 

E ffJCiency: 
Lifetime: 

33% 
JO....4O yr 

Quantities Used 
Reference Energy System 

Annual Usag" 
Engish Units Metric Units 

26.7 tons 242 tonnes 

1 6  x loJ acre-ft 1 9 x 1 o' l  

Total Usage 

2SO )( 1 03 yaJ 190 x 1 03  m3 
500 )( loJ ft 1 50  )( loJ m 
100 )( l oJ  ft 30 )( 1 03 m 
160 )( loJ ft 50 )( 1 03 m 
200 )( loJ ft 60 )( 1 03 m 

7 )( l oa  ft 2.1 )( 1 011 m 

1 .85  )( 1 oJ acres 749 ha 
0.02 acr" 0.000 ha 

Per 1 012 BIU 
Energy 

Produced · 

1 27 tons 

0.74 x l oJ  acre-ft 

1 1 .9 x l oJ  yct3 
24 )( loJ ft 

4.8 )( 1 03 ft 
7.6 )( loJ ft 
9.5 )( 1 03 ft 
0.3 )( l ot  ft 

88.1 acres 
0.9 )( 1 0  - 3 acre 

Reference Energy System Per 1 0 1 2  Btu Energy Produced " 

( 1 981 $1 
{ Total lif" cycle costs (excluding ultimate decommissioning 1 

Ind decontamination) :; 97.0 mills/kWh 

Remar1cs 

33'l1. of core 
InrlUIltv 

Wet cooling 

Remarks 

Includes capital, 
operation and mainte
nance, Ind fuel costs 
for a plant scheduled 
to begin operation in 
1 985. Reference year 
for costs is 1976. 
1 976 CCI average 11 .. 1 
- 2401 . See ExplaNt

tory Notes Section. 

Included in facility 
costs 

'In -'---'--
__ ",.;at energy (output) at the reector; _ note on page 1 .  
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Table F-8 cont inued 

P R ESS U RIZED WATER R EACTO R N U CLEAR POWE R PLANT 

ENVIRONMENTAL RESIDUALS 

Ail Pollutants 
Noble gases 
Carboo-1 4  
Tritium 
Foa:si fuel air emissions 
Airborne WIlt ... from coofng 

tower evaporation losses 

Water PoIutants 

Activated COO'osion and 
fission producu 

Tritium 
Total suspended solids 
Total dissolved solids 
Iron 
Chloride 
Chromium 
Copper 
zjnc 

Solid Wastes 

L� said radweste 

Thermal Discharge 

Han: dissipated to atmosphere 

PRODUCTS 

RecoYIInIbIesIRecyclabk!s 

Spent nudear fuel 

Quantities Released 

Reference Energy System 
Annual LIMIts 

English Units Metric Units 

1 .80 x loJ Ci 1 .80 x loJ Ci 
6.2 Ci 6.2 Ci 

BOO Ci BOO Ci 
53 Ions 48 tonnes 

3.8 x 1 09 gal 1 4.4 x l Q9 1 

0.1 2 Ci 0.1 2  Ci 

302 Ci 302 Ci 
1 2.9 x l oJ  mg/I 

Metric 2860 mg1 

units are 1 � mg1 

universaly 360 .non 
used 0.30 .non 

0.73 m91 
0.84 � 

5.83 x l oJ  Ci 5.83 )( loJ Ci 
15.90 x l oJ  tfI 11 67 m� 

42 )( 1 012 Btu 44 )( 1 015 J 

Quantities � 

Ref ... ence Energy Syslem 
Annual Production 

English Units Metric UrWts 

6.1 )( 1 0ll MWh 

26.7 tons 24.3 tannes 

OCCU PATIO NAL SAFETY AND HEALTH 

p ... 1 0'2 Btu 
Energy Produced · 

�.7 u I 0.30 Ci 
38.1 Ci 

2.5 tons 
0.1 S x l Q9  gal 

0.006 Ci I 1 4.4 Ci 

Depends 
on flow, 

which varies 
wide+, 

278 Ci 
C280 ttl) 

2 x 1 0'2 Btu 

Per 1 0'7 Btu 
Energy Produced • 

0.29 )( 1 0' MWh 

1 .30 tons 

Reference Enef9Y System 
Annual Per 1 012 Btu Energy Ptoduced · 

o o 

Injuries 0.5-3.0 0.02-0. 1 4  

Radiation upoaure 20.4 marwem 

°In electrical _rgy (outputl at the rMCtor; see note on PIIoe 1 .  
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Remarks 

10 CFR 50 and 40 CFR 
190 specify individual 
concentration limits 

10 CFR 50 and 40 CFR 
1 90  specify individual 
concentration limits 

40 CFR 423 specifl8s 
alowable i-laeases in 
!iv ... concentrations 

-

Remar1cs 

RerT\8f1(s 



Table F-9 
-

BOILING WATER REACTOR N U CLEAR POWER P LANT 

REFERENCE ENERGY SYSTEM FACIUTY O PERATING PARAMETERS 

Size: (jener" EIectric � . ....... cized SWAt6 � with 
the � I. com ... "_1t design. �lU''' draft cooling towers. 
Fu-' is 3'" •• ic:hed uranium-2J5; omit. storaoe of �id 
r�. wa-.; fillnltion of building exhausts; onsite _tar 
.,..tment of nv. IUppIy wtlt8f; end nerum draft _t coo6ng 
t� 

Annual Capacity F8ctOf: 
1 )( l oJ MWe 
70% 

RESOURCES USED 

Feed Materials 
Uranium fuel 13.0% ... iched 

uranium-23SJ 

� 
M .... up wwter for cooing 

towers end """"1eOUI 
pt.nt .....nc. 

Cons1rUCtion Matarials 

Concrete 
Reinforcing ..... 
Structural steel 

!:!!!! 
Site Iiand �� 

QiIllTlissiol i route, cflSllJpted 
Iiand ..t.:e c.itel, end 
committed land 

COSTS 

Facility 
Construc:tion 19 yrl lwith 

intwat during constructionl 
ap..tion end rTWintenance 
ErwiroI.mentai ContrQ!s 

Annual Energy Production: · 
Efficiency: 

21 )( 1 01 2  Btu 
33% 

Ufetime: 

Quantities Used 

Refer.nce Energy Svstem 
Annual Usage 

EngflSh Units Metric Units 

34 tons 31 tonnes 

Not Detennined 

:1)·40 yr 

Per 1012  Btu 
Energy 

Produced · 

1 .6 tons 

Remarks 

One-fourth of 
core annuaUy 

18.9 )( loJ ecre-ft 21 x 1 0'  I 
Natural draft wet 

0.8 II lol 8Ct'&-ft . cooling towers used. 

4.5 )( 10' ttl 
1 7 )( l oJ  tons 

8.7 )( l oJ  tons 

Total Usage 

1 30  )( 103 m2 
1 5  )( loJ tonnes 

7.9 )( l oJ  tannes 

1 .38 he 

2.3 It loJ workers 
230 workers 

21 0 )( 1()2 ttl 
81 0 tons 
420 t011S 

161 acres 

1 1 0  workers 

Reference Energy System Per 101 2  Btu Energy Produced • 

( 1981 .,. { Total life cycle c:o.ts (excluding ultimate decommissioning } 
and decontaminationl ,. 108 mills/kWh. 

For two 1 2S0-MWe 
units with cooling 
towers 

Remarks 

Includes capital, fuel, 
and operation and 
maintenance plant 
costs for a plant 
scheduled to begin 
operation in 1 985. 

." .... w::e y.er is 1978; 1978 cel r.rer.ge IIR' - 2401 .  See Exp&anatory Notes section. 

Included in facility 
costs 
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Table F - 9  cont inued 

B O I LI N G  WATER R EACTOR N U C LEAR POWER P LA NT 

ENVIRONMENTAL RESIDUALS 

Quantities Released 

Reference Energy Systam 
Annual Lewis Per 10'2 Btu 

Energy 
English Units Metric Units Produced " Remarts 

AX Pollutants ... 

Gaseous radioactive effluents 
• Noble gases 1 1  x l oJ  Ci 1 1  x l oJ  Ci 540 Ci 
• Tritium 1 1 0  Ci 1 1 0  Ci 5.2 Ci 1 0  CFR 5O ..t  40 
• Carbon- 1 4  6.8 Ci 6.8 Ci 0.32 Ci CFR 190 specify 
• lodine-1 31 (e!ementan 64 x 1 0 - ]  Ci 64 )( 1 0 - ]  Ci 3.0 )( 1 0 - ]  Ci individual CXlnC8fl-
• lodine-1 31 (nonelementan 140 x 1 0 - 1  Ci 1 40  x 1 0 - 1  Ci 6.6 )( 1 0 - ]  Ci � tration limits 

Fossil fuel air amissions 21 0 tons 

A_borne water from cooling 
towet' evaporation losses 3.8 x 1 09 gal 1 4.4 x 1 09  I 0.18 x l o!  gal 

" 
Watf!JI Pollutants 
Liquid radioactive effluents } 1 0  CFR 50 ..t 40 

• Tritium 35 Ci 35 Ci 1 .7 Ci CFR 190 specify 
• Activation and fISSion individual CXlnC8fl-

products 0.1 Ci 0.1 Ci 5 x l oJ  Ci tration limits 

Dissolved solids 
• Sulfates 23 tons 21 tonnes 1.1  tons } 40 CFR 423 specifIeS 
• Chaine 0.9 ton 0.8 tonne 0.04 ton allowable iw:rsaes 
• Sodium 1 1  tons 10 tonnes 0.53 ton in .river CXlf1C8Otnt-
• Other 5.8 tons 5.3 tormes 028 ton !ions 

SorKS wastes 
Low-Ievel soid radioactive 

wastes 
• Wet material ambedded 

in concrete 1 9 x loJ ttl 5JO m1 9JO ttl  
• Dry IT\Iteriai in drums 3.3 x l oJ  ttl 94 rrfl  1 60  ttl 

Water filtration wale products 
• Aluminum hydroxide 1 0  tons 9.1 tonnes 0.48 ton 
• Settled solids 8 tons 7.3 tonnes 0.38 ton 

Thermal Discharge 

Heat dissipated 61 x 1 0' 2  Btu 64 x 10 '6  J 2.9 x 1012  Btu 
. , 

Noise Pollution Negligible 

. 1" electrial energy (outputl at the reactor, _ nota on page 1 .  

F- 3 9 



Table F - 9  c o n t i n u e d  

B O I LI N G  WATER REACTO R N U C LEAR POWER P LANT 

PRODU CTS 

Primary -
Electric power 

Byproducts 

Recoverablesl Recydables 
Spent nuclear fuel containaing 

• Uranium-2J5 nuclear fuel 
- Mass 
- Energy equivalent 

• FISSile plutonium nuc:te. 
fuel 
- Mass 
- Energy equivaient 

• Isotopes fOl mecflC8l and 
ndustrial applications 

Quantities Produced 
Refereoce Energy System 

Annual Production 

English Units Metric Units 

6.1 3  )( lOS kWh 6.1 3 )( l OS  kWh 
Not Determined 

61 6 Ib 
4.3 x 10' kWh 

11 4.7 x , 02' Btul 

J96 1b  
3.4 )( l OS  kWh 

11 0.5 )( , 02' Btu) 

:m> kg 
4.3 )( 109 kWh 

(1 5.5 )( 1()24 JI 

780 kg 
3.4 )( 10' kWh 

11 1.1  )( 1 024 J) 

Not Determined 

OCCU PATIO NAL SAFETY AND H EALTH 

Per 10 '2  Btu 
Energy 

Produced -

2.93 )( l OS  kWh 

29.3 1b 
0.21 )( 1<>' kWh 
to.7 )( 1 02' Btu) 

18.8 Ib 
1 .6 )( lOS kWh 

10.5 )( 1 02' Btu! 

Reference Energy System 
Annual Per 1 012 Btu Energy Pr� -

Deaths 

Injuries 
Number 
Total lost days 

Oa:upational Radiation Exposure 

0.0 

0.51 -3.0 
14-91 

1 -1 )( loJ mIIrH'ems 

O'n eiectrical -vi (output, at the �tor; .. note on page 1 .  

F-40 

0.0 

0.02-0. 14  
0.67 .... .33 

Remarks 

Remarks 



Ta b l e  F- 1 0  

C O M M ERC IA L  H I G H - LEVEL NU C LEA R  WASTE R EPOSITO RY 

REFERENCE ENERGY SYSTEM 

Deep Geologic Reposrtory facility capable of handling IOlidifled 
higtHevel wastes and transuranic was<es hom the reprocessing 
of �t fuel; located fil».m deep in each of two candidate rock 
media. salt and basalt: retrievable emplacement fOf the first 5 yr 
of operation with optjonaJ permanent disQasal; packaging f� 
ity included in surface operations. Construction time is 1 0  yr. 
m ...... g operations tak ... g place during the last 7 yr. 

FACILITY OPERATING PARAMETERS 

Repository For 
Reprocessing Wast. 

RESOURCES USED 

7.1 " lrf> gil 

• � a.s x 1 03 ttl 
• Diesel fuel 0.63 x 10' gill 
• GaoIine 0.41 x 10' gill 
• a.ctridty 1 .6 x 10' kWh 

· Sta.n 

U x 10' gill 
81 x 103 tona 

1 1 0  x 1 00 kWh 

870 x 1 03 tons 

u "  1 03  ttl 
20 " 1 03  tor. 

2fiO IDnI 
61 tor. 
51 IDnI 

52 x 1 03 ttl 

2.0 x 103 wortt ... 
1.3 x 103 wortt ... 

1 2  " Irf> gill 

14 x 1 03 ttl 
1 . 1  x 1� ;eI 

0.79 " 10' gill 
2.7 x 10' kWh 

3.4 x to' gil 
79 x 103 tona 

1 27 x 1 0' kWh 

860 x 103 tons 

6.7 " 1 0l ttl 
33 x 103 tor. 

480 tor. 
12Q ton. 
es tona 

1 55  x 103 ttl 

2000 -=rft 

3.8 x 103 ... orh .. 
1 .5 x 1 03 wortt .. 

0.24 x 103 ml 
2.4 x 1 03 m3 
1 .8  x 1 03  ml 
1 .8 x 10' kWh 

1 3  x 103 � 

Average AtnJaI 
Capacity (MTHMI: 

Total EQuivaient 
Capacity (MTHMI: 

Total EIec17ica1 Energy 
Represented: 

ljfetime (v": 

0.40 x 103 m3 
4.0 x 1 03  ml 
3.0 x 103 ml 
2.7 Ie 10' kWh 

1 3  Ie 1 03  ml 
74 x 1 03 mnr. 

1 1 0  x 100 kWh 
72 x 103 tonn. 

1 27 x 10' kWh 

790 x 103 tonn. 

1 1 0  x 103 m3 
18 x 101 tonn. 

240 � 
S2 �  

· 48  tIJnr1e 
2.6 x 103 ml 

l200 tit! 

1110 tit! 

780 x 1 00 lOnr-. 

190 " 103 ml 
30 " 103 tonn. 

420 � 
1 1 0 � 
n .."..... 

4.4 x 103 m1 

-In e6ectrical eo.vv (outputl at the rMCtor; _ note on P-oe 1 .  

F-41  

Salt 

3.000 

62,000 

3.000 

56.000 

49 X 1015  Btu 
19 

1 .5 " 103 gil 

1 .7 ttl 
130 _ 
97 _  

330 kWh 

79 ttl 
0.41 ton 

5.4 x 1 0 - l  ton 
1 .4 x 1 0 - 3  ton 
1 .0 x 1 0 - 3  ten 

1..9 ttl 

2.7 '" 103 gil 

11 ,., 240 _ 179 _ 
S1 0 kWh 

1.4 Ie 103 gil 
12 !Dna 

52 Ie 1 03  
kWh 

l!5O !Dna 

150 ttl 
0.75 ton 

1 1  x 1 0 - l  ton 
2.7 x 1 0 - l  ton 
1..9 x 1 0 - l  ten 

3.5 ttl 

1 93 x 1 0 - l 8CrW 1 79  x 1 0 - l  

0.22 wort.. 
O.l!I won.. 

8CrW 



Tab] e F- l 0 Conti nlJed 

COM M ERCIAL HIGH· LEVEL N U CLEAR WASTE REPOSITORY 
COSTS 

Reference Energy SYlIem Per 10'2 Btu 0 
Salt Sault Salt Bault 

IM8y ,., tI 
• 

� 'U )( 109 fl.l )( lri' .33 x ,0-' � (1 0 'l'1 no )( ,0-' 
Op«..m end ...m-nc. " .6 )( lri' '2.4 )( 109 .33 )( 10-' .55 x 10-' 

ENVIRONMENTAL RESIDUALS 

�tieI R"'-I 
Ref .. ..- E� SywWn Per 1012 Btu 

An".,. l.BwIa Energy Pnlduc;ed 0 

E� Unita Englilh U"'1a Me1Jic Unita � UrVta 
Salt Sault Salt BaaIt Salt BeuIt 

� �1a 
R8dJoIogic81 

• eor-lrUCtIon 
1 . 1  )( 1 0 - 3  Ci -Radon-220 2.0 Ci 0.16 )( 10-1  Ci 0.32 )( 10-3 Ci 

-Radon-222 1 .6 )( 1 0 - 3  Ci 1.7 Ci 0.23 )( 10-'  Ci 0.27 x 1 0 - 3  Ci 
-leecf.21 0 0.13 x 1 0 - 1  Ci 0.14 )( 1 0 - 3  Ci 19 )( 1 0 - 12 Ci 0.02.2 x 1 0' II 
-l.eed-212 1 .7 )( ' 0 - ' Ci 3.0 )( 1 0 - 3  CI 0.24 )( 10-9 Ci 0.47 )( 1 0 - CI 
-l.eed-214 1 .11 " 1 0 - 3  Ci 1 .7 Ci 0.23 )( 10-1 Ci 0.27 )( 1 0 - 3  Ci 
-Bitmuth-21 0 1 .11 )( 1 0 - 3  CI 1.7 Ci 0.23 )( 10-1 CI 0.27 " 10-3 CI 

• 0pIra1ion Negtigib_ 

FoaaD luel combualion 
Producta 

• Cona1rucIion 
-CO 1 400 Ions 2400 lena '300 � 21oo � 0.20 ton 0.37 Ion 

-Hydrocarbons 63 Ions 100 Ions 57 � 94 �  9.0 )( 10-l lon 17 )( 1 0 - 3  ton 
-NO. 270 lana 440 lena 240 lOnna 4OO 1� 0.038 Ion 0.070 Ion -So. ,11 lana 27 Ions 14 10flftM 24 tonna 2.3 )( 10-3  Ion 4.2 " 10-3 ton -1'wIiaM18I " lana 27 Ions 14 lOnna 24 toma 2.3 )( 10- 3 1on 4.2 x 10-3 Ion 

• ()pIra1ion 
-CO 1 70 Ions 170 Ions 150 IOnNS 150 1� 0.070 Ion 0.0117 ton 
-Hydrocarbons sa lons GO tons !>3 lonMe 54 �  0.023 Ion 0.024 Ion 
-NO. 99D Ions 1 000 Ions 896 1� 940 lonMI 0.35 Ion 0.42 Ion -So. 70D Ions 670 Ions 6JO 10.",. 61 0 ton.- 0.27 Ion 0.27 !On 
-ParticufaI8l 30 tons 29 Ions 27 10n.- 27 10nrws 0.01 1 Ion 0.012 Ion 

Oust 
• Construction 

-Hoial 1000 Ions 1 700 Ions 930 lonnes 1Il00 Iann. 0.'4 Ion 0.278 Ion 

-Arid 14,000 Ions 23,000 Ions 13,000 lonMI 22,000 10flftM 2.0 tons 3.8 Ions 

Solid WItSI. 2.4 )( 1 01  Ions 5.0 )( 1 0' tons 2 1  " '08 10nMe 4.6 )( 101 lonna 340 Ions 800 tons 
W_ Pollutants NOI Det ... mined 

Thermal 0iscIwge 40 )( loll Btu 37 J( loB Btu 40 " 101 MJ 

OCCUPATIONAL SAFETY AND HEALTH 

�icaI 
DIubIIng ....... Fetalillee° 
Red�1 
Conatruction 
0per.1Ion 

Ref ... ence Energy Sywt.., 
Annual A_age 

Salt Baull 

50 1 30 
1 .0 2.6 

0.026 """",em 890 men� .... 
7.4 J( lei' IT\8ll-rema 7.2 " 1 ei' mwHema 

O'n Metrical en«gy IOUlpUtl .t lhe 'Nclor; lee nOI. on pege 1 .  

F-4z 

39 )(  101 MJ 15 .. 10' Btu 15 )( 10' Btu 

Salt 

0.010 0.029 
0.20 J( 10- J 0.59 )( 1 0 - 1  

3.7 " 10 - ·  ....... '.., 0.14 mwH.., 
2.9 � ...... 2.9 ",."....". 

R.".,."ks 

R...,.,.ks 

EPA Is de-
YIIIoping environ-
men� 1180-
ciardi that 
ltal" the 
public health 
and tIfIViron. 
menial ,. 
quirements 
10 be mel 
lOt disposal 
01 high ...... 
nucl_ 
wasle. NRC 
will .... 
EPA', 'eg-
uIBtion 10 l1li 
theit stan-
dard. ,o 
gove<n 
licensing, d&-
sign, and 
_ation o! 
pe<manerlt 
wasta eli. 
posaI lacili· 
tiM. Tenia-
liw time-
table lor linal 
regulalions 
(FR) is May 
1983. 

Remark. 
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Table F- l l  

Pulverized Coal-fired Powerplants: Planning Characteristics 

Primary Fuel 
Alternata Fuel 
Fuel Inventory 

Location 

Rated capacity (Nat MW) 
Peak capacity (Net MW) 
Heat Rata (Btu/kWh) 

Availability (%) 

Seasonality 

Siting & Ucensing Lead Tme (mos) 
S&L Shelf Ute (yrs) 

Construction Lead Time (mos to first unit/complete plant) 

Siting & Licensing Cost ($lkW) 
S&L Hold Cost ($/kW/yr) 

Construction Cost ($/kW) 1 
Fuel lnvantory Cost ($/kW) 

Fixed Fuel Delivery ($IkW/yr)
2 

Variable Fuel Cost (millslkWh) 

Fixed O&M ($/kWlyr) 
Variable O&M (milIs/kWh) 
Capital Replacement 

Operating Ufa (yrs) 

Twin 250 MW Units 

Subbituminous Coal 
Nona 
90 days coal @ rated capacity 

Hermiston, Oregon 

2 units @ 250 MW/unit 
262 MW/unit 
1 1 .005 
n 
insignificant seasonal variation 

48 
5 
flJ/72 

$32 
$0.90 
$1 ,749 

$44 

$8.60 
1 6.4 
$32.80 
2.3 
Incl. in O&M 

, . 

40 

2 
Construction costs exclude interest and escalation incurred during construction. 
Annual unit cost of purchasa and malntainance of unit train rolling stock. 

a , .• ._._ .&.NAA.A 

Twin 603 MW Units 

Subbituminous Coal 
None 
90 days coal @ rated capacity 

Hermiston, Oregon 

2 units @ 603 MW/unit 
633 MW/unit 
1 0,856 
75 
Insignificant seasonal variation 

48 
5 
72/84 

$23 
$0.80 
$ 1 ,21 1 
$35 

$8.60 
1 6.2 
$20.50 
1 .9 
Ind. in O&M 

40 
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Primary Fuel 
Alternate Fuel 
Fuel Inventory 

location 

Rated Capacity (Net MW) 
Peak Capacity (Net MW) 
Heat Rate (BtU/kWh) 
Availability (%) 

Seasonality 

Siting & Ucensing Time (mos) 
S&l Shelf Ufe (yrs) 
Construction Time (mas to first unit/complete plant) 

Siting & Ucensing Cost ($/kW) 
S&l Hold Cost ($/kW/yr) 
Construction Cost ($/kW) 

, 

Fuel Inventory Cost ($lkW) 

Fixed Fuel Delivery ($lkW/yr)
2 

Variable Fuel Cost (millS/kWh) 
Fixed O&M ($/kW/yr) 
Variable O&M (mills/kWh) 

Capital Replacement ($/kW/yr) 

Operating Ufe (yrs) 

Table F- 1 2  
AFBC Coa/·fired Power plants: Planning Characteristics 

Single 1 97 MW UnJt 

Subbituminous Coal 

None 

90 days coal @ rated capacity 

Hermiston. Oregon 

1 unit @ 1 97 MW/unit 
n/avail 

9,885 
81 
Insignificant seasonal variation 

48 
5 
64 

$41 
$1 .40 

$1 ,764 
$32 

$8.60 
1 4.7 
$37.1 0  
4.8 
Incl. in O&M 

30 

I 
2 Construction costs exclude interest and escalation incurred during construction. 

Annual cost of purchase and maintainance of unit train rolling stock. 
. 

1U.1'IIIIIII'I AkAA!> 

Twin 509 MW Units 

Subbituminous Coal 
None 
90 days coal @ rated capacity 

Hermiston. Oregon 

2 units @ 509 MW /unit 
n/avail 

9.851 
74 
Insignificant seasonal variation 

48 
5 
76 

$23 
$0.50 
$1 ,268 
$32 

$8.60 
1 4.7 
$20.70 
3.1  
Incl. in O&M 

30 



Ta b l e  F- 1 3  
-

WESTE R N  S U RFACE COAL M I N I N G  

(WITH P R E PARATI O N  P LANT) 
�-----------------------------------, r-------------------------------------� 
REFERENCE ENERGY SYSTEM FACI LITY O PERATI NG PARAMETE RS 

Western IUftac. mine with MIIm thick,.. of 23.1 h. The 
�den thickness is 100 ft IstJippillg ratiol 4/1 (cover/roaD. 
The owrburden removal is done by dragfine stripping shovels. 
Bulldozers In used for backfilling and regnlding. There is an 
ensite Preparation plent using a wet method of cleening the 
COIl, and unit trains are used for final shipment. The capecity 
and production of this mine life rtliatiYe+y close. Tem!lin. 
ropography. and overburden thickness limit the mine capacity. 
The estimated production is 85-90% of capacity. 

Size: 

Annual Capacity Fector: 

Annual Energy Production:" 

Coal mine: 9.7 )( 1 rI' lons/V' 
Preperation �t 8.73 )( l r1'  
tons/Y' 

85-90% 

Coal mine: 170 )( 1 0' 2 8ru 
Preparation plant 152 )( 1012  
Bru 

Efficiency: 90% (preparation plant) 

RESOURCES USED 

Feed Materials 

Raw coal in place 

Energy 
Electricity fuel 
Ammonium nitrete 
fuel oil mixture 

Water 

Construction Materials 

� 
Mine 
Solid waste storage 
Facilities 
Mining operations 

Personnel 
Mine 
Preparation piant 

lifetime: 

" Heating YIIlue of coal = 8750 Bruit>. 

Quantities Used 
Reference Energy System 

Annual Usage 

English Units 

9.7 )( 106 tons 

0.9 x 1 06  kWh 
�8 x 10& gal 

1 .25 x 103 tons 

Metric Urits 

8.8 x 1 0&  tOlYleS 

0.9 )( 1 0&  kWh 
1 4.5 x 10& I 

1 . 1 3  x 1 03  tonnes 
U nquantifiable 

Total Usage 

Not Determined 

20 x 1 03  aaes 
102 acres 

1 6.8 acres 
35 acres 

210 workers 
20 workers 

8.09 )( 103 ha 
4.05 ha 

68 ha  
1 4.2 ha 

Per 101 2 Btu" 
Energy Produced 

64 )( 1 03  tons 

6.0 )( 103 kWh 
25.0 )( 103 gal 

8.2 tons 

130 acres 
0.07 aere 
0. 1 1  acre 

0.23 acre 

1 .4 workers 
0.1 3  worker 

Remarks 

Assumed to be a 
4O-Y' supply 

FO' �ration plant 

Facilities land 
includes land for 
preparation 
plant and railroad
associated land 

"Entries computed on basis of outpu1 from prepar81ion plant ttYoughout the Summafy Sheet. 

COSTS 

� 
Capital 
- Mine 
• Preparation plant 

Operalion and maintenance 

• Mine 
• Preparalion plant 

tnvironmental Controls 

Reference 

Energy System 

1251 " 1()6 lOla' 
1*15.4-1148) " 1()6 10lal 

5 $64  • 1 ()6/Y' 

1t8.�l l091 " l()6/yr 

( 1981 ., 

Per 10'2 Btu 

Energy Produced 

1 1 .7 . 1()6 lolal 
1$0. 10-11 .01 • 1()6 Iota' 

� $0.42 • 1()6/yr 
1$O.O&-SO.71 1  " 1()6/Y' 

'ncluded in 'JOVe costs 

F-45 

Remarb 

Reference year for cost is 
1978; 1978 CCI average lip 
= 2776. See Explanatory 
Notes section and Append 
B.  



Table F - 1 3  cont inued 

WESTERN S U R FA C E  COAL M I N I N G  

(WITH P R E PARAT I O N  PLA NT) 
�------------------------

ENVIRONMENTAL RESIDUALS 

Ail Pollutants 

c.bon monoxide 
HydrocarbollS 
Oxides of nitrooen 
SuIf16 dioxide 
Particulates 
Aldehydes 
Fugrtiw dust 

Water Pollutants 

For the Western Surt-=e Mine, 
.. water used in the mine 
KtMty is recycled. Amount 
ia unquantifiable. 

Wid Waste . 

Pr�.tion plant 
Noise Pollution 

Quantities Released 

Reference Energy System 
Annual Levels 

Engish Units 

1 �7 tons 
o tons 

734 tons 
48 tons 
J9 tons 
1 2  tons 

107 tons 

970 x 103 tons 

Metric Units 

1 33  tonnes 
43 tonnes 

667 tonnes 
44 tonnes 
35 tonnes 
1 1  tonnes 
97 tonnes 

880 tonnes 

Not Determined 

·CFR 40 Part 60, Subpart V: Coal Preparation P\ants (41 FR2232). 

PRODUCTS 

Primary 
C4a1 (� 

-

Quantities Produced 

Reference Energy System 
Annual Production 

Engitsh Units Metric Units 

8.73 " 10& tons 7.92 x lOS tonnes 

OCCUPATIONAL HEALTH AND SAFETY 

Per 1012 Btu 
Energy Produced 

0.97 ton 
0.30 ton 
4.8 tons 

0.32 ton 
0.26 too 
0.08 ton 
0.70 ton 

6.38 tons 

Per 1 012 Btu 
Energy Produced 

57.4 x 101 tons 

Refllf"efla Energy System 
Annual Per 1 011 Btu Energy Produced 

Oeethl 
Surt-=e mine 
Preperation plant 
lr"4urles 

SurfKe mine 
�tion plant 

0.05 
0.01 4 

13. 1  
1 .8 

F- 46 

0.08 
0.01 

ReguIa1Qry Comp/iaIIOW 
Smndards· by CQrl'lp(n
em (air poIkJtantIJ 
• ThermeI Cryer 

- Particulates : 
0.031 � Idscf 

- Opacity: 20� 
• Pneumatic: Coal 

CJeaning Equip
ment 
- ParticulBtes: 

0.01 8 �/dscf 
- QPacity: 20� 

• Pro<-": IQ and 
Conveying Equip
ment 
- ()pKity: 20� 

Remarits 

Represents 
approximately . 90"" 
recovery from ROM 
c:oel output 

Remarks 



Table F- 1 4  

COAL B E N E F I CIAT I O N  

REFERENCE ENERGY SYSTEM FACILITY OPERATING PARAMETERS 

1"- ....-m ill compriIed of • number of wet circuit coal 
�tion devicea including crushers, -=alping ICI'--. 
rOWY bnIak-, vbating aa-w, jigs, thickeners, concentrating 
--. ftotltion circuita. ... tt.m.I drying. n-. deW:es .e 
cMIIigrwd to remove unw •• 1!id components fr� the raw coeI. 
IUCh • ash to imprOYe the energy content or sulfur to reduce 
IN sulfur oxide e� The resultant cleaned coal can then 

be utilized in • manner essentially identical to other unprocessed 
coal tNt hal not undergone chis degree of beneficiation. 

Size: 2.857 x 1 0S  tonslyr 

RESOURCES USED 

F.-t Mnlrials 

COII lrunof-mineJ 

� 
Elllctricity 
Oi 

Flo.:-sj"g Materials 

WItW 
Comumptive u .. 

ConI!ruction Maten81s 

Land 

� 
Consuuction 11 vrl 
Operation and maintenance 

COSTS 

Corcuuction (1 vrl 
Operation and maintenance 

Annual Capacity Factor: 83% (based on 2� dayslyr 
of operationl 

Annual Energy P:oduction: 55.0 )( 10'2 Btu 

Efficiency: 87.5% 

Ufetime: 20 vr 

Quantities Used 

Refenrnce Energy System Per 10'2 Btu Annual Usage 
Energy 

Enoish Units Metric Units Produced 

2.86 x 1 0S  tons 2.59 x 1 0' tonnes 51 .945 x 1 03 tons 

1 1  x 10' kWh 11 x 1 011 kWh 0.20 x 1011 kWh 
32 x 10' Btu 34 x 1 0'2 J 0.59 x 10' Btu 

Not Determned 

200 ecre-ft 2SO x lOS I 3.7 acre-ft 

Total Usage 

Not Determined 

240 lCI'es 96 ha  4.3 acres 

440 wcners a1 wcners 
82 wcners 1 .5 wcners 

Refenu:e Energy System Per 1 0'2 Btu Energy Produced 

$35.3 x 101 total 
$26.5 l( 1 01/vr 

11981 $1 

Not Determined 

F- 47 

$0.63 l( 1 01  total 
$0.47 l( , OS/vr 

Reman:s 

Remarits 

RefererlC1l year for 
costs is 1 976. 1 978 
CCI 8vsage (I,,' '" 
2401 .  See ElIpiana
tory Notes Section. 



Table F- 1 4  con t i nued 

COA L  B E N E FI C IATI O N 

ENVIRONMENTAL RESI DUALS 
Quantities Re4eased 

Reference Energy System 
ANlual Levels 

Engish Units Metric Units 

Ail Poilu tants 

PlrtX:ulates 50 tons 40 toones 
Sulfur dioxide 0.3 ton 02 tonne 
Oxides of nitrogen 33 toni :JJ tonnes 
Hydr� 1 1  toni 10 toones 
Carbon monoxide 1 1  toni 10 toones 

Wlter Pollutants 

T eta I dSsollled solids 1 .82 )( l oJ  tons 1 .65 )( 1 0J toones 
- Iron 0.4 ton 0.3 tonne 
- Manganese 1 .6 tons 1 .5 tonnes 
- Aluminum 22 tons 2..0 tomes 
- Zinc 0.3 ton 02 tonne 
- Nickel 0. 1 6  ton 0.1 5  tonne 

Total suspended solids 33 tons JO tonnes 
• Iron 3.3 toni 3.0 tomes 

Ammonia 3.0 tons 2..0 tonnes 
Sulfates 990 tons 900 toones 

Sofld Wastes 

Course cleaning 0.1 1 )( l oJ  tons 0.1 )( l oJ  toones 
Ptirnarv cleaning 559 )( l oJ  tons 508 )( loJ toones 
Froth flotation 290 )( l oJ  tons 260 )( l oJ  tonnes 
BreeIUog and sizing 0.1 1 )( l oJ  tons 0.1 )( loJ toones 

Tollli 849 x l oJ  tons 768 )( l oJ  tomes 

Thermal Dischlr2e 

Not Determined 

Noise Poftution 

May affect workers but not 
� receptors 

'crn 40 Part 60. Subpart V: Coal PTeparatjon Plants 141 FR 22J2l 

PRODUCTS 

Primary 
Coal icieaned) 

Recoverlbei Recyclables 

Quantities Proouced 

Refef-ence Energy Sy5tem 
Annual PToduction 

Engish Urrts Metric Urrts 

2.00 )( 10' tons 1 .82 )( l oa  tonnes 

Not Determned 

OCC U PATI O NAL SAFETY AND HEALTH 

Not Detllfmined 

F-48 

Per 1 0'2 Btu 
Energy Pl'Oduced 

0..9 ton 
0.005 ton 

0.6 ton 
02 ton 
02 ton 

33 tons 
0.007 ton 
0.03 ton 
0.4 ton 

0.005 ton 
0.003 ton 

0.6 ton 
0.06 ton 
0.05 ton 
1 8.0 toni 

0.002 )( l oJ  tons 
1 0.1 6 )( l oJ  tons 

5.3 )( 1 0J tons 
0.002 )( l oJ  tons 

1 5.5 )( l oJ  tons 

Per 1 0'2 Btu 
EneI'gy PToduced 

36.4 )( l oJ  tons 

Remarks 

ReguiIItay 
COI • .p..ce 
Stzwdards· by 
compoi IIWlt: 

- n.nw  Dr;W 
- �-

0.031 '" Idscf 
- Opecity - 2Q'l(. 

• Pneunatic CoM 

a.ning 
Eq!ipmel,t 

- Par1ic::uIetes-
0.018 g1dscf 

- 0pecity-2D% 

- Pro. .wig and 

corMVinQ 
�t 

- Opacity - 2Q'l(. 

Remartcs 



Tab l e  F- 1 5  
W ESTER N  COAL U N IT TRA I N  

R EFEREN C E  ENERGY SYSTEM FACILITY OPERATI N G  PARAMETERS 

Size: 100 cats, 1 00 tons pei' car, 
l O x 10J tona per train 

Typical western unit train systems are compeised of 1 00  car. 
eech holding 100 tons Ind four diesel locomotives of :nxl hp 
-=h. The train operI_ berween two faxed locations on /I dedi
Cited baia. Thill eumpe assumes a train traveling ]()() mi 
one WIlY Ind malting 90 trips per year. Ten spate cars ate 
r-.ved for eech train system. 

Annual Capacity Factor: Not determined 

RESOURCES USED 

feed Materials 

Coal transported 

Construction MltBrials 
Aluminum 
Brass and bfona casting 
Ctvomium 
Copper 
Iron 
Manganese 
Nickel 
Steel 

Land 
land value has beer-. exduded 

Annual Enefgy Production: 1 7.01 x 1 01 2  Btu (coal 
transported) 

EHiciency: 

lifetime: 

Quantities Used 

Reference Energy System 
Annual Usage 

English Units Metric Units 

900 x 10J tons 81 7 x 10J tonnes 

221 1 0'  Btu 

Total Usage 

43.2 tons 
1 7.4 tons 

2.2 tons 
59.7 tons 

�.6 tons 
0.51 ton 

4.27 x 1 0J  tons 

392 tonnes 
1 5.8 toruleS 

2.0 tannes 
S..2 tonnes 

Not Determined 
27.8 tormes 
O • .s tonne 

3.88 x 1 0J  tonnes 

99.69% based on 
energy delivered 

ellefgy lOaded + erlefgy expetld8d 
� Y' 

52.9 x loJ tons 

1 3.0 x 1 0'  Btu 

2.S. tons 
1 .02 tons 
0.13 ton 
3.51 tons 

1.11> tons 
0.03 ton 
251 tons 

8$ it cannot be exclusively 
aaoci8ted with coal transportation 

Penonnel 
Cona1nJction 
Operation and rnIIin� 

COSTS 

Facility 

Cona1nJction 
Op.1ltion and mainter1llnce 

Not Determined 
120 workers 7.02 workers 

Reference Energy System Per 1 012 Btu Energy Produced 

11981 $ I  

'9.80 x l OS  total 
t8.74 x lOS/Y' 

F- 49 

$0.578 x l OS  total 
$0.513 x lOS/Y' 

Remarks 

Reference veer for 
cost is 1 978. 1 978 
CCI 1IWfag8 URI -
2776. See Exp&an. 
tay Nota Section. 



Tab l e  F- 1 5  c on t i n u e d  

WESTERN COAL U N IT TRA I N  

E NVIRONMENTAL RESIDUALS 

Ail Pollutants 
� 
Sulfur dioxide 
0. ... of nitrogen 
ttydrocaobol. 
Carbon monoxide 
Aldehydes 
Nca PoIution
IIH:MJ noiM IewI 
100 h from moving bin 
1 000 h from moving train 
WhiIde noise at 1000 h 

PRODUCTS 

Quantities Released 
Ref.ence Energy System 

Annual levels 

2.38 x 101 toni 
90 tons 
75 tons 
61 tons 
78 tons 
14 toni 

Metric Units 

2.16 lC .1 01 tannes 
BO tonnes 
68 tonnes 
56 tonnes 
71 tonnes 
12 tonnes 

2! 1 1 2  dBA 
- 95  dBA 
- 75  dBA 
:5 85  dBA 

R.f.enc:e Energy System 
Annual Production 

EngiIh Units Metric Units 

817 x 101 tonnes 

I OCCUPA nONAl SAFETY AND HEALTH 

Not Determined 

F-50 

140 tor. 
5.0 tons 
4.4 tons 
3.6 tons 
4.6 tons 
0.8 ton 

Per 1 012 Btu . 
Energy Produced 

52.9 x 101 tons 

Remerits 

Federal design IewIe: 
55 dBA - residence 
75 dBA - open lend 

Renwits 



Table F- 1 6  

WESTERN COAL CONVENTIONAl .TRAIN 

REFE R ENCE ENERGY SYSTEM 

A � freight bin • .-,med to be mede up of 85 
freight cars. 17 of which ceny 86 toni 8Kh of coel The train 
rnIY hrtIe multiple destinatioN and thus be rTwde up of a mix of 
alB from meny 80Urcea requiring more than one nwklHlP and 
breakdown of the train ca.ring a Iing6e trip. This example 
assumes a 300-mi one-way � usWig a d�ed Iocomc> 
five. The nin is assumed to make the equivalent of 20 round 
tr1J1 per �. 

R ESOURCES USED 

FACILITY OPERATIN G  PARAMETERS 

Size: 29 x 103 tonsi", (transported) 

Arnual Capacity Factor: Not determined 
Arnual Energy Production: 0.548 x 1012 Btu (coal 

transported) 

Efficiency: 98.3 'lit based on 

coal delivered 
coal Ioeded + energy consumed 

lifetime: 30 '" 

Quantities Used 

Reference Energy SystIIm 
Annual Usage Per 1 0'2  Btu 

Energy Produced 
feed Materials 

Coal transported 

Erwgy 

Diesel fuef 

Construction Materials 

Aluminum 
Brass and bronze 
Ctwomium 
Copper 
Iron 
M.1glll1eS8 
Nidtel 
Steel 
land 
land use value has been 

excluded as it cannot be 
exclusively associated with 
coal transportation 

Paso •• 
Construction 
Operation and maintenance 

COSTS 

Construction 
Operation and maintenance 

English Units Metric Units 

29.1 x 103 toni 26.4 x 103 tonnes 

8.06 x 1 0'  Btu 8.50 x 1 0'2 J 

4.20 tons 
2.48 tons 
0.30 ton 
7I1 toni 

4.48 toni 
0.066 ton 

6.28 tons 

Total Usage 

3.82 tonnes 
225 tonnes 
0.27 tonne 
6.60 tonnes 

Not Oetllllmined 
4.07 tonnes 

0.060 tonne 
5.71 tonrleS 

Nat Determined 
2.92 wartt8f'l 

53.04 x 1 03  toni 

1 4.7 x 1 0'  Btu 

un toni 
4.52 toni 
0.54 ton 

1327 tons 

8.18 toni 
0.12 ton 

1 1 .47 toni 

5.32 wartters 

Reference Energy System Per 1 0'2  Btu Energy Produced 

.1 24 x 1 0' total 
$0.837 x H/'I", 

11981 . , 

F-51 

$2I1 x 1 0'  totlll 
$1 .53 x 1 0'1", 

Remartcs 

RefS'ence ve- for 
c::cs is rn78. T978 
CCI .-.ge 11,,1 .. 
V76. See Expla,. 
tory Notes Section. 



Tab l e  F- 1 6  c on t i n u e d  

W ESTER N  COAL CO NVENTI O NAL TRA I N  

ENVIRON MENTAL RESIDUALS 

Sulfur dioxide 
Oxides 01 nitrogen 
� 
c.bon monoxide 
AJdet1ydes. etc. 

Noise Pollution-

In ab of locomotive 
100 ft from mcMng lTain 
1000 ft from moving train 
Whi5tie noise at 1000 ft 

Quantities Released 

Reference Energy System 
Annual l� 

English Units 

75.8 ton. 

1 .9 ·tonI 
U tons  
1 .5 tons 
2..0 toni 

0.33 ton 

Metric Unita 

68.8 tonnes 

1 .7 tonnes 
2..0 tonnes 
l .3 tonnes 
l .8 tonnes 

0.30 tonne 

> 1 1 2  dBA 
- 95  dSA 
- 75  dBA 
:s 85  dBA 

-Noise cannot be expressd in terms of energy produced. 

PRODUCTS 
Quantities Produced 

Reference Energy System 
Annual Production 

English Units Metric Units 

26.3 x 1()1 formes 

I OCCU PATIONAL SAFETY AND H EALTH 

Not Determined 

F-S2 

Per 1012 Btu 
Energy Produced 

1 38.4 ton. 

3.5 tons 
4.0 tons 
2..7 tons 
3.7 tons 
0.6 ton 

Per 10'2 Btu 
Energy Produced 

52.9 x , ()1 tons 

l 

Remarlts 

IndJdes partictn. bts from 
locomotives and fugitive 
emiuio .... 

Federal design Ie ..... : 
55 dSA - residenat 
75 dSA - open land 

Remarlts 



Table F-17 
COAL-FI RED POWER PLANT - WESTERN COAL 

REFERENCE ENERGY SYSTEM FACILITY OPERATING PARAMETERS 

The IVStem is composed of a co�tiol'llli &leam electric 
power plant using typical western Iow-suHur IUbbituminous coal 
.... pipied by a unit train operation. No cogerwrltion iI included. 
EnvilOlimental control Iystams include electr05tatic precipi
tIW)n fot partieulata control. wet lime/limllStone ICfUbberi for 
sulfur dioxide control. onsite IOIid waste disposal, and onsite 
__ trllllunen! for wa1er recirculation to eliminate liquid di .. 
ehIIrges. The plant is assumed to be IUbject f'J CUrfent regula· 
1ionS. 

Size: 

Annual Capacity Factor: 

500 MWe 

80 %  

RESOURCES USED 

Feed Materials 

Run-of-mine .... bbituminous 
coal 

ProcllllSing MBteNIs 
Limestone to sulfur dioxide 

lCtubber 
Fly ash IIJudge fixing) 

� 
Dust control and S� control 

make-up 
Cooling tower make-up water 

Construction Materials 

Concrete 
Carbon steel 
Alloy steel 
:>>ainless steel 
C�7'oet' 
Alu;",inum 
Manga'lt..'5e 
Chromiur., 
Nickel 
Cast iron 
!:!!:!i! 
Power plant and solid was: .. 

diaposal (ash and sludge) 

Pmonnel 

Construction 
Operation and maintenance 

• Power plant 

COSTS 

� 
Corwtruction 15 yrl 
Qperlltion lind maintlll'lllncll 

Environmental Controls' 

ConstrUCtion 
Operation and matnt_nce 

AnnLJIII Eneft;ly Production: 1 2  )( 1 012 Btu 

Efficiency: J5 % 
Lifetime: 

Ouantities Used 

Ref.anee Energy SV5tem 
AmuaI Usage 

English Units Metric Units 

2." x 1(f tons 1 .92 x 1 0& tonnes 

32 x 1 oJ tons 29 x 1 0J  tonnes 

34 x 1 oJ tons 30.8 x 1 0J  tonnes 

445 acre-ft 0.55 x 1as I 
4.9 x 1 0J  acra-ft 6. 1 x 1 eY' 1 

Total Usage 

87.5 x 1 0J  tons 
26.1 x 1 0J  tons 
1 .39 )( 1 oJ tons 

465 tons 
736 Ions 
231 tons 
204 tons 
1 21 tOftS 

1 8.8 tons 
341 Ions 

5.2 acres 

79.5 )( 1 0J  tonnes 
23.7 x 10J tonnes 
1 .26 x 10J tonnes 

423 tonnes 
669 lonnes 
2 1 0  tonnes 
1 85 tonnes 
1 1 0  tonnes 

1 7.1 tonnes 
3 1 0  ton� 

2.' ha 

Not Determined 

1 35 workers 

3D yr  

Per 1 0'2  Btu 
Energy 

Produced 

0.1 8  )( 1 06  tons 

2.7 x l oJ  tons 

2.9 x 1 0J  tons 

37 acre·f! 

409 acre·1t 

7.29 )( 10J tons 
2 .1 8 x 1 03 tons 

' 1 6  tons 
38.8 tons 
61 .3 tons 
1 9.2 tons 
1 7.0 tons 
1 0 1 tons 

1 .6 tons 
28.5 tons 

0.4 acre 

1 . 7  workers 

Pel 1 0' 2  Btu Energy Produced 

\ , anuary 1981 $I 
S4B7 x ,0& total �.6 )( 1 08 total 

$5.4 x l oa/yr 50 45 x 1 0&/yr 

" 1 5 x 10& total 
'2.8 )( H fl yr  

F-53 

'9.6 )( 1 rf' total 
$0.23 x ,rf'IYf 

Remarks 

Low-sulfur coal 
(0.63% lulfurl 

Ouality not critical 
Wet cooling only 

SuHicient land 
needed for a 3Q.yr 
lifetime 

Remarks 

EKclusi\l1l 01 fuel costs 

InclUded in Facility 
COSt5, above 



T a b l e  F - 1 7  c o n t i n u e d  

COAL- FI R E D  POWE R  P LA NT - WESTER N  COAL 
I 

ENVIRONMENTAL RESIDUALS 
Ouantities Released 

Reference Energy System 
Annual LIMIiI FW 1012 Btu 

English Units Melric Units Energy Produced Remarts 

A.ir Pollutants 

Fugitive cmI dust (unit train 5.2 x 1()l toni 4.7 x loJ tonnes 0.43 x 1 ()l toni 

optnponi 
Sulfur dioxide 7.1 5  x 1 ()l toni 6.49 x loJ tonnes 0.60 x loJ toni « 0.8 1>/ 101 Btu-
Oxides of nitrogen 10.2 x 1()l toni 9.26 x l oJ  tonnes 0.85 x loJ toni 0.50 lb/lo1 Btu-
Total suspended PMticulltes 0.525 )( 1 ()l toni 0.48 )( l oJ  tonnes 0.04 )( 1 ()l toni 0.03 1b/1 01  Btu-
Nonmethane hydrocarbons 0.32 )( 1 ()l toni 0.29 )( loJ tonnes 0.03 )( loJ toni 
Carbon monoxide 1 .05 x l oJ  toni 0..95 )( l oJ  tonnes 0.09 )( 1 ()l toni 
Carbon dioxide 3.7 )( 104 tens 3.4 )( 104 tonnes 0.31 )( 104 toni 
A.rsenic: 1 28  ., 58.1 kg 10.7 ., 
Beryllium Not DetllrmNd 
Cadmium 1 1 .7 I> 5.3 kg 0..98 ., 
Manganese 0.6 1> 0.3 kg 0.05 1> 
lead 32.1 ., 1 4.6 kg 2.68 I> 
Setenium 2.0 ., 0.9 kg 0.1 7 I> 
Uranium 71 8 ., 326 kg 59.8 ., 
Zinc 286 ., 1 30  kg 23.8 ., 
FWdiu�226 1 .4 x 1 0 - l Ci 1 .4 )( 1 0  - 3  Ci 0.1 2 )( 1 0 - 3  Ci 

Sortd Wastes 

Coal preparation (at minel 210 )( l ()l tons 1 90  )( l oJ  tonnes 1 7.5 )( 1 ()l  tons 
Boiler bottom ash (dryt J4 )( 1 ()l toni 31 )( 1 ()l tonnea 2.8 )( 1 ()l tons 
Boiler fly ash Idry! 1 01 )( l oJ  toni 91.7 )( loJ tonnes B. 4 )( 1 ()l tons 
Sulfur dioxide scrubber 43 )( 1 ()l tons 39 )( l oJ tonnes 1.6 )( 1 ()l tons 

sludge Icrtl . 

Total IoIid waste to omit. I n  )( 1 ()l tons 1 61 )( 1 ()l tonnes 14.8 x loJ tore 
disposal 

Thermal �ischarge 21 .0 x 1012 Btu 22.1 X 1 015 J 1 .7 X 1012 Btu Cooing ttM'el'S and 
It8cka 

-NSPS regulatory compIience level 170'" reductionl for 0.63 percent sulfur coal with heating value of coef at 8100 Btu/lb. 

PRODUCTS 
0uan1:ities Produced 

Reference Energy System 
A.nnuaI Production FW 1 012 Btu 

English Units Melric Units Energy Produced Remar1ts 

Primary 
E lec1ricity 1 2  X 1 012 Btu 13 x 1 015 J 1 .0 x 1 012 Btu 

ByproducU 

Fly ash tfOf salel J4 x 10J tons 31 x loJ tonnes 2.9 x l oJ tons 

Recoverab'eslRecyclabIes 

Witef to recycJe 1 96  x 1 01  gal 742 x' 1 01  I 1 6.3 x 1 01  gal Z� design 

OCCUPATIONAL SAFETY AND HEALTH 

Reference Energy System 
ArYIuaI FW 1 012 Btu Energy Produced Remar1t1 

Oeeths 
-

Power pllmt �.1 1  0-9.5 x 1 0 - '  

Injuries 

Power paant 1 .9-2.3 0.1 � 1 9  

F- 5 4  



Table F - 1 8  

ATM OSPH E R I C  FLU I D IZ E D  B E D  C O M B U STI O N  WESTERN 
S U BBITU MINOUS COAL 

r-----------------------------------, r-----------------------------------, 
REFERENCE ENERGY SYSTEM FACUJTY OPERATING PARAMETERS 
Sre.n eIec1ric � � t.Pity utilizing . fluidized bed 
c:ombu.zicn � in whictI !he small piec.- 01 al8I .... .. 
pended eIong with simMrtv lind bed metIIriIIl in • continuou.ty 
moving � 01 Y. The bed n-.tBNII referred to .. . IOrbent 
.nd � of au.hed itnesIDne 011 do6omite • respond)a 
tOIl !he capture of • panion 01 the sulfur dioxide �tIIId 
during c::ombustion. 01tw envira.mental conlrOl aysUIn1a include 
• � fiJ18f with greet.- tNn 98% efficiency and can
ventional water trelltment t.ciIities _ necesury. The Ioww" 

Size 536 MW. 
Atw1ueI Capacity Fw:tor: 96 % 

IvY.aI Energy Production: 1 5.2  x 1 012 Btu 
Efficiency: 34.4 % 

UhItime: 20 '1'  

combustion temperatura of the sv-t.em .-c ....,. to minimin 
nitrogen oxide formetion. 

R ESOU RCES USED 

Feed Materials 
Coal IsubbitLlminous wes:amI 

Processing Materials 
Limestone (sorbent bed 

rna18rieO 

LInd 

Personnel 
Approximately same _ 

conwntionaI pow. saalion 
at equiv.-nt � 

COSTS 

Concuction 
O� and maiI __ 1ee 

Ouentities Used 

Engiah Units Me1ric Unit3 

2. 7S )( 1 0' tens 2.50 x 1 0'  tonnes 

1 94  x 1 03 tofW 

8..B6 x 1 03 acnHt l Q.9  )( loB I 

Total Usage 

179 .. 

Pet" 1 012 Btu 
Energy 

Produced 

1 81 x 1 03 tons 

1 2.8 x 1 03 tons 

S83 acrlHt 

29.1 lICnIS 

Per 1012 Btu Energy Produced 

1 1981 $1 
1381 x 1 0'  toQI $25. 1 x 1 d' total 
$7.42 )( 1 0'1'1' $0.488 )( 1 rf/vr 

$49.1 )( 10' IDQI $3.3 x 1 0'  IDIaI 

F-55 

a05 )( loJ B1UI1l 

Remarks 

Reference y_ tOIl 
C06t:S I facility only) 
• 1 9n. 1 977 CCI 

.-..ge �) = Z5Tl. 
See ExpIanatcrv 
Notes Sec;1ion. 



Ta b l e  F- 1 8  c on t i n u e d  

ATM OSP H E R IC FLU I D IZ E D  B E D  C O M B U STI O N  - WESTER N  

S U B B ITU M I N O US COAL 

E NVIRONMENTAL RESIDUALS 

Ak Pollutants 
Sulfur dioJDde 
Oxides 01 nitrogen 
ParOc:ut.tes 

Hydrocarbol. 
Carbon nIDi IOXide 

Watef Polutams 
Approl(i",-tefy same values IS 

conventio,., � station of 
equivalent capecity 

P RODUCTS 

Byproducts 

Recoverablesl Recvclables 

Reference Energy System 
Annual l.eYe6s 

Engish Units Metric Units 

26 x 1 0J ton. 
8.85 x 1 0J ton. 
2..22 x 10J toni 

23 x 1 0J tonnes 
8.03 x 1oJ t� 
2.01 x l oJ  tofnIs 

1 .7 x 1 0J ow 
582 toni 
146 toni 

ApJ)roximl"''v same vall .. _ conventionaf powa
station of eQuivalent capecity 

349 x l oJ  tonnes 

OuwItities Produced 
Reference Energy System 

AIYlU8I Production 
English Units Metric Units 

4.45 x 1 0' kWh 4.45 x 1 0' kWh 

Not Determined 

Not Detain_lied 

25.3 x 10J ow 

0.293 x 10' kWh 

OCCUPATlONAL SAFETY AND HEALTH 

F-S6 

Remertt. 

Remartt. 
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Tab l e  F- 1 9  
Combustion Turbine and Combined-Cycle Projects: Planning Characteristics 

Primary Fuel 
Alternate Fuel 
Fuel Inventory 

Location 

Rated Capacity (Net MW @ 59 F) 
Peak Capacity (Net MW @ 35 F) 
Heat Rate @ HHV (Btu/kWh) 
Availability (%) 
Seasonality 

Siting & Ucensing Lead Time (mos) 
S&L Sh�1f Lile (yrs) 
Construction Lead Time (mos) 

Siting & Ucensing Cost ($/kW) 
S&L Hold Cost (S/kW/yr) . 
Construction Cost (S/kW) 1 
Fuel Inventory Cost ($/kW) 

Fixed Fuel Delivery ($/kW/yr) 

Variable Fuel Cost (mills/kWh) 
Fixed O&M ($/�W/yr) 
Variable O&M (mills/kWh) 
Capital Replacement 

Operating Lile (yrs) 

Simple-Cycle Combustion Turbines 

Natural Gas 
No. 2 Fuel Oil 
No. 2 Fuel Oil for 14 days 
operation at rated capacity 

Herm iston , Oregon 

2 uni ts @ 1 39 MW/unit 
2 units @ 1 52 MW/unit 
1 1 ,480 
85 
Winter peaking 

24 
5 
24 

$5 
$0. 50 
$535 
$ 1 4  

non� 
36.3 
$0.63 
0.5 
Incl. in O&M 

, . 
30 

Construction costs exclude interest and escalation incurred during construction. 
"Hybrid" gas contract (lor backing up nonlirm hydropower) . 

Combined-Cycle Combustion Turbine: 

Natural Gas 
No. 2 Fuel Oil 
No. 2 Fuel Oil fO( 1 4  days 
operation at rated capacity 

Hermiston, Oregon 

420 MW 
452 MW 
7,620 
83 
Winter peak ing 

24 
5 
36 

$6 
$0.40 
$62 1  
$9 

none 

24. 1 3  
$7.51 
0. 1 
Incl. in O&M 

30 

2 
3 " Hvhric l" n�" cnnlmr.1 {fnr hrlrkinn l in nnnlirm h"rfrnnnwPrl . .  Firm n�c; c;prvirp {Inr hrl<:.plnrlri nlrlntl  wnl lirl hp ?7 _A mills np.f kilnw�lI-hnl lr .  
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G-1 

The System Ana l ys i s  Mode l and 

Least Cost M i x  Mode l 





Descr i pt i on of Mode l s  and The i r  Use 

SAM 

T h e  Sy s tem  A n a l y s i s Mod e l  ( SAM ) wa s u s e d  to g e n e ra t e  d a t a  for t h e  PSCE I S .  SAM 
s i mu l ate s ,  mon t h l y  for 2 0  yea r s , the opera t i on of t h e  P a c i f i c Nor thwe s t  
hyd ro/ t h e rma l s y s tem . I t  p r ov i d e s  i nforma t i on regard i n g t h e  re l i ab i l i ty of 
the s y s t e m , the e x p e c ted  op e r a t i on of i nd i v i d u a l  t h e rma l re s ou r ce s ,  a n d  t h e  
e x pe c t e d  ope rat i on of t h e  h y d ro s y s t e m ,  i n c l u d i n g r e s e r vo i r e l e v a t i on s , f l ow s , 
a n d  s p i l l .  SAM i np u t  i n c l u d e s  i n forma t i on f rom T h e  L e a s t  Cos t M i x Mod e l  
( LCMM ) regar d i n g  f u t u r e  r e s o u r c e  d e v e l opme n t . 

T h e  SAM s i mu l a t e s t h e  P a c i f i c Nor thwe s t ' s powe r s y s t e m .  I t  mod e l s t h e  
ope ra t i on o f  e x i s t i n g  a n d  p l a n n e d  r e s ou r c e s  to me e t  l oa d , s e a so n  b y  s e a son  a n d  
mon t h  b y  mon t h  ov e r  a 2 0-ye a r  p l an n i n g p e r i od .  T h e  mod e l  s i mu l a t e s bot h 
p l an n i n g  po l i c i e s a n d  ope r a t i on a l  po l i c i e s ,  on  a mon t h l y  b a s i s .  

T h e  fo l l ow i n g  maj or compon e n t s  of t h e  r e g i on ' s  powe r s y s tem  a r e  a c cou n te d  for 
i n  SAM : 

� po l i c i e s of r e g i o n a l  p l a n n i ng  a n d  o p e r a t i on ,  
� u n c e r t a i n t i e s  of l oad s a n d  re s o u r c e s , 
� p h y s i c s of hyd ro a n d  t h e rma l re s ou r c e s ,  
� non power  con s t r a i n t s  on t h e  hydro s y s tem , 
� t r a n s a c t i on s  o u t s i d e t h e  reg i on ,  a n d  
� n e t  reg i on a l  r e v e n u e  requ i reme n t s . 

T h e  mod e l  make s a s s umpt i on s  abou t t h e  reg i on  a n d  t h e  l oa d  to b e  s e rve d ,  s o  
t h a t  t h e  r e g i on  d ef i n e d  for t h i s mod e l  conforms to t h a t  man d a t e d  i n  t h e  
Pac i f i c  Nort hwe s t  Power A c t . T h e  d ef i n e d  r e g i on , howev e r , i s  a s s umed  t o  b e  a 
s i ng l e-own er  s y s tem . 

SAM mod e l s t h e  r e g i on ' s  e n e r gy re source s :  hyd ro , t h e r ma l  ( i n c l u d i ng n u c l e a r  
p l an t s , combu s t i on t u r b i n e s , a n d  coa l proj e c t s ) ,  a n d  m i s c e l l aneous  ( s u c h  a s  
r e n ewab l e s ,  cog e n e rat i on u n i t s , e x i s t i n g  s te am p l an t s , s ma l l d i e s e l  
g e n e rator s ) . Con s e r v a t i on  i s  a l so  con s i d e r e d  a r e sou r c e . 

SAM mod e l s  u n c e r t a i n ty i n  t h e  fo l l ow i n g : 

• Reg i o n a l  l oad . T h e  e n e rgy l oad  ref l e c t s  t h e  var i at i on s  i n  
we a t h e r  cond i t i on s  a n d  e conom i c tre n d s .  SAM doe s not , howev er , 
con s i d e r  l oad  g rowth u n c e r ta i n ty . 

• Maj or h yd ro . Hyd ro cond i t i on s  a r e  s e l e c te d  f rom a d e ta i l e d 
40-year  h i s tor i c a l  r e co r d  of i nd i v i d ua l  p roj e c t  i nf l ows . 

• T h e rma l p l a n t s . T h e  two s ou r c e s  of u n c e r t a i n ty mode l e d a r e  t h e  
ava i l a b i l i ty of  a th e rma l p l a n t  a n d  t h e  a rr i v a l  d a t e  for a n ew 
p l a n t . 
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SAM s i mu l ate s t h e s e  u n c e r t a i n t i e s  u s i ng a Mon te  Car l o  proce s s ,  r a n dom l y 
s e l e c t i ng v a l u e s  for e a c h  of t h e s e  v ar i ab l e s  for e a c h  mon t h  of t h e  s t u d y  p e r i od 
( i n  t h i s c a s e , 2 0  years ) .  SAM r u n s  e a c h  s t udy  many t i me s , e a c h  t i me s e l e c t i ng  
a n e w  s e t  of  v ar i ab l e s .  For t h i s  E I S , each  s t u dy was r u n  2 00 t i me s . E a c h  
a l t e r n a t i v e u s e d t h e  s ame 2 00 s e t s of v ar i ab l e s for e a c h  mon t h  of t h e  
2 0  year s .  I n  mo s t  ca s e s , v a l u e s  for t h e  2 0 0  s i mu l at i on s  we re  av e r a g e d  
( mo n t h l y  o r  a n n u a l l y ) . Howe v e r , for c e r ta i n an a l y s e s  ( for e x amp l e ,  f i s h  
i mp a c t s ) ,  i n d i v i d u a l  s i mu l a t i on s  were  e x am i n e d . 

G i v e n  t h e  l oad s , r e source s ,  a n d  t h e  e s tab l i s h ed  po l i c i e s for t h e  r e g i on , SAM 
op erate s t h e  h y d ro sys tem i n  conj u n c t i on w i t h  t h e  non-hydro  r e s ou r c e s  to m e e t  
ob s e rved  l oa d s  i n  t h e  mos t  e conomi c man n e r  po s s i b l e .  I n c l u d e d  i n  t h e s e  
po l i c i e s are t h e  fo l l ow i ng  e conom i c con s i d e r a t i on s :  

• A l l av a i l ab l e r e g i o n a l  r e sou r c e s  a r e  u s ed  to m e e t  f i rm r e g i o n a l  
l oad . 

• A por t i on of t h e  d i r e c t  s e rv i c e i n d u s t r i a l c u s tome r l oad  i s  not  
f i r m a n d  c a n  be  r e s tr i c t ed  and  i n t e r r u p t e d , b u t  i s  met , p r ov i d e d  
t h a t  r e a sonab l y  pr i c e d  r e s ou r c e s  a r e  a v a i l a b l e .  ( Note  t h a t  t h i s  
c h a n g e s  d e p e n d i n g on  t h e  a l t e r n a t i v e b e i n g s t u d i ed . )  

• I f  t h e  power ou t l ook a n d  s t r e a mf l ow fore c a s t  p e r m i t ,  t h e  r e g i on 
s e l l s  e n e rgy to C a l i fo r n i a .  

SAM mode l s  t h r e e  major de c i s i on po i n t s  i n  ope r a t i ng  a hydro  sys tem : 

( 1 ) t h e  a n n u a l  p l an n i ng  proc e s s , wh i c h d e t e rm i n e s  how to s h i f t a n d  s h ape  w a t e r  
o v e r  a two-ye a r  c r i t i ca l  p e r i od ; ( 2 )  t h e  p e r i od p l an n i ng  proc e s s , wh i c h l ooks 
at  s u c h  i tems a s  f i rm s u rp l u s , t h e  r u noff for ec a s t ,  and ref i l l ,  to d e t e r m i n e  
t h e  u s e  o f  hydro o v e r  t h e  fo l l ow i ng  fou r  mon t h s ; a n d  ( 3 ) t h e  p e r i od ope r a t i ng 
p r oc e s s ,  wh i c h d i s p at c h e s Pa c i f i c Northwe s t  r e s ou r c e s  to me e t  l oad s i n  t h e  
mo s t  e conom i c ma n n e r  pos s i b l e .  I f  t h e r e  i s  s uf f i c i e n t  e n e rgy , e conomy e n e rgy 
s a l e s  are made  to Ca l i forn i a , t ak i ng  i n to a c c ou n t  t h e  I n te r t i e A c c e s s  P o l i cy ,  
a v a i l ab l e s e con d ary e n ergy from Can ad a ,  a n d  t h e  Ca l i for n i a  marke t .  

I n c l u d e d  i n  SAM i s  a mod e l  of BC Hyd ro l s  r e s o u r c e s  and  l oad s .  BC  Hydro l s  
re sou r c e s  are r u n  to me e t  i t s own l oa d s ; any  add i t i on a l  e n e r gy i s  av a i l ab l e 
for s a l e to t h e  U . S .  BC Hydro may u s e  t h i s e n e r gy to d i r e c t l y  s e rve  any  u nme t 
P N W  l oad ( f i r m  or nonf i r m ) , to d i s p l a ce  h i g h e r  c o s t  P N W  r e s o u r c e s ,  or to s e l l 
to C a l i forn i a  marke t s . 

Mod e l i ng of Power  S a l e s  Con t r a c t s  i n  SAM . I n  SAM , t h e  r eg i on i s  a s s umed  to b e  
a s i n g l e-owner  sys tem , and  reg i on a l  r e s ou r c e s  a r e  op e r a t e d  t o  m e e t  t h e  tot a l  
r e g i o n a l  l oad . W i t h  one maj or e x c e p t i on , s p e c i f i c  prov i s i on s  o f  i n d i v i d u a l  
Power S a l e s  Con t r a c t s  b e t we e n  BPA  a n d  i t s c u s tome r s  are  not s p e c i f i c a l l y  
mod e l e d  by SAM , a n d  wou l d  h a v e  l i t t l e or no e ff e c t  e v e n  i f  t h ey were  mod e l e d .  

I n  o t h e r  wor d s ,  SAM i s  i n t e r e s t e d  i n  know i n g  w h a t  t h e  tota l r e g i o n a l  f i rm  l oa d  
i s ,  b u t  n o t  t h e  b r e akdown of i n d i v i d u a l  l oa d s  for e a c h  u t i l i ty .  G i v e n  t h e  
t o t a l  l oad , t h e  mod e l  w i l l  d i s p a t c h  r e s ou r c e s  a s  r e q u i r e d  t o  me e t  t h a t  l oa d . 
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T h e  maj or e x c e p t i on to t h i s  i s  i n  t h e  D i r e c t  S e r v i c e I n d u s t r i e s ' l oad s . A 
por t i on  of t h e  DS I l oad  i s  not  f i r m  a n d  c an b e  i n t e r r u p t e d  or  r e s t r i c te d , b u t  
w i l l  b e  me t a s  i f  i t  ive r e  f i r m  i f  c e r ta i n c o n d i t i on s  are  me t .  T h e s e  
p rov i s i on s  of t h e  Powe r Sa l e s Con t r a c t s  a n d  t h e  way SAM mod e l s t h em are  
d i s c u s s e d  i n  d e t a i l b e l ow u n d e r  " S e r v i c e to  DS I Load s . "  

A mor e comp l e te e x p l a n at i on of SAM i s  i n  t h e  P a c i f i c Nor t h we s t  U t i l i t i e s 
Con fe r e n c e  Comm i t t e e ' s  Method s a n d  T h eory Ma n u a l , Nov emb e r  1 98 3 . 

LCMM 

T h e  L e a s t  Cos t  M i x Mod e l  ( LCMM ) form u l a t e s  p roj e c t e d  l oad s , e x i s t i ng 
r e s ou r c e s ,  pote n t i a l  n e w  r e s ou r c e s  a n d  t h e i r cos t s , a n d  t h e  pot e n t i a l  for s a l e 
or r e s a l e of r e s o u r c e s  a s  a l i n e ar p rogram . T h e  obj e c t i ve  i s  to m i n i m i z e 
o v e r a l l cos t wh i l e  me e t i n g  t h e  l oa d  r e q u i r e me n t . T h e  LCMM con s i d e r s  t h e  c o s t s  
a n d  b e n ef i t s  of ad d i n g  o r  d e l ay i n g  con s t r u c t i on of e a c h  av a i l a b l e r e s ou r c e . 
T h e  op t i ma l m i x a n d  t i m i n g  of pote n t i a l  n e w  r e s ou r c e s  are  s e l e c t e d . 
Con s t r u c t i on s c h e d u l e s a r e  prov i d e d  for con s e r v a t i on ,  r e n ewab l e s , coa l p l a n t s , 
c om b u s t i on t u r b i n e s , a n d  W N P - l  a n d  - 3 . T h e  mod e l  s e l e c t s  a m i x of r e sou r c e s  
i n  or d e r  to me e t  l oad ( a c co u n t i n g  for e x i s t i n g a n d  comm i t t e d  c ap a c i ty of 
r e s ou r c e s ) , w i t h i n t h e  l i m i t s of p roj e c t  a v a i l a b i l i ty ,  re s e r v e  mar g i n s , h y d r o  
a v a i l a b i l i ty on a c r i t i c a l  w a t e r  b a s i s ,  a n d  ma i n t e n a n c e  r e q u i reme n t s .  

T h e  LCMM was  r u n  for e a c h  a l t e r n a t i v e i n  wh i c h a d i ffe r e n t  amou n t  of DS I l oad  
wa s con s i d e r e d  to be  f i rm . C h a n g i n g the  amou n t  of r e g i on a l  f i r m  l oad l e a d s  to  
d i ffe r e n t  r e s ou r c e  r e q u i reme n t s . T h o s e  a l t e r n at i v e s  ( 1 . 2 a n d  4 . 4 ) wh i c h 
r e s u l t i n  a c h a n g e  i n  s y s tem  o p e r a t i on b u t  do not c h ange  t h e  amo u n t  of f i rm 
l oad , d i d  not r e q u i r e a s e pa r a t e  r u n  of t h e  LCMM . 
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Mode l Assumpt i ons 

Load s 

OS I l oad s are  from BPA ' s J a n uary 1 988  me d i um l ong- t e rm OS I l oad  fore c a s t .  
F i rm OS I l oa d s  range  f rom 2 2 45 av e ra g e  MW ( aM W )  i n  1 989  to 1 924  aMW i n  2008 , 
wh i l e  nonf i rm l oa d s  r a n g e  from 8 5 3  to 6 98 aMW i n  2008 . A l l o t h e r  Pa c i f i c 
Nor t hwe s t  l oa d s  are  b a s ed on B PA ' s J u l y  1 98 6  l ong- r an g e  med i um l oad  for e c a s t  
red u c ed by Mod e l  Con s e r v a t i on S ta n d a rd s . 

S e n s i t i v i t i e s i nvo l v i n g  Pa c i f i c Nor t h we s t  l oa d s  u s e d  l ow a n d  h i g h fore c a s t s  
for OSI  l oad s a s  we l l  a s  tota l reg i on a l  l oad s . F i rm OSI  l oa d s  r a n g e d  f rom 
1 9 9 1  to 5 2 7  aMW u n d e r  t h e  l ow l oad  c a s e ,  a n d  from 2 454  to 2494  aMW i n  t h e  h i g h 
ca s e .  Low nonf i rm O S I  l oad s r a n g e d  from 6 9 6  to 1 7 6 aMW , wh i l e t h e  h i g h l oa d s  
were b e tween  8 5 2  a n d  8 8 4  aMW . Re g i on a l  l oa d s  r a n g e  from 1 8 , 000 to 1 6 , 000 aMW 
i n  the l ow l oad  c a s e  a n d  f rom 1 9 , 000 to 30 , 000  aMW i n  t h e  h i g h c a s e .  

BC Hydro l oa d s  a n d  r e s ou r c e s  a r e  b a s e d  on  t h e i r M a r c h  1 988  Twe n ty-Year 
R e s o u r c e  P l an .  T h e  Non - T r e a ty S torage  Agreeme n t  w a s  a s s umed  to e x p i r e  i n  1 9 9 3 . 

Ca l i forn i a  l oa d s  are  b a s ed on t h e  med i um Common For e c a s t i n g  M e t hodol ogy 
( CFM- 6 )  for e ca s t .  T h e s e  l oa d s  r a n g e  from a p p rox i ma t e l y  24 , 000 to 3 5 , 000  aMW 
over  t h e  s t u dy hor i zon . For s e n s i t i v i ty a n a l y s e s , i t  wa s a s s ume d t h e  l oad  
var i e s p l u s  ( h i g h )  a n d  m i n u s  ( l ow )  2000 MW f rom the  med i um for e c a s t .  

Re s ou r c e s  

T h e  Pac i f i c Nor t h we s t  r e sour c e s  i n c l u d e  e x i s t i n g  hydro a n d  t h e rma l p l a n t s , a n d  
c u r r e n t l y  p l a n n e d  r e s o u r c e s ,  a s  p u b l  i s h e d  i n  t h e  1 9 87  P a c i f i c Nor t hwe s t  Loa d s  
a n d  Re s o u r c e s ,  e x c l ud i n g  H a n for d . Ad d i t i on a l  r e sou r c e s  were  i n c l u d e d  a s  
c hos e n  by t h e  L e a s t  Cos t  M i x Mod e l t o  ac h i e v e  l oad / r e s ou r c e  b a l a n c e . S e e  
F i g u r e  G- l - 1 .  
BPA ' s Apr i l 1 988  med i um l on g - t e r m  g a s  pr i c e for e c a s t  wa s a s s umed . P r i c e s  
r a n g e  from 2 2  t o  4 4  m i l l s / kwh ov e r  t h e  s t udy  hor i zon . For t h e  s e n s i t i v i ty 
a n a l y s e s  i nvo l v i n g g a s  p r i c e s , t h e  l ow a n d  h i g h l on g- t e r m  for e c a s t s  we r e  
u s ed . Low g a s  p r i c e s  r a n g e  form 1 6  t o  2 3  m i l l s /kwh , wh i l e  h i gh g a s  pr i c e s  
r a n g e  from 3 3  to 6 3  m i l l s / kwh ov e r  t h e  s t udy  h or i zon . 
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Serv i ce to OS I l oads 

T h e  fo l l ow i ng  g i v e s  an ov e r v i ew of D S I  r e s tr i c t i on r i gh t s  as mode l e d i n  SAM . 
U n d e r  t h e  a l t e r n at i v e de s c r i p t i on s , on l y  c h a n g e s f rom t h e  No-Ac t i on 
A l t e r n a t i v e are  me n t i o n e d . A l l a s s umpt i on s  for t h e  a l t e r n at i v e s  a r e  effec t i v e 
for the  e n t i re s t udy  hor i zon , 1 98 9  t h rough  2008 . For mor e  d e t a i l s  r e ga r d i n g 
D S I  l oad  s e rv i c e a s  mode l e d i n  SAM s e e  t h e  P a c i f i c  Nor t hwe s t  U t i l i t i e s 
Confer e n c e  Comm i t t e e ' s  Method s a n d  Th eory Man u a l , Nov e m b e r  1 98 3 . 

No-A c t i on A l t e r na t i v e  

F i r s t  Quart i l e :  

T h e  f i r s t  quart i l e  i s  i n t e r r u p t i b l e .  Re sou r c e s a r e  not  p l a n n e d  to me e t  t h i s 
l oa d  on  a f i rm b a s i s .  Howe v e r , t h e  F i r s t  Qu a r t i l e may b e  s e rv e d  w i t h  s u rp l u s  
f i rm ,  nonf i rm ,  o r  ou t s i d e p u r c h a s e s .  I n  add i t i on ,  i f  t h e  coord i n a t e d  s y s t e m  
h a s  r e f i l l ed  at  t h e  e n d  of J u l y ,  s h i fted  F E LCC , prov i s i o n a l  e n e r gy ,  a n d  
f l e x i b i l i ty may b e  u s e d  t o  s e r v e  t h e  F i r s t  Quart i l e i n  t h e  f a l l ( S e p temb e r  -
D e c emb e r ) . Th e s e  are  l i m i te d  r e s p e c t i v e l y  to 1 , 000 , 000 MWh , 800 , 000 MWh , a n d  
7 50 , 000 MWh ; howe v e r , t h i s i s  c u r r e n t l y  s uff i c i e n t  t o  s e rv e  t h e  e n t i re  fa l l 
F i r s t  Quar t i l e  l oad . I f  s h i ft ,  p rov i s i on a l , or  f l e x i b i l i ty h a v e  b e e n  
comm i t t e d  t o  F i r s t  Quart i l e  s e r v i ce ,  t h e  sys tem  i s  o p e r a t e d  t o  me e t  th i s  l oa d  
d u r i n g t h e  fa l l a s  i f  i t  w e r e  f i r m .  I n  e x c h a n ge f o r  s e rv i c e to t h e  F i r s t  
Quart i l e  w i th t h e s e  borrow i n g  t e c h n i q ue s ,  f u t u r e  r e s tr i c t i on r i g h t s  to t h e  
T h i rd Quar t i l e  l oa d  a r e  g ra n te d . 

S e c on d  Q u a r t i l e :  

T h e  s e co n d  quart i l e  i s  con s i d e r e d  to b e  f i rm w i t h  o n e  e x c e p t i on .  I f  a p l a n n e d  
r e source  i s  de l ay e d  o r  doe s n o t  pe rform a s  e x pe c t ed , re s tr i c t i on r i g h t s  may b e  
g r a n te d . The s e  r i g h t s  a r e  t h e  amou n t  o f  the  d e l ay ( o r  u n de rp e r forman c e ) , 
l i m i te d  by the  l e s s e r  of t h e  p roj e c ted  def i c i t  for t h e  c u r r e n t  y e a r  a n d  t h e  
amou n t  of t h e  s e co n d  q u ar t i l e .  

T h i rd Quar t i l e :  

T h e  t h i r d  quart i l e  i s  a l s o  con s i d e re d  to be  f i rm ;  howe ve r ,  i t  may b e  
r e s tr i c te d  a s  a re s u l t o f  u s i n g borrow i ng  te c h n i q u e s to s e r v e  t h e  top 
q u a r t i l e .  Depe n d i n g on  wh i c h t e c h n i q u e  wa s u s e d , t h e  re s tr i c t i on r i g h t s  a r e  
g r a n te d  e i t h e r  i n  t h e  c u r r e n t  y e a r  or  the  u p c om i n g  o p e r a t i n g y e a r . I f  t h e  
hyd ro sys tem r e f i l l s  a t  t h e  e n d  of the  year , a n y  r e s tr i c t i on r i g h t s  for t h e  
u p c om i n g  y e a r  a r e  c a n c e l ed .  

Ad d i t i on a l  note s : 

T h e  rema i n i ng q u a r t i l e  i s  mod e l e d  a s  e n t i re l y  f i rm .  SAM i s  a n  e n e r gy mod e l  
a n d  s o  doe s  not con s i d e r  re s tr i c t i on r i gh t s  on  a capac i ty b a s i s .  A l so ,  
r e s t r i c t i on r i g h t s  a r e  not a u tomat i ca l l y  e x e r c i s e d  e v e n  t h ou g h  t h e y  a r e  
a v a i l ab l e .  A r e a sonab l e  attemp t i s  made  t o  s e rv e  t h e  l oad  p r i or to any  
re s t r i c t i o n s  oc c u r r i n g .  
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A l t e r n at i v e  1 . 2 

For t h i s  a l t e r n at i v e , bor rowi ng t e c h n i q u e s  are  no l on g e r  av a i l a b l e for s e r v i c e 
to the  top q u ar t i l e .  A s  a re s u l t , t h e  top q u ar t i l e  may on l y  b e  s e r v e d  w i t h  
s u r p l u s  f i rm ,  nonf i rm ,  or outs i d e p u r c h a s e s . 

A l t e r n a t i v e  4 . 1 ( 1 00 pe r c e n t )  

U n d e r  t h i s a l t e r n a t i v e ,  a l l fou r  q u ar t i l e s are  c o n s i d e r e d  i n t e r r u p t i b l e .  
Re sou r c e s  are  not p l a n n e d  to me e t  any  of th i s  l oad . I n s tead  i t  i s  to b e  
s e r v e d  w i t h  s u r p l u s  f i rm ,  nonf i r m , or ou t s i de  p u r c h a s e s . Bor row i n g  
t e c h n i q u e s , howe v e r , a r e  not a v a i l ab l e .  W i t h o u t  a f i rm  quar t i l e  t h e r e  c a n  b e  
no a s soc i ated  r e s tr i c t i on r i g h t s  to b a c k u p  t h e  bor rowed e n e r gy . 

A l t e r n a t i v e  4 . 1 ( 50 per c e n t )  

For t h i s a l t e r n at i v e ,  two of t h e  four  q u a r t i l e s h a v e  t h e  s ame i n t e r r u p t i on 
r i g h t s  a n d  s e rv i ce r i g h t s  as  doe s t h e  top q u a r t i l e  c u r r e n t l y .  R e s ou r c e s  are  
not p l a n n e d  for t h e s e  two q u ar t i l e s .  T h e  r e ma i n i ng two  q u ar t i l e s are  s t i l l  
con s i d e r e d  f i rm , w i th  c e r t a i n r e s t r i c t i on r i g h t s . S i n c e  t h i s  f i rm por t i on i s  
av a i l a b l e to prov i d e t h e s e  r e s tr i c t i on r i g h t s  a s  b a c k u p , bor row i ng t e c h n i q u e s 
are s t i l l  a l l owed at  t h e i r  c u r r e n t  l e v e l s .  For mod e l i n g p u r po s e s , t h e  s e co n d  
q u ar t i l e  w a s  c ho s e n  t o  b e  the  add i t i on a l  i n t e r r u p t i b l e quar t i l e .  A s  a r e s u l t ,  
t h i s a l t e r n at i v e h a s  n o  r e s tr i c t i on r i g h t s  d u e  to p l a n t  de l ay .  

A l t e r n at i v e 4 . 3  

A l l l oa d s  u n d e r  t h i s a l t e r n at i v e are  f i rm . Re s ou r c e s  are ac q u i r e d  to m e e t  t h e  
top q u a r t i l e  l oad . T h e r e  are n o  r e s t r i c t i on r i g h t s  for any q u a r t i l e .  

A l t e r n at i v e  4 . 4  

U n d e r  t h i s  a l t e r n a t i v e ,  s e cond  q u ar t i l e  r e s tr i c t i on r i g h t s  d u e  to p l a n t  d e l ay 
are no  l on g e r  a l l owed . P l an t  d e l ay ,  howe v e r , s t i l l  o c c u r s  a s  i n  t h e  No-A c t i on 
A l te r na t i v e .  
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Tab l e  G-1 -1 

OS I Loads i n  SAM 
Annua l Average MW 

Med i um Nort hwest Loads 

No A c t i on A l t . 4 . 1 , A A l t .  4 . 1 ,  B A I t .  4 . 3  
Yea r F i rm I n t e r r up t i b l e F i rm I n t e r r u p t i b l e F i r m I n t e r r up t i b l e  F i rm I n t e r r u.Qt i b l e  

1 989 2245 853 1 496 1 602 0 3098 3098 0 
1 990 2 1 45 835 1 430 1 550 0 2980 2980 0 
1 99 1  2076 822 1 384 1 5 1 4  0 2898 2898 0 
1 992 1 998 769 1 332 1 435 0 2 767 2 767 0 
1 993 1 960 733 1 306 1 387 0 2693 2693 0 
1 994 1 965 7 1 1 1 3 1 0  1 366 0 2676 2676 0 
1 995 1 966 7 1 2  1 3 1 1 1 367 0 2678 2678 0 
1 996 1 969 7 1 2  1 3 1 3  1 368 0 268 1 268 1 0 Cl 
1 997 1 989 720 1 326 1 383 0 2709 2 709 0 I 

f---' 
1 998 1 956 708 1 304 1 360 0 2664 I 2664 0 -.I 
1 999 1 943 704 1 296 1 35 1  0 2647 2647 0 
2000 1 948 706 1 299 1 355 0 2654 2654 0 
200 1 1 920 696 1 280 1 336 0 26 1 6  26 1 6  0 
2002 1 9 1 8  696 1 2 79 1 335 0 26 1 4  26 1 4  0 
2003 1 933 70 1 1 289 1 345 0 2634 2634 0 
2004 1 958 7 1 0  1 306 1 362 0 2668 2668 0 
2005 1 958 709 1 305 1 362 0 2667 2667 0 
2006 1 935 70 1 1 290 1 346 0 2636 2636 0 
2007 1 925 698 1 283 1 340 0 2623 2623 0 
2008 1 924 698 1 282 1 340 0 2622 2622 0 



TABLE G-1 -2 

DS I Loads i n  SAM 
Annua l Average MW 

H i gh Nort hwest Loads 

No Ac t i on A l t .  4 . 1 ,  A A l t .  4 . 1 ,  B A l t .  4 . 3  

Yea r F i rm I n t e r rupt i b l e  F i rm I n t e r rupt i b l e  F i rm I n t e r r up t i b l e F i rm I n t e r r up t i b l e  

1 989 2452 852 1 635 1 669 0 3304 3304 0 

1 990 2460 854 1 640 1 674 0 33 1 4  33 1 4  0 

1 99 1  2463 877 1 642 1 698 0 3340 3340 0 

1 992 2487 884 1 658 1 7 1 3  0 337 1 337 1 0 

1 993 2494 862 1 663 1 693 0 3356 3356 0 

1 994 2494 884 1 663 1 7 1 5  0 3378 3378 0 

GJ 1 995 2494 884 1 663 1 7 1 5  0 3378 3378 0 

I 1 996 2494 884 1 663 1 7 1 5  0 3378 3378 0 
f--' 

1 997 2494 884 1 663 1 7 1 5 0 3378 3378 0 I OJ 
1 998 2494 884 1 663 1 7 1 5  0 3378 3378 0 

1 999 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2000 2494 884 1 663 1 7 1 5  0 3378 3378 0 

200 1 2494 884 1 663 1 7 1 5 0 3378 3378 0 

2002 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2003 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2004 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2005 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2006 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2007 2494 884 1 663 1 7 1 5  0 3378 3378 0 

2008 2494 884 1 663 1 7 1 5  0 3378 3378 0 
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Use of F I SHPASS in Ana l ys i s  





Use of F I SHPASS i n  Ana l ys i s  

The ana lys is of  downs t ream anadromous f i sh pas sage surviva l , as  i t  may be 
a f f e c ted by changes in s p i l l  and f l ows , was per f o rmed us ing a mod i f ied ve r s i on 
of the C o rps of Enginee rs ' F I SHPASS mode l . ( A  de tai led d e s c r i p t ion of  the 
F I SHPAS S mod e l  is g iven in the Corps ' model documentat ion t i t l ed "FI SHPAS S 
Mod e l  Conc e p t  and App l i c a t i on , "  March 1 98 6 . )  BPA ' s  vers ion of  F I SHPASS has 
been revis e d  to inc lude the Mid-C o l umb ia Pub l i c  U t i l i ty Di s t r i c t  dams , and t o  
accept  the s p i l l  and f l ow data f rom the SAM mode l . 

BPA ' s  F I SHPASS model s imula t e s  downs tream f i sh pas s age survival f o r  anadromous 
f i sh pas s ing the Lowe r Snake , Mi d-C o lumbia , and Lowe r C o l umb ia hydropro j e c t s  
during the Apr i l  through Augus t period o f  down s t ream migra t ion . Juvenile  f i s h  
survival i s  cal culated f rom the p o int  o f  en try into the hydro sys tem , t o  be low 
Bonnevi l l e Dam . Survival pro j e c t ions are deve l o ped f o r  s p e c i e s  en tering a t  
s pe c i f i c  proj e c t s  ( e . g .  sys tem surviva l  t o  be low Bonnev i l l e  Dam i s  cal culated 
f o r  yearl ing chino ok salmon en t e r ing the river system at Lower Monumental 
pool ) .  

F I SHPAS S s imulates proj e c t  s pe c i f i c  sys tem surviva l  f o r  year l ing s ( spring 
chinook and Snake Rive r  s umme r  chinook salmon ) ,  subyea r1 ings ( fa l l  chino ok and 
Mid-Co lumb ia summer chinook sa lmon ) , s tee 1head t rout , and so c keye salmon . 
Year l ing , s tee1head , and so ckeye tend to migrate in the spring , Apr i l  through 
June , and subyea r 1 ing in the summer , June through Augus t .  

Ana lyt i ca l  Me thods . Given the t ime , l o cation ,  and numbe r  of  ha t chery and 
natural s t o cks o f  f i s h en t e r ing each po o l , and the pro j e c t / s p e c i e s  s pe c i f i c  
chara c t er i s t i c s  f o r  dam passage surviva l , poo l s urviva l , and t rave l t ime ; 
FI SHPASS uses the f l ow and s p i l l  inf o rmat i on f rom SAM to compute the sys t em 
survival ( f rom po int of  o r i g in )  and the ove ral l sys t em survival f o r  each 
s pe c ie s . Inputs and assump t i ons f o r  the F I SHPAS S mod e l  can be f o und f o l l owing 
this exp l anat ion . A more d e t a i l e d  des c ript ion of the F I SHPAS S mo d e l  can be 
found in Append ix E-3 of  the Fina l  Int e r t i e Deve l opment and Use E I S . 

F I SHPASS uses 40 rather than 200 random s imulat ions f rom SAM to  d e t e rmine 
average s urviva l  f o r  a g iven year . Ana l y s i s  is then performed on 6 years o f  
the 2 0  year s e quence . In t h i s  cas e , the years o f  s tudy are 1 9 9 1 , 1 9 9 3 , 1 9 9 5 , 
1 9 9 7 ,  200 1 , and 2003 . The surviva l  s ta t i s t i c s  eva luated inc l ude : 

a .  The relat ive change in mean surviva l . ( Appendix H-1e ) .  ( This i s  
determined by tak ing t h e  d i f f erence i n  surviva l  be tween each 
a l te rnat i ve and the No Ac t ion base case and divid ing the d i f ference 
by the base case surviva l . )  

b .  The f re quency o f  change in relat ive surviva l  be ing greater than and 
l e s s  than one and f ive percent . ( Appendix H-1e ) .  

A p o t ential  f o r  impac t  is cons idered to o c c ur i f  the c hange in relat ive 
survival exceeds one percent or if the decrease in f r e quency of a surviva l  
change greater than one percent exceeds 30  percent or the dec rease i n  the 
f r e quenc y  of a surviva l  c hange grea t e r  than f ive percent , exc e eds f ive percent . 

A b i o l o g i c a l  as s e s smen t f o r  both  the c r i t ical  and non-c r i t i ca l  s t ocks  
po t en t ia l ly e f f e c ted by any o f  the  a l terna t ives i s  inc luded in Appendix H1-c . 
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F I SHPASS Mo del  As sump t i ons and Input Parame ters 

The F I SHPASS mode l was used to s imul ate  downs tream f i sh passage s urviva l 
f o r  anadr omous f ish pas s ing the Lower Snake , Mid-C o lumb ia ,  and ma ins t eam 
C o l wllb ia R iver hyd ropro j e c t s  dur ing the Apr i l  through Augus t p e r i o d  of  
downs t ream migra t i on .  S imulated f l ows and s p i l l s  f rom the  SAM we re used 
as  input t o  the F I SHPASS mode l t o  cal culate the downs t ream survival , to  
b e l ow Bonnevi l l e .  Th i s  Append ix provide s add i t ional inf orma t ion f o r  the 
key F I SHPASS mode l  a s s umpt ions and input parame t e r s . 

The period  ave rage va lues of  planned , overgenerat i on , and f o r c e d  s p i l l  
from the SAM were shaped into separa t e  va lues of  s p i l l  wi thin a 24-hour 
pe r i o d : ( a ) sp i l l  dur ing p laned f i sh-s p i l l  hours ; and ( b )  s p i l l  during 
nonf i sh-s p i l l  hours . On a rea l - t ime opera t i onal bas i s , overgene ra t i on 
spi l l  can be shaped into the hours w i th the great e s t  benef i t  to f i sh 
( p l anned f i sh-s p i l l  hours ) ,  wh i l e  f o r ced sp i l l  i s  no t cont ro l l ab l e . 
The r e f o r e , f o r  the F I SHPASS ana lys es , the planned and overgene rat ion 
sp i l l  are shaped int o  the f ish-s p i l l  hours f o r  the s pe c i f ic pro j e c t , 
wh i l e  the f o rced s p i l l  i s  main ta ined as a f lat  dai ly average rate 
oc curr ing dur ing both f i sh-spi l l  and nonf ish-s p i l l  hours . Tab l e  G-2 - 1 
shows the f i sh-sp i l l  hours used in the ana lys is and the percent o f  f i sh 
in a g iven day whi ch pas s  the dam dur ing tho s e  s p i l l  hours . 

The period  average f l ows s imul ated by the SAM were modulated t o  daily  
va lues wi thin each period before  ent ry into  F I SHPASS us ing the 1 9 86 
h i s t o r i ca l  (wi thin period ) f l ow shapes . the 1 9 86 daily f l ows a t  P r i e s t 
Rapids , I c e  Harbo r ,  and The Dal l e s  were us ed t o  mo dul ate ( s hape ) the 
period average SAM data f o r  the Mid-Columb i a ,  Lowe r Snake , and Lowe r 
C o l umb ia hyd ropro j e c ts , respec t ive l y .  The modul a t e d  f l ows f o r  the 
SAM-F I SHPASS runs were daily ave rage values and were t he same f o r  b o th 
f i sh-s pi l l  and nonf i sh-sp i l l  hours . Spi l l  rates were no t a f f e c t e d  by the 
da i l y  modul a t i on of period ave rage f l ows . 

Both ha t chery and na tural f i sh numbers  f o r  f i sh above Lower Gran i te Dam 
are bas ed on dam coun t s  as  used in the 1 98 7  deve l o pment of  the C o rps o f  
Eng ineers ' Juveni l e  F i s h  Passage P l an .  F o r  o ther p ro j e c t s , hat chery f i sh 
relea s e  numb ers and t iming are based on 1 986 ha t chery rel eas e data 
repo r ted in the Smo l t Moni t oring Program Annual Rep o r t  by the Fish 
Passage C enter . Na tural f ish numbers  and migra t ion t iming are based on 
(a ) the 1 984 f ina l repo r t  on S to c k  As s es sment of C o l umb ia Rive r 
Anadromous Sa lmonids ; (b ) the 1 9 8 5  repo rt on Downs t ream Mig ran t E s t ima t e s  
f o r  Ro c ky Reach and Ro ck I s land ; and ( c )  c onsul t a t ion w i t h  t h e  Na t iona l 
Mar ine Fi she ries Serv i c e . 

The p l anned f ish s p i l l  at  Federal pro j ec ts i s  based on the Corps o f  
Eng ineers  1 9 8 7  Juveni l e  F i s h  Pas sage P lan w i t h  s l iding s cale s p i l l at The 
Dal l e s , John Day , and Lower Monumental . P l anned f i sh sp i l l  at  
Mid-C o l umbia PUD pro j e c ts i s  bas ed on the current Federal Energy 
Regulatory Commis s ion s t ipulat ion agreemen t . P l anned s p i l l  is only an 
int e r im pro te c t ion that is as sumed to be e l imina t e d  at each pro j e c t  when 
bypas s improvement s  are c omp l e ted . 
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Va lues and relat i onships us ed f o r  s p i l l  e f f i c ienc i e s , dam pas sage 
parame t ers , and reservo i r  survival are provided in Tab l e s  G-2 - 2 and 
G-2 - 3 f o r  the Mid-C o l umb ia and Federal hydro proj e c t s . The s e  va l ue s  
for  the M i d-Co lumb ia pro j e c t s  we re bas ed o n  c onsul ta t ion wi th the pro j e c t  
managers . F o r  the Federal p ro j e c t s , the values are those s pe c i f i e d  by 
the C ounc i l ' s  Ma ins tem F i sh Pas sage Adv i s o ry Comm i t tee ( 1 986 ) .  The 
reservo i r  mo rtal i ty rate f o r  the Mid-Co lumb ia proj e c t s  was re cen t l y  
increas ed based on c omment s  f ro;n the Na t ional Mari ne F i s he r i e s  S e rv i c e  
and rev iew o f  the t e s t imony i n  the c our t proceed ings f o r  the Mid-C o l umb ia 
S t ipula t i on Agreement . The f i sh gui dance ef f i c iency va lues pro j e c ted f o r  
future bypa s s  improvemen t s  at Fede ra l pro j e c ts  are b e s t  avai lab l e  
e s t ima t e s  f rom the C O E  based o n  research and expe r i ence regarding current 
sys tems . For the Mid-C o l umb ia pro j e c t s , the values f o r  f uture f i s h  
guidance e f f i c ienc i e s  are the bypass sys tem minimum des i gn standards . 
Tab le  E . 3-4 g ives both the current and fu ture pro j e c ted values o f  f i sh 
guidance e f f i c ienc i e s  us ed the analyses  and the da t e s  when pas sage 
improvemen ts  are expe c t ed to  o c cur . 

Fish t rans portation at Lower Gran i t e , L i t t l e  Goos e ,  and McNary are based 
on the current guide l ine s deve l oped by the F i sh Trans po rtat ion Ove r s i ght 
Team ( FTOT ) c omp r i sed o f  f i shery agenc i e s , Tribes , and the C o rps . 
Trans portat ion survi val i s  assumed to  be 95 percent at Lowe r Gran i t e and 
L i t t l e  G o o s e , and 99 percent at McNary . 

Overgenera t i on s p i l l  was a l l o c ated t o  d i f ferent hydro pro j e c ts  based on 
the s p i l l  p r i o r i ty l i s t s  g iven in Tab l e  G-2 - 5 wh i ch were deve l o ped f rom 
a review o f  F i sh Pas s age Center s p i l l  reque s t s . 
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P ro j e c t  

Wel l s  

Roc k  Reach 
Rock I s l and 
Wanapum 
Pries t Rap ids 
Lower Gran i t e  
Li t t l e  Goo s e  
Lowe r Monumental 
I ce Harbor 
McNary 
John Day 
The Dal l e s  
Bonnevi l l e  

Tab le  G-2 - 1 

HOURLY F I SH PAS SAGE D I STR I BUT I ONS 

S tocks 

Spring Chinook 
Swruner Chinook 
S t e e l head 
S o c keye 
A l l  
A l l  
Al l 
A l l  
Al l 
A l l  
A l l  
Al l 
A l l  
Al l 
A l l  
A l l  

Spi l l  Hour s 

20 : 00 - 6 : 00 
20 : 00 - 6 : 00 
20 : 00 - 6 : 00 
20 : 00 - 6 : 00 
20 : 00 - 6 : 00 
20 : 00 - 6 : 00 
20 : 00 - 6 : 00 
20 : 00 - 6 : 0 0 
1 8 : 00 - 6 : 00 
1 8 : 00 - 6 : 00 
1 8 : 00 - 6 : 00 
1 8 : 00 - 6 : 00 
18 : 00 - 6 : 00 
18 : 00 - 6 : 00 
18 : 00 - 6 : 00 
20 : 00 - 6 : 00 

Percent Fish  * 

7 1  
5 8  
5 8  
4 3  
4 3  
7 1  
5 8  
5 8  
8 2  
8 2  
8 2  
6 6  
8 2  
8 2  
6 6  
7 1  

* Percent o f  the da i l y  to tal o f  f i sh arr iving at the pro j e c t  wh ich pas s  
dur ing the given hours o f  s p i l l . 
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Tab l e  G-2 - 2 

DAM PAS SAGE PARAMETERS 

Spi l l  Turb ine Co l l e c t ion Bypas s  
Pro je c t  Sei l l  E f f i c i ency 1 /  Mo r tal i ty Mo rtal i ty Mo rtal i ty Mo rtal i ty 

( % )  ( % )  ( % )  ( % )  

We l l s  80% Fis h / 2 l %  S p i l l  0 1 5  1 1 
9 4% Fish/30% Spi l l  

Ro cky Reach y = 0 . 6 6 3x 0 1 5  1 1 
( range 20-80% ) 

Rock I s land y = exp ( 0 . O s 4x )  0 6 . 5  1 1 
( range 1 5-80% ) 

Wanapwn y = 15 . 42 In ( x )  0 1 1  1 1 
( range 20-85% ) 

P r i e s t  I n  (y ) = 0 . 8 1 9  In ( x )  0 1 1  1 1 
Rapids  ( range 20-85 % )  

Federa l  
Proj e c t s  2 /  y = x 2 1 5  1 1 

1 /  Sp i l l  E f f i c iency - y = % f ish s p i l l e d  
x = % river s p i l led ( ins tan taneous ) 
S p i l l  out s i de range s  g iven f o r  data are 
interpo lated toward end point s of 0% f i sh/O% s p i l l  
and 100% f i sh/ l OO% s pi l l  

� /  For The Dal les  the f o l l owing s p i l l  e f f i c iency rela t ionship i s  used 
for x/y : 0 / 0 , 20/5 2 ,  4 1 / 80 ,  1 0 0 / 9 5  
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Tab l e  G-2 - 3 

RESERVO I R  FLOW/ SURV IVAL RELAT I ONSH I P S  ( KCFS /%)  

For Mid-Co lwnb ia P ro j ec t s"( 

Rocky Reach Rock I s l and WanaEwn P r i e s t  
Flow/ Surviva l Flow/ Survival F l ow/ Surviva l Fl ow/ Surviva l  

0 / 2 1 . 3 0 / 7 6 . 6  0 / 0  0 / 6 1 . 5  
1 0 / 24 . 8  1 0 / 8 0 . 1  1 0 / 0  1 0 / 6 5 . 0  
5 0 / 8 5 . 5 0 / 9 6 . 0  5 0 / 7 9 . 4  5 0 / 9 3 . 0  

100 / 9 2 . 5  1 00 / 98 . 0  1 0 0 / 8 9 . 7  1 0 0 / 9 6 . 5  
250 / 9 7  250/ 9 9 . 2  25 0 / 95 . 9  250/ 98 . 6  
750 / 9 7  7 5 0 / 9 9 . 2  7 5 0 / 95 . 9  7 5 0 / 98 . 6  

For Snake River P r o j e c t s *  

L i t t l e  Goose Lowe r Monwnental I ce Harbor 
Fl ow/ Surviva l  Fl ow/ Survival F l ow/ Survival 

0 / 5 3 . 0  0 / 6 1  0/58  
1 2/ 5 4  1 2/ 6 2 1 2/ 5 9  
50 / 6 7  5 0 / 7 3  5 0 / 7 1  
7 5 / 7 9  7 5 / 8 3  7 5 / 8 1  

100 / 8 7 1 0 0 / 9 0  100/89  
1 25 / 9 2  1 25 / 94 1 25 / 9 3  
1 5 0 / 9 2  1 50 / 94 150 / 9 3  
1 75 / 88 1 75 / 9 1  1 75 / 90 

1000/88 1000 / 9 1  1000/ 90 

Fo r Mains tem C o l wnb i a  Pro j ec t s  

McNary John Day The Dal l e s  Bonnevi l l e  
Fl ow/ Surviva l  Flow/ Survival Flow/ Survival fl ow/ Surviva l  

0 / 5 5  0 / 3 0  0 / 6 8  0 / 4 9  
5 0 / 5 6  5 0 / 3 1  5 0 / 6 9  5 0 / 5 0  

150 / 7 2 1 5 0 / 5 2 1 5 0 / 8 1  1 5 0 / 68 
1 75 / 7 9  1 75 / 6 2  1 75 /8 6  1 75 / 7 6 
200/85  200 / 7 2  200 / 90 200 / 8 2  
225 / 8 9  2 25 / 80 2 25 / 9 3  2 25 / 8 7  
250 / 9 2  250/85  25 0 / 95 25 0 / 9 1 
2 75 / 9 3  2 75 / 8 6  2 7 5 / 95 2 75 / 9 2  
300 / 9 2  3 0 0 /84 30 0 / 95 300/ 9 0  
350/84 3 5 0 / 7 1  3 5 0 / 9 0  3 5 0 / 8 1  

1000/84 1 0 0 0 / 7 1  1 0 0 0 / 9 0  1000 / 8 1  

* We l l s  and Lower Gran i t e  u s e  f ish input data g iven as  f ish coun t s  a t  
t h e  dam and there i s  n o  res ervo i r  mo r ta l i ty app l i ed t o  these f i sh 
nwnbers . 
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Tab le G-2 - 4 

F I SH GU I DANCE EFF I C I ENC IES  ( FGE ) 
( Pe rcent ) 

Yearl ing S / Yearl ing S t e e 1 head So ckeye Yea r 
P ro j e c t  C F C F C F C F 

We l l s 8 0  80 70 70 80 80 70 70 nla 
R .  Rea c h  0 70 0 50  0 70 0 50  1 9 92  
R .  I s land 0 70 0 5 0  0 70 0 50  1 9 9 2  
Wanapum 0 70 0 5 0  0 70 0 5 0  1 9 95 
Pries t R .  0 72  0 50  0 72 0 50  1 9 95  

1 .  Gran i t e  7 7  88 48 60 7 9  88 48 60 1 9 95 
L .  Goose 77  88 48 60 79 88 48 60 1 9 9 5  
1 .  Monumen tal 2 7 3  2 35 4 74 2 35 1 9 9 2  
1 .  Ha rbo r  0 78 0 35 0 92  0 35 1 9 9 3  
S l uiceway 5 1  0 5 1  0 5 1  0 5 1  0 nla 

McNary 75 90 40 60 75 90 40 60 1 9 96 
John Day 7 2  9 0  30  60 8 6  90 30  6 0  1 9 9 7  
The Da l l es 0 80 0 6 3  0 83  0 63  1 9 9 7  
S l uiceway 40 0 40 0 40 0 40 0 nla 
Bonnevi l l e  1 76 76 30  30  78 78 30  30  nla 
Bonnev i l l e  2 1 9  6 5  24 24 35 50 24 24 1 9 96 

C = Current bypass FGE . 
F = Future Bypa s s  FGE 
Year = E s t ima ted date o f  bypass ins tal l a t i on o r  upgrade . 
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Tab le G- 2 - 5 

P R I O R I TY L I STS FOR ALLOCAT I ON OF 
OVERGENERATI ON SP I LL W I TH IN SAM 1/ 

APR I L  
Pro j e c t  S�i l l  u� to (kef s )  

Lower Monumental 
I ce Harbor 
Lower Monumental  
I ce Harbor 
The Dal l es 
Lowe r Monumental 
I ce Harbor 
The Dal l es 
John Day 
Bonnevi l le 
Rock I s land 
Rocky Reach 
We l l s  
Wanapum 
P r i e s t  Rapids 
Lowe r Monumental 
I ce Harbor 
The Da l l es 
John Day 
Bonnevi l l e  
Lower Monumental 
I ce Harpor 
The Da l l e s  
John Day 
Bonnevil le  
Ro c k  I s land 
Rocky Reach 
We l l s  
Wanapum 
P r ie s t  Rapids 
Lowe r Monumental 
I ce Harbor 
The Da l l e s  
R o c k  I s land 
Rocky Reach 
Wanapum 
P r i e s t  Rapids 
Lowe r Monumental 
I ce Harbor 
John Day 
Bonnevi l l e  

25 
30 
40 

40 
40 
40 
40 
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5 
5 

1 2 . 5  
1 2 . 5  
1 5  
20 
20 
30 
30 
30  
1 0 . 4  
10 . 4  
1 0 . 4  
1 6 . 7  
1 6 . 7  
25 
25 
40 
40 
40 
40 
40 
60 
60 
60 
20 . 8  
20 . 8  
20 . 8  
3 3 . 3  
3 3 . 3  

p e r c ent of daily f l ow 
pe rcent of da i ly f l ow 
percent of daily f l ow 

4 1 . 7 
3 3 . 3  
41 . 7  
50 

percent o f  dai ly f l ow 
p e r c ent of da i l y  f l ow 
per cent of da ily f l ow 
per cent of daily f l ow 



Tab l e  G-2 - 5 ( Con t inued ) 

MAY 
P ro j e c t  SEi l l  uE to ( k c f s ) 

Lowe r Monumental 5 
I c e  Harbor 5 
The Da l l es 7 . 5  
Lower Monumental 7 . 5  
I c e  Harbor 7 . 5  
The Dal l e s  1 2 . 5  
Lowe r Monumental 1 2 . 5  
I c e  Harbor 1 2 . 5  
The Dal l e s  1 7 . 5  
Lower Monumental 1 7  . 5  
I c e  Harbor 1 7 . 5  
The Dal le s  22 . 5  
John Day 10  
Bonnev i l l e  1 0  
Rock I s land 20 . 8  
Rocky Reach 1 0 . 4  
We l l s  10 . 4  
Wanapum 1 2 . 5  
Pries t Rapids 1 2 . 5  
John Day 1 5  
Bonnev i l l e  1 5  
Lower Monumental 25 
I c e  Harbor 25 
The Dal l e s  30  
Lower Monumental 40 
Ro ck I s l and 3 3 . 3  
Rocky Reach 20 . 8  
We l l s 20 . 8  
Wanapum 25 
Pries t Rapids 25  
John Day 30 
Bonnevi l l e  30 
The Dal l e s  6 0  
Lower Monumental 40 
I c e  Harbor 40 
John Day 6 0  
Bonnevi l l e  6 0  
Lower Monumental 25 percent of dai ly f l ow 
I c e  Harbor 30  percent of dai ly f l ow 
The Dal l e s  40  percent of da i l y  f l ow 
Rock I s l and 4 1 . 6  
Rocky Reach 3 3 . 3  
We l l s  33 . 3  
Wanapum 4 1 . 6  
Pries t Rap ids 50 
Lowe r Monumental 40 percent of dai ly f l ow 
I ce Harbor 40  percent of dai ly f l ow 
John Day 40  percent of da i l y  f l ow 
Bonnevi l l e 40 percent of da i l y  f l ow 
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Tab l e  G-2 - 5 (Cont inued ) 

JUNE , JULY� AUGUST 
Pro j e c t  Spi l l  

Rock I s l and 
Wanapwn 
Pries t Rap ids 
We l l s 
Rocky Reach 
Lower Monwnenta1 
I ce Harbo r  
The Dal l e s  
John Day 
Bonnev i l l e  
Rock I s l and 
Wanapwn 
Pries t Rap ids 
We l l s 
Rocky Reach 
Lower Monwnenta1 
Ice Harbor 
The Dal l e s  
John Day 
Bonnevi l l e 
Rock I s land 
Wanapwn 
Pries t Rap ids 
We l l s 
Rocky Reach 
Lowe r Monwnenta1 
Ice Harbor 
The Dal l e s  
John Day 
Bonnevi l l e 
Rock I s land 
Wanapwn 
Pries t Rap ids 
We l l s  
Rocky Reach 
Lower Monwnenta1 
Ice Harbor 
The Dal l e s  
John Day 
Bonnevi l l e 
Wanapwn 
Pri e s t  Rapids 
We l ls 
Rocky Reach 

G-2 - 10 

up to 
10 . 4  

8 . 3  
8 . 3  
4 . 2  
4 . 2  

10  
1 0  
15  
15  
15  
20 . 8  
1 6 . 7  
1 6 . 7  

8 . 3  
8 . 3  

20 
20 
30  
30 
30 
3 1 . 3  
25 
25 
1 2 . 5  
1 2 . 5  
30  
30  
45  
45  
45 
4 1 . 7  
3 3 . 3  
3 3 . 3  
20 . 8  
20 . 8  
40 
40 
60 
60 
60 
4 1 . 7  
50 
3 3 . 3  
3 3 . 3  

( k c f s ) 



Lowe r Monumen tal 25 percent of dai ly f l ow 
I c e Harbor 30 pe rcent of da i ly f l ow 
The Dal l es 40 percent o f  dai ly f l ow 
Lowe r Monumen tal 40 percent o f  da i ly f l ow 
I c e Harbor 40 percent of dai ly f l ow 
John Day 40 percent of da i ly f l ow 
Bonnevi l l e 40 pe rcent of da i l y  f l ow 

1 /  Spi l l  rates are in add i t ion to planned s p i l l ,  but inc lude f o rced 
s p i l l  and are appl ied to mon thly ave rage f lows in SAM . Total spi l l  
a t  Bonnevi l l e is  l imited t o  6 0  percent of the mon thly average f l ow . 

(VS6-PG- 1 5 5 1 I ) 

G-2 - 1 1  









G-3 

The Dec i s i on Ana l ys i s  Mode l for 

A l um i num I ndus t ry Ana l ys i s  





THE DEC I S I ON ANALYS I S  MODEL FOR ALUM I NUM I NDUSTRY ANALYS I S  

T h i s  doc ume n t  d e s c r i be s  t h e  a n a l y s e s  for t h e  Draft  E n v i ronme n t a l  I m p a c t  
S t a teme n t  ( E I S )  wh i c h we r e  c a r r i e d o u t  u s i n g t h e  De c i s i on A n a l y s i s  Mod e l  
( DAM ) . Th i s  mode l  was  or i g i n a l l y  d e s i g n e d  for Bon n e v i l l e Powe r 
Adm i n i s tra t i on ' s  ( BPA ) D i r e c t  S e rv i c e I n d u s t r i e s  ( DS I ) Op t i on S t u dy of 1 98 5 , 
a n  a s s e s s me n t  of the  e conom i c effe c t s  of v ar i ou s  pol i cy op t i on s  d i r e c t e d  
toward s t h e  DSI . I t s  s e l e c t i on a s  one  pr i n c i pa l  a n a l yt i c a l  too l for t h e  E I S  
wa s made b e c au s e  of s e v e r a l  of i t s f e a t u re s . 

1 .  T h e  mod e l wa s ba s i c a l l y  c on c e i v e d  to d e a l  w i th  t h e  com p l e x i t i e s of 
r e g i on a l  a l um i n um  s me l t e r  e conom i c s . I t  a l l ows c on s i d e rat i on of a 
v ar i e ty of p o l i cy or  con t r a c t  opt i on s  re l at i n g  to t h e  Nor t hwe s t  
a l u m i n um i n d u s t ry .  

2 .  T h e  mode l comb i n e s  con d e n s ed v e r s i on s  of s e v e r a l  B PA s y s tem  mod e l s ,  
a n d  t h e refore wa s mu c h  fas t e r  t h a n  a t tempt i n g to p e rform t h e s e  
a n a l y s e s  u s i n g  SPA ' s  more  d e t a i l e d mod e l s  s u c h  a s  t h e  A l u m i n um 
Sme l t e r  Mod e l  or  Sy s tems  A n a l y s i s  Mod e l  ( SAM ) . 

3 .  T h e  mod e l  foc u s e s  broad l y  on a n  ov e ra l l p i c t u r e  of t h e  Nor t h we s t ' s  
u t i l i ty e conom i c s  a n d  ope r a t i on s  a n d  t h e refore p rod u c e s  a v a r i e ty of 
outp u t s  u s efu l to t h e  E I S . Some of t h e s e  outp u t s , s u c h  as emp l oym e n t  
on  a r e g i o n w i de  b a s i s ,  a r e  n o t  p rod u c ed  b y  o t h e r  B P A  mode l s  a n d  wou l d  
h a v e  had  to be  d e r i v e d  e xogenou s l y  h a d  t h e  DAM not b e e n  u s e d . 

For p u rpos e s  of t h i s  d i s c u s s i on ,  on l y  a br i e f ove r v i ew of t h e  DAM i s  
p rov i d e d . For a more  d e ta i l e d d e s c r i pt i on , r e f e r  to t h e  D S I  Opt i on s  S t u dy -
F i n a l  Repor t ,  p a r t s  1 a n d  2 ,  J u n e  1 98 5 , a n d  Appe n d i x  B of t h e  Draft E I S  D i r e c t  
S e rv i c e I n d u s try Opt i on s , J a n u ary 1 986 . T h e  D e c i s i on A n a l y s i s  Mod e l  l i n k s  
toge t h e r  t h r e e  bas i c  compon e n t s  o f  t h e  re g i on ' s  powe r s u pp l y  s y s tem : l oa d  
for e c a s t i n g ,  powe r s y s tem ope r a t i on a n d  capac i ty e x p an s i on , a n d  rate s a n d  
f i n a n c e s . I n  ad d i t i on ,  i t  c a l c u l a t e s c h a n g e s  i n  emp l oyme n t .  Eac h o f  t h e s e  
a r e a s  have  t r ad i t i on a l l y  be e n  mod e l ed s e parate l y  a n d  i n  g r e a t e r  d e ta i l t h a n  i n  
t h e  DAM . T h e  s tr e n g t h  of t h e  DAM i s  i n  i t s a b i l i ty to i n t e g ra t e  t h e s e  d i v e r s e  
a r e a s  a n d  t h e r e by p rov i d e a r e a sona b l e  method  for a s s e s s i n g t h e  r e l a t i v e 
me r i t s  of a l t e r na t i v e  po l i cy or con t r a c t  opt i on s  a c ros s a b road s pe c trum  of 
i mpac t s . S e e  F i g u r e  1 for an ov e rv i ew of t h e  DAM . 

One  of t h e  mod e l ' s  u n i q u e  c h a r a c te r i s t i c s  i s  i t s a b i l i ty to d e a l  w i t h  t h e  
p robab i l i s t i c n at u r e  o f  maj or v ar i ab l e s  wh i c h a r e  i n h e re n t l y  u n c e r ta i n .  T h e s e  
i n c l u d e  r e g i on a l l oad  g rowt h , ava i l ab i l i ty o f  wat e r  for t h e  ope r a t i on o f  t h e  
hyd ro s y s tem , a n d  t h e  mar k e t  p r i c e  o f  a l um i n u m . W h e n  t h e  mod e l  i s  s e t  t o  r u n  
i n  i t s p robab i l i s t i c mod e  ( wh i c h  wa s t h e  b a s i s for t h i s d raft  E I S  a n a l y s i s ) , a 
r a n dom draw  i s  mad e  for e a c h  of t h e s e  v ar i a b l e s i n  e a c h  r u n .  S u c h  a s e t  of 
r an dom v a l u e s  compr i s e s  o n e  " game . "  Typ i c a l l y ,  a p roba b i l i s t i c r u n  compr i s e s  
1 00 game s . T h e  r e s u l t s for a l l game s a r e  a v e r a g e d  tog e t h e r  to f i n d  t h e  
e x p e c t e d  v a l u e  o f  t h e  re s u l t s .  T h e  DAM p rod u c e s  a n umbe r  of d i ffe r e n t  
o u t p u t s ,  i n c l ud i n g e l e c t r i c l oad , a l um i n u m  i nd u s try p rod u c t i on l e v e l s ,  powe r 
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Fig . G - 3 - 1 

S Y N OPS I S  OF T H E  D S I  DEC I S tON AI" A LY S I S  M O DEl 

D S I  D E C IS I ON 
EXPLANAT IO N :  W H AT I T  DOES 

AN A L Y S I S  M O DEL 
-

F o r  e a c h  a l u m i n u m  p l a nt :  

0 T a k e s  cost a n d  p r i c e  i n f o r m a t i o n  a s  i n p u t s  

0 M a k e s  long-run i n v e stm e n t  o r  c l o s u r e  

d e c i s IO n s  D a se d  o n  e x p e c t e d  p r of its 
L O A D  0 M a k e s  s h o rt - r u n  operat ional  d e c iSIOns -

FOR E C ASTING -

F o r  n o n- a lu m in u m  l o a d s :  

0 C a n  g row a t  D a s e ,  h i g h ,  o r  l o w  rates 

0 L ets p r i c e  e la st i c it y  e f f e c ts be f e lt 

0 S im u l ates ope r a t i o n  of system u s i n g  r a n d o m  

w a t e r  y e ars 

POWER S Y STEM 0 E st i m ates e x port sales 
OPER ATION AN D 0 E s t im a tes long-ru n  resource a cq u i s i t i o n s  

EX P A N S ION 0 E s t im a tes a n n u a l  costs of powe r system 

0 E s t i m ates level o f  s e rv i c e  to DSI i nte rrupt i b l e  l o a d  

j 
0 E s t i m a tes B P A  rates by c u stomer c la s s  

R ATE A N D  

F I N A N C I A L  - 0 D e r ives BPA revenues 

A N A L Y S I S  

0 E s t i m a tes B P A  c a s h  f lows 

! 

EMP LOY MENT 0 E s t i m a tes e m p lo y m e n t  i m p a cts in the 

L- I M P A CT a l um inum and non-a l u m i n u m  s e c t o r  
A N A L Y S I S  
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r a te s , a n d  a var i e ty of o t h er s . Howe v e r , t h e  s i mp l e s t  over a l l me a s u r e  of 
re l at i v e e conom i c i mp a c t s  of a l t e r n a t i ve s i s  " c u s tome r b e n e f i t s . "  For t h e  
a l u m i n u m  c u s tome r s  t h i s r e p r e s e n t s  t h e  pre s e n t  v a l u e  o f  the  d i s co u n t e d  n e t  
c a s h  f l ow r e s u l t i n g  f rom t h e  ope r a t i on o f  t h e  r e g i on ' s  1 0  sme l t e r s  a c cord i n g 
to t h e  prod u c t i on l e v e l s d e te rm i n e d  by t h e  mod e l . For the  o t h e r  c u s tome r s , t h e  
n e t  be n e f i t s  refer  t o  the  p re s e n t  va l u e of c h a n g e s  i n  tot a l  e x pe n d i t u r e s  
adj u s te d  for c h a n ge s i n  q u an t i ty con s umed o f  e l e c tr i c  e n e rgy . T h e  DAM 
mea s u r e s  e ffe c t s  of a pol i cy or  c o n t r a c t  opt i on re l at i ve to an o p t i on of 
tak i n g  no a c t i on . 

T h e  mod e l  o u t p u t  s hou l d  be  v i e we d  w i th some c au t i on . The  mod e l  i s  not a s  
ac c u rate  a s  BPA ' s more  d e t a i l e d ,  s pe c i a l i zed  mode l s  i n  d e te rm i n i n g s ome o f  t h e  
i mpac t s  of the  opt i on s . A l s o , a n y  mode l  i s  on l y  a s i mp l i f i c a t i on o f  t h e  
ope ra t i on s  o f  t h e  " re a l  wor l d . "  Wh i l e  t h e  q u an t i f i c a t i on w i t h i n  t h e  mod e l 
i mp l i e s t h a t  some p r e c i s i on e x i s t s , i n  p r a c t i c e on l y  approx i ma t i on s  a r e  
pos s i b l e  b e c a u s e  o f  t h e  l i m i t s  of b o t h  t h e  mod e l  s tr u c tu r e  a n d  t h e  q u a l i ty of 
the ava i l ab l e  d a ta . 

The  mod e l  i s  a u s efu l too l for d e te rm i n i n g t h e  re l a t i v e c h a n g e s  c a u s e d  by t h e  
d i ffe r e n t  a l tern a t i v e s . Th u s , v a l i d  compa r i son s amo n g  the  a l t e r n a t i v e s  c a n  b e  
made , b u t  t h e  a b so l u t e  v a l u e s  of r e s u l t s  s hou l d  b e  v i ewed w i th  c a u t i on .  

Con c l u s i on s  and  i n te r p r e ta t i on s  b a s e d  on  t h e  mod e l  ou tpu t a r e , t h e r e fore , 
s u p p l eme n te d  by j u dgme n t ,  re s u l t s of o th e r  s t u d i e s , know l e d g e  of t h e  DS I s  
g a i n e d  t h rough  BPA ' s d e a l i n g s  w i t h  t h e m  ov e r  t h e  y e ar s , the  D S I  Op t i on s  S t udy , 
a n d  o t h e r  sou r c e s .  

A l um i num I ndus t ry Mode l i ng 

T h e  a l u m i n u m  i n d u s try por t i on of t h e  DAM mod e l s  both t h e  s hort-r u n  
( op e r a t i on a l ) a n d  l ong-term  ( c apac i ty)  p l a n n i n g  d e c i s i on s  o f  t h e  r e g i on ' s  
1 0  a l u m i n um sme l te r s . T h e  l og i c emp l oyed i n  both  t h e  s hort-r u n  a n d  l on g - r u n  
port i on s  o f  the  mode l i s  b a s e d  o n  prev i ou s  i n d u s t ry mod e l i n g ( e . g .  t h e  
A l um i n u m  Sme l ter  Mod e l )  a n d  t r ad i t i on a l  approac h e s  t o  c ap i t a l  i n ve s tme n t  
a n a l y s i s  ( i . e . , d i s cou n te d  n e t  c a s h  f l ow) . Re l i a n c e  wa s p l a c e d  o n  p a s t  
s t u d i e s a n d  a n a l y s i s for t h e  d e v e l opme n t  of i n p u t  parame te r s , mos t  i mpor ta n t l y  
a l um i n um produ c t i on cos ts  a n d  p r i c e s . I n  t h e  l on g - r u n  por t i on of t h e  mod e l ,  
c u rr e n t  l on g - r u n  marg i n a l  ( i  . e . , both  f i x e d  a n d  var i ab l e )  cos t s of a l u m i n um 
p rod u c t i on for e a c h  s me l te r  are  compar e d  to a l on g - r u n  e x p e c te d  a l u m i n u m  p r i c e  
( a l l c o s t s  a n d  p r i c e s  a r e  i n  con s tan t 1 98 5  d o l l ar s ) . I f  t h e  pr e s e n t  v a l u e  o f  
t h e  e x p e c te d  l on g - r u n  p r i c e e x c e e d s the  pr e s e n t  v a l u e  o f  t h e  l on g - r u n  marg i n a l  
cos t s of prod u c t i on ov e r  a 1 0-ye a r  p l an n i ng  p e r i od , t h e  sme l t e r  i s  a s s umed  to 
r e ma i n i n  operat i on .  

T h e  powe r rate s c a l c u l ated  i n  t h e  r a t e s  mod u l e  of the  DAM are  b a s e d  u pon  B PA ' s  
pos t- 1 9 8 5  rate  d e s i g n ,  a n d  are  d e te r m i n e d  by q u a r te r l y  s hort-term  ope ra t i n g  
l e ve l d e c i s i on s  w i t h i n  t h e  mod e l , a n d  a r e  aggregated  t o  a n n u a l  v a l u e s . T h e  
powe r r a te s , a l ong  w i th  ot h e r  s hort-term  marg i n a l  cos t s  o f  a l u m i n u m  
p rod u c t i on , a r e  compa r e d  t o  fore c a s ted q u a r te r l y  a l um i n u m  p r i c e s  t o  d e te rm i n e  
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s ho r t - t e rm prof i ta b i l i ty .  T h e  mod e l  i n c re a s e s  p rod u c t i on to f u l l c a p a c i ty i f  
a sme l t e r  i s  p rof i ta b l e ,  a n d  r e d u c e s  p rod u c t i on rate s to the  e q u i v a l e n t  of o n e  
pot 1 i n e i f  i t  i s  n o t  p rof i ta b l e .  ( Th i s  par t i c u l a r  a s s um p t i on i s  b a s e d  on 
emp i r i c a l  ob s e rvat i on of m i n i mu m  opera t i ng  l e v e l s d u r i n g  the p a s t  s e v e r a l  
y e a r s . )  

P rod u c t i on l e v e l s d i r e c t l y  d e t e rm i n e  e l e c t r i c l oad  re q u i reme n t s  t h ro u g h  t h e  
e l e c t r i c i ty u s age  e s t i mate  f o r  e a c h  s me l t e r  ( i n  kNh / 1 b  of a l u m i n u m  p rod u c e d ) .  
Loa d s  are  appor t i oned  by type ( i  . e . , f i rm a n d  top q u a r t i l e ) a n d  r e v e n u e s  to 
BPA from t h e s e  l oad  l e v e l s are  d e t e rm i n e d . 

A l um i num Pr i ces and Product i on Cos ts 

In  t h e s e  ana l ys e s , l on g - r u n  a l u m i n um p r i c e s  of 7 0 ¢ / l b .  a n d  60¢/ l b .  ( i n  
1 98 5  d o l l ars ) we re  u s e d . I n  t h e  mod e l  th i s  pr i c e i s  comb i n e d  w i t h  a r a n dom 
compon e n t  ( w i th a s t a n d a r d  de v i a t i on of 6¢ / l b .  to ref l e c t  ma r k e t  p r i ce  
u n c e r t a i n ty )  u s e d  i n  t h e  l on g- r u n  c a p a c i ty de c i s i on mak i ng port i on of t h e  
DAM . I n  oth e r  word s ,  w i t h  a l on g - t e rm a l u m i n u m  b a s e  p r i ce  of 60¢ / l b .  a n d  a 
s ta n d ard  dev i at i on of 6¢ / l b . , two-t h i r d s  of t h e  fore c a s ted  p r i c e s  wou l d  fa l l 
b e twe e n  54-66¢ / l b .  i n  1 98 5  d o l l a r s  or  6 1 - 7 5 ¢ / l b .  i n  1 98 9  d o l l ar s . T h e  
rema i n i n g one-th i rd of t h e  p r i c e s  wou l d  be  beyond t h i s  range . For a 70¢ / l b .  
l on g - t e rm a l u m i n u m  ba s e  p r i c e , the  two-t h i rd s  of t h e  fore c a s t e d  p r i c e s  wou l d  
be  b e twe e n  64-7 6 ¢ / l b .  i n  1 98 5  do l l ar s  or 7 2 - 8 6 ¢ / l b .  i n  1 98 9  do l l a r s . Th e s e  
l on g - t e rm for e c a s ted  p r i c e s  are  comb i n ed  i n  t h e  mod e l  w i th  s ho r t - t e rm 
( e s s e n t i a l l y  c u r r e n t ) p r i c e s  to d e r i v e t h e  q u a r te r l y  e x pe c ted  p r i c e s  for u s e  
i n  t h e  s hort- t e rm o p e r a t i on a l  d e c i s i onmak i n g por t i on of t h e  DAM . 

T h e  powe r rate s for t h e  a l u m i n u m  s me l t e r s  a r e  d e te rm i n e d  by a v ar i ab l e rate  
mod u l e  i n  the  mod e l  wh i c h c a l c u l a t e s  t h e  r a t e s  based  o n  t h e  for e c a s ted  
a l u m i n u m  p r i c e . 

T h e  a l u m i num s me l t i n g p rod u c t i on cos t s  u s ed  i n  t h e  mod e l  a r e  e s s e n t i a l l y  
d e r i v e d  from two s tu d i e s on  reg i on a l  s me l t e r  p rod u c t i on cos t s  c on d u c t ed by 
i n d e pe n d e n t  i nd u s try a n a l y s t s  for BPA . T h e s e  a r e : ( 1 ) P r i ma r y  A l u m i n u m  
P rod u c t i on Cos t s i n  t h e  Pac i f i c  Nor t h we s t  ( P N N ) , J o h n  Mobe r l y  A s soc i a t e s , 
J u l y  1 98 4 ;  and  ( 2 )  A l u m i n u m  Cos t s  a n d  Supp l y Arrangeme n t s  i n  t h e  P N N , R e s ou r c e  
S t r a t e g i e s ,  I n c . , May 1 98 5 . Th e s e  r e port s ,  a s  we l l  a s  B PA ' s  own e s t i ma t e s a n d  
a n a l y s e s , a r e  t h e  b a s i s  for a l l t h e  p rod u c t i on cos t s  u s ed i n  t h e  DAM . Ta b l e  1 
s umma r i z e s  t h e  mos t  r e c e n t  a l u m i n u m  prod u c t i on cos t e s t i ma t e s  u s e d i n  t h e  DAM . 
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Van cou v e r  
W e n a t c h e e  
Co l umb i a  F a l l s  
F e r n d a l e  
Mead 
Ta coma 
Go l d e n d a l e 
The  Da l l e s 
Lon g v i e w 
Trou td a l e  

Tab l e  1 :  1 987/1 988 Est i mated Costs 
DAM ALUM I NUM PRODUCT I ON COSTS 

(1 985 $)  
A l u m i n a  

Ce n t s  I L b . 

0 . 1 02 
0 . 1 1 0 
0 . 1 2 5 
0 . 1 02 
0 . 1 1 2  
0 . 1 02 
0 . 1 04 
0 . 1 1 3 
0 . 1 02 
0 . 1 04 

Wage s 
$ / H r . 

1 5 . 30 
2 1  . 60 
1 5 . 30 
2 1  . 60 
1 8 . 90 
1 8 . 90 
1 5 . 30 
1 5 . 30 
2 1 . 60 
2 1 . 60 

Resou rce Operat i on and Deve l opment 

Ot h e r  Cos t  
Ce n t s l Lb . 

0 . 1 80 
0 . 1 7 6 
0 . 1 6 2 
0 . 1 6 9 
0 . 1 8 4 
0 . 1 8 3 
0 . 1 9 4 
0 . 1 8 7 
0 . 1 90 
0 . 1 8 7 

T h e  DAM mak e s  a n um b e r  of a s s ump t i on s  r e g a rd i n g t h e  powe r s y s te m ' s  o p e ra t i on 
a n d  e x p an s i on .  Th e s e  a s s ump t i on s  re l ate  to wat e r  cond i t i on s , i n t e r t i e s i ze ,  
Sout hwe s t  marke t s a l e s , p l aceme n t  of fu t u re i n v e s tor-own e d  u t i l i ty l oad s on  
BPA , the  f u t u re of W N P - l  a n d  - 3 , e t c . G e n e ra l l y  t h e s e  re sou r c e  a s s u mp t i on s  
are  t h e  s ame a s  we re  u s e d  i n  t h e  f i n a l  BPA 1 987 Re sou r c e  P rogram . Th e s e  
a s s ump t i on s  are  s pe c i f i e d i n  Re sou r c e  An a l ys i s Doc ume n ta t i on ,  1 987  Re s o u r c e  
S t r ategy , Bon n ev i l l e Powe r Admi n i s tr a t i on , May 1 987 . 

Requ i red Rate of Ret u rn 

The  Re q u i r e d  Rate of Re t u r n  ( RROR ) i n  t h e  DAM f u n c t i on s  a s  a r e a l ( n e t  of 
i nf l a t i on )  d i s co u n t  rate  i n  t h e  l on g - t e r m  c a p a c i ty p l a n n i n g a n d  d e c i s i onmak i n g  
mod u l e .  A s  s u c h , a n  i n c r e a s e  i n  t h e  RROR red u c e s  t h e  p re s e n t  v a l u e  o f  f u t u r e  
b e n ef i t s  o f  s me l te r  mode r n i z a t i on or  i n c r e a s e s  i n  prod u c t i on c a p a c i ty i n  t h e  
c a l c u l a t i on o f  d i s co u n t e d  n e t  c a s h  f l ow .  S i m i l ar l y  a d e c r e a s e  i n  t h e  RROR h a s  
t h e  oppos i te effe c t , i n c r e a s i n g t h e  p re s e n t  v a l u e  o f  f u t u r e  c a s h  f l ows . T h e  
c u r r e n t  a na l y s i s u s e d  a RROR o f  20  p e r c e n t .  Th i s  h i gh RROR i s  c on s i s te n t  w i t h  
an  a s s u mp t i on t h a t  f i rms  wou l d  u s e  a h i g h e r  d i s co u n t  r a t e  w h e n  e v a l u a t i n g  
pote n t i a l  i n v e s tme n t s  i n  a s i t u a t i on c h a r a c t e r i ze d  b y  a h i g h d e g r e e  o f  
u n c e r ta i n ty .  

T i me Hor i zon 

T h e  DAM i s  d e s i g n e d  to r u n  ov e r  a 30-year  p e r i od e n d i n g  i n  t h e  year  2 0 1 5 ,  
a l thou g h  th i s  c a n  be  v ar i e d .  Mod e l  re s u l t s a r e  tabu l ated  for t h e  t i me p e r i od s  
1 98 6 - 9 2 , 1 993-99 , a n d  2000- 1 5 .  
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Resu l ts 

Re s u l t s  of the  an a l y s i s  are  p r e s e n t e d  i n  terms  of c h a n g e s  from t h e  b a s e  c a s e  
i n  r a te s , i n  a l um i n u m  l oad s , a n d  i n  " re g i o n a l  n e t  b e n ef i t s "  u s i n g u n i t s  of 
m i l l i on s  of dol l ar s , d i s co u n t e d  to a n e t  p r e s e n t  v a l u e  u s i n g a 3 p e r c e n t  r e a l 
rate  ove r  30  year s . ( No t e  t h a t  t h e  d i s co u n t  rate  u s e d  for com p a r i n g r e g i ona l  
b e n ef i t s  i s  s i gn i f i c an t l y  l owe r t h a n  t h e  rate  a s s umed  to b e  u s e d  by t h e  
a l u m i n u m  i n d u s try for l on g- t e rm d e c i s i onmak i n g w i th  r e s p e c t  t o  r e g i on a l  
s me l te r s . )  
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G-4 

The Jo i n t SPA-Counc i l  I ndus t r i a l  Mode l 

(used for New La rge S i ng l e  Load ana l ys i s ) 





THE JO I NT BPA-COUNC I L  I NDUSTR I AL MODEL 1 1  

I n d u s tr i a l S e c tor . T h e  i nd u s tr i a l  s e c tor i s  t h e  l arge s t  of t h e  fou r  con s um i n g  
s e c tor s . I n  1 988 , t h e  i n d u s t r i a l  s e c tor con s u me d 6 , 49 1  aMH o f  f i rm 
e l e c t r i c i ty ,  accou n t i n g  for 3 9  p e r c e n t  of t h e  r e g i on a l  tota l . 

Fore c a s t s  of i nd u s tr i a l e l e c t r i c i ty u s e  ref l e c t  p rod u c t i on o u t p u t  fore c a s t s  
for t h e  v a r i o u s  i n d u s tr i a l s e c tor s , t h e  amo u n t o f  e n e rgy u s e d  p e r  u n i t  of 
o u t p u t ,  and the effe c t s  of e l e c t r i c i ty and o t h e r  f u e l p r i c e s  on  e n e rgy u s e . 
Tab l e  G-4- 1 s hows i nd u s t r i a l  s e c tor for e c a s t s  of f i rm e l e c t r i c i ty u s e  of 
s e l e c te d  ye ars  u n d e r  a l l f i v e  c a s e s . I n  t h e  h i g h c a s e , con s u mp t i on of 
e l e c t r i c i ty by t h e  i n d u s tr i a l  s e c tor g rows to 1 1 , 0 1 3 aMW by 2 0 1 0 ,  an a v e rage  
a n n u a l  g rowth rate  of  2 . 4 p e r c e n t . I n  t h e  l ow c a s e , i n d u s t r i a l e l e c t r i c i ty 
u s e  d e c r e a s e s  d u e  to s i g n i f i c a n t  re d u c t i on s  i n  d i r e c t  s e rv i c e i n d u s try u s e  
wh i l e o t h e r  i nd u s tr i e s rema i n l ar g e l y  u n c h an ge d . T h e  more  l i k e l y  r a n g e  of 
g rowth i n  i nd u s tr i a l e l e c t r i c i ty u s e  i f  from 0 . 1  p e r c e n t  to 1 . 3 p e r c e n t  p e r  
ye a r , w i t h  me d i um c a s e  g rowth a t  0 . 6  p e r c e n t  p e r  year . 

ACTUA L 
1 988  

H i gh 6 , 49 1 
Me d i u m-h i gh 6 , 49 1  
Med i um 6 , 49 1  
Me d i um- l ow 6 , 49 1  
Low 6 , 49 1  

Tab l e  G-4-1 
Pac i f i c  Northwest I ndust r i a l  Sector 

Forecast s of  F i rm E l ect r i c i ty Use 
(aMW) 

FOR ECAS TS 
1 9 9 5  2005 2 0 1 0 

8 , 02 5 9 , 8 90 1 1  , 0 1 3 
7 , 0 54  8 , 030 8 , 580 
6 , 454  7 , 064 7 , 4 32  
5 , 8 94  6 , 2 90 6 , 5 97  
5 , 094  5 , 1 07 5 , 204 

GROWTH RAT E  
( %  P E R  Y EA R )  

1 988-20 1 0  

2 . 4  
1 . 3 
0 . 6  
0 . 1 

- 1 . 0  

I n d u s tr i a l e l e c t r i c i ty u s e  i n  t h e  Nor t h we s t  i s  h i g h l y  con c e n t r a t e d  i n  a few  
s u b s e c to r s . F i v e i nd u s tr i e s ( food , c h e m i c a l s ,  p a pe r , l umbe r , a n d  me ta l s )  
accou n t  for a l mo s t  90  p e r c e n t  of t h i s .  M e ta l s p rod u c t i on , p r i ma r i l y  by 
Bon n e v i l l e ' s  1 0  a l u m i n um d i r e c t  s e rv i c e i n d u s t r i a l c u s tome r s , a c c o u n t s  for 
n e ar l y  h a l f t h e  tot a l . D i r e c t  s e rv i c e i n d u s tr i a l c u s tome r s  a c co u n t e d  for 
37 p e r c e n t  of i nd u s t r i a l  s e c tor e l e c t r i c i ty u s e  i n  1 988 , or  a b o u t  1 5  p e r c e n t  
t h e  tot a l  for a l l s e c to r s . T h e  a l u m i n u m  sme l t e r s  r e p re s e n t  a b o u t  90  p e r c e n t  
o f  e l e c t r i c i ty u s e  b y  D i re c t  S e r v i c e I n d u s tr i e s . 

1 1  For more d e t a i l ,  s e e  Mod e l  Doc ume n t a t i on--Draft  F i n a l  Repor t ,  
C h a r l e s R i v e r s  A s soc i a t e s  Re port  No . 642 , Vo l . 1 ,  C h . 3 ,  Se p t e m b e r  1 2 ,  
1 982 . 
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I n  a d d i t i on to t h e  f i rm e l e c t r i c i ty u s e  d e s c r i b e d  abov e , t h e  d i r e c t  s e rv i c e 
i n d u s tr i a l c u s tome r s  con s ume v ary i n g  amo u n t s  of non f i rm  e l e c t r i c i ty ,  d e pe n d i n g  
on  e conom i c a n d  hyd roe l e c t r i c cond i t i on s . I n c l u d i n g nonf i rm powe r , t h e  
i nd u s tr i a l s e c tor u s ed a tota l o f  7 , 044  a M W  i n  1 98 8 . On l y  t h e  f i rm por t i on s  
are  i n c l u ded  i n  Tab l e  1 1 ;  howe v e r , t h e  nonf i rm por t i o n s  a r e  con s i d e r e d  i n  
sys tem operat i on a n d  e l e c t r i c i ty p r i c i n g a n a l y s e s .  

M e t hod s of fore c a s t i n g i nd u s tr i a l  e l e c t r i c i ty u s e  v a ry s u b s ta n t i a l l y  amo n g  
s u b s e c tor s . I n  g e n e r a l , fore c a s t i ng  me t hod s a r e  mos t  d e ta i l e d f o r  a c t i v i t i e s  
t h a t  con s ume the  g r e a t e s t  amou n t s  of e l e c t r i c i ty .  I t  i s  n e c e s s ary to for e c a s t  
i nd u s t r i a l  ac t i v i ty a n d  e l e c t r i c i ty u s e  i n d i v i d u a l l y  for u p  t o  40 i n d u s t ry 
compon e n t s  i n  ord e r  to o b ta i n re l i a b l e  fore c a s t s  of to ta l i n d u s t r i a l  u s e . 

The  compos i t i on of t h e  i n d u s tr i a l  fore c a s t  i s  s hown i n  Ta b l e  G-4-2 . 
s u b s e c to r s  are d e f i n e d  u s i n g t h e  S t a n d ard I nd u s t r i a l  C l a s s i f i c a t i on  
code . Tab l e 1 2  s hows e l e c t r i c i ty u s e  for e a c h  i n d u s t r i a l s u b s e c tor 
t h e  mos t  rece n t  year  data i s  av a i l ab l e  a t  t h i s  l e v e l of d e t a i l .  

T h e  
( S I C )  
i n  1 98 1 , 

T h e r e  are  fou r me thod s u s e d  to for e c a s t i n d u s t r i a l  s e c tor e l e c tr i c i ty u s e . 
They  are : ( 1 )  key i n d u s t ry mod e l s ;  ( 2 )  e conome t r i c mod e l s ;  ( 3 )  s i mp l e 
re l a t i on s h i p s ;  a n d  ( 4 )  a s s ump t i on s . A l l of t h e  for e c a s t i n g  me t h od s , e x c e p t  
a s s umpt i on s , are d r i v e n  p r i mar i l y  b y  for e c a s t s  o f  i n d u s tr i a l p rod u c t i on for 
e a c h  i n d u s tr i a l  s u b s e c tor . I n  a d d i t i on , e a c h  of t h e s e  me thod s mod i f i e s  t h e  
re l a t i on s h i p  b e twe e n  p r od u c t i on a n d  e l e c t r i c i ty u s e  t o  r ef l e c t  t h e  effe c t s  of 
c h an g i n g e nergy p r i c e s  a n d  o t h e r  fac tor s . T h e  a s s ump t i on s  me t hod i s  u s e d  to 
for e c a s t  the  e l e c tr i c i ty r eq u i reme n t s of both t h e  a l u m i n u m  a n d  non-a l u m i n u m  
d i r e c t  s e rv i c e i n d u s tr i e s . I t  i s  l a be l e d a s  s u c h  b e c a u s e  Bon n e v i l l e fore c a s t s  
t h e s e  i n d u s tr i e s  u s i n g mod e l s a n d  me thod s t h a t  a r e  s e p a r a t e  f rom t h e  ma i n 
Bon n e v i l l e and  Cou n c i l i n d u s tr i a l  p r oce s s  mod e l . 

T h e  t h r e e  l arge s t  non-d i re c t  s e r v i c e i n d u s tr i e s  i n  te rms  of e l e c t r i c i ty u s e  
a r e  for e c a s t  u s i n g Bon n e v i l l e a n d  Cou n c i l key i n d u s try mod e l s .  T h e  key 
i nd u s try mod e l s are d e ta i l e d a p p roa c h e s  to fore c a s t i n g e l e c t r i c i ty u s e . T h e  
t h r e e  k e y  i nd u s tr i e s  a r e  l umber  a n d  wood p rod u c t s , p u l p  a n d  p a pe r , a n d  
c h e m i c a l s .  F i r s t , e a c h  i n d u s try i s  f u r t h e r  s e p a r a t e d  i n to t h e  mos t  e n e r gy 
i n te n s i v e a c t i v i t i e s . For t h o s e  a c t i v i t i e s , t h e  u s e s  of e l e c t r i c i ty a r e  
d i v i d e d  i n to s e v e r a l  typ e s , s u c h  a s  moto r s  f o r  s pe c i f i c  p ro c e s s e s , 
e l e c t ro l oy s i s ,  or l i g h t i n g .  T h e  frac t i on of e l e c t r i c i ty u s e  a t t r i b u t ab l e  to 
eac h of t h e s e  e n d  u s e s  i s  e s t i ma t e d  for a n  a v e rage  p l an t .  I n  t h e  c a s e  of 
c h em i c a l  p rod u c t i on of p ho s p horou s and c h l or i n e ,  the mod e l  i s  s pe c i f i ed 
s e pa r a t e l y  for e a c h  of t h e  s i x  p l a n t s  i n  t h e  r e g i on . 

T h e  for e c a s t  r e qu i r e s  a s pe c i f i c a t i on of how t h e  s h a r e  of e n d  u s e s  may c h an g e  
o v e r  t i me .  I n  add i t i on ,  t h e  d e g r e e  to wh i c h e l e c t r i c i ty for e a c h  type o f  e n d  
u s e  cou l d  be con s e r v e d  i n  r e s pon s e  t o  p r i c e c h a n g e s  i s  s p e c i f i e d .  T h e  d e g r e e  
o f  p r i c e r e s pon s e  v ar i e s  a c ro s s for e c a s t  c a s e s , be i n g l ar g e s t  i n  t h e  l ow c a s e  
a n d  s ma l l e s t  i n  t h e  h i g h c a s e . G i v e n  t h e s e  s p e c i f i c a t i on s , e l e c t r i c i ty u s e  
p e r  u n i t of p rod u c t i on c h a n g e s  a s  p rod u c t i on a n d  e l e c t r i c i ty p r i c e s  c h a n g e . 
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T h e  key i nd u s try mod e l s  re q u i re a g r e a t  d e a l  of d a ta go i ng beyon d  r e ad i l y  
a v a i l ab l e  source s .  For t h i s re ason , s pe c i f i c a t i on of t h e  key i n d u s try mode l s  
r e l i e s h e av i l y  on t h e  j u dgme n t  a n d  a d v i c e of i n d u s t ry r e p r e s e n t a t i v e s  a n d  
t r a d e  organ i za t i on s . 

The  rema i n i n g nonkey a n d  non-d i re c t- s e r v i c e i nd u s tr i e s are fore c a s t  u s i n g a 
v ar i e ty of e conome t r i c for e c a s t i n g e q ua t i on s . E c onome tr i c  mod e l s  con s i s t of 
e q ua t i on s  e s t i mated  f rom h i s tor � c a l  d a t a . T h e  e q u a t i on s  a t t e m p t  to mea s u re  
t h e  effe c t  of  i n d u s try p rod u c t i on a n d  e n e rgy p r i c e s  on the  u se  of d i ffe r e n t  
typ e s  o f  e n e rgy , i n c l u d i n g e l e c t r i c i ty .  Be c a u s e  h i s tor i c a l  d a t a  a r e  g e n e ra l l y  
of poor  q u a l i ty a t  t h e  i n d u s tr i e s s u b s e c tor l e v e l , i t  i s  ofte n d i ff i c u l t  to 
o b ta i n p l au s i b l e  re l a t i on s h i p s for e conome tr i c  e q u a t i on s . W h e r e  e conome t r i c 
re s u l t s  a p p e ared  i mp l a u s i b l e ,  s i mp l e  r e l a t i on s h i p s be tween  o u t p u t  a n d  
e l e c t r i c i ty u s e  we re  u s e d . I n  Tab l e  G-4-2 , e conome t r i c e q u a t i on s  o b t a i n e d  
from t h e  Oregon D e p a r tme n t  of E n e r gy a r e  noted  a s  " ODOE . I I  E q u a  t i  on s o b t a  i n e d  
from Bon n e v i l l e a r e  l abe l e d " A EAI I  for Ap p l i e d E c o n om i c A s soc i a t e s , t h e  
con s u l t i n g f i rm t h a t  e s t i mated  t h e  e q u a t i on s . £/ 

The s u b s e c to r s  whos e for e c a s t i n g  m e t hod s are  l i s t e d  as " s i mp l e l l are t h o s e  for 
wh i c h e co n ome tr i c re s u l t s were u n s a t i s f a c tory . I n  t h e s e  s i mp l e  for e c a s t s , 
e l e c t r i c i ty u s e  i s  a s s umed  to form a t  t h e  s ame r a t e  a s  prod u c t i on , b u t  i s  
mod i f i e d by an  a s s umed  t r e n d  i n  e l e c tr i c i ty u s e  p e r  u n i t  of p rod u c t i on .  T h e r e  
i s  s ub s ta n t i a l  a g r e e me n t  i n  e conome t r i c mod e l s  a n d  o t h e r  i nf l u e n c e s , e n e r gy 
u s e  w i l l  g row w i th p rod u c t i on . 

There  i s  m u c h  l e s s  a g r e e me n t  about  t h e  d e g r e e  of i n f l u e n c e p r i c e  c h a n g e s w i l l  
h a v e  on  e n e rgy u s e . To r e f l e c t  t h i s u n c e r ta i n ty ,  a s s umed  c h a n g e s  i n  u s e  p e r  
u n i t  of p rod u c t i on we re v ar i ed a c r o s s for e c a s t c a s e s . E l e c tr i c i ty u s e  p e r  
u n i t  of p rod u c t i on wa s a s s ume d con s tan t i n  t h e  h i g h c a s e  for s u b s e c to r s  t h a t  
were  for e c a s t  u s i ng t h e  s i mp l e me t hod . I n  t h e  me d i um-h i g h c a s e , t h e  e l e c tr i c 
i n te n s i ty wa s a s s umed  to d e c r e a s e  by 0 . 5  p e r c e n t  p e r  year ; i n  t h e  med i u m- l ow 
c a s e , by 1 . 5 p e r c e n t  p e r  ye a r ; a n d  i n  t h e  l ow c a s e  by 2 . 0 pe r c e n t  p e r  year . 
T h e  med i um c a s e  a s s um e s  a 1 . 0 p e r c e n t  p e r  year  r e d u c t i on i n  e l e c t r i c i ty u s e  
p e r  u n i t  o f  ou t pu t . Th e s e  a s s umpt i on s  a r e  s i m i l ar t o  t h e  range  o f  e conome tr i c  
r e s u l t s  wh i c h were  more a c c e p ta b l e  t h eore t i c a l l y  a n d  b e h av i or a l l y .  

2 /  App l i ed Econom i c A s soc i at e s , I nc . ,  Update and  Re-e s t i ma t i on of t h e  
Nor thwe s t  E n e rgy Po l i c y P roj e c t  E n e rgy Dema n d  For e c a s t i ng Mod e l ,  r e po r t  to 
Bon ne v i l l e Power Adm i n i s tr a t i on ,  D e c ember  1 98 1 . 
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S I C  COD E 

MANU FACTU R I NG 
20 
22 
23  
24  

25  
26  

27 
28  

29  
30 
32 

33 

34 
35 
36 
37 
38 
39 
XX 

MI N I NG 

242 1 
2436  
24XX 

2 6 1 1 
2 6 2 1 
262 1 
2 6 3 1  
2 6XX 

2 8 1 2  
2 8 1 2  

2 8 1 9  
2 8 1 9  

2 8XX 

3 2 9 1  

32XX 

3334  
3 3 1 3 
3 3 3 9  
33XX 

Tab l e  G-4-2 

I ndust r i a l  Forecast i ng Methods 
by I ndustry Type 

1 98 1  SHARE  O F  FORECASTI NG MOD E L  
I NDUSTRY TYPE MFG E L ECTRI CI TY ME THOD V E RS I O N  

( % )  

Food & K i n d r e d  Prod u c t s  
Te x t i l e s 
Appar e l  
Lumber  & Wood Prod u c t s  

Sawmi l l s  & P l an n i n g M i l l s  ( 2 . 8%)  
Softwood Ve n e e r  & P l ywood ( 1 . 5% )  
Rema i n d e r  o f  S I C  2 4  ( 2 . 5% )  

F u r n i t u r e  
P u l p & P a p e r  

P u 1 P M i l l s ( 1 . 6%) 
Non-OS I P a p e r  M i l l s  ( 1 2 . 1 % ) 
O S I  P a p e r  M i l l s  - Port  Town s e n d  ( 0 . 2% )  
P a p e r bo a r d  M i l l s  ( 4 . 4%)  
Rema i n d e r  of S IC  2 6  ( 2 . 7% )  

P r i n t i n g & P u b l i s h i n g 
Chem i c a l s 

Non-OS I C h l or i n e & A l aka l i e s ( 1 . 9% )  
OSI  C h l or i n e  & A l k a l i e s  -

Georg i a  P ac i f i c ,  P e n n wa l t ( 1 . 1 % )  
Non-OS  I E l eme n t a l  P h o s p horou s ( 5 . 6% )  
OS I E l e me n ta l  P ho s p horou s -

DOE R i c h l an d  ( Fe d e r a l  Age n cy ) , 
P ac i f i c  Carb i d e ( 0 . 8% )  

Rema i n d e r  of S I C  2 8  ( 2 . 2 ) 
P e t ro l e u m  R e f i n i n g 
R u b b e r  & P l a s t i c s  
S ton e , C l ay ,  G l a s s , & Con c re te 

O S I  A b ra s i ve Prod u c t s  -
Car bor u n d um ( 0 . 3% )  

Rema i n d e r  of S I C  32  ( 0 . 9%)  
P r i mary M e ta l s 

OS I A l um i n um  ( 43 . 2% )  
O S I  E l  e c trome ta 1 1  u r g i  c a  1 ( 1 . 3% )  
OS I Nonf e r rou s N EC - Oreme t ( 0 . 1 % ) 
Rema i n d e r  of S I C  3 3  ( 4 . 4%)  

Fabr i ca t e d  Me ta l s 
Mac h i n e ry E x c e p t E l e c t r i c a l  
E l e c tr i c a l  M a c h i n e ry 
Tra n s por t a t i on E q u i pme n t  
Profe s s i on a l  I n s tr u me n t s  
M i s c e l l aneou s Man ufac t u r i n g  
Re s i d u a l  C a t e gor i e s 
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4 . 1 
. 1  
. 1  

6 . 8  

. 1  
2 1 . 0  

. 5  
1 1 . 0 

1 . 4 
. 5  

1 . 2 

49 . 0  

. 8  

. 8  

. 4  
1 . 9 

. 4  

. 1  

. 4  

S i mp l e  
E conome t r i c 
S i mp l e 

Key I n d u s try 
Key I n d u s t ry 
S i mp l e  
S i mp l e 

Key I n d u s t ry 
Key I nd u s try 
A s s ump t i on 
Key I n d u s t ry 
S i mp l e 
E conome t r i c 

Key I n d u s try 

A s s ump t i on 
Key I n d u s t ry 

As s ump t i on 
Econome tr i c  
S i mp l e  
Econome t r i c 

A s s u mp t i on 
Econome tr i c  

A s s u mp t i on 
A s s um p t i on 
A s s um p t i on 
E c onome tr i c  
S i mp l e  
S i mp l e  
E c onome tr i c  
S i mp l e  
S i mp l e 
S i mp l e  
S i mp l e  

n / a  Grows w i t h  
Emp l oyme n t  

A EA 

OOOE 

OOOE 

A EA 

OOOE 

OOEO 

OOOE 







H-1 a 

Background on F i sh ,  W i l d l i fe ,  and 
Vegetat i on I mpacts Due to Hyd ro Operat i ons 





Background on F i sh ,  W i l d l i fe ,  and Vegetat i on 
I mpacts Due to Hydro Operat i ons  

Res i dent F i sh .  Re s i de n t  f i s h  are  fre s hwa t e r  f i s h  t h a t  l i v e  a n d  m i g ra t e  
w i th i n  t h e  s treams  a n d  l ake s of the  Co l umb i a R i v e r  Ba s i n ,  b u t  do not  t r av e l to 
t h e  o c e a n  a s  do a n a d romo u s  f i s h .  T hey  h av e  b e come p a r t i c u l ar l y  i mpor t a n t  to 
a r e a s  w h e r e  a n ad romo u s  f i s h  r u n s  have  b e e n  b l ocked  by n a t u r a l  or manmade  
o b s tru c t i on s . Re s i de n t  f i s h  con t i n u e  to be  a pop u l ar compon e n t  of r e c re a t i on  
a s soc i a t e d  w i th  many of the  s torage re s e rvo i r s  i n  the  Col umb i a R i v e r  B a s i n .  

P roduct i on i n  Reservo i rs .  D rawdown of r e s e r v o i r s  for powe r p rod u c t i on , 
i r r i ga t i on , or  f l ood con t r o l  c a n  affe c t  game f i s h  popu l a t i on s  by a l t e r i n g t h e  
p hy s i c a l  a n d  b i o l og i c a l  c h a ra c t e r i s t i c w i t h i n  t h e  re s e r voi r .  Lowe r e d  
e l e v a t i on s  r e d u c e  the  p rod u c t i v e s h a l l ow a r e a s  n e a r  t h e  s ho re l i n e .  T h i s  c a n  
re s u l t i n  r e d u c e d  h ab i t a t  ( pa r t i c u l ar l y  s p awn i n g h ab i t a t ) for bot h  game f i s h  
a n d  t h e i r  food organ i sm s . I n c re a s e d  r e s e r v o i r f l u c t u a t i on s  c a n  c h a n g e  wat e r  
t e mp e r a t u r e s  or  e x po s e  n e s t s , k i l l i n g t h e  e g g s . Tab l e H - l a - l  con t a i n s 
i n forma t i on on  c r i t i ca l  mon t h s  for s pawn i n g of re s i d e n t  game f i s h . 

Tab l e  H-1 a-1 

C r i t i ca l  Months for Reservo i r  Game F i s h Spawn i ng 

Re s e rvo i r 
H u n gry G r a n d  

S�e c i e s  Hor s e  L i b b �  Cou l ee Dwor s h ak 

Kokan e e  N /A Se p t . - Nov . Se p t . - Nov . S e p t . - Nov . 
C u t t h roat  May-J u l y  May-J u l y  N /A May- J u l y  
Ra i n bow Tro u t  A p r i l ,  May Ap r i l ,  May A p r i l ,  May A p r i l ,  May 
Do l l y  Var d e n  A u g . -Oc t .  A u g . -Oc t . N / A  Aug . -Oc t . 
Wa l l eye  N /A N /A A p r i l ,  May N / A  
Sma l l mo u t h  Ba s s  N /A N /A A p r i l -J u l y  J u n e -J u l y  
Mou n ta i n  W h i t e f i s h  Nov . -J a n . Nov . -J a n  Nov . -J an . Nov . -J a n . 

T h e  p r i mary F e d e ra l r e s e rvo i r s  of con c e r n  a r e  H u n gry Hor s e  a n d  L i b by 
re s e rvo i r s  l oc a t e d  i n  nor t hwe s te r n  Mon ta n a , G r a n d  Cou l e e o n  the  Co l umb i a  R i v e r  
i n  c e n tra l Wa s h i n g ton , a n d  Dwo r s hak  Re s e rvo i r  on  t h e  C l e arwater  R i v e r  i n  
I d aho . Common g ame f i s h  s pe c i e s  i n  H u n g ry Hor s e  i n c l u d e  we s t s l op e  c u t t h roat  
trou t , Do l l y Vard e n , a nd  mou n ta i n  wh i t e f i s h . We s t s l o p e  c u t t h roat b e i n g the  
p r i mary s pe c i e s s ou g h t  by a n g l e s . We s t s l ope  c u t t h roat  g e n e r a l l y  s pawn f rom 
May t h ro u g h  J u l y  a n d  a c h i e v e  mo s t  of t he i r  g rowt h  d u r i n g t h e  Sep tembe r t h ro u g h  
Nov ember  p e r i od . Common g a m e  f i s h  s pe c i e s  i n  L i b by Re s e rvo i r i n c l u d e  we s te r n  
c u t th roat trou t ,  r a i n bow t rou t , Do l l y  Vard e n , a n d  koka n e e  s a l mon . G r a n d  
Cou l ee s ! p po r t s  a n  e conom i c a l l y  v a l ua b l e r e c re a t i on a l  f i s h e ry for wa l l eye  a n d  
r a i n bo' t rou t . T h e  mos t  popu l ar s po r t  f i s h  c a u g h t  i n  Dwor s h ak i s  t h e  kokan e e  
s a l mon  o l l owe d b y  r a i n bow trout  a n d  s ma l l mo u t h  b a s s . 

H - l a - l  



I nforma t i on r e ma i n s  l i m i t e d  o n  t h e  e x te n t  of b i o l og i c a l  i mp a c t s  to r e s i d e n t  
f i s h  a s soc i ated  w i th  c h a n g e s i n  s e a s o n a l  d raft o f  t h e  r e s e r v o i r s . Ba s e d  o n  
p a s t  con s u l t at i on s  w i th  t h e  U . S .  Army Cor p s  o f  E n g i n e e r s  ( Co r p s )  a n d  t h e  
Mon ta n a  D e p a r tme n t  o f  F i s h , W i l d l i fe ,  a n d  P a r k s  ( MD F WP ) , d e c r e a s ed r e s e r vo i r 
e l e v a t i on s  are  con s i d e r e d  to h a v e  t h e  pote n t i a l  for ad v e r s e  f i s h e ry i mp a c t  i f  
t h ey oc c u r  d u r i n g  t h e  Ap r i l t h ro u g h  Novemb e r  p e r i od of b i o l og i c a l  ac t i v i ty ,  
S e p tember  t h rough  Novemb e r  be i n g mos t  i mpor t a n t  for f i s h  growth . L i k e w i s e , 
i n c re a s e s  i n  r e s e rv o i r e l e v a t i on s  are  con s i d e r e d  to h a v e  t h e  pote n t i a l  for 
f i s h e ry b e n e f i t s  w h e n  o c c u r r i n g  i n  the s ame t i me p e r i od . 

T h e  c h a n g e s i n  r e s e r vo i r e l e v a t i on s a s soc i a t e d  w i th  t h e  v ar i ou s  a l ter n at i v e s  
u n d e r  s t udy , a s  s i mu l ated  by t h e  S y s t e m s  An a l y s i s Mod e l ( SAM ) , were  a n a l yzed  
for H u n g ry Hor s e , L i b by , G r a n d  Cou l e e ,  a n d  Dwor s h ak . T h e  fol l ow i n g  r e s e r vo i r 
s ta t i s t i c s  we re  e v a l u a te d : 

a .  T h e  a v e r age  e nd -of- p e r i od e l e v at i on s  ( 1 4  pe r i od s , 2 0  con trac t 
y e a r s ) .  An a l y s e s  we re  broke n down i n to t h r e e  g rou p s  by r u noff 
cond i t i on :  ( 1 )  t h e  l owe s t  1 0  p e r c e n t  of the r u noff y e ar s ; ( 2 )  t h e  
m i dd l e  80  p e r c e n t  o f  t h e  r u noff y e ar s ; a n d  ( 3 ) t h e  h i g h e s t  1 0  p e r c e n t  
o f  t h e  r u n off year s ( Ap p e n d i x  H- l j ) . 

b .  F r e q u e n cy of e n d-of-p e r i od e l e v a t i on c h a n ge s from t h e  No Ac t i on c a s e  
g r e a t e r  t h a n  5 f e e t  for t h e  y e a r s  1 9 9 1 , 1 9 9 3 , 1 99 5 , 1 9 9 7 , 200 1 , a n d  
2005  ( Ap p e n d i x  H - l k ) . 

Product i on i n  St reams . T h e  Koo t e n a i  R i v e r  b e l ow L i bby Dam a n d  t h e  F l a t h e ad 
R i v e r  Be l ow H u n g ry Hor s e  Dam s u pport  i mpor t a n t  popu l at i on s  of re s i d e n t  game 
f i s h , s p e c i f i c a l l y ,  koka n e e  i n  t h e  F l a t h e a d  r i v e r  s y s t e m  a n d  we s t s l op e  
c u t t h roa t , r a i n bow trou t ,  a n d  Do l l y  V a r d e n  i n  t h e  Koot e n a i  R i v e r . Re d u c e d  
f l ow s  be l ow t h e  dams  c a n  i n te rfe re w i t h  s pawn i n g ,  i n c u ba t i on , emerge n c e , 
r e a r i n g ,  a n d  m i g r at i on of r e s i d e n t  f i s h  a n d  c a n  l owe r t h e  prod u c t i on of 
aq u at i c f i s h  food organ i s ms . I n  ad d i t i on ,  l ac k  of h i g h s p r i n g  f l u s h i n g  f l ows  
can  c r e a t e  s e d i me n t  prob l e m s . To prot e c t  f i s h  popu l at i on s  i n  t h e  Koote n a i  
R i v e r  t h e  Cou n c i l  h a s  re comme n d e d  t h a t  L i bby Dam be  ope r a t e d  t o  p rov i d e a 
m i n i mum f l ow of 4 t hou s a n d  c u b i c f e e t  p e r  s e co n d  ( kc f s ) e x c e p t  i n  y e a r s  of 
e x treme l y  l ow r u noff , wh e n  no l e s s  t h a n  3 k c f s  s hou l d  be p r ov i d e d . 

To a i d  r e p rod u c t i on of kok a n e e  i n  t h e  F l a t h e ad R i v e r , t h e  Cou n c i l h a s  
re comme n d e d  H u n gry Hor s e  D a m  be  ope r a t e d  t o  prov i d e s pe c i f i e d f l ows a t  
Co l umb i a F a l l s  on t h e  ma i n s te m  F l a t h e a d  R i v e r . For s pawn i n g ( Oc tober  1 5  
t h rough  D e c e mb e r  1 5 ) ,  f l ow s s ho u l d  be  b e t we e n  3 . 5  a n d  4 . 5  k c f s . An 
i n s ta n taneou s m i n i mu m  f l ow of a t  l e a s t  3 . 5  k c f s  i s  re comme n d e d  at  Co l umb i a  
F a l l s  t h ro u g h o u t  i n c u ba t i on ( J u l y  1 t h ro u g h  Oc tobe r  1 5 ) .  

T h e  kok a n e e  t h a t  s pawn i n  t h e  F l a t h e a d  R i v e r  s y s tem  be l ow H u n g ry Hor s e  m i g r a t e  
u p s tream  f rom F l a t h e ad Lake . C u r r e n t l y ,  t h i s popu l a t i on o f  kok a n e e  i s  
s e v e r e l y  d e p r e s s e d . Mon t a n a  D e p a r tme n t  of F i s h , W i l d l i fe ,  a n d  P a r k s  i s  i n  t h e  
p roce s s  of d e v e l op i n g a m i t i g a t i on p l a n for t h e  F l a t h e ad s y s tem . I t  i s  
u n c e r ta i n a t  t h i s  t i me wh e th e r  m i t i ga t i on w i l l  i n c l u d e  r e bu i l d i n g t h e  kok a n e e  
popu l at i on . 
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T h e  c h ange s i n  f l ow s  i n  t h e  Koo t e n a i  R i v e r  be l ow L i bby Dam a n d  i n  t h e  F l a t h e ad 
R i v e r  at Co l umb i a F a l l s  be l ow H u n g ry Hor s e  Dam w e r e  a n a l y z e d  for a l l mon t h s  of 
t h e  ye a r s  1 99 1 , 1 99 3 , 1 9 9 5 , 1 9 9 7 , 200 1 , 200 5 . T h e  fo l l ow i n g  f l ow c h a n g e s we r e  
e v a l uated : 

a .  T h e  av e r age  c h a n g e  i n  f l ow for e a c h  p e r i od ( Ap pe n d i x H - l i ) .  

b .  The  fr e q u e n cy of mon t h l y  a v e r ag e  f l ow s  a t  Co l u mb i a  F a l l s  t h at a r e : 
( 1 ) l e s s  t h a n  3 . 5  k c f s ( a l l p e r i od s ) ; ( 2 )  g r e a t e r  t h an 4 . 5  k c f s  
Oc tobe r  t h rough  De c e m b e r  ( koka n e e  s pawn i n g p e r i od ) ; a n d  ( 3 )  l e s s  t h a n  
4 . 5  k c f s  J a n uary t h ro u g h  S e p t e m b e r  ( koka n e e  i n c u ba t i on ,  e m e r ge n c e , 
a n d  m i g r a t i on )  ( Ap p e n d i x  H- l i ) .  

c .  T h e  fre q u e n cy of o c c u r r e n ce of f l ow s  a t  L i bby Dam t h a t  are  l e s s  t h a n  
4 . 0  k c f s  ( A p p e n d i x  H - l i ) .  

Anad romous F i sh 

T h e  Co l u mb i a R i v e r  B a s i n  s u p por t s  a l ar g e  n um b e r  of a n ad romou s f i s h  ( s p e c i e s 
wh i c h m i g r a t e  down r i v e r  to t h e  o c e a n  to mat u re , t h e n  r e t u r n  u p s t r e am to 
s pawn ) . T h e  pr i n c i pa l  a n a d romo u s  f i s h  r u n s  i n  t h e  Co l umb i a  B a s i n  a r e  
s te e l head  t rou t , a n d  t h r e e  s p e c i e s  o f  s a l mon  ( c h i nook , coho , a n d  soc keye ) .  
T h e s e  f i s h  r e ma i n a n  i mpor t a n t  r e s ou r c e  to t h e  P a c i f i c Nor t h we s t  bot h  for 
t h e i r  s u b s ta n t i a l e conom i c v a l u e  to t h e  s po r t  a n d  comme r c i a l  f i s he r i e s , a n d  
for t he i r  h i g h c u l t u r a l  a n d  r e l i g i ou s  v a l u e  t o  Co l umb i a  R i v e r  B a s i n  Tr i be s  a n d  
o t h e r s . 

T h e  d e v e l opme n t  of hydroe l e c t r i c p roj e c t s  on  t h e  Co l umb i a  a n d  Sn ake R i v e r s  h a s  
r e s h a p e d  t h e  n a t u r a l  f l ows  o f  t h e  r i v e r s . R u noff d u r i n g  t h e  s p r i ng  i s  
r e t a i n e d  i n  s torage  re s e rvo i r s  for u s e  d u r i n g p e r i od s  w h e n  f l ow s  are  n a t u r a l l y  
l ow .  Hyd roe l e c t r i c dams  h a v e  t r a n s formed t h e  r i v e r s  i n to a s e r i e s  of 
s l ow-mov i n g l ake s .  Reg u l at i n g r i v e r  f l ow s  i n  t h i s ma n n e r  i n c r e as e s  t h e  
c a p ab i l i ty t o  prod u c e  f i rm e n e rgy and  p rov i d e f l ood con t ro l , i r r i ga t i on a n d  
r e c re a t i on b e n e f i t s . B u t  i t  r e d u c e s  r i v e r  f l ow s  d u r i n g  t h e  s p r i n g  a n d  e ar l y  
s umme r w h e n  j u v e n i l e  s a l mo n  a n d  s t e e l h e ad a r e  m i grat i n g down s t r e am to t h e  
o c e a n . P ro l o n g e d  d e l ay s  e x p o s e  j u v e n i l e s t o  p r e d a t i on a n d  d i s e a s e  a n d  c a n  
cau s e  t h e m  t o  l os e  t h e i r  a b i l i ty t o  adapt  t o  s a l twa t e r  wh e n  t h ey r e a c h  t h e  
o c e a n . Ad d i t i on mor ta l i ty oc c u r s  a s  f i s h  a t te m p t  t o  p a s s  e a c h  d am . F i s h  not  
g u i d e d  t h ro u g h  powe r hou s e  bypa s s  s y s t e m s  or  ov e r  s p i l l ways  can  s u s t a i n 5 to 
30  p e r c e n t  mor ta l i ty pa s s i n g t h rough  g e n e r a tor t u r b i n e s .  

Water  Budget and F l ow .  I n  1 9 82 , t h e  Cou n c i l  e s t a b l i s h e d  a W a t e r  B u d g e t  to 
i n c r e a s e  r i v e r  f l ow s  d u r i n g t h e  A p r i l 1 5  t h ro u g h  J u n e  1 5  p e r i od . Th i s  
c o i n c i de s  w i t h  t h e  p e ak o u t -m i g r a t i on of s p r i n g f i s h , p r e domi n a t e l y  yea r l i n g 
c h i n ook , s te e l h e ad , a n d  soc keye  wh i c h d e p e n d  on  a d e q u a t e  r i v e r  f l ow for a 
s u c c e s sfu l m i g r a t i on . T h e  W a t e r  B u d ge t i s  a s p e c i f i e d v o l ume of wa t e r  
tot a l i ng 4 . 64 m i l l i on a c r e  fe e t  ( ma f ) . F i s h  P a s s ag e  M a n a g e r s  a r e  r e s pon s i b l e  
to c a l l u po n  t h i s  v o l ume to e n h a n c e  f l ows  wh e n  i t  w i l l  p r ov i d e t h e  g r e a t e s t  
b e n ef i t to m i g r a t i n g f i s h . S e pa r a t e  W a t e r  B u d g e t s  w e r e  e s t ab l i s h e d  for t h e  
m i d-Co l u mb i a  a n d  S n ake  R i v e r s . P r i e s t  Ra p i d s a n d  Lowe r Gran i te dams  a r e  t h e  
r e s p e c t i v e po i n t s  o f  Wat e r  B u d g e t  me a s u reme n t . 
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F l ow data , a s  s i mu l a t e d  f rom SAM wa s a n a l y z e d  for T h e  D a l l e s ,  P r i e s t  Ra p i d s 
a n d  Lowe r Gran i te dams  for e a c h  p e r i od of t h e  2 0  con tra c t  ye ar s . A n  a v e r a ge  
d e c r e a s e  i n  f l ow of g r e a t e r  than  5 kcfs  a t  Lowe r Gran i te a n d  1 0  kcfs  at  P r i e s t  
Ra p i d s , A pr i l t h ro u g h  J u n e  was u s e d  to i n d i c a t e  t h e  pote n t i a l  for d e l aye d 
t r a v e l  t i me ( Ka r r  1 98 2 ) . De c r e a s e s  of th i s  mag n i t u d e  wou l d  i n c r e a s e  t r a v e l 
t i me by appro x i ma te l y  1 day for f i s h  e n te r i n g t h e  Lowe r S n ake  o r  M i d -Co l u mb i a  
p roj e c t s . 

Ana l ys i s  was brok e n  o u t  to s hows effe c t s of e a c h  a l te r n a t i v e on f l ow d u r i n g 
t h e  l owe s t  1 0  p e r c e n t  of t h e  w a t e r  cond i t i on s  ( t ho s e  i n  w h i c h t h e  J an u ary  
t h rough  J u l y  r u noff a t  T h e  Da l l e s was  l e s s  t h a �  70 MA F ) , t h e  m i d d l e 80 p e r c e n t  
o f  t h e  wa t e r  con d i t i on s , a n d  t h e  h i g h e s t  1 0  p e r c e n t  o f  t h e  r u noff con d i t i on s  
( Th e  Da l l e s J a n ua ry t h ro u g h  J u l y  r u noff g r e a t e r  t h an 1 2 5 MA F ) . T h e  fo l l ow i n g  
f l ow s ta t i s t i c s  we r e  ana l yz e d : 

a .  Th e me a n  c h a n ge to mon th l y  a v e rage  f l ow a t  T h e  Da l l e s ,  P r i e s t  Rap i d s , 
and  Lowe r Gran i te ( Ap p e n d i x  H- l f ) . 

b .  The  f r e q u e n cy of W a t e r  B u d ge t f l ows  l e s s  t h a n  1 1 5  k c f s  a t  P r i e s t  
Rap i d s d u r i n g  t h e  s e co n d  h a l f of A p r i l a n d  May ( A p p e n d i x  H - l h ) . 

Hanford Reach F l ow Regu l at i on 

I n  1 988  BPA a n d  t h e  m i d-Co l u mb i a  o p e r a to r s  s i g n e d  a l on g- t e rm V e r n i ta B a r  
Ag r e eme n t  wh i c h s pe c i f i e s p rote c t i on r e q u i r e me n t s  for fa l l c h i nook s pawn i n g ,  
i n c u ba t i on a n d  eme r g e n c e  on  V e r n i ta Bar ( l o c a t e d  down s t re am of P r i e s t  Ra p i d s  
Dam) . M i d-Co l umb i a  operato r s  a r e  r e q u i r e d  to r e v e r s e  l oad fac tor ( ma i n ta i n 
l ow d ayt i me s  f l ows wh i c h mov e s  g e n e ra t i on to t h e  n i g h t t i me )  d u r i n g  t h e  
s pawn i n g s e a so n , a p p rox i ma t e l y  Oc tob e r  1 5  t h ro u g h  Nov emb e r . T h i s  a ttemp t s  to 
p romote  l owe r s pawn i n g e l e v a t i on s  on  t h e  b a r  as s p awn i n g oc c u r s  pr i ma r i l y  
d u r i n g day l i g h t  hou r s . F l ows  r e q u i r e d  for i n c u b a t i on a n d  emerge n c e  are  
d e t e rm i n e d  by the  s p awn i n g e l e v a t i on s  wh i c h oc c u r r e d  the  p r e c e d i n g fa l l ,  b u t  
a r e  not r e q u i re d  to e x c e e d  7 0  k c f s . 

S i mu l a t e d  mon t h l y  a v e r ag e  f l ows f rom SAM we r e  e v a l u a te d  a t  P r i e s t  Rap i d s . 
Ana l ys e s  were  b roke n out  to s hows e ff e c t s  i n  d i ffe r e n t  wa te r cond i t i on s ; l ow ,  
med i um ,  a n d  h i g h .  T h e  fo l l ow i n g  f l ow s ta t i s t i c s  we r e  a n a l yze d : 

a .  T h e  f r e q u e n cy of f l ows  g r e a te r t h a n  1 2 5 k c f s  i n  Oc tob e r  a n d  Nov e m b e r  
at  P r i e s t  Rap i d s ( Ap p e n d i x  H - l g ) , 

b .  T h e  f r e q u e n cy of f l ows l e s s  t h a n  7 0  k c f s  D e c e m b e r  t h ro u g h  A pr i l a t  
P r i e s t  Rap i d s ( Ap p e n d i x  H - l g ) . 

� .  A n ad romo u s  f i s h  mu s t  pa s s  a s e r i e s  of dams  on  t h e i r way down s t r e a m  
t o  t h e  o c e an . F i s h  mu s t  e i t h e r  p a s s t h r o u g h  t h e  dams  by way of t h e  t u r b i n e s  
or me c h an i ca l  bypa s s  s y s t e m s  ( o r  b e  c o l l e c t e d  for t r a n s por t by t r u ck or  
barg e ) , or p a s s  over  t h e  s p i l l way when  wa te r i s  b e i n g s p i l l e d , U n t i l a d e q u a t e  
bypa s s  sys tems  a r e  i n s ta l l e d a t  t h e  d ams , s p i l l  r e ma i n s a n e c e s s ary me a n s  of 
mov i n g j u v e n i l e s down s tr e am . 
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To do t h i s  they  mu s t  e i t h e r  p a s s t h rou g h  t h e  t u r b i n e s , f i n d  t h e i r  way t h ro u g h  
m e c h a n i c a l  byp as s  s y s tems  a n d  con t i n u e  t he i r  j o u r n ey i n r i v e r  ( or b e  co l l e c te d  
for t r a n s por t v i a  t r u c k  o r  b a r g e ) ,  o r  p a s s  ov e r  t h e  s p i l l way wh e n  water  i s  
b e i ng  s p i l l e d .  U n t i l a d e q u at e  bypa s s  sys tems a r e  i n s ta l l e d a t  t h e  d ams , s p i l l  
r e ma i n s  a n e c e s s ary me a n s  of mov i n g j u v e n i l e s down s t r e am . 

S p i l l  i s  of t h r e e  type s : p l a n n e d  f i s h  s p i l l ; for c e d  s p i l l ;  a n d  o v e r g e n e r a t i on 
s p i l l . P l a n n e d  f i s h  s p i l l  i s  i ' ,lp l eme n t e d  by t h e  Cor p s  an n u a l l y  i n  conj u n c t i on 
w i th  t h e  " J u v e n i l e  F i s h  P a s s :. g e  P l an ; "  i t  a l s o  i n c l u d e s  s p i l l  l e v e l s s pe c i f i e d 
by F E RC for non- F e d e r a l  proj e c t s . For c e d  s p i l l  oc c u r s  wh e n  f l ows  e x c e e d  t h e  
h y d r au l i c  capac i ty of t h e  powe rhou s e  at  a p a r t i c u l ar p roj e c t . O v e r ge n e ra t i on 
s p i l l  i s  water  t h a t  i s  s p i l l e d w h e n  e n e r gy marke t s  are  not s u f f i c i e n t  to 
r e q u i re fu l l  powe rhou s e  g e n e ra t i on .  A l l t h r e e  typ e s  of s p i l l  a r e  u s e fu l  i n  
mov i n g f i s h  down s tr e am .  C h a n g e s i n  r i v e r  o p e r a t i on s  h av e  t h e  g r e a te s t  effe c t  
o n  o v e r g e n e ra t i on s p i  1 1 .  

T h e  c h a n g e  i n  me a n  mon th l y  hydro  s y s tem ove r g e n e ra t i on s p i l l  was  a n a l yz e d  
b a s e d  o n  SAM d a ta o f  2 0 0  s i mu l a t i on for e a c h  p e r i od a n d  for e a c h  ye a r  o f  t h e  
a n a l y s i s ( Ap p e n d i x  H - l d ) . 

Surv i va l . Th e a n a l y s i s  of down s t r e am anad romou s f i s h  p a s s ag e  s u r v i v a l , a s  
i t  may be  affe c te d  b y  c h a n g e s i n  s p i l l  a n d  f l ow s , was  p e r formed u s i n g a 
mod i f i e d v e r s i on of t h e  Cor p s  of E n g i ne e r s ' F I S H PASS mod e l .  ( A  d e ta i l ed 
d e s c r i p t i on of t h e  F I S H PASS  mod e l  i s  g i v e n  i n  t h e  Cor p s ' mod e l docume n t a t i on 
t i t l e d  " F I S H PASS Mod e l Con c e p t  a n d  A p p l i ca t i on , "  Mar c h  1 98 6 . )  BPA ' s v e r s i on 
of F I S H PASS h a s  b e e n  r e v i s e d  to i n c l u d e  t h e  M i d -Co l umb i a P u b l i c  U t i l i ty 
D i s t r i c t  dams , a n d  to a c c e p t  t h e  s p i l l  a n d  f l ow d a ta f rom t h e  SAM mod e l .  

BPA ' s  F I S H PASS mod e l s i mu l a t e s  dow n s tream f i s h  p a s s ag e  s u rv i v a l  for anad romo u s 
f i s h  p a s s i n g t h e  Lower  S n ake , M i d-Co l umb i a ,  a n d  Lower  Co l umb i a  hydroproj e c t s  
d u r i ng  t h e  Ap r i l t h rough  Au g u s t  pe r i od o f  down s t r e am m i g ra t i on . J u v e n i l e  f i s h  
s u rv i v a l  i s  c a l c u l a t e d  from t h e  po i n t of e n try i n to t h e  h y d rosys tem  to b e l ow 
Bon n e v i l l e  Dam . S u r v i va l  p roj e c t i on s  a r e  d e v e l o p e d  for s pe c i e s e n te r i ng a t  
s pe c i f i c  p roj e c t s : for e x amp l e ,  sys tem s u rv i va l  t o  b e l ow Bon n e v i l l e Dam i s  
c a l c u l a t e d  for y e ar l i n g c h i nook s a l mon e n te r i ng  t h e  r i v e r  s y s t e m  a t  Lowe r 
Mon ume n ta l  poo l ) .  

F I S H PASS  s i mu l a t e s  p roj e c t- s p e c i f i c  sys tem  s u rv i v a l  for y e a r l i ng s  ( s p r i ng  
c h i nook a n d  S n ak e  R i v e r  s umme r c h i nook s a l mon ) , s u byear l i n g s  ( fa l l c h i nook a n d  
M i d-Co l umb i a s umme r c h i nook s a l mon ) , s te e l h e a d  t rou t ,  a n d  s ockeye  s a l mon . 
Y e ar l i n g ,  s te e l h e ad , a n d  soc keye  t e n d  to m i g r a te i n  t h e  s p r i ng ,  Ap r i l t h ro u g h  
J u n e , a n d  s u byear l i ng i n  t h e  s umme r , J u n e  t h ro u g h  Augu s t .  

A n a l yt i c a l  Me thod s . G i v e n  t h e  t i me ,  l oc at i on , a n d  n umbe r of h a t c h e ry a n d  
n a t u r a l  s tocks  o f  f i s h  e n te r i n g  e a c h  poo l , a n d  t h e  p roj e c t / s pe c i e s s pe c i f i c 
c h a r a c te r i s t i c s  for dam  pa s s ag e  s u rv i va l , poo l s u rv i v a l , a n d  t r a v e l t i me ;  
F I S H PASS  u s e s  t h e  f l ow a n d  s p i l l  i nforma t i on from SAM to comp u t e  t h e  sys t e m  
s u rv i v a l  ( from p o i n t  of or i g i n )  a n d  t h e  overa l l sys tem  s u r v i v a l  f o r  e a c h  
s p e c i e s . I np u t s  a n d  a s s ump t i on s  for t h e  F I S H PASS mod e l c a n  b e  fou n d  i n  
A p p e n d i x  G-2 . A mor e  d e t a i l e d d e s c r i p t i on of t h e  F I S H PASS mod e l  c a n  be  fou n d  
i n  A p p e n d i x  E-3 o f  t h e  F i n a l  I n t e r t i e De v e l opme n t  a n d  U s e  E I S . 
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F I S H PASS u s e s  40 r a t h e r  t h a n  200 r a n dom s i mu l a t i on s  from SAM to d e te rm i n e  
a v e rage  s u rv i v a l  for a g i v e n  y e a r . A n a l y s i s  i s  t h e n p e rforme d on  6 y e a r s  o f  
t h e  20-year  s e q u e n c e . I n  t h i s  c a s e , t h e  y e a r s  of s t udy  are  1 9 9 1 , 1 9 9 3 , 1 9 9 5 , 
1 9 97 , 200 1 , a n d  2 00 3 . The  s u rv i v a l  s ta t i s t i c s  e v a l u a t e d  i n c l u d e : 

a .  T h e  r e l a t i v e c ha n g e  i n  m e a n  s u rv i v a l . ( T h i s i s  d e t e rm i n e d  by tak i n g  
t h e  d i ffe r e n c e  i n  s u rv i v a l  b e twe e n  e a c h  a l t e r n a t i ve a n d  t h e  N o  A c t i on 
Ba s e  Ca s e  a n d  d i v i d i n g t h e  d i ffe r e n c e  by t h e  Ba s e  Ca s e  s u rv i v a l . )  
( Ap p e n d i x  H - l e . )  

b .  T h e  f r e q u e n cy of c ha n g e  i n  r e l at i v e s u rv i v a l  b e i ng g r e ate r t h a n  a n d  
l e s s  t h a n  1 a n d  5 p e r c e n t  ( s e e  fo l l ow i n g  p a ragrap h ) . ( Ap p e n d i x  H - l e . )  

A po t e n t i a l  for i mp a c t  i s  con s i d e r e d  to o c c u r  i f :  

• t h e  c h a n g e  i n  r e l a t i ve s u r v i v a l  e x c e e d s  1 p e r c e n t ;  or  
• t h e  d e c r e a s e  i n  fre q u e n cy of a s u r v i v a l  c h a n g e  

� g r e a t e r  than  1 p e r c e n t  e x c e e d s  30  p e r c e n t ;  or 
� g r e a t e r  t h a n  5 p e r c e n t , e x c e e d s  5 p e r c e n t .  

A b i o l og i c a l  a s s e s s me n t  for both  t h e  c r i t i c a l  a n d  non c r i t i c a l  s toc ks  
pot e n t i a l l y  e ffe c te d  by any of t h e  a l te r n a t i v e s  i s  i n c l u d e d  i n  A p p e n d i x  H .  

S e n s i t i v i ty A n a l ys e s . S i x s e n s i t i v i ty s t u d i e s  we r e  e v a l u a t e d  to d e t e rm i n e  
t h e i r  e ff e c t  on  t h e  o p e r a t i on o f  t h e  hydro s y s t e m  a n d  on  f i s h  s u r v i v a l . T h e y  
i n c l u d e d : ( 1 )  h i g h Pa c i f i c  Nor t h we s t  l oa d s ; ( 2 )  l ow P ac i f i c  Nor t hwe s t  l oa d s ; 
( 3 )  h i g h Pac i f i c  Sou t hwe s t  g a s  p r i c e s ; ( 4 )  l ow Pac i f i c  Sou t hwe s t  g a s  p r i c e s ; 
( 5 )  h i g h Pac i f i c Sou t hwe s t  l oad s ; a n d  ( 6 )  l ow P a c i f i c Sou t h we s t  l oad s . 

Non e  of t h e s e  s i x  s e n s i t i v i t i e s  c a u s e d  t h e  hydro  s y s tem  ope ra t e  i n  a 
s i g n i f i ca n t l y  d i ffe re n t  ma n n e r .  F l ows  a n d  r e s e rvo i r o p e r a t i on s  r e ma i n e d  
w i t h i n  t h e  l i m i t s  e xam i n e d  for e a c h  a l t e r n a t i v e . 

Vegetat i on and W i l d l i fe 

Re s e r vo i r e l e v a t i on s  c a n  affe c t  w i l d l i fe ,  both  d i re c t l y  a n d  i n d i re c t l y ,  
t h ro u g h  t h e  t i m i n g ,  d u ra t i on , a n d  amou n t  of r e l e a s e . C h a n g e s to sys t e m  
o p e ra t i on s  may r e s u l t  i n  i n c r e a s e d  f l u c tu a t i on s  r e l a t i v e t o  e x i s t i n g  s y s t e m  
o p e r a t i on s . Howe ve r , a l l r e s e r vo i r o p e r a t i on s  w i l l  a l way s r e ma i n w i th i n  t h e  
o p e r a t i on a l  con s tra i n s  s e t  b y  t h e  o p e r a t i n g age n c i e s  a n d  t h e  p hy s i ca l  
c h a r a c te r i s t i c s  o f  t h e  dams . 

T h e  g r e a te s t  effe c t  on  w i l d l i fe of r e s e r v o i r w a t e r  l e v e l  f l u c t u a t i on s , i n  t h e  
Co l umb i a  R i v e r  i s  t h r o u g h  e ffe c t s  o n  w i l d l i fe h ab i ta t . Th i s  c a n  o c c u r  i n  
t h r e e  way s . F i r s t , a n y  e ffe c t  o n  p rey or brow s e  s p e c i e s of p l a n t s  or a n i ma l s 
w i l l  h a v e  a cor r e s pon d i n g  e ff e c t  o n  w i l d l i fe s p e c i e s . For e x amp l e ,  water  
l e v e l  f l u c t u a t i on s  c a n  affe c t  s ho re l i n e v e g e t a t i on ,  wh i c h may i n  t urn  affe c t  
d e e r  a n d  e l k  d e p e n d e n t  o n  r i p a r i an b rows e , s ma l l e r mamma l s  a n d  b i rd s  d e p e n d e n t  
o n  a q u a t i c  i n s e c t s  o r  o t h e r  r i p ar i an i n v e r te b r a te s , wate rfow l  d e pe n d e n t  o n  
a q u a t i c  v eg e t a t i on  or i n v e r t e b r a t e s  for food , a n d  mamma l s  a n d  b i rd s  d e p e n d e n t  
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on f i s h  for foo l . Th i s  effe c t  i s  e s p e c i a l l y  i mportan t  i f  v e g e t a t i on i s  
d amaged  a t  a c r i t i c a l  t i me of t h e  year , s u c h  a s  wh e n  d e e r  a n d  e l k  n e e d  i t  for 
w i n te r  food or wa t e r fowl  n e e d  i t  for s h e l t e r  or  n e s t i n g . 

S e con d , e ros i on of i s l an d s  wou l d  d e c re a s e  h a b i t a t  u s e d  for b i rd n e s t i n g  a n d  
d e e r  fawn i ng ,  a n d  a l so  d e c r e a s e  t h e  amo u n t  o f  s hore l i n e u s e d  b y  r e p t i l e s for 
l ay i n g e g g s . T h i s  i s  mo s t  s i gn i f i c an t on s ma l l i s l a n d s  w h e r e  s u c h  a r e a s  may 
be  i n  s ho r t  s u p p l y .  

T h i rd ,  d u r i ng l ow wa t e r  p e r i od s , l a n d  br i d g e s may be  forme d to r i v e r  i s l a n d s  
a l l ow i n g  predato r s  e a sy a c c e s s  t o  h a b i tat t h a t  wou l d  o t h e r w i s e  b e  
i n a c c e s s i b l e .  T h i s  i s  o f  p a r t i c u l a r con c e r n  a f e w  mon t h s  ou t of  t h e  year  w h e n  
n e s t i n g  a n d  fawn i n g i s  tak i n g  p l a c e , o r  wh e n  m i g r atory b i rd s  u s e  t h e  i s l a n d s  
a s  r e s t i n g p l ac e s . Howe v e r ,  effe c t s  c a n  b e  l on g- t e rm i f  s u b s ta n t i a l p r e d a t i on 
o c c u r s  d u r i ng  t h e  b r e e d i n g s e a s on s . 

Hyd roe l e c tr i c  ope r a t i on s  may a l so h a v e  d i re c t  a d v e r s e  e ffe c t s  on  w i l d l i fe .  
For e x amp l e ,  b e a v e r  a n d  m u s k r a t  c a n  d rown wh e n  ra p i d l y  r i s i n g wa t e r  i n u n d a t e s 
t h e i r  d e n s ; or b i r d n e s t i n g  a n d  d e e r  fawn i n g i s l a n d s  may b e  f l ood e d  w h e n  you n g  
a r e  p re s e n t ;  o r  dorma n t  r e p t i l e s ( s umme r o r  w i n t e r )  may b e  affe c te d  n e a r  t h e  
l ow-wa t e r  l e v e l s .  B a n k s l ou g h i n g c a u s e d  by e ros i on cou l d  d e s t roy n e s t s of s u c h  
s pe c i e s a s  swa l l ow a n d  k i n g  f i s h e r ; ra p i d l y  d ro p p i n g wa t e r  l e v e l s cou l d  s t r a n d  
a n d  d e s s i cate  a n p h i b i a n e g g  ma s s e s . 

I n  a c co r d a n c e  w i t h  t h e  E n d a n g e r e d  S p e c i e s A c t  ( 1 6  U . S . C 1 5 3 1  e t . s e q . ) ,  BPA 
a c t i on s  m u s t  avo i d j eopard i z i n g t h e  e x i s te n c e  of any e n d a n ge r e d  or  t h r e a t e n e d  
s p e c i e s . T he  b i o l og i c a l  a s s e s s me n t  of effe c t s  o n  e nd a n g e r e d  o r  t h r e a te n e d  
s pe c i e s i s  con ta i n e d  i n  A p p e n d i x  L .  
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Backg round on F i sh ,  W i l d l i fe and Vegetat i on 
I mpacts Due to Fos s i l  Fue l F i red P l ant Operat i ons 





Background on F i sh ,  W i l d l i fe and Vegetat i on 
I mpac ts  Due to Foss i l  Fue l F i red P l ant Ope rat i ons 

WAT E R  USE AND F I S H 

A s  d i s c u s s e d  e l s e w h e r e  i n  S e c t i on 4 . 3 ,  I n te r t i e d e c i s i on s  may affe c t  t h e  
ope ra t i on a n d  con s t r u c t i on o f  powe r p l a n t s . T h i s  s e c t i on a d d r e s s e s  how s u c h  
c h ange s may affe c t  wa t e r  u s e  a n d  s u p p l y ,  a n d  f i s h  re s o u r c e s .  I t  d i s c u s s e s , by 
powe r g e n e ra t i on p l a n t  typ e , how the op e r a t i on of t h e  pow e r  sys t e m  may affe c t  
wat e r  r e s ou r c e s  a n d  f i s h . 

Ov e rv i e w a n d  S ummar y  

Chan g e s  i n  t he o p e ra t i on or  compo s i t i on of t h e  powe r s y s t e m  r e s u l t i n g from 
c h a n g e s i n  power  s a l e s  con t r a c t s , may affe c t  wa t e r  u s e , water  s u p p l y ,  a n d  f i s h  
by s e v e r a l  me an s ,  i n c l u d i n g c ha n g e s  i n  hyd roe l e c t r i c  a n d  t h e rma l p l a n t  
ope r a t i on s . 

P LA N T  OP E RA T I ONS  

The  ope r a t i on of a t h e rma l g e n e r a t i n g p l an t  r e q u i re s  t h at fue l b e  a c q u i r e d , 
p r e p a re d , tran s por t e d , a n d  con s u me d , a n d  t h a t  a n y  wa s te s  be  d i s po s e d  of . 
Hyd roe l e c t r i c p l a n t s , wh i l e r e q u i r i n g none  of t h e s e  s te p s , c a n  s t i l l  
s i g n i f i c a n t l y  affe c t  a q u a t i c  r e s o u r c e s .  The  d i s c u s s i on b e l ow foc u s e s  on  how 
the o p e r a t i on of fos s i l  f u e l f i r e d  pow e r  p l a n t  type s may affe c t  wa t e r  
re s ou r c e s  a n d  f i s h . 

Coa l  

S u rface  m l n l n g may affec t bot h  s u rf a c e  wa t e r  a n d  g rou n d wate r .  W a t e r  bod i e s 
c a n  be  con tami n a t e d  by fu e l s ;  h e r b i c i de s ; b l a s t i n g r e s i d u e s  ( ammon i um 
n i t r a te ) ; po l yc h l or i n a t e d  b i p h e ny l s ( PC B s ) ;  a n d  t r a c e  e l e me n t s  l e a c h e d  from 
p i l e s of so i l a n d  o t h e r  ma t e r i a l s  r e mov e d  d u r i n g  s u r f a c e  m i n i n g ,  a n d  l a t e r  
u s e d  t o  re c l a i m  t h e  s i te ( " s po i l p i l e s " ) . I f  w a t e r  i s  u s e d  i n  t h e  m i n i n g 
proce s s , t h e  wate r  t ab l e  may b e  l owe r e d , i n d i re c t l y  aff e c t i n g  s t r e ams , l ak e s , 
a n d  o t h e r  water  r e s o u r c e s .  W h e r e  wa te r i s  s c a r c e  ( a s i n  t h e  nor t h e r n  Gre a t  
P l a i n s ,  a n d  Roc ky Mou n ta i n r e g i on s ) , l i v e s toc k ,  w i l d l i fe ,  a n d  h um a n  con s u me r s  
may b e  affe c te d . Wate r u s e  i s  h e av i e s t  for i r r i g a t i n g  r e v e g e ta t i on p roj e c t s  
a t  m i n e  s i te s . A typ i c a l  wa t e r  r e q u i r e me n t  for a s u rf a c e  m i n e  i s  arou n d  
3 6 0 , 000 g a l l on s  p e r  a v e rage  me gawa t t  of e n e rgy p rod u c e d  by t h e  coa l t h a t  i s  
m i n e d . 

Str i p  m i n i ng r e mov e s  v e g e ta t i on a n d  d i s t u r b s  t h e  g rou n d , l e ad i n g to i n c r e a s e d  
ru noff , e ros i on ,  a n d  w i n d - b l own d u s t .  I n c re a s e d  s e d i me n t  a n d  s i l t  d e po s i t i on 
i n  n e a r by wa te r s  may r e d u c e  t h e  k i n d  a n d  n um b e r  of i n v e r t e b rate  f a u n a  a n d  f i s h  
s pe c i e s . Le s s  l i g h t  p e n e t r a t e s t h e  wa t e r s  a n d  p r i mary prod u c t i on i s  r e d u ce d . 
I n c r e a s e d  r u noff a l s o  i n c re a s e s  n u t r i e n t  l oad i n g ,  wh i c h a t  h i g h e r  l e v e l s may 
re d u c e  f i s h  popu l a t i on s  wh i l e  i n c r e a s i n g v e g e ta t i on ( e u trop h i c a t i on ) . 
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Runoff from s u rface d i s t u r b a n c e s  b e come s mor e  r ap i d  d u r i ng  s torms  a n d  may 
affe c t  t h e  v ar i ab i l i ty of s t reamf l ow s . Chan g i n g  f l ow r e g i me s  c a n  c ha n g e  f i s h  
h ab i ta t , a n d  may s h i f t s pe c i e s ab u n d a n c e  ( Bo v e e , 1 98 2 ; R a l e i g h e t  a l . ,  1 98 4 ; 
Moy l e a n d  N i c ho l s ,  1 97 4 ) . Temp e r a t u r e  a n d  oxyg e n  c o n t e n t  of t h e  wa t e r  may 
a l so c h a n g e  ( Gar c i a  e t  a l . ,  1 98 5 ) . 

Mos t  d e tr i me n ta l  i mp a c t s  on wat e r  r e s ou r c e s  c a n  b e  m i n i m i ze d  by s u p p re s s i n g 
d u s t , contro l l i ng e ro s i on ,  a n d  t r e a t i n g  ru noff wate r s  i n  s e t t l i n g pon d s  to 
co l l e c t  s ed i me n t  or h a z a rdou s mate r i a l . Many of t h e  i mp a c t s  d i s c u s s e d  abov e 
a r e  re g u l a t e d  by Fe d e ra l , S t a t e , a n d  l oc a l  m i n i n g l aws . The  S u r fa c e  M i n i n g 
Con tro l a n d  Re c l amat i on Ac t of 1 97 7  ma n d a t e s S ta t e  p e r m i t s y s t e m s  gov e r n i n g  
e n v i ronme n ta l  s tandard s for max i mum re cov e ry o f  coa l ; r e s torat i on of l an d  to 
i t s or i g i n a l  contou r ;  u s e  of e x p l o s i v e s ;  wa s te d i s po s a l ; con s t r u c t i on of 
a c c e s s  road s ; and  r e v e g e ta t i on . W a s t e w a t e r  d i s c h a r g e s from s u rf a c e  m i n e s  a r e  
a l so r e g u l ated  u n d e r  t h e  C l e a n  Wate r A c t  t h rough  w a t e r  q u a l i ty s ta n d a r d s ;  
e ff l ue n t  l i m i tat i on s  for n e w  a n d  e x i s t i n g sou r c e s ;  p e r m i t p rograms ; a n d  
areaw i d e  p l a n n i ng  ( Off i c e  o f  Te c h n o l ogy A s s e s s me n t ,  1 9 7 9 ) . T h e  C l e a n  W a t e r  
A c t  re q u i r e s  the  be s t  p r ac t i c a b l e c o n t r o l  t e c h no l ogy c u r r e n t l y av a i l ab l e for 
area  r u noff from coa l  m i n e s . A l l We s te r n  s u rf a c e  m i n e s  c u r r e n t l y  ope rate  i n  
comp l i a n c e  w i th  the  S u rf a c e  M i n i n g a n d  C l e a n  W a t e r  A c t s  ( M .  Sh i l l i n g ,  p e r s on a l  
commun i c a t i on ) . As s um i n g  that  comp l i an c e  con t i n u e s , t h e  power  s a l e s  con t r a c t  
i nd u c e d  i n d i re c t  e ffe c t s  r e l a t e d  t o  coa l m i n i n g u po n  wate r  u s e  w i l l  b e  
n e g l i g i b l e .  

Coa l  t r a n s portat i on h a s  m i n i ma l  i mp a c t s  on  wa t e r  r e sou r c e s .  Du s t  may e n te r  
t h e  wate r , b u t  on l y  wh e n  road s or t r a i n  t r a c k s  a r e  n e ar wate r . Coa l  
p roce s s i ng a n d  s torage  h a s  l i tt l e o r  no i mp a c t  on  wa t e r  u s e . S i n c e  We s te r n  
s o i l s  a r e  l arge l y  a l ka l i n e i n  t h e  a r e a  o f  coa l s torage  p i l e s , a c i d i c  d r a i n a g e  
i s  n o t  l i ke l y  t o  be  a p rob l em ,  a s  t h e  n a t u r a l  a l ka l i n i ty i n  t h e  s o i l qu i c k l y 
n e u t ra l i ze s  any a c i d i c  r u noff . 

At  many p l an t s , l i me s ton e i s  u s e d  i n  a i r  po l l u t i on con t r o l  proce s s e s . 
L i me s to n e  p r e parat i on a n d  s torage  g e n e ra t e  d u s t  a n d  r u noff , wh i c h c a n  c a r r y  
c a l c i um ,  c a r bonate s , b i c a r bo n a t e s ,  a n d  o t h e r  d i s so l v e d  a n d  s u s pe n d e d  s o l i d s to 
l oc a l  wa te r s , i n c re a s i n g t h e i r  h a r d n e s s  a n d  a l ka l i n i ty ( Dvorak e t  a l . ,  1 978 ; 
APHA , 1 980 ) . Impa c t s  f rom l i me s ton e p ro c e s s i n g a n d  s torage  are  s i te - s p e c i f i c ,  
d e p e n d i n g on amou n t  of l i me s tone , r a i n f a l l ,  r u noff pot e n t i a l , t h e  s i ze of 
r e ce i v i n g wa t e r  body , a n d  e n v i ronme n ta l  con tro l s .  Ru noff a n d  d u s t  c o n t r o l s 
a r e  r e q u i re d  u n d e r  t h e  F e d e ra l Wate r Po l l u t i on Con t r o l  A c t  ( 1 97 2 ) , a s  ame n d e d  
( C l e a n  W a t e r  Ac t ) , a n d  u n d e r  t h e  Re s o u r c e  Con s e r v a t i on a n d  Re cov e ry A c t  
( Off i c e  o f  T e c h no l ogy A s s e s s me n t , 1 9 7 9 ; H i t tman , 1 97 4 ) . 

The  maj or i mp a c t s  on  wa t e r  u s e  a n d  f i s h e r i e s a s soc i a t e d  w i t h  t h e  coa l p l an t  
fue l cy c l e  a r e  re l a t e d  t o  coa l com b u s t i on :  t h e  ac i d i f i c a t i on o f  n a t u r a l  wat e r  
bod i e s  v i a  a i r born e  po l l u t a n t s  ( " a c i d  r a i n " ) ; a n d  wa t e r  con s ump t i on ,  h e a t  
d i s c ha r g e , a n d  f i s h  e n t r a i nme n t  r e l a t e d  t o  p l an t  coo l i n g .  
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Ac i d  Depo s i t i on 

Emi s s i on s  from coa l p l a n t s  h a v e  b e e n  i d e n t i f i e d  a s  a fac tor i n  a c i d  
prec i p i t a t i on i n  some p a r t s  of t h e  cou n t ry .  Howe v e r , t h e  con tr i b u t i on s  of 
i nd i v i d ua l sou r c e s  of e m i s s i on s  are  r e l a t i v e l y  s ma l l ,  a n d  b e c a u s e  t h e  
em i s s i on s  a n d  the i r  p r od u c t s  a r e  ofte n tran s po r t e d  g r e a t  d i s ta n c e s b y  c omp l e x 
me teoro l og i c a l  proce s s e s , a c i d  p r e c i p i t a t i on i s  a r e g i on a l  prob l e m t h a t  h a s  
prov e d  i mpos s i b l e  t o  l i n k  p r e c i s e l y  a n d  q u a n t i ta t i v e l y  w i th  p a r t i c u l a r s ou r c e s  
( Dvor ak e t  a l . ,  1 978 ; S c h i n d l e r e t  a l . ,  1 98 1 ) .  W i t h  i n te n s e  r a i nfa l l ,  
d e c r e a s e s  i n  ra i n  p H  ( i  . e . , g r e a t e r  a c i d i ty )  h a v e  b e e n  ob s e rv e d  downw i n d i n  
c l os e  prox i m i ty ( w i th i n  5 km ) to coa l -f i r e d  p l a n t s . I n  We s te r n  s ta te s , t h e  
wate r bod i e s t h a t  are  mor e  s e n s i t i v e t o  a c i d i f i c a t i on are  tho s e  a t  h i g h 
e l e v a t i on s i n  mou n ta i nou s a r e a s  ( Potte r , 1 9 82 ; E PA , 1 982 ; Log a n  e t  a l . ,  1 982 ) . 

I n  ge n e r a l t h e re are  no l on g  r e cord s of a c i d  d e po s i t i on r a t e s  a t  a ny s i te i n  
the  We s t .  Howe v e r , a s  s hown i n  Appe n d i x  E ,  Tab l e E-8 , s ome a r e a s  h a v e  
r e ce n t l y  e x p e r i e n c e d  ra i nfa l l w i th a p H  b e l ow t h a t  g e n e ra l l y  con s i d e r e d  
natura l ( p H 5 . 6 ) for p u re r a i n ( G i b son , 1 9 8 1 ) .  I t  i s  not pos s i b l e  to l i n k t h e  
pH  o f  r a i n  a t  t h e s e  s ta t i on s  t o  d i s c h a r g e s  a t  i n d i v i d u a l , or g rou p s  of , powe r 
p l a n t s . 

The  maj or i mp a c t s  of a c i d  d e pos i t i on o n  wat e r  u s e  a n d  a q ua t i c l i fe c a n  b e  
s ummar i z e d  a s  fo l l ows . Ve ry ac i d i c  ( l ow pH ) r u n off may e n te r  s t r e ams  a n d  
r i v e r s  q u i c k l y a n d  i n  l ar g e  q u a n t i t i e s  d u r i n g  p e r i od s  o f  s nowme l t .  D i ffe r e n t  
f i s h  s p e c i e s  vary g r e a t l y  i n  t h e i r  to l e r a n c e  o f  l ow p H . Amo n g  t h e  s a l mon i d s 
p re s e n t  i n  t h e  h i gh mou n ta i n  s t r e ams , r a i n bow trou t a r e  mo s t  s e n s i t i v e .  Some 
s pe c i e s  a r e  mor e  s e n s i t i v e at c e r ta i n t i me s  of t h e  y e a r ; a n d  sma l l e r ,  you n g e r 
f i s h  a r e  of t e n  mor e  s e n s i t i v e t han  l ar ge r , o l d e r  o n e s . Low p H  may a l t e r  
r e p rod u c t i on r a t e s  o r  may k i l l  eggs , l ar v a e , f i n g e r l i n g s , o r  ad u l t s .  D e a t h  
may be  a d i r e c t  re s pon s e  to l ow pH  or  to i n c r e a s e d  me t a l  con c e n t ra t i on s  a t  l ow 
pH  ( e . g . , a l um i n um tox i c i ty ) . I n c re a s e d  a c i d i ty may k i l l  i n d i re c t l y ,  th rou g h  
grad u a l  l o s s e s  d u e  t o  c h ron i c  l ow- l e v e l contam i n a t i on . S e n s i t i v e s pe c i e s may 
be  e l i m i n a t e d  from a commu n i ty ,  and  s h i f t s  may oc c u r  i n  p r e d a tor- p rey 
re l a t i on s h i p s ,  compe t i t i on ,  or  other  commu n i ty- l e v e l  i n t e r ac t i on s . Ot h e r  
aquat i c  b i ota i n  t h e  commu n i ty may b e  s i m i l a r l y  affe c te d . 

AGuat i c s y s tems  w i th a p H  b e l ow 5 . 0  a r e  g e n e ra l l y  v e ry re s t r i c t e d  i n  f i s h e ry 
re sour c e s , b u t  the s e  l ow p H  l e v e l s a r e  not now oc c u r r i n g i n  a r e a s  e x am i n e d  i n  
th i s  E I S .  T h e  e ffe c t s  c a n  b e  i l l u s tr a t e d  by e x amp l e  f rom oth e r  U . S .  r e g i on s . 
About gO p e r c e n t  of h i g h e l e v a t i on Ad i ron d a c k  ( Ne w  Yor k )  l ake s t h a t  a r e  
a c i d i f i � d a n d  h a v e  a p H  be l ow 5 . 0  a r e  n o t  s u ppor t i n g  any  f i s h  l i fe  
( S chof i e � d ,  1 98 1 ) .  I n  Nova S cot i a ,  n i n e r i v e r s  w i t h  a p H  of 4 . 7  no l on g e r 
s u p port s � l mon  or trou t r e p rod u c t i on . I n  g e n e r a l , mo s t  l ake s i n  t h e  S i e r r a  
N e v a d a  h a v e  a l ow buffe r i n g  c a p a c i ty a n d  p H  l e v e l s  b e twe e n  6 a n d  7 
( K .  Ton n e s s t n , 1 98 1 ) .  T h e  a c i d i ty of P a r d e e  a n d  H e tc h  H e t c hy re s e r vo i r s  h a s  
b e e n  i n c r e a s � n g some w h a t  s i n c e  at  l e a s t  1 9 5 4 , b u t  w a s  n o t  l ower  t h a n  6 . 8  i n  
the  ear l y  1 980 ' s ( Mc Ca l l ,  1 98 1 ) .  A t  S h av e r  Lake , a l so i n  the  S i e r r a s , 
pH  v a l u e s  we r e  b e t we e n  6 . 8  a n d  7 . 0 i n  1 98 6  a n d  i n  t h e  pa s t  1 9  ye a r s  we re  
g e n e ra l l y  a bo v e  6 . 7  ( e x c l ud i n g bottom r e ad i n g s ) . R ead i n g s  v a r i e d w i t h  d e p th 
and l oc a t i on w i t h i n t h e  l ake . 
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At Ga l e n a  Lake i n  t h e  Roc ky Mou n ta i n s , a c i d  r a i n h a s  b e e n r e co r d e d  ( me a n  p H  of 
4 . 2  i n  t h e  s u mmer  of 1 9 80 ) , a l ka l i n i ty l e v e l s  we r e  l ow ,  and t h e  l ake  pH w a s  
abo u t  6 .  The  s ou r c e s  of t h e  a c i d i ty w e r e  u n k nown ( H a r t e , 1 98 1 ) .  Ofte n , 
ac i d i ty c a n not be l i n k e d  to s p e c i f i c  power  p l a n t s . A l t ho u g h  h i g h a l t i t u d e  
reg i on s  i n  t h e  s tudy  a r e a  a r e  s e n s i t i ve ,  t h e y  a r e  not now e x h i b i t i n g 
s i g n i f i c an t ,  n e gat i ve i mp a c t s  f rom t h e  a c i d  d e po s i t i on t h e y  a r e  r e c e i v i n g .  

Trace  E l e me n t s  

Coa l comb u s t i on a l so  r e l e a s e s  p a r t i c u l ate s t h a t  c a n  c arry  t r a c e  e l eme n t s . 
The s e  p a r t i c u l a t e s  may f a l l i mmed i at e l y  i n  w e t  or  d ry form or  may b e  a i r bo r n e  
and  f a l l f a r  from t h e  s o u r c e . T r a c e  e l e me n t s  r e a c t  i n  comp l e x w a y s  i n  a q u a t i c  
e n v i ronme n t s . The  effe c t s  of t h e s e  e l eme n t s  on  b i ota  c a n  i n c l u d e  a c u t e  
mor ta l i ty ,  r e d u c e d  s u r v i v a l  a n d  g rowt h , i mp a i r e d  r e p rod u c t i on , s t r u c t u r a l  
d amage , mod i f i e d  b e h a v i or ,  a n d  r e d u c e d  c rop p rod u c t i on ( Po t te r , 1 9 82 ) . 
Effe c t s  on  wa te r bod i e s  c a n  a l s o  b e  i n s i g n i f i c an t ,  a s  w a t e r  temp e r a t u r e , 
h a r d n e s s , p H , a n d  d i l u t i on v o l ume may mod i fy tox i c i ty .  A mod e l i n g s t u d y  by 
Dvorak e t  a l . ( 1 9 7 7 )  con c l u d e d  t h a t , for a powe r p l a n t  i n  a g i v e n  d r a i n ag e  
b a s i n ,  a s tr e am w i th  a m e a n  a n n u a l  f l ow o f  1 , 000 c u b i c  fe e t  p e r  s e co n d  
p rov i d e s  e nou g h  d i l u t i on t o  r e d u c e  t r a c e  e l e me n t  c on c e n t r a t i on s  t o  b e l ow 
l e v e l s  tox i c  to a q u at i c b i ota a n d  c u r r e n t  wa te r q u a l i ty t h re s ho l d s . M a n y  
s t r e ams  n e a r  coa l p l a n t s  i nf l u e n c e d  b y  powe r con t r a c t  d e c i s i on s  f a l l b e l ow 
th i s  f l ow l e v e l  d u r i n g a t  l e a s t  p a r t  of t h e  year . Mo s t  s t u d i e s of t r a c e  
e l eme n t  contam i n at i on n e ar s pe c i f i c p l a n t s  h a v e  s hown f e w  s i g n i f i c a n t  e ff e c t s  
( Off i c e o f  Te c h no l ogy A s s e s s me n t ,  1 97 9 ) . Howe v e r , i t  i s  po s s i b l e  t h a t  
s i g n i f i c a n t  effe c t s d u e  t o  l ow e r  l e v e l s o f  c o n t am i n at i on o v e r  w i d e r  a r e a s  may 
e x i s t .  

T h e rma l P l an t  Coo l i ng Sys tems  

The  u s e  of g ro u n d  or s u rf a c e  wa te r for  coo l i n g i n  a c oa l -f i r e d  p l a n t  can  
ad v e r s e l y  affe c t  both water  u s e  a n d  q u an t i ty .  F u r t h e r ,  a q u a t i c  b i ota  may  b e  
d rawn i n to ( e n tr a i n e d  i n ) coo l i n g wa t e r  i n take s . T h e  e x t e n t  o f  s u c h  i mp a c t s  
d e p e n d s  o n  t h e  wate r sou r c e  ( n a t u r a l  s u rface  wate r , g r o u n dwate r ,  or  pow e r  
p l a n t  r e s e rvo i r ) , t h e  type  o f  c oo l i n g sys tem  ( on c e - t h ro u g h  or  c l o s e d- r e cyc l e ) , 
a n d  t h e  organ i s ms  p re s e n t  i n  t h e  w a t e r  bod i e s  from wh i c h coo l i n g w a t e r  i s  
d rawn a n d  to wh i c h i t  i s  d i s c h a r g e d . Be c au s e  t h e  i mp ac ts  on  wate r q u a l i ty a n d  
f i s h  d u e  t o  t h e  coo l i n g cyc l e  i n  o i l / g a s  p l a n t s  are  e s s e n t i a l l y  t h e  s ame  a s  
t h e  coo l i n g cyc l e  i mp a c t s  o f  coa l p l a n t s , bot h  typ e s  o f  i mp a c t s  a r e  cov e r e d  
h e re . 

C l o s e d-Cyc l e  Coo l i ng Sys tems . T h e s e  s y s tems  i n c l u d e  coo l i n g pond s  a n d  
towe r s . They  cool t h e  p l a n t  b y  c i r c u l a t i n g wate r t h ro u g h  t h e  p l a n t  a n d  t h e n 
i n to a s p e c i a l  pond  or  towe r , w h e r e  e vapora t i on a n d  e x pos u r e  to a i r c oo l  t h e  
wate r . W a t e r  i s  r e c i r c u l a t e d  t h ro u g h  t h e  p l a n t  a n d  coo l i n g towe r or  pond , a n d  
r e p l e n i s h e d  on l y  t o  t h e  e x t e n t  t h a t  i t  e vaporate s .  T h e s e  sys tems  d i s c h a r g e  
h e a t  t o  t h e  a tmos p h e r e  r a t h e r  t h a n  t o  wate r . I n  g e n e r a l , e n t r a i nme n t  of f i s h  
i s  not a s i g n i f i c a n t  prob l em for t h e s e  s y s te m s . Howe ve r , e v aporat i v e l o s s e s  
c a n  make wate r con s u mp t i on v e ry h i g h ( s e e  Ta b l e H- l b- l ) .  
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Water  con s u mp t i on can  b e  a s i g n i f i c a n t  i s s u e  w h e n  t h e  amo u n t  of t h e  w i t h d r awa l 
d u e  to p l an t  coo l i ng i s  h i g h r e l at i v e to t h e  amou n t  of wa t e r  a t  t h e  s ou r c e . 
For s tr e ams  a n d  r i ve r s , t h i s  may b e  a n  i s s u e  on l y  a t  c e r t a i n l ow-f l ow p e r i od s , 
w h e n  ad d i t i on a l  f l ow r e d u c t i on s  m i g h t  b e  h a rmfu l to f i s h  s pawn i n g a n d  
m i gra t i on , a n d  t o  oth e r  w i l d l i fe o r  u s e s . Coo l i n g wa te r con s ump t i on from 
u n d e r g rou n d  sou r c e s  can be a n  i s s u e  wh e n  the amou n t  of the w i t h d rawa l i s  a 
s i g n i f i c a n t  por t i on of t h e  tota l r e c h a r g e  of t h e  aq u i fe r . 

Tab l e  H-1 b-1 
WATER REQU I REMENT OF ALTERNATE COOL I NG SYSTEMS FOR 

FOSS I L  FUEL POWER PLANTS 

A c r e - F e e t / A v e rage  A n n u a l  MW 

B l owdown I n  P l an t  
TYP E  Ev apor a t i on a n d  d r i f t  U s e  

On c e - t h ro u g h  8 . 7  0 1 . 1 

M e c h a n i c a l  D raft 1 3 . 6  6 . 9  1 . 1 
E v apora t i on Towe r 

Natura l Draft  1 2 . 8  6 . 4  1 . 1 
E v a por a t i on Tower 

Coo l i ng Pond  1 8 . 7  7 . 4  1 . 1 

S pray Pond  1 3 . 4  1 5 . 5  1 . 1 

Dry Towe r 1 . 1 

W e t / Dry Towe r i n te rme d i ate  be twe e n  1 . 1 4 . 3  - 2 1 . 4  
d ry a n d  we t towe r 

Adapted  from Thomas  ( 1 9 7 5 )  

* /  Some con tr i b u t i on d u e  to p r e c i p i ta t i on o n  pon d . 

N e t  
Con s umpt i on 

9 . 8  

2 1 . 6  

2 0 . 3  

2 4 . 4  * / 

3 0 . 0  

1 . 1 

B ecau s e  c l o s e d - cyc l e  coo l i n g c a n  c a u s e  s u b s ta n t i a l con s ump t i on of wa te r 
t h rough  e vaporat i on ,  con s ump t i on of grou n d  a n d  s u r f a c e  wa t e r  wa s c a l c u l at e d  
for t h e  powe r s a l e s con t r a c t  a l t e r n a t i v e s  a n a l yzed  w i t h  SAM . Co l s tr i p ,  
C e n t ra l i a ,  a n d  Br i d g e r d r aw make up  wat e r  from r i v e r s , Va l my u s e s  we l l  wa t e r , 
a n d  Boardman  u s e s  a coo l i n g l ake  ( Ca r ty Re s e rvo i r )  r e p l e n i s h e d  by t h e  Co l umb i a  
R i v e r . A l l t h e s e  p l a n t s  u s e c l o s e d-cyc l e  coo l i ng s y s t e m s . 

Water  con s ump t i on v ar i e s  amo n g  powe r p l a n t s . W i t h d rawa l r e q u i r e me n t s  v a ry 
w i t h  e vapor a t i on l os s e s , coo l i n g s y s t e m  n e e d s , a n d  wate r q u a l i ty .  
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E n t ra i nme n t . Change s i n  l e v e l s of g e n e ra t i on a r e  e x p e c te d  to h a v e  l i t t l e 
i nf l u e n c e  on  e x i s t i ng  e n t ra i nme n t . Coo l i n g wa te r p ump s a t  mo s t  p l a n t s  u s u a l l y  
ope rate  a t  fu l l  capac i ty r e ga r d l e s s  of g e n e ra t i on .  P u m p s  a r e  s h u t  down on l y  
i f  t h e  p l an t  i s  i d l e  for r e l a t i v e l y  l on g  p e r i od s ; for t h i s r e a s on , r e d u c t i on s  
i n  e n tr a i nme n t  may not oc c u r  i f  t h e  p l a n t  i s  b e i n g o p e r a t e d  cy c l i c a l l y ,  a s  i t  
m i g h t  u nd e r  an  e x c h a n g e , e v e n  t hough  i t s a v e r age  ge n e r a t i on i s  l e s s . I f  
s u b s ta n t i a l r e d u c t i on s  i n  g e n e ra t i on oc c u r , o n e  of s e v e r a l  p u mp s may b e  t u r n e d  
off ( Be rnard  Rapan , p e r so n a l  commu n i ca t i on ,  F e b ru ary 1 98 6 ) . 

Coo l i ng Sys tem  Wa s te s . S u b s ta n c e s  added  to  con d e n s e r  coo l i n g wat e r s  to  
m i n i m i ze corros i on ,  d e po s i t s ,  and  b i o l og i c a l  g rowt h may b e  tox i c  i f  r e l e a s e d  
t o  g rou nd  o r  s u rface  wate r s  ( E l on ka , 1 9 6 3 ) . Powe r p l an t  ope r a t i on s  may a l s o  
i mpa i r  wate r qua l i ty b y  d i s c h a rg i ng coo l i n g s y s tem wa t e r  a n d  bo i l e r w a t e r  
con ta i n i ng d i s so l v e d  s o l i d s .  T h e  i mpac t d e p e n d s  u pon  s i te c h a r a c t e r i s t i c s . 
Some g e n e ra t i n g u n i t s  r e cyc l e  t h e s e  wa t e r s  u n t i l t hey  a r e  e v a porate d , s o  no 
was tewa t e r  i s  r e l e a s e d . T h i s  e ffe c t  i s  con s i d e r e d  comp a r a t i v e l y  m i nor  and  i s  
not a n a l yze d i n  t h i s  E I S . 

D i s pos a l  of combu s t i on wa s te s  c a n  a l so  affe c t  water  q u a l i ty .  Water  c a n  b e  
cons ume d i f  a s h  a n d  s l ag wa s te s  a r e  s l u r r i e d or  s l u i c e d  t o  s e t t l i ng b a s i n s a n d  
s torage pon d s . N e t  w a t e r  con s um p t i on i s  g r e a t e s t  i f  t h i s  w a t e r  e va po r a t e s  a n d  
l ea s t  i f  i t  i s  r e l e a s e d  to s u rf a c e  wate r s  ( Ta b l e  H - l b-2 ) . W a t e r  u s e  i s  h i g h e r  
i n  fac i l i t i e s t h a t  h a n d l e  e ac h  combu s t i on wa s te s e p a r a t e l y .  

Was tewa t e r  may b e  re l e a s e d  t h ro u g h  a b r e a c h  of s torage  d i ke s , o v e rf l ow ,  or  
p e r co l a t i on to g ro u n d wa t e r  ( Dvorak et  a l . ,  1 9 7 8 ) . U n i n te n t i on a l  d i s c h a r g e s  
s ho u l d  not oc c u r  i f  t h e  fac i l i ty i s  d e s i g n e d  a n d  o p e r a t e d  i n  conforma n c e  w i t h  
t h e  Eff l u e n t  L i m i tat i on s  G u i d e l i n e s , New  Sou r c e  P e rforman c e  S t a nd a r d s ( NS PS ) , 
a n d  p rov i s i on s  of t h e  R e s o u r c e  Con s e r v a t i on a n d  Recov e ry A c t  ( Soho l t e t  a l . ,  
1 980 ; H i ttma n , 1 97 4 ) . R u n off from o n s i te was t e  pon d s  i s  u n l i ke l y  i f  t h e y  a r e  
l i n e d  a n d  i f  protec t i v e d i ke s  a r e  b u i l t  h i g h e nou g h  ( Le w i s e t  a l . ,  1 97 8 ) . 
Mos t  b a s i n s a r e  d e s i g n e d  to con t a i n  ru noff from a on c e - i n - 1 0-y e a r s  s torm 
( Soho l t e t  a l . ,  1 98 1 ) .  E x c e s s i v e r a i n fa l l a n d /or d i ke f a i l u r e  may c a u s e  
s p i l l s  ( Dvorak e t  a l . ,  1 97 8 ) , b u t  t h e  was t e wa t e r  wou l d  l i ke l y  b e  con t a i n e d  
o n - s i te .  S e e page  c a n  con t am i n at e  s o i l a n d  grou n d wa te r , e s pe c i a l l y  i f  wa s te i s  
d e pos i te d  a s  a s l u rry . H owe ve r , s torage  pon d s  are  l i n e d  i n  ord e r  to m i n i m i ze 
s u c h  hazard s . 

Tab l e  H-1 b-2 

WATER REQU I REMENTS FOR WASTE D I SPOSAL 
AT A COAL-F I RED POWER PLANT 

W a t e r  ( 1 03 Ga l / A v e rage MW ) 
TYP E  
Bot tom A s h  
F l y  A s h  
L i me S l u d g e  
L i me s tone  S l u d g e  

N o  Re c yc l i ng 
47 . 3  a /  

1 84 . 2  a/ 
1 47 . 4  b/ 
1 84 . 2  b/ 

a /  A s s ume s s l u r ry w i t h  3 0  p e r c e n t  s o l i d s by we i g h t . 
b/ A s s ume s s l u d g e  w i th  3 0  p e r c e n t  s o l i d s by we i g h t . 
c/ A s s ume 7 0  p e r c e n t  s o l i d s by we i g h t .  
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Re c yc l i ng 
5 . 1  c /  

1 9 . 7  CI 
2 6 . 9  c/ 
3 3 . 8  c/ 



Oi  1 and  N a t u ra 1 G a s  

T h e  o i l a n d  n a t u r a l  g a s  i n d u s t r i e s  h a v e  pote n t i a l for s i g n i f i c a n t  a d v e r s e  
effe c t s  on grou n d  a n d  s u r fa c e  wa t e r s  a n d  a q u a t i c  l i fe . Many  of t h e s e  
pot e n t i a l effe c t s r e s u l t  f rom u n p l a n n e d  e v e n t s  s u c h  a s  ac c i d e n t a l  s p i l l s  or 
e q u i pme n t  f a i l u r e . A l thou g h  pote n t i a l  wa t e r  q u a l i ty a n d  a q u a t i c  1 i fe i mp a c t s  
re s u l t i n g from t h e  p rov i s i on o f  f u e l o i l a n d  n a t u r a l  g a s  for e l e c t r i c powe r 
g e n e ra t i on are  s i g n i f i c a n t , i t  i s  d i ff i c u l t to t i e proj e c te d  c h a n g e s  i n  
g e n e rat i on at  o i l a n d  g a s - f i re d  powe r p l a n t s  r e s u l t i n g f rom BPA ' s powe r s a l e s  
con tract  a l te r n a t i v e s  to c h a n ge s  i n  op e r a t i on  of s pe c i f i c o i l a n d  g a s  i n d u s t ry 
fac i l i t i e s .  T h e r e for e , a q u an t i t a t i v e a n a l y s i s  of t h e  i mp a c t s  of c o n t r a c t  
a l t e r n a t i ve s on  wa t e r  q u a l  i ty a n d  a q u a t i c  l i fe  effe c t s  o f  t h e  o i l a n d  g a s  
i n d u s tr i e s w i t h i n t h i s  E I S  i s  p r e c l u d e d . 

