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ABSTRACT: This document supplements the Final Environmental Impact 
Statements (FEISs) for the Strategic Petroleum Reserve (SPR) Texoma and 
Seaway Groups of salt domes. Potential environmental impacts associated 
with construction and operation of crude oil' storage and distribution 
facilities, which will increase quantities of crude oil stored in the 
Texoma and Seaway distribution systems, are assessed. This document 
addresses Phase III expansion of the SPR, which would increase the total 
SPR crude oil storage capacity, from 538 to 750 million barrels (MMB) and 
SPR drawdown capability from 3.5,to 4.5 MMB per day. The preferred 
alternative would involve development of additional crude oil storage in 
Cameron Parish, Louisiana, and Brazoria, County, Texas, and new storage 
in Jefferson County, Texas. This development would provide a total 
storage of 403 MMB for the Texoma Group, in which West Ha�kberry and Big 
Hill are located, and 220 MMB for the Seaway Group, in which Bryan Mound 
is located. The preferred alternative is expansion of Bryan Mound by 40 
MMB and West Hackberry by 30 MMB and development of a new 140-MMB site 
at Big Hill salt dome in Jefferson County, Texas. Included in the 
proposal is the construction of a crude oil distribution system from Big 
Hill to existing terminal facilities, a raw water intake system from the 
Gulf Intracoastal Waterway to Big Hill, and a brine disposal system to 
the Gulf of Mexico. Alternatives considered include "no action," 
expansion of other SPR sites, and development of new sites at (1) other 
Gulf Coast salt domes, (2) salt domes off the coasts of Texas and 
Louisiana, (3) inland salt domes in northern Louisiana, Mississippi, and 
Alabama, and (4)  conventional mines. The analysis of the Big Hill site 
also considers alternative crude ,oil ter,minals, pipeline routes, and 
brine disposal sites. Among the environmental impacts analyzed are 
potentially significant impacts on local surface water quality, flood
plains and wetlands, air quality, endangered and threatened species, 
natural and sceni c resources, archaeo 1 ogi ca 1, hi stor; cal and cul tura 1 
resources, socioecono�ics, flora and fauna of the Gulf Coast area, and 
biota of the Gulf of Mexico. The supplement also discusses measures to 
mitigate adverse impacts. 
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SUMMARY 

1 . 0 I NTRODUCTION  

Th i s F i nal  S upp l ement to  the  F i nal E n v i ronme ntal I mpact Statements 
( FE I S s )  for the Strategi c Petro l e um Reserve ( S P R )  Seaway ( DO E/EIS- 0021) 
and Texoma ( DOE/EIS-0029)  Groups of  Sal  t Domes i s  i s s ued by the U .  S .  
Department o f  Energy ( DOE)  to addre s s  env i ronmental i mpacts o f  i ts 
proposal  to expand ex i st i ng SPR  storage capac i ty by 212 m i l l i o n barre l s 
(MMB ) . The SPR  i s  a program be i ng i mp l emented by DO E fo r the purpose  o f  
prov i d i ng t h e  U n i ted State s wi th s uffi c i ent petro l eum reserves to 
m i n i m i ze the effects of any future o i l s upp ly  i nterrupti o n .  Congres s 
dec l ared , i n  the Ene rgy Po l i cy and Con servat i on Act of  1975 , that the 
po l i cy of  the U n i ted States Gove rnment i s  to pro v i de fo r the sto rage o f  
u p  t o  o n e  b i l l i on barre l s o f  crude o i l .  The SPR  P l an ,  a s  amended and 
approved by Co ngres s ,  provi  de s fo r expans  i o n  of  the SPR  from 500 to 
1 , 000  MMB and i nc l udes an i mp l ementat i o n  p l an for expans i on of  the 
re serve from 500  to 750 MMB .  

The DOE has prepared several  F E I S s  re l ated t o  i mp l ementat i o n  o f  the S P R .  
A programmat i c  FE I S ,  pub l i s hed i n  1976 , addres sed the devel opme nt of a 
500-MMB SPR  program . The programmati c F E I S  cons i dered severa l  d i ffe rent 
types of  s to rage fac i li t i e s;  ex i sti ng  s o l uti o n-mi ned cav i t i e s  i n  sa l t 
formati ons , ex i sti ng convent i onal  m i nes , deve l opment o f  new s o l uti on
m i ned cav i t i e s  i n  sa l t ,  ex i st i ng and new surface tan kage , and s u rp l us 
tan ker  s h i ps . A s uppl ement  to the programmati c FE IS , addre s s i ng the 
expans i on of the rese rve to one b i l l i o n  barre l s ,  was pub l i s hed  i n  
January 1979 . 

To date , the SPR  program has been orga n i zed i nto three maj or  phases . 
Phase I cons i sts  of  deve l opment  o f  the i n i ti a l 248 MMB i n  ex i s ti ng 
unde rgro und s to rage capac i ty. avai l ab l e at f i ve sa l t domes . The se s i tes 
are West  Hac kbe rry , Lo u i s i ana  ( 51 MMB ) ; Bayo u Choctaw , Lo u i s i ana ( 36 
MMB ) ; Wee ks I s l and , Lo u i s i ana (75  MMB ) ; Su l phur  M i nes , Lo u i s i ana ( 22 
MMB ) ; and B ryan Mo und , Texas ( 60 MMB ) . A separate , s i te- spec i f i c  F E I S  
has been p ub l i s hed f o r  each s i te .  The s i tes are cente red  aro und three 
maj o r  i nterstate p i pe l i nes  (Cap l i ne ,  Texoma , and Seaway ) and the i r 
s upport i ng te rm i nal s ,  wh i ch transport U n i ted States and fore i gn crude 
o i l from the G u l f Coast regi o n to i n l and areas of the U n i ted States . 

Phase I I  o f  the SPR  represents the curre nt 290-MMB expan s i on of  B ryan 
Mound , We st  Hac kberry , and Bayo u Choctaw . Phase I I  wi l l  i ncrease S P R  
sto rage capac i ty t o  5 3 8  MMB . F E I S s  addre s s i ng the P h a s e  I I  expan s i o n 
have been prepared by the DOE and made avai l ab l e  to the p ub l i c .  The se 
are the Seaway , Texoma , and Cap l i ne Group F E I S s , wh i ch cover  expans i o n 
o f  the B ryan Mound ( 120-MMB i ncrease ) ,  We st  Hac kberry ( 160-MMB 
i ncrease ) ,  and Bayou Choctaw ( 10-MMB i ncreas e )  s i tes , respecti ve l y .  
Other potenti al  sto rage s i tes i n  the G u l f Coast reg i on  were addres sed  as 
a l te rnati ves  i n  the se three gro up F E I S s . 

Phase  I I I  of  the SPR , wh i ch thi s S upp l eme nt addres ses , rep re se nts expan
s i on of  S P R  sto rage capac i ty by 212 MMB to ach i eve a 750-MMB reserve by 
1989 . Thi  s docume nt i s  a s uppl ement to the Seaway and Texoma Group 
F E I S s .  
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2�0 DEVELOPMENT O F  THE PROPOS ED ACTION  

The propo sed Phase I I I  p l an i s  to i ncrease the S P R  crude  o i l storage 
capac i ty to 750 MMB by the add i ti on of 212 MMB and to i ncrease the 
average SPR drawdown rate by 1 MMB per  day ( MMB/d) from 3 . 5 to 4 . 5 
MMB/d . To ach i eve the 212-MMB S P R  Phase I I I  req u i rement , the DOE pro
poses  to construct sto rage fac i l i t  i e s  for 140 MMB at Bi  g Hi  1 1  sa l t  dome 
i n  Jeffers o n  County ,  Texas . Exi sti ng  fac i l i t i es at B ryan Mound 
( F reepo rt , Texas)  wo u l d  be expanded by 40 MMB and West  Hac kberry 
( Hac kberry ,  Lou i s i ana) by 30 MMB . There wo u l d al s o  be 2 MMB i n  
assoc i ated p i pe l i nes  and storage tan ks . Th i s  p l an was devel oped through 
the eval uati o n  o f  several a l ternati ves . 

2 . 1 EXPAN S I O N  OF  EX ISTING SPR  S ITES 

P l an n i ng for Phase I I I  focused o n  maxi m i z i ng  ear l y  o i l  f i l l  as d i rected 
by Co ngres s .  Accord i ng l y , f i rst co n s i derat i o n  was g i ve n  to expandi ng  
the exi st i ng  S P R  s i tes  beyo nd Phase I I .  In  add i t i o n  to the potent i al 
advantage o f  t i me l y  devel opment , Phase I I I  expan s i o n o f  exi sti ng  s i tes 
o ffers the economi  c advantage o f  cost sav i  ngs through use  of  maj o r  
o ns i te and offs i te fac i l i t i e s prev i ous l y  con structed f o r  Phase I and I I  
( e . g . , co ntro l faci l i t i es , central i zed pump i ng fac i l i t i e s , crude o i l 
d i stri but i o n  p i pe l i nes , raw water i ntake systems , and br i ne d i sposal  
systems ) . 

Pre l i mi nary i nvest i gat i ons  determ i ned that add i t i onal  expan s i on of  three 
of  the f i ve exi sti ng  SPR s i tes  ( Su l phur  M i nes , Bayo u Choctaw , and Weeks 
I s l and)  wo u l d not be practi cab l e .  S u l phur  M i nes  ( S u l p hur , Lou i s i ana)  i s  
a smal l ,  i rregu l a r l y  s haped sal t dome . I t  was se l ected i n  Phase I 
because o f  i ts 22 MMB o f  exi sti ng sto rage capaci ty and the ease of  tyi ng 
a crude o i l  p i pe l i ne i nto the We st Hackberry d i stri buti o n  sys tem . 
Expan s i on wo u l d be i n feas i b l e because there i s  l i m i ted sa l t avai l ab l e 
for new cavern deve l opment , h i gh r i s k  i n  dri l l i ng new caverns because of 
h i stor i cal  s u l fur  m i n i ng i n  the caproc k ,  and l i m i ted capac i ty for br i ne 
d i sposal . 

Bayou Choctaw ( near P l aquem i ne ,  Lou i s i ana)  and Wee ks I s l and ( near New 
I b er i  a ,  Lo u i  s i ana) al'e 1 arge eno ugh to expand the i r storage capac i ti es  
by  more  than 50  and  100  MMB , re spect i ve l y .  H owever , at  each o f  these 
s i tes  b r i ne  d i sposal  woul d const i tute a s i gn i f i cant r i s k  to the S P R  
program schedu l e .  At Bayo u Choctaw a br i  ne d i  sposal  system of  2 8  i n
j ecti o n  we l l s  de s i gned to i nj ect 960 , 000  barre l s per day ( bb l /d)  was 
anti c i pated , but actual d i sposal  operat i n g  exper i ence was so adverse 
that o n l y  12 we l l s  were dri l l ed .  Prob l ems  e nco untered i nc l uded 
fo rmat i o n  p l uggi ng near the we l l bore , exce s s i ve anhydri te b u i l dup , sand 
i n fl ow , and i nject i o n  rates near l y  hal f that expected .  Extens i ve wo r k
over operat i ons  (ac i  d i  z i  ng)  o n  each we l l were requ i  red a l  most dai l y .  
B r i ne d i sposal  was a l so  a l i m i ti ng factor t o  fu rther devel opment  at 
Wee ks I s l and .  A 50-mi l e- l ong  p i pe l i ne to d i scharge br i ne i nto the Gu l f 
o f  Mex i co wo u l d be req u i red to reach the m i n i mum acceptab l e  depth o f  20 
ft . Fo rty- e i ght m i l es wo u l d  be i n  open- bay o r  o ffshore wate rs and wou l d  
a l so  nece s s i tate cro s s i ng numerous p i pe l i nes  i n  maj or  produc i ng o i l  
f i e l ds .  
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Fo ur  cri teri a were estab l i s hed to determi ne opti ons  for expans i on o f  
B ryan Mound and West Hackberry (the two rema i n i ng s i tes ) :  

o Locati ng addi t i onal  caverns , preferab l y  wi th i n present 
prope rty , o r  wi th l i mi ted add i t i onal  l and acqu i s i ti on .  

o Mai ntai n i ng total s i te bri ne di sposal  wi th i n hydrau l i c  
capac i ty o f  the exi sti ng br i ne d i sposal  p i pe l i nes  to the 
Gu l f of Mex i c o .  

o Ma i ntai n i ng effect i ve nomi nal l each i ng rates o f  100 , 00 0  
bb l /d p e r  cavern .  

o Deve l op i ng caverns and  s i tes i n  the most  t ime ly  and 
cost-effecti ve manner .  

At B ryan Mound the 1 and wi thi  n exi sti  ng DOE prope rty i s  s uffi c i  ent to 
accommodate s i x  Phase I I I  10-MMB caverns . At West  Hackberry , l es s  than 
34 acres mi n i mal  l and acqu i s i ti on conti guous to the exi sti ng prope rty 
cou l d accommodate three add i ti onal  10-MMB cave rns . Based o n  the fi rst 
cri teri on , expans i on  of  the two s i tes  by 90 MMB i s  feas i b l e .  

I ntegrati ng the devel opment o f  proposed Phase I I I  caverns w i t h  Phase I I  
evol ved wi th the app l i cati o n o f  the second , thi rd ,  and fourth cri teri a .  
T h e  hydrau l i c capac i ty o f  the exi sti ng br i ne di sposal  p i p e l i ne a t  West  
Hac kberry i s  1 , 100 , 000  bb l /d ,  a l though the  p l anned l each i ng rate for 
Phase II i s  1 , 088 , 000 b b l /d .  At B ryan Mound the hydra u l i c  capac i ty i s  
1 , 100 , 000 b b l /d max i mum (980 , 00 0  bb l /d average ) ,  al though the current 
maxi mum permi tted l each i ng rate i s  680 , 000 bb l /d .  The Envi ronme ntal 
Protect i o n  Agency has granted an amended permi t effecti ve August 23 , 
1981 , to i ncrease the maxi mum permi tted l each rate at Bryan Mound from 
680 , 000 b b l /d to 1 , 100 , 000  bb l /d as a Phase I !  act i on  to s usta i n an 
average acce l erated l each rate of 980 , 000 bb l /d .  Conc urrent l y ,  the DOE  
has  app l i ed to  the  Texas Department of  Water Resources for an amendme nt 
to i ts permi t to app ropri ate a max i mum of 367 , 000 acre- feet of  state 
water from the B razos Ri ver to prov i de for the i ncreased vo l ume of raw 
water req u i red for l each i ng and di sp l acement.  I ncorporati ng the hy 
drauli c capac i ti es of the p i pe l i nes and mai ntai ni ng a 100 , 000- bb l /d 
l each rate per  cavern , an effi c i ent expan s i o n  confi gurat i o n  o f  40 MMB at 
B ryan Mound and 30  MMB at West Hac kberry would be obtai ned . 

For  management effi c i ency , cost effecti vene s s , and t i me l y  deve l opment , 
Phase I I  caverns at each s i te are now be i ng developed i n  two sequenti al 
groups o f  s i x  each at B ryan Mound  and e i ght each at West Hackberry .  A l l  
three  potent i a l  Phase I I I  caverns at West  Hac kberry could b e  deve l oped 
s i multaneously wi th Group I!  o f  the Phase I!  caverns wi th i n exi sti ng 
perm i t  and hydrauli c constrai nts . At B ryan Mound , g i ven the perm i t  
modi fi cati on  from 680 , 000 t o  980 , 000 bbl/d , up t o  four of  the s i x  poten
ti al Phase I I !  caverns could be i ntegrated wi th the Phase I !  l eac h i ng 
program . I f  the 680 , 000 bbl/d rate remai ns unchanged , i ntegrat i o n  of  
Phase I I I  wi th Phase II  l each i ng at B ryan Mo und would requ i re a propor
t i o nal dec rease i n  leach i ng rate i n  each cavern s uch that no net t i me 
s av i ng wo uld accrue rel ati ve to leachi ng Phases I I  and I I I  i n  separate 
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group s .  Therefore , conti nuati on  of the 680 , 000- bb l /d rate wou l d res u l t  
i n  a 14-month de l ay i n  i mp l ementi ng Phase I I I  compared wi th i ncreas i ng 
the l each rate to 980 , 000  bb l /d .  

2 . 2 D EVE LOPMENT OF  N EW STO RAGE S ITES 

Based on the prev i o u s  di scuss i o n ,  expans i on of  exi sti ng sto rage s i tes  
wou l d  produce an addi t i o na l  70 MMB of  storage capaci ty before 1989 . 
Accomp 1 i s hme nt of  Phase I I  I goal s of  212 MMB of  sto rage capaci ty and 
i ncreased drawdown wo u l d  req u i re deve l opment of  an addi t i onal  140 MMB of 
storage capac i ty .  Numero us  a l ternati ves  for creati ng thi s sto rage space 
were eval uated . The a l ternati ves  to B i g  H i l l  i nc l uded eval uati on  of 
other G u l f Coast sal t domes , offshore sa l t domes , i n l and sal t domes , 
l i mestone and sa l t mi nes , surface tan kage , surp l us  tankers , and storage 
to be prov i ded by pri vate i ndustry on a turn key bas i s .  

Cons i derat i o n  o f  al ternati ve new sal t dome s i te s  al ong the Gu l f Coast 
was l i mi ted  to sa l t domes prev i ou s l y  cons i dered i n  the Cap l i ne 
(Chacahou l a ,  Iberi a ,  and Nap o l eonvi l l e sa l t domes ) ,  Texoma ( B i g  H i l l ,  
B l ack Bayou , and V i nto n sal t dome s ) , and Seaway (Al l en ,  Damon Mound , 
Nash , and We st Co l umb i a  sa l t dome s )  F EI S s .  Deve l opment of  more than one  
new s i te was d i scounted for  Phase I I I  devel opment because of  the  ab i l i ty 
to expand exi sti ng s i tes . Al l new s i tes , except for B i g  H i l l ,  were 
rejected because of  one or  more of  the fo l l owi ng constrai nts : s i ze (too 
smal l ) ;  adverse envi ronmental i mpacts , espec i al l y  i n  re l ati on  to 
potent i a l  acreage of  wetl and d i sturbance ; pro h i b i ti ve br i ne di sposal  
p i pe l i ne costs ; and unacceptab l e  ri s k  to SPR  program objecti ves 
assoc i ated wi th re l i ance on  underground i nj ecti o n  o f  br i ne . In one  case 
( at Al l e n dome ) , o i l throughput capac i ty at the Seaway Termi nal was a 
l i mi ti ng factor i n  add i t i o n  to the geotechn i cal  determi nati on  of  sa l t 
dome s i ze and wetl ands/fl oodp l ai n s prob l ems . 

Offs hore dome deve l opme nt was rejected for 
exces s i ve t i me req u i red for geotechni cal 
economi c assessments (esti mated to be 
feas i b i l i t i es .  

Phase I I I  because o f  the 
and other techn i cal and 
2 years ) to e stab l i s h 

Deve l opme nt of i n l and domes was rej ected because of  the forced re l iance 
upon underground i njecti on  of bri ne . There i s  no assurance , based on  
SPR  experi ence w i th underground i nj ecti on , that subsurface zones  wou l d 
accept the br i ne . 

Storage of crude o i l i n  three exi sti ng mi nes  (Central Rock i n  Kentucky ,  
I ronton i n  Oh i o ,  and Kl eer i n  Texas)  was rej ected because of the rel a
t i v e l y  smal l s i ze of the m i nes , remoteness  from a maj o r  o i l d i stri b uti on  
system , the  capab i l i ty of  each  to  serve on ly  one  re f i nery ,  and h i gh cost 
of p i pel i ne con structi on  to the i nd i v i dual ref i neri es . 

Storage of crude o i l by pr i vate i ndu stry o n  a turn key bas i s  was rejected 
becau se  of  schedu l e  con strai nts . Th i s  does not forecl o se the deve l op
ment of s i tes  se l ected for Phase I I I  by the government through the use  
of a more l i m i ted turn key approach. 
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2 . 3 NO ACTION  

The no-acti on  al ternat i ve was  al so eval uated .  I t  wo u l d res u l t i n  
l i m i t i ng SPR  storage capac i ty to the 538 MMB avai l ab l e at the f i v e  
current Phase I a n d  I !  s i tes  a n d  as soc i ated tanks a n d  p i pe l i nes . I t  
wo u l d al so  b e  contrary t o  the Congres s i o nal  mandate to expand the 
SPR capaci ty to 750 MMB as an i ntermedi ate s tep toward attai n i ng the 
goal of  a one- b i l l  i on-barrel reserve . Fai l ure to prov i de the mandated 
SPR  capac i ty wo u l d d i rect l y  i mpact the nat i o nal  capab i l i ty to deal 
effect i v e l y  wi th i nternati onal  o i l s upp l y  i ss ues . 

2 . 4 D ESCRI PTION O F  THE PROPOSED ACTION  

O n  the bas i s o f  the  con s i derat i o n s  prese nted above , the  B i g  H i l l  s i te i s  
propos ed as the mos t  p ract i cabl e al ternat i ve avai l ab l e  for deve l op i ng a 
140-MMB storage fac i l i ty .  The s i te ,  cons i st i ng of  fourtee n 10-MMB 
s o l uti o n-mi ned caverns , wou l d encompas s abo ut 250 acres . Major  s i te 
fac i l i t i es wou l d  �o ns i st o f  a raw water pond for f i re protecti o n ; 
o i l /bri ne separators ; a l i ned bri ne pond for surge and settl i ng of  
i ns o l ubl es ; b l anket o i l tan ks ; o i l , bri ne , and  water pumps ; and  a 
control house .  

Devel opment  of  a new SPR  storage s i te wou l d e ntai l constructi o n  of  a 
crude o i l  d i s tr i but i o n  p i pe l i ne to f i l l  the caverns  and for use  i n  
drawdown . The preferred p i pe l i ne route wou l d go from B i g  H i l l  northeast 
to the Sun  Termi nal , a d i s tance of  23 m i l es .  Th i s p i pe l i ne wou l d 
i ncrease the SPR ' s o i l f i l l  and drawdown capab i l i ti es by 280 , 000  and 
935 , 000 bbl /d , respect i ve l y .  

The proposed raw water i ntake s tructure wo u l d b e  l ocated a t  an abando ned 
barge s l i p  on  the Gu l f I ntracoastal Waterway ( I CW) . A p i pe l i ne approxi 
mate l y  5 . 3 m i l es l o ng wou l d exte nd from the s i te southeaste r l y  to the 
I CW al ong  a route des i gned to avo i d  several  fres hwater mars h 
i mpo undments . 

The propos ed B i g  H i l l  bri ne p i pe l i ne wo u l d run approx i mate l y  12 . 7 m i l es 
so utheasterl y  to a bri ne d i ffuser header l ocated 3 . 5 m i l es offs hore near 
the 30-ft depth contour .  The bri ne p i pe l i ne wo u l d be l a i d  adjacent to 
the raw water p i pe l i ne as far as the I CW .  The 3 . 7-mi l e  port i o n  of the 
p i pe l i ne cros s i ng the McFadd i n Nati onal  Wi l d l i fe Refuge wo u l d use  
exi st i ng  p i pe l i ne ri ghts- of-way ( ROWs )  where feas i b l e .  Modern 
m i ti gat i o n  tec h n i ques  s uc h  as doub l e d i tc h i ng and revegetati on cou l d be 
app l i ed to m i n i mi ze i mpacts as needed.  

Expansi on of  the Bryan Mound  and Wes t  Hackbe rry s i tes wou l d  requ i re 
m i n i mal  mod i fi cati ons  to current fac i l i t i e s .  At Bryan Mound al l expan
s i o n wou l d  occur wi thi n exi st i ng DOE property .  Expans i on at Wes t  
Hac kberry coul d requ i re the addi t i on of between 4 and 34 acres . F l u i d  
f l ow rates at We st  Hac kbe rry wo u l  d not be al tered by the propo sed 
acti o n .  At Bryan Mound , the proposed f l ow rate s assume that the Phase 
I!  act i on wi l l  i ncrease the l each rate from 680 , 000 to 980 , 000  bbl /d .  
One  new o i l br i ne separator i s  al so p l anned fo r Phase I !  and  I I ! 
deve l opment at Bryan Mound .  Expans i on at these  s i tes  wou l d not requ i re 
a l te rat i o n  of exi sti ng raw wate r ,  bri ne , or crude o i l p i pe l i nes . 
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2 . 5 ALTE RNAT IVES TO THE PROPOS ED ACTION  

No practi cab l e  a l ternati ve  to  the  deve l opment of  the  140-MMB B i g  H i l l  
s i te i s  avai l ab l e  i f  program schedu l e s  are to be  met . A l ternati ve  crude 
o i l p i pe l i nes  to e i ther the O i l Tan ki ng of  Texas , I n c . , Termi nal  ( OTTI ) 
i n  Houston ( 6 0  mi l es )  or  the proposed  Pe l i can I s l and Term i nal  ( P IT)  i n  
Gal veston  ( 54 mi l es )  cou l d  be constructed .  Thes e  two p i pe l  i nes  are 
mutual l y  exc l us i ve , b ut e i ther cou l d  be constructed i n  addi t i o n  to or i n  
l i eu  o f  the preferred l i ne to Sun  Termi nal . At B i g  H i l l , a l ternat i v e  
br i ne di sposal  s i tes  between 3 . 5 a n d  12 . 5  mi l es i n  the G u l f of  Mexi co 
were eval  uated .  

A 70-MMB Phase  I I I  expans i on cou l d  be a l l ocated di ffere ntl y between 
Bryan Mo und  and West  Hackberry .  Deve l opment of  6 0  MMB of sto rage at 
Bryan Mound and 10 MMB at West  Hac kberry , wh i ch wo u l d  mi n i mi ze the need 
to purchase add i ti ona l  l ands at West  Hackberry , wou l d be pos s i b l e .  Th i s  
acti on  however , wo u l d  prec l ude the advantage of comp l ete i ntegrati o n  of  
s o l uti on  mi n i ng Phase  I I I  caverns w i th Phase  I I  caverns at  B ryan Mo und , 
res u l ti ng i n  a 6-month de l ay i n  comp l eti on  of Phase I I I  s i te expan s i on 
compared wi th the preferred 40:30 a l ternati ve .  The i mp l i cati ons  of 
conti nui ng l eac h i ng at Bryan Mound at 680 , 000  b b l /d we re asses sed .  
Conti nued l eachi ng at  th i s  rate wou l d de l ay comp l eti on  of  Phase  I I I  s i te 
expans i o n  by 14 mo nths for the 40 : 30 case and 21 months fo r the 60 : 10 
case and wo u l d  i ncrease program costs s i gn i fi cant l y .  

2 . 6 IMPACTS O F  THE PROPOSED ACTION  AND REASONAB LE ALTERNATIVES 

The env i ronmental i mpacts res u l ti ng from the Phase I I I  expans i o n and 
deve l opment of  the S P R  are s ummari zed be l ow .  Esti mated nonmethane 
hydrocarbon ( NMHC)  emi ss i o ns and predi cted ozone 1 eve 1 s duri ng 1 eac h/ 
fi l l  for the propo sed  act i o n and a l ternat i ves  are based on wo rst-case 
as s umpti ons  fo r hydrocarbon d i s s o l uti o n  rates and concentrati ons  i n  
br i ne wi thi n a cavern and co rrespo ndi ng emi s s i o n rates .  To date , there 
has been i ns uffi c i e nt expe ri ence wi th l each/fi l l  operati ons  to veri fy 
the ass umpt i o n s . DOE i s  now i n  the proces s of  co l l ect i ng f i e l d data at 
the exi sti ng S PR s i tes to eval uate the val i d i ty of  the assumpti ons  and 
mode l res u l ts .  Approp ri ate mi t i gati ve meas ures  wo u l d  be taken to reduce 
emi s s i ons  i f  necessary .  

2 . 6 . 1 B i g  H i l l  S i te 

o App roxi mate l y  250 acres of pri me farm l and soi l s  wou l d  be 
removed from pote nt i a l  agri  c u l tura 1 product i o n .  Smal l 
mammal s ,  b i rds , repti l es ,  and amph i b i ans wo u l d be d i s
p l aced or destroyed from thi s acreage .  I ncreases i n  
s i l tat i o n from runoff i nto adjacent l ands are anti c i 
pated .  App roxi mate l y  1 , 400  cub i c  yards of  sed iment l os s  
i s  expected to re s u l t from con structi on- rel ated eros i o n .  
D u ri ng co nstructi on and operati on , i n s i gn i fi cant sp i l l age 
of b ri ne , 0; 1 and grease , and toxi c s ubstances cou l  d 
occur.  
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o Ai r qual i ty wo u l d deteri orate duri ng construct i o n  and 
operati ons . The annual  po l l uti on emi s s i on rate of 
parti cu l ates wou l d  be l es s  than 13 , 000 tons per year 
(tpy) duri ng construct i o n  g i ve n  standard constructi on  
practi ce .  Dur i ng l each/fi l l , NMHC emi s s i o n  rates cou l d 
be as  h i gh as 163 tpy . At ti mes these emi s s i ons  cou l d 
produce downwi nd concentrati ons  of NMHC i n  excess  of 160 
�g/m3 standard . In turn , under some meteoro l ogi cal 
cond i ti ons  th i s cou l d res u l t i n  ozone co ncentrati ons  i n  
exces s  of the 0 . 12 parts-per-mi l l i o n (ppm) standard . 
Dur i ng other operati ons , NMHC emi s s i ons  wo u l d be 
substanti al l y  l ower .  

o Noi se  ( s o und press ure l evel ) duri ng construct i o n  and 
operati on at 2 , 000 ft from the ce nter of the s i te wou l d 
be l es s  than 55 dB(A) . 

o It  i s  do ubtful  that any endangered speci es  wo u l  d be  
affected .  The Ameri can al l i gator , whi ch  i s  threate ned i n  
the reg i on , wo u l d be d i sp l aced i nto the s urro undi ng area .  

o A l l s i te fac i l i ti es that co u l d not wi thstand f l oodi ng 
wo u l d be above the 100-year f l oodp l ai n  e l evati on , and 
con struct i o n  wo u l d not affect fl oodp l ai ns . The s i te i s  
not i n  wetl ands . 

o The i ncrease i n  traffi c  wo u l d be smal l .  The demand for 
ho u s i ng ,  schoo l i ng ,  and goods and serv i ces  i n  s urroundi ng 
towns  wo u l d pos s i b l y  i ncreas e .  

2 . 6 . 2 B i g  H i l l  P i pe l i ne Routes 

o The crude o i l  d i stri b uti on  p i pe l i ne ROW to Sun  O i l 
Termi nal  wo u l d traverse 18 mi l es of  cropl and/pasture , 2 . 5 
mi l es of wetl ands , 2 mi l es of  deve l oped l and , and 0 . 5 
mi l e  of open water .  Impacts of p i pe l i ne constructi on 
wo u l d  be temporary , except for the permanent ROW (50 ft 
wi de)  on l and , wh i ch wo u l d  be kept c l eared of woody 
vegetat i o n .  

o Ai r qual i ty wo u l d be  temporari l y  reduced duri ng construc
t i o n .  After constructi on , each val ve on the p i pe l i ne has 
been esti mated to be  capab l e  of re l eas i ng NMHC at a rate 
of 0 . 108 pounds per day . 

o About 145 acre s of wetl ands wou l d  be temporari l y  i mpacted 
by dredgi ng and the res u l tant spoi l depos i ti o n duri ng 
constructi on  of the raw water p i pe l i ne and the o n s hore 
porti on of  the bri ne di sposal  p i pe l i ne .  

o Much of the propo sed  p i pe l i ne ro utes l i es  wi thi n f l ood
p l ai n s .  Constructi on  wo ul d cause mi n i ma l  i mpacts to 
drai nage pattern s .  After bac kfi l l i ng ,  the p i pe l i ne 
corri dors wo u l d not affect f l oodp l ai n s .  

i x  



o A l though noi se  wou l d  be temporari l y  i ncreased duri ng con
structi on , it wou l d be negl i g i b l e after the p i pe l i nes had 
been l a i d . 

o Dredgi ng ac ross water bodi  es  wou l  d temporari l y  i ncrease 
nutri ent and b i o l ogi cal oxyge n demand l oad i n  the water 
co l umn . Po l l utants i n  the sed iment , i nc l udi ng l ow l eve l s 
of  PCBs , cou l d be re l eased i nto the water bodi es . 

o Constructi on  of the p i pe l i nes  wo u l d temporari l y  force 
wi l d l i fe i nto s u rro undi ng areas . Afte r constructi o n ,  
most i nhab i tants wou l d  return , except for tho se  that 
depend on trees and s h rubs  that wo u l d  be removed .  

o No e ndangered f l ora or  fau na wou l  d be affected .  The 
Amer i can a l l igato r ,  a threatened spec i es , wou l d be 
temporari ly di  sp 1 aced duri  ng the constructi on  phase but 
wou l d  be expected to reenter the area after construct i o n  
had b e e n  comp l eted . 

o Traffi c and usage of commodi ti e s  i n  towns near con
structi on  areas wo u l d i ncrease temporari l y .  

o Construct i o n  of the 3 . 5-mi l e  offs hore port i o n of the 
bri ne di  sposa  1 p i  pe 1 i ne wo u l  d resu l t  i n  the temporary 
s uspens i on of  sedi ments and destructi on  of s e s s i l e  
organ i sms i n  the path of the p i pe l i ne .  Temporary spo i l 
depos i t i o n  adjacent to the p i pe trench co u l d s nag or  c l og 
f i s hermen ' s  nets , res u l ti ng i n  l o s s  of f i s h i ng t i me and 
effort .  

o Br i ne d i sposal  co u l d  cover an area of up to 2 , 600  acres 
wi th sa l i n i ti es i n  exces s of  1 part per thousand (ppt) 
abov e amb i ent . B i o l ogi cal effects , i f  any , wo u l d be 
mi  n i ma 1 .  

2 . 6 . 3 Bryan Mo und and We st Hac kberry Expans i on 

o Expan s i o n  at B ryan Mound may destroy up to 5 to 10 acres  
o f  wetl ands . Th i s  wo u l d res u l t  i n  a decreas e i n  marsh 
vegetati on  and the refore an  e n s u i ng decrease i n  b i o
l ogi cal  producti v i tiy .  Few an i mal s wo u l d be i mpacted 
because  the four proposed 10-MMB caverns  wo u l  d be on 
exi st i ng DOE prope rty and are s ubj ect to regu l ar 
di sturbance .  

o Expans i on of Bryan Mo und wo u l d occur  wi th i n the 100-year 
fl oodpl ai n e l evati o n .  Impacts to f l ood e l evati ons  by 
constructi on  of we l l pads and associ ated structures wo u l d 
be i ns i gn i f i cant.  

o An  i ncrease i n  constructi on-re l ated no i se l evel s can be 
expected at each s i te duri ng  cave rn constructi on , over 
and above normal ope rati ng  no i se l evel s .  
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o A i r qual i ty can be expected to deteri orate i n  proport i o n  
t o  the l eachi ng of add i ti onal  Phase I I I  caverns . NMHC 
emi s s i ons  duri ng l each/fi l l  cou l d  be as h i gh as 121 tpy 
at Bryan Mound and 128 tpy at West  Hac kberry for the 
Phase I I I  i ncreme nt.  At ti mes  these  emi s s i ons  cou l d 
produce downwi nd concentrati ons  of NMHC i n  excess  of 160 
�g/m3 standard . In turn , under some meteoro l ogi cal 
condi ti ons  th i s  co u l d res u l t  i n  ozone conce ntrati ons  i n  
excess  of the 0 . 12 parts-per-mi l l i on (ppm) standard . 
Duri ng  other operati ons , NMHC emi s s i ons  wo u l d  be s ub
stanti al l y  l ower .  Emi s s i ons  from other operat i o n s  wou l d  
be s u bstanti al l y  l ower. 

o No i mpacts are expected on any endangered or  threatened 
spec i e s  i n  the s i te areas . 

o A mi n i mal amount of pasture l and ( up to 34 acres of pri me 
farm l and)  may be acq u i  red for expan s i o n  at West  Hac k
be rry . Depend i ng on spec i fi c  cavern l ocati ons  se l ected , 
up to 10 res i dences wo u l d  be removed , res u l ti ng i n  d i s 
p l aceme nt o f  up to 1 0  fami l i es . 

o No wetl ands wou l d  be affected by the proposed  West  
Hac kberry expans i o n ,  wh i ch i s  above the  100-year f l ood
p l ai n e l evati o n .  

o Expan s i o n  of e i ther s i te shou l d o n l y  negl i g i b l y  i ncrease 
demand on  goods and s e rv i ces  i n  the commun i ty .  

2 . 7 I MPACTS O F  ALTERNATIVE ACTIONS  

One of  the  a l ternati ve act i ons  avai l ab l e to  the  DOE  i s  to  change the 
number of new caverns devel oped at eac h of the exi sti ng s i tes . S i x  
10-MMB caverns  cou l d b e  devel oped at Bryan Mound and one 10-MMB cavern 
cou l d  be devel oped at West  Hac kbe rry to ach i eve 70-MMB capac i ty .  
Changes i n  i mpacts rel at i ve to the preferred 40:30-MMB expans i on  wo u l d  
b e :  

o Impacts to wet l ands at Bryan Mo und could be i ncreased by 
hal f ( i . e . , by an addi t i o nal 2 to 5 acres ) .  There wou l d 
be no offsetti ng wetl ands avoi  dance at West Hac kbe rry 
s i nce none of  the potenti a l  Phas e I I I  caverns are l ocated 
i n  wetl ands . 

o Two more we l l  pads and associ  ated structu res  wou l  d be 
l ocated wi th i n  the 100-year fl oodp l ai n  e l evati o n .  

o The i ntegrated l each/fi l l  p l an wou l d  be a l tered , and the 
comb i ned s i tes expans i on t ime wo u l d i ncrease by 6 months , 
s i gn i f i cant l y  i ncreas i ng program costs . 

o Less  than 4 acres of addi ti onal  property wou l d  be re
q u i red at We st  Hackberry ,  a pos s i b l e savi ngs of up to 30 
acres . 
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D u r i ng co nceptual des i gn studi es , 2 al ternati ve  c rude o i l  d i stri b uti on  
routes were s e l ected from 25 poss i b i l i ti es .  Se l ecti on  was based on  the 
l east damagi ng ro ute ( e . g . , l east wetl and/open  water acreage , avo i dance 
of archaeo l og i cal or h i stor i cal s i tes , natu ral and scen i c  areas , 
b i o l ogi cal l y  producti ve areas s uch as oyster reefs ) and uti l i zati on  of  
ex i sti ng p i pe l i ne corri dors to  the  greatest  extent practi cab l e .  The  two 
routes are a 60-mi l e  p i pe l i ne route to OTTI i n  Deer  Park ,  Texas , and a 
54-mi l e  p i pe l i ne route to the p roposed P I T  i n  Gal veston , Texas . Impacts 
of these  route s are : 

o Both a l ternati ves are l o nger than the ro ute to Nede r l and , 
Texas . B i g  H i l l  to OTTI traverses  37 more mi l es ,  of 
wh i ch there i s  an i ncrease of 24 mi l es of  crop l and , 0 . 5 
mi l e  of wetl and , 11 . 5  mi l es of  open water ,  and 3 mi l es of  
forested l and . The route to  P IT  wou l d  be 31  mi l es 
l o nge r , wi th add i ti o nal  i mpacts to 9 mi l es of  crop l and , 
9 . 5 mi l es of  wetl ands , and 14 . 5 mi l es of  open water .  
Impacts o f  p i pe l i ne construct i o n wou l d  b e  tempo rary , 
except for the permanent ROW o n  l and , wh i ch wo u l d  be kept 
c l ear of woody vegetati o n .  

A n  a l ternati ve  B i g  H i l l  br i ne d i spo sal  p i pe l i ne ro ute was eval uated to 
avo i d  c ro s s i ng the McFaddi n Nat i o nal  Wi l d l i fe Refuge . Th i s  a l ternati ve 
route wou l d  c ro s s  the I CW at the same p roposed p o i nt , but wou l d  fo l l ow 
the I CW to the southwest , then c ro s s  wet l ands to the coast j ust  west  of 
McFaddi n .  Mars h of  s i mi l ar qual i ty ,  wh i ch i s  val uab l e  to f i s h  and 
wi l dl i fe ,  wou l d  be i nvol ved , and the a l ternat i ve route wou l d  di sturb or 
destroy 23 more acres of  wetl ands than the di rect route acros s  the 
refuge . At the s ame t i me , the a l ternati ve  route wo u l d i nc reas e other 
i mpacts , s uch as turb i d i ty i n  water c ros s i ng areas , e l i m i nati o n  of 
be nth i c  hab i tat , and desorpt i o n  of  toxi c chemi cal s ,  al l in  p roport i o n  to 
the d i fference i n  p i pe l i ne l ength . 

A l ternat i v e  b r i ne d i ffuser  s i tes more di stant than the p ropo sed s i te ,  
3 . 5 mi l es off s ho re , wou l d  i nvol ve proport i o nal l y  greater destruct i o n of 
s e s s i l e  organ i sms i n  the dredged area .  Addi ti onal associ ated con
structi on  i mpacts wo u l d be i ncurred , s uch as i nc reased turb i di ty ,  
i nc rease i n  sed ime nt settl i ng ,  and a greater temporary hazard to 
commerc i a l f i s h i ng as a res u l t  of the i ncreased p i pe l i ne l ength . The 
practi cal l i m i t  for alternati ve  s i tes  i s  12 . 5 mi l es off s hore , beyo nd 
wh i ch add i ti o nal concerns wo u l d i ncl ude prox i m i ty to Heal d and Sab i ne 
banks ( cho i ce benth i c  hab i tat harbori ng I I hard bottomll fauna) and a 
h i gher  amb i e nt sal i n i ty ( �33 ppt) . 

An a l ternat i ve to the proposed  Phase I I  980 , 000-bb l /d l each rate at 
Bryan Mo und i s  to mai ntai n the current l each rate of  680 , 000 bb l /d .  
Impacts as soci ated wi th th i s  a l ternati ve i nc l ude : 

o Reduced NMHC emi s s i ons  at B ryan Mound from an esti mated 
121 tpy to 86 tpy fo r l eac h/fi ll operati ons . These 
emi s s i ons co u l d produce downwi nd concentrati ons  i n  excess  
of the  160-�g/m3 standard res u l ti ng i n  po s s i ble 
v i o l ati ons  of the 0 . 12-ppm ozone standard .  
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o A de l ay of 14 months to comp l ete the comb i ned  s i tes  
expans i on  for the  40 : 30  case  and  21  months to  comp l ete 
the 60 : 10 cas e , wi th correspond i ng i ncreases i n  p rogram 
costs . 

o A decrease i n  the average s i ze of the b r i  ne p l ume at 
B ryan Mound from an esti mated average of  1 , 800  acres to 
1 , 250 acres ( based on  sa l i n i ti es of  1 ppt o r  greater over 
amb i ent now experi enced at B ryan Mo und) . 

2 . 8  ·IMPACTS O F  THE NO-ACTION  ALTERNATIVE 

If the deci s i on i s  made not to expand the SPR by i mp l ementati on of  Phase 
I I I , the fol l owi ng i mpacts wou l d res u l t :  

o The S P R  wou l d  be l i mi ted to 538 MMB storage capac i ty and 
wou l d not p rovi de the U n i ted States wi th suffi c i ent 
petro l eum reserves to adequate l y  mi n i m i ze the effects of 
a future o i l s upp l y  i nterrupti on. 

o "No act i on" wou l d  be  i n  d i rect v i o l ati on  of  the Energy 
P o l i cy and Conservati on  Act of  1975 . 

o Envi ro nmental l y ,  the no-acti on  a l ternat i ve wo u l d l i m i t  
S P R  construct i on and operati on i mpacts to those assoc i 
ated wi th Phase  I and I I  acti v i ti es .  B ryan Mound  and 
West  Hac kberry wou l  d remai n as di scus sed  i n  the Texoma 
and Seaway G roup F E I S s .  B i g  H i l l  wou l d remai n wi th 
p r i vate owners . Land use , a i r qual i ty ,  soci oeconomi c ,  
spec i es and hab i tats , archaeo l ogi cal , h i stor i cal and 
c u l tural reso u rces , and natural and s cen i c  resources 
wou l d  be undi sturbed by the SPR p rogram . 
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1 .  0 BACKGROUND  

1 . 1 PROGRAM H I STORY 

The Strategi c  Petro l eum Reserve ( SPR)  i s  a program now be i ng i mp l emented 
by the U . S .  Department of Energy ( DOE ) .  Creat i o n  of the S P R  was man
dated by Congre s s  i n  T i t l e I ,  Part B ,  of the Energy Po l i cy and Con
servati on  Act of  1975 , P .  L .  94-163 , for the purpose  of  pro v i d i ng the 
U n i ted States wi th suffi c i ent petro l e um reserves to mi n i m i ze the effects 
of any future o i l s upp ly  i nterrupti on. I n' 

thi s Act , the Congre s s  
decl ared t h e  pol  i cy of  the Un i ted States Government t o  prov i d e  for 
stor i ng up to one b i l l i on barre l s of  crude o i l and petro l eum products . 

The pol i c i es for i mp l ementi ng the SPR  program were expres sed  i n  the SPR  
P l  an  that was approved by Co ngre s s  and  became effecti ve on  Apri l 18 , 
197 7 .  I n  accordance wi th th i s  p l an ,  500 mi l l i on barre l s (MMB) of o i l 
wo u l  d be i n  storage by December 1982 . The SPR  P l  an was revi sed by 
Amendment 1 i n  J une 1977 , Amendment 2 i n  J u ne 1978 , and Amendment 3 i n  
November 1979 . The SPR  P l an ,  as amended and approved by Congres s , now 
p rovi des for acce l erated dev e l opment of  the S P R , expans i on of the SPR  
from 500 to  1 , 000 MMB , and  an  i mp l ementat i on p l an for expandi ng the 
reserve from 500 to 750 MMB . The fi  rst 750 MMB of the SPR i s  to be 
devel oped i n  underground  storage . 

A programmati c  F i nal  Env i ronmental Impact Statement ( FE I S )  ( FEA ,  1976a ) , 
addres s  i ng the effects of  a 500-MMB SPR  program , was f i l ed wi th the 
Counc i l on  Env i ronmenta l Qual i ty ( CEQ)  and made avai l ab l e to the pub l i c  
o n  December 16 , 1976 . Th i s  statement cons i ders several  d i fferent types  
of  storage fac i l i t i e s :  the  u s e  of ex i sti ng s o l uti on-mi ned cav i ti es i n  
sa l t formati ons  and conventi onal  mi nes , the constructi on  of new 
s o l uti on-mi ned cav i t i es and conventi onal  mi nes , the use  of  exi sti ng and 
constructi on of new conventi onal  s u rface tankage , and the u s e  of s u rp l us 
tan ker s h i p s .  The programmati c  F E I S  shou l d be consu l ted for a descri p
ti on  of  each of these storage methods and the potent i a l  i mpacts that 
mi ght res u l t from i ts use . The programmati c  F E I S  al so  assesses  
cumu l ati ve i mpacts that cou l d  be expected from u s i ng vari ous  com
b i nati ons  of the d i ffe rent fac i l i ty types . A s uppl ement to the 
programmat i c  FE I S ,  addres s i ng expans i on of  the reserve to 1 b i l l i on  
barre l s ,  was pub l i s hed i n  January 1979  ( DO E , 1979 ) .  

A s i x-cri teri al screeni ng process  was used  to i denti fy n i ne s i tes  as 
candi dates for the i n i ti a l phase of the SPR program . F i ve of these 
a l ternati ve  s i tes  were con s i dered as poss i b l e  Ear ly  Storage Re serve 
( ES R )  s i tes  to s upp l y  o i l to refi ner i e s  on  the G u l f Coast , on the East 
Coast , and i n  the Cari bbean . They i nc l ude the Bayou Choctaw sal t dome 
( I berv i l l e Pari s h , Lou i s i ana) , the Cote B l anche sal t mi ne ( St .  Mary 

IThese cr i teri a are exi sti ng storage capac i ty (or  potenti al sto rage 
capac i ty fo r SPR) , d i stri but i on acces s i b i l i ty ,  techni cal  feas i b i l i ty ,  
potent i a l  env i ro nmental  concerns , ease of acqu i s i ti on ,  and cost.  
Secti on ILE . I of the programmati c  FEIS des cri bes  i n  detai l how the 
cri teri a we re app l i ed to about 300 sal t domes and about 300 ex i sti ng 
mi nes to s e l ect 32 candi date s i tes , i nc l ud i ng the n i ne candi date S P R  
s i tes . 

1-1 



Pari s h ,  Lou i s i ana) , the Wee ks I s l and sal t mi ne ( I beri a Pari s h ,  
Lo u i s i ana) , the West  Hackberry sal t dome ( Cameron Pari s h ,  
Lou i s i ana) , and the B ryan Mound sal t dome ( B razori a County ,  Texas ) .  

F E I S s  on  a l l fi ve  candi date s i tes  ( F EA , 1976b , 1977a , b ,  c ,  d)  have been 
fi l ed wi th the CEQ and have been made ava i l ab l e  to the pub l i c  so that 
envi ronmental i mpacts associ ated wi th poss i b l e  u s e  of these s i tes can be  
compared wi th o ne another .  I n  addi t i o n , fo ur  f i nal s upp l ements ( Ap r i l ,  
May , Augus t ,  and December ,1977)  addres s i ng des i gn c hanges for a l l fi ve  
candi date s i tes  have been fi l ed wi th CEQ . A s i xth G u l f Coast  s i te ,  the 
S u l phur  M i nes sa l t dome ( Cal cas i eu Pari s h ,  Lo u i s i ana) , was i de nti f i ed  as 
a candi date s i te to prov i de addi ti onal  exi sti ng storage capac i ty needed 
for the req u i rements of the accel erated storage schedu l e .  The F E I S  for 
S u l phur  M i nes was made avai l ab l e  to the Envi ronmental P rotecti on Agency 
( EPA) i n  Apr i l 1978 ( DO E , 1978a ) . Three other candi date s i tes , Central 
Roc k M i ne ( Fayette County ,  Kentu c ky ) , I ronton M i ne ( Lawrence County ,  
O h i o ) , and Kl eer Mi ne (Van Zandt County ,  Texas ) ,  were cons i dered . F E I S s  
on  these  s i tes  are a l so  avai l ab l e ( F EA ,  1977e , f ,  g) . T o  date , fi ve 
storage s i tes  (West  Hackberry , Bayou Choctaw ,  B ryan Mound , Wee ks I s l and , 
and S u l phur  M i nes)  have been s e l ected for u s e  i n  the S P R .  

T o  comp l ete t h e  50Q-MMB program , three groups of  candi date sal t dome 
s i tes  were cons i dered as poss i b l e  S P R  storage s i tes . Most of the 
candi date s i tes  are centered aro und three maj or i nterstate p i pe l i nes and 
the i r s upporti ng termi nal s ,  wh i c h transport U . S .  and fore i gn crude o i l 
from the Gu l f  Coast regi o n  to the upper  M i dwest  area ref i neri es . 
D i stri b ut i o n centers i nc l ude the Seaway P i pe l i ne and Seaway Term i nal  
( Freeport , Texas ) ,  the Texoma P i pe l i ne and SUNOCO Termi nal ( Nederl and , 
Texas ) ,  and the Cap l i ne P i pe l i ne and Cap l i ne Termi nal ( St .  James , 
Lo u i s i ana) ( see  F i g . 1-1) . 

The candi date s i tes  of  each group of sa l t domes wo u l d use  the parti c u l ar 
p i pe l i nes and termi nal s associ ated wi th that gro up for strategi c 
d i stri b uti on  of  S P R  o i l .  A port i o n  of the stored o i l  wo u l d be  
di stri buted through the  p i pe l i ne to upper M i dwest  markets wh i l e  the 
remai nder wo u l d be  di stri b uted to l ocal refi neri es and . l oaded onto 
tan kers at the termi nal s for di str i but ion  to the East Coast and 
Cari bbean refi neri e s .  

F E I S s  addres s i ng the i mpacts o f  stori ng o i l i n  the Seaway , Cap l i ne ,  and 
Texoma Groups of  sa l t domes have been made avai l ab l e  to the p U b l i c .  
These  documents are hereafter referred to as the Seaway Group F E I S  ( DO E , 
1978b ) , the Cap l i ne Group F E I S  ( DO E ,  1978d) , and the Texoma Group F E I S  
( DO E , 1978e ) .  Each of  these groups i nc l udes o n e  or  mo re s i tes at wh i ch 
wo rk  i s  now underway to put  o i l i n  storage .  Thi s document s uppl ements 
the F E I S s  for the Texoma Group and the Seaway Group of  sa l t domes and 
has been prepared to addre s s  i mpacts that wo u l d be i ncu rred becaus e  of 
an i ncreas e of  212 MMB i n  the quanti ty of  o i l stored i n  sa l t domes of 
these gro ups . 
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1 . 2 PROGRAM SCHEDULE  REQUI REMENTS 

The SPR program was formatted i n  Jan uary 1979 i nto four  maj or  phases . 
The deve l opment of the exi st i ng storage capac i ty at the f i  ve  s e l ected 
s i tes  and one mari ne termi nal , wi th total storage capaci ty of 248 MMB , 
was termed Phase 1 .  Phase I I  i s  the current 290-MMB expans i o n  of the 
B ryan Mound , West  Hac kberry ,  and Bayo u Choctaw s i tes . Devel opme nt and 
i mp l eme ntat i o n  of Phase I I I , addres s e d  i n  th i s  docume nt , wi l l  i ncrease 
the SPR storage capaci ty from 538 to 750 MMB . Deci s i ons  regardi ng the 
ti mi ng and method of ach i ev i ng Phase IV , wh i ch wo u l d expand the res erve 
up to one b i l l i o n barre l s ,  have not been made . 

The S P R  program deve l opme nt s chedul  e has been a major  governme ntal 
po l i cy is s ue .  Co n s i derab l e concern has been  expres s e d  by the Co ngres s ,  
the Executi ve Branch , and the pri  vate sector abo ut the need to have 
protecti o n  as soon  as poss i b l e  agai nst  petro l eum s upp ly  i nterrupti ons . 
The S P R  P l  an Ame ndment No . 2 expanded the res e rve  s i ze to one b i  1 1  i on 
barre l s  and contai ned p l ans fo r stori ng 750 MMB by the end  of  1985 ( DO E , 
1978c ) .  I n  November 1978 , DOE  s o l i c i ted  offers from pri vate i ndustr i es  
for the  turn key deve l opme nt of  new s i tes o n  the  bas i s  that th i s  approach 
mi ght offer the earl i est  poss i b l e  avai l ab i l i ty of  storage capac i ty .  The 
1980 f i scal  year ( FY )  b udget , pub l i s hed  i n  January 1979 , projected 
comp l eti on of the 750-MMB system i n  1986 (a one-year de l ay from the 
est imates i n  SPR P l an Amendme nt No . 2 ) . However , i n  March 1979 , o i l  
p urchases for the SPR  were s uspe nded becaus e  o f  ti ght worl d o i l  market 
condi ti ons  as a res u l t  of reduced I ran i an producti o n .  The turn key 
procureme nt was cance l l  ed i n  August 1979 becaus e  changes i n  the worl  d 
crude o i l market made the o i l - fi l l  schedu l e and other as s umpti ons  of the 
turn key effort l es s  certai n ,  and because the turn key procurement di d not 
offer any apparent advantages to offset the di  s advantages of s uch an 
approach . 

Wi desp read agreeme nt about the urgency of  dev e l oping the reserve  as soon  
as practi cab l e i s  ev i dent:  

o U . S .  Congre s s i onal  B udget Offi ce ( 1980 ) 

the pol i ti cal stab i l i ty of several  key ( o i l ) 
produc i ng countr i es  i s  i ncreas i ng l y  uncertai n ,  so that 
one or more o i l  s upp ly  i nterrupti o ns  i n  the next 20 years 
appear p robab l e .  The l ow cost of  the o i l reserve 
re l at i ve to the economi c l os s e s  it cou l d ave rt make the 
reserve  a h i gh l y  cost-e ffecti ve Federal program fo r 
protecti ng agai nst  the ri s ks of growi ng dependence on  
i mported o i l .  I ndeed , it  i s  the  o n l y  program that co u l d 
offs et the s hort-term economi c effects of o i l s upp l y  
i nterrupti o n s . 

The program ' s l arge be nefi ts rel ati ve to costs , as we l l _  
as [ decreas i ng]  U .  S .  dependence on  i mported o i l , s eem to 
b o l ster the argume nts fo r acq u i r i ng the o i l as rap i dl y  as 
pos s i b l e ,  s ubj ect to the co nstrai nts i mposed  by the 
Federal b udget and the i nternati onal  o i l mar ket . 
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o U . S .  Department of Energy ( 1980 ) 

Des p i te encouragi ng s i  gns of reduced energy cons umpti  on  
and i ncreased acti v i ty rel ati ng to  energy 
producti on . . .  the U n i ted  States and other consumi ng 
nat i ons are v u l nerab l e to seri ous  damage as the res u l t of 
d i srupt i ons  i n  the f l ow of i mported o i l  and th i s  
v u l nerabi l i ty wi l l  conti nue  through the 1980 ' s .  

Stoc kp i l es can add ready rese rves to U . S .  and wo rl d 
supp l i es duri ng a d i srupt i o n .  They foresta l l pan i c  and 
reduce the uncertai nty that l eads to i neff i c i ent 
p urchas i ng ,  hoardi ng , and the i nv i tati on to pri ce 
go ug i ng .  They mi ght b uy t i me for d i p l omati c  and  mi l i tary 
p l ann i ng duri ng the ear l y  stages of a d i s rupt i o n .  I n  
fact , the i r  very exi stence cou l d  deter o r  b l unt the 
effecti vene s s  of di srupti on  threats . In pri nc i p l e ,  
stateg i  c stockp i  1 es  shou l  d be b u i  I t- up rap i d l y  i n s 1 ac k 
markets and drawn down rap i d l y  duri ng d i s rupti ons . 

o U .  S .  Senate Commi ttee on  Energy and Natural Resources 
( 1980 ) 

Recommendati on 1 - The U n i te d  States shou l d  b u i l d  a 
' domesti c petro l eum reserve l by f i l l i ng the Strategi c  
Petro l eum Res erve as rap i d l y  as pos s i b l e and by 
e ncourag i ng pr i vate stockp i l i ng of petro l eum and 
petro l eum products . 

Amp l e eme rgency o i l  stoc kp i l es are the s i ng l e most 
re l i ab l e  and cost- effecti ve means of deterri ng otl i mport 
i nterrupti ons and reduc i ng th i s i mpact . 

o Harvard Energy and Securi ty Research Proj ect (Al m et a l . ,  
1980 ) 

I f  the U n i ted States does not se i ze the i n i t i at i ve 
q u i c k l y  by devel op i ng new storage capac i ty and fi l l i ng 
the strategi c reserve at a mean i ngful  rate of at 1 east 
300 , 000 barre l s per day , then we are l i ke l y  to wonder 
after the next i nterrupti on  why the U n i ted  States was so  
b l i nd to i ts own nati onal  secur i ty i nterests . Any 
potenti al d i scomfort that mi ght be  experi enced now wou l d 
seem smal l compared to the ordeal of a future 1 arge 
s up p l y  i nterrupti on  wi th no protect i on .  

o Federati on  of Ameri can Sci enti sts ( 1980 ) 

We urge the Admi n i strati on  i n  general . . .  to acce l erate 
work  on the next phase of storage space . 
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. . . Rare l y  have so  many portents of future d i  saster 
been so  wi de l y  i gnored i n  preparedness ; the Strategi c 
Petro l eum Reserve i s  becomi ng a test of  Ameri can common 
sense . 

o Nati onal  Petro l eum Counc i l ( 1981) 

The rap i d  devel opment of the SPR i s  c l ear l y  i n  the 
nati o nal  i nterest .  Wi th a f i rm comm i tment by the Federal 
Government and l eg i s l ati ve acti on to re i nforce thi s 
comm i tment , acce l erat i o n  of  the S P R  program can be 
accomp l i s hed  and the nati o n ' s v u l nerab i l i ty to a s upp l y  
di s rupt i o n  reduced .  

I n  1980 Congre s s  reaffi rmed i ts commi tment t o  f i  1 1  the S P R .  I n  the 
Energy Secu ri ty Act of  1980 , Co ngre s s  mandated the res umpti on of S P R  
f i l l  at a m i n i mum rate of  100 , 00 0  barre l s p e r  day ( bb l /d) , begi nn i ng i n  
FY 1981 . S P R  fi l l  was res umed i n  September 1980 through an exchange of 
Naval Petro l eum Reserve c rude o i l for o i l de l i ve red to the SPR.  I n  
taki ng fi nal act i on o n  F Y  1981 appropri ati ons  fo r the S P R  i n  P . L .  
96- 514 , Congre s s  added the  fol l owi ng prov i s i on :  

Prov i ded , That the P res i dent shall i mmedi atel y  seek  to 
undertake , and the reafter conti nue , crude o i l 
acqu i s i ti on , transpo rtat i on , and i nj ecti o n  acti v i t i es at 
a l evel  s uffi c i ent to ass ure that crude o i l  storage i n  
the Strategi c Petro l e um Reserve wi l l  be i ncreased to an 
average annual  rate of at l east 300 , 000 barre l s per day 
or a s ustai ned average annual  da i l y rate of fi l l  wh i c h  
wo u l d fu l l y  uti l i ze appropri ated funds : P rov i ded  
furthe r ,  That the  req u i reme nt of the  precedi ng prov i s i on 
s hal l be  i n  addi ti o n  to the prov i s i ons  of T i t l e VI I I  of 
the Energy Securi ty Act and shal l not affect s uch 
prov i s i ons  of  the Energy 'Securi ty Act i n  any way . 

The DOE i s  comp l y i ng  wi th th i s  req u i rement through add i t i onal  open 
market purchases . 

Secretary of  Energy , James B .  Edwards , i n  testi fy i ng before the 
Comm i ttee on  Energy and Nat i o na l  Resources of the U n i ted States Senate 
on  February 23 , 1981 , s ummari zed the Executi ve Branch pos i ti o n on the 
S P R  devel opment ti metab l e  as fo l l ows : 

The Admi n i s trati on i s  comm i tted to an effecti ve  Strategi c 
Petro l eum Res erve program . The Reagan b udget wi l l  
prov i de for devel opment of 750 mi l l i on barre l s of 
government- owned storage by 1989 , i n a secure and 
re l i ab l e  system capab l e  of crude o i l wi thdrawal of up to 
4 . 5 mi l l i o n barre l s per day . 

The Adm i n i strati on  i s  taki ng an aggres s i ve att i tude 
toward fi l l i ng the SPR as q u i c kl y  as pract i cab l e .  To 
accomp l i s h thi s ,  the Admi n i strati on  wi l l  s ubmi t a FY 1981 
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s upp 1 ementa 1 request to offset the l os s  of ent i t  1 ements 
under dereg u l ati o n .  F urther , we are acti vel y rev i ewi ng 
approaches wh i ch wi l l  acce l erate the avai l ab i l i ty of 
storage capac i ty for the bal ance of  the Reserve . 

F i g . 1- 2 shows the current S P R  o i l fi l l  capab i l i ty goal s ,  as stated by 
the Secretary of  Energy , i n  re l at i o n  to the goal s of  SPR  P l an Amendment 
2 of  June  1978 . To ach i  eve these fi  1 1  goa l s ,  i t  i s  necess ary that 
deve 1 opment of  Phase I I! be i ntegrated wi th Phase I ! .  Therefore , the 
approved DOE p l an for i mp l ementi ng Phase I I I  cal l s  for Phase I I I  
construct i o n  to beg i n  i n  s ummer  1982 and l each i ng o f  the 212-MMB storage 
space to be comp l eted by the end of 1988 i n  order to complete o i l fi l l  
by October  1989 . As i s  seen  i n  F i g .  1- 3 ,  Phase I devel opment wou l d  be 
comp l ete before commencement of  Phase I I !  l eachi ng operati ons  . •  Leach i ng 
wou l d  be  concurrent for Phases  II  and I I !  for about 4 years , mi d- 1983 
through spr i ng 1987 . O i l fi l l  wou l d  be concurrent for Phases I I  and I I I  
for a peri od o f  l es s  than 3 years , from mi d- 1984 through 1987 . Fai l ure 
to achi  eve these goal s cou l  d have a seri  ous  adverse i mpact on  the 
protecti on avai l ab l e  to the U n i ted States agai nst  o i l s up p l y  
i nterrupti ons . 

1-7 



-U) ..I I1J a: a: 
� CD 
Z 
0 -..I ..I -
:s -
>-t--
0 
� 
D. 
� ...... 0 I co I1J 
CJ 
� a: 
0 
t-U) 
I1J ..I CD 
� ..I -
� 
> 
� 

7 50 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ... _ _ _ _  - - - - - - F7,' . . i .. . i .•.•.•. .... . . . �.1.� 

1978 SPR PLAN 
GOAL 

750 MMB BY DEC 85 A::::::::::::::::::::::f:m���::�::.:.::::::::::::::::� 2 1 2  MUB 

500 _ _  • _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A .. 
1978 SPR PLAN 

GOAL 
500 MUB BY DEC 80 

PHASE II 

250 I ?  241 

* AUGUST 1981 == 170 UUS IN STORAGE 

1 880 

C A LENDAR Y E A R  

Figure 1 ·2. Cumulative 011 fill capability goals. 

PHASE . 

2 8 0  MUB 

2 4 1  MUB 



...... I 
\D 

. F Y  I 1977 I 1978 I 1979 I 1980 I 1981 I 1982 J 1983 I 1981j I 1985 I 1986 I 1987 1 1988 I 1989 I 1990 I 
C Y  1977 1978 1979 1980 1981 1982 1983 1981j 1985 1986 1987 

PIIAS[ I 
CONCEPT DES I GN P 
DETA I LED DES I GN I I 
CONSTRUCT I ON I I 

. LEACH I NG I I I � O I L  F I LL 
1 I I - - - _I 

PI IASE I I  
CONCEPT DES I GN ::J 
DETA I LED DES I GN II I 
CONSTRUCT I ON I I 
LEACII I NG 2 I W��JI�$.@";m'/� I 
O I L  F I LL I 
PHASE I I I  
CONCEPT DES I GN I I 
DETA I LED DES I GN I I 
CONSTRUCT I ON I I 
LEACH I NG 2 ��� 
O I L  F I LL I I - - � ___ _ � I  

1 Start of oil fill Is based on Initial oil fill capacity; completion dates for Phase I & II oil fill are contingent 
upon allocation of fill between phases, available funding, and acquisition rates. 

2 Reflects accelerated leach rate of 980,000 bblld at Bryan Mound. 
� Phase 11/111 Integrated leachlfill. 

Figure 1·3. Integrated mi lestone schedule, Phases I, II, Be III. 

I I 

1988 1989 1990 

I 

) 

I I I 



1 .  3 REFERENCES 

A l m ,  A .  A . , Co l gl az i er , E .  W . , and Kates-Garni c k ,  B . , 1980 . Cop i ng Wi th 
I nterrupti ons . I n: Deese , D .  A . , and Nye , J .  S .  ( e d . ) ,  Energy and 
Securi ty :  A Report to Harvard ' s  Energy and Securi ty Research 
Project , Bal l i nger Pub l i s h i ng Co . , Cambri dge , Mas sachusetts , p p .  
303- 346 . 

Federati on of  Amer i can Sc i enti sts , 1980 . What Good I s  An Empty 
Federati on  of  Amer i can Petro 1 eum Reserve? , J ournal  of the 

Sc i e nti sts , Vol . 3 3 , N o . 9 .  

Federal Energy Admi n i strati o n , 1976a.  
F i nal  Env i ronme nta l Impact Statement . 

Strategi c Petro l eum Res erv e ,  
FES  76- 2 , Was h i ngto n ,  D . C .  

Federal Energy Admi n i strati on , 1976 b .  Strategi c Petro l eum Reserve , 
Bayou C hoctaw Sal t Dome , F i nal  Env i ronmental Impact Statement.  FES  
76-5 , Was h i ngton , D . C .  

Federal Energy Adm i n i strati on , 1977a . Strategi c Petro l eum Res erve , West 
Hac kberry Sal t Dome , F i nal  Env i ronmental Impact Statement .  F ES 
76/77-4 , Was h i ngton , D . C .  

Fede ral E nergy Admi n i strati on , 1977 b .  Strategi c Petro l eum Reserve , 
Bryan Mound Sal t Dome , F i nal  Envi ronmenta l  Impact Statement.  F ES 
76/77- 6 ,  Was h i ngton , D . C .  

Federal Energy Admi n i strati on , 1977c . Strategi c  Petro l eum Reserve , Cote 
B l anche M i ne ,  F i nal  Env i ronmental ImpQ.ct Statement.  FES  76/77-7 , 
Was h i ngton , D . C .  

Federal Energy Admi n i strati on , 1977d . Strategi c Petro l eum Res erve , 
Wee ks I s l and M i ne , F i nal  Envi ronmental Impact Statement.  FES  
76/77-8 ,  Was h i ngton , D . C .  

Federal Energy Admi n i strati on , 
Central Roc k M i ne , F i nal  
76/77- 9 , Was h i ngto n , D . C .  

1977 e .  Strategi c Petro l eum Res erve , 
Env i ronmental Impact Statement.  FES  

Federal Energy Admi n i strati on , 1977f .  Strategi c Petro l eum Reserve , 
I ronton Mi ne , F i nal  Envi ronmental Impact Statement.  F ES 76/77- 10 , 
Was h i ngton , D . C .  

Fede ral  E nergy Admi n i strati on , 1977g . 
Kl eer M i ne ,  F i nal  Env i ronmental 
Was hi ngton , D . C .  

Strategi c Petro l eum Rese rve , 
Impact Statement .  FES  77-2 , 

Nat i onal  Petro l eum Counci l ,  1981. Report of the Comm i ttee on  Emergency 
Preparedness ( D raft) . 

U . S .  Co ngre s s i onal  B udget O ffi ce , 1980 . Eval uat i on of the Strategi c 
Petro l eum Reserve , Commi ttee Pri nt 96- 1FC50 , p .  v i i i .  

1-10 



U. S .  Department of Energy , 1978a . Strategi c Petro l eum Reserve , S u l phur  
Mi nes Sal t Dome , Cal cas i eu Pari s h ,  Lo u i s i ana , F i nal  Envi ronmental 
Impact Statement .  DOE/E IS- 00I0 , Was h i ngton , D . C .  

U .  S .  Department o f  Energy , 1978b .  Strategi  c Petro l e um Reserve , Seaway 
Group Sa l t  Domes , B razo ri a Cou nty , Texas , F i na l  Envi ronmental 
Impact Statement .  DOE/E I S- 0021 , Was h i ngton , D . C .  

U . S .  Department o f  Energy , 1978c . Strategi c Petro l eum Reserve  P l an 
Amendment No . 2 .  

U . S .  Departme nt of Energy , 1978d . Strategi c Petro l eum Res erve , Cap l i ne 
Group Sal t Domes , I beri a ,  I berv i l l e ,  and Lafourche Pari s hes , 
Loui s i ana , F i nal  Envi ronmental Impact Statement .  DOE/E IS- 0024 , 
Was h i ngton , D . C .  

U . S .  Department o f  Energy , 1978e . Strateg i c  Petro l eum Reserve , Texoma 
Group Sal t Domes , Cameron and Cal cas i eu Pari shes , Lo u i s i ana and 
Jefferson County , Texas , F i nal  Envi ronmental Impact Stateme nt .  
DO E/E I S- 0029 , Was h i ngton , D . C .  

U . S .  Department o f  Energy , 1979 . Strateg i c  Petro l eum Reserve , Expan s i o n  
of Res erve , F i  n a  1 E n v i  ronmenta 1 Impact Statement .  DOE/EI S- 0034 , 
Was hi ngton , D . C .  

U . S .  Department o f  Ene rgy , 1980 . Reduc i ng U . S .  O i l V u l nerab i l i ty ,  
Energy P o l i cy fo r the 1980 ' s ,  pp . 2 , 3 0 .  

U . S .  Senate Commi ttee on  Energy and Natural Reso urces , 1980 . The 
Geopo l i ti c s  of O i l , Staff Report P u b l i cati on  96-119 , p. 6 9 .  

1- 11 





2 . 0 D ESCRI PTION O F  PROPOSED ACTION  

2 . 1 P RO POSED ACTION  

The proposed Phase I I I  p l an i s  to  i ncrease the Strategi c Petro l eum 
Reserve ( SP R )  crude o i l storage capac i ty to 750 mi l l i on barre l s ( MMB ) by 
the add i t i o n  of about 212 MMB and to i ncrease the average SPR  drawdown 
rate by about 1 MMB per day ( MMB/d ) from 3 . 5 to 4 . 5 MMB/d . Tab l e 2-1 
shows the storage capaci ti es  at the fi  ve current SPR s i tes  and the 
proposed Phase I I I  capac i ty to be adde d .  The l ocati ons  of proposed SPR  
Phase I I I  storage and  expans i o n  s i tes  are  s hown in  F i g .  2- 1 .  

Table 2·1 .  Current and proposed storage capacity at S P R  sites 
(in M M B) 

Sto rage s i te 1  Phase I Phase I I  Phase 1 I I 2 

Bayou Choctaw 
Wee ks I s l and 
West Hackberry 
S u l phur  M i nes 
Bryan Mound 
B i g  H i l l  
Tanks & p i pe l i nes 

Tota l 

l Exi sti ng and proposed .  

2 Pre fe rred a l ternat i ve . 

36 
75 
51 
22 
60 

4 

248 

10 

160 

120 

0 

290 

30 

40 
140 

2 

212 

Total 

46 
75 

241 
22 

220 
140 

6 

750 

The sub sequent envi ronme ntal ana l ys i s  of the propo sed act i o n  i s  based on  
the  F i nal Envi ronme ntal Impact Statements ( FE I S s )  for  the  Seaway ( B ryan 
Mo und)  and Texoma (West  Hackberry and B i g  H i l l )  G roups  of sal t domes and 
i nc l udes recogn i t i on of  the fact that the Phase I I  expan s i ons  descr i bed 
i n  the FE ISs  are be i ng constructed (cu rrent Phase I I  expan s i o n s  at Bryan 
Mound and West Hackberry) . Overal l effects on  these groups , as we l l as 
s i te- spec i f i c  effects , are eval uated.  

2 . 2 PREFERRED ALTERNAT IVE 

The preferred means of  ach i ev i ng the 212-MMB SPR Phase I I I  req u i rement 
i s  to construct storage fac i l i ti es for 140 MMB at the B i g  H i l l  s i te and 
to expand fac i l i ti es at B ryan Mound  by 40 MMB and at Wes t  Hackberry by 
30  MMB . There wou l d  a l so  be 2 MMB i n  assoc i ated p i pes  and storage 
tanks . Devel opment of the B i g  H i l l  s i te wou l d  i nc l ude a 23-m i l e  o i l 
p i pe l i ne to the Sun  Term i na l  at Neder l and , Texas , and a bri ne di sposal  
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l i ne extend i ng to a d i ffuser 3 . 5 mi l es off s hore i n  the Gu l f of Mexi c o .  
At B ryan Mound , a n  i ncrease i n  t h e  br i ne d i spo sal  rate from 680 , 00 0  to 
980 , 000  barre l s  per day ( bb l /d)  average has recentl y  been perm i tted by 
the Env i ronme ntal Protecti on  Agency ( EPA) for Phase I I  l eac h i ng 
act i v i t i es by us i ng the exi sti ng bri ne p i pe l i ne to the Gu l f of Mexi co .  

I n  i ts s ubmi s s i o n to the  E PA requesti ng a permi tted bri ne d i spo sal  
i ncrease rate from 680 , 000  bb l /d to  1 . 1 MMB/d at  B ryan Mound , the 
Department of Energy ( DO E )  prepared and s ubmi tted s upporti ng 
documentat i on to EPA ta ken from the envi ronmental data and ana lys i s  
s ummari zed i n  Sect i o n 4 . 2 . 5 . 2 . The analys i s  presented i n  thi s 
s uppl ement i s  based on  the 980 , 000-bb l /d preferred rate , wh i ch 
represents a reasonab l e  wo rst-case analys i s  of the envi ronmental i mpacts 
of thi s expans i o n .  

2 . 2 . 1 O i l  Storage Conf i gu rati on: B i g  H i l l  ( 140 MMB ) , B ryan Mo und 
(40 MMB ) , West  Hac kberry ( 30 MMB ) 

2 . 2 . 1 . 1  Expans i o n  of Bryan Mo und (40 MMB ) and West Hac kberry ( 30 MMB ) 

For P hase I I I , f i rst co n s i derat i o n was g i ven to expand i ng the exi sti ng 
SPR s i tes  beyond Phase I I .  In addi ti on  to the potenti a l  advantage of 
t i me l y  deve l opment , Phase I I I  expans i o n of ex i sti ng s i tes  offers the 
econom i c  advantage of  cost sav i ngs through use of major  ons i te and 
offs i te fac i l i t i e s  prev i o u s l y  constructed for Phase I and I I  ( e . g . , 
co ntro l fac i l  i t i es , central i zed pump i ng faci l i t i es , crude o i l di stri 
b ut i on p i peli nes , raw water i ntake systems , and br i ne d i sposal  systems ) .  
The o n l y  new ons i te fac i l i ti es req u i red wou l d  be the new caverns and 
the i r crude o i l ,  raw water ,  and bri ne d i sposal  system connecti ons to the 
central pump i ng and contro l areas . 

Pre l i m i nary cons i derati on  determi ned that add i t i ona l  expans i o n of three 
SPR s i tes ( Bayou  Choctaw , S u l phur  M i nes , and Weeks I s l and) i s  not 
pract i cab l e  for reasons  d i scussed  i n  Sect . 2 . 3 . 1 . 2 . S ubsequentl y ,  four 
cr i ter i a  were estab l i s hed to determi ne opti ons for Phase I I I  expans i o n 
of Bryan Mound and West Hackberry :  

o Locati ng addi t i onal caverns , preferab l y  w ith i n  present 
property , or  wi th l i mi ted add i t i onal  l and acqu i s i t i o n .  

o Mai ntai n i ng total s i te br i ne d i sposal w i t h i n the 
hydrau l i c capac i ty of  the exi sti ng bri ne di spo sa l  
p i pe l i nes to  the Gu l f of Mexi co .  

o Mai nta i n i ng effect i ve nomi nal  l each i ng rates of  100 , 000 
bb l /d per cavern . 

o Deve l op i ng caverns and s i tes 
cost-effect i ve manne r ;  maxi mum 
1986 . 
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I n  accordance wi th the f i rst cri teri on , there i s  s uffi c i ent l and wi th i n 
the exi sti ng B ryan Mound property to accommodate s i x  Phase I I I  caverns 
of 10 MMB eac h .  At West Hac kberry , l es s  than 4 acres of add i ti onal  
prope rty wo u l  d be req u i  red to  accommodate one ; a total of  three new 
caverns cou l d be accommodated wi th the acqu i s i ti o n of  up to 34 acres , 
dependi ng on  the confi gurati on  s e l ected .  Based on  the fi rst cri te ri on , 
therefore , expans i on of  the two s i tes  by a comb i ned 9 0  MMB i s  feas i b l e .  

Fo r management eff i c i ency , cost effecti venes s ,  and ti me l y  devel opm.ent , 
Phase I !  caverns at each s i te are bei ng deve l oped i n  two sequenti a l  
groups of  s i x  each at  B ryan Mound  and  e i 9ht each at West Hac kberry .  

The concept of  i ntegrat i n g  Phase I !  I cavern 1 eac h i  n g  wi th Phase I !  
evo l ved from an app l i cati on  o f  the second , th i rd ,  and fourth cri teri a .  
The  hydrau l i c  capac i ty of the exi sti ng br i ne di sposal  p i pe l i ne to  the 
G u l f of Mexi co at West  Hackberry i s  1 , 088 , 000  bb l /d ,  the p l anned 
l each i ng rate for Phase II  at th i s s i te .  At B ryan Mound , the hydrau l i c 
capac i ty of  the br i ne d i sposal  p i pe l i ne i s  1 . 1 MMB/d max i mum ( 980 , 00 0  
b b l /d s ustai nab l e  average ) , a l though the l each i ng rate fo r Phase I I  was 
1 i m i ted  unti l recently by permi t to 680 , 00 0  bb l /d .  Br i ne di sposal  and 
l each i ng rates co u l d be i ncreased to 980 , 00 0  bb l /d at Bryan Mound by 
i nstal l i ng addi ti onal  pumps on the bri ne di sposal  p i pe l i ne .  App l i cati on  
of cri teri on  three ( i . e . , a l each i ng rate of 100 , 00rr bb l /d per cavern)  
wo u l d al l ow l each i ng of  e l even caverns at West Hac kberry and ten caverns 
at Bryan Mound to be undertaken s i mu l taneo u s l y .  The refore , g i ven  the 
mod i f i cati on  to the Bryan Mound permi t to a l l ow an ave rage l eachi ng rate 
of 980 , 000  bb l /d ,  i t  wo ul d be poss i b l e  to i nteg rate up to four of the 
s i x  potent i a l  Phase I I I  expan s i on  caverns at Bryan Mound wi th the second 
group of s i x  caverns  of  the Phase I !  l each i ng program ; a maxi mum of 
th ree Phase I I I  expans i on caverns at West Hac kberry cou l d  be i nteg rated 
i nto the second group of  e i ght cave rns of  the Phase I I  l each i ng program 
wi thi n exi sti ng permi t and hydrau l i c  cons trai nts . Thus , based on  l and 
-acqui s i ti o n and l eachi ng cons i derati ons , the most  effi c i ent 
confi  gurat i on  for Phase I!  I expans i on  of exi st i ng s i te s  i s  to expand 
Bryan Mound by 40 MMB and West Hac kbe rry by 30  MMB . Thi s i s  te rmed the 
40 : 30 a l ternat i v e .  

I ntegrati ng Phase I I I  caverns a t  Bryan Mo und wi th the Phase I I  l each i ng 
program i s  predi cated upon i ncreas i ng l each i ng from 680 , 00 0  to 980 , 000  
bb l /d .  Conti nuati on  of the  680 , 000- bb l /d l eac hi ng rate at  Bryan Mound  
wo u l d res u l t  i n  any Phase I I I  expans i on b e i ng done  as a s eparate , thi rd 
l each i ng group . Al though i t  wou l d be pos s i b l e  to i ntegrate Phase I I !  
and I I  fo r the 680 , 000- bb l /d l each rate case by reduc i ng br i ne 
product i o n  from each cavern proporti onal ly , th i s  wo u l d not be done 
because  each cavern wou l d devel op at a proport i o na l l y  s l ower rate , and 
no t i me sav i ng wo u l d be real i zed .  Comp l ex i ty of management wo u l d 
i ncrease s ub stanti al l y ,  and use  of  the system wou l d be i neffi c i ent.  
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As was descri bed above , the exi st i ng S P R  property bou ndary at Bryan 
Mound wo u l d accommodate s i x  add i ti onal  10-MMB cavern s .  Acqu i s i ti o n of 
l es s  than 4 acres wo u l d accommodate one add i t i onal  10-MMB cavern at We st 
Hac kbe rry . Thus , based on  l and  acq u i s i ti on co n s i derati ons  al one , an 
al ternat i v e  confi gurat i o n fo r Phase I I I  expan s i o n  at ex i sti ng s i tes i s  
to expand B ryan Mo und by 60 MMB and We st Hac kberry by 10 MMB . The mai n 
d i s advantage of thi s al ternati ve , however , i s  that a separate , thi rd 
l eac hi ng group at B ryan Mound wo u l d res u l t ,  whether or not the l eac hi ng 
rate i s  i ncreas ed .  That i s ,  the 60:10 al ternat i ve wo u l d precl ude 
i ntegrati ng l eac h i ng Phase I I I  wi th Phase I I  caverns at Bryan Mound , 
w i th or  wi thout a permi t modi fi cati on , fo r reasons  s i m i l ar to the case 
of the 40 : 30 al ternati ve wi thout perm i t  modi fi cati on descr i bed above . 
I ntegrat i o n  wo u l d req u i re propo rti onal l y  l owe r bri ne producti on  from 
eac h cavern and res u l t i n  no net t i me s av i ng , whi l e  i ncreas i ng 
comp l ex i ty and l ower i ng erf i c i e ncy . 

A schemati c compari son  of deve l opment schedu l e s fo r the 40:30 and 60 : 10 
a l ternat i ve , w i th and wi thout an i ncrease i n  l eac hi ng rate at B ryan 
Mound , i s  s hown i n  F i g . 2- 2 .  These  are compared wi th the present 
deve l opment schedu l e for Phase I I  expan s i o n  at the re specti ve s i tes , 
wh i c h  represents the "no acti on" case . The schemati c takes i nto acco unt 
the fact that l eac h i ng effect i v e l y  began at We st Hac kberry 12 months 
afte r Bryan Mound.  In a l l cases , deve 1 opment of the fi  rst group of 
caverns i s  the same . For  v i s ual c l ar i ty ,  fi nal  fi l l  of thi s group 
(Group I ) , wh i ch occ urs  concurrently  wi th the start of l eac h i ng of the 
second group , i s  not s hown i n  the fi gure .  F i nal  fi l l , after comp l eti on 
of 1 each/fi 11 of the second group of caverns , wi 1 1  req u i  re 5 months at 
B ryan Mound and 7 months at West  Hackberry .  ( For a di scuss  i on of the 
l eac hi ng , l each/fi l l ,  and fi nal f i l l  stage s of cavern devel opment , see 
Appendix  C . 2 . ) The l each rate and tota l storage v o l ume for each group 
of caverns for eac h s i te i s  l i sted by al ternat i v e  under the " Remar ks"  
co l umn of F i g .  2- 2 .  ( Cavern groups are i ndi cated by Roman numera l s . ) 
As currently author i  zed , Phase I I  of the SPR  wi 1 1  be comp l ete upon 
comp l et i o n  of fi nal  fi l l  of the second cavern group at West Hac kberry i n  
February 1987 , 4 months after Bryan Mound  has been comp l ete l y  f i l l ed . 

The advantage of i nc reas i ng the Bryan Mound 1 each rate , and the reby 
i ntegrati ng Phase I I I  wi th Phase I I , i s  ev i dent i n  compari ng the 
schedu l es  for the 40 : 30 a l ternat i ve , perm i t  modi f i ed versus  perm i t  
unchanged ( F i g . 2-2 ) .  We st Hackbe rry i s  unaffected and i s  comp l eted i n  
e i ther case i n  two groups , fi rst wi th 80 MMB and second wi th 110 MMB i n  
December 1987 . At Bryan Mound ,  p-ermi t mod i f i cati on  a l l ows deve l opme nt 
i n  a group of 60  MMB , fol l owed by a group of 100 MMB (the i ncrease i n  
l each rate i s  assumed to begi n w i th comme ncement of l each i ng the second 
group , as i ndi cated u nde r " Remarks"  i n  F i g .  2- 2) . Howeve r ,  i f  l each i ng 
conti nues at B ryan Mound at 680 , 000 bb l /d ,  Phase I I  and I I I  devel opment 
wou l d  occur consecuti v e l y  i n  groups of 60 , 60 , and 40 MMB , and 
deve l opment of the l ast 100 MMB wo u l d  requ i re 21 months more than for 
the i ncreased l each rate , i ntegrated cas e .  Thi s wou l d  rep rese nt a 45 
percent i ncrease i n  t i me to deve l op the l ast 100 MMB at Bryan Mound , 
from 47 to 68 months . Exp res sed another way , acce l e rated , i ntegrated 
l eac h i ng at Bryan Mo u nd fo r the 40 : 30 a l ternat i v e  wou l d  resu l t i n  the 
avai l ab i l i ty of 40 MMB of storage space 21 months earl i e r than w i th a 
l each i ng rate of 680 , 000 b b l /d .  Thi s i s  cri ti cal e i ther for the case of 
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WH 8 0  M M B  " 10 8 8  MBD 

II  = 90 MMB " 1088 MBD 



short-term exce s s  s upp l y  i n  the wo rl d o i l market res u l t i ng i n  
temporari l y stab l e o r  l ower pr i  ces o r  for the case o f  excess  demand 
res u l ti ng i n  rap i d pri ce esca l at i o n .  Taki ng West Hac kberry i nto 
account , the net de l ay to i mp l eme ntati on of Phase I I I  wou l d  be 14 
mo nths , from December 1987 to February 1989 . 

For the case of the 60 : 10 al ternat i v e  wi th B ryan Mound perm i t  modi f i 
cati on , three cavern groups o f  6 0  MMB each wou l d  res u l t  at B ryan Mo und 
( F i g .  2-2)  as d i scus sed earl i er .  Group I wi l l  be comp l eted i n  37 
months ; wi th an i ncrease i n  l each rate at the start of Group I I , G ro ups  
I I  and I I I  eac h wo u l d requ i re an add i t i onal  27 . 5  months fo r l each i ng and 
l each/fi l l , fo l l owed by 5 months for f i nal  f i l l  of Group I I , for a total 
Phase II and Phase I I I  devel opme nt t ime of 97 months . By reduci ng the 
number  of We st Hackberry Phase I I I  expans i o n cave rns from three to one , 
West Hac kberry wou l d  be comp l eted 7 mo nths soo ner for the 60 : 10 
a l ternat i v e  than fo r the 40 : 30 a l ternat i v e .  Overal l ,  however , for the 
60 : 10 a l ternati ve , i mp l ementati on  of  Phase I I I  expans i o n wou l d  be 
de 1 ayed by 6 months re 1 at i ve to th� 40 : 30  a l ternat i ve because of the 
t i me extens i o n to comp l ete a l arger B ryan Mound fac i l i ty .  

I f  the  B ryan Mound  d i s charge rate i s  unc hanged , Groups I I  and  I I  of  the 
60 : 10 a l ternati ve wo u l d  take 32 percent l onger to l eac h ( 37 mo nths 
vers us  28 month s each)  and wou l d res u l t i n  a 21-month de l ay re l ati ve to 
the 40 : 30 a l ternati ve overa l l i n  i mp l ementi ng Phase I I I  expans i o n .  

I n  concl u s i on , wi th or  wi thout B ryan Mound permi t modi f i cati on , the 
40 : 30 al ternat i ve wo u l d res u l t i n  more t i me l y  i mp l eme ntati on  of Phase 
I I I  expans i o n than the 60 : 10 al ternati ve and i s ,  therefore , preferred .  
F o r  the 4 0 : 30 al ternati ve , .  i ntegrati on of Phase I I I  l each i ng wi th Phase 
I I  occurs o n l y  wi th an i ncreas e i n  the l each rate from 680 , 00 0  bb l /d to 
980 , 000  bb l /d.  

The preferred schedu l e  for l each i ng Group I I  of Phase I I  and Phase I I I  
( F i g .  2-2)  i s  based o n  the recently  permi tted i ncreased maxi mum d i sposal  
rate at B ryan Mound of 680 , 000 bb l /d to 1 . 1 MMB/d . Concurrentl y ,  w i th 
the i ncreas ed bri ne d i sposal  rate permi tted by EPA , DOE has app l i ed to 
the Texas Department of Water Resources (TDWR ) for an ame ndment to i ts 
current permi t to appropr i ate state wate r from the B razos R i ver . Based 
on  app l i cati o n  No . 3987A , DOE i s  see ki ng an ame ndment to Permi t No . 
3681 , purs uant to Sect . 11 . 122 , Texas Water Code , and TWDB Ru l es 
156 . 04 . 10 . 001- . 002 to i ncrease the total amount of state wate r 
authori zed for l each i ng and d i spl aceme nt from 204 , 400 to 367 , 000  
ac re- feet.  The  schedu l e as s umes ope  rat i ons  at  West Hac kberry w ith i  n 
ex i st i ng permi ts . 

I n  s upport of the app 1 i cat i on s  for ame nded B ryan Mound permi ts , an 
eval uati on  of data of exi sti ng l each i ng and bri ne di sposal  ope rati ons  
was prepared by  the  Nat  i ona 1 Ocean i c and Atmospheri  c Adm i n i  strat i on 
( NOAA , 1981) and s ubm i tted to EPA p u rs uant to 40 CFR Part 125 . 122 
( Federal Regi ster , October 3 ,  1980 ) u nder Ocean D i scharge Cr i teri a ,  
Sect i o n  403 ( C )  of the C l ean Wate r Act . The ex i sti ng permi t i s  based on 
j udgments of � pri or i  ass umpti ons , one  of wh i ch was that i mpacts to  the 
b i ota wou l d  be s i gn i fi cant wi th i n the zone whe re sa l i n i ty wo u l d  be 
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i ncreased above amb i ent  by 3 parts per thousand ( ppt)  or  more . P re l i mi 
nary analys i s  of i ntens i ve mo n i tori ng data i ndi cates no detectab l e  
i mpacts to date , even wi th i n  sa l i n i ty zones of 3 ppt or more above 
amb i ent s urro undi  ng the di ffuser area ( see Sect. 4 . 2 . 5 . 2 ) .  If the 
ame ndment to the permi t were granted , the br i ne p l ume wo u l d i ncrease 
i ncremental l y  from an  esti mated 1 , 250  to 1 , 800  acres . The qual i ty of 
the di scharged br i ne wi l l  not change . D i ffuser  port ex i t  ve l oc i ti es 
wo u l d remai n wi th i n  permi t l eve l s ,  d i scharge water qual i ty cri teri a 
wou l d not be exceeded ,  and b i o l og ica l  i mpacts , i f  any , are expected to 
be wi th i n  exi sti ng perm i t  req u i rements . Therefore , i ncreas i ng the 
ave rage l each rate to 980 , 000  bb l /d at B ryan Mound s ho u l d have no s i gn i 
fi cant advers e  i mpacts to the mari ne envi ro nme nt . Des i gn mod i f i cati ons  
to  the  bri ne d i ffuser , other than open i ng a l l 56  d i ffuser po rts , are  not 
nece s sary .  The i ncreased raw water req u i rements are wi thi n the exi sti ng 
capac i ty of the raw water i ntake structure on  the B razo s R i ver , and no 
s i gn i fi cant i mpacts on  aquati c b i ota s ho u l d res u l t .  

At B ryan Mou nd" a n  add i t  i ona 1 o i  1 /bri n e  separato r o f  300 , OOO- bb  1 /d 
capac i ty wo u l  d be constructe d .  An o i l - i n-bri  ne mode l study (Appendi  x 
C . 2 )  i ndi cates that ai r qual i ty degradat i o n  co u l d exceed the standard 
for a major  so urce , > 100 to ns per year ( tpy) , o n l y  duri ng the l each/fi l l  
peri od of  cons tructi o n .  Esti mated hydrocarbon emi s s i o n  rates of  121 tpy 
co u l  d be expected at Bryan Mound duri  ng 1 each/fi 1 1 .  Worst-case est  i 
mated hydrocarbon em i s s i ons at West Hac kberry and B i g  H i l l  cou l d b e  127 
and 163 tpy , respecti v e l y .  

The r i s k  of bri ne sp i l l  occurrence wo u l d be s l i ghtl y l ower wi th an 
i ncrease i n  f l ow rate to 980 , 000 bb l /d average , s i nce ri s k  esti mates are 
based on  p i pe l i ne s i ze and durati on  of operati on  ( i ncreased f l ow = 
decreased durati o n ) . The amo u nt of  br i ne spi l l ed cou l d i ncrease 
s l i ghtl y .  

Phase I I I  expan s i o n  of  B ryan Mound and Wes t  Hac kberry wou l d not change 
the s i tes ' P hase I I  o i l f i l l  rates ( 180 , 000  and 175 , 000 b b l /d , 
respecti v e l y )  or  Phase I I  o i l drawdown capab i l i ty ( 1 , 0 54 , 000  bb l /d and 
1 . 4 MMB/d , respecti v e l y ) . However , the durat i o n  of these operati ons 
wo u l d i ncrease i n  re l ati on  to the addi ti o nal  storage vo l ume created at 
each s i te ,  and consequentl y ,  o i l  sp i l l  r i s k  wo u l d i ncrease s l i ghtl y .  

The des cripti on  o f  the Phase I I  expan s i o n  of  B ryan Mound i n  the Seaway 
Group F E I S  env i s i oned a 100-MMB expans i o n of the 63-MMB Phase I s i te .  
T h e  c urrent conceptual 1 ayo ut of the expanded Phase I I  I s i te ,  w i  t h  a 
total capac i ty of 220 MMB ( 6 0  MMB , Phase I ;  120 MMB , Phase I I ;  40 MMB , 
Phase I I I ) , i s  s hown i n  F i g .  2- 3 .  Thi s draw i ng i nc l udes s i x  candi date 
expans i o n  caverns (Nos . 113 to 118) , l ocated acros s  the so uthern porti on  
of the  s i te ,  i ns i de the  present bou ndary .  Caverns 113 through 116 wo u l d 
be deve l oped for thi s 40-MMB expans i o n .  Se l ecti on  of cavern l ocati ons 
was based on  geotech n i cal and env i ro nmenta l co n s i derati ons , phys i cal 
features , and proxi mi ty to exi sti ng SPR we l l s  and equi pment.  Ongoi ng 
des i gn eval uati ons cou l d  a l ter the exact l ocati ons of the we l l pads 
wi th i n  the s i te .  

2-8 



N 
I 

1.0 t 
1 

-- Roads 

� Existing DOE property line 

o Existing DOE storage caverns 

Oil BRINE 
BRINE 5 Sf�R'ICj� 

IC LXt: :; ==> 
1 1 8  

lZJ 
1 1 7  1 1 6  

� Candidate expansion cavern locations 

o Surlace support 'aclllties 

� 
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The descr i pti o n  of  the Phase I !  expan s i o n  of West  Hackberry i n  the 
Texoma Group F E I S  env i s i o ned a 150-MMB expan s i o n  of the 6 0-MMB Phase I 
s i te .  The candi date cavern l ocati ons  of  the expanded Phase  I I I  s i te ,  
wi th a total capaci ty of  241 MMB ( 5 1  MMB , P hase I ;  160 MMB , Phase I I ; 30  
MMB , Phase I I I ) , are  shown i n  F i g .  2-4 . Thi s drawi ng  i nc l udes 5 
candi date expan s i o n  cave rn l ocati ons . As wi th the B ryan Mound s i te ,  
cavern l ocati ons  we re determi ned through geotechni cal  and envi ro nmental 
co n s i derati ons , phys i cal  features , and prox i m i ty to ex i sti ng SPR we l l s  
and equ i pment.  Detai l ed des i gn stud i es co u l d requ i re mod i f i cati ons  to 
the co nceptual l ayo ut .  

Add i t i onal  l and wou l d  be requ i red at  West Hackberry .  Several 
a l ternati ve confi gurat i o n s  are under co ns i derati o n .  Addi ti onal  l and 
requ i remel1ts range from 4 to 34 acres , depend i ng on  die - cOiif i gUrat i o n  seTecte-cf: 
2 . 2 . 1 . 2  New S i te at B i g  H i l l  ( 140 MMB ) 

The preced i ng sect i o n  presented the cons i derat i o n s  i nvo l ved i n  the 
co nc l us i on that the pract i cab l e  l i m i t  fo r expandi ng exi st i ng  SPR s i tes , 
co n s i stent wi th the t im i ng objecti ves of  Phase I I ! , i s  70 MMB . To 
accomp l i s h the P hase I I I  goal s of  i ncreas i ng o i l  s torage capac i ty by 212 
MMB and i ncreas i ng S P R  drawdown capab i l i ty by about 1 MMB/d requ i res , i n  
add i ti o n to the 70-MMB expans i o n , the devel opment o f  a new s i te wi th 
140-MMB capac i ty .  

Construct i o n  and operat i o n  o f  a 100-MMB s i te at B i g  H i l l was eval uated 
i n  the Texoma Group F E I S  as an a l ternat i ve to the current Phase I I  
expan s i o n  o f  West  Hac kberry .  A s ub sequent co nceptual des i gn has 
expanded the s i te ' s  propos ed capac i ty to 140 MMB , wh i l e  requ i r i ng 
s l i ghtl y l es s  s u rface area by a l teri ng parameters of  cavern d i men s i ons  
and confi gurat i o n .  These  are s hown i n  Tab l e  2-2 , wh i ch al so  compares 
other aspects of i ncreased raw water and b r i ne f l ow rates of  the current 
proposed des i gn to the des i gn eval uated i n  the Texoma Group F E I S .  

Al so shown i n  Tab l e  2-2 i s  a potenti a l  reduct i o n  i n  the s i ze o f  the 
br i ne pond ( from 120 , 000  b b l  to pos s i b l y  o n l y  50 , 000 b b l ) i n  the con
ceptual des i gn compared wi th the Texoma Group F E I S . A fi nal  s i z i ng of 
the b r i ne pond wo u l d be determi ned duri ng detai l ed des i gn .  If  the br i ne 
pond capac i ty were 50 , 000 bb l  and i f  l each i ng were i ncreased from 
687 , 000  bb l /d to 1 . 4 MMB/d , the bri ne res i dence t i me i n  the pond wou l d  
be reduced by 80 percent from 4 . 3 to 0 . 86 h .  An  u ndergro und b ri ne 
di sposal  we l l  system , wh i ch wo u l d  requ i re addi ti onal settl i ng t ime fo r 
s u spended part i cu l  ate s i n  the pond , i s  not be i ng  used .  Cons equentl y ,  
the reducti on  of  br i ne res i dence t i me i n  the pond wo u l d not affect 
hydrocarbon emi ss i o ns  becaus e  evaporat i o n  of hydrocarbons  di  sso 1 ved i n  
the br i ne occurs rap i d l y  i n  the o i l /bri ne s eparato rs . 

The cu rrent propo sed  s i te l ayo ut i s  s hown i n  F i g .  2- 5 .  The prec i se  
l ocat i o n  of  the l ayout on  the dome wi l l  be determi ned by  ongoi n g  geo
tech n i ca l  i nvesti gat i o n s  and real estate factors . Recent i nvesti gat i ons  
i ndi cate a pos s i b l e overhang i n  the  so uthern extrem i ty of  the  dome . 
More detai l ed i nvesti gati ons  may val i date the requ i rement fo r a more 
ce ntral l ocati o n .  Thi s dec i s i o n  wo u l d  caus e  no s i gn i fi cant vari ati on  i n  
envi ro nme ntal aspects of s i te construct i o n  and operat i o n . 
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Table 2·2. Big Hi l l  storage site characteristics 

Item 

Cavern 

Capaci ty 

Number 

Hei ght 

Spaci ng 

Land area 

Roads on s i te 

I njecti on  pumps 

O i l 

Raw water 

Raw water system 

P i pe l i ne to ICW 

Permanent easement 

P umps at i ntake 

Water i ntake vel oci ty 

F i s h  protecti on 
system 

Raw water treatment 

Raw water pond and 
tank 

Operations  data 

Rate duri ng 
l eachi ng 

Rate duri ng 
drawdown 

Texoma Group FEIS  Conceptual des i gn 

100 MMB 

8 @ 10 MMB 
4 @ 5 MMB 

1 , 000 ft 

800 ft on center 

230 acres , 
10 acres fo r 
faci l i ti es 

1. 5 mi 1 es 

4 @ 700 H p l  

10 @ 1 , 150 H P  

36- i n .  di ameter 

31 acres 

4 @ 700 HP 

0 . 5  ft/s 

Not descri bed 

Not descri bed 

120 , 000-bb l pond 
3 , 000-bb l tan k  

687 , 000  bbl /d 

700" , 000 bbl /d 

2-12  

140 MMB 

14 @ 10 MMB 

2 , 000 ft 

750 ft on center 

",25 0  acres , 
18 acres for 
faci l i ti es 

2 . 7 mi l es 

6 @ 1 , 750 HP 

12 @ 1 , 750 HP 

46- i n . di ameter 

31 acres 

8 @ 1 , 500 HP 
2 @ 200 HP 

0 . 5 ft/s 

Fi ne mes h  travel i ng 
screen 

Chl ori ne i nj ect i o n  

26 , 000-bbl pond 
for fi re protecti on 

1 .  4 MMB/d 

935 , 000  bbl /d 



I tem 

D urat i o n  o f  
l each i ng 

Total vo l ume 
for l eachi ng 

Bri ne  d i sposal  sys tem 

P i pe l i ne 

Li ned b ri ne  pond  

Pumps 

Permanent easeme nt 

O i l b ri ne s eparator 

Operati o n s  data 

Rate duri ng  
l each i ng 

Rate duri ng  
refi " 

O i l d i stri b uti o n  

P ipe l i ne 

Tankage 
Surge 

B l anket  o i l  

S l op o i l 

Permanent easeme nt 

Operati o n  data 

Rate duri ng  
drawdown 

Rate duri ng  
fi " Irefi " 

Table 2·2. (continued) 

Texoma G ro up F E I S  Conceptual des i gn 

38 months 39 months 

782 MMB 1 , 200 MMB 

36- i n .  d i ameter 

120 , 000 b b l  

6 @ 500 H P  

5 5  acres 

15 mg/L ( max ) 
10 mg/L  ( av )  

672 , 000 b b l /d 

117 , 000 bb l /d 

27 mi l es ,  
42- i n . d i ameter 

20 , 000  b b l  

3 , 000 bbl  

None 

144 acres 

667 , 000  b b l /d 

117 , 00 0  b b l /d 

2- 13  

42- i n .  d i ameter 

50 , 000 - 120 , 000 
bb l  

8 @ 1 , 500 HP  

55  acres 

15 mg/L ( max ) 
10 mg/L ( av )  

1 . 4 MMB/d 

280 , 000 b b l /d 

23 mi l es ,  
36- i n . d i ameter 

None  

10 , 000 b b l  

1 @ 3 , 000 gal 
1 @ 6 , 00 0  gal 

142 acres 

935 , 000 b b l /d 

140 , 000 to  280 , 000 
b b l /d  



I tem 

Roads o ffs i te 

Fee 

Easement 

lH P  = H o rs epower .  

Table 2·2. (continued) 

Texoma Gro up F E I S  Conceptual des i gn 

Not  descr i  bed  

Not  des c r i bed  

2- 14 

2 m i l es 

5 . 7 m i l es 
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2 . 2 . 2 P referred Systems 

Th i s s ecti on  descri bes  the preferred o i l  d i s tri buti on  and br i ne d i sposal  
systems for Phase I I I  devel opment at B i g  H i l l .  A l ternat i ve B i g  H i l l  o i l 
d i str i b uti on  and br i ne d i sposal  systems are des cri bed i n  Sect.  2 . 3 . 3 . 

2 . 2 . 2 . 1  Crude O i l D i stri buti o n :  B i g  H i l l  to Sun  Termi na l 

The preferred and a l ternati ve o i l  p i pe l i ne routes are s hown i n  F i g .  2- 6 .  
The p referred route i s  the shortest ,  from B i g  H i l l  to the Sun  Termi nal  
at  Nederl and , Texas , 23 mi l es to the  northeast .  Th i s ro ute d i ffers o n l y  
s l i ghtly from the route i n  the Texoma F E I S  ( Sect.  3 . 3 . 4 . 5 ) a n d  i nvo l ves 
fewer water cro s s i ngs and wetl ands . Th i s ro ute i s  i nc l uded i n  the 
env i ronmental eval uat i o n  i n  s ubsequent s ecti ons . 

As d i scus sed i n  Sect.  2 . 2 . 1 . 1 ,  Phase I I I  expan s i o n  of Bryan Mo und and 
West Hac kberry wou l d  not affect S P R  o i l f i l l  or  drawdown rate 
capab i l i t i es .  Phase I I I  deve l opment of a new s i te at B i g  H i l l , however , 
i s  des i gned to i ncrease S P R  o i l fi l l  rate by up to 280 , 00 0  bb l /d and 
drawdown rate capab i l i ty by 935 , 000  bb  1 /d .  I f  the  three Texoma G roup 
s i tes  di stri b ute o i l  to Sun  Termi nal s i mu l taneo u s l y  at des i gn drawdown 
rates , the throughput requi rements wo u l d be 2 , 335 , 00 0  bb l /d ( 1 . 3 MMB/d 
from West Hac kberry , 100 , 000  bb l /d from S u l phur  M i nes , and 935 , 000 bb l /d 
from B i g  H i l l ) . After S u l phur  Mi nes i s  drawn down . fl ow rates from West 
Hac kberry wo u l d i ncrease to 1 . 4 MMB/d . The termi nal  i s  des i gned to 
di stri b ute 420 , 00 0  b b l /d through the Texoma p i pe l i ne ,  413 , 00 0  b b l /d 
through l ocal  de l i veri es , and 412 , 000  b b l /d v i a p i pe l i nes now under 
cons tructi o n , maki ng a total of 1 , 245 , 000  b b l / d .  Current s h i p  and barge 
l oadi ng capac i ty ranges between  763 , 00 0  and 1 , 165 , 000  bb l /d ,  as s umi ng a 
60 percent berth uti l i  zat i on .  Some of th i  s capac i ty i s  general l y  used 
for transport i ng ref i ned petro l eum products and may be  unavai l ab l e  for 
SPR needs . The Sun Termi nal  now has perm i ts for construct i ng one  new 
berth , whi ch wou l d  have a capac i ty of  201 , 000 bb l /d .  A s s um i ng that fu l l 
u s e  of  the p i pe l i ne capac i ty can be  made duri ng a fore i gn o i l  s upp l y  
di s rupti o n , the requ i rement for doc k  throughput ( 1 . 1 MMB/d) wo u l d b e  
wi th i n  the range of  capaci ty at S u n  Term i nal . 

2 . 2 . 2 . 2  B i g  H i l l  Raw Water and Bri ne  D i sposal  

The propo sed  raw water i ntake structure wo u l d be  l ocated on  an abandoned 
barge s l i p  at mi l e  305 of  the I CW .  The structure wou l d  cons i s t of a 
concrete box contai n i ng bar rac ks , trave l i ng screens , fi s h  protecti o n  
dev i ces , raw water pumps , and screen was h  p umps . The des i gn wou l d 
ens ure a maxi mum ve l oc i ty at the trave l i ng s creens of  0 . 5 ft/s . A 
46- i n .  p i pe l i ne wo ul d connect the i ntake structure wi th the s i te abo ut 
5 . 3 m i l es to the north . E l ectric  power for p umps and motors wou l d  be 
s upp l i ed thro ugh cab l es b uri ed in  the p i pe l i ne ri ght-of-way ( ROW) .  
Detai l ed d i scus s i ons  of  raw water i nta ke structures and the i r ecol ogi cal 
i mpacts are presented i n  the Texoma and Seaway Gro up FE I S s .  
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The proposed 42- i n .  br i ne d i sposa l  p i pe l i ne wo ul d run southeas ter ly  12. 7 
mi 1 es  to a di ffuser l ocated 3 . 5 mi  1 es  o ffshore near the 30- ft depth 
contour ( F i g .  2- 6 ) . O n  s hore , the 9 . 2-mi l e- l ong p i pe l i ne wou l d  be 
coated wi th concrete to ac h i  eve a negat i ve buoyancy .  Throughout i ts 
l e ngth , the p i pe l i ne wou l d  be buri ed wi th a mi n i mum of  3 ft of cover.  
The b r i ne and raw water p i p e l i nes  wo u l d use  one ROW between the s i te and 
I CW .  The proposed br i ne di ffuser s i te wo u l d be  l ocated near l ati tude 
29° 34 1 North and l o ngi tude 94° 09 1 West  ( s ee F i g .  2- 6 ) .  

The di ffuser  header wou l d b e  bur i ed , wi th the top o f  the header about 6 
ft b e l ow the Gu l f  f l oor .  The di ffuser heade r wou l  d cons  i st  of 74 
3- i n .  -d i  ameter di ffuser ports , l ocated 60 ft apart at centers ( F i  g .  
2-7 ) .  Total d i ffus e r  l ength wo u l d be 4 , 380 ft . T o  prevent entangl ement 
of fi s h i ng nets , 3- i n . -d i ameter rubber di s charge hoses wou l d extend from 
the d i ffuser  port to a po i  nt 5 ft above the Gu l f f l oor .  A d i ffuser 
guard wo u l d be i ns ta l l ed on  each d i ffuser port before backfi l l i ng 
( F i g .  2- 7 ) . Br i ne effl uent ve l oci ty wo u l d be 25 ft/s , wi th a di scharge 
rate of 91 ft3/s . To maxi mi ze di spers i o n , the di ffuser wo ul d l i e per
pendi cu l ar to the coast to take advantage of the predomi nant l o ngshore 
currents . 

2 . 3 OTHE R  ALTERNATI VES 

In p l ann i ng for Phase I I I , the comp l ete range of al ternati ves co n s i dered 
fo r earl i er program acti ons was rev i ewed .  Some sto rage medi a ,  such as 
moo red tan kers and abovegro und tan ks , were rej ected for reasons  s uch as 
exces s i ve costs , unacceptab l e  envi ronmental i mpacts , and excess i ve t ime 
fo r devel opment .  These  i s s ues  are documented i n  ear l i er program repo rts 
and F E I Ss ( DO E ,  1981) . Other al ternati ves co n s i dered i n  Phase  I I I  
p l ann i ng ,  descri bed i n  thi s secti on , i nc l ude a l ternat i ve storage s i tes , 
al ternati ve systems to the preferred sto rage confi gurati on , and the I I no 
acti on ll a l ternati ve ( i . e . ,  l i mi t i ng the SP R to 5 38-MMB capac i ty at the 
comp l eti on  of Phase I I ) .  