T he  e n v i ronme n t a l  e ffe c t s  of o i l a n d  g a s  e x t ra c t i on d e p e n d  on  l oc a l  s i te 
c h ar a c te r i s t i c s  a n d  t h e  s p e c i f i c d r i l l i n g me thod  e mp l oye d . E x p l or a t i on c a n  
s i g n i f i c an t l y  affe c t  wa t e r  q ua l i ty .  Grou n d wa t e r  may s u p p l y  so l v e n t  for 
d r i l l i n g mu d s  a n d  for we l l  i n j e c t i on .  Aq u i fe r s  may be c o n t am i n a t e d  i f  
d r i l l i n g mu d s , f l u i d s , b r i n e s , a n d  hyd roc a r bo n s e s c a p e  i n to poro u s  
forma t i on s . Howe v e r ,  c a s i n g a n d  o t h e r  te c h n i q u e s  prot e c t  a q u i f e r s , g r e a t l y  
r e d u c i n g t h e  r i s k of c o n t am i n a t i on . O i l s p i l l s  may oc c u r  a t  t h e  we l l - h e a d ; 
howe v e r , t h e s e  a r e  typ i c a l l y  con f i ne d , l ow-vo l ume  s p i l l s  w h i c h do not  
s e r i ou s l y  con tam i n a t e  s u rf a c e  wa t e r s  ( Ga r c i a  et  a l . ,  1 9 8 3 ) . 

Wa t e r  q u a l i ty p rob l em s  r e s u l t i n g  d i re c t l y  f rom ope r a t i on  of o i l - a n d  g a s -f i r e d  
powe r p l a n t s  a r e  m i n i ma l . Howe v e r , o i l a n d  g a s  ge n e ra t i on c a n  l e ad to 
s u b s ta n t i a l con s ump t i on of g ro u n d  a n d  s u rface  wa t e r  for c oo l i n g ,  or  to t h e  
e n t r a i nme n t  o f  f i s h  a n d  t h e  d i s c h arge  o f  h e a t e d  wat e r s ,  a s  d i s c u s s e d  e ar l i e r 
i n  t h i s  s e c t i on . I mp a c t s  from l i me s to n e  p r e pa ra t i on a n d  s torage  a t  o i l 
p l a n t s , a n d  f rom c o n d e n s e r  coo l i n g a t  o i l a n d  g a s -f i r e d  p l a n t s , a r e  t h e  s ame 
as t hose  d i s c u s s e d  above for coa l p l a n t s . The l owe r s u l fu r  l e v e l s i n vo l v e d  i n  
b u r n i n g o i l < re l a t i v e to coa l ) r e s u l t i n  l e s s  s c r u b b e r  s l u d g e  a n d  a s h  wa s te 
( Dvorak e t  a l . ,  1 97 8 ) . G a s  combu s t i on p rod u c e s none of t h e s e  wa s te s . I mpa c t s  
o f  g a s  combu s t i on a r e  g e n e r i c a l l y  s i m i l ar t o  b u t  m u c h  l e s s  t h a n  t h o s e  
d e s c r i b e d  for c o a l . 

V EG E TAT I ON AND  W I LD L I F E  
E F F ECTS O F  T H E RMAL POW E R  P LANTS  

Through  t h e i r  e ffe c t s  on  the  o p e r a t i on of t h e rma l p l a n t s , d e c i s i on s  on  powe r 
con t r a c t s  h a v e  t h e  pote n t i a l  for i mp ac t i n g  v e g e t a t i on a n d  w i l d l i fe .  Th i s  
s e c t i on con s i d e r s  t h e  effe c t s  of c h a n g e s  i n  t h e  o p e ra t i on s  of coa l , o i l ,  g a s , 
a n d  n u c l e a r  g e n e r a t i on fac i l i t i e s on  t h e s e  e n v i ronme n ta l  fac tor s . 

Coa l M i n e  Effe c t s . S t r i p-m i n i n g i n v o l v e s  e x c av a t i on , b a c k f i l l i n g ,  a n d  g r ad i n g 
t h a t  remov e s  v e g e t a t i on f rom l a rge  trac t s . Th i s  affe c t s  w i l d l i fe p r i ma r i l y  
t h rough  l os s  a n d  d i s t u r b a n c e  of h ab i ta t . D i s p l a c e me n t  of s pe c i e s may c a u s e  
s pe c i e s t o  mov e  i n to adj a c e n t  a r e a s , wh e r e ov e r c rowd i n g a n d  compe t i t i on for 
l i m i te d  r e sou r c e s  may i n c r e a s e  mor ta l i ty ,  e s pe c i a l l y  i n  c r i t i c a l  h a b i t a t  
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a r e a s . ( Ot h e r  s ou r c e s  of i n forma t i on on w i l d l i fe i mp a c t s  i n c l u d e  an  a n n o t a t e d  
b i b l i og r a p hy b y  Ro l s ton , H i l bu t ,  a n d  S w i ft  ( 1 9 7 7 ) , a n d  a s u mmary o f  p r ac t i c e s  
to p rote c t  f i s h  a n d  w i l d l i fe o n  m i n e d  l a n d s  i n  Utah  by Proc t e r  e t  a l . ( 1 98 3 ) ) . 

U n con tro l l ed r u noff a n d  t h e  r e s u l t i n g s o i l e r o s i on may c o n t am i n a t e  s u r f a c e  a n d  
grou n dwate r s , a l t e r i n g s p e c i e s compo s i t i on a n d  s o i l c h a r a c t e r i s t i c s . 
Ac c i d e n ta l  f i r e s  may tempor a r i l y affe c t  v e g e ta t i on a n d  w i l d l i fe .  H a u l i n g of 
coa l and ov e r b u rd e n  may r e s u l t  i n  n o i s e , d u s t , a i r e m i s s i on s , s o i l compa c t i on ,  
a n d  road - k i l l s .  

E x p l or at i on a n d  m i n e  d e v e l opme n t  i n v o l v e  t h e  u s e  of d r i l l  r i g s a n d  t e s t  p i t s 
wh i c h have  l oc a l i z e d  i mp a c t s  on  s o i l ,  v e g e ta t i on , a n d  w i l d l i fe d u e  to g r ad i n g ,  
c l e a r i n g ,  no i s e , d u s t ,  r u noff , e x c av a t i o n , a n d  r e l a t e d  a c t i v i t i e s ,  b u t  o n  a 
far  s m a l l e r s c a l e t h a n  a c t u a l  m i n i n g o p e r a t i on s .  By d e l ay i n g  m i n e  
d e v e l opme n t ,  t h e  I n te r t i e  cou l d  h a v e  a b e n e f i c i a l effe c t . M i n e s  w i l l  o p e r a te 
w i th i n  s ta n d a r d s s e t  by t h e  U . S .  D e p a r tme n t  of t h e  I n te r i or a n d  o t h e r  
gov e r nme n ta l  s ta n d a r d s  a n d  t h e r e fo r e  w i l l  n o t  affe c t  F e d e r a l l y  l i s te d  
t h r e a t e n e d  a n d  e n d a n g e r e d  s p e c i e s . T h e r e for e , m i n e  o p e r at i o n ' s  w i l l  h a v e  n o  
i mp a c t s  on  t h r e a t e n e d a n d  e n d a n g e r e d  s p e c i e s  o r  t h e i r  h ab i ta t . 

R e c l amat i on a t t e m p t s  i n  t h e  Nor t h e r n  G r e a t  P l a i n s  a n d  Roc ky Mou n ta i n s  h a v e  
typ i c a l l y  s u c c e e d e d  i n  e s ta b l i s h i n g n o n n a t i v e  p l a n t  cov e r . T h e  r e c l ama t i on of 
We s te r n  coa l m i n e s  i s  h amp e r e d  by a comb i n a t i on of n u t r i e n t- poor s o i l a n d  a r i d  
or  s e m i a r i d  c l i ma t e . A l l r e c l ama t i on effo r t s  to d a t e  r e q u i r e h i g h i n p u t s  of 
e n e r gy , man powe r ,  fe r t i l i z e r , a n d  wat e r . I n  e f fe c t , t h e s e  r e c l amat i on 
a c t i v i t i e s  h a v e  b e e n  s ho r t - t e r m  i n  n a t u re a n d  h a v e  r e q u i re d  h i g h m a i n t e n a n c e  
l ev e l s  ( Cu r ry , 1 980 ; R .  G i u r ge v i c h a n d  M .  Mo x l ey ,  Wyom i n g  D e p a r tme n t  of 
E n v i ronme n t a l  Q u a l i ty ,  p e r s o n a l  commu n i c a t i on , 1 98 5 ) . To b e  s u c c e s s fu l , 
r e c l ama t i on r e q u i re s  1 5  ye a r s  o r  mor e  for l o n g- l a s t i n g  r e s u l t s .  ( NAS , 1 9 7 4 ;  
A l don , 1 97 8 ) . 

T h e  Ros e b u d  M i n e  i n  Mon t a n a , a n d  t h e  B e l l e-Ayr e  a n d  B r i d g e r M i n e s  i n  Wyom i ng 
a r e  on  Fe d e r a l l an d s  a n d  a r e  o p e r a t i n g u n d e r  p e r m i t s  g r a n t e d  by t h e  Off i c e  of 
S u r fa c e  M i n i n g ( OSM ) . P e r m i t s  r e q u i r e comp l i a n c e  w i t h  t h e  N a t i on a l  
E n v i ronme n t a l  P o l i cy A c t  ( N EP A ) , i n c l u d i n g a r e q u i r e me n t  d e a l i n g w i th  
t h r e a te n e d  a n d  e n d a n g e r e d  s p e c i e s . T h e  U . S .  De p a r tme n t  of the  I n te r i or mu s t  
a p p rove  t h e  p e rm i t a n d  a s s u r e  comp l i a n c e  w i t h  a l l F e d e r a l  l aws  i n c l u d i n g t h e  
T h r e a t e n e d  a n d  E n d a n g e r e d Sp e c i e s  A c t  ( Ho l b rook , 1 98 7 , p e r so n a l  
commu n i ca t i on ) . T h e s e  p e r m i t s  a p p l y  on l y  t o  a c e r ta i n s u r f a c e  a r e a ; i f  
e x pa n s i on i s  n e c e s s ary , a n e w  p e r m i t mu s t  b e  o b ta i n e d . A l l N EPA r e q u i r e me n t s 
a n d  o t h e r  a p p l i c a b l e l aw s  s u c h  a s  t h e  T h r e a t e n e d  a n d  E n d a n g e r e d  S pe c i e s  A c t  
m u s t  b e  r e v i ewed  aga i n .  

Coa l - F i r e d  P l a n t  Effe c t s  

For e x i s t i ng coa l -f i r e d  p l a n t s , i mp a c t s  o n  v e g e tat i on a n d  w i l d l i fe c a n  o c c u r  
f rom i n c re a s e d  wa t e r  w i t h d r a wa l s for coo l i n g o r  i n c r e a s e d  r e t u r n -wate r  
tempe ratu r e . Ta b l e s  1 . 2 . 1 , 4 . 1 . 3 ,  4 . 1 . 5 ,  a n d  4 . 3 . 2  i n  C h a p t e r  4 of Vo l ume  1 
of t h i s  E I S  s how p roj e c te d  max i mum c h a n g e s i n  w a t e r  w i t h d r awa l s for t h e  p l a n t s  
con s i d e r e d  i n  t h e  SAM a n a l y s e s . Max i mum c ha n g e s i n  wate r con s ump t i on s hown i n  
t h e s e  tab l e s a r e  s ma l l .  
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Coa l -f i r e d  powe r p l a n t  e m i s s i on s  may affe c t  w i l d l i fe d i r e c t l y  a n d  i n d i r e c t l y .  
T h e  d i r e c t  effe c t s  of t h e s e  e m i s s i on s  on w i l d l i fe i n v o l v e  a c u t e  or c h ron i c  
e x pos u r e  to gas eou s or  p a r t i c u l a t e  s u b s ta n c e s  c o n ta i n e d  i n  s ta c k  ga s e s . 
A n i ma l  r e s pon s e  to a i r po l l u t i on v a r i e s  s e a s o n a l l y  a n d  i n  r e l a t i on to h a b i t a t  
q u a l i ty ,  s e x , a n d  age . I n d i r e c t  effe c t s  on  w i l d l i fe oc c u r  t h rough  
c o n tam i nated  food sou r c e s  and  h a b i t a t . S p e c i e s  t hat  a r e  mo s t  s u s ce p t i b l e  to 
s u c h  i n d i re c t  e f fe c t s  i n c l u d e  e ag l e s , o s p r eys , k i n gf i s h e r s , a n d  o t h e r  
f i s h- e a t i ng  b i r d s ; b e a r s ; a n d  wa t e r - a s soc i a t e d  mamma l s s u c h  a s  m i n k , b e av e r , 
a n d  r i v e r  o t t e r s .  Howev e r , a l l p roj e c te d  c h a n g e s i n  amb i e n t  a i r q u a l  i ty a r e  
so  s ma l l t h a t  c h a n g e s i n  e ff e c t s  o n  v e g e t a t i on a n d  w i l d l i fe o f  a i r po l l u t i o n 
wou l d  be  n e g l i g i b l e  ( s ee  Ap p e n d i x  H- 7 ) . 

Dvorak  e t  a l . ( 1 9 7 8 ) , and  D v o r a k  a n d  P e n tacos t ( 1 9 77 ) c i te mod e l i n g s t u d i e s  to 
s u gge s t  t h a t  t r a c e e l eme n t s  may h a v e  re l at i v e l y  l i t t l e i mp a c t  o n  t e r r e s t r i a l  
o r g a n i s m s  a n d  t h e i r  comm u n i t i e s ,  p rov i d e d  t h a t  t h e  powe r p l a n t s  me e t  N e w  
Sou r c e  Pe rforma n c e  S ta n d a r d s ( NS P S ) for p ar t i c u l a te s , a n d  p rov i d e d  t h a t  ta l l 
s ta c k s  are  u s e d . 

Of t h e  p r i mary g a s eou s po l l u t a n t s , S02 i s  l i ke l y  to h a v e  t h e  g re a t e s t  i mp a c t  
o n  t e r re s t r i a l  e co s y s tems , p a r t i c u l a r l y  on  v e g e ta t i on . Ga s e s  s u c h  a s  S02 
a n d  N02 can  d amage  p l a n t s  by d e s t roy i ng  a l l or  p a r t  of t h e i r  fo l i ag e , 
r e d u c i n g v e g e ta t i on b i omas s a n d  s p e c i e s d i v e r s i ty ,  or d amag i n g r e prod u c t i v e 
a b i l i ty ( Gordon a n d  Tou r a n g e a u , 1 9 7 4 ) . I t  h a s  b e e n  d e te rm i n e d  t h a t  t h e  
a l t e r n a t i v e s  a n a l y z e d  w i t h  S A M  w i l l  p rod u c e  n o  s i g n i f i c a n t  c h a n g e  i n  a i r 
q u a l i ty .  

A c i d  d e pos i t i on may a l so  affe c t  t e r re s t r i a l e n v i ronme n t s  a n d  w i l d l i fe .  Th e 
i mp a c t s  of ac i d  d e po s i t i o n a r e  r e v i ewed  i n  Dvorak  e t  a l . ( 1 9 7 8 ) , Gage ( 1 98 0 ) , 
P e t e r s on a n d  Ad 1 e r ( 1 982 ) ,  a n d  N e wma n n  ( 1 9 80 ) .  B a r k  b e e t l e  a t t a c k s  i n  
pon d e ro s a  p i n e fore s t s , for e x amp l e ,  are  mor e  p r e v a l e n t  a n d  d e v a s t a t i n g wh e n  
t r e e s  are  i n j u r e d  by ox i d a n t s  ( Wood , 1 9 7 3 ) . P ar t s  of A r i zo n a ,  New  Me x i co ,  
W a s h i n g ton , Oregon , a n d  I d a h o  may a l so  b e  s u bj e c t  to a c i d  d e po s i t i on .  S t e e p  
s l op e s w i t h  t h i n ,  rocky s o i l s ,  a n d  r i p a r i a n h a b i t a t s  a r e  p a r t i c u l a r l y  
v u l n e r a b l e  l oc a t i on s  ( Pe te r s o n  a n d  Ad l e r ,  1 982 ) . 

A c i d i f i c a t i on of l ake s a n d  s t r e am s  may c h a n g e  t h e  compo s i t i on a n d  s t r u c t u r e  of 
a q u at i c v e g e ta t i on ,  affe c t i n g r i p a r i an  w i l d l i fe ,  par t i c u l ar l y  amp h i b i an s . 
A c i d  d e pos i t i on h a s  b e e n  s hown to p rod u c e  c h a n g e s  i n  so i l p H  a n d  wat e r  
c h e m i s try  t o  s u c h  a d e g r e e  t h a t  a q u a t i c  a n d  t e r re s tr i a l  p r od u c e r s  h a v e  
d ra s t i c a l l y  d e c l i n e d , r e s u l t i n g i n  s u b s e q u e n t  l os s  o f  p r i mary a n d  s e con d ary 
con s ume r s  ( Gage , 1 980 ) . 

B e c a u s e  t e r re s t r i a l v e r t e b r a t e s  a r e  p rote c t e d  by f e a t h e r s , f u r , or s c a l e s , t h e  
d i re c t  e ffe c t s  o f  a c i d  d e po s i t i on a r e  m i n i ma l . A c u te d i r e c t  effe c t s  on 
a n i ma l s a r e  re s t r i c t e d  to a r e a s  v e ry n e a r  p o i n t  s o u r c e s of t h e  a c i d i fy i n g  a i r  
p o l l u t a n t s . S u c h  e ffe c t s  a s  i r r i t a t i on of eye s o r  r e s p i r atory t r a c t  ( Ne wman n ,  
1 9 8 0 )  c a n  l e ad to e m i g ra t i on , a b norma l b e h av i or ,  or  r e d u c t i on s  i n  i n t e r- a n d  
i n t ra- s pe c i f i c  compe t i t i v e n e s s  ( C h i 1 g r e n , 1 97 8 ) . 
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C h e m i c a l s a d d e d  to coo l i n g - towe r wate r s  to p r e v e n t  corros i on i n  t h e  p i pe s  c a n 
be  re l e a s e d  w i t h  d r i f t i n g  v apor f rom coo l i n g towe r s , a n d  may b e  d e pos i te d  on  
the  g ro u n d  n e a r b y . T r a c e  amou n t s  of h e avy me t a l s ,  i n c l u d i n g a r s e n i c ,  c ad m i um , 
l e ad , c h romi u m , a n d  me r c u ry ,  h av e  a l so  b e e n  fou n d  i n  towe r d r i f t .  S a l t d r i ft 
from p l a n t s  coo l  i n g w i t h  o c e a n  wate r may l e ad to v e g e t a t i on s h i ft s  w h e r e  
s a l t- i n to l e r a n t  s p e c i e s a r e  p r e v a l e n t  ( BSA I , 1 9 8 2 ) . 

I m p a c t s  of d i v e r t i n g  water  for u s e  i n  coa l p l a n t s  d e pe n d s  on  t h e  sou r c e  of t h e  
wate r ,  p a r t i c u l a r l y  i f  d i v e r t e d  from s u r face  d r a i n a g e s . Th e re may be  some 
r e d u c t i on i n  t h e  amou n t  of r i p a r i a n v e ge tat i on ,  a s h i f t i n  compos i t i on to l e s s  
mo i s t u r e-depe n d e n t  s p e c i e s , a n d  a r e d u c t i on i n  t h e  h a b i t at  v a l u e to w i l d l  i fe .  
Th i s  wou l d  be  of g r e a t e s t  con c e r n  i n  ar i d  e n v i ronme n t s . 

Whe r e  s p i l l s or s e e p age  from coa l p l a n t  w a s t e  s torage  pon d s  con tam i n a t e  s o i  1 
or  g r o u n dwate r , v e g e t a t i on may a c c u m u l ate  tox i n s a n d  pa s s  t h e m  o n  to 
h e r b i vo r e s . Dvorak e t  a l . ( 1 9 7 8 )  d i s c u s s  t h e  a d v e r s e  effe c t s  of u n l i n e d  a s h  
a n d  was te-d i s po s a l  s i t e s  o n  g rou n d wate r a n d  te r re s t r i a l food c h a i n s .  Lea c h i n g 
from l i n e d  s i te s  i s  n e g l i g i b l e  ( So h o l t e t  a l . ,  1 9 8 1 ) .  The  Re sou r c e  
Con s e r v a t i on  a n d  Re cov e ry A c t  for b i d s  p l a c i n g  wa s t e s torage f a c i l i t i e s i n  
e n v i ronme n t a l l y  s e n s i t i ve a r e a s  ( e . g . , we t l a n d s ) ,  i n  c r i t i c a l  h a b i t a t  for 
e n d a n g e r e d  s pe c i e s ,  i n  s e i s m i c a l l y  a c t i v e  a r e a s , or  w i t h i n  r e c h a r g e  zon e s  of 
so l e- sou r c e  a q u i fe r s  ( So h o l t e t  a l . ,  1 9 8 1 ) .  Wa s te - h a n d l i n g fa c i l i t i e s  c a n no t  
d i s c h a r g e  po l l u t a n t s  i n to s u r face  wate r s  i n  v i o l at i on o f  t h e  r e q u i reme n t s  of 
t h e  N a t i o n a l  Po l l u t i on D i s c h a r g e  E l  i m i n a t i on Sys t e m  e s t a b l i s h e d  t h ro u g h  t h e  
C l e a n  Wate r A c t . T h e r e for e , on l y  ac c i de n ta l  s p i l l s  or  poor l y  o p e r a te d  
fa c i l i t i e s a r e  l i ke l y  t o  aff e c t  v e g e t a r i on a n d  w i l d l i fe .  

D i s po s a l  pon d s  may a t t r a c t  wate r b i r d s , e s p e c i a l l y  i f  t h e r e  a r e  n e a r by sou r c e s  
of food . B i r d s  u s i n g t h e s e  pon d s  for re s t i n g  a n d  f e e d i n g c a n i n g e s t  
pote n t i a l l y  tox i c  p a r t i c l e s  o r  s l ag .  S u rfac e -fe e d i n g wa t e r fow l  a r e  mos t 
v u l n e r a b l e  to i n g e s t i n g  s l ag ,  wh i c h may con t a i n b e n e f i c i a l a s  we l l  a s  
d e t r i me n ta l  t r a c e  me t a l s .  B i r d s  may a l so c o l l i d e w i t h  t ra n s m i s s i on towe r s  a n d  
l i ne s  s i t u a t e d  c l os e  t o  t h e  pond s .  T h e r e  wou l d  be  a s l i g h t  c h a n g e  i n  t h e  
amou n t  of a s h  d e po s i te d  i n to d i s po s a l  pon d s  a s  a r e s u l t  o f  t h e  powe r s a l e s  
con t r a c t  a l te r n a t i v e s . 

G a s  a n d  O i l - F i r e d  Powe r P l a n t  Effe c t s . A i r p o l l u ta n t s  e m i t t e d  by o i l or  g a s  
p l a n t s  affe c t  w i l d l i fe a n d  t h e i r  h a b i t a t  mu c h  a s  t h o s e  e m i t t e d  b y  coa l p l a n t s , 
b u t  t h e  mag n i t u d e  of t h e s e  i mp a c t s  a r e  mu c h  sma l l e r i n  mos t  c a s e s , b e c au s e  of 
t h e  l owe r l e v e l of e m i s s i on s  f rom o i l / g a s  p l an t s . Effe c t s  o n  v e g e t a t i on  a n d  
w i l d l i fe re l a t e d  t o  a i r q u a l  i ty from c h a n g e s  i n  op e r a t i on  o f  o i l / ga s  p l an t s  
a r e  n e g l i g i b l e  s i n c e  t h e  p roj e c te d  amb i e n t  a i r q u a l i ty d i ff e r e n c e s  ( s e e  4 . 3 . 3 )  
a r e  s o  s ma l l .  

N u c l e a r  P l an t Ope r a t i on s . Effe c t s  f rom n u c l e a r  powe r p l a n t s  d e p e n d  on  t h e  
p l a n t ' s  l oc a t i on a n d  cool i ng s y s t e m  u s ed . N u c l e a r  p l an t s  p rod u c e  r ad i oa c t i v e  
wa s te , r a d i oa c t i v e  e m i s s i on s , wa s te h e a t , a n d  c h em i c a l  r e s i d u a l s from t h e  
coo l i n g wa t e r  s y s tem . T h e  i mp a c t o f  n u c l e a r  powe r p l a n t s  on  t e r r e s t r i a l 
v e g e t a t i on i s  mo s t  l i ke l y  to o c c u r  t h rou g h  t h e  d e po s i t i on of d r i f t i n g  s te a m  
t h a t  i s  re l e a s e d  from coo l i ng towe r s . T h i s d r i ft i n g s te am c a n  d amage n e a r by 
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v e g e tat i on ,  e s p e c i a l l y  i f  s a l t w a t e r  i s  u s e d  for coo l i n g .  I mproved  
e n g i n e e r i n g  d e s i g n c a n  con t ro l  t he  p rob l em t h ro u g h  t h e  u s e  of baff l e s  or d r i ft 
e l i m i n ator s , wh i c h r e d u c e  t h e  amou n t  of wate r d rop l e t s  i n  t h e  a i r  s t r e am . 

T h e rma l d i s c h a r g e s from o n c e - t h r o u g h  coo l i n g sys tems  n e a r  e s t u a r i e s cou l d  
a f fe c t  t e r re s t r i a l w i l d l i fe a n d  v e g e t a t i on t h ro u g h  a c h a n ge i n  d i s t r i b u t i on of 
s ome mar i n e f i s h . Wa s t e h e a t  r e l e a s e d  i n  o t h e r  areas  doe s not  a p p e a r  to 
affe c t  w i l d l i fe or v e g e t at i on .  O p e rat i on of e x i s t i n g  n u c l e a r  p l a n t s are  not  
p roj e c t e d  to  c h a n g e  w i t h  pow e r  s a l e s  con trac t a l t e r n a t i v e s . Howe v e r ,  some 
a l t e r n a t i v e s  do affe c t  t h e  l i k l i hood of a n d  t i m i n g of ad d i t i on a l  n u c l e a r  p l a n t  
c a p a c i ty be i n g de v e l o p e d . 
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SPEC I AL NOTE 

Ef f ect on F i sh Stock Ana l ys i s  of 
Proposed L i s t i ngs under the Endangered Spec i es Act 

P LEAS E  NOT E : The f i s h  s to c k s  d i s c u s s e d  i n  t h i s  a p pe n d i x are  t h o s e  wh i c h we r e  
con s i d e r ed a t  t h e  t i me o f  a n a l ys i s  t o  be  pote n t i a l l y  i mpac ted b y  a l t e r n a t i v e s  
i n  t h e  powe r s a l e s  con t r a c t s  E I S . T h e  a n a l ys i s  foc u s e d  o n  Col u m b i a R i v e r  
s to c k s  a n d  p a s s age  meas u r e s  at  proj e c t s  t h ro u g h  wh i c h t h o s e  s toc k s  mu s t  trav e l  
d u r i n g m i g r at i on .  S i n c e  t h i s  ana l y s i s  wa s comp l e t ed , the  Nat i on a l  Mar i n e 
F i s h e r i e s S e r v i c e ( NM F S ) , i n  r e s pon s e  to pe t i t i on s  from f i s h e r i e s  g r ou p s , h a s  
propos e d  l i s t i ng t h r e e  s p e c i e s of S n ak e  R i v e r  s a l mon  a s  t h re a te n e d  o r  
e n d a n g e r e d  s p e c i e s  u n d e r  t h e  E n d a n g e r e d  S p e c i e s A c t . T h e  s p e c i e s p ropo s e d  for 
l i s t i n g a r e  S nake R i v e r  soc keye s a l mo n , S n ake R i v e r  s p r i n g a n d  s u mme r c h i nook 
( a s a s i n g l e  s p e c i e s ) , a n d  S n ake R i v e r  fa l l c h i nook . 

Reg i on a l  o r g a n i za t i on s  w i th  au thor i ty a n d  ac t i v i t i e s affe c te d  by t h e  p ropo s e d  
l i s t i n g s  a r e  work i n g t o  d e v e l op p l a n s  t o  e n h a n c e  t h e  s u r v i v a l  o f  t h e s e  s p e c i e s 
t h ro u g h  a v a r i ety of ac t i v i t i e s . S e v e r a l  s hort-te rm  me a s u re s  we r e  i mp l eme n t e d  
at  fe d e r a l  hydro p roj e c t s  i mmed i ate l y  fo l l ow i n g  t h e  p ropo s e d  l i s t i n g s  t o  
i mprove  m i g r a t i on cond i t i on s  for t h e  c a n d i d a te s p e c i e s . The  Nor t h we s t  Powe r 
P l a n n i n g  Cou n c i l  i s  con s i d e r i n g  ame n dme n t s  to i t s F i s h  a n d  W i l d l i fe P rogram . 
The  U . S .  Army Cor p s  of E n g i n e e r s , i n  coope r a t i on  w i t h  the  B u re a u  of 
Rec l amat i on and  BPA , i s  c on s i d e r i n g  a l t e r n a t i v e wa t e r  ma n ag e me n t  a c t i on s  at 
l owe r S n ake  and Co l umb i a R i v e r  p roj e c t s  to h e l p  j u v e n i l e  and ad u l t m i g r a t i on 
i n  1 9 9 2  a n d  beyon d . A l t e r n a t i v e ac t i on s are  a n a l yzed  i n  t h e  " 1 9 9 2  Co l umb i a 
R i v e r  S a l mon  F l ow Me a s u r e s  Op t i on s  A n a l y s i s / E I S . "  S i m i l ar l y ,  l on g e r  t e rm 
op t i on s  for sys tem ope r a t i on  to e n h a n c e  the  s u r v i v a l  of r u n s  p ropo s e d  for 
l i s t i n g  w i l l  be con s i d e r e d  i n  t h e  Sys tem  Opera t i on Re v i e w E I S , a l so  u n d e r  
prepa r a t i on b y  t h e  Cor p s ,  t h e  B u r e a u , a n d  BPA . 

I mp a c t s  d i s c u s s e d  i n  th i s  a p p e n d i x  a r e  t ho s e  of a l t e r n a t i v e s  o t h e r  t h a n  the  
p ropo s e d  a c t i on . T h e  p ropo s e d  ac t i on con t i n u e s  c u r r e n t  ope rat i on s  of the  
hydro s y s t e m . The  E I S  a n a l y s i s  of t h e  p ropo s e d  a c t i on d i d  not i d e n t i fy any  
add i t i on a l  i mp a c t s  beyon d t h o s e  of c u r re n t  hydro o p e ra t i on s . A c t i on s  adopted  
t h ro u g h  the  above  p l a n n i n g  effo r t s  and  c h a n g e s  i n  t h e  s u rv i v a l  of s p e c i e s 
p ropo s e d  for l i s t i n g a s  a r e s u l t  of t h o s e  ac t i on s  w i l l  s u pe r s e d e  t h e  a n a l y s i s  
i n  th i s  a p p e n d i x  of f i s h e ry i mpac ts  of E I S  a l te r n at i v e s . 

I n i t i a t i v e s  taken  i n  r e s pon s e  to propo s e d  l i s t i n g s  w i l l  b e n e f i t s y s tem 
ope r a t i on s  to e n h a n c e  f i s h  s u rv i v a l . Ope r a t i on s  of the e x i s t i n g  s y s tem  w i l l  
be s u bj e c t  to any n e w  l i m i t a t i on s a d o p t e d  by p roj e c t  o p e ra tor s or  i mpos e d  a s  
p a r t  o f  a r e c o v e ry p l a n i f  s pe c i e s a r e  l i s te d . I mp rov e d  ope r a t i on s  to p rote c t  
f i s h  r u n s  wou l d  t e n d  to d i m i n i s h  t h e  f i s h e ry i mp a c t s  of the  E I S  a l t e r n a t i v e s  
a s  d e s c r i b e d  i n  th i s  appe n d i x .  Mea s u r e s  to e n h a n c e  t h e  s u r v i v a l  of s pe c i e s 
p ropo s e d  for l i s t i n g w i l l  a l s o  b e n e f i t o t h e r  s to c k s  d i s c u s s e d  i n  t h i s  appe n d i x .  

I n  s ho r t , r e s pon s e s  to p ropo s e d  l i s t i n g s  w i l l  r e d u ce ad v e r s e  i mp a c t s  of E I S  
a l te r n a t i v e s  o n  f i s h . A s  a r e s u l t ,  a d v e r s e  e ffe c t s  o f  E I S  a l te r n a t i v e s  on  
f i s h  r u n s  w i l l  p roba b l y  be  s ma l l e r than  t h e  E I S  d i s c u s s i on s ta te s . 
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A l ar g e  n um b e r  of a n a d r omou s f i s h  s to c k s  a r e  p rod u c e d  i n  t h e  Co l u mb i a  R i v e r  
Ba s i n .  T h e s e  i n c l ude  u p p e r  r i v e r  s p r i n g a n d  s umme r c h i nook , fa l l c h i nook , 
coho a n d  soc keye s a l mo n  a n d  s te e l h e a d  t r ou t . 

Uppe r R i v e r  Spr i ng Ch i n ook . U p p e r  R i v e r  s p r i n g c h i n ook  s p awn t h r o u g h o u t t h e  
Co l umb i a a n d  S n ake R i v e r  Ba s i n s .  The  ad u l t s  e n te r t h e  Co l umb i a  R i v e r  o n  t h e i r  
s pawn i n g m i g r a t i on i n  t h e  s p r i n g w i t h  t h e  r u n  p e a k i n g  a t  Bon n e v i l l e Dam i n  
Ap r i l a n d  May . The ad u l t s s pawn i n  t h e  fa l l .  J u v e n i l e s  m i g r a t e  to t h e  o c e a n  
a year  from t h e  fo l l ow i n g  s p r i n g a s  " y e ar l i n g s . "  T h e  u p r i v e r  s p r i n g c h i n ook 
r u n  a v e r a g e d  at 1 68 , 000 b e twe e n  1 9 39  a n d  1 97 4 . T h i s  a v e rage  de c l i n e d  i n  r e c e n t  
y e a r s  to a 1 9 7 5- 1 985  a v e r age  of 8 5 , 000 f i s h ,  w i t h  a r e cord  l ow u p r i v e r  r u n  i n  
1 9 79  of 5 1 , 500 f i s h .  T h i s  comp a r e s  to t h e  m a n a g e me n t  goa l of 1 1 5 , 000 s p r i n g  
c h i nook ove r Bon n e v i l l e Dam w i t h  2 5 , 000 n a t u r a l / w i l d  a n d  1 0 , 000 h a t c h e ry f i s h  
o v e r  Lowe r G r a n i te Dam . T h i s  was me t i n  1 98 6  �h e n  1 2 5 , 600 s p r i n g c h i nook 
p a s s e d  ove r Bon n e v i l l e Dam . The 1 9 87  and 1 9 8 8  r u n  s i z e s  we re  1 0 3 , 2 00 a n d  
92 , 700 r e s p e c t i v e l y .  

Sp r i n g  c h i nook are  not  h a r v e s ted  i n  s i g n i f i c a n t n um b e r s  by t h e  o c e a n  f i s h e ry . 
P r i or to 1 9 70 , i n-r i v e r  f i s h e r i e s h a r v e s te d  s u b s ta n t i a l  n u mbe r s  of f i s h ,  b u t  
d u e  to d e c l i n e s  i n  t h e  r u n  s i n c e t h a t  t i me ,  s i g n i f i c a n t  c a t c h e s  oc c u r r e d  on l y  
i n  1 9 77  a n d  1 986 . I n  1 988  t h e  Co l u mb i a  R i v e r  F i s h  Ma n ag e me n t  P l a n ( CR F M P ) 
r e s u l t e d  f rom t h e  s e t t l e me n t  of t h e  U . S .  D i s tr i c t Co� r t  c a s e  of U . S .  v .  Orego n  
( Ca s e  No . 68- 5 1 3 ) , t h r ou g h  an  agreeme n t  b e twe e n  t h e  F e d e r a l age n c i e s ,  I n d i an 
Tr i b e s , a n d  S tate  age n c i e s .  Th i s  a g r e e me n t  e n t i t l e s  t h e  T r e a ty f i s h e r i e s  to a 
m i n i mu m  of 1 0 , 000 s p r i n g a n d  s u mme r c h i nook w i t h  t h e  maj or i ty be i n g s p r i n g 
c h i nook . T r e a ty f i s h e ry h a r v e s t  r a t e s wh e n  r u n s  a r e  b e l ow t h e  p a s s ag e  goa l 
w i  1 1  not e x c e e d  7 pe r c e n t  of t h e  r u n . I n  1 9 88 t h e  T r e a ty comme r c i  a 1 a n d  
c e r emon i a l / s u b s i s t e n c e  f i s h e r i e s h ar v e s te d  6 , 42 9  s p r i ng c h i nook . 

Uppe r R i v e r  S umme r Ch i n ook . T h e  U p p e r  R i v e r  s u mme r c h i n ook r u n  con t a i n s  two 
d i s t i n c t  r u n s  d i v i de d  b e tw e e n  t h e  S n ake  a n d  t h e  U p p e r  Co l u mb i a  r i v e r s . Both  
grou p s  r e t u r n  a s  ad u l t s to Bon n e v i l l e d am i n  J u n e  a n d  J u l y .  Howe v e r , t h e  
Snake  R i v e r  s umme r c h i n ook  h a v e  a l i fe - c yc l e  s i m i l a r t o  s pr i n g c h i nook i n  t h a t  
t h e  j u v e n i l e s m i grate  �rom t h e  sys tem  a s  y e a r l i n g s . I n  con t ra s t , U p p e r  
'� ,j I UJ:t; l i  R i v e r  s umme r c h i nook. : ' 2 v e  ,� ' 1 f e - c y c l e  i i ke f a l l c h i nook- - t h e i r  
� rGgeny  m i g r a te down s t r e a m  a u r l n g  t h e  s umme r ( J u n e-A u g u s t >  a s  s u bye a r l i n g s . 

Bot h  t h e  S n ake  a n d  U p pe r Co l umb i a  R i v e r  s umme r c h i nook r u n s h a v e  d e c r e a s e d  
d r ama t i c a l l y  i n  r e c e n t  y e a r s . T h e  1 9 38- 1 9 6 9  a v e r age  r u n  at  Bon n e v i l l e Dam wa s 
1 1 1 , 000 f i s h , wh i l e t h e  1 978- 1 987  ave r ag e  wa s 2 6 , 000 f i s h . S i n c e  1 9 8 6  t h e  
a v e r ag e  h a s  b e e n  e x c e e d e d  b u t  t h e  r u n  i s  we l l  be l ow t h e  man ageme n t  goa l of 
80 , 000 to 90 , 000 f i s h  o v e r  Bon n e v i l l e Dam . 

S u mme r c h i nook con t i n u e  to be  h ar v e s t e d  i n  s u b s ta n t i a l  n u mbe r s . T h e  o c e a n  
f i s h e r i e s o c c u r  p r i mar i l y  i n  A l a s k a  a n d  B r i t i s h  Co l u mb i a .  A 1 9 8 4  e s t i ma te 
p l a c e d  o c e a n  h a r v e s t  a t  6 2 . 9  p e r c e n t  of t h e  s to c k . I n  r i v e r  i n c i d e n t a l  
h a r v e s t  o f  s umme r c h i nook doe s o c c u r  a n d  i s  l i m i t e d  t o  j a c k s  d u r i n g t h e  
s t ee l h e ad s po r t  f i s h e ry a n d  t h e  l owe r r i v e r  g i l l - n e t  soc keye f i s h e r y ; a d u l t s 
a n d  j ac k s  i n  t h e  Tr e a ty s e t-ne t sockeye f i s h e ry ; a n d  h a n d l i n g on l y  i n  
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t h e  l owe r r i ve r  s had g i l l - n e t  f i s h e ry .  I n  1 988 , a n  e s t i ma t e d  1 , 1 00 s umme r 
c h i nook we re h a r ve s t e d . 

F a l l Ch i nook . Wh i l e  a l i m i t e d  n umbe r of some f a l l c h i nook m i g r a t e  a s  
ye a r l i n g s , t h e  maj or i ty o f  j u v e n i l e s mov e  down r i ve r  i n  t h e i r  f i r s t  s umme r  a s  
s u byea r 1 i n g s . Adu l t s e n t e r  t h e  r i v e r  t o  s pawn  from A u g u s t  t h ro u g h  Novembe r ,  
w i t h  cou n t s  peak i ng  at  Bon n e v i l l e Dam d u r i n g  S e p tembe r .  F a l l c h i nook may be  
d i v i d e d  i n to two grou p s  T u 1 e  a n d  Up r i v e r  Br i g h t .  The  T u 1 e  c h i nook a r e  a l owe r 
r i ve r , p r e domi n an t l y  Bon n e v i l l e Poo l H a t c h e ry ( BP H )  s to c k  w h i c h i s  p rod u c e d  
p r i ma r i l y  at  Sp r i n g C r e e k  H a t c h e ry .  B P H  fa l l c h i nook ma i n ta i n e d  t h e i r  n u mbe r s  
we l l u n t i l 1 982 . S i n c e  t h e n , t h e  r u n  h a s  b e e n  d e p r e s s e d  p r i ma r i l y  d u e  to 
h a t c h e ry d i s e a s e  prob l ems . 

U p r i ve r  B r i gh t  fa l l c h i nook  a r e  d i v i d e d  i n to two maj or  s e gme n t s , o n e  wh i c h 
s pawn s i n  t h e  M i d-Co l umb i a R i v e r  a n d  t h e  ot h e r  i n  t h e  S n ake  R i v e r . T h e  
M i d-Co l umb i a  f i s h  are  f o r  t h e  mos t  p ar t , e i t h e r  n a t u r a l l y  prod u c e d  i n  t h e  f r e e  
f l ow i n g  H a n ford Re a c h  o f  t h e  Co l umb i a ,  are  h a t c h e ry p r o d u c t i on from P r i e s t  
Rap i d s , a n d  R i n go l d h a t c h e r i e s  or r e c e n t  r e l e a s e s  i n to t h e  Yak i ma R i v e r . T h e  
S n ake  R i v e r  popu l at i on , u n t i l r e c e n t l y ,  w a s  a n  e n t i r e l y  n a t u ra l l y  p rod u c e d  
r u n . T h e  Lyon ' s  F e r ry H a t c h e ry i s  now p rod u c i n g  a s u b s ta n t i a l n u m b e r  o f  S n ake  
R i v e r  f a l l c h i nook . 

R e c e n t l y  anot h e r grou p of fa l l  c h i nook h a s  b e e n  d e v e l oped , t h i s  i s  t h e  
M i d -Co l umb i a  Br i g h t  ( MCB ) . T h e  M C B  i s  comp r i s e d  o f  b r i g h t s  r e a r e d  a n d  
r e l e a s e d  a t  Bon n ev i l l e H a t c h e ry a n d  b r i g h t s  from Bon n e v i l l e ,  L i t t l e W h i te 
S a l mon , S p r i ng Creek , a n d  K l i c k i t a t  h a t c h e r i e s  r e l e a s e d  i n  a r e a s  be twe e n  
Bon ne v i l l e a n d  Mc Nary dams . 

T h e  U p r i v e r  B r i g h t  fa l l  c h i nook cou n t  a t  M c Nary Dam h a s , s i n c e  1 9 60 , of t e n  
fa l l e n be l ow t h e  40 , 000 a d u l t  e s c apeme n t  goa l . For e xamp l e ,  from 1 97 4  to 
1 982 , the e s capeme n t  goa l was  not  r e a c h e d . I t  a p p e a r s the d e c l i n e i s  
a t t r i b u ta b l e  to a v i r t u a l  l o s s  of t h e  S n ake R i v e r  s e gme n t  of t h e  r u n . T h e  
1 9 6 2 - 1 9 7 7  a n n u a l  ave rage  to t a l  S n ake  R i v e r  f a l l c h i nook cou n t  was  1 6 , 400 , 
comp a r e d  to a 1 9 7 5 - 1 984 a v e r a g e  of 2 , 000 f i s h . T h e  M i d - Co l umb i a  s e gme n t , on  
the  o t h e r  h a n d , has  grown i n  s tr e n g t h , w i t h  1 984- 1 986  cou n t s  v a s t l y  e x c e e d i n g 
d e s i r e d  e s c apeme n t  l e v e l s .  Both  Tu 1 e  a n d  U p r i ve r  Br i g h t  fa l l c h i n ook  a r e  
h e a v i l y  h a r v e s te d  i n  t h e  o c e a n  f i s h e r i e s , Tu 1 e s a t  6 5 . 9  p e r c e n t  a n d  B r i g h ts a t  
6 7 . 4  p e r c e n t . Tu 1 e s a r e  h a rv e s te d  mo s t  h e av i l y  i n  t h e  U . S .  Coa s t a l  F i s h e ry 
( 3 9 . 9  pe r c e n t ) , wh i l e U p r i ve r  Br i g h t s  a r e  h a r v e s te d  p r e d om i n an t l y  i n  t h e  
B r i t i s h  Co l umb i a F i s h e ry ( 40 . 6  p e r c e n t ) . B o t h  s to c k s  are  h a r v e s te d  i n- r i v e r  
a s  we l l ,  Tu 1 e s a t  1 0 . 7  pe r c e n t  a n d  Br i g h t s  a t  7 . 9  pe r c e n t . S i n c e  1 98 3 ,  t h e  
P ac i f i c  F i s h e r i e s Manageme n t  Cou n c i l  h a s  a t te m p t e d  t o  d e c re a s e  t h e  h a r v e s t  o f  
B P H  T u 1 e s to a l l ow t h e  s to c k  t o  r e cov e r .  

Coho Sa l mon . Coho s a l mon r u n s  above Bon n e v i l l e Dam a r e  s ma l l a n d  a r e  l ar ge l y  
l i m i t e d  to t h e  Bon n e v i l l e Poo l . N e a r l y  90 p e r c e n t  of t h e  1 9 80- 1 984  a v e rage  
Bon n ev i l l e Dam  cou n t  of  2 2 , 4 68  a d u l t  coho r e ma i n e d  i n  the  Bon n ev i l l e Poo l . 
S i n c e  t h e  1 9 70 ' s coho r e l e a s e s  h a v e  o c c u r r e d  at  t h e  Roc ky Reac h - Tu r t l e  Roc k 
comp l e x ,  a n d  r e c e n t l y r e l e a s e s  of coho h av e  b e g u n  i n  t h e  Yak i ma a n d  Uma t i l l a 
R i v e r s , a s  ou t l i n e d  i n  t h e  CRFMP . Effo r t s  to o b ta i n S n a k e  R i v e r  B r ood S t o c k  
i n  1 98 3 - 1 984  f a i l e d whe n no c o h o  we r e  t r a p p e d , e v e n  t h ro u g h  d a m  cou n t s  
i n d i c a t e d  t h a t  a sma l l n um b e r  of coho we r e  cou n t e d  a t  t h e  S n ake R i v e r  dams . 
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Up r i ve r  coho are  h a r v e s te d  by ocean  a n d  i n  r i v e r  f i s h e r i e s .  H a r v e s t  of s to c k s  
above Bon n e v i l l e Dam i n  t h e  T r e a ty I n d i a n f i s h e r i e s was  2 , 300 i n  1 9 88 . 
Harve s t  have  b e e n  m i n o r  d u e  to re s tr i c t i on s  to p rote c t  s tee l h e ad  a n d  b e c a u s e  
t h e  r u n  m i g r a te s  on l y  t h ro u g h  t h e  l owe r mo s t  por t i on o f  t h e  t re a ty f i s h i n g a r e a  
e n route  t o  Bon n e v i l l e poo l a r e a  h a t c h e r i e s .  

Sockeye Sa l mon . Co l umb i a  R i v e r  sockeye o r i g i n a t e  f rom both  t h e  S n ake  a n d  
M i d-Co l umb i a  R i v e r s . By f a r  t h e  maj o r i ty o f  t h e  r u n , M i d -Co l umb i a  sock eye , 
come s f rom t h e  W e n a t c h e e  a n d  Okanogan R i v e r s . Ov e r  t h e  pe r i od 1 9 70  to 1 9 84 , 
t h e  Oka nogan  sys tem a n n u a l l y  prod u c e d  58 . 5  p e r c e n t  of t h e  7 7 , 8 9 5  f i s h  tota l . 
Tota l  soc keye n umbe r s  f rom t h e  M i d-Co l umb i a  h a v e  b e e n  s t a b l e  s i n c e  1 9 7 0 , 
e x c e p t  for r e c e n t  f l u c t u a t i on : 1 9 8 5  = 1 6 6 , 500 ; 1 98 6  5 8 , 1 00 ;  1 9 87  = 

1 1 7 , 000 f i s h . 

Sockeye are  not  h a r v e s te d  to any a p p re c i a b l e e x t e n t  i n  t h e  o c e a n  comme r c i a l or 
s por t f i s h e r i e s . I n -r i v e r  f i s h e r i e s h a v e  b e e n  s po r ad i c ,  h a r v e s t i n g  t h e  l a r g e r  
r u n s  whe n f i s h  n umbe r s  e x c e e d e d  e s c apeme n t  go� 1 3 ( 6 5 , 000 a t  P re i s t Rap i d s 
Dam) . T h e  CRFMP h a s  s e t  u p  h a r v e s t  l e v e l s b a s e d  on Bon ne v i l l e Dam p a s s a g e  
w i th  h a r ve s t , b y  c e r e mon i a l / s u b s i s te n c e  f i s h e r i e s for r u n s  u n d e r  7 5 , 000 , not  
to e x ce e d  7 p e r c e n t  of  the  r u n . The  h a r v e s t  i s  d i v i d e d  b e twe e n  T r e a ty and  
non-T r e a ty f i s h e r i e s for r u n s  above  7 5 , 000 sockeye s a l mo n . 

S tee l h e a d  Trou t .  S te e l h e a d  t r o u t  a r e  w i d e l y  d i s t r i b u te d  t h ro u g ho u t t h e  
Co l umb i a  a n d  S n ake R i v e r  Ba s i n s .  Th e i r  b road geog r a p h i c  d i s tr i b u t i on i s  
ma t c h e d  by t h e  g r e a t  s pa n  of t h e i r  r u n  t i m i n g . S t e e l h e a d  c ro s s  Bon n e v i l l e Dam 
e v e ry d ay of the cou n t i n g  s e a son  ( Ma r c h - Novemb e r )  a n d  b e yon d . The s umme r 
s tee l h e a d  m i g r a t i on  i s  g e n e r a l l y  d i v i d e d  i n to a n  " A "  r u n , d i s tr i b u t i on 
t h roughou t mu c h  of t h e  s y s t e m ,  a n d  a " B "  r u n , wh i c h con s i s t s  of l ar g e r  f i s h  
d e s t i n e d  for t h e  S n ake  R i v e r .  The  " B "  r u n  c ros s e s  Bon n e v i l l e Dam afte r 
A u gu s t  2 5 . T h e  t i m i n g  of t h e  peak  of t h e  " B "  r u n  d e p e n d s  on  t h e  con t r i b u t i on 
of i t s s u b-pop u l a t i on s  a n d  h a s  v ar i e d f rom m i d -J u l y  to e a r l y  S e p t e mb e r . I n  
a d d i t i on to t h e  s umme r s t e e l h e a d  d i s c u s s e d  a bove , w i n t e r  s t e e l h e a d  r e t u r n  to 
s e v e r a  1 s t r e ams  wi  t h  i n  t h e  Bon n e v  i l l  e Poo l . 

J u ve n i l e  s t e e l h e a d  m i g r a t e  to t h e  o c e a n  i n  t h e  s p r i n g ,  w i t h  t i m i n g  s i m i l ar to 
t h a t  of y e ar l i n g c h i nook . Th e i r  age  a t  m i g r a t i on i s  v a r i ab l e  ( 1 -4 y e ar s ) , 
w i t h  2 y e a r s  a s  an  a v e r a g e . S t e e l h e a d  r u n s  h a v e  i n c r e a s e d  s u b s ta n t i a l l y  i n  
r e c e n t  y e a r s  a f t e r  r e ac h i n g  a l ow po i n t  i n  1 9 7 5 . T h e  1 9 8 6  Bon n e v i l l e Dam 
total u pr i v e r  r u n  of 384 , 400 s te e l h e a d  wa s e x c e e d e d  o n l y  by the 1 940 r e t u r n  of 
422 , 800 . The 1 983- 1 9 8 7  " A "  r u n  s i ze s  h a v e  a l l e x c e e d e d  the 1 9 6 9 - 1 9 8 7  a v e r age  
of 1 2 1 , 000 , w i t h  the  1 9 88  m i n i mu m  r u n  s i ze of 1 94 , 7 00 s how i n g  a d e c r e a s e  f rom 
t h e  1 985- 1 987  h i g h s . T h e  l i B "  r u n  f rom 1 9 6 9 - 1 9 8 5  a v e r a g e d  5 8 , 000 f i s h .  Th i s  
f i g u re h a s  b e e n  e x c ee d ed e a c h  year  s i n c e  1 98 3 , w i t h  t h e  1 988  r u n  r e a c h i n g  
90 , 200 s te e l  h e ad . 

S t e e l h e ad a r e  not  h a r v e s t e d  i n  o c e a n  f i s h e r i e s  a n d  i n- r i v e r  comme r c i a l h a r v e s t  
by non - T re aty f i s he rme n h a s  b e e n  proh i b i t e d  s i n c e  1 9 7 5 . Comme r c i a l h a r v e s t  by 
t h e  Tre aty I n d i an f i s h e ry h a s  a v e r ag e d  7 8 , 400 s te e l h e a d  d u r i n g t h e  p e r i od 
1 9 84- 1 988 , a v a s t  i mp ro v e me n t  o v e r  t h e  1 97 9- 1 988  a v e r a g e  of 43 , 800 s t e e l  h e a d . 
Lowe r r i v e r  s po r t  h a rv e s t  a l so  o c c u r s  w i t h  t h e  1 9 88 h a rv e s t  of u p r i v e r  
s tee l head  e s t i ma t e d  t o  b e  4 , 900 f i s h . Sma l l n umbe r s  of s te e l h e a d  a r e  a l s o  
h a r v e s t e d  b y  t h e  c e r e mon i a l a n d  S U b s i s te n c e  f i s he r i e s . No e s capeme n t  goa l h a s  
b e e n  s e t  t h r o u g h  t h e  C R F M P  f o r  s tee l h e a d , b u t  f i s h e r i e s  manage r s  d e s i re to 
con t i n u e  to i n c re a s e  t h e  r u n  s i ze .  
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S i gn i f i cance Ana l ys i s  

Stocks Poten t i a l l y  I mpac ted by Power Sa l es Con t ract A l ternat i ves 
Cr i t i ca l  and Noncr i t i ca l  Stocks 

We l l s Poo l 

Y e a r l i n g s : Me t how R i v e r  S p r i n g Ch i nook * 

W i n t h rop N a t i on a l  F i s h  Ha t c h e ry S p r i n g Ch i nook 

S u byear l i n g s : Me t how R i v e r  S u mme r / fa l l C h i nook * 
Oka nogan  - S i m i l kame e n  R i v e r  Summe r / Fa l l C h i n ook * 

�oc�each Poo l 

S u byea r l i n g s : We l l s  H a t c h e ry S u mme r / Fa l l  Ch i nook * 

Rock I s l and Poo l 

Y e a r l i n g s : W e n a t c h e e  R i v e r  S p r i n g Ch i nook 
Rocky Re a c h  - T u r t l e Roc k  Comp l e x Coho 

S u byear l i n g s : W e n a t c h e e  R i v e r  S u mme r Ch i nook 
Rocky Rea c h  - Tu r t l e  Roc k  Comp l e x Fa l l  Ch i nook 

Lower Monumenta l Poo l 

Yea r l i n g s : T u c a n non R i v e r  S p r i n g  Ch i nook * 

S t e e l h ead : T u c a n non R i v e r  S umme r S te e l  h e a d  

McNary Poo l 

Yea r l i n g s : Yak i ma R i v e r  S p r i n g Ch i nook 
Yak i ma R i v e r  Coho 

John Day Poo l 

Yea r l i n g s : J o h n  Day R i v e r  Sp r i n g Ch i nook 
Uma t i l l a R i v e r  S p r i n g Ch i nook 
Uma t i l l a R i v e r  Coh o  

S u byear l i ng s : J o h n  Day R i v e r  F a l l Ch i nook 
Uma t i l l a R i v e r  U R B  

* I n d i c a t e  a c r i t i ca l  s to c k . 
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The Da l l es Poo l 

Year l i n g s : De s c h u t e s  R i v e r  Sp r i n g C h i nook 
W S N F H , RBH  S p r i n g  C h i nook 

S tee l head : De s c h u t e s  R i v e r  S umme r Stee l h e ad 

B a s e d  on  a r e l a t i v e  d e c r e a s e  i n  s u rv i va l  of one  p e r c e n t  i n  any  year  ( F I S H PASS ) 
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WELLS POOL 

Year l i ng S toc k s  

T h e  F i s h p a s s  mod e l  i d e n t i f i e d d e c r e a s e d  sys tem  s u rv i v a l  o f  g r e a t e r  t h a n  
1 p e r c e n t  for a l l year l i n g s to c k s  o r i g i n a t i n g  f rom t h e  We l l s  Poo l , for t h e  
a l t e r n a t i v e 4 . 1 0  ( I n c re a s e  F i r � t  Q u a r t i l e-Type I n te r r u p t ab i l i ty -
1 00 pe r c e n t ) . T h e r e  are  two s to c k s  i d e n t i f i e d i n  t h e  We l l s  Poo l : t h e  Me t how 
R i v e r  s p r i n g  c h i nook , and t h e  W i n t h rop N a t i on a l  F i s h H a t c h e ry s p r i n g c h i n ook . 

T h e re i s  at  p r e s e n t  no  s po r t  o r  I n d i an t e rm i n a l  f i s h e r i e s  i n  t h e  s u b ba s i n .  
U p r i v e r  s p r i ng  c h i nook a r e  h a r v e s te d  i n c i d e n t a l  to t h e  Lowe r Co l u mb i a  R i v e r  
w i n te r  g i l l - n e t , sport  a n d  Zone  6 ( above Bon n e v i l l e Dam ) T r e a ty I n d i a n 
f i s h e r i e s . S e a s on s a re r e g u l a te d  to m i n i m i z e t h e  n umbe r of u p r i v e r  s p r i n g 
c h i nook h a rv e s ted . As  p a r t  of t h e  U . S .  v s  O regon a g r e e me n t ,  T r e a ty I n d i an 
Comme r c i a l a n d  Ce r emon i a l a n d  S u b s i s te n c e  f i s h e r i e s a r e  a l l owed  to h a r v e s t  
7 p e r c e n t  of t h e  u p r i v e r  s p r i n g c h i nook r u n  u p  to 1 0 , 000 f i s h . T h e  1 9 8 7  
T r e a ty I nd i an Zone 6 h a r v e s t  wa s 6 , 42 9  ad u l t s .  I t  i s  a s s u me d  t h a t  e v e n  w i t h  
t h i s  h a rve s t  t h a t  n o  s i g n i f i c a n t  n u mbe r s  o f  Me t how R i v e r  o r  W i n t h rop N F H  
s p r i n g  c h i nook a r e  t a k e n  i n  a n y  f i s h e ry .  

U n d e r  a l t e r n a t i v e 4 . 1 0  t h e  a v e r age  sys tem  s u rv i v a l  d e c re a s e d  1 . 0 p e r c e n t  i n  
1 year  and  i n c re a s e d  by 1 . 6 p e r c e n t  i n  a n o t h e r  for y e ar l i n g s to c k s  or i g i n a t i n g  
i n  the  W e  1 1  s Poo l . 

Me t how R i v e r  Spr i ng Ch i nook : Th i s  r u n  i s  a m i x t u re of n a t u r a l  r e t u r n i n g f i s h  
a n d  f i s h  f rom t h e  W i n t h rop N F H . Th i s  s to c k  h a s  s hown i mp roveme n t  w i t h  a n  
e s t i ma t e d  r e t u r n  i n  1 985  of 3 , 4 3 3  f i s h , a n  i n c r e a s e  f rom a l ow of 8 3 8  i n  1 97 9 .  
T h e  e s t i ma t e d  r e t u r n  c a n  i n c l u d e  h a t c h e ry s t ray s , and  i s  s t i l l  a t  a d e p r e s s e d  
l e v e l . S upp l eme n tat i on w i t h  W i n t h rop N F H  s to c k  i n  1 98 5  wa s 1 , 1 6 7 , 600 , a n d  i n  
1 98 6  was  1 , 098 , 700 smo l t s , a n d  w i l l  i n c re a s e  by 6 7 5 , 000 smo l t s  a s  p a r t  of t h e  
W e l l s  Se t t l eme n t  A g r e eme n t  w i t h  Dou g l a s  Cou n ty PUD . 

T h e  s to c k  i s  con s i d e red  to be  managed  a s  a c r i t i c a l  h a t c h e ry - s u p p l eme n t e d  
s to c k . 

W i n t h rop �at 'fn a l  F i s h  H a t c h e r y :  Th i s  h a t c h e ry s to c k  r e l i e s o n  r e t u r n s  t o  t h e  
Me t how R i v e r  a n d  h a s  u s e d  i n  t h e  p a s t  s to c k s  from Leav e n wor t h  N F H , Ca r son  N F H , 
L i t t l e W h i te  S a l mon  N F H , a n d  Cow l i tz H a t c h e ry . The  p re s e n t  r u n  i s  d e p r e s s ed 
w i t h  r e t u r n s  r e ac h i n g  a p e a k  1 , 200 i n  1 985  w i t h  a n  ave r a g e  r e t u r n  of 
8 8 7  adu l t s < 1 982-86 ) ,  wh i c h i s  an  i n c r e a s e  ov e r  t h e  r e t u r n s  of l e s s  t h a n  1 00 
i n  t h e  l ate  1 9 7 0 s . S p r i n g c h i nook are  man ag e d  a s  a h a t c h e ry s to c k  w i t h  
c u r r e n t  prod u c t i on a t  1 . 1 m i l l i on smo l t s . I n  t h e  U . S .  v s  Or egon  a g re e me n t , a 
prov i s i on c a l l s  for t h e  prod u c t i on to i n c re a s e  to 1 . 4 m i l l i on s mo l t s , a n d  a 
f u t u r e  de v e l op e me n t  p l an w i  1 1  i n c re a s e  prod u c t i on to 2 . 0  m i l l i on s mo l t s . 

I t  i s  a s s umed  t h a t  t h i s r u n  i s  a v i ab l e  h a t c h e ry s toc k .  

S u bye a r l i ng S to c k s  

T h e  F i s h pas s mod e l  h a s  i d e n t i f i e d a d e c r e a s e  i n  s y s tem  s u rv i v a l  for 
s u byear l i n g  s to c k s  o r i g i n at i n g i n  t h e  We l l s  Poo l . The two s to c k s  t h a t  a r e  
i d e n t i f i e d a r e  t h e  Me t how R i v e r  s umme r / fa l l c h i nook , a n d  t h e  Okanoga n -
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S i m i l kame e n  R i v e r  s umme r / fa l l c h i nook . D u e  to confu s i on wh i c h e x i s t s  
r e g ar d i ng t h e  i d e n t i f i ca t i on o f  d i s c re te r a c e s of s umme r  a n d  f a l l c h i nook for 
t h e s e  s u bbas  i n s ,  t he  s u b s p e c  i e s  wi 1 1  be t r e a ted  as one r a c e  ( i . e . , s umme r / f a  1 1  
c h i nook ) . 

T h e r e  i s  p r e s e n t l y  no  t e rm i n a l  s po r t  or T r e aty I n d i an f i s h e r i e s  targe t i n g  t h e  
s umme r / fa l l c h i nook i n  t h e s e  s u b b a s i n s .  T h e r e  are  no  l owe r r i ve r  f i s h e r i e s 
t h a t  target  s u mme r / fa l l c h i nook b u t  i n c i d e n t a l  h a r v e s t  of s umme r c h i nook doe s 
oc c u r  a n d  i s  l i m i te d  to j a c k s  d u r i n g  the  s t ee l h e ad s po r t  f i s h e ry a n d  t h e  l owe r 
r i ve r  g i l l - n e t  sockeye f i s h e ry ;  a d u l t s a n d  j a c k s  i n  t h e  t r e a ty s e t- n e t  soc keye 
f i s h e ry ;  and h a n d l i n g on l y  i n  the l ower  r i v e r  s h ad g i l l -n e t  f i s h e ry .  I n  1 9 8 7 , 
ou t of a r u n  of 3 3 , 000 , a h ar v e s t  of 1 , 200 a d u l t s oc c u r r e d  i n  the  Zone 6 
comme r c i a l a n d  c e remon i a l a n d  s u b s i s te n c e  f i s h e r i e s . I t  i s  a s s umed  t h a t  
i n s i g n i f i ca n t  n umbe r s  o f  s umme r / fa l l c h i nook from t h e  We l l s  Poo l are  taken  i n  
any  f i s h e ry . 

Sy s tem  s u rv i v a l  for s u bye ar l i n g s  u n d e r  a l t e r n a t i v e 4 . 1 0  s howe d a d e c r e a s e  a s  
g r e a t  a s  1 . 8 p e r c e n t  w i th  ot h e r  yea r s , e x c e p t  one , s how i n g  d e c re a s e s  g r e a t e r  
t h a n  1 . 5 p e r c e n t . 

Me thow R i v e r  S u mme r / F a l l Ch i nook : S p awn i n g g rou n d  s u r v eys  s how a d e c re a s i n g 
t r e n d  for Me t how R i v e r  s umme r / fa l l c h i nook from a h i g h i n  1 9 7 9  of 2 , 4 3 3  ad u l t s 
to 630  i n  1 985 . Th i s  t r e n d  s hou l d  s how a t u r n  a rou n d  w i t h  t h e  i mp l eme n t a t i on 
of t h e  Roc k  I s l a n d  Dam A g r e e me n t  wh i c h w i l l  i n c re a s e  t h e  p r e s e n t  re l e a s e  of 
400 , 000 smo l t s  by a n  a d d i t i on a l  400 , 000 s mo l t s . I t  i s  pos s i b l e  a n  a d d i t i on a l  
prod u c t i on of 4 1 0 , 000 s mo l t s  w i l l  come from t h e  We l l s  Se t t l eme n t  agre eme n t  
d e p e n d i ng on t h e  s u c c e s s  of t h e  soc keye n e t  p e n  r e a r i n g p r oj e c t .  T h e  s to c k  i s  
ma n a g e d  a s  a pote n t i a l l y  c r i t i c a l  s u p p l eme n t e d  s toc k .  

Okanogan - S i m i l kame e n  R i v e r  S umme r / Fa l l C h i nook : T h e  n a t u r a l e s c ap e me n t  h a s  
s hown a s l i gh t  r e bo u n d  t o  a h i g h of 2 , 244  a d u l t s i n  1 9 8 4  from a l ow of 5 2 6  i n  
1 98 2 . The  1 97 7- 8 5  ave rage  i s  1 , 1 4 9 ad u l  t s , w i  t h  1 98 4  a n d  1 98 5  s howi  n g  a 
i n c re a s e  ove r  t h e  ave rage . Th i s  s to c k  h a s  h ad no d i re c t  s u p p l e me n ta t i on , b u t  
r e tu r n s  to We l l s  H a t c h e ry may h a v e  e n te r e d  t h e  s u b b a s i n .  A s  p a r t  of t h e  Roc k  
I s l an d  Set t l eme n t , 560 , 000 s mo l t s  w i l l  b e  r e l e a s e d  i n to t h e  s u b b a s i n .  T h e  
s to c k  h a s  b e e n  manage d for n a t u r a l  prod u c t i on b u t  w i l l  be  e n h a n c e d  w i t h  t h e  
above s u p p l eme n tat i on .  T h e  s to c k  i s  mana g e d  a s  a c r i t i c a l  n a t u r a l  
s u p p l emented  s toc k .  

ROCKY REACH POOL 

S u bye a r l i ng S toc k s  

T h e  f i s hp a s s  mod e l  h a s  i d e n t i f i e d a d e c r e a s e  i n  s u rv i v a l  u n d e r  a l t e r n a t i v e  
4 . 1 0 for s u by e ar l i ng s  or i g i n a t i n g i n  t h e  Roc ky Re a c h  poo l . T h e r e  i s  one  
s u by e ar l i ng s to c k  that  has  b e e n  i d e n t i f i e d i n  t h e  Roc ky Re a c h  Poo l : We l l s  
H a t c h e ry s u mme r /f a l l c h i nook . D u e  to conf u s i on wh i c h e x i s t s  r e g ar d i n g t h e  
i d e n t i f i cat i on o f  d i s c r e te r a c e s  o f  s umme r a n d  fa l l c h i nook for th i s  h a t c h e ry , 
t h e  s u b- s pe c i e s w i l l  b e  t r e a t e d  a s  o n e  r a c e  ( i . e . , s umme r / fa l l c h i nook ) . 

T h e r e  i s  p re s e n t l y  no t e rm i n a l  s por t or T r e a ty I n d i an f i s h e r i e s  targe t i n g  t h e  
r e t u r n s  t o  t h e  h a tc h e ry . T h e r e  a r e  no l owe r r i v e r  f i s h e r i e s  t h a t  t a r g e t  
s umme r / fa l l c h i nook b u t  i n c i d e n t a l  harve s t  o f  s umme r  c h i nook doe s oc c u r  a n d  i s  
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l i m i te d  to j ac k s  d u r i n g t h e  s t e e l h e a d  s po r t  f i s h e r y  a n d  t h e  l owe r r i v e r  
g i l l - n e t  sockeye f i s h e ry ;  a d u l t s a n d  j a c k s  i n  t h e  t r eaty  s e t- n e t  s oc keye 
f i s h ery ; and h a n d l i n g on l y  i n  t h e  l ower  r i v e r  s h ad  g i l l - n e t  f i s h e r y . I n  1 9 8 7 , 
ou t of a r u n  of 3 3 , 000 , a h ar v e s t  of 1 , 200 ad u l t s o c c u r r e d  i n  t h e  Zon e 6 
comme r c i a l , and  c e r e mon i a l a n d  s u b s i s te n c e  f i s h e r i e s . I t  i s  a s s umed  t h a t  
i n s i g n i f i c a n t  n umbe r s  o f  s umme r / fa l l c h i nook f rom t h e  We l l s  H a t c h e ry a r e  take n 
i n  any f i s hery . 

U n d e r  a l t e r n a t i v e 4 . 1 0  t h e  a v e r age  sys tem s u r v i v a l  for s u byear l i n g s  o r i g i n a t i n g 
i n  t h e  Roc ky Re a c h  Poo l d e c r e a s e d  by a s  mu c h  a s  2 . 1  p e r c e n t , w i t h  d e c re a s e s  
o c c u r r i n g for a l l year s . 

We l l s  H a t c h e ry S u mme r / Fa l l Ch i n ook : T h e  h a t c h e ry t r a p s  b rood s tock  for i t s 
r e ar i n g prog ram f rom t h e  f i s h  l ad d e r  at  We l l s  Dam . T h e  on l y  i n forma t i on 
av a i l a b l e for s tock  r e t u r n s  a r e  d am c ou n t s  a t  We l l s  Dam . A h i g h cou n t  of 
6 , 6 96 ad u l t s oc c u r r e d  i n  1 97 9 , t h e  r e c e n t  l ow of 1 , 9 7 5  a d u l t s was  i n  1 98 3 , a n d  
a s l i g h t  d e c re a s i n g t r e n d  i s  s e e n  w i t h  r e t u r n s  o f  2 , 7 7 2  a d u l t s i n  1 98 7 . T h e  
d am cou n t s  i n c l u d e  b rood s tock  t r a p p e d  a n d  s u mme r / f a l l c h i nook bou n d  for 
s u b b a s i n s above We l l s  Dam . W e l l s  H a t c h e ry p l a n s  i n c l u d e  prod u c t i on of 
1 , 440 , 000 f i n g e r l i n g s  and 2 50 , 000 y e ar l i n g s  for on  s ta t i on r e l e a s e . T h e  
h a t c h e ry a l so  w i l l  prod u c e  400 , 000 f i n g e r l i n g s  for r e l e a s e  i n to t h e  M e t how 
R i v e r , and pos s i b l e  a d d i t i on a l  prod u c t i on of 400 , 000 f i n g e r l i n g s  for r e l e a s e  
i n to t h e  Met how a n d  Okanoga n  R i v e r s . T h e  1 988  r e l e a s e s  o n  s t at i on we r e  
390 , 000 year l i n g s , a n d  1 , 9 6 3 , 000 f i n g e r l i n g s . T h i s  s to c k  i s  ma n ag e d  a s  a 
pote n t i a l l y  c r i t i c a l  h a t c h e ry s tock . 

ROCK I SLAND POOL 

Year l i ng S tocks  

The  f i s h p a s s  mod e l  has  i d e n t i f i e d a n  i mp a c t  on  the  s u rv i v a l  of  y e ar l i ng s to c k s  
or i g i n a t i n g  from t h e  Roc k  I s l an d  poo l . T h e r e  a r e  two ye ar l i n g s to c k s  t h a t  
or i g i n a te i n  t h e  poo l , t h e s e  a r e  t h e  We n a t c h e e  R i v e r  s p r i n g c h i nook , a n d  t h e  
Roc ky Re a c h  - Tu r t l e Rock Comp l e x coho . The  l a t e r  o f  t h e  two w a s  not 
i de n t i f i e d a s  a s tock  i n  the I DU E I S , b u t  was  i d e n t i f i e d as  o n e  i n  the N P PC ' s 
d r af t  Sys tem  S u b b a s i n  P l a n n i n g  r e por t .  

T h e re p r e s e n t l y  i s  a t e rm i n a l  s po r t  f i s he ry t h a t  targe t s  s u rp l u s h a t c h e ry 
r e t u r n s to I c i c l e  C r e e k  a n d  t h e  Leave n wo r t h  H a t c h e ry , s ome i n c i d e n ta l h a r v e s t  
of w i l d  f i s h  doe s oc c u r . Tr i ba l  h a r v e s t  i n  r e c e n t  year s h a s  con c e n t r a t e d  o n  
t h e  h a t c h e ry s to c k . I n  1 98 5  t h e  s po r t  h a rve s t  was  4 , 280  ad u l t s ,  i n  1 98 6 , t h e  
s por t h a r v e s t  wa s 4 , 7 1 7  ad u l t s . 

U p r i v e r  s pr i ng c h i nook are  h a r v e s t ed  i n c i d e n t a l  to t h e  Lowe r Co l u mb i a  R i v e r  
w i n t e r  g i l l -n e t , s po r t  a n d  Zon e  6 ( above Bon n e v i l l e Dam ) T r e a ty I n d i an 
f i s h e r i e s . Sea s o n s  a r e  r e g u l a t e d  to m i n i m i ze t h e  n u m b e r  of u p r i v e r  s p r i n g  
c h i nook h a r ve s te d . A s  p a r t  of t h e  U . S .  v s  Or ego n  a g r e eme n t ,  T r e a ty I nd i a n 
Comme r c i a l a n d  C e r e mo n i a l a n d  S u b s i s te n c e  f i s h e r i e s are  a l l owed to h a r v e s t  
7 pe r c e n t  of t h e  u p r i v e r  s p r i n g  c h i nook r u n  u p  to 1 0 , 000 f i s h . T h e  
1 987  T r e a ty I nd i a n Zon e  6 h a r ve s t  was  6 , 42 9  a d u l t s .  

I n  t h e  1 9 7 0 s  a s por t f i s he r y  targ e t i n g t h e  coho  r e t u r n s  p rod u c e d  by a n e w  coho  
p rog ram at  Roc k  I s l an d  Dam  h a d  s e v e r a l  a n n u a l  h a r v e s t s  e x c ee d i n g 3 , 000 f i s h . 
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P r e s e n t l y ,  pre s s u re i s  v e ry l i g h t ,  a n d  t h e  s po r t  h a r v e s t  of coho i n  t h e  
m i d-Co l umb i a  i s  n o t  a v a i l ab l e ,  b u t  i s  a s s umed  t o  be  l e s s  t h a n  50  f i s h . T h e  
c o h o  r e t u r n i ng t o  t h e  Roc k  I s l a n d  Poo l a r e  t h e  e ar l y  r a c e  o f  c o h o  wh i c h u s e  t o  
p r e dom i nate  t h e  a r e a s  above P r i e s t  Rap i d s . Th e r e  i s  a maj or l owe r Co l umb i a  
r i v e r  f i s h e ry i n  t h e  f a l l on r e t u r n i n g coho s a l mon , ma i n l y  con c e n t r a t i n g on 
s to c k s  or i g i na t i n g i n  the l owe r r i v e r  be l ow Bon n e v i l l e Dam . T h e r e  i s  a T r e a ty 
I n d i an f i s h e ry i n  Zon e  6 a bov e Bon n e v i l l e Dam , b u t  t h i s  i s  m i nor  a n d  l i m i t e d  
b y  s e a son  a n d  g e a r  r e s tr i c t i on s  t o  p rote c t  u p r i v e r  s te e l h e a d , a n d  b y  t h e  fac t  
t h a t  mos t  of t h e  r u n  i s  l i m i te d  to r e t u r n s to Bon n e v i l l e  Poo l h a t c h e r i e s . I n  
1 98 7 ,  t h e  Zon e 6 Tre a ty h a r v e s t  was  2 , 300 ad u l t s ,  a n d  i n  1 988  t h e  h a r v e s t  was  
7 , 000 ad u l t s .  Th i s  i s  t he  s e co n d  h i g h e s t  h a r v e s t  s i n c e  1 9 7 3 , t he  r e cord  
h a r v e s t  was 1 6 , 800 a d u l t s i n  1 9 8 6 . U n d e r  U . S .  vs  Oregon , t h e  manageme n t  goa l 
i s  to i n c re a s e  h a rve s t s  i n  t r i b u t ary f i s h e r i e s . 

T h e  a l t e r n at i v e  4 . 1 0  w h e n  comp a r e d  to t h e  B a s e  C a s e  s hows a d e c r e a s e  i n  s y s t e m  
s u rv i va l  for ye ar l i n g s toc k s  b y  a s  m u c h  a s  1 . 5 p e r c e n t  for 1 y e a r , b u t  a l so  
s howed i n c r e a s e s  of  1 . 7 p e r c e n t  a n d  1 . 3 p e r c e n t i n  ot h e r  y e a r s . 

W e n a t c h e e  R i ve r Spr i ng Ch i nook : Th i s  r u n  c on s i s t s  of w i l d  a n d  Le a v e n wor t h  
N a t i on a l  F i s h  h a t c h e r y  r e t u r n s , some s tr ay i n g of h a t c h e ry f i s h  doe s oc c u r . 
T h e  Lea v e n wor t h  N F H  p rod u c t i on goa l to r e l e a s e  2 , 300 , 000 s mo l t s  i n to I c i c l e  
Cre e k . The 1 98 8  r e l e a s e  wa s 2 , 3 37 , 500 smo l t s  a n d  3 48 , 500 p r e s mo l t s  ( g re a t e r  
t h a n  3 0  t o  t h e  pou nd ) .  A pos s i b l e  f u t u re r e l e a s e  s i g h t  i n  t h e  s u b b a s i n  wou l d  
r e l e a s e  670 , 000 smo l t s  a s  p a r t  of t h e  Roc k  I s l an d  S e t t l eme n t  a g r e e me n t . Tot a l  
r e t u r n s  ( ha t c h e ry , w i l d  a n d  s po r t  h a r v e s t ) , i n c r e a s e d  i n  1 98 5  a n d  1 98 6  to 
1 8 , 9 98 and 20 , 3 45 ad u l t s from a l ow of 4 , 0 97 i n  1 9 8 1 . Th e g r e a t e s t  i n c r e a s e  
com i ng i n  t h e  w i l d  por t i on o f  t h e  r u n . Th i s  s to c k  i s  man a g e d  a s  a v i ab l e  
n a t u r a l  popu l at i on a n d  i s  not i n  c r i t i c a l  cond i t i on ,  b u t  c on s i s te n t  h i g h 
r e t u r n s  are n e e d e d  to a l l ow a t e rm i n a l  f i s he ry on t h e  n a t u r a l  por t i on of t h e  
r u n . T h e  h a t c h e r y  por t i on o f  t h e  r u n  i s  m a n a g e d  for h a t c h e ry p rod u c t i on , a n d  
i n  r e c e n t  ye a r s  t h e  h a t c h e ry r e t u r n s  h a v e  s hown a n  i n c r e a s i n g t r e n d , wh i c h i s  
i l l u s t r a ted by t h e  i n c re a s e d  h a r v e s t  oppo r t u n i t i e s be l ow t h e  h a t c h e ry .  

Roc ky Re a c h  - Tu r t l e  Roc k  Comp l e x  Coho : The  h a t c h e ry p ro g r am a t  Roc ky Re a c h  
wa s s ta r ted  i n  t h e  1 970s  afte r coho s to c k i n g p rograms  for t h e  W e n a t c h e e , 
E n t i a t , a n d  Me t how r i v e r s  were  d i s con t i n u e d  i n  t h e  1 9 60 s . Low e r  r i ve r  s to c k s  
a r e  u s e d  t o  s u p p l eme n t  h a t c h e ry r e t u r n s  wh i c h h av e  b e e n  h i gh l y  v ar i ab l e  i n  t h e  
p a s t .  R e t u r n s  h a v e  r a n g e d  f rom 2 60 i n  1 98 3  t o  2 , 1 7 9 i n  1 984 , a n d  s how a 
d e c re a s i ng t r e n d  to 503  i n  1 98 6 . T h e  h a t c h e ry h a s  u s e d  e g g s  f rom a n um b e r  of 
sou r c e s :  Lowe r Ka l ama , E l okom i n ,  W a s houga l a n d  Cow l i tz h a t c h e r i e s . C u r re n t  
p r od u c t i on goa l i s  500 , 000 year l i n g s , t h e  1 988  r e l e a s e  was  4 1 7 , 000 . Th i s  
s to c k  i s  man aged  for h a t c h e ry p ro d u c t i on ,  a n d  i s  i n  d e p re s s e d , b u t  not  
c r i t i c a l  cond i t i on .  

Su byear l i ng S toc k s  

T h e  f i s h p a s s mod e l  h a s  i d e n t i f i e d  a i mpac t t o  s u by e ar l i n g s a l mon  o r i g i n at i n g  
i n  Roc k  I s l and  Poo l . T h e r e  a r e  t wo s u byear l i n g s toc k s  t h a t  o r i g i n a te i n  t h e  
Roc k  I s l and  Poo l : We n a t c h e e  R i v e r  s umme r c h i nook , a n d  Roc ky R e a c h  - T u r t l e 
Roc k  Comp l e x fa l l c h i nook , t h e  l at t e r  wa s not l i s te d  a s  a s to c k  i n  t h e  I DU 
E I S ,  b u t  was  i d e n t i f i e d  a s  one  i n  t h e  N P PC ' s d raft  Sy s tem  S u b b a s i n  P l an n i n g 
r e por t . 
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T h e r e  a r e  pre s e n t l y  no t e rm i n a l  s po r t  or T r e a ty I n d i an f i s h e r i e s targe t i n g  t h e  
s umme r c h i nook r e tu r n s  to the  s u b b a s i n .  T h e r e  a r e  n o  l ower  r i v e r  f i s h e r i e s 
t h a t  targe t s umme r c h i nook b u t  i n c i d e n t a l  h a r v e s t  of s umme r c h i nook doe s oc c u r  
a n d  i s  l i m i te d  to j ac k s  d u r i n g t h e  s t e e l h e a d  s po r t  f i s he ry a n d  t h e  l ower  r i v e r  
g i l l - n e t  sockeye f i s h ery ; a d u l t s a n d  j a c k s  i n  t h e  t r e a ty s e t- n e t  soc keye 
f i s h ery ; and h a nd l i n g on l y ,  i n  the l owe r r i v e r  s h ad g i l l - n e t  f i s h e ry .  I n  
1 98 7 , o u t  of a r u n  of 3 3 , 000 , a h a r v e s t  of 1 , 200 a d u l t s oc c u r r e d  i n  t h e  Zone  6 
comme r c i a l , and  c e remon i a l a n d  s u b s i s t e n c e  f i s h e r i e s . 

Co l umb i a  R i ver  f a l l c h i nook s a l mon s to c k s  con s i s t  of f i v e grou p s : Lowe r R i v e r  
H a t c h e ry , Lower R i v e r  W i l d ,  Bon n e v i l l e Poo l H a t c h e ry ( BPH ) , U p r i v e r  Br i g h t s  
( U RB ) , a n d  M i d-Co l umb i a  Br i g h t s  ( MCB ) . A l l f i v e  g rou p s  a r e  targ e te d  i n  t h e  
ma i n s tem  Co l umb i a  R i v e r  b y  s por t , comme r c i a l a n d  T r e a ty I n d i an f i s h e r i e s  a n d  
b y  o c e a n  commer c i a l f i s h e r i e s . T h e  M C B  por t i on o f  t h e  r u n  i s  compr i s e d  of 
b r i g h t s  reared  a n d  r e l e a s ed at Bon n e v i l l e H a t c h e ry a n d  br i g h t s  f rom 
Bon n e v i l l e ,  L i t t l e Wh i te S a l mon , S p r i n g Cr e e k , a n d  K l i c k i t a t  H a t c h e r i e s 
re l e a s e d  i n  a r e a s  be twe e n  Bon n e v i l l e a n d  M c Nary  d a m s . T h e  U R B  por t i on of t h e  
r u n  h a s  s e t  r e cord  r e t u r n s  w i t h  a n  e s t i ma t e d  400 , 000 i n  1 988 , a n d  a record  
h i g h of  4 1 9 , 000 i n  1 987 . Har v e s t s of U R B  h a v e  a l so s e t  r e cor d s  w i t h  2 5 4 , 800 
t a k e n  i n  the Comme r c i a l f i s he ry and 1 4 , 500 t ake n i n  t h e  s po r t  f i s h ery  i n  
1 98 7 . A n n u a l  p a s s age  goa l s of 40 , 000 U R B  a t  M c Nary  Dam h a v e  b e e n  e x c e e d e d  
s i n c e  1 98 3 . Comme r c i a l g i l l -n e t  h a rv e s t s  oc c u r r e d  i n  1 98 6  a n d  1 98 7  i n  t h e  
a r e a  be twe e n  Pr i e s t  Rap i d s  a n d  W a n a p u m  Dams , w i t h  t h e  1 987  h a r v e s t  tota l i n g 
2 , 2 1 5 c h i nook , a n d  i n  1 988 , 2 , 300 c h i nook we r e  h a r v e s ted . URB  r u n s  a l so  h a v e  
b e n e f i t e d  from o c e a n  a n d  i n  r i v e r  h ar v e s t  r e g u l a t i on s  s e t  t o  prote c t  d e pr e s s e d 
r e t u rn s of B P H  s toc k s . 

U n d e r  a l t e r n a t i v e 4 . 1 0  t h e  a v e r age  s y s t e m  s u r v i v a l  for s u byear l i n g s  
or i g i n a t i n g  i n  t h e  Roc k  I s l an d  poo l d e c r e a s e d  b y  a max i mum of 1 . 7 p e r c e n t , 
r a ng i n g down to . 5  p e r c e n t . 

We n a t c h e e  R i v e r  S umme r  Ch i nook : P r e s e n t l y  t h e  s toc k i s  a w i l d  r u n  of f i s h  
w i t h  n o  h a t c hery  s upp l eme n tat i on .  Re t u r n s  to t h e  s u b ba s i n  h a v e  s hown a n  
i n c r e a s i n g t r e n d  from a l ow i n  1 98 3  of 4 , 1 6 9 c h i nook to 1 0 , 609  i n  1 98 6 .  A 
pos s i b l e  fac i l i ty a s  p a r t  of t h e  Roc k  I s l an d  S e t t l eme n t  wou l d  p r od u c e  
8 6 4 , 000 s mo l t s  from ad u l t s  co l l e c t e d  a t  Dryd e n  Dam . Th i s  s toc k h a s  b e e n  
managed  a s  n a t u ra l s toc k b u t  t h i s  w i l l  c ha n g e  i f  t h e  fac i l i ty i s  b u i l t .  
P r e s e n t l y  i t  i s  a n  i mprov i n g a n d  v i ab l e s to c k . 

Roc ky Re a c h  - Tu r t l e  Roc k  F a l l Ch i nook : Th i s  i s  a n  U R B  h a t c h e ry s to c k , w i t h  
prod u c t i on goa l s of 200 , 000 yea r l i n g fa l l c h i nook , w i t h  t h e  1 98 8  r e l e a s e  of 
2 30 , 000 year l i ng f a l l c h i nook . U R B  f a l l c h i nook ma i n l y  s p awn  i n  t h e  H a n ford 
R e a c h  area be l ow Pr i e s t  Rap i d s Dam , b u t  s pawn i n g has  been  o b s e r v e d  be l ow We l l s  
a n d  Wa n a p u m  Dam . Th i s  i s  a s s umed  to b e  a v i a b l e  h a t c h e ry s to c k , managed  for 
harv e s t  i n  t h e  ma i n s tem  Co l umb i a  r i v e r  

LOWER MONUMENTAL POOL 

Y e ar l i ng S toc k s  

T h e  f i s h p a s s  mode l h a s  i d e n t i f i e d a d e c r ea s e  i n  s u rv i v a l  u n d e r  a l t e r n a t i v e 
4 . 1 0  for year l i n g s to c k s  or i g i n a t i n g i n  t h e  Lowe r Mon u m e n t a l  Poo l . T h e r e  i s  
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on l y  o n e  year l i ng s to c k  i d e n t i f i e d i n  t h e  Lowe r Mon ume n ta l  Poo l : T u c a n non 
R i v e r  s p r i ng  c h i nook . 

There  i s  p r e s e n t l y  no t e rm i n a l  h a r v e s t  i n  t h e  s u b b a s i n .  U p r i v e r  s p r i n g  
c h i n ook are  harve s te d  i n c i de n ta l  t o  t h e  Lowe r Co l umb i a  R i v e r  w i n te r  g i l l - n e t , 
s port  a n d  Zone  6 ( abov e  Bon n e v i l l e Dam)  Tre a ty I n d i an f i s h e r i e s . S e a s on s a r e  
reg u l a t e d  t o  m i n i m i ze t h e  n umbe r of u p r i v e r  s p r i n g  c h i n ook h a r v e s ted . A s  p a r t  
o f  t h e  U . S .  v s  Oregon a g r e eme n t ,  T r e a ty I n d i an Comme r c i a l and C e r e mon i a l a n d  
S u b s i s te n c e  f i s he r i e s  a r e  a l l owe d t o  h a r v e s t  7 p e r c e n t  of t h e  u p r i v e r  s p r i n g  
c h i nook r u n  u p  t o  1 0 , 000 f i s h . T h e  1 98 7  Treaty  I n d i an Zone 6 h a r v e s t  was  
6 , 42 9  a d u l t s .  

The s y s tem  s urv i v a l  for year l i n g s to c k s  u n d e r  a l te r n a t i v e  4 . 1 0  d e c re a s ed i n  
1 ye a r  by 1 . 5 p e r ce n t , b u t  s howed i n c r e a s e s  of 1 . 8 p e r c e n t  a n d  1 . 1 p e r c e n t  i n  
o t h e r  y e a r s . 

T u c annon  R i v e r  Spr i ng c h i n ook : T h e  h i s tor i c r e t u r n s we r e  e s t i ma t e d  to a v e r age  
abo u t  2 , 400 ad u l t s ,  w i t h  some re t u r n s  e x c e ed i n g 5 , 000 ad u l t s .  T h e  Lowe r S n ake  
R i v e r  P l a n  sets  the  m i t i g a t i on l e v e l  a t  1 , 1 5 2 a d u l t  e s c a pe me n t . S i n c e  1 9 7 1 , 
t he  a n n u a l e s capeme n t  h a s  a v e r a g e d  a bo u t  2 00 a d u l t  s p r i n g c h i nook . I n  1 9 8 7 , 
the  re t u r n  to the  WDF  t r a p  for t h e  T u c a n non  F i s h  H a t c h e ry was  2 0 3  ad u l t s .  
Stoc k i n g s tarted  i n  1 9 6 2  w i t h  a re l e a s e  of 1 6 , 000 K l i c k i tat  s toc k ; a n d  i n  
1 964 , 1 0 , 500 W i 1 1 ame t t e  R i v e r  s p r i n g  c h i n ook s to c k  s mo 1 t s . I n  1 98 7 , t h e  f i r s t  
s p r i n g  c h i nook re l e a s e  o f  Tu c a n no n  s to c k  r e a r e d  a t  Lyon ' s  Fe rry H a t c h e ry 
o c c u r r e d . I n  1 988 , 1 50 , 000 s p r i n g  c h i nook s mo 1 t s  we r e  re l e a s e d  f rom t h e  
T u c a n non  H a t c he ry . T h e  ma n ageme n t  goa l i s  t o  b u i l d  t h e  s tock  t o  a l l ow 
i n c r e a s e d  Treaty I n d i a n  h a r v e s t . T h e  s to c k  i s  now managed  a s  a c r i t i c a l  
hatc h e ry- s u p p l eme n ted  s toc k .  

Stee l h e a d  

The  f i s h p a s s mode l  i d e n t i f i e d d e c re a s e d  s u r v i v a l  fo r s te e 1 h e ad s to c k s  
or i g i n a t i n g i n  t h e  Low e r  Mon ume n t a l Poo l wh e n  comp a r i n g a l t e r n a t i v e 4 . 1 0 to 
the B a s e  Ca s e . The on l y  S te e 1 h e a d  s to c k  or i g i n a t i n g from Lowe r Mon ume n ta l  
Poo l i s  t h e  T u c a n non  R i v e r  s umme r s te e 1 h e a d . 

No h a rv e s t  o c c u r r e d  i n  t h e  Ba s i n  f rom m i d 1 9 7 7  to 1 98 5 . H a r v e s t  s t i l l  oc c u r s  
i n  t h e  Zon e  6 Treaty I n d i a n f i s he r i e s , a n d  t h e  ma i n s tem  sport  f i s h e ry . I n  
1 987 , t h e  Zone  6 h ar v e s t  of s umme r s te e 1 h e ad was  7 1 , 800 , a n d  i n  1 986 , t h e  
h a rv e s t  was  64 , 1 00 .  T h e  B a s i n  s po r t  h a rv e s t  i s  l i m i te d  t o  ha t c h e ry f i s h  on l y ,  
w i th  t h e  re l e a s e  of a l l w i l d  f i s h . T h e  s po r t  h arv e s t  i n  1 98 7  wa s 209  w i t h  an  
e s t i ma t e d  e s c apeme n t  of 6 1 1 ,  and  i n  1 988 , the  s po r t  h a rv e s t  was  1 8 9 w i th i n  
e s t i ma ted  e s c a peme n t  of 905  s umme r s te e 1 h e ad . 

The  s y s tem s u rv i v a l  for s te e 1 h e ad  or i g i n a t i n g  i n  t h e  Lowe r Mon ume n t a l  Poo l 
d e c re a s e d  by 1 . 1 p e r c e n t  i n  1 ye a r , u n d e r  a l t e r n a t i v e 4 . 1 0 .  

T u c a n n o n  R i v e r  S umme r S t e e 1 h e ad 

S u p p l e me n ta t i on of t h e  T u c a n non  r i v e r  s umme r s te e l h e ad  h a s  o c c u r r e d  s i n c e  1 93 6  
w i th s to c k s  from T u c a n no n / Tou c h e t  r i v e r , P r i e s t  Rap i d s , We l l s ,  S kaman i a ,  
Wa l l owa , a n d  Lyon ' s  F e r ry be i ng u s e d . T h e  Lower  S n ake  R i v e r  P l a n h a s  a goa l 
of r e t u r n i n g 3 , 400 a d u l t s to t h e  Ba s i n .  T u c a n non  h a t c h e ry now be i n g remod e l e d 
by LSRP . I n  1 98 8 , 1 6 1 , 500 smo 1 t s  from t h e  Lyon ' s  F e r ry h a t c h e ry we re  re l e a s e d  
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i n  t h e  T u c a n non R i v e r . Re tu r n s  to t h e  B a s i n  a r e  be l ow goa l s s e t  by LSRP  b u t  
s how s i g n s  of i mprov e me n t . T h e  s tock  i s  managed  a s  a h a t c h e ry s u p p l eme n te d  
n a t u r a l  s toc k .  

MCNARY POOL 

Yea r l i ng S tocks  

The  f i s h p a s s mode l  has  i d e n t i f i e d a n  i mpac t on year l i ng s tocks  or i g i n a t i n g 
from t h e  Mc Nary Poo l . T h e r e  a r e  two yea r l i n g s toc k s  t h a t  have  b e e n  i d e n t i f i e d  
i n  t h e  Mc Nary Poo l : Yak i ma R i v e r  s p r i n g c h i nook , a n d  Yak i ma R i v e r  coho . 

P r e s e n t l y  t h e r e  i s  a Tr i ba l  s U b s i s te n c e  f i s he ry w i t h  i n  t h e  Ba s i n ,  w i t h  a 
f u t u re goa l of i n c r e a s i n g t h e  Tr i ba l  e x p l o i t a t i on r a te to 2 5  p e r c e n t  of t h e  
r u n . U p r i v e r  s pr i n g c h i nook a r e  h a r v e s t e d  i n c i d e n t a l  t o  t h e  Lowe r Co l umb i a  
R i v e r  w i n te r  g i l l -n e t ,  s po r t  a n d  Zon e 6 ( a bove  Bon n e v i l l e Dam ) Tr e a ty I n d i an 
f i s h e r i e s . Sea son s a r e  r e g u l a t e d  to m i n i m i ze t h e  n um b e r  of u p r i v e r  s p r i n g 
c h i nook h a r v e s ted . A s  par t of t h e  U . S .  v s  Oregon a g r e e me n t , T r e a ty I n d i an 
Comme rc i a l  a n d  Ce remon i a l a n d  S u b s i s te n c e f i s h e r i e s are  a l l owed to h a r v e s t  
7 p e r c e n t  of t h e  u p r i ve r  s pr i n g c h i nook r u n  u p  t o  1 0 , 000 f i s h . T h e  
1 98 7  T r e a ty I n d i an Zon e 6 h a r ve s t  w a s  6 , 42 9  ad u l t s .  

Th e r e  i s  a maj or l owe r Co l umb i a  r i v e r  f i s h e ry i n  t h e  fa l l on r e t u r n i n g coho 
s a l mon , ma i n l y  con c e n t r a t i n g on s tock  or i g i n at i n g i n  the l owe r r i v e r  be l ow 
Bon n e v i l l e Dam . T h e r e  i s  a Tre a ty I n d i a n f i s h e ry i n  Zone  6 above  
Bon n ev i l l e Dam , b u t  t h i s  i s  m i nor a n d  l i m i te d  by s e a son a n d  gear  r e s t r i c t i on s  
to p rote c t  u p r i ve r  s te e l h e a d , a n d  by t h e  fac t t h a t  mo s t  of t h e  r u n  i s  l i m i te d  
to r e tu r n s  to Bon n e v i l l e Poo l  h a t c h e r i e s . I n  1 98 7 , t h e  Zon e 6 Tr e a ty h a r v e s t  
was  2 , 300 ad u l t s ,  a n d  i n  1 988  t h e  h a rv e s t  wa s 7 , 000 ad u l t s ,  t h i s  i s  t h e  s e cond  
h i g he s t  h ar v e s t  s i n c e  1 97 3 , t h e  r e cord  h ar v e s t  was  1 6 , 800 ad u l t s i n  1 98 6 . 
U n d e r  U . S .  v s  Oregon , t h e  man ageme n t  goa l i s  to i n c r e a s e  h a r v e s t s  i n  t r i b u ta ry 
f i s he r i e s . 

The  a l t e r n a t i v e 4 . 1 0  w h e n  compared  to t h e  Ba s e  Ca s e  s howed a 1 y e a r  d e c r e a s e  
i n  sys tem  s u rv i v a l  for y e ar l i n g s tocks  o f  2 . 1 p e r c e n t .  I n  anoth e r  y e a r , 
sys tem s u r v i v a l  i n c r e a s e d  by 1 . 3 p e r c e n t , a n d  t h e  r e ma i n i n g y e a r s  s hows a 
s l i g h t  i mp roveme n t  i n  sy s tem  s u r v i va l . 

Yak i ma R i v e r  Spr i ng Ch i nook : Re t u r n s  have  var i e d i n  t h e  p a s t few  y e a r s  from a 
l ow of 1 , 3 2 4  i n  1 98 3  to a h i g h of 9 , 452  i n  1 98 6 , d ropp i n g to 4 , 3 90 a d u l t s i n  
1 98 7 . An  e s t i ma t e d  r e t u r n  of 6 , 000 a d u l t s i s  n e e d e d  to me e t  h a t c h e ry a n d  
h a r v e s t  goa l s .  S u p p l e me n t a t i on h a s  oc c u r r e d  s i n c e  1 9 58  u s i n g L e av e n wor t h , 
Car son a n d  Yak i ma R i v e r  s tocks . S u p p l eme n tat i on w i l l  i n c r e a s e  w i t h  t h e  
comp l e t i on o f  t h e  Yak i ma /K l i c k i t a t  P rod u c t i on F ac i l i ty ,  w h e r e  prod u c t i on w i l l  
be 1 . 6 m i l l i on smo l t s  a n n u a l l y .  Two s toc k w i l l  be  u s e d , Nac h e s  R i v e r  a n d  
U p p e r  Yak i ma ,  a n d  man ag eme n t  w i l l  t r y  t o  i n s u l a te t h e  Ame r i c a n  R i v e r  s tock  
from s u pp l eme n ta t i on .  Th i s  s tock  i s  man a g e d  a s  a h a t c h e ry s u pp l eme n t e d  s toc k .  

Yak i ma R i v e r  Coho : Th i s  s to c k  wa s not l i s te d  i n  t h e  I OU E I S  b e c a u s e  i t  i s  a 
r e c e n t  re- i n t rod u c t i on to t h e  Ba s i n .  No h a rv e s t  of coho h a s  oc c u r r e d  s i n c e 
t h e  1 930s , a n d  t h e re a r e  p r e s e n t l y  no e s t i mate s on r e t u r n s . U n d e r  
U . S .  v s  Oregon , 700 , 000 coho s mo l t s  w i l l  be  r e l e a s e d  i n to t h e  Yak i ma a n n u a l l y  
for 5 ye a r s  ( 1 988- 1 9 9 2 ) to d i v e r s i fy f i s h i n g oppo r tu n i t i e s .  F u t u r e  s t u d i e s  
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w i l l  d e t e r m i ne  i f  n a t u r a l  p rod u c t i on i s  war r a n ted . T h e  Y ak i ma/ K l  i c k i t a t  
fac i l i ty w i l l  r e l e a s e  2 , 009 , 2 50 s mo l t s  u s i n g 2 , 3 50 s p awn e r s , w i t h  t h e  goa l of 
prod u c i n g  a tota l  r e t u r n  of 40 , 000 n a t u r a l  a n d  h a t c h e ry ad u l t s .  T h i s s tock i s  
pre s e n t l y  managed a s  a b u i l d i ng h a t c h ery s tock . 

JOHN DAY POOL 

Year l i ng S tocks  

The f i s h p a s s mode l  has  i d e n t i f i e d a n  i mp a c t on ye ar l i ng s to c k s  t h a t  or i g i n a te 
i n  t h e  John  Day Poo l . T h e r e  are t h r e e  year l i n g s to c k s  t h a t  or i g i n a te i n  t h e  
Joh n D a y  Poo l : Joh n D a y  R i v e r  s p r i n g  c h i nook ; Uma t i l l a  R i v e r  s pr i n g c h i nook , 
and  Uma t i l l a R i v e r  coho . 

U pr i ve r  s pr i n g  c h i nook a r e  h a rv e s te d  i n c i d e n t a l  to t h e  Low e r  Co l u mb i a  R i v e r  
w i n t e r  g i l l -n e t , s port  a n d  Zone 6 ( a bove Bon n e v i l l e Dam ) Tre aty I n d i an 
f i s h e r i e s . Seasons  a r e  r e g u l ated  to m i n i m i ze t h e  n um b e r  of u pr i v e r  s p r i n g  
c h i nook h a rv e s te d . A s  p a r t  o f  t h e  U . S .  v s  Oregon a g r e e me n t , T r e a ty I n d i a n 
Comme rc i a l a n d  Ceremon i a l a n d  S u b s i s te n c e  f i s h e r i e s  a r e  a l l owe d to h a r v e s t  
7 p e r c e n t  of the  u pr i v e r  s p r i n g  c h i nook r u n  u p  to 1 0 , 000 f i s h . T h e  
1 987  T r e a ty I n d i an Zon e  6 h a r v e s t  wa s 6 , 42 9  ad u l t s .  

T here  i s  a major l ower  Co l umb i a  r i v e r  f i s h e ry i n  t h e  f a l l on r e t u r n i ng coho 
s a l mon , ma i n l y  con c e n t ra t i n g on s to c k  or i g i n at i ng i n  t h e  l owe r r i v e r  b e l ow 
Bon n e v i l l e Dam . T h e r e  i s  a Tre aty I n d i an f i s h ery i n  Zone 6 above 
Bon n e v i l l e Dam b u t  th i s  i s  m i nor and l i m i te d  by s e a son  and gear r e s t r i c t i on s  
to prot e c t  u p r i v e r  s te e l h e a d , a n d  by t h e  f a c t  t h a t  mos t  of t h e  r u n  i s  l i m i ted  
to  r e t u r n s  to Bon nev i l l e Poo l h a t c h e r i e s .  I n  1 987 , t h e  Zone 6 T r e a ty h ar v e s t  
was 2 , 300 ad u l t s , a n d  i n  1 988  t h e  h a rv e s t  was  7 , 000 ad u l t s ,  t h i s  i s  t h e  s e cond  
h i gh e s t  h a rv e s t  s i n c e  1 9 7 3 , t h e  re cor d h a rv e s t  was  1 6 , 800 a d u l t s i n  1 98 6 . 
U n d e r  U . S .  v s  Oregon , t h e  manageme n t  goa l i s  to i n c re a s e  h a r v e s t s  i n  t r i b u tary 
f i s h e r i e s . 

The a l t e r n at i v e 4 . 1 0  w h e n  comp a r e d  to the  B a s e  Ca s e  s howe d a d e c r e a s e  i n  
sys tem s u r v i v a l  for y e ar l i n g s  a s  h i g h a s  1 . 7 p e rc e n t  w i t h  d e c re a s e s  i n  o t h e r  
ye a r s  r an g i n g  from 0 . 2  p e r c e n t  t o  1 . 4 pe r ce n t . 

Joh n Day R i v e r  Spr i ng Ch i nook : Re t u r n s  h a v e  i n c re a s e d  from a r e c e n t  l ow 
of 9 1 8 i n  1 980  to a h i gh of 4 , 6 37  i n  1 987 . T h e  s po r t  f i s h e ry h a s  b e e n  c l o s e d  
s i n c e  1 97 8 , b u t  t h e r e  i s  a sma l l h ar v e s t  by Uma t i l l a a n d  W a r m  S pr i n g s  T r i b a l  
membe r s . T h e  Tr i ba l  h a r v e s t  i n  1 98 6  w a s  3 1 , a n d , i n  1 987 , w a s  4 1  a d u l t s . T h e  
goa l for t h e  Bas i n  i s  t o  h a rv e s t  1 5  p e r c e n t  o f  t h e  r u n  i n  s port  a n d  T r i b a l  
f i s h e r i e s , w h e n  t h e  r u n  a t  t h e  mou th i s  ove r  5 , 000 a d u l t s ,  a s ma l l e r 
pe r c e n ta g e  w h e n  t h e  r u n  s i ze i s  l owe r .  T h e r e  h a s  b e e n  no  s u pp l e me n ta t i on of 
the  Joh n Day R i v e r  s pr i n g c h i nook s tock , a n d  no f u t u r e  s u p p l eme n ta t i on i s  
p l a n n e d . T h e  s tock  w i l l  be  managed  a s  a w i l d  s toc k , a n d  i s  not  i n  c r i t i ca l  
cond i t i on .  

Uma t i l l a R i v e r  Spr i ng Ch i nook : T h e r e  are  no r u n  s i ze r e cord s a t  p re s e n t  for 
th i s  s to c k  t h a t  i s  b e i n g r e - i n t rod u ce d  to t h e  Ba s i n .  No h a r v e s t  h a s  o c c u r r e d  
i n  r e c e n t  y e ar s . T h e r e  i s  p l a n n e d  a Uma t i l l a H at c h e ry t h a t  w i l l  p rod u c e  
1 . 2 9  m i l l i on s mo l t s  a n n u a l l y ,  p l u s  a n  add i t i on a l  9 3 9 , 000 s mo l t s  w i l l  come from 
ot h e r  sou r c e s ( Ca r son s to c k , Look i n g g l a s s , Yak i ma ,  Rap i d  R i v e r , a n d  
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Bonnev i l l e ) .  I n  1 988 , Bon n e v i l l e H a t c h e ry re l e a s e d  5 40 , 00 smo l t s  i n to t h e  
Uma t i l l a B a s i n .  T h e  p l a n n i n g goa l i s  t o  ge t a r e t u r n  of 1 1 , 000 a d u l t s t o  t h e  
Ba s i n .  T h i s  s tock  i s  ma n a g e d  a s  a b u i l d i n g h a t c h e ry s toc k . 

Uma t i l l a R i v e r  Coho : Smo l t r e l e a s e s  f i r s t  oc c u rr e d  i n  1 96 6 - 6 9  w i th  no 
re s u l t s , s u p p l eme n ta t i on r e s umed  i n  1 98 7  as p a r t  of U . s .  v s  Oregon  w i t h  a n  
a n n u a l  re l e a s e  o f  1 . 0 m i l l i on smo l t s . Coho a r e  s to c k e d  t o  s u pport  t e r m i n a l  
a n d  ma i n s tem  f i s h e r i e s . I n  1 9 87 , 2 9  j a c k s  r e t u r n e d , a n d  i n  1 988 T r i ba l  d i p  
n e tt i n g  o c c u r r e d  w i th  v e ry few  coho h ar v e s te d . Th i s  s toc k i s  man a g e d  a s  a 
h a tc h e ry s u p p l eme n te d  s toc k to e n ha n c e  T r i b a l  a n d  ma i n s tem  f i s h e r i e s . 

S u bye a r l i ng S toc k s  

T h e  f i s h p a s s mod e l  i d e n t i f i e d  an  i mp a c t t o  s u by e ar l i n g s to c k s  or i g i n at i n g f rom 
t h e  Joh n Day Poo l . T h e r e  a r e  two s u by e ar l i ng s to c k s  t h a t  have  b e e n  i de n t i f i e d 
a s  or i g i n at i ng from t h e  J o h n  Day Poo l : Joh n Day R i v e r  f a l l c h i nook , a n d  
Uma t i l l a R i v e r  up r i v e r  b r i g h t  ( URB ) . T h e  John  Day R i v e r  fa l l c h i nook wa s 
i de n t i f i e d  a s  a c r i t i c a l  s toc k i n  the  I OU E I S ,  b u t  w a s  not  l i s te d  a s  a s toc k 
i n  the  N P PC ' s Sy s tem  S u b b a s i n  P l an n i n g  d raft r e por t , so  i t  w i l l  not  b e  
i n c l u d e d  h e re . 

Co l umb i a  R i v e r  f a l l c h i nook s a l mon  s to c k s  con s i s t of f i v e g rou p s : Lowe r R i v e r  
Hatc h e ry , Lowe r R i v e r  W i l d ,  Bon n e v i l l e Poo l H a t c h e ry ( BP H ) , Upr i v e r  Br i g h t s  
( URB ) , a n d  M i d-Co l umb i a  Br i g h t s  ( MC B ) . A l l f i v e  grou p s  a r e  t h e  t a r g e t e d  i n  
t h e  ma i n s te m  Co l umb i a  R i v e r  by spor t , c omme r c i a l a n d  T r e a ty I nd i an f i s h e r i e s 
a n d  by o c e a n  comme r c i a l f i s h e r i e s . T h e  MCB por t i on of t h e  r u n  i s  c omp r i s e d  of 
b r i gh t s  r e a red  a n d  re l e a s e d  at Bon ne v i l l e H a t c h e ry a n d  b r i g h t s  from 
Bon ne v i l l e ,  L i t t l e  Wh i te S a l mon , Sp r i n g  Cre e k , a n d  Kl i c k i t a t  H a t c h e r i e s  
r e l ea s e d  i n  a r e a s  b e twe e n  Bon n e v i l l e a n d  M c N a ry dams . T h e  URB por t i on of t h e  
r u n  h a s  s e t  re cord r e t u r n s  w i th  a n  e s t i mated  400 , 000 i n  1 988 , a n d  a re cord  
h i gh of 4 1 9 , 000 i n  1 98 7 . H a r v e s t s  of U R B  h av e  a l so s e t  r e cord s w i t h  2 54 , 800 
taken i n  t h e  Comme r c i a l f i s h e ry a n d  1 4 , 500 taken  i n  t h e  s port  f i s h e ry .  A n n u a l  
p a s s age goa l s o f  40 , 000 U RB a t  Mc Nary D a m  h a v e  b e e n  e x c e e d e d  s i n c e  1 983 . 
Comme r c i a l g i l l -n e t  h a r v e s t s  oc c u r r e d  i n  1 98 6  a n d  1 98 7  i n  the  are a b e twe e n  
P r i e s t  Rap i d s  a n d  W a n a p u m  Dams , w i th  t h e  1 987  h a rv e s t  tota l i ng 2 , 2 1 5 c h i nook , 
a n d , i n  1 988 , 2 , 300 c h i nook we re  h a r v e s te d . U R B  r u n s  a l so  h a v e  b e n e f i ted  from 
ocean  a n d  i n  r i v e r  h a rv e s t  r e g u l at i on s  s e t  to p rote c t  d e p r e s s e d  r e t u r n s  of B P H  
s tock s . 

Uma t i l l a R i v e r  U RB F a l l C h i nook : Re t u r n s  h a v e  b e e n  i mp rov i ng s i n c e  re l e a s e s  
s tarted  i n  1 98 2 . T h e  1 98 5  T h r e e  M i l e  Dam a n d  c a r ca s s  cou n t s  were  8 5  ad u l t s ,  
i n  1 98 6 , 4 3 5 , a n d  i n  1 98 7 , 46 1 , s h ow i n g  a n  i mp rov i ng t r e n d . Umat i l l a / I r r i gon 
fac i l i ty w i l l  p rod u c e  5 . 94 m i l l i on s u by e ar l i n g s  a n d  an a d d i t i on a l  1 . 0 6  m i l l i on 
s u byear l i n g s  w i l l  come f rom t h e  Bon n e v i l l e H a t c h e ry . P r e s e n t l y  URB  a r e  b e i ng 
re l e a s e d  f rom t h e  I r r i gon h a t c h e ry ,  i n  1 988  3 , 350 , 000 s u by e ar l i n g s  we re  
re l e a s e d . T h e  goa l of t h e  ma s te r  p l an i s  to a c h i e v e  a re t u r n  of 2 1 , 000 a du l t s 
of wh i c h 1 0 , 000 w i l l  b e  h a t c h e ry f i s h  a n d  1 1 , 000 w i l l  b e  n a tu ra l l y  s pawn i ng 
f i s h .  T h i s  s to c k  i s  man ag e d  a s  a bu i l d i n g h a t c h e ry / n at u r a l s toc k . 
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THE DALLES POOL 

Y e ar l i ng Stoc k s  

T h e  f i s h pas s mod e l  i d e n t i f i e d a n  i mp a c t  o n  year l i n g f i s h  or i g i n a t i n g  f rom T h e  
Da l l e s Poo l , u n d e r  a l t e r n a t i v e 4 . 1 0 . T h e r e are  two y e a r l i n g s to c k s  t h a t  h a v e  
b e e n  i d e n t i f i e d  a s  or i g i n a t i n g  from T h e  Da l l e s Poo l : De s c h u te s  R i v e r  s p r i n g  
c h i nook , a n d  W a r m  Sp r i n g s  N at i on a l  F i s h  H a t c h e ry ( WS N F H ) , Rou n d  Bu tte  H a t c h e ry 
( RBH ) s p r i ng c h i nook . 

U p r i v e r  s p r i n g c h i nook a r e  h a rv e s te d  i n c i d e n ta l  to t h e  Lowe r Co l umb i a R i v e r  
w i n te r  g i l l -n e t , s po r t  a n d  Zon e 6 ( above  Bon n e v i l l e Dam)  T r e a ty I n d i a n  
f i s h e r i e s . S e a son s a r e  r e g u l a t e d  t o  m i n i m i ze the  n u m b e r  of u p r i v e r  s p r i n g 
c h i nook h ar v e s te d .  A s  p a r t  of t h e  U . S .  v s  Oregon a g r e e me n t , Tre a ty I n d i a n 
Comme rc i a l a n d  Ce remon i a l a n d  S u b s i s t e n c e  f i s he r i e s  a r e  a l l owed  to h a r v e s t  
7 pe r c e n t  of t h e  u p r i v e r  s p r i n g  c h i nook r u n  u p  to 1 0 , 000 f i s h . T h e  
1 987  T r e a ty I n d i an Zone  6 h ar v e s t  was  6 , 42 9  ad u l t s .  Sport  a n d  Tr i ba l  h a r v e s t  
of both s toc k s  oc c u r  a t  S h e r a r s  f a l l s .  

The  sys tem s u r v i va l  for y e ar l i n g s to c k s  u n d e r  a l t e r n a t i v e 4 . 1 0  d e c re a s e s  i n  
a l l year s . T h e  range  of d e c re a s e s  w h e n comp ared  to t h e  B a s e  C a s e  w a s  
0 . 3  pe r c e n t  t o  1 . 6 p e r c e n t . 

De s c h u te s  R i v e r  Spr i ng Ch i nook : T h i s  i s  a n a t u ra l / w i l d  s tock t h a t  s pawn s 
n a t u ra l l y  on l y  i n  the  Warm  S p r i n g s  R i v e r  a n d  i n  S h i t i ke Creek . Warms  Sp r i n g s  
H a t c h e ry p a s s e s  f i s h  to s pawn n a t u ra l l y  a bo v e  t h e  h a t c h e ry . E s t i ma t e d  
e s capeme n t  o f  n a t u r a l / w i l d  f i s h  con s i s te n t l y  a b o v e  1 , 000 s i n c e  1 980 , w i t h  1 9 87  
e s capeme n t  e s t i mated  to be  1 , 7 8 3  a d u l t s a n d  j ac k s . P l a n n i n g  goa l s for  t h e  
Ba s i n  i s  t o  h a v e  a n a t u r a l  r u n  e s c ap e me n t  o f  1 , 300 a d u l t s .  Some h a t c h e ry 
s pawn e r s  may h a v e  bee n a l l owed  to p a s s u p s tream  f rom 1 982  to 1 9 8 6  d i l u t i n g the  
w i l d  s toc k . I n  1 985 , t h e  s port  a n d  T r i ba l  h a r v e s t  was  648 j ac k s  a n d  ad u l t s ,  
i n  1 98 7 , i t  was  e s t i mat e d  that  9 1 1 we re  h a r v e s ted . T h i s s tock  i s  a s s umed  to 
be  a v i ab l e  n a t u ra l / w i l d  s toc k ,  s u bj e c t  to a t e r m i n a l  f i s h e ry .  

WSN F H , RBH  Spr i ng Ch i nook : Rou n d  B u t te H a t c h e ry i s  p a r t  of t h e  PGE  m i t i g a t i on 
for Rou n d  B u t t e  a n d  P e l ton Dams . Re t u r n s  to W S N F H  h a v e  f l u c t u a te d  f rom a h i g h 
of 1 , 0 7 9  i n  1 98 5  to a l ow of 346  i n  1 98 6 , b u t  s howe d  a n  i n c r e a s e  to 7 2 5  i n  
1 98 7 . RBH  h a t c h e ry r e t u r n s  h a v e  s hown b e t t e r  i mp rov e me n t s  i n c r e a s i n g f rom a 
l ow of 4 5 3  i n  1 98 1  to h i g h of 1 , 820  i n  1 98 6 , w i th  1 98 7  r e t u r n s  be i n g 
1 , 3 48 j ac k s  a n d  ad u l t s .  E x c e s s  ad u l t r e t u r n s  to t h e  P e l ton Trap  a r e  g i v e n  to 
t h e  Warm Sp r i n g s  T r i b e s  or r e c yc l e d to t h e  S h e r a r s  fa l l s  f i s h e ry .  I n  1 98 5 , a n  
e s t i ma t e d  1 , 6 5 6  h a t c h e ry j ac k s  a n d  a d u l t s we re  h a rv e s te d  b y  t h e  s port  a n d  
T r i b a l  f i s h e ry a t  S h e r a r s  F a l l s ,  i n  1 9 87 , t h e  h a rv e s t  was  1 , 1 35 .  R B H  r e l e a s e s  
60 , 000 s mo l t s  a n d  2 1 0 , 000 s u by e ar l i n g s  a r e  s tocked  i n to t h e  P e l ton F i s h  L a d d e r  
for add i t i on a l  rear i n g c a p a c i ty .  WS N F H  c u r re n t l y  p rod u c e s  7 00 , 000 s mo l t s  w i t h  
a d e s i gn c a p a c i ty o f  1 . 3 m i l l i on s mo l t s . I n  1 988  t h e  W S N F H  re l e a s e d  
950 , 000 s mo l t s  a n d  RBH re l e a s e d  54 , 000 s mo l t s  d i re c t l y  a n d  2 1 0 , 000 r e a r e d  i n  
t h e  Pe l ton F i s h  Ladd e r . T h e  s tock  i s  a s s umed  to be  a v i a b l e h a t c h e ry s toc k . 

Stee l head  

T h e  f i s h p a s s mod e l  i d e n t i f i e d a n  i mpac t to s te e l h e a d  or i g i n at i n g  f rom t h e  
D a l l e s Pool . T h e r e  i s  o n e  s tock  o f  s t e e l h e a d  t h a t  come s f rom t h i s poo l : 
De s c h u t e s  R i v e r  s umme r s te e l he a d . 
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Term i n a l  s po r t  harv e s t  s t a r t s  i n  J u l y  a n d  c o n t i n u e s  to D e c e mbe r . A T r i b a l  
f i s h e ry oc c u r s  be l ow S h e r a r s  F a l l s ,  t h e  r e c e n t  h a rv e s t  h i g h of 3 , 800 i n  1 9 8 6  
w a s  above  t h e  1 980-87 a v e r age  o f  2 , 1 9 8 s te e l  h e ad . T h e  s po r t  h a r v e s t  r e a c h e d  a 
h i gh i n  1 98 5  of 9 , 2 87  a n d  for t h e  s ame p e r i od 1 980-87 , ave raged  4 , 7 3 1  
s t e e l h e ad . Harve s t  of w i l d  s t e e l h e ad was r e s t r i c t e d  i n  1 9 7 9  a n d  h a s  b e e n  
p r oh i b i te d  s i n c e  1 9 87 . 

Harve s t  s t i l l  o c c u r s  i n  t h e  Zone  6 T r e aty I n d i an f i s h e r i e s , and  t h e  m a i n s te m  
s port f i s h e ry .  I n  1 987 , t h e  Zone 6 h ar v e s t  o f  s umme r s te e l h e ad w a s  7 1 , 800 , 
a n d  i n  1 98 6  t h e  h ar v e s t  w a s  64 , 1 00 .  

De s c h u t e s  R i v e r  S umme r S t e e l h e ad : T h i s  i s  a n a t u r a l / h a t c h e ry s to c k  w i t h  
s u p p l eme n tat i on oc c u r r i n g on l y  i n  t h e  u p p e r  r i v e r .  H a t c h e ry re l e a s e s f rom 
Warm S pr i n g s  N F H  oc c u r re d  from 1 97 3-84  a n d  are p r e s e n t l y  from Rou n d  B u t t e  
h a t c h e ry . T h e  p r e s e n t  RBH  m i t i ga t i on goa l i s  t o  g e t  a r e t u r n  of 
1 , 300 s te e l  h e ad a n d  r e l e a s e s  1 62 , 000 s mo l t s . I n  1 9 88 , 1 6 2 , 500 s mo l t s  we re  
r e l e a s e d  i n to t h e  De s c h u t e s  R i v e r . S u b b a s i n  goa l s c a l l for  e s c apeme n t s  of  
1 0 , 000 s te e l h e ad above  S h e r a r s  F a l l s  o u t  of a tot a l  r e t u r n  of 1 6 , 000 to  
2 2 , 000 s te e l h e ad . T h i s  i s  ma n a g e d  a s  a n a t u r a l / h a t c h e ry s tock  s u pport i n g a 
s port  and  T r i b a l  f i s h e ry .  

H - l c - 1 7 









H-1 d 

OVERGENERAT I ON SP I LL 

( i ncrementa l month l y ) 





BAOOOMED 

BD1 20MED 

BE41 0MED 

BB41 5MED 

BA430MED 

BC440MED 

1 571 1 

KEY TO LABELS FOR ALTERNAT I VES 

H-1 d through H-1 k 

Base Case ( No Act i on A l ternat i ve) , Med i um Loads 

A l ternat i ve 1 . 2 ,  Med i um Loads 

A l ternat i ve 4 . 1 , Case B ( 1 00%) , Med i um Loads 

A l ternat i ve 4 . 1 , Case A (50%) , Med i um Loads 

A l ternat i ve 4 . 3 ,  Med i um Loads 

A l ternat i ve 4 . 4 ,  Med i um Loads 

H-1 d -



.------------------------------------------- - --



T a b l e  H - l d - l 
I NCREMENTAL MONTHLY �RGEN S P I LL (HW) 

PSCE I S  : MED LOADS : 1 / 2 4 / 8 9  
BASE CASE 

- - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- -- - - - - - - - - - - - - - -- - - - - -- - -- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -
OP-YR SEP OCT NOV DEC JAN FEB MAR APR HAY JON JUL AUG ANNUAL 

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

1 98 9  0 . 0  0 . 0  0 . 0  0 . 0  2 1 . 4  1 7  . 8  5 2 . 7  1 2 8 . 1  663 . 2  1 3 85 . 6  2 4 3 . 9  0 . 0  2 1 4 . 4  
1 9 90 0 . 0  0 . 0  0 . 0  0 . 0  1 1 . 8  5 9 . 8  8 6 . 7  1 3 9 . 9  7 3 6 . 6  1 1 24 . 9  33 3 . 7  0 . 0  2 07 . 8  
1 9 91 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  6 9 . 5  7 5 . 7  9 8 . 5  4 67 . 5  1 3 5 4 . 9  1 4 5 . 8  0 . 0  1 8 4 . 3  
1 9 92 0 . 0  0 . 0  0 . 0  0 . 0  2 . 9 2 4 . 8  27 . 9  7 5 . 4  505 . 5  1 355 . 0  23 7 . 7  0 . 0  1 85 . 8  
1 9 93 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 4  2 2 1 . 3  1 030 . 8  6 . 5  0 . 0  1 05 . 0  
1 9 94 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  1 4 2 . 9  4 2 9 . 4  1 9 . 8  0 . 0  4 9 . 4  
1 9 95 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 4 . 8  1 2 9 . 6  4 74 . 4  5 8 . 1  0 . 0  5 6 . 4  
1 9 9 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  3 . 0  257 . 1  5 8 7 . 0  33 . 8  0 . 0  73 . 4  
1 9 97 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 1  1 1 2 . 0  4 23 . 3  4 4 . 4  0 . 0  4 8 . 4  
1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 9  2 0 6 . 2  7 1 2 . 7  1 0 7 . 8  0 . 0  8 5 . 7  
1 9 99 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  4 . 5  8 8 . 5  378 . 0  7 1 . 5  0 . 0  4 5 . 2  
2000 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 2  0 . 0  2 7 . 7  9 9 . 9  4 1 2 . 6  1 0 4 . 8  0 . 0  53 . 9  
2 0 0 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  0 . 0  3 3 . 1  93 . 4  3 72 . 2  1 94 . 7  0 . 0  5 7 . 9  
2 0 0 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  9 . 2  0 . 0  6 . 0  8 8 . 7  3 4 5 . 8  1 8 6 . 8  0 . 0  53 . 0  

::r:: 2 0 03 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  4 . 5 0 . 9 1 1 . 9  5 6 . 1  2 63 . 7  2 1 3 . 5  0 . 0  4 5 . 9  
I 2 0 04 0 . 0  0 . 0  0 . 0  0 . 0  2 . 7  4 . 4  0 . 0  2 1 . 6 1 60 . 4  3 90 . 5  1 2 9 . 6 0 . 0  5 9 . 1  

0. 2005 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 5 . 5  1 3 8 . 5  2 93 . 7  1 1 1 . 1  0 . 0  4 6 . 6 
2 0 0 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  4 . 1  0 . 0  1 6 . 8  1 3 3 . 4  2 61 . 9  1 1 0 . 6  0 . 0  43 . 9  
2007 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  5 . 4  1 06 . 6  208 . 2  65 . 7  0 . 0  3 2 . 2  
2008 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  0 . 0  2 . 6  5 8 . 7  1 28 . 0  1 8 7 . 4  0 . 0  3 1 . 4 



T a b l e  H - l d - l 

I NCREMENTAL MONTHLY OVERGEN S P I LL (MH) 
PSCEIS : MED I UM  LOAD : 1 / 2 5 / 8 9  

ALT 1 .  2 - BASE 

- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - --- - - - - - - - - - - - -
OP -YR SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG ANNUAL 

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

1 9 8 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 . 0  2 . 1  1 8 . 4  - 5 . 9  83 . 9  1 0 . 1  0 . 0  9 . 1  
1 9 90 0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  - 5 . 2  - 1 4 . 0  1 3 . 5 -31 . 2  51 . 1  1 5 . 0  0 . 0  3 . 0  
1 9 91 0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  4 0 . 0  2 6 . 5  4 1 . 0  9 9 . 3  1 68 . 3  8 0 . 1  0 . 0  38 . 5  
1 9 92 0 . 0  0 . 0  0 . 0  0 . 0  1 5 . 5  2 5 . 1  24 . 5  3 8 . 3  1 3 9 . 1  33 . 9  1 0 6 . 0  0 . 0  32 . 0  
1 9 93 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  5 . 2  8 . 5  5 1 . 4  - 1 2 4 . 2  4 2 . 8  0 . 0  -0 . 9  
1 9 94 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  4 1 . 6  1 1 4 . 8  9 1 . 2 0 . 0  2 0 . 1  
1 9 95 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -3 . 8  3 1 . 1  1 6 9 . 8  4 1 . 6 0 . 0  1 9 . 9 
1 9 96 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  2 . 2  3 . 1  5 6 . 1  1 5 6 . 4  64 . 5  0 . 0  23 . 6  
1 9 91 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  5 . 1  3 5 . 5  1 90 . 2  1 1 . 0 0 . 0  25 . 2  
1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 1 .  1 6 1 . 0 234 . 4  1 30 . 6  0 . 0  36 . 4  
1 9 99 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  3 . 3  3 6 . 3  1 6 . 1  8 9 . 5  1 4 1 . 9  0 . 0  24 . 0  
2 0 0 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 - 1 . 2  3 . 0  1 6 . 1 1 0 . 1  1 5 9 . 6  1 08 . 0  0 . 0  24 . 1  ::r:: 2 0 0 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  0 . 0  - 2 . 0  2 6 . 1  1 1 2 . 9  62 . 4  0 . 0  1 6 . 6 I 
2 0 0 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 5  4 . 3  1 1 . 8  5 4 . 3  1 1 2 . 9  1 2 8 . 5  0 . 0  25 . 4  

0.. 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  4 . 1  8 . 2  2 5 . 6  4 2 . 9 1 4 9 . 8  33 . 6  1 5 . 3  0 . 0  23 . 3  
2 0 0 4  0 . 0  0 . 0  0 . 0  0 . 0  2 . 5  -2 . 9  2 . 2  1 1 .  1 4 2 . 1  1 00 . 2  1 4 . 5  0 . 0  1 9 . 1 
2 0 0 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  1 . 2 5 . 2  4 4 . 1  4 5 . 1  6 1 . 9  0 . 0  1 3 . 1  

N 2 0 0 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  5 . 1  1 4 . 5  3 8 . 3  9 1 . 1  6 1 . 8 0 . 0  1 1 . 6  
2 0 0 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 1 . 5  4 4 . 8  69 . 4  6 8 . 4  0 . 0  1 6 . 1 
2 0 0 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 6  0 . 0  9 . 5  3 4 . 3  8 6 . 1  92 . 6  0 . 0  1 8 . 5  



T a b l e  H - l d - l 

I NCREMENTAL MONTHLY OVERGEN SPILL (HW) 
PSCEI S : ALT4 1 5 -HED : 2 - 2 1 - 8 9  

ALT 4 1 5  - BASE 

- - -- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -OP-YR SEP OCT NOV DEC JAN FEB MAR APR HAY JUN JUL AUG ANNUAL - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 9 B 9  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  -1 9 . 0  - 2 . 8  - 1 1 . 5  2 . B  - 7 . 2  1 2 . 4  0 . 0  -2 . 1  1 9 90 0 . 0  0 . 0  0 . 0  0 . 0  4 . 7  - B . 9  5 . 6  - 1 .  1 1 2 . 5  2 B . 1  - 1 5 . 6  0 . 0  2 . 1  1 9 9 1  0 . 0  0 . 0  0 . 0  0 . 0  3 . 6  - O . B  9 . 7  7 . 6 - 5 0 . 3  3 7 . 7  1 5 . 7  0 . 0  1 . 9  1 9 92 0 . 0  0 . 0  0 . 0  0 . 0  5 . 8  1 1 . 9  - 1 . 9  - 1 2 . 2  B . B  - 1 . 0 - 1 0 . 0  0 . 0  0 . 1  1 9 93 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 3  - 1 . 0 - 2 . 9  2B . 2  5 . 5  0 . 0  2 . 6  1 9 94 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 3 . 1  -B . 6  4 . 4  0 . 0  - 1 . 4 1 9 95 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 1  - 1 7  . 5  -0 . 5  - 1 9 . 0 0 . 0  -3 . 4  1 9 9 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  -4 6 . 8  - 2 7 . 1  9 . 2  0 . 0  -5 . 4  1 9 97 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  - l B . 7  - 4 B . 9  - B . 2  0 . 0  - 6 . 4  1 9 9B 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - O . B  - 7 5 . 0  - 1 2B . 7  - 5 B . 6  0 . 0  - 21 . 9  1 9 99 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 2  - 3 5 . 4  - 1 03 . B  - 5 7 . 7  0 . 0  - 1 6 . 7  2 0 0 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 2  0 . 0  - 2 6 . 7  - 1 1 . 4  0 . 2  - 7 B . B  0 . 0  - 9 . B  :I; , 2 0 0 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - O . B  0 . 0  - 25 . 9  O . B  -1 . 1  - 1 3 9 . 4 0 . 0  - 1 3 . 9  I 
2 0 02 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 7 . 9  0 . 0  - 6 . 0 2 7 . 5  2 0 . 1  - 7 9 . 2  0 . 0  -3 . B  0. 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 - 0 . 9  -3 . 2  - 1 6 . 2  - 3 B . 0  - 93 . 4  0 . 0  - 1 2 . 6  2 0 04 0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 0  - 4 . 4  0 . 0  - 1 5 . 0  - 1 1 4 . 7  - 1 3 . B  7 . 7  0 . 0  - 1 1 . 9  2 0 0 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 2 . 5  - 8 0 . 7  - 33 . 6  - 9 . 7 0 . 0  - 1 1 . 4  W 2 0 0 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 0  0 . 0  - 1 6 . 1 - 91 . 4  1 B . 5  - 1 1 . 1  0 . 0  -B . 5  2 0 0 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 5 . 4  - 6 3 . 4  3 1 . 7  1 4 . 0  0 . 0  - 1 . 9 2 0 0 B  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6  0 . 0  - 2 . 6  - 3 6 . 1  4 9 . 0 2 1 . 2 0 . 0  2 . 6  



T a b l e  H - l d - l 
I NCREMENTAL MONTHLY OVERGEN S P I LL (HW )  

PSCEIS : MEDIUM LOS : 2 / 2 / 8 9  
AL T  4 . 1 . 0  - BASE 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
OP-YR SEP OCT NOV DEC JAN FEB MAR APR HAY JON JUL AUG ANNUAL 

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

1 9 8 9  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  -4 3 . 0  -4 . 6  - 1 4 . 0  - 0 . 3  - 1 6 . 1  2 . 7  0 . 0  - 6 . 3  
1 9 90 0 . 0  0 . 0  0 . 0  0 . 0  -2 . 8  - 4 . 9  -4 . 7  4 . 4  3 3 . 4  31 . 7 - 2 9 . 3  0 . 0  2 . 3  
1 9 9 1  0 . 0  0 . 0  0 . 0  0 . 0  3 . 4  - 2 0 . 5  8 . 6  - 7 . 0  - 3 9 . 2  35 . 6  3 0 . 2  0 . 0  0 . 9  
1 9 92 0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  - 2 . 1  4 . 9  - 8 . 4  8 . 9  - 4 4 . 4  3 7 . 0  0 . 0  - 0 . 3  
1 9 93 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1) . 0  - 0 . 8  - 1 0 . 9  33 . 1  1 . 4  0 . 0  1 . 9  
1 9 94 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  4 . 5 - 2 7 . 9  -24 . 4  - 0 . 8  0 . 0  -4 . 0  
1 9 95 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 7 . 6 - 3 9 . 2  - 32 . 4  - 3 1 . 8  0 . 0  - 9 . 3  
1 9 96 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 0  - 6 3 . 0  - 7 2 . 0  - 1 0 . 4  0 . 0  - 1 2 . 4  
1 9 97 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  1 - 4 3 . 3  - 52 . 7  - 1 9 . 3  0 . 0  - 9 . 7  
1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 9 - 1 1 0 . 8  - 1 53 . 8  - 83 . 4  0 . 0  - 2 9 . 2  
1 9 99 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 3  -53 . 6  - 93 . 3  - 6 6 . 5  0 . 0  - 1 8 . 1  
2 0 0 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 2  0 . 0  - 2 7 . 5  - 4 1 . 6  - 87 . 3  - 92 . 0  0 . 0  - 20 . 8  
2 0 0 1  0 . 0  0 . 0  0 . 0  o 0 0 . 0  - 0 . 8  0 . 0  - 2 8 . 5  - 4 0 . 0  - 75 . 0  - 1 5 5 . 0  0 . 0  - 24 . 9  

:r:: 2002 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 9 . 2  0 . 0  - 6 . 0 - 3 5 . 9  - 91 . 3  - 1 5 8 . 9  0 . 0  - 25 . 1  
I 2 0 0 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 5  - 0 . 9  - 1 1 . 1  - 3 8 . 3  - 6 9 . 7  - 1 9 9 . 6  0 . 0  - 2 7 . 0  

D. 2 0 04 0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 7  - 4 . 4  0 . 0  - 2 1 . 6  - 1 2 5 . 1  - 1 1 5 . 7  - 1 0 7 . 9  0 . 0  - 3 1 . 5  
2 0 0 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 5 . 5  - 9 1 . 8  - 97 . 4  -1 1 0 . 2  0 . 0  -2 6 . 2  
2 0 0 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 1  0 . 0  - 1 6 . 8  - 1 1 4 . 9  - 83 . 8  - 1 05 . 8  0 . 0  - 27 . 1  

!:'- 2 0 0 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 5 . 4  - 8 5 . 9  - 62 . 1  - 60 . 3  0 . 0  - 1 7 . 8  
2008 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 - 0 . 6  0 . 0  - 2 . 6  - 4 3 . 7  - 3 7 . 0  - 1 4 6 . 6 0 . 0  - 1 9 . 2  



T a b l e  H - l d - l 

I NCREMENTAL MONTHLY OVERGEN S P I LL (HH) 
PSCE I S  : MED LOADS : 2 - 2 4 - 8 9  

ALT 4 . 3 - BASE 

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

OP-YR SEP OCT NOV DEC JAN FEB MAR APR HAY JUN JUL AUG ANNUAL 
- - -- - - - - - - - - - - - - - - - - -- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -

1 98 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  7 . 0  2 . 1  1 8 . 4  - 5 . 9  83 . 9  1 0 . 7 0 . 0  9 . 7  

1 9 90 0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  - 5 . 2  - 1 4 . 0  1 3 . 5  -31 . 2 5 7 . 7  1 5 . 0  0 . 0  3 . 0  

1 9 91 0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  4 0 . 0  2 6 . 5  4 7 . 0  9 9 . 3  1 68 . 3  8 0 . 7  0 . 0  38 . 5  

1 9 92 0 . 0  0 . 0  0 . 0  0 . 0  1 5 . 5  2 5 . 7  24 . 5  3 8 . 3  1 3 9 . 7  33 . 9  1 0 6 . 0  0 . 0  32 . 0  

1 9 93 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  5 . 2  8 . 5  5 7 . 4  - 1 2 4 . 2  4 2 . 8  0 . 0  -0 . 9  
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1 9 98 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 1 . 1  61 . 0 2 3 4 . 4  1 3 0 . 6  0 . 0  3 6 . 4  

1 9 9 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  3 . 3  3 6 . 3  1 6 . 7  8 9 . 5  1 4 1 . 9  0 . 0  24 . 0  

2 0 00 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 2  3 . 0  1 6 . 7  1 0 . 7  1 5 9 . 6  1 0 8 . 0  0 . 0  2 4 . 7  
:r: 2 001 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 8  0 . 0  - 2 . 0 2 6 . 7  1 1 2 . 9  62 . 4  0 . 0  1 6 . 6 
I 

2 0 02 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 7 . 5  4 . 3  1 1 . 8  5 4 . 3  1 1 2 . 9  1 2 8 . 5  0 . 0  25 . 4  

n. 2003 0 . 0  0 . 0  0 . 0  0 . 0  4 . 1  8 . 2  2 5 . 6  4 2 . 9  1 4 9 . 8  33 . 6  1 5 . 3  0 . 0  23 . 3  

20 04 0 . 0  0 . 0  0 . 0  0 . 0  2 . 5  - 2 . 9  2 . 2  1 1 . 1  4 2 . 1  1 00 . 2  7 4 . 5  0 . 0  1 9 . 1  

2 0 05 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  1 . 2  5 . 2  4 4  . 1  4 5 . 7  67 . 9  0 . 0  13 . 7  

U1 2 0 06 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  5 . 7  1 4  . 5  3 8 . 3  9 1 . 1  6 1 . 8 0 . 0  1 7 . 6  

2 007 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 7 . 5  4 4 . 8  6 9 . 4  6 8 . 4  0 . 0  1 6 . 7  

2008 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6  0 . 0  9 . 5  3 4 . 3  8 6 . 7  9 2 . 6  0 . 0  1 8 . 5  
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1 9 8 9  0 . 0  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 90 0 . 0  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 91 0 . 0  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 92 0 . 0  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 93 0 . 0  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 94 0 . 0  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 95 0 . 0  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 96 0 . 0  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 97 0 . 0  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 98 0 . 0  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 99 0 . 0  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  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

::r: 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 . 0  0 . 0  

I 2002 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2003 0 . 0  0 . 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 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  

2 0 0 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  

2006 0 . 0  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\ 2007 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2008 0 . 0  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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1 m  �u 2U 8 : 1  �u �u u �u �u 8 : �

I 2001 46 . 4  46 . �  -O . �  �4 . 0  �4 . 2  0 . 6  4 9 . 5 49 . 5  - 0 .  
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BPAHYSUH Summ&ry 

B&"e Study : BAOOOHED : P SCEIS : BASE CASE D&te : 3 -JAN- 8 9  0 6 : 5 5 : 2 8  
Number o f  G&me ,, :  2 0 0  
Aver&ge Over Low W&t er Years (Bot t om 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

LWG Di"ch&rge (QTOA - QPRO) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 5  3 1  3 5  4 0  4 1  3 7  4 3  4 3  4 8  5 2  7 7  60 38 28 2 3  4 3  
1 9 90 27 29 34 4 1  4 3  4 1  4 5  4 5  4 8  5 0  7 7  6 7  3 8  2 8  2 4  4 5  
1 9 91 2 6  3 0  3 2  3 7  3 9  3 5  4 2  4 3  4 8  5 2  7 5  60 37 2 6  2 2  4 2  
1 9 92 1 8  3 1  3 3  3 9  4 1  3 7  4 1  4 2  5 1  5 2  7 6  5 9  3 8  2 9  2 3  4 3  
1 9 93 21 3 1  3 4  4 1  4 2  3 9  4 4  4 4  4 7  5 0  7 7  6 5  4 0  3 0  2 5  4 4  
1 9 94 3 0  3 1  3 3  3 8  4 0  3 7  4 2  4 3  4 5  5 4  7 9  60 3 9  2 9  2 4  4 3  
1 9 95 3 1  3 2  3 2  3 8  4 2  3 7  4 4  4 3  4 6  5 2  7 6  6 0  3 8  2 9  2 3  4 3  
1 9 96 29 3 0  3 3  4 0  4 2  4 0  4 3  4 4  5 0  5 1  7 8  61 38 3 0  2 4  4 4  
1 9 97 29 3 1  3 4  4 1  4 4  4 1  4 6  4 5  4 7  5 1  7 9  64 4 0  3 1  2 6  4 5  
1 9 98 23 3 2  3 2  3 8  4 0  3 4  4 2  4 2  4 8  5 2  7 4  5 8  3 8  2 6  2 2  4 2  
1 9 9 9  3 3  3 2  3 3  4·0 4 3  3 9  4 5  4 5  4 7  5 2  7 7  62 3 9  3 0  2 4  4 4  
2 0 0 0  2 7  3 1  3 4  4 1  4 3  3 9  4 3  4 3  5 0  4 9  7 6  6 3  3 8  2 9  2 3  4 4  

:::r: 2 0 0 1  3 1  3 1  3 3  3 8  4 2  3 7  4 3  4 2  4 7  5 2  7 5  5 9  3 8  2 8  2 3  4 3  
2 002 25 32 34 4 0  4 4  4 1  4 3  4 4  4 8  5 2  8 0  6 4  4 0  3 2  2 6  4 5  
2 0 03 23 3 1  3 3  3 8  4 2  3 7  4 4  4 3  4 7  5 2  7 7  6 0  3 9  2 8  2 3  4 3  

'->:J 2 0 04 24 3 2  3 3  4 0  4 1  3 8  4 3  4 3  4 6  5 1  7 8  6 5  4 1  2 7  2 3  4 4  
2 0 05 3 0  3 1  3 3  4 0  4 3  3 9  4 4  4 4  4 7  5 1  7 7  64 4 0  27 2 3  4 4  
2 0 0 6  32 29 33 3 9  4 2  3 9  4 5  4 5  4 7  5 1  7 9  63 3 9  2 7  2 3  4 4  
2 0 07 23 31  34 4 1  4 2  4 0  4 2  4 3  5 0  5 0  7 7  6 3  4 0  2 8  2 3  4 4  
2 00 8  2 6  2 9  3 2  3 8  4 0  3 7  4 2  4 4  4 5  5 3  7 8  63 4 0  2 8  2 3  4 3  

AVERAGE 3 1  3 3  3 9  4 2  3 8  4 3  4 4  4 8  5 1  7 7  62 3 9  2 8  2 4  4 4  



T a b l e  H - 1 f - l  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  BPJlHYSUM Summary 
Base Study : BAOO OMED : PSCE I S  : BASE CASE Date :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD 1 2 0MED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e :  6-JAN- 8 9  2 1 : 4 9 : 5 3 
Di fference = ( I ncr S tudy) - (Baae Study ) 
Number of Game s : 2 0 0  
Average Ov e r  Low Water Years (Bottom 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * . * * * * * * * * *  • • * * * * * . * * * * * * * * * . * * * * * * * * * * * * * * . * * * . 

Di fference Of 
LWG D i s charge (QTDA - QPRD) 
- - - - - - - - - - - -- - - - - - - - - - - - - - -- - -

YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I 
ANN 

AP 2 MAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 2 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  2 6  0 0 0 - 1  0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 - 1  0 0 1 0 0 0 0 0 0 0 0 
1 9 93 2 1  - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 30 0 0 0 - 1  0 0 0 0 1 0 0 0 0 1 0 
1 9 95 3 1  0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 9 96 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 2 9  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
1 9 98 2 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 99 33 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
2 0 0 0  2 7  0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 
2 0 0 1  3 1  0 0 0 - 1  0 0 0 0 0 0 0 0 0 0 0 

::r: 2 0 0 2  2 5  0 0 0 - 1  0 0 0 0 0 0 0 0 0 0 0 
2 0 0 3  2 3  0 0 0 - 1  0 0 0 0 0 0 0 0 0 0 0 
2 0 0 4  2 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '-'l 2 0 0 5  3 0  - 1  0 0 - 1  0 0 0 0 0 0 1 0 0 0 0 I 2 0 0 6  3 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

N 2 0 0 7  2 3  - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 8  2 6  - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - l  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • • • • • • • •  * *  • •  * • •  * • • • • • • • •  * * . *  • •  * * . * * *  • • •  * * * *  • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0 Dat e :  1 -FEB- 8 9  1 6 : 02 : 5 5 
D i f ference = ( Incr S tudy ) - (Base Study) 
Number of Game s : 2 0 0  
Average Ov e r  Low Water Years (Bot t om 1 0  Percen t )  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * *  • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * *  • • • • •  * *  • • • • • • •  * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * *  

D i f ference Of 
LWG Discharge (QTDA - QPRD) 
- - - - - -- - - - - -- - - - - -- - - - - - - - - - - -

Y EAR  I NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP 1 AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 5  2 1 0 3 1 0 0 - 1  - 1  - 1  - 1  - 2  - 3  - 2  0 
1 9 90 2 7  1 1 0 3 - 1  1 0 0 0 - 1  - 2  - 1  - 2  - 1  0 
1 9 91 2 6  2 0 1 3 2 0 - 1  - 1  - 1  0 -2 -1 -1 -1 0 
1 9 92 1 8  2 0 1 1 2 0 0 - 1  - 1  - 1  - 1  - 1  - 1  - 1  0 
1 9 93 2 1  2 1 1 1 0 0 0 0 0 - 1  - 1  - 2  -3 -2 0 
1 9 94 3 0  2 1 1 2 1 0 - 1  - 1  0 - 1  - 1  - 1  - 1  - 1  0 
1 9 95 3 1  1 0 1 2 1 0 - 1  0 0 - 1  - 1  - 2  - 1  - 1  0 
1 9 96 29 1 1 1 1 0 0 0 - 1  0 - 1  - 1  - 1  - 2  - 2  0 
1 9 97 2 9  1 1 0 1 0 0 - 1  0 - 1  - 1  - 2  - 2  - 2  - 3  0 
1 9 98 23 2 1 1 2 2 - 1  - 1  0 0 0 - 1  - 2  - 1  - 1  0 
1 9 99 33 1 1 1 0 0 - 1  0 0 - 1  - 1  - 1  - 1  0 0 0 
2 0 0 0  2 7  1 1 1 1 0 0 - 1  0 0 0 - 2  0 0 0 0 
2 0 0 1  3 1  0 0 0 1 0 0 0 1 0 - 1  - 1  0 0 0 0 
2 0 0 2  2 5  0 0 0 0 0 0 0 0 0 0 - 1  0 0 0 0 
2 003 2 3  0 0 0 0 0 - 1  0 1 1 0 - 1  0 2 2 0 :r:: 2 00 4  2 4  0 0 1 0 0 1 0 - 1  0 0 - 2  - 1  2 1 0 
2 005 30 0 0 0 0 - 1  1 0 0 0 0 - 2  - 1  2 1 0 

H:l 2 0 0 6  3 2  0 0 0 0 0 0 0 0 0 0 - 1  - 1  2 2 0 
I 2 0 0 7  2 3  0 0 0 0 0 0 0 0 0 - 2  - 1  2 1 0 

W 2 0 0 8  2 6  0 0 0 0 1 0 0 0 0 - 2  - 1  1 1 0 

AVERAGE 1 0 0 1 0 0 0 0 0 - 1  - 1  - 1  0 0 0 



T a b l e  H - 1 f - l  
* * � • • • • •  * * * . *  • • • •  * • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * *  • •  * * * * * . * * *  

BPAHYSUH Summary 
Base Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5MED : PSCE I S  : ALT4 1 5  Date :  1 4 -FEB- 8 9  1 6 : 0 0 : 0 8 
D i fference = ( I ncr Study) - (Base Study )  
Number of Game s : 200 
Average Over Low Water Years (Bot t om 1 0  Percent) 
* . * * * . * . * * * * * * *  • • * •• * . * * * * * . * * . * * * . * . *  • •  * * * * * * * * * * * * * * * * * * . * . * * * * * * . * . * * * * * * * * * * * . * . * * * * * * . * * . * * * * * * . * * * * * * . * * * * * * * * * * * * * * * * * * * * * . *  

D i  ffe rence Of 
LWG D i s charge (QTDA - QPRD) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  25 2 1 0 3 1 - 1  0 - 1  - 1  - 1  - 1  - 1  - 2  - 2  0 
1 9 90 27 1 1 0 2 - 1  0 0 0 0 - 1  - 1  - 1  0 0 0 
1 9 9 1  26 2 0 1 2 1 0 - 1  - 1  0 0 - 1  0 0 0 0 
1 9 92 1 8  1 0 0 1 1 - 1  0 0 0 - 1  - 1  0 0 1 0 
1 9 93 21  0 0 1 0 - 1  - 1  0 0 0 0 - 1  - 1  0 0 0 
1 9 94 30 0 0 0 0 - 1  0 0 0 0 0 0 0 0 0 0 
1 9 95 3 1  0 0 0 0 0 - 1  - 1  0 0 0 0 0 0 0 0 
1 9 9 6  2 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 29 0 0 0 0 0 0 0 0 0 0 - 1  0 0 1 0 
1 9 98 23 0 0 0 0 0 - 1  0 0 0 0 0 0 0 0 0 
1 9 9 9  3 3  0 0 0 0 0 0 0 0 0 0 - 1  0 1 2 0 
2000 27 0 0 0 0 0 1 0 0 0 0 - 1  1 0 1 0 
2001  31  0 0 0 0 1 0 0 1 - 1  0 - 1  1 0 1 0 

::c 2002 25 0 0 0 0 0 0 0 0 0 0 0 1 - 1  - 1  0 
2003 23 0 0 0 - 1  0 - 1  0 0 1 0 0 0 2 2 0 
2004 24  - 1  0 0 0 0 1 1 0 0 0 - 1  - 1  3 2 0 

'--'l 2005 30 0 0 0 0 0 0 0 0 0 0 - 1  - 1  2 1 0 
2006 32 0 0 0 0 0 0 0 0 0 0 - 1  - 1  2 1 0 � 2007 23 0 0 0 0 - 1  1 0 1 0 0 - 1  - 1  2 1 0 
2008 26 0 0 0 0 0 1 0 1 0 -1 - 1  - 1  1 1 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 - 1  0 1 1 0 



T a b l e  H - H - l 

• • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • •  * * * . * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . * * *  • • •  * *  • • •  * • • • • • •  * . * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Base Study : BAO O OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BA4 3 0HED : PSCE I S  : ALT4 3 Dat e : 2 1 -JAN - 8 9  0 5 : 1 4 : 2 9 
D i fference = ( I ncr S tudy) - (Base Study )  
Number o f  Game s : 2 0 0  
Average Over Low Water Years (Bot t om 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
LWG D i s charge (QTDA - QPRD) 
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - -- - - - - - -
1 9 8 9  25 -1  -1  0 -2 1 0 0 1 0 0 0 0 - 3  - 2  0 
1 9 90 2 7  0 0 0 0 1 0 1 1 0 1 - 1  - 1  - 1  - 1  0 
1 9 91 2 6  0 0 0 - 1  1 0 0 1 0 0 - 1  0 - 1  0 0 
1 9 92 1 8  - 1  0 - 1  - 1  0 - 1  1 - 1  0 0 0 - 1  -2 0 0 
1 9 93 2 1  - 1  0 0 - 1  1 - 1  0 0 0 1 - 1  - 1  - 1  0 0 
1 9 94 30 0 0 0 - 1  0 0 0 0 0 1 - 1  0 0 0 0 
1 9 95 3 1  - 1  0 0 - 1  0 0 0 1 1 0 - 1  0 - 1  0 0 
1 9 96 29 -1 0 0 - 1  0 0 0 0 0 0 0 0 0 0 0 
1 9 97 2 9  - 1  0 0 - 1  0 0 0 1 0 0 - 1  - 1  - 1  - 1  0 
1 9 98 2 3  0 0 0 - 1  0 - 1  0 0 0 0 0 - 1  0 0 0 
1 9 99 3 3  - 1  0 0 - 1  1 - 1  - 1  0 0 1 0 - 1  0 1 0 
2000 2 7  - 1  0 0 - 1  0 0 0 0 0 0 - 1  - 1  - 1  0 0 
2 0 0 1  3 1  0 0 0 - 1  0 0 0 1 0 0 0 0 0 0 0 
2002 25 - 1  0 0 - 1  0 0 0 0 0 0 0 0 - 1  - 1  0 ::r:: 2003 23 0 0 0 -2 0 - 2  - 1  1 1 1 0 1 0 1 a 
2 0 04 2 4  - 1  0 0 0 0 0 0 0 0 0 - 1  - 1  1 0 0 
2 0 0 5  3 0  - 1  0 0 - 1  0 0 0 0 0 0 0 0 1 0 0 H;> 2006 3 2  0 0 0 0 0 0 0 0 0 0 - 1  - 1  2 1 0 I 2 0 0 7  2 3  - 1  0 0 0 0 0 0 0 0 0 - 1  0 1 1 0 Vl 2 0 0 8  2 6  - 1  0 0 - 1  0 0 0 0 0 0 0 - 1  0 0 0 

AVERAGE - 1  0 0 - 1  0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - l  

* * * * * * * * * * * * * . * * * * * * * * * * * * . * * *  • •  * * * * . * • • * * * * * * * * * * * * * * * * * * * • • •  * * * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * *  • • • * * *  • • • •  * * * * *  • •  * *  • •  BPAHYSUH Summary 
Base Study : BAOO OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BC4 4 0HED : PSCE I S  : ALT4 4 Dat e : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 
D i f ference = ( I ncr Study) - (Ba8e Study ) 
Number of Game s : 200 
Average Over Low Water Years (Bot t om 1 0  Percent)  
* * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * *  • •  * * * * *  • • * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • •  * * * * . * * *  • •  
Di fference Of 
LWG D i s charge (QTDA - QPRD) 
- - - - - - - - - - - - - - -- - - - - -- - - - - - - - -

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP 2 HAY JUN JUL AGI AG2 AVG - - - - - - - - - -
1 9 8 9  25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 91 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 92 1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 93 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 94 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 3 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 96 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 97 2 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 98 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 99 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 00 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001  3 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 03 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 04 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 05 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :r: 2006 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 07 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 08 26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,..., I 

ry, AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - 1 f - 2  

• •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Base Study : BAO O OHED : PSCE I S  : BASE CASE Dat e : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 
Number of Game s : 2 0 0  
Average Ov e r  Typi cal Water Years (Hid 80 P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * � � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

LWG Dis charge (QTDA - QPRD ) 
- - - - - - - - -- - -- - - - - - - - - - - - - - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  1 53 3 4  3 8  4 4  5 2  5 3  7 1  7 3  9 1  1 03 1 0 6  1 0 5  4 9  3 2  2 6  6 3  
1 9 90 1 5 4  3 2  3 8  4 3  5 1  5 3  7 1  7 2  9 5  1 1 1  1 0 9 1 0 4  5 0  33 27 63 
1 9 9 1  1 54 3 3  3 8  4 4  5 3  5 4  7 0  72 91 1 0 0  1 03 1 0 4  4 9  33 27 62 
1 9 92 1 60 3 3  3 7  4 4  5 5  5 7  7 4  7 3  9 4  1 0 8  1 0 6  1 0 6  5 1  3 3  2 8  6 4  
1 9 93 1 55 3 3  3 7  4 3  5 0  5 1  6 9  7 2  9 3  1 0 6  1 07 1 0 3  4 9  33 27 62 
1 9 94 1 55 3 3  3 7  4 3  5 2  5 3  6 8  7 2  9 2  1 0 4  1 07 9 9  4 8  33 28 62 
1 9 95 1 5 4  3 2  3 8  4 3  5 1  5 1  6 8  7 1  9 2  1 0 7  1 1 2  1 0 3  4 8  3 3  2 7  62 
1 9 96 1 4 8  3 2  3 7  4 3  5 2  5 5  7 2  7 2  9 1  1 0 5  1 07 1 0 0  4 8  3 3  2 8  62 
1 9 97 1 5 5  3 2  3 8  4 4  5 1  5 3  6 9  7 0  9 3  1 0 0  1 03 1 02 4 8  3 3  2 7  6 1  
1 9 98 1 5 5  3 2  3 8  4 3  52 5 3  6 8  7 3  9 6  1 0 7  1 05 1 0 0  4 9  33 2 7  62 
1 9 9 9  1 4 9  33 37 4 3  53 56 73 7 2  9 5  1 0 8  1 08 1 0 4  5 0  3 3  2 8  63 
2 0 0 0  1 5 1  3 2  3 8  4 4  5 5  5 7  7 2  7 3  9 4  1 0 3  1 07 1 0 1  4 7  32 27 6 3  

::r:: 2001  152  3 3  3 8  4 4  5 3  5 5  7 4  74 95 1 0 7  1 08 1 05 4 9  33 2 7  6 4  
2 0 02 1 57 3 2  3 8  4 3  50 51 6 6  7 1  9 1  1 0 0  1 05 98 4 8  33 27 61 
2 0 03 1 63 3 2  3 7  4 4  5 3  5 4  7 2  7 2  9 7  1 0 9  1 0 9  1 0 0  4 9  3 3  2 7  6 3  

Hj 2 0 04 1 4 6  3 3  3 7  4 3  53 54 72 7 3  9 3  1 0 8  1 0 9  1 0 7 5 0  3 3  2 7  64 
2005 1 5 1  3 2  3 8  4 3  5 3  5 5  7 3  7 5  9 5  1 1 1  1 1 1  1 0 8  5 1  3 3  2 8  6 4  

-.l 2 0 0 6  1 4 5  3 2  3 7  4 3  52 55 7 1  7 5  1 0 0  1 1 2  1 08 9 8  5 0  3 3  2 7  63 
2 0 0 7  1 5 5  3 2  3 8  4 3  5 0  5 1  6 7  7 0  8 9  1 0 0  1 04 97 48 32 2 7  6 0  
2 0 0 8  1 5 9  3 2  3 7  4 3  5 1  5 4  6 5  7 0  9 2  9 9  1 01 1 0 2  4 9  33 27 6 1  

AVERAGE 3 3  3 8  4 3  52 54 7 0  7 2  9 3  1 0 5  1 07 1 0 2  4 9  33 27 62 



T a b l e  H - 1 f - 2  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  ••  * • •  * * * * * * * * *  • • • • •  * * * * * * * * * * * * * * . * * * * * * *  • •  * * * .  
BPAHYSUM Summary 

Ba .. e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BD 1 2 0MED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e :  6 -JAN - 8 9  2 1 : 4 9 : 53 
Di fference - ( Incr Study) - (Ba .. e Study) 
Number of Game .. : 200 
Average Over Typ i cal Water Year .. (Mid 80 Percent ) 
• • • • • • • • • • •  * * * *  • •  * * . * * *  • • • • • • • • • • • • • • • • •  * *  • • • • • • •  * * * * . * * * *  • • • • • • • • • • • • • • • • • • • • •  * * * . * * *  • •  * *  • • • • • • • •  * * *  • • • • •  * * * * *  • •  * * * * * * * * * * * * * * * *  ••  

Di ffe rence O f  
LWG Dis charge (QTDA - QPRD) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 5 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 990 1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 96 1 4 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 98 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 99 1 4 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 00 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r:: 2001 152 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 02 1 57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'""'l 2 003 1 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 2004 1 4 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CJ) 2005 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2006 1 4 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2007 155  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2008 1 5 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - 2  

* * * * * . * * * * . * * * * . * * * * * * * * * * * * * * * * * * * * • •  * *  • • • •  * * * * * * * * * *  • • •  * * * . * * * * * * * *  • • • • •  * * * * . * * . * * * *  • • • • • • • • • • • • • • • • • * *  • • •  * * * * . * * * * * * * * *  • • •  * * * * * *  
BPAHYSUH Surnn .. ry 

B .. " .. study : BAOOOHED : PSCE I S  : BASE CASE o .. t .. : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 
Incr Study : BE4 1 0HEO : PSCE I S  : ALT4 1 0 O .. t .. : 1 -FEB- 8 9  1 6 : 02 : 5 5 
D i ff .. r .. nc .. � ( Incr Study) - (B .. " .. Study) 
Numb .. r of Gam .. ,, :  2 0 0  
Av .. r .. g .. Ov .. r Typi c .. 1 Water Y .... r" (Hid 8 0  P .. rc .. nt ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * *  • • •  * * *  • • •  * *  • •  * *  • • • • • • • • • • • • • •  * • • • • * . *  • • •  * * * * * . * * * * * * * * * * *  • • • •  * * * *  • •  * * * * *  

D i f f  .. r .. nc .. Of 
LWG D i" ch .. rge (QTDA - QPRO) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - -- - --
1 9 8 9  1 5 3  2 1 0 1 0 - 1  0 0 - 1  0 0 0 0 0 0 
1 9 90 1 5 4  1 0 0 1 - 1  - 1  0 - 1  0 0 0 0 0 0 0 
1 9 9 1  1 5 4  2 0 0 0 - 1  - 1  - 1  - 1  0 0 0 0 - 1  0 0 
1 9 92 1 60 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 1 55 2 1 1 0 - 1  0 0 0 0 0 0 0 - 1  0 0 
1 9 94 155 2 1 1 0 - 1  0 0 - 1  - 1  0 0 0 - 1  - 1  0 
1 9 95 1 54 2 1 1 0 - 1  - 1  0 0 - 1  0 0 0 -1 -1 0 
1 9 9 6  1 4 8  2 1 1 0 - 1  0 0 0 - 1  0 0 0 0 0 0 
1 9 97 1 55 2 1 1 0 - 1  0 0 0 - 1  - 1  0 0 0 0 0 
1 9 98 1 5 5  2 1 1 0 - 1  0 0 0 - 1  0 0 0 0 0 0 
1 9 99 1 4 9  1 1 1 - 1  0 0 0 0 0 0 0 0 0 0 0 

::r:: 2 0 0 0  1 5 1  1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 1  1 52 1 0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 
2 0 02 1 5 7  0 0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 

>--<:> 2 0 03 1 63 - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 2 0 04 1 4 6  0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 0 

� 2 0 0 5  1 5 1  0 0 0 0 0 0 0 - 1  1 1 0 0 0 0 0 
2 0 0 6  1 4 5  0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 0 
2 0 0 7  1 5 5  0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 0 
2 0 0 8  1 5 9  0 0 0 0 - 1  0 0 - 1  0 0 0 0 0 0 0 

AVERAGE 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - 1 f - 2  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e : 1 4 -FEB- 8 9  1 6 : 00 : 0 8 
D i fference = ( Incr Study) - (Base Study )  
Number o f  Game .. : 200 
Average Over Typical Water Years (Mid 80 P ercent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
Di fference Of 
LWG Di8 charge (QTDA - QPRD) 
- - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

YEAR / NOH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I  AP 2  HAY JUN JUL AG1 AG2 AVG 
- - -- - - - - - -
1 98 9  1 53 2 1 0 0 0 - 1  0 0 - 1  0 0 0 0 0 0 
1 9 90 1 5 4  1 0 0 1 - 1  - 1  0 - 1  0 0 0 0 0 0 0 
1 9 91 1 5 4  1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 60 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 1 55 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5 4  0 0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 
1 9 96 1 4 8  0 0 0 0 - 1  0 0 0 - 1  0 0 0 0 0 0 
1 9 97 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r:: 1 9 98 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 99 1 4 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 00 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 H:l 2 0 0 1  1 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 1 5 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 2003 1 63 0 0 0 - 1  1 0 0 0 0 0 0 0 0 0 0 
2004 1 4 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 05 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 6  1 4 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2007 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2008 1 5 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - 2  

* * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUM SUrmlary 
Ba"e Study : BAOOOMED : PSCE I S  : BASE CASE Date :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
Incr Study : BA4 3 0MED : PSCE I S  : ALT4 3 Date :  2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 
D i fference = ( Incr Study) - (Ba "e Study )  
Number o f  Game ,, : 200 
Average Over Typical Water Year" ( Mid 8 0  P ercent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
D i f ference Of 
LWG D i s charge (OTDA - QPRD ) 
- - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AGi AG2 AVG 
- - - - - - - - --
1 9 8 9  1 53 - 1  - 1  0 - 1  1 1 0 1 0 0 0 0 0 0 0 
1 9 90 1 5 4  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  1 5 4  0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 1 55 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
1 9 94 155 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5 4  0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 9 9 6  1 4 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 98 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 4 9  - 1  0 0 0 0 1 0 0 1 0 0 0 0 0 0 
2 0 0 0  1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 1  1 5 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

::r:: 2002 1 57 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 3  1 63 - 1  0 0 - 1  1 1 0 0 0 0 0 0 0 0 0 
2 0 0 4  1 4 6  - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 

MJ 2 0 0 5  1 5 1  0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
2 0 0 6  1 4 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 7  1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 008 1 5 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - H - 2  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  BPAHYSUH Summary 
Ba"e Study : BAO O OHED : PSCEIS : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BC44 0HED : PSCEIS : ALT44 Date : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1  
D i  fference = ( Incr Study) - (Base Study) 
Number of Game s :  200 
Average Over Typ i ca l  Water Years (Hid 8 0  P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * . * * * *  • •  * • •  * * * * * * . * * * * . *  • •  * * * * . * . * * * * . * * * * * * * * * *  • •  * • •  * * * * * * * * * * * * *  
Di fference Of 
LWG D i " charge (QTDA - QPRD) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP 1 AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - --

1 9 8 9  1 5 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 6  1 4 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 99 8  1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 4 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 1  1 52 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 2  1 5 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 003 1 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :r: 2 004 1 4 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2005 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 6  1 4 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 '"""'l 2 0 0 7  1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 2008 1 5 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

[\) AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - 3  

* * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * . * * * * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Ba .. e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Number of Game .. : 200 
Average Over High Water Years ( Top 10 P e rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

LWG D i s charge (QTDA - QPRD) 
- - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  2 2  3 2  3 8  5 3  6 9  7 5  8 0  7 9  97 1 4 1  1 64 1 8 8  5 9  3 5  2 6  8 2  
1 9 90 1 9  3 1  3 6  5 2  73 78 81 8 3  1 0 0  1 5 1  1 67 1 8 0  5 7  3 6  2 6  8 3  
1 9 91 20 3 1  3 6  5 2  6 6  7 5  7 9  7 5  9 4  1 3 6  1 64 1 9 1  5 9  3 5  2 6  8 1  
1 9 92 22 3 2  3 5  5 2  64 7 2  7 9  71 92 1 2 9  1 62 1 9 7 6 0  3 5  2 6  8 0  
1 9 93 24 32 35 51 7 4  7 9  8 2  84 1 0 0  1 5 5  1 68 1 7 7 5 6  3 6  2 6  8 3  
1 9 94 15 3 1  3 6  5 2  71 7 8  8 1  8 0  9 8  1 4 8  1 66 1 8 3  5 7  3 6  2 6  8 2  
1 9 95 15 3 1  3 5  5 2  65 73 7 9  72 92 1 3 0  1 63 1 95 60 35 26 8 1  
1 9 96 2 3  3 1  3 4  5 1  7 5  8 0  8 3  8 5  1 0 2  1 5 5  1 69 1 75 5 5  3 6  2 6  8 3  
1 997 1 6  3 2  3 5  5 2  68 75 8 0  7 7  9 6  1 3 7  1 65 1 8 9  5 8  35 2 6  8 2  
1 9 98 22 3 1  3 5  5 2  6 9  7 6  8 0  7 7  9 6  1 3 9  1 65 1 8 8  5 8  3 5  2 6  8 2  
1 9 99 1 8  3 1  3 5  5 2  6 1  7 1  7 6  68 8 9  1 2 0  1 60 2 0 3  6 1  3 5  2 7  7 9  
2 0 0 0  22 31 3 5  5 1  72 78 82 81 9 8  1 4 7  1 67 1 8 2  5 7  3 6  2 6  82 
2 0 0 1  1 7  3 1  3 5  5 2  7 0  7 8  8 1  8 0  9 8  1 4 5  1 66 1 8 3  5 7  3 6  2 6  8 2  
2 0 0 2  1 8  3 1  3 5  5 1  70 7 7  8 1  7 9  97 1 4 3  1 66 1 8 5  5 7  3 6  2 6  8 2  
2 0 0 3  1 4  3 0  3 5  5 2  65 73 7 9  7 3  9 3  1 3 2  1 64 1 93 5 9  3 5  2 6  8 0  

::r:: 2 0 04 3 0  3 1  3 5  5 2  6 8  7 6  8 0  7 8  97 1 4 1  1 65 1 8 6  5 8  3 5  2 6  8 1  
2005 1 9  3 0  3 5  5 2  7 0  7 7  8 1  8 0  9 7  1 4 6  1 66 1 8 3  5 7  3 6  2 6  8 2  
2 0 0 6  2 3  3 1  3 5  5 2  69 76 81 7 8  97 1 4 2  1 65 1 8 6  5 8  35 26 8 2  HJ 
2 0 0 7  22 3 1  3 5  5 1  7 2  7 8  8 2  80 97 1 4 8  1 67 1 8 2  5 7  3 6  2 6  8 2  
2 0 0 8  1 5  3 1  3 5  5 2  71 7 8  8 2  80 9 8  1 4 6  1 66 1 8 3  5 7  3 6  2 6  8 2  

w .".==== 
AVERAGE 3 1  3 5  5 2  6 9  7 6  8 0  7 8  9 7  1 4 2  1 65 1 8 6  5 8  3 5  2 6  8 2  



T a b l e  H - l f - 3  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUM Summary 

Base Study : BAO O OMED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BD1 2 0MED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e : 6 - JAN- 8 9  2 1 : 4 9 : 53 
D i f ference = ( Incr S tudy) - (Base Study )  
Number o f  Game " : 2 0 0  
Average Ov e r  High Water Years ( Top 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
Di fference Of 
LWG D i " charge (QTDA - QPRD ) 
- - - - - - - - - - - - - - - - - -- - -- - -- - - - --

YEAR I NUM SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - -- ------
1 98 9  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 91 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 24 0 0 0 0 0 0 - 1  0 0 0 0 0 0 0 0 
1 9 94 1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 96 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 98 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 99 1 8  G 0 0 0 0 1 -1 0 0 0 0 0 0 0 0 
2000 22 - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:::c 2 0 0 1  1 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 003 14 - 1  0 0 0 0 0 0 0 0 - 1  1 0 0 0 0 

H:> 2004 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 05 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 6  2 3  - 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 � 2 0 0 7  2 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 008 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - 3 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  BPAHYSUM Summary 
Base Study : BAO O OMED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 55 : 2 8 
Incr Study : BE4 1 0MED : PSCE I S  : ALT4 1 0  Dat e :  I -FEB- 8 9  1 6 : 02 : 5 5 
D i f ference = ( Incr Study) - (Base Study )  
Number o f  Game,, : 2 0 0  
Average Over High Water Years ( Top 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * *  
D i fference Of 
LWG Dis ch"rge (QTDA - QPRD) 
- - - - - - - - - - - - - - - - - -- - -- - - - - -- - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 2  2 2 0 0 - 1  0 1 - 1  - 1  0 - 1  0 0 0 0 
1 9 90 1 9  2 0 0 -1 0 0 0 0 - 1  0 0 0 0 0 0 
1 9 91 2 0  3 0 0 0 - 1  0 1 0 0 0 - 1  0 0 0 0 
1 9 92 22 1 0 0 -1 0 - 1  1 0 0 0 0 0 0 0 0 
1 9 93 2 4  2 1 0 0 - 1  - 1  2 0 - 2  0 0 0 0 0 0 
1 9 94 1 5  2 2 1 0 - 2  - 1  3 0 - 1  - 1  - 1  0 0 0 0 
1 9 95 1 5  1 2 0 - 1  - 2  - 1  4 1 0 - 1  - 2  0 0 0 0 
1 9 9 6  23 2 1 1 0 - 2  - 2  4 0 - 1  0 - 1  0 0 0 0 
1 9 97 1 6  2 2 0 0 - 2  - 1  3 1 1 - 1  - 2  0 0 0 0 :c 1 9 98 22 1 1 0 - 1  - 2  - 1  4 1 - 1  - 1  - 3  0 0 0 0 
1 9 99 18 1 1 0 0 - 2  0 3 1 0 1 - 5  0 0 0 0 

>-"') 2000 22 0 1 1 0 - 2  - 2  3 2 - 2  0 - 2  0 0 0 0 
2 0 0 1  1 7  1 1 0 - 1  - 2  - 2  2 2 - 1  1 - 2  0 0 0 0 
2 0 0 2  1 8  1 1 0 - 1  - 2  - 1  2 2 0 0 - 1  0 0 0 0 

Vl 2 0 0 3  1 4  0 1 0 0 0 -1  1 1 - 1  - 1  0 0 0 0 0 
2 0 0 4  30 0 0 0 0 0 0 0 1 - 1  1 0 0 0 0 0 
2 0 0 5  1 9  0 0 - 1  0 0 0 1 2 - 2  0 0 0 0 0 0 
2 0 0 6  23 0 0 0 0 0 0 1 0 - 2  0 0 0 0 0 0 
2 0 0 7  2 2  0 0 0 0 0 0 1 3 - 2  0 0 0 0 0 0 
2 0 0 8  1 5  0 0 0 0 0 0 0 2 - 2  0 0 0 0 0 0 

AVERAGE 0 0 - 1  - 1  2 - 1  0 - 1  0 0 0 0 



T a b l e  H - H - 3  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Ba .. e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BB4 1 5MED : PSCE I S  : ALT4 l 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 
Di fference = ( I ncr Study) - (Ba .. e Study ) 
Number of Game .. : 200 
Average Over High Water Year .. ( Top 1 0  Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Di ffe rence Of 
LWG Di .. charge (QTDA - QPRD) 
- - - - - - - - - - - -- - - - - - - - - - - - - - -- --

ANN YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AGI AG2 AVG - - - - - - - - - -
1 9 8 9  22 2 1 0 0 - 1  0 0 0 - 1  0 - 1  0 0 0 0 1 9 90 1 9  1 0 0 - 1  0 0 0 - 1  - 1  0 0 0 0 0 0 1 9 9 1  2 0  2 0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 1 9 92 22 0 0 0 - 1  1 - 1  0 0 0 0 0 0 0 0 0 1 9 93 2 4  1 1 0 0 0 0 1 1 - 1  0 0 0 0 0 0 1 9 94 1 5  0 1 0 0 - 1  0 0 1 0 - 1  0 0 0 0 0 1 9 95 1 5  0 1 1 - 1  - 1  0 0 1 0 - 1  0 0 0 0 0 1 9 9 6  23 0 1 0 0 0 - 1  1 0 0 0 0 0 0 0 0 1 9 97 1 6  0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 9 9 8  2 2  0 0 0 - 1  0 0 0 0 - 1  1 0 0 0 0 0 1 9 9 9  1 8  0 0 - 1  0 1 0 0 - 1  - 1  1 0 0 0 0 0 2000 22 0 0 0 0 0 0 0 1 - 2  1 0 0 0 0 0 2001 1 7  0 0 - 1  0 1 0 0 0 - 2  1 0 0 0 0 0 2002 1 8  0 1 - 1  - 1  0 0 0 1 - 1  0 0 0 0 0 0 ::r: 2 0 0 3  1 4  0 0 - 1  0 1 0 0 - 1  - 1  0 1 0 0 0 0 2 0 04 3 0  0 - 1  - 1  0 1 0 0 - 1  - 2  1 0 0 0 0 0 2005 1 9  0 0 - 1  0 1 0 0 0 -2 1 0 0 0 0 0 H:I 2 0 0 6  2 3  0 0 - 1  0 0 0 0 - 1  - 2  1 0 0 0 0 0 2 0 0 7  22 0 0 0 0 0 0 0 1 - 2  0 0 0 0 0 0 2008 15  0 0 0 0 0 0 0 0 - 2  0 0 0 0 0 0 (J\ 

AVERAGE 0 0 0 0 0 0 0 0 - 1  0 0 0 0 0 0 



T a b l e  H - l f - 3  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUM Sunm .. ry 
Base Study : BAOOOMED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8  
Incr Study : BA43 0MED : PSCE I S  : ALT 4 3  Dat e :  2 1 - JAN- 8 9  05 : 1 4 : 2 9 
Di fference =-= ( Incr S tudy) - (Ba"e Study) 
Number of Game s : 2 0 0  
Average Ov e r  High Water Years ( Top 10 P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
LWG D i s charge (QTDA - QPRD ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 2  - 1  0 0 0 1 0 0 0 0 1 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 91 20 - 1  0 0 0 0 0 0 - 1  1 0 0 0 0 0 0 
1 9 92 22 - 1  1 0 0 0 - 1  1 0 0 0 0 0 0 0 0 
1 9 93 24 - 1  0 0 0 0 1 - 1  1 - 1  0 0 0 0 0 0 
1 9 9 4  1 5  0 1 0 0 0 0 0 1 0 - 1  0 0 0 0 0 
1 9 95 15 0 1 0 0 0 0 0 1 1 - 1  0 0 0 0 0 
1 9 9 6  2 3  0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 
1 9 97 1 6  0 1 0 0 0 0 0 0 2 - 1  0 0 0 0 0 
1 9 98 22 0 1 1 0 - 1  - 1  1 0 2 - 1  0 0 0 0 0 
1 9 99 18 0 1 1 0 0 1 - 1  0 2 - 1  0 0 0 0 0 
2 0 00 2 2  - 1  1 1 0 0 0 0 1 1 - 1  0 0 0 0 0 

:::r: 2 0 0 1  1 7  0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 
2 0 02 1 8  0 1 1 0 - 1  0 1 1 1 - 1  0 0 0 0 0 
2 0 0 3  1 4  - 1  0 0 0 0 - 1  1 0 1 -1 1 0 0 0 0 

Hj 2 0 0 4  30 -1 0 0 1 1 0 -1 0 1 0 0 0 0 0 0 
2 0 05 1 9  - 1  0 0 0 0 0 0 1 0 0 0 0 0 0 0 
2 0 0 6  2 3  - 1  1 0 0 0 0 0 0 0 0 0 0 0 0 0 

---J 2 0 0 7  2 2  0 0 0 0 0 0 0 1 1 -1 0 0 0 0 0 
2 0 0 8  1 5  - 1  0 1 0 0 0 0 1 1 - 1  0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 



T a b l e  H - l f - 3  

* . *  • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BC4 4 0HED : PSCE I S  : ALT4 4 Dat e :  2 8 -JAN - 8 9  0 6 : 0 6 : 3 1 
D i fference � ( I ncr Study) - (Base Study )  
Number o f  Game ,, : 200 
Average Over High Water Years ( Top 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • •• • • • • •• • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i f ference Of 
LWG D i s charge (QTDA - QPRD ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP i AP 2  HAY JUN JUL AGl AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  2 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 6  2 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 8  2 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 8  0 0 0 0 0 0 ci 0 0 0 0 0 0 0 0 
2000 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 00 1  1 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

:c 2 0 02 1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 1 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 004 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Hj 2005 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2006 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2007 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CO 2 0 0 8  1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - 4  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUH Surm,,"ry 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 
Number of Game s : 200 
Average Over Low Water Years (Bot t om 10 Percent ) 
• • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • •  * • • • • • • • • • • • •  * * * * • • • • • •  * * *  • • • • • • •  * *  • • • • • * * * *  • • • • • • • • • •  * • •  * * *  • • •  * * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

P rie"t Rapids Discharge ( kc f s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP 1 
ANN 

AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - -- - - -
1 9 8 9  2 5  6 8  8 1  7 9  97 98 8 2  8 4  7 3  1 1 5  1 1 5  74 65 64 7 2  8 4  
1 9 90 27 7 1  8 1  7 8  9 8  1 0 0  8 3  8 9  8 0  1 1 5  1 1 5  7 9  6 0  60 73 8 5  1 9 9 1  2 6  7 1  7 8  7 5  9 4  1 00 8 4  84 7 0  1 1 6  1 1 5  7 5  65 72 76 84 
1 9 92 1 8  7 3  8 0  8 0  9 9  1 0 0  8 7  8 5  7 3  1 1 3  1 1 5  7 7  60 66 76 85 
1 9 93 2 1  7 2  7 8  7 7  1 02 1 0 1  8 8  90 8 0  1 1 5  1 1 5  74 5 8  7 1  7 9  8 6  
1 9 94 3 0  6 9  7 6  7 7  9 7  1 0 4  8 9  8 6  7 2  1 1 4  1 1 5  74 62 77 77 8 5  1 9 95 3 1  72 7 9  7 8  9 8  1 05 8 6  8 7  7 4  1 1 5  1 1 5  75 63 7 9  8 0  8 6  1 9 96 29 7 3  8 0  7 8  9 9  1 0 1  8 7  8 8  7 7  1 1 6  1 1 5 7 8  6 1  74 7 8  8 6  1 9 97 29 72 79 7 6  1 00 1 0 5  8 5  90 82 1 1 6  1 1 5  7 0  63 76 8 0  8 6  1 9 98 23 7 2  7 5  7 6  98 1 0 2 8 7  8 8  7 3  1 1 6  1 1 5  73 6 2  8 3  7 9  8 5  1 9 99 3 3  7 4  7 9  7 8  1 01 1 0 4 8 7  8 6  7 9  1 1 2  1 1 5  7 2  6 3  75 8 0  8 6  2 0 00 27 72 78 76 1 02 1 0 1  8 5  8 7  7 7  1 1 5  1 1 5  8 5  5 7  72 7 9  8 6  2001 31 7 3  7 5  7 8  9 9  1 02 8 4  8 4  7 2  1 1 5  1 1 5 7 9  6 1  8 0  7 8  8 5  2002 25 7 3  8 1  7 9  1 02 1 0 1  8 7  8 6  8 0  1 1 4  1 1 5  8 4  5 9  7 6  8 1  8 7  2 0 03 23 72 8 0  8 0  9 9  1 0 3  8 6  8 7  7 9  1 1 6  1 1 5  77 6 1  7 4  7 4  8 6  

::r: 2 0 04 24 73 76 76 99 1 0 1  8 4  8 6  7 5  1 1 6  1 1 5  8 1  6 3  7 2  74 8 5  2 0 05 3 0  71 76 76 1 00 1 0 2  8 3  8 6  7 8  1 1 6  1 1 5  8 5  64 72 74 8 6  2 0 0 6  3 2  7 0  7 5  7 9  1 00 1 02 8 4  8 6  7 7  1 1 5  1 1 5  8 4  6 6  7 3  7 6  8 6  
>---'J 2007 23 72 7 4  7 5  1 01 1 0 1  8 7  8 6  8 1  1 1 6  1 1 5  8 6  63 71 76 8 6  2 0 0 8  2 6  6 9  7 4  7 7  1 00 1 03 90 85 74 1 1 2  1 1 5 8 3  6 6  7 5  7 4  8 6  

'-0 AVERAGE 7 2  7 8  7 7  9 9  1 0 2  8 6  8 6  7 6  1 1 5  1 1 5  7 8  6 2  7 3  7 7  8 5  



T a b l e  H - l f - 4 

• • •  * *  • • • • • * * . * . * * * * * *  • •  * * * * * * * * � * * * . * *  • • • • •  * * . * . * * * * * * * . *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH SUlT'lT1ary 

Ba"e study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : B D 1 2 0HED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e :  6-JAN- 8 9  2 1 : 4 9 : 53 
Di fference = ( Incr Study) - (Bas e  Study )  
Number o f  Game ,, : 200 
Average Over Low Wate r  Years (Bott om 10 Pe rcent ) 
• • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * . *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Priest Rapid" Di s charge (kcf s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 27 -1 -1 - 1  0 0 0 0 0 0 0 0 0 0 0 0 
1 9 91 2 6  -2 -2 - 2  0 1 0 1 0 0 0 1 0 0 - 1  0 
1 9 92 1 8  - 1  - 3  - 4  0 1 2 1 0 0 0 1 1 0 0 0 
1 9 93 21 - 2  -2 -3 -1 1 0 1 1 0 0 1 1 - 1  0 0 
1 9 94 30 -2 - 2  - 1  0 - 1  0 0 0 0 0 0 1 1 0 0 
1 9 95 3 1  - 2  - 2  -2 - 1  - 1  - 1  - 1  1 0 0 1 1 0 - 1  0 
1 9 96 29 -1 -2 - 2  0 1 0 0 1 0 0 1 0 -1 1 0 
1 9 97 2 9  -2 - 2  - 1  0 1 0 0 1 0 0 1 1 0 0 0 
1 9 98 23 - 2  - 2  - 1  -1 - 1  0 0 1 0 0 1 0 0 0 0 
1 9 9 9  3 3  -2 -2 -1 - 1  2 1 0 2 0 0 0 0 0 0 0 
2000 27 -2 -2 -1 - 1  1 1 0 1 0 0 1 0 - 1  - 1  0 
2001 3 1  - 2  - 2  - 1  0 0 0 1 1 0 0 1 0 -1 -1 0 
2002 25 -2 - 2  - 2  - 3  2 1 1 1 0 0 1 0 - 2  - 1  0 ::r:: 2003 23 - 2  - 2  - 2  0 0 0 0 0 0 0 0 1 0 0 0 
2 0 04 24 -2 -2 -2 0 1 0 0 0 0 0 1 0 0 0 0 

HJ 2005 30 -2 -2 - 2  -2 0 1 1 1 0 0 1 0 1 0 0 
I 2006 32 -2 -2 -2 -2 2 0 0 1 0 0 1 1 0 0 0 

N 2007 23 -2 -2 -2 - 1  1 1 1 1 0 0 2 0 -2 -1 0 
0 2008 2 6  - 2  - 2  - 2  -2 0 0 0 1 1 0 1 1 0 0 0 

AVERAGE - 2  - 2  - 2  - 1  1 0 0 1 0 0 1 0 0 0 0 



T a b l e  H - 1 f - 4 

* * * * * * * * * * . * * * * * . * *  • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • •  
BPAHYSUH Summary 

Ba .. e Study : BAOOOHED : P S CE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 55 : 2 8 
I ncr Study : BE4 1 0HED : P S CE I S  : ALT4 1 0  Date : I -FEB- 8 9  1 6 : 02 : 55 
Difference - ( Incr Study) - (Ba .. e Study ) 
Number of Game .. : 200 
Average Over Low Water Year .. (Bottom 1 0  P ercent) 
•• * • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •  

Di fference Of 
P rie .. t Rapid .. Di .. charge (kcta)  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - --

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY JUN JUL AGI AG2 AVG 
- - --- - - - - -
1 98 9  2 5  6 1 0  1 4  1 2  - 3  1 1 - 8  0 0 - 1 0  - 1 0  - 4  - 8  1 
1 9 90 27 5 9 1 3  8 - 4  - 2  - 4  - 5  0 0 - 7  - 7  - 5  - 5  0 
1 9 91 26 6 9 1 4 1 6  - 5  - 1  - 6  - 4  - 1  0 - 9  - 7  - 7  - 8  0 
1 9 92 1 8  5 8 1 1  1 1  - 4  - 3  -3 0 2 0 - 8  - 6  - 8  - 7  0 
1 9 93 21 6 9 1 1  8 - 7  - 7  - 3  - 3  0 0 - 8  - 4  - 9  - 1 0  - 1  
1 9 94 30 6 1 0  1 6  1 2  - 9  - 7  - 4  - 2  1 0 - 6  - 5  - 1 2  - 1 0  0 
1 9 95 3 1  6 9 1 5  1 2  - 1 0  - 7  -5 - 3  0 0 - 5  - 6  - 1 5  - 1 0  0 
1 9 96 2 9  5 7 1 3  1 1  - 8  - 6  -3 -2 - 1  0 - 6  - 7  - 1 2  - 7  0 
1 9 97 2 9  6 1 0  1 5  8 - 1 1  - 8  - 4  - 3  - 1  0 - 1 0  - 5  - 1 3  - 9  - 1  
1 9 98 23 4 1 0  1 5  1 1  - 1 0  - 6  - 8  - 6  - 1  0 - 6  - 6  - 1 4  - 1 0  - 1  
1 9 99 33 3 5 9 3 - 9  - 6  - 1  - 2  0 0 - 6  - 3  - 1 1  - 7  - 1  
2 0 0 0  27 3 7 1 1  3 - 7  - 3  - 1  - 1  0 0 - 1 0  - 2  - 6  - 4  0 

2 0 0 1  3 1  3 6 8 3 - 5  - 3  -2 - 1  0 0 - 1 0  1 - 8  - 4  - 1  
:x 2 0 02 25 0 1 3 0 0 - 2  - 1  1 1 0 - 7  0 - 1 0  - 5  - 1  

2003 23 - 2  - 1  3 0 - 2  - 3  - 2  - 5  - 1  0 - 5  3 3 3 - 1  

H:> 2004 24 - 2  2 3 1 0 2 2 3 0 0 - 1 1  - 2  3 3 0 

I 2 0 05 3 0  0 2 6 -1 - 2  2 1 1 0 0 - 1 2  - 1  4 5 0 

f\) 2 0 0 6  32 1 3 4 - 1  0 2 1 1 0 0 - 1 2  - 2  3 3 0 

2 0 0 7  2 3  1 3 6 1 - 1  1 2 - 1  0 0 - 1 1  - 1 3 3 0 

2 0 0 8  2 6  - 1  3 6 2 1 - 1  - 2  - 1  - 1  0 - 1 3  - 2  5 4 0 

AVERAGE 3 6 1 0  6 - 5  - 3  - 2  - 2  0 0 - 9  - 4  - 6  - 4  0 



T a b l e  H - l f - 4  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Base Study : BAOOOHED : P S CE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BB4 1 5HED : P S CE I S  : ALT 4 1 5  Date :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 
D i f ference = ( Incr S tudy) - (Ba"e Study )  
Nu.'Ilber o f  Game,, : 200 
Average Over Low Wat er Years (Bot t om 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
P ri e " t  Rapid" D i s charge ( kc f s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR I NOH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 5  6 9 1 4  1 1  - 1 0  - 2  - 3  - 8  0 0 - 5  - 3  0 - 1  1 
1 9 90 2 7  4 7 1 0  5 - 7  - 3  - 4  - 4  0 0 - 5  - 1  0 0 0 
1 9 91 2 6  4 7 1 2  7 - 7  - 4  - 4  - 3  - 1  0 - 4  - 3  - 4  - 3  0 
1 9 92 1 8  3 5 5 6 - 6  - 5  1 0 0 0 - 4  - 2  - 2  - 2  0 
1 9 93 2 1  3 3 4 1 - 6  - 4  - 1  - 2  0 0 - 3  0 -4 -3 -1 
1 9 94 30 1 3 5 3 - 5  - 4  - 1  - 1  0 0 - 2  0 - 3  - 2  0 
1 9 95 31 1 2 5 0 - 5  - 3  - 2  - 1  0 0 - 2  0 - 4  - 2  - 1  
1 9 96 29 1 1 3 1 - 2  - 3  0 0 0 0 - 2  - 1  - 4  - 2  0 
1 9 97 2 9  0 0 1 0 - 2  - 3  - 1  - 1  - 1  0 - 1  1 - 2  - 3  - 1  
1 9 98 23 -1  1 3 1 - 1  - 2  - 1  - 1  0 0 - 1  0 0 - 1  0 
1 9 99 33 -2 0 0 - 1  1 - 1  1 0 0 0 - 1  0 6 3 0 
2000 27 - 2  - 1  2 -2 1 2 2 3 1 0 - 7  4 6 4 1 ::r:: 2001 3 1  - 1  2 3 - 1  1 2 2 3 1 0 - 6  2 4 4 1 
2002 25 0 0 2 0 3 3 2 5 2 0 - 6  1 - 2  - 2  1 

Hj 2003 23 - 1  -2 - 1  -2 -1 - 2  - 2  - 2  0 0 0 1 3 3 - 1  
I 2004 24 - 2  1 1 0 0 1 2 2 0 0 - 6  - 3  6 6 0 

rv 2005 30 0 2 2 0 0 1 3 3 1 0 - 7  - 3  7 7 0 
rv 2006 32 1 3 0 0 1 0 2 0 0 0 - 7  - 4  3 4 0 

2007 23 1 1 2 0 2 1 4 - 2  0 0 - 6  - 3  4 4 0 
2008 2 6  0 1 2 1 1 0 0 - 1  0 0 - 8  - 5  5 4 0 

AVERAGE 1 2 4 2 - 2  - 1  0 - 1  0 0 - 4  - 1  1 1 0 



T a b l e  H - l f - 4  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Sunwn .. ry 
Ba"", Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BA4 3 0HED : PSCE I S  : ALT 4 3  Dat e :  2 1 -JAN - 8 9  05 : 1 4 : 2 9  
D i  fference = ( Incr Study) - (Base Study) 
Number of Game .. : 200 
Average Over Low Water Years ( Bot t om 1 0  Percent)  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
P r i e s t  Rapids D i s charge ( kc f s )  
- - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2  HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  25 -5 -8 - 7  2 - 1  3 2 - 2  2 0 2 2 0 - 1  - 1  
1 9 90 27 -3 -5 -4 2 1 3 0 0 1 0 1 0 2 - 1  0 
1 9 91 2 6  - 4  - 5  - 6  1 1 1 1 0 0 0 1 2 -3 - 2  - 1  
1 9 92 1 8  - 3  - 4  - 7  0 - 1  1 2 - 1  0 0 0 1 -2 -4 -1 
1 9 93 2 1  - 2  - 3  - 5  -2 -1 1 - 2  0 0 0 2 0 - 4  - 5  - 1  
1 9 94 3 0  - 4  - 4  - 3  0 - 2  0 0 0 1 0 0 2 - 1  - 3  - 1  
1 9 95 3 1  - 4  - 5  - 4  - 1  - 2  - 1  - 2  - 1  1 0 0 2 - 4  - 5  - 2  
1 9 9 6  2 9  - 4  - 4  - 4  - 1  0 0 0 1 0 1 0 - 1  -5 -3 -1 
1 9 97 2 9  - 3  - 3  -2 -2 0 0 - 1  1 1 0 0 1 -3 - 3  - 1  
1 9 98 23 -4 - 3  - 2  -3 -1 1 0 0 0 0 1 - 2  - 8  - 5  - 2  
1 9 99 33 - 3  - 5  - 5  - 3  - 3  - 3  - 2  - 1  3 2 5 - 1  - 3  - 4  - 2  

::r:: 2 0 0 0  27 - 5  - 4  - 3  - 1  - 1  1 -3 - 1  0 0 2 - 1  -2 -4 - 2  
2 0 0 1  3 1  - 4  - 3  - 4  0 0 0 - 1  0 1 0 1 1 - 2  - 1  - 1  
2002 25 -3 - 3  - 2  - 2  3 0 0 0 1 0 2 - 2  - 1 0  - 7  - 1  

H:> 2 0 0 3  2 3  - 4  - 7  - 8  - 4  - 7  - 4  - 4  - 8  0 2 8 8 -2 0 - 2  
I 2 0 0 4  24 -5 -4 - 5  0 - 2  1 - 3  - 4  0 2 3 3 0 1 - 1  

N 2 0 0 5  30 - 2  - 3  - 3  0 - 3  2 0 1 1 0 2 1 1 1 0 
W 2 0 0 6  32 -3 -2 -4 -2 - 3  1 -2 - 2  1 1 1 1 - 1  - 1  - 1  

2007  23 - 2  - 3  - 3  0 - 3  1 - 1  0 - 1  1 3 0 - 4  - 2  - 1  
2 0 0 8  2 6  - 4  - 5  - 5  - 1  - 1  - 1  - 1  - 4  1 2 0 0 - 1  0 - 1  

AVERAGE - 4  - 4  - 4  - 1  - 1  0 - 1  - 1  1 1 2 1 -2 - 2  - 1  



T a b l e  H - l f - 4  
• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Summary 
Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BC4 4 0HED : PSCE I S  : ALT 4 4  Dat e : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1  
Di fference - ( Incr Study) - (Ba"e Study) 
Number of Game,, : 200 
Average Over Low Water Year" ( Bottom 10 Percent)  
• • •• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i f fe rence Of 
P rie"t Rapid" D i " charge ( k c h )  
- - -- - - - - -- - - - - - - - -- - - - - - - - -- - -

ANN 
YEAR I NOH SEP OCT NOV DEC JAN FEB MAR API AP2 HAY JON JOL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 990 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 91 2 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 993 21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 3 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 3 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 96 2 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 997 29 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 998 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 99 3 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r:: 2 0 01 3 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 25  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H;> 2004 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 2005 3 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
N 2006 32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 .(:-

2007 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2008 2 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - H - 5  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Surmulry 

B .. "e Study : BAOOOHED : PSCE I S  : BASE CASE D .. t e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
Number of G&me .. : 200 
Aver .. ge Over Typ i c  .. 1 W .. ter Year .. ( Mid 8 0  P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

P rie s t  R .. pid .. D i s ch .. rge ( kcfs)  
- - -- - - - - - - - -- - - - - - - - - - - - - - - - - -

YEAR I NUM SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 53 7 4  8 5  9 0  1 15 1 5 6  1 3 8  1 3 1  1 07 1 3 6  1 5 1  1 5 8  1 4 8  1 1 2  8 6  1 2 2  
1 990 1 5 4  7 5  8 6  8 8  1 1 2 1 5 5  1 4 3  1 2 9  1 0 6  1 4 0  1 52 1 5 7  1 5 2  1 1 6  8 7  1 2 3  
1 9 91 1 54 7 5  8 2  8 6  1 1 4  1 5 4  1 4 4  1 3 1  1 0 9  1 3 5  1 52 1 5 9  1 5 2  1 15 8 8  1 2 3  
1 9 92 1 60 7 7  8 4  8 6  1 1 4 1 4 9  1 4 1  1 2 9  1 0 9  1 4 2  1 50 1 5 9  1 4 9  1 1 9  8 8  1 2 2  
1 9 93 1 5 5  7 7  8 2  8 5  1 12 1 5 6  1 4 3  1 2 9  1 0 7 1 3 5  1 4 9  1 5 7  1 5 0  1 1 3  8 5  1 2 2  
1 9 94 1 55 7 5  7 9  8 6  1 1 2 1 5 4  1 4 7  1 2 8  1 1 1  1 3 6  1 52 1 5 3  1 4 5  1 1 2  8 4  1 2 1  
1 9 95 1 54 7 8  8 0  8 5  1 1 2 1 5 7  1 4 5  1 30 1 0 8  1 3 8  1 55 1 5 4  1 4 9  1 12 8 5  1 2 2  
1 9 96 1 4 8  7 4  8 0  8 5  1 09 1 5 3  1 4 5  1 30 1 0 9  1 3 8  1 52 1 5 4  1 4 8  1 15 8 7  1 2 1  
1 9 97 1 5 5  7 7  8 2  8 8  1 1 4 1 5 7  1 4 7  1 32 1 1 1  1 4 0  1 5 0  1 5 3  1 5 1  1 1 4  8 5  1 2 3  
1 9 98 1 55 7 9  8 4  8 7  1 1 4  1 5 5  1 4 5  1 3 1  1 1 5  1 4 0  1 5 6  1 5 9  1 4 8  1 1 3  8 5  1 2 4  
1 9 99 1 4 9  7 7  8 1  8 5  1 10 1 5 6  1 4 7  1 30 1 1 0 1 3 8  1 52 1 5 7 1 5 4  1 1 5 8 6  1 2 3  
2 0 00 1 5 1  7 6  8 2  8 7  1 1 5 1 5 7  1 4 7  1 3 6  1 2 0  1 4 3  1 57 1 5 9  1 5 0  1 1 2  8 5  1 2 5  
2 0 0 1  1 5 2  7 9  8 2  8 7  1 1 3 1 5 5  1 4 5  1 3 4  1 1 3  1 3 9  1 58 1 5 8  1 4 7  1 1 4  8 6  1 2 4  

::r.: 2 0 02 1 5 7  7 5  8 1  8 5  1 1 2  1 5 2  1 3 8  1 2 6  1 1 0  1 3 8  1 4 9  1 5 4  1 4 6  1 1 1  8 4  1 2 0  
2003 1 63 7 6  8 3  8 8  1 14 1 5 5  1 4 5  1 32 1 1 3  1 3 9  1 5 8  1 5 4  1 4 6  1 1 2  8 4  1 2 3  
2 0 04 1 4 6  7 6  8 1  8 5  1 1 3  1 54 1 4 3  1 3 2  1 1 3  1 3 7  1 53 1 5 7  1 4 8  1 1 1  8 5  1 2 2  

'"""'l 2 005 1 5 1  7 7  8 1  8 5  1 1 3  1 5 3  1 4 3  1 3 1  1 1 1  1 3 8  1 50 1 5 9  1 5 3  1 1 2  8 5  1 2 2  I 2 0 0 6  1 4 5  7 3  7 9  8 5  1 1 4  1 5 2  1 4 1  1 30 1 1 3  1 4 5  1 58 1 5 6  1 4 5  1 1 3  8 5  1 2 2  I\) 2007 155  78  80  8 6  1 1 3 1 5 5  1 4 1  1 2 9  1 0 9  1 3 7  1 4 5  1 5 6  1 4 8  1 1 0  8 4  1 2 1  IJ1 2 0 0 8  1 5 9  7 3  7 9  8 5  1 1 5 1 5 7  1 4 7  1 33 1 1 8  1 3 8  1 50 1 5 9  1 5 5  1 1 5  8 7  1 2 4  

AVERAGE 7 6  8 2  8 6  1 1 3  1 5 5  1 4 4  1 3 1  1 1 1  1 3 9  1 52 1 5 7 1 4 9  1 1 3  8 5  1 2 2  



T a b l e  H - l f - 5  

• • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • •  * * * * *  • • • • • • •  * *  • •  * • • •  * • •  * *  • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • •  * * *  • • • • • • • • • •  * *  • • • • • • • •  * *  • • • • • • •  
BPAHYSUH SUlmlary 

Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 - JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD120MED : PSCE I S  : BASE CASE ALT 1 .  2 Dat e :  6 -JAN- 8 9  2 1 : 4 9 : 53 
Difference = ( I ncr Study) - (Ba"e Study ) 
Number of Game ,, : 200 
Average Over Typical Water Year" (Hid 8 0  Percent ) 
• • • • • • • • • • •  * *  • •• • • • • •• • • • • • • • • • • • • • • • * * * *  • •  * * . * * * * * * * *  • •• • * * * * * * *. * * * * * * * * * * * . * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • •  

Di fference Of 
Prie"t Rapid" D i " charge ( kch ) 
- - - - - - - - -- - -- - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  1 53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 5 4  - 1  - 1  0 0 0 0 1 1 0 0 0 0 0 0 0 
1 9 91 1 5 4  - 1  - 2  - 1  0 1 0 1 1 0 0 1 0 0 0 0 
1 9 92 1 60 - 1  - 2  - 1  0 0 1 1 1 1 1 0 0 0 0 0 
1 993 1 55 - 1  - 2  - 1  0 0 0 2 1 1 1 0 0 0 0 0 
1 9 94 1 5 5  - 1  -2 - 1  0 1 0 2 1 1 0 0 0 0 0 0 
1 9 95 1 5 4  - 1  - 1  0 0 0 0 1 1 1 0 0 0 0 0 0 
1 9 96 1 4 8  - 1  - 1  - 1  0 0 1 2 1 0 0 0 0 0 0 0 
1 9 97 155 - 1  - 1  - 1  0 0 0 2 1 0 0 0 0 0 0 0 
1 9 98 1 5 5  - 1  - 1  0 0 0 0 1 1 0 0 0 0 0 0 0 
1 9 9 9  1 4 9  -2 - 2  0 1 0 0 1 1 1 0 0 0 0 0 0 

::r:: 2000 1 51 - 1  - 1  - 1  0 0 1 1 0 0 0 0 0 0 0 0 
2 0 01 1 5 2  -2 - 1  - 1  0 1 0 2 1 0 0 0 0 0 0 0 
2002 1 5 7  - 2  - 1  - 1  0 0 0 2 1 0 0 0 1 0 0 0 

'"""'l 2003 1 63 - 2  - 2  - 1  1 0 1 1 1 1 1 0 1 0 0 0 
I 2004 1 4 6  - 1  - 1  - 1  1 0 0 1 1 1 1 0 0 0 0 0 

f\) 2005 1 5 1  - 2  - 2  - 2  0 1 1 2 1 1 1 0 0 0 0 0 
Q\ 2006 1 4 5  - 2  - 1  - 1  0 1 1 1 1 1 1 0 0 0 0 0 

2007 155 - 2  - 1  - 1  0 0 0 2 1 1 1 0 0 0 0 0 
2008 1 5 9  - 1  - 1  0 1 0 0 2 1 0 0 0 0 0 0 0 

AVERAGE - 1  - 1  - 1  0 0 0 1 1 0 0 0 0 0 0 0 



T a b l e  H - l f - 5  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  BPAHYSUH Surm .... ry 
Ba"e Study : BAO O OHED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0 Dat e :  I -FEB- 8 9  1 6 : 02 : 5 5 
Di fference = ( Incr Study) - (Base Study ) 
Number of G�e s : 200 
Average Ove r  Typica l  Water Years ( Hi d  8 0  P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
Di fference Of 
P ri e " t  Rapid" Di " charge (kef " )  
- - - - - - - - - - - - - - - - - - - - -- - - - - -- - -

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - -- - - -
1 9 8 9  1 53 6 1 0  9 2 - 2  - 3  - 7  - 3  - 2  -2 -2 -6 -3 -1 0 
1 9 90 1 5 4  5 8 8 0 - 2  - 3  - 6  - 4  0 0 - 1  - 5  - 5  - 2  0 
1 9 91 1 54 6 9 8 0 - 3  - 4  - 7  - 3  - 1  - 1  - 2  - 3  - 3  - 1  0 
1 9 92 1 60 4 7 6 0 - 3  - 4  - 5  -4 0 1 - 1  - 2  - 3  - 2  0 
1 9 93 1 55 6 1 0  1 0  3 -4 - 5  -8 -5 - 3  - 1  - 2  - 2  -4 -2 0 
1 9 94 1 5 5  7 1 1  1 1  3 - 3  - 9  - 8  - 3  - 3  - 3  - 2  - 2  - 4  - 2  0 
1 9 95 1 5 4  6 1 2  1 2  2 - 2  - 5  - 8  - 3  - 7  - 4  - 2  - 3  - 4  - 2  0 
1 9 96 1 4 8  6 1 1  1 1  6 - 2  - 8  - 1 0  - 4  - 5  - 3  -2 - 2  - 3  - 2  0 
1 9 97 1 55 6 1 2  1 2  5 - 1  - 7  - 1 1  - 4  - 6  - 3  - 1  - 3  - 3  - 2  0 
1 9 9 8  1 5 5  7 1 1  1 2  4 - 1  - 8  - 8  - 5  - 5  - 4  - 2  -3 -3 -2 0 
1 9 99 1 4 9  4 8 9 3 - 2  - 6  - 6  - 3  - 4  -2 0 - 2  - 2  - 1  0 
2 0 0 0  1 5 1 5 8 7 1 - 2  - 4  - 5  - 1  - 2  - 3  - 1  - 1  - 1  0 0 ::I: 2 0 0 1  1 5 2  3 7 4 1 - 1  -3 -4 - 1  - 3  - 2  - 1  - 1  - 1  - 1  0 
2002 1 57 2 4 2 2 0 - 1  - 3  - 2  - 4  - 1  - 1  0 -1 - 1  0 

HJ 2 0 03 1 63 -2 0 0 1 0 1 0 0 0 1 0 1 1 0 0 
I 2 0 04 1 4 6  - 1  1 1 0 - 3  - 2  0 - 1  4 2 0 0 1 1 0 

[\J 2 0 0 5  1 5 1 0 2 1 - 1  - 3  - 4  - 2  - 1  6 3 0 0 1 1 0 -J 2 0 0 6  1 4 5  0 2 2 0 - 2  - 3  - 3  - 1  4 1 0 0 1 1 0 
2 0 0 7  1 55 0 4 3 - 1  - 3  - 3  - 5  1 3 1 0 0 1 1 0 
2 0 0 8  1 5 9  1 4 4 1 - 4  -5 - 5  -3 3 1 1 1 1 1 0 

AVERAGE 4 7 7 2 - 2  - 4  - 6  - 3  - 1  - 1  - 1  - 2  - 2  - 1  0 



T a b l e  H - 1 f - 5  
. �  • • • • • • • • • • • • • • • •  * * . * • • •  * . *  • • • • • • • • •  * • • • • • • • • •  * *  • • • • • • • • • •  * *  • •  * *  • • • • • • • • • • • • • •  * *  • • • • • • • •  * *  • • • •  * * *  • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • •  * * *  

BPAHYSUM Summary 
Base Study : BAO O OMED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5MED : PSCEIS : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 
Di ffe rence = ( Incr Study) - (Base Study) 
Number of Game s : 2 0 0  
Average Ov e r  Typ i ca l  Water Years (Mid 8 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
Priest Rapids Di s charge (kcfs ) 
- - -- - - - - - -- - - - - - - -- - - - - -- - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AGI AG2 AVG 
- - - - - - - - --
1 98 9  1 53 5 9 8 1 - 2  - 2  - 7  - 3  - 2  - 1  - 1  - 5  - 3  - 1  0 
1 9 90 1 54 4 7 6 0 - 1  - 2  - 5  - 3  - 1  - 1  - 1  - 4  - 4  - 1  0 
1 9 91 1 5 4 4 6 4 - 1  - 2  - 1  - 5  - 2  0 - 1  0 - 2  - 2  0 0 
1 9 92 1 60 2 4 3 0 - 1  - 2  - 3  - 3  0 1 - 1  - 1  - 1  - 1  0 
1 9 93 1 5 5  2 4 5 0 - 2  - 2  - 4  - 2  - 2  - 1  - 1  - 1  - 1  0 0 
1 9 94 1 55 2 4 3 2 - 1  - 3  - 3  - 1  - 2  - 1  0 0 - 1  0 0 
1 9 95 1 5 4  1 5 2 1 0 - 1  - 2  - 1  - 4  - 2  0 0 - 1  - 1  0 
1 9 96 1 4 8  2 3 2 3 - 1  - 1  - 3  - 1  - 3  - 1  0 - 1  0 0 0 
1 9 97 1 55 1 3 1 1 0 0 - 1  0 - 3  - 1  0 0 0 0 0 
1 9 9 8  1 55 0 2 1 0 0 0 0 0 - 1  - 1  1 0 0 0 0 
1 9 99 1 4 9  - 2  - 1  - 1  - 1  0 0 2 1 1 1 0 1 1 0 0 
2 0 0 0  1 5 1  - 2  0 1 -1 -1 0 0 1 1 1 0 0 1 1 0 

::t 2 0 0 1  1 5 2  0 2 0 - 1  0 - 1  - 1  1 2 0 0 0 1 1 0 
2 002 1 57 1 3 1 - 1  0 0 - 3  - 2  - 1  - 1  - 1  0 0 0 0 
2 0 03 1 63 - 2  - 2  - 2  -2 0 1 1 1 2 2 0 1 1 0 0 

HJ 2 0 04 1 4 6  - 1  0 - 1  - 2  - 1  - 1  1 1 3 2 0 0 1 1 0 I 2005 1 5 1  - 1  1 - 1  - 3  0 - 2  - 1  1 4 2 0 0 1 1 0 
N 2006 1 4 5  0 1 1 -3 - 1  - 2  - 1  1 3 1 0 0 1 1 0 OJ 2007 1 5 5  0 1 1 - 1  0 0 - 2  0 1 0 0 0 1 1 0 

2008  159  1 2 1 - 1  0 0 -2 -1 0 - 1  0 0 1 1 0 . 

AVERAGE 1 3 2 - 1  - 1  - 1  - 2  - 1  0 0 0 - 1  0 0 0 



T a b l e  H - l f - 5  

* * * * * * * * * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • •  
BPAHYSUM Sunwn .. ry 

B .. "e St udy : BAOOOMED : PSCE I S  : BASE CASE D .. t e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BA4 3 0MED : PSCE I S  : ALT 4 3  D .. t e :  2 1 -JAN- 8 9  05 : 1 4 : 2 9 
Di fference = ( I ncr Study) - (B .... e Study ) 
Number of Game " :  2 0 0  
Aver .. ge Ov e r  Typi c .. l W .. t e r  Years (Mi d  80 Percent ) 
• • • • • • • • • • • • • • •  * • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * *  • • • • • • • • •  

D i fference Of 
P r i e s t  R .. pid" D i s ch .. rge ( k c f s )  
- - - - - - - - -- - - - - - - - -- - -- - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  1 53 - 4  - 7  - 3  2 0 0 3 6 0 1 1 1 1 0 0 
1 9 90 1 5 4  - 2  - 3  - 1  3 0 0 1 1 - 1  1 1 0 1 0 0 
1 9 91 1 5 4  - 3  - 4  - 1  1 1 0 0 1 1 2 1 1 0 0 0 
1 9 92 1 60 - 2  - 3  - 1  0 0 1 3 0 1 1 0 1 0 0 0 
1 9 93 1 5 5  - 2  - 3  0 2 1 0 1 1 0 0 0 0 0 - 1 0 
1 9 94 1 5 5  - 2  - 2  0 4 1 0 1 1 0 - 1  0 0 - 1  - 1  0 
1 9 95 1 5 4 - 2  0 2 3 1 1 1 1 - 4  - 2  0 1 0 0 0 
1 9 9 6  1 4 8  - 2  - 1  1 5 - 1  0 2 1 - 2  - 1  0 1 0 0 0 
1 9 97 1 55 - 2  - 1  2 3 0 0 3 1 - 3  - 1  0 0 0 - 1  0 
1 9 98 1 5 5 - 1  0 2 3 1 0 0 0 - 3  - 2  0 0 - 1  - 1  0 
1 9 99 1 4 9  - 4  - 5  - 1  4 0 1 5 2 1 0 0 1 0 0 0 
2 0 0 0  1 5 1  - 3  - 2  1 4 1 1 4 2 - 2  - 1  0 0 0 0 0 
2 0 0 1  1 5 2  - 2  0 2 4 0 0 1 1 - 3  - 2  0 0 0 - 1  0 :r:: 2 0 02 1 57 - 1  - 1  1 3 1 1 0 0 - 2  - 2  0 1 - 1  - 1  0 
2 0 03 1 63 - 4  - 5  - 2  2 1 2 3 1 1 2 1 1 0 0 0 
2 0 0 4  1 4 6  - 4  - 4  0 3 1 1 3 2 1 1 1 1 0 0 0 H) 

I 2 0 0 5  1 5 1 - 2  - 3  O .  3 1 0 2 1 0 1 0 0 0 0 0 
N 2 0 0 6  1 4 5  - 2  - 2  0 2 1 1 1 0 - 1  0 0 0 0 0 0 
� 2 0 0 7  1 5 5 - 1  - 2  1 3 0 0 1 - 1  - 1  - 1  0 0 0 0 0 

2 0 0 8  1 5 9  - 2  - 2  2 4 0 0 0 0 - 2  - 2  0 0 0 0 0 

AVERAGE - 2  - 2  0 3 1 2 1 - 1  0 0 1 0 0 0 



T a b l e  H - l f - 5  

* * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
BPAHYSUH Summary 

Ba.'!e Study : BAO O OHED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BC 4 4 0HED : PSCE I S  : ALT 4 4  Dat e :  2 8 - JAN- 8 9  0 6 : 0 6 : 3 1  
D i  ffe rence = ( I ncr Study) - (Base Study) 
Number of Game .'! : 2 0 0  
Average Over Typ i cal Water Yea r.'! (Hid 8 0  P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i  fference Of 
P r i e .'! t  Rapid.'! Di .'! charge ( kcf.'! ) 
- - - - - - - - -- - -- - - - - - - - - - - -- - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AG1 AG2 AVG 
- - -- - - - - - -
1 98 9  1 53 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 5 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 96 1 4 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 98 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 4 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0  1 5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :r:: 2 0 0 1  1 5 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 2  1 5 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

f-'J 2 0 03 1 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 2 0 0 4  1 4 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W 2 0 05 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 2 0 0 6  1 4 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 7  1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 8  1 5 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e l  H - l f - 6  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * *  
BPAHYSUM Summary 

Base Study : BAO O OMED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 55 : 2 8 
Number of Game s : 200 
Average Ove r  High Wate r Years ( Top 10 P e rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * *  

Priest Rapids Di s charge (kcf s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - --

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AG1 AG2 AVG 
- - - - -- - - - -
1 9 8 9  22 7 0  1 0 4  1 0 7  1 23 1 4 4  1 4 2  1 62 1 3 3  1 5 5  2 2 2  2 8 0  1 8 7  1 2 6 1 1 0  1 5 0  
1 9 90 1 9  7 0  9 7  1 0 1  1 24 1 4 4  1 4 7  1 65 1 3 6  1 6 6  2 3 2  2 7 5  1 8 7  1 24 1 0 8  1 5 1  
1 9 91 20 7 3  9 6  1 0 1  1 2 1  1 4 6  1 4 3  1 61 1 3 6  1 5 0  2 2 0  2 8 2  1 8 9  1 2 7 1 1 2  1 4 9  
1 9 92 22 7 5  9 8  1 0 0  1 1 8  1 4 7  1 4 2  1 6 1 1 3 5  1 4 5  2 1 2  2 8 9  1 9 1  1 2 9  1 1 3  1 5 0  
1 9 93 24 7 3  8 9  1 0 0  1 2 2 1 4 4  1 3 9  1 66 1 3 2  1 7 5  2 3 8  2 7 3  1 8 7  1 23 1 0 7  1 5 0  
1 9 94 1 5  7 2  9 4  9 9  1 1 9  1 4 5  1 4 8  1 66 1 35 1 6 6  2 3 0  2 7 8  1 8 8  1 25 1 0 9  1 5 1  
1 9 95 1 5  7 4  9 4  1 0 0  1 1 8  1 4 8  1 4 5  1 62 1 3 6  1 4 8  2 1 5  2 8 8  1 90 1 2 9 1 1 3  1 5 0  
1 9 96 2 3  7 2  8 6  9 8  1 2 1  1 4 4  1 4 8  1 68 1 3 8  1 7 7  2 3 7  2 7 1  1 8 7  1 23 1 0 6  1 5 0  
1 9 97 1 6  7 3  9 1  9 8  1 1 8 1 4 6  1 4 5  1 63 1 3 6  1 5 7  2 2 4  2 8 3  1 8 8  1 2 6  1 1 1  1 5 0  
1 9 9 8  22 75 93 9 8  1 1 9  1 4 6  1 4 4  1 64 1 3 7  1 5 9  2 2 3  2 8 2  1 8 9  1 2 6  1 1 0  1 5 0  
1 9 99 18 74 97 1 0 0  1 1 8  1 4 9  1 4 1  1 5 9  1 3 5  1 3 7  2 0 6  2 9 3  1 9 1  1 3 1  1 1 5  1 4 9  
2 0 00 22 7 4  9 1  9 9  1 20 1 4 5  1 4 8  1 6 6 1 3 8  1 6 7  2 2 9  2 7 7  1 8 8  1 25 1 0 9  1 5 0  
2 0 0 1  1 7  7 3  8 7  1 0 0  1 2 0  1 4 5  1 4 3  1 64 1 3 7  1 6 5 230 2 7 9  1 8 7  1 24 1 0 9  1 5 0  
2002  18  7 2  8 9  9 7  1 2 1 1 4 6  1 4 7  1 65 1 3 7  1 6 3  2 2 7  2 7 8  1 8 8  1 25 1 0 9  1 5 0  ::r:: 2003 1 4  7 1  9 6  1 0 1  1 1 9  1 4 8  1 4 2  1 6 1 1 3 6  1 4 9  2 1 2  2 8 4  1 90 1 2 8  1 1 3  1 4 9  
2 0 0 4  3 0  73 9 5  1 0 1  1 2 1  1 4 6  1 3 9  1 63 1 3 4  1 5 9  2 1 9  2 7 8  1 8 8  1 2 6  1 1 0  1 4 9  

"""') 2005 1 9  7 0  9 3  1 0 3  1 2 1 1 4 5  1 4 0  1 64 1 3 6  1 65 .226  2 7 7  1 8 7  1 2 4  1 0 9  1 4 9  
I 2006 23 70 9 2  1 0 1  1 2 1 1 4 6  1 4 5  1 65 1 3 7 1 6 1 2 2 3  2 8 0  1 8 8  1 2 6  1 1 0  1 5 0  

W 2 0 0 7  22 7 3  8 5  9 8  1 2 1 1 4 5  1 4 7  1 6 6 1 3 7  1 6 8  2 2 9  2 7 6  1 8 8  1 25 1 0 8  1 5 0  
2 0 0 8  1 5  7 0  90 9 8  1 22 1 4 5  1 4 7  1 65 1 3 7  1 6 6  2 3 0  2 7 9  1 8 8  1 25 1 0 9  1 50 

AVERAGE -: 2 9 3  1 0 0  1 2 0  1 4 6  1 4 4  1 64 1 3 6  1 60 2 2 4  2 8 0  1 8 8  1 2 6  1 1 0  1 5 0  



T a b l e  H - l f - 6  
• • • • • • •  * *  • • • • • • •  * * *  • • • • • • • • • • • • •  * * * * * * * * * * * . * * * * * * * * * * * * *  • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Surmuuy 
B .. a .. Study : BAOOOHED : PSCE I S  : BASE CASE D .. t e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD 1 2 0HED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e :  6 -JAN - 8 9  2 1 : 4 9 : 53 
D i ffe rence = ( Incr Study) - (Ba"e Study )  
Number o f  Game ,, :  200 
Average Over High W .. ter Years ( Top 1 0  P e rcent ) 
• • • • • • • • •  * *  • • • • • • • • • • •  * * * * * *  • • •  **  • • •  * * * * * * * * . * *  • • • •  * *  • •  * • • • • • • •  * *  • •  * * * * * *  • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
P rie"t Rapid" D i " ch .. rge (kc�s)  
- - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  -1 -1 1 0 0 1 0 0 0 0 0 0 0 0 0 
1 9 91 20 0 1 - 1  1 0 1 0 0 0 0 - 1  0 0 0 0 
1 9 92 22 - 1  0 0 0 0 0 0 0 0 2 1 0 0 0 0 
1 9 93 2 4  - 2  0 0 0 0 3 0 - 1  0 0 0 0 0 0 0 
1 9 94 15 -2 - 1  - 1  2 0 1 0 0 0 1 0 0 0 0 0 
1 9 95 1 5  - 2  0 - 1  1 0 0 0 0 0 1 1 0 0 0 0 
1 9 9 6  23 -2 0 1 2 0 1 0 0 0 0 1 0 0 0 0 
1 9 97 1 6  - 1  0 - 1  1 0 1 0 0 0 0 0 0 0 0 0 
1 9 9 8  2 2  - 2  0 - 1  1 0 1 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 8  - 2  - 1  0 0 0 1 0 0 0 1 1 0 0 0 0 

::r:: 2 0 0 0  2 2  - 2  0 - 1  2 0 1 0 - 1  0 0 0 0 0 0 0 
2 0 0 1  1 7  - 2  0 - 1  0 0 1 0 1 0 1 0 0 0 0 0 
2002 18  -3  1 0 2 0 1 0 0 0 0 0 0 0 0 0 '"""') 2 0 03 1 4  - 2  - 1  0 1 0 1 0 0 0 0 1 0 0 0 0 I 
2 0 04 30 - 1  0 0 0 0 2 0 0 0 1 1 0 0 0 0 W 
2005 1 9  - 2  1 - 2  1 0 2 0 - 1  0 1 0 0 0 0 0 N 
2006 23  - 2  0 - 1  1 0 1 0 - 1  0 1 0 0 0 0 0 
2007 22 - 3  0 1 2 0 1 0 0 0 0 0 0 0 0 0 
2 0 0 8  1 5  - 2  0 1 1 0 1 0 0 0 1 0 0 0 0 0 

AVERAGE - 2  0 0 0 0 0 0 1 0 0 0 0 0 



T a b l e  H - l f - 6  
* * * * *  • • • • • •  * * *  • • • •  * * *  • • •  * * *  • • • • •  * *  • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Summary 
Base Study :· BAOOOHED : PSCE I S  : BASE CASE D at e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  L a t  .. : I -FEB- 8 9  1 6 : 02 : 5 5 
D i fference = ( Incr Study) - (Base Study) 
Number of Game .. : 200 
Average Over High Water Years ( Top 1 0  P ercent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i  fference Of 
P rie .. t Rapids D i s charge ( kcfs ) 
- -- - - - - - - - - - - - - - - - - - - - - -- - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  22 6 8 7 -2 - 4  - 1  0 0 - 3  - 7  - 4  - 2  0 0 
1 9 90 1 9  6 5 2 - 6  - 2  - 1  1 - 1  0 - 1  - 1  - 2  0 0 0 
1 9 91 20 6 6 0 - 1  0 - 1  - 1  - 3  0 - 3  - 2  - 1  0 0 0 
1 9 92 22 3 3 1 -4 0 - 2  - 1  - 3  0 - 1  - 2  0 0 0 0 
1 9 93 2 4  5 1 1  6 2 0 -3 -9 - 5  - 1  - 5  - 3  0 0 0 0 
1 9 94 15 5 1 4  1 5  1 0 - 1 1  - 8  - 9  - 1  - 6  - 7  0 0 0 0 
1 9 95 15 5 1 6  1 3  - 1  1 - 7  - 5  - 1 1  - 1  - 8  - 1 0  1 0 0 0 
1 9 9 6  23 6 1 5  1 6  5 1 - 1 2  - 1 6  - 6  - 1  - 4  - 5  0 0 0 0 
1 9 97 1 6  4 1 7  1 5  6 1 - 8  - 1 2  - 1 0  - 1  - 9  - 9  1 0 0 0 
1 9 9 8  22 4 1 6  1 3  6 1 - 7  - 1 3  - 1 1  - 1  - 7  - 9  0 0 0 0 
1 9 9 9  1 8  4 1 3  1 1  4 1 - 2  - 7  - 1 2  - 1  - 8  - 1 1  0 0 0 0 
2000 22 3 1 1  1 0  7 1 - 1 1  - 8  - 5  - 1  - 5  - 6  0 0 0 0 

::r: 2001 1 7  5 1 4  6 4 1 - 6  - 9  - 3  - 1  - 7  - 6  0 0 0 0 

2002 1 8  1 9 8 4 - 1  - 8  - 3  - 4  - 1  - 5  - 4  0 0 0 0 

H:l 2003 14 1 4 5 0 0 - 2  - 2  - 3  0 1 0 0 0 0 0 

I 2 0 0 4  3 0  - 1  0 0 0 - 1  2 0 2 0 2 1 0 0 0 0 

W 2 0 05 1 9  0 1 - 6  - 2  0 6 0 - 1  0 0 - 1  0 0 0 0 

W 2006 23 0 - 1  - 5  - 2  0 4 0 0 1 2 0 0 0 0 0 
2007 22 -1 4 0 0 - 1  1 0 - 1  0 - 2  - 1  0 0 0 0 
2008 15 -1 2 2 -2 0 0 0 0 0 -2 0 0 0 0 0 

AVERAGE 3 8 6 0 - 3  - 4  - 4  0 -3 - 4  0 0 0 0 



T a b l e  H - l f - 6  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  BPAHYSUH Sunmary 
Ba"e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 55 : 2 8 Incr Study : BB4 1 5MED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 Di ffe rence :::I ( Incr S.tudy) - (Base Study ) 
Number of Game s : 200 
Average Over High Water Years ( Top 10 P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
D i fference Of 
P ri e " t  Rapid" D i " charge (kcf s )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP 1 AP2 HAY JUN JUL AG1 AG2 AVG - - - - - -- - - -
1 98 9  2 2  6 7 1 -3 1 - 1  0 0 0 -2 - 6  - 2  0 0 0 1 9 90 1 9  5 3 - 1  - 8  - 2  1 0 0 0 1 0 0 0 0 0 1 9 91 20 5 5 - 1  - 5  0 2 1 - 1  0 -1 - 2  - 1  0 0 0 1 9 92 22 1 0 0 -4 0 1 - 1  0 0 1 - 1  0 0 0 0 1 9 93 24 2 6 2 -2 0 0 -3 0 - 1  - 4  - 1  0 0 0 0 1 9 94 1 5  1 6 9 0 0 - 7  - 1  - 1  - 1  - 5  - 4  0 0 0 0 1 9 95 1 5  2 1 0  7 - 6  0 - 4  0 - 2  - 1  - 4  - 3  0 0 0 0 1 9 96 2 3  1 8 7 0 0 - 1 1  - 1  - 1  0 -2 0 0 0 0 0 1 9 97 1 6  - 1  8 2 -2 0 - 5  - 1  - 1  0 -3 -1 0 0 0 0 1 9 98 22 - 1  6 - 1  - 5  0 - 2  0 1 0 2 1 0 - 1  0 0 1 9 99 18 - 1  1 - 6  0 0 0 1 2 1 3 1 0 0 0 0 2000 22 -2 -1 -4 1 1 2 0 0 0 1 0 0 0 0 0 2001 1 7  1 1 - 6  0 0 - 1  0 0 0 2 0 0 0 0 0 2002 1 8  - 1  7 - 3  -5 0 - 1  0 0 0 0 0 0 0 0 0 ::r:: 

2003 14 -2 0 - 8  - 4  0 2 0 0 1 7 2 0 0 0 0 2004 30 - 1  - 4  - 8  -2 0 7 1 3 1 6 2 0 0 0 0 >-<:> 2005 1 9  0 -4 - 1 2  -1 0 9 1 0 1 4 1 0 0 0 0 I 2 0 0 6  23 0 - 3  - 6  - 1  0 4 0 2 1 4 1 0 0 0 0 W 2 0 0 7  2 2  - 1  1 - 5  0 0 3 0 1 0 1 0 0 0 0 0 � 2008 15 0 1 -2 -3 0 1 0 0 0 1 0 0 0 0 0 
AVERAGE 1 3 -2 -2 0 0 0 0 0 1 0 0 0 0 0 



T a b l e  H - H - 6  

* *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  � • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BA430HED : PSCE I S  : ALT 4 3  Dat e :  2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 
D i f ference = ( Incr Study) - (Baae Study )  
Number o f  Game s : 200 
Average Over High Wate r  Years ( Top 10 P e rcent ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Difference Of 
P rie s t  Rapids D i s charge (kcfs)  
- - -- - - - - - - - - - - -- - - - - - - - - - - - - - -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  22 -3 -3 - 2  0 - 1  2 0 1 0 4 0 0 0 0 0 
1 9 90 1 9  - 2  1 2 - 1  - 1  1 0 - 1  0 0 1 0 0 0 0 
1 9 91 20 - 3  2 - 1  - 2  - 2  3 0 - 4  1 4 2 0 0 0 0 
1 9 92 22 -3 4 0 2 0 - 1  - 1  0 0 1 0 0 0 0 0 
1 9 93 24 -3 2 0 7 0 0 0 4 - 1  - 4  - 1  0 0 0 0 
1 9 94 1 5  - 3  2 5 6 0 - 6  0 2 - 1  - 3  0 0 0 0 0 
1 9 95 1 5  - 2  8 5 4 - 1  - 5  0 - 2  - 1  - 6  - 1  0 0 0 0 
1 9 96 23 -3 6 7 6 - 1  - 9  0 - 1  0 -3 0 0 0 0 0 
1 9 97 1 6  - 3  8 7 7 0 - 5  - 1  - 1  - 1  - 6  - 2  1 1 0 0 
1 9 98 22 -2 6 7 5 0 - 6  - 1  - 1  - 1  - 5  - 3  0 0 0 0 
1 9 99 18 - 3  4 3 2 0 1 0 0 - 1  - 2  1 0 0 0 0 
2 0 00 22 - 5  4 5 6 0 - 5  0 - 1  - 1  -2 0 0 0 0 0 :r:: 2001  1 7  - 2  9 4 5 0 - 3  - 1  0 0 - 5  - 2  0 0 0 0 
2 0 0 2  1 8  - 2  7 9 5 0 - 8  - 1  - 2  - 1  - 4  - 1  0 0 0 0 
2 0 0 3  1 4  - 3  2 3 4 0 - 2  -2 - 2  0 2 0 0 0 0 0 ""') 
2004  30 - 4  0 2 3 0 3 1 1 0 1 1 0 0 0 1 I 

W 2005 1 9  - 2  1 1 4 0 1 0 - 1  0 - 1  0 0 0 0 0 
Ul 2 0 0 6  23 - 3  1 3 4 0 - 2  0 - 1  0 0 0 0 0 0 0 

2 0 0 7  22 - 3  5 5 4 0 - 4  0 - 1  - 1  - 3  0 0 0 0 0 
2 0 0 8  1 5  - 3  4 5 5 0 - 5  - 1  - 1  - 1  - 3  0 0 0 0 0 

AVERAGE - 3  3 3 4 0 - 2  0 - 1  0 - 2  0 0 0 0 0 
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• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summ3ry 

B3�e Study : BAOOOHED : PSCE I S  : BASE CASE D3te : 3 -JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BC4 4 0HED : PSCE I S  : ALT4 4 D3t e :  2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 
D i fference = ( Incr S tudy) - (B3se Study )  
Number o f  G3me B :  200 
Aver3ge Over High W3ter Ye3rs ( Top 10 Pe rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i f ference Of 
Prie�t Rapid" D i B ch3rge (lccf,,)  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 91 20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 2 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 6  23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 1 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 98 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001  17  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r: 2002 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 1 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H:> 2 0 04 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 2005 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

W 2 0 06 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
(J'\ 2007 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2008 15  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Surrrn .. ry 

B .. "e Study : BAOO OMED : PSCE I S  : BASE CASE D .. t e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Number o f  Ga.me .. : 200 
Aver .. ge Ove r Low W .. ter Ye .. r" (Bot t om 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

The D .. 1 I e  .. Di .. ch .. rge ( kcf8 ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AG1 AG2 AVG 
- -- - - - - - - -
1 9 8 9  25 1 0 0 1 1 6  1 1 9  1 38 1 3 4  1 2 6  1 2 7  1 2 1  1 67 1 92 1 3 4  1 0 3  9 2  95 1 2 7  
1 9 90 27 1 0 0 1 1 6  1 2 0  1 4 1  1 4 1  1 2 7  1 3 4  1 2 8  1 6 6  1 92 1 4 6  9 8  8 9  9 7  1 3 0  
1 9 91 2 6  1 0 1  1 1 0  1 1 2  1 3 3  1 35 1 2 6  1 27 1 1 8  1 6 8  1 90 1 3 5  1 0 2  9 8  9 8  1 2 6  
1 9 92 1 8  1 04 1 1 3  1 1 8  1 4 0  1 3 7  1 2 7  1 2 7  1 2 4  1 64 1 91 1 3 6  9 7  95 99 1 2 8  
1 9 93 21 1 0 3  1 1 2  1 1 8  1 4 4  1 4 0  1 3 2 1 34 1 2 7  1 65 1 92 1 3 9  9 7  1 01 1 0 3 1 3 0  
1 9 94 30 1 0 0  1 0 9  1 1 4  1 3 7 1 4 0  1 3 2  1 30 1 1 8  1 6 8  1 94 1 3 5  1 0 1  1 0 6 1 0 1  1 2 8  
1 9 95 31 1 04 1 1 1  1 1 6  1 4 0  1 4 2  1 3 1  1 30 1 2 0  1 6 8  1 91 1 3 4  1 0 2  1 08 1 03 1 2 9  
1 9 96 29 1 0 3  1 1 3  1 1 8  1 4 2 1 4 1  1 3 0  1 32 1 2 8  1 67 1 93 1 3 8  1 0 0  1 03 1 0 2 1 3 0  
1 997 29 1 0 3  1 1 2  1 1 7  1 4 4  1 4 5  1 3 1  1 35 1 2 8  1 67 1 94 1 34 1 0 3  1 07 1 0 6  1 3 1  
1 9 98 23 1 04 1 0 7  1 1 4  1 3 8  1 3 6  1 2 9  1 30 1 2 1  1 6 8  1 8 9 1 3 1  1 0 0  1 0 8  1 0 1  1 2 7  
1 9 99 33 1 0 6 1 1 2  1 1 8  1 4 4  1 4 3  1 3 2  1 3 1 1 2 6  1 64 1 92 1 3 4  1 0 2  1 05 1 0 4 1 3 0  
2 0 0 0  27 1 0 3  1 1 2  1 1 6  1 4 5  1 4 1  1 2 8  1 30 1 2 7  1 64 1 91 1 4 8  9 6  1 01 1 0 3 1 3 0  
2 0 0 1  3 1  1 0 4  1 0 8  1 1 6  1 4 1  1 3 8  1 2 7  1 2 7  1 1 9  1 6 7 1 91 1 3 9  9 9  1 07 1 0 1  1 2 8  
2002 25 1 0 4  1 1 4  1 2 0  1 4 6  1 4 2  1 3 0  1 3 1  1 2 7  1 6 6 1 95 1 4 9  99 1 08 1 0 7  1 3 2  
2 0 03 23 1 0 2  1 1 3  1 1 8  1 4 2  1 4 0  1 2 9  1 30 1 2 6  1 68 1 92 1 3 7  1 0 0  1 0 2  9 7  1 2 9  

:r: 2 0 0 4  2 4  1 04 1 0 9  1 1 6  1 4 0  1 3 9  1 2 6  1 30 1 2 1  1 6 6  1 93 1 4 6  1 0 4  99 97 1 2 9  
2 0 0 5  3 0  1 0 2 1 0 9  1 1 6  1 4 3  1 4 1  1 2 7  1 30 1 25 1 6 6  1 92 1 4 9  1 04 98 96 1 3 0  
2 0 0 6  32 99 1 0 8  1 1 8  1 4 1  1 4 2  1 2 9  1 3 1  1 2 4  1 67 1 94 1 4 7  1 0 6  1 00 9 9  1 3 0  

,...., 2007 23 103 1 0 9  1 1 6  1 4 3  1 4 1  1 2 9  1 2 9  1 3 1  1 6 6 1 92 1 4 9  1 0 2  9 9  1 0 0 1 3 0  
I 2 0 0 8  2 6  99 1 0 6  1 1 6 · 1 4 0  1 4 0  1 3 2  1 2 9  1 1 9  1 6 5 1 93 1 4 6  1 0 5  1 03 9 7  1 2 9  

W 
-J AVERAGE 1 0 2 1 1 1  1 1 7  1 4 1  1 4 0  1 2 9  1 30 1 2 4  1 6 6  1 92 1 4 0  1 0 1  1 02 1 0 0 1 2 9  
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* * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUM Surrrnary 
Ba�e Study : BAOO OMED : P SCE I S  : BASE CASE Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8  I ncr Study : BD 1 2 0MED : PSCE I S  : BASE CASE ALT 1 . 2  Date : 6 -JAN- 8 9  2 1 : 4 9 : 5 3 Di fference = ( Incr S tudy) - (Base Study )  
Number o f  Game s : 2 0 0  
Average Ov e r  Low Wat er Years (Bot t om 10 Perce n t )  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
The Dal l e� Dis charge ( kcfs ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AGI AG2 AVG - - - - - - - - - -
1 9 8 9  25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 90 27 - 1  - 1  - 1  0 0 0 0 0 0 0 0 0 0 0 0 1 9 9 1  2 6  - 2  - 2  - 2  - 1  1 0 1 0 0 0 1 0 0 0 0 1 9 92 1 8  - 1  - 3  - 4  - 1  1 1 1 0 0 0 1 1 0 0 0 1 9 93 21 - 2  - 2  - 3  - 1  1 - 1  1 1 0 0 1 1 0 0 0 1 9 94 30 -2 -2 - 1  - 1  - 2  0 0 0 1 0 0 2 1 1 0 1 9 95 3 1  -2 - 2  - 2  - 1  - 1  - 1  - 1  2 1 0 1 1 - 1  - 1  - 1  1 9 96 2 9  - 2  - 2  - 2  0 1 0 1 1 0 0 1 0 0 1 0 1 9 97 2 9  - 2  - 3  - 2  0 2 0 0 1 0 0 1 1 0 0 0 1 9 98 23 -3 - 2  - 1  - 1  0 0 0 1 1 0 1 1 1 0 0 1 9 9 9  3 3  - 2  -2 0 - 1  2 1 0 3 0 0 1 0 0 0 0 2 0 0 0  27 -2 - 2  - 1  - 1  1 1 1 1 0 0 1 0 - 1  - 1  0 :t 2 0 0 1  31 - 2  - 2  - 1  - 1  0 1 1 1 0 0 1 0 - 1  - 1  0 2002 25 -3 - 3  - 2  - 3  2 1 1 1 0 0 2 1 - 2  - 1  0 2 0 0 3  23 -3 -2 - 2  - 1  0 0 0 0 0 0 1 1 1 0 0 '"""'l 2 0 0 4  2 4  - 3  - 2  - 2  0 1 0 0 0 0 0 1 0 0 0 - 1  I 2 0 0 5  30 - 3  - 2  - 1  - 2  1 1 1 1 0 0 1 0 1 0 0 W 2 0 0 6  3 2  - 2  - 2  -2 -2 2 1 0 1 0 0 1 1 0 0 0 OJ 

2 0 0 7  23 -3 -3 -2 -1 1 1 1 1 0 0 2 0 - 1  - 1  0 2 0 0 8  2 6  - 3  - 2  - 2  - 2  0 0 0 1 0 0 1 1 0 - 1  0 
AVERAGE - 2  - 2  - 2  - 1  1 0 1 1 0 0 1 1 0 0 0 



T a b l e  H - l f - 7  
* * * * * * * * * * . * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * *  • • * * *  • • •  * * * *  • •  * * *  • • • • • • * * *  • •  * * * * * * * . * *  • • • • • • • • • • • * * * *  • • • •  * * . * * * *  • • * * * * * * * * *  • • * * * * * * * * * * * *  BPAHYSUM Summary 
Baae Study : BAO O OHED : P SCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 Incr Study : BE 4 1 0HED : PSCE I S  : ALT4 l 0  Date : I -FEB- 8 9  1 6 : 0 2 : 5 5 D i fference = ( I ncr S t udy) - (Base Study )  
Number o f  Game s : 2 0 0  
Average Ov e r  Low Water Years (Bottom 10 Percen t )  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
D i  fference Of 
The Dal l es D i s charge ( k cf a )  

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

ANN YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AGI AG2 AVG - - - - - - - - - -
1 98 9  2 5  9 1 0  1 4  1 5  - 2  1 1 - 1 0  - 1  - 1  - 1 1  - 1 1  - 7  - 1 0  1 9 90 27 6 1 0  1 3  1 1  -5 - 1  - 4  - 6  - 1  - 1  - 9  - 8  - 7  - 6  0 1 9 91 26 8 9 1 5  1 8  - 4  - 1  - 7  - 4  - 2  0 - 1 0  - 8  - 9  - 9  1 1 9 92 1 8  6 8 1 2  1 2  - 2  - 3  - 3  - 1  2 - 1  - 9  - 8  - 9  - 8  0 1 9 93 21  8 9 1 2  9 - 7  - 6  - 4  - 3  - 1  - 1  - 9  - 6  - 1 2  - 1 1  - 1  1 9 94 3 0  8 1 0  1 6  1 4  - 8  - 7  - 4  - 3  1 - 1  - 7  - 6  - 1 3  - 1 1  0 1 9 95 3 1  7 9 1 6  1 3  - 9  - 6  -5 - 3  - 1  - 1  - 6  - 7  - 1 6  - 1 1  0 1 9 9 6  2 9  6 8 1 4  1 2  - 8  - 6  - 3  - 3  - 2  - 1  - 6  - 8  - 1 4  - 9  0 1 9 97 29 7 1 1  1 6  9 - 1 1  - 8  -5 - 3  - 2  - 1  - 1 1  - 6  - 1 5  - 1 2  - 1  1 9 98 23 6 1 1  1 5  1 3  - 9  - 8  - 9  - 6  - 1  0 - 7  - 7  - 1 5  - 1 1  - 1  1 9 9 9  3 3  3 6 9 4 - 1 0  - 7  - 2  - 2  - 1  - 1  - 7  - 5  - 1 1  - 7  - 2  2 0 0 0  2 7  4 8 1 1  4 - 7  - 3  - 2  - 1  0 0 - 1 2  - 2  - 7  - 4  0 :r: 2 0 0 1  3 1  3 7 9 3 - 5  - 3  - 2  0 0 - 1  - 1 2  0 - 8  - 4  - 1  2 0 0 2  25 0 4 0 0 - 2  - 1  1 1 0 - 7  0 - 1 0  - 5  - 1  2 0 03 2 3  - 2  - 1  3 0 - 2  - 4  - 2  - 4  0 0 - 7  4 5 5 - 1  '-') 2 0 0 4  2 4  - 2  2 3 1 0 3 2 3 0 0 - 1 3  - 3  4 4 0 I 2 0 0 5  3 0  0 2 7 - 1  - 2  2 1 1 0 0 - 1 4  - 2  7 7 0 W 2 0 0 6  3 2  1 3 4 0 0 2 1 1 0 0 - 1 3  - 3  5 5 0 '-0 

2 0 0 7  2 3  1 3 7 1 - 2  1 2 - 1  0 0 - 1 3  - 3  5 5 0 2 0 08 2 6  - 1  3 6 2 1 - 1  -2 0 0 0 - 1 5  - 3  6 5 0 
AVERAGE 4 7 1 0  7 - 5  - 3  - 2  - 2  0 - 1  - 1 0  - 5  - 6  - 4  0 
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• • • •  � �  • • • •  * • • • • • • • • • • • • • • • • • • • • • • •  * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Summary 
Ba"e Study : BAO O OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 9 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Date : 1 4 -FEB- 8 9  1 6 : 00 : 0 9 
D i ffe rence = ( I ncr Study) - (Base Study ) 
Number of Game,, : 200 
Average Over Low Water Year" (Bot t om 10 Pe rcen t )  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
The Dal lee D i e charge ( kch ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - --

ANN YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AGl AG2 AVG - - - - - - - - - -
1 9 8 9  25 8 1 0  1 4  1 4  - 9  - 3  -3 - 9  - 1  - 1  - 6  - 5  - 1  - 3  1 1 9 90 27 5 7 1 0  7 - 8  - 4  -4 -4 - 1  - 1  - 6  - 1  0 0 0 1 9 91 26 5 7 1 3  9 - 7  - 5  - 4  - 3  - 1  0 - 5  - 3  - 4  - 4  0 1 9 92 1 8  3 6 6 7 - 6  - 5  0 0 0 - 1  - 5  - 2  - 2  - 1  0 1 9 93 21 3 3 5 2 - 6  - 5  - 2  - 3  0 0 - 4  - 1  - 4  - 3  - 1  1 9 94 30 2 3 6 3 - 5  - 5  - 2  - 1  0 0 - 2  - 1  -3 - 2  0 1 9 95 31  1 2 5 1 - 5  - 4  -2 - 1  0 0 - 2  0 -4 -2 - 1  1 9 96 2 9  1 1 3 2 - 3  - 3  0 0 - 1  0 -2 - 1  -4 - 1  0 1 9 97 2 9  0 0 1 0 -2 - 4  -2 -1 -1 0 - 2  1 - 1  - 2  - 1  1 9 98 23 -1 1 3 1 - 1  - 3  - 1  - 2  - 1  0 - 1  0 0 - 1  0 1 9 99 33 - 2  - 1  0 - 1  1 - 1  1 0 0 0 -2 0 7 5 0 2000 27 -2 -1 3 -2 1 3 3 3 1 0 - 9  4 6 4 1 ::r:: 2 0 0 1  31  -1 2 3 0 2 2 2 3 0 - 1  - 7  3 5 4 1 2002 25 0 0 2 0 3 3 2 5 2 0 - 6  1 -3 - 3  1 2003 23 -1 - 3  - 1  - 3  - 1  - 3  -2 - 2  1 0 0 1 5 5 - 1  >-<) 2004 24 - 3  1 1 1 1 2 3 2 0 0 - 7  - 4  9 8 0 2005 30 0 2 2 1 0 1 3 3 1 0 - 9  -4 9 8 1 .c-
2006 32 1 2 1 1 1 1 2 0 0 0 - 7  - 6  5 5 0 0 
2 0 0 7  23 1 1 2 0 1 2 4 - 1  0 0 - 8  - 5  5 5 0 2 0 0 8  2 6  - 1  1 2 1 1 0 0 0 - 1  - 9  - 6  6 5 0 

AVERAGE 2 4 2 -2 -1 0 0 0 0 - 5  - 1  2 2 0 
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* * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Ba"e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
Incr Study : BA4 30MED : PSCE I S  : ALT 4 3  Dat e :  2 1 -JAN- 8 9  05 : 1 4 : 2 9 
D i fference = ( Incr Study) - (Ba"e Study )  
Number o f  Game ,, : 200 
Average Over Low Water Years (Bot t om 1 0  Percent ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . .  

D i  ffe rence Of 
The Dal les Di s charge ( kcf,, ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 5  - 6  - 9  - 7  0 0 3 3 - 2  3 0 2 2 - 3  - 3  - 1  
1 990 2 7  - 3  - 5  - 4  2 2 3 1 1 1 1 0 - 1  1 - 2  0 
1 9 91 2 6  - 4  - 5  - 6  - 1  1 1 1 0 0 0 1 2 - 4  - 2  - 1  
1 9 92 1 8  - 4  - 4  - 8  - 1  - 1  0 3 - 2  0 0 0 0 - 4  - 4  - 2  
1 993 21 - 3  - 3  - 5  - 2  0 1 - 2  0 0 1 1 - 1  - 5  - 5  - 2  
1 9 94 30 -4 - 5  - 3  -2 -2 0 0 0 1 1 0 2 - 1  - 2  - 1  
1 9 95 3 1  - 4  - 5  - 4  -3 - 2  - 1  - 1  0 2 1 - 1  1 - 5  - 5  - 2  
1 9 9 6  2 9  - 5  - 4  - 4  - 2  0 0 0 2 0 1 1 - 1  - 6  - 3  - 1  
1 9 97 2 9  - 4  - 3  - 2  - 2  1 0 - 1  2 2 0 0 1 - 3  - 4  - 1  
1 9 98 23 -4 -3 - 2  -3 - 1  0 0 0 0 1 1 - 2  - 8  - 5  - 2  
1 9 99 3 3  - 4  - 6  - 5  - 4  - 2  - 4  - 3  - 1  3 2 5 - 2  - 3  - 4  - 2  
2000 2 7  - 6  - 5  - 4  - 2  - 1  0 - 3  - 1  0 1 2 - 2  - 2  - 4  - 2  
2 0 0 1  3 1  - 4  - 3  - 4  -2 1 0 - 1  0 1 0 1 1 - 2  - 1  - 1  
2 0 02 25 - 4  - 3  - 2  - 2  2 1 1 0 1 1 2 - 2  - 1 1  - 8  - 1  

:r: 2 0 03 23 - 4  - 8  - 8  - 6  - 7  - 6  -5 -8 1 3 8 9 - 1  0 - 2  
2 0 0 4  2 4  - 6  - 5  - 5  0 - 2  2 -3 - 4  0 2 2 3 1 1 - 1  
2005 3 0  - 3  -3 -3 - 1  - 3  2 0 1 1 1 2 1 2 2 0 

HJ 2006 3 2  - 3  - 3  - 4  - 2  - 3  1 - 2  - 2  1 1 1 0 1 0 - 1  
2 0 07 2 3  - 3  - 3  - 3  0 - 3  0 - 1  0 - 1  1 2 0 - 3  - 1  - 1  

10- 2 0 0 8  26 - 4  - 5  - 5  - 1  - 1  - 1  - 2  - 4  1 2 0 - 1  - 1  0 - 2  

AVERAGE - 4  - 4  - 4  - 2  - 1  0 - 1  - 1  1 1 0 - 3  - 2  - 1  



T a b l e  H - 1 f - 7  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Surmtary 

Base Study : BAOOOHED : PSCE I S  : BASE CASE D at e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8  
Incr St udy : BC44 0HED : PSCE I S  : ALT 4 4  D at e :  2 8 -JAN - 8 9  0 6 : 0 6 : 3 1  
Difference = ( Incr Study) - (Base Study) 
Number of Game s : 2 0 0  
Average Ov e r  Low Water Years (Bot t om 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
The Dalles Di s charge ( kcf,, ) 
- - - - - - - - -- - - - - -- - - - - - - - - - - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 2 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 2 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 31 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 96 2 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 7  2 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 998 23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  3 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0  2 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 1  3 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :r:: 2 0 0 2  2 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 23  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2004  24  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

HJ 2 0 0 5  3 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 2 0 0 6  32 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 � 2 0 0 7  2 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N 2 0 0 8  26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - l f - 8  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Surmu,ry 

Ba .. e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e : 3 - JAN - 8 9  0 6 : 5 5 : 2 8 

Number of Games : 200 
Average Over Typical Water Year .. (Hid 8 0  P e rcen t )  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * *  

The D a l l e s  D i s charge ( kch ) 
- - -- - -- - - - - - - - -- - -- - -- - - - - - - - - ANN 

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP 1 AP2 HAY JUN JUL AGl AG2 AVG 

- - - - - - - - - -

1 98 9  1 5 3  1 0 8  1 2 4  1 3 4  1 67 2 0 9  2 0 9  203 1 9 8  2 4 0  2 5 7  2 6 4  1 9 7  1 4 5  1 1 2  1 8 5  

1 9 90 1 54 1 0 7  124  1 3 2  1 63 2 0 9  2 1 4  2 0 1  2 0 1  2 5 1  2 61 2 6 1  2 0 1  1 4 9  1 1 4  1 8 6  

1 9 91 154 1 0 8  120 1 2 9  1 67 207 2 1 4  204 1 9 9  2 3 5  255 263 200 1 4 8  1 1 5  1 8 5  

1 9 92 1 60 1 1 0  1 2 1  1 3 0  1 6 9 2 0 6  2 1 4  2 0 2  203 2 5 0  2 5 6  2 6 5  2 0 0  1 5 2  1 1 5  1 8 6  

1 9 93 1 5 5  1 1 0  1 1 9  1 2 7  1 62 2 0 8  2 1 2  201  200 24 1 2 5 6  2 60 1 9 9  1 4 6  1 1 2  1 8 4  

1 9 94 1 5 5  1 0 8  1 1 6  1 2 9  1 64 207 215 2 0 1  203 2 4 0  2 60 2 5 2  1 93 1 4 6  1 1 2  1 8 3  

1 9 95 1 54 1 1 0  1 1 8  1 2 9  1 63 2 0 8  2 1 3  201  201  2 4 5  2 67 2 5 7  1 9 6  1 4 5  1 1 2  1 8 4  

1 9 96 1 4 8  1 0 6  1 1 6  1 2 7  1 61 2 0 8  2 1 7  2 0 1  200 24 3 2 5 9  2 5 4  1 9 6  1 4 8  1 1 4  1 8 3  

1 9 97 1 5 5  1 0 9  1 2 0  1 3 2  1 65 2 1 0  2 1 6  202 203 2 4 0  2 5 3  2 5 5  1 9 9  1 4 7  1 1 2  1 8 4  

1 9 98 155 1 1 1  122 1 3 1  1 66 2 0 7  2 1 3  204 2 1 0  2 4 7  2 60 2 5 9  1 9 8  1 4 6  1 1 2  1 8 6  

1 9 99 1 4 9  1 1 0  1 1 8  1 2 7  1 64 2 1 3  220 202 2 0 5  24 7 2 60 2 6 1  205 1 4 9  1 1 4  1 8 6  

2000 1 5 1  1 0 8  1 2 0  1 3 1  1 7 0  2 1 4  220 209 2 1 4  2 4 6  2 64 2 5 9  1 97 1 4 4  1 1 2  1 8 7  

2001  1 5 2  1 1 1  1 2 0  1 3 1  1 66 2 1 0  2 1 9  2 0 8  2 0 8  24 6 2 6 6  2 63 1 9 7  1 4 7  1 1 4  1 8 7  

2 0 0 2  1 5 7  1 0 7  1 1 9  1 2 8  1 62 2 0 2  2 0 4  1 9 6  2 0 1  2 3 8  2 5 4  2 5 3  1 94 1 4 4  1 1 1  1 8 1  

::r: 2003 1 63 1 0 8  1 2 0  1 3 1  1 67 2 0 9  2 1 7  204 2 1 0  24 8 2 67 2 5 5  1 9 5  1 4 5  1 1 1  1 8 6  

2004 1 4 6  1 0 8  1 1 8  1 2 8  1 6 6 2 0 8  2 1 6  205 2 0 6  2 4 5  2 62 2 6 4  1 9 8  1 4 4  1 1 2  1 8 6  

H:l 2 0 0 5  1 51 1 1 0  1 1 9  1 2 8  1 66 2 0 8  2 1 6  207 2 0 6  2 4 9  2 6 1  2 6 8  204 1 4 5  1 1 3  1 8 7  

2 0 0 6  1 4 5  1 0 5  1 1 6  1 2 8  1 67 2 0 7  2 1 2  205 2 1 2  2 5 7  2 6 6  2 5 4  1 9 4  1 4 6  1 1 2  1 8 5  

!:- 2 0 0 7  1 5 5  1 1 0  1 1 8  1 2 9  1 63 2 0 6  2 0 8  200 1 9 9  237 249 2 5 3  1 9 6  1 4 2  1 1 1  1 8 1  

W 2008 1 5 9  1 0 5  1 1 6  1 2 8  1 6 6 2 1 1  2 1 2  203 209 237 2 5 2  2 60 204 1 4 8  1 1 4  1 8 4  

AVERAGE 1 0 9  1 1 9  1 2 9  1 65 2 0 8  2 1 4  203 204 2 4 4  2 5 9  2 5 9  1 9 8  1 4 6  1 1 3  1 8 5  



T a b l e  H - H - 8  

• • •  * *  • • • • • • • • • •  * * * * * * *  • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • •  * *  • • • • •  * *  • • • • • • • • •  * *  • • • •  * *  • • • • •  * * *  • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summ&ry 

Base Study : BAO O OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study :  BD12 0HED : PSCE I S  : BASE CASE ALT 1 . 2  D&t .. : 6-JAN- 8 9  2 1 : 4 9 : 53 
D i f fe rence "'" ( I ncr Study) - (Ba"e Study )  
Number o f  Game s : 200 
Average Over Typ i cal W&te r  Year" (Hid 80 Pe rcent ) . * * * * . * * *  • • •  * * * * * *  • • • • • • • • • • • • •  * *  • • • • • • • • • • • •  * * *  • • • • • • • •  * *  • • • • • • •  * * * * *  • •  * * *  • • • • • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • •  * * . * * *  

D i f fe rence Of 
The DaI l e  .. D i " cha rge ( kch ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 HAY JUN YJL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 5 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 54 - 1  - 1  0 0 0 0 1 1 0 0 0 0 0 0 0 
1 9 91 1 54 - 1  - 2  - 1  0 1 0 1 1 0 0 1 0 0 0 0 
1 9 92 1 60 - 1  - 2  - 1  -1 1 1 1 1 1 0 0 0 0 0 0 
1 9 93 1 5 5  - 2  - 2  - 1  0 0 1 2 2 1 1 0 0 0 0 0 
1 9 94 1 55 -2 - 2  - 1  0 1 0 2 1 1 0 0 0 0 - 1  0 
1 9 95 1 54 - 1  - 1  0 0 1 0 1 1 1 0 0 0 0 0 0 
1 9 96 1 4 8  - 1  - 1  - 1  0 1 1 2 1 0 0 0 0 0 0 0 
1 9 97 1 55 - 2  - 1  - 1  0 0 0 2 1 0 0 0 0 0 0 0 
1 9 98 1 55 - 2  - 1  0 0 1 0 1 1 0 0 0 0 0 0 0 
1 9 99 1 4 9  -2 -2 0 0 0 1 1 1 1 0 0 0 0 0 0 
2 0 0 0  1 51 - 2  - 1  - 1  0 1 1 1 1 0 0 0 0 0 0 0 ::r: 
2001 1 52 - 2  - 1  - 1  0 1 0 2 1 0 0 0 0 - 1  - 1  0 
2 0 0 2  1 57 -2 -1 -1 -1 1 1 2 1 0 0 0 1 0 0 0 

H:l 2 0 03 1 63 - 2  - 2  - 1  0 1 1 1 2 1 1 0 1 0 0 0 
2004  1 4 6  - 2  - 1  - 1  0 0 1 1 1 1 1 0 0 0 0 0 

.c- 2 0 0 5  1 5 1  - 2  -2 - 2  0 1 1 2 1 1 1 0 0 0 0 0 .c- 2 0 0 6  1 4 5  - 2  - 1  - 1  0 1 1 1 1 1 1 0 0 0 0 0 
2 0 0 7  1 55 -2 -1 -1 0 0 0 2 1 1 1 0 0 0 0 0 
2 0 0 8  1 5 9  - 2  - 1  - 1  1 1 0 2 1 0 0 0 0 0 0 0 

AVERAGE -2 -1 -1 0 1 1 1 1 1 0 0 0 0 0 0 



T a b l e  H - l f - 8  

. * *  • • • • • • •  * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Su ..... ary 

Ba",. Study :  BAOOOHED : PSCE I S  : BASE CASE Date :  3 -JAN- 8 9  0 6 : 55 : 2 8 
Incr Study :  BE4 1 0HED : PSCE I S  : ALT4 1 0  Date :  1 -FEB- 8 9  1 6 : 02 : 55 
D i fference := ( Incr Study) - (Bal!le Study) 
Number of Gamel!l : 200 
Average Over Typi cal Water Yearl!l (Hid 8 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i fference Of 
The DaI l e "  Di l!l charge ( kch ) 
- - - - - - - - -- - - - - - - - -- - - - - -- - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 5 3  8 1 1  9 3 - 2  - 4  - 8  - 4  - 3  - 2  - 2  - 6  - 4  - 2  0 
1 9 90 1 5 4  6 8 8 1 - 3  - 4  - 7  - 5  - 1  0 - 1  - 5  - 5  - 2  0 
1 9 91 1 5 4  8 1 0  8 1 - 4  - 5  - 8  - 4  - 1  -2 -2 -3 -3 - 1  0 
1 992 1 60 5 7 6 0 - 3  - 4  -5 - 4  - 1  1 - 1  - 2  - 3  - 2  0 
1 9 93 1 55 8 1 0  1 0  3 -5 - 5  - 8  - 6  - 3  -1 - 2  - 2  - 4  - 2  0 
1 9 94 1 55 8 1 2  1 2  4 - 4  - 9  - 9  - 4  - 4  -3 - 2  - 2  -5 - 3  0 
1 9 95 1 5 4  8 1 3  1 2  2 - 2  -5 - 9  - 2  - 8  -5 -2 -3 -5 - 3  0 
1 9 96 1 4 8  8 1 1  1 2  6 - 3  - 9  - 1 0  - 4  - 6  - 3  - 2  - 2  - 4  - 2  0 
1 9 97 1 55 7 1 2  1 3  5 - 2  - 8  - 1 1  - 3  - 7  - 3  - 2  - 2  -4 - 2  0 
1 9 98 1 55 8 1 2  1 3  4 - 2  - 8  - 8  - 5  - 6  -4 - 2  - 3  - 4  - 2  0 
1 9 99 1 4 9  5 9 1 0  3 - 2  - 7  -6 - 4  - 4  -2 0 - 2  -2 -1 0 

::r:: 2000 1 5 1  6 9 8 1 - 2  - 4  - 5  - 1  - 2  - 3  - 1  - 1  - 1  0 0 
2 0 0 1  1 52 4 8 5 1 - 1  - 3  - 4  - 1  - 4  - 2  - 1  - 1  - 2  - 1  0 
2002 1 57 3 4 3 2 0 - 1  -3 - 2  - 4  - 2  - 1  0 -1 -1 0 

H:> 2 0 0 3  1 63 - 3  0 0 1 0 2 0 1 0 1 0 1 1 0 0 I 2004 1 4 6  - 1  1 1 0 - 3  - 2  0 - 2  3 3 0 0 1 1 0 � 2 0 0 5  1 5 1  0 3 1 -1 - 3  - 4  -2 -2 7 4 0 0 1 1 0 Vl 2006 1 4 5  0 2 2 0 - 3  - 3  - 3  - 2  4 2 0 0 2 2 0 
2 0 07 1 5 5  0 4 4 -1 - 3  - 3  -5 0 3 1 0 0 1 1 0 
2008 1 5 9  1 4 4 1 -4 -5 -5 - 4  3 1 1 1 1 1 0 

AVERAGE 4 7 7 2 - 3  -5 -6 - 3  - 2  - 1  - 1  - 2  -2 -1 0 



T a b l e  H - l f - 8  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * *  • • •  * *  • • • •  * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH SUlmlary 
Base Study : BAOOOMED : PSCE I S  : BASE CASE Date : 3 - JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5MED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 
D i f ference = ( Incr Study) - (Base study )  
Number of Games : 200 
Average Over Typi cal Water Years (Mid 80 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
The Dal les D i s charge ( kcfa ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP 1 AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - -- - - -
1 98 9  1 5 3  7 1 1  8 1 - 2  - 3  -7 -3 - 3  - 1  - 1  - 5  - 3  - 1  0 
1 9 90 1 54 5 7 6 0 -2 -3 - 6  -3 -1 - 1  - 1  - 4  - 4  - 1  0 
1 9 91 1 5 4  5 7 4 - 1  - 2  -2 - 5  - 3  - 1  - 1  0 - 2  -2 - 1  0 
1 9 92 1 60 3 4 3 - 1  - 1  - 2  -3 -3 0 1 - 1  - 1  - 1  - 1  0 
1 9 93 1 5 5  3 5 5 0 -2 - 2  -4 -3 -2 -1 - 1  - 1  - 1  0 0 
1 9 94 1 5 5  3 4 3 2 -2 -3 -3 -1 -2 -1 0 0 - 1  0 0 
1 9 95 1 5 4  2 5 3 1 0 - 1  -2 -1 -5 -2 0 0 - 1  - 1  0 
1 9 9 6  1 4 8  2 4 2 3 - 1  - 1  - 2  - 1  - 4  - 2  0 - 1  0 0 0 
1 9 97 1 5 5  1 3 1 1 0 0 -1 0 - 3  - 1  0 0 0 0 0 
1 9 98 155 0 2 1 0 0 0 0 0 - 1  - 1  1 0 0 0 0 
1 9 99 1 4 9  - 2  - 1  - 1  - 2  0 1 2 1 2 1 0 0 1 1 0 
2 000 1 5 1  - 2  0 1 - 1  - 1  0 0 1 1 1 0 0 1 1 0 
2 0 0 1  1 52 - 1  2 1 - 1  - 1  - 1  -2 0 2 0 0 0 1 1 0 

::c 2 0 02 1 57 1 3 1 - 1  - 1  0 -3 -2 - 1  - 1  - 1  0 0 0 0 
2 0 03 1 63 - 2  - 2  - 2  -2 0 1 1 1 2 2 0 1 1 0 0 
2 0 0 4  1 4 6  - 1  0 - 1  -2 0 - 1  1 1 4 2 0 0 2 1 0 I--? 2 0 05 1 5 1  - 1  1 - 1  - 3  0 -2 -1 1 5 3 0 0 1 1 0 
2 0 0 6  1 4 5  0 1 1 -3 - 1  - 2  - 1  1 3 1 0 0 1 1 0 � 2 0 0 7  1 5 5  0 1 1 -1 0 0 -2 - 1  1 0 0 0 2 1 0 Q'\ 2 0 0 8  1 5 9  1 2 1 - 1  0 0 -2 - 1  0 -1 0 0 1 1 0 

AVERAGE 1 3 2 - 1  - 1  - 1  - 2  - 1  0 0 0 - 1  0 0 0 



T a b l e  H - H - 8  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . *  

BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BA430HED : PSCE I S  : ALT 4 3  Date : 2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 
D i f fe rence = ( Incr Study) - (Base Study) 
Number of G&me e :  200 
Average Over Typ i cal Water Year .. (Hid 8 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
The Dal l e s  Di s charge (kch ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR ! NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  1 53 - 5  - 7  -3 1 1 1 3 6 1 1 L 1 1 0 0 
1 9 90 1 5 4  - 2  - 3  - 1  3 1 1 1 1 0 1 1 0 1 0 0 
1 9 9 1  1 54 - 3  - 4  - 1  0 2 0 0 2 1 2 1 1 0 0 0 
1 9 92 1 60 - 2  - 3  - 1  - 1  1 2 3 0 1 1 0 1 0 - 1  0 
1 9 93 1 55 -3 - 3  0 2 1 1 2 1 0 0 1 0 - 1  - 1  0 
1 994 1 5 5  - 2  - 2  0 4 1 1 1 2 - 1  - 1  0 0 -1 - 1  0 
1 9 95 1 5 4  - 3  0 2 3 1 2 2 1 - 4  -2 0 1 - 1  - 1  0 
1 9 96 1 4 8  - 2  - 1  2 5 - 1  0 2 1 - 2  - 1  0 1 - 1  - 1  0 
1 9 97 1 55 - 3  - 1  2 3 0 0 3 1 - 2  - 1  0 0 - 1  - 1  0 
1 9 9 8  1 55 - 1  0 3 3 1 0 0 0 - 3  - 2  0 0 -2 -1  0 
1 9 99 1 4 9  -4 -5 - 1  4 1 2 5 2 2 0 0 1 - 1  - 1  0 
2 0 0 0  1 5 1  - 3  - 2  1 4 1 2 4 3 - 2  - 1  0 0 0 0 0 :r:: 2 0 0 1  1 52 - 2  0 3 4 1 0 1 2 - 3  - 2  0 1 - 1  - 1  0 
2 0 02 1 5 7  - 1  0 2 3 1 1 1 0 - 2  - 2  0 1 -2 - 1  0 
2 0 03 1 63 - 5  - 5  - 2  2 2 2 3 1 2 2 1 1 0 - 1  0 H:> 2 0 04 1 4 6  - 5  -4 0 3 1 1 4 2 1 1 1 1 0 0 0 
2 0 0 5  1 5 1 - 3  - 3  0 3 1 0 2 1 1 1 0 0 0 0 0 .c- 2 0 0 6  1 4 5  -2 -2 0 2 1 1 1 0 - 1  0 0 0 0 0 0 -J 
2 0 0 7  1 5 5  - 1  - 2  1 3 0 1 1 - 1  - 1  - 1  0 0 0 0 0 
2008  1 5 9  - 2  - 2  3 4 0 0 1 0 - 2  -2 0 0 0 0 0 

AVERAGE - 3  -3 0 3 1 1 2 1 - 1  0 0 1 0 - 1  0 



T a b l e  H - l f - 8  

• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BC44 0HED : PSCE I S  : ALT 4 4  Dat e :  2 8 -JAN- 8 9  0 6 : 0 6 : 3 1  
D i fference = ( Incr Study) - (Ba"e Study )  
Number o f  Game s : 200 
Average Over Typical Water Year "  (Hid 80 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
D i fference Of 
The Dal les Di s charge (kcf s )  
- - - - - - - - -- - - -- - - - - - - - - - -- - -- --

ANN YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AG1 AG2 AVG - - -- - -- - - -
1 98 9  1 5 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 90 1 5 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 91 1 54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 92 1 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 93 1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 94 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 95 1 54 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 9 6  1 4 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 97 1 55 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 9 8  1 5 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 9 9 9  1 4 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2000 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ::r:: 2001 1 5 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2002 1 5 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H:l 2003 1 63 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 2004 1 4 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.;::- 2005 1 5 1  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CD 2006 1 4 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2007 155  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 8  1 5 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



T a b l e  H - 1 f - 9  
• •  * *  • • • • • • • • • • •• • • • • • • • • • • • •  * * *  • • • •• * * *  • •  * *  • • • • • • •  * *  • • • •  * * . * * *  • • • • • • • • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •  * *  • •  * * * * * * * * * * * * * * *  • •  

BPAHYSUM Sml'llu,ry 
B .... e Study : BAOOOMED : PSCE I S  : BASE CASE DAte : 3-JAN-8 9  0 6 : 55 : 2 8 
Numbe r o f  GAme .. : 200 
AverAge Over H igh WAter YeAr .. ( Top 1 0  Percent ) 
• • • • • • • • • • • • • • •• • • • • •• • • • • • •  * * * *  •• • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• • •• • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • •  

The DAIle .. D i  .. ch .. rge (kcflO ) 
- - -- - - - - - - - - - - - - - -- - - - --- - -- --

YEAR / NOM SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - --- - --
1 98 9  2 2  1 0 2  1 4 3  1 6 0  1 92 2 2 0  2 2 2  2 4 0  2 3 0  2 9 6  3 8 6  4 68 24 6 1 62 1 3 1  2 3 3  
1 9 90 1 9  1 0 1  1 :? 3  1 5 3  1 91 2 2 2  2 2 9  2 4 8  2 3 6  3 1 1  3 99 4 5 5  2 4 4  1 60 1 3 4  2 3 4  
1 9 9 1  20 1 03 1 3 2  1 5 2  1 81 2 2 0  2 2 2  2 3 1  2 3 0  2 8 1  3 8 3  4 13 2 4 8  1 63 1 3 8  2 3 1  
1 9 92 22 1 0 1  133 1 5 3  1 82 2 2 0  2 2 1  2 3 2  2 2 1  2 1 4  314  4 8 6  2 5 1  1 64 1 4 0  230 
1 9 93 24 1 0 5  1 2 4  1 5 1  1 95 2 2 4  2 2 2  2 5 0  2 3 2  330 4 0 6  4 50 24 2 1 5 8  1 3 2  233 
1 994 1 5  1 0 3  1 3 0  1 5 1  1 90 2 2 3  2 2 8  2 4 6  2 3 3  3 1 4  3 9 6  4 6 1  2 4 5  1 60 1 3 5  2 3 3  
1 9 95 1 5  1 05 1 2 9  1 5 2  1 83 2 2 1  2 2 4  2 3 4  2 2 9  2 1 8  3 1 8  4 8 3  2 4 9 1 64 1 3 9  230 
1 9 96 23 1 0 3  1 2 1  1 4 9  1 96 2 24 2 3 1  2 5 3  2 4 0  3 3 3  4 0 5  4 4 6  24 2 1 5 8  1 3 2  2 3 3  
1 9 97 1 6  1 0 5 1 2 6  1 50 1 8 5  2 2 2  2 2 4  2 4 0  2 3 2  2 94 3 8 9  4 12 24 1 1 61 1 3 7  2 3 1  
1 9 98 22 1 0 6  1 2 9  1 5 0  1 8 8  2 2 2  225 241  2 3 3  2 98 3 8 8  4 10 2 4 1  1 62 1 3 1  2 3 2  
1 99 9  1 8  1 05 1 3 2  1 5 2  1 1 9  2 1 9 2 1 1  2 2 8  2 2 3  2 5 1  3 6 6  4 9 6  2 5 2  1 66 1 4 2  2 2 8  
2000 22 1 0 5  1 2 6  1 5 0  1 91 2 2 3  2 2 9  2 4 1  2 3 6  3 1 5  3 96 4 5 8  24 5 1 60 1 3 4  233 
2 0 0 1  1 7  1 0 4  1 2 2  1 5 1  1 90 2 2 3  2 2 4  2 4 4  2 3 4  3 1 0  3 96 4 62 2 4 4  1 60 1 3 5  2 3 2  
2 0 0 2  1 8  1 03 1 2 4  1 4 8  1 91 2 2 3  2 2 1  2 4 4  2 3 4  306 3 93 4 63 2 4 6  1 61 1 3 5  232 

::r:: 2003 1 4  1 0 1  1 3 1  1 5 3  1 8 4  2 2 1  2 2 1  2 3 4  2 2 9  2 8 1  3 1 5  4 1 1  2 4 9 1 64 1 3 9  2 2 9  
2 0 04 30 1 0 4  1 3 0  1 5 2  1 8 9  2 2 2  2 1 9  2 4 1  2 3 0  30 0  3 8 4  4 65 24 6 1 61 1 3 6  2 3 0  
2 0 0 5  1 9  1 0 1  1 2 8  1 5 4  1 92 2 2 2  2 2 2  2 4 4  2 3 3  3 1 0  3 92 4 60 2 4 4  1 60 1 3 5  2 3 1  

H:> 2 0 0 6  23 1 0 1  1 2 7  1 5 3  1 91 2 2 2  2 2 6  2 4 2  2 3 3  3 0 3  3 8 9  4 6 6  2 4 6  1 61 1 3 6  232 
2007 22 1 03 1 2 0  1 4 9  1 93 2 2 3  2 2 9  2 4 6  2 3 4  3 1 5  3 96 4 5 1  24 4 1 60 1 3 4  2 3 2  .l> 2008 15  1 0 2  125 1 4 9  1 93 2 2 3  �2 9 2 4 5  2 3 5  3 1 2  3 91 4 6 1 24 5 1 60 1 3 5  233 '-D 
AVERAGE 1 0 3 1 2 8  1 5 2  1 90 2 2 2  2 2 4  2 4 2  2 3 2  3 0 2  3 90 4 6 6 2 4 6 1 61 1 3 6  232 



T a b l e  H - l f - 9 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Ba .. e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD120HED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e : 6-JAN- 8 9  2 1 : 4 9 : 5 3 
D i fference = ( Incr Study )  - (Ba .. e Study )  
Number o f  Game .. : 200 
Average Over High Wate r  Year .. ( Top 1 0  Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
The DaIle .. Di .. charge (kef ,, ) 
- - - - - - - - -- - - - - -- - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  - 1  - 1  1 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  2 0  - 1  1 - 1  1 0 1 0 0 0 0 - 1  0 0 0 0 
1 99 2  22 - 2  0 0 0 0 0 0 0 0 2 1 0 0 0 0 
1 9 93 24 - 2  0 0 0 0 3 0 - 1  0 1 0 0 0 0 0 
1 99 4  1 5  - 3  - 1  0 2 0 1 0 0 0 1 1 0 0 0 0 
1 9 95 1 5  - 2  1 - 1  1 0 0 0 0 0 1 1 0 0 0 0 
1 9 9 6  2 3  - 2  0 1 2 0 1 0 0 0 0 1 0 0 0 0 
1 99 7  1 6  - 2  0 - 1  2 0 1 0 0 0 1 0 0 0 0 0 
1 9 9 8  22 - 2  0 - 1  1 0 1 0 0 0 1 0 0 0 0 0 
1 99 9  1 8  - 2  - 1  0 0 0 2 0 0 0 1 1 0 0 0 0 

::r:: 2000 22 - 3  0 - 1  2 0 1 0 - 1  0 0 0 0 0 0 0 
2001  1 7  - 1  0 - 1  0 0 1 0 0 0 1 0 0 0 0 0 
2 002 1 8  - 3  1 0 2 0 1 0 0 0 0 0 0 0 0 0 

H:I 2003 1 4  - 2  - 1  0 1 0 1 0 0 0 0 2 0 0 0 0 
I 2004 30 -2 0 0 0 0 2 0 0 0 1 1 0 0 0 0 Vl 2005 1 9  - 2  1 - 2 2 0 2 0 - 1  0 1 0 0 0 0 0 0 2006 23 - 3  0 - 1  2 0 1 0 - 1  0 1 0 0 0 0 0 

2007 22 -3 0 1 2 0 1 0 0 0 0 0 0 0 0 0 
2008 1 5  - 3  0 1 1 0 1 0 0 0 1 0 0 0 0 0 

AVERAGE - 2  0 0 1 0 1 0 0 0 1 0 0 0 0 0 



T a b l e  H - l f - 9  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 - JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BE4 1 0HED : PSCE I S  : ALT 4 1 0  Dat e :  I -FEB- 8 9  1 6 : 0 2 : 5 5 
D i fference = ( Incr Study) - (Base Study )  
Number o f  Game s : 200 
Average Over High Water Yeara ( Top 10 Percent ) 
* * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
The Dal l es D i s charge ( kcfa ) 
- - - - - - - - - - - - - - - - - - - - - - - -- - - - --

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 2  8 9 7 -2 0 - 5  0 0 - 1  - 3  - 8  - 4  - 2  0 0 
1 9 90 1 9  8 5 2 -7 - 2  - 2  0 - 1  - 1  - 2  - 2  - 2  0 0 0 
1 9 91 20 8 7 0 -1  0 - 1  0 - 3 - 1  - 4  - 3  - 1  0 0 0 
1 9 92 22 4 3 1 -5 0 - 3  0 - 3 0 - 1  - 3  0 0 0 0 
1 9 93 24 7 1 2  6 1 - 1  - 4  - 6  - 5  - 3  - 5  - 3  0 0 0 0 
1 9 94 1 5  7 1 6  1 6  1 - 1  - 1 2  - 5  - 9  - 2  - 7  - 8  0 0 0 0 
1 9 95 1 5  7 1 8  1 4  - 2  - 1  - 8  - 1  - 1 1  - 1  - 9  - 1 3  1 0 0 0 
1 9 96 23 7 1 6  1 7  5 - 1  - 1 4  - 1 2  - 6  - 1  - 5  - 7  0 0 0 0 
1 9 97 1 6  6 1 9  1 5  6 - 1  - 9  - 9  - 9  - 1  - 1 0  - 1 1  1 0 0 0 
1 9 98 22 6 1 7  1 4  5 - 1  - 9  - 9  - 1 0  - 2  - 7  - 1 2  1 0 0 0 
1 9 9 9  1 8  5 1 4  1 1  4 - 1  - 2  - 4  - 1 1  0 - 7  - 1 5  1 0 0 0 
2 0 0 0  22 3 1 2  1 1  7 - 1  - 1 3  - 4  - 3  - 3  - 5  - 8  0 0 0 0 ::c 2 0 0 1  1 7  6 1 5  5 4 - 1  - 8  - 6  - 1  - 2  - 6  - 8  0 0 0 0 
2 0 02 18 2 1 0  9 4 - 2  - 9  - 1  - 2  - 1  - 6  - 5  0 0 0 0 

� 2 0 03 14 0 4 5 0 0 - 3  - 1  - 2  - 1  1 0 0 0 0 0 
I 2 0 04 30 - 1  0 0 0 - 1  1 0 2 - 1  3 1 0 0 0 0 

Ul 2 0 05 1 9  0 2 - 6  - 2  0 6 1 0 - 2  1 - 1  0 0 0 0 
2 0 0 6  23 0 - 1  - 5  - 1  0 4 1 0 - 1  2 0 0 0 0 0 
2 0 0 7  22 0 4 0 0 - 1  0 1 2 - 2  - 2  - 1  0 0 0 0 
2 008 1 5  - 1  2 3 -2 0 0 0 2 - 2  - 2  0 0 0 0 0 

AVERAGE 4 9 6 - 1  - 4  - 3  - 3  - 1  - 3  - 5  0 0 0 0 



T a b l e  H - l f - 9  
* * * * * * * * * * * * * * * * * * . * * * * * * * * . * *  • •  * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

BPAHYSUH Sunm .. ry 
B .. ..  e study : BAOOOHED : PSCE I S  : BASE CASE D .. t e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  D .. t e :  1 4 -FEB - 8 9  1 6 : 00 : 0 8 
D i fference � ( Incr Study) - (B .... e Study )  
Number of Game .. : 200 
Aver .. ge Over High W .. ter Ye .. r .. ( Top 1 0  P e rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

D i fference Of 
The D .. llee Di e ch .. rge ( kcf!! ) 
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AGI AG2 AVG 
- - -- - - - - - -
1 98 9  2 2  8 8 1 -3 0 - 1  0 0 - 1  - 2  - 6  - 3  - 1  0 0 
1 9 90 1 9  <; 3 - 1  - 9  - 1  1 0 - 1  - 1  1 0 0 0 0 0 1 9 9 1  20 6 5 -2 - 6  - 1  1 1 - 1  - 1  -2 -2 -1 0 0 0 1 9 92 22 1 0 0 -4 1 0 0 0 0 1 - 1  0 0 0 0 1 9 93 24 3 7 3 -3 0 - 1  - 2  1 - 2  - 4  - 1  0 0 0 0 1 9 94 1 5  1 7 9 0 - 1  - 7  0 0 - 1  - 5  - 4  0 0 0 0 
1 9 95 1 5  2 1 0  8 -7 -1 -4 0 - 1  - 1  -5 - 3  0 0 0 0 
1 9 9 6  2 3  1 9 8 -1 - 1  - 1 1  0 0 0 -2 0 0 0 0 0 1 9 97 1 6  - 1  9 2 -2 0 - 5  - 1  0 0 -3 - 1  0 0 0 0 1 9 98 22 -1 6 - 1  - 6  0 - 2  0 1 - 1  2 1 0 - 1  0 0 1 9 9 9  1 8  - 1  1 - 6  0 1 1 0 1 0 4 1 0 0 0 0 
2 0 0 0  22 - 2  - 1  - 4  0 0 2 0 1 - 2  2 0 0 0 0 0 

:r: 2 0 0 1  1 7  1 1 - 7  1 0 - 1  0 0 - 2  2 0 0 0 0 0 
2002 1 8  0 8 - 4  - 6  0 - 1  0 1 - 1  1 - 1  0 0 0 0 2003 14 - 2  0 - 9  -4 0 2 0 - 1  0 7 3 0 0 0 0 ....., 2004 30 -1 - 5  - 8  -2 1 7 1 2 - 1  7 2 0 0 0 0 

I 2005 1 9  0 - 4  - 1 3  0 1 9 1 0 - 1  5 1 0 0 0 0 \J1 2006 2 3  0 - 3  - 7  0 0 4 1 1 - 1  5 0 0 0 0 0 N 2007 22 - 1  1 - 5  0 0 3 0 2 - 2  1 0 0 0 0 0 2008 1 5  - 1  1 - 2  -3 0 2 0 1 - 1  1 0 0 0 0 0 . 
-----

AVERAGE 1 3 - 2  - 3  0 0 0 0 - 1  1 0 0 0 0 0 



T a b l e  H - 1 f - 9  
* . *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM Sunwnary 
Ba"e Study : BAOOOHED : PSCEIS : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BA4 30HED : PSCE I S  : ALT4 3 Date : 2 1 -JAN - 8 9  0 5 : 1 4 : 2 9 
Di fference - ( Incr Study) - (Ba"e Study ) 
Ntunber of Game,, : 200 
Average Over High Water Year" ( Top 10 Percent ) 
* . * • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . *  • •• •• • • • • • •••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• * . *  • • • • • • • • • • • • • • • • • • • •  
Difference Of 
The DaI le" Di s charge (Itch ) 
- - - - - - - - -- - - - - -- - - - - - - - -- - - - - -

YEAR / NUM SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 MAY JUN JUL AGI AG2 AVG -- - - - - - - - -
1 98 9  22 -3 - 4  - 2  0 0 2 0 1 1 5 0 0 0 0 0 1 9 90 1 9  -2 1 2 - 1  - 1  1 0 - 1  0 0 1 0 0 0 0 1 9 91 20 -4 2 - 1  -1 -2 3 1 - 5  2 4 2 0 0 0 0 1 9 92 22 -4 4 0 2 0 - 2  0 0 0 1 1 0 0 0 0 1 9 93 24 -3 3 0 7 0 1 0 5 - 1  -4 -1 0 0 0 0 1 9 94 15 -3 2 5 6 - 1  - 6  0 3 - 1  - 4  0 0 0 0 0 1 9 95 1 5 -3 9 6 5 - 1  - 5  0 0 0 - 7  - 1  0 0 0 0 1 9 96 23 -3 6 8 7 - 1  - 9  0 - 1  1 -3 -1 0 0 0 0 1 9 91 16 -4 9 7 7 - 1  - 5  - 1  0 1 -8 -2 0 1 0 0 1 9 98 22 -2 7 8 5 - 1  - 7  0 - 1  1 - 6  - 3  0 0 0 0 1 9 99 1 8  - 4  5 3 2 0 2 0 0 1 -2 0 0 0 0 1 2000 22 - 6  4 6 7 - 1  - 5  0 - 1  0 -3 0 0 0 0 0 ::r:: 2001 1 1 -2 1 0  4 6 - 1  -3 - 1  0 1 - 6  - 2  0 0 0 0 2 0 02 1 8  - 3  1 1 0  5 - 1  - 9  0 - 1  0 - 5  - 2  0 0 0 0 2003 14 - 4  3 3 4 - 1  - 3  - 1  - 3  1 1 1 0 0 0 0 '""'l 2 0 04 30 - 4  - 1  3 4 0 3 0 1 1 1 1 0 0 0 1 I 2005 1 9 -2 1 1 4 0 1 0 0 0 - 1  0 0 0 0 0 Vl 2006 23 -3 2 3 4 0 - 3  0 - 1  0 - 1  0 0 0 0 0 W 2007 22 - 4  5 6 4 - 1  - 4  0 0 0 -4 0 0 0 0 0 2008 15 - 4  4 6 5 - 1  - 5  - 1  0 0 -4 0 0 0 0 0 

AVERAGE -3 4 4 4 - 1  - 2  0 0 0 -2 0 0 0 0 0 



T a b l e  H - H - 9  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUM Summary 

Base Study : BAO OOMED : PSCE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BC4 4 0MED : PSCE I S  : ALT4 4 Dat e : 2 8 -JAN - 8 9  0 6 : 0 6 : 3 1  
Di fference = ( Incr Study ) - (Ba8e Study )  
Number o f  Games : 2 0 0  
Average Ov e r  High Water Years ( Top 1 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
The Dalles D i s charge ( kcfs ) 
- - - - - - - - - - - - - - -- - - - - - - - - - - - - --

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP 1 AP 2 MAY JUN JUL AG1 AG2 AVG 
- - - - - -- - - -

1 9 8 9  2 2  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 1  2 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 93 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 94 1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 95 1 <;  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 6  2 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 97 1 6  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 8  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 9 9 9  1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 :::r:: 
2 0 0 1  1 7  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2002 1 8  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

H:> 2 0 0 3  1 4  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
I 2 0 04 3 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Vl 2 0 0 5  1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.):-- 2 0 0 6  2 3  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 0 0 7  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 8  1 5  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

AVERAGE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 







H-1 g 

VERN I TA BAR DATA 

Data on F l ows for F l athead and Kootena i R i vers 





Ta ble H- l g- l  

• • • • • • • •  * * * *  • •  * * * * * *  • •  * * * *  • • • •  * * * *  • • • • • • • • •  * *  • • • • • • •  * *  • • • • • • • • • • • •  * *  • • • • • • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Sunmary 

Ba"e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 55 : 2 8  
Incr Study : BD1 2 0MED : PSCE I S  : BASE CASE ALT 1 .  2 Dat e :  6 -JAN - 8 9  2 1 : 4 9 : 53 
D i f fe rence - ( I ncr Study) - (Ba"e Study) 
Number of Game ,, : 200 
Low Water Year" ( Bottom 10 Percent ) 
• • • • • • • • • •  * * * . * *  • • • • • • • • •  * *  • • • • • •  * * *  • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Frequency D i " t ribut i on ---> Vernit a Bar 
- - - - - -- -- - - -- - -- - - - - - - - - - - - - --- - -

P rie"t Rapid" Di"charge Prie"t Rapid" D i " charge 
GE 1 25 Itch LT 70 Itcf" 

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

(Ba"e ) ( Incr) ( D i t f )  (Ba"e) ( Incr) ( D i t f )  
::r: Year Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 
I 

()q 1 98 9  2 5  0 0 0 0 0 0 0 0 0 0 1 5  0 0 0 0 0 1 5  0 0 0 0 0 0 0 

I 1 9 90 2 7  0 0 0 0 0 0 1 0 1 0 1 0  0 1 0 1 0 1 0  0 0 0 0 0 0 0 
1 9 91 2 6  0 0 0 0 0 0 0 0 1 0 1 7  0 0 0 1 0 1 6  0 0 0 0 0 - 1  0 
1 9 92 1 8  0 0 0 0 0 0 1 0 0 1 1 1  1 1 0 0 1 1 1  1 0 0 0 0 0 0 
1 9 93 2 1  0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 5 0 0 0 0 0 -3 0 
1 9 94 30 0 0 0 0 0 0 1 0 0 0 1 7  1 1 0 0 0 1 5  1 0 0 0 0 -2 0 
1 9 95 31 0 0 0 0 0 0 0 0 3 0 1 8  0 0 0 2 0 1 7  0 0 0 - 1  0 -1 0 
1 9 9 6  2 9  0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 1 2  0 0 0 0 0 1 0 
1 9 97 2 9  0 0 0 0 0 0 0 0 0 0 1 0  0 0 0 0 0 9 0 0 0 0 0 - 1  0 
1 9 98 23 0 0 0 0 0 0 0 0 0 0 1 2  0 0 0 1 0 1 2  0 0 0 1 0 0 0 
1 9 99 33 0 0 0 0 0 0 3 0 1 1 1 3  3 3 0 0 1 1 0  3 0 0 - 1  0 -3 0 
2 000 27 0 0 0 0 0 0 0 0 1 0 1 2  0 0 0 1 0 1 2  0 0 0 0 0 0 0 
2001 3 1  0 0 0 0 0 0 0 0 1 0 1 9  0 0 0 0 0 1 8  0 0 0 - 1  0 - 1  0 
2 002 25 0 0 0 0 0 0 1 " 1 1 8 1 1 0 1 0 7 1 0 0 0 - 1  - 1  0 
2 003 2 3  0 0 0 0 0 0 0 0 0 0 9 0 0 0 0 0 9 0 0 0 0 0 0 0 
2004 24 0 0 0 0 0 0 0 0 0 0 1 3  0 0 0 0 0 1 4  0 0 0 0 0 1 0 
20 05 30 0 0 0 0 0 0 0 0 1 0 1 4  0 0 0 1 0 1 4  0 0 0 0 0 0 0 
2 0 0 6  3 2  0 0 0 0 0 0 0 0 3 1 1 5  0 0 0 2 1 1 4  0 0 0 - 1  0 - 1  0 
2007 23 0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 1 1  0 0 0 0 0 0 0 
2 008 2 6  0 0 0 0 0 0 2 0 1 1 1 2  1 2 0 1 1 1 0  1 0 0 0 0 -2 0 



Table H - l g - l  

• • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * *  • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Sunm .. ry 

B .. "e Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 55 : 2 8 

I ncr Study : BD1 20HED : PSCE I S  : BASE CASE ALT 1 . 2  Date : 6-JAN - 8 9  2 1 : 4 9 : 53 

Di fference :::II' ( I ncr Study) - (B .. "e Study) 
Number of Game,, : 2 0 0  
Typic .. 1 W .. t er Ye .. rs (Mid 8 0  Percent ) 
. * * * * * *  • •  * * * * * . * * * . * * * * * * * * * * * * * *  • •  * * . * * * *  • • • • • • • •  * * * * * * *  • • •  * * * * * * . * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Frequency D i " t ribut i on ===> Vernit .. B .. r 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P r i e "t Rapids D i s ch .. rge Priest R .. pid" D i " ch .. rge 
GE 1 2 5  kcf8 LT 7 0  kcf" 

::r:: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
I 

-' (B .... e )  ( I ncr ) ( D i l f )  (B .. " e )  I I ncr) ( D i l f )  [)q I Ye .. r Num Oct Nov Oct Nov Oct Nov Dec J .. n Feb M .. r Ap1 Ap2 Dec J .. n Feb M .. r Ap1 Ap2 Dec J .. n Feb Mar Ap1 Ap2 

I\) 
1 9 8 9  1 53 4 6 4 6 0 0 5 0 5 1 2 3  0 5 0 5 1 2 3  0 0 0 0 0 0 0 

1 990 1 54 8 9 8 8 0 - 1  1 0 4 1 20 0 1 0 3 1 1 9  0 0 0 - 1  0 - 1  0 

1 9 9 1  1 5 4  1 0  4 1 0  3 0 -1 1 0 4 4 1 6  0 1 0 5 4 1 2  0 0 0 1 0 -4 0 

1 9 92 1 60 1 0  4 1 0  0 0 -4 2 0 2 3 2 3  0 2 0 0 3 2 0  0 0 0 - 2  0 -3 0 

1 9 93 1 55 8 0 5 0 - 3  0 7 0 0 3 1 9  0 7 0 1 1 1 9  0 0 0 1 - 2  0 0 

1 994 1 55 2 0 0 0 - 2  0 10 0 0 3 1 9  0 1 0  0 0 2 1 9  0 0 0 0 - 1  0 0 

1 995 154  0 0 0 0 0 0 1 0  0 1 3 1 9  0 9 0 1 3 1 9  0 - 1  0 0 0 0 0 

1 9 9 6  1 4 8  0 0 0 0 0 0 6 0 1 1 2 4  0 5 0 0 0 2 1  0 - 1  0 - 1  - 1  - 3  0 

1 9 97 1 5 5  1 0 0 1 - 1  1 8 0 0 2 2 0  0 8 0 0 1 2 0  0 0 0 0 - 1  0 0 

1 9 98 155 1 0 0 0 - 1  0 8 0 3 2 1 2  0 7 0 1 1 1 3  0 - 1  0 - 2  - 1  1 0 

1 9 9 9  1 4 9  2 0 1 0 - 1  0 1 4  0 1 1 1 8  0 1 3  0 0 1 2 0  0 - 1  0 - 1  0 2 0 

2 0 0 0  1 5 1  0 0 0 0 0 0 5 0 0 1 1 3  0 5 0 0 0 1 4  0 0 0 0 - 1  1 0 

2 0 0 1  1 5 2  1 1 1 1 0 0 5 0 1 1 2 2  0 5 0 1 0 2 2  0 0 0 0 - 1  0 0 

2 0 0 2  1 57 1 1 0 2 - 1  1 7 0 0 0 2 2  0 7 0 0 1 2 2  0 0 0 0 1 0 0 

2 0 03 1 63 6 3 :3 2 -3 -1 9 0 1 2 1 8  0 8 0 1 2 1 8  0 - 1  0 0 0 0 0 

2 0 04 1 4 6  2 3 3 1 1 -2 6 0 1 4 1 8  0 6 0 1 3 1 7  0 0 0 0 - 1  - 1  0 

2 0 0 5  1 5 1  1 5 1 0 0 -5 12 0 1 1 1 1  0 1 1  0 0 1 1 2  0 - 1  0 - 1  0 1 0 

2 0 0 6  1 4 5  0 3 0 1 0 -2 5 0 0 4 1 8  0 5 0 3 4 1 7  0 0 0 3 0 - 1  0 

2 0 0 7  1 55 0 1 0 0 0 - 1  8 0 0 2 2 3  0 8 0 0 2 2 5  0 0 0 0 0 2 0 

2 0 0 8  1 5 9  1 1 0 0 - 1  - 1  1 1  0 0 1 1 3  0 1 0  0 0 0 1 3  0 - 1  0 0 - 1  0 0 



Table H - l g- l 

• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUM SUlm, .. ry 

B .. "e Study : BAOO OMED : PSCE I S  : BASE CASE D .. t e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BD 120MED : PSCE I S  : BASE CASE ALT 1 . 2  D .. te : 6-JAN- 8 9  2 1 : 4 9 : 53 
D i fference = ( Incr Study) - (B .... e Study )  
Number o f  Game .. : 200 
High W .. ter Ye .. r .. (Top 10 Percent ) 
• • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

F requency D i s t ribut ion :e�_> Vernit .. B .. r 
- - - - - -- - -- - -- - - - - -- - -- - -- - -- - - - - -

P rie .. t R .. pid .. D i  .. ch .. rge Prie .. t R .. pid .. Di .. ch .. rge 
GE 125 kch LT 70 kcf .. 

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

::r: (B .... e )  ( Incr) ( D i f f )  ( B  .. ..  e )  ( Incr)  (Di t f )  r 
Ye .. r Num Oct Nov Oct Nov Oct Nov Dec J .. n Feb H .. r ApI Ap2 Dec J .. n Feb H .. r ApI Ap2 Dec J .. n Feb H .. r ApI Ap2 CJtr 

r 1 9 8 9  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 W 1 9 90 1 9  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 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 
1 9 92 22 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 93 24 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 94 15 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 95 15 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 6  23 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 97 1 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 
1 9 98 22 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 99 1 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 
2 0 0 0  2 2  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 1  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 
2002 1 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 
2003 1 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 
2 0 0 4  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 
2 0 0 5  1 9  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 6  2 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 
2007 22 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 8  1 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 



Table H- l g- l 

• • • • • • • • • • • • • • • • • * * * * * . * *  • • • • • • • • •  * * * . * * *  • • • • • • • • • • • • • • • • • •• • • • • • •  * *  • • • • • •• • • • • • • • •• • • • • • • • •• • • •  * * * * * . * * * *  • •  * *  • • • • •  * * * * * * * * * * * *  • • • •  BPAHYSUH Surnnary 
Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Date :  3-JAN- 8 9  0 6 : 5 5 : 2 8  I ncr Study : BD1 2 0HED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e : 6-JAN- 8 9  2 1 : 4 9 : 53 Difference � ( Incr Study) - (Ba"e Study) 
Number of Game ,, : 2 0 0  
Al l Water Year" 
• • • • • • • • • • • • • • • • •  ** • • • • • • • • • • • • • • • • * * . * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • •• • • • • • • • • • • •  * * . * *  • •  * * . * * *  • • • • • • •  * * * *  • • •  * * * * * *  • • •  

Frequency D i " t ribut i on -=-> Verni t a  Bar 
-- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

Prie"t Rapid" Di" charge Prie"t Rapid" D i " charge 
GE 1 25 kcf8 LT 70 kcf" 

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

(Ba" e )  ( Incr) ( Di U )  (Ba"e ) ( Incr) (Di U) :I: Year Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 I 
()q 1 98 9  2 0 0  4 6 4 6 0 0 5 0 5 1 3 8  0 5 0 5 1 3 8  0 0 0 0 0 0 0 I 1 9 90 2 0 0  8 9 8 8 0 - 1  2 0 5 1 3 0  0 2 0 4 1 2 9  0 0 0 - 1  0 - 1  0 .c- 1 9 91 2 0 0  1 0  4 1 0  3 0 - 1  1 0 5 4 3 3  0 1 0 6 4 2 8  0 0 0 1 0 -5 0 1 9 92 2 0 0  1 0  4 1 0  0 0 - 4  3 0 2 4 3 4  1 3 0 0 4 3 1  1 0 0 - 2  0 -3 0 1 9 93 2 0 0  8 0 5 0 -3 0 7 0 0 3 2 7  0 7 0 1 1 2 4  0 0 0 1 - 2  - 3  0 1 9 94 2 0 0  2 0 0 0 - 2  0 1 1  0 0 3 3 6  1 1 1  0 0 2 3 4  1 0 0 0 - 1  - 2  0 1 9 95 2 0 0  0 0 0 0 0 0 1 0  0 4 3 3 7  0 9 0 3 3 3 6  0 - 1  0 - 1  0 - 1  0 1 9 9 6  200 0 0 0 0 0 0 6 0 1 1 3 5  0 5 0 0 0 3 3  0 - 1  0 - 1  - 1  - 2  0 1 9 97 2 0 0  1 0 0 1 - 1  1 8 0 0 2 3 0  0 8 0 0 1 2 9  0 0 0 0 - 1  - 1  0 1 9 98 2 0 0  1 0 0 0 - 1  0 8 0 3 2 2 4  0 7 0 2 1 2 5  0 - 1  0 - 1  - 1  1 0 1 9 99 200 2 0 1 0 - 1  0 1 7  0 2 2 3 1  3 1 6  0 0 2 3 0  3 - 1  0 - 2  0 - 1  0 2000 200 0 0 0 0 0 0 5 0 1 1 2 5  0 5 0 1 0 2 6  0 0 0 0 - 1  1 0 2001  2 00 1 1 1 1 0 0 5 0 2 1 4 1  0 5 0 1 0 4 0  0 0 0 - 1  - 1  - 1  0 2 0 02 200 1 1 0 2 - 1  1 8 0 1 1 3 0  1 8 0 1 1 2 9  1 0 0 0 0 - 1  0 2 003 2 0 0  6 3 3 2 - 3  -1 9 0 1 2 2 7  0 8 0 1 2 2 7  0 - 1  0 0 0 0 0 2004  2 00 2 3 3 1 1 -2 6 0 1 4 3 1  0 6 0 1 3 3 1  0 0 0 0 - 1  0 0 2 0 05 200 1 5 1 0 0 -5 1 2  0 2 1 2 5  0 1 1  0 1 1 2 6  0 - 1  0 - 1  0 1 0 2006 2 0 0  0 3 0 1 0 - 2  5 0 3 5 3 3  0 5 0 5 5 3 1  0 0 0 2 0 - 2  0 2 0 0 7  2 0 0  0 1 0 0 0 -1 8 0 0 2 3 4  0 8 0 0 2 3 6  0 0 0 0 0 2 0 2 0 0 8  2 0 0  1 1 0 0 - 1  - 1  1 3  0 1 2 2 5  1 1 2  0 1 1 2 3  1 - 1  0 0 - 1  - 2  0 



Tab l e  H - l g- 2  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUM Su ........ ry 

B ... �e Study : BAOOOHED : PSCE I S  : BASE CASE D ... t e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BB4 1 5HED : PSCE I S  : ALT U S  D ... t e :  1 4 -FEB- 8 9  1 6 : 0 0 : 0 8  
D i  fference = ( Incr Study) - (B ... se Study ) 
Number of Game � : 2 0 0  
Low W ... t e r  Y e  ... r� (Bottom 10 Percent ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Frequency D i � t ribut i on ==�> Vernit ... B ... r 
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

P ri e � t  Rapids D i s ch ... rge P r i e s t  Rapids D i s charge 
GE 1 25 I<cfs LT 7 0  I<cfs 

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

:r: ( Ba� e )  ( I ncr) ( D i f f )  (Ba�e )  ( I ncr)  ( D i f f )  
Year Num Oct Nov Oct Nov Oct Nov Dec J ... n Feb M ... r Api Ap2 Dec Jan Feb M ... r Ap i Ap2 Dec Jan Feb Mar Api Ap2 )q 

I 1 9 8 9  25 0 0 0 0 0 0 0 0 0 0 1 5  0 0 1 4 3 1 5  0 0 1 4 3 0 0 �'1 1 9 90 2 7  0 0 0 0 0 0 1 0 1 0 1 0  0 1 0 1 3 1 0  0 0 0 0 3 0 0 
1 9 9 1  2 6  0 0 0 0 0 0 0 0 1 0 1 7  0 0 0 2 5 1 9  0 0 0 1 5 2 0 
1 9 92 1 8  0 0 0 0 0 0 1 0 0 1 1 1  1 1 0 0 0 1 1  1 0 0 0 - 1  0 0 
1 9 93 21  0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 1 0  0 0 0 0 0 2 0 
1 9 94 30 0 0 0 0 0 0 1 0 0 0 1 7  1 1 0 2 1 1 9  1 0 0 2 1 2 0 
1 9 95 3 1  0 0 0 0 0 0 0 0 3 0 1 8  0 0 0 4 1 1 9  0 0 0 1 1 1 0 
1 9 96 2 9  0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 1 1 1 4  0 0 0 1 1 3 0 
1 9 9 7  2 9  0 0 0 0 0 0 0 0 0 0 1 0  0 0 0 2 1 1 1  0 0 0 2 1 1 0 
1 9 98 23 0 0 0 0 0 0 0 0 0 0 1 2  0 0 0 1 0 1 3  0 0 0 1 0 1 0 
1 9 9 9  3 3  0 0 0 0 0 0 3 0 1 1 1 3  3 3 0 0 1 1 2  3 0 0 - 1  0 - 1  0 
2 0 00 27 0 0 0 0 0 0 0 0 1 0 1 2  0 0 0 0 0 8 0 0 0 - 1  0 - 4  0 
2 0 0 1  3 1  0 0 0 0 0 0 0 0 1 0 1 9  0 0 0 0 0 1 7  0 0 0 -1 0 - 2  0 
2 0 0 2  2 5  0 0 0 0 0 0 1 0 1 1 8 1 1 0 1 1 6 1 0 0 0 0 -2 0 
2 0 0 3  23 0 0 0 0 0 0 0 0 0 0 9 0 0 0 1 1 1 1  0 0 0 1 1 2 0 
2 0 04 24 0 0 0 0 0 0 0 0 0 0 1 3  0 0 0 0 0 1 1  0 0 0 0 0 - 2  0 
2 0 0 5  30 0 0 0 0 0 0 0 0 1 0 1 4  0 0 0 0 0 7 0 0 0 - 1  0 - 7  0 
2 0 0 6  32 0 0 0 0 0 0 0 0 3 1 1 5  0 0 0 1 1 1 4  0 0 0 - 2  0 - 1  0 
2 0 0 7  23 0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 7 0 0 0 0 0 -4 0 
2 0 0 8  2 6  0 0 0 0 0 0 2 0 1 1 1 2  1 2 0 0 1 4  2 0 0 - 1  0 2 1 



T8b18 H - l g - 2  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • •  * * * . * *  • •  * * . * *  • • •  * * * * * * . * * * * * * * * * * * * * * *  • • • • • •  * * *  • •  * * * *  • • • •  * * * * * * * * * *  • • • • • • • •  * * * . * *  • • •  * * * * * *  
BPAHYSUH Surrrnary 

Ba"e Study : BAO O OMED : PSCE I S  : BASE CASE Date : 3 - JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study :  BB4 1 5MED : PSCE I S  : ALT4 l 5  Date : 1 4 -FEB- 8 9  1 6 : 0 0 : 0 8 
Di fference = ( I ncr Study )  - (Base Study) 
Numbe r of Game s : 2 0 0  
Typi cal Wat er Ye ar" (Mid 80 Percen t )  
• • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • •  * * *  • •  * * * * *  • • • • •  * *  • • •  * * * * *  • • •  * * *  • • •  * * * *  • • • • • • • •  * * *  • •  * * *  • • • • • • • • • • • •  * *  • • • • • • • • •  * * *  • • • • • • •  * * * * *  

F requency D i " t ribution ===> Vernita Bar 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P rie"t Rapids D i " charge P r i e s t  Rapi d" D i s charge 
GE 1 25 kch LT 70 kcfs 

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

(Ba" e )  ( I ncr) ( D i f f )  (Ba" e )  ( I ncr) ( D i f f )  
Ye ar Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar ApI Ap2 De c Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 

:;q 1 9 8 9  1 53 4 6 4 6 0 0 5 0 5 1 2 3  0 7 0 1 0  1 2 2  0 2 0 5 0 - 1  0 I 
1 9 90 1 54 8 9 7 5 - 1  - 4  1 0 4 1 2 0  0 4 0 4 2 2 2  0 3 0 0 1 2 0 J; 
1 9 9 1  1 54 1 0  4 8 1 - 2  - 3  1 0 4 4 1 6  0 5 0 5 4 2 1  0 4 0 1 0 5 0 
1 9 92 1 60 1 0  4 1 0  0 0 - 4  2 0 2 3 2 3  0 3 0 4 4 2 4  0 1 0 2 1 1 0 
1 9 93 1 55 8 0 7 3 - 1  3 7 0 0 3 1 9  0 8 0 3 4 2 0  0 1 0 3 1 1 0 
1 9 94 1 5 5  2 0 7 3 5 3 1 0  0 0 3 1 9  0 1 0  0 1 3 1 8  0 0 0 1 0 - 1  0 
1 9 95 1 54 0 0 8 0 8 0 1 0  0 1 3 1 9  0 1 0  0 2 3 2 0  0 0 0 1 0 1 0 
1 9 96 1 4 8  0 0 7 0 7 0 6 0 1 1 2 4  0 6 0 0 1 2 4  0 0 0 - 1  0 0 0 
1 9 97 1 55 1 0 1 5  0 1 4  0 8 0 0 2 2 0  0 8 0 0 1 2 1  0 0 0 0 - 1  1 0 
1 9 98 1 55 1 0 8 0 7 0 8 0 3 2 1 2  0 7 0 0 2 1 3  0 - 1  0 - 3  0 1 0 
1 9 99 1 4 9  2 0 1 0 - 1  0 1 4  0 1 1 1 8  0 1 3  0 0 1 2 1  0 - 1  0 - 1  0 3 0 
2 0 0 0  1 5 1  0 0 0 1 0 1 5 0 0 1 1 3  0 5 0 0 3 1 3  0 0 0 0 2 0 0 
2 0 0 1  1 5 2  1 1 0 2 - 1  1 5 0 1 1 2 2  0 7 0 0 1 1 9  0 2 0 - 1  0 -3 0 
2 0 0 2  1 5 7 1 1 8 2 7 1 7 0 0 0 2 2  0 9 0 0 0 1 9  0 2 0 0 0 -3 0 
2 0 03 1 63 6 3 3 0 - 3  - 3  9 0 1 2 1 8  0 9 0 1 2 1 7  0 0 0 0 0 - 1  0 
2 0 0 4  1 4 6  2 3 1 1 - 1  - 2  6 0 1 4 1 8  0 7 0 1 2 1 7  0 1 0 0 - 2  - 1  0 
2 0 05 1 5 1  1 5 2 0 1 - 5  1 2  0 1 1 1 1  0 1 1  0 0 2 9 0 - 1  0 - 1  1 - 2  0 
2 0 0 6  1 4 5  0 3 0 0 0 -3 5 0 0 4 1 8  0 6 0 1 4 1 6  0 1 0 1 0 - 2  0 
2 0 0 7  1 5 5  0 1 1 0 1 - 1  8 0 0 2 2 3  0 8 0 1 4 2 1  0 0 0 1 2 - 2  0 
2 0 0 8  1 5 9  2 0 1 - 1  1 1  0 0 1 1 3  0 1 1  0 0 1 1 3  0 0 0 0 0 0 0 



Ta b l e  H - l g-2  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * * * * * *  • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • •  * * *  • •  * * * • •  * * * * . * * * • • • • • • • • • • • • •  BPAHYSUM Surrmary 
Base Study : BAOOOMED : P S CE I S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 5 5 : 2 8 
l ncr Study : BB4 1 5MED : P S CE I S  : ALT4 1 5  Date : 1 4 -FEB- 8 9  1 6 : 00 : 0 8 
D i fference = ( Incr Study) - (Ba se Study )  
Number o f  Game � :  200 
High Water Year" ( Top 10 P ercent ) 
* * * * * * * . * * . * * * * * * * * * * • • • •  * * * * * * . * * * * * * *  • • •  * * *  • • •  * * * * * * * * *  • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • •  * * * • • •  * *  • • •  * *  • • • • • • • • •  * • • •  * * 

F requency D i s t ri bu t i on ===> Vernita Bar 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P riest Rapid� D i s charge P r i e s t  Rapids D i s charge 
GE 1 25 k c h  LT 70 kcfs 

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

::r: (Ba�e)  ( Incr) ( D i f f )  (Base)  ( Incr)  (Di f f )  I Year Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar Ap1 Ap2 Dec Jan Feb Ma r Ap1 Ap2 Dec Jan Feb Mar Ap1 Ap2 
CJtl 

1 9 8 9  2 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 I 
---l 1 9 90 1 9  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 91 20 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 92 22 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 93 24 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 94 1 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 
1 9 95 1 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 
1 9 96 2 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 
1 9 9 7  1 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 
1 9 98 2 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 
1 9 9 9  1 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 
2000 22 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 1  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 
2 002 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2003 1 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 
2 0 04 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 
2 0 05 1 9  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 6  2 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 
2 0 07 2 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 
2 0 0 8  1 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 



Table H- lg-2  
• • • • • • • •  **  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Su ..... ary 
Balle Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 
Di fference - ( I ncr Study) - (Balle Study ) 
Number of Gamell : 200 
Al l Water Yearll 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

F requency D i ll t ribution ---> Vernita Bar 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Priellt Rapidll Dillcharge Priellt Rapidll Dillcharge 
GE 1 25 kcfll LT 10 kcf ll  

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

(Ball e )  ( Incr ) ( D i f f )  (Balle) ( Incr) (Dilf)  
::r:: Year Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 I 
::Jtl 1 9 8 9  2 0 0  4 6 4 6 0 0 5 0 5 1 3 8  0 1 1 1 4  4 3 1  0 2 1 9 3 -1 0 

I 1 9 90 2 0 0  8 9 1 5 - 1  - 4  2 0 5 1 3 0  0 5 0 5 5 3 2  0 3 0 0 4 2 0 
OJ 1 9 91 2 00 1 0  4 8 1 -2 -3 1 0 5 4 3 3  0 5 0 1 9 4 0  0 4 0 2 5 1 0 

1 9 92 200 1 0  4 1 0  0 0 -4 3 0 2 4 3 4  1 4 0 4 4 3 5  1 1 0 2 0 1 0 
1 9 93 2 00 8 0 1 3 - 1  3 1 0 0 3 2 1  0 8 0 3 4 3 0  0 1 0 3 1 3 0 
1 9 94 200 2 0 1 3 5 3 11 0 0 3 3 6  1 1 1  0 3 4 3 1  1 0 0 3 1 1 0 
1 9 95 2 0 0  0 0 8 0 8 0 1 0  0 4 3 3 1  0 1 0  0 6 4 3 9  0 0 0 2 1 2 0 
1 9 9 6  2 0 0  0 0 1 0 1 0 6 0 1 1 3 5  0 6 0 1 2 3 8  0 0 0 0 1 3 0 
1 9 91 2 0 0  1 0 1 5  0 1 4  0 8 0 0 2 3 0  0 8 0 2 2 3 2  0 0 0 2 0 2 0 
1 9 98 2 0 0  1 0 8 0 1 0 8 0 3 2 2 4  0 1 0 1 2 2 6  0 - 1  0 -2 0 2 0 
1 9 99 200 2 0 1 0 - 1  0 1 1  0 2 2 3 1  3 1 6  0 0 2 33 3 - 1  0 - 2  0 2 0 
2 0 0 0  2 0 0  0 0 0 1 0 1 5 0 1 1 2 5  0 5 0 0 3 2 1  0 0 0 - 1  2 -4 0 
2 0 0 1  200 1 1 0 2 - 1  1 5 0 2 1 4 1  0 1 0 0 1 3 6  0 2 0 - 2  0 -5 0 
2 0 02 200 1 1 8 2 1 1 8 0 1 1 3 0  1 1 0  0 1 1 2 5  1 2 0 0 0 - 5  0 
2 0 03 2 0 0  6 3 3 0 -3 -3 9 0 1 2 2 1  0 9 0 2 3 2 8  0 0 0 1 1 1 0 
2004 200 2 3 1 1 - 1  - 2  6 0 1 4 3 1  0 1 0 1 2 2 8  0 1 0 0 -2 -3 0 
2005 2 0 0  1 5 2 0 1 -5 1 2  0 2 1 2 5  0 1 1  0 0 2 1 6  0 - 1  0 - 2  1 - 9  0 
2 0 0 6  2 0 0  0 3 0 0 0 -3 5 0 3 5 3 3  0 6 0 2 5 3 0  0 1 0 - 1  0 -3 0 
2 001 200 0 1 1 0 1 -1 8 0 0 2 3 4  0 8 0 1 4 2 8  0 0 0 1 2 -6 0 
2 0 0 8  2 0 0  1 1 2 0 1 -1 1 3  0 1 2 2 5  1 1 3  0 0 2 2 1  2 0 0 - 1  0 2 1 



Table H - lg - 3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � . . . . . . . • . . . . . . . • 
BPAHYSUM Summary 

Ba"e Study : BAOO OMEO : PSCEIS : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BE4 1 0MEO : PSCEI S  : ALT4 1 0  Dat e :  I -FEB- 8 9  1 6 : 0 2 : 55 
Difference = ( Incr Study) - (Ba .. e Study) 
Number of Game,, : 200 
Low Water Year" (Bottom 10 P ercent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

F requency Oi"t ribution ---> Vernita Bar 
-- - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - -

P ri e  .. t Rapid" O i  .. charge Prie"t Rapid.. Oi"charge 
GE 1 25 kch LT 70 kcf" 

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

(Ba"e )  ( Incr) ( O i H )  (Ba" e )  ( Incr) (OiH) 
::r:: Year Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 I 
()tj 1 98 9  25 0 0 0 0 0 0 0 0 0 0 1 5  0 0 0 3 0 1 5  0 0 0 3 0 0 0 

I 1 9 90 27 0 0 0 0 0 0 1 0 1 0 1 0  0 1 0 1 1 1 0  0 0 0 0 1 0 0 \.0 1 9 91 2 6  0 0 0 0 0 0 0 0 1 0 1 7  0 0 0 4 6 1 9  0 0 0 3 6 2 0 
1 9 92 18 0 0 0 0 0 0 1 0 0 1 1 1  1 0 0 0 5 1 1  0 - 1  0 0 4 0 - 1  
1 9 93 21 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 1 0  0 0 0 0 0 2 0 
1 9 94 30 0 0 0 0 0 0 1 0 0 0 1 7  1 0 0 3 2 20 0 - 1  0 3 2 3 - 1  
1 9 95 3 1  0 0 0 0 0 0 0 0 3 0 1 8  0 0 0 5 1 1 9  0 0 0 2 1 1 0 
1 99 6  2 9  0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 1 1 1 4  0 0 0 1 1 3 0 
1 9 97 2 9  0 0 0 0 0 0 0 0 0 0 1 0  0 0 0 4 2 1 1  0 0 0 4 2 1 0 
1 9 98 23 0 0 0 0 0 0 0 0 0 0 1 2  0 0 0 2 2 1 7  0 0 0 2 2 5 0 
1 9 99 33 0 0 0 0 0 0 3 0 1 1 1 3  3 3 0 3 3 1 4  2 0 0 2 2 1 - 1  
2000 27 0 0 0 0 0 0 0 0 1 0 1 2  0 0 0 1 1 1 3  0 0 0 0 1 1 0 
2001 31 0 0 0 0 0 0 0 0 1 0 1 9  0 0 0 3 1 1 9  0 0 0 2 1 0 0 
20 02 25 0 0 0 0 0 0 1 0 1 1 8 1 1 0 1 3 7 1 0 0 0 2 - 1  0 
20 03 23 0 0 0 0 0 0 0 0 0 0 9 0 1 0 1 1 1 2  0 1 0 1 1 3 0 
2004 24 0 0 0 0 0 0 0 0 0 0 1 3  0 0 0 0 0 7 0 0 0 0 0 - 6  0 
2005 30 0 0 0 0 0 0 0 0 1 0 1 4  0 0 0 1 0 1 3  0 0 0 0 0 - 1  0 
2 0 0 6  3 2  0 0 0 0 0 0 0 0 3 1 1 5  0 0 0 2 0 1 5  0 0 0 - 1  - 1  0 0 
2007 23 0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 1 0  0 0 0 0 0 -1 0 
2008 26 0 0 0 0 0 0 2 0 1 1 1 2  1 2 0 1 2 1 1  2 0 0 0 1 -1 1 



Table H - l g- 3  

• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • BPAHYSUH Surrm .. ry 
Base Study :  BAOOOHED : P S CE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study :  BE4 1 0HED : PSCEIS : ALT4 1 0 D .. t e :  1 -FEB- 8 9  1 6 : 02 : 5 5 
Di fference -= ( Incr Study) - (B .... e Study) 
Number of Game .. : 200 
Typi c .. l W .. ter Ye .. r .. (Mid 8 0  Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Frequency Di .. t ribution --1;11'> Vernit .. B .. r 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P rie .. t R .. pid .. D i s ch .. rge Prie .. t Rapid .. Di s charge 
GE 1 25 kch LT 70 kcf .. 

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

:r:: (B .... e )  ( I ncr) ( D i f f )  (B .. ..  e )  ( I ncr) ( D i f f )  
Y e  .. r Num Oct Nov Oct Nov Oct Nov Dec J .. n Feb M .. r ApI Ap2 Dec J .. n Feb M .. r ApI Ap2 Dec Jan Feb Mar ApI Ap2 

()q 1 98 9  1 53 4 6 4 9 0 3 5 0 5 1 2 3  0 8 0 3 1 2 3  0 3 0 - 2  0 0 0 I 
1 9 90 1 5 4  8 9 9 8 1 -1 1 0 4 1 2 0  0 6 0 3 2 25 0 5 0 - 1  1 5 0 0 1 991 1 54 1 0  4 7 4 - 3  0 1 0 4 4 1 6  0 7 0 5 4 2 0  0 6 0 1 0 4 0 
1 9 92 1 60 1 0  4 1 1  0 1 -4 2 0 2 3 2 3  0 1 1 7 4 2 5  0 - 1  1 5 1 2 0 
1 9 93 1 55 8 0 9 3 1 3 7 0 0 3 1 9  0 7 0 4 5 2 0  0 0 0 4 2 1 0 
1 9 94 1 55 2 0 8 1 3  6 1 3  1 0  0 0 3 1 9  0 1 0  0 0 6 1 5  0 0 0 0 3 -4 0 
1 9 95 1 5 4  0 0 1 2  1 7  1 2  1 7  1 0  0 1 3 1 9  0 1 4  0 3 6 1 5  0 4 0 2 3 -4 0 
1 9 96 1 4 8  0 0 7 9 7 9 6 0 1 1 24 0 9 0 3 3 2 3  0 3 0 2 2 - 1  0 
1 9 97 1 55 1 0 1 7  2 3  1 6  23 8 0 0 2 20 0 8 0 3 3 2 3  0 0 0 3 1 3 0 
1 9 98 1 55 1 0 1 6  2 1  1 5  2 1  8 0 3 2 1 2  0 9 0 5 6 1 1  0 1 0 2 4 - 1  0 
1 9 99 1 4 9  2 0 9 1 3  7 1 3  1 4  0 1 1 1 8  0 1 6  0 2 1 2 1  0 2 0 1 0 3 0 
2000 1 5 1  0 0 1 4  1 7  1 4  1 7  5 0 0 1 1 3  0 5 0 0 3 1 4  0 0 0 0 2 1 0 
2 0 0 1  1 5 2  1 1 1 6  1 1  1 5  1 0  5 0 1 1 2 2  0 8 0 3 2 1 8  0 3 0 2 1 -4 0 
2002 1 57 1 1 1 1  2 1 0  1 7 0 0 0 2 2  0 1 1  0 0 3 2 5  0 4 0 0 3 3 0 
2003 1 63 6 3 7 2 1 -1 9 0 1 2 1 8  0 9 0 0 3 2 0  0 0 0 - 1  1 2 0 
2004 1 4 6  2 3 4 1 2 - 2  6 0 1 4 1 8  0 6 0 0 4 20 0 0 0 - 1  0 2 0 
2005 1 5 1  1 5 3 0 2 -5 1 2  0 1 1 1 1  0 1 2  0 0 1 1 5  0 0 0 - 1  0 4 0 
2 0 0 6  1 4 5 0 3 1 0 1 -3 5 0 0 4 1 8  0 5 0 0 1 1 9  0 0 0 0 - 3  1 0 
2007 155 0 1 2 0 2 -1 8 0 0 2 2 3  0 1 0  0 0 6 2 6  1 2 0 0 4 3 1 
2008 1 5 9  1 1 1 0 0 -1 11  0 0 1 1 3  0 1 1  0 0 2 1 5  0 0 0 0 1 2 0 



Table H - lg-3  

* . *  • • • • • • • • • • • • • • •• • • • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * � * * * * * * * * * * * * * * * * * * * *  
B&,ul Study : BAOO OHED : PSCEI S  : 

BPAHYSUH Summ&ry 
BASE CASE D&t e :  3-JAN - 8 9  0 6 : 55 : 2 8 

I ncr Study : BE4 1 0HED : PSCEIS : ALT4 1 0  D&t e :  I -FEB- 8 9  1 6 : 02 : 5 5 
D i f fe rence - ( Incr Study) - (B& .. e Study) 
Nwnber o f  GllIfte .. : 2 0 0  
High W&ter Ye&r .. (Top 1 0  Percent ) 
* . *  • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • *.*  • • • • • • • • • • •• • • • • •• • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • • • • •  

Frequency D i  .. t ribut i on ---> Vernit& B&r 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Prie .. t R&pid .. D i  .. ch&rge Prie .. t R&pid.. Di .. ch&rge 
GE 1 25 kcfe LT 70 kcf .. 

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

::r: (B& .. e )  ( Incr) ( D i U )  ( B &  .. e )  ( Incr) ( D i f f )  
I Ye&r Num Oct Nov Oct Nov Oct Nov Dec J&n Feb H&r ApI Ap2 Dec J&n Feb H&r ApI Ap2 Dec J&n Feb H&r ApI Ap2 

()q 1 9 8 9  2 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 I 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 991 20 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 92 22 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 93 24 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 94 1 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 1 9 95 1 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 1 9 9 6  2 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 
1 9 97 1 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 1 9 98 22 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 99 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2000 2 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 2 0 01 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 2002 1 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 2 003 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2004 30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2005 1 9  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 6  23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 007 22 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 8  1 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 



Table H - l g- 3  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • •  * • • • •  * . * * . * * * *  • •  * . * * . * * *  • •  * * * * * . *  • • • • • • • • • • • •  * . * • • • • • • • • • • • • • • •  * * * * *  

BPAHYSUH Surm".ry 
B3.8e Study : BAOOOMED : PSCE I S  : BASE CASE D3.te : 3-JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BE4 1 0MED : PSCE I S  : ALT4 1 0  D3.te : I -FEB- 8 9  1 6 : 02 : 55 
Di fference = ( I ncr Study) - (B3.8e Study) 
Number of G..me8 : 200 
All Water Ye3.r8 
* . * *  • • •  * * . * * . * • •  * • •  * * *  • • •  * . * • •  * . * * • •  * * * * . * . * *  • • •  * • •  * * . * * * * * . * * * * * *  • •  * * * * * * . * * * * . * * * . * • • •  * • • •  * • • • • •  * . * • • • • • • •  * . * • • • • • • • • •  * • • • • •  * * * * *  

Frequency Di8t ribut ion ---> Vernita B3.r 
---- - - - - - - - - -- - - - - - - - - - - - --- - - - - -

P r i e 8 t  R3.pid8 Di8Ch3.rge Prie8t R3.pid8 Di8 Ch3.rge 
GE 1 25 kcfll LT 70 kcfll 

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

(B3.se) ( I ncr ) ( D U f )  (Balle) ( l ncr) (DUf) ::r:: Ye3.r Num Oct Nov Oct Nov Oct Nov Dec J3.n Feb H3.r ApI Ap2 Dec J3.n Feb H3.r ApI Ap2 Dec J3.n Feb H3.r ApI Ap2 I 

CJq 1 9 8 9  2 0 0  4 6 4 9 0 3 5 0 5 1 3 8  0 8 0 6 1 3 8  0 3 0 1 0 0 0 I 1 9 90 200 8 9 9 8 1 -1 2 0 5 1 3 0  0 7 0 4 3 3 5  0 5 0 - 1  2 5 0 
N 1 9 91 2 0 0  1 0  4 7 4 - 3  0 1 0 5 4 3 3  0 7 0 9 1 0  3 9  0 6 0 4 6 6 0 

1 9 92 2 0 0  1 0  4 1 1  0 1 -4 3 0 2 4 3 4  1 1 1 7 9 3 6  0 -2 1 5 5 2 - 1  
1 9 93 2 00 8 0 9 3 1 3 7 0 0 3 2 7  0 7 0 4 5 3 0  0 0 0 4 2 3 0 
1 9 94 200 2 0 8 1 3  6 1 3  1 1  0 0 3 3 6  1 1 0  0 3 8 3 5  0 -1 0 3 5 -1 -1 
1 9 95 2 0 0  0 0 1 2  1 7  1 2  1 7  10 0 4 3 3 7  0 1 4  0 8 7 3 4  0 4 0 4 4 -3 0 
1 9 96 2 00 0 0 7 9 7 9 6 0 1 1 3 5  0 9 0 4 4 3 7  0 3 0 3 3 2 0 
1 9 97 2 0 0  1 0 1 7  2 3  1 6  2 3  8 0 0 2 3 0  0 8 0 7 5 3 4  0 0 0 7 3 4 0 
1 9 98 200 1 0 1 6  2 1  1 5  2 1  8 0 3 2 24 0 9 0 7 8 2 8  0 1 0 4 6 4 0 
1 9 99 2 0 0  2 0 9 1 3  7 1 3  1 7  0 2 2 3 1  3 1 9  0 5 4 3 5  2 2 0 3 2 4 - 1  
2 0 0 0  2 0 0  0 0 1 4  1 7  1 4  1 7  5 0 1 1 25 0 5 0 1 4 2 7  0 0 0 0 3 2 0 
2001  200 1 1 1 6  1 1  1 5  1 0  5 0 2 1 4 1  0 8 0 6 3 3 7  0 3 0 4 2 -4 0 
2002 200 1 1 1 1  2 1 0  1 8 0 1 1 3 0  1 1 2  0 1 6 3 2  1 4 0 0 5 2 0 
2003 200 6 3 7 2 1 -1 9 0 1 2 27 0 1 0  0 1 4 3 2  0 1 0 0 2 5 0 
2004 2 0 0  2 3 4 1 2 -2 6 0 1 4 3 1  0 6 0 0 4 2 7  0 0 0 - 1  0 - 4  0 
2 0 05 200 1 5 3 0 2 -5 12 0 2 1 25 0 1 2  0 1 1 2 8  0 0 0 - 1  0 3 0 
2 0 0 6  2 0 0  0 3 1 0 1 -3 5 0 3 5 3 3  0 5 0 2 1 3 4  0 0 0 - 1  - 4  1 0 
2007 2 0 0  0 1 2 0 2 -1 8 0 0 2 3 4 0 1 0  0 0 6 3 6  1 2 0 0 4 2 1 
2008 200 1 1 1 0 0 -1 1 3  0 1 2 2 5  1 1 3  0 1 4 2 6  2 0 0 0 2 1 1 



Table H - lg-4  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
Base Study : BAO O OMED : PSCE I S  : 

BPAHYSUH Summary 
BASE CASE Date :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BA4 3 0MED : PSCE I S  : ALT43 Date : 2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 
Di fference = ( Incr Study) - (Base Study) 
Number o f  Game s : 2 0 0  
Low Water Yeare (Bot t om 10 Percent ) 

� � * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

F requency D i s t ribut i on ==�> Vern ita Bar 
- - -- - - - - -- - - - - - - - - - - -- - -- - -- - -- - -

P I:i e � t  Rapid.. D i s charge Priest Rapi ds Dis charge 
GE 1 2 5  kch LT 7 0  kch 

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

(Base) ( Incr )  ( D i f t )  (Base ) ( I ncr)  (Di ft)  ::c Year Num Oct Nov Oct Nov Oct Nov Dec Jan Feb Mar Ap I Ap2 Dec Jan Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 I 
UQ 1 98 9  2 5  0 0 0 0 0 0 0 0 0 0 1 5  0 0 0 0 0 1 5  0 0 0 0 0 0 0 I 1 9 90 2 7  0 0 0 0 0 0 1 0 1 0 1 0  0 0 0 1 0 6 0 - 1  0 0 0 -4 0 
W 1 9 91 2 6  0 0 0 0 0 0 0 0 1 0 1 7  0 0 0 0 1 1 5  0 0 0 - 1  1 -2 0 1 9 92 1 8  0 0 0 0 0 0 1 0 0 1 1 1  1 1 0 0 0 1 0  1 0 0 0 - 1  - 1  0 1 9 93 2 1  0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 5 0 0 0 0 0 -3 0 1 9 94 30 0 0 0 0 0 0 1 0 0 0 1 7  1 0 0 0 0 1 6  0 - 1  0 0 0 - 1  - 1  1 9 95 3 1  0 0 0 0 0 0 0 0 3 0 1 8  0 0 0 2 0 1 7  0 0 0 - 1  0 -1 0 1 9 96 2 9  0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 1 2  0 0 0 0 0 1 0 1 9 97 2 9  0 0 0 0 0 0 0 0 0 0 1 0  0 0 0 1 0 7 0 0 0 1 0 -3 0 1 9 98 23 0 0 0 0 0 0 0 0 0 0 1 2  0 0 0 1 0 9 0 0 0 1 0 -3 0 1 9 99 33 0 0 0 0 0 0 3 0 1 1 1 3  3 1 0 0 2 1 6  1 - 2  0 - 1  1 3 - 2  2000 2 7  0 0 0 0 0 0 0 0 1 0 1 2  0 0 0 1 0 1 3  0 0 0 0 0 1 0 2 0 0 1  3 1  0 0 0 0 0 0 0 0 1 0 1 9  0 0 0 0 0 1 9  0 0 0 - 1  0 0 0 2 0 02 25 0 0 0 0 0 0 1 0 1 1 8 1 1 0 1 0 8 1 0 0 0 - 1  0 0 2 0 03 23 0 0 0 0 0 0 0 0 0 0 9 0 0 0 1 1 1 3  0 0 0 1 1 4 0 2004 24 0 0 0 0 0 0 0 0 0 0 1 3  0 0 0 0 0 1 4  0 0 0 0 0 1 0 2 0 05 30 0 0 0 0 0 0 0 0 1 0 1 4  0 0 0 0 0 1 4  0 0 0 - 1  0 0 0 2 0 0 6  3 2  0 0 0 0 0 0 0 0 3 1 1 5  0 0 0 0 0 1 7  0 0 0 - 3  - 1  2 0 2007 2 3  0 0 0 0 0 0 0 0 0 0 1 1  0 0 0 0 0 1 0  0 0 0 0 0 - 1  0 2 0 0 8  2 6  0 0 0 0 0 0 2 0 1 1 1 2  1 1 0 1 2 1 5  1 - 1  0 0 1 3 0 



Table H - l g - 4  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • •  * * * *  • •  * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Sunm .. ry 
B .. "e Study : BAOOOMED : P SCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BA4 3 0MED : PSCE I S  : ALT43 Date : 21 -JAN- 8 9  05 : 1 4 : 2 9 
Di fference =: ( Incr Study) - (Base Study ) 
Number of Game s :  200 
Typi cal W .. ter Year" (Mid 80 Pe rcent )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * *  • •  * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * *  • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Frequency D i s t ribut i on �=-> Vernita Bar 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P riest Rapid" Discharge Priest R .. pids Disch .. rge 
GE 1 25 kcfs LT 70 kcfll 

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

(Ba" e )  ( Incr) ( D i f f )  (B .. s e )  ( Incr) ( D i f f )  :-I: Year Num Oct Nov Oct Nov Oct Nov Dec J .. n Feb Mar ApI Ap2 Dec J .. n Feb Mar ApI Ap2 Dec Jan Feb Mar ApI Ap2 I 
()q 1 98 9  1 53 4 6 4 4 0 -2 5 0 5 1 2 3  0 5 0 5 1 1 0  0 0 0 0 o - 1 3  0 I 1 9 90 1 54 8 9 1 4  1 0  6 1 1 0 4 1 20 0 1 0 3 1 H 0 0 0 - 1  0 -6 0 1 9 91 154 1 0  4 8 6 - 2  2 1 0 4 4 1 6  0 1 0 3 2 1 6  0 0 0 - 1  - 2  0 0 -r:-- 1 9 92 1 60 1 0  4 1 0  3 0 - 1  2 0 2 3 2 3  0 0 0 2 4 22 0 -2 0 0 1 - 1  0 1 9 93 1 55 8 0 9 3 1 3 7 0 0 3 1 9  0 7 0 1 2 20 0 0 0 1 - 1  1 0 1 994 1 55 2 0 6 0 4 0 1 0  0 0 3 1 9  0 1 0  0 0 5 1 5  0 0 0 0 2 -4 0 1 9 95 1 5 4  0 0 1 0  0 1 0  0 1 0  0 1 3 1 9  0 1 0  0 1 3 1 5  0 0 0 0 0 -4 0 1 9 96 1 4 8  0 0 4 0 4 0 6 0 1 1 2 4  0 5 0 2 2 2 0  0 - 1  0 1 1 -4 0 1 9 97 1 5 5  1 0 1 7  1 1  1 6  1 1  8 0 0 2 20 0 8 0 0 2 1 9  0 0 0 0 0 - 1  0 1 9 98 1 5 5  1 0 1 5  5 1 4  5 8 0 3 2 1 2  0 7 0 1 2 1 4  0 - 1  0 -2 0 2 0 1 9 99 1 4 9  2 0 1 0 - 1  0 1 4  0 1 1 1 8  0 1 2  0 0 0 20 0 -2 0 - 1  - 1  2 0 2000 1 5 1  0 0 8 7 8 7 5 0 0 1 1 3  0 6 0 0 1 1 0  0 1 0 0 0 -3 0 2001 1 52 1 1 1 6  1 0  1 5  9 5 0 1 1 22 0 5 0 3 2 1 7  0 0 0 2 1 -5 0 2002 1 5 7  1 1 1 0  1 3  9 12 7 0 0 0 22 0 6 0 1 1 1 8  0 - 1  0 1 1 -4 0 2 0 03 1 63 6 3 2 3 - 4  0 9 0 1 2 1 8  0 8 0 1 3 1 6  0 - 1  0 0 1 -2 0 2004 1 4 6  2 3 4 5 2 2 6 0 1 4 1 8  0 6 0 0 4 1 2  0 0 0 - 1  0 -6 0 2005 1 51 1 5 2 2 1 -3 12 0 1 1 1 1  0 1 0  0 1 1 8 0 -2 0 0 0 -3 0 2006 1 4 5  0 3 1 1 1 -2 5 0 0 4 1 8  0 4 0 2 3 1 4  0 - 1  0 2 - 1  -4 0 2007 1 55 0 1 5 4 5 3 8 0 0 2 23 0 8 0 1 0 2 6  0 0 0 1 -2 3 0 2 0 0 8  1 5 9  1 1 0 3 - 1  2 1 1  0 0 1 1 3  0 1 1  0 1 0 1 0  0 0 0 1 - 1  - 3  0 



Table H- I g- 4  

* * * * * * * * * * * * * * * * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . **  • • • • •  � * * * * *  
BPAHYSUM Surrrn .. ry 

B .... e Study : BAOO OHED : PSCE I S  : BASE CASE D .. te : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BA4 3 0HED : PSCE I S  : ALT43 D .. t e :  2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 
Di fference >:Ie; ( Incr Study) - (B .... e Study) 
Number of G&.me s : 2 0 0  
High Water Y e  .. r s  (Top 1 0  Percent) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • •  ** • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * *  

Frequency Dist ribut i on --=> Vernit .. B .. r 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P riest R .. pids Di .. ch .. rge Prie .. t R .. pid .. D i  .. ch .. rge 
GE 1 25 kcfs LT 70 kcf .. 

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

::r: (Ba .. e )  ( Incr) ( D i t f )  (B .. ..  e )  ( Incr) ( D i U )  

I Year Num Oct Nov Oct Nov Oct Nov Dec J .. n Feb Mar ApI Ap2 Dec J .. n Feb Mar ApI Ap2 Dec J .. n Feb Mar ApI Ap2 

C1t) 1 9 8 9  22 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 90 1 9  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Vl 1 9 91 20 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 92 22 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 93 24 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 94 1 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 
1 9 95 1 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 
1 9 9 6  2 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 
1 9 97 1 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 
1 9 9 8  22 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 99 18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2001 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 
2002 1 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 
2003 14  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 04 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 
2005 1 9  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 6  2 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 
2 0 0 7  22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2008 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



Table H - l g - 4 

• • • •  * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH SUrmt .. ry 

B .... e study : BAOOOHED : PSCE I S  : BASE CASE D .. t e : 3-JAN- 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BA4 3 0HED : PSCE I S  : ALT43 D .. t e :  2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 

D i fference = ( Incr Study) - (B ...... Study) 
Number of Game s :  2 0 0  
A l l  W .. t .. r Y .... r "  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Fr .. quency D i  .. t ribut i on ---> V .. rnit .. B .. r 

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

Pri .. st R"pid .. Disch .. rg .. P r i  .... t R .. pid .. D i  .. ch .. rg .. 
GE 1 25 kcf .. LT 10 kcf .. 

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

(Bas .. ) ( Incr ) (Diff)  (B ...... ) ( Incr) (DUf) 
::r: Year Num Oct Nov Oct Nov Oct Nov D .. c J .. n F .. b M .. r ApI Ap2 D .. c J .. n F .. b M .. r ApI Ap2 D .. c J .. n F .. b M .. r ApI Ap2 
I 

()q 1 9 8 9  200 4 6 4 4 0 -2 5 0 5 1 3 8  0 5 0 5 1 2 5  0 0 0 0 o - 1 3  0 

I 1 9 90 200 8 9 1 4  1 0  6 1 2 0 5 1 3 0  0 1 0 4 1 2 0  0 - 1  0 - 1  o - 1 0  0 

1 99 1  2 0 0  1 0  4 8 6 -2 2 1 0 5 4 33 0 1 0 3 3 3 1  0 0 0 - 2  - 1  - 2  0 
0' 1 9 92 200 10 4 10 3 0 -1 3 0 2 4 34 1 1 0 2 4 32 1 -2 0 0 0 -2 0 

1 9 93 2 0 0  8 0 9 3 1 3 1 0 0 3 2 1  0 1 0 1 2 2 5  0 0 0 1 - 1  -2 0 

1 9 94 200 2 0 6 0 4 0 1 1  0 0 3 3 6  1 1 0  0 0 5 3 1  0 - 1  0 0 2 - 5  - 1  

1 9 95 2 0 0  0 0 1 0  0 1 0  0 1 0  0 4 3 3 1  0 1 0  0 3 3 32 0 0 0 - 1  0 -5 0 

1 99 6  200 0 0 4 0 4 0 6 0 1 1 35 0 5 0 2 2 32 0 - 1  0 1 1 -3 0 

1 9 91 2 0 0  1 0 1 1  1 1  1 6  1 1  8 0 0 2 3 0  0 8 0 1 2 2 6  0 0 0 1 0 -4 0 

1 9 98 2 0 0  1 0 1 5  5 1 4  5 8 0 3 2 24 0 1 0 2 2 23 0 - 1  0 - 1  0 - 1  0 

1 9 9 9  2 0 0  2 0 1 0 -1 0 1 1  0 2 2 3 1  3 1 3  0 0 2 3 6  1 -4 0 - 2  0 5 -2 

2000 2 0 0  0 0 8 1 8 1 5 0 1 1 25 0 6 0 1 1 23 0 1 0 0 0 -2 0 

2001  200 1 1 1 6  1 0  1 5  9 5 0 2 1 4 1  0 5 0 3 2 3 6  0 0 0 1 1 - 5  0 

2002 200 1 1 1 0  1 3  9 1 2  8 0 1 1 3 0  1 1 0 2 1 2 6  1 - 1  0 1 0 -4 0 

2003 200 6 3 2 3 -4 0 9 0 1 2 21 0 8 0 2 4 2 9  0 - 1  0 1 2 2 0 

2 0 04 2 0 0  2 3 4 5 2 2 6 0 1 4 3 1  0 6 0 0 4 2 6  0 0 0 - 1  0 -5 0 

2005 2 0 0  1 5 2 2 1 -3 1 2  0 2 1 2 5  0 1 0  0 1 1 22 0 - 2  0 - 1  0 -3 0 

2 0 0 6  2 0 0  0 3 1 1 1 -2 5 0 3 5 33 0 4 0 2 3 3 1  0 - 1  0 - 1  - 2  -2 0 

2 0 0 1  2 0 0  0 1 5 4 5 3 8 0 0 2 3 4  0 8 0 1 0 3 6  0 0 0 1 - 2  2 0 

2 0 0 8  2 0 0  1 1 0 3 - 1  2 1 3  0 1 2 25 1 1 2  0 2 2 2 5  1 - 1  0 1 0 0 0 





�----------------------------------------------------------------------------------------------------------------



H-1 h 

WATER BUDGET DATA 





::c 

::Y 

T a b l e  H - l h - l 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * . * * * * * * * �+� � * .� � � � �� � .� * * . * * * * * * * * * * * * * * * . * * * * *  • • * • • •  * • • • • • • • • • • • • • • • • • • • • • • • •  

Base Study : BAOOOMED : PSCE I S  : BASE CASE 
I ncr Study : BD 1 2 0MED : PSCE I S  : BASE CASE 
D i f ference = ( Iner Study) - (Base Study) 
Number of Game � :  200 
Low Wat e r  Years (Bottom 1 0  Percent ) 

ALT 1 . 2  

BPAHYSUH Surl'llU'ry 
Date :  
Dat e : 

3 -JAN- 8 9  0 6 : 5 5 : 2 8 
6-JAN- 8 9  2 1 : 4 9 : 5 3 

* * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • •  * * * . * *  • • • •  * * * * *  • • • •  * * * * * *  • •  * * *  • • • • •  * * *  • •  * * * *  • • •  * * * * * * * * * * * * * * * * * * * * * * * . * * * *  • • • • • • • • • • • • • • • • • • • • • • • 

F requency D i � t ribut ion 
- - - - - - - - - - - - ---- - - - - - -

Grand Coulee E1ev Priest Rapids Di�eharge 
LT 1 2 4 0  feet LT 1 1 5  kefs 

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

(Base) ( I ncr) (DiH) (Base ) ( I ncr)  (DiH) 
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 9 8 9  2 5  0 0 0 0 0 0 0 0 0 
1 9 90 2 7  0 0 0 0 0 0 0 0 0 
1 9 91 26 0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 0 0 0 0 0 0 
1 9 93 2 1  0 0 0 0 0 0 0 0 0 
1 9 94 3 0  0 0 0 0 0 0 0 0 0 
1 9 95 3 1  0 0 0 0 0 0 0 0 0 
1 9 9 6  2 9  0 0 0 0 0 0 0 0 0 
1 9 97 2 9  0 0 0 0 0 0 0 0 0 
1 9 98 23 0 0 0 0 0 0 0 0 0 
1 9 99 33 0 0 0 0 0 0 0 0 0 
2000 2 7  0 0 0 0 0 0 0 0 0 
2001  3 1  0 0 0 0 0 0 0 0 0 
2002 25 0 0 0 0 0 0 0 0 0 
2 0 03 23 0 0 0 0 0 0 0 0 0 
2004 24 0 0 0 0 0 0 0 0 0 
2 0 0 5  30 0 0 0 0 0 0 0 0 0 
2006 3 2  0 0 0 0 0 0 0 0 0 
2007 2 3  0 0 0 0 0 0 0 0 0 
2 0 08 2 6  0 0 0 0 1 0 1 0 0 
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * .  

Base Study : BAOOOMED : PSCE I S  : BASE CASE 
Incr Study : BD 1 2 0MED : PSCE I S  : BASE CASE 
Di ffe rence = ( Incr Study) (Base Study) 
Number of Game 8 : 2 0 0  

ALT 1 . 2  

BPAHYSUH Summary 
Dat e :  
Dat e : 

3 -JAN- 8 9  0 6 : 5 5 : 2 8 
6-JAN- 8 9  21 : 4 9 : 5 3 

Typi cal Water Year8 (Hid 80 Pe rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Frequency D i s t ribut ion 
- - - - - - - - - - - - - - - - - - -

Grand Cou lee E 1 ev Prieet Rapids D i s charge 
LT 1 24 0  feet LT 1 1 5  kcfe 

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

( Ba s e )  ( Incr) (Diff)  (Bas e )  ( I ncr )  ( Di f f )  
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 9 8 9  1 53 3 4  3 4  0 0 0 0 0 0 0 
1 9 90 1 54 3 4  34 0 0 0 0 0 0 0 
1 9 9 1  1 5 4  4 2  4 2  0 0 0 0 0 0 0 
1 9 92 1 60 3 5  35 0 0 0 0 0 0 0 
1 9 93 1 55 3 8  3 8  0 0 0 0 0 0 0 
1 9 94 1 55 3 7  3 7  0 0 0 0 0 0 0 
1 9 95 1 54 3 8  3 8  0 0 0 0 0 0 0 
1 9 96 1 4 8  3 2  32 0 0 0 0 0 0 0 
1 9 97 1 55 3 7  3 7  0 0 0 0 0 0 0 
1 9 98 1 5 5  4 3  4 3  0 0 0 0 0 0 0 
1 9 9 9  1 4 9  3 0  3 0  0 0 0 0 0 0 0 
2 0 00 1 5 1  4 1  4 1  0 0 0 0 0 0 0 
2 0 0 1  1 5 2  4 5  4 5  0 0 0 0 0 0 0 
2002 1 5 7  3 3  3 3  0 0 0 0 0 0 0 
2003 1 63 4 0  4 0  0 0 0 0 0 0 0 
2004 1 4 6  4 0  4 0  0 0 0 0 0 0 0 
2005 1 51 3 1  3 1  0 0 0 0 0 0 0 
2006 1 4 5  3 6  3 6  0 0 0 0 0 0 0 
2007 155 23 23 0 0 0 0 0 0 0 
2008 1 5 9  4 9  4 9  0 0 0 0 0 0 0 



:c 

:::! 
I 

W 

T a b l e  H - l h - l 

* * * * * * . * * * * * . * * * . * *  • •  * * . * *  • • • • • • • • •  * *  • • •  * *  • •  * *  • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * *  

Bsse Study : BAOOOMED : 
I ncr Study : BD120MED : 
D i fference = ( Incr Study) 
Number of Games : 200 

PSCE I S  : BASE CASE 
PSCE I S  : BASE CASE 
- (Base Study) 

ALT 1 . 2  

BPAlIYSUH SUlIWIIsry 
Dst e :  
Dst e :  

3-JAN- 8 9  0 6 : 55 : 2 8 
6-JAN - 8 9  2 1 : 4 9 : 53 

High Water Yesrs (Top 1 0  Percent ) 
* *  • • •  * * * * * * * * * * . * * * * * * * * * * * * * * * *  • • • • •  * *  • •  * *  • • • •  * *  • • •  * *  • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • • • • •  

Frequency Dist ribut i on 
- - - - - - - - - - - - - - - - --- - - -

Grsnd Cou l ee Elev P riest RspidB Discharge 
LT 1 2 40 feet LT 1 1 5  kcfs 

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

(Bsse)  ( Incr) ( D i f f )  (Base ) ( I ncr ) ( D i f f )  
Year Num HSY Hay Hsy Ap2 Hay Ap2 Hsy Ap2 Hsy 

1 98 9  22 0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 
1 9 91 20 0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 
1 9 93 2 4  0 0 0 0 0 0 0 0 0 
1 9 9 4  1 5  0 0 0 0 0 0 0 0 0 
1 9 95 1 5  0 0 0 0 0 0 0 0 0 
1 9 96 23 0 0 0 0 0 0 0 0 0 
1 9 97 1 6  0 0 0 0 0 0 0 0 0 
1 9 98 22 0 0 0 0 0 0 0 0 0 
1 9 99 1 8  0 0 0 0 0 0 0 0 0 
2 0 00 22 0 0 0 0 0 0 0 0 0 
2 0 0 1  1 7  0 0 0 0 0 0 0 0 0 
2 0 0 2  1 8  0 0 0 0 0 0 0 0 0 
2003 14 0 0 0 0 0 0 0 0 0 
2 0 0 4  3 0  0 0 0 0 0 0 0 0 0 
2005 1 9  0 0 0 0 0 0 0 0 0 
2 0 0 6  23 0 0 0 0 0 0 0 0 0 
2 0 0 7  2 2  0 0 0 0 0 0 0 0 0 
2008  15  0 0 0 0 0 0 0 0 0 
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUM Summ&ry 

B&ee Study : BAOOOMED : PSCEI S  : BASE CASE 
I ncr Study : BD 1 2 0MED : PSCE I S  : BASE CASE 
Di fference z ( Incr Study) - (B&ee Study) 
Number of G&me e :  2 0 0  
Al l W&ter Ye&r" 

D&t e : 
ALT 1 . 2  D&t e :  

3 - JAN- 8 9  0 6 : 5 5 : 2 8 
6 -JAN- 8 9  2 1 : 4 9 : 5 3 

* * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  

Frequency D i " tribution 
- - - - - - - - - - - - - - - - - - - - - -

Gr&nd C ou l ee E1ev P r ieet R&pid" Di s ch&rge 
LT 1 2 4 0  feet LT 1 1 5  kcf .. 

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

(B&"e ) ( Incr) ( D i f f )  (B&" e )  ( Iner ) ( D i f f )  
Ye&r Num M&y M&y M&y Ap2 M&y Ap2 M&y Ap2 M&y 

1 98 9  200 34 34 0 0 0 0 0 0 0 
1 9 90 200 3 4  34 0 0 0 0 0 0 0 
1 9 91 200 42 42 0 0 0 0 0 0 0 
1 9 92 200 3 5  3 5  0 0 0 0 0 0 0 
1 9 93 200 38 3 8  0 0 0 0 0 0 0 
1 9 94 200 3 7  3 7  0 0 0 0 0 0 0 
1 9 95 200 38 38 0 0 0 0 0 0 0 
1 9 9 6  200 3 2  3 2  0 0 0 0 0 0 0 
1 9 97 200 37 37 0 0 0 0 0 0 0 
1 9 98 200 4 3  4 3  0 0 0 0 0 0 0 
1 9 99 200 30 30 0 0 0 0 0 0 0 
2000 200 4 1  4 1  0 0 0 0 0 0 0 
2 0 0 1  2 0 0  4 5  4 5  0 0 0 0 0 0 0 
2002 2 00 33 33 0 0 0 0 0 0 0 
2003 200 40 40 0 0 0 0 0 0 0 
2004 200 40 40 0 0 0 0 0 0 0 
2 0 05 200 3 1  3 1  0 0 0 0 0 0 0 
2006 200 36 36 0 0 0 0 0 0 0 
2007 2 00 2 3  2 3  0 0 0 0 0 0 0 
2008 200 4 9  4 9  0 0 1 0 1 0 0 
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BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  
Di ffe rence - ( Incr Study) - (Base Study )  
Number o f  Games : 200 
Low Water Years (Bottom 10 Percent ) 

Dat e :  
Dat e :  

3 -JAN- 8 9  0 6 : 5 5 : 2 8  
1 4 -FEB- 8 9  1 6 : 00 : 0 8 

• • • • • • • • •  * * * * . * *  • •  * * * * * *  • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * *  

Frequency D i s t ribut i on 
- - - - - - - - - - - - - - - - - - - - - -

Grand Coulee Elev P ri e s t  Rapids D i s �harge 
LT 1 2 4 0  feet LT 1 1 5  kcfs 

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

(Base) ( Incr) ( D i t f )  (Ba s e )  ( I ncr ) ( Di t f )  
Year Num Hay May May Ap2 May Ap2 May Ap2 May 

1 98 9  25 0 0 0 0 0 0 0 0 0 
1 9 90 27 0 0 0 0 0 0 0 0 0 
1 9 91 26 0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 0 0 0 0 0 0 
1 9 93 2 1  0 0 0 0 0 0 0 0 0 
1 9 94 30 0 0 0 0 0 0 0 0 0 
1 9 95 3 1  0 0 0 0 0 0 0 0 0 
1 9 96 2 9  0 0 0 0 0 0 0 0 0 
1 9 97 29 0 0 0 0 0 0 0 0 0 
1 9 98 23 0 0 0 0 0 0 0 0 0 
1 9 99 3 3  0 0 0 0 0 0 0 0 0 
2000 27 0 0 0 0 0 0 0 0 0 
2001 3 1  0 0 0 0 0 0 0 0 0 
2002 25 0 0 0 0 0 0 0 0 0 
2003 23 0 0 0 0 0 0 0 0 0 
2004 24 0 0 0 0 0 0 0 0 0 
2005 30 0 0 0 0 0 0 0 0 0 
2006 32 0 0 0 0 0 0 0 0 0 
2007 23 0 0 0 0 0 0 0 0 0 
2008 2 6  0 0 0 0 1 0 0 0 
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BPAHYSUH Summary 
Base Study : BAOOOMED : PSCE I S  : BASE CASE 
Incr Study : BB4 1 5MED : PSCE I S  : ALT4 1 5  
D i f ference � ( Incr Study) - (Base Study) 
Number of Game s :  200 

Dat e :  
Date : 

3 -JAN- 8 9  0 6 : 55 : 2 8 
1 4 -FEB- 8 9  1 6 : 00 : 0 8 

Typi cal Water Years (Hid 80 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •  

Frequency D i s t ribution 
- - - - - - - - - - - - - - - - - - - - --

Grand Coulee Elev P riest Rapids Di s charge 
LT 1 2 40 feet LT 1 1 5  ltcfs 

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

(Base) ( Incr) ( D i f f) (Base ) ( Incr) (Di f f )  
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 9 8 9  1 5 3  3 4  3 4  0 0 0 0 0 0 0 
1 9 90 1 54 3 4  3 4  0 0 0 0 0 0 0 
1 9 91 1 5 4  4 2  4 2  0 0 0 0 0 0 0 
1 9 92 1 60 3 5  3 5  0 0 0 0 0 0 0 
1 9 93 1 5 5  3 8  3 8  0 0 0 0 0 0 0 
1 9 94 1 55 3 7  3 7  0 0 0 0 0 0 0 
1 9 95 1 54 3 8  3 8  0 0 0 0 0 0 0 
1 99 6  1 4 8  3 2  3 2  0 0 0 0 0 0 0 
1 9 97 1 5 5  3 7  3 7  0 0 0 0 0 0 0 
1 9 98 1 55 4 3  4 3  0 0 0 0 0 0 0 
1 9 99 1 4 9  3 0  3 0  0 0 0 0 0 0 0 
2000 1 5 1  4 1  4 1  0 0 0 0 0 0 0 
2001 1 52 4 5  4 5  0 0 0 0 0 0 0 
2002 1 57 3 3  3 3  0 0 0 0 0 0 0 
2 003 1 63 4 0  4 0  0 0 0 0 0 0 0 
2004 1 4 6  4 0  4 0  0 0 0 0 0 0 0 
2005 1 51 3 1  3 1  0 0 0 0 0 0 0 
2 0 0 6  1 4 5  3 6  3 6  0 0 0 0 0 0 0 
2007 155  23  23  0 0 0 0 0 0 0 
2 008 1 5 9  4 9  4 9  0 0 0 0 0 0 0 
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BPAHYSUH Summary 
Base Study : BAOOOMED : PSCE I S  : BASE CASE 
Incr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  
Difference - ( Incr Study) - (Base Study) 
Number of Game s :  200 

Date : 
Date : 

3-JAN- 8 9  0 6 : 55 : 2 8 
1 4 -FEB- 8 9  1 6 : 00 : 0 8 

High Water Years (Top 1 0  Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * . * * * * * * * * . * * * * *  • •  * * * * * * * * * * *  • • • • • • • •  

F requency Dist ribut ion 
- - - - - - - - - - - - - - - - - -- - - -

Grand Coulee Elev Priest Rapids D i s charge 
LT 1 2 4 0  feet LT 1 1 5  kcfs 

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

(Base) ( I ncr) ( D i f f )  (Base ) ( I ncr ) ( D i f f )  
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 9 8 9  2 2  0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 
1 9 9 1  2 0  0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 
1 9 93 24 0 0 0 0 0 0 0 0 0 
1 994 1 5  0 0 0 0 0 0 0 0 0 
1 9 95 1 5  0 0 0 0 0 0 0 0 0 
1 9 9 6  23 0 0 0 0 0 0 0 0 0 
1 9 9 7  1 6  0 0 0 0 0 0 0 0 0 
1 9 9 8  2 2  0 0 0 0 0 0 0 0 0 
1 9 99 1 8  0 0 0 0 0 0 0 0 0 
2000 22 0 0 0 0 0 0 0 0 0 
2001 1 7  0 0 0 0 0 0 0 0 0 
2002 1 8  0 0 0 0 0 0 0 0 0 
2003 1 4  0 0 0 0 0 0 0 0 0 
2004 30 0 0 0 0 0 0 0 0 0 
2005 1 9  0 0 0 0 0 0 0 0 0 
2 0 0 6  2 3  0 0 0 0 0 0 0 0 0 
2007 22 0 0 0 0 0 0 0 0 0 
2 0 0 8  1 5  0 0 0 0 0 0 0 0 0 
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Base Study : BAOOOHED : PSCE I S  : BASE CASE 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  
Difference = ( Incr Study) - (Base Study) 
Numbe r of Game s :  200 
All Water Years 

BPAHYSUM Summary 
Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
Date : 1 4 -FEB- 8 9  1 6 : 00 : 0 8 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • • • • •  

Frequency Dist ribut i on 
- - - - - - - - - - - - - - - - - - - - --

Grand Coulee E1ev Priest Rapids Discharge 
LT 1 2 40 feet LT 1 1 5  kcf .. 

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

(Base) ( Incr) (DiH) (Bas e )  ( I ncr ) (Diff)  
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 98 9  200 3 4  3 4  0 0 0 0 0 0 0 
1 9 90 200 34 34 0 0 0 0 0 0 0 
1 9 91 200 4 2  4 2  0 0 0 0 0 0 0 
1 9 92 200 35 35 0 0 0 0 0 0 0 
1 9 93 200 38 3 8  0 0 0 0 0 0 0 
1 9 94 200 37 37 0 0 0 0 0 0 0 
1 9 95 200 38 38 0 0 0 0 0 0 0 
1 9 96 200 3 2  3 2  0 0 0 0 0 0 0 
1 9 97 200 37 37 0 0 0 0 0 0 0 
1 9 98 200 4 3  4 3  0 0 0 0 0 0 0 
1 9 99 200 3 0  3 0  0 0 0 0 0 0 0 
2000 200 41 4 1  0 0 0 0 0 0 0 
2001  200 45 4 5  0 0 0 0 0 0 0 
2 002 200 33 33 0 0 0 0 0 0 0 
2003 200 40 4 0  0 0 0 0 0 0 0 
2004 200 4 0  4 0  0 0 0 0 0 0 0 
20 05 200 3 1  3 1  0 0 0 0 0 0 0 
2006 200 36 36 0 0 0 0 0 0 0 
2007 200 23 2 3  0 0 0 0 0 0 0 
2008 200 4 9  4 9  0 0 1 0 1 0 0 
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Base Study : BAOOOHED : 
Incr Study : BE4 1 0HED : 
Difference = ( Incr Study) 
Number of Games : 2 0 0  

PSCE I S  : BASE CASE 
PSCEI S : ALT4 1 0 
- (Base Study) 

Low Wat er Years (Bottom 10 Percent ) 

BPAHYSUM Surmtary 
Dat e :  
Dat e :  

3 -JAN- 8 9  0 6 : 5 5 : 2 8 
1 -FEB- 8 9  1 6 : 02 : 5 5 

* * * *  • •  * * * * * * * *  • • • •  * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * . * • • • •  * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * *  

Frequency Dist ribution 
- - - - - - - - - - - - - - - - - - - - --

Grand Coulee E 1 ev Priest Rapids D i s charge 
LT 1 2 4 0  feet LT 1 1 5  kcfB 

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

(Base) ( Incr) ( D i f t )  (BaBe ) ( I ncr)  ( Di f t )  
YeAr Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 9 8 9  25 0 0 0 0 0 0 0 0 0 
1 9 90 2 7  0 0 0 0 0 0 0 0 0 
1 9 91 2 6  0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 0 0 0 0 0 0 
1 9 93 2 1  0 0 0 0 0 0 0 0 0 
1 9 94 3 0  0 0 0 0 0 0 0 0 0 
1 9 95 31 0 0 0 0 0 0 0 0 0 
1 9 96 29 0 0 0 0 0 0 0 0 0 
1 9 97 2 9  0 0 0 0 0 0 0 0 0 
1 9 98 23 0 0 0 0 0 0 0 0 0 
1 9 99 33 0 0 0 0 0 0 0 0 0 
2 0 0 0  2 7  0 0 0 0 0 0 0 0 0 
2001  3 1  0 0 0 0 0 0 0 0 0 
2 0 02 25 0 0 0 0 0 0 0 0 0 
2 0 03 2 3  0 0 0 0 0 0 0 0 0 
2004 24 0 0 0 0 0 0 0 0 0 
2005 30 0 0 0 0 0 0 0 0 0 
2 0 0 6  3 2  0 0 0 0 0 0 0 0 0 
2007 23 0 0 0 0 0 0 0 0 0 
2008 2 6  0 0 0 0 1 0 1 0 0 
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* * * * * * * * * * * * * * * . * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * . * *  • • • • * * *  • • • •  * *  • • • • • • •  * * *  • • • • • • • •  * * * * * • • • • • •  * * * • • • • * * * • • • • • • • • •  

BPAHYSUH SUlmlary 
Baae study : BAOOOHED : 
Incr Study : BE4 1 0HED : 
D i f ference = ( I ncr Study) 
Number of Gamea : 200 

PSCE I S  : BASE CASE 
PSCE I S  : ALT4 1 0  
- (Base Study) 

Dat e : 
Dat e : 

3-JAN- 8 9  0 6 : 5 5 : 2 8 
1 -FEB- 8 9  1 6 : 02 : 5 5 

Typical Water Years (Mi d 80 Percent) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * * * * * * . * . *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * *  •• * * * * * * . * * * * * * •• * * * * * * *  • • •  * * * * * * . * * * * • •  

Frequency D i s t ribut i on 
- - - - - - - - ---- - - - - - - - ---

Grand Coulee E1ev Priest Rapids D i s charge 
LT 1 2 4 0  feet LT 1 1 5  kcf!! 

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

(Base) ( I ncr) (Diff)  (Base ) ( I ner ) (Di f f )  
Year Num May May May Ap2 May Ap2 May Ap2 May 

1 98 9  1 5 3  3 4  3 4  0 0 0 0 0 0 0 
1 9 90 1 5 4  3 4  3 4  0 0 0 0 0 0 0 
1 9 91 1 54 4 2  4 2  0 0 0 0 0 0 0 
1 9 92 1 60 3 5  35 0 0 0 0 0 0 0 
1 9 93 1 5 5  3 8  3 8  0 0 0 0 0 0 0 
1 9 94 1 55 3 7  3 7  0 0 0 0 0 0 0 
1 9 95 1 5 4  3 8  3 8  0 0 0 0 0 0 0 
1 9 96 1 4 8  3 2  32 0 0 0 0 0 0 0 
1 9 97 1 55 3 7  3 7  0 0 0 0 0 0 0 
1 9 98 1 55 4 3  4 3  0 0 0 0 0 0 0 
1 9 99 1 4 9  3 0  3 0  0 0 0 0 0 0 0 
2000 1 5 1  4 1  4 1  0 0 0 0 0 0 0 
2001 1 5 2  4 5  4 5  0 0 0 0 0 0 0 
2002 1 5 7  3 3  33 0 0 0 0 0 0 0 
2003 1 63 4 0  4 0  0 0 0 0 0 0 0 
2004 1 4 6  4 0  4 0  0 0 0 0 0 0 0 
2005 1 5 1  3 1  3 1  0 0 0 0 0 0 0 
2006 1 4 5  3 6  3 6  0 0 0 0 0 0 0 
2007 1 5 5  2 3  2 3  0 0 (l 0 0 0 0 
2008 1 5 9  4 9  4 9  0 0 0 0 0 0 0 



:r: 
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T a b l e  H - l h - 3  
• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • •• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Baae Study : BAOOOHED : PSCE I S  : BASE CASE 
I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  
Di fference - ( Incr Study) - (Base Study) 
Number of Games : 200 
High Water Years (Top 10 Percent ) 

BPAHYSUM Summary 
Date : 
Date : 

3-JAN- 8 9  0 6 : 55 : 2 8 
I -FEB- 8 9  1 6 : 02 : 55 

* *  • • • • • • • • • • • • •  * * *  • • • • • •• • • • • • • • • • • • • • • • •• • • • • • • • •• • • • • •• • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Frequency Dist ribution 
- - - - - - - - - - - - - - - - - - - - - -

Grand Coulee E1ev Priest Rapids D i s charge 
LT 1 2 4 0  feet LT 1 1 5  kcfs 

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

(Base) ( Incr) (Di H) (Base) ( Incr) (DiH) 
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 9 8 9  2 2  0 0 0 0 0 0 0 0 0 1 9 90 1 9  0 0 0 0 0 0 0 0 0 1 9 91 20 0 0 0 0 0 0 0 0 0 1 9 92 22 0 0 0 0 0 0 0 0 0 1 9 93 24 0 0 0 0 0 0 0 0 0 1 9 94 1 5  0 0 0 0 0 0 0 0 0 1 9 95 1 5  0 0 0 0 0 0 0 0 0 1 9 96 23 0 0 0 0 0 0 0 0 0 
1 9 97 1 6  0 0 0 0 0 0 0 0 0 1 9 98 22 0 0 0 0 0 0 0 0 0 1 9 99 1 8  0 0 0 0 0 0 0 0 0 2000 22 0 0 0 0 0 0 0 0 0 2 0 01 1 7  0 0 0 0 0 0 0 0 0 2002 18 0 0 0 0 0 0 0 0 0 2 0 03 1 4  0 0 0 0 0 0 0 0 0 2004 30 0 0 0 0 0 0 0 0 0 2 005 1 9  0 0 0 0 0 0 0 0 0 2006 23 0 0 0 0 0 0 0 0 0 2007 22 0 0 0 0 0 0 0 0 0 2008 15 0 0 0 0 0 0 0 0 0 
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T a b l e  H - l h - 3  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Base Study : BAOO OHED : PSCEIS : BASE CASE 
I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  
D i f ference - ( Incr Study) - (Baee Study) 
Number of Game s :  200 

BPAHYSUH Summary 
Date : 
Date : 

3 - JAN- 8 9  0 6 : 5 5 : 2 8 
1 -FEB- 8 9  1 6 : 0 2 : 5 5 

All Water Years 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Frequency D i e t ribut i on 
- - - - - - - - - - - - - - - - - - - - - -

Grand Coulee E 1 ev Prieet Rapide D i e chargA 
LT 1 2 4 0  feet LT 1 1 5  kcfe 

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

(Baee) ( Incr) ( D i ff ) (Baee ) ( Incr) ( D i f f )  
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 98 9  200 34 3 4  0 0 0 0 0 0 0 
1 990 200 34 34 0 0 0 0 0 0 0 
1 9 91 200 42 42 0 0 0 0 0 0 0 
1 992 200 3 5  3 5  0 0 0 0 0 0 0 
1 9 93 200 3 8  3 8  0 0 0 0 0 0 0 
1 9 94 200 37 37 0 0 0 0 0 0 0 
1 9 95 200 38 3 8  0 0 0 0 0 0 0 
1 9 96 200 32 32 0 0 0 0 0 0 0 
1 9 97 200 37 3 7  0 0 0 0 0 0 0 
1 9 98 200 43 43 0 0 0 0 0 0 0 
1 9 99 200 30 3 0  0 0 0 0 0 0 0 
2000 200 4 1  4 1  0 0 0 0 0 0 0 
2001 200 4 5  4 5  0 0 0 0 0 0 0 
2002 200 33 33 0 0 0 0 0 0 0 
2003 200 4 0  4 0  0 0 0 0 0 0 0 
2004 200 4 0  4 0  0 0 0 0 0 0 0 
2005 200 3 1  3 1  0 0 0 0 0 0 0 
2006 200 3 6  3 6  0 0 0 0 0 0 0 
2007 200 23 23 0 0 0 0 0 0 0 
2008 200 4 9  4 9  0 0 1 0 1 0 0 
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T a b l e  H - l h - /� 
* * * * * * * * * * * * * * * * * * * * * * • • * * * . * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Summary 
Base Study : BAOO OHED : PSCEIS : BASE CASE 
Incr Study : BA43 0HED : PSCEIS : ALT43 
Difference - ( Incr Study) - (Base Study )  
Number o f  Game s :  200 
Low Water Years (Bottom 10 P ercent ) 

Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8  
Date : 2 1 -JAN- 8 9  05 : 1 4 : 2 9 

. * * . * * * * * * * * * * . * * . * * * * • • • • • •  * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Frequency Dist ribution 
- - -- - ----- - - - - ----- - - -

Grand Coulee E1ev P riest Rapids D i s charge 
LT 1 2 4 0  feet LT l l 5  kcfs 

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

(Ba s e )  ( I ncr)  (DiU) (Base ) ( I ncr )  (Di U) 
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 98 9  25 0 0 0 0 0 0 0 0 0 
1 990 27 0 0 0 0 0 0 0 0 0 
1 9 91 26 0 0 0 0 0 0 0 0 0 
1 9 92 1 8  0 0 0 0 0 0 0 0 0 
1 9 93 21 0 0 0 0 0 0 0 0 0 
1 9 94 30 0 0 0 0 0 0 0 0 0 
1 9 95 31 0 0 0 0 0 0 0 0 0 
1 9 96 29 0 0 0 0 0 0 0 0 0 
1 9 97 29 0 0 0 0 0 0 0 0 0 
1 9 9 8  2 3  0 0 0 0 0 0 0 0 0 
1 999 33 0 0 0 0 0 0 0 0 0 
2000 27 0 0 0 0 0 0 0 0 0 
2001 31 0 0 0 0 0 0 0 0 0 
2002 25 0 0 0 0 0 0 0 0 0 
2003 23 0 0 0 0 0 0 0 0 0 
2004 24 0 0 0 0 0 0 0 0 0 
2005 30 0 0 0 0 0 0 0 0 0 
2006 32 0 0 0 0 0 0 0 0 0 
2007 23 0 0 0 0 0 0 0 0 0 
2008 2 6  0 0 0 0 1 0 0 0 - 1  
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T a b l e  H - l h - 4  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Summary 
Ba8e Study : BAOOOMED : 
I ncr Study : BA4 3 0MED : 
Di fference - ( Incr Study) 
Number of Game8 : 200 

PSCE I S  : BASE CASE 
PSCE I S  : ALT43 
- (Ba8e Study) 

Dat e :  
Date : 

3 -JAN- 8 9  0 6 : 55 : , d  
2 1 -JAN - 8 9  0 5 : 1 4 : 2 9 

Typical Water Year8 (Mid 80 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Frequency Di8t ribut i on 
- - - - - - - - - - - - -- - - - - - - - -

Grand Coulee E1ev P rie8t Rapid8 Di 8 charge 
LT 1 24 0  feet LT l l 5  kcf8 

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

(Ba8e) ( I ncr)  (DiH) (Ba8e ) ( I ncr)  (DiH) 
Yea.r Num May May May Ap2 May Ap2 May Ap2 May 

1 98 9  1 53 3 4  3 4  0 0 0 0 0 0 0 
1 9 90 1 5 4  3 4  3 4  0 0 0 0 0 0 0 
1 9 91 154 4 2  4 2  0 0 0 0 0 0 0 
1 9 92 1 60 3 5  3 5  0 0 0 0 0 0 0 
1 9 93 1 5 5  3 8  3 8  0 0 0 0 0 0 0 
1 9 94 1 5 5  3 1  3 1  0 0 0 0 0 0 0 
1 9 95 1 5 4  3 8  3 8  0 0 0 0 0 0 0 
1 996 1 4 8  3 2  3 2  0 0 0 0 0 0 0 
1 991 1 5 5  3 1  3 1  0 0 0 0 0 0 0 
1 998 1 5 5  4 3  4 3  0 0 0 0 0 0 0 
1 99 9  1 4 9  3 0  3 0  0 0 0 0 0 0 0 
2000 1 5 1  4 1  4 1  0 0 0 0 0 0 0 
2001  152  45  4 5  0 0 0 0 0 0 0 
2002 151 33 3 3  0 0 0 0 0 0 0 
2 0 03 1 63 4 0  4 0  0 0 0 0 0 0 0 
2004 1 4 6  4 0  4 0  0 0 0 0 0 0 0 
2005 1 5 1  3 1  3 1  0 0 0 0 0 0 0 
2006 145  36  3 6  0 0 0 0 0 0 0 
2001 1 5 5  2 3  2 3  0 0 0 0 0 0 0 
2008 1 5 9  4 9  4 9  0 0 0 0 0 0 0 
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T a b l e  H - l h - 4  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Base Study : BAOOOHED : PSCE I S  : BASE CASE 
I ncr Study : BA430HED : P SCE I S  : ALT4 3 
Di fference � ( Incr Study) - (Base Study) 
Number of Game s : 2 0 0  

Date : 3 -JAN,- 8 9  0 6 : 55 : 2 8 
Date : 2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 

High Nat'er Years (Top 1 0  Percent) 
•• • • • • • • •• • • • • • • • • • • • • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Frequency D i s t ribut ion 
- - - - - - - - - - - - - - - - - - - - - -

Grand Coulee Elev P riest Rapids Di s charge 
LT 1 2 4 0  feet LT 1 1 5  kcfs 

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

(Ba"e) ( Incr) ( D i f f )  (Base ) ( I ncr)  (Di f f )  
Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 98 9  2 2  0 0 0 0 0 0 0 0 0 
1 9 90 1 9  0 0 0 0 0 0 0 0 0 
1 9 91 20 0 0 0 0 0 0 0 0 0 
1 9 92 22 0 0 0 0 0 0 0 0 0 
1 9 93 24 0 0 0 0 0 0 0 0 0 
1 9 94 1 5  0 0 0 0 0 0 0 0 c 
1 9 95 1 5  0 0 0 0 0 0 0 0 0 
1 9 96 23 0 0 0 0 0 0 0 0 0 
1 99 7  1 6  0 0 0 0 0 0 0 0 0 
1 9 98 22 0 0 0 0 0 0 0 0 0 
1 9 99 1 8  0 0 0 0 0 0 0 0 0 
2000 22 0 0 0 0 0 0 0 0 0 
2001  17  0 0 0 0 0 0 0 0 0 
2002 1 8  0 0 0 0 0 0 0 0 0 
2003 14 0 0 0 0 0 0 0 0 0 
2004 3 0  0 0 0 0 0 0 0 0 0 
2 0 05 1 9  0 0 0 0 0 0 0 0 0 
2 0 0 6  2 3  0 0 0 0 0 0 0 0 0 
2007 22 0 0 0 0 0 0 0 0 0 
2 0 0 8  1 5  0 0 0 0 0 0 0 0 0 
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T a b l e  H - l h - 4  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • * *  • • • •  * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Summary 
Base Study : BAO O OMED : PSCE I S  : BASE CASE 
I ncr Study : BA4 3 0MED : PSCE I S  : ALT43 
Di fference = ( Incr Study) - (Base Study) 
Number of Games : 200 

Dat e :  
Date : 

3 - JAN- 8 9  0 6 : 5 5 : 2 8 
2 1 -JAN- 8 9  05 : 1 4 : 2 9 

All Water Year" 
* *  • • • • • • • •  * *. * * *  • • • • • •  * *  •• * * * *  • • • • • • • •  * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * .* * * * *  • • •  * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * *  

F requency D i s t ribut i on 
- - - - - - - - -- - - - - - - - - - - - -

Grand Coulee E1ev Priest Rapids Discharge 
LT 1 24 0  feet LT 1 1 5  kcfs 

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

(Base) ( Incr) ( D i f f )  (Base ) ( I ncr)  ( D i f f )  

Year Num Hay Hay Hay Ap2 Hay Ap2 Hay Ap2 Hay 

1 98 9  200 3 4  34 0 0 0 0 0 0 0 

1 9 90 200 3 4  3 4  0 0 0 0 0 0 0 

1 9 91 200 42 42 0 0 0 0 0 0 0 

1 9 92 200 35 3 5  0 0 0 0 0 0 0 

1 9 93 200 3 8  3 8  0 0 0 0 0 0 0 

1 9 94 200 3 7  3 7  0 0 0 0 0 0 0 

1 9 95 200 38 38 0 0 0 0 0 0 0 

1 9 96 200 32 32 0 0 0 0 0 0 0 

1 9 97 200 3 7  3 7  0 0 0 0 0 0 0 

1 9 98 200 43 43 0 0 0 0 0 0 0 

1 9 99 200 3 0  3 0  0 0 0 0 0 0 0 

2000 200 4 1  4 1  0 0 0 0 0 0 0 

2001 200 45 4 5  0 0 0 0 0 0 0 

2 0 02 200 33 33 0 0 0 0 0 0 0 

2 0 03 200 40 4 0  0 0 0 0 0 0 0 

2004 200 40 40 0 0 0 0 0 0 0 

2005 200 3 1  3 1  0 0 0 0 0 0 0 

2006 200 36  3 6  0 0 0 0 0 0 0 

2007 200 23 23 0 0 0 0 0 0 0 

2008 200 4 9  4 9  0 0 1 0 0 0 - 1  







H-1 i 

CHANGE I N  FLOWS FOR FLATH EAD & KOOTENA I R I VERS 

L i bby : 

Mean Change i n  End of Per i od F l ows 

Frequency o f  F l ows Less Than 4 KCFS (%)  

Co l umb i a  Fa l l s :  

Mean Change i n  End of Per i od F l ows 

Frequency o f  F l ows Less Than 3 . 5  KCFS (% ) 

Frequency o f  F l ows Less Than 4 . 5  KCFS (%) 
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S T U D Y  Y E A R  

FII'lOOO�IFD 1 ''> 9 1  

B D I 2 0 H [ D  1 9 9 1  

B E 4 1 0 H E D  1 9 9 1  

B fl 4 1 5 H E D  1 9 9 1  

Fl A 4 3 0 H E D  1 9 9 1  

BC 4 4 0HED 1 9 9 1  

B A O O O H E D  1 9 9 3  

B D 1 20HE D 1 9 9 3  

B E 4 1 0 H E D  1 9 9 3  

B fl 4 1 5 M E D  1 9 9 3  
B A 4 3 0 M E D 1 9 9 3  

B C 4 4 0 H E D  1 9 9 3  

[l A O O OMED 1 9 9 5  
B D 1 2 0 H E D  1 9 9 5  
B E 4 1 0 H E D  1 9 9 5  

B Fl 4 1 S H E D  1 9 95 

B A 4 3 0 H E D  1 9 9 5  

B l: 4 4 0 H E D  1 '1 9 5  

B A O O O H E D  1 9 9 7  

B D 1 7 0 H E D  1 9 9 7  

B E 4 1 0 H E D  1 9 9 7  

B B 4 1 5 H E D  1 9 9 7  

D A 4 3 0 H E D  1 9 9 7  

[lC 4 4 0 M E D  1 9 9 7  

D A O O O M E D  2 0 0 1 

flD 1 2 0HE D 2 0 0 1 

D F 4 1 0 H E D  2 0 0 1 

[l B 4 1 5 M E D  2 0 0 1 

D A 4 3 0 H [ D  2 0 0 1 

[l C 4 4 0 H E D  2 0 0 1 

fl A O O O M F D  2 0 0 5  

[l D I 2 0 H E D  2 0 0 S  

B E 4 1 0 H E D  2 0 0 5  

B B 4 1 5 H E D  2 0 0 S  

D A 4 3 0 H E D  2 0 0 5  

B C 4 4 0 H E D  2 0 0 5  

Table H - 1 i - l 
COHPA R I SONS F O R  PLANT : L I B fl Y  

M E A N  C HANGE I N  E N D  OF P E R I O D  FLOWS . K crs 
SEPT 

f.l . 4 

- 0 . 2  

1 . 5 
0 . 9  

--0 . 5  
0 . 0  

0 . 7  
-- 0 • .  3 

1 • FJ 
0 . 7  

--0 . 5  

0 . 0  

8 . 7  

- 0 . 3  
1 • 

-7 

0 . 3  

-O . b  
0 . 0  

11 . 6  

- 0 . 2  

1 . 3 

0 . 1  

- O .  5 
0 . 0  

9 . 0  

---0 . 4  

O .  -, 

- 0 .  �� 
--0 . 5  

0 . 0  

n . 5  

-- 0 .  �� 
- - 0 • 1 

- 0 . 2  

- 0 . 3  

0 . 0  

O C T  

9 . 1  

-- 0 . 4  

2 . 5  

1 . 9 

- O . B  
0 . 0  

IJ . H 
- 0 . 5  

2 . b  
1 . 4 

-- 0 . 6  

0 . 0 

8 . 2  
- 0 . 2  

3 . 3  

1 . 2 
-- 0 .  1 

0 . 0  

8 . 5  

- 0 . 4  

3 . 5  

0 . 5  

- 0 . 3  
0 . 0 

8 .  1 

--0 . 2  
;! . 1 
0 . 5  

0 . 0  

0 . 0  

fJ . 3 

' 0 . 3  

0 . 6  
0 . 3  

-- 0 . 6  

0 . 0  

NOV 

1 6 . 3  

- 0 . 4  

l . b 
0 . 8  

- 0 . 4  

0 . 0  

l b . O  

- 0 . 4  

1 . 9 
1 . 0 

'-,0 . 1  

0 . 0  

1 5 . 6  
-- G · 2 

3 . 1 

1 . 1  

0 . 9  

0 . 0  

1 5 . 8  

- 0 . 4  

3 . 4  
O . b  
0 . 0  

0 . 0  

1 5 . 7  
-- 0 . :5 

1 . 6 

0 . 0  

0 . 9  

0 . 0  

1 ':i . 1:I 
o . n  
0 . 2  

- 0 . 6  

- 0 . 3  

0 . 0  

D F C  

2 1 . 1  

0 . 9  

- 3 . 6  
'- 2 . 4 

1 . 2 
0 . 0  

2 1 . 4  

1 . 1  

- 5 . 0  

- 2 . 6  
0 . 9  

0 . 0  

2 1 . 7  

0 . 0  
-"5 . 7  
-- I . H 
--0 . 3  

0 . 0  

2 2 . 4  

0 . 9  
'-- 6 . 6  

'- 0 . 9  

-'0 . 4  

0 . 0  

2 2 . 2  

0 . 7  

- 3 . 4  

- 0 . 7  
- 0 . 5  

0 . 0  

:' :"> . 0  

1 . 2  
' 0 . 3  

0 . 4  

1 . 1  

0 . 0  

,)I'lN 

1 9 . 5  

0 . 0  

0 . 2  
0 . 0  

0 . 0  

0 . 0  

1 8 . 7 

- 0 . 2  

0 . 8  

0 . 2  
0 . 0  

0 . 0  

1 H . l  
0 . 0  

0 . 4  

- 0 . 1  

O .  :3 
0 . 0  

HI . l  

0 . 1  
1 . 1 

0 . 0  

0 . 5  
0 . 0  

1 8 . 5  

0 . 2  

0 . 2  

0 . 2  

0 . 3  

0 . 0  

I f) .  4 

0 . 1  

0 .. 2 

0 . 1  

0 . 1 

0 . 0  

F E B  

1 5 . 9  
'- 0 . 1  

- 0 . 3  
- 0 . 5  

- 0 . 3 
0 . 0  

1 5 . 7 

-- 0 . 1 

-'0 . 7  

" 0 . 4  

- 0 . 5  

0 . 0  

1 5 . 4  

- 0 . 1  

- 0 . 9  

- 0 . 4  
--0 . 6  

0 . 0  

1 5 . 0  

0 . 1 

- 1  . 1  

"'0 . 2  

0 . 0  

0 . 0  

1 5 . 6  
'- 0 .  :3 
'- 0 . 3  

0 . 3  

,-,0 . 3  

0 . 0  

1 �, • 0 

- 0 • 1 

-,, 0 . 1  

(0). 1 
- 0 .  :3 

0 . 0  

HAR 

5 . 2  

0 . 0  

- 0 . 1  

0 . 0  

0 . 0  

0 . 0  

'5. 1 

0 . 0 

0 . 0  

0 . 1 
0 . 2  

0 . 0  

5 .  �) 
0 . 1  

- 0 . 3  

0 . 0  

0 . 0  

0 . 0  

5 . 2  

0 . 0  

-0 . 1  

0 . 0  

0 . 1  

0 . 0  

4 .  fJ 
0 . 1  

0 . 1  

0 . 1  

0 . 2  

0 . 0  

�)' .. . 1 

0 . 1  

0 . 1 

0 . 1 

0 . 2  

0 . 0  

AF' R I 

3 . 7 

0 . (') 

0 . 2  

0 . 0  

0 . 0  

0 . 0  

:3 . 4  
-- 0 • 1 

0 . 0  

0 . 0  
0 . 1  

0 . 0  

3 . 7  
- 0 . 1  

0 . 1  

'- 0 . 1  
- 0 . 1  

0 . 0  

3 . 7  
- 0 . 1  

- 0 . 1  

- 0 . 1  

-0 . 1  
0 . 0  

3 . 5  

0 . 0  

o ." 

o . 1 

0 . 0  

0 . 0 

:I . ':; 
'-0 . 1  

0 . 1 

f) • 1 

0 . 0  

0 . 0  

A P R 2  M I'l Y  

4 . 6  9 . 0  

0 . 0  0 . 1  

- 0 . 2  - 0 . 6  

- 0 . 2  - 0 . 2  

0 . 2  0 . 3  

0 . 0  0 . 0  

4 . 3  1 0 . 7  

0 . 0  0 . 1 

0 . 0  - 0 . 4  

- 0 . 1  - 0 . 1  

0 . 3  0 . 2  

0 . 0  0 . 0  

4 . �) 9 . 0  
0 . 0 0 . 0  

0 . 0  - 0 . ', 
0 . 0  0 . 0  

0 . 1  0 . :' 

0 . 0  0 . 0  

4 . 6  9 . 6  

0 . 1  0 . 1 

0 . 0 - 0 . 6  

0 . 0  0 . 1  

0 . ;>'  0 . 1 
0 . 0  0 . 0  

4 . 6  1 0 . 3  

0 . 0  0 . 0  

0 . 0  - 0 . 3  

- 0 . 1  - 0 _ 2  
0 . 1  0 . 0  

0 . 0  0 . 0  

4 . 0  1 0 _ 3  

0 . 1 0 . 1  

0 . 0  - 0 . 3  

0 . 0  - 0 , 1  

0 . 3  0 _ 1  

0 . 0  0 . 0  

,JtJNE 
7 . 3  

0 . 1  

--0 . 6  

- 0 . 3  

0 . 2  

0 . 0  

7 . 2  

0 . 1 

- 0 . 3  

- 0 . 1  

0 . 2  

0 . 0  

6 . 9  

0 . 0  

,-, 0 . 2  

0 . 0  

0 . 3  

0 . 0  

6 . 9  

0 . 1 

- 0 . 2  

0 . 0  

0 . 0  

0 . 0  

<'. . 8  
0 . 1 

O .  ;! 
··· 0 . :� 

0 . 1 
0 . 0  

II " b 
0 . 0  

- 0 . 2  
- O .  2 

0 . 1 

0 . 0  

,JUL Y 

I :L :� 

0 . 0  
- 0 . 4  

- 0 . 1  

0 . 1 

0 . 0 

1 2 . 7  

0 . 0  

- 0 . 3  

-- 0 • 1 
0 . 0  

0 . 0  

1 1 . 7 

0 . 0 

- 0 . 2  
",0 . :� 

0 . 0  

0 . 0  

1 2 . 3  

0 . 0  
-' 0 . 3  

- 0 . 1  

0 . 0  

0 . 0  

1 2 . 6  

0 . 0  

O .  :� 
0 . 0  

0 . 0  

0 . 0  

1 ::"l � 1:5 
-- (l • 1 

-- 0 _ 4 

- O .. :? 
0 . 0  

0 _ 0  

AUG I 
1 0 . 0  

- 0 . 2  
- 0 . 8  
- 0 . 3  

- 0 . 2  

0 . 0  

1 0 • 1 

- 0 . 1  

- 1 . 0  

-- 0 . 3  
- 0 . 4  

0 . 0  

1 0 .  '5 

--0 . 2  
- 1 . 4  

-- 0 . 4  

- 0 . 6  

0 . 0  

1 0 . 5  

- 0 . 2  
- 1 . 1  
-- 0 . 4  

- 0 . 5  

0 . 0  

1 0 . 5  

--0 . 2  

- 0 . 7  
O _ b  
0 . 3  

0 . 0  

1 0 . 3  

- 0 • 1 
0 . 2  
0 . 5  

- 0 . 2  

0 . 0  

A U G 2  

7 . 3  
- 0 . 1 
- 0 . 4  

- 0 . 1  

0 . 1 

0 . 0  

7 . 2  
0 . 0  

'- 0 . 4  

' 0 . 1 
0 . 2  

0 . 0  

( .. 2 

0 . 0  
- 0 . 4  

- 0 . 1  
0 . 2  

0 . 0  

7 .. 2 
0 . 0  

- 0 . 4  

0 . 1  

-- 0 _ 2  
0 . (' 

7 . 2  

0 . 0  

0 . 2  
0 , ,1 

, 0 . 1 

0 . 0  

7 . () 
0 . 0  
0 . 3  
() . 3  
0 . 0  
0 _ 0  



Table H- l i -2 
THE FREQUEtlCY OF FlONS LESS THAN 4 KCFS « F. )  

(;OIl PARlSOIIS FOR PROJECf .  LIBBY S IMULATIONS . ZOO rEAR STUDY srT OCT NOV DEC JAil FEB MAR APR 1 APP.Z MAY JUliE JUL¥ AUG I AUGZ 991 BAOOOtlEB . 0  Z . 5 "  0 . 5  0 . 0  1 5 . 5  5 . 5  46 . 0  86 . 0  79 . 5  15 . 5  34 . 5  4 . 5  k 5 6 . 0  B0 1 2011E . 0  2 . 5  0 . 5  0 . 0  1 6 . 0  6 . 5  47 . 5  85 . � 80 . 0  4 . 5  35 . 0  4 . 0  . 0  6 . 0  BE4 1 0NED 8 . 0  3 . 5  Z . O  0 . 0  9 .
� 

1 . 5  50 . 5  8 3 .  8 '+ . 0  2 2 . 0  48 . 0  1 7 . 5  14 . 5  14 . g  BB4 1 S11ED 4 . 5  3 . 5  0 . 5  0 . 0  9 .  5 . 5  50 . 5  86 . 0  81 . 5  1 8 . 0  40 . 5  1 6 . 0  9 . 0  9 .  BA430NED 6 . 0  4 . 0  1 . 0 0 . 0  U: �  l ' O 45 . 0  84 . 0  79 . 0  14 . 0  35 . 0  1 4 . 0  7 . 5  7 . 5  BC440l1EU 3 . 0  Z . 5  0 . 5  0 . 0  . 5  46 . 0  86 . 0  79 . 5  5 . 5  34 . 5  1 . 5  7 . 5  6 . 0  
1 993 BAOOOtlEO 3 . 5  5 . 0  0 . 5  0 . 0  1 6 . 5  Z . O  45 . 0  91 . 0 86 . 5  1 l . 5  36 . �  1 7 . 5  � . O � . O B0 1 20l JEO 4 . 0  4 . 5  0 . 5  0 . 0  18 . 0  3 . 5  44 . 5  93 . 5  85 . 0  1 0 . 0  35 . 1 6 . 0  . 0  . 0  BE4 1 0l lED 6 . 5  5 . 5  A ' O 0 . 0  1 . 0  1 . 5 4 1 . 0  �9 . 0  84 . 0  1 6 . 5  44 . � 20 . 0  1 3 . 0  1 . 0  BB" 1 5I 1EU 4 . 5  l · 5 . 5  0 . 0  1 4 . 0  4 . 0  4 3 . 5  Z . O  86 . 5  1 2 . 5  36 . 18 . 0  6 . 0  6 . 5  BM 30l lW 5 . 0  . 5  0 . 5  0 . 0  1 8 . 0  6 . 5  4 2 . 5  90 . 0  8 1 . 0  8 . 5  p .  1 6 . 5  5 . 0  7 . 0  BC4401lED 3 . 5  . 0  0 . 5  0 . 0  1 6 . 5  2 . 0  45 . 0  91 . 0  86 . 5  1 l . 5 6 .  7 . 5  3 . 0  Z . O  

1 995 BAOOONED 5 . 5 8 . 0  r 1 . 0 l � : �  3 . 0  36 . 5  85 . 0  8, . 0  I" " S !� :
O 20 . 5  3 ' i 

4 . 5  B0 1 20l1EO 5 . 0  7 . � . 5  A ' O 4 . 0  I�J 86 . 5  8 . � 8 . 0  ZO . 5  3 .  5 . 5  
:r:: PE41 0l1ED 1 0 . 0  5 .  . 0  . 5  I � : � Z . � 8{1 . 0  8 . Z . O  6 . �  2 3 . a 1 3 .  1 4 . � BB4 1 511ED � . O 5 . 0  . 0  1 . 0  5 .  7 . 0  g7 : a  8: � 9 . 0  40 . 0  24 . 4 . 5  5 .  I BA"3011ED . 0  6 . 0  . 0 0 . 5  8 .  1 .  � 7 . 0  �6 . 5  Z 1 . 0 9 . 0  1 0  . 
1-'" BC4{fOlllD 5 . 5  8 . 0  . 5  1 . 0 6 . 0  3 . 0  6 .  8tO g� : o  8 . 5  8 . 0  20 . 5  3 . 5  4 . 5  
I 

T\) 1 997 �AOOONEO 7 . 5  6 . 0  0 . 5  0 . 0  U:! i ii 38 . 0  84 . 5  84 . g 14 . 0  4 1 . 0  20 . 5  � . 5  4 . 0  0 1  ZOllm 6 . 0  6 . 0  0
'1 0 . 0  I t I r' O 84 . ft� 4? 5 �2 : � 1 : g IIJ �E4 101lEO 1 0 . 0  6 . 0  O .  0 . 0  

IX
: 8 . 5  84 . 0  !iJ B4 5UEO 4 . 0  4 . 5  O . 0 . 0  7 . 5  n' O F ' r � BA430l1EO 9 . 0  7 . 5  O . 0 . 0  7 .  U · O Z J 0 . 0  BC44011E:.D 7 . 5  6 . 0  O .  0 . 0  6 .  1 . 0 . 5  4 . 0  4 . 0  20 . 5  . 5  . 0  

ZOO I BAOOONED 6 . 0  F 'O z . � o · a IU 3 . 5  fg : � H� : �  84 . 0  I � :I 42 . 0  IlJ � : �  l ' � BD 1 20NED 6 . 5  0 . 5  Z .  1 .  6 . 0  84
' 1 4 1 . 5  B�4 1 011EU � : �  6 ' 8 IJ 0 . 5  tl 48 . ttl 84 . 45 . 0  f ' 8 H . g 1 : 0  B 4 5nm 1 1 .  A ' O 49 . � 34 . 45 . 0  tg . 0  BA430 1EO 9 . 5  9 . 5  . 0  44 .  3 .  , . 0  40 . � 0 : 0  . 0  B(4401lEO 6 . 0  l Z . 0  0 . 5  50 . 84 . . 5  42 . 8 . 0  6 . 5  

ZOOS BA OOONED 5 . 5  8 . 0  Z . O  0 . 0  1 9 . �  l ' O 4� . 0  90 . 0  R7 . 0  I �j 48 .
� ItE  1

. 0  1 8 : �  BD I 20�l:D 5 . 0  6 . 0  yJ 0 . 0  fO . . 0  4 . 0  n . 5  6 . � 48 .  . 0  8E4 1 0  EO 4 .
� � : �  0 . 0  5 . 5  Z . 5  44 . 0  8l ' 0 37 .  �� : g  2 1 . � . 5  

1 ' 0 BB4 15NEO 6 .  0 . 0  7 . 0  1 . 0  4 Z . 0  8 . � 7 . � t5  1 9 .  � . o . 0  BA430llED 5 . 0  8 . 5  Z . 5  0 . 0  fo . 5  . 5  39 . 0  88 . 83 .  4 . 0  4 7 .
� 

6 . �  . 0  . 0  BC44011ED 5 . 5  8 . 0  Z . O  0 . 0  9 . 5  3 . 0  45 . 0  90 . 0  8 7 . 0  1 5 . 5  48 . 1 5 .  . 0  9 . 5  



Table H - l i -3  
TH E  FREQUENCY OF F lOHS LESS THAN 4 . 5  KCFS ( % )  COMPARISONS FOR P�OJECT I COLUMB IA FALLS YEAR STUDY SEPT OCT NOV DEC JAN F EB NAR APRI APR2 HAY JUNE JULY AUG I AUG2 

1 9 9 1  BAOOOI1EO 35 . 4  30 . S 4I · 2 5 2 . 3 20 . 0  2 3 . 1  20 . 0  20 . 0  1 . 5  0 . 0  0 . 0  p. s  2 7 . 7 64 . 6  B0 1 20MED 38 . 5  38 . 5 5 . 4  60 . 0  2 1 . 5  I S . 5  l S . 5  20 . 0  . 5  0 . 0  0 . 0  3 . 8  2 9 . 2  6 (, . 2 BBct 1 511ED 6 · f I S . 5 4 . 1  5 2 . 3 2 7 . 7  20 . 0  2 3 . � 2 7 · t 1 . 5 0 . 0  0 . 0  1 3 . 8  2 7 . 7 6 1 . 5  BE4 1 0MEO 3 .  1 5 . 4 36 . 9 33 . S  30 . 8 20 . 0  2 7 .  2 7 .  3 . 1  0 . 0  0 . 0  1 3 . 8  3 3 . 8 70 . 8  BA4 30MED 5 3 . 8  50 . 8  6 ) . 5  58 . 5  1 5 . 4 1 8 . � 1 8 . 5  I S . 5  0 . 0  0 . 0  0 . 0  1 3 . 8  2 9 . 2  6 7 . 7  BC440l1ED 35 . 4 30 . S  4 9 . 2  52 . 3 20 . 0  2 3 . 20 . 0  20 . 0  1 . 5 0 . 0  0 . 0  1 3 . 8  2 7 . 7  64 . 6  
1 993 BAOOOMED 24 . 6  �� : l  56 . 9 55 . 4 26 ' I 2 1 . 5  20 . 0  30 . 8  4 . 6  0 . 0  0 . 0  1 0 . 8  30 . S  6 9 . 2  B0 1 2011ED 2 9 . 2 64 . 6  6 9 .  I �4 .  20 . 0  20 . 0  2 6 . 2  3 . 1  0 . 0  0 . 0  1 0 . 8 2 9 . 2 6 9 . 2 8B4 1 511ED 1 0 . S  26 . 2  56 . 9  44 . 3 . S  20 . 0  2 1 . 5  29 . 2  3 . 1 0 . 0  0 . 0  1 0 . 8  32 . 3  72 . 3  BE4 1 011£0 7 . 7  24 . 6  4 7 . 7  4 1 . 5 35 . 4 1 6 . 9  32 . 3 3 3 . 8  4 . 6  0 . 0  0 . 0  1 2 . 3 38 . 5 8 1 . 5 BA4301lEO 3 3 . 8  38 . 5 64 . 6  60 . 0  2 3 . 1  2 1 . 5  1 8 . 5  26 . 2  1 . 5 0 . 0  0 . 0 1 0 . 8  30 . 8 n . . 3  BC440llEO 24 . 6  3 2 . 3  56 . 9  55 . 4  26 . 2  2 1 . 5  20 . 0  30 . 8  4 . 6  0 . 0  0 . 0  1 0 . 8  30 . 8  6 9 . 2 
1 9 95 SAOOONED 2 7 . 7  36 . 9  58 . 5  60 . 0  2 7

' 1 2 1 . 5  35 . 4 2 1 . 5  1 . 5 0 . 0  0 . 0  1 . 5 35 . 4  6 9 . 2  B0 1 2 0HEO 44 . 6  4 1 . 5  6 1 . 5  6 1 . 5 2 3 . 2 1 . 5  35 . 4  2 1 . 5  1 . 5 0 . 0  0 . 0  1 . 5 3 2 . 3 6 9 . 2 ::r:: B84 1 SllED 1 8 . 5  3 2 . 3  5 3 ' f  5; . 3  2 6 . 2  2 1 . 5  30 . 8  2 6 . 2  1 . 5 0 . 0  0 . 0  1 . 5  35 . 4  70 . 8  I BE4 1 01 lEO 1 2 . 3 2 7 . 7  4i ' 2 . 7  35 . 4 2 3 . 1 3 3 . 8  2 9 . 2  1 . 5  0 . 0  0 . 0  1 . 5  38 . 5  75 . 4  BA4 30tlEO 4 9 . 2 4 6 . 2  6 . 5  5 3 . 8  2 1 . 5  2 7 . 7 35 . 4 2 6 . 2  3 . 1 0 . 0  0 . 0  4 . 6  35 . 4  70 . 8  /-'. BC440tlEO 2 7 . 7 36 . 9  58 . 5  60 . 0  2 7 . 7 2 1 . 5  35 . 4 2 1 . 5  1 . 5 0 . 0  0 . 0  1 . 5  35 . 4 6 9 . 2  I 
w 1 997 BAOO0l1ED 20 . 0  44 . 6  5 2 . 3  56 . 9  2 1 . 5  20 . 0  24 . 6  33 . 8  6 . 2  0 . 0  0 . 0  3 . 1  24 . 6  6 9 . 2  B0 1 2011EO 24 . 6  44 . 6 6l · 5 6 3 . 1  20 . 0  1 8 . 5  2 1 . 5  35 . 4 6 . 2  0 . 0  0 . 0  3 . 1  24 . 6  67 . 7  BB4 1 511E O 2 7 .  r 36 . 9  5 . 4  4 9 . � 2 3 . 1  1 8 . 5  2 1 . 5  33 . 8  7 . 7  0 . 0  0 . 0  3 . 1  2 3 . 1  66 . 2  8E4 1 011EO 3 .  2 3 . 1 4 . 5  2 7 .  24 . 6  1 6 . 9  2 3 . 1 36 . 9  1 . 5 0 . 0  0 . 0  6 . 2  2 7 . 7 73 . 8  BAf. 301IEO 40 . 0  60 . 0  64 . 6  55 . 4 1 8 . 5  1 6 . 9 1 5 . 4 35 . 4  6 . 2  0 . 0  0 . 0  4 . 6  2 3 . 1  6 7 . 7 IK440MED 20 . 0  4 4 . 6  5 2 . 3 56 . 9  2 1 . 5  20 . 0  24 . 6  3 3 . 8  6 . 2  0 . 0  0 . 0  3 . 1 2" . 6  6 9 . 2  

200 1 BAOOONED 2 7 . 7  4 3 . 1  55 . 4  52 . 3 3 3 . 8  26 . 2  35 . 4 24 . 6  6 . 2  0 . 0  0 . 0  4 . 7  9 . 4 50 . 0  B0 1 201lED 30 . 8 44 . 6  55 . 4  58 . 5  33 . 8  2 3 . 1  30 . 8  2 1 . 5  4 . 6  0 . 0  0 . 0  4 . 7  9 . 4 45 . 3  B84 1 511EO 20 . 0  33 . 8  5� . 5  58 . 5  3& . 9 2 9 . 2  33 . 8  � 1 . 5 6 . 2  0 . 0  0 . 0  3 . 1 6 . 3 4 2 . 2  BE4 1 011£0 9 . 2  24 . 6  4 . 1  4 7 . 7  4 . 0  26 . 2  3 2 . 3  6 . 2  9 . 2  0 . 0  0 . 0  3 . 1  6 . 3  46 . 9 BA430llED 40 . 0  46 . 2  58 . 5  53 . 8  30 . 8 24 . 6  20 . 0  I S . 5  0 . 0  0 . 0  0 . 0  4 . 7  9 . 4 4 3 . 8  BC440NED Z 7 . 7 4 3 . 1 55 . 4  52 . 3 33 . 8  26 . 2  35 . 4 24 . 6  6 . 2  0 . 0  0 . 0  4 . 7  9 . 4  50 . 0  
2005 SAOO Ol1ED 4 3 . 8  3 7 . 5  6� . 1  5 7 . 8  25 . 0  25 . 0  3� . 4  2S ' l 1 . 6  0 . 0  0 . 0  1 0 . 9  34 . 4  76 . 6  BO l 2011£O 4 3 . 8  46 . 9  6 . 6  64 . 1  28 ' 1 25 . 0  � . 9  26 . 1 . 6  0 . 0  0 . 0  1 0 . 9  34 . 4  7 3 . 4 BB4 1 StlED 4 0 . 6 35 . 9 6 . 9  6 ct  . 1  2 8 .  2 9 . 7  2 . S 26 . 6  1 . 6 0 . 0  0 . 0  1 0 . 9  25 . 0  5 9 . 4  BE4 1 0l lEO 35 . 9  29 . 7  50 . 0  5 3 . 1  35 .  2 3 . 4  3 9 . 1 2 9 . 7  1 . 6  0 . 0  0 . 0  1 0 . 9 26 . 6  5 9 . 4 BA4 30l lf:.D 56 . 3  5 6 . 3 68 . S  6 7 . 2  2 9 . 7  2 3 . 4 2 1 . 9 2 3 . 4  1 . 6  0 . 0  0 . 0  9 . 4 3 2 . 8  70 . 3  BC44011ED 4 3 . 8  3 7 . 5  64 . 1  5 7 . 8  25 . 0 25 . 0 34 . 4 28 . 1  1 . 6 0 . 0  0 . 0  1 0 . 9  34 . 4  76 . 6  
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Y � A R  5 1 U D Y 

1 9 9 1  D A O O O h E D  

D D 1 20H E D  

D E 4 1 0 M E D 

� B 4 1 5 H E D  

D A 4 J O M E D  

D C 4 4 0 M E U  

1 99 3  D A O O O H F D  

D D I 2 0 H E D  

DE4 1 0H F D  
DU4 1 5 M E D  

� A 4 30HE D 

D C 4 4 0 M E U  

1 '1 9 5  B A O O O M E D  

D D I 20HE D 

DE � I O M E. D  

DIl4 1 5 1J1E D  

BA430hEJ) 
D C 'H O M E D  

1 99 1  D A O O O h E D  

� J) 1 20HE O 

DE 4 1 0 H E D  

B U 4 1 5 H E D  

BA 1 JOMED 
BC 4 4 0 H E D  

200 1 B A O O O M E D  

B J) 1 2 0 H E D  

BE 4 1 0ME D  

BD 4 1 � M r D  

B A 4 � O M E D  

B C 4 40MED 

2005 B A O O O H [ J) 

B D 1 20HfD 
BE 4 1 0 H E J) 

B84 1 �HED 
D A 4 � O H L D  

BC 4 4 0M E D  

Table H- 1 i -4  
T HE F R E OUENCY O F  F L OWS L E S S  THAN 3 . 5  K C F S  ( X )  

COMf' A n  I SONS F O R  !'R O JE C T : COL.UMO I A  FAL.L.S 
SEf'l 

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

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 .  fl 
0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

(lC 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 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

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  

tlOV 

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 . Q  
0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

DEL 

0 . 0  

0 . 0  

0 . 0  
0 . 0  
0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

.JAN 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

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 . G  

0 . G  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

F E ll 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

MAR 

0 . 0  

0 . 0  

0 . 0  

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 .  f) 
0 . 0  

0 . 0  

I . 5  
0 . 0  
3 . 1  

0 . 0  

0 . 0  

1 . 5 

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

O . G  

0 . 0  

0 . 0  

I . 6  

1 . 6 

0 . 0  

0 . 0  

APR 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 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

t .. !> 
0 . 0  

1 . 5 

1 . 5 

0 . 0  

1 . 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  

Af" R �' 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

O .  f) 
0 . 0  

0 . 0  

0 . 0  

(L 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 

M A 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  

JUNE 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

.JUL 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  

A U G 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 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

AUG ::! 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0 

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

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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Table H- l i -5 
COHJARa�otl� FOR PLANT, COLUHBIA �ALLS tiE C NG IN EtID OF PERIOD LO S , KCFS s��l OCT NOV DfC JAN F�B MAR 4

'1 4 ' 1 . 3 9 . 0  7 . 9  -o . � o .  -0 . ! : O 0 . 0  0 : 1 o . � 3 .  -0 .  o .  -o .! -0 .  -0 .  

1
. 0  -0 .  -8 : 1  -0 : '  

-0 .  -o . � -o . � - . 0  -0 .  O .  O .  O .  . 0 O • 0 . 0  o .  0 . 0  0 . 0  

6 . 5 4 ' 1 n 4 .
, 

8 : 1 8 . 4  � :l -O :l o .  -0 .  -O : � 8 : 0  o .  -0 .  -0 .  j : o  8 : 0 -0 .  -0 . 1  -0 . 4  
8 : 8  o .  g : a  0

' 5 0 . 0  0 . 0  0 . 0  o .  
6 . 4  � . z 8 : 8  4 . , § :� 8 : �  7
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6 . � 4 . 6  -3 :1 4 . , 
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', -1
:
8 7 .
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'
1 
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0 . 0  
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'
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RESERVO I R  ELEVAT I ONS AND D I FFERENCES 
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Grand Cou l ee 

L i bby 

Dworshak 
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T a b l e  H - l j - l  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • • •  * • • •  * • • • • •  * • • • • • • •  * • •  * • •  * • •  * • •  * • • • • • •  * • • • • • • • • • • • • • • • • • •  * • •  * *  • •  * • • •  * • • • • • • • • •  * • • •  * *  • • • •  * . BPAHYSOM Swmtary Base Study : BAOOOMED : PSCE I S  : BASE CASE 
Date :  3 - JAN- 8 9  0 6 : 55 : 2 8  

Number o f  Game,, : 200 
Average Over Low Water Year" (Bottom 10 Percent ) * * * * * * . * . * . * * * * . * . * * . * • •  * * * . * * * * . * * . * . * • •  * * * * *  • •  * • • • •  * . * . *  • • •  * • •  * * . *  • • • • •  * • • • •  * . * * . * * * . * * * . * *  • • • • •  * * * * * *  • •  * * * . * * *  • •  * * * . * * * . * . * *  • •  * *  
Hungry Hor"e Re" E l ev ( feet ) 
- - -- - -- - -- - - ---- - -- - -- - - - - ----

ANN 

YEAR I NOM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AGI AG2 AVG 

- - - - - -- - --
1 9 8 9  2 5  3 5 5 3 . 0  35 4 8 . 3  3 5 4 2 . 8  3 53 6 . 5  3 5 1 8 . 3  3504 . 0  3 4 96 . 9  3 4 99 . 7  3 5 02 . 6 3 52 8 . 0  3 5 3 7 . 0  3524 . 6  3 5 1 4 . 6  3 5 06 . 6  3 5 2 4 . 9  

1 99 0  2 7  3 5 4 6 . 2  35 4 2 . 1  353 7 . 3  3 5 3 1 . 6  3 5 1 6 . 6 3504 . 4  3 4 9 7 . 4  3 5 00 . 9  3504 . 0  3 52 7 . 6  3 5 33 . 2  3 5 1 9 . 8  3 5 0 8 . 1  3500 . 6  3521 . 7  

1 9 91 2 6  3 5 33 . 4  3 5 2 8 . 1  3 5 2 2 . 1  3 5 1 4 . 9  3 4 97 . 3  34 8 4 . 1  3 4 7 4 . 2  3 4 76 . 8  3 4 8 1 . 0  3 51 1 . 5  3 5 1 9 . 0  3 5 0 6 . 3 3 4 98 . 1  3 4 91 . 6 3505 . 3  

1 9 92 1 8  3 5 3 9 . 6 3534 . 4  3 5 2 8 . 0  3520 . 5  3502 . 2  34 8 2 . 4  3 4 6 8 . 1  3 4 70 . 3  3 4 7 4 . 4  3505 . 1  3 5 1 2 . 0  3 4 9 4 . 4  3 4 8 2 . 6  3 4 71 . 9  3502 . 7  

1 9 93 2 1  3 5 35 . 7  3 5 3 1 . 6  35 2 6 . 4 3520 . 2  3504 . 2  3 4 8 8 . 2  3 4 7 6 . 3  3 4 79 . 1  3 4 8 1 . 8 3 50 9 . 6 3 5 1 4  . 1 3 4 94 . 2  3 4 8 1 . 8  3 4 70 . 4  3504 . 4  

1 9 94 30 3 5 2 9 . 8  3 5 23 . 9 35 1 7 . 5  3 50 9 . 6  3 4 88 . 9  3 4 6 9 . 0 3 4 5 0 . 4  3 4 51 . 3  3 4 5 7 . 2  3 4 92 . 7  3 5 05 . 9  3 4 94 . 1  3 4 8 4 . 5  3 4 74 . 8  3 4 92 . 8  

1 9 95 3 1  3 5 4 0 . 5  3535 . 0  3 5 2 8 . 8  3 5 2 1 . 7  3501 . 3  3 4 8 2 . 0  3 4 64 . 7  3 4 66 . 7  3 4 73 . 1  3 504 . 3  3 5 0 9 . 6  3 4 93 . 0  3 4 8 2 . 9  3 4 73 . 5  3 5 0 2 . 3 

1 9 96 2 9  3 5 3 6 . 9 3 5 3 1 . 5  3525 . 9  351 8 . 5  34 99 . 3  3 4 7 8 . 9 3 4 63 . 8  3 4 67 . 2  3 4 7 1 . 5  3 50 3 . 3  3 5 1 1 . 4  3 4 95 . 5  3 4 8 4 . 4  3 4 74 . 7  3500 . 9  

1 9 97 2 9  3 5 3 9 . 8  3 5 3 4 . 6  3 5 2 8 . 8  3 5 2 1 . 7  3502 . 5  3 4 8 7 . 9 3 4 7 6 . 9  3 4 80 . 9 34 8 5 . 5  3 5 1 3 . 4  3 5 2 2 . 3  3505 . 6  3 4 9 4 . 8  3 4 83 . 2  3 5 0 8 . 5  

1 9 98 23 3 5 1 5 . 0  3 5 0 9 . 0 3 5 0 2 . 3  3 4 93 . 6  3 4 72 . 1  3 4 5 2 . 3  3 4 3 4 . 9  3 4 38 . 2  3 4 4 2 . 9  3 4 8 0 . 0  3 4 8 6 . 4  3 4 70 . 9 3 4 6 0 . 6  3 4 53 . 7  3 4 76 . 1  

1 9 99 33 3 5 2 9 . 3  3 5 2 3 . 1  35 1 6 . 6 3 5 0 8 . 3  3 4 90 . 6  3 4 7 7 . 1  3 4 6 9 . 1  3 4 73 . 5  3 4 7 8 . 6 3503 . 9  3 5 1 2 . 3  34 93 . 8  3 4 8 2 . 8  3 4 72 . 6  3 4 98 . 0  

2 0 0 0  2 7  3 5 32 . 5  3 5 2 7 . 9  3 5 2 2 . 4  3 51 5 . 6  3 4 99 . 2  3 4 8 3 . 9  3 4 7 4 . 4  3 4 7 8 . 3  3 4 8 4 . 4  3 5 1 1 . 6  3 5 1 0 . 5  3 4 8 8 . 1  3 4 7 3 . 4  3 4 60 . 6  3 5 0 0 . 9  

2 0 0 1  3 1  3 5 2 8 . 4  3 5 2 2 . 6  35 1 5 . 8  3 50 7 . 6 3 4 8 8 . 4  34 71 . 6  3 4 5 8 . 8  3 4 62 . 9 3 4 7 0 . 1 3501 . 3  3 5 05 . 1  3 4 8 9 . 0  3 4 7 7 . 3  3 4 68 . 3  34 9 3 . 9  

2 00 2  2 5  3 53 6 . 4  3 5 3 0 . 4  3523 . 9  3 51 6 . 0  34 96 . 7 34 79 . 3  3 4 6 6 . 4  3 4 69 . 4  3 4 7 4 . 3  3503 . 8  3 5 08 . 1  3 4 90 . 1  3 4 7 7 . 8  3 4 65 . 1  3 4 9 9 . 2 

::r:: 
2 0 03 2 3  3 5 2 7 . 6 3 5 2 1 . 3 35 1 4 . 2  3 5 0 6 . 0  3 4 84 . 9  3 4 67 . 0  3 4 5 1 . 8 3 4 54 . 4  34 61 . 7  3 4 93 . 4  3502 . 1  3 4 8 7 . 4  3 4 7 7 . 5  3 4 69 . 8  3 4 90 . 6 

2 0 04 24 3 5 3 7 . 8  3533 . 4  3528 . 3  3521 . 7  3 5 0 6 . 1  3 4 93 . 1  3 4 8 5 . 3  3 4 87 . 9  3 4 90 . 4  3 51 7 . 0  3 5 1 7 . 1  3 4 9 8 . 0  3 4 8 4 . 2  3 4 72 . 3  350 8 . 4  

2 0 05 30 3531 . 8  35 2 6 . 7 3 5 20 . 8  3 5 1 3 . 6  3 4 95 . 5  3 4 8 2 . 3  3 4 7 4 . 0  34 78 . 3  34 8 3 . 4  3 5 1 0 . 3  3 5 1 1 . 9  3 4 9 4 . 4  3 4 8 2 . 0  3 4 70 . 2  3 5 0 1 . 2  

�. 
2 0 0 6  3 2  3 5 35 . 0  3 5 3 0 . 5  3524 . 9  3 5 1 7 . 9  3 4 99 . 8  3 4 8 4 . 5  3 4 7 5 . 3  3 4 78 . 8  3 4 8 3 . 4  3 51 2 . 2  3 5 20 . 6  3505 . 6 3 4 93 . 7  3 4 8 1 . 6  3505 . 9  

2 0 0 7  2 3  3 5 3 9 . 8  3 5 3 4 . 9  352 9 . 5 3 5 2 2 . 7  3 5 05 . 3  3 4 92 . 3  3 4 83 . 9  3 4 8 7 . 0  34 90 . 7 3 51 8 . 0  3 5 1 6 . 7  3 4 93 . 3  3 4 7 8 . 8  3 4 65 . 6  3 5 0 7 . 7  

2 0 08 26 3 5 1 7 . 8  35 1 2 . 1 3 5 05 . 6  3 4 9 6 . 8  3 4 78 . 4  3 4 63 . 1  3 4 5 2 . 0 3 4 52 . 9 3 4 55 . 2 3 4 8 7 . 3  3 4 9 9 . 3  3 4 8 7 . 8  3 4 7 7 . 8  3 4 68 . 4  3 4 8 5 . 3  
AVERAGE 3 5 34 . 2  352 9 . 0 3523 . 0  3 5 1 5 . 6  3 4 97 . 2  3 4 8 1 . 3  3 4 6 9 . 7  3 4 72 . 7  3 4 7 7 . 4  3 50 6 . 7  3 5 1 2 . 9  3 4 96 . 5  3 4 85 . 1  3 4 75 . 0  3501 . 5  



T a b l e  H - l j - l 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUM Summary 
Base Study : BAO O OMED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study : B D 1 2 0MED : PSCE I S  : BASE CASE ALT 1 . 2  Date : 6-JAN- 8 9  2 1 : 4 9 : 53 
D i fference = ( Incr Study) - (Base Study )  
Number o f  Game s : 2 0 0  
Average OV e r  Low Water Yeare (Bot t om 10 Percent )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i fference Of 
Hungry Horse Ree E1ev ( feet)  
- - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  - 0 . 1  -0 . 1  0 . 0  
1 9 90 27 0 . 1  0 . 1  0 . 1  0 . 1  0 . 8  1 . 3  1 . 7  1 . 7 1 . 1  0 . 9  1 . 2  1 . 5  1 . 7  1 . 4  0 . 9  
1 9 91 2 6  2 . 9  3 . 1  3 . 8  4 . 4  6 . 4  6 . 9 7 . 2  7 . 3  5 . 6  4 . 4  3 . 7  4 . 1  4 . 0 3 . 7  4 . 7  
1 9 92 1 8  2 . 3  2 . 5  3 . 2  3 . 6  4 . 4  6 . 5  7 . 7  7 . 6  7 . 4  5 . 9  6 . 4  7 . 8  7 . 1  4 . 9  5 . 2  
1 9 93 2 1  2 . 7  2 .' 9  3 . 4  3 . 8  5 . 0  6 . 6 9 . 1  8 . 7  8 . 5  6 . 8  6 . 3  6 . 9  6 . 4  4 . 8  5 . 6  
1 9 94 3 0  2 . 0  2 . 2  2 . 2  2 . 4  4 . 8  6 . 0  9 . 4  1 0 . 6  1 0 . 2  7 . 6  7 . 0  8 . 1  8 . 1  6 . 2  5 . 7  
1 9 95 31 0 . 6  0 . 6  0 . 7  0 . 8  2 . 8  5 . 2  7 . 7  8 . 3  8 . 6  6 . 7  6 . 4  7 . 4  6 . 0  5 . 3  4 . 4  
1 9 96 2 9  1 . 2  1 . 3  1 . 4  1 . 6  3 . 2  4 . 5  7 . 9  7 . 5  7 . 9  6 . 3  5 . 1  5 . 0  4 . 4  3 . 4  4 . 1  
1 9 97 2 9  1 . 1  1 . 3  1 . 4  1 . 8  3 . 6  4 . 5  4 . 7  4 . 3  4 . 5  3 . 5  3 . 1  3 . 4  2 . 7  1 . 9  2 . 9 
1 99 8  23 4 . 5  4 . 6  4 . 8  5 . 1  7 . 8  1 0 . 1  1 0 . 7  1 1 . 2  1 0 . 1  8 . 2  7 . 2  6 . 4  6 . 3  4 . 9  7 . 0  ::I: 1 9 99 33 2 . 0  2 . 1  2 . 1 2 . 1  3 . 3  4 . 2  4 . 8  4 . 6  4 . 3  3 . 6  3 . 0  3 . 1 2 . 3  0 . 9  3 . 0  
2000 27 3 . 1  3 . 2  3 . 3  3 . 5  5 . 4  7 . 5  8 . 0  7 . 6  6 . 9  5 . 8  5 . 2  5 . 5  5 . 4  3 . 6  5 . 1  
2 0 0 1  3 1  3 . 5  3 . 6  3 . 9 4 . 4 6 . 0  6 . 0  6 . 1  6 . 0  5 � 4 . 4  4 . 5  5 . 2  5 . 1  2 . 6  4 . 6  \.J. 2002 25 1 . 8  1 . 8  1 . 9  2 . 4  5 . 2  5 . 8  9 . 5  9 . 4  9 . 0  6 . 6  5 . 6  5 . 3  4 . 3  3 . 5  4 . 9  I 2003 23 2 . 9  3 . 1  3 . 2  3 . 4  4 . 9  7 . 2  8 . 9  1 0 . 1  9 . 4  7 . 3  6 . 3  6 . 7  6 . 7  6 . 0  5 . 8  N 2 0 04 2 4  3 . 0  3 . 1  3 . 3  3 . 7  5 . 5  6 . 0  6 . 9  6 . 8  6 . 4 5 . 2  5 . 7  6 . 4  6 . 8  4 . 1  4 . 9  
2005 30 2 . 0  2 . 2  2 . 5  2 . 9  6 . 4  6 . 9 7 . 7  7 . 3  6 . 7  5 . 5  6 . 2  7 . 1  7 . 3  6 . 0  5 . 2  
2006 32 2 . 2  2 . 5  2 . 8  3 . 0  4 . 1  5 . 9  6 . 9  6 . 7  5 . 8  4 . 9  4 . 6  4 . 9  5 . 6  5 . 4  4 . 4  
2007 23 1 . 0  1 . 2  1 . 3  1 . 4  3 . 7  4 . 1  5 . 0  4 . 8  3 . 5  3 . 0  3 . 8  4 . 6  4 . 9  2 . 6  2 . 9 
2008  2 6  1 . 8  1 . 9  1 . 9  2 . 4  4 . 8  5 . 4  6 . 5  6 . 8  8 . 4  6 . 5  6 . 1  6 . 4  6 . 3  4 . 7  4 . 7  =-=====,. 
AVERAGE 2 . 0  2 . 1  2 . 3  2 . 6  4 . 4  5 . 5  6 . 7  6 . 8  6 . 4  5 . 1  4 . 8  5 . 2  5 . 0  3 . 8  4 . 2  



T a b l e  H - 1 j - 1  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0 Dat e :  1 -FEB- 8 9  1 6 : 0 2 : 5 5 

Di fference = ( Incr Study) - (Base Study ) 
Number o f  Games : 200 
Average Ove r Low Wat e r  Years (Bott om 10 Percent )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i  fference Of 
Hungry Horse Res E 1 ev ( feet ) 
- - - - - - - - -- - - - - - - - - - - - - - - - - - - --

ANN 

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AG1 AG2 AVG 

- - - - - - - - - -
1 9 8 9  25 -6 . 0  - 6 . 3  - 7 . 9  - 9 . 7  - 1 5 . 6  - 2 4 . 2  -37 . 7  -39 . 0  - 3 7 . 5  -30 . 5  - 2 6 . 1  - 1 8 . 1  - 1 2 . 9  -7 . 3  - 1 8 . 9  

1 9 90 2 1  -4 . 8  - 5 . 4  - 7 . 4  - 9 . 6  - 1 3 . 1  - 1 8 . 8  -23 . 6  - 23 . 4  - 2 1 . 5 - 1 7 . 7  - 13 . 5  - 6 . 4  - 2 . 4  2 . 5  - 1 1 . 6  

1 9 91 26 -7 . 1  - 1 . 9  - 9 . 3  - 1 1 . 3  - 21 . 2  - 3 4 . 3  - 4 1 . 7  - 4 1 . 9  - 4 1 . 1  -32 . 4  - 2 4 . 2  - 1 8 . 4  - 1 5 . 1  - 1 2 . 5  - 2 1 . 8  

1 9 92 1 8  - 4 . 5  - 5 . 2  - 5 . 2  - 6 . 6  - 1 2 . 3  - 1 5 . 6  - 2 1 . 1  - 23 . 4  - 2 4 . 3  - 1 8 . 5  - 1 1 . 8  -4 . 0  - 0 . 3  3 . 6  - 1 0 . 4  

1 9 93 2 1  -3 . 2  - 3 . 7  - 5 . 2  -7 . 2  - 1 1 . 6  - 1 6 . 1 - 1 5 . 9  - 1 5 . 6  - 1 4 . 4  - 1 1 . 7  -7 . 1  0 . 4  4 . 8  1 1 . 2  -7 . 0  

1 9 94 3 0  -4 . 0  -4 . 7  - 6 . 3 - 8 . 3  - 1 4 . 5  - 2 1 . 9  -23 . 4  - 2 5 . 7  - 2 8 . 6  - 2 1 . 7  - 1 6 . 5  - 1 2 . 3  - 8 . 3  -4 . 4  - 1 3 . 9  

1 9 95 3 1  -5 . 9  - 6 . 6 - 8 . 1  - 1 0 . 1  - 1 4 . 8  - 1 9 . 4  - 2 0 . 3  - 20 . 0  - 2 0 . 2  -1 6 . 3  - 1 0 . 5  - 6 . 1  - 3 . 8  0 . 6  - 1 1 . 5  

1 9 96 2 9  - 4 . 5  -4 . 8  - 6 . 3 -7 . 9  - 9 . 7  - 1 3 . 8  - 1 6 . 3  - 1 7 . 7  - 1 7 . 3  - 1 3 . 5  - 9 . 0  -2 . 8  - 0 . 9  2 . 7  - 8 . 6  

1 9 97 29 -7 . 6  - 8 . 3  - 1 0 . 1  - 1 2 . 2  - 1 1 . 7  - 1 6 . 2 - 1 7 . 2  - 1 7 . 9  - 1 6 . 3  - 1 3 . 9  - 9 . 7  2 . 7  6 . 1  1 1 . 9  - 9 . 0 

1 9 98 23 3 . 4  2 . 6  1 . 7  0 . 3  - 8 . 2  - 1 1 .  4 - 1 0 . 1  - 1 0 . 7  - 8 . 7  - 6 . 4  -2 . 9  -0 . 6  3 . 2  6 . 7  - 2 . 8  

::r: 1 9 99 33 - 1 . 3  - 1 .  5 -2 . 6  - 3 . 5  -3 . 5  - 2 . 8  - 0 . 3  -0 . 3  0 . 2  - 0 . 2  3 . 0  9 . 2  1 0 . 6  1 1 . 4  0 . 7  

2 0 0 0  2 7  1 . 5  0 . 9  -0 . 2  - 1 . 3  -4 . 8  - 5 . 7  - 6 . 0  -5 . 9  - 5 . 6 - 4 . 0  1 . 1  0 . 9 2 . 3  5 . 3  - 1 . 5 

2 0 0 1  3 1  -0 . 7  -1 . 4 - 1 . 9 - 2 . 9  -5 . 1  - 4 . 6  - 5 . 4  - 6 . 0  - 5 . 0  - 4 . 1  1 . 8  2 . 5  3 . 8  4 . 9  - 1 . 8  

(,.J. 2 0 0 2  25 0 . 6  0 . 6  0 . 6 1 . 0  1 . 9  2 . 4  4 . 4  4 . 6  4 . 6  3 . 3  7 . 1  8 . 0  7 . 4  7 . 1  3 . 5  
I 2 0 03 23 2 . 0  1 . 5  1 . 5  0 . 8  3 . 1  6 . 3  1 0 . 6  1 1 . 6  1 1 . 2  9 . 2  1 2 . 6  1 4 . 6  1 4 . 3  1 1 . 6  7 . 1  

W 2 0 0 4  24 4 . 0 3 . 7  3 . 3  3 . 2  2 . 0  - 0 . 4  - 3 . 5  -3 . 5  - 2 . 8  - 2 . 2  2 . 1  1 . 2  3 . 4  3 . 6  1 . 2  

2 0 0 5  3 0  0 . 1  -0 . 2  -0 . 7  - 1 . 3  - 1 . 6  - 3 . 1  -4 . 9  -4 . 7  - 5 . 2  - 4 . 2  0 . 0  0 . 9 1 . 8  4 . 0  - 1 . 4  

2 0 0 6  3 2  -1 . 8  - 1 .  8 - 2 . 0  - 2 . 1  - 3 . 9  - 5 . 7  - 6 . 9  - 6 . 9  - 6 . 8 - 5 . 8  -0 . 6  1 . 5  2 . 8  2 . 8  - 2 . 7  

2007 23 -0 . 5  -0 . 8  - 1 . 2 - 1 . 9 -4 . 5  - 7 . 5  - 1 0 . 0  - 9 . 7  - 9 . 9 - 7 . 6  -2 . 3  - 2 . 1  - 0 . 5  0 . 8  - 3 . 9  

2 0 0 8  2 6  1 . 4  1 . 5  1 . 0  1 . 1  0 . 1  - 1 . 3  - 2 . 3  - 1 . 9  - 1 . 6 - 2 . 1  0 . 7  1 . 4  3 . 0  4 . 0  0 . 3  

AVERAGE -2 . 0  - 2 . 5  - 3 . 4  -4 . 6  -7 . 4  - 1 0 . 7  - 1 2 . 4  - 1 2 . 8  - 1 2 . 4  - 1 0 . 0  -5 . 2  - 1 . 3 1 . 0  3 . 5  - 5 . 7  



T a b l e  H - 1 j - 1 
* * * * * *  • • • • •  * *  • • • • • • • • • • •  * * * * * * * *  • •  * * * * * * . * * * * * * *  • •  * * *  • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * *  • • • • •  * 

BPAHYSUM Summ&ry 
B&" .. Study :  BAOOOMED : PSCEIS : BASE CASE D&t .. : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BB4 1 5MED : PSCE I S  : ALT4 l 5  D .. t .. : 1 4 -FEB- 8 9  1 6 : 00 : 0 8 
Diff .. r .. nc .. - ( Incr Study) - (B ...... Study )  
Numb .. r o f  Gam .. ,, :  200 
Av .. r .. g.. Ov .. r Low W .. t .. r Y .... r" (Bottom 10 P .. rc .. nt ) 
* * * * *  • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * • • • •  * . * • • • •  * . * * * *  ••  * * *  

Diff .. r .. nc .. Of 
Hungry Hor "  .. R .... El .. v ( f  .... t )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR API AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  25 - 5 . 5  - 5 . 7  - 7 . 2  - 9 . 0  - 12 . 6  - 1 8 . 1  -22 . 9  -23 . 4  -23 . 7  - 1 8 . 5  - 1 7 . 3  - 1 4 . 8  - 1 3 . 2  - 9 . 6  - 1 3 . 8 
1 9 90 27 -4 . 8  - 5 . 2  - 6 . 8  - 8 . 9  - 9 . 6 - 9 . 5 - 9 . 9 - 9 . 5  - 9 . 0 - 7 . 4  -4 . 9  -2 . 7  - 2 . 2  -2 . 1  - 6 . 7  
1 9 91 26 - 6 . 7  - 7 . 4  - 8 . 6  -1 0 . 3  - 1 5 . 4  -21 . 0  -22 . 6  -22 . 4  - 1 9 . 6 - 1 5 . 0  - 1 1 . 3  - 9 . 3 - 8 . 6  - 8 . 1  - 1 2 . 9 
1 9 92 1 8  -2 . 4  - 3 . 0  - 3 . 1  - 3 . 6  - 6 . 5  - 6 . 7  - 6 . 0  -7 . 3  - 8 . 2  - 5 . 9  -2 . 3  - 1 . 1  0 . 2  1 . 8  - 3 . 9  
1 9 93 21 - 1 . 8  - 2 . 1  - 2 . 3  -3 . 0  -2 . 9  -3 . 1  -0 . 8  -0 . 7  1 . 3  0 . 9  2 . 4  5 . 1  6 . 7  8 . 3  0 . 2  
1 9 94 30 -0 . 9  - 1 . 2 - 1 . 8 - 2 . 7  -4 . 3  - 4 . 5  -2 . 2  - 1 . 3 - 0 . 4  -0 . 6  0 . 4  1 . 1  2 . 0  3 . 8  - 1 . 1  
1 9 95 31 - 1 . 2 - 1 . 4 - 1 . 7 - 1 . 9 - 1 . 9 - 1 . 6 0 . 6  1 . 6  1 . 9  1 . 5  3 . 1  4 . 2  4 . 0  4 . 8  0 . 5  
1 9 96 2 9  0 . 4  0 . 3  - 0 . 2  -0 . 1  -2 . 3  - 1 . 8 - 0 . 3  -0 . 4  0 . 5  0 . 7  2 . 7  3 . 5  3 . 4  3 . 6  0 . 6 
1 9 97 29 -0 . 7  -0 . 9  - 0 . 9 -0 . 9  -0 . 3  1 . 4  2 . 5  2 . 5  4 . 0  3 . 1  4 . 6  8 . 8  8 . 2  9 . 1  2 . 5  
1 998 2 3  4 . 7  4 . 6  4 . 6  4 . 9  5 . 9  8 . 3  8 . 1  8 . 0  7 . 6  6 . 2  6 . 4  6 . 6 6 . 3  6 . 2  6 . 2  
1 9 99 33 2 . 7  2 . 8  2 . 8  3 . 1  3 . 0  4 . 0  4 . 6  4 . 5  4 . 3  3 . 6  5 . 0  5 . 8 4 . 4  1 . 7  3 . 6  
2 000 27 5 . 1  5 . 3  5 . 3  5 . 7  5 . 1  4 . 5  2 . 8  2 . 6  1 . 2  1 . 1  3 . 4  0 . 9  0 . 6  0 . 0  3 . 4  

::r:: 2001  31 0 . 8  0 . 7  0 . 8 1 . 1  -0 . 2  - 4 . 2  - 8 . 3  - 9 . 5  - 9 . 9  - 7 . 7  -4 . 5  - 5 . 8  - 5 . 6  -5 . 8  - 3 . 6  
2002 25 - 1 . 7 - 1 . 7 - 1 .  7 - 1 . 7  -1 . 7 - 4 . 7  - 8 . 7  - 8 . 4  - 9 . 2  - 7 . 8  -7 . 2  - 8 . 2  - 7 . 9  - 7 . 7  - 5 . 2  
2003 23 -0 . 3  -0 . 4  - 0 . 2  -0 . 1  2 . 7  6 . 0  8 . 6  9 . 6  8 . 4  7 . 5  9 . 7  1 0 . 9  1 0 . 9  8 . 8  5 . 1  

c...... 2004 24 4 . 6  4 . 6  4 . 5  4 . 8  3 . 2  1 . 8  - 1 . 5 - 1 . 4 - 1 . 8 - 1 . 4  1 . 9  2 . 4  3 . 3  2 . 2  2 . 1  
I 

2005 30 2 . 1  1 . 9  1 . 9  1 . 6  0 . 7  - 1 . 3 - 5 . 2  - 5 . 1  - 5 . 8  - 4 . 8  -2 . 2  -2 . 3  -2 . 0  -0 . 9  - 1 . 2 .jO-
2 0 0 6  3 2  -0 . 1  -0 . 4  - 0 . 5  -0 . 8  -2 . 1  - 4 . 0  - 5 . 8  - 6 . 2  - 6 . 1  - 5 . 0  - 1 . 9 -0 . 3  -0 . 2  -0 . 7  -2 . 3  
2007 2 3  1 . 0  1 . 5  1 . 8  1 . 6  0 . 6  - 3 . 1  - 8 . 6  - 8 . 3  - 8 . 4  - 6 . 8  -5 . 0  -3 . 6  -2 . 5  -0 . 6  -2 . 5  
2008 2 6  3 . 3  3 . 2  3 . 1 3 . 3  2 . 6  1 . 0  0 . 7  0 . 9  1 . 0  0 . 1  1 . 7  2 . 6 3 . 8  4 . 2  2 . 2  

AVERAGE 0 . 0  -0 . 2  -0 . 4  - 0 . 8  - 1 . 7  -2 . 8  -3 . 7  -3 . 6  -3 . 5  -2 . 7  -0 . 7  0 . 2  0 . 5  0 . 9  - 1 . 3 



T a b l e  H - 1 J - l 
* * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * . * *  • •  * * . * *  • • • • • • • • • • • • • •  * * * * * * * *  • •  * *  • • •  * * * * * *  • •  * * * * * * * * * *  • •  * * * * * * *  • •  * * * * * * . * * * *  • • •  * * * * * * * *  • • •  * • • •  

BPAHYSUH Summary 

Ba .. e Study : BAOO OHED : PSCE I S  : BASE CASE Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8 

Incr Study : BA4 3 0HED : PSCEI S  : ALT4 3 Dat e :  21 -JAN - 8 9  0 5 : 1 4 : 2 9 

Difference - ( Incr Study) - (Ba .. e Study) 
Number of Game .. : 200 
Average Over Low Water Years ( Bottom 10 Percent ) 
• • • •  * * *  • • • • • • • • • • • •  * * * . * * . * *  • • • • •  * * * * * * *  • • • •  * * * * *  • •  * *  • • •  * * *  • •  * *  • • • •  * *  • • •  * *  • • • • • •  * * . * *  • • • • • •  * *  • • • * * *  • •  * *  • • • • •  * * * * * * * * * * * * . * * * * . * * *  • •  

D i f ference Of 
Hungry Horse Re .. Elev ( feet ) 
- - -- - -- - - - - -- - -- - -- - -- -- -- -- - -

ANN 

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 

- - -- - - - - --
1 9 8 9  2 5  2 . 0  3 . 0  3 . 8  5 . 0  8 . 8  1 2 . 6  1 2 . 6  1 1 . 5  9 . 4  1 . 5  1 . 5  1 1 . 5  1 4 . 5  1 8 . 4  8 . 5  

1 9 90 2 1  4 . 9  5 . 4  5 . 8  6 . 3  1 . 0  1 . 4  6 . 5  5 . 9  4 . 4  3 . 6  2 . 5  5 . 1  1 . 9  1 0 . 9  5 . 9 

1 9 91 2 6  8 . 5  9 . 2  1 0 . 3  1 1 . 5  1 6 . 1  1 8 . 4  1 8 . 9  1 8 . 4  1 5 . 2  1 2 . 0  1 1 . 1 1 2 . 2  1 3 . 4  1 4 . 9  1 3 . 2  

1 9 92 1 8  4 . 3  4 . 8  5 . 1 6 . 3  9 . 2  1 2 . 8  1 6 . 6  1 6 . 4  1 5 . 2  1 1 . 1  1 4 . 2  20 . 9  2 2 . 9  25 . 3  1 2 . 2  

1 9 93 2 1  8 . 1  9 . 1 9 . 8  1 0 . 4  1 2 . 8  1 5 . 4  1 9 . 3  1 8 . 6  1 6 . 8  1 4 . 0  1 5 . 4  2 1 . 4 22 . 8  22 . 1  1 4 . 1  

1 9 94 . 30 8 . 5  9 . 1  9 . 1  1 0 . 4  12 . 1  1 5 . 0  1 9 . 2  1 9 . 4  1 1 . 8  1 3 . 1  1 3 . 4  1 8 . 6 1 9 . 2  1 9 . 3  1 4 . 0  

1 9 95 31 1 . 1  1 . 6  8 . 0  9 . 0  1 3 . 3  1 1 . 8  2 1 . 1  22 . 9  2 1 . 1  1 1 . 2  1 8 . 3  23 . 2  2 3 . 1  22 . 1  1 5 . 6 

1 9 96 29 5 . 1  6 . 4  6 . 6 1 . 5  1 0 . 3  1 3 . 2  1 6 . 6 1 6 . 0 1 5 . 5  1 2 . 1  1 1 . 9  1 6 . 1 1 6 . 3  1 5 . 9 1 1 . 5  

1 9 91 2 9  3 . 4  3 . 8 4 . 2  4 . 8  8 . 6  8 . 6  9 . 6  9 . 2  9 . 4  1 . 5  1 . 5  1 3 '. 1  1 3 . 6  1 4 . 4  1 . 9  

1 9 98 23 1 2 . 0  1 2 . 5  1 3 . 1  1 4 . 6  1 8 . 2  20 . 8  1 9 . 1  1 9 . 3  1 8 . 1  1 5 . 0  1 3 . 3  1 3 . 8  1 4 . 1  1 2 . 8  1 5 . 3  

::r:: 1 9 9 9  33 3 . 9  4 . 6  4 . 9  5 . 4  1 0 . 1  1 4  . 2  1 6 . 5  1 5 . 9  1 4 . 2  1 4 . 5  1 4 . 2  2 1 .  5 22 . 0  2 1 . 1  1 2 . 2  

2000 21 1 1 . 0  1 1 .  6 1 2 . 3  1 3 . 4  1 1 . 9  2 1 .  5 2 3 . 8  23 . 1  2 1 .  1 1 1 . 3  1 9 . 1  2 6 . 0  2 1 . 3  2 6 . 6  1 8 . 5  

2001 31 9 . 1  9 . 1 1 0 . 6 1 2 . 0  1 4 . 9  1 1 . 4  1 8 . 9  1 8 . 4  1 6 . 6  1 3 . 3  1 3 . 5  1 5 . 5  1 6 . 1  1 4 . 6  1 3 . 8  

'->. 20 02 25 3 . 8  4 . 2  4 . 5  5 . 0  1 . 3  1 . 9  9 . 5  9 . 5  8 . 9  6 . 4  5 . 1  9 . 3  9 . 4  1 3 . 1  1 . 1  

I 2003 23 8 . 8  9 . 5  1 0 . 5 1 1 . 1  20 . 1  2 8 . 4  3 1 . 8  3 8 . 1  3 3 . 6  2 8 . 6  2 9 . 0  3 2 . 2  3 3 . 1  3 1 . 1  23 . 5  

20 04 2 4  8 . 1  8 . 6  9 . 2  1 0 . 3  1 2 . 1  1 3 . 6 1 4 . 4  1 4 . 0  1 2 . 9 1 0 . 6  1 3 . 8  1 6 . 1  1 8 . 6  1 1 . 6  1 2 . 3  

Vl 2005 30 1 . 0  1 . 6  8 . 2  9 . 1  1 4 . 2  1 5 . 2  1 5 . 8  1 5 . 1  1 2 . 1  1 0 . 6  1 1 . 9  1 1 .  1 1 1 . 1  9 . 1  1 1 .  1 

2006 32 4 . 9  5 . 2  5 . 6  6 . 4  9 . 6  1 0 . 6 1 2 . 0  1 1 . 4  1 0 . 4 8 . 4  1 1 . 0  1 4 . 6  1 6 . 2  1 7  . 1  9 . 1  

2001 23 3 . 9  4 . 4  5 . 2  5 . 9  1 0 . 2  9 . 3  9 . 0  8 . 1  8 . 1  6 . 4  9 . 6  1 3 . 1  1 4 . 3  1 2 . 9  8 . 2  

2008 26 1 0 . 6  1 1 .  6 1 2 . 4  1 4  . 4  1 6 . 8  1 5 . 1  1 4 . 9  1 5 . 1  1 6 . 1 1 6 . 3  1 5 . 9  1 6 . 2  1 1 . 5  1 6 . 8  1 4 . 9  

AVERAGE 6 . 8  1 . 4  8 . 0  8 . 9  1 2 . 5  1 4 . 1  1 6 . 6 1 6 . 3  1 4 . 9  1 2 . 3  1 2 . 9  1 6 . 6 1 1 . 5  1 1 . 8  1 2 . 4  



T a b l e  H - 1 j - 1  
• • • • • •• • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

BPAHYSUH sunwnary 
Ba"e Study : BAOO OHED : PSCE I S  : BASE CASE Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8  

I ncr Study : BC4 4 0HED : PSCE I S  : ALT 4 4  Date : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1  

D i f ference - ( I ncr Study) - (Ba"e Study )  
Numbe r o f  Game ,, : 200 
Average Over Low Water Year" ( Bottom 10 Percent) 
• • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • •• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i fference Of 
Hungry Hor"e Re" Elev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NOH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JUN JUL AGI AG2 AVG 

- - - - - - - - - -
1 9 8 9  2 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  0 . 0  0 . 0  

1 9 90 2 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  

1 9 91 2 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  
1 9 92 1 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  0 . 0  
1 9 93 2 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  

1 9 94 30 0 . 0  0 . 0  0 . 0  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 95 3 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  

1 9 96 29 0 . 0  0 . 0  0 . 0  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 97 2 9  0 . 0  0 . 0  0 . 0  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 98 23 0 . 0  0 . 0  0 . 0  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 99 33 0 . 0  0 . 0  0 . 0  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: 2000 27 0 . 0  0 . 0  0 . 0  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 1  3 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  

2002 2 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  0 . 0  0 . 0  

G. 2003 2 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  

I 2004 2 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\ 2005 30 0 . 0  0 . 0  0 . 0  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 6  3 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  

2007 23 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2008 26 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 2  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * . * * * . * * * * * * * * * * . * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Su ..... ary 
Base Study : BAOO OMED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 Number a f  Game,, : 200 
Average Over Typ i cal Water Year" (Hid 8 0  Percent ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Hungry Haree Re" E1ev ( feet ) 
- - -- - - - - - - - - - - -- - - - - - - - - - - - - - -

ANN YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP1 AP2 HAY JUN JUL AG1 AG2 AVG - - - - - - - - - -
1 9 8 9  1 53 3554 . 2  3 5 5 1 . 3 354 9 . 5  354 6 . 8  3527 . 4  3 5 0 7 . 9  3 4 90 . 4  3 4 90 . 0  34 9 1 . 3 3524 . 4  3 5 53 . 5  355 9 . 2 3 5 5 8 . 6  3 5 5 7 . 6  3534 . 5  1 9 90 1 54 3 5 4 4 . 8  3542 . 6  35 4 1 . 8  353 9 . 7  3 5 22 . 6  3503 . 7  3 4 8 7 . 0  3 4 8 7 . 4  3 4 8 9 . 6 3523 . 1  3 5 52 . 5  3558 . 3  3 5 5 7 . 9  3 5 5 6 . 9 3530 . 2  1 9 91 154 3 5 4 4 . 2  3 54 1 .  3 3 5 4 0 . 3  3538 . 3  3521 . 2  3503 . 1  3 4 8 6 . 6  3 4 8 6 . 7  3 4 8 9 . 4  3524 . 1  3553 . 1  3 5 5 8 . 7  3 5 5 7 . 9  3 5 5 6 . 6  35 2 9 . 7 1 9 92 1 60 35 3 9 . 5  3 5 3 7 . 2  3535 . 6  3533 . 2  3 5 1 5 . 9  3 4 9 7 . 1  3 4 8 1 . 1  3 4 8 1 . 6  34 8 4 . 7  3 520 . 9  3 5 5 1 . 2  355 7 . 4  3 5 5 6 . 5  3 5 55 . 0  3 5 2 5 . 7  1 9 93 1 5 5  3 5 4 0 . 2  3 5 3 7 . 7  35 3 6 . 7  3534 . 2  3 5 1 6 . 5  3 4 98 . 6 3 4 8 2 . 8  3 4 83 . 1  3 4 8 6 . 5  3 5 2 1 . 0  3 5 50 . 5  3 5 5 6 . 4  3555 . 5  3 5 5 4 . 1  352 6 . 3 1 9 94 1 55 3 5 4 0 . 0  3 5 3 7 . 8  3 5 3 6 . 8  3534 . 5  3 5 1 7 . 2  34 9 9 . 3  3 4 83 . 7  3 4 83 . 7  34 8 7 . 0 3 522 . 4  3 5 5 1 . 5  3 5 5 6 . 9  3555 . 7  3 5 53 . 8  352 6 . 7 1 9 95 1 54 3530 . 7  352 9 . 0 3528 . 6  3 5 2 6 . 7  3 5 1 0 . 7  3 4 9 4 . 1  3 4 7 8 . 0  3 4 78 . 2  3 4 82 . 3  3 5 1 9 . 2  35 4 9 . 6 3555 . 5  3554 . 4  3 5 52 . 4  3521 . 4  1 9 96 1 4 8  3 5 31 . 9  3 5 2 9 . 7  3 5 2 9 . 2  3 52 7 . 2  3 5 1 2 . 0  34 9 6 . 0  3 4 8 1 . 2 3 4 81 . 5  3 4 8 4 . 4  3 5 2 1 . 2 3 5 5 1 . 2  35 5 7 . 1  355 6 . 2  3 554 . 7  3523 . 0  1 9 97 1 55 3 5 34 . 3  3 5 3 1 . 9 3 5 3 1 . 0  3528 . 4  3 5 1 1 . 2  34 93 . 0  3 4 7 6 . 7  3 4 7 7 . 1  34 7 9 . 7 3 5 1 6 . 4  3 54 8 . 2  3554 . 6  3553 . 7  3 5 52 . 2  352 1 . 5  1 9 98 1 55 3534 . 6  3532 . 8  3532 . 3  3530 . 5  3 5 1 4 . 0  34 9 6 . 0  3 4 7 9 . 8  3 4 80 . 4  34 8 4 . 8  3 51 9 . 5  3 5 4 9 . 5  3555 . 9  3555 . 1  3553 . 5  3523 . 6  1 9 9 9  1 4 9  3 5 33 . 8  353 0 . 8  3 5 3 0 . 1  3527 . 8  3 5 1 0 . 6  3 4 92 . 5  3 4 7 6 . 2  3 4 76 . 6 3 4 7 8 . 7  3 5 1 6 . 5  3 54 8 . 9  3 5 5 5 . 2  3554 . 4  3 5 52 . 9  3521 . 2  2 0 0 0  1 5 1  3530 . 0  3 5 2 8 . 5  35 2 8 . 5  352 6 . 7  3 5 1 0 . 5  34 92 . 5  34 7 6 . 0  3 4 76 . 6  34 8 1 . 3 3 5 1 9 . 0  3 54 9 . 4  3555 . 7  3555 . 4  3 5 5 4 . 4  3 5 2 1 . 1  :r:: 2 0 0 1  1 5 2  3 5 33 . 1  353 1 . 5  3 5 3 0 . 4  352 8 . 5  3 5 1 2 . 6  34 9 6 . 3  3 4 8 0 . 6  3 4 8 1 . 0  34 8 4 . 4  3520 . 1  3 5 50 . 3  3 5 5 7 . 1  3 5 5 6 . 1  3 5 54 . 4  3523 . 3  2002 1 5 7  3 5 33 . 3  3530 . 3  352 8 . 9 352 6 . 1  3 5 1 0 . 6  3 4 93 . 6  3 4 7 8 . 0  3 4 78 . 4  34 8 1 .  2 3 5 1 7 . 5  3 54 8 . 5  3 5 5 4 . 7  3553 . 7  3 5 5 1 . 9  3521 . 2  2 0 03 1 63 3534 . 5  3532 . 7  3532 . 1  3530 . 0  3 5 1 3 . 6  34 9 6 . 5  3 4 7 9 . 8  3 4 80 . 1  34 8 4 . 3  3520 . 5  3 5 50 . 2  355 6 . 6 3555 . 7  3 5 5 4 . 2  3523 . 8  LJ. 2 0 04 1 4 6  3537 . 5  3535 . 1  3 5 3 4 . 1  3532 . 1  3 5 1 5 . 4  3 4 97 . 8 3 4 8 1 . 9  3 4 82 . 1  3 4 8 5 . 2  3 5 2 1 . 2 3 5 5 1 . 1  3 5 5 7 . 2  3 55 6 . 4  3 5 5 5 . 1  3525 . 3  I 
2005 1 5 1  3 5 4 0 . 1  3 5 3 7 . 6  35 3 6 . 6  3534 . 8  3 5 1 6 . 9  34 97 . 9  3 4 8 1 . 3 3 4 81 . 9  3 4 8 4 . 5  35 1 8 . 3  3 5 5 0 . 3  3 5 5 7 . 0  3 5 5 6 . 2  3 5 5 4 . 8  3525 . 9  -:r 
2 0 0 6  1 4 5  3534 . 7  3 5 3 1 . 8  3530 . 6  3528 . 0  3 5 1 1 . 4  34 93 . 2  3 4 7 7 . 6  3 4 7 8 . 2  34 8 2 . 3  3520 . 2  3 54 9 . 9 355 5 . 9  3555 . 5  3 55 4 . 5  3522 . 5  2 0 0 7  1 55 3533 . 3  3 5 3 0 . 5  35 2 9 . 6 3527 . 3  3 5 1 1 . 6  3 4 94 . 9  3 4 7 9 . 7  3 4 80 . 4  3 4 82 . 8  3 51 7 . 3  3 5 4 8 . 1  3554 . 3  3553 . 6  3 5 52 . 4  3521 . 8  2 0 08 1 5 9  3 5 3 7 . 8  3535 . 6  3535 . 3  3533 . 8  3 5 1 6 . 3  34 9 7 . 6 3 4 8 0 . 9  3 4 81 . 3  3 4 83 . 7 3 51 9 . 1  3 5 50 . 7  35 5 6 . 5 3 55 6 . 0  3 5 55 . 0  3525 . 2  
AVERAGE 3 5 3 7 . 1  3534 . 8  3 5 3 3 . 9  3 5 3 1 . 7  3 5 1 4 . 9  3 4 9 7 . 1  3 4 8 1 . 0  3 4 8 1 . 3  34 8 4 . 4  3520 . 1  3 5 50 . 4  3 5 5 6 . 5  3555 . 7  3 554 . 3  3524 . 7  



T a b l e  H - l j - 2  

* * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Sunmary 

Balle Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BD12 0HED : PSCE I S  : BASE CASE ALT 1 .  2 Date : 6-JAN- 8 9  2 1 : 4 9 : 53 

Difference a ( Incr Study) - (Balle Study) 
Number of Game II : 200 
Average Over Typical Water Yearll (Hid 8 0  Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Hungry Horlle Rell E1ev ( feet) 
- - --- -- - -- - -- - -- - - - - -- - -- - -- --

ANN 

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR API AP2 HAY JUN JUL AG1 AG2 AVG 

- - --- - - - --
1 9 8 9  1 53 0 . 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 . 0  

1 9 90 1 54 0 . 3  0 . 3  0 . 3  0 . 4  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 2  

1 99 1  1 54 0 . 7  0 . 7 0 . 9 1 . 1  0 . 9  0 . 7  0 . 2  0 . 1  0 . 4  0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 5  

1 992 1 60 2 . 3  2 . 1  2 . 3  2 . 5  1 . 9  1 . 4  0 . 9  0 . 8  0 . 9  0 . 4  0 . 2  0 . 2  0 . 4  0 . 6  1 . 3  

1 9 93 1 55 2 . 1  2 . 1 2 . 2  2 . 4  1 . 9  1 . 4  0 . 8  0 . 8  0 . 7 0 . 3  0 . 2  0 . 2  0 . 4  0 . 5  1 . 2  

1 9 94 1 5 5  1 . 1  1 . 2  1 . 2  1 . 3  1 . 1  0 . 9 0 . 6  0 . 5  0 . 5  0 . 2  0 . 2  0 . 1  0 . 3  0 . 5  0 . 7  

1 9 95 1 54 2 . 8  2 . 8  2 . 9  2 . 9  2 . 4  1 . 8  1 . 6  1 . 4  1 . 3  0 . 8  0 . 6  0 . 5  0 . 6  1 . 0  1 . 8  

1 9 96 1 4 8  2 . 0  2 . 0  2 . 1  2 . 2  1 . 7  1 . 4  0 . 9  0 . 8  0 . 9 0 . 5  0 . 2  0 . 2  0 . 3  0 . 4  1 . 2  

1 9 97 1 55 1 . 6  1 . 6  1 . 8  2 . 1  2 . 1  1 . 7  1 . 3  1 . 3  1 . 2  0 . 8  0 . 6  0 . 6  0 . 7  0 . 8  1 . 3  

1 9 98 1 5 5  2 . 0  1 . 7  1 . 8  1 . 8  1 . 2  0 . 8  0 . 5  0 . 6 0 . 3  0 . 2  0 . 1  0 . 1  0 . 3  0 . 5  0 . 9  

::r:: 1 999 1 4 9  2 . 3  2 . 4  2 . 4  2 . 5  1 . 9  1 . 6  1 . 1  1 . 2  1 . 1  0 . 6  0 . 5  0 . 4  0 . 5  0 . 8  1 . 5  

2000 1 5 1  1 . 5  1 . 5  1 . 5  1 . 7  1 . 5  1 . 2  0 . 8  0 . 8  0 . 7 0 . 3  0 . 1  0 . 1  0 . 2  0 . 3  0 . 9  

2001 152 2 . 2  2 . 2  2 . 2  2 . 3  2 . 1  1 . 7  1 . 0  0 . 9  0 . 7 0 . 4  0 . 3  0 . 2  0 . 4  0 . 7  1 . 3  

G. 2002 1 5 7  1 . 9  2 . 0  2 . 0  2 . 0  1 . 9  1 . 5  1 . 5  1 . 7  1 . 5  1 . 0  0 . 7  0 . 6  0 . 8  1 . 1  1 . 5  

I 2003 1 63 2 . 9  2 . 9  2 . 9  3 . 0  2 . 6  1 . 9  1 . 6  1 . 3  1 . 0  0 . 6  0 . 5  0 . 3  0 . 5  0 . 6  1 . 7  
OJ 2004 1 4 6  2 . 0  2 . 0  2 . 1  2 . 0  1 . 7  1 . 4  0 . 9  0 . 7  0 . 4  0 . 2  0 . 1  0 . 0  0 . 2  0 . 4  1 . 1  

20 05 1 5 1  1 . 5  1 . 7  1 . 8  1 . 9  2 . 0  1 . 5  1 . 3  1 . 2  0 . 9  0 . 6  0 . 4  0 . 3  0 . 4  0 . 6  1 . 2  

2006 1 45 2 . 2  2 . 3  2 . 4  2 . 4  2 . 1  1 . 8  1 . 4  1 . 1  0 . 8  0 . 5  0 . 4  0 . 4  0 . 4  0 . 5  1 . 4  

2007 155 2 . 3  2 . 3  2 . 4  2 . 4  2 . 1  1 . 6  1 . 6  1 . 7  1 . 5  1 . 0 0 . 7 0 . 6  0 . 8  0 . 9 1 . 6  

2008 1 5 9  1 . 8  1 . 8  1 . 9  2 . 0  1 . 7  1 . 3  1 . 0  1 . 0  0 . 8  0 . 6  0 . 4  0 . 3  0 . 4  0 . 6  1 . 2  

AVERAGE 1 . 8  1 . 8  1 . 9  1 . 9  1 . 7  1 . 3  0 . 9  0 . 9  0 . 8  0 . 5  0 . 3  0 . 3  0 . 4  0 . 6 1 . 1  



Ta b l e  H - l j - 2  
* *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Sumn .. ry 
B .. se Study : BAOOOHED : PSCE I S  : BASE CASE D .. te : 3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  D .. te : 1 -FEB- 8 9  1 6 : 02 : 55 
D i f ference - ( Incr Study) - (B .... e Study) 
Number of Garne s :  200 
Aver .. ge Over Typ i c  .. 1 W .. ter Ye .. r .. (Hid 8 0  Percent ) 
• •  * • • •  * • • •  * • • • • • • • • • • • • • • • • • • • • • • • •  � • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i f ference Of 
Hungry Hor .. e Re.. Elev ( feet ) 
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 53 - 6 . 0 -5 . 7  -5 . 8  - 6 . 4  -5 . 1  - 4 . 4  -2 . 5  -2 . 2  - 3 . 1  - 1 . 3  -0 . 4  - 0 . 2  0 . 3  0 . 8 - 3 . 3  
1 9 90 1 5 4  -5 . 3  -5 . 1  - 5 . 4 - 5 . 9  -5 . 6  - 4 . 8  - 2 . 6  -2 . 0  -2 . 2  - 1 . 3  -0 . 9  -0 . 8  - 0 . 4  0 . 0  - 3 . 3  
1 9 91 154 - 8 . 1  - 8 . 1  - 8 . 4  - 8 . 9  - 7 . 1  - 6 . 0  - 3 . 8  - 3 . 3  - 3 . 7  - 1 . 7  -1 . 0 - 0 . 6 0 . 0  0 . 7  -4 . 7  
1 9 92 1 60 - 6 . 5  - 6 . 5  - 6 . 4 - 6 . 8  - 6 . 2 - 5 . 0  - 3 . 3  -2 . 7  - 2 . 4 - 1 . 2 -0 . 8  -0 . 4  0 . 3  1 . 1  - 3 . 7  
1 9 93 1 5 5  - 6 . 3  - 6 . 3 - 6 . 6 - 7 . 2  -5 . 9  - 4 . 3  - 1 . 9 - 1 . 4 - 1 . 9 - 0 . 8  -0 . 4  - 0 . 3  0 . 3  1 . 0  - 3 . 4  
1 9 94 1 55 -4 . 6  -4 . 7  - 4 . 8  -5 . 6  -5 . 1  - 4 . 4  - 3 . 0  -2 . 4  - 1 .  9 - 0 . 9  -0 . 3  -0 . 1  0 . 8  1 . 8  -2 . 8  
1 9 95 1 5 4  -5 . 3  -5 . 2  -5 . 4  - 6 . 3 - 6 . 3  -5 . 6  - 3 . 7  - 3 . 1  - 3 . 5  - 1 . 4  -0 . 9  - 0 . 8 0 . 0  1 . 2  - 3 . 6  
1 9 96 1 4 8  -5 . 2  -5 . 4  -5 . 8  - 6 . 7  -5 . 8  - 4 . 6  -2 . 9  -2 . 1  - 2 . 3  - 1 . 1  -0 . 4  -0 . 3  0 . 3  1 . 0  - 3 . 3  
1 9 97 1 55 -4 . 8  -4 . 3  -4 . 4  -5 . 1  -4 . 7  - 3 . 3  - 1 . 5 - 1 . 1 - 1 . 5  -0 . 8  -0 . 1  0 . 1 0 . 7  1 . 4  -2 . 4  
1 9 98 1 55 -3 . 9  -3 . 4  -3 . 6  -4 . 5  -4 . 6  -2 . 9  -2 . 0  - 1 . 5 -2 . 1  - 0 . 7  -0 . 2  0 . 0  0 . 5  1 . 3  -2 . 2  

::r:: 1 9 99 1 4 9  -2 . 7  -2 . 3  -2 . 5  -3 . 1  -2 . 8  - 2 . 1  - 0 . 5  -0 . 2  - 1 . 0 -0 . 4  -0 . 1  0 . 0  0 . 4  1 . 0  - 1 . 4 
2000 1 5 1  1 . 1  1 . 2  0 . 7  0 . 2  -0 . 3  0 . 0  1 . 4 1 . 5  0 . 4  0 . 6  0 . 7  0 . 8  0 . 7  0 . 7  0 . 6 
2001  1 52 -1 . 3 -1 . 0 - 1 . 2 - 1 . 6 - 1 . 7 - 1 .  5 - 0 . 8  -0 . 6  - 1 . 0 -0 . 3  -0 . 2  - 0 . 1 0 . 2  0 . 6 - 0 . 8 

G. 2 0 02 1 5 7  1 . 1  1 . 3  1 . 0  0 . 6  -0 . 1  - 0 . 2  0 . 3  0 . 8  0 . 5  0 . 7  0 . 5  0 . 4  0 . 6  1 . 0  0 . 6  
I 2003 1 63 3 . 1  3 . 0  3 . 0  3 . 0  2 . 6  1 . 9  1 . 6  1 . 4  1 . 0  0 . 5  0 . 4  0 . 2  0 . 1  -0 . 2  1 . 7  

'.0 2004 1 4 6  1 . 7  1 . 4  1 . 1  0 . 9  0 . 8  1 . 1  0 . 7  0 . 7  0 . 5  0 . 3  0 . 1  0 . 0  -0 . 3  -0 . 7  0 . 6 
2 0 0 5  1 5 1  -0 . 7  - 0 . 9 - 1 . 2 - 1 . 3 -0 . 4  - 0 . 5  0 . 0  0 . 1  - 0 . 4  -0 . 1  0 . 0  - 0 . 1 - 0 . 4  -0 . 9  -0 . 5  
2 0 0 6  1 4 5 -0 . 2  -0 . 2  -0 . 4  -0 ; 4  -0 . 1  0 . 0  - 0 . 4  -0 . 2  - 0 . 2  0 . 0  0 . 1  0 . 1 -0 . 5  -1 . 4 -0 . 3  
2 0 07 1 5 5  -0 . 8  -0 . 9  - 1 . 2  - 1 . 3  - 1 . 3 - 0 . 8 - 0 . 6  -0 . 3  - 0 . 3  -0 . 2  -0 . 2  -0 . 2  - 0 . 5  -1 . 0  -0 . 7  
2 0 08 1 5 9  -0 . 9  - 1 . 4 -1 . 8 -2 . 2  -1 . 6 - 1 .  5 - 0 . 5  0 . 0  0 . 4  0 . 2  -0 . 1  - 0 . 1 - 0 . 4  -0 . 9  - 0 . 9 

AVERAGE -2 . 8  - 2 . 7 - 3 . 0  - 3 . 4  -3 . 1  -2 . 5  - 1 . 3  -0 . 9  - 1 .  2 - 0 . 5  -0 . 2  - 0 . 1  0 . 1  0 . 4  - 1 .  7 



T a b l e  H - l j - 2  
* * * * * * *  • • • •  * * * * * * * *  • • • • • • • • •  * *  • • •  * * *  • •  * * * *  • • • • • • • •  * * *  • • • • • •  * *  • • •  * *  • • • • • • • • • •  * *  • • • • • • •  * * *  • • • • • • • • • • • • •  * * *  • • • • • • • • • • •  * • • • • • • • •  * * * . * * *  

BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8 
D i fference - ( Incr Study) - (Ba"e Study) 
Number of Game ,, : 200 
Average Over Typical Water Years (Hid 8 0  P e rcent ) 
• • • • •  * *  • • • • •  * * * * * * * * *  • • • • • •  * * * * * *  • • • • •  * * * *  • • • •  * * *  • • • • • •  * * * * *  • •  * * * * * * * * * * * * * * * *  • • • • •  * * * * . * * * *  • •  * * * * * *  • • • • • •  * *  • •  * * * * *  • • • •  * *  • • • • • •  * * * *  
Difference Of 
Hungry Hor� e  Res E1ev ( feet) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - -- -
1 9 8 9  1 5 3  -5 . 6  - 5 . 3  - 5 . 4  -5 . 9  -4 . 6  -4 . 0  -2 . 0  - 1 . 8 - 2 . 4  - 1 . 0  -0 . 3  - 0 . 1  0 . 1  0 . 3  - 3 . 0  
1 9 90 1 54 -5 . 1  -4 . 8  - 5 . 1  - 5 . 5  -5 . 0  - 4 . 1  - 1 . 8 - 1 . 5 - 2 . 0  - 0 . 9  -0 . 6  - 0 . 4  -0 . 3  -0 . 2  - 3 . 0  
1 9 91 1 5 4  -5 . 5  - 5 . 5  - 5 . 7  -5 . 9  -4 . 4  - 3 . 8  - 1 . 7 - 1 . 4 - 1 . 9 -0 . 8  -0 . 3  - 0 . 2  0 . 0  0 . 3  -3 . 0  
1 9 92 1 60 -3 . 9  -3 . 8  -3 . 9  -4 . 0  -3 . 7  - 3 . 3  -2 . 1  - 1 . 9 - 2 . 1  - 1 . 0 -0 . 8  - 0 . 5  -0 . 3  -0 . 1  - 2 . 4  
1 9 93 1 5 5  -3 . 2  -3 . 1  -3 . 3  - 3 . 6  -2 . 8  - 2 . 1  -0 . 6  -0 . 4  - 1 .  0 -0 . 4  -0 . 2  - 0 . 2  0 . 0  0 . 1  - 1 . 7 
1 9 94 1 55 0 . 4  0 . 3  0 . 1  -0 . 2  -0 . 4  -0 . 2  0 . 1  0 . 2  0 . 2  0 . 3  0 . 3  0 . 3  0 . 4  0 . 5  0 . 1  
1 995 1 5 4  -0 . 1  -0 . 2  -0 . 3  -0 . 5  -1 . 1  -0 . 8  -0 . 6  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 3  0 . 8  -0 . 2  
1 9 96 1 4 8  0 . 2  -0 . 2  -0 . 4  -0 . 7  -0 . 6  - 0 . 6  -0 . 8  -0 . 6  - 0 . 5  - 0 . 3  -0 . 2  - 0 . 2  -0 . 2  -0 . 3  - 0 . 4 
1 9 97 1 55 0 . 6  0 . 5  0 . 5  0 . 4  0 . 2  0 . 6 0 . 6  0 . 6  0 . 8  0 . 5  0 . 4  0 . 4  0 . 5  0 . 6  0 . 5  
1 9 98 1 55 2 . 4  2 . 3  2 . 2  2 . 1  1 . 5  1 . 2  0 . 9  0 . 9  0 . 6  0 . 6  0 . 3  0 . 3  0 . 4  0 . 5  1 . 3  
1 9 99 1 4 9  2 . 6  2 . 7  2 . 8  3 . 1  2 . 7  2 . 0  1 . 5 1 . 5  1 . 4  0 . 8  0 . 6  0 . 5  0 . 2  -0 . 1  1 . 7  
2000 1 5 1  2 . 0  1 . 8  1 . 8  1 . 8  1 . 8  1 . 3  0 . 9  0 . 9  0 . 5  0 . 4  0 . 3  0 . 3  -0 . 1  -0 . 6  1 . 0  :c 2001 152 -0 . 7  - 0 . 9 - 1 . 1  - 1 . 1  -1 . 0  -0 . 9  -0 . 5  -0 . 7  - 1 .  0 - 0 . 5  -0 . 4  -0 . 4  -0 . 7  - 1 . 3 - 0 . 8 
2002 1 5 7  -1 . 6  -1 . 3 - 1 . 5  - 1 . 6  -1 . 8  -1 . 8 -1 . 2  -0 . 9  - 1 . 2 - 0 . 5  -0 . 3  -0 . 3  - 0 . 5  -0 . 8  - 1 . 2  
2003 1 63 -0 . 3  -0 . 1  0 . 0  0 . 2  0 . 6  0 . 7  0 . 9  0 . 8  0 . 4  0 . 3  0 . 1  -0 . 1  - 0 . 2  -0 . 4  0 . 2  (..e. 2004 1 4 6  1 . 3  1 . 0  0 . 9 0 . 9  0 . 8  0 . 6 0 . 4  0 . 1  - 0 . 2 0 . 0  -0 . 1  -0 . 2  - 0 . 6  - 1 . 0 0 . 4  I 
2 005 151  -0 . 4  -0 . 6  - 0 . 6 -0 . 5  0 . 3  0 . 1  0 . 2  0 . 2  - 0 . 1  0 . 0  -0 . 1  -0 . 2  - 0 . 6  - 1 . 1 - 0 . 3  

0 2006 1 4 5  -0 . 5  - 0 . 4  - 0 . 5  -0 . 4  -0 . 1  - 0 . 1 - 0 . 2  -0 . 3  - 0 . 4  - 0 . 1  0 . 0  0 . 0  -0 . 3  -0 . 8  - 0 . 3  
2007 1 55 0 . 3  0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 1  0 . 1  0 . 2  - 0 . 1  -0 . 1  -0 . 2  -0 . 5  -0 . 8  0 . 1  
2008 1 5 9  0 . 2  0 . 0  -0 . 1  -0 . 2  -0 . 3  - 0 . 2  0 . 0  0 . 2  0 . 6  0 . 5  0 . 4  0 . 3  0 . 0  -0 . 4  0 . 1  

AVERAGE -0 . 9  -0 . 9  - 1 .  0 - 1 . 1  -0 . 9  -0 . 8  -0 . 3  -0 . 2  -0 . 4  - 0 . 1  -0 . 1  0 . 0  -0 . 1  -0 . 2  - 0 . 6 



T a b l e  H - l j - 2  
• •  * *  • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * . * *  • •  * *  • • • • • •  * * * * * * * * * * * * * * * * * * * * * * *  BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3-JAN - 8 9  0 6 : 5 5 : 2 8 I ncr Study : BA4 3 0HED : PSCE I S  : ALT 4 3  Dat e :  2 1 -JAN - 8 9  0 5 : 1 4 : 2 9 D i fference = ( Incr Study) - (B .. "e Study ) 
Numbe r of Game s : 2 0 0  
Average Ov e r  Typ i cal Water Years ( Hi d  8 0  Pe rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • •  * *  • •• • • • • • • • • • • • • • • • • • • • • • • • • •  * * *  • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * *  
D i fference Of 
Hungry Horse Res E1ev ( feet)  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AG1 AG2 AVG - - - - - -- - - -
1 98 9  1 53 1 . 9  2 . 8  3 . 3  3 . 7  2 . 6  2 . 4  1 . 1  0 . 3  1 . 3  0 . 7  0 . 4  0 . 0  0 . 0  0 . 1  1 . 7  1 9 90 1 54 4 . 6  5 . 2  5 . 3  5 . 4  3 . 8  2 . 9 1 . 7  1 . 5  1 . 5  0 . 8  0 . 4  0 . 2  0 . 2  0 . 3  2 . 7  1 9 91 1 54 3 . 4  4 . 0  4 . 3  4 . 5  3 . 7  3 . 1  1 . 9  1 . 6  1 . 8  1 . 0  0 . 6  0 . 4  0 . 5  0 . 7  2 . 5  1 9 92 1 60 5 . 2  5 . 4  5 . 6  5 . 8  5 . 3  4 . 5  3 . 3  3 . 1  3 . 2  1 . 7  1 . 2  1 . 0  1 . 3  1 . 6  3 . 7  1 9 93 1 5 5  6 . 0  6 . 2  6 . 4  6 . 7  5 . 8  4 . 9  4 . 0 3 . 7  3 . 4  2 . 0  1 . 5  1 . 3  1 . 7  2 . 1  4 . 2  1 9 94 1 5 5  5 . 9  6 . 1 6 . 1  6 . 0  4 . 9  4 . 0  2 . 6  2 . 4  1 . 6  0 . 9  0 . 7  0 . 6  1 . 0  1 . 5  3 . 4  1 9 95 1 5 4 7 . 3  7 . 5  7 . 6  7 . 7  5 . 9  5 . 1  4 . 1  3 . 8  3 . 5  2 . 3  1 . 7  1 . 4  1 . 6  2 . 0  4 . 7  1 9 9 6  1 4 8  7 . 6  7 . 9 7 . 8  7 . 6  6 . 7  5 . 8  4 . 3  , . 0  3 . 3  2 . 1  1 . 4  1 . 1  1 . 3  1 . 6  4 . 8  1 9 97 155 6 . 2  6 . 6 6 . 7  6 . 9 6 . 4 5 . 8  4 . 5  t . 4  4 . 3  2 . 8  2 . 3  2 . 0  2 . 2  2 . 5  4 . 8  1 9 98 1 55 6 . 2  6 . 3  6 . 3  6 . 0  4 . 6  3 . 8  3 . 3  1 2 . 3  1 . 6  1 . 3  1 . 2  1 . 6  2 . 2  3 . 7  1 9 9 9  1 4 9  5 . 7  6 . 5  6 . 7  6 . 9  6 . 4  5 . 4  4 . 2 " . 6  2 . 3  1 . 6  1 . 5  1 . 8  2 . 3  4 . 4  :c 2 0 0 0  1 5 1  8 . 5  8 . 8  8 . 8  8 . 8  7 . 4  6 . 3  4 . 8 :. 3 . 4  2 . 2  1 . 6  1 . 5  1 . 6  1 . 8  5 . 3  2 0 0 1  1 5 2 8 . 0  8 . 3  8 . 4  8 . 4  7 . 5  6 . 1 4 3 " � 4 2 . 2  I . 7  1 . 4  1 . 6  1 . 9  5 . 1  2 0 0 2  l S 7  5 . 2  5 . 6  5 . 6 5 . 7  4 . 7  4 . 4  <1 . :.' . 4  3 . 9  2 . 5  1 . 9 I . fi  2 . 0 2 . 6  4 . 0  '� . 2 0 0 3  1 63 5 6 5 . 9 6 . 0  6 . 2  5 , ,' 4 . C  3 . �  .' . 0  . 1  I 4 1 . 1  0 . 9  1 . 2 1 . 6  3 . 6  2 0 0 4  1 4 6 7 .  :' 7 . E  8 . 0  8 . 1  f . ;  4 . 6  " . 1  ; 0 I . 1  0 . 9  0 . 8  0 . 9  1 . 1 4 . 3  2 0 0 5  1 5 1  4 . 2  4 . 9  5 . 1  5 . 1  4 . 8  4 . <  � 3 :: . 7  1 . 9  1 . 2  0 . 9  1 . 0 1 . 1  3 . 3  2 0 0 6  1 4 5  2 r 3 . 2  3 . 4  3 . fi  3 I ;> . f j 7 . 4  0 9 0 . 7  0 . 6  0 . 7  0 . 7  2 . 1  2 0 0 '7  1 5 5 5 .  " 5 . °  " . 0  6 . 0  '0 . 4  4 .  f t, .. 4 . 0  -; 2 . 5  1 . 9  1 . 6  1 . 8  1 . 9  4 . 1  2 0 0 8  1 5 9  4 5 . <  5 . 2  5 . ::'  4 � 3 . �  ; . , r. ; . �  2 0 1 . 4  1 . 7  J . 3 1 . 5 3 . 4  

AVERAGE, ') . f.  6 . P  6 . 1  6 . 2  5 . 7  4 . 4  . .. ? r 1 . 7  1 . 3  1 .  1 1 1 1 . 6  3 . 8  



T a b l e  H - l .j - 2  
• • * *  • • • • •• * * * * ** . * * * * * * ** * * * * * * * * * * * * * * * * *  • • • • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Su ..... ary 
Balle Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 - JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BC4 4 0HED : PSCE I S  : ALT 4 4  Date : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 
D i f ference - ( Incr Study) - (Balle Study) 
Number of Gamel!! : 200 
Average Over Typi cal Water Yearl!! (Hid 80 Percent ) 
• • •• • • • • • • • • • • • • • • • • • • • •• • •• • • • • • • •• • • • • •• • • • • •• • • • • • • • • • • • • • •• • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •  

D i f fe rence Of 
Hungry Hor ll e  ReI!! E1ev ( feet ) 
-- - - - - - - -- - - - - - - - -- - - - - - - - - ---

ANN YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AG1 AG2 AVG - - -- -- - - - -
1 98 9  1 5 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  
1 990 1 5 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  
1 9 91 1 5 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  
1 9 92 1 60 0 . 0  0 . 0  0 . 0  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 93 1 5 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  0 . 0  0 . 0  
1 9 94 1 5 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  0 . 0  0 . 0  
1 9 95 1 54 0 . 0  0 . 0  0 . 0  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 96 1 4 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  0 . 0  
1 9 97 1 55 0 . 0  0 . 0  0 . 0  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 98 1 5 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  0 . 0  0 . 0  
1 9 99 1 4 9  0 . 0  0 . 0  0 . 0 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: 2 000 1 5 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  
2001  152  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 002 1 5 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  

�. 2 003 1 63 0 . 0  0 . 0  0 . 0  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 2004 1 4 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  
2 005 1 5 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  

I\.) 2006 1 4 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  0 . 0  0 . 0  
2007 155 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
20 08 1 5 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 3  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
Number o f  Gamee : 200 
Average Over High Water Yeare ( Top 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * 

Hungry Horae Ree Elev ( feet ) 
- - - - - - - - - - - - - - - - - -- - - - - - - -----

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 2  3 5 5 7 . 1  3 5 5 9 . 8  3 5 60 . 0  3 5 5 7 . 6  3 5 32 . 7  3504 . 4  3 4 7 5 . 0  3 4 7 1 . 1  3 4 7 1 . 5  3 5 2 0 . 3  3 5 53 . 7  3 5 60 . 0  3 5 6 0 . 0  3 5 60 . 0  3 5 3 4 . 4  
1 9 90 1 9  3 5 5 6 . 0  3 55 9 . 2 3 5 5 9 . 6 3 5 5 7 . 7  3 5 32 . 4  3504 . 2  3 4 7 3 . 4  3 4 69 . 3  3 4 70 . 1 3 5 1 9 . 0  3 5 53 . 5  3 5 60 . 0  3 5 60 . 0  3 5 60 . 0  3 5 3 3 . 8  
1 9 91 2 0  3 5 3 8 . 0  3 5 4 2 . 7  3 5 4 4 . 1  3 54 2 . 2  3 5 2 1 . 8  3 4 98 . 5  3 4 7 3 . 6  3 4 69 . 5  3 4 72 . 4  3 5 2 0 . 9  3 5 5 3 . 8  3 5 60 . 0 3 5 6 0 . 0  3 5 60 . 0  3 5 2 7 . 3  
1 9 92 22 3 5 4 3 . 2  3 5 4 8 . 1  3 54 9 . 3  3 54 7 . 2  3 5 2 6 . 3  3 5 0 1 . 4  3 4 7 6 . 3  3 4 72 . 4  3 4 7 4 . 5  3 52 1 . 7  3 5 53 . 9  3 5 60 . 0  3 5 60 . 0  3 5 60 . 0  3 5 3 0 . 2  
1 9 93 24 3 5 3 7 . 4  35 4 1 . 8  3 5 4 4 . 1  3 5 4 3 . 3  3 5 22 . 7  3 4 98 . 1  3 4 6 8 . 8  3 4 65 . 3  3 4 68 . 1  3 5 1 7 . 9  3 5 5 3 . 3  3 5 5 9 . 8  3 5 5 9 . 9  3 5 59 . 9 3 52 6 . 3  
1 9 94 1 5  3 5 52 . 3  3 5 5 5 . 4  3 5 5 6 . 3  3 5 5 5 . 1  3 5 3 2 . 4  3 5 0 4 . 5  3 4 7 4 . 2  3 4 70 . 0  3 4 7 1 . 2 3 5 1 9 . 5  3 5 53 . 6  3 5 60 . 0 3 5 60 . 0  3 5 60 . 0  3 5 32 . 9 
1 9 95 1 5  3 5 4 3 . 5  354 8 . 6 3 54 9 . 9 3 54 8 . 1  3 52 6 . 4  3 5 0 1 . 1  3 4 7 4 . 7  3 4 70 . 3  3 4 72 . 7  3 5 2 0 . 8  3 5 53 . 8  3 5 60 . 0 3 5 6 0 . 0  3 5 60 . 0  3 5 3 0 . 0  
1 9 96 2 3  3 5 4 1 . 3  35 4 5 . 8  3 5 4 7 . 6 3 5 4 7 . 1  3 5 2 4 . 7  3 4 98 . 3  3 4 67 . 6  3 4 63 . 6  3 4 65 . 7  3 51 7 . 0  3 5 53 . 1  3 55 9 . 8 3 55 9 . 9  3 5 5 9 . 9 3 5 2 7 . 3  
1 9 97 1 6  3 5 3 9 . 8  3 54 3 . 8  3 5 4 5 . 4  3 5 4 4 . 6  3523 . 2  3 4 98 . 0  3 4 7 1 . 6  3 4 67 . 8  3 4 7 1 . 5  3 5 2 0 . 1  3 5 5 3 . 8  3 5 60 . 0  3 5 60 . 0  3 5 60 . 0 3 5 2 7 . 6 
1 9 98 22 3 5 4 4 . 0  3 5 4 8 . 7 3 5 5 0 . 3  3 54 9 . 1  3 5 27 . 3  3 5 0 2 . 1  3 4 7 5 . 2  3 4 7 1 . 2  34 7 2 . 4  3 52 0 . 3  3 5 5 3 . 7  3 5 60 . 0 3 5 60 . 0  3 5 60 . 0  3 5 3 0 . 3  
1 9 99 1 8  3 5 3 6 . 1  35 4 1 . 4  3 54 3 . 2  3 54 1 . 7  3 5 2 3 . 7  3 5 0 1 . 2 3 4 7 6 . 4  3 4 7 1 . 8  3 4 7 4 . 3  3 5 2 1 . 9  3 5 53 . 9  3 55 9 . 8 3 55 9 . 9  3 5 59 . 9 3 5 2 7 . 8  
2 000 22 3 5 4 4 . 2  3 5 4 8 . 5  3 5 5 0 . 1  3 54 9 . 3  3 5 27 . 9  3 5 0 1 . 5 3 4 7 1 . 7  3 4 67 . 5  3 4 6 9 . 0  3 51 8 . 8  3 5 5 3 . 5  3 55 9 . 9 3 5 60 . 0  3 5 60 . 0  3 5 2 9 . 5  
2 0 0 1  1 7  3 5 34 . 6  3 5 3 9 . 0  35 4 0 . 7 3 5 4 0 . 0  3 5 20 . 5  34 97 . 2  3 4 7 1 . 2 3 4 67 . 9  3 4 7 1 . 1  3 51 9 . 5  3 5 53 . 6  3 5 60 . 0 3 5 60 . 0  3 5 60 . 0  3 5 2 5 . 6  

::r: 2 0 02 1 8  3 5 3 6 . 9  35 4 1 . 2 3 5 4 2 . 9  3 5 4 2 . 2  3 5 2 2 . 2  3 4 9 7 . 3  3 4 6 8 . 9  3 4 64 . 7  34 67 . 6  3 51 8 . 1  3 5 53 . 2  3 55 9 . 6 3 55 9 . 8  3 5 5 9 . 8 3 5 2 5 . 8  
2 0 03 1 4  3 5 2 9 . 0  3533 . 9  353 5 . 9  3534 . 2  3 5 1 6 . 8  3 4 94 . 6  3 4 7 1 . 1  3 4 67 . 2  3 4 7 0 . 0  3 5 2 0 . 4  3 5 53 . 7  3 5 5 9 . 9  3 5 60 . 0  3 5 60 . 0  3 5 2 3 . 3  
2 0 04 30 3 5 2 9 . 6  3534 . 7  3 5 3 6 . 9  3 53 5 . 4  3 5 1 5 . 6  3 4 92 . 8  3 4 6 7 . 2  3 4 63 . 7  3 4 65 . 4  3 5 1 7 . 6  3 5 5 2 . 4  3 5 5 8 . 8  3 5 5 9 . 0  3 5 5 9 . 0  3 5 2 2 . 1  

'--'. 2005 1 9  3535 . 3  35 4 0 . 0 354 1 .  4 3 5 3 9 . 8  3 5 1 8 . 5  34 93 . 7  3 4 6 6 . 6  3 4 63 . 1  34 6 6 . 4  3 5 1 8 . 1  3 5 5 3 . 2  3 55 9 . 7 3 5 5 9 . 9  3 5 5 9 . 9  3 5 2 4 . 4  
I 2 0 0 6  2 3  3 5 4 0 . 9  3 5 4 5 . 4  3 5 4 7 . 2  3 5 4 5 . 9  3 5 2 4 . 0  3 4 98 . 9 3 4 7 0 . 8  3 4 6 6 . 7  3 4 6 9 . 0 3 51 9 . 0  3 5 5 3 . 5  3 5 5 9 . 9 3 5 6 0 . 0  3 5 60 . 0  3 5 2 7 . 9  

2 0 0 7  22 3 5 3 5 . 0  3 54 0 . 2  3 5 4 2 . 7  3 54 2 . 4  3 5 22 . 1  3 4 9 8 . 0  3 4 6 8 . 7  3 4 64 . 5  3 4 6 6 . 9  3 51 7 . 7  3 5 53 . 0  3 5 5 9 . 5  3 � 5 9 . 6 3 5 5 9 . 6  3 5 2 5 . 5  
W 2 0 0 8  1 5  3 5 4 3 . 9  3 5 4 7 . 3  3 54 9 . 0 3 54 8 . 5  3 5 2 7 . 5  3501 . 8  3 4 7 3 . 7  3 4 70 . 0  34 7 1 . 4  3 5 1 9 . 5  3 5 53 . 6  3 5 60 . 0  3 5 60 . 0  3 5 60 . 0  3 52 9 . 7 

AVERAGE 3 5 4 0 . 7  3 54 5 . 1  35 4 6 . 7 3 54 5 . 4  3 5 2 4 . 3  3 4 9 9 . 2  3 4 7 1 . 6  3 4 67 . 7  3 4 6 9 . 8 3 5 1 9 . 3  3 5 53 . 5  3 55 9 . 8 3 55 9 . 9  3 5 59 . 9 3 5 2 8 . 0  



:::. ''\ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  . . . � . * � • . . • • • • • • • • • • � • • •  � * . �  • • • • . • • . . .  - . .  . l � � � * * * * * * * * * * * * * * * • . . . • • .  . * .  