2 . 3 . 1  Al ternati ve O i l Storage Si tes and Configurati ons 

2 . 3 . 1 . 1  B i g  H i l l  ( 140 MMB ) , B ryan Mound (60  MMB ) , West Hackbe rry 
( 10 MMB ) 

The econom i c  advantages of  Phase I I I  expan s i o n  of Bryan Mound and West  
Hackbe rry and  the  eff i c i enc i es of i ntegrated Phase  I I /Phase I I I  cavern 
devel opment were di scus sed i n  Sect.  2 . 2 . 1 . 1 . 

As an a l ternative  to the 40 : 30 al l ocat i o n  between B ryan Mound and West 
Hackberry of the preferred approach (Sect . 2 . 2 . 1 . 1) ,  the 70-MMB Phase 
I I I  expans i on cou l d  be achi eved by a l l ocati ng 60 MMB to B ryan Mound and 
10 MMB to West Hackberry .  Th i s confi  gurat i o n wou l  d res u l t i n  the 
mi n i mum l and acqu i s i ti on for Phase I I I ,  l es s  than 4 acres at West 
Hackberry . Devel opment of 60 MMB at B ryan Mound i n  Phase I I I  cou l d  be 
i ntegrated wi th the s econd group of Phase II  caverns by reduci  ng the 
average l each i ng rate fo r each and , consequentl y ,  i ncreas i ng the 
durati on of l each i ng fo r each cavern propo rti onate l y .  However ,  th i s  
wou l d  res u l t i n  no net t i me savi ng  or other advantage rel ati ve to 
devel opment as a separate group fo l l owi ng the comp l eti on  of Phase I I .  
Both of these app roaches wo u l d  extend the durati on  for devel opment of 
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the 70-MMB expans i on at the exi sti ng S P R  s i tes and i ncrease costs . 
Deve l opment of th i s  a l ternati ve wou l d  req u i re an addi ti onal 6 months 
( s ee Fi g.  2- 2 )  and i ncrease costs , approxi matel y  $30 mi 1 1  i on  over the 
preferred conf i gurati o n .  

2 . 3. 1. 2  Expans i on of  Other SPR  S i tes 

I n  the eval uati on  of expand i ng exi sti ng SPR  s i tes , Bayo u Choctaw , 
S u l phur  Mi nes , and  Wee ks I s l and were cons i dered , as we l l as Bryan Mound 
and We st  Hac kberry .  None  of these s i tes i s  a reasonab l e a l te rnati ve to 
Bryan Mound  or Wes t  Hac kbe rry for expans i on .  

S u l p hur  M i nes ( DO E , 1978a) i s  a smal l ,  i rregu l arl y c i rcu l ar sal t dome 
wi th an i rreg u l ar top and very steep s i des.  It was s e l ected for S P R  
Phase I because  of  t h e  avai l ab i l i ty of 22 MMB of exi sti ng storage space 
and the rel ati ve ease of  tyi ng i nto the West Hac kberry o i l d i stri buti on  
l i ne .  The  sa l t avai l ab l e fo r expans i on is  very l i m i ted ; 103  acres of 
sa l t are l ocated wi th i n  the - 2 , 000- ft contour , and 0 . 259 cub i c  mi l e  of 
sa l t i s  l ocated above the - 10 , 500-ft contour .  The s i te a l so  poses  h i gh 
r i s k  i n  dri l l i ng new caverns because of extens i ve h i stori cal s u l fur 
mi n i ng i n  the dome 1 s  caproc k .  F i nal l y ,  the capaci ty to d i spo se  of  bri ne 
by undergro und  i nject i on i s  l i m i ted .  The exi sti ng bri ne di sposal  system 
con s i sts of four i nj ecti on we l l s ,  wh i ch were des i gned fo r a nom i nal 
capac i ty of 1 , 000  gal /m i n  ( 34 , 000 bb l /d)  eac h .  There has not been 
s uffi c i ent o i l f i l l  experi ence at the s i te to eval uate performance of  
the i njecti on  we l l s  there , but  a bri ne i nj ecti on  experi ence s uper i or to 
that at Bayou Choctaw or West  Hac kberry wo u l  d not be expected ( s ee 
Append i x  H ) .  Prob l ems encou ntered i nc l ude exce s s i ve anhydr i te b u i l dup , 
format i o n  p l ugg i ng near the we l l bore , sand i nf l ow ,  dai l y  ac i di z i ng 
treatments , and res u l tant downtime .  These a l l res u l t  i n  p rogram de l ay 
and i ncreased cost .  

There i s  s uffi c i ent sal t at Bayo u Choctaw to  expand the  s i te by 50  MMB 
beyond  Phase I I .  Or i g i nal l y ,  a bri ne di sposal  system of up to 28 we l l s  
des i gned to i nject 960 , 000  bb l /d was anti c i pated at Bayou Choctaw ( FEA , 
1976 ) .  However , d i sposal  operati ng experi ence duri ng i n i ti a l  Phase I 
devel opment was so  adverse that o n l y  12 we l l s  were b u i l t. These 12 
we l l s  are projected to s ustai n a comb i ned  rate of 115 , 00 0  bb l /d. 
I ncreas i ng the bri ne di sposal  rate to accommodate new cavern devel opment 
i n  . accordance wi th Phase I I I  schedu l es  wo u l d  not be reasonab l e  ( s ee 
Appendix  H ) . 

Wee ks I s l and has s uffi c i ent sal t for expan s i o n  by more than 100 MMB . 
However , th i s  s i te a l so presents maj or  br i ne di spo sal  prob l ems i n  spi te 
of i ts l ocati on  on the edge of Vermi l i on  Bay .  Because of the number of 
envi ronmental l y  s e n s i tive areas i nvol ved and the di stance off shore to 
the m i n i mum acceptab l e  depth for a G u l f of Mexi co bri ne d i ffuse r ,  a very 
l arge p i pe l i ne (greater than 42- i n . - d i ameter)  of more than 5 0  m i l es 
wo u l  d be  requ i  red , 48 mi l es  of wh i ch wou l  d be off s hore ( DO E , 1978c ) .  
Cros s i ng maj or  produc i ng o i l f i e l ds , wh i ch co u l d not be avo i ded , wou l d 
cause add i ti onal maj or con structi on prob l ems . Because of the remoteness  
of the di ffuser from the  s i te and from avai l ab l e ons hore s uppo rt bases  
fo r offs hore serv i ces , operati on and mai ntenance of the d i ffu ser  wo u l d 
be di ffi cu l t . 
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2 . 3. 1 . 3  Other Gu l f  Coast Sal t Dome Storage S i tes  

As  di scussed  i n  Sects . 2 . 2 . 1 . 1 ,  2 . 3 . 1 . 1 ,  and  2 . 3 . 1 . 2 , expans i on of  
exi sti ng S P R  s i tes beyond Phase I I , i n  a manner cons i stent wi th Phase 
I I I  objecti ves and cri teri a ,  i s  l i m i ted  to a comb i ned vo l ume of 70 MMB 
at Bryan Mound and We st Hac kberry .  To acqu i  re 210 MMB i n  Phase I I I , 
devel opme nt of  140 MMB of  storage at a new s i te or s i tes  wou l d be 
req u i red . Con s i derati on  of a l ternat i ve new s i tes a l ong the G u l f Coast 
was l i mi ted  to sa l t domes prev i ou s l y  co n s i dered i n  the Cap l i ne ,  Texoma , 
and Seaway F E I S s . Devel opment of more than one new s i te has been di s
co unted for  Phase I I I  dev e l opme nt s i nce there wo ul d be add i t i onal  
i mpacts to  l and use , natural and  scen i c resources , ai r qual i ty ,  spec i es 
and hab i tats , and soci oeconom i cs .  There are i nd i v i dual sa l t domes wi th 
the de s i red potenti al  capac i ty avai l ab l e for storage . 

Candi date storage s i tes  eval uated i n  the Cap l i ne Group F EIS i nc l uded 
Napo l eonvi l l e  sal t dome i n  A s s umpti on Pari sh , Lo u i s i ana ; Chacaho u l a dome 
i n  Lafo urche Pari s h ,  Lou i s i ana , and Iberi a dome i n  Iberi a Pari s h ,  
Lou i s i ana .  The l ocati ons  o f  the se domes are s hown i n  F i g .  2-8 . The 
Iberi a dome i s  smal l ,  wi th a proj ected capac i ty of o n l y  50 MMB . 
Deve 1 opment wo u l  d req u i  re underground i nject i o n  of bri ne and the con
structi on  of a 39-mi l e  o i l p i pe l i ne cros s i ng the Atchafal aya Bas i n  to 
connect wi th the Wee ks I s l and- St .  James p i pel i ne near Napo l eonv i l l e . 
The Chacaho u l a dome , a l though l arge enough to accommodate up to 200 MMB 
of storage , was con s i dered to be envi ronme ntal l y  undes i rab l e  because of 
the i mpact on wetl ands at the storage s i te and the as soci ated o i l and 
bri ne d i sposal  p i pe l i nes . In addi ti on , the cost of the br i ne p i pe l i ne 
wo u l d be h i gh because of the di stance off s hore ( 23 mi l e s ) , at 
Poi nt-au- Fer , requ i red to reach a s u i tab l e di ffuser  s i te .  The 
Napo l eonv i l l e dome co u l d accommodate 150 MMB of storage and was the 
proposed deve l opment for expans i o n of the Cap l i ne Group . (Th i s  s i te i s  
now cons i dered i mpracti cab l e  because o f  the unavo i dab l e  i mpact on  
wet 1 ands  and  the need  to  i nj ect bri  ne or to  con struct an extens i ve 
p i pe l  i ne to the G u l f of Mex i co . ) None of  the candi date s i tes i n  the 
Cap l i ne Group wi l l  be cons i dered further . 

Candi date storage s i tes  eval uated i n  the Texoma Group F EI S  i nc l  uded 
B l ack Bayo u sal t dome i n  Cameron Pari sh , Lo u i s i ana ; V i nton dome i n  
Cal cas i eu Pari sh , Lo u i s i ana ; and B i g  H i l l  dome i n  Jefferson County ,  
Texas . The l ocati ons  of these  domes are s hown i n  F i g .  2-8 .  One s i te ,  
or a comb i nat i o n  of  these  new s i tes , was proposed as an a l ternat i ve to 
the SPR  Phase I I  expans i o n of the We st Hackbe rry s i te .  The B l ac k  Bayou 
dome co u l d accommodate 150 MMB of storage , a more than suff i c i ent 
capac i ty ,  i n  comb i nat i o n  wi th feas i b l e expan s i ons  of  the Phase I I  B ryan 
Mound and We st  Hac kbe rry s i te s .  Th i s s i te 1 i es enti re l y  i n  a wetl and 
area , however , and i s  cons i dered to be env i ronmental l y  unde s i rab l e .  The 
V i nton  dome wo u l d accommodate o n l y  50  MMB and wou l d be co n s i dered o n l y  
i n  order t o  decreas e the requ i red capac i ty a t  another s i te .  C o s t  con
s i derati ons  and the nece s s i ty to di spo se of bri ne by u nde rgro und i nj ec
ti on  prec l ude the deve l opment of the Vi nton  s i te ,  i f  the Phase I I I  
storage goal can .be reached by u s  i n g  other candi date s i tes . The B i  g 
H i l l  dome cou l d  accommodate the needed storage .  As de scri bed i n  the 
Texoma Group F E I S , B i  g H i  1 1  was as ses sed  as a 100-MMB s i te .  After 
pub l i cati on  of the Texoma Group FEI S ,  a conceptual des i gn study was 

2-21 



N 
I N N 

. 
: t · · · · · · · · N · • · j · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

� . 
Seaway 
pipeline 

· · · · · · · 

• • · • · · · • · 

Texoma \ 
pipeline � · · · · · • · · · · · · · 

TEXAS � 
� · · · · · · · · · · · · · · • · · • · · · • · · 

Beaumo
·
tlt 

� � 
Houston 

� �� �� 
Sun Terminal-

· · · 
Nash Damon� 

Mound � 
West EJ � Columbia � 

Allen G 

i Shreveport 

LOUISIANA 

Alexandria  
#' 

Bayou Choctaw. 

• Existing SPR storage site 

'"' Existing SPR storage site 
\::J with Phase III expansion 

o Proposed SPR storage site 

o SPR candidate salt dome 

• • •  Commercial pipeline 

• Pipeline terminal 

Capllne 
pipeline 

- - - - 7  MISSISSI PPI 

Figure 2·8. Seaway, Texoma, and Capl ine group salt domes. 



conducted for a 140-MMB storage faci l i ty ,  wh i ch changed cavern 
d i me n s i ons  and confi gurati o n , as  i s  seen i n  Tab l e  2-2 .  B i g  H i l l  sa l t 
dome has the maj or  advantages o f  hav i ng a mi n i mal  effect o n  wetl ands and 
ease of  br i ne d i sposal  to the Gu l f ,  and as prev i ou s l y  di scussed  i n  thi s 
sect i o n ,  i t  rep res ents the maj or e l ement of the preferred a l ternati ve  
for Phase I I I  devel opment.  It  i s  the  on l y new s i te wi thi n the  Texoma 
Group that wi l l  be con s i dered further i n  s ub sequent secti ons . 

Candi date storage s i tes eval uated i n  the Seaway Group F E I S  i nc l uded Nash 
sa l t dome i n  Fort Bend County , Texas ; and Al l en ,  Damon Mound , and West  
Col umb i a  domes i n  B razori a County , Texas . The  l ocati ons of these domes 
are s hown i n  F i g .  2-8 .  These s i tes  were proposed  as a l ternati ves to the 
Bryan Mound s i te expans i on  that i s  part of SPR Phase I ! .  Each of the 
s i tes  was asses sed at 100 MMB of  storage , and the deve 1 opment of each 
was cons i dered to be feas i b 1 e wi thout unacceptab 1 e adverse i mpacts on 
wetl ands . Howeve r ,  the three i n l and domes , Nas h ,  Damon Mound , and West 
Co l umb i a ,  are no l onger cons i dered pract i cab l e because of the i r  re l i ance 
on  underground i njecti on for br i ne di sposal  ( see  Appendi x  H ) . 

A l l e n dome i s  wi thi n 7 mi l es of  the coastl i ne ,  maki ng offs hore bri ne 
di sposal  feas i b l e .  The s i te i s  not cons i dered a reasonab l e  a l ternati ve  
to  B i g  H i l l  for Phase I I I  obj ecti ves , pri mari l y  because  of the  crude o i l  
d i stri b uti on  capab i l i t i es o f  the Seaway Termi nal . Drawdown rates , 
comb i ned wi th those  at B ryan Mound , wou l d  overl oad the throughput 
capac i ty of the termi nal and wou l d  req u i re add i ti onal  devel opment of 
port and termi nal fac i l i ti es . 

A 1976 feas i b i l i ty study ( C rutche r ,  Rol f ,  Cummi ngs , I n c . , 1976)  i nd i 
cated the s u i tab i l  i ty of  deve 1 opi n g  3 5  MMB o f  storage at A l l en dome . 
Devel opment of  the s i te at 100 MMB , or  a greater amount , wo u l d requ i re a 
s ub stanti al s ub s urface te sti ng program to augme nt l i m i ted exi sti ng data 
for confi rmi ng the sa l t dome boundary .  A thorough testi ng program wo u l d 
take several years . Part of the dome l i es  under the San Bernard Ri ver 
and wou l d  be unavai l ab l e  for deve l opme nt.  The remai nder l i es wi th i n  the 
f l oodp l ai n  and wou l d  not be devel oped un l ess  there was no practi cab l e  
a l ternat i v e .  

2 . 3 . 1 . 4 Offs hore Domes 

Three sal t domes off s ho re from the present SPR l ocati ons  i n  Lou i s i ana 
and Texas have bee n i denti f i ed as candi date SPR storage s i tes . The 
l ocati ons of  these domes are s hown i n  F i g .  2- 9 ,  and thei r bas i c  
character i s ti cs  are prov i ded i n  Tab l e 2- 3 .  
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Table 2·3. Characteristics of proposed offshore dome SPR s ites 

Prop o s ed Water Depth from D i stance 
Dome cap ac i ty depth sea f l oor  to sal t offs hore 

(MMB ) ( ft )  ( ft )  (m i l es )  

Gal vesto n  B l oc k  A- 86 200 115 600 
Ga l vesto n  B l oc k  A-64 200 122 455 
East Cameron B l ock  192 200 85 1000 

Up to 24 sto rage cavern s , each hav i ng a nomi nal  capac i ty of 10 MMB , 
cou l d be  deve l oped  i n  each dome . Cavern l each i ng wou l d  be  accomp l i s hed  
by  u s i ng seawater ,  and b r i ne wo u l d be  d i scharged at  s e l ected l ocat i o n s  
i n  t h e  v i ci n i ty o f  each dome . S urface fac i l i t i es t o  accomp l i s h 
l each i ng , l each/fi l l , drawdown , and refi l l  wou l d i nc l ude o ffshore p l at
forms for pump i ng and control  e q u i pment , crew l i v i ng q uarters , and s h i p  
moo r i n g  a n d  anchorage fac i l i ti es .  Fai rways l eadi ng to des i gnated 
s h i pp i ng l anes  wou l d b e  i de nt i fi ed .  O n s h o re s upport bases  near 
Freep o rt , Port Arthu r ,  and Cameron cou l  d s e rv i  ce the offsho re 
operat i o n s . 

Th i s  concept o ffers certa i n e n v i ronmental , l og i st i c ,  and s trategi c  
advantages over o n s h o re concepts . However , the offsho re opti o n  poses  a 
ser i es  o f  tec h n i cal d i ff i cu l t i es  and a s eq uence o f  management comp l ex i 
t i es  s i gn i fi cant l y  d i fferent from those encountered to date . Mo re ti me 
i s  req u i red for geotec h n i cal i nvesti gati o n s , tec h n i cal asses sments , and 
econom i c ana l yses  to better estab l i s h  feas i bi l i ty .  Confi rmat i o n  of the 
sa l t dome b o undary i s  s i gn i f i cant l y  more i nvo l ved than o n  s ho re , as i s  
establ i s h i n g  the feas i b i l i ty of  a maj o r  s e l f-conta i ned power generat i o n  
sys tem . The p ower req u i rement for conventi onal  offs hore produc i ng  
p l  atforms does  not app roach that o f  the nece s sary system o f  p umps for  
1 each i ng . Conseq ue nt l y ,  i t  i s  conservat i v e l y  e s ti mated that s e l  ecti o n  
o f  offs hore domes wou l d  res u l t i n  a 2-year de l ay i n  i mp l ementi n g  Phase 
I I I .  A l though offs hore domes are s ti l l  con s i dered to b e  a v i ab l e  
a l ternat i ve for the future and i nvesti gati o n s  and ana l yses  wi l l  
conti nue , they w i l l  not be eval uated further i n  th i s documen t .  

2 . 3 . 1 . 5  I n l and Domes 

The l arge group of  sa l t domes  i n  northern Lou i s i ana , M i s s i s s i pp i , and 
A l abama has been  exten s i ve l Y  eval uated for SPR devel opment p otent i al 
( Dames and Moore , 1979 ; Sc i ence App l i cati o n s , I nc . , 1979 ) .  Seven domes 
we re s e l ected for further s tu dy from the 42 candi dates exami ned .  These 
domes are G i l bert i n  Frank l i n  Pari s h ,  Lou i s i ana ; Bru i nsbu rg i n  C l ai b o rne 
Co unty , M i s s i s s i pp i ; Leedo i n  J efferson  County , Mi s s i s s i pp i ; Byrd , 
Cyp re s s  Cree k ,  and R i chton i n  Perry County , Mi s s i s s i pp i ; and Mc I ntosh  i n  
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Was h i ngton County ,  A l abama . Byrd and Mc I n to s h  domes are con s i dered 
capab l e  of accommodat i ng about one- hal f of the SPR Phase I I I  requ i re
ment , whi 1 e each of the other fi ve  domes i s  capab 1 e of stori  ng  the 
enti re Phase I I I  amo unt . 

Of  the var i ous  crude o i l  handl i ng co ncepts fo r the G i l bert , Bru i nsburg , 
and Leedo s i te s , the a l ternat i ve cons i dered  mo st  practi cab l e  was to 
connect the s i tes  by p i pe l  i ne to deepdraft port fac i 1 i t i e s  at Baton 
Ro uge , Lou i s i ana .  Raw water requ i red fo r l each i ng and drawdown cou l d be 
obta i ned from the M i s s i s s i p p i  R i ver  and wO,u l d  represent a negl i g i b l e  
fracti o n  o f  total f l ow ,  even duri ng mi n i mum fl ow peri ods . Port fac i l i 
t i e s  for the remai n i ng domes cou l d be constructed at Mob i l e ,  A l abama , or 
Pascagou l a ,  M i s s i s s i pp i . Raw wate r so urces i nc l ude the Leaf R i ver  i n  
M i s s i s s i pp i  and the Tomb i gbee R i ver  i n  A l abama . 

Use  of these i n l and domes prese nts several ser i ous  pro b l ems res u l ti ng 
from the i mpract i cal  i ty of the avai l ab l e  method of  b ri ne d i sposal  and 
the pauc i ty of  adequate geol ogi c i nformati o n  requ i red to s e l ect and 
devel op v i ab l e  candi date i n l and domes . 

The o n l y  ava i l ab l e  method of  br i ne d i sposal  i s  undergro und i nject i o n .  
D i sposal  t o  the G u l f i s  not practi cab l e  becaus e  p i pel i nes  of u p  t o  120 
mi l es wou l d be req u i red .  The i mpracti cal i ty of underground i nject i o n at 
the scal e of l each i ng operat i ons  i s  documented i n  Appen d i x  H .  F i rst , 
before s i te s e l ect i o ns  cou l d  be made , a geotec h n i cal program of several 
test  wel l s  wo u l d  be necessary to confi rm the nature , extent , and th i c k
ne s s  of reservo i  r sands and the exi stence of  aqui  c l  udes to prevent 
contami nat i o n of fre s hwater s upp l i es .  The l ac k  of exi st i ng geotec h n i cal 
data stems from the re l at i ve l y  smal l amo unt of  o i l and gas exp l orat i o n 
around i n l and  dome s .  Compared w i th Gu l f Coast sal t domes , whe re the 
1 i ke 1 i hood of  oi 1 and gas traps i s  much greater becaus e  of  1 arger 
structural d i sturbances , s uch  as fol d i ng and fau l t i n g ,  the extent of 
exp l orat i o n i s  s i gn i fi cant l y  l es s .  Second , add i ti onal  de l ays  i n  the SPR  
program wou l d  res u l t from deve l opme nt of an underground i nj ecti on 
system . To accommodate the b r i ne d i sposal  parameters proposed for B i g  
H i l l ,  1 . 4 MMB/d for a l most  4 years , a n  i nj ect i o n we l l f i e l d o f  112 we l l s  
l ocated on  980 acres of l and wo u l d  be  req u i red ( see Append i x  H ) .  
Cons i deri ng  the sUbstanti a l  number of we l l s ,  the probab i l i ty of l and 
acc e s s i b i l i ty prob l ems , and s hortages of dri l l i ng r i gs and c rews , a 
l engthy co nstruct i on peri od wo u l d probab l y  be requ i red . 

D i s regard i ng i nordi nate costs  and de l ays i n  deve l op i ng the req u i red 
bri ne  i nj ecti on systems , the dec i s i ve d i ffi cu l ty wi th i n l and domes i s  
that there i s  no assurance that the subsurface di sposal  zones wo u l d  
accept br i ne at the requ i red rate and vo l ume fo r the requ i red peri od .  
Therefore , use  of i n l and domes consti tutes an  unacceptab l e  ri s k  to  SPR  
objecti ves and wi l l  not rece i ve further con s i derati on i n  thi s document .  

2 . 3 . 1 . 6  M i nes 

An al ternat i ve concept for a porti on of  the SPR  P hase I I I  requ i rement i s  
sto rage of crude o i  1 i n  exi st  i ng m i  nes . Three mi  nes  that were be i  ng 
co n s i  dered are Central  Roc k  1 i mestone mi  ne i n  Ke ntuc ky ,  I ronton 
l i me s tone  m i ne i n  O h i o ,  and Kl eer sa l t mi ne i n  Texas . The i r charac
teri s t i c s  are s ummari zed i n  Tab l e 2-4 .  
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Table 2·4. Characteristics of proposed in land mine SPR sites 

Avai l ab l e  Type o f  O i l p i p e l i ne Length of  offs i te 
M i ne capac i ty m i ne termi nal  o i l p i pe l i ne 

( MMB ) (m i l es )  

Central Roc k 14 Li mestone  Tates C re e k  13 . 5 
( acti v e )  Term i nal  

I ro nton 21 Li mestone Catl ettsb u rg 13 . 1  
( abandoned) Term i nal  

Kl eer  30  Sa l t Wi n ns b o ro 42 
( acti v e )  Termi nal  

The pr i mary advantage of  co nvent i onal  dry m i nes s tems from the use  of  
s ubmers i b l e  p ump s whi ch p ump o i l  out  as oppo sed  to the f l u i d  d i spl ace
ment system of l eached cavern s .  Consequentl y ,  no raw water i s  req u i re d , 
and no b ri ne i s  p roduced.  Because water i s  not i ntroduced to remove the 
oi 1 ,  there i s  no cavern growth ; thus , convent i ona  1 dry m i  nes are not 
con s trai ned to a g i ve n  n umber of f i l l /drawdown cyc l es .  The space above  
the  o i l wi thi n the mi ne  wo u l d be  occup i ed by  an i ne rt gas . 

Kl eer  M i ne i s  i n  a reg i o n  o f  domesti c o i l producti o n , where l ocal p i pe
l i nes  wo u l d not be ava i l ab l e for di s tri b uti o n .  O i l wou l d  have to b e  
d i s tri b uted v i a  a 38-m i l e  p i pe l i ne t o  t h e  Texoma p i pe l i ne a t  Wi nnsboro , 
Texas , wh i ch wo u l d be  carryi ng  SPR  c ru de o i l  from S u n  Termi nal  duri ng  
drawdown . For o n l y  30-MMB capac i ty ,  a p i p e l i ne o f  thi s l ength and the  
nece s s ary addi ti o na l  s to rage tan kage are  not practi cal . 

I ro nton and C entral Roc k Mi nes  co u l d s upp l y  one , pos s i b l y  two , 
refi neri es  b e l o ng i ng to one  o i l company . Both I ro nton and Central Roc k 
Mi nes  wo u l d req u i re a 13-mi l e  p i p e l i ne co nstructed through so l i d  roc k 
te rrai n .  Ne i ther  i s  practi ca l  for 21 and 14 MMB , respecti ve l y .  
Further ,  both m i nes  wo u l d req u i re addi t i o na l  tan kage , and I ro nton Mi ne 
wou l  d req u i  re a wate r treatment p l  ant for m i  n e  seepage water befo re 
di scharge i nto the O h i o R i ver .  The  re l ati v e l y  smal l capac i ty o f  these 
mi nes , the i r  remoteness  (wh i ch requ i res l ong  p i pe l i nes  re l at i ve to the i r 
capac i ty ) , the i r capab i l i ty to s upp l y  p ri nc i pal l y  one  refi nery ,  the 
ant i c i pated h i gher costs assoc i ated w i th p i pel i ne construct i o n  i n  s o l i d  
roc k ,  and the need  for a wate r treatment p l ant at I ro nton M i ne p recl ude 
further con s i derat i o n  for S P R  Phase  I I I  storage . 

2-27 



2 . 3 . 1 . 7 Turn key 

D u ri ng 1978 DOE deve l oped a p l an for acqu i ri ng add i t i onal  SPR  storage 
capac i ty for Phase I I I  by requesti ng offers from pri vate i ndu stry for 
the turn key devel opment of new s i tes because th i s  approach wo u l d res u l t 
i n  the earl i est  poss i b l e  avai l ab i l i ty of  storage capac i ty .  The turn key 
approach wou l d have mi n i m i zed d i rect DOE i nvol vement and requ i red the 
offerors to di rect a l l aspects of the deve l opment of the s i tes proposed 
by them , i nc l udi ng envi ronmental comp l i ance , s i te des i gn and construc
ti on , and i n i ti a l fi l l .  Noncompetiti ve negoti ati ons were i n i ti ated wi th 
owners and operators of three s i tes  wi th exi s ti ng storage capac i ty ,  and 
a compet i ti ve procurement act i on for add i ti onal  s i te devel opment was 
begun i n  November  1978 . 

S ub sequentl y ,  changes i n  the worl d crude market made the o i l  fi l l  
schedu l e and other a s s umpti ons  of th i s  turnkey effort l es s  certai n .  To 
mai ntai n fl exi b i l i ty i n  the devel opment of the remai n i ng necessary SPR  
faci l i ti es , DOE concl uded that it  was i napprop ri ate to  conti nue these  
procu rement acti ons . The  s o l i c i tati on  was cance l l ed i n  August 1979 , and 
the noncompeti ti ve negoti at i ons were d i sconti nued .  

Schedu l e  constrai nts and the  need for  fl ex i b i l i ty precl ude the  use  of  a 
s i mi l ar turn key procurement for the se l ect i o n  and devel opment of new 
storage s i tes . Thi s does not forec l ose  the devel opment of s i tes  
se  1 ected for  Phase  I I I  by  the  governme nt through the u s e  of a more 
l i mi ted turn key approac h .  

2 . 3 . 2 No-Acti on  A l ternati ve 

The no-act i o n  a l ternat i ve wo u l d res u l t i n  l i mi ti ng SPR storage capac i ty 
to the 538 MMB avai l ab l e  at the fi ve current P hase I and I I  s i tes  and 
assoc i ated tan ks and p i pe l i nes . Th i s  wo u l d  be contrary to the 
Congre s s i onal  mandate to expand the SPR capac i ty to 750 MMB as an 
i nterme d i ate step toward the goal of a o ne- b i l l i on- barre l reserve 
( Sect . 1 . 1 ) . 

Fai l u re to prov i de the mandated SPR capac i ty wou l d  di rect ly  i mpact the 
nati onal  capab i l i ty to deal effect i v e l y  wi th i nternati onal  o i l  s upp l y  
i ss ues . A n  embargo or  other s upply  i nterrupt i on dramati cal l y  reduc i ng 
the avai l ab i l i ty of i mported crude o i l wou l d  have an i ncreased i mpact on  
the petro l eum i ndustry ,  the  economy , and nati onal  securi ty .  A l arge 
reserve i s  a l so  a good deterrent agai nst threats of an o i l  embargo . The 
u rgent need for the reserve and i ts overal l i mportance to the nati on  i s  
d i scussed  i n  Sect .  1 . 2 .  

Envi ronmental l y ,  the no-acti on a l ternati ve wo u l d  l i mi t SPR  constructi on 
and operati on  i mpacts to those descri  bed  i n  the F E I S s  1 i sted i n Sect. 
1 . 3 .  The West Hac kberry and Bryan Mound s i tes  wou l d remai n as d i scus sed  
i n  the  Texoma and  Seaway Group  FEISs  respect i ve l y .  Under  th i s  scenar i o  
the B i g  H i l l  s i te wou l d  remai n wi th pri vate owners . It cou l d  conti n ue 
to be used  as agri cu l tural pasture l and , be further devel oped as a l i qu i d 
petro l eum gas ( LPG ) storage s i te by the pri vate sector , or  s ubd i v i ded 
and deve l oped for some purpos e  s uch as real estate spec u l at i o n .  A br i ef 
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s ummary of  the resource commi tments whi  ch  wou l  d not be made under the 
no-acti on  a l ternati ve i s  presented i n  Tab l e  8- 1 ( s ee Sect . 8 . 0 ) . The 
envi ronmental i mpacts of  an i nadequate o i l reserve cannot be accurate l y  
determi ned because  o f  the l arge number o f  vari ab l es i nvol ved . 

2 . 3 . 3 A l ternati ve Systems fo r P referred Al ternat i v e  

Th i s  secti on  addresses  a l ternati ves t o  t h e  preferred crude o i l d i stri 
buti on  and bri ne di sposal  systems for B i g  H i l l  that were descr i bed i n  
Sect.  2 . 2 . 2 .  Exi sti ng Phase I I  sys tems at Bryan Mound and West  
Hackberry for  o i l d i stri buti on  and  br i ne d i sposal  are unaffected by 
Phase I I I  devel opment ; howeve r ,  a l ternati ve br i ne di sposal  rates and 
Phase I I I  confi gurati ons  are addres s ed i n  th i s  secti o n .  

2 . 3 . 3 . 1 A l ternat i ve Crude O i l D i stri buti on  

In  addi ti on  to  the  preferred a l ternati ve of an o i l  p i pe l i ne from B i g  
H i l l  to Sun  Termi nal , two a l ternat i ve o i l d i stri buti on p i pel i nes  from 
B i g H i l l  to the Gal veston Bay area , s hown i n  F i g .  2-6 , have been 
eval uated .  These p i pe l i nes wou l d  con nect the B i g  H i l l  s i te wi th e i ther 
the O i l  Tanki ng of  Texas , I nc . , Termi nal ( OTTI ) l ocated on  the Houston 
S h i p  Channel  ( 60 m i l es )  or the p l anned Pel i can I s l and Termi nal ( 54 
mi l es )  descri bed i n  the U . S .  Army Corps of  Engi neers F E I S  for port 
expans i on at Gal veston  I s l and ( USACE , 1979 ) .  E i ther  p i pe l i ne cou l d  be 
constructed i n  addi t i o n  to , or i n  l i eu of , the p i pe l i ne to Sun Termi nal . 
These two routes have been se l ected from a l arge number of  poss i b l e  
opti ons  based on  numerous cri teri a ,  i nc l udi ng total l ength , re l ated l and 
use patterns , eco l ogi cal l y  sens i t i ve areas (wetl ands , oyster ree fs , 
etc . ) ,  l ocati ons  of known h i stori cal  and archaeo l og i ca l  s i tes , major  and 
mi nor cros s i ngs (wate r ,  rai l road , h i ghway , etc . ) ,  uti l i ty of  exi st i ng 
ROWs , and construct i on  techni ques requ i red .  

A crude o i l ,  d i stri buti on  capac i ty of 620 , 000 bb l /d to  l ocal custome rs 
and a 818 , 000-bb l /d dock capaci ty i s  now avai l ab l e  at OTTI . P l ans for 
expans i on of OTTI ( not a part of SPR )  i nc l ude i ncreas i ng l ocal  d i str i 
buti on t o  1 , 150 , 000  bb l /d and constructi ng two new 201 , 000-bb l /d l oadi ng 
docks , for wh i ch perm i ts have been obtai ned . Thi s fac i l i ty cou l d  eas i l y 
hand l e  the B i g  H i l l  S P R  crude o i l , reduc i ng r i s k  associ ated wi th 
uti l i zati o n  of Sun Termi nal at or near capac i ty l eve l s .  

The proposed Pe l i can I s l and fac i l i ty i s  d i scussed i n  detai l by the U . S .  
Army Corps o f  Engi neers ( 1979) .  I f  constructed , the term i nal wo u l d  have 
a l ocal d i stri buti on  capac i ty i n  exce s s  of  1 . 1 MMB/d and cou l d  handl e 
the B i  g H i  1 1  SPR  o i  1 i n  the event of a major  fore i gn s upp l y  i nter
rupt i o n .  Thi s opti on  i s  l e s s  des i rab l e than the p i pe l i ne to OTT I  
becau se of  the tentati ve nature o f  the proposed  Pe l i can I s l and 
devel opment.  

For e i ther the OTT r or Pe l i can I s l and a l ternat i ve , the i ntent wo u l d  be 
to max i m i z e  f l ex i b i l i ty between s upp l yi ng l ocal refi neri es  and trans
s h i pp i ng to Cari bbean and East Coas t refi neri es . 
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2 . 3 . 3 . 2 A l ternati ve Raw Water  and Bri ne D i sposal  P i pe l i ne Routes 

The raw water and b r i ne d i sposal  p i pe l i ne routes s hown i n  F i g .  2-6 were 
devel oped thro ugh an eval uat i o n  of envi ronmental con s i derati ons , con
structab i l i ty ,  and the des i re to use  one ROW for both p i pe l i nes between  
the  B ig  H i l l  s i te and  the  G u l f I ntracoastal Wate rway ( leW) . The 
proposed raw water i ntake structure wo u l d be l ocated at mi l e  305 of the 
leW on an abandoned  barge s l i p .  Th i s  wou l d p recl ude the need to dredge 
an i n l et for s i t i ng the i ntake structure away from the l eW ,  as de scri bed 
i n  the Texoma Group F E I S  Sect . A . 7 . 4 . 1 . 3 .  The proposed route to the l eW 
a l  so avo i ds  cros s i ng Spi  ndl etop D i tch  and the associ  ated fres hwater 
i mpoundments s hown i n  F i  g .  2-6 .  The maj or concern as soc i  ated with  thi  s 
ro ute i s  the presence  of h i g h-qual i ty wet l ands and the McFadd i n Wi l dl i fe 
Refuge south of the leW .  Wetl ands of h i gh qual i ty are di stri buted 
somewhat homoge neous l y  between  Sab i ne Lake and Gal veston Bay ( US FWS , 
1977 ) . Exi sti ng and proposed  wi l d l i fe refuge s are abundant i n  the 
reg i on ( s ee F i g .  2-6 ) .  

Avo i di ng the McFaddi n Wi l d l i fe Refuge and other management areas wou l d 
req u i re rout i ng the p i pe l i ne to the south . Thi s co u l d be accomp l i s hed 
by numerous means . The raw water and br i ne l i ne co u l d remai n  as 
proposed  between B i g  H i l l  and the leW .  At the leW the bri ne l i ne cou l d 
paral l e l the l eW southwe stward , and once beyond the refuge boundary , the 
l i ne wou l d cross  to the Gu l f of Mex i c o .  A second opt i o n  wo u l d i nvo l ve 
the use  of separate ROWs for the raw water and bri ne p i pe l i nes . The 
bri  ne 1 i ne wou l  d fol l ow a separate route , acro s s  Sp i ndl etop D i tch  and 
the fres hwater management areas ( see F i g .  2- 6 )  to a pos i ti on beyond the 
refuge bou ndary before cros s i ng to the Gu l f .  A th i rd pos s i b i l i ty wou l d 
i nvo l ve mov i ng both the raw wate r and bri ne l i nes and raw water i ntake 
structure to some po i  nt beyond the southern boundary of the refuge . 
Th i s wou l d mai nta i n  the co ncept of us i ng a s i ng l e ROW for the two p i pe
l i nes . Maj or probl ems assoc i ated wi th a l l the se opti ons  i nc l ude 
i ncreased costs , i ncreased p i pe l i ne l e ngth , i ncreased types of hab i tats 
affected ,  and i ncreased amo unt of h i gh-qual i ty wetl ands i mpacted .  
Because  of the se co ncerns , these  opti ons  we re not  cons  i dered 
pract i cabl e .  

2 . 3 . 3 . 3 A l ternat i ve Bri ne D i sposal  S i te 

The practi cal l i m i t  i n  d i stance off s hore for a l ternati ve s i tes  i s  12 . 5 
m i l es i n  40 ft of wate r .  There are no s i gn i fi cant topograp h i c 
di ffe rences i n  the fl at bottom throughout the corri do r from 3 . 5 to 12 . 5  
mi l es ( F i g .  2- 6 ) . Phys i ca l  d i spers� on  of  the bri ne p l ume shou l d not 
d i ffer s i gn i f i cant l y  throughout the corr i do r .  Beyo nd 12 . 5 mi l es 
potenti al  concerns wo u l d i nc l ude prox i m i ty to the Sab i ne and Heal d 
ban ks , wh i ch are cho i  ce  be nth i c habi tat harbo r i  ng II hard bottomll fau na.  

S i tes furthe r off s hore become more mari ne than a near- s hore s i te 
because of l es s  i nf l uence from r i ver  runoff ; cons equentl y ,  b i oti c com
mu n i ti es s ho u l d be l es s  to l e rant to fl uctuati ons  i n  envi ronmental 
parameters (Wo l s c h l ag ,  1976 ) .  Benth i c  commu n i ti es at the 40 ft contour 
s i te wou l d  be expected to be r i cher and more d i verse than at the 30 ft 
co ntou r  s i te because of the greater s tab i l i ty of sa l i n i ty and 
temperature regi mes offs hore and because of the di fference i n  bottom 
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s ub strates . Bottom sed iments near the 40- ft contour  are patchy and 
i ncl  ude sandy mud , muddy sand , s he l l y  sand and outcrops of Beaumo nt 
c l ay .  Near s hore , the sediments are a veneer of fi ne s i l t  and c l ay 
overl yi ng sti ff Beaumo nt c l ay .  

It may be postul ated that , wi thi n the  corri do r ,  b i oti c commu n i t i es at 
the preferred s i te ( 30-ft conto ur)  are better s u i ted to wi thstand the 
effects of bri ne di  scharge than commu n i t i es  further offs hore because 
those at the 30- ft contour are adapted to an envi  ronment of greater 
fl uctuat i o n  i n  sa l i n i ty and other envi ronmental parameters . 

An i denti cal bri ne di ffuser  wo u l d be bu i l t  at any s e l ected di spo sa l  s i te 
( Sect . 2 . 2 . 2 . 2 ) ;  however , exten s i o n  of the bri ne p i pe l i ne to 12 . 5 mi l es 
off s hore wou l d  requi re an i ncrease i n  p i pe l i ne di ameter from 42 to 48 
i n . to accommodate fri cti onal  head l o s s .  

Bri ne di sposal  at B i g  H i l l  by underground i njecti on  i s  not a practi cal 
al ternat i ve , as d i scus sed i n  Append i x  H .  

2 . 3 . 3 . 4  A l ternat i ve Bri ne D i sposal  Rate 

I f  no change i n  the Bryan Mo und bri ne di spo sal  rate of 680 , 000  bb l /d i s  
as s umed , the l each i ng durat i on of Group I I  and Group I I I  wo u l d i ncrease 
by 21 months . The fo ur Phase I I I  caverns wo u l d sti l l  be l eached 
s i mu l taneo u s l y  with  the second gro up of cavern s .  Thi s operati on  wo u l d 
be hel d wi thi  n exi st i ng br i  ne  di  sposa 1 perm i t  constrai nts by reduc i  ng 
the average l each i ng rate fo r each cavern and , consequentl y ,  i ncreas i ng 
the durati on  of l eachi ng each cavern . As i nferred from prev i o us  
di s c u s s i ons , no s i gn i f i cant d i fferences in  adverse envi ronme ntal i mpacts 
shou l d res u l t  re l at i v e  to i ntegrated l each i ng ,  except for a i r qual i ty .  
Leach/fi l l  at a b r i ne d i sposal  rate o f  680 , 000  b b l /d cou l q  res u l t  i n  
no nmethane hydrocarbon  emi s s i o ns of 86 tpy . 

2 . 4  SUMMARY O F  IMPACTS ASSOCIATED WITH THE REASONABLE ALTERNATIVES 

The goal  of Phase I I I  expans i on of the SPR  wo u l d be to i ncrease program 
storage capac i ty by 212 MMB . Vari ous  storage scenari os  were exami ned to 
determi ne feas i b i l i ty ,  practi cal i ty ,  and ti me l i ne s s . The preferred 
al ternati ve for ach i ev i ng the 212-MMB i ncrease i n  storage i nc l udes the 
c reat i o n  of  one new 140-MMB storage faci l i ty at B i g  H i l l , Texas , and the 
expans i o n of the ex i st i ng Bryan Mound and West Hackbe rry s i tes  by a 
total of 70  MMB . I n  p l ann i ng the 70-MMB capac i ty ,  two scenari os were 
deve l oped . The proposed opti on  wo u l d i nvo l ve expandi ng Bryan Mound by 
40 MMB and West Hac kberry by 30 MMB . An a l ternat i ve wo u l d i nvo l ve 
expandi ng Bryan Mound by 60 MMB and West Hackberry by 10 MMB . 

The mo st s i gn i fi cant env i ronmental i mpacts wo u l d  occur at the B i g  H i l l  
s i te and the associ ated off s i te faci l i ti es . Impacts proj ected to occur  
i n  the  B ig  H i l l  project area , as wel l as  at  the exi sti ng S P R  expan s i on 
s i tes ( detai l ed i n  Sects . 4 . 0 and 6 . 0 ) ,  are s ummari zed i n  Tab l e 2- 5 .  
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Table 2·5. Summary of potential impacts resulting from proposed and a lternative actions 

Devel opment Opti on 

Deve 1 opment o f  new storage fac i1  i ty for 140 I'f1B 
A.  O n s i te faci l i ti es 

B. Offs i te fac i l  i ti e s  
1 .  Raw water p i pe l i ne and i ntake 

structure; onshore bri ne 
d i sposal p i pe l i ne 

2. O f fshore brine d i sposal 
p i pe l i ne and d i ffuser 

3 .  Crude o i l  d i stri but i o n  p i pe l i ne 

S i te or Route Affected 

B i g  H i l l ,  Jefferson County , Texas 

B i g  Hi  1 1  s i te to ICW and 
B i g  H i l l  s i te to G u l f  o f  Mex i co 

G u l f  of Mex i c o ,  both 
routes and l ocati o n s  

D i fferent routes and l ocations 
--Out to 3 . 5  mi  l es 

--Out to 12 . 5  mi l es  

A 1 1  routes 

0 ;  fferent routes 
--Preferred route , B i g  Hi l l  to 

Sun Termi nal 

--Al ternat i ve route , B i g  H i l l  to 
OTTI 

--Al ternative route , Big H i l l  to 
Pe l i can I s l and 

2 - 3 2  

Potent i a 1 Impacts to Resources 

-- Removal of 250 acres of prime farmland s o i l from 
potential  production 

--A l terat i o n  o f  natural drai nage pattern ; sedi ment 
and other contami nants may enter nearby bod; es 
o f  water duri ng constructi o n  

- - I ncrease i n  parti c u l ate emi s s i on s  duri ng con
s truct ; on and hydrocarbon em; ss i ens duri ng 
l each/ f i l l  operati o n s  

- - Removal o f  prai rTe gras s l and habi tat 
- - Local i zed i ncreases i n  no i se and traffic  
--Poss i b l e  stress  to connu n i ty goods and servi ces 

wi th ; nfl ux of workers 

--9. 2-mi l e  ROW ( total ) ;  5 . 3-mi l e  ROW from s i te to 
ICW and 3 . 9-mi l e  ROW from ICW to G u l f  of Mexico 

--Water qual i ty perturbati o n s  ( i . e . , from dred g i n g )  
during construct i on 

--Habi tat destruction  of wet l ands ; i ncreased 
acti v i ty and n o i se may di sturb resi dent fauna 

--Wi thdrawal o f  water from IC\oI for l each i ng and 
d i sp l acement pred i c ted to cause only s l i ght 
al terat i o n  in the I CW ' s f l ow velocity and 
s a l i n i ty .  Only very m i no r  entrai nment and 
i mpi ngement i mpacts anti ci pated 

--Habi tat des truct i on and water qua 1 i ty 
perturbati ens duri ng cons truct i o n  

--Water qua 1 i ty perturbat i o n s  d u r i  ng l eac h i  n g  
a n d  refi l l  associ ated w i t h  t h e  chemical proper
t i es o f  the brine.  Area of i mpact estimated to 
be 2 , 575 acres 

--21 acres affected by construct i o n  operati ons 
--Ouri ng l each i ng and di sp l acement, d i me n s i o n s  

of bri ne p l ume = 2 , 575 acres 

--Up to 76 acres affected by con structi o n  operat i ons 
--Dur i ng l eac h i ng and d i s p l acement, d i men s i ons 

of bri n e  pl ume = 2 , 575 acres 

- - I mpacts to both terrestrial  and aquatic habi tats 
--Water qua l i ty perturbations (turb i d i ty )  duri n g  

construct i o n  
-- Local i zed i ncreases i n  no i s e  a n d  traffic  duri ng 

construction 

--23-mHe ROW 
18 mi l es cropl and pasture 
2 . 5  /Ri l e s  wetland 
0 . 5  mil e open water 
2 mi l es i ndustr i a l /res i denti al  

- - 60-mi l e  ROW 
42 mi l es crop l and pasture 
3 mi l es wetl and 
12 mi les open water 
3 mi l es forested 1 and 

- - 54-mi l e  ROW 
27 mi l es crop l and pasture 
12 mi l e s wet l and 
15 mi l es open water 



I I .  

Devel opment Opt i o n  

B .  O f f s i te fac i l i t i es ( co nt i n u ed )  
4 .  Tanker faci l i t i es 

Expans i o n  of s torage fac i l i t i e s  at 
exi s t i ng SPR s i te s  
A .  Storage o f  3 0  M M B  at \lest Hackberry 

and 40 MMB at B ryan Mound 

B .  Storage o f  10 MMB a t  \lest Hackberry 

I I I .  Mod i f i cati o n  o f  f l ow rates at 
ex i s t i ng SPR s i te 
A.  Preferred f l ow rate , 980 , 000 bb l id 

B .  A l terna t i v e  f l ow rate , 680 , 000 b b 1 1d 

Table 2·5 (continued) 

S i te or Route Affected 

A l l l ocati ons 

D i fferent l ocat i ons 
- - P re ferred fac i l i ty ,  S u n  Term i n a l  

- - A l ternat i v e  faci l i t i e s , O T T !  or 
P e l i can I s l and 

West Hack.berry . Cameron Par i s h ,  Lo u i s i ana ; 
B ryan Mound , Brazo r i a  Cou nty , Texas 

Bryan Mound , Brazo r i a  County . Texas 

2 - 3 3  

Poten t i a l  Impacts to Resources 

-- I ncrease in  hydrocarbon emi s s i on s  
- -O i l  s p i l l  r i S k  

--Annual  po l l utant em i s s i on rate for 
hydroc arbons = 2 , 426 tpy 

- - Probab i l i ty o f  a major o i l  spi l l  = 0 . 02 dur i ng 
wi thdrawal and = 0 . 04 dur i ng refi l l  

- - A n n u a l  po l l uant em i s s i on rate for 
hydrocarbons = 1 , 372 tpy 

- - P robab i l i ty of a major o i l  sp i l l  = 0 . 02 duri ng 
w i thdrawal and = 0 . 04 d u r i ng refi l l  

- - P u rchase and devel opment of. up to 26 . 5  acres o f  
add i t i o n a l  p r i m e  farm l a nd a t  \lest Hackbe rry ; 10 
resi dences potent i a l l y  affected . Expan s i o n  at 
B ryan Mound wo u l d  occur w i thi n ex i st i ng fac i l i ty 
boundar i es ;  up to 15 acres of wet l ands pos s i b l y  
a f fected 

- - Expan s i on at B ryan Mound wo u l d  occur w i t h i n  
exi s t i ng fac i l i ty boundar i es ; s i g n i f i cantly fewer 
i mpacts e nv i s i o ned to occur at \lest Hackberry w i th 
10-MMB storage opt i on ; 1 e s s  tharr 4 acres of 1 and 
acqu i s i ti o n ;  wh i l e  add i ti onal  i mpacts res u l t i ng at 
Bryan Mound from 60-MMB s to rage opt i o n  cons i dered 
m i nor 

--Exten s i o n  o f  sched u l e  by 6 month s  

- - E s t i mated b r i n e  p l ume �1 , 800 acres 
--\lorst-case hydrocarbon em i s s i o n s  o f  �121 tpy 

- - E s t i mated bri n e  p l ume �1 , 250 acres 
--\lorst-case hydrocarbon emi s s i o ns o f  �86 tpy 
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3 . 0 AFFECTED ENVI RONMENT 

The purpose  of th i s  s ect i o n  i s  to s uppl ement the detai l ed descri pti on of 
the env i ronment , as  presented i n  the Texoma and Seaway Group F i nal  
Envi ro nmental Impact Stateme nts ( FE I Ss ) , and to focus  on  the spec i f i c  
areas that wo u l d b e  affected by the P hase I I I  S P R  expans i o n , as 
prese nted i n  Sect. 2 . 0 .  

3 . 1 REGIONA L  ENVI RONMENT (OVERV I EW)  

The  regi on  that wo u l  d be affected by the  proposed acti on extends from 
the M i s s i s s i pp i  R i ver to the R i o  Grande and i s  commo n l y  descri bed as the 
western part of the Gu l f Coast P hysi ograp h i c P rov i nce or  northwest Gu l f 
of Mexi co .  Off s hore , the outer l i m i ts of  the reg i o n may be  de fi ned as 
the she l f break or the ",650 ft ( 20 0  m)  depth contour .  Maj or phys i cal 
processes  assoc i ated wi th the reg i o n  are presented i n  F i g .  3-1 .  
Numerous researchers have descri bed the  northern Gu l f Coast regi on  as a 
l arge , i ntegrated , eco l ogi cal comp l ex ( Hedgpeth , 1957 ) . Maj or  
eco l ogi cal s ubsystems of the northwest Gu l f are the  Mi s s i s s i pp i  De l ta 
Ecosystem , the Chen i er P l ai n  Ecosystem , and the Strand P l ai n  Ecosystem . 

The area of proposed S P R  Phase I I I  constructi on i s  l ocated wi thi  n the 
we stern port i o n  of the Cheni  er  Pl a i n  of  so uthwest Lo ui  s i ana and east 
Texas , the eastern regi on of the Strand P l ai n  of Texas , and the 
trans i ti on zone between these two phys i ographi c prov i nces ( see F i g .  
3- 1) . Go s s e l i n k  e t  al . ( 1979 ) have descri bed the Chen i e r P l ai n  i n  
detai l .  The term " chen i er" re fers to a cont i n uous r i dge of beach 
mate r i a l  b u i l t  up o n  marshy depos i ts wh i c h characteri zes th i s reg i o n .  
Off s hore o f  the Chen i e r  P l a i n ,  the Conti ne ntal She l f i s  at i ts wi de st , 
and on  s hore much of the 1 and area i s  covered by i ntermedi  ate and 
brac ki s h  mars hes , where pri mary producti v i ty may exceed 2000 g/m2 per 
year ( Chab rec k  and L i n scombe , 1978) . F reshwater marshes  are commo n i n  
waterfowl manageme nt areas and i n  areas l ocated north  of the 
I ntracoasta 1 Waterway ( l CW) . Maj or estuari es  of the western Cheni  er 
P l ai n  are associ ated wi th the Cal cas i e u , Sab i ne ,  and East Bay drai nage 
bas i n s .  The East Bay-Gal veston Bay system rep res e nts the trans i ti o n 
zone i nto the barr i e r- i s l and-domi nated Strand P l a i n  es tuar i e s .  The 
regi on  near the Bryan Mound s i te i s  un i que i n  that the Brazo s Ri ver i s  
b u i l di ng the o n l y  act i ve del ta a l ong the coast of Texas ( Coastal 
Envi ronments , I n c . , 1977) . Southwest  of Ga l veston , the Conti nental 
She l f narrows and steepens . 

Sed i ments of the coastal p l ai n  are deri ved from depos i ts of the 
Quaternary peri od , wi th o n l y  Beaumont c l ay ( P l e i stocene)  and depos i ts of 
Recent epoch exposed at the s u rface . Near- s hore sedi ments are ge neral l y  
mi  xed , wi th outcrop s of Beaumont c l  ay promi nent .  Because  of abundant 
sedi ment depos i t i on i n  thi s reg i o n ( i n  excess  of  50 , 00 0  ft i n  p l aces ) , 
the earth 1 s  crust has down-warped , formi ng the Gu l f Coast geosync l i ne .  
The great we i ght o f  these  sediments , al ong wi th uneven spat i a l  
d i stri b uti on of depos i t i o n ,  i s  be l i eved by many i nvesti gators t o  have 
i n i t i ated the l ateral , then verti cal , mi grati on  of Tri as s i c  and/or  
J uras s i c  sa l t i nto the  l arge domes that characteri ze  the  reg i on today . 
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These sal t domes are typ i cal l y  cyl i ndri cal i n  shape , l · to 5 mi l es i n  
d i  ameter , and are found at depths from 1 e s s  than a hundred feet to 
several  thousand feet be l ow the earth ' s  s u rface . When near the s u rface , 
the domes produce a l ocal i zed upl i ft ,  thereby g i v i ng ri s e  to a c i rcu l ar 
mo und that may reach up to 170 ft i n  he i  ght and cove r s everal acres . 
These mounds are typ i cal l y  the h i ghest po i nts i n  the reg i o n .  

Many o f  the domes have been mi ned for chemi cal feedstock  br i ne  o r  
petrochem i cal  storage fac i l i t i e s . The Bryan Mound , West  Hackberry , and 
B i g  H i l l  domes exam i ned in th i s  s uppl ement have a l l been s o l uti on-mi ned 
by i ndustry .  Add i ti onal  caverns are currentl y be i ng l eached for 
petro l eum storage at the Bryan Mound s i te ,  and preparati ons  for l each i ng 
are occurri ng  at the We st Hackberry s i te under Phase I I  of  the SPR  
program . 

The hydro l og i ca l  reg i me of the northwest  Gu l f of Mex i co i s  defi ned by 
two major trans i ti onal  features . These are the l ongshore westward 
reducti on  i n  the vol ume of fres hwater i nfl ow and the onshore-offs hore 
trans i ti o n  from fre s h  and estuar i ne to mari ne env i ronments . Hedgpeth 
( 1953)  states that the average annual  sal i n i ty i ncreases  from about 
4 parts per thousand ( ppt)  at Eugene I s l and , Lou i s i ana , to 23  ppt off 
Gal veston , Texas , to 34 ppt at Port I sabe l , Texas . The t i mi ng and 
magni tude of the Mi s s i s s i pp i -Atchafal aya R i ver  di scharge represents the 
s i ng l e domi nant facto r of  th i s  l ongshore trend and di rectl y  i nf l uences 
the ti mi ng of spri ng  i ncreas es i n  producti v i ty through nutri ent 
contri buti ons . Near- s hore cu rrents run general l y  westward , w ith s ummer  
reversal  becom i ng more p romi nent to  the  west .  Sharp dens i ty 
strati fi cati on i s  typ i cal  near- s hore , especi al l y  duri ng peri ods of  h i gh 
ri ver d i scharge . 

I n  the coasta l waters there i s  a seaward i ncrease i n  mean sa l i n i ty ,  
wh i l e  var i ab i l i ty i n  hydro l og i c  parameters , l i ke temperature and 
sa l i n i ty ,  decreases . Two majo r  depth- re l ated b i o l og i cal  commun i ti es 
have been h i stori cal l y  descri bed , each named for one of  the domi nant 
penae i d  s h ri mp spec i e s .  The members of the near- shore wh i te s h ri mp 
commu n i ty general l y  are more euryhal i ne (to l erant to wi de sal i n i ty 
vari ati o n s )  and more estuari ne- dependent than members of  the brown 
s h r i mp communi  ty l ocated furthe r off shore ( C h i  ttenden and McEachran , 
1976 ) .  Accumu l ati ng  ev i dence i nd i cates that , at l east for penae i d  
s hr imp , hydro l og i c  factors ( temperature , nutr i e nts , and sa l i n i ty)  i n  the 
es tuar i e s  at c r i t i cal peri ods duri ng the year determ i ne i ns hore and 
offs hore sh r imp p roduct i v i ty .  The outer edge of  the b rown shr imp 
commu n i ty ge neral l y  co i nc i des wi th the offs hore l i m i ts of the Gu l f Coast 
Phys i ograp h i c  P rov i nce . 

C l imate and a i r  qual i ty of the reg i on are dramat i cal l y  i nfl uenced by the 
wate rs of the G u l f of Mexi co .  The moveme nt of mari time a i r from the 
Gu l f moderates extremes of s umme r heat and wi nter col d .  Severe weather 
i s  u sual l y  associ ated wi th heavy thunderstorms and trop i cal cyc l ones . 
Peri ods of atmospher i c stagnati on are mi n i mal because of the prevai l i ng 
G u l f Coast wi nds wi th an annual  total hour  i nvers i on fre quency o f  25 
percent ( Has l er ,  1961) . 
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Avai l ab l e  a i r q ual i ty data for the " northwest G u l f Coast i ndi cate that 
the Nati onal  Amb i ent A i r Qual i ty Standards ( NAAQS ) for ozone , nonmethane 
hydrocarbons  ( NMHC ) , and s uspended parti c u l ates are exceeded at several 
l ocat i o ns .  Except for the ozone standard , wh i ch i s  now 0 . 12 parts per 
mi l l i on ( ppm) for a 1- h averag i ng t i me and l ead wh i ch has been set at 
1 . 5 J-lg/m3 , a l l of  the Federal ai r q ual i ty standards are the s ame as 
thos e  presented i n  the Texoma Gro up FEI S , Sect. C . 3 . 1 . 3 . 3 .  In th i s  
regi on , ozone concentrat i ons  general l y  range from 0 . 02 to 0 . 04 ppm . The 
1- h ozone standard i s  most frequently exceeded i n  the greater Houston  
area , wi th mo n i tors at  Houston So utheast/Seab roo k  record i ng 150  
v i o l ati ons  in  197 9 .  NMHC  l eve l s average 0 . 1 to 1 . 0 ppm for a l l hours 
and 0 . 2 to 1 . 2 ppm between 6 and 9 a . m .  As  wi th the ozone 
concentrati ons , exce s s i ve q uanti t i e s  of  NMHC occur  mos t  freq uent l y  i n  
the greate r Houston  area .  I n  1979 as  many as 203 exceedances  were 
reported at a Harri s County mon i tori ng  stat i o n  (Texas A i r Contro l Board , 
personal  communi cati o n , November  1980 ) .  Those  regi ons  s howi ng h i gh NMHC 
and ozone concentrati ons are general l y  assoc i ated wi th the l arge 
petrochemi cal  i ndustr i e s  and urban areas al ong the G u l f Coast , b ut 
measurements by the Texas A i r Contro l Board have shown that ozone and 
NMHC l eve l s_ may occas i onal l y  exceed the NAAQS i n  rural and offs hore 
areas as we l l  ( Seaway Group F E I S , Sect.  B . 2 . 3 . 3 ) .  No  exceedances of the 
s u l fur d i oxi de , carbon  monoxi de , or n i trogen di ox i de standards have been 
reported [ U . S .  Army Corp s  of Engi neers ( USACE) , 1979J .  

Regi onal  centers of  econom i c  acti v i ty are Lake Charl es , Beaumont , Port 
Arthur , Brazosport , and Houston  metropo l i tan comp l exe s .  The Houston 
area ran ks as  the thi rd-most act i ve port i n  the country .  The petro l e um 
i ndustry i nvo l ves  exp l orati on , product i on , refi n i ng ,  and transportati on 
of  natural gas , o i l , and othe r petrochemi cal products . Texas i s  one  of  
s i x  s tates i n  the  nati on  wi th s Ub s tanti al  ri ce farm i ng .  As we l l as  
ri ce , reg i onal  agri cu l ture i nvol ves s uch i tems as s ugarcane , cotton , and 
cattl e producti o n .  The commerc i a l  fi s hery con s i sts  p r i mari l y  of  wh i te 
and b rown s hri mp and men haden .  The shr i mp fi s hery i s  the most val uab l e  
f i  shery ,  and the men haden i s  the 1 argest  fi  shery ( by we i ght) i n  the 
U n i ted  States ( NOAA , 1979 ) .  

3 . 2 S ITE- S P EC I F I C  ENVI RONMENT 

Th i s  s ect i o n  deal s wi th the s i te- spec i f i c  envi ronments assoc i ated wi th 
acti v i t i e s  descr i bed i n  Sect . 2 . 0 .  P rev i ous  S P R  e nv i ronmental  i mpact 
statements that have been prepared fo r earl i e r  S P R  construct i o n  wi l l  be 
referenced i n  s upport of  thi s doc ume nt to prevent unnece s sary 
repeti t i o n .  

3 . 2 . 1 B i g  H i l l  Storage Fac i l i ty ( 140 MMB ) 

Des i gn for the proposed  B i g  H i l l  comp l ex ,  wi th i ts raw water i ntake and 
br i ne di sposal  systems , i s  d i scus sed i n  Sect.  2 . 0 .  

3 . 2 . 1 . 1  Land Features  

S i te Fac i l i ti es  

The  B ig  H i l l  s i te ,  as proposed , wou l d  cover about 250  acres o f  l and 
l ocated about 22 m i  1 es southwest  of Port Arthur and 70 mi  1 e s  east of 
Houston (Texoma Group FEI S , Sect.  B . 3 . 4 . 1 . 1) .  The B i g  H i l l  dome 

3-4 



i s  a p i erceme nt structure whi ch had prev i ous l y  been deve l oped for 
storage of  l i qu i d  petro l eum gas ( LPG ) .  Two caverns wi th capac i t i es of  
326 , 000 and  314 , 000 bb l exi st on  the  north r im  of  the  dome . The caprock  
over the  dome i s  1 , 200  to  1 , 300  ft  th i c k  and i s  composed of  porous 
sandstone overl yi ng dol omi t i c  l i mestone , gyp s um ,  and anhydrite .  
Potenti al mi neral resources i n  the  v i c i n i ty of the  dome i nc l ude o i l and  
gas , sa l t ,  and  br i ne product i o n .  The  s i te ri s e s  to  an  e l evat i o n  of  35  
ft  above sea  l eve l and i s  typ i cal  of  agri cu l tural l and i n  the  regi o n .  
N o  wetl ands occur  wi th i n  the i mmedi ate v i c i n i ty of the s i te .  However ,  
l es s  than a mi l e  south o f  the dome i s  the northern boundary o f  fres h  to 
i ntermedi ate mars h ,  wh i ch grades i nto b rac ki sh  and sa l i ne marsh towards 
the Gu l f Coast ( Texoma Group F E l S , Sect.  3 . 3 . 4 . 1) .  The extens i ve 
wetl ands south of  the s i te are l ocated i n  what Gos se l i n k et al . ( 1979 ) 
descri be as the Sab i ne Bas i n .  There are approxi mate l y  352 , 000 acres of 
wetl ands i nc l udi ng open and i mpo unded marshes  i n  the Sab i ne Bas i n . 

The B i g  H i l l  sa l t dome i s  overl a i n by the s o i l type , Hockl ey s i l ty l oam 
( C rout et a l . ,  1965 ) .  Thi s s o i l type i s  con s i dered to be a p r i me 
farml and s o i l i n  i ts nati ve state and i s  somewhat rare i n  Jefferson 
County ,  occurri ng c h i e fl y  i n  h i gher reaches of  the coastal prai ri e .  Of  
Jefferson Co unty ' s 597 , 345 acres , o n l y  5 , 009 acres , or  0 ; 8 percent , are 
c l as s i f i ed as pr ime farml and so i l s  i n  the i r  nat i ve state . As h i gh as 
6 2 . 1 percent of the county ' s so i l s  are potenti al l y  pr ime farml and so i l s ,  
but wou l d req u i re drai nage to be farmed s ucces sfu l l y  ( So i l Conservat i o n  
Serv i ce , 1980 ) .  A l though t h e  so i l a t  the proposed s i te wo u l d be  
s u i tab l e  for the  cU l ti vati on  of  s uch  crops as feed sorghum and  corn 
( Crout et a l . ,  1965 ) , th i s  area serves as pasture l and and has been 
l arge l y  deve l oped for o i l  product i o n .  

Beyond the dome ' s  boundari es , the more poorl y drai ned s o i l s ,  s uch as 
Beaumont c l ay ,  are cu l ti vated for ri ce p roduct i o n .  R i ce i s  Jefferson 
County ' s o n l y  crop of  commerc i a l  importance ( Crout et a l . ,  1965 ) , and 
the acreage currentl y used for r"i ce farmi  ng has not changed 
s i gn i fi cantl y i n  the past 40 years ( Tab l e 3-1) . 

Raw Water and . Bri ne D i spo sal  Systems 

Land features of the raw water system wo u l d cons i st of a p i pe l  i ne 
ri ght-of-way ( ROW) , extendi ng 5 . 3 mi l es from the s i te to the raw water 
i nta ke structure l ocated on  an abandoned barge s l i p  on  the l CW .  The 
150-ft con struct i o n  ROW wo u l d extend i n  a southeast di recti on  acro s s  
about 1 . 3 mi l es of  prai ri e pasture a n d  4 mi l es of  wetl ands ( Texoma Gro up 
F E l S , Sect . 3 . 3 . 4 . 5 ) .  The br i ne di sposal  system p i pe l i ne ,  as proposed , 
wou l d fo l l ow the raw water p i pe l i ne ROW to the l CW ,  pass under the 
waterway , and extend i n  a so utheaste r l y  di rect i o n  to the coastl i ne ( s ee 
F i g .  2-6 ) .  Gos s e l i n k et al . ( 1979)  descri be the wet l ands north of  the 
l CW i n  thi s area as pri mari l y  fresh-bracki s h  mar s h .  Bracki s h  and 
i ntermedi  ate marsh occur south of  the l CW to Texas Hi ghway 87 . A 
sect i o n  of smal l barri er  dunes and beach predom i nates from the h i ghway 
to the Gu l f .  The 1 and crossed  by the br i  ne di  sposa 1 1 i ne s o uth of  the 
l CW fal l s  wi thi n the newly created McFaddi n Nat i o nal Wi l dl  i fe Refuge 
( see F i g .  2- 6 ) , wh i c h prov i des wi nteri ng hab i tat for m i gratory waterfowl 
[ U . S .  F i s h and Wi l dl i fe Serv i ce ( USFWS ) , 1977b J .  
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Table 3.1 . R ice production in Chambers and Jefferson Counties, Texas1 

Jefferson  County Chambers  C o unty 

Crop parameter 1942 1979 1942 1979 

Ac re s p l anted 62 , 000  65 , 30 0  40 , 000  55 , 300  

Acre s harvested  60 , 000  6 5 , 200  38 , 300  55 , 200  

Y i e l d  ( average ) ,  4 , 340 3 , 304 4 , 170  3 , 76 6  
l b/acre 

Product i o n ( total 2 60 . 4 215 . 4  159 . 7 207 . 9 
harvested ) , 
106 l b  

l Informati o n  provi ded by Texas C rop Report i ng Agency , personal  comm un i 
cati on , D ecember  1980 . 
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3 . 2 . 1 . 2  Water Envi ronment 

Surface waters l ocated between the B i g  H i l l  s i te and the Gu l f of Mexi co 
i nc l ude Sp i ndl etop D i tch , Spi ndl etop Mars h , the l CW ,  Sal t Bayou ,  Sal t 
Bayou Mars h , Star Lake , and C l am Lake (Texoma Group F El S ,  Sect.  
B . 3 . 4 . 2 . 1) .  They range from freshwater to b rack i sh  i n  natu re , depend i ng 
on  meteoro l ogi cal condi ti ons  and the degree of man-made contro l . 
Subsurface waters i n  thi s area cons i st of those  i n  the C h i cot aqu i fe r .  
Grou ndwater f o r  agri c u l tural , muni c i pa l , a n d  i ndustr i al u s e s  i s  
wi thdrawn at three major  l ocati ons : the Beaumont- Port Arthur area and 
Wi nn i e and Baytown i n  Chambers Cou nty ( Texoma Group F El S ,  Sect.  
B . 2 . 2 . 2 ) .  

B i g  H i l l  S i te 

The B i g  H i l l  s i te i s  l ocated 35  ft above s ea l eveL I t  represe nts the 
h i ghest e l evat i on i n  the reg i on and di rectl y i nf l uences l ocal  
hydro l og i cal  patterns . The o n l y  water bodi es i n  the v i c i n i ty of  the 
s i te are two smal l fres hwater ponds , about 10 to 20 acres i n  s i ze ,  
l ocated at the northern and eastern edges of  the dome . Su rface drai nage 
i s  general l y  to the s outh and east toward exi sti ng wet l ands ( Texoma 
Group F El S ,  Sect.  B . 3 . 4 . 2 . 1) .  

Raw Water and Bri ne D i ffuser Systems 

The raw water i ntake structu re and br i ne di ffuser  p i pe l i ne wou l d  
i nteract di rect l y  wi th the lCW at approxi mate l y  mi l e  305  i n  an abandoned 
barge s l i p .  Water qual i ty i nformati on  for the waterway , presented i n  
Tab l e  3-2 , i s  i ndi cati ve of the extreme water qual i ty vari ab i l i ty 
common l y  found i n  coastal areas . None of  these  val ues exceed any 
app l i cab l e  state standards . Water use  c l as s i fi cati on  of the l CW 
( noncontact recreati on . and propagati on  of fi s h  and she l l f i s h ) , 
app l  i cab l e state water qual  i ty s tandards , and Federal water qual  i ty 
cri teri a have been di scus sed i n  the Texoma Group F E l S  ( Sects . 0 . 2 and 
0 . 3 ) .  O ff s hore , the br i ne di ffuser l ocati ons  [ 3 . 5 mi l es ( proposed)  or 
out to 12 . 5  m i l es ( a l ternati ve) ] are wi thi n the hydrodynam i c  reg i me of 
the near- s hore G u l f of  Mex i co .  Water depth s are about 30  and 40 ft , 
re specti vel y ,  for the two s i tes .  A detai l ed di scus s i on of  the offshore 
env i ronment i s  prese nted i n  Sect . 3 . 2 . 1 . 5  and Appendix  F .  

3 . 2 . 1 . 3 C l i mate and A i r  Qual i ty 

C l i mato l ogi cal facto rs are i mpo rtant on  a reg i onal . bas i s  because  they 
i nteract dynami cal l y  wi th water and water movement i n  the coasta l zo ne .  
The  B ig  H i l l  s i te l i es  wi th i n a humi d ,  mari ne- dom i nated reg i o n .  
Preva i l i ng wi nds are ons hore from the Gu l f o f  Mexi co , except for 
i nterrupti ons  due to mi d- l ati tude di sturbances and pas s i ng frontal 
systems ( USAC E ,  1979 ) .  The c l osest meteoro l ogi cal stati on to the B i g  
H i l l  s i te i s  the J efferson Cou nty A i rport , about 22 mi l es to the 
northeast .  

Annual  prec i p i tati on averages 44 i n . /year between the Sab i ne and East 
Bay bas i ns , wi th water surp l us  occurri ng from December through Apri l and 
def i c i ts occurri ng from May through J u l y .  Extreme f l uctuati ons  i n  water 
l evel  may be  associ ated wi th trop i ca l  d i sturbances i n  the Gu l f .  The 
probab i l i ty that trop i cal storms wi l l  cro s s  the Chen i er P l a i n  i n  any 
gi ven year i s  0 . 5  percent ( Gos s e l i n k et a l . ,  1979 ) . 
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Table 3·2. Water qual ity data for the ICW near the location of Big H il l  water intake struc. 
ture (Jefferson County, Texas) 

1 .  CONVE N T I O N A L  PARAME T E R S  

C o n d u c t i v i ty ,  
M i c romhos /cm @ 2 5 ° C  

N i trate N i trogen a s  N 0 3  (mg/ l ) 

Tota l C h l o r i de as C l  (mg/ l ) 

Tota l S u l fate as S04 (mg/ l ) 

O i l and G r e a s e  ( by I R )  ( mg/ l ) 

2 .  META LS ( mg/ l ) 

Tota l A rs e n i c  as As 

Tot a l  B a r i um a s  Ba 

Tota l Cadm i um a s  Cd 

Tota l Ca l c i um a s  Ca 

Tota l Copper a s  Cu 

Tota l C h rom i um a s  Cr 

Tota l I ro n  a s  Fe 

Tota l Lead as Pb 

Tota l Ma nga n e s e  a s  Mn 

Tota l Mag n e s i um a s  Mg 

Tota l Merc u ry a s  Hg 

Tota l N i c k e l  as N i  

Tota l Potas s i um a s  K 

Tota l  S o d i um as Na 

Tota l Z i nc a s  Zn 

I nt a ke Wate rs 
a .  

1 , 90 0  

N o n e  detected 
l e s s  than 0 . 1 

5 5 6  

94 

0 . 2 ppm 

0 . 0 3 6  

N o n e  detected 
l e s s  than 0 . 1 

None detected 
l e s s  than 0 . 0 1 

1� 

N o n e  detected 
l e s s  than 0 . 0 1 

N o n e  detected 
l e s s  than 0 . 0 1 

3 

N o n e  detected 
l e s s  than 0 . 5 

0 . 1 

3 7  

N o n e  detected 
l e s s  than 0 . 0004 

None detected 
l e s s  than 0 . 1 

15 . 8  

3 0 1  

0 . 0 5 

b .  

17 , 000 

0 . 17 

6 , 800 

876 

< 0 . 0 2  

< 0 . 0 5  

< 0 . 02 

0 . 04 

< 0 . 0 2  

0 . 150 

0 . 1 

0 . 0 9 

< 0 . 0005 

0 . 1 

0 . 12 

a .  Samp l i n g d o n e  b y  PB- KBB I nc . , o n  J u ne 14 , 1979 - I n  I CW a t  l oc at i o n  
o f  p r o p o s e d  raw water i n t a ke . A n a l y s i s  p e r f o rmed b y  S h i l s t o n e  
E n g i n e e r i ng T e s t i ng L a b o r a to ry , New O r l e a n s , Lo u i s i a n a .  

b .  F rom Appe n d i x 0 o f  F i na l  E I S  - Texoma G r o u p  S a l t Domes , Tab l e  0 . 6-4 , 
p .  0 . 6- 5  
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A l though no s i te-spec i f i c data current l y  exi st ,  the present  ambi ent ai r 
qual i ty cond i ti ons  at B i g  H i l l  are re l ated to regi onal l y  h i gh l eve l s of 
NMHC and photochemi ca 1 oxi dants (measured  as ozone) ( see Sect.  3 . 1) .  
Reg i o nal a i r q ual i ty data are s ummari zed i n  Tab l e  3- 3 .  These data 
i ndi cate that mo n i tored concentrati ons  of ozone are often i n  exces s  of 
the app ropri ate standard . The exact mo n i tor i ng s i te l ocati ons  are 
assoc i ated wi th spec i f i c source emi s s i ons that wo u l d  not be present at 
the rural B i g  H i l l  s i te .  D i scus s i ons  w i th the Texas A i r Contro l Board 
( Ch i ef A i r Qual i ty I nformati on  Offi cer)  i nd i cated bac kground NMHC 
concentrati ons  can be best app roxi mated ( as a worst cas e )  by us i ng 
moni tored val ues from the Ho uston  Southeast/Seabroo k s i te wh i ch i s  
l ocated about 50 mi l e s  southwest of B i g  H i l l .  O f  the exi sti ng 
mo n i to r i ng s i tes avai l ab l e ,  thi s one appeared most representati ve of 
topograp h i c and i ndustr i al  cond i t i ons  found near B i g  H i l l .  

3 . 2 . 1 . 4 Amb i ent Sound Leve l s 

Backgro und no i se l ev e l s around the B i g  H i l l  fac i l i t i es are esti mated to 
average 48 dB , wi th va l ues genera l l y  rang i ng from 35  to 75 dB (Texoma 
Group F E I S , Sect . 4 . 6 . 4) .  Pr i nci pal sources now present at the B i g  H i l l  
s i te i nc l ude peri od i c  vehi c l e  no i se and sounds re l ated to exi sti ng 
petro l eum- based acti v i t i es .  At the raw water i ntake structure , 
transportat i o n  acti v i t i es re l ated to barge traff i c  on the I CW are the 
pri mary sources of above-amb i ent sound l ev e l s .  Traffi c  a l ong H i ghway 87 
and the surf zone may add s i gn i f i cant l y  to bac kgro und sound  l evel s at 
the i nters ecti o n  of the br i ne d i sposal  l i ne and Gu l f Coast ( see F i g .  
2- 6 ) .  

3 . 2 . 1 . 5  Spec i es and Hab l tats 

Bi 9 H i  I I  S i te 

Exi s ti ng hab i tats i n  the v i c i n i ty of the proposed 250- acre comp l ex are 
re l ated pri mari l y  to agri cu l tural usage , al though the u . s .  Geo l ogi cal 
Survey ( U SGS ) ( 1973 ) descri bed muc h of the dome s urface as 
i ndustri al - urban because of the presence of exi sti ng petro l eum- re l ated 
deve 1 opment.  Two ponds are present on the eastern edge of the s i te 
a l ong wi th a stand of  l i ve oak trees . Agri cu l tural l ands s urro undi ng 
the B i g  H i l l  s i te cons i st pr imari l y  of pasture and crop l ands , wh i ch may 
be rotated from year to year dependi ng on  owner  preference . 

F l ora and fauna commo n to Che n i er P l ai n  upl and hab i tats are di scus sed i n  
detai l i n  the Texoma Group FE I S ,  Sects . B . 2 . 5 . 2 . 4 ,  B . 3 . 4 . 5 . 3 ,  and K . 7 .  
Th i s  area cons i sts l arge l y  o f  prai ri e gras s l ands wh i ch have been 
converted to pasture l and .  The vegetat i o n  i s  domi nated by tal l grasses  
s uch as b 1 uestem , I nd i  angras s ,  Johnson  gras s , swi tchgras s ,  and  pra i  ri  e 
wi l dgras s ,  as wel l as i mproved pasture gras ses  and l egume s .  Domi nant 
spec i es of  mammal s i nc l ude rab b i ts and rodents as we l l  as dome s t i c  
l i vestoc k ,  wh i ch graze on the prai r i e  gras s e s .  B i rds i n  the area 
i ncl ude several speci  es  of upl  and game bi rds and numerous sparrows and 
b l ackb i rds . Nearby prai ri e gras s l ands wh i ch have been c u l ti vated for 
r i  ce crop s are pop u l  ar feedi ng grounds for geese  and ducks i n  wi nter 
months . Some reduct i on i n  prai r i e  gras s l and hab i tats co nve rted for 
agr i cu l tural pu rposes  has been noted i n  the Sab i ne Bas i n  (Gosse l i n k et 
a l . ,  1979) . Much of thi s change i s  attri b uted to chang i ng patterns  i n  
urban i zat i o n .  
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W I 
....... 0 

MONITOR lOCAT ION : 

PERIOD OF RECORD: 

031 

H i gh 1 h avg. 
Mean 
# h > . 12 ppm 

S021 

H i gh 1 h avg. 
Mean 

NO/ 
H i g h  h a v g .  
Mean 

N021 

H i gh 1 h avg. 
Mean 

NOI 

H i gh 1 h avg. 
Mean 

COl 

H i gh 1 h avg . 
Mean 

NMHCI 

H i gh 1 h avg. 
Mean 
6-9 am H i gh 1 h avg. 
6-9 am Mean 
6-9 am # hrs >24 pphm 

WSI 

H i gh (mph) 
Average 

Tempi 

H i gh ( O F )  
Average 

Table 3·3. Texas Air Control Board continuous air quality monitoring stations (all 
values In ppm) 

BEAUMONT IlA MAR WEST 
JEFFERSON CO. A. P .  UNIVERSITY ORANGE AlDI NElHARRIS CO . HOUSTON EAST TEXAS C I TY 

(Jan. to ( Sept. to (Jan. to (Jan. to (Jan. to (Jan. to (Jan. to 
m i d  Apr i l  Dec . ) Dec. ) June) Dec . ) Dec. ) Dec . ) 

1979 1979 1979 1979 1979 1979 1979 

. 19 ppm . 14 ppm . 19 ppm . 20 ppm . 24 ppm . 24 ppll . 23 ppm 

. 04 ppm . 03 ppm . 02 ppll . 04 ppm . 03 ppm . 02 ppm . 03 ppm 
18 h 5 h 20 h 22 h 128 h 67 h 48 h 

(Jan. to 
Feb . •  (Jan. to (Oct. 20 

(Jan. to (Oct. to (Jan. to (Oct. to Mar. to (Nov. to Oc t .  19) to Dec . )  
Oct . }  1979 Dec . }  1979 Oct . }  1979 Oec . }  1979 Oct . } 1979 Oec . }  1979 � � 

. 18 GC* . 20 PF* . 42 GC* . 04 PF* . 15 GC" . 13 PF" . 20 "GC . 13 PF" . 19 

. 00 . 02 . 02 0 0 0 . 01 0 . 01 

. 11 . 15 . 19 . 73 . 95 . 17 

. 03 . 02 . 01 . 04 . 07 . 02 

. 26 . 06 . 05 . 06 . 35 . 1 1 
. 01 . 0 1 . 01 . 02 . 03 . 01 

. 09 . 12 . 22 . 65 . 89 . 11 

. 01 . 01 . 02 . 03 . 04 0 

7 . 7  1 1 . 7 8 . 6  3 . 9 
. 20 0 . 6  0 . 7  0 . 2  

2 . 0  7 . 0  7 . 0  8 . 2 
0 . 1 0 . 5  1 . 0  0 . 5  
1 . 5  3 . 2  3 . 8  3 . 1 
0. 2 0 . 6  1 . 2  0 . 5  
24 190 203 128 

33 19 25 25 39 29 
12 5 7 6 9 8 

82 93 95 93 94 92 
56 70 67 65 64 67 

*GC = Gas chromatography ; PF = pul se fl uorescence 

N MHC standard of 1 60 /tg/m3 = 0.24 ppm 

HOUSTON 
ClUTE I SOUTHEAST I 

FREEPORT SEABROOK 

(Jan. to (Jan.  to 
Dec. ) Dec . ) 
1979 1979 

. 22 ppm . 23 ppm 

. 03 ppm . 04 ppm 
76 h 150 h 

. 19 

. 02 

. 10 

. 0 1 

. 14 

. 0 1 

7 . 1 12 . 4  
0. 3 0 . 2  

6 . 2  4 . 4  
0. 5 0. 3 
5 . 2  3 . 9  
0 . 6  0. 3 

99 109 

27 28 
8 8 

98 92 
70 66 



Raw Water and Bri ne D i ffuser Systems 

The raw water and b r i ne d i ffuser p i pe l i nes wou l d cro s s  pr imar i l y  
wetl ands and open-water hab i tats , i n  add i ti on t o  some pasture l and .  
North of  the  I CW the  comb i ned ROW wi 1 1  travers e about 4 mi  1 es of  
fresh-bracki  s h  mars h hab i tat.  South of  the  I CW the  b r i  ne 1 i ne wo u l  d 
cro s s  about 3 . 5 mi l es of  bracki s h  and i ntermedi ate mars h .  Common p l ant 
spec i es and net pri mary producti on for the d i fferent mars h types  are 
compared i n  Tab l e  3-4 (Gosse l i n k et al . ,  1979 ) .  

I n sects are con s i dered major cons umers of  net pr i mary producti on i n  al l 
wetl and hab i tats (Goss e l i n k  et a l . , 1979 ) .  The i r i mportance i ncreases 
i n  fres hwater mars hes as the d i vers i ty of  crustaceans decreases i n  
respon s e  to l owe r sal i n i ti es . Bracki sh  and i ntermedi ate marsh  hab i tats 
p l ay an i mportant ro l e  as nursery areas for s h r i mp , menhaden , croaker , 
and other estuari ne-dependent taxa that compri se the b u l k of  Gu l f Coast 
fi sheri es . A funct i onal overv i ew of a .  typ i cal  wetl and sys tem i s  
pre sented i n  F i g .  3 - 2 .  Pri mary p roducti on , fi xed as p l ant materi al , i s  
the energy avai l ab l e for the rest  of the food web and i s  d i rect l y  l i n ked 
to secondary product i on of  f i s h , waterfowl , furbearers , and other 
renewab l e  resources . 

The po i nt at wh i c h  the bri ne di sposal  p i pe l i ne crosses  the ICW i s  a 
b rac ki s h  open-water hab i tat mai ntai ned peri odi cal l y  by the USACE at a 
control l i ng depth of  12 ft . Most pri mary producti on i n  the open waters 
res u l ts from phytop l an kton of the cocco i d  b l ue-green and green al gae 
types . Zoop l an kton  communi ti es are general l y  domi nated by cal anoi d 
copepods and l arval stages of  other i nvertebrates such as p o l ychaetes , 
oys ter , crab s , s h ri mp , and barnac l e s .  Many of  these taxa , as d i scussed  
by  Po i rri er ( 1979 ) , cou l d  present  b i ofou l i ng prob l ems at  the  raw water 
i ntake structure . 

Benth i c commu n i t i es  i n  the I CW ,  hav i ng evol ved i n  the presence of 
extreme f l uctuati ons  of  sal i n i ty ,  turb i d i ty ,  temperature , and d i s s o l ved 
oxygen ,  are typ i cal of  phys i cal l y  stres sed  estuari ne env i ronments . F i s h 
and macrocrustaceans common to the I CW i nc l ude members of  the drum , 
anchovy , and shr imp ·fami l i es . Detai l ed descri pt i ons  of these 
commu n i t i es are pres ented i n  the Texoma Group F E I S , Sect.  B . 2 . 5 . 2 . 4  and 
Appendix  K .  S i te- spec i f i c data taken near the proposed i ntake structure 
general l y  i nd i cate spars e l y  popu l ated faunal  commu n i t i es . 

Bri ne D i sposal S i tes  ( 3 . 5- to 12 . 5-M i l e  A l ternati ve s )  

The B i g  H i l l  offshore samp l i ng program was part o f  a comp rehens i ve 
Texoma Group F E I S  basel i ne phys i cal , geoc hem i cal , and b i o l og i cal  
mon i tori  ng effort conducted from September 1977 through October  1978 
( C om i s key et al . ,  1979 ) . Month l y  samp l i ng occurred at f i ve s i tes , three 
of wh i ch were potenti a l br i ne di scharge s i tes , i n  southwe st Lou i s i ana 
and southeast Texas ( F i g .  3- 3 ) .  Samp l i ng at the B i g  H i l l  and B i g  H i l l  
Control (BHC)  s i tes  conti nued for 14 months ( 13 col l ecti ons ) wh i l e  the 
West Hackberry gro up s i tes (West Hackberry , West  Hackberry Contro l , and 
B l ac k Bayou )  were samp l ed from September 1977 to May 1978 (8 
co l l ecti o n s ) . These f i ve s i tes , wh i c h spanned a di stance of about 55  
m i l es  of the  Gu l f Coas t ,  encompass a wi de range of  sedi ment 
characteri sti c s .  The d i scus s i on of res u l ts at the B i g  H i l l  s i te can 
best be  understood i n  the context of the other s i te s .  
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Table 3·4. Estimated net primary production per square meter for marsh habitats [total 
net primary production is calculated as the r: � (percent coverage t imes net 
primary production) for n species] 

Sal t marsh 

Net 
pri mary 

Species 
product i o n  
(g/m2/year) 

Sal tgrass 2 , 9002 

SIIOoth cord-
grass 2 , 2002 

Sal tmeadow 
cordgrass 4 , 2002 

Bl ackrush 3 , 3002 

A l l  i gatorweed 3 , 1403 

Bul l tongue 2 , 3002 

OtherS 

Open area 

Total net pri mary producti o n  

Bradi sh marsh 

Net 
primary 

Spec i es 
production 
( g/m2/year) 

Saltmeadow 
cordgrass 4 , 2002 

Wi dgeon-
grass 5 , 8403 

Saltgrass 2 , 9002 

OtherS 

Open area 

Total net pri mary production 

Coverage' 
(%) 

44. 23 

12. 31 

3 . 08 

2. 31 

1 . 15 

1. 15 

15 . 92 

19. 85 

Coverage' 
(%) 

36. 70 

4. 67 

9 . 88  

15 . 81 

32. 77 

Contri bution to 
habi tat 

net primary 
producti o n  
(g/m2/year) 

1 , 283 

270 

129 

76 

36 

26 

451 

2 , 271 

Contri but i on to 
total 

net primary 
production 
( g/m2 /year) 

1 , 541 

273 

287 

655 

2 , 756 

3 - 1 2  

I n termediate marsh 

Net 
pri mary 

production 
Species (g/m2/year) 

Sal tmeadow 
cordgrass 4 , 2002 

Bul l tongue 2 , 3002 

COlllllOn reed 2 , 4002 

Al l i gatorweed 3 , 1403 

OtherS 

Open area 

Total net pri mary producti on 

Fresh marsh 

Net 
pri mary 

product i o n  
Species (g/m2/year) 

Bul l tongue 2 , 3002 

Al l i gator-
weed 3 , 1403 

Sal t.llleadow 
cordgrass 4 , 2002 

Bl ackrush 3 , 3002 

Other 

Open 

Total net pri mary producti on 

'Chabrec k ,  1972 . 

2Go ssel i n k  et a l . ,  1977. 

3Boyd, 1969. 

'Nixon and Ovi att , 1973. 

Contribution to 
total net 

pri mary 
Coverage2 producti o n  

(%) ( g/m2 /year) 

29. 92 1 , 257 

3. 17 73 

3. 14 75 

2. 72 85 

34 . 90 1 , 335 

26. 35 

2 , 825 

Contri bution to 
total 

net primary 
Coverage' producti on 

(%) (g/m2/year) 

17. 90 412 

4 . 19 131 

7. 21 302 

1.  31 43 

1 , 344 

23. 08 

2 , 232 

'Producti v i ty ass umed to be equal to the average for other 
spe c i e s  in the hab i tat.  

Source: Gossel ink  et al. (1 919) 
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The bottom topography i n  the B i  g H i  1 1  study area cons i  sts of  a steep 
near- shore zone that stretches from the beach off shore about 5 mi l es to 
the 35- ft contour l i ne ( F i g . 3-4) . At th i s contour the bottom 
confi gurati on changes to a l arge , f l at p l ateau that extends about 15 to 
20 m i l es further toward the Heal d and Sab i ne Bank areas , wh i ch are 
separated by a re l ati v e l y  s hal l ow s ubmari ne val l ey ,  about 11 mi l es wi d e .  

T h e  samp l i ng stati ons  a t  t h e  B i g  H i l l  s i te are s hown i n  F i g .  3- 5 .  
Coordi nates for these stati ons  and a s amp l i ng schedu l e  fo r the who l e  
program are presented i n  Appendi x F ,  Tab l es F-l  and F-2 ,  respecti ve l y .  
The samp l i ng program was des i gned to opti m i ze econom i c  con s i derati ons  
and maxi mi ze stati sti cal  val i di ty .  As such , not  a l l s i tes  had  the  same 
number  of stat i o n s  and not a l l stati ons  we re samp 1 ed on each crui  s e .  
Two current meter stat i o n s  we re al so used .  

Re s u l ts of  the  Texoma samp l i ng program are summari zed b e l ow. More 
deta i l ed res u l ts for currents , wi nds , hydro l og i c  and water qual i ty 
parameters , phytop l ankton , zoop l an kton , benth i c  macrofauna , and nekto n ,  
as we l l a s  sedi ment characteri zati on , are presented i n  Appendi x F .  

Currents appeared to b e  mai n l y  wi nd- dri ven , wi th net transport to the 
we st duri ng most seasons . However , duri ng samp l i ng peri od  3 (May 15 to 
J u l y  12 ) , th i s  d i recti on was revers ed , wi th near- bottom currents 
strongest to the eas t .  A near- s u rface current meter dep l oyed at BHC at 
the start of  samp l i ng peri od 3 showed net l o ngshore near- s urface 
transport to the west , oppos i te that s hown by a near- bottom current 
mete r .  Duri ng samp l i ng peri od 4 ( J u l y  12 to September 13 ) , mean 
l o ngshore near-bottom currents were ori ented i n  d i fferent di recti ons for 
the B i g  H i l l  Secondary ( BH S )  and BHC s i tes . The near- s u rface c urrent 
meter at the BHC s i te recorded ons hore di rected currents i n  exces s  of 
3 . 3 ft/s duri ng the passage of a l arge trop i cal  depres s i on i n  August 
1978 . 

The l o ngs hore current compo nent domi nates near- s hore c i rcu l at i o n .  
General l y ,  the trans s he l f cu rrents appear a s  mi  nor de fl ecti ons o f  the 
much more pronounced currents paral l e l  to the l ocal  i sobaths . The re was 
an occas i o nal epi sode duri ng wh i ch the two current components were of  
s i mi l ar magn i tude , but  thi s was usual l y  the  res u l t of  a decreas e i n  
l ongs hore currents rather than any s U bstanti a l  i ncreas e i n  trans s he l f 
currents . 

I n  genera l , the B i g  H i l l  3 . 5-mi l e  offs hore s i te i s  typ i cal  of  ne r i ti c  
waters wi th a vari ab l e  hydro l ogi c reg i me res u l ti ng from the i nteracti on 
of  terrestri al  runoff and estuari ne water wi th open G u l f water . 
Sal i n i ty was negati ve l y  re l ated to ri ver di scharge , whereas l and-der i ved 
nutri ents ( p hosphate , n i trate , s i l i cate ) we re pos i ti v e l y  re l ated to 
reg i o nal and l ocal d i s charge . D i s s o l ved oxygen was strong ly  and 
negat i ve l y  rel ated to temperature , whereas sa l i n i ty concentrati ons  were 
strong l y  and pos i ti ve l y  rel ated to s u l fate . The B i g  H i l l  s i te di d not 
s how trends as di sti nct as tho se  seen at the West  Hackberry s i te for 
s a l i n i ty/n utr i ent re l at i o n s h i p s  due to the further di stance of  the B i g  
H i l l  s i te from a n  estuari ne water source . 
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A di st i nct d i s s o l ved oxygen mi n i mum was reco rded i n  J une  1978. Th i s  i s  
probab l y  attr i butab l e  to decay o f  p hytop l an kton-der i ved , organ i c  
detri tus i n  addi t i o n  to we l l  deve l oped dens i ty strati fi cat i on and 
i ncreas i ng temperature s .  The o n l y  group to be affected by thi s 
d i s s o l ved oxygen mi n i mum was the nekton , whi ch  apparentl y moved o ut of  
the  zone  of l ow d i s so l ved oxygen concentrati ons , as evi denced by the  l ow 
catches  i n  the trawl s amp l e .  Howeve r ,  by the next col l ecti on , the 
nekto n had returned . 

Phytop l an kton standi ng crop s s howed two peaks c o i nc i dent wi th the peaks 
i n  fres hwate r d i scharge and h i gh nutri ent concentrati ons . Zoop l an kton 
standi ng crops we re h i ghest i n  the mi d- spr i ng to l ate- s umme r peri od and 
appeared to respond to i ncreased avai 1 abi 1 i ty of  phytop 1 ankton-deri ved 
detri tus . Fi sh eggs , 1 arvae and penae i d 1 arvae , and postl  arvae were 
mo st preval e nt i n  the p l an kton i n  the s umme r .  As wi th the 
phytop l an kton , zoop l ankton abundance was domi nated by seasonal  effects , 
wi th spati al  effects mi n i mal . For both group s , the l ate- spri ng through 
summer  samp l es  we re very s i mi l ar i n  commu n i ty compos i ti on .  

Sedi ments at the B i g  H i l l  s i te have the h i ghest  means for most 
i nd i cators of  decreas i ng gra i n s i ze ,  except for percent s i l t . No 
stat i o n  at B i g  H i l l  had more than 10 percent s and- s i zed part i c l es . 
Based on  gra i n- s i ze di fferences , the B i g H i l l  s i te was mo re homoge neo us  
than the West  Hac kbe rry s i te .  The  B i g  H i l l  sedi ments had the  h i ghest 
organ i c  content of  a l l the Texoma s i tes , but much of  th i s  was probab l y  
refractory ( re s i stant to b i odegradat i o n ) . Seasonal l y , the h i ghest 
percent c l  ay occurred duri ng the wi nter- ear l y  spri  ng as a res u l  t of  
ero s i o n  of  the  overl y i ng s i l t  l aye r .  The  B i g  H i l l  s i te appears to  be 
s i tuated on  an outc rop of Beaumont c l ay .  

The benthos d i stri b uti on  i s  b e l i eved t o  b e  c l o s e l y  re l ated to sed iment 
parti c l e s i ze d i stri buti o n .  Most spec i es showed a negative  corre l ati o n  
t o  the fi ne- textured bottom sedi ments a t  B i g  H i l l  as  compared wi th tho se  
Texoma s i tes wi th mo re coars e l y  textu red s ubs trates . On ly  Petri co l a  
pho l ad i formi s (pe l ecypod) and Sabel l i des  ocul ata ( po l ychaete ) s howed a 
strong preference fo r the B i g  H i l l  s i te .  Stand i ng crops at B i g  H i l l  
we re the l owest  of  the fi ve Texoma s i tes  and l ower than most h i stori cal 
stud i es i n  the area wh i ch uti l i zed s i mi l ar f i e l d and l abo rato ry 
methodo l ogi e s .  

Based o n  the res u l ts o f  the Texoma s amp l i ng ( Append i x  F ) , a l ong wi th the 
l i te rature rev i ews of  shr imp and menhaden ecol ogy ( Appendi x G) and 
h i stori cal stud i e s  i n  the B i g  H i l l  area ( Append i x  F ) , the fol l owi ng 
compari so n s  and general i ti es can be made .  

1 .  The  topography of  the  study area i s  a gradual s l op i ng s he l f 
i nterrupted about 20 to 25  mi  1 e s  off s hore by the presence of  
i s o l ated patches of  she l l and  by s everal l arge she l l ri dges ( Sab i ne 
and Hea l d  Bank) . Because  these banks are ori  ented l ongs hore and 
are separated by a di sti nct gap , they shou l d  have l i tt l e effect on  
c i rcu l at i o n  i n  the  area .  The  s he l l banks , wh i ch are  usual l y  
s urrounded by s andy bottom , are cho i ce b e nth i c  hab i tats and may 
harbor I I hard bottomll fauna .  The c l ay bottom at the 3 . 5-mi l e  s i te 
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i s  one of the poorest sub strates for benthos i n  the Gu l  f .  The 
sediments i n  the corri dor out to a 12 . 5  mi l e  s i te may be ' on l y  
s l i ghtl y more favo rab l e  t o  benthos , wi th both s i tes  mai ntai n i ng a 
more poorly popu l  ated commu n i ty as  compared wi th s and or s he l l 
substrates . 

2 .  Bottom currents , wh i ch are i mportant for mai ntai n i ng c i rcu l ati on , 
are expected to be l es s  respons i ve to wi nd effects at s i tes  deeper 
than 30 ft . 

3 .  Vari at i o n s  i n  amb i ent sa l i n i ty are more l i ke l y  near shore because 
of the proximi ty to fres hwater  sources . As  one proceeds off s hore , 
sa l i n i ti es ri se  to ocean i c  l eve l s ( > 3 3  ppt) . I n  the basel i ne 
Texoma stud i e s , no sa l i n i t i e s  greater than 30  ppt were measured i n  
the v i c i n i ty o f  the proposed 3 . 5-mi l e  d i ffuser  s i te .  Sa l i n i ty 
vari ance , espec i a l l y  that for near- s u rface waters , great l y  
decreas e s  i n  a n  offs hore d i rect i o n .  

4 .  Most of the demersal  spec i es fo und at the 30- ft contour are 
e stuari ne-dependent at some stage i n  thei r l i fe cyc l e .  These  forms 
represent the most eurytol erant members of the fi s h  fauna of  
coastal Lou i s i ana and  Texas . Euryha l i ne organ i sms are general l y  
to l erant to both h i gh and l ow sa l i n i t i e s .  Spec i e s  compo s i t i o n  
gradual l y  change s go i ng off s hore , wi th stenohal i ne mari ne forms 
repl ac i ng the euryhal i ne members  of  the more i ns hore commun i ty .  

5 .  Brown s h r i mp , Penae us aztecus ,  do not general l y  spawn i n  areas as 
c l ose  to shore as the 3 . 5-mi l e  d i ffuser s i te ,  but may spawn at a 
12 . 5-mi l e  s i te .  Postl arval and young s hri mp may pass  through the 
3 . 5-mi l e  s i te on  the i r  mi grati ons  to and from the estuari e s .  

6 .  Adu l t s h r i mp popu l ati ons  at both the 30- and 40- ft depths cons i st 
pri mari l y  of wh i te shr imp .  Few i nd i v i dual s of spawn i ng s i ze were 
co l l ected at the 3 . 5-mi l e  s i te ,  a l though postl arvae and j uven i l es 
were present throughout much of the year .  Stud i e s  have shown that 
wh i te s h ri mp l arvae and postl arvae are ab l e  to wi thstand h i gher 
temperatures and sa l i n i ty f l uctuati ons  than b rown s h ri mp l arvae . 
B i oas s ay resu l ts i nd i cate that tox i c  effects from sa l t dome br i ne 
on  eggs , l arvae , and postl arvae of s hri mp begi n at approxi mate l y  38 
to 40 ppt wi th mi n i mum expos ures of 24 h.  Contro l sa l i n i ti es for 
these exper iments wh i ch correspond to amb i e nt condi ti ons  i n  the 
Gu l f  ranged from 30 to 33 ppt . 

7 .  A l l l i terature revi ewed i nd i cated that penae i d  shr imp and Gu l f 
,menhaden are euryhal i ne ,  wi th a l l stages of the l i fe cyc l es  eas i l y 
ab l e  to to l erate the i ncreases i n  sa l i n i ty from bri ne di sposal . 

8 .  The s h r i mp popu l ati ons  and a l so  those o f  many fi nf i shes  i n  t h e  B i g 
H i  1 1  area are heav i l y  exp 1 o i ted , perhaps rece i v i  ng the heav i est  
pres s ure of any fi  shery i n  the worl d .  Catch s ucce s s  i s  based on  a 
s i ngl e year c l as s . Dur i ng most years , due to fi s h i ng pres s ure , 
l es s  than maxi mum popu l at i on den s i t i e s  exi s t .  
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9 .  The great fecun d i ty o f  femal e shr imp a l l ows s ucce s s fu l  recrui tment 
desp i te the h i gh degree of exp l o i tati o n by man . It al so  a l l ows 
qu i c k recovery from a bad year .  Thi s i s  typ i ca l  of estuari ne
dependent organ i sms , adapted to envi ronments wh i ch are vari abl e .  
No studi es  have defi ned spawner- recrui tment re l at i o n s h i p s  for 
comme rci a 1 s hr i mp .  Thi s facto r al l ows the penae i d pop u l  ati ons to 
rebo und qui c k l y  from a poor producti on  year. However , s i nce the 
supp l y  of postl arval s hri mp enter i ng the estuar i es  has not been 
shown to be c l o s e l y  re l ated to s hri mp producti o n ,  the shr imp 
popu l at i ons wi l l  not necessari l y  rebound i f  cond i ti ons  i n  the 
estuary are not conduc i ve to s hr imp product i o n .  

10 . Most recent studi es  from a number o f  s h r i mp fi s heri es have 
confi rmed that i t  i s  factors i ns i de the estuar i es  ( espec i al l y  
temperature and sa l i n i ty )  that dete rmi ne the s ucce s s  or  fai l ure of 
the s hr i mp year c l as s .  Stud i es that have attempted to use  
postl arval catch near the estuari es  as an i nd i cati on  of subsequent 
adu l t producti o n have general l y  proven h i gh l y  i naccurate . O n  the 
other hand , j uveni  1 e abu ndance i n  the estuari es  has been c l o s e l y  
1 i n ked t o  sub sequent offshore product i o n .  I n  t h i  s regard , Sabi  n e  
Lake , the o n l y  estuari ne hab i tat i n  the i mmedi ate « 20 mi l es )  
v i c i n i ty o f  the B i g  H i l l  s i tes  i s  no l o nger an i mportant nurs ery 
fo r s h r i mp producti o n .  Upstream i mpoundment of the Sab i ne R i ver 
has changed the seasonal fl ow reg i me ,  and i t  no l o nge r i s  as 
conduci ve to shri mp product i o n .  

Threatened and Endangered Speci es 

B i g  H i l l  deve l opment wo u l d occur wi th i n the pos s i b l e  ranges of some 
endangered , threatened , and protected speci  e s .  I nfo rmati on on these 
organ i sms whi ch i s  spec i fi c  to the components of the B i g  H i l l  comp l ex i s  
not avai l ab l e .  Through co n s u l tat i o n  wi th the US FWS , i t  was determi ned 
that the taxa presented i n  Tab l e  3-5  were of pr i mary concern ( l etter 
commu n i cati on  between W .  E .  Kl ett , USFWS Area Manager to N .  D .  Gray , 
DOE/S P R , October 28 , 1980 ; see Append i x  D ) . 

Al l of the on- l and preferred acti ons  d i scus sed i n  th i s  document occur 
wi th i n the h i stori c range of the red wo l f .  Carl ey ( c i ted i n  USACE , 
1979 ) states that probab l y  fewer than 50  pure red wo l ves  now remai n i n  
the wi l d . Habi tat destruct i o n , predato r contro l , di sease , and 
hybri di zat i on wi th coyote appear to be the greate st  threats to the 
remai n i ng popu l at i o n .  

The enti re upper Texas coast i s  co n s i dered feed i ng hab i tat for mi grati ng 
bal d eagl es and peregri ne fal cons . Several  brown pel i cans are known to 
re s i de on  the grounds of Sea-Arama Mari neworl d i n  Gal veston and may fly 
over and po s s i b l y  feed i n  and around the regi on ( U SACE , 1979 ) . 

The Ameri can al l i gator i s  now co n s i dered threate ned i n  southeast Texas 
coastal counti es . I t  i s  poss i b l e  fo r the a l l i gator to i n hab i t  v i rtual l y  
any predomi nant l y  fres hwater hab i tat w ith i n the area .  Several have been 
observed i n  the wetl ands between the B i  g Hi  1 1  s i te and the I CW ,  and 
the se pop u l ati ons are on  the i ncreas e .  A l i mi ted hunti ng season has 
been estab l i s hed by the Lou i s i ana Departme nt of Wi l d l i fe and F i s heri es 
i n  the state . 
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Table 3-5. Threatened and endangered species in Jefferson County, Texas 

LI STED SPEC I ES 

Red Wo l f  ( C an i s rufu s )  - Li m i ted  i n  Texas to Orange and J efferson  
Count i es south  o f  1 - 10 .  P robab l y  wi l l  soon  be  ext i nct i n  i ts fi nal  
range i n  Texas . 

Brown P e l i can ( Pe l eca n u s  occi dental i s ) - Brown p e l i cans  may be fo und i n  
adj acent C hambers Co unty .  A sma l l res i dent f l oc k i s  found  a l o ng the 
Centra 1 Coast .  Mi  gratory f l oc ks from the G u l f Coast of  Mexi  co 
frequent l y  enter Texas wate r s . 

Peregri ne  Fal con  ( Fa l co peregri n u s  
duri ng  spr i ng  a n d  fal l m i grat i o n .  
e spec i a l l y  No rth a n d  South Padre I s l an d .  

tundr i u s )  - May occur  s tatewi de  
C oncentrate a l o ng G u l f Coas t , 

Bal d Eag l e ( Hal i aeetus  l eucocepha l us ) - May occur s tatewi de  
wi nter i ng spec i e s  around l arge bod i e s  o f  water .  The  
concentrat i o n s  general l y  occ ur from November  to Marc h .  

as  a 
maj or  

A l l i gator ( A l l i gato r m i s s i s s ippi e ns i s )  - May be fo und  anywhere a l o ng the 
Texas coast i n  r i vers , swamps ,  mars hes , l akes , and  e stuari e s . 

P RO POSED  S P EC I ES 

NONE 

C R I T ICAL  HAB ITAT 

NONE  

Source :  U S FWS , 1980  ( s e e  Append i x  D ) . 
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Mari ne mammal s such as sperm whal e ( Physeter  catodon ) ,  f i nbac k  whal e ,  
(Ba l aenoptera physa l u s ) , b l ue whal e ( Ba l aenoptera muscul u s ) , and b l ac k  
ri ght wha l e  (Ba l aena gl aci al i s )  are con s i dered acci dental i n  near- shore 
regi ons  and rare off shore i n  th i  s regi  on of the Gu l f of Mexi co . Sea 
turtl es  such as the l ogge rhead , green , l eathe rbac k ,  hawksb i l l ,  and 
ri d l ey have besn reported a l ong the Texas coast .  Howeve r ,  i n  recent 
years they have become extreme l y  rare . A s i ng l e femal e ri d l ey was 
obs e rved nesti ng i n  south Texas i n  197 9 .  Other spec i e s  that cou l d 
potenti a l l y  occu r  w ith i n the proj ect area are di scus sed  i n  Appe ndix  E .  

3 . 2 . 1 . 6  Natural and Sce n i c  Res ources 

S i te Faci l i ti es  

The area around B i g  H i l l  sa l t dome i s  a rural coastal  Texas agri cu l tura l 
setti ng .  A l though natural and sce n i c  resources are l es s  ev i dent i n  the 
actual s i te area , an extens i ve system of coastal wetl ands , wh i ch serve 
as i mportant wate rfowl wi nteri ng areas , i d  found i n  areas adj acent to 
the s i te and exte nd from Sab i  ne Lake to East Bay .  Nearby wi l dl i fe 
re fuge and management areas are descri bed i n  the Texoma Group FE l S ,  
Sect.  B . 2 . 6 .  S i nce p ub l i cati on  o f  the FE l S , the USFWS has estab l i s hed 
McFadd i n Nati onal  Wi l d l i fe Refuge i mmed i ate l y  to the s outh and east of 
the B i g  H i l l  sa l t dome ( US FWS , 1977b ) .  The McFadd i n Mars h i s  ran ked 4th 
of 25 II keil areas a l ong the Gu l f Coast of Texas wi th h i gh val ue for 
wate rfowl ( USFWS , 1977a) . The McFaddi n Refuge i s  about 54 , 500 acres i n  
s i ze ,  and i ts major  purpose  i s  to prov i de wi nteri ng hab i tat for 
m i g ratory waterfowl ( US FWS , 1977b) . Hab i tats wi thi n the re fuge cons i st 
of  40 , 800  acre s of  wetl and , 800 acres of  open water , and 12 , 900 acre s of 
up l and .  State authori ti es recogn i ze the area for i ts h i gh natural 
p roducti v i ty and i mportance i n  overal l coastal ecosystem funct i o n i ng .  
These factors are di scussed  i n  detai l i n  G o s s e l i n k e t  al . ( 1979 ) and 
Texoma Group F E l S , Sects . B . 2 . 5 . 1 and B . 2 . 5 . 2 . 4 . 

Raw Water and Bri ne D i sposal  Systems 

The area that wou l d  be traversed by the common corri dor  of the raw water 
s up p l y  p i pe l i ne and the br i ne d i sposal  p i pe l i ne from the B i g  H i l l  s i te 
to the l CW i s  pri mari l y  mars h l and.  Hunt i ng , f i s h i ng ,  and b i rdwatch i ng 
are popu l ar recreati onal  acti v i t i es because the se  wetl and areas prov i de 
wi nteri  ng grounds for ducks and geese , year- round  hab i tat for 
furbearers , and nursery areas for many aquat i c  an i mal  spec i es . Beyond 
the l CW ,  the br i ne d i sposal  p i pe l i ne wou l d cro s s  McFadd i n  Nati onal 
Wi l d l i fe Refuge enroute to the Gu l f of Mexi co ( F i g .  2-6) . Near the 
coast , the p i pe l i ne wou l d  cro s s  a smal l sect i o n  of sand dunes and beach . 
These re sources are conti nuous from Sab i ne La ke to Gal veston Bay and , as 
s uch , wou l d  be  traversed by any p i pe l i ne route from the B i g  H i l l  s i te to 
the G u l f of Mex i co ( s ee Sect.  4 . 2 . 1 . 1) .  

3 . 2 . 1 . 7 Archaeo l ogi cal , H i stori cal , and C u l tural Resources 

Archaeo l ogi cal , h i stori cal , and cu l tural resources i n  the v i c i n i ty of 
the B i g  H i l l  sa l t dome have been descri bed i n  the Texoma Group FE l S ,  
Sects . 3 . 3 . 4 . 7  and B . 3 . 4 . 7 . A cu l tural resources s u rvey random l y  
samp l ed the dome area ( Thomas e t  al . ,  1977 ) . A l though n o  s i tes  we re 
found , addi ti onal  studi es wo u l d  be conducted before and dur i ng 
constructi on act i v i ti es .  The proposed  br i ne di scharge p i pel i ne corri do r 
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was al so s u rveyed i n  the cu l tural resources  study , wh i ch concl uded that 
it i s  un l i ke l y  that h i stori cal s i tes wi l l  be l ocated near the i mpact 
are a .  

Based on  the Nat i o nal  Regi ster of H i sto r i c  P l aces ( Federal Regi ste r ,  
February ,  1979 ; March , 1980 ; Feb ruary ,  1981) , there are n o  properti es  
l i sted or  proposed that wo u l d  be affected by constructi on  at  B ig  H i l l .  
The c l osest s i te i n  Jefferson  County i s  the Lucas G u s her , Spi ndl etop o i l  
fi e l d about 3 mi l es south o f  Beaumont .  

3 . 2 . 1 . 8  Soc i oeconom i c s  

T h e  B i g  H i l l  s i te i s  l ocated i n  a rural porti on  of  Jefferson  County , 
southwest of  the Beaumont- Port Arthur-Orange i ndustr i al tri angl e .  Over 
9 9  percent of  the cou nty popu l  at i on 1 i ves  i n  the northern part of  the 
county away from the coast . The periphery of  the greater Houston , Texas 
C i ty ,  and Gal veston  areas i s  about 50 mi l es from B i g  H i l l .  Popu l ati o n  
est i mates for the metropol i tan areas wi th i n  commuti ng d i stance of  the 
s i te are presented i n  Tab l e  3-6 .  The s l i ght decrease i n  the popu l ati on  
of  Jefferson County between  1970 and 1980 may refl ect ( 1 )  census  
undercounts , (2)  smal l changes i n  emp l oyment trends , or (3)  popu l at i o n  
s h i fts to borderi ng counti es . Goods , serv i ces , a n d  hou s i ng  are readi l y  
avai l ab l e  i n  Jefferson County c i t i es ( So utheast Texas Regi onal  P l ann i ng 
Comm i s s i on ,  personal commun i cati on , November 1980 ) .  

O n l y  very sma l l u n i ncorporated commu n i t ies  are l ocated wi th i n a 15-mi l e  
rad i us of the B i g  H i l l  sa l t dome . O f  these , Wi nn i e  i n  Chambers County 
i s  the l argest ( see Tab l e  3 - 6 ) . The c l osest  res i dence i s  over a mi l e  
from the proposed s i te fac i l i ti es . Goods , serv i ces , and hous i ng are not 
read i l y  avai l ab l e . In these smal l commu n i t i es , many peop l e  res i de i n  
mobi l e  homes ( Chambers County Courthouse , Southeast Texas Reg i o nal 
P l an n i ng Commi s s i o n , personal  commun i cat i o n ,  November  1980 ) .  

Land use  patterns around  the s i te cons i st pr imari l y  of  farm i ng ,  cattl e 
graz i ng ,  and i ndustri al  devel opment , espec i al l y  petro l eum producti o n .  
Transportati on  netwo r ks through the area cons i  st  of  h i  ghway s , unpaved 
roads , rai l roads , the I CW ,  p i pe l i nes , and s everal l andi ng stri ps for 
smal l p l anes . Vehi c l e counts for the major  acce ss  roads to the B i g  H i l l  
s i te ,  I nterstate 10 , and Texas H i ghways 124 , 73 , and 65  are presented i n  
Tab l e  3-7 .  

The overal l economy of the area around B i g  H i l l  i s  based  on  agr i cu l ture 
and producti o n  of o i l and gas . R i ce ,  the most common crop i n  the area , 
ranks thi rd i n  val ue among Texas crops . S i nce di scovery of  the 
Sp i ndl etop o i l fi e l d i n  1901 , o i l has been a maj or  source of revenue i n  
Jefferson  County .  

The total n umber of  peop l e i n  nonagri cu l tural wage a n d  sal ary emp l oyment 
was esti mated i n  September 1980 at 145 , 550  for J efferso n ,  O range , and 
Hardi n Counti es  comb i ned .  Of  thi s l abor force , 10 , 200  peopl e ( o r  7 . 0 
percent) were i nvol ved i n  constructi o n- re l ated emp l oyment ( Texas 
Empl oyment Commi s s i o n , personal  commun i cati on , November 1980 ) .  It i s  
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Table 3.6. population estimates for the geographic area around Big H i l l  salt dome, 
Jefferson County, Texas 

Popu l at i o n  esti mate!  

Locati o n  1970 Other 1980 ( proj ected)  

TEXAS 
Jeffe rs o n  C o unt� 

C o unty ( total ) 246 , 40 2  242 , 60 1  
Beaumont 117 , 548 114 , 89 5  
Port Arthur  57 , 339  5 9 , 087 
G roves  18 , 067 16 , 684 
Nede r l and 16 , 810 16 , 575  
P o rt Neches  10 , 894 13 , 648 
La Be l l e2 3 , 45 3  4 , 571 
Fanette2 

< 2 , 00 0  Ham sh i re2 

C hambers  Count� 

C o unty ( total ) 12 , 184 16 , 286  ( 1978) 16 , 962  
Anah uac 1 , 881 2 , 340 ( 1978) 
Mo ntbe l i eu 1 , 144 1 , 529  ( 1978)  
Wi n n i e2 2 , 36 5  

I S towe l 1 2 1 , 429  
Sea  Breeze2 

< 9 0 0  F i gr i dge2 

Orange C o unt� 

C o unty ( tota l ) 71 , 170  81 , 822 
O range 24 , 457 2 3 , 010  
V i do r  9 , 738 11 , 12 5  
Br i dge C i ty 7 , 549 
Wes t  Orange 4 , 820  4 , 449 
P i nehurst  2 , 198  2 , 672  

Harri  s Count� 

C o u n ty ( total ) 1 , 741 , 912 2 , 364 , 40 0  ( 1978) 2 , 578 , 225 
H o u s to n  1 , 235 , 992  1 , 69 3 , 20 6  ( 1978) 
Pasadena 89 , 277 105 , 20 9  ( 1978) 
Baytown 43 , 980 48 , 114 ( 1978) 
Deer Park 12 , 773  21 , 214 ( 1978 ) 

Gal veston  C o u n t� 

C o u n ty ( total ) 169 , 612 202 , 767 ( 1978) 207 , 565  
Ga l ve ston  6 1 , 809  71 , 86 1  ( 1978) 
Texas C i ty 38 , 9 08 41 , 692  ( 1978) 
Lamarque 16 , 131 16 , 279 ( 1978) 
League C i ty 10 , 818 13 , 261 ( 1978) 
C rystal  Beach 2 , 425  � 5 , 00 0  ( 1978) 
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Locat i o n  

LOU I S IANA 
Cal cas i eu Pari s h  

Pari s h  ( total ) 
Lake C harl es  
S u l p h u r  
We st l ake 
V i nton 

Came ro n Par i s h  

Pari s h  ( total ) 3 

Table 3·6 (continued) 

1970 

145 , 415 
77 , 998 
14 , 959  

4 , 082 
3 , 545 

P op u l at i o n  esti mate 1 

Othe r 

161 , 47 3  ( 1979 ) 
80 , 684 ( 1979 ) 
19 , 36 6  ( 1979 ) 

4 , 375  ( 1979 ) 
3 , 739  ( 1979 ) 

10 , 021  ( 19 7 9 )  

1980 (proj ected)  

l I n fo rmat i o n  prov i ded by  pers o na l  commun i cati o n  ( November  1980 ) w i t h  
So utheast Texas Reg i o nal  P l an n i ng Comm i s s i o n , Houston-Gal veston  Area 
Counc i l ,  C hambers County Co urthous e ,  Imper i al Cal cas i e u Reg i ona l  
P l an n i ng and Deve l opment Commi s s i o n , and  Lo u i s i ana  Departme nt o f  State . 

2 U n i ncorpo rated . 

3Al l towns wi th i n  pari s h  are u n i ncorporated .  

3 - 2 5  



Table 3·7. Estimated vehicle counts on highways near Big H i l l  salt dome, Jefferson 
County, Texas1 

H i ghway 

I nters tate 10 

H i ghway 73 

H i ghway 124 

H i ghway 65 

Year o f  
count  

1976 

1978 

1978 

1976 

1976 

Po i nt at wh i ch 
c o u nt take n 

Wi n n i e  

Wal l ace v i l l e  

Cedar Bayou 

Beaumo nt  

Veh i c l e c o u nt 
( cars/day )  

16 , 960  

18 , 060  

19 , 920  

Fannett Area 20 , 89 0  

N e a r  U S - 9 0  84 , 450 

Eas t ;  near 11th Street 61 , 89 0  

V i do r  

Near H i ghway 105 43 , 050  

Orange 

Near LA b o rder  17 , 840 

Near  H i g hway 87 22 , 270  

Port Arthur  

Near  H i ghway 214 

Towards Wi n n i e  

Near Tay l o r  Bayou 

At LaBe l l e  Road 

Hams h i re 

W i n n i e  

Near H i ghway 65 

Stowe l l 

Stowe 1 1  

Anahuac 

14 , 630 

6 , 160  

3 , 550  

2 , 160 

5 , 340 

2 , 580  

1 , 280 

1 , 180  

l I nfo rmati o n  prov i ded by personal  commun i cati o n  ( November 1980 ) wi th  
Texas H i ghway D epartment , Beaumont Offi c e .  
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al s o  poss i b l e  that s ki l l ed l abor  from Housto n , Gal veston , and Lake 
Charl  es may be avai 1 ab 1 e for constructi on operati o n s  at the Bi g Hi 1 1  
comp l ex.  

Offs ho re S h r i mp and Men haden F i sheri es Econom i cs  

G u l f Coast  s h r i mp l andi ng data are  pub l i s hed by the Nati o nal  Ocean i c  and  
Atmo spheri c Admi n i strati o n/Nati onal  Mar i ne  F i s heri es  Serv i ce ( NOAA/NMFS)  
fo r the  enti re Gu l f o f  Mexi co  by stati sti cal  area ( F i g .  3- 6 )  and  by 
5- fathom depth i nterval s .  Both month l y  and annual  catch are gi ven  for 
brown , p i n k ,  wh i te , others ( i nc l udi ng sea bobs ) , and total  catch , as 
we l l as total dol l ar val ue .  A l s o  presented are the number of  tr i p s  and 
total days f i shed  for each area and depth i nterval stratum . Recrui tment 
val ues can be determi ned from i ns hore catc h .  For  each speci  es , catch 
data are al s o  presented by s i ze c l as s .  

Because the B i g  H i l l  s i tes are l ocated al most d i rectl y o n  the d i v i di ng 
l i ne between stati sti cal areas 17 and 18 , Tab l es  3-8 and 3-9 present the 
1977 ( NOAA , 1979 ) annual  summary data for both areas , wh i ch co l l ecti ve ly  
extend from the  east o f  Cal cas i eu R i ver to j ust  wes t  o f  Gal veston Bay .  
Tab l e  3-8 presents data for al l i mportant spec i es , whi l e  Tab l e 3 - 9  
pres ents s i ze c l ass compos i ti on data f o r  P .  aztec us and P .  seti ferus , 
respect i v e l y .  

-

The potenti al  B i g  H i l l  d i ffuser  s i tes wou l d be l ocated at depths o f  30 
and 40 ft , requ i r i ng the exami nati on  o f  potenti al br i ne d i sposal  i mpacts 
for the three i n nermost depth zones (0 to 15 fathoms ) .  The annual  catch 
data for stati sti cal areas 17 and 18 for three depth i nterval s ( 0  to 5 
fathoms , 6 to 10 fathoms , and 11 to 15 fathoms ) and al s o  for the 
comb i ned 0- to la- fathom i nterval s are presented i n  Tab l es 3-10 and 
3-11. The area wi th i n each  depth i nterval (wh i ch al l ows catch per u n i t  
area t o  be  cal cu l ated ) i s  al s o  provi ded  i n  these tab l es .  T h e  total 
s h r i mp catch ( a l l spec i e s )  for the enti re stat i st i cal area i n  wate rs 
l es s  than 10 fathoms was $9 , 202 , 9 35 and $9 , 250 , 723  for stati sti cal  areas 
17 and 18 , respecti v e l y .  A l though the total pounds of the catch from 
the 0- to 5- and 6- to 10- fathom i nterval s were s i mi l ar i n  stati sti cal 
area 17 , the do l l ar val ue  of  the 6- to 10- fathom i nterval i s  about $1 
m i l l i on h i gher due to the h i gher market val ue of  the l arger offs hore 
s h ri mp .  For  stati sti cal area 18 , both the total dol l ar val ue and tota l 
po unds are over twi ce as h i gh for the 6- to la- fathom depth i nterval as 
compared to the 0- to 5- fathom i nterval (whi ch i s  smal l i n  area due to 
the l ac k  of  l arge open bays ) .  As Tab l e  3-11 s h ows , the wh i te s h r i mp (f. 
seti ferus ) catch tends to be greatest i n  waters l es s  than 10 fathoms 
deep , whereas the b rown s h r i mp ( P .  aztec u s )  catch tends to be more 
n umerous i n  the 6- to 15- fathom depths . These trends are con s i  stent 
wi th the general l y  understood eco l ogi cal  requ i rements of  the two spec i es 
and the co ncept of  an i nner wh i te shr imp commun i ty and an o ffs hore brown 
s h r i mp commun i ty ( H i l deb rand ,  1954 ; C h i ttenden and McEachran , 1976 ) .  
P i n k  shri mp catch i s  v i rtual l y  no nexi stent i n  the two stati sti cal areas , 
and the s ub stanti al  catch o f  lI others ll i n  the 0- to 5- fathom range i s  
composed mai n l y  o f  sea bobs  ( X i phopenaeus kroyeri ) .  

3-27 
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Table 3·8. Annual summary of Gulf Coast shrimp data for 1977 as reported by area and 
depth for statistical areas 17 and 1 8  

Total catch (I b) expressed by species 
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Table 3·9. Annual summary of Gulf Coast shrimp data for 1977 as reported by area and 
depth for statistical areas 1 7  and 1 8  

Total catch for brown shrimp (P. aztecus) and white shrimp (P. setiferus) ex· 
pressed by size class 
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Table 3.1 0. Catch data (Ib) for selected depth Intervals (subareas) In  statistical area 1 7  for 
1977 1 

Depth i nterval Area ( acres )2 B rown s h r i mp Wh i te s h r i mp P i nk s h r i mp 

( f athoms ) 

o to 5 318 , 836 . 6 210 , 153 1 , 901 , 626 0 

6 to 10 1 , 296 , 797 . 6 1 , 275 , 984 1 , 176 , 878 0 

o to 10 1 , 615 , 634 . 2  1 , 486 , 137 3 , 078 , 504 0 

11 to 15 1 , 074 , 701 . 2  1 , 14 9 , 818 62 , 904 0 

lCatc h  data f rom Gu l f  Coas t S h r i mp Data , Annua l Summary 1977 ( NOAA , 1979) . 

2Conve rted f rom hectare v a l ue s  g i ven by Pa te l l a  ( 1975 ) .  

3Mo s t ly s e a  bobs ( X i phopenaeus kroye r i ) .  

Others3 Total  V a l ue 

( $ )  

178 , 728 2 , 290 , 507 4 , 103 , 778 

0 2 , 452 , 862 5 , 099 , 157 

178 , 728 4 , 74 3 , 369 9 , 202 , 935 

0 1 , 212 , 722 2 , 670 , 405 
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Table 3.1 1 .  Catch data (Ib) for selected depth intervals (subareas) in statistical area 1 8  for 
1 971 1 

Depth i nterval Area ( acres)2 Brown s h r i mp Wh i te s h r i mp P i nk s h r i mp 
( fathoms ) 

o to 5 191 , 400 . 4  69 , 896 1 , 01 1 ,013 0 

6 to 10 1 , 268 ,693 . 3 2 , 056 , 514 940 , 1 55 0 

o to 10 1 , 466 , 093 . 1  2 , 126 , 410 2 , 011 , 228 0 

11 to 15 663 , 326 . 9  2 , 124 , 116 15 , 888 0 

I Catch data from Gul f Coast Shr i mp Data , Annua l Summary 191 1 ( NOAA , 1919 ) .  

2Converted from hectare v a l ue s  g i ven by Pate l l a  ( 1915 ) .  

3Mostly sea bobs ( X iphopenaeus kroyeri ) .  

Others3 Tota l Va l ue 
( $ )  

61 , 141 1 , 202 , 116 2 , 591 , 4 76 

0 2 , 996 , 129 6 , 653 , 24 7  

61 , 141 4 , 198 , 845 9 , 250 , 123 

8 , 901 2 , 148 , 905 4 , 360 , 182 



Tab l es 3-12 and 3-13 were deri ved by converti ng catch data to catch per 
u n i t  area , u s i ng Pate l l a ' s ( 1975)  val ues ( see Tab l es 3-10 and 3-11) . 
G i ven  are the catch val ues for 1 acre o f  offs hore water for each depth 
i nterval , under the assumpti o n  of equal p roducti v i ty over the who l e  
stat i sti ca l  area for that depth i nterva l . The most  producti ve area , i n  
terms o f  both poundage and dol l ar val ue , i s  the 0- to 5- fathom area , 
where each acre y i e l ds 7 . 2  and 6 . 0 l b  o f  shr imp for stat i s ti cal  areas 17 
and 18 , respect i ve l y .  Wi th i n both areas , the 6- to 10- and 11- to 
15- fathom s ub un i ts are of approxi matel y  equal val ue , but the spec i es 
compos i ti o n  o f  the catch i s  very di ffe rent. The val ues for the 0- to 
10- fathom areas are approxi mate l y  the same , total i ng around 3 l b  and $6 
val ue per acre . 

To date , no  detai l ed reporti ng sys tem , equ i val ent to the s h r i mp l and i ng 
data , exi sts for menhaden catch records . A detai l ed di scus s i on of  the 
f i s hery i s  presented i n  Appendi x G .  Menhaden we re reporte d l y  l anded as 
earl y as 190 0  i n  the G u l f of Mexi co. The fi rst menhaden 1 andi ngs i n  
Texas occu rred befo re 1920 and not unti l after 1945 i n  Lou i s i ana.  The 
an nual  catch remai ned smal l unti l after Worl d Wor I I .  From 1946 to 
1970 , there was a 15- fo l d  i ncrease i n  menhaden l andi ngs (35 , 000  to 
546 , 000  metri c tons ) .  The i ncrease was not conti nuous ; decreases i n  
l andi ngs occurred several  t i mes  i n  the 1950s and 1960s . 

The number of  ope rat i ng menhaden reduct i o n  p l ants i ncreased from 2 i n  
1946 to 14 i n  1968 , and there we re 13 p l ants i n  197 0 .  Each p l ant i s  
s upp l i ed by 6 to 10 vesse l s ,  and between  70  to 90  ves se l s  make up the 
G u l f fl eet.  The who l esa l e val ue of  Gu l f  menhaden products i n  1971 was 
greater than $43 mi l l i o n ,  and the 80 menhaden vesse l s  fi s h i ng the G u l f 
we re val ued at $31. 2 mi l l i o n .  The 13 proces s i ng p l ants i n  operat i o n  at 
that t i me we re val ued at greate r than $42 mi l l i o n , and more than 2000 
peop l e were emp l oyed i n  men haden operat i o n s  al ong the Gu l f .  

Through the 1960s there was a di sti nct trend f o r  the l andi ngs at 
Lou i  s i ana ports to i ncrease and the 1 andi  ngs at ports i n  other G u l f 
states to dec reas e .  F l or i da and M i s s i s s i pp i  l andi ngs decreased  from 3 0  
percent of  the total Gu l f l andi ngs i n  1961 to 1 7  percent i n  1970 .  F o r  
Texas , the annual 1 andi  n g s  decreased from 1 3  percent of  the total i n  
1961  to 4 percent i n  197 0 .  The Texas comme rc i al f i s hery for men haden , 
whi ch began i n  1950 , e s s e�ti al l y  ended wi th the c l os i ng of  the menhaden 
f i s h  p l ant at Sab i ne Pas s , Texas , i n  1972 .  

Acco rdi ng to  F i sheri es  of the  U n i ted States ( NMFS , 1981 ) , the Gu l f 
me nhaden catches i n  1979 and 1980 were 1 .  72 and 1 .  55 b i  1 1  i o n  pou nds , 
re spect i v e l y .  Of  the 1 . 55 b i l l i on pounds o f  menhaden caught i n  the Gu l f 
i n  1980 , 1 . 31 b i l l i o n  pounds we re caught w ith i n  3 mi l es of  the coast.  
The 1979 Gu l f catch was val ued at $73 . 4  mi l l i o n ,  whereas that for 1980 
was val ued at $ 69 . 1 mi l l i on .  For the 5-year peri od , 1975 to 1979 , the 
average annual  catch of G u l f menhaden was 1 . 39 b i l l i on pounds . 

3 . 2 . 2  Crude O i l  D i stri but i o n  System 

The crude o i l d i stri buti o n  system , as d i scussed i n  Sect. 2 . 0 ,  wou l d 
cons i st of  one  preferred p i pe l i ne route to Sun  Term i nal  i n  Nederl and , 
Texas , and two poss i b l e  al ternat i ve routes to e i ther the O i l Tan ki ng o f  
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Table 3.1 2. Catch data (Ib/acre) for selected depth Intervals (subareas) In statistical area 1 7  
for 1977 1 

Catch ( l b/acre ) 
Depth i nterval Brown s h r i mp Wh i te s h r i mp P i n k  s h r i mp Other2 Total 

( fathoms ) 

o to 5 0 . 659 5 . 964 0 0 . 561 7 . 184 

6 to 10 0 . 984 0 . 908 0 0 1 . 892 

o to 10 0 . 920 1.  905 0 0 . 110 2 . 9 3 5  

1 1  t o  1 5  1 .  070 0 . 060 0 0 1 . 13 

Catch val ue 
( $!acre ) 

12 . 87 

3 . 9 3 

5 . 70 

2 . 49 

l Catch data ca l cul ated from Gul f Coas t S h r i mp Data , Annual Summary ( NOAA , 1979)  and water 
s urface area data ( from Pate l l a ,  1975 ) .  

2 Mostly sea bobs ( X i phopenaeus kroyeri ) .  
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Table 3.1 3. Catch data (Ib/acre) for selected depth intervals (subareas) in  statistical area 1 8  
for 1977 1 

Catch ( l b/acre)  Catc h va l ue 
Depth i nterval  Brown s h r i mp Wh i te s h r i mp P i n k  s hr i mp Other2 Total ($/acre)  

( fathoms ) 

o to 5 0 . 354 5 . 426 0 0 . 310 6 . 09 13 . 16 

6 to 10 1 .  621 0 . 741 0 0 2 . 362 5 . 24 

o to 10 1 . 450 1. 372 0 0 . 042 2 . 864 6 . 31 

11 to 15 3 . 202 0 . 024 0 0 . 013 3 . 239  6 . 57 

l Catc h data cal cul ated from Gul f Coast S h r i mp Data , Annua l S ummary ( NOAA , 1979 ) and water 
s urface area data ( from Patel l a ,  1975 ) . 

2 Mostly sea bobs ( X i phopenaeus kroyeri ) .  



Texas , I nc . , Termi nal (OTT I )  i n  Houston o r  the Pe l i can I s l and Termi nal 
i n  Gal vesto n .  E i ther p i pe l i ne cou l d be constructed i n  addi t i o n  to , or  
i n  l i eu  o f ,  the  p i pe l i ne to S u n  Termi nal . The proposed B i g  H i l l  to 
Sun  Termi nal  l i ne wou l d  extend  to the northeast s i mi l ar to the routes 
d i scus sed i n  the Texoma Group F EI S , Sect.  A . 7 . 4 . 1 . 5 ( see F i g .  2- 6 ) .  

The al ternati ve p i pe l i ne routes are shown i n  F i g .  2- 6 .  A southern ro ute 
wou l d extend to the s outhwes t  from B i g  H i l l  to Smi th Po i nt o n  Gal veston 
Bay .  The l i ne wo u l d pass s o uthweste r l y  acros s  Gal veston Bay to a po i nt 
s outh of  the Texas C i ty D i  ke and then turn s o utheast to extend to the 
proposed  P e l i can I s l and Termi na l .  The northern route wou l d extend 
we ster l y  to a po i nt east o f  Cedar Gu l l y ,  wh i ch i s  a s hore po i nt west  of  
Tri n i ty Bay .  It  then  traverses southwesterl y ,  cros s i  ng H i  ghway 1405 , 
Hogg I s l and , and Sp i l l man I s l and , to a po i nt north of  Barbour  Cut .  The 
l i ne then wou l d  pas s under the Houston S h i p  C hannel  to Morgan Po i nt and 
proceed we ster l y to the Deer Park area and a po i nt west  of  the exi st i ng 
She l l ref i nery .  The ro ute then wou l d  turn north and cro s s  the Houston  
S h i p  Channe l  to OTT I . 

3 . 2 . 2 . 1  Land Features 

P referred P i pe l i ne Ro ute 

Land featu res of  the B i g  H i l l  to Sun Termi nal p i pe l i ne route have been 
documented i n  the Texoma Group F EI S , Sects . 3 . 3 . 4 . 5  and B . 3 . 4 . 5 . 4 . The 
route , as proposed , wou l d cro s s  prai ri e gras s l and , agri cu l tural l and , 
and a sma l l amount of  wetl ands . These  wetl ands i nc l ude an area near 
Al l i gato r Ho l e  Marsh and reg i ons  al o n g  Tayl o r  Bayou and H i l l ebrandt 
Bayou ( see F i g . 2- 6 ) .  Some dec i duous f l oodpl ai n forest  and cyp res s  
swamp exi st  al ong  H i l l ebrandt Bayou ( USAC E , 1979 ) .  

Al ternat i ve P ipe l i ne Ro utes 

Land features of the al ternat i ve p i pe l i ne routes have been extens i ve l y  
documented i n  two recent stud i es ( Go s s e l i n k et  al . ,  1979 ; U SACE , 1979 ) .  
The on- l and porti o n s  of  the p i p e l i ne routes are wi th i n  the East 
Bay-Gal veston Bay and Sab i ne drai nage bas i ns o f  the Chen i er P l ai n and 
Strand P l ai n  ecosystems . P l e i stocene depo s i ts form the geo l ogi c 
substrate o f  the reg i o n .  These depo s i ts are overl ai n i n  the coastal 
zone by geo 1 ogi ca l l y recent sequences of chen i  ers . These  topograp h i  c 
h i ghs are i nterl aced wi th extens i ve wetl ands that l i e near sea l evel  
between the r i dges . Land use  i n  the regi o n  o f  the al ternati ve p i pe l i ne 
routes i s  pri mari l y  agri cul tural , cons i s ti ng  of  i mproved pasture l and and 
r i ce farmi ng .  To the s o uth o f  the routes are extens i ve wetl ands , part 
o f  wh i ch make up the Anah uac Nati o nal Wi l d l i fe Refuge ( see  F i g .  2- 6 ) .  

A chen i e r  r i dge extends i n  a northeas t di rect i o n  from Smi th Po i nt toward 
the B i g  H i l l  comp l ex . Extens i ve wetl ands comp o s ed of fres h ,  
i ntermedi ate , and brack i sh  mars hes , wh i c h  functi o n  as pri me waterfowl 
and nursery hab i tats , exi st seaward of th i s  r i dge . The s o uthern 
p i pe l i ne ,  as propo sed , wo u l d fol l ow exi sti ng ROWs a l o ng the ri dge , 
avo i d i ng wetl ands where pos s i b l e .  From a poi nt near Oyster Bayo u to the 
B i g  H i l l  comp l ex ,  the l i ne wo u l d  pass pr imar i l y  through an agr i cu l tural 
setti ng .  The northern route i s  a l s o  p r i mari l y  i n  an agr i c u l tural 
regi o n .  However , areas o f  narrow ri pari an hab i tat and wetl ands are 
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present al ong  bayo u s , s uch as East Fork  Oyster Bayou o r  Spi  ndl  etop 
D i tc h .  After cros s i ng Tri n i ty Bay , the northern l i ne wou l d pass al most 
enti re l y  through an urban/ i ndustr i a l  setti ng .  

3 . 2 . 2 . 2  Water Envi ronment 

P referred Pipel i ne Route 

Water envi ronments crossed by the B i g  H i l l  to Sun  Term i na l  p i pe l i ne 
i nc l ude two bayous ,  several  canal s ,  and numero us i rri gati o n  di tches . 
The two bayous , Tayl o r  and H i l l ebrandt , are con s i dered navi gab l e  waters 
by the USACE and are peri odi cal l y  mon i tored for fl ow rate and water 
qual i ty ( USAC E , 1979 ) . Recent water qual i ty data are presented i n  
Tab l es 3- 14 and 3-15 [Texas Department of  Water Reso u rces (TDWR) , 1980] .  
Water use  c l as s i fi cati o n  of  the bayous , app l i cabl e state water qual i ty 
standards , and Federal water qual i ty cri teri a have been d i scus sed i n  the 
Texoma Group F E I S , Sects . D . 2 and D . 3 .  Occas i onal l y ,  state standards 
fo r d i s so l ved oxygen ,  pH val ue , and d i s s o l ved s o l i ds are v i o l ated i n  the 
Tayl o r  Bayou drai nage bas i n . 

Re s i dues of  p o l ych l ori nated b i phenyl  ( PCB )  compounds have been 
i denti f i ed as potenti al  po l l utants i n  Tayl or  and H i l l ebrandt bayous 
( Texoma Group FE I S ,  Sects . B . 3 . 4 . 2 . 1  and D . 8 ) .  A survey conducted by 
the Texas Water Q ual  i ty Board ( TWQB)  ( 1974) found that sediment PCB 
concentrati ons  ranged from 0 to 72 �g/kg i n  the Tayl o r  Bayo u waters hed , 
wi th the h i ghest l eve l s detected i n  H i l l ebrandt Bayou i mmedi ate l y  
downs tream from the Beaumont area . Detecti o n  of  these compounds was 
attri buted to treated wastewater d i scharges ( TWQB , - 1974) . The PCB 
concentrati ons  reported for the Tayl or  Bayou waters hed are cons i derab l y  
l es s  than val ues repo rted for h i g h l y  i ndustri al i zed areas s ubj ected to 
routi ne dredg i ng s uch as the Houston  S h i p  Channel  ( range : 2 to 13 g/kg) 
and Cal umet Harbor i n  Ch i cago ( rang e :  31 to 301 �g/kg) ( F u l  k et al . ,  
1975) . However , the rel ati ve l y  l ow concentrati ons  o f  these  compounds 
reported i n  other area waterways s uggest  that Tayl o r  and H i l l ebrandt may 
have l ocal i zed PCB po l l ut i o n .  Leve l s o f  PCBs i n  sedi ment co l l ected i n  
other bod i es of  water near the B i g  H i l l  s i te ( Sal t Bayou at 5 M i l e  Cut , 
Gu l f  I CW at B i  g H i  1 1  Road , Sp i ndl  etop D i tch at the bend o f  B i  g H i  1 1  
Road , and Sal t Bayou at B i g  H i l l  Road) wh i c h are samp l ed by the TWQB 
( 1977)  and waterways l ocated i n  more rural  areas al ong the Gu l f  Coast 
( USACE , 197 6 )  were l e s s  than 20  �g/kg .  

T h e  fate o f  any sediments dredged for p i pe l i ne construct i o n  wou l d fal l 
under  the j uri sd i cti o n  o f  the USACE , as estab l i shed under Sect.  10 o f  
t h e  1899 Ri vers and Harbors Act a n d  Sect.  404 of  the Federal Water 
Po l l uti on  Contro l Act o f  1972 .  The app l i cab i l i ty o f  the new EPA 
P roposed Testi ng Requ i rements for Dredge o r  F i l l  D i sposal  S i te 
Spec i fi cati o n  [ 45 FR  85360 , December 24 , 1980J  wou l d be determi ned 
duri ng the permi tti ng procedure ( see  Sect.  4 . 2 . 3 . 3 ) . 

Su rface fl ow i n  the regi o n  i s  general l y  to the s outheast toward Sab i ne 
Lake . Numerous canal s and i mpoundments have been created i n  the area to 
en hance water resource management for agr i c u l tura l , i ndustri a l , and 
recreati onal  usage . 
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Table 3. 1 4. Selected water qual ity parameters for Taylor Bayou, Jefferson County, Texas 

Water  qual i ty parameter 

Water Tempe rature , ° C  
Average 
M i n i m um 
Maxi mum 
Number o f  

dete rmi nati o n s  

Turb i d i ty ,  J ac ks o n  
candl e u n i ts 

Ave rage 
M i n i mum 
Maxi mum 
N umber o f  

dete rm i nati o n s  

Speci f i c  co nductance , 
mmhos /cm @ 2 5 ° C  

Average 
Mi n imum 
Maxi mum 
N umber of 

dete rmi nati o n s  

D i s s o l ve d  oxyge n  
( anal ys i s  by probe ) ,  
mg/ L 

Average 
M i n i mum 
Maxi mum 
N umber  o f  

determi nati o n s  

pH , standard u n i ts 
Average 
M i n i mum 
Max i mum 
Number of 

determ i nat i o n s  

Tay l o r  Bayou  
s tate h i ghway 

73 wes t  o f  
Port Arthur  

( 1978 - present)  
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21. 3 9  
5 . 0 

3 1 . 8 
43  

71 .  71  
25 . 0  

132 . 0 
7 

779 . 55 
2 00 . 0 

6500 . 0 
40  

5 . 60 
3 . 4  
7 . 8 

35 

7 . 02 
6 . 2 
8 . 0 

41 

Tay l o r  Bayou  at 
Labe l l e  Road 

( 1978 - present') 

27 . 13 
8 . 0 

3 1 .  0 
32  

374 . 22 
140 . 0 

140 0 . 0  
32  

5 . 34 
3 . 2 
7 . 9 

32  

6 . 94 
6 . 3 
7 . 9 

32  



Water qual i ty parameter 

Fecal  c o l i form 
(memb rane f i l te r ,  
M- FC  b ro th ) , 
#/100  m L  

Average 
M i n i mum 
Max i mum 
N umber  o f  

determi nati o n s  

Total f i l terab l e  
res i due  (cal c .  50% 
co nductance ) ,  mg/ L 

Average 
M i n i mum 
Max i mum 
Numbe r o f  

determi nat i o n s  

Table 3·1 4 (continued) 

Tay l or  Bayou  
s tate h i ghway 

73 wes t  o f  
Port Arthur  

( 1978 - pre s e n t )  

3 - 3 9  

273 . 8  
2 . 0 

2300 . 0  
20  

361 . 1 
100 . 0  

3250 . 0  
42 

Tay l o r  Bayou  at 
Labe l l e  Road 

( 1978 - present)  

136 . 7 
30 . 0  

500 . 0  
9 

187 . 2 
7 0 . 0 

700 . 0  
32 



Table 3.1 5. Selected water quality parameters for Hi l lebrandt Bayou, Jefferson County, 
Texas 

Water qual i ty paramete r 

Wate r tempe rature , °C 
Ave rage 
M i n i mum 
Maxi mum 
N umber o f  

dete rm i nati o ns 

Spec i fi c  conductance , 
mmhos/cm @ 25°C 

Average 
M i n i mum 
Max i mum 
N umbe r o f  

determ i nat i o n s  

D i s s o l ved  oxyge n  
(anal ys i s  by probe)  
mg/ L 

Ave rage 
M i n i mum 
Maxi mum 
Numbe r o f  

determ i nati o n s  

p H , standard u n i ts 
Average 
M i n i mum 
Maxi mum 
N umber o f  

determ i nati o n s  

F e c a l  c o l i form 
(membrane f i l ter , 
M- FC  b roth ) , 
#/100 m L  

Ave rage 
M i n i mum 
Maxi mum 
N umber o f  

determi nati o n s  
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H i l l ebrandt Bayou  
at  state 

h i ghway 365 
( 1978 - present)  

20 . 9 
5 . 0 

3 2 . 0 
32 

457 . 0 
150 . 0  

120 0 . 0  
32 

5 . 0 
3 . 4  
7 . 4  

32  

6 . 95 
6 . 2 
7 . 5 

31  

162 . 5 
10 . 0  

1000 . 0  
8 

H i l l e b randt 
Bayou  at 

H i  1 1  e b randt Road 
( 1978 - present)  

2 1 .  3 
5 . 5 

31 .  5 
32  

468 . 0 
130 . 0 

1150 . 0  
32  

4 . 6 
2 . 9 

10 . 0  
32 

6 . 91 
6 . 3 
7 . 4  

32  

1185 . 6  
10 . 0  

6000 . 0 
9 



Water  qual i ty parameter 

Total  f i l terab l e  
res i due  ( ca l c .  50% 
conductanc e ) ,  mg/ L 

Average 
M i n i mum 
Maxi mum 
N umber o f  

determ i nati o n s  

Table 3·1 5 (continued) 

3-4 1  

H i l l eb randt Bayou  
at  s tate 

h i ghway 365  
( 19 78 - present)  

228 .-6 
100 . 0 
6 00 . 0  

32 

H i l l eb randt 
Bayou  at 

H i l l ebrandt Road 
( 1978 - present)  

233 . 5 
65 . 0  

575 . 0 
32 



Al ternat i ve P i pe l i ne Routes 

The two al ternati ve p i pe l i ne routes have maj o r  water cros s i ngs 
associ  ated wi th the Tri  n i ty-San Jaci nto Estuary , wh i ch  i s  composed of 
Tri n i ty ,  Gal vesto n , Eas t ,  We st , and several sma l l e r bays (TDWR , 1979 ) .  
M i nor  water cros s i ngs , as soc i ated wi th the on- l and porti on  o f  the 
p i pe l i ne ROW , are shown i n  Tab l e  3-16 . Both al ternati ves  wou l d  
i ntersect the Oyste r ,  East Bay , E l m ,  and Sp i nd l etop bayou drai nage 
bas i ns .  These  are al l fres hwater cros s i ngs ( USACE , 1979 ) .  

The reg i on o f  Gal veston Bay that i s  traversed by the s outhern p i pe l i ne 
route has been  extens i ve l y  characteri zed by the USACE ( 1979 ) .  Waters of  
l ower Ga l veston  Bay are  general l y  of  good  qual i ty .  Average seasonal  
sa l i n i ty var i es  from 28 ppt at the s urface to 3 0  ppt at the bottom 
duri  ng the dry season  ( 1  ate s ummer to wi nter) . F rom spri  ng to earl y 
s ummer ,  s urface sal i n i ti es average 20  ppt and bottom sal i n i t i es ave rage 
30 ppt.  The reduced s urface sal i n i ty i s  d i rectly  attri butab l e  to 
i ncreas ed fres hwater  i nputs . Surface temperatu res general l y  range from 
12 to 30°C dur i ng wi nter and summer ,  respect i ve l y .  D i s s o l ved oxygen 
va l ues  are general l y  above 5 . 0 mg/ L ,  wi th defi c i ts occurri ng pri mari l y  
i n  deep channe l s o r  bac kwater areas . The bay cros s i ng by th i s  route i s  
proj ected to b e  18 mi l es i n  l ength and wo u l d  trans ect an area wi th 
natural maxi mum depths of approxi mate l y  9 ft.  Shoal i ng occurs i n  the 
reg i o n  of Hannas Reef , wi th depths  l es s  than 4 ft common .  S h i p  chan ne l  
depths  are mai ntai ned at  40  ft . 

The northern p i pe l i ne route wou l d  cro s s  about 9 . 5 mi l es o f  Tri n i ty Bay 
( see F i g .  2-6 ) .  Depths are normal l y  3 to 6 ft . Sal i n i ti es f l uctuate 
wi de l y  becaus e  of the Tri n i ty R i ver d i scharge and general l y  range 
between 5 and 17 ppt . Tempe ratures range between 10 and 30°C .  Two 
other maj o r  cro s s i ngs wou l d  be made under the Housto n  S h i p  Channe l , one  
at  Morgan P o i nt  and  Tabbs  Bay and  one  north  of  Deer  Park  to  OTT I . Water 
depths i n  these reaches o f  the s h i p  channel  are ma i ntai ned at 40 ft.  
Water qual i ty i n  the channe l  i s  general l y  poor becaus e of the h i gh 
i ndustr i a l  act i v i ty al o ng the shore l i ne .  

3 . 2 . 2 . 3  C l i mate and Ai r Qual i ty 

C l i mato l ogy and ai r q ual i ty features i n  the regi o n  assoc i ated wi th the 
crude o i l d i s tri b ut i on sys tem are s i mi l ar to those prese nted i n  Sect s .  
3 . 1 and 3 . 2 . 1 . 3 .  

3 . 2 . 2 . 4  Amb i ent Sound  Leve l s 

So unds i n  the reg i o n  associ ated wi th the crude o i l d i s tri but i o n  sys tem 
are s i mi l ar to those de scri bed i n  Sect.  3 . 2 . 1 . 4 .  Detai l ed di scu s s i ons  
o f  amb i ent sound 1 eve  1 s are presented i n  the  Texoma Group FEI S , Sect.  
B . 2 . 4 .  

3 . 2 . 2 . 5 Spec i es and Hab i tats 

The ecosystem that wo u l d be transected by the crude o i l d i stri buti o n  
sys tem has b e e n  des cri bed i n  detai l i n  t h e  Texoma Group FE I S , Sect.  
B . 2 . 5 . 2 . 4 ,  by Goss e l i n k et al . ( 1979 ) and the USAC E ( 1979 ) .  The 
hab i tats crossed by the preferred p i pe l i ne route to Sun  Termi nal  i nc l ude 
pr imari l y  prai ri e gras s l ands , wh i ch are used for agr i cu l tural purposes  
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Table 3.1 6. M inor water crossings associated with preferred and alternative crude oi l  
distribution systems, Jefferson and Chambers Counties, Texas 

B i  g H i  1 1  to B i g  H i l l  to B i g  H i l l  to 
S u n  Term i nal  OTT ! Pe l i can I s l and  
( preferre d )  ( A l ternat i v e )  ( A l ternat i v e )  

Rhoda i r G u l l y  Sp i nd l etop Bayou  Sp i nd l etop Bayou  

J o hn 1 s  G u l l y  E l m Bayou  E l m Bayou 

East Fork Doub l e Bayou East Fork Oyster  Bayou 

We st  F o r k  Doub l e  Bayou We st  Fork  Oyster  Bayou  

Cedar Bayou Lone Oak  Bayou 
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s uch  as pasture and farmi ng .  These upl and env i ronments and the i r  
res i  dent f l ora and fau na have been descri bed i n Sect.  3 . 2 . 1 . 5 .  Open 
fres hwater hab i tats wo u l d be crossed  at Tayl o r  and H i l l ebrandt bayo us . 
The bayous are l i ke l y  to conta i n fi s h  spec i es wh i ch are represe ntati ve 
of east Texas cree ks ( al l i gator gar , spotted gar , red and b l ac ktai l 
s h i ners , b u l l head mi nnow ,  gol den topmi n now , mos q u i tofi s h ,  b l ueg i l l , and 
warmouth) ( USACE , 1979 ) .  Wetl ands exi sti ng al o ng s hores o f  these bayous 
and northeast o f  the B i g  H i l l  s i te i n  the v i c i n i ty of  A l l i gato r Ho l e  
Mars h are fres hwater i n  nature . I n  the Sab i ne Bas i n  fres hwater mars hes 
are characteri zed by s uch vegetat i o n  as b u l l to ngue , al l i gatorweed , 
sp i kerus h ,  coontai l ,  wh i te water- l i l y ,  horned b l adderwo rt , g i ant 
b u l rush , and other p l ants (Gosse l i n k  et  al . ,  1979 ) .  Nutri a are the most 
abundant mammal s i n  th i s  type o f  hab i tat . B i rd l i fe i n  fres hwater 
wetl ands i s  d i verse , part i c u l arly duri ng the wi nter months when 
m i gratory waterfowl i n hab i t  the mars hes . 

The al ternat i ve p i pe l i ne route s are proj ected to traverse a w i de vari ety 
o f  env i ronments ( Sect.  3 . 2 . 2 . 1) .  Both routes  wou l d cro s s  porti ons  of  
the  Tri n i ty-San Jac i nto Estuary .  Th i s  estuary i s  the  l argest  o f  e i ght 
majo r  Texas estuar i ne systems and ran ks f i rst i n  commerc i a l s he l l f i s h 
product i o n  ( b l ue crab , Ameri can oyster ,  whi te shr imp , and b rown s h r i mp )  
and fourth i n  f i nf i s h  producti on (croaker , b l ac k drum , red drum , 
f l ounder , sea cat fi  s h , spotted seat rout , and s heepshead) . Becaus e  o f  
the es tuary ' s h i gh producti v i ty ,  extens i ve i nformati o n  i s  avai l ab l e  o n  
i ts b i o l og i cal resources ( Chri stman et al . ,  1978 ) . Oyster reefs , 
l ocated s o uth of  Smi th Po i nt ,  are the o n l y  u n i que be nth i c  hab i tat 
as s oc i ated w i th the projected southern al ternat i ve p i pe l i ne route 
( F i g . 3-7 ) .  

Terrestr i a l  hab i tats wh i ch wou l d be cros sed  by the al ternati ve northern 
p i pe l i ne route are s i mi l ar to thos e  e ncountered by the prefe rred 
p i pe l i ne route from B i g  H i l l  to Sun Termi nal . They con s i st  l arge l y  of 
pral rl e gras s l ands , now used for pasturel and and crop s , and s ome 
fres hwater mars h l ands . More extens i ve wetl ands , i nc l udi ng i ntermedi ate 
and brac k i  sh mars hes , are l ocated al o ng the s o uthern p i pe l  i ne ro ute . 
The domi nant p l ant i n  the i ntermed i ate and b rack i s h  wetl ands i s  
sa l tmeadow cordgras s (Go s s e l  i n k et al . ,  1979 ) .  These hab i tats have an 
i mportant b i o l og i cal funct i o n , serv i ng as nurs ery areas for s h r i mp and 
G u l f menhade n and as feed i ng gro unds for waterfowl . 

3 . 2 . 2 . 6 Natural and Sce n i c  Reso urces 

Preferred Route 

The envi ronmental  sett i ng of the o i l d i stri but i o n  route i s  p ral rl e 
gras s l and , agr i c u l tural l and , and fre s hwater mars hes . The wetl ands have 
the h i ghest  natural and scen i c  val ue , pr imari l y  because  they prov i de 
hab i tat for m i grato ry waterfowl , fu rbearers , and other an i ma l s ( s ee 
Sect.  3 . 2 . 1 . 6 ) . 
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Al ternati ve Routes 

The natural  and sce n i c  resources wh i ch wou l d  be cros sed by the 
al ternati ve northern p i p e l i ne ro ute con s i st  pri mari l y  of  nume rous  bayous 
i n  Chambers Cou nty and the northern port i o n  o f  Tri n i ty Bay .  These areas 
are attracti ve predomi nate ly to sportsfi s herme n and waterfowl hunters . 
Mo st  of  the upl and hab i tat al ong  th i s  ro ute i s  pasture l and o r  crop l and ; 
o n l y  smal l areas of  dec i duous  fo rest  occur i n  Chambers Cou nty 
( USGS , 1973 ) .  

Bayous and marshes  domi nate the natural and scen i  c resources l ocated 
al ong  the proj ected s o uthern p i p e l i ne corri do r .  The ab undant mars hes  i n  
th i s  area prov i de coastal wi nteri ng  habi tat for mi gratory waterfowl i n  
the Central F l yway ( US FWS , 1977a ) .  T h i s proposed  p i pe l  i ne route trends 
to the north of  Anahuac Nat i ona 1 Wi 1 d l  i fe Refuge and to the west  of 
Mc Faddi n Nati o nal Wi l dl i fe Refuge ( see  F i g .  2-6 ) .  Other wetl ands i n  the 
so uthern part of  Chambers County (Oyster  Bayou , Ro b i nson  Bayo u ,  and Lake 
Surpr i s e )  have al s o  been cons i dered as candi date s i tes for nati onal  
wi l d l i fe refuges ( US FWS , 1977a) .  The  USFWS i s  purchas i ng l and o n l y  fo r 
the Oyster Bayo u refuge ( US FWS , Anah uac , Texas , perso nal commu n i cati o n , 
November 1980 ) .  

3 . 2 . 2 . 7 Arc haeol ogi cal , H i stori cal , and Cu l tural Resources 

Preferred Route 

A cul tural  resources s u rvey was conducted al ong  the preferred and 
a l ternative  o i l  d i stri but i o n  p i pe l  i ne routes to Sun Term i nal  i n  the 
Texoma Group F EI S , Sect.  B . 3 . 4 . 7 .  A l though the preferred B i g  H i l l  to · 
Sun  Termi nal ro ute fo r the proposed  acti on  di ffers s l  i ghtl y  from · ro utes 
co n s i dered prev i o us l y , the fi ndi ngs i n  the Texoma Group F E I S  are 
cons i dered rep resentat i v e  of those l i ke l y  to occur al ong  the new route . 

The s u rvey veri fi ed  the ex i stence o f  a s he l l m i dden o n  the east bank  of  
Tayl o r  Bayou (Thomas et al . ,  1977 ) .  Three other  depo s i ts we re l ocated , 
one  o f  wh i ch  was found s outh of  the Port Arthur Country C l  ub . These 
areas were seco ndari l y  depos i ted  and did  not warrant further 
co ns  i derat i o n unti l the s ource area was estab 1 i shed.  There are no 
properti es i n  the p i pe l i ne ROW l i sted or  proposed ' for the Nati onal  
Reg i ster of  H i stori c P l aces . 

Al ternati ve Ro utes 

A l though f i e l d s u rveys have not been conducted to del i neate the 
archaeo l ogi cal , h i stori cal , and cu l tural resources al ong  the proposed 
al ternati ve p i pe l i ne routes , the Texas H i s tor i cal Commi s s i o n has been 
consu l ted (1  ette r communi  cat i o n ,  November 1980 ; see  Append ix  D ) . The 
commi ss  i o n  i ndi  cated that the northern route wo u l  d pass thro ugh an 
extreme l y  sens i t i ve area wh i ch has numero us  archaeo l og i cal and 
h i stori cal s i tes , and some s i tes  near the town of  Anahuac are l i sted o n  
t h e  Nat i o nal Regi ster of  H i stori c P l aces . T h e s e  i nc l ude Chambersea and 
Fort Anahuac . 

Most of  the archaeo l ogi cal , h i stori cal , and c u l tural reso urces near the 
s o uthern route are l ocated i n  the Gal ve ston-Texas C i ty area . 
Gal veston ' s  res ources have been extens i ve l y  revi ewed by the USACE 
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(1979 ) .  Ga l veston ' s history has focused main l y  around maritime 
act i v i t  i es , as i nd i cated by the many recorded s h i pwrecks in th is a rea 
(USACE , 1979 ) .  The Texas Historica l  Commis sion reported that the 
so uthern route wo u l  d pass through a hi stori ca l l y and archaeo 1 ogi cal l y  
sensitive area from Pe l i can Is l and through the Texas City Dike regio n .  
A Civil War era schooner is be l ieved to have been s unk  i n  the area of 
the Texas Dike . Material dredged at this l ocatio n has contained 
prehistoric artifacts ( Texas His torical Commis sion , l etter 
communication , November  1980 ; see Appendix D ) .  Surveys undertaken for 
the USACE proj ect to construct a mu l ti purpose deepwater port and crude 
oil distribut i o n system at Gal veston have recorded s he l l mi dde ns  in the 
so uthern coastal regi ons of Chambers Cou nty (USACE , 1979 ) . These  sites 
are l ocated fairl y  c l ose  to the proj ected pip e l ine route at Smith Point. 

3 . 2 . 2 . 8 Socioeco nomics 

Preferred Route 

The soci  oeco nomi c characte ri  sti cs  of thi s area are simi l ar to tho se 
described fo r Je ffers on Co unty in Sect . 3 . 2 . 1 . 8 . Sun Te rminal at 
Neder 1 and is l ocated withi  n the Beaumo nt- Port Arthur-Orange i ndustri a 1 
comp l ex ,  whe re the economy i s  dominated by the petrochemical industry 
and petro l eum ref i n i ng operat i o ns . 

A l ternative Routes 

The al ternative northern pipe l  ine route wo u l d transect esse ntial l y  two 
different types  of  socioeco nomic enviro nme nts : ( 1 )  the re l ativ e l y  rural  
po rtions  of  Jeffers on and Chambers Co unti es and (2)  the h i gh l y  
industrial i zed area i n  Harris Co unty between Baytown and Deer Park.  The 
economic base of  the prai rie up l and area between the B i g  Hil l sal t dome 
and Tri n i ty Bay i s  m i neral extracti o n (oil and natural gas production ) ,  
rice farming , and l i vestoc k ( beef cattl e )  product i o n .  Ho us i ng ,  goods , 
and se rvices may have re stri cted avail abil ity withi n the smal l rural 
communities . The towns of Anahuac and Winn i e are the l arge st 
commun i tie s near this porti on  of  the proposed p i pe l ine co rridor ( s ee 
Tab l e  3- 6 ) . 

After cros sing Tri n i ty Bay , the p i pe l ine is proj ected to cross  Baytown 
and extend up to OTTI facil i ties near Deer Park.  This area has 
experi enced rapi d growth duri ng the past decade as a di rect re s u l t of  
i ndustrial devel opme nt.  Popu l at i o n estimate s are presented i n  Tab l e 
3- 6 .  The economy o f  Baytown and Deer Park i s  based on  petro l e um 
products and the petrochemi cal  industry .  As sate l l i te commu n i ti e s to 
Ho uston , Baytown and Deer Park use  goods and servi ces prov i  ded by the 
Ho uston metropo l itan area to supp l eme nt their own re so urces 
(USERDA , 1977 ) . 

The a l ternative so uthern p i pe 1 i ne route wo u l  d trans ect es sent i a l l y  two 
diffe re nt types of  soci oeconom i c  env i ronments : (1)  the re l ati v e l y  rural 
porti ons  of  Jefferson  and Chambers Cou ntie s and ( 2 )  the high l y  
i ndu stri a l i zed area i n  Gal veston Co unty between  Texas City and 
Gal vesto n .  In the rural areas of  Je ffers on  and Chambers Cou nties , both 
up l and prai r i e  and coastal wetl and habitats occur .  The eco nomy i s  based 
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o n  o i l and gas producti o n , ri ce farmi ng , and l i vestoc k producti o n .  The 
port i ons  o f  these  co unti es potent i a l l y  affected by th i s  p i pe l i ne 
corr i dor have  l ow popu l ati o n  dens i t i es and are fai r ly  i nacces s i b l e  by 
road . The l argest  commu n i ti es near the proj ected p i pe l i ne ro ute are at 
l east 8 mi l es away . They i nc l ude Anahuac and Wi nn i e  i n  Chambers Cou nty 
and towns al ong  the Bo l i var Pen i n s u l a  i n  Gal veston Cou nty . 

After cro s s i ng Gal vesto n  Bay , the p i pe l i ne i s  proj ected to roug h l y  
para l l e l t h e  Texas C i ty S h i p  Ch?nnel  a n d  extend t o  the Pe l  i can I s l and 
Termi nal fac i l i ti es at Gal vesto n .  The Gal vesto n-Texas C i ty area has 
experi enced steady popul at i o n  growth i n  recent years . Popu l ati on 
esti mates are presented i n  Tab l e  3- 6 .  Exi sti ng l and use  i n  th i s  area 
vari es from heavy i ndustri al to rel ati ve l y  undeve l oped areas al ong the 
ti dal fl ats , beac hes , and mars hes . The economi es of Gal veston , Texas 
C i ty ,  and Housto n , when comb i ned , consti tute one  of the l argest  i n  the 
U n i ted States ( USACE , 1979) . Important components of  th i s  economy 
i nc l ude manufacturi ng ( refi n i ng ,  petrochemi cal s ,  chemi cal s ,  and 
proces s i ng sectors ) ,  port traffi c ,  serv i ces , trades , and commerc i al 
fi s h i ng .  

3 . 2 . 3 Bryan Mo und Expans i o n  

The preferred act i o n  descri bed i n  Sect.  2 . 0 wo u l d i nvol ve creati on  o f  
four new caverns at the Bryan Mound s i te .  A n  al ternat i ve to th i s  wo u l d 
be the creati o n  of  s i x  new storage cavern s .  No  new l and acqui s i ti o n  i s  
req u i red by the project , as al l expan s i o n  wo u l d occur wi th i n  exi s ti ng 
propert i e s . E nv i ro nmental cond i ti ons  re l ated to the s i te and i ts 
operati o n  are descri bed i n  detai l i n  exi sti ng  documents ( Seaway Group 
F EI S ;  Hann et  al . ,  1979 ; Comi s key et al . ,  1980 ; Metzbower et al . ,  1980 ) . 

3 . 2 . 3 . 1  Land Features 

Bryan Mo und i s  l ocated about 3 mi l es  so uthwest  of  Freeport , Texas , i n  
the Gu l f Coastal  P l ai n  Phy s i ograp h i c  Prov i nce . Th i s area i s  
characteri zed as a re l at i ve l y  f l at ,  feature l e s s  prai ri e terrace wi th 
ab undant swamps and mars hes . Low- gradi ent streams are commo n ,  and 
natural l evees are o ften found al ong  the streams ( Seaway Group . F EI S , 
Sect.  3 . 2 . 1 . 1) .  The Bryan Mound sal t dome i s  a maj or  topograp h i c rel i ef 
feature i n  th i s coastal area , r i s i ng to a maxi mum e l evat i o n  of  16 ft 
above mean sea 1 eve 1 .  The dome i s  bo undeq by a man-made fl ood and 
hurri cane protecti o n  l evee system . The bathymetry of the offs hore area 
i s  re l ati ve ly  f l at ,  wi th a sma l l s he l l ri dge and roc k  formati o n  l ocated 
near the d i ffuser  s i te ( Seaway Group F E I S , Sect.  3 . 3 . 1 . 1) .  

A l l l and req u i red for the Phase I I I  expan s i o n  i s  wi thi n ex i sti ng 
properti es  descri bed i n  detai l i n  the Seaway Group F E I S , Sect.  2 . 3 .  

3 . 2 . 3 . 2 Water Env i ronment 

Bryan Mound i s  bordered by four maj or  s u rface water bodi es : the  Brazos 
R i ver  D i vers i on Channe l , the F reeport Harbo r ,  the ICW, and the Gu l f  of 
Mexi co . The s i te i s  l ocated between the d i vers i on channel  and the I CW 
i n  an area protected by a man-made 1 evee system . Several 1 akes and 
reservo i rs exi st  wi th i n  the tri angu l ar regi o n  de l i neated by the l evee 
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system , and others , i nc l udi ng Mud and Bryan l akes , are outs i de the 
l evees . Texas water q ual i ty standards c l as s i fy the ti dal port i o n  of  the 
l ower Brazo s R i ver as s u i tab l e for both co ntact and no nco ntact 
recreat i o n  and fo r p ropagat i o n  of fi s h  and wi l d l i fe .  S ub s u rface water 
re sources  i nc l ude ( 1 )  the Ch i cot aqui fer to a depth of  about 1 , 10 0  ft , 
o f  wh i ch the upper 80 ft i s  fres h ,  ( 2 )  the s l i ght ly  sal i ne Evange l i ne 
aqui fer from 1 , 100  to about 3 , 50 0  ft , and ( 3 )  the deep , h i gh l y  sal i ne 
Oakv i  1 1  e sands . Surface waters and gro undwaters are di  scus sed  i n  mo re 
detai l i n  the Seaway Group F E I S , Sects . 3 . 3 . 2 and B . 3 . 2 . 

3 . 2 . 3 . 3 C l i mate and Ai r Qual i ty 

The c l i mate of  the regi o n  co ntai n i ng Bryan Mo und i s  con s i dered humi d .  
Because of  i ts l ocat i o n  near the Gu l f Coast , the s i te i s  more stro n g l y  
i nf l uenced b y  o ffs hore meteo ro l og i cal  condi t i o n s . General l y ,  h i gher 
wi nd  speeds , more frequent east to southeasterl y wi nds , smal l er d i urnal 
temperature ranges , s l i ghtl y h i gher humi d i ty ,  and greater storm act i v i ty 
are characteri sti c of  the coastal area where the sal t dome i s  l ocated.  
Wi nd and storm cond i t i ons  off the Gu l f Coast have a pronounced  i nf l uence 
o n  vari at i on s  i n  water hei  ght near the dome ( Seaway Group F E I S , Sect.  
3 . 3 . 3 . 1) .  

A i r qual i ty data for the Bryan Mound s i te are unavai l ab l e ;  however ,  the 
Texas Ai r Control Board

' 
mai ntai n s  a mon i tori ng stat i o n  nearby i n  

C l ute/F reeport ( see Tab l e  3- 3 ) , wh i ch may be cons i dered a worst- case 
representat i on of  Bryan Mo und bac kground  a i  r qual i ty becaus e  of the 
prox i m i ty of  the mon i tori ng stati o n  to a maj or  petrochemi cal i ndustr i al 
comp l ex .  I n  1979 , the 1- h ozone standard was exceeded o n  9 9  days . I n  
addi ti o n  to petro l eum refi neri es and petrochemi cal i ndustri es , 
s i gn i f i cant l ocal po l l uti o n  s ources i nc l ude transportati on and 
combu st i o n  o f  i ndustr i al fue l s .  

3 . 2 . 3 . 4  Amb i ent Sound Leve l s 

Acti v i t i es i nf l uenc i ng sound  l evel s i n  the v i c i n i ty o f  Bryan Mound  
i nc l ude S P R  Phase I and II  operati ons  at  the  dome i ts e l f ,  traff i c  o n  the  
I CW and Brazos R i ver , petroc hemi cal acti v i ty at  F reeport , and veh i cu l ar 
traffi c .  Channe l  dredg i ng i n  the Freeport Harbor  al s o  affects l ocal 
sound  l eve l s  at the s i te .  To the west of Bryan Mound , i n  e s s enti al l y  
unpopul ated areas mo re di stant from i ndustri al act i v i ty ,  sound l eve l s 
are domi nated by an i mal s and wi nd rustl i ng fol i age . Bryan Beach 
Recreati o nal Area , an undeve l oped recreati o nal  s i te ,  borders the sal t 
dome o n  the s outh ( Seaway Group F E I S , Sect . 3 . 3 . 4) .  

3 . 2 . 3 . 5 Spec i es and Hab i tats 

Habi tats fo und at the Bryan Mound s i te cons i st of coastal prai ri e ,  Gu l f 
Coast mars h l and and open bodi es o f  water .  The coastal prai ri e i s  
domi nated by medi um to tal l gras ses  characteri zed by an open to 
moderatel y dense  wi l d l i fe cover .  Domesti c ( cattl e )  as wel l as wi l d  
( n umerous b i rds , rabb i ts , and rodents ) an i mal s are found i n  the prai ri e 
gras s 1 ands . Bracki sh  mars h l  ands are the most abundant hab i tat type 
found o n  the  s i te .  The fl o ra and  fau na common to these  wetl ands i nc l ude 
coastal sacahui  sta , mars h hay cordgras s ,  b i  g cordgras s ,  b u l  rus h , 
cattai 1 ,  r u s hes , smal l an imal s ,  s nakes , and waterfowl . Many ducks , 
seab i rds , ros eate spoonbi l l s ,  and wadi ng b i rds have been observed i n  the 
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mars h l and to the northeast of  the s i te ( Seaway Group F E1 S ,  Sect . 
B . 3 . 5 . 1) .  The numerous bod i es of  water provi de a d i verse range of  
aquat i c  hab i tat :  smal l fre s h , b rac ki s h  po nds , and offshore areas i n  the  
Gu l f o f  Mexi co .  Coastal and i n l and waters are  i mportant to  b i o l ogi cal 
commu n i ti es for feed i ng ,  cover , and nursery areas . G u l l s ,  terns , 
herons , and egrets use  thes e  areas for feedi  ng , resti  ng , and nesti  ng 
( Seaway Group F E I S , Sect. B . 3 . 5 . 2 ) .  

Threatened and Endangered Spec i es 

Phase I I I  expans i o n of  Bryan Mound wo u l d occur wi th i n  exi sti ng DOE 
property. The reg i o n  i s  i ndustri a l l y  devel oped and no  threatened or 
endangered spec i es are known to occur at the s i te ( Seaway Group F E I S , 
Sect.  B . 3 . 5 . 2 ) .  M i gratory b i rds , such  as the bal d eagl e and peregr i ne 
fal con , may f l y  over the area and use adjacent wetl ands  for feed i ng .  

3 . 2 . 3 . 6  Natural and  Sce n i c  Res ources 

The mars h and prai r i e areas s u rround i ng Bryan Mound are typ i cal  o f  tho s e  
fo und  thro ughout th i s  regi o n  a l ong  t h e  coast of  Texas a n d  have no  un i que  
natural or  scen i c  features . Because of  pr i o r  i ndustr i al devel opment , 
the area i n  the i mmed i ate v i c i n i ty o f  the proj ect s i te has a re l ati ve l y  
l ow aesthet i c  val ue .  Bryan Beach State Park and San Bernard and 
Brazo ri a Nati onal Wi l d l i fe Refuges are l ocated near the sal t dome 
(Seaway Group F E I S , Sects . 3 . 3 . 5 . 2 and 3 . 3 . 6 ) .  

3 . 2 . 3 . 7 Archaeo l ogi cal , H i stori cal , and Cu l tural Resources 

A c u l tural resources study conducted at Bryan Mound sa l t  dome d i d  not 
uncover any archaeo l ogi cal , h i s tori cal , o r  cu l tural resources 
( Chaffi n- Lohse , 1977 ) .  Th i s  s u rvey i nc l uded three components : 

( 1 )  An on- ground  s earch through the I-mi l e d i  ameter of  the 
dome and 8 . 1 mi l es of  p i pe l i ne ROWs . 

( 2 )  Record chec ks of  the Texas Archae o l ogi cal Research 
Labo ratory fi l es and the Texas H i stori cal  Commi s s i on 
I nve nto ry o f  H i sto r i cal S i tes . 

( 3 )  F i ve test- p i t  excavati ons  wi th i n  the domal area .  

Duri ng construct i o n  o f  the  exi s ti ng  fac i l i ti es at  Bryan Mo und , o ne 
h i stori cal arti fact , a wagon wheel , was uncovered  i n  the br i ne d i sposal  
p i pe l i ne route ( Parsons -Gi l bane , pers onal  commu n i cati o n , December  1980 ) .  
Cons tructi o n  was hal ted unti l a state offi c i a l from the Texas Department 
of  Parks and Wi l d l  i fe co u l  d determi ne  i ts si gn i f i cance . It  was not 
cons i dered a f i nd wo rthy of further i nvesti gati o n , and construct i o n  
operat i o n s  were res umed. N o  properti es  at the Bryan Mound  s i te are 
l i sted or propo sed fo r the Nat i o nal Regi ster of  H i stori c P l aces . 

3 . 2 . 3 . 8  Soc i oeconom i cs 

The B ryan Mound pro j ect i s  l ocated wi thi n the gro up o f  commun i ti es known 
c o l l ecti ve ly  as Brazo sport , wh i ch i nc l udes the c i ty of  F reeport. 
Petro l eum- re l ated fac i l i t i es  represent a s i gn i fi cant s hare of  th i s  
area ' s  h i gh l y  i ndustri al i zed economy . Popu l ati o n  estimates that are 
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more recent than those i nc l uded i n  the Seaway Group F E I S  ( Sect.  3 . 3 . 8) 
are pres ented i n  Tab l e  3-17 and i nd i cate that the Brazo sport area i s  
rap i d l y  growi ng . More i nformat i o n  o n  the soci  oeco nomi c envi  ro nme nt of  
the  Bryan Mo und s i te i s  i nc l uded i n  the  Seaway Group FEI S , Sect .  3 . 3 . 8 . 

3 . 2 . 4  Wes t  Hac kberry Expans i o n 

The proposed Phase I I I  p l  an i s  to create three new 10-MMB o i  1 sto rage 
caverns at the West  Hac kberry s i te .  An al ternat i ve wou l d  be the 
constructi o n  of  o n l y  one 10-MMB cave rn at thi s fac i l i ty .  A detai l ed 
di scus s i on of  the s i te fac i l i t i es and l ocal envi ronment are presented i n  
the Texoma Group FEI S , Sects . A . 4 . 4 . 1 and B . 3 . 1 . 

3 . 2 . 4 . 1  Land Features 

The domi nant topograp h i c  feature i n  Came ron Pari s h  are the chen i e rs or  
s tranded former beach l i nes . Mars hl and i s  al s o  extens i ve i n  thi s area . 
Man-made l evees and dredge spo i l d i sposal  areas have mod i f i ed the 
topography i n  many parts of  the se wetl ands (Texoma Group F E I S , Sect.  
B .  2 .  5 .  2 . 1) .  The We st  Hac kbe rry sal t dome i s  l ocated near the we stern 
end  of  Hac kberry R i dge . Open water areas exi st  northwest  of  the dome , 
and mars h l ands predomi nate to the so uth and wes t .  The dome i ts e l f i s  
covered by prai r i e  gras s l ands whi ch , p r i o r  to S P R  deve l opment , had been 
converted to pasture l and . Phase I I  construct i o n  operati ons  descri bed i n  
the Texoma Group F E I S , Sect.  2 . 4 . 2 ,  currently  domi nate the l andscape at_ 
the West  Hac kbe rry dome . LExpan s i o n  at the s i te wo u l d requ i re the \ 
purchase of  1 ands to the wes t  and/or south o f  the exi st i ng fac i l i t  i e s  I 
( s ee F i g .  2-4) . These tracts o f  l and are now devel oped for re s i denti al 
and/or agr i c u l tural u s e .  There are �_h_()mes i ns i de the 34- acre regi o n  
proposed for expans i on , wi th surround i ng l ands con s i sti ng pr imari l y  o f  
pasture . The expans i on s i tes  are l ocated o n  p r i me farml ands of  the ---.. 
Crowl ey-Mo rey-Mowata assoc i ati o n , but are not currently  under 
cu l t i vati o n .  There are about 103 , 000  acres of  pri me farml and and 10 , 500 
acres of  potenti al pr ime farml and i n  Camero n  Pari s h  ( SCS , 1981) .  No  
wetl ands are wi thi n the  potenti al expans i on areas . 

3 . 2 . 4 . 2 Wate r Env i ronment 

The West Hackberry sal t dome i s  l ocated i n  hydro l ogi c u n i t  9 of 
s outhwestern Lo u i s i ana wi thi n the estuari ne part of the Ca l cas i e u  R i ver  
Bas i n . Th i s hydro l og i c  un it  cons i sts l arge l y  of  ponds , l akes , and 
mars hes , wi th l es s  than 10 percent dry l and . Water features of  the We st  
Hac kberry s i te are  domi nated by B l ac k  La ke al ong  the  northern edge of  
the s i te .  Th i s  i s  a bracki sh  l ake wi th sa l i n i ti es general l y  between  5 
and 10 ppt (Texoma Group F E I S , Sect.  3 . 3 . 1 . 2 ) . No water envi  ronments 
are l ocated wi th i n the propo sed  expan s i o n  areas . 

3 . 2 . 4 . 3  C l i mate and A i r Qual i ty 

The regi o nal  c l i mate of  the West  Hackbe rry area i s  c l as s i fi ed as 
" humi d- subtropi  ca 1 wi th strong mar i ne i n f l  uences"  (Texoma Group FEI S , 
Sect . B . 2 . 3 . 1 ) .  Seasonal  fl uctuat i o n s  are mode rate . Wi nters are 
general l y  coo l  and c l ear wi th occas i o nal  peri ods of overcast s ki es .  I n  
summer the days are general l y  warm and humi d ,  wi th l i ttl e dai l y  
vari ati o n .  Afte rnoon showe rs and thunders howe rs occur frequent l y .  
Rai nfal l ave rages about 54 i n . /year at Hac kberry (Texoma Group F E I S , 
Sect . B . 2 . 3 . 1) .  
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Table 3·1 7. Population estimates for communities located within Brazoria County, Texas 

Pop u l at i o n  esti mate l 

Locati o n  1970 1978 1980 (proj ected)  

C o unty ( total ) 108 , 298 163 , 920 178 , 099  
Lake  Jac ks o n  13 , 376  19 , 810 
Angl eton 9 , 77 0  14 , 752  
Freep ort 11 , 997  14 , 427  
C l ute 6 , 023 10 , 575  

l I nfo rmati o n  provi ded by  perso nal  comm u n i cati o n  ( November 1980 ) wi th 
Housto n - Ga l veston  Area Counc i l .  
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The avai l ab l e  data for reg i o nal  a i r qual i ty i nd i cate that the NAAQS for 
NMHe and ozone are v i o l ated at mon i tor i ng stati ons  near the West  
Hac kberry s i te .  Su l fur di ox i de , n i trogen d i ox i de , carbon  monoxi de , and 
hydrogen s u l fi de are presently i n  compl i ance wi th al l app l i cab l e  ai r 
qual i ty standards , i nd i cat i ng a l ac k  of  heavy reg i onal  concentrat i o n s  of  
combusti  o n  processes  (Texoma Group FE IS , Sect. B .  2 .  3 .  3 . 1 ) .  Phase I I  
constructi o n  acti v i ti es at West Hackberry were projected to res u l t i n  
temporari l y  i ncreased combust i o n  and fug i ti ve emi s s i ons  i n  the project 
area ; however ,  o ffs i te v i o l ati ons  of  app l i cab l e  ai r q ual i ty standards 
were not l i ke l y  to occur from these operati ons  (Texoma Group FE IS , Sect. 
4 . 3 . 3 . 1) .  

3 . 2 . 4 . 4  Amb i ent Sound Leve l s 
Before deve 1 opment of  the West Hackberry dome for the SPR  progr.am , 
bac kground no i s e  l evel s i n  and around the s i te were typ i cal of  a 
secl uded , e s senti al l y  f l at area. I n  the wi nter and spri ng , the majo r  
contr i b uti ng no i se s o urces were wi nd and peri o d i c  b i rd cal l s .  I n  
s umme r ,  becaus e  of  the h i gh humi d i ty and warmth , no i se was domi nated by 
the so unds of i ns ects and frogs i n  addi t i o n  to b i rd cal l s  and the sounds 
of  wi nd i n  the fo l i age and brush  (Texoma Group FE IS , Sect. 3 . 2 . 4 ) .  At 
present , co nstructi o n  ope rat i o ns  for Phase I I  are contri but i ng to the 
bac kground no i se l .eve l s .  D i ese l  engi nes were cons i dered to be the most 
cons  i stent source of  noi se , whi 1 e dri  1 1  i ng equ i pment was projected to 
create the peak sound l eve l s .  More i nformat i o n  on ex i st i ng  constructi o n  
a nd  operati onal  s o u nd  l evel s i s  presented i n  the Texoma G roup FE IS , 
Sects . 4 . 3 . 4 . 1 and 4 . 3 . 4 . 2 . 

3 . 2 . 4 . 5 Spec i es and Hab i tats 

The reg i on  encompas s i ng West Hac kberry ' s  storage fac i l i ty and i ts water 
s upp l y ,  br i ne di sposal , and o i l d i stri b ut i o n  conngct i ons  i s  eco l og i cal l y  
vari ed .  The dome i tse l f i s  a n  upl and hab i tat of  prai r i e  gras s l and that 
has been converted to pasture l and . Nati ve  prai ri e grasses , pasture 
cover , and an i mal  l i fe are s i mi l ar to tho se de scri bed for the dome area 
at B i g  H i l l  ( Sect. 3 . 2 . 1 . 5 ) . The gras s l ands at West Hac kberry al so  
conta i n s cattered trees such  as oak , as h ,  Ameri can e l m ,  and sweetgum.  
The b i oti c envi ronment of  the water s upp l y  corri dor and part of the o i l 
d i stri b ut i o n  system i nc l ude s estuari ne  organ i sms ( found  i n  B l ac k  Lake , 
the mars h l and north of  the l ake , and the l eW)  and the fl ora and fauna of  
up  1 and terrestri a 1 env i  ronments south of  the  leW .  The  segment of  the 
o i l d i stri but i o n  system extendi ng  westward al ong  the l eW and acro s s  the 
Sab i ne and Neches r i vers to Sun  Termi nal tran sects freshwater to 
bracki  sh mars h , spo i l ban ks , and agri c u l tural 1 and (Texoma Group F EI S , 
Sect.  B . 3 . 1 . 5 . 4) .  The se ecosystems are descri bed i n  detai l i n  the 
Texoma Group FEI S , Sects . B . 2 . 5 . 2 . 2 and B . 2 . 5 . 2 . 3 . The project ' s br i ne 
d i sposal  p i pe l i ne route crosses  dry l and (pasture l and and spo i l  ban ks ) , 
wetl  ands ( bracki  sh  mars h ) , and both estuari ne  and mari ne open water 
envi ro nments . The wetl and and estuari ne hab i tats al ong  thi s route are 
bi 01 ogi cal l y  i mportant envi  ro nments because they prov i  de n ursery areas 
for shel l f i s h and fi nf i sh  and nesti ng  and feedi ng areas for abundant 
waterfowl . Many commerc i al l y  i mportant spec i e s s uch  as menhaden , 
Atl anti c croake r ,  mu l l et ,  and b rown and wh i te shri mp are found i n  
offshore areas i n  the Gu l f .  The Ameri can a l l i gator , a threatened 
speci es (threatened by s i mi l ari ty of  appearance ) ,  i s  known to i nhab i t  
West Hac kberry .  
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Threatened and Endangered Spec i es 

Expans i o n  of  the West  Hackberry s i te may req u i re the acqu i s i ti on o f  up 
to 34 acres of  l and adjacent to the ex i sti ng s i te .  Thi s l and i s  managed 
rural  pasture and res i dentia l  and i s  not con s i dered pr ime hab i tat for 
any threatened or  endangered spec i e s .  No  wetl ands occur wi th i n  the 
proposed area of expans i on .  

3 . 2 . 4 . 6  Natura l  and Sce n i c  Res ources 

The We st Hac kberry s i te i s  l ocated north of  the Sab i ne Nati onal  Wi l d l i fe 
Refuge on  the s o uthern s hore of  B l ac k  Lake . Natural and s ce n i c  
resources of  the area cons i st of  a r i ch vari ety o f  wi l d l i fe wh i ch i s  
pr imar i l y  associ  ated wi th the ab undant wetl ands . More i n fo rmat i o n i s  
presented i n  the Texoma G roup F EI S ,  Sect.  B . 2 . 6 .  

3 . 2 . 4 . 7  Archaeo l og i cal , H i s to r i cal , and Cu l tural Resources 

C u l tural resources s u rveys conducted i n  1977 and 1979 di d not reveal any 
evi  dence o f  prehi  stori  c or  h i  stori  ca l l y i mpo rtant resources that wo u l  d 
be  affected by the project des cri bed i n  the Texoma Group F E I S  (We i nste i n 
et al . ,  1977 , 1979 ) .  A coastal she l l m i dden i s  l ocated so uth o f  B l ac k  
La ke and west  of  both the current S P R  proj ect at West Hac kberry and the 
l and under cons i derati o n  for the propo sed expan s i on  ( F i g . 2-4) . Before 
constructi on  of  the bri ne di scharge p i pe l i ne from the West  Hac kberry 
proj ect s i te to the Gu l f of  Mexi co , another cu l tural re so urces s u rvey 
was conducted al ong the p i pe l i ne route (We i nste i n  and McC l os key , 1980 ) .  
Three prev i ou s l y  descri bed s i tes were known to exi st i n  prox i m i ty to the 
route . A l l of the s e  s i tes , however , were far enough away from 
constructi o n  operati ons  so that no adverse i mpacts wo u l d occur .  'Two new 
s i tes and a spot f i nd were recorded duri ng the s urvey . Thes e  f i nds 
co n s i sted of  two p l ai n  pre h i stor i c  shards ( bro ken cerami cs , g l as s , etc . ) 
and what appeared to be reni'

ai n s  of  a twenti eth century hunti ng camp . 
N e i ther was cons i dered s i gn i fi cant i n  terms of  Nati o nal  Reg i s ter  
cri teri a .  None  of  the property eval uated for West  Hac kberry expans i on  
i s  l i sted or  proposed  for i nc l u s i o n  i n  the  Nat i o nal Regi ster  of  H i stori c 
P l aces .  

3 . 2 . 4 . 8  Soci oeconom i cs 

A l l of  Cameron Pari s h  i s  cons i dered a rura l , coastal env i ronment . 
Because  no  i ncorporated commun i ti es exi st wi th i n the pari s h , popu l at i o n  
est i mates fo r Hac kberry , Cameron ,  and Ho l ly Beac h cannot be updated from 
the rough fi gures provi ded i n  the Texoma Group F E I S , Sect.  B . 3 . 1 . 8 . 2 .  
The 1979 popu l ati o n  esti mate fo r the e nti re pari s h  i s  i nc l uded i n  Tab l e  
3-8 .  Thi s fi gure i s  s i mi l ar to the esti mate o f  10 , 620 predi cted for 
thi s pari sh  duri ng 1980-1990 (Texoma Group F E I S , Sect.  B . 3 . 1 . 8 . 2) .  The 
metropo l i tan area l ocated c l osest to the West  Hac kberry p roj ect s i te i s  
Lake Charl es  and i ts sate l l i te commun i ti es i n  Cal cas i eu Pari s h .  Recent 
popu l at i o n  esti mates for these towns (Tab l e  3 - 6 )  i ndi cate that steady 
growth has occurred over the past decade .  

The  soci oeconom i c  env i ronment o f  Cameron Pari s h  i s  the  o n l y  envi ronment 
of re l evance i n  eva 1 uat i ng the proposed Phase I I I  expans i on at West 
Hac kberry .  The rat i o nal e i s  that Cameron Pari s h ,  and spec i fi cal l y  the 
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Hac kberry di stri ct , was the o n l y  l ocal e s i gn i fi cant l y  affected by 
Phases  I and I I .  There i s  no reason  to expect a change i n  the 
di stri buti o n  of i mpacts i n  Phase I I I .  

The soc i oeconom i c  env i ronment o f  any i mpacted area cons i sts o f  aspects 
that , under normal condi ti o n s , are not eas i l y  quanti f i ab l e ,  s uch as the 
number of  par i s h  res i dents emp l oyed at o ne t i me at the s i te or the 
i ncrease i n  r.etai l sal e s  assoc i ated wi th the project.  Certai n aspects 
cannot be  quant i fi ed at al l ,  but are neverthe l es s  i mportant .  In Cameron 
Pari s h , the l atter case i s  probab l y  the overri di ng o n e .  

T h e  i nformati o n  u s e d  i n  t h e  fo l l owi ng d i scus s i on o f  sal i ent 
characteri sti cs  o f  the soci oeconom i c  envi ronment i n  Cameron Pari s h  was 
deri ved from recent and prev i o u s  s i te v i s i ts ,  f i e l d wo rk , data gathe ri ng 
by tel epho ne , and exami nati o n  o f  perti nent l i terature . 

The three bas i c1 sectors of  the Camero n Pari s h  economy are 
fi s h i ng/shr imp i ng ,  ri ce farmi ng , and petro l e um producti o n .  There are no 
i ncorporated towns i n  the pari s h ; consequentl y ,  al l nonj udi c i a l  
governmenta l functi o n s  are carri ed o u t  by the e l ected p o l i ce j u rors . 
Goods and serv i ces are not e l aborate , but are s uff i c i ent for the needs 
of  l ocal re s i dents . Opportu n i ti es for outdoor recreati o n  are p l enti ful . 

To understand the soci oeconom i c  envi ronme nt as i t  now exi sts , whi l e  
Phase I I  construct i o n  i s  be i ng comp l eted , i t  i s  i mportant to cons i der  
three factors : ( 1) few workers were h i red from the  pari s h , ( 2 )  a l arge 
number of workers moved i nto the Hac kberry v i ci n i ty duri ng the i r  
emp l oyment , 2 and ( 3 )  Hac kberry i s  re l ati ve l y  di stant from most o f  the 
other towns  i n  the pari s h .  Many of  the towns are l ocated on the Gul f 
Coast and are much more heavi l y  dependent o n  fi  s h i  ng as an economi c 
bas e .  Theie  three factors are s u ff i c i ent to exp l a i n  the exi sti ng 
soc i oeconomi c envi ronme nt.  

At Hackberry , s ome publ i c  serv i ces  were strai ned by the i nfl ux o f  Phase 
II  construct i o n  workers . The school  system expe r i e nced an i ncrease i n  
enro l l ment wh i c h was prev i ou s l y  fai rl y .  stab l e .  There was an i ncrease i n  
traffi c ,  both by vo l ume and by we i ght , that caused rap i d  deteri o rati o n  
o f  l ocal a n d  state roads (DOE  repa i red  s ome roads and stated a n  
i ntenti o n  t o  repai r others ) .  Roads i de l i tter i ncreased al ong routes 
taken by commuti ng wor kers desp i te DOE efforts to c l ean the area . The 
par i s h  sheri ff noted an i ncrease i n  d i sturbances requ i ri ng the attenti o n  
o f  1 aw enforcement offi  cers , al though t h i  s c o u l  d be expected for any 
popu l at i o n  i ncreas e .  F i nal l y ,  prob l ems re l ated t6 sewage treatment 
( o n l y  sept i c  systems are avai l ab l e )  were perce i ved to be suffi c i entl y 
seri ous  that par i sh  o ffi c i a l s began effo rts to deve l op a commun i ty-wi de 
treatment sys tem . The l ocal o ff i c i a l s attri bute the i nf l ux of  workers 
to Hac kberry for SPR Phase I and I I  as aggravati ng the sewage treatme nt 
prob l em .  

1A bas i c  sector i s  one  wh i c h  provi des materi al fo r trade outs i de o f  the 
county/pari s h .  

2 N o  prec i se n umber can b e  gi ven , b ut a detai l ed s i te exami nat i o n  s ug
gested at l east 100 workers moved to the are a ,  w i th abo ut 30 br i ngi ng 
the i r fami l i es .  
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A 1 though the probl ems have not been o ffset by i ncreased sal es  o r  tax 
revenues , l ocal  merchants have benefi ted from the addi t i o nal pop u l ati on . 
S i nce they di d not over- expand , there i s  now a tempo rary boom i n  sal e s .  
A n  extreme decl i ne i n  s al es  at a future date i s  not anti c i pated .  I n  
general , the soc i oeconom i c  env i ronment o f  Hac kbe rry can b e  descri bed a s  
one  wi th some p rob l ems . 

For the rest o f  the Pari sh , the soc i  oeconomi c envi  ronment i s  q u i te 
di fferent . There has been v i rtual l y  no economi c gai n for the re st of  
the  pari sh  as a re s u l t o f  the  project .  Unemp l oyment has  been 
h i sto r i cal l y  l ow ,  and there i s  essent i al l y  n o  chance for i ncreased 
retai l sa l es . A l though the re st o f  the pari s h  has experi enced no 
adverse soc i oeconomi c i mpacts to date , there i s  a great deal o f  concern 
that the di sposa l  o f  bri ne i n  the G u l f o r  the wi thdrawal o f  raw water 
from the ICW wi 1 1  undermi  ne two of the bas i c sectors of the economy :  
( 1 )  f i s h i ng and s hr i mp i ng and ( 2 )  r i ce farm i ng .  There i s  a pos s i bi l i ty 
that i ncreased sal i n i ty wou l d damage fi s h i ng and s h r i mp i ng opportu n i ti es  
and  that wi thdrawa l of  raw water wo u l d cause  an i nf l ow o f  sal t water 
from the Gu l f ,  further damagi ng fi s h i ng and s h ri mp i ng ,  as we l l  as ri ce  
farmi ng .  Thes e concerns are di scus sed i n  Sects . 4 . 2 . 2 and  4. 2 . 5 of  thi s 
statement . However , s i nce the l ocal  econom i c  bas e l arge l y  dete rmi nes 
a l l soc i oeconomi c cond i ti ons  i n  Cameron Pari s h , the concerns about 
pos s i b l e damages  to bas i c  economi c s ecto rs are pervas i ve throughout the 
Pari s h .  Thi s i s  the o n l y  s a l i ent soc i oeconom i c  characteri sti c of 
Cameron Pari s h  exc l us i ve of  the Hac kberry d i stri ct .  
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4 . 0 ENVI RONMENTAL IMPACTS O F  THE PROPOSED AND ALTERNATIVE ACTIONS 

4 . 1 I NTRODUCTION 

Th i s  sect i o n  descri bes  i mpacts that wo u l d res u l t from i mp l ementat i o n  of  
212 mi l l  i o n  barre l s  ( MMB ) o f  o i l sto rage for  Phase  I I I . These  i mpacts 
wo u l d be assoc i ated wi th (1) the construct i o n  and operat i o n  of  a 140-MMB 
Strateg i c  Petro l eum Reserve ( S P R )  sto rage fac i l i ty at B i g  H i l l ,  Texas , 
and ( 2 )  expan s i on of  the Bryan Mound and West Hackberry s i tes  to 
accommodate an add i t i onal  70 MMB of crude o i l .  Expan s i o n  at Bryan Mound 
and West Hac kberry wo u l d i nvo l ve one of  two poss i b l e scenari o s :  

Pre ferred 
Al ternat i ve 

Bryan Mound 

40 MMB 
60 MMB 

West Hac kbe rry 

30  MMB 
10 MMB 

As d i scussed i n  Sect . 2 . 2 . 1 . 1 , the pre ferred a l ternati ve  cons i sts o f  
l eachi ng four new sto rage caverns at Bryan Mound [at a n  i ncreased l each 
rate of  980 , 000  barre l s per day ( bb l /d) ] and three new caverns  at West 
Hac kberry .  A secondary al ternati ve , d i scus sed i n  Sects . 2 . 2 . 1 . 1 and 
2 . 3 . 1 . 1 ,  wou l d  p l ace s i x  expan s i o n  caverns  at Bryan Mound and one  at 
West  Hac kberry .  Even i f  an i ncreased  1 each rate at Bryan Mound from 
680 , 000  to 980 , 000 bb l /d i s  assumed , such  an uneven di stri buti on of the 
seven Phase I I I  expans i on caverns between the two s i tes  wou l d  res u l t i n  
a cavern deve l opment per iod  l asti ng 6 months l o nger than the pre ferred 
40 : 30 scenari o ( s ee F i g .  2- 2 ) .  A l though thi s t i me l os s  i s  undes i rab l e ,  
the 6 0 : 10 a l ternati ve  appears to be the most pract i cab l e al ternati ve to 
the preferred 40 : 30 s cenari o .  

I f  the 40 : 3 0  a l ternat i ve were deve l oped wi thout i ncreas i ng the 1 each 
rate at Bryan Mound , Phase H I  expans i on wo ul d be del ayed by 14 months 
because 'i t wou l d  not be pract i cal  to i ntegrate the Bryan Mound Phase I I  
and I I I  l each i ng schedul es ( s ee F i g .  2-2 ) .  Devel opment o f  the 6 0 : 10 
al ternat i ve wi thout i ncreas i ng the l eac h rate at Bryan Mound wo u l d 
re s u l t i n  a de l ay of  21 months . 

I n  eval uat i ng the pos s i b l e i mpacts of  these acti ons , an i n i t i a l scop i ng 
o f  s i mi l ar and associ ated S P R  constructi on  proj ects was made (Appendi x  
A) . The creati o n  o f  a new S P R  fac i l i ty at B i g  H i l l  wi th raw water , 
br i ne  di sposal , and crude o i l d i stri but i on systems wo u l d have the 
greatest pote nti al for i mpacts under Phase I I I .  Expans i o n of  the Bryan 
Mo und s i te wo u l d occur on exi sti ng Department of Energy (DOE)  prope rty 
by us i ng ex i sti ng s i te fac i l i t i es . At West  Hackberry , expan s i o n  wou l d 
requi  re the purchase of  nearby 1 ands , but as with  the Bryan Mo und 
expans i o n , exi sti ng ons i te fac i l i ti es wo u l d be used for l each/fi l l , 
refi l l , and drawdown operati ons . 

Impact s i gn i fi cance i s  re l ated to the magni tude and durat i o n  o f  i mpacts 
on the envi ro nment .  Based o n  the experi ence gai ned duri ng 
i mp l ementati on  of Phases  I and II at Bryan Mound and West Hac kberry , i t  
appears that i mpacts rel ated to offshore bri ne di sposal , wetl ands , ai r 
qual i ty ,  crude o i l tran sportati on , and l ocal soc i oeconom i cs are o f  
pri mary s i gn i fi cance . Impacts re l ated t o  amb i ent s o und l evel s ,  natural 
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and sce n i c re source s ,  terrestri al  speci es  and hab i tats , archaeol ogy , and 
hi stori ca l - c u l  tura 1 resources  have ge nera l l y  been 1 e s s  si g n i fi  cant i n  
the SPR  program . Th i s  h i e rarchy i s  der i ved from the scope and nature of  
the project:  

o Large vo l ume o f  br i ne d i sposal . 

o Large vo 1 ume o f  crude o i  1 transport .  

o S i te fac i l i t i e s  confi ned to a re l ati ve l y  smal l ( s everal 
hu ndred acre s )  area cons i sti ng of we l l pads ,  ponds , pump 
houses , and a few operat i o n s  and mai ntenance b u i l d i ngs . 

o Peak 1 abor force o f  severa l  hu ndred emp 1 oyees i n a rural 
setti ng . 

o I ntermi tte nt operat i o n s  based on  a maxi mum o f  f i ve cyc l es  
over  a 20-year per i  od .  

Expan s i o n  o f  the We st Hac kbe rry s i te wo u l d res u l t  p r i mar i l y  i n  mi nor 
i ncremental i mpacts to  tho se de scri bed i n  the Texoma Group F i nal 
Env i ronme nta l Impact Stateme nt ( F E I S ) . The durat i o n  of i mpacts 
descri  bed fo r thi  s s i te ( s uch  as bri ne di  sposa 1) wou l  d be l o nger , but 
the i r magn i tude wo u l d not i ncrease s i nce crude o i l f i l l , water i nta ke , 
and br i ne d i scharge f l ow rate s wo u l d  rema i n constant.  

4 . 2 B I G  H I LL ( 140-MMB CRUDE O I L  STORAGE FAC I LITY) 

Co nstruct i o n  of  a 140- MMB sto rage fac i l i ty at B i g  H i l l ,  Texas , i s  the 
maj or  component of the proposed Phase I I I  SPR expans i o n .  The creati on  
o f  the new storage fac i 1 i ty wi th  an  o i  1 d i  str i  but i on  sys tem represents 
the greate st potent i a l  fo r env i ronmenta l  i mpacts under Phase I I I  SPR  
expan s i o n .  

4 . 2 . 1 Land Featu re s 

B i g  H i l l  S i te 

The B i g  H i  1 1  comp 1 ex o f  storage caverns has been des i gned so as to 
provi de for f i ve f i l l /drawdown cyc l e s wh i ch l eave s u ff i c i ent sal t (web)  
between the  cave rns to  s upport the ove r l y i ng strata . The  geometry of  
the cavern p l aceme nts prov i des fo r a mi n i mum of  480 ft  o f  sal t web 
between adjacent cave rns for structural s upport . To mai ntai n i nternal 
hydro stati c pre s s ure and thus reduce the effects of sa l t creep on  cavern 
c l o s u re , caverns  wo u l d a l ways conta i n  bri ne or crude o i l and bri ne .  
There wo u l d be no  s i gn i f i cant a l terati on  o f  geo l og i c  structure 
( s ubs urface)  or s urface 1 and fo rms as a re s u l  t of  1 each i  ng , and no 
i mpact on  geo l og i c  structure wo u l d  occur duri ng normal fac i l i ty 
operati on  and mai ntenance acti v i t i es .  

Exp l o i tati o n  o f  sal t depo s i ts i n  the Gu l f  Coast reg i on centers around 
i ndustri al  (petrochemi cal  feedstock  for ch l ori ne man u facture ) and 
comme rc i a l  ( retai l sa l e s )  markets . Sal t structures s i m i l ar to the B i g  
H i  1 1  dome , o f  wh i ch  there are hundreds i n  the regi o n , rep re sent a 
s i gn i f i cant and amp l e  rese rve . 
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F uture sal t product i o n  i n  the i mmedi ate area of  the proposed sto rage 
caverns wo u l d be i ncompat i b l e wi th the S P R  devel opment of B i g  H i l l .  
Extracti on  o f  other mi neral s ,  namel y  s u l fu r ,  from the overl y i ng caproc k 
wo u l d al s o  be  prec l uded ; however , th i s  i s  not a s i gn i f i cant i s s ue at B i g  
H i l l  a s  extens i ve s u l fur  exp l o rat i on has s hown that n o  economi c depo s i ts 
exi st .  

The topography o f  the s i te wo u l d be  a l tered s l i ghtl y by grad i ng and 
di ki ng acti v i ti es ;  about 250 acres  wo u l d be affected . The B i g  H i l l  
storage s i te wou l d have a l andscap i ng p l an as part o f  the overal l 
construct i o n  program . Th i s  p l an wou l d uti l i ze , to the extent 
pract i c ab l e ,  exi sti ng trees , s h rubs , and meadows to enhance the v i sual  
i mpact of  the  faci l i ty .  Because  o f  the  extens i ve amount o f  s i te gradi ng 
requi red , s ome of the exi sti ng �ak trees wi th i n  the s i te boundary wou l d  
be removed .  P l ants used for l andscapi ng wo ul d be o f  a vari ety adapted 
to the c l i mate and growi ng cond i ti ons  at B i g  H i l l .  D i kes wo u l d be 
con structed aro und each we l l head to contai n o i  1 or br i  ne that mi  ght 
es cape from a cavern i n  the event of l eakage from the we l l head.  These 
d i kes wou l d be  constructed i n  comp l i ance wi th the Spi l l  Preventi o n  
Co ntro 1 and Countermeas ures ( SPCC ) p l an deve l oped a n d  approved as part 
o f  the proj ect perm i tt i ng proces s .  Duri ng constructi on , m i nor  s o i l l os s  
and s ome a l terat i o n  i n  the o n s i te drai nage pattern due to d i sturbance o r  
compact i o n  cou l d  be expected . So i l  l o s s  a t  B i g  H i l l  becaus e  of  s i te 
constructi on-re l ated ero s i on was conservati v e l y  e s ti mated at about 10 
tons/acre . Thi  s s o i  1 wo u l  d be transported by runoff to the mars hes 
s o uth and east of  the dome and to gu l l i e s  and s l oughs to the north 
(Texoma F E I S , Sect . 4 . 6 . 2 ) .  S o i l conservat i o n  meas ures , s uch  as 
conto u ri ng and seedi ng , wo u l d be used to keep these  l o sses  to a m i n i mum.  

A pol i cy statement devel oped by the Pre s i dent ' s Counc i l on  Envi ro nmenta l 
Qual i ty ( CEQ)  requ i res that al l Federal agenc i es be concerned about the 
encroachment of pro j ects on  p r i me farml ands ( Federal Regi ster , September 
8,  1980 ) .  The devel opment of o i l storage fac i l iti e s  at B i g  H i l l  wou l d  
potenti al l y  remove from curre nt use as pasture 1 and approx i mate l y  250 
ac res o f  Hockl ey s i l t  l oam , a s o i l c l as s i f i ed as a pri me farml and so i l  
i n  i ts nati ve state · ( see  Sect.  3 . 2 . 1 . 1) .  Al though s u i tab l e fo r use  as 
crop l and , i t  i s  un l i ke l y  that the l and wi th i n  the s i te bou ndar i e s  wou l d  
be cu l ti vated because  of  past and cu rrent i ndustri al devel opment fo r 
l i qu i d  petro l eum gas ( LPG)  sto rage and o i l extract i o n .  Ope rat i o n  o f  the 
fac i l i ty wo u l  d affect 4 . 9 percent of  the s o i  1 s i n Jeffers on  Cou nty 
c l ass i fi ed as prime farm l and s o i l s  i n  the nati ve  state , but o n l y  0 . 06 
percent of  pr ime and potenti al  p r i me farml and s o i l s  ( s ee Sect .  3 . 2 . 1 . 1) .  
Potenti al pr ime farml and s o i l s  are those  that requ i re i rri gat i o n  or  
drai n i ng to  be usab l e and wou l d no  l onger be i n  the i r nati ve  state . 

Raw Water I ntake and Onshore Bri ne D i sposal  P i pe l i nes 

Constructi on  of  the bri ne and raw water l i nes wo u l d affect the s u rface 
and subsurface s o i l structure and drai nage .  Su rface and s ub s u rface s o i l 
wo u l d become m i xed where the trench  i s  dug and refi l l ed .  
Doub l e-di tch i ng tec hn i ques  wo u l d  b e  u s e d  t o  m i n i m i ze the se  i mpacts a s  
requ i red by the perm i tti ng agency .  Adjacent s o i l s  wou l d  become 
compacted from the wei ght of p i pe- l ayi ng equ i pment.  The s o i l 
as soc i ati ons  that wo u l d  be affected i nc l ude the Morey- Crowl ey- Hoc kl ey 
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s o i  1 assoc i  at i o n , the Harri s -made 1 and- s o i l assoc i  at i o n , and the 
Sabi ne-coastal  l an d- s o i l assoc i at i o n .  

The permanent p i pe l i ne r i ght-o f-way ( ROW) wo u l d be al l owed t o  revert to 
i ts prev i o u s  use  as crop l and  or gras s l an d , b ut any trees reco l o n i z i ng 
the ROW wo u l d be  per i od i cal l y  removed .  The l an d  needed for permanent 
p i pe l i ne ROWs for the B i g  H i l l  s i te amo unts to 48 acres for the raw 
water , br i ne , and uti l i ty cab l es to the I ntracoastal  Waterway ( l CW) .  
F rom the I CW to the coast , a max i mum o f  about 36  acres wo u l d  be req u i red 
as permanent eas ement.  

4 . 2 . 2  Water Envi ronment 

Bi 9 H i  1 1  S i te 

There are no o ns i te bodi es  of  water that wo u l d be d i rectl y  affected by 
construct i o n  acti v i ti es ( see Sect.  3 . 2 . 1 . 2 ) .  S i te preparati on , however , 
wo u l d be expected to acce l erate the ero s i on  i n  th i s  area , resu l ti ng i n  
s l i ghtly  h i gher sed iment l oads to the two smal l fres hwater ponds l ocated 
on the northern and eastern edges of Bi g H i  1 1  sal t dome and to the 
wetl ands l ocated to the s o uth and east of  the s i te .  In addi t i o n  to 
su spended s o l i ds ,  concentrati ons  of certai n d i s so l ved and ads o rbed 
chemi cal s co u l d be e l evated from amb i ent l eve l s i n  l ocal i zed reaches of  
wet 1 ands  o r  watercourses  near  the  s i te .  Po  1 1  utants assoc i  ated wi th 
mi sce l l aneous constructi on  acti v i ti es are di scus sed  i n  the Texoma Group 
F E I S , Sect.  4 . 3 . 2 . 1 . Because  o f  the re l ati v e l y  fl at topography around 
the B i g  H i l l  sa l t dome , the l i mi ted areal extent o f  the d i sturbance , and 
the temporary nature o f  the di sturbance , constructi on- re l ated i mpacts to 
the waters aro und B i g  H i l l  are not s i gn i fi cant.  

Impacts to the qual  i ty of  surface waters and groundwaters assoc i ated 
wi th the area around the B i g  H i l l  sa l t dome cou l d res u l t  from the 
di sposal  and d i sc harge of wastes . H owever , current p l ans cal l fo r the 
co l l ecti o n  of  prec i p i tati on runoff from the o i l s u rge tan k  and we l l pad 
( exc l udi ng we l l pad s umps ) areas i n  a storm water transport system that 
wo u l d contai n runoff from a 25-year , 24- h rai nfal l event.  Before 

. d i scharge i nto Sp i nd l etop Mars h ,  l ocated so uthwest  of the project area , 
storm water wo u l d be tested for comp l i ance wi th effl uent l i mi tati o ns fo r 
o ne water q ual i ty parameter , o i l ,  and grease . Based o n  des i gn cr i teri a 
and Nati onal  Po l l utant D i s charge E l i mi nat i o n  System ( NPDES)  permi t 
requ i rements for Bryan Mo und , concentrati ons  of  o i  1 and greas e i n  the 
effl uent wo u l d not _exceed a dai l y max i mum of  15 mg/ L ,  wi th a dai l y  
average o f  1 0  mg/L . I f  the effl uent d i d  not comp l y  wi th th i s  
req u i rement , i t  wo u l d  be treated by the o i l - b ri ne  s eparator and then 
d i scharged off s hore . An i mpermeab l e  l i n i ng i n  the br i ne pond wou l d 
prevent the co ntami nati on  of  s u rface o r  grou ndwate rs by bri ne l eakage .  

A sewage treatment system wo u l d be des i gned and  operated s o  that 
po l l uti on  of groundwater or s u rface wate r res ources wou l d not occur .  
S l udges accumul ated i n  treatment fac i l i ti es  wo u l d be di sposed o f  off 
s i te i n  comp l  i ance w i th l ocal , state , and Federal requ i rements ( s ee 
Sect.  9 . 0 ) .  The water env i ronment at B i g  H i l l  wo u l d not be 
s i gn i f i cantl y affected .  

4-4 



Raw Water I ntake , Raw Water , and Onshore Bri ne D i sposal  P ipe l i nes 

Constructi on o f  the raw water p i pe l i ne i s  e s t i mated to i nvo l ve  the 
excavat i on o f  54 , 000  cub i c  yards (yd3 ) o f  mate r i a l  from wetl ands . 
Approxi mate l y  10 , 000 yd3 of  spo i l wou l  d be  dredged from the raw water 
i nta ke channe l  pri or  to i nstal l at i o n  of  the i ntake structure . Al l 
dredge spo i l  wou l d  be hand l ed accordi ng to the permi tted req u i rements of  
the  regu l atory agency .  Construct i on of  the  b r i ne d i sposal  p i pe l i ne 
wo u l d requ i re an add i t i onal excavat i o n  o f  34 , 000 yd3 fo r a total of  
98 , 000 yd3 • The s e  operati ons  and  decant water from the  stoc kp i l ed spo i l 
mate ri a 1 s wo u l  d cause temporary , short-term perturbati ons  to the wate r 
qual i ty o f  the ICW ,  Sa l t  Bayou ,  Star Lake , and other watercourses 
connected wi th wetl ands trans ected by the p i pe l i ne routes . The e ffects 
of dredgi ng and dredge materi al  d i sposal  on water qual i ty are we l l 
characteri zed from studi  es  conducted by the Dredge Mate ri a 1 Research 
Program , U .  S .  Army Corps of  Engi  neers ( USACE ) , Waterways Experi  ment 
Stat i o n .  Wate r qual i ty perturbat i ons  cou l d res u l t from an i ncrease i n  
turb i d i ty ,  the rel ease o f  nutr i e nts , �ox i c  chemi cal s ,  or  other 
undes i rab l e  materi al s ,  and oxygen dep l et i o n .  These potenti al  i mpacts 
are d i scussed  i n  the Texoma Group FE IS , Sect.  4 . 3 . 2 . 1 . The fate o f  any 
sediments dredged fo r B i g  H i l l  s i te construct i o n  wo ul d fal l under the 
j u ri sdi ct i o n  of the USAC E , as estab l i shed  under Sect.  10 of the 1899 
R i vers qnd Harbors Act and Sect.  404 of the Federal Wate r Po l l ut i on 
Control Act of  1972 as amended. Al l dredge spo i l mater i a l s wo u l d be 
hand l ed as req u i red by the regul atory authori ty ( see Sect . 4 . 3 . 2 . 2 ) .  
M i t i gati on meas ures , wh i ch cou l d  be uti l i zed  to reduce adverse  
env i ronmental i mpacts , i nc l ude construct i on techn i ques , such  as 
hori zontal d·i rect i o nal l y  dri l l i ng the p i pe l i ne under waterways and the 
use of turb i d i ty screens  i n  the . I CW .  Meas ures to be used wo u l  d be 
dete rmi ned i n  cons u l tat i o n  wi th l ocal , state , and Federa l authori ti es 
du ri ng the perm i tti ng proces s .  

Duri ng operat i o n  o f  the B i g  H i l l  faci l i ty , the raw water i ntake p i pe l i ne 
and the br i ne d i sposal  p i  pe l  i ne wou l d  not advers e l y  affect the wate r 
qual  i ty of  the I CW ,  Sal t Bayo u ,  Star Lake , o r  watercourses con nected 
wi th wetl ands transected by the p i pe l i ne routes . The potent i a l i mpacts 
of  sp i l l s  from the raw water i ntake and bri ne di sposal  p i pe l i nes  have 
been addre s s ed i n  the Seaway Group F E I S , Sects . 4 . 2 and E . 2 . 2 ,  and the 
Texoma Group FE I S ,  Sect . 4 . 2 . 3 .  A l though the raw water obtai ned from 
the I CW for the Bi g Hi 1 1  project may be bracki  s h , spi 1 1  s from thi s 
p i pe l i ne wo u l d cause o n l y  mi nor perturbat i o n s  to the dry l and and 
wetl and areas between  the I CW and the s i te .  Spi l l s  from the o ns i te and 
offs i te br i ne d i sposal  p i pe l i nes  and from the ons i te bri ne pond wou l d 
have more severe eco l og i cal  consequences . I f  the bri ne  entered a body 
of  water not subj ected to turbu l ent m ix i ng , i t  wo u l d ,  becau se  of  den s i ty 
di fferences , form a strati fi ed l ayer at the bottom of  the wate r co l umn . 
Th i s  cou l d i mpact l ocal i zed aquati c hab i tats , parti cu l ar ly  tho s e  of  
be nth i c  organ i sms . I f  the  body of  water i s  we l l -m ixed , the  bri ne co u l d 
be rap i d l y  d i l uted to near negl i g i b l e concentrat i o n s .  For bri ne 
d i sposal  p i p e l i ne sp i l l s  o n  shore , the greatest ri s k  wou l d  be those i n  
wh i ch water s upp l i es ( i nc l udi ng groundwater) , agr i c u l tural l and , or  
sens i ti ve fres hwate r or  mari ne nursery zones  wou l d  be affected (Seaway 
Group F E I S , Sect.  E . 2 . 2 . 5 ) . 