HPAHyrnH S'UnnH\ -;Y 
Base Study : BAOOOMED : PSCE I S  : BASE CASE ;, ,, t  . ,  " " " : 5 5 : 2 8 
I ncr Study : BD1 20MED : PSCE I S  : BASE CASE ALT 1 . 2  "'.'\f;. n � );l tl - fl ,\ .' 1 :  1 '"  ')3 
Di fference = ( Incr Study) - (Balle Study) 
Number of Game s : 200 
Average Ove r High Water Years ( Top 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * � · * � � � A · � � � · . � � � · � � . * � � . � * * * * * * * * * * * * * * * * * * * * + � * * � . � *  

Di fference Of 
Hungry Horse Res E 1 ev ( feet ) 
- --- - -- ------- ------ -- --- - -- --

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY ' .Tl)N JUL AG1 AG2 AVG 
- - -- - - - - - -
1 98 9  2 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  
1 9 90 1 9  0 . 4  0 . 3  0 . 2  0 . 3  0 . 3  0 . 2 0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 9 1  20 - 0 . 3  -0 . 4  - 0 . 5  -0 . 5  -0 . 6  -0 . 7  - 0 . 6  -0 . 7  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
1 9 92 22 2 . 2  1 . 7  1 . 4  1 . 5  0 . 4  0 . 4  0 . 5  0 . 5  0 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  
1 9 93 24 2 . 4  2 . 2  2 . 1  2 . 2  1 . 1  0 . 7  0 . 5  0 . 4  0 . 3  0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  1 . 0  
1 9 94 1 5  1 . 8  1 . 5  1 . 4  1 . 3  0 . 2  0 . 1  0 . 1  0 . 2 · 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  
1 9 95 1 5  5 . 3  4 . 4  3 . 9 4 . 1  2 . 8  2 . 6  2 . 4  2 . 6  2 . 2  0 . 8  0 . 1  0 . 0  0 . 0  0 . 0  2 . 4  
1 9 9 6  2 3  3 . 1  2 . 8  2 . 7  2 . 8  2 . 2  2 . 2  2 . 0  2 . 1  1 . 9  1 . 2· 0 . 3  0 . 2  0 . 1  0 . 1  1 . 8  
1 9 97 1 6  0 . 2  0 . 1  0 . 1  0 . 0  -0 . 1  - 0 . 1 - 0 . 1  -0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 98 2 2  1 . 7  1 . 1  0 . 8  1 . 0  0 . 8  0 . 2  -0 . 1  -0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  
1 9 9 9  1 8  2 . 4  2 . 4  2 . 4  2 . 4  1 . 8  0 . 8  0 . 3  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 1  

::r:: 2000 2 2  0 . 4  0 . 2  0 . 1 0 . 1  -0 . 6  - 0 . 3  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 0 0 1  1 7  i . 1  0 . 7  0 . 6 0 . 9  1 . 1  0 . 6  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 4  
2002 18  1 . 3  1 . 3  1 . 2  1 . 1  0 . 1  - 0 . 1 - 0 . 1  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  

w. 2 003 14 0 . 0  0 . 0  - 0 . 3  -0 . 3  -0 . 9  - 1 . 2 - 1 . 5  - 1 . 7 - 1 . 6 - 0 . 9  -0 . 1  -0 . 1  0 . 0  0 . 0  - 0 . 6 
2 0 0 4  3 0  3 . 9  3 . 6  3 . 4  3 . 1  2 . 4  1 . 8  0 . 8  0 . 7  0 . 8  0 . 2  0 . 2  0 . 2  0 . 2  0 . 1  1 . 7  
2 0 0 5  1 9  2 . 1  1 . 9  1 . 6  1 . 5 1 . 4  1 . 2  1 . 5  1 . 5  1 . 6  0 . 7  0 . 2  0 . 1  0 . 1  0 . 1  1 . 2  

.j::- 2006 23 1 . 4  1 . 4  1 . 1  0 . 9  0 . 4  0 . 2  0 . 2  0 . 1  0 . 3  0 . 0  0 . 0  - 0 . 1 -0 . 1  0 . 0  0 . 5  
2007 2 2  3 . 6  3 . 6  3 . 3  2 . 9  1 . 2  0 . 0  0 . 1  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 2  
2008 15  2 . 0  2 . 1  2 . 1  1 . 8 0 . 6  0 . 1  0 . 1  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  

AVERAGE 1 . 8  1 . 6  1 . 4  1 . 4 0 . 8  0 . 5  0 . 3  0 . 3  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  



---� 

T a b l e  H - l j - 3  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

BPAHYSUH Su ..... ary 

Base Study : BAO O OMED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 

I ncr St udy : BE4 1 0MED : PSCE I S  : ALT4 l 0  Date : 1 -FEB- 8 9  1 6 : 0 2 : 5 5 

Di fference = ( Incr Study ) - (Bas e  Study) 
Number of Game s : 2 0 0  
Average Over High Wate r Years ( Top 1 0  P ercent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Di fference Of 
Hungry Horse Res E 1 ev ( feet)  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ANN 

YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AG1 AG2 AVG 

- - - - - - - - - -
1 9 8 9  2 2  -5 . 9  - 3 . 6  - 1 .  9 - 1 . 9 - 1 . 2  - 1 . 5 - 1 . 4  - 1 . 0 - 1 .  6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 6 

1 9 90 1 9  - 8 . 2  - 6 . 6  - 4 . 5  - 4 . 1  -2 . 3  - 0 . 9  - 0 . 4  - 0 . 4  - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 3  

1 9 91 20 -2 . 0  - 1 . 0 0 . 0  0 . 1  1 . 2  2 . 1  1 . 7  1 . 7  - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

1 9 92 22 - 1 2 . 3  - 1 1 .  2 - 9 . 9 - 9 . 7  - 8 . 0  - 4 . 2  - 2 . 1  - 2 . 2  - 1 . 2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 9  

1 9 93 24 - 5 . 4  - 4 . 6  - 4 . 0  -4 . 6  - 4 . 3  - 2 . 4  - 1 . 2 -1 . 0 - 1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 4  

1 9 94 1 5  -4 . 2  - 2 . 4  - 1 . 3 - 2 . 2  -3 . 1  - 3 . 2  - 2 . 3  - 1 . 8  - 2 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 7 

1 9 95 1 5  -8 . 6  - 7 . 6  - 7 . 0  - 7 . 8  - 6 . 6  - 4 . 4  - 3 . 3  - 2 . 5  - 3 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 0  

1 9 96 23 -5 . 1  - 4 . 5  - 3 . 5  - 4 . 5  -3 . 8  - 3 . 2  - 1 . 5  - 1 . 1 - 1 . 4  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  - 2 . 3  

1 9 97 1 6  - 2 . 9  - 1 . 4 - 0 . 7  - 2 . 0  - 1 . 5 - 2 . 2  - 1 . 1  -0 . 4  - 1 . 7 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 1 

1 9 98 22 - 8 . 2  - 7 . 4  - 6 . 8 - 7 . 6  - 6 . 9  - 5 . 7  - 4 . 2  -3 . 2  - 2 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 1  

::r:: 1 9 9 9  1 8  -3 . 0  - 1 . 9 - 1 . 8 - 3 . 1  -4 . 6  - 4 . 4  - 3 . 6  - 2 . 8  - 3 . 1  - 0 . 1  - 0 . 1  - 0 . 1 - 0 . 1  - 0 . 1  - 2 . 2  

2 0 0 0  2 2  -5 . 2  - 4 . 3  - 3 . 6  -4 . 7  -5 . 2  - 4 . 1  - 3 . 2  - 3 . 0  - 2 . 5  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 8  

2 0 0 1  1 7  - 6 . 5  - 5 . 5  - 4 . 4  - 5 . 0  - 5 . 1  - 5 . 1  - 3 . 2  - 2 . 9  - 2 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 1  

G. 2 0 02 1 8  - 0 . 3  0 . 2  0 . 1 - 1 . 1  -2 . 1  - 1 .  2 - 0 . 1  -0 . 2  - 0 . 7  0 . 6  0 . 1  0 . 0  - 0 . 1  - 0 . 1  - 0 . 4  

2003 14  3 . 2  3 . 0  2 . 7  2 . 5  2 . 1  2 . 6 3 . 4  3 . 7  2 . 9 0 . 9  0 . 1  0 . 1  0 . 0  0 . 0  2 . 0  

2 0 04 3 0  3 . 5  3 . 2  2 . 9  3 . 0  2 . 6  2 . 1  2 . 1  2 . 0  2 . 6  1 . 3  0 . 8  0 . 8  0 . 7  0 . 7  2 . 1  

Vl 2005 19  1 . 1  0 . 9 1 . 0  1 . 2  1 . 1  0 . 8  1 . 1  1 . 2  1 . 3  0 . 6  0 . 2  0 . 1  0 . 0  0 . 0  0 . 8 

2 0 0 6  23 - 0 . 2  - 0 . 1  - 0 . 1 0 . 5  1 . 2  0 . 8  0 . 6  0 . 5  0 . 8  0 . 2  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 3  

2007 22 0 . 0  0 . 0  -0 . 1  - 0 . 4  0 . 3  0 . 4  0 . 7  0 . 7  0 . 5  0 . 6  0 . 3  0 . 2  0 . 1  0 . 1  0 . 2  

2 0 0 8  1 5  -0 . 3  - 0 . 3  - 0 . 5  - 0 . 6  0 . 1  0 . 4 0 . 4  0 . 1  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  

AVERAGE -3 . 5  - 2 . 8  - 2 . 2  - 2 . 6  - 2 . 3  - 1 . 6 - 0 . 8  -0 . 6  - 0 . 8  0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  - 1 . 3 



T a b l e  H - l j - 3  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • • • • •  

BPAHYSOH SUlllllary 
Baee Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 55 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 0 8  
Difference = ( I ncr Study) - (Baee Study) 
Number of Game e : 200 
Average Over High Water Yeare ( Top 10 Percent ) 
* . *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • * * * * * * * * * * . * * . * * * . * • •  * * * * . * * * * * * * * * * . * • •  * * * *  • •  * *  • •  * *  • • • • • •  

Di fference Of 
Hungry Horee Ree E1ev ( feet ) 
--- - - - - - -- - - - - - - - - - - - - - - - - ----

ANN 
YEAR I NOH SEP OCT NOV DEC JAN FEB MAR AP 1 AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - -- ---
1 98 9  2 2  -5 . 7  - 3 . 4  - 1 .  7 - 1 . 7  - 1 . 0 - 1 .  0 - 1 . 1  -0 . 8  - 1 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 4 
1 9 90 1 9  -5 . 4  - 3 . 9  -2 . 2  - 1 . 4  -0 . 2  0 . 3  0 . 1  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  0 
1 9 91 20 -5 . 7  -4 . 4  - 3 . 3  - 2 . 8  - 1 . 4 - 0 . 1 - 0 . 3  -0 . 1  - 0 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  5 
1 9 92 22 - 6 . 7  - 5 . 9  - 4 . 9  -4 . 4  -3 . 8  -2 . 4  - 0 . 6  - 1 . 2 - 1 .  1 - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 5  
1 9 93 24 -3 . 3  -2 . 7  - 2 . 3  -2 . 8  -2 . 7  - 1 .  7 -0 . 4  -0 . 4  - 1 .  0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 4  
1 9 94 1 5  0 . 4  1 . 5  1 . 3  0 . 7  -0 . 8  - 0 . 4  - 1 . 1  - 1 . 1  - 1 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 995 1 5  - 1 . 6 - 1 . 3  - 1 . 4 - 1 . 8  - 1 . 7 -0 . 8  -0 . 8  -0 . 7  - 1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9 
1 996 23 1 . 3  1 . 0  1 . 1  0 . 4  0 . 2  - 0 . 1 0 . 3  0 . 3  0 . 1  0 . 3  0 . 2  0 . 2  0 . 1  0 . 1  0 . 4  
1 9 97 1 6  0 . 6  0 . 6  0 . 4  -0 . 3  -0 . 5  - 0 . 3  -0 . 2  0 . 0  - 0 . 4  0 . 2  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 0 
1 9 98 22 0 . 1  0 . 0  - 0 . 2  -0 . 1  -0 . 3  -0 . 4  - 0 . 5  -0 . 4  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1 
1 9 99 1 8  2 . 8  2 . 7  2 . 8  2 . 9  2 . 5  1 . 4  0 . 8  0 . 8  1 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  1 . 4  
2000 22 -0 . 4  -0 . 5  - 0 . 5  -0 . 3  - 1 . 5 - 1 . 2 -0 . 6  -0 . 6  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  

:r:: 2001 1 7  - 1 . 9 - 1 . 1 -0 . 8  -0 . 2  0 . 3  0 . 2  0 . 2  0 . 1  0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 3  
20 02 1 8  -2 . 9  -2 . 5  - 2 . 6  - 2 . 7  - 1 . 4  - 0 . 1 0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 1 . 0 
20 03 1 4  - 1 . 3  - 0 . 8 -0 . 8  0 . 2  1 . 7  2 . 1  1 . 6  1 . 3  2 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 4  

t,... 2004 30 3 . 1  3 . 1  2 . 9  3 . 9  4 . 2  3 . 6 2 . 5  1 . 8  2 . 9 0 . 8  0 . 6  0 . 6  0 . 6  0 . 6  2 . 4  I 2005 1 9  2 . 5  2 . 3  2 . 7  4 . 0  4 . 2  4 . 1  4 . 0  3 . 9  4 . 0  1 . 3  0 . 2  0 . 1  0 . 0  0 . 0  2 . 4  
2006 23 2 . 6  2 . 2  1 . 8  2 . 6  3 . 5  3 . 2  2 . 7  2 . 3  2 . 2  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  1 . 8  0' 2 0 07 22 2 . 1  1 . 8  1 . 3  1 . 3  1 . 8  1 . 6  1 . 8  1 . 8  0 . 6  -0 . 1  -0 . 4  -0 . 5  -0 . 5  -0 . 5  0 . 9  
2 0 08 1 5  - 1 . 8 - 1 .  6 -2 . 0  - 1 . 9 -0 . 3  -0 . 1  - 0 . 3  - 0 . 4  0 . 3  0 . 0  0 . 0  0 . 0 '  0 . 0 0 . 0  - 0 . 6 

AVERAGE - 1 . 0 -0 . 6  - 0 . 3  - 0 . 1  0 . 2  0 . 4  0 . 5  0 . 4  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



T a b l e  H - l j - 3  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • •• • • • • • • • • • • • • • • • • •  

BPAHYSUH Sunmary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BA43 0HED : PSCE I S  : ALT 4 3  Date : 2 1 -JAN- 8 9  05 : 1 4 : 2 9 
Di fference - ( Incr Study) - (Base Study) 
Number of Garne s :  2 0 0  
Average Ov e r  High Wate r  Years ( Top 10 Percent ) 
• • • • • • • • • • • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • •• • • • • •• • • • • • • • • • • • • • • • • • • • • • • •  
Difference Of 
Hungry Horse Res Elev ( feet) 
- - - - - - - - - - - - - - ----- - ----- - ----

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 2  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 2  0 . 8  0 . 5  1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
1 990 1 9  0 . 6  0 . 3  0 . 1  0 . 2  0 . 2  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 91 20 6 . 0  5 . 3  5 . 0  5 . 0  5 . 5  4 . 9  3 . 3  3 . 1  1 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  3 . 0  
1 992 2 2  8 . 3  7 . 0  6 . 4 6 . 0  4 . 3  3 . 1  1 . 5  1 . 0  0 . 3  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  3 . 1 
1 9 93 24 6 . 3  5 . 7  4 . 9  4 . 3  2 . 2  0 . 8  0 . 6  0 . 5  - 0 . 4  0 . 4  0 . 2  0 . 2  0 . 1  0 . 1  2 . 1  
1 9 94 1 5  2 . 2  1 . 9  1 . 7  1 . 2  -0 . 6  - 0 . 4  - 0 . 4  -0 . 3  - 0 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  
1 9 95 15 9 . 2  7 . 9  7 . 1  6 . 5  4 . 8  3 . 2  2 . 1  2 . 2  0 . 2  0 . 8  0 . 1  0 . 0 0 . 0  0 . 0  3 . 5  
1 9 96 23 5 . 8  5 . 0  4 . 7  3 . 9  3 . 0  3 . 2  3 . 4  3 . 6  2 . 0  1 . 3 0 . 3  0 . 2  0 . 1  0 . 1  2 . 7  
1 9 97 1 6  4 . 1  3 . 5  2 . 9 1 . 5 1 . 2  1 . 0  1 . 0  0 . 7  - 1 . 6 - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  1 . 1  
1 9 98 22 5 . 1  4 . 2  3 . 6  2 . 7  1 . 9  0 . 3  -0 . 9  - 1 . 2 - 1 .  6 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  1 . 3  

::r:: 1 9 99 1 8  8 . 6  8 . 2  7 . 7  6 . 8  2 . 5  0 . 6 0 . 2  0 . 6  - 0 . 1 0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  2 . 9  
2 0 00 22 7 . 5  6 . 5  6 . 0  5 . 0  2 . 8  2 . 3  1 . 8  2 . 0  0 . 9  0 . 6  0 . 1 0 . 1 0 . 0  0 . 0  2 . 8  
2 0 0 1  1 7  8 . 8  7 . 9  7 . 3  6 . 4  4 . 3  2 . 7  0 . 6  0 . 2  - 1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  3 . 0  
2 0 02 1 8  4 . 4  4 . 0  3 . 7  2 . 5  0 . 4  0 . 2  0 . 5  0 . 7  - 0 . 1 0 . 8  0 . 3  0 . 3  0 . 2  0 . 2  1 . 4  
2 0 03 1 4  7 . 7  7 . 0  6 . 5  6 . 2  4 . 5  4 . 9  4 . 0  3 . 9  3 . 2  0 . 9  0 . 1  0 . 1 0 . 0  0 . 0  3 . 8  
2 0 04 30 1 0 . 0  9 . 2 8 . 6  8 . 4  6 . 7  5 . 3  3 . 8  3 . 3  3 . 5  1 . 6  1 . 0 0 . 9  0 . 8  0 . 7  5 . 0  -J 2005 1 9  5 . 9  5 . 4  4 . 9  4 . 7  4 . 5  3 . 9 3 . 5  3 . 5  2 . 5  1 . 3 0 . 4  0 . 3  0 . 1  0 . 1  3 . 1  
2 0 0 6  2 3  5 . 3  4 . 9  4 . 4  3 . 8  2 . 8  2 . 6  2 . 9  2 . 9  2 . 1 1 . 0 0 . 1  0 . 1 0 . 0  0 . 0  2 . 5  
2 0 0 7  22 6 . 8  6 . 0  5 . 4  4 . 4  2 . 5  2 . 1  2 . 3  2 . 4  1 . 3  1 . 0  0 . 4  0 . 4  0 . 3  0 . 3  2 . 7  
2 0 0 8  1 5  1 . 4  1 . 4  1 . 4  0 . 5  - 1 . 1 - 0 . 8 - 0 . 6  -0 . 4  - 0 . 8 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 1  

AVERAGE 5 . 8  5 . 2  4 . 7  4 . 1  2 . 8  2 . 1  1 . 6  1 . 5  0 . 7 0 . 5  0 . 2  0 . 2  0 . 1  0 . 1  2 . 3  



T a b l e  H - l j - 3  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUM Summary 

Base Study : BAO O OMED : PSCE I S  : BASE CASE Dat e :  3 - JAN - 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BC4 4 0MED : PSCE I S  : ALT4 4  Dat e :  2 8 - JAN- 8 9  0 6 : 0 6 : 3 1  

D i  fference = ( I ncr Study) - (Base Study) 
Number of Game s : 2 0 0  
Average Ove r High Water Years ( Top 10 P e rcen t )  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  

D i f ference Of 
Hungry Hor�e Res E1ev ( feet) 
- - - - - - - - - - - - - - - - - - - - -- - - - - - - - -

ANN 

YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP 1 AP 2 MAY JUN JUL AG1 AG2 AVG 

1 9 8 9  2 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  

1 9 90 1 9  0 . 0  0 . 0  0 . 0  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 91 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  

1 9 92 22 0 . 0  0 . 0  0 . 0  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 93 24 0 . 0  0 . 0  0 . 0  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 94 15 0 . 0  0 . 0  0 . 0  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 95 1 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  0 . 0  0 . 0  

1 9 96 23 0 . 0  0 . 0  0 . 0  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 97 1 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  

1 9 9 8  2 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 

1 9 9 9  1 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  0 . 0  

2 0 00 2 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  
::r:: 2 0 0 1  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  

2 0 0 2  1 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  0 . 0  

�. 2 0 0 3  1 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  

2 0 0 4  30 0 . 0  0 . 0  0 . 0  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 05 1 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

en 2 0 0 6  2 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  

2 0 07 2 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  

2 0 0 8  1 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  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 4  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • •  * * ** * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * **  • • •  * *  • • •  * * *  • • • • • • • • • • • • • * * * . **  • • • * *  BPAHYSUH Summary 
B""e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e : 3 - JAN- 8 9  0 6 : 5 5 : 2 8  
Number o f  Game,, : 200 
Average Ove r Low Wat er Years (Bot t om 1 0  Pe rcent ) * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • • • • • • • * *  • • • • • •  * * * * * * *  • •  * * *  
Grand Coulee Res E1ev ( feet ) 
- - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP1 AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  25 1 2 8 9 . 1  1 2 8 8 . 7  1 2 8 8 . 7  1 2 8 8 . 1  1 2 8 8 . 0  1 2 8 8 . 0  1 2 8 1 . 4 1 2 8 6 . 6  1 2 8 4 . 6  1 27 1 . 2 1 2 8 6 . 5  1 2 8 9 . 6 1 2 9 0 . 0  1 2 90 . 0  1 2 8 6 . 1  1 9 9 0  2 7  1 2 8 9 . 1  1 2 8 8 . 8  1 2 8 8 . 8  1 2 8 8 . 0  1 2 8 8 . 0  1 2 8 8 . 0  1 2 8 1 . 5 1 2 87 . 8  12 8 6 . 0 1 2 7 5 . 4  1 2 85 . 6  1 2 8 9 . 6 1 2 90 . 0  1 2 90 . 0  1 2 8 6 . 6 1 9 91 26 1 2 8 8 . 7  1 2 8 8 . 5  1 2 8 8 . 6  1 2 8 8 . 0  1 2 88 . 0  1 2 8 8 . 0  1 2 8 0 . 8  1 2 85 . 2  1 2 8 2 . 4  1 2 6 6 . 5  1 2 85 . 0  12 8 9 . 7  1 2 8 9 . 9  1 2 8 9 . 9  1 2 8 5 . 4  
1 9 92 18 1 2 8 8 . 7  1 2 8 8 . 4  1 2 8 8 . 2  1 2 8 7 . 5  1 2 85 . 2  1 2 8 3 . 6  1 2 7 6 . 3  1 2 80 . 7  1 2 7 8 . 9  1 2 6 6 . 4  1 2 8 5 . 5  1 2 8 9 . 6 1 2 9 0 . 0  1 2 90 . 0  1 2 8 4 . 0  1 9 93 21 1 2 8 8 . 7  1 2 8 8 . 7  1 2 8 8 . 8  1 2 8 8 . 0  1 2 8 8 . 0  1 2 8 8 . 0  1 28 0 . 8  1 2 8 6 . 0  1 2 83 . 8  1 2 6 7 . 9  1 2 83 . 5  1 2 8 9 . 6 1 2 9 0 . 0  1 2 90 . 0  1 2 8 5 . 5  
1 9 94 30 1 2 8 8 . 7  1 2 8 8 . 6  1 2 8 8 . 6 1 2 8 8 . 0  1 2 8 7 . 1  1 2 8 5 . 9  1 2 7 6 . 0  1 2 8 0 . 8  1 2 7 7 . 9  1 2 63 . 3  1 2 85 . 2  1 2 8 9 . 7  1 2 9 0 . 0  1 2 90 . 0  1 2 8 4 . 1  1 9 95 3 1  1 2 8 8 . 6  1 2 8 8 . 5 1 2 8 8 . 6  1 2 8 8 . 0  1 2 87 . 5  1 2 8 7 . 3  1 2 7 8 . 7  1 2 83 . 6  1 2 80 . 8  1 2 66 . 7  1 2 84 . 6  1 2 8 9 . 7  1 2 9 0 . 0  1 2 90 . 0  1 2 8 4 . 9  1 9 9 6  2 9  1 2 8 8 . 7  1 2 8 8 . 5  1 2 8 8 . 6  1 2 8 8 . 0  1 2 87 . 6  1 2 8 7 . 4  1 27 9 . 6  1 2 84 . 6  1 2 8 2 . 2  1 2 6 9 . 2  1 2 8 4 . 7  1 2 8 9 . 7 1 2 9 0 . 0  1 2 90 . 0  1 2 8 5 . 4  1 9 97 29 1 2 8 8 . 8  1 2 8 8 . 7  1 2 8 8 . 7  1 2 8 8 . 0  1 2 8 7 . 6  1 2 8 7 . 0  1 27 9 . 0  1 2 84 . 8  1 2 8 2 . 6  1 2 7 1 . 2  1 2 84 . 9  1 2 8 9 . 6  1 2 9 0 . 0  1 2 90 . 0  1 2 8 5 . 5  
1 9 9 8  23 1 2 8 8 . 4  12 8 8 . 4  1 2 8 8 . 5  1 2 8 8 . 0  1 2 8 7 . 7  1 2 8 7 . 5  1 2 7 7 . 9  1 2 8 1 . 8  1 2 7 8 . 6  1 2 60 . 6  1 2 8 2 . 5  1 2 8 9 . 6  1 2 8 9 . 9  1 2 8 9 . 9  1 2 8 4 . 0  
1 9 9 9  3 3  1 2 8 8 . 7  1 2 8 8 . 6  1 2 8 8 . 6  1 2 8 7 . 9  1 2 8 5 . 0  1 2 8 1 . 9  1 27 3 . 2  1 2 7 8 . 3  1 2 7 6 . 6 1 2 6 8 . 9  1 2 84 . 3  1 2 8 9 . 6 1 28 9 . 9 1 2 8 9 . 9  1 2 8 3 . 6  
2 0 0 0  27 1 2 8 8 . 8  1 2 8 8 . 7  1 2 8 8 . 8  1 2 8 8 . 0  1 2 8 7 . 9  1 2 8 8 . 0  1 2 8 0 . 9  1 2 8 6 . 3  1 2 8 5 . 1  1 27 0 . 8  1 2 83 . 2  1 2 8 9 . 6  1 2 9 0 . 0  1 2 90 . 0  1 2 8 5 . 8  

::r. 2 0 0 1  3 1  1 2 8 8 . 6  1 2 8 8 . 6 1 2 8 8 . 6  1 28 8 . 1  1 2 8 8 . 0  1 2 8 8 . 0  1 2 8 0 . 3  1 2 85 . 1  1 2 82 . 8  1 2 6 8 . 4  1 2 8 4 . 0  1 2 8 9 . 7 1 2 8 9 . 9  1 2 8 9 . 9  1 2 8 5 . 4  
2002 25  1 2 8 8 . 8  1 2 8 8 . 6  1 2 8 8 . 6  1 2 8 8 . 0  1 2 8 6 . 4  1 2 8 4 . 9  1 2 7 6 . 9  1 2 82 . 6  1 2 8 0 . 2  1 2 7 0 . 5  1 2 83 . 3  1 2 8 9 . 6 1 2 90 . 0  1 2 90 . 0  1 2 8 4 . 7  2 0 03 23 1 2 8 8 . 6  1 2 8 8 . 5  1 2 8 8 . 5  1 2 8 8 . 0  1 2 87 . 4  12 8 6 . 8 1 27 7 . 7  1 2 82 . 3  1 2 7 9 . 1 1 2 6 6 . 9  1 2 84 . 4  1 2 8 9 . 7  1 2 90 . 0  1 2 90 . 0  1 2 8 4 . 6  

y. 2 0 0 4  2 4  1 2 8 8 . 8  1 2 8 8 . 8  1 2 8 8 . 8  1 28 8 . 0  1 2 8 8 . 0  12 8 8 . 0 1 2 8 1 . 1  1 2 8 6 . 2  1 2 8 4 . 8  1 2 68 . 8  1 2 8 4 . 1  12 8 9 . 7 1 2 9 0 . 0  1 2 90 . 0  1 2 8 5 . 7  I 2 0 0 5  30 1 2 8 8 . 9  1 2 8 8 . 8  1 2 8 8 . 8  1 28 8 . 2  1 2 8 8 . 0  1 2 8 8 . 0  1 2 8 1 . 3  1 2 8 6 . 5  1 2 8 5 . 4  1 2 7 1 . 3  1 2 8 4 . 2  1 2 8 9 . 6 1 2 9 0 . 0  1 2 90 . 0  1 2 8 6 . 0  
2 0 0 6  3 2  1 2 8 9 . 0  1 2 8 8 . 9  1 2 8 8 . 8  1 2 8 8 . 2  1 2 8 8 . 0  1 2 8 7 . 8  1 2 8 0 . 3  1 2 8 5 . 5  1 2 82 . 9  1 27 1  . 0  1 2 8 4 . 7  1 2 8 9 . 6  1 2 90 . 0  1 2 90 . 0  1 2 8 5 . 8  '.D 2 0 0 7  2 3  1 2 8 8 . 9  1 2 8 8 . 9  1 2 8 8 . 9 1 28 8 . 3  1 2 8 8 . 0  1 2 8 7 . 8  1 2 8 0 . 7  1 2 85 . 9  1 2 8 5 . 2  1 2 7 1 . 2  1 2 83 . 2  1 2 8 9 . 6  1 2 90 . 0  1 2 90 . 0  1 2 8 5 . 9  2 0 0 8  2 6  1 2 8 8 . 8  12 8 8 . 8  1 2 8 8 . 7  1 2 8 8 . 0  1 2 8 5 . 4  1 2 8 2 . 4  1 27 2 . 9  1 2 7 7 . 2  1 2 7 3 . 7  1 2 64 . 7  1 2 8 1 . 6  1 2 8 8 . 3  1 2 8 8 . 6  1 2 8 8 . 7  1 2 8 2 . 7  

AVERAGE 1 2 88 . 8  1 2 8 8 . 7  1 2 8 8 . 7  1 2 8 8 . 0  1 2 8 7 . 4  1 2 8 6 . 7 1 2 7 8 . 8  1 2 83 . 9  1 2 8 1 . 7  1 2 6 8 . 6  1 2 8 4 . 3  1 2 8 9 . 6 1 28 9 . 9  1 2 8 9 . 9 1 2 8 5 . 1  



T a b l e  H - l ,j- 4  

• • • • • •  * * * * • • •  * * * * * * * * * * * * * * *  • • • •  * * * * * * *  • • •  * * * * * * * * * * * * * * * * *  • • • •  * * *  • • • •  * * * * * * * * * * * * . * *  • • • • •  * . * * * *  • • • • • • • • • • • •  * * . * *  • • • • • • • • • • • • • • • • • •  
BPAHYSUH Sumnary 

Base Study : BAOOOHED : PSCEI S : BASE CASE Dat e :  3-JAN - 8 9  0 6 : 55 : 2 8 

I ncr Study : BD1 2 0HED : PSCE I S  : BASE CASE ALT 1 . 2  Dat e :  6 -JAN - 8 9  2 1 : 4 9 : 5 3 

Di fference = ( Incr Study) - (Ba .. e Study) 
Number of Game .. : 2 0 0  
Average Ov e r  Low Water Year .. (Bottom 10 Percent) 

* * *  • • • • • •  * * *  • • •  * * * * * * * . * * *  • • •  * * * . * *  • •  * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • •  * • • • •  * . * * * * * * * * * * * * . * * * * * *  • •  * * * * * * *  • • • • • • • •  

Di fference Of 
Grand Coulee Re .. E 1 ev ( feet ) 
- - --- ----- - - -- --- -- - ---- - --- --

ANN 

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- --- ---- --
1 9 8 9  25 0 . 0  0 . 0  0 . 0  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 90 27 0 . 1  0 . 1 0 . 1 0 . 1  0 . 0  0 . 0  0 . 1  0 . 2  0 . 1  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1 

1 9 9 1  2 6  0 . 1  0 . 2 0 . 1  0 . 2  0 . 0  0 . 0  0 . 3  0 . 2  0 . 7  1 . 0  0 . 4  0 . 0  0 . 1  0 . 1  0 . 2  

1 9 92 1 8  0 . 1  0 . 3  0 . 5  0 . 4  0 . 9  0 . 6  0 . 4  0 . 7  1 . 2  1 . 6  0 . 5  0 . 0  0 . 0  0 . 0  0 . 5  

1 9 93 2 1  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 3  0 . 3  1 . 0  1 . 3  0 . 5  0 . 0  - 0 . 1  0 . 0  0 . 3  

1 9 94 30 0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  0 . 5  1 . 0  0 . 8  1 . 1  1 . 2  0 . 5  0 . 0  0 . 0  0 . 0  0 . 4  

1 9 95 3 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 5  0 . 7  1 . 3  1 . 2  1 . 5  1 . 2  0 . 6  0 . 0  0 . 0  0 . 0  0 . 5  

1 9 9 6  2 9  0 . 2  0 . 2  0 . 1  0 . 1  0 . 2  0 . 2  0 . 3  0 . 3  1 . 1  0 . 9  0 . 3  0 . 0  0 . 0  0 . 0  0 . 3  

1 9 97 2 9  0 . 1  0 . 2  0 . 2  0 . 2  0 . 1  0 . 3  0 . 5  0 . 5  0 . 8  0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  0 . 3  

1 9 98 23 0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 3  0 . 9  0 . 9  1. 4 1 . 3  0 . 2  0 . 0  0 . 0  0 . 0  0 . 4  

1 9 99 33 0 . 1  0 . 1  0 . 1 0 . 2  0 . 5  0 . 6  0 . 9  0 . 2  0 . 5  0 . 5  0 . 3  0 . 0  0 . 0  0 . 1  0 . 3  

:r:: 2 0 00 27 0 . 2  0 . 2  0 . 2  0 . 2  0 . 1  0 . 0  0 . 3  0 . 4  0 . 4  0 . 7  0 . 2  0 . 0  0 . 0  0 . 0 · 0 . 2  

2 0 0 1  3 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 4  0 . 5  0 . 5  0 . 6  0 . 3  0 . 0  0 . 1  0 . 1  0 . 2  

2 002 25 0 . 2  0 . 2  0 . 2  0 . 3  0 . 5  0 . 9  0 . 9  0 . 4  1 . 3  1 . 0 0 . 2  0 . 0  0 . 0  0 . 0  0 . 5  
0;:...,. 2003 23 0 . 1  0 . 2  0 . 1  Q . O  0 . 0  0 . 0  0 . 6  0 . 5  0 . 7  1 . 2  0 . 2  0 . 0 0 . 0  0 . 0  0 . 3  

I 2 0 04 24 0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 3  0 . 6  0 . 7  1 . 3  0 . 5  0 . 0  0 . 0  0 . 0  0 . 3  
N 2 0 05 30 0 . 2  0 . 2  0 . 2  0 . 3  0 . 0  0 . 0  0 . 4  0 . 9  0 . 6  1 . 4  0 . 5  0 . 0  0 . 0  0 . 0  0 . 3  
0 

2 0 0 6  3 2  0 . 1  0 . 2  0 . 2  0 . 4  0 . 1  0 . 2  0 . 5  0 . 6  0 . 7  1 . 1  0 . 4  0 . 0  0 . 0  0 . 0  0 . 3  

2 0 0 7  2 3  0 . 2  0 . 2  0 . 2  0 . 4  0 . 0  0 . 0  0 . 1  0 . 4  0 . 4  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

2008 26 0 . 2  0 . 2  0 . 2  0 . 3  0 . 6  1 . 0  1 . 5 1 . 7  1 . 8  1 . 1  0 . 4  0 . 1 0 . 1  0 . 1  0 . 6  

AVERAGE 0 . 1  0 . 2  0 . 2  0 . 2  0 . 2  0 . 3  0 . 6  0 . 6  0 . 8  1 . 0 0 . 3  0 . 0  0 . 0  0 . 0  0 . 3  



T a b l e  H - l j - 4 

• • • • • • • • • • * *  • • •  * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • •  * * * * * * . * *  • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Summary 

Ba .... Study : BAOOOHED : PSCE I S  : BASE CASE Oat .. : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  Oat .. : 1 -FEB- 8 9  1 6 : 02 : 55 

Di ff .. r .. nc .. = ( Incr Study) - (Ba .... Study) 
Numb .. r of Gam .... : 2 0 0  
Av .. rag.. Ov .. r Low Water Y .. ar .. (Bottom 1 0  P .. rc .. nt ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Diff .. r .. nc .. Of 
Grand Cou1.... R.... E1 .. v ( f  .... t )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
ANN 

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AG1 AG2 AVG 

- - - - - -- ---
1 98 9  25 -0 . 3  - 0 . 5  - 0 . 4  - 0 . 2  -2 . 0  - 2 . 0  -4 . 9  -4 . 4  - 6 . 3 - 7 . 3  - 1 . 6  - 0 . 1  0 . 0  0 . 0  - 2 . 1  

1 9 90 27 -0 . 4  - 0 . 6  -0 . 5  -0 . 1  -0 . 5  - 0 . 3  - 1 . 0  - 1 . 0  - 2 . 3  - 3 . 8  -0 . 8  - 0 . 2  0 . 0  '0 . 0  - 0 . 9 

1 9 91 2 6  -0 . 3  -0 . 4  - 0 . 4  - 0 . 2  -2 . 1  - 2 . 4  - 3 . 3  - 3 . 1  - 5 . 1  - 5 . 3  -0 . 7  0 . 1 0 . 1  0 . 1  - 1 . 7 

1 9 92 1 8  -0 . 1  - 0 . 2  0 . 0 0 . 3  -0 . 2  - 0 . 7  - 1 . 5  -0 . 5  - 3 . 8  - 3 . 5  - 1 . 1 - 0 . 1 0 . 0  0 . 0  - 0 . 9  

1 9 93 2 1  -0 . 2  - 0 . 5  - 0 . 5  - 0 . 1  -0 . 2  -0 . 3  - 1 . 0  -0 . 3  - 1 . 7 - 1 . 8  -0 . 3  0 . 1  0 . 0  0 . 0  -0 . 5  

1 9 94 30 -0 . 2  -0 . 4  - 0 . 4  - 0 . 2  -2 . 2  - 2 . 2  - 2 . 9  - 2 . 2  - 5 . 1  - 2 . 6  - 1 . 0 - 0 . 3  -0 . 2  -0 . 1  - 1 . 5  

1 9 95 3 1  -0 . 2  - 0 . 4  - 0 . 4  -0 . 2  - 1 . 8 - 1 . 7 - 2 . 0  - 1 . 5 - 2 . 5 - 2 . 4  -0 . 6  0 . 0  0 . 0  0 . 0  - 1 . 0 

1 996 29 -0 . 2  -0 . 4  - 0 . 4  -0 . 2  - 1 . 6 - 2 . 1  - 2 . 5  - 1 . 5 - 2 . 7  - 2 . 3  -0 . 4  -0 . 1  0 . 0  0 . 0  - 1 . 1  

1 9 97 29 -0 . 2  - 0 . 5  - 0 . 5  -0 . 1  - 1 . 0 - 0 . 4  - 0 . 1  0 . 5  - 0 . 2  - 0 . 6  0 . 7  0 . 0  0 . 0  0 . 0  - 0 . 2  

1 9 98 2 3  -0 . 1  -0 . 4  - 0 . 4  -0 . 2  - 1 . 0  - 0 . 8  - 0 . 4  0 . 0  - 0 . 9 -0 . 8  0 . 6  0 . 1 0 . 1  0 . 1  -0 . 3  

1 9 99 3 3  -0 . 1  - 0 . 3  - 0 . 3  -0 . 1  -0 . 1  0 . 1 0 . 4  0 . 3  0 . 0  0 . 3  0 . 5  0 . 0  0 . 1  0 . 1  0 . 1 

:::r:: 2 0 0 0  2 7  -0 . 1  -0 . 3  - 0 . 4  -0 . 1  -0 . 1  -0 . 2  - 0 . 6  -0 . 5  - 1 . 1  - 1 . 2  0 . 8  0 . 0  0 . 0  0 . 0  -0 . 3  

2001 3 1  -0 . 1  - 0 . 3  - 0 . 3  -0 . 2  -0 . 6  - 0 . 7 - 1 . 2  -0 . 6  -0 . 9  - 1 . 6 0 . 4  - 0 . 1  -0 . 1  0 . 0  - 0 . 5  

2 0 0 2  25 0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 8  - 0 . 6  0 . 2  -0 . 2  0 . 5  0 . 1  1 . 9  0 . 0  0 . 0  0 . 0  0 . 1 

L. 2 0 03 23 0 . 2  0 . 2  0 . 1  0 . 1  -0 . 1  -0 . 1  0 . 4  0 . 9  0 . 8  2 . 4  1 . 3  - 0 . 1  - 0 . 1  0 . 0  0 . 4  

I 2 0 04 24 0 . 1  -0 . 1  - 0 . 1 0 . 0  -0 . 5  - 0 . 6  - 1 . 1  - 1 . 2 - 1 . 7 - 2 . 7  0 . 1  -0 . 2  - 0 . 2  -0 . 2  - 0 . 6  

N 2 0 05 3 0  -0 . 1  - 0 . 1  - 0 . 2  - 0 . 1  0 . 0  0 . 0  - 0 . 5  - 1 . 1  - 1 . 1 - 2 . 1  0 . 5  0 . 0  0 . 0  0 . 0  -0 . 3  

2 0 0 6  3 2  -0 . 1  - 0 . 1  - 0 . 1 -0 . 2  -0 . 8  - 1 . 0 - 1 . 9 - 1 . 3  - 1 . 8 - 2 . 2  0 . 4  -0 . 1  - 0 . 1  -0 . 1  -0 . 7  

2 0 0 7  23 -0 . 1  - 0 . 2 - 0 . 2  - 0 . 3  -0 . 3  -0 . 4  - 1 . 0 - 1 . 0  - 2 . 0  - 2 . 9  0 . 0  0 . 0 0 . 0  0 . 0  - 0 . 6  

2 0 0 8  2 6  0 . 0  - 0 . 1  - 0 . 2  -0 . 6  -2 . 7  - 3 . 1  - 1 . 9 - 1 . 6  - 1 . 4  - 2 . 1  1 . 8  0 . 3  0 . 2  0 . 2  - 0 . 8  

AVERAGE -0 . 1  - 0 . 3  - 0 . 3  -0 . 1  -0 . 9  - 1 . 0 - 1 . 3 - 1 . 0  - 1 .  9 - 2 . 1  0 . 1  0 . 0  0 . 0  0 . 0  -0 . 7  



T a b l e  H - l j - 4 

* * *  • • • • • • • • • • • • • • • • • •  * *  • • •  * *  • • • • • • • •  * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • •  * *  • • • •  * *  • • •  * *  • • • • • • • • • BPAHYSUH Surrmary 
Base Study : BAO O OHED : P SCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 0 0 : 0 8 
Di ffe rence = ( I ncr Study) - (Ba"e Study )  
Number o f  Game s : 2 0 0  
Average Ov e r  Low Water Years (Bot t om 1 0  Pe rcent ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  
Di ffe rence Of 
Grand Coulee Res E 1 ev ( feet)  
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I  AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - -

1 9 8 9  25 -0 . 3  - 0 . 5  - 0 . 4  - 0 . 2  - 1 . 2  - 0 . 6  - 1 . 7  - 2 . 3  - 2 . 7  - 4 . 3  - 0 . 8  0 . 0  0 . 0  0 . 0  - 1 . 1 
1 9 90 2 7  -0 . 3  - 0 . 5  - 0 . 4  - 0 . 1  0 . 0  0 . 0  - 0 . 3  -0 . 6  - 0 . 7  - 1 . 4  0 . 0  0 . 0 0 . 0  0 . 0  - 0 . 3 
1 9 91 2 6  -0 . 2  - 0 . 3  - 0 . 3  - 0 . 2  -0 . 3  - 0 . 2  - 1 . 1  - 1 . 5 - 2 . 2  - 3 . 2  -0 . 4  0 . 1  0 . 1  0 . 1  - 0 . 7 
1 9 92 1 8  -0 . 1  - 0 . 1  0 . 1  0 . 3  0 . 9  1 . 0  - 0 . 8  -0 . 9  - 1 . 2 - 0 . 7  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 93 2 1  -0 . 1  - 0 . 2  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 5  0 . 7  0 . 9  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 94 3 0  -0 . 1  - 0 . 1  - 0 . 2  0 . 0  0 . 1  0 . 7  0 . 7  0 . 5  0 . 3  0 . 3  0 . 4  0 . 0  0 . 0  0 . 0  0 . 2  
1 9 95 3 1  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 2  0 . 4  0 . 7  0 . 7  1 . 1  0 . 9  0 . 9  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 9 6  2 9  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 1  0 . 0  - 0 . 2  0 . 0  0 . 2  0 . 0  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  1 9 9 7  2 9  0 . 0  0 . 0 0 . 0 0 . 1  0 . 3  0 . 7  1 . 2  1 . 6  1 . 7  1 . 7  0 . 8  0 . 0  0 . 0  0 . 0  0 . 5  
1 9 98 23 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 0 . 8  1 . 0  1 . 1  1 . 4  0 . 8  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 9 9  3 3  0 . 1  0 . 1  0 . 0  0 . 0  -0 . 1  0 . 0  0 . 2  0 . 3  0 . 5  0 . 6  0 . 3  0 . 0  0 . 0  0 . 0  0 . 1  

:r:: 2 0 0 0  2 7  0 . 0  0 . 0 0 . 0  0 . 0  0 . 1  0 . 0  - 0 . 2  -0 . 6  - 0 . 9 - 1 . 3  0 . 3  0 . 0  0 . 0  0 . 0  - 0 . 2  
2 0 0 1  3 1  0 . 0  - 0 . 1  - 0 . 1 - 0 . 1  -0 . 3  - 0 . 7  - 1 . 6  - 1 . 3 - 1 .  4 - 2 . 2  - 0 . 2  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 6  
2 0 0 2  2 5  -0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  -0 . 3  - 1 . 2 - 1 . 3  -2 . 0  - 2 . 4  - 2 . 9  - 0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 7 '-' . 2 0 03 23 0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 9  1 . 3  1 . 5  2 . 4  0 . 9 - 0 . 1  0 . 0  0 . 0  0 . 5 

I 2 0 0 4  24 0 . 0  - 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  - 0 . 7  - 0 . 8  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  � 2 0 05 3 0  -0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  0 . 0  0 . 0  - 0 . 6  - 1 . 3 - 1 . 3 -2 . 4  -0 . 4  0 . 0  0 . 0  0 . 0  - 0 . 4  f\) 2 0 0 6  3 2  -0 . 2  - 0 . 2  - 0 . 2  - 0 . 2  -0 . 1  0 . 0  - 0 . 9  -0 . 9  - 0 . 9  - 1 . 6 0 . 2  0 . 0  0 . 0  0 . 0  - 0 . 3  
2 0 0 7  2 3  -0 . 1  - 0 . 2  - 0 . 2  - 0 . 3  0 . 0  0 . 1  - 0 . 5  -0 . 7  - 1 .  5 - 2 . 3  - 0 . 3  0 . 0  0 . 0  0 . 0  - 0 . 4  2 0 0 8  2 6  - 0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  -0 . 5  - 0 . 7  - 0 . 9  - 0 . 9  - 0 . 4  - 1 . 3  1 . 5  0 . 4  0 . 3  0 . 2  - 0 . 2  

AVERAGE -0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  -0 . 1  0 . 0  - 0 . 3  - 0 . 4  - 0 . 4  - 0 . 9  0 . 3  0 . 0  0 . 0  0 . 0  - 0 . 1 



T a b l e  H - l j - 4  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * *  • •  * * * . * . * * * • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * BPAHYSUM Sumnary B a � e  S tudy : BAO O OMED : PSCE I S : BASE CASE 

Da t e : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 I n cr St udy : BA4 3 0MED : PSCE I S  : ALT4 3 
Da t e :  2 1 -JAN- 8 9  0 5 : 1 4 : 2 9 D i fference ; ( I n c r  S tudy) - ( B a s e  Study )  

Number o f  Game s : 2 0 0  
Average Ove r  Low Water Ye a r s  (Bot t om 1 0  Percen t )  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • • •  * * *  • • •  * * * * * * * * * * * * • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * *  
D i ff e re n ce Of 
G r and Coulee Res E l ev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN YEAR / NUM SEP OC T  NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AGI AG2 AVG - - - - - - - - - -
1 9 8 9  2 5  0 . 3  0 . 5  0 . 4  0 . 5  0 . 1  0 . 0  0 . 6  1 . 1 1 . 1  3 . 0  0 . 4  0 . 1  0 . 0  0 . 0  a 6 1 9 90 27 0 . 2  0 . 2  0 . 2  0 . 1  0 . 1  0 . 0  0 . 5  0 . 0  0 . 0  0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  a 2 1 9 9 1  2 6  0 . 3  0 . 3  0 . 3  0 . 2  0 . 0  0 . 0  0 . 9  0 . 9  1 . 5  2 . 9  0 . 9  0 . 1  0 . 1  0 . 1  0 . 6 1 9 92 1 8  0 . 1  0 . 4  0 . 6  0 . 5  1 . 5  1 . 8  0 . 9 0 . 8  2 . 3  3 . 8  0 . 8  0 . 0  0 . 0  0 . 0  1 . 0  1 9 93 2 1  0 . 2  0 . 2  0 . 3  0 . 3  O .  1 0 . 0  0 . 9  0 . 7  1 . 5  3 . 8  1 . 4  0 . 0  0 . 0  0 . 0  0 . 7  1 9 94  3 0  0 . 3  0 . 3  0 . 3  0 . 3  0 . 6  1 . 3  2 . 8  2 . 2  2 . 1  4 . 0  1 . 5  0 . 0  0 . 0  0 . 0  1 . 1  1 9 95 3 1  0 . 3  0 . 3  0 . 3  0 . 2  0 . 6  0 . 7  2 . 5  2 . 0  2 . 7  4 . 3 1 . 5  0 . 0  0 . 0  0 . 0  1 . 1  1 9 9 6  2 9  0 . 3  0 . 3  0 . 3  0 . 1  0 . 3  0 . 4  1 . 6  1 . 2  2 . 4  3 . 1  1 . 5  0 . 0  0 . 0  0 . 0  0 . 9 1 9 97 2 9  0 . 2  0 . 2  0 . 2  0 . 2  0 . 4  1 . 0  1 . 9  1 . 8  2 . 0  2 . 5  1 . 2  0 . 0 0 . 0  0 . 0  0 . 8 1 9 9 8  2 3  0 . 2  0 . 2  0 . 1  0 . 1  0 . 2  0 . 5  1 . 9  1 . 6  2 . 6  3 . 5  1 . 6  0 . 1  0 . 1  0 . 1  0 . 9  1 9 9 9  3 3  0 . 3  0 . 3  0 . 4  0 . 4  1 . 4  3 . 2  5 . 1  5 . 2  4 . 2  4 . 9  1 . 5  0 . 1  0 . 1  0 . 1  1 . 8  2 0 0 0  2 7  0 . 4  0 . 4  0 . 4  0 . 3  0 . 2  0 . 0 1 . 5 1 . 4 1 . 7  4 . 8  1 . 1  O .  1 0 . 0  0 . 0  0 . 9  2 0 0 1  3 1  0 . 2  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  1 . 1  1 . 4 1 . 2  2 . 7 1 . 0  0 . 0  0 . 1  O .  1 0 . 6  2 0 02 2 5  0 . 2  0 . 2  0 . 2  0 . 1  0 . 7  1 . 2  1 . 2  0 . 4  1 . 4  1 . 6  0 . 7  0 . 0  0 . 0  0 . 0  0 . 15 

2 0 0 3  2 3  0 . 4  0 . 5  0 . 5  0 . 5  0 . 7  1 . 1  4 . 0 4 . 5  5 . 0  9 . 2  2 . 2  0 . 0  0 . 0  0 . 0  2 . 0  2 0 04 2 4  0 . 4  0 . 4  0 . 4  0 . 4  0 . 1  0 . 1  1 . 6  1 . 3  1 . 4  5 . 0  1 . 3  0 . 0  0 . 0  0 . 0  0 . 9 2 0 05 3 0  0 . 2  0 . 3 0 . 3  0 . 2  0 . 1  0 . 0 0 . 6  0 . 8  0 . 6 2 . 5  0 . 4  0 . 0  0 . 0  0 . 0  a 4 

' , 

2 0 0 6  3 2  0 . 2  0 . 2  0 . 2  0 . 3  0 . 2  0 . 3  1 . 6  1 . 1 1 . 4  3 . 6  0 . 9  0 . 0  0 . 0  0 . 0  0 . 8  
� 

2 0 0 7  2 3  0 . 2  0 . 2  0 . 3  0 . 2  0 . 1  0 . 3  1 . 8  0 . 9  1 . 2  3 . 7  0 . 9  0 . 0  0 . 0  0 . 0  0 . 7  
2 0 0 8  2 6  0 . 3  0 . 3  0 . 3  0 . 3  1 . 4  2 . 7 5 . 0  5 . 4  6 . 1  4 . 2  2 . 6  1 . 1  1 . 2  1 . 1 2 .  1 
AVERAGE 0 . 2  0 . 3  0 . 3  0 . 3  0 . 4  0 . 7  1 . 9  1 . 8  2 . 1  3 . 7  1 . 2  0 . 1  0 . 1  0 . 1  0 . 9 



T a b l e  H - l j - 4  
* * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Smmu,ry 
Baee Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BC 4 4 0HED : PSCE I S  : ALT 4 4  Dat e :  2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 
Di fference = ( Incr Study) - (Ba"e Study) 
Number of Game " : 2 0 0  
Average Ov e r  Low Water Yeare (Bottom 1 0  Percen t )  
• •  

* * * . * * *  • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di ffe rence Of 
Grand Coulee Ree Elev ( feet ) 
---- - - - - - - - - - - -- - - - - - - - -- - - - - -

ANN 
YEAR ! NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 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  0 . 0  0 . 0  
1 9 90 27 0 . 0  0 . 0  0 . 0  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 91 2 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  
1 9 92 1 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  0 . 0  
1 9 93 2 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  
1 9 94 30 0 . 0  0 . 0  0 . 0  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 95 3 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  
1 9 96 2 9  0 . 0  0 . 0  0 . 0  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 7  2 9  0 . 0  0 . 0  0 . 0  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 98 23 0 . 0  0 . 0  0 . 0  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 9  33 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

:c 2 0 0 0  2 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  
2 0 0 1  3 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  
2 0 0 2  2 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  0 . 0  0 . 0  

�. 2 0 03 2 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  I 
24 0 . 0  0 . 0  o .  O ·  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  f\.) 2004  0 . 0  

.c-- 2 005 30 0 . 0  0 . 0  0 . 0  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 6  3 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  
2007  23 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
2008 26 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 5  
. * *  • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Sunmary 
Ba .. " Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
Numbe r o f  Game ,, : 2 0 0  
Average Ov e r  Typical Water Yeara (Mid 80 Percent ) 
. * * . * *  • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • •  

Grand Coulee Rea Elev ( feet ) 
- - -- - - - - - - - - - - - - - -- - - - -- - -----

ANN 

YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2  HAY JUN JUL AGI AG2 AVG 
- - - - - -- - - -
1 9 8 9  1 53 1 2 8 9 . 1  1 2 8 8 . 8  1 2 8 8 . 8  1 2 8 8 . 3  1 2 7 6 . 7  1 2 6 1 . 0  1 23 4 . 1  1 2 24 . 9  1 2 1 7 . 2  1 24 9 . 3  1 2 8 6 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 6  

1 9 90 1 54 1 2 8 9 . 1  1 2 8 8 . 8 1 2 8 8 . 9  1 2 8 8 . 5  1 2 77 . 0  1 2 5 9 . 8 1 23 2 . 2  1 2 23 . 6  1 2 1 6 . 0  1 24 7 . 5  1 285 . 2  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 1  
1 9 91 1 54 1 2 8 8 . 9  1 2 8 8 . 8  1 2 8 9 . 0  1 28 8 . 3  1 2 7 8 . 3  1 2 61 . 8  1 2 3 4 . 9  1 2 2 5 . 2  1 2 1 7 . 3  1 24 7 . 4  1 2 85 . 2  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 7  
1 9 92 1 60 1 2 8 8 . 8  1 2 8 8 . 6  1 2 8 8 . 8  1 2 8 8 . 2  1 2 77 . 5  1 2 60 . 8  1 23 3 . 3  1 2 2 4 . 3  1 2 1 7 . 0  1 24 8 . 9  1 2 85 . 5  1 2 9 0 . 0  1 2 9 0 . 0  1 2 90 . 0  1 2 7 1 . 5  
1 9 93 1 55 1 2 8 8 . 8  1 2 8 8 . 7  1 2 8 9 . 0  1 28 8 . 4  1 2 75 . 9  1 2 5 9 . 3 1 23 1 . 0 1 22 1 . 8  1 2 1 5 . 5  1 24 7 . 3  1 2 8 5 . 3  1 2 90 . 0  1 2 9 0 . 0  1 2 90 . 0  1 2 7 0 . 8  
1 9 94 1 55 1 2 8 9 . 0  1 2 8 8 . 9 1 2 8 9 . 0 1 2 8 8 . 5  1 2 7 6 . 7  1 25 9 . 3 1 23 1 . 1  1 2 2 1 . 6  1 2 1 5 . 9  1 25 0 . 2  1 2 8 6 . 3  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 2  
1 9 95 1 54 1 2 8 8 . 8  1 2 8 8 . 9  1 2 8 9 . 1 1 28 8 . 7  1 2 7 6 . 1  1 2 5 8 . 8  1 23 0 . 8  1 2 21 . 9  1 2 1 6 . 1 1 24 9 . 5  1 2 8 6 . 6 1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 1  
1 9 96 1 4 8  1 2 88 . 8  1 2 8 8 . 8  1 2 8 9 . 0  1 2 8 8 . 7  1 2 77 . 2  1 2 6 0 .  1 1 2 3 0 . 9  1 22 1 . 8  1 2 1 6 . 1 1 24 9 . 2  1 2 85 . 5  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 2  
1 9 97 1 55 1 2 8 8 . 9  1 2 8 8 . 9  1 2 8 9 . 1 1 28 8 . 7  1 2 7 6 . 6  1 25 9 . 7 1 23 1 . 4 1 2 22 . 9  1 2 1 6 . 6 1 24 7 . 3  1 2 8 6 . 6 1 2 90 . 0  1 2 9 0 . 0  1 2 90 . 0  1 2 7 1 . 2  
1 9 98 1 5 5 1 2 88 . 9  1 2 8 8 . 8  1 2 8 9 . 1  1 2 8 8 . 4  1 2 77 . 4  1 2 60 . 1  1 233 . 3  1 224 . 4  1 2 1 7 . 8  1 24 6 .  6 1 2 85 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 3  
1 9 99 1 4 9  1 2 8 8 . 8  1 2 8 8 . 7  1 2 8 8 . 8  1 2 8 8 . 1  1 2 75 . 2  1 25 7 . 0 1 22 7 . 5  1 2 1 8 . 0  1 2 1 3 . 3  1 24 6 . 9  1 2 8 6 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 0 . 0  
2 0 0 0  1 5 1  1 2 8 8 . 9  1 2 8 8 . 9  1 2 8 9 . 1 1 2 8 8 . 7  1 2 77 . 4  1 2 61 . 0 1 23 3 . 1  1 2 23 . 0  1 2 1 6 . 2  1 24 8 . 3  1 2 8 6 . 7  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 5  
2 0 0 1  1 52 1 2 8 8 . 8  1 2 8 8 . 9 1 2 8 9 . 1 1 2 8 8 . 8  1 2 77 . 3  1 2 6 1 . 0  1 2 3 1 . 8 1 2 23 . 2  1 2 1 7 . 2  1 24 6 . 5  1 2 84 . 7  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 2  
2 0 02 1 5 7  1 2 8 9 . 0  1 2 8 8 . 9  1 2 8 9 . 1 1 28 8 . 8  1 2 7 7 . 5  1 2 62 . 3  1 23 6 . 4  1 2 27 . 6  1 22 0 . 2  1 25 0 . 7  1 2 8 6 . 4  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 5  
2 0 0 3  1 63 1 2 8 8 . 8  1 2 8 8 . 8  1 2 8 8 . 9  1 2 8 8 . 5  1 2 75 . 9  1 2 5 8 . 5  1 22 9 . 9  1 2 20 . 4  1 2 1 5 . 2  1 24 7 . 0  1 2 85 . 5  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 0 . 6  

:r: 2 0 04 1 4 6  1 2 8 8 . 8  1 2 8 8 . 8  1 2 8 9 . 0 1 2 8 8 . 4  1 2 7 7 . 0  1 2 60 . 2  1 23 1 . 1  1 2 20 . 9  1 2 1 5 . 5  1 24 6 . 5  1 2 85 . 6  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 0 . 9  
2 0 0 5  1 5 1  1 2 8 9 . 0  1 2 8 9 . 0  1 2 8 9 . 1 1 2 8 8 . 5  1 2 7 6 . 5  1 2 60 . 4  1 23 0 . 6  1 2 2 1 . 8  1 2 1 6 . 4  1 24 9 . 8  1 2 8 6 . 5  1 2 90 . 0  1 2 9 0 . 0  1 2 90 . 0  1 2 7 1 . 3  
2 0 0 6  1 4 5  1 2 8 9 . 1  1 2 8 9 . 0 1 2 8 9 . 1 1 28 8 . 6  1 2 7 8 . 2  1 2 6 1 . 0  1 23 2 . 9  1 2 23 . 3  1 2 1 6 . 8  1 24 9 .  1 1 2 85 . 2  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 6  
2 0 0 7  1 5 5  1 2 8 9 . 0  1 2 8 9 . 1 1 2 8 9 . 2  1 2 8 8 . 9  1 2 77 . 2  1 2 61 . 3  1 23 4 . 7  1 22 6 . 7  1 2 1 9 . 4  1 25 0 . 7  1 2 8 6 . 3  1 2 90 . 0  1 2 9 0 . 0  1 2 90 . 0  1 2 7 2 . 1  
2 0 0 8  1 5 9  1 2 8 9 . 2  1 2 8 9 . 2  1 2 8 9 . 4  1 28 9 . 0  1 2 78 . 3  1 2 62 . 1  1 23 4 . 4  1 224 . 5  1 2 1 7 . 7  1 24 6 . 0  1 2 85 . 8  1 2 9 0 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 8  

r\) 
Vl AVERAGE 1 2 8 8 . 9  1 2 8 8 . 9  1 2 8 9 . 0 1 2 8 8 . 6  1 2 77 . 0  1 2 60 . 3  1 23 2 . 3  1 2 23 . 1  1 2 1 6 . 7 1 24 8 . 2  1 2 85 . 8  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 3  



T a b l e  H - l j - 5  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  

BPAHYSUH Sunmary 

Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8 

Incr Study : BD1 2 0HED : PSCE I S  : BASE CASE ALT 1 .  2 Dat e :  6-JAN- 8 9  2 1 : 4 9 : 53 

D i f ference - ( Iner Study) - (Ba"e Study )  

Number of Game .. : 200 

Average Over Typical Water Year .. (Mid 8 0  Percent ) 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
Grand Coulee Rea E1ev ( feet) 

- - - - - -- - -- - -- --- - -- - -- - -- - -- -- ANN 

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN JUL AG1 AG2 AVG 

- - - - - --- - -
1 98 9  1 53 0 . 0  0 . 0  0 . 0  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 90 1 5 4  0 . 1  0 . 1 0 . 1  0 . 1  0 . 3  0 . 4  0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 

1 991 1 5 4  0 . 1  0 . 1  0 . 1  0 . 2  0 . 5  0 . 5  0 . 5  0 . 2  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

1 9 92 1 60 0 . 1 0 . 1  0 . 1  0 . 1  0 . 6  0 . 8  0 . 8  0 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

1 9 93 1 55 0 . 1  0 . 1  0 . 1  0 . 2  0 . 8  0 . 8  0 . 8  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  

1 9 94 1 5 5  0 . 1  0 . 1  0 . 1  0 . 2  0 . 7  0 . 8  0 . 6  0 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

1 9 95 1 54 0 . 1  0 . 1  0 . 1  0 . 1  0 . 4  0 . 5  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

1 9 96 1 4 8  0 . 1  0 . 1  0 . 1  0 . 1  0 . 4  0 . 6  0 . 0  -0 . 2  - 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

1 9 97 1 55 0 . 1  0 . 1  0 . 1  0 . 1  0 . 6  0 . 8  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

1 9 98 1 5 5  0 . 1  0 . 1  0 . 1  0 . 4  0 . 6  0 . 5  0 . 5  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

1 9 99 1 4 9  0 . 1  0 . 2  0 . 2  0 . 2  0 . 5  0 . 7  0 . 5  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

:I: 2 0 00 1 5 1  0 . 1  0 . 1  0 . 1 0 . 1  0 . 5  0 . 6  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2 

I 2001 152 0 . 1  0 . 1  0 . 1  0 . 1  0 . 4  0 . 7  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

2002 157  0 . 2  0 . 1  0 . 1  0 . 2  0 . 5  ': . 7  0 . 4  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

'-'. 2003 1 63 0 . 1  0 . 1  0 . 1  0 . 0  0 . 5  0 . 7  0 . 8  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

I 2 0 04 1 4 6  0 . 1  0 . 1  0 . 1  0 . 1  0 , .;" 0 . 6  0 . 4  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

1'0 2 005 1 5 1  0 . 2  0 . 2  0 . 2  0 . 3  � . 6  0 . 6  0 . 7  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  

(J'\ 
2 0 0 6  1 4 5  0 . 2  0 . 2  0 . 2  0 . 3  0 . 6 0 . 5  0 . 6  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

2007 1 55 0 . 1  0 . 1  0 . 1  p . ":  0 . 6  0 . 6  0 . 5  0 . 4  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

2008 1 5 9  0 . 2  0 . 1  0 . 1  J . 2  0 . 5  0 . 5  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

AVERAGE 0 . 1  0 . 1  n . �  0 . 2  0 . 5  0 . 6  0 . 4  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  



T a b l e  H - l j - 5  

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Swrrnary 

B .. �e Study : BAOOOMED : PSCEIS : BASE CASE D .. t e :  3-JAN- 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BE4 1 0MED : PSCEIS : ALT4 1 0  D .. t e :  1 -FEB- 8 9  1 6 : 02 : 55 
Di fference - ( Incr S tudy) - (B .. �e Study) 
Number of GlllTle � :  200 
Average Over Typical W .. ter Year� (Hid 8 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

D i f ference Of 
Grand Coulee Re� E 1 ev ( feet ) 
-------- - - - - - - -- - -------------

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP 2  HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 5 3  -0 . 3  -0 . 5  -0 . 4  -0 . 2  -2 . 1  -3 . 5  - 2 . 6  - 1 . 3  -0 . 4  - 0 . 2  -0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 9 
1 9 90 1 54 -0 . 3  -0 . 5  - 0 . 4  - 0 . 1  - 1 . 9  - 2 . 6  - 1 . 1 0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6  
1 9 9 1  1 54 -0 . 3  -0 . 4  - 0 . 4  0 . 0  - 1 . 6 - 2 . 9  - 1 . 6 - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6 
1 9 92 1 60 -0 . 1  -0 . 3  -0 . 2  0 . 2  - 1 . 1 - 1 . 8 - 1 . 0  0 . 2  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  
1 9 93 1 5 5  -0 . 2  -0 . 5  -0 . 5  -0 . 2  -2 . 4  -4 . 1  - 3 . 0  - 1 . 6 - 0 . 6 - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 0 
1 994 1 55 -0 . 3  -0 . 6  - 0 . 6 -0 . 3  -3 . 3  -4 . 6  -3 . 3  -2 . 8  - 1 . 3  -0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  - 1 . 2  
1 9 95 1 5 4  -0 . 3  -0 . 1  - 0 . 1 -0 . 6  -3 . 6  - 5 . 6  - 5 . 4  - 4 . 9  - 2 . 4  - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 1  
1 996 1 4 8  -0 . 3  -0 . 6  -0 . 1  -0 . 1  -4 . 2  -5 . 4  - 4 . 3  -3 . 6  - 1 . 1  -0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 5  
1 9 91 1 55 -0 . 3  -0 . 6  - 0 . 1 - 0 . 1  -4 . 3  - 6 . 6 - 5 . 3  - 4 . 8  - 2 . 5  - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 8 
1 998 1 55 -0 . 3  -0 . 6  - 0 . 1 -0 . 4  -3 . 5  -5 . 3  -5 . 1  -4 . 2  - 2 . 2  - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 5 

:::r: 1 9 99 1 4 9  -0 . 1  -0 . 4  -0 . 3  - 0 . 1  -2 . 5  -3 . 0  - 2 . 6  - 1 . 8 -0 . 4  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  
2000 1 5 1  -0 . 2  -0 . 5  -0 . 5  -0 . 5  -2 . 4  - 2 . 9  - 2 . 4  -2 . 1  - 1 . 2 -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9  
2 0 0 1  1 52 -0 . 2  - 0 . 4 -0 . 4  -0 . 5  - 2 . 4  - 2 . 6  - 2 . 6  -2 . 1  -0 . 8  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8 

u. 2002 1 51 -0 . 2  -0 . 3  - 0 . 3  -0 . 6  - 1 . 9 - 2 . 1  - 2 . 4  - 1 . 9 - 0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  I 2003 1 63 0 . 2  0 . 1  0 . 1  -0 . 1  0 . 1  0 . 5  0 . 6  0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 f\) 2004 1 4 6  0 . 0  0 . 0  0 . 0 0 . 0  0 . 3  1 . 0  1 . 9  2 . 2  1 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  --.J 2005 1 5 1  0 . 0  - 0 . 1 0 . 0  0 . 0  0 . 3  1 . 3  3 . 3  3 . 1  1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5 
2 006 1 4 5  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  0 . 5  2 . 2  2 . 4  1 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 3  
2001 155 -0 . 1  -0 . 2  -0 . 2  -0 . 4  -0 . 9  - 0 . 3  1 . 8  1 . 4  0 . 1 0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  
2008 1 59 -0 . 1  -0 . 2  -0 . 3  -0 . 5  -0 . 1  - 0 . 1  1 . 8  2 . 2  1 . 2  0 . 4  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  

AVERAGE -0 . 2  -0 . 4  -0 . 4  - 0 . 3  - 1 . 9  - 2 . 5  - 1 . 6 - 1 . 0 -0 . 4  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6  



T a b l e  H - 1 J - 5  
* * * * * * * * * *  • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Sull'lftary 
Base Study : BAOOOHED : PSCEIS : BASE CASE Da t e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5HED : PSCEIS : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 0 0 : 0 8 
Di fference = ( Incr S tudy) - (Base Study) 
Number of Game s :  2 0 0  
Average Ov e r  Typi cal Water Years (Hi d  8 0  Percent ) 
• • • • • •  * • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Grand Coulee Res Elev ( feet ) 
- - - - - -- - - - - - - - - - - - - - - - - - ---- - -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP 1 AP 2 HAY JUN JUL AG1 AG2 AVG 
-- - - - - - - - -
1 9 8 9  1 5 3  -0 . 3  -0 . 5  -0 . 4  - 0 . 1  - 1 . 8 - 3 . 1  - 2 . 0  - 0 . 9  - 0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 7  
1 9 90 1 54 -0 . 3  -0 . 4  - 0 . 3  0 . 0  - 1 . 7 - 2 . 3  - 1 . 8  -0 . 6  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6  
1 9 9 1  1 5 4  -0 . 2  -0 . 3  -0 . 3  0 . 1  -1 . 0  - 2 . 1  - 1 . 1  - 0 . 3  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
1 9 92 1 60 -0 . 1  - 0 . 2 -0 . 1. 0 . 2  -0 . 6  - 1 . 4  - 0 . 8  0 . 1  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  
1 9 93 1 55 -0 . 1  - 0 . 2  -0 . 3  - 0 . 1  -1 . 3 - 2 . 0  - 1 . 6 -0 . 7  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  
1 9 94 1 55 -0 . 2  - 0 . 3  - 0 . 2  - 0 . 3  - 1 . 4 - 1 . 5  - 1 . 0  -0 . 8  - 0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
1 9 95 1 5 4  -0 . 1  - 0 . 3  -0 . 2  - 0 . 4  - 1 . 6 - 1 . 5  - 1 . 9 - 1 . 7 - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  
1 9 96 1 4 8  -0 . 1  - 0 . 2  - 0 . 2  - 0 . 5  - 1 . 7 - 1 . 6 - 1 . 9 - 1 . 5 - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6  
1 9 97 1 5 5  -0 . 1  - 0 . 2  -0 . 1  - 0 . 3  - 1 . 0 - 0 . 9  - 1 . 1  - 1 . 3 - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  
1 9 98 1 5 5 -0 . 1  - 0 . 1  0 . 0  0 . 1  -0 . 2  - 0 . 3  -0 . 2  -0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
1 9 99 1 4 9  0 . 1  0 . 1  0 . 2  0 . 3  0 . 8  1 . 0  0 . 8  0 . 7  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2000 1 5 1 0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  0 . 3  1 . 0 0 . 6  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  :r:: 
2 0 0 1  1 5 2  0 . 0  - 0 . 1  - 0 . 1  0 . 0  -0 . 2  - 0 . 1 0 . 8  0 . 6  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 00 2  1 57 -0 . 3  - 0 . 3  - 0 . 3  -0 . 3  -1 . 3 - 1 . 4  - 1 . 3 - 0 . 6  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
2 0 03 1 63 0 . 1  0 . 1  . 0 . 1  0 . 2  0 . 8  1 . 1  1 . 5  1 . 2  0 . 7 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  

I 2 0 0 4  1 4 6  0 . 0  0 . 0  0 . 1  0 . 4  1 . 0  1 . 2  2 . 3  2 . 2  0 . 9  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  
rv 2 0 0 5  1 5 1  0 . 0  - 0 . 1  0 . 0  0 . 3  0 . 8  1 . 1  2 . 4  2 . 6  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  
CD 2 0 0 6  1 4 5  -0 . 1  - 0 . 1  - 0 . 1 0 . 1  0 . 4  0 . 5  1 . 6  1 . 6  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

2 0 0 7  1 55 -0 . 1  - 0 . 1  - 0 . 1  - 0 . 1  -0 . 3  - 0 . 3  0 . 5  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 0 0 8  1 5 9  -0 . 2  -0 . 2  -0 . 2  - 0 . 2  -0 . 6  - 0 . 5  - 0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  

AVERAGE -0 . 1  -0 . 2  -0 . 1  0 . 0  -0 . 5  - 0 . 7 - 0 . 2  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  



T a b l e  H - l j - 5  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUM Sumnary Ba�e Study : BAOOOMED : PSCE I S  : BASE CASE 

Date : 3 - JAN- 8 9  0 6 : 5 5 : 2 8 I ncr Study : BA4 3 0MED : PSCEIS : ALT4 3 
Dat e :  2 1 -JAN - 8 9  0 5 : 1 4 : 2 9  Di fference = ( I ncr Study) - (Ba�e Study )  

Number o f  Game � : 2 0 0  
Average Over Typ i cal Water Year8 (Mid 80 Percent ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Di fference Of 
Grand Coulee Re� E1ev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  1 53 0 . 3  0 . 4  0 . 3  0 . 4  1 . 4  2 . 1  2 . 9  1 . 3  0 . 3  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  
1 9 90 1 5 4  0 . 2  0 . 2  0 . 1  0 . 1  0 . 4  0 . 5  0 . 7  0 . 3  0 . 1  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  
1 9 91 1 5 4  0 . 2  0 . 3  0 . 2  0 . 2  0 . 5  0 . 9 1 . 5  0 . 9  0 . 1  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 92 1 60 0 . 1 0 . 2  0 . 2  0 . 1  1 . 0  1 . 1  0 . 6  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 93 1 55 0 . 2  0 . 2  0 . 1  - 0 . 1  0 . 3  0 . 4  0 . 3  - 0 . 3  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 94 1 5 5  0 . 2  0 . 2  0 . 1 0 . 0  0 . 1  0 . 1  - 0 . 3  - 0 . 9  - 0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 95 1 5 4 0 . 1  0 . 0  - 0 . 1  - 0 . 5  - 0 . 7  - 0 . 4  - 1 . 6 -2 . 2  - 1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  
1 9 96 1 4 8  0 . 2  0 . 2  0 . 0  - 0 . 5  - 0 . 3  0 . 4  - 0 . 5  - 0 . 8  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
1 9 97 1 55 0 . 2  0 . 1  - 0 . 1  - 0 . 5  - 0 . 3  0 . 3  - 1 . 0 - 1 . 3  - 0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
1 9 98 1 55 0 . 0  0 . 0  - 0 . 1  - 0 . 2  - 0 . 7  - 0 . 5  - 1 . 2  - 1 . 4 - 0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  
1 9 9 9  1 4 9  0 . 3  0 . 4  0 . 4  0 . 5  1 . 3  1 . 6  0 . 3  - 0 . 1  - 0 . 2  0 . 0  0 . 0  0 . 0 0 . 0 0 . 0  0 . 4  
2 0 0 0  1 5 1  0 . 3  0 . 2  0 . 1  - 0 . 2  0 . 3  0 . 6 - 0 . 7  - 1 . 5  - 1 . 0 - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
2 0 0 1  1 5 2  0 . 1  0 . 1  - 0 . 1  - 0 . 6  - 0 . 9  - 0 . 5  - 1 . 6  -2 . 2  - 1 . 2 - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
2 0 02 1 5 7  0 . 1  0 . 0  - 0 . 1  - 0 . 6  - 0 . 9  - 0 . 7  - 1 . 7  -1 . 6  - 1 . 1 - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
2 0 03 1 63 0 . 4  0 . 4  0 . 3  0 . 1  1 . 2 1 . 7  1 . 5  1 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  

I 2 0 0 4  1 4 6  0 . 3  0 . 4  0 . 3  0 . 1  0 . 7  1 . 3  1 . 0 0 . 2  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
\) 2 0 05 1 5 1  0 . 2  0 . 2  0 . 2  0 . 1  0 . 4  0 . 6 0 . 5  0 . 3  0 . 2  - 0 . 1  0 . 0  0 . 0 0 . 0  0 . 0  0 . 2  
� 2 0 0 6  1 4 5  0 . 2  0 . 2  0 . 1  0 . 0  0 . 1  0 . 2  - 0 . 2  -0 . 4  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 7  1 55 0 . 1  0 . 1  0 . 0  - 0 . 3  0 . 0  0 . 0  - 0 . 8  -0 . 6  - 0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
2 0 0 8  1 5 9  0 . 2  0 . 2  0 . 0  - 0 . 4  - 0 . 3  - 0 . 4  - 1 . 3  - 1 . 4 - 0 . 7  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  AVERAGE 0 . 2  0 . 2  0 . 1 - 0 . 1  0 . 2  0 . 5  - 0 . 1  - 0 . 5  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 



T a b l e  H - 1 j - 5  
* * * * * * * * * * * * *  • •  * * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH SUII'In"ry 
Baee Study : BAOOOMED : PSCE I S  : BASE CASE D .. t e :  3 - JAN- 8 9  0 6 : 55 : 2 8  
I ncr Study : BC4 4 0MED : P S CE I S  : ALT4 4 D .. t e :  2 8-JAN- 8 9  0 6 : 0 6 : 3 1  
Di fference == ( Incr Study) - (B .. ..  e Study) 
Number of Game .. : 200 
Aver .. ge Over Typ i c  .. 1 W .. ter Ye .. r .. (Hid 8 0  Percent ) 
• • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Grand Coulee Re .. E1ev ( feet) 
- - - - - -- - - - - - - - -- - -- - - - - - - - - - --

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 HAY JUN JUL AG1 AG2 AVG 
-- - - - - - - - -
1 98 9  1 5 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  
1 9 90 1 54 0 . 0  0 . 0 0 . 0  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 91 1 54 0 . 0  0 . 0  0 . 0  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 92 1 60 0 . 0  0 . 0  0 . 0  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 93 1 55 0 . 0  0 . 0  0 . 0  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 94 1 55 0 . 0  0 . 0  0 . 0  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 95 1 54 0 . 0  0 . 0  0 . 0  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 96 1 4 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  0 . 0  
1 9 97 1 55 0 . 0  0 . 0  0 . 0  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 98 1 5 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  0 . 0  0 . 0  
1 9 99 1 4 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2000 1 5 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  

::r:: 2001 1 5 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  
2002 1 57 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2003 1 63 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

y. 2 0 04 1 4 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  
I 20 05 1 5 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  

W 2006 1 4 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  0 . 0  0 . 0  
0 2007 155  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2008 1 5 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 6 

••••  * *  •••  * • • ••  * • • • •  * * * * * * * * * *  •••  * * * * * *  • • • •  * * . * . * * * * * * * * * * * * * * * *  •••••••  * •••••••••••••••  * * *  •••••  * * * *  • • • ••••••••••••  * * * *  • • • • • • •  * *  •••••  
BPAHYSUH Sunmary 

Base Study : BAOOOMED : PSCE I S  : BASE CASE Oat ,, :  3 - JAN - 8 9  0 6 : 5 5 : 2 8  

Number o f  Game s : 2 0 0  
Average Ov e r  High Water Years ( Top 10 Perc"nt ) 
• • • • • • • •  * *  • • • • • • • •  * *  •••  * *  •••••••••••••  * * . * * * . * * * . * *  ••••  * * * * . * *  • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • •  * *  • • • • • • • •  * * * *  ••••  * *  • • • • •  

Grand Coulee Res Elev ( f"et) 
- - - - - -- - - - - -- - - - - - - - - - - - - - - - --

ANN 

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AG1 AG2 AVG 

- - --- - - - - -
1 9 8 9  22 1 2 8 9 . 2  1 2 8 8 . 9  1 2 8 8 . 9  1 2 8 8 . 3  1 2 82 . 0  1 2 66 . 0  1 2 2 7 . 9  1 2 1 5 . 1  1 2 1 1 . 6  1 25 0 . 2  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 9  

1 9 90 1 9  1 2 8 9 . 2  1 2 8 9 . 1  1 2 8 9 . 3  1 2 8 9 . 1  1 2 8 4 . 5  1 2 6 6 . 4  1 22 7 . 5  1 2 1 5 . 4  1 2 1 2 . 3  1 25 2 . 4  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 5  

1 9 91 20 1 2 8 8 . 8  1 2 8 9 . 2  1 2 8 9 . 3  1 2 8 8 . 9  1 2 82 . 3  1 2 67 . 2  1 22 9 . 5  1 2 15 . 3  1 2 1 1 . 7  1 24 9 . 2  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 2  

1 9 92 22 1 2 8 8 . 8  1 2 8 9 . 2  1 2 8 9 . 4  1 2 8 9 . 1  1 2 82 . 0  1 2 67 . 6  1 23 0 . 2  1 2 15 . 0  1 2 1 1 . 4  1 2 4 7 . 8  1 2 90 . 0  1 2 90 . 0  1 290 . 0  1 2 90 . 0  1 2 7 2 . 1  

1 9 93 24 1 2 8 8 . 8  1 2 8 9 . 1 1 2 8 9 . 2  1 28 8 . 9  1 2 82 . 4  1 2 66 . 0  1 22 7 . 0  1 2 15 . 7  1 2 1 2 . 8  1 25 3 . 2  1 2 90 . 0  1 2 90 . 0 1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 3  

1 9 94 1 5  1 2 8 9 . 0  1 2 8 9 . 3  1 2 8 9 . 5 1 2 8 9 . 4  1 2 84 . 4  1 2 6 6 . 8 1 22 8 . 1  1 2 1 5 . 4  1 2 1 2 . 3  1 25 1 . 6  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 5  

1 9 95 1 5  1 2 8 8 . 8  1 2 8 9 . 5  1 2 8 9 . 6  1 28 9 . 4  1 2 83 . 1  1 2 67 . 9  1 23 0 . 7  1 2 1 5 . 3  1 2 1 1 . 7  1 24 8 . 1  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 4  

1 9 96 23 1 2 88 . 9  1 2 8 9 . 3  1 2 8 9 . 5 1 2 8 9 . 5  1 2 8 5 . 1  1 2 6 6 . 0 1 2 2 6 . 5  1 2 1 4 . 9  1 2 1 2 . 5  1 2 5 3 . 6  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 6  

1 9 97 1 6  1 2 8 8 . 9  1 2 8 9 . 5  1 2 8 9 . 6  1 28 9 . 6  1 2 83 . 5  1 2 67 . 5  1 23 0 . 0  1 2 1 6 . 0  1 2 1 2 . 3  1 24 9 . 9  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 6 

1 9 98 22 1 2 8 8 . 8  1 2 8 9 . 3  1 2 8 9 . 5 1 28 9 . 3  1 2 83 . 3  1 2 67 . 1  1 22 9 . 0  1 2 1 5 . 4  1 2 1 2 . 0  1 25 0 . 2  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 4  

1 9 99 18 1 2 8 8 . 7  1 2 8 9 . 3  1 2 8 9 . 5  1 28 9 . 1  1 2 81 . 2  1 2 67 . 9  1 23 1 . 2  1 2 1 4 . 4  1 2 1 1 . 2  1 24 6 . 1  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 0  

2 000 22 1 2 88 . 9  1 2 8 9 . 3  1 2 8 9 . 5  1 2 8 9 . 4  1 2 84 . 3  1 2 6 6 . 7 1 22 7 . 8  1 2 1 4 . 9  1 2 1 2 . 1  1 25 1 . 8 1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 5  

2 0 0 1  1 7  1 2 8 8 . 8  1 2 8 9 . 5  1 2 8 9 . 5  1 28 9 . 4  1 2 83 . 3  1 2 67 . 1  1 2 2 8 . 7  1 2 1 6 . 0  1 2 1 2 . 4  1 2 5 1 . 5  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 5  

:I: 2 0 0 2  1 8  1 2 8 8 . 9  1 2 8 9 . 5 1 2 8 9 . 7  1 2 8 9 . 5  1 2 84 . 1  1 2 66 . 9 1 22 8 . 4  1 2 1 5 . 0  1 2 1 2 . 1  1 25 1 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 5  

2 0 03 1 4  1 2 8 8 . 7  1 2 8 9 . 2  1 2 8 9 . 3  1 28 9 . 0  1 2 81 . 4  1 2 6 6 . 6 1 22 8 . 4  1 2 13 . 2  1 2 1 1 .  1 1 24 8 . 5  1 2 90 . 0  1 2 90 . 0 1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 9 

2 004 30 1 2 88 . 8  1 2 8 9 . 0  1 2 8 9 . 1 1 28 8 . 4  1 2 80 . 8  1 2 65 . 6  1 2 2 6 . 6  1 2 1 3 . 7  1 2 1 1 . 3  1 25 0 . 4  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 1 . 7  

'-'. 2 0 0 5  1 9  1 2 8 9 . 0  1 2 8 9 . 2  1 2 8 9 . 2  1 2 8 8 . 7  1 2 8 1 . 4  1 2 6 6 . 0  1 22 7 . 5  1 2 1 4 . 6  1 2 1 1 .  9 1 2 5 1 . 4  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 0  

I 2 0 0 6  23 1 2 8 9 . 1  1 2 8 9 . 4  1 2 8 9 . 5  1 2 8 9 . 2  1 2 83 . 2  1 2 66 . 9 1 22 8 . 3  1 2 1 5 . 0  1 2 1 1 .  9 1 25 0 . 6  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 3  

W 2 0 0 7  22 1 2 8 8 . 8  1 2 8 9 . 5 1 2 8 9 . 6 1 28 9 . 5  1 2 84 . 2  1 2 6 6 . 6 1 2 2 7 . 6  1 2 15 . 0  1 2 1 2 . 2  1 2 5 1 . 8  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 72 . 5  

2 0 0 8  1 5  1 2 8 9 . 1  1 2 8 9 . 5  1 2 8 9 . 7 1 2 8 9 . 6  1 2 84 . 6  1 2 67 . 0  1 2 2 8 . 6  1 2 1 5 . 9  1 2 1 2 . 4  1 25 1 . 6  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 90 . 0  1 2 7 2 . 7  

AVERAGE 1 2 8 8 . 9  1 2 8 9 . 3  1 2 8 9 . 4  1 28 9 . 1  1 2 83 . 0  1 2 6 6 . 7  1 22 8 . 3  1 2 15 . 0  1 2 1 2 . 0  1 2 5 0 . 6  1 2 90 . 0  1 2 90 . 0  1 2 9 0 . 0  1 2 90 . 0  1 2 7 2 . 3  



T a b l e  H - l j - 6  
• • •  � •••••  * * ••••• ••• * * * * *  ••  * •••  * . * * * *  ••  * * . * * * * * * * . * * . *. * ** * * * *  • • • •• • • • • • • • • • •  * • • •  * * * *  • • • • • • • • • • •• • • • • • • • • • • • •  * . * • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Sumna.ry 
Ba .. " Study :  BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study :  BD1 2 0HED : PSCE I S  : BASE CASE ALT 1 .  2 Dat e :  6-JAN- 8 9  2 1 : 4 9 : 53 
Difference · ( Incr Study) - (Ba .. e Study) 
Number of Game .. : 2 0 0  
Average Ov e r  High Water Year .. ( Top 10 Percent ) 
• • •  * . *� * * . * * * *  ••  * * * * * * *  • • • •  * * * * * * . * * * *  • • •  * . * * * * *  •••  * • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * • • • • •• • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • •••• ••  

Di fference O f  
Grand Coulee Re.. E l ev ( feet) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - - - -- - - - -
1 98 9  2 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  
1 9 90 1 9  0 . 1  0 . 1  0 . 0  0 . 0  0 . 3  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 91 2 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  - 0 . 1  - 0 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 92 2 2  0 . 1  0 . 1 0 . 1  0 . 1  0 . 3  0 . 4  0 . 7  0 . 7  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
1 9 93 24 0 . 1  0 . 1 0 . 1  0 . 1  0 . 3  0 . 2  0 . 1  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 94 1 5  0 . 2  0 . 2  0 . 1  0 . 1  0 . 2  0 . 2  0 . 3  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 
1 9 95 1 5  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 2  0 . 3  0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 
1 9 96 2 3  0 . 2  0 . 2 0 . 1  0 . 1  0 . 2  0 . 3  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 
1 9 97 1 6  0 . 2  0 . 1  0 . 1  0 . 1  0 . 2  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 
1 9 98 22 0 . 1  0 . 1  0 . 1 0 . 0  0 . 2  0 . 1  0 . 3  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 
1 9 99 1 8  0 . 1  0 . 1  0 . 1 0 . 1  0 . 2  0 . 4  0 . 3  0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 

::r: 2000 22 0 . 1  0 . 1  0 . 1 0 . 0  0 . 3  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 0 0 1  1 7  0 . 1  0 . 0  0 . 1  0 . 1  0 . 3  0 . 1  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
2002 1 8 0 . 2  0 . 1  0 . 1 0 . 0  0 . 1  0 . 0  - 0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

�. 2003 1 4  0 . 2  0 . 1  0 . 1 0 . 0  0 . 3  0 . 3  0 . 4  0 . 7  0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
I 2004 30 0 . 1  0 . 1  0 . 1 0 . 2  0 . 8  0 . 4  0 . 6  0 . 7  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  W 2 005 1 9  0 . 1  0 . 1  0 . 1 0 . 1  0 . 6  0 . 0  - 0 . 1  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 I\) 2 0 0 6  2 3  0 . 2  0 . 2  0 . 2  0 . 2  0 . 5  0 . 1  0 . 2  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 

2007 22 0 . 2  0 . 1  0 . 1  0 . 0  0 . 2  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
2008 1 5  0 . 2  0 . 2  0 . 1  0 . 1  0 . 3  0 . 2  0 . 2  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

AVERAGE 0 . 1  0 . 1  0 . 1  0 . 1  0 . 3  0 . 1  0 . 2  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 



T a b l e  H - 1 J - 6  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUH Sunm .. ry 
B .. "e Study : BAOO OMED : PSCE I S  : BASE CASE D .. t e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BE4 1 0MED : PSCE I S  : ALTH O D .. t e :  1 -FEB- 8 9  1 6 : 0 2 : 5 5 
Di ffe rence - ( I ncr Study) - (B .... e Study) 
Number of Game ,, : 2 0 0  
Average Ov e r  High W .. ter Y e  .. r "  ( Top 1 0  Percent ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Di fference Of 
Grand Coulee Res Elev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YEAR ! NOM SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP 1  AP 2  HAY JUN JUL AG1 AG2 AVG - - - - - - - - - -
1 9 8 9  22 - 0 . 3  - 0 . 6  - 0 . 5  - 0 . 1  -3 . 2  - 2 . 2  - 3 . 0  -2 . 2  - 0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9  1 9 90 1 9  -0 . 4  - 0 . 5  - 0 . 4  0 . 0  -0 . 8  - 0 . 3 - 0 . 8  - 0 . 8  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  1 9 91 20 -0 . 2  - 0 . 5  - 0 . 3  - 0 . 1  - 1 . 6  - 1 .  7 - 2 . 3  - 1 . 9 - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6 1 9 92 22 - 0 . 2  - 0 . 3  - 0 . 2  0 . 1  - 1 . 0 - 0 . 6  - 1 . 0  - 1 . 3  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  1 9 93 24 - 0 . 1  - 0 . 7  - 0 . 6  - 0 . 5  -2 . 9  - 4 . 3  - 3 . 0  - 1 . 6  - 0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 1 1 9 94 1 5  - 0 . 2  - 0 . 9  - 1 . 0 - 1 . 1  -5 . 8  - 5 . 3  - 4 . 8  - 3 . 1  - 1 .  1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  7 1 9 95 1 5  - 0 . 2  - 1 . 0 - 1 .  1 - 1 . 2  -5 . 1  - 5 . 3  - 7 . 1  -5 . 1  - 1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 9 1 9 9 6 23 - 0 . 2  - 0 . 9  - 1 . 1 - 1 . 4  - 6 . 7  - 6 . 6 - 3 . 8  -2 . 6  - 0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 8 1 9 97 1 6  -0 . 2  - 1 . 0 - 1 . 1  - 1 . 6  - 6 . 2  - 7 . 2  - 6 . 7  -5 . 1  - 1 .  6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 1  1 9 98 22 -0 . 2  - 0 . 9  - 1 .  0 - 1 . 3 - 5 . 8  - 6 . 7  - 6 . 6  - 4 . 4  - 1 .  2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 0  1 9 99 1 8  - 0 . 1  - 0 . 8  - 0 . 9  - 1 . 1 - 4 . 0  - 5 . 6 - 7 . 2  -5 . 0  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 8  2 0 00 22 - 0 . 2  - 0 . 7  - 0 . 8  - 1 . 4  -5 . 2  - 4 . 7  - 3 . 8  -3 . 3  - 0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 5 2 0 0 1  1 7  -0 . 2  - 0 . 8  - 0 . 8  - 1 . 4 -4 . 2  - 4 . 9  - 3 . 7  -4 . 2  - 1 .  1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 4 2 0 02 18 -0 . 1  - 0 . 6  - 0 . 7  - 1  . 5  -3 . 7  - 2 . 5  - 2 . 9  - 2 . 6  - 0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 0 - 1 . 1 I 2 0 0 3  1 4  0 . 2  - 0 . 1  - 0 . 3  - 0 . 5  - 0 . 7  - 0 . 7  - 0 . 4  0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  vJ 2 0 04 30 0 . 1  0 . 1  0 . 1  0 . 2  1 . 1  0 . 7  1 . 0  0 . 6  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  vJ 2 0 0 5  1 9  0 . 0  - 0 . 1  0 . 2  0 . 5  2 . 4  0 . 1 - 0 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  2 0 0 6  2 3  0 . 0  0 . 0  0 . 2  0 . 5  1 . 7  0 . 3  0 . 5  0 . 5  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  2 0 0 7  22 0 . 0  - 0 . 2  - 0 . 1  - 0 . 2  0 . 1  - 0 . 5  - 0 . 9  - 0 . 7  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  2 0 0 8  1 5  0 . 0  - 0 . 1  - 0 . 2  - 0 . 2  -0 . 3  - 0 . 3  - 0 . 5  - 0 . 4  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  

AVERAGE - 0 . 1  - 0 . 5  - 0 . 5  - 0 . 6  -2 . 5  - 2 . 8  - 2 . 7  -2 . 0  - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9  



T a b l e  H - 1 .i - 6 

• • • • • • • • • • • • • • •  * * *  • • •  * *  • • • • • • •  * *  • • • • • • • • • • • • • • •  * *  • • • • • • • • •  * *  • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • •  * *  • •  * * * * * * * *  • • •  * • • • • • • •  * *  
BPAHYSUM SUJml&ry 

Base Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8  

I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 l 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 08 

Di fference - ( I ncr Study) - (Base Study) 
Number of Game s :  2 0 0  
Average Ov e r  High Water Years ( Top 10 Percent ) 
* *  • • • •  * * *  • • • • • •  * *  • • • • • •  * * * *. * * * .* * *  • • • • • • •  * * * *  • • •  * * *  • • • • •  * * * * *  • • •  * *  • • • • • •  * * *  • • • • •  * * * * *  • •  * * * *  • • • •  * * *  • •  * * * * *  • • • •  * * * * * * * *  • • •  * * * * * * * * * *  

Difference Of 
Grand Coulee Res Elev ( feet )  
- - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

ANN 

YEAR / NUH SEP OCT NOV DEC 
: 
JAN FEB MAR API AP2 HAY JUN JUL AG1 AG2 AVG 

- - -- - - - - --
1 9 89 2 2  -0 . 3  - 0 . 5  - 0 . 3  0 . 1  - 1 . 4 - 1 . 5 - 2 . 2  - 1 . 6 - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  

1 9 90 1 9  -0 . 3  - 0 . 3  -0 . 2  0 . 4  0 . 7  0 . 2  0 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

1 9 91 20 -0 . 2  - 0 . 4  -0 . 2  0 . 2  0 . 4  - 0 . 5  - 1 . 2  - 1 . 0  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  

1 9 92 2 2  -0 . 1  0 . 0  0 . 0  0 . 3  0 . 1  0 . 1  0 . 2  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

1 9 93 24 -0 . 1  - 0 . 4  - 0 . 3  - 0 . 3  - 1 . 0  - 1 .  5 - 1 . 4  - 0 . 9  - 0 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5 

1 9 94 1 5  -0 . 1  - 0 . 4  -0 . 6  - 0 . 9  -3 . 4  - 1 .  7 - 2 . 3  -2 . 3  -0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9  

1 9 95 1 5  -0 . 1  - 0 . 6  -0 . 7  - 0 . 8  -2 . 1  - 1 . 2 - 2 . 0  - 1 . 5  - 0 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 7  

1 9 96 2 3  0 . 0  - 0 . 4  -0 . 6  - 0 . 9  -3 . 4  - 0 . 6  - 0 . 6  -0 . 4  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 6  

1 997 1 6  0 . 1  - 0 . 5  - 0 . 5 -0 . 7  - 1 . 8  - 0 . 7  - 0 . 9  -0 . 5  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 5  

1 9 98 2 2  0 . 0  -0 . 3  - 0 . 2  0 . 1  -0 . 1  0 . 5  0 . 8  0 . 8  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

1 9 99 1 8  0 . 1  0 . 0  0 . 3  0 . 4  0 . 7  1 . 0  1 . 4  1 . 6  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  

:::r:: 2000 2 2  0 . 0  0 . 1  0 . 2  0 . 3  1 . 0  0 . 3  0 . 5  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

2001 1 7  -0 . 1  - 0 . 2  0 . 2  0 . 2  0 . 3  0 . 3  0 . 7  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

2002 1 8  -0 . 2  - 0 . 5  - 0 . 2  0 . 1  -0 . 4  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
'-<. 2003 1 4  0 . 0  0 . 0 0 . 3  0 . 8  1 . 6  1 . 4  2 . 4  2 . 6  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  
I 2004 30 0 . 0  0 . 3  0 . 6  1 . 3 3 . 2  1 . 6  2 . 4  1 . 7  0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  

W 2 005 1 9  -0 . 1  0 . 1  0 . 6  1 . 2  3 . 6  0 . 8  1 . 1  0 . 9  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  
.j:-

2006 2 3  -0 . 1  0 . 1  0 . 4  0 . 8  1 . 8  0 . 8  1 . 4  0 . 9  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  

2007 22 -0 . 1  0 . 0  0 . 2  0 . 4  1 . 1  0 . 2  0 . 3  0 . 3  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  

2008 1 5  -0 . 1  - 0 . 1 0 . 0  0 . 3  0 . 6  0 . 3  0 . 4  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

AVERAGE -0 . 1  - 0 . 2 0 . 0  0 . 2  0 . 2  0 . 0  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



T a b l e  H - l j - 6  
* * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM Sunmary 
Balle Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 

I ncr Study : BA4 3 0HED : PSCE I S  : ALT4 3 Dat e :  2 1 -JAN- 8 9  05 : 1 4 : 2 9 

Di fference - ( Incr Study) - (Balle Study) 
Number of Game II : 2 0 0  
Average Ov e r  High Water Yearll ( Top 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di f fe rence Of 
Grand Coulee Rell E1ev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  HAY JUN JUL AG1 AG2 AVG 

- - - - - -----
1 98 9  2 2  0 . 3  0 . 3  0 . 3  0 . 6  1 . 8  1 . 1  1 . 5  1 . 0  0 . 7 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  

1 9 90 1 9  0 . 1  0 . 0  - 0 . 1  - 0 . 1  0 . 2  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 991 20 0 . 2  0 . 0  0 . 1 0 . 2  1 . 3  0 . 5  0 . 8  1 . 0  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  

1 9 92 2 2  0 . 1  -0 . 1  0 . 0  - 0 . 3  -0 . 6  0 . 0  0 . 2  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 93 24 0 . 2  0 . 0  0 . 0  - 0 . 5  -0 . 7  - 0 . 3  - 0 . 9  -0 . 9  - 0 . 6 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  - 0 . 2  

1 9 94 1 5  0 . 3  0 . 1  - 0 . 2 - 0 . 9  -2 . 6  - 0 . 4  - 0 . 7  -0 . 7  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  

1 9 95 1 5  0 . 1  -0 . 4  -0 . 5  - 1 . 3 - 2 . 7  - 1 . 4 - 2 . 1  - 1 . 5  - 0 . 9 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 8  

1 9 96 23 0 . 3  - 0 . 1 - 0 . 4  - 1 . 2 -3 . 4  - 0 . 7  - 1 . 3 - 1 . 0 - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 6 

1 9 97 1 6  0 . 2  -0 . 3  - 0 . 5  - 1 . 4  - 2 . 6  - 1 . 6 - 2 . 4  - 1 . 8 - 1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  

1 9 98 2 2  0 . 1  -0 . 3  - 0 . 5  - 1 . 2  -2 . 9  - 1 . 8 - 2 . 1  -2 . 5  - 0 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  

1 9 99 1 8  0 . 4  0 . 0  - 0 . 1  -0 . 3  -0 . 1  - 0 . 1 - 0 . 5  0 . 6 - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  

2000 2 2  0 . 4  0 . 0  - 0 . 2 - 0 . 9  -2 . 2  - 0 . 6  - 0 . 9  -0 . 3  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
::r:: 2 00 1  1 7  0 . 1 -0 . 3  - 0 . 4  - 1 . 2  - 2 . 2  - 1 . 6 - 2 . 0  - 1 . 9 - 0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 7  

2 002 1 8  0 . 2  - 0 . 3  - 0 . 6 - 1 . 4  -3 . 3  - 1 . 4 - 2 . 0  - 1 . 2 - 0 . 7 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  

<...... 2 003 1 4  0 . 4  0 . 1  0 . 0  - 0 . 5  -0 . 6  - 0 . 5  0 . 0  0 . 7  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1 

I 2 004 30 0 . 4  0 . 4  0 . 2 0 . 2  0 . 8  0 . 6 0 . 7  0 . 6  0 . 2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  

W 2 005 1 9  0 . 2  0 . 1  0 . 1  - 0 . 2  0 . 0  - 0 . 2  -0 . 6  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1 

Vl 2 0 0 6  2 3  0 . 3  0 . 1  -0 . 1  - 0 . 5  -1 . 2 - 0 . 3  - 0 . 5  -0 . 2  - 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  

2 007 22 0 . 2  -0 . 1  - 0 . 3  - 0 . 8  - 1 . 8 -0 . 6  - 1 . 1  -0 . 8  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  

2008 1 5  0 . 3  0 . 0  -0 . 3  -0 . 9  -2 . 4  - 0 . 7 - 1 . 0 -0 . 7  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  

AVERAGE 0 . 2  0 . 0  - 0 . 1  -0 . 6  - 1 . 2 - 0 . 5  - 0 . 7  -0 . 4  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  



T a b l e  H - l j - 6  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Summary B ..... e Study : BAOOOHED : PSCE I S  : BASE CASE 
Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8 Incr Study : BC4 4 0HED : PSCE I S  : ALT4 4 
Dat e :  2 8 -JAN- 8 9  0 6 : 0 6 : 3 1  Di fference -= ( I ncr Study) - (Ba .. e Study) 

Number of Game .. : 200 
Aver ... ge Over High Wate r Year .. ( Top 1 0  Percent ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Di fference Of 
Gr ... nd Coulee Re.. Elev ( feet) 
- -- -- - - - - - - - -- -- --- - - -- ----- --

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AGI AG2 AVG 
- -- - - - - - - -
1 98 9  2 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  
1 9 90 1 9  0 . 0  0 . 0  0 . 0  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 1  20 0 . 0  0 . 0  0 . 0  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 92 22 0 . 0  0 . 0  0 . 0  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 93 24 0 . 0  0 . 0  0 . 0  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 94 1 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  0 . 0  0 . 0  
1 9 95 1 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  0 . 0  0 . 0  
1 9 96 2 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  
1 9 97 1 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  
1 9 98 22 0 . 0  0 . 0  0 . 0  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 99 18 0 . 0  0 . 0  0 . 0  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  22 0 . 0  0 . 0  0 . 0  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 1  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  

:::c 
2 0 0 2  1 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  0 . 0  
2 0 03 1 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  
2 0 04 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 

L. 
1 9  0 . 0  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 2 0 05 

0 . 0  0 . 0  W 2 0 0 6  2 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  
,"" 2 0 0 7  22 0 . 0  0 . 0  0 . 0  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 8  1 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  0 . 0  0 . 0  AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 7  

• • • • • • • • • • • • •  * • •  * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • • • • • •  * *  • • • • • • • • • • • • • • • • • • 
BPAHYSUH Sunmary 

Base Study : BAOOOMED : PSCE I S  : BASE CASE Date : 3 - JAN- 8 9  0 6 : 5 5 : 2 8 
Number of Game l! : 200 
Average Over Low Water Years (Bot t om 10 Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • •  * * * * * * * * *  • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • •  

Libby Reservoi r  Elev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - -

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 HAY JUN JUL AGI AG2 AVG 
- - -- - -- - --
1 98 9  2 5  2 4 5 6 . 8  24 5 1 . 4  2 4 3 0 . 7  2 4 0 6 . 2  2 3 8 7 . 0  2 3 7 6 . 6  2374 . 1  2 3 7 6 . 1  2380 . 0  2404 . 0  2 4 33 . 8  2 4 4 3 . 2  2 4 4 4 . 6  2 4 4 5 . 6  24 1 5 . 8  
1 9 90 27 2 4 55 . 8  2 4 5 1 . 7  2 4 3 3 . 1  2 4 0 8 . 7  2 3 95 . 1  2382 . 8  2 38 1 . 1  2383 . 5  2387 . 7  2 4 1 0 . 1  2 4 3 6 . 4  2 4 4 4 . 8  2 4 4 5 . 6  2 4 4 6 . 4 24 1 9 . 5  
1 9 91 26 2 4 53 . 3  24 4 8 . 6 2 4 3 0 . 6  2405 . 9  2 3 8 2 . 0  23 6 7 . 9  2365 . 0  2 3 66 . 0  2368 . 2  2397 . 9  2 4 30 . 4  2 4 3 8 . 3  2 4 3 8 . 6  2 4 3 8 . 9  24 1 0 . 6  
1 9 92 1 8  2 4 5 1 . 4  2 4 4 4 . 9  2 4 2 4 . 3  2 3 9 9 . 2  2380 . 2  23 6 4 . 6  2363 . 5  23 64 . 6  23 6 6 . 7  2394 . 1  2 4 2 5 . 0  24 3 4 . 0  2 4 3 4 . 6  2 4 35 . 4  2 4 0 6 . 9  
1 9 93 2 1  2 4 5 4 . 7  2 4 5 1 . 6  2 4 3 4 . 0  2 4 0 6 . 6  2 3 8 9 . 5  2371 . 9  2370 . 9  237 2 . 4  2374 . 6  2 4 0 1 . 5  2 4 2 9 . 5  2 4 3 4 . 9  2 4 3 4 . 0  2 4 3 4 . 0  24 1 2 . 8  
1 9 94 30 2 4 5 1 . 5  2 4 4 7 . 1  2428 . 0  2 4 0 1 . 7  2 3 8 0 . 1  2358 . 0  235 6 . 3  2355 . 8  2 3 5 9 . 0 2 38 9 . 5  2 4 24 . 4  2 4 3 3 . 1  2433 . 1  2 4 33 . 5  2 4 0 5 . 2  
1 9 95 31 2 4 5 3 . 8  24 4 8 . 9  2 4 2 9 . 7  2 4 0 3 . 4  2 3 8 2 . 1  2363 . 0  2361 . 6  2 3 6 1 . 8  2 3 6 6 . 5  2 3 9 6 . 0  2 4 2 7 . 3  2 4 3 4 . 9  2433 . 8  2 4 3 3 . 7 24 0 8 . 4  
1 9 96 29 2 4 5 2 . 8  2 4 4 7 . 8  242 9 . 1  2 4 02 . 4  2 3 8 4 . 6  23 65 . 8  2364 . 7  2 3 66 . 3  23 6 9 . 9 2398 . 3  2 4 2 7 . 7  2 4 3 5 . 1  2 4 3 4 . 3  2 4 3 4 . 5  2 4 0 9 . 4 
1 9 97 29 2 4 53 . 4  2 4 4 9 . 8 2 4 3 1 . 7  2 4 0 5 . 3  2 3 91 . 1 237 2 . 6  2 3 7 1 . 2  2 3 73 . 0  2 3 7 8 . 4  2 4 0 4 . 5  2 4 32 . 1  2 4 3 9 . 3 2 4 3 7 . 7  2 4 3 7 . 4  24 1 3 . 9  
1 9 98 23 24 4 7 . 9  24 4 4 . 7  24 2 7 . 7  2 4 0 1 . 3  2 3 7 6 . 4  2358 . 2  2354 . 7  2354 . 4  23 5 6 . 5 2 3 8 7 . 5  24 1 9 . 7 24 2 3 . 9  2 4 2 1 . 7  2 4 2 1 . 9  2 4 0 1 . 7  
1 9 99 33 2 4 4 9 . 9  2 4 4 5 . 3  2 4 2 5 . 4  2 3 9 9 . 0  2 3 8 4 . 9  2 3 6 6 . 0  2364 . 8  2 3 66 . 9  2 3 7 1 . 8  2395 . 7  2 4 25 . 4  2 4 3 2 . 7  2 4 3 1 . 6  2 4 3 1 . 5  24 0 7 . 7  
2 0 00 27 2 4 54 . 0  24 5 0 . 7  2 4 3 3 . 3  2 4 05 . 6  2 3 8 9 . 9  2373 . 8  2372 . 9  2375 . 0  2378 . 5  2 4 03 . 5  2 4 2 9 . 4  24 33 . 4  24 3 1 . 2 2 4 3 1 . 1  24 1 3 . 0  
2 0 0 1  31 2 4 5 1 . 7  2 4 4 8 . 2  2 4 2 9 . 6  2 4 02 . 4  2 3 8 1 . 2  2364 . 0  2 3 62 . 0  2 3 63 . 6  2367 . 3  2395 . 9  2424 . 9  2 4 3 1 . 8  2 4 3 0 . 7  2 4 3 0 . 9  2 4 0 7 . 5  ::r: 
2002 25 2 4 52 . 3  2 4 4 7 . 7  2 4 2 8 . 1  2 3 9 9 . 6  2 3 8 8 . 2  2368 . 5  2 3 6 7 . 5  2 3 69 . 1  2373 . 1  2 3 9 9 . 4  2 4 2 6 . 6  2 4 3 3 . 0  2 4 3 1 . 2  2 4 30 . 6  2 4 0 9 . 5  
2 0 03 23 2 4 5 3 . 1  2 4 4 7 . 6 2 4 2 7 . 7  2 4 0 1 . 4  2 3 80 . 5  2360 . 9 2 3 5 8 . 3  2358 . 7  2 3 63 . 1  2393 . 6  2424 . 4  24 3 2 . 1  2 4 3 1 . 6  2 4 32 . 4  2 4 0 6 . 3  

...... . 2 0 0 4  2 4  2 4 5 3 . 0  2 4 5 0 . 2  2 4 3 3 . 1  2 4 0 7 . 1  2 3 85 . 8  2 3 7 1 . 9  2 3 7 0 . 2  2372 . 3  2375 . 4  2 4 0 1 . 2  2 4 2 9 . 9  2 4 3 4 . 2  2 4 3 2 . 7  2 4 3 3 . 7  24 1 2 . 1 
2 0 05 30 2 4 52 . 9  2 4 5 0 . 1  2 4 3 3 . 1  2 4 0 4 . 9  2 3 8 7 . 0  2373 . 6  2372 . 0  2374 . 3  2378 . 7  2403 . 9  2 4 3 1 . 5  2 4 3 5 . 6  2 4 3 3 . 5  2 4 34 . 4  24 1 3 . 1  I-..J 2 0 0 6  32 2 4 5 2 . 8  24 5 0 . 3  2432 . 6  2 4 0 3 . 7  2 3 8 8 . 9  23 7 4 . 3  2373 . 1  2374 . 3  2378 . 0  2 4 0 3 . 2  2 4 33 . 5  24 4 0 .  1 2 4 3 8 . 9  2 4 3 9 . 5  24 1 4 . 2  -l 2 0 07 23 2 4 5 3 . 7  2 4 5 1 . 4 2 4 3 4 . 8  2 4 05 . 2  2 3 90 . 0  23 7 6 . 2  2374 . 5  2375 . 8  2378 . 7  2 4 0 2 . 2  2 4 2 8 . 0  24 3 1 . 9 2 4 3 0 . 1  2 4 3 0 . 4  24 1 3 . 1  
2008 2 6  2 4 4 8 . 1  2 4 4 5 . 3  2 4 2 7 . 1  2 3 9 9 . 3  2 3 8 0 . 5  2363 . 3  2360 . 3  23 5 9 . 9  2362 . 6  2387 . 9  2 4 22 . 2  2 4 2 7 . 9  2 4 2 7 . 6  2 4 2 8 . 2  2404 . 4  

AVERAGE 2 4 5 2 . 6  2 4 4 8 . 7  2 4 3 0 . 2  2 4 0 3 . 4  2 3 8 5 . 3  2 3 6 8 . 7  2 3 6 6 . 9  2 3 68 . 2  2371 . 9  2 3 9 8 . 6  2 4 2 8 . 2  24 3 4 . 8  2 4 3 4 . 0  2 4 3 4 . 3  24 1 0 . 3  
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BPAHYSUH Summ3ry 

B3se Study : BAOOOHED : PSCE I S  : BASE CASE D3t e :  3 - JAN- 8 9  0 6 : 55 : 2 8 

Incr Study : BD1 20HED : PSCE I S  : BASE CASE ALT 1 . 2  D3t e : 6-JAN- 8 9  2 1 : 4 9 : 53 

D i fference = ( Incr Study) - (B3Be Study) 
Number of Game� : 2 0 0  
Aver3ge Over Low Wate r  Years (Bott om 10 Percent ) 

• • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • •  * *  • • • •  * * *  • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * . * * *  • • • • • • • • • • * * * * * * . 

Di fference Of 
Libby Reservoi r  E1ev ( feet ) 
- - -- - - - - - - - ----- - -- - - - - - - - - - --

ANN 

YEAR / NOH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 

- - -- - - - - - -
1 9 8 9  25 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1 -0 . 2  -0 . 2  - 0 . 1  - 0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  

1 9 90 27 0 . 1  0 . 5  1 . 0  0 . 1  1 . 0  1 . 4  1 . 0 1 . 0  1 . 1  0 . 7  0 . 4  0 . 3  0 . 3  0 . 3  0 . 7  

1 9 91 26 0 . 6  1 . 2  2 . 1 1 . 2  0 . 9  1 . 5  1 . 5  1 . 6  1 . 8  1 . 0  0 . 8  1 . 1  1 . 5 1 . 5  1 . 3  

1 9 92 1 8  1 . 0  2 . 5  3 . 7  2 . 4  2 . 7  3 . 5  2 . 2  2 . 4  2 . 2  1 . 3 0 . 9  1 . 4  1 . 6  1 . 5  2 . 1  

1 9 93 2 1  0 . 7  1 . 2  2 . 6  1 . 2  2 . 3  4 . 0  2 . 6  2 . 4  2 . 7  1 . 4  0 . 9  1 . 7  1 . 8  1 . 7  1 . 9  

1 9 94 3 0  0 . 9  1 . 4  2 . 3  1 . 0 0 . 8  5 . 6  3 . 8  4 . 7  3 . 8  2 . 8  1 . 7  2 . 0  2 . 0  2 . 1  2 . 4  

1 995 31 0 . 6  1 . 2  2 . 2  1 . 2  1 . 9  3 . 3  2 . 5  3 . 2  3 . 1  2 . 2  1 . 4  1 . 9  1 . 9  2 . 0  2 . 0  

1 9 9 6  2 9  0 . 7  1 . 6  2 . 9  1 . 6  1 . 3  3 . 5  3 . 3  3 . 4  3 . 1  2 . 1  1 . 2  1 . 6  1 . 7 1 . 4  2 . 0  

1 9 97 29 0 . 5  1 . 5  2 . 5  0 . 5  1 . 4  1 . 8  1 . 7  2 . 0  1 . 8  0 . 8  0 . 5  0 . 5  0 . 7  0 . 7  1 . 2  

1 9 98 23 1 . 3  1 . 9  2 . 1  1 . 2 0 . 6  2 . 0  1 . 1  1 . 1  1 . 9  2 . 0  1 . 1  1 . 3  1 . 7  1 . 8  1 . 5  

:r:: 1 9 99 33 1 . 1  2 . 1  2 . 7  1 . 6  0 . 7  0 . 4  -0 . 1  0 . 0  0 . 0  0 . 1  0 . 0  0 . 3  0 . 5  0 . 6  0 . 8  

2 0 0 0  27 0 . 5  1 . 4  2 . 2  1 . 1  1 . 4  2 . 0  0 . 5  0 . 3  0 . 5  0 . 7  0 . 2  0 . 8  0 . 9  1 . 2  1 . 0  

2 0 0 1  3 1  0 . 9  1 . 4  2 . 0  1 . 3  0 . 6  4 . 5  3 . 1  3 . 3  3 . 6  2 . 9  2 . 1  2 . 0  1 . 7 1 . 8  2 . 2  

L. 2002 25 1 . 1  2 . 1  3 . 6  3 . 3  2 . 0  3 . 6 3 . 5  3 . 8  3 . 9  2 . 6  2 . 0  2 . 2  2 . 4  2 . 4  2 . 7  

I 2 003 23 0 . 7  1 . 5  2 . 4  1 . 6  4 . 2  4 . 7  4 . 4  . 4 . 6  4 . 1  2 . 9  2 . 1  2 . 2  2 . 0  1 . 9  2 . 7  

W 2004  24 0 . 7  1 . 2  2 . 4  1 . 0  2 . 2  5 . 9  5 . 1  5 . 0  4 . 2  2 . 8  2 . 0  2 . 4  2 . 5  2 . 5  2 . 7  

CD 2 0 0 5  30 1 . 3  1 . 9  3 . 0  2 . 0  1 . 9  4 . 9  3 . 5  3 . 7  3 . 3  1 . 8  1 . 4  2 . 0  1 . 9  1 . 9  2 . 4  

2 0 0 6  3 2  0 . 9  1 . 3  2 . 5  1 . 5  1 . 3  4 . 1  3 . 3  3 . 2  2 . 9 2 . 0  1 . 2  1 . 6  1 . 5  1 . 5 2 . 0  

2 0 0 7  2 3  0 . 7  1 . 4  2 . 7  1 . 0  1 . 2  3 . 5  2 . 9  3 . 0  2 . 4  1 . 3  0 . 8  0 . 4  0 . 9  1 . 2  1 . 6  

2 0 0 8  2 6  0 . 8  1 . 4  2 . 7  1 . 8  2 . 6  3 . 3  2 . 9  3 . 4  2 . 8  2 . 2  1 . 2  1 . 5  1 . 5 1 . 6  2 . 1  

AVERAGE 0 . 8  1 . 4  2 . 4  1 . 3 1 . 5  3 . 1  2 . 4  2 . 6  2 . 5  1 . 7  1 . 1  1 . 4  1 . 4  1 . 5  1 . 7  
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BPAHYSUH Summary 
Ba!!e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 -JAN-8 9 0 6 : 55 : 2 8 
I ncr Study : BE4 1 0MED : PSCE I S  : ALT4 1 0  Dat e :  1 -FEB- 8 9  1 6 : 0 2 : 55 
Di fference - ( Incr Study) - (Ba .. e Study ) 
Number o f  Game .. : 200 
Average Over Low Water Years (Bot t om 10 Percen t )  
• • • • • • • ** • • • •  ** •• * * * * *  • • * * * * * *  • • • • • • • • • • • • • • • • • •  * * * *  • • • •• • * *  • • • • * *  • • • • • •  ** • • • * * *  • • • • •  * * * * * *  ••  * *  • • • •  * * *  •• * * * *  • •  * * * *  •• * * *  •• * *  • • • • • • • •  
Di fference Of 
Libby Re .. ervo i r  E1ev ( feet ) 
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

YEAR I N UH  SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  25 - 1 . 8  - 6 . 9 - 1 2 . 4  - 1 4 . 7  -20 . 9  - 25 . 6  -24 . 3  - 25 . 0  - 2 4 . 3  - 1 5 . 8  - 1 0 . 4  - 9 . 4 - 8 . 9  - 8 . 5  - 1 4 . 6  
1 990 27 -2 . 6  - 7 . 3 - 1 1 .  1 - 1 0 . 5  -25 . 1  - 2 4 . 2  -22 . 6  -22 . 1  -2 1 .  1 - 1 2 . 9  - 9 . 2  - 8 . 7  - 8 . 2  -7 . 7  - 1 3 . 6 
1 9 9 1  2 6  - 4 . 4  - 8 . 2  - 1 2 . 7  - 1 5 . 3  - 1 4 . 4  -20 . 9 - 1 9 . 5  - 20 . 2  - 1 9 . 9 - 1 5 . 5  - 1 0 . 3  - 8 . 6  - 6 . 9  -5 . 6  - 1 2 . 9 
1 9 92 1 8  0 . 0  -3 . 1  - 6 . 7 -7 . 4  - 15 . 7  -20 . 8  -20 . 9  - 22 . 0  - 2 1 . 3 - 1 4 . 9  - 1 1 . 0  - 1 0 . 7  - 9 . 5  - 8 . 8  - 1 1 . 8  
1 9 93 2 1  -2 . 2  - 6 . 2  - 9 . 8 - 6 . 7  - 1 8 . 3  - 1 4 . 0  - 1 3 . 7  - 1 3 . 8  - 1 3 . 2  - 9 . 6 - 6 . 8  - 5 . 8  - 3 . 3  -2 . 0  - 9 . 0  
1 9 94 3 0  - 1 . 5 -5 . 5  - 1 1 .  2 - 1 1 . 9  - 1 5 . 8  - 1 5 . 3  - 1 5 . 2  - 1 6 . 2  - 1 5 . 6  - 1 1 . 0  -7 . 8  - 6 . 7 - 4 . 7  -3 . 7  - 1 0 . 1  
1 9 95 3 1  -2 . 4  - 5 . 8  - 1 1 . 8  - 1 1 . 6  - 1 6 . 5  - 1 5 . 8  - 1 5 . 8  - 1 5 . 1  - 1 4 . 9  -1 0 . 6  -7 . 5  - 6 . 1 - 3 . 4  - 1 . 9  - 1 0 . 0  
1 9 96 29 - 1 . 2 - 4 . 9  - 9 . 9 - 9 . 3  - 1 8 . 1  - 1 7 . 2  - 1 6 . 9  - 1 7 . 4  - 1 6 . 7  - 1 1 . 4  - 8 . 2  - 7 . 0  - 5 . 3  - 4 . 2  - 1 0 . 4  
1 9 97 29 - 1 . 8  - 6 . 3 - 1 1 . 7  - 8 . 8  -23 . 6  - 1 9 . 4  - 1 8 . 3  - 1 7 . 4  - 1 6 . 7  - 1 0 . 9  - 8 . 1  -5 . 9  -3 . 1  - 1 . 5 - 1 1 . 1  
1 9 98 23 0 . 1  -3 . 6  - 9 . 7 - 1 1 . 5  - 8 . 0  - 7 . 4  - 6 . 1  - 6 . 0  - 4 . 9  -3 . 3  - 1 . 6 1 . 6  4 . 9  6 . 0  - 4 . 0  

:x 1 9 99 3 3  -0 . 4  -2 . 9  - 6 . 4 - 3 . 0  -8 . 9  - 1 .  9 - 1 . 8 -2 . 0  -2 . 2  - 1 . 3  -0 . 8  0 . 9  3 . 5  4 . 8  -2 . 0  
2000 27 -0 . 4  - 4 . 0  - 8 . 0  - 5 . 2  - 1 4 . 3  - 1 2 . 8  - 1 2 . 7  - 1 2 . 8  - 1 2 . 4  - 8 . 0  -5 . 7  -2 . 0  0 . 9  2 . 1  - 7 . 0  
2 0 0 1  3 1  -0 . 5  -2 . 8  - 6 . 2  - 4 . 7  - 6 . 0  - 7 . 1  - 6 . 9  - 7 . 3  - 6 . 4 - 4 . 5  -2 . 7  - 1 . 4 0 . 6  1 . 6  - 4 . 0  

.:;...... 2 0 02 25 0 . 7  -0 . 3  - 1 . 8 - 0 . 7  -3 . 1  -2 . 6  -3 . 0  -2 . 3  - 1 .  9 - 1 . 6  -0 . 4  1 . 9  4 . 1  5 . 4  - 0 . 6  
I 2003 23 0 . 3  1 . 1  0 . 5  - 1 . 3 1 . 0  3 . 0  3 . 4  4 . 6  4 . 5  1 . 9  1 . 5  3 . 2  3 . 9  3 . 4  1 . 9  W 2 004 2 4  0 . 2  - 0 . 6  -2 . 2  - 2 . 0  -3 . 5  - 6 . 0 - 5 . 5  - 5 . 8  - 5 . 5  -3 . 4  -2 . 5  - 0 . 5  0 . 3  -0 . 2  -2 . 6  � 2 0 05 3 0  0 . 1  - 0 . 4  -2 . 8  - 2 . 0  -3 . 7  - 5 . 3  - 5 . 2  - 5 . 6  - 5 . 8  - 3 . 1  - 1 . 7 1 . 1  1 . 0  -0 . 1  -2 . 4  

2 0 0 6  32 -0 . 3  - 1 . 1 - 3 . 7  -2 . 0  -2 . 8  - 8 . 3  - 8 . 5  - 8 . 8  - 8 . 0  - 5 . 5  -3 . 4  - 1 . 3 -0 . 3  -0 . 7  - 3 . 8  
2007 23 -0 . 1  - 1 . 4  - 4 . 4  -2 . 7  -2 . 6  - 8 . 9  - 8 . 1  - 8 . 1  - 7 . 5  - 3 . 2  - 1 . 9 -0 . 6  0 . 0  -0 . 9  - 3 . 5  
2008 26 - 1 . 1  -2 . 6  - 6 . 0  - 6 . 2  -7 . 8  - 9 . 7 - 9 . 3  - 8 . 7  - 8 . 2  - 4 . 8  -2 . 7  0 . 1  0 . 1  -0 . 3  - 4 . 9  

AVERAGE - 1 . 0 -3 . 7  - 7 . 5  - 6 . 9  - 1 1 . 4  - 1 1 . <; -1 1 . 4  - 1 1 . 5  - 1 1 . 0  - 7 . 4  -5 . 0  - 3 . 2  - 1 . 6 - 1 . 0  - 6 . 8 



T a b l e  H - l j - 7  
• • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Sunmary 
Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8  
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB-89 1 6 : 0 0 : 0 8 
Di fference - ( Incr Study) - (Ba"e Study )  
Number o f  Game,, : 200 
Average Over Low Water Year" ( Bottom 1 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
Libby Re"ervoi r  E 1 ev ( feet )  
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - -

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - --
1 9 89 25 - 1 . 6 - 6 . 5  - 1 1 . 7  - 1 4  . 0  - 1 4  . 2  - 1 5 . 6  - 1 4  . 1  - 1 5 . 0  - 1 4 . 3  - 7 . 6  -4 . 7  - 4 . 1  - 4 . 7  -4 . 8  - 9 . 4  
1 9 90 27 - 1 . 9 -5 . 6  - 8 . 5  - 6 . 8  - 1 8 . 6  - 1 3 . 0  - 1 1 . 3  - 1 1 . 0  - 1 0 . 4  -5 . 6  -3 . 8  - 3 . 6  - 3 . 3  -3 . 0  - 7 . 7  
1 9 91 2 6  -2 . 0  - 4 . 8  - 9 . 7 - 9 . 5  -8 . 1  - 8 . 9  - 7 . 6  - 8 . 0  - 7 . 3  -5 . 5  -4 . 0  - 3 . 2  - 2 . 2  - 1 . 6 - 6 . 0 
1 9 92 1 8  0 . 5  - 1 . 7 - 3 . 1  - 3 . 4  -5 . 5  - 6 . 0  - 6 . 6 - 7 . 4  - 7 . 1  -5 . 3  -3 . 8  -2 . 7  - 2 . 0  - 1 . 6 - 3 . 9  
1 9 93 2 1  -0 . 8  -2 . 2  - 3 . 7  - 1 . 9 - 3 . 2  0 . 0  - 0 . 7  -0 . 4  0 . 4  - 0 . 7  -0 . 4  0 . 8  2 . 2  2 . 9  - 0 . 8  
1 9 94 30 0 . 3  - 1 . 1  - 3 . 1  -2 . 6  -0 . 9  0 . 8  0 . 1  1 . 1  1 . 2  0 . 7  0 . 3  l . 1  2 . 0  2 . 3  - 0 . 1 
1 9 95 31 -0 . 1  - 0 . 9 -2 . 7  -2 . 3  - 1 . 2 0 . 9  0 . 7  1 . 6  l . 4  0 . 9  0 . 6  2 . 5  3 . 5  3 . 9  0 . 3  
1 9 96 29 0 . 5  - 0 . 1 - 1 . 0 - 0 . 9  0 . 8  l . 9  2 . 0  2 . 0  2 . 0  l . 1  0 . 3  l . 4  2 . 4  2 . 5  0 . 9  
1 9 97 2 9  0 . 1  0 . 2  0 . 1  -0 . 7  0 . 7  2 . 8  3 . 3  3 . 8  3 . 7  1 . 5  0 . 8  l . 4  2 . 8  3 . 4  l . 4  
1 9 98 23 1 . 9  1 . 6  -0 . 2  -0 . 9  - 1 . 5 0 . 7  0 . 5  0 . 3  l . 3  1 . 0  1 . 4  2 . 7  3 . 2  3 . 2  l . 0  
1 99 9  3 3  1 . 3  1 . 4  1 . 0  1 . 1  0 . 2  2 . 3  1 . 7  1 . 8  l . 8  0 . 6  0 . 2  1 . 2  0 . 4  -0 . 4  l . 0  

::r: 2000 27 0 . 6  0 . 9  -0 . 4  0 . 6  -2 . 3  - 2 . 9  - 3 . 0  -3 . 3  - 3 . 5  - 2 . 3  -1 . 8 - 0 . 8  - l . 8  -2 . 6  - l . 5 
2001 31 0 . 1  - 0 . 7  - 2 . 1  -0 . 9  -3 . 0  - 4 . 8  - 4 . 7  -5 . 9  - 5 . 5  - 4 . 0  -2 . 5  -2 . 7  - 3 . 9  - 4 . 6  - 2 . 9 
2002 25 -0 . 3  -0 . 8  - l .  8 0 . 3  -5 . 8  - 9 . 8  - 1 0 . 8  - 1 1 . 1  - 1 0 . 4  - 7 . 3  -4 . 6  - 4 . 3  - 3 . 8  -3 . 1  - 4 . 9  

<;..... 20 03 23 -0 . 1  1 . 1  1 . 4  0 . 8  3 . 2  5 . 4  6 . 1  6 . 7  6 . 0  3 . 4  2 . 3  3 . 5  3 . 7  3 . 2  3 . 0  I 2004 24 0 . 7  0 . 3  -0 . 2  0 . 0  0 . 7  0 . 6  0 . 6  0 . 1 - 0 . 4  - 0 . 6  -0 . 3  1 . 1  0 . 7  -0 . 6  0 . 2  
.!:'- 2005 30 0 . 4  -0 . 2  - 1 . 3 -0 . 1  - 1 . 2 - 2 . 2  -2 . 6  -3 . 3  - 3 . 4  -2 . 2  -l . 2 - 0 . 2  - 1 . 0  -2 . 1  - l . 3  
0 2006 32 0 . 0  -0 . 9  -2 . 0  -0 . 1  - 1 . 6 - 5 . 4  -5 . 7  -5 . 7  - 5 . 1 - 3 . 2  -2 . 0  0 . 1  0 . 7  -0 . 1  - 2 . 2  

2007 23 0 . 4  -0 . 1  - 1 .  8 0 . 5  -0 . 7  - 5 . 9 -5 . 0  -4 . 8  - 4 . 3  - 1 . 8 -0 . 7  0 . 2  0 . 4  -0 . 5  - 1 .  6 
2008 26 0 . 5  0 . 0 - 1 . 7 - 0 . 9  - 3 . 7  - 6 . 6 - 6 . 0  -5 . 0  - 5 . 1  -2 . 4  -1 . 1 2 . 0  1 . 5  1 . 0  -2 . 0  

AVERAGE 0 . 0  - 1 . 0 - 2 . 6 - 2 . 0  - 3 . 2  - 3 . 2  - 3 . 0  - 3 . 0  - 2 . 8  - l . 9 - 1 . 2 - 0 . 1 0 . 1  -0 . 1  - l . 8 
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BPAHYSUH SUlmlary 
BaBe Study : BAOOOHED : PSCE I S  : BASE CASE Date :  3 - JAN - 8 9  0 6 : 55 : 28 

I ncr Study : BA430HED : PSCE I S  : ALr4 3 Date : 2 1 -JAN - 8 9  05 : 1 4 : 2 9 

Di fference - ( Incr Study) - (BaBe Study )  
Number o f  GameB : 2 0 0  
Average Ov e r  Low Water Years (Bottom 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

D i fference Of 
Libby ReBervo i r  Elev ( feet ) 
- - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

ANN 

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AG1 AG2 AVG 

- - - - - - - - - -
1 989 25 1 . 0  3 . 7  7 . 8  4 . 4  1 0 . 6  1 2  . .  8 8 . 8  8 . 6  6 . 7  4 . 9  3 . 3  2 . 6  2 . 5  2 . 4  5 . 8  

1 9 90 2 7  1 . 1  2 . 8  4 . 3  1 . 9  4 . 0  3 . 0  2 . 0  2 . 1  1 . 6  1 . 8  0 . 8  0 . 2  0 . 2  0 . 4  2 . 0  

1 9 91 2 6  1 . 4  2 . 9  5 . 1  3 . 6  4 . 7  6 . 4  5 . 3  5 . 3  5 . 8  3 . 6  2 . 7  2 . 3  2 . 8  3 . 2  3 . 9  

1 9 92 1 8  1 . 8  3 . 7  6 . 2  4 . 9  4 . 2  7 . 2  4 . 7  4 . 9  5 . 4  3 . 3  1 . 9  2 . 4  3 . 4  3 . 6  4 . 1  

1 9 93 21 1 . 1  2 . 1  4 . 0  2 . 7  3 . 8  1 0 . 7 8 . 3  8 . 4  7 . 9  4 . 6  3 . 0  4 . 6  5 . 8  6 . 6  5 . 0  

1 9 94 30 2 . 3  3 . 9  5 . 9  4 . 2  3 . 2  1 2 . 0  9 . 1  9 . 6  8 . 4  6 . 4  4 . 3  5 . 6  6 . 0  6 . 4  6 . 0  

1 9 95 31 1 . 9  3 . 5  5 . 1  4 . 3 4 . 1  1 2 . 4  1 0 . 1  1 1 . 3  1 0 . 1 6 . 7  4 . 4  5 . 7  7 . 4  8 . 3  6 . 4  

1 9 96 2 9  1 . 9  3 . 2  5 . 4  4 . 5 4 . 4  1 0 . 0 7 . 5  7 . 4  7 . 5  5 . 2  3 . 8  5 . 0  6 . 1  6 . 6 5 . 4  

1 9 97 29 1 . 3  2 . 6 4 . 0  3 . 0  2 . 1  6 . 5  5 . 5  5 . 8  5 . 3  2 . 9  2 . 2  2 . 4  3 . 6  4 . 2  3 . 5  

1 9 98 23 2 . 4  3 . 0  3 . 6 4 . 0 1 . 6  5 . 7  4 . 7  4 . 7  5 . 2  4 . 2  4 . 2  6 . 3  8 . 4  9 . 0  4 . 5  

::r: 1 9 99 33 1 . 7  3 . 7  7 . 3  4 . 7  7 . 2  1 4 . 8  1 3 . 1  1 2 . 2  1 1 . 0  8 . 8  5 . 8  6 . 9 8 . 1  9 . 0  7 . 8  

2 0 00 27 2 . 0  3 . 6  5 . 3  3 . 6  6 . 6  1 1 . 0  6 . 8  6 . 6  6 . 3  4 . 7  2 . 5  4 . 8  6 . 0  6 . 5  5 . 3  

2001 3 1  2 . 1  3 . 0  4 . 6  4 . 4  3 . 4  9 . 8  8 . 2  8 . 5  8 . 1  6 . 3  4 . 6  5 . 1  5 . 1  5 . 5  5 . 4  

�. 2 0 02 25 1 . 7  2 . 5  4 . 0  4 . 6  0 . 2  2 . 5  2 . 4  2 . 9  3 . 2  2 . 2  1 . 7  2 . 2  4 . 4  6 . 0  2 . 8  

I 2 003 23 1 . 7  · 4 . 5  8 . 3  5 . 9  1 3 . 7  2 5 . 7  2 6 . 6  27 . 3  25 . 1  1 6 . 7  1 1 . 7 1 1 . 1  1 1 . 5  1 1 . 4  1 3 . 5  

.P- 2004 24 2 . 3  3 . 7  6 . 3  3 . 2  7 . 8  1 6 . 1 1 3 . 8  1 3 . 0  1 1 . 0  7 . 9  5 . 2  5 . 3  5 . 5  5 . 1  7 . 3  

2 005 30 1 . 4  2 . 5  4 . 2  2 . 9  4 . 8  9 . 6 7 . 5  7 . 5  5 . 8  4 . 2  2 . 4  2 . 8  3 . 1  2 . 9  4 . 3  

2006 32 1 . 3  2 . 0  4 . 1  3 . 3  3 . 4  9 . 2 7 . 6  7 . 5  6 . 1  5 . 2  2 . 7  3 . 5  4 . 8  4 . 7  4 . 4  

2 0 0 7  2 3  1 . 2  1 . 9  3 . 5  2 . 6  2 . 7  7 . 4  6 . 9  7 . 3  6 . 3  5 . 1  3 . 0  3 . 1  4 . 2  4 . 6  4 . 0  

2008 26 3 . 3  4 . 8  7 . 2  5 . 9  6 . 6  1 1 . 4  1 0 . 0  1 0 . 5  9 . 6 9 . 8  6 . 6 7 . 5  8 . 1  8 . 3  7 . 6  

AVERAGE 1 . 7  3 . 2  5 . 3  3 . 9  4 . 9  1 0 . 2 8 . 4  8 . 6  7 . 8  5 . 7  3 . 8  4 . 5  5 . 4  5 . 8  5 . 4  
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• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUM Surm",ry 

Base Study : BAOOOMED : PSCE I S  : BASE CASE Dat e : 3 -JAN- 8 9  0 6 : 5 5 : 2 8  

I ncr Study : BC4 4 0MED : PSCE I S  : ALT 4 4  Dat e : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 

Di fference = ( Incr Study) - (Base Study) 
Number of Game s :  200 
Average Over Low Water Years (Bot t om 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Libby Reservoi r  Elev ( feet ) 
- - - -- - - - - - - - - - - - - - - - - - - -- - -- --

ANN 

YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JUN JUL AGI AG2 AVG 

- - -- - - - - - -
1 98 9  2 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  0 . 0  0 . 0  

1 9 90 27 0 . 0  0 . 0  0 . 0  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 91 2 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  

1 9 92 1 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  0 . 0  

1 9 93 2 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  

1 9 94 30 0 . 0  0 . 0  0 . 0  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 95 3 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  

1 9 96 29 0 . 0  0 . 0  0 . 0 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 97 2 9  0 . 0  0 . 0  0 . 0  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 98 23 0 . 0  0 . 0  0 . 0  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 9  33 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2000 2 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  
::r: 2 0 0 1  3 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  

2 0 0 2  25 0 . 0  0 . 0  0 . 0  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 03 23 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
G. 

2004 2 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  I 
2005 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  

.f:"-

N 2006 3 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  

2 0 07 2 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  

2008 2 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  

AVERAGE 0 . 0  0 . 0  0 . 0  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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BPAHYSUH Summary 
Base Study : BAOOOHED : PSCEIS : BASE CASE Date : 3 -JAN- 8 9  0 6 : 55 : 2 8 
Number of GlUlle s :  200 
Average Over Typical Water Years (Hid 8 0  Percent ) 
* * * * * * * *  • • •  * * * * * . * * * * * * . * * *  • • • • * * * * * * * *  • • •  * * * * * * * * . * * * * *  • • • •  * * * * *  • • •  * *  • • • • • • •  * * * * * * * * * * * * * * * . * * * * * * * * . * * * * * * * * *  • • • •  * * * . * * * . * * *  • • • • •  

Libby Reservo i r  Elev ( feet ) 
- - - - - -- - - - - -- - - - - - - - - - - - - - - - --

YEAR / NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I AP2 HAY JUN JUL AG1 AG2 AVG - --- - - - - - -
1 98 9  1 53 2 4 5 7 . 0  2 4 52 . 1  2 4 3 4 . 7  2 4 0 9 . 1  2 3 7 8 . 5  2350 . 8  2 34 7 . 5  2352 . 0  2 3 6 1 . 2 2 3 9 9 . 4  2 4 4 8 . 8  24 5 8 . 9  2 4 5 8 . 7  2 4 5 8 . 6  2 4 1 3 . 0  1 9 90 1 54 2 4 5 5 . 7  2 4 5 1 .  5 2 4 3 6 . 1 2 4 1 0 . 2  2 3 7 7 . 7  2350 . 1  2 34 6 . 4  2 3 5 1 . 6  2 3 62 . 5  2 3 9 9 . 2  2 4 4 8 . 5  2 4 5 8 . 9  2 4 5 8 . 7  2 4 58 . 6  2 4 1 2 . 9  1 9 91 1 54 2 4 5 5 . 3  2 4 5 1 .  4 24 3 6 . 7 2 4 1 0 . 0  2 3 77 . 3  23 4 6 . 7 2 3 4 3 . 3  2 3 4 8 . 3  2 3 5 8 . 0  2 3 9 9 . 9  2 4 4 8 . 7  2 4 5 9 . 0  2 4 5 8 . 6  2 4 5 8 . 4  2 4 1 2 . 1 1 9 92 1 60 2 4 53 . 5  24 4 9 . 2  2 4 33 . 9  2 4 0 7 . 7  2 3 75 . 6  234 7 . 4  2 3 4 4 . 8  2 3 50 . 1  2 3 6 1 . 2 2 4 00 . 5  2 4 4 8 . 6  2 4 5 8 . 9  2 4 5 8 . 4  2 4 58 . 1  2 4 1 1 . 6  1 993 1 55 2 4 5 4 . 2  2 4 50 . 7  2 4 3 6 . 2 2 4 0 9 . 0  2 3 78 . 9  2 3 5 1 . 1  2 34 7 . 7  2352 . 4  2 3 63 . 0  2 4 0 0 . 1  2 4 4 7 . 4  2 4 5 8 . 9  2 4 5 8 . 5  2 4 58 . 3  2 4 1 3 . 0  1 9 94 1 55 2 4 54 . 6  2 4 5 1 .  6 2 4 3 6 . 9 2 4 0 8 . 5  2 3 78 . 2  234 9 . 9 2 34 6 . 8  2352 . 0  23 62 . 3  2 4 0 0 . 0  2 4 4 7 . 2  24 5 8 . 7  2 4 5 8 . 0  2 4 5 7 . 7  2 4 1 2 . 7  1 995 1 54 2 4 5 1 . 5  2 4 4 9 . 6 24 3 6 . 2  2 4 0 8 . 5  2 3 7 8 . 5  2350 . 1  2 3 4 5 . 5  2350 . 2  23 60 . 6  2 4 0 0 . 4  2 4 4 7 . 9  2 4 5 8 . 8  2 4 5 8 . 0  2 4 57 . 8  2 4 1 2 . 1 1 996 1 4 8  2 4 52 . 7  2 4 5 0 . 1  2 4 3 6 . 2 2 4 0 8 . 7  2 3 78 . 6  234 9 . 7  2 34 6 . 5  2 3 5 1 . 2 2 3 6 1 . 2 2 3 98 . 9  2 4 4 7 . 2  2 4 5 8 . 7  2 4 5 8 . 1  2 4 57 . 9  2 4 1 2 . 2  1 9 97 1 5 5  2 4 53 . 0  2 4 5 0 . 4  2 4 3 6 . 2  2 4 0 7 . 2  2 3 7 6 . 2  234 6 . 9 2 34 3 . 1 2 3 4 8 . 6  2 3 5 8 . 8  2 3 9 7 . 9  2 4 4 7 . 3  2 4 5 8 . 5  2 4 5 8 . 0  2 4 57 . 8  2 4 1 1 . 1  1 9 98 1 55 2 4 53 . 2  2 4 5 0 . 4  24 3 6 . 8  2 4 0 8 . 0  2 3 75 . 6  2 34 6 . 2  2 34 2 . 0  2 3 4 7 . 9  23 5 9 . 1 2 3 9 7 . 7  2 4 4 7 . 0  2 4 5 8 . 8  2 4 5 8 . 2  2 4 5 8 . 0  2 4 1 1 .  1 1 9 99 1 4 9  2 4 5 1 . 6  2 4 4 8 . 2  2 4 3 4 . 3  2 4 0 7 . 3  2 3 75 . 1  234 6 . 5 2342 . 5  2 3 4 7 . 4  2 3 5 8 . 5  2 3 9 7 . 0  2 4 4 7 . 6  24 5 8 . 9  2 4 5 8 . 4  2 4 5 8 . 2  24 1 0 . 5  2000 1 5 1  2 4 5 1 . 7  2 4 4 9 . 4  2 4 3 6 . 4  2 4 0 8 . 2  2 3 75 . 4  234 4 . 3  234 1 . 3 234 7 . 3  2 3 5 8 . 2  2 4 0 1 . 5  2 4 4 9 . 0  2 4 5 8 . 9 2 4 5 8 . 5  2 4 58 . 4  24 1 1 . 1  2001 1 52 2 4 52 . 8  2 4 5 0 . 9 2 4 3 7 . 2  2 4 0 8 . 6  2 3 77 . 7  234 8 . 7  2 34 6 . 4  2 3 5 1 . 9  23 6 1 . 9 2 3 9 9 . 9  2 4 4 8 . 2  2 4 5 8 . 9  2 45 8 . 2  2 4 58 . 0  2 4 1 2 . 4  ::r: 2002 1 5 7  2452 . 4  2 4 4 9 . 7  2 4 3 6 . 0  2 4 0 6 . 0  2 3 7 7 . 0  2 34 9 . 6 2 3 4 5 . 2  2350 . 4  23 60 . 8  2 3 99 . 8  2 4 4 7 . 7  2 4 5 8 . 8  2 4 5 8 . 2  2 4 5 7 . 8  24 1 1 .  7 2003 1 63 2 4 52 . 9  24 4 9 . 4  2 4 3 4 . 4  2 4 0 7 . 8  2 3 75 . 3  234 6 . 3  2 3 4 2 . 7  2 3 4 8 . 0  235 9 . 0 2 3 9 9 . 3  2 4 4 7 . 9  2 4 5 8 . 8  2 4 5 8 . 4  2 4 5 8 . 2  2 4 1 1 . 0  2004 1 4 6  2 4 53 . 6  2 4 50 . 6  2 4 3 6 . 0 2 4 0 9 . 0  2 3 7 7 . 0  234 8 . 4  2 3 4 4 . 9  23 4 9 . 5  2360 . 4  2 4 0 0 . 3  2 4 4 8 . 3  2 4 5 9 . 0  2 4 5 8 . 5  2 4 58 . 4  2 4 1 2 . 1  L. 2005 1 51 2 4 5 4 . 3  2 4 5 1 .  9 2 4 3 8 . 0  2 4 0 9 . 4  2 3 78 . 3  2350 . 6  2 34 6 . 9  2352 . 0  23 62 . 6  2 3 9 8 . 1  2 4 4 8 . 0  2 4 5 8 . 9  2 4 5 8 . 4  2 4 5 8 . 2  2 4 1 2 . 9  I 2006 1 4 5  2 4 5 3 . 5  24 5 1 . 5  2 4 3 7 . 6  2 4 0 8 . 0  2 3 7 8 . 2  2 3 4 9 . 8 2 34 7 . 0  2 3 52 . 5  23 64 . 1  2 4 03 . 5  2 4 4 8 . 5  2 4 5 8 . 8  2 4 5 8 . 6  2 4 5 8 . 4  2 4 1 3 . 2  -!:'- 2007 1 55 2 4 53 . 6  2 4 5 1 . 9  2 4 3 8 . 9  2 4 0 8 . 3  2 3 7 8 . 3  2352 . 0  234 7 . 2  2352 . 5  23 62 . 2  2397 . 9  2 4 4 7 . 5  2 4 5 8 . 5  2 4 5 8 . 3  2 4 58 . 1  24 1 2 . 9 W 2008 1 5 9  2 4 5 4 . 7  2 4 5 3 . 1  2 4 4 0 . 9 2 4 0 9 . 6  2 3 75 . 6  2 3 4 4 . 4  2 3 4 0 . 8  23 4 6 . 2  2 3 5 6 . 8  2 3 9 6 . 5  2 4 4 7 . 0  2 4 5 8 . 8  2 4 5 8 . 6  2 4 58 . 5  24 1 1 .  4 

AVERAGE 2 4 53 . 6  2 4 50 . 7  24 3 6 . 5  2 4 0 8 . 5  2 3 77 . 1  23 4 8 . 5  234 4 . 9  2350 . 1  2 3 60 . 6  2 3 9 9 . 4  2 4 4 7 . 9  2 4 5 8 . 8  2 4 5 8 . 4  2 4 58 . 2  2 4 1 2 . 0  
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* . * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * .* • • • • •• • • • • • • • • • • •• • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • ••  * .* • • • • • • • • • • • • • • • • •• • •  

BPAHYSUM Sumnary 
Balle Study : BAOOOHED : PSCEI S  : BASE CASE Dat e :  3 - JAN- 8 9  0 6 : 55 : 2 8 
Incr Study : BD120HED : PSCE I S  : BASE CASE ALT 1 .  2 Dat e :  6-JAN- 8 9  2 1 : 4 9 : 53 
Di fference - ( Incr Study) - (Balle Study) 
Number of Game II : 200 
Average Over Typi cal Water Yearll (Mid 8 0  Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Di fference Of 
Libby Rellervoir E1ev ( feet ) 
----------- -- --------------- --

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP 1 AP2 MAY JUN JUL AG1 AG2 AVG 
- - -- - -----
1 989 1 53 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 990 1 5 4  0 . 1  0 . 5  0 . 8  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  
1 991 1 5 4  0 . 3  1 . 0  1 . 6  0 . 1  0 . 2  0 . 4  0 . 4  0 . 4  0 . 3  0 . 2  0 . 0  0 . 0  0 . 1  0 . 2  0 . 4  
1 992 1 60 0 . 7  1 . 3  1 . 8  0 . 7  0 . 7  0 . 3  0 . 1  0 . 1  0 . 1  0 . 1  0 . 2  0 . 0  0 . 1  0 . 2  0 . 5  
1 9 93 1 5 5  0 . 6  1 . 3  1 . 9  0 . 3  0 . 6  0 . 6  0 . 7  0 . 8  0 . 7  0 . 4  0 . 2  0 . 0  0 . 1  0 . 1  0 . 6  
1 9 94 1 5 5  0 . 4  1 . 0  1 . 9  0 . 4  0 . 5  0 . 4  0 . 3  0 . 4  0 . 4  0 . 3  0 . 2  0 . 0  0 . 2  0 . 2  0 . 5  
1 9 95 1 54 0 . 9  1 . 2  1 . 4  0 . 3  0 . 2  0 . 3  0 . 3  0 . 2  0 . 2  0 . 2  0 . 2  0 . 1  0 . 2  0 . 2  0 . 4  
1 9 96 1 4 8  0 . 6  1 . 1  1 . 7  0 . 5  0 . 5  0 . 5  0 . 4  0 . 4  0 . 3  0 . 2  0 . 1  0 . 1  0 . 2  0 . 2  0 . 5  
1 9 97 1 5 5  0 . 6  1 . 2  1 . 8  0 . 7  0 . 5  0 . 2  0 . 2  0 . 4  0 . 3  0 . 1  0 . 0  0 . 0  0 . 2  0 . 2  0 . 5  
1 9 98 1 55 0 . 6  1 . 0  1 . 3  0 . 4  0 . 3  0 . 4  0 . 4  0 . 4  0 . 4  0 . 3  0 . 2  0 . 0  0 . 1  0 . 1  0 . 4  
1 999 1 4 9  0 . 9  1 . 4  1 . 6  0 . 4  0 . 4  0 . 2  0 . 2  0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  0 . 2  0 . 2  0 . 5  ::r: 2000 151 0 . 6  1 . 0  1 . 6  0 . 6  0 . 5  0 . 4  0 . 5  0 . 5  0 . 5  0 . 2  0 . 1  0 . 1  0 . 1  0 . 1  0 . 5  
2001 1 52 0 . 7  1 . 0  1 . 5  0 . 5  0 . 3  0 . 3  0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 2  0 . 2  0 . 4  
2002 1 57 0 . 8  1 . 2  1 . 7  0 . 9  0 . 9  0 . 8  0 . 8  0 . 9  0 . 8  0 . 5  0 . 3  0 . 1  0 . 2  0 . 2  0 . 7  �. 2003 1 63 1 . 0  1 . 6  2 . 1  1 . 0 0 . 9  0 . 5  0 . 5  0 . 5  0 . 5  0 . 3  0 . 1 0 . 0  0 . 2  0 . 2  0 . 7  I 
2004 1 4 6  0 . 6  0 . 9  1 . 5  0 . 4  0 . 4  0 . 3  0 . 5  0 . 5  0 . 4  0 . 2  0 . 0  0 . 0  0 . 1  0 . 1  0 . 4  .c-
2 0 05 1 5 1  0 . 6  1 . 2  2 . 4  0 . 5  0 . 4  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  .c- 0 . 5  
2 0 0 6  1 4 5  0 . 8  1 . 2  2 . 3  0 . 7  0 . 8  0 . 8  0 . 8  0 . 8  0 . 6  0 . 3  0 . 1  0 . 0  0 . 1  0 . 1  0 . 7  
2007 1 55 0 . 7  1 . 1  1 . 7  0 . 7  0 . 9  0 . 7  0 . 7  0 . 7  0 . 6 0 . 4  0 . 1  0 . 1  0 . 1  0 . 2  0 . 6 
2008 1 5 9  0 . 6  0 . 9  1 . 4  0 . 2  0 . 2  0 . 6 0 . 5  0 . 5  0 . 5  0 . 2  0 . 1  0 . 0  0 . 1  0 . 1  0 . 4  

AVERAGE 0 . 6  1 . 1  1 . 6  0 . 5  0 . 5  0 . 4  0 . 4  0 . 4  0 . 4 0 . 2  0 . 1  0 . 0  0 . 1  0 . 2  0 . 5  
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* *
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*
* * * * * *  • •  * . * * . * * * . * *  •• * * * . * . * • •  * • •  * . * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM Summary 

Ba .... Study : BAO O OMED : PSCE I S  : BASE CASE Dat .. : 3 - JAN- 8 9  0 6 : 55 : 2 8 

I ncr Study : BE4 1 0MED : PSCE I S  : ALT4 1 0  Dat .. : 1 -FEB- 8 9  1 6 : 02 : 5 5 

Diff .. r .. nc .. - ( I ncr Study) - (Ba .... Study) 
Numb .. r of Gam .... : 200 
Av .. rag .. Ov .. r Typical Wat .. r Y .. ar .. (Mid 80 P .. rc .. nt ) * . * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Diff .. r .. nc .. Of 
Libby R .. .... rvoir El .. v ( f  .... t )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 

YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JON JUL AG1 AG2 AVG 

- - - - - -- - - -
1 989 1 5 3  - 1 . 6 - 5 . 8  - 9 . 2  - 4 . 1  -3 . 2  - 3 . 0  - 2 . 9  -2 . 7  - 2 . 3  - 1 . 0  -0 . 8  - 0 . 1 0 . 2  0 . 3  -2 . 8  

1 990 1 54 -2 . 2  - 6 . 2 - 8 . 5  -3 . 6  -3 . 1  - 2 . 6  - 2 . 6  -2 . 6  - 2 . 3  - 1 . 2  -0 . 7  - 0 . 2  0 . 1  0 . 2  - 2 . 7 

1 9 91 1 5 4  -2 . 6  - 6 . 2  - 9 . 2  - 3 . 9  -5 . 2  - 4 . 0  - 3 . 9  -4 . 0  - 3 . 5  - 1 . 7 -0 . 7  - 0 . 2  0 . 2  0 . 4  - 3 . 4  

1 9 92 1 60 -2 . 0  - 4 . 6  - 6 . 3  -2 . 0  -3 . 2  - 2 . 1  -2 . 4  -2 . 4  - 2 . 1 - 0 . 9  -0 . 5  - 0 . 1 0 . 4  0 . 6  -2 . 1  

1 9 93 1 5 5  -3 . 0  - 6 . 3  - 9 . 7 -2 . 6  -3 . 3  - 2 . 4  - 2 . 6  - 2 . 6  - 2 . 4  - 1 . 3  -0 . 8  -0 . 3  0 . 2  0 . 4  - 2 . 9 

1 9 94 1 55 -2 . 1  - 7 . 0  - 1 1 .  4 - 3 . 0  -4 . 2  - 2 . 6  - 2 . 9  -2 . 8  - 2 . 6  - 1 . 5  -0 . 8  - 0 . 2  0 . 6  0 . 7  - 3 . 1  

1 9 95 1 5 4  -2 . 1  - 6 . 8 - 1 1 .  6 - 3 . 3  - 3 . 7  - 1 . 7 - 0 . 8  - 1 . 0 - 0 . 9 - 0 . 5  -0 . 3  0 . 0  0 . 7  0 . 8  -2 . 6  

1 996 148 -1 . 8  - 6 . 0 - 1 0 . 5  -3 . 2  -3 . 9  - 1 . 9 - 1 . 8 - 1 . 9 - 1 .  8 - 0 . 8  -0 . 5  0 . 1  0 . 5  0 . 5  -2 . 6  

1 9 97 1 55 -2 . 0  - 6 . 6 - 1 1 .  9 -2 . 5  -3 . 0  - 1 . 1  - 1 . 0 -0 . 8  - 0 . 8  - 0 . 4  -0 . 2  0 . 0  0 . 4  0 . 6 -2 . 4  

1 998 1 5 5  -2 . 0  - 6 . 2 - 1 1 . 4  -2 . 6  -4 . 1  - 2 . 1  - 1 . 6 - 1 . 7 - 1 .  6 - 0 . 8  -0 . 5  - 0 . 3  0 . 2  0 . 3  -2 . 7  

1 9 99 1 4 9  -0 . 3  - 4 . 1  -8 . 1  -0 . 7  -0 . 9  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  -0 . 1  0 . 0  0 . 3  0 . 4  - 1 . 2 

::r:: 2000 151 0 . 0  -3 . 7  - 7 . 5  - 1 . 6 -2 . 1  - 0 . 9  - 1 . 1  - 1 . 1  - 1 . 1  -0 . 5  -0 . 4  0 . 0  0 . 0  -0 . 1  - 1 . 6 

2001 1 52 -0 . 6  - 3 . 5  - 5 . 7 - 1 . 0 -1 . 3 - 0 . 4  - 0 . 7  -0 . 7  - 0 . 8  -0 . 4  -0 . 2  0 . 0  0 . 2  0 . 2  - 1 . 2 

2002 1 5 7  0 . 0  - 1 . 9 - 3 . 7  0 . 0  0 . 0  0 . 5  0 . 6  0 . 6  0 . 5  0 . 4  0 . 2  0 . 1  0 . 3  0 . 3  -0 . 3  

�. 2003 1 63 1 . 4  1 . 7  1 . 8  1 . 1  1 . 0  0 . 6  0 . 6  0 . 7  0 . 7  0 . 5  0 . 3  0 . 1  - 0 . 1  -0 . 2  0 . 8  

2004 1 4 6  0 . 4  0 . 1  -0 . 6  - 1 . 2 -1 . 0 - 0 . 8  - 1 . 5  - 1 . 5 - 1 .  3 -0 . 6  -0 . 2  -0 . 1  - 0 . 3  -0 . 4  -0 . 6  

!:"- 2005 1 5 1  -0 . 3  - 1 . 3  - 1 . 5 - 1 . 1  - 1 . 4 - 1 .  1 - 1 . 5  - 1 . 6 - 1 . 5 - 0 . 8  -0 . 4  - 0 . 1 -0 . 2  -0 . 4  - 0 . 9 

Ul 2 0 0 6  1 4 5  -0 . 3  - 1 . 3 -2 . 4  - 1 . 4  -0 . 9  - 1 . 4  -2 . 2  -2 . 2  - 1 .  8 -0 . 8  -0 . 3  - 0 . 3  - 0 . 6  -0 . 8  - 1 . 2 

2007 155 -0 . 5  - 1 .  8 -3 . 7  -1 . 6 -1 . 7  - 1 . 6 - 1 . 5  -1 . 4 - 1 . 2 -0 . 6  -0 . 2  - 0 . 3  - 0 . 5  -0 . 7  - 1 . 3 

2 0 08 1 5 9  -0 . 6  - 1 . 9 - 4 . 0  - 1 . 5 - 1 . 4 - 1 . 1  - 1 . 2 - 1 . 2 - 1 .  0 - 0 . 2  0 . 0  - 0 . 1 - 0 . 3  -0 . 5  - 1 . 1  

AVERAGE - 1 . 1  - 4 . 0  - 6 . 7 -2 . 0  -2 . 3  - 1 . 5 - 1 . 5  - 1 . 5 - 1 . 4 - 0 . 7  -0 . 4  -0 . 1  0 . 1  0 . 1  - 1 .  8 



T a b l e  H - l j - 8  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH Sw",,,u:l' 
Bas .. Study : BAOOOHED : PSCEI S  : BASE CASE Dat .. : 3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BB4 l 5HED : PSCE I S  : ALT4 l 5  Dat .. : 1 4 -rEB- 8 9  1 6 : 00 : 0 8 
D i ff .. r .. nc .. - ( Incr Study) - (Bas .. study) 
Numb .. r of Gam .. s :  200 
Av .. rage Ov .. r Typical Wat .. r Y .. ar. (Hid 80 P .. rc .. nt ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * �* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * *  

Di ff .. r .. nc .. Of 
Libby R .. ., .. rvoi r  E1 .. v ( f  .... t )  
- - - - - - - - -- - - - - ----------------

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- - --------
1 989 1 53 -1 . 5 -5 . 5  -8 . 4  -3 . 9  -2 . 7  -2 . 1  -2 . 0  - 1 . 9 - 1 . 6 - 0 . 8  -0 . 6  -0 . 1  0 . 0  0 . 1  -2 . 4  
1 990 1 54 - 1 . 8 - 5 . 2  - 6 . 9  - 3 . 1  -2 . 5  - 2 . 1  - 1 . 9 -1 . 8 - 1 .  6 -0 . 9  -0 . 5  - 0 . 1 0 . 0  0 . 0  - 2 . 2  
1 9 91 1 54 - 1 . 5 - 4 . 3  -5 . 6  - 2 . 3  -2 . 8  - 1 .  7 - 1 . 8 - 1 . 7 - 1 . 4 -0 . 9  -0 . 2  0 . 0  0 . 1  0 . 2  - 1 .  9 
1 9 92 1 60 -1 . 0 - 2 . 9  - 3 . 6 - 1 . 3  - 1 . 7  - 1 .  2 - 1 . 5  - 1 . 5  - 1 .  4 -0 . 6  -0 . 4  -0 . 1  0 . 1  0 . 1  - 1 .  3 
1 9 93 1 55 -1 . 0  -2 . 8  -4 . 5  -0 . 7  - 1 . 0  - 0 . 4  - 0 . 6  -0 . 5  - 0 . 4  -0 . 3  -0 . 1  0 . 0  0 . 1  0 . 1  - 1 .  0 
1 9 94 155 -0 . 3  - 2 . 1  - 3 . 5  -0 . 6  -0 . 9  - 0 . 3  - 0 . 7  -0 . 7  - 0 . 7  -0 . 4  -0 . 1  0 . 0  0 . 2  0 . 2  -0 . 8  
1 995 1 54 0 . 2  - 1 .  5 - 3 . 0  -0 . 6  -0 . 6  0 . 0  0 . 1  0 . 1 0 . 1 0 . 1  0 . 1  0 . 1 0 . 3  0 . 3  - 0 . 4  
1 9 9 6  1 4 8 0 . 3  - 1 . 1 - 2 . 3  -0 . 2  -0 . 4  0 . 0 -0 . 3  -0 . 3  - 0 . 3  -0 . 1  0 . 0  0 . 1 0 . 1  0 . 1  -0 . 3  
1 9 97 155 0 . 2  -0 . 5  - 1 .  3 -0 . 1  -0 . 4  - 0 . 3  -0 . 4  -0 . 2  - 0 . 3 -0 . 2  -0 . 1  - 0 . 1  0 . 0  0 . 0  -0 . 3  
1 9 98 155 0 . 5  -0 . 2  -0'. 7 0 . 1  -0 . 1  0 . 2  0 . 1  0 . 1  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 999 1 4 9  1 . 0  1 . 1  1 . 3  0 . 7  0 . 5  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 1  0 . 0  -0 . 1  -0 . 2  0 . 5  

::r: 2 000 1 5 1  0 . 6  0 . 2  -0 . 2  - 0 . 2  -0 . 5  - 0 . 6  -0 . 9  -0 . 9  - 0 . 8  -0 . 4  -0 . 2  -0 . 1  -0 . 3  -0 . 5  -0 . 3  
2001 1 52 -0 . 4  - 1 . 1 - 1 . 3 -0 . 2  -0 . 4  -0 . 9  - 1 . 2  -1 . 1  - 1 .  0 -0 . 5  -0 . 2  - 0 . 1  -0 . 3  -0 . 4  -0 . 6  
2002 1 5 7  -0 . 9  -2 . 5  -3 . 6  0 . 1  -0 . 6  -0 . 7  -0 . 9  -0 . 9  -0 . 8  - 0 . 3  -0 . 2  - 0 . 1  - 0 . 2  -0 . 2  - 0 . 9 

<;.,. 2003 1 63 0 . 1  1 . 0  2 . 1  0 . 9  1 . 1  0 . 7 0 . 6  0 . 7  0 . 6  0 . 4  0 . 2  0 . 1 0 . 0  -0 . 1  0 . 6  
I 2004 1 4 6  0 . 4  0 . 3  0 . 6 -0 . 5  -0 . 4  -0 . 5  - 1 . 0  - 1 . 1  -0 . 9  - 0 . 5  -0 . 2  0 . 0  -0 . 3  -0 . 4  -0 . 3  

� 2005 1 5 1  -0 . 1  -0 . 7  -0 . 2  -0 . 4  -0 . 6  -0 . 9  - 1 . 2  -1 . 2 - 1 . 1  - 0 . 6  -0 . 3  -0 . 1  -0 . 4  -0 . 4  - 0 . 6  
0'> 2006 1 45 -0 . 5  - 1 .  2 - 1 . 6 -0 . 5  -0 . 3  -0 . 7  - 1 . 4 -1 . 4  - 1 . 2  - 0 . 6  -0 . 2  -0 . 1  -0 . 3  -0 . 4  -0 . 7  

2007 1 55 0 . 1  -0 . 5  - 1 . 4 0 . 1  -0 . 2  -0 . 5  -0 . 6  -0 . 7  -0 . 5  - 0 . 3  -0 . 1  0 . 0  -0 . 2  -0 . 3  -0 . 4  
2008 1 5 9  -0 . 3  - 1 . 3 -2 . 1  -0 . 1  -0 . 2  -0 . 4  -0 . 5  -0 . 4  - 0 . 3 0 . 0  0 . 0  0 . 1 -0 . 2  -0 . 3  -0 . 4  

AVERAGE -0 . 3  - 1 . 6 -2 . 3  -0 . 6  -0 . 7  - 0 . 6 -0 . 8  -0 . 8  - 0 . 7  -0 . 3  -0 . 1  0 . 0  -0 . 1  - 0 . 1 - 0 . 7 
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• • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * * * * * . * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUH Summary 

Ba"e Study : BAOOOHED : PSCEIS : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr St udy : BA43 0HED : PSCE I S  : ALT 4 3  Date : 2 1 -JAN- 8 9  05 : 1 4 : 2 9 
Di fference .. ( Incr Study) - (Ba"e Study) 
Number of Game,, : 200 
Average Over Typical Water Year" (Hid 8 0 P e rcent ) 
* * * * * * * * * *

. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
Libby Re"ervo i r  E 1ev ( feet ) 
- - - - - - - - - - - - - - - - - ----- - - - - - - - -

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I  AP 2  HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - --
1 98 9  1 53 0 . 9  3 . 5  5 . 3  1 . 9  1 . 5  1 . 2  0 . 9  0 . 9  0 . 1  0 . 5  0 . 0  0 . 0  0 . 0  0 . 1  1 . 4  
1 9 90 1 54 0 . 9  2 . 3  2 . 4  0 . 6  0 . 6 0 . 5  0 . 6  0 . 6  0 . 4  0 . 2  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 1  
1 9 91 1 54 0 . 6  2 . 0  2 . 5  0 . 8  0 . 1  1 . 1  1 . 3 1 . 2  0 . 8  0 . 4  0 . 0  0 . 0  0 . 1  0 . 2  0 . 9 
1 9 92 1 60 1 . 3 2 . 3  2 . 1  1 . 9  1 . 4  1 . 2  1 . 2  1 . 1  0 . 9 0 . 1  0 . 2  0 . 0  0 . 2  0 . 3  1 . 2  
1 9 93 1 5 5  1 . 1  2 . 1  2 . 2  1 . 0  0 . 9  1 . 2  1 . 1  1 . 1  0 . 8  0 . 4  0 . 2  0 . 0  0 . 3  0 . 3  1 . 0  
1 9 94 1 55 1 . 3  2 . 2  2 . 5  1 . 4  1 . 1  2 . 0  1 . 6  1 . 1  1 . 4  0 . 8  0 . 5  0 . 2  0 . 6  0 . 6  1 . 4  
1 9 95 1 54 2 . 4  2 . 5  1 . 1  1 . 6  0 . 9  1 . 1  1 . 5  1 . 5  1 . 4  0 . 8  0 . 4  0 . 1  0 . 3  0 . 3  1 . 2  
1 9 96 1 4 8 1 . 9  2 . 5  1 . 1  1 . 2  0 . 9 1 . 3  1 . 3 1 . 2 1 . 1  0 . 6  0 . 4  0 . 2  0 . 4  0 . 4  1 . 1  
1 9 91 1 5 5  2 . 0  2 . 4  1 . 5  2 . 4  1 . 5  1 . 0  1 . 1  1 . 2 1 . 0  0 . 6  0 . 4  0 . 3  0 . 5  0 . 6  1 . 2  
1 9 98 1 55 1 . 4  1 . 3  - 0 . 4  1 . 1  1 . 1  1 . 3  1 . 8  1 . 8  1 . 4  0 . 1  0 . 3  0 . 0  0 . 4  0 . 5  0 . 9  
1 9 99 1 4 9  2 . 4  4 . 0  5 . 0  2 . 1  2 . 4  1 . 1  1 . 1  1 . 1  1 . 6  0 . 1  0 . 4  0 . 0  0 . 3  0 . 4  1 . 9  ::r:: 2 0 0 0  1 5 1  2 . 5  3 . 3  2 . 8  1 . 9  1 . 3  1 . 1  1 . 1  1 . 1  0 . 9  0 . 3  0 . 1  0 . 1  0 . 3  0 . 3  1 . 3  
2 0 0 1  1 5 2  1 . 1  1 . 8  0 . 3  1 . 1  0 . 1  0 . 5  0 . 5  0 . 5  0 . 4  0 . 1  0 . 1  0 . 0  0 . 3  0 . 3  0 . 6 

v. 2 0 02 1 5 1  1 . 5  1 . 1  0 . 4  2 . 3  2 . 0  1 . 0  1 . 1  1 . 2  1 . 1  0 . 6  0 . 4  0 . 1  0 . 5  0 . 6  1 . 1  
I 2 0 03 1 63 1 . 9  3 . 1  5 . 3  2 . 3  2 . 4  2 . 0  2 . 2  2 . 3  2 . 0  1 . 1  0 . 5  0 . 1  0 . 3  0 . 4  2 . 0  

� 2004 1 4 6  2 . 3  3 . 5  3 . 9  1 . 3 1 . 3  1 . 0  1 . 1  1 . 1  0 . 8  0 . 4  0 . 1  0 . 0  0 . 2  0 . 2  1 . 3  
--.J 2 0 0 5  1 5 1  1 . 1  2 . 1  2 . 4  1 . 0  0 . 5  0 . 3  0 . 3  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 1  

2 0 0 6  1 4 5  1 . 0  1 . 8  2 . 1  1 . 5  1 . 3  1 . 0  0 . 1  0 . 1  0 . 5  0 . 2  0 . 1  0 . 0  0 . 1  0 . 2  0 . 9 
2 0 0 1  1 5 5 1 . 2  1 . 6  0 . 8  1 . 4  1 . 5  1 . 3  1 . 5  1 . 5  1 . 4  0 . 9  0 . 3  0 . 3  0 . 3  0 . 4  1 . 0  
2 0 0 8  1 5 9 1 . 1  1 . 5  0 . 6 0 . 8  0 . 1  0 . 1 0 . 5  0 . 6  0 . 5  0 . 2  0 . 0  0 . 1  0 . 1  0 . 2  0 . 6 

AVERAGE 1 . 5  2 . 4  2 . 3  1 . 5  1 . 3  1 . 1  1 . 2  1 . 2  1 . 0  0 . 5  0 . 2  0 . 1  0 . 3  0 . 3  1 . 1  
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• • •• • • • • • • • • • • • • • • • • • • • • • • • • •• • •• • • • • • • • •• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • •  
BPAHYSUM Sumnary 

Base study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 

I ncr Study : BC4 4 0HED : PSCE I S  : ALT4 4 Dat e :  2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 

Di fference z ( Incr Study) - (Base Study) 
Number of Game s : 200 
Average Over Typi cal Water Years (Mid 80 Percent ) 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • •• • •• • • • • •• • • • • • • • • • • • • • •• • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • •• • • • • • • • • • • • • • • • • •• • •• • • • • • • • • • • •  

Difference Of 
Libby Reservo i r  E1ev ( feet ) 
- - -- --- - -- - - - - - - -- - - - - - -- - -- --

ANN 

YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JON JUL AG1 AG2 AVG 

- - - - - -- - --
1 98 9  1 53 0 . 0  0 . 0  0 . 0  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 90 154 0 . 0  0 . 0  0 . 0  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 91 1 54 0 . 0  0 . 0  0 . 0  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 92 1 60 0 . 0  0 . 0  0 . 0  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 93 1 5 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  0 . 0  0 . 0  

1 9 94 1 5 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  0 . 0  0 . 0  

1 9 95 1 5 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  

1 9 96 1 4 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  0 . 0  

1 9 97 1 5 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  0 . 0  0 . 0  

1 9 98 155 0 . 0  0 . 0  0 . 0  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 9 99 1 4 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2000 1 5 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  

2001 1 5 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  

ot.J. 2002 1 5 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  

I 2003 1 63 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

.c- 2004 1 4 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  

CO 2005 1 5 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  

2006 1 4 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  0 . 0  0 . 0  

2007 1 5 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  0 . 0  0 . 0  

2008 1 5 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - 9  
. * * *  • • •  * * * * * *  • • • •  * * * * * * * *  • • • • • • • • • •  * * * * * * * * *  • • • • • • • • • • • • •  * *  • • • • • • • • • • • • •  * * *  • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUM Sumnary 
Ba .... Study : BAOO OHED : PSCE I S  : BASE CASE Oat .. : 3-JAN- 8 9  0 6 : 55 : 28 
Numb .. r of Gam .... : 200 
Av .. rag .. Ov .. r High Wat .. r Y .. ar .. ( Top 1 0  P .. rc .. nt ) 
• •  * * * * *  • • • •  * * * * * * . * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * *  • • • • • • • • • • • •  * * * * * * * *  • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Libby R ...... rvo i r  E 1  .. v ( f  .... t )  
- - -- - - - - --- -- - -- - -- - - ---- - -- --

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP 1  AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - -- - --
1 98 9  22 2 4 57 . 7  2 4 5 4 . 1  24 3 6 . 6 2 4 1 1 . 0  2 3 63 . 7  2324 . 4  2 3 1 0 . 8  2 3 09 . 6  2331 . 4  2397 . 9  24 5 9 . 0 24 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  240 5 . 4  
1 9 90 1 9  2 4 5 7 . 4  2455 . 1  2 4 4 0 . 7  2 4 1 1 . 0 2 3 62 . 6  2321 . 1  231 1 . 6  2 3 1 2 . 0  2334 . 4  2 3 9 6 . 7  2 4 5 9 . 0  24 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  240 5 . 6 
1 9 91 20 2 4 5 5 . 2  2 4 5 5 . 5  2 4 4 1 ..2 2 4 1 1 . 0  2 3 64 . 4  2327 . 2  231 2 . 0  2309 . 5  2330 . 9  2 3 9 8 . 4  2 4 59 . 0  24 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  24 0 6 . 1 
1 9 92 22 2 4 55 . 1  2455 . 0  24 4 1 . 3  2 4 1 1 . 0  2 3 65 . 3  2330 . 1  2 3 1 2 . 0  2308 . 2  232 9 . 2 2 3 9 9 . 2  2 4 59 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  24 0 6 . 3  
1 9 93 24 2 4 52 . 9  2 4 5 3 . 5  2 4 4 0 . 0  2 4 1 1 . 0  2 3 62 . 1  231 9 . 8  231 1 . 5  2 3 1 3 . 7  23 3 6 . 3 2 3 9 6 . 2  2 4 5 9 . 0  24 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 0 5 . 0  
1 9 94 1 5  2 4 5 6 . 5  24 5 6 . 0  2442 . 7  2 4 1 1 . 0  2 3 63 . 0  2322 . 9  231 1 . 8  2 3 1 1 . 9  2334 . 1  2397 . 1  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  24 0 6 . 0  
1 995 15 2 4 5 5 . 8  24 5 6 . 6  2 4 4 3 . 6  2 4 1 1 . 0  2 3 65 . 1  233 0 . 0 2 3 1 2 . 6  2309 . 5  2330 . 5  2 3 9 9 . 1  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  24 0 6 . 8  
1 996 23 2 4 53 . 9  2 4 5 5 . 1  2443 . 2  24 1 1 . 0  2 3 61 . 8  23 1 8 . 7  23 1 1 . 3  2 3 1 2 . 5  2335 . 4  2396 . 0  24 5 9 . 0  24 5 9 . 0  2 4 5 9 . 0  2 4 59 . 0  2405 . 3  
1 997 1 6  2 4 5 3 . 7  2455 . 0  2443 . 6  24 1 1 . 0  2 3 64 . 1  232 6 . 7 23 1 2 . 9  2 3 1 1 . 8  2333 . 2  2398 . 1  2 4 5 9 . 0  24 5 9 . 0 2 4 5 9 . 0  2 4 5 9 . 0  24 0 6 . 3  
1 9 98 22 2 4 55 . 2  2 4 5 5 . 3  24 4 2 . 6 2 4 1 1 . 0  2 3 63 . 8  2325 . 6  2312 . 1  2 3 1 0 . 6  2332 . 3  2397 . 9  2 4 5 9 . 0  2 4 5 9 . 0 2 4 5 9 . 0  2 4 5 9 . 0  2 4 0 6 . 1  
1 9 99 1 8  2 4 54 . 1  2 4 55 . 8  2 4 4 2 . 5  2 4 1 1 . 0  2 3 6 6 . 2  2333 . 5  2 3 1 2 . 1  2306 . 7  2327 . 2  2 4 0 0 . 2  2 4 5 9 . 0  2 4 5 9 . 0  24 5 9 . 0  2 4 5 9 . 0  2 4 0 6 . 6  
2000 22 2 4 55 . 2  24 5 6 . 0 2 4 4 3 . 2  24 1 1 . 0  2 3 62 . 9  2322 . 4  2 3 1 1 . 6  23 1 1 . 2  2333 . 5  2397 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 59 . 0  2 4 05 . 8  

::r:: 2001  1 7  2453 . 3  2454 . 9  2 4 4 3 . 1  24 1 1 . 0  2 3 63 . 1  2323 . 4  23 1 2 . 4  2 3 12 . 6  2334 . 6  2397 . 2  24 5 9 . 0  24 5 9 . 0 2 4 5 9 . 0  2 4 5 9 . 0  2 4 05 . 8  
2002 1 8  2 4 54 . 0  24 5 6 . 2  2 4 4 4 . 7  24 1 1 . 0  2 3 63 . 4  2324 . 1  23 1 1 . 8  2 3 1 0 . 8  2332 . 8  2397 . 4  24 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 0 6 . 0  
2003 1 4  2 4 54 . 1  2 4 5 5 . 0  2 4 4 0 . 6  2 4 1 1 . 0  2 3 64 . 8  2327 . 9  2 3 1 0 . 4  2305 . 9  2327 . 5  2 3 9 8 . 8  2 4 5 9 . 0  24 5 9 . 0 2 4 5 9 . 0  2 4 59 . 0  24 05 . 6 

L.. 2 004 30 2 4 5 1 . 6  2452 . 2  2 4 3 8 . 5  .2 4 1 1  . 0  2 3 63 . 2  2323 . 6  230 9 . 5  2307 . 3  2329 . 6  2397 . 8  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  24 04 . 5  
I 2005 1 9  2453 . 4  2453 . 9  243 9 . 5  2 4 1 1 . 0  2 3 63 . 0  2322 . 7  23 1 1 . 0  23 1 0 . 3  2332 . 6  2397 . 2  2 4 5 9 . 0  2 4 5 9 . 0  2 45 9 . 0  2 4 5 9 . 0  24 05 . 1  

-l:- 2006 23 2 4 55 . 6  24 5 6 . 8  24 4 3 . 1  24 1 1 . 0  2 3 63 . 6  2324 . 7  23 1 1 . 5  2 3 1 0 . 3  233 2 . 2  2397 . 7  24 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  2 4 5 9 . 0  24 0 6 . 1 
'-D 2007 22 2 4 52 . 9  2 4 5 5 . 8  2 4 4 4 . 3  24 1 1 . 0  2 3 62 . 9  2322 . 4  23 1 1 . 4  231 1 . 1 2333 . 5  2397 . 0  2 4 5 9 . 0  24 5 9 . 0 24 5 9 . 0  2 4 5 9 . 0  2405 . 7  

2008 15 2 4 5 5 . 5  24 5 6 . 7  2 4 4 5 . 2  2 4 1 1 . 0  2 3 63 . 1  2323 . 2  231 2 . 4  2 3 1 2 . 6  2334 . 6  2397 . 1  2 4 5 9 . 0  24 5 9 . 0 2 45 9 . 0  2 4 59 . 0  24 0 6 . 3 

AVERAGE 2 4 54 . 5  2455 . 1  24 4 1 . 8  24 1 1 . 0  2 3 63 . 5  2324 . 5  231 1 . 5  2 3 1 0 . 4  2332 . 3  2397 . 6  2 4 5 9 . 0  2 4 5 9 . 0  24 5 9 . 0  2 4 5 9 . 0  2405 . 7  
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* . * . * . * * * *  • • • • • •  * � . * . * • • • •  * • • •  * . * . * • •  **  • • • • • • • •  * • • •  * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  � • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • •  
BPAHYSUM Summary 

Base Study : BAO O OMED : PSCE I S  : B1\.SE CASE Dat e :  3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD1 20MED : PSCE I S  : BASE CASE ALT 1 .  2 Dat e :  6 -JAN - 8 9  2 1 : 4 9 : 53 
D i fference =- ( Incr Study) - (Base Study) 
Number of Game s : 200 
Average Over High Water Years ( Top 10 P .. rcent ) 
• • • • • • • • • • • • • • • • • • • •  * • • • • • • • • • • •  * *  • • • • • • • • •  ** . * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Di fference Of 
Libby Re servoi r  E 1 ev ( feet ) 
- - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP I  AP 2  MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  22 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 990 1 9  0 . 2  0 . 7  0 . 5  0 . 0  0 . 0  0 . 1 0 . 1  0 . 3  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 91 20 0 . 2  0 . 2  0 . 5  0 . 0  0 . 0  - 0 . 1 -0 . 2  -0 . 4  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 92 22 0 . 6  0 . 7  1 . 0  0 . 0  0 . 0  0 . 5  0 . 7  1 . 3  1 . 2  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 4  
1 9 93 24 1 . 0 1 . 1  1 . 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 5  0 . 4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 994 1 5  0 . 6  0 . 7  1 . 5  0 . 0  0 . 0  0 . 2  0 . 3  0 . 6 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 95 1 5  0 . 6  0 . 4  0 . 8 0 . 0  0 . 0  0 . 2  0 . 4  0 . 8  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 96 23 1 . 3  1 . 5  1 . 4  0 . 0  0 . 0  0 . 2  0 . 3  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  
1 9 97 1 6  0 . 3  0 . 5  1 , 1 0 . 0  0 . 0  0 . 1  0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
1 9 98 22 0 . 5  0 . 7  1 . 1  0 . 0  0 . 0  0 . 2 0 . 3  0 . 6  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 99 1 8  0 . 5  0 . 7  1 . 1  0 . 0  0 . 0  0 . 3  0 . 4  0 . 7  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2000 22 0 . 4  0 . 4  1 . 1  0 . 0  0 . 0  - 0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  ::r:: 2001 1 7  0 . 2  0 . 2  0 . 8  0 . 0  0 . 0  0 . 2  0 . 3  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
2 002 1 8  0 . 8  0 . 4  0 . 8  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
2003 14 0 . 5  0 . 9  1 . 4  0 . 0  0 . 0  0 . 3  0 . 4  1 . 0  0 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  "-'. 2004 30 1 . 5  1 . 4  1 . 3  0 . 0  0 . 1  0 . 4  0 . 6  1 . 3  1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  I 
2005 1 9  0 . 7  0 . 4  1 . 5  0 . 0  0 . 1  - 0 . 1  -0 . 1  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  01 
2006 23 0 . 5  0 . 4  1 . 5  0 . 0  0 . 0  0 . 1  0 . 2  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  0 

22 1 . 0 0 . 7  0 . 7 0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  2007 
2008 1 5  0 . 8  0 . 8  0 . 9 0 . 0  0 . 0  0 . 2  0 . 2  0 . 3  0 . 3  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 3  

AVERAGE 0 . 6  0 . 7  1 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 4  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * *  • • • • • • • • • • • • •  * *  • • •  * * * * * *  • • •  * * * * * * * * * * *  • • • • •  * * * *  • •  * * . * *  • •  * * * * *  • • • • • • •  * * * * * * * * * * * * *  • • •  * * * * * *  • • •  

BPAHYSUM Sumnary 
Ba .. e Study : BAOO OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
Incr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  Dat e :  1 -FEB-8 9  1 6 : 02 : 55 
Difference =r ( Incr Study) - (B ..... e Study) 
Number of Game,, : 200 
Aver ... ge Over High W ... ter Ye ... r" ( Top 1 0  Percent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Difference Of 
Libby Re .. ervoir E 1 ev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP 1 AP 2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  22 -1 . 6 - 6 . 6 - 9 . 7 0 . 0  0 . 0  - 2 . 7 -3 . 2  -4 . 9  - 4 . 2  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  - 2 . 3  
1 990 1 9  -1 . 9 - 5 . 5  - 6 . 8 0 . 0  0 . 0  -0 . 4  - 0 . 9  - 1 . 3 - 1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 4  
1 9 91 20 -2 . 0  - 4 . 9  - 5 . 8  0 . 0  -0 . 2  - 1 .  7 - 2 . 5  -3 . 6  - 3 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 7 
1 9 92 22 -2 . 7  -3 . 8  - 4 . 1  0 . 0  -0 . 1  -0 . 7  - 1 . 1  - 1 . 9 - 1 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 2 
1 9 93 24 - 1 . 0 - 6 . 4 - 9 . 2 0 . 0  -0 . 1  - 2 . 3  -3 . 2  -3 . 4  -3 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  - 2 . 1  
1 9 94 1 5  - 1 . 2 - 8 . 4  - 1 5 . 3  0 . 0  -0 . 1  -3 . 8  - 5 . 1  - 6 . 5  - 5 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 3  
1 9 95 1 5  -2 . 3  - 8 . 1  - 1 5 . 2  0 . 0  -0 . 2  - 5 . 4  - 7 . 6  - 1 1 . 0 - 9 . 4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 0  
1 9 96 23 -1 . 5 - 8 . 0  -1 5 . 5  0 . 0  -0 . 1  - 2 . 9  -4 . 1  -5 . 8  - 4 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -3 . 1  
1 9 97 1 6  -1 . 5  - 8 . 9  - 1 6 . 5  0 . 0  -0 . 2  - 5 . 2  - 7 . 2  - 1 0 . 8  - 9 . 2 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 1  
1 9 98 22 -1 . 7  - 8 . 1  - 1 4 . 5  0 . 0  -0 . 1  - 4 . 7  - 7 . 1  - 9 . 6 - 8 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -3 . 7  
1 9 99 1 8  -1 . 4 - 6 . 8 - 1 1 . 9  0 . 0  -0 . 1  - 5 . 4  - 7 . 8  - 1 0 . 4  - 8 . 9 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -3 . 5  

::r:: 2 0 00 22 -0 . 8  - 5 . 0  - 1 0 . 5  0 . 0  -0 . 1  - 2 . 9  - 4 . 2  - 6 . 1  - 5 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 4  
2001 17 -1 . 6  - 6 . 1  - 1 0 . 4  0 . 0  -0 . 2  -3 . 0  - 4 . 1  -7 . 0  - 6 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 2 . 6  
20 02 1 8  0 . 1  -3 . 2  - 8 . 1  0 . 0  -0 . 1  - 2 . 3  -3 . 2  - 4 . 8  - 4 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  7 L. 
2 003 1 4  0 . 8  0 . 0  - 2 . 2  0 . 0  0 . 0  -0 . 3  -0 . 4  0 . 5  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  I 

Vl 2004 30 1 . 8  2 . 1  1 . 8  -0 . 2  0 . 2  0 . 8 1 . 1  1 . 2  1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7 
2 005 1 9  0 . 0  -0 . 3  1 . 8  0 . 0  0 . 1  - 0 . 2  -0 . 3  -0 . 1  - 0 . 1 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
2006 23 -0 . 3  - 0 . 1 2 . 1  0 . 0  0 . 0  0 . 3  0 . 6  0 . 8  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2007 22 0 . 6  -0 . 2  - 1 . 3  0 . 0  0 . 0  - 0 . 6 - 0 . 9  -1 . 5 - 1 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  
20 08 1 5  0 . 2  - 0 . 4  - 1 . 9 0 . 0  0 . 0  -0 . 3  -0 . 6  -0 . 8  - 0 . 7  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  - 0 . 3  

AVERAGE -0 . 8  - 4 . 3  - 7 . 3  0 . 0  -0 . 1  -2 . 1  - 2 . 9 -4 . 1  -3 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 7 



T a b l e  H - l j - 9 
* *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM SUJmlary 
Ba" .. Study : BAOOOHED : PSCE I S  : BASE CASE Dat .. : 3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat .. : 1 4 -FEB- 8 9  1 6 : 00 : 0 8 
D i f f  .. r .. nc .. - ( Incr Study) - (Ba" .. Study) 
Numb .. r of Gam .. ,, :  200 
Av .. rag.. Ov .. r High Wat .. r Y .. ars ( Top 1 0  P .. rc .. nt ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Diff .. r .. nc .. Of 
Libby R .. " .. rvoir El .. v ( f  .... t )  
- - -- - -- - - - - - - - - - - - - - - - - -- - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JON JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  22 -1 . 6  - 6 . 0 - 6 . 7 0 . 0  0 . 0  - 1 . 9 -2 . 4  -3 . 6  - 3 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 8 
1 9 90 1 9  -1 . 4  -3 . 9  -3 . 7  0 . 0  0 . 0  0 . 3  0 . 3  0 . 4  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 7  
1 9 91 20 - 1 . 6 -3 . 9  -3 . 9  0 . 0  -0 . 1  - 0 . 6 - 1 . 3  - 1 . 7 - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 1  
1 9 92 22 -0 . 8  - 0 . 9 - 0 . 9  0 . 0  0 . 0  0 . 1  0 . 2  0 . 3  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  
1 9 93 24 -0 . 2  -2 . 9  - 4 . 5  0 . 0  -0 . 1  - 1 . 0 - 1 . 5 -2 . 1  - 1 . 8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 0 
1 9 94 15 0 . 0  -2 . 9  - 7 . 4  0 . 0  -0 . 1  - 1 . 9 -2 . 5  -4 . 3  - 3 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 5  
1 9 95 15 -0 . 7  -3 . 3  - 7 . 9  0 . 0  0 . 0  - 1 . 5 -2 . 2  -3 . 2  - 2 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 5 
1 9 96 23 0 . 6  -2 . 0  - 6 . 5  0 . 0  0 . 0  - 0 . 4  - 0 . 7  - 1 . 0  - 0 . 9 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  
1 9 97 1 6  -0 . 1  -2 . 3  - 5 . 0  0 . 0  0 . 0  - 0 . 6 - 1 . 0  - 1 . 3 - 1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  
1 9 98 22 0 . 1  - 1 .  6 - 1 . 5 0 . 0  0 . 1  0 . 6  0 . 9  1 . 5  1 . 3  O . Q 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 99 1 8  0 . 6  0 . 1 2 . 7  0 . 0  0 . 1  1 . 1  1 . 6  2 . 4  2 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  

:r: 2000 22 0 . 0  0 . 0  2 . 1  0 . 0  0 . 0  0 . 3  0 . 5  0 . 8  0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2001  1 7  -0 . 7  - 1 . 1 1 . 1  0 . 0  0 . 0  0 . 4  0 . 7  0 . 9  0 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 
2002 18 -0 . 4  -2 . 7  -2 . 6  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5 

0. 2003 14 0 . 0  0 . 2  3 . 7  0 . 0  0 . 1  1 . 7  2 . 6  4 . 6  4 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  
I 2004 30 1 . 5  2 . 6  6 . 4  0 . 0  0 . 6  1 . 7  2 . 6  3 . 6  3 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 5  

Ul 2005 1 9  -0 . 2  0 . 3  6 . 1  0 . 0  0 . 1  0 . 7  1 . 2 1 . 8  1 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  
N 2006 23 0 . 1  0 . 4  3 . 9 0 . 0  0 . 0  0 . 8 1 . 5 1 . 9  1 . 7  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 7  

2007 22 0 . 7  0 . 0  2 . 0  0 . 0  0 . 0  0 . 2  0 . 3  0 . 5  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2008 1 5  0 . 2  -0 . 2  0 . 3  0 . 0  0 . 0  0 . 3  0 . 4  0 . 5  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

AVERAGE -0 . 2  - 1 . 4 - 0 . 9 0 . 0  0 . 1  0 . 1  0 . 1  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  



T a b l e  H - l j - 9  
* . * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUM SUll'lll8.ry Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 I ncr Study : BA430HED : PSCEI S  : ALT43 

Dat e :  2 1 -JAN - 8 9  0 5 : 1 4 : 2 9 Difference - ( Incr Study) - (Base Study) 
Number of Games : 200 
Average Over High Water Years ( Top 10 Percent ) • •  * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • •  * . * • • • • • • • • • • • • • • • • • • • •  
D i f ference Of 
Libby Reservoir E 1ev ( feet ) 
- - - - - -- - - - - -- - - - - -- - - - - - - - - - - -

ANN YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JON JUL AG1 AG2 AVG - - - - - - - - - -
1 98 9  22 0 . 5  2 . 1  3 . 7  0 . 0  0 . 0  1 . 3  1 . 6  2 . 1  1 . 8  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 9  1 990 1 9  0 . 3  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 4  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  1 9 91 20 1 . 3  0 . 3  0 . 9 0 . 0  0 . 1  0 . 8  0 . 8  2 . 2  1 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 992 22 1 . 5  0 . 4  0 . 1  0 . 0  0 . 0  0 . 1  0 . 2  0 . 7  0 . 6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  1 9 93 24 1 . 5  0 . 9 1 . 0  0 . 0  -0 . 1  - 0 . 7 - 1 . 0  -2 . 1  - 1 .  9 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 994 15 0 . 8  0 . 3  - 1 . 6 0 . 0  -0 . 1  -0 . 5  - 0 . 8  - 1 . 8 - 1 .  6 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  1 9 95 1 5  0 . 9 - 1 . 3 - 4 . 8  0 . 0  -0 . 2  - 1 . 6 -2 . 3  -3 . 4  -3 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  0 1 996 23 2 . 4  0 . 9 -3 . 4  0 . 0  -0 . 1  - 0 . 9 - 1 . 4  -2 . 1  - 1 .  8 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  1 9 97 1 6  2 . 0  0 . 1 -3 . 9  0 . 0  -0 . 2  - 1 . 7 - 2 . 6  -3 . 9  -3 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 8  1 9 98 22 0 . 9 - 0 . 9 - 4 . 9  0 . 0  -0 . 2  - 1 . 7 - 2 . 3  -4 . 3  - 3 . 7 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 1 1 999 18 2 . 2  0 . 6  -0 . 4  0 . 0  0 . 0  -0 . 3  - 0 . 5  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 ::I: 2000 22 1 . 8  0 . 4  - 1 .  7 0 . 0  -0 . 1  - 0 . 7 - 1 . 0  - 1 . 1  - 1 .  0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  2001 17 1 . 6  -0 . 7  -3 . 7  0 . 0  -0 . 2  - 1 . 6 -2 . 2  -3 . 6  -3 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 8  2002 1 8  1 . 6  - 0 . 5 - 5 . 5  0 . 0  -0 . 1  - 1 . 5 -2 . 1  -2 . 8  -2 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9 

L. 2003 1 4  1 . 4  0 . 9  0 . 1  0 . 0  0 . 0  - 0 . 1 0 . 0  1 . 0  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
I 2004 30 3 . 7  3 . 7  3 . 1  0 . 0  0 . 5  0 . 6 0 . 8  1 . 2  1 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 1  

Jl 2005 1 9  1 . 2  0 . 7 0 . 9  0 . 0  0 . 0  - 0 . 5  - 0 . 6  - 0 . 6  - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
W 2006 23 0 . 9  0 . 3  -0-. 6 0 . 0  0 . 0  - 0 . 4 - 0 . 5  -0 . 6  - 0 . 5  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  -0 . 1  2007 22 2 . 1  0 . 6  -2 . 4  0 . 0  0 . 0  - 0 . 8  - 1 . 2  - 1 . 7 - 1 . 5 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  2008 15 1 . 1  0 . 1  -2 . 4  0 . 0  0 . 0  - 0 . 7 - 1 . 1  - 1 . 5 - 1 . 3 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  

AVERAGE 1 . 6  0 . 6  - 1 . 1  0 . 0  0 . 0  - 0 . 5  -0 . 7  - 1 . 0  - 0 . 9 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1 



T a b l e  H - 1 J - 9  
* * * * * * * *  • •  * * * * * * * * * * * * * * . * * * * * * * * * * . * * * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM Sunmary 
Ba" .. Study : BAOOOHED : PSCE I S  : BASE CASE Dat .. : 3 - JAN - 8 9  0 6 : 55 : 28 
I ncr study : BC44 0HED : PSCE I S  : ALT 4 4  Dat .. : 2 8-JAN-8 9  0 6 : 0 6 : 3 1 
Diff .. r .. nc .. - ( Incr Study) - (Ba" .. study) 
Numb .. r o f  Gam .. ,, :  200 
Av .. rag .. Ov .. r High Wat .. r Y .. ar" (Top 10 P .. rc .. nt ) 
* * * * * * * * * * * * * * * * * * * * * * * . * * * . * * *  • • •  * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di ff .. r .. n c  .. Of 
Libby R .. " .. rvoi r  E1 .. v ( f  .... t )  
---- - -- - - - - -- - -- - - - - -- - -- - - -- -

ANN 
YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP1 AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 9 8 9  22 0 . 0  0 . 0  0 . 0  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 90 1 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 991 20 0 . 0  0 . 0  0 . 0  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 92 22 0 . 0  0 . 0  0 . 0  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 93 24 0 . 0  0 . 0  0 . 0  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 94 15 0 . 0  0 . 0  0 . 0  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 95 1 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  0 . 0  0 . 0  
1 9 96 23 0 . 0  0 . 0  0 . 0  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 97 1 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  
1 9 98 22 0 . 0  0 . 0  0 . 0  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 99 18 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2000 22 0 . 0  0 . 0  0 . 0 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: 2001 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  
2002 18 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2003 14 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

.�. 