4-5 



The wi thdrawal of  water from the ICW dur i ng l each i ng and o i l wi thdrawal 
wo u l d o n l y  mi n i mal l y  affect water surface e l evati on , currents , and water 
qua 1 i ty . The po i  nt of wi thdrawa 1 wou l  d be on the I CW ,  about 6 , 70 0  ft 
east of the j unct i o n  wi th Spi ndl etop D i tch . The rate of wi thdrawa l  
duri ng l each i ng wou l d  be 1 . 4 x 106 b b l /d over  a peri od o f  37  month s .  
The maxi mum rate o f  wi thdrawal duri ng drawdown wou l d  b e  9 . 4  x 105 b b l /d .  

The Mas sachusetts I n sti tute o f  Technol ogy (MIT)  Water Qual  i ty Network 
Mode l ( Harl eman et  a l . ,  1976 ) , wh i ch i s  descri bed i n  Appendi x B ,  has 
been used to quanti fy the effect o f  wi  thdrawi ng water from the I CW 
duri ng l each i ng .  Sa l i n i ty ,  water depth , and fl ow vel o c i t i e s  at a gi ven 
po i nt a l ong the I CW ,  and i n  the ti dal cycl e ,  reach equ i l i b ri um val ues  
wi th i n  10 days after the  onset of  wi thdrawal  ( i . e . , system behav i o r  at  a 
gi ven po i nt rema i ns constant from t i dal  cyc l e to cyc l e ) .  The e ffects 
dur i ng o i l drawdown operati o n s  shou l d  be s omewhat l es s  than thos e  
obtai ned duri ng l each i ng .  

Based on  model res u l ts -presented i n  Append ix  B ,  the water l evel  i n  the 
I CW wo u l d be  depres sed  by a maxi mum of 0 . 04 ft near the wi thdrawa l 
po i nt .  To the west , hal fway between the wi thdrawa l po i nt and Gal veston 
Bay , a water- l evel  depres s i o n of  l es s  than 0 . 02 ft i s  predi cted .  At the 
j uncti on  o f  the I CW and Port Arthur Canal , the depres s i o n wou l d  be  l es s  
than 0 . 01 ft.  

F l ow i n  the segment of the I CW between  Gal veston Bay and the Sab i ne Lake 
i s  genera l l y  east to west (Gosse l  i n k et a l . ,  1979 ) .  Wi thdrawal wou l d  
cause  a maxi mum change of  0 . 06 ft/s to th i s  exi sti ng cu rrent . No 
apprec i ab l e  i mpact on  the water s upp l y  due to the wi thdrawal i s  
anti c i pated .  

The  wate r q ual i ty i n  the  ICW depends on  the  qual i ty of  water f l owi ng 
i nto the waterway from Sab i ne Lake and Gal veston  Bay and , to a 1 e s s er 
extent , o n  the re l at i ve l y  smal l er amount of  water enteri ng from other 
so urces s uch as Sp i ndl etop D i tch and runoff from adj o i n i ng wet l ands . 
Observed sa l i n i t i es i n  the I CW typ i cal l y  range from near 0 to 10 parts 
per thousand (ppt) . Model res u l ts i ndi cate that the sal i n i ty near the 
wi thdrawal po i nt wou l d  i ncrease by l es s  than 1 ppt due to the i nduced 
water fl ow patte rns . L i kewi se , the sa l i n i ty i n  the nearby water bodi es 
such as  Sp i ndl etop D i tch  may be i ncreased by l es s  than 1 ppt.  
There fore , the i ntake of  wate r for the B i g  H i l l  s i te s h ou l d not 
s i gn i fi cantl y i mpact sal i n i ty i n  the ICW or  any other wate r bodi es . 
Sal twater i ntrus i on res u l ti ng from the wi thdrawal of  wate r wo u l d be 
undetectab l e  from normal l y  vary i ng sal i n i ty reg i mes . 

Offs hore Bri ne D i spo sa l  

Constructi o n  o f  the  o ffs hore b r i ne d i sposal  system wou l d  req u i re 
dredg i ng a p i pe di tch  i n  the Gu l f f l oor .  Approxi mate l y  21 ac re s  o f  
be nth i c  hab i tat wo u l d be  di sturbed fo r constructi on t o  the 3 . 5-mi l e  
d i sposal  s i te i f  the i mpact area i s  50 ft wi de .  I ncreased turb i di ty ,  
wh i ch wou l d b e  the maj or  wate r qual i ty perturbat i o n , i s  cons i dered a 
short-te rm i mpact . Recovery o f  benth i c  hab i tat s ho u l d occur wi th i n 1 to 
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2 years . Extens i o n of  the bri ne l i ne to the 12 . 5-mi l e  s i te wo u l d 
i ncrease the bottom area i mpacted to 76 acres . Detai l ed di scus s i ons  of  
the bri ne 1 i ne construct i o n  i mpacts are  prese nted i n  the Texoma Group 
F E I S .  Operati onal  i mpacts of the offshore bri ne di sposal  system are 
addre ssed  i n  Sect .  4 . 2 . 5 .  

4 . 2 . 3 C l i mate and Ai r Qual i ty 

The regi on  that wo u l d be i mpacted by the S P R  Phase I I I  program has been 
de s i gnated as a no nattai nme nt area with regard to photochemi cal 
oxi dants . As d i scussed i n  Sect.  3 . 0 ,  EPA ai r qual i ty standards are now 
the s ame as those presented i n  the Texoma Group F E I S  ( Sect . C . 3 . 1 . 3 . 3 ) ,  
except for ozone , whi  ch has been el evated from 0 . 08 parts per mi l l  i o n  
( ppm) to 0 . 12 ppm , and l ead , whi ch has been set at 1 . 5 f-lg/m3 . Ai r 
qual i ty i mpacts re l ated to s i m i l ar s i te constructi o n  acti v i t i e s  are 
di scussed  i n  detai l i n  the Texoma Group F E I S  ( Sect . C . 3 . 1 . 3 ) .  The 
pr i mary sources of  ai r emi s s i o ns dur i ng constructi o n  are pai nt vapo rs , 
combusti o n  p roducts , and fugi ti ve dus t .  Land preparat i on acti v i t i es 
wo u l d  have the greatest  effect o n  amb i e nt ai r qual i ty .  The 24- h 
parti cu l ate standard of  260 f-lg/m3 i ns i de the s i te boundary co u l d  be 
exceeded fo r l i mi ted peri ods , dependi ng i n  part o n  meteo ro l ogi cal 
condi ti ons  duri ng cons truct i o n .  Changi ng the de s i gn of  the B i g  H i l l  
s i te from 100 to 140 MMB wo u l d  o n l y  i ncreas e constructi o n  i mpacts 
s l i ght l y  beyo nd tho se  di scussed  i n  the Texoma Group F E I S  ( Sect . 4 . 6 . 3 ) .  
Th i s  wo u l d  be p r i mari l y  becau se  o f  the co nstruct i o n  of  four addi ti onal  
sto rage caverns and  the associ ated we l l pads and acce s s  roads . 

Duri ng cavern l each i ng and f i l l  act i v i t i es , hydrocarbon  em i s s i ons  are 
re l eased from the o i l /bri ne separators , br i n e  pond , p ump s , and other 
s i te faci l i ti es . Most emi s s i o ns emanate from the o i l /bri ne separato rs 
as a re s u l  t of the vapori  zat i o n  of the 1 i ghte r hydrocarbon  fracti ons  
di s s o l ved i n  bri n e .  

Emi s s i on rates fo r t h e  four p os s i b l e acti v i ti es ( l each , l each/fi l l ,  
f i nal  fi l l , and refi l l )  at the B i g  H i l l  s i te are p resented i n  Tab l e  4-1 .  
A s  p l anned , a l l 14 caverns a t  B i g  H i l l  are t o  be l eached s i mu l taneo u s l y  
( not i n  group5 ) , and the durat i o n  ( i n  days ) g i ven  i n  Tab l e  4-1 for eac h 
o f  the four acti v i ti es refl ects thi s procedu re . As wi th the mode l ed 
d i spers i o n  res u l ts , these val ues  shou l d  be cons i dered worst-cas e .  No 
adj ustments for downt i me or  i ntermi ttent operati o n s  have been i nc l uded 
i n  the est imates . Detai l ed i nformati o n  on how these val ues  we re derived 
i s  g i ven i n  Appendi ces  C . 2  and C . 3 .  

A s  i ndi cated i n  Append i x  C . 2 ,  the emi s s i o n  rates for the l each/fi l l  and 
fi l l  acti v i ti es were esti mated from data taken  duri ng l each i ng because 
these acti v i t i es have not as yet occurred .  These val ues  are " best  
esti mates "  at  thi s t i me and  may be  refi ned at  a l ate r po i nt .  The 
emi s s i on rate for l each/fi l l  i ndi cates that th i s  fac i l i ty may be 
c l  as s i fi ed as a maj o r  stati o nary source , > 100 tons  per year ( tpy) 
emi s s i ons . Em i s s i ons  i n  excess  o f  100 tpy occur o n l y  du�i ng peri ods of  
s i gn i f i cant  o i  1 fl ow duri  ng the  1 each/fi 1 1  phase , whi ch acco u nts for 
l e s s  than 45 percent of the total l eac h i ng peri od .  S urge tan kage i s  not 
cons i dered i n  determi n i ng on s i te hydrocarbo n  emi s s i o n l eve l s  at B i g  H i l l  
as these p roces s e s  occur at Sun  Termi nal . Other drawdown emi s s i ons  at 
the s i te are i ns i gn i fi cant .  
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Table 4·1 .  Hydrocarbon emission rates for B ig  H il l  (1 40 M M B) 

HYDROCARBON EMISSION RATE 

SOU RCE OR ACTIVITY 

LEACH O N LY · 638 d 

B R I N E  EMISSIONS (.26 ppm) 

VALVES, SEALS, SLOP TAN KS 

1 0,000 bbl, 45 ft DIAM ETER BLA N K ET O I L  TA N K  

5,500·bblld throughput 

STA N DI N G  LOSS 

WITH DRAWAL LOSS 

TOTAL 

LEACH/FILL · 539 d 
B R I N E  EMISSIONS (1 .5 ppm) 

VALVES, SEALS, SLOP TAN KS 

TOTAL 

FINAL FILL · 200 d 

B R I N E  EMISSIO NS (2.6 ppm) 

VALVES, SEALS, SLOP TAN KS 

TOTAL 

REFILL O N LY · 500 d 

B R I N E  EMISSIONS (1 .90 ppm) 

VALVES, SEALS, SLOP TAN KS 

TOTAL 

SHO RT·TERM 

(g/s) 

.80 

.06 

.04 

.02 

.92 

4.64 

.06 

4.70 

1.61 
.06 

1 .67 

1 . 1 8  

.06 

1 .24 

"these values include a significant percentage 01 ethane 

4 -8 

AN NUAL 

(tons) 

27.8 

2.2 

1 .4 

.7 

32.1 

161 .2 

2.2 

1 63.4 

55.9 
2.2 

58.1 

41 .0 
2.2 

43.2 



Another factor a l so  contr i b utes to the emi s s i ons  of  Tab l e 4-1 be i ng an 
overesti mate . As defi ned by the Texas C l ean A i r  Act , Sect . 101 . 1 ,  a 
v o l ati l e  o rgan i c  compound  ( VOC)  exc l udes ethane . The bri ne emi s s i on 
l evel s of  Tab l e  4- 1 i nc l ude ethane , wh i ch i s  a s i gn i fi cant consti tuent 
duri ng several  act i v i t i e s .  Majo r  s ource status i s  based o n  VOC 
emi s s i ons  o n l y  ( i . e . , exc l udi ng ethane) . 

Computer mode l i ng was used  to proj ect potenti a l contr i b ut i ons  to the 
amb i e nt atmosphere from NMHC emi tted from the P hase  I I I  s i tes . The 
comp uter mode l for proj ecti ng NMHC conce ntrati ons from the proposed 
s i tes was s e l ected by us i ng the Wor kboo k for the Compari son  of  Ai r 
Qual i ty Mode l s ( EPA 1977 ) .  Th i s document contai ns  a sc heme for 
c l as s i fyi ng mode l app l i cati o ns  (Tab l e 4- 2)  that was used to s e l ect an 
appropr i ate model for use . A 4- di gi t i ndex number i s  fi rst generated on 
the bas i s  o f  the p o l l utant 1 s characteri s t i cs , averagi ng t i me des i red , 
s ource characteri s t i c s , and transport characte r i s t i c s  o f  the p o l l utant 
of  i nteres t .  The fl ow di agram of  Tab l e 4-2 i nd i cates that NMHC i s  a 
pr i mary pol l utant ( i . e . , one  that i s  em i tted di rectl y  from the source 
rather than formi ng i n  the atmosphere) that i s  removed pr i mari l y  by 
chemi cal means . Short- term ( I- h )  averag i ng t i mes are des i red s i nce the 
ozone standard i s  a 1- h standard . The source i s  e s sent i a l l y  an  area 
s o urce , and o n l y  s ho rt- range transport wo u l  d be rel  evant from reacti ve 
hydrocarbo ns emi tted from a non- stac k source . The res u l tant i ndex 
n umber ( 2223 ) i ndi cates that the Eff i c i ent Gaus s i an P l ume 
Mu l ti p l e-Source A i r Q ual i ty A l gori thm Model ( RAM) wo u l d be most s u i ted 
to th i s app l i cat i on .  

The RAM mo de l i s  s u i tab l e  for l ocati ons  w ith  l evel  o r  gently ro l l i ng 
terra i n ,  where a s i ngl  e wi nd vector for eac h hour  i s  a reaso nab 1 e 
approx i mat i o n  of  the f l ow over the source area cons i dered.  A s i ng l e 
mi xi ng hei ght and a s i ng l e stabi l i ty c l as s  for each hour are assumed to 
be  representati ve of the area .  I n  th i s study , the rural vers i on of RAM , 
RAMR (wi th Pasqu i l l -G i fford di spers i on parameters ) ,  and rural m i xi ng 
he i ght val ues was used .  

Emi s s i on i nformati o n  requ i red o f  area s o urces cons i sts of  s outhwest 
corner coordi nates , s ource s i de l ength , total area emi s s i o n  rate , and 
effecti ve  area source hei ght .  Outp ut cons i s ts of  cal cu l ated a i r 
po l l utant co nce ntrat i ons  at eac h receptor for hour ly  averag i ng ti mes , as 
speci fi ed by the user .  Concentrati ons  from area s ources are cal cu l ated 
by cons i deri ng the sources at vari ous  di stances o n  a l i ne d i rectl y  
upwi n d  from the receptor t o  b e  rep resentati ve  o f  sources at those  
d i stances that affect the recepto r .  Modi fi cati o n  o f  the verti cal 
di s tr i but i on  by eddy refl ect i o n  at the ground  or  at a stab l e  l ayer al oft 
i s  a l s o  a l l owed .  Th i s eddy refl ect i o n  i s  accomp l i shed by a I I fol d i ng 
backll o f  the porti o n  o f  the d i s tri buti o n  that wou l d extend beyond the 
barri er  i f  it we re absent .  Thi s i s  equ i val ent to a v i rtual i mage so urce 
be neath  the ground ( or above the stab l e l ayer) . 

The meteoro 1 ogi  ca 1 i nput fo r RAM cons  i sts of  a val ue for each of  fi  ve  
parameters--wi nd di rect i on , wi nd speed , temperature , s tabi l i ty c l ass , 
and m l xl ng he i ght- -a l l of  wh i ch are representati ve o f  the regi o n  
contai n i ng t h e  so urces a n d  recepto rs . M i xi ng he i ght i s  requ i red o n l y  i f  
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the stab i l i ty i s  neutral or  u nstab l e ( EPA , 1978a) . For  th i s  ana l ys i s ,  
1964 Houston s u rface data and Lake Char l es upper ai r data were used  fo r 
mode l i ng because  o n l y  1964 data were read i l y  avai l ab l e .  I n  tryi ng to 
pred i ct future meteoro l ogy , 1964 i s  as repres entati ve as any other 
( i .  e . , more recent) year.  Lake Charl es  upper a i r data are used  wi th 
Houston  surface data because  they are the c l osest  upper a i  r read i ngs 
avai l ab 1 e .  

Ru n n i ng RAM for an enti re year w i th hour ly  meteoro l og i cal  i np ut wou l d 
res u l t i n  about 8000 pages o f  computer o utput ( 1  page fo r each o f  8760 
h ) , wi th over 52 , 000 generated concentrati ons  ( s i x  l ocati o n - spec i fi c  
concentrat i o ns are p r i nted for each hour) . For  th i s reas o n , the S i ng l e 
Source Model  ( CRSTER)  was f i  rst run to determi ne w h i c h  day I S  
meteoro l ogi cal data wou l d  res u l t i n  "wo rst-case" co ncentrati ons . CRSTER 
has the advantage o f  p r i nti ng o n l y  the h i ghest 1-h co ncentrati o n  each 
day and ran ki ng these  val ues i n  descend i ng o rder (Appendix  C . 4 ,  Tab l e  
C . 4-1) , thus  mak i ng i dent i fi cat i o n  o f  the "wo rs t-case" meteoro l og i cal  
day apparent .  CRSTER  a l so  uses  i denti cal meteoro l ogi cal data i nput  as  
RAM . The d i s advantage of  u s i ng th i s  model  is  that i t  wi l l  not accept 
area s ources . Therefore , the area source was app roxi mated as a " stac k" 
of  3-m re l ease he i ght , 56 . 4-m d i amete r ( equ i va l ent  to a source 50 m 
sq uare wh i ch i s  the approxi mate area o f  the o i  l -bri  ne s eparato rs ) ,  
O . Ol-m/s f l ow rate ( natura l draft) , and 23°C ( amb i ent)  temperature .  
A l though thi  s p rocedure may not p roduce the exact 1 h o f  "worst- case" 
meteoro l ogi cal cond i t i ons  that runn i ng a l l 8760 h v i a  RAM wo u l d 
i ndi cate , i t  i s  expected that a typ i cal l y  " very poor"  meteoro l ogi cal day 
( o ne res u l t i ng i n  h i g h  concentrat i o n s )  wi l l  be obtai ned .  

CRSTER output res u l ts ( Append ix  C . 4 ,  Tab l e  C . 4- 1) i nd i cated that the 
maxi mum 1- h co ncentrat i o n  occurred on day 176 (June  25 o f  the 
hypothet i cal  mode l ed  year ) .  Th i s day a l s o  produced yearl y maxi mum 3- h 
and 24- h co ncentrati ons , defi n i te l y  i nd i cati ng a "wo rst- case"  
meteoro l og i cal  day . 

RAM was s ubsequently run for day 176 (Append i x  C . 4 ,  Tab l e C . 4- 2 ) . The 
em i s s i o n source i nput  was an area source 50 m square wi th a 3-m 
effecti ve re l ease hei ght--wh i ch i s  a reasonab l e ass umpt i o n  for an  
evaporati ve non-stack  s ou rce . The comb i ned area of  a l l s ources 1 isted 
i n  Tab l e  4 . 1 i s  actua l l y  s omewhat l arger  than 50 m square , res u l t i ng i n  
a s l i ght overesti mate of  emi s s i ons . Concentrati ons  deri ved from RAM 
we re cal cu l ated at 0 . 5- km i nterva l s over a rectangu l ar gri d of  
approxi mate l y  31 km2 , wi th the s i ngl e area sou rce (the o i l 
bri  ne- s eparator area) l ocated at the center of  thi  s gri  d .  Non- zero 
co ncentrat i o n s  occur at random ( as a functi o n  of  hour ly  meteo ro l ogy)  
thro ughout the  gri d area , but  most  occur  very c l ose  (many o n  DOE  
p roperty) to  the  source ; thi s wo u l d  be  expected for  a sma l l area so urce . 
The nearest  p l ant p roperty bou ndary at B i g  H i l l  i s  about  0 . 3 km to the 
east of  the o i l -bri  ne separator .  A l l other p l ant boundari es are at 
l east 0 . 6 km from the o i l - b ri ne separator .  

T h e  maxi mum p rojected 1- h NMHC concentrat i o n  of  1008 . 8 IJg/m3 occu rred 
1. 0 km SE of  the s ource from 6 :  00 to 7 :  00 am . RAM mode l  i ng re s u l ts 
s hown i n  Append i x  C . 4 ,  Tab l e C . 4- 2 , are for a so urce emi tt i ng 1 g/s of  
NMHC . Amb i ent NMHC l evel s at any emi s s i o n rate can be deri ved from th i s  
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output as amb i ent l evel s are d i rectl y proport i o nal to the NMHC emi s s i on 
rate . Thus , RAM mode l i ng res u l ts at 1 g/s can be  used  to est i mate 
amb i e nt NMHC co ncentrati ons  fo r the fo ur  acti v i ti es at the B i g  H i l l  s i te 
by s i mp l y  mu l ti p l y i ng by the s ho rt- term emi s s i o n l evel s gi ven  i n  Tab l e 
4- 1 .  Th i s procedure wou l d i nd i cate �he fo l l owi ng abs o l ute max i mum 
"wo rst-case" 1- h concentrati o ns fo r the four acti v i t i e s :  

Act i v i ty 

Leac h o n l y  
Leac h/fi 1 1  
F i nal  f i l l  
Refi l l  o n l y  

Emi s s i o n Rate ( g/s ) 

. 92 
4 . 70 
1 .  67 
1 .  24 

Maxi mum 1- h Impact 
([.Jg/m3 ) 

928 . 1 
4741 . 3 
1684 . 7 
1250 . 9  

Overal l ,  amb i e nt NMHC i mpact from any o f  the four acti v i t i es for any 
hour- spec i f i c receptor l ocati o n , as i ndi cated i n  the RAM pri ntout o f  
Append ix  C . 4 ,  Tab l e  C . 4- 2 ,  c a n  be  obtai ned by mu l ti p l yi ng by the 
s ho rt- term emi s s i o n rate fo r that acti v i ty .  The l evel s proj ected as 
max i mum 1- h NMHC i mpacts i ndi cate that v i o l at i ons  of  the 3 - h  NMHC ( 160 
[.Jg/m3 ) s tandard are l i ke l y .  Some 1- h val ues  i n  excess  of 160 f-lg/m3 
( i  . e . , v i o l at i ons  o f  the NMHC standard i f  they pers i st fo r 3 h )  are 
proj ected by RAM up to 3 . 5 km from the s i te .  Bac kgro und NMHC , as 
typ i fi ed by the Texas A i r Co ntro l Board (TACB ) Texas C i ty mo n i tor i ng 
s i te yearl y  mean 1- h val ue , i s  about 400 [.Jg/m3 . Thi s bac kgro und wo u l d  
tend to i ncrease ( s l i ght ly)  ozone l eve l s proj ected from s i te NMHC 
em i s s i on s  i f  i nc l ude d .  

Al though proj ected amb i ent NMHC concentrati ons  are o f  s ome uti l i ty i n  
quant i fyi ng effects o f  the proposed P hase I I I  expans i o n on  overal l a i r 
qual i ty ,  such  hydrocarbon  l eve l s are general l y  o n l y  o f  concern i n  that 
they contri bute to the much more seri ous  p hotochemi cal oxi dant (ozone)  
prob l em .  Add i ti onal l y , the  3-h  NMHC s tandard ( 160  [.Jg/m3 ) ,  wh i c h was 
used o n l y  as a gu i de i n  deve l op i ng State Imp l ementati on  P l an s  ( S I P s )  to 
ach i eve the ozone s tandards , was proposed for revocati o n  by the 
Envi ronmenta 1 Protect i on Agency ( EPA) on  May 8 ,  1981 . E PA stated that 
the standard (40 C F R  50 )  s hou l d be revo ked because  i t  does not di rectl y  
protect heal th or  we l fare a n d  therefore i s  unnecessary a n d  i napprop ri ate 
as a nat i o na 1 heal th standard . Hydrocarbons  are precursors of ozone , 
for wh i c h there i s  a nat i onal  amb i ent a i r q ual i ty standard . 

Ozone ( 03 ) and other oxi  dants are fo rmed i n  po l l uted atmospheres as a 
res u l t of  a rather wi de vari ety of  photochem i cal reacti ons , the mai n  
components o f  wh i c h  i nc l ude hydrocarbons , oxi des o f  n i trogen , and 
s u n l i ght . The most i mportant photochemi cal  reacti ons  i nvo l ve the very 
reacti ve s i ngl e oxygen atom . Oxi dants can be  formed by several 
reacti o n s :  

N02 + hv = N O  + a , 
0 3 + hv = O2 + 0 , 
R + a = R 1 0  + products s uc h  as R" , 

where hv rep resents a p hoton o f  1 i ght and R I ,  and R"  represents 
hydrocarbon groups wh i c h cou l d  di ffer from R ;  R I O  i s  the very react i ve 
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oxygen-bear i ng free rad i cal . The th i rd reacti o n  can ta ke numerou s  
forms , depe nd i ng o n  t h e  hydrocarbon R (Wi l l i amso n , 1973 ) .  Saturated 
hydrocarbons  ( a l kanes ) ,  s uc h  as those  cons t i tut i ng the maj o r  porti o n  o f  
evaporati ve emi s s i ons  from crude o i l ,  are much l es s  reacti ve than 
unsaturated hydrocarbons  s uc h  as o l ef i ns , where the carbo n-carbon doub l e 
bond  i s  read i l y  avai l ab l e fo r breaki ng and pai r i ng wi th  an oxygen 
e l ectro n .  

Because s uc h  reacti ons  depend  on  avai l ab l e s u n l i gh t ,  the typ i cal  
p hotochemi cal smog ep i sode i s  i n i ti ated o n  a warm , s un ny day . L i kewi s e , 
oxi dant val ues  peak dur i ng the dayti me and fal l to near- zero at n i ght .  
The effect of  i ncreased hydrocarbons  and oxi des o f  n i  trogen wi 1 1  be a 
b u i l dup o f  ozone and wi l l  be most p ronounced o n  s uch  days . 

Because the P hase  I I I  s i tes are i n  no natta i nme nt areas for ozone , the 
u l t i mate i s s ue i s  the extent to wh i ch the potent i al NMHC emi s s i o n s  from 
the Phase I I I  expans i o n s i tes wi l l  contri bute to p re-exi sti ng 
p hotochem i cal  oxi dant l eve l s  i n  these v i c i n i ti es .  Al though thi s i s  a 
comp l ex s i tuati o n  to ascertai n ,  a reaso nab l e  esti mate o f  th i s  
re l at i ons h i p  can be made by u s i ng the Emp i ri cal Ki neti c Mode l i ng 
Approach ( E KMA) . T h i s approach emp l oys the Ozone I s opl eth P l ott i ng 
Pac kage (OZI P P )  computer model  to re l ate NMHC and NO concentrati o n s  to 
maxi mum 1- h ozone concentrati ons  v i a  an i sopl eth -ai agram . OZ I P P  i s  
e s s enti al l y  a state-of-the- art mode l , s i m i l ar i n  co ncept to a 
trajectory- type photochemi cal mode l . A co l umn of  ai r cons i st i ng o f  
i n i ti a l  concentrati ons  o f  ozone a n d  prec ursors i s  transported a l o ng a n  
ass umed trajectory .  T h e  c o l umn i s  as s umed t o  act l i ke a l arge smog 
c hamber i n  wh i ch the precursors react accord i ng to the ki net i c  mechan i sm 
of  Tab l e 4-3  to fo rm ozone and other p roducts . The co l umn extends from 
the earth 1 s  s u rface to the base of  an e l evated i nvers i o n .  The di ameter 
of  the co l umn i s  s uch  that concentrat i o n s  i ns i de and j u s t  outs i de the 
c o l umn are s i m i l ar ,  so  that the hori zontal exchange of  a i r i n  and out o f  
t h e  co l umn c a n  be i gnore d .  T h e  vol ume of  the co l umn i ncreases o n l y  a s  
t h e  i nvers i o n  ri ses . Thus , t h e  po l l utants wi th i n  t h e  co l umn are di l uted 
as they are m i xed wi th the ai r a l oft .  The mode l mathemat i cal l y  
s i mu l ates these phys i cal  and chemi cal  proce s s es . 

OZ I PP operates i n  two stages .  The fi rst stage performs computer 
s i mu l at i ons  to cal c u l ate max i mum ozone concentrati o ns  as a funct i o n  o f  
i n i ti a l NMHC and NO concentrati ons . After t h e  NMHC and NO 
concentrati ons  at wh i c� s i mu l at i o n s  are to be performed have bee� 
s e l ecte d ,  the s i mu l ati ons  are actual l y  performed by the di fferenti al 
equat i o n  i ntegrato r ,  and a set o f  fi rst- o rde r ,  d i fferenti al  equati ons  i s  
s o l ved numeri cal l y .  The di fferenti al equat i o n  i ntegrator cal cu l ates the 
concentrati ons  of  32 chemi cal  spec i es i n  the ki neti c mechan i sm as a 
funct i o n  of  t i me duri ng the s i mu l ati o n  peri od . I n  the second s tage , 
i nterpo l at i o n  sc hemes are used  to determi ne the i s op l eth l i nes  from the 
cal c u l ated di agram po i nts and to draw the i sop l eth di agram that i s  the 
mode l 1 s  maj o r  o utput .  

Thus , after a l l s i mu l ati ons  have been  perfo rme d ,  the  cal cu l ated d i agram 
p o i nts are pas sed  to the i nterpo l ati o n  and p l otti ng secti on . I n  the 
fi rst i nterpo l at i o n  s tage , s p l i ne i nterpo l at i o n  (a cubi c po l ynomi al  o r  a 
hyperbo l i c funct i o n )  i s  performed between  the ca l c u l ated di agram p o i nts 
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Table 4·3. Kinetic mechanism used in OZIPP 

aa.c:c1on 

NOZ • h v  - NO • O C
3

p) 

O C 3p ) • 0: • M - 03 • M 
o . • NO - NO • 0 3 2 : 
NO: • Oz - Ha3 . ·0: 
NO: . •  O C

�
P ) -HO  • 0: 

NO� • NO - :�OZ 

NO;: • !'IO z - �ZOs 
N70S - NO: . N0 3  

NZ� - H,O - ZHN03 
NO • NO • •  H20 _ , :tHONa 

2IIOXO - NO • NO: • H:O 

110.'>6 • IT.I _ OH • NO 
ott • NO. M �_ . - � 
011 • NO � HOHO 

rIO • •  00 - � z · ·OH 

HOi .
- HO. - HOOH • O. 

HaOH - h" _ ;:OH 
0_ • h" - O C 1 0 )  • 
0_ • h" - O C 3 p )  • 

O C lg) • �I _ O C3p) . M 

0 ( 1 0 )  - HZO - 2 0H 
OH • 03 - HO ;: • O: j 
0

3 
• HO: - OH · 202 

PROP • OH - ADO 
ADO • 110 - X ·  N02 
ADO • ADO - 2X 

ADO • MeO: _ X .  MeO 
ADO • C202 - X ·  C20 

ADO • C 302 - X ·  C 30 

X ... HOI) .  HIl2 • H02 

PROP • 0 3 - OH . Ha2 • ALIl2 

PROP • 0
3 

- OM ·  C20 3 • HCHO 
BUT • OH - Se02 

BUT • OH - C
4

02 

110 • C"02 - 110 : . C"O 

NO • Se02 - /102 • SeC 

R.a t .  Cons cant 

Ir. vary 

. 

2 . 0  X 1 0 - 5 ppm-Z=in - I  
25 . 0  

0 . 0" 5  

l . 3 X 1 0 '  

1 . 3  X 10' 

5 . 6  X 1 0
3 

Z . S X 1 0 -6 

1 . 0 X 1 0 -9 ppm-Zmin - I  
l . 0  X 1 0 - 3  

3 . 0  X 1 0 3  

1 . : X 1 � 3  

8 . .l X 1 0 ·  

k var .... 
k vary 
l< vary 
8 . 7  X 10' 

5 . 1  X l OS 
Sio . 0  

2 . "  
: . 5  X 1 0 4  

1 . 0  X 1 0 3  

1 . 2 X 1 0 4  

l . 0 X 1 0
3 

l . 0 X 1 0 3  

l . 0  X 1 03 

l . 0 X 1 05 

& . 0  X 1 0 -3 

S . O  X 1 0 - 3 

l . 8 X 1 0 3  

l . 8  X 1 0
3 

1 . 8 X 1 03 

l . 8 X 1 0
3 
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Table 4-3. (continued) 

NO • C30: - :-;0 :  • C30 

NO ·  C:O: - :-:0: • C:O 

NO • He02 - 1\0: • .�leO 
C40 - HCHe - C3O: 

SeO - Al.O: • C:O: 

C 10 - HOlO • C:O: 

C:O - HOIO • MeO: 
C40 • 0: - ALl)4 • HO: 
Seo • 0: - MEl:: . HO: 

C10 • 0: - Al.Ol . tJO: 
C:O • 0: - ALl)l . HO: 
Jo4eO • 0: - HCHO ·  HO: 
HCHO • hv - Stab l e  Product! 

HCHO • hv - :He: 
HCHO • OM - He: 
ALl)l • hv - Stable ProductS 

All): • hv - Mea: • He: 
ALBl • OH - C:03 

AlJl3 • hv - Stable ProdUCt.s 
AUl3 • hv - C:O: I .  He: 
AUl3 • OK - C30) 
ALIl4 • hv - St;&i)le Prod=ts 
AL04 • hv - SO: • HO: 
Al.04 • OH - C403 

ADD • C40: - X ·  C40 

ADD • SCO : - 1 ·  Sc:O 

'4°1 • NO - '10: .  HO: 

C 1b 3  • 1-'0 - C:01 • NO: 
C20 3  - 1\0 - Mea: • NO: 

C�03 - ;-''0: - p,oJ 
C303 • 1\02 - PA1\ 

C203 - NO : - PA1\ 
C402 - He2 - Stab ! e  Producu 

C302 • He : - Stable Products 

Sc02 + He: - Stab l e  Products 

C:02 • Ha: - Stabie Products 
Me02: • H02 - Stable Products 

C�0 3 • H02 - Stab l e  Products 
C101 • H02 - Stable Products 
C:0 1 • Ha: - Stable Products 

4 - 1 5  

l . a x 1 0
3 

l . 8 X 1 0
3 

l . 8 X 1 0
3 

7 .5 X 1 04 . -1 un 

l . 0  X 1 0
5 . - I un 

S . O  X 1 0
3 llIin- 1 

4 . 0 X 10
1 =in- I 

0 . 7  
l . 4 
0 . 5  

0 . 4 

0 . 4 

It vary 
It vary 
l . 5 X 10

� 

I C - 6 1l1in  -1 4 . : X 
II vary 
l o S X 104 

6 . 0  X 1 0 -S 1IIin -1 

: .5 X 1 0 -
3 

min-1 

4 . 5 X 104 

6 . 0  X 10-
S =in-1 

1 . 9 1 1 0 -,
3 IIIin -1 

4 . S X 1 0
4 

1 . 0  X . 1 0
3 

l . O X 1 0
3 

� 
S . O  1 1 0· 

� 
S . O  X 10· 

, 
S . O  X 1 0· 

� l . 0  X 1 0· 

l . 0 X 1 02 

" l . 0 X 1 0· 
4 . 0  X 103 
4 . 0  X 103 
4 . 0 X 103 
4 . 0  X 1 03 
4 . 0  X 1 03 
4 . 0 X 1 03 
4 . 0  X 103 

4 . 0 X' 1�3 



Table 4·3. (continued) 

• Units of ppm-icin-i unless otherwise indicated 

Sy!I!bo i Definition 
kyary Diurnal i -hour averale photolytic rate constant 

PROP C�6 
BUT n-C4H10 
ADD CH3CH (OH) CH:OO 

X CH3CH (OH1 CH:O 

Me02 Clil02 
C:O: CH3Cli202 
C302 CH3CH2CH:O : 
C402 CH3CH2CH2CH202 

Sc02 Cli3CH (0 2 ) CH 2CH3 

A Ul2 CH_CliO � 

Source: U.S. Environmental  Protection Agency 1 978b 
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to determ i ne speci f i c  NMHC and NO concentrati o n s  ( i .  e . , a l eve l  fo r 
wh i ch an i sop l eth i s  to be drawn ) .  xThe di agram po i nts for the i sopl eths 
are then  pas sed to the second i nterpo l at i o n  stage , wh i ch uses the sp l i ne 
i nterpo l at i o n  scheme to determi ne the f i nal  coordi nates for the i s op l eth 
po i nts ( EPA , 1978b ) .  

A l though the mode l i s  bas i cal l y  a too l fo r cal cu l ati ng emi s s i o n  
reducti ons  necessary to ach i eve amb i ent ai r qual i ty standards for 
p h otochemi ca 1 oxi dants i n  urban atmospheres , reasonab l y  accu rate 
approxi mat i o ns of the downwi nd ozone concentrati ons  res u l t i ng from 
proposed Phase I I I  NMHC emi s s i o ns  can be obtai ned by approp ri ate cho i ce 
o f  s i te- spec i f i c  i np ut data to the mode l . I nput ass umpti ons  cons i de r  
i n i ti al precursor concentrati o n s , l i ght i ntens i ty ,  di l ut i o n , d i urnal and 
spat i al emi s s i o n  patterns , transported p o l l utant concentrati ons , and 
reacti v i ty o f  the precursor m i x .  

I nput ass umpti o n s  that were modi fi ed ( from defau l t val ues)  for the Phase 
I I I  s i te-spec i f i c  runs  i nc l ude l at i tude and l o ngi tude o f  the emi s s i o n  
source  s i te ,  t i me zone , day o f  year , i nvers i on he i ghts , i nvers i o n  s tart 
and stop t i mes , propy l ene  fracti o n , and N02/NO rati o .  The day of  year 
was set at J une 25 because  that day was usedx i n  the RAM mode l i ng ( i t  
prov i ded "worst- cas e "  NMHC val ues ) ; m i x i ng he i ght data were a l s o  
obtai n e d  from t h e  meteoro 1 ogi  ca 1 data f o r  t h i  s day . T h e  propyl e n e  
(wh i ch i s  extreme l y  reacti ve)  fracti o n  was l owered from t h e  defau l t  
val ue of  0 . 25 to 0 . 01 to refl ect the rel ati v e l y  l ow react i v i ty o f  the 
crude o i l emi s s i ons , and the N02/NO rat i o was rai s ed from defau l t  val ue 
of  0 . 25 to 0 . 65 to refl ect the h i �er  proport i on of  N02 that wo u l d be  
expected i n  a rural  atmosphere . 

Res u l ts o f  the s i te- spec i f i c  (typ i cal l y ,  near Wi n n i e ,  Texas ) OZIPP  run  
are  shown i n  F i g .  4p1 .  I nput  data and actual HC , NO , and 03 
concentrati ons  used to cons truct the i s opl eths are s hown i n  lppendi x C ,  
Tab l e C . 4- 3 .  I n  F i g .  4-1 ,  Level  I represents the 1979 year l y  mean NO 
concentrati o n  ( 0 . 02 ppm) at the TACB Texas C i ty mo n i to ri ng s i te ;  Leve� 
I I  i nd i cates the 1979 year l y  1- h maxi mum readi ng ( 0 . 17 ppm) at th i s 
s i te .  Level I I  rep res e nts a wo rst-case maxi mum . U s i ng the co nvers i o n  
facto r o f  1000 !-Ig/m3 = 1 .  5 ppm for NMHC and the 1- h wo rst case , NMHC 
max i ma for the fo ur  acti v i t i es , wh i c h  range from 928 to 4741 !-Ig/m3 
( duri ng l each/fi l l ) ,  i ndi cate that these wo rst-case NMHC l evel s wou l d 
re s u l t i n  1- h ozone concentrat i o n s  i n  the range of  0 . 16 to 0 . 20 ppm at 
Level  I ( no rmal ) NO co nce ntrati ons  ( F i g .  4 - 1) . The ozone i sop l eths x tend to f l atte n o ut past 1 . 5 ppm NMHC , and ozone l evel s do not i ncrease 
s i gn i fi cantl y ,  regardl e s s  o f  how h i gh NMHC conce ntrati ons  become . 

Because i t  i s  h i gh l y  i mprobab l e  that the wo rst- case NMHC emi s s i o n (wh i c h  
occurs o n  J u ne 2 5 )  and the year l y  1- h maxi mum N O  conce ntrat i o n  ( Level  
I I )  wo u l d occur at the same t i me , ozone l evel s 1:hat m i ght occ ur  as a 
res u l t of  s uch  e l evated NO concentrati ons  s ho u l d be con s i dered as those 
re s u l ti ng from typ i cal  father than wo rst-case NMHC co ncentrati ons . 
Typ i cal  NMHC co ncentrati ons  from B i g  H i l l  (as  i nd i cated by the RAM 
mode l i ng )  range from 0 to 4 . 0 ppm , res u l t i ng i n  potenti al  1- h ozone 
concentrati ons  as h i gh as 0 . 5 ppm.  S uch  co ncentrati ons  wo u l d occur o n l y  
i f  e l evated NO l eve l s occurred du ri ng l each/fi l l  (wh i ch has the h i ghest x 
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NMHC emi ss i o n rate ) . Duri ng other acti v i ti es , 1- h ozo ne co ntri buti o n s  
from th i s  s i te wo u l d be expected to range u p  t o  0 . 16 ppm duri ng 
wo rst-case meteoro l o g i cal condi ti ons  for a typ i cal year. The Nati onal  
Amb i ent Ai r Qual  i ty Standard ( NAAQS ) for  ozone  (wh i ch i s  frequent l y  
v i o l ated i n  th i s area) i s  0 . 12 ppm for 1 h .  

Res u l ts o f  the NMHC mode l i ng anal ys i s  for the three addi ti o nal termi nal s 
are s hown i n  F i g s .  4-2 to 4- 5 .  P hase I I I  emi s s i ons  at the S u n  Termi nal  
are not an addi t i o n  to the p resent  l evel s ;  they wo u l d repl ace the 
exi  st i ng emi ss i o n  because  oi  1 fl ow rates cannot exceed the permi tted 
l evel s .  Duri ng tan ker l oadi ng and un l oad i ng ope rati o n s  at S u n  Termi nal , 
the NMHC gui del i ne ( 160  f.1g/m3 ) wo u l d be exceeded u nder the preferred 
al ternati ve . U nder the most adverse meteoro l og i cal  condi ti ons , the 
fi l l /refi l l  operati o n s  wo u l d  res u l t i n  3-h NMHC co nce ntrati o n s  exceedi ng 
th i s l evel  for d i stances exceed i ng 12 m i l es downwi nd from the termi nal  
for the s ho rt- term emi s s i o n s  scenari o .  S uch l evel s for average 
emi s s i ons  wo u l d be l i m i ted to areas l es s  than 6 mi l es from the s i te .  

The maj o r  emi s s i ons  s o urce respo n s i b l e  wou l d  be bal l asti ng acti v i ti es .  
As stated i n  the emi s s i ons  devel opme nt secti o n  (Appe ndi x C . 3 ) , the 
emi s s i ons  used i n  th i s ana l ys i s  are conservat i v e  because they assume 
that a l l bal l ast i ng occurs at the doc k and that tan kers  do not have 
segregated bal l ast tan ks .  Actual i mpacts s ho u l d be substant i al l y  l e s s  
than predi cted here . I f  a l l tan kers have segregated bal l ast  ho l ds , 
i mpacts cou l d be reduced be l ow the l eve l  of  the standard , even under the 
most adverse meteoro l ogi cal  cond i t i o n s .  

Dur i ng drawdown there cou l d b e  substanti al  emi s s i ons  from tan ker  l oadi ng 
operati o n s  at the termi nal res u l ti ng i n  NMHC l eve l s of  up to 3 . 1 ppm at 
downwi nd di stances of up to 22 mi l es for s ho rt- term maxi mum emi s s i ons . 
Average emi s s i  ons  ( l o ng-term )  cou l  d p roduce s i gn i fi cant co ncentrat i o n s  
u p  to 1 2  m i l es downwi nd of  up t o  0 . 4  ppm.  Duri ng drawdown , o i l pas s i ng 
from the S P R  acros s  the termi nal wo u l d be rep l ac i ng o i l  l o st because of  
a fore i gn s upp l y  i nte rrupti o n .  As wi th the  f i l l  scenari o ,  f l ow rates 
wo u l d  not exceed the permi tted capac i ty of the termi nal . M i t i gati o n  of 
these i mpacts , i f  necessary ,  appears 1 i m i ted to ( 1 )  p i pe l  i ne 
di stri buti o n  of crude o i l duri ng drawdown , ( 2 )  vapor  recovery and 
co ntro l of  s h i p  l oadi ng emi s s i o n s , or ( 3 )  use of an  a l ternati ve 
termi nal . U nder the a l ternati ve termi nal  o r  p i pe l i ne d i str i b ut i o n  
opti ons , the i mpacts wo u l d be  reduced essent i al l y  i n  p roport i o n  t o  the 
vo l ume of  crude o i l  d i verted from tan ker  l oadi ng at Sun Term i nal . 

An al te rnati ve p i pe l i ne to the Ho uston S h i p  Channe l area connecti ng the 
dome s i te to e i ther the O i l Tan ki ng of  Texas , I nc . , Termi nal  (OTTI ) or  
the Pe l i can I s l and Termi nal wo u l d s ubstanti al l y  reduce the ai r qual i ty 
burden i n  the Sun  Termi nal area by transfe rri ng emi s s i on s .  The 
fi l l /re fi l l  acti v i t i e s  at the a l ternat i ve term i nal s wo u l d  re s u l t  i n  
s i gn i fi cant adverse i mpacts o n l y  under maxi mum emi s s i ons  ( s hort- term) 
and worst-case meteoro l ogi cal condi t i o n s .  Agai n ,  segregated bal l ast  
tan ks o n  the tan kers wo u l d adequate l y  mi ti gate these i mpacts . The  
i mpacts as soc i ated with  drawdown operati o n s  at  ei ther of  the  al ternati ve 
term i nal  s i tes  are s i gn i f i cant because  NMHC l evel s s uffi ci ent to 
contr i b ute to addi t i onal  1- h ozone v i o l ati o n  are anti c i pated for up to 
12 mi l e s for short- term emi s s i on s  and for 3 mi l es for average emi s s i ons  
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under wo rst-case meteoro l ogi cal cond i ti ons . The pr i mary emi s s i o ns 
source i s  tan ker l oadi n g ,  al tho ugh o n l y  35 percent of  the crude o i l  
d i stri buti o n  i s  proj ected for th i s method .  

Bas ed  on  avai l ab l e  i nformati o n  and  the  forego i ng analys i s ,  the  ove ral l 
l evel  of  hydrocarbon  emi s s i ons  i s  probab l y  i ns uffi c i ent to have an 
i mportant i mp act o n  non l ocal , regi onal  l evel s of p hotochem i cal  oxi dants 
( i . e . other than i n  the i mmedi ate s i te area ) . I n  fac t ,  an i mbal ance i n  
the rati o of  NMHC and oxi des of  n i troge n i n  a g i ven ai r mass may even 
retard oxi dant formati o n .  Thi s effect has been  demo n s trated by EPA and 
others i n  numero us  I I smog chamberl l  s tudi es  and i s  a l s o  apparent from the 
i s op l eths of  F i g . 4- 1 ( s ee Appendi x C ) .  

I n  s ummari z i ng the ai r qual i ty i mpac t ,  the B i g  H i l l  dome and Sun  
Termi nal fac i l i t i es wo u l d  be s i gn i f i cant s o urces of  NMHC  and ,_ to a 
l esser  extent , comb u s t i o n  contami nants under the preferred al ternati v e .  
Addi t i onal  v i o l at i o n s  of  t h e  1- h o z o n e  standard , i mmedi ate ly  downwi nd 
from the Sun  Termi na 1 and Bi  g H i  1 1  fac i 1 i ty , are predi cted.  Tan ker 
l oadi ng and bal l asti ng emi s s i ons  dom i nate the termi nal  em i s s i ons ; i t  i s  
u n l i ke l y  that the other sources wo u l d i ndependent ly  cause v i o l at i o n s  of  
the ozone s tandard o uts i de termi na 1 boundari  es .  The u s e  o f  effi  c i  ent  
vapor co ntro l tec hno l ogy wo u l d s i gn i fi cant l y  reduce the i mpacts on  
regi onal  amb i ent ai r qual i ty .  

Al s o , al tho ugh  the annual  tonnage emi s s i on rates for th i s pro j ect appear 
fai r ly  l arge , they are re l ati ve ly  smal l when compared w i t h  regi onal  
hydrocarbon  emi s s i on l evel s i n  th i s area o f  heavy petroc hemi cal  act i v i ty 
( > 500 , 00 0  tpy i n  J e fferson , Harri s ,  and Gal vesto n  count i e s  comb i ned i n  
1977 ) . 

I f  thi s s i te i s  c l as s i fi ed as a maj or stati o nary s ource , Lowest  
Ac h i evab l e Emi s s i o n  Rate ( LAER ) , as def i ned by the TACB , wou l d  be  
i mp l emented i f  the fac i l i ty i s  not g i ven an exempti o n  because  o f  the  
i nterm i ttent nature o f  emi s s i ons . LAER  for the B i g  H i l l  s i te wo u l d 
probab l y  cons i s t of  coveri ng the o i l -br i ne s eparators , wh i c h  are the 
maj or  emi s s i o n  sources , and venti ng co l l ected VOC emi s s i o n s  to a vapor 
recovery system. O ffsetti ng emi s s i o n  reduct i o n s  may have to be obtai ned 
from nearby sources . 

4 . 2 . 4  Amb i ent Sound Level s 

No i s e sources duri ng constructi o n  at B i g  H i l l  wo u l d  i nc l ude ai r 
compressors , trucks , dr i l l i ng ri gs , p i l e  dri vers , and other types of  
general constructi on-rel ated equi pment .  I t  was esti mated that 
equ i  va 1 ent s o und 1 eve 1 contri but i ons  wou l  d be no more than 55 dB at 
2 , 00 0  ft from the ce nter of the s i te (Texoma Group F E I S ,  Sect.  4 . 6 . 4 . 1) .  
The area that wou l d  be i mpacted by thi s no i se  i s  bas i cal l y  un i n hab i ted  
pasture l and .  The nearest  res i dence i s  over 1 m i l e  from the  sto rage 
s i te .  There are no state or Federal no i se regu l ati ons  app l i cab l e  to the 
construct i o n  of  u nderground  caverns i n  sa l t domes . Construct i o n  
contractors wou l d  be  req u i red t o  meet a l l s tate and Federal regu l at i ons  
re l ated to the  expos ure of  emp l oyees to  extreme no i s e l evel s ,  as  defi ned 
by Occupati onal  Safety and Heal th Adm i n i strat i o n  ( OSHA) regu l ati ons . 
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Duri  ng 1 each/fi  1 1  o r  drawdown/refi l l  operati  ons , pr i mary no i  se s o urces 
wou l d  be  p ump motors . P umps cou l d  be p l aced i n  a no i se- dampe n i ng 
enc l o s ure to reduce i mpacts i f  req u i red .  

4 . 2 . 5 Spec i es and Hab i tats 

4 . 2 . 5 . 1 B i g  H i l l  S i te 

The p roposed B i g  H i l l  s i te wo u l d i nv o l ve  about  250 acres of  
pra i ri e- pas ture hab i tat that is  managed pri mari l y  for  catt l e  graz i ng . 
Fenc i ng of the s i te wo u l d p recl ude th i s  use . Construct i o n  acti v i t i es 
wo u l d cause the em i grat i o n  of  wi l d l i fe from the area and wo u l d destroy 
the burrows of smal l an i mal s s uch  as mi ce and rabb i ts .  I t  i s  expected 
that the area wo ul d be seeded and peri odi cal l y  mowed for mai ntenance , 
thus  reduc i ng the p robab i l i ty o f  natural  p l ant s ucces s i on o n  the s i te .  
Constructi o n  o f  the B i g  H i l l  s i te wou l d add about 0 . 2 perce nt to the 
dec l i ne i n  pasture habi tat i n  the Sab i ne Bas i n  as descri bed by Gosse l i n k 
et al . ( 1979 ) .  

Sa I t  dri ft from bri  ne ponds i s  expected to have o n l y  very 1 oca 1 i zed 
effects and , thus , are not l i ke l y  to affect offs i te vegetati o n .  The 
pond l i n i ng wou l d prevent any l ea kage o f  br i ne . 

Raw Wate r and B ri ne D i ffuser Systems 

Impacts on  spec i e s  and hab i tats from constructi o n  of the raw water and 
br i ne d i ffuser p i pe l i nes  wo u l d be l ocal l y  m i n i mal  and of  s ho rt durat i o n .  
Substanti al  recovery o f  the b n- l and and aquati c/mari ne porti ons  of  
p i pe l  i ne ROW s ho u l d occur wi th i n  1 to 3 years w i th the  use  o f  mode rn 
m i ti gati on  tec h n i ques . Impacts re l ated to the construct i o n  o f  raw water 
and bri ne di ffus e r  p i pe l i nes  i n  the northwes t  G u l f of  Mexi co are 
di scus sed i n  detai l i n  the Texoma and Seaway Group FE I S s .  

Construct i o n  o f  the p referred br i ne di ffuser  p i pe l  i ne acro s s  McFaddi n 
Nati o nal  Wi l d l i fe Refuge wou l d requ i re the temporary ( 1- to 3-year) 
des tructi o n  of  73 acres o f  brac ki sh-to- i ntermedi ate mars h hab i tat 
as s um i ng a wo rst-case 150- ft ROW . Coord i nat i o n  efforts wi th  the U . S .  
F i s h  and Wi l dl i fe Serv i ce ( USFWS ) refuge manager are underway to 
mi n i mi ze envi ronmental effects and ass ure comp l i ance wi th regu l atory 
agency req u i rements ( see Appendi x D ) . Routi ng the p i pe l i ne around  the 
refuge to the s outh wou l d  requ i re more i mpacts to a greater vari ety o f  
habi tats . i nc l  u d i  ng r i  c e  farms , pastures , fre s hwater ponds , and 
wetl ands . Ex i st i ng p i pe l i ne ROWs cou l d  be used to mi n i m i ze effects 
where practi cab l e ;  s everal ROWs now cro s s  McFadd i n Nati onal  Wi l d l i fe 
Re fuge to the G u l f .  O n l y  mi nor  i mpacts wo u l d be expected duri ng 
operati o n .  These i mpacts c o u l  d i n c l  ude d i  sturbance t o  wi l d l  i fe duri  ng 
ROW mai ntenance . Al though a bri ne s p i l l  wo u l d  have some major  
envi  ronmenta 1 consequences  ( see Sect.  4 . 2 . 2 ) ,  such  as  des truct i o n  of  
habi tat , i ts p robab i l i ty for  occurrence wo u l d be l es s  than 0 . 075 fo r a 
s p i l l  greate r than 100 bbl  (Texoma Group FE I S , Sect .  4 . 2 . 2 ) . 

Wi thdrawal of  water from the I CW duri ng l each/fi l l  and drawdown p hases  
of  operati o n  cou l d re s u l t i n  the  l os s  o f  some aquat i c  b i ota v i a  
entrai nment and i mp i ngement .  Mo st  fi s h  and l arge r organ i sms wo u l d  be 
exc l uded by the proposed  trash  bars and trave l i ng screens . Imp i ngement 
of  these o rgan i sms wou l d p resent  some p rob l ems , but the exp ected 
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ve l oc i t i es ( 0 . 5  ft/s ) are cons i derab l y  l es s  than the swi mmi ng speeds of  
most fi s h ; therefore , thi s wou l d not be a s i gn i f i cant prob l em .  The  
pr i mary , and probab l y  u navo i dab l e ,  l os s  wo u l d be  thro ugh entrai nme nt of  
p l an kton wh i ch wou l d pas s i nto the raw water l i ne .  The l os s  of  p l an kton 
wou l d  be proporti onal  to the v o l ume of  water wi thdrawn . Th i s v o l ume , 
a l though l arge i n  abs o l ute terms , wo u l d  be i n s i gn i fi cant compared wi th 
the v o l ume of  the l CW .  Therefore , entrai ned l o s s  of  p l an kto n i s  not 
cons i dered s i gn i fi cant .  

The potent i al for  b i ofoul i ng exi sts at the  B i g  H i l l  i ntake s tructure . 
To addre s s  th i s prob l em ,  a I I s 1 ugll c h l ori nati o n  treatme nt has been 
proposed .  Treatment durat i o n  and occurrence wo u l  d depend  on  obs erved 
needs . G i ven  a conti nuous  wi thdrawal rate , no ch l or i ne s h o u l d be 
re l eased i nto the l CW .  Duri ng pro l o nged peri ods o f  s hutdown , key 
structures s ubject to b i ofo u l i ng wo u l d e i ther be removed from the water 
o r  c l eaned before s tartup . 

4 . 2 . 5 . 2  Br i ne D i sposal  

The o r i g i nal p l an of  bri ne d i sposal  at B i g  H i l l  i nv o l ved the  use  of  
undergro u nd i njecti o n  to aqui fers at  the peri phery of  the s torage s i te .  
T h i  s p l an was abandoned when i t  became c l  ear that prob l ems as soc i  ated 
wi th  i nj ecti on , s uch  as conti n ual  p l ugg i ng of the we l l s ,  and s and 
i nf l ow ,  cou l d not be overcome i n  a cost-effecti ve , t i me l y  fas h i o n ( see 
Appe nd ix  H ) . O ffs hore bri ne di sposal  i s  the o n l y  reas onab l e al ternati ve 
because o f  the l arge quanti ty i nv o l ved .  D i s charge from the B i g  H i l l  
s i te wo u l d be s ubject to the Ocean D i s charge Cri teri a (40 C F R  125M) 
promul gated October 3 ,  1980 , u nder Sect. 403 ( c )  of  the C l ean Water Act 
as ame nde d .  

General Characteri sti cs  of the D i ffuser  Area 

No  threatened or endangered spec i es that wo u l d use the d i scharge areas 
to any apprec i ab l e extent have been found i n  the bas e l i ne s tud i es . The 
b i ota appears to be typ i cal  of the near- s ho re northwe st G u l f of Mexi co .  
Bas i cal l y ,  the same commu n i t i e s  exi s t  at the Bryan Mound and Texoma 
s i te s .  The domi nant tre nds i n  the northwest G u l f for v i rtual l y  a l l 
b i o l ogi cal  commun i t i e s  i s  l ong- s hore s i mi l ari ty and ons hore- offshore 
c hange s .  

Li tt l e sport f i s h i ng occurs i n  the area o f  the proposed  di scharge s i tes . 
Some may occur near Sabi ne and Heal d ban ks , whi  ch are l ocated further 
off s hore , and at o i l  p l atforms i n  the regi o n .  

The di ffuser  area i s  l ocated i n  a heav i l y  i ndustr i al i zed porti o n  of  the 
G u l f of Mexico wi th a great deal of petrochemi cal acti v i ty i n  the 
i mmedi ate v i c i n i ty .  Li ttl e recreati onal  acti v i ty can be l i n ked to the 
di ffuser s i tes . The beaches are used  for l i mi ted recreati onal  p urpo s es , 
wi th some pri vate beac h property and Sea Ri m State Park l ocated i n  the 
area .  Most recreati o nal acti v i ty associ ated wi th thi s coastal area 
i nvo l ves waterfowl hunti ng , whi ch cannot be d i rectl y  re l ated to the 
bri ne di s charg e .  

D i ffuser Des ign 

The d i ffus er  has been  des i gned to ml n l m l ze i nterference wi th s hri mp i ng .  
The depth of  coverage o f  the p i pe l i ne header (about 6 ft) wou l d  ens ure 

4- 26 



that ne i ther the p i pe 1 i ne nor  the di ffuser head wo u l  d be uncovered or  
exposed  dur i ng storm events . wh i c h are known to di sp l ace l arge amo unts 
of  sedi ment al ong  the no rthwes t  G u l f coast .  A d i ffuser  guard . i ns tal l ed 
on  each di ffuser  port , s hou l  d prevent entangl ement of  nets wi th the 
ports before bac kfi l l i ng .  The f l exi bl e d i scharge hose , the o n l y  port i o n  
o f  t h e  di ffuser that wou l d  be exposed . p rov i des f o r  pas sage o f  fi s h i ng 
nets w i th a mi n i mum po s s i b i l i ty of  damage to the di ffuser  or  fi s h i ng 
equ i pment .  The di ffuser  s i te wo u l d  be we l l marked wi th wi tness  buoys . 
I n  add i ti o n . every attempt wo u l d be made to i nform the s h r i mp i ng 
commun i ty about the p ro j ect (and  to rece i ve the i r  i np uts for poss i b l e  
p roj ect i mp rovements ) .  There s h o u l d be l i ttl e occas i on for s hri mpers ' 
nets to cro s s  the d i ffuser .  

Br i ne D i scharge Experi ence at Bryan Mound 

Br i ne has been di scharged i nto the Gu l f of  Mex i c o  from Bryan Mound s i nce 
Marc h 1980 . I n i ti a l l y .  d i sc harge was l i mi ted to about  200 , 000  bb l /d or 
l es s  unti l J u l y  1980 , when d i scharge was i ncreas ed  to the permi tted rate 
( 600 , 000 to 680 , 000 bb l /d) . 

Because the p l ume i s  negati ve ly  buoyant , i t  co l l apses  to the bottom . 
Extrapo l at i on  from other s tudi es  i ndi cates that the th i c kne s s  of  th i s  
p l ume i n  the i ntermedi ate fi e l d  at the re l ease zone  bou ndary [330  ft 
( loa m) ] wou l d be l es s  than 3 ft . The refo re , i mpacts , i f  they occu r ,  
s h ou l d  be most eas i l y  detected i n  the bottom commun i ty .  The sedentary 
benthos i n  the i mmedi ate area o f  the di ffusers wou l d p robab l y  be 
affected , whereas the more moti l e  nekton wou l d  s i mp l y  move o ut of  the 
are a .  Based o n  the smal l sa l i n i ty i ncrease 330 ft from the di ffuser , a 
re l at i v e l y  smal l area o f  the Gu l f f l oor s ho u l d  be i mpacted .  The 
fo l l owi ng di scus s i o n  s ummari zes the res u l ts of the Bryan Mound 
mon i tori ng p rogram p resented by Hann and Randal l ( 1981) . 

The bri ne p l ume was tracked regu l arl y  by s h i p s  us i ng a bottom-towed 
conduct i v i  ty p robe . Data we re p l otted to s how the extent and 
o r i e ntati on  of  the p l ume and were re l ated to di scharge condi ti ons  and 
envi ronmental factors , such as bottom current and amb i  ent sal  i n i ty .  I n  
addi t i on . regu l a r samp l i ng was co nducted throughout the area o f  br i ne 
i nf l ue nce to determi ne wate r and sed i ment qual i ty and the b i o l ogi cal 
components of  benthos , n e kto n , and p l a n kto n .  The mon i tori ng p l an i s  
b r i e f l y  s ummari zed i n  Sect.  5 . 0 .  

I n  the Seaway and Texoma F E I S s , bri ne di s charge i mpact as sessments were 
based on  outputs from a numeri ca 1 mode l i n  the absence of  actual 
experi  ence wi  th  comparab 1 e di  scharge rates and vo 1 urnes . To determi ne 
the reasonab l eness  of  these p redi cti ons , the b r i ne p l ume mode l was 
eval uated i n  l i ght of  actual d i s charge at B ryan Mound ( NOAA , 1981) . 
Based on  the fi rst 8 months of  experi ence . there i s  reasonab l e  agreement 
between the model and di rect observat i o n , wh i ch i ndi cates that the mode l 
i s  a usefu l  p l anni ng too l . Howeve r ,  an attempt to quanti fy the accuracy 
of the mode l i s  parti cul arly comp l i cated by the d i ffi cu l ty i n  
determ i n i ng amb i e nt bottom sal i n i ty .  

The determi nat i on  of  amb i  e n t  bottom s a l  i n i ty p recede s each s h i  pboard 
p l ume trac k .  Bottom cu rre nt d i recti on  at the d i ffuser  i s  observed wi th 
an over-the- s i de current meter , and the s h i p  p roceeds to an app ropr i ate 
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co ntro l stat i o n  upstream from the di ffuser , where bottom sal i n i ty i s  
meas ured.  The bottom sal i n i ty ob served at thi s s tat i o n  i s  assumed to be 
cons tant throughout the bri ne fi e l d  for the p u rpose  of cal cu l ati ng and 
co nto uri ng exces s  sa l i n i ti e s of  the bri ne p l ume . A l though a homoge neous 
f i e l d  o f  amb i e nt bottom sa l i n i ty may be u n l i ke l y ,  as can be seen  i n  
Tab l e F-5 ( Appe ndi x  F ) , there i s  no sati s facto ry al ternati ve because  the 
amb i e nt f i e l d cannot be observed i n  the p resence of  d i scharge . 

The vari ati o n  i n  the bottom sal i n i ty fi e l d at a g i ven t i me , as observed 
from bas e l i ne studi es , i s  s i gn i f i cant , as ev i de nced by Tab l e  F- 5 .  For 
the B i g  H i l l  proposed  di ffuser s i te ,  vari ati o n  of  bottom sal i n i ty by 
month ranged from a maxi mum s tandard error of  0 . 7 ppt i n  September 1977 
to a mi  n i mum standard erro r of  0 . 1 ppt observed i n  Decembe r 1977 , May 
1978 , and October 1978 . Var i ati o n  i s  not p redi ctab l e .  

The effect o f  uncertai nty i n  the amb i ent sal i n i ty o n  contouri ng excess  
sal i n i ti e s of  the bri ne p l ume i s  i l l ustrated i n  F i g .  4- 6 by a 
hypotheti cal treatment of  an actual d i scharge case at B ryan Mound .  For  
th i s  case , the nom i nal  amb i ent bottom sa l  i n i ty was 34. 4 ppt ; the area 
de scri bed by the s h i p ' s  trac k was 2 , 700  acre s .  From observati ons  of 
abs o l ute sa l i n i ty ,  the nomi nal  excess  i sohal i nes  s hown i n  the fi gure 
des cri be the fol l owi ng areas : 

3 ppt 
2 ppt 
1 ppt 

65 acres 
300 acre s 

1 , 000  acre s 

I f ,  however , a standard error fo r the amb i ent bottom sal i n i ty of  0 . 5 ppt 
i s  ass umed , there i s  no a s s u rance at the 95 percent co nf i dence i nterval 
that the 3-ppt i nterval  i s  real or that the 1-ppt contour  does not l i e 
beyo nd the s h i p ' s  trac k .  I n  F i g .  4- 5 ,  the sti ppl i ng rep resents the area 
w ith i n the 95  percent confi dence enve l ope for the 1-ppt contour ; the 
o uter boundary i s  o n l y  s uggesti ve . The uncertai nty i n  areas i s  as 
fo l l ows : 

3 ppt 
2 ppt 
1 ppt 

o to 300 acres 
60 to 1 , 000  acres 

300 to >2 , 700 acres 

The p recedi ng di scuss i o n i nd i cates that a conto ur  of  1 ppt above amb i ent 
sal i n i ty may be mean i ng l e s s  i n  the coastal envi ro nme nt .  For  th i s  
hypotheti cal treatme nt , i t  may be s uffi ci ent i n  terms o f  b i o l ogi cal 
s i gn i f i cance to say that the area of  sal i n i ty equal to or  greater than 3 
ppt above amb i ent i �  l e s s  than 300 acres . 

Res u l ts o f  the fi rst 12 months of  mo n i tori ng data at B ryan Mound 
i ndi  cate the ass i m i l at i ve capac i ty o f  the area for bri  ne i s  not be i ng 
exceeded . Duri  ng the mo nths of March through J u ne , the 1 arge st  areal 
exte nt of the 1-ppt- above-amb i e nt contour  was 1 , 383 acre s .  The h i ghest 
above- amb i ent conto u r  was 5 ppt and measured 37 . 8  ppt , o r  just 1 ppt 
above the h i ghest amb i ent cond i t i o n  meas ured . By fal l the h i ghest 
above-amb i e nt sal i n i ty contour  meas ured wa s agai n 5 ppt ( 38 . 5 ppt)  and 
covered an area of  222 acres . The 1-ppt contour  ( 34 . 5 ppt) covered 
2 , 693 acres . Duri  ng wi nter the bri  ne di  scharge system began operati ng 
at permi tted l evel s .  The h i ghest bottom sa l i n i ty measured at the 
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Diffuser 

of shipboard plume tracking (2,700 acres) 
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�----� .. 
o 2000 

Discharge of August 26, 1 980: 
633,000 bbl @ 21 6 ppt 
nominal ambient salinity = 34.4 ppt 

Figure 4·6. Contours of nominal  excess sal in ity for plume tracking observations at Bryan Mound 
(stippled a rea represents 95 percent confidence envelope for 1 ppt above ambient). 
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d i ffuser was 41.  7 ppt.  The 1 arge st  area i n s i  de the 1 ppt contour was 
4 , 423 ac re s .  

The maxi mum vert i cal  exte nt o f  the bri ne p l ume was measured o n  
August 25 , 1980 , d i  rectl y over and i n  the v i  c i  n i ty o f  the d i ffuser 
ports . Br i ne d i scharge was 632 , 880 bb l /d at a sal i n i ty of  216 ppt . The 
max i mum exte nt of the 1-ppt- above-ambi ent co nce ntrati on  was 25 ft . At a 
di stance of  1 , 400 ft down curre nt the p l ume had co l l ap s ed to wi th i n  3 to 
6 ft of  the bottom . At a di s tance of  250 ft from the di  ffuse r ,  the 
p l ume was about  12 ft th i c k  meas ured as 1 ppt above amb i e nt .  The 2- to 
3-ppt above- amb i e nt co nce ntrati ons  we re ge neral l y  confi ned to the l owe r 
6 ft of  the wate r co l umn .  

To date there i s  l i ttl e ev i dence o f  i mpact at the bri ne d i ffus e r ,  anti no  
catastrop h i c  " d i e-offs " o f  fauna  have occurred .  No i mpacts have been  
meas u red in  the  p l an kton commun i ty .  Nekton spec i e s  appear to  be  
respondi ng to  the p l ume i n  a behav i o ral  manner wi th dayti me samp l es at 
t i mes  s uggesti ng a po s s i b l e avo i dance respo n s e .  However , n i ghtt i me 
samp l es do not s how the same pattern . O n  several  occas i on s  catche s 
i ns i de the p l ume we re greater than catches beyo nd the p l ume boundari e s .  
Mo nth l y  patterns i n  tota l fi sh  abu ndance were general l y  cons i stent 
between  the predi sposal  and postd i sposal  peri ods . 

As expected , benth i c  samp l es co l l ected near the d i ffuser i ndi cate a 
s l i ght dep res s i o n i n  spec i e s  n umbe r ( d i vers i ty)  and pop u l at i on  de n s i ty .  

I n- s i tu tes ts we re conducted i n  t h e  spri ng o f  1980 , wi th brown s h r i mp 
( P .  aztecu s )  hel d i n  cages at vari ous  l ocati o n s  around  the d i ffuser .  
Afte r 72 h of  expo s ure , s h r i mp he l d  wi thi n 25 to  250  ft  downs tream from 
the di  ffu ser s uffe red o n l y  a 5 percent mo rta li ty , much of whi ch i s  
attri buted to the handl i ng of  s hr i mp rather than excess  sa l i n i ty ( NOAA , 
1981) . 

Br i ne P l ume Projecti o ns  for  B ig  H i l l  

The Nat i onal  Ocean i c  and Atmo spheri c Admi n i s trat i o n  ( NOAA ) has p rovi ded 
MIT Tran s i ent P l ume Model  o utp uts fo r several  current condi ti ons  at the 
B i g  H i l l  3 . 5-m i l e  s i te based on current data co l l ected duri ng the Texoma 
base l i ne s u rvey and us i ng B i g  H i l l  d i sc harge cri teri a ( 1 . 4 x 106 bb l /d 
of concentrated bri ne ) .  These  parti cul ar current condi t i  ons are 
prese nted i n  Appe nd i x  F .  " S nap s hots " taken at 3-h ( real -worl d )  
i nte rval s of  model  o utputs have been  used  to  cal cu l ate areal cove rage o f  
vari ous  sa l i n i ty ove rages . The l argest  overages occurred duri ng 
s u stai ned l ow energy curre nt cond i ti ons . Based on  far- f i e l d model runs , 
the fo l l owi ng areal coverage s we re p redi cted :  

3 ppt 
2 ppt 
1 ppt 

207 acres 
825 acres 

2 , 575  acres 

The max i mum concentrati on  of  bri ne at the edge of  the rel ease zone ( as 
defi ned by EPA , u nder Sect.  403 of  the C l ean Wate r Act , 40 CFR  125 , 100 
m from the d i ffuser) , based on  i nfe re nces from the mode l run s , s ho u l d be 
app roxi mate l y  5 ppt above amb i ent .  Thi s s ho u l d be true for both the 
3 . 5- and 12 . 5-m i l e  s i tes . 

4- 30  



The tox i c  was te app l i cati on  factor of  0 . 01 p urs uant to mar i ne di s charge 
gu i del i nes , under Sect.  403 of  the C l ean Wate r Act (40 C F R  125) , i s  not  
app l i cab l e  to d i scharge of  sa l t because  of  the  range of  sa l t 
conce ntrat i o n  req u i red for mari ne l i fe .  The �xce s s  conce ntrati on  at the 
edge of  the re l ease zone based on mode l res u l ts s hou l d  be l e s s  than the 
normal seasonal  vari ab i l i ty i n  sa l i n i ty at the 3 . 5- mi l e  s i te and o n l y  
twi ce a s  great a s  t h e  ons hore- offs hore var i ati ons  s e e n  on  certai n 
samp l i ng cru i ses  i n  the v i c i n i ty .  

The maxi mum esti mated conce ntrati o n  of  di s so l ved o i l and grease i n  the 
bri ne di scharge after vapo ri zati on  and treatme nt i n  the o i l bri ne 
separator s ho u l d be l e s s  than 6 mg/L (DO E , 1978a) . Thi s val ue i s  be l ow 
permi t requ i  reme nts ( Sect.  4 . 2 . 2 ) .  Based on  the i n ferences from other 
stud i es for i ntermedi ate f i e l d conce ntrati ons , t h i s i n i ti a l 
conce ntrat i o n  s ho u l d be decreased  approxi mate l y  50- fo l d at a di stance of  
330  ft from the  di ffuser (about 0 . 1 mg/ L ) . T h i  s conce ntrati on  is  l ow 
compared wi th expected amb i ent l evel s at e i ther s i te ( 0 . 5 to 1 . 0 mg/L)  
and  i s  we l l  be l ow the val ues  fo r 96- h LCso  i n  the  l i terature . The 
concentrat i ons  of  o i l and greas e at the boundary of  the re l ease zone 
approxi mate the val ue of  the mari ne water q ual i ty c r i teri a ( 0 . 15 mg/ L) 
based on  an ave rage LCso  of  15 mg/ L ( EPA , 1976 ) .  

Anal yses  of  bri ne from the B i g  H i l l  dome have been conducted for maj or  
i o ns  (Tab l e 4-4) . Trace metal s ,  hydrocarbons , and other  trace organ i cs 
have not been analyzed.  Based on  the concentrati ons  o f  maj o r  i o ns  i n  
the B i g  H i l l  bri ne , the data fo r trace co ntami nants from other coastal 
bri nes , and d i l ut i on rates predi cted by the MIT Tran s i ent  P l ume Mode l , 
the concentrati ons  o f  al l these consti tuents shou l  d be reduced to very 
l ow l evel s at the edge o f  the rel ease zone . Because o f  th i s expected 
di l ut i o n , d i fferences i n  rat i os  of  maj or  consti tue nts i n  bri ne and 
seawater s hou l d not be a concern , 

A s i mi l ar s i tuati o n  exi sts for po l l utants that mi ght be p resent i n  the 
i ntake wate r .  Based on the expected di l uti on  rates , the concentrati o n  
o f  al l potenti al p o l l utants shou l d b e  l ow a t  the edge of  the rel ease 
zone . No toxi c chemi cal s can be i denti fi ed that wou l d exceed mari ne 
wate r qual i ty cri teri a under these  cond i ti ons . 

A l though a l arge quanti ty o f  bri ne wou l d  be d i scharged , the mai n 
consti tuents of  bri ne are al s o  the maj o r  d i s s o l ved s o l i ds i n  seawate r .  
A s  s uch , t h e  br i ne wou l d certai n l y  have no l o ng- range i mpacts . There 
wo u l d be no accumu l ati on  i n  the ecosystem , and the b i o l ogi cal commun i ty 
i mpacted i n  the i mmed i ate area of  the d i ffuser s ho u l d recover q u i c k l y .  
An examp l e  of q u i  c k  recovery of  benthi  c fauna c o u l  d b e  s e e n  a t  B ryan 
Mound i n  1979 ( Hann , 1980 ) .  Decl i n i ng di s so l ved oxygen val ues through 
J une and J u l y  were fo l l owed c l o s e l y  by decreas es i n  d i vers i ty and 
numb ers of  be nth i c  o rgan i sms . O n  return o f  more normal d i s s o l ved oxyge n 
va 1 ues , opportuni  st i  c speci  es rap i d l y  rep op u l  ated the area .  By the 
fol l owi ng wi nter , popu l ati ons  of  many spec i e s had retu rned to l evel s 
near tho se  prev i ous  l y  observed.  The rate of  repopu l  at i o n  or  
reco l o n i zati on  depends o n  the  reproducti ve mechan i sm of the  spec i e s 
( free- fl oat i ng 1 arva 1 stage vers us  broodi ng of  young)  and mob i l i ty .  
There fore , there shou l d b e  no  i rreparab l e harm done t o  the b i oti c 
commun i ti e s .  
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Table 4.4. Chemical composition of brines from the Gulf Coast salt domes and 
receiving waters 

cmSERVl:D CONCEN'MIA'l"ION OBSERVED CONCDn'RA'l"ION JV.N� OBSERVED CONCENTRATIONS 

I N  B I G  KILl B lU m: · IN COASTAL BIUNES · ·  IN RECEIV I N ::;  WA'I'!:P's · · ·  EI.E.�T 

STATIONS MAJOR 

CO!'(F O:'-Z �"7 5 Sta t i o n  
3 7  (illS 1 1 )  

N a  1 3 0 , 2 0 0  1 2 0 , 7 0 9  1 2 6 , 0 1 5 9 , 6 5 0
a 

K 2 2  1 0  1 , 9 2 0  3 7 0
a 

Ca 9 1 2 2 4 2  6 8 5  3 7 5 a 

Me; 6 0 5  0 . 2  - 7 6  7 0 0
a 

C l  2 0 2 , 6 0 0  1 8 6 , 0 5 i  1 9 4 , 3 7 6  1 7 , 8 6 0  

S0 4 1 , 9 6 6  7 5 0  3 , 1 0 0  2 , 8 0 0  

TRACE 

EU:��TS 

( u : / l  ) 

Cd NO 8 ' 0 . 3
a 

C r  N O  

C u  NO 4 2 0  ( 3 a 

P b  N O  2 0  3 

H g NO < 0 . 5
a 

N i  N O  8 0 0  

Z n  N O  9 0  2 

Ba NO 3 , 0 0 0  

F e  6 0  3 1 , 0 0 0  9 . 5 a 

Mn NO 1 ,  3 0 0  ( 2 a 

S r  N O  7 , 0 0 0  

Co NO 

. B r ine an alyzed for PB -KBB by Shi l s tone T e s t i n g  Laborator i e s , Inc . 
N ew O r l e an s , La . ( S amp l e  taken from LPG S to r a g e  Cavern 1 1  on 3 - 7 - 7 9 . )  

. - Br ines an a l y z ed for DOE by Petroleum Labo r a t or i e s , I n c .  
L a f ayette , Louis i ana 

- . * Re ceiv i ng waters ana lys i s  from F i n a l  EIS T exoma Group S a lt Dome s , 
OOE , November 1 9 7 8 ,  Appendix U Table 3 ,  3-17 pg . U 3- 8 6 . 

a
Average o f  concentrations of samp l es f rom 1 meter and 8 met er depths . 
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4 2  

9 , 7 5 0
a 

3 8 0
a 

3 6 0 a 

7 0 5 a 

1 6 , 7 7 5 a 

2 , 7 0 0 a 

0 . 6  

8 

4
a 

0 . 5  

2 

1 3 a 

( 2 a 



Eval uati on  of  the 3 . 5- to 12 . 5-Mi l e  Bri ne D i spo sal  S i tes 

The Texoma s amp l i ng p rogram p rovi ded a great deal  of  i ns i ght i nto the 
compo s i ti o n  and di stri but i o n  of the b i o l ogi cal commu n i ti es at the B i g  
H i l l  3 . 5-mi l e  s i te .  A detai l ed and i ntens i ve s amp l i ng p rogram wo u l d be 
co nducted for a detai 1 ed post-di  scharge i mpact assessment .  Recentl y , 
the Nat i o nal  Mari ne F i sheri es  Serv i ce i n i ti ated a comprehens i ve 
mo n i tori ng and analys i s  p rogram ( Shri mp Pop u l at i o n  Studi e s )  at the B i g  
H i l l  s i te .  Th i s study concentrates o n  aspects o f  the s h ri mp l i fe cyc l e 
( spawn i ng s i tes ) that may be re l ated to bri ne di spo sa l  i mpacts . 

H i stori cal data o ut to a 12 . 5-mi l e  s i te are not extens i ve or  recent , and 
there i s  s ome u ncertai nty about the exact spec i es compo s i t i o n  of the 
b i ota at these l ocati o n s . 

Compari son  of  the near- s hore and offs hore s i tes al l ows the fo l l owi ng 
conc l u s i o n s  to be drawn : 

1 .  The greater sal  i n i ty to 1 erance o f  the communi ty at the 
s i te neare s t  the shore s uggests that th i s  commun i ty i s  
bette r s u i ted to wi thstand the i mpacts of bri ne di scharge 
as compared wi th the more s tenoha 1 i ne communi ty at the 
offshore s i tes . 

2 .  The sedi me nts at the near- s ho re s i te are c l ayey and 
cons i dered poor benth i c  hab i tat , whereas those at the 
offs hore s i te may be o n l y  s l i ghtl y l es s  c l ayey . In the 
co ntext of the near- s ho re G u l f ,  both s ubstrates are poor  
benth i c  hab i tat . 

3 .  I t  i s  poss  i b 1 e that w i  nd- forc i  n g  o f  bottom curre nts at 
the s i te furthest from s hore wo u l d  be l e s s  because of the 
greater depth . However , th i s  d i fference i s  not expected 
to be great and cou l d  pos s i b l y  be nu l l i f i ed by the 
greater expectati o n  of  dens i ty s trati f i cati o n  at the 
near- shore s i te ,  wh i c h wou l d  serve to cut off the 
near- bottom waters from contact wi th the atmo sphere . 

4 .  A l though  the 3 .  5-mi l e s i te i s  not l ocated near any 
spec i a l hab i tat , the offs hore s i te i s  c l oser  to Sab i ne 
and Heal d banks , wh i c h u ndo ubtedly  harbor  a somewhat 
di fferent " hard- bottom" fauna  and may serve as an  
i mportant refuge for certai n of  these speci  es  i n  the 
area .  

5 .  Because o f  the l arge gaps between  Sab i ne and Heal d banks 
and because  the banks are or i ented es s e nti al l y  
l o ng- shore , they s ho u l  d not re stri  c t  the d i  spers i on  o f  
br i ne by i nterference wi th l o ng- s ho re current patterns . 

6 .  No overal l topograp h i c  di fferences are seen  i n  the 
i mmedi ate area .  Ne i ther the near- shore nor the offshore 
s i tes  are l ocated near an estuary i n l et ;  the refore , they 
p robab l y  pose  l i ttl e p rob l em to mi grati ng o r  pas s i ve l y  
transported organi sms . 
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7 .  As one  p roceeds off s hore , sa l i n i t i es ri s e  to ocean i c  
l evel s ( > 3 3  ppt) . I n  the base l i ne Texoma studi es , no 
sa l i n i t i es greater than 30 ppt were seen i n  the v i c i n i ty 
of  the p roposed 3 . 5-mi l e  B i g  H i l l  d i ffu ser  s i te .  S i nce 
the effects of  sa l i n i ty overages are re l ated to amb i ent 
sa l i n i ti es , the near- s ho re s i te ,  wi th l ower amb i ent  
sal i n i ti es , wou l d be the  more p rudent l ocal i ty to 
d i scharge bri ne . 

8 .  A majo r  concern o f  a di ffuser  l ocated c l o s e  to the shore 
i s  the p rox i mi ty to i mportant e stuari e s .  Becaus e  o f  a 
drast i cal l y  al tered hydro l ogi c regi me , Sab i ne Lake , about 
17 m i l es from the near- s ho re s i te ,  i s  no  l onger a 
I I fu ncti onal l l  s hri mp nursery .  

Comb i ned effects ( br i ne p l u s  o i l and grease o r  bri ne p l us l ow d i s s o l ved 
oxygen )  have not been s tudi ed i n  b i oas say tests . Of  s pec i a l concern i s  
the i nteract i o n  of  bri ne wi th l ow d i s s o l ved oxygen condi ti ons , wh i ch 
have been seen  o n  numerou s  occas i ons  i n  the near- shore northwe s t  G u l f 
and spec i f i cal l y  at the B i g  H i l l  s i te ( see Append i x  F ) . I t  i s  pos s i b l e 
that u nder s uch  stre s s fu l  condi ti ons  bri ne d i sposal  i mpacts cou l d be 
more severe o r ,  i n  the cas e of  extreme hypoxi a ,  comp l ete l y  mas ked by 
natural d i s rupt i o n  o f  the ecosys tem. 

Impacts o n  Penae i d  Shri mp and Menhaden 

A thorough rev i ew o f  l i terature pertai n i ng to the effects of  sa l i n i ty on 
penae i d  s h r i mp , menhaden , and other members of the near- s hore wh i te 
s h r i mp grounds , i n  conj uncti o n  wi th a thorough rev i ew and cri t i que  of  
perti nent aspects o f  the penae i d  and  menhaden l i fe cyc l es i n  the context 
of the spec i f i c  envi ronment at the B i g  H i l l  d i ffuser s i te ( as reveal ed 
through pre l i mi nary basel i ne moni tori ng) , has reveal ed that bri ne 
di scharge s h ou l d  have a negl i g i b l e  i mpact on the wel l - be i ng of  these 
G u l f Coast f i sheri es . 

B i oassay res u l ts i nd i cate that toxi c effects from sal t dome bri ne o n  
eggs , 1 arvae , a n d  post  1 arvae o f  s h r i mp begi n a t  about 3 8  t o  40 ppt 
(NOAA , 1979 ) . However , these b i oas say res u l ts are not  stati sti cal l y  
defendab l e  and s ho u l d o n l y  be v i ewed a s  a fi rst approx i mati o n .  I n  
b i oas say studi es  conducted by Howe ( 1981) 50  percent o f  t h e  adu l t brown 
and whi te shr i mp d i ed 48 hr after addi t i o n  of e nough bri ne to rai se 
sa l i n i ty by 22  ppt ,  or  96  hr after add i t i o n  o f  enough bri ne to ra i se 
sal i n i ty by 18 ppt at 25° C .  Both spec i es were more sens i ti ve at 30°C , 
and wh i te s h r i mp s urv i val better at l ower temperatures .  Based o n  
res u l ts  obta i ned wi th vari ous  bri ne types  o f  o smot i c stre s s , rather than 
toxoc i ty of  trace consti tue nts , appears to produce the l ethal effects . 
Where amb i ent concentrati ons  approxi mate 30  ppt ( s uch as at the 3 . 5-mi l e  
d i ffuser s i te ) , d i s charge- enhanced concentrati ons  as h i gh as 38 to 40 
ppt wou l d occ ur  o n l y  wi th i n  the i mmedi ate v i ci n i ty of  the d i ffuser .  

Howe ( 1981) a l s o  conducted behav i o r  experi ments wh i c h showed i ncreased 
act i v i ty for an i mal s exposed  to a bri ne- sea water mi xture 10 ppt above 
amb i  ent .  S hr imp appeared s omewhat repe l l ed from co nce ntrati ons  20  ppt 
above amb i ent but not from l ower concentrati ons . No b i oas say res u l ts of 
G u l f Menhaden , Brevoorti a patronus , have been found i n  the l i terature . 
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The maj o r  s h r i mp spec i es that wou l d  be i mpacted at the near- s hore s i te 
i s  the wh i te s h r i mp ,  Penaeus  seti feru s , wh i ch occurs here at a l l l i fe 
h i story stages . The egg stage , and poss i b l y  overwi nteri ng post l arvae , 
wou l d  get the greatest exp o s u re , but al l stages of  the s hri mp l i fe cyc l e 
are euryha l i ne .  Deb i l i tati ng concentrati ons  s ho u l d occur o n l y  very 
c l o s e  to the di ffu s e r .  The brown s hri mp , P .  aztecus , i s  p robab l y  the 
domi nant spec i es at the o ffshore s i te ,  buC thi s i s questi o nabl e .  The 
area may be tran s i t i o na l  from the whi te to brown shri mp grounds . P .  
aztecus  l arvae wo u l d pass  through the near- s hore area duri ng the  spring 
o n  thei r way to the estuari es . To l erance l i m i ts are not expected to be 
exceeded , except i n  smal l areas s urrou ndi ng the d i ffus er .  Becau se  the 
bri  ne - i mpacts wou l  d be confi  ned to the near- bottom waters , many post
l arvae or  l arvae wo u l d pass  over the p l ume . A l so , penae i d  postl arvae 
may possess  s i gn i fi cant moti l i ty and cou l d  pos s i b l y  avo i d  the bri ne 
p l ume to a certai n exte nt .  Because o f  the great fecund i ty of  femal e 
penae i d  s h r i mp ,  product i o n  of  an adequate stock of  post l arvae i s  not 
den s  i ty- dependent .  Pri o r  attempts to rel ate offshore catch to po st
l arvae ab undance have not been s ucce s s fu l . Mo st recent studi es from a 
n umber of  s h r i mp fi sheri  es  have strong ly  suggested that i t  i s  factors 
i n s i de the estuar i e s  (espec i al l y  temperature and sa l i n i ty)  that 
determi ne the s ucces s  o r  fai l ure of  the s h r i mp year c l as s .  Sab i ne Lake 
i s  no l onger a v i ab l e shr imp nursery because these same factors are no  
l onger conduc i ve to  post l arval  and  j uveni l e  growth and  s urv i val , wh i ch 
have been al tered by up l and reservo i r  constructi o n  and changes i n  
natural ci rcul ati o n  patterns (Go s se l i n k et al . ,  1979 ) . 

The G u l  f menhaden i s  abu ndant thro ughout the no rthern G u l  f o f  Mexi co 
from Gal veston Bay , to Apal ach i co l a  Bay .  Largest  conce ntrati ons  occur 
near the Mi s s i s s i pp i  R i ver De l ta.  The menhaden l i fe cyc l e i s  typ i cal  of  
estuari  ne-dependent euryha 1 i ne o rgani sms . Most spawn i  ng occurs i n  the  
Gu l f  duri ng l ate fal l and  wi nter .  Eggs and  l arvae are  general l y  pe l agi c 
and tend to be found i n  the upper port i o n  o f  the water co l umn . As wi th 
many taxa the young move i nto the estuari es to occupy a di  fferent 
habi tat than the adu l ts .  As the young mature they m i grate to deeper 
waters and eventual l y  move o ffs hore to spawn . Adu l t  men haden enter the 
bays and estuari es  i n  the spri ng to feed upon the ri ch p l ankton com
mu n i t i es .  Wi th the onset  of  cool  weather adu l ts may move o ffshore but 
are known to remai n i n  the estuari es  duri ng m i l d  wi nters . 

Based o n  the l i terature rev i ew i n  Appendi x G . 2 menhaden wou l d  appear to 
be euryha 1 i ne duri ng a l l 1 i fe stages . Eggs have been co l l ected i n  
sal i n i ti es rangi ng from 6 . 0 to 36 . 6  ppt.  J uven i l es are commo n l y  
abu ndant i n  sa l i n i t i es be l ow 1 ppt and have been col l ected i n  sal i n i ti es 
above 40 ppt.  The upper range of  occu rrence for G u l f men haden has been 
reported to be 60  ppt .  

Becaus e  of  heavy commerc i al exp l o i tati on  o f  the s hri mp stocks and a l so  
of  many fi nfi s h  i n  the n orthwest  G u l f of  Mex i co i nc l udi ng men haden , the  
carryi ng capac i ty of  the env i ronment is  greater than  the standi ng s toc k .  
The  s hri mp product i o n  s ho u l  d not be  l o st  from areas prec l uded from 
s hri mp hab i tati o n , but cou l d  be real i zed i n  an adj acent , unstres sed 
area .  In v i  ew of the pe l  agi c character of  men haden , and the negati ve 
buoyancy o f  the bri ne p l ume , me nhaden s ho u l  d not general l y  come i n  
contact w ith  the br i ne p l ume ( away from the di ffuser j ets ) , and ac
cordi ngl y ,  l o ss  of men haden hab i tat shou l d not be at i s s ue , and menhade n 
catch s hou l d  not be  affected .  
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The great fecundi ty of  femal e s hri mp and men haden a l l ows s ucces s fu l  
recrui tment desp i te t h e  h i gh degree of  exp l o i tati on  by man . I t  a l so  
al l ows q u i  c k  recovery from a bad  year if  envi  ronmenta 1 condi t i o n s  are 
adequate . No s tudi es  have s hown that the amo unt  of recru i tment depends 
on the s i ze o f  the parent s tock .  Therefore , a m i  nor  dep 1 et i o n  of  the 
parent stoc k s ho u l d have l i ttl e effect on  the s ucces s  of  the s ubsequent 
year c l as s . Pos s i b l e l os s  of  spawn i ng area s ho u l d have no effect on  
s h r i mp o r  men hade n rec ru i tment because  o f  the l arge numbers p roduced 
i nc l udi ng tho s e  that wo u l d  have been p roduced i n  the area adj acent to 
the d i ffu s e r .  

4 . 2 . 5 . 3 Impacts to Threate ned and Endangered Spec i es 

The threatened Amer i can al l i gato r cou l d  occur i n  any fres h to bracki sh  
water habi tat . A l l i gators wou l d  l i ke l y  move away from constructi o n  
acti v i t i e s .  Nests i n  t h e  p i pe l i ne ROW co u l d be di s rupted , b u t  wo u l d be 
avo i ded i f  pos s i b l e .  These i mpacts wo u l d  be of  s ho rt durati o n  and are 
cons i dered i ns i gn i fi cant.  Th i s spec i es i s  now maki ng a resu rgence i n  
the G u l f Coast regi o n  o f  east Texas and Lo u i s i ana . 

Construct i o n  o f  the B i g  H i l l  fac i l i ty and i ts associ ated c rude o i l 
d i stri but i o n  system wo u l d  occur i n  the p resent  range of  the red wo l f  
(Appendi x E ) . The smal l area covered by the p roj ect and p i p e l i nes  i n  
conj uncti on  wi th the l ow dens i ty o f  the speci es great l y  reduces the 
p robab i l i ty of  encou nter and i mpact . P i pel i ne construct i o n  acti v i ti es 
are o f  s ho rt durati o n  and wou l d not p roduce s i gn i fi cant i mpacts . 

M i grato ry b i rds s uch as the bal d eag l e and Arcti c peregri ne fal co n  use  
the  area as  feedi ng habi tat . Because o f  the l i mi ted  con structi o n  areas , 
the se b i  rds shou l  d not be i mpacted a l though they m i  ght be d i  sturbed . 
B rown pe l i cans may al s o  use  s hal l ow and estuari ne waters for feedi ng , 
but they shou l d not be i mpacted .  Attwater ' s  p rai r i e chi c ken  may 
pos s i b l y  occur i n  the coastal p rai ri es  aro und Gal vesto n , B razori a ,  and 
Harr i s counti es , especi al l y  i n  the area near OTT ! . These  b i rds have 
been shown to readi l y  use p i pe l i ne ROWs as boomi ng (mati ng) gro u nds . 
There wou l d be no s i gn i fi cant i mpacts to thi s spec i e s .  Because of  the i r 
l i m i ted occu rrence i n  the northwest  G u l f of  Mexi co , rare and endangered 
mari ne mammal s wo u l d not be s i gn i fi cant l y  affected by th i s p roject .  
A l though few data are  avai l ab 1 e o n  the frequency o f  occurrence o f  sea  
turt l es  enteri ng the  area , the i r  mob i l i ty wo u l d p revent them from be i ng 
i mpacted by offshore con struct i o n  or  bri ne d i sposal . 

No threatened o r  endangered p l ant spec i e s  occur i n  the i mmedi ate 
v i c i n i ty of the B i g H i l l  comp l ex ,  p i pe l i ne ROWs , or at the p roposed 
expan s i o n  s i tes  at B ryan Mound o r  We st  Hac kberry .  Pro j ect con struct i on  
s ho u l d have m i n i mal i mpacts on  threatened or  endangered p l ant s .  It  
s ho u l  d be  noted that con s u l  tat i o ns  req u i  red  by the Endangered Speci  es 
Act have been i n i ti ated ( see  Appendi x D ) . The p roj ect wou l d  be de s i gned 
to uti l i ze the mi t i gati ve measures (or the i r equi val ent)  d i scussed  i n  
Appendi x O .  

4 . 2 . 6 Natural and Sce n i c  Resou rces 

B i g  H i l l  S i te 

The northern r i m  o f  the B i g H i l l  sal t dome has been deve l oped fo r LPG 
s to rage ( Sect . 3 . 2 . 1 . 1) .  The remai nder of  the area i s  co ns  i dered to be 
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re l at i ve ly  homogeneous , rural , and l ac ki ng i n  u n i que natural and sce n i c  
re sources ( Sect . 3 . 2 . 1 . 6 ) . Wetl ands l ocated beyond the dome ' s  peri phery 
cou l d be  d i sturbed s l i ght ly  duri ng cons truct i o n  because  o f  i ncreased 
acti v i ty ,  no i se , and ero s i o n ; but thi s i s  p roj ected to be  a m i nor , 
short-term i mp act.  Operati o n  o f  the storage fac i l i ty at B i g  H i l l  wou l d  
l i ke l y  affect the adjacent wetl ands to an even l esser  extent .  

Raw Water I ntake and Ons hore Br i ne D i sposa l  P i pe l i nes  

Constructi on  o f  the  raw water i nta ke and  ons hore bri ne d i sposal  
p i pe l i nes wou l d  i mpact a l ocal i zed port i on of  the wetl ands l ocated 
between the B i g  H i l l  s i te and the I CW .  The projected co rri dor thro ugh 
these wetl ands wo u l d  be a max i mum of  150 ft i n  wi dth and 5 . 3 m i l es i n  
l ength . Between the I CW and the G u l f ,  the br i ne l i ne wou l d  a l s o  cro s s  
about  4 mi l es of  brac ki s h  wetl ands . I ncreased  acti v i ty a n d  no i se 
as s oc i ated w ith  th i s  d i sturbance wou l d temporar i l y affect res i de nt 
an i mal  1 i fe .  

4 . 2 . 7 Archaeo l ogi cal , H i stor i cal , and C u l tural  Resources 

B i g  H i  1 1 S i te 

A l though no known arc haeo l ogi cal , h i stori cal , o r  cu l tural resources 
wou l d  be affected , construct i o n  of  the o i l storage fac i l i ty at B i g  H i l l  
co u l d pos s i b l y  i mpact archaeo l ogi cal , h i stori cal , or  cu l tural resources 
not i dent i f i ed i n  the cu l tural  resources survey conducted at B i g  H i l l  
( s ee Sect.  3 . 2 . 1 . 7 ) . The State H i sto r i c  P reservat i o n  O ffi cer wou l d  be 
i nformed of  the constructi o n  schedu l e  so  that arrangements for 
mon i tori  ng cou l  d be made i f  so des i red . Further study of th i s area 
befo re cons tructi o n  and carefu l mo n i tori ng duri ng constructi on  
operati ons  wou l d  be  conducted to avo i d  des tructi o n  of  heretofore u n known 
s i tes . I f  an archae o l ogi cal s i te were uncovered duri ng construct i o n , 
wo rk  wo u l  d ceas e and the State H i  stor i  c Preservat i o n  Offi  cer wo u l  d be 
contacted i mmedi ate l y .  Wo rk  wou l  d not proceed unti l the nature and 
i mportance of  the fi nd was determi ned . 

I t  i s  u n l i ke l y  that the operati onal  p hase at B i g  H i l l  wo u l d  i mpact any 
archaeo l ogi cal , h i s tor i cal , or  cu l tural resources . 

Raw Wate r I n ta ke and Ons hore Br i ne D i spo sal  P i pe l i nes  

A p re l  i m i nary survey conducted by Thomas et a l . ( 1977 ) i nd i cated that 
archaeo l og i cal , h i stor i cal , and cu l tural  resources were not found al ong  
the raw water i ntake and  ons hore bri ne di sposal  p i pe l i ne routes ( Sect.  
3 . 2 . 1 . 7 ) .  M i nor  changes have been made i n  the l ocati on  of  these routes . 
Study of  the l ocati on  changes and carefu l  mo n i to ri ng du ri ng constructi o n  
wo u l  d be  conducted t o  avoi d des truct i o n  of  heretofore un known s i tes . 

4 . 2 . 8 Soci oeconomi cs 

Several facto rs i ntroduce s i gn i f i cant uncertai nty to the predi cti o n  of  
soc i oeconom i c  i mpacts of  construct i o n  at the  B i g  H i l l  s i te :  the  
experi ence at  West  Hac kberry ( d i scussed  i n  Sect .  3 . 2 . 4 . 8) ,  i ncreas i ng 
tran sportati o n  costs , po s s i b l y  al tered settl ement patte rns as a response  
to  i ncreased transpo rtat i o n  costs , p ro j ect h i r i ng and  contracti ng 
p racti ces , l abor avai l ab i l i ty ,  and pro j ect schedul i ng .  Many of  these 
uncertai nti es cannot be reso l ved at p resent .  However ,  it  i s  pos s i b l e  to 
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p l ace bounds on  construct i o n- re l ated s oc i oeconom i c  i mpacts and thus  
p rov i de a real i st i c range of  i mpact pos s i b i l i t i es .  O nce the range i s  
estab l i s hed , i t  wou l d  be pos s i b l e to foc us  o n  the i mpacts that are both 
pos s i b l e  and p robab l e .  

The bounds o f  pos s i b l e  i mpacts wou l d  be determ i ned by two sets o f  
ass umpti ons , wh i c h  are mutual l y  exc l us i ve .  The fi rst as s umpti ons  ( set 
I )  wou l d  p roduce m i n i mal , adverse soci oeconomi c i mpacts o n  i mpact 
area I ,  wh i c h  i s  de fi ned as the regi o n  wi th i n reasonab l e  commuti ng 
d i  s tance o f  the p ro ject ( about 60  mi l e s )  (Mounta i n We st  Research , 
1975 ) .  Set I I  as s umpti ons  wou l d  produce the maxi mum , real i sti c adve rse 
i mpacts on i mpact area I I , wh i ch i s  defi ned as that area i n  wh i ch i t  i s  
more economi cal to commute wee k ly  to nearby urban areas for goods and 
serv i ces  than to commute to the project dai l y .  The radi us  of the i mpact 
area I I  i s  ass umed to be 15 m i l es ,  a defi n i ti on wh i ch takes i nto account 
factors s uch  as avai l ab i l i ty of  l and , transportati o n  costs , hous i ng ,  
goods , and serv i ces . As fuel  pr i ces conti nue to ri se , wor kers are 
respond i ng by res i d i ng near the i r  wo rk  l ocat i o n . Dur i ng the Hac kbe rry 
experi ence many wor kers e l ected to l i ve near the s i te rather than i n  
Lake Charl es , w h i c h  i s  about 35  m i l es away . 

Two sets o f  ass umpti ons  and the i r  poss i b l e  and probab l e soc i oeconom i c  
i mpacts are g i ven be l ow .  Set  I ass umpti ons  are that : 

o Throughout the constructi o n  peri  od there wou l  d be  an  
adequate s upp ly  o f  l abor wi th i n i mpact area I .  

o Th i s l abor poo l  wo u l d  be tapped for the proj ect ( i .  e .  , 
there wou l d be negl i g i b l e i n-mi grat i o n  to the i mpact 
area)  . 

o Cons truct i o n  wo rkers and managers wo ul  d commute to the 
s i te from the i r  present re s i dences ( i . e . , there wou l d  be  
negl i g i b l e i nterreg i onal  m i grati o n ) .  

U nder these ass umpt i ons , v i rtual l y  no  adverse i mpacts beyond an i ncrease 
i n  traffi c i n  the vi c i  n i ty of  Bi g H i l l  wou l  d occ ur .  Secondary i mpacts 
cou l d p os s i b l y  be  caused by workers i n- m i grati ng i nto the i mpact area 
( area I )  see k i ng j obs  that wo u l d otherwi se  have been f i l l ed by workers 
emp l oyed at the s i te .  

Pos i ti ve i mpacts wo ul d i nc l ude s ome reducti o n  i n  unemp l oyment a s  we l l as 
emp l oyme nt and i ncome mu l t i p l i e r effects .  However , n e i ther of  these 
i mpacts wo u l d  be stati sti cal l y  detectab l e  i n  i mpact area I ,  g i ven  i ts 
growth rate and l arge aggregate pop ul at i o n .  

Set I I  as s umpti ons  are that : 

o Regardl e s s  o f  1 abor  avai 1 ab i l  i ty wi th i  n commuti ng 
d i  stance , many 1 aborers wo ul  d be hi red from outs i de o f  
the commuti ng d i stance .  

o Some l aborers h i red  from wi th i n  the nomi nal  commuti ng 
di stance wo ul  d ,  neverthel ess , choose  to re l ocate nearer 
the proj ect s i te ,  wi th i n i mpact area I I .  
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o Workers h i red from outs i de the nom i nal  commuti ng di stance 
wou l d  al s o  tend to l ocate wi th i n  i mpact area I I .  

U nder the se assumpti ons , the soci oeconomi c i mpacts are pote nt i al l y  
severe fo r the de fi ned i mpact area ( area I I ) .  A s ubstant i a l  m i grati on  
of  wor kers i nto i mpact area II  wou l d  l i ke l y  p l ace s i gn i fi cant burde ns  o n  
t h e  rural porti ons  o f  J efferson  a n d  Chambers Count i e s .  Local 
commu n i ti e s wi th i n i mpact area I I  i nc l ude Wi n n i e ,  Stowe l l ,  and Hams h i re .  
Popu l at i o n  e s t i mate s for these  commu n i t i e s  ( Tab l e 3-6)  s ugge st  the 
prese nce of  about 6 , 000 peop l e .  A ge neral  gui del i ne used  i n  
soci oeconom i c  i mpact analys i s  i s  that exi sti ng popu l at i on  ce nters can 
ab sorb an i ncrease i n  pop u l  at i o n  of  about ten percent . However , the 
exact capab i l i ty of a commu n i ty to absorb pop u l at i o n  i ncreases i s  
depe ndent o n  the vari ety of  pub l i c  and pr i vate serv i ce sectors 
avai l ab l e .  Based o n  thi s gui del i ne ,  i mpact area I I  cou l d  accommodate an 
i nfl ux of about 600 peop l e ( ten  percent of  6 , 00 0 ) .  

Re s u l ts of  analyses  performed by Mounta i n  West  Research ( 1975)  and the 
Tennessee Va 1 1  ey Author ity (1980 ) i ndi cate the ave rage househo l d  s i ze 
(workers and fami l y  members ) i s  about 3 . 0 whe n s i ngl e wo rkers are 
i nc l uded.  Therefore , about 200 wo rkers cou l d move i nto the area wi thout 
p l ac i ng a s ubstant i a l burden o n  the l ocal pub l i c  and p r i v ate serv i ce 
i n frastructures . 

As seen i n  Tab l e 4- 5 and F i g .  4- 7 ,  the peak constructi on  force , off and 
o n  s i te wo u l d  numbe r about 500 i f  the s i ngl e crude o i l p i pe l i ne to Sun 
Te rm i  nal  were constructed . Construct i o n  of  another p i pe 1 i ne to e i ther 
OTn o r  Pel i can I s l and wo u l d requ i re an addi ti onal  150 to 200 wo rkers 
off s i te .  

G i ven  the s hort durat i o n  o f  the �roj ect ( emp l oyment exceeds 200 for l es s  
than 1 . 5 years ) ,  set I I  ass umpt i o ns  l ead to the conc l us i o n that a I I boom 
and bustl l  cyc l e  i s  l i ke l y  for l ocal merchants . Set I I  ass umpti ons  do 
not l ead to the conc l us i on that unemp l oyment wou l d be s i gn i f i cant l y  
reduced . Seco ndary emp l oyment opportu n i ti es wo u l d b e  created , b u t  they 
wo u l  d be tempo rary and co u l  d 1 ead to . a l o ng- term i ncrease i n  1 oca 1 
unemp l oyment as the economy goes from boom to bust .  An i ncome 
mu l t i p l i er i s  pos s i b l e ,  but aga i n  the boom and bust  cycl e mi ght cause 
more l osses  than gai ns . However , d i s s em i nat i o n  of  est i mates to l ocal  
bus i nesses  o f  the numbe r of  wo rkers who wo u l d move i nto the Wi n n i e area 
fo r an  exte nded peri od and the l e ngth of  the i r  emp l oyme nt at the pro ject 
cou l d  enab l e  merchants to p l an ,  thereby m i t i gati ng the effects of a 
boom- bust cyc l e .  

Al though exi sti ng hous i ng i s  not readi l y  avai l ab l e wi thi n i mpact area 
I I ,  s i tes for mob i l e  home s are p l enti ful , and there are no zo n i ng 
regu l at i o n s . Accordi ng to the l atest i n fo rmati o n , an add i t i onal  1 , 500 
u n i ts (mobi l e  homes ) co u l d be accommodated by the sewage treatment and 
potab l e water fac i l i t i e s i n  Wi n n i e  ( J .  J o nes , Tri n i ty Bay Cons ervat i o n  
D i stri ct , personal commun i cati o n , January 1981 ) .  I n  al l other aspects , 
however , p resent  pub l i c  and pri vate serv i ces and goods i n  i mpact area I I  
wou l d  be strai ned i f  set I I  ass umpti ons  are accurate . Po l i ce and fi re 
p rotecti o n , educat i o n , heal th care , and san i tati on  wo ul d not be adequate 
to meet i ncreased needs under set I I  a ssumpti ons . Al tho ugh sewage 
treatment capac i ty ex i sts i n  Wi nn i e ,  i n-mi grati ng workers may choose to 
use  sept i c  or  hol d i ng tan ks , both of  wh i ch cou l d  cause heal th hazard s .  
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Ons i te wo rkers who s e  j obs cou l d be expected to l ast  at l east a year are 
l i ke l y  to l ocate near the s i te or to commute to the s i te i f  they are 
al ready near i t  ( i . e . , wi th i n about 15 . 5  m i l es ) .  Because of  
uncertai nti es i n  h i r i ng practi ces and l abor avai l ab i l i ty ,  the number of  
wo rkers that co u l d be obtai ned from the Port Arthur  and Beaumo nt areas 
cannot be determi ned .  However , bas ed  on the I-year j ob expectancy and 
the experi  ence at West  Hackberry , about 150 to 200 workers coul d be 
expected to l ocate o r  be l ocated near the p ro j ect ( s ee F i g .  4-7 ) .  These  
wor kers wo u l d be expected to bri ng the i r fami l i es  wi th  them . 

The n umber of wo r kers expected to l ocate o r  be l ocated near the p roj ect 
app roaches the number requ i red for s i gn i f i cant i mpacts on i mpact area I I  
under set I I  a s sump t i o n s , wh i ch i s  expected to be the more l i ke l y  event .  
Set I I  consequences cou l d be  avo i ded , o n l y  i f  workers l ocate or  res i de 
i n  Port Arthur  or Beaumont , both of wh i ch have amp l e  pub l i c  and pri vate 
goods and s e rv i ce s .  I f  most of the wor kers l ocate or  res i de i n  Port 
Arthur  and Beaumont , the consequences wo u l d  be s i mi l ar to the 
soc i oeconomi c i mpacts suggested for set I assvmpti ons . 

The o ffs i te wo r kers wo u l d be e s s enti al l y  the p i pe l i ne wor kers . P i pe l i ne 
crews tend to rel ocate near the i r wor k , but  do not ta ke the i r fami l i es  
w ith  them . Tab l e 4- 5 ( exc l u s i ve of  cons i derati on  of  the  OTTI or  Pel i can 
I s l and p i pe l i nes )  s uggests three separate crews fo r the raw water , crude 
o i l ,  and bri ne di sposal  p i pe l i nes . Average crew s i zes wo u l d be 50 , 140 , 
and 80 , respecti ve 1 y .  

G i ven the terrai n ,  i t  wo u l d  be l i ke l y  that t h e  raw water ,  a n d  espec i a l l y  
the bri ne p i p e 1 i ne crews , wo u l d l ocate near the coast .  The crew for the 
crude o i l p i p e l i ne wo u l d  l i ke l y  l ocate near the m i dp o i nt  of  the route to 
Sun  Termi nal . Al l crews wou l d thus  be l ocated i n  i mpact area I I .  

Soci oeconomi c i mpacts o f  o ffs i te wor kers cou l d p u s h  total i mpacts toward 
the consequences o f  set  I I  as s umpti ons . Two facto rs mi l i tate aga i nst  
t h i s ,  however .  F i rst , there i s  no househo l d  mu l t i p l i er effect because 
wo r kers wo u l d  not be expected to  br i ng t he i r  fami l i es wi t h  them .  
Second , mo s t  p i pe l i ne crews are experi enced , i ntegral un i ts wh i ch s ho u l d  
be regarded as formi  n g  tran s i ent , s e l f- co ntai ned commu n i ti es wh i c h  do 
not  i mpact exi sti ng res i dents s i gni fi cant l y .  I f  the crews are h i red 
from i mpact area I ,  the consequences are l i ke l y  to be s i m i 1 ar to those  
deri ved from set I ass umpti ons , even  though the crews cou l d  rel ocate . 
I f  the crews are h i red outsi de of  i mpact area I ,  benef i c i a l emp l oyment 
and i ncome mu l t i p l i ers are l i ke l y  to be  decrease d .  

Constructi on  o f  p i pe l i nes  t o  t h e  OTTI or  Pel i can I s l and termi nal s wou l d  
not l i ke l y  i mpact area I I  measurab l y  because  the crews wo u l d probab l y  
l ocate outs i d e  that area . Impacts o n  t h e  greater Hou ston or  greater 
Gal veston area wo u l d p robab l y  not be stati sti cal l y  detectab l e  because  of 
the rap i d  growth and i ndustri al i zati o n  that i s  a l ready occurri ng .  

Operati o ns  

Leachi ng and fi l l i ng wo u l d requ i re 20 to  40 l o ng-term wo r kers at  the B i g  
H i  1 1  s i te .  These wo r kers wo u l  d undo ubtedl y  move i nto i mpact area I I , 
bri ngi ng the i r  fami l i es  wi th  them.  G i ven  the preced i ng ana l ys i s ,  
soci oeconomi c i mpacts of  ons i te operati ons  wou l d  be negl i g i b l e .  
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Soci  oeconomi c i mpacts of  wor k  at any of the three proposed termi na 1 s ,  
whether  the wor k  i s  regarded as constructi o n  o r  ope rati ons , wo u l d a l s o  
be negl i g i b l e  because  of  the s i ze of the wor k  force « 40 )  a n d  the 
exi sti ng i ndustri al  devel opment at those s i tes . 

4 . 2 . 9 .  Soci oeco nomi c Impact M i ti gati o n  

T h e  two soci oeconomi c i mpact scenari o s  di scussed above d o  not take i nto 
acco u nt the po s s i b i l i ty of mi ti gati ng adverse soci oeconom i c  i mpacts o r ,  
mo re general l y , a l teri ng soci oeconom i c  i mpacts by consc i o u s  p o l i cy 
dec i s i ons . I f  m i t i gati o n  effo rts are u ndertaken as a matter of 
consc i o us  po l i cy ,  not o n l y  may s ome adverse  i mpacts be m i t i gated or 
avo i ded enti re l y ,  but p redi ct i ons  of  i mpacts may become more re l i ab l e .  
The i mpact scenar i o res u l ti ng from Set I ass umpti ons  wi l l  become more 
p robab l e ,  and any p roj ect- rel ated growth that does occur may become more 
manageab l e .  

Even i f  i mpacts cou l d accurate l y  be p red i cted , many commu n i ti es do not 
have the techn i cal capab i l i ti e s  to p l an for the i r m i t i gat i o n .  Prov i di ng 
the servi ces of  expert and experi enced p l anners to commu n i ti es that 
mi ght be i mpacted i s  one  way of he l p i ng to m i t i gate i mpacts . The 
funct i o n s  of  these experts mi ght i nc l ude : 

o Us i ng soph i sti cated tech n i ques for i mpact pred i ct i o n  and 
eval uati on  ( e . g . , computer s i mu l ati o n , the De l ph i  
tech n i que , gami ng , and pub l i c  op i n i o n  s u rveys ) ( Murdock  
and  Le i str i tz ,  1980 ; Fowl er , 1980 ; and  Schul l e r et  a l . ,  
1975 ) . 

o He l p i ng p l ace and deve l op i mpact m i t i gati o n  strategi es  i n  
cooperati on  wi th l ocal offi ci a l s .  

o Locat i ng and obtai n i  ng f i  sca 1 and other types of  
re sources to  mi ti gate i mpact . 

o Gatheri  ng data o n  i mpacts through both formal means and 
i nfo rma l observati o n s .  

o Act i ng as a l ocal co ntact and l i ai so n  between  DOE and 
i mpacted c i ti zens , offi c i a l s ,  and commun i t i e s .  

Exper i e nce at the Te nnessee  Val l ey Autho ri ty 1 s (TVA 1 s )  Hartsvi l l e ,  
Ye l l ow Cree k ,  and P h i pps Bend nuc l ear p l ants duri ng construct i o n  
s ugge sts the i mportance of  o n s i te personne l  f o r  i mpact m i t i gati on  
( Fowl e r ,  1977 ) .  

I n  general , soci oeconom i c  i mpacts depend not o n l y  on  change s i n  the 
soc i a l  and economi c envi ronment caused by the i n fl ux of  pr i mary and 
secondary emp l oyees and the i r fami l i es i nto a regi o n , but a l so  the 
di str i b uti on  of  those emp l oyees , i n  terms of  p rox i m i ty to avai l ab l e  
exi s t  i ng goods and serv i  ces . Matc h i  n g  demand for goods and servi  ces 
wi th exi sti ng s upp l y  i s  often an economi cal way of m it i gati ng adverse 
i mpacts by avo i di ng them a l together .  
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Avai l ab l e mi ti gati o n  measures a l o ng these l i nes  i nc l ude : 

o A del i berate po l i cy of  l ocal trai n i ng and h i ri ng .  Wi th 
one set of  excepti ons , l ocal  h i ri ng e l i m i nate s adverse 
i mpacts by e l i mi nati ng the i r cau se  ( e . g . , i n-mi grati o n ) . 
However , adverse conseq uences may be associ ated w ith ' th i s 
approach becau se  l ocal  h i ri ng may attract wor kers from 
exi s t i ng l ocal b u s i nesses , creati ng l abor s hortages and 
fos teri ng i n-m i grati o n .  I n  addi t i o n ,  pay di ffe re nti a l s 
may cause hards h i ps for l ocal  emp l oyers . 

o Po l i c i es to e ncourage geograp h i c di stri but i o n  of  
i n-mi grati ng wor kers i n  areas where pub l i c  and pri vate 
goods and s erv i ces are adequate to meet new demands . 
P o l i c i es of  thi s nature may be s i mp l e  and i nexpe ns i ve , 
s uc h  as i denti fy i ng areas where hous i ng and other 
ame n i t i e s  are readi l y" avai l ab l e .  Other p o l i c i es may be 
more comp l ex and expens i ve ( and more l i ke l y  to ass ure 
i mpact m i ti gati o n ) , s uch  as  i nsti tuti ng s ubs i di zed van o r  
car p o o l  s ,  wh i ch  encourage workers t o  l ocate i n  more 
di stant areas and , thus , " di l ute" i mpacts (TVA , 1976 ) .  

o Po  1 i c i  e s  to encourage 1 oca 1 p l anners and offi  c i  a 1 s to 
encourage d i l ut i on  of  i mpacts by i nsti tuti ng growth 
co ntro 1 s thro ugh zon i  ng and other 1 and use  management 
techn i ques . ( Fo r  a br ief  survey of  pos s i b i l i t i es and 
l egal i t i es , see Wri ght and Webber , 1978 . ) 

An addi ti onal  type of  m i t i gat i o n  measure i s  compensati on-- payment i n  
cash o r  ki nd  for d i s rupti ons  caused dur i ng p roj ect con struct i o n  and/or 
operat i o n .  Examp l e s of  these  types of m i t i gati o n  i nc l ude reparat i o n  of  
damages cau sed  by construct i o n  such  as road repai r ,  revegetati o n  of 
p i pe l i ne ROWs , and p rov i s i on of addi ti onal  pub l i c  s e rv i ces , s uch as 
mutual ai d serv i ces ( e . g . , amb u l ance serv i ce ;  area-wi de fi re protect i o n , 
as i s  be i ng done i n  West  Hackberry) . 

Economi c I mpact on S h r i mp and Menhade n F i s heri es  

Tab 1 e 4- 6 p resents several l os s  scenari o s  for depths of  1 e s s  than 15 
fathoms for 1977 G u l f Coast s h r i mp data ( NOAA , 1978) , ave raged over 
stati sti cal  areas 17 and 18 . The 3 . 5-mi l e  d i ffuser s i te i s  l ocated at 
the i nte rface of the 0- to 5- fathom- and 6- to 10-fathom- depth zones , 
whereas the 12 . 5-mi l e  s i te wou l d  be l ocated wi th i n  the 6- to 
10- fathom- depth zone . The se val ues  are based on worst-case MIT 
far- fi e l d  mode l o utp uts of  area coverage of  the var i o u s  ove rages of the 
sa l i n i ty p l ume , us i ng B i g  H i l l  currents wherever pos s i b l e  and B i g  H i l l  
d i  sc harge cri teri a .  These  curre nt condi t i o n s  ( U  and V components ) are 
s h own i n  Appendix  F ,  and the model  o utp uts are di scussed  i n  Sect .  4 . 2 . 5 .  
Thi s analys i s  conservat i v e l y  ass umes comp l ete fi s h i ng l os s  for the area 
covered by a part i cu l ar sal i n i ty ove rage . It shou l d  be stated , howeve r ,  
that sal i n i t i e s l es s  than 3 ppt above amb i ent are not expected to stress 
the system , and l os s e s  to the fi s hery wou l d  be m i n i mal . These l o s s  
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Table 4·6. Mean1 catch data2 (Ib/acre) for selected depth Intervals (subareas) In statistical 
areas 17 and 1 8  for 1 977 and loss scenarios per year for areal coverage of 
different salinity overages 

Catch { H I/acre} Catch v a l ue Loss scenari os �$} 
3 ppt4 2 pptS 1 ppt6 Depth i nterval Brown shrimp Whi te shrimp 

( fathoms ) 

000-005 0 . 542 5 . 758 

006- 010 1. 300 0 . 825 

000- 010 1 . 172 1 .  652 

011-015 1. 884 0 . 045 

1 ( catch in area 17 + catc h  in area 18) 
( acres in area 17 + acres in area 18) 

P i nk shrimp D ther3 Total 

0 0 . 465 6. 765 

0 0 2 . 125 

0 0 . 078 3 . 289 

0 0 . 005 1 . 934 

2Catch data cal cul ated from Gul f Coas t Shrimp Data , Annual SUlnmary ( NOAA , 1978) 
and water sur face area data ( fr?m Patel l a ,  1975 ) .  

3Mostly seabobs ( X iphopenaeus kroyeri ) .  

4 3- ppt overage 207 acres for worst -case , sustai ned l ow energy current . 

52-ppt ove rage 825 acres for wor s t-case , sustai ned l ow energy current . 

li 1-ppt overage 2 , 575 acres for WOI'st-case , sustai ned l ow energy current.  

Note:  The "wors t-case" ana lys is  is  taken from a l ow energy reg ime.  

( $/acre ) 

12. 98 2 , 687 10 , 709 33 , 424 

4 . 58 948 3 , 779 1 1 , 794 

5 . 99 1 , 240 4 , 942 15 , 424 

4 . 05 838 3 , 34 1  10 , 429 



sc enari os  are as 
1 ppt = 2 , 575 acres . 
i t  i s  ass umed that 
s i mi l ar ly  over depth .  

fol l ows : 3 ppt  = 207 acres ; 2 ppt  = 825  acres ; 
S i nce th i s  analys i s  i nc l udes several depth lones , 
the vari ous  sa l  i n i  ty overage s affect the b i  ota 

Ca l cu l ated l os s e s  for the 3-ppt- above- amb i e nt conto ur  range from $838 to 
$2 , 687 . S i m i l ar l y ,  a worst-case l os s  wou l  d range between  $10 , 429 and 
$33 , 424 i f  the enti re area covered by the br i ne p l ume was l ost for the 
year and producti on  was not o ffset to nearby areas . The esti mated cost 
of  exte ndi  ng the bri  ne d i  sc harge 1 i ne from the 3 .  5-mi l e s i te to the 
12 . 5-mi l e  s i te i s  approxi mate l y  $21 mi l l i on .  

When  thi  s cost i s  compared wi th the val ue o f  the total annual  ( 1977)  
s h r i mp catch , ave raged over stati sti cal areas 17  and 18 , for depths l es s  
than 10 fathoms , i t  i s  seen that the cost of  extendi  n g  the p i pe 1 i n e  to 
the 12 . 5-m i l e  s i te i s  a l most twi ce the do l l ar va l ue of the s h r i mp catc h .  

A s  stated i n  Sect . 3 . 2 . 1 . 8 and Appe nd ix  G ,  n o  standard stati sti cal 
reporti ng system has been deve l oped for the menhade n fi s hery i n  the Gu l f  
of  Mexi c o .  Menhade n l andi ngs i n  1979 and 1980 we re 1 . 72 and 1 . 55 
b i l l i o n pounds , val ued at $73 . 4 mi l l i o n and $69 . 1 m i l l i on re specti ve l y .  
For  the 6-year peri od , 1975 t o  1980 , t h e  ave rage annual  catch was 1 . 41 
b i l l i on pou nds . About 85 percent of  the catc h was made wi th i n 3 m i l es 
of  s hore duri ng 1980 . O n  the bas i s  o f  the exten s i ve l i terature rev i ew 
of  menhaden ecol ogy , no  b i o l ogi cal or  econom i c  i mpacts to the f i s hery 
are expected.  

Th i s as s e s sment i s  based on  the fol l owi ng :  

1 .  Men hade n are euryhal i ne organ i sms dur i ng al l l i fe stage s 
and shou l  d be tol erant to the sma 1 1  sal  i n i ty changes 
p roj ected for bri ne di sc harge .  

2 .  Me nhade n are pos s i b l y  the second most abundant f i s h  i n  
the Gu l f . Anchoa m i tc h i l l i  i s  the most ab u ndant taxon .  

3 .  Menhade n l i fe stages are general l y  pel agi c  and wou l d  pas s 
over the negati ve l y  b uoyant b r i ne p l ume . 

4 .  Much o f  the comme rc i a 1 catc h occurs i nshore of  al l 
p roposed d i ffuser  l ocati ons . 

5 .  The ce nte r of  menhade n spawn i ng acti v i ty i s  off the 
M i s s i ss i pp i  De l ta .  Spawn i ng appears w i de l y  di strib uted 
and may occur as far off s ho re as the 50- fathom-depth 
contour .  

6 .  As wi th s h r i mp , l i ttl e i nformati on  has been devel oped to 
s ugge st a strong spawner- recru i t  re l at i o n s h i p .  The 
f i  s hery ,  wh i ch i s  based on  age 1 and 2 f i  sh , appears 
strongly l i n ked to estuari ne nursery cond i ti o n s .  
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4 . 3 C RUDE  O I L  D I STRIBUTION SYSTEM 

Th i s  sect i o n  deal s w i th the construct i o n  
i nc l udi ng sp i l l  ri s k ,  of  t h e  crude o i l 
Phase I I I .  

4. 3 . 1 O i l  Spi l l  Ri s k  

and operati ons  i mpacts , 
d i stri but i o n  system for 

The transport of  crude o i l i nvo l ves envi ronmental r i s ks as a res u l t of  
acc i dents and sp i l l s . T h i s s ecti o n  presents  an analys i s  of  these ri s ks 
and the frequency and s i ze of  sp i l l s  that may occur dur i ng transport of  
S P R  o i l  through  G u l f Coastal areas of  the U n i ted States .  

I n  th i s  analys i s ,  o n l y  acc i dental d i scharges of  crude o i l were 
cons i dered . These i nc l ude sp i l l s  from ves s e l  casual t i es , s uch  as 
co l l i s i ons  w ith  other ves s e l s ,  rammi ngs of  f ixed  objects and groundi ngs , 
sp i l l s  at mar i ne termi nal s duri ng  the offl oad i ng and l oad i ng o f  tan k 
vesse l s ,  sp i l l s  duri ng vesse l - to-ves s e l  trans fers ( l i ghteri ng) , and 
p i pe l i ne acc i de nts . 

Not con s i dered i n  th i s  analys i s  were operat i o nal  d i scharges o f  o i l ,  such  
as those  res u l ti ng from the di sposal  o f  o i l y b i l ge and bal l ast  waters 
s i nce these were adequate l y  treated i n  the Texoma Group F E I S  
( Sect . C . 2 ) .  I t  h a s  b e e n  estab l i s hed that these consti tute t h e  b u l k of  
a l l o i l d i scharges asso c i ated w i th mari ne operati ons . However , u . S .  
Coast G uard regul  at i o n s  ( 33 C F R  157 ) and the agreements o f  the 1973 
I n ter-Gove rnmental  Mari t i me Consu l tat i ve Organ i zati on ( IMCO ) wou l d 
pro h i b i t  operati onal  d i scharges i n  coastal waters and l i m i t  di sc harges 
i n  the open sea (>50 mi l es from shore )  to 1/30 , 000 of  the cargo for new 
tan ks h i ps . Th i s  number  i s  based on req u i rements contai ned i n  the I MCO 
I nternat i o nal Conventi o n  fo r the Preventi o n  o f  Po l l uti o n  from S h i p s . 
S i mi l ar regu l ati ons  have  been propo sed for fore i gn f l ag tan kers i n  u . S .  
waters . I f  these  regu l at i on s  are fol l owed , operati o nal d i scharges wi l l  
te nd to be wi de l y  di spersed over the open ocean . 

I n  contrast , acc i dental sp i l l s  may occur anywhere , especi al l y  i n  coastal 
and i n l and waters , i nc l ud i ng harbors  and harbor  entrances .  Moreover , 
acc i dental sp i l l s  may res u l t i n  a l arge o utfl ow at a s i ngl e l ocati o n  
rather than b e i ng wi de l y  d i spersed o v e r  a great di s tance as for 
operati onal  d i scharge s .  Hence , more s i gn i fi cant adverse e n v i ronmental  
effects are expected from acc i dental sp i l l s  of  o i l .  

4 . 3 . 1 . 1  Scenar i o s  Anal yzed 

The ana lys i s  of o i l sp i l l  ri s ks was perfo rmed for three S P R  storage 
s i tes  ( B i g  H i l l ,  We st Hackberry , and B ryan Mound ) , the i r as soci ated 
mari ne termi nal s ( S u n , OTTI , Pe l i can I s l and , and Seaway ) , the p i pe l i nes  
connecti ng the  termi nal s and  sto rage s i tes , and  the l i ghteri ng tan kers 
transporti ng crude o i l between transocean i c ,  very l arge crude carri e rs 
(VLCCs ) ,  and the mar i ne termi nal s .  Three scenari o s  were co n s i dered for 
each sto rage s i te :  
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o Leach/fi 1 1  
o Wi thdrawa l  

o Refi 1 1  
The l each/f i l l  scenari o deal t w i th two mar i ne termi nal s ( Seaway and 
S u n ) , but i nv o l ved the fo l l owi ng  opti ons  for the Wes t  Hackberry and 
B ryan Mound storage s i tes : 

o We st  Hac kberry - i ncrease o f  the P hase I I s torage 
capac i ty by 30 or 10 MMB . 

o B ryan Mou nd - i nc rease o f  P hase I I  storage capac i ty by 
40 or  60 MMB . 

The wi thdrawal and refi l l  scenar i os  cons i dered three opti ons  for the B i g  
H i l l  storage s i te ( i . e . , u se  o f  the fo l l owi ng termi nal - p i pe l i ne 
connecti ons ) :  

o S u n  Termi nal  - B i g  H i l l  

o OTTI - B i g H i l l  

o Pel i can  I s l and  - B i g  H i l l  

The wi thdrawa l  scenar i o was based o n  the fol l owi ng o i l d i stri buti on  
p rograms : 

o Sun  Termi nal  - 50 percent v i a  p i pe l i ne ,  50 percent v i a  
tan ker .  

o OTTI - 65 percent v i a  p i pe l i ne ,  35 percent v i a  tanker .  

o Pe l i can I s l and - same as fo r OTT I . 

o Seaway Termi nal  - 60 percent v i a  p i pe l i ne ,  40 percent v i a  
tanke r .  

Two tan ker  opti ons  we re a l so  cons i dered : 

o 60 , 000 dead we i ght ton ( dwt) tan kers w i th a nomi nal  
capac i ty of  420 , 000 bb l . 

o 45 , 000 dwt tan kers wi th a nom i nal  capac i ty of  320 , 000 
b b l . 

Tab l e  4- 7 s ummari zes  the esti mated n umber of  tan ker  tri p s  requ i red for 
each scenari 0 and s i te .  The n umber o f  offl  oad i ngs or  1 oadi ngs at the 
mari ne term i nal s i s  equal to the n umber of  tanker tri p s .  Tab l e  4-8 
s ummari zes the ti me durat i o n  of use of  the crude o i l and br i ne di sposal  
p i pe l i nes for  eac h scenari o .  The number of  l i ghte r i ng operati ons  duri ng 
the l each/f i l l  and refi l l  scenari os  i s  al so  equal  to the n umber of  
tanker tri p s  duri ng those two scenari o s .  
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Table 4·7. Summary: Leach/fill, withdrawal, and refill scenarios for storage sites, terminals, and tankers 

Rate 

( lOa bb l /d )  Term i n a l  Number of tanke r  t r i p s  requ i red 

B i g  H i l l  l each/ f i l l , 43 months , 140 Sun 333 (60 , 000 dwt )  4 3 7  (45 , 000 dwt ) 
O i  1 t rans fer:  140 MMB 

B i g  H i l l  wi thdrawa l 935 Sun 166 ( 60 , 000 dwt )  2 1 9  (45 , 000 dwt) 
O i l t rans fe r :  1 4 0  MMB 
D i s t r i but i on :  50% p i pe l i ne ,  50% tanke r  

B i g  l I i l l  ref i l l ,  3 3  months 280 Sun or OTn o r  3 3 3  ( 60 , 000 dwt ) 437 ( 45 , 000 dwt ) 
O i l trans fe r :  140 MMB Pel i can I s l and 

We s t  Hac kbe rry l each/fi l l ,  6 months 175 Sun 7 1  ( 60 , 000 dwt) 94 (45 , 000 dwt) 
O i  1 t rans f e r :  30 MMB 

We s t  lIac kberry l each/ f i l l  ( a l te rnat i ve )  175 Sun 24 ( 60 , 000 dwt ) 31 (45 , 000 dwt) 
2 months o i l t ran s f e r :  1 0  MMB 

We s t  Hackbe rry* wi thdrawa l 1 . 4 Sun 313 (60 , 000 dwt ) 411 (45 , 000 dwt )  
O i  1 t ransfer:  263 MMB 
D i s t ri but i o n :  50% p i pe l i ne ,  50% tanker 

Wes t  Hac kbe rry* wi thdrawa l 1 . 4 Sun 289 ( 60 , 000 dwt ) 380 (45 , 000 dwt) 
( a l ternat i ve ) , o i l trans fe r :  243 MMB 
D i  s t r i but i on :  50% p i pel i ne ,  50% tanker 

Wes t  Hackberry* re f i l l , 33 mon ths 175 Sun 626 ( 60 , 000 dwt ) 822 (45 , 000 dwt ) 
O i l trans fer:  263 MMB 

We s t  l Iackberry re f i l l ,  33 months 175 Sun 578 ( 60 , 000 dwt ) 760 (45 , 000 dwt ) 
O i  1 trans f e r :  2 4 3  MMB 

*22 MMB at S u l phe r M i nes i s  i nc l uded wi th Wes t  Hac kberry for o i l sp i l l  ri s k  a s s e s sment 



Table 4·7 (continued) 

Rate 

( l03 bb l /d )  Term i na l N umbe r o f  tanker t r i p s  requ i red 

Bryan Mound l each/f i l l ,  7 . 4  months 180 Seaway 96 ( 6 0 , 000 dwt ) 125 (45 , 000 dwt) . 
O i l trans f e r :  4 0  MMB 

B ryan Mound l each/f i l l  ( a l ternati v e ) 180 Seaway 143 ( 6 0 , 000 dwt) 187 (45 , 000 dwt) 
11 months , o i l trans fer:  60 MMB 

� Bryan Mound wi thdrawal 1 , 054 Seaway 210 ( 6 0 , 000 dwt ) 275 ( 4 5 , 000 dwt) 
I 

O i l transfer:  220 MMB U1 0 D i s t r i buti o n :  60% p i pe l i ne ,  40% tanker 

Bryan Mound wi thdrawal 1 , 054 Seaway 229 ( 60 , 000 dwt ) 300 ( 4 5 , 000 dwt )  
O i l trans fer ( al terna t i ve ) :  240 MMB 
D i s t r i buti o n :  60% p i pe l i ne ,  40% tanke r  

B ryan Mound re f i l l , 33  months 180 Seaway 524 ( 6 0 , 000 dwt ) 688 (45 , 000 dwt) 
O i l transfer:  220 MMB 

B ryan Mound re f i l l , 33 months 180 Seaway 572 ( 6 0 , 000 dwt) 750 (45 , 000 dwt) 
O i l tra n s f e r  ( al ternati ve ) :  240 MMB 
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Table 4·8. Time duration of usage for storage slte·to·marine terminal oil pipelines and the storage 
site brine pipelines 

T i me of u s e  (years ) d u r i ng : 

DOE o i l p i pe l i ne length (mi l e s )  D i amete r ( i n . ) leac h/F i 1 1  W i thdrawa l 

B i g  H i l l /Sun Termi nal  23 36 3 . 58 0 . 40 

B i g  H i l l /OTTI 58 40 0 . 40 

B i g  H i l l /P e l i c an I s l and 54 40 0 . 40 

We s t  Hac kbe rry/Sun 41. 5 42 0 . 50 ( a l ter- 0 . 40 
Termi n a l  nati v e ) /0 . 16 

B ryan Mound/Seaway 4 . 1 36 0 . 61 ( a l ter- 0 . 40 
Termi n a l  nat i ve ) /0 . 91 

B ryan Mound/Jones Creek 4 36 0 . 40 
Tank Farm 

B r i ne d i sposal  p i pe l i nes 

B i g  H i l l /G u l f o f  Mex i co 12 . 5  42 3 . 58 
A l te rnate 19 46 3 . 58 

Wes t  Hac kberry/G u l  f o f  23 36 0 . 50 ( a l ter-
Mex i co nat i ve ) /0 . 16 

B ry a n  Mound/G u l f o f  1 5  3 6  0 . 61 ( a l ter-
Mex i co nat i v e ) /0 . 91 

Re f i l l  

2 . 7 5  

2 . 7 5 

2 . 7 5 

2 . 7 5  

2 . 7 5  

2 .  7 5  

2 . 7 5  
2 . 7 5  

2 . 7 5  

2 . 7 5  



F o r  p u rp os e s  of  anal ys i s and s ub sequent c ompar i s o n  and eval uat i o n , the 
n umber of areas that c ou l d be  affected by sp i l l s  for each s cenari o was 
dete rm i ned  to be s i x : 

o I n  the G u l f o f  Mex i co duri ng  l i ghteri n g  (50  mi l es off  
s ho r e )  . 

o Tran s i t  to the coast .  

o Trans i t  thro ugh harbo rs and p o rts . 

o At the termi na  1 .  
o A l ong  the p i pe l i ne ro ute . 

o At t he s to rage s i te .  

The c oastal area that wo u l  d mos t  1 i ke l y  b e  affected b y  a majo r  o i  1 
sp i l l , duri ng  l i ghteri ng  and/or  tran s i t  to harbo r  entrance s , wou l d reach 
from about F reeport , Texas , to Pecan I s l an d , Lou i s i ana.  Bays , l akes , 
streams , beache s , and c oastal  wet l ands  i n  the area wou l d be  v u l ne rab l e  
to hab i tat des truct i o n , l os s  o f  b i o l og i cal  p roducti v i ty ,  and an i mal  
morta l i ty .  The exte nt of  the i mpacts wou l d depend  d i rectl y o n  the 
di stance from s h o re , the amou n t  and typ e  of o i  1 s p i  1 1  e d ,  and the 
meteoro l og i cal /oceanograp h i c  condi ti o n s . Stati s t i cal l y ,  howev e r , the 
amounts of o i l e s t i mated to be sp i l l e d  thro ug h  n o rmal operat i o n s . are 
smal l ,  and  the l i ke l i ho o d  of a ·  majo r  s p i l l  i s  a l s o  sma l l ( see 
Appe n d i x I ) .  Tab l e 4-9 l i s ts the average p robab i l i t i e s  o f  a majo r  s p i l l  

. for c omb i ne d  scenari o s  ( i . e . , l each/fi l l  + wi thdrawal + refi l l ) ,  based  
o n  the exc l us i ve u s e  of  45 , 000 dwt tan kers . 

Table 4·9. Average probability for a major oil spi l l  1 

S i  ze o f  s p i  1 1  Ave rage p robab i l i ty 
Operat i o n  ( bb l ) o f  maj o r  s p i l l  

L i ghte r i ng 500 0 . 049 

Tran s i ti ng to coast  60 , 000 0 . 000001 

Tran s i ti ng i n l an d  waters , 
harbors , and p o rts  60 , 000 0 . 001 

Off l o ad i ng/l oad i ng  500  0 . 015 

Egu iEment 

O ffs  i te o i  1 p i pe l i ne s  10 , 000 0 . 003 

Br i ne d i sposa l  p i pe l i ne s  10 , 000 0 . 002 

l A majo r  o i l s p i l l  i s  c o n s i dered the max i mum credi b l e sp i l l  by tan kers 
( about  60 , 000 b b l ) ,  operat i o n s  ( about  500  b b l ) ,  and p i pe l i ne s  ( ab o ut 
10 , 000 b b l ) ( Seaway Group F E I S ) . 
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The exc l us i ve u s e  o f  60 , 000 dwt tan kers wo u l d  cause  a smal l decreas e i n  
the average probab i l i ty o f  a maj or  sp i l l .  

D ur i ng  the course  o f  the three scenari os , abo ut 1 , 456  MMB wou l d  be  
transported . Tab l e 4-10  addres s es the  r i s k  of  o i l sp i l l s for  maj o r  
geograp h i ca l  areas . 

Table 4·1 0. Average probability for a major oi l  spi l l  in different geographical areas 

Area of i mpact Average p ro bab i l i ty 
o f  maj o r  s p i l l  

Gu l f  Coast p i pe l i n.e ro utes l 0 . 003 

G u l f Coast i n l and  waters and harbors 2 0 . 016 

Gu l f  Coast3 0 . 049 

l Based o n  128 m i l es of SPR p i p e l i nes for a t i me o f  7 years ( l each/fi l l 
wi thdrawa l - ref i l l ) . 

2 Sab i ne Pas s , Sab i ne La ke , Neches R i ver/Ga l veston Bay/Freeport .  
3 Reach o f  the G u l f Coast  i s  from Freeport , Texas , to the western end 

o f  Pecan I s l and , Lou i s i an a .  

Sei l l s From Land-Based Ope rati ons  at  the  Term i na l s ,  D ocks , and  Storage 
S l tes 

The r i s k  of sp i l l s was esti mated for ( 1 )  operat i o n s  at a typ i ca l  sto rage 
s i te ,  ( 2 )  operati o n s  at the tan k  farm and d i stri buti o n  system p i pe l  i ne 
and p umps at a typ i ca l  crude o i l  mar i ne  term i na l , and ( 3 )  l oadi ng/ 
off l o ad i ng  operati o n s  on and near the doc k at a typ i cal  mar i ne termi na l . 
The s i ze and  freque ncy o f  sp i l l s assoc i ated wi th l oadi ng  and o ff l oadi ng  
operati o n s  were esti mated from repo rted s p i l l  data obtai ned from the 
U . S .  Coast G uard P I RS data for the years 1973 through 1976 . D u r i ng  t h i s 
4-year pe r i o d ,  a total o f  275  sp i l l s  from docks throughout the U n i ted 
State s occurred dur i ng the l oad i ng o r  o ff l o ad i ng  of  tan k barges and 
tan ks h i p s .  Dur i ng  th i s same peri od  i t  was esti mated , by us i ng  U . S .  Army 
C o rps  of  Eng i neers data (Waterborne Commerce) , that a total o f  2 x 10 5 
s uc h  operati o n s were perfo rmed annua l l y .  Thus , the ave rage frequency o f  
sp i l l s from term i nal  docks f o r  s uc h  operati o n s i s  approxi mate l y  

275  
- 14 10- 4 

2 x 105 - . x 

The d i str i but i o n  of  the s i ze o f  these sp i l l s  i s  f i tted we l l  by the curve 
i n  F i g . 1 - 2  ( s ee Append ix  I ) .  

The frequency o f  sp i l l s  from operati ons  at a typ i ca l  sto rage s i te and 
that from operati o n s at a mari  ne  term i na 1 we re deve l oped by d i ffe rent 
methods because no  u s ab l e h i sto r i cal  data were ava i l ab le .  F i rs t ,  a 
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b l ock  d i agram , i nd i cat i ng the maj or  systems and components , was prepared 
for the crude o i l rece i v i ng and d i stri buti ng  systems at a typ i cal 
sto rage s i te and a typ i cal term i nal . These are shown i n  F i g s .  4-8 and 
4- 9 ,  respecti ve l y .  Wi th the a i d  o f  the res u l ts o f  a fau l t  tree analys i s  
of  s i mi l ar systems (Mastandrea and S i mmons , 1978) , the frequency of  
l eaks and  sp i l l s  ari s i ng from the  s everal subsystems and components o f  
t h e  o i l  d i stri but i o n  systems was esti mated .  T h e  val ues  u s e d  i n  th i s  
analys i s  are presented i n  Tab l e  4- 11 . 

The frequency of  l ea ks from equ i pment 1 i sted i n  Tab l e  4- 11 does not 
re fl ect the contr i but i o n  of  h uman erro r ,  s uch  as l eav i ng a drai n val ve 
open after mai ntenance . Based o n  ana l ys i s  o f  the cause of  sp i l l s  at a 
mar i ne term i nal dur i ng  l oadi ng and o ffl oad i ng operati ons  (SAl , 1978) , i t  
was determi ned that sp i l l s  resu l ti ng from human error were approxi mate l y  
three t i mes  those  res u l ti ng from equ i pment fai l ure . Thus , t h e  s um o f  
t h e  frequency of  sp i l l s  from t h e  o i l  d i str i but i o n  systems caused by 
equ i pment fa i l ure was mu l t i p l i ed by 4 to obtai n the esti mated total 
frequency from both equ i pment fa i l ure and h uman erro r .  Sp i l l s  of  o i l 
from l ea ky components of  the o i l di stri but i o n  system may not nece s s ari l y  
reach wate r or  an env i ronmental l y  sens i ti ve area . A l l o f  t h e  more 
l eak- pro ne equ i pment i s  s u rro unded by curb i ng or d i kes . Both types  of  
encl o s u res are  drai ned to  a catc hment bas i n ,  where  any o i l  and water are 
separated and the o i l  i s  co l l ected i n  a s l op tan k for eventual  return to 
the system ( see Fi gs . 4-8 and 4- 9 ) . However ,  the curbs may overfl ow , 
and the d i kes have a gate val ve for drai n i ng excess  rai n wate r .  Th i s  
val ve  co u l d i nadvertentl y be l eft open  fo r 24 h by mi sta ke after a heavy 
ra i n  (est i mated frequency o f  occurrence fo r l eav i ng a val ve open i s  
2 x 10- 3 ) .  A s sum i ng 12 such  ra i ns per  year , the probab i l i ty of a sp i l l  
from a d i ke ,  g i ven a sp i l l  i n  the d i ke ,  i s :  

24 h (2  x 10- 3/demand)  ( 12 demands/year) (8760  h/year ) = 6 . 6 X 10- 6 • 

There are other ways i n  wh i ch the d i ke cou l d be breached , but these are 
l es s  l i ke l y .  

It  was as s umed that the curbed areas cou l d overfl ow eas i l y ,  s i nce they 
are u s ual l y  drai ned by grav i ty fl ow thro ugh smal l - d i ameter l i nes . I n  
part i c u l  ar , i t  was assumed that 5 0  percent o f  al l s p i  1 1  s wo ul  d overfl ow 
the curbs , wh i ch accord i ng to F i g . 1-2 , i s  equ i val ent to as s um i ng that 
al l sp i l l s  greater than 1 bb l  i n  vo l ume wi l l  overfl ow the curb i ng .  

These  esti mates of  the probab i l i ty of  sp i l l s  escap i ng from a di ked area 
and a curbed area are comb i ned w i th the frequenc i es of  l ea ks from i tems 
of  equ i pme nt i n  Tab l e  4-11 to compute the freq ue ncy of  sp i l l s  from the 
sto rage s i tes  and the mari ne termi nal  ( exc l ud i ng  the doc k) . 

I n  s ummary , the fo l l owi ng sp i l l  frequenc i es were esti mated :  

1 .  Sp i l l s  from the  doc k duri ng l oadi ng and  offl oadi ng  occ ur 
at a frequency of  14 x 10- 4 sp i l l /year ; the ave rage sp i l l  
s i ze i s  14 bb 1 .  
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Table 4·1 1 .  Frequency of leaks and spi l ls  of oi l  from subsystem s  and components of 
crude oi l  d istribut ion systems 

S u b sy stem or compo nent 

Strai ner 

Pump 

Ai r e l i mi nator 

Mai nfo l d 

P i g l au ncher- recei ver  

Meter bank  

Meter prover  

Press ure rel i ef s urge 

We l l head 

Sto rage tan k or  o i l s l op tan k 

O i l y  water s eparato r 

P i p e l i nes ( 6 , 000 ft)  

Frequency of  l eaks  
(per  year)  

N o  human error  Wi th human  error 

2 . 6 X 10- 2  1 .  0 4  X 10- 1 

4 X 10- 4  1 .  6 X 10-3 

0 . 47 1 .  88 

4 . 4 x 10- 4  1 .  76  x 10-3 

2 . 6 X 10-2 1.  04 X 10- 1 

2 X 10-3 8 X 10- 3  

1 . 2 x 10-4 4 . 8 X 10-4 

2 . 6 x 10-5 1 . 04 X 10- 4  

8 X 10-2 3 . 2 X 10- 1 

2 . 8 X 10- 2  1 . 12 X 10- 1 

1 . 6 X 10-2 6 . 4 X 10-2 

6 X 10-4 2 . 4 X 10-3 
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2 .  Sp i l l s  from the termi nal  ( exc l udi ng the dock)  occur at a 
frequency of  1 spi  1 1  /year ; the average s p i  1 1  s i ze i s  10 
bb l . Spi l l s  from the term i nal p i pe l i nes occur at a 
frequency of  6 x 10-4 spi l l /year ; the average spi l l  s i ze 
i s  3 , 500  bb l . 

3 .  Sp i l l s from the storage s i te occur at a frequency o f  0 . 15 
sp i l l /year ; the average spi l l  s i ze i s  10 bb l . Sp i l l s  
from s i te p i pe l  i nes occur at a frequency of  6 x 10-4 
sp i l l /year ; the average spi l l  s i ze i s  3 , 500  bb l . 

4 . 3 . 1 . 2  O i l Spi l l s  from Sal t Dome Caverns 

A fa i l ure mode and effects anal ys i s  determi ned that the most s i gn i f i cant 
l o ss  mechan i sms i nvo l ve vari ous  fai l ures of  the we l l head and assoc i ated 
p i pe 1 i ne .  The most frequent of these i s  the deve 1 opment of a 1 eaky 
gas ket on  the i so l at i o n  val ves or  the we l l head connect i o n s .  Such  l ea ks , 
as based on i ndustri al  experi ence , wou l d occur rather frequent l y  ( 0 . 05 
per year per we l l head ) , but wou l d  be smal l (much l es s  than 100 bb l ) and 
eas i l y  contai ned by a smal l d i ke .  These l ea ks , i f  too smal l to be 
detected by abnormal behav i o r of  press ure at the we l l head , wou l d  be 
detected dur i ng rout i ne dai l y  chec ks of  the we l l head . 

Much l arge r sp i l l s ,  but wi th a very much sma l l er probab i l i ty ,  co u l d 
occur from more s ubstanti al  damage to the wel l head such  as " s hear i ng 
off" or  fracture of  the wel l head as the resu l t  of  some acc i dent .  Thi s ,  
together wi th such fai l ures as corros i on or  rupture because of  a 
defecti ve wel d or  p i pe seam , was esti mated to occur at a frequency of 
1 x 10-6 per we l l head per year.  Th i s esti mate i s  be l i eved to be 
cons ervati v e l y  h i gh because i t  i s  based on  the reported fai l ure 
frequency for ordi nary l i ne p i pe for transporti ng l i qu i d  petro l eum 
products ( see Sect.  4 . 2 . 1 . 3 ) .  Wel l head components are made of much 
thi  c ker stee 1 .  
Such  fai l ures co u l d res u l t i n  s ubstanti al  l os ses of  o i l because  o f  a 
rel i ef of  pressure and subsequent expan s i o n  ( creep ) of  the cavern wal l s .  
Th i s  decrease i n  vo l ume squeezes o i l out of  the cavern , wh i ch i s  s i mi l ar 
to what occurred at West Hackberry i n  1978 . Ass umi ng that the br i ne-o i l  
i nterface wou l d  be at a depth of  3 , 000 ft i n  a typ i cal  cavern , the 
p l anned storage mode i s  to mai ntai n the o i l u nder a pres sure of  450 
pounds per square i nc h  (ps i ) ,  wh i ch i s  equ i val e nt to the di fferent ia l  
pres s ure between 3 , 000-ft heads of  o i l and  br i ne p l us 50  p s i . I f  the 
we l l head i s  s heared off or  i f  the o i l - s i de p i p i ng i s  fractured , the 
enti re 450 ps i pres s ure on the o i l i s  re l i eved s i nce the heav i er co l umn 
of  b r i ne s i n ks to a l eve l  such  that the o i l head and br i ne head are 
equal at the o i l - b ri ne i nterface i n  the cavern .  Because the cavern i s  
s o  l arge ( 1  x 107 bb l ) ,  the res u l ti ng e l asti c expans i ons  are al so  l arge 
( b ut l ess  than 1 percent of the cavern v o l ume ) : 22 , 500 b b l , based on a 
compres s i b i l i ty of  6,V/V = 5  x 10- 6 per p s i , for the o i l ;  15 , 200 bb l , 
based on  a compres s i b i l i ty of  6,V/V = 3 . 4 x 10- 6 , for the sal t ;  and 2 , 250 
bb l , for the bri ne  i n  the s ump ( as s umed to  be 10 percent of  the o i l ) .  
The total o i l d i sp l aced wou l d  be  40 , 000  bb l , but as menti o ned above , 
thi s wou l d be  a very rare occurrence . 
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A s udden l o s s  i n  pre s s ure caused by the fracture o r  sheari ng off of  the 
we l l head cou l d l ead to rap i d  expan s i o n  fo l l owed by severe s l ab b i ng 
( fal l i ng away of l arge mas ses  of  sal t )  from the roof of  the cavern and 
the tri ggeri  ng of a general co l l  aps e .  Becau se  the top o f  the caverns 
wo u l d be l ocated 500 to 1000 ft be l ow the top of  the sa l t ,  th i s  
occurrence i s  bel i eved to be h i gh l y  un l i ke l y  ( Seaway Group FEI S , 
Sect.  F ) .  Thi s ,  comb i ned wi th the a l ready l ow probab i l i ty of fracturi ng 
o r  s heari ng  off o f  the we l l head , makes cavern co l l apse  by th i s mec han i sm 
extreme l y  remote , <1  x 10-6 per we l l head per year.  

On  September 21 , 1978 , there was a b l owo ut and fi re at cavern 6 of  the 
West  Hackberry o i l sto rage s i te ( DO E , 1978b ) .  Duri ng we l l  wo rkover 
operat i o n s , mud , a pac ker , and o i l were forced up out of  the we l l  by the 
pres s ure on the o i l .  An exp l o s i on  and f i re occurred , ki l l i ng one man 
and i nj uri ng another .  It was esti mated that 67 , 510 bb l  of  o i l were 
forced out of the cavern . A nonburn i ng o i l spi l l  ( 31 , 200  bb l ) went i nto 
nearby B l ac k  Lake , but was contai ned by a prevai l i ng wi nd from the north 
and o i l sp i l l  contai nme nt booms . Mo s t  of thi s o i l was recovered , and 
apparentl y  B l ac k  Lake s uffered l i ttl e damage . 

I nvest i gati ons  i nto the caus e  of  the acci dent concl uded that expos ure to 
s i ng l e-po i nt fai l ure at the cavern and we l l head , fai l u re to fo l l ow the 
wri tten wor kover procedure , an i nadequate safety val ve on  the ri g ,  and 
i nadequate emergency response  equi pment and procedures on  s i te 
co ntri buted to the acc i dent ( DO E ,  1978b ) .  To reduce the po s s i b i l i ty of  
future acc i dents and  to m i n i m i ze the  i mpacts of  any that occur , DOE has 
i mp l emented a vari ety of safeguards . Spec i f i cal l y , workover operati ons  
o f  the  type bei ng perfo rmed at  the  t i me of  the acc i dent are now 
pe rformed o n l y  after the pres s ure at the we l l  head has been reduced to 
zero . A l s o  a comprehe n s i ve safety and conti ngency p l an has been 
devel oped fo r the SPR program . F i refi ght i ng equ i pment , water s uppl i es ,  
o i l sp i l l  conta i nment procedures , o i l sp i l l  c l eanup procedures , and 
i ncreased securi ty have become standard at al l SPR storage s i tes . 

4 . 3 . 1 . 3  Rel ated Ri s ks 

The ri s k  o f  fi re and exp l os i ons  to peop l e  and pri vate property off s i te 
i s  expected to be negl i gi b l e .  The reason  for th i s  i s  the rel ati ve l y  l ow 
vapor pres s ure of  the crude o i l  to be s tored . Al though fl ammab l e  p l umes 
may be  generated from l eaks and sp i l l s  o f  the crude o i l ,  cal cu l ati o ns 
show that these can extend no more than 1 , 00 0  to 1 , 500 ft i n  the 
downwi nd  di rect i o n  even u nder the mo st  adverse meteoro 1 ogi  ca 1 
c i rcumstances . Hence , f i res from such  sp i l l s are p r i mari l y  a hazard to 
o ns i te personnel  and to the crews of vesse l s transporti ng the o i l . 

The crude o i l i tse l f does not exp l ode ; o n l y  mi xtures of  i ts vapor wi th 
ai r or  oxygen exp l ode .  Thu s , exp l o s i ve mi xtures may exi st wi th i n  the 
u l l age spaces of  fi xed- roof  s torage tan ks and vessel  cargo tan ks . 
However ,  i gn i ti o n  of  these m i xtures i s  rare , prov i ded the tan k  vents are 
eq u i pped wi th fl ame arresto rs and precauti on s  are taken to reduce the 
presence of nearby i gn i ti o n sources ( e . g . , no smo ki ng near fac i l i t i es 
handl i ng crude o i l ,  stati c e l ectr i ci ty protecti o n ) .  Cu rrent U . S .  Coast 
Guard regu l ati o ns (46 CFR  32)  requ i re that , after May 31 , 1983 , both 
U . S .  and Fore i gn F l ag tankers between  20 , 000 and 70 , 00 0  dwt be equi pped 
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wi th i nert gas systems to prevent exp l o s i o n s .  
70 , 00 0  dwt have been req u i  red to have i nert gas 
1981 . These systems great l y  reduce the ri s k of 
tank  s h i ps . 

Tankers greater than 
systems s i nce May 31 , 
f i re and exp l os i o n on  

Hazards to  o ns i te co nstruct i o n  perso nnel  are ass umed to  be comparab l e  to 
the o i l  f i e l d  mach i nery port i o n of  the construct i o n  i ndustry .  The 
occupati onal  i nj ury i nc i dence for thi s i ndustry ,  wh i ch res u l ted i n  l o st 
wo rk days i n  1978 was 8 . 6 cases per 100 ful l - t i me workers ( U . S .  
Department o f  Labo r ,  1980 ) .  P i pe l i ne construct i o n  i nj ury i nc i dence was 
1 . 9 cases per 100 fu l l - t i me workers . The most s i gn i fi cant ri s k  of  
i nj ury and death wo u l d occur  i n  the  case  of  ons i te emp l oyees duri ng the 
constructi on  and fi l l  phase , part i cu l arl y  i n  the cas e of  dri l l i ng r i g 
crew members . I t  i s  general l y  recogni zed that dri l l i ng and o i l wel l 
wo rkover i s  a rel at i ve l y  h i gh- ri s k  occ upat i o nal category .  

H i stori cal l y ,  acc i dental deaths o f  no nemp l oyees from fi res and 
exp l o s i ons  at b u l k petro l eum products term i nal s i n  the U n i ted States are 
rare : 6 x 10- 5 deaths  per year per termi nal . More than 90 percent of  
these  deaths res u l ted from acc i dents wi th more vo l ati l e  products than 
crude o i l , s uch  as gas o l  i ne and fue l o i l .  Moreover ,  many of the 
termi nal s experi enc i ng acc i dents were l ocated i n  metropo l i tan areas . 
Because Sun  Termi nal and the s torage s i tes wou l d  be i n  sparse l y  settl ed 
areas , f i res and exp l o s i on-caused acc i dental deaths are expected to be 
even fewer than the nat i onwi de f i gure . 

O i l sp i l l s  caused by natural events s uch  as earthquakes , hurri canes , and 
to rnadoes are not expected .  The areas i n  wh i ch Sun  Te rmi nal and the 
a l ternati ve storage s i tes are l ocated have been c l as s i f i ed by NOAA as 
hav i ng zero se i sm i c  ri s k . Both hurri canes and tornadoes l ac k  
s uff i c i ent ly  i ntense wi nds to damage the aboveground p i p i ng of  a storage 
fac i l i ty .  A d i rect h i t  of a storage tank  by a tornado cou l d  damage i ts 
roof and cause the l os s  of  some o i  1 .  However ,  s uc h  an event wo u l  d be 
very rare . Storage tan ks , i f  l eft fu l l , wo u l d be  res i stant to damage 
and wi l l  l i ke l y  s urv i ve fl ood i ng and the strong wi nds as soci ated wi th 
most hurri canes . 

Late i n  1980 some specu l at i ve co ncern was rai s ed about the i ntegri ty of  
sal t domes when  a sa l t mi ne was f l ooded at Jefferson I s l and , Lou i s i ana.  
Apparentl y ,  the fl ood i ng of  the mi ne occu rred i n  assoc i at i o n  w i th 
o i l /gas dri l l i ng operati ons  on  Lake Pe i gneur i n  the v i c i n i ty of  the 
mi ne .  A s i m i l ar occurrence at an SPR l ocat i on wo u l d be i mpos s i b l e  to 
reproduce s i nce the o n l y  m i ne s i te that exi sts wi th i n the S P R  has no 
l ake or l arge body of  water l ocated d i rect l y  above i t ,  and no dri l l i ng 
i s  al l owed by the government or  adj acent prope rty owners i n  the 
i mmed i ate v i c i n i ty of  the mi ne .  

4 . 3 . 1 . 4  Conc l u s i ons  

I t  i s  esti mated that , duri ng the 7 years spanned by the  three scenari os 
anal yzed , a total  of  about 1 , 456 MMB of  o i l  wou l d  be transpo rted .  Of  
th i s ,  0 . 0000045 percent , o r  about 6 , 552 bb l  wou l d  be  sp i l l ed .  Sp i l l s  
wo u l d ge nera l l y  be smal l and wou l d  occur  at vari o u s  l ocati ons . A 
s i gn i fi cant port i o n  wou l d be prevented from i mpacti ng the envi ro nme nt 
because of  structural and mechan i cal  co nta i nme nt and c l eanup 
capab i l i t i e s .  
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The maxi mum credi b l e sp i l l  s i ze was esti mated , based on  h i stori c data 
and eval uati ons  of program operati ng cond i t i ons  ( Seaway Group FEI S , 
Sect . E ) , to be 500 bb l  for transfer operati ons , 60 , 000  bb l  for tanker 
casual ty ,  and 10 , 000  bbl for p i pe l i ne operati ons . These val ues , wh i ch 
represent a practi cal upper l i m i t  to extrapo l at i ons  of  sp i l l s ,  are not 
changed by the P hase I I I  expans i o n .  

H i stori cal l y ,  the number o f  tanker round tri ps i nto the Sab i ne Area ( S u n  
Te rm i nal ) averaged 3 p e r  day . Round tri ps  through the Gal veston area 
(OTTI and Pe l i can I s l and ) and Freeport area have ave raged 4 and 0 . 6 ,  
respect i ve l y .  The wo rst-case i ncrease i n  tanker traffi c wo u l  d occur 
duri ng drawdown . If  Sun  Term i nal was used for drawdown o f  both B i g  H i l l  
and West Hac kberry ,  traff i c wo ul d i ncrease by more than 4 tri ps per day . 
I f  B i g  H i l l  o i l was di rected to OTTI o r  Pe l i can I s l and , the number o f  
trans i ts through Sab i n e  wo u l  d decrease by 1 ,  whereas trans i ts through 
the Gal veston area wo u l d  i ncrease by 1.  Total tran s i ts i n  the Freepo rt 
area wou l d  i ncrease by 2 .  

The above fi gures are conservati ve because they assume n o  decrease i n  
tan ker  traffi c  as a res u l t  of  fore i gn o i l s upp l y  i nterrupti ons . Us i ng 
the as s umpti o ns  that tan kers wi l l  be  l aden to 270 , 000  bb l  (worl d f l eet 
average ) and o n l y  S P R  tankers trans i t  the ports duri  ng drawdown , the 
fo l l owi ng esti mates were made . If Sun  Termi nal was used for B i g  H i l l  
and West Hac kberry , dai l y  tran s i ts wou l d i ncrease by 1 .  I f  OTTI o r  the 
Pe l i can I s l and  term i nal  was used , traffi c  i n  the Sab i ne area wo u l d  
remai n  at the current average . Gal veston area traffi c wou l d  decrease 
from the average by 3. Tanker traffi c i nto the Freeport area wo u l  d 
i ncrease from the average of  0 . 6 to 2 trans i ts per day . 

4 . 3 . 2 P ipel i ne Ro utes 

The preferred crude o i l p i pe l i ne ro ute , wh i ch extends from B i g  H i l l  to 
Sun  Termi nal , i s  very s i mi l ar to the ro utes descri bed i n  the Texoma 
Gro up F EI S , Sect.  A . 7 . 4 . 1 . 5 .  Two pos s i b l e  a l ternat i ve d i stri but i on 
l i nes to e i ther OTTI on  the Houston  S h i p  Channel  or  the p l anned Pe l i can 
I s l and  fac i l i ty near Gal veston are al so eval uated .  The poss i b i l i ty of 
co nstructi ng the l i ne to Sun  Term i nal and one of  the al ternat i ves i s  
al so  co n s i dere d .  The two al ternati ve p i pel i ne ro utes were se l ected 
after careful  ana l yses of 25 pos s i b i l i t i e s .  Data were co l l ected from 
general l and users and government agenc i e s to determi ne phys i cal 
features , 1 and usage , 1 and type , and owners h i p .  Eval uat i ons were based 
o n  total l e ngth , re l ated l and use  patterns , eco l ogi cal l y  sens i t i ve 
areas , l ocat i ons  of  h i stori cal and archaeo l ogi cal s i tes , water 
cro s s i ngs , exi st i ng ROWs , and other cri ter i a .  

4 . 3 . 2 . 1 Land Featu res 

Land features of  the p i pe l i ne route to Sun Term i nal are addres sed i n  
detai l i n  the Texoma Group FEI S ,  Sect.  3 . 3 . 4 . 5 .  Constructi on  wou l d  
affect pri mari l y  agri c u l tural l ands . About 45 acres o f  wetl ands al ong 
Tayl o r  and H i l l ebrandt bayo us and near A l l i gator Ho l e  Marsh wou l d  be  
affected .  By  us i ng co nstructi on  techn i  ques such  as  doub 1 e-di tchi  ng , 
revegetati ng , and/o r d i recti onal  dri l l i ng ,  these i mpacts can be 
m i ti gated to a l arge degree . 
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The p i pe l i ne to OTTI wou l d  cover a di stance o f  about 60  m i l e s ,  whi l e  the 
ro ute to Pe l i can I s l and wo u l d cover about 54 m i l e s .  Esti mated acreages 
(based on  a 150-ft ROW) affected by the three ro utes , as determi ned from 
l and use map s prepared by the U . S .  Geo l og i cal  Survey (1973 ) , are 
tabu l ated bel ow: 

Gras s l and/agri c u l tural 
Wetl and 
Wooded l and 
I ndustri al /res i denti al  
Open  wate r 

Sun  Termi nal  
330 

45 
o 

35 
10 

OTn 
65 

55  
55  

o 
220 

Pe l i can I s l and 
490 
220 

o 
o 

275 

A substanti al port i on  of  the gras s l and/agri c u l tural acreage for each ROW 
i n  the tab l e  i s  be l i eved to be pri me farm l and .  Co nstruct i on  o f  these 
l i nes  wou l d  affect surface and s ubs urface s o i l s .  So i l  structure , 
i n f i l trati o n , and drai nage patterns wou l d  be al tered by d i tc h i ng 
procedures . Doub l e-di tchi ng techn i ques cou l d  be used to preserve 
topso i l  i ntegri ty to the greatest exte nt pos s i b l e .  Adjacent so i l s  wo u l d  
be compacted by the we i ght o f  p i pe and equ i pment.  The ROW wo u l d be 
restored and a l l owed to revegetate.  Sho rt-term drai nage prob l ems wo u l d  
be avo i  ded by 1 eavi ng 50-ft (approxi mate ) breaks every 200 ft i n  the 
di rt p i l es duri ng constructi on  and by carefu l  restorati on  to ori g i nal 
contours . By crown i ng the ROW ( l eav i ng a s l i ght mound over the p i pe 
duri ng bac kfi l l ) ,  pro b l ems asso c i ated wi th future settl i ng of  the s o i l 
co u l d be m i n i mi zed .  Where po s s i b l e ,  p i pel i nes wou l d  fo l l ow exi sti ng 
ROWs . 

F i e l d i nvesti gati ons  i nd i cate that the esti mate o f  220 acres of  wetl ands 
i mpacted by the Pe l i can I s l and p i pe l i ne ro ute i s  extreme l y  conservati ve .  
A c he n i er ri dge , wh i ch i s  above wet l ands e l evati o n , extends i n  a 
northeast d i recti o n  from Smi th Po i nt ( s ee F i g .  2-6) . By us i ng th i s  
ri dge and exi sti ng ROWs , wetl and i mpacts wo u l d  be great ly  reduced.  

After constructi on , the 1 and wo u l  d be restored to as c l ose to i ts 
or i g i nal state as pos s i b l e .  Trees growi ng i n  the ROW wou l d  be 
peri od i cal l y  cropped .  The acreages s ubject to mai ntenance acti v i t i es 
wo u l d be about hal f o f  that fo r construct i o n .  Al though some l and  used 
for r i ce farmi ng wo u l d  be temporari l y  di sturbed dur i ng co nstructi on  and 
managed accordi ng to ROW mai ntenance p l ans  duri ng operat i o n , i t  wo u l d  
not s i gn i f i cant l y  affect product i v i ty o f  th i s crop i n  J effe rs on  or  
Chambers Count i es . 

4 . 3 . 2 . 2 Water Envi ronment 

The preferred crude o i l d i stri b uti on  p i pel i ne route i s  proj ected to 
cross  Tayl or  and H i l l ebrandt bayous ( F i g .  2- 6 ) . At present , the v o l ume 
of dredged or excavated mater i  a 1 s to be removed from these bayo us  i s  
expected to be 25 , 000 cub i  c yards fo r each bayou .  The depth at wh i ch  
the  p i pe l i nes wo u l d be i nstal l ed i n  the bayous depe nds o n  the 
st i pu l at i ons  of  the perm i tti ng age ncy [ U . S .  Army Corps of Engi neers 
(USAC E) , Ga l veston  D i stri ct ]  and wo u l d be suffi c i ently  deep to prec l ude 
i nterference wi th navi  gat i on or other acti v i t  i e s .  Nei ther Tay l o r  nor  
H i l l ebrandt bayo us  are currentl y dredged for nav i gat i o n channe l s ;  
however , the dredgi ng of Tay l or  as part o f  the mai nte nance dredgi ng 
program unde rtaken i n  the Sabi ne-Neches Wate rway ( see USACE , 1975)  wi l l  
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be addressed i n  an upcomi ng draft s upp l ement to the proj ect I S  F E I S  
( USACE , Gal veston D i str i ct , personal  commu n i cati on , November 1980 ) .  I f  
ma i ntenance dredgi ng i s  i n i t i ated i n  Tay l or  Bayou , i t  i s  pos s i b l e that 
the p i pe l i ne wou l d have to be buri ed somewhat deeper than ori gi nal l y  
anti c i pated .  

Dredgi ng  act i v i t i es associ ated wi th p i pe l i ne constructi on  wou l d fal l 
under the j u ri sdi cti on  o f  the U SACE as estab l i s hed unde r Sect .  10 of  the 
R i vers and Harbors Act of  189 9  and Sect. 404 of the Fede ra l  Water 
Po l l uti on  Contro l Act of 1972 as amended by the C l ean Water Act of 1977 . 
Permi t req u i reme nts wou l d be spec i f i ed by the USAC E .  A l though p i pel i ne 
construct i on  i s  not spec i f i cal l y  me nti oned , the USACE may determi ne that 
regu l ati ons i n  the new EPA Proposed Test i ng Requ i rements for Dredge or 
F i l l  D i sposal  S i te Spec i fi cati on  [45 FR  85360 , becember 24 , 1980 ] are 
app l i cab l e .  The new gui de l i nes set out  testi ng requ i rements that are 
organ i zed by s i x  catego r i e s  of di scharge : 

Catego ry 1 .  D i sc harge wi thout potenti al  
contami nati o n .  Dredge materi al  fal l s  i nto 
i n i ti a l  eval uat i on does not i ndi cate 
contami nants above bac kground l evel s .  

for envi ronmental 
thi s category when 
the presence o f  

Category 2 .  Open water d i scharge wi th l evel  o f  contami nati on  
s i m i l ar to  the d i scharge s i te .  D i scharges shou l d be as s i gned 
to th i s  category when the i n i ti a l eval uat i on  i nd i cates that 
contami nants may be  present i n  the dredge materi a 1 ,  but are 
not s i gn i fi can t l y  greater than the di sposal  s i te .  

Category 3 .  Contai ned , confi ned , o r  other d i sposal  operati ons  
of  mate ri a 1 wi th potenti al for  contami  nat  i on  of  the  water 
co l umn on l y . Th i s  category i s  concerned o n l y  wi th return f l ow 
( runoff)  from dredge mate r ia l  that i s  d i scharged i nto 
contai ned or  confi ned di sposal  areas . 

Category 4 .  Open water d i scharge wi th potenti al for harm . 
Th i s  category i nc l udes dredge materi al  that appears to be more 
contami nated than the di scharge s i te and wi l l  not be confi ned 
or  contai ned.  

Category 5 .  D i s charge of  fi l l  materi al  wi thout potenti a l  for 
envi ronmental harm .  

Category 6 .  D i scharge of  fi l l  materi al  wi th potenti al  for 
envi ronmenta l contami nati o n .  

Catego r i es 5 and 6 app l y  o n l y  t o  fi l l  mater ia l s and are not app l i cab l e  
to thi s project.  Dredgi ng acti v i ti es as soc i ated wi th p i pel i ne 
constructi o n  i nc l ude dredgi ng the p i pe di tch , tempo rary stoc kpi l i ng o f  
dredge mate r i a l  i n  t h e  ROW , a n d  bac kfi l l i ng the p i pe di tch after l ayi ng 
the p i pe l i ne .  Maj or  water cro s s i ngs may a l so  requi re dredg i ng a channe l 
for the operati o n  of  a p i pe barge . Dependi ng on  i nterpretati on  and 
l ocat i o n of  act i v i ti es , it appears that categori es 1 through 3 may app l y  
t o  th i s  proj ect ; however , a fi nal  determi nati on  o f  the app l i cab i l i ty o f  
these requ i rements t o  p i pe l i ne construct i o n i n  the vari ous  water bodi es 
wo ul d be  made by the perm i tti ng agency , and determi nati ons  wo u l d  be 
adhered to by DOE . 
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I n fo rmal consu l tat i on wi th EPA s uggests that Category 2 wou l d app l y  to 
s i tuati ons  where sed i ments are known to be contami nated (Tayl o r  and 
H i l l ebrandt bayou s )  and not al l dredged mate r i a l  wou l d be used as 
backfi l l .  

Under Category 2 both the sedi ments and water c o l umn may be tested.  For  
sedi ments , chemi cal  extracti on tests wo u l d be used to assess  the 
potent i a l for l ong- term l each i ng and b i oava i l ab i l i ty .  Sedi ment 
extracti on tec h n i ques wo u l d be s e l ected for the spec i fi c  contami nants of 
concern . The pote nt i a l for short- term water co l umn i mpact wou l d be 
assessed by the standard e l utri ate test , or  i f  needed , a water co l umn 
b i oas say wou l d be used .  

D redg i ng , excavati on , and  sto c kp i l i ng of  spo i l materi al s may cause 
l ocal i zed , temporary water qual i ty perturbat i ons  i n  Tay l o r  and 
H i l l ebrandt bayous . The a l terati ons  i n  amb i ent water qual i ty expected 
to occur dur i  ng these ope rat i ons  have been di scussed  i n Sect.  4 . 2 . 2 . 2 
and i n  the Texoma Group F E I S  ( Sect.  4 . 6 . 2 ) .  Of  concern i s  the be hav i or 
of  p o l ych l ori nated b i phenyl ( PC B )  compou nds wh i ch have been detected i n  
the sedi ments ( see Sect .  3 . 2 . 2 . 2) .  PCB compounds pres ent i n  the 
sedi ments cou l d  be rel eas ed duri ng dredg i ng and stockp i l i ng of  dredged 
materi al s .  G i ven the strong aff i n i ty of these compounds for the 
part i c u l ate phase , i t  i s  l i ke l y  that o n l y  a very sma l l fracti on of total 
PCBs wou l d be des orbed duri ng dredg i ng operat i ons . A l though p roj ected 
to ex i st i n  m i nute quanti t i es , desorbed PCBs wou l d be more avai l ab l e  to 
human and aquat i c  l i fe .  PCBs sorbed to sedi ment parti c l es cou l d al so  be 
harmfu l  as a res u l t of  enteri ng the food web through f i  l ter- feed i ng 
organ i sms . In  s ummary , i t  is  pos s i b l e that dredg i ng o f  Tay l o r and 
H i l l ebrandt bayous cou l d  res u l t i n  temporary , l ocal i zed rel ease of  
sedi ment- bound PCBs . Stud i es of  PCB-contami nated dredge d i sposal  
conducted by Wri ght ( 1978) have demonstrated no s i gn i f i cant upta ke of  
PCBs o r  meta l s  by  organ i sms i nhab i ti ng the  d i sposal  areas or  by caged 
an i ma l s that were he l d  i n  prox i m i ty to the d i sposal  s i te for up to 3 
wee ks . The red i str i but i on  of  PCBs wou l d have no  l ong-term i mpacts . 

The northern ( OTTI ) and southern ( Pe l i can I s l and)  routes wou l d i nvol ve 
both maj o r  and mi nor  water cros s i ngs . The northern cros s i ng of  Tri n i ty 
Bay and the Houston S h i p  Channel  i s  about 12 m i l es .  The route to 
Pe l i can I s l and wou l d i nvo l ve about 15 mi l es of  Gal veston Bay .  The 
i mpacts of  dredg i ng  i n  Tri n i ty Bay wo ul d be of  s ho rt durati o n .  
I ncreased turbi  d i ty wou l d represent the maj or  perturbat i o n  t o  water 
qual i ty .  Studi es by H i rsch et al . ( 1978) have shown that dredg i ng i n  
the bay does not general l y  produce i ncreases i n  metal co ncentrati ons , 
al though turb i d i ty may i ncrease 3 to 5 ti mes above amb i ent.  These 
effects genera l l y  l ast on l y  a few hours , and n o  l ong- term i mpacts have 
been observed.  

Co nstruct i on o f  the Pe l i can I s l and p i pel i ne acro s s  Ga l veston Bay wo u l d 
produce s i mi l ar i mpacts . Perturbat i ons  to water qual i ty wou l d  be of  
s hort durat i o n .  Turb i d i ty i n  thi s reg i on woul d be o f  greater 
s i gn i fi cance because  of  the presence of oyster reefs and the i r  
as soc i ated sens i t i v i ty to s uspended sedi ments . M i t i gati ve meas ures 
wou l  d i nc l ude the use of turb i d i  ty screens and the creati on  of oyster 
spat settl i ng areas by l eavi ng hard sub strates ( s hel l )  exposed after 
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p i pe l i ne i nstal l at i o n .  The need and scope of  these act i ons  wo u l d be 
determi ned through ongo i ng consu l tati on  wi th the l ocal , state , and 
Federal autho r i t i es ( see  Appendi x D ) . 

Because of  heavy s h i p  traffi c  on  the Houston S h i p  Channe l , hori zontal 
d i recti onal  dri l l i ng techni ques wo u l d be used to make the p i pe l i ne 
cro s s i ngs i f  practi cal . Because the p i pe l i ne must pass 15 ft under the 
channe l , no  po l l utants s ho u l d be assoc i ated wi th the di sturbed 
sed ime nts . I mpacts wo u l d be of  s hort durati on  and are not cons i dered 
s i gn i fi cant.  

Ope rat i o n  

Duri ng the operati onal  p hase of  the proposed acti on , the bodi es  of  water 
( 1) transected by the preferred and both a l ternati ve  crude oi  1 
d i stri b ut i on  p i pe l i ne s  and ( 2 )  adjacent to the termi nal fac i l i ti es wou l d  
probab l y  not be advers e l y  affected un l ess  an acc i dent occ urs . The 
probab i l i ty o f  an acc i dent occu rri ng and the envi ro nmental consequences 
are di scussed i n  Sect. 4 . 3 . 1 and i n  the Texoma Group F E I S  ( s ee 
Append i x  H ) .  

P i pe l i ne sect i ona l i z i ng val ves wou l d  b e  i nsta l l ed at the edge o f  eac h 
major  water cro s s i ng and at approxi mate l y  every 15 mi l es of  the p i pe l i ne 
l ength .  These automati c  val ves wo u l d c l ose  i n  the event of  a p i pe l i ne 
brea k ,  thus greatl y  reduc i ng the amount of  o i l that cou l d be  re l eased 
and the magni tude o f  i ts i mpacts . 

4 . 3 . 2 . 3 C l i mate and A i r Qua l i ty 

The crude o i l d i stri buti on  system wo u l d  have no meas urab l e  i mpact on  
reg i o na l  or  l ocal c l i mati c  condi ti ons . A i r qual i ty i mpacts re l ated to 
crude o i l d i str i buti on  are presented i n  Sect.  4 . 2 . 3 .  Em i s s i o ns from the 
di str i buti on  system ( val ves at water cros s i ngs ) are i nfrequent and 
mi n i ma l , especi al l y  compared wi th termi nal  and s i te operati ons  and other 
petrochem i ca l  i ndustri es  i n  the reg i o n .  

4 . 3 . 2 . 4  Amb i ent  Sound Leve l s 

As descri bed i n  the Texoma Group F E I S  ( Sect .  4 . 6 . 4) , no i se wo ul d 
contri bute approxi mate l y  55  dB to the eq u i va l ent sound l eve l ( Ldn )  at a 
di stance o f  500 ft from a p i pe l i ne ROW. P i pe l i ne constructi on  
acti v i t i es wo u l d  be of  short durat i o n , and  these i mpacts are con s i dered 
i ns i gn i fi cant . No i se as soci ated wi th the operati ons  of  the crude o i l  
d i stri buti on  system wo u l d b e  re l ated pr imari l y  to p ump i ng acti v i ti es at 
the s i te or termi nal  fac i l i t i e s .  P ump s wo ul d be l ocated wi th i n sound  
dampen i ng enc l os ures , rende ri ng  the i r  no i se l eve l s i ns i gn i fi cant i f  
neces sary .  

4 . 3 . 2 . 5 Spec i es and Hab i tats 

Impacts re l ated to the con structi on  of the preferred crude o i l  
d i stri b uti on  ro ute to Sun  Termi nal  wo u l d b e  s i mi l ar to those des cri bed 
i n  the Texoma Group F E I S  (Sect . 4 . 6 . 5 ) .  Constructi o n  wo u l d temporari l y  
remove 330 acres o f  farm- pasture hab i tat from producti o n .  The l i ne 
wo u l d cross  two maj o r  freshwater streams , Tayl or  Bayou  and H i l l ebrandt 
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Bayo u , res u l t i ng i n  the di srupti on  o f  l es s  than 10 acres o f  benth i c  
habi tat. Behav i o r  patterns o f  mob i l e  aquati c o rgan i sms wo u l d a l so be 
al tered. F i s h  may be attracted to o r  may act i ve l y  avo i d  the area , 
depend i ng on  the severi ty o f  turb i d i ty as soci ated wi th p i pe l i ne dredg i ng 
acti v i ti es .  Turb i d i ty may reduce pri mary producti v i ty i n  the bayous by 
reduci  ng 1 i ght pe netrati o n .  Nutri  ents , b i  ochemi cal  oxygen demand , and 
other chemi cal s wo u l d be redi stri buted by dredgi ng act i vi t i e s . No  
wood l and hab i tats wou l d  be affected by the  preferred o i l p i pe l i ne 
construct i o n ,  and most  di  sturbed habi tats are expected to return to 
" no rmal " cond i ti o ns wi th i n  1 to 3 years wi th the use  of  modern 
m i t i gati o n  techn i q ues . 

Constructi on  and operati on of  the a l ternati ve p i pe l i ne routes wi th 
adequate mi t i gati ve meas ures wou l d  have no l ong- term s i gn i fi cant i mpacts 
on speci es and habi tats i n  the reg i o n .  Cons truct i on  of  the northern 
route to O�I wou l d  req u i re s ho rt-term d i sturbance o f  approxi mate l y  765 
acres of  agri cu l tural /gras s l ands and 55  acres of  wetl ands . Vegetati on 
remova 1 wo u l  d res u l  t i n the l os s  o f  food and cover fo r wi l d l  i fe ,  but  
recovery general l y  occurs rap i d l y  ( 1  to  3 years ) .  Mai ntenance of  the 
ROW wou l d  be di srupti ve to wood l and spec i es and benef i c i a l for those 
preferri ng open areas . The creat i o n  of  f l edge" o r  ecotone effects may 
i ncrease d i vers i ty and de n s i ty of spec i e s .  

The cros s i ng o f  Tri n i ty Bay may req u i re dredg i ng and di s rupti on  o f  about 
220 acres of  benth i c  habi tat. Thi s wo u l d destroy benth i c  producti o n  for 
a sho rt period  of  t i me .  Dependi ng on  the seve r i ty of  turb i d i ty ,  nekton 
may avo i d  or be attracted to the area .  F i s h  are often observed feed i ng 
on  s uspended benth i c  o rgan i sms as are many b i rds . Houston S h i p  Channel  
cro s s i ngs wo u l d have mi n i mal  i mpacts on  spec i es and hab i tats , espec i a l l y  
i f  ho r izontal d i rect i o nal  dri l l i ng tec h n i ques  are fo und to b e  practi cal . 

Stud i es by H i rsch et al . ( 1978) have s hown that the di rect effects o f  
dredgi ng i nc l ude death of  o rgan i sms a t  dredgi ng s i tes a n d  buri a l  a t  
di sposal  s i tes . These i mpacts are restri cted t o  the i mmedi ate area . 
Reco l o n i zati on  o f  s i tes general l y  occurs wi th i n  a matter of  month s .  
However , spe c i es compo s i t i o n  may b e  a l tered depend i ng on  the nature o f  
the habi tat i nvol ved . The rel ease of  sed i ment-associ ated chemi cal s and 
the i r upta ke i nto o rgani sm t i s s ue have been found to be the excepti on  
rather than the  ru l e . Long-term effects o f  dredg i ng and  d i sposal  wo u l d 
be m i n i mal . The more natural l y  vari ab l e  the envi ronment , the l es s  
effect dredgi ng wou l d have .  Organ i sms common t o  s uch  areas are adapted 
to unstab l e cond i ti o ns . 

Constructi on o f  the so uthern al ternat i ve p i pe l i ne to Pe l i can I s l and 
wo u l d di srupt about 490 acres of  agri cu l tural /grass  l ands , 220 acres of 
wetl ands , and 275 acres of benth i c  hab i tat. As wi th the other pro j ect 
p i pe l i nes , m i t i gati on  meas ures wou l d  be uti l i zed to mi n i mi ze i mpacts . 
The esti mate o f  220 acres of  wetl ands to be di sturbed , based on  l and use 
maps prepared by the U . S .  Geo l ogi cal Su rvey ( 1973 ) , is  very 
conservat i v e .  I n  actual i ty ,  much of  the area cons i dered wet l ands i s  now 
r i ce farms . A l so , a c hen i er r i dge that i s  above wetl ands e l evati on  runs 
north from Sm i th Po i nt toward the B i g  H i l l  s i te and wou l d  be uti l i zed to 
stay out of wetl ands where pos s i b l e .  U n l i ke the ro ute to OTT! , the 
southern p i pe l i ne wo u l d pass through a un i que habi tat i n  the v i c i n i ty of 
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Hannas Reef .  I n  th i s  area , there are numerous oyster reefs wh i ch co u l d 
be affected by p i pe l i ne construct i o n .  The p i pel i ne ro ute se l ected 
ac ro s s  Gal veston Bay i s  very s i mi l ar to the one descri bed for the 
Pe l i can I s l and Termi nal Expans i on Proj ect F E I S  ( USAC E , 1979 ) .  Ba,sed on  
thei r findi ngs , wh i ch i nc l uded cons u l tati on  wi th US FWS , Nat i onal Mari ne 
F i sheri es Serv i ce , and Texas Parks and Wi l d l i fe Department , th i s  ro ute 
shou l  d have mi n i mal i mpacts and wou l  d avo i d mo st  of the nume rous reefs 
i n  the area . M i ti gati ve meas ures  i nc l ude l eav i ng buri ed she l l 
encou ntered wh i l e  dredgi ng exposed to create areas s u i tab l e  fo r oyster 
spat set. Other m i t i gati ve measures avai l ab l e i nc l ude (1) u s i ng 
turb i  d i ty curtai ns , ( 2 )  schedul  i ng ope rati ons  to avo i  d currents that 
wo u l d carry sed i ments toward oyster reefs , and ( 3 )  l i mi ti ng ope rati ons  
duri ng t i me o f  spat setti ng .  The measures  fi nal l y  used wo u l d  be  
determi ned i n  consu l tati on  wi th l ocal , s tate , and Federal authori t i e s  
duri ng  the permi tti ng p rocedure . 

4 . 3 . 2 . 6 Natural and Scen i c  Re sources 

Co nstruct i o n  

The preferred crude o i l d i stri buti on  p i pel i ne wo ul d transect s ome 
wet l and areas i n  Jefferson  County .  I n creased acti v i ty and no i se ,  as 
we l l  as temporary , l ocal i zed a l terati ons  i n  the l and and water 
re so urces , may d i sturb res i dent an imal  l i fe .  The se i mpacts , however , 
are cons i dered mi nor because they wo u l d  be sho rt- term and wo u l d affect 
o n l y  a l i m i ted area. 

Wet 1 ands , as we I I  as the Gal  ves ton Bay comp 1 ex , wou 1 d be i mpacted by 
i nstal l ati on  o f  e i ther of  the a l ternati ve p i pe l i ne routes . Mo re 
wetl ands wou l d  be transected by the so uthern al ternat i ve ro ute , s i nce i t  
i s  proj ected to cro s s  the northeastern corner o f  an area s urro undi  ng 
Lake Surpr i se , whi c h  has been i denti fi ed as the s He for a potent i a l 
wi l d l i fe refuge ( US FWS , 1977 ) ( see F i g .  2- 6 ) .  The northern route wo u l d 
cross  a mo re extens i ve porti on  of  the Gal veston  Bay comp l ex .  Impacts to 
the natural and scen i c  re sources i n  the bay and wet l ands wo u l d be 
short-term .  

Operati on 

It  i s  not anti c i pated that the natural and scen i c  resources  trans ected 
by the preferred or the a l ternat i ve crude o i l d i str i but i o n p i pe l i ne 
ro ute s wo u l d  be i mpacted duri ng operati o n .  Mai ntenance p l ans for the 
p i pel i ne corri dors have not yet been formu l ated . The probab i l i ty of an 
o i l spi l l  i s  addressed  i n  Sect.  4 . 2 .  

4 . 3 . 2 . 7  Archaeo l ogi cal , H i stori cal , and C u l tural Resources 

Constructi on  

A she l l m i dden and  some secondari l y  depos i ted materi a l s have bee n found 
i n  the v i c i n i ty of  Tay l o r  Bayo u , where the preferred crude o i l 
d i stri buti on  p i pel i ne i s  proj ected to cro s s  ( Sect.  3 . 2 . 2 . 7 ) .  A l though 
cons i dered to be l ocated we l l beyond the i mpact area of  previ  ous l y  
c o n s i dered routes from B i g  H i l l  to Neder l and (Texoma Group F E I S , Sect .  
3 . 3 . 4 . 5 ) ,  the  proxi m i ty of  the  s hel l mi dden to  the  presen t l y  propo sed 
ro ute wou l  d be i nvesti gated before constructi o n .  Adve rse i mpacts to 
thi s resource are not expected .  
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Sens i t i ve areas exi s t  a l ong the proj ected ro utes for both the so uthern 
and northern a l ternat i ve p i pel i ne ro utes . If e i ther opti on  i s  chosen  
over the preferred ro ute , then  both a fi e l d s urvey and a more i ntens i ve 
records s urvey wo u l d be undertaken before construct i o n  to avo i d  
potenti a l  adverse i mpacts to archaeo l ogi cal , h i stori cal , o r  c u l tural 
res ources l ocated i n  the v i c i n i ty of  the route . If an archaeo l og i ca l  
s i te were uncovered duri ng construct i o n ,  a l l acti v i t i es wo u l d cease and 
the State H i stori c Preservat i o n  Offi ce wou l d  be noti f i ed i mmedi ate l y  as 
requ i red by the Nati onal  H i stori c Preservat i o n  Act of 1966 .  
Construct i o n  wo u l d  not  proceed unt i l autho r i zed .  

Operat i o n  

I t  i s  not anti c i pated that archaeo l og i ca l , h i stor i ca l , or  c u l tural 
re sources l ocated a l ong  the preferred or  al ternat i ve routes wou l d  be 
i mpacted by faci l i ty operat i o n .  

4 . 3 . 2 . 8  Soci oeconomi cs  

A l l soci oeconom i c  i mpacts rel ated to p i pe l i ne con struct i on  are presented 
i n  Sect.  4 . 2 . 8 . 

4 . 4 EXPANS ION AT BRYAN MOUND AND WEST HACKB ERRY 

As descri  bed i n Sect .  2 . 0 ,  expans i on  of  the Bryan Mound and West 
Hac kberry s i tes wou l d  req u i re o n l y  the constructi on of  new sto rage 
caverns and thei r as s oc i ated p i p i ng .  The new storage caverns wo u l d  be 
con nected to exi sti ng Phase I I  fac i l i t i e s .  No  changes are requi red i n  
exi sti ng bri ne di sposal  o r  crude o i l d i stri but i on systems . 

4 . 4 . 1 Land Features 

The expan s i o n  at B ryan Mound under the 40 : 30 al ternati ve wou l d  res u l t  i n  
the construct i on o f  four add i ti onal  caverns wi thi n current s i te 
boundari es . Th i s act i on wo u l d  have no s i gn i f i cant effect on  the 
geo l ogi cal structure of the s i te .  Add i ti onal  d i k i ng and grad i ng wou l d 
be requi  red and wou l  d d i  rect l y  affect about 5 to 10 acres of  wetl ands 
near Mud Lake ( s ee Sect .  4 . 2 . 1 . 1) .  The area i s  a l ready . di sturbed by 
exi sti ng s i te act i v i t i es ; howeve r ,  cumu l at i ve i mpacts s ho u l d be 
negl i gi b l e .  

The expans i on at West Hac kberry wo u l d requ i re the construct i on of three 
addi t i onal  caverns . F i ve candi date cavern l ocat i o n s  ( F i g .  2-4)  are 
under co n s i derati o n .  Depend i ng on the . confi gurati on chosen , a maxi mum 
of 34 acres of pri me fa-rml a ri"a w

"o u l d be
-

affected :" Potent i a l  i mpacts 
wi thi n the proposed acqui s i ti o n ( s )  wo u l d be qual i tati ve ly  s i m i l ar to 
tho se  predi cted i n  the Texoma Group F E I S  ( Sect . 4 . 3 . 1) .  These i nc l  ude 
potenti a l  i mpacts to geo l ogi c structure , drai nage patterns , ero s i o n 
rate , and so i  1 structure . Expans i on  of the West Hac kberry s i te co u l  d 
i nv o l ve the deve l opment of  up to 0 . 03 percent ( 34 acres)  o f  the 
esti mated 103 , 000 acres of  pri me farm l  and ( C rowl ey-Mo rey-Mowata 
Assoc i at i o n )  i n  Came ron Pari s h .  However , none of these i mpacts were 
co ns i dered to be s i gn i fi cant for the ori gi nal  proj ect , and the proposed 
expan s i o n  wo u l d not augment these i mpacts . 
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The 6 0 : 10 al ternat i ve cal l s  for s i x  addi ti onal  storage s i tes at Bryan 
Mo und , compared to four addi t i onal  cave rns under the 40 : 30 al ternati ve .  
A l l addi ti onal  caverns at  Bryan Mo und wo u l d be  l ocated wi th i n exi sti ng 
project bo undari es .  No  s i gn i f i cant cumul ati ve i mpact to l and features 
at Bryan Mo und i s  ant i c i pated under th i s  max i mum storage confi gurati o n .  
The i ncrease i n  wet l and i mpacts as .a res u l t  o f  thi s a l ternati ve wo u l d 
a l so  be m i ti gated by the B ryan Mo und wetl ands creat i o n  program . O n l y  
o n e  add i t  i o n a  1 cave rn wo u l  d b e  devel oped a t  Wes t  Hac kberry under th i s 
confi gurati o n .  Al though no s i gn i f i cant i mpacts are proj ected for the 
construct i o n  of  three caverns at West  Hac kbe rry , reduct i o n  of th i s  
number to o ne cavern wou l  d reduce the effects of  s uch i mpacts . No  
wetl ands wo u l d be  affected .  A detai l ed d i scus s i o n of f l oodp l ai n and  
wetl and i mpacts res u l ti ng from expans i o n at B ryan Mo und  and We st  
Hackberry i s  prese nted i n  Sect .  4 . 5 .  

N o  s i gn i fi cant ope rat i onal  i mpacts to l and features are ant i c i pate d at 
e i ther B ryan Mo und or We st Hac kberry .  

4 . 4 . 2 Water Envi ronment 

Expans i o n  at the B ryan Mound and Wes t  Hac kbe rry s i tes  wo u l d have no 
s i gn i fi cant i mpacts on the water e nv i ronme nt beyo nd those des cri bed i n  
the Texoma Group F E I S  ( Sect.  4 . 3 . 2 ) and Seaway Group F E I S  ( Sects . 
4 . 3 . 1 . 2  and 4 . 3 . 2 . 2 ) .  Any turb i di ty as soc i ated w ith  co nstruct i o n  wo u l d 
be of  short durat i o n  and i s  not co n s i dered s i gn i f i cant.  

4 . 4 . 3 C l i mate and A i r -Qual i ty 

Expans i on  acti v i t i e s  at Bryan Mo und and West Hackbe rry wo u l  d i ncreas e 
the durat i o n  of  construct i o n-rel ated emi s s i o ns i n  quant i t i es 
proport i o nal  to the mag n i tude of  expans i o n se l ected.  These  i mpacts are 
di scus sed i n  the Texoma Gro up F E I S  ( Sect.  4 . 3 . 3 )  and the Seaway G ro up 
F E I S  ( Sects . 4 . 3 . 1 . 3  and 4 . 3 . 2 . 3 ) .  

NMHC emi s s i ons  for the B ryan Mound  and West Hackberry s i tes are 
s ummari zed i n  Tabl e 4-12 for three cases : ( 1 )  no acti o n , wh i ch i s  the 
Phase I I basel  i ne ( i  ncl uded for compari s o n )  , ( 2 )  the Preferred 
Al ternati ve (40 : 30) , wh i c h i s  a 40 MMB i ncrease i n  capac i ty at B ryan 
Mound and a 30  MMB i ncrease i n  capac i ty at We st  Hac kberry wi th 
i ntegrated Phase I I , Group I I , and Phase I I I  l eachi ng , and ( 3 )  the 6 0 : 10 
al ternat i ve , w i th a 60-MMB i ncrease i n  capaci ty at Bryan Mound and a 
10-MMB i ncrease i n capac i ty at We st Hackberry wi th consecuti ve groups 
u n i ntegrated at Bryan Mound .  

As s umpt i ons used  were the same as d i scus sed i n  Sect . 4 . 2 . 3 and 
Appendi ces C . 2 and C . 3 .  I n  add i t i o n  to the bri ne pond and o i l bri ne 
separato rs , the other s i gn i fi cant em i s s i o n  so urce at B ryan Mound i s  four 
200 , OOO- bb l ,  i nternal f l oati ng roof tanks . Drawdown em i s s i ons  are al so  
i nc l uded for both  s i tes . 

The NMHC emi s s i o n l eve l s i n  Tab l e  4-12 for B ryan Mound are at a 
980 , 000-bbl /d l each rate . W i th a 680 , 000-bbl /d l each rate , bri ne and 
s u rge tan k  operati ng l os s  emi s s i ons  per u n i t  t i me wou l d  decrease propor
ti onal l y  ( 30 . 6 percent) , b ut total NMHC burden to the amb i e nt atmosp here 
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ALTERNATIVE 

NO ACTION 
(PHASE II 

BASELINE) 

Table 4·1 2. Hydrocarbon emissions for expansion sites 

BRYAN MOUND WEST HACKBERRY 

MEAN 
OIL • •  

DURATION THRUPUT EMISSION RATES 
ACTIVITYIEMISSION SOURCE (d) (MB/d) 

LEACH 525 2.8 
BRINE EMISSIONS (.28 P'lm) 
BLANKET OIL TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

LEACH/FILL 488 64 
BRINE EMISSIONS (1 .5 ppm) 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

FINAL FILL 1 50 180 
BRINE EMISSIONS (2.6 ppm) 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

DRAWDOWN (TOTAL SITE) 1 1 1  1 ,054 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

REFILL (TOTAL SITE) 1 ,000 180 
BRINE EMISSIONS (1.9 ppm) 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

* 4, 200,000 bbl, 225 fl. diameter, Internal floating roof tanka at Bryan Mound. 
1 , 1,000 bbl, 40 fl. diameter, external floating roof tank at West Hackberry . 

• • these values Include a significant percentage of ethane 

(g/s) (ton/y) 

0.39 1 3.6 

.10 3.4 . . . .1 

.06 2.2 -- --

.46 19.3 

2.25 18.4 

. 1 0  3.4 

. 06 2.1 

.06 2.2 -- --
2.41 66.1 

1 .03 14.8 

. 1 0  1 .4 

. 1 8  2.6 

.06 2.9 -- --
1.31 21.1 

. 1 0  1 .1 

. 99 16.1 

.06 1 .0 -- --
1.1 5 26.6 

0.16 26.3 

• 1 0  3.4 
. 1 8  6.5 
.06 2.2 -- --

1.10 38.4 

MEAN 
OIL 

DURATION TH RUPUT EMISSION RATES 
(d) (MB/d) (g/s) (ton/y) 

459 4.4 
0.62 21.6 

.03 1.2 

.02 .6 

.06 2.2 -- --

.13 25.8 

424 91 
3.61 1 25.4 

. . .  . . . . . .  . . .  
.06 2.2 -- --

3.61 1 21.6 

240 1 55 
0.89 20.3 

. . . . . . . . . . . . 

.06 1 .4 -- --

.95 21.1 

1 50 1 ,400 

. . . . . . . . . . . .  
.06 1.0 -- --

.06 1.0 

1 ,200 1 15 
0.13 25.4 

. . . . . . 

. . . . . .  
.06 2.2 -- --
.19 21.6 

• •  
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ALTERNATIVE 

40:30 
(PREFERRED) 

Table 4·1 2. (continued) 

BRYAN MOUND 

MEAN 
OIL * *  

DURATION TH RUPUT EMISSION RATES 
ACTIVITYIEMISSION SOURCE (d) (M B/d) (g/s) (ton/y) 

LEACH 61 7 4 
BRINE EMISSIONS (.26 pp'm) 0.56 19.6 
BLANKET OIL TANKAGE * 

STANDING LOSS .10 3.4 
OPERATING LOSS . . . .1 

VALVES, SEALS, SLOP TANKS .06 2.2 
-- --

TOTAL .72 25.3 

LEACH/FILL 550 99 
BRINE EMISSIONS (1.5 ppm) 3.25 1 1 2.9 
SURGE TANKAGE 

STANDING LOSS .10 3.4 
OPERATING LOSS . 09 3.2 

VALVES, SEALS, SLOP TANKS .06 2.2 
-- --

TOTAL 3.50 1 21.7 

FINAL FILL 240 180 
BRINE EMISSIONS (2.6 ppm) 1.03 23.7 
SURGE TANKAGE 

STANDING LOSS . 1 0  2.3 
OPERATING LOSS . 1 8  5.7 

VALVES, SEALS, SLOP TANKS .06 1 .4 
-- --

TOTAL 1 .37 33.1 

DRAWDOWN (TOTAL SITE) 209 1,054 
SURGE TANKAGE 

STAN DING LOSS • 10 2.0 
OPERATING LOSS • 99 19.7 

VALVES, SEALS, SLOP TANKS .06 1.2 
-- --

TOTAL 1 . 15  22.9 

REFILL (TOTAL SITE) 1 ,220 1 80 
BRINE EMISSIONS (1.9 ppm) 0.76 26.3 
SURGE TANKAGE 

STAN DING LOSS .10 3.4 
OPERATING LOSS .18 6.5 

VALVES, SEALS, SLOP TANKS .06 2.2 
-- --

TOTAL 1.10 38.4 
* 4, 200,000 bbl, 225 It. diameter, Internal floating root tanka at Bryan Mound. 

1 ,  7,000 bbl, 40 It. diameter, external floating root tank at West Hackberry. 

* * these values Include a significant percentage of ethane 

WEST HACKBERRY 

MEAN 
OIL * *  

DURATION TH RUPUT EMISSION RATES 
(d) (M B/d) (g/s) (ton/y) 

613 4.5 
0.62 21.6 

.03 1 .2 

.02 .8 

.06 2.2 
-- --

.73 25.8 

540 1 1 1  
3.61 1 25.4 
. . . . . . 
. . . . . . 
.06 2.2 

-- --

3.67 1 27.6 

270 1 75 
1 .01 25.9 
. . . . . .  
. . .  . . . 

.06 1 .6 
-- --

1 .07 27.5 

1 72 1 ,400 
. . .  . . .  
. . . . . .  
.06 1 .0 

-- --

.06 1 .0 

1 ,377 1 75 
0.73 25.4 

. . . . . . 

. . .  . . . 

.06 2.2 
-- --

.79 27.6 
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ALTERNATIVE 

60:10 

Table 4·1 2. , (continued) 

BRYAN MOUND 

MEAN 
OIL • • 

DURATION THRUPUT EMISSION RATES 
ACTIVITY/EMISSION SOURCE (d) (MB/d) 

LEACH 856 3.5 
BRINE EMISSIONS (.26 PP'm) 
BLANKET OIL TANKAGE · 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

LEACH/FILL 192 85 
BRINE EMISSIONS (1.5 ppm) 
SURGE TANKAGE 

STAN DING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

FINAL FILL 300 165 
BRINE EMISSIONS (2.6 ppm) 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

DRAWDOWN (TOTAL SITE) 221 1,054 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

REFILL (TOTAL SITE) 1,333 180 
BRINE EMISSIONS (1.9 ppm) 
SURGE TANKAGE 

STANDING LOSS 
OPERATING LOSS 

VALVES, SEALS, SLOP TANKS 

TOTAL 

* 4, 200,000 bbl, 225 ft. diameter, Internal floating roof tanks at Bryan Mound. 

1 , 1,000 bbl, 40 ft. diameter, external floating roof tank at West Hackberry • 

• • these values Include a slgnllicant percentage 01 ethane 

(g/s) (ton/y) 

0.56 19.6 

.10 3.4 
. . . .1 
.06 2.2 

-- --

.12 25.3 

3.25 1 1 2.9 

• 10 3.4 
.08 2.8 
.06 2.2 

-- --

3.49 1 21.3 

1 .03 29.6 

.10 2.9 

.1 5 4.6 

.06 1 .8 
-- --

1 .34 38.9 

.10 2.2 
• 99 21.4 
.06 1 .4 

-- --

1.15 25.0 

0.16 26.3 

.10 3.4 

.18 6.5 

.06 2.2 
-- --

1.10 38.4 

DURATION 
(d) 

533 

466 

218 

1 58 

1 ,263 

WEST HACKBERRY 

MEAN 
OIL 

THRUPUT EMISSION RATES 
(MB/d) (g/s) 

4.2 
0.62 

.03 

.02 

.06 
--

.13 

101 
3.61 

. . .  

. . .  

.06 
--

3.61 

115 
1.01 

. . . 

. . .  

.06 
--

1.01 

1,400 

. . . 

. . . 

.06 
--

.06 

1 15 
0.13 

. . .  

. . . 

.06 
--

.19 

(ton/y) 

21.6 

1.2 
.6 

2.2 
--

25.8 

1 25.4 

. . .  

. . , 

2.2 
--

121.6 

20.9 

. . .  

. .  , 

1.3 
--

22.2 

. . . 

. . . 

1.0 
--

1 .0 

25.4 

. . .  

. . . 

2.2 
--

21.6 

• •  



wo u l d remai n the s ame ( i . e . , durati on  wo ul d i ncrease ) .  Surge tan k 
standi ng l os ses wo u l d i ncrease proporti onal l y  at 680 , 000  bb l /d becau se 
of the l onger durat i o n  o f  crude i n  the tan ks . 

The hydrocarbon  l os ses  i nd i cated for the surge tan k  emi s s i ons  are 
deri ved from equati o n s  (Appendi x C . 3 )  that predi ct II tota l evaporati ve 
l os ses ll for tanks and may present an overesti mate of  VOC em i s s i on l eve l s  
(wh i ch exc l udes ethane and methane ) .  

To project amb i e nt NMHC contri but i ons  from the West Hac kbe rry s i te ,  the 
RAM computer output at 1 g/s (Appendi x C . 4 ,  Tab l e  C . 2-4) can agai n be 
used .  The worst-case 1- h NMHC co ncentrati ons  fo r th i s  s i te are : 

S i gn i fi cant Acti v i ty 

Leach o n l y  
Leach/fi l l  
F i nal fi l l  

Re fi l l  o n l y  

Emi s s i o n Rate (g/s ) 

0 . 73 
3 . 67 

Max i mum 1- h Impact 
(�g/m3 ) 

0 . 95 ( Phase I I  basel i ne 
1 . 07 (40 : 30 and 6 0 : 10 

736 . 4  
3702 . 2 

958 . 4  
1079 . 4  

al ternat i ve s )  
0 . 79 796 . 9 

The 1- h max i mum NMHC concentrat i o ns agai n i nd i cate that v i o l ati o n s  of  
the  3-h  NMHC standard o f  160  � g/m3 are l i ke l y  wi thi n 3 . 5 km of  the  s i te .  
Bac kgro und NMHC l eve l s  are al ready about 400 �g/m3 . 

F i gure 4- 1 can agai n be used to co nve rt NMHC concentrati ons i nto 
res u l ti ng 1- h max i mum ozone l evel s .  At typ i cal NO co ncentrati ons  
( Leve 1 1 ) , the  worst-cast hydrocarbon co ncentrati ons  xwo u l  d res u l t i n  
ozone concentrati ons  i n  the range o f  0 . 15 to 0 . 20 ppm i n  the i mmedi ate 
s i te area . At I I typ i cal l l  NMHC concentrat i o n s  (wh i ch are at max i mum about 
40 percent l owe r than wo rst-case val ues )  of  0 . 0 to 2200 �g/m3 ( 0 . 0  to 
3 . 3 ppm) , ozone l evel s wo ul d vary from 0 . 0 to 0 . 19 ppm . Duri ng  peri ods 
o f  extreme l y  h i gh amb i ent NO concentrati ons  ( Level I I  of  F i g .  4- 1) , 
typ i cal  NMHC amb i ent concentra\i o ns  from thi s so urce co u l d produce ozone 
l evel s as h i gh as 0 . 50 ppm (duri ng l each/fi l l  acti v i ty o n l y ) . 

Total NMHC emi s s i ons  at West  Hac kbe rry wou l d  exceed 100 tons/year o n l y  
duri ng peri ods of  s i gn i f i cant o i l f l ow du ri ng l each/fi l l .  The 
l each/fi l l  phase occurs duri ng l es s  than one ha l f of the total l eac h i ng 
peri od .  Duri ng drawdown , emi s s i o ns  at  the  s i te wo u l d be m i n i mal  becau se 
al l s u rge tan ks are l ocated at Sun  Termi nal . 

To proj ect amb i ent NMHC co ncentrati ons from the Bryan Mound s i te ,  the 
RAM computer outp ut at 1 g/s (Appe ndi x C . 4 ,  Tab l e C . 2-4) i s  agai n used .  
The wo rst- case 1- h NMHC co ncentrati ons  fo r th i s  s i te are : 
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S i gn i fi cant Acti v i ty 

Leach o n l y  

Leac h/fi 1 1  

F i nal  fi l l  
D rawdown 
Refi  1 1  

Emi s s i on Rate ( g/ s )  

0 . 46 ( P hase I I  bas e l i ne )  
0 . 72 (40 : 30 and 60 : 10 

al ternati ve)  
2 . 47 ( P hase I I  bas e l i ne )  
3 . 50 (40 : 30 and 6 0 : 10 

al te rnat i v e )  
1 .  3 7  
1 . 15 
1 . 10 

Maxi mum 1- h Impact 
(lJg/m3 ) 

464 . 0 

726 . 3 
2491.  7 

3530 . 8  
1382 . 0  
1160 . 1  
1109 . 7  

The  1-h  maxi mum NMHC co nce ntrati ons  aga i n i nd i cate that v i o l at i ons  of 
the 3- h NMHC standard are very l i ke l y  w i th i n 3 . 5 km of  the s i te .  

For q u i c k  reference o f  a l l hour ly  NMHC i mpacts duri ng l each/fi l l  o n  day 
176 , RAM was a l so  run  wi th a 3 . 50- g/s emi s s i o n  rate (Append i x  C . 4 ,  Tab l e 
C . 4-4) . Th i s i s  the h i ghest , o r  worst- case , emi s s i o n  rate for any 
act i v i ty .  Bac kground  NMHC concentrati ons  can be app roxi mated from data 
co l l ected at the C l ute- Freeport stat i o n  (Tab l e  3-3 ) . Th i s  val ue (400  
IJg/m3 ) i s  l ow i n  compari son  wi th many of  the comp uter-projected val ues . 
Cons i derat i o n  of  bac kgrou nd concentrati ons  wo u l d genera l l y  i ncrease 
wo rst-case amb i  ent i mpacts associ  ated wi th Bryan Mound emi ss i o n s  o n l y  
s l i ghtl y .  Background concentrati ons  are a l ready cons i stantly  i n  
v i o l at i on of  the NMHC gu i de l i ne s .  

Potent i a l  ozone amb i ent i mpacts can once aga i n b e  esti mated from F i gure 
4 . 1 .  Worst-case NMHC conce ntrati o n s  of  464 . 0 to 3530 . 8 IJg/m3 ( 0 . 70 to 
5 . 30  ppm ) wo u l  d res u l  t i n area ozone i ncreme nts rangi ng from 0 . 13 to 
0 . 20 ppm . Typ i ca l  NMHC concentrati ons  at B ryan ·Mo und ( i n  the range of 
0 . 0 to 210 0  IJ g/m3 ) cou l d  resu l t  i n  ozone 1- h l eve l s  as  h i gh as  0 . 5 ppm 
du ri ng great ly  e l evated NO ep i s odes ( Level  I I  of  F i g .  4 . 1 ) . Howeve r ,  
s u c h  l eve l s wou l d  o n l y  oCcur duri ng l each/fi l l  acti v i ty .  O f  t h e  50 
non- zero , NMHC concentrati ons  p rojected by RAM duri ng l each/fi l l  for day 
176 (Appe ndi x C . 4 ,  Tab l e C . 4- 4) , o n l y  8 ( 16 percent)  concentrat i ons  h i gh 
enough  ( 350 IJg/m3 ) to cause v i o l ati ons  of the 0 . 12-ppm ozone 1- h 
s tandard duri ng normal NOx l eve l s  occur  outs i de the s i te boundari es . 

Based o n  currently  avai l ab l e i nformati on and the above ana l ys i s ,  the 
1 eve 1 of hydrocarbon emi ss i o n s  i s  p robab l y  i n s u ffi  ci ent to have an 
i mportant i mpact o n  non l ocal , regi onal  l evel s of  p hotochem i cal  oxi dants 
( i . e . , other than i n  the i mmedi ate si te area) . I t  i s  be l i eved that the 
emi s s i on s  wo u l d  be of mi nor  s i gn i fi cance to reg i onal  a i r qual i ty becau se 
of  thei r peri odi c nature . The use  of vapor  co ntro l techno l ogy ( s uch  as 
coveri ng the o i l bri ne separator and co l l ecti o n  emi s s i o n s )  wo u l d he l p  
mi n i m i ze i mpacts that occu r .  

I n  s ummari z i ng t h e  ai r qual i ty i mpacts , t h e  We st  Hackberry a n d  B ryan 
Mound fac i l i t i e s  wou l d  be s i gn i f i cant sources of  NMH C .  Addi t i o nal  
v i o l at i o n s  of  the 1- h ozone standard , i mmedi ate l y  downwi nd from the 
fac i l i t i e s  are p redi cted .  If these s i tes are c l as s i f i e d  as maj or  
stat i o nary sources , LAER , as  defi ned by the  Texas Ai r Co ntro l Board , 
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wi l l  be i mp l eme nted i f  the fac i l i t i es are not g i ven an exempti on due to 
the i ntermi tte nt nature of emi s s i o n s .  LAER  fo r the s i tes wou l d probab l y  
cons i st o f  coveri ng the o i l -br i ne separato rs , wh i ch i s  the maj o r  
emi s s i o n  so urce , a n d  vent i ng c o l l ected VOC emi s s i ons  t o  a vapor recovery 
system . 

4 . 4 . 4  Amb i e nt Sound Leve l s  

Impacts o f  construct i o n- and operat i o n s - rel ated sound l eve l s at the 
B ryan Mound s i te are addres sed i n  the Seaway Group FE I S , Sects . 4 . 3 . 1 . 4 
and 4 . 3 . 2 . 4 .  The creati on of  new sto rage caverns at the s i te ,  as part 
of  Phase I I I  expans i o n ,  wo u l d extend the durat i o n  o f  these i mpacts , but 
not the i r  magn i tude , wh i ch was deemed i ns i gn i fi cant because o f  the 
i ndustri al nature of  the s i te .  

Construct i on- and operat i ons-rel ated no i se i mpacts at the We st Hac kbe rry 
s i te are presented i n  the Texoma Group F EI S , Sect . 4 . 3 . 4 . Expan s i o n  of  
the  West Hac kbe rry s i te by 30 MMB  wou l  d move the  so urces c l oser  to 
ex i sti ng res i denti al  structures that may remai n i n  the area after s i te 
expans i o n .  S i gn i fi cant s hort-term i mpacts to area re s i dents cou l d occur 
duri ng construct i o n , depe ndi ng on  the cavern l ocati ons  se l ected . 

4 . 4 . 5 Spec i es and Habi tats 

The add i t i o n  of fo ur or s i x  new storage cave rns at the B ryan Mound s i te 
wo u l d not s i gn i f i cant l y  i mpact spec i es or  hab i tats beyo nd the s i te 
bo undar i e s .  Th i s  act i o n wou l d extend the durat i o n  of  i mpacts prev i o u s l y  
de scri bed for Phase I I  i n  the Seaway Group F E I S ,  Sect.  4 . 3 .  

Expans i on of  We st Hac kberry fac i l i t i e s by e i ther 30  or  1 0  MMB co u l d  
requ i re the purchase o f  up to 34 acres o f  l and  to the . south and we st of  
the  s i te .  Th i s  act i o n  wo u l d remove ex i st i ng pasture prai ri e hab i tats 
from use as we l l as requ i re the removal of up to ten re s i dences wi th 
act i ve l y  ma i ntai ned grounds . Removal of  trees from the area wo u l d 
affect the spec i e s compo s i ti o n o f  b i rds fo und i n  the i mmedi ate v i c i n i ty .  
N o i se and other i ndustri al  acti v i ty wo u l d  keep many taxa away from the 
s i te ,  especi al l y  dur i ng construct i o n .  The habi tats l ocated i n  the 
i mpacted area are not u n i que to the reg i o n .  S i te expans i o n  i s  not 
proj ected to i mpact any wetl ands or  other b i o l og i cal l y  sens i t i ve areas . 

4 . 4 . 6 Natural and Scen i c  Resources 

Construct i o n  and operat i o nal  acti vi ti es i nvol ved i n  the B ryan Mo und  
expans i on wo u l d not affect any natural o r  scen i c  res ources . Bryan Mound 
sa l t dome i s  l ocated i n  an i ndustri al  area ( Sect . 3 . 2 . 3 . 6 )  v i rtual l y  
l ack i ng i n  these resources . 

Co nstruct i o n and operat i o nal  acti v i ti e s i nvol ved i n  the We st Hac kberry 
expans i on wo u l  d not affect any natural or  sceni  c reso urces . The two 
opti ons  be i ng cons i dered fo r expans i o n ( Sect.  2 . 2 . 1 . 1) are not l ocated 
i n  wetl ands . 

4-75 



4 . 4. 7  Archaeo l ogi cal , H i stori cal , and C u l tural Resources 

A l tho ugh no known archaeo l ogi cal , h i sto r i cal , or cu l tural res ources 
wo u l d be affected , expans i o n of  the fac i l i t i es at Bryan Mound cou l d  
pos s i b l y  i mpact res ources not i denti fi ed by prev i o us studi es ( s ee Sect.  
3 . 2 . 3 . 7 ) .  Further s tudy o f  the expans i on  area before construct i o n  and 
carefu l  mon i tori ng duri ng construct i o n  operat i ons  wou l d  be conducted to 
avo i d  destructi on  o f  hereto fore un known s i te s .  

I t  i s  un l i ke l y  that the operati onal  phase a t  Bryan Mound wou l d i mpact 
any archaeo l ogi cal , 'h i stori cal , or  cu l tural res ources . 

A l though no known archaeo l ogi cal , h i stori cal , and cu l tural  res ources 
wo u l d be affected , i t  i s  pos s i b l e that expans i on of the faci l i t i es at 
West  Hackberry co u l d i mpact reso urces not i denti f i ed -by prev i ous  studi es 
( s ee Sect. 3 . 2 . 4 . 7 ) .  Further study of the expans i on area before 
cons tructi o n  and careful  mon i tori ng du ri ng constructi on  operati ons  wou l d 
be conducted to avo i d  destructi on of  heretofore un known s i tes . I f  an 
archaeo l ogi cal s i te was uncovered du ri ng construct i o n , wo rk wo u l d cease 
and the State H i stori c Pres ervati on  Offi cer wou l d  be contacted 
i mmedi ate l y  as requ i  red by the Nati onal  Hi stori  c Preservati on Act of 
1966 . 

I t  i s  u n l i ke l y  that the operat i o nal phase at the West Hackberry 
expans i on addressed i n  th i s  document wo u l d i mpact any archaeo l og i cal , 
h i stor i cal , or  cu l tural  resources i n  the affected area . 