0 . 0  0 . 0  0 . 0  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 2004 30 
Jl 2005 1 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
-C- 2006 23 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2007 22 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2008 1 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  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0 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  H - l j - l 0 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * 

BPAHYSUM Sumnary 
Ba .... study : BAOOOMED : PSCEI S  : BASE CASE Dat .. : 3-JAN- 8 9  0 6 : 55 : 2 8 
Numb .. r of Game .. : 200 
Av .. rag .. Ov .. r Low Wat .. r Y .. ar .. (Bottom 1 0  P .. rc .. nt)  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Dwor .. hak R .... E 1  .. v ( f  .... t )  
-- ------ -- - - - - -- - -- ---- - - - - - --

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY JON JUL AG1 AG2 AVG 
-- --- - - - - -
1 98 9  2 5  1 5 82 . 7  1 5 7 8 . 0  1 5 60 . 0  1 54 5 . 3  1 536 . 7  1 5 2 7 . 7  1 53 1 . 0  1 5 3 9 . 6  1 5 5 0 . 4  1 55 2 . 5  1 5 63 . 7  1 5 5 7 . 2  1 55 0 . 5  1 5 4 6 . 3  1 5 5 2 . 6  
1 9 90 27 1 5 7 7 . 0  1 5 72 . 8  1 5 5 7 . 9  1 54 9 . 4  1 5 38 . 4  1 5 3 1 . 9  1 53 6 . 9 1 5 4 4 . 9  1 5 5 4 . 5  1 55 3 . 9  1 5 60 . 6  1 5 5 4 . 4  1 54 8 . 6  1 5 4 6 . 2  1 5 5 2 . 8  
1 9 91 26 1 5 7 1 . 1  1 5 66 . 8  1 5 53 . 5  1 54 1 . 8  1 532 . 2  1 5 2 1 . 5  1 520 . 2  1 5 30 . 0  1 5 4 2 . 3  1 54 6 . 4  1 555 . 0  1 5 4 7 . 6  1 54 3 . 0  1 5 39 . 9  1 5 4 4 . 9  
1 992 1 8  1 5 72 . 4  1 5 67 . 8  1 5 5 1 . 9  1 535 . 5  1 5 2 6 . 2  1 5 1 1 . 7  1 5 1 2 . 3  1 523 . 5  1 5 3 4 . 3  1 54 0 . 3  1 54 8 . 1  1 5 3 9 . 7 1 5 30 . 4  1 52 6 . 1  1 5 38 . 9  
1 993 21 1 5 72 . 7  1 5 6 8 . 7  1 5 55 . 9  1 54 4 . 3  1 5 34 . 6  1 5 22 . 0  1523 . 2  1 5 32 . 8  1 5 4 2 . 7  1 54 2 . 8  1 54 9 . 6  1 5 3 8 . 7  1 5 2 9 . 1  1 5 24 . 2  1 5 4 3 . 3  
1 994 30 1 5 67 . 8  1 5 63 . 4  1 5 4 9 . 0  1 534 . 4  1 5 1 7 . 6  1 5 03 . 0  1 503 . 5  1 5 1 4 . 4  1 5 2 8 . 0  1 53 4 . 6  1 54 6 . 2  1 53 8 . 8  1 531 . 3  1 527 . 0  1 5 3 4 . 4  
1 9 95 31 1 5 72 . 7  1 5 68 . 5  1 5 5 4 . 6  1 5 3 9 . 5  1 5 23 . 9  1 5 1 1 .  8 1 51 1 . 0  1 5 23 . 9  1 5 3 7 . 3  1 5 3 9 . 0  1 54 6 . 7  1 5 3 6 . 6 1 52 8 . 3  1 524 . 6  1 5 3 8 . 9 
1 9 96 2 9  1 5 72 . 7  1 5 68 . 4  1 5 5 3 . 0  1 53 7 . 3  1 5 24 . 5  1 5 1 0 . 5  1 5 1 3 . 7  1524 . 7  1 53 6 . 0 1 53 9 . 0  1 54 8 . 4  1 53 9 . 8 1 5 30 . 7  1 525 . 7  1 5 3 9 . 1  
1 9 97 2 9  1 5 73 . 8  1 5 6 9 . 7 1 5 55 . 2  1 54 2 . 2  1 5 2 9 . 6  1 5 2 0 . 7  1 523 . 3  1 534 . 7  1 54 5 . 2  1 5 4 4 . 6  1 554 . 4  1 5 4 4 . 3  1 533 . 9  1 525 . 9  1 5 4 4 . 1  
1 9 98 23 1 5 60 . 3  1 5 5 6 . 2  1 54 3 . 7  1 52 9 . 2  1 5 1 9 . 7  1502 . 6 1 4 99 . 1  1 5 1 1 . 7  1 52 4 . 6  1 52 7 . 5  1 5 35 . 2  1 5 2 1 . 9  1 51 6 . 5  1 5 13 . 6  1 5 2 7 . 8  
1 9 99 33 1 5 68 . 1  1 5 63 . 6  1 54 9 . 4  1 53 5 . 4  1 5 23 . 3  1 5 1 5 . 8 1 51 8 . 0  1 529 . 0  1 5 3 8 . 7  1 53 8 . 9  1 54 7 . 1  1 5 34 . 9  1 52 5 . 0  1 52 1 . 0  1 5 3 7 . 9  
2000 27 1 5 72 . 8  1 5 68 . 9  1 555 . 5  1 54 2 . 6  1 53 1 . 6  1 5 2 1 . 5  1 52 4 . 6  1 5 3 6 . 5  1 5 4 6 . 9 1 54 5 . 9  1 54 3 . 6  1 53 1 . 1  1 5 2 1 . 9  1 5 1 7 . 6  15 4 1 .  9 
2001 3 1  1 5 66 . 9 1 5 63 . 0  1 54 9 . 9 1 533 . 7  1 523 . 0  1 5 1 1 . 4  1 5 1 2 . 6  1 5 25 . 8  1 53 7 . 5  1 53 8 . 0  1 54 3 . 3  1 5 32 . 0 1 52 5 . 1  1 5 21 . 2  1 5 3 6 . 0  

::r:: 2002 25 1 5 72 . 7  1 5 68 . 5  1 5 52 . 6  1 53 5 . 5  1 523 . 1  1 5 1 2 . 2  1 51 6 . 0  1 526 . 6  1 53 6 . 8 1 53 9 . 1  1 54 5 . 3  1 53 5 . 0  1 52 4 . 3  1 5 1 8 . 3  1537 . 9  
2003 23 1 5 68 . 7  1 5 64 . 4  1 5 5 1 . 3  1 53 4 . 1  1 52 1 . 9  1 5 0 8 . 0  1 507 . 9  1 520 . 4  1 5 33 . 5  1 53 6 . 3  1 54 3 . 2  1 5 33 . 1  1 52 7 . 6  1 5 25 . 2  1 5 35 . 6  
2004 24 1 5 72 . 1  1 5 68 . 2  1 5 5 5 . 7  1 5 4 5 . 8  1 533 . 0  1 52 4 . 7  1 52 7 . 4  1 5 36 . 6  1 54 6 . 7 1 54 7 . 1  1 54 9 . 0  1 532 . 7  1 5 2 8 . 2  1 5 2 6 . 0  1 5 4 4 . 0  

<:.:...... 2005 .30 1 5 70 . 8  1 5 6 6 . 7  1 5 5 3 . 8  1 5 4 1 . 2  1 53 1 . 8  1 5 2 4 . 1  1 52 7 . 0  1 5 37 . 9  1 54 8 . 0  1 54 7 . 1  1 54 9 . 1  1 5 3 1 . 2 1 52 6 . 7  1 5 24 . 8  1 5 4 3 . 0  I 
2006 32 1 5 73 . 4  1 5 6 9 . 3  1 5 55 . 1  1 54 1 . 7  1 526 . 7  1 5 1 7 . 1  1 52 0 . 8  1 5 30 . 8  1 5 4 3 . 2  1 54 5 . 5  1 552 . 6  1 5 3 8 . 7  1 53 4 . 0  1 5 30 . 9  1 5 4 2 . 9 Jl 

Jl 2007 23 1 5 7 4 . 3  1 5 70 . 5  1 55 7 . 4  1 54 4 . 9  1 532 . 1  1 5 2 1 . 9  1 5 2 6 . 1  1 53 7 . 3  1 54 7 . 3  1 54 7 . 8  1 54 6 . 3  1 5 2 9 . 3  1 52 3 . 1  1 520 . 1  1 5 4 3 . 2  
2008 2 6  1 5 63 . 9  1 5 5 9 . 9 1 54 7 . 1 · 1 534 . 7  1 5 1 9 . 3  1 5 1 0 . 0  1 51 1 . 4  1 5 1 8 . 9  1 5 30 . 0  1 53 5 . 2  1 54 3 . 2  1 5 3 1 . 3 1 52 5 . 7  1 5 23 . 5  1 5 34 . 1  

AVERAGE 1 5 7 1 . 3  1 5 67 . 1  1 5 5 3 . 1  1 53 9 . 4  1 5 27 . 3  1 5 1 6 . 5  1 51 8 . 3  1 5 2 9 . 1  1 5 4 0 . 3  1 54 2 . 1  1 54 8 . 6  1 5 37 . 5  1 530 . 3  1 5 2 6 . 4  1 5 4 0 . 7 



T a b l e  H - l j - l 0 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM Sunm .. ry 
B .... e Study : BAOO OHED : PSCE I S  : BASE CASE D .. t e :  3-JAN - 8 9  0 6 : 55 : 2 8 
I ncr Study : BD1 2 0HED : PSCEIS : BASE CASE ALT 1 .  2 D .. t e :  6-JAN- 8 9  2 1 : 4 9 : 53 
Difference - ( Incr Study) - (B .... e Study) 
Number of Game .. : 200 
Aver .. ge Over Low W .. ter Ye .. rs (Bottom 10 Percent) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Dwor .. h .. k Re .. E1ev ( feet ) 
-- -- - - - --- - - - - --- - - - --- -- --- --

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - -- - -- -
1 9 8 9  25 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1 0 . 0  - 0 . 1  0 . 0  
1 9 90 27 0 . 2  0 . 3  0 . 5  0 . 4  0 . 7  1 . 3  1 . 3  1 . 1  1 . 0  1 . 0  0 . 9  1 . 0  1 . 0  0 . 9  0 . 8  
1 9 91 2 6  1 . 4  1 . 6  2 . 0  4 . 2 3 . 8  4 . 0  4 . 0  3 . 5  3 . 1  3 . 0  2 . 8  2 . 7  3 . 0  3 . 0  3 . 0  
1 9 92 1 8  1 . 5  1 . 4  3 . 0  5 . 6  3 . 8  5 . 8 5 . 5  5 . 1  4 . 8  4 . 7  4 . 2  3 . 6  3 . 0 2 . 2  3 . 8  
1 9 93 21 2 . 2  2 . 3  2 . 6  4 . 4  3 . 8  6 . 3  5 . 9  5 . 4  4 . 8  4 . 7  3 . 8  3 . 7  3 . 2  2 . 5  3 . 9  
1 9 94 30 1 . 5  1 . 6  2 . 0  3 . 6  5 . 6  6 . 2  5 . 7  5 . 6  4 . 3  3 . 9  3 . 7  3 . 5  3 . 5  2 . 4  3 . 7  
1 9 95 31 0 . 8  1 . 0  1 . 1  2 . 6  4 . 6  4 . 9  5 . 4  4 . 7  3 . 3  3 . 2  2 . 6  1 . 6  2 . 3  2 . 1  2 . 8  
1 9 96 29 1 . 5  1 . 4  2 . 1  3 . 7  5 . 2  6 . 7  5 . 0  4 . 4  4 . 0  3 . 8  2 . 8  2 . 6  2 . 3  2 . 2  3 . 4  
1 9 97 2 9  1 . 6  1 . 8  2 . 2  4 . 3  2 . 7  2 . 5  2 . 4  1 . 6  1 . 2  1 . 2  1 . 1  0 . 5  0 . 5  0 . 7  1 . 8  
1 9 98 23 1 . 8  1 . 8  2 . 1  3 . 8  3 . 1  6 . 3  6 . 1  5 . 1  4 . 4  4 . 1  2 . 9  3 . 0  2 . 8  2 . 7  3 . 5  

::r:: 1 9 9 9  33 1 . 6  1 . 7  2 . 0  3 . 2  2 . 5  2 . 4  2 . 4  1 . 7  1 . 2  1 . 2  0 . 5  0 . 1  - 0 . 1  0 . 0  1 . 6  
2000 27 1 . 1  1 . 1  1 . 1  2 . 6  3 . 8  4 . 0  3 . 4  3 . 2  3 . 0  3 . 0  1 . 4  1 . 3  1 . 4  1 . 2  2 . 3  
2001 3 1  1 . 7  1 . 7  2 . 1  4 . 5  5 . 9 5 . 0  4 . 4  3 . 8  3 . 4  3 . 3  1 . 9  1 . 4  1 . 4  1 . 3  3 . 1  

1:.... 2002 25 1 . 6  1 . 8  2 . 3  5 . 3  6 . 0  6 . 6  6 . 2  5 . 0  4 . 5  4 . 3  2 . 4  2 . 2  2 . 6  2 . 4  3 . 8  
I 2003 23 1 . 3  1 . 3  1 . 4  3 . 4  5 . 0  7 . 1  6 . 1  5 . 7  5 . 2  4 . 9  3 . 8  3 . 8  3 . 6  3 . 3  3 . 9  

Ul 2004 24 2 . 0  2 . 1  2 . 3  4 . 4 5 . 4  5 . 1  5 . 4  4 . 9  4 . 7  4 . 5  3 . 8  3 . 3  3 . 2  3 . 2  3 . 8  
0' 2005 30 1 . 7  1 . 8  1 . 9  4 . 5 4 . 7  6 . 2  6 . 6  5 . 3  4 . 9  4 . 9  3 . 1  2 . 7  2 . 4  2 . 5  3 . 8  

2006 32 1 . 3  1 . 4  1 . 4  2 . 4  4 . 1  4 . 4  4 . 3  4 . 0  2 . 9  2 . 8  2 . 9  2 . 8  2 . 5  2 . 6  2 . 8  
2007 23 1 . 4  1 . 4  1 . 5  2 . 0  2 . 9  4 . 1  3 . 5  3 . 1  3 . 0  2 . 9  2 . 1  1 . 8  1 . 5  1 . 5  2 . 3  
2008 26 1 . 7  1 . 8  1 . 6  3 . 0  3 . 1  3 . 7  3 . 8  3 . 4  3 . 0  2 . 9  2 . 6  2 . 2  2 . 7  2 . 6  2 . 7  

AVERAGE 1 . 4  1 . 5  1 . 7  3 . 4  3 . 9  4 . 6  4 . 3  3 . 8  3 . 2  3 . 1  2 . 4  2 . 1  2 . 1  1 . 9  2 . 8  



T a b l e  H - l j - l 0  
* . *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH SUJlftAry 
Bas .. Study : BAOOOMED : PSCEI S  : BASE CASE Dat .. : 3-JAN- 8 9  0 6 : 5 5 : 2 8 
Incr Study : BE4 1 0MED : PSCEIS : ALT4 1 0  Dat .. : 1 -FEB- 8 9  1 6 : 02 : 55 
Diff .. r .. nce - ( Incr Study) - (Ba .... Study) 
Numb .. r of Gam .. ,, : 200 
Av .. rag.. Ov .. r Low Wat .. r Y .. ars (Bottom 1 0  P .. rc .. nt ) 
* • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Diff .. r .. nc .. Of 
Dworshak R .. s E 1  .. v ( f  .... t )  
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - -

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - ------
1 98 9  2 5  -4 . 2  - 4 . 3  - 5 . 5  - 1 8 . 3  -25 . 1  - 2 6 . 8  - 2 6 . 6  - 22 . 1  - 1 8 . 7  - 1 7 . 9  - 14 . 0  - 9 . 0 -2 . 6  1 . 7  - 1 4 . 1  
1 990 27 -2 . 3  -2 . 8  - 5 . 1  - 1 8 . 4  - 1 7 . 1  - 2 1 . 8 -20 . 0  - 1 7 . 2  - 1 5 . 6  - 1 5 . 3  - 8 . 5  -3 . 7  0 . 7  2 . 8  - 1 0 . 7  
1 9 91 26 - 6 . 6  - 7 . 1  - 1 0 . 2  -23 . 1  -33 . 0  - 3 6 . 0  - 3 1 . 7  -28 . 0  - 24 . 8  -23 . 7  - 1 6 . 2  - 1 2 . 5  - 1 0 . 1  - 7 . 6  - 1 9 . 4  
1 9 92 1 8  -1 . 7 - 1 .  8 - 4 . 5  - 9 . 1  - 2 1 . 8  -2 0 . 0  - 1 7 . 2  - 1 5 . 3  - 1 3 . 1  - 1 2 . 8  - 6 . 1  -0 . 9  2 . 2  4 . 3  - 8 . 7  
1 993 21 -2 . 5  -3 . 3  - 7 . 0  - 1 3 . 0  - 14 . 5  - 1 6 . 0  - 1 3 . 8  - 1 2 . 9  - 1 2 . 1  - 1 2 . 0  - 5 . 5  1 . 7  8 . 1  1 2 . 1  - 7 . 2  
1 9 94 30 -2 . 2  -2 . 5  - 5 . 0  - 1 3 . 6  - 1 9 . 7  - 1 6 . 4  - 1 4 . 2  - 1 3 . 3  - 1 1 . 9  - 1 1 . 7  - 5 . 9  - 1 . 6 0 . 2  3 . 4  - 8 . 4  
1 995 3 1  -2 . 3  - 2 . 8  - 6 . 1 - 1 4 . 3  - 1 8 . 9  - 1 9 . 6 - 1 5 . 3  - 13 . 9  - 1 2 . 4  - 1 2 . 3  - 6 . 2  - 0 . 9  2 . 3  5 . 2  - 8 . 8  
1 9 96 2 9  -2 . 2  -2 . 5  - 5 . 1  - 1 0 . 2  - 1 4 . 8  - 1 4 . 0  - 1 1 . 6  - 9 . 9 - 8 . 7  - 8 . 2  -3 . 8  1 . 5  5 . 1  8 . 8  - 5 . 9  
1 9 97 29 -3 . 6  -4 . 2  - 6 . 9 - 1 2 . 0  - 1 3 . 4  - 1 4 . 6  - 1 0 . 9  - 9 . 8 - 8 . 1  - 8 . 1  -2 . 1  5 . 8  1 0 . 3  1 7 . 1  - 5 . 1  
1 9 98 23 0 . 4  - 0 . 2  -2 . 6  - 1 2 . 7  - 22 . 6  - 1 5 . 2  - 9 . 9  - 8 . 7  - 7 . 5  - 7 . 4  -2 . 4  4 . 7  6 . 8  9 . 1  - 5 . 5  

::I: 1 9 99 33 -0 . 6  - 0 . 9 -3 . 6  - 5 . 2  -4 . 4  - 3 . 5  -0 . 7  0 . 1  1 . 2  1 . 1  5 . 6  1 1 . 2  1 1 . 0  1 1 . 5  1 . 0  
2000 27 -0 . 7  - 1 .  3 - 4 . 2  - 7 . 5  - 8 . 3  - 1 1 . 0  - 8 . 2  -7 . 7  - 7 . 3  - 7 . 1  2 . 5  4 . 0  4 . 0  3 . 9  -3 . 8  
2001 31 -0 . 7  - 1 . 2  -3 . 2  - 6 . 3  -7 . 9  - 6 . 7  -5 . 7  - 5 . 8  - 5 . 1  - 5 . 0  1 . 6  3 . 6  3 . 1  2 . 6  - 2 . 8  

c,. 2002 25 1 . 8  1 . 6  0 . 5  1 . 3  -0 . 3  1 . 4  1 . 9  1 . 1  0 . 8 0 . 9  3 . 6  5 . 1  5 . 4  5 . 6  2 . 0  
I 2003 23 1 . 7  1 . 7  0 . 6  - 0 . 9  -0 . 3  5 . 1 7 . 4  5 . 9  4 . 7  4 . 5  9 . 4  8 . 6  5 . 3  1 . 5  3 . 7  

Jl 2004 24 1 . 8  1 . 5  0 . 3  - 1 . 5 - 1 . 3 -3 . 8  - 6 . 5  - 6 . 2  - 6 . 1 - 6 . 1  1 . 9  6 . 2  2 . 4  -0 . 5  - 1 . 2  
--.J 2005 30 -0 . 8  -0 . 7  - 1 . 4  - 2 . 9  - 1 . 1  - 4 . 2  - 5 . 6  -5 . 3  - 4 . 6  - 4 . 6  2 . 7  7 . 3  2 . 5  -0 . 9  - 1 . 4 

2006 32 - 1 . 0  - 0 . 8 - 1 .  5 -2 . 6  -3 . 8  -3 . 7  - 5 . 3  -4 . 9  - 4 . 6  - 4 . 4  2 . 8  7 . 4  2 . 5  -2 . 1  - 1 .  6 
2007 23 - 0 . 2  - 0 . 8 -2 . 5  - 4 . 3  -4 . 3  - 6 . 2  - 7 . 8  - 7 . 4  - 7 . 1  - 7 . 0  0 . 7  5 . 4  1 . 2 -2 . 2  -3 . 0  
2008 2 6  -0 . 9  - 1 .  0 - 2 . 1 -3 . 6  -2 . 2  - 4 . 8  - 5 . 8  -5 . 2  - 5 . 5  - 5 . 4  1 . 7  5 . 1  3 . 1  0 . 5  -2 . 0  

AVERAGE -1 . 4 - 1 . 7 - 3 . 8  - 8 . 9  - 1 1 . 5  - 1 1 . 7  - 1 0 . 2  - 9 . 2  - 8 . 2  - 8 . 0  - 1 . 8 2 . 6  3 . 2  3 . 9  - 5 . 0  



T a b l e  H - l j - l 0  
• •  * . * * * * * * * * * * * * * * * * * * * * * * ** ** * * * * * * * ** * * * * ** * * * * * * * * * * ** * * * * * * * *. * * * * * * * ** • • •  * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * * * * * * * * * * * * * * . * * * * . 

BPAHYSUH SU!IItI&ry 
Ba .... Study : BAOOOMED : PSCEIS : BASE CASE Oat .. : 3 -JAN- 8 9  0 6 : 55 : 2 8 
Incr Study : BB4 1 5MED : PSCEIS : ALT4 1 5  Oat .. , 1 4 -FEB- 8 9  1 6 : 00 , 0 8 
Diff .. r .. nc .. - ( Incr Study) - (Ba .... Study) 
Numb .. r of Gam .... : 200 
Av .. rag.. Ov .. r Low Wat .. r Y .. ar .. (Bottom 1 0  P .. rc .. nt) 
* * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * *  • • •  * ** * * * * * * * * * * * * * * * * * * * * * * * * * ** * * * * * * * * * * ** * * * * * * * * * * * * * * * * . * * * * * * * * *  
Diff .. r .. nc .. Of 
Dwor .. hak R.... E1 .. v ( f  .... t )  
- - - - --------------------------

ANN YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2  MAY JUN JUL AG1 AG2 AVG ----------
1 98 9  25 -3 . 9  -4 . 0  - 5 . 2  -1 7 . 3  - 22 . 8  - 20 . 2  - 1 8 . 6  - 1 4 . 9  - 1 2 . 3  - 1 1 . 6  - 9 . 9 - 7 . 1  -3 . 9  -0 . 8  - 1 1 . 2  1 990 27 -1 . 5 -2 . 0  -3 . 7  -13 . 6  -9 . 5  - 9 . 0  - 6 . 7  - 6 . 0  -5 . 7  - 5 . 5  -2 . 4  0 . 2  - 0 . 8  - 0 . 3  -5 . 0  1 9 91 26 -5 . 4  - 5 . 6 - 8 . 6  -1 6 . 6  -22 . 3  -20 . 2  -1 6 . 9  -14 . 3  - 1 2 . 6  - 1 1 . 8  -8 . 1  - 5 . 9  - 5 . 7  -5 . 3  - 1 1 . 6  1 9 92 1 8  -0 . 6  - 0 . 8  - 2 . 9 - 5 . 7  -9 . 7  - 8 . 2  -4 . 4  -4 . 1  -3 . 8  -3 . 5  0 . 9  1 . 6  1 . 0  - 0 . 1  - 3 . 1  1 9 93 21 -0 . 3  -0 . 6  -2 . 6  -4 . 1  -2 . 5  - 1 . 0 1 . 0  1 . 2  1 . 2  1 . 2  4 . 4  5 . 7  6 . 0  4 . 7  0 . 6  1 994 30 0 . 3  0 . 2  - 1 . 5 -4 . 7  -3 . 8  - 2 . 2  - 1 . 5  -1 . 1  - 0 . 8  - 0 . 9  1 . 0  1 . 4  2 . 1  2 . 4  - 0 . 8  1 9 95 31 0 . 2  0 . 1  - 1 . 3 -3 . 5  -3 . 7  - 1 . 2 1 . 5  1 . 7  1 . 5  1 . 5  3 . 6  2 . 8  3 . 4  3 . 1  0 . 4  1 9 96 2 9  0 . 6  0 . 5  - 0 . 7  -2 . 2  -0 . 4  0 . 6 0 . 6  1 . 4  1 . 5  1 . 6  3 . 2  3 . 6  3 . 2  2 . 3  0 . 9  1 9 97 2 9  -0 . 3  - 0 . 4  0 . 0  - 0 . 1  0 . 0  1 . 3  2 . 6  2 . 0  1 . 6  1 . 6  5 . 8  6 . 6 6 . 4  4 . 0  1 . 9  1 9 98 23 2 . 4  2 . 3  1 . 6  1 . 0  -0 . 5  3 . 7  4 . 5  4 . 4  4 . 6  4 . 4  5 . 1  4 . 8  4 . 9  4 . 5  3 . 2  1 9 99 33 1 . 9  1 . 9  1 . 6  2 . 4  2 . 4  2 . 6  2 . 4  2 . 3  2 . 0  2 . 0  4 . 5  3 . 0  1 . 7  -2 . 5  2 . 0  :I: 2000 27 0 . 9  0 . 8  0 . 1  0 . 0  2 . 2  - 0 . 7  - 2 . 9  -3 . 1  -3 . 1  - 3 . 0  2 . 8  - 0 . 9  - 1 . 7  -2 . 8  - 0 . 6  2001 31 0 . 0  - 0 . 2  - 1 . 2 - 1 . 8 -4 . 9  - 5 . 4  - 6 . 1  -5 . 8  - 4 . 4  -4 . 3  -0 . 3  - 2 . 7  -3 . 9  -5 . 3  -3 . 0  2002 25 -0 . 4  - 0 . 4  - 1 . 0 - 1 . 1  -3 . 7  -5 . 6  - 7 . 0  - 6 . 6 - 6 . 2 - 5 . 8  -4 . 3  - 7 . 3  -4 . 9  -2 . 4  - 3 . 8  ...... 2003 23 -0 . 9  - 0 . 9  - 0 . 6 2 . 5  3 . 1  8 . 0  9 . 8  8 . 5  7 . 4  7 . 3  8 . 0  7 . 9 4 . 1  0 . 8  4 . 4  I 2004 24 2 . 6  2 . 4  1 . 5  0 . 2  1 . 1  - 1 . 2 - 3 . 5  -2 . 8  - 2 . 6  -2 . 7  2 . 3  7 . 7  2 . 3  -2 . 1  0 . 5  Vl 2005 30 0 . 0  0 . 0  - 0 . 8  - 1 . 6  -1 . 3 -3 . 2  - 5 . 5  -5 . 3  -4 . 2  -4 . 2  -0 . 6  4 . 2  0 . 1  -2 . 6  - 1 . 6 (Xl 2006 32 - 1 . 0 - 1 . 0 - 1 . 3 -2 . 6  -2 . 1  - 3 . 1  - 4 . 3  -3 . 6  -3 . 3  - 3 . 2  0 . 5  5 . 7  1 . 0  -2 . 5  - 1 . 5 2007 23 0 . 3  0 . 1  - 0 . 7  - 1 . 1  0 . 3  -3 . 9  - 6 . 6  -7 . 5  - 7 . 0  - 6 . 9  -1 . 6  5 . 3  1 . 4  - 1 . 9  - 2 . 0  2008 2 6  0 . 2  0 . 1  - 0 . 2  - 1 . 7  -1 . 3 -2 . 6  - 3 . 0  -2 . 5  - 2 . 9 -2 . 7  1 . 2  5 . 2  3 . 3  1 . 0  - 0 . 6  

AVERAGE -0 . 2  - 0 . 3  - 1 . 3 -3 . 5  -3 . 8  - 3 . 5  - 3 . 2  -2 . 8  - 2 . 4  - 2 . 3  0 . 8  2 . 1  1 . 0  - 0 . 4  - 1 . 5 



T a b l e  H - l j - l 0  

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUM Sunwnary 

Ba .. e Study : BAOOOHED : PSCEIS : BASE CASE Date : 3-JAN - 8 9  0 6 : 55 : 2 8 
Incr Study : BA4 3 0HED : PSCE I S  : ALT43 Date : 21 -JAN - 8 9  0 5 : 1 4 : 2 9 
Di fference - ( Incr Study) - (Ba .. e Study) 
Number of Game .. : 200 
Average Over Low Water Year .. (Bottom 10 Percent) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Difference Of 
Dwor .. hak Re .. E 1ev ( feet )  
------------------------------

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - --
1 989 25 2 . 3  2 . 4  4 . 1  1 1 . 8  8 . 8  1 0 . 7 8 . 5  6 . 0  5 . 6 5 . 3  5 . 3  7 . 1  1 2 . 8  1 6 . 5  7 . 4  
1 9 90 27 4 . 6  4 . 8  5 . 4  6 . 7  4 . 3  4 . 5  1 . 7  0 . 2  - 0 . 1  - 0 . 2  0 . 6  3 . 0  5 . 2  6 . 2  3 . 5  
1 9 91 26 3 . 1  3 . 5  4 . 9  1 0 . 0  8 . 6  9 . 4  9 . 5  6 . 9 6 . 3  6 . 0  7 . 3  8 . 3  1 0 . 5  1 1 . 2  7 . 3  
1 9 92 1 8  2 . 8  3 . 1  4 . 8  9 . 5  8 . 0  1 0 . 8 1 0 . 6  9 . 6  8 . 7  8 . 2  1 1 . 1  1 2 . 7  1 7 . 1  1 7 . 5  9 . 0  
1 993 21 4 . 9  5 . 1  5 . 8  8 . 8  5 . 6  9 . 2  9 . 1  8 . 4  7 . 6 7 . 6  9 . 2  1 3 . 4  1 4 . 9  1 4 . 0  8 . 3  
1 9 94 30 5 . 4  5 . 5  6 . 0  1 0 . 4  1 1 . 8  1 2 . 7 1 1 . 2  1 0 . 6  9 . 5  9 . 0  1 0 . 2  1 1 . 8  1 2 . 2  1 2 . 0  9 . 6  
1 9 95 31 3 . 9  4 . 1  4 . 6  1 0 . 4  12 . 8  1 3 . 1  1 2 . 4  1 0 . 1  7 . 9  7 . 6  1 0 . 2  1 1 . 8  1 3 . 8  1 3 . 7  9 . 4  
1 9 96 29 3 . 4  3 . 4  4 . 1  8 . 1  8 . 7  1 2 . 3  1 1 . 2  1 0 . 0  9 . 1 8 . 9  8 . 0  1 0 . 2  1 0 . 9  1 1 . 2  8 . 2  
1 9 97 2 9  2 . 8  2 . 7  3 . 2  7 . 4  6 . 9  6 . 4  5 . 9  3 . 5  2 . 6  2 . 6  4 . 9  6 . 8  8 . 3  9 . 9  5 . 2  
1 9 98 23 3 . 8  3 . 8  4 . 5  7 . 2  6 . 9  1 2 . 5  1 2 . 1  1 0 . 7  9 . 5  9 . 5  7 . 8  1 0 . 6 1 1 . 2  1 1 . 8  8 . 3  

::r: 1 9 99 33 4 . 1  4 . 4  5 . 3  8 . 4  7 . 4  8 . 4  1 0 . 1  8 . 6  8 . 7  8 . 5  8 . 4  1 3 . 9  1 5 . 3  14 . 0  8 . 5  
2000 27 5 . 3  5 . 2  6 . 3  9 . 8  9 . 3  1 2 . 2  1 1 . 2  9 . 9  9 . 1  8 . 9  1 1 . 5  1 4 . 3  1 5 . 5  1 5 . 8  9 . 9  
2001 31 3 . 2  3 . 2  4 . 6  1 0 . 8  1 1 . 0  1 1 . 7  1 0 . 8  8 . 4  7 . 4  7 . 3  6 . 7  7 . 4  7 . 6  7 . 3  7 . 6 

L. 2002 25 2 . 8  2 . 7  3 . 3  6 . 8  7 . 1  6 . 8  5 . 6  4 . 6  4 . 2  4 . 0  2 . 6  5 . 7  9 . 3  1 1 . 5  5 . 3  I 2003 23 4 . 4  4 . 6  6 . 4  1 4 . 2  14 . 9  23 . 8  2 7 . 3  22 . 3  2 0 . 0  1 9 . 2  1 9 . 2  1 7 . 8  1 7 . 1  1 6 . 3  1 5 . 7  
Ul 2004 24 5 . 1  4 . 9  5 . 5  8 . 2  9 . 1  9 . 4  9 . 8  8 . 8  8 . 2  8 . 0  1 0 . 4  1 2 . 7  1 1 . 3  1 0 . 4  8 . 5  
\.!) 2005 30 2 . 8  2 . 9  3 . 7  7 . 0  6 . 2  7 . 5  7 . 5  6 . 0  5 . 3  5 . 3  5 . 3  5 . 7  3 . 7  2 . 7  5 . 2  

2006 32 1 . 6  1 . 8  2 . 4  5 . 1  7 . 1  7 . 5  7 . 4  6 . 8  5 . 7  5 . 5  9 . 0  1 2 . 8  9 . 5  6 . 9  6 . 1 
2007 23 2 . 3  2 . 2  2 . 7  3 . 7  5 . 2  5 . 9 4 . 9  4 . 4  4 . 1  4 . 0  7 . 5  1 0 . 8  8 . 6  6 . 4  5 . 0  
2008 2 6  4 . 5  4 . 5  4 . 5  7 . 8  9 . 4  8 . 7  8 . 5  8 . 6  7 . 9  7 . 8  8 . 6  1 1 . 4  1l . 5  1 0 . 5  7 . 8  

AVERAGE 3 . 6  3 . 7  4 . 6  8 . 6  8 . 5  1 0 . 1 9 . 7  8 . 1  7 . 3  7 . 1  8 . 1  1 0 . 3  1 1 . 1  1 1 . 1  7 . 7  



Ta b l e  H - l j - l 0  
• • • • • • •  * *  • • • • • • • • • • • • • • • • • •  * * * * * . * * * * * * . * * . * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * * * * * * * * * * * * . * * * . *  • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM SWII'II&ry 
B ... e Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3 -JAN- 8 9  0 6 : 5 5 : 2 8 
l ncr Study : BC44 0HED : PSCE I S  : ALT44 Dat e :  2 8-JAN-8 9  0 6 : 0 6 : 3 1 
Di fference - ( Iner Study) - (Ba .. e Study ) 
Number of Game .. : 200 
Average Over Low W.ter Year .. (Bottom 10 Percent) 
• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * . *  • • • • • • • • • • • • • • • • • • • •  

Difference O f  
Dwor .. hak Re.. E1ev ( feet )  
-------- -- - - - - ----- - - - - - - --- --

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP 1  AP2 MAY JUN JUL AG1 AG2 AVG 
- - -- - - - - --
1 98 9  2 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  0 . 0  0 . 0  
1 9 90 27 0 . 0  0 . 0  0 . 0  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 91 26 0 . 0  0 . 0  0 . 0  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 92 18 0 . 0  0 . 0  0 . 0  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 93 21 0 . 0  0 . 0  0 . 0  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 94 30 0 . 0  0 . 0  0 . 0  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 95 31 0 . 0  0 . 0  0 . 0  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 96 2 9  0 . 0  0 . 0  0 . 0  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 97 2 9  0 . 0  0 . 0  0 . 0  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 98 23 0 . 0  0 . 0  0 . 0  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 99 33 0 . 0  0 . 0  0 . 0  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: 2000 27 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 
2001 31 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2002 25 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  ow. 
2003 23 0 . 0  0 . 0  0 . 0  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 
2004 24 0 . 0  0 . 0  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\ 0 . 0  

0 2005 30 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2006 32 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2007 23 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2008 26 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - l j - l l  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Baee Study : BAOOOMED : PSCE I S  : BASE CASE 

BPAHYSUM SUJIWIIAry 
Dat e :  3 -JAN-8 9  0 6 : 55 : 28 

Number of Gamee : 200 
Average Over Typical Water Yeare (Hid 80 Percent ) 
• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • •• • • • • • • • • • • • •  

Dworehak Ree Elev ( feet )  
- - ----------------------------

ANN YEAR I NUM SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JON JUL AG1 AG2 AVG ----------
1 98 9  1 53 1 5 83 . 0  1 5 7 8 . 4  1 5 63 . 3  1 5 5 1 . 4  1 5 29 . 8  1 5 0 6 . 0  1501 . 8  1 4 97 . 3  1 5 1 0 . 7  1 5 67 . 3  1 5 93 . 5  1 5 95 . 7 1 5 95 . 2  1 5 94 . 7  1 5 5 6 . 3  
1 9 90 154 1 5 76 . 0  1 57 2 . 5  1 5 60 . 9  1 55 2 . 7  1 5 29 . 9  1 50 6 . 1  1 501 . 1  1 4 98 . 7  1 5 1 0 . 6 1 5 6 7 . 1  1 5 94 . 6  1 5 9 6 . 8  1 5 9 6 . 4  1 5 95 . 9  1 5 5 5 . 3  1 9 91 154 1 5 7 6 . 2  1 5 7 2 . 1  1 5 60 . 3  1 5 5 1 . 9 1 5 3 0 . 5  1 5 0 6 . 9  1 502 . 5  1 4 96 . 6 1 5 1 5 . 4  1 5 68 . 8  1 5 93 . 7  1 5 9 6 . 0  1 5 95 . 2  1 5 94 . 3  1 5 5 5 . 7  
1 9 92 1 60 1 5 73 . 4  1 5 69 . 8  1 5 58 . 1  1 54 8 . 0  1 5 27 . 4  1 5 0 4 . 0  1 5 03 . 3  1 5 01 . 5  1 5 1 4 . 5  1 5 68 : 5 1 5 93 . 4  1 5 9 6 . 0  1 594 . 9  1 5 93 . 7  1 5 5 4 . 2  1 993 1 5 5  1 5 74 . 0  1 5 70 . 4  1 5 5 9 . 5  1 5 5 0 . 3  1 5 2 8 . 7  1 5 0 6 . 0  1 500 . 7  1 4 99 . 4  1 5 1 3 . 8  1 568 . 5  1 5 93 . 7  1 5 96 . 1 1 5 95 . 2  1 5 94 . 2  1 5 5 4 . 7  1 9 94 1 5 5  1 5 74 . 5  1 5 7 1 . 0  1 5 60 . 2  1 5 5 1 . 3  1 5 2 9 . 3  1 5 0 5 . 4  1 501 . 3  1 4 94 . 9  1 5 0 8 . 5  1 5 67 . 4  1 5 93 . 9  1 5 95 . 7  1 594 . 1  1 5 92 . 4  1554 . 2  1 9 95 154 1 5 68 . 6  1 5 65 . 8  1 5 5 6 . 8 1 54 8 . 2  1 5 2 7 . 2  1 5 0 4 . 6  1 500 . 9  1 4 98 . 7  1 5 08 . 4  1 56 6 . 9  1 5 94 . 5  1 5 9 6 . 6 1 5 95 . 0  1 5 93 . 3  1 5 52 . 6  
1 9 96 1 4 8  1 5 69 . 0  1 5 65 . 8  1 5 5 6 . 4  1 54 8 . 6  1 5 27 . 7  1 5 03 . 1  1 501 . 5  1 4 97 . 2  1 5 0 8 . 5  1 565 . 3  1 5 93 . 1  1 5 95 . 3  1 5 94 . 1  1 5 92 . 8  1 5 52 . 3  1 997 1 55 1 570 . 0  1 5 66 . 8  1 5 5 7 . 4  1 54 6 . 7  1 5 26 . 9 1504 . 6  1 502 . 3  1 4 99 . 1  1 5 13 . 3  1 5 64 . 4  1 5 93 . 1  1 5 95 . 3  1 594 . 2  1 5 92 . 9  1 5 52 . 8  
1 998 1 55 1 5 70 . 4  1 5 67 . 5  1 5 58 . 1  1 5 4 8 . 2  1 5 2 7 . 0  1 5 0 5 . 8  1 501 . 6 1 5 02 . 3  1 5 1 5 . 5  1 5 68 . 1  1 5 93 . 0  1 5 95 . 9 1 594 . 7  1 5 93 . 4  1 5 53 . 7  
1 999 1 4 9  1 5 70 . 1  1 5 6 6 . 4  1 55 6 . 3  1 54 6 . 8  1 5 26 . 0  1 5 0 1 . 5 1 4 9 8 . 9  1 4 94 . 5  1 5 07 . 2  1 5 64 . 6  1 5 93 . 7  1 5 9 5 . 8  1 5 94 . 8  1 5 93 . 6  1 5 5 1 . 7  
2000 1 5 1  1 5 68 . 1  1 5 65 . 1  1 5 5 6 . 4  1 54 8 . 3  1 5 2 8 . 3  1 5 0 5 . 7  1 5 04 . 2  1 5 01 . 0  1 5 1 5 . 0  i5 66 . 0  1 5 92 . 2  1 5 94 . 5  1 5 93 . 9  1 5 93 . 1  1 5 53 . 1  
2001 .152 1 5 70 . 2  1 5 67 . 5  1 5 5 8 . 8  1 54 9 . 3  1 528 . 8  1 5 05 . 3  1 5 02 . 8  1 5 00 . 4  1 5 1 2 . 9  1 568 . 3  1 5 94 . 1  1 5 9 6 . 7  1 595 . 4  1 5 94 . 0  1 5 5 4 . 1  ::r: 2002 1 57 1 5 69 . 6 1 5 66 . 3  1 5 5 6 . 7  1 5 4 5 . 0  1 5 2 6 . 7  1 5 0 6 . 8 1 503 . 1  1 501 . 5  1 51 6 . 1  1 568 . 1  1 5 94 . 4  1 5 96 . 4  1 5 9 5 . 0  1 5 93 . 4  1 5 53 . 5  2003 1 63 1 5 71 . 6  1 5 68 . 3  1 5 5 7 . 1  1 54 6 . 3  1 5 25 . 8  1 5 03 . 1  1 500 . 9  1 4 96 . 8  1 5 0 9 . 9 1 567 . 8  1 5 93 . 2  1 5 95 . 9  1 5 94 . 9  1 5 93 . 9  1 5 5 2 . 8  
2 004 1 4 6 . 1 5 73 . 3  1 5 69 . 8  1 5 5 9 . 4  1 55 0 . 4  1 528 . 5  1 5 05 . 8  1 501 . 8  1 5 00 . 6  1 5 1 4 . 8  1 5 69 . 6  1 5 93 . 6  1 5 96 . 6 1 5 95 . 8  1 5 94 . 9  1554 . 9  G. 2005 1 5 1  1 5 74 . 8  1 5 7 1 . 2  1 5 60 . 7  1 5 5 1 . 5  1 528 . 5  1 5 0 4 . 3  1 5 00 . 0  1 5 00 . 6  1 5 1 0 . 8 1 56 8 . 8  1 5 95 . 4  1 5 97 . 9  1 5 9 6 . 7  1 5 95 . 4  1 5 54 . 9  I 2006 145 1 5 7 1 . 6  1 5 68 . 3  1 5 5 8 . 3  1 54 9 . 1  1 5 2 8 . 8  1 5 04 . 8  1 5 02 . 9  1 4 97 . 8  1 5 1 0 . 4  1 5 68 . 1  1 5 93 . 5  1 5 95 . 5  1 5 94 . 7  1 5 94 . 0  1553 . 8  (j\ 2007 1 5 5  1 5 70 . 7  1 5 67 . 3  1 5 5 8 . 5  1 54 9 . 0  1 5 28 . 6  1 5 0 6 . 8  1 502 . 5  1 5 00 . 9  1 5 1 4 . 1  1 5 66 . 0  1 5 93 . 8  1 5 95 . 4  1 594 . 4  1 5 93 . 3  1 5 53 . 8  
2008 1 5 9  1 5 74 . 4  1 5 7 1 . 0  1 5 6 1 . 8  1 5 5 2 . 5  1 5 3 1 . 1  1 5 0 7 . 8  1 502 . 7  1 5 00 . 8  1 51 5 . 7  1 5 64 . 3  1 5 93 . 4  1 5 9 5 . 3  1 5 94 . 6  1 5 93 . 9  1 5 5 5 . 3  

AVERAGE 1 5 72 . 5  1 5 69 . 1  1 5 5 8 . 8  1 54 9 . 3  1 528 . 3  1 5 05 . 2  1 5 0 1 . 9  1 4 99 . 1  1 5 1 2 . 3  1 567 . 2  1 5 93 . 7  1 5 9 6 . 0  1 5 95 . 0  1 5 93 . 9  1554 . 0  



Ta b l e  H - l j - l l  
• •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUH SUJnI\&ry 
Ba .. e Study : BAOOOHED : PSCEI S  : BASE CASE Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD12 0HED : PSCEI S  : BASE CASE ALT 1 . 2  Date : 6-JAN- 8 9  2 1 : 4 9 : 5 3 
Diff .. r .. nce - ( Incr Study) - (Ba .... Study) 
Numb .. r o f  Gamee : 200 
Averag .. Ov .. r Typical Wat .. r Y .. ar .. (Mid 80 P .. rc .. nt ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * . * * * * * * . * * * * * * * * * * * * * * . * * *  • •  * * * * * * * * * * * * * * * * * * . * * * * * *  
Diff .. r .. nc .. Of 
Dworehak Ree E1ev ( fe .. t )  
---- - - - - -- - - - ------------- ----

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP2 MAY JUN 
ANN 

JUL AG1 AG2 AVG 
- - --------
1 98 9  1 53 0 . 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 . 0  
1 9 90 1 54 0 . 3  0 . 3  0 . 5  0 . 9  0 . 4  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 2  1 9 91 1 54 0 . 6  0 . 6 1 . 0  1 . 7  0 . 9  0 . 4  0 . 6  0 . 2  0 . 0  0 . 1  0 . 0  0 . 0  0 . 3  O . !'  0 . 5  1 9 92 1 60 1 . 4  1 . 3  1 . 7  3 . 1  2 . 1  1 . 3  1 . 1  0 . 2  0 . 3  0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  1 . 1  
1 993 1 5 5  1 . 3  1 . 4  1 . 7  2 . 7  1 . 3  0 . 8  1 . 3  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  0 . 9  
1 9 94 1 55 1 . 1  1 . 1  1 . 3  2 . 0  0 . 9 0 . 4  0 . 6  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  0 . 7  
1 9 95 1 54 1 . 6  1 . 5  1 . 5  2 . 0  1 . 1  0 . 7  0 . 6  0 . 4  0 . 2  0 . 1  0 . 1  0 . 1  0 . 3  0 . 6  0 . 8 
1 9 96 1 4 8  1 . 4  1 . 3  1 . 8  2 . 6  1 . 5  1 . 1  0 . 6  0 . 0  0 . 1 0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  0 . 9 
1 997 155 1 . 6  1 . 5  1 . 6  2 . 9  1 . 7  1 . 0  1 . 1  0 . 7  0 . 5  0 . 2  0 . 1  0 . 1  0 . 2  0 . 5  1 . 1  
1 998 1 55 1 . 1  1 . 1  1 . 1  1 . 8  1 . 2  0 . 9 1 . 1  0 . 4  0 . 4  0 . 1  0 . 0  0 . 0  0 . 2  0 . 4  0 . 8  
1 999 1 4 9  1 . 5  1 . 6  1 . 5  2 . 3  1 . 4  0 . 9 1 . 5  0 . 4  0 . 3  0 . 2  0 . 1  0 . 1  0 . 3  0 . 6  1 . 0  ::r:: 2000 1 51 1 . 3  1 . 1  1 . 1  1 . 6  1 . 1  0 . 7  0 . 6  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 1  0 . 2  0 . 7 
2001 1 52 1 . 2  1 . 0  1 . 1  2 . 2  1 . 4  0 . 4  0 . 4  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 5  0 . 7  

C",. 2002 1 5 7  1 . 5  1 . 4  1 . 2  2 . 1  1 . 6  0 . 9 0 . 9  0 . 1  0 . 1 0 . 0  0 . 0  0 . 0  0 . 3  0 . 6  0 . 9 
2 003 1 63 1 . 8  1 . 7  1 . 9  2 . 9  2 . 0  1 . 4  1 . 4  0 . 8  0 . 7 0 . 4  0 . 1  0 . 1  0 . 3  0 . 6 1 . 2  I 
2004 1 4 6  1 . 2  1 . 1  1 . 1  1 . 7  1 . 1  0 . 6 0 . 5  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 6  (J\ 

rv 2005 151 1 . 3  1 . 1  1 . 3  1 . 8  1 . 1  0 . 4  1 . 0  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 3  0 . 6  0 . 7  
2006 1 4 5  1 . 5  1 . 4  1 . 5  1 . 6  1 . 1  0 . 7  0 . 5  0 . 1  0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 3  0 . 7 
2007 1 55 1 . 6  1 . 4  1 . 3  1 . 6  0 . 8  0 . 4  0 . 8  0 . 2  0 . 1  0 . 1  0 . 0  0 . 0  0 . 2  0 . 5  0 . 7  
2008 159 1 . 1  1 . 0  0 . 9  1 . 0  0 . 6  0 . 2  0 . 5  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 5  

AVERAGE 1 . 2  1 . 2  1 . 3  1 . 9  1 . 2  0 . 7 0 . 8  0 . 2  0 . 2  0 . 1  0 . 0  0 . 0  0 . 2  0 . 4  0 . 7  



T a b l e  H - 1 j - 1 1 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUH Summary 
Base Study : BAOOOHED : PSCE I S  : BASE CASE Date : 3-JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BE4 1 0HED : PSCE I S  : ALT4 1 0  Date : 1 -FEB- 8 9  1 6 : 02 : 55 
Difference � ( Incr Study) - (BaBe Study) 
Number af Games : 200 
Average Over Typical Water Years (Hid 8 0  Pe rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Difference Of 
Dwarshak Res E 1ev ( feet ) 
- - - - - - - - - - - -- - - - - - - - - - - -- - - - - -

Y EAR  / NUH SEP OCT NOV DEC JAN FEB MAR AP I AP2 HAY JUN 
ANN 

JUL AG1 AG2 AVG - - - - - - - - - -
1 9 8 9  1 53 -3 . 7  -3 . 9  - 4 . 9  - 6 . 4  -4 . 5  - 2 . 6  -1 . 4  -0 . 7  - 0 . 3  - 0 . 1  -0 . 1  - 0 . 1  0 . 4  0 . 9  - 2 . 3  1 9 90 1 54 -2 . 8  - 3 . 0 -4 . 7  -7 . 4  -4 . 9  - 2 . 9  - 1 . 7  -0 . 5  - 0 . 5  - 0 . 2  0 . 0  0 . 0  0 . 5  0 . 9  - 2 . 2  1 9 91 1 5 4  -4 . 5  -4 . 8  - 6 . 1 - 7 . 3  -5 . 1  -3 . 4  - 1 . 0  0 . 2  - 0 . 1 -0 . 2  0 . 0  0 . 0  0 . 8  1 . 6  - 2 . 6  1 9 92 1 60 -3 . 4  -3 . 5  -4 . 8  -3 . 8  -3 . 0  - 2 . 4  -0 . 5  - 0 . 6  - 0 . 5  - 0 . 2  0 . 0  0 . 0  0 . 6  1 . 4  - 1 . 7 1 9 93 1 55 -3 . 7  -4 . 3  - 6 . 7  -5 . 9  -3 . 8  - 3 . 6 - 2 . 2  - 1 . 2 - 1 . 1  - 0 . 3  -0 . 1  - 0 . 1  0 . 7  1 . 4  - 2 . 5  1 9 94 1 5 5  -2 . 2  - 2 . 8  - 5 . 7  - 7 . 2  -5 . 3  - 5 . 5  -3 . 9  -1 . 5 - 0 . 9  - 0 . 2  -0 . 1  - 0 . 1  0 . 9  2 . 1  - 2 . 7 1 9 95 1 5 4  -3 . 0  -4 . 2  - 6 . 9 - 6 . 6  -4 . 3  - 3 . 9 -3 . 8  -3 . 5  - 1 . 8  - 0 . 2  0 . 0  0 . 0  1 . 1  2 . 2  - 2 . 7  1 9 96 1 4 8  -2 . 2  -3 . 0  -5 . 0  - 6 . 2  -3 . 9  -3 . 1  -3 . 0  - 2 . 4  - 1 .  2 - 0 . 1  0 . 1  0 . 1  0 . 8  1 . 4  - 2 . 2 1 9 97 1 5 5  -2 . 0  -2 . 7  - 5 . 1  -5 . 3  -3 . 4  -3 . 0  -3 . 3  -2 . 9  - 1 . 8 - 0 . 2  0 . 0  0 . 0  0 . 7  1 . 5  - 2 . 1  1 9 98 1 5 5  - 1 . 7 - 2 . 7  - 5 . 5  - 5 . 3  -2 . 7  - 2 . 6  - 2 . 9  -3 . 4  - 2 . 1  - 0 . 7  0 . 0  0 . 0  0 . 5  1 . 1  - 2 . 1  ::c 1 9 99 1 4 9  -1 . 0 - 1 .  6 -4 . 5  - 2 . 7  -2 . 0  -1 . 0 - 1 . 5 -0 . 5  0 . 1 0 . 4  0 . 2  0 . 1  0 . 6  1 . 2 - 1 . 0 2000 1 5 1  1 . 1  0 . 4  - 1 . 9 -2 . 8  -2 . 2  -1 . 8 - 0 . 8  -0 . 5  - 0 . 4  - 0 . 2  0 . 0  0 . 0  -0 . 1  0 . 0  - 0 . 7  2001  1 52 -1 . 0 - 1 . 7 - 3 . 5  - 2 . 6  -2 . 2  - 1 .  6 - 2 . 6  - 2 . 3  - 1 . 2 0 . 0  0 . 0  0 . 0  0 . 3  0 . 7  - 1 .  3 v. 2 0 02 1 5 7  0 . 6  0 . 2  -1 . 2 - 0 . 6  0 . 1  0 . 0  - 2 . 0  -1 . 9 - 0 . 9 0 . 0  -0 . 1  - 0 . 1  0 . 1  0 . 7  - 0 . 3  I 2 003 1 63 2 . 6  2 . 3  2 . 3  4 . 4  2 . 8  1 . 7  0 . 6  - 0 . 4  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  -0 . 1  1 . 4  (J; 2004 1 4 6  0 . 7  0 . 5  - 0 . 1  -0 . 3  -0 . 5  - 0 . 6  - 0 . 2  0 . 3  0 . 0  - 0 . 1  0 . 0  0 . 0  - 0 . 5  -0 . 8  -0 . 1  W 2 0 05 1 5 1 -0 . 5  - 0 . 6 - 1 . 0 -1 . 1  -0 . 6  -0 . 9  1 . 5 2 . 1  0 . 8 - 0 . 4  -0 . 1  0 . 0  - 0 . 4  -0 . 8  - 0 . 3  2 0 0 6  1 4 5  -0 . 6  - 0 . 6  - 1 . 0 - 1 . 5  -1 . 2 - 0 . 7  0 . 0  0 . 9  0 . 4  -0 . 2  0 . 0  0 . 1  - 0 . 3  -0 . 8  - 0 . 5 2 007 1 5 5  - 1 . 1 -1 . 2 - 2 . 0  -2 . 3  -1 . 9 - 0 . 9 -1 . 2 0 . 0  - 0 . 2  - 0 . 3  0 . 0  0 . 1  -0 . 3  - 0 . 8  - 1 . 0 2 0 0 8  1 5 9  - 1 . 0  - 1 .  2 - 2 . 0  -2 . 7  -1 . 8 - 1 . 3 - 0 . 5  -0 . 2  - 0 . 2  - 0 . 2  -0 . 2  -0 . 2  - 0 . 4  -0 . 7  - 1 .  0 

AVERAGE -1 . 5  - 1 . 9 -3 . 5  -3 . 7  -2 . 5  - 2 . 0  - 1 . 5  -1 . 0  - 0 . 6 - 0 . 1  0 . 0  0 . 0  0 . 3  0 . 7  - 1 . 4 



T a b l e :' H - l j - l l 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH Surrmary 
Base Study : BAO O OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 l 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 08 
Di fference = ( I ncr S tudy) - (Base Study) 
Number of Game s : 2 0 0  
Average Over Typical Water Years (Mid 8 0  P e rcen t )  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Dworshak Res E 1ev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR ! NUH SEP OCT NOV DEC JAN FEB MAR AP I  AP 2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 53 - 3 . 5  - 3 . 6  -4 . 6  - 5 . 9  -4 . 1  -2 . 3  - 1 . 1  -0 . 5  - 0 . 2  -0 . 1  -0 . 1  - 0 . 1 0 . 1  0 . 3  - 2 . 1  
1 9 90 1 5 4 -2 . 9  - 3 . 0  - 4 . 2  - 6 . 9  -4 . 6  -2 . 6  - 1 . 7  -0 . 4  - 0 . 5  -0 . 1  0 . 0  0 . 0  0 . 1  0 . 1  - 2 . 2  
1 9 91 1 5 4  - 3 . 1  - 3 . 3  -4 . 4  - 5 . 0  - 3 . 1  - 1 . 9 - 1 . 0  -0 . 2  - 0 . 3  -0 . 1  0 . 0  0 . 0  0 . 4  0 . 7  - 1 . 8 
1 9 92 1 60 - 1 . 9 - 2 . 1  - 3 . 4  - 2 . 7  -2 . 1  - 1 . 4  - 0 . 7  -0 . 2  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  - 1 . 2 
1 9 93 1 55 - 1 . 6 - 1 .  9 - 3 . 3  - 3 . 6  -2 . 2  - 1 .  5 - 1 . 4  -0 . 6  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 1  0 . 4  - 1 . 3 
1 9 94 1 5 5  0 . 2  - 0 . 1  - 1 . 4  - 2 . 9  -2 . 1  - 1 .  7 - 2 . 6  -0 . 7  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  -0 . 9  
1 9 95 1 5 4  0 . 2  - 0 . 3  - 1 . 5 - 1 . 4  - 1 . 1 - 0 . 7  - 2 . 5  -2 . 5  - 1 . 2 -0 . 1  -0 . 1  - 0 . 1  0 . 3  0 . 6  -0 . 7  
1 9 9 6  1 4 8  0 . 4  0 . 1 - 0 . 7  - 1 . 1  -0 . 2  0 . 1 - 2 . 4  - 1 . 7 - 0 . 8  -0 . 1  -0 . 1  -0 . 1  - 0 . 1  -0 . 2  -0 . 4  
1 9 97 1 5 5  0 . 7  0 . 4  0 . 0  1 . 0  0 . 5  0 . 6  - 1 . 2  - 1 . 7  - 0 . 9  - 0 . 1  -0 . 1  -0 . 1  - 0 . 1  -0 . 1  0 . 0  
1 9 98 1 5 5  1 . 0  0 . 8  0 . 4  0 . 7  0 . 3  0 . 5  - 0 . 3  -0 . 6  0 . 0  0 . 1  0 . 0  0 . 0  0 . 1  0 . 2  0 . 3  
1 9 9 9  1 4 9  1 . 7  1 . 7  1 . 5  3 . 0  2 . 0  1 . 4  1 . 7 0 . 8 0 . 4  0 . 2  0 . 1  0 . 1  - 0 . 1  -0 . 3  1 . 1  
2 0 00 1 5 1  0 . 5  0 . 5  0 . 0  - 0 . 5  -0 . 3  - 0 . 3  0 . 3  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 5  - 1 . 0  0 . 0  

::r:: 2 0 0 1  1 52 -0 . 8  - 0 . 9  - 1 . 4  - 1 . 3  - 1 . 1 - 0 . 7 0 . 3  0 . 7  0 . 3  0 . 0  0 . 0  0 . 0  - 0 . 4  -0 . 9  -0 . 5  
2002 1 57 - 1 . 3 - 1 . 5 - 2 . 5  - 1 . 8  - 1 . 0 - 1 . 1  - 2 . 4  - 1 . 3  - 0 . 8  - 0 . 2  -0 . 1  - 0 . 1  - 0 . 3  -0 . 5  - 1 . 1 
2 0 0 3  1 63 0 . 2  0 . 2  1 . 2  3 . 4  1 . 8  1 . 2  0 . 8  0 . 5  0 . 4  0 . 3  0 . 0  0 . 0 - 0 . 1  -0 . 1  0 . 8 

v. 2004 1 4 6  0 . 7  0 . 6  0 . 3  - 0 . 1  -0 . 3  0 . 1  1 . 1 1 . 6  0 . 7  0 . 1  0 . 1  0 . 1  - 0 . 5  -0 . 9  0 . 2  I 2005 1 5 1  -0 . 5  -0 . 6  -0 . 7  - 1 . 2  -0 . 7  - 0 . 6  1 . 8  2 . 3  1 . 1  0 . 0  0 . 0  0 . 0  - 0 . 4  - 1 . 0  -0 . 2  0' 
2 0 0 6  1 4 5  -0 . 9  - 0 . 9  - 1 .  1 - 1 . 3  - 1 . 2 - 0 . 8  0 . 5  1 . 2  0 . 5  - 0 . 1  0 . 0  0 . 1 - 0 . 1  -0 . 5  -0 . 5  .c-

-0 . 3  -0 . 2  - 0 . 6  - 0 . 4  -0 . 2  - 0 . 1  - 0 . 9  0 . 2  0 . 0  -0 . 1  0 . 0  0 . 1 - 0 . 3  -0 . 7  2007 1 55 -0 . 3  
2 0 0 8  1 5 9  -0 . 7  -0 . 7  - 1 . 4 - 1 . 3  -0 . 8  - 0 . 4 -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  -0 . 5  -0 . 5  

AVERAGE -0 . 6  -0 . 7  - 1 . 4 - 1 . 5  -1 . 0 - 0 . 6  - 0 . 6  -0 . 2  - 0 . 1  0 . 0  0 . 0  0 . 0  - 0 . 1  -0 . 2  -0 . 6  



T a b l e  H - l j - l l  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  BPAHYSUM Sumn".ry 
Ba!!e Study : BAOOOHEO : PSCE I S  : BASE CASE O .. te : 3 -JAN- 8 9  0 6 : 55 : 2 8 
I ncr Study : BA4 3 0HED : PSCE I S  : ALT4 3 Date : 2 1 -JAN- 8 9  0 5 : 1 4 : 2 9  
Di fference - ( I ncr Study) - (Base Study) 
Number of Game l! : 200 
Average Over Typical Water Year!! (Mid 80 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Difference Of 
Dworl!hak Re s E 1 ev ( feet ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

YEAR I NOM SEP OCT NOV DEC JAN FEB MAR 
ANN 

API AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - - - - - -
1 98 9  1 53 2 . 1  2 . 2  2 . 9 6 . 6  3 . 4  1 . 6  1 . 2 -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  1 . 7  
1 9 90 1 5 4  3 . 5  3 . 5  3 . 1  3 . 2  1 . 7  1 . 3  0 . 1  -0 . 2  0 . 0 0 . 0  0 . 0  0 . 0  0 . 1  0 . 2  1 . 4  
1 9 91 1 5 4  2 . 4  2 . 5  2 . 9 3 . 9  1 . 6  0 . 9 0 . 8  0 . 1  0 . 1 0 . 1  0 . 0  0 . 0  0 . 3  0 . 6  1 . 3  
1 9 92 1 60 3 . 0  2 . 9 3 . 1  5 . 1  3 . 4  2 . 1  1 . 0  0 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 3  0 . 6  1 . 8  
1 9 93 1 55 3 . 3  3 . 4  3 . 2  3 . 9  2 . 2  1 . 2  0 . 7  -0 . 8  - 0 . 4  -0 . 1  -0 . 1  - 0 . 1 0 . 3  0 . 8  1 . 5  
1 9 94 1 5 5  2 . 9  2 . 8  2 . 6  3 . 7  1 . 9  1 . 0  0 . 1  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  1 . 2  1 . 4  
1 9 95 1 5 4  4 . 4  4 . 1  2 . 9  4 . 6  2 . 9  1 . 1  - 1 . 0  - 1 . 7 - 0 . 9 - 0 . 1  -0 . 1  - 0 . 1 0 . 2  0 . 6  1 . 5  
1 9 96 1 4 8  4 . 3  3 . 9  3 . 8  4 . 8  2 . 7  1 . 6  0 . 7  0 . 1  0 . 3  0 . 1  0 . 1  0 . 1  0 . 5  0 . 9  1 . 9  
1 9 97 1 55 3 . 9  3 . 7  3 . 1  5 . 1  3 . 7  2 . 1  0 . 9  0 . 4  0 . 1  0 . 2  0 . 0  0 . 0  0 . 4  0 . 9  2 . 0  
1 9 98 1 5 5  3 . 2  2 . 9  2 . 1 2 . 6  2 . 1  1 . 4 0 . 5  -0 . 4  0 . 1  0 . 3  0 . 0  0 . 0  0 . 7  1 . 4  1 . 4  
1 9 9 9  1 4 9  3 . 7  3 . 8  3 . 9  5 . 7  3 . 9  2 . 3 4 . 1  1 . 8  1 . 2  0 . 4  0 . 2  0 . 1  0 . 5  1 . 1  2 . 5  

::r:: 2 0 00 1 5 1 4 . 6  4 . 4  3 . 9  4 . 5  3 . 0  1 . 8  1 . 0 0 . 6 0 . 4  0 . 2  0 . 1  0 . 1  0 . 3  0 . 6  2 . 1  
2001 152 3 . 9  3 . 7  2 . 8  3 . 9  2 . 0  0 . 6 - 0 . 5  -1 . 0 -0 . 5  0 . 0  0 . 0  0 . 0  0 . 3  0 . 6  1 . 4  
2002 157  2 . 6  2 . 5  1 . 8  3 . 8  3 . 1  1 . 7  0 . 0  -0 . 4  - 0 . 1  0 . 0  -0 . 1  -0 . 1  0 . 6  1 . 4 1 . 4  G. 2003 1 63 3 . 9  3 . 6  4 . 2  7 . 0  4 . 1  2 . 5  2 . 3  1 . 1  0 . 7  0 . 3  0 . 0  0 . 0  0 . 5  1 . 0  2 . 5  I 2 0 04 1 4 6  4 . 4  4 . 3  4 . 0  4 . 8  2 . 9  1 . 7  0 . 8  0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 2  0 . 5  1 . 9  (J\ 2 0 05 1 51 2 . 3  2 . 3  2 . 4  3 . 2  1 . 9  0 . 9 1 . 1  0 . 6  0 . 2  0 . 0  0 . 0  0 . 0  0 . 3  0 . 7  1 . 3  Vl 2 0 0 6  1 4 5 1 . 7  1 . 7  1 . 4  2 . 2  1 . 4  0 . 7  0 . 0  0 . 1  0 . 0  0 . 2  0 . 0  0 . 0  0 . 1  0 . 3  0 . 8 
2 0 0 7  1 5 5  2 . 2  2 . 2  1 . 9  3 . 1  2 . 1  1 . 4  1 . 0  0 . 9  0 . 5  0 . 3  0 . 2  0 . 2  0 . 4  0 . 7  1 . 3  
2 0 0 8  1 5 9  2 . 1  1 . 9  1 . 2  2 . 0  1 . 0  0 . 3  -0 . 6  -0 . 8  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 7  

AVERAGE 3 . 2  3 . 1  2 . 9  4 . 2  2 . 6  1 . 4  0 . 7  0 . 0  0 . 1  0 . 1  0 . 0  0 . 0  0 . 3  0 . 7  1 . 6  



T a b l e  H - l j - l l 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
BPAHYSUM Surrmary 

BaBe St udy : BAO O OMED : P SCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8  
I n cr Study : BC4 4 0MED : PSCE I S  : ALT 4 4  Dat e :  2 8 -JAN- 8 9  0 6 : 0 6 : 3 1  
D i  f f e rence = ( Incr Study) - (BaBe Study )  
Number o f  Game B : 2 0 0  
Average Over Typical Water YearB ( Mi d  8 0  P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * . * . * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

Di fference Of 
Dwor,.hak ReB Elev ( feet )  
- - - - - - - - - - --- - - - - - - - - - - - - - - - - -

YEAR I NUM SEP OCT NOV DEC JAN FEB MAR 
ANN 

AP 1 AP2 MAY JUN JUL AG1 AG2 AVG 
- - - - - -- - - -
1 98 9  1 5 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  
1 9 90 1 5 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  
1 9 91 1 54 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 992 1 60 0 . 0  0 . 0  0 . 0  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 93 1 5 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  0 . 0  0 . 0 
1 9 94 1 5 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  0 . 0  0 . 0  
1 9 95 1 54 0 . 0  0 . 0  0 . 0  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 96 1 4 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  0 . 0  
1 9 97 1 5 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  0 . 0  0 . 0  
1 9 98 1 55 0 . 0  0 . 0  0 . 0  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 9  1 4 9  0 . 0  0 . 0  0 . 0  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  1 5 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  :I: 2 0 0 1  1 5 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  
2002 1 5 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 
2 0 0 3  1 63 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  G. 
2 0 04 1 4 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  I 
2 0 05 1 51 0 . 0  0 . 0  0 . 0  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\ 

(J\ 2 0 0 6  1 4 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  0 . 0  0 . 0  
2 0 0 7  1 5 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  0 . 0  0 . 0  
2 0 0 8  1 5 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 0 . 0  0 . 0  0 . 0  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  H - 1 J - 1 2 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
BPAHYSUH Sunmary 

Ba"e Study : BAOO OHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 55 : 2 8 
Number o f  Game ,, : 200 
Average Over High Water Year" ( Top 10 Percent ) 
• • • • • • • • • • • • • • • • • • • • • • * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Dwor"hak Re" Elev ( feet ) 
- - -- - - - - -- - - - - - - - - - - - - - - - - - - - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 98 9  2 2  1 5 8 4 . 7  1 5 8 0 . 1  1 5 6 6 . 5 1 5 5 6 . 6  1 5 2 6 . 2  1 4 91 . 6  1 5 0 6 . 6  1 5 1 4 . 4  1 5 1 4 . 3  1 5 8 7 . 4  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 55 9 . 5 
1 990 1 9  1 5 8 2 . 1  1 5 7 9 . 5  1 5 6 7 . 2  1 5 5 7 . 2  1 5 2 6 . 2  1 4 9 1 . 6 1 5 0 7 . 3  1 5 1 9 . 8  1 5 1 1 .  2 1 5 8 3 . 9  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 8 . 8  
1 9 91 20 1 5 7 2 . 5  1 5 7 1 . 1  1 5 62 . 1  1 55 6 . 2  1 5 2 6 . 2  1 4 9 1 . 6  1 5 0 6 . 0  1 5 1 4 . 1  1 5 1 6 . 9  1 5 8 8 . 3  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 7 . 6  
1 9 92 22 1 5 75 . 0  1 5 73 . 7  1 5 63 . 3  1 55 5 . 5  1 5 2 6 . 2  1 4 9 1 . 6 1 50 5 . 9  1 5 1 1 . 2  1 5 1 9 . 4  1 5 90 . 8  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 55 8 . 5  
1 9 93 24 1 5 72 . 6  1 5 7 1 . 6  15 61 . 6 1 55 5 . 7  1 5 25 . 3  1 4 9 1 . 3  1 5 0 7 . 2  1 5 2 2 . 3  1 5 1 0 . 9 1 5 8 2 . 4  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 6 . 6  
1 9 94 1 5  1 5 8 1 . 6  1 5 7 9 . 0  1 5 67 . 3  1 5 5 7 . 7  1 5 2 6 . 2  1 4 9 1 . 6 1 5 0 7 . 0  1 5 1 8 . 8  1 5 1 3 . 3  1 5 8 5 . 1  1 600 . 0  1 60 0 . 0 1 600 . 0  1 600 . 0  1 5 5 9 . 1  
1 9 95 1 5  1 5 75 . 2  1 5 74 . 6  1 5 65 . 0  1 55 6 . 6  1 5 2 6 . 2  1 4 9 1 . 6 1 5 05 . 9  1 5 1 2 . 5  1 5 2 0 . 2  1 5 9 0 . 5  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 8 . 8  
1 9 9 6  2 3  1 5 74 . 3  1 5 7 3 . 3  1 5 63 . 9  1 55 6 . 1  1 5 25 . 6  1 4 9 1 . 4 1 5 0 7 . 1  1 5 2 1 . 8  1 5 0 7 . 9 1 5 8 1 . 5  1 600 . 0  1 6 00 . 0  1 600 . 0  1 600 . 0  1 5 5 6 . 8  
1 9 97 1 6  1 5 74 . 1  1 5 7 2 . 7  1 5 6 2 . 3  1 555 . 8  1 5 25 . 5  1 4 9 1 . 5 1 5 0 5 . 8  1 5 1 6 . 5  1 5 1 8 . 4  1 5 8 7 . 3  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 7 . 8  
1 9 98 2 2  1 5 7 6 . 8  1 5 7 5 . 7  1 5 65 . 1  1 55 6 . 5  1 5 2 6 . 2  1 4 91 . 6  1 5 0 6 . 6  1 5 1 5 . 9  1 5 1 5 . 5  1 5 8 7 . 3  1 600 . 0  1 6 00 . 0  1 600 . 0  1 600 . 0  1 5 5 8 . 4  
1 9 9 9  1 8  1 5 73 . 2  1 5 7 4 . 0  1 5 64 . 6  1 5 5 6 . 0  1 5 2 5 . 9  1 4 91 . 6  1 5 05 . 1  1 5 08 . 2  1 5 2 3 . 0  1 5 93 . 2  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 8 . 9  
2000 22 1 5 74 . 5  1 5 7 4 . 1  1 5 6 5 . 7  1 5 5 7 . 1  1 5 2 6 . 1  1 4 9 1 .  6 1 5 0 7 . 1  1 5 1 9 . 0  1 5 1 2 . 3  1 5 8 4 . 6  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 7 . 8  

::c 2 0 0 1  17 1 5 7 1 . 7  1 5 7 1 . 0  1 5 6 1 . 8  1 5 5 6 . 4  1 5 25 . 8  1 4 91 . 6  1 5 0 7 . 0  1 5 1 8 . 9  1 5 1 4 . 2  1 58 5 . 2  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 7 . 1  
2002 1 8  1 5 7 2 . 3  1 5 7 1 . 5  1 5 63 . 8  1 5 5 5 . 8  1 5 25 . 6  1 4 9 1 . 5 1 5 0 6 . 4  1 5 1 7 . 8  1 5 1 4 . 9  1 5 8 5 . 7  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 7 . 3  
2003 14  1 5 67 . 9  1 5 67 . 5  1 5 5 9 . 8  1 5 5 4 . 2  1 5 2 6 . 2  1 4 9 1 . 6  1 5 0 5 . 9  1 5 1 1 . 2  1 5 1 6 . 2  1 5 8 9 . 5  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 6 . 6  

c..,. 20 04 30 1 5 68 . 3  1 5 67 . 4  1 5 5 8 . 9  1 55 3 . 8  1 5 25 . 0  1 4 9 1 . 0 1 5 0 4 . 2  1 5 1 2 . 0  1 5 1 0 . 0  1 58 5 . 2  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 5 . 3  
I 20 05 1 9  1 5 72 . 5  1 5 7 0 . 3  1 5 60 . 5  1 5 5 4 . 8  1 5 25 . 2  1 4 90 . 9 1 5 0 6 . 2  1 5 1 6 . 9 1 5 1 1 . 3  1 5 8 4 . 9  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 55 6 . 4  

()\ 2 0 0 6  2 3  1 5 7 6 . 0  1 5 7 5 . 0  1 5 64 . 6  1 55 6 . 8  1 5 2 6 . 0  1 4 91 . 6  1 50 6 . 7  1 5 1 5 . 7  1 5 1 3 . 2  1 5 8 6 . 5  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 8 . 0  -l 2007 22 1 5 70 . 9  1 5 7 1 . 6  1 5 63 . 8  1 55 5 . 8  1 5 25 . 4  1 4 9 1 . 2 1 5 0 5 . 9  1 5 1 8 . 2  1 5 1 1 . 6  1 5 8 3 . 9  1 600 . 0  1 60 0 . 0  1 600 . 0  1 600 . 0  1 55 6 . 7  
2 0 0 8  1 5  1 5 7 7 . 9  1 5 7 6 . 5 1 5 65 . 9  1 5 5 8 . 0  1 5 2 6 . 2  1 4 91 . 6  1 5 0 7 . 0  1 5 1 9 . 0  1 5 1 4 . 2  1 5 8 5 . 2  1 600 . 0  1 600 . 0  1 600 . 0  1 600 . 0  1 5 5 8 . 5  

AVERAGE 1 5 74 . 6  1 5 7 3 . 4  1 5 63 . 6  1 5 5 6 . 1  1 5 25 . 8  1 4 9 1 . 5 1 5 0 6 . 3  1 5 1 6 . 2  1 5 1 4 . 1  1 5 8 6 . 2  1 600 . 0  1 60 0 . 0  1 600 . 0  1 600 . 0  1 5 5 7 . 6  



T a b l e  H - l j - 1 2 
• • • •  * * . * * * * * * * *  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUM Sumnary 
Ba" .. Study : BAOOOHED : PSCE I S  : BASE CASE Oat .. : 3 - JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BD12 0HED : PSCE I S  : BASE CASE ALT 1 . 2  Oat .. : 6-JAN - 8 9  2 1 : 4 9 : 5 3 
Di fference :!:It ( Incr Study) - (Ba" .. Study) 
Numb .. r of Gam .. ,, :  200 
Av .. rag .. Ov .. r High Wat .. r Y .. ars ( Top 10 P .. rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di ff .. r .. nc .. Of 
Dworshak R .. s E 1  .. v ( f  .... t )  
- - - - - - - - - -- - - - - - - - - - -- - - - - -- - -

ANN 
YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP2 MAY JUN JUL AG1 AG2 AVG 
- - -- - - - - --
1 9 8 9  22 0 . 0  0 . 0  0 . 0  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 90 1 9  0 . 4  0 . 2  0 . 2  0 . 4  0 . 0  0 . 0  0 . 0  -0 . 1  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  
1 9 91 20 0 . 7  0 . 5  0 . 5  0 . 3  0 . 0  0 . 0  - 0 . 4  -0 . 8  - 0 . 8  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 9 92 22 1 . 2  1 . 0  0 . 6  1 . 2  0 . 0  0 . 0  0 . 0  0 . 4  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  
1 9 93 24 1 . 6  1 . 6  1 . 2  0 . 6  0 . 1  - 0 . 1 -0 . 1  0 . 2  0 . 5  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  
1 9 94 15 1 . 3  1 . 0  0 . 4  0 . 5  0 . 0  0 . 0  0 . 0  0 . 4  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 95 15 1 . 3  0 . 8  0 . 7  0 . 5  0 . 0  0 . 0  0 . 0  0 . 5  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 96 23 2 . 3  2 . 1  1 . 6  1 . 3 0 . 6 0 . 2  0 . 5  0 . 9  1 . 0  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  
1 9 97 1 6  0 . 6  0 . 3  0 . 5  0 . 3  0 . 0  0 . 0  -0 . 1  0 . 2  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
1 9 98 22 1 . 1  0 . 7  0 . 6  0 . 8  0 . 0  0 . 0  0 . 0  0 . 5  0 . 8  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
1 9 99 18 1 . 1  1 . 0  0 . 7  0 . 8  -0 . 1  0 . 0  -0 . 2  0 . 2  0 . 4  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2000 22 0 . 5  -0 . 1  0 . 0  0 . 1  -0 . 3  0 . 0  -0 . 6  -0 . 4  - 0 . 2  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  ::r: 2001 1 7  0 . 4  0 . 1  0 . 4  0 . 4  -0 . 1  -0 . 1  - 0 . 1  0 . 9  1 . 2  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
2 0 02 1 8  1 . 2  0 . 9 0 . 3  0 . 3  -0 . 1  - 0 . 1  -0 . 1  -0 . 5  - 0 . 5  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
2 0 03 1 4  0 . 9  0 . 6  0 . 4  0 . 8  0 . 0  0 . 0  0 . 2  0 . 1  0 . 2  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  �. 
2004 30 2 . 3  1 . 8  1 . 6  1 . 0  0 . 4  0 . 2  0 . 1  0 . 2  0 . 2  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  I 
2 0 05 1 9  1 . 0  0 . 6  0 . 6 0 . 4  0 . 1  0 . 1  -0 . 9  - 1 . 1 - 0 . 9  - 0 . 6  0 . 0  0 . 0  0 . 0  0' 0 . 0  0 . 0  

ro 2 0 0 6  23 1 . 5  0 . 7  0 . 4  - 0 . 1  -0 . 2  0 . 0  -0 . 2  0 . 2  0 . 6  - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
2007 22 1 . 7  1 . 3  0 . 5  0 . 2  0 . 0  0 . 0 0 . 0  -0 . 2  0 . 0  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  
2 0 0 8  1 5  1 . 5  0 . 9  0 . 4  0 . 2  0 . 0  0 . 0  0 . 0  0 . 2  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  

AVERAGE 1 . 2  0 . 8  0 . 6 0 . 5  0 . 0  0 . 0  - 0 . 1  0 . 1  0 . 3  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  



T a b l e  H - 1 j - 1 2  
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BPAHYSUH SUJm\ary 
Bal!e Study : BAOOOMED : PSCE I S  : BASE CASE Dat e :  3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BE4 1 0MED : PSCEI S  : ALT4 1 0  Dat e :  1 -FEB-8 9  1 6 : 02 : 5 5 
Di fference - ( Incr Study) - (Ba .. e Study ) 
Number o f  Game .. : 200 
Average Over High Water Year .. ( Top 1 0  P e rcent ) 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Di fference Of 
Dwor .. hak Re.. Elev ( feet ) 
------------------------------

ANN 
YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP 1 AP2 HAY JUN JUL AG1 AG2 AVG 
- - - - - -----
1 98 9  22 -3 . 8  - 4 . 0  -4 . 3  -2 . 7  0 . 0  0 . 0  -5 . 3  -5 . 9  - 7 . 1  -3 . 7  0 . 0  0 . 0  0 . 0  0 . 0  -2 . 6  
1 990 1 9  -3 . 9  - 4 . 0  - 4 . 0  -0 . 6  0 . 0  0 . 0  -0 . 6  - 1 . 5 -2 . 3  - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 3  
1 9 91 20 -3 . 5  -3 . 1  -3 . 3  -2 . 1  0 . 0  0 . 0  -2 . 6  -3 . 8  -3 . 9  - 1 . 6 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 7 
1 9 92 22 - 6 . 1  -5 . 4  - 4 . 1  - 0 . 3  0 . 0  0 . 0  - 1 . 4  - 1 . 6 - 1 . 2 - 0 . 7  0 . 0  0 . 0  0 . 0  0 . 0  - 1 .  6 
1 9 93 24 -2 . 7  -4 . 1  - 5 . 0  -3 . 4  0 . 1  - 0 . 1 - 3 . 2  -5 . 7  - 5 . 6  - 1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  -2 . 1  
1 9 94 15 -2 . 5  -3 . 9  - 6 . 1  - 3 . 9  0 . 0  0 . 0  - 8 . 2  - 9 . 7  - 9 . 2 -4 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 3 . 2  
1 9 95 1 5  -3 . 9  - 5 . 6  - 7 . 2  - 4 . 2  0 . 0  0 . 0  - 1 2 . 5  - 1 5 . 6  - 1 5 . 1  - 7 . 7  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 7  
1 9 96 23 - 1 . 8 - 3 . 2  - 5 . 5  - 3 . 2  0 . 5  0 . 2  - 6 . 6  - 8 . 4  - 8 . 3  -4 . 2  0 . 0  0 . 0  0 . 0  0 . 0  -2 . 7  
1 9 97 1 6  -2 . 5  - 4 . 9  - 5 . 6  -3 . 9  0 . 2  - 0 . 2  - 1 0 . 4  - 1 4 . 5  - 1 4 . 9  - 6 . 2  0 . 0  0 . 0  0 . 0  0 . 0  -4 . 0  
1 9 98. 22 -3 . 9  - 5 . 7  - 7 . 0  -3 . 7  0 . 0  0 . 0  - 1 3 . 3  - 1 5 . 7  - 1 4 . 4  - 7 . 9  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 6  

::r:: 1 999 18 -2 . 6  - 4 . 4  - 5 . 7  -4 . 2  -0 . 2  - 0 . 1  - 1 3 . 6  - 1 6 . 5  - 1 5 . 5 - 8 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 4 . 5  
2000 22 -1 . 7 - 3 . 1  -5 . 2  - 3 . 1  -0 . 1  0 . 0  - 5 . 8  - 7 . 8  - 7 . 8  -3 . 3  0 . 0  0 . 0  0 . 0  0 . 0  -2 . 5  
2001 17 -4 . 1  -5 . 4  - 6 . 0  - 3 . 3  0 . 2  -0 . 1  -2 . 7  -5 . 1  - 6 . 0  - 1 . 4 0 . 0  0 . 0  0 . 0  0 . 0  -2 . 4  

�. 2002 1 8  -2 . 3  - 3 . 2  - 3 . 9  - 1 . 8 -0 . 2  -0 . 3  -2 . 5  -5 . 2  - 5 . 9  - 1 . 4  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 8 
I 2 003 1 4  2 . 0  1 . 5  0 . 9  1 . 5  0 . 0  0 . 0  -2 . 1  -2 . 4  - 1 . 9 - 1 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  

0' 2004 30 1 . 7  1 . B  1 . 9  1 . 6  0 . 5  0 . 3  1 . 5 2 . 2  2 . 1  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0  
-D 2005 1 9  0 . 2  0 . 2  0 . 6  0 . 3  0 . 2  0 . 4  - 1 . 2  - 1 . 7 - 1 . 5 -0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  

2006 23 -0 . 3  0 . 0  0 . 4  0 . 0  -0 . 2  0 . 0  -0 . 6  0 . 8  1 . 5  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2007 22 -0 . 7  - 0 . 5  -0 . 6  0 . 4  0 . 1  - 0 . 1 -0 . 4  -1 . 9 -2 . 4  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 4  
2008 15 0 . 5  0 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 9  - 1 . 4 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  

AVERAGE -2 . 1  - 2 . 7  -3 . 4  - 1 . 7  0 . 1  0 . 0  -4 . 3  -5 . 7  - 5 . 6  -2 . 5  0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 9 



T a b l e  H - l j - 1 2  

. * * * * * *  • • • • • • • • • • • •  * * * * * * * * * * * * * * * * . * * * * . * * . * * * * * *  • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * • • • • • • * * * • • • •  * * *  • • •  * • • •  
BPAHYSUH Sunmary 

Ba"e Study : BAOOOHED : PSCE I S  : BASE CASE Dat e :  3 -JAN- 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BB4 1 5HED : PSCE I S  : ALT4 1 5  Dat e :  1 4 -FEB- 8 9  1 6 : 00 : 08 
Di fference - ( Incr Study) - (Ba"e Study) 
Number of Game,, : 200 
Average Over High Water Year" ( Top 1 0 Percent ) 
* . * * *  • • • • •  * * * * * * * * * * * * * * * * * * * * *  • • • * * * * * * * * * * * * * * * *  • • •  * • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * *  • •  * * *  • •  * * * *  • • • •  * * *  • • •  * * *  • • • • • • 
Difference Of 
Dwor"hak Re" E 1 ev ( feet ) 
---------------------- - - - - - - --

YEAR I NUH SEP OCT NOV DEC JAN FEB MAR AP I  
ANN 

AP2 MAY JUN JUL AG1 AG2 AVG 
------- ---
1 98 9  22 -3 . 7  -3 . 7  - 4 . 0  -2 . 4  0 . 0  0 . 0  - 3 . 6  -4 . 0  - 4 . 0  - 1 . 9 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 9 
1 990 1 9  -2 . 3  -2 . 1  - 1 . 9 0 . 4  0 . 0  0 . 0  -0 . 4  0 . 4  0 . 5  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  
1 991 20 -2 . 4  - 1 . 6 - 1 . 6 - 0 . 6  0 . 0  0 . 0  - 1 . 0  -1 . 7 - 1 .  7 - 0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 8  
1 9 92 22 -2 . 9  -2 . 3  - 1 . 3 0 . 8  0 . 0  0 . 0  -0 . 3  0 . 1  0 . 7  0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
1 9 93 24 -1 . 3 -2 . 0  -2 . 4  - 1 . 5  0 . 3  0 . 0  - 0 . 7  -2 . 7  - 3 . 4  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 9  
1 9 94 15 -0 . 2  -0 . 8  - 2 . 4  -2 . 3  0 . 0  0 . 0  - 0 . 5  -2 . 2  -3 . 0  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 8  
1 9 95 15 -0 . 6  -2 . 1  - 3 . 3 - 1 . 3 0 . 0  0 . 0  - 1 . 6 -4 . 0  -5 . 0  -1 . 2 0 . 0  0 . 0  0 . 0  0 . 0  - 1 . 3 
1 9 96 23 0 . 9  0 . 2  - 1 . 1 - 0 . 1  0 . 4  0 . 2  0 . 0  - 1 . 1  - 1 . 6 - 0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 1  
1 9 97 1 6  0 . 2  - 0 . 9  - 1 . 0 0 . 0  0 . 0  - 0 . 2  -0 . 5  -2 . 2  -3 . 0  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 5  
1 9 98 22 0 . 5  - 0 . 6  -0 . 6  0 . 8  0 . 0  0 . 0  0 . 0  1 . 4  1 . 9  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  
1 9 99 18 1 . 7  0 . 8  1 . 4  1 . 3  0 . 2  0 . 0  0 . 3  2 . 0  3 . 1  0 . 5  0 . 0  0 . 0  0 . 0  0 . 0  0 . 8  :I: 2000 22 - 1 . 1  - 1 . 4  - 1 . 2 -0 . 5  -0 . 4  - 0 . 1  - 0 . 6  0 . 5  1 . 0  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 4  
2001  1 7  -2 . 0  - 1 . 9 - 0 . 4  0 . 2  -0 . 3  - 0 . 2  -0 . 2  1 . 6  2 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  
2002 1 8  -3 . 2  -4 . 0  -3 . 0  0 . 0  -0 . 2  - 0 . 2  -0 . 2  0 . 2  0 . 2  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 9 G. 

1 4  -0 . 9  -0 . 3  1 . 3  2 . 0  -0 . 1  0 . 0  -0 . 5  3 . 1  5 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  2003 I 
30 1 . 0  1 . 6  2 . 9  1 . 9  0 . 1  0 . 1  1 . 2 4 . 5  5 . 9  0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  1 . 3  --l 2004 

0 2005 1 9  -0 . 8  0 . 0  1 . 4  0 . 5  0 . 2  0 . 3  - 0 . 3  2 . 4  3 . 6  - 0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  
2006 23 0 . 4  -0 . 2  0 . 9 0 . 1  0 . 0  0 . 0  0 . 0  3 . 3  4 . 8  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  
2007 22 - 1 . 2 - 1 . 4 - 0 . 4  0 . 3  0 . 0  -0 . 1  0 . 0  0 . 1  0 . 5  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 2  
2 0 0 8  1 5  0 . 2  -0 . 4  0 . 0  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 8  1 . 1  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 

AVERAGE -0 . 9  - 1 . 1 -0 . 8  0 . 0  0 . 0  0 . 0  - 0 . 4  0 . 2  0 . 6  -0 . 1  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 2  



T a b l e  H - l j - 1 2  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

BPAHYSUM Summary 
Base Study : BAO O OMED : PSCE I S  : BASE CASE Date : 3 -JAN - 8 9  0 6 : 5 5 : 2 8 
I ncr Study : BA4 3 0MED : PSCE I S  : ALT4 3 Dat e :  2 1 -JAN- 8 9  05 : 1 4 : 2 9 
Di f f e rence = ( Incr S tudy) - (Base Study ) 
Number o f  Game .. : 2 0 0  
Average Over High Water Years ( Top 10 P e rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * *  
D i  fference Of 
Dwor .. hak Re .. E1ev ( fee t )  
- - - - - - - - - - - - - - - - - - - - - - - -- - -- - -

YEAR / NUM SEP OCT NOV DEC JAN FEB MAR AP I AP 2 MAY JUN 
ANN 

JUL AG1 AG2 AVG - - -- - - -- - -
1 9 8 9  22 1 . 1  1 . 1  1 . 3  1 . 6  0 . 0  0 . 0  0 . 0  1 . 5  2 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6 1 9 90 1 9  0 . 5  0 . 4  0 . 3  0 . 8  0 . 0  0 . 0  0 . 0  -0 . 2  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 1 9 91 20 3 . 4  2 . 8 2 . 7  1 . 1  0 . 0  0 . 0  0 . 3  2 . 4  3 . 3  0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  1 . 2  1 9 92 22 4 . 2  3 . 3  2 . 0  1 . 8  0 . 0  0 . 0 0 . 0  -0 . 7  - 0 . 5  0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 9 1 9 93 24  2 . 8  2 . 0  1 . 3  0 . 7  0 . 1  - 0 . 2  - 0 . 4  -2 . 6  - 3 . 5  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  1 9 94 15 1 . 7  1 . 1  - 0 . 2  0 . 5  0 . 0  0 . 0  0 . 0  -1 . 9 - 2 . 8  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 9 95 15 3 . 7  2 . 6  1 . 2  0 . 9  0 . 0  0 . 0 - 0 . 2  -2 . 7  - 4 . 2  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  1 9 9 6  2 3  3 . 7  2 . 7  1 . 6  1 . 6  0 . 6  0 . 2  - 0 . 1  - 1 . 6  - 2 . 5  -0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6 1 9 97 1 6  3 . 1  1 . 6  1 . 2  1 . 6  0 . 7  0 . 1  -0 . 2  -4 . 0  - 5 . 7  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  1 9 98 22 1 . 7  0 . 1  - 0 . 9 -0 . 3  0 . 0  0 . 0  - 0 . 3  -2 . 1  - 3 . 2  - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  - 0 . 3  1 9 9 9  1 8  4 . 7  2 . 8  1 . 0  1 . 6  0 . 3  0 . 0  - 0 . 6  -2 . 5  - 3 . 3  -0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  ::r:: 2 0 0 0  22 3 . 0  1 . 6  0 . 4  0 . 5  0 . 1  0 . 0  -0 . 5  - 2 . 3  - 3 . 1  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  2 0 0 1  1 7  3 . 2  1 . 7  0 . 3  0 . 3  0 . 0  - 0 . 2  -0 . 2  -2 . 4  - 3 . 8  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1  2 0 0 2  1 8  1 . 9  1 . 2  - 0 . 3  0 . 3  0 . 5  0 . 1  - 1 . 5  -4 . 1  - 4 . 9  - 0 . 9  0 . 0  0 . 0  0 . 0  0 . 0  -0 . 3  �. 2 0 03 1 4  3 . 2  2 . 2  1 . 6  2 . 0  0 . 0  0 . 0  - 2 . 1  -2 . 3  - 1 . 7 - 1 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 3  2 0 04 3 0  5 . 4  5 . 0  4 . 2  2 . 7  0 . 7  0 . 3  1 . 0 1 . 2  1 . 1  0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  1 . 7  ---J 2 0 0 5  1 9  2 . 5  2 . 2  2 . 1  1 . 5  0 . 2  0 . 2  - 0 . 8  - 1 . 9 - 2 . 1  - 0 . 6  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  2 0 0 6  2 3  1 . 9  0 . 9 0 . 7  0 . 3  0 . 1  0 . 0  -0 . 7  - 1 . 4  - 1 . 6 - 0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 2 0 0 7  22 2 . 4  1 . 5  0 . 5  0 . 9  0 . 3  0 . 3  -0 . 2  -2 . 4  - 3 . 3  -0 . 3  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  2 0 0 8  1 5  2 . 1  1 . 0  0 . 2  0 . 1  0 . 0  0 . 0 0 . 0  -2 . 2  - 3 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

AVERAGE 2 . 9  2 . 0  1 . 1  1 . 1  0 . 2  0 . 1  - 0 . 3  - 1 . 4 - 2 . 0  - 0 . 2  0 . 0  0 . 0  0 . 0  0 . 0  0 . 4  



T a b l e  H - l j - 1 2 
• • •  * *  • • •  * *  • • • • • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * . * . * * * * *  • •  * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  BPAHYSUH Sunm .. ry B .... e Study : BAOO OHED : PSCE I S  : BASE CASE 

D .. te : 3-JAN- 8 9  0 6 : 5 5 : 2 8 Incr Study : BC4 40HED : PSCE I S  : ALT44 
D .. te : 2 8 -JAN- 8 9  0 6 : 0 6 : 3 1 Difference = ( Incr S tudy) - (Base Study) 

Nwnber o f  Game ,, : 200 
Aver .. ge Over High W .. ter Ye .. r" ( Top 10 Pe rcent ) 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  • • • * *  • • • • • • • • • • • • • • * * . * *  • • • • • • • • * * * *  • • • • • • •  * * * * * * * * * * * * * * * * * * * * * * * * * *  
Di fference Of 
Dwor .. h .. k Re .. E lev ( feet )  
- - - - - - - - - - - - - - - - - - - - - - - - - - ----

ANN 
YEAR / NUH SEP OCT NOV DEC JAN FEB MAR API AP2 HAY JUN JUL AGI AG2 AVG 
- - - - - - - - - -
1 9 8 9  2 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  
1 9 90 1 9  0 . 0  0 . 0  0 . 0  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 91 20 0 . 0  0 . 0  0 . 0  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 92 22 0 . 0  0 . 0  0 . 0  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 93 24 0 . 0  0 . 0  0 . 0  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 94 1 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  0 . 0  0 . 0  
1 9 95 1 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  0 . 0  0 . 0  
1 9 96 23 0 . 0  0 . 0  0 . 0  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 97 1 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  
1 9 98 22 0 . 0  0 . 0  0 . 0  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 99 1 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  0 . 0  
2000 22 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2001 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  

:r:: 2002 1 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  0 . 0  
2003 1 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  
2004 30 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

w. 2005 1 9  0 . 0  0 . 0  0 . 0  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 

2006 23 0 . 0  0 . 0  0 . 0  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 

2007 22 0 . 0  0 . 0  0 . 0  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 

2008 15 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  AVERAGE 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  





- - - -------------------------------------------------------------------------------------------------------------------.-



H-1 k 

FREQUENCY OF CHANGE I N  RESERVO I R  ELEVAT I ONS GREATER THAN 5 FEET 





::r: 

::<;' 

TEST COIfTRACT 
CASE YEAR SEPT OCT 

BAOOOMED 
BDHOMED 
BE4 I OIlED 
BB4 I SilEO 
BA430MED 
BC440llED 
BAOOOMED 
BDl 20MI:D 
BE4 1 011ED 
BB4 1511ED 
BA(t30tlED 
BC(,4 0IlED 
BAC'OOtlED 
BU I ,OIlED 
BE4 1 011ED B�4 1 511ED BA4 3011ED BC4(,0IlED 

1 991 
1 99 1 1 991 
1 991 
991 

1 991 

1 +1- 1 
0/0 

3 . 51 O '
i 6 . 0175 . 

4 . 5/56 . 
1 9 . 51 1 . 5 
0 . 01 0 . 0  

1 993 010 
1 993 1 1 .  01 0 . 0  
1 993 7 . 0169 . 0  
1 993 5 . 01Z7 . 0  
1 993 25 . 01 0 . 0  
1 993 0 . 01 0 . 0  

1 +1- 1 
010 

4 . 01 0 '1 
6 . 0172 . 
4 . 5/55 . 
21 . 01 1 .  
0 . 01 O .  

010 
1 2 . 01 0 . 0  
6 . 5/68 . 5  
5 . 51Z8 . 0  
26 . 51 0 . 0  
0 . 01 0 . 0  

1 995 
1 995 
1 995 
1 995 
1 995 
1 995 

010 0/0 
1 3 . 51 1 . 0  1 4 . 01 1 . 0 
1 2 . 0/66 . 0  1 0 . 0/62 . 0  
5 . 011 3 . 5  14 . 0/ 1 5 . 5  

34 . 01 0 . 0  37 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 .0 

NOV DEC 

T a b l e  H - l k - 1 

F REQUENCY OF �OF PER� RESER VO� ��VATt1N CHAI�GES FR AS[ CA IRE�TER A FE 1 7. 1  
I PBB . P9800 . .HT7 . S  I 5 IBRA 1 ZJG 1 

HUNG 0 E JAN FEB MAR API AP2 HAY 

1 +1- 1 1 +1- 1 1 +1- 1 1 +1- 1 1 +1- 1 1 +1- 1 1 +1- 1 1 +1- 1 
010 010 010 010 010 010 010 

1
/0 

4. 01 O. 4. I O. 6 . 01 . . I .  . I .  . I .  . I . 0 • I . 
6 . 0/6

i
· �  6 '1/61 ' 1 6 . 5/51 · � � ·i/4� .� t . �/21 · A  i · fi/21 ·1 t . �/2i · 1 I ' 12� . 2  4 . 0/5 . 0  4 .  15 . 6 . 0/3 . 4 .  129 . 3  5 . 5/1 '

1 
. 011

1
' , .  11

�
. . 5/1 . �  

26 . 01 . 5 28 . I . 24 . 51 . 25 . I 2 . g  1 7 . 51 . 1 . 51 • I S .  I . 1 . 01 . 5  
0 . 01 0 . 0  0 . 01 . 0  0 . 01 0 . 0  O .  I O .  0 . 01 • 0 . 01 . 0 . 01 . . 01 0 . 0  

� � � � � � gn � 
1 2 . 01 0 . 0  1 3 . 51 0 . 0  1 4 . 51 0 . 0  11 . 51 0 . 0  

1
. 51 0 ' 1 J ' gl 0 . 0  i ' I 

l
'
� 

1 . 51 o '
g 6 . 5168 . 5  6 . 0/70 . 0  4 . 5/52 .

� 
' 8/3�

. 5  . 01 1 7 .  . 11 7 . 5  '
S
/2 . . 0/ 1 4 .  

5 . 0/31 . 0  4 . 0/31 . 0  3 . 5/24 . . 11 . g  .51 6 .  . I 5 . 5  . I .  . �I 4 .  
2 7 . 01 0 . 0  27 . 51 0 . 0  24 . 51 O .  I . 01 . 1 7 . 01 0 . 0  I . 01 0 . 0  1 . I z . g  1 . I g . o  
0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  . 01 O .  . I . 0  

010 
14 . 01 1 '

1 9 . 016 1 . 
!4 . 0/ 1 6 .  
8 . 01 0 . 0  
0 . 01 0 . 0  

010 010 
1 5 . 01 1 . 0 1 4 . 51 1 . 0 
8 . 5163 . 5  3 . 5/57 . 5  1 3 . 5/1 6 . 5  1 0 . 0/1 7 . 0  

38 . 01 0 . 0  35 . 01 2 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  

g/o II ' I 1 . 0  
. 0146 . 

1 . 0110 . 2  
3 . 51 1 . � 

. 01 0 . 0  

l
i
J�

Oi ' O  . 5/3 '1 
1 . 01 . 
26 . 01 . 
0 . 01 • 

010 0/0 010 
11 . 01 1 . 0 1 1 . 01 

1
. 0  1 0 . 01 1 . 0  

. 0/26 . 0  . 0/3 .
� 

3 . !/2 . 5  
1 . I . 0  . I . 8 .  I . 0  
2 . gl � . 5  � . �I g .  1 9 .  I . g  

. 01 � . o  0 . 01 . 0  O .  I O .  

JUNE 
1 +1- 1 
010 

1
. 01 1 ' 1 . 0114 . 
. 01 8 .  

1 1 . 01 O .  
0 . 01 0 . 0  

010 
6 .

�
1 0 . 0  

2 .  I 6 . 0  
4 .  I 3 . 0  1 4 . 01 0 . 0  
0 . 01 0 . 0  

010 
1 0 .  01 I .  a 
2 '

1
1 14 .5 l .  I 4 . 5  

2 . I 0 . 0  
. 01 0 . 0  

1 5 .04 HONDAY , JULY 24 , 1989 

JULY AGI AG2 
1 +1- 1 1 +1- 1 1 +1- 1 
010 010 1/0 
. 01 O .  4 .  I O .  6 .  I . � : 0
�
1� : �  � : ��l l : � 1 � :  �1� : � 

9 . �1 . a  1 3 . 81 0 . 2  1 2 .  I 8 . �  
0 . 01 . 0  0 . 01 o . �  O .  I 0 . 0  

010 
1
. 0/ 0 . 0  
. 51 6 '

5 . 51 . 
1 4 . 01 g .  
0 . 01 0 . 0  

010 
1 0 . 01 0 '

1 6 . 5/ 1 3 .  
1 0 . 01 4 .  
2 1 . 5/ 0 . 0  
0 . 01 0 . 0  

1 · 8�01 · 1 7 .

8
�01 · � . 51 . 1 6 . 51 . . I . 7 . 01 . 

1 . al . I 9 . 51 . a 
. 01 O .  0 . 01 0 . 0  

gt
o 010 

l I : g� l l0 : �  Ij :�� ! : �  
2 . 51 . fi  � 2 . 51 0 . 5  

. 01 . 0  0 . 01 0 . 0  
BAOOOMED 1 997 
BDl 20MED 

1
997 

BE41011ED 997 
BB4 1 5MED 997 
BA43011ED 1 997 
BC440l1ED 1 997 

0/0 010 010 
9 . 51 0 . 5  9 . 01 O '

i 
9 . 51 0 . 5  

010 010 010 0/0 0/0 010 010 010 0/0 010 010 
1 2 . 01 0 . 5  1 4 . 01 0 . 5  1 2 . 51 0 . 5  1 0 . 01 0 . 5  9 '

i
/ 0 '

5 
l · 51 0 . 5  8 . 01 

l
· 5  8 . 01 0 . 0  9 'i/ 0 ' 1 7 . 51 o . g  8 .

�
1 i ' l 

BAOOOllED 2001 
BU I 2011ED 2001 
BE4 1 0l1ED 200 1 
�B4 15MED 2001 
BA430tll:D 200 1 
BC440l1ED 200 1 
BAOOOIIED 2005 BD I <OilED 2005 
BE4 1 0llED 2005 
ElB4 1 5MED 2005 BA4 301lE:D 2005 BC44011ED 2005 

1 1 . 0/63 . 5  1 1 . 0/53 .  1
1
. 0/49 . 5  

1 . 51 8 . 0  1 1 . 51 8 .  I . 51 8 . 0  
2 9 . 01 0 . 0  30 . 01 0 . 0  2 . 01 0 . 0  
0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  

010 
1 4 . 51 0 . 0  
1 8 . 0/36 . 0  
1 5 . 5/ 1 4 . 0  
32 . 01 0 . 0  
0 . 01 0 . 0  

010 
1 0 . 51 0 . 0  
8 . 5114 . 0  
1 0 .  011 2 . 5  
1 8 . 01 0 . 0  
0 . 01 0 . 0  

010 
1 6 . 01 0 . 0  
1 7 . 01!2 . 0  
1 4 .  011 5 . 5  
35 . 01 0 . 0  
0 . 01 0 . 0  

010 
1 3 . 01 0 . 0  
9 . 0114 . 5  

1 0 . 0/1 3 . 5  
25 . 01 0 . 0  
0 . 01 0 . 0  

010 
1
7 . 51 0 . 0  
5 . 5130 . 5  
4 . 0/ 16 . 5  
34 . 51 0 . 0  
0 . 01 0 . 0  

010 
1 3 . 51 0 . 0  
7 . 5115 . 5  
9 . 0/12 . 5  

2 7 . 01 0 . 0  
0 . 01 0 . 0  

9 . 5155 . 0  8 . 5/52 . 0  7 . 5/42 . 0  6 . 0/21 . 0  6 .  12 1 .  . 0/2
1
. 0  5 . 0/1 .0 4 . 5/1 1 . 0  l Z '  I l '  1

6 ' 8
1 

t · 1 9
. I . 

1 1 . 0/ 8 . 0  1 1 . 01 9 . 0  l Z . 01 6 . 5  1 0 . 01 '
5 1

0 .  1 4 . 1 . 01 '
5 

i ' il ' i 1 0 . 51 1 . 0 3 .  I . 4 .  I . � 4 .  I . 
30 . 51 0 . 0  2 9 . 51 0 . 5  26 . 01 0 . 5  9 . 01 • 9 . 01 1 . 5 . 51 . 1 .  I O .  5 . 5/ 0 . g  9 .  I . 0 . 01 O .  22 . 01 . 
0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 • 0 . 01 0 . 0  0 . 01 O .  . I O .  0 . 01 O .  0 . 01 O .  0 . 01 O .  0 . 01 O .  

� � gn � gn � � � � � � 
1 4 . 5/3 . 0  2 . 51 9 .  . I 0 . 5  8 . 01 4 .  . I 4 . 0  7 .  1 1 6 .  . 0/ . 0  8 . 01 6 .  . I 5 .  9 . 01 5 .  1 . 51 . 
1 9 . 01 0 . 0  1 8 . 51 0 . 0  Ii ' I 0 . 0  1 3 . 01 O . � 1 � . I 0 . 0  I I '

S
I 0 . 0  8 . 01 0 . 0  7 . 01 0 . 0  7 . 01 0 . 0  6 . 5/ 0 . g  6 . 5/ 0 . g  

1 5 . 0/1� . 5  1 4 . 0/f
i
' �  . �/f3 . 0  7 . 0/ I z .  . �/l z . g  4 .  1 1 2 . �  t . 5/ 1 f . 0  4 . 0/1 0 . �  � . 2/1 0 . �  4 . 0/ 10 . 0  ! . 5/1� . 0  

36 . 01 0 . 0  37 . 51 . 5  Z . 31 0 . 5  25 . 01 2 . 0  Z2 . 01 1 .  2 1 . 01 0 . 0  1 � . 01 0 . 0  1 8 . 51 0 . 0  1 9 . 31 o . �  20 . 01 0 . 0  1 8 . 51 0 . 0  
0 . 01 0 . 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  

010 
1 4 . 01 0 . 0  
8 . 011 6 . 5  
9 .  0/1 1 . 5 

2 9 . 01 0 . 0  
0 . 01 0 . 0  

010 010 0/0 0/0 
1 7 . 01 0 . 0  14 . 51 0 . 0  1 5 . 01 0 ' 1 14 . 01 0 . 0  
9 . 511 3 . 0  8 . 0/ 1 3 . 5  9 . 0/1 1 . 7 .

�
1 9 . 5  

1 1 . 01 9 . 5  8 . 51 I . g 8 . 01 2 .  7 .  1 12 . 0  
28 . 01 0 . 5  Z4 . 01 O .  ZO . 51 O .  20 . I 0 . 5  
0 . 01 0 . 0  0 . 01 0 . 0  0 . 01 O .  0 . 01 0 . 0  

0/0 
1 2 . 01 0 . 0  
4 . 51 9 . 5  
4 . 511 2 . 0  
1 7 . 01 0 . 0  
0 . 01 0 . 0  

010 
1 0 . 01 0 . 0  
3 . 51 9 . 0  
4 . 51 1 0 . 0  
1 5 . 01 0 . 0  
0 . 01 0 . 0  

010 
9 . 51 0 . 0  
7 . 01 6 . 5  
7 . 01 9 . 0  

1 5 . 51 0 . 0  
0 . 01 0 . 0  

0/0 
8 . 51 0 . 0  
6 . 51 t . 5 
6 . 51 . 5  
14 . 01 . 0  
0 . 01 0 . 0  

8 . 8?0 · i 6 .  I 7 .  
6 .  I 9 .  

1 3 . �1 O .  
0 . 61 O .  

0/0 
10 . 01 0 '

1 7 . 01 9 .  
6 . 51 14 .  
1 4 . 01 l . g 
0 . 01 O .  
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T a b l e  H - l k - 3  

SAS 1 5 . 04 MONDAY , JULY 24 , 1 989 
F IlEQUEIIC'i OF EIID OF f'ERIOO RESERVOIR ELEVATION 

CHAIIGES F RON BASE CASE GREATER THAN 5 FEET , 1. /  
' POB . P9800 . CAN . NT7 . SE R IES . LIBRARY ' NT 7ZJG l 1 

LIBBY 
TEST COIfTR ACT 
CASE YEAR SEPT OCT /lOV DEC JAN FEB NAR A P I  A P 2  NAY JUliE JULY AGI AG2 

, ./ - / , ./ - 1 , ./- / , ./ - ) " /- 1  1 +/- 1 " /- 1  1 +/ - 1 " / - 1  , ./- / , ./ - / , . / - / , ./- / , . /- / 
BAOO0l1fO 1 99 1  % % % % % % % % % % % % % 0/0 
r U I Z0lllD 1 9 91 0 . 0/ 0 . 0  0 . 0/ 0 . 0  4 . 5/ 0 . 0  2 . 5/ 0 . 5  1 . 5/ 0 . 5  5 . 5/ 0 . 5  5 . 5/ 1 . 5 5 . 5/ 2 . 0  5 . 5/ 1 . 5  2 . 0/ 0 . 5  1 . 5/ 0 . 5  1 . 5/ 0 . 5  1 . 5/ 0 . 5  1 . 5/ 0 . 5  
BE4 1 01�0 1 99 1  0 . 0/ 6 . 5  0 . 0/ 75 . 5  2 . 5/84 . 0  0 . 0/27 . 0  0 . 5/23 . 5  0 . 5/ 1 8 . 5  3 . 5/ 2 1 . 5  4 . 0/ 24 . 5  4 . 5/25 . 5  ! . 0/ 1 7 . 0  1 . 0/ 1 4 . 0  2 . 0/ 1 0 . 0  2 . 5/ 8 . 5  4 . 0/ 7 . 5  
BB4 1 � �0 1 99 1  0 . 5/ 2 . 5  0 . 5/ 38 . 0  5 . 0/61 . 0  0 . 5/ 1 9 . 5  0 . 0/ 1 5 . 5  1 . 0/ 1 4 . 0  4 . 5/ 1 4 ' 1 4 . 5/ 1 4 . 5  5 . 5/ 1 5 . 0  . 0/ 8 . 5  1 . 0/ 5 . 5  1 . 5/ 4 . 0  2 . 0/ 4 . 0  3 . 0/ 4 . 0  
BA430l l E D  1 99 1  4 . 5/ 1 . 0 1 0 . 0/ 0 . 0  1 6 . 5/ 2 . 5  7 . 5/ 0 . 0  7 . 5/ 0 . 0  1 1 . 5/ 0 . 5  1 2 . 0/ 1 .  1 2 . 0/ 0 . 5  1 2 . 5/ 0 . 5  . 5/ 0 . 0  2 . 0/ 0 . 5  . 5/ 0 . 0  3 . 0/ 0 . 0  3 . 5/ 0 . 0  
8C4 4011EO 1 9 9 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 .  0 . 0/ 0 . 0  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 A O O OtlED 1 99 3  % % % % % % % % % % % % % 0/0 
r 0 1 20tll O 1 99 5  0 . 5/ 0 . 0  1 . 0/ 0 . 0  5 . 0/ 0 . 5  3 . 0/ 0 . 0  4 . 0/ 0 . 0  1 . 5/ 0 . 5  5 . 0/ 1 . 5 6 . 5/ 2 . 0  7 . 0/ 2 . 0  3 . 0/ 0 . 5  3 . 0/ 0 . 0  1 . 5/ 0 . 0  1 . 0/ 0 . 0  1 . 0/ 0 . 0  
B E 4 1 0llW 1 9 93 0 . 5/ 1 2 . 0  0 . 5/80 . 0  1 . 5/89 . 0  0 . 5/ 1 6 . 5  0 . 5/ 1 4 . 5  . 5/ 1 4 . 5  2 . 0/ 1 8 . 5  2 . 5/ 1 7 . 5  3 . 0/ 1 9 . 5  1 . 5/ 1 1 . 0 0 . 5/ 1 1 . 0 0 . 5/ 6 . 5  � . 5/ 6 . 0  4 . 5/ 5 . 0  
r B 4 1 � � 0  1 99 3  1 . 0/ 2 . 0  1 . 5/ 1 2 . 0  2 . 0/39 . 0  2 . 0/ 7 . 5  1 . 0/ 7 . 5  . 0/ 4 . 0  6 . 5/ 6 . 0  7 . 0/ 7 . 5  7 . 5/ 7 . 0  2 . 5/ 3 . 0  2 . 0/ 1 . 5 2 . 0/ 0 . 5  . 0/ 0 . 5  Z . O/ 0 . 5  
B�4 �ClIlO 1 9 9 3  3 . 5/ 0 . 0  8 . 5/ 0 . 0  1 2 . 5/ 5 . 5  7 . 5/ 0 . 0  6 . 0/ 0 . 0  1 2 . 5/ 0 . 0  1 1 . 5/ 2 . 0  1 1 . 5/ 3 . 5  1 1 . 0/ 4 . 0  7 . 0/ 0 . 0  5 . 0/ 0 . 0  4 . 0/ 0 . 0  . 5/ 0 . 0  4 . 5/ 0 . 0  
BC4�0I1l0 1 9 9 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/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  

BAQOOMEO 1 9 95 % % % % % % % % % % % % % 0/0 
B 0 1 2 0llcO 1 995 1 . 5/ 0 . 0  3 . 5/ 0 . 0  3 . 5/ 0 . 0  2 . 5/ 0 . 5  3 . 5/ 0 . 0  6 . 0/ 0 . 0  5 . 0/ 0 . 0  5 . 5/ 0 . 0  5 . 5/ 0 . 0  4 . 0/ 0 . 0  3 . 0/ 0 . 0  3 . 5/ 0 . 5  3 . 5/ 0 . 5  4 . 0/ 0 . 5  
r E <t 1 01lcO 1 995 3 . 5/ 8 . 0  2 . 0/ 7 7 . 0  1 . 0/ 90 . 0  1 . 0/ 25 . 0  0 . 5/ 2 3 . 0  1 . 5/ 1 8 . 0  1 . 0/ 1 8 . 5  1 . 0/ 1 8 . 5  1 . 0/ 20 . 0  ) . 0/ 1 2 . 5  0 . 5/ 1 1 . 5 2 . 5/ 9 . 0  6 . 0/ 8 . 0  6 . 0/ 7 . 5  
BC4 1 5HEO 1 995 4 . 5/ 1 . 5 5 . 0/ 1 2 . 5  4 . 0/34 . 5  2 . 5/ 7 . 5  2 . 0/ 5 . 0  4 . 0/ 4 . 5  3 . 5/ 4 . 5  4 . 0/ 4 . 5  4 . 0/ 4 . 0  3 . 5/ 1 . 5 3 . 0/ 0 . 5  5 . 0/ 0 . 0  6 . 0/ 0 . 0  6 . 0/ 0 . 0  
BA4 �0I � 0  1 9 95 1 3 . 0/ 0 . 0  1 4 . 0/ 0 . 0  1 8 . 0/ 1 9 . 5  1 4 . 0/ 0 . 0  9 . 0/ 0 . 0  1 7 . 0/ 0 . 0  14 . 0/ 2 . 0  1 6 . 0/ 4 . 0  1 6 . 5/ 3 . 5  9 . 5/ 0 . 0  6 . 5/ 0 . 0  8 . 0/ 0 . 0  9 . 0/ 0 . 0  1 1 . 0/ 0 . 0  
BC,.4011W 1 9 95 O .  0/ o .  a O .  0/ o .  a O .  0/ O .  a O .  0/ O .  a O .  0/ o .  a O .  0/ O .  a O .  0/ O .  a O .  0/ O .  a O .  0/ O .  a O .  0/ O .  a O .  0/ o .  a o .  0/ O .  a o .  0/ o .  a o .  0/ o .  a 
BACOOl1EO 1 997 % % % % % % % % % % % % % 0/0 
B0 1 ,01lEU 997 2 . 5/ 0 . 5  2 . 5/ 0 . 0  7 . 5/ 0 . 0  5 . 0/ 0 . 0  3 . 5/ 0 . 0  , . 5/ 0 . 0  1 . 0/ 0 . 0  4 . 0/ 0 . 0  3 . 0/ 0 . 0  0 . 5/ 0 . 0  0 . 5/ 0 . 0  1 . 0/ 1 . 0 1 . 0/ 0 . 5  1 . 0/ 0 . 5  
BE4 1 0llEO 1 9 97 2 . 5/ 8 . 0  2 . 5/81 . 0  2 . 5/91 . 0  3 . 0/20 . 5  1 . 5/23 . 5  . 5/20 . 0  . 0/20 . 5  4 . 0/20 . 0  4 . 0/ 2 1 . 5  1 . 5/ 1 3 . 5  1 . 0/ 1 2 . 5  3 . 0/ 9 . 0  4 . 5/ 7 . 0  6 . 0/ 5 . 5  
r e4 1 511EO 1 9 97 3 . 0/ 1 . 5 4 . 0/ 3 . 5  4 . 5/2 1 . 0  3 . 0/ 4 . 5  3 . 0/ 2 . 0  . 0/ 2 'i . 5/ 3 . 0  1 . 0/ 4 . 0  6 . 5/ 4 . 0  � . 5/ 2 . 5  1 . 5/ 2 . 0  3 . 0/ 2 . 0  3 . 0/ 1 . 5 4 . 0/ 1 . 5 
B A4 301�0 1 9 9 7  9 . 0/ 0 . 0  1 1 . 0/ 0 . 0  1 9 . 0/2 . 5  1 6 . 0/ 0 . 0  9 . 5/ 0 . 0  1 . 5/ O .  1 0 . 5/ 3 . 0  1 . 5/ 4 . 0  1 0 . 5/ 4 . 0  . 0/ 0 . 0  4 . 5/ 0 . 0  4 . 5/ g . 5  5 . 5/ 0 . 0  5 . 5/ 0 . 0  
BC440llEO 1 9 97 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 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  

IIAOO0l1fO 2001 % % % % % % % % % % % % % 0/0 
B0 1 2 0HEU 200 1 t . o/ 0 . 0  2 . 5/ 0 . 0  4 . 0/ 0 . 5  4 . 0/ 0 . 0  1 . 0/ 1 . 0  8 . 0/ 0 . 5  6 . 0/ � ' I 6 . 5/ 0 . 5  4 . 0/ 0 . 5  3 . 5/ 0 . 0  � . 5/ 0 . 0  3 . 0/ 0 . 0  , . 0/ 0 . 0  , . 5/ 0 . 0  
BE41 0llEO 2001 . 5/ 4 . 0  3 . 0/37 . 5  2 . 0/66 . 0  4 . 0/ 1 4 . 5  1 . 0/1 3 . 0  3 . 5/1 3 . 5  � . 5/ 1 . 3 ' �/ 15 . 0  2 . 5/ 1 4 . 5  1 . 5/ 1 . 5  . 0/ 6 . 5  1 . 0/ 3 . 5  . 0/ � . 5  . 5/ � . 5  
BC4 1 5t1EO 2001 . 0/ 3 . 5  2 . 0/ 6 . 0  5 . 5/ 1 1 . 5 2 . 5/ 5 . 0  0 . 0/ 6 . 0  0 . 0/ 9 '8 . 0/ . O .  / 0 . 0  0 . 0/ 9 . 5  0 . 0/ . 0  . 0/ 5 . 0  0 . 0/ 4 . 0  . 0/ . 5  . 0/ . 0  
BA4 30tlEO 200 1 8 . 5/ 0 . 0  9 . 0/ 0 . 5  1 7 . 0/ 2 ) , 0  1 4 . 0/ 0 . 0  4 . 5/ 0 . 0  1 2 . 5/ O .  1 . 5/ 2 .  1 0 .  / 3 . 5  9 . 5/ 3 . 5  7 . 5/ . 5  5 . 5/ 0 . 5  5 . 5/ 0 . 0  . 5/ . 0  . 5/ . 0  
BC44011EO 2001 0 . 0/ 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 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  

BAO OOl1fO 2005 % % % % % % % % % % % % % 0/0 

P-E'. 1 011£:0 2005 1 . 5/ . 5  1 . 0/ 7 . 5  9 . 0/1 . 0  1 . 0/ 7 . 0  0 . 0/ 9 . 0  . 0/ . 0  . / .  1 .  / 9 . 0  . / . 5  . 5/ 6 .  . 5/ 5 . 0  . 0/ . 0  . 5/ . g  1 . 0/ . 
ll8'f l 511EO 2005 . 0/ . 5  . 5/ 4 . 0  8 . 0/ . . 5/ 4 . 0  0 . 0/ 4 . 0  . 5/ . . / . 4 .  / . 0  . 5/ . . 5/ 4 .  . 0/ 3 . 0  . 5/ . . 5/ . 0 . 5/ . 

B0 1 2 01 lc.0 2005 3 . 0/ 0 . 0  3 . 5/ 0 . 0  6 . 0/ 0 . 0  4 . 5/ 0 . 0  2 . 5/ 0 . 0  1 . 0/ 1 . 5  1 . 0/ i ' l 6 '1/ 2 . 5  ! . g/ 1 . 5 2 . 0/ o . � i ' O' 0 . 5  2 . 5/ i ' O  1 . 5/ 0 . 5  2 . 5/ 0 ' 1 
::r: BA'. ! 0I1llJ 2005 t 5/ t o � . O/ 0 . 0  b . 5/ tg g . o/ 0 . 0  8 . 0/ 0 . 5  1 . 0/ . R  1 .t . 1 0 .  / Y , 5  1 0 . 0/ � . 5  y . o/ 0 . 5  . 5/ 0 . 0  t 5/ 0 . 8 4 . 0/ ts 3 . 0/ t 

8C4401l£:0 2005 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  . 0/ . 0  0 . 0/ • 0 . 0/ 0 . 0  0 . 0/ A . o  � . O/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ O .  

;:.;-
I 

W 



T a b l e  H - l k - 4  
SAS 1 5 . 04 HONDA� , JUL� 24 , 1 989 

FREfUENC� OF EHO OF PERIOD RESERVOIR ELEVATiON 
MANGES FROI1 BASE CASE GREAIER THAll 5 FE T ( ;I, )  
PBB . P9800 . CAN . NT 7 . SERIES . L  BRAR� ( NT7ZJG ) 

DHORSHAK 
TEST COif TRACT 
CASE YEAR SEPT OCT NOV DEC JAN FEB HAR API AP2 NA� JUliE JULY AGI AG2 

( +/- ) ( +/- I ( + /- I ( +/- ) ( +/- ) ( +/- ) ( +/- ) ( +/- ) ( +/- ) ( +/- ) ( + /- ) ( +/- ) ( +/- I ( +/- ) 
BAOOOl1ED 1 991 % % % % % % % % % % % % % 0/0 
BU I 20lltD 1 9 9 1  2 . 0/ 0 . 0  1 . 5/ o . � 1 . 0/ 0 . 0  1 0 . 5/ 0 . 5  9 . 5/ 0 . 5  t . g/ O 'I 7 . 5/ 2 . 5  1 . 5/ I 'i 4 . 5/ 1 . 0  3 . 5/ 0 . 5  3 . 5/ 0 . g ; . 5/ o . � 3 ' 1/ 0 . 0  7 . ;;/ 0 . 0  
BE4 1 0llEO 1 9 9 1  4 . 0/45 . 5  1 . 5/

1
r;5 . . 5/69 . 5  1 . 0/44 . 5  1 . 5/36 . 5  . /28 . 2 '1/2 0 . 0  . 5/1 6 .  � . 0/ 1 6 . 0  0 . �/14 . 5  1 . 5/ 9 .  . 0/ 8 .  1 0 .  1 8 . 5  1 3 . 5/ 8 . 5  

BB4 1 511ED 1 9 9 1  3 . 0/ 1 5 . 5  . 5/ 2 .  . 5/41 . 0  2 . 0/36 . 0  . 0/26 . 5  . 5/ 1 8 .  2 .  /11 . 0  . 5/ 1 0 .  . 0/ 9 . 5  � .  / 7 . 0  3 . 0/ 6 . 0  . 0/ 6 .  4 .  / 6 . 0  9 . 0/ 5 . 0  
BA430llED 9 9 1 1 0 . 5/ 0 . 5  I . 5/ 0 . 0  I . 0/ 0 . 0  24 . 0/ 0 . 0  I . 5/ 0 . 0  I . 0/ O .  1 3 .  / . 0  9 . 0/ 1 . 0  . 0/ 0 . 5  . / 0 . 0  6 . 5/ 0 . 0  . 0/ 0 . 0  8 . 5/ 0 . 0  1 2 . 0/ 0 . 0  
BC440llED 9 9 1 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  0 . 0/ 0 . 0  0 . 0/ 0 . 0  . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  

BAOOOl1ED 1 993 % % % % % a/O g/o % % % I/O �/O % 0/0 
B O I Z ONEO 9 93 . 5/ O .  2 . 5/ 0 . 0  . 5/ O .  1 5 . 0/ 0 . 0  I . 5/ O .  . / O .  I .  / O .  . 0/ . . 0/ . 0  4 . 0/ . 4 .  / O .  3 .  / . 0  . 5/ 0 . 0  4 . 0/ . 0  
BE4 1 011ED 1 9 93 � . 0/ 3 7 . � 5 . 0/50 . 0  � . 5/77 . � 2 . �/44 ·1 1 · 5/ 26 .

g I ' /2i · 1 1 ' 1/2! '1 t . 5/ 1 � · 1 � . 5/l l . 0  o . O/li · g o .  / 4 . � 4 .  / V . O  I f . o/ 2 . 0  15 . 0/ 1 . 0  
BB4 1 5NED 1 9 9 3  2 . 5/ 5 . 0  2 . 5/ 6 . 0  2 . 5/23 . � 4 .  /24 . . 5/ 1 6 . 5  . 0/1 . 4 .  /1 . � . 5/ 6 .  3 . 0/ 6 . 0  3 . 0/ . 0  5 . 0/ 0 . 5  6 . 0/ 6 ' 1  6 . 0/ 0 . 5  6 . 0/ . 0  
BA4 30NED 1 9 93 1 6 . 0/ 0 . 0  1 5 . 0/ 0 . 0  1 2 . 5/ 0 . 0  20 . / O .  I . 5/ 0 . 5  I . 0/ . I I .  / . 6 . 0/ 5 .  4 . 5/ 5 . 5  . 5/ . 0  7 . 5/ 0 . 5  9 . 0/ O .  1 1 . 0/ 0 . 5  14 . 0/ . 5  
BC44001EO 1 9 93 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 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 . 0  0 . 0/ . 0  

BAOOONED 1 9 95 0/0 % % % % g/o % % g/o % a/O % % 0/0 
BO I , 001ED 1 995 8. / 0 . 0  6 . 0/ 0 . 0  . 0/ 0 . 0  1 1 . 0/ 0 . 0  1 0 . 5/ 0 . 5  . / O. � . 5/ . . 0/ 0 . 0  6 .  / 0 . 0  . 0/ 0 . 0  . / 0 . 5  . 0/ O .  . 0/ O .  6 .  / O .  
BE41 011ED 1 995 7 . �/3 3 . 0  6 . 0/48 . 0  � ·i/75 . 5  3 . 0/56 . 5  2 . 0/35 . 0  I · �/ 3 3 ·1 1 . 0/31 ' 1 § .�/ 2 7 · 1 1 . 0/26 . 0  i · 0/ 1 8 . 5  1 .  / 7 . 5  � . O/ 4 '1 1 ' . 0/ i ' �  2 0 . �/ 4 . � 
BB4 1 5NED 995 8 . a/ 3 . 0  7 . 5/ 3 . 5  4 .  / 1 0 . 0  4 . 5/1 7 . 0  5 . 0/ 1 3 . 5  . / 9 .  . 0/ 1 . � .  / 1 0 .  2 . 5/ 9 . 5  . 5/ � . 5  � . O/ 1 . 0 6 . 0/ 1 .  � . 5/ . 5  1 0 . 5/ ! . o  
BA4 30NEO 1 9 95 Z6 . 0/ 0 . 0  2 2 . 5/ 0 . 0  1 9 .  / 0 . 0  2 7 . 5/ 0 . 0  24 . 0/ g . o  1 . / O .  I . 5/ . 1 0 .  / 6 .  9 . 0/ 7 . 0  . 5/ . 5  1 1 . 0/ 0 . 5 H . O/ O .  14 . 5/ . 0  7 . 0/ . 0  
BC440l1EO 1 9 95 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/ O .  0 . 0/ 0 . 0  . 0/ . 0  0 . 0/ 0 . 0  0 . 0/ O .  0 . 0/ 0 . 0  0 . 0/ . 0  

BAOOONED 1 997 % % % % % I/O % % % % % % I/O 0/0 
BOHOIIED 1 99 7  8 .  / 0 . 0  8 . 0/ 0 . 0  7 . 0/ 0 . 0  1 7 . 0/ 0 . 0  I . 5/ 0 . 0  8 .  / . 0  9 .  / O .  6 .  / . 6 . 0/ O .  4 . 0/ O .  3 . 0/ O .  . 5/ . . / . 0  4 . 5/ O .  
B E 4 1 0NED 1 997 1 0 . �/ 2 7 . 5  1 0 . 0/46 . g 7 . 5/71 . 5  4 ' 1/57 . 0  ! . 0/2 7 . 0  i' / 21 · g 1 · �/ 2 7 · i i · g/2V . � 2 . 0/22 . � t · o/lt ·1 1 ' 1/ 5 ·

1 1 . 0/ i · 2 1 1 . / � . o  20 . 0/ 2 . g 
BB4 1 511ED 997 9 . 0/ 3 . 0  8 . 5/ 3 .  6 . 5/ 2 . 5  1 0 .  / 7 . 5  . �/ 6 . g . 0/ . .0/ l' ' I/ � ' 4 . 0/ 7 .0 . 5/ . . / 1 .  7 . 5/ . 0 ij .  / � . O  6 . 0/ 4 . 0  
BA43011ED 1 99 7  2 0 . 0/ 0 . 0  20 . 5/ 0 . 0  1 9 . 0/ 0 . 0  2 7 .  / g . o  2 .  / O .  1 . g/ . 5  1 . 5/ . . / 6 .  5 . 5/ 7 .g . 0/ O .  . / 1 .  8 . 0/ . 0  1 0 . 0/ 0 . 5  14 . 0/ 0 . 5  
BC440tlED 1 9 97 0 . 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/ O .  . / 0 . 0  0 . 0/ . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  

BAOOOI1ED 2001 % % % % % % % % % % I/O % % 0/0 
eO l 20llED 200 4 . 0/ 0 . 0  4 . 0/ 0 . 0  . 0/ 0 . 5  I . 0/ O .  1 . 0/ . 5  . 0/ O .  . / . 5 . 0/ 0 . 5  . 0/ O .  4 .  / O .  2 .  / 0 . 5  O .  / 0 . 0  . 0/ O .  . / . 
B E 4 1 0llED 200

1 
8 . 5/1 3 . 5  6 . 5/ 2 2 . 0  � . 0/42 . 0  i . 0/34 . � � . 5/2� . 5  t .I/1 6 '1 ! . �/1 2 ' i 1 ' 1/ 1 5 . 0  t . 0/ 1 4 . g 2 . g/ 7 . � 6 .  / 4 . 0  6 . �/ Z . O  � . O/ 2 . � I � . �/ Y . �  

BB41 SNED 200 1 2 . 5/ 7 . 0  2 . 0/ 7 . 0  2 . 5/ 8 . 0  6 . 0/ 1 3 . 0  . 0/ 1 2 . 0  1 .  / 9 .  . 0/ 9 . . / 7 . 0  � . O/ 6 . 0  0 . 5/ 6 . 0  4 .  / 4 . 5  1 . 5/ 5 . 5  1 . 0/ 7 . � 6 . a/ 1 0 . 5  
BA4 30l1ED 200 1 1 7 . 5/ 0 . 0  18 . 0/ 0 . 0  18 . 5/ 0 . 0  28 . 5/ 0 . 5  2 . g/ 0 . 5  1 4 .  / O .  I . 0/ 3 .  . / 4 . 0  8 . 0/ 5 . 0  7 . 5/ 0 . 0  7 .  / 0 . 0  9 . 0/ g . o  9 . 0/ 0 . 0  1 0 . 5/ 0 . 0  
BC440l1ED 2001 0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  O .  / 0 . 0  0 . 0/ O .  . 0/ 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  

BAO OONED 2005 % % % % % % % % % % % % % 0/0 

BE4 1 011ED 2005 0 . 5/ 6 . 0  . 5/ 8 .  . 0/1 0 . 0  . 0/ 2 . 0  . 0/ . . / 1 0 .  . 0/ O .  . / .  . / .  . 5/ . 0  4 . 5/ 2 . 0  7 .  / .  . 0/ 3 . 5  . 5/ 8 .  
BO I 200�D 2005 4 . 5/ 0 . 0  2 . 5/ 0 . 0  f ' O/ 0 . 0  1 � . 5/ 0 . 0  11 . 0/ 0 . 0  1 . 0/ l ·t If · 5/ 1 . 0  6 . 0/ � . �  1 . 5/ t · g  , . 0/ 1 . 5  3 . 5/ 0 . 5  4 . 0/ f ' O  i · 5/ o . 0  9 . 0/ 0 ' 1 
BB4 1 SI1ED 2005 1 . 0/ 6 . 5  Y . 0/ 7 . g . 0/ 4 . 0  . 5Ao . 5  . 0/ I ' �  . �/ l o .  . 5A � · 1 � J/ .  .

g
/ . o . 5/ ' a  4 . 0/ 3 . 0  5 . g/ . �  . 5/ 4 . 0  � . O/ l A · 

BA430NED 2005 8 . 0/ 0 . 0  8 . 5/ 0 . 0  1 1 . 5/ 0 . 0  I . 0/ 0 . 0  I . 0/ . 0  I . 0/ O .  1 6 . 5/ . 9 . 0/ . 8 . 5/ 2 . 0  . 0/ O .  5 . 5/ 0 . 0  6 . 5/ . S  4 . 0/ 0 . 5  � . 5/ . 0  
� BC440l1ED 2005 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 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ O .  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ 0 . 0  0 . 0/ . 0  

� 
.c--
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Recreat i on 





Recreat i on Ana l ys i s  

Re c re a t i on A n a l y s i s  for A l be n i  F a l l s  

Re c reat i on i mp a c t s  for a l t e r n a t i v e s  a n a l yzed  w i t h  t h e  Sy s te m s  A n a l ys i s  
Mod e l  ( SAM ) a t  A l b e n i Fa l l s  ( La k e  P e n d  Or e i l l e ) a r e  a n a l yzed  i n  te rms of 
t h e  p robab i l i ty of t h e  e l e v a t i on of t h a t  r e s e r vo i r be i n g a t  a n  e l e v a t i on 
of 2 , 054  fee t  or  mor e  at  t h e  e n d  of Ap r i  1 .  T h a t  1 e v e  1 e n h a n c e s  t h e  
a n n u a l  Kokanee  a n d  Kam l oop s F i s h i n g De rby , wh i c h oc c u r s  a rou n d  May 1 e a c h  
y e a r . Tab l e  H - 2 - 1  s hows t h e  proba b i l i ty of t h e  e l e v a t i on of  L a k e  P e n d  
O re i l l e e x c e e d i n g 2 , 0 54  fe e t  a t  t h e  e n d  o f  Ap r i l .  T h e s e  d a t a  a r e  g i v e n  
on l y  for t h e  s ame ye a r s  a s  we r e  u s e d  i n  t h e  a n a l y s i s  o f  i mp a c t s  on  f i s h , 
s i n c e  the  d a t a  are  d e r i v e d  from t h e  s ame d a t a  s e t  a s  i s  u s e d for t h e  f i s h  
i mpac t s  ana l y s i s .  A l so , t h e s e  p roba b i l i ty d a t a  w e r e  on l y  d e v e l op e d  for 
t h e  a l t e r n at i v e s  w i t h  e x p e c t e d  l oad  s i ze s  a n d  g a s  p r i c e s , c on s i s t e n t  w i t h  
t h e  re c reat i on a n a l ys i s  for t h e  o t h e r  re s e r vo i r s  d e s c r i b e d  be l ow .  I f  
t h e re i s  i n t e r e s t  i n  s e e i n g d a t a  on t h e  p robab i l i ty of Lake  P e n d  Ore i l l e  
b e i ng  a t  or above 2 , 0 5 4  fee t for ot h e r  s e n s i t i v i ty a s s umpt i on s , we w i l l  
p rov i de t h i s d a t a  u pon  requ e s t . 

Tab l e  H-2-1 

PROBAB I L I TY OF ALBEN I FALLS ELEVAT I ON EXCEED I NG 2054 FEET 
AT THE END OF APR I L  

( Expec ted Loads and Gas Pr i ces)  

Y e a r  
A l t e r na t i v e  9 1  9 3  9 5  9 7  0 1  0 5  

No A c t i on . 9 60 . 9 35  . 9 1 0  . 880 . 920  . 9 20  

A l t .  1 . 2 . 9 65  . 940 . 920  . 9 1 0  . 92 5  . 9 20  

A l t .  4 . 1 ,  Ca s e  A . 940 . 945  . 905  . 8 90 . 9 1 0  . 9 1 5  

A l t .  4 . 1 ,  Ca s e  B . 890 . 9 1 0  . 84 5  . 8 5 5  . 9 20  . 9 1 0  

A 1 t .  4 . 3  . 9 90 . 9 5 0  . 930 . 82 5  . 9 30  . 9 2 5  

A l t .  4 . 4  . 9 60 1 1  . 9 3 5  1 1  . 9 1 0  1 1  . 880 1 1  . 920  1 1  . 92 0  

1 1  Va l u e s  for A l t e r n a t i v e 4 . 4  a r e  a s s umed  to b e  t h e  s ame a s  for No A c t i on 
s i n c e  t h e re we re  no o t h e r  d i f fe r e n c e s  i n  h y d ro ope r a t i on s  be t we e n  the  two i n  
t h e  SAM r e s u l t s .  

Deve l opme n t  of Re c re a t i on I n d i c e s  

I n  o rd e r  to d e t e rm i n e  a n d  compa r e  pot e n t i a l  i mp a c t s  o f  Powe r S a l e s  
Con t ra c t  a l t e r n a t i ve s  wh i c h were  a n a l yzed  w i t h  t h e  Sys tems  An a l ys i s  Mod e l  
( SAM ) o n  r e c re at i on a t  Fe d e r a l s torage  r e s e rvo i r s , a m e t hod o f  con v e r t i n g 
SAM ou t p u t  ( re s e rvo i r e l ev a t i on s )  to r e c re a t i on i mp a c t  wa s n e e d e d . A 
me t hod wa s d e v e l oped  for t h e  I n te r t i e Deve l opme n t  a n d  U s e  E n v i ronme n t a l  

H-2- 1 

1 1  



I m p a c t  S tateme n t  wh i c h was  u s e d  for th i s  E I S  T h i s  me thod wa s b a s e d  on 
a v a i l a b l e  data re l a t i n g  r e c r ea t i on s i te s  to re s e r voi r e l e v a t i on s  for t h e  
r e s e rvo i r s  s tu d i e d .  I n  g e n e ra l , t h i s re l a t i on s h i p wa s b a s e d  on  b o a t  r amp 
e l e v a t i on s . In t h e  ca s e s  of L i b b y  a n d  Dwo r s h ak , ava i l a b l e  i nforma t i on on 
r e c r e a t i on u s e  as i t  r e l ate s to r e s e rvo i r e l e v at i on was u s e d . 

Be c a u s e  of t h e  re l a t i v e l y  sma l l d i ffe r e n c e s  i n  t h e  r e c re a t i on i n d i c e s  
o b s e r v e d  amo n g  t h e  a l t e r na t i v e s  w i t h  e x p e c ted  l oad s a n d  g a s  p r i c e s , t h e  
r e a c r e a t i on i nd i c e s  we r e  n o t  comp u te d  for t h e  o t h e r  ( s e n s i t i v i ty )  
a s s ump t i on s  regard i n g s i ze of Nort hwe s t  a n d  Sou t h we s t  l oad s a n d  g a s  
p r i c e s . I f  t h e r e  i s  i n t e r e s t  i n  s e e i n g  r e c re a t i on i n d i c e s  comp u t e d  for 
o t h e r  s e n s i t i v i ty a s s u mp t i on s , we w i l l  p rov i d e t h i s  d a t a  u pon r e q u e s t . 

Grand  Cou l e e --

I n  ord e r  to compare  a l t e r n a t i v e s , e l e v a t i on d a ta we r e  con v e r t e d  to a n  
ov e ra l l ' r e c r e a t i on i n d e x ' for e a c h  a l t e r n a t i v e . T h i s  wa s g e n e ra l l y  
b a s e d  u pon t h e  e l ev a t i on s  r eq u i r e d  to u t i l i ze boa t r amp s a n d  ma r i n a s . 
For e a c h  SAM s i mu l at i on , one  po i n t wa s g i v e n  for e a c h  u s a b l e boat ramp or 
mar i n a ,  The  po i n t s  were t h e n  tota l l ed for a l l 2 00 s i mu l a t i on s  for e a c h  
a l t e r n a t i ve to p rov i d e a ' re c re a t i on i n d e x ' . Re c re a t i on i n d i c e s  we r e  
d e v e l oped  for t h e  a l te r n a t i ve s  s tu d i ed w i th  SAM u s i n g e n d -of- pe r i od 
e l e v a t i on s  for May , J u n e , J u l y ,  A u g u s t  1 5  a n d  A u g u s t  3 1 . 

T h e  fo l l owi n g  fa c i l i t i e s  we re  g i v e n  o n e  po i n t for b e i n g av a i l a b l e  ( a  
r e s e r vo i r e l e v a t i on g re a t e r  t h a n  or e q u a l  to t h e  s ta t e d  e l e v a t i on ) . 

F ac i l i ty 

E v a n s  
Brad b u ry Bea c h  
D a  i s y  
For t  Spoka n e  Mar i n a 
Nor t h  Gorge  
Jon e s  Bay 
Ch i n a B e n d  
Ma r c u s  I s l a n d  
Hawk C r e e k  
S e v e n  Bays 
G i fford 
For t  S poka ne  Campg rou n d  
Porc u p i n e  Bay 
Ke t t l e F a l l s  Campgrou n d  
Ke t t l e  F a l l s  Mar i n a 
Spr i n g Canyon 
H u n te r s  
E n t e r p r i s e 
Ke l l e r  F e r ry 

H-2-2  

E l e v a t i on  ( fe e t )  

1 2 8 7  
1 2 8 5  
1 2 8 5  
1 2 8 3  
1 2 8 2  
1 2 8 2  
1 2 8 2  
1 2 8 1  
1 2 7 7  
1 2 6 2  
1 2 4 9  
1 2 47  
1 2 38  
1 2 3 7  
1 2 3 5  
1 2 3 4  
1 2 3 3  
1 2 3 3  
1 2 2 9  



H u n g ry Hor s e  --

Re c re a t i on i n d i ce s  we re d e v e l ope d for e a c h  a l t e r n a t i v e i n  a ma n n e r  
s i m i l a r t o  that  d e s c r i b e d  for G r a n d  Cou l e e .  One  po i n t wa s g i v e n  for e a c h  
ava i l a b l e  boat ramp a n d  tota l s for 2 0 0  s i mu l a t i on s  we re  comp u t e d  for e a c h  
a l t e r n a t i ve .  

T h e  fo l l ow i ng fa c i l i t i e s we re  g i v e n  one  po i n t for be i ng av a i l ab l e  ( a  
re s e r vo i r e l eva t i on g r e a t e r  t h a n  or e q u a l  to t h e  s t a t e d  e l e v a t i on ) . 

Dwo r s h a k  

F a c i 1 i ty 

Ben  Cre ek  
Emme ry Bay 
M u rray Bay 
Don ' s  Po i n t  
Dor i s Creek  
Grave s C r e e k  
Los t  Joh n ny Camp g rou n d  
Los t  Joh n ny Po i n t Camp g rou n d  
Dev i l ' s  Cor k s c rew  
R i ve r s i d e 
Abbot Bay 

E l e v a t i on ( fe e t )  

3 5 60 
3 5 5 8  
3 5 58 
3 5 5 2  
3547  
3 5 4 5  
3 5 3 6  
3 5 3 2  
3 5 1 6 
3506  
3473  

Impac t  i n d i c e s  we re  d e v e l op e d  for  Dwor s h ak i n  a s i g h t l y  d i ffe r e n t  man n e r  
than  for Grand  Cou l ee a n d  H u n g ry Hor s e . Drawdown i mp a c t s  a t  Dwor s h ak 
r e s e rvoi r have  b e e n  a s s e s s e d  i n  5-foot i n c r e me n t s  by t h e  U . S .  Army Cor p s  
o f  E n g i n e e r s  ( CO E )  ( u n p u b l i s h e d ) . T h e  COE f i g u r e s on  t h e  effe c t s  of 
r e s e rvo i r e l evat i on on ov e ra l l r e c r e a t i on v i s i ta t i on we re  u s e d  i n  
d e v e l op i n g the  r e c r e a t i on i n d i c e s . T h e  e s t i ma t e d  v i s i ta t i on for e a c h  
mod e l  s i mu l a t i on w a s  s umme d for a l l 2 0 0  s i mu l at i on s  for e a c h  
a l t e r n at i ve .  

The  va l u e s  u se d , a d a p t e d  f rom t h e  COE data , a r e  a s  fo l l ows : 

L i b by --

E l e v a t i on 

Greater  t h a n  1 5 9 5  
L E  1 59 5  a n d  GT  1 5 90 
L E  1 590  and G T  1 58 5  
L E  1 58 5  a n d  G T  1 580 
L E  1 580  and G T  1 5 7 5  
L E  1 57 5  a n d  G T  1 56 5  
LE  1 56 5  

V i s i t a t i on 
( pe r c e n t  of f u l l  

poo l u s age ) 

1 00 
90 
80 
70  
60  
50 
25 

Imp a c t  i n d i c e s  for L i b by we re  d e v e l op e d  i n  a man n e r  s i m i l a r to t h o s e  for 
Dwor s hak . Drawdown i mpac t s  at L i b by have  b e e n  a s s e s s e d  by t h e  COE ( COE , 
1 98 5 ) . Va l ue s  for r e c re a t i on u s e  a t  v a r i ou s  r e s e rvo i r e l e v a t i on s  we re  
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adap t e d  from t h a t  doc ume n t  a n d  a r e  g i v e n  b e l ow .  ( U . S .  r e c re a t i on 
fac i l i t i e s on l y . ) 

E l e v a t i o n  

G r e a t e r  t h a n  2 4 5 6 . 5  
L E  2 4 5 6 . 5  a n d  GT  2454  
L E  2454  and  G T  2 4 5 1 . 5  
L E  2 45 1 . 5  and  G T  2449  
L E  2449  a n d  G T  2 444 
LE 2444 and G T  2439  
L E  2439  a n d  GT  2434  
L E  2434  a n d  GT  2429  
L E  242 9 and  GT 2 4 1 9  
L E  2 4 1 9 a n d  GT 2 409 
LE 2409 

Re c re a t i on U s e  
( pe r c e n t  o f  fu l l  

poo l u s ag e )  

1 00 
9 9 . 3  
9 6 . 2  
92 . 9  
88 . 1  
8 2 . 4  
7 5 . 6  
7 3 . 8  
7 1 . 7  
69 . 0  
67 . 3  

The  r e c re a t i on i nd i c e s  comp u t e d  a s  d e s c r i b e d  a bo v e  are  s hown for G r a n d  
Cou l ee ,  H u n g ry Hor s e , Dwor s h a k , a n d  L i b by i n  t h e  fol l ow i n g  tab l e s . 
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Tab le H - 2  -

DWORSHAK RECREAT ION INDEX YEAR 1 9 8 9  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 63 0 . 8 4 5  0 . 8 6 7  0 . 85 8  0 . 850 0 . 75 7  

ALT 1 .  2 0 . 4 63 0 . 8 4 5  0 . 8 67 0 . 85 9  0 . 855 0 . 75 7  
D I FF 0 . 000 0 . 000 0 . 000 0 . 00 1  0 . 005 0 . 00 0  

ALT 4 . 1  (B)  0 . 4 5 7  0 . 8 3 2  0 . 8 6 5  0 . 8 6 4  0 . 8 63 0 . 75 4  
D I FF - 0 . 0 0 6  - 0 . 0 1 3  -0 . 00 2  0 . 00 6  0 . 01 3  - 0 . 003 

ALT 4 . 1  (A) 0 . 4 62 0 . 8 3 7  0 . 8 6 9  0 . 85 6  0 . 8 4 8  0 . 75 5  
D I FF - 0 . 001 - 0 . 00 8  0 . 002 -0 . 002 - 0 . 002 - 0 . 002 

ALT 4 . 3 0 . 4 70 0 . 8 5 2  0 . 8 8 3  0 . 8 7 8  0 . 8 69 0 . 7 6 9  
D I FF 0 . 00 7  0 . 0 0 7  0 . 0 1 6  0 . 020 0 . 01 9  0 . 0 1 2  

ALT 4 . 4 0 . 4 63 0 . 8 4 5  0 . 8 6 7  0 . 8 5 8  0 . 850 0 . 75 7  
D I FF 0 . 000 0 . 0 0 0  0 . 000 0 . 000 0 . 000 0 . 00 0  

DWORSHAK RECREATI ON I NDEX YEAR 1 9 90 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 4 6  0 . 8 4 5  0 . 8 6 9 0 . 8 6 5  0 . 8 5 6  0 . 7 5 5  ::r:: 
I 

N ALT 1 . 2  0 . 4 4 6  0 . 8 4 7  0 . 8 7 0  0 . 8 6 8  0 . 8 61 0 . 75 6  
DIFF 0 . 000 0 . 0 0 2  0 . 0 0 1  0 . 00 3  0 . 0 05 0 . 00 1  

\)l ALT 4 . 1  (B ) 0 . 4 4 1  0 . 83 5  0 . 8 6 7  0 . 8 6 8  0 . 8 67 0 . 75 2  
DIFF - 0 . 005 - 0 . 0 1 0  - 0 . 0 0 2  0 . 00 3  0 . 0 1 1  - 0 . 003 

ALT 4 . 1  (A) 0 . 4 4 2  0 . 8 4 1  0 . 8 7 3  0 . 8 6 7  0 . 857 0 . 75 4  
DIFF - 0 . 004  - 0 . 0 0 4  0 . 00 4  0 . 002 0 . 001  - 0 . 00 1  

ALT 4 . 3  0 . 4 4 7  0 . 8 4 4  0 . 8 73 0 . 8 6 9  0 . 8 62 0 . 75 7  
DIFF 0 . 0 0 1  -0 . 0 0 1  0 . 0 0 4  0 . 00 4  0 . 00 6  0 . 002 

ALT 4 . 4  0 . 4 4 6  0 . 8 4 5  0 . 8 6 9  0 . 865 0 . 8 5 6  0 . 75 5  
DIFF 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 000 0 . 00 0  



DWORSHAK RECREAT ION INDEX YEAR 1 9 91 
HAY JUN JUL AG1 AG2 AVG 

NO ACTI ON 0 . 4 82 0 . 8 3 9  0 . 8 6 9  0 . 85 1  0 . 8 4 4  0 . 15 9  

ALT 1 . 2 0 . 4 8 4  0 . 8 4 3  0 . 8 1 3  0 . 865 0 . 853 0 . 1 64 

D I FF  0 . 002 0 . 0 04 0 . 0 04 0 . 00 8  0 . 009 0 . 00 5  

ALT 4 . 1  (B) 0 . 4 1 1  0 . 8 2 1  0 . 8 53 0 . 85 3  0 . 8 4 9  0 . 15 0  

D I FF  -0 . 005 -0 . 0 1 8  -0 . 0 1 6  -0 . 004 0 . 005 - 0 . 00 9  

ALT 4 . 1  (A) 0 . 4 1 8  0 . 83 1  0 . 8 6 1  0 . 85 6  0 . 8 4 6  0 . 1 5 5  

DIFF - 0 . 004 - 0 . 00 8  - 0 . 008 -0 . 00 1  0 . 002 - 0 . 004 

ALT 4 . 3  0 . 4 8 8  0 . 85 1  0 . 8 8 2  0 . 81 3  0 . 8 62 0 . 11 2  

D I FF  0 . 00 6  0 . 0 1 2  0 . 0 1 3  0 . 01 6  0 . 0 1 8  0 . 0 1 3  

ALT 4 . 4  0 . 4 8 2  0 . 8 3 9  0 . 8 6 9  0 . 85 1  0 . 8 4 4  0 . 1 5 9  

D I FF  0 . 000 0 . 0 00 0 . 0 00 0 . 000 0 . 000 0 . 000 

DWORSHAK RECREAT ION INDEX YEAR 1 9 92 
HAY JUN JUL AG1 AG2 AVG 

::r:: NO ACTION 0 . 4 96 0 . 8 4 4  0 . 8 8 3  0 . 8 6 9  0 . 8 4 8  0 . 11 0  
I 

N ALT 1 . 2  0 . 4 96 0 . 8 4 5  0 . 8 8 3  0 . 81 3  0 . 8 5 6  0 . 1 12 

DIFF 0 . 000 0 . 00 1  0 . 000 0 . 004 0 . 008 0 . 002 

0' ALT 4 . 1  (B) 0 . 4 93 0 . 8 4 2  0 . 8 8 0  0 . 8 1 6  0 . 8 6 6  0 . 11 1  

D I FF  - 0 . 003 - 0 . 002 - 0 . 003 0 . 001 0 . 0 1 8  0 . 00 1  

ALT 4 . 1  (A) 0 . 4 96 0 . 8 4 6  0 . 8 8 4  0 . 8 6 9  0 . 8 5 1  0 . 1 1 1  

DIFF 0 . 000 0 . 002 0 . 00 1  0 . 000 0 . 003 0 . 001 

ALT 4 . 3  0 . 4 96 0 . 8 5 4  0 . 8 90 0 . 8 8 1  0 . 8 64 0 . 1 1 1  

D I FF  0 . 000 0 . 0 1 0  0 . 00 1  0 . 01 2  0 . 0 1 6  0 . 00 1  

ALT 4 . 4 0 . 4 96 0 . 8 4 4  0 . 8 83 0 . 86 9  0 . 8 4 8  0 . 1 1 0  

DIFF 0 . 000 0 . 0 00 0 . 0 00 0 . 000 0 . 000 0 . 000 



DWORSHAK RECREAT ION INDEX YEAR 1 9 93 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 8 1  0 . 8 4 6  0 . 8 7 9  0 . 8 6 7  0 . 8 5 1  0 . 7 65 

ALT 1 . 2 0 . 4 82 0 . 8 5 0  0 . 8 8 2  0 . 872 0 . 8 60 0 . 7 6 9  
DIFF 0 . 001 0 . 0 0 4  0 . 003 0 . 005 0 . 00 9  0 . 004 

ALT 4 . 1  (8) 0 . 4 7 6 0 . 8 3 8  0 . 8 7 4  0 . 8 7 6  0 . 8 7 3  0 . 7 6 5  
D I FF  - 0 . 005 -0 . 00 8  -0 . 005 0 . 00 9  0 . 022 0 . 000 

ALT 4 . 1  (A) 0 . 4 7 9  0 . 8 5 1  0 . 8 8 1  0 . 872 0 . 8 5 8  0 . 7 6 8  
D I FF  - 0 . 002 0 . 0 0 5  0 . 002 0 . 005 0 . 007 0 . 003 

ALT 4 . 3  0 . 4 8 0  0 . 85 4  0 . 8 8 6  0 . 8 7 7  0 . 8 66 0 . 7 72 
DIFF - 0 . 001 0 . 00 8  0 . 007 0 . 01 0  0 . 0 1 5  0 . 00 7  

ALT 4 . 4 0 . 4 8 1  0 . 8 4 6  0 . 8 7 9  0 . 867 0 . 8 5 1  0 . 7 65 
DIFF 0 . 000 0 . 0 0 0  0 . 000 0 . 000 0 . 000 0 . 00 0  

::r:: DWORSHAK RECREATI ON INDEX YEAR 1 9 94 
I MAY JUN JUL AG1 AG2 AVG 

I\.) NO ACTION 0 . 4 5 8  0 . 8 1 8  0 . 8 3 9  0 . 8 1 8  0 . 7 9 1  0 . 7 2 9  

ALT 1 . 2  0 . 4 60 0 . 8 24 0 . 8 4 3  0 . 824 0 . 8 0 1  0 . 73 4  

-l DIFF 0 . 002 0 . 00 6  0 . 004 0 . 00 6  0 . 0 1 0  0 . 005 

ALT 4 . 1  (8) 0 . 4 52 0 . 8 0 9  0 . 8 33 0 . 83 1  0 . 8 21 0 . 7 2 9  
D I FF  - 0 . 0 0 6  - 0 . 00 9  - 0 . 0 0 6  0 . 01 3  0 . 030 0 . 000 

ALT 4 . 1  (A) 0 . 4 5 8  0 . 8 1 7  0 . 83 8  0 . 821  0 . 7 97 0 . 73 0  
DIFF 0 . 000 - 0 . 0 0 1  - 0 . 0 0 1  0 . 003 0 . 0 0 6  0 . 00 1  

ALT 4 . 3  0 . 4 5 9  0 . 8 2 8  0 . 85 2  0 . 83 1  0 . 8 1 7  0 . 74 0  
DIFF 0 . 001 0 . 0 1 0  0 . 0 1 3  0 . 0 1 3  0 . 0 2 6  0 . 0 1 1  

ALT 4 . 4  0 . 4 5 8  0 . 8 1 8  0 . 83 9  0 . 8 1 8  0 . 7 9 1  0 . 72 9  
DIFF 0 . 000 0 . 0 0 0  0 . 000 0 . 000 0 . 000 0 . 000 



DWORSHAK RECREAT I ON INDEX YEAR 1 9 95 
HAY JUN JUL AG1 AG2 AVG 

NO ACTI ON 0 . 4 61 0 . 8 1 7  0 . 8 4 7  0 . 827 0 . 7 99 0 . 73 4  

ALT 1 . 2  0 . 4 62 0 . 8 1 8  0 . 8 4 8  0 . 8 3 1  0 . 8 0 7  0 . 7 3 6  
DIFF 0 . 001 0 . 0 0 1  0 . 001 0 . 00 4  0 . 0 0 8  0 . 002 

ALT 4 . 1  (8) 0 . 4 5 0  0 . 8 1 5  0 . 8 4 5  0 . 84 1  0 . 8 3 1  0 . 7 3 6  
DIFF - 0 . 0 1 1  - 0 . 002 -0 . 002 0 . 0 1 4  0 . 032 0 . 002 

ALT 4 . 1  (A) 0 . 4 58 0 . 8 22 0 . 8 4 7  0 . 83 0  0 . 8 1 1  0 . 7 3 6  
DIFF - 0 . 003 0 . 0 0 5  0 . 0 0 0  0 . 00 3  0 . 0 1 2  0 . 002 

ALT 4 . 3  0 . 4 60 0 . 8 3 0  0 . 8 5 9  0 . 83 4  0 . 8 1 2  0 . 74 2  
D I FF - 0 . 0 0 1  0 . 0 1 3  0 . 0 1 2  0 . 007 0 . 0 1 3  0 . 0 0 8  

ALT 4 . 4 0 . 4 61 0 . 8 1 7  0 . 8 4 7  0 . 827 0 . 7 9 9  0 . 73 4  
DIFF 0 . 000 0 . 000 0 . 000 0 . 0 0 0  0 . 000 0 . 000 

DWORSHAK RECREAT I ON INDEX YEAR 1 9 9 6  
:::r:: HAY JUN JUL AG1 AG2 AVG I NO ACTION 0 . 4 4 0  0 . 8 1 0  0 . 8 4 0  0 . 824 0 . 802 0 . 725 !\.) 

ALT 1 . 2  0 . 4 4 1  0 . 8 1 1  0 . 8 4 4  0 . 82 13  0 . 808 0 . 72 8  
D I FF 0 . 001 0 . 00 1  0 . 004 0 . 004 0 . 006 0 . 00 3  (X) 
ALT 4 . 1  (8) 0 . 4 3 2  0 . 8 0 6  0 . 8 3 8  0 . 83 1  0 . 821  0 . 725 
DIFF -0 . 008 -0 . 00 4  -0 . 002 0 . 007 0 . 0 1 9  0 . 000 

ALT 4 . 1  (A) 0 . 4 4 1  0 . 8 1 6  0 . 8 3 9  0 . 822 0 . 801 0 . 7 2 6  
DIFF 0 . 001 0 . 00 6  - 0 . 00 1  -0 . 002 - 0 . 001 0 . 00 1  

ALT 4 . 3  0 . 4 4 2  0 . 8 1 8  0 . 84 8  0 . 834 0 . 8 1 9  0 . 73 3  
DIFF 0 . 002 0 . 00 8  0 . 0 0 8  0 . 0 1 0  0 . 0 1 7  0 . 00 8  

ALT 4 . 4  0 . 4 4 0  0 . 8 1 0  0 . 8 4 0  0 . 824 0 . 802 0 . 725 
D I FF 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 000 



DWORSHAK RECREATI ON INDEX YEAR 1 9 97 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 1 6  0 . 8 1 9  0 . 8 3 6  0 . 822 0 . 800 0 . 7 1 9  

ALT 1 . 2  0 . 4 1 9  0 . 8 2 0  0 . 8 3 8  0 . 82 6  0 . 8 0 9  0 . 7 23 
DIFF 0 . 003 0 . 0 01 0 . 002 0 . 004 0 . 0 09 0 . 00 4  

ALT 4 . 1  (B)  0 . 4 04 0 . 8 07 0 . 8 3 9  0 . 83 3  0 . 823 0 . 7 1 9  
DIFF - 0 . 0 1 2  - 0 . 0 1 2  0 . 0 0 3  0 . 01 1  0 . 023 0 . 00 0  

ALT 4 . 1  (A) 0 . 4 1 4  0 . 8 22 0 . 84 1  0 . 8 2 1  0 . 802 0 . 72 1  
D I FF  - 0 . 002 0 . 003 0 . 0 05 -0 . 001 0 . 002 0 . 002 

ALT 4 . 3  0 . 4 1 9  0 . 820 0 . 8 4 5  0 . 83 0  0 . 8 1 6  0 . 72 6  
DIFF 0 . 003 0 . 00 1  0 . 0 0 9  0 . 00 8  0 . 0 1 6  0 . 00 7  

ALT 4 . 4  0 . 4 1 6  0 . 8 1 9  0 . 8 3 6  0 . 822 0 . 800 0 . 7 1 9  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::r:: DWORSHAK RECREATION INDEX YEAR 1 9 9 8  
I HAY JUN JUL AG1 AG2 AVG f\) NO ACTION 0 . 4 7 7  0 . 8 2 6  0 . 8 6 5  0 . 85 2  0 . 830 0 . 7 52 

ALT 1 . 2 0 . 4 77 0 . 8 2 8  0 . 8 6 8  0 . 855 0 . 8 3 8  0 . 754 '-D DIFF 0 . 000 0 . 002 0 . 00 3  0 . 003 0 . 008 0 . 002 

ALT 4 . 1  (B)  0 . 4 54 0 . 82 5  0 . 8 6 4  0 . 85 7  0 . 8 4 6  0 . 74 8  
DIFF - 0 . 023 - 0 . 0 0 1  -0 . 0 0 1  0 . 005 0 . 0 1 6  - 0 . 0 0 4  

ALT 4 . 1  (A) 0 . 4 77 0 . 8 2 8  0 . 8 67 0 . 8 5 4  0 . 835 0 . 7 5 4  
DIFF 0 . 000 0 . 002 0 . 0 02 0 . 002 0 . 005 0 . 002 

ALT 4 . 3  0 . 4 78 0 . 8 30 0 . 8 6 9  0 . 8 6 4  0 . 8 5 4  0 . 75 9  
DIFF 0 . 00 1  0 . 0 04 0 . 00 4  0 . 01 2  0 . 0 2 4  0 . 00 7  

ALT 4 . 4  0 . 4 7 7 0 . 8 2 6  0 . 8 65 0 . 8 5 2  0 . 8 3 0  0 . 752 
DIFF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 00 0  



DWORSHAK RECREATI ON INDEX YEAR 1 9 9 9  
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 3 3  0 . 8 0 8  0 . 8 2 9  0 . 8 1 4  0 . 7 94 0 . 7 1 8  

ALT 1 . 2  0 . 4 3 4  0 . 8 0 6  0 . 8 2 8  0 . 8 1 8  0 . 803 0 . 7 1 9  
D I FF 0 . 0 0 1  - 0 . 0 0 2  - 0 . 00 1  0 . 0 0 4  0 . 0 0 9  0 . 0 0 1  

ALT 4 . 1  (B) 0 . 4 2 1 0 . 8 1 4  0 . 8 4 0  0 . 8 21 0 . 8 1 1  0 . 7 2 2  
DIFF - 0 . 0 1 2  0 . 00 6  0 . 0 1 1  0 . 0 0 7  0 . 0 1 7  0 . 00 4  

ALT 4 . 1  (A) 0 . 4 3 4 0 . 8 1 7  0 . 8 2 7  0 . 81 3  0 . 7 90 0 . 7 1 9  
DIFF 0 . 0 0 1  0 . 00 9  - 0 . 0 0 2  -0 . 0 0 1  - 0 . 004 0 . 00 1  

ALT 4 . 3  0 . 4 34 0 . 8 1 6  0 . 8 3 7  0 . 8 2 6  0 . 8 1 6  0 . 7 2 6  
DIFF 0 . 0 0 1  0 . 0 0 8  0 . 0 0 8  0 . 0 1 2  0 . 0 2 2  0 . 00 8  

ALT 4 . 4  0 . 4 3 3  0 . 8 0 8  0 . 8 2 9  0 . 8 1 4  0 . 7 94 0 . 7 1 8  
DIFF 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  

DWORSHAK RECREATI ON INDEX YEAR 2 0 0 0  
::r:: HAY JUN JUL AG1 AG2 AVG I [\) NO ACTION 0 . 4 5 4  0 . 7 9 9  0 . 8 3 2  0 . 823 0 . 8 1 1  0 . 7 2 5  

ALT 1 . 2 0 . 4 5 5  0 . 7 99 0 . 8 3 2  0 . 82 4  0 . 8 1 3  0 . 7 2 6  
DIFF 0 . 0 0 1  0 . 00 0  0 . 0 0 0  0 . 00 1  0 . 0 0 2  0 . 00 1  

0 
ALT 4 . 1  (B ) 0 . 4 4 6  0 . 8 0 1  0 . 8 3 2  0 . 8 2 3  0 . 8 1 2  0 . 7 2 3  
D I FF - 0 . 0 0 8  0 . 00 2  0 . 00 0  0 . 00 0  0 . 0 0 1  - 0 . 0 0 2  

ALT 4 . 1  (A) 0 . 4 54 0 . 804  0 . 8 3 2  0 . 8 1 9  0 . 7 98 0 . 724 
DIFF 0 . 0 0 0  0 . 0 0 5  0 . 0 0 0  -0 . 0 0 4  - 0 . 0 1 3  - 0 . 0 0 1  

ALT 4 . 3  0 . 4 60 0 . 8 1 5  0 . 8 4 6  0 . 83 4  0 . 8 2 6  0 . 7 3 7  
DIFF 0 . 0 0 6  0 . 0 1 6  0 . 0 1 4  0 . 01 1  0 . 0 1 5  0 . 0 1 2  

ALT 4 . 4  0 . 4 54 0 . 7 99 0 . 8 3 2  0 . 8 2 3  0 . 8 1 1  0 . 7 2 5  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  



DWORSHAK RECREAT ION INDEX YEAR 2 0 0 1  
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 5 4  0 . 8 1 1  0 . 8 4 6  0 . 83 1  0 . 8 0 9  0 . 73 2  

ALT 1 . 2  0 . 4 5 4  0 . 8 1 2  0 . 8 4 6  0 . 83 4  0 . 8 1 7  0 . 7 3 4  
DIFF 0 . 0 0 0  0 . 00 1  0 . 00 0  0 . 00 3  0 . 0 0 8  0 . 00 2  

ALT 4 . 1  (8) 0 . 4 5 3  0 . 8 1 6  0 . 8 4 5  0 . 83 6  0 . 8 1 9  0 . 7 3 5  
D IFF - 0 . 0 0 1  0 . 00 5  - 0 . 00 1  0 . 00 5  0 . 0 1 0  0 . 0 0 3  

ALT 4 . 1  (A) 0 . 4 5 4  0 . 8 1 6  0 . 8 4 6  0 . 824 0 . 7 95 0 . 73 1  
D IFF 0 . 00 0  0 . 0 0 5  0 . 00 0  - 0 . 00 7  - 0 . 0 1 4  - 0 . 0 0 1  

ALT 4 . 3 0 . 4 5 4  0 . 8 1 7  0 . 8 5 1  0 . 83 7  0 . 822 0 . 73 7  
D I FF 0 . 0 0 0  0 . 0 0 6  0 . 0 0 5  0 . 00 6  0 . 0 1 3  0 . 00 5  

ALT 4 . 4  0 . 4 5 4  0 . 8 1 1  0 . 8 4 6  0 . 83 1  0 . 8 0 9  0 . 7 3 2  
DIFF 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  

::c DWORSHAK RECREAT ION INDEX YEAR 2 0 02 
I 

HAY JUN JUL AG1 AG2 AVG N 
NO ACTION 0 . 4 64 0 . 8 3 6  0 . 8 6 4  0 . 84 4  0 . 8 1 7  0 . 74 8  

ALT 1 . 2 0 . 4 63 0 . 83 8  0 . 8 6 6  0 . 84 9  0 . 8 2 9  0 . 7 5 1  
DIFF - 0 . 0 0 1  0 . 002 0 . 0 0 2  0 . 00 5  0 . 0 1 2  0 . 00 3  

ALT 4 . 1  (8) 0 . 4 61 0 . 8 3 9  0 . 8 6 0  0 . 84 7  0 . 8 3 1  0 . 7 4 9  
DIFF - 0 . 0 03 0 . 0 0 3  - 0 . 0 0 4  0 . 003 0 . 0 1 4  0 . 0 0 1  

ALT 4 . 1  (A) 0 . 4 62 0 . 8 33 0 . 8 6 0  0 . 84 2  0 . 8 1 3  0 . 74 5  
D I FF  - 0 . 002 - 0 . 0 0 3  - 0 . 0 0 4  -0 . 002 - 0 . 0 0 4  - 0 . 0 0 3  

ALT 4 . 3  0 . 4 61 0 . 8 3 8  0 . 8 65 0 . 85 5  0 . 8 4 3  0 . 7 5 2  
DIFF - 0 . 0 0 3  0 . 002 0 . 0 0 1  0 . 01 1  0 . 0 2 6  0 . 00 4  

ALT 4 . 4  0 . 4 64 0 . 8 3 6  0 . 8 6 4  0 . 84 4  0 . 8 1 7  0 . 74 8  
D IFF 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  



DWORSHAK RECREAT I ON INDEX YEAR 2003 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 62 0 . 82 6  0 . 8 65 0 . 85 2  0 . 830 0 . 7 4 8  

ALT 1 . 2  0 . 4 67 0 . 8 28 0 . 8 66 0 . 8 5 8  0 . 843 0 . 7 52 
DIFF 0 . 005 0 . 0 02 0 . 00 1  0 . 00 6  0 . 0 1 3  0 . 004 

ALT 4 . 1  (S)  0 . 4 65 0 . 8 34 0 . 8 65 0 . 85 1  0 . 832 0 . 7 5 1  
D I FF  0 . 0 03 0 . 00 8  0 . 000 -0 . 001 0 . 002 0 . 003 

ALT 4 . 1  (A) 0 . 4 65 0 . 82 7  0 . 8 64 0 . 85 0  0 . 833 0 . 7 4 9  
DIFF 0 . 003 0 . 00 1  -0 . 0 0 1  -0 . 002 0 . 003 0 . 00 1  

ALT 4 . 3  0 . 4 7 0  0 . 8 3 8  0 . 8 7 5  0 . 868 0 . 85 9  0 . 7 6 1  
D I FF  0 . 008 0 . 0 1 2  0 . 0 1 0  0 . 01 6  0 . 0 2 9  0 . 0 1 3  

ALT 4 . 4  0 . 4 62 0 . 8 2 6  0 . 8 65 0 . 852 0 . 830 0 . 7 4 8  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

:I: DWORSHAK RECREAT I ON INDEX YEAR 2004 
I 

HAY JUN JUL AG1 AG2 AVG f\.) 
NO ACTION 0 . 508 0 . 84 2  0 . 8 7 9  0 . 870 0 . 85 6  0 . 7 73 

ALT 1 . 2  0 . 508 0 . 84 3  0 . 8 82 0 . 8 7 6  0 . 864 0 . 7 7 5  

f\.) DIFF 0 . 000 0 . 00 1  0 . 003 0 . 00 6  0 . 008 0 . 002 

ALT 4 . 1  (S)  0 . 5 1 0  0 . 84 6  0 . 8 8 0  0 . 864 0 . 8 4 6  0 . 7 72 
DIFF 0 . 002 0 . 004 0 . 0 0 1  -0 . 006 - 0 . 0 1 0  - 0 . 00 1  

ALT 4 . 1  (A) 0 . 5 1 1  0 . 84 5  0 . 8 7 9  0 . 865 0 . 844 0 . 7 7 2  
D I FF  0 . 0 03 0 . 003 0 . 000 -0 . 005 - 0 . 0 1 2  - 0 . 00 1  

ALT 4 . 3  0 . 5 1 2  0 . 8 5 1  0 . 8 8 5  0 . 8 7 7  0 . 8 67 0 . 77 9  
DIFF 0 . 0 04 0 . 00 9  0 . 00 6  0 . 007 0 . 0 1 1  0 . 00 6  

ALT 4 . 4  0 . 508 0 . 8 4 2  0 . 8 7 9  0 . 870 0 . 85 6  0 . 7 73 
DIFF 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 



DWORSHAK RECREAT I ON INDEX YEAR 2005 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 6 9 0 . 8 34 0 . 8 66 0 . 85 2  0 . 833 0 . 75 2  

ALT 1 . 2  0 . 4 6 9 0 . 8 35 0 . 8 6 8  0 . 858 0 . 8 4 4  0 . 75 5  
D I FF 0 . 0 00 0 . 00 1  0 . 002 0 . 00 6  0 . 0 1 1  0 . 003 

ALT 4 . 1  (9) 0 . 4 65 0 . 8 38 0 . 8 6 6  0 . 84 7  0 . 824 0 . 75 0  

DIFF - 0 . 004 0 . 004 0 . 000 -0 . 005 - 0 . 0 0 9  - 0 . 002 

ALT 4 . 1  (A) 0 . 4 67 0 . 8 3 6  0 . 8 6 6  0 . 84 8  0 . 820 0 . 75 0  

DIFF - 0 . 002 0 . 002 0 . 000 -0 . 004 - 0 . 0 1 3  - 0 . 0 0 2  

ALT 4 . 3  0 . 4 69 0 . 8 4 1  0 . 8 6 6 0 . 855 0 . 8 4 1  0 . 75 5  

D I FF  0 . 000 0 . 0 07 0 . 000 0 . 003 0 . 008 0 . 00 3  

ALT 4 . 4 0 . 4 69 0 . 8 3 4  0 . 8 6 6  0 . 852 0 . 833 0 . 752 
DIFF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 

::r:: DWORSHAK RECREAT I ON INDEX YEAR 2006 
I HAY JUN JUL AG1 AG2 AVG 

N NO ACTION 0 . 4 6 6 0 . 8 1 2  0 . 8 3 7  0 . 82 9  0 . 8 1 8  0 . 73 4  

ALT 1 . 2  0 . 4 67 0 . 8 1 4  0 . 8 4 0  0 . 832 0 . 825 0 . 73 7  

DIFF 0 . 0 0 1  0 . 002 0 . 003 0 . 003 0 . 007 0 . 003 
W 

ALT 4 . 1  (9) 0 . 4 64 0 . 8 22 0 . 8 3 7  0 . 824 0 . 807 0 . 7 3 4  

D I FF  -0 . 002 0 . 0 1 0  0 . 000 -0 . 005 - 0 . 0 1 1  0 . 000 

ALT 4 . 1  (A) 0 . 4 64 0 . 8 1 5  0 . 8 35 0 . 824 0 . 8 1 0  0 . 73 2  

D IFF - 0 . 002 0 . 0 03 - 0 . 0 02 -0 . 00 5  - 0 . 008 -0 . 002 

ALT 4 . 3  0 . 4 70 0 . 8 23 0 . 8 4 3  0 . 83 1  0 . 824  0 . 7 4 0  

DIFF 0 . 004 0 . 0 1 1  0 . 00 6  0 . 002 0 . 0 0 6  0 . 00 6  

ALT 4 . 4  0 . 4 6 6 0 . 8 1 2  0 . 8 3 7  0 . 82 9  0 . 8 1 8  0 . 73 4  

DIFF 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 000 



DWORSHAK RECREAT ION INDEX YEAR 2007 
HA Y  JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 4 37 0 . 83 5  0 . 8 5 9  0 . 84 9  0 . 834 0 . 7 4 2  

ALT 1 . 2  0 . 4 3 8  0 . 8 3 6  0 . 8 60 0 . 852 0 . 8 4 0  0 . 7 4 5  
D U T  0 . 001 0 . 0 0 1  0 . 00 1  0 . 003 0 . 0 06 0 . 003 

ALT 4 . 1  (B) 0 . 434 0 . 8 4 1  0 . 8 5 9  0 . 84 1  0 . 823 0 . 7 4 1  
DIIT - 0 . 003 0 . 00 6  0 . 000 -0 . 00 8  - 0 . 0 1 1  - 0 . 0 0 1  

ALT 4 . 1  (A) 0 . 4 3 4  0 . 8 32 0 . 8 58 0 . 84 2  0 . 8 1 9  0 . 73 8  
D I IT  - 0 . 003 - 0 . 0 0 3  - 0 . 001 -0 . 007 - 0 . 0 1 5  - 0 . 004 

ALT 4 . 3  0 . 4 4 0  0 . 8 4 6  0 . 8 6 4  0 . 85 6  0 . 842 0 . 74 9  
DIIT 0 . 003 0 . 0 1 1  0 . 00 5  0 . 00 7  0 . 008 0 . 00 7  

ALT 4 . 4  0 . 4 3 7  0 . 8 3 5  0 . 8 5 9  0 . 84 9  0 . 834 0 . 74 2  
DIIT 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 00 0  

::c 
I DWORSHAK RECREATION INDEX YEAR 2008 

[\) HAY JUN JUL AG1 AG2 AVG 
NO ACTION 0 . 4 22 0 . 8 25 0 . 8 4 9  0 . 84 0  0 . 8 3 0  0 . 73 2  

ALT 1 . 2 0 . 4 2 3  0 . 8 2 8  0 . 8 5 3  0 . 84 6  0 . 8 40 0 . 73 6  .c- DIIT 0 . 001 0 . 003 0 . 004 0 . 00 6  0 . 010 0 . 004 

ALT 4 . 1  (B) 0 . 4 1 8  0 . 824 0 . 8 4 8  0 . 83 7  0 . 8 1 9  0 . 72 9  
DIIT - 0 . 004 - 0 . 00 1  -0 . 001 -0 . 003 - 0 . 0 1 1  - 0 . 003 

ALT 4 . 1  (A) 0 . 4 22 0 . 8 2 5  0 . 8 50 0 . 84 0  0 . 824 0 . 73 1  
D I IT  0 . 000 0 . 000 0 . 00 1  0 . 000 - 0 . 006 - 0 . 001 

ALT 4 . 3  0 . 4 23 0 . 8 3 0  0 . 8 5 6  0 . 84 6  0 . 8 3 9  0 . 73 7  
D I IT  0 . 001 0 . 0 05 0 . 0 07 0 . 00 6  0 . 009 0 . 00 5  

ALT 4 . 4  0 . 422 0 . 82 5  0 . 8 4 9  0 . 84 0  0 . 8 3 0  0 . 73 2  
DIIT 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 00 0  



Table H - 2  - 2 

HUNGRY HORSE RECREATION INDEX YEAR 1 9 8 9  
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 3 . 295 7 . 7 1 0  9 . 8 7 5  9 . 4 8 0  8 . 94 0  7 . 52 1  

ALT 1 . 2  3 . 2 95 7 . 7 1 0  9 . 8 7 5  9 . 4 8 0  8 . 955 7 . 52 3  
DIFF 0 . 000 0 . 000 0 . 0 0 0  0 . 000 0 . 0 1 5  0 . 002 

ALT 4 . 1  (8) 2 . 975 7 . 3 4 5  9 . 7 0 0  9 . 5 90 9 . 1 30 7 . 3 4 5  
DIFF -0 . 320 - 0 . 3 65 - 0 . 1 7 5  O . l l O  0 . 1 90 - 0 . 1 7 6  

ALT 4 . 1  (A) 3 . 025 7 . 4 4 0  9 . 6 7 0  9 . 37 0  8 . 925 7 . 3 2 0  
DIFF -0 . 2 7 0  -0 . 2 7 0  - 0 . 2 0 5  -0 . I I  0 - 0 . 0 1 5  - 0 . 2 0 1  

ALT 4 . 3 3 . 4 4 0  8 . 0 1 0  1 0 . 1 30 9 . 73 0  9 . 2 8 5  7 . 7 7 0  
D I FF  0 . 1 4 5  0 . 3 00 0 . 2 55 0 . 25 0  0 . 3 4 5  0 . 24 9  

ALT 4 . 4  3 . 2 95 7 . 7 1 0  9 . 8 7 5  9 . 4 8 0  8 . 940 7 . 5 2 1  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 00 0  

HUNGRY HORSE RECREATION INDEX YEAR 1 9 90 
HAY JUN JUL AG1 AG2 AVG 

:r: NO ACTION 
I 

3 . 2 2 0  7 . 4 60 9 . 4 90 9 . l l 0  8 . 675 7 . 2 6 4  

I\.) 
ALT 1 . 2  3 . 235 7 . 4 90 9 . 5 05 9 . 1 7 0  8 . 7 1 0  7 . 2 9 1  
DIFF 0 . 0 1 5  0 . 03 0  0 . 0 1 5  0 . 060 0 . 035 0 . 02 7  

Ul ALT 4 . 1  (8) 2 . 970 7 . l l 5  9 . 2 90 9 . 1 7 5  8 . 735 7 . 08 2  
DIFF - 0 . 250 -0 . 3 4 5  - 0 . 2 0 0  0 . 065 0 . 0 60 - 0 . 1 8 2 

ALT 4 . 1  (A) 3 . 0 95 7 . 2 55 9 . 3 4 0  9 . 03 0  8 . 5 90 7 . 1 2 4  
D I FF  - 0 . 1 2 5  -0 . 2 0 5  - 0 . 1 5 0  -0 . 0 8 0  - 0 . 0 8 5  - 0 . 1 4 0  

ALT 4 . 3  3 . 3 1 5  7 . 5 95 9 . 65 0  9 . 330 8 . 8 4 0  7 . 4 1 0  
D I FF  0 . 095 0 . 1 3 5  0 . 1 60 0 . 22 0  0 . 1 65 0 . 1 4 6  

ALT 4 . 4  3 . 2 20 7 . 4 60 9 . 4 90 9 . l l 0  8 . 675 7 . 2 64 
DIFF 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 000 0 . 000 0 . 000 



HUNGRY HORSE RECREATION I NDEX YEAR 1 9 91 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 3 . 1 85 7 . 4 8 0  9 . 62 0  9 . 235 8 . 7 1 5  7 . 3 1 4  

ALT 1 . 2  3 . 2 0 0  7 . 5 2 0  9 . 65 0  9 . 295 8 . 7 8 0  7 . 3 51 
DIFF 0 . 0 1 5  0 . 04 0  0 . 0 3 0  0 . 0 6 0  0 . 0 65 0 . 03 7  

ALT 4 . 1  (B) 2 . 8 0 0  6 . 925 9 . 2 35 9 . 0 8 0  8 . 7 2 5  6 . 9 6 6  
D I FF  - 0 . 3 8 5  - 0 . 5 55 -0 . 385 -0 . 1 5 5  0 . 0 1 0  - 0 . 34 8  

ALT 4 . 1  (A) 2 . 980 7 . 2 55 9 . 4 4 5  9 . 1 2 0  8 . 650 7 . 1 4 0  
D I FF  - 0 . 2 0 5  - 0 . 225 - 0 . 1 7 5  -0 . 1 1 5  -0 . 065 - 0 . 1 7 4  

ALT 4 . 3 3 . 3 1 5  7 . 7 35 9 . 8 8 0  9 . 4 90 8 . 945 7 . 53 5  

D I FF  0 . 1 3 0  0 . 2 55 0 . 2 60 0 . 255 0 . 2 3 0  0 . 2 21 

ALT 4 . 4  3 . 1 8 5  7 . 4 8 0  9 . 62 0  9 . 235 8 . 7 1 5  7 . 3 1 4  
DIFF 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

::r:: HUNGRY HORSE RECREATION I NDEX YEAR 1 9 92 
I 

f\) MAY JUN JUL AG1 AG2 AVG 
NO ACTION 2 . 9 8 0  7 . 2 60 9 . 5 7 0  9 . 1 5 5  8 . 7 4 0  7 . 1 8 9  

ALT 1 . 2 3 . 035 7 . 34 5  9 . 63 0  9 . 2 55 8 . 8 4 0  7 . 2 64 
(J\ DIFF 0 . 055 0 . 0 8 5  0 . 0 60 0 . 1 0 0  0 . 1 0 0  0 . 07 5  

ALT 4 . 1  (B) 2 . 8 0 0  7 . 04 0  9 . 4 7 0  9 . 28 5  8 . 9 7 0  7 . 1 1 0  

DIFF - 0 . 1 80 - 0 . 22 0  - 0 . 1 0 0  0 . 1 3 0  0 . 23 0  - 0 . 07 9  

ALT 4 . 1  (A) 2 . 8 85 7 . 1 2 5  9 . 4 65 9 . 155 8 . 7 3 0  7 . 1 04 
DIFF - 0 . 0 95 - 0 . 1 3 5  - 0 . 1 0 5  0 . 00 0  - 0 . 0 1 0  - 0 . 0 8 5  

ALT 4 . 3 3 . 1 2 0  7 . 54 5  9 . 8 7 0  9 . 4 90 9 . 04 0  7 . 4 4 9  

DIFF 0 . 1 4 0  0 . 2 8 5  0 . 30 0  0 . 335 0 . 3 0 0  0 . 2 60 

ALT 4 . 4  2 . 9 8 0  7 . 2 6 0  9 . 5 7 0  9 . 155 8 . 74 0  7 . 1 8 9  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  



HUNGRY HORSE RECREATION INDEX YEAR 1 9 93 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 3 . 000 7 . 1 75 9 . 2 5 0  8 . 8 65 8 . 4 05 7 . 0 1 4  

ALT 1 . 2  3 . 0 65 7 . 2 65 9 . 350 8 . 97 5  8 . 5 1 0  7 . 1 0 4  
DIFF 0 . 0 65 0 . 0 9 0  0 . 1 00 o . l l O  0 . 1 05 0 . 0 90 

ALT 4 . 1  (B) 2 . 820 7 . 05 0  9 . 225 9 . 060 8 . 650 6 . 9 8 7  
DIFF - 0 . 1 80 - 0 . 1 2 5  -0 . 025 0 . 1 9 5  0 . 24 5  - 0 . 02 7  

ALT 4 . 1  (A) 2 . 9 95 7 . 1 90 9 . 2 7 0  8 . 920 8 . 4 7 0  7 . 03 6  
DIFF - 0 . 005 0 . 01 5  0 . 020 0 . 055 0 . 0 65 0 . 022 

ALT 4 . 3  3 . 200 7 . 5 1 0  9 . 62 0  9 . 330 8 . 7 80 7 . 3 4 5  
D I FF  0 . 200 0 . 335 0 . 3 7 0  0 . 4 65 0 . 375 0 . 33 1  

ALT 4 . 4  3 . 000 7 . 1 7 5  9 . 250 8 . 8 65 8 . 4 05 7 . 0 1 4  
DIFF 0 . 000 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 000 0 . 000 

HUNGRY HORSE RECREATION INDEX YEAR 1 9 94 
::r:: HAY .roN JUL AG1 AG2 AVG 

I NO ACTION 3 . 04 5  7 . 030 8 . 8 9 5  8 . 43 5  7 . 8 90 6 . 78 1  
N 

ALT 1 . 2  3 . 0 90 7 . 1 65 9 . 0 1 5  8 . 55 0  8 . 005 6 . 8 8 5  
D I FF  0 . 0 45 0 . 1 3 5  0 . 1 2 0  0 . l l 5  0 . l l 5 0 . 1 0 4  

-.J 
ALT 4 . 1  2 . 830 6 . 8 1 0  8 . 7 4 5  8 . 4 60 8 . 1 2 0  6 . 668 (B) 
DIFF - 0 . 2 1 5  -0 . 220 -0 . 1 50 0 . 02 5  0 . 230 -0 . l l 3 

ALT 4 . 1  (A) 3 . 04 5  7 . 04 5  8 . 95 0  8 . 4 65 7 . 935 6 . 8 0 8  
DIFF 0 . 000 0 . 0 1 5  0 . 0 55 0 . 03 0  0 . 04 5  0 . 02 7  

ALT 4 . 3  3 . 1 85 7 . 34 0  9 . 2 3 5  8 . 81 5  8 . 270 7 . 07 3  
D I FF  0 . 1 4 0  0 . 3 1 0  0 . 34 0  0 . 3 8 0  0 . 380 0 . 2 92 

ALT 4 . 4 3 . 0 4 5  7 . 03 0  8 . 8 95 8 . 43 5  7 . 8 90 6 . 7 8 1  
DIFF 0 . 000 0 . 000 0 . 0 0 0  0 . 000 0 . 0 00 0 . 000 



HUNGRY HORSE RECREATION INDEX YEAR 1 9 95 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 925 6 . 15 0  8 . 61 5  8 . 220 1 . 1 05 6 . 5 62 

ALT 1 . 2 3 . 04 5  6 . 920 8 . 1 9 0  8 . 35 0  1 . 8 1 5  6 . 1 1 5  
DIFF 0 . 1 20 0 . 1 1 0  0 . 1 15 0 . 13 0  0 . 1 1 0  0 . 1 53 

ALT 4 . 1  (B) 2 . 615 6 . 5 20 8 . 4 6 0  8 . 25 0  1 . 8 1 5  6 . 4 2 9  
DIFF - 0 . 250 - 0 . 23 0  - 0 . 1 5 5 0 . 03 0  0 . 1 1 0  - 0 . 1 3 3  

AL T  4 . 1  (A) 2 . 960 6 . 1 9 0  8 . 6 1 5  8 . 21 5  1 . 8 4 0  6 . 6 1 9  
DIFF 0 . 0 3 5  0 . 04 0  0 . 0 6 0  0 . 05 5  0 . 1 3 5  0 . 0 5 1  

ALT 4 . 3 3 . 1 65 1 . 23 0  9 . 1 1 0  8 . 6 9 0  8 . 0 95 6 . 912 
DIFF 0 . 24 0  0 . 4 8 0  0 . 4 95 0 . 4 1 0  0 . 3 90 0 . 4 1 0  

ALT 4 . 4  2 . 925 6 . 1 5 0  8 . 6 1 5  8 . 22 0  1 . 1 0 5  6 . 5 6 2  
D I FF  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  

::c HUNGRY HORSE RECREATION I NDEX YEAR 1 9 96 
I MAY JUN JUL AG1 AG2 AVG N 

NO ACTION 2 . 905 1 . 04 5  9 . 0 3 5  8 . 11 0  8 . 225 6 . 8 62 

ALT 1 . 2 3 . 005 1 . 1 4 5  9 . 1 60 8 . 80 0  8 . 3 20 6 . 9 6 6  
OJ DIFF 0 . 1 00 0 . 1 0 0  0 . 1 2 5  0 . 0 90 0 . 0 95 0 . 1 04 

ALT 4 . 1  (B) 2 . 6 8 0  6 . 8 0 5  8 . 94 5  8 . 660 8 . 335 6 . 13 1  
DIFF - 0 . 225 - 0 . 24 0  - 0 . 0 9 0  -0 . 05 0  0 . 1 1 0  - 0 . 1 3 1  

ALT 4 . 1  (A) 2 . 9 1 5  1 . 0 5 0  9 . 04 0  8 . 63 0  8 . 1 3 5  6 . 8 4 5  
DIFF 0 . 0 1 0  0 . 0 0 5  0 . 00 5  -0 . 0 8 0  - 0 . 0 90 - 0 . 0 1 1  

ALT 4 . 3  3 . 1 3 0  1 . 3 8 5  9 . 4 60 9 . 04 0  8 . 5 60 1 . 1 92 
DIFF 0 . 225 0 . 3 4 0  0 . 4 2 5  0 . 33 0  0 . 335 0 . 33 0  

ALT 4 . 4  2 . 905 1 . 04 5  9 . 035 8 . 11 0  8 . 2 25 6 . 8 62 
D I FF  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  



HUNGRY HORSE RECREATION I NDEX YEAR 1 9 97 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 8 85 6 . 9 3 0  8 . 8 2 5  8 . 4 55 7 . 950 6 . 70 9  

ALT 1 . 2  2 . 920 7 . 02 5  8 . 965 8 . 5 95 8 . 050 6 . 8 0 6  
D I FF 0 . 035 0 . 0 9 5  0 . 1 4 0  0 . 1 4 0  0 . 1 00 0 . 0 9 7  

ALT 4 . 1  (B) 2 . 6 3 5  6 . 72 5  8 . 8 4 5  8 . 54 0  8 . 1 75 6 . 6 4 0  
D I FF - 0 . 2 5 0  -0 . 2 0 5  0 . 02 0  0 . 08 5  0 . 2 2 5  - 0 . 0 6 9  

ALT 4 . 1  (A) 2 . 925 7 . 0 4 5  8 . 94 5  8 . 5 8 0  8 . 0 3 0  6 . 8 0 3  
D I FF 0 . 04 0  0 . 1 1 5  0 . 1 2 0  0 . 1 2 5  0 . 080 0 . 0 9 4  

ALT 4 . 3  3 . 04 5  7 . 2 4 5  9 . 2 90 8 . 905 8 . 3 65 7 . 0 5 2  
D I FF 0 . 1 60 0 . 3 1 5  0 . 4 65 0 . 4 5 0  0 . 4 1 5  0 . 3 4 3  

ALT 4 . 4  2 . 8 8 5  6 . 93 0  8 . 8 2 5  8 . 4 5 5  7 . 950 6 . 70 9  
D I FF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::r:: HUNGRY HORSE RECREAT ION I NDEX YEAR 1 9 98 I HAY JUN JUL AG1 AG2 AVG [\) 
NO ACTI ON 2 . 8 1 0  6 . 8 1 0  9 . 0 3 5  8 . 7 1 0  8 . 2 4 0  6 . 7 8 2  

ALT 1 . 2  2 . 8 5 0  6 . 8 7 5  9 . 0 8 0  8 . 7 8 0  8 . 3 2 0  6 . 8 3 8  
\.0 D I FF 0 . 0 4 0  0 . 0 65 0 . 0 4 5  0 . 0 7 0  0 . 0 8 0  0 . 05 6  

ALT 4 . 1  (B)  2 . 6 90 6 . 7 0 0  8 . 9 95 8 . 8 2 5  8 . 4 25 6 . 75 3  
D IFF - 0 . 1 20 - 0 . 1 1 0  -0 . 0 4 0  0 . 1 1 5  0 . 1 8 5  -0 . 02 9  

ALT 4 . 1  ( A )  2 . 8 4 5  6 . 8 8 0  9 . 0 95 8 . 7 95 8 . 2 8 0  6 . 8 3 9  
D IFF 0 . 035 0 . 0 7 0  0 . 0 6 0  0 . 0 8 5  0 . 0 4 0  0 . 05 7  

ALT 4 . 3  2 . 9 4 5  7 . 0 3 0  9 . 2 7 0  9 . 04 0  8 . 5 55 7 . 0 1 0  
D I FF 0 . 1 3 5 0 . 2 2 0  0 . 2 3 5  0 . 3 3 0  0 . 3 1 5  0 . 2 2 8  

ALT 4 . 4  2 . 8 1 0  6 . 8 1 0  9 . 0 35 8 . 7 1 0  8 . 2 4 0  6 . 7 8 2  
D I FF 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 00 



HUNGRY HORSE RECREATION INDEX YEAR 1 9 9 9  
MAY JUN JUL AG1 AG2 AVG 

NO ACT I ON 2 . 875 6 . 8 3 0  8 . 65 0  8 . 1 85 7 . 770 6 . 5 8 1  

ALT 1 . 2 2 . 970 6 . 8 95 8 . 7 1 5  8 . 320 7 . 8 60 6 . 666 
D I FF  0 . 0 95 0 . 065 0 . 0 65 0 . 1 3 5  0 . 0 90 0 . 08 5  

ALT 4 . 1  (B) 2 . 825 6 . 8 3 5  8 . 6 9 5  8 . 320 7 . 935 6 . 6 1 9  
D I FF  - 0 . 050 0 . 00 5  0 . 04 5  0 . 1 3 5  0 . 1 65 0 . 03 8  

ALT 4 . 1  (A) 2 . 970 6 . 94 0  8 . 7 1 5  8 . 25 5  7 . 700 6 . 64 8  
D I FF  0 . 0 95 0 . 1 1 0  0 . 0 65 0 . 07 0  - 0 . 070 0 . 0 6 7  

ALT 4 . 3  3 . 085 7 . 2 1 5  9 . 0 8 0  8 . 7 05 8 . 2 4 5  6 . 962 
DIFF 0 . 2 1 0  0 . 3 8 5  0 . 4 30 0 . 520 0 . 4 7 5  0 . 3 8 1  

ALT 4 . 4  2 . 8 7 5  6 . 830 8 . 65 0  8 . 1 8 5  7 . 7 70 6 . 5 8 1  
D I FF  0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::c HUNGRY HORSE RECREATION I NDEX YEAR 2000 
I MAY JUN JUL AG1 AG2 AVG 

"-l NO ACTION 2 . 8 4 5  6 . 8 1 0  8 . 7 7 0  8 . 560 8 . 1 80 6 . 698 

ALT 1 . 2  2 . 8 8 5  6 . 8 6 0  8 . 8 00 8 . 600 8 . 235 6 . 7 4 0  
"-l D I FF  0 . 04 0  0 . 05 0  0 . 030 0 . 04 0  0 . 055 0 . 04 2  0 

ALT 4 . 1  (B) 2 . 850 6 . 8 7 0  8 . 8 60 8 . 600 8 . 250 6 . 75 0  
D I FF  0 . 005 0 . 0 60 0 . 0 90 0 . 04 0  0 . 070 0 . 052 

ALT 4 . 1  (A) 2 . 850 6 . 8 7 5  8 . 8 1 5  8 . 45 5  8 . 0 55 6 . 6 97 
D I FF  0 . 005 0 . 0 65 0 . 04 5  -0 . 1 0 5  - 0 . 1 25 - 0 . 0 0 1  

ALT 4 . 3  3 . 070 7 . 2 1 5  9 . 22 5  8 . 98 0  8 . 58 5  7 . 07 2  
D I FF  0 . 225 0 . 4 0 5  0 . 4 55 0 . 4 20 0 . 405 0 . 3 7 4  

ALT 4 . 4 2 . 845 6 . 8 1 0  8 . 7 7 0  8 . 560 8 . 180 6 . 6 9 8  
D I FF  0 . 000 0 . 00 0  0 . 000 0 . 000 0 . 000 0 . 000 



HUNGRY HORSE RECREAT ION I NDEX YEAR 2 0 0 1  
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 855 6 . 7 8 5  8 . 83 0  8 . 4 3 5  7 . 935 6 . 6 6 3  

ALT 1 . 2  2 . 8 80 6 . 84 5  8 . 92 0  8 . 50 0  8 . 04 5  6 . 7 2 8  
D I FF  0 . 025 0 . 0 6 0  0 . 0 90 0 . 0 65 0 . 1 1 0  0 . 0 6 5  

ALT 4 . 1  (B) 2 . 805 6 . 7 8 5  8 . 8 4 0  8 . 4 2 5  7 . 9 90 6 . 65 8  
D I FF  -0 . 050 0 . 000 0 . 0 1 0  - 0 . 01 0  0 . 055 -0 . 00 5  

ALT 4 . 1  (A) 2 . 755 6 . 65 0  8 . 7 1 5  8 . 1 5 5  7 . 625 6 . 50 1  
D I FF  - 0 . 1 0 0  - 0 . 1 3 5  - 0 . 1 1 5  -0 . 2 8 0  - 0 . 3 1 0  -0 . 1 62 

ALT 4 . 3  3 . 035 7 . 1 5 5 9 . 3 1 5  8 . 87 0  8 . 34 0  7 . 02 6  
DIFF 0 . 1 80 0 . 3 7 0  0 . 4 8 5  0 . 4 3 5  0 . 4 05 0 . 3 63 

ALT 4 . 4  2 . 8 55 6 . 7 8 5  8 . 83 0  8 . 4 3 5  7 . 935 6 . 663 
DIFF 0 . 0 0 0  0 . 000 0 . 000 0 . 0 0 0  0 . 000 0 . 000 

::r:: 
I HUNGRY HORSE RECREAT ION I NDEX YEAR 2 002 N 

HAY JUN JUL AG1 AG2 AVG 
NO ACT I ON 2 . 975 6 . 8 6 5  8 . 7 4 5  8 . 3 1 5  7 . 770 6 . 65 5  

N 
ALT 1 .  2 3 . 0 7 0  7 . 0 3 0  8 . 8 90 8 . 4 4 5  7 . 9 1 0  6 . 7 90 
DIFF 0 . 0 95 0 . 1 65 0 . 1 4 5  0 . 13 0  0 . 1 4 0  0 . 1 3 5  

ALT 4 . 1  (B ) 3 . 03 0  7 . 0 4 5  8 . 8 6 0  8 . 4 5 0  7 . 9 2 5  6 . 7 7 8  
DIFF 0 . 055 0 . 1 8 0  0 . 1 1 5  0 . 13 5  0 . 1 5 5  0 . 1 23 

ALT 4 . 1  (A) 2 . 9 2 5  6 . 7 8 0  8 . 65 0  8 . 055 7 . 500 6 . 53 1  
DIFF - 0 . 050 - 0 . 0 8 5  - 0 . 0 95 - 0 . 2 6 0  - 0 . 2 70 - 0 . 1 2 4  

ALT 4 . 3  3 . 1 3 5  7 . 1 8 0  9 . 1 4 5  8 . 8 1 5  8 . 2 90 7 . 00 2  
D I FF  0 . 1 60 0 . 3 1 5  0 . 4 0 0  0 . 500 0 . 520 0 . 3 4 7  

ALT 4 . 4  2 . 975 6 . 8 65 8 . 7 4 5  8 . 3 1 5  7 . 7 7 0  6 . 655 
DIFF 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 000 0 . 0 0 0  



HUNGRY HORSE RECREATION I NDEX YEAR 2 003 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 8 90 6 . 94 5  9 . 1 1 5 8 . 7 4 5  8 . 2 4 5  6 . 8 6 1  

ALT 1 . 2  2 . 960 7 . 0 70 9 . 2 1 0  8 . 85 0  8 . 3 5 0  6 . 95 9  

DIIT 0 . 0 7 0  0 . 1 2 5  0 . 0 9 5  0 . 1 0 5  0 . 1 05 0 . 0 9 8  

ALT 4 . 1  (B) 3 . 0 2 0  7 . 1 65 9 . 3 2 0  8 . 8 3 5  8 . 2 65 7 . 0 1 3  

D I FF 0 . 1 30 0 . 2 2 0  0 . 20 5  0 . 0 9 0  0 . 020 0 . 1 5 2  

ALT 4 . 1  (A) 2 . 9 95 7 . 1 2 0  9 . 2 55 8 . 8 1 0  8 . 2 4 0  6 . 9 7 3  

D I IT 0 . 1 05 0 . 1 7 5  0 . 1 4 0  0 . 06 5  - 0 . 005 0 . 1 1 2  

ALT 4 . 3  3 . 1 5 5  7 . 4 2 0  9 . 5 70 9 . 24 0  8 . 750 7 . 2 8 4  

D I IT 0 . 2 65 0 . 4 7 5 0 . 4 5 5  0 . 4 95 0 . 505 0 . 4 2 3  

ALT 4 . 4  2 . 8 90 6 . 94 5  9 . 1 1 5  8 . 74 5  8 . 2 4 5  6 . 8 6 1  

DIIT 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 0 0 0  

::r:: I HUNGRY HORSE RECREATION INDEX YEAR 2 0 0 4  
N HAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 985 7 . 1 4 5  9 . 3 3 5  8 . 970 8 . 5 20 7 . 05 2  

N ALT 1 .  2 3 . 0 4 0  7 . 1 9 5 9 . 4 3 0  9 . 05 0  8 . 625 7 . 1 25 
N 

D IFF 0 . 055 0 . 05 0  0 . 0 9 5  0 . 08 0  0 . 1 05 0 . 0 7 3  

ALT 4 . 1  (B) 3 . 0 1 0  7 . 2 7 5  9 . 4 4 5  8 . 870 8 . 4 65 7 . 0 9 8  

DIIT 0 . 025 0 . 1 3 0  0 . 1 1 0  - 0 . 1 0 0  - 0 . 055 0 . 0 4 6  

ALT 4 . 1  (A) 2 . 9 9 5  7 . 2 0 5  9 . 3 95 8 . 855 8 . 3 60 7 . 04 9  

DIIT 0 . 0 1 0  0 . 0 6 0  0 . 0 60 -0 . 1 1 5  - 0 . 1 60 -0 . 003 

ALT 4 . 3  3 . 1 35 7 . 4 7 5 9 . 6 9 0  9 . 2 8 5  8 . 835 7 . 3 3 9  

DIIT 0 . 1 5 0  0 . 3 3 0  0 . 3 55 0 . 3 1 5  0 . 3 1 5  0 . 2 8 7  

ALT 4 . 4  2 . 9 8 5  7 . 1 4 5  9 . 3 3 5  8 . 97 0  8 . 520 7 . 05 2  

DIIT 0 . 000 0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 000 0 . 000 



HUNGRY HORSE RECREATION INDEX YEAR 2 0 05 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 905 6 . 9 1 5  8 . 93 0  8 . 5 65 8 . 1 3 5  6 . 7 7 4  

ALT 1 . 2  2 . 9 8 5  7 . 08 0  9 . 0 8 0  8 . 735 8 . 2 60 6 . 90 9  
DIFF 0 . 0 8 0  0 . 1 65 0 . 1 5 0  0 . 1 7 0  0 . 1 2 5  0 . 1 3 5  

ALT 4 . 1  (B)  2 . 8 60 6 . 9 90 8 . 94 5  8 . 3 8 5  7 . 925 6 . 7 35 
DIFF - 0 . 0 4 5  0 . 07 5  0 . 0 1 5  - 0 . 1 8 0  - 0 . 2 1 0  - 0 . 03 9  

ALT 4 . 1  (A) 2 . 825 6 . 875 8 . 8 9 0  8 . 33 0  7 . 835 6 . 6 6 6  
DIFF - 0 . 0 8 0  - 0 . 04 0  - 0 . 04 0  -0 . 2 3 5  - 0 . 3 00 - 0 . 1 0 8  

ALT 4 . 3  3 . 030 7 . 225 9 . 2 2 5  8 . 8 0 5  8 . 335 7 . 0 1 1  
DIFF 0 . 1 25 0 . 3 1 0  0 . 2 95 0 . 24 0  0 . 2 0 0  0 . 2 3 7  

ALT 4 . 4  2 . 905 6 . 9 1 5  8 . 93 0  8 . 5 65 8 . 1 35 6 . 77 4  
DIFF 0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  

::c HUNGRY HORSE RECREATION INDEX YEAR 2 0 0 6  
I MAY JUN JUL AG1 AG2 AVG [\J NO ACTION 3 . 1 60 7 . 02 0  8 . 8 5 0  8 . 61 0  8 . 1 5 0  6 . 8 5 1  

ALT 1 . 2 3 . 225 7 . 1 4 0  8 . 9 9 0  8 . 72 0  8 . 2 8 5  6 . 9 6 3  [\J DIFF 0 . 0 65 0 . 1 2 0  0 . 1 4 0  0 . 1 1 0  0 . 1 3 5  0 . 1 1 2  W 
ALT 4 . 1  (B ) 3 . 1 25 7 . 0 8 5  8 . 8 7 5  8 . 3 6 0  7 . 8 5 5  6 . 7 9 6  
DIFF - 0 . 035 0 . 0 6 5  0 . 0 2 5  - 0 . 25 0  - 0 . 2 95 - 0 . 0 5 5  

ALT 4 . 1  (A) 3 . 1 4 5  6 . 9 8 5  8 . 7 8 5  8 . 3 6 5  7 . 9 2 0  6 . 7 6 3  
DIFF - 0 . 0 1 5  - 0 . 03 5  - 0 . 0 6 5  -0 . 24 5  - 0 . 2 3 0  - 0 . 08 8  

ALT 4 . 3  3 . 235 7 . 2 8 5  9 . 1 4 5  8 . 83 5  8 . 3 4 5  7 . 0 6 2  
DIFF 0 . 0 75 0 . 2 65 0 . 2 95 0 . 22 5  0 . 1 95 0 . 2 1 1  

ALT 4 . 4  3 . 1 60 7 . 02 0  8 . 8 5 0  8 . 6 1 0  8 . 1 5 0  6 . 8 5 1  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  



HUNGRY HORSE RECREATION I NDEX YEAR 2 0 07 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 2 . 935 6 . 9 8 0  8 . 8 9 5  8 . 61 0  8 . 1 1 5  6 . 7 9 2  

ALT 1 . 2 3 . 0 1 5  7 . 0 65 9 . 0 55 8 . 78 0  8 . 3 1 0  6 . 9 1 9  
DIFF 0 . 0 8 0  0 . 0 8 5  0 . 1 6 0  0 . 1 7 0  0 . 1 95 0 . 1 27 

ALT 4 . 1  (S) 2 . 8 70 6 . 965 8 . 93 0  8 . 4 1 0  7 . 870 6 . 7 2 4  
DIFF - 0 . 0 65 -0 . 0 1 5  0 . 0 35 -0 . 2 0 0  -0 . 2 4 5  -0 . 0 6 8  

AL T  4 . 1  (A) 2 . 8 95 6 . 9 4 0  8 . 905 8 . 450 7 . 940 6 . 73 2  
DIFF - 0 . 0 4 0  - 0 . 0 4 0  0 . 0 1 0  -0 . 1 60 - 0 . 1 7 5  -0 . 0 6 0  

ALT 4 . 3  3 . 0 65 7 . 3 1 0  9 . 1 8 5  8 . 90 5  8 . 3 85 7 . 04 9  
DIFF 0 . 1 3 0  0 . 3 3 0  0 . 2 90 0 . 2 9 5  0 . 2 70 0 . 25 7  

AL T  4 . 4  2 . 935 6 . 9 8 0  8 . 8 9 5  8 . 61 0  8 . 1 15 6 . 7 92 
DIFF 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 000 0 . 000 

HUNGRY HORSE RECREATION INDEX YEAR 2 0 0 8  
::r:: HAY JON JUL AG1 AG2 AVG 

I NO ACTION 2 . 9 4 0  7 . 1 4 5  9 . 0 7 0  8 . 77 5  8 . 32 0  6 . 92 4  
N 

ALT 1 . 2  3 . 000 7 . 3 0 5  9 . 2 1 0  8 . 8 8 5  8 . 4 3 5  7 . 04 2  
DIFF 0 . 0 60 0 . 1 60 0 . 1 4 0  0 . 1 1 0  0 . 1 15 0 . 1 1 8  

N 
.c- ALT 4 . 1  (S) 2 . 9 0 5  7 . 2 1 5  9 . 1 2 5  8 . 61 0  8 . 1 60 6 . 905 

DIFF - 0 . 035 0 . 0 70 0 . 05 5  -0 . 1 6 5  -0 . 1 60 -0 . 0 1 9  

ALT 4 . 1  (A) 2 . 91 5  7 . 2 1 5  9 . 1 2 5  8 . 70 5  8 . 1 95 6 . 9 2 4  
DIFF -0 . 025 0 . 0 7 0  0 . 0 55 -0 . 07 0  - 0 . 1 25 0 . 000 

ALT 4 . 3  3 . 0 65 7 . 4 7 0  9 . 3 8 5  9 . 08 0  8 . 635 7 . 1 9 2  
DIFF 0 . 1 25 0 . 3 2 5  0 . 3 1 5  0 . 30 5  0 . 3 1 5  0 . 2 68 

ALT 4 . 4  2 . 940 7 . 1 4 5  9 . 0 70 8 . 77 5  8 . 320 6 . 92 4  
DIn' 0 . 0 0 0  0 . 0 0 0  0 . 0 00 0 . 00 0  0 . 000 0 . 00 0  



Table H-2 - 3 

LIBBY RECREAT I ON INDEX YEAR 1 98 9  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 7 0 . 908 0 . 983 0 . 983 0 . 985 0 . 8 9 0  

ALT 1 . 2  0 . 6 8 7  0 . 90 8  0 . 98 3  0 . 983 0 . 9 8 6  0 . 8 90 
DIIT 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 001 0 . 000 

ALT 4 . 1  (8) 0 . 6 8 4  0 . 8 94 0 . 97 6  0 . 977 0 . 977 0 . 8 8 2  
DIIT - 0 . 003 - 0 . 0 1 4  - 0 . 007 -0 . 00 6  - 0 . 008 - 0 . 00 8  

ALT 4 . 1  (A) 0 . 6 8 5  0 . 8 9 8  0 . 9 8 0  0 . 98 0  0 . 980 0 . 8 8 6  
DIIT - 0 . 002 - 0 . 0 1 0  - 0 . 003 - 0 . 003 - 0 . 005 - 0 . 00 4  

ALT 4 . 3  0 . 6 8 7  0 . 91 1  0 . 98 5  0 . 98 6  0 . 9 8 8  0 . 8 92 
DIIT 0 . 0 00 0 . 003 0 . 002 0 . 00 3  0 . 003 0 . 00 2  

ALT 4 . 4  0 . 6 8 7  0 . 90 8  0 . 98 3  0 . 98 3  0 . 985 0 . 8 9 0  
D I IT  0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::r:: 
I LIBBY RECREATI ON INDEX YEAR 1 9 90 

N MAY JUN JUL AG1 AG2 AVG 
NO ACTION 0 . 6 8 9  0 . 904 0 . 983 0 . 98 2  0 . 985 0 . 8 9 0  

N ALT 1 . 2 0 . 6 8 9  0 . 90 4  0 . 98 3  0 . 98 3  0 . 9 8 6  0 . 8 90 
Vl DIIT 0 . 000 0 . 000 0 . 000 0 . 00 1  0 . 001 0 . 000 

ALT 4 . 1  (S)  0 . 683 0 . 8 8 9  0 . 973 0 . 974 0 . 975 0 . 8 8 0  
D I IT  -0 . 0 0 6  -0 . 0 1 5  - 0 . 0 1 0  -0 . 00 8  - 0 . 0 1 0  -0 . 01 0  

ALT 4 . 1  (A) 0 . 685 0 . 8 9 6  0 . 9 7 8  0 . 97 9  0 . 9 8 0  0 . 8 8 5  
DIIT - 0 . 004 - 0 . 00 8  - 0 . 005 -0 . 003 - 0 . 005 - 0 . 00 5  

ALT 4 . 3  0 . 6 90 0 . 906 0 . 983 0 . 98 4  0 . 9 8 7  0 . 8 91 
DIIT 0 . 0 0 1  0 . 0 02 0 . 0 00 0 . 002 0 . 002 0 . 00 1  

ALT 4 . 4  0 . 6 8 9  0 . 90 4  0 . 9 8 3  0 . 98 2  0 . 985 0 . 8 90 
DIIT 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 000 



LIBBY RECREATI ON INDEX YEAR 1 9 91 
HAY JUN JUL AGI AG2 AVG 

NO ACT I ON 0 . 6 8 8  0 . 9 0 2  0 . 98 1  0 . 98 1  0 . 9 8 1  0 . 8 8 8  

ALT 1 . 2  0 . 6 8 8  0 . 903 0 . 98 1  0 . 982 0 . 983 0 . 8 8 9  
DIFF 0 . 000 0 . 0 01 0 . 0 00 0 . 001 0 . 002 0 . 00 1  

ALT 4 . 1  (S) 0 . 6 8 1  0 . 8 8 7  0 . 970 0 . 972 0 . 973 0 . 8 7 8  
D I FF  - 0 . 007 -0 . 0 1 5  -0 . 0 1 1  -0 . 009 -0 . 008 - 0 . 0 1 0  

ALT 4 . 1  (A) 0 . 684 0 . 8 9 7 0 . 9 7 7  0 . 977 0 . 978 0 . 8 8 4  
DIFF - 0 . 004 - 0 . 005 -0 . 0 04 -0 . 004 - 0 . 003 - 0 . 004 

ALT 4 . 3 0 . 6 8 9  0 . 9 0 4  0 . 98 2  0 . 98 3  0 . 984  0 . 8 8 9  
DIFF 0 . 001 0 . 0 02 0 . 0 01 0 . 002 0 . 003 0 . 00 1  

ALT 4 . 4  0 . 6 8 8  0 . 902 0 . 9 8 1  0 . 98 1  0 . 9 8 1  0 . 8 8 8  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::r: LIBBY RECREATI ON I NDEX YEAR 1 9 92 I 
f\) HAY JUN JUL AGI AG2 AVG 

NO ACTION 0 . 68 6  0 . 90 6  0 . 9 8 2  0 . 98 1  0 . 980 0 . 8 8 8  

f\) ALT 1 .  2 0 . 687 0 . 9 0 8  0 . 98 2  0 . 98 1  0 . 9 8 1  0 . 8 8 9  
(J\ D I FF  0 . 001 0 . 00 2  0 . 000 0 . 000 0 . 001 0 . 00 1  

ALT 4 . 1  (S) 0 . 6 8 2  0 . 8 9 7  0 . 97 5  0 . 9 7 6  0 . 9 7 6  0 . 8 8 3  
DIFF - 0 . 004 - 0 . 0 0 9  -0 . 0 07 -0 . 005 - 0 . 004 - 0 . 005 

ALT 4 . 1  (A) 0 . 685 0 . 902 0 . 9 8 0  0 . 97 9  0 . 9 7 9  0 . 8 8 6  
DIFF - 0 . 001 -0 . 0 0 4  -0 . 0 02 -0 . 002 - 0 . 001 - 0 . 0 0 2  

ALT 4 . 3  0 . 6 8 8  0 . 90 9 0 . 9 8 3  0 . 98 3  0 . 983 0 . 8 9 1  
DIFF 0 . 002 0 . 003 0 . 0 0 1  0 . 002 0 . 003 0 . 003 

ALT 4 . 4  0 . 6 8 6  0 . 9 0 6  0 . 9 8 2  0 . 98 1  0 . 980 0 . 8 8 8  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 



LIBBY RECREATI ON INDEX YEAR 1 9 93 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 8  0 . 8 98 0 . 9 8 2  0 . 91 9  0 . 9 1 8  0 . 8 8 1  

ALT 1 . 2  0 . 690 0 . 900 0 . 9 8 2  0 . 981 0 . 9 8 0  0 . 8 8 8  
DIFF 0 . 002 0 . 002 0 . 0 00 0 . 002 0 . 002 0 . 00 1  

ALT 4 . 1  (B) 0 . 6 8 4  0 . 8 8 8  0 . 91 4  0 . 91 5  0 . 9 11 0 . 8 8 0  
D I FF  - 0 . 004 -0 . 0 1 0  - 0 . 0 0 8  -0 . 004 - 0 . 001 - 0 . 00 1  

ALT 4 . 1  (A) 0 . 6 8 1  0 . 8 9 1 0 . 9 8 2  0 . 98 1  0 . 981 0 . 8 8 1  
DIFF - 0 . 001 - 0 . 00 1  0 . 0 00 0 . 002 0 . 003 0 . 00 0  

ALT 4 . 3  0 . 691  0 . 901  0 . 9 8 4  0 . 9 8 4  0 . 984  0 . 8 9 0  
D I FF  0 . 003 0 . 00 3  0 . 0 02 0 . 005 0 . 00 6  0 . 00 3  

ALT 4 . 4  0 . 6 8 8  0 . 8 98 0 . 9 8 2  0 . 91 9  0 . 9 1 8  0 . 8 8 1  
DIFF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 00 0  

::r:: LIBBY RECREATI ON INDEX YEAR 1 9 94 

I MAY .roN JUL AG1 AG2 AVG 

f\) NO ACTION 0 . 6 8 9  0 . 8 8 5  0 . 9 1 0  0 . 9 6 1  0 . 965 0 . 8 1 1  

ALT 1 . 2 0 . 6 8 9  0 . 8 8 6  0 . 9 1 1  0 . 910 0 . 9 6 9  0 . 8 1 9  

f\) DIFF 0 . 000 0 . 00 1  0 . 0 0 1  0 . 00 3  0 . 004 0 . 00 2  
--..1 

ALT 4 . 1  (B) 0 . 6 8 3  0 . 8 1 2  0 . 9 6 3  0 . 965 0 . 965 0 . 8 1 1  
DIFF - 0 . 006 -0 . 0 1 3  - 0 . 001 -0 . 002 0 . 000 - 0 . 00 6  

ALT 4 . 1  (A) 0 . 681 0 . 8 8 4  0 . 9 1 1  0 . 910 0 . 9 6 9  0 . 8 1 8  
D I FF  - 0 . 002 - 0 . 00 1  0 . 0 0 1  0 . 00 3  0 . 004 0 . 00 1  

ALT 4 . 3  0 . 6 8 9  0 . 8 9 1  0 . 9 1 5  0 . 91 6  0 . 9 1 6  0 . 8 8 3  
D I FF  0 . 000 0 . 0 06 0 . 0 0 5  0 . 00 9  0 . 0 1 1  0 . 00 6  

ALT 4 . 4  0 . 6 8 9  0 . 8 8 5  0 . 9 1 0  0 . 961  0 . 965 0 . 8 1 1  
D I FF  0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 00 0  



LIBBY RECREAT I ON I NDEX YEAR 1 9 95 
MAY JUN JUL AGI AG2 AVG 

NO ACTION 0 . 688 0 . 8 90 0 . 9 7 1  0 . 967 0 . 9 6 6  0 . 8 7 9  

ALT 1 . 2  0 . 6 8 9  0 . 8 9 1  0 . 97 2  0 . 97 0  0 . 969 0 . 8 8 0  
D I FF  0 . 0 0 1  0 . 00 1  0 . 0 0 1  0 . 003 0 . 003 0 . 0 0 1  

ALT 4 . 1  (B )  0 . 68 6  0 . 8 8 0  0 . 963 0 . 964 0 . 965 0 . 8 7 3  
D I FF  - 0 . 0 02 - 0 . 0 1 0  - 0 . 00 8  - 0 . 0 0 3  - 0 . 0 0 1  - 0 . 0 0 6  

ALT 4 . 1  (A) 0 . 6 8 8  0 . 8 9 0  0 . 97 3  0 . 97 1  0 . 970 0 . 8 8 0  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 00 2  0 . 0 0 4  0 . 004  0 . 00 1  

ALT 4 . 3  0 . 6 9 1  0 . 8 9 5  0 . 9 7 6  0 . 97 6  0 . 976 0 . 8 8 4  
D I FF  0 . 003 0 . 00 5  0 . 00 5  0 . 00 9  0 . 0 1 0  0 . 00 5  

ALT 4 . 4 0 . 6 8 8  0 . 8 9 0  0 . 97 1  0 . 967 0 . 966 0 . 8 7 9  
D I FF  0 . 0 0 0  0 . 0 0 0  0 . 0 00 0 . 00 0  0 . 0 0 0  0 . 00 0  

LIBBY RECREAT I ON INDEX YEAR 1 9 96 
MAY JUN JUL AGI AG2 AVG 

::r:: NO ACTION I 0 . 6 8 6  0 . 8 9 0  0 . 971 0 . 9 6 9  0 . 968 0 . 8 7 9  

I\) 
ALT 1 . 2  0 . 6 8 6  0 . 8 9 1  0 . 973 0 . 972 0 . 971  0 . 8 8 0  
D I FF  0 . 0 00 0 . 0 0 1  0 . 00 2  0 . 00 3  0 . 0 03 0 . 0 0 1  

I\) 
ALT 4 . 1  (B) 0 . 681  0 . 8 7 9  0 . 96 4  0 . 965 0 . 966 0 . 8 7 2  en 
D I FF  - 0 . 005 - 0 . 0 1 1  - 0 . 00 7  -0 . 0 0 4  - 0 . 0 0 2  - 0 . 0 0 7  

ALT 4 . 1  (A) 0 . 685 0 . 8 9 0  0 . 972 0 . 97 1  0 . 971 0 . 8 7 9  
D I FF  - 0 . 0 0 1  0 . 0 0 0  0 . 00 1  0 . 00 2  0 . 003 0 . 0 0 0  

ALT 4 . 3  0 . 687 0 . 8 95 0 . 9 7 6  0 . 97 5  0 . 976 0 . 8 8 3  
D I FF  0 . 0 0 1  0 . 00 5  0 . 00 5  0 . 00 6  0 . 008 0 . 0 0 4  

ALT 4 . 4  0 . 68 6  0 . 8 9 0  0 . 97 1  0 . 96 9  0 . 968 0 . 8 7 9  
D I FF  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  



LIBBY RECREAT ION INDEX YEAR 1 9 97 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 6  0 . 8 9 1  0 . 9 7 5  0 . 97 1  0 . 9 6 9  0 . 8 8 0  

ALT 1 . 2  0 . 6 8 6  0 . 8 9 1  0 . 9 7 5  0 . 973 0 . 972 0 . 8 8 1  
D I FF  0 . 000 0 . 0 00 0 . 0 00 0 . 00 2  0 . 003 0 . 00 1  

ALT 4 . 1  (B)  0 . 6 8 1  0 . 8 7 9  0 . 965 0 . 965 0 . 967 0 . 8 7 3  
D I FF  - 0 . 005 - 0 . 0 1 2  - 0 . 0 1 0  -0 . 006 -0 . 002 - 0 . 0 0 7  

ALT 4 . 1  (A) 0 . 685 0 . 8 90 0 . 9 7 5  0 . 974 0 . 973 0 . 8 8 1  
D I FF  - 0 . 001 - 0 . 00 1  0 . 000 0 . 003 0 . 004 0 . 00 1  

ALT 4 . 3  0 . 687 0 . 8 95 0 . 97 9  0 . 9 7 8  0 . 977 0 . 8 8 4  
D I FF  0 . 0 01 0 . 004 0 . 0 04 0 . 007 0 . 0 08 0 . 00 4  

ALT 4 . 4  0 . 6 8 6  0 . 8 9 1  0 . 9 7 5  0 . 971  0 . 9 6 9  0 . 8 8 0  
D I FF  0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 0 0 0  

LIBBY RECREAT I ON INDEX YEAR 1 9 98 
X HAY JUN JUL AG1 AG2 AVG I I\) NO ACTION 0 . 6 8 5  0 . 8 8 8  0 . 9 7 3  0 . 9 6 9  0 . 9 6 8  0 . 8 7 9  

ALT 1 . 2  0 . 6 8 5  0 . 8 9 0  0 . 9 7 4  0 . 970 0 . 9 6 9  0 . 8 8 0  

I\) D I FF  0 . 000 0 . 0 02 0 . 0 0 1  0 . 00 1  0 . 001 0 . 00 1  

\D 
ALT 4 . 1  (B) 0 . 683 0 . 8 8 5  0 . 970 0 . 97 1  0 . 9 7 1  0 . 8 7 7  
D I FF  - 0 . 002 - 0 . 003 -0 . 003 0 . 00 2  0 . 003 - 0 . 0 0 2  

ALT 4 . 1  (A) 0 . 6 8 4  0 . 8 8 9  0 . 9 74 0 . 9 7 1  0 . 9 6 9  0 . 8 7 9  
DIFF -0 . 001 0 . 0 0 1  0 . 0 0 1  0 . 00 2  0 . 001 0 . 000 

ALT 4 . 3 0 . 687 0 . 893 0 . 9 7 5  0 . 9 7 5  0 . 975 0 . 8 8 3  
D I FF  0 . 002 0 . 0 05 0 . 0 02 0 . 00 6  0 . 007 0 . 00 4  

ALT 4 . 4  0 . 6 8 5  0 . 8 8 8  0 . 9 7 3  0 . 9 6 9  0 . 968 0 . 8 7 9  
D I FF  0 . 000 0 . 0 00 0 . 0 00 0 . 000 0 . 000 0 . 000 



LIBBY RECREAT I ON INDEX YEAR 1 9 9 9  
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 685 0 . 8 8 8  0 . 9 7 1  0 . 968 0 . 9 6 6  0 . 8 7 8  

ALT 1 . 2 0 . 685 0 . 8 8 9  0 . 9 7 1  0 . 9 6 8  0 . 9 65 0 . 8 7 8  

D I FF  0 . 0 0 0  0 . 0 0 1  0 . 0 0 0  0 . 00 0  - 0 . 0 0 1  0 . 0 0 0  

ALT 4 . 1  (8) 0 . 684 0 . 8 8 7  0 . 9 7 0  0 . 9 7 1  0 . 9 7 3  0 . 8 7 8  

D I FF  - 0 . 0 0 1  - 0 . 00 1  - 0 . 0 0 1  0 . 003 0 . 007 0 . 0 0 0  

ALT 4 . 1  (A ) 0 . 685 0 . 8 8 9  0 . 9 7 1  0 . 9 6 7  0 . 9 63 0 . 8 7 7  

D I FF  0 . 000 0 . 0 0 1  0 . 0 0 0  - 0 . 0 0 1  - 0 . 003 - 0 . 00 1  

ALT 4 . 3 0 . 6 8 6  0 . 8 9 6  0 . 9 7 5  0 . 9 7 5  0 . 9 7 6  0 . 8 8 3  

D I FF  0 . 0 0 1  0 . 0 0 8  0 . 0 0 4  0 . 00 7  0 . 0 1 0  0 . 0 0 5  

ALT 4 . 4  0 . 685 0 . 8 8 8  0 . 9 7 1  0 . 9 6 8  0 . 9 6 6  0 . 8 7 8  

D I FF  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 000 0 . 0 0 0  

::r: 
I LIBBY RECREAT ION INDEX YEAR 2000 

r\) HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 8  0 . 90 3  0 . 9 7 2  0 . 9 7 0  0 . 9 6 9  0 . 8 8 3 

W ALT 1 . 2 0 . 6 8 9  0 . 9 0 4  0 . 9 7 4  0 . 97 1  0 . 9 7 1  0 . 8 8 4  
0 D I FF  0 . 0 0 1  0 . 0 0 1  0 . 0 0 2  0 . 0 0 1  0 . 002 0 . 0 0 1  

ALT 4 . 1  (8 / 0 . 685 0 . 8 9 7  0 . 9 6 9  0 . 9 6 9  0 . 9 6 9  0 . 8 8 0  

D I FF  - 0 . 0 03 - 0 . 0 0 6  - 0 . 0 03 -0 . 001 0 . 000 - 0 . 0 0 3  

ALT 4 . 1  (A) 0 . 6 8 6  0 . 9 0 1  0 . 9 7 1  0 . 9 6 7  0 . 9 65 0 . 8 8 1  

D I FF  - 0 . 002 - 0 . 0 02 - 0 . 0 0 1  -0 . 003 - 0 . 004 - 0 . 002 

ALT 4 . 3 0 . 6 8 9  0 . 9 0 6  0 . 9 7 7  0 . 97 5  0 . 9 7 6  0 . 8 8 7  

D I FF  0 . 0 0 1  0 . 0 03 0 . 0 0 5  0 . 00 5  0 . 007 0 . 004 

ALT 4 . 4  0 . 688 0 . 9 03 0 . 9 7 2  0 . 970 0 . 9 6 9  0 . 8 8 3 

D I FF  0 . 0 0 0  0 . 0 00 0 . 0 0 0  0 . 0 00 0 . 000 0 . 0 0 0  



LIBBY RECREATI ON INDEX YEAR 2 0 0 1  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 8  0 . 8 91 0 . 9 6 8  0 . 966 0 . 9 6 4  0 . 8 7 8  

ALT 1 . 2  0 . 6 8 8  0 . 8 92 0 . 9 7 0  0 . 968 0 . 966 0 . 8 7 9  
D I FF  0 . 000 0 . 00 1  0 . 00 2  0 . 002 0 . 002 0 . 00 1  

ALT 4 . 1  (B)  0 . 685 0 . 8 8 9  0 . 9 6 7  0 . 966 0 . 966 0 . 8 7 6  
D I FF  - 0 . 003 - 0 . 0 0 2  - 0 . 00 1  0 . 000 0 . 002 - 0 . 002 

ALT 4 . 1  (A) 0 . 685 0 . 8 8 9  0 . 9 6 7  0 . 961  0 . 9 5 9  0 . 8 7 5  
D I FF  - 0 . 003 - 0 . 0 0 2  - 0 . 00 1  -0 . 005 - 0 . 005 - 0 . 003 

ALT 4 . 3  0 . 688 0 . 8 9 4  0 . 9 72 0 . 971  0 . 970 0 . 8 8 1  
D I FF  0 . 000 0 . 003 0 . 0 0 4  0 . 00 5  0 . 006 0 . 003 

ALT 4 . 4  0 . 6 8 8  0 . 8 91 0 . 9 6 8  0 . 966 0 . 964 0 . 8 7 8  
DIFF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 0 00 

::r:: LIBBY RECREATI ON INDEX YEAR 2002 
I MAY JUN JUL AG1 AG2 AVG 

I\.) NO ACTION 0 . 6 8 7  0 . 8 9 4  0 . 9 7 6  0 . 972 0 . 9 68 0 . 8 8 2  

ALT 1 . 2  0 . 688 0 . 8 96 0 . 9 7 7  0 . 974 0 . 972 0 . 8 8 3  
w D I FF  0 . 001 0 . 0 0 2  0 . 00 1  0 . 002 0 . 004 0 . 00 1  

ALT 4 . 1  (B)  0 . 688 0 . 8 9 5  0 . 975 0 . 975 0 . 974 0 . 8 8 3  
D I FF  0 . 001 0 . 0 0 1  - 0 . 0 0 1  0 . 00 3  0 . 006 0 . 00 1  