4 . 4 . 8 Soci oeconomi cs 

Soci oeconom i c  i mpacts of the proposed expans i on of  Bryan Mo und sto rage 
capac i ty are l i ke l y  to be undetectab l e  for the fo l l owi ng  reasons : 

o As noted i n  the F E I S  for Phase I I  ( Seaway Group FE I S , 
Sect.  3 . 3 . 8) ,  the area was a l ready i ndustri al l y  deve l oped 
befo re Phase I I .  

o No further l and acqu i s i ti o n wo u l d be  requ i red . 

o I ntegrati o n  o f  the Phase I I I  wo rk  wi th the Phase I I  work  
wi l l  req u i re on ly  a few addi ti o na l  wor kers ; these  workers 
s ho u l d be on  s i te for a very s hort peri od of ti me .  

o Wi th i ntegrat i on  o f  Phases I I  and I I I , workers requi  red 
for dri l l i ng and l each i ng wou l d al ready be on s i te .  No 
new workers wou l d  be req u i red .  Exi sti ng workers wou l d  
s i mp l y  stay at the s i te fo r the addi t i onal  t i me req u i red 
to dri l l  and l each four mo re cavern s .  

o G i ven the i ndustri al i zed nature of  the s i te ,  the exi sti ng  
l abor-s hed , the rel ati ve l y  s hort i ncrement o f  t i me 
req ui red for the proposed expans i on ,  and the probab i l i ty 
that mo st workers al ready commute to the s i te ,  i t  i s  not 
l i ke l y  that mo re of  the workers current ly  engaged i n  
dri l l i ng and l each i n g  wo u l d change res i dences becau se o f  
Phase I I I  expan s i o n .  
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The proposed Phase I I I  expans i on  shou l d requ i re few , i f  any , c hanges i n  
personnel  req u i red for mai ntenance . No  s i gn i fi cant ( o r  even meas urab l e ) 
i mpacts are expected ( Seaway Group FE I S ,  Sect . 4 . 3 . 2 . 8 ) .  

No s i gn i f i cant l ocal soci oeconomi c i mpacts are expected duri ng f i l l  o r  
drawdown . 

Phase I I I  expan s i Q n  o f  the West Hackberry s i te woul d cause mi n i mal  
adverse soc i oeconomi c i mpacts . Depend i ng on  the  spec i fi c  cavern 
l ocat i ons  se l ected up to J::!llL .Les i �D.ses adjacent to .the , _g)(j s.:li.ng 
property boundary wou l  d be removed , resulting " ' ,  n aisplacement of up to 
ten fami l i es . 

4 . 5 I MPACTS TO F LOODP LAINS  AND WETLANDS 

On  May 24 , 1977 , Executi ve Orders 11990 ( P rotect i o n  of  Wet l ands ) and 
11988 ( F l  oodp 1 ai  n Management)  were i s s ued .  Ess ent i al l y ,  these o rders 
requ i re that each Federal agency i s s ue or  amend exi s ti ng regu l at i ons  and 
procedures to avo i d  the use of fl oodpl ai n and wetl and res ources as s i tes 
for Federal act i ons  u n l ess no  practi cab l e  al ternat i ve exi sts . In  cases 
where no practi cab l e  a l ternat i ve i s  avai l ab l e ,  i mpacts to these 
resources must be mi n i mi zed to the greatest extent pract i cab l e .  The 
Executi ve Orders and subsequent i mp l ementat i o n  gu i del i nes and 
regu l ati ons  promu l gated by the U .  S .  Water Res ources Counc i l and DO E 
( Federal Regi ster , February 10 , 1978 , and March 7 ,  1979 , respecti vel y) 
prescri bed that assessment of fl oodp l a i n  and wetl and i mpacts of  proposed 
acti ons  be i nc l uded i n  envi ronmental asses sments o r  envi ronmental i mpact 
statements prepared p urs uant to the Nati onal  Envi ronmental Po l i cy Act 
( NEPA) . 

A detai l ed des c r i pt i on of  the proposed and al ternat i ve act i ons of the 
Phase I I I  SPR  expan s i on i s  presented i n  Sect.  2 . 0 .  The approx i mate 
l ocati on  of the B i g  H i l l  s i te i n  rel ati on  to the f l oodp l ai n i s  presented 
i n  F i g .  4-10 . The exact l ocati o n  of wel l pads and the u l t i mate s i te 
boundary wou l  d be  determi  ned through ongo i ng geotechni  ca 1 
i nvesti gat i ons , real estate avai l ab i l i ty ,  and detai l ed engi neeri ng 
des i gn stud i es . A l l s i te fac i l i t i es that 'cou l d not wi thstand fl oodi ng 
wo u l d be l ocated we l l above the 100-year fl ood e l evat i o n .  The B i g  H i l l  
storage s i te wo u l d cover approxi mate l y  250 acres on  top of  the B i g  H i l l  
sal t dome [e l evati on  of 30  to 35 ft , mean sea l evel  (ms l ) J .  There are 
no wetl ands as soci ated w i th the B i g  H i l l  storage s i te .  Crude o i l , raw 
water , and br i ne d i sposal  p i pel i nes wou l d cros s fl oodp l ai n s and 
wetl ands . 

Expans i on of the B ryan Mo und s i te wou l d  occur wi th i n the 100-year 
fl oodp l ai n .  S i te operat i o nal  fac i l i t i es and many of the ex i sti ng ' 
we l l pads are protected by a l evee system des i gned to prevent s i gn i fi cant 
overtopp i ng from wave run up as soci ated wi th a hurri cane s u rge of 15 ft 
above sea l evel  ( F i g .  4-11) . The l evee system i s  a part of the Federal 
F l ood Protecti o n Proj ect under con struct i o n  for F reeport and vi ci ni ty 
and , as s uc h , meets al l Federa l requ i rements . Co ns tructi on  of we l l pads 
and we l l heads i n  the fl oodp l ai n wo u l d not a l ter fl ood e l evati ons . 
Expans i o n at B ryan Mound wou l d  not s i gn i f i cantly  i mpact fl oodp l ai ns , but  
wou l d  occur in  an area hav i ng wetl ands . 
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Figure 4·1 0. local 1 00·year lIoodplaln dlstrlbullon In the vicinity 01 the Big Hili SPA site. 
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The expan s i o n  of  the West Hackberry s i te wou l d occur i n  the regi on  s hown 
i n  F i g .  4- 12 . As wi th the B i g  H i l l  s i te ,  th i s  construct i on  wou l d occur 
on  some of  the h i  ghest ground i n  the area and wou l  d be  above the 
100-year f l ood e l  evati  on .  There are no wetl ands wi thi  n the propo sed 
expans i o n  areas . 

4 . 5 . 1 Phase I I I  Prel i m i nary F l oodpl ai n and Wetl ands Determi nati on  

As  spec i f i ed by Execut i ve Orders 11988 and  1199 0 , a f l oodp l ai n and 
wetl ands determ i nat i on  for the proposed proj ect wo u l d be made by the 
Secretary of  DO E .  The fol l owi ng i s  a prel i m i nary determi nat i on  of the 
practi cab i l i ty of  l ocat i ng the proposed Fede ral acti on  i n  f l oodp l ai ns 
and wet l ands . 

The proposed s i te devel opment at B i g  H i l l  and the expans i on at West  
Hac kberry wou l d not  be l ocated i n  the  100-year f l oodp l a i n  o r  wet l and s .  
T h e  b r i ne l i ne ,  raw water p i pel i ne ,  and o i l d i stri buti on  p i pe l i ne ( s )  for 
B i g  H i l l  and the expan s i o n  at B ryan Mound wou l d  i mpact f l oodp l ai n s and 
wet l ands . Therefore , i t  i s  neces sary to determi ne whether other s i tes 
and p i pe l i ne routes offer practi cab l e  a l ternati ves to l ocat i ng i n  
fl oodp l ai ns and wetl ands . 

S e l ect i on o f  Cand i date Storage S i tes 

Th i s  sect i o n  exami nes o n l y  Gu l f Coast sal t dome sto rage s i tes . A l l 
other a l ternati ves for Phase I I I  we re cons i de red and rejected for 
vari o us reasons , as i s  d i s cussed  i n  Sect . 2 . 3 . 1 . The DOE has eval uated 
the feas i b i l i ty of expandi ng the Gu l f Coast s i tes a l ready be i ng used by 
the SPR  program . F i ve pos s i b l e dome s were i denti fi ed :  B ryan Mound , 
We st  Hac kbe rry , Wee ks Is l and , Bayou Choctaw , and S u l phur  Mi nes .  
Expans i on o f  the l atter three s i tes was not feas i b l e  ( Sect.  2 . 3 . 1) .  The 
maxi mum practi cab l e  expan s i o n  i s  60 MMB at Bryan Mound and 30  MMB at 
West Hackbe rry for a total i ncrease of 90  MMB . At 1 east one new s i te 
wou l d  be req u i red to store the addi ti onal  120 MMB neces sary to meet the 
S P R  Phase I I I  goal of  750 MMB . 

The new s i tes  were i denti f i ed from the three groups o f  sal t domes 
(Seaway , Texoma , and Capl i ne )  wh i c h  have been under cons i derati on  for 
the SPR  program. These were Napo l eonvi l l e ,  Chacaho u l a ,  and Iberi a of  
the Cap l i ne Group ; B l ac k  Bayo u ,  V i nton , and B i g  H i l l  o f  the  Texoma 
Group ; and Nas h ,  Al l en ,  Damon Mound , and We st  Co l umb i a of the Seaway 
Group . The B i g H i l l  dome was chosen as the preferred al ternati ve for 
the reasons  detai l ed i n  Sect . 2 . 3 .  

Practi cab i l i ty of  A l ternati ve S i tes  

Of the  exi sti ng  and new s i tes not  proposed fo r expans i on o r  devel opment , 
an eval uati on  must be made to dete rmi ne whether they wo u l d  be 
practi cab l e  a l ternati ves  to l ocati ng i n  fl oodp l a i ns/wetl ands . The three 
pri mary cri teri a devel oped to determi ne the practi cab i l i ty for Phase I I I  
devel opment are s uffi c i ent storage capac i ty ( fo r  new s i tes ) , capab i l i ty 
to d i spose of  bri ne , and avoi dance of  majo r  i mpacts , wh i ch cou l d not be 
adequate l y  m i t i gated on a s i gn i f i cant area of wetl ands . 
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Figure 4·1 2. Local 1 00·year floodplain distribution in the vicinity of the West Hackberry 
SPR site. 



The I beri a ,  A l l en ,  and V i nton s i tes wo u l d not provi de s uff i c i ent sto rage 
capac i ty .  Ten s i tes ( I beri a ,  Chacaho u l a ,  Nap o l eonvi l l e ,  Bayou Cho ctaw , 
Nas h ,  Damon Mound , Wee ks I s l and , West Co l umb i a ,  S u l phur Mi nes , and 
Vi nto n )  had major  br i ne d i sposal  prob l ems . Iberi a ,  Chacaho u l a ,  
Napo l eonvi l l e ,  and B l ac k  Bayou wou l d  have maj o r  i mpacts , wh i c h cou l d  not 
be m i t i gated on  a s i gn i fi cant amo unt of  wetl ands . 

A l l these s i tes fai l ed 
Therefore , i t  i s  be l i eved 
s i tes avai l ab l e  for o i l 
fl oodp l ai ns/wetl ands . 

Se l ecti on  o f  P i pe l i ne Routes 

to sati s fy the pract i cab i l i ty cri teri a .  
that there are n o  pract i cab l e  al ternati ve 
storage that wo u l d not be l ocated i n  

I t  i s  a l so  necessary to determi ne whether any pract i c ab l e  a l ternati ves 
exi st to l ocat i ng the B i g  H i l l  p i pel i nes i n  f l oodp l a i ns/wet l ands . 
Exi sti ng fac i l i t i es wo u l d be used at Bryan Mound and West Hac kberry . 

Crude O i l P i pe l i nes 

The preferred crude o i l  p i pel i ne wo u l d extend 23 mi l es from B i g  H i l l  to 
Sun Termi nal . Any p i pel i ne from the B i g  H i l l  dome wi l l  cross  
fl oodp l ai ns ( see F i g .  4- 10 ) .  Wetl ands traversed by the  proposed 
p i pe l i ne occur near A l l i gator Ho l e  Mars h ,  Tay l o r Bayo u ,  and H i l l ebrandt 
Bayou . I t  i s  esti mated that the 150- ft ROW wo u l d i mpact about 45 acres 
of  fresh  mars h .  Most of the l and i n  the area i s  used for agri cu l ture .  

Two a l ternati ve crude o i l p i pel i ne routes were deve l oped from 25 
po ss i b l e  scenari o s .  Facto rs used i n  maki ng the cho i ce i nc l uded total 
l e ngth , l and use patterns ,  envi ronmental l y  sens i t i ve areas , pres ence of 
archaeo l og i cal , h i stori cal , or cu l tural s i tes , number  of  water 
cros s i ngs , presence o f  exi sti ng ROWs , and constructi on  techn i ques 
req u i red . The two s e l ected al ternati ves are the northern route to OTTI 
and a southern ro ute to Pel i can I s l and , as shown i n  F i g . 2 - 6 .  

The p i pel i ne route t o  OTn wo u l d temporari l y  i mpact fl oodp l ai ns and 
wet l ands ( i nc l udi ng areas near Spi ndl etop , E l m ,  Doub l e ,  and Cedar 
bayou s )  i n  the area west  of B i g  H i l l  and i n  the Tri n i ty Bay area .  The 
southern p i pel i ne ro ute wou l d cross  fl oodp l ai ns and wetl ands ( i nc l udi ng 
areas near Sp i ndl etop , E l m ,  Oyster , and Lone Oak b ayou s )  west  and south 
of B i g  H i l l  and the Gal veston Bay area . There are no prac t i cab l e  
al ternati ves to ro uti ng the crude o i l p i pel i nes acro s s  fl oodp l ai ns and 
wetl ands to transport the o i l to termi nal faci l i t i es .  

Raw Water and B r i ne D i sposal  Systems 

The proposed raw water and ons hore bri ne di sposal  p i pe l i ne systems wou l d  
cro s s  a conti nuous  fl oodp l ai n/wetl ands area between the B i g  H i l l  s i te 
and the G u l f o f  Mexi co . The o n l y  practi cab l e a l ternati ve avai l ab l e  to 
co nstruct i on  of  the bri ne p i pe l i ne i s  d i sposal  of  br i ne by underground 
i njecti on , wh i ch wou l d  not be acceptab l e  (Appe ndi x H ) . The raw wate r 
i ntake fac i l i t i es ( e l ectr i c  pumps , etc . ) wou l d be  l ocated at the I CW on  
a spo i l bank  aro u nd an abandoned barge s l i p .  The raw water i ntake p i pe 
and associ ated protecti ve structures wo u l d be l ocated w ith i n the 
f l oodpl ai n b e l ow the max i mum l ow water l eve l . Th i s wo u l d  ens ure an 
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u n i nterrupted water s upp l y .  These structures wo u l d not a l ter fl ood 
e l evat i ons  i n  the area and wo u l d pose no  threat to l i ves o r  property . 
Cons  i de ri ng the need for a 1 arge amo unt of raw water l ocated near the 
s i te , there i s  no practi cab l e  al ternat i ve to l ayi ng the p i pe l i ne across  
the  fl oodp l ai n and  wetl ands to  the I CW .  

4 . 5 . 2 Phase I I I  F l oodpl ai n and Wetl and As sessment 

Bi g H i  1 1  S i te 

Co nstructi on  of  the l40-MMB B i g  H i l l  sto rage s i te wo u l d have no l o ng- or  
short-term i mpact on  fl oodp l ai n s or  wetl ands . The  dome e l evat i o n , wh i ch
i s  greater than 30 ft , p l aces the proj ect fac i l i t i es we l l above the 
100-year fl oodp l ai n .  F l ood i ng sho u l d not occur at the s i te s i nce i t  
represents the hi ghest  e l evati on  i n  the i mmedi ate reg i o n and wo u l d 
recei ve no runoff.  There wou l d be no al terat i on of  s urroundi ng 
fl oodpl a i n  e l evat i ons  or  f l oodp l ai n  act i ons  as a re s u l t of  s i te 
construct i o n .  

Raw Wate r I ntake Structure at B i g  H i l l  

The raw water i ntake structure wo ul  d be constructed on  an abandoned 
barge s l i p  at r i ver m i l e  305 on  the ICW. A l l components o f  the sys tem 
( s uc h  as e l ectr i c  pump motors ) that cou l d not wi thstand f l ood i ng wo u l d 
be l ocated above the l4- ft , 100-year fl oodp l ai n l evel . These structures 
wi l l  not s i gn i f i cantl y al ter the fl oodp l a i n or  fl oodpl ai n act i o n  beyond 
those a l terat i ons  caused by the presence of  the I CW .  Construct i on of  
the raw water i ntake structure wo u l d requ i re dredgi ng about  10 , 000  cub i c 
yards of spo i l from the i ntake channel  to guarantee adeq uate depth and 
u n i nterrupted water s upp l y .  Spo i l cou l d be used as f i l l  for the 
construct i o n  of the up l and port i on of the raw water fac i l i t i es or  co u l d  
be p l aced i n  an upl and spo i l d i sposal  area out o f  wetl ands . The exact 
di sposa 1 techn i  ques used wi 1 1  be dependent on the requ i  reme nts i mposed 
by the perm i tt i ng agency . There are no expected i mpacts to wet l ands 
s i nce al l construct i o n  wo u l d be  on  prev i ous l y  f i l l ed areas . 

Crude O i l ,  Raw Wate r ,  and Bri ne D i sposal  P i pe l i nes for Big H i l l  

P i pel i nes associ ated wi th the B i g  H i l l  S P R  s i te deve l opment wo u l d  
descend from the s i te e l evat i o n  of 30 to 3 5  ft to the s urroundi ng 
fl oodp l ai n and wet l and areas desc ri bed i n  Sect.  3 . 0 .  P i pe l i ne 
co nstructi o n  wo u l d have m i n i mal short- term effects o n  l ocal fl ood 
drai nage . Spo i l  wo u l d  be sto c kp i l ed i n  a manner that wo u l d not total l y  
i nh i b i t  natural  drai nage patterns . Ope n i ngs o f  about 50 ft wo u l d be 
l e ft between  every 200 ft of spo i l .  B ur i ed p i pe l  i nes wo u l d have no 
l o ng- term i mpacts on fl oodp l ai n  acti on  and wo u l d not affect prope rty or 
l i ves . At water cross i ngs , s horel i nes wo u l d be restored as c l ose to the 
o r i g i nal  contour  as practi cab l e ,  reduc i ng effects on  natural  overbank  
fl ood wate r di stri buti on . 

A maj or  cons i derat i o n  i n  se l ecti ng p i pe l i ne ro utes was the avoi dance of  
wetl and s .  Con struct i o n  of  p i pe l i nes ac ro s s  wetl ands cou l d i nvol ve the 
use of  a doub l e - d i tch i ng constructi on  tec h n i que to preserve the topso i l .  
The p i pe l i ne di tch wo u l d be backfi l l ed i n  reverse o rde r ,  the reby 
ensur i ng that the f i rst so i l removed wo u l d be the l ast s o i l rep l aced . 
Impacts res u l ti ng from the stoc kp i l i ng of  spo i l wo u l d be temporary and 
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of  s hort durat i o n .  Studi es by USACE have s hown that marsh  f l o ra and 
fauna  reco l on i ze and can even s urv i ve smotheri ng by spo i l  as l o ng as the 
spo i l does not permanent l y  rai se e l evati ons  above l i m i t i ng l eve l s  
( Re i mo l d  et a l . ,  1978 ) . Recovery of  vegetat i o n shou l d occur wi th i n  
about 1 to 3 years . 

The revegetati on o f  c r i t i cal  areas wo u l d be i ncorporated i nto the 
mi t i gati o n  program i f  deemed necessary through ongo i ng consu l tati on  wi th 
l ocal , state , and Fede ral authori t i es .  

By rerouti ng the br i ne di sposal  p i pel i ne ,  i t  cou l d '  b e  pos s i b l e to avo i d  
the 7 3  acres o f  wetl ands i n  McFaddi n Nat i onal  Wi l d l i fe Refuge that wou l d  
be affected by con struct i o n .  Thi  s wou l  d affect a greater number of  
acres (+23 ) of  wet l ands and was therefore not  con s i dered a v i ab l e 
a l ternati ve .  H i gh- qua l i ty wetl ands are d i stri buted somewhat 
homogeneou s l y  south of the B i g  H i l l  project s i te from Sab i ne Lake to 
Ga 1 veston Bay between the I CW and the Gu l f of  Mexi co . The route that 
wou l d  potent i al l y  i mpact fewer wetl ands wo u l d be the more di rect ro ute 
acro ss  McFaddi n Nati onal  Wi l d l i fe Refuge . In comp l i ance wi th the 
R i ghts-of-Way General Regu l at i ons  ( 50 CFR  29 . 21 ;  34 FR 19907 ) , the DOE 
wo u l d fi l e  a permi t app l i cati on  wi th the Department of I nteri or  to gai n 
easement acros s the refuge . Exi sti ng p i pel  i ne ROWs wou l  d be  fol l owed 
where practi cab l e ,  and m i t i gati ng measures ( e . g . , doub l e-d i tch i ng ,  
revegetati on , and hab i tat creat i o n )  wou l d  b e  used to mi n i mi ze i mpacts . 
The nature and extent of  these  act i  ons  wou l  d be determi ned through 
ongo i ng cons u l tati on  wi th the refuge manager and other authori ti es .  

Go s se l i n k e t  a l . ( 1979 ) have descri bed the wetl ands o f  the Sab i ne Bas i n  
i n  detai l .  Acco rdi ng to the i r esti mates o f  1974 , there were 250 , 388 
acres of natura l ( b rac ki sh  to i ntermedi ate ) mars h and 101 , 793  acres of  
i mpounded ( fres h )  marsh i n  the  bas i n .  These  marsh types have  been 
s ubstanti al l y  a l tered by man and nature s i nce 1952 , the earl i est  year of 
re l i ab l e  data . Between 1952 and 1974 there was a 16 . 8  percent decrease 
i n  natural mars h and a 29 . 4  percent i ncrease i n  i mpounded marsh . 
Because of  the l ac k  of  adequate h i stori cal  data , the i mpacts of  these 
changes on ecosystem product i v i  ty cannot be  q uanti fi  ed (Gosse  1 i n k et 
al . ,  1979 ) .  Constructi on  of  the raw water and br i ne l i nes to the ICW 
wou l d di srupt about 9 6  acres of  pr imar i l y  i mpounded mars h based on  a 
wo rst- case 150- ft ROW . Thi s represents a 0 . 09 percent reducti o n  i n  th i s  
hab i tat type wi thi n the Sab i ne Bas i n .  Co nstruct i on  o f  the br i n e  l i ne 
from the I CW to the G u l f o f  Mexi co wou l  d i nvol  ve 73 acres o f  natura l  
marsh , as s um i ng no  exi s ti ng ROW cou l d  be  pract i cab l y  uti l i zed .  Thi s 
wou l d rep resent 0 . 03 percent reducti on  i n  hab i tat . M i t i gati on programs 
i mp l emented i n  coordi nati on  wi th l ocal authori t i e s and experts duri ng 
the perm i tt i ng procedure wo u l d be used to mi n i mi ze i mpacts to .the extent 
practi cab l e . 

Bryan Mo und  S i te 

Expan s i o n  at Bryan Mo und wo u l d occur wi thi n the 100-year fl oodp l ai n  and 
i n  an area havi ng some wet l ands . Constructi o n  o f  we l l pads wo u l d  not 
al ter fl oodp l ai n  acti o n  or affect the extent  or severi ty of  f l oods . 
Con struct i on of  the we l l pads wo u l d requ i re di s rupt i on of  about 5 to 10 
acres of  wetl and hab i tat under the 40 : 30 scenari o .  Between 7 and 15 
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acres of  wetl ands co u l d be  di s rupted i f  the 6 0 : 10 a l ternati ve i s  
deve l oped.  The wetl and m i t i gati o n  program at B ryan Mound , wh i ch 
i nc l udes the phys i cal  creati on of  new wet l and hab i tat , wo u l d  be ame nded 
to compensate for new construct i o n .  

West Hac kberry S i te 

Exami nati on  of  F i g .  4- 3 reveal s that al l of  the s i te expan s i on wo u l d 
occur above the 100-year fl ood e l evat i o n .  Construct i o n  o f  we l l pads 
wo u l d not s i gn i fi cantly affect l ocal  runoff or f l oodp l ai n  act i on .  There 
wo u l  d be no effects on  1 i ves o r  o n  surroundi ng property . As wi th the 
B i g  H i l l  s i te ,  the We st Hac kberry dome s u rface rep resents the h i ghest 
e l evati on  i n  the i mmed i ate v i c i n i ty .  N o  wetl ands wo ul d be  affected by 
expan s i on  of the West Hac kberry SPR  s i te .  

4 . 6 IMPACT DUE TO TERMI NATION 

After termi nati o n  o f  the SPR  program , fac i l i t i es wou l d  be  di sposed of  i n  
accordance wi th app l i cab l e  l aws and regu l ati o n s . I f  no  future use i s  
found for the sto rage s i tes , l ands wou l d be returned to cond i t i ons  as 
c l ose  to ori gi nal  as i s  reasonab l y  practi cab l e .  

4 . 7 RELATIONS H I P  O F  THE PROPOSED ACTION TO LAND AND WATER  USE  P LANS , 
PO LIC I E S , AND CONTRO LS 

A l l o f  the s i tes d i scussed  have been prev i ous l y  used for mi neral 
extracti on ( sa l t ,  o i l , gas )  o r  storage . SPR operati ons  wou l d be  
compati b l e  wi th cont i nued product i on  of  o i l and gas  from fi e l ds adjacent 
to the domes . 

Wherever p i pel i nes c ros s state o r  Federal l y  owned l ands o r  sens i t i ve 
areas , such as ne�r oyster reefs , efforts wou l d be made to mi n i mi ze and 
mi ti gate i mpacts through coord i nati o n  wi th the proper regul atory 
agenc i e s .  

Water wi thdrawal from the I CW wou l  d have n o  i mpact o n  c urrent 
uti l i zati ons for transportati on  and recreat i o n .  Th i s  b rac k i s h  water i s  
not s u i tab l e  for agri cu l tural usage . Repl en i s hment o f  wate r i n  the I CW 
from East Bay and Sabi ne Lake , wh i c h  open d i rect l y  i nto the Gu l f o f  
Mexi co , a n d  through l ocal  waters hed drai nage wou l d prec l ude any 
pos s i b i l  i ty o f  adverse effects on  water 1 evel o r  qual  i ty beyond those 
var i at i ons  that natural l y  occur i n  the reg i o n .  

Expan s i on  of  the S P R  at Bryan Mound and B i g  H i l l  wou l d b e  coordi nated 
wi th the Texas Coastal Management Program , as mai ntai ned by the state ' s  
vari ous  natural re source agenci  es . Thi  s wou l  d ensure cont i nued bal  ance 
among future econom i c ,  envi ronmental , and soc i a l  needs a l ong  the Texas 
coast .  The state o f  Texas i s  now i n  the process of deve l op i ng a 
comprehens i ve Coastal Zone Manageme nt P l an p ursuant to the Federal 
Coastal Zone Management Act of  1972 . The state of  Lo u i s i ana recently  
ga i ned app roval for thei r Coastal Zone  Manageme nt P l an .  Consu l tat i o n  
wo u l d b e  made wi th the app rop ri ate authori ti es to ens ure that expans i o n 
of  the S P R  wo u l d n ot be i n  confl i ct wi th the i r goal s .  
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Expan s i on of  the S P R  under Phase I I I  wou l d  have no i mpact o n  any 
estuari ne o r  mari ne sanctuari es . The F l ower Garden reefs , l ocated over 
100 mi l es o ff s hore from the B i g  H i l l  d i sposal  s i te ,  i s  the o n l y  
propo sed mar i ne sanctuary i n  t h e  reg i o n .  Rap i d  d i l uti on o f  bri ne i n  sea 
water and di  stance wo u l  d prevent any pos s  i b 1 e i mpacts to thi s natural 
resource . 

4 . 8 NO ACT ION 

There are several  s i gn i f i cant i mpacts as soci ated with the no-act i o n  
opti on  o f  the propo sed Phase I I I  S P R  expans i o n .  The S P R  wo u l d  be 
l i mi ted to the 538 MMB sto rage now under devel opment i n  Phase I and I I  
and therefore wou l d  not pro v i de the U n i ted States wi th suffi c i ent 
petro l eum res erves to adequate l y  m i n i m i ze the effects o f  a future o i l 
supp ly  i nterrupt i on .  No  acti on  wou l d a l so be i n  d i rect vi o l ati on  o f  the 
Energy Po l i cy and Conservat i o n  Act ( EPCA) of 1975 as amended by the 
Omn i bus  Reco nc i l i at i o n  Act of August 13 , 1981 , Sect i o n  1033 ( P . L .  
97- 35 ) .  A more detai l ed di scuss i o n i s  presented i n  Sect.  2 . 3 . 2 .  
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5 . 0 ENVI RONMENTAL MON ITO R I NG 

5 . 1 I NTRODUCT ION 

S i nce the i ncepti on  of  the SPR  proj ect wi th P u b l i c  Law 94- 163 , the 
Department of  Energy ( DOE)  has recogn i zed the i mportance of  basel  i ne 
characteri zati on  and mo n i tori ng fo r envi ronmental i mpact asses sment .  I n  
acco rdance wi th the Nat i ona 1 Envi  ronmenta 1 P o l  i cy Act o f  1969 ( NEPA ) , 
the Nati onal  Po l l utant D i scharge E l i m i nat i on System ( NPDES ) regu l ati o ns , 
Exec uti ve Order 11752 , Sect.  10 of  the 1899  Ri vers and Harbors Act and 
Sect . 404 of  P .  L.  92-500 , as we l l as numerous other Federal and state 
l aws and regu l at i ons  ( see Sect . 9 . 0 ) , the DOE has conducted 
envi ronmental studi es re l ated to al l phases of  fac i l i ty cons tructi on  and 
methods of  bri  ne d i  sposal , i ncl udi ng di  sc harge to the Gu l f of  Mexi co 
(Tab l e  5-1) . Throughout these studi es , bri ne di sposal  has been 
recogn i zed as one of the most sens i t i ve envi ronmental i s s ues . 

5 . 2 BASEL INE  CHARACTERIZATION  

A I-year oceanograp h i c s urvey of base l i ne condi ti ons  was co nducted i n  
the area o f  the proposed B i  g H i  1 1  di ffuser from September  1977 to 
October 1978 ( see Append i x  F ) . Th i s  study ,  wh i c h was part of  a l arger 
regi onal  Texoma s urvey , i nc l uded detai l ed doc umentat i o n  of  phys i ca l  
oceanography , trace chem i stry ,  sedi ment texture and  di str i b ut i o n , macro
and me i o- bentho s ,  phytop l an kton , zoop l an kto n , and deme rsal nekton 
popu l at i ons . Resu l ts of  th i s  s urvey provi ded much of  the i nfo rmati on  
pertai n i ng to  the  mari ne envi ronment i n  the  Texoma F i nal  Env i ronmental 
I mpact Statement ( F E I S ) .  

Basel i ne characteri zati on  of  the West Hac kberry s i te has been conducted 
i n  three phases . As part of the Texoma reg i onal  s urvey , month l y  
samp l i ng i denti cal  t o  that performed a t  the B i g  H i l l  s i te was conducted 
between September  1977 and May 1978 . Beg i n n i ng i n  J u ne 1978 , samp l i ng 
s h i fted to a Nati onal  Ocean i c  and Atmospheri c Adm i n i strati on/Nati onal  
Mari ne F i s he r i e s  Serv i ce ( NOAA/NMFS)  mu l t i d i sci p l i nary program that 
samp l ed sedi ment and m i c roorgan i sms , benthos , demersal  nekton , 
macrocrustaceans , and zoop l an kto n on  a quarter ly  bas i s .  Phys i ca l  
oceanograph i c parameters were co l l ected over a I-year cyc l e .  Bri ne p i t  
mon i tori  ng , s hri mp studi  es , and other tas ks are now b e i  n g  extended to 
the West Hac kberry s i te .  

The th i rd phase o f  offshore mon i tori ng at West Hac kberry wi l l  fo l l ow 
cl ose ly  the p l an deve l oped at Bryan Mo und .  Thi s program wi l l  cons i st of  
an i n i ti al i nten s i ve predi scharge characteri zati on , fol l owed by 
conti nued s urve i l l ance duri ng the startup of bri ne d i scharge . 

Basel  i ne envi  ronmental surveys at the proposed Bryan Mo und  5 .  8-mi 1 e and 
the current 12 . 5-mi l e  d i sposal  s i tes began i n  September 1977 and 
November 1977 , respecti vel y .  These m u l ti di s c i p l i nary i nvesti gati ons  
i nc l uded numerous aspects of  the near- s ho re env i ronment i n  the  reg i on  o f  
the proposed br i ne di ffuser s i tes . I ntens i ve samp l i ng a t  the 5 . 8-m i l e  
s i te was reduced i n  scope when the 12 . 5-mi l e  br i ne l i ne and d i ffuser · was 
se l ected and con structed. Envi ro nmenta l characteri zati o n · of the 
offs hore s i te conti nued throughout the peri od  of construct i o n  of the 
d i ffuser.  Wi th the commencement of bri ne d i sposal  i n  March 1980 , 
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Table 5·1 . Environmental studies related to the offshore disposal of brine 
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Temp l e ,  R .  F . , and Marti n ,  J .  A . , 1979 . Surface C i rcu l at i o n  i n  the 
Northwestern Gu l f of  Mexi co as Deduced from Dri ft Bottl es . NMFS 
SSRF-730 , Nati onal  Ocean i c  and Atmo spher i c  Admi n i strati on , U . S .  
Department o f  Commerce , Wash i ngton , D . C .  

Tong , S . , and Sto l zenbach , K .  D . , 1979 . Submerged Di scharges of  Dense 
Effl uent.  Repo rt No . 243 , Ra l p h M .  Parsons Laborato ry for Water 
Reso urces and Hydrodynami cs , Department o f  C i v i l Eng i neeri ng , 
Massachusetts I n sti tute of Techno l ogy , 115 pp . 

U . S .  Department of  Energy , 1978 . F i nal Envi ronmental Impact Statement: 
Strateg i c  Petro l eum Reserve , Texoma Group Sal t Dome , 5 vol s .  
DOE/E I S-0029 . 

Ven kataramiah , A . , Laksmi , G .  J . , and Gunter , G . , 1974 . Stud i es on the 
Effects of  Sal i n i ty and Temperature on the Commerc i a l Shr imp , 
Penaeus aztec us Ives , wi th Spec i a l  Regard to Surv i val L i m i ts , 

5- 3 



Table 5·1 (continued) 

. 

Growth , Oxyge n Consumpti on and I o n i c Regu l at i o n .  Co ntract report 
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effo rts s h i fted from a characteri zati on  mode to a di scharge p hase 
mo n i tori ng mode . To date , no s ubstanti ve , unexpected fi ndi ngs have been 
obtai ned ( see Sect.  4 . 2 . 5 . 2 ) .  

5 . 3 PRE- AND POST- D ISCHARGE MONITO R I NG 

Br i efl y ,  the rati onal e for co nduct i ng a mo n i tori ng program i s  to sati sfy 
l egal requi reme nts of  l eg i s l ati ve and regul atory p o l i c i e s , to determi ne 
any s hort- or  l ong-term i rrevers i bl e commi tments of  resources to the 
project , to prov i de po l i cymakers wi th s uffi c i ent i nformati on to ai d i n  
ma ki ng future dec i s i ons on s i mi l ar projects , and to provi de regul atory 
age nc i es w ith  enough i nformat i on about i mpacts that a l ternat i ves or 
m i t i gati ve measures cou l d be taken . B oth tempo rary and l o ng-term 
i mpacts must be addres sed .  Mon i tori ng programs s hou l d cover a l l proj ect 

" features that have a reas onab l e  probab i l i ty of res u l ti ng i n  detectab l e 
i mpacts , especi al l y  where i mpacts may be cons i dered l ong- term ( USAC E , 
1979 ) .  I n  general , mon i tori ng programs wou l d  cons i st of  two bas i c  
acti ons : ( 1 )  the deve l opment o f  a data base contai n i ng i nformati on on 
preproject base l i ne condi ti ons  and (2)  an ongo i ng data gatheri ng program 
de s i gned to detect the trend of  envi ronmental i mpacts before the i mpact 
reaches a c r i t i cal or  unacceptab l e  l evel . 

I n  re sponse to a sti pu l ati on i n  Part I I I  of  EPA N PDES Permi t N o .  TX 
0074012 that states I I d i sc harge s hal l not be authori zed unti l the 
permi ttee has provi�ed the ( comprehens i ve )  mon i tori ng p l an ,  has recei ved 
the Regi onal Admi n i strator ' s  approval of  the p l an ,  and has provi ded for 
i mp l ementati on of  the p l an , "  the DOE deve l oped a mo n i tori ng p l an for 
Bryan Mound bri ne d i  sposal  to the G u l f of  Mexi co ( DO E , 1979 ) . The 
durat i on of  th i s  p l an i s  expected to be 67 months or  for as l o ng as 
l each- fi l l  operati ons  conti nue .  Modi fi cat i ons of  the p l an may occur at 
the di scret i o n  of  EPA , al though for p l ann i ng purposes 17 to 18 mo nths of 
observati ons are expected to be made before any maj or  c hanges are 
i ncorporated .  The devel oped mon i tori ng p l an cons i sted of  f i ve maj or  
tas ks . These  are presented i n  DO E ( 1979 ) as : 

Tas k  1 .  Oceanographi c Mon i tori ng 

Purpose 

o To observe the phys i cal 
d i sperse the effl uent and 

. dynami cs  of  the eco system . 

envi ronmental 
govern the 

factors 
structure 

that 
and 

o To determi ne the or i entati on and extent of the p l ume and 
i ts spati al - temporal vari ati o n .  

o To determi ne the n ature and spati al extent of  i mpacts on 
the receptor commun i ti es , p l an kton , benthos , and deme rs al 
ne kto n .  
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Tas k 2 .  Bri ne P i t Mo n i tori ng 

Purpose 

o To mo n i tor  chemi cal  and phys i cal  characteri sti c s  of the 
di  sc harge from the bri ne surge p i t  as spec i fi ed i n  the 
NPDES  perm i t .  

Tas k 3 .  Shri mp Studi es 

P u rpose  

o To determi ne the proport i o n  o f  the spawners i n  the total 
popu l ati on  wi th a secondary objecti ve of  i denti fyi ng  
spawn i ng ground s .  

o To determi ne rec rui tment i n  adj acent bays of  postl arvae 
and j uven i l es to the fi shery ( to be done i n  conjuncti on  
wi th the  Texas Department o f  Parks and  Wi l d l i fe ) .  

o To conduct wh i te and b rown s h r i mp taggi ng , i n  s ho re and 
off s hore .  

o To perform stat i sti cal anal ys i s  of  commerc i al catch data . 

Tas k 4 .  Numeri cal Model i ng of  Energy Transfer  Through the Food Web 

Purpo se  

o To devel op a numeri cal  mode l o f  ene rgy transfer through 
troph i c l evel s of  a s h ri mp commun i ty .  

o To i denti fy and quant i fy where poss i b l e  subtl e-non l ethal 
i mpacts , o ffsetti ng  i mpacts , or  net pos i ti ve i mpacts . 

Tas k 5 .  Red D rum B i oassay 

Purpose 

o To eval uate the pos s i b l e  effects o f  bri ne on  eggs , 
l arvae , and postl arvae of  red drum . 

The detai l ed and s i te- spec i f i c  aspects o f  the ongo i ng mon i tori ng 
programs are di  scussed  i n  detai l i n  DOE ( 1979 ) and other doc uments 
re l ated to the proj ect ( see Tab l e  5-1) . Offs hore envi ronmental data 
base devel opment at the B i g  H i l l , Bryan Mound , and West Hac kberry s i tes 
began i n  the fal l of 197 7 .  

5 . 4  PHASE I I I , OFFSHORE MON ITOR I NG 

Through i ts commi tment to permi t requ i  rements and to pub 1 i c concerns , 
DOE wou l d conti nue to mo n i tor  the envi ronmental effects o f  offsho re 
br i ne di sposal  fo r Phase I I I  deve l opme nt .  Al though a spec i fi c  
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mo n i tori ng de s i gn has not been approved , res u l ts from the i ntens i ve 
Bryan Mound and West Hackberry programs are expected to l ead to 
decreas es i n  the scope of  requi red mon i tori ng as an understandi ng of the 
consequence of offs hore bri ne di  sposal  i ncreases and envi  ronmental l y  
acceptab 1 e bounds are defi ned .  A l l standards for determi n i  n g  startup , 
curtai l ment , sh utdown , o r  a l terati on of process procedures wou l d be l eft 
to the i nformed j udgment of the EPA Admi n i strato r ,  as estab l i s hed by the 
terms and condi t i ons  of  a l l app l i cab l e  permi ts . 

5 . 5 PHASE I I I , ONSHORE MON ITO R I NG 

Onshore envi ronmental  characteri zati on  of  the B i g  H i l l ,  Bryan Mo und , and 
West Hac kberry SPR s i tes was conducted as a part of the devel opment of 
pro j ect- re 1 ated envi ro nmenta 1 i mpact statements . These documents 
addressed numerous aspects of  the l ocal affected envi ronment and 
attempted to predi ct the nature and severi ty of  SPR construct i on- and 
operati o n- re l ated i mpacts . To comp l y  wi th Executi ve Order 11752 and 
Draft DOE Qrder 540 0 , the DO E p l ans to i n i t i ate ons hore mon i tori ng 
programs i n  associ ati o n  wi th thei r SPR fac i l i t i es .  These s urveys wi l l  
update the ons hore data base by samp l i ng and eval uati ng the fo l l owi ng 
parameters : 

o Meteoro l ogy , ai r qual i ty ,  and no i se 
o Hydro l ogy and water qual i ty 
o So i l s  
o Vegetati on 
o Aquati c eco l ogy 
o Wi l d l i fe 

Some meas urements , such as meteo ro l ogy , wi l l  be made conti nuou s l y  wi th 
o n s i te recordi ng equ i pment .  B i o l ogi cal  samp l i ng may be  conducted 
peri odi cal l y .  
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6 . 0  SUMMARY O F  IMPACTS AND MITIGATION MEASURES 

Th i s sect i o n  s ummari zes the pri mary env i ronmental i mpacts and m i t i gat i ve 
measures des cri  bed i n Sect.  4 .  O .  Most i mpacts wo u l  d res u l  t from the 
construct i on and operati o n  of a new 140-mi l l  i o n- barre l ( MMB ) sto rage 
faci l i ty at B i g  H i l l ,  Texas . The po ss i b l e  con struct i o n  of a s i mi l ar 
100-MMB fac i l i ty was prev i ou s l y  addres sed i n  the Texoma Group F E I S .  

The expan s i o n  o f  the B ryan Mound s i te by e i ther 40- o r  60-MMB capaci ty 
wo u l d i ncreme ntal l y  i ncrease the i mpacts descri bed i n  the Seaway Group 
F i nal  Env i ronme nta l Impact Statement ( F EI S ) .  These i ncreases are not 
cons i dered s i gn i f i cant . A l l proposed expans i o n  wou l d  occur on exi sti ng 
DOE property . 

The expans i on o f  the West Hac kberry s i te by e i ther 10 o r  30  MMB wou l d 
a l so i ncremental l y  i ncrease the i mpacts descri bed i n  the Texoma Group 
F E I S .  A total of  34 acres of  pr ime farml and may be requi red , dependi ng 
o n  the s i tes se l ected fo r storage caverns . Up to ten res i denti al  u n i ts 
co u l d be d i sp l aced i f  parts o f  both the so uthern and western l and areas 
are se l ected . 

The preferred l each rate of  980 , 000  b b l /d at B ryan Mound wou l d  use and 
produce the same amo unts of  raw water and of bri ne as wo u l  d the 
680 , 000-bb l /d al ternat i ve .  As l each rate i ncreases , durati on  o f  
l each i ng decreases . The h i gher l each rate wou l d  a l l ow a n e t  sav i ngs of  
14  months and l ead to earl i e r attai nment  of  o i l sto rage capac i ty .  The 
dai l y  a i r  emi s s i ons  ( nonmethane hydrocarbons ) wo u l d be proport i o nate l y  
greater a t  the h i gher l each rate . 
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Table 6·1 . 

Acti o n  

A.  Land features 

Big H i l l  storage s i te ,  
140 MMB 

lIe st Hackberry s i te ,  
3 0  o r  10 MMB 

Bryan Mound 5 i te ,  
40 o r  50 MMB 

Road construct i on o f f  s i te 

B i g  H i l l  ralol loIater/br i ne 
d i sposal p i pe l i ne 

Crude 0 ;  1 di stri but i o n  
sys tem 

Preferred ro ute , B i g  
H i l l  t o  S u n  Termi na 1 

Al ternati ve route , 
B i g  Hi 1 1  to OTT! 

A 1 ternat i ve route , 
B i g  H i l l  to Pe l i ca n  
I s  1 and 

Cumulative summary of proposed Phase I I I  environmental impacts and 
mitigative measures 

P r i mary i mpact Hi t i gat i v e  measures 

Removal of 250 acres o f  p r i me farm- Landscap i ng and soi l conservation 
l and soi l s  from potenti a l  produc t i o n  

Removal of up t o  34 acres of p r i me Same as above 
farml and a.nd ten resi dences i n  
add; t i o n  to the 160 ac res removed i n  
Phase J l  (Texoma FEI S )  

Al l construc t i o n  wo u l d  occ u r  w i th i n  Same a s  abov e ;  create new 
ex i s t i ng faci l i ty boundari es ;  poss i b l e  wetl ands 
destruct i o n  of 15 acres of wetl ands 

D e s t.ruc t i o n  of natural vegeta t i o n  Revegetate where pract i cal  

D i s rupt i on of natural drai nage 

90 , 000 yd3 loI i  1 1  be dredged from 
the p i pe l i ne route , then used as 
backfi l l ;  an add i t i o nal 10 , 000 yd3 

loIi 1 1  be dredged from an abandoned 
barge s l i p  on  the ICII for construc
t i o n  o f  the raw water i ntak.e structure ; 
9 . 2-mi l e  ROil ; 5 . 3  mi l e s  to I C II ;  3 . 9  
mi l es to G u l f  o f  Mex i co 

23-m i l e  RQII for d u ration  of project 
18 m i  les cropl and/pasture 
2 . 5  mi l es loIet l and 
0 . 5  mi l es open water 
2 m i l es i ndustri al /res i de n t i a l  

50-m i l e  ROil 
42 m i l es cropl and/pasture 
3 m i l  es loIet 1 and 
12 m i  l es open water 
3 m i l es forested l and 

54-mi 1 e ROil 
27 mi l es cropl and/pasture 
12 mi l e s  loIe tl and 
15 mi  1 es open water 
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Insta l l  c u l verts to mai nta i n  
natu ral f l ow reg i me 

C l ose superv i s i on of dredg i ng ;  
operators u s e  most advanced 
dredgi ng/p i pe- l ay i ng techni ques ; 
doub l e  d i tch i ng i n  loIet l ands ; 
di recti onal d r i l l i ng at water 
cro s s i ngs where pract i cal ; 
revegetat i o n  afte r 1 year i f  not 
natura l l y  occurri ng 

Same as above 

Same as above 

Same as above 

Unavo i dab 1 e i mpact 

Same as pri mary 

Same as pri mary 

Same as p r i mary ; reduced overa l l  
l os s  o f  producti v i ty 

Changes i n  vegetat i o n ,  spec i es 
compos i t ;  on 

Some a 1 terat i on of natura 1 water
shed ; bo rrow d i tche s ,  creation of 
areas with  open water 

I ncreased water turb i di ty , sed i menta
t i o n ,  spo i l  bank. creat i o n  

Los s  of trees on ROW f o r  durat i on 
of project, reduced pri mary i mpact 

Same as above 

Same as above 



Act ion 

B .  Water envi ronment 

B i g  Hi 1 1  raw water/bri ne 
di sposal  system (on shore) 

Big Hi l l  s i te 

Grad; ng . excavation . and 
fi l l i ng 

Misce l l aneous construct i on 
act i vi ties 

Dredging i n  Taylor Bayou 

Dredgi ng in Hi l l  ebrandt 
Bayou 

Table 6·1 (continued) 

Pri mary impact 

Dredgi ng in the leW and Star Lake 
wi l l  res u l t  in i ncreased turb i d i ty ,  
e l i mi nat i on of benth i c  habitat, 
desorption of tox ic chemica l s ,  
l owered water qua l i ty 

Al teration of natural watershed . 
s i ltati o n ,  o i l  and greas e ,  toxic 
chemi ca l s ,  brine spi l l  

�1400 yd3 of sed i ment ",ashed 
i nto surface water system by 
eros i o n  duri ng 5 months of acti v i ty 
wi 1 1  i ncrease suspended so 1 ;  ds i n  
Spi ndl etop Mars h ,  Sa l t  Bayou Mars h ,  
W i  1 1  0 '"  S l ough , and Mayha", Bayou 

Spi l l age of o i l  and fue l s  duri ng 
equipment operati o n s  

Improper u s e  of herb i c i des , pes t i c i des , 
and ferti l i zers ( i . e . , excessive u s e ,  
improper waste di sposal of materi a l s .  
etc. ) 

B i o l og i ca l  pol l utants entering water 
system ( bacteri a .  fungi , worms , 
vi ruses , etc . ) 

Removal of 2 5 , 000 yd3 of 
dredged materi a 1 

Re 1 eased po 1 1  ut i on from channe 1 
beds ; nto stream 

I ncreased BOD 

I ncreased nutrient( s )  concentrat i on 

Increased s u l f i des from petro l eum 
po 1 1  utants 

Removal of 25 ,000 yd3 of dredged 
material  wi th impacts s i mi l ar to 
Tay l o r  Bayou 

Miti gative measures 

Fol l ow most recent techno l o g i cal 
advance; remove contami nated 
spo; 1 

Oi 1 bri ne separator; containment 
di  kes ; revegetat i on 

Use soi l conservation 
procedures . revegetate. contour 

Tra i n  and supervi se operators 

Trai n and superv; se operators 

Proper des i gn I ma i ntenance . and 
i nspection of sani tary di sposal 
fac i l i ties 

Fol l ow most recent tec h n o l ogi cal 
advances ; di rect i onal dri l l i ng 
turb i d i ty screens 

Same as above 

Same as above 

Same as above 

Decrease by comb i n i ng with 
heavy metal i ons 

Fol l ow most recent techno l og i ca l  
advances ; di rectional  dr i l l i ng 
turb.i d i ty screens 
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Unavoi dab 1 e i mpact 

Reduce effects of pri mary impact 

Reduced effects of pri mary i mpact 

Reduced primary impact 

Reduced primary i mpact 

Reduced primary i mpact 

None 

Reduced pri mary impact 

Reduced pri mary impact 

Reduced pri mary impact 

Reduced primary impact 

Decreased augmentati o n  of s u l f i des 

Reduced primary i mpact 



Table 6·1 (continued) 

Act i on P r i mary i mpact 

B. ( cont i nued) 

Dredg i ng in the ICW Removal  of 62 , 500-70 , 000 yd' of 
dredged materi a l  w i th i mpacts s i m i l a r 
to Tay l o r  Bayou 

Dredg i ng i n  the Gu l f  of Mex i c o  E s t i mated o f f s ho re p i pe l i ne construc
tion i mpacts cove r i ng 2 1  acres for 
the 3. 5-mi  le s i te ,  76 acres f o r  the 
12. 5-mi l e  s i te ;  turb i d i ty i ncrease 

Wi  thdrawa 1 o f  water for 
d i s p l acement and l each i ng 

B r i ne d i sposal  i n  
G u l f  o f  Mexi co 

Bryan Mound 5 i te 
bri  ne di sposa 1 .  

980 , 000 bbl /d 
( p referred ) 

680 , 000 bbl/d 
( a l ternat i ve )  

C .  Ai  r qual i ty i mpact 

Construc t i o n  act i v i t i es at 
Big H i  1 1  s torage faci  1 i ty 

Leach/ f i l l  at B i g  H i l l ,  
1 . 4  MMB/d 

Hazard of trench to commerc i a l  
traw l i ng 

Al tered f l ow v e l oc i t i es i ncreased by 
0 . 06 ft/s i n  the I CW 

Ma)( i mum s a l i n i ty i ncrease i n  the 
wi thdrawal po i n t of l e s s  than 
0 . 20 ppt 

Maxi mum s a 1 i n i ty i ncrease in the 
ICW of 1 ess than 2 ppt 

Duri ng both l each i ng and re fi l l  
proce s s e s , bottom areas o f  up to 
2 , 57 5  acres around the di f f u s e r  have 
sa l i n i t i e s  in exce s s  of 1 ppt 
above amb i ent 

Leaks wo u l d  damage b i ota in v i c i n i ty 

Our;  ng 1 each i ng bottom area wi th 
s a l i n i t i es i n  excess of 1 ppt 
above amb i ent around the d i f f u s e r  
wo u l d  i ncrease t o  ...... 1 , 800 acres 

+ 1 , 000 acres of sea bottom w i t h  
nom i na l  s a l i n i t i es i n  excess o f  
1 ppt 

Annual po l l utant em i s s i o n  rate of 
part i c u l ates = 1 3 , 000 tons/year 

Annua l po l l utant emi s s i o n  rate of 
NMHC 163 tons/year 

Bryan Mou n d ,  980 . 000 b b 1 / d ,  NMHC 121 tons/year 
86 tons/year 680 , 000 b b  1 /d NMHC 

We s t  Hackbe rry , 1 , 088 , 000 b b l / d  NMHC 128 tons/year 
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M i  t i ga t ;  v e  measures 

Fo l l ow most recent techno l og i ca l  
advances ; d i  rect i ana 1 d r ;  1 1  i n g  
turb i d i ty screens 

None 

Backf i l l ,  if  not natura l l y 
occurri ng 

None 

None 

None 

None 

Mo n i tor and repai r 

Moni  tor 

Mon i to r  

Use mo s t  advanced d u s t  suppres
s i on techni ques 

Use vapor control techno l o gy 
w i th o i l  b r i ne separators 

Same a s  above 

Same as above 

Unavo i da b l e  i mpact 

Reduced pri mary i mpact 

Reduced p r i mary i mpact 

Reduced p r i mary i mpact 

I nduced fl ows are negl i g i b l e  

Same a s  pri mary i mpact 

Same a s  pri mary i mpact 

Same as pri mary i mpact 

Same as p r i mary 

Same a s  p r i m�ry 

Same as p r i mary 

Reduced part i cul ate emi ss i on s  

Reduced NMHC emi s s i o n s  

Same as above 

Same as above 



Act; on 

C. ( conti nued) 

Tanl<.er l oadi ng ( p referred 
a l ternati v e )  

Tanl<.er l oadi ng ( a l ternat i ve 
p i p e l i ne )  

O .  N o i  s e  i mp acts 

Construc t i o n  at s i te 

P i pe l i ne construc t i o n  

Termi na 1 and docl<. 

Petro 1 eum trans fer ope rat ; ons 

E .  B i o l og i ca l  impact 

Road construction 

B r i ne p i pe l i ne construction  
off shore 

Onshore cons truct i o n  of 
o i l ,  raw water, and b r i ne 
p i p e l  i nes 

Table 6·1 (continued) 

Pri mary i mpact 

Annual po l l utant emi s s i o n  rate of 
NMHC = 2 , 426 tonslyear 

Annual po l l utant emi s s i on rate of 
NMHC = 1 , 372 tons/year 

Mi t i gati ve measures 

Use vapor control technol ogy 
w i th s h i pboard ac t i v i t i e s  

U s e  vapor control technol ogy 
w i th s h i pboard act i v i t i es 

At 2 ,  000 ft from center of 5 i te , None 
no i se l eve l s  of L < 55 dB and 
Ldn < 55 dB eq 

At SOD ft from center o f  construct i o n , None 
noi s e  l evel  of Leq < 55 dB 

At 2 , 000 feet from doc l<. s i te ,  no i se None 
level of 65 dB 

Increased no i se from pump i ng mac h i nery None 
( l ocal i zed ) ,  tanl<.er eng i ne s ,  and 
e l ectrical  generation  equipment 

aecreased product i o n  o f  beef catt l e  
dependent on pasture forage 

Destruc t i o n  o f  i mmob i l e  organi sms 
in path of p i pel i ne s  

Interference wi th l i fe cyc l e s  of 
and morta l i ty to shel l f i s h and 
f i n f i s h  by i ncreased sedi ment 
l oad 

Lo s s  of product i v i ty by i ncreased 
l i ght attenuation i n  water col umn 
due to turb i d i ty 

Destruc t i o n  of benth i c  organ i sms 
by settl i ng of sedi ments 

Destruction  of vegetation and 
i mmob i l e  organ i sms i n  path of 
p i pe l i ne 
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Parti al l y  regai ned after reestab-
1 i shment o f  pasturage i n  con
s truct i o n  areas 

Reco l o n i zatioo  after about one 
grow i n g  season wou l d  occur 

None 

Reduce turb i d i ty by u s i ng best 
ava i l ab l e  techno l ogy ; turb i d i ty 
screens where pract i ca l  

None 

Revegetate after about one growi ng 
season wou l d  occur; thi s may be 
entlanced by good construct i o n  
techni ques s u c h  as doub l e  di tch i n g ,  
reseed i ng i f  not natura l l y  occur
r i ng , di recti on a l  dri l l i ng at water 
c ro s s i ng s  where practi c a l  

Unavo i dab l e  i mpact 

Reduced NMHC emi s s i o n s  

Same as above 

Same as p r i mary i mpact 

Same a s  p r i mary i mpact 

Same as pri mary i mpact 

Same as pri mary i mpact 

Net decrease in production loca l l y  

Spec i es d i ve rs i ty wou l d  probab'ty 
decrease 

Same as pri mary i mpact 

Some i ncrease in l ater producti v i ty 
due to i nc reased nutrient concentrat i o n  

Temporary decrease i n  benth i c  
popu l at i o n s  

Spec i es di vers i ty wou l d  probab l y  
decrease 



Act i o n  

E .  (conti nued) 

Petro l eum handl i ng operations 

Wi thdrawal of water for 
l eac h i ng and d i s p l acement 

Sri ne di sposa 1 

F .  Soci oeconom i c  impacts 

Construct i o n  s u rface 
fac i l i ti e s  

Construction  o f  p i pe l i ne 

Traffic  due to construction 

Use of pub l i c  services 

Table 6·1 (continued) 

Primary impact 

Spi l l s  can be d i rectly tox i c  to 
f l ora and fauna and can render 
s o i l s  unab l e  to support vegetation 

Spi l l s  at the s i te cou l d  enter 
watershed,  caus i ng seri ous damage 
and toxic e ffects to re s i dent 
f l ora and fauna 

Entrai nment o f  p l ankto n i c  organi sms 

Sa l i n i ty o f  1 ppt above amb i ent 
wo u l d  cover 2 , 575 acres under worst
case cond i ti ons in the G u l f  

Construction  of s urface faci l i t i e s  
wou 1 d i mpact 1 o e a  1 r e s  i dence wi th 
n o ;  se and traffic  

Short-term d i srupt i o n  o f  grazing due 
te p i pe l i ne construction 

Short-term d i sruption  o f  traffic  due 
to cons truc t i o n  

Potent i a l  i nj u r i e s  of workers l ay i ng 
p i pe l i ne s  

M i t i gative measures 

Rap i d l y  conta i n  and c l ean up 
spi l l ed oi 1 

Provide permanent, l arge - v o l ume 
di kes around we l l  heads for 
conta i nment 

Reduce v e l oc i ty and a l ter i ntake 
5 tructure des i gn to reduce entra i n
ment 

None 

Schedu le operati ons to 
avo i d  certa i n  time periods 
( n i ght) 

None 

None 

Hel i copter amb u l ance serv i ce 
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Unavoidab l e  impact 

Reduced toxic effects 

Great l y  reduced i mpact to l ocal 
ecol ogy 

Sma l l ,  l e s s  mobi l e  organisms entra i ned 

Same as primary i mpact 

Reduced primary impact 

Same as p r imary i mpact 

Same as pri mary i mpact 

None 



7 . 0  RELATIONSHI P BETWEEN LOCAL SHORT-TERM USE  OF  THE ENVI RONMENT 
AND MAI NTENANCE  AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

7 . 1 I NTRODUCT ION 

In  th i s  secti on  the s hort-term uses of  the l ocal env i ronment i mp l i c i t  i n  
the proposed act i on  are d i scussed i n  terms o f  the expected effects on  
rna  i ntenance and  enhancement of  l ong- term product i v i  ty . Effects on the 
natural and reg i onal econom i c producti v i ty and adverse i mpacts on 
envi ronmental res ources are cons i dered.  

7 . 2 EF FECT ON NATI ONAL AND REGIONAL ECONOMI C  PRODUCTIVITY 

The pr i mary l ong- term effect of  the proposed act i ons  wo u l d be to he l p  
offset the i mpacts o f  an o i l supp l y  i nterrupti o n o n  both the reg i onal 
and nat i onal  econom i es . In th i s  regard , the proposed act i ons  do not 
d i ffer from thos e  descri bed i n  the Texoma and Seaway Group F i nal 
Envi ronmental Impact Statements ( FE I S s ) . 

The construct i on and operat i o n  o f  the Strategi c Petro l eum Reserve ( S PR)  
fac i l i ty at B i g H i l l ,  together wi th the  expan s i o n  of  the  Bryan Mound  and 
West Hackberry fac i l i t i es ,  wo u l d most l i ke l y  not s i gn i fi cantly i mpact 
the l ong-term econom i c product i v i ty of  the reg i o nal or  nati onal  economy . 

7 . 3 ADVERSE IMPACTS ON ENVI RONMENTAL PRODUCTIVITY 

Adverse i mpacts on envi ro nmental p roduct i vi ty wou l d d i ffer l i ttl e at the 
Bryan Mound and West Hac kberry s i tes  from those descri bed  i n  the Seaway 
and Texoma Group F E I Ss . The pri mary d i fference wou l d  be  the pos s i b l e  
acqu i s i ti on o f  an addi t i o nal 34 acres o f  l and at West Hac kberry , wh i c h  
wo u l d  remove that amount o f  l and  from res i dent i al and pasture usage . 
The fo l l owi ng  d i scuss i o n wi l l  therefore be restr i cted to the i mpacts at 
B i g  H i l l .  

7 . 3 . 1 Impacts on  Land 

I n  general , the i mpacts on  the l and occurri ng duri ng construct i on wo u l d 
i nc l ude road co nstruct i o n , we l l  dri l l i ng ,  s i te preparat i on , dredg i ng , 
temporary spo i l depo s i t i on , and p i pe l i ne b u r i a l . Except for the grad i ng 
of  the s i te ,  retenti on d i kes b u i l t  around ons i te we l l s  and ponds , and 
the dredged area created at the raw-water i ntake structure , no l o ng-term 
a l terati on o f  the topography wou l d  occu r .  Tempo rary a l terat i on o f  
drai nage patterns from p i pe l i ne construct i o n  act i v i ti es ( sp o i l di sposal ) 
wou l d consti tute the o n l y  s ho rt-term effects on  the envi ronment .  
Co nstructi o n  o f  the  250- acre s i te wou l d  prec l ude the  use  o f  
approxi matel y  0 . 05 percent of  t h e  p r i me o r  potenti a l pr i me farml and 
s o i l s  i n  J efferson  Cou nty duri ng the l i fe of  the proj ect.  

7 . 3 . 2 Impacts on Water 

Construct i o n  acti v i ti es  
p i pe l i nes  wo u l d resu l t 
bodi es . 

as soc i ated wi th the raw 
i n  o n l y  short-term i mpacts 
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wate r and  b r i ne 
to vari  ous wate r 



Lo ng-term 
wi thdrawal 
q uanti t i es 
sa l i n i ti es 

effects on  the aquati c env i ronment res u l t i ng from wate r 
from s urface water bodi es wou l d  be negl i gi b l e .  A l though the 
o f  water are l arge , the i nduced curre nts and a l tered 

are too smal l to produce noti ceab l e  effects on  aquat i c  b i ota.  

The ope rat i on  o f  the bri  ne di ffus ers wou l  d produce i mpacts duri  ng the 
1 each i  ng o f  the caverns and duri  ng the peri  ods when the caverns are 
be i ng fi l l ed wi th o i l .  Any s i gn i fi cant effects of i ncreas ed sal i n i ti es 
wo u l d be l ocal i zed .  From pre l i mi nary bri ne d i sposal  data obtai ned at 
the B ryan Mound di  ffus er , no s i gn i  f i  cant l o ng- term effects are 
ant i c i pated because of the h i  gh di ffus i on rate of the b r i  ne and the 
overal l l ow i nduced sal i n i ti es at d i stances  beyond the 330- ft ( lOO-m) 
rel ease zone . 

7 . 3 . 3 Impacts on Ai r 

Nonmethane hydrocarbon  emi s s i ons  at the storage s i tes  may be  i n  excess  
o f  100  tons/year du ri ng l each/fi l l  operati ons , wh i ch wou l d  re l ease 
wo rst-case emi ss i o n s .  Offs i te ,  nonmethane hydrocarbon and ozone 
co nce ntrati ons  wo u l d  be i n  excess  of  the 160 � g/m3 and 0 . 12-ppm standard 
respect i ve l y ,  under certai n meteoro l ogi cal condi t i o ns .  These emi s s i ons  
wo u l d occur  fo r s ho rt peri ods ( 2  years o r  l es s )  and  wou l d not 
s i gn i f i cant l y  i mpact l o ng-term regi onal  ai r qual i ty .  When o i l i s  taken 
out of  s torage and l oaded onto vess e l s at the Sun Termi nal , the 
standards cou l d a l so  be  exceede d .  Hydrocarbon emi s s i ons  from SPR  
operati ons  at . the  termi nal wou l d  be  tempo rary and  wou l d  rep l ace 
em i s s i on s  from fore i gn crude dur i n g  a s upp l y  i nterrupti on .  

Part i cu l ate l evel s wou l d  b e  moderate l y  h i gh duri ng constructi on  because 
o f  a i rborne dust.  Part i cu l  ate suppressors , such  as water- sp rayi  ng  and 
chemi cal s ,  wou l d  he l p reduce the s hort- term i mpact.  
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8 . 0 I RREVERS I B LE AND I RRETRI EVAB LE COMM I TMENT O F  RESOURCES 

8 . 1 I NTRODUCTION 

Duri ng Phase I I I  devel opment and subsequent operati on  o f  Strategi c 
Petro l eum Reserves ( S P R )  fac i l i ti es at West Hackberry , B i g H i l l ,  and 
Bryan Mound , a number of res ources wo u l d be  i rrevers i b l y  commi tted to 
the proj ect i n  add i ti o n to those commi tted du ri ng Phases I and I I .  
These resources cannot b e  restored to thei  r ori  g i  na 1 val ue and , once 
cons umed , are not recoverab l e  for subsequent use . 

The types o f  resources affected by underground storage of  crude o i l are 
( 1 )  materi al  resources ( e . g . , re newab l e  and nonrenewab l e  materi al s 
consumed i n  construct i on and operat i o n )  and ( 2 )  natural resources , 
i nc l udi ng any other recogn i zed benefi c i a l  uses  of  the envi ronme nt . 

Resources that may be  i rrevers i b l y  commi tted are ( 1 )  p l ants and an i mal s 
destroyed o r  d i sp l aced on  or  near the s i te ;  ( 2 )  construct i o n  mate r i a l s 
and energy that cannot be recovered o r  recyc l ed ;  and ( 3 )  materi al s 
cons umed o r  reduced to waste products . 

The secti ons  be l ow i denti fy and quanti fy the resources that wou l d be 
i rrevers i b l y  commi tted i n  the Phase I I I  expans i on o f  the SPR  program . 
The preferred act i ons  prov i di ng a bas i s  for the determi nat i on  o f  
reso u rce commi tme nts were : 

o 140-mi l l i on- barre l s (MMB ) devel opment at B i g  H i l l  wi th 
a l l systems as d i scussed i n  Sect.  2 . 0 ,  i nc l udi ng the 
preferred crude o i l p i pe l i ne ro ute . 

o 30-MMB add i ti onal  capac i ty at West Hac kbe rry on  new ly  
purchased l and u s i ng  the  systems exi sti ng for  the  Phase I 
and I I  operati ons . 

o 40-MMB add i ti onal  capac i ty at B ryan Mound on  exi sti ng 
l and u s i ng the systems exi sti ng for the Phase I and I I  
operati ons . 

o 980 , 000-bbl /d l each rate at B ryan Mound for Phase I I I  and 
remai n i ng Phase II l each operati ons . 

A l te rnati ve acti ons  at these three  s i tes  for wh i ch resource commi tments 
were a l so determi ned are : 

o 10-MMB add i ti onal  capac i ty at West  Hac kberry ( i nstead of  
30 MMB ) .  

o 60-MMB add i ti onal  capac i ty at B ryan Mound ( i nstead o f  40 
MMB ) . 

o An a l ternati ve 60-mi l e  crude o i l p i p e l i ne from B i g  H i l l  
to the O i l Tanki ng of  Texas , I n c . , Termi nal (OTT I )  
i n stead o f  to Sun  Termi n a  1 .  
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o An a l ternati ve 54-mi l e  crude o i l p i pe l i ne from B i g  H i l l  
to the Pe l i can I s l and Termi nal  tank farm i nstead of  to 
Sun  Termi nal . 

o Two comb i nat i ons of  crude o i l p i pe l i nes  from B i g  H i l l .  

P i pe l i nes  to S u n  Termi nal as we l l  as to OTT I . 

P i p e l i nes to Sun  Termi nal  as we l l  as to the Pel i can 
I s l and  Termi nal tan k  farm . 

o An a l ternati ve l ocati on  of  the br i ne d i ffuser  fo r the B i g  
H i l l  s i te that wou l d  b e  up t o  12 . 5  mi l es off sho re ( total 
poss i b l e  l ength o f  2 2 . 2 mi l e s )  i nstead o f  3 . 5  mi l es o ff 
shore .  

o 680 , 000-bb l /d l each rate at B ryan Mound .  

Resource commi tments for  the  preferred and  a l ternati ve act i ons  are 
s ummari zed i n  Tab l e  8-1.  

8 . 2 LAND 

Duri ng con struct i o n  and operati on  of  the preferred fac i l i ti es , 
i rretri evab l e  l os s  of  l and and i ts potent i al  uses  wo u l d be  s usta i ned 
from a maxi mum number  of  acres for each s i te as fol l ows : 

System P ipe l i ne R i ghts-of  Way ( ROWS ) l 

On s i te O i  1 Br i ne2 Raw Water3 Total 

B i g  H i l l ,  140 MMB 250 209 36 48 543 
We st Hackberry , 30  

MMB 34 N/C4 N/C4 N/C4 34 
B ryan Mound , 40 

MMB N/C2 N/C4 N/C4 N/c4 a 

For  the a l ternati ve acti ons , the max i mum commi tment of  acres , i nc l udi ng 
the l and for the preferred acti o n  not affected by the al ternati ve , wou l d  
be : 

l Impacts to  p i pe l i ne ROWs are s ho rt- term , except i n  wooded areas , where 
trees wou l d be removed for the durati on  of the project .  

2 B i g  H i l l  to ICW raw water and  bri ne l i ne share a common  ROW . 

3 ICW to coast bri ne l i ne ROW . 

4No  change i n  l and  use  from Phase I and I I  acti v i ti es at the s i te .  
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Table 8·1 . Summary of resource commitments for S P R  Phase I I I  development 

Resource Uni  ts West Hackberr;t' Br;tan Mound2 
Preferred A 1 ternat i ve Preferred A 1 ternat i ve Pre ferred Pi 

Land 
"land removed from 

present use acres 34 543 879 825 +0 

Water 
----water u s ed duri  n g  MMB 400 135 520 785 1 , 830 1 , 830 1 , 830 N/A 

project 1 i fe t i me 

Mater i a l  
COii"S't"ruc t i on mater i a l s  

Steel tons 640 135 520 1 , 270 47 , 000 76 , 700 7 1  , 200 +7 , 900 

Concrete ft3 4 , 800 1 . 600 6 , 400 9 , 600 200 , 000 392 , 400 362 , 000 +46 , 100 

Sal t 10· tons  1 1  4 15 23 53 53 53 N/A 

O i l l o s ses duri n g  MB 45 15 60 90 210 210 210 N/A 
ope rat i on 

� 
107 107 107 X 108 X 108 108 108 108 Constructi on kWh 6. a x 2. a x 8. a x 1 . 2  8. 0 9 . 3  x 8. 5 x +1 .  1 x 

F i  1 1  /wi thd rawa 1 kWh 4 . 3  x 108 1 .  4 X 108 5 . 7 X 108 8 . 5 X 108 2. a x 109 2 .  a x 109 2. a x 109 N/A 
( f i ve cyc l e s )  

Energ� egu i v a l ents 

Constructi o n  b b l  36 , 100 1 1 , 900 50 , 000 7 5 ,  000 5 2 0 . 000 581 ,800 533 , 800 +65 , 000 

F i l l  /wi thdrawa 1 b b l  270 , 000 90 , 000 357 , 000 530 , 000 1 , 250 , 000 1 , 250 , 000 1 , 2 50 , 000 N/A 
( f i ve cyc l e s )  

O i l l o s s e s  b b l  45 , 000 15 , 000 60 , 000 90 , 000 210 , 000 210 , 000 210 , 000 N/A 

Percent of potenti a l  % 0 . 23 0 . 23 0 . 23 0 . 2 3 0 . 28 0 . 28 0 . 28 N/A 
s torage capaci ty 

Potenti a l  storage MMB 150 50 200 300 700 700 700 N/A 
capac i ty ( f i ve cyc l es )  

Labor 
�power for man years 30 10 30 30 415 465 465 +30 

constru ct i o n  

Manpower for man years 10 10 10 450 450 450 N/A 
operat i o n  

Capi tal 
10· 10 x 10· 10· 35 X 10· 10· X 10· 250 X 10· x 10· Cons truct i on ( 1980 $ )  25 x 30 x 245 x 250 +2 

Ope rat i on ( range/year) ( 1980 $ )  N o  add i t i o n a l  c o s t  No add i t i o n a l  c o s t  1 .  7-8 . 8  x 10· 2 . 1- 1 1  x 10· 2 .  1 - 1 1  X 10· +25% 

'We s t  Hackberry a l ternat i ve s  Prefe rred Add i t i o n a l  3 0  MMB o f  storage capac i ty .  
A l ternat;" e Addi t i anal  10 MMB of storage capac i ty . 

28ryan Mound a 1 ternat i ves Prefe rred Add i t  i ana 1 40 MMB o f  storage capac i ty .  
A l terna t i ve Addi ti onal  60  MMB o f  storage capaci ty . 

3 B i g  H i l l  a l tern a t i v e s  Prefe rred 140 MMB storage wi th 0 i 1 p i pe 1 i ne to Sun Termi n a l , di ffuser to 3 . 5-m i l e  s i te .  
P i pe l i ne 1 60-mi l e  c rude o i l  p i pe l i ne to O T T I  (preferred s i te wi th thi s p i pe l i ne o n l y ) .  
P i p e l i ne 2 54-mi l e  crude o i l  p i pe l i ne to P e l i can I s l and Term i na l  ( p referred s i te w i th t h i s 

p i pe l i ne o n l y )  . 
P i pe l i ne Extended di ffuser  l oc at i o n  ( 9  mi  l e s  further o f f  shore ) ( add i t i on a l  o n  p re ferred si te ) .  
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System P i pe l i ne ROWs 

Ons i te O i l  Br i ne Raw water Total 

B i g H i l l , p i pe l i ne 
to OTn 250 1 545 36 1 481 879 

B i g H i l l , p i pe l i ne 
to Pel i can I s l and 250 1 491 36 1 48 1 825 
Term i nal tan k  farm 

B i g  H i l l ,  p i pe l i ne 
to Sun  Termi nal and 250 1 754 36 1 481 1 , 088 
OTTI 

System P i pe l i ne ROWs 

Ons i te O i l Br i ne Raw Water Total 
--

B i g  H i l l , p i pe l i ne to 
Sun Term i nal and 250 1 700 36 1 481 1 , 034 
Pe l i can I s l and Ter-
m i nal  tan k farm 

B i g  H i l l ,  a l ternati ve No  change i n  1 and commi tment 
d i ffuser l ocati o n  

West  Hackberry , N/C N/C N/C N/C 0 
10-MMB addi t i on  

Bryan Mo und , N/C N/C N/C N/C 0 
60-MMB add i ti o n  

Lo sses  i n  b i o l ogi cal and agri cu l tural product i on  res u l t i ng from 
constructi o n  wo u l d be s ho rt- term , general l y  l asti ng l ess  than 3 years . 
Permanent product i on l os ses wou l d  occur at the fac i l i ty s i te where 
b u i l d i ngs , tan ks , and other permanent structures wo u l d be erected . 
Spo i l banks and other " f i l l ed"  areas created i n  wetl and-aquat i c  hab i tats 
wou l d  a l ter  the hab i tat . B i o l ogi cal product i v i ty wo u l d be temporari l y 
reduced , and di fferent l i fe forms wo u l d eventual l y  rec o l o n i ze and 
contri bute to the l and I s product i v i ty .  

A l o ng p i pe l i ne routes , l and wou l d  be  returned t o  former uses after 
construct i o n , except for ro utes through wooded areas where the ROW wo u l d 
be  mai ntai ned . A 1 arge port i o n  of acreage at the s i tes wo u l  d not be 
d i s turbed beyond the constructi o n  peri o d .  

1 Same a s  preferred act i o n .  
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8 . 3 A I R  

Duri ng construct i on  and operat i o n  o f  the three proposed Phase I I I  s i tes , 
the commi tment of  a i r  resources wou l d be  i ntermi ttent and wou l d  res u l t 
i n  temporary l oweri ng of ai r qual i ty .  U ncontro l l ed venti ng from the 
o i l - bri ne s eparators duri ng l each i ng and o i l f i l l  and from the termi nal s 
duri ng the transfer of  o i l wo u l d res u l t i n  s i zab l e  re l eases of 
hydrocarbon  vapors . Other m i nor em i s s i ons i nc l ude fug i t i ve dust from 
s i te preparat i o n  and the use of unpaved roads ; d i ese l  exhaust ( CO ,  NO , 
and a l dehydes ) from construct i o n  equ i pment ; and hydrocarbon  em i s s i o�s 
from l i ght- duty veh i c l es , dri l l i ng r i gs , pai nti ng operat i ons , and s h i p  
bal l asti ng .  Any reduct i o n  i n  a i r  qual i ty wou l d  cease whe n  the project 
was te rmi nated ; therefore , no i rrevers i b l e  commi tme nts of ai r res ources 
i n  the reg i o n  wou l d  occur from the proposed Phase I I I  expans i o n .  

8 . 4 WATE R  

Expans i o n of  t h e  Bryan Mound and West  Hac kberry s i tes and the 
devel opment of the B i g  H i l l  s i te to a Phase I I I  capac i ty o f  212 MMB 
wou l d  requ i re a commi tme nt of water res ources approx i mate l y  e i ght t i mes  
the vo l ume of  the caverns . Duri ng wi thdrawal operat i ons , add i ti o nal 
water res ources wo u l d be requ i red for the d i sp l aceme nt of  crude o i l .  
D i  sp 1 aceme nt water requ i  rements are about 5 percent greater than the 
vo l ume of  the d i spl aced o i l .  A s ummary of  water requ i rements for the 
preferred acti o n  ( i nc l ud i ng f i ve f i l l /wi thdrawal cyc l es ) i s :  

P hase I I I  Water Use  ( MMB ) 

S i te 

B i g  H i l l  
West Hackberry 
Bryan Mound 

Total 

Leac h i ng 

1 , 120 
240 
320 

1 , 680 

D i spl acement 

735 
158 
210 

1 , 103  

Source  

I CW 
I CW 
Brazos R i ver 
D i vers i o n Channe l 

Wate r requ i reme nts for the Phase I I I  a l ternati ve acti ons  yary o n l y  
because of  storage capac i ty d i fferences ( i . e . , n o  d i fference at the B i g  
H i l l  s i te ) . These req u i rements are : 

Water Use  (MMB) 

S i te Leach i ng D i spl aceme nt 

West Hackberry 80 53 
Bryan Mound 480 315 

Total 560 368 

Afte r the wate r i s  drawn from the ori gi nal  source  and used for e i ther 
l each i ng or  d i sp l acement , i t  wou l d be transported to the Gu l f of Mex i co 
for d i sposal . Because water " cycl es"  through the envi ro nme nt , i t  i s  not 
permanent ly l ost  from the system . Thus , d i  spos i ng of  water saturated 
wi th sa l t i n  the G u l f of Mex i co wou l d  not consti tute e i ther an 
i rreve rs i b l e or i rretri evab l e  commi tment  of  resource s .  The water wo u l d 
s i mp l y  be  unavai l ab l e fo r other purposes unti l i t  was " cyc l ed" bac k to 
i ts present state . 
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8 . 5 S P E C I ES AND ECOSYSTEMS 

Construct i o n  of the proposed Phase I I I  crude o i l sto rage fac i l i t i es and 
the as soci ateg p i pe l i nes wo u l d res u l t i n  some hab i tat al terati ons . 
Duri ng  constructi o n , there wo u l d be a tempo rary di spl acement and/or l o ss  
of  p l ants and an i mal s from o n s hore and o ffshore p i pel i ne ROWs and o n  the 
s i tes , wh i ch are current l y  used fo r pasture . O i l - fi l l  operati ons  and 
res u l t i ng bri ne di  spo sa 1 wou l  d a l  so  temporar i l y  affect mari ne bi ota.  
Effects duri ng  standby operati on  wo u l d be m i n i ma l . 

The cumu l ati ve effects of  fac i l  i ty constructi on  and operati on  on  the 
b i oti c commun i ty wo u l d be mi n i mal to i ns i gn i f i cant , i n  l i ght of the 
tota 1 producti v i ty of the area . No endangered , threatened , or  uni que 
wi l d l i fe o r  vegetati on  spec i es wo u l d  be advers e l y  affected by the 
proposed act i o n .  

8 . 6 MATERIAL  

8 . 6 . 1  Constructi on  Mater i a l s 

Most o f  the concrete , stee l , and other con struct i o n  materi a 1 s may be 
phys i cal l y ,  a l tho ugh not econom i cal l y ,  sa l vageab l e .  However ,  for th i s  
project , these mater i a l s are con s i dered an i rretri evab l e  comm i tment o f  
resources . Esti mates o f  constructi on  materi al s fo r the preferred Phase 
I I I  devel opment and the a l ternat i ves are :  

S i te 

B i g  H i l l ,  140 MMB 
B i g  H i l l , o i l p i pel i ne to Sun  

Termi nal  
Bryan Mo und , 40  MMB 
West  Hackbe rry �  30 MMB 

S i te 

B i g  H i l l , p i pe l i ne to 
OTT! 

B i g  H i l l ,  p i pel i ne to 
P e l i can I s l and Term i na l  

B i g H i l l ,  o i l p i pe l i ne t o  Sun  
Termi nal  and OTTI 

B i g  H i l l ,  o i l p i pel i nes to Sun  
Termi nal and  Pe l i can I s l and  
Termi nal tan k  farm 

B i g  H i l l ,  a l ternati ve 
d i ffuser l ocati on  

We st Hac kberry , 10  MMB 
Bryan Mo und , 60 MMB 

Steel ( tons ) 

24 , 200 
22 , 800 

850 
640 

Steel (tons )  

52 , 500 

47 , 000  

75 , 300 

69 , 800 

+7 , 900 1 
220 

1 , 270 

Concrete ( ft3 ) 

85 , 000  
115 , 000  

6 , 400 
4 , 800 

Concrete ( ft3 ) 

307 , 400  

277  , 000  

422 , 40 0  

392 , 000  

+46 , 100 1 
1 , 600 
9 , 600  

1 Add i ti onal  materi al i n  conjuncti on  wi th the  preferred s i te devel opment .  
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8 . 6 . 2 Sal t 

Offshore di sposal  of br i ne from s o l uti on  m i n i ng i rrevers i b l y  comm i ts the 
sal t dome and the s o l i d  sal t resource . However ,  many other sal t domes 
and l ayered depos i ts are avai l ab l e  throughout the country , and the sal t 
comm i tted i n  the proposed act i on  wo ul d not s i gn i fi cant l y  i mpact total 
avai l ab i l i ty .  The i rrevers i b l e  comm i tment of sal t fo r the Phase I I I  
deve l opment i s  shown be l ow :  

8 . 6 . 3 O i l 

S i te 

West Hac kberry , 30  MMB 
B i g  H i l l , 140 MMB 
Bryan Mound , 40 MMB 
West Hac kberry , 10 MMB 
Bryan Mound , 60 MMB 

Sal t (tons )  

11  x 106 

53 X 106 

15 X 106 

4 X 106 

23 X 106 

For  each fi l l /wi thdrawal cyc l e p l anned for the SPR  program , about 0 . 03 
percent of the tota l o i  1 stored wou l  d be l ost  because of  i ncomp 1 ete 
recovery ( 0 . 0046 percent ) , evaporat i on ( 0 . 023 percent ) , and sp i l l s 
( 0 . 0006 percent ) . Th i s  l o ss  must be cons i dered an i rretri evab l e 
comm i tment of o i l res ources . The extent of th i s  commi tment for f i ve 
storage cyc l es i s  s hown bel ow: 

8 . 7 EN ERGY 

S i te 

West Hac kberry , 30  MMB 
B i g  H i l l , 140 MMB 
B ryan Mound , 40 MMB 
West Hac kberry , 10 MMB 
Bryan Mound , 60 MMB 

O i l Lost ( 103 bb l ) 
( f i ve cJ:::c l es )  

45 
210 

60  
15 
90 

The energy consumed dur i ng s i te constructi on and operati on  i nc l udes the 
ene rgy requi red to s uppl y materi al s ,  prepare and operate the s i te ,  and 
transport the crude o i l .  The energy used i s  i rretri evab l e .  The 
comm i tment of e nergy and the equ i val ent v o l ume of o i l that i t  represents 
are s hown bel ow :  

We st Hac kberry ,  Preferred ( 30-MMB Addi t i o n )  

Usage EnergJ::: ( kWh)  

Leac h i ng 4 . 9 x 107 

F i l l /wi thdrawa l 
( f i ve cyc l e s )  4 . 3 x 108 

Concrete2 1. 3 x 106 
Stee 1 3 7 . 5 x 106 

Total 4 . 9 X 108 

1 1600 kWh/b b  1 . 

Equ i val ent O i l ( b b l ) l  

30 , 600 

270 , 000  
800 

4 , 700  

306 , 100  

2 Co ncrete producti on  requ i res 9 x 105  Btu/ft3 for manufacture . 

3Stee l producti on requ i res 40 x 106 Btu/ton for manufacture . 
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B i g  H i l l ,  Preferred 

U sage 

Leach i ng 
F i l l /wi thdrawal 

( f i ve cyc l e s )  
Concrete2 
Stee 1 3 

Total 

Bryan Mound , Preferred 

U sage 

Leach i ng 
F i l l /wi thdrawal 

( fi ve cyc l e s )  
Co nc rete2 
Ste e 1 3 

Total 

Energy ( kWh ) 

2 . 3 x 108 

2 . 0 X 109 
5 . 3 X 10 7 

5 . 5 X 108 

2 . 8 X 109 

(40-MMB add i ti o n )  

Energy ( kWh ) 

6 . 8 x 107 

5 . 7 x 108 
1 . 7 x 106 
1 . 0 x 107 

6 . 5 x 108 

Equ i val ent O i l  ( bb l ) 1 

143 , 800  

1 , 250 , 000  
33 , 00 0  

344 , 000  

1 , 770 , 800  

Equ i val ent O i l 

42 , 500  

357 , 000  
1 , 000 
6 , 500 

407 , 00 0  

( bb l ) 1 

We st  Hackberry ,  Al ternat i ve (10-MMB addi t i o n )  

U s age 

Leach i ng 
F i l l /wi thdrawal 

( fi ve cyc l es )  
Concrete2 
Stee 1 3 

Total 

1 1600 kWh/bb 1 . 

Energy ( kWh ) 

1 .  6 x 107 

1 .  4 X 108 
4 . 2 X 105 
2 . 5 X 106 

1 . 6 X 108 

Equ i val e nt O i l ( bb l ) 1  

10 , 000  

90 , 000  
300  

1 , 600  

101 , 900  

2 Co ncrete producti on requi re s  9 x 105  Btu/ft3 fo r manufacture . 

3Steel  producti on req u i res  40 x 106 Btu/ton fo r man ufacture . 
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B ryan Mo und , A l ternati ve ( 60-MMB add i t i o n )  

Usage 

Leach i ng 
F i l l /wi thdrawal 

( f i ve cyc l e s )  
Concrete2 
Ste e 1 3 

Total 

B i g  H i l l ,  A l ternati ve 

Energy ( kWh) 

1 .  0 x 108 

8 . 6 X 108 
2 . 5 X 106 
1 .  5 X 107 

9 . 8  X 108 

Equ i val ent O i l ( b b l ) 1 

63 , 800  

537 , 000  
1 , 600 
9 , 500  

611 , 900  

The  al ternati ve p i pe l i nes  at  B i g  H i l l  wo u l d mai n l y  affect the  energy 
requ i rements for concrete and steel product i o n .  The fol l owi ng add i t i ons  
of  i rrevers i b l e  ene rgy commi tme nts wo u l d  be real i zed if  the  al ternati ve 
acti ons  are take n :  

Act i o n  

P i pe l i ne to OTT!  
P i pe l i ne to Pe l i can 

I s l and Termi nal  
Extended br i ne d i ffuser 

l ocati on  
Comb i nat i o n p i pe l i nes  to 

Sun Termi nal and OTT!  
Comb i nati o n  p i pe l i nes to  

Sun  Termi nal and the 
Pe l i can I s l and Termi nal  

Energy ( kWh) 

7 . 0 x 108 

6 . 2 x 108 

1 . 1 x 108 

9 . 9 x 108 

9 . 2 x 108 

Equ i val ent O i l 

438 , 000 

390 , 000  

6 5 , 500  

619 , 000  

575 , 00 0  

( b b  1 )  1 

These tabu l at i o ns i nd i cate that about 9 . 4  x 108 kWh wo u l d  be used i n  the 
constructi o n  o f  the prefe rred Phase I I I  SPR expan s i on , and 3 . 0 x 109 kWh 
wou l d  be expended i n  handl i ng the o i l through f i ve sto rage cycl e s .  I n  
te rms o f  crude o i l equi val ence ( 1 , 60 0  kWh/bb l ) ,  the potenti al  o i l 
resource commi tme nt as a percentage of  the 1 , 050-MMB ( f i ve cyc l es @ 210 
MMB ) Phase I I I  capaci ty i s :  

11600 kWh/bb 1 . 

2Co ncrete product i o n  req u i res 9 x 105 Btu/ft3 for manufacture . 

3Stee l product i o n  req u i res 40 x 106 Btu/ton fo r manufacture . 
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Co nstruct i o n  0 . 06% o f  potent i a l  cavern 625 , 000  bb l 
capac i ty 

Operat i o n  0 . 18% o f  potenti a l cavern 1 , 877 , 000 b b l  
( 5  cyc l e s )  capac i ty 

O i l l o st  0 . 03% o f  potent i a l  cavern 315 , 000  bb l 
( 5  cyc l e s )  caeac i t� 

Total 0 . 27% of  1 , 050 MMB capac i ty 2 , 817 :000 b b l  

8 . 8 LABOR 

To construct the P hase I I I  port i on  o f  the SPR fac i l i t i e s  and to ope rate 
them for 20 years wou l d  requ i re the fol l owi ng amounts of l abor  ( over the 
Phase I and I I  l abor) , meas ured i n  man-years of effort:  

S i te Total Construct i o n  Oeerati on1 
--

Wes t  Hac kberry , 30  MMB 40 30  10  
Wes t  Hac kberry , 10 MMB 30  30 5 

. B i g  H i l l ,  140 MMB 865 415 450 
B i g  H i l l , wi th a l ternat i ve 

p i pe l i nes  915 465 450 
Bryan Mound , 40 MMB 40 30 10 
Bryan Mound , 60 MMB 40 30 10 

The use of th i s  l abor  represents an i rretri evab l e  resource comm i tment 
s i nce the l ab o r  s e rv i ces  consumed wou l d  not be avai l ab l e  for other 
acti v i ti es .  

8 . 9 CAP ITA L 

The cost  i ncu rred duri ng constructi on  and operati o n  o f  the Phase I I I  S P R  
fac i l i t i es ( i n  mi l l i o ns o f  1980 do l l ars ) i s  s hown be l ow: 

S i te Constructi on  Oeerati o n  ( range/�ear)  

Wes t  Hac kberry , 30  MMB 25  No  add i ti onal  cost2 
Wes t  Hac kberry , 10 MMB 10 No add i ti onal  cost2 
B i g  H i l l ,  140 MMB 245 1 . 7 - 8 . 8  
B i g H i l l ,  wi th a l ternat i v e  

p i pe l i ne s  250 + 25% 
Bryan Mound , 40 MMB 30 No addi t i o nal  cost2 
Bryan Mound , 60  MMB 35  No  addi ti onal  cost2 

These  fi gures do not  i nc l  ude the val ue o f  the stored o i l ,  the costs  
associ ated wi th o i l transport , o r  the cost  o f  l and .  These cap i tal co sts 
are i rretri evab l e  s i nce mater ia l  costs , energy costs , and l abor  costs  
are essent i a l l y  i rretr i evab l e .  

1As s umes 38-month f i l l  and f i v e  cycl es  over 20 years . 

2Same cost i ncurred i n  operat i ng the Phase I and I I  port i o n s  of  the 
s i te .  
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8. 10 SUMMARY 

I rrevers i b l e  or i rretri evab l e commi tments of re sources , res u l ti ng from 
the constructi on  and operati on  of  the proposed  Phase I I I  addi t i ons , 
i nc l ude the l o s s  of  envi ro nmental producti v i ty a l ong  p i pe l i ne ROWs , on  
and  o ff shore , and  at  the  s i te ;  destructi on  of organ i sms and  mars h and 
terres tri al  vegetat i on ; the commi tment of  steel and concrete , wh i ch has 
l i mi ted secondary- use  potenti al ; consumpti on of  energy and l abor  
serv i ces ; and the use  of  cap i ta l  resources . 
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9 . 0  CONSU LTATION  AND COORD I NATION  

9 . 1 AGENC I ES I NVO LVED IN  REV I EW AND  I SSUANCE  O F  ENV I RONMENTA L PERMITS , 
L ICENSES , O R  APPROVA LS 

A number of Federal , s tate , and other agenc i es must be con s u l ted about 
the proposed act i o n .  The Departme nt of Energy ( DO E )  i s  coordi nat i ng 
p l an n i ng efforts wi th vari ous  agenci es  to avo i d  adverse i mpacts to the 
env i ronment potenti al l y  affected by the proj ect . Agenci es i nv o l ved i n  
consu l tati on  and coordi nati on  efforts and a bri ef  s ummary of the i r 
j u ri s d i cti ona l  concerns re l evant to the proposed acti o n  are presented i n  
Tab l e 9-1 .  As requ i red  u nder Sect . 7 of  the Endange red Spec i es Act of 
1973 , formal cons u l tati on  was i n i t i ated wi th the U . S .  �i s h  and Wi l d l i fe 
Serv i ce and the Nat i onal  Mari ne F i s heri es  Serv i ce for the rev i ew of  
DOE '  s b i o l ogi cal  assessment of the proposed  proj ect . Letter responses  
are  pres ented i n  Appendi x D .  

9 . 2 D I STRI BUTION O F  DRAFT SUPP LEMENT E NV I RONMENTA L IMPACT STATEMENT 

Comments o n  the Draft Supp 1 eme nt Envi  ronmenta 1 Impact Stateme nt we re 
requested from the Federal , state , and l ocal agenc i e s  and o rgan i zati o n s  
l i sted i n  Tab l e  9- 2 .  Noti ce of avai l ab i l i ty and a request f o r  comments 
from i nterested part i es we re pub l i shed i n  the Federal Regi ster on  May 8 ,  
1981 . Cop i es o f  th i s document were a l s o  sent to l i b rari es and 
organ i zati ons  and i nd i v i dual s on DOE ' s Tech n i cal I nformati on  Center 
standard di  stri  but i on 1 i st.  Property owners adjacent to Bi g Hi 1 1  and 
We st  Hac kberry we re sent cop i e s  of  the draft . 

9 . 3 PART I ES FROM WHOM COMMENTS  WERE RECEIVED 

Comme nts rece i ved  o n  the Draft S upp l �me nt Env i ro nme ntal Impact Stateme nt 
are addre s s ed herei n .  Cop i es of  the l etters of  comment are presented i n  
Appendi x J .  

9 . 3 . 1 Adv i sory Counc i l on  H i stori c Preservat i o n  

Comment 1:  The envi ronme ntal statement mus t demo nstrate that e i ther of 
the fol l owi ng cond i ti o ns exi sts : 

o . No  properti es i nc l uded i n  or  that may be e l i g i b l e 
for i nc l us i on i n  the Nati onal  Regi ster of  H i stori c 
P l ace s are l ocated wi th i n the area of  envi ro nmental 
i mpact and the undertaki ng wi 1 1  not affect any s uch 
property . 

o P rope rti es i nc l uded i n  o r  that may be e l i g i b l e  for 
i nc l u s i on  i n  the Nati onal  Regi ster of  H i stori c 
P l aces are l ocated wi th i n  the area o f  envi ronmental 
i mpact , and the unde rtaki ng wi l l  or wi l l  not affect 
any s uch property . If there wi 1 1  be an effect , 
camp 1 i ance wi th Sect.  106 of  the Nat i ana 1 H i  stori  c 
Preservat i o n  Act must be ev i denced i n  the F i nal 
I mpact Statement .  
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Table 9·1 . Federal ,  state, and other agencies involved in consultation for the development of S P R  
faci l it ies a t  B i g  H i l l  (1 40 M M B) and the expansion o f  existing S P R  facil ities a t  West 
Hackberry and Bryan Mound (70 M M B, collectively). 

Agency 
Exec uti ve 

adm i n i strator 
S i te under 

j u r i sdiction  

FEDERAL 

U . S .  Envi ronmental Reg i onal Adm i n i strator Al l three s i tes 
Protect i on Agency 
Region VI , 
Dal l a s ,  Texas 

U . S .  Department o f  the Army D i strict Engi neer Big H i l l ,  
U .  S .  Army Corps of Bryan Mound 
Engi neers , Galveston 
Di stri ct , 
Gal veston , Texas 

New Orleans Di stri c t ,  West Hackberry 
New Or l ean s ,  Loui s i ana 

U . S .  Department of Reg i onal C h i ef A l l three s i tes 
Transportat i on 
Materi a l s  Transportation 
Bureau , O f f i ce o f  P i pe l i ne 
Safety Ope rat i ons , 
Southwes t Regi on , 
Housto n ,  Texas 

U . S .  Coast Guard , Di stri ct Commander Al l three s i tes 
Bth Coast Guard Di s tr i c t ,  
New Orl eans , Lou i s i ana 

9 -2 

B r i e f  summary of j uri sdictional  concerns app l icab l e  to project 

Protection  of the nat i on l s a i r ,  water . and l and resources . Cert i fy 
state programs for the envi ronmental control of waste di scharges 
or em i s s i o n s .  I n  proposed act i o n ,  i nv o l ved i n  t h e  fol l owi ng:  
--Cert i f i es comp l i ance w i th Sect. 402 of the Federal Water 

Pol l ut i o n  Control Ac t ,  as amended by the C l ean Water Act of 
1977 and the Ocean Di scharge C r i te r i a  o f  1980. 

--Certi f i es comp l i ance w i th Sect. 403 requi red by s ame . Thi s  
section i s  concerned w i th NPDES perm i t s  for ocean di scharge 

- - Re v i ews Sect. 404 perm i t s  required by same. T h i s  secti on 
is concerned wi th the di  scharge of dredged or f i l l  materi a 1 
i nto nav igab l e  waters 

--Cert i f i es compl i ance w i th the C l ean Ai r Act Amendments of 
1977 through a state agency w i th approved State Impl ementat i o n  
P l an ( S I P )  

- - Reviews Spi l l  Prevent i o n , Contro l , and Countermeasure P l an 
( S PCC ) for each o i l  hand l i ng faci l i ty 

--Cert i fi es comp 1 i ance wi th the Resource Conservati on and 
Recovery Act o f  1976 , a$ amended through 1980 

J u r i sd i c t i o n  over nav i gab l e  waters . I s s ues perm i t s  for act i v i t i e s  
affecting  nav i gab l e  wate r s .  I n  proposed acti o n ,  i nvol ved i n  the 
fo l l ow i n g :  
- - D i scharge o f  dredged or fi l l  mater i a l  ( Sect. 404 o f  the 

Water Po 1 1  ut i on Contra 1 Act ,  as amended by the C l ean Water Act 
of 1977)  

--Construct i o n  in  wetlands and o n  fl oodp l a i n s  
--C onstructi o n  o f  fi xed structures o n  the conti nental she l f  
--Rev i ew o f  f l oodp l a i n/wetl and asses sments prepared i n  response 

to Executive Orders 11988 and 11990 
- - I s s ues perm i t  for Sect .  10 of Ri vers and Harbors Ac t ,  

3 3  U S C  1344 

Establ i shes and provi des for enforcement of safety standards for 
the transportation o f  hazardous mater i a l s  by p i pel i ne that i s  
e i ther i n  o r  affects i nters tate commerce 

Jurisdiction  over a l l  o i l  transfer operat i o n s .  R:eceives noti f i -
cation o f  occurrence o f  o i l  s p i l l s  and de l egates respons i b i l i ty for 
c l eanup 



Agency 

FEDERAL (cant i nued) 

Execut l ve 
admi ni strater 

U .  S. Department of the Reg i o nal  Di rector 
Interi o r  
U .  S .  F i sh a n d  W i l d1 i fe 
Service  (USFWS ) ,  Region I I ,  
Albuquerqu e ,  New Mexi co 

Reg i o n  IV , 
A1 tanta , Georg i a  

USFWS , Reg i o n  I I ,  
National Wi l dl i fe Refuge 
Area off i c e ,  
Aust i n ,  Texas 
--and--
Refuge Management O f f i ce , 
Anahuac , Texas 

USFWS , Reg i o n  I V ,  
National Wi l d l i fe Refuge 
Area O ff i c e ,  
JacKson , Mi s s i s s i pp i  
-- and--
Refuge Management O f f i ce , 
Hac kberry , Lou i s i ana 

Bureau of Land Management,  

Area Manager 

Refuge Manager 

Area Manager 

Refuge Manager 

Gul f  of Mex i c o  and F l ori da 
Outer Co nti nental She l f  Offi c e ,  
New Orl eans , l o u ;  S l ana 

Heri tago Conservation and HCRS State L i a i son 
Recreation Serv ice (HCRS ) ,  Offi cer 
Texas Parks and Wi ldl i fe 
Department, 
Aust i n ,  Texas 

Loui s i ana Department of HCRS State L i a i son 
Cu1 ture . Recreation and Offi cer 
Tour i s m .  
Baton Rouge, lou i s i ana 

Table 9·1 . (continued) 

S i te under 
juri Sdiction 

Big  Hi  1 1 ,  
Bryan Mound 

West Hackberry 

B i g  H i l l  ( nearby 
McFaddi n Nat i ana 1 
Wi l dl i fe Refuge ) 

West Hackberry 
( nearby Sab i ne 
Nati onal  Wi l dl i fe 
Refuge) 

Al l s i tes 

B i g Hi l l ,  
Bryan Mound 

Wes t Hackberry 
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B r i ef summary o f  j u r i sdi cti onal concerns app l i cab l e  to project 

Protection  of f i s h  and wi l d l i fe .  The i nv o l vement of the USFWS i n  
th i s  project i s  5 ulMlari zed b e l ow: 
--Under the F i s h  and Wi l dl i fe Coordi nation Act ,  DOE must di scuss 

the proposed act i o n  with the USFWS . Wetland protec t i o n  i s  an 
important i s sue in th i s  project 

--Under the Endangered Spec i e s  Act of 1973 , the project must not 
i mpact habi tat c r i t i c a l  to the conti nued exi stence of Federa l ly 
protected ( threatened or endangered) spec i es 

--Under the Mi gratory B i rd Treaty Acts , act i o n s  that harm or 
di sturb the behav i o r  patterns of migratory b i rds ( i mportant 
in wetl and s )  are not permi tted 

- - I nv o l ved in rev i ew of Sect. 402 and 404 permits  
-- Rev i ews f l oodp l a i n/wet l and asses sments prepared i n  response to 

Executive Orders 11988 and 11990 
- - Re v i ews Sect. 10 obstruction to nav i gati on perm i t s , as spec i 

f i ed i n  the R i vers and Harbors Act 3 3 ,  USC 1344. 

A national  wi l dl i fe refuge program has been estab l i s hed under the 
Federal Land Po l i cy and Management Act .  Refuge use perm i t  must 
be obtai ned for cro s s i ng McFaddi n wi th the bri ne di sposal  
p i pe l i ne 

Juri sdiction  over offs hore acti v i ti es , primari l y  o i l  and gas 
1 eas i ng on the Outer Cant i nenta 1 Shel f 

Protecti on of archaeo l og i c a l , h i stori ca l , c u l tura l , and natural 
resources . The Nat i onal  H i stori c  Preservation Act of 196 6 ,  30 
other 1 aws I executive orders and agreements are des i gned to 
assure hi stor i c  preservation , natural resource conservat i o n ,  
a n d  adequate opportu n i ties f o r  recreation .  

Consul ted about the exi stence of wi l d  and scen i c  ri vers 
accordi ng to the W i l d  and Scen i c  R i vers Act ,  as · amended 1978 



Table 9·1 .  (continued) 

Agency 
Execut i 'Ie 

admi ni  strater 
S i te under 

j uri sdiction  

FEDERAL (cont  i nued ) 

U. S .  Department of 
Agri cu 1 ture 
Soi 1 Conservati o n  
Serv i ce 
Telllp l e ,  Texas 

So i 1 Conservat i on 
Serv i c e ,  
A l exandri a ,  Lou i s i ana 

State Conserva t i o n i st 

State Conservat i o n i s t  

B i g Hi l l ,  
Bryan Mound 

Wes t  Hackb erry 

U . S .  Department of Commerce Reg i o n a l  Di rector Al l three s i tes 
National  Oceanic  and 
Atmospheric Adm i n i stration 
(NOAA ) , Nationa l Mar i ne 
F i sheries  Serv i c e ,  
Southeast Reg; on I 
St. Petersburg , F l orida 

NOAA Offi ce of Coastal U n i t  O i rector West Hackberry 
Zone Management,  
lou i s i ana State P rogram i n  
Department o f  Natura l 
Resources . 
Baton Ro uge , lo u i s i ana 

U . S .  Department of Labor Reg i o n a l  Adm i n i strator A l l three s i tes 
Occupational  Safety and 
Heal th Admi ni strat i o n ,  
Reg i o n  V I , 
Dal l as ,  Texas 

U . S .  Department of Ho u s i ng Reg i onal  D i rector A l l three s i tes 
and Urban De,,! 1 opment 
Federal I nsurance 
Adm i n i strati o n ,  
Reg i o n  V I , 
Dal l a s ,  Texas 

Area Off i c e ,  Area Di rector B i g  Hi l l ,  Bryan 
Dal l a s ,  Texas Mound 

Area Offi c e ,  Area Di rector 
New Orl eans , Lou i s i ana 

Nat i onal  Advi sory Counc i l  Executive Secretary 
on H i s to r i c  Preservat i o n ,  
Western States Offi ce , 
Denve r .  Co l orado 

West Hackberry 
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B r i e f  summary o f  juri s d i cti onal  concerns app l l e ab l e  t o  project 

Can pro 'J i de i n formation on prime farm l and in the impacted area. 
Pol  i cy statement made by the Counci 1 on Envi ronmental Qual i ty 
( CEQ ) requires DOE to preserve prime farm l ands duri ng construc
tion and operation o f  project 

Protec t i o n  of mari ne f i s heries  as di rected by the Mari ne Mamma l s  
Protec t i o n  Act of 1972;  the Mari ne Protecti o n ,  Research and 
Sanctuari es Act of 1972; the Endangered Spec i es Act of 1973 ; 
the Offshore Shrimp F i s he r i e s  Act of 1973 ; and the F i s h  and 
Wi l d l i fe Coordi nat i on Act o f  1973 

P l anni ng and management o f  coastal areas accordi ng to the Coastal 
Zone Management Act of 1972 

Jurisdiction  over the devel opmen t ,  promu l gati o n ,  and comp l i ance' of 
health and safety reg u l ati ons of the Occupati onal  Safety and 
Hea l th Act o f  1970 

Adm i n i sters the Nati onal  F l ood I n s u rance Program as spec i f i ed by 
the Nation.l F l ood I nsurance Act o f  1968 , as amended, and F l ood 
Di saster Protec t i o n  Act of 1973 

Provi des i nformat i on on extent of fl oodp 1 ai  n s  usefu 1 i n  prepari ng 
f l oodp l a i n/wetl and asses sment 

Must be consul ted by DOE to ensure that proposed action wi l l  not 
adversely affect h i storical  or cul tural resources.  Cons u l 
tation i s  requi red b y  t h e  National  Preservati on Act of 1966 



Agency 

STATE 

� (Austi n )  

Texas Department of Water 
Resources 1 
Texas Water Devel opment 
Board 
-"'and--
Texas Water Commi s s i on 

Texas Ai r Control Board 

Execut; ve 
admi n; stratar 

Execut i 'Ve Di rector 

Cha i rpers"n 
( j ud i c i a l  functions)  

Cha i rperson 
( admi n i strat i ve and 
l egi s l at i v e  functi ons ) 

Execut i ve Oi rector 

Texas Department of Hea l th , Commi s s i o ner of Heal th 
Bureau of Envi ronmental 
Hea l th 

Texas General land O f f i c e  Commi s s i oner 

Texas ParKS and Wi l dl i fe Execut i ve D i rector 
Department 

Texas Rai l road Commi s s i o n ,  Commi s s i oner 
O i l  and Gas D i v i s i o n  

Texas State Department o f  D i rector 
H i ghlolays and Pub l i c  
Transportat i o n ,  
R i ght-o f-Way D i v i s i o n  

Texas Hi storical Commi s s i o n  
Affi l i ates of Commi s s i o n :  
Texas Antiqui ties  Chai rperson 
Committee 
--and--
Texas H i s  tori ca 1 Cha i rperson 
Deve 1 opment Counc i l  

Table 9·1 . (continued) 

S i te under 
juri sdic tion 

Big Hi  1 1 ,  Bryan Mound 
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B r i e f  summary of j u r i s d i ctional concerns app l i cab l e  to project 

Protect i on of 5 tate! 5 water resources ; imp 1 ement the ru 1 es , 
regul at i ons and l aws relating to water .  Spec i f i c  to the proposed 
act i o n  are the fo l l owi ng: 
- - I ssues NPDES permits for d i scharge of wastes 
- - I s s ues permit for water appropriation 
- - I s s ues regu l at i o n s  or control measures for acth ' i t i es that 

are i nherently capab l e  of caus i ng spi l l age or acc i dental 
di scharge of po l l ut i ng substances.  Must be i nformed o f  any 
spi 1 1  s or  acci dents that occur 

- - Rev i ews Sec t .  404 permit appl i cations 
--Adm i n i sters an i ndustri al so l i d  waste program 
"'-Adm i n i s ters nati onal fl ood i ns urance l aws 

Adnl i n i sters state ! s  cl ean a i r  l aws to control and abate a i r  pol l u
ti on.  Spec i f i c  to the proposed acti on is the i s suance of perm i t s  
for construction  a n d  operat i o n  o f  o ns i te a n d  offs i t e  fac i l i t i es 
that emi t a i r  contami nants 

Admi ni  sters the state I s sol i d  waste management program and 
i mp l ements safety and heal th programs for p l aces o f  
emp 1 oyment 

I s sues easements requi red to use state-owned l ands for p i pe l i ne 
i nsta l l at i o n .  Approves ri ghts - o f-way ( ROWs) for p i pe l i nes 
cro s s i ng pub l i c  l ands 

Protec t i o n  of recreat i onal areas wi th i n  the stat e �  protec t i o n  of 
loI i l d l i fe and thei r hab i tats. Spec i f i c  to the proposed act i o n  
a r e  the fol l ow i ng: 
-- Protecti on of anima l s  and p l ants not l i sted as threatened o r  

endangered o n  the F edera 1 1 i s  t 
--Protecti o n  of beaches 
--Rev i elol o f  Sect. 404 perm i t  app l i cations 

I s sues permits for dri l l i ng .  I s sues permits f o r  o i l p i pe l i ne s .  
Recei ves reports on o i l  storage and p i p e l i ne operat i o n s  from 
agenc i es  wi th penni t s .  