ALT 4 . 1 (A) 0 . 685 0 . 8 8 8  0 . 972 0 . 967 0 . 965 0 . 8 7 8  
DIFF - 0 . 0 0 2  - 0 . 00 6  - 0 . 0 0 4  -0 . 005 - 0 . 003 - 0 . 00 4  

ALT 4 . 3  0 . 688 0 . 8 97 0 . 9 7 8  0 . 977 0 . 977 0 . 8 8 5  
DIFF 0 . 001 0 . 003 0 . 0 02 0 . 00 5  0 . 009 0 . 003 

ALT 4 . 4  0 . 687 0 . 8 94 0 . 97 6  0 . 972 0 . 968 0 . 8 8 2  
DIFF 0 . 0 0 0  0 . 000 0 . 0 0 0  0 . 00 0  0 . 000 0 . 000 



LIBBY RECREAT ION INDEX YEAR 2003 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 5  0 . 8 9 3  0 . 977 0 . 974 0 . 974  0 . 88 2  

ALT 1 . 2  0 . 6 8 6  0 . 8 9 5  0 . 9 7 9  0 . 977 0 . 976 0 . 8 8 4  
DIFF 0 . 001 0 . 0 02 0 . 0 02 0 . 003 0 . 002 0 . 00 2  

ALT 4 . 1  (B)  0 . 6 8 7  0 . 8 97 0 . 9 7 9  0 . 978 0 . 9 7 6  0 . 8 8 5  
DIFF 0 . 002 0 . 00 4  0 . 002 0 . 00 4  0 . 002 0 . 003 

ALT 4 . 1  (A) 0 . 6 8 6  0 . 8 9 6  0 . 9 7 9  0 . 97 7  0 . 976 0 . 8 8 4  
D I FF 0 . 001 0 . 003 0 . 0 02 0 . 003 0 . 002 0 . 00 2  

ALT 4 . 3  0 . 690 0 . 903 0 . 9 8 4  0 . 9 8 4  0 . 9 8 4  0 . 8 9 0  
D I FF 0 . 0 05 0 . 0 1 0  0 . 0 07 0 . 01 0  0 . 0 1 0  0 . 00 8  

ALT 4 . 4  0 . 6 8 5  0 . 8 93 0 . 9 7 7  0 . 974  0 . 974  0 . 8 8 2  
D I FF 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 00 0  

::r: 
LIBBY RECREATION INDEX YEAR 2 0 0 4  I 

f\) MAY JUN JUL AG1 AG2 AVG 
NO ACTION 0 . 6 8 8  0 . 90 5  0 . 97 8  0 . 97 6  0 . 975 0 . 88 6  

W ALT 1 . 2  0 . 6 8 9  0 . 90 6  0 . 9 7 9  0 . 97 8  0 . 978 0 . 8 8 8  
f\) DIFF 0 . 001 0 . 00 1  0 . 00 1  0 . 002 0 . 003 0 . 00 2  

ALT 4 . 1  (B)  0 . 6 8 5  0 . 90 2  0 . 9 7 8  0 . 977 0 . 975 0 . 8 8 5  
D I FF  -0 . 003 -0 . 003 0 . 000 0 . 00 1  0 . 000 - 0 . 001 

ALT 4 . 1  (A) 0 . 6 8 6  0 . 903 0 . 9 7 9  0 . 97 6  0 . 974  0 . 8 8 6  
D I FF - 0 . 002 - 0 . 00 2  0 . 0 01 0 . 000 - 0 . 001 0 . 0 0 0  

ALT 4 . 3  0 . 6 91 0 . 908 0 . 98 1  0 . 981  0 . 981  0 . 8 90 
DIFF 0 . 003 0 . 003 0 . 003 0 . 005 0 . 006 0 . 00 4  

ALT 4 . 4  0 . 6 8 8  0 . 905 0 . 9 7 8  0 . 97 6  0 . 975 0 . 8 8 6  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 00 0  



LIBBY RECREAT I ON INDEX YEAR 2005 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 687 0 . 8 9 8  0 . 972 0 . 968 0 . 967 0 . 8 8 1  

ALT 1 . 2  0 . 6 8 7  0 . 8 98 0 . 97 3  0 . 970 0 . 970 0 . 8 82 

D I FF  0 . 000 0 . 000 0 . 00 1  0 . 00 2  0 . 003 0 . 00 1  

ALT 4 . 1  (B) 0 . 6 8 4  0 . 8 9 3  0 . 97 2  0 . 970 0 . 967 0 . 8 8 0  

D I FF  - 0 . 003 - 0 . 005 0 . 000 0 . 002 0 . 000 - 0 . 00 1  

AL T  4 . 1  (A )  0 . 6 8 5  0 . 8 95 0 . 97 3  0 . 967 0 . 964  0 . 8 8 0  

D I FF  - 0 . 002 - 0 . 003 0 . 00 1  -0 . 00 1  - 0 . 003 - 0 . 0 0 1  

ALT 4 . 3  0 . 6 8 8  0 . 8 9 9  0 . 97 4  0 . 9 7 1  0 . 970 0 . 8 8 3  

D I FF  0 . 0 0 1  0 . 00 1  0 . 002 0 . 003 0 . 003 0 . 00 2  

ALT 4 . 4  0 . 6 8 7  0 . 8 98 0 . 972 0 . 968 0 . 967 0 . 8 8 1  

D I FF  0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::r:: LIBBY RECREAT I ON INDEX YEAR 2006 
I HAY JUN JUL AG1 AG2 AVG 

I\.) 
NO ACTION 0 . 6 9 2  0 . 904 0 . 97 4  0 . 972 0 . 9 7 1  0 . 8 8 5  

ALT 1 . 2  0 . 6 93 0 . 90 6  0 . 977 0 . 974  0 . 974 0 . 8 8 7  
W D I FF  W 0 . 00 1  0 . 0 02 0 . 0 03 0 . 002 0 . 003 0 . 00 2  

ALT 4 . 1  (B) 0 . 6 8 9  0 . 8 9 9  0 . 97 2  0 . 97 1  0 . 970 0 . 8 8 2  

D I FF  - 0 . 003 - 0 . 005 -0 . 002 -0 . 00 1  - 0 . 001 - 0 . 00 3  

ALT 4 . 1  (A) 0 . 6 9 0  0 . 900 0 . 974  0 . 973 0 . 971  0 . 8 8 4  

D I FF  - 0 . 002 - 0 . 004 0 . 000 0 . 00 1  0 . 000 - 0 . 00 1  

ALT 4 . 3  0 . 692 0 . 906 0 . 9 7 7  0 . 97 9  0 . 9 7 9  0 . 8 8 8  

D I FF  0 . 000 0 . 002 0 . 00 3  0 . 007 0 . 008 0 . 003 

ALT 4 . 4  0 . 6 9 2  0 . 904 0 . 9 7 4  0 . 972 0 . 971 0 . 8 8 5  

D I FF  0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 00 0  



LIBBY RECREATION INDEX YEAR 2 007 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 6 8 5  0 . 8 9 9  0 . 9 7 5  0 . 973 0 . 972 0 . 8 8 3  

ALT 1 . 2  0 . 6 8 5  0 . 9 0 0  0 . 9 7 5  0 . 97 4  0 . 974 0 . 8 8 4  
D I FF  0 . 0 0 0  0 . 00 1  0 . 0 0 0  0 . 00 1  0 . 0 0 2  0 . 00 1  

ALT 4 . 1  (S) 0 . 684  0 . 8 97 0 . 9 7 3  0 . 97 2  0 . 970 0 . 8 8 1  
D I FF  - 0 . 0 0 1  - 0 . 00 2  -0 . 0 0 2  -0 . 0 0 1  - 0 . 0 0 2  - 0 . 00 2  

ALT 4 . 1  (A) 0 . 685 0 . 8 9 7  0 . 9 7 4  0 . 973 0 . 970 0 . 8 8 2  
DIFF 0 . 0 0 0  - 0 . 00 2  - 0 . 0 0 1  0 . 00 0  - 0 . 0 0 2  - 0 . 00 1  

ALT 4 . 3  0 . 6 8 7  0 . 90 1  0 . 9 7 7  0 . 97 7  0 . 977 0 . 8 8 5  
D I FF  0 . 0 0 2  0 . 0 0 2  0 . 0 0 2  0 . 00 4  0 . 005 0 . 00 2  

ALT 4 . 4  0 . 685 0 . 8 9 9  0 . 9 7 5  0 . 973 0 . 972 0 . 8 8 3  
D I FF  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: 
I 

N LIBBY RECREATION INDEX YEAR 2 0 0 8  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 0 . 685 0 . 8 8 7  0 . 9 7 5  0 . 974 0 . 973 0 . 8 8 0  
w 
4:' ALT 1 . 2  0 . 6 8 5  0 . 8 8 7  0 . 97 6  0 . 975 0 . 975 0 . 8 8 1  

D I FF  0 . 0 0 0  0 . 0 0 0  0 . 0 0 1  0 . 001 0 . 0 0 2  0 . 0 0 1  

ALT 4 . 1  (S)  0 . 6 8 4  0 . 8 8 4  0 . 97 5  0 . 97 4 0 . 972 0 . 8 7 9  
D I FF  - 0 . 0 0 1  - 0 . 0 0 3  0 . 0 0 0  0 . 00 0  - 0 . 0 0 1  - 0 . 00 1  

ALT 4 . 1  (A) 0 . 6 8 4  0 . 8 8 4  0 . 9 7 6  0 . 973 0 . 972 0 . 8 7 9  
D I FF  - 0 . 0 0 1  - 0 . 00 3  0 . 0 0 1  -0 . 00 1  - 0 . 0 0 1  - 0 . 0 0 1  

ALT 4 . 3 0 . 68 6  0 . 8 8 8  0 . 9 7 9  0 . 97 8  0 . 9 7 9  0 . 8 8 3  
D I FF  0 . 0 0 1  0 . 0 0 1  0 . 0 0 4  0 . 0 0 4  0 . 00 6  0 . 0 0 3  

ALT 4 . 4  0 . 6 8 5  0 . 8 8 7  0 . 9 7 5  0 . 974 0 . 973 0 . 8 8 0  
D I FF  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  



Table H - 2  - 4 

GRAND COULEE RECREATION I NDEX YEAR 1 98 9  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 8 1 5  1 7 . 5 90 1 8 . 9 95 1 9 . 000 1 9 . 000 1 5 . 8 3 6  

ALT 1 . 2  7 . 8 1 5  1 7 . 5 9 0  1 8 . 9 95 1 9 . 000 1 9 . 000 1 5 . 8 3 6  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

ALT 4 . 1  (B) 7 . 680 1 7 . 3 9 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 7 5 4  
D I FF  - 0 . 1 35 - 0 . 200 0 . 00 5  0 . 000 0 . 000 - 0 . 0 8 2  

ALT 4 . 1  (A) 7 . 700 1 7 . 5 00 1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 7 8 6  
DIFF - 0 . 1 1 5  - 0 . 090 0 . 00 5  0 . 000 0 . 000 - 0 . 0 5 0  

ALT 4 . 3 8 . 1 00 1 7 . 61 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 9 1 5  
DIFF 0 . 2 85 0 . 02 5  0 . 005 0 . 000 0 . 000 0 . 0 7 9  

ALT 4 . 4  7 . 8 1 5  1 7 . 5 90 1 8 . 9 95 1 9 . 000 1 9 . 000 1 5 . 8 3 6  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

::r:: GRAND COULEE RECREATION INDEX YEAR 1 9 90 
I MAY JUN JUL AG1 AG2 AVG 

r\) NO ACTION 7 . 6 4 5  1 7 . 3 05 1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 7 2 5  

ALT 1 . 2  7 . 6 90 1 7 . 3 1 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 73 7  W DIFF 0 . 0 4 5  0 . 005 0 . 0 00 0 . 000 0 . 000 0 . 0 1 2  
Vl 

ALT 4 . 1  (B)  7 . 5 65 1 7 . 1 85 1 8 . 9 95 1 9 . 000 1 9 . 0 00 1 5 . 6 7 4  
DIFF - 0 . 080 - 0 . 1 2 0  -0 . 005 0 . 000 0 . 000 - 0 . 0 5 1  

ALT 4 . 1  (A) 7 . 6 1 0  1 7 . 25 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 70 3  
D I FF  - 0 . 035 -0 . 055 0 . 000 0 . 000 0 . 000 - 0 . 0 2 2  

ALT 4 . 3  7 . 830 1 7 . 2 60 1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 7 6 0  
DIFF 0 . 1 8 5  - 0 . 04 5  0 . 000 0 . 000 0 . 000 0 . 03 5  

ALT 4 . 4  7 . 6 4 5  1 7 . 305 1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 72 5  
DIFF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 



GRAND COULEE RECREATION INDEX YEAR 1 9 91 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 1 . 2 1 0  1 1 . 1 15 1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 5 9 9  

ALT 1 . 2  1 . 2 8 0  1 1 . 2 0 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 60 1  
DIFF 0 . 0 1 0  0 . 02 5  0 . 0 0 0  0 . 00 0  0 . 0 00 0 . 00 8  

ALT 4 . 1  (B )  1 . 1 95 1 1 . 0 1 0  1 9 . 00 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 5 5 4  
D I FF  - 0 . 015 - 0 . 1 05 0 . 0 0 0  0 . 00 0  0 . 00 0  - 0 . 04 5  

ALT 4 . 1  (A) 1 . 250 1 1 . 1 2 5  1 9 . 00 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 5 8 1  
D I FF  - 0 . 020 - 0 . 05 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  - 0 . 0 1 8  

ALT 4 . 3  1 . 5 1 5  1 1 . 2 1 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 00 1 5 . 61 0  
DIFF 0 . 2 4 5  0 . 0 4 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 01 1  

ALT 4 . 4  1 . 210 1 1 . 1 15 1 9 . 0 0 0  1 9 . 00 0  1 9 . 00 0  1 5 . 5 9 9  
D I FF  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

GRAND COULEE RECREAT ION INDEX YEAR 1 9 92 
::r:: MAY JON JUL AG1 AG2 AVG 
I NO ACT I ON 1 . 4 65 1 1 . 25 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 6 6 1  f'V 

ALT 1 . 2  1 . 4 8 0  1 1 . 3 1 5  1 9 . 00 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 68 6  
D I FF  0 . 0 1 5  0 . 0 60 0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 0 1 9  W 0\ 

1 1 . 2 0 5  ALT 4 . 1  (B )  1 . 4 3 0  1 8 . 9 95 1 9 . 0 0 0  1 9 . 0 0 0  1 5 . 64 5  
D I FF  - 0 . 0 3 5  - 0 . 0 5 0  - 0 . 00 5  0 . 00 0  0 . 0 0 0  - 0 . 0 2 2  

ALT 4 . 1  (A) 1 . 4 5 0  1 1 . 3 0 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 00 0  1 5 . 61 6  
D I FF  - 0 . 0 1 5  0 . 05 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 9  

ALT 4 . 3  1 . 600 1 1 . 3 4 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 1 22 
D I FF  0 . 1 3 5  0 . 0 8 5  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 055 

ALT 4 . 4  1 . 4 65 1 1 . 2 5 5  1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 0 0 0  1 5 . 6 6 1  
D I FF  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  



GRAND COULEE RECREATION I NDEX YEAR 1 9 93 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 4 1 0  1 7 . 1 6 5  1 9 . 0 0 0  1 9 . 000 1 9 . 0 0 0  1 5 . 63 1  

ALT 1 .  2 7 . 4 4 0  1 7 . 1 95 1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 6 4 6 
D I FF  0 . 030 0 . 03 0  0 . 0 00 0 . 000 0 . 000 0 . 0 1 5  

ALT 4 . 1  (8) 7 . 3 90 1 7 . 1 3 5  1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 6 1 9  
D I FF  - 0 . 0 2 0  - 0 . 03 0  0 . 0 0 0  0 . 000 0 . 000 - 0 . 0 1 2  

ALT 4 . 1  (A) 7 . 4 1 0  1 7 . 2 1 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 6 4 4  
D IFF 0 . 000 0 . 05 0  0 . 000 0 . 000 0 . 0 0 0  0 . 0 1 3  

ALT 4 . 3  7 . 64 0  1 7 . 2 5 5  1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 7 1 1  
D I FF  0 . 2 3 0  0 . 0 9 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 08 0  

ALT 4 . 4  7 . 4 1 0  1 7 . 1 65 1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 63 1  
DIFF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 0 0 0  

::c 
GRAND COULEE RECREATION I NDEX YEAR 1 9 94 I 

N HAY JUN JUL AG1 AG2 AVG 
NO ACTION 7 . 620 1 7 . 3 90 1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 7 3 9  

W ALT 1 . 2  7 . 705 1 7 . 4 5 0  1 9 . 0 00 1 9 . 00 0  1 9 . 000 1 5 . 7 7 5  
-:) DIFF 0 . 0 8 5  0 . 0 6 0  0 . 0 0 0  0 . 000 0 . 000 0 . 03 6  

ALT 4 . 1  (8) 7 . 555 1 7 . 3 60 1 8 . 9 8 5  1 8 . 98 5  1 8 . 9 95 1 5 . 7 0 9  
D I FF  - 0 . 0 65 - 0 . 0 3 0  - 0 . 0 1 5  - 0 . 01 5  - 0 . 005 - 0 . 0 3 0  

ALT 4 . 1  (A) 7 . 6 3 5  1 7 . 4 4 0  1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 000 1 5 . 75 5  
D I FF  0 . 0 1 5  0 . 05 0  0 . 0 0 0  0 . 000 0 . 000 0 . 0 1 6  

ALT 4 . 3  7 . 8 90 1 7 . 5 2 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 8 4 0  
DIFF 0 . 2 7 0  0 . 1 3 5  0 . 00 0  0 . 00 0  0 . 000 0 . 1 0 1  

ALT 4 . 4  7 . 620 1 7 . 3 9 0 1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 73 9  
D IFF 0 . 000 0 . 000 0 . 0 0 0  0 . 000 0 . 000 0 . 000 



GRAND COULEE RECREATION INDEX YEAR 1 9 95 
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 5 95 1 7 . 5 6 5  1 9 . 000 1 9 . 0 0 0  1 9 . 000 1 5 . 7 7 6  

ALT 1 . 2 7 . 600 1 7 . 635 1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 7 9 4  
D I IT 0 . 005 0 . 0 7 0  0 . 0 0 0  0 . 000 0 . 000 0 . 01 8  

ALT 4 . 1  (S)  7 . 550 1 7 . 5 1 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 75 1  
D I IT - 0 . 0 4 5  - 0 . 05 5  0 . 000 0 . 000 0 . 000 -0 . 0 2 5  

ALT 4 . 1  (A) 7 . 6 1 0  1 7 . 6 9 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 1 0  
D I IT  0 . 0 1 5  0 . 1 25 0 . 0 0 0  0 . 000 0 . 000 0 . 03 4  

ALT 4 . 3 7 . 905 1 7 . 730 1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 8 9 4  
D I IT  0 . 3 1 0  0 . 1 65 0 . 000 0 . 000 0 . 000 0 . 1 1 8  

ALT 4 . 4  7 . 5 95 1 7 . 5 6 5  1 9 . 00 0  1 9 . 00 0  1 9 . 000 1 5 . 7 7 6  
D I IT  0 . 000 0 . 000 0 . 000 0 . 00 0  0 . 000 0 . 000 

GRAND COULEE RECREATION INDEX YEAR 1 9 9 6  
MAY JUN JUL AG1 AG2 AVG 

::r:: NO ACTION 7 . 755 1 7 . 3 1 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 75 5  
I 

f\) ALT 1 . 2  7 . 750 1 7 . 3 6 5  1 9 . 000 1 9 . 00 0  1 9 . 000 1 5 . 7 6 6  
D I FF - 0 . 005 0 . 05 0  0 . 000 0 . 00 0  0 . 000 0 . 0 1 1  

W ALT 4 . 1  (S)  7 . 6 8 0  1 7 . 3 3 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 74 1  m 
D I IT  - 0 . 075 0 . 0 2 0  0 . 000 0 . 000 0 . 000 - 0 . 0 1 4  

ALT 4 . 1  (A) 7 . 7 1 5  1 7 . 3 6 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 7 5 7  
D I IT - 0 . 0 4 0  0 . 0 5 0  0 . 000 0 . 000 0 . 000 0 . 00 2  

ALT 4 . 3  7 . 8 7 5  1 7 . 4 95 1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 82 9  
D I IT 0 . 1 20 0 . 1 8 0  0 . 000 0 . 000 0 . 000 0 . 0 7 4  

ALT 4 . 4  7 . 755 1 7 . 3 1 5  1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 7 55 
DIIT 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 000 0 . 000 0 . 000 



GRAND COULEE RECREAT ION I NDEX YEAR 1 9 9 7  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 3 1 5  1 7 . 5 30 1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 6 9 6  

ALT 1 . 2  7 . 3 30 1 7 . 5 6 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 7 0 8  
D IFF 0 . 0 1 5  0 . 03 0  0 . 0 00 0 . 000 0 . 000 0 . 01 2  

ALT 4 . 1  IB )  7 . 3 30 1 7 . 5 55 1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 70 6  
D I FF 0 . 0 1 5  0 . 02 5  0 . 0 00 0 . 000 0 . 000 0 . 01 0  

ALT 4 . 1  IA )  7 . 375 1 7 . 5 9 5  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 7 2 7  
D I FF 0 . 0 60 0 . 0 6 5  0 . 0 00 0 . 000 0 . 000 0 . 03 1  

ALT 4 . 3 7 . 5 60 1 7 . 5 90 1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 7 7 3  
D I FF 0 . 2 4 5  0 . 0 60 0 . 000 0 . 000 0 . 000 0 . 0 7 7  

ALT 4 . 4  7 . 3 1 5  1 7 . 5 3 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 69 6  
D I FF 0 . 000 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 00 0  

::r:: GRAND COULEE RECREATION I NDEX YEAR 1 9 98 

I MAY JUN JUL AG1 AG2 AVG 
f\) NO ACT I ON 6 . 955 1 6 . 8 4 5  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 4 3 9  

ALT 1 . 2 6 . 950 1 6 . 8 6 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 4 4 1  

W D I FF - 0 . 005 0 . 0 1 5  0 . 000 0 . 000 0 . 000 0 . 00 2  
\D 

ALT 4 . 1  IB) 6 . 9 6 5  1 6 . 8 5 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 4 4 2  
D I FF 0 . 0 1 0  0 . 0 0 5  0 . 000 0 . 000 0 . 000 0 . 00 3  

ALT 4 . 1  IA )  6 . 970 1 6 . 8 90 1 9 . 0 00 1 8 . 995 1 9 . 000 1 5 . 4 5 3  
D I FF 0 . 0 1 5  0 . 0 4 5  0 . 0 00 -0 . 00 5  0 . 000 0 . 0 1 4  

ALT 4 . 3  7 . 0 1 5  1 6 . 95 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 4 7 9  
D I FF 0 . 0 60 0 . 1 0 5  0 . 0 00 0 . 000 0 . 000 0 . 04 0  

ALT 4 . 4  6 . 955 1 6 . 8 4 5  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 4 3 9  
D I FF 0 . 000 0 . 0 00 0 . 000 0 . 000 0 . 000 0 . 000 



GRAND COULEE RECREATION INDEX YEAR 1 9 9 9  
MAY JUN JUL AG1 AG2 AVG 

NO AC! l ON 7 . 4 80 1 7 . 3 2 0  1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 0 0 0  1 5 . 68 7  

ALT 1 .  2 7 . 4 7 5  1 7 . 3 2 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 68 7  
D i FF - 0 . 0 0 5  0 . 0 0 5  0 . 0 0 0  0 . 00 0  0 . 000 0 . 00 0  

ALT 4 . 1  (S) 7 . 4 55 1 7 . 3 7 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 6 9 4  
D I FF - 0 . 025 0 . 0 5 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 7  

ALT 4 . 1  (A) 7 . 4 7 5  1 7 . 3 8 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 70 1  
DIFF - Cl . 0 0 5  0 . 0 6 5  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 1 4  

ALT 4 . 3 7 . 9 1 0  1 7 . 4 4 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 8 2 4  
D I FF  0 . 4 30 0 . 1 2 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 1 3 7  

ALT 4 . 4  7 . 4 80 1 7 . 3 2 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 6 8 7  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 000 0 . 0 0 0  

::r:: 
I GRAND COULEE RECREATION INDEX YEAR 2 000 

f\.) 
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 5 55 1 7 . 4 8 0  1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 0 0 0  1 5 . 7 4 5  

.c-
7 . 5 6 5  1 7 . 5 3 5  1 9 . 0 0 0  0 ALT 1 . 2  1 9 . 00 0  1 9 . 000 1 5 . 7 6 1  

DIFF 0 . 0 1 0  0 . 05 5  0 . 0 0 0  0 . 000 0 . 0 0 0  0 . 0 1 6  

ALT 4 . 1  (S) 7 . 5 0 5  1 7 . 5 7 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 75 5  
D I FF  - 0 . 050 0 . 0 9 5  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 0  

ALT 4 . 1  (A) 7 . 5 2 5  1 7 . 53 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 751  
D I FF  - 0 . 0 3 0  0 . 05 5  0 . 0 0 0  0 . 00 0  0 . 000 0 . 00 6  

ALT 4 . 3 7 . 920 1 7 . 5 90 1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 8 6 4  
DIFF 0 . 3 65 0 . 1 1 0  0 . 0 0 0  0 . 00 0  0 . 0 00 0 . 1 1 9  

ALT 4 . 4 7 . 5 55 1 7 . 4 8 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 74 5  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 00 0 . 0 0 0  



GRAND COULEE RECREATION INDEX YEAR 2 0 0 1  
MAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 2 1 0  1 6 . 8 90 1 9 . 00 0  1 9 . 000 1 9 . 000 1 5 . 5 1 4  

ALT 1 . 2  7 . 2 1 5  1 6 . 93 5  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 5 2 6  
D I FF  0 . 005 0 . 04 5  0 . 0 00 0 . 000 0 . 000 0 . 0 1 2  

ALT 4 . 1  (B) 7 . 1 1 5  1 6 . 960 1 8 . 995 1 8 . 995 1 9 . 000 1 5 . 5 05 
DIFF - 0 . 0 95 0 . 0 70 - 0 . 005 - 0 . 005 0 . 000 - 0 . 00 9  

ALT 4 . 1  (A) 7 . 1 4 0  1 6 . 8 8 0  1 8 . 995 1 8 . 985 1 8 . 985 1 5 . 4 8 9  
DIFF - 0 . 070 - 0 . 0 1 0  - 0 . 005 -0 . 0 1 5  -0 . 0 1 5  - 0 . 0 2 5  

ALT 4 . 3  7 . 385 1 6 . 95 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 5 7 3  
DIFF 0 . 1 75 0 . 0 60 0 . 0 0 0  0 . 00 0  0 . 000 0 . 05 9  

ALT 4 . 4  7 . 2 1 0  1 6 . 8 90 1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 5 1 4  
DIFF 0 . 000 0 . 00 0  0 . 000 0 . 000 0 . 000 0 . 000 

GRAND COULEE RECREAT I ON INDEX YEAR 2 0 0 2  

:::r:: MAY JUN JUL AG1 AG2 AVG 
I NO ACTION 7 . 7 70 1 7 . 4 7 0  1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 7 97 

N 
ALT 1 . 2  7 . 800 1 7 . 4 7 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 0 4  
DIFF 0 . 030 0 . 0 0 0  0 . 000 0 . 000 0 . 000 0 . 00 7  

P 
ALT 4 . 1  (B) 7 . 7 1 0  1 7 . 5 7 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 0 7  
D I FF  - 0 . 060 0 . 1 0 5  0 . 000 0 . 000 0 . 000 0 . 0 1 0  

ALT 4 . 1  (A) 7 . 670 1 7 . 4 5 0  1 9 . 0 00 1 9 . 0 0 0  1 9 . 000 1 5 . 7 6 6  
DIFF - 0 . 1 00 - 0 . 0 2 0  0 . 0 0 0  0 . 0 0 0  0 . 000 -0 . 0 3 1  

ALT 4 . 3  7 . 8 8 0  1 7 . 5 05 1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 000 1 5 . 8 3 3  
DIFF 0 . 1 1 0 0 . 035 0 . 0 0 0  0 . 000 0 . 000 0 . 03 6  

ALT 4 . 4  7 . 7 7 0  1 7 . 4 7 0  1 9 . 00 0  1 9 . 000 1 9 . 000 1 5 . 7 9 7  
D I FF  0 . 000 0 . 000 0 . 00 0  0 . 000 0 . 000 0 . 000 



GRAND COULEE RECREATION INDEX YEAR 2 0 0 3  
HAY JUN JUL AG1 AG2 AVG 

NO ACTI ON 7 . 1 1 0  1 7 . 0 7 0  1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 0 00 1 5 . 53 3  

ALT 1 . 2  7 . 1 4 0  1 7 . 1 05 1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 54 9  
DIFF 0 . 030 0 . 03 5  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 1 6  

ALT 4 . 1  (B) 7 . 1 50 1 7 . 2 1 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 5 7 7  
D I FF  0 . 0 4 0  0 . 1 4 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 4 4  

ALT 4 . 1  (A) 7 . 1 4 5  1 7 . 1 60 1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 5 6 3  
D I FF  0 . 0 3 5  0 . 0 9 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 03 0  

ALT 4 . 3  7 . 4 80 1 7 . 2 3 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 6 6 6  
DIFF 0 . 3 7 0  0 . 1 65 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 1 3 3  

ALT 4 . 4  7 . 1 1 0  1 7 . 0 7 0  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 5 33 
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  

GRAND COULEE RECREATION I NDEX YEAR 2 00 4  
HAY JUN JUL AG1 AG2 AVG 

NO ACT I ON 7 . 3 25 1 7 . 1 90 1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 0 0 0  1 5 . 61 6  
::r:: 
I ALT 1 . 2  7 . 3 65 1 7 . 2 65 1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 64 4  rv 

DIFF 0 . 0 4 0  0 . 0 7 5  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 2 8  

ALT 4 . 1  (B) 7 . 2 65 1 7 . 2 3 0  1 8 . 9 9 5  1 8 . 985 1 8 . 9 95 1 5 . 6 0 7  -J:-
DIFF - 0 . 0 60 0 . 0 4 0  - 0 . 0 0 5  - 0 . 01 5  - 0 . 005 - 0 . 00 9  rv 

ALT 4 . 1  (A) 7 . 3 0 5  1 7 . 2 2 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 62 0  
DIFF - 0 . 0 2 0  0 . 0 3 5  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 0 0 4  

ALT 4 . 3  7 . 655 1 7 . 2 9 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 72 5  
DIFF 0 . 3 3 0  0 . 1 05 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 1 0 9  

ALT 4 . 4  7 . 3 2 5  1 7 . 1 90 1 9 . 0 0 0  1 9 . 00 0  1 9 . 0 0 0  1 5 . 61 6  
DIFF 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  



GRAND COULEE RECREATION INDEX YEAR 2 0 05 
HAY JUN JUL AGI AG2 AVG 

NO ACTION 7 . 8 25 1 7 . 3 6 5  1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 7 8 5  

ALT 1 . 2  7 . 8 75 1 7 . 4 1 0  1 9 . 00 0  1 9 . 000 1 9 . 000 1 5 . 8 0 8  
O U T  0 . 050 0 . 04 5  0 . 00 0  0 . 000 0 . 000 0 . 02 3  

ALT 4 . 1  (B) 7 . 7 8 5  1 7 . 3 8 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 7 8 0  
DIFF - 0 . 0 4 0  0 . 0 2 0  0 . 000 0 . 000 0 . 000 - 0 . 005 

ALT 4 . 1  (A) 7 . 7 6 0  1 7 . 2 8 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 74 9  
D I FF  - 0 . 065 - 0 . 0 8 0  0 . 0 00 0 . 000 0 . 000 - 0 . 03 6  

ALT 4 . 3  8 . 055 1 7 . 4 0 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 5 2  
DIFF 0 . 2 3 0  0 . 04 0  0 . 0 00 0 . 000 0 . 000 0 . 0 6 7  

ALT 4 . 4  7 . 8 2 5  1 7 . 3 6 5  1 9 . 0 0 0  1 9 . 00 0  1 9 . 000 1 5 . 7 8 5  
D I FF  0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 000 0 . 000 0 . 000 

GRAND COULEE RECREATION INDEX YEAR 2 0 0 6  
HAY JUN JUL AGI AG2 AVG 

NO ACTION 7 . 7 1 0  1 7 . 1 7 0 1 9 . 00 0  1 9 . 000 1 9 . 000 1 5 . 70 8  
:I: 

I ALT 1 . 2  7 . 755 1 7 . 2 1 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 7 2 9  N DIFF 0 . 04 5  0 . 04 0  0 . 0 00 0 . 000 0 . 000 0 . 02 1  

ALT 4 . 1  (B)  7 . 6 2 5  1 7 . 2 9 0  1 9 . 0 0 0  1 8 . 995 1 9 . 000 1 5 . 7 1 5  .c--
DIFF - 0 . 0 8 5  0 . 1 2 0  0 . 0 00 -0 . 005 0 . 000 0 . 00 7  W 
ALT 4 . 1 (A) 7 . 5 8 0  1 7 . 1 90 1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 68 0  
DIFF - 0 . 1 30 0 . 0 2 0  0 . 0 0 0  0 . 000 0 . 000 - 0 . 0 2 8  

ALT 4 . 3 8 . 055 1 7 . 2 8 0  1 9 . 0 0 0  1 9 . 000 1 9 . 000 1 5 . 8 2 2  
DIFF 0 . 3 4 5  0 . 1 1 0  0 . 0 0 0  0 . 0 0 0  0 . 000 0 . 1 1 4  

ALT 4 . 4  7 . 7 1 0  1 7 . 1 7 0  1 9 . 0 0 0  1 9 . 0 0 0  1 9 . 000 1 5 . 7 0 8  
DIFF 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 000 0 . 00 0  



GRAND COULEE RECREATION I NDEX YEAR 2 0 0 7  
HAY JUN JUL AG1 AG2 AVG 

NO ACTION 7 . 965 1 7 . 5 6 5  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 8 6 9  

ALT 1 . 2 8 . 0 1 5  1 7 . 5 8 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 8 5  
D I FF  0 . 050 0 . 0 1 5  0 . 0 00 0 . 000 0 . 000 0 . 0 1 6  

ALT 4 . 1  (B)  7 . 930 1 7 . 5 6 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 6 0  
DIFF - 0 . 035 0 . 000 0 . 000 0 . 000 0 . 000 - 0 . 0 0 9  

ALT 4 . 1  (A) 7 . 8 8 5  1 7 . 5 2 0  1 9 . 0 00 1 9 . 000 1 9 . 000 1 5 . 8 3 8  
D I FF  - 0 . 080 - 0 . 04 5  0 . 000 0 . 000 0 . 000 - 0 . 0 3 1  

ALT 4 . 3  8 . 2 4 5  1 7 . 63 0  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 95 5  
D I FF  0 . 280 0 . 0 65 0 . 000 0 . 000 0 . 000 0 . 08 6  

ALT 4 . 4 7 . 965 1 7 . 5 6 5  1 9 . 000 1 9 . 000 1 9 . 000 1 5 . 8 6 9  
DIFF 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 

GRAND COULEE RECREATION INDEX YEAR 2 008 

::r: 
HAY JUN JUL AG1 AG2 AVG 

I NO ACTION 6 . 9 95 1 7 . 1 5 5  1 8 . 9 3 5  1 8 . 935 1 8 . 935 1 5 . 4 9 2  
rv 

ALT 1 . 2  7 . 020 1 7 . 1 7 0 1 8 . 94 5  1 8 . 94 5  1 8 . 950 1 5 . 50 7  
D IFF 0 . 025 0 . 0 1 5  0 . 0 1 0  0 . 0 1 0  0 . 0 1 5  0 . 0 1 5  

..,.. 
..,.. ALT 4 . 1  (B)  6 . 9 1 0  1 7 . 2 65 1 8 . 95 0  1 8 . 950 1 8 . 955 1 5 . 50 5  

D I FF  - 0 . 0 8 5  0 . 1 1 0  0 . 0 1 5  0 . 01 5  0 . 020 0 . 0 1 3  

ALT 4 . 1  (A) 6 . 870 1 7 . 2 4 0  1 8 . 95 5  1 8 . 950 1 8 . 950 1 5 . 4 90 
D I FF  - 0 . 1 25 0 . 0 8 5  0 . 0 2 0  0 . 01 5  0 . 0 1 5  - 0 . 0 0 2  

ALT 4 . 3 7 . 2 1 5  1 7 . 2 7 5  1 8 . 9 8 5  1 8 . 98 5  1 8 . 985 1 5 . 60 2  
D I FF  0 . 220 0 . 1 2 0  0 . 05 0  0 . 05 0  0 . 050 0 . 1 1 0  

ALT 4 . 4 6 . 9 95 1 7 . 1 5 5 1 8 . 93 5  1 8 . 935 1 8 . 935 1 5 . 4 92 
D I FF  0 . 000 0 . 000 0 . 000 0 . 000 0 . 000 0 . 0 00 







H-3 

I r r i gat i on 





I rr i gat i on 

I rr i ga t i on i mpac t s  we re  a s s e s s e d  on t h e  b a s i s  of t h e  p robab i l i ty of t h e  
e l evat i on a t  Grand  Cou l ee ( Lake Roo s e v e l t ) .  P u m p s  for t h e  Co l u mb i a  B a s i n  
Proj e c t  a r e  l oc a ted  a t  G r a n d  Cou l e e .  A s  t h e  l e v e l  of Lake Roo s e v e l t d rop s , 
pump i n g b e come s more  d i ff i c u l t ;  a t  some l ev e l s ,  p u m p s  w i l l  not o p e r a t e  or  may 
be dama g e d  i f  r u n . T h e r e  i s  c u r re n t l y  a re q u i reme n t  for Lake Roo s e v e l t  to be  
a t  or a bove  1 , 2 40 fe e t  a t  t h e  e nd of  May  for i r r i ga t i on .  I f  t h a t  con s tr a i n t  
i s  not me t ,  t h e r e  wou l d  b e  some pote n t i a l  for d rawdown o f  Banks  Lake , wh i c h 
wou l d  h a v e  a n  adve r s e  e ffe c t  on t h e  f i s h e ry t h e re i n a n d  r e c re a t i on t h e reon . 
Tab l e  H - 3 - 1  s hows t h e  p ro b ab i l i t i e s of t h e  e l e v a t i on a t  Grand  Cou l e e b e i n g  a t  
o r  above 1 240 fe e t  at  t h e  e n d  o f  May for a l l a l t e r n a t i v e s . 

TABLE H-3-1 
PROBAB I L I TY OF ELEVAT I ON AT 

GRAND COULEE BE I NG AT OR ABOVE 
1 240 FEET AT THE END OF MAY 

P ROBAB I L I TY P ROBA B I  L I TY 
Y EA R  ( pe rc e n t )  Y EA R  ( pe r c e n t )  

1 98 9  8 3  1 9 9 9  8 5  
1 990 8 3  2000 7 9 . 5  
1 99 1  7 9  200 1 7 7 . 5  
1 99 2  82 . 5  2002  8 3 . 5  
1 9 9 3  8 1  2003  80 
1 9 94  8 1 . 5  2004 80 
1 9 9 5  8 1  2 0 0 5  8 4 . 5  
1 99 6  8 4  2006  82  
1 99 7  8 1 . 5  2007 88 . 5  
1 9 98  7 8 . 5  2008 7 5 . 5  

1 /  P robab i l i t i e s we r e  t h e  s ame for a l l a l t e r n a t i v e s . F a i l u r e  to b e  above 
e l e vat i on 1 240 at  the e n d  of May i s  the re s u l t of a n  e n d  of May f l ood  con trol  
e l evat i on of l e s s  than  1 240 . 0  f e e t . 

H - 3 - 1 
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H-4 

Probab i l i ty of Ju l y  Ref i l l  





Probab i l i ty of Ju l y  Ref i l l  

One  of t h e  p a rame ter s c omp u t e d  by t h e  Sys tems  A n a l ys i s  Mod e l  ( SAM ) i s  t h e  
p robab i l i ty o f  r e f i l l  o f  t h e  Nor thwe s t  hydros y s te m  r e s e r v o i r s  b y  t h e  e n d  of 
J u l y .  Ref i l l  by that t i me has some i mp l i c a t i on s  for r e s e rvo i r e l e v a t i on 
r e l ated  i mp a c t s  s u c h  a s  r e c re a t i on , b u t ,  more  i mpor ta n t l y ,  i t  i s  a c r i te r i a i n  
coord i n a t e d  sys tem ope r a t i on s  wh i c h affe c t s  how t h e  s y s tem  i s  ope r a t e d  i n  
s u b s e q u e n t  o p e r a t i n g y e ar s . Tab l e s  H-4- 1 a n d  H-4-2 s how t h e  probab i l i t i e s of 
r e f i l l  for a l l t h e  a l te r n a t i v e s  a n a l y z e d  w i th  SAM for t h e  a s s ump t i on s  of 
e x p e c te d  l oa d s a n d  g a s  p r i c e  a n d  h i g h Nor t h we s t  l oad s . P roba b i l i t i e s of 
r e f i l l  for t h e  o t h e r  s e n s i t i v i ty a s s umpt i on s  ( l ow Nor t hwe s t  l oad s , h i g h 
Sou t h we s t  l oad s , l ow Sou t h we s t  l oad s , h i gh g a s  p r i c e , a n d  l ow g a s  p r i c e ) a r e  
a v a i l ab l e u pon  r e q ue s t .  

TABLE H-4-1 
PROBAB I L I TY OF JULY REF I LL 

( EXPECTED LOADS AND GAS PR I CE)  

A L  T E RNA T I V E S  
4 . 1  4 . 1  

Y EA R  N O  ACT I ON 1 . 2 CAS E  A CAS E  B 4 . 3  4 . 4  

1 98 9  0 . 90 5  0 . 905  0 . 87 5  0 . 8 7 5  0 . 920 0 . 905  
1 9 90 0 . 88 5  0 . 885  0 . 86 5  0 . 8 5 0  0 . 900 0 . 88 5  
1 9 9 1  0 . 900 0 . 9 1 0  0 . 880 0 . 8 6 0  0 . 920 0 . 900 
1 992  0 . 900 0 . 905 0 . 8 9 5  0 . 8 90 0 . 905  0 . 900 
1 99 3  0 . 890 0 . 880 0 . 880 0 . 8 6 5  0 . 8 9 5  0 . 890  
1 9 94 0 . 8 5 5  0 . 860 0 . 8 50 0 . 8 30 0 . 8 6 5  0 . 8 5 5  
1 9 95  0 . 845  0 . 845  0 . 8 3 5  0 . 800 0 . 87 0  0 . 845  
1 9 96  0 . 8 5 5  0 . 8 5 5  0 . 840 0 . 8 30 0 . 87 0  0 . 8 5 5  
1 99 7  0 . 8 3 5  0 . 8 30 0 . 8 30 0 . 8 1 0  0 . 8 5 5  0 . 8 3 5  
1 9 98  0 . 87 0  0 . 8 70 0 . 8 70 0 . 8 50 0 . 87 5  0 . 8 7 0  
1 99 9  0 . 8 1 0  0 . 8 1 5 0 . 8 1 5 0 . 7 9 5  0 . 8 5 5  0 . 8 1 0  
2000 0 . 840 0 . 8 3 5  0 . 8 3 5  0 . 8 40 0 . 860  0 . 840 
200 1 0 . 85 5  0 . 8 5 5  0 . 8 3 5  0 . 8 4 5  0 . 860  0 . 8 5 5  
2002 0 . 84 5  0 . 845 0 . 840 0 . 8 40 0 . 8 5 5  0 . 845  
2003 0 . 8 6 5  0 . 8 65  0 . 87 5  0 . 8 7 5  0 . 905 0 . 8 6 5  
2004 0 . 880 0 . 87 5  0 . 8 7 5  0 . 8 60 0 . 8 9 5  0 . 880  
2005 0 . 860 0 . 8 60 0 . 845 0 . 8 5 5  0 . 860  0 . 8 6 0  
2006 0 . 82 5  0 . 82 5  0 . 840 0 . 82 5  0 . 8 3 5  0 . 82 5  
2007 0 . 845  0 . 845 0 . 85 5  0 . 8 4 5  0 . 860  0 . 8 4 5  
2008 0 . 87 5  0 . 880 0 . 8 7 5  0 . 8 6 5  0 . 885  0 . 87 5  

H -4- 1 



TABLE H-4-2 
PROBAB I L I TY OF JULY REF I LL 

( H I GH NORTHWEST LOADS ) 

A L  T E RNA T I V E S  
4 . 1  4 . 1  

Y EAR  NO  ACTION  1 . 2 CAS E  A CAS E B 4 . 3  4 . 4  

1 98 9  0 . 905 0 . 9 1 0  0 . 905  0 . 8 70 0 . 905  0 . 90 5  
1 9 90 0 . 870 0 . 8 70 0 . 8 7 0  0 . 8 6 5  0 . 870 0 . 8 70  
1 9 9 1  0 . 880 0 . 88 5  0 . 880 0 . 88 5  0 . 880  0 . 8 80 
1 9 92  0 . 88 5  0 . 880 0 . 890  0 . 8 90 0 . 880 0 . 88 5  
1 9 93  0 . 890 0 . 8 8 5  0 . 8 8 5  0 . 880  0 . 880 0 . 8 90 
1 99 4  0 . 8 30 0 . 840 0 . 82 5  0 . 845  0 . 830 0 . 830  
1 9 95  0 . 845 0 . 830  0 . 8 3 5  0 . 840 0 . 8 3 5  0 . 8 45  
1 9 9 6  0 . 840 0 . 840 0 . 8 45  0 . 840 0 . 8 35  0 . 8 40 
1 9 97  0 . 8 35  0 . 830  0 . 8 45  0 . 820  0 . 820 0 . 8 3 5  
1 9 98  0 . 8 5 5  0 . 8 60  0 . 8 5 5  0 . 8 7 5  0 . 860 0 . 8 5 5  
1 9 99  0 . 82 5  0 . 82 0  0 . 8 2 5  0 . 820  0 . 845  0 . 8 2 5  
2000 0 . 840 0 . 8 3 5  0 . 840 0 . 830  0 . 8 6 5  0 . 8 40 
2 0 0 1  0 . 845  0 . 845  0 . 840 0 . 8 3 5  0 . 860  0 . 84 5  
2002 0 . 845  0 . 8 5 5  0 . 8 60  0 . 840 0 . 890  0 . 84 5  
2003 0 . 88 5  0 . 8 9 5  0 . 880  0 . 8 7 5  0 . 900 0 . 88 5  
2004 0 . 89 5  0 . 880 0 . 8 90 0 . 8 7 5  0 . 900 0 . 8 9 5  
2005 0 . 8 50 0 . 8 5 5  0 . 8 6 0  0 . 8 60  0 . 8 60 0 . 8 5 0  
2006 0 . 845  0 . 840 0 . 845  0 . 8 3 5  0 . 840 0 . 84 5  
2007 0 . 86 5  0 . 8 5 5  0 . 860  0 . 8 6 5  0 . 880 0 . 8 6 5  
2008 0 . 8 70 0 . 8 6 5  0 . 88 5  0 . 8 90 0 . 87 5  0 . 870  

H-4-2 
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Changes i n  Therma l P l ant Operat i ons 





Operat i on of Resources , Summar i zed by Type 

T h e  a n a l y s e s  p e r formed w i t h  t h e  Sys tem A n a l y s i s  Mod e l  ( Se e  A p p e n d i x  G- l )  
p rod u c e d  p roj e c t i on s  of f u t u r e  ope ra t i on of t h e  reg i on ' s  g e n e r a t i n g 
r e sou r ce s . Th e s e  p roj e c t i on s , s hown i n  Tab l e s H-5- 1  a n d  H - 5-2 , are  s ummar i ze d  
by r e s o u r c e  type . Tab l e  H-5- 1 con ta i n s  re s u l t s for t h e  med i u m l oad s a n d  g a s  
p r i c e s  s c e n a r i o ,  wh i l e Tab l e  H-5-2 con t a i n s r e s u l t s u n d e r  h i gh Nor thwe s t  
l oad s . S i m i l ar tab l e s s how i n g  p roj e c te d  r e sou r c e  ope r a t i on s  for o t h e r  
s e n s i t i v i ty a s s ump t i on s  ( h i g h a n d  l ow Sou t h we s t  l oad s , h i g h a n d  l ow g a s  
p r i c e s , a n d  l ow Nor t h we s t  l oa d s )  a r e  a v a i l ab l e  u pon r e q ue s t . 

I n  Tab l e s H - 5 - 1  a n d  H-5-2 , t h e  v a l u e s  g i v e n  for the  No A c t i on A l t e r n a t i ve a r e  
a c t u a l  p roj e c te d  v a l u e s  from SAM . Va l u e s  g i v e n  for a l l o t h e r  a l t e r n a t i v e s , 
howe v e r ,  a r e  i n c reme n ta l  r e l a t i ve to t h e  No A c t i on A l t e r n a t i ve ( i  . e . , v a l u e  
a l t e r n a t i ve  re s u l t  - No A c t i on re s u l t ) . T h e  fo l l ow i n g  i n forma t i on i s  g i ve n  b y  
c o l umn : 

( 1 )  t h e  ye a r  be i n g s umma r i ze d ; 
( 2 )  t h e  a l t e r n a t i ve ;  
( 3 )  tot a l  hydro ge n e ra t i on ;  
( 4 ) to t a l  n u c l ear  g e n e r a t i on ( i n c l u d i n g a n y  n e w  r e s o u r c e s ) ; 
( 5 )  tota l coa l ge n e r a t i on ( i n c l u d i n g any  n e w  r e s ou r c e s ) ; 
( 6 ) tot a l  combu s t i on t u r b i ne ge n e r a t i on ;  
( 7 )  e n e rgy r e s u l t i n g from t h e  r e l e a s e  of wate r cove r e d  u n d e r  t h e  c u r r e n t  

non - t r e a ty s torage  a g r e e me n t ; 
( 8 )  t h e  tot a l  of e x c h a n g e  e n e r gy a n d  u s e  of s torage  o u t s i d e t h e  r e g i on ; 
( 9 ) u s e  of s ho r t- t e rm e n e r gy p u r c h a s e s  wh i c h we r e  r e s e r v e d  by t h e  LCMM ; 
( 1 0 )  p u r c h a s e s  from B . C .  Hyr do ; 
( 1 1 )  tot a l  g e n e ra t i on o c c u rr i n g i n  SAM ( Note : Th i s  doe s not i n c l u d e  u s e  

of con s e r v a t i on , f i rm  i mp a c t s , o r  m i s c e l l a neous  s ma l l r e so u r c e s  
s i n c e  SAM t r e a t s  t h e s e  a s  r e d u c t i on s  to l oad ) . 

H-5- 1 



TABLE .. - 5 - 1 
OPERATION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL MI'/) 
Medium Loads and Gas P ri ces 

YEAR ALTERNAT IVE HYDRO NUCLEAR COAL CT NTRTY OTHER· PURC · ·  BC/NW TOTAL· · ·  

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

1 98 9  NOACT ION 1 63 8 7 . 4 1 5 3 0 . 9  1 6 80 . 0  3 0 . 4  2 1 7 . 6  0 . 0  0 . 0  2 4 6 . 3  2 0 0 92 . 6  

1 9 8 9  1 . 2 - 1 . 3  0 . 0  -0 . 2  - 0 . 6 0 . 0  0 . 0  0 . 0  - 0 . 1  - 2 . 2  

1 9 8 9  4 . 1 , B 3 2 . 1  0 . 0  - 6 2 . 6  0 . 0  - 1 . 5 0 . 0  0 . 0  - 7 2 . 5  - 1 0 4 . 5  

1 9 8 9  4 . 1 , A 3 4 . 0  0 . 0  - 63 . 6  5 . 1  - 7 . 0  0 . 0  0 . 0  - 6 7 . 8  - 9 9 . 3  

1 9 8 9  4 . 3  - 3 5 . 1  0 . 0  3 7 . 7  1 . 9  2 . 8  0 . 0  0 . 0  2 9 . 7  3 7 . 0  

1 9 8 9  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 0  NOACTION 1 63 4 3 . 2  1 5 3 0 . 4  2 1 7 9 . 4  4 4 . 4  4 8 . 8 0 . 0  0 . 0  3 1 4 . 9  2 0 4 6 1 . 1  

1 9 9 0  1 . 2  - 5 . 1  0 . 0  2 . 6  - 0 . 5  - 0 . 2  0 . 0  0 . 0  3 . 9  0 . 7  

1 9 90 4 . 1 , B - 5 . 9  0 . 0  2 2 . 0  - 7 . 2  - 9 . 6 0 . 0  0 . 0  - 9 4 . 5  - 95 . 2  

1 9 90 4 . 1 , A - 8 . 2  0 . 0  2 3 . 6  - 3 . 2  - 6 . 1 0 . 0  0 . 0  - 7 8 . 3  - 7 2 . 2  

1 9 90 4 . 3  2 . 3  0 . 0  - 2 1 . 7  1 . 4  0 . 6  5 . 8  0 . 6  - 1 8 . 4  - 2 9 . 4  

1 9 90 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 1  NOACTION 1 630 9 . 9 1 5 2 9 . 3  2 3 0 1 . 9  5 5 . 7  5 3 . 4 0 . 0  0 . 0  3 0 2 . 7  2 0 5 5 2 . 9  

::t 1 9 9 1  1 . 2  - 1 2 . 5  0 . 0  - 2 . 8  2 . 4  - 0 . 5  0 . 0  0 . 0  4 . 7  - 8 . 7  
I 1 9 9 1  4 . 1 , B 1 3 . 8  0 . 0  - 1 9 . 5  - 3 2 . 4  - 1 0 . 4  0 . 0  0 . 0  - 6 7 . 6  - 1 1 6 . 1  U'I 

1 9 9 1  4 . 1 , A 3 . 6  0 . 0  - 1 6 . 3  - 1 6 . 8 - 7 . 0  0 . 0  0 . 0  - 4 3 . 8  - 8 0 . 3  

1 9 9 1  4 . 3  - 6 4 . 1  0 . 0  - 1 2 2 . 6  - 5 . 1  - 0 . 8  8 . 6  0 . 0  - 5 0 . 3  - 2 3 4 . 3  

N 1 9 9 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 99 2  NOACTION 1 65 7 0 . 7  1 5 2 6 . 5  2 2 7 2 . 3  1 3 . 6  3 9 . 9 1 . 1  0 . 0  2 7 1 . 7  2 0 6 9 5 . 8  

1 9 92 1 . 2  - 8 . 6  0 . 0  - 4 . 5  - 2 . 3  0 . 4  0 . 0  0 . 0  1 0 . 4  - 4 . 6  

1 9 9 2  4 . 1 , B - 8 . 6  0 . 0  7 . 8  - 9 . 7 - 5 . 9  - 1 . 1  0 . 0  - 7 1 . 1  - 8 8 . 6  

1 9 92 4 . 1 , A - 6 . 6 0 . 0  5 . 8  - 2 . 9  - 3 . 3  - 1 . 1  0 . 0  - 4 9 . 7  - 5 7 . 8  

1 9 92 4 . 3  - 4 3 . 4  0 . 0  - 7 1 . 9  0 . 5  6 . 0  3 . 5  0 . 0  - 5 1 . 9  - 1 5 7 . 2  

1 9 9 2  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 93 NOACTION 1 65 3 1 . 8  1 5 4 2 . 5  2 4 8 2 . 0  1 7 . 0  4 0 . 4  1 . 6  0 . 0  2 0 9 . 2  2 0 8 2 4 . 5  

1 9 9 3  1 . 2  - 5 . 3  0 . 0  - 5 . 0  - 0 . 7  0 . 1  0 . 0  0 . 0  1 4 . 0  3 . 1 

1 9 93 4 . 1 , B 1 9 . 3  0 . 0  8 . 4  - 7 . 7  0 . 7 - 1 .  6 0 . 0  - 7 4 . 4  - 5 5 . 3  

1 9 93 4 . 1 , A 3 . 9  0 . 0  8 . 3  1 . 4  0 . 8  - 1 . 0 0 . 0  - 4 0 . 2  - 2 6 . 8  

1 9 93 4 . 3  - 5 . 6  0 . 0  - 1 1 0 . 3  2 . 0  6 . 9 2 . 6  0 . 0  - 5 4 . 8  - 1 5 9 . 2  

1 9 93 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 4  NOACTION 1 62 9 8 . 1  1 5 3 1 . 6  2 8 0 8 . 0  2 4 . 1  0 . 0  4 . 5  0 . 0  2 5 2 . 6  2 0 9 1 8 . 9 

1 9 9 4  1 . 2  - 7 . 8  0 . 0  - 0 . 1  1 . 7  0 . 0  - 1 . 1  0 . 0  1 4 . 2  6 . 9  

' 1 9 9 4  4 . 1 , B 3 7 . 1  0 . 0  - 9 . 7 - 1 5 . 5 0 . 0  - 4 . 5  0 . 0  - 1 0 6 . 2  - 9 8 . 8  

1 9 9 4  4 . 1 , A .1 6 . 6  0 . 0  - 1 0 . 2  - 8 . 2  0 . 0  - 4 . 4  0 . 0  - 2 3 . 7  - 2 9 . 9 

1 9 9 4  4 . 3  - 2 3 . 4  0 . 0  - 1 2 6 . 7  - 3 . 7  0 . 0  1 . 7  0 . 0  - 5 9 . 0  - 2 1 1 . 1  

1 9 94 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

. OTHER INCLUDES OUTSIDE STORAGE AND EXCHANGE ENERGY 
• •  PURC REPRESENTS USE OF SHORT- TERM P URCHASES RESERVED BY THE LEAST COST MIX MODEL 

• • •  TOTAL DOES NOT INCLUDE RESOURCES NOT DI SPATCHED BY SAM (CONSERVATION, RENEWABLES ,  FIRM IMPORTS , ETC . ) 



TABLE '" > � 1  
OPERATION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL HW) 
Medium Loads and Gas Prices 

YEAR ALTERNATIVE HYDRO NUCLEAR COAL CT NTRTY OTHER* PURC * *  Bc/NW TOTAL* * *  

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

1 995 NOACTION 1 63 1 8 . 7  1 5 3 7 . 9  2 9 2 7 . 0  2 9 . 1  0 . 0  1 0 . 7  0 . 0  3 0 1 . 2  2 1 1 2 4 . 6  

1 995 1 . 2  - 6 . 9 0 . 0  - 6 . 6 1 . 6  0 . 0  - 1 . 0 0 . 0  1 1 . 4  - 1 . 5 

1 9 95 4 . 1 , B 3 9 . 9 0 . 0  -2 5 . 9  - 1 1 . 9  0 . 0  - 1 0 . 7  0 . 0  - 9 8 . 8  - 1 0 7 . 4  

1 995 4 . 1 , A 1 1 . 6  0 . 0  - 1 4 . 6  - 4 . 8  0 . 0  - 1 0 . 7  0 . 0  - 1 6 . 7 - 3 5 . 2  

1 9 95 4 . 3  -1 9 . 5  0 . 0  - 8 2 . 8  -0 . 2  0 . 0  2 . 4  0 . 2  - 6 9 . 3  - 1 6 9 . 2  

1 9 95 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 6  NOACTION 1 64 3 0 . 2  1 5 3 4 . 8  2 8 52 . 4  33 . 3  0 . 0  2 1 . 3 0 . 0  2 6 9 . 9 2 1 1 4 1 . 9  

1 99 6  1 . 2  4 . 6  0 . 0  0 . 3  1 . 5  0 . 0  -3 . 3  0 . 0  1 0 . 5 1 3 . 6 

1 99 6  4 . 1 , B 4 9 . 3  0 . 0  - 2 . 8  - 1 9 . 8 0 . 0  - 2 1 . 3 0 . 0  - 7 9 . 9  - 7 4 . 5  

1 9 9 6  4 . 1 , A 30 . 9  0 . 0  4 . 4  - 6 . 2 0 . 0  - 2 0 . 5  0 . 0  - 1 . 0 7 . 6  

1 99 6  4 . 3  - 8 . 0  0 . 0  - 6 9 . 5  - 1 . 3 0 . 0  - 0 . 9  2 . 9  - 5 9 . 7  -1 3 6 . 5  

1 99 6  4 . 4  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 99 7  NOACTION 1 6 4 62 . 6  1 5 3 5 . 1  3 0 64 . 2  33 . 8  0 . 0  1 4 . 5  0 . 0  2 64 . 0  2 1 3 7 4 . 2  
::r: 1 99 7  1 . 2  -3 . 3  0 . 0  0 . 2  1 . 1  0 . 0  - 2 . 3  0 . 0  1 3 . 6 9 . 3  I 1 99 7  4 . 1 , B 2 8 . 5  0 . 0  - 1 . 1 - 1 9 . 9  0 . 0 - 1 4 . 3  0 . 0  - 8 2 . 1 - 8 8 . 9  (J1 

1 99 7  4 . 1 , A 6 . 7  0 . 0  4 . 4  - 7 . 1  0 . 0  - 1 3 . 8  0 . 0  1 1 .  2 1 . 4  

1 99 7  4 . 3  - 1 5 . 6  0 . 0  - 1 0 9 . 0  -5 . 1  0 . 0  0 . 8  0 . 0  - 65 . 1  - 1 9 4 . 0  

W 1 99 7  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 98 NOACTION 1 667 0 . 6 1 5 3 1 . 4 2 9 0 8 . 4  2 4 . 6  0 . 0  1 6 . 8 0 . 0  2 2 4 . 1  2 1 3 7 5 . 9  

1 9 98 1 . 2  - 7 . 2  0 . 0 0 . 1  1 . 8  0 . 0  - 1 . 8 0 . 0  7 . 0  - 0 . 1  

1 99 8  4 . 1 , B 7 7 . 4  0 . 0  4 2 . 3  - 1 2 . 0  0 . 0  - 1 6 . 8 0 . 0  - 4 1 . 3  4 9 . 6 

1 99 8  4 . 1 , A 2 9 . 0  0 . 0  5 4 . 0  2 5 . 9  0 . 0  - 1 5 . 4  0 . 0  3 7 . 8  1 3 1 . 3  

1 99 8  4 . 3  - 2 8 . 4  4 7 . 2  - 1 3 0 . 5  -3 . 5  0 . 0  -3 . 2  0 . 0  - 7 2 . 1  -1 9 0 . 5  

1 9 98 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

1 9 9 9  NOACTION 1 64 54 . 8  1 5 7 7 . 4  3 1 03 . 9  4 6 . 2 0 . 0  1 7 . 1  0 . 0  2 3 2 . 7  2 1 4 3 2 . 1  

1 99 9  1 . 2  -0 . 8  0 . 0  -3 . 5  2 . 4  0 . 0  -2 . 0  0 . 0  7 . 9  4 . 0  

1 99 9  4 . 1 , B 4 1 . 4 - 4 5 . 3  64 . 1  - 2 1 . 9 0 . 0  - 1 7 . 1  0 . 0  0 . 5  2 1 . 7 

1 99 9  4 . 1 , A 23 . 5  - 4 5 . 3  7 5 . 4  5 2 . 3  0 . 0  - 1 1 . 7  0 . 0  6 6 . 4 1 60 . 6  

1 99 9  4 . 3  - 4 3 . 0  7 2 5 . 1  - 1 5 9 . 5  - 1 6 . 8  0 . 0  - 1 2 . 1  0 . 0 - 7 2 . 3  4 2 1 . 4  

1 99 9  4 . 4  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2000 NOACTION 1 67 1 9 . 7 2308 . 1  3034 . 2  2 7 . 8  0 . 0 1 2 . 5  0 . 0  2 2 1 . 6  2 23 2 3 . 9  

2000 1 . 2  - 5 . 6  0 . 0  1 . 1  - 1 . 3 0 . 0  - 1 . 1 0 . 0  6 . 4 - 0 . 5  

2000 4 . 1 , B 73 . 4  - 7 6 9 . 8  1 4 8 . 0  -7 . 9  0 . 0  - 9 . 0  0 . 0  4 7 . 4  - 5 1 7 . 9  

2000 4 . 1 , A 1 5 . 8  - 7 6 9 . 8  1 0 9 . 8  6 7 . 4  0 . 0  6 . 6 0 . 0  7 7 . 4  - 4 9 2 . 8  

2000 4 . 3 - 1 1 . 8  3 6 . 7  - 8 2 . 7  0 . 3  0 . 0  -3 . 2  0 . 0  - 4 9 . 4  - 1 1 0 . 1  

2000 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

* OTHER INCLUDES OUTSIDE STORAGE AND EXCHANGE ENERGY 
* * PURC REPRESENTS USE OF SHORT - TERM PURCHASES RESERVED BY THE LEAST COST MIX MODEL 

* * * TOTAL DOES NOT INCLUDE RESOURCES NOT D I SPATCHED BY SAM (CONSERVAT I ON ,  RENEWABLE S ,  F I RM  IMPORTS , ETC . ) 



TABLE H - S - l  
OPERAT ION OF RESOURCES BY TYPE 

( AVERAGE ANNUAL MW) 
Medium Loads and Gao P ri ces 

YEAR ALTERNAT IVE HYDRO NUCLEAR COAL CT NTRTY OTHER* PURC* *  BC/NW TOTAL* * *  
- - - - - - - - - - - - - - - - - -

2 0 0 1  NOACTION 1 65 4 2 . 5  2 3 4 1 . 0  3 1 1 2 . 1  2 7 . 4 0 . 0  9 . 9 0 . 0  2 0 1 . 8  2 2 2 3 4 . 7  
2001  1 . 2  - 8 . 6  0 . 0  - 4 . 5  1 . 8  0 . 0  - 1 . 2  0 . 0 7 . 7  - 4 . 8  
2 0 0 1  4 . 1 , B 4 3 . 1 - 8 0 1 . 5  1 4 5 . 7  - 6 . 4 0 . 0  - 6 . 6  0 . 0  4 3 . 6  -5 8 2 . 1  
2001 4 . 1 , A 2 3 . 3  - 8 0 1 . 5  1 03 . 9 7 5 . 8  0 . 0  1 3 . 7  0 . 0  5 5 . 5  -5 2 9 . 3  
2 0 0 1  4 . 3  - 0 . 8  0 . 0  - 82 . 8  3 . 7  0 . 0  9 . 0  0 . 0  - 60 . 2  - 1 3 1 . 1  
2 0 0 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 2  NOACTION 1 63 4 8 . 1  23 4 2 . 9  3 1 1 6 . 4  4 9 .  a 0 . 0  1 5 . 9 0 . 0  1 7 0 . 2 2 2 0 4 2 . 5  
2002 1 . 2  - 4 . 8  0 . 0  - 1 . 4  2 . 8  0 . 0  - 1 . a 0 . 0  3 . 3  - 1 . 1 
2 0 0 2  4 . 1 , B 35 . 6  -802 . 1  1 4 1 . 0  - 2 3 . 6 0 . 0  - 1 2 . 0  0 . 0  4 4 . 2  - 61 6 . 9 
2002 4 . 1 ,  A 1 . 6  -75 6 . 4  6 8 . 7  4 7 . 6 0 . 0  4 . 1  0 . 0  2 5 . 4  - 6 0 9 . 0  
2 002 4 . 3  - 2 1 . 0  4 5 . 2  - 8 6 . 4 -1 2 . 8  0 . 0  - 1 . 6 0 . 0  - 6 7 . 1  - 1 4 3 . 7  
2002 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

::I: 2003 NOACTION 1 65 9 9 .  a 23 9 2 . 4  31 90 . 3  3 3 . 1 0 . 0  2 1 . 7 0 . 0  1 6 7 . 2  2 2 4 0 3 . 7  I 2003 1 . 2  - 3 . 8  0 . 0  - 3 . 1  - 0 . 1 0 . 0  - 1 .  5 0 . 0  1 2 . 7  4 . 2  U1 
2 0 0 3  4 . 1 ,  B 4 0 . 6 - 8 5 4 . 0  1 5 6 . 9 - 7 . 0  0 . 0  - 1 7 . 0  0 . 0  1 1 5 .  a - 5 65 . 5  
2003 4 . 1 , A -22 . 6  - 8 3 . 5  3 6 . 1 3 1 . 0  0 . 0  - 1 0 . 5  0 . 0  3 4 . 6  - 1 4 . 9  

.;.. 2 00 3  4 . 3  - 4 4 . 2  7 3 2 . 9 - 1 4 2 . 7  -1 3 . 7  0 . 0  -1 7 . 4  0 . 0  - 5 6 . 2  4 58 . 7  
2 003 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

2004 NOACT ION 1 67 3 3 . 5  3 1 2 1 . 1  3 0 4 3 . 5  1 8 . 6 0 . 0  4 . 8  0 . 0  1 3 5 . 5  2 3 05 7 . 0  
2 0 0 4  1 . 2  - 6 . 6 0 . 0  - 4 . 4  - 0 . 2  0 . 0  - 0 . 3  0 . 0  1 0 . 0 -1 . 5 
2004 4 . 1 ,  B 3 9 . 5 - 1 5 7 9 . 5  2 1 0 . 7 3 . 7  0 . 0  0 . 4  0 . 0  2 0 4 . 7  - 1 1 2 0 . 5  
2004 4 . 1 , A 1 1 . 4  - 7 7 3 . 7  9 9 . 4 5 4 . 5  0 . 0  5 . 4  0 . 0  1 1 6 .  a -4 8 7 .  a 
2 00 4  4 . 3  - 8 . 5  3 9 .  a - 62 . 6  4 . 5  0 . 0  1 . 8  0 . 0 - 1 3 . 3  - 3 9 . 1  
2004 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 00 5  NOACTION 1 65 8 0 . 7  31 5 3 . 0  3083 . 8  2 9 .  a 0 . 0  1 . 9  0 . 0  1 4 2 . 7  2 2 9 9 1 . 1  
2005 1 . 2  - 7 . 0  0 . 0 - 6 . 6  0 . 8 0 . 0  0 . 5  0 . 0  1 2 . 2  - 0 . 1 
2 00 5  4 . 1 , B 2 0 . 0  - 1 61 6 . 4  1 98 . 4  1 4 . 7  0 . 0  5 . 0  0 . 0  1 67 . 8  - 1 2 1 0 . 5 
2 0 0 5  4 . 1 , A 7 . 9  - 8 1 7 . 8  94 . 7  73 . 0  0 . 0  1 8 . 6 0 . 0  9 2 . 3  -531 . 3  
2005 4 . 3  - 1 0 . 1  0 . 0  - 58 . 3  7 . 6  0 . 0  1 3 . 4  0 . 0 - 1 5 . 6 - 63 . 0  
2005 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

2 0 0 6  NOACT ION 1 64 4 7 . 9  31 5 9 . 9 3 1 0 5 . 6 2 7 . 6  0 . 0  4 . 4  0 . 0  1 3 8 . 6  2 2 8 8 4 . 0  
2 0 0 6  1 . 2  - 2 . 9  0 . 0  - 6 . 7  - 0 . 3  0 . 0  -0 . 1  0 . 0  9 . 0  - 1 . a 
2 0 0 6  4 . 1 ,  B 3 0 . 4  - 1 61 9 . 8 2 0 4 . 9  1 7 . 6 0 . 0  9 . 7  0 . 0  1 8 7 . 0  - 1 1 7 0 . 2  
2 0 0 6  4 . 1 ,  A -1 0 . 9 - 8 0 8 . 6  7 8 . 8  64 . 1  0 . 0  1 9 . 3  0 . 0  7 7 . 0  - 5 8 0 . 3  
2 0 0 6  4 . 3  - 2 6 . 7 0 . 0  - 7 1 . 7  7 . 9  0 . 0  1 2 . 9  0 . 0  - 2 6 . 5  - 1 04 . 1  
2 00 6  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

* OTHER INCLUDES OUTS I DE STORAGE AND EXCHANGE ENERGY 
* * PURC REPRESENTS USE OF SHORT- TERM P URCHASES RESERVED BY THE LEAST COST MI X MODEL 

* * * TOTAL DOES NOT INCLUDE RESOURCES NOT D I SPATCHED BY SAM (CONSERVATION ,  RENEWABLES , F I RM IMPORTS , ETC . ) 



::r: I Ul 
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TABLE tI - 5 - .1  
OPERAT ION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL HW) 
Medium Loads and Gas P ri ces 

YEAR ALTERNAT IVE HYDRO NUCLEAR COAL CT NTRTY OTHER· PURC · ·  BC/NW TOTAL· · ·  
- - - - - -- - - - - - - - - - - -

2007 NOACTION 1 65 2 5 . 6  3 1 4 3 . 3  3 1 5 6 . 1 2 9 . 6 0 . 0  5 . 1  0 . 0  1 5 9 . 5 230 1 9 . 2 
2007 1 . 2  - 4 . 7  0 . 0  - 1 . 1 0 . 1  0 . 0  0 . 2  0 . 0  7 . 1 1 . 6  
2 0 0 7  4 . 1 , B 2 2 . 3  - 1 60 2 . 6  1 75 . 8  1 6 . 0  0 . 0  1 4 . 8  0 . 0  1 9 9 . 3  - 1 1 7 4 . 4  
2 0 0 7  4 . 1 , A 3 . 2  - 8 0 7 . 9  4 6 . 0  6 '5 . 1  0 . 0  1 6 . 9 0 . 0  7 2 . 9  -602 . 8  
2007 4 . 3  - 1 0 . 8  0 . 0  9 . 2  1 . 3  0 . 0  9 . 6  0 . 0  -4 2 . 6  - 3 3 . 3  
2007 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 8  NOACTION 1 65 1 7 . 4  3 1 5 9 . 3  3 2 2 7 . 1  3 0 . 5  0 . 0  1 3 . 9 0 . 0 1 4 8 . 7  2 3 0 9 6 . 9  
2 00 8  1 . 2  - 3 . 9  0 . 0  - 6 . 6 0 . 4  0 . 0  0 . 4  0 . 0 1 2 . 4  2 . 7  
2 0 0 8  4 . 1 , B 1 8 . 5  - 1 62 5 . 3  1 60 . 2  1 9 . 1 0 . 0  6 . 2  0 . 0 1 7 1 . 8  - 1 2 4 9 . 5  
2 0 0 8  4 . 1 , A - 1 1 .  0 - 8 1 2 . 9  3 8 . 2  53 . 7  0 . 0  9 . 5  0 . 0  5 2 . 5  - 670 . 0  
2 0 0 8  4 . 3  - 2 0 . 8 0 . 0  8 1 . 5 - 1 . 4  0 . 0  1 . 9  0 . 0  - 4 1 . 0  2 0 . 2  
2 0 0 8  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

.OTHER INCLUDES OUTSIDE STORAGE AND EXCHANGE ENERGY 
• •  PURC REPRESENTS USE OF SHORT- TERM PURCHASES RESERVED BY THE LEAST COST MIX MODEL 

• • •  TOTAL DOES NOT INCLUDE RESOURCES NOT D I SPATCHED BY SAM ( CONSERVATION, RENEWABLE S ,  F IRM IMPORT S ,  ETC . ) 



TABLE tf · � - 2-
OPERATION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL HW) 
High Northwest Loads 

YEAR ALTERNAT IVE HYDRO NUCLEAR COAL CT NTRTY OTHER· PURC · ·  BC/NW TOTAL· · ·  
- - - - - - - - - - - - - - - - - -

1 98 9  NOACTION 1 64 9 7 . 8  1 5 3 0 . 9  1 9 9 2 . 0  6 7 . 8  2 2 8 . 4  0 . 0  5 . 8  4 5 5 . 9  2 0 7 7 8 . 6  
1 98 9  1 . 2  - 1 6 . 4  0 . 0  1 8 . 5  7 . 5  0 . 4  0 . 0  0 . 3  3 . 5  1 3 . 8  
1 98 9  4 . 1 , B 1 8 . 5  0 . 0  - 1 0 7 . 0  - 1 4 . 9  - 4 . 7  0 . 1 - 5 . 8  - 1 3 4 . 1  -2 4 7 . 9  
1 98 9  4 . 1 , A 2 . 9  0 . 0  - 2 . 5  - 7 . 9  - 0 . 8  0 . 0 - 5 . 8  - 2 . 8  - 1 6 . 9 
1 98 9  4 . 3  - 1 3 . 5  0 . 0  1 9 . 9 6 . 0  0 . 3  0 . 0  2 8 . 8  3 . 3  4 4 . 8  
1 98 9  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 

1 9 9 0  NOACTION 1 64 6 8 . 1  1 5 3 0 . 4  2 5 3 2 . 9  1 1 5 . 6  2 4 . 5  1 5 . 9 5 4 . 4  4 5 3 . 9  2 1 1 95 . 7  
1 9 9 0  1 . 2  - 6 . 7 0 . 0  - 6 . 1 3 . 5  - 1 .  6 - 3 . 4  2 . 3  1 0 . 8  - 1 . 2 
1 9 90 4 . 1 , B - 1 . 5  0 . 0  1 6 . 1 - 3 9 . 2  - 8 . 9  - 1 5 . 7 - 5 4 . 4  - 4 5 . 2  - 1 4 8 . 8  
1 9 90 4 . 1 , A 1 6 . 7 0 . 0  2 4 . 2  1 . 6  - 2 . 6  - 1 2 . 7  - 5 0 . 4  3 2 . 0  · 8 . 8  
1 9 90 4 . 3  2 . 2  0 . 0  - 5 . 3  - 3 . 1  - 1 . 3  - 3 . 6  6 9 . 9  1 2 . 1 7 0 . 9  

::r: 1 9 90 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

I U1 1 9 9 1  NOACTION 1 64 0 1 . 1  1 5 2 9 . 3 2 64 4 . 4  1 3 8 . 0  2 2 . 0  1 5 . 9  7 6 . 7 4 1 7 . 7  2 1 2 4 5 . 1  
1 9 9 1  1 . 2  - 7 . 0  0 . 0  - 3 . 2  - 0 . 6  - 1 . 2  - 1 . 3  0 . 1 2 . 1 - 1 1 . 1  
1 9 9 1  4 . 1 , B 1 8 . 2  0 . 0  1 3 9 . 3  - 3 6 . 0  - 4 . 3  - 1 5 . 5  - 7 6 . 7  - 0 . 5  2 4 . 5  

0\ 1 9 9 1  4 . 1 , A - 8 . 3  0 . 0  6 2 . 8  4 . 8  - 2 . 6  3 . 6  - 62 . 8  - 7 . 1  - 9 . 6 
1 9 9 1  4 . 3  - 6 . 9 0 . 0  4 . 4  -3 . 1  - 1 . 6 - 1 . 8  9 3 . 1  2 . 6  8 6 . 7 
1 9 9 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 2  NOACT ION 1 664 8 . 9 1 5 2 6 . 5  2 7 0 0 . 5  1 3 5 . 3  1 3 . 5  1 4 . 0  1 6 0 . 1 4 3 5 . 0  2 1 63 3 . 8  
1 9 9 2  1 . 2  - 7 . 1  0 . 0  - 8 . 1  1 . 5  0 . 1 - 1 . 4  3 . 9  0 . 3  - 1 0 . 8  
1 9 92 4 . 1 , B 3 5 . 8  0 . 0  1 0 5 . 5  - 1 1 9 . 9 - 5 . 3  - 1 3 . 7  - 1 60 . 1 7 . 4  - 1 5 0 . 3  
1 9 92 4 . 1 , A 1 . 0  0 . 0  1 4 . 4  1 2 . 0  1 . 6  0 . 2  - 7 8 . 6  2 . 2  - 4 7 . 2  
1 9 92 4 . 3  - 1 3 . 3  0 . 0  - 7 . 0  - 3 . 4  0 . 7  - 1 .  3 1 0 7 . 8  2 . 2  8 5 . 7  
1 9 92 4 . 4  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 93 NOACTION 1 6 6 0 6 . 9  1 5 4 2 . 5  2 8 7 2 . 3  1 4 8 . 9  1 2 . 4  1 7 . 8  1 7 6 . 4  3 5 4 . 9  2 1 7 3 2 . 1  
1 9 93 1 . 2  - 4 . 5  0 . 0  - 1 1 . 7  - 0 . 8 1 . 0  - 1 . 8 3 . 8  3 . 0  - 1 1 . 0  
1 9 93 4 . 1 , B 3 . 8  0 . 0  1 63 . 2  - 1 2 6 . 3 - 2 . 0  - 1 6 . 0  - 1 7 6 . 4  5 3 . 8  - 9 9 . 9 
1 9 93 4 . 1 ,  A - 5 . 9  0 . 0  4 2 . 8  9 . 7 2 . 3  0 . 8  - 92 . 7  1 6 . 3  - 2 6 . 7  
1 9 93 4 . 3  -4 . 4  0 . 0  - 9 . 4 - 8 . 5  0 . 2  - 2 . 7  1 1 7 . 8  - 0 . 2  92 . 8  
1 9 93 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  

1 9 94 NOACTION 1 63 4 5 . 5  1 5 3 1 . 6  3 2 0 6 . 2  1 93 . 8  0 . 0  1 7 . 1  3 1 2 . 6  3 8 6 . 0  2 1 9 92 . 8  
1 9 94 1 . 2  - 5 . 8  0 . 0  - 8 . 9  - 3 . 3  0 . 0  - 1 .  6 - 1 . 8 1 0 . 3  - 1 1 . 1  
1 9 9 4  4 . 1 , B 1 2 . 7  0 . 0  1 0 7 . 7  - 1 4 2 . 6  0 . 0 - 7 . 9  - 3 1 2 . 6 4 9 . 4 - 2 9 3 . 3  
1 9 9 4  4 . 1 , A 4 . 3  0 . 0  1 . 9  1 7 . 8  0 . 0 2 . 3  - 1 1 3 . 2  2 1 . 7 - 6 5 . 2  
1 9 94 4 . 3  - 1 0 . 1  0 . 0  - 9 . 1  - 1 2 . 2  0 . 0  - 3 . 7  1 4 5 . 6 7 . 6  1 1 8 . 1  
1 9 9 4  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

* OTHER INCLUDES OUTSIDE STORAGE AND EXCHANGE ENERGY 
* *PURC REPRESENTS USE OF SHORT-TERM PURCHASES RESERVED BY THE LEAST COST MIX MODEL 

* * * TOTAL DOES NOT INCLUDE RESOURCES NOT DISPATCHED BY SAM (CONSERVAT ION, RENEWABLE S ,  FIRM IMPORTS , ETC . ) 



TABLE M � - 2. 
OPERATION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL HW) 
High Northweat Loada 

YEAR ALTERNATIVE HYDRO NUCLEAR COAL CT NTRTY OTHER· PURC · ·  Bc/NW TOTAL· · ·  
-- - - - - - - - - - - - - - - - -

1 995 NOACTION 1 635 9 . 4 1 5 3 7 . 9  3 2 8 7 . 9  1 9 3 . 9  0 . 0  2 0 . 8  3 80 . 7  4 6 1 . 3  2 2 2 4 1 . 9  
1 995 1 . 2  - 5 . 0  0 . 0  - 3 . 0  - 2 . 6  0 . 0  - 3 . 2  2 . 2  3 . 4  - 8 . 2  
1 995 4 . 1 ,  B - 7 . 5  0 . 0  5 9 . 5  - 1 3 2 . 1 0 . 0  - 0 . 7  - 3 8 0 . 7  4 2 . 5  - 4 1 9 . 0  
1 995 4 . 1 ,  A - 3 . 7  0 . 0  5 . 4 2 5 . 8  0 . 0  0 . 9  - 1 1 5 . 1  1 0 . 3 - 7 6 . 4  
1 995 4 . 3  - 6 . 1 0 . 0  -3 . 0  - 1 0 . 5  0 . 0  - 4 . 9  1 3 7 . 9 8 . 2  1 2 1 . 6  
1 995 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 99 6  NOACTION 1 64 9 6 . 3 1 5 3 4 . 8  324 6 . 1 2 0 8 . 9  0 . 0 1 9 . 5 5 0 7 . 6 4 73 . 1  2 24 8 6 . 3 
1 99 6  1 . 2  - 8 . 4  0 . 0  -3 . 6  - 1 . 0 0 . 0  - 1 .  8 - 1 . 1  3 . 6  - 1 2 . 3  
1 9 9 6  4 . 1 , B 3 8 . 6  0 . 0  3 7 . 4  - 1 3 8 . 8  0 . 0  - 0 . 2  -4 9 6 . 5  2 7 . 0  -532 . 5  
1 99 6  4 . 1 , A 4 . 6  0 . 0  3 . 5  1 0 . 3  0 . 0  1 . 8  - 1 7 9 . 3  -3 . 0  -1 6 2 . 1  
1 99 6  4 . 3  - 1 . 5 0 . 0  0 . 8  - 1 5 . 3  0 . 0  - 2 . 2  1 3 6 . 7 6 . 6 1 2 5 . 1  
1 99 6  4 . 4  0 . 5  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  2 . 7  0 . 1  4 . 3  

1 99 7  NOACTION 1 64 8 0 . 2  3 1 5 8 . 2  3 2 8 0 . 9 1 3 2 . 5  0 . 0  1 6 . 3  1 1 1 . 6  3 4 0 . 3  2 3 5 2 0 . 0  :I: 1 99 7  1 . 2  - 6 . 6 0 . 0  - 2 . 6  5 . 5  0 . 0  - 1 .  6 6 . 4  8 . 4  9 . 5  I 
1 99 7  4 . 1 , B - 2 7 . 3  - 8 1 0 . 0  1 4 4 . 1  - 8 8 . 7  0 . 0  - 1 2 . 7  - 1 1 1 . 6  1 08 . 4  - 7 97 . 8  U1 
1 99 7  4 . 1 , A - 7 . 6  0 . 0  4 . 9  - 1 2 . 4  0 . 0  0 . 0  -1 1 0 . 1  1 2 . 1 - 1 1 3 . 1 
1 997 4 . 3  -5 . 8  0 . 0  - 2 . 7  5 . 0  0 . 0  - 1 . 7 1 24 . 9  5 . 3  1 25 . 0  

-J 1 99 "  4 . 4  0 . 6 0 . 0  - 0 . 1  0 . 9 0 . 0  0 . 0  0 . 2  - 0 . 2  1 . 4  

1 998 NOACTION 1 67 2 9 . 8  31 4 8 . 3  3 1 8 6 . 3  1 62 . 7  0 . 0  1 7 . 2  2 5 4 . 9  3 3 0 . 2  2 3 8 2 9 . 4  
1 998 1 . 2  - 6 . 6 0 . 0  - 0 . 5  0 . 6 0 . 0  - 2 . 0  2 . 4  7 . 0  0 . 9  
1 99 8  4 . 1 , B 2 6 . 5  - 8 2 1 . 5  8 4 . 2  - 1 2 1 . 6  0 . 0  - 7 . 3  -254 . 9  4 8 . 3  - 1 04 6 . 3  
1 9 9 8  4 . 1 , A 6 . 2 0 . 0  3 . 3  - 4 . 2  0 . 0  1 . 9  -1 4 8 . 3  6 . 2 - 1 3 4 . 9  
1 99 8  4 . 3  - 3 . 1 0 . 0  4 . 8  - 1 1 . 4  0 . 0  - 3 . 1  1 2 3 . 5  5 . 5  1 1 6 . 2 
1 9 98 4 . 4  - 1 . 2 0 . 0  0 . 3  0 . 2  0 . 0  0 . 0 0 . 3  - 0 . 1 -0 . 5  

1 99 9  NOACTION 1 64 63 . 3  3 1 5 9 . 3 5028 . 8  4 8 . 5  0 . 0 1 8 . 2  0 . 0  2 3 4 . 0  2 4 95 2 . 1  
1 99 9  1 . 2  - 7 . 4  0 . 0  - 8 . 3  5 . 6  0 . 0  - 0 . 7  0 . 0  1 0 . 1 -0 . 7  
1 99 9  4 . 1 , B 33 . 1  0 . 0  - 1 5 68 . 2  2 1 . 2 0 . 0  3 . 5  0 . 0  1 70 . 8  - 1 3 3 9 . 6  
1 99 9  4 . 1 , A 1 0 . 2  0 . 0  - 603 . 9 8 4 . 9  0 . 0  - 0 . 2 0 . 0  7 2 . 5  - 4 3 6 . 5  
1 99 9  4 . 3  - 4 8 . 0  0 . 0  5 8 3 . 3  - 4 . 1  0 . 0  - 1 . 4 0 . 0  - 6 6 . 4  4 63 . 4  
1 99 9  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

2000 NOACTION 1 67 5 1 . 1  3 1 4  8 . 0  5 602 . 0  3 7 . 6  0 . 0  1 8 . 5  0 . 0  2 1 4 . 7  2 5 7 7 1 . 9  
2000 1 . 2  - 3 . 9  0 . 0  - 5 . 6  4 . 7  0 . 0  - 0 . 2  0 . 0  1 2 . 7 7 . 7  
2 000 4 . 1 , B 1 0 . 4 0 . 0  - 1 5 4 4 . 1  1 5 . 6 0 . 0  2 . 0  0 . 0  1 7 6 . 5  - 1 3 3 9 . 6  
2000 4 . 1 , A 3 . 6  0 . 0  -603 . 6  7 6 . 1  0 . 0  2 . 9  0 . 0  6 9 . 6  - 4 5 1 . 4  
2000 4 . 3  - 8 . 8  0 . 0  5 75 . 0  - 1 . 4  0 . 0  - 2 . 8  0 . 0  - 6 9 . 3  4 92 . 7  
2000 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

·OTHER INCLUDES OUTS I DE STORAGE AND EXCHANGE ENERGY 
· ·PURC REPRESENTS USE OF SHORT- TERM PURCHASES RESERVED BY THE LEAST COST MIX MODEL 

· · · TOTAL DOES NOT INCLUDE RESOURCES NOT DISPATCHED BY SAM (CONSERVATION, RENEWABLES , F IRM IMPORTS , ETC . ) 



TABLE ... -5 . 1.. 
OPERATION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL HW) 
High Northwe8t Load8 

YEAR ALTERNATIVE HYDRO NUCLEAR COAL CT NTRTY OTHER" P URC " "  BC/NW TOTAL" " "  
- - - - - - - - - - - - - - - - - -

2 0 0 1  NOACT ION 1 65 8 1 . 3  3 1 5 1 . 0  6 1 3 0 . 3  3 4 . 8  0 . 0  2 2 . 0  0 . 0  1 8 8 . 8  2 6 1 0 8 . 2  
2 0 0 1  1 . 2  - 6 . 1 0 . 0  - 1 . 0  4 . 8  0 . 0  - 0 . 6 0 . 0  1 . 6  -1 . 3  
2 0 0 1  4 . 1 , B - 6 . 9  0 . 0  - 1 5 5 5 . 4  1 1 .  9 0 . 0  0 . 4  0 . 0  1 2 5 . 5  - 1 4 2 4 . 5  
2 0 0 1  4 . 1 ,  A - 6 . 5  0 . 0  - 5 93 . 1  8 8 . 4  0 . 0  1 . 0  0 . 0  4 9 . 3 - 4 60 . 9  
2 00 1  4 . 3  - 3 . 1  0 . 0  5 8 6 . 2  1 . 3  0 . 0  - 3 . 8  0 . 0  - 5 8 . 4  5 2 1 . 6  
2 001 4 . 4  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  

2002 NOACTION 1 63 8 9 . 2  3 1 5 8 . 9  6115 . 1  5 6 . 1  0 . 0  1 8 . 9  0 . 0  1 52 . 3  2 65 5 1 . 1  
2 00 2  1 . 2  - 5 . 3  0 . 0  - 8 . 6  2 . 2  0 . 0  1 . 2  0 . 0  -3 . 9  - 1 4 . 4  
2002 4 . 1 ,  B -1 1 . 1  0 . 0  - 1 64 3 . 3  9 . 0  0 . 0  - 0 . 6  0 . 0  1 1 9 . 3  - 1 5 3 3 . 3  
2002 4 . 1 ,  A - 2 . 9  0 . 0  - 64 8 . 8  8 2 . 2  0 . 0  3 . 1  0 . 0  4 0 . 1 -525 . 1  
2002 4 . 3 - 5 . 1  0 . 0  622 . 0  - 9 . 9 0 . 0  - 1 . 9 0 . 0  - 5 0 . 6  5 5 4 . 5  
2002 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

200 3  NOACT ICN 1 66 1 8 . 4  3 1 6 4 . 3  1 2 95 . 9 4 4 . 0  0 . 0  1 8 . 6 0 . 0  2 04 . 1  2 1 3 4 5 . 9  
200 3  1 . 2  - 1 . 2  0 . 0  - 8 . 9  0 . 5  0 . 0  - 0 . 4  0 . 0  -0 . 5  - 1 0 . 5  

::r: 2003 4 . 1 ,  B 3 . 6  0 . 0  - 1 6 8 8 . 3  1 9 . 5  0 . 0  - 0 . 6  0 . 0  1 4 8 . 2  - 1 5 1 1 . 6  
I 2003 4 . 1 , A 5 . 1  0 . 0  - 6 3 8 . 3  1 1 . 1  0 . 0  4 . 1  0 . 0  5 2 . 5  - 4 9 8 . 3  U1 2 003 4 . 3  3 . 1  0 . 0  60 6 . 0  - 6 . 9  0 . 0  - 2 . 4  0 . 0  - 6 6 . 2  5 3 4 . 2  

2 003 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

ex> 2004 NOACTION 1 61 6 1 . 4  31 60 . 1  1 8 6 6 . 3  2 8 . 9  0 . 0  1 1 . 1 0 . 0  2 1 0 . 5  2 8050 . 3  
2 004 1 . 2 - 4 . 3  0 . 0  -3 . 1  0 . 8  0 . 0 0 . 0  0 . 0  3 . 3  - 3 . 9  
2 004 4 . 1 , B - 1 0 . 0  0 . 0  - 1 1 9 0 . 4  1 5 . 3  0 . 0 2 . 4  0 . 0  1 8 1 . 6  - 1 5 95 . 1  
2004 4 . 1 ,  A - 1 1 . 4 0 . 0  - 6 3 2 . 0  1 6 . 5  0 . 0  6 . 1  0 . 0  63 . 2  - 4 9 1 . 6  
2 0 0 4  4 . 3  - 8 . 5  0 . 0  61 9 . 3  -0 . 9  0 . 0  0 . 3  0 . 0  - 1 6 . 1  5 3 4 . 1  

2 0 0 4  4 . 4  0 . 0  0 . 0 0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2005 NOACTION 1 6605 . 0  3 1 5 3 . 0  8 3 8 1 . 1  4 4 . 8  0 . 0  1 6 . 1  0 . 0  1 9 6 . 3  2 8 3 9 6 . 9  
2005 1 . 2  -5 . 3  0 . 0  - 1 . 8  1 . 3  0 . 0  - 0 . 4  0 . 0  3 . 5  - 8 . 1  
2005 4 . 1 , B - 1 6 . 2  0 . 0  - 1 8 0 9 . 9  1 2 . 1  0 . 0  0 . 4  0 . 0  1 63 . 5  - 1 64 9 . 5  

2 005 4 . 1 , A - 9 . 6 0 . 0  - 6 3 4 . 2  13 . 1  0 . 0  4 . 3  0 . 0  6 1 . 1 -504 . 1  
2005 4 . 3  - 6 . 6 0 . 0  6 1 6 . 9  - 2 . 1  0 . 0  - 1 .  8 0 . 0  - 63 . 1  5 4 2 . 1  
2005 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 6  NOACT I ON 1 64 60 . 3  3 1 5 9 . 9  8 8 8 8 . 0  3 9 . 1 0 . 0  1 5 . 8  0 . 0  1 1 8 . 4  2 8 1 4 2 . 1  
2 0 0 6  1 . 2 - 2 . 1  0 . 0  - 5 . 3  1 . 1  0 . 0  0 . 1  0 . 0  0 . 6 - 5 . 6  

2006 4 . 1 , B - 2 . 4  0 . 0  - 1 8 00 . 8  1 2 . 2  0 . 0  0 . 8  0 . 0  1 90 . 2  - 1 600 . 0  
2006 4 . 1 , A 0 . 6  0 . 0  -64 1 . 5  60 . 8  0 . 0  5 . 1  0 . 0  1 1 . 2  -503 . 8  
2006 4 . 3  -1 0 . 3  0 . 0  6 4 0 . 0  - 1 . 6 0 . 0  - 0 . 3  0 . 0  - 54 . 9  5 1 2 . 9  
2 0 0 6  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

"OTHER INCLUDES OUTSIDE STORAGE AND EXCHANGE ENERGY 
" " PURC REPRESENTS USE OF SHORT-TERM P URCHASES RESERVED BY THE LEAST COST MIX MODEL 

" " " TOTAL DOES NOT INCLUDE RESOURCES NOT D ISPATCHED BY SAM (CONSERVAT ION, RENEWABLES, F IRM I MPORTS , ETC . ) 



::r: I U1 

1.0 

YEAR ALTERNAT IVE HYDRO 

2 0 0 7  NOACTION 1 65 5 1 . 8  
2 0 0 7  1 . 2  - 5 . 9  
2 0 0 7  4 . 1 , B - 1 . 7 
2 0 0 7  4 . 1 , A - 5 . 3  
2 0 0 7  4 . 3  -5 . 2  
2 0 0 7  4 . 4  0 . 0  

2 0 0 8  NOACT ION 1 65 2 7 . 4  
2 00 8  1 . 2  - 5 . 2  
2 0 0 8  4 . 1 , B - 0 . 4  
2 0 0 8  4 . 1 , A 1 . 3  
2 0 0 8  4 . 3  - 1 . 6 
2 0 0 8  4 . 4  0 . 0  

TABLE H � S · Z. 
OPERATION OF RESOURCES BY TYPE 

(AVERAGE ANNUAL MW )  
High Northwe s t  Load� 

NUCLEAR COAL CT NTRTY 

3 1 4 3 . 3  93 61 . 0  3 5 . 2  0 . 0  
0 . 0  - 3 . 6  1 . 3  0 . 0  
0 . 0  - 1 8 1 5 . 5  1 1 .  7 0 . 0  
0 . 0  - 63 9 . 5 77 . 8  0 . 0  
0 . 0  6 3 6 . 5  -4 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  

3 1 5 9 . 3 9 8 6 8 . 3  3 4 . 3  0 . 0 
0 . 0  - 5 . 5  1 . 4  0 . 0  
0 . 0  - 1 8 2 2 . 3  1 0 . 7 0 . 0  
0 . 0  - 64 6 . 6 63 . 7  0 . 0 
0 . 0  6 3 2 . 1  - 5 . 2  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  

* OTHER INCLUDES OUTSIDE STORAGE AND EXCHANGE ENERGY 

OTHER* PURC * * BC/NW TOTAL* * *  

1 1 .  9 0 . 0  2 1 1 . 1 2 93 1 4 . 3  
0 . 0  0 . 0  0 . 3  - 7 . 9 
0 . 4  0 . 0  1 98 . 1  - 1 6 0 7 . 0  
5 . 6  0 . 0  6 0 . 2  - 5 0 1 . 2  
0 . 1  0 . 0  -5 6 . 5  5 7 0 . 9 
0 . 0  0 . 0  0 . 0  0 . 0  

1 1 . 1  0 . 0  2 00 . 3  2 98 0 0 . 7  
0 . 2  0 . 0  2 . 4  - 6 . 7  
2 . 1  0 . 0  1 7 9 . 9 - 1 6 3 0 . 0  
7 . 2  0 . 0  5 5 . 1 -5 1 9 . 3 
0 . 1  0 . 0  - 4 4 . 8  5 8 0 . 6  
0 . 0  0 . 0  0 . 0  0 . 0  

* * PURC REPRESENTS USE OF SHORT - TERM PURCHASES RESERVED BY THE LEAST COST MIX MODEL 
* * * TOTAL DOES NOT INCLUDE RESOURCES NOT D I SPATCHED BY SAM (CONSERVAT ION, RENEWABLES ,  F I RM IMPORT S ,  ETC . ) 
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Operat i on of Ex i st i ng Coa l P l ants 





Operat i on of Ex i st i ng Coa l P l ants 

T h e  ana l y s e s  p e r formed w i t h  the Sys tems  An a l y s i s  Mod e l ( S e e  Appe n d i x G- l ) 
p rod u c e d  proj e c t i on s  of f u t u re ope r a t i on of e x i s t i n g coa l -f i r e d  g e ne r at i n g 
p l a n t s  wh i c h s e r v e  t h e  r e g i on . T h e s e  p roj e c t i on s  a r e  prov i d e d  i n  Tab l e s  H - 6- l 
a n d  H-6-2  for t h e  a s s u mp t i on s  of e x pe c t e d  l oad s a n d  g a s  p r i c e s  a n d  h i g h 
Nor t h we s t  Load s .  S i m i l ar Ta b l e s  s h ow i n g  p roj e c te d  coa l p l an t ope r a t i on s  for 
o t h e r  s e n s i t i v i ty a s s ump t i on s  ( Low Nor t h we s t  Load s ,  H i g h Sou t h we s t  Load s ,  Low 
Sou t h we s t  Load s , H i g h Gas P r i c e ,  a n d  Low Ga s P r i c e )  are  a v a i l a b l e  u po n  
r e q u e s t . I n  Ta b l e s H - 6- l a n d  H -6-2 , t h e  v a l u e s  g i v e n  for " No A c t i on "  f o r  e a c h  
p l a n t  a r e  a c t u a l  p roj e c te d  v a l u e s  from SAM . Va l u e s  g i v e n  for e a c h  oth e r  
a l t e r n a t i ve by p l a n t  a re d i ffe r e n c e s for t h a t  a l t e r n a t i v e from t h e  v a l u e  g i v e n  
above i t  by p l a n t  for " No A c t i on " . T h e  l a s t  c o l umn  of e a c h  Ta b l e  s hows 
g e n e ra t i on and g e n e r a t i on c h a n g e s  from No A c t i on for " ge n e r i c coa l p l a n t s  
wh i c h a r e  a d d e d  i n  s ome c a s e s  b y  t h e  LCMM t o  me e t  l oad  f i rm l oad  g rowt h . 

H - 6 - l  



TABLE .., -t.. - , 
COAL P LANT GENERATI ON 

(AVG ANNUAL HW )  
Medium Load8 and Gas Price s  

YEAR ALTERNATIVE VAlMY COLSTP CORETTE BROMAN CENTR BRIDGER GENCOAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 98 9  NOACTION 1 4 . 5  9 4 5 . 3  1 6 . 3  2 1 .  4 2 0 1 . 0  4 8 1 . 5 0 . 0  
1 98 9  1 . 2  - 0 . 1  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  
1 98 9  4 . 1 , B 1 . 3  8 . 6  0 . 6  1 . 4  - 2 . 4  - 7 2 . 1 0 . 0  
1 98 9  4 . 1 , A 1 . 5  6 . 2 0 . 9  1 . 9  - 5 . 5  - 68 . 6  0 . 0  
1 98 9  4 . 3  3 . 1  - 3 . 4  - 0 . 9  2 . 2  33 . 9  2 . 8  0 . 0  
1 98 9  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 990 NOACT ION 2 8 . 2  95 5 . 9  1 9 . 8  4 9 . 6 3 8 3 . 1  7 4 2 . 8  0 . 0  
1 990 1 . 2  0 . 4  - 1 . 7 0 . 0  1 . 3  5 . 4  - 2 . 8  0 . 0  
1 990 4 . 1 , B - 7 . 0 1 . 4  0 . 8  - 1 2 . 7  2 . 9  3 6 . 6 0 . 0  
1 9 90 4 . 1 ,  A - 4 . 7  0 . 8  0 . 6  - 8 . 6  6 . 2  2 9 . 3 0 . 0  
1 9 90 4 . 3  - 0 . 9  - 4 . 9  - 0 . 1  - 0 . 7  8 . 3  - 23 . 4  0 . 0  
1 990 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 991 NOACT ION 3 4 . 9  953 . 3  2 0 . 9  6 3 . 6  4 2 1 . 7  8 07 . 5  0 . 0  

1 991 1 . 2  1 . 8  -1 . 7 - 0 . 1  4 . 3  1 . 3  - 8 . 4  0 . 0  

::r:: 1 9 91 4 . 1 ,  B - 1 0 . 4  4 . 0  0 . 4  - 2 2 . 4  - 2 1 . 8 3 0 . 7  0 . 0  

I 1 991 4 . 1 , A - 7 . 1  1 . 6  0 . 3  - 1 5 . 3  - 1 9 . 0  2 3 . 2  0 . 0  
(J\ 1 9 91 4 . 3  -5 . 3  - 1 2 . 5  - 0 . 8  - 9 . 2 - 1 3 . 9  - 80 . 9 0 . 0  

1 99 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

f\) 1 992 NOACTION 3 0 . 5  959 . 8  2 1 . 4 64 . 3  4 32 . 6  7 63 . 7  0 . 0  
1 9 92 1 . 2  0 . 5  - 4 . 5  - 0 . 3  2 . 2  3 . 2  - 5 . 6  0 . 0  
1 9 92 4 . 1 , B - 7 . 9  4 . 9  0 . 4  - 2 2 . 0  0 . 8  3 1 . 6 0 . 0  
1 992 4 . 1 , A - 5 . 6  3 . 9  0 . 2  - 1 6 . 7 4 . 8  1 9 . 2  0 . 0  

1 9 92 4 . 3  - 6 . 2 - 1 5 . 5  - 0 . 7  - 1 3 . 6  - 1 7 . 5  - 1 8 . 4  0 . 0  
1 9 92 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 993 NOACT ION 3 3 . 7 1 0 1 2 . 8  2 2 . 0  6 3 . 0  5 4 2 . 1  8 08 . 4  0 . 0  

1 9 93 1 . 2  1 . 7  - 0 . 1 - 0 . 2  5 . 3  - 4 . 2  - 7 . 5  0 . 0  
1 9 93 4 . 1 , B - 1 0 . 5  8 . 2  0 . 5  - 2 1 . 2  - 1 .  7 3 3 . 1  0 . 0  
1 9 93 4 . 1 , A - 5 . 5  3 . 6  0 . 3  - 1 1 .  7 1 . 2  2 0 . 4  0 . 0  

1 9 93 4 . 3  - 6 . 8 - 1 0 . 6  - 1 . 7 - 1 3 . 0  - 33 . 3  - 4 4 . 9  0 . 0  
1 9 93 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 94 NOACTION 4 8 . 9 1 0 3 2 . 7  2 4 . 9  9 1 . 7 6 5 1 . 2 95 8 . 6  0 . 0  

1 9 94 1 . 2  1 . 5  -0 . 4  0 . 1  4 . 3  - 3 . 3  - 2 . 3  0 . 0  

1 9 94 4 . 1 ,  B - 1 6 . 4  6 . 4  0 . 2  - 3 6 . 9  4 . 0  3 3 . 0  0 . 0  

1 9 94 4 . 1 ,  A - 7 . 0  4 . 9  0 . 2  - 2 0 . 3  - 2 . 3  1 4 . 3  0 . 0  

1 994 4 . 3  - 9 . 9 - 1 5 . 9  - 0 . 5  - 2 0 . 2  - 3 6 . 6  - 4 3 . 6  0 . 0  

1 9 9 4  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 995 NOACT ION 4 9 . 0  10 4 9 . 8 2 5 . 6  94 . 0  7 1 6 . 8 9 9 1 . 8  0 . 0  

1 9 95 1 . 2  0 . 9 0 . 5  0 . 0  2 . 3  - 6 . 0 - 4 . 3  0 . 0  

1 9 95 4 . 1 , B - 1 4 . 6  6 . 5  0 . 3  - 3 2 . 7  -5 . 1  1 9 . 7  0 . 0  

1 9 95 4 . 1 , A - 5 . 4  3 . 7  0 . 1  - 1 4 . 6  - 6 . 4  8 . 0  0 . 0  

1 9 95 4 . 3  - 1 0 . 6 - 7 . 8  -0 . 3  - 1 9 . 4  - 1 8 . 6  - 2 6 . 1  0 . 0  

1 995 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



TABLE ... -Co - I 
COAL PLANT GENERATION 

(AVG ANNUAL HW) 
Medium Loads and Gas P rices 

YEAR ALTERNATIVE VALMY COLSTP CORETTE BRDMAN CENTR BRIDGER GENCOAL 
- - - -- - -- - -- - - - - - - - - - - - - - - - - - - - - -

1 9 9 6  NOACTION 4 9 . 2  1 0 2 5 . 9  2 5 . 2  93 . 2  7 1 0 . 5  9 4 8 . 4  0 . 0  
1 9 9 6  1 . 2  1 . 1  0 . 6  0 . 1  3 . 0  - 1 .  8 - 2 . 7  0 . 0  
1 9 9 6  4 . 1 , B -1 3 . 6  1 2 . 7  0 . 6  - 3 3 . 4  1 0 . 1 2 0 . 8  0 . 0  
1 9 9 6  4 . 1 , A - 4 . 1  6 . 2  0 . 3 - 1 2 . 7  0 . 4  1 4 . 3  0 . 0  
1 9 9 6  4 . 3 - 9 . 1  - 8 . 5  - 0 . 3  - 1 7 . 4  - 1 2 . 5  - 2 1 . 7 0 . 0  
1 9 9 6  4 . 4  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 99 7  NOACTION 4 2 . 6  1 1 03 . 3  3 1 . 6 9 6 . 4 8 02 . 7  9 8 7 . 6  0 . 0  
1 997 1 . 2 1 . 3  - 0 . 7  0 . 0  4 . 2  - 5 . 0  0 . 4  0 . 0  
1 9 97 4 . 1 ,  B -1 0 . 5  7 . 2  0 . 5  - 3 6 . 8  1 1 .  1 2 7 . 4  0 . 0  
1 997 4 . 1 , A - 0 . 6  3 . 8  0 . 2  - 6 . 5  0 . 0  7 . 5  0 . 0  
1 997 4 . 3 - 8 . 3  - 9 . 4  - 0 . 3  - 1 9 . 5  - 4 7 . 2  - 24 . 3  0 . 0  
1 9 97 4 . 4  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 

1 99 8  NOACTION 4 6 . 0  1 0 60 . 8  3 2 . 9  91 . 2 7 8 0 . 5  8 97 . 0  0 . 0  
1 99 8  1 . 2  0 . 0  -0 . 2  -0 . 1  2 . 9  - 3 . 3  0 . 8  0 . 0  
1 9 9 8  4 . 1 , B - 9 . 5 1 5 . 7  0 . 6 - 23 . 5  2 6 . 1 3 2 . 9  0 . 0  
1 99 8  4 . 1 , A 3 . 7  7 . 6  0 . 3  6 . 4  1 5 . 8  2 0 . 2  0 . 0  

:r:: 1 9 98 4 . 3  - 1 3 . 3  - 1 3 . 0  - 0 . 6 - 2 6 . 4  - 60 . 1  - 1 7 . 1 0 . 0 
I 1 99 8  4 . 4  0 . 0  0 . 0  

0'> 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 99 9  NOACT ION 5 4 . 4  1 1 1 4 . 7  33 . 3  1 03 . 1  8 5 1 . 9  9 4 6 . 5  0 . 0  
1 9 99 1 . 2  0 . 4  -2 . 0  - 0 . 1 1 . 1  - 1 . 4  - 1 . 5 0 . 0  W 1 9 99 4 . 1 , B - 0 . 9  2 0 . 9  0 . 8  - 1 0 . 0  2 4 . 8  2 8 . 5  0 . 0  
1 99 9  4 . 1 , A 9 . 0  1 4 . 4  0 . 5  1 7 . 4  1 6 . 0  1 8 . 1  0 . 0  
1 99 9  4 . 3  -1 6 . 5  -2 6 . 6 - 1 . 3 - 3 0 . 8  - 5 6 . 3  - 2 8 . 0  0 . 0  
1 999 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 

2000 NOACTION 60 . 5  1 0 7 9 . 6  3 3 . 0  91 . 6 8 2 7 . 0  94 2 . 5  0 . 0  
2000 1 . 2  0 . 8  0 . 3  0 . 1  5 . 3  - 4 . 8  - 0 . 6  0 . 0 
2000 4 . 1 ,  B 1 3 . 3  2 4 . 9  1 . 4  1 8 . 2 4 5 . 5  4 4 . 7  0 . 0  
2000 4 . 1 , A 1 3 . 2  1 6 . 4  0 . 9  3 1 . 7 2 1 .  9 2 5 . 7  0 . 0  
2000 4 . 3  - 6 . 1  - 8 . 5  0 . 0 - 1 6 . 6 - 3 4 . 3  - 1 7 . 2  0 . 0  
2 0 0 0  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  

2 001 NOACTION 83 . 9  1 1 1 7 . 6 3 2 . 3  1 0 4 . 9  8 55 . 2  91 8 . 2  0 . 0  
2001 1 . 2  -0 . 4  0 . 3  0 . 1  1 . 7  - 5 . 7  -0 . 5  0 . 0  
2001 4 . 1 ,  B 1 4 . 6  1 8 . 9  0 . 8  2 4 . 0  4 4 . 1  4 3 . 3  0 . 0  
2001  4 . 1 ,  A 1 1 . 7  1 0 . 3  0 . 5  2 8 . 6 2 9 . 7  2 3 . 1  0 . 0  
2 0 0 1  4 . 3  - 8 . 0  - 1 0 . 9  -0 . 4  - 1 8 . 7  - 35 . 2  - 9 . 6 0 . 0  
2 0 0 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 2  NOACT ION 9 9 . 5  1 0 8 1 . 4  3 1 . 8 1 2 6 . 2  8 5 8 . 3  91 9 . 2  0 . 0  
2002 1 . 2  - 0 . 6  - 0 . 9  - 0 . 1  2 . 1 - 0 . 9  - 1 .  0 0 . 0  
2 0 0 2  4 . 1 , B 2 4 . 0  22 . 5  0 . 8  3 6 . 9  2 8 . 3  2 8 . 5  0 . 0  
2002 4 . 1 ,  A 1 3 . 0  9 . 2  0 . 3  1 7 . 8  1 4 . 9  1 3 . 5  0 . 0  
2 0 0 2  4 . 3 - 9 . 6  - 1 2 . 2  - 0 . 6  - 3 6 . 1  - 1 5 . 7  - 1 2 . 2  0 . 0  
2 0 0 2  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



TABLE t-4 . .. .  I 
COAL PLANT GENERATION 

(AVG ANNUAL HW )  
Medium Loads and Gas P rices 

YEAR ALTERNATIVE VALMY COLSTP CORETTE BRDMAN CENTR BRIDGER GENCOAL 
- - - -- - - - - -- - - - - - - - - - - - - - - - - - - - - -

2 003 NOACTION 1 1 3 . 4  1 1 1 3 . 8  3 3 . 2  1 1 3 . 0  8 8 4 . 1  9 3 2 . 8  0 . 0  
2003 1 . 2 - 0 . 9 0 . 2  -0 . 1  2 . 1  - 2 . 2  - 2 . 2 0 . 0  
2003 4 . 1 ,  B 1 9 . 0  2 5 . 7  1 . 0  4 1 .  9 3 2 . 3  3 7 . 0  0 . 0  
2003 4 . 1 ,  A 3 . 5  5 . 1  0 . 2 1 8 . 2  1 . 5  7 . 6  0 . 0  
2003 4 . 3  - 1 2 . 5  - 2 6 . 0  -1 . 0 - 30 . 4  - 4 3 . 9  - 2 8 . 9  0 . 0  
2 00 3  4 . 4  0 . 0  0 . 0 0 . 0 0 . 0  0 . 0  0 . 0  0 . 0 

2004 NOACTION 1 2 1 . 3 1 0 9 9 . 0  3 2 . 3  9 6 . 6 8 3 9 . 9  8 5 4 . 4  0 . 0  
2004 1 . 2  - 0 . 7  - 1 .  6 -0 . 1  0 . 8  - 2 . 7  -0 . 1  0 . 0  
2004 4 . 1 , B 2 8 . 3  2 8 . 7  1 . 3  64 . 5  3 8 . 5  4 9 . 4 0 . 0  
2004 4 . 1 , A 1 3 . 7  1 3 . 2  0 . 7  3 1 . 5 1 8 . 4  2 1 .  9 0 . 0  
2 004 4 . 3  - 9 . 4 - 1 3 . 1  - 0 . 5  -4 . 7  - 2 1 . 2  - 1 3 . 7  0 . 0  
2004 4 . 4  0 . 0 0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  

2005 NOACTION 1 2 9 . 2 1 1 0 1 . 9  3 2 . 9  1 1 5 . 4  8 50 . 5  8 53 . 9 0 . 0  :I: 2005 1 . 2  - 1 .  1 - 1 .  2 -0 . 1  1 . 4  - 5 , 0  -0 . 6  0 . 0  I 0\ 2 005 4 . 1 , B 2 6 . 3  2 9 . 4 1 . 2  65 . 4  3 3 . 8  4 2 . 3  0 . 0  
2 005 4 . 1 , A 1 4 . 9  8 . 9  0 . 6 3 6 . 4  1 6 . 3  1 7 . 6 0 . 0  
2005 4 . 3  - 7 . 6  - 1 2 . 7  -0 . 4  - 5 . 1 - 2 1 . 3 - 1 1 . 2 0 . 0  

-!O- 2005 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 6  NOACTION 1 3 6 . 2  1 1 04 . 3  3 2 . 7  1 24 . 8  8 50 . 4  8 5 7 . 2  0 . 0  
2 0 0 6  1 . 2  - 1 . 2 - 0 . 7  0 . 0  1 . 5  - 6 . 1 - 0 . 2 0 . 0  
2 0 0 6  4 . 1 , B 2 2 . 5  2 9 . 1 1 . 2  64 . 3  4 4 . 2  4 3 . 6  0 . 0  
2 0 0 6  4 . 1 , A 1 0 . 3  6 . 9 0 . 3  3 1 . 8 1 4 . 2  1 5 . 3  0 . 0 
2 00 6  4 . 3  - 7 . 9  -1 9 . 7 -0 . 7  - 1 0 . 6 - 1 6 . 3  - 1 6 . 5  0 . 0  
2 00 6  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2007 NOACTION 1 3 4 . 5  1 1 1 6 . 5  3 3 . 4  1 7 8 . 3  8 60 . 5  8 32 . 9  0 . 0  
2007 1 . 2  - 1 .  9 - 1 . 4  0 . 0  3 . 1  - 0 . 1  - 0 . 8 0 . 0  
2007 4 . 1 ,  B 1 5 . 5  1 9 . 2  0 . 8  7 2 . 3  35 . 0  3 3 . 0  0 . 0  
2007 4 . 1 ,  A 4 . 8  1 . 0  0 . 1  2 5 . 1  4 . 7  1 0 . 3  0 . 0  
2 007 4 . 3  - 9 . 8 - 1 3 . 9  -0 . 6  - 1 3 . 3  - 1 0 . 1 - 1 2 . 6  6 9 . 5  
2 00 7  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

2 0 0 8  NOACTION 1 4 3 . 8  1 1 1 3 . 4  3 2 . 9  2 2 9 . 7  8 5 8 . 5  8 4 8 . 8  0 . 0  
2 00 8  1 . 2  -2 . 1  - 0 . 1  0 . 0  0 . 0  - 3 . 5  - 0 . 9  0 . 0  
2008 4 . 1 , B 1 4 . 1  2 1 . 1  0 . 9  63 . 1  3 4 . 4  2 6 . 6 0 . 0  
2 0 0 8  4 . 1 , A 7 . 1  1 . 6  0 . 1  2 0 . 7 4 . 6  4 . 1  0 . 0  
2008 4 . 3  - 1 3 . 4  - 1 5 . 5  -0 . 4  - 2 2 . 9  - 9 . 6  - 1 0 . 0  1 5 3 . 3  
2 0 0 8  4 . 4  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  0 . 0  0 . 0  



TABLE H -t.. - 1-
COAL PLANT GENERATION 

(AVG ANNUAL HW) 
High Northwe � t  Loads 

YEAR ALTERNAT IVE VALMY COLSTP CORETTE BROMAN CENTR BRI DGER GENCOAL 
- - - - - - - - - - - - - ----- - - - - - - - --- - - - -

1 98 9  NOACT ION 3 1 . 0 9 1 9 . 9 1 9 . 5  4 4 . 5  3 0 9 . 1  608 . 0  0 . 0  
1 98 9  1 . 2  3 . 5  - 0 . 8  -0 . 1  4 . 1  1 1 . 0  - 5 . 8  0 . 0  
1 98 9  4 . 1 , B - 1 . 1  1 1 .  1 1 . 4  - 5 . 2  - 1 1 . 2  - 3 0 . 6  0 . 0  
1 98 9  4 . 1 , A - 0 . 5  2 . 2  0 . 5  - 2 . 6  4 . 2  - 6 . 3 0 . 0  
1 98 9  4 . 3  3 . 6  -0 . 8  - 0 . 1  4 . 8  1 1 . 9 - 5 . 5  0 . 0  
1 98 9  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

1 99 0  NOACTION 5 0 . 5  1 00 9 . 8 2 3 . 6  91 . 8  4 4 6 . 3  9 0 4 . 9  0 . 0  
1 99 0  1 . 2  1 . 4  -2 . 6  - 0 . 2 3 . 4  0 . 1  - 8 . 2  0 . 0  
1 99 0  4 . 1 , B - 6 . 4  1 . 1  0 . 2  - 1 1 . 1  - 1 0 . 4  4 9 . 3  0 . 0  
1 99 0  4 . 1 ,  A 4 . 5  - 1 . 5 0 . 0  1 . 8  1 1 .  1 1 . 1  0 . 0  
1 9 90 4 . 3  1 . 5  - 2 . 2  - 0 . 2  3 . 1  -0 . 2  - 1 . 9  0 . 0  
1 9 90 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 9 9 1  NOACTION 5 8 . 1  1 0 0 3 . 1  2 4 . 3  1 1 1 . 6  4 82 . 8 95 1 . 9 0 . 0  
1 9 9 1  1 . 2  0 . 9  - 1 . 2 0 . 0  3 . 0  3 . 1  - 9 . 0 0 . 0  
1 9 9 1  4 . 1 , B 1 . 1  1 5 . 4  0 . 3  1 1 .  1 3 8 . 4  61 . 0  0 . 0  ::r: 1 99 1  4 . 1 , A 6 . 0  0 . 1  - 0 . 1  1 1 . 8  2 2 . 6  2 1 . 8 0 . 0  

I 1 9 9 1  4 . 3  1 . 4  - 1 . 3 0 . 0  4 . 0  8 . 5  - 8 . 2  0 . 0  0' 
1 9 9 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Vl 1 99 2  NOACTION 5 2 . 5  1 0 4 4 . 0  2 4 . 1  1 23 . 2  4 91 . 8  9 6 4 . 3  0 . 0  
1 99 2  1 . 2  0 . 3  - 1 . 4 - 0 . 1  2 . 4  - 4 . 8  - 4 . 5  0 . 0  
1 9 92 4 . 1 , B 8 . 1  1 4 . 3  0 . 5  2 4 . 3  4 1 .  2 1 6 . 5 0 . 0  
1 9 92 4 . 1 , A 3 . 9  - 1 . 6 0 . 0  1 1 . 0  1 2 . 1  - 1 1 .  6 0 . 0  
1 99 2  4 . 3  0 . 1  -2 . 3  - 0 . 1  3 . 6  - 4 . 4  - 4 . 5  0 . 0  
1 99 2  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 993 NOACT ION 6 1 . 1 1 0 6 6 . 8 2 4 . 1  1 2 1 . 0  6 25 . 3  9 61 . 4  0 . 0  
1 993 1 . 2  0 . 1  - 1 . 3 - 0 . 1 0 . 2  - 2 . 1  - 8 . 5  0 . 0  
1 993 4 . 1 ,  B 1 3 . 4  1 2 . 3  0 . 8  33 . 6  3 2 . 8  1 0 . 3  0 . 0  
1 993 4 . 1 , A 4 . 8  - 0 . 1  0 . 3  8 . 4  1 2 . 2  1 1 . 8  0 . 0  
1 993 4 . 3 0 . 6  - 1 . 1 0 . 0  2 . 0  - 4 . 2  - 6 . 1 0 . 0 
1 993 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  

1 99 4  NOACT ION 1 8 . 8  1 0 8 2 . 1  2 6 . 8 1 5 9 . 9  1 8 8 . 3  1 0 1 0 . 3  0 . 0  
1 99 4  1 . 2  0 . 2  - 0 . 8  0 . 0  0 . 6  - 8 . 2  - 0 . 1  0 . 0  
1 99 4  4 . 1 , B 1 1 . 5  8 . 9  0 . 1  2 1 . 3  2 8 . 1  3 0 . 6  0 . 0 
1 99 4  4 . 1 , A 2 . 8  1 . 9  - 0 . 1  6 . 9 - 1 1 . 4  1 . 8  0 . 0  
1 99 4  4 . 3  0 . 5  - 0 . 6 - 0 . 1  0 . 1 - 8 . 3  - 1 . 3 0 . 0  
1 99 4  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

1 995 NOACT ION 1 9 . 9 1 0 8 9 . 5 2 1 . 3  1 63 . 6  8 50 . 1 1 0 1 1 . 5  0 . 0  
1 995 1 . 2  0 . 1 0 . 2  - 0 . 1 1 . 0  -3 . 2  - 1 . 0 0 . 0  
1 9 95 4 . 1 , B 1 . 1  6 . 1 0 . 0  1 1 . 6  23 . 0  4 . 5  0 . 1 
1 995 4 . 1 , A 2 . 9  1 . 1  0 . 0 6 . 1 3 . 2  - 8 . 5  O . V  
1 995 4 . 3  0 . 6 0 . 9 0 . 0  1 . 3  - 5 . 8  0 . 0  0 . 0  
1 995 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 



TABLE ... -1. - 1-
COAL PLANT GENERATION 

(AVG ANNUAL HW) 
High Northwest Loads 

YEAR ALTERNAT IVE VALMY COLSTP CORETTE BROMAN CENTR BRI DGER GENCOAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 99 6  NOACTION 8 2 . 7  1 0 8 1 . 3  27 . 7  1 67 . 7  8 4 4 . 6  1 0 4 2 . 1 0 . 0  
1 99 6  1 . 2  0 . 4  - 0 . 4  0 . 0  1 . 0  - 1 .  5 - 3 . 1  0 . 0  
1 99 6  4 . 1 ,  B 5 . 4  2 . 8  0 . 2  1 1 . 5  2 . 8  1 4 . 7  0 . 0  
1 99 6  4 . 1 , A 0 . 9  - 0 . 2  - 0 . 1  1 . 2  - 0 . 7  2 . 4  0 . 0  
1 99 6  4 . 3  0 . 8  - 0 . 2  0 . 0  1 . 9  1 . 6  - 3 . 3  0 . 0  
1 99 6  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

1 997 NOACTION 5 6 . 0 1 1 4 9 . 3  3 3 . 3  1 2 7 . 2  8 68 . 6  1 04 6 . 5  0 . 0  
1 997 1 . 2  0 . 5  0 . 1  0 . 0  1 . 7  - 4 . 4  - 0 . 5 0 . 0  
1 997 4 . 1 ,  B 1 7 . 0  7 . 0  0 . 6  4 3 . 1  4 0 . 8 3 5 . 6  0 . 0  
1 997 4 . 1 ,  A 1 . 1  1 . 9  0 . 0  3 . 4  - 3 . 0  1 . 5  0 . 0  
1 997 4 . 3  0 . 4  0 . 7  0 . 0  2 . 8  - 6 . 7 0 . 1  0 . 0  
1 99 7  4 . 4  0 . 0  0 . 0  0 . 0  - 0 . 1  0 . 0  0 . 0  0 . 0  

1 99 8  NOACTION 65 . 0  1 1 1 3 . 4  3 4 . 8  1 33 . 6  8 55 . 7  9 83 . 8  0 . 0  
1 99 8  1 . 2  0 . 7  - 0 . 6  0 . 0  1 . 4  - 0 . 2  - 1 . 8 0 . 0  
1 99 8  4 . 1 , B 1 4 . 1  4 . 4  0 . 5  3 3 . 0  1 4 . 4  1 7 . 8 0 . 0  
1 99 8  4 . 1 , A 1 . 0  - 0 . 2  0 . 0  2 . 5  1 . 4  - 1 .  4 0 . 0  

::r:: 1 99 8  4 . 3  1 . 2  - 1 .  0 0 . 0  3 . 3  1 . 7  - 0 . 4 0 . 0  
I 1 99 8  4 . 4  0 . 1  0 . 0  0 . 0  0 . 2  0 . 0  0 . 0  0 . 0  

(J"> 
1 99 9  NOACTION 5 8 . 4  1 1  7 2 . 6  3 5 . 9  1 1 1 . 4  9 4 7 . 0  1 0 4 0 . 6 1 6 62 . 9 
1 99 9  1 . 2  - 0 . 1  0 . 0  0 . 0  1 . 9  - 1 .  9 - 0 . 6  - 7 . 6  

(J"> 1 99 9  4 . 1 ,  B 2 9 . 8 0 . 9 0 . 1  6 6 . 1 - 8 . 4  6 . 2  - 1 6 62 . 9 
1 99 9  4 . 1 ,  A 1 1 . 4  - 0 . 5  - 0 . 1  2 5 . 0  - 0 . 1  0 . 0  - 6 3 9 . 6 
1 99 9  4 . 3  - 1 4 . 2  - 0 . 1  0 . 0  - 2 6 . 4  - 0 . 5  - 0 . 2  6 2 4 . 7  
1 99 9  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 0  NOACTION 6 8 . 2  1 1 35 . 8  3 6 . 3 1 0 1 . 9  9 4 0 . 4  1 0 4 9 . 5  2 2 6 9 . 9 
2 00 0  1 . 2 0 . 4  0 . 0  0 . 0  2 . 7  - 0 . 7 - 0 . 1  - 7 . 9  
2 0 0 0  4 . 1 , B 3 2 . 6 0 . 0  - 0 . 1  6 9 . 1  4 . 6  9 . 9 - 1 6 60 . 2  
2 0 0 0  4 . 1 , A 1 2 . 8  0 . 1  0 . 0  2 7 . 3  - 0 . 4 - 0 . 2  - 64 3 . 2  
2 0 0 0  4 . 3  - 1 5 . 4  0 . 0  0 . 0  - 3 0 . 7  0 . 8  1 . 1  6 1 9 . 2  
2 0 0 0  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 1  NOACTION 9 1 . 2 1 1 75 . 0  3 4 . 7  1 1 8 . 1  97 5 . 1 1 0 2 4 . 2  2 7 1 2 . 0  
2 0 0 1  1 . 2  - 0 . 8  0 . 0  0 . 0  0 . 2  0 . 5  0 . 0  - 6 . 9 
2 0 0 1  4 . 1 , B 3 1 . 2  0 . 1  - 0 . 1 6 1 . 0 9 . 6  3 . 6  - 1 6 60 . 8  
2 0 0 1  4 . 1 , A 1 2 . 5  0 . 0  0 . 0  2 3 . 8  0 . 3  0 . 4  - 6 3 0 . 1  
2 0 0 1  4 . 3  - 1 6 . 1 0 . 0  0 . 0  - 3 4 . 1  1 . 1  0 . 4  6 3 4 . 9  
2 0 0 1  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 2  NOACTION 1 0 7 . 5  1 1 2 9 . 4  33 . 7  1 3 2 . 0  9 4 7 . 1  9 9 6 . 6  3 4 2 9 . 4  
2 00 2  1 . 2  - 0 . 8 0 . 0  0 . 0  - 1 .  5 - 0 . 4  0 . 0  - 5 . 9  
2 0 0 2  4 . 1 ,  B 3 4 . 3  0 . 0  0 . 0  6 5 . 0  4 . 4  0 . 1  - 1 74 7 . 1  
2 0 0 2  4 . 1 , A 1 2 . 8  0 . 0  0 . 0  2 4 . 6  0 . 9  - 0 . 6  - 68 6 . 5  
2 00 2  4 . 3  -1 6 . 4  0 . 0  0 . 0  - 3 7 . 5  0 . 2  - 0 . 3  6 7 6 . 0  
2 00 2  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  



TABLE ... - c. - 1-
COAL PLANT GENERATI ON 

(AVG ANNUAL HW) 
H i gh Northwe8t Loadn 

YEAR ALTERNATIVE VALMY COLSTP CORETTE BROMAN CENTR BRI DGER GENCOAL 
- - - - - - - - - - - - - ----- - - - - - - - - - - - - - -

2 0 0 3  NOACT ION 1 2 4 . 4  1 1 65 . 2  3 5 . 3  1 2 3 . 2  1 0 0 2 . 8  1 0 1 9 . 5  3 8 2 5 . 5  
2 0 0 3  1 . 2  - 0 . 9 0 . 0  0 . 0  0 . 0  -0 . 4  0 . 0  - 1 . 6  
2 0 0 3  4 . 1 ,  B 2 8 . 8  0 . 0  0 . 0  63 . 3  3 . 1  0 . 0  - 1 1 8 3 . 5  
2003 4 . 1 , A 1 1 . 5  0 . 0  0 . 0  2 4 . 1  0 . 0  0 . 0  - 6 1 4 . 5  
2003 4 . 3  - 1 4 . 2  0 . 0  0 . 0  -3 2 . 6 0 . 1  0 . 0  65 2 . 1  
2 003 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  

2004 NOACTION 1 3 2 . 1  1 1 61 . 9  3 5 . 0 1 1 6 . 5  95 6 . 8  95 1 . 9  4 5 00 . 1  
2 00 4  1 . 2 -0 . 5  0 . 0  0 . 0  0 . 5  -0 . 2  0 . 0  - 3 . 5  
2004 4 . 1 , B 33 . 4  0 . 0  0 . 0  64 . 5  1 . 3  0 . 0  - 1 8 8 9 . 6 
2 0 0 4  4 . 1 , A 1 3 . 1 0 . 0  0 . 0  2 2 . 8  - 0 . 1 0 . 0  - 6 6 1 . 8  
2 00 4  4 . 3  - 1 4 . 8  0 . 0  0 . 0  - 2 2 . 6 -0 . 2  0 . 0  65 6 . 9 
2004 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2005 NOAC T I ON 1 3 8 . 9  1 1 5 9 . 9 3 5 . 3 1 3 6 . 5  9 60 . 4  9 4 3 . 1  500 6 . 4 
2005 1 . 2  - 1 . 1 0 . 0  0 . 0  - 1 . 9 0 . 0  0 . 0  - 4 . 8  
2 0 0 5  4 . 1 ,  B 3 0 . 8  0 . 0  0 . 0  62 . 9  0 . 4 0 . 0  - 1 90 4 . 0  

::c 2 0 0 5  4 . 1 , A 1 1 .  3 0 . 0  0 . 0  2 4 . 5  - 0 . 3  0 . 0  - 6 6 9 . 1  
I 

2 0 0 5  4 . 3  - 1 3 . 5  0 . 0  0 . 0  - 2 1 . 2  0 . 0  0 . 0  65 1 . 6 Q\ 
200'5 4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

--l 2006 NOAC T I ON 1 4 5 . 5 1 1 6 1 . 5  3 5 . 0 1 3 6 . 0  9 64 . 3  9 4 9 . 2  54 9 6 . 5  
2 0 0 6  1 . 2 - 0 . 4 0 . 0  0 . 0  - 1 . 1 0 . 0  0 . 0  -3 . 8  
2 0 0 6  4 . 1 , B 2 5 . 5 0 . 0  0 . 0  63 . 3  0 . 3  0 . 0  - 1 8 8 9 . 9 
2 0 0 6  4 . 1 , A 1 0 . 4  0 . 0  0 . 0  2 5 . 4  0 . 0  0 . 0  - 6 1 1 . 3  
2 0 0 6  4 . 3  - 1 4 . 1  0 . 0  0 . 0  - 2 5 . 1  0 . 0  0 . 0  6 1 9 . 2  
2 0 0 6  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 0 0 1  NOACT ION 1 4 0 . 5 1 1 60 . 0  3 5 . 1  1 98 . 1  9 5 4 . 9  8 9 8 . 5  5 9 13 . 3  
2 0 0 7  1 . 2  - 0 . 3  0 . 0  0 . 0  - 0 . 2 0 . 0  0 . 0  -3 . 1  
2 0 0 7  4 . 1 , B 23 . 3  0 . 0  0 . 0  1 6 . 4 0 . 0  0 . 0  - 1 9 1 5 . 2  
2 0 0 1  4 . 1 , A 8 . 6  0 . 0  0 . 0  2 9 . 0  0 . 0  0 . 1  - 6 7 1 . 2  
2 0 0 7  4 . 3  - 1 4 . 8  0 . 0  0 . 0  - 2 6 . 2  0 . 0  0 . 1 6 1 1 . 4  
2 0 0 7  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

2 00 8  NOAC T I ON 1 4 5 . 2  1 1 64 . 2  3 5 . 0 2 4 9 . 7  95 8 . 2  9 1 1 . 5  6 3 9 8 . 5  
2 0 0 8  1 . 2  0 . 0  0 . 0  0 . 0  - 1 . 5 0 . 0  0 . 0  - 4 . 0  
2 0 0 8  4 . 1 , B 2 1 . 9  0 . 0  0 . 0  7 4 . 5  0 . 0  0 . 0  - 1 91 8 . 1  
2 0 0 8  4 . 1 , A 8 . 0  0 . 0  0 . 0  2 6 . 3  0 . 0  0 . 0  - 6 80 . 9 
2 0 0 8  4 . 3  - 1 4 . 3  0 . 0  0 . 0  - 2 9 . 0  0 . 0  0 . 0  67 5 . 4  
2 0 0 8  4 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
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Combust i on Turb i ne A i r Qua l i ty Ana l ys i s  

A me t hodol ogy for a n a l yz i n g  a i r q u a l i ty i mp ac t s  from c h an g e s  i n  g e ne ra t i on 
f rom e x i s t i n g  comb u s t i on t u r b i n e fac i l i t i e s i n c l u d e d  i n  t h e  SAM h a d  not b e e n  
d e v e l oped  for t h e  I n t e r t i e  De v e l opme n t  a n d  U s e  E n v i ronme n t a l  I mp a c t  
Stateme n t .  Chan g e s  i n  g e n e ra t i on a t  e x i s t i n g c omb u s t i on t u r b i n e s  were  
g e n e ra l l y  proj e c t e d  by SAM to b e  s ma l l a n d  on l y  the  Beaver  fac i l i ty t e n d e d  to 
be  affe c ted  s u b s t an t i a l l y .  

A n  a n a l ys i s  of t h e  F r ed e r i c k son  Comb u s t i on T u r b i n e fac i l i ty ( F i n a l  Repor t : 
E conom i c Ana l y s i s  of t h e  E n v i ronme n ta l  Effe c t s  of t h e  F r e d r i c k so n  Comb u s t i on 
Tu r b i n e  E l e c tr i c G e n e ra tor , ECO Northwe s t , 4 / 8 4 , P .  1 1 1 - 8 ) u s e d  a Gau s s i a n 
p l ume mod e l  to p r oj e c t  max i mum i mp a c t s  of a i r p o l l u t an t s  f r om t h e  p l a n t . 
Th e s e  i mpac t s  w h e n  f i r i n g n a t u r a l  g a s  we r e  m a x i mum n i t r o g e n  o x i d e 
con c e n t r at i on s  of 0 . 0 1 6 �g / m3 a n d  max i mum p a r t i c u l a te  c on c e n tr at i on s  of 
0 . 00 1 4 �g/m3 . W h e n  f i r i n g d i s t i l l a te  f u e l o i l ,  max i mum amb i e n t  
con c e n trat i on s  we r e  0 . 0 1 4  �g / m3 for n i t rog e n  o x i d e s , 0 . 00 1 4 �g / m3 
for p a r t i c u l ate s , a n d  0 . 02 1  �g / m3 for s u l f u r  d i ox i d e .  A v e r a g e  ground  
l ev e l  con c e n trat i on s  we r e  p roj e c t e d  to b e  about  o n e  t e n t h  of t h e s e  v a l u e s . 
Average  con c e n t ra t i on s  we r e  b a s e d  on 1 500 h ou r s  of  ope r a t i on p e r  ye a r , a p 1 an t  
f a c tor o f  about 1 7  p e r c e n t . A l l t h e s e  c on c e n tr a t i on s  w e r e  n e g l i g i b l e  w h e n  
comp a r e d  t o  amb i e n t  a i r  q u a l i ty s t a n d a r d s . 

A f i e l d  mea s u reme n t  p rogram u s i n g s u l fu r  h e x af l ou r i d e ( S F6 ) a s  a t r a c e r  
s howe d that  amb i e n t  a i r con c e n t ra t i on s  o f  n i t rog e n  ox i d e s  a n d  s u l f u r  d i ox i d e 
from t h e  Beav e r  comb u s t i on t u r b i n e fac i l i ty ,  w h e n  o p e r a t e d  i n  comb i n ed  cy c l e  
mod e , a r e  far b e l ow t h e  a i r q u a l i ty r e g u l a tory s ta n d a r d s ( A i r Qu a l i ty I mp a c t  
Study  o f  Comb i n e d  Cyc l e  Ope r at i on a t  t h e  B e a v e r  Comb u s t i on T u r b i n e P l a n t , 
P h a s e  I :  Summary of F i e l d  Me a s u r e me n t  P r og r am s , Por t l a n d  G e n e r a l E l e c t r i c ,  
1 2 / 80 ) . 

S i n c e  t h e  above s t u d i e s i n d i c a t e  t h a t  amb i e n t  con c e n t ra t i on s  of a i r p o l l u t a n t s  
from comb u s t i on t u r b i n e  fa c i l i t i e s a r e  v e ry s ma l l i n  c ompa r i so n  w i t h  a i r 
q u a l i ty s ta n d ar d s , i t  i s  u n l i ke l y  t h a t  any b u t  a n  e x t r eme l y  l ar g e  c h an g e  i n  
a n n u a l  g e n e rat i on wou l d  make a n y  s u b s ta n t i a l  d i ff e r e n c e  i n  a n n ua l a v e r a g e  
con c e n t ra t i on s  o f  a i r pol l u t a n t s . Max i mum a i r q u a l i ty i mp a c t s  f rom e a c h  p l an t  
wou l d  not be  affe c t e d  b y  any  of  t h e  a l t e r n a t i v e s  s i n c e  t h e s e  cou l d oc c u r  a t  
any t i me any of t h e  p l an t s  i s  o p e r a t e d  a t  c a p a c i ty c o i n c i d e n t  w i t h  adv e r s e  
d i s pe r s i on cond i t i on s . T h e  c omb u s t i on t u rb i n e p l an t s  a r e  s uf f i c i e n t l y  
phys i ca l l y  d i s t an c e d  from e a c h  o t h e r  t h a t  c u mu l at i v e e ffe c t s  from operat i n g 
mor e  t h a n  one  p l a n t  s i mu l t a n eou s l y  a r e  not  a con c e r n . 

B e c a u s e  of ( 1 )  t h e  g e n e ra l l y  s m a l l c h an g e s  i n  g e n e r a t i o n  a t  t h e  e x i s t i n g 
c omb u s t i on t u rb i n e  f a c i l i t i e s ;  ( 2 )  t h e  l ow l e v e l s of  amb i e n t  a i r  p o l l u t a n t  
con c e n tr at i on s  s e e m i n g l y  a s soc i a t e d  w i t h  t h e s e  k i n d s  o f  fa c i l i t i e s ;  a n d  
( 3 )  t h e  f a c t  t h a t  t h e  on l y  s U b s ta n t i a l  c h an g e s  o c c u r r e d  a t  t h e  B e a v e r  p l an t  
wh e r e  t he r e  was d o c u me n t a t i on  o f  t h e  l ow a i r q u a l i ty i mp ac t s , a m e t h odo l ogy 
s u c h  a s  was  u s ed to comp u t e  amb i e n t  a i r q u a l i ty c h an g e s  for coa l p l an t s  wa s 
not d e v e l oped for t h e  e x i s t i n g  comb u s t i on t u r b i n e  fac i l i t i e s .  I t  was  f e l t 
t h a t  comp u ta t i on of  a i r q u a l i ty c ha n ge s ,  con s i d e r i n g  t h e  i n ev i t a b l e  
comprom i s e s  i n  comp u t i n g s u c h  v a l u e s , was  n o t  go i n g to e n ab l e any  b e t t e r  
conc l u s i on s  t h a n  thos e d rawn  d i r e c t l y ,  b u t  mor e  q u a l i ta t i v e l y ,  from t h e  
i nformat i on abov e . 

H-7 - 1  



Coa l P l ant  A i r  Qua l i ty Ana l ys i s  

T h e  a n a l y s i s  to d e t e rm i n e  t h e  effe c t s on a i r q u a l i ty r e s u l t i n g from 
d i ffe r e n c e s  i n  e x i s t i ng coa l p l a n t  g e n e ra t i on  betweem  a l t e r n a t i v e s  for wh i c h 
t h e  Systems  A n a l ys i s Mod e l  ( SAM ) was  r u n  u s e d  t h e  met hodo l ogy d e v e l op e d  u n d e r  
con tr a c t  t o  BPA b y  t h e  Off i c e  o f  A p p l i ed E n e r gy S t u d i e s , W a s h i n g ton S t a t e  
U n i v e r s i ty ( 1 98 7 )  f o r  t h e  I n t e r t i e  Dev e l opme n t  a n d  U s e  E n v i ronme n t a l  I mp a c t  
Stateme n t . T h e  fol l ow i n g  d e s c r i b e s  t h e  d er i v a t i on o f  t h i s  me t h odol ogy a s  i t  
a p p l i e s to t h e  e x i s t i n g coa l -f i r e d  g e n e r a t i n g p l a n t s  a d d r e s s e d  by t h e  a n a l y s i s 
for t h e  Power  S a l e s Con t r a c t  E I S .  

P l ume c a l c u l at i on s  were  p e r forme d by t h e  c on t r a c tor u s i n g  t h e  P TD I S  G a u s s i a n 
p l ume mod e l  to d e term i n e  ma x i mum hour l y  S02 a n d  tot a l  s u s p e n d e d  par t i c u l a t e  
( TS P )  con c e n tr a t i on s  downw i n d  o f  e a c h  sour c e  for a r a n g e  o f  atmos p h e r i c  
s t a b i l i ty c l a s s e s .  S e a s on a l  a n d  a n n u a l  average  S02 a n d  p a r t i c u l ate  
con c e n trat i on s  w e r e  c a l c u l a t e d  u s i n g  the  CDMQC c l i ma to l og i c a l  G au s s i an p l ume 
d i s per s i on mod e l  a l ong  w i t h  t h e  STAR data  o b ta i n e d  from t h e  N a t i o n a l  C l i ma t i c  
Ce n ter . A l l c h a n g e s  i n  con c e n trat i on a r e  p r e s e n te d  a s  f u n c t i on s of a n n u a l  
average  ge n e ra t i on by e a c h  p l an t . 

P TD I S  HOU R LY CALCU LAT I ONS 

P TD I S  i s  a s i mp l e G a u s s i an p l ume mod e l  that  c a l c u l a t e s p l ume r i s e  u s i n g 
Br i gg ' s formu l at i on s , a n d  e s t i ma t e s  grou n d- l e v e l con c e n tr a t i on s  of nonr e a c t i ve 
s pe c i e s  at  s pe c i f i e d d i s ta n c e s  downw i n d  of a s i n g l e s ou r c e  for a s pe c i f i e d  
w i n d  s pe e d , m i x i n g h e i g h t , a n d  atmo s p h e r i c  s t a b i l i ty c l a s s . 

P TD I S  wa s u s e d  i n  a f l at-t e r r a i n  mode for a l l pow e r  p l a n t s  to s c re e n  i mp ac t s  
a n d  d e term i n e  wh i c h a r e  pot e n t i a l l y  s i g n i f i c an t . 

F l at-terra i n  c a l c u l a t i on s  w e r e  p e r formed for s i x a tmos p h er i c s ta b i l i ty c l a s s e s  
r a n g i n g  from u n s t a b l e t o  s ta b l e ,  cov e r i n g down w i n d  d i s t a n c e s  o u t  t o  5 0  k m  from 
e a c h  powe r p l a n t . Pr e l i m i n ary c a l c u l a t i on s  w e r e  u s e d  to i d e n t i fy b e s t  
r e c e p tor s p a c i n g i n  or d e r  to b r a c k e t  c l os e l y  t h e  l oc at i on o f  max i mum i mp a c t  
for e a c h  s t a b i l i ty con d i t i on .  Mod e l  r u n s  y i e l d e d  s i x ma x i mum c on c e n tr a t i on s . 
T h e  r e s u l t s  of t h i s  work  w e r e  ma x i mum hou r l y  con c e n tr a t i on s  of S02 a n d  T S P  
for e a c h  pow e r  p l a n t . 

A N NUAL  AVE RAGE  CDMQC CALCU LAT I O N S  

CDMQC emp l oys  a s e c tor-a v e r ag e d  Ga u s s i an p l ume a l gor i t h m  to c a l c u l a t e  
l ong-term  con c e n t r at i on s  a t  s pe c i f i c r e c e p to r s  c a u s e d  b y  s i n g l e or mu l t i p l e 
po i n t  a n d  a r e a  sou r c e s . For e a c h  s ou r c e-r e c e p tor p a i r ,  t h e  mod e l  d e t e rm i n e s  
t h e  con c e n t r a t i on  a s soc i a t e d  w i t h  e a c h  pos s i b l e comb i n at i on of s i x w i n d  s pe e d  
c l a s s e s ,  s i x s t a b i l i ty c l a s s e s , a n d  1 6  w i n d  d i r e c t i on s e c tor s . Th e s e  
con c e n t r a t i on s  a r e  t h e n  we i g h t e d  a n d  s umme d  by t h e  j o i n t  me teoro l og i c a l  
freq u e n cy d i s t r i b u t i on c on t a i n e d  i n  t h e  STAR d a ta t o  g i v e a s i n g l e l on g - t e r m  
a v e r a g e  con c e n t r at i on .  T h e  i mp a c t s  o f  mu l t i p l e  sour c e s  a r e  s umme d to g i v e  t h e  
tot a l  i mp a c t  a t  a r e c e p tor . 

I n  app l y i n g  CDMQC to s p e c i f i c power  p l an t s , r e s u l t s for e a c h  s o u r c e  we re  
obt a i n e d  at  a n  a r r ay of r e c e p tor s cov e r i n g a l l w i n d  d i r e c t i on s  a t  s e v e r a l  
downw i n d  d i s t a n c e s . 

H-7-2 



T h e  p r i mary i nd i c ator of a n n u a l  a i r q u a l i ty i s  t h e  ma x i mum a n n u a l  a v e r a g e  
con c e n t rat i on p r e d i c ted  w i t h i n t h e  a r r ay of r e c e ptor s . Su l fate  con c e n t r a t i on s  
were  e s t i ma t e d  u s i n g CDMQC , a s s um i n g  a f i r s t-or d e r  s u l fur  d i ox i d e- to- s u l f a t e  
( S02 t o  S04 ) c o n v e r s i on r a t e  of 1 p e r c e n t  p e r  h ou r . T h e  con v e r s i on r a t e  
wa s d e r i ved  from c u r re n t  l i t e r a t u r e  r e por t i n g  f i e l d a n d  l aboratory 
me a s u r eme n t s  of s u l f u r  d i ox i d e- s u l fate c h e m i s try i n  a tmos p h e r i c p l ume s .  

MOD E L  I NP U T  

S ta c k  p arame t e r s ,  e m i s s i on l oa d i n g s  p e r  u n i t  o f  t h e rma l ou tp u t , and  ot h e r  
s ou r c e  data  h a v e  b e e n  ob t a i n e d  from E PA r e g i on a l  off i c e s , l oc a l  a i r po l l u t i on 
c o n t r o l  d i s t r i c t s , and  u t i l i ty compan i e s for e a c h  of t h e  s e l e c te d  pow e r  
p l an t s . T h e rm a l  l oa d i n g s  w e r e  comb i n e d  w i t h  t h e  ope r a t i on a l  l ev e l s p r e d i c t e d  
f o r  v a r i ou s  a l t e r n at i ve s  a n d  a s s umpt i on s  con c e r n i n g  s i ze o f  l oa d s  a n d  g a s  
p r i c e s  t o  y i e l d  po l l u t a n t  e m i s s i on r a t e s  for e a c h  p l a n t  a n d  for e a c h  
comb i na t i on o f  a l t e r nat i v e a n d  a s s umpt i on s . Mod e l  i n p u t  d a t a  a r e  s hown i n  
Tab l e  H - 7 - 1 . 

Tab l e  H-7-1 
MODEL I NPUT DATA 

E m i s s i on 
S t a c k  S t a c k  E x hau s t  E x i t F a c tor  

Powe r P l a n t  H e i g h t  D i ame t e r  Temp . Ve l oc i ty ( 1  b .  / MMBTU ) S t a r  Data  
( m )  ( m )  ( K )  ( m/ s )  S02 TSP  Loc a t i on 

Ce n t r a l i a  1 52 4 . 3  388  33  1 . 6 9 5  0 . 0  0 O l ymp i a ,  NA 
1 52 4 . 3  388  33  1 . 6 9 5  0 . 030 

Boa rdman 200 6 . 8  422  3 7  0 . 780  0 . 060 Spokan e , NA 
Va l my 1 52 5 . 8  405 1 9  0 . 630  0 . 0 1 0  Lov e l oc k , N V  

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  366  32  0 . 1 20 0 . 040 Cu s te r , MT  

1 52 5 . 0  366  32  0 . 2 90 0 . 040 
2 1 1 7 . 3  3 7 2  32  0 . 070  0 . 050 

B r i d g e r  1 5 2 7 . 3  3 2 5  2 2  0 . 300 0 . 1 00 Roc k  S p r i n g s , NY 
1 52 7 . 3  3 2 5  2 2  0 . 300 0 . 1 00 
1 52 7 . 3  3 2 5  2 2  0 . 300 0 . 1 00 
1 52 9 . 4  3 2 5  1 7  0 . 200 0 . 1 00 

Sou r c e s : P r i v a t e  commu n i c a t i on s  w i t h  p l an t  p e r so n n e l a n d  CFM-VI r e po r t s .  

MODE L  OUTPUT  

The  p r i mary mod e l  output  i s  i mp a c t  coeff i c i e n t s  d e f i n e d  i n  t e r m s  of S02 and  
T S P  con c e n t r a t i on s  per  u n i t  p o l l u t a n t  e m i s s i on r ate . T h e  coeff i c i e n t s  d e r i v e d  
f rom t h e  mod e l  a r e  s hown i n  Tab l e H-7-2 . B e c a u s e  amb i e n t  p o l l u t a n t  
con c e n t r a t i on i s  a l i ne a r  f u n c t i on of e m i s s i on r a t e , t h e s e  i mpac t coeff i c i e n t s  
c a n  t h e n  b e  u s e d  t o  d e t e r m i n e  c h a n g e s  i n  amb i e n t  po l l u t a n t  con c e n tra t i on 
r e l a t e d  to e a c h  a l t e r na t i v e a n d  s e t  of a s s ump t i on s .  T h e  r e s u l t s of t h e  
a n a l ys i s  o f  a i r q u a l i ty i mp a c t s , d e v e l oped  t h ro u g h  app l y i n g  t h e  coeff i c i e n t s  
f rom t h e  mod e l  to g e n e rat i on l e v e l s o r  c ha n g e s  i n  g e n e r at i on ,  for e a c h  
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a l t e r n at i v e are  s hown i n  a compa r a t i v e man n e r  for t h e  a s s um p t i on s  of e x pe c te d  
l oa d s  a n d  g a s  p r i c e s  a n d  h i gh Nor t hwe s t  l oad s i n  Tab l e s  H - 7 - 3  a n d  4 .  ( E a c h  
p a g e  o f  e a c h  of t h e s e  Tab l e s  i s  for a d i ffe re n t  year  of t h e  a n a l y s i s .  T h e  
v a l u e s  g i v e n  for " No A c t i on "  for e a c h  p l a n t  a r e  a c t u a l  proj e c te d  amb i e n t  a i r 
p o l l u t a n t  con c e n trat i on v a l u e s  d e r i v e d  u s i n g t h e  me t hodol ogy d e s c r i b e d  a bov e . 
V a l u e s  g i v e n  for e a c h  ot h e r  a l t e r n a t i v e by p l a n t  a r e  d i ffe r e n c e s  for t h a t  
a l t e r n a t i v e from the  amb i e n t  a i r p o l l u tan t con c e n tr a t i on g i v e n  abov e  i t  by 
p l an t  for " No A c t i on " . )  

A i r q u a l i ty i mp a c t s  we r e  s i m i l ar l y  d e term i n e d  for o t h e r  a s s u mp t i on s  
( s e n s i t i v i t i e s )  for e a c h  a l t e r n a t i v e a n a l yzed  w i t h  SAM . T h e s e  o t h e r  
s e n s i t i v i ty a s s umpt i on s  we r e : ( 1 )  l ow Nor t hwe s t  l oa d s ; ( 2 )  h i g h Sou thwe s t  
l oad s ; ( 3 ) l ow Sou thwe s t  l oad s ; ( 4 )  h i gh g a s  p r i c e ;  and  ( 5 ) l ow g a s  p r i c e . 
A i r q u a l i ty data  l i k e t h a t  i n  Ta b l e s  H-7-3  a n d  4 for t h e s e  o t h e r  a s s ump t i on s  
w i l l  b e  p rov i d e d  upon r e q u e s t . 

Tab l e  H-7-2 
PAC I F I C  NORTHWEST 

A I R  QUAL I TY CALCULAT I ON FORMULAS 

Ce n tr a l i a  
S02MAX M W s  * 1 . 0940 
TSPMAX MW s * 0 . 0 1 7 9 
S02 MWs  * 0 . 0057 1 4 
S04 M W s  * 0 . 0000 1 36 
T S P  MWs  * 0 . 00009 5 2 9  + S04 

Boardman 
S02MAX M W s  * 0 . 2 8 2 5  
TS PMAX M W s  * 0 . 02 1 5 
S02 M W s  * 0 . 000 5 8 8 2  
S04 MWs  * 0 . 00000 1 59  
T S P  MW s * 0 . 00005 348 + S04 

Col s tr i Q  
S02MAX M W s  * 0 . 0 9 6 3  
TSPMAX M W s  * 0 . 02 5 9  
S02 M W s  * 0 . 000440 1 
S04 MW s * 0 . 00000094 
T S P  MWs  * 0 . 00009243  + S04 

B r i dge r 
S02MAX M W s  * 0 . 206 5 
T SPMAX M W s  * 0 . 0745  
S02 M W s  * 0 . 00 1 8 1 9 
S04 MWs * 0 . 000004 1 6  
T S P  M W s  * 0 . 0006 3 9 1  + S04 

Va l my 
S02MAX M W s  * 0 . 2 1 86 
T SPMAX M W s  * 0 . 00 5 7  
S02 MWs * 0 . 00 1 6 9 6  
S04 MWs * 0 . 00000522  
T S P  M W s  * 0 . 0000522 1 + S04 
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L I M I TS OF UNCERTA I NTY I N  A I R  QUAL I TY ANALYSES 

G a u s s i an P l ume C a l c u l a t i on s  

Both t h e  max i mum l -hour  a v e rage  con c e n t r at i on s  a n d  t h e  max i mu m  a n n u a l  a v e r a g e  
con c e n t r a t i on s  f o r  S02 , S04 , a n d  T S P  we r e  c a l c u l a t e d  u s i n g  G a u s s i an p l ume 
mode l s  for po i n t  sour c e s . A s  a r e s u l t ,  both s e t s  of c a l c u l at i on s  a r e  
r e s t r i c t e d  b y  t h e  i n h e r e n t  u n c e r t a i n t i e s  a s soc i ated  w i th  u s i n g a Ga u s s i an 
p l ume mod e l  of a tmos p h e r i c t r a n s port  a n d  d i ff u s i on .  Th e s e  u n c e r ta i n t i e s  a r i s e  
f rom t h e  a s sump t i on s  of homoge neou s ,  s ta t i onary t u r b u l e n c e ; s t eady- s ta t e  
con d i t i on s ; a n d  con s ta n t  w i n d  s p e e d  i n  t h e  mod e l  a n d  from t h e  u s e  of emp i r i c a l  
b u t  n on s i te s p e c i f i c  d i ff u s i on coeff i c i e n t s . I t  i s  g e n e ra l l y  a s s umed  t h a t  
t h e s e  u n c er ta i n t i e s , u n d e r  t h e  be s t  o f  con d i t i on s , l i m i t t h e  a c c u ra c y  o f  a 
G au s s i an p l ume c a l c u l at i on to a p p rox i ma te l y  a f a c tor of two . 

A dd i t i on a l  l i m i ta t i on s  to t h e  a c c u r a cy of t h e  r e s u l t s  a r e  i n t r od u c e d  i n  both  
s hort-te rm and  l on g - t e r m  c a l c u l at i on s  for  powe r p l a n t s  l oc at e d  i n  rough  
t e r r a i n .  Ne i t h e r  P TD I S  ( s hor t - t e r m )  nor  CDM  ( l o n g - t e r m )  a c cou n t  for  t h e  
effe c t s  of comp l e x t e r r a i n .  T h e s e  eff e c t s g e n e r a l l y  i mp l y  t h a t  d u r i ng  s ta b l e 
cond i t i on s  h i gh s u r f a c e  con c e n t rat i on s  may r e s u l t from i mp i n g e me n t  of a p l ume 
u pon  a t e r ra i n o b s t a c l e ,  wh i l e  d u r i n g  u n s tab l e  or n e u t r a l  con d i t i on s , t h e  
p l ume may pas s c l os e r  to t h e  s u rfa c e  t h a n  p r e d i c t e d  for a s i m i l a r f l a t t e r r a i n 
c a s e .  T h e  Comp l e x Te r ra i n D i s pe r s i on Mode l ( CTOM ) now u n d e r  d e v e l opme n t  by  
E PA i s  d e s i gned  to a d d r e s s  t h e  s ta b l e  a n d  n e u t r a l  c a s e s , but  i t  wa s not  
a v a i l a b l e  to t h e  con t r a c tor i n  d e v e l op i n g  th i s  m e t hodo l ogy . U nfor t u n a t e l y ,  i t  
i s  not po s s i b l e  to a s s i g n a l e v e l  of u n c e r t a i n ty for t h e  effe c t s  of comp l e x 
t e r ra i n s i n c e  t h e  r e s u l t s  are  e x t r e me l y  s i te d e p e n d e n t . 

Othe r f a c tor s wh i c h affe c t  t h e  a c c u racy  of t h e  c a l c u l at i on s  i n c l u d e  pos s i b l e  
e r ro r s  i n  em i s s i on d a t a ; t h e  u s e  of STAR meteoro l og i c a l  data  f r om Na t i on a l  
Weath e r  S e rv i c e s i te s  l oc a t e d  too f a r  f r om t h e  power  p l a n t s  o f  con c e r n ; t h e  
a s s ump t i on of a 1 p e r c e n t  p e r  hour f i r s t  ord e r  con v e r s i on r a t e  o f  S02 to 
S04 ; a n d  the a s s um p t i on t h a t  wet a n d  d ry depos i t i on are n e g l i g i b l e  w i t h i n 
t h e  t r a n s port  d i s ta n c e  to t h e  ma x i mum r e c e p tor . T h e  e n d  r e s u l t of a l l of 
t h e s e  u n c e r t a i n t i e s  i s  t h a t  the a i r q u a l i ty i mp a c t  c a n not be  e s t i ma t e d  to be 
mor e a c c u rate  t h a n  a f a c tor  of two i n  the b e s t  c i r c um s t an c e s  and i n  c a s e s  w i t h  
c omp l i c a t i n g  feat u re s t h e  u n c e r t a i n ty p robab l y  i n c r e a s e s  s u b s ta n t i a l l y .  
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T a  b 1 e H _ "i _ "' 
A I R  QUAL I T Y  IN PAC I F I C  NORTHWES T  
( M r � ROGRAMs/cUBIC METER O F  A I R )  

Medium Lo�ds and G.!l8 P r i ce l!J  

1 HOUR ANNUAL AVERAGE 
GENERA T I ON MAX .  CONCENTRAT I ON CONCENTRAT I ON 

(AVG MW )  S02 TSP S02 S04 TSP 
...-. - - - - ., - - - - - - - - - - - - - - - - - - - - -

NOAC T I ON 1 9 9 1  

VALMY 3 4 . 9  7 . 63 0 . 2 0 0 . 0 6 0 . 0 002 0 . 002 
COLSTRI P 953 . 3  9 1 . 8 0 24 . 6 9 0 . 4 2 0 . 0 0 0 9  0 . 08 9  
BOARDMAN 6 3 . 6  1 7 . 9 7 1 .  3 1  0 . 0 4 0 . 0 0 0 1  0 . 00 4  
CENTRAL I A  4 2 1 . 7  4 6 1 . 34 1 . 5 5 2 . 4 1 0 . 0 0 5 1  0 . 0 4 6  
BRIDGER 8 0 7 . 5  1 6 6 . 7 5 6 0 . 1 6  1 .  4 1  0 . 0 0 3 4  0 . 5 1 9  

1 . 2  1 Q 9 1  

VALMY 1 . 8  0 . 3 9 0 . 0 1  0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
COLSTRIP - 1 . 7  - 0 . 1 6 - 0 . 0 4 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
BOARDMAN 4 . 3  1 . 2 1  0 . 0 9 0 . 00 0 . 0 000 0 . 00 0  
CENTRAL I A  1 . 3  1 . 4 2  0 . 0 2 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  
BRI DGER - 8 . 4  - 1 . 7 3 - 0 . 63 - 0 . 0 2 0 . 0 0 0 0  -0 . 0 0 5  

::x:: I 4 . 1 ,  B 1 9 91  � 

VALMY - 1 0 . 4  -2 . 2 7 - 0 . 0 6 - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 00 1  

0'1 COLS TRI P  4 . 0  0 . 3 9 0 . 1 0 0 . 00 0 . 0 00 0  0 . 00 0  
BOAPDMAN -22 . 4  - 6 . 3 3 - 0 . 4 8  - 0 . 0 1 0 . 0 0 0 0  - 0 . 00 1  
CENTRALI A  - 2 1 . 8  - 2 3 . 8 5 - 0 . 3 9 - 0 . 1 2  - 0 . 0 0 0 3  - 0 . 0 0 2  
BRI DGER 3 0 . 7  6 . 3 4 2 . 2 9 0 . 0 6 0 . 0 0 0 1  0 . 02 0  

4 . 1 ,  A 1 9 91 

VALMY - 7 . 1 - 1 . 5 5 - 0 . 0 4 - 0 . 0 1  0 . 0 0 0 0  0 . 00 0  
COLSTRI P 1 .  6 0 . 1 5 0 . 0 4 0 . 0 0 0 . 0 0 00 0 . 0 0 0  
BOAP.DMAN - 1 5 . 3  -4 . 3 2 - 0 . 3 3 - 0 . 0 1 0 . 0 0 0 0  - 0 . 00 1  
CENTRALI A  - 1 9 . 0  - 2 0 . 7 9 - 0 . 3 4 - 0 . 1 1 - 0 . 0 0 0 3  - 0 . 0 0 2  
BRIDGER 23 . 2  4 . 7 9 1 .  7 3  0 . 0 4 0 . 0001  0 . 0 1 5  

4 . 3  1 9 91  

VALMY - 5 . 3  -1 . 1 6 - 0 . 0 3 - 0 . 0 1 0 . 0 0 0 0  0 . 00 0  
COLSTRIP - 1 2 . 5  - 1 . 20 - 0 . 3 2 - 0 . 0 1  0 . 0 00 0  -0 . 0 0 1  
BOARDMAN - 9 . 2 -2 . 60 - 0 . 2 0 - 0 . 0 1 0 . 0 0 0 0  - 0 . 00 1  
CENTRALI A  -1 3 . 9  - 1 5 . 2 1 - 0 . 2 5 - 0 . 0 8  - 0 . 0 0 0 2  - 0 . 0 0 2  
BRIDGER -8 0 . 9  - 1 6 . 7 1 - 6 . 0 3 - 0 . 1 5 - 0 . 0 0 0 3  - 0 . 0 5 2  

4 . 4  1 9 9 1  

VALMY 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0 0 0 0  0 . 00 0  
COLSTRI P 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0 0 0 0  0 . 00 0  
BOARDMAN 0 . 0  O . U O 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
CENTRALI A  0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
BPIDGER 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 00 0 0  0 . 00 0  



Ta b l e  H - 7 - 3  
AIR QUALI TY I N  PACIFIC NORTHWEST 
(MICROGRAMS/CUBIC METER OF AIR) 

Medium Loada and Gaa Pricea 

1 HOUR ANNUAL AVERAGE 
GENERAT ION MAX .  CONCENTRATION CONCENTRAT I ON  

(/..vG HW) S02 TSP S02 S04 TSP 
-'- - - - - .. - - - - - - - - - - - - - - - - - - - - -" 

NOACTION 1 9 93 

VALMY 33 . 7  7 . 37 0 . 1 9  0 . 0 6 0 . 0002 0 . 002 
COLSTRIP 1 0 1 2 . 8  97 . 53 2 6 . 2 3 0 . 4 5 0 . 00 1 0  0 . 0 95 
BOARDMAN 63 . 0  1 7 . 80 1 . 3 5  0 . 04 0 . 0001 0 . 003 
CENTRALIA 542 . 1 5 93 . 0 6 9 . 70 3 . 1 0 0 . 0074 0 . 05 9  
BRI DGER 80 8 . 4  1 66 . 93 60 . 23 1 .  4 7  0 . 0034 0 . 52 0  

1 . 2  1 9 93 

VAlMY 1 . 7  0 . 3 7 0 . 0 1 0 . 00 0 . 0000 0 . 000 
COLSTRIP -0 . 1  -0 . 01 0 . 00 0 . 00 0 . 0000 0 . 000 
BOARDMAN 5 . 3  1 .  50 0 . 1 1  0 . 00 0 . 0000 0 . 000 
CENTRALIA - 4 . 2  -4 . 5 9 - 0 . 0 8 - 0 . 02 - 0 . 0001 0 . 000 

T BRIDGER - 7 . 5  - 1 . 55 -0 . 5 6 - 0 . 0 1  0 . 0 000 -0 . 005 

-..J 4 . 1 , B 1 9 93 

VAlMY - 1 0 . 5  - 2 . 30 -0 . 0 6  - 0 . 0 2  - 0 . 0001 -0 . 00 1  

-..J COLSTRIP 8 . 2  0 . 7 9 0 . 2 1 0 . 00 0 . 0000 0 . 001 
BOARDMAN -21 . 2  -5 . 99 -0 . 4 6  - 0 . 0 1 0 . 0000 -0 . 001 
CENTRALIA - 1 . 7 -1 . 8 6 - 0 . 03 - 0 . 0 1 0 . 0000 0 . 000 
BRI DGER 33 . 1  6 . 84 2 . 4 7 0 . 0 6 0 . 0001 0 . 02 1  

4 . 1 ,  A 1 9 93 

VALMY - 5 . 5  -1 . 20 -0 . 0 3 - 0 . 0 1 0 . 0000 0 . 000 
COLSTRI P 3 . 6  0 . 35 0 . 0 9 0 . 00 0 . 0000 0 . 000 
BOARDMAN - 1 1 . 7  -3 . 31 - 0 . 2 5 - 0 . 0 1 0 . 0000 -0 . 001 
CENTRALIA 1 . 2  1 . 3 1 0 . 0 2 0 . 0 1 0 . 0000 0 . 000 
BRIDGER 2 0 . 4 4 . 2 1 1 .  52 0 . 0 4 0 . 0001 0 . 0 1 3  

4 . 3 1 9 93 

, VALMY - 6 . 8 -1 . 4 9 - 0 . 0 4 -0 . 0 1 0 . 0000 0 . 000 
COLSTRI P  - 1 0 . 6  - 1 . 02 -0 . 27 0 . 00 0 . 0000 -0 . 00 1  
BOARDMAN -1 3 . 0  -3 . 67 - 0 . 2 8 - 0 . 0 1 0 . 0000 -0 . 001 
CENTRAL IA -33 . 3  -36 . 4 3 -0 . 60 - 0 . 1 9  - 0 . 0005 - 0 . 004 
BRIDGER - 4 4 . 9  - 9 . 27 -3 . 3 5 - 0 . 0 8 - 0 . 0002 - 0 . 02 9  

4 . 4  1 9 93 

VALMY 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BOARDMAN 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
CENTRALIA 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 
BRIDGER 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 



T a b J e H - 7 - 1  
AIR QUALITY IN PACIFIC NORTHWEST 
(MICROGRAMS/CUBIC METER OF AIR) 

Medium Load8 and Ga8 Prices 

1 HOUR ANNUAL AVERAGE 
GENERAT ION MAX . CONCENTRATION CONCENTRAT ION 

(AVG HW) S02 TSP S02 S04 TSP 
.. - - - - - ,, - - - - - - - - - - - - - - - - - - - - -

NOACTION 1 9 95 

VALMY 4 9 . 0  1 0 . 71 0 . 2 8 0 . 0 8 0 . 0003 0 . 00 3  

COLSTRIP 1 04 9 . 8  1 0 1 . 1 0 2 7 . 1 9  0 . 4 6  0 . 0 0 1 0  0 . 0 9 8  
BOARDMAN 94 . 0  2 6 . 5 6 2 . 02 0 . 0 6 0 . 0001 0 . 005 
CENTRALIA 71 6 . 8  784 . 1 8 1 2 . 8 3 4 . 1 0 0 . 0097 0 . 0 7 8  
BRI DGER 9 9 1 . 8  204 . 8 1 73 . 8 9  1 .  8 0  0 . 004 1 0 . 63 8  

1 . 2  1 9 95 

VALMY 0 . 9  0 . 20 0 . 0 1 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 5  0 . 05 0 . 0 1 0 . 00 0 . 0000 0 . 000 
BOARDMAN 2 . 3  0 . 65 0 . 0 5 0 . 00 0 . 0000 0 . 000 
CENTRAL I A  - 6 . 0  -6 . 5 6 -0 . 1 1  -0 . 03 -0 . 00 0 1  -0 . 00 1  

BRI DGER -4 . 3  -0 . 8 9 - 0 . 3 2  - 0 . 01 0 . 0000 -0 . 003 

::c 4 . 1 , B 1 9 95 I -...J 
VALMY - 1 4 . 6  -3 . 1 9  -0 . 0 8 - 0 . 02 - 0 . 0001  -0 . 001 
COLSTRIP 6 . 5  0 . 63 0 . 1 7 0 . 00 0 . 0000 0 . 001 

(Xl BOARDMAN -3 2 . 7  -9 . 24 -0 . 7 0 -0 . 02 - 0 . 0001 - 0 . 002 
CENTRALIA - 5 . 1 -5 . 5 8 - 0 . 0 9 - 0 . 03 - 0 . 0001 -0 . 00 1  

BRI DGER 1 9 . 7  4 . 07 1 .  4 7  0 . 04 0 . 0001  0 . 0 1 3  

4 . 1 , A 1 9 95 

VALMY - 5 . 4  -1 . 1 8 -0 . 03 - 0 . 0 1 0 . 0000 0 . 000 

COLSTRIP 3 . 7  0 . 3 6 0 . 1 0 0 . 00 0 . 0000 0 . 000 
BOARDMAN - 1 4 . 6  -4 . 1 2 - 0 . 3 1 - 0 . 0 1  0 . 0000 - 0 . 001 
CENTRALIA - 6 . 4 -7 . 00 - 0 . 1 1 - 0 . 04 - 0 . 0001 -0 . 001 
BR IDGER 8 . 0  1 .  65 0 . 60 0 . 0 1 0 . 0000 0 . 00 5  

4 . 3 1 9 95 

VALMY - 1 0 . 6 - 2 . 32 -0 . 0 6 - 0 . 02 - 0 . 0001 -0 . 001 

COLSTRI P -7 . 8  -0 . 7 5 - 0 . 2 0 0 . 00 0 . 0000 -0 . 00 1  

BOARDMAN -1 9 . 4  -5 . 4 8 -0 . 4 2  -0 . 0 1 0 . 0000 -0 . 001 

CENTRALIA -1 8 . 6  -20 . 3 5 - 0 . 3 3 -0 . 1 1 -0 . 0003 -0 . 002 

BRI DGER - 2 6 . 1  -5 . 3 9 - 1 . 9 4 - 0 . 05 - 0 . 0001 -0 . 0 1 7  

4 . 4  1 9 95 

VALMY 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 

COLSTRI P 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 00 0  

BOARDMAN 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 

CENTRALIA 0 . 0 0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 

BRI DGER 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 



T a h l p. 1 1 - 7 - :\  
A I R  QUALI TY I N  PACIFIC NORTHWEST 
(MICROGRAMS /CUBIC METER OF AIR)  

Medium Loads and Gas P r i ce s  

1 HOUR AN�UAL AVERAGE 
GENERATION MAX . CONCENTRATION CONCENTRATION 

(AVG HW) S 02 TSP S02 S 0 4  TSP 
--- - - - - .. - - - - - - - - - - - - - - - - - - - - -

NOACTION 1 9 9 7  

VAlMY 4 2 . 6 9 . 3 1 0 . 2 4 0 . 0 7 0 . 0 0 0 2 0 . 00 2  
COLSTRIP 1 1 0 3 . 3  1 0 6 . 2 S 2 8 . S 8 0 . 4 9  0 . 0 0 1 0  0 . 1 0 3  
BOARDMAN 9 6 . 4 2 7 . 2 3 2 . 0 7 0 . 0 6 0 . 0 0 0 2  O . O O S  
CENTRAL IA 80 2 . 7  8 7 8 . 1 S 1 4 . 3 7 4 . S 9 0 . 0 1 0 9  0 . 0 8 7  
BRIDGER 98 7 . 6  2 0 3 . 94 7 3 . S 8  1 .  8 0  0 . 0 0 4 1  0 . 6 3 S  

1 . 2  1 9 97 

VAlMY 1 . 3  0 . 2 8 0 . 0 1 0 . 0 0 0 . 0 0 00 0 . 0 0 0  
COLSTRIP - 0 . 7  - 0 . 0 7 - 0 . 0 2 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
BOARDMAN 4 . 2  1 . 1 9 0 . 0 9 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
CENTRAL IA - S . O  - S . 4 7 - 0 . 0 9 - 0 . 0 3 - 0 . 0 0 0 1  - 0 . 0 0 1  
BRI DGER 0 . 4  0 . 0 8 0 . 0 3 0 . 0 0 0 . 0 0 0 0  0 . 00 0  

::t I -..J 4 . 1 ,  B 1 9 97 

I VAlMY - 1 0 . S  - 2 . 3 0 - 0 . 0 6 - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 00 1  
COLS TRIP 7 . 2  0 . 6 9 0 . 1 9  0 . 0 0 0 . 0 0 0 0  0 . 00 1  \0 BOARDMAN - 3 6 . 8  - 1 0 . 4 0 - 0 . 7 9 - 0 . 0 2 - 0 . 0 0 0 1  - 0 . 0 0 2  
CEIITRAL IA 1 1 .  1 1 2 . 1 4  0 . 2 0 0 . 0 6 0 . 0 0 0 2  0 . 00 1  
BRIDGER 2 7 . 4  5 . 6 6 2 . 0 4 O . O S 0 . 0 0 0 1  0 . 0 1 8  

4 . 1 ,  A 1 9 97 

VALMY - 0 . 6 - 0 . 1 3 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
COLS TRIP 3 . 8  0 . 3 7 0 . 1 0 0 . 0 0 0 . 0 0 0 0 0 . 0 0 0  
BOARDMAN - 6 .  S - 1 . 8 4 - 0 . 1 4 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
CENTRALIA 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
BRI DGER 7 . S  1 .  S S  0 . S 6 0 . 0 1 0 . 0 0 0 0  O . OO S  

4 . 3  1 9 97 

VALMY - 8 . 3  - 1 . 8 1 - 0 . 0 5 - 0 . 0 1 0 . 0 0 0 0  0 . 00 0  
COLSTRIP - 9 . 4 -0 . 9 1 - 0 . 2 4 0 . 0 0 0 . 0 0 0 0  - 0 . 0 0 1  
BOARDMAN - 1 9 .  S - S . S l - 0 . 4 2 - 0 . 0 1 0 . 0 0 0 0  - 0 . 0 0 1  
CENTRALIA - 4 7 . 2  - S l . 6 4 - 0 . 8 4 - 0 . 2 7 - 0 . 0 0 0 6  - O . O O S  
BRI DGER - 2 4 . 3  - S . 0 2 - 1 . 8 1 - 0 . 0 4 - 0 . 0 0 0 1  - 0 . 0 1 6  

4 . 4  1 9 97 

VALMY 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
COLSTRIP 0 . 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 0 0 0  0 . 0 0 0  
CENTRALIA 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
BRI DGER 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  



T a h l e  H - 7 - 3  
AIR QUALI TY I N  PACIFIC NORTHWEST 
(MICROGRAMS /CUB I C  METER OF AIR) 

Medium Loads and Gaa PriceB 

1 HOUR ANNUAL AVERAGE 
GENERAT I ON MAX . CONCENTRATION CONCENTRAT I ON 

(AVG MW) S02 TSP S02 S 0 4  TSP 
-A- _ _ _ _  ., _ _ _  - - - - - - - - - - - - - - - - - -

NOACTION 2 0 0 1  

VALMY 8 3 . 9  1 8 . 3 4 0 . 4 8  0 . 1 4 0 . 0 0 0 4  0 . 0 0 5  
COLSTRIP 1 1 1 7 . 6  1 0 7 . 62 2 8 . 9 5 0 . 4 9  0 . 0 0 1 1  0 . 1 0 4  
BOARDMAN 1 0 4 . 9  2 9 . 63 2 . 2 6 0 . 0 6 0 . 0 0 0 2  0 . 00 6  
CENTRALIA 8 5 5 . 2  9 3 5 . 5 9 1 5 . 3 1 4 . 8 9 0 . 0 1 1 6  0 . 0 9 3 
BRI DGER 9 1 8 . 2  1 8 9 . 6 1 6 8 . 4 1  1 .  6 7  0 . 0 0 3 8  0 . 5 9 1  

1 . 2  2 0 0 1  

VALMY - 0 . 4  - 0 . 0 9  0 . 0 0 0 . 00 0 . 0 0 0 0  0 . 0 0 0  
COLSTRIP 0 . 3  0 . 03 0 . 0 1 0 . 0 0 0 . 0 0 0 0 0 . 00 0  
BOARDMAN 1 . 7  0 . 4 8 0 . 0 4 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
CENTRALIA - 5 . 7  - 6 . 2 4 - 0 . 1 0 - 0 . 0 3 - 0 . 0 0 0 1  - 0 . 00 1  
BRIDGER - 0 . 5  -0 . 1 0 - 0 . 0 4 0 . 0 0 0 . 0 0 0 0  0 . 00 0  

4 .  I ,  B 2 0 0 1  

::r:: VALMY 1 4 . 6  3 . 1 9 0 . 0 8 0 . 0 2 0 . 0 0 0 1  0 . 00 1  I -..J COLSTRIP 1 8 . 9  1 . 8 2 . 0 . 4 9  0 . 0 1 0 . 0 0 0 0  0 . 0 0 2  
BOARDMAN 2 4 . 0  6 . 7 8 0 . 5 2 0 . 0 1 0 . 0 0 0 0  0 . 00 1  
CENTRALIA 4 4 . 1  4 8 . 2 5 0 . 7 9 0 . 2 5 0 . 0 0 0 6  0 . 0 0 5  

...... BRIDGER 4 3 . 3  8 . 9 4 3 . 2 3 0 . 0 8 0 . 0 0 0 2  0 . 0 2 8  0 
4 . I ,  A 2 0 0 1  

VALMY 1 1 .  7 2 . 5 6 0 . 0 7 0 . 0 2 0 . 0 0 0 1  0 . 00 1  
COLS TRIP 1 0 . 3  0 . 9 9 0 . 2 7 0 . 0 0 0 . 0 0 0 0  0 . 00 1  
BOARDMAN 2 8 . 6  8 . 0 8 0 . 6 1 0 . 0 2 0 . 0 0 0 0  0 . 00 2  
CENTRALIA 2 9 . 7 3 2 . 4 9  0 . 5 3 0 . 1 7 0 . 0 0 0 4  0 . 00 3  
BRIDGER 2 3 . 1  4 . 7 7 1 .  7 2  0 . 0 4 0 . 0 0 0 1  0 . 0 1 5  

4 . 3  2 0 0 1  

VALMY - 8 . 0  - 1 . 7 5 - 0 . 0 5 - 0 . 0 1 0 . 0 0 0 0  0 . 0 0 0  
COLSTRIP - 1 0 . 9 - 1 . 0 5 - 0 . 2 8 0 . 0 0 0 . 0 0 00 - 0 . 0 0 1  
BOARDMAN - 1 8 . 7  - 5 . 2 8 - 0 . 4 0 - 0 . 0 1  0 . 0 0 0 0  - 0 . 00 1  
CENTRALIA - 3 5 . 2  - 3 8 . 5 1 - 0 . 6 3 - 0 . 2 0 - 0 . 0 0 0 5  -0 . 0 0 4  
BRI DGER - 9 . 6 - 1 . 98 - 0 . 7 2  - 0 . 0 2 0 . 0 0 0 0  - 0 . 0 0 6  

4 . 4  2 0 0 1  

VALMY 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
COLSTRI P 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0 0 . 00 0  
BOARDMAN 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
CENTRALIA 0 . 0  0 . 00 0 . 0 0  0 . 0 0 0 . 0 0 00 0 . 00 0  
BRIDGER 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  



NOAC T I ON 2 0 0 5  

VALMY 
COLSTRIP 
BOARDMAN 
CENTRALIA 
BRIDGER 

1 . 2  2 0 0 5  

VALMY 
COLS TRIP 
BOARDMAN 
CENTRALIA 
BRI DGER 

::r: 
I 4 . 1 ,  B 2 0 0 5 

-.....J 
VALMY 
COLS TRIP 

I-' BOARDMAN 
I-' CENTRALIA 

BRIDGER 

4 . 1 , A 2 0 0 5 

VALMY 
COLS TRIP 
BOARDMAN 
CENTRALI A  
BRIDGER 

4 . 3  2 0 0 5  

VALMY 
COLS TRIP 
BOARDMAN 
CENTRALIA 
BRI DGER 

4 . 4  2 0 0 5  

VALMY 
COLS TRIP 
BOARDMAN 
CENTRALIA 
BRIDGER 

T a b l e  H - 7 - 3  
A I R  QUALITY I N  PAC I F I C  NORTHWEST 
(MI CROGRAMS /CUB I C  METER OF AIR)  

GENERAT I ON 
(AVG MW) 

�- - - - - 'T - - -

1 2 9 . 2 
1 1 0 1 . 9  

1 1 5 . 4  
8 5 0 . 5  
8 5 3 . 9  

- 1 . 1  
- 1 . 2  

1 . 4  
- 5 . 0  
- 0 . 6  

2 6 . 3  
2 9 . 4  
6 5 . 4  
3 3 . 8  
4 2 . 3  

1 4 . 9  
8 . 9  

3 6 . 4  
1 6 . 3  
1 7 . 6 

- 7 . 6  
- 1 2 . 7  

- 5 . 1 
- 2 1 . 3 
- 1 1 .  2 

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0  

Medium Loads and Gas P r i ce 8  

1 HOUR 
MAX .  CONCENTRAT I ON 

S0 2 TSP 
- - - - - - - - - - - - - - - - - -

2 8 . 2 4 0 . 7 4 
1 0 6 . 1 1 2 8 . 5 4 

3 2 . 60 2 . 4 8  
9 3 0 . 4 5 1 5 . 2 2 
1 7 6 . 3 3 63 . 6 2 

-0 . 2 4 - 0 . 0 1 
- 0 . 1 2 - 0 . 0 3 

0 . 4 0 0 . 0 3 
- 5 . 4 7 - 0 . 0 9 
-0 . 1 2 - 0 . 0 4 

5 . 7 5 0 . 1 5 
2 . 8 3 0 . 7 6 

1 8 . 4 8 1 . � 1 
3 6 . 9 8 0 . 6 1 

8 . 7 3 3 . 1 5 

3 . 2 6 0 . 0 8 
0 . 8 6 0 . 2 3 

1 0 . 2 8 0 . 7 8 
1 7 . 8 3 0 . 2 9 

3 . 63 1 .  3 1  

- 1 . 6 6 - 0 . 0 4 
- 1 . 2 2 - 0 . 3 3 
- 1 . 4 4 - 0 . 1 1  

- 2 3 . 3 0 - 0 . 3 8 
- 2 . 3 1 - 0 . 8 3 

0 . 00 0 . 0 0 
0 . 0 0 0 . 0 0 
0 . 0 0 0 . 0 0 
0 . 0 0 0 . 0 0 
0 . 0 0 0 . 0 0 

802 

0 . 2 2 
0 . 4 8 
0 . 0 7 
4 . 8 6 
1 .  5 5  

0 . 0 0 
0 . 0 0 
0 . 0 0 

- 0 . 0 3 
0 . 0 0 

0 . 0 4 
0 . 0 1 
0 . 0 4 
0 . 1 9  
0 . 0 8 

0 . 03 
0 . 0 0 
0 . 0 2 
0 . 0 9 
0 . 0 3 

- 0 . 0 1 
- 0 . 0 1 

0 . 0 0 
- 0 . 1 2 
- 0 . 0 2 

0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 

ANNUAL AVERAGE 
CONCENTRAT I ON 

8 0 4  TSP 

0 . 0 0 0 7  0 . 00 7  
0 . 0 0 1 0  0 . 1 0 3  
0 . 0 0 0 2  0 . 0 0 6  
0 . 0 1 1 6  0 . 0 9 3  
0 . 0 0 3 6  0 . 5 4 9  

0 . 0 0 0 0  0 . 0 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 1  
0 . 0 0 0 0  0 . 0 0 0  

0 . 0 0 0 1  0 . 0 0 2  
0 . 0 0 0 0  0 . 00 3  
0 . 0 0 0 1  0 . 0 0 4  
0 . 0 0 0 5  0 . 0 0 4  
0 . 0 0 0 2  0 . 0 2 7  

0 . 0 0 0 1  0 . 0 0 1  
0 . 0 0 0 0  0 . 0 0 1  
0 . 0 0 0 1  0 . 0 0 2  
0 . 0 0 0 2  0 . 0 0 2  
0 . 0 0 0 1  0 . 0 1 1  

0 . 0 0 00 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 3  - 0 . 0 0 2  
0 . 0 0 0 0  -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 0  
0 . 0 0 0 0  0 . 0 0 0  
0 . 0 0 0 0  0 . 0 0 0  



T a b l p  H - ? - 4  
AIR QUALITY I N  PACIFIC NORTHWEST 
(MICROGRAMS/CUBIC METER OF AIR) 

High Northwest Lo&ds 

1 HOUR ANNUAL AVERAGE 
GENERAT ION MAX . CONCENTRATION CONCENTRAT I ON 

(AVG HW) S02 TSP S02 S04 TSP 
---- - -- - -- - -- - - -- - - - - - - - - -- -

NOACT ION 1 9 91 

VAIHY 58 . 1  1 2 . 70 0 . 33 0 . 1 0 0 . 0003 0 . 00 3  
COLSTRIP 1 003 . 7  96 . 66 2 6 . 00 0 . 4 4 0 . 0009 0 . 094 
BOARDMAN 1 1 7 . 6 33 . 22 2 . 5 3 0 . 0 7 0 . 0002 0 . 00 6  
CENTRALIA 4 8 2 . 8 52 8 . 1 8 8 . 64 2 . 7 6 0 . 0066 0 . 05 3  
BRI DGER 95 7 . 9 1 97 . 8 1 7 1 . 3 6  1 .  74 0 . 0040 0 . 61 6  

1 . 2  1 9 91 

VAIHY 0 . 9 0 . 20 0 . 0 1 0 . 00 0 . 0000 0 . 000 
COLSTRIP - 1 .  2 -0 . 1 2 -0 . 03 0 . 00 0 . 0000 0 . 000 
BOARDMAN 3 . 0  0 . 85 0 . 0 6 0 . 00 0 . 0000 0 . 00 0  
CENTRALIA 3 . 1  3 . 3 9 0 . 0 6 0 . 02 0 . 0000 0 . 000 ::x: BRIDGER - 9 . 0  - 1 . 8 6 -0 . 67 - 0 . 02 0 . 0000 -0 . 00 6  I -...J 4 . 1 , B 1 9 91 

VAIHY 7 . 1  1 .  55 0 . 0 4 0 . 0 1 0 . 0000 0 . 000 f-' COLSTRIP 1 5 . 4  1 .  4 8  0 . 4 0 0 . 0 1 0 . 0000 0 . 001 I\J 
BOARDMAN 1 1 . 1  3 . 1 4 0 . 2 4 0 . 01 0 . 0000 0 . 001 
CENTRALIA 3 8 . 4  42 . 01 0 . 6 9 0 . 2 2 0 . 0005 0 . 004 
BRIDGER 67 . 0  1 3 . 8 4 4 . 9 9 0 . 1 2 0 . 0003 0 . 04 3  

4 . 1 ,  A 1 9 91 

VAIHY 6 . 0  1 .  31 0 . 0 3 0 . 01 0 . 0000 0 . 000 
COLSTRIP 0 . 7  0 . 07 0 . 0 2 0 . 00 0 . 0000 0 . 000 
BOARDMAN 1 1 .  8 3 . 33 0 . 2 5 0 . 0 1 0 . 0000 0 . 001 
CENTRALIA 22 . 6  24 . 72 0 . 4 0 0 . 1 3 0 . 0003 0 . 002 
BRIDGER 21 . 8 4 . 50 1 .  62 0 . 04 0 . 0001 0 . 0 1 4  

4 . 3  1 9 91 

VAIHY 1 . 4  0 . 3 1 0 . 0 1 0 . 00 0 . 0000 0 . 000 
COLSTRIP -1 . 3 -0 . 1 3 - 0 . 03 0 . 00 0 . 0000 0 . 000 
BOARDMAN 4 . 0  1 . 1 3 0 . 0 9 0 . 00 0 . 0000 0 . 000 
CENTRALIA 8 . 5  9 . 3 0 0 . 1 5 0 . 0 5 0 . 0001 0 . 00 1  

' BRI DGER - 8 . 2  -1 . 69 - 0 . 6 1 -0 . () 1 0 . 0000 -0 . 005 

4 . 4  1 9 91 

VAIHY 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BOARDMAN 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
CENTRALIA 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BRIDGER 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 



T a b l e  H - 7 - 4  
AIR QUAL ITY I N  PACIFIC NORTHWEST 
(MICROGRAMS /CUBIC METER OF AIR) 

High Northwe�t Loadd 

1 HOUR ANNUAL AVERAGE 
GENERAT ION MAX .  CONCENTRATION CONCENTRATION 

(AVG MW )  S02 TSP S02 504 TSP 
-- - ------- - - - - - - - - - - - - - - - - - -

NOACTION 1 9 93 

VALMY 6 1 .  7 1 3 . 4 9  0 . 3 5 0 . 1 0 0 . 0003 0 . 004 
COLSTRIP 1 0 6 6 . 8  1 0 2 . 73 27 . 63 0 . 4 7 0 . 00 1 0  0 . 1 0 0  
BOARDMAN 1 2 7 . 0  35 . 8 8 2 . 7 3 0 . 0 7 0 . 0002 0 . 007 
CENTRAL IA 625 . 3  684 . 08 1 1 . 1 9 3 . 5 7 0 . 0085 0 . 068 
BRIDGER 9 6 7 . 4  1 9 9 . 7 7 72 . 0 7 1 .  7 6  0 . 00 4 0  0 . 622 

1 . 2  1 9 93 

VALMY 0 . 1  0 . 02 0 . 00 0 . 00 0 . 0000 0 . 000 
COLSTRIP - 1 . 3 -0 . 1 3 -0 . 0 3 0 . 00 0 . 0000 0 . 000 
BOARDMAN 0 . 2  0 . 0 6 0 . 00 0 . 00 0 . 0000 0 . 000 
CENTRALIA -2 . 1  -2 . 3 0 -0 . 04 - 0 . 0 1 0 . 0000 0 . 000 
BRIDGER - 8 . 5  - 1 . 7 6 -0 . 63 - 0 . 02 0 . 0000 - 0 . 005 'f 4 . 1 , B 1 9 93 -..J 

I VALMY 1 3 . 4  2 . 93 0 . 0 8 0 . 02 0 . 0001 0 . 00 1  

f--' COLSTRI P 1 2 . 3  1 .  1 8  0 . 32 0 . 0 1 0 . 0000 0 . 00 1  
W BOARDMAN 33 . 6  9 . 4 9 0 . 72 0 . 0 2 0 . 0001 0 . 002 

CENTRALIA 32 . 8  35 . 8 8 0 . 5 9  0 . 1 9  0 . 0004 0 . 004 
BRIDGER 7 0 . 3 1 4 . 5 2 5 . 24 0 . 1 3 0 . 0003 0 . 04 5  

4 . 1 , A 1 9 93 

VALMY 4 . 8  1 .  as 0 . 03 0 . 0 1 0 . 0000 0 . 000 
COLS TRIP -0 . 7  -0 . 07 -0 . 02 0 . 00 0 . 0000 0 . 000 
BOARDMAN 8 . 4  2 . 3 7 0 . 1 8 0 . 00 0 . 0000 0 . 000 
CENTRALIA 1 2 . 2  1 3 . 35 0 . 2 2 0 . 0 7 0 . 0002 0 . 001 
BRI DGER 1 7 . 8  3 . 68 1 .  33 0 . 03 0 . 0001 0 . 0 1 1  

4 . 3  1 9 93 

VALMY 0 . 6  0 . 1 3 0 . 00 0 . 00 0 . 0000 0 . 000 
COLS TRIP - 1 .  1 -0 . 1 1 -0 . 03 0 . 00 0 . 0000 0 . 000 
BOARDMAN 2 . 0  0 . 5 6 0 . 0 4 0 . 00 0 . 0000 0 . 000 
tENTRALIA - 4 . 2  -4 . 5 9 -0 . 0 8 - 0 . 02 - 0 . 00 0 1  0 . 000 
BRI DGER - 6 . 7 - 1 . 3 8 -0 . 5 0 -0 . 0 1 0 . 0000 -0 . 004 

4 . 4  1 9 93 

VALMY 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0 000 0 . 000 
COLS TRIP 0 . 0  0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 
BOARDMAN 0 . 0 0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 
CENTRAL IA 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BRI DGER 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0 000 0 . 000 



T 8 b l e  H - 7 - 4  
A I R  QUALITY I N  PAC I F I C  NORTHWEST 
(MI CROGRAMS /CUB I C  METER OF A I R )  

High Northwe � t  Loads 

1 HOUR ANNUAL AVERAGE 
GENERAT I ON MAX .  CONCENTRATION CONCENTRAT I ON 

(AVG MW )  S02 TSP S02 SO'4 TSP 
- - - - - - - - - - - - - - - - - - - - - - - - - -- -

NOAC T I ON 1 9 95 

VALMY 7 9 . 9 1 7 . 4 7 0 . 4 6  0 . 1 4 0 . 0004 0 . 005 
COLSTRIP 1 0 8 9 . 5 1 04 . 92 2 8 . 2 2 0 . 4 8 0 . 00 1 0  0 . 102 
BOARDMAN 1 63 . 6 4 6 . 22 3 . 5 2 0 . 1 0 0 . 0003 0 . 00 9  
CENTRALIA 85 0 . 1  930 . 0 1 1 5 . 2 2 4 . 8 6 0 . 0 1 1 6  0 . 0 93 
BR I DGER 1 07 7 . 5  2 2 2 . 50 8 0 . 2 7 1 .  9 6  0 . 0045 0 . 693 

1 . 2  1 9 95 

VAUfi 0 . 1  0 . 02 0 . 0 0 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 2  0 . 0 2 0 . 0 1 0 . 00 0 . 0000 0 . 000 
BOARDMAN 1 . 0  0 . 2 8 0 . 0 2 0 . 00 0 . 0000 0 . 000 

::r: CENTRALIA -3 . 2  -3 . 5 0 -0 . 0 6 -0 . 02 0 . 0000 0 . 000 I BRI DGER - 1 .  0 -0 . 2 1 -0 . 0 7 0 . 00 0 . 0000 -0 . 00 1  -..] 
4 . 1 , B 1 9 95 

I-' VAUfi 7 . 7  1 .  68 0 . 0 4 0 . 0 1 0 . 0000 0 . 000 .t:. 
COLSTRIP 6 . 7  0 . 65 0 . 1 7 0 . 00 0 . 0000 0 . 00 1  
BOARDMAN 1 7 . 6  4 . 97 0 . 3 8 0 . 0 1 0 . 0000 0 . 00 1  
CENTRALIA 23 . 0  25 . 1 6  0 . 4 1 0 . 1 3 0 . 0003 0 . 003 
BRI DGER 4 . 5  0 . 93 0 . 3 4 0 . 0 1 0 . 0000 0 . 003 

4 . 1 ,  A 1 9 95 

VALMY 2 . 9 0 . 63 0 . 0 2 0 . 00 0 . 0000 0 . 000 
COLS TR I P  1 . 7  0 . 1 6 0 . 0 4 0 . 00 0 . 0000 0 . 000 
BOARDMAN 6 . 1  1 .  72 0 . 1 3 0 . 00 0 . 0000 0 . 000 
CENTRAL IA 3 . 2  3 . 50 0 . 0 6 0 . 02 0 . 0000 0 . 000 
BRI DGER - 8 . 5  -1 . 7 6 -0 . 63 -0 . 02 0 . 0000 -0 . 005 

4 . 3  1 9 95 

VALMY 0 . 6 0 . 1 3 0 . 0 0 0 . 00 0 . 0000 0 . 000 
COLSTR I P  0 . 9 0 . 0 9 0 . 02 0 . 00 0 . 0000 0 . 000 
BOARDMAN 1 . 3  0 . 3 7 0 . 0 3 0 . 00 0 . 0000 0 . 000 

- CENTRALIA -5 . 8  - 6 . 3 5 -0 . 1 0 -0 . 0 3 -0 . 0001  -0 . 00 1  
BRI DGER 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 

4 . 4  1 9 95 

VALMY 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
COLSTP.IP 0 . 0 0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BOARDMAN 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 00 00 0 . 000 
CENTRALIA 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 
BRI DGER 0 . 0  0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 



T a b l e  H - 7 - 4  
A I R  QUALI TY I N  PAC I F I C  NORTHWEST 
(MICROGRAMS /CUBIC METER OF A I R) 

High Northw e 8 t  Losd8 

1 HOUR ANNUAL AVERAGE 
GENERAT I ON MAX .  CONCENTRAT I ON CONCENTRAT I ON 

(AVG MW )  S02 TSP S02 S04 TSP 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOACTION 1 9 97 

VALMY 5 6 .  a 1 2 . 24 0 . 3 2 0 . 0 9 0 . 0 003 0 . 00 3  
COLSTRIP 1 1 4 9 . 3  1 1 0 . 68 2 9 . 7 7 0 . 5 1  0 . 00 1 1  0 . 1 0 7  
BOARDMAN 1 2 7 . 2  35 . 93 2 . 7 3 0 . 0 7 0 . 0002 0 . 007 
CENTRALIA 8 68 . 6  950 . 25 1 5 . 5 5 4 . 9 6 0 . 0 1 1 8  0 . 095 
BRIDGER 1 0 4 6 . 5  2 1 6 . 1 0 77 . 9 6 1 .  90 0 . 00 4 4  0 . 673 

1 . 2  1 9 97 

VALMY 0 . 5 0 . 1 1 0 . 00 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 1  0 . 01 0 . 00 0 . 00 0 . 0000 0 . 000 
BOARDMAN 1 . 7  0 . 4 8 0 . 0 4 0 . 00 0 . 0000 0 . 00 0  
CENTRALIA - 4 . 4  -4 . 8 1 -0 . 0 8 - 0 . 0 3 - 0 . 0001 0 . 000 

::r: BRI DGER - 0 . 5  -0 . 1 0 - 0 . 0 4 0 . 00 0 . 0000 0 . 000 
I -..J 4 . 1 ,  B 1 9 97 

VALMY 1 7 . 0  3 . 7 2 0 . 1 0 0 . 0 3 0 . 0001 0 . 00 1  
f-' COLSTRIP 7 . 0  0 . 67 0 . 1 8 0 . 00 0 . 0000 0 . 001 U1 BOARDMAN 4 3 . 1 1 2 . 1 8 0 . 9 3 0 . 0 3 0 . 0001 0 . 002 

CENTRALIA 4 0 . 8  4 4 . 64 0 . 7 3 0 . 2 3 0 . 00 0 6  0 . 00 4  
BRIDGER 35 . 6  7 . 3 5 2 . 6 5 0 . 0 6 0 . 0001 0 . 02 3  

4 . 1 , A 1 9 97 

VALMY 1 . 1  0 . 24 0 . 0 1 0 . 00 0 . 0000 0 . 000 
COLS TRIP 1 . 9  0 . 1 8 0 . 0 5 0 . 00 0 . 0000 0 . 000 
BOARDMAN 3 . 4  0 . 96 0 . 0 7 0 . 00 0 . 0000 0 . 000 
CENTRALIA - 3 . 0  -3 . 2 8 -0 . 05 - 0 . 02 0 . 0000 0 . 000 
BRI DGER 1 . 5  0 . 3 1 0 . 1 1  0 . 00 0 . 0000 0 . 00 1  

4 . 3  1 9 97 

VALMY 0 . 4  0 . 0 9 0 . 0 0 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 7  0 . 07 0 . 0 2 0 . 0 0 0 . 0000 0 . 000 
BOARDMAN 2 . 8  0 . 7 9 0 . 0 6 0 . 0 0 0 . 0000 0 . 000 
CENTRALIA - 6 . 7  -7 . 3 3 - 0 . 1 2 - 0 . 0 4 - 0 . 0001 - 0 . 001 
BRIDGER 0 . 1  0 . 0 2 0 . 0 1 0 . 00 0 . 0000 0 . 000 

4 . 4  1 9 97 

VALMY 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 0000 0 . 000 
COLS TRIP 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0000 0 . 000 
BOARDMAN - 0 . 1  -0 . 03 0 . 00 0 . 0 0 0 . 0000 0 . 000 
CENTRALIA 0 . 0  0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 
BRIDGER 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 0000 0 . 000 



T a b l e  H - 7 - 4 
A I R  QUALITY IN PAC I F I C  NORTHWEST 
(MICROGRAMS /CUBIC METER OF A I R )  

High Northw8et Loade 

1 HOUR ANNUAL AVERAGE 
GENERAT I ON MAX . CONCENTRATION CONCENTRAT I ON 

( AVG HW) S 0 2  TSP S02 S04 TSP 
-- - - - - - - - - - - -- - - - - - - - - - - - - - -

NOACTION 2 0 0 1  

VALMY 9 1 . 2 1 9 . 94 0 . 5 2  0 . 1 5 0 . 0 0 0 5  0 . 00 5  
COLSTRIP 1 1 1 5 . 0  1 1 3 . 1 5 3 0 . 4 3  0 . 5 2 0 . 0 0 1 1  0 . 1 1 0  
BOARDMAN 1 1 8 . 1  33 . 3 6 2 . 5 4 0 . 0 1 0 . 0 0 0 2  0 . 00 7  
CENTRALI A  91 5 . 1  1 0 6 6 . 1 6 1 7 . 4 5 5 . 5 1 0 . 0 1 33 0 . 1 0 6  
BRIDGER 1 0 2 4 . 2  2 1 1 . 50 1 6 . 3 0 1 .  8 6  0 . 0 0 4 3  0 . 65 9  

1 . 2  2 0 0 1  

VALMY - 0 . 8  -0 . 1 1 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
COLSTRIP 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
BOARDMAN 0 . 2  0 . 0 6 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 00 0  
CENTRAL I A  0 . 5  0 . 5 5 0 . 0 1  0 . 0 0 0 . 0 0 0 0  0 . 00 0  

::c BRI DGER 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0 0 . 00 0  
I -....I 4 . 1 , B 2 0 0 1  

VALMY 3 1 . 2 6 . 8 2 0 . 1 8  0 . 0 5 0 . 0 0 0 2  0 . 0 0 2  
f-' COLSTRIP 0 . 1  0 . 0 1 0 . 0 0 0 . 00 0 . 0 0 0 0  0 . 00 0  � BOARDMAN 6 1 . 0 1 1 . 2 3 1 .  3 1  0 . 0 4 0 . 0 0 0 1  0 . 00 3  

CENTRALIA 9 . 6 1 0 . 5 0 0 . 1 7  0 . 0 5 0 . 0 0 0 1  0 . 0 0 1  
BRI DGER 3 . 6  0 . 7 4 0 . 2 7 0 . 0 1 0 . 0 0 0 0  0 . 00 2  

4 . 1 , A 2 0 01 

VALMY 1 2 . 5  2 . 1 3 0 . 0 1 0 . 0 2 0 . 0 0 0 1  0 . 0 0 1  
COLSTRIP 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
BOARDMAN 2 3 . 8  6 . 1 2 0 . 5 1 0 . 0 1 0 . 00 0 0  0 . 00 1  
CENTRALI A  0 . 3  0 . 3 3 0 . 0 1 0 . 0 0 0 . 0 0 00 0 . 00 0  
BRI DGER 0 . 4  0 . 0 8 0 . 0 3 0 . 0 0 0 . 0 0 0 0  0 . 00 0  

4 . 3  2 0 0 1  

VALMY - 1 6 . 1  - 3 . 5 2 - 0 . 0 9  - 0 . 0 3 - 0 . 0 0 0 1  -0 . 00 1  
COLSTRIP 0 . 0  0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
BOARDMAN - 3 4 . 1  - 9 . 63 - 0 . 1 3 - 0 . 0 2 - 0 . 0 0 0 1  - 0 , 002 
CENTRAL I A  1 . 1  1 .  20 0 . 0 2 0 . 0 1 0 . 0 0 0 0  0 . 00 0  
BRIDGER 0 . 4  0 . 0 8 0 . 0 3 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  

4 . 4  2 0 0 1  

VALMY 0 . 0  0 . 0 0 0 . 0 0 0 , 0 0 0 , 0 0 0 0  0 , 00 0  
COLS TRIP 0 , 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 0 0 0  0 . 00 0  
CENTRALIA 0 , 0  0 , 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 0  0 . 0 0 0  
BRI DGER 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  H - 7 - 4  
AIR QUALITY IN PAC I F I C  NORTHWEST 
(MICROGRAMS /CUBIC METER OF A I R) 

High Northwest Loads 

1 HOUR ANNUAL AVERAGE 
GENERAT I ON MAX .  CONCENTRATION CONCENTRAT I ON 

(AVG HW )  8 0 2  TSP S02 S04 TSP 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

NOACTION 2 0 05 

VALMY 1 3 8 . 9  30 . 3 6 0 . 1 9 0 . 2 4 0 . 0001 0 . 00 8  
COLSTRIP 1 1 5 9 . 9 1 1 1 . 1 0 3 0 . 04 0 . 5 1  0 . 00 1 1  0 . 1 0 8  
BOARDMAN 1 3 6 . 5  38 . 5 6 2 . 93 0 . 0 8 0 . 0002 0 . 00 8  
CENTRAL IA 960 . 4  1 0 50 . 68 1 1 . 1 9 5 . 4 9 0 . 0 1 3 1  0 . 105 
BRI DGER 943 . 1  1 94 . 8 1 1 0 . 3 1 1 . 1 2 0 . 0 0 3 9  0 . 60 1  

1 . 2 2 0 05 

VAUofY - 1 . 1 -0 . 24 - 0 . 0 1 0 . 0 0 0 . 0000 0 . 000 
COLSTRIP 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 
BOARDMAN - 1 .  9 -0 . 5 4 - 0 . 04 0 . 00 0 . 0000 0 . 000 
CENTRALIA 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 0 00 

::r:: BRI DGER 0 . 0  0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 
I -...J 4 . 1 , B 2005 

I VAUofY 3 0 . 8  6 . 13 0 . 1 8 0 . 05 0 . 0002 0 . 002 
f--' COLSTRI P 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 -...J BOARDMAN 62 . 9  1 1 . 7 1 1 .  35 0 . 04 0 . 0001 0 . 003 

CENTRAL IA 0 . 4  0 . 4 4 0 . 0 1 0 . 00 0 . 0000 0 . 000 
BRI DGER 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 

4 . 1 , A 2 0 05 

VAUofY 1 1 . 3 2 . 4 1 0 . 0 6 0 . 02 0 . 0001  0 . 00 1  
COLSTRIP 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BOARDMAN 2 4 . 5  6 . 92 0 . 5 3 0 . 0 1 0 . 0000 0 . 00 1  
CENTRALIA -0 . 3  -0 . 33 - 0 . 0 1 0 . 00 0 . 0000 0 . 000 
BRI DGER 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 

4 . 3  2 0 05 

VALMY - 1 3 . 5  - 2 . 95 - 0 . 0 8 -0 . 0 2 - 0 . 0001 -0 . 00 1  
COLSTRIP 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 
BOARDMAN -21 . 2  - 1 . 68 - 0 . 5 8 - 0 . 0 2 0 . 0000 -0 . 001 
CENTRAL IA 0 . 0 0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
BRI DGER 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 

4 . 4 2 0 05 

VALMY 0 . 0  0 . 00 0 . 00 0 . 00 0 . 0000 0 . 000 
COLSTRIP 0 . 0  0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 
BOARDMAN 0 . 0  0 . 00 0 . 00 0 . 0 0 0 . 0000 0 . 000 
CENTRALIA 0 . 0  0 . 00 0 . 0 0 0 . 0 0 0 . 0000 0 . 000 
BRI DGER 0 . 0  0 . 00 0 . 0 0 0 . 00 0 . 0000 0 . 000 









H-8 

Coa l Consumpt i on ,  Land Use , and Water Consumpt i on I mpacts 
Re l ated to Operat i on of Ex i st i ng Coa l -F i red Generat i ng P l ants  





Coa l M i n i ng and Coa l -F i red Generat i on 

I mpac t s  of coal m l n l n g ,  p roc e s s i n g  a n d  tr a n s por t a t i on , a s  we l l  a s  i mp a c t s  
of t h e  con s t r u c t i on a n d  ope r a t i on of coa l - f i r e d  g e n e r a t i n g  p l a n t s  i n  
g e n e r a l  are  d e s c r i be d  i n  Appe n d i c e s  F a n d  H - l b .  T h i s  d i s c u s s i on i s  
i n t e n d e d  to p re s e n t  i n forma t i on p e r t i n e n t  to t h e  s p e c i f i c ,  e x i s t i n g 
coa l -f i r e d  g e n e r a t i n g p l a n t s  a d d r e s s e d  i n  t h e  ana l y s e s  of a l t e r n a t i v e s  
pe rforme d w i th  t h e  S y s t e m s  A n a l y s i s Mod e l  ( SAM ) . S i n c e  t h e  c h a n g e s  i n  
g e n e r a t i on amon g a l t e r n a t i v e s  for t h e  Cor e t t e  p l a n t  w e r e  sma l l a n d  t h e  
p l a n t  i t s e l f i s  q u i t e  sma l l ,  an  a n a l y s i s of coa l u s e , l a n d  u s e , a n d  water  
con s u mp t i on i mpac t s  wa s not  p e r forme d for  t h i s  p l a n t . 

Ov e r  h a l f  t h e  n a t i on ' s  d emon s t r a t e d  coa l r e s e r v e s  l i e s we s t  of t h e  
M i s s i s s i p p i  R i v e r , mo s t l y  i n  t h e  nor t h e r n  G r e a t  P l a i n s  a n d  Roc ky Mou n t a i n 
prov i n c e s  ( Tab l e H-8- 1 ) .  Coa l re s ou r c e s  i n  t h e s e  a r e a s  h av e  s e v e r a l  
common c h aracte r i s t i c s : t h e  F e d e r a l  gov e r n me n t  own s  mo s t  of t h e  coa l  
l a n d s ; comp e t i t i on for s u rface  l a n d  u s e  i s  re l a t i v e l y  l ow ;  mu c h  of t h e  
coa l i s  n e ar t h e  s u rf a c e  a n d  c a n  b e  e a s i l y  s t r i p-m i n e d ; t h e  c o a l  h a s  a 
l ow e n e r gy v a l u e  a n d  a l ow s u l fu r  c o n te n t ; a n d  w a t e r  r e sou r c e s  i n  m i n i n g 
a r e a s  a r e  s c ar c e . I n  Wyom i n g  a n d  Mon t an a , cond i t i on s  for s u rf a c e  m i n i n g 
a p p roa c h  t h e  i d e a l , w i t h  coa l s e a m s  50- 7 5  f e e t  t h i c k  a n d  ov e r b u r d e n s  
30-50 f e e t  t h i c k .  Ov e r  9 0  p e r c e n t  of We s te r n  coa l i s  m i n e d  a t  t h e  
s u rf a c e  ( Off i c e of T e c h n o l ogy A s s e s s me n t , 1 97 9 ) , a n d  t h e  maj or i ty of 
We s te r n  s t r i p-mi n e s  h av e  b e e n  op en  s i n c e  t h e  l a t e  1 9 60 s . 

Tab l e  H-8-1 

DEMONSTRATED COAL RESERVE BASE FOR SELECTED WESTERN STATES 
(M i l l i ons of Short Ton s )  

Tot a l  
S t a t e  

M i n i n g 
M e t hod B i t u m i nou s S u b b i t u m i nou s L i gn i t e T o n n age 

A r i zon a 
Mon t a n a  
N e w  M e x i co 
Wa s h i n g ton  
Wyom i n g  

S u rf a c e  
S u r fa c e  
S u r f a c e  
S u rf a c e 
S u r fa c e  

2 8 1  
0 

8 1 5 
0 

548 

0 0 
33 , 62 5  1 5 , 7 6 5  

1 , 7 58  0 
1 2 9 9 

2 6 , 5 6 4  0 

Sou r c e s : Na t i on a l  Coa l A s soc i a t i on ,  " 1 983  F a c t s  About  Coa l " ( Wa s h i n g ton , 
D . C . : N a t i on a l  Coa l  A s s oc i at i on ,  1 9 8 3 ) . 

2 8 1  
49 , 3 90 

2 , 5 7 3  
1 3 8 

2 7 , 1 1 2 

Off i c e  of Coa l / N u c l ear  E l e c t r i c Pow e r  a n d  A l t e r n at i v e  F u e l s ,  E n e r gy 
I nformat i on A d m i n i s t r a t i on ,  U . S .  D e p a r t me n t  of E n e r gy . 

Tab l e H-8-2  s hows 1 9 80- 1 984  coa l  r e c e i p t s  for P N W  pow e r  p l a n t s . A l t h o u g h  
p l a n t s  u s u a l l y  s to c kp i l e  coa l for f u t u r e u s e , t h e s e  r e c e i p t s  p rov i d e a 
r e l at i v e l y  a c c u r a t e  me a s u r e of a n n u a l  amo u n t s  of coa l b u r n e d  p e r  
i n d i v i d u a l  powe r p l an t . Re c e i p t s  r e p r e s e n t  coa l u s e  for a l l u n i t s 
c u r re n t l y  ope r a t i n g a t  a g e n e r at i n g s ta t i on .  

H-8- 1 



Powe r P l a n t  

Boar dman 

Ce n t r a l i a  

Co l s tr i p  

B r i d g e r 

Va l my 

Tab l e  H-8-2 

COAL RECE I PTS AT PAC I F I C  NORTHWEST POWER PLANTS 
( tons ) 

1 980 

1 , 0 7 5 , 000 

4 , 00 , 000 

2 , 5 42 , 000 

5 , 83 9 , 000 

o 

1 98 1  

1 , 1 64 , 000 

4 , 400 , 000 

2 , 6 92 , 000 

6 , 449 , 000 

3 3 7 , 000 

Year  
1 982 

1 , 1 3 5 , 000 

4 , 400 , 000 

2 , 1 03 , 000 

6 , 02 5 , 000 

7 1 6 , 000 

1 983  

o 

3 , 600 , 000 

1 , 49 9 , 000 

4 , 3 1 7 , 000 

8 2 2 , 000 

1 984  

3 5 2 , 000 

3 , 600 , 000 

4 , 5 5 2 , 000 

4 , 462 , 000 

6 3 5 , 000 

Sou r c e s : E n e r gy I nforma t i on A d m i n i s t ra t i on ,  U . S .  De p t . of E n e rgy , " Co s t  a n d  
Qua l i ty o f  F u e l s for E l e c t r i c U t i l i ty P l a n t s , "  U . S .  D e p a r tme n t  of 
E n e rgy , Was h i n g ton , D . C . , 1 98 1 - 1 98 5 . 

Tab l e H-8-3 i de n t i f i e s  s u rf a c e  coa l m i n e s  s e rv i n g coa l -f i r e d  powe r p l a n t s  
a d d r e s s e d  i n  t h e  E I S . S e v e r a l  o f  t h e s e  m i n e s  p rov i d e coa l t o  mor e  t h a n  
on e powe r p l a n t ;  t h e r e for e , ton n a g e  f i g u r e s  for i n d i v i d u a l  m i n e s  d o  not 
n e c e s s a r i l y  i n d i cate  p rod u c t i on d e d i c a t e d  to a s i n g l e s t a t i on . For 
e x amp l e ,  m i n e s  i n  Camp b e l l Cou n ty ,  Wyom i n g , s u p p l y  coa l to l oc a l  p l a n t s  
a s  we l l  a s  to t h e  Boa r d ma n  u n i t  i n  O r egon . I n  con t r a s t ,  t h e  Ce n t r a l i a  
m i n e , i n  Was h i ng ton S t a t e , s u pp l i e s on l y  t h e  Ce n t ra l i a  u n i t s .  

Tab l e  H-8-3 

COAL M I N I NG ACT I V I T I ES RELATED TO PAC I F I C  NORTHWEST POWER PLANTS 

O v e r- Rat i o  
Pow e r  
P l a n t  

Loc at i on 
of F u e l  
Sou r c e  

b u r d e n  ( Cov e r /  Ton s M i n e d  
( fee t )  Coa l ) --�1�9782�--�7l �98�3���1�9=8�4

----
M i n e  

Boar dman Campbe l l ,  W Y  Be l l e  A y r e  98  1 . 3 : 1  1 5 , 1 6 1 , 2 98  1 3 , 82 5 , 2 42 1 3 , 4 1 7 , 442 

Ce n t ra l i a  Lew i s ,  WA Ce n tr a l i a  2 50 

Co l s t r i p  Ros e b u d , M T  Ros e b u d  1 50 

J i m  Swee twate r ,  B r i d g e r  1 20 
Br i d g e r  WY 

Va l my H umbo l t ,  UT U n d e rg rou n d  ---

8 :  1 

4 :  1 

6 :  1 

Sou r c e : Key s tone  Coa l  I n d u s try M a n u a l , 1 98 3- 1 9 8 5 . 

4 , 2 00 , 00 4 , 1 2 0 , 000 3 , 6 90 , 000 

9 , 446 , 905  9 , 5 6 4 , 905  1 1 , 90 7 , 0 9 9  

6 , 1 00 , 00 4 , 300 , 000 4 , 300 , 000 

Note : U n d e rground  m i n e s  are  s hown by n ame a n d  l oc at i on for comp l e te n e s s  b u t  
t h ey do n o t  c on t r i b u te t o  l an d  d i s t u rb a n c e  t o  t h e  e x t e n t  t h a t  s u rface 
m i n e s  do . 

H-8-2  



Tab l e H-8-4 s hows p a s t  a n d  p r e s e n t  r e c l amat i on effo r t s  a s soc i a t e d  w i t h  coa l 
p l a n t s  i n  t h e  P N W . T h e  v a l u e s  s h own for l a nd  d i s t u r b e d  r e p r e s e n t  on l y  t h o s e  
a c re s affe c ted  b y  d i r e c t  coa l  r emov a l ,  a n d  do n o t  i n c l u d e  ot h e r  l a n d- u s e  
a c t i v i t i e s s u c h  a s  roa d s  a n d  power  l i n e corr i dor s . T h e  r a t i o  o f  ton s 
e x trac ted  to tot a l  l a n d  d i s ru p t e d  i s  a fu n c t i on of coa l s eam t h i c k n e s s  a n d  
m i n i n g method s  u s e d . 

Tab l e  H-8-4 

COAL SURFACE M I N I NG LAND RECLAMAT I ON ACT I V I T I ES RELATED 
TO PAC I F I C  NORTHWEST POWER PLANTS 

Coa l M i n e d  Tot a l  Land  Tot a l  L a n d  
Powe r P l a n t  M i  n e  B Y  Oc t 8 6  1 /  D i s t u r b e d  2 /  Re c l a i med  3 /  

( ton s )  ( a c re s )  ( a c r e s ) 

Boardman  Be l l e  Ayre  1 3 6 , 0 1 3 , 303  2 , 3 1 6 4 5 1  

C e n t ra l i a  Ce n t r a l i a  54 , 4 5 3 , 000 3 , 200 900 

Co l s tr i p  Ro s e b u d  1 1 8 , 45 6 , 70 1  2 , 08 7  1 , 946 

J i m  B r i d g e r  B r i d g e r  5 7 , 2 3 6 , 000 3 , 800 1 , 1 6 6 

Sou r c e s : P e r son a l  c ommu n i c a t i on w i t h  Off i c e  of S u r f a c e  M i n i n g s t aff , U . S .  
D e p t  of t h e  I n te r i or ,  D e n v e r , Co l orado , D e c e m b e r  1 98 5- J a n u a ry 1 98 6 . 

P e r sona l  commu n i c a t i on w i t h  Land  Qu a l i ty s taff , Wyom i n g  De p t . of 
E n v i ronme n t a l  Qu a l i ty ,  D e c e m b e r  1 98 5-J a n u a ry 1 98 6 . 

P e r sona l commu n i c a t i on w i t h  M i n i n g a n d  M i n e r a l s D i v i s i on s t aff , N e w  
Me x i co D e p t . o f  E n e rgy a n d  M i n e r a l s ,  J an u ary 1 98 6 . 

P e r son a l  c ommu n i c at i on w i t h  M a n a g e r  of P e r m i t t i n g , Was h i n g ton  
I r r i gat i on and  D e v e l opme n t  Compa n y , J a n u a ry 1 98 6 . 

1 /  Ton nage  m i n e d  to d ate  i s  an  approx i ma t e  f i g u r e  b a s e d  on  a v a i l a b l e 
refer e n c e s . None  of t h e  f i g u r e s  p r ov i d e d  i n c l u d e  tonnage  m i n e d  p r i or to 
1 97 2 . F i g u r e s  for Be l l e  Ayr e  and B r i d g e r  e x t e n d  t h ro u g h  1 98 5 ; for 
Ce n t r a l i a  and Ro s e b ud t h rou g h  1 984 . 

2 /  Doe s not i n c l u d e  l a n d  u s ed for f a c i l i t i e s ,  road , or  powe r l i n e corr i dor . 
3/ I n c l ude s l and  i n  a l l r e c l amat i on p h a s e s .  

Ana l ys i s  of  Coa l , Land , and Water Use for  
Ex i st i ng Coa l P l ants  I nc l uded i n  SAM 

For B PA ' s I n te rt i e D e v e l opme n t  a n d  U s e  E n v i ronme n t a l  I mp a c t  S t a t e me n t  
( E I S ) , t h e  Off i c e  o f  A pp l i e d E n e r gy S t u d i e s  a t  Was h i n g ton State  
Un i v e r s i ty ( 1 987 ) d ev e l op e d  coeff i c i e n t s  u n d e r  con t r a c t  to BPA for u s e  i n  
r e l a t i n g  e l e c tr i c a l  g e n e r a t i on a t  coa l -f i r e d  powe r p l a n t s  to r e q u i r e me n t s  
for fu e l , coo l i n g wa t e r , a n d  to l a n d  d i s t u r b a n c e  by s tr i p  m i n i n g 
operat i on s . The s e  s ame coeffi c i e n t s  we re  u s e d  i n  t h i s E I S  to a s s e s s  coa l 
con s u mp t i on , wa t e r  u s e , a n d  l an d  u s e i mpac t s  r e l a t e d  to coa l p l a n t s . 

H - 8 - 3  



Coa l U s e  Coeff i c i e n t s : T h e  s t e p s  fo l l owed to de r i v e t h e  coa l u s e  
coe ff i c i e n t  ( amou n t  of c o a l  u s ed  p e r  u n i t of e l e c tr i c i ty g e n e r a te d , e . g . , 
ton s of coa l / MWh ) a t  e a c h power p l an t  we r e : ( 1 )  r e l a te MWh  g e n e r a t i on to 
heat  r e q u i r e me n t s  u s i n g  p l an t  h e a t  r a t e s  a n d  th e n ; ( 2 )  r e l a t e  h e a t  
re q u i r e me n t s  to fu e l  r e q u i r e me n t s  u s i n g h e a t i n g v a l u e s  o f  t h e  coa l i n  u s e  
a t  the  p l a n t . The  s ou r c e s  u s e d  to o b t a i n t h e s e  d a t a  i n c l u d e d  
p u b l i ca t i on s  o f  the  U . S .  E n e r gy I n format i on Admi n i s t r a t i on ( " Cos t a n d  
Q u a l  i ty o f  F u e l  s for E l  e c t r i c U t i  1 i ty P l  a n t s "  a n d  I I H i  s tor i c a  1 P l  a n t  Cos t 
a n d  A n n u a l  Prod u c t i on E x p e n s e s  for S e l e c te d  E l e c tr i c P l a n t s "  v a r i o u s  
years ) .  Formu l ae for d e t e rm i n i n g c h a n g e s  i n  fu e l  u s e  u s i n g t h e  
coeff i c i e n t s  so  d er i v e d  a r e  r e por ted  i n  Tab l e  H - 8- 5 . 

Tab l e  H-8-5 

FORMULAE FOR CALCULAT I NG COAL USE CHANGES 
ASSOC I ATED WT I H  CHANGES I N  ANNUAL GENERAT I ON 

FOR PAC I F I C  NORTHWEST COAL PLANTS 
(Resu l t s i n  un i t s of 1 , 000 ' s  of tons of coa l ) 

Va l my M W s  * 4 . 3 6 
Co l s tr i p MWs  * 5 . 7 1 6  
Boa r d ma n  M W s  * 5 . 882  
Ce n t ra l i a  MWs  * 5 . 9 48 
B r i d g e r  M W s  * 5 . 2 5 1  

Land  D i s t u r b a n c e  Coe ff i c i e n t s : T h e s e  coe ff i c i e n t s  w e r e  u s e d to d e t e rm i n e  
l a nd  d i s t u r b a n c e  a s s oc i a t e d  w i t h  s u r f a c e  coa l m i n i n g t o  s u p p l y  coa l -f i r e d  
powe r p l a n t s  s e rv i n g t h e  P a c i f i c  Nor t h we s t .  T h e  u n i t s a r e  a c r e s / MW h . 
The  a s s u mp t i on i s  ma de t h a t  t h e  d i s t u r be d  a c reage  i n c r e a s e s  a t  t h e  r a t e  
a t  wh i c h t h e  amou n t  o f  coa l  m i n e d  i n c re a s e s . M i n i n g from th i n  coa l s e ams  
w i l l  prod u c e  more  d i s t u r b a n c e  p e r  M W h  than  m i n i n g from  t h i c k  s e ams . T h e  
d ata u s e d  t o  de r i v e t h e s e  coe ff i c i e n t s  c ame from var i ou s  s o u r c e s .  Some 
were obt a i n e d  from t h e  m i n e  operator s , some from a p ropr i e tary d a t a  
co l l e c t i on o f  t h e  con t r a c tor , a n d  some from t h e  Key s to n e  Coa l I n d u s try 
M a n u a l  p u b l i s h ed  a n n u a l l y  by M c Gr aw- H i l l .  The ton s p e r  a c r e  of coa l 
m i n e d  w a s  ob ta i n e d  d i r e c t l y  i n  s ome c a s e s , b u t  i n  ot h e r s  i t  w a s  d e r i v e d  
from t h e  ov e r b u r d e n  t h i c kne s s  a n d  ov e r b u r d e n  rat i o  tog e t h e r  w i t h  t h e  
d e n s i ty o f  t h e  coal . Formu l a e for t h e  c a l c u l at i on o f  c h an g e s  i n  l an d  
d i s t u r b a n c e  a t  s u r fa c e  coa l  m i n e s  are  s hown i n  Tab l e H - 8- 6 . 

Tab l e  H-8-6 

FORMULAE FOR DETERM I N I NG LAND D I STURBANCE CHANGES AT 
COAL M I NES ASSOC I ATED W I TH CHANGES I N  ANNUAL GENERAT I ON 

FOR PAC I F I C  NORTHWEST PLANTS 

Va l my 
Co l s tr i p  
Boar dman 
Ce n tr a l i a  
B r i d g e r  

(Resu l t s i n  acres per year ; coa l use va l ues 
der i ved us i ng the formu l ae i n  Tab l e  H-8-5 ) 

U n d e r grou n d  M i n e  - Not A p p l i c a b l e 
Coa l U s e  E 5 3 . 5 9 2  
Coa l U s e  E 58 . 7 2 2  
Coa l U s e  E 1 7 . 0 1 7 
Coa l U s e  E 1 5 . 062  
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Water  U s e  Coeff i c i e n t s : T h e  coeff i c i e n t s  u s e d  a r e  p r e s e n te d  i n  Ta b l e H - 8-7 . 
They  we re d e r i v e d  from d a t a  i n  Thoma s , J .  L . , 1 97 5 ,  W a t e r  Requ i r eme n t s  a n d  
W a s tewater  Pote n t i a l  o f  Coa l - E n e rgy F a c i l i t i e s ( i n  Mon t a n a  A c a d e my of S c i e n c e s  
( e d . ) ,  P roc e e d i n g s  of t h e  For t U n i on Coa l F i e l d  Sympo s i um ,  Vo l . 2 ,  Aqu a t i c  
E cosystems , H a g e n  P r i n t i n g  Company , B i l l i n g s , MT , P p . 1 7 9- 1 90 ) . Thoma s gave  
d ata for wa t e r  r e q u i r eme n t s  of  a l t e r n a t e  coo l i n g sy s t e m s  for  a 1 000 MWe  p l a n t  
operat i ng a t  70  p e r c e n t  c ap a c i ty .  T h e  a s s um p t i on i s  made  t h a t  w a t e r  u s e  i s  
p ropor t i ona l to g e n e r a t i on l e v e l  a n d  c a n  be e x pr e s s e d  i n  u n i t s of a c r e-fe e t  
p e r  average  a n n u a l  M W  u s i n g Thoma s ' d a t a . T h e  a s s u m p t i on i s  g e n e r a l l y  v a l i d  
a l though t h e  coeff i c i e n t s  u s e d  proba b l y  r e s u l t  i n  a s l i g h t  ov e r e s t i ma t i on of 
c h a n g e s  i n  water  u s e . Howe ve r ,  th i s  i s  s tr i c t l y  t r u e  on l y  i f  p l a n t s  a r e  
e q u i pped  w i t h  var i a b l e s pe e d  pumps . I n  p r a c t i c e ,  p u m p s  m a y  be  l e f t  r u n n i n g 
d ur i ng nonge n e r a t i n g  p e r i od s  to e na b l e f a s t  s ta r t u p  on  d ema n d . 

Tab l e  H-8-7 

FORMULAE FOR DETERM I N I NG WATER USE FROM ANNUAL 
GENERAT I ON FOR PAC I F I C  NORTHWEST PLANTS 

( Resu l t s i n  un i ts of acre-feet of wat e r )  

Va l my 
Co l s tr i p  
Boardman 
C e n t r a l i a  
Br i dger  

M W s * 1 4 . 3 5 
MWs  * 2 1  . 6  
MWs * 2 4 . 4  
MWs * 2 l . 6  
MW s * 2 1  . 6  

A l l compar i s on s of wa t e r  u s e by p l a n t s  a n d  d i s c h arge  to s u rf a c e  wa t e r s  we r e  
b a s e d  o n  d i s c h arge  con d i t i on s  i n  t h e  e a r l y  1 980s . A c t u a l  s tr e am f l ow s  i n  t h e  
fu ture  may be  d i ff e r e n t , b u t  no a t temp t  was  made t o  fore c a s t  a c t u a l  s tr eam  
f l ows  for f u t u r e year s . 