I nvol ved w i t h  p o l i c i e s  a n d  procedures for ROWs f o r  p i pe l i nes 
c ro s s i ng h i ghways 

I s sues permi ts for sal vage excavati o n  on study of archaeol ogical  
resources wi thi n the state 

Coordi nates efforts of member agenc; es � deve l op s  resources withi  n 
the state 



Agency 

STATE (conti nued) 

Executive 
adm i n i s trator 

Table 9·1 . (continued) 

S i te under 
jurisdiction  Brief sumary of juri sdict i onal concerns app l i cabl e  to  project 

Texas Coastal and Mari ne 
Counc i l  

Chairperson Assi sts in comprehen s i v e  asses sment and p l anni ng for coastal 
resources management and other mari ne-rel ated affa i rs affecting 
the state 

Texas State Board of 
Insuranc e ,  
O f f i ce of the State F i re 
Marsha l l  

Lou i s i ana (Baton Rouge) 

Loui s i ana Department of 
Natura 1 Resources 
Office of Envl ronmental 
Affairs--(1) Air Qual i ty Control 

D i v i s i on 
( 2 )  lIater Pol l ution 

Control D i v i s i on (3)  Sol i d  lIaste D i v i s i o n  
( 4) Hazardous lIaste 

D i v i s i on 
Offi ce of Conservat i on-
Permi ts Sect i o n  
O f f i ce of the Sec retary-
D i v i s i o n  of State Lands 

Loui s i ana Department of 
lIi l dl i fe and F i sheri e s , 
New Orl eans 

Lou; 5 ; ana Department of 
Transportat i on and 
Deve l opment , Offi ce of 
Pub l i c  lIorks 

Loui s i ana Department o f  
C u l ture , Touri sm and 
Recreat i o n , O f f ;  ce of 
Program Deve 1 opment , 
D i v i s i o n  of Archaeo l o gy 
and Hi star; ca 1 Preservati o n  

Loui s i ana Department o f  
Pub l i c  Safety , O f f i c e  
of F i re Protecti on 

F i re Marsha l l  

A s s i stant Secretary 

A s s i stant Secretary 

Adm i n i  strator 

Admi ni  strator 

Adm; n; strator 
Admi ni strator 

Ass i stant Sec retary 
Adm; n; strator 
Assi  stant Sec retary 
Adm i n i strator 

Secretary 

As s i s tant Secretary 

State H i storical 
Pres ervat i o n  Officer 

Assi stant Secretary 

lIest Hackberry 
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Invo l ved i n  a vari ety of functions regard i ng f i re prevention 

lIi l l  assUllle authority when such authority i s  del egated for admi n i 
strati on of pe rm i t  progra.s for the regulation of a i r  qua l i ty, 
.... ater po l l ution contro l , sol i d  waste d i sposal . hazardous waste 
management , and coastal zone management. 

Iss ues permi ts for dri l l i ng operati ons 

Juri sdiction  over any state l ands affected by the project 

Jur; sdi ct i on over i tate I s natura 1 resources ; mandated to protect, 
conserve , and rep l e n i s h  wi l d l i fe and fi shery resources ; cons u l ted 
for operat i ons such as dredgi ng 

I ssues add; ti ona 1 construction perm; ts as necessary 

Respons i b l e  for h i stori cal , cul tura l , and archae o l ogi ca l  resource 
preservat i on 

Adllli n i sters state l aws for f i re protect i on 



Agency 

REGIONAL 

P1  anni n9 Counci l s 
Southeast Texas Regional 

P l anning Co_i s s i o n ,  
Nederland 

Houston/Ga 1 veston Area 
Counc i l  , 
Houston 

River Autho r i t i es 
Low.r Nech.s Va l l .y 

Autho r i ty .  
BeaUlllOnt 

Sabi ne Ri ver Author i ty .  
Orange 

Brazos Ri ver Author i ty .  
... aco 

lou i s i ana 

Imperi a l  Ca1 cas i .u R.giona1 
Pl ann i ng and D.ve1 0pment 
Commi s s i o n ,  
Lake Char1 es 

LOCAL 

Jeff.rson County 
CO1l'ii; ss ; oners Court, 
BeaUlllOnt 

Jeff.rson County Drai nage 
D i str i ct 7 

Jefferson County Department 
of Env i ronmental Control , 
BeaUllOnt 

Brazori a County 
Comm i s s i oners "Court , 
Angl eton 

Execut i ve 
adm; ni 5 trator 

Execut i ve Oi rector 

Execut i ve Oi rector 

Execut; ve Di rector 

Exec utive D i rector 

Executi v e  D i rector 

Table 9·1 .  (cont inued) 

S i  t e  under 
juri sdict i o n  

B i g  Hi l l  

Bryan Mound 

B i g  H i l l  

B i g  H i l l  

Bryan Mound 

.... st Hackb.rry 

B i g  H i l l  

B i g  Hi l l  

B i g  H i l l  

Bryan Mound 

9- 7  

B r i . f  summary o f  j u ri s d i cti onal concerns app l i cab l .  to proj.ct 

Inv o l ved in envi ronmental qua l i ty p l anni ng . l and resource manageraent 
p l an n i ng . transportati on p l anning . and other functions 

Functi ons and serves in the area o f  water conservation and supply 

Functi ons and serves ; n the areas o f  water conservation and sUPP l y ,  
wat.r qual i ty contro l . data co l l .c t i o n .  r.c reati o n  and hydro-
.1  ectric power 

Functions and serves in the areas of f l ood contro l , water conser
vation and supp l y .  water qual i ty contro l . data col l .c t i o n  • 
recreati o n .  and hydro.1 ectri c  power 

I nvol ved in r.source and transportati on p l ann i ng 

I s sues permits for cros s i ngs of county roads and prop.rty 

I s sues permi ts for cro s s i ng drai nage di tches 

Revi ews and approves l ocati on and des i gn of septic  system 

I s sues add i ti onal construction perm i ts or mod i f i cations of exi s t i ng 
ones as necessary 



Agency 

LOCAL ( conti nued) 

Velasco Drai nage D i strict 

Brazori a County Hes 1 th 
Depa rtalen t ,  
Angl eton 

Loui s i ana 

Cameron Pari sh Po 1 i ce Jury , 
Cameron 

OTHER - INTERSTATE 

Executive 
adm; n ;  strator 

Secretary 

Sab i n e  Ri ver Compact Co ... i s s ioners 
Comi s s i o n ,  
c/o Texas Department 
of Water Resources , 
Austi n ,  Texas 

G u l f  States Marine Co.."i s s i oners 
Fi sheri es Corrwn; s s i o n ,  
Ocean Spri ngs , Mi s s i ssi ppi  

Gul f of Mexico Fi shery Executive D i rector 
Manage .... nt Co unci 1 ,  
Tampa , F l o r i da 

Migratory B i rd Conservation CO!lllli s s i oners 
COrrlll; 5 5 ; o n ,  
washi ngto n ,  D .  C .  

OTHER - I NTERNATIONAL 

Marine M .... a1 Co ... i s s i o n ,  Cha i rperson 
Washi ngton , D . C . 

Inter-Governmenta 1 Maritime D i  rector General 
Cons u l tive Organ i zati o n ,  
London ,  E n g 1  and 

Table 9·1 .  (continued) 

S i te under 
j urisdiction 

Bryan Mound 

Bryan Mound 

wes t Hackberry 

Big Hi 1 1  

Al l three s i tes 

Al l three s i tes 

Al l three s i tes 

A l l  three s i tes 

A 11  three s i tes 
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Bri ef su ... ary of j u r i s d i cti onal concerns appl i cab l e  to project 

I ssues add i t i onal construction permits o r  mod i f i cations of ex i sti ng 
ones as neces sary 

Approves add i ti onal septic SYStMS as necessary 

Is sues add i tional  construction p e rm i ts as necessary 

Invol ved in p l ann i ng ,  appropriat i o n ,  and dev e l o pment of Sabine River 
and i ts tri butari es 

Invo l v ed in i n terstate pact for proper uti l i zation o f  Gul f ' s  
f i s hery resources 

Invol ved in lIIanagement of f i shery resources with i n  the Gu l f  of 
Mexico 

Invol ved in s e l ection of l ands for migratory b i rd refuges in the 
National Wi l d l i fe Refuge System accord i ng to the Mi gratory B i rd 
Conservation Act of 1929 

Revi ews status of and makes reconwnendations for !IIarine mammal 
pop U l ati ons ; estab l i s hed by the Mari ne Mammal Protection Act 
of 1972 

Develops regu 1 at i ons for o i l  di scharges 



Table 9·2. Federal,  state and local agencies and organizations from whom 
comments on the Draft Supplement Environmental 
Impact Statement were requested. 

GOVERNMENT AGENC I ES  AND O F F I C IALS  

Counc i l o n  E nv i ronmental Qual i ty 
Department o f  Agri c u l ture 
Department of the Army , C o rp s  of Eng i neers 
Department of Commerce 
Department of Defense  
Department o f  Educati o n  
Departme nt o f  Heal th  and H uman Res o u rce s 
Department o f  H o u s i ng and U rban Deve l opme nt 
Department o f  I nter i o r  
Department o f  Lab o r  
Department o f  State 
Department of Transpo rtat i o n  
Department o f  Treasury 
Env i ronmental P rotect i o n  Agency 
Fede ra l  Energy Regul atory Commi s s i on 
I nterstate Commerce Comm i s s i o n  
Nat i ona l  Ocean i c  and Atmo spheri c Adm i n i s trat i on  
Nati onal  Sc i e nce  Fo undati o n  
N u c l ear Regu l atory Comm i s s i on 
Ten n e s s ee Val l ey Author i ty 
U . S .  Coast G uard 
U . S .  Senate Appropri ati on s  Comm i ttee , 

S ub comm i ttee o n  I nteri o r  and Re l ated Agenc i es 
U . S .  Senate Comm i ttee on  Energy and M i n e ra l  Res o u rces , 

Subc ommi ttee o n  E ne rgy and Natura l  Res o u rces  
U . S .  House  o f  Representat i ves  Appropr i at i o n s  Comm i ttee , 

S ubcomm i ttee o n  I nte r i o r  and Re l ated Age nc i es 
U . S .  House  o f  Representat i ve s  E ne rgy and Commerce C ommi ttee , 

S ub comm i ttee o n  F o s s i l  and Syntheti c  F ue l s 
Gove rno r ,  State o f  Lou i s i ana 
Governo r ,  State o f  Texas 
U . S . Senators , State of Lou i s i ana  
U . S .  Senators , State o f  Texas 
U . S .  Congres s i onal  D e l egat i on  from affected d i stri cts , State of Lou i s i ana  
U . S .  Congres s i ona l  D e l egat i o n  from affected d i stri cts , State o f  Texas 
State C l eari ngho uses  o f :  A l abama , Arkansas , F l o r i da ,  Kentuc ky ,  

Lou i s i ana , M i s s i s s i pp i , O h i o ,  O kl ahoma , and Texas 
Brazor i a County ,  Texas 
Cameron Pari s h ,  Lou i s i ana  
Chambers County ,  Texas 
Gal veston  County ,  Texas 
Harr i s  County ,  Texas 
J ef ferson  County ,  Texas 
Lo u i s i ana Department of Heal th  and H uman Res o urces 
Lou i s i ana  Department of Natural  Res o u rces  
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Table 9·2 (continued) 

Lo u i s i ana  Department o f  Wi l dl i fe and F i s her i es  
Texas Department of  Heal th 
Texas Department of  Parks and Wi l d l i fe 
Texas Department o f  Water Re s ources 
Texas H i stori cal  Comm i s s i on 

ORGAN I ZATIONS  AND I NTERESTED PARTI ES  

Amer i can F i s he r i es  S o c i ety 
Amer i can  I ndustr i al  Hygi ene  Assoc i ati o n  
Ameri can L i ttoral Soc i ety 
Ameri can Petro l e um I n s t i tute 
Appa l ach i an Reg i onal  Commi s s i o n 
Audubon Natural i st Soc i ety o f  the Central Atl ant i c  States 
Ce nter for Law and Soc i al P o l i cy 
Center for Natural Areas 
C enter for U rban Env i ronmental Studi e s  
Center fo r Wet l ands Resources  
C hamber  o f  Commerce o f  the  U n i te d  States o f  Ame r i ca 
C l ean Water  Acti o n  P ro j ect 
C o n s umer Acti o n  Now , I nc .  
C o u nc i l o n  Econom i c P r i o r i t i es 
Defenders  o f  W i l dl i fe 
Dow C h em i cal  
Eco l o gy C e nter o f  Lou i s i ana , I n c .  
E l ectr i c Power Res earch I nsti tute  
Env i ronmental Acti o n  fo u ndat i o n , I nc .  
E n v i ro nmental Acti o n , I nc .  
E n v i ronmental D e fe n s e  F u n d , I nc .  
Env i ronmental F u n d , I nc .  
Envi ronmental Law I n s t i tute 
E n v i ronmental P o l i cy C e nter 
For the Peop l e ,  I nc .  
Fri e nds  o f  the Earth 
F u nds  for A n i ma l s ,  I nc .  
G u l f States Mari ne F i s h er i e s  Comm i s s i on 
I ns t i tute o f  Gas Tech n o l ogy 
I ns t i tute o f  Medi c i ne 
I nternati onal  Assoc i ati o n  o f  F i s h  and W i l dl i fe Agenc i es  
I nternat i o nal  I nsti tute for Envi ronment 
I nterstate Natural  Gas Assoc i at i o n  
I zaak Wal ton League  o f  Amer i ca 
League  of  Cons ervati o n  Voters 
League  of Wome n  Vote rs 
Lou i s i ana Offs hore Term i nal  Authori ty 
Nat i onal  Academy of  Engi neeri ng  
Nat i o nal  Academy o f  S c i e nces  
Nat i o nal  A s s oc i ati o n  of  Count i e s  
Nat i o nal  Audubon S o c i ety 
Nat i o nal  League of  C i ti es 
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Table 9·2 (continued) 

Nat i onal  Parks and C o n s e rvati o n  Assoc i ati o n  
Nati onal  Research Counc i l 
Nati onal  Water Resources As soc i at i o n  
Nati onal  Wet l ands Tec h n i cal  Counc i l 
Nati onal  Wi l d l i fe Federati o n  
Nat ural Resources  Defense  Counci l ,  I n c .  
Nature Conservancy 
North Amer i can W i l dl i fe Foundat i o n  
Pub l i c  I nterest Research G ro up 
Renewab l e  Natural Reso urces Foundat i on 
Res o u rces  for the F uture 
Sc i enti s t 1 s I ns t i tute for Pub l i c  I nformat i on 
Seado c k , I nc .  
S i erra C l ub 
Sport F i s h i ng Inst i tute 
Standard O i l C ompany of  Cal i fo rn i a  
Texas Envi ronmental Coal i ti on 
Texas Offs hore Port 
U . S .  Conference of  Mayors 
Water P o l l ut i o n  Control  Federati o n  
Water Reso urces Counc i l 
W i l derness  Soc i ety 
Wi l dfowl Foundat i o n  
W i l dl i fe Soc i ety 
Wor l d W i l d l i fe F und  
Z e ro Popu l at i o n  G rowth , I nc .  
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Respo n s e :  Secti ons  of  the document ( 3 . 2 . 1 . 7 ,  3 . 2 . 2 . 7 ,  3 . 2 . 3 . 7 ,  3 . 2 . 4 . 7 ,  
4 . 2 . 7 ,  4 . 3 . 2 . 7 ,  and 4 . 4 . 7 )  deal i ng with  the presence or absence of  
properti es e l i g i b l e  for the  Nat i o nal  Regi ster of H i stori c P l aces 
have been amended to i nc l ude statements emphas i z i ng DO E ' s  
commi tment to comp l i ance wi th the Nati o nal  H i stori c P reservati on  
Act of  1966 ( 16 USC Sect .  470f , as ame nded , 90 Stat. 1320 ) .  No 
s i tes  l i sted or  proposed for i nc l us i on i n  the Nati onal  Regi ster of 
H i stori c P l aces were i denti fi ed .  

9 . 3 . 2 U . S .  Department of  Agri cu l ture , Farmers Home Admi n i strati on  

Comment 1 :  The  Oyster Cre e k  Mun i c i pal  Uti l i ty D i stri ct deri ves i ts 
water from a fres hwate r fo rmat i on 250  to 300  ft deep l ocated about 
3 mi  1 es  north of  Bryan Mound .  Extreme care shoul  d be  taken to 
ens ure the puri ty of  th i s  freshwater aqu i fe r .  

Response :  A l l waters used i n  deve l op i ng caverns of  the  Bryan Mound  SPR  
s i te wou l d  be  deri ved from the  Brazos R i ver  and  wou l d not  i nf l uence 
groundwaters ( see  Sect.  2 . 2 . 1 . 1  and Appe ndi x

' 
J ,  l ette r from the 

Texas Departme nt of  Water Resource s ) . No fres h  groundwaters wou l d  
be uti l i zed  for o i l recovery .  A l l caverns are mon i tored and 
press ure-tested to ens ure i ntegri ty before they are fi 1 1  ed wi th 
o i l .  Caverns wo u l d be b e l ow the depth of the aqu i fer ( separated by 
an aquac l ude ) be i ng used by the Oyster Cre e k  Muni c i pal Uti l i ty 
D i str i ct .  

9 . 3 . 3 U . S .  Department of the A i r Force 

Comment 1 :  There is no apparent envi  ronmenta 1 i nteracti on between the 
Phase I I I  expans i on of the SPR and any A i r  Force acti v i t i e s  i n  the 
proj ect area. 

Response :  Comment noted.  

9 . 3 . 4  Texas H i stor i cal Comm i s s i on 

Comment 1 :  The  docume nt does  not  i ndi cate wh i ch properti es , if  any , are 
e l i g i b l e fo r i nc l u s i on  i n  the Nat i onal  Regi ster for H i stori c  
P l aces . Statements regardi ng the Nati onal  Regi ster o f  H i stori c 
P l aces must be  contai ned i n  the document.  

Response :  Statements concern i ng the  Nat i onal  Regi ster of  H i s tori c 
P l aces have been added to the approp ri ate secti ons  of  the doc ument 
( see al so  Sect. 9 . 3� 1) .  

9 . 3 . 5 U . S .  Department of Transportati on ,  Federal H i ghway Admi n i strati on 

Comme nt 1:  The propo sed project wou l d not s i gn i f i cant l y  affect any 
proj ects or programs under the Department of  Transportati on ' s 
j uri s d i ct i on .  

Response :  Comment noted .  
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9 . 3 . 6 U . S .  Departme nt of Hous i ng and U rban Devel opment 

Comment 1: The Department has no spec i fi c  comments on  the Draft 
Supp l ement.  

Response :  Comment note d .  

9 . 3 . 7 U . S .  Department of Agri c u l ture , So i l  Conservat i o n  Serv i ce 

Comment 1 :  Co nvers i on  of up  to  34  acres of pr ime farml  and  at  the  West 
Hac kbe rry s i te s ho u l d be addressed by the i mpact stateme nt.  

Response :  Statements regard i ng the  convers i o n  of pr ime farml ands at the 
West  Hackberry s i te have been i nc l uded i n  Sects . 3 . 2 . 4 . 1  and 4 . 4 . 1 
and i n  Tab l e 6- 1 .  

9 . 3 . 8 Gu l f of Mexi co F i shery Management Counc i l 

Comment 1 :  O u r  pri nc i pal  comments concern the effect of  the bri ne 
d i scharge on  penae i d s h r i mp popu l ati o ns and the shr imp f i shery i n  
the affected areas . I n  parti cu l ar ,  the general i ti es (8-11)  o n  page 
3-20 appear mi s l eadi ng i n  the i r  i mp l i cati ons . Wh i l e  there i s  
l i ttl e spawner- recru i t  re l ati ons h i p , l o ng o r  short-term destructi on  
of shr imp hab i tat ( estuari ne or  spawn i ng areas ) shou l d  be 
mi n i m i  zed . The draft suppl ement shou l  d at 1 east ac knowl edge th i s 
hab i tat al terat i o n .  General i ti es 9 and 10 , w h i c h  appear to j u sti fy 
such al terat i o n , are q u i te co ntradi ctory i n  rel ati ng the 
overcapac i ty of the envi ronment (#9 )  to the overs upp l y  of 
postl arvae (#10 ) . Furthermore , a rev i ew of  the references i n  
Appe nd i x  G ( Berry and Baxter ,  1969 ; Truesdal e ,  1970)  does not 
substanti ate general i ty #8 that a l l stages of  the penae i d  l i fe 
cycl e can to l erate wi de ranges of  sal i nty , wh i c h  i s  the key i s sue  
of  the  br i ne di scharge .  

Response :  Most  of these concerns are addressed  i n  responses to  Nati onal  
Mari ne F i  sheri  es  Servi  ce ( NMFS ) concerns ( s ee Sect.  9 . 3 . 17 ) . No 
l ong- term hab i tat al terati on  i s  expected from b r i ne d i scharge , 
espec i al l y  beyond the 100-m re l ease zone . Most commerc i al l y  
i mportant spec i es of  the northwest Gu l f o f  Mex i co can tol erate the 
sal i n i ty i ncreases  expected , as i nd i cated by the Bryan Mound p l ume 
mon i tori ng res u l ts . 

The i mpact statement d i d  not i ntend to i mp l y  a rel ati onsh i p  between  
general i ty 9 and  general i ty 10 . General i ty 9 refers to  i mpacts on  
catch , whereas general i ty 10 refers to  l ac k  of i mportance of  
s i te-spec i fi c  i mpacts on  the  supp l y  of postl arvae produced by the 
brood stock .  

The study by Berry and Baxter (1969)  deal s w i th the pred i ct i on  of 
shri mp l andi ngs based on  postl arval catc h .  It  was not referenced 
i n  the di scus s i on of  sal i n i ty rel ati ons h i ps presented i n  Appendi x 
G .  Truesdal e ( 1970 ) d i scusses  the re l at i o n s h i p  between s h r i mp 
occurrence and sal i n i ty i n  Tri n i ty Bay rang i ng from fres hwater to 
15 . 6  ppt . There are numero us references i n  Append i x  G to the 
occurrence of penae i d  s h r i mp i n  sal i n i t i es vary i ng from fresh  to 
hypersal i ne water .  The secti on  was reorgani zed to he l p c l ari fy any 
mi s understand i ngs . 
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Comment 2 :  The secti on  o n  envi ronmental i mpacts o n  penae i d  s h r i mp 
(Sect i o n  4 . 2 . 5 . 2 ,  page 4- 2 5 )  agai n uses  the fau l ty general i zat i ons 
ci ted above to concl ude that actual  catc hes wi l l  not decrease , but 
wi l l  be  made up from adjacent areas . The same " heavy commerci al  
exp l o i tati on of s hr imp stocks " ci ted on the bottom of  page 4-25  may 
we l l  i nval i date th i s  concl u s i o n .  The s h i ft i n  fi s h i ng effort from 
the affected di scharge areas to adjacent areas wi th exi sti ng " heavy 
exp l o i tati on"  wi l l  e i ther di v i de up the l i mi ted res ources or res u l t 
i n  proporti onate l y  l es s  i ncrease i n  catch for the same i ncrease i n  
effort . 

Response : Penae i d s h r i mp are very mob i l e  organ i sms , wi th the i r  offs hore 
di stri buti on determi ned as m�ch by amb i ent sal i n i ty l eve l s  as any 
other factor .  They are not ti ed to any parti cul ar l ocal area of 
the G u l f .  As  such , i t  i s  erro neous to attempt to rel ate decreases 
i n  s h r i mp product i o n  to a part i c u l ar area . 

Comment 3 :  The secti on  o n  soc i oeconomi c i mpacts o n  penae i d  shr imp 
( Secti on 4 . 2 . 8 ,  page 4- 3 3 )  descri bes the potent i al costs i n  terms 
of l ost  reve nue to the s h r i mp i ndustry under var i ous cases . Th i s  
secti on  s hou l d be very he l pfu l  to dec i s i onmakers ; however , a 
questi on  ari ses  as to the purpose of  th i s  s ecti o n .  S i nce al l other 
enti ti es wi l l  be compensated for di rect i mpacts of the SPR proj ect , 
does thi s sect i on devel op a bas i s for compensat i on to affected 
fi s hermen? 

Respons e :  The reason for Sect.  4 . 2 . 8 ,  page 4-33 , was to exp l ai n vari ous 
pos s i b  1 e economi  c i mpacts , but not to prov i de a quant i f i ed bas i s 
for compensat i o n .  Much of  any i mpact statement deal s wi th several 
scenari os and expected or potenti a l  co nsequences , so that , as 
noted , dec i s i onma kers are better aware of the potenti al 
consequences of thei  r acti ons . Every consequence , however , of a 
Government proj ect i s  not compensab l e .  Compensati on to i nd i v i dual s 
or other enti ti es from any Federa l proj ect i s  governed by the 
U n i  ted States Const i tut i on  and Federal statutes . Each cas e  i s  
co n s i dered on i ts own meri ts and based on the app l i cab l e  l aws . 

9 . 3 . 9 u . S .  Department of Commerce , Mar i t i me Admi n i strati on 

Comment 1 :  The di scu s s i o n  i n  Sect.  4 . 3 . 1 ,  O i l Sp i l l  Ri s k ,  s hou l d  be 
updated to refl ect present u . S .  Coast Guard regu l ati ons  and 
I ntergovernmental Mari t i me Consu l tat i ve Organi zat i on  conventi ons . 

Respo n s e :  T h e  sect i o n  has been updated to i nc l ude the mo st recent U . S . 
Coast Guard regu l ati ons  (33  CFR 157 ) . These regu l ati ons cover al l 
s h i ps enteri ng u . S .  terri tori a l  waters and were based i n  part on 
the conventi ons  of the I ntergovernmental Mari t i me Con s u l tati ve 
Organ i zati o n .  

Comment 2 :  The di scu s s i o n i n  Sect. 4 . 3 . 1 . 3 , Rel ated R i s k ,  shou l d be 
updated to i nc l ude the most recent u . S .  Coast Guard regu l ati ons  (46 
CFR part 32)  concern i ng i nert gas systems . 

Respo nse : The d i scuss i o n i n  Sect. 4 . 3 . 1 . 3  has been updated to i nc l ude 
the most recent U . S .  Coas t Guard regu l ati ons concern i ng i nert gas 
systems . 
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9 . 3 . 10 Wal l ace Menhaden Products , I n c .  

Comme nt 1 :  The  Phase I I I  Supp l eme nt al most  i gnores the me nhade n 
fi shery ,  and whe re i t  i s  recogn i zed , uns upported gene ral i zati o ns 
are made . For examp l e ,  p .  3-20 #8 state s that " A l l l i terature 
rev i  ewed i ndi cated that al l stages of the . . .  1 i fe cyc 1 e . . .  for 
the Gu l f me nhaden , Brevoorti a patronus , can tol erate wi de ranges of 
sa l i n i ty .  I I  A more careful  revi ew of the l i terature wo u l d  i nd i cate 
that di fferent l i fe stage s are col l ected i n  Gu l f wate rs , at 
d i fferent t i mes , i n  d i fferent areas , i n  d i fferent sal i n i t i e s .  Eggs 
may be hatched i n  a very narrow range and i mmedi ate s u rv i val m i ght 
be cri t i cal l y  re l ated to sal  i n i ty .  Page 4- 18 state s that " i mpacts 
(of  the bri ne pl ume at Bryan Mound)  shou l  d be restri  cted to the 
bottom commun i t i e s . " A recent study by Randal l and Hann i ndi cates , 
however , that the p l ume on  occas i on was as h i gh as 25 feet.  At the 
proposed B i g  H i l l  s i te ,  thi s co u l d p l ace the p l ume near the s urface 
wh i ch cou l d have a 1 arge i mpact on the fi  s hery ,  i f  i ndeed tho se 
eggs , or  l arvae , cannot to l e rate the change i n  sal i n i ty .  

Response : A detai l ed rev i ew of  the men haden l i terature has been added 
to Appe nd ix  G .  Re s u l ts of thi s rev i ew do not al ter any of our  
conc l u s i ons  regard i ng i mpacts on menhade n .  No l i terature was fo und 
i nd i cati ng that any stage of  the me nhaden l i fe cyc l e i s  not 
euryhal i ne .  Chri stmas and Wal l er ( 1975 ) found eggs at sal i n i t i e s  
rangi ng from 6 . 0 to 3 6 . 6 ppt.  The Hann and Randal l data ( 1981 ) 
refer  to the maxi mum vert i cal  ri se of detectab l e  sal i n i ty i ncreas e 
( 1  ppt above amb i ent) above the di ffuser nozzl e .  The p l ume rap i d l y  
de scends t o  the bottom and spreads , s uch that at 100 m from the 
di ffus e r ,  the p l ume i s  wi thi n the bottom 3 ft of the water co l umn . 
Even i f  1-ppt sal i n i ty i ncreases  i n  the upper water co l umn at the 
di ffuser di d prove harmfu l , a po i nt source i mpact i n  s uch a smal l 
area wou l d  not have l arge i mpacts on  a fi s hery that occup i e s  most 
of  the northern Gu l f Coast .  

Comment 2 :  Tas k 5 descri  bed on  page 5-4 
bri ne on red drum eggs , l arvae , and 
Certai n l y  the econom i cs of the 
eval uati o n .  

i ndi cates that the effects o f  
postl arvae wi l l  b e  eval uated .  
menhade n warrant a s i m i l ar 

Respo n s e :  Red drum b i oas says were pe rformed a s  req u i red by the 
Envi ronme ntal P rotect i o n  Age ncy ( EPA) . Econom i cs of the red drum 
fi shery we re not a major  po i nt i nc l uded i n  EPA ' s dete rm i nat i o n  of 
wh i ch spec i e s  to eval uate . Factors uti l i zed i nc l uded avai l ab i l i ty 
and ease of  handl i ng .  

Comment 3 :  Another concern i s  that the effects o f  mu l ti p l e s i tes  al ong 
the s hore l i ne may have an i mpact on  a spec i e s  wh i ch passes  through 
al l those areas . Adu l t s hri mp and men haden may be ab l e  to 
c i rcumnav i gate i nd i v i dual areas of  al tered sal i n i ti es but the 
me nhade n spawned off l owe r Texas , i n  fol l owi ng the i r natural 
m i grati on pattern , must now pass through Bryan Mound , B i g  H i l l , and 
the al most i mmed i ate l y  adj acent s i te ,  We st Hac kberry .  Th i s  cou l d 
s i gni fi cant l y  al ter or reduce the range of  the f i s h .  
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Response :  F rom the  detai l ed revi ew of  the 1 i terature pres ented i n  
Appe nd i x  G there appears to be no evi dence that appre c i ab l e  numbers 
of me nhaden m i grate from central Texas to Lo ui s i ana duri ng the i r  
l i fe h i s tory .  Maj or areas o f  spawn i ng occur off the Mi s s i s s i pp i  
de l ta. I f  l o ngshore transport does occur , i t  wou l d  be east to west  
with  the  prevai l i ng cu rrents . The  l i terature wh i ch was rev i ewed 
s uggests on l y  the occu rrence of ons hore- offs hore m i grati ons  as a 
recurri ng trend .  The statement that adu l t s h r i mp and menhade n may 
be ab l e  to c i rcumnav i gate i ndi v i dual areas of  a l tered sa l i n i ti es i s  
probab l y  true . Howeve r ,  i t  shou l d  al so be noted that postl arval  
and j uveni l e  menhaden are capab l e  of  avo i di ng hosti l e  env i ronme nts , 
as seen  i n  net avo i dance prob l ems ( Fore and Baxter 1972 ) .  

Becaus e  o f  the euryhal i ne nature o f  the spec i es ( 0  to 6 0  ppt) , one  
or  more poi nt sources of  br i ne di sposal  s ho u l d not l i mi t the range 
of a f i  sh whi ch occurs around the G u l  f from so uthern F l or i  da to 
Mexi co . Thi s i s  especi a l l y  true when  con s i dered i n  the context of 
the natural var i ab i l i ty of sal i n i ty i n  the nears hore zone , the l ow 
( +5 ppt) sa l i n i ty overages bei ng recorded at Bryan Mo und , and the 
expected predomi nance of eggs , l arvae and postl arvae i n  upper 
porti ons  of the water co l umn . 

9 . 3 . 11 The State of Texas , Offi ce of  the Governor 

Comment 1:  Cover 1 etter transmi tt i ng Texas Department of Heal th and 
Texas Department of  Water Resources comments . 

Respo n s e :  No  response requ i re d .  

9 . 3 . 12 Texas Department of Hea l th 

Comment 1 :  Bas ed  on  the i nformati on  s upp l i ed i t  i s  be l i eved that no 
adverse p ub l i c  or envi ronmental heal th cond i ti ons  shou l d ari se  i f  
proper constructi on  and operati on  techni ques are fol l owed .  

Respo n s e :  Comment noted .  It  i s  DOE l s  i ntent t o  ab i de b y  a l l requ i red 
heal th , safety ,  and envi ronmental regu l ati on s  duri ng constructi on 
and operat i o n  of  the SPR fac i l i ti es . 

9 . 3 . 13 Rai l road Commi s s i on of  Texas 

Comment 1 :  No comme nt.  

Response : No response  req u i red .  

9 . 3 . 14 Texas Department of Water Resources  

Comment 1 :  The Texas Department of  Water Resources be 1 i eves  that the 
f i nal  report s hou l d contai n accurate and comp l ete data regardi ng 
the present and propo sed wate r ri ghts perm i ts for both l each i ng and 
di sp l acement at the Bryan Mo und s i te .  

Response :  Secti ons  of the doc ume nt ( 2 . 2 . 1 . 1  and  Append i x  B )  re l ated to 
water requi  rements have been expanded to i n c l  ude the i n formati on  
requested by the  Texas Departme nt of Water Resource s .  
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Comment 2 :  The Texas Departme nt of  Water Resources bel i eves the f i nal 
report shou l d  contai n data and exp l anat i on about add i t i o nal 
perm i tt i ng req u i rements and acti ons . 

Response :  A bri ef di scus s i o n of the  requ i red water ri ghts perm i tt i ng 
acti ons  "has been i ncorporated i nto Append i x  B .  Th i s  i nformat i o n , 
however , i s  based o n  the co nceptual des i gn speci fi cati ons  and may 
not be i dent i ca 1 to fi  na 1 des i gn requi rements and actual permi t 
app l i cat i o ns . 

. 

9 . 3 . 15 U . S .  Department of Commerce (The As s i stant Secretary for Po l i cy)  

Comment 1 :  Cover l etter for enc l osed  comments ( 9 . 3 . 15 and 9 . 3 . 16 ) . 

Respo n s e :  No response  req u i red . 

9 . 3 . 16 U . S .  Department of  Commerce , Nat i onal  Ocean i c  and Atmospheri c 
Admi ni strati o n , Nati o nal Ocean Survey 

Comment 1 :  The Nati onal  Ocean Survey has  no spec i f i c  comments , al though 
the fi nal  report shou l d i ncorpo rate three  documents l i sted by the 
Nat i o nal Ocean Survey .  

Respo nse :  The three referenced repo rts re l ate to  a base 1 i ne  
oceanograp h i  c study co nducted by NOS  for DOE .  Two of  the three 
reports have recentl y been made avai l ab l e to DOE ;  however , the data 
of th i s study were prev i ou s l y  val i dated and archi ved and were take n  
i nto account i n  the asses sments presented i n  th i s  E I S .  The l i st o f  
re l ated studi es p resented i n  Tab l e 5 - 1  has been updated and 
expanded to i nc l ude a broader coverage of  re l evant s ubject areas . 

9 . 3 . 17 U . S .  Department of  Commerce , Nati onal  Ocean i c  and Atmo spher i c 
Admi n i strati o n ,  Nati onal  Mari ne Fi s heri es Servi ce 

Comment 1:  The i mpact statement shou l d  contai n as detai l ed di scus s i ons  
of menhaden eco l ogy ( Sect i o n  3 . 0 )  and  expected proj ect i mpacts 
( Secti on  4 . 0 )  to the menhaden f i  s hery as p resented for brown and 
whi te s hri mp .  It s hou l d a l so  di scuss  the re l ati ve  i mportance of 
the p roposed B i g  H i l l  d i ffuser  l ocati o n  to menhaden spawn i ng 
acti v i t i es .  

Respo nse :  We  have added app ropr i ate comments to  Secti ons  3 . 0 and  4 . 0 .  
A detai l ed d i scus s i o n o f  the menhaden l i fe cycl e ,  i nc l udi ng spati al  
and temporal d i s tr i but i on of spawn i ng ,  sa l i n i ty re l ati o n s h i ps , and  
characteri st  i cs of the  f i  s hery have been added to  Appendi  x G .  
Res u l ts o f  th i s l i terature rev i ew do not al ter any o f  our  
conc l us i ons  regardi ng i mpacts o n  menhaden .  Menhade n are perhaps 
one of  the most euryhal i ne organ i sms i n  the G u l f of  Mex i c o .  We 
di sagree wi th  the characteri zati on  by NMFS of the work of Fore 
( 1970 ) .  I n  our  opi  n i  o n , Fore I s re s u l ts for the northwestern G u l f 
s howed that , off western Lou i s i ana and eastern Texas , eggs and 
l arvae of  Gu l f men haden are found much further offs hore as compared 
wi th the area off the M i s s i s s i pp i  De l ta reg i o n .  However , our  
eval uat i o n  of  th i s  NMFS wo rk  ( Fore , 1970)  i s  that not near l y  enough  
s amp l es were co l l ected i n  the  nears hore area to  adequate l y  
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characteri ze the nears hore d i stri but i o n  of  menhaden eggs and 
1 arvae . Chri  stmas and Wal l er  ( 1975 ) , however , found that most 
spawn i ng takes p l ace i n  the reg i o n  of  the M i s s i s s i pp i  De l ta ,  not 
off southwest  Lou i s i ana and southwest  Texas . 

Comment 2 :  The DE IS  contai ns  an i nadequate analys i s  o f  a l ternati ve  
offshore bri ne d i sposal  l ocati ons . Two potenti a l  l ocati o n s , one  
each at  3 . 5 m i l es offs hore and 12 . 5  mi l es offshore were d i scus sed , 
but j usti fi cati o n  for se l ecti o n  o f  these s i tes or  for e l i m i nat i o n  
of  a l ternati ve s i tes at other depths i s  l acki ng  or  weak .  We 
s uggest that the d i s c us s i on of a l ternati ve  d i scharge s i tes  be 
expanded to i nc l ude at 1 east an a 1 ternat i ve  1 ocat i on between  the 
wh i te and brown shri mp commun i ti es (water depth of  approxi mate l Y  60 
ft and over)  and a l ocati o n  wh i ch wou l d be preferred i f  a l l known 
envi ronmental condi ti ons  were taken i nto cons i derati o n .  

Response :  A 1 though the  preferred s i te ,  based o n  env i  ronmenta 1 
cons i derat i o n s , i s  the 3 . 5-mi l e  ( 30- ft- depth ) s i te ,  a l ternat i ves 
out to 12 . 5  m i l es are u nder cons i derati o n .  The document has been 
modi f i e d  to c l ari fy th i s  po i nt ( see  F i g .  2-6 ) . J u st i fi cat i on for 
preferri ng the 3 . 5-mi l e  s i te is  presented i n  Sects . 3 and 4 .  

DOE be l i eves that eval uat i o n  of  a s i te at the 60- ft- depth contour  
wou l d be i mpracti cal . The  60- ft conto u r  off  B i g  H i l l  i s  
approx imate l y  38 m i l es from sho re and does not neces sar i l y  
represent the "trans i ti o n  zone" between  the wh i te and brown s h r i mp 
ground commu n i t i e s  i n  thi s reg i o n  of  the Gu l f conti nental s he l f .  
Depth i s  not the o n l y  contro l l i ng factor i nf l uenc i ng commun i ty 
d i stri buti ons . Other factors i nc l ude temperature , d i stance from 
shore ( n ursery areas ) and freshwater i nfl ow . For examp l e ,  near the 
M i s s i s s i pp i  De l ta ,  i n  a reg i on  where the conti nental she l f i s  steep 
and narrow , near- shore fauna - ( e . g . , M .  undu l atus , A .  fel i s )  
commo n l y  domi nate the catch at 60 ft and are co l l ected cons i stently 
at 300 ft ( Moore et a 1 . , 1970 ; Ragan et a 1 . , 1980 ) .  The brown 
shri mp ground commun i ty i s  poorl y represented i n  thi s regi o n .  

A s  o n e  proceeds westward , the d i stri buti ons  and abunda�ces of  
speci  es  vary w i th changes i n  the structure ( s ubstrate and 
topography ) of  the conti nental s he l f and the overl y i ng hydrograp h i c  
reg i me .  Off Wee ks I s l and the 30- ft-depth contour  i s  approxi mate l y  
2 0  m i l es from s hore , at whi ch  po i nt the s he l f becomes steeper ,  
dropp i ng  qu i c kl y  to 6 0  ft depth .  Landry and Armstrong (1980 ) 
repo rted i ns hore recru i tment of  brown shri mp ground fauna ( e . g . , S .  
capr i n u s )  dur i ng l ate s ummer , further i nd i cat i ng that the 
transition  zone between communi ti es i s  not  s o l e l y  depth-dependent , 
but occurs acros s  a range of  depths .  

Off the Chen i er  p l ai n  o f  western Lo u i s i ana and eastern Texas , the 
conti nental  s he l f i s  at i ts wi dest , becom i ng more constr i cted 
southwest of  Gal vesto n .  Water depth 12 . 5  m i l e s offshore at B i g  
H i l l  i s  approxi mate l y  40 ft and , because  o f  the d i stance and depth , 
i s  wi th i n the tran s i ti o n zone between  commu n i t i es . Because of  the 
s hal l ow nature of  the near- s hore Gu l f and h i gh estuari ne  product i o n  
of  near-s hore fauna , wi nter i ntrus i o ns  of  the se  taxa i nto the 
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offshore gro unds are not uncommon ( Moore et al . ,  1970 ) . At Bryan 
Mound the 60-ft depth i s  at approxi mate l y  12 . 5  mi l es offshore and 
i s  wi th i n  the tran s i t i o n  zone between commu n i t i es ( C h i ttenden and 
McEachran , 1976 ; Comi s key et al . ,  1980 ) .  As one p roceeds we st from 
the M i ss i s s ip p i  De l ta to the R i o  Grande , estuar i ne-dependent , 
near- s hore spec i es p l ay a reduced ro l e  i n  the dynam i c s  o f  the 
conti nenta l  she l f fauna.  Th i s  may be di rect l y  attri b uted to the 
reducti o n  i n  estuari ne nursery hab i tat and fres hwater i nf l ow 
occurri ng al ong  thi s grad i ent (Gu l f of  Mexi co F i s hery Manageme nt 
Co unci l ,  1980 ) .  Based o n  the above , the res u l ts o f  the Bryan Mound 
and West Hac kberry experi ences , the euryhal i ne nature of  the 
near- shore fauna , and cost cons i de rati ons , DOE be l i eves a 
near- s hore s i te i s  the most practi cab l e .  

The offshore d i  stance to b e  traversed to reach a depth o f  6 0  ft 
wou l d produce a greater envi ro nmental burde n than a l ocati on  near 
s hore .  

Comment 3 :  Most of  t h e  d i scus s i o n  o f  sal i n i ty i mpacts t o  s h r i mp i n  the 
D E I S  covers to l erance and occurrence wi th l i ttl e or  no coverage of 
sal i n i ty or  temperature ranges fo r opti mum growth and s urvi val . 

Re spo nse : Texas Department of  Water Res ources ( 1981) pres ents a tab l e 
o f  sal i n i ty l i mi ts , preferences , and optima .  The resu l ts of  that 
tab l e  s how a wi de range o f  opti mum sal i n i ti es reported i n  the 
l i terature , further s ubstanti at i ng the euryhal i ne nature of penae i d  
shr imp .  However , as noted i n  Appendix  G ,  i nvesti gat i o ns i nto those  
factors respons i b l e  for  s uccess or  fai l ure of  a part i c u l ar year 
c l ass for b rown shr imp have s hown that both temperature and 
sal i n i ty of  the estuari es are i mportant. Res u l ts general l y  
i nd i cated a negati ve i mpact o n  the brown shr imp year c l ass , by 
reduc i ng the s i ze of the estuari ne nursery area. Whether th i s  i s  a 
res u l t o f  a d i rect negat i ve effect from l ow sal i n i ty or  of  some 
other factor that vari es w i th sal i n i ty has not been conc l u s i ve l y  
shown . 

Comment 4 :  DOE  has apparentl y mi sunderstood the des i gn o f  fac i l i t i e s  at 
Pe l i can I s l and.  We be l i eve that the proposed V i rg i n i a  P o i nt 
faci l i ty ,  rather than Pe l i can I s l and , wou l d have the approp ri ate 
storage and di str i buti on fac i l i ti es necessary for the S P R .  

Response : Duri ng the devel opment of  the co nceptual des i gn fo r Phase I I I  
expan s i o n  o f  the SPR , DOE contacted the Pe l i can I s l and Termi nal 
Corporati on to d i scuss  and ver i fy pos s i b l e  scenar i o s  for the 
uti l i zati on of  thei r proposed port fac i l i ti es and tan k  farm . SPR  
crude o i l wo u l d pas s thro ugh meteri ng fac i l i t i e s at the termi nal , 
at wh i ch poi nt the Pe l i can I s l and Termi nal Co rpo rat i o n  wou l d  ass ume 
control of the o i l and d i str i b ute i t ,  as req u i red , to commerc i al 
cus tomers . Th i s  d i stri buti on  wo u l d i nc l ude tran sfer  to both l ocal 
re fi neri es and to o i l tan kers for transport to East Coast and 
Cari b bean refi ner i es .  V i rgi n i a  Po i nt i s  one of several candi date 
s i tes for a Pe l i can I s l and  Termi nal Tan k farm . 
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Comment 5 :  The rati onal e for se l ecti ng  o n l y  two al ternat i ve offs hore 
br i ne d i sposal  s i tes  s hou l d be  pres ented .  If the 12 . 5 mi l e  
al ternat i ve was s e l ected to co i nc i de wi th the di stance offs hore of 
the br i ne di sposal  s i te at Bryan Mound , there shou l d be 
env i ronmental j usti f i cati on  provi ded s i mi l ar to that deve l oped for 
Bryan Mound ( i . e . , the Bryan Mo und 12 . 5 mi l e  s i te was s e l ected to 
be at a depth i ntermedi ate between the major  brown and wh i te shr imp 
grounds ) .  The secti on  al so  sho u l d i nc l ude a pres entat i o n  of  an 
al ternat i ve s i te of 10 or more fathoms [ between  the brown and wh i te 
s h ri mp gro und communi ti es , as descri bed by Ch i ttenden and McEachran 
( 1976 ) ,  and near l y  the same depth as the Bryan Mo und br i ne 
di  scharge]  and the envi ronmenta l l y most des i rab 1 e offs hore bri ne 
d i scharge l ocati on , i f  i t  i s  e i ther of these s i tes . 

Respo n s e :  S e e  response  to NMFS comme nt 2 .  

On  a broad scal e [ as s hown b y  the Bureau of  Land Management ' s  South 
Texas Outer Conti nental She l f (OCS)  and Mi s s i s s i pp i  A l abama and 
F l ori da OCS data] , the maj or trends i n  d i str i b uti on  of b i ota i n  the 
northern Gu l f correspond to di stance off shore (or depth) . In the 
near- shore zone , depth i s  an i mportant facto r ,  but the s i tuat i o n  i s  
somewhat more comp l ex than a wh i te s h r i mp gro unds vers u s  b rown 
s h r i mp ground  fauna.  Mu l ti vari  ate ana l yses  conducted by Comi  s key 
et al . ( 1980) on the bas e l  i ne nekton data (14 spec i es )  co l l ected 
off Freepo rt Texas i n  depths of  3 . 5 to 25 fathoms have s hown that 
what i s  commo n l y  cal l ed the "wh i te shr imp grounds"  commu n i ty i s  
made up of a number of components that exh i b i t  u n i que spat i a l  and 
temporal  trends . Facto r analyses  of these data i denti f i ed f i ve 
maj or trends i n  the data over al l depths fo r the peri od J u l y  1978 
to Ap ri l 1979 . These are : 

(1 )  Stenotomus capri nus  behaved u n i que ly  wi th respect to  both 
space and t i me , wi th peak popu l ati ons  occurri ng i n  J u l y  
and at Stati ons  1 6  t o  18 (15 to 2 5  fathoms ) .  

( 2 )  An i ns hore group , general l y  restri cted to the < 10- fathom 
stati ons , co n s i sted of Ste l l i fer  l anceol atus and 
Me nti c i rrhus ameri canus . Penaeus seti ferus was c l o s e l y  
re l ated to th i s  group (temporal l y  and spati a l l y ) , except 
that i t  occurred somewhat further off shore .  

( 3 )  A gro up c l o s e l y  rel ated to the i nshore gro up , i nc l ud i ng 
f.  seti ferus , Cyno s c i  on  nothus , and f .  are nari us , had a 
seasonal  d i str i b uti on , wi th peak numbers i n  December and 
l owest numbers i n  J u l y .  Spec i es be l ongi ng to th i s  gro up 
general l y  had h i gher numbers at the near- shore stati ons  
and no rep resentati on  at Stati ons  17  to 19  (20  and 25  
fathoms ) .  Th us , the  greatest d i fference i n  th i s  group 
and the one  wi th S .  l anceol atus and M .  ameri canus 
(defi ned by Facto r 2 )

-
appeared to be the onshore- offs hore 

constri cti on  of the l atte r group . Th i s  group was defi ned 
by the same facto r as was 2.  capri nus  ( b i po l ar factor) , 
and these  spec i es showed di stri but ions  i n  space and time 
that were negati ve l y  corre l ated wi th those of  S .  
capri nus . 
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(4 )  The Mi  cropogon- Po lydactyl u s - Penae us  aztecus  group was 
sp read wi de ly  over the study area , occurri ng mai n l y  i n  
J u l y  and October , and wi th l ow pop u l ati ons  i n  February .  

( 5 )  Tr i ch i urus  l epturus and Pepri l us burti  formed a d i sti nct 
group characteri zed by peak numbers i n  Apr i l ,  and except 
fo r the absence of  I.  l epturus at the 20- and 
25- fathom- depth s tati ons , both spec i es were d i  stri buted 
over the enti re study area .  Thi s group defi nes a factor 
i n  v i rtual l y  a l l our ana l yses  i n  wh i ch March-Apri l data 
are used .  

As can  be seen , grad i ent from shore i s  an i mportant trend  i n  the 
d i stri buti o n  of  most spec i es , but the s i tuati on  i s  much more 
compl ex than s i mp l y  the presence o f  two commun i t i es . Depth i s  an 
expres s i o n of the myr i ad o f  envi ronme ntal factors that c hange wi th 
depth , i nc l udi ng temperature , sa l i n i ty ,  and the var i ab i l i ty of 
these hydrograp h i c  parameters . C l uster and ordi nati o n  analyses  of  
these  s ame data ( Comi s key et a l . ,  1980 ) have s hown shoreward 
mi grati on  of members of the more o ffs hore fau na i n  s ummer as 
h i gh- sal i n i ty water encroaches on the coastal zone . Pe rhaps the 
maj or  prob l em wi th the concept o f  a brown s h r i mp grounds commun i ty 
i s  that brown s hri mp are thems e l ves estuar i ne- dependent , un l i ke 
most o f  the other members of  the I I brown s hri mp groundl l  commun i ty .  

Comme nt 6 :  Substanti ati on s ho u l d  b e  prov i ded  for the statement that , 
1 I • • •  I t  may be postul ated that b i oti c commun i ti es at the 3 . 5 mi l e  
s i te are better s u i ted  to wi thstand the effects o f  bri ne di scharge 
than commu n i ti es  at a 12 . 5 m i l e  s i te . . .  II , or th i s  statement s ho u l d 
be de l eted .  

Respo nse : Numerous wor kers ( s ee Gunter , 1967 for an excel l ent s ummary)  
have cal l ed attenti o n  to  the  euryhal i ne nature o f  the ne kton 
commu n i ty of  the near- shore Gul f. Euryhal i ne orga n i  sms , havi ng 
been or i g i nal l y  der i ved from the eury hal i ne component of  the mari ne 
fauna , are to l erant of  both l ow and h i gh sa l i n i ti es .  As one 
proceeds off s hore , stenohal i ne mari ne forms become more abu ndant .  
These  o rgan i sms are l es s  tol erant of  both i ncreases a n d  decreases  
i n  sa l i n i ty and , as s uch , are l es s  ab l e  to  to l erate 
di scharge- re l ated a l terati on  of the sa l i n i ty reg i me of the 
near- bottom waters . The more near- s ho re the di ffuser  i s  p l aced , 
the more euryhal i ne i s  the fauna .  

Comment 7 :  The e l even general  i zat  i on s  and  compari sons  based  o n  
Appendi ces F a n d  G are over l y  s i mp l i s ti c a n d  o ften provi de 
mi s l eadi ng i n fo rmati o n  on  s h r i mp and f i s h  eco l ogy .  Therefore , we 
s uggest that each of  the l i sted i tems presented o n  pages 3-19 and 
20 be carefu l l y  rev i ewed and adequate s Ubstanti ati o n  be  prov i ded .  
I n  part i c u l ar need of  correcti o n , c l ari fi cati on  and/or 
doc umentat i on are i tems numbered 5 and 7 through 11 , as bri e f l y  
detai l ed be l ow . 

Response : We have modi fi ed  these general i zati o ns  to some degree for 
c l ari fi cati o n .  The general i zati o ns  were based o n  a thorough rev i ew 
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of  the l i terature and the re s u l ts of  the B i g  H i l l  samp l i ng , ' 
a l though the B i g  H i l l  study was not ai med spec i f i cal l y  at asses s i ng 
i mpacts o n  the s h ri mp popu l ati ons . We have compared the l i terature 
revi ew i n  Appendix  G wi th tho s e  prese nted i n  the Management P l an 
for the Gu l f S h r i mp F i s hery (GMFMC , 1980 ) .  Our conc l u s i ons  are 
qui te cons i stent wi th the res u l ts prese nted i n  the Shri mp Fi shery 
Management P l an .  

Comment 8 :  Al though the statement that euryha 1 i n e  o rgani sms are 
to l erant of both h i gh and l ow sa l i n i ti es i s  general l y  correct , 
paragraph 5 ,  page 3- 19 s ho u l d po i nt out that certai n l i fe stages of  
euryhal i ne o rgan i sms may have a narrow range o f  pro l o nged sa l i n i ty 
tol erance , preference , opti mal growth , and opti mal s urvi val . 

Respo ns e :  W e  are not aware of  any pub  1 i s h e d  repo rt i n v o  1 v i  ng penaei d 
shri mp o r  menhade n that reaches th i s conc l  u s i  o n .  The Texas Water 
Deve l opment Board (TDWR , 1981) s ummari zed the sa l i n i ty rel ati on
s h i ps for penae i d s hri mp , i nc l udi ng opt i ma , and s howed that the 
sal i n i ty opti ma reported for vari o us stages of the penae i d  l i fe 
cyc l e are very broad i ndeed .  

Comment 9 :  The seventh paragraph o n  page 3-19 s ho u l d  pres ent avai l ab l e  
i nfo rmati o n  o n  the chro n i c o r  sub l ethal i mpacts o f  i ncreased 
sal i n i ti es whi ch m i ght be encou nte red at the di ffusers to s h ri mp ,  
Gu l f menhaden , and other i mportant spec i es .  

'Re spo n s e :  G i ven  t h e  moti l i ty of  adu l t  s h r i mp , the pe l ag i c  nature o f  the 
adu l t menhaden , and the tran s i ent nature of  the eggs or l arvae i n  
the area of  the di ffu ser  (as  they pas s through ) , a cons i de rat i o n  of 
chro n i c expo s ures  does not appear to be j usti fi e d .  Thi s i s  
especi al l y  true g i ven the euryha l i ne nature o f  the l i fe stages of 
both gro ups that m i ght enter the area o f  the d i ffuser  and the smal l 
sa l i n i ty i ncreas es  that are expected from bri ne di s charge .  A 
wo rst- case scenari o based o n  the ass umpti o n  that a l l s h r i mp wi th i n 
an area of 3 ppt above amb i ent sal i n i ty were destroyed (wh i c h  i s  
h i gh l y  u n l i ke l y )  wou l d  not represent a s i gn i fi cant i mpact , g i ven 
the l arge area of  the near- s hore Gu l f  o f  Mex i c o .  

Comment 10 : The D E I S  states that " . . .  a l l l i terature rev i ewed i ndi cated 
that a l l stage s of  the penaei d 1 i fe cyc l  e and a l  s o  those for the 
Gu l f me n haden , Brevoort i a patronus , can tol erate wi de ranges of  
s a l i n i ty . . . 1 1  However , much of  the  l i te ratu re on  s h ri mp that DOE 
c i ted i n  Appendix  G ,  - S hr imp Eco l ogy , does  not i ndi cate that 
al l stage s of  the penae i d  l i fe cyc l e  can to l e rate wi de ranges of  
sal i n i ty .  At l east one  study that was  c i ted as i ndi cati ng a wi de 
range of sa l i n i ty to l erance o n l y  s u rveyed brac ki s h  to fre s h  
sa l i n i ty .  I n  add i t i o n , we are unaware of  any l i terature c i ted i n  
the D E I S  that i ndi cates that al l stages of  the Gu l f me nhaden l i fe 
cyc l e can tol erate wi de range s of sa l i n i ty .  As noted i n  our  
General  Comme nts , a rev i ew of menhaden ecol ogy shou l d be j u st as 
app ropri ate as s h r i mp eco l ogy .  

Respo nse :  We  have conducted an extens i ve rev i ew of al l re l evant aspects 
of  the menhaden l i fe cyc l e ,  i nc l udi ng sa l i n i ty re l ati o n s h i p s , and 
these are prese nted i n  Appendi x G .  As di scussed above , TDWR ( 1981) 
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s ummari zed the sa l i n i ty rel ati ons h i ps for penae i d  s h r i mp ,  i nc l udi ng 
opt i ma o We d i  s agree wi th the NMFS comment that the 1 i terature 
di scus sed and c i ted i n  Append i x  G does not c l ear ly  estab l i s h the 
euryhal i ne nature of  a l l stages of  the penae i d  l i fe cyc l e .  There 
are n umerous references i n  Append i x  G . 1 to the occurrence o f  
penae i d  s h r i mp i n  sa l i n i ti es varyi ng from fre s h  t o  hypersal i ne .  

Comme nt 11 : The degree of  heavy exp l o i tat i o n  of  each spec i es of  f i s h  
and s h r i mp i n  the B i g  H i l l  area s ho u l d b e  prov i ded , to 
s ubstanti ate , or refute , the fi rst  sentence . I f  data are avai l ab l e 
wh i ch descr ibe  the II carryi ng capac i ty of  the env i ronme ntll i n  the 
v i c i n i ty of  the B i g  H i l l  di ffu ser s i te ,  they s ho u l d be prov i ded for 
each spec i es , or  the l ast sentence del eted or modi f i ed .  

Respo n s e :  T h e  text h a s  been mod i f i ed t o  remove reference t o  carry i ng 
capac i ty o f  the envi ronment.  Wi th regard to the degree of heavy 
exp l o i tati o n , Gunter ( 1967 ) presents a detai l ed descri pti o n  of  the 
i nten s i ty o f  the fi s hery in  the I I Ferti l e  Crescent . 1 I Catches  of  
men haden i n  the general area of  the  southeastern Texas Coast are 
obv i o u s l y  l arge s i nce Camero n i s  a maj or  part of menhaden l and i ngs , 
often l eadi ng  the U . S .  i n  total to nnage of  fi s h  l anded .  

Resu l ts of  ana l yses  of h i stori cal Gu l f  Coast Shri mp Data ( Comi s key 
et a l . ,  1981) have s hown that the 0- to 10- fathom depths i n  
stati sti cal  areas 18 and 19 yi e l d the h i ghest catches of  wh i te 
s hr i mp o f  any stati sti cal area by 10- fathom- depth stratum o n  the 
Texas coast .  There i s  a l so  a heavy fi s hery i n  Cal cas i eu Lake for 
wh i te and brown s h r i mp (TDWR , 1981) . 

An adequate method fo r document i ng the spat i al d i  stri but i o n  of  
catch of  fi nf i sh  spec i es has not  been estab l i shed .  However , our  
revi ew of  men haden eco l ogy ( see Append i x  G )  s hows that h i ghest 
catches  occur near shore .  Thi  s i s further substant i ated by the 
fact that the o ffshore menhaden f i  shi  ng season  ( spri  ng through  
fal l )  es sent ia l l y  e nds when  the  men haden stoc ks move further off 
shore for the fal l through spri ng spawn i ng seas o n .  

Comment 12 : The statement that there , II appears to be a general 
overs upp ly  of penae i d  s h r i mp postl arvaell i s  eco l ogi cal l y  i ncorrect. 

Response : The text has been mod i fi ed to remove the s emanti c prob l em 
wi th the wo rd l I overs upp l y . 1 I The eco l ogi cal  bas i s  for the or i gi nal  
statement now contai ned i n  general i ty 9 i s  co rrect.  

Comment 13 : The 1 ast sentence of  thi  s i tem s ho u i d be  modi fi  ed to 
i ndi  cate penaei d pop u l  at i o ns  do not necessari l y  II rebo und qu i  c k l yll 
i n a year fo 1 1  owi ng o ne of  poor product i o n .  

Respo ns e :  We have mod i fi ed the statement on  the penae i d  popu l ati ons  
I I rebou ndi ng qu i c kl y , 1 I but the bas i c  co ncept i s  co rrect.  The 
s ucce s s  of  a year c l as s  of  s hri mp wi l l  depend pr imari l y  o n  factors 
i ns i de the es tuary .  If the factors i ns i de the estuary are not 
adequate , the popu l ati ons  wi l l  not do we l l .  Our  statement referred 
to the I Ipotent i a l l l  for s h ri mp popu l ati ons  to rebound  based on thi s 
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h i gh rep roduct i v e  potenti al . Accord i ng to GMFMC ( 1980 ) , I I  

Al though annual  catches  appear somewhat cyc l  i cal , they are caused 
by env i ro nmenta l condi ti ons . A poor year can be fo l l owed by an 
excepti o nal l y  good year for any of  the s e  ( b rown , wh i te ,  and p i n k 
shri mp )  spec i es . Catch fo r a g i ven  year appears to be i ndependent 
of the preced i ng year ' s  catch , and no  spawner- recru i t  rel ati o n s h i p  
s uggests i ts e l f . . .  " T h e  c l ear i nd i cati o n  i s  that recru i tme nt i s  
i ndepe ndent o f  the dens i ty o f  the spawn i  ng stoc k .  Q uoti ng  aga i n 
from the F i s hery Management P l an fo r the Shr imp F i s hery of the G u l f 
of Mexi co ( GMFMC , 1980 ) , " . . .  The b i o l ogi cal characteri sti cs  wh i ch 
affect s ustai nab l e y i e l ds for penae i d  s h r i mp are unusua l . They are 
an annual  crop . Very few i nd i v i dual s l i ve a year and the majori ty 
harvested are l e s s  than s i x  mo nths o l d .  There i s  no demo ns trab l e  
stoc k- recru i tment re l at i o n  and recru i tment overfi s h i ng ,  g i ven  
present  techno l ogy ,  i s  e s senti al l y  i mpos s i b l e .  That i s ,  it  i s  not 
economi cal l y  or techn i cal l y  feas i b l e  to take so many s h r i mp that 
there are too few s u rv i vors to prov i de an adequate s upp l y  for the 
fo l l owi ng year .  Because of  these characteri sti cs ,  fi s h i ng 
mortal i ty and y i e l d i n  one  year do not affect y i e l d i n  the 
fo l l owi ng year.  The maxi mum y i e l d i n  number for a g i ve n  year i s  
e s senti a l l y  a l l the s h r i mp avai l ab l e to harvest , us i ng c u rrent 
techno l ogy .  I I  

Comme nt 14 : Concern i ng the second se ntence o n  page 3-29 , paragraph 4 ,  
stud i es i n  Gal ve sto n  Bay and entrance chan ne l  by Baxter ( 1963 ) and 
Berry and Baxter ( 1969 ) i ndi cate that the postl arval s h r i mp catch 
can be used  to project adu l t  product i o n  for a part i c u l ar 
year - c l as s . I t ,  therefo re , appears that i t  i s  the abundance of  
post 1 arvae enteri  ng the  estuari es  from the  Gu l f ,  a l ong  wi th the  
envi ronmental factors i n s i de the estuari es , that determi ne the s i ze 
of  the harvestab l e  s h r i mp .  

Respo nse : Berry and Baxter ( 1969)  fo und that post  1 arva 1 abundance was 
very vari ab l e  from year to year , and of a l l the i ndi ces wh i ch they 
attempted to u s e  to pred i ct s h ri mp catch , postl arval  catches  were 
l east usefu l . There were some modest corre l ati o ns  between 
commerci a 1 catch and post  1 arva 1 catch , but the trends · were not 
con s i stent.  Berry and Baxter ( 1969 )  d i d not uti l i ze any 
stat i sti cal  tec h n i ques ( e . g . , regre s s i o n )  to re l ate postl arval 
ab undance to offs ho re catc h .  

Comment 15 : The statement that Sab i ne Lake i s  " no l o nger conduc i ve to 
s h r i mp product i o n "  s ho u l d  be s ubstanti ated . I n  addi t i on , th i s  
secti o n  s h o u l  d be expanded to di  fferenti  ate between  harvest and 
nurs e ry uti l i zati o n  i n  Sab i ne Lake whe n  referri ng to producti o n .  
We are unaware o f  any recent data o n  ear l y  1 i fe stage s i n  Sab i ne 
Lake wh i ch wo u l d  i ndi cate whether it is  no l o nger conduc i ve to 
producti o n  of s h r i mp harvested i n  the G u l f .  

Re spo n s e :  A t  o n e  t i me Sabi ne Lake exh i b i ted characteri sti cs  o f  a 
fres hwater body , i nc l udi ng very l ow sal i n i ti es and popu l at i o ns of  
fre s hwate r fi  s h  spec i es . Channel  i zat  i o n  o f  Sab i ne Lake began i n  
the 1870s , and by 1880 , a 15- ft channe 1 and the o uter bar to the 
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estuary had been dredged .  By 1967 , there was a 40- ft channel  to 
Beaumo nt . Th i s channel i zati o n  of the l ake i ncreased the sa l twater 
i ntrus i o n  and actual l y  enhanced the area as a nursery to many 
commerc i a l spec i es of  s he l l f i s h and f i nfi shes . 

Sam Rayb urn Res ervo i r  o n  the Neches R i ver came o n  l i ne i n  1965 , 
fol l owed c l o s e l y  by comp l eti o n  of  the Tol edo Bend Reservo i r  o n  the 
Sab i ne R i ver i n  1966 . To l edo Bend Reservo i r  affects the seasonal  
hydrograp h i c  patte rn of  Sab i ne Lake by decreas i ng the f l ow i n  
wi nter and earl y spri ng and i ncreas i ng the f l ow i n  l ate spri ng and 
s umme r .  TDWR (1981) repo rted that , even though a reducti on  i n  the 
quanti ty o f  i nfl ow to the Sab i ne-Neches estuary may be benefi c i a l 
to producti o n  o f  es tuari ne-dependent fi  s hes , the reservo i r 
constructi o n  i n  the mi d-60s appeared to have had j ust the oppo s i te 
effect. 

T h i s emphas i s  on the hydro l ogi c bal ance of  Sab i ne Lake and the 
effect of  i ts d i s rupt i o n  o n  the s h ri mp f i s hery of  the l ake s ho u l d 
not be taken to mean that th i s  i s  the o n  1 y aspect o f  the 1 ake 
envi ronment that i s  be i ng d i s rupted .  A maj or  i ndustr i a l  (ma i n l y  
petrochem i cal ) comp l ex l i nes  much of  the l ake ' s western s ho re and 
i s  probab l y  contr i b uti ng to the degradati on of  the water qual i ty i n  
the area . I n  1966 , there was construct i o n  of  spo i l l evees acro s s  
L i ttl e Ke i th Lake , e l i m i nati ng t h e  majo r  natural  channel  t o  the 
Ke i th Lake sys tem . Th i s l evee i ng and the constructi o n  of  the Gu l f 
I ntracoastal Waterway acro s s  the s o uthern port i o n  o f  Jefferson  
County destroyed the v i  ab i 1 i ty of  the  area as  a s h r i mp n u rsery .  
The Ke i th Lake comp l ex ,  encompas s i ng 54 , 340 acres o f  mars h area , 
had prev i o u s l y  been one  o f  the best areas for s hri mp product i o n  o n  
the Texas Coast .  S hr imp harvest dropped a n  o rder of  magn i tude , and 
effort decl i ned 58 percent from the prev i ou s  year. In 1968 , the 
South D i sposal  Area ( 3 , 081 acres ) i n  Sab i ne Lake ' was l eveed , 
fo l l owed by the l eveei ng o f  the North D i sposal  Area ( 1 , 975 acres ) 
i n  1968 , further reduc i ng estuary n urs ery are a .  TDWR ( 1981) 
concl uded that I I the effects o f  es tuary mod i f i cati o n  and 
seaso nal  fre s h  water i nfl ow l eve l s ,  acti ng together , appear to have 
res u l  ted i n  the decl  i ne o f  the Sabi ne- Neches fi s hery ,  pr imari l y  
through reduced habi tat avai l ab i l i ty and unfavorab l e condi t i o n s  for 
growth and s urvi va l  of  j uveni l e  penae i d s hr i mp . . . 1 1  

Gossel  i n k et a l . 1979 (page 42) note that I I • • •  The s h r i mp f i  s hery 
offshore of Sab i ne ( Lake ) i s  a thri v i ng o ne , but i n  recent years 
the Sab i ne estuary has produced no  commerc i al l andi ngs of s hri mp 
(Nati onal  Mari ne F i s heri es  Serv i ce ) .  Therefore , most of  the s h r i mp 
caught offs hore of the Sab i ne Bas i n  use  other i ns ho re areas as 
nurseri e s . 1 I Th i s  asses sment was made based on Lo u i s i ana l andi ngs 
and not G u l f Coast Shr imp Data . Exami nati o n  of  G u l f Coast Shri mp 
Data for the per iod  1973- 1976 showed 6 , 937 l b  of  wh i te s hri mp , w i th 
a val ue of $12 , 113 , be i ng caught i n  21 days of  effo rt ( vesse l  day s )  
i n  Sab i ne Lake i n  1976 . Th i s  was the h i ghest catch i n  Sab i ne Lake 
i n  the 1972-1976 per i od .  I n  1975 , 232 l b  of wh i te s h r i mp worth 
$704 were taken , whi l e  i n  1973 and 1974 no s h r i mp of any ki nd were 
harvested commerc i a l l y .  I n  1977 , the fi rst app rec i ab l e catch of  
wh i te s h r i mp was made i n  a number of  years , but on ly  20 , 688 l b  were 
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taken (worth $35 , 035) . When thi s catc h i s  compared wi th the 
catches  i n  the 1960s , the dec l i ne i n  the s hri mp fi s hery of  Sab i ne 
Lake i s  most ev i dent .  D u ri ng the 1962- 1965 peri od , whi te s hri mp 
catch from Sab i ne Lake vari ed from 160 , 506 l b  i n  1964 to 747 , 803 l b  
i n  1963 . 

TDWR (1981) compared the penae i d  s h r i mp f i s hery producti o n  tre nds 
i n  Sab i ne and Cal cas i eu Lakes . By 1960 the commerc i al fi s hery was 
estab l i s hed i n  both l akes .  The annual  s h r i mp l andi ngs s howed a 
s i m i l ar trend unti l 1966 , when annua l  harvest and effort began to 
s how di vergent trends . Wh i l e  the Cal cas i eu f i s hery expanded to an 
annual  harvest of  2 mi l l i on pounds (1972-1976 ) ,  the Sab i ne Lake 
shr imp fi shery began a decade of  decl i ne that res u l ted i n  
essenti a l l y  no harvest from 1970 to 1973 . Commerc i a l fi nf i s h  
harvest i n  Sab i ne Lake averaged o n l y  20 , 000 l b  annual l y  for the 
1972- 1976 peri od and has been poor to nonexi stent s i nce 1970 (TOWR 
1981) . Breuer et a l . ( 1976 ) repo rt that sport f i s h  harvest 
accou nts for about 99  percent of  the total fi s h  harvested i n  Sab i ne 
Lake for the September  1975- August 1976 peri od .  TOWR ( 1981) 
reports that , for the 1972- 1976 peri  od , the Sab i ne- Neches estuary 
produced 0 . 1 percent of Texas f i nfi s h  l and i ngs and 4 . 6 percent of  
s he l l f i s h l andi ngs , these be i ng mai n l y  the b l ue crab . 

Some i mp rovements have recent ly  been made i n  the v i ab i l i ty of  the 
estuary , i nc l udi ng cons tructi o n  of  a permanent ope n i ng ( Ke i th Lake 
Exchange Pas s )  from the Port Arthu r  Channe l to Kei th Lake i n  1977 
to a l l ow pas s age of  smal l s hri mp and fi nfi s h  i nto th i s  s i zab l e  
nurs e ry area (TOWR 1981) . Because s ome i ncrease occurred i n  wh i te 
s h r i mp catch i n  1977 , the reestab l i shme nt of  the nursery area may 
be hav i ng measurab l e effects . 

Comment 16 : T h i s sect i o n  (page 3-20 , paragraph 5 )  sho u l d document any 
endangered spec i es co n s u l tati ons  that the DOE has had w i th the NMFS 
regardi ng sea turtl es  and mari ne mamma l s .  

Respo nse :  Documentat i o n  of  OO E ' s  consu l tat i on wi th NMFS regard i ng 
threatened and endangered spec i es i s  presented i n  Appendi x O .  

Comment 17 : Th i s sect i on (3 . 2 . 1 . 8  Soci oeconom i c s )  shou l d  document Gu l f 
men hade n economi cs  to the same degree as was documented for s h r i mp 
i n  the subsect i o n  Offshore Sh r i mp F i she ri es  Econom i c s . - Gu l f 
menhaden represent the greatest 1 andi ngs by we i ght of any G u l  f 
fi shery ,  and the v i c i n i ty of  the proposed B i g  H i l l  d i ffuser s i te 
may serve  as an i mportant spawn i ng ground  i n  the regi o n .  

Respo nse : Menhaden econom i cs and spawn i ng are d i scus sed i n  Append ix  G-2 
and Sects . 3 . 2 . 1 . 8  and 4 . 2 . 5 . 2 . No i mpacts to the menhade n f i shery 
are expected .  The l i terature does not s upport the conc l u s i on  that 
the area i s  a menhaden spawn i ng ground .  Me nhaden move further off 
s hore i n  the fal l before spawn i ng begi ns . 
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Comment 18 : A l l Gal veston Bay oyster reef cro s s  i ngs of the s outhern 
p i pe l i ne to Pe l i can I s l and  ( or  V i rg i n i a  Po i nt )  shou l d be 
documented .  

Re spo n s e :  The route o f  the so uthern p i pe l i ne cro s s i ng o f  Gal veston Bay 
i s  dep i cted i n  F i gure 3-7 .  Th i s  base map , wi th reef l ocati ons , was 
provi ded by the Texas Parks and Wi l d l i fe Department .  

Comment 19 : To avo i d  confus i on o r  mi s understand i n g ,  the 2nd  paragraph 
on page 4- 3 sho u l d state that doub l e- d i tch i ng  and other avai l ab l e 
m it i gati on  techn i ques wou l d be used duri ng p i pe l i ne cro s s i ng of  
wetl ands . 

Respo n s e :  Statements i n  the text have been mod i f i  ed t o  i n d i  cate that 
DOE wou l d  uti l i ze  doub l e-d i tch i ng techn i ques as requi red by the 
permi tt i ng agency . 

Comment 20 : The l ast  se ntence on  page 4-4 of paragraph 3 s ho u l d state 
when the agency cons u l tati on  wou l d be i n i t i ated to deve l op 
mi t i gat i on meas ures for waterway cro s s i ngs . 

Re spo n s e :  The se ntence referenced ( now page 4-5 )  was mod i fi ed t o  state 
that consu l tati on  wou l d beg i n duri ng  the permi tt i ng process . 

Comment 21 : A l though , by extrapo l at i o n  from other studi es , p l ume 
thickness  has been computed to be l es s  than  3 ft , these  data s ho u l d 
be compared to B ryan Mound mon i tor i ng stud i es wh i c h found the pl ume 
to have a vert i cal  extent of up to 25 ft under l es s  - than maxi mum 
di s charge l eve l s  ( Hann and Randa l l ,  1981) . The i mp l i cat i o n  of  such  
a l arge vert i cal  extent of the  p l ume shou l d be  d i scus sed i n  terms 
of  i mpacts to the G u l f f i s hery at the B i g  H i l l  s i te wh i ch has a 
total depth of  o n l y  30 ft . 

Re spo n s e :  The pred i ct i on o f  a br i ne p l ume th i c kness  of  l e s s  than 3 ft 
was i n  reference to the br i  ne p l ume on the bottom at di stances 
beyond the re l ease zone ( i . e . , at di stances greater than 100 m from 
the d i ffu ser) . Hann and Randa l l data (1981 ) refer to the max i mum 
vertica l  extent of detectab l e  sa l i n i ty i ncrease (1  ppt above 
amb i ent)  above the d i ffuser nozz l e s .  It  s ho u l d be noted that these 
data do not refer to the jet centerl  i ne o r  vert i ca 1 extent of 
turb u l  ence . For  the case of a d i ffuser at the 30-ft contour , the 
sa l i n i ty overage above the nozz l e  wou l d be es senti a 1 1y 
i nd i sti ngu i shab l e  i n  the upper  hal f of  the water co l umn from the 
natura l vari ati o n  i n  amb i ent sa l i n i ty and , therefore , wou l d  not 
re s u l t i n  s i gn i f i cant i mpacts . For a d i scu s s i on of effects and 
i mpact as ses sment of the p l ume i mmed i ate l y  adjacent to the 
d i ffuser ,  see Sect . 4 . 2 . 5 . 2 . 

Comment 22 :  The  DOE I S  def i  n i t  i on  of  an " u nreasonab 1 e bu i  1 dup  o f  br i  ne "  
s hou l d be provi ded .  

Response : An unreasonab l e  b u i l dup of  br i  ne i s  one that causes  an 
unreasonab l e  degradat i o n  of the env i ronment .  The prec i se 
defi n i ti on- of  unreasonab l e  degradat i o n  i s  g i ven i n  40 CFR  Part 125 . 
No such  degradati o n i s  ant i c i pated from the SPR  br i ne d i sc harge . 
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Comment 23 : As ses sment of  b i oas say res u l ts s ho u l d a l s o  cons i der  chron i c  
o r  s ub l ethal effects o f  sa l t dome br i ne o n  vari ous  l i fe stages o f  
penae i d  shr i mp .  

Response : Thi s i s  d i scus sed  above i n  the response  to Comment 9 .  

Comment 24 :  The extent to wh i ch s h r i mp l arvae co u l d avo i d  the bri ne 
p l ume i n  an ocean i c  env i ronment s hou l d  be  d i scus sed and documented .  

Respo nse :  The  text has  been  mod i fi ed i n  Sect .  4 . 2 . 5 . 2 and  Appendix  G . 1 
to refl ect the fact that the moti l i ty o f  s hri mp l arvae and 
postl arvae are not we l l known . 

Comment 25 :  The statement that s hri mp stocks and  those  of  many demersal 
fi s h  spec i es i n  the no rthwestern Gu l f are be l ow carryi ng capac i ty 
as a res u l t of  commerc i al harvest s ho u l d be documente d .  

Response : The text has been mod i f i ed i n  Sects . 3 . 2 . 1 . 5 and 4 . 2 . 5 . 2 to 
c l ar i fy th i s  po i nt .  

Comment 26 : As noted i n  our  Ge neral Comments , a subsecti o n  o n  i mpacts 
on  menhaden s ho u l d be added .  

Respo nse : Men haden l i fe h i story i s  d i scus sed  i n  Append ix  G . 2 ,  and 
i mpacts are di scus sed i n  Sect.  4 . 2 . 5 . 2 . 

Comment 2 7 :  I n  t h e  event that s h i p  channel  c ros s i ngs are n o t  comp l eted 
by hori zo ntal d i recti onal  dri l l i ng tech n i ques , the docume nt s ho u l d  
di scuss  the i mpacts o f  storage o f  l arge v o l umes o f  spo i l from the 
chan ne l  cro s s i ngs and means to m i ti gate those i mpacts ( e . g . , upl and 
di sposal , temporary barge storage ) .  

Respo nse : The i mpact o f  dredg i ng acti v i t i e s  are d i scussed  i n  Sect.  
4 . 3 . 2 . 2 . As  stated , dredg i ng acti v i ti es wo u l d fal l under the 
j uri sd i cti on  o f  the USACE , as estab l i s hed under  Sect. 404 of  the 
Federal Water Po l l uti o n  Contro l Act of 1972 .  Duri ng the permi tti ng 
peri od  DOE wo u l d  be requ i red  to eval uate dredge mate ri al s under EPA 
req u i reme nt [45 C F R  85360 , December 24 , 1980 ] .  O n  the bas i s of  the 
re s u l ts of  these studi es , the USACE wou l d  determi ne perm i t  
req u i rements that wou l d  b e  fo l l owed by DOE . 

Comment 28 : The 4th paragraph o n  page 4-69 s h o u l  d d i  scuss  under what 
condi  t i ons  do ub 1 e-di tch i ng tech n i  ques for wetl  ands cro s s  i ngs fo r 
p i p e l i ne i n stal l at i o n  wo u l d be  used  and detai l s  of  add i ti onal  
m i ti gat i o n  meas ures be i ng proposed ( e . g . , reveget�t i on , avoi dance 
of a l terat i o n s  of  mars h hydro l ogy ) . 

Response : As stated i n  Comment 18 , doub l e-d i tch i ng techn i ques wo u l d be 
uti l i zed  as requ i red by the permi tti ng age ncy . M i t i gati ve meas ures 
for poss i b l e  p i pe l i ne cons tructi o n  i mpacts are presented i n  Sect.  
4 . 3 . 2 . 1 and Tab l e 6-1.  These i nc l ude crown i ng the ROW to reduce 
prob l ems re l ated to s o i l settl i ng ,  reseedi ng i n  cri ti cal areas , and 
careful  re storat i o n  to o r i g i nal contours i n  upl and areas . 
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Comment 29 : The fi rst paragraph o n  page 4-70 o f  the Draft Impact 
Statement s ho u l  d doc ume nt correspondence wi th Federal and State 
fi s h  and wi l d l i fe agenc i es for the purpo se  of determi n i ng the need 
for a wetl ands revegetat i o n  program .  

Respo nse : Docume ntat i o n  o f  correspondence wi th Federal and state f i s h  
and wi l d l i fe agenc i es regard i ng th i s  proj ect i s  presented i n  Ap
pendix  D .  The need fo r a wetl and revegetat i o n  program wou l d  be 
determi ned duri ng the permi tti ng proce s s  after exact p i pe l i ne 
routes are determi ned . 

Comment 30 : Sect i o n  5 . 0 s ho u l d be expanded to di scuss  what co rrecti ve 
meas u res  wou l  d be take n  i f  the mo n i tori  ng  p rogram documents si g
n i fi cant env i ronmental i mpacts to the Gu l f  fi s hery from B i g  H i l l  
bri ne di scharges . 

Re spo nse : As st ipu l ated i n  the Mari ne D i s charge Gu i de l i nes  ( 40 C F R  Part 
125 )  and i n  the di s charge permi t , I I . . .  i f  i mpacts are occurri ng and 
are determ i ned to be s i gn i fi cant and u nacceptab l e  by the Regi ona 1 
Admi n i strator ,  EPA wou l d  i s sue  an adm i n i strat i ve order u nder 
Sect i o n  309 of  the C l ean Water Act to cause  i mmedi ate ces sati o n , 
regu l ati o n ,  or  mod i fi cati o n  of  the rate and manner of  th i s  di s
charge to  e l im i nate or  mi n i m i ze any adverse effects to  the mari ne 
envi  ro nme nt . If i mpacts conti nued , the permi  t wou l  d be revo ked . . .  I I  
The department wi 1 1  take whatever steps are nece s sary to comp l y  
wi th the perm i t . 

Comment 31:  U nder i tem B o n  Tab le 6- 1 ,  I IWater env i ronment , dredgi ng i n  
the Gu l f  of  Mex i co , 1 I i t  i s  stated that the Gu l f p i pe l i ne trench 
wou l d  be backf i l l ed lI i f  practi cal . 1 I We s uggest that the potenti al  
i mpacts to  commerc i a l trawl ers and the i r  gear  of  exposed  p i p e l i nes 
be di  scussed i n Sect i o n  4 . 0 and the paramete rs for determi ni  ng 
backfi l l  practi cal i ty be  presented . To avo i  d pers onal  i nj ury and 
vessel  and gear destructi o n , we be l i eve  that mandatory backfi l l i ng 
s ho u l d be an essentia l  m i t i gat i o n  meas ure . The o n l y  t i me no  back
fi l l i ng wou l d be a v i ab l e  a l ternati ve wou l d  be  where s e l f buri a l  
has al ready occurred .  

Response : The stateme nt on  Tab l e 6-1  has been modi f i ed .  The p i pel i ne 
d i tch wou l d  be backfi l l ed i f  s e l f  bur i al does not occ ur .  USACE 
gu i de l i ne s  requ i re p i pe l i nes  i n  l es s  than 200 ft o f  water to be  
covered.  Based  o n  th i s  i nformati o n , a d i scus s i on of  the potent i a l  
i mpacts o f  exposed  p i pe l i nes i s  u nwarranted .  

Comment 3 2 :  U nder the headi ng U . S .  Department o f  Commerce o n  Tab l e 9- 1 ,  
the Nati onal  Mari ne F i s her ies  Serv i ce ' s  j uri sdi ct i o n  and re spon
s i b i l i ty u nder the F i s h  and Wi l d l i fe Coord i nat i o n  Act shou l d  be  
s ummari zed .  

Response : The Nati onal  Mari ne F i sheri es Serv i ces  i nv o l vement i n  the 
Fi s h  and Wi 1 dl  i fe Coordi nat i on  Act has been noted .  A 1 etter of 
commun i cati o n  regard i ng th i s  s ubject i s  presented i n  Append i x  D .  
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Comment 33 : Al though we have not thorough ly  revi ewed the accuracy of  
the conc l u s i ons  drawn from the n umerous pub l i cati ons  c i ted  i n  thi s 
appendi x  ( Appendi x G) , i naccurac i es i n  references to Berry and  
Baxter ( 1969)  and  Truesda l e ( 1970 ) l ead us  to s uggest  that each  be  
carefu l l y  revi ewed . F or  examp l e ,  the  DE IS  references to  Truesda l e 
( 1970) i nd i cated that th i s  sc i ent i st  concl uded that sa l i n i ty does 
not i nf l uence s h r i mp d i stri buti o n  i n  the estuary , and a l though 
unc l ear i n  the text , he pres umab l y  corroborated the euryhal i ne 
nature of  shr i mp and the i r  tol erance of  h i gh and l ow sa l i n i ty .  I n  
our  rev i ew o f  thi s reference , we found that the mean sa l i n i ty for 
a l l stat i ons  samp l ed  by Truesda l e from March 1966 through May 1968 
was o n l y  2 . 3 ppt (the h i ghest i nd i v i dual  sa l i n i ty was o n l y  15 . 6  
ppt ; we l l be l ow ocean i c  s a l i n i t i e s )  and that he reported fre shwater 
i nfl ow ( a  maj o r  factor affect i ng sa l i n i ty )  d i d i nf l uence s hr imp 
d i stri buti o n .  Therefore , thi s pub l i cat i o n d i d not corroborate 
s h r i mp tol erance of  h i gh sa l i n i ty .  It d i d ,  howeve r ,  confi rm the 
occurrence of the ear l y  l i fe stages of  shr i mp i n  l ow sa l i n i ty 
estuari ne waters and the i nf l uence of  h i gh r i ver fl ows and very l ow 
sa l i n i ti es o n  s h r i mp d i stri b uti o n  dur i ng the major  nursery s eason .  

Response : I t  was not i ntended that each study wh ich  was presented s how 
to l erance to the enti re range of sa l i n i t i es .  What was i ntended was 
that , when a l l the stud i es are cons i dered together ,  the euryhal i ne 
nature of  a l l s tages of penae i d  s hr imp becomes obv i ou s .  A l s o , 
" euryhal i ne "  must be taken  i n  the context of  the natural sa l i n i ty 
vari ab i l  i ty i n  the area and the expected overages .  I t  i s  our  
conc l us i on that , when taken i n  thi s context , the sal i n i ty 
to 1 erances of  the vari  ous  stages of  penaei  d s hri mp are great.  
Appendi  x G provi des adequate examp 1 es  of  the ab i l  i ty of  penae i  d 
s h r i mp to to l erate both h i gh and l ow sal i n i ti es .  For  b rown s h r i mp , 
l ow sa l i n i t i e s  may be  a prob l em i n  the spri ng by l i m i ti ng the s i ze 
of the nursery area of  the estuary .  

Comment 34 :  The  comment that Sab i ne Lake no l o nger produces a fi s hab l e 
stock  of  brown s h r i mp i s  m i s l eadi ng  s i nce  we are unaware of  changes 
of  b rown s hr imp catches  (wh i ch were never a s i gn i fi cant porti o n  of  
the total s h r i mp l andi ngs ) s i nce c l o s ure of  To l edo Bend Dam and 
subsequent i n fl ow al terati ons . 

Response : The text has been modi f i ed  to c l ar i fy the s i tuati o n  regard i ng 
Sab i ne Lake . See response  to Comment 14 . 

Comment 3 5 :  T h e  f i rst sentence o n  page G-4 , paragraph 2 a n d  the f i gure 
c i ted o n  page G . 5 s ho u l d be c l ari fi ed  to i nd i cate that the 
reference i s  o n l y  to wh i te s hr i mp .  

Response : The text and fi gure have been modi f i ed .  

Comment 36 : Documentati on  shou l d be  provi ded for the d i scus s i o n of  
prote i ns  and l i p i ds ( l ast  3 l i nes , page 8 ,  and fi rst 3 l i nes , page 
10) . 
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Response : Documentati o n  has been added to the text of  Appendi x G . 1 .  

Comment 37 : Th i s  secti o n  sho u l d di scuss  past study fi ndi ngs o n  opti mal 
sa l i n i ty as thorough ly  as sal i n i ty ranges are di scussed .  In con
s i derati o n  of  data deve l oped o n  opti mal sa l i n i ty condi ti ons  duri ng 
vari ous  s hri mp l i fe stages , adverse i mpacts of  sa l i n i ty a l terati ons  
expected ( e . g . , feedi ng rates , metabo l i sm ,  d i sor i entati o n , predator 
avoi dance) s ho u l d be  di scus sed .  

Respo n s e :  A d i scus s i on of  opt i ma does  n o t  appear warranted or rel evant 
to the di scuss i o n of  offshore i mpacts . Opti mal  condi ti ons , wh i ch 
are qu i te wi de for euryha l i ne organ i sms , may never occur  i n  the 
natural env i ronment , especi a l l y  an envi ronment as vari ab l e  as the 
near- s hore G u l f of  Mexi co . 

Comment 38 : Exami nati o n  of Tab l e 1 presented by Berry and Baxter ( 1969 ) 
i ndicates that postl arval  co l l ecti ons  i n  1969 and 1962-66  were not 
very s i mi l ar .  

Response :  The  text has  been rev i s ed  to c l  ar i  fy the  i s s u e .  Reference 
was to F i gure 7 of  Berry and Baxter (1969 ) , not to Tab l e  1 .  The se  
concerns are di s cus sed further i n  t he  respon s e  to  Comment 13 . 

Comment 39 : Thi s paragraph (page G-14 , paragraph 2 )  and the fol l owi ng 
paragraph s hou l d di scuss  and reference stud i e s  on  the i mportance of  
mars h vegetati o n  to s � r i mp producti o n  ( e . g . , Turner ,  1977 ) . 

Response :  Turner (1977) and GMFMC (1980 ) have been referenced i n  
Appendi x G .  

Comment 40 : Th i s secti o n  s hou l d be expanded to d i scuss  both h i stori cal  
trends i n  f i s h i ng effort and i n  the average s i ze of  s h r i mp l anded 
i n  the northwestern  G u l f of Mex i c o .  

Re sponse : A d i scus s i on of  effort and average s i ze i s  not perti nent to 
the i mpact ana l ys i s .  Accordi ng  to GMFMC (1980 ) , 11 . . .  A l though effort 
i s  expected to i ncrease , there i s  no reason to be l i eve  that 
recrui tment overfi s h i ng  wi l l  occur .  G rowth overfi s hi ng  cou l d occur 
and decrease the total  y i e l d if effort i n  i ns hore areas conti nues  
to i ncrease . . .  I I Growth overfi s hi ng  ( a  decrease i n  average s i ze )  
co u l d  res u l t i n  a decrease i n  y i e l d (pounds , heads off)  and do l l ar 
val  ue per pound .  

9 . 3 . 18 U . S .  Department of  the Army , Gal veston D i stri ct Corps of  
Engi neers 

Comment 1 :  The 100-year fl oodpl a i n  l evel  o f  14 . 0  ft mean sea  l eve l  for 
the B i g  H i l l  s i te i s  s ti l l  water and does not account for wave 
runup . 

Response :  As di  s cu s sed i n  deta i l i n  t he  previ  ous  Texoma F E I S  
( DOE/E I S-0029 ) , a l l fac i l i ti es wou l d  b e  des i gned t o  wi thstand the 
effects of  storm s urge or  wave runup .  Th i s wou l d be accomp l i s hed 
by the des i gn  and construct i o n  of  1 evee systems and the 
i mp 1 ementat i o n  of  a severe storm countermeas ure p l an .  The p l an 
woul d a l l ow s afe s hutdown , ti edown , or removal  of  objects that 
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cou l d be b l own o r  was hed  aga i nst  fac i l i ty s tructures i f  the l evee 
system were breached duri ng a storm event.  

Comme nt 2 :  Projects are wi th i n  the purv i ew o f  Sect.  10 o f  the 1899 
R i ver  and Harbor Act . 

Respo n s e :  Comment noted ( see  Tab l e  9-1 ) . 

Comment 3 :  Projects are wi th i n the purv i ew o f  Sect.  404 o f  the Federal 
Water Po l l ut i o n  Contro l Act , as ame nde d .  

Response : Comment noted ( see Tab l e 9-1) . 

Comment 4 :  Coordi  nat i on regardi ng Department o f  Army permi ts s ho u l  d 
conti n ue wi th both the Gal veston and New O r l eans D i stri cts . 

Response : DOE  pers onne l  have been  ma i ntai n i ng ,  and w i l l  conti nue  to 
mai ntai n ,  c l o s e  coordi nat i o n  wi th the Corps of Engi neers o ff i ces  i n  
New O rl eans and Ga l veston regard i ng permi t req u i rements . 

9 . 3 . 19 U . S .  Departme nt of  the I nteri o r ,  O ffi ce o f  the Secretary 

Comment 1 :  The d i sposa l  o f  PCB-contami nated dredge spo i l s  s ho u l d  be 
carefu l l y  co ntro l l ed and mo n i tored to reduce the pos s i b i l i ty of  
toxi c effects o n  fi s h  and wi l d l i fe .  

Response : As stated i n  Sect.  4 . 3 . 2 . 2 ,  DOE  wou l d ab i de by the 
s ti p u l ati o n s  of  the permi tt i ng agency ( U . S .  Army Corps o f  
Engi neers ) regard i ng t h e  d i spos i ti o n of  a l l dredged materi al s .  
Chem i ca l  s urveys o f  dredge s i te s  wo u l d b e  co nducted as part o f  the 
permi tti ng proces s  where requ i red .  

Comment 2 :  I t  i s  s uggested that a bri ef eval uati o n  o f  i n- s i tu m i neral  
resources  wi th i n  the  proj ect boundar i e s  be  made , a l o ng wi th an 
analys i s  of  the p roj ect ' s  effects on s uch  resources . 

Respo nse : As 
producti o n  
extracti on 
program . 

stated i n  Sect.  4 . 2 . 1 ,  Land Feature s , future sal t 
i n  the area of  the new storage caverns  and m i  nera 1 
from the capro c k  wou l d be  i ncompati b l e w i th the S P R  

Comme nt 3 :  Proj ect effects , i f  any , o n  t h e  stand o f  l i ve oak  trees at 
the B i g  H i l l  s i te shou l d  be c l ear ly  state d .  

Response : The document has been rev i sed to i nc l ude a d i s c us s i on o f  the 
project effects on the 1 i ve oak trees at B i g  Hi 1 1  ( see Sect.  
4. 2 . 1) .  

Comment 4 :  S i nce the  near- s ho re bri ne d i sposal  s i te has  l ower amb i e nt 
sal i n i ti es than the far- s ho re s i te ,  i t  wo u l d  be s ubj ect to more 
sal i n i ty c hange from bri ne d i sposal . A l though the sa l i n i ty c hange 
may not exceed the to l erances of any spec i es i n  the are a ,  i t  wou l d  
change the hab i tat.  
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Response : The statement that br i ne di scharge wou l d change the hab i tat 
i n  the v i c i n i ty o f  the d i ffuser  i s  i nco rrect . I f  the br i ne i s  
d i sposed o f  at the near- s hore s i te ,  sa l i n i ty i ncreases above 
amb i ent wou l d  be l e s s  than natural  vari ati o n  i n  amb i ent sa l i n i t i e s 
based upon Append i x  F and the ob served Bryan Mound re s u l ts .  
Sal i n i ty overages are general l y  l es s  than +5 ppt . Natural sal i n i ty 
gradi ents i n  the near- shore regi o n may at t i mes be more var i ab l e  
than those p redi cted and observed for br i ne d i sposal . 

Comment 5 :  Phys i ca l  factors ( temperature and sa l i n i ty )  i n  the G u l f 
general l y  do not co ntro l s hr imp popu l  at i on s  because these factors 
are re 1 at i ve ly con stant .  If these  factors i n  the Gu l f  start to 
fl uctuate , as p roposed wi th bri ne d i sposal , they cou l d become 
contro l l i ng factors on  s hri mp popu l at i ons  as much as estuari ne 
cond i ti ons . 

Response : I t  shou l d be noted that hydrograp h i c  parameters i n  the 
near-s hore Gu l f  are extreme l y  var i ab l e  ( see Appen d i x  F ) .  The 
reg i  on i s  often referred to as an extended estuary .  Sal  i n i  ty 
fl uctuat i ons  of  10 ppt and temperature vari ati ons  of  20°C are not 
uncommon at a 3 . 5-mi l e  s i te .  O ffshore , i n  deeper water ,  however , 
sal i n i ty and temperature become more constant because of  a 
reduct i on i n  vert i cal  m ix i ng .  Th i s  major  trend , a l ong  wi th 
d i stance from estuari ne nursery grounds , i s  p r imari ly  re spons i b l e  
for deve l opment o f  the d i sti nct fauna l  as semb l ages commo n l y  
referred t o  a s  the whi te a n d  brown s hr imp ground  commu n i ti es .  
Near- s ho re fauna have evo l ved i n a dynami c envi  ro nment and are 
general l y  broadl y euryto l erant to envi ronmental perturbati ons . 
Br i  ne d i  sposa 1 i n  the nearshore zone wou l  d p roduce fl uctuat i o ns  
sma 1 1  er  than  those natural l y  occurri  ng  o uts i de the  100-m rel ease 
zone .  

Comment 6 :  The  best fac i 1 i ty des i gn  wou l  d p l ace al l we 1 1  s i tes  i n  
up 1 and areas . 

Response : DOE wi l l  comp l y  wi th Execut i ve O rder 11990 regard i ng l ocat i o n  
of  Federal fac i l i ti es i n  wet l ands . Geotechn i ca l  a n d  engi neeri ng 
con strai nts as we l l  as envi ronmental concerns have been used i n  the 
devel opment of  SPR s i te fac i l i t i es .  Safety and env i ronmental 
cons i derati ons  requ i re that o i l  storage wel l s  be p l aced d i rectl y  
above caverns i n  the sal t domes ( i . e . , di rect i o nal  dri l l i ng i s  thus  
forec l o sed ) . No deep i njecti o n  we l l s  for bri ne d i sposal  are 
p l anned .  

9 . 3 . 20 Federal Energy Regu l atory Comm i s s i o n 

Comment 1 :  I t  does not appear that there wou l  d be any s i gn i fi cant 
impact or seri ous  conf l i cts w ith thi s agency ' s respons i b i l i t i es 
s hou l d th i s  act i o n  be undertake n .  

Response :  Comment noted . 
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9 . 3 . 21 U . S . Env i ronmental Protecti on Agency 

Comment 1 :  D O E  shou l d b e  adv i sed  t o  s ubstanti ate the c l a i m  that i mpacts 
on the s h r i mp f i s hery wi l l  be m i n i mal . Of  concern i s  the l ocat i o n  
of  br i ne d i scharge f o r  B i g  H i l l  i n  the Gu l f of  Mexi co . 

Re sponse : See re sponses  to Nat i o nal Mari ne F i  s heri  es  Serv i  ce  comments 
p resented i n  Sect . 9 . 3 . 17 .  

Comment 2 :  DOE shou l d  recogn i ze that the br i ne d i scharge from B i g H i l l  
wi 1 1  be s ubject to the Ocean D i  scharge C r i teri  a (40 CFR  125 M)  
promu l gated o n  October 3 , 1980 , u nder Sect . 403 ( c )  of  the C l ean 
Water Act , as amended .  

Response : Th i s  i nformat i o n  has been added to Sect . 4 . 2 . 5 . 2 ,  
Bri ne D i sposal . 

Comment 3 :  The EPA does not expect any l o ng-term s i gn i fi cant i mpacts 
res u l t i ng  from the expans i on of  Bryan Mound  and West Hackberry SPR  
s i tes . However ,  we  request that pri o r  to  i n i tati ng  P hase I I I  
rel ated br i ne d i scharges , the comp l eted comprehens i ve mon i tori ng 
p l an be s ubmi tted to EPA for fi nal rev i ew and approva l .  

Re sponse : DOE wou l  d s ubm i t  to EPA comprehens  i ve moni  tori  ng p l ans as 
requ i red by the permi t app l i cat i o n  procedure . These wou l d app l y  
spec i f i cal l y  t o  the B i g  H i l l  permi t for new d i scharges and the 
B ryan Mound perm i t  amendment for an i ncreased l each rate . 
Ope rat i o n s  at West Hackberry are expected to requ i re a permi t 
amendment for i ncreas i ng br i ne d i sposal  durat i o n .  The c urrent West 
Hac kberry perm i t  exp i res i n  1986 . 

Comment 4 :  The F i nal  S uppl ement s hou l d recogn i ze that the vo l at i l e  
o rgan i c  compound  (VOC )  em i s s  i o ns  resu l t i ng form th.e Texoma and 
Seaway Group Sal t Domes wou l  d be s ubject to the Federal offset 
po l i cy or  non-attai nment prov i s i on s  of the app l i cab l e  State 
I mp l ementat i on P l an ( S I P ) . 

Response : The se s ubjects have been i nc l  uded i n  the rev i sed text of 
Sect . 4 . 2 . 3 .  Spec i a l cons i derat i o n has been g i ven  to the s ubj ect 
of ozone format i o n  as rel ated to VOC em i s s i o n s .  

Comment 5:  The F i nal  S upp l ement s ho u l d recogni ze  that the NMHC standard 
was used  o n ly  as a gu i de i n  deve l op i ng S I Ps to ach i eve the ozone 
standard and s i nce has been revo ked . 

Response :  S i  nce  the  NMHC standard has  been  proposed for revocati o n , 
d i scuss i o n and anal yses  i n  Sect.  4 . 2 . 3 have been rev i sed  to refl ect 
i ncreased attenti o n  to the ozone standard . 

Comment 6 :  I n  o rder to m i n i mi ze ai r emi s s i o n s  and the i r  assoc i ated 
i mpacts we u rge DOE to prov i de ,  whenever po s s i b l e ,  l owest 
achi evab l e emi s s i on  rate ( LAER)  techno l ogy s uch  as vapor recovery 
systems . 
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Response : Statements concerni  ng DOE I S commi tment to LAER have been 
i ncorporated i nto Sect . 4 . 2 . 3 .  

Comment 7 :  The F i nal S uppl ement wou l d b e  strengthened i f  the 
soci  oeconomi c i mpacts cou l  d be more accurate l y  defi ned .  Further 
eval uat i o n  shou l d be exerc i sed to more defi n i t i ve l y  assess  wh i c h  of 
the two scenari o s  woul d most l i ke l y  occur .  M i ti gat i on  measures 
shou l d be i dent i fi ed .  

Response : A d i  scus s i  on  of soc i  oeconomi c mi ti gat i on  meas ures has been 
added to the text ( Sect .  4 . 2 . 9 ) .  Th i s  d i scuss i on of  pos s i b l e 
mi ti gati on  scenar i o s  s uggests that wi th m i n i mal  effort the 
projected i mpacts wou l d be mi n i mi zed .  Because of  the l arge n umber 
of var i ab l e s i nvol ved and the uncertai nt i es of  future popu l ati on  
and l abor  p roject i ons  for  the regi on , two scenari os  were presented .  
M i ti gati o n  wou l d reduce the  pos s i b i l i ty of severe i mpacts . 

Comment 8 :  The S upp l ement wou l d be s ubstant i al l y  strengthened i f  
Append i x  I i nc l uded addti onal  i nformat i o n  i denti fyi ng meas ures to 
control i mpacts res u l ti ng from poss i b l e  o i l sp i l l s . Spec i f i cal l y ,  
ass urances shou l d be presented that a Spi l l  Preventi on  Contro l and  
Countermeas ures ( S PCC)  p l an wou l d be  deve l oped .  

Respo n s e :  A bri ef d i scus s i on of  a n  S PCC  p l an for B i g  H i l l  has been 
added to Appendi x I ,  en s ur i ng that operati ons  of  the s i te wo u l d not 
commence unti l the p l an i s  approved . The detai 1 ed  S PCC p l an wi 1 1  
b e  deve l oped a s  part of  the f i nal des i gn a n d  permi tti ng procedure . 
The termi nal s and both Bryan Mound and West Hac kberry have exi sti ng  
SPCC  p l ans approved by the  appropri ate state and Federal  agenc i e s .  

9 . 3 . 22 u . S .  N uc l ear Regu l atory Commi s s i on 

Comment 1 :  We  have determi ned that the  p roposed act i o n  
s i gn i fi cant rad i o l ogi cal heal th and safety i mpact , nor  
advers e l y  affect any acti v i t i e s  s ubject to  regu l ati on  
Nuc l ear Regu l atory Commi s s i o n .  

Respo n s e :  Comment noted . 

has no  
wi 1 1  i t  
by the 

9 . 3 . 23 O h i o  State C l ear i ngho use , Offi ce  of  Budget and Management 

Comment 1: No  rev i ewer has stated concerns rel ated to th i s  report.  

Response : Comment noted . 

9 . 3 . 24 O l i n  Corporati o n 

Comment 1 :  P l  ease note that i n  our  p rev i ous  correspondence of  May 13 , 
1981 , O l i n  Corpo rati on exp res sed to you i ts oppos i ti on  to the use  
of  add i ti ona 1 0 1  i n-contro 1 1  ed sal t dome p roperty at  the  Hac kberry 
l ocati on  for the Strategi c Petro l eum Reserve . 

Response :  O l i n  Corporati on  refers to  a correspondence of  May 13 , 1981 , 
wh i ch preceded the i r  rece i pt of  the pub l i cati on  of  the D raft 
S uppl ement Envi ronmental  Impact Statement .  
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Comment 2 :  I n  o ur  rev i  ew o f  thi  s 500-page Impact Statement , we have 
found no  ment i o n  of i ndustr i a l u se  of  the sal t dome property wh i ch 
the Department of  Ene rgy propo ses  to acqu i  re o The 1 and whi  ch i s  
owned  by O l i n  and val ued as an i mportant b u s i ness  as set i s  referred 
to as " pasture l and . " Whi l e  the s urface of th i s  l and  i s  l eased for 
pasture use , the Department of Energy we l l  knows that the true 
val ue l i es  beneath the s urface i n  the sal t .  

Response : The subs urface o r  sa l t potent i a l i s  recogn i zed  i n  d i s c u s s i ons  
of  the  reg i o nal  and s i te- spec i fi c  geol ogy i n  the  Federal Energy 
Admi n i strat i o n  West Hac kberry Sal t Dome F i nal Envi ronmenta l Impact 
Statement , FES/76/77-4 , V . 2 ,  Sect .  3 and Appendi ces H and I ,  and i n  
the Texoma Group F i nal E I S , 1978 , DOE/E I S-0029 , Sects . 13 . 2 . 1 and 
B . 3 . 1 . 1 . 5 . It  i s  accurate to state that parts of  the West 
Hackberry sa l t dome are present ly  be i ng used  fo r -i ndustri a l  
purposes ; however , no br i  n i  ng or  s ub s urface storage i s  present ly  
be i  ng u ndertaken o n  the  0 1  i n  tract propo sed  for poss  i b 1 e use  i n  
Phase I I I  devel opment .  

Comment 3 :  We now treasure the remai n i ng 8 0  usab l e  acres out o f  the 
ori gi nal  480 acres , be l i ev i ng that i t  may sti l l  have s i gn i f i cant 
commerc i a l uti l i ty .  However , the proposed Phase I I I  expans i o n 
wou l d  remove more than 25 percent of  that remai nde r .  We bel  i eve 
the government shou l  d i dent i fy another ro ute for the Phase I I  I 
expans i o n .  

Response :  A 1 ternat i ves  to  the  preferred acti o n  at  West Hac kberry are 
discussed  i n  Sect .  2 . 3 of  th i s  document .  

Comment 4 :  I t  i s  noted that fai r val uat i o n  of  property upon wh i c h 
future b u s i ness  oppo rtu n i ti es may ,be based has proven to be 
d i ffi cu l t . I n  add i t i o n  to the potenti al  for future underground 
storage deve l opment , O l i n  val ues the  sal t propert i e s  as a raw 
mater ia l  reserve fo r ch l ori ne manufacture . The company i s  a 
s i gn i fi cant factor i n  the ch l or i ne bus i ness  i n  the U n i ted States , 
wi th manufactur i ng  fac i l i t i es at fo ur  l ocat i ons  and an on-go i ng 
expans i o n program . Becaus e  of  market opportu n i ti es i n  the area and 
i nternal ch l or i ne consumpti o n  at Lake Charl es , that l ocati o n  has 
i mportant potenti al  for future ch l or i ne p l ant construct i o n .  

Response : The i rrevers i b l e  comm i tment of  sal t for Phase I I I  devel opment 
at West  Hac kberry for the preferred acti on  i s  est i mated to be 
e l even m i l l i o n ton s  and i s  d i scussed  i n  Sect. 8 . 6 . 2 .  O l i n  wi l l  be 
j us t l y  compensated for sa l t acreage acqu i red by the Government , and 
as l arge sal t depo s i ts occur frequently  throughout the Gu l f Coast 
regi on , O l i n  co u l d acqu i re s Ubsti tute sal t acreage to conti nue to 
expand the i r Lake Charl es p l ant . Agreements to prov i de br i ne to 
pri vate i ndustry have been arranged at other SPR  s i tes . Sho u l d 
O l i n  de s i re add i t i o na l  bri ne for the i r  Lake Char l es p l an t ,  a sa l es 
contract cou l d  pos s i b ly be negoti ated wi th the Government .  

Comment 5 :  These  pos s i b i l i t i es offer i mportant soci o-econom i c  
advantages for the area not ment i oned i n  the Impact Statement , 
Sect i o n  3 . 2 . 4 . 8  (page 3-53 ) .  I n  Sect i o n  4 . 4 . 8 (page 4-63 ) , the 
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report refers to a pos s i b l e adverse soc i o-economi c i mpact i n  the 
" taki ng of  exi sti ng  properti es and houses  fo r the propo sed 
expans i on .  I I  We s uggest that exi sti ng  properti es and houses  can 
readi l y  be rep l aced i n  the i mmedi ate area and that the commun i ty 
wou l d l i ke l y  prefer  to retai n the po s s i b i l i ty of  future expanded 
job oppo rtu n i ti e s .  

Respo n s e :  Comment noted .  

Comment 6 :  We s uggest  a s  a l ternate courses  of  acti on  to retai n the 
orig i nal  t ime schedul e ,  uti l i ze the l and to the south of the 
or i g i nal  tak i ng , and l eave the O l i n  p roperty to the west for future 
O l i n  commerc i a l devel opment .  

Re sponse : Both al ternat i ves remai n under cons i de rat i o n .  However ,  there 
are geo l og i cal  structure concerns i n  the area s outh of  the o r i g i nal  
tak i ng that may be re l evant to th i s  dec i s i on .  

Comment 7 :  Accept a compromi se i n  t im i ng , as s uggested i n  an al ternate 
propo sa l  on page V I I I  (Sect i o n  2 . 5 )  and page 2-18 so that o n l y  10 
mi l l  i on barre l s of the expans i on occur at West Hac kberry and 60 
mi l l i o n  barre l s at B ryan Mound . 