For mos t  p l a n t s  u s i n g  w a t e r  from s u rface  s tr e ams , c h a n g e  i n  wa t e r  u s e  w a s  
compar e d  to t h e  m i n i mum d a i l y  s tre am d i s c h ar g e  for t h e  p e r i od o f  r e cord  o f  the  
s ou r ce water . T h i s  i s  a v e ry con s er v a t i ve  a na l y s i s and  r e p r e s e n t s  a n  e x tr eme 
wor s t  c a s e  s c e n ar i o .  

Me a s ureme n t s  of s tr eam d i s c h a r g e  r e por t e d  by t h e  U . S .  Geo l og i c a l  s u r v ey ( USGS ) 
a r e  e s t i ma t e s  made w i t h  vary i n g  p r e c i s i on .  T h i s  p r e c i s i on i s  g e n e r a l l y  k n own 
a n d  i s  r epor t e d  for mos t  USGS  gauge  s ta t i on s . Re cor d s  r a t e d  a s  " e x c e l l e n t "  
s i g n i fy t h a t  9 5  p e r c e n t  of m e a s u r e d  da i l y  d i s c h arge s a r e  w i th i n 5 p e r c e n t  of 
t h e  true  v a l ue , " good " r at i n g s  are  w i t h i n  1 0  p e r c e n t , " fa i r "  w i t h i n 
1 5  perc e n t , a n d  " poor " h a v e  l e s s  t h a n  fa i r  a c c u ra cy ( J o h n  B a d e r , p e r s . comm . , 
May 1 987 ) . L e v e l s of c h a n g e  w i t h i n t h e  e r ror r a n g e  wou l d  be  u n me a s u r e a b l e .  
I n  add i t i on ,  s u rfa c e  r u n off  i n  a ny a r e a  var i e s from y e a r  to year  d e p e n d i n g  
l ar g e l y  o n  meteoro l og i c a l  con d i t i on s . T h i s  var i at i on i s  u s u a l l y  mu c h  g r e a t e r  
t h a n  t h e  mea s u reme n t  e r ror . 

For the  Va l my P l a n t  wh i c h u s e s  grou ndwa t e r  for coo l i n g ,  a s i m i l ar ap proa c h  wa s 
u s ed , b u t  c h a n g e s  i n  w a t e r  u s e  were  r e l a t e d  to a c q u i f e r  r e c h a r g e  r a t h e r  t h a n  a 
s treamf l ow .  Grou n d wa t e r  re sour c e s  a r e  l e s s  a c c u r a t e l y  me a s u red  t h a n  s u rface  
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water  r e sou r c e s .  Aqu i fe r  r e c h a r g e  i s  t h e  v o l u me of w a t e r  wh i c h e n te r s  a 
grou ndwate r b a s i n ,  u s u a l l y  me a s u re d  on  a n  a n n u a l  b a s i s .  I t  come s from 
p re c i p i tat i on i n  the  b a s i n ,  s e e page  from s u rface  wa t e r , and i nf l ow of 
grou ndwa t e r . Oft e n , r e c h a rge  i s  on l y  rou g h l y  e s t i ma t e d  from wat e r  b u d g e t s , or 
i s  not k nown at  a l l .  

Resu l t s of Coa l Use , Land D i sturbance , and Water Use I mpact Ana l ys i s  

T h e  r e s u l t s of t h e  coa l u s e a n a l y s i s a r e  s hown i n  Ta b l e H-8-8  a n d  9 .  T h e  
r e s u l t s o f  t h e  l and  d i s t u r b a n c e  a n a l y s i s  are  s hown i n  Ta b l e H-8- l 0 a n d  1 1 .  
On l y  r e s u l t s for e x p e c te d  l oad s a n d  g a s  p r i c e s  a n d  for h i g h Nort hwe s t  l oa d s  
a r e  prov i d e d . Re s u l t s for t h e  o t h e r  s e n s i t i v i ty a s s ump t i on s  ( Low N o r t hwe s t  
l oad s , H i gh Sou t hwe s t  Load s ,  Low Sou t hwe s t  Load s ,  H i g h G a s  P r i c e , a n d  Low Gas  
P r i ce )  are  a v a i l ab l e u po n  r e q u e s t .  I n  Ta b l e s  H-8-8 t h r o u g h  H-8- l l ,  t h e  v a l u e s  
g i v e n  for " No Ac t i on "  for e a c h  p l a n t  a r e  a c t u a l  proj e c te d  v a l ue s d e r i v e d  u s i ng 
t h e  r e s pe c t i v e coeffi c i e n t s  d e s c r i b e d  a bove . Val u e s  g i v e n  for e a c h  o t h e r  
a l t e r nat i ve by p l an t  are  d i ffe r e n c e s for t h a t  a l te rn a t i v e from t h e  v a l u e  g i v e n  
above i t  b y  p l a n t  for " No Ac t i on . "  Re s u l t s o f  t h e  w a t e r  u s e  a n a l y s i s  a r e  
prov i d e d  i n  C h a p t e r  4 of t h e  ma i n  body of t h i s  E I S .  

H - 8 - 6  



"' 8. h l p H - 8 - 8  
FUEL USE CHANGES 

( 1 , 0 0 0 8  OF TONS OF COAL) 
Medium LOAd8 And G a s  P r i ce s  

YEAR ALTERNATIVE VALMY COLSTRIP BOARDMAN CENTRAL I A  BRI DGER 
- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -

1 98 9  NOACTION 63 . 2 2 0  5 4 03 . 3 35 1 25 . 8 7 5  1 1 95 . 54 8  2 5 2 8 . 3 5 6  
1 98 9  1 . 2  -0 . 4 3 6  0 . 00 0  - 0 . 5 8 8  0 . 00 0  0 . 00 0  
1 98 9  4 . 1 , B 5 . 6 6 8  4 9 . 1 5 8  8 . 23 5  - 1 4 . 2 75 -3 7 8 . 5 9 7  
1 98 9  4 . 1 , A 6 . 54 0  3 5 . 4 3 9  1 1 . 1 7 6  - 32 . 7 1 4  - 3 60 . 2 1 9  
1 98 9  4 . 3  1 3 . 5 1 6  - 1 9 . 4 3 4  1 2 . 94 0  2 0 1 . 63 7  1 4 . 70 3  
1 98 9  4 . 4  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 9 90 NOAC T I ON 1 2 2 . 952 5 4 63 . 925 2 91 . 747 2 2 7 8 . 67 9  3 90 0 . 4 4 3  
1 9 9 0  1 . 2  1 . 74 4  -9 . 71 7  7 . 64 7  32 . 1 1 9  - 1 4 . 70 3  
1 9 9 0  4 . 1 ,  B - 3 0 . 5 2 0  8 . 00 2  -74 . 70 1  1 7 . 24 9  1 92 . 1 8 7  
1 9 90 4 . 1 ,  A - 2 0 . 4 9 2 4 . 5 73 -50 . 5 8 5  3 6 . 8 7 7  1 53 . 8 5 4  
1 9 90 4 . 3  -3 . 924  - 2 8 . 0 0 9  -4 . 1 1 7  4 9 . 368  - 1 22 . 8 7 3  
1 9 90 4 . 4  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 99 1  NOACT ION 1 5 2 . 1 6 4 5 4 4 9 . 063 3 7 4 . 0 9 5  2 5 0 8 . 2 7 2  4 2 4 0 . 1 8 3  
1 9 91 1 . 2 7 . 8 4 8  - 9 . 7 1 7  25 . 2 9 3  7 . 73 2  - 4 4 . 1 0 9  

:::r:: 1 99 1  4 . 1 , B - 4 5 . 3 4 4  2 2 . 864  - 1 3 1 . 75 7  - 1 2 9 . 667 1 61 . 20 6  
I 1 99 1  4 . 1 , A -30 . 95 6  9 . 1 4 6  - 8 9 . 995 - 1 1 3 . 0 1 2  1 2 1 . 8 2 3  CD 1 99 1  4 . 3  - 2 3 . 1 0 8  - 7 1 . 4 5 0  - 54 . 1 1 4  - 8 2 . 677 - 4 2 4 . 80 6  

1 9 9 1  4 . 4  0 . 000 0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

-.l 1 992 NOAC T I ON 1 3 2 . 9 8 0  5 4 8 6 . 2 1 7  3 7 8 . 2 1 3  2 5 73 . 1 0 5  4 0 1 0 . 1 8 9  
1 9 92 1 . 2  2 . 1 8 0  -25 . 72 2  1 2 . 94 0  1 9 . 03 3  - 2 9 . 4 0 6  
1 9 92 4 . 1 ,  B - 3 4 . 4 4 4  2 8 . 0 0 9  - 1 2 9 . 4 0 4  4 . 75 8  1 65 . 93 1  
1 9 9 2  4 . 1 , A -2 4 . 4 1 6  22 . 2 9 3  - 9 8 . 22 9  2 8 . 550 1 00 . 8 1 9  
1 9 92 4 . 3  - 2 7 . 03 2  - 8 8 . 5 9 8  -79 . 995 - 1 04 . 0 9 0  - 9 6 . 6 1 9  
1 9 92 4 . 4  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 993 NOAC T I ON 1 4 6 . 93 2  5 7 8 9 . 1 65 370 . 5 6 6  3 2 24 . 4 1 1  4 2 4 4 . 90 9 
1 993 1 . 2  7 . 4 1 2  -0 . 5 7 1  3 1 . 1 7 5 - 2 4 . 9 8 1  - 3 9 . 3 8 2  
1 9 93 4 . 1 , B -4 5 . 7 8 0  4 6 . 8 71 - 1 2 4 . 6 9 8  - 1 0 . 1 1 1  1 7 3 . 8 0 8  
1 9 93 4 . 1 ,  A - 2 3 . 980 2 0 . 578  - 68 . 8 1 9  7 . 1 3 8  1 0 7 . 1 2 0  
1 9 93 4 . 3  - 2 9 . 64 8 - 60 . 5 8 9  - 7 6 . 4 66 - 1 98 . 0 68 -235 . 7 7 0  
1 993 4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 9 94 NOAC T I ON 2 1 3 . 2 0 4  5 902 . 9 1 3  5 3 9 . 3 7 9  3 8 7 3 . 3 3 8  5 0 3 3 . 60 8  
1 9 94 1 . 2  6 . 54 0  -2 . 2 8 6  25 . 2 9 3  - 1 9 . 62 8  - 1 2 . 0 7 7  
1 9 94 4 . 1 , B - 7 1 . 50 4  3 6 . 58 3  - 2 1 7 . 0 4 6  23 . 7 9 2  1 73 . 2 8 3  
1 994 4 . 1 , A -30 . 5 2 0  2 8 . 0 0 9  - 1 1 9 . 4 0 5  - 1 3 . 680 75 . 0 9 0  
1 9 94 4 . 3  - 4 3 . 1 6 4 - 90 . 88 4  - 1 1 8 . 8 1 6  - 2 1 7 . 697 - 2 2 8 . 94 3 
1 9 94 4 . 4  0 . 0 0 0  0 , 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 9 95 NOAC T I ON 2 1 3 . 64 0 6000 . 657 552 . 908  4 2 63 . 52 6  5 2 07 . 94 2  
1 9 95' 1 , 2  3 , 92 4  2 . 8 5 8  1 3 . 52 9  -35 . 6 8 8  - 2 2 . 5 7 9  
1 9 95 4 , 1 ,  B - 6 3 , 656 37 , 1 5 4  - 1 92 . 3 4 1  - 3 0 , 3 35 1 03 , 4 4 5  
1 9 95 4 , 1 ,  A - 2 3 . 54 4  2 1  . 1 4 9  -85 , 8 7 7  - 3 8 , 067 4 2 . 00 8  
1 9 95 4 , 3  -4 6 . 2 1 6  - 4 4 . 5 8 5  - 1 1 4 . 1 1 1  - 1 1 0 , 63 3  - 1 3 7 , 05 1  
1 9 95 4 , 4  0 , 000 0 , 000 0 . 00 0  0 . 00 0  0 . 00 0  



T 8. b l e  H - 8 - 8  
FUEL USE CHANGES 

( l , O O O �  OF TONS OF COAL) 
Medium Load � and Ga� P r i ce �  

YEAR ALTERNAT IVE VALMY COLSTRIP BOARDMAN CENTRALIA BRI DGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 9 6  NOAC T I ON 2 1 4 . 5 1 2  5 8 64 . 04 4  5 4 8 . 2 02 4 2 2 6 . 05 4 4 9 80 . 04 8  
1 99 6  1 . 2  4 . 7 9 6  3 . 4 2 9  1 7 . 64 6 - 1 0 . 70 6  - 1 4 . 1 7 8  
1 9 96 4 . 1 , B - 5 9 . 2 9 6  72 . 593 - 1 9 6 . 4 5 9  60 . 0 7 5  1 0 9 . 2 2 1  
1 9 9 6  4 . 1 , A - 1 7 . 8 7 6  35 . 4 3 9  - 74 . 701  2 . 3 7 9  75 . 08 9 
1 9 9 6  4 . 3  - 3 9 . 676 - 4 8 . 58 6  - 1 02 . 34 7  - 74 . 3 5 0  - 1 1 3 . 94 7 
1 99 6  4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

1 9 97 NOACT I ON 1 8 5 . 7 3 6  6 3 0 6 . 4 63 5 6 7 . 025 4 7 74 . 4 5 9  5 1 85 . 8 8 7  
1 99 7  1 . 2 5 . 6 6 8  - 4 . 002 24 . 704  - 2 9 . 74 0  2 . 1 0 1  
1 9 97 4 . 1 , B - 4 5 . 7 8 0  4 1 . 1 5 5  -2 1 6 . 4 5 8  6 6 . 023 1 4 3 . 8 7 8  
1 9 97 4 . 1 , A -2 . 61 6 21 . 720 -38 . 233 0 . 00 0  3 9 . 382 
1 9 97 4 . 3  - 3 6 . 1 8 8  -53 . 731 - 1 1 4 . 6 9 9  - 2 8 0 . 74 6  - 1 2 7 . 5 9 9  
1 9 97 4 . 4  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 9 9 8  NOACT ION 2 0 0 . 560 6 0 63 . 5 33 5 3 6 . 4 3 8  4 64 2 . 4 1 4  4 7 1 0 . 1 4 7  
1 9 98 1 . 2  0 . 0 0 0  - 1 . 1 4 4  1 7 . 0 5 8  - 1 9 . 62 8  4 . 20 1  

X 1 9 98 4 . 1 , B - 4 1 . 4 2 0  8 9 . 7 4 1  - 1 3 8 . 227 1 55 . 24 3  1 72 . 7 5 8  I 1 9 98 4 . 1 , A 1 6 . 132 4 3 . 4 4 1  37 . 64 5 93 . 978 1 0 6 . 07 0  OJ 1 9 98 4 . 3  - 5 7 . 9 8 8  - 74 . 3 0 8  - 1 55 . 2 8 5  - 3 5 7 . 4 7 5  - 8 9 . 792 
1 99 8  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

OJ 1 99 9  NOACT I ON 237 . 1 8 4  6 3 7 1 . 625 6 0 6 . 4 3 4  5 0 67 . 1 0 1  4 9 70 . 0 71 
1 999 1 . 2  1 . 74 4  - 1 1 . 432 6 . 4 7 0  - 8 . 327 -7 . 8 7 7  
1 99 9  4 . 1 , B - 3 . 924 1 1 9 . 4 65 - 5 8 . 8 2 0  1 4 7 . 51 0  1 4 9 . 6 5 4  
1 9 9 9  4 . 1 , A 3 9 . 24 0  82 . 3 1 1  1 02 . 34 7  95 . 1 6 8  95 . 04 3  
1 9 9 9  4 . 3 - 7 1 . 94 0  - 1 52 . 04 5  - 1 8 1 . 1 6 6  - 3 34 . 8 73 - 1 4 7 . 0 2 8  
1 99 9  4 . 4 0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  

2 0 0 0  NOACTION 2 6 3 . 7 8 0  6 1 7 0 . 99 4  5 3 8 . 7 9 1  4 91 8 . 9 9 6  4 94 9 . 0 6 7  
2 0 0 0  1 . 2  3 . 4 8 8  1 . 71 5  3 1 . 1 7 5  - 2 8 . 550 -3 . 1 5 0  
2000 4 . 1 , B 5 7 . 9 8 8  1 4 2 . 32 9  1 07 . 0 5 2  270 . 634 234 . 720 
2000 4 . 1 , A 5 7 . 552 93 . 74 3  1 8 6 . 4 5 9  1 3 0 . 261  1 3 4 . 951  
2000 4 . 3 -2 6 . 5 9 6  - 4 8 . 58 6  - 97 . 64 1  -204 . 01 6  - 9 0 . 3 1 7  
2000 4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

2001  NOACT I ON 3 6 5 . 8 0 4  63 8 8 . 202 6 1 7 . 022 5 0 8 6 . 729 4 8 21 . 4 6 8  
2001  1 . 2  - 1 . 74 4  1 . 71 5  9 . 9 9 9  - 3 3 . 904 -2 . 625 
2 0 0 1  4 . 1 , B 63 . 6 5 6  1 0 8 . 033 1 4 1 . 1 6 8  2 62 . 307 22 7 . 3 6 8  
2 0 0 1  4 . 1 , A 5 1 . 01 2  5 8 . 8 7 5  1 68 . 225 1 7 6 . 656 1 2 1 . 2 9 8  
2 0 0 1  4 . 3 - 3 4 . 8 8 0  - 62 . 305 - 1 0 9 . 993 - 2 0 9 . 370 - 5 0 . 4 1 0  
2001  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

2002 NOAC T I ON 4 3 3 . 820 61 8 1 . 2 8 3  742 . 3 0 8  5 1 05 . 1 6 8  4 8 2 6 . 7 1 9  
2002 1 . 2 - 2 .  61 6 - 5 . 1 4 5  1 2 . 3 5 2  - 5 . 3 53 -5 . 25 1  
2002 4 . 1 , B 1 0 4 . 64 0  1 28 . 6 1 0  2 1 7 . 04 6 1 68 . 328 1 4 9 . 654  
2002 4 . 1 , A 5 6 . 680 52 . 5 8 7  1 04 . 7 0 0  8 8 . 625 70 . 8 8 8  
2002 4 . 3  - 4 1 . 8 5 6  - 6 9 . 73 6 - 2 1 2 . 34 0  - 93 . 3 8 4  - 64 . 062 
2002 4 . 4  0 . 00 0  0 . 000 0 . 00 0  0 . 00 0  0 . 00 0  



T a b l e  H - 8 - 8  
FUEL USE CHANGES 

( l , O O O B  OF TONS OF COAL) 
Medium LoadB and Gas P r i ces 

YEAR ALTERNAT IVE VALMY COLS TRIP BOARDMAN CENTRALIA BRIDGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 00 3  NOACT ION ' 4 9 4 . 4 1 4  6 3 6 6 . 4 8 1  6 64 . 6 6 6  5 2 5 8 . 62 6  4 8 98 . 1 33 
2 0 0 3  1 . 2  - �. 924 1 . 1 4 3  1 2 . 35 2  - 1 3 . 0 8 5  - 1 1 . 552 
2 00 3  4 . 1 ,  B 82 . 8 4 0  1 4 6 . 901  2 4 6 . 4 5 6  1 92 . 1 2 1  1 94 . 287 
2 00 3  4 . 1 ,  A 1 5 . 2 6 0  29 . 1 5 1  1 0 7 . 05 2  8 . 92 2  3 9 . 90 8  
2 0 0 3  4 . 3  - 5 4 . 5 0 0  - 1 4 8 . 6 1 6  - 1 7 8 . 8 1 3  - 2 61 . 1 1 7  - 1 51 . 75 4  
2 00 3  4 . 4 0 . 00 0  0 . 000 0 . 00 0  0 . 00 0  0 . 0 0 0  

2 0 0 4  NOACT I ON 5 2 8 . 868  6 2 8 1 . 884 5 68 . 2 0 1  4 9 95 . 725 4 4 8 6 . 4 5 5  
2 00 4  1 . 2  - 3 . 0 52 - 9 . 1 4 5  4 . 70 6  - 1 6 . 0 6 0  - 0 . 52 5  
2 00 4  4 . 1 , B 1 2 3 . 3 8 8  1 64 . 04 9 3 7 9 . 3 8 9  2 2 8 . 998 2 5 9 . 3 9 9  
2 0 0 4  4 . 1 , A 5 9 . 732 75 . 4 5 1  1 8 5 . 2 8 3  1 0 9 . 4 4 3  1 1 4 . 997 
2 00 4  4 . 3  - 4 0 . 984 - 7 4 . 8 7 9  - 2 7 . 64 5  - 1 2 6 . 0 9 8  - 7 1 . 93 9  
2 0 0 4  4 . 4  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 0 0 0  

2 0 0 5  NOAC T I ON 5 6 3 . 3 1 2  6298 . 4 60 678 . 78 3  5 0 5 8 . 7 74 4 4 8 3 . 8 2 9  
::r:: 2005 1 . 2  - 4 . 7 9 6  - 6 . 860 8 . 2 3 5  - 2 9 . 74 0 - 3 . 1 5 1  
I 2 0 0 5  4 . 1 , B 1 1 4 . 6 6 8  1 68 .  051  384 . 6 83 2 0 1 . 04 2  2 2 2 . 1 1 7  CD 2 0 0 5  4 . 1 ,  A 64 . 9 6 4  50 . 8 7 3  2 1 4 . 1 0 5  96 . 952 92 . 4 1 7  

2 0 0 5  4 . 3  - 3 3 . 1 3 6  - 7 2 . 5 94 - 2 9 . 998  - 1 2 6 . 692 - 5 8 . 8 1 1  
2 005 4 . 4  0 . 0 0 0  0 . 000 0 . 00 0  0 . 00 0  0 . 00 0  

'.0 
2 0 0 6  NOACT I ON 5 9 3 . 8 3 2  6 3 1 2 . 1 7 9  7 34 . 074 5 0 5 8 . 1 7 9  4 5 0 1 . 1 5 7  
200 6 1 . 2  - 5 . 2 3 2  - 4 . 002 8 . 8 2 3  - 3 6 . 2 8 3  - 1 . 05 0  
2 0 0 6  4 . 1 , B 98 . 1 0 0  1 66 . 3 3 5  3 7 8 . 2 1 3  2 62 . 90 1  2 2 8 . 943 
2 0 0 6  4 . 1 , A 4 4 . 908  3 9 . 4 4 0  1 8 7 . 04 8  84 . 4 6 1  8 0 . 34 0  
2 0 0 6  4 . 3  - 3 4 . 4 4 4  - 1 1 2 .  606 - 62 . 3 4 9  - 9 6 . 95 3  - 8 6 . 6 4 2  
2 0 0 6  4 . 4  0 . 000 0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  

2 00 7  NOACT I ON 58 6 . 4 20 6 3 8 1 . 9 1 4  1 0 4 8 . 7 6 1  5 1 1 8 . 25 4  4 3 73 . 55 8  
2 0 0 7  1 . 2  - 8 . 2 8 4  - 8 . 003 1 8 . 2 3 4  -0 . 595 - 4 . 2 0 1  
2 0 0 7  4 . 1 , B 6 7 . 5 8 0  1 0 9 . 74 7 4 2 5 . 2 6 9  208 . 1 8 0  1 7 3 . 2 8 3  
2 0 0 7  4 . 1 , A 20 . 9 2 8  5 . 7 1 6  1 4 7 . 6 3 8  27 . 956 5 4 . 0 8 5  
2 0 0 7  4 . 3  -4 2 . 7 2 8  - 7 9 . 4 5 3  - 7 8 . 23 1  - 60 . 0 7 5  - 6 6 . 1 6 3  
2 0 0 7  4 . 4  0 . 0 00 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  

2 0 0 8  NOAC T I ON 6 2 6 . 968  6 3 64 . 1 9 5  1 3 5 1 . 095 5 1 0 6 . 3 5 8  4 4 5 7 . 04 9  
2008 1 . 2  - 9 . 1 5 6  -0 . 5 7 1  0 . 0 0 0  - 20 . 8 1 8  -4 . 72 6  
2 00 8  4 . 1 , B 6 1 . 4 7 6  1 2 0 . 607  3 7 1 . 1 5 4  204 . 6 1 1  1 3 9 . 677 
2008 4 . 1 , A 3 0 . 9 5 6  9 . 1 4 5  1 2 1 . 7 5 7  2 7 . 3 6 1  2 1 . 5 2 9  
2 0 0 8  4 . 3  - 5 8 . 4 2 4  - 8 8 . 598 - 1 34 . 6 9 8  - 5 7 . 1 0 1  - 5 2 . 5 1 0  
2 0 0 8  4 . 4  0 . 0 0 0  0 . 000 0 . 00 0  0 . 0 0 0  0 . 00 0  



T a b l e  H - 8 - 9  
FUEL USE CHANGES 

( 1 , 0 0 08 OF TONS OF COAL) 
High Northwe s t  Load8 

YEAR ALTERNATIVE VALMY COLSTRIP BOARDMAN CENTRAL IA BRIDGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 98 9  NOACTION 1 3 5 . 1 6 0 5 6 0 1 . 1 0 8  2 6 1 . 7 4 9  1 8 38 . 52 7  3 1 92 . 60 8  
1 9 8 9  1 . 2  1 5 . 2 6 0  - 4 . 57 3  27 . 64 5  1 0 1 . 1 1 6  - 3 0 . 4 5 6  
1 98 9  4 . 1 ,  B -3 0 . 956 6 6 . 8 7 7  - 30 . 5 8 6  - 4 5 9 . 1 8 6  - 1 60 . 68 0  
1 98 9  4 . 1 , A - 2 . 1 8 0  1 2 . 5 7 5  - 1 5 . 293 24 . 981  -33 . 08 1  
1 98 9  4 . 3  1 5 . 696 - 4 . 57 3  28 . 234 1 0 6 . 4 6 9  - 2 8 . 8 9 0  
1 9 8 9  4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  

1 990 NOACTION 2 2 0 . 1 8 0  5772 . 0 1 7  575 . 2 6 0  2 654 . 5 92 4 7 5 1 . 63 0  
1 990 1 . 2  6 . 1 0 4 - 1 4 . 8 6 1  1 9 . 9 9 9  0 . 595 - 4 3 . 058 
1 990 4 . 1 , B - 2 7 . 904 6 . 2 8 8  - 1 04 . 1 1 1  - 6 1 . 85 9  2 5 8 . 8 7 4  
1 9 90 4 . 1 , A 1 9 . 6 2 0  - 8 . 574  4 5 . 8 8 0  69 . 5 9 2  8 . 92 6  
1 9 90 4 . 3  6 . 54 0  - 1 2 . 57 5  2 1  . 7 6 3  - 1 . 1 9 9  - 4 1 . 4 9 3  
1 990 4 . 4  0 . 000 0 . 00 0  0 . 00 0  0 . 00 0  0 . 0 0 0  

1 9 91 NOACTION 25 3 . 3 1 6  5737 . 1 4 9  6 9 1 . 723 2 9 7 1 . 694 5 0 2 9 . 933 
1 99 1  1 . 2  3 . 924 - 6 . 8 5 9  1 7 . 64 6  1 8 . 4 3 9  - 4 7 . 2 5 9  

cr: 1 99 1  4 . 1 , B 3 0 . 95 6  88 . 02 6  65 . 2 90 228 . 4 0 3  3 5 1 . 8 1 7  
I 1 9 91 4 . 1 , A 2 6 . 1 60 4 . 00 1  69 . 4 0 8  1 3 4 . 4 2 5  1 1 4 . 4 7 2  OJ 

1 9 91 4 . 3  6 . 1 0 4 -7 . 4 3 1  23 . 5 2 8  5 0 . 5 58 - 4 3 . 0 5 8  
1 9 91 4 . 4  0 . 000 0 . 00 0  0 . 00 0  0 . 00 0  0 . 0 0 0  

0 1 9 92 NOACTION 2 2 8 . 900 5 9 67 . 5 04 724 . 6 62 2 925 . 2 2 6  5 0 63 . 5 3 9  
1 9 92 1 . 2  1 . 3 0 8  -8 . 003 1 4 . 1 1 7  - 2 9 . 550 -23 . 62 9  
1 992 4 . 1 ,  B 3 7 . 93 2 8 1 . 73 9  1 4 2 . 933 2 4 5 . 05 8  8 6 . 64 2  
1 9 92 4 . 1 ,  A 1 7 . 004 - 9 . 1 4 5  64 . 702 75 . 5 4 0 - 60 . 9 1 1  
1 9 92 4 . 3  3 . 05 2  - 1 3 . 1 4 7  2 1 . 1 7 5  -2 6 . 1 7 1  - 23 . 62 9  
1 9 92 4 . 4  0 . 0 0 0  0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  

1 9 93 NOACTION 2 6 9 . 0 1 2  6 0 97 . 8 2 9  7 4 7 . 0 1 4  3 7 1 9 . 2 8 4  5 0 7 9 . 8 1 7  
1 993 1 . 2  0 . 4 3 6  -7 . 4 3 1  1 . 1 7 6  - 1 2 . 4 9 1  - 4 4 . 633 
1 9 93 4 . 1 , B 5 8 . 4 2 4  70 . 3 0 6  1 97 . 635 1 95 . 094  3 69 . 1 4 5  
1 9 93 4 . 1 , A 2 0 . 92 8  - 4 . 0 0 2  4 9 . 4 0 9  72 . 5 6 6  93 . 4 68 
1 993 4 . 3  2 . 61 6  -6 . 28 9  1 1  . 7 6 4  -24 . 982 - 35 . 1 8 2  
1 9 93 4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  

1 9 94 NOACT ION 3 4 3 . 5 6 9  6 1 95 . 2 9 4  940 . 532 4 688 . 9 0 8  5 6 20 . 1 4 6  
1 9 94 1 . 2  0 . 872 -4 . 5 7 2  3 . 52 9  - 4 9 . 774  -3 . 676 
1 994 4 . 1 , B 5 0 . 1 4 0  50 . 873 1 60 . 5 7 9  1 70 . 70 8  1 60 . 690 
1 9 94 4 . 1 , A 1 2 . 208 1 0 . 9 6 1  4 0 . 5 8 6  - 1 03 . 4 95 4 0 . 957 
1 9 94 . 4 . 3  2 . 1 8 0  -3 . 4 2 9  4 . 1 1 7  -4 9 . 3 6 8  - 6 . 827 
1 9 94 4 . 4  0 . 000 0 . 000 0 . 0 0 0  0 . 00 0  0 . 00 0  

1 9 95 NOAC T I ON 3 4 8 . 364 6227 . 58 2  962 . 2 95 5 0 5 6 . 395 5 657 . 953 
1 9 9 5  1 . 2  0 . 4 3 6  1 . 1 4 3  5 . 8 8 2  - 1 9 . 033 -5 . 2 5 1  
1 995 4 . 1 , B 33 . 572 3 8 . 2 9 7  1 03 . 52 3  1 3 6 . 804 23 . 629 
1 9 95 4 . 1 ,  A 1 2 .  64 4 9 . 7 1 7  35 . 8 8 0  1 9 . 03 4  - 4 4 . 633 
1 9 95 4 . 3  2 . 6 1 6  5 . 1 4 5  7 . 64 7  -34 . 4 98 0 . 00 0  
1 9 95 4 . 4  0 . 0 00 0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  



T a b l e  H - S - g  
FUEL USE CHANGES 

( 1 , 0 0 0 8  OF TONS OF COAL) 
H i gh Northwes t  Load8 

YEAR ALTERNAT I VE VALMY COLS TRI P BOARDMAN CENTRALI A  BRI DGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 99 6  NOACT ION 3 60 . 572 6 1 8 0 . 7 1 1  9 8 6 . 4 1 1  5023 . 68 1  5 4 7 2 . 0 6 7  
1 99 6  1 . 2  1 . 74 4  -2 . 2 8 7  5 . 8 8 2  -8 . 922 - 1 6 . 278 
1 9 96 4 . 1 , B 23 . 5 4 4  1 6 . 004  67 . 643 1 6 . 655 77 . 1 90 
1 9 9 6  4 . 1 , A 3 . 92 4  - 1 . 1 4 4  7 . 058 - 4 . 1 6 3  1 2 . 60 3  
1 9 9 6  4 . 3  3 . 4 8 8  - 1 . 1 4 4  1 1 . 1 7 6  9 . 5 1 7  - 1 7 . 328 
1 99 6  4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

1 9 97 NOACT ION 2 4 4 . 1 6 0 6 5 6 9 . 3 99 7 4 8 . 1 90 5 1 6 6 . 4 3 3  5 4 95 . 1 7 1  
1 99 7  1 . 2  2 . 1 8 0  0 . 5 7 1  9 . 9 9 9  - 2 6 . 1 7 1  -2 . 625 
1 997 4 . 1 , B 7 4 . 1 2 0  4 0 . 0 1 2  253 . 5 1 4  2 4 2 . 67 9  1 8 6 . 935 
1 9 97 4 . 1 , A 4 . 7 9 6  1 0 . 8 6 0  1 9 . 9 9 9  - 1 7 . 8 4 4  7 . 8 7 7  
1 9 97 4 . 3 1 . 7 4 4  4 . 00 1  1 6 . 4 7 0  - 3 9 . 8 5 1  0 . 52 5  
1 997 4 . 4  0 . 00 0  0 . 0 0 0  -0 . 588 0 . 00 0  0 . 00 0  

1 998 NOACT I ON 2 8 3 . 4 0 0  63 64 . 1 95 7 85 . 835 5 0 8 9 . 704 5 1 65 . 934  
1 998 1 . 2  3 . 052 -3 . 4 2 9  8 . 2 35 -1 . 1 9 0  - 9 . 4 5 2  

:::r: 1 998 4 . 1 , B 61 . 4 7 6  25 . 1 5 1  1 94 . 1 0 6  85 . 651 93 . 4 68 I 1 9 98 4 . 1 , A 4 . 3 6 0  - 1 . 1 4 4  1 4 . 70 5  8 . 3 2 7  -7 . 3 5 1  OJ 
1 99 8  4 . 3  5 . 23 2  -5 . 7 1 6  1 9 . 4 1 1  1 0 . 1 1 2  -2 . 1 0 0  
1 99 8  4 . 4  0 . 4 3 6  0 . 0 0 0  1 . 1 7 6  0 . 00 0  0 . 00 0  

1 9 99 NOAC T I ON 2 5 4 . 624 6 7 02 . 5 8 2  655 . 255 5632 . 75 6  5 4 64 . 1 9 0  
1 999 1 . 2  -0 . 4 3 6  0 . 00 0  1 1 . 1 7 6  - 1 1 .  301 -3 . 1 5 0  
1 9 99 4 . 1 , B 1 2 9 . 928 5 . 1 4 5  3 8 8 . 8 0 0  - 4 9 . 963 32 . 557 
1 9 99 4 . 1 , A 4 9 . 7 0 4  -2 . 858 1 4 7 . 05 0  - 0 . 595 0 . 00 0  
1 999 4 . 3  - 6 1 . 9 1 2  - 0 . 5 7 1  - 1 55 . 285 - 2 . 9 7 4  - 1 . 050 
1 999 4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

2 000 NOACT ION 2 97 . 352 64 92 . 233 5 9 9 . 3 7 6  5 5 93 . 5 00 55 1 0 . 924 
2000 1 . 2 1 . 7 4 4  0 . 00 0  1 5 . 8 8 1  - 4  . 1 64 - 0 . 5 25 
2 000 4 . 1 , B 1 4 2 . 1 3 6  0 . 0 0 0  4 0 6 . 4 4 6  27 . 3 6 1  51 . 985 
2 0 0 0  4 . 1 , A 5 5 . 8 0 8  0 . 571 1 6 0 . 5 7 9  -2 . 3 7 9  - 1 . 050 
2 0 0 0  4 . 3  - 6 7 . 1 4 4  0 . 0 0 0  - 1 8 0 . 5 7 7  4 . 7 58 5 . 77 6  
2 000 4 . 4  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

2 0 0 1  NOAC T I ON 3 9 7 . 632 6 7 1 6 . 300 694 . 6 64 5 7 99 . 895 5 3 7 8 . 0 7 4  
2 0 0 1  1 . 2  -3 . 4 8 8  0 . 00 0  1 . 1 7 6  2 . 974  0 . 0 00 
2001 4 .  I ,  B 1 3 6 . 032 0 . 5 7 1  358 . 8 0 2  5 7 . 1 0 1  1 8 . 90 4  
2 0 0 1  4 . 1 , A 54 . 5 00 0 . 0 00 1 3 9 . 992 1 . 7 85 2 . 1 0 1  
2 0 0 1  4 . 3 - 7 0 . 1 9 6  0 . 00 0  - 2 00 . 5 7 6  6 . 54 3  2 . 1 0 1  
2 0 0 1  4 . 4  0 . 0 0 0  0 . 000 0 . 0 0 0  0 . 000 0 . 0 00 

2002 NOACT ION 4 68 . 7 0 0  6 4 5 5 . 650 7 7 6 . 4 2 4  5 633 . 3 5 1  523 3 . 1 4 6  
2 0 02 1 . 2  -3 . 4 8 8  0 . 00 0  - 8 . 8 2 3  -2 . 3 7 9  0 . 0 00 
2 002 4 . 1 , B 1 4 9 . 5 4 8  0 . 0 00 3 8 2 . 330 2 6 . 1 7 1  0 . 5 25 
2 002 4 .  I ,  A 5 5 . 8 0 8  0 . 00 0  1 4 4 . 6 9 7  5 . 3 5 3  -3 . 1 5 0  
2 0 02 4 . 3  - 7 1 . 504 0 . 00 0  - 2 2 0 . 5 7 5  1 . 1 9 0  - 1 . 5 7 5  
2 002 4 . 4  0 . 0 0 0  0 . 0 00 0 . 000 0 . 00 0  0 . 0 0 0  



T a b l e  H - 8 - 9  
FUEL USE CHANGES 

( 1 , 0 0 0 8  OF TONS OF COAL) 
High Northwest Load8 

YEAR ALTERNAT IVE VALMY COLSTRIP BOARDMAN CENTRALIA BRI DGER 
- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2003 NOACTION 5 4 2 . 384 6 6 60 . 2 8 3  724 . 662 5 9 64 . 654 5353 . 3 95 
2 00 3  1 . 2  - 3 . 924 0 . 00 0  0 . 0 0 0  -2 . 3 7 9  0 . 0 0 0  
2 0 0 3  4 . 1 , B 1 2 5 . 5 6 8  0 . 0 0 0  3 7 2 . 331 1 8 . 4 3 9  0 . 0 0 0  
2 0 0 3  4 . 1 , A 50 . 1 4 0  0 . 00 0  1 4 5 . 2 8 5  0 . 00 0  0 . 00 0  
2003 4 . 3  - 6 1 . 9 1 2  0 . 00 0  - 1 9 1 . 753 0 . 5 95 0 . 00 0  
2 003 4 . 4  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

2004 NOACTION 5 7 5 . 956 6 6 7 5 . 7 1 7  685 . 253 5691 . 04 6  5 0 2 9 . 93 3  
2004 1 . 2  -2 . 1 8 0  0 . 00 0  2 . 94 1  -1 . 1 90 0 . 00 0  
2004  4 . 1 , B 1 4 5 .  624 0 . 0 0 0  3 7 9 . 3 8 9  7 . 73 2  0 . 0 0 0  
2 0 0 4  4 . 1 , A 5 7 . 1 1 6  0 . 0 0 0  1 34 . 1 1 0  - 0 . 5 95 0 . 00 0  
2 0 0 4  4 . 3  - 6 4 . 5 2 8  0 . 0 0 0  - 1 3 2 . 93 3 -1 . 1 90 0 . 00 0  
2 0 0 4  4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

2 0 0 5  NOACT I ON 605 . 604 6 6 2 9 . 98 9  8 02 . 8 9 3  5 7 1 2 . 4 5 9  4 955 . 3 6 9  

::r:: 2 0 0 5  1 . 2 -4 . 7 9 6  0 . 00 0  - 1 1 . 1 7 6  0 . 00 0  0 . 00 0  
I 2 0 0 5  4 . 1 , B 1 3 4 . 2 8 8  0 . 0 0 0  3 6 9 . 9 7 8  2 . 37 9  0 . 00 0  

m 2 0 0 5  4 . 1 , A 4 9 . 2 6 8  0 . 00 0  1 4 4 . 1 0 9  - 1 . 7 8 5  0 . 00 0  
2005 4 . 3 - 5 8 . 8 6 0  0 . 0 0 0  - 1 5 9 . 9 9 0  0 . 00 0  0 . 00 0  
2 0 0 5  4 . 4  0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

N 2 0 0 6  NOACTION 634 . 3 8 0  6 6 3 9 . 1 34 7 9 9 . 952 5 7 3 5 . 6 5 6  4 984 . 2 4 9  
2 0 0 6  1 . 2  - 1 . 74 4  0 . 00 0  - 6 . 4 7 0  0 . 00 0  0 . 00 0  
2 0 0 6  4 .  I ,  B 1 1 1 . 1 8 0  0 . 00 0  372 . 331 1 . 78 4  0 . 00 0  
2 0 0 6  4 . 1 , A 4 5 . 3 4 4  0 . 00 0  1 4 9 . 4 0 3  0 . 00 0  0 . 00 0  
2 0 0 6  4 . 3  - 6 1 . 4 7 6  0 . 00 0  - 1 4 7 . 63 8  0 . 00 0  0 . 00 0  
2 0 0 6  4 . 4 0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

2 0 0 7  NOACT ION 6 1 2 . 5 8 0  6630 . 5 60 1 1 68 . 75 3  5 67 9 . 7 4 5  4 7 1 8 . 02 3  
2 00 7  1 . 2  - 1 . 30 8  0 . 000 -1 . 1 7 6  0 . 00 0  0 . 00 0  
2 0 0 7  4 . 1 , B 1 0 1 . 58 8  0 . 00 0  4 4 9 . 3 8 5  0 . 00 0  0 . 00 0  
2 0 0 7  4 . 1 , A 3 7 . 4 9 6  0 . 00 0  1 7 0 . 5 7 8  0 . 00 0  0 . 5 2 5  
2 0 0 7  4 . 3  - 6 4 . 528  0 . 00 0  - 1 54 . 1 0 8  0 . 00 0  0 . 52 5  
2 0 0 7  4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

2 0 0 8  NOACTION 633 . 0 7 2  6654 . 5 67 1 4 68 . 735 5 6 99 . 37 4  4 8 1 7 . 7 9 2  
2 0 0 8  1 . 2  0 . 00 0  0 . 00 0  -8 . 8 2 3  0 . 00 0  0 . 00 0  
2 0 0 8  4 . 1 , B 95 . 4 8 4  0 . 0 0 0  4 3 8 . 2 0 9  0 . 0 0 0  0 . 00 0  
2 0 0 8  4 .  I ,  A 34 . 8 8 0  0 . 00 0  1 54 . 697 0 . 00 0  0 . 00 0  
2 0 0 8  4 . 3  - 6 2 . 34 8  0 . 0 0 0  - 1 70 . 5 7 8  0 . 00 0  0 . 00 0  
2 0 0 8  4 . 4  0 . 00 0  0 . 00 0  0 . 00 0  0 . 000 0 . 00 0  



T a b l e  H - 8 - 1 0  
LAND DI STURBANCE AT COAL MINES 

(ACRES PER YEAR) 
Medium Loads and Gas Prices 

YEAR ALTERNATIVE COLSTRIP BOARDMAN CENTRALIA BRIDGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 98 9  NOACT I ON 1 0 0 . 824  2 . 1 4 4  70 . 2 5 6  1 67 . 863 
1 9 8 9  1 . 2  0 . 00 0  - 0 . 0 1 0  0 . 00 0  0 . 00 0  
1 98 9  4 . 1 , B 0 . 91 7  0 . 1 4 0  -0 . 8 3 9  - 25 . 1 3 6  
1 9 8 9  4 . 1 , A 0 . 661 0 . 1 90 - 1 . 92 2  - 23 . 9 1 6  
1 98 9  4 . 3 - 0 . 3 6 3  0 . 220 1 1  . 8 4 9  0 . 97 6  
1 98 9  4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

1 990 NOACT ION 1 0 1 . 954 4 . 968 1 33 . 906 258 . 959 
1 9 90 1 . 2  - 0 . 1 8 1  0 . 1 3 0  1 . 8 87 -0 . 976 
1 9 90 4 . 1 , B 0 . 1 4 9  -1 . 2 7 2  1 .  0 1 4  1 2 . 760 
1 990 4 . 1 , A 0 . 0 8 5  -0 . 8 6 1  2 . 1 6 7  1 0 . 2 1 5  
1 9 90 4 . 3  - 0 . 523 -0 . 0 7 0  2 . 90 1  - 8 . 1 5 8  
1 9 90 4 . 4  0 . 00 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  

1 9 91 NOACTION 1 0 1 . 677 6 . 3 7 1  1 4 7 . 3 9 8  2 8 1 . 5 1 5  
1 9 91 1 . 2  - 0 . 1 8 1  0 . 4 3 1  0 . 4 5 4  -2 . 92 8  ::r: 1 9 91 4 . 1 , B 0 . 4 2 7  -2 . 2 4 4  -7 . 6 2 0  1 0 . 703 I 1 9 91 4 . 1 , A 0 . 1 7 1  - 1 . 53 3  - 6 . 64 1 8 . 08 8  OJ 1 991 4 . 3  - 1 . 3 3 3  - 0 . 922 -4 . 8 5 9  -28 . 204 
1 9 9 1  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  

1 9 92 NOACTION 1 0 2 . 3 7 0  6 . 4 4 1  1 5 1 . 20 8  2 6 6 . 2 4 5  W 1 9 92 1 . 2  - 0 . 4 8 0  0 . 22 0  1 . 1 1 8  - 1 . 95 2  
1 9 92 4 . 1 , B 0 . 523 - 2 . 204 0 . 2 8 0  1 1 .  0 1 7  
1 992 4 . 1 , A 0 . 4 1 6  - 1 . 67 3  1 . 67 8  6 . 694 
1 9 92 4 . 3  - 1 . 65 3  - 1 . 3 6 2  -6 . 1 1 7  - 6 . 4 1 5  
1 9 92 4 . 4  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 0 0 0  

1 993 NOACT ION 1 0 8 . 023 6 . 3 1 1  1 8 9 . 4 8 2 2 8 1 . 8 2 9  
1 9 93 1 . 2  - 0 . a l l  0 . 53 1  - 1 . 4 6 8 - 2 . 6 1 5  
1 9 93 4 . 1 , B 0 . 8 7 5  - 2 . 1 2 4  - 0 . 5 94 1 1 . 5 4 0  
1 993 4 . 1 , A 0 . 3 8 4  - 1 . 1 7 2 0 . 4 1 9  7 . 1 1 2  
1 9 93 4 . 3  - 1 . 1 3 1  - 1 . 3 02 - 1 1 . 63 9  - 1 5 . 653 
1 9 93 4 . 4 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  

1 9 94 NOACT ION 1 1 0 . 1 4 5  9 . 1 8 5  2 2 7 . 6 1 6  3 3 4 . 1 93 
1 9 94 1 . 2  -0 . 04 3  0 . 4 3 1  - 1 . 1 5 3  - 0 . 802 
1 9 94 4 . 1 ,  B 0 . 6 8 3  -3 . 696 1 . 3 9 8  1 1  . 5 0 5  
1 9 94 4 . 1 , A 0 . 5 2 3  -2 . 0 3 3  -0 . 804  4 . 98 5  
1 9 94 4 . 3  - 1 . 6 96 -2 . 02 3  - 1 2 . 793 - 1 5 . 20 0  
1 9 94 4 . 4  0 . 0 0 0  0 . 000 0 . 0 0 0  0 . 00 0  

1 9 95 NOACT ION 1 1 1 . 96 9  9 . 4 1 6  2 50 . 54 5  3 4 5 . 767 
1 9 95 1 . 2  0 . 05 3  0 . 2 3 0  - 2 . 097 - 1 . 4 9 9  
1 9 95 4 . 1 ,  B 0 . 693 - 3 . 2 75 - 1 . 7 8 3  6 . 8 6 8  
1 9 95 4 .  I ,  A 0 . 395 - 1 . 4 6 2 -2 . 23 7  2 . 7 8 9  
1 9 95 4 . 3  - 0 . 8 3 2  -1 . 94 3  - 6 . 5 0 1  - 9 . 0 9 9  
1 9 95 4 . 4  0 . 0 0 0  0 . 000 0 . 00 0  0 . 00 0  



T a b l e  H - 8 - 1 0  
LAND D I STURBANCE AT COAL MINES 

(ACRES PER YEAR) 
M�dium Loads and Gas Pric�s 

YEAR ALTERNATIVE COLSTRIP BOARDMAN CENTRALIA BRI DGER 
- - - - - - - - - - - ---- - - - - -- - ----- - - - - - - - - - - - - - ---

1 9 96 NOACTION 1 0 9 . 4 2 0  9 . 33 6  2 4 8 . 34 3  3 3 0 . 637 
1 9 9 6  1 . 2  0 . 0 6 4  0 . 3 0 1  -0 . 629 - 0 . 94 1  
1 9 96 4 . 1 , B 1 . 355 - 3 . 34 6  3 . 53 0  7 . 25 1  
1 9 96 4 . 1 , A 0 . 661  - 1 . 272 0 . 1 4 0  4 . 985 
1 9 96 4 . 3  - 0 . 907 -1 . 74 3  -4 . 3 6 9  -7 . 565 
1 9 96 4 . 4  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

1 9 97 NOACTION 1 1 7 . 67 5  9 . 65 6  280 . 570 3 4 4 . 303 
1 9 97 1 . 2  - 0 . 0 7 5  0 . 4 2 1  - 1 . 74 8  0 . 1 3 9  
1 9 97 4 . 1 , B 0 . 7 6 8  -3 . 68 6  3 . 8 8 0  9 . 5 52 
1 9 9 7  4 . 1 , A 0 . 4 0 5  -0 . 65 1  0 . 00 0  2 . 6 1 5  
1 9 9 7  4 . 3  - 1 . 003 -1 . 953 - 1 6 . 4 9 8 -8 . 4 7 2  
1 9 9 7  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

1 9 98 NOACTION 1 1 3 . 1 4 3  9 . 1 3 5  272 . 8 1 0  3 1 2 . 7 1 7  
1 9 98 1 . 2  -0 . 02 1  0 . 2 90 - 1 . 1 5 3  0 . 2 7 9  

::r:: 1 9 98 4 . 1 , B 1 . 67 5  -2 . 3 5 4  9 . 123 1 1 . 4 7 0  I 1 9 98 4 . 1 , A 0 . 8 1 1  0 . 64 1  5 . 523 7 . 04 2  CO 
1 9 98 4 . 3  - 1 . 3 8 7  -2 . 6 4 4  -21 . 007 -5 . 961  
1 9 98 4 . 4  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

� 1 9 99 NOACTION 1 1 8 . 8 9 1  1 0 . 327 297 . 767 3 2 9 . 97 4  
1 9 99 1 . 2  - 0 . 2 1 3  0 . 1 1 0  -0 . 4 8 9  - 0 . 52 3  
1 9 99 4 . 1 ,  B 2 . 22 9  -1 . 002 8 . 6 68 9 . 93 6  
1 9 99 4 . 1 , A 1 . 5 3 6  1 . 7 4 3  5 . 593 6 . 3 1 0  
1 9 99 4 . 3  - 2 . 837 -3 . 0 8 5  - 1 9 . 67 9  - 9 . 762 
1 9 99 4 . 4  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  

2 0 0 0  NOACTION 1 1 5 . 1 4 8  9 . 1 7 5  2 8 9 . 064 328 . 5 8 0  
2000 1 . 2  0 . 032 0 . 5 3 1  -1 . 67 8  -0 . 2 0 9  
2 000 4 . 1 , B 2 . 65 6  1 . 8 23 1 5 . 904 1 5 . 584 
2000 4 . 1 , A 1 . 7 4 9  3 . 1 7 5  7 . 655 8 . 960 
2000 4 . 3  - 0 . 907 -1 . 663 - 1 1 . 989 -5 . 996 
2000 4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

2 0 0 1  NOACTION 1 1 9 . 2 0 1  1 0 . 50 8  2 98 . 920 320 . 1 0 8  
2 0 0 1  1 . 2 0 . 0 3 2  0 . 1 7 0  - 1 . 992 -0 . 1 7 4  
2 0 0 1  4 . 1 ,  B 2 . 0 1 6  2 . 4 0 4  1 5 . 4 1 4  1 5 . 095 
2001 4 . 1 , A 1 . 0 99 2 . 865 1 0 . 3 8 1  8 . 053 
2001 4 . 3  - 1 . 1 6 3  - 1 . 8 7 3  - 1 2 . 304 -3 . 3 4 7  
2 0 0 1  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

2 002 NOACT I ON 1 1 5 . 34 0  12 . 64 1 3 00 . 004 3 2 0 . 4 5 7  
2002 1 . 2  - 0 . 0 9 6  0 . 2 1 0  -0 . 3 1 5  -0 . 34 9  
2002 4 . 1 , B 2 . 4 0 0  3 . 69 6  9 . 8 9 2  9 . 93 6  
2002 4 . 1 , A 0 . 98 1  1 . 7 83 5 . 2 0 8  4 . 70 6  
2 002 4 . 3  - 1 . 30 1  - 3 . 61 6 -5 . 4 8 8  -4 . 253 
2002 4 . 4  0 . 0 0 0  0 . 00 0  0 . 00 0  0 . 00 0  



T a h l e  H - 8 - 1 0  
LAND D I STURBANCE AT COAL M I NES 

(ACRES P ER YEAR) 
Medi um Load� and Gas P ri c e �  

Y EAR  ALTERNAT IVE COLSTRIP BOARDMAN CENTRALIA BRIDGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 003 NOACT ION 1 1 8 . 7 95 1 1 . 3 1 9  3 0 9 . 022 3 2 5 . 1 9 8  
2 003 1 . 2  0 . 0 2 1  0 . 2 1 0  -0 . 7 6 9  -0 . 7 6 7  
2 0 03 4 .  I ,  B 2 . 7 4 1  4 . 1 9 7 1 1  . 2 9 0  1 2 . 8 9 9  
2003 4 .  I ,  A 0 . 54 4  1 . 8 2 3  0 . 52 4  2 . 65 0  
2003 4 . 3  - 2 . 7 7 3  -3 . 04 5  - 1 5 . 3 4 4  - 1 0 . 0 7 5  
2 0 0 3  4 . 4 0 . 0 00 0 . 0 00 0 . 00 0  0 . 00 0  

2 004 NOAC T l ON 1 1 7 . 2 1 7  9 . 6 7 6  2 93 . 573 2 97 . 8 6 6  
2 004 1 . 2  - 0 . 1 7 1  0 . 0 8 0  -0 . 94 4  -0 . 0 3 5  
2004  4 . 1 ,  B 3 . 0 61 6 . 4 6 1  1 3 . 4 5 7  1 7 . 22 2  
2 0 0 4  4 . 1 , A 1 . 4 0 8  3 . 1 5 5  6 . 4 3 1  7 . 63 5  
2 0 04 4 . 3  - 1 . 3 9 7  - 0 . 4 7 1  -7 . 4 1 0  -4 . 7 7 6  
2 004 4 . 4  0 . 0 0 0  0 . 00 0  0 . 000 0 . 00 0  

2 0 0 5  NOAC TION 1 1 7 . 5 2 6  1 1  . 5 5 9  2 97 . 2 7 8  2 9 7 . 691  
2 0 05 1 . 2  - 0 . 1 2 8  0 . 1 4 0  - 1 . 7 4 8  - 0 . 20 9  

:r:: 2 0 0 5  4 .  I ,  B 3 . 1 3 6  6 . 5 51 11 . 8 1 4  1 4 . 74 7  
I 2 005 4 . 1 , A 0 . 94 9  3 . 64 6  5 . 6 9 7  6 . 1 3 6  

OJ 2 0 0 5  4 . 3 - 1 . 3 55 -0 . 5 1 1  -7 . 4 4 5  -3 . 905 
2 0 05 4 . 4  0 . 000 0 . 00 0  0 . 00 0  0 . 00 0  

2 0 0 6  NOACT I ON 1 1 7 . 7 8 2  1 2 . 50 1  2 97 . 2 4 3  2 98 . 8 4 2  
Vl 2 0 0 6  1 . 2  - 0 . 075 0 . 1 5 0  -2 . 1 3 2  - 0 . 0 7 0  

2 0 0 6  4 .  I ,  B 3 . 1 0 4 6 . 4 4 1  15 . 4 4 9  1 5 . 20 0  
2 0 0 6  4 .  1 ,  A 0 . 73 6  3 . 1 8 5  4 . 963 5 . 334 
2006 4 . 3  - 2 . 1 0 1  - 1 . 0 62 -5 . 697 - 5 . 752 
2 0 0 6  4 . 4  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

2 0 0 7  NOACT I ON 1 1 9 . 0 8 3  1 7 . 8 6 0  3 00 . 773 2 9 0 . 3 7 0  
2 0 0 7  1 . 2  - 0 . 1 4 9  0 . 3 1 1  -0 . 03 5  - 0 . 2 7 9  
2 0 0 7  4 .  I ,  B 2 . 04 8  7 . 24 2  12 . 234 11  . 505 
2 0 0 7  4 . 1 , A 0 . 1 0 7  2 . 5 1 4  1 . 64 3  3 . 5 9 1  
2 0 0 7  4 . 3  - 1 . 4 8 3  - 1 . 33 2  -3 . 5 3 0  -4 . 3 9 3  
2 0 0 7  4 . 4  0 . 000 0 . 0 0 0  0 . 00 0  0 . 00 0  

2 0 0 8  NOAC T I ON 1 1 8 . 753 23 . 00 8  3 0 0 . 074  2 9 5 . 9 1 3  
2 0 0 8  1 . 2  - 0 . 0 1 1  0 . 0 0 0  -1 . 22 3  -0 . 3 1 4  
2 0 0 8  4 .  I ,  B 2 . 2 5 0  6 . 32 1  1 2 . 02 4  9 . 2 7 3  
2 0 0 8  4 .  I ,  A 0 . 1 7 1  2 . 0 7 3  1 . 60 8  1 . 4 2 9  
2 0 0 8  4 . 3  - 1 . 6 53 -2 . 2 9 4  -3 . 3 5 6  -3 . 4 8 6  
2 0 0 8  4 . 4  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  



T a h J p H - R - 1 1  
LAND D I STURBANCE AT COAL H I NES 

(ACRES PER YEAR) 
High Nort hwe s t  Loads 

YEAR ALTERNATIVE COLSTR I P  BOARDMAN CENTRALIA BRI DGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -

1 98 9  NOAC T I ON '1 0 4 . 5 ]'4 4 . 4 5 7  1 08 . 04 1  2 1 1  . 9 6 4  
1 98 9  1 . 2  - 0 : 0 8 5  0 . 4 7 1  5 . 94 2  - 2 . 0 2 2  
1 9 8 9  4 . 1 ,  B 1 . 24 8  -0 . 5 2 1  - 2 6 . 9 8 4  - 1 0 . 668 
1 9 8 9  4 . 1 , A 0 . 2 3 5  -0 . 2 6 0  1 . 4 6 8  -2 . 1 9 6  
1 98 9  4 . 3  - 0 . 0 8 5  0 . 4 8 1  6 . 25 7  -1 . 9 1 7  
1 98 9  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  

1 9 90 NOAC T I ON 1 0 7 . 7 0 3  9 . 7 9 6  1 5 5 . 9 9 6  3 1 5 . 4 7 1  
1 9 9 0  1 . 2  - 0 . 2 7 7  0 . 34 1  0 . 0 3 5  -2 . 8 5 9  
1 990 4 . 1 , B 0 . 1 1 7  -1 . 7 7 3  - 3 . 63 5  1 7 . 1 8 7  
1 990 4 . 1 , A - 0 . 1 6 0  0 . 7 8 1  4 . 0 9 0  0 . 5 9 3  
1 990 4 . 3  - 0 . 2 3 5  0 . 3 7 1  - 0 . 0 7 0  -2 . 7 5 4  
1 990 4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

1 99 1  NOACTION 1 0 7 . 05 2  1 1  . 7 8 0  1 68 . 7 5 4  3 3 3 . 94 9  ::r: 1 9 9 1  1 . 2  - 0 . 1 2 8  0 . 30 1  1 . 08 4  -3 . 1 3 8  I 
1 9 91 4 . 1 , B 1 . 64 3  1 . 1 1 2  1 3 . 4 2 2  2 3 . 35 8  CO 
1 99 1  4 . 1 , A 0 . 0 7 5  1 . 1 8 2  7 . 8 9 9  7 . 60 0  
1 99 1  4 . 3  -0 . 1 3 9  0 . 4 0 1  2 . 97 1  -2 . 8 5 9  
1 9 9 1  4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

()'\ 
1 9 92 NOAC T I ON 1 1 1 . 3 5 1  1 2 . 3 4 1  1 7 1  . 9 0 0  3 3 6 . 1 8 0  
1 992 1 . 2  - 0 . 1 4 9  0 . 24 0  -1 . 678 -1 . 56 9  
1 992 4 . 1 , B 1 . 52 5  2 . 4 3 4  1 4 . 4 0 1  5 . 75 2  
1 99 2  4 . 1 , A - 0 . 1 7 1  1 . 1 0 2  4 . 4 3 9  -4 . 04 4  
1 99 2  4 . 3  - 0 . 24 5  0 . 3 6 1  -1 . 53 8  -1 . 5 6 9  
1 9 9 2  4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

1 9 93 NOAC T I ON 1 1 3 . 7 8 2  1 2 . 7 2 1  2 1 8 . 563 3 3 7 . 2 6 0  
1 993 1 . 2  - 0 . 1 3 9  0 . 02 0  - 0 . 73 4  -2 . 9 6 3  
1 993 4 . 1 , B 1 . 3 1 2  3 . 3 6 6  1 1  . 4 65 24 . 50 8  
1 9 93 4 . 1 , A - 0 . 0 7 5  0 . 8 4 1  4 . 2 64 6 . 20 6  
1 9 93 4 . 3  -0 . 1 1 7  0 . 2 0 0  -1 . 4 6 8  -2 . 33 6  
1 993 4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

1 9 94 NOAC T I ON 1 1 5 . 4 1 4  1 6 . 01 7  2 75 . 5 3 7  3 7 3 . 1 3 4  
1 9 94 1 . 2  - 0 . 0 8 5 0 . 0 6 0  - 2 . 8 6 6  - 0 . 24 4  
1 9 94 4 . 1 ,  B 0 . 94 9  2 . 73 5  1 0 . 03 2  1 0 . 668 
1 9 94 4 . 1 , A 0 . 20 3  0 . 6 9 1  - 6 . 0 8 2  2 . 71 9  
1 994 4 . 3  - 0 . 0 6 4  0 . 0 7 0  - 2 . 9 0 1  - 0 . 4 5 3  
1 994 4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

1 995 NOACT ION 1 1 6 . 204 1 6 . 3 8 7  2 97 . 1 3 8  3 7 5 . 6 4 4  
1 99 5  1 . 2  0 . 02 1  0 . 1 0 0  -1 . 1 1 8  -0 . 34 9  
1 99 5  4 . 1 , B 0 . 7 1 5  1 . 7 63 8 . 03 9  1 . 5 6 9  
1 995 4 . 1 ,  A 0 . 1 8 1  0 . 61 1  1 . 1 1 9  - 2 . 9 6 3  
1 995 4 . 3  0 . 0 9 6  0 . 1 3 0  -2 . 02 7  0 . 00 0  
1 9 95 4 . 4  0 . 00 0  0 . 0 0 0  0 . 00 0  0 . 00 0  



T ii h l p  H - 8 - 1 1  
LAIID D I STURBANCE AT COAL M I NE S  

(ACRES PER YEAR) 
High N o rthwe s t  Loads 

YEAR AL TERNAT IVE COLS TR I P  BOARDMAN CENTRALIA BRIDGER 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 9 6  NOAC T I ON 1 1 5 . 328 1 6 . 7 9 8 2 95 . 2 1 5  3 63 . 3 0 3  
1 9 9 6  1 . 2  - 0

'
.' 0 4 3  0 . 1 0 0  - 0 . 52 4  - 1 . 0 8 1  

1 9 9 6  4 . 1 , B 0 . 2 9 9  1 . 1 5 2  0 . 97 9  5 . 1 2 5 
1 9 9 6  4 .  1 ,  A - 0 . 0 2 1  0 . 1 2 0  - 0 . 2 4 5 0 . 8 3 7 
1 9 9 6  4 . 3  - 0 . 0 2 1  0 . 1 9 0 0 . 5 5 9  - 1 . 1 5 0  
1 9 9 6  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 000 

1 9 9 7  NOAC T I ON 1 2 2 . 5 8 2  1 2 . 7 4 1  3 0 3 . 6 0 4  3 64 . 837 
1 9 9 7  1 . 2  0 . 0 1 1  0 . 1 7 0  - 1 . 5 3 8  - 0 . 1 7 4  
1 9 9 7  4 . 1 , B 0 . 7 4 7  4 . 3 1 7  1 4 . 2 6 1  1 2 . 4 1 1  
1 9 9 7 4 . 1 ,  A 0 . 2 0 3  0 . 3 4 1  - 1 . 0 4 9 0 . 5 2 3  
1 9 9 7  4 . 3  0 . 0 7 5  0 . 2 8 0  - 2 . 3 4 2  0 . 0 3 5  
1 9 9 7  4 . 4  0 . 0 0 0  - 0 . 0 1 0  0 . 00 0  0 . 0 0 0  

1 9 9 8  NOAC T I ON 1 1 8 . 7 5 3  1 3 . 3 8 2  2 9 9 . 0 9 5 3 4 2 . 9 7 8  
1 9 9 8  1 . 2  - 0 . 0 6 4  0 . 1 4 0  - 0 . 0 7 0  - 0 . 6 2 8  

::r:: 1 9 9 8  4 . 1 , B 0 . 4 6 9  3 . 3 0 6  5 . 0 3 3  6 . 2 0 6  
I 1 9 9 8  4 . 1 ,  A - 0 . 0 2 1  0 . 2 5 0  0 . 4 8 9  - 0 . 4 8 8  CD 

1 9 9 8  4 . 3  - 0 . 1 0 7  0 . 3 3 1  0 . 5 9 4  - 0 . 1 3 9  
1 9 9 8  4 . 4  0 . 0 0 0  0 . 0 2 0  0 . 0 0 0  0 . 0 0 0  

-.l 1 9 9 9  NOAIC T I ON 1 2 5 . 0 6 7  1 1 . 1 5 9  3 3 1 . 0 0 8  3 62 . 7 8 0  
1 9 9 9  1 . 2  0 . 0 0 0  0 . 1 9 0 - 0 . 6 6 4  - 0 . 20 9  
1 9 9 9  4 . 1 , B 0 . 0 9 6  6 . 62 1  - 2 . 93 6 2 . 162 
1 9 9 9  4 . 1 , A - 0 . 0 5 3  2 . 5 0 4  - 0 . 03 5  0 . 0 0 0  
1 9 9 9  4 . 3  - 0 . 0 1 1  - 2 . 6 4 4  - 0 . 1 7 5  - 0 . 0 70 
1 9 9 9  4 . 4  0 . 0 0 0' 0 . 0 0 0  0 . 00 0  0 . 00 0  

2 0 0 0  NOACT ION 1 2 1 . 1 4 2  1 0 . 2 0 7  3 2 8 . 7 0 1  3 65 . 8 8 3  
2 0 0 0  1 . 2  0 . 0 0 0  0 . 2 7 0  - 0 . 2 4 5  -0 . 035 
2 0 0 0  4 . 1 ,  B 0 . 0 0 0  6 . 9 2 2  1 . 60 8  3 . 4 5 1  
2 0 0 0  4 . 1 ,  A 0 . 0 1 1  2 . 7 3 5  - 0 . 1 4 0  -0 . 070 
2 0 0 0  4 . 3  0 . 0 0 0  - 3 . 0 7 5  0 . 2 8 0  0 . 3 83 
2 0 0 0  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  

2 0 0 1  NOAC T I ON 1 2 5 . 3 2 3  1 1 .  8 3 0  3 4 0 . 8 2 9  357 . 062 
2 0 0 1 1 . 2  0 . 0 0 0  0 . 0 2 0  0 . 1 7 5  0 . 00 0 
2 0 0 1  4 . 1 , B 0 . 0 1 1  6 .  1 1 0  3 . 35 6  1 . 255 
2 0 0 1  4 . 1 , A 0 . 0 0 0  2 . 3 8 4  0 . 1 0 5  0 . 1 3 9  
2 0 0 1  4 . 3  0 . 0 0 0  - 3 . 4 1 6  0 . 3 8 4  0 . 1 3 9  
2 0 0 1 4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  

2 0 0 2  NOAC T I ON 1 2 0 . 4 5 9  1 3 . 2 2 2  3 3 1 . 0 4 3  3 4 7 . 4 4 0  
2 0 0 2  1 . 2  0 . 0 0 0  - 0 . 1 5 0  - 0 . 1 4 0  0 . 0 0 0  
2 0 0 2  4 . 1 ,  B 0 . 0 0 0  6 . 5 1 1  1 . 5 3 8  0 . 0 3 5  
2 0 0 2  4 . 1 , A 0 . 0 0 0  2 . 4 6 4 0 . 3 1 5  - 0 . 2 0 9  
2 0 0 2  4 . 3  0 . 0 0 0  - 3 . 7 5 6  0 . 07 0  - 0 . 105 
2 0 0 2  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 00 0  



T il b l e  H - R - 1 1 
LAND D I STURBANCE AT COAL MINES 

(ACRES PER YEAR) 
High Northwe � t  Load� 

YEAR ALTERNAT IVE COLSTRIP BOARDMAN CENTRALIA BRI DGER 
- --- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - -

2003 NOACTION '1 2 4 . 2 ")8 1 2 . 3 4 1  3 5 0 . 5 1 2  3 5 5 . 424  
2 003 1 . 2 0 : 00 0  0 . 00 0  -0 . 1 4 0  0 . 00 0  
2 00 3  4 . 1 , B 0 . 0 0 0  6 . 3 4 1  1 . 0M 0 . 00 0  
2003 4 .  1 ,  A 0 . 00 0  2 . 4 7 4  0 . 0 0 0  0 . 00 0  
2 0 0 3  4 . 3  0 . 0 0 0  -3 . 265 0 . 03 5  0 . 00 0  
2 0 0 3  4 . 4 0 . 000 0 . 0 0 0  0 . 0 0 0  0 . 00 0  

2004 NOACT ION 1 2 4 . 5 6 6  1 1 . 6 6 9  334 . 4 3 3  333 . 94 9  
-2 0 0 4  1 . 2  0 . 0 0 0  0 . 05 0  - 0 . 0 7 0  0 . 0 0 0  
2 0 0 4  4 . 1 , B 0 . 0 0 0  6 . 4 6 1  0 . 4 54 0 . 00 0  
2 0 0 4  4 . 1 , A 0 . 0 0 0  2 . 2 84 - 0 . 0 3 5  0 . 00 0  
2004  4 . 3  0 . 00 0  -2 . 264 - 0 . 0 7 0  0 . 00 0  
2 004 4 . 4 0 . 000 0 . 0 0 0  0 . 00 0  0 . 00 0  

2005 NOACTION 1 2 3 . 7 1 2  1 3 . 673  3 35 . 6 9 1  3 2 8 . 998 :::r: 2 0 0 5  1 . 2  0 . 0 0 0  -0 . 1 9 0  0 . 00 0  0 . 00 0  I 2 0 0 5  4 . 1 , B 0 . 0 0 0  6 . 30 0  0 . 1 4 0  0 . 00 0  00 2 0 0 5  4 . 1 , A 0 . 00 0  2 . 4 54 - 0 . 1 0 5  0 . 00 0  
2 0 0 5  4 . 3  0 . 0 0 0  - 2 . 7 2 5  0 . 0 0 0  0 . 00 0  
2005 4 . 4  0 . 00 0  0 . 00 0  0 . 00 0  0 . 00 0  

00 
2 0 0 6  NOACTION 1 2 3 . 8 8 3  1 3 .  623 3 3 7 . 054 33 0 . 9 1 5  
2 0 0 6  1 . 2  0 . 00 0  -0 . 1 1 0  0 . 0 0 0  0 . 00 0  
2 0 0 6  4 . 1 , B 0 . 0 0 0  6 . 3 4 1  0 . 1 0 5  0 . 00 0  
2 0 0 6  4 . 1 , A 0 . 00 0  2 . 5 4 4  0 . 00 0  0 . 00 0  
2 0 0 6  4 . 3  0 . 0 0 0  -2 . 5 1 4  0 . 0 0 0  0 . 0 0 0  
2 0 0 6  4 . 4  0 . 0 0 0  0 . 00 0  0 . 0 0 0  0 . 00 0  

2 0 0 7  NOACTION 1 2 3 . 723 1 9 . 903 333 . 7 6 9  3 1 3 . 24 0  
2 00 7  1 . 2  0 . 000 -0 . 02 0  0 . 0 0 0  0 . 00 0  
2 0 0 7  4 . 1 , B 0 . 00 0  7 . 65 3  0 . 00 0  0 . 0 0 0  
2 0 0 7  4 . 1 , A 0 . 00 0  2 . 90 5  0 . 0 0 0  0 . 03 5  
2 0 0 7  4 . 3  0 . 0 0 0  -2 . 624 0 . 0 0 0  0 . 03 5  
2 0 0 7  4 . 4  0 . 0 0 0  0 . 0 0 0  0 . 00 0  0 . 00 0  

2 0 0 8  NOACTION 1 2 4 . 1 7 1  25 . 0 1 2  334 . 922 3 1 9 . 864 
2 0 0 8  1 . 2  0 . 00 0  - 0 . 1 5 0  0 . 00 0  0 . 00 0  
2 0 0 8  4 . 1 , B 0 . 0 0 0  7 . 4 62 0 . 0 0 0  0 . 00 0  
2 0 0 8  � . 1 , A 0 . 0 0 0  2 . 634 0 . 00 0  0 . 00 0  
2 0 0 8  4 . 3  0 . 00 0  -2 . 905 0 . 0 0 0  0 . 00 0  
2 0 0 8  4 . 4  0 . 00 0  0 . 00 0  0 . 0 0 0  0 . 00 0  







H-9 

Resource Add i t i ons 





Resou rce Add i t i ons 

The Leas t C o s t Mix Mode l ( LC MM )  was used to determine future resource 
deve l o pment needs w i thin the reg ion . The s e  resul t s  are then input t o  the 
Sys tem Analys i s  Model ( SAM ) . Tab l e s H-9-l and H-9-2 show the res our c e  
add i t ions us ed for each o f  t h e  a l t e rnat ive s ana lyzed with  SAM . Resul t s  are 
shown f o r  only the expe c t ed loads and gas p r i c e s  and high No rthwe s t  load 
s c enar io s . No resource add i t ions we re ne c e s sary under the low No r thwe s t  l oad 
cas e . S ince the o ther s ens i t ivity as sump t i ons ( high and low Southwe s t  l oad s 
and high and low gas pr i c e s ) do not  a f f e c t  No rthwe s t  resource nee d s , the 
resul t s  f rom the expe c t ed load s c enario were used f o r  these cases . Res ul ts 
f rom the No Ac t ion A l t e rnat ive we re used for Al t erna t ives 1 . 2  and 4 . 4 ,  s ince 
these  cases did no t invo lve changes in the amount o f  f i rm l oad . 

Values g iven f o r  the No Ac t ion Al t e rnat ive represent cumulat ive average annual 
MWs of res ource add i t ions ( e . g . , va lue s  f o r  1 9 98 inc l ude a l l  add i t ions wh i c h  
o c curred f rom 1 9 8 9  through 1 9 9 7 ) .  Va lue s  f o r  t h e  o ther al t e rna t ives are 
inc remental to those  g iven f o r  the No Ac t ion Al t e rna t ive . Smal l r e s ources 
inc lude sma l l  hydro , cogenerat ion , and o the r renewab le resour c e s . As w i th 
conservat ion , SAM treats the s e  as nons chedulab l e  resources , so they are 
ref l e c ted as reduc t ions in the amount of f i rm l oad whi c h  mus t be s e rved . 
C e r tain s c enarios , p r imar i ly those  with  high No r thwe s t  l oads , have resource 
needs in the near-term bef ore maj o r  res ources  can be buil t .  As a resul t ,  

' sho r t-term purchas es are r e s e rved in o rder to ma intain reg ional l o ad/re s ource 
balanc e .  These we re then modeled  in SAM in a manne r s im i l ar to c ombus t ion 
turb ine s . Ac tual usage of these r e s e rved purchases can be found in 
Appendix H-S . 

Tab l e  H-9-3 shows the amo unt o f  f i rm s urplus ava i l ab l e  in SAM , g i ven the ab ove 
res ource add i t ions . Values are g iven f o r  both the expe c ted l oads and gas 
pri c e  and high No r thwe s t  l oad s cenar i o s . As with  Tab l e s  H-9-l and H-9-2 , 
resul t s  for  A l t e rnat ives 1 . 2  and 4 . 4  are i dent i c a l  to the No A c t ion 
A l t erna t ive , and resul t s  for the sens i t ivi t i e s  invo lv ing gas p r i c e s  and 
S outhwe s t loads are ident i c a l  to the med ium No r thwe s t  l oad s c enar i o . 

An addi t ional " resour c e "  ava i l ab l e  t o  me e t  load i s  the " c onvers ion" o f  
exi s t ing power s a l e s  cont rac t s  to C a l i f o rnia ut i l i t i e s  t o  exchange s  o r  to 
capac i ty sales . At the t ime o f  the SAM analys is , there were two such 
conve r t i b l e  con t rac t s , S outhe rn C a l i f o rnia Ed i s on ' s  and ano thee wi th Burbank , 
Gl endale , and Pasadena , whi c h  we re c onve r ted at  d i f f e rent t ime s as needed f o r  
d i f f e rent  al t e rnat ive s . The t iming o f  the s e  conve rs ions i s  shown on 
Tab l e  H-9-9 . S ince the ana lys is  was performed , b o th the s e  contra c t s  have been 
c onverted . 
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Tab l e  H-9-1 
Cumu l at i ve Resource Add i t i ons (aMW) 

Med i um Loads and Gas Pr i ces 

Sma l l  R e s e rved 

Year A l t e rna t ive Conserva t ion Resources Nuc l ear Coal  Purchases  

1 98 9  No Ac t ion 5 0 0 0 0 

4 . 1 ,  Cas e  B 0 0 0 0 0 

4 . 1 ,  Ca s e  A 0 0 0 0 0 

4 . 3  +2 0 0 0 0 

1 99 0  N o  Ac t ion 5 0 0 0 0 

4 . 1 ,  Cas e  B 0 0 0 0 0 

4 . 1 ,  Cas e  A 0 0 0 0 0 

4 . 3  +2 0 0 0 +41 

1 9 9 1  No Ac t ion 5 0 0 0 0 

4 . 1 ,  Cas e  B 0 0 0 0 0 

4 . 1 ,  Cas e  A 0 0 0 0 0 

4 . 3  +2 +3 1 7  0 0 0 

1 9 9 2  No Ac t ion 4 2  0 0 0 0 

4 . 1 ,  Case B -4 0 0 0 0 

4 . 1 ,  Case A 0 0 0 0 0 
4 . 3  +8 + 3 1 7  0 0 0 

1 9 9 3  No Ac t ion 74 4 7  0 0 0 

4 . 1 ,  Cas e  B -8 0 0 0 0 

4 . 1 ,  Cas e  A 0 0 0 0 0 
4 . 3  +20 + 3 7 8  0 0 0 

1 9 94 No Ac t ion 1 1 5  6 1  0 0 0 

4 . 1 ,  Cas e  B - 1 1  0 0 0 0 

4 . 1 ,  Cas e  A 0 0 0 0 0 

4 . 3  +33  +3 9 1  0 0 0 

1 9 9 5  No Ac t ion 1 5 5  7 7  0 0 0 

4 . 1 ,  Cas e  B - 1 4  0 0 0 0 

4 . 1 ,  Cas e  A 0 0 0 0 0 
4 . 3  +86 +404 0 0 +6 

1 9 9 6  N o  Ac t ion 201 1 6 8  0 0 0 
4 . 1 ,  Cas e  B -18  - 7 5  0 0 0 
4 . 1 ,  Case A -2 - 7 5  0 0 0 
4 . 3  +5 7 +334 0 0 + 9 7  

1 9 9 7  No Ac t ion 244 1 8 3  0 0 0 
4 . 1 ,  Cas e  B - 2 3  - 1 0 8  0 0 0 
4 . 1 ,  Cas e  A -5 - 7 5  0 0 0 
4 . 3  +66  +333  0 0 0 

1 9 98 No Ac t i on 28 7 3 24 0 0 0 
4 . 1 ,  Cas e  B - 2 7  -208 0 0 0 
4 . 1 ,  Cas e  A -8 -200 0 0 0 
4 . 3  +75  +209 0 0 0 
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Tab l e  H-9-1 
Cumu l at i ve Resou rce Add i t i ons ( aMW) 

Med i um loads and Gas Pr i ces 
( Cont inue d )  

Sma l l  Res e rved 

Year A l t e rnat ive Conse rva t i on Re s ourc e s  Nuc l ear Coal Pur c ha s e s  

1 9 9 9  N o  Ac t ion 3 3 3  324 0 0 0 

4 . 1 ,  Case B -32 -208 0 0 0 

4 . 1 ,  Case A -9 -200 0 0 0 

4 . 3  +84 +209 +8 0 6  0 0 

2000 No Ac tion 3 7 9  3 24 8 0 6  0 0 

4 . 1 ,  Case B -38 -208 -806 0 0 

4 . 1 ,  Case A - 1 0  0 -8 0 6  0 0 

4 . 3  + 9 3  +209 0 0 0 

2001  No Ac t ion 428 3 24 8 0 6  0 0 

4 . 1 ,  Case B -46 -208 -8 0 6  0 0 

4 . 1 ,  Case A - 1 1  0 -806 0 0 

4 . 3  + 1 0 0  +209 0 0 0 

2002 No Act ion 4 7 6  3 24 8 0 6  0 0 

4 . 1 ,  Case B - 5 3  -208 -80 6  0 0 

4 . 1 ,  Case A -1 1 0 -80 6  0 0 

4 . 3  + 1 0 9  +209 0 0 0 

2003 No Ac t i on 5 25 3 24 8 0 6  0 0 

4 . 1 ,  Case B -6 1 -208 -8 0 6  0 0 

4 . 1 ,  Case A - 1 3  0 0 0 0 

4 . 3  +l l 7  +20 9 +8 1 5  0 0 

2004 No Ac t ion 5 7 6  3 24 1 6 2 1  0 0 

4 . 1 ,  Case B - 7 1  -208 - 1 6 2 1  0 0 

4 . 1 ,  Cas e A - 1 4  0 -8 1 5  0 0 

4 . 3  + 1 22 +209 0 0 0 

2005 No Ac t i on 6 3 0  3 24 1 6 2 1  0 0 

4 . 1 ,  Case B -84 -208 - 1 6 2 1  0 0 

4 . 1 ,  Cas e A - 1 5  0 -8 1 5  0 0 

4 . 3  + 1 24 +240 0 0 0 

200 6 No Ac t ion 6 8 3  3 24 1 6 2 1  0 0 

4 . 1 ,  Case B -100  -208 - 1 6 2 1  0 0 

4 . 1 ,  Cas e A - 1 5  0 -8 1 5  0 0 

4 . 3  + 1 2 3  +240 0 0 0 

200 7 No Act ion 7 3 5  3 24 1 6 2 1 0 0 

4 . 1 ,  Case B - l l 5  -208 - 1 6 2 1  0 0 

4 . 1 ,  Case A - 1 6  0 -8 1 5  0 0 

4 . 3  +1 2 1  +240 0 +8 7 0 

2008 No Ac t ion 7 8 1  3 24 1 6 2 1  0 0 

4 . 1 ,  Case B - 1 3 0  -208 - 1 6 2 1  0 0 

4 . 1 ,  Case A - 1 6  0 -8 1 5  0 0 

4 . 3  + l l 8  +240 0 +1 9 0  0 
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Tab l e  H-9-2 
Cumu l a t i ve Resou rce Add i t i ons (aMW) 

H i gh Northwest loads 

Sma l l  R e s e rved 
Year A l t e rna t ive Cons ervat ion Re s o urc e s  Nuc lear Coa l Purchases  

1 98 9  No Ac t i on 8 0 0 0 1 90 
4 . 1 ,  Case B -1 0 0 0 - 1 90 
4 . 1 ,  Case A 0 0 0 0 - 1 90 
4 . 3  0 0 0 0 +852 

1 9 90 No Ac t i on 8 0 0 0 6 6 5  
4 . 1 ,  Case B -1 0 0 0 -6 6 5  
4 . 1 ,  Case A 0 0 0 0 -600 
4 . 3  0 0 0 0 +8 5 2  

1 9 9 1  No Ac t i on 8 4 1 1  0 0 742 
4 . 1 ,  Case B -1 -4 1 1  0 0 -742 
4 . 1 ,  Cas e  A 0 0 0 0 -603 
4 . 3  0 0 0 0 +878  

1 9 9 2  No Ac t ion 8 7  4 1 5  0 0 1 1 6 5  
4 . 1 ,  Ca s e  B -40 -4 1 5  0 0 - 1 1 6 5  
4 . 1 ,  Case A 0 0 0 0 -6 1 3  
4 . 3  0 0 0 0 +885 

1 9 9 3  No Ac t i on 1 33 6 9 9  0 0 1 1 2 7 
4 . 1 ,  Ca s e  B -42 -6 5 2  0 0 -1 1 2 7 
4 . 1 ,  Case A 0 0 0 0 -6 1 3  
4 . 3  0 0 00 0 + 8 6 3  

1 9 94 No Ac t i on 1 8 8  7 9 0  0 0 1 4 9 0  
4 . 1 ,  Case B -43 - 7 2 9  0 0 - 1 4 9 0  
4 . 1 ,  Case A 0 -18  0 0 -5 9 6  
4 . 3  0 0 0 0 +885 

1 9 95 No Ac t i on 24 2 840 0 0 1 8 0 7  
4 . 1 ,  Cas e B -44 -40 9  0 0 - 1 8 0 7  
4 . 1 ,  Case A 0 -18  0 0 -6 5 6  
4 . 3  0 0 0 0 +885 

1 9 9 6  N o  Ac t ion 2 9 9  8 7 9 0 0 2205 
4 . 1 ,  Cas e B -43 - 1 94 0 0 -204 2 
4 . 1 ,  Cas e A 0 - 1 7  0 0 -8 1 3  
4 . 3  0 0 0 0 +884 

1 9 9 7  No Ac t ion 3 5 2  9 1 7  1 6 2 1 0 8 2 7  
4 . 1 ,  Case B -44 - 2 1 2  -8 1 5  0 -8 2 7  
4 . 1 ,  Case A 0 - 1 8  0 0 -8 1 4  
4 . 3  0 0 0 0 +88 5 

1 9 98 No Ac t ion 404 95 7 1 6 2 1 0 1480  
4 . 1 ,  Cas e  B -4 3 -222 -8 1 5  0 -1480 
4 . 1 ,  Case A 0 -18  0 0 -8 1 3  
4 . 3  0 0 0 0 +885 
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Tab l e  H-9-2 
Cumu l at i ve Resource Add i t i ons (aMW) 

H i gh Northwest Loads 
( Continued ) 

Sma l l  Re s e rved 

Year Al terna tive Conservat ion Re sour c e s  Nuc lear Coal Purchas e s  

1 9 9 9  No Ac tion 460  95 7 1 6 21 2040 0 

4 . 1 ,  Case B -44 -205 0 -2040 0 

4 . 1 ,  Case A 0 -18  0 -8 1 2  0 

4 . 3  0 0 0 +886  0 

2000 No Ac t ion 5 1 6  95 7 1 6 21 2 7 2 1  0 

4 . 1 ,  Case B -46 -205 0 -2034 0 

4 . 1 ,  Case A 0 -18  0 -8 1 1  0 

4 . 3  0 0 0 +88 6  0 

200 1 No Ac t ion 5 74 95 7 1 6 21 3 1 64 0 

4 . 1 ,  Case B -4 7 -205 0 -2034 0 

4 . 1 ,  Case A 0 -18 0 -8 1 1  0 

4 . 3  0 0 0 +88 6  0 

2002 No Ac tion 6 3 1  9 5 7  1 6 2 1 3 8 0 7  0 

4 . 1 ,  Case B -4 7 -205 0 -2 6 3 7  0 

4 . 1 ,  Case A 0 -18  0 -8 1 3  0 

4 . 3  0 0 0 +886 0 

2003 No Act ion 688  9 5 7  1 6 2 1 4 2 7 1  0 

4 . 1 ,  Case B -48 -205 0 -20 9 7  0 

4 . 1 ,  Case A 0 -18  0 -8 1 4  0 

4 . 3  0 0 0 +886 0 

2004 No Ac t ion 745 95 7 1 6 2 1 4 9 9 9  0 

4 . 1 ,  Case B -4 9 -205 0 -2243 0 

4 . 1 ,  Case A 0 -18  0 -8 14  0 

4 . 3  0 0 0 +88 6  0 

2005 No Ac tion 8 0 2  95 7 1 6 21 54 9 7  0 

4 . 1 ,  Case B -50 -205 0 -224 1 0 

4 . 1 ,  Case A 0 -18  0 -8 1 3  0 

4 . 3  0 0 0 +886  0 

2006 No Ac t ion 8 5 5  95 7 1 6 2 1  6 0 2 1  0 

4 . 1 ,  Case B -5 1 -205 0 -2241 0 

4 . 1 ,  Case A 0 -18 0 -8 1 4  0 

4 . 3  0 0 0 +88 6  0 

200 7 No Ac t ion 906 95 7 1 6 2 1  6447  0 

4 . 1 ,  Case B -5 1 -205 0 -2241 0 

4 . 1 ,  Case A 0 -18  0 -8 1 6  0 

4 . 3  0 0 0 +886 0 

2008 No Ac tion 949  95 7 1 6 2 1 6 9 28 0 

4 . 1 ,  Case B -50 -205 0 -224 1 0 

4 . 1 ,  Case A 0 -18  0 -8 1 5  0 

4 . 3  0 0 0 +886 0 
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Tab l e  H-9-3 
Amount of F i rm Surp l us Ava i l b l e  i n  t he SAM Ana l yses 

(aMW) 

Med i um No r t hwe s t  Loads H i gh No r t hwes t Loads 

Y e a r  N o  Ac t i on A l t .  4 . 1 1  A A l t .  4 . 1 1  B A l t .  4 . 3  No Ac t i on A l t .  4 . 1 ,  A A l t .  4 . 1 ,  B A l t .  4 . 3  

1 989 940 1 689 3 1 85 1 56 0 560 2 1 94 --1 

1 990 57 1 1 286 27 1 6  0 1 0 1 574 0 

1 99 1  447 1 1 39 2523 1 6 1  0 0 1 09 1  1 

1 992 3 1 7  983 23 1 2  92 1 0 650 2 

1 993 349 1 002 230 1 2 3 1  0 0 454 0 

1 994 1 8 1  835 2 1 34 1 09 - 1  0 1 5  0 

1 995 40 696 1 993 0 1 0 1 8  2 

1 996 1 0  590 1 886 0 0 0 0 0 
:::I: 1 997 42 625 1 933 0 1 0 383 2 I 
1..0 1 998 0 3 1 2  1 589 0 0 0 0 1 I 
0"1 1 999 0 1 53 1 4 1 7  32 1 2 3 0 3 

2000 1 32 0 1 028 0 1 3 1 3 

200 1 1 27 0 987 0 1 4 2 3 

2002 0 0 7 1 3  0 5 5 2 6 

2003 0 420 647 435 7 6 3 8 

2004 443 95 330 96 7 7 4 9 

2005 353 0 1 94 8 6 7 5 8 

2006 244 0 45 0 8 8 6 1 0  

2007 1 59 0 0 0 1 0  9 7 1 2  

2008 0 0 0 1 1 0  9 7 1 2  



A l ternat i ve 

Expec ted Loads & 
Gas Price 

No Act ion 

1 . 2  

4 . 1 ,  Cas e  A 

4 . 1 ,  Cas e  B 

4 . 3  

4 . 4  

H igh Northwe s t  Loads 

No Ac t ion 

1 . 2  

4 . 1 ,  Cas e  A 

4 . 1 ,  Cas e  B 

4 . 3  

4 . 4  

TABLE H-9-4 

CONVERS I ON OF CAL I FORN I A  CONTRACTS 

Sout hern 
Ca l i forn i a  Ed i son 

(T i me of Convers i on )  

June 200 3  

June 200 3  

No conve rs ion 

No c onve rs ion 

At  s tart of s tudy 

June 200 3  

At s tart of  s tudy 

At  s tart of  s tudy 

June 1 9 9 5  

June 2003 

At s ta r t  of  s t udy 

At s tart of  s tudy 
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Burbank , G l enda l e ,  
and Pasadena 

(T i me of Convers i on )  

July 2004 

July 2004 

No c onve rs ion 

No c onve rs ion 

At s tart o f  s t udy 

July 2004 

At s tart of s t udy 

At s tart of s t udy 

June 1 9 95 

June 200 3 

At s tart of  s tudy 

At s tart of s tudy 









Append i x  H-1 0 

Programmat i c  Ag reement for Comp l i ance 

w i t h the Nat i ona l H i stor i c  Preservat i on Act 





PROGRAMMATIC AGREEMENT 
FOR COMPLIANCE WITH THE 

NATIONAL HISTORIC PRESERVATION ACT 
A m o ng 

• Bonneville Power Administration 

• Bureau of Reclamation, Pacific Northwest Region 

• U.S. Army Corps of Engineers, North Pacific Division 

• National Park Service, Pacific Northwest Region 

• U.S. Forest Service, Region 1 
• Confederated Tribes of the Colville Reservation 

• Spokane Tribe of Indians 

• Idaho, Montana, and Washington State Historic Preservation Officers 

• Advisory Council on Historic Preservation 

Regarding 

FEDERAL COLUMBIA RIVER POWER SYSTEM 
HYDROELECTRIC OPERATIONS 

WHEREAS, hydroelectric project operations of the Federal Columbia River 

Power System, including power marketing policies and programs under the 

direct and/or indirect jurisdiction of the Bonneville Power Administration (BPA), 

the Bureau of Reclamation (Bureau), and the U.S. Army Corps of Engineers 

(Corps), may have an effect upon properties included in, eligible for inclusion in, 

or potentially eligible for inclusion in the National Register of Historic Places 

(Register); and 

WHEREAS, BP A has requested the comments of the Advisory Council on 

Historic Preservation (Council) pursuant to Section 106 of the National Historic 

Preservation Act (16 U.S.C. 470 D and its implementing regulations, "Protection of 

Historic Properties:  (36 CFR Part 800); and 

WHEREAS, the historic properties potentially affected are within or 

immediately adjacent to the reservoir drawdown zones (hereinafter affected area) 

in the project areas of Grand Coulee (Lake Roosevelt) and Hungry Horse Dams, 

owned and operated by the Bureau, and the Dworshak, Libby (Lake Koocanusa), 

and Albeni Falls (Lake Pend Oreille) Dams, owned and operated by the Corps; and 

Federal Columbia River Hydroelectric Operations - 1 
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PROGRAMMATIC AGREEMENT 
Federal Columbia River Hydroelectric Operations - 2 

WHEREAS, the National Historic Preservation Act requires Federal agencies 

having direct or indirect jurisdiction over an undertaking to take into account the 

effect of the undertaking on historic properties ; and 

WHEREAS, BPA power marketing policy and program undertakings, as 

power system management actions, are under the direct and/or indirect 

jurisdiction of BPA, the Bureau, and the Corps ;  and 

WHEREAS, the BPA, the Bureau, and the Corps, in exercising their 

independent power system management authorities and in fulfilling their 

responsibilities for historic properties, intend to meet this shared responsibility 

for historic properties in a timely manner; and 

WHEREAS, the operation of the Grand Coulee Project affects land within the 

boundaries of the Colville Indian Reservation and the Spokane Indian 

Reservation, and lands administered by the National Park Service (NPS); and 

WHEREAS, the Bureau, the NPS, the Confederated Tribes of the Colville 

Reservation (Colville Tribes), the Spokane Tribe of Indians (Spokane Tribe), and 

other parties have ratified the Lake Roosevelt Cooperative Management 

Agreement; and 

WHEREAS, Dworshak Reservoir, Hungry Horse Reservoir, Lake Koocanusa, 

and Lake Pend Oreille are partially within National Forests administered by the 

U.S. Forest Service, Region 1 ;  

NOW THEREFORE, i t  is mutually agreed that BPA, the NPS, the Bureau, 

and the Corps will identify and manage historic properties in accordance with the 

following stipulations: 

STIPUIATIONS 

BPA, the Bureau, the NPS, and the Corps will ensure that the following 

measures are carried out: 

1 .  Survey and Evaluation 

BPA will participate with the Bureau, the NPS, the Corps, the Colville Tribes, 

and the Spokane Tribe, as appropriate in accordance with their respective 
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PROGRAMMATIC AGREEMENT 
Federal Columbia River Hydroelectric Operations - 3 

jurisdictions, to complete intensive surveysl of historic properties and properties 

possessing traditional cultural value to Native Americans, at the project 

reservoirs listed above. (Exhibit A shows the present status of historic 

preservation activities.)  The Bureau, the NPS, the Corps, the Colville Tribe, and 

the Spokane Tribe will ensure that surveys are performed in accordance with 

accepted archaeological practices as defined in 36 CFR Part 800, Section 110 

Guidelines, and the Secretary of  the Interior's Standards and Guidelines. Site 

evaluations will be done in accordance with 36 CFR Part 63 and the above

referenced guidelines. Surveys and evaluations will be done in consultation with 

the appropriate SHPO and appropriate Native American tribes in accordance 

with 36 CFR Part 63. 

Intensive surveys will be initiated at all affected areas within two years from 

execution of this Agreement, and proceed as quickly as possible thereafter. The 

Bureau, the NPS, the Corps, the Colville Tribes, and the Spokane Tribe, as 

appropriate , shall provide copies of completed survey reports to BPA, interested 

Native American tribes, the U.S. Forest Service, and the appropriate SHPO. 

2. Action Plans 

Once intensive surveys are completed for each affected area, the Bureau, the 

NPS, the Corps, the Colville Tribes, or the Spokane Tribe, as appropriate, will 

consult with BP A and the appropriate SHPO to develop a draft Action Plan for that 

area.  

Action Plans will identify: 

• Research design (including criteria for determining which properties 

may be likely to yield information important in prehistory and history); 

• Determinations of Register eligibility; and 

• Methods of mitigating adverse effects on Register and Register-eligible 

properties (including in situ preservation and law enforcement), 

monitoring, and curation. 

Appropriate Native American tribes and traditional spiritual leaders will be 

consulted about properties possessing traditional cultural value to Native 

Americans, and provided a reasonable opportunity to comment on each draft 

1 Intensive survey describes th e distribution of properties in an area; determines th e number, 

locati on, and condition of the properties; determines the types of properties actually present within 
th e area; permits classification of individual properties; and records th e physical extent of th e 
specific properties. 48 Fed. Reg. 447 16, 44722 ( 1983). 
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PROGRAMMATIC AGREEMENT 
Federal Columbia River Hydroelectric Operations - 4 

Action Plan, and the Forest Service will be afforded a reasonable opportunity to 

comment on the draft Action Plans for Dworshak Reservoir, Hungry Horse 

Reservoir, Lake Koocanusa, and Lake Pend Oreille. Upon completion of the 

coordinated draft Action Plan for each affected area (within 18 months of 

completion of the intensive survey for the subject project), the draft Action Plan 

will be submitted to the Council for review and comment. 

Each final Action Plan will be implemented when mutually accepted by the 

managing agency or tribe, the appropriate SHPO, the Forest Service if the affected 

area is on Forest Service lands, and the Council. In consultation with other 

involved jurisdictions and affected Tribes, the lead agency for each Action Plan 

will prepare an annual report of activities performed during the year. The lead 

agency will provide copies to BPA, the Council, the appropriate SHPOs, other 

interested agencies, and appropriate Native American Tribes.  

3.  Interim Management 

Interim management of historic properties at these project reservoirs will be 

conducted in accordance with the steps in the Council's regulations, 36 CFR 

Part 800. Until such time as the approved Action Plan is implemented, and prior 

to any change in operating constraints, the appropriate agency or tribe will 

implement the steps detailed in the regulations for identification, evaluation, and 

management of historic properties.  

4. Professional Qualifications 

Supervisory p ersonnel managing the implementation of each Action Plan 

shall, at a minimum, meet the professional qualifications detailed in the 

Secretary of the Interior's "Standards and Guidelines for Archeology and Historic 

Preservation," 48 Fed.Reg. 44716, 44738 (1983). 

5. Other Historic Properties Management Considerations 

a .  If human skeletal material is discovered during the intensive survey or 

during implementation of the Action Plan, the Bureau, the NPS, the Corps, the 

Colville Tribes, or the Spokane Tribe, as appropriate, will consult with local law 

enforcement authorities and the appropriate SHPO; or, if the skeletal material 

appears to be of Native American origin, will consult with the affected tribe and 

appropriate SHPO to prepare and implement a burial disposition plan in 

accordance with the North American Graves Protection and Repatriation Act 
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PROGRAMMATIC AGREEMENT 
Federal Columbia River Hydroelectric Operations - 5 

(P.L. 10 1-60 1).  BPA will participate in implementing the approved/agreed upon 

burial disposition plan. 

b. The Bureau, the NPS, the Corps, the Colville Tribes, and the Spokane 

Tribe shall curate archaeological data, artifacts, field notes, photographs, and 

other records in accordance with the standards, guidelines, and principles in 36 

CFR 79, "Curation of Federally-Owned or Administered Archeological 

Collections: Final Rule" (55 Fed. Reg. 37839); the Council's "Treatment of 

Archaeological Properties: A Handbook;" and in "Archeology and Historic 

Preservation: Secretary of the Interior's Standards and Guidelines," 48 Fed. 

Reg. 44716 (1983). 

c .  The Bureau, the NPS, the Corps, the Colville Tribes, or the Spokane Tribe 

shall prepare and distribute final reports to interested parties for each project 

listed above, for the affected area within their respective jurisdiction, within two 

years after full implementation of the Action Plan. Final reports will include the 

results of survey, evaluation, and mitigation. 

6. Existing or new Memorandum of Agreement (MOA), or an existing 

Programmatic Agreement for the operation and management of individual 

project reservoirs included in this Agreement, may be substituted for this 

Agreement. In the absence of a substitute MOA or Programmatic Agreement, 

the terms of this Agreement shall be implemented for each project reservoir. 

7. Any party to this Agreement may request its amendment, whereupon the 

parties will consult in accordance with 36 CFR 800. 13 to consider such 

amendment. 

8. If a signatory to this Agreement determines that the terms of the Agreement 

cannot be met, or that a change is necessary to meet the requirements of the law, 

that signatory will immediately request the consulting parties to consider an 

amendment or addendum. Any necessary amendment or addendum will be 

executed as defined in 36 CFR Part 800. If a dispute arises regarding 

implementation of the Agreement, BPA will consult with the objecting party(ies) 

to resolve the dispute. If the dispute cannot be resolved, further comments will be 

requested from the Advisory Council, as defined in 36 CFR Part 800. 
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9. Any party to this Agreement may suspend it by providing 30 days written 

notice to the other consulting parties. Additional consultations will then occur in 

an effort to resolve any issues, and to reimplement the Agreement in amended 

form. 

10. Execution and implementation of this Programmatic Agreement evidences 

that BPA, the Corps, Bureau and the NPS have satisfied their Section 106 

responsibilities for hydroelectric project operations (including BPA power 

marketing policies and programs) affecting the reservoir drawdown areas of 

Grand Coulee, Hungry Horse , Dworshak, Libby, and Albeni Falls Dams. 

1 1 .  All activities set forth in this Agreement are subject to availability of funds. 

If lack of funds results in failure to carry out the terms of this Agreement, BPA, 

NPS, the Bureau, and the Corps will again request the Council's comments in 

accordance with 36 CFR Part 800. 

EXH I B IT A 
STATUS OF HISTORIC P R ES ERVATI ON ACTIVITI ES BY P ROJ ECT 

Action Plan/ 
Pr o ' eet S u  r v ey Mitigation P l an M itigation 

Dworshak1 Req ui red Requ i red R eq u i red 

Albeni  Falls2 Partial! C ompleted3 Requ i red Requi red 

Li bby Mostl C ompleted4 CompletedS R eq u i red 

G rand Coulee Partiall Completed R equ i red Required 

Hun Horse Partiall Completed Requ i red Requ ired 

N OTES : 
1 / The Dworshak project is presently covered u nder a Programmatic Agreement that addresses historic 

preservation activities on all operating reservoi r projects within the U .S. Army Corps of Engineers 
Walla Walla District. 

2/ The majority of lands are privately owned. Historic property investigations will require acquisition of 
real estate interests for site access and excavation, which will increase overall costs. 

3/ Site locatio ns have been identified, but no subsurface testing or evaluation h as occurred. 
4/ The U.S.  Forest Service has identified additional cultural resou rce sites within the affected area. 

Th ese sites have not been subjected to subsu rface testing or evaluation. 
5/ An existing Action Plan/Mitigation Plan may need to be modified as a result of subsu rface testing and 

evaluation of recently discovered sites (see preceding footnote). 
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PROGRAMMATIC AGREEMENT 
Federal Columbia River Hydroelectric Operations - 7 

BONNEVILLE POWER ADMINISTRATION 

By: ____________________________________ ___ 
Date: 

______________________ 
_ 

James J. Jura, Administrator 

BUREAU OF RECLAMATION, PACIFIC NORTIlWEST REGION 

By: ____________________________________ ___ 
Date: 

______________________ 
_ 

John W. Keys, III, Regional Director 

U.S. ARMY C ORPS OF ENGINEERS, NORTH PACIFIC DIVISION 

By: ____________________________________ ___ 
Date: 

______________________ 
_ 

MG Ernest J. Harrell, Division Engineer 

NATIONAL PARK SERVICE, PACIFIC NORTIlWEST REGION 

By: ____________________________________ ___ 
Date: 

______________________ 
_ 

Charles H. Odegaard, Regional Director 

U.S. FOREST SERVICE, REGION 1 

By: ____________________________________ ___ 
Date: 
-----------------------

John W. M umma, Regional Forester 

CONFEDERATED TRmES OF THE COLVILLE RESERVATION 

By: ____________________________________ ___ 
Date: 
-----------------------

Jude C. Stensgar, Business Council Chairperson 

SPOKANE TRmE OF INDIANS 

By: ____________________________________ ___ 
Date: 

______________________ 
_ 

Bruce Wynne, Business Council Chairperson 

IDAHO STATE HISTORIC PRESERVATION OFFICE 

By: ---------------------------------------
Date: 

______________________ 
_ 

David Crowder, Ph.D., State Historic Preservation Officer 

MONTANA STATE HISTORIC PRESERVATION OFFICE 

By: ____________________________________ ___ 
D�e: 

______________________ _ 

Marcella Sherfy, State Historic Preservation Officer 

WASHINGTON STATE HISTORIC PRESERVATION OFFICE 

By: ____________________________________ ___ 
Date: 
-----------------------

Jacob E. Thomas, State Historic Preservation Officer 

ADVISORY C OUNCIL ON HISTORIC PRESERVATION 

By: ____________________________________ ___ 
Date: 

______________________ 
_ 

John F.W. Rogers, Chairman 

Concur: 
KOOTENAI TRmE OF IDAHO 

By: ____________________________________ ___ 
Date: 

______________________ _ 

Velma Bahe, Business Council Chairperson 
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APPEND I X  I 

Pub l i c  I nvo l vement Act i v i t i es 

P u b l i c  i nv o l v e me n t  ac t i v i t i e s  for t h e  I n i t i a l Nort hwe s t  Powe r S a l e s  Con t r a c t s  
E n v i ronme n t a l  I mp a c t S t a t e me n t  ( E I S )  h av e  b e e n  c a r r i e d o u t  t o  f u l f i l l  t h e  
i n t e n t  o f  t h e  Cou n c i l  o n  E n v i ronme n t a l  Qu a l i ty i n  p r e s c r i b i n g a s cop i n g o f  t h e  
p roj e c t  a n d  t o  e n courage  a n d  i n t e g r a t e  p u b l i c  i nforma t i on a n d  i n t e r e s t s  i n to 
t h e  a n a l y s i s of t h e  powe r s a l e s  con t a c t a l t e r n a t i v e s  a n d  t h e  E I S  p r oc e s s . A 
d e s c r i p t i on a n d  c hronol ogy of t h e  p r i n c i p a l  p u b l i c  i n vo l v em e n t  ac t i v i t i e s i s  
p r e s e n t ed  be l ow .  

3 / 5 / 8 5  

9 / 1 9 / 8 5  

1 0 / 2 1 / 8 5  

1 2 / 4 / 8 5  

1 / 2 3 / 8 6  

4 / 2 / 8 6  

B PA p u b l i s h e d  Not i c e  o f  I n te n t  t o  p r e p a r e d  a n  E I S  o n  t h e  
l ong- t e r m  s a l e s  con t r a c t s . I nd i v i d u a l  not i c e s  we r e  s e n t  t o  
2 500 F e d e r a l , S t a t e , a n d  l oc a l  age n c i e s , B P A  c u s tome r s , t h e  
Nor t h we s t  Powe r P l a n n i ng  Cou n c i l ,  i n t e r e s t  grou p s  a n d  oth e r s . 
Comme n t s  o n  t h e  Not i c e of I n t e n t  we re  re c e i v e d  f rom 1 6  e n t i t i e s .  

B PA s e n t  o u t  n ot i c e of s cop i n g  me e t i n g s  a n d  s o l i c i t i on of 
comme n t . T h e  not i c e  r e q u e s te d  i n te r e s t e d  p a r t i e s to  r e t u r n  a 
pos t c a r d  to d e v e l op a ma i l i n g l i s t of p a r t i e s who  w a n t e d  to be  
kept  i nforme d a bou t the  E I S  proc e s s . I t  a l s o  offe r e d  ad d i t i on a l  
doc ume n t s  t o  h e l p  t h e  p u b l i c  u n d e r s ta n d  t h e  powe r s a l e s  
contra c t s  a n d  t h e  i s s u e s  i nv o l v e d . F i v e s cop i ng me e t i n g s  were  
he l d  i n  October  i n  S e at t l e amd  R i c h l a n d , Wa s h i n g ton ; Port l a n d , 
Or egon ; B u r l ey ,  I d a ho ;  a n d  M i s sou l a ,  Mon t a n a . S i x ty-e i g h t  
p e r son s a t t e n d e d  t h e s e  m e e t i n g s . By t h e  e n d  of t h i s p h a s e  of 
t h e  s cop i n g  p r oc e s s ,  60 comme n t  l e t t e r s  h ad b e e n  r e c e i v e d . 

A l i s t of i s s u e s  a n d  a l t e r n a t i v e s  r a i s e d  by comme n t e r s i n  t h e  
s cop i ng  me e t i n g s  was  d i s t r i b u t e d  t o  a i d t h e  p u b l i c  i n  
formu l a t i n g  wr i t t e n  comme n t s . 

A s u mmary of t h e  s cop i n g comme n t s , bot h  wr i t t e n  a n d  o ra l l y  
p r e s e n t ed a t  t h e  s cop i ng  me e t i n g s , and  c o p i e s  of a l l comme n t  
l e t t e r s  r e c e i v e d  w e r e  s e n t  t o  i n t e r e s t e d  e n t i t i e s .  A Cros s 
Comme n t  P r oc e s s  wa s u n d e r t ake n , i . e . , comme n t s  w e r e  r e q u e s t e d  
both a s  to t h e  a c c u r acy o f  t h e  s ummary a n d  a n  oppor t u n i ty wa s 
prov i d e d  for par t i e s  t o  j ud g e  ot h e r s  comme n t s  a n d  r e c on s i d e r  
t h e i r  own . A n  add i t i on a l  p u b l i c  mee t i ng  was  h e l d  d u r i n g t h i s  
proce s s .  F i ft e e n  ad d i t i o n a l  comme n t  l e t t e r s w e r e  r e c e i v e d . 

A t  t h e  r e q u e s t  of i n t e r e s t e d  p a rt i e s ,  a l i s t of p r i or BPA 
e nv i ronme n t a l  doc ume n t s  was d i s t r i b u t e d  to  fac i l i t a t e  an  
u n d e r s t an d i n g of the  r e l a t i on s h i p of t h e  Powe r S a l e s Con t r a c t  
E I S  t o  p r e v i ou s  e n v i ronme n t a l  an a l y s i s .  

A Power  S a l e s  Con t r ac t s  E I S  U p d a t e  was  d i s t r i b u t e d  to  i n t e r e s te d  
par t i e s . T h i s i nc l u d e d  a s u mmary o f  t h e  comme n t s  r e c e i v e d  
d u r i ng  t h e  Cros s Comm e n t  p e r i od a n d  cop i e s  o f  t h e  Cro s s  Comme n t  
l e t t er s .  
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9 / 1 9 / 8 6  

2 / 9 /87 

5 / 2 6/ 8 7  

7 / 1 0/ 87 

9 / 9 /87 

9 / 2 4 / 8 7  

2 / 1 1 /8 8  

7 / 6 / 88 

A Pow e r  S a l e s Con t r a c t  E I S  U p d a t e  wa s s e n t  to i n t e re s te d  p a r t i e s 
to i nform t h e m  of progre s s  on t h e  E I S .  

A d raft I mp l e me n tat i on P l a n for t h e  E I S  wa s d i s t r i b u t e d  for 
comme n t  by i n te re s te d  par t i e s .  A p u b l i c  mee t i n g  wa s h e l d  on 
3 / 2 4 / 8 7  to d i s c u s s  a n d  take  comme n t  on t h e  d raft i mp l eme n t a t i on 
p l an .  

A l e t t e r  w a s  s e n t  to i n t e r e s t e d  part i e s  offe r i n g cop i e s  of 
comme n t s  on  t h e  d raft I m p l eme n ta t i on P l a n  a n d  a s ummary of 
t h em . I n  ad d i t i on ,  t h i s l e t t e r  a n nou n c e d  t h e  forma t i on of t h e  
Rev i ew P a n e l , con s i s t i n g of r e p re s e n ta t i v e s  of c u s tome r s  a n d  
o t h e r  i n t e r e s te d  p a r t i e s , t o  a c t  a s  a s ou n d i n g board  on  t h e  
s cope of t h e  E I S , i d e n t i f i c a t i on o f  i s s u e s  t o  be d e a l t w i th ,  a n d  
t h e  me thod s o f  ana l y s i s .  The  f i r s t  m e e t i n g of t h e  Rev i ew P a n e l  
was  s c h e d u l e d  for J u n e  8 a n d  9 ,  1 987 . F rom t h i s  t i me forwa r d , 
me e t i n g s  w i t h  t h e  Rev i ew P a n e l  we r e  h e l d  a s  n e e d e d  to d i s c u s s  
i s s u e s . 

A l e t t e r  w a s  s e n t  to t h e  Rev i ew Pa n e l  d i s tr i b u t i n g  a n e w  d raft 
of t h e  I mp l e me n ta t i on P l a n for r e v i ew a n d  comme n t , w i t h  comme n t s 
d u e  J u l y  2 4 ,  1 98 9 . 

A l e t t e r  w a s  s e n t  to Rev i ew Pa n e l  memb e r s  d i s t r i b u t i n g  a l l 
comme n t s  r e c e i v e d  from t h em on t h e  d raft  I mp l e me n ta t i on P l a n of 
J u l y  1 0 ,  1 9 87 , and an nou n c i n g  t h e  d e c i s i on to p r e p a r e  a S t u dy 
P l an p r i or to f i n a l i z i n g t h e  I mp l eme n t a t i on P l a n .  T h e  S t udy  
P l an wa s to l ay o u t  the  a s s ump t i on s  a n d  a n a l y t i c a l  me t ho d s  i n  
g r e a t e r  d e t a i l t h a n  r eq u i r e d  for t h e  I mp l eme n ta t i on P l a n .  

A Powe r S a l e s  Con t r a c t E I S  U p d a t e  was  s e n t  to i n t e r e s te d  p a r t i e s 
d e s c r i b i n g t h e  Rev i ew P an e l ' s  r e v i ew of t h e  d raft I mp l eme n ta t i on 
P l an ,  a n d  e x p l a i n i n g t h a t  t h e  I mp l eme n ta t i on P l a n wou l d  b e  
s l i gh t l y  d e l aye d  i n  ord e r  t o  a s s u re  t h a t  i s s u e s  a r e  a c c u ra t e l y  
d ef i n e d  a n d  t h a t  t h e  p ropo s e d  a n a l ys i s  i s  r e a sonab l e .  Cop i e s 
were  off e r e d  of a l l Rev i ew P an e l  comme n t s  on t h e  Draft  
I m p l eme n t a t i on P l an a n d  a s ummary of  t h e s e  comme n t s  orga n i z e d  by 
i s s u e  and  how t h ey w i l l  b e  i n cor pora t e d  i n to t h e  I mp l eme n ta t i on 
P l an .  

A l e t t e r  w a s  s e n t  to t h e  Rev i ew P an e l  prov i d i n g ( 1 )  a s ummary of 
c h a n g e s  i n  t h e  a l t e r n a t i v e s  p ropos e d  to be a n a l y z e d  i n  t h e  E I S ; 
( 2 )  a s ummary of c h a n g e s  to t h e  t e x t  of t h e  I mp l eme n t a t i on P l an ;  
( 3 )  a F e b r u a ry 5 ,  1 988 , d raft of t h e  I mp l e me n at i on P l an ;  a n d  
( 4 ) s t u dy p l a n s  for an a l y s i s o f  t h e  a l t e r n at i v e s . Comme n t s  we r e  
r eq u e s te d  by M a r c h  4 ,  1 988 . 

A me e t i n g  w i t h  t h e  Rev i ew P a n e l was  h e l d  to p rov i d e i nforma t i on 
r e gard i n g t h e  SAM b a s e  ( i  . e . , No Ac t i on )  c a s e . 
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8 / 1 /88  

8 / 1 6 / 88 

1 0 / 1 8 / 88 

1 1 / 1 8 / 8 8  

1 2 / 2 3 / 88 

3 / 8 / 8 9  

5 / 5 / 89 

4/ 1 1 / 8 9  -
5 / 2 3 / 89 

8 / 8- 1 0 / 8 9  

9 / 8 / 8 9  

9 / 1 8 / 8 9  

A Powe r S a l e s  Con t r a c t  E I S  u p d a t e  was  s e n t  t o  i n t e r e s t e d  
p a rt i e s . T h i s Update  off e r e d  cop i e s  o f  t h e  F i n a l  I mp l eme n t a t i on 
P l an ,  wh i c h h a d  b e e n  app rov ed  by t h e  D e p a r tme n t  of E n e rgy  on 
J u n e  2 4 ,  1 98 8 , u pon r e q u e s t .  

Cop i e s  of t h e  F i n a l  I mp l eme n t at i on P l a n ,  a s ummary of c omme n t s  
o n  t h e  F e b r u a ry 1 1 ,  1 988 , t r a n s m i tta l of a d r af t  Imp l eme n t a t i on 
P l an and a S t u d y  P l an , a S t udy P l a n s ummary , a n d  a s u mmary of 
a s s ump t i on s  to be  u s e d  i n  SAM i n  mod e l i n g t h e  No  A c t i on  
A l t e r n at i v e w e r e  prov i d e d  to t h e  Rev i ew P a n e l . 

A l e t t e r  was  s e n t  to Rev i ew P an e l  memb e r s  d e s c r i b i n g t h e  s t a tu s  
o f  t h e  an a l y s i s ,  i nform i n g  t h e m  o f  what  t h e  p ar t i a l  D r a f t  E I S  
t h ey were  to r e v i ew wou l d  con s i s t of a n d  wh e n  t h ey cou l d e x p e c t , 
a n d  p rov i d i n g a l i s t of c a t e gor i e s  of d a ta wh i c h wou l d  be  
c o l l e c t ed  from  SAM . 

A l e t t e r  wa s s e n t  to Rev i e w P an e l  memb e r s  wh i c h p rov i d e d  an  
u pd ate of  t h e  E I S  s c h e d u l e a n d  p rov i d e d  a doc ume n t  s t at i n g  
a s s ump t i on s  wh i c h were  u s e d  i n  t h e  SAM a n a l ys e s . 

A p a r t i a l Draft  E I S ,  con s i s t i n g  of Chap t e r s  1 t h rough  3 ,  
A p p e n d i x  B ,  a n d  A p p e n d i x  C ,  was  s e n t  to t h e  Rev i ew Pa n e l  for 
r e v i ew a n d  c omme n t . Comm e n t s  we r e  d u e  F e b r u ary 3 ,  1 98 9 . 

Cop i e s  of a l l f i v e  comme n t  l e t t e r s  f rom r e v i e w p a n e l  memb e r s  on  
the  Part i a l D r af t  Power Sa l e s Con t r a c t  E I S  we re  s e n t  to e a c h  
r e v i ew pa n e l  memb e r . 

A d r af t  report  on D i r e c t  S e rv i c e I nd u s t ry- re l at e d  a n a l y s i s  
p r ep a r e d  by B PA s taff for t h e  Power  S a l e s  Con t r a c t  E I S  w a s  
p rov i d e d  to t h e  Rev i ew Pan e l  f o r  r e v i ew a n d  comme n t  w i t h  
comme n t s  d u e  May 1 9 , 1 98 9 . 

B PA Re s po n d e d  to s e v e r a l  re q u e s t s  f rom i nd i v i d u a l  Re v i ew P a n e l 
memb e r s  for d a t a  from t h e  SAM a n a l y s e s  from Rev i ew P a n e l mem b e r s  
so  t h ey cou l d c h e c k  our  a n a l y s e s , pe rform o t h e r  typ e s  of 
a n a l ys i s ,  a n d  g e n e r a l l y  c r i t i q u e  B PA ' s SAM a n a l y s e s . 

U p d a t e s  were  s e n t  to t h e  Rev i ew Pane l a n d  ot h e r  i n t e r e s t e d  
par t i e s  prov i d i n g new  i nformat i on o n  t h e  E I S  s c h e d u l e .  

Cop i e s  of s i gn i f i c a n t  por t i on s  of a pr e l i m i n ary Draft  Pow e r  
Sa l e s Con t r a c t  E I S  w e r e  p r ov i d e d  t o  t h e  Re v i ew Pan e l  f o r  r e v i ew 
a n d  comme n t . Comme n t s  we re  d u e  S e p temb e r  2 9 ,  1 989 . 

Te c h n i c a l  A p p e n d i x  mate r i a l  r e l ated  to t h e  a n a l ys i s of i mp a c t s  
o n  f i s h  wa s p r ov i d e d  t o  t h e  Rev i ew Pan e l  for r e v i ew a n d  c omme n t .  
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9 / 2 5 / 8 9  

1 1 / 1 / 8 9  

1 2 / 2 1 / 8 9  

1 / 2 3 / 90 

3 / 5 / 90 

1 0 / 1 / 90 

1 1 / 8 / 90 

1 1 / 1 5 / 90 

1 2 / 1 0 / 90 

1 2 / 20 / 90 

A me e t i n g w i t h  t h e  Rev i ew Pa n e l  wa s h e l d  to d i s c u s s  t h e  
P re l i m i n ary D r a f t  E I S . 

A l e t t e r  a n d  cop i e s  of t h e  s i x comme n t  l e t t e r  r e c e i v e d  on t h e  
p re l i m i n ary D raft E I S  were  s e n t  t o  t h e  Rev i ew P a n e l  memb e r s .  

A l e t t e r  w a s  s e n t  to Rev i ew P a n e l memb e r s  i nform i n g  t h e m  t h a t  
t h e  Draft  E I S  wa s s e n t  t o  DOE f o r  forma l a p p rov a l . 

A l e t t e r  wa s s e n t  to t h e  Rev i ew P a n e l  memb e r s  u p d at i n g t h e m  on 
s tatu s of DOE re v i ew of Draft E I S . 

L e t te r w a s  s e n t  to Rev i ew Pa n e l  memb e r s  d e s c r i b i n g t h e  s ta t u s  of 
t h e  Draft  E I S . T h e  docume n t  h a d  to u nd e rgo  a mor e  t horoug h  
r e v i ew  p roc e s s  t hat  i n c l u d e d  t h e  Off i c e  o f  t h e  S e c r e t ary wh i c h 
c a u s e d  a d e l ay i n  t h e  s c h e d u l e .  T h e  l e t t e r  a l so  i nformed  t h e  
Rev i ew P a n e l t h a t  S PA i s  r eq u i r e d  t o  off e r  a p u b l i c  m e e t i n g o n  
t h e  Draft  E I S  a n d  memb e r s  wou l d  b e  con t a c t e d  w i t h  po s s i b l e  
me e t i n g  d a t e s . 

T h e  d raft E I S  wa s d i s t r i b u t e d  for p u b l i c  r e ve i w  a n d  comme n t  
t h rough  1 2 / 1 0 / 9 0 .  

T h e  Rev i ew P a n e l  m e t  t o  d i s c u s s  t h e  d raft E I S .  

A p u b l i c  me e t i n g  w a s  h e l d  to r e c e i v e comme n t s  o n  t h e  d r aft E I S .  

C l o s e  of comme n t s  on t h e  d r a f t  E I S . 

A l e t t e r  wa s s e n t  to t h e  Rev i ew P a n e l  d i s t r i bu t i n g  wr i t t e n  
comme n t  l e t t e r s  o n  t h e  Draft E I S  for t he i r  i nformat i on .  
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B i b l  i ography 

A r c haeo l og i c a l  and  H i s tor i c a l  S e r v i c e s .  1 98 6 . A Cu l t u r a l  Re sou r c e s  
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Appendix K 

Pac i fic Northwest Electric Power Planning and Conservat i on Act 
P . L .  96-501 

(Northwest Power Act) 





Publ ic  Law 96-50 1 
96th Congress 

An Act 

94 STAT 2 6 9 7  

To assist the electrical consumers of the Pacific Northwest th rough use of the Federal 

Columbia River Power System to achieve cost-effective energy conservation ,  to encour

age the development of renewable energy resources, to establ ish a representative re

gional powe r p lann ing process, to assu re the region of an efficient and adequate power 

supply, and for other purposes. 

Be it  enacted by th e Senate and House of Representatives of th e United States of 

America in Congress assem bled, 

S H O R T  T I T L E  A N D  TA B L E  OF C O N T E NTS 

Section 1 .  This Act , together with the following table of contents, may be cited as the 

" Pacific Northwest Electric Power Planning and Conservation Act" .  

Sec.  1 .  

Sec. 2.  

Sec.  3. 
Sec. 4.  
Sec.  5 .  

Sec. 6. 

Sec. 7 .  
Sec.  8 .  

Sec.  9 .  

Sec.  1 0. 

Sec. 1 1 .  

Sec. 1 2. 

TA B L E O F  CONT E N T S  

Short title and table of  contents. 

Pu rposes. 

Definit ions. 

Regional p lann ing and part icipation.  

Sale of power. 

Conservation and resource acquisition .  

Rates. 

Amendments to existing law. 

Administrative provisions. 

Savings provisions. 

Effective date. 

Severabil ity. 

P U R PO S E S  

Section 2 .  The purposes of this Act , together with t h e  provisions of other l aws 

applicab le  to the Federal Col u mbia  River Power System ,  are a l l  i ntended to be construed 

i n  a consistent manner. Such pu rposes are also i ntended to be construed i n  a manner 

consistent with appl icable environmental laws. Such purposes are :  

2.( 1 )  to encourage, through the u nique opportu nity provided by the Federal 

Columbia River Power Syste m -

2.(1 )(A) conservation and efficiency in the use of e lectric power. and 

2.(1 )(8) the development of renewable resources with i n  the Pacif ic Northwest: 

2.(2) to assu re the Pacific Northwest of an adequate, eff ic ient . economical . 
and rel iable power supply :  

2.(3) to provide for the part ici pation and consu ltat ion of the Pacific Northwest 

States, local governments, consumers ,  customers ,  users of the Columbia River System 

( including Federal and State f ish and wi ld l ife agencies and appropriate I ndian tribes ) ,  and 

the publ ic  at large withi n  the region i n -

2.(3)(A) the development of regional plans and programs related to energy con-

servation .  renewable resou rces , other resources, and protect ing,  mitigating ,  and enhanc

ing fish and wildl i fe resources. 
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2.(3)(8) 

2.(3)(C) 

2.(4) 

faci l itat ing the orderly p lann ing of the region's power system, and 

provid ing environmental qual ity; 

to provide that tile customers of the Bon nevi l le  Power Admin istration 

and their consumers conti nue  to pay all costs necessary to produce ,  transmit ,  and con

serve resources to meet the reg ion 's  electric power requi rements, inc lud ing the amortiza

tion on a current basis of the Federal i nvestment in the Federal Columbia River Power 

System ; 

2.(5) to insure, subject to the provisions of th is Act-

2.(5)(A) that the authorit ies and responsi b i l it ies of State and local governments, 

electric uti l i ty systems, water management agencies, and other non-Federal entit ies for 

the regu lat ion, p lann ing ,  conservation,  supply ,  d istribution,  and use of electric power shal l  

be construed to be mainta ined,  and 

2.(5)(8) that Cong ress i ntends that this Act not be construed to l im it or restrict 

the abi l ity of customers to take actions in accordance with other appl icable provisions of 

Federal or State law, i nc lud ing ,  but not l im ited to, actions to plan , develop, and operate 

resources and to achieve conservation ,  without regard to th is Act; and 

2.(6) to protect, mit igate and enhance the fish and wi ld l ife, inc lud ing related 

spawning grou nds and habitat, of the Col u m bia  River and its t ributaries, particu larly ana

dromous fish which are of s ign ificant i mportance to the social and economic  wel l-being of 

the Pacific Northwest and the N ation and which are dependent on suitable environmental 

conditions substantia l ly obta inable from the management and operation of the Federal 

Columbia  River Power System and other power generati ng faci l it ies on the Columbia 

River and its tr ibutaries . 

Section 3. 

3.(1 ) 

D E F I N I T I O N S  

A s  used i n  t h i s  Act, t h e  term -

"Acqui re" and "acquisit ion" shal l  not be construed as authoriz ing the 

Administrator to construct, or  have ownersh ip  of, under th is Act or any other  l aw,  any 
electric generating faci l ity . 

3.(2) "Admin istrator" means the Administrator of the Bonnevi l le  Power Ad-

mi nistration .  

3.(3) " Conservation" means any reduction in e lectric power consumption as 

a result  of increases in the efficiency of e nergy use,  production ,  or d istribution .  

3.(4)(A) "Cost-effective",  when appl ied to any measu re or resource referred to 

in this Act, means that such measu re or resource must be forecast-

3.(4)(A)(i) to be rel iab le and avai lab le with in the t ime it is  needed , and 

3.(4)(A)( i i )  to meet or reduce the e lectric power demand,  as determined by the 

Cou nci l or the Administrator,  as appropnate, of the consumers of the customers at an 

estimated i ncremental  system cost no greater than that of the least-cost s imi larly rel iable 

and avai lable altern ative measure or resou rce, or  any combi nat ion thereof. 

3.(4)(8) For pu rposes of this parag raph ,  the term ' system cos! '  means an esti-

mate of all d i rect costs of a measure or resource over its effective l i fe ,  I nc lud ing ,  if appl ica

ble, the cost of d istri but ion and transmission  to the consumer and ,  among other  factors, 
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waste d isposal costs , end-of-cycle costs, and fuel costs ( i n clud ing projected Increases) , 

and such qu antif iable environ mental costs and benefits as the Administrator determines ,  

on the basis of a methodology developed by the Counci l  as part of  the p lan ,  o r  i n  the 

absence of  the  p lan by the Administrator ,  are d i rectly att ri butable to  such measu re or 

resource.  

3.(4)(C) I n  determin ing the amount of power that a conservation measu re or 

other resou rce may be expected to save or to produce, the Counci l or the Ad min istrator. 

as the case may be,  shal l  take i nto account projected real ization factors and plant factors, 

i nc lud ing appropriate h istorical experience with s imi lar measu res or resources. 

3.(4)( 0) For purposes of this parag raph ,  the "esti mated incremental system 

cost" of any conservation measure or resou rce shal l  not be treated as greater than that of 

any nonconservation measure or resou rce un less the i ncre mental system cost of such 

conservat ion measu re or resou rce is in excess of 1 1 0 per centum of the incremental 

system cost of the nonconservation measure or resource. 

3.(5) "Consumer" means any end user of electric power. 

3.(6) "Counci l"  means, un less otherwise specif ical ly provided,  the members 

appointed to the Pacific Northwest Electric Power and Conservation Plann ing Counci l  

establ ished pursuant to section 4 .  
3.(7) "Customer" means anyone who contracts for the pu rchase of power 

from the Ad min istrator pursuant to this Act. 

3.(8) "Direct service i nd ustrial customer" means an i ndustrial customer that 

contracts for the purchase of power from the Administrator for d i rect consu mption .  

3 .(9) "Electric power" means electric peaking capacity, or  electric energy, or 

both .  

3.(1 0) " Federal base system resou rces" mean s -

3.(1 0)(A) the Federal Colu m bia River Power System hydroelectric projects ;  

3.(1 0)(8) resources acqu i red by the Admin istrator u n der long-term contracts i n  

force on  the  effective date o f  th i s  Act ; and 

3.(1 0)(C) resources acqu i red by the Admi nistrator i n  an amount necessary to 

replace reductions i n  capabi l i ty of the resou rces referred to in subparagraphs (A) and (8) 
of this paragraph .  

3.(1 1 )  " Indian tr ibe" means any I ndian tribe o r  ban d  which i s  located i n  whole 

or i n  part in the reg ion and which has 'a governing body which is recognized by the 

Secretary of the I nterior. 

3.(1 2) " Major resou rce" means any resource that-

3.(1 2)(A) has a p lanned capability greater than fifty average megawatts, and 

3.(1 2)(8) i f acqu i red by the Admin istrator, is  acqu i red for a period of more, than 

f ive years. 

3 . ( 1 2) Such term does not i nclude any resource acqu i red pursuant to section 

1 1  ( b) (6)  of the Federal Columbia R iver Transmission System Act. 

3.(1 3) "New large s ing le load" means any load associated with a new faci l i ty ,  
an exist ing  faci l i ty ,  or an expansion of an existing  faci l i ty-

3.(1 3)(A) which is not contracted for, or committed to, as determined by the Ad-

min istrator,  by a publ ic  body, cooperative, i nvestor-owned ut i l i ty, or Federal agency cus

tomer  prior  to September 1 ,  1 979,  and 
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3.(1 3)( 8) which wi l l  resu lt in an increase in power requi rements of such customer 

of ten average megawatts or more in any consecutive twelve-month period.  

3.(1 4) " Pacific Northwest" ,  " region",  or " regional" means-

3.(1 4)(A) the area consist ing  of the States of Oregon,  Wash ington ,  and Idaho,  the 
portion of the State of Montana west of the Conti nental Div ide,  and such portions of the 

States of Nevada, Utah, and Wyoming as are with in  the Col umbia River d ra inage basin ;  

and 

3.( 14)(8) any contiguous areas , not in excess of seventy-five air  mi les from the 

area referred to i n  subparagraph (A) , which are a part of the service area of a rura l  e lectric 

cooperative customer served by the Administrator on the effective date of this Act which 

has a d istribut ion system from which i t  serves both within and without such region.  

3.(1 5) "Plan" means the Regional  E lectric Power and Conservation plan ( in-

c lud ing any amendments thereto) adopted pursuant to th is Act  and such p lan shal l  apply 

to actions of the Admin istrator as specif ied i n  th is Act. 

3.(1 6) " Renewable  resource" means a resou rce which ut i l izes solar, wind,  

hydro,  geothermal , biomass , or s im i lar sources of energy and which either is  used for 

electric power generation or wi l l  reduce the e lectric power requ i rements of a consumer, 

inc lud ing by d i rect appl ication .  

3.(1 7) " Reserves" means the e lectric power needed to avert particu lar p lan-

n ing or operating shortages for the benefit of firm power customers of the Administrator 

and avai lab le to the Administrator (A) from resou rces or (8)  from rights to i nterrupt ,  curtai l ,  

o r  otherwise withdraw, as prov ided by specific contract provis ions, portions of the e lectric 

power suppl ied to customers. 

3.(1 8) " R esidential  use" or " residential l oad' means all usual  residential ,  

apartment ,  seasonal dwel l ing and farm electrical loads or uses, but only the fi rst fou r 

hundred horsepower duri ng any monthly b i l l i ng period of farm i rrig at ion and pumping for 

any farm . 

3.(1 9) " Resou rce" means-

3.(1 9)(A) electric power, i nc lud ing the actual or p lanned electric power capabi l ity 

of generati ng  faci l i t ies, or 

3.(1 9)( 8) actual or p lanned load reduction resu l t ing from di rect appl ication of a 

renewable  energy resource by a consu mer,  or from a conservation measure. 

3.(20) 'Secretary" means the Secretary of Energy ,  

Section 4. 

4.(a)(1 ) 

R E G I O N A L  P LA N N I N G  A N D  P A R T I C I P AT I O N  

T h e  pu rposes of t h i S  section are t o  provide for t h e  prompt establ ish-

m e nt a n d  effective operation of the Pacific Northwest E l ectriC Power a n d  Conserv ation 

P l a n n i n g  C o u n Ci l ,  to further  t h e pu rposes of th iS  Act by t h e  C o u n C i l  promptly prepari n g  a n d  

adop t i ng ( A )  a region a l  conservation a n d  electr iC power p l a n  a n d  ( B )  a program to protect , 

m i t i g ate , a n d  en hance fish a n d  wi l d l i f e ,  a n d  to otherwise e x p e d it iously a n d  effectively 

carry out t h e  CounCi l s respo nSib i l i t i es and f u n ct ions u n d e r  this Act .  

4. (a)(2) To achieve such purposes and faci l i tate cooperat ion a m o n g  the States 

of I d a h o ,  Monta n a ,  Oregon , and Washi n g to n ,  a n d  With the B o n n e v i l l e  Power A d m i n i st ra

tio n ,  the consent of C o n g ress I S  g iven for a n  agreem e n t  d escnbed I n  th iS paragra ph and 

not I n  confl ict  Wi th t h i S  Act ,  p u r s u a n t  to w h l c h --
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4.(a)(2)(A) there shall be estab l ished a regional agency known as the ' Pacif ic 

Northwest E lectric Power and Conservation P lann ing CouncI l" which ( i )  shal l  have i ts 

offices i n  the Pacif ic Northwest , ( i i )  sha l l  carry out its functions and responsib i l i t ies i n  

accordance with t h e  provis ions o f  t h i s  Act, ( i i i )  shal l  conti nue i n  force a n d  effect I n  accord

ance with the provisions of this Act, and ( iv) except as otherwise provided in th is  Act , shal l  

not be cons idered an agency or i nstru mentality of the United States for the pu rpose of any 

Federal law; and 

4.(a)(2)(8) two persons f rom each State may be appoi nted, subject to the appl ica-

ble l aws of each such State, to undertake the fu nctions and duties of members of the 
Counc i l .  

4 . (a) (2) The State may f i l l  any vacancy occurri ng  prior to the expi ration of the 

term of any member ,  The appointment of six i n itia l  members, subject to appl icable State 

law, by June 30, 1 98 1 .  by at least th ree of such States shal l  constitute an ag reement by 

the States establ ish i ng the Cou nci l  and such agreement is  hereby consented to by the 

Congress. U pon request of the Governors of two of the States, the Secretary shal l  extend 

the June 30, 1 98 1 ,  date for  s ix addit ional  months to provide more t ime for  the States to 

make such appointments. 

4.(a)(3) Except as otherwise provided by State law, each member appointed to 

the Counci l  shal l  serve for a term of three years, except that ,  with respect to members 

in it ial ly appointed, each Governor shal l  designate one member to serve a term of two 

years and one member to serve a term of th ree years .  The members of the Cou nc i l  shal l  

select from among themselves a chairman.  The members and off ice rs and employees of 

the Cou nci l  sha l l  not be deemed to be officers or e mployees of the Uni ted States for any 

pu rpose. The Counci l  sha l l  appoint ,  f ix compensation ,  and assign and delegate duties to 

such executive and additional personne l  as the Council deems necessary to fu lf i l l  its 

functions under  this Act , taking i nto account such in formation and analyses as are, or are 

l ikely to be, avai lable from other sou rces pursuant to provisions of th is Act. The compen

sation of the members shal l  be fixed by State law. The compensation of the members and 

officers shal l  not exceed the rate prescribed for Federal  officers and posit ions at step 1 of 

l evel GS- 1 8  of the General Schedu le .  

4.(a)(4) For the pu rpose of provid ing a u niform system of l aws, in addition to th is 

Act, appl icable to the Counci l  relati ng to the making of contracts, confl icts-of- i nterest . 

f inancial disclosure, open meetings of the Cou nci l ,  advisory committees, d isclosu re of 

information ,  jud icial revi ew of Cou nci l  fu nctions and actions u nder th is  Act, and related 

matters, the Federal laws appl icable to such matters i n  the case of the Bonnevi l l e  Power 

Admin istrat ion shall apply to the Counci l  to the extent appropriate,  except that with re

spect to open m eeti ngs, the Federal l aws appl icable to open meeti ngs in the case .of the 

Federal Energy Regulatory Com mission shall apply to the Council to the extent appropri

ate. In applyi ng  the Federal l aws appl icable to f inancial disclosure under  the preced ing  

sentence, such  laws sha l l  be appl ied to  members o f  the  Cou nci l  without regard to  the 

duration of their service on the Cou nci l or  the amount  of compensation received for such 

service. No contract. obl igation,  or other act ion of the Cou nc i l  sha l l  be construed as an 
obl igation of the Uni ted States or a n  obl igation secured by the fu l l  faith and credit of the 

U nited States. For the pu rpose of jud icial  review of any action of the Cou nc i l or  cha l leng ing 

any provision of  th is  Act relati ng to funct ions and responsib i l it ies of  the Cou nci l ,  notwith-
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standing any other provision of law, the cou rts of the United States shall have exclusive 

ju risdiction of any such review. 

4.(b)(1 ) If the Cou ncil is not established and its members are not ti mely ap-

pointed in accordance with subsection (a) of this section ,  or if, at any time after such 

Council is established and its members are appointed in accordance with subsection 

(a) -

4.(b)(1 )(A) any provision of this Act relating to the establishment of the Council or to 

any substantial function or responsibi lity of the Council ( including any fu nction or respon

sibility under subsection (d) or (h)  of this section or under section 6(c) of this Act) is held to 

be unlawfu l  by a final determination of any Federal cou rt, or 

4.(b)(1 )(8) the plan or any program adopted by such Council under this section is 

held by a final determination of such a court to be i neffective by reason of sUbsection 

(a) (2) (B) ,  

4.(b)(1 ) the Secretary shall establish the Council pursuant to this subsection as 

a Federal agency. The Secretary shal l  promptly publish a notice thereof in the Federal 

Register and notify the Governors of each of the States referred to in subsection (a) of this 

section.  

4.(b)(2) As soon as practicable, but not more than thirty days after the publica-

tion of the notice referred to in paragraph ( 1 )  of this subsection, and thereafter within 

forty-five days after a vacancy occurs, the Governors of the States of Washington ,  Ore

gon, Idaho, and Montana may each (under applicable State laws, if any) provide to the 

Secretary a list of nominations from such State for each of the State's positions to be 

selected for such Council .  The Secretary may extend this time an additional th irty days. 

The list shal l  include at least two persons for each such position.  The l ist shall include such 

information about such nominees as the Secretary may request. The Secretary shall 

appoint the Cou ncil members from each Governor's list of nominations for each State's 

positions, except that the Se"tretary may decline to appoint for any reason any of a Gover

nor's nominees for a position and shal l  so notify the Governor. The Governor may thereaf

ter make successive nominations within  forty-five days of receipt of such notice unt i l  

nominees acceptable to the Secretary are appointed for each position. I n  the event the 

Governor of any such State fails to make the requi red nominations for any State position 

on such Council within the time specified for such nominations, the Secretary shall select 

from such State and appoint the Counci l  member or members for such position. The 

members of the Council shall select from among themselves one member of the Council 

as Chairman.  

4.(b)(3) The members of the Council established by this subsection who are not 

employed by the United States or a State shall receive compensation at a rate equal to the 

rate prescribed for offices and positions at level GS-1 8 ot
'
the General Schedule for each 

day such members are engaged in the actual performance of duties as members of such 

Council, except that no such member may be paid more in any calendar year than an 

officer or employee at step 1 of leve� GS-1 8 is paid during such year. Members of such 

Council shall be considered officers or employees of the Un ited States for purposes of title 

II of the Ethics in Government Act of 1 978 (5 U.S.C.  app.) and shal l  also be allowed travel 

expenses, including per diem in l ieu of subsistence, in the same manner as persons 

employed intermittently in Government service are allowed expenses under section 5703 

of title 5 of the United States Code. Such Council may appoint, and assign duties to, an 

executive director who shal l  serve at the pleasure of such Council and who shalf be 

compensated at the rate established for GS-1 8 of the General Schedule. The executive 

director shall exercise the powers and duties delegated to such director by such Council, 
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inc lud ing the  power to appoint and fix compensat ion of addi t ional personne l  In accord

ance with appl icab le Federa l  law to carry out the functions and responsibi l it ies of such 

Cou nCil 

4.(b)(4) When a Cou nci l  IS  estab l ished u nder th is  su bsect ion after a Cou nc i l  

was establ ished pursuant to su bsection  (a )  of  th is sect ion .  the Secreta ry shal l  provide.  to 

the greatest extent feaSib le .  for the transfer to the Counci l  established by th iS  su bsection 
of al l  funds.  books . papers . docu ments .  equ ipment ,  and other matters i n  order to faci l i tate 

the Cou ncils capabil ity to achieve the requi rements of subsections (d) and ( h )  of th iS  

section .  I n  order to ca rry out I tS  funct ions and responsib i l i ti es under th is  Act expeditious ly ,  

the Cou nci l  sha l l  take I nto conSideration any act ions of  the Cou nci l under  subsection (a)  

and may review, modify, or confirm such actions without  further proceed ings .  

4.(b)(5)(A) At any t ime begi n n i ng one year after the p lan referred to i n  such su bsec-

tion (d) and the program referred to in such subsection (h )  of this section are both f ina l ly 

adopted i n  accordance with th iS Act . the Counci l  establ ished pursuant to th is  su bsection 

shall be terminated by the Secretary 90 days after the Governors of three of the States 

referred to in th iS subsection Jointly prOVide for any reason to the Secretary a written 

request for such termi nation .  Except as provided in subparagraph (8 ) ,  upon such termina

tion a l l  functions and responsib i l i t ies of the Counci l  under this Act shal l  also terminate. 

4.(b)(5)(B) Upon such termination of the Cou nc i l ,  the functions and responsib i l it ies 

of the Counci l  set forth i n  subsect ion (h )  of this section shal l  be transferred to, and conti n

ue to be funded and carried out ,  joint ly ,  by the Admin ist rator, the Secretary of the I nterior ,  

and the Administrator of the National Marine  Fisheries Service, i n  the same manner and to 

the same extent as requi red by such SUbsection and in cooperation with the Federal and 

the region's State f ish and wi ld l ife agencies and Ind ian tr ibes referred to i n  SUbsection (h )  

of  th is  section and the Secretary sha l l  p rovide for  the transfer to them of  a l l  records,  books, 

documents, funds,  and personnel of such Counci l  that relate to subsection (h) matters. In 

order to carry out such functions and responsibi l i t ies expedit iously, the Administrator, the 

Secretary of the I nterior ,  and the Admin istrator of the National Marine  Fisheries Service 

shall take into consideration any actions of the Cou nci l  under this subsection , and may 

revi ew, modify, or confirm such act ions without further  proceedings. I n  the event the 

Counci l  is terminated pursuant to th is parag raph ,  whenever any action of the Admin istra

tor requ i res any approval or other act ion by the Cou nci l ,  the Administrator may take such 

action without such approval or action , except that the Administrator may not imp lement 

any proposal to acqu i re a major generati ng resource or to grant bi l l ing credits i nvolving a 

major generating  resource u nt i l  the expenditure of funds for that purpose is specif ical ly 

authorized by Act of Cong ress enacted after  such termination .  

4.(c)(1 )  The provisions of th is subsect ion sha l l ,  except as specif ical ly provided 

in this su bsect ion,  apply to t he  CounCi l  establ ished pursuant to either subsection (a) or  (b)  

of this section .  

4.(c)(2) A majority of the members of the Cou nCi l  shal l  constitute a quoru m .  

Except a s  otherWise prOVided specifical ly i n  th is Act, all actions and decisions of the 

Counci l  shal l  be by majority vote of the members present and voting .  The p lan or any part 

thereof and any amendment thereto sha l l  not be approved un less such p lan or amend

ment receives the votes of -
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4.(c)(2)(A) a majority of the  members appointed to the  Counci l ,  i nc luding the vote 

of at least one m ember from each State with members on the Counci l ;  or 

4.(c)(2)(8) at l east six members of the Cou nci l .  

4.(c)(3) The Counci l  shal l  meet at the call of the Chai rman or upon the request 

of any t h ree members of the Cou nci l .  I f  any member of the Counci l  d isagrees with respect 

to any matte r  t ransmitted to any Federal or  State off icial or  any other  person or wishes to 

express addit ional views concern i n g  such matter, such member may submit a statement 

to accompany such matter sett ing forth the reasons for such d isagreement or views, 

4.(c)(4) The Counci l  sha l l  determine its organization and prescribe its practices 

and procedu res for carryi ng out its functions and responsib i l it ies u nder  th is  Act. The 

Counci l sha l l  make avai lable to the pub l ic a statement of i ts  organization ,  practices, and 

proced ures,  and make avai lab le to the pu bl ic i ts  annual  work program budget at  the t ime 

the President su bmits his annual budget to Congress, 

4.(c)(5) U pon request of the Council establ ished pursu ant to subsection (b)  of 

this sect ion,  the head of any Federal  agency is authorized to detai l or  assign to the Coun

ci l ,  on a rei m b u rsable basis, any of the personnel of such agency to assist the Cou ncil i n  

the performance of  i ts  fu nctions under  th is Act. 

4.(c)(6) At the Counci l 's  requ est, the Admin istrator of the General Services Ad-

min istrat ion shal l  furnish the Counci l  established pursuant to su bsection (b) of this section 

with such offices, equipment ,  suppl ies,  and services in the same manner and to the same 

extent as such Administrator is  authorized to furnish to any other  Federal agency or 

instrumental ity such offices , suppl ies ,  equipment ,  and services, 

4.(c)(7) Upon the request of the Congress or any committee thereof, the Coun-

ci l  shal l  promptly provide  to the Congress, or to such com mittee ,  any record, report , 

document ,  materia l , and other information which is in the possession of the Cou nci l .  

4.(c)(8) To obtai n such information and advice as the Counci l  determines to be 

necessary or appropriate-to carry out its functions and responsibi l it ies pursuant to this Act, 

the Counc i l  sha l l ,  to the g reatest extent practicable ,  sol icit eng ineer ing,  economic, social , 

environmental ,  and other tech nical studies from customers of the Administrator and from 

other bodies or organizations in  the region with part icu lar  expert ise, 

4.(c)(9) The Admin istrator and other Federal  agencies ,  to the extent authorized 

by other provisions of law, shal l  fu rn ish the Counci l  al l  i nformation requested by the Coun

ci l  as necessary for performance of its fu nctions, subject to such requirements of l aw 

concerning trade secrets and proprietary d ata as may be appl icable,  

4.(c)(1 0)(A) At the request of the Counci l ,  the  Administrator shal l  pay from funds 

available to the Admin istrator the compensation and other expenses of the Cou nci l  as are 

authorized by th is Act, i nc luding the rei mbursement of those States with members on the 

Council for serv ices and personnel  to assist in prepari ng a p lan pursu ant to su bsection (d) 

and a prog ram pursuant to subsection (h )  of this sect ion,  as the Counci l  determines are 

necessary or appropriate for the performance of its funct ions and responsibi l i t ies, Such 

payments shal l  be inc luded by the Admi nistrator i n  h is annual  budgets submitted to c;on

g ress pu rsuant to the Federal Col u m bia River Transmission System Act and shal l  be 

subject to the requ i rements of that Act, inc lud ing the audit requ i rements of section 1 1  (d)  of 

such Act . The records, reports,  and other docu ments of the Counci l  shal l  be avai lable to 
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the Comptro l ler  General for review in con nection with such aud it or other review and 

exami nat ion by the Comptrol ler General pursuant to other provisions of law appl icable to 

the Comptro l ler  General .  Funds provided by the Ad min istrator for such payments shal l  not 

exceed annual ly an amount equal to 0 .02 mi l l  mult ip l ied by the k i lowatt hours of f irm power 

forecast to be sold by the Ad ministrator du ri ng  the year to be funded.  In order to assist the 

Cou nci l 's i n i t ia l  organization ,  the Ad mi n istrator after the enactment of th is Act shal l  

promptly prepare and propose an amended ann ual budget to expedite payment for Cou n

c i l  act ivit ies. 

4.(c)(1 0)(8) Notwithstand ing  the l i mitation contained i n  the fou rth sentence of sub-

paragraph (A) of th is paragraph ,  upon an annual showing by the Counci l  that such l i mita

tion wi l l  not permit the Council to carry out its funct ions and responsibi l it ies under this Act 

the Ad min istrator may raise such l im i t  up to any amount not in excess of 0 . 1 0  mi l l  mu lt i 

pl ied by the ki lowatt hours of f i rm power forecast to be sold by the Admin istrator duri ng  the 

year to be funded.  

4.(c)( 1 1 )  The Counci l  sha l l  establ ish a volu ntary scientific and stat istical advisory 

committee to assist i n  the development,  collect ion,  and evaluation of such statistical ,  

biological ,  economic,  social , env ironmental ,  and other scientif ic i nformation a s  is  relevant 

to the Counci l 's development and amendment of a regional conservation and electric 

power p lan.  

4.(c)(1 2) The Counci l may establ ish such other voluntary advisory committees 

as it determines are necessary or appropriate to assist i t  in carry ing out its functions and 

responsib i l it ies under this Act. 

4.(c)(1 3) The Counci l shal l  ensure that the membership for any advisory commit-

tee establ ished or formed pursuant to this section shal l ,  to the extent feasib le ,  i nc lude 

representatives of, and seek the advice of, the Federa l ,  and the various regiona l ,  State, 

loca l ,  and I nd ian Tribal Governments, consumer grour?s ,  and customers. 

4.(d)(1 )  With in  two years after the Counci l  is establ ished and the members are 

appointed pursuant to subsect ion (a) or ( b) of th is sect ion,  the Cou nci l shal l  prepare, 

adopt, and promptly transmit to the Admin istrator a regional conservation and electric 

power plan. The adopted p lan , or any port ion thereof, may be amended from t ime to t ime.  

and shal l  be reviewed by the Counci l  not  l ess frequently than once every f ive years. Prior 

to such adoption ,  pu bl ic hearings shal l  be held i n  each Counci l member's State on the 

plan or substantia l ,  nontechnical amendments to the plan proposed by the Counci l for 

adopt ion.  A publ ic hearing shal l  also be held i n  any other State of the region on the plan or 

amendments thereto, if the Counci l  d etermines that the plan or amendments would l i kely 

have a substantial i mpact on that State in terms of major resources which may be devel

oped in that State and which the Admin ist rator may seek to acq uire .  Action of the Cqunci l  

under this subsect ion concern ing  such hearings shal l  be subject to section 553 of t i t le 5, 

United States Code and such procedure as the Counci l  shal l  adopt. 

4.(d)(2) Following adoption of the plan and any amendment thereto, al l actions 

of the Admin istrator pursuant to section 6 of th is Act shal l  be consistent with the plan and 

any amendment thereto, except as otherwise specifically provided i n  th is  Act . 

4.(e)(1 )  The plan sha l l ,  as provided i n  th is paragraph ,  give priority to resources 

which the Counci l  determines to be cost-effective. Pr iority shall be given :  f i rst, to conser

vat ion;  second , to renewable resources ;  th i rd ,  to generati ng resou rces ut i l iz ing waste 

heat or generati ng resources of h igh fuel conversion efficiency; and fou rth ,  to all other 

resources. 
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4.(e)(2) The p lan  sha l l  set forth a general scheme for imp lement ing conserva-

tion measures and developing resou rces pursuant to sect ion 6 of this Act to reduce or 

meet the Admin istrator's obl igations with due  consideration by the Counci l  for (A) environ

mental qual i ty, (8) compat ib i l ity with the exist ing regional power system,  (C) protect ion, 

mit igation ,  and enhancement of fish and wi ld l ife and related spawning grounds and habi

tat ,  including sufficient  quantit ies and qual i t ies of f lows for successfu l  m igration ,  survival ,  

and propagation of anadromous f ish, and (0) other  criter ia which may be set forth in  the 

plan. 

4.(e)(3) To accompl ish the priorit ies establ ished by this su bsection ,  the plan 

shall i nc lude the fol lowing elements which shal l  be set forth in such detai l as the Counci l  

determines to be appropriate :  

4.(e)(3)(A) an energy conservation prog ram to be i mplemented under  th is  Act, 

includ ing ,  but not l i mited to, model conservat ion standards ; 

4.(e)(3)(8) recom mendation for research and development;  

4.(e)(3)(C) a methodology for determin ing quant if iable environmental costs and 

benefits under sect ion 3(4 ) ;  
4.(e)(3)(O) a demand forecast of a t  l east twenty years (developed i n  consu ltation 

with the Admin istrator, the customers ,  the States , inc lud ing State agencies with ratemak

ing authority over e lect ric ut i l i t ies, and the publ ic ,  i n  such manner as the Counci l deems 

appropriate) and a forecast of power resou rces estimated by the Counci l  to be requ i red to 

meet the Admin istrator's obl igations and the port ion of such obl igations the Counci l d eter

mines can be met by resou rces in each of the priority categori es referred to in paragraph 

( 1 ) of this subsect ion which forecast ( i )  shal l  inc lude regional  rel iabi l i ty and reserve re

qu i rements, ( i i )  shal l  take into account the effect, if any, of the requ i rements of subsection 

(h) on the avai labi l ity of resources to the Admin istrator, and ( i i i )  shall i nc lude the approxi

mate amou rJts of power the Council recommends should be acqu i red by the Administrator 

on a long-term basis and 1llay inc lude,  to the extent practicable, an estimate of the types of 

resources from which such power should be acqu i red ;  

4.(e)(3)(E) an analysis of  reserve and rel iab i l ity requ i rements and cost-effective 

methods of prov id ing reserves designed to insure adequate e lectric power at the lowest 

probable cost; 

4.(e)(3)(F) the program adopted pursuant to subsection (h ) ; and 

4.(e)(3)(G) i f  the  Counci l  recom mends surcharges pursuant to su bsection (f) of this 

section,  a methodology for calculating such surcharges. 

4.(e)(4) The Counci l ,  taking i nto consideration the requ i rement that it devote its 

principal efforts to carry ing out its responsib i l it ies u nder subsections (d )  and (h )  of this 

section , shal l  u ndertake studies of conservation m easu res reasonably avai lable to d i rect 

service i ndustrial customers and other major consu m'ers of e lectric power with i n  the re

gion and make an analysis of the esti mated reduction in energy use which would result 

from the implementat ion of such measu res as rapidly as possi b le ,  consistent with sound 

business practices. The Counci l  sha l l  consul t  with such customers and consumers in the 

conduct of  such stu dies.  

4.(J)( 1 )  Model conservation standards to b e  i nc luded I n  the p lan shal l  inc lude,  

but not be  l im ited to, standards appl icable to (A) new and existi ng structures, (8 )  uti l i ty, 

customer,  and governmental conservation programs, and (C) other consumer act ions for 

achieving conservat ion .  Model conservation standards sha l l  reflect geographic and c l i 

matic differences with i n  the reg ion and other appropriate considerat ions,  and shal l  be 

1 0  
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designed to produce al l  power savings that are cost-effective for the region and economi

cally feasib le for  consu mers, tak ing i nto account f inancial assistance made avai lable to 

consumers under section 6(a) of this Act. These model conservation standards shal l  be 

adopted by the Counci l  and inc luded in the plan after consultation,  in such manner as the 

Cou nci l  deems appropriate, with the Admin istrator, States, and polit ical subdivis ions, 

customers of the Admin istrator,  and the publ ic .  

4.(f)(2) The Counci l  by a majority vote of the members of the Counci l  is author-

ized to recommend to the Administrator a surcharge and the Administrator may thereafter 

impose such a surcharge, in accordance with the methodology provided in the p lan ,  on 

customers for those port ions of their loads with in  the region that are with in  States or 

polit ical subdivis ions which have not, or  on the Administrator's customers which have not, 

implemented conservation measures that achieve energy savings which the Admin istra

tor determines are comparable to those which would be obtained under such standards. 

Such surcharges shall be establ ished to recover such addit ional costs as the Admin istra

tor determines wi l l  be i ncu rred because such projected energy savi ngs attr ibutable to 

such conservation measures have not been achieved, but in  no case may such sur

charges be less than 1 0  per centum or more than 50 per centum of the Administrator's 

applicable rates for such load or portion thereof. 

4.(g)(1 ) To insure widespread publ ic involvement in the formulation of regional  

power pol icies, the Counci l and Admin istrator shal l  maintain comprehensive programs 

to-

4.(g)(1 )(A) 

4.(g)(1 )(8) 

4.(g)(1 ) (C) 

i nform the Pacific Northwest publ ic of major regional power issues, 

obtain publ ic views concerning major regional power i ssues, and 

secure advice and consultation from the Admin istrator's customers and 

others. 

4.(g)(2) In carrying out the provisions of this section, the Counci l  and the Ad-

ministrator shal l-
. 

4.(g)(2)(A) consult  with the Administrator's customers ; 

4.(g)(2)(8) i nc lude the comments of such customers in  the record of the Counci l 's  

proceedings;  and 

4.(g)(2)(C) recognize and not abridge the authorit ies of State and local  govern-

ments, electric uti l i ty systems, and other non-Federal entit ies responsi ble to the people of 

the Pacific Northwest for the p lanning,  conservat ion,  supply, d istribut ion,  and use of elec

tric power and the operation of electric generating facil it ies. 

4.(g)(3) In the preparation ,  adoption, and i mplementation of the p lan,  the Coun-

ci l  and the Administrator shal l  encourage the cooperation, participaHon ,  and assistance of 

appropriate Federal agencies, State entit ies, State political subdivisions, anq I nd ian 

tribes. The Counci l  and the Ad ministrator are authorized to contract, i n  accordance with 

appl icable law, with such agencies, entities, tribes, and subdivisions ind ividual ly ,  i n  

groups, o r  through associations thereof to  (A )  i nvestigate possible measures to  be  i n 

cluded i n  the p lan ,  (8)  provide publ ic  i nvolvement and  information regarding a proposed 

plan or amendment thereto, and (C) provide services which wi l l  assist in the imp lementa

tion of the p lan.  I n  order to assist in the i mplementation of the p lan ,  part icularly conserva

tion ,  renewable  resource , and fish and wi ldl ife activities, the Administrator, when re

quested and subject to available funds,  may provide technical assistance in  establ ish ing 

conservation ,  renewable resource, and f ish and wi ldlife objectives by i ndiv idual States or 

subdiv is ions thereof or Ind ian tr ibes.  Such objectives, i f  adopted by a State or subdivis ion 
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thereof or I nd ian tribes,  may be submitted to the Cou nci l  and the Administrator for review, 

and upon approval by the Cou nci l ,  may be i ncorporated as part of the plan.  

4.(h)(1 )(A) The Counci l  shal l  p romptly deve lop and adopt ,  pursuant to th is subsec-

tion , a program to protect , m it igate, and enhance fish and wi ld l ife ,  inc lud ing related 

spawning g rounds and habitat, on the Columbia River and its t ri butaries.  Because of the 

un ique h istory, problems,  and opportun i ties presented by the development and operation 

of hyd roelectric faci l i t ies on the Columbia River and i ts tr ibutaries, the program,  to the 

greatest extent possib le ,  shal l  be designed to deal with that r iver and its tr ibutar ies as a 

system. 

4.(h)(1  )(8) This su bsection shal l  be applicab le  sole ly to f ish and wi ld l ife , includ ing 

related spawning grounds and habitat, located on the Columbia River and its tributaries. 

Noth ing in this sU bsection shal l  alter, modify, or affect in any way the laws appl icable to 

rivers or river systems, i nc lud ing  e lectric power faci l i t ies related thereto, other  than the 

Columbia River and its tr ibutaries, or affect the rights and obl igations of any agency, 

entity, or person under such l aws. 

4.(h)(2) The Counci l  shall request, in writ ing ,  promptly after the Counci l  is  estab-

l ished under  e i ther sect ion 4(a)  or 4(b)  of th is Act and prior  to the development or review of 

the plan,  or any major revis ion thereto, from the Federal and the region's State fish and 

wi ld l ife agencies' and from the region's appropriate I ndian tri bes ,  recommendations for-

4.(h)(2)(A) measures which can be expected to be i mplemented by the Ad ministra-

tor, using authorit ies under  th is  Act and other laws, and other Federal agencies to protect, 

mit igate, and enhance fish and wi ld l i fe,  inc lud ing related spawning grounds and habitat, 

affected by the d evelopm ent and operation of any hydroelectric project on the Columbia 

River and its tr ibutaries ; 

4.(h)(2)(8) establ ish ing  objectives for the development and operation of such proj-

ects on the Colu mbia River and its tributaries in a manner designed to protect, m it igate, 

and enhance f ish and wi ld l ile ;  and 

4.(h)(2)(C) f ish and wi ldl i fe management coordination and research and develop-

ment ( i nc lud ing fund ing)  wh ich ,  among other th ings,  wil l  assist protect ion , mit igat ion ,  and 

enhancement of anad romous fish at, and between,  the region's hydroelectric dams. 

4.(h)(3) Such agencies and tribes shal l  have 90 days to respond to such re-

quest, un less the Counci l  extends the t ime for making such recommendations . The Fed

eral and the region's water management agencies,2 and the reg ion's e lectric power pro

ducing agencies, customers , and pub l ic may submit  recommendations of the type 

referred to in parag raph (2 )  of this subsection . All recommendations shal l  be accompa

nied by detai l ed i nformat ion and data in support of the recommendat ions. 

4.(h)(4)(A) The Counci l  shal l  give notice of al l  recommendations and shal l  make 

the recommendations and su pport ing documents avai lable to the Administrator, to the 

Federal and the region's State f ish and wi ld l i fe agencies , 3  to the appropriate I ndian tr ibes, 

to Federal agencies respons ib le  for managing ,  operati ng ,  or reg u lat ing hydroelectric faci l

it ies located on the Colu mbia R iver or its tri butaries,  and to any customer or other e lectric 

uti l ity which owns or operates any such fac i l ity. Notice shall also be given to the publ ic .  

Copies of such recommendations and support ing documents shal l  be made avai lable for 

review at the offices of the Counci l  and shal l  be avai lab le for reproduction at reasonable 

cost. 

'Reads thus In the Public Law as enacted and printed " from the Federal.  and the region S State. I rsh and wildlife agenCies cf 
§§4( h )( 6 )(A) & (7)  

' R eads thus I n  the PubliC Law as enacted and printed 'from the Federal. and the region S .  water management agencies. cf 
§§4(h)(6)(A) & (7)  

'Reads thus I n  the Public Law as enacted and printed from the Federal. and the region S .  State f ish and w,ldllfe agenCies. 
cf §§4(h)(6) (A)  & (7) 
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4.(h)(4)( 8) The Counci l  sha l l  provide for publ ic participation and comment regard-

ing the recommendat ions and su pport i ng docu ments,  i nc luding an opportun ity for written 

and oral  com ments,  with i n  such reasonable t ime as the Cou nci l  deems appropriate 

4.(h)(5) The Counc i l  sha l l  develop a program on the basis of such recommen-

dations. su pport i ng documents .  and views and i n formation obtai ned t h rough pub l ic  com

ment and part icipation ,  and consu l tation with the agencies, t ri bes. and customers referred 

to in su bparagraph (A) of paragraph (4) .  The prog ram sha l l  consist of measures to protect. 

mitigate, and en hance f ish and wildl ife affected by the development, operat ion ,  and man

agement of such faci l it ies whi le assuring the Pacific Northwest an adequate , eff ic ient .  

economical ,  and rel iab le  power supply .  En hancement measu res shal l  be inc luded in the 

prog ram to the extent such measures are designed to achieve improved protect ion and 

mit igation .  

4.(h)(6) The Counci l  sha l l  i nc lude in the program measu res which it determines, 

on the basis set forth i n  parag raph (5) ,  wi l l-

4.(h)(6)(A) com plement the existi ng and futu re activities of  the Federa l  and the 

region's State f ish and wi ld l i fe agencies and appropriate I ndian tr ibes; 

4.(h)(6)(8) be based o n ,  and supported by, the best avai lable scientif ic knowledge:  

4.(h)(6)(C) ut i l ize ,  where equal ly effective alternative means of ach ieving the same 

sound biological objective exist, the alternative with the min imum economic cost; 

4.(h)(6)( D) be consistent with the legal rig hts of appropriate I nd ian tribes in the 

region;  and 

4.(h)(6)(E) in the case of anadromous fish -

4.(h)(6)(E)(i) p rovid e  for improved survival of such fish at hydroelectric faci l i t ies lo

cated on the Columbia River system;  and 

4.(h)(6)( E)(i i) prov ide f lows of suff icient qual ity and quantity between such faci l i t ies to 

improve production ,  m ig ration ,  and su rvival of such 
_
f ish as necessary to meet sound 

biological objectives. 

4.(h)(7) The Counc i l  shal l  determine whether each recom mendation received I S  
consistent with the pu rposes of  th is  Act . I n  the event such recommendations are i nconsis

tent with each other, the Counci l ,  in consu ltation with appropriate entit ies, shall resolve 

such i nconsistency in the prog ram giv ing due weight to the recommendat ions, expert ise,  

and l egal rights and responsib i l it ies of the Federal and the reg ion's State f ish and wi ld l ife 

agencies and appropriate  I nd ian tribes. I f  the Counci l  does not adopt any recommenda

tion of the f ish and wi ld l ife agencies and I nd ian tribes as part of the program or any other 

recommendat ion,  it sha l l  explain i n  writing ,  as part of  the prog ram . the basis for its f ind ing 

that the adoption of  such recommendation wou ld be-

.
4.(h)(7)(A) i n consistent with paragraph (5)  of th is subsection ;  

4.(h)(7)( 8) i nconsistent with paragraph (6) of th is su bsection ; or 

4.(h)(7)(C) l ess effective than the  adopted recommendations for the protect ion.  

m it igation , and en hancem ent of f ish and wi ld l ife .  

4.(h)(8) The Counci l  shal l  consider. in developing and adopti ng a prog ram pur-

suant to th is subsection ,  the  fol lowi ng pri ncip les:  

4.(h)(8)(A) Enh ancement measu res may be used,  i n  appropriate ci rcumstances , 
as a means of achievi ng off site protection and mit igation with respect to com pensation for 

losses aris ing from the  development and operat ion of the hydroel ectric fac i l it ies of the 

Columbia River and its tr ibutari es as a system.  
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4.(h)(8)(8) Consu mers of e lectric power shal l  bear the cost of measu res d esig ned 

to deal with adverse i mpacts caused by the development and operation of elect ric power 

faci l it ies and prog rams on ly .  

4.(h)(8)(C) To the extent the prog ram provides for  coordi nation of  i ts  measu res 

with addit ional measures ( i nc lud ing addit ional enhancement measures to deal with im

pacts caused by factors other than the development and operation of electric power 

faci l it ies and programs) , such addit ional measures are to be imp lemented in accordance 

with ag reements among the appropriate parties provid ing for the ad min istration and fund

ing of such addit ional  measures.  

4.(h)(8)(O) Monetary costs and electric power losses resu lt ing from the implemen-

tation of the program shal l  be al located by the Ad min istrator consistent with ind ividual 

project i mpacts and system-wide objectives of th is subsect ion .  

4.(h)(9) The Cou nci l  shal l  adopt such program or amendments thereto with in  

one year after the t ime provided for  receipt of  the recom mendations. Such program shal l  

also be inc luded i n  the plan adopted by the Counci l  under subsection (d ) .  

4.(h)(1 0)(A) The Admin istrator shal l  use  the  Bonnevi l l e  Power Admin ist ration fund 

and the authori t ies avai lable to the Administrator under th is Act and other laws adminis

tered by the Ad min istrator to protect, mit igate,  and enhance fish and wi ld l ife to the extent 

affected by the d evelopment and operation of any hydroelectric project of the Columbia 

River and its tr ibutaries in a man ner consistent with the p lan ,  if in existence, the program 

adopted by the Counci l  under  this subsect ion,  and the purposes of this Act. Expenditures 

of the Admin istrator pursuant to th is parag raph shal l  be in addit ion to, not in l ieu of, other 

expendi tures authorized or requi red from other entit ies under other ag reements or provi

sions of law. 

4.(h)(1 0)(8) The Admin ist rator may make expenditures from such fund which shal l  

be inc luded in the annual  or supplementary budgets submitted to the Congress pursuant 

to the Fed eral Colu m bia River Transmission System Act. Any amou nts i nc luded in such 

budget for the construction of capital fac i li t ies with an est imated l ife of greater than 1 5  

years and an est imated cost of at least $ 1 ,000,000 shal l  be funded i n  the same manner 

and in accordance with the same procedu res as major transmission faci l it ies u nder the 

Federal Columbia River Transmission System Act. 

4.(h)(1 0)(C) The amou nts expended by the Admin istrator for each activity pursuant 

to this SUbsection shal l  be al located as appropriate by the Admin istrator, in consu ltation 

with the Corps of Eng ineers and the Water and Power Resources Service,  among the 

various hydroelectric projects of the Federal Colu m bia River Power System,  Amou nts so 

al located shal l  be al located to the var ious project purposes in accordance with existing 

account ing proced u res for the Federal Columbia River Power System.  

4.(h)(1 1 )(A) The Admin ist rator and other Federal
' 
agencies responsible for  manag-

ing ,  operating ,  or regu lat ing  Federal or  non- Federal hydroe lectric fac i l it ies located on the 

Columbia River or i ts tr ibutaries shal l -

4.(h)( 1 1 )(A)(i) exercise s u c h  responsib i l it ies consistent with t h e  pu rposes of th is Act 

and other appl icable laws, to adequately protect, mit igate, and enhance f ish and wi ld l i fe, 

inc lud ing related spawning g rounds and habitat, affected by such projects or fac i l it ies in a 

manner that provides equitable t reatment for such f ish and wi ld l ife with the other purposes 

for which such system and faci l i t ies are managed and operated ; 
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4.(h)( 1 1 )(A)(ii) exerc ise such responsib i l it ies, taking i nto accou nt at each relevant 

stage of decision making processes to the fu l lest extent practicable, the program adopted 

by the Counci l  under this subsection .  If , and to the extent that, such other Federal agen

cies as a resul t  of such considerat ion i mpose upon any non-Federal electric power project 

measu res to protect, m it igate, and enhance fish and wi ld l i fe which are not att r ibutable to 

the development and operation of such project, then the resulti ng monetary costs and 

power losses ( i f  any) shal l  be borne by the Administrator i n  accordance with th is su bsec

t ion. 

4.(h)(1 1 ) (8) The Admin istrator and such Federa l  agencies shal l  consu lt with the 

Secretary of the Interior, the Administrator of the National Marine Fisheries Service, and 

the State f ish and wi ld l ife agencies of  the region,  appropriate I ndian tribes,  and affected 

project operators in carry ing out the provisions of th is paragraph and shal l ,  to the greatest 

extent practicable,  coordinate their  act ions. 

4.(h)(1 2)(A) Beg inn ing on October 1 of the f i rst f iscal year after al l  members to the 

Council are appointed i n i t ia l ly ,  the Counci l  shal l  submit ann ual ly a detai led report to the 

Committee on Energy and N atu ral Resources of the Senate and to the Committees on 

I nterstate and Foreign Commerce and on I nterior and I nsu lar Affairs of the House of 

Representatives. The report shal l  describe the actions taken and to be taken by the 

Counci l  u nder th is Act,  inc lud ing th is  subsection, the effectiveness of the f ish and wi ld l ife 

program, and potential revisions or modifications to the program to be included in the plan 

when adopted .  At l east n inety days prior to its submission of such report, the Counci l  shal l  

make avai lable to such f ish and wi ld l ife agencies, and tri bes , the Administrator and the 

customers a d raft of such report. The Counci l  shal l  establ ish procedures for t imely com

ments thereon.  The Counci l  shal l  include as an appendix to such report such comments or 

a summary thereof. 

4.(h)(1 2)(B) The Admin istrator shal l  keep such committees ful ly and currently i n-

formed of the actions taken and to be taken by the Admin istrator under th is Act, i ncluding 

this subsection .  

4.(i) The Counci l  may from t ime to t ime review the actions of the Administra-

tor pursuant to sections 4 and 6 of th is Act to d etermine whether such actions are consis

tent with the plan and p rograms, the extent to which the plan and programs i s  bei ng 

implemented , and to assist the Counci l  i n  prepari ng amendments to the plan and pro

grams. 

4.(j)(1 ) The Counci l  may request the Administrator to take an action u nder 

section 6 to carry out the Administrator's responsibi l i t ies u nd er the plan.  

4.(j)(2) To the g reatest extent p racticable withi n  n i nety days after the Counci l 's 

request, the Admin istrator shal l  respond to the Counci l  i n  writing  specifying- . 
4.(j)(2)(A) the means by which the Admin istrator wil l  undertake the action or any 

modification thereof requested by the Counci l ,  or 

4.(j)(2)(B) the reasons why such action would not be consistent with the p lan,  or 

with the Admin istrator's legal obl igat ions under th is  Act, or other provisions of law, which 

the Adm i nistrator shal l  specifically identify. 

4.(j)(3) If the Admin istrator d etermines not to undertake the requested act ion,  

the Cou nci l ,  within sixty days after notice of the Administrator's determi nation ,  may re

quest the Admin istrator to hold an i nformal hearing and make a f inal  decis ion .  

4.(k)(1 )  Not later than October 1 ,  1 987, or six years after the Counci l i s  estab-

l ished u nder this Act, whichever is later,  the Counci l  shal l  complete a thorough analysis of 
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conservation measu res and conservat ion resou rces imp lemented pursuant to th is Act 

duri ng the five-year period beg i nn ing on the date the Counci l  is establ ished under th is Act 

to determine if such measu res or resources: 

4.(k)( 1 )(A) have resulted or are l i kely to resu lt in costs to consumers in the region 

greater than the costs of addit ional generati ng resou rces or additional fuel which the 

Counci l  determines wou ld be necessary in the absence of such measu res or resources; 

4.(k)(1 )(8) have not been or are l ikely not to be general ly equ itable to al l  con-

su mers In the reg ion ;  or 

4.(k)( 1 )(C) have i m pai red or are l i kely to i mpair  the abi l ity of the Administrator to 

carry out his obl igations under  th is Act and other l aws, consistent with sound busi ness 

practices. 

4.(k)(2) The Admin istrator may determine that sect ion 3(4) (0)  shall not apply to 

any proposed conservation measure or resou rce if  the Admin istrator fi nds after receipt of 

such ana lysis from the Counci l  that such measure or resou rce would have any result or 

effect descri bed in su bparagraph (A), (B) or (C) of paragraph ( 1 ) . 

SALE OF POW E R  

Section S. 

S.(a) All power sales under  this Act shal l  be subj ect at al l  ti mes to the prefer-

ence and p riority provisions of the Bonnevi l le  Project Act of 1 937 ( 1 6  U . S . C. 832 and 

fol lowing)  and, i n  particu lar ,  sections 4 and 5 thereof. Such sales shal l  be at rates estab

l ished pursuant to section 7 .  

S.(b)( 1 ) Whenever requested ,  the Administrator shal l  offer to sel l  to each re-

questing publ ic body and cooperative entit led to p reference and priority u nder the Bon

nevi l le  P roject Act of 1 937 and to each requesting i nvestor-owned uti l ity electric power to 

meet the f irm power load of such publ ic body, cooperative or i nvestor-owned uti l ity i n  the 

Region to the extent that such f i rm power load exceeds-
S.(b)(1 ) (A) the capabi l ity of  such entity's f i rm peaking and energy resou rces used 

in the year prior  to the enactment of this Act to serve its firm load i n  the region ,  and 

S.(b)(1 ) (8) such other  resou rces as such entity determines, pu rsuant to contracts 

under th is Act, wi l l  be used to serve its f irm load in the region.  

5 . (b) ( 1 ) I n  determin ing  the resources which are used to serve a f irm load, for 

pu rposes of subparagraphs (A) and (B ) ,  any resou rces used to serve a fi rm load u nder 

such subparagraphs shal l  be treated as cont inu ing to be so used, un less such use is 

d isconti nued with the consent of the Admin istrator, or  un less such use is d isconti nued 

because of obsolescence, ret i rement,  loss of resource,  or loss of contract r ights. 

S.(b)(2) Contracts with i nvestor-owned uti l it ies shall p rovide that the Admin is-

trator may reduce his obl igat ions under  such contracts i n  accordance with section 5(a) of 

the Bonnev i l le  Project Act of 1 937.  

S.(b)(3) In addit ion to his authorit ies to sell electric power under  paragraph ( 1 ) , 

the Admin istrator i s  a lso authorized to sel l  electric power to Federal agencies i n  the 

region 

S.(b)(4) Sales under  this su bsection shall be made only if the pub l ic  body, coop-

e rative ,  Fed eral agency or i nvestor-owned ut i l ity compl ies with the Admin istrator's stand

ards for service i n  effect on the effective date of th is Act or as su bsequently revised . 

S.(b)(S) The Ad min istrator shall inc lude in cont racts executed i n  accordance 

with th is subsection provisions that enable the Ad ministrator to restrict h is contractual 

obl igations to meet the loads referred to in  this su bsection in the future if the Admin istrator 
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determines,  after a reasonab le  period of experience u nder  th is Act . that the Administrator 

cannot be assured on a p lanning basIs of acqu i ri ng suff ic ient resou rces to meet such 

loads during a specif ied period of i nsufficiency Any such contract with a pub l ic  body, 

cooperative,  or Federal  agency sha l l  specify a reasonable min imum period between a 

notice of restrict ion and the earl iest date such restrict ion may be imposed.  

5.(b)(6) Contracts executed i n  accordance with th is subsection with pub l ic  

body,  cooperative, and Federal agency customers shal l -

5.(b)(6)(A) provide that the restriction referred to i n  parag raph (5)  shal l  not be appl i -

cable  to any such customers unt i l  the operating year i n  which the total of such customers 

firm loads to be served by the Administrator equa ls or exceeds the firm capabi l i ty of the 

Federal  base system resources; 

5.(b)(6)(8) not permit restrict ions which would reduce the total contractual entit le-

ment of such customers to an amount less than the f i rm capabi l ity of the Federal base 

system resources; and 

5.(b)(6)(C) contai n a formu la  for determin ing annual ly ,  on a un i form basis,  each 

such customer's contractual entit lement to f irm power during such a period of restriction , 

which formula shal l  not consider customer resou rces other  than those the customer has 

determined,  as of the effective date of this Act, to be used to serve its own f i rm loads. 

5 . (b ) (6)  The formula referred to i n  subparagraph ( C) shal l  obl igate the Adminis-

trator to provide on an annual  basis on ly f irm power needed to serve the port ion of such 

customer's f irm load i n  excess of the capabi l ity of such customer's own f i rm resou rces 

determined by such customer under parag raph ( 1 )  of th is subsection to be used to serve 

its f i rm load . 

5.(c)(1 ) Whenever a Pacif ic Northwest e lectric ut i l i ty offers to sel l  electric power 

to the Admin istrator at the average system cost of that uti l ity's resources i n  each year, the 

Administrator shal l  acqu i re by purchase such power and sha l l  offer, in  exchange, to sel l  an 

equivalent amount of electric power to such uti l i ty for resale to that uti l ity 's resident ia l  

users with in the region.  

5.(c)(2) The purchase and exchange sale referred to in paragraph ( 1 )  of th is 

subsection with any electric uti l i ty shal l  be l im ited to an amount not i n  excess of 50 per 

centu m of such uti l i ty's Regional resident ial  load i n  the year beginn ing Ju ly 1 ,  1 980, such 

50 per centum l i mit i ncreasing i n  equal  annual  increments to 1 00 per centum of such load 

in the year beginn ing Ju ly 1 ,  1 985, and each year thereafter. 

5.(c)(3) The cost benefits, as specif ied in contracts with the Admin istrator, of 

any purchase and exchange sale referred to in paragraph ( 1 ) of this su bsection which are 

attributabl e  to any electric uti l ity's residential load within a State shall be passed through 

d i rectly to such uti l ity's resident ial  loads with in  such State, except that a State whi9h l ies 

part ia l ly  with in  and part ial ly without the reg ion may req uire that such cost benefits be 

distributed among al l  of the uti l i ty's residential loads i n  that State. 

5.(c)(4) An e lectric uti l i ty may termi nate , upon reasonable terms and condit ions 

agreed to by the Administrator and such uti l i ty prior to such terminat ion,  its purchase and 

sale under this su bsection if the supplemental rate charge provided for in section 7(b ) (3)  is 

applied and the cost of electric power sold to such uti l ity under  this subsection exceeds, 

after appl ication of such rate charge ,  the average system cost of power sold by such uti l i ty 

to the Administrator under  this subsection .  
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5.(c)(5) Subject to the provisions of sections 4 and 6 ,  In  l ieu of purchasing any 

amount of e lectric power offered by a uti l ity under paragraph ( 1 )  of this subsection ,  the 

Ad ministrator may acq u i re an eq uivalent amount of  e lectric power from other sou rces to  

replace power sold to  such uti l i ty as part of  an exchange sa le  if the cost of  such acqu isit ion 

is less than the cost of purchasi ng the e lectric power offered by such ut i l i ty .  

5.(c)(6) Exchange sales to a uti l ity pursuant to this subsection shal l  not be re-

stricted below the amou nts of electric power acq u i red by the Admin istrator fro m ,  or on 

behalf of , such uti l i ty pursuant to this subsection .  

5.(c)(7) The "average system cost" for electric power sold to the Admin istrator 

under this subsection shal l  be determined by the Admin istrator on the basis of a methodol

ogy developed for this pu rpose i n  consu ltation with the Counci l ,  the Admin istrator's cus

tomers, and appropriate State regulatory bodies in the region.  Such methodology shal l  be 

subject to review and approval by the Federal Energy Regu latory Commission . Such 

average system cost shal l  not include-

5.(c)(7)(A) the cost of addit ional resou rces in an amount suffic ient to serve any 

new large single load of the uti l i ty ;  

5.(c)(7)(8) the cost of  addit ional resources i n  an amount suff ic ient to meet any 

additional load outside the region occurring after the effective d ate of this Act ;  and 

5.(c)(7)(C) any costs of  any generating faci l i ty wh ich  is terminated pr ior  to i n it ia l  

commercial  operation.  

5.(d)(1 )(A) The Admin istrator is  authorized to sel l in accordance with th is  s u bsec-

tion electric power to existing d i rect service industrial customers. Such sales sha l l  p rovide 

a portion of the Administrator's reserves for f i rm power loads with i n the region .  

5.(d)(1 )(8) After the effective date of  th is Act ,  the Admin istrator shal l  offer i n  ac-

cordance with subsection (g) of this section to each existi ng d i rect service industria l  cus

tomer  an i nit ial long term contract that provides such customer an amou nt of power 

equivalent to that to which' such customer is entitled under its contract dated January or 

Apr i l  1 975 providing for the sale  of  " industrial f i rm power. "  

5.(d)(2) The Administrator shall not sel l  e lectric power, i nc lud ing reserves, di-

rectly to new d i rect service industria l  customers. 

5.(d)(3) The Administrator shall not sell amou nts of electric power, inc lu d ing 

reserves, to existing d i rect service industrial customers i n  excess of the amou nt permitted 

under paragraph ( 1 )  unless the Admin istrator determines,  after a plan has been adopted 

pursuant to section 4 of this Act, that such proposed sale is consistent with the p lan and 

that-

5.(d)(3)(A) additional power system reserves are requ i red for the regi on 's  f i rm 

loads, 

5.(d)(3)(8) the proposed sale wou ld provide a cost-effective method of supply ing 

such reserves, 

5.(d)(3)(C) such loads or loads of s imi lar character cannot provide equivalent oper-

ating or planning benefits to the region if served by an e lectric uti l ity u nder contractual 

arrangements provid ing reserves, and 

5.(d)(3)(O) the Admin istrator has or can acqu i re suff ic ient electric power to serve 

such loads,  and 

5 . (d ) (3)  un less the Counci l  has determined such sale is  consistent with the p lan .  

After such determination by the Administrator and by the Cou nci l ,  the Administrator i s  

authorized to  offer to  existing d i rect service industrial customers power i n  such  amou nts i n  

excess of the amount permitted under paragraph ( 1 )  of th is subsection as t h e  Ad m i n i stra-
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tor determi nes to be necessary to provide addit ional powe r system rese rves to meet the 

region's fi rm loads. 

S.(d)(4)(A) As used in th is sedon. the term "existi ng d i rect service industr ia l  cus-

tomer" means any d i rect service industr ia l  customer of the Administrator which has a 

contract for the pu rch ase of electric power from the Ad ministrator on the effective date of 

th is Act. 

S.(d)(4)(8) The term "new di rect service industrial customer" means any i ndustrial 

entity other  than an existing d i rect service industr ial customer.  

S.(d)(4)(C)(i) Where a new contract is  offered i n  accordance with su bsection (g )  to 

any exist ing d i rect service industrial customer which has not received electric power pr ior 

to the effective date of this Act from the Ad ministrator pursuant to a contract with the 

Administrator exist ing on the date of the enactment of this Act, e lectric power del ivered 

under such new contract shal l  be condit ioned on the Admin istrator reasonably acqu i ri ng ,  

i n  accordance with th is  Act and  within such  esti mated period o f  t ime (as  specified in  the 

contract) as  he deems reasonable,  suffic ient resou rces to meet ,  on  a p lann ing basis , the 

load requ i rement of such customer.  Such contract shal l  also provide that the obl igation of 

the Administrator to acqu i re such resou rces to meet such load requ i re ment shal l ,  except 

as prov ided in clause (i i) of this subparagraph ,  apply only to such customer and shal l  not 

be sold or exchanged by such customer to any other person .  

S.(d)(4)(C)(i i) Rights under  a contract described i n  c lause ( i )  o f  th is  subparagraph 

may be transferred by an existing d i rect service industrial customer referred to in c lause ( i )  

to  a successor i n  interest i n  connection with a reorganization or other t ransfer of a l l  major 

assets of such customer. Following such a transfer, such successor in i nterest (or any 

other subsequent successor in inte rest) may also transfer r ights under  such a contract 

only in connection with a reorganization or other  transfer of all assets of such successor i n  

i nterest. 

S.(d)(4)(C)( i i i )  The l imi tations of c lause (i) of this subparagraph sha l l  not apply to any 

customer referred to i n  clause ( i )  whenever the Administrator determines that such cus

tomer  is receiving e lectric power pursuant to a contract referred to in such c lause ( i i ) . 

S.(e)(1 )  The contractual ent it lement to f irm power of any customer from whom, 

or on whose behalf, the Administrator has acqu i red electric power pu rsuant to sect ion 6 

may not be restricted below the amount of e lectric power so acqu i red from ,  or on behalf of, 

such customer. If in  any year such customer's requ i rements are less than such ent it le

ment, any excess of such entit lement shal l  be fi rst made avai lab le to i ncrease the entit le

ment of other customers of the same c lass before being avai lab le for the entit lement of 

other customers. For purposes of this paragraph, the fol lowing entities shall each consti

tute a c lass: 

S.(e)(1  )(A) publ ic bodies and cooperatives; 

S.(e)(1  )(8) Federal agencies;  

S.(e)(1 )(C) di rect service industrial ; and 

S.(e)(1  )(0) i nvestor owned uti l i t ies. 

S.(e)(2) Any contractual entit lement to firm power wh ich is based on e lectric 

power acqui red from , or  on behalf of, a customer pu rsuant to section 6 shal l  be in addit ion 

to any other contractual  entit lement to f i rm power not subj ect to restriction that such 

customer  may have under th is sect ion.  For the pu rposes of this subsect ion ,  references to 

amounts of power requ i red by the Admi nistrator pu rsuant to section 6 sha l l  be deemed to 

mean the amou nts specified in the resou rce acquisit ion contracts exclusive of any 

K- 1 9  1 9  

New contract 

Contract rights. 
transfer. 



Long-term 
cont racts 

1 6  USC 838d 

94 STAT 2 7 1 6  

amou nts recog nized I n  such contracts as replacement for Fed eral base system re

sources. 

5.(e)(3) The Admin istrator shal l .  consistent with the p rovisions of th is  Act. in -

sure that any restrictions upon any particu lar customer class made p u rsuant to th is  sub

section and subsection (b)  of  th is  section are distributed equitably throughout the  reg ion .  

5.(f) The Admin istrator is authorized to sel l .  or oth erwise d ispose of , e lectric 

power, inc luding power acqu i red pursuant to this and other Acts , that is surp lus to h is  

obligations i ncu rred pu rsuant to  su bsections (b ) ,  (c ) ,  and  (d )  o f  th is  section i n  accordance 

with this and other  Acts appl icable to the Administrator, i nc lud ing the Bonnevi l le  P roject 

Act of 1 937 ( 1 6 U .S C. 832 and following) , the Federal Columbia River Transmission 

System Act ( 1 6  U . S .C .  838 and following) ,  and the Act of Aug ust 3 1 ,  1 964 ( 1 6  U . S . C .  

837-837h ) .  

5.(g)(1 ) As soon as practicable with in n ine months after the effective date of th is 

Act, the Administrator shal l  commence necessary negotiations for ,  and offer, i n i t ia l  long

term contracts (with in  the l imitations of  the th i rd sentence of  section 5 (a) of  the Bonnevi l le  

P roject Act) s imu ltaneously to-

5.(g)(1 )(A) existing pub l ic  body and cooperative customers and i nvestor-owned 

uti l i ty customers under subsection (b) of th is sect ion ;  

5.(g)(1 )(8) Federal agency customers under subsecti on (b) of th is section ;  

5.(g)(1 )(C) e lectric uti l ity customers under subsection (c )  of th is section ;  and 

5.(g)(1 )(0) d i rect service industrial customers under su bsection (d ) (  1 ) . 

5.(g)(2) Each customer offered a contract pursuant to this subsection sha l l  have 

one year from the date of such offer to accept such contract. Such contract sha l l  be 

effective as provided i n  this subsection.  

5.(g)(3) An i nit ial contract with a publ ic  body, cooperative or i nvestor-owned 

electric ut i l ity customer or a Federal agency customer pu rsuant to su bsection (b) of th is 

section shal l  be effective on the date executed by such customer, u n l ess another  effective 

date is otherwise ag reed to by the Admi nistrator and the customer. 

5.(g)(4) An i nit ial contract with an e lectric uti l i ty customer p u rsuant to su bsec-

tion (c)  of this section shal l  be effective on the date executed by such customer ,  but no 

earlie r  than the fi rst day of the tenth month after the effective d ate of th is  Act. 

5.(g)(5) An i n it ia l  contract with a d i rect service industrial customer p u rs uant to 

subsection (d ) ( 1 ) , shal l  be effective on the date agreed upon by the Admin ist rator and 

such customer,  but no later than the fi rst day of the tenth month after the effective d ate of 

this Act. When such contract is executed ,  it may for rate pu rposes be given retroact ive 

effect to such fi rst day. 

5.(g)(6) I n it ial contracts offered pub l ic  body, cooperative and Federal  agency 

customers i n  accordance with th is su bsection shal l  p rovide that d u ring a period of i n su ff i

ciency declared i n  accordance with subsection (b )  of th is section each customer's con

tractual entit lement shal l ,  to the extent of its requi rements on the Admin istrator, be no l ess 

than the amount of f i rm power received from the Administrator in the year i m mediately 

preceding the period of insuff iciency. 

5.(g)(7) The Administrator shal l  be deemed to have sufficient resources for the 

purpose of enter ing i nto the in it ia l  contracts specif ied i n  parag raph (1  ) (A)  th rough ( D) .  
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CO N S E R VATI O N  A N D R ES O U R C E  ACQ U I S I T I O N  

Section 6 .  
6.(a)(1 ) The Administrator shal l  acqu i re such resou rces through  conservat ion,  

implement al l  such conservation measures, and acqu i re such renewable resou rces which 
are instal led by a residential or smal l  commercial consumer to reduce load , as the Ad

min istrator determines are consistent with the p lan,  or i f  no plan is in effect with the criteria 

of section 4(e) ( 1 )  and the considerations of section 4(e) (2) and,  in  the case of major 

resources, in accordance with su bsection (c) of this sect ion.  Such conse rvation measu res 

and such resources may inc lude,  but are not l imited to-

6.(a)(1 )(A) loans and grants to consumers for insu lat ion or weatherization ,  in -

creased system efficiency, and waste energy recovery by d i rect appl icat ion ,  

6.(a)(1 ) (8) techn ical and f inanc ia l  assistance to, and other cooperation with ,  the 

Admi nistrato(s customer and govern mental authorit ies to encou rage max imum cost-ef

fective voluntary conservation and the attai nment of any cost-effective conse rvation ob

jectives adopted by i ndiv idual States or subd ivisions thereof, 

6.(a)(1 )(C) aid ing the Admin istrato(s customers and governmental authorit ies i n  

implementing model conservation standards adopted pursuant to  section 4(f) , and 

6.(a)(1 ) (D) conducting demonstration projects to determine the cost effectiveness 

of conservation measures and direct appl ication of renewable energy resou rces. 

6.(a)(2) In addit ion to acqu i ring  electric power pursuant to section 5 (c ) ,  or on a 

short-term basis pursuant to section 1 1  (b ) (6) ( i )  of the Federal  Columbia River T ransmis

sion System Act, the Admi n istrator shal l  acqu i re ,  i n  accordance with this sect ion ,  suff i

cient resources-

6.(a) (2)(A) to meet his contractual obl igations that remain after tak ing i nto account 

planned savings from measu res provided for i n  parag raph ( 1 )  of th is subsect ion,  and 

6.(a)(2)(8) to assist in meeting the requ i rements of section 4(h)  of th is Act. 

6 . (a) (2) The Administrator shal l  acquire such resou rces without consider ing re-

strict ions which may apply pursuant to sect ion 5 (b) of this Act. 

6.(b)(1 )  Except as specif ical ly provided i n  th is sect ion,  acquisit ion of resources 

under th is  Act shal l  be consistent with the p lan,  as determined by the Admi nistrator. 

6.(b)(2) The Admin istrator may acqu i re resou rces (other than major resources) 

under th is  Act which are not consistent with the p lan ,  but which are determ ined by the 

Administrator to be consistent with the criteria of  section 4(e) ( 1 ) and the considerations of 

section 4( e ) (2) of this Act. 

6.(b)(3) I f  no plan is in effect, the Administrator may acq uire resources under 

th is Act which are determined by the Administrator to be consistent with the criteria of 

section 4 (e) ( 1 ) and the considerations of section 4 (e) (2) of this Act. 

6.(b)(4) The Administrator shal l  acqu i re any non-Federal resources to replace 

Federal base system resources only in accordance with the provisions of th is section .  The 

Administrator shal l  inc lude in the contracts for the acquisit ion of any such non- Federal 

replacement resources provisions which wi l l  enable him to ensure that such non-Federal 

replacement resou rces are developed and operated in a man ner consistent with the 

considerations specif ied in sect ion 4(e) (2) of this Act. 

6.(b)(5) Notwithstanding any acqu isit ion of resources pursuant to th is  section ,  

the Administrator shal l  not  reduce his efforts to achieve conservation and to acqu i re 
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renewable resou rces i nstal led by a resident ia l  o r  smal l  commercial consumer t o  reduce 

load , pursuant to subsection (a) ( 1 ) of th is section . 

6.(c)(1 ) For each proposal under  subsection (a ) ,  ( b ) ,  ( f) , ( h )  o r  ( I )  of th is sect ion 

to acqui re a major resource, to implement a conservation measure which wi l l  conserve an 

amount of  e lectric power equivalent to  that of  a major resource,  to pay or rei mburse 

investigation and preconstruction expenses of the sponsors of a major resource ,  o r  to 

grant b i l l i ng credits or services i nvolvi ng a major resou rce,  the Administrator shal l -

6.(c)(1 )(A) pUb l ish notice of the proposed action i n  the F ederal Register and pro-

vide a copy of such notice to the Cou nc i l ,  the Governor of each State in which fac i l i t ies 

wou ld be constructed or a conservation measure i mplemented,  and the Admin istrator's 

customers; 

6.(c)(1 )(8) not l ess than sixty days followi ng publ icat ion of such notice, conduct 

one or more pub l ic  hearings,  presided over by a hearing officers, at which testimony and 

evidence shal l  be received, wi th opportun i ty for such rebuttal and cross-examination as 

the hearing off icer deems appropriate i n  the development of  an adequate hearing record ; 

6.(c)(1 )(e) develop a record to assist i n  evaluat ing the proposal which shal l  i nc lude 

the transcript of  the publ ic hearings, together with exhibits, and such other materials and 

information as may have been submitted to ,  or  developed by ,  the Administrator; and 

6.(c)(1 )(0) following completion of  such hearings, promptly provide to the Counci l  

and make publ ic a written decision that inc ludes, i n  addit ion to a determinat ion respect ing 

the requirements of subsection (a) ,  (b ) ,  ( f ) ,  ( h ) ,  ( I ) ,  or ( m )  of  th is section ,  as appropriate-

6.(c)(1 ) (O)(i) i f a p lan is i n  effect, a find ing that the proposal is  either consistent or  

inconsistent with the plan or ,  notwithstanding its i nconsistency with the p lan ,  a find ing that 

it is needed to meet the Admin istrator's obl igations u nder th is Act, or  

6.(c)(1 )(O)(i i) i f no plan is i n  effect, a f inding that the proposal is  e i ther consistent or 

i nconsistent with the criteria of section 4 (  e) ( 1 )  and the considerations of sect ion 4 (  e) (2) of 

this Act or notwithstanding its i nconsistency, a f ind ing that i t  is  needed to meet the Ad

min istrator's obl igations under this Act. 

6 . (c) ( 1  ) (0)  In the case of sUbsection (f) of this section ,  such decision sha l l  be 

treated as satisfying the appl icable requ i rements of this subsection and of subsect ion ( f) 

of th is sect ion,  if it inc ludes a find ing of probable consistency, based upon the Ad min istra

tor's evaluation of i nformation avai lab le  at the t ime of completion of the hearing under this 

paragraph .  Such decision shal l  include the reasons for such f ind ing .  

6.(c)(2) With in  sixty days of the receipt of the Admin ist rator's decision pursuant 

to paragraph ( 1  ) ( 0) of this subsection ,  the Counci l  may determine by a majority vote of al l  

members of the Counci l ,  and notify the Administrator-

6.(c)(2)(A) that the proposal is either consistent or i nconsistent with the p lan ,  or 

6.(c)(2) (8) if no plan is i n  effect, that the proposal IS either consistent or i n consis-

tent with the criteria of section 4(e) ( 1 ) and the considerations of section 4 (e ) (2 ) .  

6.(c)(3) The Admin istrator may not i mplement any proposal referred to in para-

graph ( 1 )  that is determined pursuant to paragraph ( 1 )  or (2) by e i ther the Admin istrator or 

the Counc i l  to be i nconsistent with the plan or, if no plan is in effect, with the criter ia of 
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section 4(  e ) (  1 )  and the considerations of section 4(  e) (2)  - ( 
6.(c)(3)(A) un less the Admin istrator f inds that, notwithstand ing such i nconsisten-

cy, such resource IS  needed to meet the Admin istrator's obl igations u nder th is Act. and 

6.(c)(3)(8) unt i l  the expendi ture of funds for that pu rpose has been specif ical ly 

authorized by Act of Congress enacted after the date of the enactment of th is Act. 

6.(c)(4) Before the Administrator implements any proposal referred to in para-

graph ( 1 )  of this subsection ,  the Admin istrator shal l-

6.(c)(4)(A) submit to the appropriate committees of the Congress the admin istra-

tive record of the decision ( inc lud ing any determination by the Counci l  under paragraph 

(2)) and a statement of the procedu res fol lowed or to be followed for compl iance with the 

National E nvironmenta l  Pol icy Act of 1 969 , 

6.(c)(4)(8) pub l ish notice of  the d ecision i n  the Federal Reg ister, and 

6.(c)(4)( C) note the proposal in the Administrator's annual  or  su pplementary bud-

get submittal made pu rsuant to the Federal Columbia River Transmission System Act ( 1 6  

U SC. 838 and fol lowi ng) . 

6 . (c) (4)  The Administrator may not implement any such proposal unt i l  n inety 

days after the date on which such proposal has been noted in such budget or after the date 

on which such decision has been publ ished in the Federal Register,  whichever is  l ater. 

6.(c)(5) The authority of the Counci l  to make a d eterm inat ion under paragraph 

(2) (8) if no plan is in effect shall expire on the date two years after the establ ish ment of the 

Counci l .  

6.(d) The Administrator is authorized to acqu i re a resource, other than a 

major resou rce, whether or not such resource meets the criteria of section 4( e) ( 1 )  and the 

consid erat ions of section 4(e) (2)  but which he determines is an experi menta l ,  d evelop

mental , demonstration ,  or pi lot project of a type with a potential for provid ing cost-effective 

service to the region. The Administrator shal l  make no obl igat ion for the acqu isit ion of 

such resou rce unt i l  it is  inc luded in the annual  budgets submitted to the Congress pur

suant to the Federal Columbia River Transmission System Act. 

6.(e)(1 )  I n  order to effectuate the priority given t o  conse rvation measures and 

renewable resou rces under th is Act, the Administrator shal l ,  to the maximum extent p rac

ticable, m ake use of h is  authorit ies under th is Act to acqu i re conservation measu res and 

renewable resources , to i mplement conservation measures, and to provide credits and 

technical and financial assistance for the development and i m plementation of such re

sources and measu res ( inc lud ing the fund ing of , and the securi ng  of debt for, expenses 

incu rred d u ring the investigation and preconstruction of resou rces, as authorized in sub

section (f) of this section) .  

6.(e)(2) To the extent conservation measures or acquisit ion of resource;:; re-

quire d i rect arrangements with consumers ,  the Administrator shal l  make max imum practi

cable  use of customers and local entities capable of administeri ng and carry ing out such 

arrangements.  

6.(f)(1 )  For resou rces which the Administrator determi nes may b e  e l ig ib le for 

acquisi t ion u nder this sect ion and satisfy the criteria of sect ion 4 (e) ( 1 )  and the consider

ations of section 4(e) (2)  of this Act or, if a p lan is i n  effect. to be consistent with the p lan .  the 

Admin istrator is  authorized to enter i nto agreements with sponsors of -

6.(f)(1 )(A) a renewable resource. other than a major resou rce,  to fund or secure 

debt I ncur red In the i nvestigation and in it ia l  development of such resou rce, or  
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6.(f)(1 )(8) any other resource to provide lor the rei m bursement 01 the sponsor s 

i nvestigation and preconstruction expenses concern ing such resou rce (which expenses 

shal l  not inc lude procu rement 01 capital eq u ipment or construction mater ia l  for such re

sou rce ) .  

6 . ( 1) ( 1 ) I n  the case of any resou rce referred to i n  su bparagraph ( 8) of th is  para-

graph , such rei mbursement is authorized only if-

6.(f)(1  )(8)(i) such resource is subsequently denied State sit ing approval or  other  

necessary Federal or  State permits, or approvals ,  

6.(f)(1 )(8)( i i )  such investigation subsequently demonstrates, as determined by the 

Ad ministrator, that such resource does not meet the criteria of  sect ion 4(e) ( 1 ) and the 

considerations of section 4( e ) (2) of th is Act or is not acceptable because of env i ron mental 

impacts, or 

6.(f)(1 )(8)( i i i )  after such investigation the Admin istrator determines not to acq u i re the 

resou rce and the sponsor determines not to construct the resource. 

6.(f)(2) The Administrator may exercise the authority of th is  subsection only 

after he determines that the fai l u re to do so wou ld resu lt in ineq uitable hardsh ip  to the 

consumers of such sponsors. The Ad ministrator may provide rei mbursement under this 

subsection only for expenses incurred after the date of the enactment of this Act . 

6.(f)(3) Any agreement under parag raph ( 1 ) of th is sUbsect ion shal l  prov ide  the 

Admi nistrator an option to acqu i re any such resource, i nc lud ing a renewabl e  resou rce , 

and shal l  i nc lude such other provisions, as the Admi nistrator deems appropriate,  for the 

Administrator's recovery from such sponsors or any assignee of  the sponsors, i f  such 

sponsor or assignee continues development of the resource, of any advances made by 

the Administrator pursuant to such agreement. 

6.(f)(4) The Administrator shal l  not reimburse any expense incurred by the 

sponsors (except necessary expenses i nvolved i n  the l iqu idation of the resource) after the 

date of a f ina l  den ia l  of  appl ication for State sit ing approval or  after the date the Adminis

trator determines that the resource to be i nconsistent with the plan or the criteria of sect ion 

4(e) ( 1 )  and the considerations of section 4(e) (2 ) .  

6.(9) At the request of the appropriate State, any envi ron mental impact state-

ment which may be requ i red with respect to a resource , to the extent determined possib le  

by the Administrator i n  accordance with appl icable law and regu lat ions,  may be prepared 

jointly and i n  coordination with any requ i red environmental impact statement of the State 

or any other statement which serves the pu rpose of an environ mental i mpact statem ent 

which is requ i red by State law. 

6.(h)(1 ) If a customer so requests, the Admi n istrator shal l  g rant b i l l ing credits to 

such customer, and provide services to such customer at rates estab l ished for such 

services,  for-

6.(h)(1 )(A) conservation activit ies i ndependently undertaken or continued after the 

effective date of this Act by such customer or polit ical subdivision served by such cus

tomer which reduce the obl igation of the Admin istrator that wou ld otherwise have existed 

to acqu i re other resources under this Act, or 

6.(h)(1 )(8) resou rces constructed,  completed ,  or acqui red after the effective date 

of this Act by a customer, an entity act ing on behalf of such customer, or  polit ical subdivi

sion served by the customer which reduce the obl igation of the Admin istrator to acqu i re 

resou rces under th is Act . Such resources shal l  be renewable resou rces or mu lt ipurpose 

projects or  other resources which are not i nconsistent with the plan or, in the absence of a 
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plan.  not i nconsi stent with t tle criteria of sect ion 4 ( e ) (  1 )  and the considerations of section 

4 (e ) (2 )  of this Act 

6.(h)(2) Tt18 energy and capacity on which a cred it u nder  th is  su bsecti on to a 

customer IS based sha l l  be the amount by which a conservation activity or resou rce 

actua l ly  changes the customer s net requ i rement for supply of electric power or  reserves 

from the Ad min istrator. 

6.(h)(3) The amount of credits for conservation u nder  th is  subsect ion sha l l  be 

set to c redit the customer imp lementing or conti n u i ng the conservat ion activity for which 

the credit  is g ranted for the savings resu lt ing f rom such activity . The rate impact on the 

Administ rator s  other  customers of g rant i ng the credit shal l  be equal  to the rate Impact 

such customers wou ld have experienced had the Adm inistrator been obl igated to acqu i re 

resou rces i n  an amount equal  to that actual ly  saved by the activity for which the credit is 

granted . 

6.( h)(4) For resou rces other  than conservat ion,  the customer sha l l  be cred ited 

for net costs actua l l y  i ncu rred by such customer, an entity acti ng on behal f  of such cus

tomer, or  pol i t ical subd ivision served by such customer, in acqu i ri n g ,  construct ing ,  or 

operat ing the resou rce for which the credit is  g ranted. The rate i mpact to the Ad minist ra

tor's other  customers of grant ing the credit sha l l  be no greater than the rate i mpact such 

customers would have experienced h ad the Ad ministrator been obl igated to acqu i re re

sources i n  an  amount equal to that actual ly produced by the resou rce for which the credit 

is granted . 

6.(h)(5) Retai l rate structu res which are volu ntari ly  i mplemented by the Ad-

ministrator's customers and which induce conservation or i nstal l at ion of consu mer

owned renewable resou rces shal l  be considered , for purposes of th is  subsect ion ,  to be 

(A) conservat ion activities i ndepend ently undertaken or carri ed on by such  customers ,  or 

(8) customer-owned renewable resources, and s hal l  qual ify for b i l l ing credits upon the 

same showi ng as that requ i red for other  conservation or renewabl e  resou rce activit ies . 

6.(h)(6) P rior to granting any credit or  provid ing services pu rsuant to this sub-

sect ion , t he  Administrator shal l -

6.(h)(6)(A) comply with the notice provis ions of subsection (c) of th is sect ion ,  and 

include in such not ice the methodology the Admin istrator proposes to use i n  determin ing  

the amount  of any such credit :  

6.(h)(6)(8) Include the cost of such credit i n  the Admin ist rator's annua l  or amended 

budget submittal  to the Cong ress made pursuant to the Federal Columbia River Trans

mission Syste m Act ( 1 6  U . s . C .  838(j ) ) ;  

6.(h)(6)(C) requ i re t hat resou rces i n  excess of customer's reasonable load growth 

shal l  h ave been offered to others for ownersh ip ,  part iC ipat ion or other sponsorshl� p u r

suant to su bsection ( m )  of th is  section ,  except i n  the Celse of conservat ion ,  mu lt i-pu rpose 

projects u n ique ly  sUitable for development by the customer,  or  renewable resources; and 

6.(h)(6)(D) requ i re that the operators of any gene r at ing resou rce  for which a bi l l i ng  

credit i s  to  be granted agree to operate such  resou rce I II a manner  com pati b le with the  

p lan n i ng and ope ration o f  the  region's power system 

6.(i) Contracts for the acquIsit ion of resuu, ces and for bi l l i ng credits for ma-

Jor resources. i nc lud ing conservation activit ies.  entere.i I n to pu rsuant to th iS section sha l l  

contai n such terms and condlt lollS . appl icab le after the  contract is  entered in to .  as wl l l --

6(i)( 1 )  I nsure t ime ly  construct ion .  sched u ! l i i ':j .  completion .  and operation of 

resources.  
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6 . ( i )(2) I n s u re that the  costs of any acqu Is i t ion are as low as reasonab ly  POSS I -

b le ,  cons istent  (A )  wi th soun d  engi neeri n g ,  operat ing ,  and safety practices, and  ( 8) the 

pro tection ,  m it igation ,  and enhancement of  f ish and wi ld l i fe, I nc l ud ing  related spawni n g  

grou nds a n d  habitat affected b y  the development  of such reso u rces, and 

6.( i)(3) I n su re that the Admin istrator exercises effective oversight ,  i nspecti o n ,  

audit ,  a n d  review o f  all aspects o f  such construction and operat ion .  
6 . ( i )  Such contracts shal l  contain provis ions assu ring  that the Admin istrator 

has the authority to approve al l  costs of, and proposals for, major modif ications in con

struction ,  sched u l ing or operat ions and to assu re that the Admin istrator i s  provid ed with 

such current i nformation as he deems necessary to eva luate such construction and oper

ation .  

6.(j)(1 ) Al l  contractual  and other obl igations requi red to be carried out by the 

Administrator pu rsuant to  this Act shal l  be secu red so le ly  by the Admin istrator's revenues 

received from the sale of electric power and other services. Such obl igations are not, nor  

sha l l  they be construed to be,  general obl igations of the U n ited States, nor are such 

obl igations i ntended to be or  are they secured by the fu l l  faith and credit of  the U nited 

States. 

6.(j)(2) All contracts entered into by the Admin istrator for the acqu isi t ion of 

resou rces pursuant to this Act shal l  requ i re that, in the sale of any obl igat ions,  all offerings 

and promotional material for the sale of  such obl igations shal l  i nc lude the language con

tained i n  the second sentence of paragraph ( 1 )  of th is subsection .  The Administrator sha l l  

monitor and enforce such requirement. 

6.(k) In the exercise of h is authorit ies pursuant to this sect ion,  the Admi n is-

trator sha l l ,  consistent with the provisions of this Act and the Administrator's obl igations to 

part icu lar customer c lasses , I flsure that benefits under this section , including f inancial and 

technical assistance, conduct of conservation demonstrat ions, and experi mental  proj

ects, services, and b i l l ing cred its, are d istributed equitably throughout the region .  

6.(1)( 1 )  T h e  Administrator is  authorized a n d  d i rected to i nvestigate opport u n i-

t ies for addi ng to the region's resou rces or reducing the reg ion's power costs th rough the 

accelerated or  cooperative development of resou rces located outs ide the States of  Idaho ,  

Montana, Oregon,  and Washington i f  such resou rces are renewable resources, and are 

now or in the futu re planned or considered for eventual development by nonregional  

agencies or authori ties that wi l l  or would own , sponsor, or otherwise develop them. The 

Administrator shal l  keep the Counci l  fu l ly and cu rrently i nformed of such i nvest igations ,  

and seek the Counci l 's  advice as to the desirabi l ity of  pursui ng such i nvestigations.  

6.(1)(2) The Administrator is  authorized and d i rected to i nvestigate per iodical ly 

opport u nit ies for mutual ly beneficial i nterregional exchanges of electric power that reduce  

the  need for addit ional generation or generating capacity i n  the Pacific Northwest and  the 

regions with which such exchanges may occur. The Counci l  sha l l  take i nto consid erat ion 

In  formu lating a plan such I nvestigat ions. 

6.(1)(3) After the Admin istrator su bmits a report to Congress pursuant to para-

graph (5) of this su bsection , the Admin istrator is  authOrized to acqu i re resou rces consIs

tent with such i nvestigat ions and consistent with the p lan or ,  if no plan i s  in effect ,  with the 

priorit ies of section 4( e ) (  1 )  and the considerations of section 4(  e ) (2 ) .  Such acquisit ions 

shal l  be Ifl accordance With the provisions of this su bsection 
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6.( 1)(4) The Admin istrator sha l l  co nduct the Investigations and the acquIsit ions . 
If any,  auth Orized u nder th is subsection With the assistance of other Federal agencies as 

may be appropriate. 

6 . ( 1)(5) No later than Ju ly  1 .  1 98 1 , the Ad mi nistrator shal l  submit  to the Con-

gress a report of the resu lts of the i nvestigat ions und ertaken pu rsuant to this su bsect ion .  

together W i th  the  prospects lo r  obta in i ng addit ional resou rces u nder the  authOrity granted 

by th is su bsection and for reductions in generation or generat ing capacity th rough ex

changes. 

6.(m) Except as to resources under construction on the effective date of this 

Act , the Admin istrator sh all determine in each case of a major  resou rce acquis i t ion that a 

reasonable share of the  part icu lar resource ,  or a reasonable equ ivalent ,  h as been offered 

to each Pacif ic Nort hwest electric ut i l ity for ownersh ip ,  partic ipat ion ,  or other  sponsorsh ip .  

but  not i n  excess of the amou nts needed to meet such ut i l ity's Reg ional load . 

RATES 

Section 7. 

7.(a)( 1  ) The Administrator sha l l  establ ish ,  and periodical ly review and revise, 

rates for the sale and disposition of electric energy and capacity and for the transmission 

of non-Federal power. Such rates shal l  be establ ished and, as appropriate , revised to 

recover, i n  accordance with sou nd busi ness principles, the costs associated with the 

acqu isit ion ,  conservation ,  and transmission of electric powe r, inc lud ing the amortization 

of the Fed eral i nvestment in the Federal Columb ia  River Power System ( i nc lud ing i rriga

tion costs requ i red to be repaid out of power revenues) over  a reasonable period of years 

and the other costs and expenses incu rred by the Administrator pu rsuant to th is  Act and 

other provisions of law. Such rates shal l  be establ ished i n  accordance with sections 9 and 

1 0  of the Federal Col u mbia River Transmission System Act ( 1 6  U .S .C .  838 ) ,  sect ion 5 of 

the Flood Control Act of 1 944, and the provisions of th is Act. 

7.(a)(2) Rates establ ished u nder this section shal l  become effective only ,  ex-

cept i n  the case of i nterim rules as provided in subsection ( i ) (6 ) ,  upon confirmation and 

approval by the Federal Energy Regulatory Commission upon a f ind ing by the Com mis

sion , that such rates-

7.(a)(2)(A) are suff icient to assu re repayment of the Federal i nvestment i n  the 

Federal Columbia River Power System over a reasonable nu mber of  years after f i rst 

meeting the Administrator's other costs,  

7.(a)(2)(8) are based upon the Administrator's total system costs ,  and 

7.(a)(2)(C) i nsofar as transmission rates are conce rned , equitably al locate the 

costs of the Federal transmission system between Federal and non-Federal power ut i l iz

ing such system .  

7.(b)(1 ) The Admin istrator shal l  establ ish a rate or rates of general appl ication 

for electric power sold  to meet the general requ i rements of pu bl ic body , cooperat ive, and 

Federal agency customers with in the Pacif ic  Northwest, and loads of e lectric ut i l it ies 

under section 5(c) . Such rate or rates shal l  recover the costs of that port ion of the Federal 

base system resources needed to su pply such loads unti l  such sales exceed the Fed era l  

base system resources. Thereafter, such rate or rates shal l  recover the cost of  addit ional 

electric power as needed to supply such loads, fi rst 1 1 0m the electric power acq u i red by 

the Admin istrator under section 5 (c) and then from other  resou rces. 

7.(b)(2) After J u ly 1 ,  1 985,  the projected amounts to be charged for firm power 

for the combi ned general requ i rements of pu bl ic body. cooperative and Federal age ncy 
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customers. exclusive of amou nis charged such customers u n der  su bsection (g )  for the 

costs of  conservation .  resou rce and conservation credits, experi mental  reso u rces and 

u ncontrol lable events . may not exceed i n  total ,  as determined by the Admin istrator . d U ri n g  

a n y  year after J u l y  1 .  1 985  p l u s  t h e  ensu i ng  fou r  years . an amount  e q u a l  t o  t h e  power 

costs for general  reqUirements of such customers i f .  the Admin i strator assumes that-

7.(b)(2)(A) the pub l iC  body and cooperative customers general  req u i rements had 

Inc luded du ring such five· year per iod the d i rect service I ndustr ia l  customer loads which 

are -

7.(b)(2)(A)(i) served by the Admin istrator ,  and 

7.(b)(2)(A)( i i )  located wi th in  or adjacent to the geog raphic service boundaries of  such 

pub l ic  bodies and cooperatives :  

7.(b)(2)(B) publ ic body, cooperative,  and Federal agency customers were served ,  

duri ng such five-year period,  with Federal base system resou rces not obl igated t o  other  

entit ies under  contracts eXisting as  of  the  effective date of  th is  Act (during the  remai n ing 

term of  such contracts) excl u ding obl igations to  d i rect service i ndustrial customer loads 

Inc luded in subparag raph (A) of th is  parag raph ;  

7.(b)(2)(C) no pu rchases or sales by the  Admin ist rator as provided i n  section 5 (c) 

were made du ring such five-year period ;  

7.(b)(2)(D) al l  resou rces that wou ld have been requ i red ,  d u ring such five-year pe-

riod , to  meet remain ing general requ i rements of  the publ ic  body, cooperative and Federal 
agency customers (other than requ i rements met by the avai l ab l e  Federal base system 

resources determined under su bparagraph (8)  of th is parag raph)  were-

7.(b)(2)(D)(i) purchased from such customers by the Admin istrator pu rsuant to sec

tion 6 ,  or 

7.(b)(2)(D)( i i )  

7. (b) (2) ( 0) 

not committed to load pursuant to section 5 ( b ) ,  

and were t h e  l east expensive resources owned o r  purchased b y  pub l ic  

bodies or cooperatives; and any addit ional needed resources were obtained at  the ave r

age cost of all other new resou rces acqui red by the Admi nistrator;  and 

7.(b)(2)(E) the quantifiab le monetary savings,  during such f ive-year period, to pub-

l ic body, cooperative and Federal age ncy customers result ing from-

7.(b)(2)(E)(i) reduced publ ic  body and cooperative f inancing costs as app l ied to the 

total amount of resou rces, other than Federal base system resou rces ,  id entif ied u nder  

subparagraph ( 0 )  o f  th i s  paragraph, and  

7.(b)(2)( E)( i i )  reserve benefits as a resul t  of the Admin istrator's actions under  th is Act 

7 . (b ) (2 ) (E)  were not ach ieved.  

7.(b)(3) Any amounts not charged to publ ic body, cooperat ive,  and Federal 

agency customers by reason of paragraph (2) of th is su bsection shall be recovered 

through su pplemental rate charges for a l l  other powe� sold by the Administrator to al l  

customers. Rates charged publ ic body, cooperative , or  Federa l  agency customers pu r

suant to th is subsection shal l  not inc lude any costs or benefits of a net revenue surp lus or 

deficiency occu rring for  the period ending J u ne 30, 1 985,  to the extent such su rp l u s  or 

deficiency is caused by-

7.(b)(3)(A) a d ifference between actual  power del iver ies and power del iver ies pro-

Jected for the pu rpose of establ ish ing rates to d i rect service ind ustrial customers u nder  

subsection (c ) (  1 )  o f  th iS  subsection . and 

7.(b)(3)(B) an overrecovery o r  underrecovery of  the net costs i ncurred by the Ad-

m in istrator under section 5(  c) as a result of such difference 
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7 . (b ) (3 )  Any such revenue su rp lus  or deficiency incu rred sha l l  be recovered 

from.  or repaid to. customers over a reasonable period of t ime after J u ly 1 ,  1 985, through a 

suppleme ntal rate charge or credit appl ied proportionate ly for al l  other  power sold by the 

Admin istrator at rates establ ished under other subsections of th is section prior to J u ly 1 ,  

1 985.  

7.(b)(4) The term "general requi rements" as used i n  this section means the 

publ ic body, cooperative or Federal agency customer's e lectr ic power purchased from the 

Admin istrator under sect ion (5 ) (b) of th is Act ,  exclusive of any new large single load. 

7.(c)(1 )  The rate or rates appl icable to d i rect service industrial customers shal l  

be establ ished-

7.(c)( 1  ) (A) for the period prior  to Ju ly 1 ,  1 985,  at a level  which the Administrator 

est imates will be suff icient to recover the cost of resou rces the Admin istrator determines 

are requ i red to serve such customers' load and the net costs incurred by the Admin istrator 

pursuant to section 5(c) of this Act, based upon the Admin istrator's projected abi l ity to 

make power avai lable to such customers pursuant to their  contracts, to the extent that 

such costs are not recovered through rates appl icable to other  customers ;  and 

7.(c)(1 )(8) for the period beginn ing J u ly 1 ,  1 985,  at a l evel which the Admin istrator 

determines to be equitable in relat ion to the retai l rates charged by the publ ic body and 

cooperative customers to their  i ndustrial consumers i n  the reg ion . 

7.(c)(2) The determinat ion u nder paragraph (1 ) (8) of this subsect ion shall be 

based u pon the Administrator's appl icable wholesale rates to such publ ic body and coop

erative customers and the typical margins i ncluded by such publ ic  body and cooperative 

customers in their reta i l  industrial rates but shal l  take i nto account-

the comparative s ize and character of the loads served , 7.(c)(2)(A) 

7.(c)(2) (8) the relative costs of electric capacity, energy, transmission,  and related 

del ivery faci l i t ies provided and other service provisions, and 

7.(c)(2)(C) di rect and ind i rect overhead costs , 

7 . (c ) (2)  al l  as related to the del ivery of  power to i n dustrial customers, except 

that the Admin istrator's rates during such period shal l  in no event be less than the rates i n  

effect for the contract year ending on June 30 ,  1 985.  

7.(c)(3) The Administrator shall adjust such rates to take into account the value 

of power system reserves made avai lable to the Admin ist rator th rough his r ights to i nter

rupt or cu rtai l service to such d i rect service industrial customers .  

7.(d) (1 ) I n  order to avoid adverse impacts on retail rates of the Admin istrator's 

customers with low system densit ies, the Administrator shal l , to the extent appropriate,  

apply d iscounts to the rate or rates for such customers. 

7.(d)(2) In order to avoid adverse im pacts of increased rates pursuant to this Act 

on any d i rect service i ndustrial customer us ing raw minerals i ndigenous to the region as 

its pri mary resou rce, the Administrator, upon request of such customer showing such 

impacts and after consideri ng the effect of such request on his other obl igat ions u nder this 

Act, is authorized , if the Administ rator determi nes that such impacts wi l l  be s ign i f icant ,  to 

establ ish a special rate appl icable to such customer if all power sold to such customer may 

be i nterru pted . curtai led .  or withdrawn to meet f irm loads i n  the region.  Such rate shal l  be 

establ ished in accordance with th is  sect ion and shal l  i nc lude such terms and condit ions as 

the Admin istrator deems appropriate . 
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7.(e) Nothing In th is Act prohi bits the Admi n ist rator from establ ish i ng .  in rate 

schedu les of general appl ication ,  a un i form rate or rates for sale of peaking capacity or 

f rom establ ish ing t lme�of�day , seasonal rates ,  or other rate forms .  

7.(f) Rates for all other f i rm power sold by the Admi nistrator for use in t h e  

Pacific Northwest shal l  b e  based upon t h e  cost o f  t h e  port ions of Federal base system 

resou rces , pu rch ases of power under  section 5(c) of th is Act and addit ional resources 

which .  i n  the determination of the Admin ist rator, are appl icable to such sales.  

7.(9) Except to the extent that the al location of costs and benefits is governed 

by proviS ions of l aw i n  effec� on the effective date of  th iS Act, or by oth e r  provisions of th is 

section , the Admin istrator shal l  equ itably al locate to power rates,  i n  accordance with 

generally accepted ratemaking pr inc ip les and the provisions of th is Act, a l l  costs and 

benefits not otherwise al located under th is  sect ion,  i nc lud ing ,  but  not l im ited to ,  conserva

tion , f ish and wi ld l ife measu res, uncontro l lable events, reserves,  the  excess costs of 

experimental resources acqu i red under  section 6, the cost of c redits granted pu rsuant to 

section 6, operat ing services, and the sale of or inabi l ity to sell excess e lectric power. 

7.(h) Notwithstanding any other provision of this section (except the provi-

sions of subsection (a) of this section) ,  the Admin istrator shal l  adjust power rates to 

include any surcharg es aris ing under section 4(f) of this Act , and shal l  a l locate any reve

nues from such ch arges in such manner as the Admin istrator determi nes wi l l  he lp achieve 

the pu rposes of section 4(f) of this Act. 

7.(i) In establ ish ing rates under this sect ion,  the Admin istrator shal l  use the 

following procedu res : 

7.(i)(1 ) Notice of the proposed rates shal l  be publ ished i n  the  Federal  R egister 

with a statement of the justification and reasons support ing such rates. Such notice shal l  

include a date for a hearing in accordance with paragraph (2) of th is su bsect ion .  

7.(i)(2) One or more heari ngs shal l  be conducted as expedit iously as pract ica-

ble by a hearing officer to develop a fu l l  and complete record and to receive pu bl ic com

ment i n  the form of written and oral presentation of views, data ,  questi ons,  and argument 

related to such proposed rates. I n  any such heari ng-

7.(i)(2)(A) any person sha l l  be provided an adeq uate opportu n ity by the hearing 

officer to offer refutat ion or rebuttal of any material submitted by any other person or the 

Admin istrator,  and 

7.(i)(2)(8) the hearing officer, i n  h is  discretion ,  shal l  a l low a reasonable opportu-

n ity for cross exami nation ,  which,  as determined by the hearing off icer ,  is  not d i latory, i n  

order to  develop i nformation and  material relevant to  any such proposed rate.  

7.(i)(3) In addit ion to the opportu nity to submit oral and written material at the 

heari ngs, any written views, data, quest ions,  and argu ments submitted by persons prior 

to, or  before the c lose of, hearings shal l  be made a part of the admin ist rative record . 

7.(i)(4) After such a hearing ,  the Administrator may propose revised rates, pub-

l ish such proposed rates i n  the Federal R egister, and conduct addit ional hearings i n  

accordance with th i s  subsection .  

7.(i)(5) The Admin istrator shal l  make a f inal decis ion establ ish ing a rate or 

rates based on the record which shal l  inc lude the hearing transcript , together with ex

h ibitS ,  and such other materials and i nformation as may have been submitted to ,  or  devel-
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oped by. the Admi n istrator. The decision shal l  i nc lude a fu ll and complete justificat ion of 

the final  rates pursuant to this section .  

7.(i)(6) The f inal decision of the Administrator shal l  become effective on  confi r-

mation and approval of such rates by the Federal Energy Regu latory Commission pur

suant to su bsection (a) (2 )  of this section .  The Commission shal l  have the authority .  i n  

accordance with such procedures, i f  any .  as  the Commission shal l  p romptly establ ish and 

make effective with i n  one year after the e nactment of th is Act,  to approve the f inal  rate 

submitted by the Administrator on an i nter im basis .  pend ing the Commission's f inal  deci

sion i n  accordance with such su bsect ion .  Pending the estab l ishment of such proced ures 

by the Commission ,  if such procedures are requ i red ,  the Secretary is authorized to ap

prove such i nterim rates duri ng such one-year period in  accordance with the appl icable 

proced ures fol lowed by the Secretary pr ior to the effective date of this Act . Such i nteri m 

rates, at the d iscret ion of the Secretary, shal l  continue i n  effect unt i l  Ju ly 1 , 1 982.  

7.(j) All rate sched u les adopted .  and all power b i l l i ngs rendered , by the Ad-

ministrator pursuant to th is section shal l  i nd icate -

7.(j)( 1 )  the approximate cost contri bution of d ifferent resou rce categories to the 

Administrator's rates for the sale of  energy and capacity, and 

7.(j)(2) the cost of resources acqu i red to meet load growth within the region 

and the rel ation of such cost to the average cost of resources avai lable to the Admi nistra

tor. 

7.(k) Notwithstanding any other provision of th is  Act, a l l  rates or rate sched-

ules for the sale of nonfirm electric power with in  the United States, but outside the region ,  

shall be established after the date of  th is  Act by the Administrator i n  accordance with the 

proced ures of  subsection ( i )  of  th is section (other  than the fi rst sentence of paragraph (6) 

thereof) and i n  accordance with the Bonnevi l le  P roject Act,  the Flood Control Act of 1 944, 

and the Federal Columbia River Transmission System Act.  Notwithstanding sect ion 

201 (f) of  the Federal Power Act, such rates or rate schedu les shal l  become effective after 

review by the Federal Energy Regu latory Commission for conformance with the requ i re

ments of such Acts and after approval thereof by the Commission .  Such review shal l  be 

based on the record of proceed ings estab l ished under subsection (i) of this sect ion .  The 

parties to such proceedings under subsection ( i )  shal l  be afforded an opportu nity by the 

Com mission for  an addit ional hearing i n  accordance wi th  the procedures establ ished for 

ratemaking by the Commission pursu ant to the Federal Power Act. 

7.(J) In order to further the pu rposes of this Act and to protect the consumers 

of the reg ion ,  the Administrator may negotiate ,  or estab l ish ,  rates for electric power sold 

by the Ad m i nistrator to any entity not located in the United States which shal l  be equitable 

i n  relat ion to rates for al l  electric power which is ,  or may be,  pu rchased by the Admin istra

tor or the Admin istrators customers from entities outside the United States. In estab l ish

i ng rates other  than by negotiation ,  the provisions of subsection ( i )  shal l  apply. In the case 

of any negotiation With an ent ity not located in the United States , the Administrator shal l  

provide publ ic  notice of any proposal to negotiate such rates. Such negotiated rates shal l  

be not less than the rates establ ished u nder this Act for nonf i rm power sold withi n  the 

U nited States but outside the region . The Admin istrator shal l  also afford notice of any 

rates negoti ated pursuant to this subsection .  

7.(m)( 1 ) Beginn ing the fi rst fiscal year after the p lan and program requ i red by 

section 4 ( d ) and ( h )  of th is Act are f ina l ly  adopted . the Ad min istrator may.  su bject to the 
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provis ions of th is  sect ion,  make annual Impact aid payments to the appropr iate local 

govern ments wit h i n  the region with respect to major t ransmission faci l i t ies of the Admi n is

trator, as def ined in sect ion 3 (c) of the Federal Colu mbia River Transmission Act -

7.(m)(1 )(A) which are located wit h i n  the ju risdict ional  bou ndaries of such govern-

ments, 

7.(m)(1 ) (8)  which are determined by the Ad min istrator to have a su bstant ia l  i mpact 

on such govern ments, and 

7.(m)(1 )(e) where the construction of such faci l i t ies,  or any mod ification thereof, is  

completed after the effective date of th is Act , and ,  i n  the case of a modif icat ion  of an 

existing faci l ity, such modif ication substant ial ly i ncreases the capacity of  such existi ng 

transmission faci l i ty. 

7.(m)(2) Payments made u nder this subsection for any fiscal year shal l  be deter-

mi ned by the Administrator pu rsuant to a regionwide, u n iform formu la  to be establ ished by 

ru le i n  accordance with the procedures set forth i n  su bsection  ( i )  of th is sect ion .  Such ru le  

sha l l  become effective on i ts  approval ,  after consideri ng i ts  effect on rates establ ished 

pursuant to this section ,  by the Federal Energy Regu latory Commission.  In developing 

such formula, the Admin istrator shal l  i dentify, and take i nto account ,  the local governmen

tal services provided to the Admi n istrator concern ing such faci l i t ies and the associated 

costs to such governments as the resu lt of such faci l i t ies.  

7.(m)(3) Payments made pursuant to th is subsection shal l  be made solely from 

the fund establ ished by sect ion 1 1  of the Federal Columb ia  River Transmission System 

Act. The provisions of section 1 3  of such Act, and any appropriat ions provided to the 

Ad min istrator under any law, shal l  not  be avai labl e  for  such payments. The authorization 

of payments under this su bsection shall not be construed as an obl igat ion of the United 

States. 

7.(m)(4) No payment may be made under this su bsect ion with respect to any 

land or i nterests in land owned by the United States within the region and admin istered by 

any Federal agency (other than the Administrator) , without regard to how the United 

States obtained ownersh ip  thereof, i nc luding lands or i nterests therei n acqu i red or with

drawn by a Federal agency for purposes of such agency and su bsequently made avai la

ble to the Admin istrator for such faci l i t ies. 

A M E N D M E N T S  T O  E X I S T I N G  LAW 

Section 8.  

8.(a) Section 1 1  (b)  of the Federal Colu mbia River Transmission System Act 

is amended by stri k ing out "or" before " ( i i i )" in parag raph (6 ) ,  by striki ng out the semicolon 

at the end of such parag raph (6) and i nsert i ng in  l ieu thereof " ,  or  ( iv) on a short term basis 

to meet the Administrator's obl igations under sect ion 4(h) of the Pacific Northwest E lectric 

Power P lann ing and Conservation Act ; " .  

8.(b) Section 1 1  ( b) of the Federal Columb ia  River Transmission System Act 

is amended by strik ing out "and" at the end of paragraph ( 1 0) ,  by stri k ing  out the period at 

the end of parag raph ( 1 1 )  and i nserti ng i n  l ieu thereof " ;  and" ,  and by adding at the  end 

thereof the followi ng new paragraph :  

" ( 1 2) maki ng such payments, as  sha l l  be requ i red to carry out the pur

poses and provisions of the Pacific Northwest E lectric Power P lann ing 

and Conservation Act . . . 

8.(c) Su bsection ( b) of sect ion 1 3  of such Act is  amended by stri k ing  out "and 

1 1  (b ) ( 1 1 )" and i nserting in l ieu thereof " ,  1 1  ( b ) ( 1 1 ) , and 1 1  ( b) ( 1 2 ) " .  
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B.(d)(1 ) The fi rst sentence of subsect ion (a) of section 1 3  of such Act is 
amended by i nserti ng after the word "system , "  the fol lowi ng :  "to implement the Adminis

trator's authority pursuant to the Pacif ic Northwest E lectric Power Plann ing and Conser

vation Act ( i nc luding his authority to provide  fi nancia l  assistance for conservation meas

ures, renewable resources, and fish and wi ld l ife ,  but not Includ ing the authority to acqu i re 

under section 6 of that Act electric power from a generat ing faci l ity having a p l?n ned 

capabi l ity greater than 50 average megawatts) , " .  

B.(d) (2) The fou rth sentence of such subsection (a) is amended by i nserting  the 

fol lowi ng before the period at the end thereof: " issued by Govern ment corporat ions" .  

B.(d) (3) Such subsection (a) is further amended by i nserti ng  the followi ng be-

fore the period at the end thereof: "prior to October 1 ,  1 98 1 . Such aggregate principal 

l imitation shal l  be i ncreased by an addit ional $ 1 ,250 ,000,000 after October 1 ,  1 98 1 , as 

provided i n  advance in annual appropriation Acts,  and such i ncreased amount shal l  be 

reserved for the purpose of provid ing funds for conservat ion and renewable resource 

loans and grants in a special revolving account created therefor in the Fund The funds 

from such revolving account shal l  not be deemed State or local funds" . 

B.(d) (4) Such SUbsection (a) is further  amended by i nserti ng  the followi ng after 

the fourth  sentence thereof: "Beginn ing in fiscal year 1 982, if the Admin istrator fai ls to 

repay by the end of any fiscal year all of the amou nts projected i m mediately prior to such 

year to be repaid to the Treasury by the end of such year under  the repayment criteria of 

the Secretary of Energy and if such fai l u re is due to reasons other than (A) a decrease i n  

power sale revenues d u e  t o  fluctuati ng streamflows o r  ( B) other reasons beyond the 

control of the Admi n istrator, the Secretary of the T reasury may i ncrease the i n terest rate 

appl icable to the outstand ing bonds issued by the Administrator duri n g  such f iscal year. 

Such i ncrease shal l  be effective commencing with the f iscal year immed iately fol lowing 

the fiscal year during which such fai lu re occu rred and shal l  not exceed 1 per centum for 

each such f iscal year du ri n g  wh ich such repayments are not in accord with such criteria. 

The Secretary of the Treasury shall take i nto accou nt amou nts that the Administrator has 

repaid in advance of any repayment criteria in determin ing whether to increase such rate. 

Before such rate is i ncreased,  the Secretary of the Treasury ,  in consu ltation with the 

Administrator and the Federal Energy Regulatory Commission ,  must be satisfied that the 

Admin istrator wil l  have the abi l ity to pay such increased rate, taking i nto account the 

Administrator's obl igations. Such i ncrease shal l  terminate with the fiscal year in which 

repayments ( inc luding repayments of the i ncreased rate) are in accordance with the re

payment criteria of the Secretary of Energy ." .  

B.(e) Clause (2) of sect ion 1 (b) of the Act of August 3 1 , 1 964 (78 Stat. 756) is 

amended to read as follows: "(2) any contiguous areas, not in excess of seventy-five 

air l ine m i les from said reg ion,  which are a part of the service area of a ru ral e lectric 

cooperative served by the Administrator on the effective date of the Pacific Northwest 

Electric Power Planning and Conservation Act which has a distr ibut ion system from which 

i t  serves both withi n and without said region . " .  

A D M I N I STRATIVE P ROVISIO N S  

Section 9. 

9.(a) Subject to the provisions of th is Act, the Admin istrator is authorized to 

contract i n  accordance with section 2 (f) of the Bonnevi l le Project Act of 1 937 ( 1 6  U .s . C. 
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832a(f) ) .  Other provisions of law applicable to such contracts on the effective d ate of this 

Act shall continue to be applicable. 
9.(b) The Administrator shal l  discharge the executive and administrative 

functions of his office in accordance with the policy establ ished by the Bonnevi l le Project 

Act of 1 937 ( 1 6  U.S.C.  832 and followi ng) ,  section 302(a) (2) and (3) of the Department of 

Energy Organization Act, and this Act. The Secretary of Energy, the Counci l ,  and  the 

Administrator shal l  take such steps as are necessary to assure the t imely i mplementation 

of this Act in a sound and business-l ike manner. Nothing in this Act shall be construed by 

the Secretary, the Administrator, or any other official of the Department of Energy to 

modify, alter, or otherwise affect the requ i rements and d irectives expressed by the Con

gress in  section 302(a) (2) and (3) of the Department of Energy Organization Act or the 

operations of such officials as they existed prior to enactment of th is Act. 

9.(c) Any contract of the Administrator for the sale  or exchange of electric 

power for use outside the Pacific Northwest shall be subject to l imitations and conditions 

corresponding to those provided i n  sections 2 and 3 of the Act of August 31 , 1 964 ( 1 6 

U.S .C. 837a and 837b) for any contract for the sale, d el ivery, or exchange of hydroelectric 

energy or peaking capacity generated within the Pacific Northwest for use outside the 

Pacific Northwest. I n  applying such sections for the pu rposes of th is subsection, the term 

"surplus energy" shal l  mean electric energy for which there is  no market in the Pacific 

Northwest at any rate established for the d isposition of such energy, and the term "su rplus 

peaking capacity" shal l  mean electric peaking capacity for which there is no demand i n  

the Pacific Northwest a t  the rate establ ished for t h e  d isposit ion of such capacity. The 

authority granted , and duties imposed upon, the Secretary by sections 5 and 7 of such Act 

( 1 6  U.S.C.  837e and 837f) shal l  also apply to the Administrator in connection with re

sources acquired by the Administrator pursuant to this Act. The Administrator shal l ,  i n  

making any determination,  under any contract executed pursuant to section 5 ,  of  the 

electric power requirements of any Pacif ic Northwest customer, which i s  a non-Federal 

entity having its own generation, exclude,  in addition to hydroelectric g enerated energy 

excluded from such requirements pursuant to section 3(d) of such Act ( 1 6 U .S .C .  

837b(d)) ,  any amount of  energy included i n  the resources of  such customer for service to 

firm loads in the region if ( 1 )  such amount was disposed of by such customer outsid e  the 

region , and (2) as a result of such d isposit ion, the f irm energy requ i rements of such 

customer or other customers of the Administrator are increased. Such amount of energy 

shall not be excluded ,  if the Administrator determines that through reasonable measu res 

such amount of energy cou ld not be conserved or otherwise retained for service to re

gional loads. The Administrator may sell as replacement for any amount of energy so 

excluded only energy that would otherwise be surplus. 

9.(d) No restrictions contained in subsection tc) shal l  l i mit or interfere with the 

sale, exchange or other disposition of any power by any uti l ity or group thereof from any 

existing or new non-Federal resource if such sale, exchange or disposition d oes not 

i ncrease the amount of firm power the Administrator wou ld  be obl igated to provid e  to any 

customer. In addition to the di rectives contained in subsections ( i ) (  1 ) ( B) and ( i ) (3) and 

subject to: 

34 

9.(d)(1 ) 

9.(d)(2) 

any contractual obl igations of the Administrator, 

any other obl igations under existing law, and 
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9.(d)(3) the avai lab i l ity of capacity in  the Federal transmission system, 

9. (d)  the Admin istrator shal l  p rovide transmission access , load factoring ,  

storage and other services normally attendant thereto to such uti l it ies and shall not d is

cri minate against any uti l ity or group thereof on the basis of independent development of 

such resource in provid ing such services. 

9.(e)(1 ) For purposes of sections 701 through 706 of t i t le 5, Un ited States Code, 

the fol lowing actions shall be final actions subject to judicial  review-

9.(e)(1 )(A) adoption of the p lan or amend ments thereto by the Council under sec-

tion 4, adoption of the program by the Counci l ,  and any determination by the Council 

under section 4 (h ) ;  

9.(e)(1 )(8) sales, exchanges,  and purchases of electric power under section 5; 

9.(e)(1 )(C) the Admin istrator's acquisit ion of resou rces under section 6; 

9.(e)(1 )(0) i mplementation of conservation measures under section 6 ;  

9.(e)(1 )(E) execut ion of contracts for assistance to sponsors under sect ion 6(f) ; 

9.(e)(1 )(F) granting of credits under section 6(h) ;  

9.(e)(1 )(G) f inal rate determinations under section 7; and 

9.(e)(1 )(H) any rule prescribed by the Admin istrator under sect ion (7) (m) (2) of this 

Act. 

9.(e)(2) The record u pon review of such final actions shall be l imited to the 

admin istrative record compiled in accordance with this Act. The scope of review of such 

actions without a hearing or after a hearing shall be governed by section 706 or title 5, 

United States Code, except that f inal determi nations regard ing rates under section 7 shal l  

be supported by substantial evidence i n  the rulemaking record requ i red by section 7( i)  

considered as a whole. The scope of review of an action under section 6(c) shal l  be 

governed by section 706 of t it le 5, United States Code. Nothing i n  this section shal l  be 

construed to require a hearing pursuant to section 554, 556, or 557 of t it le 5 of the U nited 

States Code. 

9.(e)(3) Nothing i n  this section shall be construed to preclude j udicial review of 

other f inal actions and decisions by the Council or Admin istrator. 

9.(e)(4) For purposes of this subsection -

9.(e)(4)(A) major resources shall be deemed to be acqu i red upon publ ication in the 

Federal Register pursuant to section 6(c)(4)(B) ;  

9.(e)(4)(8) resou rces, other than major resou rces, shal l  be deemed to be acqui red 

upon execution of the contract therefor; 

9.(e)(4)(C) conservation measures shall be deemed to be implemented u pon ex-

ecution of the contract or grant therefor; and 

9.(e)(4)(0) rate determinations pursuant to section 7 shal l  be deemed f inal 
,
u pon 

confirmation and approval by the Federal Energy Regulatory Commission.  

9.(e)(5) Suits to challenge the constitutional ity of this Act, or any action thereun-

der, f inal actions and decisions taken pursuant to this Act by the Administrator or the 

Counci l ,  or the imp lementation of such final actions, whether brought pursuant to this Act, 

the Bonnevi l le Project Act, the Act of August 3 1 , 1 964 ( 1 6  U.S.C.  837-837h) ,  or the 

Federal Columbia River Transmission System Act ( 1 6  U.S.C.  838 and following) ,  shall be 
fi led i n  the United States court of appeals for the reg ion.  Such suits shal l  be f i led within 

ninety days of the ti me such action or decision is dee med f inal ,  or, if notice of the action is 

requ ired by this Act to be publ ished i n  the Federal Register, with in  n inety days from such 
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notice, or be barred.  In the case of a chal lenge of the plan or programs or amendments 

thereto, such suit shall be filed withi n  sixty days after pu blication of a notice of such final 

action in  the Federal Reg ister. Such court shal l  h ave ju risdiction to hear and d etermine 

any suit brought as provid ed i n  this section. The plan and program, as f inally adopted or 

portions thereof, or amendments thereto, shall not thereafter be reviewable as a part of 

any other action under this Act or any other law. Suits chal leng ing any other  actions under 

th is Act shal l  be f i led i n  the appropriate cou rt. 

9.(f) For pu rposes of enabl ing the Administrator to acqu i re resou rces neces-

sary to meet the firm load of publ ic bodies, cooperatives, and Federal agencies from a 

governmental unit at a cost no greater than the cost which would be appl icable i n  the 

absence of such acquisit ion, the exemption from gross income of interest on certa in 

governmental obl igations provided in  section 1 03(a) ( 1 ) of the I nternal R evenue Code of 

1 954 shall not be affected by the Administrator's acquisit ion of such resou rces if-

9.(f)(1 ) the Admin istrator, prior to contracting for such acqu isition,  certifies to 

his reasonable belief ,  that the persons for whom the Ad ministrator is acqu i ri ng  such re

sources for sale pursuant to section 5 of this Act are publ ic bodies, cooperatives, and 

Federal agencies, un less the Administrator also certifies that he is unable to acqu i re such 

resources without sel l ing a portion thereof to persons who are not exempt persons (as 

defined in  section 1 03(b) of such Code) , and 

9.(f)(2) based upon such certification ,  the Secretary of the Treasury d eter-

mines in accordance with applicable regu lations that less than a major portion of the 

resource is to be furnished to persons who are not exempt persons (as defined in  section 

1 03(b) of such Code). 

9. (f) The certification under paragraph ( 1 )  shal l  be made in accordance with 

this subsection and a p rocedure and methodology approved by the Secretary of the 

Treasury. For pu rposes of this subsection ,  the term "major port ion" shal l  h ave the mean

ing provided by regu lations issued by the Secretary of the Treasury .  

9.(9) When reviewing rates for the sale of power to the Administrator by an 

investor-owned utility customer under section 5(c) or 6, the Federal Energy Regu latory 

Commission shal l ,  in accordance with section 209 of the Federa l  Power Act ( 1 6  U .S.C.  

824h)-

9·(9)(1 ) 

9·(9)(2) 

convene a joint State board ,  and 

invest such board with such duties and authority as wi l l  assist the Com-

mission in its review of such rates. 

9.(h)(1 ) No "Company" (as def ined in section 2(a)(2)  of the Publ ic Uti l i ty Hold-

ing Company Act of 1 935; 1 5  U.S .C.  79b(a)(2) ) ,  which owns or operates faci l it ies for the 

generation of electricity (together with associated trans�ission and othe r  facil it ies) p ri

mari ly for sale to the Administrator under section 6 shal l  be deemed an "electric uti l i ty 

company" (as defined in section 2(a) (3) of the Publ ic Uti l i ty Holding Company Act of 1 935; 

1 5  U .S .C.  79b(a)(3) ) ,  withi n  the meaning of any provision or provisions of chapter 2C of 

title 1 5  of the United States Code, if at least 90 per centu m of the electricity generated by 

such company is sold to the Administrator under section 6, and i f-

9.(h)(1 )(A) the organization of such company is consistent with the policies of sec-

tion 1 (b) and (c) of the Publ ic Utility Holding Company Act of 1 935, as d etermined by the 

Secu rities and Exchange Com mission ,  with the concurrence of the Administrator, at the 

time of such organizat ion;  and 
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9.(h)( 1 )(B) part icipation in any faci l it ies of such "company" has been offered to 

public bodies and cooperatives in the region pursuant to section 6 (m) .  

9.(h)(2) The Administrator shall include in  any contract for the acquisit ion of a 

major resou rce from such "company" provisions l i mit ing the amount of equity i nvestment ,  

i f  any, in  such "company" to that which the Admin istrator determines wi l l  be consistent 

with achieving the lowest attainable power costs attri butable to such major resource. 

9.(h)(3) In the case of any "company" which meets the requ i rements of para-

graph ( 1 ) , the Admin istrator, with the concurrence of such Commission,  shall approve al l  

significant contracts entered into by, and between ,  such "company" and any sponsor 

company or any subsidiary of such sponsor company which are determined to be consis

tent with the policies of section 1 ( b) and (c) of the Publ ic  Uti l ity Holding Company Act of 

1 935 at the time such contracts are entered into. The Administrator and the Securities and 

Exchange Commission shal l  exercise such approval authority with in  sixty days after re

ceipt of such contracts. Such contracts shal l  not be effective without such approval. 

9.(h)( 4) Paragraph ( 1 )  of this subsection shal l  continue  to apply to any such 

"company" un less the Administrator or the Secu rities and Exchange Commission ,  or 

both ,  through periodic review, (A) determine at any time that the "company" no longer 

operates in  a manner consistent with the policies of section 1 ( b) and (c) of the P u blic 

Utility H old ing Company Act of 1 935 and in  accordance with this subsect ion,  and (8) notify 

the "company" in writing of such prel iminary determinat ion.  This subsection shall cease to 

apply to such "company" thirty days after receipt of notificat ion of a fi nal determination 

thereof. A f inal determination shall be made only after publ ic notice of the pre l iminary 

determination and after a hearing completed not later than sixty days from the date of 

publication of such notice. Such final determination shal l  be made within th i rty days after 

the date of completion of such hearing .  

9.(i)( 1 )  At the request and expense of any customer or group of customers of 

the Admi nistrator within the Pacific Northwest, the Admin istrator shal l ,  to the extent practi

cable-

9.(i)( 1 )(A) acquire any e lectric power requ i red by (i) any customer or g roup of 

customers to enable them to replace resources determined to serve fi rm load under 

section 5(b) ,  or ( i i )  di rect service industrial customers to replace electric power that  is or 

may be curtai led or i nterrupted by the Administrator (other than power the Administ rator is 

obligated to replace ) ,  with the cost of such replacement power to be distributed among the 

d i rect service industrial customers requesting such power; and 

9.(i)( 1 )(B) dispose of ,  or assist i n  the disposal of ,  any e lectric power that a cus-

tomer or grou p of customers proposes to sell within or without the region at rates and upon 

terms specified by such customer or group of custom ers , if such disposition is not in 

conflict with the Administrator's other marketing obl igations and the policies of this Act'and 

othe r  applicable laws. 

9.(i)(2) In implementing the provisions of su bparagraphs (A) and (8) of para-

graph ( 1 ) , the Admin ist rator may prescribe policies and condit ions for the independent 

acquisit ion or disposition of e lectric power by any d i rect service industrial customer or 

g roup of such customers for the pu rpose of assuring each d i rect service industrial cus

tomer an opportunity to participate in  such acquisit ion or d isposition .  
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9.(i)(3) The Administrator shal l  furn ish services i nc lud ing transmiss ion ,  stor-

age, and load factoring  un less he determi nes such services cannot be furnished without 

substantial interference with his power marketing progra m ,  appl icable operati ng l i mita

tions or existing contractual  obl igations. The Admin istrator sha l l ,  to the extent pract icable, 

give priority i n  making such services avai lable for the marketi ng , with in and without the 

Pacific Northwest, of capabi l i ty from projects under construction on the effective date of 

this Act, if such capabil ity has been offered for sale at cost, i nc luding a reasonable rate of 

return,  to the Admi nistrator pursuant to th is Act and such offer is not accepted with in  one 

year. 

9.(j)(1 ) The Counci l ,  as soon as practicable after the enactment of th is Act, 

shal l  prepare, in consu ltat ion with the Administrator, the customers,  appropriate State 

regu latory bodies, and the publ ic,  a report and shal l  make reco mmendations with respect 

to the various retai l rate designs which wi l l  encou rage conservation and efficient use of 

electric energy and the insta l lation of consumer-owned renewable resou rces on a cost-ef

fective basis, as well as areas for research and development for possible app l ication to 

retail util ity rates with in the region.  Studies u ndertaken pursuant to this subsect ion shal l  

not affect the responsibi l it ies of any customer or the Admin istrator which may exist u nder 

the Publ ic Uti l ity Regu latory Policies Act of 1 978. 

9.(j)(2) Upon request, and solely on behalf of customers so request ing ,  the 

Administrator is authorized to (A) provide assistance in analyzing and developing retail 

rate structures that wi l l  encou rage cost-effective conservation and the instal lation of cost

effective consumer-owned renewable resources; ( 8) provide estimates of the probable 

power savings and the probable amount of bi l l ing credits under section 6(h) that might be 

realized by such customers as a result  of adopting and imp lementing such retai l rate 

structures; and (C) solicit additional information and analytical assistance from appropri

ate State regu latory bodies and the Administrator's other  customers. 

9.(k) There is hereby establ ished withi n  the administration an executive po-

sition for conservation and renewable  resources. Such executive shal l  be appointed by 

the Administrator and shal l  be assigned responsibi l ity for conservation and d irect-appl ica

tion renewable resource programs ( including the administration of financial assistance for 

such programs). Such position is hereby establ ished in the senior executive service i n  

addition t o  t h e  number o f  such positions heretofore establ ished in accordance with other 

provisions of law appl icable to such positions. 

SAV I N G S  PROVISIONS 

Section 1 0. 

1 0.(a) Nothing in this Act shall be construed to affect or modify any right of any 

State or pol itical subdivision thereof or e lectric uti l ity to-

1 0.(a)(1 ) determine  retail electric rates, except as provided by section 5(c)(3);  

1 0.(a)(2) develop and implement plans and programs for the conservation, de-

velopment, and use of resou rces; or 

1 0.(a)(3) make energy faci l ity sit ing decisions,  inc lud ing ,  but not l imited to, deter-

min ing the need for a particu lar facil ity, evaluating alternative sites, and considering al

ternative methods of meeting the determined need . 
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1 0.(b) Nothing in th is Act shal l alter, d im in ish ,  or abridge the rights and obl iga-

t ions of the Admin istrator or any customer under any contract existing as of the effective 

date of this Act . 

1 0.(c) Noth ing in this Act sha l l  alter ,  d im i n ish ,  abri dge ,  or  otherwise affect the 

provisions of other Federal l aws by which pub l ic  bodies and cooperatives are entit led to 

preference and priority in the sale of federal ly generated electric power 

1 0 .(d) I f  any provision of this Act is fou nd to be u nconstitut ional ,  then any 

contract entered i nto by the Administrator, pr ior to such f ind ing and i n  accordance with 

such provis ions,  to sell power, acqu i re or credit resou rces , or  to reimburse investigations 

and preconstruction expenses pursuant to section 5 ,  and section 6 (a) , ( f) or  (h) of this Act 

shall not be affected by such f ind ing.  

1 0.(e) Noth ing in this Act shal l  be construed to affect or mod ify any t reaty or 

other right of an I nd ian t ribe.  

1 0.(f) The reservation under  l aw of e lectric power primari ly for use in the State 

of Montana by reason of the construct ion of Hungry Horse and Libby Dams and Reser

voi rs within that State is hereby affi rmed.  Such reservation shal l  also apply to 50 per 

centu m of any electric power produced at Lib by Reregu lat ing Dam if bu i l t .  E lectric power 

so reserved shall be sold at the rate or rates set pursuant to section 7 .  

1 0.(9) Noth ing i n  this Act shal l  be construed to affect or mod ify the right of any 

State to prohib i t  uti l it ies regu lated by the appropriate State regu latory body from recov

er ing, through thei r retail rates ,  costs du ring any period of resource construction.  

1 0.(h) Nothing i n  tr. is Act shal l  be construed as authoriz ing the appropriation 

of water by any Federal ,  State,  or  local agency ,  Ind ian tribe ,  or any other entity or ind ividu

a l .  Nor shal l  any provision of this Act of any plan or program adopted pursuant to the Act 

( 1 )  affect the rights or ju risdictions of the Un ited States, the States, I nd ian tr ibes, or  other 

entities over waters of any river or stream or over any grou ndwater resou rce , (2 )  alter, 

amend, repeal , interpret, modify, or be i n  confl ict with any interstate compact made by the 

States, or  (3) otherwise be construed to alter or establ ish the respective rights of States, 

the Un ited States ,  I ndian tri bes, or  any person with respect to any water or water-related 

right. 

1 0.( i)  Nothing i n  th is Act shal l  be construed to affect the val id ity of any existing 

l icense , permit, or  certificate issued by any Federal  agency pursuant to any other  Federal 

l aw. 

E F F E CT I V E  D AT E  

Section 1 1 .  This Act shal l  b e  effective on the date of enactment ,  or October 1 ,  1 980 , 

whichever is l ater. For purposes of this Act, the term "date of the enactment of this Act" 

means such date of enactment or October 1 ,  1 980,  whichever is l ater. 
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S E V E R A B I L ITY 

Section 1 2. I f  any provision of  section 4(a)  through (c)  of  th is Act or any other  provi-

sion of th is Act or the appl ication thereof to any perso n ,  State, I nd ian tr ibe, ent i ty ,  or 

ci rcumstance is  held i nval id ,  neither the remainder of sect ion 4 or any other provis ions of 

this Act, nor the appl ication of such provisions to other  persons,  States , I nd ian tr ibes, 

entit ies, or ci rcumstances, shal l  be affected thereby. 

Approved December 5 ,  1 980.  
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B I OLOG I CAL ASSESSMENT 

BACKGROUN D  

O n  J u l y  1 9 ,  1 98 9 , Bon n ev i l l e Pow e r  A d m i n i s tr a t i on ( BPA ) r e q u e s t e d  f rom f i e l d  
off i c e s  of t h e  U . S .  F i s h  a n d  W i l d l i f e S e rv i c e ( U S FWS ) l i s t s  of t h r e a t e n e d , 
e n d a n g e r e d  a n d  c a n d i d a t e  s pe c i e s t h a t  m i g h t  be  aff e c t e d  by t h e  a l t e r na t i ve s  i n  
t h e  I n i t i a l  Nor t h we s t  Pow e r  S a l e s Con t r a c t s  E I S  ( P SC E I S ) . On  M a r c h  2 0 , 1 9 9 1 , 
BPA r e q u e s t e d  u p d a t e d  l i s t s  of t h re a t e n e d , e n d a n g e r e d , a n d  c a n d i d a t e  s pe c i e s 
from t h e  s ame US F W S  f i e l d  o f f i c e s .  T h e  p r e fe r r e d  a l t e r n a t i v e i s  a 
mod i f i c a t i on of A l t e r n a t i v e 1 . 1 ,  wh i c h i n c l u d e s  a comm i tme n t  by B PA to d e v e l op 
a po l i cy to e n for c e  comp l i a n c e  w i t h  t h e  Nor t h we s t  Powe r P l a n n i ng  Cou n c i l 
( NW P PC ) P rote c te d  A r e a s  R u l e .  

I n  t e r m s  of i t s effe c t s  on  o p e r a t i on s  a t  e x i s t i ng g e n e r at i n g p l a nt s , t h e  
p r e fe r re d  a l t e r na t i v e i s  t h e  s ame a s  t h e  No  A c t i on A l t e r na t i v e ( i  . e . , 
r e te n t i on of t h e  s ta t u s  q u o  p r ov i s i on s  i n  t h e  c u r r e n t  powe r s a l e s  contrac t s ) ,  
a s  d i s c u s s e d  i n  t h i s doc u me n t .  E n h a n c e d  e n fo r c e me n t  of t h e  P rote cl e d  A r e a s  
R u l e u n de r  t h e  p r e fe rr e d  a l t e r n at i v e  wou l d  affe c t  n e w  powe r re sour c e s  by 
d i s co u r a g i ng t h e  d e v e l opme n t  of n e w  hyd roe l e c tr i c p roj e c t s  i n  a r e a s  d e s i g n a t e d  
a s  P rot e c te d  A r e a s  u n d e r  t h e  N W P PC R u l e .  

T h e  a c t i on s  u n d e r  c o n s i d e r at i on i n  th i s  E I S  do not i nvol v e  con s tr u c t i on .  T h e  
E I S  a n a l y z e s  B PA ' s two broad contrac t u a l  a l t e r n at i v e s : t o  p r e s e rv e  t h e  
con t r a c t s  w i thout  c h a ng e  ( th e  No  A c t i on A l t e r n a t i v e ) , or  t o  p u r s u e  
mod i f i c at i on s . W i t h i n t h e  s e c on d  a l t e r n at i v e  a r e  f i v e  c a tegor i e s  
c orre s pond i ng to major  p o l i cy i s s u e s : 

1 .  hydro d e v e l opme n t  a n d  ope r at i on s ; 
2 .  con s e r v a t i on ;  
3 .  r e s o u r c e  p l an n i n g  a n d  d e v e l op me n t ; 
4 .  q u a l i ty o f  s e rv i c e  a s  a r e s o u r c e  c ho i c e ; a n d  
5 .  i n d u s t r i a l  l oad  con s tr a i n t s . 

E n v i ronme n t a l  e ff e c t s  of a l t e r n a t i v e s  i n  e a c h  of t h e s e  c a tegor i e s are  a n a l yze d 
i n  t h e  E I S  b a s e d  on  t h e  o p e ra t i on a n d  d e v e l opme n t  of p ow e r  g e n e r a t i on 
fac i l i t i e s i n  a n  a r e a  s pa n n i n g Oregon , W a s h i n g ton , I d a h o ,  Mon t an a , a n d  p a r t s  
o f  C a l i forn i a ,  U ta h , N e v a d a , a n d  Wyom i n g . B e c a u s e  o f  t h e  i nd i r e c t  
r e l at i on s h i p b e twe e n  con tra c t u a l  p rov i s i on s  a n d  t h e  ope ra t i on o f  g e n e ra t i n g  
r e sou r c e s , t h i s B i o l og i c a l  A s s e s s me n t  i s  p r e dom i n a n t l y  q u a l i t a t i v e i n  n a tu r e . 
Q u a n t i t a t i ve a s s e s s m e n t  w a s  d e v e l o p e d  for s ome o f  t h e  a l t e r n a t i v e s  i n  t h e  
d raft  E I S  u s i n g var i ou s  comp u t e r  mod e l s of powe r s y s t e m  o p e ra t i on s  a n d  
e ffe c t s . R e f e r  t o  A p p e n d i c e s  F a n d  H for f u r t h e r  i n fo r ma t i on a n d  t e c h n i c a l  
a n a l y s e s . T h i s  a n a l ys i s ,  a s  d i s c u s s e d  i n  t h e  D r a f t  ( D )  E I S , s howed  t h a t  for 
t h e  p r e f e r r e d  a l t e r n a t i v e a n d  t h e  No A c t i on - A l t e r n a t i v e ,  m i n i ma l  or n o  
e n v i r o n me n t a l  i mp a c t s  wou l d  b e  a s s oc i a t e d  w i t h  con t i n u e d  b a s e  o p e r a t i on of t h e  
Nor t h we s t  pow e r  g e n e r a t i n g s y s t e m . 

T h e  l i s t of p ro po s e d  or  l i s t e d  t h r e a t e n e d , e n d a n g e r e d , or  c an d i d a t e  s p e c i e s 
o b t a i n e d  from t h e  U S F W S  f i e l d  off i c e , a n d  o t h e r  p e r t i n e n t  i n forma t i on wa s u s e d  
t o  d e v e l op t h e  fo 1 l ow i n g  B i o l og i c a l  A s s e s s me n t . 
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A S SUM P T I ON S  A N D  M E T H ODOLOGY 

Foc u s  on Ope r a t i on s . T h i s  a s s e s s me n t  a d d r e s s e s  op e r a t i on s  of e x i s t i n g  
f a c i l i t i e s .  P a r t i e s to t h e  powe r s a l e s  c o n t r a c t s  a r e  e x p e c te d  to r e ma i n t h e  
s ame ov e r  t i me ,  a n d  i t  i s  s e rv i c e t o  th e i r  l oa d s wh i c h w i l l  affe c t  r e sou r c e  
op e ra t i on s .  

I t  s ho u l d  b e  n o t e d  t h a t  BPA  powe r marke t i n g  d o e s  not  c o n t ro l t h e  o p e r a t i on of 
g e n e r a t i n g  f a c i l i t i e s .  Op e r a t i on of g e n e r a t i ng r e sou r c e s  i s  gov e r n e d  by a 
v a r i e ty of nonpowe r con s t r a i n t s  wh i c h a r e  i mpo s e d  on  o p e r a tor s t h ro u g h  
r e g u l a tory a u t h or i t i e s  i n c l ud i ng t h e  F e d e r a l  E n e r gy R e g u l a tory Comm i s s i on 
( F E R C ) . Ope r a t i on  of t h e  e x i s t i n g  hydroe l e c t r i c  s y s t e m  a n d  t h e  d e v e l opme n t  of 
n e w  e n e r gy r e sou r c e s  are  s u b j e c t s  of a n a l y s i s  i n  o t h e r  p r oc e s s e s , s p e c i f i c a l l y  
t h e  Sy s te m  Ope r a t i on Rev i ew ( SOR ) E I S  a n d  t h e  Re sou r c e  P rogram  E I S . D e c i s i on s  
abou t ope r a t i on s  a t  e x i s t i n g  hydro p r oj e c t s  w i l l  b e  made  b a s ed o n  t h e  SOR E I S ,  
a n d  d e c i s i on s  abou t n ew re s ou r c e  d e v e l op me n t  w i l l  b e  m a d e  b a s e d  on t h e  
R e s o u r c e  P rogram E I S . T h e  r e l a t i on s h i p  b e tw e e n  th i s  E I S  a n d  t h e s e  o t h e r  
p roc e s s e s  i s  e x p l a i n e d  i n  t h e  D E I S . 

... 
T h e  p ropo s e d  l i s t i n g of S n ake  R i v e r  s a l mo n  r u n s  a s  t h r e a t e n e d  or e n d a n g e r e d  
s p e c i e s h a s  re s u l t e d  i n  d i s c u s s i on s  b e twe e n  B P A  a n d  t h e  Na t i on a l  M ar i n e  
F i s h e r i e s  S e rv i c e ( NM F S )  c on c e r n i ng t h e  i nf l u e n c e o f  powe r marke t i n g  
a c t i v i t i e s on  o p e r a t i on s  wh i c h may affe c t  c a n d i d a t e  s pe c i e s .  BPA  a n d  NMFS  a r e  
i n  t h e  proc e s s  of  d e t e rm i n i ng wh i c h a c t i v i t i e s  a r e  prop e r l y  s ub j e c t  to 
c o n f e re n c i ng ov e r  pote n t i a l  j eopardy to c a n d i d a t e  s p e c i e s .  

T h e  " No A c t i on "  ( Ba s e  C a s e )  A l t e r n at i v e  a n d  Re l at i on s h i p  to P r e f e r r e d  
A l t e r n at i v e .  T h e  " No A c t i o n "  a l t e r n a t i v e r e p r e s e n t s  t h e  o p e r a t i on a l  con d i t i on 
i f  BPA  we re  not to i mp l e me n t  any of t h e  a c t i on a l t e r n at i v e s  i n  t h e  E I S .  " No 
A c t i on "  l ev e l s of  o p e r a t i on are  tho s e  w h i c h wou l d  o c c ur w i t ho u t  any c ha n g e  i n  
t h e  powe r s a l e s  c o n tra c t s . T h e  p r e f e r r e d  a l t e r n at i v e  does  not a l t e r  the  
op e r a t i on  of  e x i s t i ng r e s ou r c e s  f rom " No A c t i on "  l e v e l s ,  b u t  c omm i t s  BPA  to  
e s t a b l i s h i ng a p o l i cy wh i c h w i l l  i nf l u e n c e  t h e  d e v e l op me n t  of n e w  hydro 
r e s ou r c e s  by c r e a t i ng d i s i n c e n t i v e s  to d e v e l opme n t  i n  N W P PC P r o t e c te d  A r e a s . 

T ab l e 1 l i s t s  thos e f ac i l i t i e s wh i c h w e r e  i d e n t i f i e d a s  h av i ng pote n t i a l  for 
o p e r a t i on a l  c h a ng e s  to e x c e e d  t h e  No A c t i o n  A l t e r n a t i v e . T h e s e  a r e  the  
fa c i l i t i e s  for w h i c h BPA r e q u e s te d  s p e c i e s l i s t s . The  tab l e a l so s hows thos e 
f ac i l i t i e s for w h i c h t h r e a t e n e d  or e n d a n g e r e d  s p e c i e s we r e  i d e n t i f i e d  by t h e  
U S FW S  ( Co l umn 3 ) ; tho s e  f ac i l i t i e s wh i c h e x c e e d e d  No  A c t i on i mp a c t s  u nd e r  a n y  
o f  t h e  a l t e r n at i v e s  s t u d i e d ,  or , for h y d ro e l e c t r i c fa c i l i t i e s ,  wh i c h m i g h t  
affe c t  f i s h  s to c k s  * /  u n d e r  any of t h e  a l t e r n a t i v e s  ( Co l umn  4 ) ; a n d  tho s e  
fa c i l i t i e s w h i c h a re con s eq u e n t l y  a n a l yz e d  i n  t h i s B i o l og i c a l  A s s e s s me n t  
( Co l umn  5 ) . O n l y  thos e fac i l i t i e s i d e n t i f i e d i n  Ta b l e  I a s  cove r e d  i n  t h e  
a s s e s s me n t  w e r e  a n a l y z e d  f o r  i mpa c t s  o �  t h r e a t e n e d  or  e n d a nge r e d  s p e c i e s .  

* /  T h e  o n l y  po t e n t i a l i mp a c t s  i d e n t i f i e d a t  d a m s  we r e  o n  f i s h  t h a t  a r e  a food 
s o u r c e  for b a l d  e a g l e s . A s  to po t e n t i a l  i mp a c t s  on a n a d romo u s f i s h  s to c k s  
p e t i t i on e d  o r  p ro p o s e d  for l i s t i n g u n d e r  t h e  E n d a n g e r e d  S p e c i e s A c t  ( E SA ) , 
BPA i s  u n d e r t a k i n g s e p a r a t e  c o n fe r e n c e  w i t h  t h e  N M F S . 
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Tab l e  I 

Fac i I i t  i es On the Or i g i na l  Request for  

Threat ened and Endangered Spec i es Data 

and Subsequen t Resu l t s 

Co l umn 1 2 3 4 

F i s h  

S to c k s  

H ydro F ac i l i t i e s Loc at i on T & E * I Aff e c t e d ?  

Bonn e v i l l e O R / WA Y ES NO 

T h e  Da l l e s O R / WA Y ES NO 

John  Day O R / WA Y ES NO 

Mc Nary OR/ WA Y ES NO 

P r i e s t  Rap i d s  O R / WA Y ES NO 

W a n a p u m  WA Y ES NO 

Roc k I s l a n d  WA Y E S  NO 

Roc ky R e a c h  WA Y ES NO 

W e l l s  WA Y ES NO 

C h i ef  Jos e p h  WA Y E S  NO 

I c e  H a r bor WA Y E S  NO 

Lowe r Mon ume n t a l WA Y E S  NO 

L i tt l e  Goo s e  WA Y E S  NO 

Lower Gran i te WA Y E S  NO 

L l  b by M T  Y E S  Y ES 

H u ngry Hor s e  M T  Y E S  Y E S  

A l b e n i  F a l l s  I D  NO NO 

G r a n d  Cou l e e WA YES  NO 

Dwor s hak  I D  YES  YES  

* /  S u ppl i e d b y  U S F W S . I n c l u d e s  b o t h  w i l d l i fe a n d  f i s h  s pe c i e s . 
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Cov e r e d  i n  

B i o l og i c a l  

A s s e s s me n t ?  

NO 

NO 

.... NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

Y ES 

Y E S  

NO 

NO 

Y E S  



Tab l e  (cont i nued ) 

Co l umn 1 2 3 4 5 

E x c e e d  Cov e r e d  i n  

No Ac t i on B i o l og i c a l  

Hyd ro Fac i l i t i e s Loc at i on T & E A l t e r n at i v e ?  A s s e s s me n t ?  --

Co l s tr i p 1 -4 MT Y E S  NO Y E S  

Cor e tte MT Y E S  NO Y E S  

Boardman OR NO  NO  NO  

Ce n t r a l i a  1 &2 WA Y ES NO Y ES 

J i m  Br i d g e r  1 -4 WY Y E S  NO Y ES 

Va l my NV  NO  NO ... NO 

Comb u s t i on T u r b i ne 

Be t h e l  OR Y E S  NO NO 

Beaver  OR  YES  NO Y E S  

Wh i te horn  1 -3 WA Y E S  NO Y E S  

F r e d e r i c k s o n  1 &2 WA Y E S  NO Y E S  

F r e don i a  1 &2 WA Y E S  NO Y E S  

N u c l e a r  

WNP- 1 WA Y E S  N O  N O  

WNP-3  WA Y E S  NO NO 

Coa l M i n e s  

B e 1 1 e -Ayr e  WY Y E S  NO NO 

Ce n t r a l i a  WA YES NO NO 

Ros e b u d  MT Y E S  NO NO 

B r i d g e r  WY Y E S  NO NO 
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Key A s s umpt i on s .  B e l ow a r e  t h e  pr i n c i p a l  a s s umpt i on s  u s e d  i n  d e v e l op i n g t h i s  
B i o l og i c a l  A s s e s s me n t .  

• The  i nforma t i on a n d  an a l ys i s i n  t h e  D E I S , a n d  a d d i t i on a l  d a t a  
d e v e l oped  for t h e  f i n a l  E I S  prov i d e a s u ff i c i e n t  bas i s for t h e  
B i o l og i c a l  A s s e s s me n t . 

• E x i s t i n g fac i l i t i e s wou l d  be  ope r a t e d  w i th i n d e s i g n l i m i t s  a n d  
c a p a b i l i t i e s i n  ac cor d a n c e  w i t h  a p p l i c a b l e  l aw s  a n d  r e gu l a t i on s . 

• Re s i d e n t  f i s h  prod u c t i on i s  a d v er s e l y  affe c te d  by d e c r e a s e d  
r e s e rvo i r l ev e l s o r  s t reamf 1 0w s . 

• Anadromou s f i s h  p a s s ag e  a n d  prod u c t i on i s  d i r e c t l y  affe c t e d  by 
for e bay and s tr e amf l ow l ev e l s i n  ma i n s te m  a n d  tr i b u tary s tr e am s  w i t h · 
hydroe l e c tr i c d a m s . 

• Waterfow l on t h e  m a i n s tem  Co l umb i a  a n d  S n ake  r i v e r s  wou l d not b e  
affec te d  b y  ope r a t i ona l ac t i on s  cov e r e d  b y  t h e  PSC  E I S . � 

• Qua nt i f i a b l e  effe c t s  from the  oper at i on a l  c h an g e s  that  may b e  
pos s i b l e w i t h i n t h e  a l t e r n at i v e s  t o  t h e  p ropos e d  act i on a r e  b eyond 
t h e  s cope of t h i s  B i o l og i c a l  A s s e s sme n t , a n d  mu s t  be  c on s i d e r e d  on  a 
s i te-by- s i te b as i s  i n  oth e r  proce s s e s . 

• No c h a n g e  i n  h uman  u s e  of fac i l i t i e s wou l d  oc c u r  a s  t h e  r e s u l t  of 
the s e  ac t i on s ; t h e r efor e  no add i t i on a l  d i s tu r b a n c e  of w i l d l i fe wou l d  
b e  c a u s e d . 

• Where  coa l p l a n t  o p e r a t i on s  d o  not e x c e ed t h e  No Ac t i on A l t er n at i ve ,  
t h e  m i n e  s u pp l y i n g  i t s coal  w i l l  a l s o  not e x c e e d  No Ac t i on .  

• W h e r e  a n  a l t e r n at i v e s ' operat i on s  wou l d  fa l l  b e l ow t h e  l ev e l  of t h e  
N o  Ac t i on A l te r n at i v e ,  n o  s i gn i f i c a n t  i mp a c t s  wou l d  oc c u r  o n  
v e g e t at i on o r  w i l d l i fe .  

A S S E S S M E N T  

T h e  B i o l og i c a l  A s s e s sm e n t  i s  d i v i de d  i nto t h r e e  s e c t i on s : ( 1 )  d i s c u s s i on s  o f  
g e n e r i c  a n d  s i t e- s pe c i f i c i mp ac t s  t h a t  c a n  o c c u r  w i t h  e ac h  type of fac i l i ty 
cov e r e d  by t h i s  a s s e s sme n t : hyd ro d am s , g a s -f i r e d  t h e rma l p l a n t s , coa l - f i r e d  
t h e r m a l  p l a n t s  and  coa l m i n e s ; ( 2 )  tab l e s  l i s t i n g  i nd i v i d u a l  fac i l i t i e s ,  
a s soc i a t e d  s p e c i e s , a n d  pos s i b l e  i mp ac t s , w i th foo t n ot e s ; a n d  ( 3 )  a d e ta i l ed 
d i s c u s s i on of r e s i d e n t  f i s h , a food s u pp l y  of t h e  b a l d e ag l e ,  at  t h e  
r e s e rvoi r s  b e h i nd Dwor s ha k  a n d  H u ngry Hor s e  dams . 
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( 1 )  D I SCUS S I ON 

Hyd ro P roj e c t s  

T h e r e  a r e  two b a s i c  type s  of power  g e n e r a t i n g hyd roe l e c tr i c dams : 
r u n-of- t h e-r i ve r , and  s torage . T h e  forme r ope r a t e  on ava i l ab l e  wat e r  
r e s u l t i n g from n a t u r a l  p roc e s s e s  and  u p s t r e am r e l e a s e s . T h e s e  d ams , on c e  
c on s t r u c te d , a r e  l i m i t e d  for manageme n t  o f  hyd ro p rod u c t i on or e n v i ronme n t a l 
n e e d s . S torage dams , howe v e r , are  ma n i p u l a t e d  a n d  con t ro l l e d by h u man  
i n t e r v e n t i on . Ope r a t i on of  s torage  dams has  d i r e c t  effe c t s  u pon i n-r i v e r  and  
r i par i an f i s h  and  w i l d l i fe r e so u r c e s . 

W a t e r  l e v e l  f l u c t ua t i on s  h a v e  b e e n  s hown to adv e r s e l y  i mpac t pop u l a t i on s  of 
r e s i d e n t  f i s h  a n d  t h e  p a s s a g e  of ad u l t a n d  j uv e n i l e  a n adromou s f i s h  t h ro u g h  
t h e  Co l umb i a  and  S n ake  r i v e r  sys tems . For e x i s t i n g hydro proj e c t s , 
c omp l i a n c e  w i t h  N WP PC F i s h  a n d  W i l d l i fe Program a s  a c o n t ra c t  con s tra i n t  wou l d  
d u p l i c a t e  o t h e r  me thod s of p rogram i mp l eme n ta t i on , a n d  t h e refore wou l d  not 
eff e c t  e n v i ronme n t a l  con d i t i on s . Howe ve r , t h e  ap p l i c at i on of the �WPPC ' s  
P rote c te d  A r e a s  Ru l e ,  wh i c h a p p l i e s to n e w  hyd ro d e v e l opme n t , wou l d  h a v e  
b e n ef i t s  for f i s h  a n d  w i l d l i fe ,  wh i c h cou l d  a p p l y  b o t h  w i t h i n  a n d  ou t s i d e of 
t h e  Co l umb i a  R i v e r  B as i n .  T h e s e  b e n ef i t s  wou l d  b e  b a s e d  on t h e  fac t  t h a t  n e w  
h y d r o  wou l d  b e  s h i ft e d  to p r e v i ou s l y  d e t e rm i n e d  l ow i mp a c t  a r e a s  a n d  away from 
more s e n s i t i ve s tr e am r e a c h e s . BPA h a s  c omm i t t e d  i t s e l f  to a po l i cy proc e s s  
to c on s i d e r  how to a p p l y  t h e  P ro t e c t e d  A r e a s  Ru l e  to BPA ' s  power marke t i n g 
a c t i v i t i e s ;  BPA ' s  Long-Term I n t e r t i e Ac c e s s Pol i cy ( LTIAP ) r eq u i r e s  c u s tome r s  
u s i ng t h e  P ac i f i c  Nor t h we s t-Pac i f i c  Sou thwe s t  I n t e r t i e u n d e r  t h e  LTIAP  to 
fol l ow t h i s  r u l e w i t h  r e s pe c t  to n ew hydro d ev e l opme n t s  w i t h i n t h e  Col u mb i a 
b a s i n .  

Ot h e r  a l t e r n a t i v e s  a s s o c i a t e d  w i t h  hyd ro ope r at i on s  w e r e  d i s c u s s e d  i n  t h e  
D E I S .  I t  w a s  d e te rm i n e d  t h a t , d e p e n d i n g u pon t i me a n d  p l ac e ,  f l ow p a t t e r n  
s h i ft s  cou l d  both b e n e f i t a n d  h arm an adromo u s  f i s h  popu l at i on s . I n  a l l . 
s c e n ar i os regard i n g f l ow p a t t e r n  a l t e r a t i on s , t h e  W at e r  B u d g e t  f l ow s  to a s s i s t 
f i s h  m i g ra t i on we r e  m e t . T h e  add i t i on of p l a n n e d  bypa s s  s y s tems  a n d  o t h e r  
p l a n n e d  m i t i gat i on mea s u r e s  a t  m a i n s t e m  Co l umb i a  B a s i n  d am s  i s  e x pe c t e d  to 
i mprove an adromo u s  f i s h  s to c k  s u rv i v a l  ov e r  t i me .  

Re s i d e n t  f i s h  a r e  p r i mar i l y  affe c t e d  by r e s e rvo i r l ev e l s  s i n c e  t h ey i n h a b i t 
s h a l l ow wa t e r  a r e a s  a l on g  t h e  p e r i p h e ry of t h e  r e s e rvo i r s . E x c e s s i ve 
d r awdown s d u r i n g t h e  p e r i od from A p r i l to S e p te mb e r  c ou l d  n e g at i v e l y  affe c t  
t h e s e  r e s i d e n t  f i s h .  E l e v a t i on fr e q u e n c y  c h a n g e s  i n  r e s e rvo i r l e v e l s  a t  
Dwor s h a k , H u n g ry Hor s e , a n d  L i b by d u r i n g Novembe r ,  a s  d i s c u s s ed i n  t h e  D E I S ,  
cou l d  r e s u l t i n  n e g a t i v e  i mp a c t s  to f i s h  p rod u c t i on for fa l l s p awn i n g koka n n e e  
a n d  have  s e r i ou s  i mp a c t s  t o  r e s i d e n t  f i s h  pop u l a t i on s . Howe v e r , ov e r a l l 
r e s u l t s  from compa r i n g d a t a  from a l t e r n a t i ve  s c e n a r i os v e r s u s  t h e  b a s e  
ope r a t i on s  ( No A c t i on A l t e r n a t i v e )  s howe d m i n i mu m  i mp a c t s  on  f i s h  
p o p u l a t i on s . N e s t i n g w a t e r fow l r e s i d i n g i n  t h e  ma i n s t e m  Co l u mb i a  a n d  
S n ake r i v e r s  wou l d  e s s e n t i a l l y  b e  u n affe c t ed  b y  wa t e r  l e v e l  c ha n g e s  d u e  t o  t h e  
w a t e r  d i s p l a c eme n t  o f  t h e s e  r i v e r s  a n d  t h e  l oc a t i on o f  roos t i n g a n d  n e s t i ng  
t r e e s and  man-made  s t r u c t u r e s .  None of the  noted  a d v e r s e  i mp a c t s  wou l d  oc c u r  
u n d e r  t h e  p r e fe r r e d  a l t e r n a t i v e . 
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S h o r t e r  c on t r a c t  t e r m s  c ou l d h a v e  pos s i b l e  n e g a t i v e e n v i ronme n ta l i mp l i c a t i o n s  
s ho u l d c u s tome r s  d e c i d e to d e ve l op n e w  h y d ro r e s o u r c e s  i n  s e n s i t i v e a r e a s . 
T h e  No A c t i o n  A l t e r n a t i v e a n d  t h e  p r e fe r r e d  a l t e r n a t i v e wou l d  ma i n ta i n c u r r e n t  
c o n t r a c t t e r m s  a n d  t h u s  a vo i d th i s  pot e n t i a l . 

W i th  r e ga r d  to f i r m  l oa d  e n e rgy c h a n g e s ,  pow e r  r e so u r c e s  wou l d l i ke l y  b e  
p u r c h a s ed t o  make u p  for a n y  con t r a c t  i n c r e a s e  i n  f i rm l oad . R e s e r vo i r s  wou l d  
c on t i n u e  b a s e  o p e r a t i on s  a n d  t h e r e fo r e  a d d i t i on a l  f i s h  a n d  w i l d l i fe i mp a c t s  
wou l d  not b e  e x p e c t e d . 

T h e rma l P l a n t s  

Compa r i s o n  o f  d ata b e twe e n  a l t e r n a t i v e s  a n d  t h e  N o  A c t i o n  A l t e r n a t i v e for 
o p e r a t i on of coa l a n d  g a s  t u r b i n e  g e n e r at i n g p l a n t s  d i d  not r e v e a l  any  c l e a r  
t r e nd s . I mp a c t s  c a n  oc c u r  f rom i n c r e a s e d  w a t e r  w i t h d r awa l s at  c oa l -f i r e d  
p l a n t s , howe v e r , a n a l y s i s of  a l t e r n at i v e s  s howe d e ff e c t s , s p e c i f i c a l l y  t o  f i s h  
pop u l a t i on s , t o  b e  n e g l i g i b l e .  E n v i ronme n t a l i mp a c t s  re l a t i v e to a i r q u a l i ty ,  
l a n d  d l s t u r b an ce s ,  a n d  w a t e r  u s e  w e r e  s hown to b e  m i n i ma l  or  n e g l i �i b l e .  
T h e r ma l  p l an t s  w i l l  c on t i n u e  to o p e r a t e  w i th i n  d e s i g n a n d  l eg a l  l i m i t s . No  
i mp a c t s  to t h r e a t e n e d  or e nd an g e r e d  s p e c i e s o r  th e i r r e s p e c t i v e  h a b i t a t s  a r e  
e x p e c te d . 

Coa l M i n e s  

Coa l m i n e s  w i t h i n  t h e  a r e a  cov e r e d  by t h e  P S C  E I S  p r oc e s s  were  e v a l u a t e d  for 
o p e r a t i on a l  c h a n g e s  and comp a r e d  to t h e  No A c t l on A l t e r n a t i v e .  I mp a c t s  w e r e  
d i s c u s s ed f o r  a i r q ua l i ty ,  w a t e r  u s e , a n d  l an d  u s e .  S u r f a c e  c o a l  m i n e s  
o p e r a t e  u n d e r  p e rm i t s  a n d  w i t h i n t h e  conf i n e s  o f  t h e  l an d  a r e a s  a l l oc a t e d  for 
e x t r ac t i on .  Con s eq u e n t l y ,  a d d i t i o na l  l a n d  s u rf a c e  d i s tu r b a n c e  i s  l i m i t e d  to 
the  a r e a s  of i d e n t i f i ed re cov e ra b l e  c oa l . 

S i n c e  m i n e s  a r e  man d at e d  to be  o p e r a t e d  u n d e r  p e r m i t ,  i t  i s  B PA ' s c on c l u s i on 
t h a t  t h e  a l t e r n a t i v e s , i n c l u d i ng t h e  No  A c t i on A l t e r n at i v e ,  wou l d  c a u s e  n o  
ad d i t i on a l  e n v i ronme n t a l  i mp a c t s  on  t h r e a t e n e d  a n d  e nd a n g e r e d  s p e c i e s a t  m i n e s  
o p e r a t e d  w i t h i n  t h e  a r e a  cov e re d  by t h i s B i o l og i c a l  A s s e s s m e n t . 

Con s e r v a t i o n  

" Co n s e rv a t i on "  i s  t r e a t e d  a s  a r e s o u r c e  mu c h  t h e  s am e  a s  pow e r  g e n e ra t i o n . 
I n c e n t i v e s  e x i s t  a n d  a r e  c u rr e n t l y u s e d by SPA  c u s tome r s  to i n c r e a s e  e n e rgy 
e ff i c i e n cy . F i rm l oad  d e l i ve r i e s a r e  an i n t e g r a l  p a r t  of  t h e  c o n t r ac t s . 
S u r p l u s  g e n e ra t i n g  pote n t i a l  may b e  u s e d to� i mp rov e f i s h  a n d  w i l d l i fe h a b i tat , 
howev e r , t h e s e  b e n e f i ts  a r e  d e te r m i n e d  by t i me a n d  p l a c e  a n d  c a n no t  t h e r e fo r e  
b e  d i s c u s s e d  w i th a ny d e g r e e  o f  c e r ta i n ty i n  q u a n t i ta t i v e terms  w i t h i n t h i s  
a s s e s s me n t .  

T h e  D E I S  a n a l y s i s  s howe d  n o  s i g n i f i c a n t  e n v i ronme n t a l b e n e f i ts  from 
co n s e r v a t i on a s  a c o n d i t i on of s e r v i c e  a bov e t h e  b e n e f i t s  of p r o g r a m s  a l r e a d y  
a v a i l a b l e  t o  i n c r e a s e  e n e r g y - e ff i c i e n c y  i n  t h e  r e g i on . 
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Propo s e d  L i s t i ng s  u n d e r  t h e  E n d ange r e d  Spe c i e s A c t  

Sn ake R i v e r  sockeye s a l mon h a v e  b e e n  propo s e d  for l i s t i n g  a s  e nd a n ge r e d  a n d  
Snake R i v e r  s pr i n g / s umme r and  fa l l c h i nook h a v e  b e e n  p ropo s e d  for l i s t i n g  a s  
t h r e at e n e d  b y  N M F S  u n d e r  t h e  ESA . Pote n t i a l  i mp a c t s  on t h e  ope r a t i on of t h e  
powe r s y s tem a s  a r e s u l t  o f  fu t u r e  l i s t i n g s , o r  t h e  u s e  o f  con s e rv at i on and  
other  r e sour c e s  to me e t  e l e c tr i c a l  l oad s , a r e  t h e  s u b j e c t s  of an a l y s i s i n  
ot h e r  doc ume n t s  c u r re n t l y  u nd e r  p r e parat i on ,  s p e c i f i c a l l y ,  t h e  SOR E I S  and  t h e  
Re sou r c e  P rogram E I S .  B PA i s  i nvol v e d  i n  d i s c u s s i on s  w i t h  N M F S  con c e r n i ng t h e  
e ffe c t  o f  power  s y s t e m  ope r at i on s  o n  t h e  s pe c i e s p ropo s e d  for l i s t i ng . I n  
add i t i on , ope r a t i on a l  me a s u r e s  t o  e n h a n c e  t h e  s u rv i v a l  o f  r u n s  p ropos e d  for 
l i s t i ng  are t h e  s u bj e c t  of ana l y s i s i n  t h e  " 1 9 9 2  Co l umb i a  R i v e r  S a l mon F l ow 
Me a s ur e s Opt i on s  An a l y s i s / E I S "  u n d e r  pre p a r a t i on by t h e  U . S .  Army Corp s  of 
E ng i n e e r s  i n  coope r at i on w i th B PA a n d  t h e  B u r e a u  of Re c l amat i on .  

( 2 )  TAB L E S  

Tab l e I I .  T h r e a t e n e d  and  E n d ange r e d  Spe c i e s  Poten t i a l l y  Affe c te d  

Tab l e I I  l i s t s  t h o s e  fac i l i t i e s w h e r e  pos s i b l e  effe c t s  may oc c u r  on 
t h re at e n e d  or e nd a n g e r e d  s pe c i e s  i d e n t i f i ed  by t h e  U S FWS . 

Tab l e I I I . F i nd i ngs  

Ta b l e  I I I  pre s e n t s  con c l u s i on s  for i mp a c t s  on e a c h  pote n t i a l l y  
affe c te d  s pe c i e s . I mpac t  r e v i ew was con d u c ted  i n  con s u l tat i on w i t h  
U SFWS f i e l d  off i c e  p e r s on n e l  t o  foc u s  on mos t  l i ke l y  prob l em a r e a s . 
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Tab l e  I I  

THREATENED AND ENDANGERED SPEC I ES POTENT I ALLY AFFECTED 

F a c i l i ty 

H u n g ry Hor s e  

L i b by 

Co l s tr i p Coa l - F i r e d  
T h e rma l P l a n t s  1 -4 

Ros e b ud Coa l M i n e  

B r i d g e r Coa l  M i n e  

J i m  B r i dger  1 -4 

Be l l e  Ayr e  

Core t t e  T h e rma l P l a n t  

Dwo r s h a k  Dam 

Bon n e v i l l e Dam 

T h e  D a l l e s Dam 

J o h n  Day Dam 

M c Nary Dam 

P r i e s t  Rap i d s  Dam 

Wanapum  Dam 

Roc k  I s l and  Dam 

Rocky Re a c h  Dam 

We l l s  Dam 

C h i e f J o s e p h  Dam 

I c e H a r bor Dam 

State  

M T  

M T  

M T  

M T  

WY 

WY 

WY 

WY 

I D  

OR/ WA 

OR/HA 

OR/HA 

OR/ WA 

WA 

WA 

WA 

WA 

WA 

WA 

WA 

Spe c i e s P re s e n t  

Ba l d  E a g l e ( E ) , P e r e g r i n e F a l con ( E ) , 
G r i zz l y  Bear  ( T ) , Gray Wo l f  ( E ) 

s ame a s  H u ngry Hor s e  

B a l d E ag l e  ( E ) , P e r e g r i n e 
F a l con ( E ) , B l a c k-foo t e d  F e r r e t ( E ) 

Ba l d E ag l e  ( E ) ,  P e r e g r i n e F a l con  ( E ) , 
B l a c k-footed  F e r re t ( E ) 

Ba l d  Eag l e  ( E ) , Pe r e g r i n e  F a l con ( E ) , 
B l a c k-footed  F e r re t ( E ) ,  H umpb�k C h u b  ( E ) , 
Co l orado Squawf i s h  ( E ) 

s ame a s  B r i d g e r  Coa l M i n e  

Ba l d  E ag l e ( E ) , P e r e g r i n e F a l con ( E ) , 
B l a ck-footed  F e r re t ( E ) 

B a l d E ag l e ( E ) , P e r e g r i n e F a l con ( E ) , and  
B l a c k-footed  F e r r e t  ( E ) 

Ba 1 d Eag 1 e ( 1 )  

B a l d  E ag l e  ( T ) , P e r e gr i n e  F a l con  ( E ) 

B a l d Eag l e  ( T ) , P e r e g r i ne F a l con  ( E ) 

B a l d E ag l e  ( T ) , Pere gr i ne F a l con ( E )  

B a l d  E ag l e  ( T ) , P e r e gr i n e  F a l con ( E )  

B a l d E ag l e ( T ) , P e r e g r i n e F a l con ( E ) 

B a l d E ag l e  ( T ) , P e r e g r i n e F a l con ( E )  

Ba l d  E ag l e  ( T ) , P e r e g r i n e F a l con ( E ) 

Ba l d  E ag l e  ( T ) , P e r e g r i n e  F a l c o n  ( E )  

B a l d E ag l e  ( T ) , P e r e g r i n e F a l c on ( E )  

B a l d E ag l e ( T ) ,  P e r e g r i n e F a l c o n  ( E )  

Ba l d  E ag l e  ( T ) , P e r e g r i n e  F a l c o n  ( E )  
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TABLE I I  (cont i nued ) 

Fac i l i ty S t a t e  Spe c i e s Pre s e n t  

Lowe r Mon u me n t a l  Dam WA 

L i t t l e Goo s e  Dam WA 

Lower Gran i te Dam WA 

Gr and  Cou l ee Dam WA 

Ce n t r a l i a  1 & 2 WA 

WNP- l WA 

WNP-3  WA 

W h i t e ho r n  WA 

F r ed e r i c k s on 1 & 2. WA 

Fr e don i a  1 & 2 WA 

C e n t ra l i a  Coa l M i n e  WA 

B e th e l  O R  

B e av e r  O R  

Boardma n  T h e r m a l  P l an t  O R  

E = E n d a n g e r e d  
T T h r e a t e n e d  

B a l d E ag l e ( T ) , P e r e g r i n e F a l con ( E ) 

Ba l d  E ag l e ( T ) , P e r e gr i n e F a l con ( E ) 

Ba l d  E ag l e ( T ) , P e r e g r i n e F a l con ( E ) 

B a l d E ag l e ( T ) , P e r e g r i n e F a l con ( E ) 

Ba l d  E ag l e ( T )  

B a l d E ag l e ( T ) , P e r e g r i n e F a l con ( E ) 

Ba l d  E ag l e ( T )  T h e r e  a r e  t h r e e  n �s t i n g  
t e r r i tor i e s n e ar t h e  proj e c t . 

Ba l d  E ag l e  ( T ) , P e r e g r i n e F a l con ( E ) 

Ba  1 d E a g  1 e ( T )  

B a  1 d E ag 1 e ( T ) 

Ba l d  E ag l e ( T ) 

B r ad s h aw ' s Loma t i um ( E ) 

B a  1 d Eag  1 e ( T ) 

Ba l d  E ag l e  ( T )  a n d  P e r e gr i n e  F a l con  ( E ) may 
o c c u r  i n  m i g r a t i on  
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( 3 )  Re s i d e n t  F i s h  a n d  Ba l d  E ag l e s  a t  Dwor s h ak ,  I daho ; 
L i b by a n d  H u ngry Hor s e  Re s e rvo i r s  

B r e e d i n g ,  w i n t e r i ng ,  a n d  m i g r at i n g  b a l d e ag l e s  we re  i de n t i f i e d a s  a n  
e n d a n g e r e d  s p e c i e s  fou n d  i n  t h e  a r e a s  of mos t  fa c i l i t i e s  cov e re d  b y  t h i s  
a s s e s s me n t . I n  r e v i e w i ng  ope rat i on of t h o s e  fac i l i t i e s ( s e e  Tab l e s  I ,  I I , a n d  
I I I ) , ou r conc l u s i on i s  t h a t  opera t i on a l  c h a n g e s  u nd e r  a n y  o f  t h e  a l t e r n a t i v e s  
a r e  not l i ke l y  to adv e r s e l y  affe c t  t h e  ba l d  e a g l e .  O p e r a t i on a l  c h a n g e s at  
H u ngry Hors e ,  L i b by , a n d  Dwor s h ak u n d e r  s ome a l t e r n at i ve s  cou l d  affe c t  t h e  
f i s h e ry r e s ou r c e , wh i c h may affec t  food s u p p l i e s for b a l d eag l e s ; t h i s 
pos s i b i l i ty a n d  i t s effe c t  on  b a l d e ag l e s  a r e  d i s c u s s e d  b e l ow .  T h e  p r e fe r r e d  
a l te r n a t i ve wou l d  n o t  re s u l l i n  a n y  o f  t h e  ope r a t i o n a l  c h ange s i n  q u e s t i on .  

Re s i d e n t  F i s h e r i e s  

Common r e s i d e n t  f i s h  s p e c i e s  i n  H u n g ry Hor s e  Re s e r vo i r i n c l u d e  we s t s l op e  
c u t t h roat  t rou t ,  mou n ta i n wh i tef i s h ,  nor t h e r n  s q u awf i s h ,  l arge- s c a� s uc k e r s , 
l on g no s e  s uc ke r s , a n d  pygmy wh i te f i s h  ( May a n d  Weave r ,  1 98 7 ) .

-
S tu dy of t h e s e  

f i s h  pop u l a t i on s  h a s  b e e n  u n d e rway s i n c e  1 98 3� t o  q u a n t i fy s e a s on a l  wat e r  
l ev e l s n e e d e d  t o  ma i n ta i n or e n h a n c e  t h e  r e s e rv o i r f i s h e r i e s . 

Common r e s i d e n t  f i s h  s pe c i e s  i n  Dwor s h ak R e s e r vo i r i n c l u d e  we s t s l op e  c u t t h roat  
t rou t ,  mou n ta i n wh i tef i s h ,  nor t h e r n  s q u awf i s h , l ar g e  s c a l e s u cker s ,  
b r i d ge - l i pped  s u c ke r s , re s i d e n t  r a i n bow , bu l l  c h ar , brook trou t ,  d a c e , v a r i o u s  
cott i d s , r e d- s i d e s h i n e r , b u l l h ead c a tf i s h ,  s ma l l -mou t h e d  b a s s ,  l ar g e -mo u t h e d  
ba s s , l on gnos e d  d a c e , s p e ck l e d  d ac e , c h i s e l mo u t h , P ac i f i c l amprey , a n d  koka n e e .  

Common r e s i d e n t  f i s h  s p e c i e s  i n  L i bby Re s er vo i r i n c 1 u d e  we s t s l op e  c u t t h roa t 
t rou t ,  b u l l c h a r , r e s i d e n t  ra i n bow , a n d  kokan e e . 

I nformat i on i s  l i m i te d  on  t h e  e x t e n t  of b i o l og i c a l  i mp a c t s  to r e s i d e n t  f i s h  
a s soc i a t e d  w i t h  c h an g e s  i n  s e a s on a l  d raft of t h e  r e s e r vo i r s . A l t e r n a t i v e s  
d i s c u s s e d  i n  t h e  D E I S  i nd i c a t e  t h a t  u n d e r  c e r ta i n water  cond i t i on s , i t  i s  
l i ke l y  t h a t  f i s h  s p e c i e s ( s u c h  a s  we s t s l op e  c u t th roa t ,  b u l l c h a r , a n d  mou n ta i n  
wh i tef i s h  a t  H un g ry Hor s e  a n d  kok a n e e  a t  Dwor s ha k )  may b e  affe c te d  by 
i n c r ea s e d  d rawdown s .  As t h e  D E I S  ana l ys i s  s hows , d r awdown s l ar g e  e no u g h  to 
mer i t a t te n t i on for pote n t i a l  effe c t s  on  r e s i d e n t  f i s h  wer e  e x p e c t e d  to o c c u r  
o n l y  a s ma l l p e r c e n tage  o f  a ny year . None of t h e  a l t e r n at i ve s  e x am i n e d  wou l d  
adver s e l y  affe c t  r e s i d e n t  f i s h  pop u l at i o n s  down s tr e am of t h e  dams . 

S i gn i f i c a n t  c h a n g e s  i n  t h e  frequ e n cy of r e s e rvoi r e l e v a t i on s  d u r i n g November  
c a n  be  d e tr i me n ta l  to f i s h  grow t h  a n d  to  f a l l s pawn e r s  s u c h  as  kokan e e . Low 
r u n-off cond i t i on s  prod u c e  t h e  g r e a t e s t  c h a n g e  i n  r e s e r vo i r e l e v a t i on s . 

T h e  N W P P C  F i s h  a n d  W i l d l i fe P rogram a d d re s s e s  L i b by , H u ngry Hor s e ,  a n d  
Dwor s h ak ope ra t i on a l  i mpac t s  on  re s i de n t  f i s h  a n d  p rov i d e s  for m i t i g a t i n g  
adv e r s e  i mpac t s . For i n s ta n c e , t h e  progr am c a l l s  for re s e ar c h  a t  H u n g ry Hor s e  
o n  r e s e rvo i r e l e v a t i on s  a n d  f l u c t u a t i on s  c a u s e d  b y  hydro pow e r  o p e r a t i on s  a n d  
r e l a t e d  t o  f i s h  pop u l a t i on s tab i ] i ty or  c ha n ge s . O p e r a t i on a l  c h a n g e s  a t  
Dwor s h ak to prov i de coo l i n g o r  " f i s h  f l ow s " for t h e  S n ake R i v e r  may affe c t  
r e s e rvo i r e l e v a t i on s . Howe v e r , d rawdow n s  a r e  e x p e c te d  to fa l l wJ t h i n  
a c c e p tab l e  l e v e l s .  
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Spec i es 

Bal d Eagl e 

Peregrjne 
£lli.Q.n 

Gr i z z l y  
� 

Facil itv 

Hungry H o rs e ,  L i bby , 

Dwoshak Dams ; 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  Hi n e s  

Hungry H o rs e ;  

C o l 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  H i nes 

Hun gry Horse 

G ray �ol f H u n g ry Horse 

Bl ack Footed Col s t r i p ,  B r i d g e r  

ffLrfl T h e rmal s ;  Rosebud , 

B r i d g e r  M i ne s .  

Humpback B r i dge r T h e rmal ; 

� B r i d g e r  H i n e  

Col orado B r i d g e r  T h e rmal ; 

$quawf i sb B r i dge r M i ne 

S e e  f o o t n o t e s  fol l ow i n g .  

TAB L E  I I I  

I MPACTS O F  PREFERRED A LTERNATIVE ON L I STED SPEC I E S  

Mai n Concerns 

Food Suppl y 

Roos t Fl ood i n9 

A i r Emi s s i ons 

Habi tat Changes 

Food Suppl y 

Hab i tat Change 

Hab i tat Change 

I n c rease i n  

Human A c t i v i t i es 

Food Suppl y 

Hab i tat Change 

I n c rease i n  

Human Ac t i v i t i es 

H i ne Expan s i on 

H ab i tat Changes 

Water W i thd rawal s 

and Temp . Changes 

Hab i tat Change 

and Wate r Temp '. 

Changes . 

( 1 ) ,.  

( 2 )  
( 3 )  
( 4 )  

( 5 )  
( 4 )  

( 4 )  
( 6 )  

( 7 )  

( 4 )  
( 6 )  

( 8 )  
( 4 )  

( 9 ) 

( 4 )  

Imoacts 

No Impac t s . 

No i mpac t s . 

No Impa c t s . 

No Impa c t s . 

No Impa c t s . 

No Impa c t s . 

No Impa c t s . 

Rationale/Fi ndi nos 

The p re f e r red al ternat i ve w i l l  n o t  a f f e c t  eagl e 

food suppl y at any fac i l i ty .  Some al t e r na t i v e s  

mi gh t h a v e  e f f e c t s  a t  Dwo rshak i n  I d aho . a n d  L i b b y  

and H u n g ry Horse i n  Hon tan a . Wa t e r  l evel s cannot 

exceed ex i s t i n g max i mums . s o  roo s t  areas w i l l  n o t  

be i n undated . A i r qual i ty c hanges a r e  

i ns i gn i f i can t .  N o  hab i tat al t e ra t i on s .  M i n e  

o p e ra t i on w i t h i n  s tandards s e t  by the U . S .  

Departme n t  o f  the I n t e r i o r  ( U SDI ) .  

No hab i tat al t e ra t i ons and no i mpact on food 

suppl y .  H i nes o p e ra t e  w i th i n  s tandards s e t  

by USD I . T h i s  spec i es mi g ra t o ry onl y a t  

Wh i tehorn . WNP-2 , a n d  Boardma n . 

No hab i t a t  al t e ra t i on o r  i n c reased human 

d i s t u rbances . 

No hab i tat al t e ra t i on o r  i n c reased human 

d i s tu rban ces . 

No hab i tat changes ; m i nes opera t i ng w i t h i n  

s tan d a r d s  s e t  by USD I . 

Chan ges i n  wa t e r  cond i t i on a re i n s i gn i f i c a n t . � 

Changes i n  wat e r  cond i t i on a re i n s i gn i f i c an t .  



TAB L E  I I I  ( C on t i n u e d )  

FOOTNOTE D I S C U S S ION 

( 1 )  BALD EAGLE FOOD SUPPLY . Impac t s  on f i s h have been anal yzed i n  depth f o r  t h e  E I S .  The 

s t u d i e s conc l u ded that . a l though there are m i n o r  i mpacts on s ome an adromou s  f i sh s to c k s  under 

some a l t ernat i ves . the stocks are ex pected t o  i ncrease d u e  to i n -p l ac e  and p l anned 

mi t i ga t i on . Res i dent f i s h a r e  not expected t o  be a f f ec t e d  u n d e r  the p r e f e r red al ternat i v e .  

AIR QUAL ITY . A i r  pol l u t i on i s  a concern f o r  s ev e r a l  s p ec i es i n  several areas . Impact cou l d 

occur d i rect l y  on the s p ec i es i t s e l f .  as wel l as on poten t i a l h a b i ta t  or prey s pec i es .  

Projected changes i n  amb i en t  a i r  qual i ty show m i n i mal i nc re a s e s  and decreases i n  p o l l utant s . 

depen d i ng upon the al ternat i v e .  Al l a r e  j u dg e d  to be n e g l i g i bl e  and i n s i gn i f i ca n t . 

( 4 )  HAB I TAT CHANG E S .  No changes i n  h a b i tat wi l l  occur for th i s  a c t i on .  No c on s t ruc t i on wi l l  

occu r .  and operat i onal changes . i f  any , are wi t h i n  des i gn and l i c ense parameter s .  

( 5 )  FOOD SUP P L Y .  No impa c t s  a r e  expected on any prey s pec i es ( smal l b i rds a n d  wat erfowl ) u s e d  by 

the pereg r i n e  fal con . No changes i n  h a b i t a t  ( S ee No . 4 abov e )  f o r  e i ther pereg r i n e or the i r  

prey s pec i es wi l l  occu r .  

( 6 )  I NCREA S E  I N  HUMAN ACT I VI T I E S .  Human d i s turbances wi l l  n o t  i ncrease a s  a res u l t o f  any 

a l t ernat i v e  covered by th i s  E I S  ac t i on .  F ac i l i t i e s  are i n  pl a c e  a n d  funct i on i ng .  No 

construc t i on i s  p l anned . 

( 7 )  GRIZZLY FOOD SUPPLY . F i sh are an i nc i dental part of t h e  g r i zzl y bear ' s  d i et at H u n g ry Horse 

( Er i cson 1 987 ) . Th e i r  food s u p p l y is otherwi s e  unaffecte d .  

( 8 )  M I N E S .  M i ne expan s i on was v i ewed a s  a poten t i al pro b l em .  p a r t i c u l ar l y  i n  pl aces near 

bl ack-footed ferret h a b i t a t . Al l of the m i nes covered by th i s  A s s essment are on l an ds 

admi n i st ered by t h e  Bu reau of Lan d Managemen t .  and operat i n g  u n d e r  a permi t i s s u e d  by the 

Off i ce of Surface M i n i n g .  Before these perm i t s  are i s su e d .  a l l  a p p l i cabl e l aws a n d  

reg u l a t i ons mu s t  be met . i nc l u d i n g N EPA an d t h e  Threat ened and Endangered Spec i e s  Ac t .  No 

act i on cover e d  by the PSC-E I S  wou l d  cause m i n e  expan s i on d i rec t l y .  Shou l d expan s i on occur i n  

t h e  f u tu r e . env i ronmental i mpac t s  wou l d  b e  a d d r e s s e d  th rough t h e  permi t sys t em .  a n d  a l l  

appl i ca b l e l aws a n d  regu l at i on s . 

( 9 )  WATER WITHDRAWAL S .  W i th drawal s f r om t h e  Green R i ver for cool i n g  t h e  B r i dger T h e rmal Pl ant 

are s l i gh t  and cannot be quant i f i e d .  No changes in m i ne opera t i on s  are propos e d . Therefore . 

no i mpacts due to i ncreased wat er w i th drawal s are expe c t e d  ( s ee N o . 7 ) . 

( VS6-PG-00 1 1 K )  
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B a l d Eag l e 

Ba l d  eag l e s have  b e e n  s hown to be  o p port u n i s t i c i n  t h e i r f e e d i n g h a b i t s . 
F i e l de r  a n d  S t arkey ( 1 980 )  have  s t u d i ed t h e  ba l d  e ag l e f e e d i n g ha b i t s  w i t h i n  
t h e  Co l umb i a  Ba s i n .  The s e  s t u d i e s  h ave  s hown t h a t  wate rfowl  make u p  
9 1  p e r c e n t ,  and f i s h  7 . 7  p e r c e n t  o f  t h e  w i n te r  food i te m s . D u r i ng a l 5-mon t h  
s tudy i n  t h a t  s ame g e ne r a l  a r e a  ( 1 98 0 ) , Wood o b s e r v e d  t h a t  b a l d e ag l e s  fed 
p r i mar i l y  on  f i s h ;  howev e r , Wood a l s o  fou n d  p rey r ema i n s  of g u l l s ,  c h u kar s , 
a n d  me r g a n s e r s . F i t z n e r  e t  a l . ( 1 98 0 ) , s t u dy i n g  w i n t e r i n g b a l d e a g l e s  on  t h e  
Co l umb i a R i v e r  on  t h e  H an ford  N u c l e ar Re s e r vat i on ,  fou nd  n o  corre l at i on 
b e tween  e ag l e  n umbe r s  a n d  s a l mo n  c a r c a s s e s , b u t  a s i g n i f i c a n t  pos i t i v e 
corre l at i on for d u c k  d e n s i t i e s a n d  e ag l e d e n s i t i e s .  M c C l e l l an d  e t  a l . ( 1 98 1 ) 
fou nd  a d i r e c t  r e l at i on s h i p be twe e n  kokan e e  a n d  b a l d e ag l e  numbe r s  at  M c Don a l d 
Creek  i n  G l ac i e r  Nat i on a l  P a r k . B a l d e ag l e s  appear  to b e  q u i te  f l e x i b l e i n  
t h e i r  fe e d i n g  h a b i t s . 

S t ud i e s h ave  a l so s hown t h at y e ar l y  a n d  s e a son a l  d i s t r i b u t i on a n d  d i s pe r s a l  of 
e ag l e s  i s  t i e d  to c on c e n t r a t e d  food s u p p l i e s ( Cr e n s h a w  1 987 , S e r v h e e n  1 97 5 , 
S h e a  1 97 3 , S t a l ma s te r  1 97 6 ) . T h i s  a c cou n t s  for th e i r  n omad i c  b e h �i or d u r i ng  
t h e  wi n te r . 

T h e  b a l d e ag l e i s  a year l on g  r e s i d e n t  a n d  m i g r a n t  at  H u n gry Hor s e  a n d  L i b by 
d am s  a n d  an  overwi n ter i n g m i g r a n t  a t  Dwor s h ak .  An a l y s e s  of d rawdown 
frequ e n c i e s a n d  l ev e l s at t h e s e  t h r e e  proj e c t s doe s not i n d i c at e  adv e r s e  
i mp a c t o n  t h e  b a l d e ag l e popu l at i on s , e x c e p t  d u r i n g  l ow r u n-off p e r i od s . Th i s  
s ta teme n t  i s  b a s e d  on  t h e  opport u n i s t i c fe e d i n g h a b i t s  of e a g l e s , t h e i r  
adaptab i l i ty a n d  for ag i n g b e hav i or i n  r e l at i on to c h an g i n g  food s up p l y ;  t h e  
pot e n t i a l for b i g game h a b i t a t  i mp rov eme n t  effort s  a l ong H u ng ry Hor s e  
R e s e rvoi r ;  t h e  a v a i l ab i l i ty o f  o t h e r  food s ou r c e s  o n  t r i b u t ar i e s  to L i b by a n d  
Dwor s hak dams ; p rov i s i o n s  i n  t h e  N P PC F i s h  a n d  W i l d l i fe P rogram t h a t  prov i de 
for f i s h e ry m i t i gat i on wh e n  r e s e r v o i r d r awdown s d u e  to powe r g e n e r a t i on e x c e e d  
s pe c i f i c  e l ev at i on s ; a n d  t h e  comm i tme n t  o f  B PA t o  manage  t h e  pow e r  g e n e r a t i on 
s y s tem  to avo i d confl i c t w i t h  t h e  N P P C  F i s h  a n d  W i l d l i fe P rogram . 

CONCLUS I O N  

F rom ev i d e n c e  c i t e d  abov e , B P A  h a s  c on c l u d e d  that  o p e r a t i on s  o f  t h e  powe r 
g e n e r at i n g fac i l i t i e s  u n d e r  t h e  No  A c t i on A l t e r n at i v e , a n d  u n d e r  t h e  e l e me n t  
o f  A l t e r n a t i v e  1 . 1 wh i c h B PA h a s  s e l e c te d  a s  i t s p refer r e d  a l t e r n at i v e , a r e  
n o t  l i ke l y  to adv e r s e l y  i mp a c t  a n d  t h r e a t e n e d  or e nd a n g e r e d  s pe c i e s i n  t h e  
p roj e c t  a r e a s . 
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L I T ERATU R E  C I TED  

C R E NSHAW , J . G .  1 98 7 . Effe c t s  o f  t h e  Cab i n e t  Gor g e  Kok a n e e  H a t c h e ry on 
W i n t er i ng Ba l d  Eag l e s  i n  t h e  Lowe r C l ark Fork R i v e r  and Lake P e n d  
Ore i 1 1 e ,  I d a ho . F i n a l  Repor t . I d aho D e p a r tme n t  of F i s h  a n d  Game . 
Bon n ev i l l e Powe r Adm i n .  Proj e c t  8 6- 1 4 .  

F I E LD E R , PAU L C .  a n d  RONALD G .  STARK EY .  1 980 . W i n te r i n g B a l d E ag l e  U s e  A l ong 
the Uppe r Co l umb i a  R i v e r , W a s h i ng ton . LH P roc . W a s h i ng ton Ba l d  E ag l e  
Symp . J u n e  1 4- 1 5 ,  1 980 , S e a t t l e  ( R .  L .  Kn i g h t  e t  a 1 . ,  EDS ) . 

F I TZ N E R , R I C HARD E . , DONALD G .  WATSON , and  W I L L IAM R ICKARD . 1 980 . Ba l d  
E ag l e s  of t h e  H an ford Na t i on a l  Env i ronme n t a l  Re s e a r c h  Park . LH P roc . 
W a s h i ng ton Ba l d  Eag l e  Symp . J u n e  1 4- 1 5 ,  1 980 , S e a t t l e  ( R .  L .  Kn i g h t  
e t  a 1 . ,  EDS ) . 

MAY , B .  a n d  T .  W EAV E R . 1 98 7 . Q u a n t i f i c at i on of H u ng ry Hor s e  Re s e rv o i r Water  
Leve l s  Needed  to Ma i n ta i n  or Enhance  Re s e rvoi r F i s h e r i e s . 1 9a6 A n n u a l  
Report . Mon t a n a  D e p a r tme n t  o f  F i s h ,  W i l d l i fe ,  a n d  Park s . Bon n ev i l l e 
Powe r Admi n .  P r oj e c t  83-465  ( DOE . BP- 1 2 65 9 - 3 ) .  

McCLEL LAND , B . R . , L . S .  YOU NG ,  D . S .  S H EA ,  P . T .  McCLE LLAND , H . L .  A L L E N , a n d  
E . B .  S POTT I GU E .  1 98 1 . The  Ba l d  E ag l e  Con c e n t rat i on i n  G l ac i e r Nat i on a l  
Park , Mon tan a ; Or i g i n ,  Growth ,  a n d  Var i at i on i n  Number s .  L i v i n g B i r d  
20 : 1 3 3- 1 35 .  

S E RVH E EN , C . W .  1 97 5 . Eco l ogy of t h e  W i n t e r i ng B a l d Eag l e s o n  t h e  
S kag i t  R i v e r , W a s h i ng ton . M .  S .  T h e s i s ,  U n i v .  of Was h i n g ton , S e a tt l e .  
9 6  p p .  

S H EA ,  D . S .  1 97 3 .  A Man ageme n t  Or i e n te d  S t u dy of B a l d Eag l e  Con c e n t r at i on s  
i n  G l ac i e r N a t i on a l  P a r k . M .  S .  The s i s ,  U n i v .  of Mon t an a , M i s sou l a .  
7 8  p p . 

STALMAST E R , M . V .  1 97 6 .  W i n t e r  Eco l ogy a n d  Effe c t s  of H uman A c t i v i ty on B a l d 
E ag l e s  i n  t h e  Nook s a c k  R i v e r  Va l l ey ,  W a s h i n g ton . M .  S .  T h e s i s ,  W e s t e r n  
W a s h i ng ton S t a t e  Co l l eg e , B e l l i ng h am , W a s h i n g ton . 1 00 p p . 

U . S . D EPARTMENT  OF E N E RGY . Bon n ev i l l e Powe r Admi n i s tr a t i on . 1 990 . I n i t i a l 
Nor t hwe s t  Powe r Ac t Powe r S a l e s  Con tr a c t s . Dr aft E n v i ronme n ta l  I mp a c t  
Stateme n t . DOE / E I S-01 3 1 . 

U . S .  D EPARTMENT OF E N ERGY .  Bon n ev i l l e Powe r Adm i n i s tr at i on .  1 99 1 . I n i t i a l 
Nort hwe s t  Powe r Act  Powe r S a l e s  Con t r a c t s . P re l i m i n a ry F i n a l  
E n v i ronme n t a l  I m p a c t  Stateme n t  ( i n  p r e parat i on ) . 

WOOD , BRAD . 1 980 . W i n te r  E c o l ogy of B a l d Eag l e s  a t  G r a n d  Cou l e e Dam , 
Wa s h i n g ton . I N  P roc . Wa s h i n g ton  Ba l d  Eag l e Symp . J u ne  1 4- 1 5 ,  1 980 , 
S e a  t t  1 e ( R .  L-. K n i 9 h t e t a 1 . ,  ED S )  . 
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In reply refer to: P G 

Mr . Marv i n  L .  P 1 e n e r t  
Reg i on a l  D i r e c tor 

Department of Energy 

Bonneville Power Administration 
PO. Box 3621 

Port land, Oregon 97208-3621 

JUL � 1 1991 

U . S .  F i s h  and  W i l d l i fe S e rv i ce ,  
Reg i on 1 
9 1 1 N E . 1 1 th Ave n u e  
Port l an d , OR 9 7 232-4 1 8 1  

Dear Mr . P 1 e n e r t : 

.. 
I n  comp l y i ng  wi t h  i t s r e s pon s i b i l i t i e s under  t h e  E n d an gered  S p e c i e s Ac t of 
1 97 3 , a s  amended , Bon n ev i l l e  Power Admi n i s trat i on ( BPA ) s u bmi t s  to t h e  U . S .  
F i s h  a n d  W i l d l i fe Serv i c e ( US FWS ) t h e  e n c l osed  B i o l og i c a l  As s e s sme n t  of 
effe c t s  on threatened  or e ndangered  s pec i e s for t h e  I n i t i a l  Nor t h we s t  Power 
Ac t Power S a l e s  Contrac t s  E I S  ( PSC E I S ) . Thoug h  t h e  proposed  a c t i on addre s s e d  
by t h i s  E I S  doe s  not i nvo l ve any maj or con s tru c t i on proj e c t  a n d  t h erefore , 
u n d e r  50 CFR §402 . 1 2 ( b ) , doe s not r e qu i re a formal  B i ol og i c a l  A s s e s sme n t , BPA 
h a s  p r e pared the e n c l o s e d  a s s e s sme n t  to as s i s t U S FWS i n  i t s con s i derat i on of 
the pote n t i a l  effe c t s  of BPA ' s con tracts  on t h r e a t e n e d  or e n d a n gered  s pe c i e s . 
Th i s  a s s e s sme n t  addre s s e s  t h e  threatened  and  e nd angered  s pe c i e s  l i s ted  i n  t h e  
l e t t e r s  from USFWS f i e l d off i c e s  r e c e i v e d  i n  r e s pon s e  t o  BPA req u e s t s  i n  
J u l y  1 98 9  and  Mar c h  1 99 1 . For your i nformat i on ,  a n d  i n  s up port of t h e  
a n a l ys i s i n  t h e  B i o l og i c a l  As s e s sme n t , w e  h av e  a l so e n c l osed  cop i e s  of 
app e n d i c e s  to t h e  E I S  wh i c h d i s cu s s  t h e  i mp a c t s  of g e nerat i ng r e s ou r c e s  on  
fi s h  and  wi l d l i fe .  

Be c a u s e  t h e  s u b j e c t  powe r s a l e s  con tracts  are BPA ' s  con tra c t s  for req u i reme n t s  
s e rv i c e t o  i t s Pac i fi c  Northwe s t  c u s tomer s ,  port i on s  of t h e  E I S  a n a l ys i s 
add re s s  t h e  operat i on s  of 36  hydro a n d  t herma l e l e c tr i c generat i ng resource s 
wh i c h s u p p l y  t h e  power wh i ch s e rv e s  t h e s e  c u s tomer l oad s . The  effe c t s  of 
BPA ' s power s a l e s  con tr ac t s  on the s e  resource s are  i nd i re c t , b e c a u s e  re source  
operat i on s  mu s t  conform to  t h e  req u i reme n t s  i mpos e d  o n  re sou r c e  operator s for 
both powe r a n d  nonpower purpo s e s . I f  add i t i on a l  con s t ra i n t s  l i m i ted  t h e  
ab i l i ty o f  t h e s e  resou r c e s t o  meet c u s tomer e l e c tr i c a l  l oa d s , t h e  e x i s te n ce of 
BPA ' s contra c t u a l  ob l i g a t i o n s  cou l d not compe l opera t i on s  wh i ch compromi s ed 
t h e  con s t ra i n t s ; i n s te a d  BPA wou l d  b e  requ i re d  to mee t  i t s ob l i gat i on s  from 
other  re s ource s t h rough e i ther  p ur c h a s e s  or dev e l opme n t  of new e n e rgy 
re s ou r c e s .  T h e  effe c t s  of t h e  deve l o pme n t  of new e n e rgy resou r c e s  wou l d  b e  
s u bj e c t  to i nd e p e n d e n t  a s s e s sme n t . 

L- 1 6  



2 

O t h e r  F e d e r a l  de c i s i onmak i n g p roce s s e s  c u r re n t l y  u n d e r way w i l l  a l so a d d r e s s  
t h e  ope ra t i on of s ome or a l l of t h e  e x i s t i n g r e s ou r c e s  a n d  may r e s u l t i n  
a c t i on s  t h a t  a l t e r  r e sou r c e  operat i on or d ev e l opme n t . T he s e  i n c l u d e : 

1 .  P ropos e d  l i s t i n g s  by t h e  Nat i on a l  Mar i ne F i s h e r i e s  S e r v i c e of c e r ta i n 
Snake  R i v e r  s a l mo n  s p e c i e s a s  t h r e a t e n e d  or e n d a n g e r e d  s p e c i e s  u n d e r  t h e  
E n d a n g e r e d  S p e c i e s  A c t ,  w i t h  r e l a t e d  d i s c u s s i on s  b e twe e n  ag e n c i e s 
conc e r n i n g  approp r i a t e  a c t i on i  to p rote c t  c a n d i d a t e  s p e c i e s ; 

2 .  T h e  Sy s t em Ope r a t i on Rev i ew proc e s s  a n d  a s s o c i a t e d  E I S , u n d e r  wh i c h 
BPA , t h e  U . S .  Army Cor p s  of E n g i n e e r s  a n d  t h e  U . S .  B u r e a u  of Re c l amat i on 
w i l l  a n a l yze  t h e  o p e r a t i on of dams  on  t h e  Col u mb i a  R i v e r  a n d  i t s maj or 
t r i b u t ar i e s ; 

3 .  T h e  1 9 92  Co l u mb i a  R i v e r  Sa l mon F l ow M e a s u r e s E I S  a n d  Op t i on s  
A n a l ys i s ,  u n d e r  p r e p a ra t i on by the  U . S .  A r my Cor p s  of E n g i n e e r s , wh i c h 
w i l l  a d d r e s s  adj u s tme n t s  i n  Snake  R i v e r  f l ows to e n h a n c e  t h e  �ur v i v a l  of 
s a l mo n  s p e c i e s p ro po s e d  for l i s t i n g ;  a n d  

4 .  B PA ' s 1 992  Re s o u r c e  P rogram a n d  a s s oc i a t e d  E I S ,  u n d e r  wh i c h BPA  w i l l  
a n a l yz e  t h e  d ev e l opme n t  of new  con s e r v a t i on a n d  g e n e r at i n g r e s ou r c e s . 

B PA ' s  P r e f e r r e d  A l t e r n a t i v e i s  t h e  e l eme n t  of A l t e r na t i v e  1 . 1 wh i c h r e qu i r e s  
comp l i an c e wi t h  t h e  Nor t hwe s t  Power P l an n i n g  Cou n c i l ' s P r o t e c t e d  A r e a s  R u l e .  
W i t h  r e s p e c t  to t h e  o p e r at i on of t h e  g e n e ra t i ng p l a n t s  a d d r e s s e d  i n  t h e  E I S ,  
t h i s a l t e r n a t i ve i s  t h e  s ame a s  t h e  No A c t i o n  A l t e r n at i v e ,  t h a t  i s ,  n o  c h a n g e  
i n  opera t i on s  f rom c u r re n t  p r a c t i c e . B P A  w i l l  i mp l e me n t  t h e  P r e f e r r e d  
A l t e r n at i v e  t h rough  t h e  d e v e l opme n t  o f  a P r ot e c t e d  A r e a s  p o l i cy .  T h i s  p o l i cy 
w i l l  be  d e v e l op e d  t h r ou g h  a p ub l i c  p r oc e s s  w h i c h  w i l l  b e g i n s hor t l y  a f t e r  t he 
comp l e t i on of t h e  Re cord  of De c i s i on on  t he P SC E I S .  T h e  e ff e c t  of t h e  p o l i cy 
w i l l  be  t o  d i s courage  d e v e l opme nt of new  hydroe l e c tr i c  p roj e c t s  w i t h i n 
P rote c t e d  A r e a s , a n d  t h u s  i t  w i l l  not r e s u l t  i n  a d v e r s e  i mp a c t s  o n  l i s te d  
s pe c l e s � 

We  h a v e  con c l u d e d  t h a t  t h e  o p e r a t i on of e l e c tr i c p owe r f a c i l i t i e s to me e t  BPA  
r eq u i r e me n t s  ob l i g at i on s  u n d e r  the  powe r s a l e s  con t r ac t s  i s  n o t  l i ke l y  to 
a d v e r s e l y  affe c t  a ny f e d e ra l l y  l i s te d  t h r e a t e n e d  o r  e n d a n g e r e d  s p e c i e s  u n d e r  
t h I s  P r e f e r r e d  A l t e r n a t � � 2 .  
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We wou l d  a p p r e c i ate  a wr i t t e n  r e s pon s e  to  th ' s  a s s e s s me n t  c on s i s t e n t  w i t h  t h e  
t i me l i m i t s o f  5 0  CFR §402 . 1 2 ( j ) .  T h a n k  you for you r  a t te n t i o n to t h i s  
ma tte r .  I f  you  s hou l d h a v e  a ny q u e s t i on s , p l e a s e  con t a c t  me a t  ( 5 0 3 ) 230- 5 1 4 5 .  

S i n c e re l y ,  

� -t/ �  
Don Wo l fe 
PSC  E I S  Proj e c t  M a n a g e r  

3 E n c l os ur e s : 
B i o l og i c a l  A s s e s s ment  
P S C  E IS  Appe n d i x  H ( l ) ( a )  - B a c k g ro u n d  on  F i s h ,  W ' l d l i fe a n d  V e g e ta t i on Effe c t s  

D u e  t o  Hyd r o  Operat i on s  
P S C  E I S  A p p e n d i x  H ( l ) ( b )  - B a c kgroun d  on  F i s h ,  W i l d l i fe a n d  V e g e ta t i on  Effe c t s  

Due  t o  Fos s i l F u e l  F i r e d  P l a n t  Operat i on s  

c c : 
M r . Ru s s e l l P e t e r son , US FWS , Por t l a n d  F i e l d  Stat i on 
Mr . Da l e  R .  H a rms , U S FWS , H e l e n a  F i e l d  Stat i on 
Mr . Wayne S .  W h i te , U S FWS , S a c ramento F i e l d  Off i ce  
Mr . Ron  Star key , USFHS , Sa l t  Lake C i ty F i e l d  S tat i on 
M s . N a n cy J .  G l oman ,  US FWS , O l ymp i a F i e l d Stat i on 
M r . Char l e s H .  Lobd e l l ,  U S FWS . Boi s e  F i e l d Stat i on 
Mr . Dav i d  L .  H ar l ow ,  US FWS , R e n o  F i e l d Stat i on 
Hr . Re e d  Harr i s ,  US FWS , Cheye n n e  F i e l d  Stat i on 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Mr . Don Wo l fe 

9 1 1  N.E. 1 1th Avenue 
Portland, �egon 97232-4 1 8 1  

P S C  E I S  P r oj e c t  Manage r 

B onnev i l l e  P owe r Admin i s t r a t i on 

P . O .  Box 3 6 2 1  
P o r t l and , Ore gon 9 7 2 0 8  

Dear Mr . Wo l f e : 

OCl 9 1991 

Th i s  r e s p onds t o  your July 3 1 , 1 9 9 1 , l e t t e r  re que s t ing U . S .  F i sh and W i l d l i fe 

S e rv i c e  c oncurrence w i th your d e t e rmina t ion th at the I n i t i a l  N o r thwe s t  Power 
Act Power S a l e s  Contrac t s  are not l ikely to adve r s e ly a f f e c t  th e �ld e a g l e  
( H a l i a e etus l euc o c ephalus ) ,  p e regr ine f a l c on ( Fa l c o  pe regr inus ) ,  gr i z z ly bear 

( U r sus arctos h o r r i b i l i s ) , gray wo l f  ( Can i s  lupus ) ,  and the b l ac k - f o o t e d  

f e r r e t  ( Mus t e l a  n igr ipes ) .  We have reviewed the b i o l o g i c al a s s e s sment 

p r e p a r e d  by your agency on th i s  p r o p o s e d  ac t i on and c oncur w i th your " n o t  

l ike ly to adve r s e ly a f fe c t "  de t e rmina t i on . In a c c o rdance w i th S O  C FR § 
40 2 . 1 3 ,  cons u l t a t i on pursuant to s e c t ion 7 o f  the Endangered S p e c i e s  Ac t o f  

1 9 7 3 , as amende d ,  i s  h e r eby terminated and n o  fur ther a c t ion under th i s  

author i ty i s  n e c e s s ary . 

I f  you have any que s t i ons , c ontac t R i chard H i l l  or Rone l F i n l ey a t  FTS 4 2 9 -
6 1 5 0 . 

S in c e r e ly , 

���� 
Regional D i r e c t o r  
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In reply refer to: 

D e a r  

S u bj ec t : 

PG 

Department of Energy 

Bonnevi l le Power Administration 
P.O. Box 3621 

Portland, Oregon 97208-3621 

MAR 2 0 1991 

Req u e s t  for Updated  L i s t  of E n d a n g e r e d  a n d  T h r e a t e n e d  Spec i e s i n  
t h e  Bon n ev i l l e  Power  Adm i n i s trat i on ( BPA)  S e rv i c e Are a , for 
I n c l u s i on i n  t h e  Long-Te rm Powe r S a l e s  con trac t s  E n v i ronme n t a l  
Impact  Stateme n t  ( E I S )  

I n  Augu s t  1 98 1 , B PA offer e d  i t s c u s tomer s  n e w  l on g-term  c o n t r a c t s  u n d e r  t h e  
P ac i f i c  Nor thwe s t  E l e c t r i c Powe r P l a n n i ng a n d  Con s e rvat i on Ac t .  A s  a re s u l t 
of t h e  de c i s i on of t h e  N i n t h  C i rc u i t of t h e  U n i t e d  Stat e s  Cou r t  of Appe a l s i n  
t h e  c a s e  of Fore 1 aws  on Board  v .  John son , 7 4 3  F . 2 d 6 7 7  ( 1 98 4 ) , BPA i s  now 
p r epar i ng a F i na l  E I S  on t h e s e  l ong-te rm con trac t s . Two ba s i c typ e s  of 
a l t e r nat i ve s  a r e  a n a l yzed : ( 1 )  t h e  no-act i on a l t e r n at i v e , i n  wh i c h BPA wou l d  
p r e s e rve  t h e  Lon g-Term Power  S a l e s  Con tracts  w i thout  c h a n ge ; or 
( 2 )  a l terna t i v e s  j n  wh i c h BPA wou l d  pu r s u e  con t r a c t  mod i f i c a t i on s  ( s e e  
e n c l os ed E I S  s ummary for add i t i on a l  d e t a i l s ) . 

T h e  an a l ys i s cov e r s  t h e  effe c t s  of operat i on of power fac i l i t i e s w i th i n  t h e  
aff e c t e d  are a . I t  a l so i d e n t i f i e s  q u a n t i t i e s  and  typ e s  of r e sou r c e s  t h a t  
m i g h t  be  n e e d ed t o  me e t  f u t u r e  f i rm powe r l oad s .  T h e  E I S  i n c l u d e s  a g e n e r i c  
d i s c u s s i on of i mp a c t s  a s soc i at e d  w i t h  t h e s e  r e sou r c e s .  

T h e s e  l ong-term contrac t s  a r e  w i th c u s tomer s  l oc ated  t h roughou t B PA ' s s e rv i c e 
a r e a , wh i ch c ov e r s  t h e  State s of Was h i ngton , Ore gon , and  I d aho ; t h e  por t i on of 
Mon tana  we s t  of t h e  Con t i n e n t a l  D i v i de ;  a n d  s ma l l por t i on s  of Wyom i ng ,  U t a h , 
N e v ada , and nor t h e r n  Ca l i for n i a .  Our  s tudy area  a l so i n c l ud e s  areas  i n  
Mon tana , N e v ad a , and  Wyomi ng  s u rrou nd i ng coal  p l a n t s  t h a t  s er v e  t h e  Pac i f i c 
Nor t h we s t  ( s e e  e n c l o s e d  a r e a  d e s c r i p t i on and  l oc at i on map s ) .  T h e  affe c te d  
fac i l i t i e s w i t h i n  th e s e  State s are  i d e n t i f i e d  b y  n ame , l oc at i on ,  a n d  e n e r gy 
s o u r c e  on t h e  e n c l os e d  l i s t .  
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I n  comp l i an c e  w i t h  s e ct i on 7 ( c )  of t h e  ame n d e d  E n d a n g e r e d  S p e c i e s A c t , BPA  i s  
r e q u e s t i ng  a l i s t of e n d a n g e r e d  a n d  t h r e a t e n e d  s p e c i e s t h a t  may oc c u r  i n  t h e  
a r e a  of a n y  of t h e s e  fac i l i t i e s ; a n d  any i nformat i on o n  t h e s e  s p e c i e s t h a t  
m i g h t  be  av a i l ab l e ,  s uc h  a s  l ocat i on s  a n d  how t h ey m i g h t  b e  affe c t e d . BPA  
p r ev i ou s l y  r e q u e s ted  s u c h  a l i s t ,  du r i ng  p r e parat i on of  the  Draft  E I S ,  by  a 
l e tter  dated  J u l y  1 9 ,  1 98 9 . We  are  now r e q u e s t i ng an  u p d a t e d  l i s t for 
i n c l u s i on i n  t h e  F i n a l  E I S .  

2 

I f  pos s i b l e ,  we wou l d  a p p r e c i a t e  h av i n g a ny i nformat i on you may obt a i n by 
Apr i l 30 , 1 9 9 1 , so that we c a n  i n c l ude  i t  i n  our  F i n a l  E I S . If you n e e d  
add i t i on a l  i nformat i on ,  o r  i f  I c an a s s i s t i n  any o t h e r  way , p l e a s e  con t a c t  me 
at  ( 50 3 )  2 3 0- 5 1 45 or FTS 4 2 9 -5 1 45 .  

2 E n c l os u re s : 
E I S  Summary 

S i n c e r e l y ,  

Don a l d V .  Wo l fe 
Proj e c t  Manag e r  
Power  S a l e s  Con trac t F E I S  

L i s t  of P ac i f i c  Nor thwe s t  G e n e r at i n g F a c i l i t i e s 

DWo 1 fe : md : 5 1 4 5 (VS6- PG-9 8 1 5K )  

b c c :  
Off i c i a l F i l e  ( PG EQ- 1 4-2 ) 
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ADDR ESSEES  FOR DOCUM ENT  9 8 1 5 K  

Mr . Kempe r  McMa s ter  
F i s h  a n d  W i l d l i fe E n h a n c eme n t  
P . O .  Box 1 0023  
Fede r a l  Bu i l d i n g ,  U . S .  Cou r thou s e  
He l e n a , M T  5 9 6 2 6  Mr . McMa s t e r  
Mr . Ron S tarkey 
F i s h  a n d  W i l d l i fe E n h a n c e me n t  
2 6 1 7 E a s t  L i n co 1 nway , S u i te  A 
Cheye n n e , WY 82001  Mr . Starkey 
Mr . Re ed  H a r r i s 

-

F i s h  and  W i l d l i fe E n h a n c e me n t  
2060 Adm i n i s tr at i on Bu i l d i ng 
1 745  We s t  1 700 Sou t h  
S a l t Lake C i ty ,  UT 84 1 04 Mr . H a rr i s 
Mr . Ru s s e l l  D .  P e te r son 
2 600 S E .  98th  A v e n u e , S u i te 1 00 
Port l an d , OR 9 7 2 6 6  Mr . P e t e r son 
Mr . Char l e s  Lobd e l l 

-

4 6 9 6  Ov e r l a n d  Road 
Room 5 7 6  
Bo i s e , 1 0  83705  Mr . Lob d e l l  
Mr . Dav i d  C .  F r e de r i c k  
2 6 2 5  P a r kmon t  L a n e  SW 
Bu i l d i ng B-3 
O l ymp i a ,  WA 98502 Mr . F r e d e r i c k  
Mr . Dav i d  H ar l ow 
4 600 K i e tzke Lane  
Bu i l d i ng C 
Reno , NV 89502 Mr . H ar l ow 
Mr . Wayne Wh i te 
2 800 Cot tage Way 
S a c rame n to ,  CA 95825  Mr . W h i te 
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United States Department of the Interior 

Donald V .  Wo l fe 
Proj e c t  Manager 
Department of Energy 

FISH AND WILDLIFE SERVICE 
Boise Field Station 

4696 Overland Road, Room 576 

Boise, Idaho 83705 

Bonnev i l l e  Power Adminis tration 
P . O .  Box 3 6 2 1  
Portland , Oregon 9 7 2 0 8 - 3 6 2 1  

Apr i l  9 ,  1 9 9 1  

Re : Long- Term Power S ales ( EI S )  
( SE Fil e : 6 0 0 3 . 02 3 0 )  

Dear Mr . Wol fe : 

As reques ted by your letter dated March 20 , 1 9 9 1  and rece ived by thi s  o ff i c e  
o n  March 2 2 , w e  have attached a l i s t  (Attachment A)  o f  endangered and 
threatened ,  prop o s e d ,  and/or candidate spec ies  that may be present in the 
propo s e d  proj ect  area . The l i s t  fulfills the requirements of the U . S .  Fish 
and Wildl i f e  S ervi c e  ( S ervic e )  under S e c t ion 7 ( c )  o f  the Endangere d  Spe c i e s  
Act o f  1 9 7 3 , as amended (Ac t ) . The requ irements for Federal agency compl iance 
under the Act are outl ined in Attachment B .  Please reference the spe c i e s  l i s t  
number on Attachment A i n  all s ubs equent correspondence ,  reports , 
environmental a s s e s sments , env ironmental impact s tatements , b iolog ical 
asses sments ( evaluations ) ,  Coordinat ion Act reports , e tc . I f  a cons truct ion 
proj e c t  is not commenced w i th in 180 days of th is re spons e , a sub s equent 
spe c i e s  l i s t  reque s t  is required by regulations . 

I f  a l i sted spec i e s  appears on Attachment A ,  a b io l o gical a s s e s sment 
( evaluation) is required . Should your b iological asses sment ( evaluation) 
de termine that a l i s ted species i s  l ikely to be  affected advers ely by the 
proj e c t , the Bonneville Power Adminis tration should reque s t  formal S e ction 7 
consul tation through thi s  o ffice . I f  a propo s ed species  is l ikely to be  
j eopardiz ed by a Federal ac t ion , regulations require a c onference be tween the 
Federal agency and the S ervice . 

Candidate spec ies that appear on Attachment A have no protec t ion under the 
Act ,  but are included for early planning co�s idera t i on .  Propo s e d  spec ies  
could be  formally l i s ted and candidate sp ecies could be  formally propo s e d  and 
l i s ted during proj e c t  p l anning , thereby fall ing with in the scope o f  S e c t ion 7 
o f  the Endangered Spec ies Ac t .  Therefore ,  i f  they appear on Attachment A ,  we 
recommend that add i t i onal surveys be made for propo s e d  and/or candidate 
spec i e s  that are l ikely to be  in your proj ect area . If the proj e c t  is l ikely 
to advers ely impact a candidate sp ecies , informal c onsul tat ion w i th th is  
office is  recommende d .  
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I f  you have any ques tions regarding Federal consul tation respons ib i l i t i e s  
under the Act , p lease contact Jeri Will iams of  this  office at FTS 5 54 - 1 9 3 1  or 
2 0 8 - 3 3 4 - 19 3 1 . 

Thank you for your continued interes t in the Endangered Species Program . 

S incerely , 

cJ3s�e l 1  
Field Supervis or 

Enclosures 

cc : I DFG , Hdqtrs . ,  Boise  
IDFG , Region 1 ,  Coeur d ' Alene 
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.. 

LI STED AND PROPOSED ENDANGERED AND THREATENED 
S PECIES , AND CANDIDATE S PECIES , THAT MAY OCCUR 

WITHIN THE AREA OF THE LONG - TERM POWER SALES PROJ ECT 
FWS - 1 - 4 - 9l - SP - 48 2  

LI STED S PECIES 

Albeni F a l l s  Fac i l ity 

Priest River , Bonner County 

None 

Dworshak Fac i l ity 

C learwater River , C l earwater County 

Bald Eagle 
( Haliaeetus leucocephalus ) 

PROPOS ED S PECIES 

None 

CANDIDATE S PECI ES 

None 

COMMENTS 

Wintering Area 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

Mr . Donald V .  Wolfe 
Proj ect  Manager 
Department o f  Energy 

Fish and Wi ldl i fe Enhanc ement 
3 7 04 Gri ffin Lane SE , Suite 102 

Olymp ia , Washington 9 8 5 0 1 
206/7 5 3 - 9440 FTS 4 3 4 - 9440 

April 18 , 1 9 9 1  

BOI::le'.Tillp PO\.Ter Adminis trat ion 
P . O .  Box 3 6 2 1  
Portland , Ore gon 9 7 2 0 8 - 3 6 2 1  

Dear Mr . Wolfe : 

FWS Re ference 
l - 3 - 9 l - S P - 2 7 2  

A s  reques ted b y  your l e t ter , dated March 2 0 , 1 9 9 1 , and received i n  thi s  office 
on March 2 1 , enclosed is a list o f  endangered and threatened species that may 
b e  pres ent in the area o f  the prop o s e d  hydro electric , thermal , nuclear , and 
combus t i on turb ine generating fac i l i t i e s  and c oal mines of the Pac ific 
Northwes t  Power Sys tem in Washington S tate . The l i s t  ful fills  the requirement 
of the Fish and Wildl i fe S ervice under S e c t ion 7 ( c )  of the Endangered Species  
Ac t o f  1 9 7 3 , as amended .  Enc los ed are the requirements for Bonneville Power 
Adminis tration comp l iance under the Act . 

Should the b iological as s e s sment de termine that a l i s ted species  i s  l ikely to 
be affected ( advers ely or beneficially) by the p roj ect , the Bonneville Power 
Admini strat ion should reques t  formal S e c t ion 7 c onsul tation through this 
offic e . Even i f  the b iological asses sment shows a " no effect" s ituat ion , we 
woul d appre c iate rec e iv ing a c opy for our informat ion . 

Al so  included is a l i s t  o f  candidat e  species  p r e s ently under review by thi s  
Service f o r  c ons ideration as endangered or threatene d .  Candidate spe c i e s  are 
inc :!.l.!Ued s imply as cd'.rancc no t �.ce to fed", ral ag(.nc i::!s of species , wh ich may be  
prop o s e d  and l i s te d  in the future . However , protection p rovi ded to candidate 
species  now may prec lude p o s s ible lis ting in the future . If early evaluat ion 
of your proj ect indicates that it is l ikely to advers ely impact a candidate 
species , you may wish to reque s t  technical as s is tance from thi s  office . 
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The s o ckeye s almon ( Oncorhynchus nerka) has been prop o s ed to be  l i s ted as 
threatened o r  endangered in the Snake River . We r e que s t  that the Bonneville 
Power Admini s tra t i on contact the National Mar ine Fishe r i e s  S ervic e  ( 1 002 N . E . 
Holladay S tree t ,  Room 6 2 0 , Portland , Oregon 9 7 2 3 2 . Phone FTS 4 2 9 - 54 3 5 )  for 
add i t i onal informat ion regarding the occurrenc e ,  and effects l i s t ing o f  the 
s o ckeye s almon may have on Bonneville Power Adminis tration a c t ivi t i e s . 

Your inter e s t  in endangered spec i e s  i s  apprec iated . I f  you have add i t i onal 
que s t i ons regarding your respons ib i l i ti e s  unde r  the Act , p l eas e contact Jeff 
Haas or Ri chard Carlson o f  my s taff at the above phone/addre s s . 

rc/kr 

Enc losur e s  

c :  FWS - FWE ,  B o i s e  ( Parenti )  
wnw , Olymp i a  ( Nongame ) 
WNHP , Olymp i a  

S incerely , 

Ac t ing Field Sup erv i s o r  
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LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND 
CANDIDATE SPECIES THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED 

HYDROELECTRIC , THERMAL , NUCLEAR , AND COMBUSTION G ENERATING 
FACI LITIES AND COAL MINES OF THE PACI FIC NORTHWEST POWER SYSTEM 

IN MULTIPLE COUNTIES OF THE STATE OF WASHINGTON 

l - 3 - 9 l - S P - 3 0 5  

PACIFIC NORTHWEST HYDROELECTRI C GENERATI NG FACI LITIES 

Bonnev i l l e . Skamania County ( T2N R7E S 2 2 ) 

LISTED - Bald eagle ( Hal iaeetus l eucocepha l u s )  - wintering 
Peregr ine falcon ( Falco p eregrinus ) - bre eding 

PROPOSED - None 

CANDIDATE - Rorippa columb iae ( pers i s tent sepal yellowcre s s )  
Erigeron howe l l i i  ( Howe ll ' s  dai sy )  

The Dalles . Kl i ckitat County ( T2N R1 3E S 3 5 )  

LISTED - Bald eagle (Hal iaee tus l eucocephalus ) - winter ing 
Peregr ine falcon ( Falco peregrinus )  - breeding 

PROPO SED - None 

CANDIDATE - None 

J ohn Day .  Kl i ckitat County ( T 3i� R17E S 2 8 )  

LISTED - Bald eagle ( Hal iaeetus l eucocephal u s )  - winter ing 
Peregr ine falcon ( Falco peregrinu s )  - bree ding 

PROPOSED - None 

CANDIDATE - Loma t i um laevigatum ( smo o th des er t - par s le y )  
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McNary , Benton C ounty ( T5N R2 8E S 3 )  

LISTED - Bald eagle (Hal iaeetus l eucocephalus)  - winter ing 
Bald eagle winter ing concentrat i on area ( T5N R2 6 E  S 9 )  

Peregr ine falcon ( Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Ferruginous hawk (Bu teo rega l i s )  

Long - b i lled curlew (numenius ameri canus ) 

Pries t Rapi ds , Yakima C ounty (T13N R2 3 E  S 2/3 ) 

LISTED - Bald eagle (Hal iaee tus l eucocephalus ) - wintering 
Peregr ine falcon (Falco peregrinus)  - migrant 

PROPOSED - None 

CANDIDATE - As tragalus columb i anus ( C o lumb i a  milk vetch )  
Loma tium tuberosum ( Hoove r ' s  des e r t - p ars ley) 

Wanapum , Grant County ( T16N R2 3 E  S 16/l7 ) 

LISTED - Bald eagle (Ha l iaeetus l eucocephalus ) - wintering 
Peregrine falcon ( Falco p eregrinus ) - mi grant 

PROPOSED - None 

CANDIDATE - Loma tium tuberosum ( Hoover ' s  des er t - p arsley)  

Rock Is land , Douglas C ounty ( T2 1N R2 2 E  S 5 )  

LISTED - Bald eagle (Ha l iaee tus l eucocephalus ) - winter ing 
Peregr ine falc on ( Falco p eregrinus ) - mi grant 

PROPOSED - None 

CANDIDATE - Phacelia l en ta ( s ti cky phac e l i a )  
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Rocky Beach , Chelan County ( T24N R20E S 3 5 )  

LISTED - Bald eagle (Hal i aeetus l eucocephalus ) - winter ing 
Peregrine falcon ( Falco peregrinus ) - m i grant 

PROPOSED - None 

CANDIDATE - Trifol i um thompsoni i  ( Thomp s on ' s  clover )  
Pe trophytum c in erascens ( Chelan rockmat ) 

Wel ls , Dougl as County (T28N R24E 5 6 )  

LISTED - Bald eagle (Ha l ia e e tus l eucocephal u s )  - winter ing 
Bald eagle wintering concentration area ( T2 8N R24E S 6 )  

Pere grine falcon ( Fal co peregrinus ) - migrant 

PROPOSED - None 

CAND IDATE - None 

Ch ief J o seph , Okanogan C ounty ( T2 9N R2 5E S 2 4 )  

LISTED - B a l d  eagle (Ha l iaeetus l eucocephal u s )  - wintering 
Bal d eagle wintering c oncentrat ion area ( T2 9N R2 5E S 2 4 )  

Peregr ine falcon (Fa l co peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - None 

I c e  Harbor , Walla Walla C ounty ( T9N R3 lE S24 ) 

LISTED - Bald eagle (Ha l i aee tus l eucocephalus ) - wintering 
Peregrine falcon ( Fal co peregrinus ) - m igrant 

PROPOSED - None 

CANDIDATE - None 
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Lower Monumental , Walla Walla County ( T13N R34E S 3 4 )  

LISTED - Bald eagle (Ha l i a e e tus l eucocephalus ) - winter ing 
Peregr ine falcon (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - None 

Little Goo s e , Co lumb ia Coun�y ( T13N R3 8E S 2 7 ) 

LISTED - Bald eagle (Hal iaee tus l eucocephalus ) - winter ing 
Peregrine falcon (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - None 

Lower G rani te , Whi tman County ( T14N R43E S 3 2 )  

LISTED - Bald eagle (Ha l i a e e tus l eucocephalus)  - winter ing 
Pe regrine falcon (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Rubus n igerrimus (northwe s t  raspberry )  

Grand Coulee , Grant County ( T2 8N R20E S l )  

LISTED - Bald eagle (Ha l i a e e tus l eucocephalus ) - wintering 
Bald eagle communal night roos t ing are ( T2 8N R3 1E S 7 )  

Peregrine falcon ( Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Al l i um douglas i i  var , cons tric tum ( Douglas ' onion) 

L- 3 1 



Central i a ,  Lewis  County ( T15N R1W S 3 0 )  

LISTED - Bald eagle ( Ha l iaeetus l eucocephalus ) - wintering 

PROPOSED - None 

CANDIDATE - None 

PACIFIC NORTHWEST NUCLEAR GENERATING FAC ILITY 

WNP - l , Benton County ( Tl lN R2 8E S 5 )  

LISTED - Bald eagle ( Ha l ia e e tus l eucoc ephalus)  - winter ing 
Peregrine falc on ( Falco p eregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Ferruginous hawk (Bu teo rega l i s )  - ne s t ing may occur in the are a 
o f  the proj e c t  

WNP - 3 ,  Grays Harbor County ( T17N R6W S18 ) 

LISTED - Bald eagle ( Ha l ia e e tus l eucocephalus)  - wintering 

PROPOSED - None 

There are 3 bald eagle ne s ting terr i tories near the proj ect 
( T17N R6W S 1 2 ; T17N R7W S 7 ; T17N R7W SlO)  

CANDIDATE - Olymp ic mudminnow ( Novumbra hubbs i )  
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PACIFIC NORTHWEST COMBUSTION TURBINE GENERATING FACILITIES 

Whi tehorn , Whatcom County ( T 3 9N R1W S 1 2 ) 

LISTED - Bald eagle (Ha l iaeetus l eucocephalus ) - winter ing 
Bal d eagl e nest ing territory ( T3 9N R1W S l )  

Peregrine falc on ( Falco peregrinu s )  - migrant 

PROPOSED - None 

CANDIDATE - None 

Frede r i ckson 1&2 , P i erce County ( T18N R3E S l )  

LISTED - Bald eagle (Ha l iaeetus l eucocephalus ) - wintering 

PROPOSED - None 

CANDIDATE - As ter curtus (wh i t e - top aster)  

Fredonia Units  1&2 , Skagi t County ( T34N R3E S 9 )  

LISTED - Bald eagle (Ha l iaeetus l eucocephalus ) - wintering 

PROPOSED - None 

CANDIDATE - None 

PACIFIC NORTHWEST COAL MINES 

Central ia , Lew i s  County ( T15N R1W S 3 0 )  

LISTED - Bal d eagle (Ha l iaeetus l eucocephal u s )  - winter ing 

PROPOSED - None 

CANDIDATE - None 
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Note : Wintering bald eagle activity occurs from about October 3 1  through 
March 3 1 . Ne s t ing act ivi t i e s  occur from about January 1 through Augus t 
15 . 

Maj or concerns that should be addressed in your biologi cal a s s e s sment o f  
proj e c t  impacts to bald eagles and p eregr ine falcons are : 

1 .  Level o f  us e o f  the proj ect area by bald eagles and p eregr ine fal cons . 

2 .  Effect o f  the proj e c t  on the eagle ' s  and falcon ' s  primary food s tocks 
and foraging areas in all areas influenced by the proj ect . 

3 .  Impacts from proj e c t  activities  ( i . e . , increased human ac t ivity , l o s s  or 
degradation o f  hab itat , increased no i s e  l evels ) which may result in 
dis turbanc e  to bald eagles and falcons and/or the i r  avo i danc e o f  the 
proj ect area . 
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FED ER.<\L AG2lC I ES ' RE S ?ONS I B ILIT I ES UND ER S eC T IONS 7 ( a )  AND 7 ( c )  
O F  rn� S�DANGER�D S PEC I 2 S ACT 

S E CT I ON 7 ( A) - C o n s ul t a t i on /C o n fe r e n c e  

R e quire s : 1 .  F e ce ral age!'.c ies to ut i l i z e  the i. r  autho ri ties to carry out 
p ro grams t o  c o ns e rve endangered and thr e a tened species ; 

2 .  C ons u l ta t i o n  � i th FWS when a fede ral ac t i o n  may affe c t  a l i s ted 
endange red or threatene d spec i e s  to ensure that any ac tion 
autho r i z e d , funce d ,  or carried o u t  by a f e de ral agency i s  not 
l ikely to j e o p a r d i z e  the c ontinu e c  e x i s tence of lis t e d  s p e c i e s  
o r  r e s ul t  i n  t h e  des truc tion o r  a dve r s e modificat ion o f  
c r i t i. cal hab i t a t . The p ro c e s s  i s  ini t i a t e d  b y  the f e deral 
age�cy a f t e r  i t  has de t e rmine c. �= i ts action may affect 
( ac·.· e r s e ly o r  b e ne f icially) a l i s t e d  sp e c i e s ; - and 

3 .  C o nfe r ence w i. th FWS when a f e ce ral ac t i on is l ike ly to 
j e o p a rdize the continue d exis t e rl c e  of a p ropo s ed sp e c i e s  or 
r e s u l t in d e s truct ion or an adve rs e mo difi catic� o f  p r o p o s e d  
c r i t i cal hab i t a t . 

S ECTION 7 ( c )  - B i o l o gi c al As s e s sment fo r Cons tru c t i on Pro ; e c ts * 

Re quires fe deral a genc i e s  o r  th e ir des ignees to p r ep ar e  a B i o logical As s e s s 
ment ( BA) fo r c ons truc t i on p r oj ects only . The p urp o s e  o f  the BA i s  to 
i dent i fy any prop o s e d  and/o r l i s t e d  spec i e s  whi ch i s /are l ikely to b e  affected 
by a cons truc tion p r oj e c t . The proc e s s  is ini t i a t e d  by a federal agency in 
r e ques t ing a l is t o f  p r op o s e d  and l i s t e d  thr e a t ene d and endange red s p e c ies 
( l i s t  at tached) . The BA s ho ul d  b e  comp l e.t e c  w i thin 1 8 0  days aft e r  i ts 
ini t iation ( o r  w i th i n  s uch a t ime p e r i o d  as is mutually agr e e ab l e ) . If the BA 
i s  no t ini t iated w i thin 9 0  days o f  rec e ip t  o f  the s p e c i e s  l i s t ,  pleas e ve rify 
the accuracy o f  the l i s t  w i th our S e rvi ce . No i r r eve r s ib l e  comm i tment o f  
r e s ources i s  t o  b e  made dur ing the BA p r o c e s s  whi ch woul d result in vio lation 
o f  the requirements under S e c tion 7 (a) o f  the Ac t .  P lanning , des i gn ,  and 
aemini s trative a c t i ons may b e  taken ; however , no c o ns t ruc t i on may begin . 

To comp l e t e  the BA , your agency or its des i gne e shoul d :  ( 1 )  conduc t an ons i te 
insp e c t ion o f  the a r e a  t o  b e  affected by the p ro p o s al , which may include a 
de tai l e d  surJey o f  the area to de termine if the sp e c i es i s  p r e s ent and whe ther 
suitab le hab i tat e x i s t s  f o r  e i ther exp anding the exis t ing populat ion or 
p o t ent i al r e intr o du c t ion o f  th e species ; ( 2 )  revi ew l i t e r a ture and s c ient ific 
da ta to de termine s p e c i e s  d i s t r ibution , hab i t a t  ne e ds , and o ther b io l o g ical 
r e quirements ; ( 3 )  inter'J'ie� exp e rts including tho s e  w i th in the FWS , Na t ional 
Mar ine Fi sheries S e rvi c e , s t a t e  cons e rvat ion department , univers � t� e s , and 
o thers who may ha7e data no t y e t  pub l ished in s c i ent ific l i teratur e ; ( 4 )  
r eview and analyz e the e ff e c ts o f  the prop o s al o n  th e s p e c i e s  i n  t e rms o f  
individuals and p op ulat ions , inc luding c ons ide r a t i o n  o f  cumulative e ffe c ts o f  
the prop o s al o n  th e s p e c i e s  a n d  its hab i tat ; ( 5 )  analyz e a l t e rnative ac t ions 
that may p rovide c ons e rvation measures ; and ( 6 )  p r ep ar e  a repo rt document ing 
the resul ts , inc luding :a d i s cus s ion o f  � tudy me tho ds us e d ,  any prob lems 
enc ounter e d ,  and o th e r  r e l evant info rma t ion . Up on comp l e t i on the report 
shoul d  b e  fo rNarde c to our Endangered S p e c i e s  D ivi s ion , 2 6 2 5  Parkmont Lane Sw , 
B l dg . B ,  Olymp ia ,  wA 9 8 50 2 . 

* " C ons true tion p r oj e c  t "  me ans any maj o r  f e de ral ae t i o n  wh ich sig:1i f i e antly 
affects the qua l i �r o f  the ht.:.r:J.an env i r o nment ( r e qu i r ing an E I S ) , d e s igr,e d 
p r ima r i ly to re s u l t  in th e b u i l di n g  o r  e r e c t i o rl o f  hlli�an - ma d e s truc tur e s  such 
as dar:1s , b u i l ding s , ro ads , p i p e l in e s , chanr.e l s , anc. th e l ike . This inc ludes 
fe c.e r a l  ac t i o D s  s :..: ch as p e :.-::J i t s , grant s ,  l i c e rls e s , or o th e ::- fo r.:Js of fe de ::- a l 

autho r i z a t i o n  o r  a? ? ::- o va l w:-:' i c �  may r e s u l t in c o r: s :: ruc t i o n . 
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United States Department of the Interior 

Re : 1 - 7 - 9 1 - S P - 3 0 7  

Dona ld V .  Wo l f e  
Department o f  Energy 

FISH AND WILDLIFE SERVICE 
Portland Field Station 

2600 S.E. 98th Avenue, Suite 100 
Portland, Oregon 97266 

Bonnev i l l e  Power Admini strat i on 
P . O .  Box 3 62 1  
Por t l and , Oregon 9 7 2 0 8 - 3 62 1 

Dear Mr . Wo l f e : 

May 7 ,  1 9 9 1  

Thi s  regards your l etter dated March 2 0 , 1 9 9 1 , whi ch was received by us on 
March 2 1 , 1 9 9 1 , requesting an updated l i st of threatened and endangered 
spec i es . A l i st o f  threatened and endangered spec i es was provi ded to your 
agency on August 8 ,  1 9 8 9  ( Case No . 1 - 7 - 8 9 - SP- 1 3 1 ) .  You may cons ider this an 
addendum to the August 8 l e t ter . 

We have revi ewed the ear l i er August 8 ,  1 9 8 9 , l i st against current inf ormat i on .  
S ince this l i st was provided to you , the northern spot ted owl was l i st ed as 
threatened on June 2 6 ,  1 9 9 0 . Except for the change in status of the northern 
spot ted owl , a l l  other inf ormat i on on the August 8 ,  1 9 8 9 , l i st is s t i l l  
current f o r  spec i es under F i sh and Wi ldl i f e  Service j ur i sd i c t i on . 

Add i t i onal inf orma t i on regarding proposed and pet i t i oned species for l i s t ing 
under the Endangered Spec ies Act o f  1 9 7 3 ,  as amended i s  ava i labl e  from the 
Nat i onal Mar ine F i sher i es S ervice . We would adv i s e  you to contact the 
Nat i ona l Mar ine F i shereies S ervice for a l i s t  of current l y  l i sted, proposed , 
and pet i t i oned threatened and endangered spec i es . 

Rus s e l l  D .  Peterson 
Field Supervi sor 

Attachment : August 8 ,  1 9 8 9  1 - 7 - 8 9 -SP - 1 3 1  

D H / JC / 9 1 SP3 0 7  

cc : NMFS ; Attn : Rob Jones 
ONHP 
ODFW ( Nongame ) 

L - 3 6  
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United States Department of the Interior 

Augu s t  8 ,  1 98 9  

1 - 7-89-SP- 1 3 1  

Nandran i e  S .  Tuck 

F1SH AND WILDLIFE SERVICE 
Port l and F i e l d  Off i ce 

727 NE 24th Avenue 
Por t l and , OR 97232 

Bonnevi l l e  Power Adm i n i strat i on 
P . O .  Box 3 6 2 1  
Port l and , Oregon 9 7 2 08 - 3 6 2 1  

D ear Ms . Tuck : 

As request e d  by your l et t er dated July 1 9 ,  1 9 8 9  and r e c e i ved by us on J u l y  26 , 
1 989 , we have r e ex amined the l i s t pr epared for the I ntert i e  Devel op�ent and 
U s e  £ I S .  The i nfo rmat i on presented for Bonnevi l l e , Th e D a l l es , John Day and 
McNary s t i l l  accurrat e l y  r e f l ects known threatened , endangered and candi date 
s p e c i e s  resources i n  the vi c i n i ty of the aforenamed Oregon hydro faci l i ti e s . 
However , s i nce the pro j ect area being con s i dered i n  the proposed Bonnev i l l e  
Power Adm i n i s t r at i on Long-t erm Power S a l es Contracts Envi ronmental I mpact 
Statement ( E I S ) is more ext ens ive , we have attached a l i st of en dangered and 
threat ened spe c i es that may be present in the s e rv i c e  area cover e d  by your 
sal es contract E I S . The l i s t  f u l f i l l s  the requi rement o f  the F i sh and 
Wi l dl i f e  Serv i c e  under Sect i on 7 ( c )  of the Endangered Speci es Act o f  1 9 73 , as 
amended ( 1 6 USC 1 531 et . s e q . ) .  Bonnev i l l e  Power Adm i n i strat i o n ' s  
requi rements under the Act are out l ined i n  Attachment B .  

Sho u l d  your b i o l ogi cal assessment de term i n e  that a l i s t ed spec i es i s  l i ke l y  to 
be adver s e l y  a f f ected by the pro j ect , Bonnevi l l e  Power Adm i n i s trat i on shoul d  
request formal S e c t i on 7 consul t a t i on through thi s offi ce . Even i f  your 
b i o l ogi cal as s e ssment shows a " no e f f e c t "  or " benef i ci a l  e f f e c t "  s j tuat i on , we 
wou l d  appr e c i a t e  recei v i ng a copy for our i nformat i on . 

Your i nterest i n  endanger e d  spec i e s  i s  appre c i ate d . I f  you have any 
add i t i onal que s t i ons regarding your respons i bi l i t i es under the Act , p l ease 
cal l Di ana Hwang at our o f f i ce , ph one ( 5 03 ) 2 3 1 - 6 1 7 9  or FTS 4 2 9 - 6 1 79 . A l l  
correspondence shoul d i n c l ude the above r e f erenced case number . �S inceree� 

1 u - . terson �P i e l  Superv i s or 
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At tachment 

c c : Rl FWE-SE 
PFO-ES 
ODFW ( Nongame ) 
ONHP 

2 

L - 3 8  



L I STED AND PROPOSED ENDANGERED AND THREATENED SPEC I E S  

THAT �AY OCCUR I N  THE AREA O F  THE PROPOSED 
S E RV I C E  AR3AS-OPERAT I NG PUBL I C  AGENC I E S  AND COOPERATIVES 

( DOE /BPA MAP DATED ¥�Y 1 9 8 7 )  
1 - 7-89-SP- 1 3 1  

L I S7ED SPS C E S ]I 

Mamma :!. s  
Co lumbi an whi t e  t ai l ed Deer Odocoi l e us tTirginianus l eucurus ( E )  

Co l umbi an wh i te - t a i l ed deer occur a l ong the Lower C o l umbi a  R ! ve� i n  
Cl atsop ( OR ) , Col umb i a  ( OR ) , and Wahki akum ( WA )  Coun t i e s  and i n  Dougl as 
County ( OR ) . 

B i rds 
Peregr i n e  F a l con 
Cal i f )  

Fal co peregrinlls ( E )  ( CH i n  

Peregr i ne f a l cons m a y  occur throughout t h e  s t a t e  a s  fa l l  a n d  spr i ng 
m i grants and may overwi nter i n  Oregon . R e i ntroduc t i o n  efforts are 
occur r i ng a l ong the C o l umb i a  R i ver , He l l s  Canyon , Crater L ak e  and Lake 
County areas . Nes t i ng peregr i nes occur in Dougl as , Curry , T i l l amook , 
Jackson , and K l amath Count y . 

B a l d  Eagl e Hal iaeetus l e ucocephal us ( T )  

? i sn 

Wi n t e r i ng and nes t i ng b a l d  eagl e s  oc cur throughout the state . Nes t i ng 
concentra t i ons occur around Upper K l amath L ake i n  Kl amath County , around 
the l ak e s  of D e schutes Nat i onal Forest i n  D e s chutes and K l amath 
Count i es , a l ong the Lower Col umbi a R i ver , and al ong the Ump qua River i n  
Dougl a s  Count y . Add i t i onal nest i ng terr i t o r i e s  are l o cated throughout 
the s t a t e  in the v i c i ni ty of maj ur water bodi e s , r i ver s , estuar i es , 
r e s ervo i rs , and l ake s . Wi ntering concen t r a t i ons occur i n  K l amath County 
and the Lower C o l umb i a  Ri ver . Win t e r i ng e a gl e s  may a l s o  occur al ong 
other major water bodi e s , res ervo i r s , and r i vers s u ch as the Harney 
Bas i n , Crooked R i ver and Grande Ronde R i ve r s  in Oregon from O ctober 3 1  
t o  March 3 1 . Nes t i ng e agl e s  may occur i n  Oregon from January 1 to 
Augu s t  3 1 . 

Hut t on Spr i n g  � u i  Chub Gi l a  bi col or ssp . ( T )  

Spe c i es i s  r e s t r i c t e d  t o  two spri ngs a l o n g  A l k a l i  Lake i n  �ake County . 
Foskett S pr i ng speck l ed Dace Rhini ch thys oscul us ssp . ( T )  

Spe c i es occurs i n  a sma l l  Col eman Va l l ey s p r i ng i n  s outhern Lake County . 
We.rner S u cker Ca t o c t omus vlarnerensis ( T )  ( CH )  

Spe c i es o c curs i n  Warner Va l l ey i n  Lake Count y . ( L i s ted S ept . 28 , 1 9 8 5 ) 
Borax Lake Chub Gi l a  boraxobi us ( E )  ( CH )  

Spe c i es occurs i n  Borax Lake i n  Harney County . 

I nvertebr a t e s  
Oregon S i l verspot But t e r f l y  Speyeria zerene l1ipp o l y t a  ( T )  ( CH )  
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Attachment A 

D i s j unct popu l at i ons occur at Mt . Hebo and al ong the Oregon coast i n  
C l atsop , T i l l amook , and Lane Count i e s . 

P l ants 
MacFar l ane ' s  Four o ' cl ock Mirabi l i s  ma cfarl anei 

[ Four o ' c l o ck fami l y ]  
Wal l ow County : T3N R5DE S25 , T2N R48E S 1 7  

Malheur W i r e - l ettuce Stephanomeria malhe urensis 

[Aster f am i l y ]  Harney County : T2 7S R3DE S 1 2  
Bradshaw ' s  l ornat i um Loma ti um bra dshawi i 

( E )  

( E )  

( E )  
Spe c i e s  o ccurs i n  the v i c i n i ty o f  Fern Ri dge Res ervo i r , C o t tage Grove and 
Eugene in Lane County ; Wi l l arnette F l oodp l a i n  RNA and F i n l ey �� i n  
Benton County ; Basket S l ough NWR i n  Polk County , and west S a l em i n  
Mar i on Count y . 

PROPOSED SPEC I ES �/ 

Northern spotted owl Strix o cci den tal i s  ca urina ( T )  
Spec i es occurs from southwestern Bri t i sh Col um b i a  through 
w e s t e rn Washi ngton , western Oregon , and the coast range 
area o f  northwes t ern Cal i forn i a  s outh to San Franci sc o  
Bay . 

( E )  - Endangered 
( S )  - Suspected 

( T )  - Threatened 
( D )  - Documented 

( CH )  - Cr i t i ca l  Hab i t at 

.2.1 
3/ 

u .  S .  Department of Interi or , F i  sh and Wi 1 d l  He Service , Jan 1 989 , Endangered and 
Threatened Wi 1 dl He and Pl ants , 50 CFR 1 7 . 1 1  and 1 7 . 1 2 .  
Federa I Reg l s ter Vol . 54 , No . 1 2 0 ,  June 23 , 1 989 Proposed Rul e-Nor thern Spot t ed 
0,...1 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

Mr . Donald v .  Wo l f e  

Pro j ect Manager 

Department of Energy 

P . O .  Box 3 6 2 1 

F I SH AND W ILDL I FE ENHANCEMENT 

RENO F I ELD STATI ON 

4 6 0 0  Kie t z ke Lane , Bui lding C- 1 2 S  

Reno , Nevada 8 9 5 0 2 - 5 0 9 3  

May 2 2 , 19 9 1  
File No . : l-S-9 1-SP-9 8 

Port l an d ,  Oregon 9 7 2 0 8 -3 6 2 1 

Dear Mr . Wol f e :  

Sub j ect : Spe c i e s  L i s t  for the Bonnev i l l e  Power Admini strat ion Service 

Area 

This is in r eply t o  your l etter o f  March 2 0 ,  1 9 9 1 , requesting a l i st of l i sted 

and propo s ed endangered and t hre atened spec i e s  that may occur w i t h i n  t he area 

o f  t h e  sub j ect pro j ect . We have rev iewed the most rec ent i n f o rmat ion and t o  

the best o f  o u r  know l edge there a r e  no fede r a l l y  l i sted or propo s ed spe c i e s  o r  

c andidates f o r  Federal l i st ing within the area o f  the pro j ect . 

I f  you have furt her que st ions , please cont act S herry Barrett or me at 

( 7 0 2 ) 7 84 - 5 2 2 7 .  

L- 4 1  

D av i d  L .  H ar low 

F i e l d  Supervi sor 



United States Department of the Interior 
TAkI PRIOE IN  AMERICA 

• -

FISH AND WILDLIFE SERVICE 
F I SH AND W I LD L I F E  ENHAN C EM ENT 

F ED ERA L  BU I LD I N G ,  US COURTHOUS E 
301 S PARK 

. - -- . 

IN HEI'LY REFEH TO 

P O BOX 1 0023 
H E L ENA MT 59626 

D o n a l d V .  Wo l fe ,  P roj e c t  M a n a g e r  
L . T .  Powe r S a l e s  C o n t r a c t  F E I S  
B o n n ev i l l e  Powe r Admi n i s t rat i o n 
P . O .  Box 3 6 2 1  
P o rt l an d ,  OR 97 208-3 6 2 1  

D e a r  M r . Wo l fe :  

M ay 23 , 1 99 1  

T h i s r e s p o n d s  t o  you r  M a r c h  20 , 1 99 1  requ e s t  fo r a n  u p d a t e d  l i s t o f  t h re a t e n e d  
and e n d a n g e r e d  s p ec i e s wh i c h may o c c u r  i n  t h e  a r e a  o f  i n f l u e n c e  o f  
B o n n ev i l l e ' s  p ro p o s e d  Long-Term Powe r S a l e s  C o n t ract s .  T h i s l e t t e r  w i l l  
p ro v i de s p e c i e s  i n fo rmat i on for t h e  fo l l ow i n g  f ac i l i t i e s i n  Montan a : 

Hyd roe l e c t r i c :  
L i b by 
H u n g ry H o r s e  

T h e rma l : 
Co l s t r i p 1 -4 
C o r e t t e  

C o a l  M i n e :  
C o l s t r i p 

- L i n c o l n Cou n ty , Montana 
- F l a t h e a d  County , Montana 

- R o s e b u d  Cou nty , Montana 
- Y e l l ow s to n e  County , Montana 

- R o s e b u d  Co u nty , M o n t a n a  

I n  a c c o rd an c e  w i t h  S e c t i on 7 ( c )  o f  t h e  E n d an g e re d  S p ec i e s Ac t o f  1 97 3 , a s  
ame n d e d  ( ES A ) , w e  h av e  d et e rmi n e d  t h a t  t h e  f o l l ow i n g l i s t e d  and p ro p o s e d  
t h r e atened o r  e n d a n g e r e d  ( T I E )  s p e c i e s may b e  p re s e n t  i n  t h e  p roj e c t  a r e a . 

L i s t e d  Spec i e s Exp e c t e d  O c c u r re n c e  

B l a c k-footed f e r ret ( Mu s t e l a n i q r i pe s ) P o t e n t i a l  res i d e n t  i n  p r a l r l e dog 
( Cynomys s p . )  co l on i e s - C o l s t r i p 
1 -4 ,  C o r e t t e . 

G r ay w o l f ( C an i s � )  R e s i dent  - L i b by , H u n g ry H o r s e  

G r i z z l y  b e a r  ( U r s u s  a r c t o s  h o r r i b i l i s ) Re s i dent  - L i bby , H u n g ry H o r s e  

B a l d e ag l e ( H a l i ae e t u s  l eu c o c eph a l u s )  Y e ar-round  r e s i d e n t . W i n t e r  res i de n t  
M i g r ant - A l l fac i l i t i e s .  

P e r e g r i n e  f a l con ( F a l c o  pe reqr i n u s )  M i g ra n t . Po t en t i a l  s umme r r e s i d e n t  
- A l l f ac i l i t i e s .  

P ropo s e d Spec i e s 

N o n e  
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D o n a l d V .  W o l fe 
May 23 , 1 9 9 1  
P a g e  2 

S ec t i o n 7 ( c )  o f  ESA requ i re s  t h a t  F e d e r a l  a g en c i e s  p ropos i n g maj o r  
c o n s t ru c t i on ac t i o n s , c omp l e t e  a b i o l og i c a l  a s s e s smen t  to d e t e rm i n e  t h e  
e f f e c t s  of t h e  p ro p o s e d  ac t i on s  on l i s te d  and p ro p o s e d  s p e c i e s .  I f  a 
b i o l o g i c a l  as s e s sment i s  n o t  requ i re d  ( i . e .  a l l o t h e r  a c t i on s ) ,  y o u r  a g e n cy i s  
r e s p on s i b l e for rev i ew of p ro p o s e d  a c t i v i t i e s to d e t e rm i n e  whet h e r  l i s t ed 
s p e c i e s may be a f fected . W e  wou l d a p p r e c i at e  t h e  opportu n i ty t o  r ev i ew your 
d e t e rm i n at i on doc umen t .  

L L L l n d g  

c c : L .  Lockard , F W E , FWS - Kal i s p e l l ,  MT 

S i n c e re l y ,  

&i i�--
D a l e R .  H a rms 
S t a t e  S u p e rv i s o r  
Montana S t a t e  O f f i c e  

" TAKE P R I D E  I N  AM E R I CA" 
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In rer1y refer to·  
PG 

M s . P e gg i e Koh l 

De partment of Energy 

Bonnevi l le Power Adm i n istrat ion 
P.O. Box 3621 

Port land,  Oregon 97208-3621 

May 30 , 1 99 1  

U . S .  F i s h  a n d  W i l d l i fe Serv i c e 
Sacrame n to E n d angered S p e c i e s  Offi c e  
2 800 Cot tage  Way , Room E- 1 803 
Sacrame n to ,  CA 9852 5 

Subj e c t : Req u e s t  for U p d ated  L i s t  of E n da ngered a n d  Threatened  S p e c i e s  i n  t h e  
Bon n e v i l l e Power Admi n i s tr a t i on ( BPA ) S e rv i c e Are a ,  for I n c l u s i on i n  t h e  Long-Term 
Power S a l e s Con trac t s  Env i ronme n t a l  I m p a c t  S tateme n t  ( E I S ) ; From Prev i ou s  
Corre s ponde n ce Coded 1 - 1 -89- S P-944 

Dear Ms . Koh l : 

B a s ed on a t e l e p hone conv e r s at i on w i t h  your a s s i s tan t ,  I am s e nd i ng you add i t i on a l  
ma ter i a l to a s s i s t  you i n  r e s pond i ng to our r e c e n t  r e qu e s t  for updated  l i s t i n g s  of 
e n d an g e r e d  a n d  threatened  s pe c i e s . Our req u e s t  was b a s e d  on prev i ou s  corre spon d e n c e  
i n  1 98 9 , con c e r n i ng t h i s EI S ,  con c e r n i ng l i s ted  s pe c i e s for t h e  por t i on s  of our 
s e rv i c e  terr i tory wh i c h are  wi th i n  your d i s tr i c t .  A copy of the re s pon s e  l et t e r  
from you r  offi c e , d a t e d  A u g u s t  1 5 ,  1 98 9 , i s  e n c l o s e d  for your i nforma t i on . 

Your a s s i sta n t  a l so req u e s ted  a map of our s e rv i c e  t e r r i tory . I have  e n c l os e d  
cop i e s  o f  map s s howi ng t h e  s e rv i ce  t e r r i tor i e s  of our c u s tome r u t i l i t i e s ,  and  
e xc e r p t s  from our  au t hor i z i ng  l eg i s l at i on d efi n i n g our serv i ce terr i tory . Th i s  
s tatutory l anguage l i m i t s  our s e rv i c e t e r r i tory i n  nor t he r n  Ca l i forn i a  to are a s  
wi t h i n  7 5  a i r m i l e s of t h e  Oregon bor d e r  or t h e  Co l umb i a R i ver  d r a i n age , w h i c h  a r e  
p a r t  of t h e  s e rv i ce terr i tory of a r u r a l e l e c t r i c coope ra t i ve wh i ch s e rve s l oa d s  
w i t h i n Oregon o r  t h e  Col umb i a dra i n ag e . S p e c i fi c a l l y ,  t h i s l anguage l i m i t s t h e  
a r e a  of c on c e r n  w i t h i n you r  d i s tr i c t  to Modoc a n d  L a s s en Cou n t i e s .  The s e  were  t h e  
Cou nt i e s  a d d r e s sed  i n  your offi ce ' s  p r e v i ou s  r e s pon s e  i n  Aug u s t  1 98 9 . 

I f  l i s t i n g s  of e ndangered  and  threatened  s p e c i e s  i n  t h e s e  areas  have  not c h anged  
s i n c e  your p r e v i ou s  l e tte r , i t  w i l l  be  s uffi c i e n t  for our  purpos e s  for you to 
confi rm t h a t  t h e  l i s t i n g s  are a s  s hown i n  t h e  attac hme n t s  to your Augu s t  1 5 , 1 989 , 
l e tter . 

T h ank you for your h e l p .  

4 E n c l o s u r e s  

S i ncere l y ,  

Dona l d  V .  Wol fe 
Proj e c t  Manager 
Power Sa l e s Con tract  F E I S  

L - 4 4  



United States Department of the Interior 

In Reply Refer To: 

l - 1 - 9 l - S P - 6 3 5  

Mr . Donald V .  Wolfe 
Proj e c t  Manager 
Department o f  Energy 

FISH AND WILDLIFE SERVICE 
Fish and Wildlife Enhancement 

Sacramento Field Office 
2800 Cottage Way, Room E-l803 

Sacramento, California 95825-1846 

Bonnevi l l e  Power Adminis tration 
P .  O .  Box 3 6 2 1  
Por t l and , Oregon 

June 2 0 , 1 9 9 1  

Subj ect : Updated Spe c i e s  Li s t  for Bonnevi l l e  Powe r Admini s tration 
S ervice Area , Modoc and Las s en Count i e s , Cal i fornia 

Dear Mr . Wolfe : 

As reque s ted by l e tter from your agency dated May 30 , 1 9 9 1 , you w i l l  find 
attached an up dated l i s t  of the l i s ted endangered and threatene d spec i e s  that 
may be pres ent in the subj ect proj e c t  area . ( S ee Attachment A . ) To the b e s t  
o f  our knowledge , n o  proposed spec ies  occur within the area . Thi s  l i s t  
ful f i l l s  the requirement of the F i sh and Wi ldl ife S ervi c e  to prov i de a spe c i e s  
l i s t  pur suant to S e c t i on 7 ( c )  of the Endangered Spec i e s  Act , as amended .  

Pert inent informat ion concerning the l i s t e d  spe c i e s  l i fe h i s tory and 
d i s tr ibut i on , and a di scus s i on of the respons ib i l i t i e s  of fede ral agenc i e s  
unde r S e c t ion 7 ( c )  of the A c t  were provide d  f o r  thos e  sp e c i e s  addr e s s e d  in 
respons e to your initial reque s t  for a sp e c i e s  l i s t . Attache d is information 
c onc erning tho s e  l i s ted spe c i e s  not previous ly addre s s e d .  

Formal c onsul tati on , pursuant t o  50 CFR § 402 . 14 ,  should b e  ini t iated i f  you 
de te rmine that a l i s ted species  may be affected by the proposed proj ec t .  
Informal consul tat i on may be ut i l ized prior to a wr i t ten reque s t  for fo rmal 
consul tat ion to exchange informa t i on and res o lve c onfl i c t s  w i th respect to a 
l i s ted spec i e s . I f  a b i olo gical as s e s sment i s  requ i red , and i t  i s  not 
ini t iated within 90  day s o f  your receipt of th is l e tter , you shoul d informal ly 
ver i fy the accuracy of thi s  l i s t  with our offi c e . 

A l s o , for your cons i derat ion , we have included a l i s t  o f  the candidate spe c i e s  
that may be p r e s ent i n  the proj ect  area . ( S ee Attachment A . ) The se spe c i e s  
are currently be ing reviewed by our Service and are under c ons i derat ion for 
po s s ib l e  l i s t ing as endangered or threatened . Candi date spec i e s  have no 
prote c t i on under the Endangered Species Ac t ,  but are inc luded for your 
cons i de rat ion as i t  is p o s s ib l e  that one or more of the s e  cand i dates could be 
prop o s e d  and l i s te d  be fore the subj ect proj e c t  is c omp l e ted . Should the 
b i o lo g ical as s e s sment reveal that candidate spec ies may be adver s e ly affected , 
you may wish to contact our office for technical as s i s tance . One of the 
p o tent ial bene f i t s  from such technical as s i s tance i s  that by exp l o r ing 
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Mr . Donald V .  Wo l fe 

alternat ive s early in the planning proces s ,  i t  may be p o s s ible to avo i d  
confl icts tha t c ould o therwi s e  deve l op , should a candidate spe c i e s b ecome 
l i s ted before the proj ect  i s  comp l e ted . 

Please contact Peggie Kohl at 9 1 6/97 8 - 4 8 6 6  ( FTS 4 6 0 - 4 8 6 6 )  i f  you have any 
que s t ions regarding the a t tached l i s t  or your respons ib i l i t i es  under the 
Endangered S p e c i e s  Act . 

Attachments 

S incerely , 

�l .  1" ," t2�)}LL/<S�:/ . 
' a) ne S . '-"' . u  .. . . e 

Field Superv i s o r  

L - 4 6  
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ATTACHMENT A 

LI STED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND 
CANDI DATE S PECIES THAT MAY OCCUR IN THE AREA OF THE 

BONNEVILLE POWER ADMINI STRATION SERVICE AREA 
MODOC AND LAS SEN COUNTIES , CALIFORNIA 

( 1 - 1 - 9 l - S P - 6 3 5 , JUNE 20 , 1 9 9 1 )  

Li s ted Spe c i e s  

Fish 

Birds 

Modoc sucker , Ca tos tomus microps ( E )  
Lo s t  River sucke r , Del tis tes luxa tus ( E )  
shor tno se sucker , Chasmis tes breviros tris ( E )  

northern spotted owl , S trix occ iden talis caurina ( T )  
Ame r ican pere gr ine falcon , Falco peregrinus ana tum ( E )  

Candidate Spe c i e s  

Fish 

Birds 

Goose Lake redband trout , Oncorhynchus mykiss s s p . ( 2 )  
McCloud Rive r redband trout , Oncorhynchus mykiss s sp . ( 2 )  
rough s culp in , Co t tus asperrimus ( 2 )  
Goose Lake sucker , Cas tos tomus occiden ta l i s  lacusans erinus ( 2 )  
Cowhead Lake tui chub , Gila bi color vaccaceps ( 1 )  

ferruginous hawk , Bu teo rega l i s  ( 2 )  

Mammal s  
spotted bat , Euderma macula tum ( 2 )  
S i erra Nevada red fox , Vulpes vulpes neca tor ( 2 )  
S ie rra Nevada snowshoe hare , Lepus americanus tahoensis ( 2 )  

white - footed vo le , Arborimus albipes ( 2 )  
Cal i fornia b i ghorn sheep , Ovis canadensis cal iforniana ( 2 )  

Invertebrat e s  
Franklin ' s  bumblebee , Bombus franklini ( 2 )  
S iskiyou ground beetle , Nebria gebl eri si skiyouensis ( 2R) 
Klamath Mountains ground beetle , Nebria sahlb ergi i triad ( 2R)  

P lant s 
Deschutes  milk-ve tch , As tragalus tegetarioides ( 2 )  
Greene ' s  mar ipo s a ,  Calochor tus greenei ( 2 )  
Egg Lake monkeyflower , Himulus pygmaeus ( 2 )  
Co lumb ia yellow - cress , Rorippa columbiae ( 2 )  
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( E ) - - Endangered ( T ) - - Threatened ( CH ) - - Cr i t i c al Hab i tat 
( l ) - - Category 1 :  Taxa for wh ich the Fish and Wildl i fe S ervice has suffic ient 

b i o logical information to support a proposal to l i s t  as endangered or 
threatene d .  

( 2 ) - - Category 2 :  Taxa for which exis ting information indic ated may warrant 
l i s t ing , but for which subs tantial b i o logical information to support a 
proposed rul e is lacking . 

( lR ) - Rec ornmended for Category 1 s tatus . 
( 2R) - Rec ornmended for Category 2 s tatus . 
( * ) - - Po s s ib ly ext inc t . 

L - 4 8  



PALMATE-BRACTED BIR D'S-BEAK 
(Cordylanthus palmatus) 

CLASSIFICATIO N :  Endangered 51 FR 23765 

CRITICAL HABITAT: None designated 

D ESCRIPTI O N :  

This annual herb of t h e  snapdragon family (Scrophulariaceae) attains a height of 4 to 
1 2  inches and produces several to many spreading ascending branches from near 
the base of the main stem. The pale stems are sparsely to densely hairy ,  often with 
g landular excretions of salt crystals evident on the h erbage. The leaves and stems 
are g rayish g reen and often very pale. The small pale whitish flowers, 1 /2-inch to 
1 inch long, are arranged in dense clusters (spikes) and densely surrounded by 
herbaceous leaflike bracts. Seedlings in late March or April. The species flowers in 
late spring through the summer. 

DISTRI B UTION:  

Historically the species was collected from seven scattered locations i n  Fresno, 
Madera, San Joaquin ,  Yolo, and Colusa Counties. In 1 982 a new location was 
discovered near Livermore in Alameda County and in 1 987 a colony was discovered 
on the Colusa National Wildlife Refuge in Colusa County. The latter stand may 
represent a remnant of the former populations to occur in the general area. At 
present four extant populations are known. These include the Livermore and Colusa 
NWR colonies, one near Woodland ,  Yolo Cou nty, and one on the Mendota State 
Wildlife Area, Fresno County. Additional colonies may occur in appropriate alkali 
sink habitats in these regions of the Central Valley and in ner coast range valleys. 

SPECIAL CONSIDERATIONS: 

Population fluctuations are common in the palmate-bracted bird's-beak. These 
oscil lations may be a result of changes in pollination success, rainfall patterns, 
freshwater influence, and marsh pollution. Consequently, researchers should take 
into account the unreliability of a single-season survey. 

REFEREN CES FOR ADDITIONAL I N FORMATION 

Chuang, T. I., and L. R. Heckard. 1 971 . Observations on root-parasitism in 
Cordylanthus (Scrophulariaceae). Am. J .  Bot. 58:21 8-228. 

Chuang, T. I . ,  and L. R. Heckard. 1 973. Taxonomy of Cordylanthus subgenus 

Hemistegia (Scrophulariaceae). Brittonia 25: 1 35-1 58. 

Ferris, R. S. 1 91 8. Taxonomy and distribution of Adenostegia . Bul l .  Torrey Bot. 
Club. 45: 399-423. 
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CLASSIFICATION: 

AMERICAN PEREGRIN E  FALCON 
(Falco peregrinus anatum) 

Endangered 35 Federal Register 1 6047, October 1 3, 1 970, and 49 Federal Register 
1 0526, March 20, 1 984. 

CRITICAL HABITAT: Designated in Sonoma, Napa, and Lake Cos. 

DESCRIPTION: 

A medium-sized, swift flying bird of prey with pointed wings. Wingspan is 3 to 4 feet. 
Adults have slate gray backs with white underparts that are streaked or barred in 
black. They have distinctive white and black facial markings. 

DISTRI BUTION : 

Historically nested throughout North America from the boreal forest south into 
Mexico, wherever suitable nesting and foraging habitat occurred. Remnant breeding 
populations currently occur in California, Arizona, New Mexico, Utah, Texas, and 
Alaska. A few pairs nest in other states in  the northeast and northwes.t. 

SPECIAL CONSIDERATIONS: 

The American peregrine falcon has suffered major population declines due principally 
to DDT contamination of their food chain.  With the banning of D DT for use in the 
U.S. in 1 972 and implementation of a management program, populations have for the 
most part stabi lized. Unfortunately, pesticide data indicate that there has been a 
continued in put of D DT into the local environments. Some nest sites are now 
protected from human disturbance. Poor quality eggs are taken from the wild for 
artificial incubation,  and young are placed in nests after hatching from wild eggs 
taken into captivity or laid by captive parents. 

REFERENCES FOR AD DITIONAL INFORMATION : 

J. J. Hickey (ed) . 1 969. Peregrine falcon populations their biology and decline. 
Univ. of Wisconsin Press. Madison, WI. 

Ratcliffe, D. 1 980. The peregrine falcon. Buteo Books. Vermil l ion, SO. 

U.S. Fish and Wild l ife Service. 1 982. Pa9ific Coast Recovery Plan for the American 
Peregrine Falcon. Portland, OR. 87 pp. 

L - 5 0  



• United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

TAKE -

FISH AND WILDLIFE ENHANCEMENT 
UTAH STATE OFFICE 

2078 ADMINISTRATION BUILDING 
1745 WEST 1700 SOUTH 

I n  Rep l y  Refer To SALT LAKE CITY, UTAH 84104-5110 

( f\.IE) 

D o n a l d V .  W o l f e  
Power S a l e s  C o n t r a c t  F E I S  
B o n n ev i l l e Power Admi n i s t rat i on 
PO Box 3 6 2 1  
P o rt l a n d , O regon 97 208-3 6 2 1  

D e a r  M r .  W o l f e : 

Au g u s t  1 ,  1 99 1  

PRIDE IN 
AMERICA 

- -- . 

W e  h a v e  r e c e i v e d  y o u r  l e t t e r  c o n c e rn i n g t h e  Long-Term Power S a l e s  C o n t r ac t s  
E n v i ronme n t a l  I mp a c t  S t a t eme n t .  T h e  mate r i a l s p ro v i d e d  h av e  b e e n  r e v i ewed a n d  
we f i n d  n o t h i n g o f  s i g n i f i c a n t  c on c e r n  to t h e  F i s h  a n d  W i l d l i fe S e rv i c e i n  t h e  
S t a t e  o f  U t a h . T h e r e fo r e  we w i l l  o f f e r  n o  c omme nt s . 

W e  wou l d b e  p l e a s e d  to a d d r e s s  s p ec i f i c  i s s u e s  i d e nt i f i e d by you i f  n e c e s s a ry 
at a l at e r  d a t e . 

S i n c e r e l y ,  ��J 6k� 
\(0 ....... C l  a r k  D .  J o h n s on 

A s s i s t a n t  F i e l d S u p e rv i s o r  
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PGA 

Mr . Ra l ph Swanson 
Fish & Wi l d l i f e  Enhancemen t 
U . S .  Fish & Wildlife  Service 
1002 NE . Ho l laday S treet 
Po r t land , OR 9 7232-4 1 8 1  

Dear Mr . Swanson : 

Department of E n e rgy 
Bon nevi l le  Power Adm i n istrat ion 

PO. Box 3621 
Port land , Oregon 97208 - 3621 

J U L  1 9 1 9 8 9  

Subj ec t :  Reque s t  for Lis t  of Endangered and Threatened Species in the 
Bonnevi l l e  Power Administrat ion Service Area . for Inclus ion in the 
Long-Term Powe r Sales Contracts Environmental Impac t S tatemen t ( E 1 S ) 

In August 1 98 1 . Bonnevi l le Power Adminis trat ion ( BP A )  off ered its  cus tomers 
new long-term contrac ts under the Pac i f ic Northwes t  Elec tric Powe r Pl anning 
and Conservat ion Ac t .  At that t ime , BPA prepared an Environmen tal Repo r t  to 
accompany the ini tial contract offer , but did no t prepare an Envi ronmental 
Asses sment or an EIS . The United S tates Court of Appeal s  has s ince o rdered 
BPA to prepare an EIS . 

BPA is now in the proce s s  of analyz ing the environmental impacts o f  the s e  
long-term con trac ts i n  an E I S . Two bas ic al ternat ives are being analyzed : 
( 1 )  the no-action al ternat ive in which BPA would pres erve the Long-Term Power 
Sales Contracts without change ; or ( 2 )  an alternat ive in which BPA woul d 
pursue contract modif ications ( s ee enc losed ma terial for add i tional details ) .  
The analysis covers the effects of operation of power f acil i t ies wi thin the 
aff-e-cted area. It aloo i-d�fies quantities and types of re s-ources that 
might be needed to mee t  future f irm power loads . The EIS wi l l  inc lude a 
gene ric discuss ion of impacts as socia t ed with these resources .  

The se long-term contracts are wi th cus tomers located throughout BPA ' s  service 
area , which covers the S tates of Washington , Oregon , and Idaho ; the port ion of 
Montana wes t of the Cont inental Divide ; and sma l l  por tions of Wyoming , Utah , 
Nevada . and no rthern Cal ifornia . Our s tudy area also includes areas in 
Montana , Nevada , and Wyoming surround ing coal plan ts that serve the Pacific 
Northwe s t  ( see enclosed area descript ion and location maps ) .  The af f e c te d  
facili ties wi thin these S tates are ident ified by name , locat ion , and energy 
source on the enclosed l i s t .  
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In c ompl iance with s e c t ion 7 ( c )  o f  the amended Endange red Species Ac t ,  BPA i s  
reques ting a l is t  o f  endangered and threatened species that may occur i n  the 
area of  any o f  the se f ac i l i t ies ; and any inf o rmat ion on the se species that 
might be availab l e , such as locat ions and how they might be af f e c te d . I f  no 
spec ies or the ir c r i t i cal habi tat are be ing o r  will  be affected  by the se 
a l t e rnatives , please no t i fy BPA of this f inding as we l l .  The l i s t  you 
recently prepared for our Inter t ie Deve lopment and Use E I S , which covered much 
the same terri tory , is also  enclosed for your inf orma t ion . 

Accord ing to our conversa t ion of June 30 , 1 98 9 , my unde rs tanding is that 
Regions 2 and 6 will each take the l ead to consul t and coordinate the species 
list  with the i r  respe c t ive field off ices and that each reg ion w i l l  provide a 
s ingl e  respons e to this reque s t .  We woul d ,  howeve r ,  appre ciate a l i s t  of 
contacts at the appropriate f ield o f f i ces , should the need arise in the f uture 
for mo re d e tailed f o 1 1 �wup during the cons ul ta tion proces s . 

I f  pos s ible , we would appre c iate having any informat ion you may ob tain by 
Septembe r  15 , 1 98 9 ,  so that we can inc l ude i t  in our d raf t E I S . I f  you need 
additional inf ormation , or if I can ass is t in any o the r way , please con tac t me 
at (503 ) 230-4235 or FTS 429-4235 . 

4 Enc losures 
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S ince re ly , 

j'1 (7/-v"- oL C<- -(,' J�.-e-, S .  � _fc· ( <ek 
I 

Nandranie S .  Tuck 
Environmental Spec ial is t 
Envi ronmental Compl iance Se c tion 



Mr . Galen Bute rbaugh 
Regiona l Director 
U . S .  Fish & Wildl ife S e rvice 
P . O .  Box 25486 
Denve r Federal Center 
Denve r , CO 80225 

Dear Mr . Buterbaugh : 

Department of En ergy 
Oon nevi l l e  Power Adm i n i strat ion 

PO. Box 3621 
Port land , Oregon 97208 - 3621 

JUL  1 9 1 989 

Sub j ec t : Reques·t for Lis t of Endangered and Threa tened Spe cies in the 
Bonnev i l l e  Power Adminis t rat ion Service Area , f o r  Inc lus ion in the 
Long-Term Powe r  Sal e s  Cont rac ts  Environmen tal Impac t Statement ( E I S ) 

In Augus t 1 98 1 ,  Bonnevi l l e Power Adminis trat ion ( BPA ) offered i ts cus tomers 
new l ong-term contracts under the Pacific Northwe s t  Electri c  Power P lanning 
and Cons ervation Ac t .  At that t ime , BPA prepared an Environmen tal Report to 
accompany the ini t ial contract off e r ,  but did not prepare an Environmental 
Ass e s sment or an EIS . The Uni ted S tates Court of Appeals has s ince o rdered 
BPA to prepare an EI S .  

' 

BPA is now in the process of analyz ing the environmental impac t s  of  these 
long-term contrac ts in an E l S . Two bas i c  alternat ives are being analyzed : 
( 1 )  the no-ac tion alternative in which BPA wpuld preserve the Long-Term P ower 
Sales Contrac ts wi thout change ; or ( 2 )  an a l t ernat ive in which BPA would 
pursue contrac t modi f i cat ions ( s ee enclosed material for addi t ional de tails ) .  
The analys is covers the e ffects of operation of  power fac i l i t ies wi thin the 
affected area . I t  also identif ies quantities and types of resources that 
might be needed to mee t  future f irm power l oads . The EIS wil l  incl ude a 
generic discus s i on o f  impac ts  associated with the s e  resourc es . 

Thes e  long-term contrac ts are with cus tomers l ocated throughout BPA ' s  servic e  
area , which covers the S tates of Washington , Oregon , and I daho ; the portion of 
Montana wes t  of the Continental Divide ; and smal l port ions of Wyoming , Utah , 
Nevada , and northern Cal i fo rnia . Our study area also  includes areas in 
Montana , Nevada , and Wyoming surrounding coal p lants that serve the Pac ific 
Northwes t  ( see enc l o s ed area descript ion and locat ion maps ) .  The affec ted 
fac i l i t ies wi thin these S tates are identified by name , locat ion , and energy 
s ourc e  on the enc l osed l is t .  
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In compl iance with sec t ion 7 ( c ) o f  the amended Endange red Spe c i e s  Ac t ,  BPA is 
reque s t ing a l is t  of endange red and threa tened species tha t may occur in the 
area of any of these fac i l i ties ; and any informat ion on these species that 
might be avai lab l e . such as locat ions and how they might be af f e c ted . I f  no 
s pec ies or the ir c r i t ical hab i tat are be ing or will  be a f f e c ted by the s e  
al terna tives , please no tify BPA of this f ind ing as we l l .  The l is t  you 
recen t ly prepared for our Intertie Deve lo pment and Use E I S , whi ch cove red much 
the same terri tory ,  is also enclosed for your informa t ion . 

Accord ing to my conve rsation with Mr . Ralph Swanson of Region 2 on June 3D , 
1 9 8 9 , my unders tanding is that Reg ions 2 and 6 wi l l  each take the l ead to 
consul t and coordinate the species l i s t  w i th the ir respec tive f ie l d  o f f ices 
and that each region wi l l  provide a s ing le res ponse to this re ques t .  We 
woul d , however ,  appreciate a list  of contac ts at  the appropriate f ie l d  
o f f ices , shoul d the need arise i n  the future f o r  more detailed f o l l owup dur ing 
the consul tat ion pro cess . 

I f  po s s ib l e , we would apprec iate having any inf orma tion you may ob tain by 
Septembe r  15 1 98 9 . so that we can include i t  in �ur draf t E IS .  I f  you need 
add i t ional inf ormat ion , or  if I can ass is t in any o ther way , please contact me 
at ( 50 3 ) 230-4235 or FTS 429-4235 . 

4 Enc losures 

S ince rely . 

" 7 : t" . \ ,.. I 
-, -, -/ " {.  (. ''' v , � . c{ ·�"C � .' 

Na�dranie S .  Tuck 
Environmental Spec ial i s t  
Environmental Compl iance Sec t ion 
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PAC I F I C  NORTHWEST GENERAT I NG FAC I L I T I ES* 

FAC I L I TY 

BONNEVI L L E  

TH E DAL L E S  

JOHN DAY 

MCNARY 

P R I E ST RA P I D S  

WANAPUM 

ROCK I S LAND 

ROCKY R EA C H  

WE L L S  

C H I EF J O S E PH 

I C E  HARBOR 

Mu l t n omah 
Skama n i a  

Wa s c o  
Kl  i c k i ta t  

Sh e rman 
Kl i c k i t a t  

Umat i l l a  
B e n t on 

Yak i ma 
Grant 

K i tt i t a s  
Grant 

D o ug l a s 
C h e l an 

Doug l a s 
C h e l an 

D o ug l a s  
C h e l an 

D o u g l a s  
Okanogan 

Wal l a Wal l a 
F rank l i n  

L OWER MONUMENTAL Wal l a  Wal l a  
Fran k l i n  

L ITTL E GODSE C o l umb i a  

L OWER GRAN I T E  

L I BBY 

HUNGRY HORSE 

ALBEN I F A L L S  

GRAND C O U L E E  

DWDRSHAK 

Wh i tman 

Wh i tman 
Garf i e l d  

L i nc o l n 

F l ath ead 

Bonner 

Okanogan 
D o u g l a s  

C l earwater 

HYDROELECTR I C  

O R  
WA 

O R  
WA 

OR 
WA 

O R  
WA 

WA 
WA 

WA 
WA 

WA 
WA 

WA 
WA 

WA 

WA 
WA 

WA 
WA 

WA 
WA 

WA 
WA 

WA 
WA 

MT 

MT 

1 0  
WA 
WA 

1 0  

_T_. _ _  R_._ S .  
2 N 7 E 2 1 . 2 2  
2 N 7 E 2 1 . 2 2  
( Bo n n ev i l l e  D am 1 5 ' ) 

1 N 1 3 . 1 4 E 3 1 . 3 5  
1 N 1 3 . 1 4 E 3 1 . 3 5  
( D a l l e s D am 1 5 ' ) 

3 N 1 7  E 2 8  
3 N 1 7  E 2 8  
( Ru f u s  7- 1 / 2 ' ) 

5 N 28 E 1 0  
5 N 2 8  E 3 
( Umat i l l a  7- 1 / 2 ' ) 

1 3  N 2 3  E 2 .  3 
1 4  N 2 3  E 3 5 . 3 6  
( P r i e s t  R a p i d s 1 5 ' ) 

1 6  N 
1 6  N 

2 3  E 
2 3  E 

1 7 .  2 0  
1 6 .  7 

2 1  N 2 2  E 5 
2 1  N 2 2  E 5 
( Rocky I s l an d  Dam 7- 1 / 2 ' ) 

24 N 2 0  E 3 5  
2 4  N 2 0  E 3 5  
( Ro c ky Reach D am 7 - 1 / 2 ' ) 

2 8  N - 24 E 6 
2 8  N 24 E 6 .  2 0  
( We l l s  Dam 7- 1 /2 ' ) 

29 N 2 5  E 24 
29 N 2 5  E 2 4  
( C h i ef J o s e p h  Dam 7- 1 / 2 ' ) 

8 N 3 0  E 
8 N 3 0  E 
( Pa s c o  7- 1 /2 ' ) 

2 
2 .  3 

1 2 . 1 3  N 34 E 2 .  3 .  3 4  
1 3  N 3 4  E 34 
( L owe r Monume n t a l  Dam 7- 1 / 2 ' )  

1 3  N 2 8  E 2 7  
1 3  N 2 8  E 27 
( St ar b u c k  East 7- 1 / 2 ' ) 

1 4  N 43 E 
1 4  N 4 3  E 
( Al mo t a  7- 1 /2 ' ) 

o 2 8  N 3 0  E 

2 9 .  3 2  
3 2  

o 2 8  N 3 0 . 3 1  E 1 .  6 
( G ran d Cou l ee 1 5 ' ) 

* Fac i l i t i e s w i t h i n  t h e  " af f ec t e d  env i ronme n t "  of t h e  P ower Sal e s  C o n t ract 
E I S .  
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PAC I F I C  NORTHWEST GENERAT I NG FAC I L I T I ES* 
THERMAL 

PLANT OWN E R  C I TY STATE � _T_o_ _R_o_ S o  

C O L S T R I P  1 -4 MPC C o l st r i p  MT Ros ebu d 2 N 4 1  E 3 5  

C OR E T T E  MPC B i l l i n g s  MT Y e l l ow s t o n e  

BOARDMAN PGE Boar dma n OR Mo r row ( N e a r  N o  B o r d er ) 

C E N T RA L I A  1 & 2  P P&L C e n t ra l i a  lolA L ew i s  1 5  N 1 101 3 0  

J IM B R I DGER 1 -4 PP&L Rock Spr i n g s  WY Sweetwat e r  2 0  N 1 0 1  101 3 

VALMY 1 &2 S i e r ra Pac i f i c  Va l my N V  Humbol t 3 5  N 43 E 27 

NUCLEAR 

PLANT OWN E R  C I TY STAT E � _T_o _ _ R_o_ S o 

WN P- 1 WPS R i ch l a n d  lolA Benton 1 1  N 28 E 5 

( Wo o d e d  I s l a n d  7 - 1 / 2 ' ) 

WN P - 3  WPS Sat s o p  lolA Grays H a r b o r  1 7  N 6 101 1 8  

( Grays Harbor 7- 1 / 2 ' ) 

COMBUST I ON TURB I N E 

PLANT OWN E R  C I TY STATE � _T_o_ _R_o_ S o 

B E T H E L  PGE Sal em OR Mar i on 7 S 2 101 29 

B EAVER PGE C l at sk a n i e  OR C o l umb i a  

WH I T E HORN 1 - 3 PSP&L C u st e r  lolA Wha t c om 3 9  N 1 101 1 2  

F R E D E R ICKSON 1 &2 PSP&L Tacoma lolA K i ng 1 8  N 3 E 1 

FRE DON I A  UN I T S  1 &2 PSP&L B u r l i n g t o n  lolA Skag i t  34 N 3 E 9 

COAL M I NES SUPPLY I NG GEN ERAT I NG RESOURCES 

POWER PLANT MINE C I T Y  STATE � _T_._ _R_o_ S o  

BOARDMAN Bel l e  Ayre C am p be l l WY 

C EN TRAL I A  C e n t r a l i a  C en t r a l i a  lolA L ew i s  1 5  N 1 101 3 0  

C O L S T R I P  R o s e b u d  R o s e b u d  MT 

J IM B R I D G E R  B r i dger Sweetwa t e r  WY 

" Fac i l i t i e s w i t h i n  the " a f f e c t e d  env i ronment " of t h e  Power Sal e s  Contract E I S .  
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Figure 2.1 
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United States Department of the Interior 

August 8 ,  1 989 

1� 7-89-SP- 1 3 1  

Nandran i e  S .  Tuck 

FISH AND WILOLIFE SERVICE 
Portland Field Offi ce 

727 NE 24th Avenue 
Portland .  OR 97232 

Bonnev i l l e  Power Admi nistrat i on 
P . O .  Box 362 1 
Port l and , Oregon 97208-36 2 1  

Dear Ms . Tuck : 

P . 2  

As requested by your l et t er dated Jul y  1 9 ,  1 989 ano rece ived by us on July 26 , 
1 989 , �e have reexamined the l i s t prepare d for the I ntert i e  Deve l o pment and 
Use E I S .  The i nfo rmat i on pre s ented for Bonn evi l l e , Th e D a l les , John Day and 

McNary s t i l l  accurrate l y  r e f l e cts known threaten e d , endangered and candi date 
spec i es resources i n  the vi c i n i ty of the aforenamed Oregon hydro f a c i l l t i e s . 

However . s i nce the proj ect area be i ng con s i dered in the propo sed Bonnevi l l e  
Power Adm i n i s trat i on Long- term Power Sal es Contracts Env i r onmental I mpact 

Stat ement ( E I S )  is more extens i ve , we have attached a l i st of endanger e d  and 
thr eatened species tbat may be pres ent in the servi ce area cove red by your 
s a l es contract E I s . The l i s t  ful f i l l s  the requi rement of the F i sh and 
Wi l dl i fe S e r v i c e  under Sect i on 7 ( e )  ot the En dangered Species  Act of 1 973 , as 
amended ( 1 6 USC 1 5 3 1  e t . s e q . ) .  Bonnevi l l e  Power Admi ni str a t i o n ' s  
requirements under the Act are out l ined i n  At t achment B .  

Should your b i o l ogi cal a s s e s sment de termine that a l i sted spe c i e s  i s  l i kely to 
be adversely a f f e ct ed by the pro j e ct , Bonnevi l l e  Power Adro i n i strat i on shou l d  
request formal S e c t i on 7 co ns ul ta t i o n through th i s  o f f i ce . Even i f  your 

b i o l ogi cal a s s e s sment shows a H no ef f ect " or " benef i c i al e f fe c t "  s i tuat i on ,  we 
wou l d  appre c i a te rece i v i ng a copy tor our i n f ormat i o n . 

Your intere s t  i n  endange red s pe c i e s  i s  appr e c i a t e d . I f  you have any 

add i t i ona l ques t i ons regar ci i ng your respons i b i l i t i e s under the A c � , p l ease 
cal l D i ana Hwang at our o ff i ce ,  phone ( 503 ) 2 3 1 -6 1 79 or FTS 429- 6 1 79 .  A l l  
corres pondence shou l d  i nc lude the above r e f e renced c a s e  number . 

L- 5 9 
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Attachment 

cc : Rl FWE-SE 
PFO-ES 
ODFW ( Nongame ) 
ONHP 

�''''' . .... -. 

L- 60 

P . 3  
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... " --

L I STED AND P�OPOSED ENDANGERED AND THREATENED SPECI ES 
THAT MAY OCCUR IN THE AREA OF THE PROPOSED 

SERVI CE AREAS-OPERATING PUBL I C  AGENCIES AND COOPERAT IVES 
( DOE/BPA MAP DATED MAY 1987 ) 

1 - 7-89-SP- l 3 1  

L ISTED SPECIESj/ 
Mamma l s  
C o l umbi an wh i t e  t ai l ed D e e r  

Columbi an wh i te - ta i l ed 
Cl at sop ( OR ) , Columb i a  
Coun ty ( OR ) . 

Odocol1 eus v.i reilJjanus leucurus ( E )  
deer occur a l ong the L ower Columbi a River i n  
( OR ) . and Wahki akum ( WA )  Count i e s and i n  Dougl as 

B i rds 

Peregr i ne F a l con Fal co peregrinlls ( E )  ( CH in 

Cal i f ) 
Peregr i ne fal cons may occur throoghou t the s tate as fa l l  and spring 

m i grants and .may overwi nter in Oregon . R e i n t r o du c t i on efforts are 
occurr i ng a l ong the Co l umbi a  R i ver . H e l l s  Canyon , Crater Lake and L ake 
C o u n t y  ar eas . Nes t i ng peregr i ne s  occur in Dougl as , Curry , Ti l l amooK . 
Jackson , and K l amath Co unty . 

B a l d  Eagl e Hal i aee t us leuoooephal us ( 1 ) 

Wintering and ne s t i ng bald eagl es occur througho ut the state . Nes t i ng 
concentrati ons o c cur around Upper K l amath Lake in K l amath County , around 
the l akes of Des chutes Nat i onal Forest i n  Des chutes and K l amath 
Count i es , a l ong th e L ower Columbi a  R i ver . an d a l ong the Umpqua River in 
Dougl a s  County . Add I tional nes t ing te r r i t o r i e s  are l o ca t e d  through out 
the s tate in the vi c i ni ty of m aj or water bod i es , r i vers , e s tuar i es , 
r e s ervoi rs , and l ake s . Wintering concentrat i ons occ ur i n  Kl amath C ounty 
and the Lower Columb ia Rive� . Wi ntering eagl es  may a l s o  occur al ong 
othe� maj or water bodies , res ervo i r s . and � i v e r s  su ch as the Ha�ney 
Bas i n , Crooked River and Granae Ronde R i vers in Ore gon trom Oct ober 31 
to March 3 1 . N es t i ng eagl e s  may o c cur in Oregon from January 1 to 
Augu s t  31 , 

F i sh 

Hutton Spr i ng tui Chub Gl la bi col or ssp . ( T )  
SpeC i e s i s  restri cted t o  two s p r i ngs a l ong Alk a 1 1  Lake i n  Lake Coun t y . 

Foske�t Spr i ng speck l ed Dace Rhini ch thys oscul u$ ssp . (T ) 
Spe C i e s  occurs i n  a sma l l  Col eman Val l e y  s p r ing in southern L ake Coun t y . 

Warner Sucker Ca toc t omus warn erensis ( T )  ( eH )  
Spe c i e s  o ccurs i n  Warn e r Va l l ey i n  Lake County . ( Li s ted Sept . 28 , 1 985 ) 

Bo rax Lake Chub 61 1 a borClxob.i us ( E )  ( eH )  

Spe c i e s o c curs i n  Borax L ake i n  Harney C o unt y _ 

I nvert ebra t e s  

Or egon S 1 1 ve r spot Butte r f l y  Speyeria zerene hippolyta ( T )  ( eH )  

L- 6 1  
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At tachment A 

D i s j unct popu l a t i ons occur at Mt . Hebo and a l ong the Oregon coast i n  
Clatsop . Ti l l amook , and Lane Coun t i es . 

P l a n t s  

MacFarl ane l s  Four o ' c l ock Mirabi l i s  lIIacfarlanei ( E )  
[ Po ur o l c l o ck fami l y ]  

Wal l ow County : T3N R50£ S25 , T2N R48E S 1 7  

Mal heur Wire - l e t t u c e  Stephanoblerla malheurensis ( E )  
[Aster fam i l y] Harney County : T2 7$ R30E $ 1 2  

Bradshaw ' s  ] omat i um Loma ti um bradshawl1 ( E )  
Spe c i es occurs i n  the vi cini t9 o f  Fern R i dge Reservo i r , Cottage Grove and 

Eugene in Lane C ounty ; W1 1 1 ame t t e  F l oodpl a i n  RNA and Finley NWR in 
Benton County ; Baske t S l o ugh NWR i n  Polk County , and west Salem i n  
Mari on County . 

PROPOSED SPECIESll 
Northern spotted owl Strix occi den tal1s caurina ( T ) 

Speci e s  occurs f rom s outhwes tern Br i t i s h  Co l umbia through 

west ern Washi ngt on , we s tern Oregon . and the coast range 
area ot northwes tern Cal ifornia south to San Franci sco 
Bay . 

( E )  - Endanger-ad 
{S) - Suspacted 

( T )  - Threatened 
( D )  - Documented 

( CH)  - Cr i t i ca l  Habi tat 

]/ 
J./ 

u .  S .  Department of Interi or , Fi sh and Wi 1 d l  Ha Servi c e ,  Jan 1 989 , Endan9Etr'ed and 
Thr-eauned Wi l d l i fe and P l ants , 50 CFR ' 7 . " �nd 1 7 . 1 2 .  
Fedef'al /(egl ster Vol . 54 .  No . '120 . June 23 . 1 989 Pr oposed Ru l e�Northern Spott ed 
Owl 
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United States Department of the Interior 

Ms . Nandranie S .  Tuck 
Environmental Spec ial i s t  
Department o f  Energy 

FISH AND WILDLIFE SERVICE 

Ecological Services 

2 6 2 5  Parkmont Lane SW , Bldg B 

O lymp ia , Washington 9 8 5 0 2  

Augus t 1 1 , 1 9 8 9  

FW S  Referenc e : l - 3 - 8 9 - S P - 30S 

Bonnevi l l e  Power Admini s tration 
PO Box 3 6 2 1  
Portland , Oregon 9 7 2 0 8 - 3 6 2 1  

Dear Ms . Tuck : 

As reque s ted by your le tter , dated July 19 , 1 9 8 9 , and rece ived in thi s  office 
on July 2 6 , attached i s  a l is t  o f  endangered and threatened sp e c i e s  (Attach 
ment A )  that may b e  p r e s ent in the area o f  the proposed hydroelectr i c , 
thermal , nuclear , and combus tion turb ine generating fac i l it i e s  and c oal mines 
o f  the Pac i f i c  Northwe s t  Power Sys tem in Washington S tate . The l i s t  ful f i l l s  
the requirement o f  the F i s h  and Wi ldl i fe S ervi c e  under S e c t i on 7 ( c )  o f  the 
Endangered Species  Act o f  19 7 3 , as amended .  The requirements for Bonneville 
Power Adminis tra t i on comp l i ance under the Act are outl ined in Attachment B .  

Should the b i ological a s s e s sment determine that a l i s ted spe c i e s  i s  l ike ly to 
be affected ( adversely or benefic ially)  by the proj ec t ,  Bonnevi l l e  Power 
should reque s t  formal S e c ti on 7 consul tation through thi s  o ffi c e . Even if the 
b i ological a s s e s sment shows a " no e ffect"  s i tuat i on ,  we would apprec iate 
rece iving a c opy for our information .  

Al so  inc luded i s  a l i s t  o f  candidate spe c i e s  pres ently under review by thi s  
Service f o r  cons i deration as endangered or threatened .  Candidate spe c i e s  have 
no protect ion unde r the Endangered Spec ies  Act , and a determinat ion o f  "may 
affe c t "  for candidates do es  not require preparation o f  a b i ological a s s e s sment 
or consul tat i on w i th the Fish and Wildl i fe Servi ce . Candidate spe c i e s  are 
inc luded s imp ly as advance no t i ce to federal agenc i e s  of spe c i e s  whi ch may b e  
proposed and l i s ted in the future . I f  early evaluat i on o f  your proj e c t  
indicate s that i t  i s  l ikely to adversely impact a candidate spec i e s , 
Bonnevi l l e  Powe r may w i sh to reque s t  technical as s i s tance from th i s  o ffice . 
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Your inte r e s t  in endangered spec ies  i s  appreciated . I f  you have add i t ional 
que st ions regarding your respons ib i l it i e s  under the Ac t ,  please c ontact J im 
Michae ls  or J e f f  Haas o f  my s taff at the above phone/addres s . 

Attachments 

c :  WDW ( Nongam e )  
WNHP 

JWH : gb 

S incerely , 

Acting Field Superv i s o r  
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ATTACHMENT A 

LI STED AND PROPOSED ENDANGERED AND THREATENED S PECI ES AND 
CANDIDATE SPECIES THAT MAY OCCUR WITHIN THE AREA OF THE PROPOSED 

HYDROELECTRIC , THERMAL , NUCLEAR , AND COMBUSTION GENERAT ING 
FAC ILITIES AND COAL MINES OF THE PACIFIC NORTHWEST POWER SYS TEM 

IN MULTIPLE COUNTIES OF THE STATE OF WASHINGTON 

l - 3 - 8 9 - S P - 3 0 S  

PAC IFIC NORTHWEST HYDROELECTRIC GENERATING FACILITIES 

Bonneville . Skamania County (T2N R7E S 2 2 ) 

LI STED - Bald eagle (Hal iaeeCus l eucocephalus ) - wintering 
Pere grine falcon (Falco peregrinu s )  - bree ding 

PROPOSED - None 

CANDIDATE - Rorippa columbiae (pers i s tent sepal yellowcre s s )  
Erigeron howe l l i i  (Howell ' s  daisy)  

The Dalles . Klicki tat County (T2N R13E S 3 5 )  

LI STED - Bald eagle (Hal iaeeCus l eucocephalus)  - wintering 
Peregrine falc on (Falco peregrinu s )  - bre eding 

PROPOSED - None 

CANDIDATE - None 

J ohn Day .  Kl ickitat C ounty (T3N R17E S 2 8 )  

LI STED - Bald eagle (Hal iaeeCus l eucocephalus ) - wintering 
Peregrine falcon (Falco peregrinu s )  - breeding 

PROPOSED - None 

CANDIDATE - Loma Cium laeviga cum ( smooth des e r t - par s l ey)  
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McNary . Benton County ( T5N R28E S 3 )  

LI STED - Bald eagle ( Ha l iaeetus l eucocephalus ) - wintering 
Bald eagle wintering c oncentration area ( T 5N R 2 6 E  S 9 )  

Peregrine falcon (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Ferruginous hawk (Bu teo rega l i s )  

Long -b illed curlew (Numen ius americanus ) 

Pr i e s t  Rapids . Yakima County (T13N R 2 3 E  S 2 / 3 )  

LI STED - Bald eagle ( Ha l i a ee tus l eucocephalus ) - winter ing 
Peregrine falcon ( Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - As tragalus columb ianus ( Columb ia milk ve tch ) 
Loma t ium tub erosum ( Hoover ' s  des er t - pars ley) 

Wanapum . Grant County ( T16N R 2 3 E  S 1 6 /l7 ) 

LI STED - Bald eagle (Hal iaeetus l eucocephalus ) - winter ing 
Peregrine falcon (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Loma ti um tub erosum (Hoover ' s  de s e r t - pars ley )  

Rock I s land . Douglas County ( T 2 1N R22E S 5 )  

LI STED - Bald eagle (Ha l iaeetus l eucocephalus ) - winter ing 
Peregrine falcon (Falco peregrinus)  - migrant 

PROPOSED - None 

CANDIDATE - Pha c e l ia l en ta ( s t icky phace l ia) 
As tragalus misellus var . pauper (pauper milk-vetch) 
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Rocky Reach . Chelan County ( T24N R20E S 3 5 )  

LI STED - Bald eagle (Ha l i a e e tus l eucoc ephalus ) - winter ing 
Peregr ine falc on (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - Trifol i um thompsoni i  ( Thomp s on ' s  c lover )  

We l l s . Douglas County ( T 2 8N R24E S 6 )  

LI STED - Bald eagle (Ha l i a e e tus l eucocephalus)  - winter ing 
Peregrine fal con (Falco peregrinus ) - mi grant 

PROPOSED - None 

CANDI DATE - None 

Chie f J o s eph . Okanogan County (T29N R2 5E S 2 4 )  

LI STED - Bald eagle (Ha l iaeetus l eucoc ephalus ) - winter ing 
Bald eagle wintering concentration are a ( T 2 9N R25E S 2 4 )  

Peregr ine falcon (Falco peregrinus ) - migrant 

PROPOSED - None 

CANDI DATE - None 

I c e  Harbor . Wal l a  Walla County ( T9N R31E S 2 4 )  

LISTED - Bald e agle (Ha l i a e e tus l eucocephalus ) - wintering 
Peregrine falcon (Falco peregrinus )  - migrant 

PROPOSED - None 

CANDIDATE - None 
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Lower Monumental , Walla Wal la County ( T13N R34E S 3 4 )  

LI STED - Bald eagle (Ha l i a e e tus l eucoc ephal u s )  - winter ing 
Peregr ine falcon (Fa l co peregrinus ) - migrant 

PROPOSED - None 

CANDI DATE - None 

Little Goo s e , Co lumb ia County ( T1 3N R3 8E S 2 7 )  

LI STED - Bald eagle (Ha l iaee tus l eucoc ephal us )  - winter ing 
Peregr ine falcon (Fa l co peregrinus ) - migrant 

PROPOSED - None 

CANDIDATE - None 

Lower Granite , Whitman County ( T14N R43 E  S 3 2 )  

LI STED - Bald eagle (Ha l i a e e tus l eucoc ephal u s )  - wintering 
Peregr ine falcon (Falco p eregrinu s )  - migrant 

PROPOS ED - None 

CANDIDATE - Rubus n igerrimus (northwes t  raspb erry ) 

Grand Coulee , Grant County ( T28N R30E S l )  

LI STED - Bald eagle (Ha l i a e e tus l eucoc epha l us )  - winter ing 
Bald eagle communal night roosting area ( T2 8N R31E S 7 )  

Peregrine falcon (Falco p eregrinus ) - mi grant 

PROPOSED - None 

CANDI DATE - A l l i um dougl a s i i  var .  con s tric tum ( D ouglas ' onion) 
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Centralia , Lewis County ( T15N R1W S 3 0 )  

LI STED - Bald eagle (Hal iaeetus l eucocepha lus ) - winter ing 

PROPOSED - None 

CANDIDATE - None 

PACIFIC NORTHWEST NUCLEAR GENERATING FACILITY 

WNP - l ,  Benton County ( TllN R2 8E S 5 )  

LI STED - Bald eagle (Hal iaeetus l eucoc ephalus ) - winter ing 
Peregrine falcon (Falco peregrinu s )  - mi grant 

PROPOSED - None 

CANDIDATE - Ferruginous hawk (Bu teo rega l i s )  - ne s t ing may oc cur in the area 
of the proj ect , 

Swainson ' s  hawk ( B u t eo swainsoni) - ne s t ing may oc cur in the area 
of the proj ect , 

WNP - 3 ,  Grays Harbor County ( T17N R6W S18 ) 

LI STED - Bald eagle (Hal iaee tus l eucoc epha lus ) - wintering 
There are 3 bald eagle ne s ting territories  near the proj e c t  

( T17N R6W S 1 2 ; T17N R7W S 7 ; T17N R7W S l O )  

PROPOSED - None 

CANDIDATE - Olymp ic mudminnow (Novumbra hubbs i )  

Whitehorn , Whatcom County ( T3 9N R1W S 1 2 ) 

LI STED - Bald eagle (Haliaeetus l eucocephalus ) - wintering 
Bald eagle nes t ing territory ( T3 9 N  R1W S l )  

Peregrine falcon ( Falco peregrinu s )  - mi grant 

PROPOSED - None 

CANDIDATE - None 
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Freder i cks on 1&2 , P i erce County (T18N R3E S l )  

LI STED - Bald eagle (Hal iaeetus l eucocephalus)  - w inte r ing 

PROPOSED - None 

CANDIDATE - As ter curtus (white - top as ter)  

Fredoni a  Units 1&2 , Skagit County (T34N R3E S 9 )  

LI STED - Bald eagle (Hal iaeetus l eucocephalus ) - winter ing 

PROPOS ED - None 

PROPOS ED - None 

PACIFIC NORTHWEST COAL MINES 

Central i a ,  Lewis  County ( T15N R1W S 3 0 )  

LI STED - Bald eagle ( Hal iaee tus l eucoc ephalus)  - wintering 

PROPOSED - None 

CANDIDATE - None 

Note : Wintering bald eagl e activity occurs from about Oc tober 3 1  through 
March 3 1 . Ne s t ing activities occur from about J anuary 1 through 
Augus t 1 5 . 

Maj or c oncerns that should be  addressed in your biol o gical as s e s sment o f  
proj e c t  impacts to bald eagles and peregrine falcons are : 

1 .  Leve l o f  us e o f  the proj ect area by bald eagles and peregrine falcons . 

2 .  E ffect o f  the proj e c t  on the eagle ' s  and falcon ' s  primary food s to cks and 
foraging ares in all areas influenced by the proj ec t .  

3 .  Impacts from proj e c t  activi ties ( i . e . , increased human act ivity , l o s s  or 
degradation of hab i tat , increased no i s e  level s )  which may re sult in 
dis turbance to bald eagles  and fal cons and/or the ir avo idanc e of the 
proj ect area .  
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FEDERAL AGE NC IE S ' RESPONS IB ILITIES UND ER SECT IONS 7 ( a ) AND 7 ( c )  
OF THE ENDANGERED SPEC !E S  ACT 

SECT ION 7 ( A) - Consu l t at i on/Conference 

Requ i res : 1 .  Federal agencies t o  ut i l iz e  the i r  autho r i t i es t o  carry out programs t o  
conserve endangered and threatened species ; 

2 .  Consu l t at ion w i th FWS when a federal act i on may affect a l is t ed 
endangered o r  threat ened spec ies to ensure that any act ion authorized , 
funde d ,  or car r i ed out by a federal agency i s  n o t  l ikely to j e opardize 
the cont inued ex i s t ence of l is t ed spec i es or result i n  the des t ruct ion 
or adv erse modi ficat ion of cr i t i cal hab i tat . The process is i n i t iated 
by the federal agency after i t  has det ermined i f  i t s  act i on may 
affect ( adv ers e l y  or benefi c i al ly )  a l is t ed spec i es ; and 

3 .  Conference w i th FWS when a federal act i on i s  l ikely to j eopardize the 
con t inued ex i s t ence of a proposed s p ec i es or result in des t ruc t i on or 
an adv erse modi fi cat ion of proposed c r i t i cal hab i tat . 

SECT ION 7 ( c) - B i ological As ses sment for Con s t ruct i on Projects * 

Requires federal agen c i es or the i r  des i gn ees to prepare a B i o l ogical Ass es sment ( BA) 
for construc t i on proj ects on l y .  The purpos e of the BA i s  to iden t i fy any proposed 
and/ or l is t ed spec i es whi ch i s / are l i k e l y  t o  be affected by a cons truction proj ect . 
The process is i n i t i ated by a federal agency in reques t in g  a l is t  of propos ed and 
l is t ed threat ened and endangered spec i es ( l i s t  att ached ) . The BA should be comp l eted 
within 180 days aft er its i n i t i at i on ( or within such a t ime period as i s  mutual ly 
agree ab l e ) . If the BA i s  not i n i t i ated within 90 days of receipt of the species 
l is t , p l ease verify the accuracy of the l is t  w i th our S erv i ce . No i rrevers ib l e  
comm i tmen t o f  resources i s  t o  b e  made dur ing the BA process which would result i n  
v i o l at i on o f  the requi rement s  under S ection 7 ( a ) of t h e  Act .  Plan n ing,  des i gn ,  and 
admin s t rative ac t i ons may be taken ; however , no cons t ruct i on may begin . 

To comp l et e  the B A ,  your agency or its des i gnee shou l d :  ( 1 )  conduct an ons i t e  inspec
t i on of the area to b e  affected by the propos al , whi ch may i n c l ude a detai l ed survey 
of the area to det ermine if the sp ecies is pres ent and whether suitab l e  hab i tat 
ex ists for e i ther expanding the ex i s t ing popul at i on or p o t en t i a l  re introduct i on of 
the spec i es ; ( 2 )  rev i ew l i t erature and sc i ent i fi c  data to det ermine spec i es di s tribu
t i on ,  hab i tat needs , and other b i o l ogical requ i rement s ; ( 3 )  interview experts 
including those w i th i n  the FWS , Nat i onal Mar ine Fisheries S e rv i ce , s tate conservat ion 
department , un iv ers i t i es , and others who may have data not yet pub l i shed in s c i en
t i f i c  l i terature ; ( 4 )  rev i ew and analyze the effe c t s  of the p roposal on the spec i es 
in terms o f  indi v i duals and popu lat ions , includi n g  cons i dera t i on of cumulative 
effects of the prop osal on the spec i es and its hab i t at ;  ( 5 )  analyze a l t ernat i v e  
act i ons that may prov ide cons ervat ion measures ; an d ( 6 )  prepare a report documen t in g  
the results , inc ludi ng a d i s cus s i on of study methods us e d ,  any prob l ems encoun t ered , 
and other re l evant in format i on . Upon comp let i on the report should be forwarded to 
our Endangered Sp ec i es D iv i s ion , 2625 Parkmont Lan e  SW , B l dg. B ,  Olymp i a ,  WA 98502 . 

* "Construc t i on proj ect" means any maj o r  feder al ac t i on which s i gn i fi can t l y  
affects the qua l i ty of the human envi ronment ( requ i r i n g  a n  E I S ) , des igned 
primar i l y to result in the bui lding or erec t i on of human-made s t ructures such as 
dams , buil dings , roads , p ipel ines , chann e l s , and the l ike . This inc ludes 
federal act ions such as permi ts , gran t s , l i censes , or o ther forms of federal 
authorizat i on or app r oval wh i ch may res u l t  in con s t ruc t ion . 

ATTACHMENT B 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
BOI S E  FI ELD OFFICE 

4 6 9 6  Overland Road , Room 5 7 6  
B o i s e , I daho 8 3 7 0 5  

Nandranie S .  Tuck , Environmental Special i s t  
Environmental Comp l i ance Section 
Bonneville Power Admin i s tration 
P . O .  Box 3 6 2 1  
Portland , Oregon 9 7 2 0 8 - 3 6 2 1  

Dear Mr . Tuck : 

Re : l - 4 - 8 9 - SP - 3 3 2  

Augus t 1 6 , 1 9 8 9  

We have reviewe d your July 19 , 1 9 8 9  letter concerning the Long - Term Powe r 
Sales Contracts in Bonner and Clearwater count i e s , I daho . We are providing a 
l i s t  o f  threatene d and endangered spec ies  (Attachment A) that may be impac ted 
by thi s  proj ect . Thi s  l i s t  ful f i l l s  the requirements o f  the Fish and Wildl i fe 
Se rvice under S e c t i on 7 ( c )  o f  the Endangered Spec i e s  Ac t ( ESA) o f  1 9 7 3 , as 
amende d .  

Attachment B l is t s  the cont inuing respons ib i l i ti e s  as des c r ibed in S e c t i on 
7 ( a)  and ( c )  o f  the ESA . I f  there are any que s t i ons regarding your respons i 
b i l i t i e s  unde r the ESA , please contact Rich Howard at the above addr e s s  o r  by 
phone at 3 3 4 - 1 8 0 6 . However , pursuant to regulati ons under S e c t i on 7 ,  
Bonneville Power Admini s tration should renew its  species  l i s t  reque s t  after 
180 days p a s t  thi s  response . 

Addit ional info rmation on Federally l i s ted and candidate spec i e s  and S tate 
spec i e s  o f  spec ial concern i s  ava ilable through the Idaho Department o f  Fish 
and Game ' s  Natural Her i tage Program , Attn : Craig Grove s , Idaho Department o f  
Fish and Game , 6 0 0  S .  Walnut , P . O .  Box 2 5 , B o i s e , Idaho 8 3 707 , phone 3 3 4 - 3402 . 

Thank you for the opportuni ty to provide the se  comment s .  

Enc lo sures 

cc : FWS , AFWE - S E ,  Portland 
IDFG , Hdqtrs . ,  Bo i s e  

S incere ly yours , 

t"'���b��� Field Supervisor 

IDFG , Region 1 ,  Coeur d ' Alene 
IDFG , Region 2 ,  Lewis ton 
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LI STED S PECIES 

LI STED AND PROPOSED ENDANGERED AND THREATENED 
SPECIES , AND CANDI DATE SPECI ES THAT MAY OCCUR 

WITH THE POWER SALES CONTRACTS AREAS 
IN BONNER AND CLEARWATER COUNTIES , IDAHO 

l - 4 - 8 9 - SP - 3 3 2  

COMMENTS 

ATTACHMENT A 

Bald Eagle ( Hal iaeetus l eucoc ephalus ) Alb eni Fal l s  - maj or northwes t  
winter ing area where 4 0 0  bald 
eagles us e Pend Ore i l l e  Lake 
from October - March . Five 
nes t ing bald eagles in the s ame 
area . 

Bald Eagle ( Hal iae e tus l eucocephalus ) 

PROPO SED SPECIES 

None 

CANDIDATE SPEC IES 

None 
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ATTACHMENT B 

FEDERAL AGENCIES ' RES PONS IBILITY UNDER SECTIONS 7 ( a )  and ( c )  
OF THE ENDANGERED S PECIES ACT 

SECTION 7 ( a )  - Consul tation/Conference 

Requires : 1 )  Federal agenc ies to utilize the ir author i t i e s  to carry out 
programs to c ons erve endangered and threatened spe c ies ; 

2 )  Consultation with FWS when a Federal ac tion may affect a listed 
endangered or threatene d  species to insure that any action authorized , funded 
or c arried out by a Federal agency is no t l ike ly to j eopardize the continued 
exis tence o f  l i s t e d  specie s ; or result in des truct ion or advers e  modification 
of c r i ti cal hab i tat ; and 

3 )  Conference with FWS when a Federal action i s  l ikely to j eopard
ize the c ontinue d exis tence of a proposed specie s or resul t in de s truction or 
advers e modi fication o f  proposed critical habitat . 

SECTION 7 ( c )  - Biologi cal As ses sment for Maj or Cons truc tion Activi ties 11 

Requires Federal agencies or the ir des ignees to prepare Biological Ass e s sment 
( BA )  for  maj or c ons truction activi ties . The BA analyz es  the e ffects of the 
ac t i on on l i s ted and proposed species . The proc e s s  be gins wi th a Federal 
agency in reque s t ing from FWS a l i s t  of proposed and l i s ted threatened and 
endangered species  ( l i s t  attached) . The BA should be c omp l e ted wi thin 180 
days after its ini tiation (or within such a time period as is  mutually agree
ab le ) . If  the BA is  not ini tiated within 90 days o f  receipt o f  the species 
lis t ,  the accuracy o f  the list species should be  informal ly veri fied with our 
S e rvi c e . No irrevers ible c ommi tment of resources is to be made during the BA 
proc e s s  whi ch would foreclose reasonab le and prudent al ternatives to protect 
endange red species . Planning , des ign , and adminis trative actions may be 
taken ; however ,  no c ons truction may begin . 

We rec ommend the following for inclus ion in the BA ; an ons ite inspection o f  
the area to be affec ted b y  the proposal which may inc lude a detailed survey o f  
the area t o  de termine i f  the species are pres ent ; a review o f  l i terature and 
s c ientific data t o  determine species ' dis tribution , hab i tat needs , and o ther 
biological requirements ; interviews with experts , including tho s e  within FWS , 
S tate c onservation departments , univers ities and o thers who may have data not 
yet publ ished in s ci entific l iterature ; an analys is  o f  the effects o f  the pro 
posal on the spe c ies  in terms of individuals and populations , including con
s i deration of cumulative e ffec ts of the proposal on the spe c i e s  and its hab i 
tat ; an analys is  o f  alternative act ions cons idered .  The BA shoul d document 
the results , including a discuss ion of s tudy methods used , any problems 
encountered ,  and o ther relevant information . The BA should conclude whe ther 
or no t a l i s ted or proposed species will be affe c ted . Upon comple tion , the BA 
should be  forwarde d to our office . 

11 A maj or c ons truc tion activity is a cons truction proj ect ( or o ther under 
taking having s imilar phys ical impact s )  which is  a maj or ac t ion s ignifi 
cantly affec t ing the qual i ty of human environment as referred to in the 
NEPA ( 4 2  U . S . C . 4332  ( 2 ) ( c ) . 
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United States Department of the Interior 

In Reply Refer To: 

l - 1 - 8 9 - S P - 944 

Nandranie S .  Tuck 

FISH AND WILDLIFE SERVICE 
Sacramento Endangered Species Officc 

2800 Cottage Way, Room E-l823 
Sacramento, California 95825-1846 

Environmental Spec ial i s t  
Environmental Comp l i ance Sect ion 
Department o f  Ene rgy 
Bonneville Power Admini s tration 
P . O .  Box 3 6 2 1  
Portland , Oregon 9 7 2 0 8 - 3 6 2 1  

August 1 5 , 1 9 8 9  

Subj ect : Spec i e s  Li s t  for the Bonnev i l l e  Power Admini s tration Se rvice 
Area Long - Term Power Sales Contrac t , Modoc and Las s en Count i e s , 
Cal i fornia 

Dear Ms . Tuck : 

As re que sted by le tter from your agency dated July 1 9 , 1 9 8 9 , you w i l l  f ind 
attached a l i s t  o f  the proposed and l i sted 'endangered and threatened spec i e s  
that may be present i n  the subj ect proj ect  area . ( S ee Attachment A . ) Thi s  
l i s t  ful f i l l s  the requi rement of the F i sh and Wildl i fe S ervice t o  provide a 
spec i e s  l i s t  pur suant to S e c t i on 7 ( c )  o f  the Endange red Spec i e s  Ac t ,  as 
amende d .  

S ome per tinent info rmation concerning the d i s t r ibut i on , l i fe h i s tory , hab i tat 
requirements , and pub l i shed re ferenc e s  for the l i s ted spec i e s  is also 
attached .  Thi s  info rmat ion may be helpful in prepar ing the b i o l o g i cal 
a s s e s sment for thi s  proj ect , if one is requi red . Please see Attachment B for 
a d i s cus s ion of the respons ib i l i t i e s  Federal agenc i e s  have under S e c t i on 7 ( c )  
o f  the Ac t and the c ond i t i ons under which a b io logical as s e s sment mus t  b e  
prepared by the le ad Federal agency o r  i t s  de s i gnated non - Federal 
repre sentat ive . 

Fo rmal c onsul tation , pursuant to 5 0  CFR § 4 0 2 . 14 ,  should b e  ini t i ated i f  you 
de termine that a l i s ted spec i e s  may be affe cted by the proposed proj e c t . I f  
you dete rmine that a proposed spe c i e s  may be advers ely affec ted , you should 
cons ider reque s t ing a conference w i th our o ff i ce pursuant to 50 CFR § 402 . 10 .  
Informal consul tation may be ut i l i z ed prior to a wr i tten reque s t  for formal 
consul tation to exchange informat i on and r e s o lve confl i c t s  with re spect to a 
l i s ted spec i e s . I f  a b i o logi cal a s s e s sment i s  required , and i t  i s  not 
init iated w i th in 9 0  days o f  your receipt o f  th i s  le tter , you should informally 
ve r i fy the accuracy of thi s  l i s t  with our office . 

A l s o , for your cons i derat ion , we have included a l i s t  o f  the candidate spe c i e s  
that may be pre sent i n  the proj ect  area . ( S ee Attachment A . ) The s e  species  
are currently be ing reviewed by our Service and are under c ons ideration for 
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p o s s ib l e  l i s t ing as endangered or threatene d .  Candidate spec i e s  have no 
pro t e c t i on under the Endangered Spec i e s  Ac t ,  but are inc luded for your 
cons i derat ion as i t  is p o s s ib l e  that one or more of the s e  candidates c ould b e  
p rop o s ed and l i s ted before the subj ect proj ect  i s  comp l e ted . Should the 
b i o logical asses sment reveal that candi date spe c i e s  may be adve r s e ly affected , 
you may wish to contact our o ffice for technical as s i s tanc e . One o f  the 
po tent ial benefi ts from such technical as s i s tanc e i s  that by exp l o r ing 
alternat ive s early in the p l anning proces s ,  i t  may be p o s s ib l e  to avo i d  
conf l i c t s  that could o therwi s e  deve lop , shoul d a candidate spec i e s  become 
l i s ted b e fore the proj ect  is comp l e ted . 

Please contact Peggie Kohl at 9 1 6/9 7 8 - 48 6 6  ( FTS 4 6 0 - 4 8 6 6 )  i f  you have any 
que s t ions regarding the attached l i s t  or your respons ib i l i t i e s  under the 
Endangered Spe c i e s  Ac t .  

Attachments 

S inc erely , 

Gail C .  Kob e t i ch 
Field Supervi s or 
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ATTACHMENT A 

LISTED AND PROPO SED ENDANGERED AND THREATENED SPECIES AND 
CANDIDATE S PECIES THAT MAY OCCUR IN THE AREA OF THE 

BONNEVI LLE POWER ADMINI STRATION SERV I C E  AREA 
LONG - T ERM POWER SALE S CONTRACT 

MODOC AND LASSEN COUNTIES , CALI FORNIA 
l - 1 - 8 9 - SP - 944 

L i s t e d  Spe c i e s  

Birds 
Ame r ican p e re gr ine falcon , Fa l c o  peregrinus ana tum ( E )  
bald eagl e , Ha l i a e e tus l e ucoc epha l u s  ( E )  

Fishe s 
Modoc sucke r ,  Ca tos tomus mi crops ( E )  

Propo s e d  Spe c i e s  

Birds 
northern spotted owl , S trix o c c i d en ta l i s  caurina ( PT )  

Candi date Spe c i e s  

Fishes 
redband trout , Sa lmo sp . ( 2 )  
rough s culp in , Co t tus asp errimus ( 2 )  
G o o s e  Lake sucke r , Ca tos tomus o c c i d en ta l i s l a cu s ans erinus ( 2 )  
Cowhead Lake tui chub , Gi l a  b i c o l or vac c a c eps ( 1 )  

Mamma l s  
s p o t t e d  bat , Euderma ma c u l a tum ( 2 )  
Cal i fornia b i ghorn she ep , Ovis canadens i s  c a l iforn i ana ( 2 )  

Plants 
D e s chutes  milk-ve t ch , As traga l u s  tege tarioides ( 2 )  
Gre ene ' s  mariposa , Ca l ochor tus gre en e i  ( 2 )  
long-haired s tar - tul ip , Ca l o chortus l ongebarba tus var . l ongebarba tus ( 2 )  
S i e rra Val ley evening - primro se , Camisson i a  tan a c e tifo l i a  subsp . 

quadrip erfora ta ( 2 )  
pros trate buckwheat , Eri ogonum pro c i duum ( 2 )  
Mathai s '  coyo te - thistl e , Eryngi um ma th i a s i a e  ( 2 )  
Modoc beds traw , Ga l i um g l a b r e s c ens subsp . modo c en s e  ( 2 )  
Warner Mountains bedstraw , Ga l i um serpen ti cum subsp . wa rn eren s e  ( 2 )  
Ash Creek ive s i a , Ives i a  pan i c u l a ta ( 2 )  
Egg Lake monkeyflower , Himu l u s pygma eus ( 2 )  
Las sen County b luegras s ,  Foa fi bra ta ( 2 )  
Co lumb ia yellow - cress , Rorippa co l umb i a e  ( 2 )  
Ravendal e  skul lcap , Scu te l l ar i a  holmgren iorum ( 2 )  
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( E ) - - Endangered ( T ) - - Threatened ( CH ) - - Cr i t ical Hab i tat 
( l ) - - Cate gory 1 :  Taxa for wh ich the Fish and Wi ldl i fe S ervi ce has  suf f i c i ent 

b i o l og i cal information to support a proposal to l i s t  as endangered or 
threatened . 

( 2 ) - - Category 2 :  Taxa for which exi s t ing information ind i cated may warrant 
l i s t ing , but for which subs tant ial b io l o gical information to support a 
propo s ed rule i s  lacking . 
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ATTACHMENT B 

FEDERAL AGENCIES ' RESPONS IBILITIES UNDER 
SECTIONS 7 ( a )  and ( c )  OF THE ENDANGERED SPECIES ACT 

SECTION 7 ( a )  Consul tat i on/C onference 

Require s :  1 )  Federal agenc i e s  to uti l i z e  the ir autho r i t i e s  to carry out 
programs to conse rve endangered and threatene d spec i e s ; 2 )  Consul tation with 
FWS when a Federal act ion may affec t  a l i sted endangered or threatened spec ies  
to insure that any act ion autho r iz e d ,  funded or carr i e d  out by a Federal 
agency i s  no t l ikely to j eopardize the continued exis tence o f  l i s ted spec i e s  
or result i n  the des truct i on or adverse mo dificat ion o f  c r i tical habitat . The 
proc e s s  i s  ini t iated by the Federal agency after determining the act ion may 
affect a l i s t e d  spec ies ; and 3 )  Confe rence with FWS when a Federal act i on is  
l ikely to j eopardize the continued exis tenc e o f  a prop o s e d  spec i e s  or result 
in des truc tion or adverse modification o f  prop o s e d  cri tical hab i tat . 

SECTION 7 ( c )  Biological As s e s sment - - Maj or Cons truc t i on Activi ty
1 

Requires Federal agenc ies or the ir des igne e s  to prepare a B i o logical 
Asses sment ( BA )  for maj or c ons truc tion ac t ivi t ie s . The BA analyzes the 
e ffec t s  of the ac t ion

2 
on l i s ted and proposed specie s . The process  be gins 

with a Federal agency reque s t ing from FWS a l i s t  of prop o s e d  and l is ted 
threatened and endangered sp e c i e s .  The BA should be c omp l e ted within 180 days 
after i ts ini t iation ( or within such a time period as is mutually agreeab l e ) . 
I f  the BA is  not ini t iated within 90 days o f  receipt o f  the l is t ,  the accuracy 
of the sp e c i e s  l i s t  shoul d be informally verified with our S ervic e . No 
irrever s ible commi tment of r e s ources is to be made during the BA process  which 
would foreclose reas onab le and prudent alternatives to protect endangered 
specie s . Planning , des ign , and admini s trative ac tions may proceed ; however , 
no cons truction may b egin . 

We recommend the fo l lowing for inc lus ion in the BA : an on- s ite inspec t ion o f  
the area affected b y  the prop osal which may inc lude a de tailed survey o f  the 
area to determine if the spe c i e s  or suitable hab i tat are pres ent ; a review o f  
l iterature and s c ientific data to determine species ' dis tribution , hab itat 
ne eds , and o ther b i o logical requirements ; interviews w i th exp er t s , inc luding 
thos e  w i thin FWS , S tate cons ervation departments , univers i t i e s  and o thers who 
may have data not yet pub l i shed in s c i entific l iterature ; an analy s i s  o f  the 
e ffects o f  the prop o s al on the sp e c i e s  in terms o f  individual s  and 
populations , inc luding c ons ideration of indirect e ffec ts o f  the propo sal on 
the sp e c i e s  and its hab i tat ; an analys i s  of alternat ive ac tions c ons idered . 
The BA shoul d document the results , inc luding a d i s cus s ion o f  s tudy me tho ds 
us ed , any probl ems encountered , and o ther relevant informat i on .  The BA should 
c onclude whe ther or not a l i sted or proposed spec i e s  w i l l  be affe c ted . Up on 
c omp l e tion , the BA shoul d be forwarded to �ur offi c e . 

1
A cons truc t ion proj e c t  ( or o ther undertaking having s imilar phys ical 

impac t s ) wh ich is a maj or Federal ac t ion s ignificantly affe c ting the qual i ty 
o f  the human envi ronment as referred to in NEPA (42 U . S . C .  4 3 3 2 ( 2 ) C ) . 

2
n Effe c t s  o f  the ac t i on" r e fers t o  the dire c t  and indirect e ffec ts o n  an 

ac t i on on the spe c i e s  or c r i tical hab i tat , together w i th the e ffe c ts o f  
o ther ac tivi t i e s  tha t are interre lated o r  interdependent w i th tha t ac tion . 
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CLASSIFICATIO N :  

BALD EAGLE 
(Haliaeetus leucocephalus) 

Endangered (Federal Register 43:633; February 1 4, 1 978) . 

CRITICAL HABITAT: None designated. 

D ESCRIPTION:  

N ext to the California condor, the bald eagle is  the largest bird in  California with a 
wingspan measuring 6 to 7 feet. Adults are brownish black with a white head and 
tail and yellow bill. Immatures are variously brownish black. 

DISTRI B UTION:  

Bald eagles can and do occur virtually anywhere in California d u ring migration.  They 
nest near water bodies in the northern portion of the state and winter throug hout the 

state wherever suitable prey resources are available. 

SPECIAL CONSID ERATIONS: 

Althoug h  some bald eagle populations began to decline in  the 1 9th century due to 
human persecution and habitat loss, the d rastic declines in reproduction experienced 
by most eagle populations occurred between 1 947 and 1 970. Research indicated 
that certain organochlorine pesticides interfered with productivity, and other 

pesticides were responsible for direct mortalities. Most bald eagle populations are 

now stable or increasing in  numbers. 

REF ERENCES FOR ADDITIONAL INFORMATION:  

Detrich, P .  J. 1 986. The status and distribution of  the bald eagle in California. 
M. S.  Thesis. Chico State Univ. , CA 

Frenzel,  R. W. 1 984. Ecology and environmental contaminants of bald eagles in  
southcentral Oregon. P h.D.  Thesis. Oregon State Univ. , Corvallis, OR. 

Lehman, R. N. ,  D. E. Craigee, P. L.  Collins, and R. S.  Griffen. 1 980. An analysiS of 
habitat requirements and site selection criteria for nesting bald eagles in 
California. Report by Wilderness Research I nstitute, Arcata, CA for U.S.  

Forest Service, Region 5,  San Francisco, CA. 

U.S.  Fish and Wildlife Service. 1 986. Recovery plan for the Pacific Bald Eagle.  
Portland ,  OR. 

L-80 



CLASSI FICATION:  

AM ERICAN PEREGRINE FALCON 
(Falco peregrinus ana tum) 

Endangered 35 Federal Register 1 6047, October 1 3, 1 970, and 49 Federal Register 
1 0526, March 20, 1 984. 

CRITICAL HABITAT: Designated in Sonoma, Napa, and Lake Cos. 

D ESCRIPTION:  

A medium-sized,  swift flying bird of prey with pOinted wings. Wingspan is 3 to 4 feet. 
Adults have slate gray backs with white underparts that are streaked or barred in 
black. They h ave distinctive white and black facial markings. 

DISTRIBUTION: 

Historically nested throughout North America from the boreal forest south into 

Mexico, wherever suitable nesting and foraging habitat occurred. Remnant breeding 
populations currently occur in California, Arizona, New Mexico, Utah,  Texas, and 
Alaska. A few pairs nest in other states in the northeast and northwest. 

SPECIAL CONSI D ERATIONS : 

The American peregrine falcon has suffered major population declines due principally 
to DDT contamination of their food chain. With the banning of D DT for use in the 

U.S.  in 1 972 and implementation of a management program,  populations have for the 
most part stabilized. U nfortunately, pesticide data indicate that there has been a 

continued input of DDT into the local environments. Some nest sites are now 
protected from human disturbance. Poor quality eggs are taken from the wild for 

artificial incubation,  and young are placed in nests after h atching from wild eggs 
taken into captivity or laid by captive parents. 

REFERENCES FOR ADDITIONAL I N FORMATION :  

J .  J .  Hickey (ed). 1 969. Peregrine falcon populations their biology and decline. 

Univ. of Wisconsin Press. Madison, WI. 

Ratcliffe, D. 1 980. The peregrine falcon. Buteo Books. Vermil l ion, S D .  

U.S.  Fish and Wildl ife Service. 1 982. Pacific Coast Recovery Plan for t h e  American 
Peregrine Falcon. Portland, OR. 87 pp. 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
RENO F I ELD S TATION 

4 600 Kiet zke Lane , Bui lding C 

Reno , N evada 8 9 50 2  

August 3 ,  1 98 9  

F i l e  No . : 1 -5-89-SP- 1 5 9  

Nandranie S .  Tuck , Envi ronment a l  S p e c i a l i s t  

Envi ronment a l  Comp l ianc e S e c t i on 

Bonnevi l l e  Power Admini st rat ion 

U .  S .  Department of Ene rgy 

P . O .  Box 3 62 1  

Po rt land , Oregon 9 7 208-3 62 1 

Dear Ms . Tuck : 

Your l e t t e r  of July 1 9 ,  1 9 8 9  t o  Mr . Ra lph Swanson , F i sh and Wi l d l i f e  

Enhancement , U .  S .  F i s h  and Wi l d l i f e  S e rvi c e , Port l and , Oregon reque s t e d  a 

l i s t  o f  endange red and threatened s p e c i e s  which may be p re s ent in the area o f  

o r  be a f f e c t e d  by t h e  Long-t e rm Powe r S a l e s  Cont rac t s  o f  t h e  Bonnevi l l e Powe r 

Admini s t ration und e r  the Pac i f i c  No rthwest E l e c t ric Powe r P l anning and 

Cons e rvation Ac t .  This o f f i c e  was asked to p rovi de you with inf o rmat i o n  

re l at ive to s p e c i e s  in t h e  vicini t y  of t h e  Valmy 1 & 2 t h e rma l generat ing 

f a c i l i t i e s  in N evada . To the best of our knowl edge , no p ropos e d , l i s t ed ,  o r  

candidate s p e c i e s  o c c u r  wi thin t h e  Valmy area . 

This ful f i l l s  our requi rement t o  p rovide a l is t  of s p e c i e s  und e r  S e c t ion 7 ( c )  

of the Endangered S p e c i e s  Act o f  1 9 7 3 , as amended . 

I f  you have any que s t ions p l ease c ontact Donna Withers at ( 70 2 ) 7 8 4-5 2 2 7  o r  

FTS 4 70-5 2 2 7 . Thank you f o r  your int e re s t  i n  endang e re d  s p e c i e s . 

Sinc e re l y , 

��!.1(.l&""� 
F i e l d  supe�£��i' 

c c : As sist ant Regiona l Dire c t o r  ( AFWE ) , Po r t l and , Oregon 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 

IN REI'LY Rn'ER TO 

FW[ 
MAIL STOP 60120 

MAILING ADDRESS 

Pent OI{� &u !5� 
IN""", F'«k,.1 C�"t'" 

0."""'. eow."" 80115 

M s .  Nandran i e  S .  Tuck 
Envi ronmental Speci a l i s t  
Bonnev i l l e  Power Admi ni stration 
P . O .  Box 3621 
Portland, Oregon 97208-3621 

Dear M s .  Tuc k :  

STRI':l:T LOCATION 

Ul U .. "", til."'-

l./IJr�wood. Colo,"" 80228 

Thi s responds to your July } 9 ,  1989, request for a l i s t  of threatened and 
endangered spec i e s  wh i ch may occur i n  the area of i nf l uence of the Bonnev i l l e  
Power Admi n i s tration ' s  l ong-term power s a l es contracts . The i n formation 
provided herein app l i es to the fol l ow i ng fac i l i ti e s :  

( I )  Hungry Horse Power P l ant 
( 2 )  Li bby Power P l an t  
(3)  Col s t r i p  1 - 4  Power P l ant 
( 4 )  Corette Power Pl ant 
(S) J i m  Bri dger Power P l ant 
( 6 )  Bel l e  Ayre M i ne 
( 7 )  Rosebud M i ne 
(8) Bri dger M i  ne 

Threatened and endangered species that 
the above faci l i ti es are l i sted below. 
numbers corresponding to the faci l i t i e s  

Col orado R i v e r  Squawfi sh ( P tychochei l u s  
Water depletions from the Green River 
the Col orado Ri ver. ( S ) (8) 

Humpback Chub (� �) [' 

Fl athead County, Montana 
l i n c o l n  County, Montana 
Rosebud County, Montana 
Yel l owstone County, Montana 
Sweetwater County, Wyomi ng 
Campbel l  County, Wyomi ng 
Rosebud County, Montana 
Sweetwater County, Wyoming 

may occur in the area o f  i n f l uence of 
Immed i ately fol l owing each speci es are 
where the species may be found. 

l u c i u s )  E* 
may affect t h i s  species downstream i n  

Water depletions from the Green River may affect th i s  speci es downstream i n  
the Col orado Ri ver. (S) (8) 

Bal d Eag l e  (Ha l i aeetus l eucoceohal u s )  E* 
Yearlong resi dent and migrant. A l l  fac i l i ti e s .  

Pereg r i ne Falcon ( Fa l c o  peregr i nu s )  E* 
M i grant and potential s unmer resident. Al l fac; 1 i t i e s .  
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B l ack-footed Ferret (Mustela n ;grioe s )  [* 
Potenti a l  resident in prai r i e  dog towns .  ( 3 ) ( 4 ) ( 5 ) (6) ( 7 )  

Gray Wol f  (� l upu s )  E* 
Resident. ( 1 ) (2) 

Gri z z l y  Bear (Ursus arctos) T* 
Resident. ( 1 ) ( 2 )  

* E:[ndangered. T=Threatened 

2 

Should you need further assi stance or have Questions about the i nformation 
provided, you may contact Mr.  Larry Lockard at (406) 755-7870 on Montana i ssues 
or M r .  Richard H i l l  at FTS 328-2374 on Wyoming i ss u e s .  

S i ncere l y .  

Regional Di rector 
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