Re sponse : Th i s acti o n  wou l d  p revent the comp l ete i ntegrat i o n  of  
s o l uti on  mi n i ng Phase I I I  caverns  at B ryan Mound , re s u l t i ng i n  a 
6-month de l ay i n  comp l eti on  of  Phase I I I  s i te expan s i o n  and 
i ncreas i ng costs appre c i ab l y .  The preferred al ternati ve i s  st i l l  
be l i eved to be val i d  i n  terms of  programmati c  and env ironmental 
cons i derat ion s  and constra i nts . 

Comment 8 :  S i mp l y  e n l arge the caverns current ly  under constructi o n , o r  
en l arge the  caverns  u nder construct i o n  a s  we l l a s  the o r i g i nal  
ex i st i ng cave rns . A 30 mi l l i o n barre l expan s i o n  cou l d  be 
accomp l i shed i n  th i s  fas h i o n  by addi ng  l es s  than two m i l l i o n 
barre l s  to each of  the 16 caverns , a 19 percent expans i on ,  wh i c h 
woul  d req u i  re on  ly  s 1 i ght ly  over a 4 percent change i n  cavern 
d i ameter .  

Response : The pre-exi sti ng caverns were the re s u l t of  l each i ng for 
petrochemi cal  feedstoc k ;  the i r  s i ze and geometry were not des i gned 
speci fi cal ly  for o i l storage . DOE be l i eves i t  wou l d  not be prudent 
to en l arge the se  caverns beyond that wh i c h wi l l  occur duri ng 
cyc l i ng .  Expans i o n o f  the other caverns a l s o  i s  not des i rab l e  as 
we wi sh  to mai ntai n the des i gned cavern  web th i c kness , whi ch  
prov i des for the  stab i l i ty necessary for  f i ve drawdown cyc l es .  
Further , the storage caverns at West Hackberry are permi tted by the 
State of  Lo u i s i ana and a dec i s i o n to al l ow cavern expan s i o n  wou l d  
rest wi th the State o f  Lou i s i ana .  
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10 . 0  L IST OF  P REPARERS AND PROFESSIONAL QUALI F I CATIONS  

10 . 1  PROJECT MANAGEMENT 

JOSEPH J .  CELLA ,  Program Manager ,  PB- KBB , I nc . , Houston , Texas 

Techn i cal Spec i a l ty :  Engi neeri ng ; 24 years experi ence 

Educati o n :  

B . S .  1956 

M . B . A . 1970 

Mechani cal 
Engi neeri ng 
Management 

Newark Co l l ege of 
Engi neeri ng 
New York Un i vers i ty 

V I NCENT C .  LEPARDO , J R . , Deputy Program Manager ,  PB- KBB , I nc . , Houston , 
Texas 

Techn i cal  Spec i al ty :  Engi neeri  ng ; 13 years experi ence 

Educat i o n :  

A . A . S .  1967 Mechan i cal  New York  
Engi neeri  ng  I nsti tute of Techno l ogy 

B . S .  1968 Mechan i cal  New York  
Engi  neeri  ng I nsti tute of Techno l ogy 

WAYNE  W .  TO LBERT , Project Manager ,  Manager of Envi ronmental Sc i ences 
Department , Sc i ence App l i cati ons , I nc . , Oak Ri dge , Tennessee 

Techn i cal Spec i a l ty :  Project Management and Terrestri a l  Ecol ogy ; 
10 years experi ence 

Educati o n :  

A . A .  
B . S .  
M . S .  
P h . D .  

1968 
1970 
1972 
1976 

B i o l ogy 
B i o l ogy 
Eco l ogy 
Eco l ogy 

Wi ngate J u n i o r  Co l l ege 
Wake Forest U n i vers i ty 
Un i vers i ty of Tennessee 
U n i vers i ty of Tennessee  

CARLTON R .  HALL , Deputy P roject Manager ,  Staff Sc i enti st , Envi ronmental 
Sci ences Department , Sci ence App l i cati ons , I nc . , Oak Ri dge , 
Tennes see 

Techn i cal Spec i al ty :  F i s heri es Eco l ogy ;  6 years experi ence 

Educati o n :  

B . S .  1974 

M. S .  1977 

10 . 2  ENG I N EER ING 

Wi l dl i fe and  Texas A&M U n i vers i ty 
F i s her ies  Sci ence 
F i s her i e s  Eco l ogy Texas A&M Un i vers i ty 

HARVEY L .  ARNO LD , Offi ce D i rector , Sci ence App l i cati ons , I nc . , 
Oak  Ri dge , Tennes see 

Techn i cal Spec i a l ty :  Engi neeri ng ; 28 years exper i e nce 
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Educati o n :  

B . S .  
M . S .  

1952 
1957 C i v i l 

Engi  neeri ng 

U . S .  M i l i tary Academy 
Mas s ac h usetts I nsti tute of  
Tec hno l ogy 
Profe s s i o nal Regi stered 
Engi neer - Lo u i s i ana ; D i str i ct o f  
Col umb i a  

J E F F REY ARB I TA L ,  Devel opment Engi neeri ng Department , Sc i ence 
App l i cati ons , I nc . , Oak  R i dge , Tennessee  

Tec hn i cal Spec i al ty :  Engi neeri ng ; 5 years experi ence 

Educati o n :  

8 . M . E .  1975 

M . S .  1976 

10 . 3  S P I L L  R I S K  ANALYS I S  

Mec han i cal  
Engi  neeri  ng  
Nucl ear 
Engi neeri ng 

Georg i a  I nsti tute 
of  Techno l ogy 
Georgi a I nsti tute 
of  Techno l ogy 

JOHN S I MMONS , Manager o f  Chemi cal Eng i neer i ng D i v i s i on ,  Sc i e nce 
App l i cati ons , I nc . , McLean , V i rgi n i a 

Tec hn i cal  Spec i a l ty :  Chemi cal Engi neeri ng ; R i s k  Anal ys i s ;  27 years 
experi ence 

Educati o n :  

B . S .  1953 

M. S .  1958 

Chemi s try 

Chemi cal  
Engi  neeri ng 

Mas sac h usetts I nsti tute 
of  Techno l ogy 
Mas sachus etts I nsti tute 
of  Techno l ogy 

RAYMOND M .  ROLAND , Sen i or Engi neer , Techno l ogy Asses sment D i v i s i o n , 
Sc i ence Appl i cati ons , I nc . , Mc Lean , V i rgi n i a  

Techn i cal  Spec i al ty :  R i s k  Anal ys i s ;  Engi neeri ng ; 3 9  years experi ence 

Educat i o n :  

B . A . 1941 Educat i o n/ 
Zoo l ogy 

B . S .  1950 Meteorol ogy 
D i p l oma 1964 Engi neeri ng 

Management 

10 . 4  A I R  QUALITY AND METEORO LOGY 

Mi c h i gan State Un i vers i ty 

U . S .  Navy Postgraduate Schoo l  
Techno l ogy Center 
& Systems De s i gn 

MARK A .  MITCKES , Staff Sc i ent i st , Env i  ronmenta 1 Sci  ences Departme nt , 
Sc i ence App l i cati ons , I nc . , Oak  R i dge , Te nnes see  

Tech n i cal Spec i al ty :  A i r Qua l i ty ;  11 years expe ri e nce 
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Educat i o n :  

B .  S .  

M . S .  

1970 Chemi ca l  
Engi  neeri  ng  

1975 C hemi cal 
Engi  neeri  ng 

U n i vers i ty of  Tennes see 

U n i vers i ty of  Tennessee  

GUENTER SCHRECKER , Sen i or Sci enti st , A i r Qual i ty & Meteorol ogy D i v i s i o n , 
Sc i ence App l i cati o n s , I nc . , La J o l l a ,  Cal i forn i a  

Tech n i cal Spec i a l ty :  A i r  Qual i ty ;  16 years experi ence 

Educat i o n :  

B . S .  1964 Mechani cal Aachen  Techn i cal 
Engi  neeri  ng Un i vers i ty 

M . S .  1967 Aeronaut i cal  Aachen  Techn i cal 
Engi  neeri  ng Un i vers i ty 

Ph . D . 1972 Aerospace Un i vers i ty of  Tennessee  
Engi  neeri  ng  

M I CHAEL FO LEY , Sen i o r  Sc i enti st , A i r  Qual i ty & Meteoro l ogy D i v i s i o n , 
Sc i ence App l i cati ons , I nc . , La J o l l a ,  Cal i forn i a  

Techn i cal Spec i a l ty :  Atmo spher i c  Chemi stry ; 13 years experi e nce 
Educat i o n :  

B .  S .  1967 

Grad . 1968 
Wo r k  

C hemi stry 

Atmo spheri c 
Chemi stry 

10 . 5  AQUAT IC  ECO LOGY AND WATER  QUA LITY 

San D i ego State 
U n i vers i ty 
Un i vers i ty of  Mi s souri 

SUSAN C .  TURBA K ,  Staff Sc i enti st , Envi ronme ntal Sc i ences Department , 
Sc i ence App l i cati ons , I n c . , Oak  R i dge , Tenne s s ee 

Techn i ca l  Spec i a l ty :  Impact Asses sment fo r Aquati c Envi ronments ; 10 
years experi ence 

Educat i o n :  

B . A . 1970 

M. S .  1975 

B i o l ogy 

M i crob i o l ogy 

U n i vers i ty of  Cal i forn i a ,  
Santa Cruz 
Corne l l Un i vers i ty 

WI LLIAM M .  WI L LI S , Staff Sc i enti st , Envi ro nmental S c i e nces Department , 
Sci ence App l i cati ons , I nc . , Oak  Ri dge , Tennes s ee 

Techn i cal Spec i a l ty :  Eco l ogi cal Mode l i ng ;  13 years experi ence 

Educat i o n :  

B . S .  1967 
M . S .  1972 

P h . D .  1978 

B i o l ogy 
B i o l ogi cal  
Oceanograp hy 
B i o l ogi cal  
Oceanograp hy 
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CHARLES E .  COMISKEY , Sen i  o r  Sci  ent i st , Env i  ronmenta 1 Sc i ences Depart
ment , Sc i ence App l i cati ons , I n c . , Oak  R i dge , Tennes see 

Techn i cal  Spec i a l ty :  Quanti tati ve Eco l ogy ; 14 years experi e nce  

Educati o n :  

B . S .  1966 B i o l ogy Seton Hal l 
M . S .  1970 Zoo l ogy Un i vers i ty of  Tennes see  
Ph .  D .  1978 Eco l ogy U n i  vers i ty of  Tennessee  

10 . 6  TERRESTR IAL  B I O LOGY AND SCEN IC  FEATURES 

RI CHARD E.  AMBROSE , Staff Sc i enti st , Env i ronmental Sc i ences Department , 
Sc i ence App l i cati ons , I n c . , Oak Ri dge , Tennes see  

Techn i cal Spec i al ty :  Terrestri al B i o l ogy ;  12  years exper i ence 

Educati o n :  

B . S .  
M .  S .  
P h .  D .  

1968 
1971 
1975 

10 . 7 SOC IOECONOM ICS 

B i o l ogy 
Zoo l ogy 
Zoo l ogy 

Jacksonv i l l e  State U n i vers i ty 
U n i ve rs i ty of  Tennes see 
U n i vers i ty of  Tennessee 

JAMES R .  FOWLER , Staff Sc i ent i s t ,  Devel opment Eng i neeri ng Department , 
Sci ence  App l i cat i ons , I nc . , Oak  R i dge , Ten nes see  

Techn i cal  Spec i a l ty :  Soc i oeconom i cs ; 10 years  exper i ence 

Educati o n :  

B . A . 1970 
M . P h i l .  1973 

Government 
Po l i t i cal  
Sc i ence 

Corne l l U n i vers i ty 
Yal e U n i vers i ty 

10 . 8  DEPARTMENT O F  ENERGY PROJECT MANAGEMENT 

JOYCE TEERL I NG , Techn i cal Project Offi cer , Strateg i c  Petro l e um Reserve , 
P roject Management Off i ce , New Or l eans , Lo u i s i ana 

Techn i cal Spec i al ty :  Mari ne and Estuar i n e  Eco l ogy ; 12 years exper i ence  

Educati o n :  

B . S .  
M .  S .  
Ph . D . 

1968 
1970 
1975 

Agri cu  l ture 
B i o l ogy 
Mar i ne B i o l ogy 
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Texas A&I Un i vers i ty 
Texas A&I U n i vers i ty 
U n i vers i ty of  Southwestern 
Lo u i s i ana 
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APPEND I X  A 

SCO P I NG CONS I D ERAT IONS 

A Noti ce of  I ntent to publ i s h a s uppl emental draft Envi ro nmental Impact 
Stateme nt ( E I S )  was pub l i s hed i n  the Federal Regi ster , Vol ume 45 , Number 
196 , on Tues day , October 7 ,  1980 , s o l i c i ti ng comments on  the proposed  
Phase I I I  expans i o n of  the Strategi c  Petro l eum Reserve ( S PR )  from 
i nterested Federal , state , and l ocal age nc i es ; pub l i c  and pri vate 
organ i zati ons ; and i ndi v i dual s .  A s i ng l e respo nse  was rece i ved  from the 
Bureau of Land Management ( B LM ) , reque sti ng map s and s uppo rti ve 
i nformat i o n  to ascertai n whether the proposed  expan s i o n  wo u l d  affect any 
B LM i nterests or  programs . 

Letters requesti ng i denti fi cati on  of  spec i fi c i tems of envi ro nmental 
concern regardi ng the P hase I I I  expans i o n  were s e nt to vari ous  
regu l  atory and  advi sory Federal agenci  es , state age nci  �s  i n  Texas and 
Lo u i s i ana , and seve ral spec i al i nterest groups . Rep l i es s e nt to the 
Departme nt of  Energy (DOE)  i denti fi ed several areas of  concern , 
i nc l udi ng ( 1 )  ens ured avai l ab i l i ty of  data from the current moni tori ng 
program at Bryan Mo u n d ;  ( 2 )  need for an up-to- date eval uati on  of  the 
effects of  br i ne di s charge i nto the mar i ne envi ro nment ; ( 3 )  
i denti fi cati o n  o f  envi ro nmental l y  sens i ti ve areas both o n  and off shore ; 
( 4 )  i n- depth di scus s i o n of  a l ternat i ve p i pe l i ne routes for the vari ous  
p i pe l i nes ; ( 5 )  projecti ons  of  ai r and  water qual i ty i mpacts ; and  ( 6 )  
rev i ew o f  the necessary permi ts needed for project i mp l ementat i o n .  Th i s  
draft s uppl eme ntal F i nal · Env i ronmental Impact Statement ( FE I S )  conta i ns  
the  i nformat i o n  requested above . 

Addi ti onal l y ,  several meeti ngs were he l d to i ntroduce the proposed  
expans i o n  and to  di scuss  spec i fi c  prob l ems that co u l d ari se wi th the 
project.  Attendees i nc l uded rep resentati ves from the Env i ronme ntal 
Protecti on  Agency , U . S .  F i s h  and Wi l dl i fe Serv i ce , Nati onal  Mari ne 
F i  s heri  es  Servi  ce , Texas Parks and Wi  1 dl  i fe Department , Texas Water 
Resources Department , Lo u i  s i ana Department of  Wi l d l  i fe and Fi sheri es , 
Lo u i s i ana Department of  Natural Resources , and the Gu l f of  Mex i co 
F i s hery Manageme nt Counc i l .  

Tab l e A- I l i sts a pre l i m i nary analys i s  of  envi ronme ntal i s s ues 
associ ated wi th the SPR Phase I I I  expans i o n .  These i s s ues  are ran ked 
( remote , l ow ,  moderate , and h i gh )  accordi ng to the i r  proj ected potenti al 
for occurrence and re l ati ve sever i ty of  i mpact . The contents of  Tab l e  
A- I are arranged by s ubject areas co n s i dered w i th i n  the text o f  thi s 
s uppl ement .  The i denti f i cati on , categori :?:ati o n , and s ummari zati on  of  
i s s ues  herei  n consti tute a prel  i m i  nary s copi  ng effo rt . Certa i n i s sues  
have been  recatego ri zed on  the  bas i s  of add it i onal  i nformati o n .  
I n i ti al l y , wetl ands destruct i o n , bri ne di sposal , and o i l sp i l l  po l l uti o n  
emerged as majo r  i s sues  of di scus s i o n a n d  reso l uti o n .  

A- I 



Table A.1 . Summary of environmental issues relevant to the development of Big H i l l  (1 40 M M B) 
and expansion of West H ackberry and Bryan Mound (70 M M B, col lectively) 

Subject area 

Land envi ronment 

Water envi ronment 

Source of i mpact 

Cons truct i o n  -
ea rthmov i ng 
operati o n s  

Operat i o n  -
cavern 1 each; ng 
ope rat ; ens and 
f i l l /wi thdrawa l 
ope rat ; ons 

Construct i on -
earthmov i ng 
ope rat i o n s  

Area affected 

S i te storage 
fac i l i t ies and 
p i pel i ne 
corri dors 

Pi  pe 1 i ne corr; dors 

S i te storage 
fac i l i ti e s  

Anti c i pated i mpact 

Oi sturbance of 
so i l s ,  leac h i ng ,  
eros i o n ,  and 
al terati o n  of 
drai nage patterns 

O i  sturbance of 
wet l ands 

Cavern col l apse 
or other struc
tural fa i l ure , 
p o s s i b l y  cau s i ng 
surface sub
s i dence 

P i p e l i ne corri dors Mai ntenance of 
permanent 
corri dors may 
preempt other 
uses for 1 and 

S i te 5 torage 
fac i l i ti e s . raw 
water i ntake 
structure , and 
p i pe l i ne 
corri dors 

Water qual i ty 
a l terati ons due 
to ( l )  runoff 
and eros i on 
from affected 
areas , ( 2 )  e 1 u
triation o f  
dredged sedi 
ments , and ( 3 )  
changes i n  
drai nage 
patterns 
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Potent i a 1 for 
occurrence 

H i g h ;  unavoidab l e  
consequence o f  
cons tructi o n  

H i gh ; unav o i dab l e  
consequence o f  
constructi on 

Remote wi th 
appropri ate 
constructi o n  
safeguards 

H i gh ; some penna
nent corr; dors 
wi 1 1  be mal n
tai ned 

H i g h ;  unavo i dab l e  
consequencQ of 
cons truct ion 

Rel at i ve severi ty 
of i mpact Focus of anal y s i s  

Low; 1 i m i ted areal 
extent affected 
and numerous 
mi t i gation 
measures ava i l 
ab l e  t o  stab ; -
1 j z e  d i sturbed 
l and 

Low-moderate; 
p i pe l i ne routes 
chosen to avo i d  
wet 1 ands when 
pos s i b l e ;  poten
t i a l  need for 
l and acqu i s i ti on 
of dredged or 
excavated spoi 1 
d i sposal 

H i gh ; major 
damage to 1 oca 1 
water and eco
systems , de
pendi ng on the 
presence of oi  1 
stored at the 
t i me of fai 1 u ro 

Low; re l at i v e l y  
sma 1 1  amount of 
1 and resources 
i nv o l ved 

Low-moderate ; 
i mpacts wi 1 1  be 
short tenn and 
1 oca 1 j zed, and 
appropri ate 
m i t i gati on 
measures ex i st.  
Howeve r .  some 
sediments may 
conta i n  chemical 
contami nants 
such as PCB 
compounds 

Oetenni nat i on of the 
areal extent of 
di sturbed l and , any 
s i gni f i cant changes 
in 1 and use , l ength 
o f  time 1 and waul d 
be di sturbed , and 
eff;  cacy of m; t i ga
ti  on measures 

Determi nati on o f  areal 
extent of wetlands 
and l and acqu i s i ti o n  
f o r  spo i l  materi a l  
di sposal 

R i s k  asses sment 

Oetermi nat i on of water 
qua 1 i ty perturbati ons 
l i ke l y  to occur and 
i f  water qua 1 i ty 
standards wi  1 1  be 
v i o l ated;  avai l ab l e  
data w i  1 1  be 
analYZed 



Subject area 

Water envi ronment 
(cont i nued) 

Source of i mpact 

Operat i o n  -
cavern l eac h i ng 
and drawdown 
ope rat i ons 

Operation -
onshore di sposa 1 
of wastes 

Operati on -
offshore di s
posa1 of 
wastes (bri n e ,  
heat) 

Table A·1 (continued) 

Area affected 

Areas hydro 1 0-
gi ca 1 1 y con
nected to the 
raw water i ntak.e 

S p i n d 1 e top Marsh 
and evapo
tran sp i rati on 
f i e l d  near 
sept i c system 

B r i ne d i sposal 
area (Gul f of 
Mex i co ;  3 . 5  to 
12 . 5  mi l e s  off 
shore) 

Anti c i pated i mpact 
Potential  for 

occurrence 

D rawdown of com
p l ex s u rface 
water and ground
water sys tem 
due to removal 

H i gh ; G u l f  I n tra
coastal lIateNay 
( I ell) to be used 
as  source of raw 
water 

of water from 
IeW for cavern 
l eachi ng pur
poses � may 
i "crease sa 1 i ni ty 
i n  the I ell 

Surface water and 
grou ndwater 
qua 1 i ty a 1 tera
tions  due to 
( 1 )  d i scharge of 
prec i p i tation 
runoff to 
Spindl etop Marsh 
and ( 2 )  ",aste
water from 
sept i c system 

Local i zed areas 
of the G u l f  of 
Mex i co may be 
i mpacted by 
high  sa l i n i ty ,  
contami nant 
hydrocarbons , 
and hi gher tem
perature of the 
di s c harge. I n  
add i tion , l each 
water from the 
Iell may conta i n  
pesti c i de s  and 
meta l s  (agri c u l 
tura 1 a n d  i ndus
tri a 1 po 1 1  utants) 
whi ch are a l s o  
di scharged to the 
G u l f  
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Low-l'Iloderate ; di s
charge from 
s i te drai nage 
system ",i l l  
occ u r  when 
prec i p i tati on 
exceeds the 25-
yea r ,  24-h ra i n
fal l eve n t ;  
wastewater from 
septic system 
",i l l  be d i s 
charged duri ng 
enti re t i me that 
the faci 1 it i e s  
a r e  operating 

H i g h ; G u l f  ",i l l  
receive con .... 
t i nuous di s .... 
charge duri ng 
the course of 
cavern 1 eachi ng 
operat i o n s  

R e  1 a t  i ve severi ty 
of i mpact 

Low ; wi thdrawal 
of water from 
leW for B i g  
Hi l l  operations  
mi nor i n  com
pari son to 
enti re vol ume 
of ",ater i n  leW 

Focus of ana l ys i s  

Pred i ctive mode l i ng 
( M I T  lIater Qual Hy 
Net",or' Mode 1 )  of 
hydro l o g i c  regime 
at the leW i nta.e 1 ocat i on 

Low ; s i te drai nage 
wi 1 1  be mon; tored ; 
septic system 
",i l l  be de s i gned 
and operated 
accordi ng to 
good sani tary 
engi neeri ng 
practi ces 

Lo",- hi gh; 
dependent on 
s i te-spe c i f i c  
cond i ti ons 

Eval uation of d i s c harge 
1 oca t i ons ; app 1 i ca
tion of di spe rs i on 
model resu 1 ts from 
3 . 5- to 12. 5-mi l e  
d i  scharge p o i  nts 



Subject area 

C l i matol ogy and a i r  
qual i ty 

Amb i e n t  sound l ev e l s  

Table A·1 (continued) 

Source of i mpact 

Construct i on -
earthmo'l; ng 
ope rat i ons 

Operati on -
f i l l  and 
drawd6wn 
operati ons 

Ope rat i on -
callern 1 each; ng 
operati ons and 
drawdown of 

Area affected 

S i te storage 
faci l i t i es and 
p i pe l i ne 
corri dors 

S i te storage 
fac i l  it i e s  and 
crude oi 1 
d i stribution 
system 

Si  te storage 
fac i l i ti e s  

post-oi l - storage 
d i sp l acement water 

Construc t i o n  -
earthmov; ng 
operations 

Operat ion -
cavern l each i ng 
ope rat i o n s  and 
fi l l /withdrawal 
operati ons 

S i te storage 
faci l i t ies and 
p i pe l i ne 
corri dors 

Si te storage 
fac i l i t i es , 
raw water 
i ntake I and 
b r i ne di sposal  
p i pel i ne  

Ant i ci pated impact 

Local i zed al tera
ti o n  i n  a i r  
q u a l  i ty a s  a 
res u l t  of fugi 
tive dust and 
mi see 1 1  aneouS 
construc t i o n  
emi s s i ons 

O i l  transportation 
and storage are 
ant i c i pated to 
i ncrease 
emi s s i ons of 
hydrocarbons 
and, more i mpor
tant l y ,  photo
chem i cal  
oxi dants ; t h i s  
regi o n  i s  
al  ready a non
attainment area 

-for photochemi cal 
oxi dants 

Agi tat i on of 
bri ne , caus i ng 
s a l t  part i c l e s  
t o  become 
ai rborne 

I ncreased no i -s e  
l evel  s due t o  
ope rat i on 0 f 
construct; on 
equipment 
(dri 1 1  i n9 ri gs , 
pumps , b u l l 
dozers , etc , ) 

I ncreased no; 5 e  
l eve l s  d u e  to 
pump operation 
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Potenti al  for 
occurrence 

Re l ative severi ty 
of i mpact Focus of anal ys i s  

H i g h ;  unavo i dab l e  
consequence o f  
construct i o n  

Hi 'gh ; some degree 
of release ( from 
storage tanks , 
pipel  i nes , pump 
seal s and val ves , 
tanker tran s i t  

Low; short- term 
and l o c a l i zed 

Moderate ; poten
t i a l l y  s i gn i 
fi cant but 
short-term 

and 1 oadi ng/un
l oadi ng opera
tions , eng i nes , 
pump stati o n s )  
appears i nev i tab 1 e 

Moderate ; some 
aegree of s a l t  
em i s s i on 
probab l e  

H i  g h ;  i ncreased 
no i se l evel s 
unavo i dab l e  

H i g h ; pump n o i s e  
unavoi dab l e  

Moderate; l oc a l  
corro s i ve 
effects on 
metal s coul d 
occur 

Low-moderate ; 
short- term 
; ncreases ; n 
no i s e  l ev e l s  i n  
rura 1 carr; dors 

low; not anti c i 
pated t o  be 
s i gn i fi cantly 
h i gher than 
amb i ent sound 
l eve l s  

Calculation  o f  emi s s i on 
rates and model i ng;  
quant ifi  cat i on of 
add i ti onal impacts 
when projected 
photochemical 
oxi dant l ev e l s  are 
exceeded 

C a l c u l at i o n  of 
em; ss i on rates 

Cons i de rat i on of 
peop l e  affected 
(workers and area 
res i dents ) , OSHA 
regu 1 at i ons , and 
e f f i cacy of m i t i 
gat i on measures 



Subj .ct ar.a 

Amb i .nt sound 1 .v. l s  
(conti nued) 

Sp.d es and habi tats 

Sourc. of i mpact 

Op.rat i o n  -
fi l l  and 
drawdown 
operat i ons 

Construction -
earthmovi ng 
operati ons 

Op.rat ion -
cavern 1 each; ng 
ope rat i o n s  and 
fi l l  /w; thdrawa 1 
ope rat i ons 

Table A·1 (continued) 

R.l ativ. s.v. r i ty 
Ar.a aff.ct.d Ant i c i pat.d impact 

Pot.nt i a 1 for 
occurrence o f  impact Focus of ana l y s i s  

S i t. storage 
fac i l i ti . s  
and crud. oi  1 
d i s tri bution 
syst.m 

S i t. storage 
fac i l  i ti e s ,  
raw water 
i ntake struc
ture , and 
p i p. l i n. 
corri dors 

Raw water 
wi thdrawal 
sys tems 

Increased no; SI! 
l .v.l  s due to 
pump op.rat i on 

H i g h ;  pump n o i s e  
unav o i dab l e  

Low; not anti c i 
pat.d t o  b .  
s i gn i f i cantly 
h i gh.r than 
amb i .nt sound 
l .v . l  s 

May impact habitat 
o f  F.d.ra l l y  
prot.ct.d, 
threatened , or 
.ndang.r.d 
speci e s  

Habi tat d.struc
tion ( r.moval of 
v.g.tat i on and 
oth.r mod i f i ca
t i o n s )  by 
grad; n g ,  excava'" 
t i c n ,  and 
dr.dg i n g ;  hab i 
tat d.struction 
or mod i f i cation 
by dr.dg. spo i l  
deposi t i o n ;  
hab i tat al t.ra
t i o n  in areas 
near the di stur
bances , resul t i ng 
in d i sruption of 
animal movements 
and repro duct i ve 
cyc l .s ; habi tat 
d.struction by 
s i l tation and 
eros i o n ;  crea
t i o n  of an .dg. 

Entra i nm.nt/ 
i mp i ngement o f  
aquatic organ i sms 
in the raw water 
i ntake syst.m, 
r.sul t i ng i n  
l oss.s o f  th.se 
organi sms to the 
JCW 
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Low; unl i k. l y  R.mot. ; no 
that any speci .s cri t i ca l  habi tat 
wou l d  b. i n  ar.a 
aff.ct.d at the 
s i t. storage 
fac i l i t i e s ; some 
chance o f  encoun7 
t.ri ng Am.ri can 
al l i gator in the 
w.t 1 ands a l ong 
p i p. l i n. corri dors 

H i g h ;  t.mporary 
l os s  of sam. 
t.rr.s tri a 1 and 
aquat i c habi tat 
unavoi dab 1 .  

Hi  gh ; sam. 
entrai nment 
and i mp i ngement 
l o s ses un
avo i dab l e  

Low-mode rate ; 
d.p.nds upon 
habi tat type 
aff.ct.d; w.t
l and hab i tat the 
most sens i t i v e  
to b. i mpact.d 

Low ; not cons i '"  
der.d to b. 
s i gn i fi cant 
l osses 

An assessm.nt of 
threaten.d or .n
dang.red spec i .s 
has b •• n mad. to 
d. l i n.at. the 
proxi m i ty of 
th.s. habi tats to 
the pi p.l i n. 
corri dors 

a.t.rmi nat i on o f  the 
areal .xt.nt of 
pot.nt i a l l y  i mpact.d 
area and what p ..... 
c.ntage i t  r.pr.s.nts 
o f  a c.rta in type 
ef ecosystem; de
t.rmi nat i on o f  the 
typ.s o f  organhms ( •. g . , oyst.r r •• f s )  
w h i c h  wi l l  b • • l i m i nat.d ; d.t . .... 
mi nati on of any 
s.asonal d i ff.r.nc.s 
in project.d 
construct i o n  
i mpacts 

Eva 1 uat i on of the 
nature and magni tude 
of l os ses ; eva l ua
t i o n  of .ffi cacy of 
m i t; gat i on measures 



Subject area 

Spec i es and habi tats 
(conti nued) 

Natural and scenic 
resources 

Archaeo l og i ca l , 
hi storical , and 
cul tural resources 

Source o f  impact 

Operation -
cavern l eac h i ng 
ope rat ; ens and 
drawdown o f  post
oi  l -d i  sp l acement 
water 

Operati on -
cavern 1 eachi ng 
operat i o n s  and 
f i  1 1  Iwi thdrawa 1 
operat i ons 

Construct i on -
ea rthmov i ng 
operati ons and 
p i pe l i ne 
i n s ta l l at i o n  

Operat i o n  -
cavern l eac h i ng 
ope rat ; ons and 
fi l l /wi thdrawal 
operat i ons 

Construct ion -
earthmo v i ng 
operat i o n s  

Table A·1 (continued) 

Area affected 

S i te storage 
fac i l i ti es 

P i p e l  i ne corri dors 

P i pe l i ne corri
dors , espec i a l l y  
b r i  n e  d i  sposal 
through McFaddi n 
Nati ona1 11 i l d l i fe 
Refuge 

Pi pel i ne corri dors 

S i te sto rage 
fac i l i ti e s , 
raw water 
i ntake struc
ture , bri ne 
di ffus e r ,  and 
p i pe l i ne corri
dors 

Anti c i pated impact 

Emi s s i o n  of s a l t  
from bri ne pond 
coul d impact 
ons i te and near
s i te vegetati o n  

Ma i ntenance o f  
permanent 1y es
tabl i shed 
ri ghts-o f-way 
( Ralls) does not 
pe .... i t  return 
of o ri g i na l  
habi tat ; ma i n
tai ned habi tat 
may have reduc ed 
produc t i v i ty and 
d i ve rs i ty 

Temporary di stur
bance to wet l and 
resources ; un
aesthet i c aspects 
o f  construc t i on 
and temporary 
1 i vi ng condi t i ons 
o f  workers 

Ma i ntenance of 
permanent 1 y 
estab 1 i shed 
Ralls may cause 
peri o d i c  d i s 
turbances to 
resources l ocated 
a l ong the routes 

Oi s turbance or 
destruct i on of 
resources 
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Potent i a l  for 
occurrence 

Moderate ; depends 
on sens i ti v i ty 
of vegetation 

High;  some 
permanent Ralls 
wi l l  exi st 

H i  gh ; some wet-
1 ands wi 1 1  be 
unavoi dab ly 
transected by 
p i pe l i ne 
corri dors 

H i g h ;  1 i ke 1 y  that 
some di stur
bances wi  1 1  
occur 

Low- h i g h ;  depends 
on prox i mi ty 
o f  resources to 
af fected areas 

Re1 at i ve severi ty 
of impact 

Moderate ; poten
t i a l l y  s i gn i f i 
cant but 
l ocal i zed 

Low-moderate; 
a l though per
manent, main-
ta i ned ROils wi l l  
be re1 at i ve1y 
sma l l areas ; 
can be poten
t i a l l y  s i gn i fi 
cant i f  ROil 
destroys eco
system i ntegri ty 

Lowemoderate; 
potent i a l l y  
s i gn i f i cant , 
but short-term 
and very 
l ocal i zed 

Low-moderate ; 
al though perma
nent , mai nta i ned 
Ralls wi 1 1  be 
relatively sma l l 
areas ; can be 
potenti a l l y  s i g
n i f i cant i f  ROil 
destroys eco
system i ntegri ty 

Low; records and 
fi el d surveys 
shou l d  i denti fy 
sens i ti ve area s ;  
moni tori n9 
duri ng construc" 
t i o n  sho u l d  
el  i m i nate adverse 
impacts to 
unknown resources 

Focus o f  analys i s  

Eva l uation  of 
emi s s i on rate s ,  
di spers i o n ,  and 
sens i ti v i ty of 
nearby vegetati on 

Eva 1 uat i on of what 
!ledge" effects may 
resu l t ;  consi dera
t i o n  o f  prox i m i ty of 
ROil to mi grat i o n  
routes or di e l  
movement routes 

Consi derati o n  o f  areal 
extent of d i  sturbed 
resources and effi cacy 
of m i t i gati on 
measures 

Ana l y s i s o f  l ong-term 
impacts and effi cacy 
of m i t i gation 
measures 

Analy s i s o f  prox i m i ty 
of operat i ons to 
sens i ti v e  area s ;  
eva l ua t i on o f  
uni queness o f  re
sources potentia 1 1y 
impacted 



Subject area 

Soci oeconomic envi ronment 

Acci dents , 
o i l  s p i l l s  

Source of i mpact 

Construct i o n  -
a 1 1  phases 

Operat ion -
a l l  phases 

Operat i on -
fi 1 1  and 
drawdown 
p i pe l i nes 

Table A·1 (continued) 

Area affected 

S i te storage 
faci 1 i ti es and 
p i pe l i ne 
di stribution 
systems 

S i t e  storage 
faci 1 i t i es 

Si te storage 
faci l i ti e s ,  
term; na 1 ,  and 
crude o i l 
d i s tri buti on 
p i pe l i ne 

Tank.er route 

Ant i ci  pated impact 

Stress p l aced on 
goods , hou s i  ng , 
and serv i ces i n  
impacted area s ;  
i ncreased traf f i c  
v o  1 urne ; preemp
tion o f  l and uses 
at storage s i te 

Some stress 
p l aced on goods , 
serv i ce s ,  and 
hous i ng in sma l l  
COrmluni t i e s  near 
s i te storage 
fac i l i ti e s ; some 
i ncrease i n  
tra f f i c  v o l ume 
for the l i fetime 
o f  the ope rat i o n s  

Greatest concern 
wou l d  be pos s i 
b i l  i ty o f  harm 
frOID exp 1 as i on 
or f i  re ; other 
impacts wo u l d  
i nc 1 ude contalTt'" 
i nation of 

Potent i a 1 for 
occurrence 

H i  gh ; some sma 1 1  
commun i ti es i n  
rura 1 l ocat i o n s  
wi 1 1  be unavo i d 
a b  l y  af fected 

Moderate ; l ower 
numbers of 
worKers present 
at s i te ,  but 
1 i .el i hood that 
at l east some 
permanent elTt'" 
p 1 oyees wi 1 1  not 
commute but wi 1 1  
seek l ocal  res i 
dences ; hence , 
wi 1 1  depend on 
1 oca 1 goods , 
hous i ng , and 
servi ces and wi 1 1  
contri bute to 
i ncreased tra f f i c  
vol ume 

Lo ..... h i g h ;  depends 
on nature 
( c hron i c  or 
acute) and 
extent of sp i 1 1  ; 
l ow potent i a l 

surface water 
and/or groundwater 
near an o i l  spi l l  

for exp l os i on or 
f i re with  proper 
safeguards 

Accidental sp i l l s  
dur; ng mari ne 
transfers , 
mari ne transport , 
and berth 
operat i ons 
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H i gh- l ow ;  h i gh for 
chroni c or 
operat i ona 1 
sp i l l s ;  l ow for 
l arge o r  maxi mum 
credi b l e  spi l l s  

Rel at i ve severi ty 
of i mpact 

Low- h i g h ;  depends 
on the avai l a
b i l  i ty of goods , 
hous i ng , and 
servi ces and 
hi ghway/road 
usage before 
i mpact 

low-moderate ; 
depends on 
ava i 1 abi l i ty of 
goods , hou s i n g ,  
a n d  servi ces 
and h i ghway/road 
usage before 
impact 

H i g h ;  impacts 
rang i ng from 
rel ati v e l y  
mi nor chro n i c  
spi l l s  to major 
spi l l s ,  a l l  
consi dered 
s i g n i f i cant 

Hi gh-moderate ; 
hi gh for the 
i ncoastal waters 
or sens i ti v e  
areas ; moderate 
in open seas 

Focus o f  ana l y s i s  

Ana l ys i s  of what 
occurred at West 
Hackberry and Bryan 
Mound and extra
pol ation of these 
res u l ts , if pos s i b l e ,  
to the B i g  H i l l  
s i tuati on ; cons i 
deration o f  the 
effi cacy o f  ra i t i ga-
t i on measures 

See above 

Ri  sk. assessment 

R i s '  asses sment 



Subject area 

Acc i dents , 
o i l sp i l l s  
(cont i nued ) 

Ace; dents I 
tanker traffi c 

Ace; dents , 
br; ne spi 1 1  s 

Source of i mpact 

Operat i on -
fi 1 1  and draw
down operati ons 

Ope rat i o n  -
cavern 1 each; ng 
operat i on5 and 
drawdown o f  
pos t-o i l - s torage 
d i sp l acement 
water 

Table A·1 (continued) 

Area affected 

Terni nal 
fac i l i t i es and 
s I te storage 
faci l i t i e s  

Crude o i  1 
d i stri bution 
p i pe l i ne 

Terni nal 
faci l i ti e s  and 
areas located 
downstream ( for 
Sun Termi nal , the 
Neches Ri ver , and 
Sab i ne Lake) 

O n s hore and 
offshore b r i  ne 
di scharge 
p i pe l i ne route 

S i te storage 
fac i l  it i e s  

Anti c i pated impact 

Accidental s p i l l s  
duri ng pumpi ng 
and standby 
storage 

Accidental spi l l s  
due to p i pe l i ne 
rupture . operator 
errors I or ; "ter
ference by 
third party 

Congest i on of 
areas be 1 ow Sun 
Terni nal 

Contami nat i on o f  
aquat i c> and 
terrestr i a l  areas 
a l ong p i pe l i ne 
route ; potential  
for i mpac t i n g  
groundwater 
qual ity; potenti a l  
for i mpact i ng 
McFadd i n  National 
Wi l dl  i fe Refug e ;  
potent i a 1 for 
impacting off
shore mar i n e  
e n v i  ronrnents 

Contami nati on of 
nearby s u rface 
waters or ground
waters from 
bri ne pond or 
froll p i pe l i ne 
accidents 
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Poten t i a l  for 
occurrence 

Moderate I g i  Yen 
ava i l ab l e  con
tro l measures 

Moderate - l ow ;  
moderate for 
chro n i c  or 
ope rat ; ona 1 
sp i l l s ,  l ow for 
maxi rwulI cred i b l e  
spi 1 1  s 

Moderate 

Moderate for an 
operational  
sp i l l  

Low-moderate ; l ow 
for l arge spi 1 1  s 
or re 1 eases ; 
moderate for 
re l at i v e l y  sma l l  
chro n i c  rel eases 

Re l at i ve seve r i ty 
of impact Focus of analys i s  

Moderate I g i  ve n 
appropri ate 
miti gati o n  
measures 

Moderate- h i g h ;  
depends o n  
area i mpacted 
and s i ze of 
spi 1 1  

Moderate 

Low-moderate ; 
depends on the 
area affected 
and s i ze of 
s p i  1 1  

Low-moderate ; l ow 
for mi nor chro
nic rel eases ; 
moderate for 
l arge s p i l l s  

R i s k.  asses sment 

R i s k.  asses sment 

Tanker l o g i s t i c s  

R; s k  assessment 

Ri  Sk assessment and 
analys i s  of how 
readi ly the bri ne 
pond 1 i ner may 
pernit bri ne 
rel eases 
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APPEND I X  B 

WITHDRAWAL OF  WATER FROM THE GULF I NTRACOASTAL 
WATERWAY FOR B IG  H I LL LEACHING- D I S P LACEMENT O PERATIONS 

If the Gu l f I ntracoastal Waterway ( I CW)  i s  used  as a source of 
d i sp l acement wate r ,  repl en i s hment wou l d  be s upp l i ed from Gal veston  Bay 
and from Sab i ne Lake by way of  the Sab i ne- Neches and Port Arthur Canal s .  
The fl ow may al s o  be i nfl ue nced by runoff from the wetl ands adj o i n i ng 
the I CW as we l l as by other water bod i es i ntersecti ng  the ICW .  The 
governi  ng  equati ons  for s uch a f l ow proce s s  are comp l ex and must be 
s o l ved n umeri cal l y .  The MIT Water Qual i ty Network  Mode l has been used  
to  provi de s uch a s o l uti o n .  Thi s mode l was deve l oped by the  Ral ph  M .  
Parsons  Laboratory for Water Resources a nd  Hydrodynam ics , Department of  
Ci  v i  1 Engi  neeri  ng , Mas sachusetts I nsti tute of  Techno l ogy ( Harl eman et 
al . ,  1976 ) .  I n  the mode l , the one- d i mens i o nal conti nu i ty and momentum 
equat i o ns are s o l ved for a mode l ed network  of  connected water bod i e s .  
The conservat i on of speci es equat i o n s  for water qual i ty var i ab l es s uch 
as sa l i n i ty are s o l ved  by u s i ng  s uch  hydrodynam i c  i nformati on  and 
equati ons  of  state . The so l uti ons  are prov i ded  from an i mp l i c i t  f i n i te 
e l ement scheme . The characteri sti cs of  the model i nc l ude : 

o Str i ct adherence to the mas s conservat i on pri nci p l e i n  
the water qual i ty cons i derati ons . 

o Formu l at i o n  of  the structure of  the model s o  that the 
l eve l  of comp l ex i ty wou l d not be too comp l ex to the po i nt 
of  d im i n i s h i ng returns , nor too s i mp l i f i ed to the po i nt 
where rate-governi  ng parameters must be determi ned by 
curve- fi tt i ng  the avai l ab l e  fi e l d data . 

A network was deve l oped cons i sti ng  of  (1)  the I CW from Gal veston  Bay to 
Sab i ne Lake , i nc l ud i ng  the Sab i ne-Neches Canal and the Port Arthur 
Canal , ( 2 )  Sp i ndl etop D i tch , and (3)  the wi thdrawal  po i nt as s hown 
schemati cal l y  i n  F i gure B-1.  The d i mens i ons  ass umed for these water 
bod i e s  are p resented i n  Tab l e B-1 .  A trapezo i dal , pri smati c 
cross-sect i o nal s hape and a fri cti on  coeffi c i ent of  0 . 045 were ass umed 
throughout the network .  

A l l other water bod i e s  are taken i nto account i mp l i c i t l y  by way of  
boundary condi ti ons  or  by as s umed d i stri buted l ateral i n f l ows i nto the 
ICW .  A l ateral i n fl ow of  0 . 0025 cfs/ft was ass umed al ong  the enti re 
l e ngth of the I CW .  Boundary cond i ti ons  are g i ven  be l ow : 

B-1 
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Table B·1 . 

Water body 

1 Western ICW 

2 Spi ndl etop D i tch 

3 Central I CW OJ 
I 

W 
4 M i dd l e I CW 

5 Eastern I CW 

6 Sab i ne Neches Canal 

7 Port Arthu r  Canal 

Geometry of water bodies modeled In the Big Hi l i  water withdrawal 
analysis 

Bottom w i dth S i de s l ope Depth 
( ft)  verti cal : hori zontal ( ft)  

125 0 . 5 12 

50 0 . 1 5 

125 0 . 5 12 

125 0 . 5 12 

125 0 . 5 12 

400 0 . 5 40 

400 0 . 5 40 

Length 
(mi l e s )  

16 . 9  

11 . 5 

1 . 3 

11 . 8  

5 . 5 

12 . 0  

6 . 0 



Locati o n  

J uncti o n  o f  l CW 
wi th Gal veston 
8ay 

J u ncti on  o f  Sab i ne
Neches Canal wi th 
Sab i ne Lake 

J u ncti on  of  Port 
Arthur  Canal  wi th 
Sab i ne R i ver  

Far  end  o f  Spi  ndl  e
top  D i tch  

Enti re l ength o f  
l eW a n d  Sp i nd l e
top D i tch  

Wi thdrawal  po i nt 
i n  the l CW 

Hydrau l i c 

S i n u s o i dal var i ati o n  
o f  s urface he i ght 
wi th a range o f  1 ft , 
peri od o f  12 h ,  
and l ag t i me o f  25 
m i n 

S i nuso i dal vari ati o n  
of  s u rface he i ght 
wi th a range of  1 ft , 
peri od of  12 h ,  and 
zero l ag t i me 

S i n u s o i dal  vari ati o n  
o f  s u rface hei ght 
wi th a range of  1 ft , 
per i 0 d 0 f 12 h ,  
and l ag t i me o f  1 . 5 
mi n 

Constant s u rface 
hei ght of 5 ft 

Constant l ateral 
i nf l ow of 0 . 0025 
cfs/ft 

Zero wi thdrawa l  for 
60  d fo l l owed by 
82 cfs for 150 d 

Water gual i ty 

Constant sal i n i ty 
o f  24 ppt 

Constant s a l i n i ty 
o f  14 ppt 

Constant sal i n i ty 
o f  21 ppt 

Constant sal i n i ty 
of  1 ppt 

Constant sal i n i ty 
o f  1 ppt for 
1 atera 1 i nf l  ow 

Zero di ffus i ve 
fl ux 

Dur i ng an i n i t i al 60- d per i od ,  no wate r was wi thdrawn , and the network  
o f  wate r bod i es was a l l owed to approach equ i l i b ri um . The  re s u l ti ng 
vari ati o n  i n  water s urface he i ght and sal i n i ty near the wi thdrawal po i nt 
of th i s startup peri od i s  i nc l uded i n  F i g .  8-2 .  The spat i a l  
d i str i buti o n  of  sa l i n i ty i n  the we stern l CW ,  the m i ddl e l CW ,  a n d  Port 
Arthur  Canal  at the e nd o f  the 50- d startup peri od i s  i nc l uded i n  
F i gs .  8- 3 ,  8-4 , and 8-5 . The correspo nd i ng spati a l  d i stri buti o n  o f  fl ow 
ve l oc i ti es i s  i nc l uded i n  F i gs .  8-6 thro ugh 8-8 .  

Exami nati o n  o f  F i g .  8-2  reveal s that water depth reac hes equi l i bri um 
wi th i n  1 d after the start of water wi thdrawa l . Equ i l i bri um wi th 
respect to sa l i n i ty i s  reac hed wi thi n 10 d after i n i ti at i o n  o f  
wi thdrawal . Near t h e  wi thdrawa l  poi nt , the vari ati o n  i n  water depth i s  
projected to be no  more than 0 . 04 ft . Sa l i n i ty wi l l  d i ffer by l e s s  than 
1 ppt near the wi thdrawa l  po i nt .  The maxi mum change i n  sa l i n i ty (an  
i ncrease o f  l e s s  than 2 parts per  thousand  [ppt] ) i s  proj ected for  the 
western l CW near i ts j u ncti o n  wi th Gal vesto n/East 8ay .  Ve l oc i t i e s  wi l l  
be re l at i ve l y  u naffected , i ncreas i ng by about 0 . 03 ft/s near the 
wi thdrawa l po i nt and by no more than 0 . 05 ft/s i n  the western end  of the 
l CW .  
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the start of withdrawal. 

8-8 



.3 

.2 • 

. 1 5  

.1  -� 

.5 

iii' ;: :::. 
0 > � c:; 0 ...I W > . 

- .1 

- .2 -

. 

- .3 

... ... 
..... .... 

�� 
c::i �, " 

, 
, 

, 
, 

' -

�� 
c::i �' tV 

-, \ 
, , 

, 
, 

� c::i �' '" 

WESTER N  lew 

- - - ,  
, 
\ 
, 

\ .. ... -, 
, 

, /, �' / ' . " / - ,/ ' DAY 50 

DAY 0 

I I 

� � � � � � � c::i c::i c::i c::i c::i c::i c::i �' �' �' �' �' �' �' � (,) c:o '" q:) OJ � 
DISTANCE (tt) 

Figure B.6. Velocity profi le for the western lew at day a and day 50 after the start of 
withdrawal. 

8-9 



-� 
> � (j 0 ...I W > 

1 .0 -

.05 

0 

- .05 · 

- .1 0  -

- .1 5 -

M I DDLE ICW 

----
� 

- - - - - - --
...... ...... 

........... '- " '- " DAY O " 
" 

, 
" 

"-
" ...... ....... ........ ........ DAY 50 

I I 

1 0 ,000 20,000 

I 

30,000 

I 

40,000 

OIST ANCE (It) 

I 

50,000 

T 
60,000 

� 

70,000 

Figure B-7. Velocity prof i le for the middle ICW at day 0 and day 50 after the start of 
withdrawal. 

8- 10 



o 

- . 1 0  

.-.!!! =. - .20 >-� (3 o ...I W > 

- .30 

- .40 

P O RT ARTH U R  CANAL 

1 0 ,000 20,000 30,000 40,000 

DISTANCE (ft) 

Figure B.8. Velocity profi le for the Port Arthur  Canal at day 0 and day 50 after the start of 
withdrawal. 

8- 1 1  



Phase  I I I  expans i on o f  the S P R  wou l d requ i re the acqu i s i ti on o f  o r  
amendment t o  var i o us state a n d  Federal permi ts rel ated t o  water 
po l l uti o n  contro l and water ri ghts . 

Construct i on of  the B i g H i l l  fac i l i ty wou l d requ i re app l i cati o n  to the 
Texas Department of  Water Resources (TDWR) for permi ts to appropri  ate 
the neces sary State water from , and con struct the raw water i ntake 
structure at m i l e  305 of  the Gu l f I ntracoastal Waterway for l each i ng and 
d i sp l acement operati ons  purs uant to Sect i ons  11 . 021 and 11 . 212 of the 
Texas Water Code . 

Appl i cati o n s  wou l d a l so  be requi red for permi ts to d i spose  of  bri ne and 
other waste u nder the Nat i o nal  Po l l uti o n  D i scharge E l i m i nati o n  System 
( N PDES)  c urrent ly  under dual authori ty of EPA and TDWR . Construct i o n  o f  
t h e  bri ne l i ne a n d  d i ffuser  i n  Texas coastal waters wou l d requ i re a 
permi t from TDWR purs uant to Chapter 26 and Secti o n  16 . 238 o f  the Texas 
Water Code and Arti c l e 4477-7 of Vernon ' s  Annotated C i v i l Statutes . 
Expan s i o n  o f  the B ryan Mound  and West  Hac kberry s i tes  wou l d requ i re 
amendments to exi sti ng permi ts on  f i l e  wi th EPA and the states of  Texas 
and Lou i  s i  ana . The se  perm i ts cover the di sposal  of bri ne and other 
wastes as we l l as appropri ati o n  of  water for l each i ng and d i sp l acement 
operat i o n s .  Both the water qual i ty and water appropri ati o n  parts of  the 
perm i t  wi 1 1  have to be mod i fi  ed  i f  the 1 each rate at B ryan Mound i s  
i nc reased to 980 , 000 bb l/d .  
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APPENDIX  C . l 

I NTRODUCTION 

Appe nd ix  C presents detai l ed i nformati o n  and data on  a i r qual i ty 
co n s i de rati ons for the expans i on s i tes . 

Part C . 2  exp l ai ns the o i l - bri ne mode l and 'ass umpti ons  made i n  deri v i ng 
the emi s s i o n rates fo r the var i ous  act i v i ti es at the three s i tes . Part 
C . 3 detai l s  the methodo l ogy and as s umpti ons  used  for determi n i ng on- s i te 
em i s s i ons  othe r than the o i l - bri ne emi s s i ons . Part C . 4  i s  compri sed of 
computer output from the vari ous ai r q ual i ty mode l i ng run s .  References 
are g i ve n  i n  Part C . S .  
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APP END I X  C . 2 

BRINE  EMI SSIONS  

O i l /bri ne i nteracti ons  resu l ti ng from the  contact of crude o i l wi th 
br i ne i ns i de sa l t dome caverns and the res u l ti ng emi s s i ons  to the 
atmosphere from surface bri ne ponds were i n i t i al l y  assessed  i n  the 
absence of any comparab l e  experi ence or  d i rect ly  app l i cab l e  data ( DOE , 
1977 , Appendi ces A and B ) . S i nce the n ,  the p l anned cavern d i mens i ons , 
wh i ch p l ay a ro l e  i n  o i l /bri ne i nteracti ons , have been s ubstanti al l y  
changed ; the so l uti on mi n i ng ,  o r  l each i ng ,  process has been refi ned i n  
deta i l ;  and certa i n  data and experi ence have been obtai ned . A 
re- eval uat i o n  of the previ ous bri ne  emi s s i o n model and as sessment , then , 
beg i ns wi th a descri pti on  of current cavern l eac h i ng p l ans . 

Cavern Devel opment 

Each new 10 MMB cavern i s  deve l oped by 1 eac h i  ng a 2 , 400-foot uncased 
port i o n of  boreho l e  (or boreho l e s )  beg i nn i ng several  hundred feet wi th i n  
the sal t stock .  The l each i ng program i s  des i gned to produce a cavern 
wi th total l eached vo l ume of  12 . 3  MMB : 10 MMB fo r o i l , 1 MMB fo r a 
br i ne buffer and a 1 . 3 MMB s ump for i n so l ubl es . A prototype cavern i s  
s hown at the depth i nterval fo r B i g  H i l l  i n  F i gure C . 2- 1  wh i c h  i s  drawn 
wi thout hori zontal exaggerati on , i . e . , to the same scal e ve rti cal l y  and 
hori zontal l y .  For compari son , Bryan Mound Cavern No . 2 ,  wh i c h  was an 
exi sti ng cavern acq u i red for the SPR i n  Phase I ,  i s  s hown at the same 
scal e .  

. 

Among the Bryan Mound , West Hac kberry and B i g  H i l l  s i tes , a m i x  of 
cavern l each i ng con f i g urati ons  wi l l  be emp l oyed ; caverns wi l l  have one , 
two or three we l l s and these may or may not have s uspended concentri c 
tub i ng stri ngs . Suffi  c i  ent wo rk  has been do ne to i ndi  cate that the 
l eac h i ng confi gurati on  has l i ttl e i mpact on  cavern geometry or vo l ume or 
on  the phys i cal  factors affecti ng o i l /bri ne i nteracti ons  for a gi ven 
br i ne product i o n  rate . There fore , the l each i ng confi gurati on  is not o f  
concern i n  thi s asses sment and , for s i mp l i c i ty of  i l l ustrati on , cavern 
deve l opment i s  descri bed fo r the case of one we l l wi th concentr i c  tub i ng 
stri ngs . 

The maxi mum di amete r of  the prototype 10 MMB cavern i s  230 ft wh i ch 
occurs at the base of  the coni cal roof , 100 ft be l ow the apex ( F i gure 
C . 2- 1) . The di ameter 2 , 000 ft be l ow the roof  i s  170 ft . I ncreas i ng 
cavern hei ght and reduc i ng the d i ameter rel ati ve to earl i er des i gns  
res u l ts i n  a cavern des i gn that max i m i zes  vert i cal separat i o n  amo ng raw 
water and o i l i nj ecti on po i nts , the br i ne producti on po i nt and the 
o i l - bri ne i nterface , thereby mi n i mi zi ng turbu l ence at the i nterfac e .  I n  
addi t i on , the c u rrent des i gn mi n i mi zes the area of  the i nterface . A 
further advantage i s  the reduced spac i ng on  centers among caverns 
neces sary to mai ntai n stab i l i ty and i ntegri ty of the sal t dome . 
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Cavern  deve l opment may be characte ri zed i n  terms o f  f i v e  stage s wh i ch 
are de fi ned by the re l at i ve pos i ti ons  o f  the o i l  l eve l , the water 
i nj e ct i on po i nt and the br i ne p ro duct i o n p o i nt .  The o i l  l eve l  
dete rm i nes  the upper l i mi t of  l each i ng .  The  re l ati ve  l ev e l s o f  wate r 
i nj ecti o n  and br i ne p roducti o n  po i nts co ntro l the change i n  di ameter 
wi th depth . The  fi ve  stages of dev e l opment are cal l ed s ump , 
s ump/c h i mney , f i  rst reverse ( or roof deve l opment) , s econd reverse and 
th i rd revers e .  S i gn i f i cant o i l  i nject i on rates do not  occu r u nt i l the 
s econd and t h i rd reve rse  stage s .  

T o  begi n deve l opment o f  the s ump , the i nner  tub i ng stri ng used  for  raw 
water i nject i on i s  extended to near the bottom o f  the  uncased boreho l e ;  
the bottom o f  the  b r i n e  tub i ng s tr i ng i s  p o s i ti oned  400 to 500 ft above ; 
and the h o l e i s  f l ooded wi th o i l down the ann u l u s  ( the  space between  the  
outer tub i ng str i ng and  the cemented cas i ng ) . Water i s  i ntroduced to 
di sp l ace the o i l l eve l  to a p o i nt 850 ft above  the  bottom of the h o l e 
where i t  i s  mai ntai ned  throughout  th i s  stage o f  deve l opment  ( F i gu re 
C . 2- 2 ) . W i th the comme ncement o f  l each i ng ,  sa l i n i ty i ncrease s  rap i dl y ,  
typ i ca l l y  approach i ng  200 ppt i n  l es s  than a mont h .  A s  the l i ghter 
wate r r i s e s  through the  dense bri ne , i t  rap i d l y  i ncreases  i n  sa l i n i ty 
wh i c h  res u l  ts i n  faster growth at the b ottom than at the  top o f  the  
bore ho l e i nterval be l ow the o i l .  G rowth at the bottom 100 to 200 ft , 
however , i s  i nh i b i ted  by the accumu l ati o n  o f  i ns o l u b l e s  wh i c h  q u i ck ly  
bur i es  the  water i nj ecti o n  p o i nt .  I f  c i rcu l ati o n  i s  i nterrupted , 
h owever  bri  e fl y ,  the  water tubi  ng  may be p l  ugged by a backfl ow o f  
i n s o l u b l e s .  Therefore , t h e  uncertai nty i n .  deve l opment s c hedu l e i s  
greate st for t h i s s tage , as the  di ffi cu l ty i n  c l eari ng  a p l ugged we l l  
var i es drasti cal l y .  

When a v o l ume o f  between 0 . 2 and 0 . 5 MMB i s  est i mated t o  have been  
l eached , cavern deve l opme nt i s  temporar i l y  hal ted and  a s onar cal i per  
s u rvey i s  performed to conf i rm s i ze and  shape . Leach i ng progre s s  i s  
est i mated duri ng operat i o n s  by cont i nual  observat i o n s  o f  br i ne sa l i n i ty 
and p ro ducti o n  rate wh i ch  are i nput  to a comp uteri  zed 1 each i  ng  mode l . 
The l each i ng model  i s  accurate to wi th i n  5 percent o f  actual  v o l ume , the 
maj o r  s o u rce of error be i ng i nh omogene i ti e s  i n  the sa l t stock .  

Fo l l owi ng t h e  s o nar cal i pe r  s u rv ey , t h e  tub i ng stri ngs are repo s i ti oned  
to deve l op the s ump/c h i mney . The  bottom of  the water i nj e ct i on  tub i ng 
i s  rai s ed 150 to 300 ft , the  bottom o f  the  bri ne producti o n  tub i ng i s  
rai sed  1 , 800  ft , and the o i l /bri ne i nterface i s  di sp l aced upward to the  
top  o f  the u ncased port i o n  o f  the boreho l e ,  2 , 400  ft above total  depth . 
Th i s po i nt wi  1 1  become the  apex of  the  cavern roof ( F i  gure C .  2-2 ) . 
Total wor kover  t i me fo r these  operati ons  i s  about two wee ks . 

As  i s  the case for s ump deve l opment , bri ne i s  produced above the l ev e l  
a t  w h i c h  water i s  i nj ected duri ng  s ump/ch i mney deve l opment and res u l ts 
i n  greates t  growth at the  bottom of the  cavern . Leac h i ng  conti nues  
unti l the  des i red di ameter at  the bottom o f  the cavern , 170  ft , i s  
obtai ned.  At th i s  po i nt ,  total cavern  v o l ume i s  abo ut 3 . 5 MMB . The  
o i l /br i ne i nterface i s  i n  the annu l us at  the peak  o f  the  cavern  
throughout th i s  s tage . ( I n  F i gure C . 2- 2 ,  the  tub i ng  stri ngs are  omi tted 
for cl ari ty .  ) 
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Upon comp l eti on o f  the  s ump/c h i mney , cavern dev e l opment  i s  ha l ted and 
another two- we e k  peri od  i s  devoted to a sonar cal  i pe r  s u rv ey and to 
repo s i ti o n i ng the tub i ng stri ngs  i n  preparat i o n  for l each i ng the cavern 
roo f .  

T o  create the roof , i t  i s  neces s ary t o  reverse t h e  d i rect i o n  o f  cavern 
growth from the  bottom upward to the top downward , hence the p hras e ,  
f i rst reverse .  Th i s  i s  accomp l i s hed  by revers i ng the  water and br i n e  
fl ow d i rect i o n  i n  the  respect i ve tub i ng stri ngs , s uch  that br i n e  i s  n ow 
p roduced up the  i nner  tub i ng  from a p o i nt near the  bottom and  water  i s  
i nj ected from the  o uter tub i ng at a p o i nt s l  i ght l y  be l ow the  des i red 
l ev e l  for the base  of the roof ( F i gure C . 2- 3 ) .  To create a con i ca l  roof 
100 ft hi  gh , the  water i n j  ect i on poi  nt  i s  set  250 ft be l ow the roof 
peak , wh i l e  the  br i ne  product i o n  p o i nt  i s  s et about 1 , 650 ft be l ow the 
wate r  i nj ect i o n  p o i n t .  

Beca u s e  o f  the  water/bri n e  den s i ty d i fference , t h e  re l at i ve tub i ng 
stri n g  p os i ti on s  o f  the  f i rst reverse  res u l t i n  acce l e rated growth rates 
over a smal l er i nterval o f  cavern wal l compared to the d i rect l each i ng 
mode o f  the s ump and s ump/c h i m n ey .  O nce the  des i red d i ameter o f  a g i ven  
i nterval i s  obta i ned , further  growth i s  p revented by  f i l l i ng the  
i nterval with  b l an ket o i l ; thus , the  roof i s  f i l l ed with  about 0 . 25 MMB 
of o i l  at comp l eti o n . The  average rate of o i l  i nj ect i o n  dur i ng  roof 
dev e l opment i s  l es s  than one thousand barre l s per day , a re l at i v e l y  
i ns i gn i f i cant rate . I n  deve l op i n g  the 0 . 25 MMB capac i ty roo f ,  the  
cavern  grows overa l l by  about  3 MMB  to a tota l of  6 . 5 MMB . 

The  rema i nder o f  the  cavern i s  devel oped i n  two further reverse l each i ng 
stages , each p receded by a sonar  cal i pe r  s u rv ey a n d  repo s i ti on i ng o f  
tub i ng s tr i ngs . Eac h  s tage entai l s  l each i ng re l at i v e l y  smal l i nterval s 
o f  cavern wal l to the des i red d i ameter from the  top downward .  

Saturated b r i n e  i nh i b i ts further  growth i n  the bottom few h undre d  feet .  
F o r  each  stage , the  br i  n e  tub i  n g  s tr i  ng  i s  rai s ed to accommodate the  
ri s i ng l eve l  o f  i ns o l ub l e s  and  the  water tub i ng stri n g  i s  l owered . F o r  
t h e  f i nal  s etti n g  o f  t h e  th i rd revers e ,  t h e  water i nj ecti o n  a n d  br i n e  
product i on p o i nts are s eparated by abo ut 200 ft . A t  comp l et i o n  o f  
l each i ng ,  t h e  12 . 3 MMB cavern  contai n s  about 6 0  percent o f  i ts 10 MMB 
o i l capaci ty and the o i l /bri n e  i nterface i s  about 650 ft above the water 
i nj ect i o n  p o i nt ( F i gu re C . 2-3 ) .  

S i gn i fi cant rates o f  o i l f i l l  duri n g  l each i ng occur o n l y  d ur i n g  the  
second  and th i rd reverse  s tages , rang i n g  from 10 to 20 tho u s and  barre l s 
per  day per cavern . At rates greater than  ten tho u s and barre l s per  day , 
1 e ac h i  ng  i s  i nterrupted . At an  average br i  n e  p roduct i o n  rate o f  100 
tho usand  barrel s per day per cavern , about 1 , 200  days are req u i  red to 
l each a 12 . 3  MMB cavern . 

Sampl e C o l l ecti o n  and Ana lys i s  

D ata o f  o i l  and grease d i s s o l ved i n  b r i n e  at the  br i ne  p i t have been  
co l l ected routi ne l y  by D O E  s i nce comme ncement o f  br i ne  d i scharge to the 
Gul  f o f  Mex i co i n  March 1980 as  a req u i  rement  o f  DOE I S wastewater 
d i s charge perm i t .  S i mi l ar data have been c o l l �cted i n  Germany and  
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France . Howeve r ,  as  bes  t as can  be  determi  ned , there are no  data 
prev i ou s l y  avai l ab l e  of observed c ompos i ti on and concentrat i o n  o f  
hydrocarbons  di s so l ved i n  b r i ne  i ns i de the caverns  a n d  s ubsequent  
emi s s i on s  at the  po i nt whe re b r i n e  i s  f i rs t exposed  to  the atmosphere , 
i . e . , the  o i l - b r i ne  s eparators . W i th the accomp l i s hment o f  s i gn i f i cant 
l ev e 'l s  o f  o i l f i l l  i n  exi sti ng S P R  caverns  and s ubstant i a l  deve l opme nt 
of  new l eached cavern s , DOE i n i ti ated an  o ngo i ng s amp l i ng program i n  
l ate spri n g  1981 to c haracte r i ze hydrocarbon compo s i ti on and 
concentrat i on  i n  b r i ne  as  the b r i ne  exi ts the cavern . Br i ne  s amp l e s  are 
co l l ected from a p o i nt  and i n  a manner wh i ch pre c l ude s l os s  o f  di s s o l ved 
gases  and vo l ati l e  consti tuents . C l ean , evacuated 3 . 8- l i ter  sta i n l e s s  
ste e l , h i gh-pre s s ure cyl i nders  are connected t o  a val ve  o n  t h e  br i ne  
producti on  p i pe d i rect l y  at the we l l head.  New caverns  act i ve l y  b e i n g  
l eache d ,  a n d  exi st i ng  caverns f i l l ed o r  , near l y  f i l l ed wi th o i l are 
samp l e d .  I n  the l atte r cas e , i f  the cav e rn i s  q u i escent , a q uanti ty o f  
b r i n e  equ i va l e nt t o  1 5 0  percent of  the v o l ume o f  the b r i ne  producti on 
str i ng  i s  b l ed off  p r i o r  to s amp l e  c o l l ect i o n .  I f  the cav e rn i s  b e i ng  
f i l l ed w i th o i l ,  a s amp l e of  the br i ne  effl uent  i s  co l l ecte d .  

B r i ne  a t  t h e  we l l head h a s  frequent ly  been  noted t o  efferves c e  or  foam a s  
a res u l t · of the p re s s ure drop a n d  degas s i ng .  Th i s  caus e s  t h e  observed 
headspace i n  the samp l i ng cyl i nde rs of  betwee n  0 . 5 and 5 percent of  
the i r  vo l ume . The headspace gas co n s i s ts p r i nc i pa l l y  o f  n i trogen , and  
o f  m i nor  to trace amou nts of  oxygen ,  carbon  di ox i de , and methane through 
heptane . P re s s ures  wi th i n  the cyl i nders range from one  to about two 
atmo sphere s  ( ab s o l ute ) , i . e . , the  cyl i nders exhi b i t  a s l i ght pos i t i ve 
pre s s u re re l ati ve to the atmo sphere . Th i s  i s  cons i stent wi th s amp l i ng 
o f  a c l osed  system , as the b r i ne  producti on  s tr i ng  typ i ca l l y  exh i b i ts 
press u re s  o n  the order of  four  atmosphere s . 

I n  the l aboratory , the headspace  gas i s  samp l ed f i rst  u s i ng  a gas- ti ght 
syr i nge . Th i s  s ub s amp l e ,  typ i ca l l y  l es s  than 5 ml , i s  anal yzed by gas  
ch romatography and the concentrat i on of  each component determ i ned u s i ng  
standard m i xtures for re ference . P re s s u re- v o l ume- tempe rature 
correct i o ns are used i n  c omput i ng  concentrat i o n  of each component .  

Next , a s ub s amp l e of  the  b r i ne , genera l l y  250  g ,  i s  wi thdrawn from the 
cyl i nder di rect l y  i nto an evacuated f l as k . The b r i ne  s ub s amp l e i s  
degas sed us i ng a Toep l er p ump and the evo l ved gases c o l l ected i n  a 
c o l d- trap . The recovered v o l ati l es are then anal yzed by gas 
c hromatograp hy and the concentrati o n  of  each component  determ i ned i n  the 
same manner as for the headspace s amp l e .  From the t i me of co l l ect i o n  
and throughout the ana l ys i s ,  the samp l e  i s  not exposed t o  atmospheri c 
condi ti ons , wh i ch e ffecti ve l y  precl udes l o s s  of  any v o l ati l e  
consti tuents . 

De n s i ty of  the br i ne  i s  meas ured to wi th i n  0 . 0002  g/ml u s i ng  a di g i tal  
den s i tomete r ca l i b rated w i th water at 15 . 6° C ( 6 0° F ) . Vol ume o f  b r i ne  i n  
the cyl i nder and v o l ume of  the cyl i nder are mea s u red , and vo l ume o f  the 
headspace gas determ i ned by di fference .  
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Res u l ts and D i s c us s i o n 

To date , l abo ratory ana lyses  have bee n comp l eted o n  twe l ve samp l e s  wh i ch 
we re co l l ected at Bryan Mound o n  two date s , s i x  each o n  J une  4 ,  1981 and 
J u ne 24 , 1981.  The res u l ts are p re s ented i n  Tab l e s C . 2- 1 ,  C . 2- 2 ,  and 
C . 2-3  accordi ng to the status of caverns  from wh i ch samp l e s  were drawn . 

Data o f  hydrocarbo n s  and atmospheri c gases  di s s o l ved i n  b r i ne  i n  
exi st i ng Phase  I caverns  i s  s hown i n  Tab l e C . 2-1 .  Total concentrat i o n  
represents conce ntrat i o n  i n  b r i ne  wi th i n  the cave rn . Concentrati o n s  i n  
b r i ne and i n  vapor repre s e nt the part i t i o n i ng  o f  consti tue nts betwee n  
vapor a n d  l i q u i d phases  u p o n  s amp l e dep re s s ur i ng  u p o n  c o l l ecti o n .  

The maxi mum total NMHC concentrat i on o b s e rved was 3 . 0 ppm wh i ch occurred 
i n  the two s amp 1 es  from Bryan Mound Cav e rn 2 .  Th i s cavern was 75 
p e rcent f i l l ed wi th  crude o i l i n  March 1978 , 90 percent f i l l ed i n  J u l y  
1978 and 100  percent f i l l ed i n  February 1 97 9 , and i t  has remai ned 
q u i escent s i nce that t i me .  The b r i ne v o l ume i s  esti mated to be  l es s  
than 100 thousand barre l s and , as  i s  i ndi cated i n  F i gure C . 2- 1 ,  the area 
of  the o i l /b r i ne i nterface i s  l arge and the b r i ne  co l umn he i ght i s  
smal l .  The refore , i t  i s  reasonabl e  to as s ume that NMHC i s  at 
e q u i l i b ri um i n  the b r i ne  of Cave rn 2 and that 3 . 0  ppm i s ,  therefo re , a 
wo rst case concentrat i o n .  Th i s  i s  s ub s tanti al l y  l ower than the 31 . 4 ppm 
p rev i ou s l y  predi cted fo r e q u i l i b r i um cond i ti ons  ( DO E , 1977 , Appendi x A ) . 

The fract i o n  o f  NMHC w h i  ch  went to vap o r  v ar i  ed from 50  to 9 0  percent 
among  the f i ve s amp l es from exi st i ng  cav e rn s .  

Four  s amp l es were c o l l ected from cave rns acti ve l y  b e i ng  l eac hed i n  the 
s ump/c h i mney stage (Tab l e C . 2- 2 ) . O f  these , o n l y the two c o l l ected from 
Cavern  109 had appre c i ab l e  amounts o f  NMH C .  The samp l e from the l argest  
cave rn of  the group , Cavern 105 , had  no detectab l e  NMH C .  The l ow l eve l s 
o f  NMHC ob served for the s ump/ch i mney l each i ng s amp l es i s  not s urpr i s i ng 
s i nce there i s  e s s enti a l l y  n o  o i l b l an ket i n  contact wi th  b ri ne  dur i ng 
th i s stage o f  deve l opment .  

Three s amp l es were c o l l ected f rom caverns acti ve l y  b e i ng  l eached i n  the 
m i dd l e to l ate s tages of  roof deve l opment ( f i rs t  revers e ) . Cavern 
v o l ume ranged from 4 . 3 to 6 . 3 MMB and b r i ne p roducti on from each cavern 
at the t i me of s amp l i ng ranged from 6 , 950  to 9 , 100  barre l s  per hour  
(Tab l e  C . 2- 3 ) .  At 6 . 3 MMB , Cavern 106 was  the  most  advanced new l eached 
cavern i n  the S P R .  Wh i l e  total NMHC concentrat i o ns were i ntermedi ate 
betwee n  s ump/c h i mney l each i ng and q u i e scent , f i l l ed cavern s , ave rag i ng 
1 . 19 ± 0 . 72 ppm , the fracti o n  go i ng to the vapor phase  was l ow ,  
averag i ng 3 7  ± 8 percent .  

In  add i ti o n  to  the  l ow NMHC  concentrat i ons  observed , anothe r  u nexpected 
res u l t was the compo s i ti o n  of NMHC consti tuents . Among  the s et o f  
twe l ve samp l es ,  NMHC consti tuents cons i sted of  C2 through C7 paraff i n s .  
N o  cyc l oparaff i ns o r  aromat i cs were detected . Re l ati ve compos i ti o n was 
vari ab l e wi th i n  cavern group s ; samp l e pop u l ati o n s  we re too smal l to 
di sti ngui s h  patte rns or trends (Tab l e  C . 2-4 ) . 
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Table C.2.1 Hydrocarbons and gases in brine in  existing caverns. 

Samp l e 
a 

2
1 

2
2 41 

4
2 

Cavern  O i l F i l l  (%) 100 100 83 92  

Carbo n D i oxi de (ppm) 
Total 9 . 73 10 . 44 0 . 11 0 . 02 
i n  b r i ne  8 . 11 8 . 49 0 . 02 0 . 02 
i n  vapor  1 .  62 1 .  95  0 . 09 0 . 00 

Oxyge n  ( ppm) 
Total 4 . 66 2 . 27 5 . 82 4 . 52  
i n  b r i ne  2 . 55  1 .  37 3 . 64 0 . 95 
i n  vap o r  2 . 11 0 . 90 2 . 18 3 . 57 

N i trogen (ppm) 
Total  54 . 50 13 . 09 52 . 74 32 . 49 
i n  b r i ne  11 . 70 4 . 95  18 . 56 6 . 14 
i n  vapor  42 . 70 8 . 14 34 . 18 2 6 . 35 

Methane ( ppm) 
Total 22 . 51 19 . 66 0 . 24 0 . 26 
i n  b r i ne  2 . 86 3 . 64 0 . 08 0 . 06 
i n  vapor  19 . 65 16 . 02 0 . 16 0 . 20 

b 
NMHC (ppm) 

Tota l 2 . 98 2 . 9 9  1 . 16 1 . 18 
i n  b r i ne  0 . 30 0 . 66 0 . 29 0 . 14 
i n  vapor 2 . 68 2 . 33 0 . 87 1 .  04 

5 

94 

2 . 07 
1 .  9 3  
0 . 14 

4 . 0 3  
3 . 57 
0 . 46 

36 . 87 
18 . 44 
18 . 43 

4 . 61 
2 . 05 
2 . 55 

2 . 44 
1 .  22 
1 . 22 

aSamp l e numbers refer to Bryan Mound caverns ; s ubscri pts 1 and 2 refer 
to c o l l ecti o n on J un e  4 ,  1981 and J un e  24 , 1981 , respect i ve l y .  

bNMHC = Non-methane hydrocarbons . 

C . 2 -9 



Table C.2·2 Hydrocarbons and gases in brine during sump/chimney leaching. 

Samp l e  
a 105 1 08 1091 1092 

Cavern Vo l ume ( MMB ) 2 . 3 0 . 9 1 . 8 1 . 8 

D i sc harge ( bb l /h )  6 , 423 1 , 849 2 , 559  1 , 855  

Sa l i n i ty (ppt)  263  264 264 261 

Dens i ty ( g/ml ) 1 .  2036 1 .  2046 1. 2044 1. 2018 

Carbon D i ox i de ( ppm)  
Tota l 2 . 95 1 .  55  3 . 07 1 . 47 
i n  bri ne 2 . 9 3  1 . 45 2 . 96 1 .  44 
i n  vapor  0 . 02 0 . 10 0 . 11 0 . 03 

Oxygen ( ppm)  
Total 2 . 74 2 . 20 1 .  58 1. 75 
i n  b r i ne 2 . 58 0 . 51 1 .  04 1 .  64 
i n  vapor  0 . 16 1 .  69 0 . 54 0 . 11 

Ni trogen (ppm)  
Total 16 . 79 3 0 . 28 13 . 11 9 . 09 
i n  bri ne 11 . 95  6 . 09 7 . 81 6 . 98 
i n  v apor  4 . 84 24 . 19 5 . 30 2 . 11 

Methane (ppm)  
Total 0 . 01 0 . 07 11.  26 6 . 3 0  
i n  b r i ne  0 . 01 0 . 02 4 . 38 4 . 0 1  
i n  vapor  0 . 00 0 . 05 6 . 88 2 . 29  

b 
NMHC ( ppm)  

Total  0 . 00 0 . 02 0 . 53 0 . 22 
i n  b r i ne 0 . 00 0 . 02 0 . 16 0 . 13 
i n  vapor  0 . 00 0 . 00 0 . 37 0 . 09 

aSamp l e  numb e rs refer to B ryan Mound cave rns ; s ubscri pts 1 and 2 refer 
to c o l l e ct i o n  o n  J u ne 4 ,  1981 and  J une  24 , 1981 , respecti v e l y .  

b NMHC = Non-methane hydrocarbo n s .  
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Table C.2·3 Hydrocarbons and gases in brine during first reverse leaching. 

- a 
Samp l e  

Cav e rn Vo l ume ( MMB ) 

D i s charge ( bb l /h )  

Sal i n i ty ( ppt ) 

Den s i ty ( g/ml ) 

Carbon D i ox i de ( ppm) 
Total 
i n  b r i ne 
i n  vapor  

Oxygen ( ppm ) 
Total 
i n  b r i ne 
i n  vapor  

N i trogen (ppm ) 
Total 
i n  b ri ne 
i n  vapor  

Methane (ppm ) 
Total 
i n  b r i ne 
i n  vapor  

b 
NMHC ( ppm) 

Total 
i n  b ri ne  
i n  vapor  

1061 

5 . 8  

9 , 10 3  

2 6 3  

1 .  2 0 3 3  

2 . 25  
2 . 18 
0 . 07 

1 .  59 
1. 38 
0 . 21 

23 . 78 
10 . 99 
12 . 79 

6 . 20 
3 . 11 
3 . 09 

0 . 19 
0 . 10 
0 . 09 

1062 107 

6". 3  4 . 3 

6 , 953  7 , 129  

263  265  

1 .  2037  1 .  2053  

3 . 25 1 .  78 
3 . 10 1 .  7 6  
0 . 15 0 . 02 

4 . 50  3 . 48 
2 . 20 3 . 28 
2 . 3 0  0 . 20 

3 7 . 35 27 . 16 
10 . 83  17 . 36 
2 6 . 52 9 . 80 

8 . 18 4 . 54 
2 . 04 2 . 50 
6 . 14 2 . 04 

1 . 81 1 .  58 
1. 31 1 .  0 0  
0 . 50 0 . 58 

aSamp l e numbers refer to Bryan Mound cav e rns ; s ub s c ri pts 1 and 2 refer 
to co l l ect i o n  on  J une 4 ,  1981 and J une 24 , 1981 , respect i ve l y .  

b
NMHC = Non-methane hydrocarbons . 
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Table C.2·4 Relative composition of N M H C  constituents. 

A l kane 
Carbon  Compos i t i on as % 

Cavern Status N o .  o f  Total NMHC 

Exi s ti n g , C2 16 . 9  ± 10 . 5  
Q u i escent  

C3 37 . 9  ± 5 . 7 
( n  = 5 )  

C4 2 6 . 8  ± 9 . 8  

Cs 11 . 1 ± 4 . 2 

Cs 4 . 7 ± 0 . 4  

C7 2 . 5 ± 3 . 4  

Leach i ng ,  C2 23 . 9  ± 15 . 2  
F i rs t  Reverse  

C3  12 . 7  ± 7 . 7 
( n  = 3 )  

C 4  10 . 6  ± 5 . 2 

Cs 22 . 1  ± 10 . 4  

. Cs 15 . 0  ± 17 . 3  

C 7  1 5 . 6  ± 12 . 2 

C . 2 - 1 2  

Coeffi c i e nt 
o f  Vari ati on  

(%) 

6 2 . 1 

15 . 0  

3 6 . 6  

37 . 8  

8 . 5 

136  

6 3 . 6  

60 . 6  

49 . 1  

47 . 1  

115 

78 . 2  



I n  the q u i e scent cavern s , NMHC were p redom i nant l y  ethane and p ropane ; C 7 
was frequent ly  absent  and Cs + C 7 accounted for l e s s  than ten perce nt .  
For  the s ump/c h i mney l each i ng s tage , o n l y  the two samp l e s  from Cavern 
109 had app rec i ab l e  amounts  of NMH C ; of these amo unts , 86 p ercent  was 
ethane and p ropane . For  f i rst revers e , rel ati ve compo s i ti o n  was a l so  
h i gh l y  vari ab l e . Most o f  the NMHC vari ati o n  between  the two s amp l e s  
from Cav e rn 1 0 6  i s  d u e  t o  C6 a n d  C 7 • C6 a n d  C7 were absent  from the 
f i rst samp l e but  were 0 . 7  and 0 . 5 ppm , respecti ve l y ,  i n  the second . The 
l atter was the o n l y  s amp l e i n  wh i ch e i the r C6 o r  C7 was greater than 0 . 3 
ppm . 

O i l i n  Br i ne  Mode l 

Hydrocarbon emi s s i on s  from b r i n e  s ho u l d b e  dependent to a s i gn i f i cant 
degree o n  the s tatus and  operati o n s  of  the cavern s .  To model  i mpacts on 
a i r qua l i ty ,  cavern operat i o n s  may be c l as s i fi ed by four  
categor i  e s : 1 each , 1 each/fi 1 1  , f i  na 1 fi  1 1  , and  ref i  1 1  . A f i fth 
category , drawdown , i s  of  no  concern to the o i l i n  b r i  ne mode l s i nce 
drawdown does not entai  1 b r i  ne di scharge ; howeve r ,  drawdown i s  taken 
i nto account i n  e s t i mat i ng  other o n- s i te emi s s i on s o u rces , s uc h  as  s urge 
tan kage ( see  Appendi x C . 3 ) . 

Leac h i ng  i s  defi ned  as the deve l opment peri od  pr i o r  to the s tart o f  
s i gn i f i cant o i l  fi l l  a n d  i nc l udes t h e  s ump , s ump/ch i mney and f i rst 
revers e .  At the comp l eti o n  o f  the roo f  duri ng  f i rst  revers e , the 0 . 25 
MMB roo f  v o l ume i s  fi l l ed wi th c rude o i l . At an average b r i n e  
p roduct i o n  rate o f  1 0 0  thou s and barre l s p e r  day per  cav e rn , i t  takes 
about 638  days  from teh start of cavern l each i ng through comp l eti o n  o f  
t h e  roof .  S ump a n d  s ump/c h i mney devel opment req u i res the f i rst 2 5 3  days  
dur i ng  wh i ch the  average o i l i nj ecti o n  rate i s  e s s e nt i a l l y  zero . 
Average o i l  i nj ecti o n  for the 385 day peri od  o f  roo f deve l opment i s  650  
barre l s per  day . 

Leac h/fi l l  refers to the peri od  o f  s i gn i f i cant o i l f i l l  dur i ng l each i ng 
wh i ch occurs duri ng  the second and th i rd reverses at rates rang i n g  from 
10 to 20 thou s and barrel  s per  day per  cavern .  Accordi ng  to current 
p l ans , when f i l l  rates exceed ten tho u s and barre l s per  day , l each i ng 
wi l l  b e  i nterrupted.  At a b r i n e  p roducti on rate o f  100 thou s and b arre l s 
p e r  day per  cavern , l each/f i l l  wi l l  l ast  3 6 5  days and o i l  i n jecti o n  wi l l  
average 16 , 500  barre l s per  day . 

When l each/f i l l  i s  comp l ete , the cavern wi l l  be  6 0  to 65  percent fu l l o f  
crude o i  1 .  The p e r i  od  t o  comp 1 ete o i l f i  1 1  of  t h e  new cavern after 
comp l eti on  of  l each i ng i s  refe r red to as  f i na l  f i l l ;  i ts durat i o n  i s  
dependent o n  s i te- spec i fi c  l og i sti c constrai nts at the term i nal s .  
S i mi l arl y ,  cavern refi l l  after a drawdown wi l l  be dependent upon 
s i te-spec i f i c constrai nts of  o i l  l og i sti cs . 

Emi s s i on s  from l each i ng may be  computed from the data of  the seven  Bryan 
Mound samp l es i n  Tab l es C . 2-2 and  C . 2- 3 .  The m i x  of  cavern dev e l opme nt 
stages and operati o n s  that were samp l ed are b e l i eved to be  typ i cal . 
Emi s s i on s  i n  grams per  s econd were cal c u l ated from total NMHC i n  b r i ne , 
the fracti on go i  ng  to vapo r and the b r i  ne  p roducti o n  rate from each 
cavern at the t i me of samp l i ng .  Res u l ts are s hown i n  Tab l e C . 2-5  for 
each cavern and the comp os i te for samp l ed caverns  o n  each date . O n ' both 
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Table C.2·5 Bryan Mound N M HC Emissions from leaching. 

Date : J u ne 4 ,  1981 

D i s c harge ( MBD ) 

NMHC Emi s s i o n s  ( g/s ) 

@ Actual D i s c h arge 
@ 680 MBD 
@ 980 MBD 

Date : J un e  24 , 1981 

D i s c harge (MBD ) 

NMHC Emi s s i o n s  ( g/ s )  

@ Actual  D i s charge 
@ 680 MBD 
@ 980 MBD 

106 

218� 5 

0 . 04 
0 . 14 
0 . 20 

105 

154 

0 . 00 
0 . 00 
0 . 00 

Cavern N o .  

106 

167 

107 

171 . 1 

0 . 22 
0 . 87 
1 .  26 

0 . 18 
0 . 30 
0 . 43 

109 

61 . 4 

0 . 05 
0 . 56 
0 . 80 

Cavern N o .  

108 

44 

0 . 00 
0 . 00 
0 . 00 

109 

45 

0 . 01 
0 . 02 
0 . 02 

Compos i te 

415 

0 . 31 
0 . 47 
0 . 67 

Compo s i te 

410 

0 . 19 
0 . 32 
0 . 45 

Mean concentrati on  of  NMHC to vapor  p hase for 7 s amp l es = 0 . 26 ppm 
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days , the comp o s  i te b r i  n e  di  s charge rate from samp l ed  caverns  was 
s u ff i c i ent ly  l arge that the i r  emi s s i o n s  are b e l i eved to be 
representat i ve for the s i te overal l .  There fore , extrapo 1 at i on of  the 
compos i te di s c harge rate to 980 thousand barre l s per day res u l ts  i n  0 . 67 
g/s .  The comparab l e  emi s s i on rate fo r 1 . 4 MMB per  day at B i g  H i l l  i s  
0 . 80 g/s .  Th i s  co rre sp o nds to a general  i zed  NMHC emi s s i on factor  fo r 
l each i ng o f  0 . 26 ppm . 

An  e s t i mate o f  e q u i l i b r i um s o l u b i l i ty and c omp o s i ti on of  hydrocarb o n s  i n  
b r i ne  w i th i n the caverns i s  fundamenta l  to mode l i ng b ri ne  emi s s i o n s  for 
cavern deve l opment stages and operat i o ns not yet exp e ri e nced , i . e . , 
dur i ng l eac h/fi l l , . fi na l  f i l l  and re fi l l .  As  prev i ous l y  di scussed , 
there i s  sUb s tant i a l  j usti f i cati o n  for a s s um i ng that o i l  and b ri ne  were 
at e q u i l i b r i um i n  Bryan Mound Cavern 2 when samp l es were c o l l ected i n  
J u ne 1981 . I n  contrast ,  an earl  i er mode l on  wh i ch pri o r  asses sments 
were based predi cted an e q u i l i b r i um concentrat i o n  of 3 1 . 4 ppm ( DO E , 
1977 ) .  Res o l uti o n  o f  the apparent di screpancy betwee n  the two esti mates 
i s  not di ffi c u l t upon re- exam i nati on  o f  a s s umpti o n s  and i np uts i n  the 
1977 p u b l i cati o n .  

Lac ki ng observat i o n s  o f  di rect l y  app l i cab l e  exp e r i ence  at the t i me , the 
strategy i n  the 1977 p ub l i cati o n  was to deve l op a conservat i ve wo rst 
case  esti mate by app l y i ng conservati ve esti mates of  sa l i n i ty ,  
temperature and press ure correct i ons  for anti c i pated cavern  condi t i o n s  
t o  an acceptab l e  esti mate o f  e q u i l i b r i um concentrati o n  o f  c rude o i l 
d i s s o l ved i n  seawate r .  I t  was necessary to extrap o l ate sa l i n i ty ,  
tempe rature and pre s s u re e ffects data deve l oped i n  the 1 abo ratory over  
l i m i ted ranges and for a l i m i ted n umber  o f  compounds , c l asses  of  
compo unds and d i s t i l l ate fracti on s  to crude o i l  u nde r cavern  condi ti o n s .  
Because  of  the obv i o us l y  h i gh uncertai nty th i s  i ntroduced t o  the 
ana l ys i s ,  these  s o l u b i l i ty effects were de l i be rate l y  overs tated .  
Further , w i t h  the benef i t o f  h i nds i ght , i t  appears that the  e q u i l i b r i um 
crude o i l concentrat i o n  i n  seawater was unnecessari l y  conse rvat i ve .  

I t  was obse rved that e q u i l i b ri um concentrati o n s  repo rted i n  the 
l i te rature fo r crude o i l i n  fres hwater  and sa l twater range from 7 to 40 
ppm wi  th the preponderance of  data rang i  ng from 20  to 30  ppm . It was 
not noted , howeve r ,  that much data o l der than the m i d-1970 · s  are s uspect 
due to i mp rec i s i o n  of the analyt i cal  tec h n i ques  used at the t i me . A 
wo rst  case e q u i  1 i b r i  um concentrat i o n  o f  27 . 9  ppm was adopted based o n  
McAu l i ffe · s data ( 1976 ) wh i ch showed res u l ts rang i ng from 19 . 0  t o  27 . 9  
ppm for four crude o i l s . The h i ghest val ue was for M i ddl e East Murban  
Crude wh i ch was a candi date at  the t i me for S P R  storage . However , more 
than 60 percent of the total cons i s ted of  di s s o l ved aromati cs ; C2 
through C7 paraffi ns acco u nted fo r 11 . 1  ppm . 

More recentl y ,  Caudl e ( 1977)  used  n i ne  dome st i c  crude o i l s  o f  wi de l y  
rangi ng propert i e s  i n  a study conducted for the Ameri can  Petro l e um 
I n st i tute Commi ttee o n  Offshore Safety and Ant i - po l l ut i on Re s earc h ,  
S u bc ommi ttee o n  O i l Detect i o n  o r  Remova l .  The p u rpose  o f  the study was 
to eval uate di sagreement among  anal yti ca l  methods and to s how how 
vari o u s  methods are affected by di s so l ved o rgan i cs ,  s o l i ds and treati ng 
chem i ca l s .  Part i cu l ar emphas i s  was p l aced o n  di sti ngu i s h i ng between  
true di s s o l uti o n  and  d i spers i on .  O i l s  were a l l owed to  e q u i l i b rate wi th 
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b r i n e s  of  1 ,  3 0  and 100 ppt sal i n i ty for 14 days . To avo i d  di spers i on s  
no  forced b 1 e n d i  n g  was u s e d .  T h e  methods compared i nc l  uded common 
extract i on s o l vents ( freo n  and carbon tetrach l or i de )  and two commo n l y  
used  q uanti tat i ve f i n i s he s  ( grav i metri c and i n frared) . I t  was conc l uded 
that the I R/freo n method avo i ds the p o s i ti ve errors due to sol i ds and 
negat i ve errors due to l os s  of  vo l at i l e  consti tuents that s i gn i fi cantl y 
affect grav i metri c methods . Res u l ts fo r b r i nes  o f  3 0  ppt uti l i z i ng the 
I R/freon method ranged from 0 . 56 ppm fo r Ca l i fo rn i a  l ow grav i ty crude 
( 180 A P I )  to 8 . 29 ppm for F l or i da crude ( 540 A P I ) .  A l as ka crude ( 30 0  
A P I )  produced 7 . 72 ppm i n  3 0  ppt b r i n e .  T h e  mean NMHC s o l ub i l i ty i n  3 0  
p p t  br i ne  f o r  t h e  n i ne domesti c crudes was 5 . 54 ± 2 . 44 ppm . 

. To account fo r temperature effects o n  s o l ub i l i ty ,  a tempe rature 
mu l t i p l i er of  1 . 5 was app l i ed based on an ass umed cavern temperature of 
150 of and non- l i near temperature/s o l ub i l i ty re l at i o n s h i p s  for 
h i g h- b o i l i ng di sti l l ate fract i o n s  ( 132-371 °C )  of  Arab i an crude o i l .  
G i ven  the fact that cavern tempe ratu res are now exp ected to be  130 o f  or  
l es s  and  g i ven  the  observed NMHC compo s i t i o n  of  C2 thro ugh C7 
a l i p hati cs , i t  i s  no l onger b e l i eved that temperature i s  a s i gn i f i cant 
facto r i n  e q u i l i b r i um s o l ub i l i ty .  

A press ure mu l ti p l i e r of  5 was esti mated from p re s s u re/so l u b i l i ty 
effects data for methane and b utan e .  However , based o n  the data 
qresented i n  the ana l ys i s ,  there was equal  j usti f i cat i on for any val ue  
�etwee n  5 a n d  6 . 5 .  

Aqueous  so l ub i l i ty o f  hydrocarbo n s  i s  a n  i nverse  funct i o n  o f  sa l i n i ty .  
A sa l i n i ty mul t i p l i er of  0 . 15 ( i . e . , a s o l ub i l i ty reduct i o n  o f  85 
percent)  was emp l oyed as a conservat i ve extrap o l ati o n  of data i nd i cati ng  
a reduct i o n  o f  s o l u b i l i ty o f  pentane i n  s aturated b r i ne  re l at i ve to 
seawater by as much as  92 . 5  p ercent . 

The equat i o n  for correct i ng crude o i l s o l ub i l i ty i n  seawater to cavern 
condi t i o n s  of sa l i n i ty ,  temperature and pressure may be  cal c u l ated , i n  
terms  of  the u ncerta i nt i e s  di s c u s s ed above , as fo l l ows : 

Seawate r 
E q u i l i b r i um [ 40 ppm ] 

0 . 56 ppm 

x 

x 

Tempe ratu re 
Mul t i p l i e r 

[ 1 . 5 ] 
1 . 0 

x 

x 

Sal i n i ty 
Mu l t i p l i er 

[ 0 . 15 ] 
0 . 075 

x 

x 

Press ure 
Mu l t i p l i er 

Cavern 
= Equ i l i b r i um 

= [:��: ::: ] 
That i s ,  based o n  the u ncerta i nt i es i n  the data used  i n  the prev i o u s  o i l 
i n  b r i ne  model , the  e q u i l i b r i um so l u b i l i ty o f  NMHC i n  the caverns  cou l d 
range betwee n  0 . 21 and 58 . 5 ppm.  Therefore , cavern equ i l i b ri um 
s o l u b i l i ty wou l d not necessari l y  be greater than seawate r equ i l i b r i um 
s o l u b i l i ty at atmo spher i c p re s s ure . 

A s s um i ng  the conserv at i ve s a l i n i ty and p re s s u re mul ti p l i ers  of  0 . 15 and 
5 ,  respect i v e l y ,  wh i ch were p rev i o u s l y  used , and d i scounti n g  temp e rature 
e ffects o n  a comp o s i t i o n  o f  C2 thro ugh C7 a l i p hati c s , a cavern 
e q u i l i br i um s o l u b i l i ty of  3 . 0 ppm wo u l d  correspond to a seawater 
e q u i l i br i um s o l u b i l i ty of  4 . 0 ppm at atmo s p her i c pre s s ure . Th i s  
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corresponds we l l  w i t h  the mean NMHC s o l ub i l i ty for Caudl e ' s  n i ne 
dome s t i c crudes of  5 . 54 ± 2 . 44 ppm ( Caudl e ,  1977 ) . There fo re , i t  
appears reasonab l e  to a s s ume that the observed NMHC concentrati on  o f  3 . 0 
ppm i n  Cavern 2 i s  representat i ve of cavern e q u i l i b ri um s o l ub i l i t i e s .  
Th i s  i s  not to say that e q u i l i b r i um s o l u b i l i ty wi l l  not vary amo ng 
cavern s ;  the ass umed e q u i l i b r i um s o l ub i l i ty of  3 . 0  ppm i np ut to the o i l  
i n  b r i ne  mode l i s  s ubject  to rev i s i on as add i ti onal  data are acq u i red.  

In e s t i mati ng b r i ne emi s s i on s  duri ng l each/fi l l , i t  i s  a s s umed that the 
NMHC concentrat i on at the start of  the the s econd  reverse i s  e q u i val ent  
to the mean o f  observed NMHC concentrati on i n  the three samp l es of  
mi ddl e to l ate stages o f  roof  deve l opment , 1 . 19 ppm , mu l t i p l i ed by the 
mean vapor  parti t i o n  facto r ,  0 . 372 (Tab l e  C . 2- 3 )  or  0 . 44 ppm.  Emi s s i ons  
at  the  end of  l each/fi l l  are  as s umed to  be  e q u i l i b ri um s o l ub i l i ty ,  3 . 0 
ppm , m u l t i p l i ed by a vapor  part i t i o n  factor o f  0 . 85 ,  o r  2 . 55  ppm.  
F i nal l y ,  a l i near rate o f  i nc rease from 0 . 44 to 2 . 55 ppm i s  ass umed 
res u l ti ng i n  a mean emi s s i on facto r of 1 . 5 ppm dur i ng l each/fi l l .  

The  as s umpti o n  o f  a l i near rate o f  i nc rease  i n  NMHC concentrat i on i s  
wo rst case  g i ven the s eparat i o n  amo ng o i l /b r i ne  i nterface and o i l  and 
water i nj e ct i on and b r i ne p roduct i on po i nts . Tu rb u l ence  due to f l u i d  
i nj e ct i on extends downward approxi mate l y  5 0  jet  di ameters , o r  about 40 
to 50  feet. The b l an ket o i l f i l l i ng the roof at the start o f  
s i gn i fi cant rates o f  o i l f i l l ,  i . e . , a t  t h e  start o f  l each/fi l l , has a 
co l umn he i ght o f  100 ft ; therefore , there i s  no tu rb u l ence  at the 
i nterface f rom o i l f i l l .  The s eparat i on  between  the o i l /b r i ne i nterface 
and the water i nj e ct i on p o i nt ranges from 600 to 950 ft for the s econd 
reverse and from 650  to 1 , 300  ft for the th i rd revers e ;  henc e , there 
wi l l  be  no turb u l ence  at the i nterface due to water i njecti o n .  The 
di  s tance between  the i nterface and bri  ne  p roduct i on poi  nt range s  from 
1 , 60 0  to 1 , 70 0  ft over  both reverses . The absence  of turb u l ence i n  the 
reg i o n  of the i nterface may res u l t i n  l owe r rate s of i nc rease  i n  NMHC 
concentrat i on downward thro ugh  t he b r i ne c o l umn , and hence , l ower 
average emi s s i ons  than are a s s umed i n  th i s  mode l . 

As NMHC i s  as s umed to be  at e q u i l i b r i um concentrat i o n  at the comp l eti on  
o f  1 each/fi 1 1 , i t  w i  1 1  rema in  at  e q u i  1 i b r i  um  concentrati on  duri  ng the  
d i sp l acement o f  3 . 7 to  4 MMB o f  b r i ne for f i na l f i l l .  There fore , the 
b r i ne emi s s i on facto r du r i ng f i nal f i l l  i s  e s t i mated to be the 
e q u i l i b r i um s o l u b i l i ty ,  3 . 0 ppm , mu l t i p l i ed by the mean vapor  part i ti on  
factor , 0 . 85 ,  or  2 . 6 ppm.  

To e s t i mate b r i ne emi s s i ons  duri ng refi l l , i t  i s  neces sary to ta ke i n to 
account the component res u l ti ng from the removal of  o i l c oat i ng the 
cavern wal l i nto the bri  ne duri  ng  drawdown and the component due to the 
re s i dual  b r i ne  concentrati on afte r l ong- term sto rage wh i ch i s  di l uted by 
drawdown . 

For  the 1 atter component , i t  i s  ass umed that a 1 MMB b r i  ne b u ffer at 
e q u i l i b ri um i s  di l uted to the total cav e rn operati ng  vo l ume of 11 MMB 
duri ng a comp l ete drawdown . The refo re , the res i dual concentraton 
component i s  3 . 0 ppm d i v i ded by the drawdown d i l uti on  factor ,  11 , o r  
0 . 27 ppm.  
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To esti mate contr i buti o n  of  the wal l coati ng  c omponent , the p rev i o u s  
a s s umpti o n  of a monomo l e c u l ar coati ng 50  m i crons  th i ck i s  used .  For  the  
cavern  d i me n s i ons  of F i gure C . 2- 1 , a 50  mi cron  coati ng woul d entai l 
abo�t 29 . 2  barre l s .  D i s s o l uti on of  29 . 2  barre l s o f  crude o i l i n  11 MMB 
of  d i l ute b r i ne d ur i ng  drawdown woul d res u l t i n  a conce ntrati o n  of 2 . 0 
ppm.  Howeve r ,  not a l l of  the o i l coat i ng wou l d go i nto  s o l uti o n .  The 
o i l wou l d tend to  be  l eached off the wal l s  duri ng  drawdown as a 
d i spers i on of  smal l drop l ets wh i ch wou l d r i s e  rap i d l y  to the o i l /b r i ne  
i nterface , g i ven  the den s i ty d i ffe rence  between b r i ne  and o i l .  The 
fracti onal  component  o f  the wal l coat i ng  wh i ch wou l d d i s s o l ve from the 
r i s i ng o i l drop l ets i nto  the b r i ne i s  conservat i v e l y  as s umed to be  
e q u i val e nt to the mean fracti o n  of  C2 through C7  paraffi n s  d i s s o l ved  i n  
seawater i n  the data of  McAu l i ffe ( 1976 ) , or  about 50  pe rce nt .  
There fo re , the e s t i mated component of  res i dual  NMHC  concentrat i on  i n  
b r i n e  after drawdown i s  hal f the theoreti cal  maxi m um o f  2 . 0 ppm , or  1 . 0 
ppm . 

Based o n  the precedi ng  d i s c us s i on ,  the NMHC concentrat i o n  at the s tart 
of refi l l  i s  e s t i mated to be the s um of the re s i dual  b r i ne component  and 
wal l coati n g  component  or  1 . 3 ppm.  A s s umi ng  worst  case l i near i nc rease  
i n  NMHC concentrat i o n  d ur i ng ref i l l  to  e q u i l i b ri um s o l u b i l i ty at  
comp l et i o n , 3 . 0 ppm , the mean  conce ntrat i on d ur i n g  refi l l  i s  2 . 2 ppm . 
App l yi ng  the mean vapor  parti t i o n  coeff i c i ent  of 0 . 85 res u l ts  i n  a mean 
emi s s i on factor duri ng  refi l l  of  1 . 9 ppm. 
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APPEND I X  C . 3 

ADD ITIONAL  ON- S ITE EMI S S ION  SOURCES 

Storage/Surge Tan k Emi s s i ons  

A l l storage and  s urge tank  cal cu l at i ons  are  based  on  the  rev i sed  fo rm of  
three  formu l as dev i s ed by the  Ameri can Petro l eum I nsti tute . These 
fo rmu l as app l y  to fl oati ng roof tanks and d i st i ngu i s h between stand i ng 
sto rage l o sses  that occur pri mari l y  as the res u l t of  wi nd- i nduced 
pre s s ure di fferences and wi thdrawa l  l os ses  that occur as the resu l t  of 
the evapo rati o n of  crude o i  1 ,  wh i ch c l  i ngs to the tan k  she l l when the 
f l oat i ng roof  descends . 

The equati ons  are as fo l l ows : 

Stand i ng Los s  (AP-42 ) 

L = 9 . 21 X 10- 3 M (. P � 0 . 7  
01 .  5y 0 . 7  K K K  K S \14 . 7- Pj w t s p c 

where : LS 
= F l oat i ng roof  standi ng sto rage l o s s  ( l b/day )  

M = Mo l ec u l ar we i ght of  vapor i n  storage tan k ( l b/ l b mol e )  
- 5 0  fo r crude o i l .  

P = True vapor pre s s ure at b u l k l i qu i d  cond i t i ons  ( p s i  a)  -
2 . 8 for crude o i l at 60° F and RYP o f  5 .  

o = Tan k di ameter ( ft)  

Y = Average wi nd vel oc i ty (mi/hr)  - 7 . 6 ( average wi nd speed w Houston area) . 

Kt 
= Tank  type factor ( d i mens i o n l e s s )  - . 045 fo r we l ded tank 

wi th pan o r  pontoon roo f .  

Ks = S e a l  factor ( d i mens i on l e s s )  - 1 . 00  for modern tan ks . 

Kp 
= Pai nt factor ( d i men s i on l e s s )  - 1 . 00  fo r a l umi num.  

Kc 
= Crude o i l factor ( d i mens i o n l e s s )  - . 84 for crude o i l .  

Wi thdrawal (Operati ng) Lo s s  (API  2517) 

( 0 .  943 )QCWQ L = ---".---'-'-W 0 

where : L = wi thdrawal l o s s  ( l b/day) . w 

Q = average throughput ( bb l /day) . 
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C = she l l c l i ngage factor - . 006 for crude o i l i n  new tan k .  

WQ = average stoc k l i qu i d  dens i ty ( l b/day ) - 7 . 1 for crude 
o i  1 .  

D = tan k di amete r ( ft ) . 

Standi ng Lo s s  (API  2517) 

Ls 
= ( . 00274 ) KsV

np*DMvKc 

where : Ls 
= stand i ng sto rage l o ss  ( l b/day) . 

K = seal  facto r ( d i mens i o n l e s s )  - . 2  for vapor mounted s res i l i ent fi l l ed seal  wi th ri m-mounted secondary .  

v = average wi nd speed (m i /hr)  - 4 for i nternal fl oati ng  
roof  tanks . 

n = s eal - re l ated wi nd speed exponent ( d i mens i on l es s )  - 2 . 6 
for vapor  mounted res i l i ent fi l l ed seal wi th r im
mounted secondary .  

P* = vapor  press ure functi on ( d i men s i o n l e s s )  - . 052 for 
crude o i l at 60°F  and RVP of  5 .  

D = tan k d i ameter ( ft ) . 

Mv 
= average mo l ec u l ar wei ght of  stoc k vapor ( l b/ l b-mo l e )  

- 5 0  for crude o i l .  

Kc = product factor - . 4  for crude o i l .  

The val ues  a s s i gned to the var i ab l es were taken from p ub l i cati o n s  AP-42 , 
AP I  2517 , and 2519 . The th i rd equati on  was used fo r cal cu l ati ng the 
i nternal f l oat i ng roof surge tan � emi s s i o ns  at B ryan Mound .  

Va l ve and Seal  Em i ss i ons  

Va l ve and  sea l  emi s s i on s  were cal cu l ated by  u s i ng emi s s i on factors and 
a s s umpti ons  e s tab l i s hed prev i o u s l y  (Texoma Gro up F E I S ) .  For pump sea l s ,  
a facto r of  1 . 13 l b/d per seal  at two sea l s per  pump was used i n  
co nj unct i o n  wi th the pump req u i rements l i sted fo r the i nd i v i dual  
acti v i ti es .  Val ve emi ss i o ns we re esti mated at 0 . 108 l b/d per  val ve and 
6 . 25 val ves  per pump . One  general i zed emi s s i o n rate was used for val ve , 
seal s and s l op tan k l o s ses  at a l l s i tes . 

Crude O i l Transfer  Em i s s i ons  

The  crude o i l trans fer  and  re l ated sh ip  emi s s i ons  occur  as the  res u l t of  
two acti v i ti es--ba l l asti ng and tanker l oadi ng .  I t  i s  assumed that there 
are no hydrocarbo n emi s s i ons  duri ng u n l oadi ng of  crude o i l from tan kers . 
Norma l l y ,  venti ng duri ng th i s  operati on  i s  l i m i ted to emergency 
s i tuat i o ns . 
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Bal l ast i ng emi s s i ons are generated when bal l ast  water i s  p umped i nto the 
cargo tanks , d i sp l ac i ng hydrocarbon vapors of  an equal  vo l ume . 
Normal l y ,  a s h i p  bal l asts between 20 and 33 percent o f  capac i ty to 
provi de s tab i l i ty fo r the s h i p  duri ng trans i t . To prov i de a 
conservati ve est imate o f  emi s s i ons  i n  th i s  ana l ys i s ,  a 33-pe rcent 
bal l asti ng l eve l  was assumed for the s ho rt- term scenari o ,  whereas a 
25-percent l eve l was assumed for the l ong- term averages .  These val ues 
are doub l y  conservati ve s i nce o n l y  a fract i o n  of  the bal l ast  i s  taken on 
at the tanker berth under normal c i rcumstances . A pump i ng rate o f  
40 , 000  bb l /h i s  a s s umed for bal l asti ng operati ons . 

Tanker l oadi ng  emi s s i ons  res u l t from the crude o i l  as i t  i s  pumped i nto 
the s h i p · s cargo tanks , d i sp l ac i ng an equ i val ent vo l ume of ai r-vapor 
m i xture . The hydrocarbon  emi s s i on rate i s  a funct i on  o f  several 
parameters , as d i scussed  i n  the Texoma Group F E I S  ( Sect . C . 3 . 1 . 3 ) , wh i ch 
i nc l udes the l oadi ng rate . A l oadi ng rate of 60 , 000 bb l /h per s h i p  has 
been  assumed i n  th i s anal ys i s .  The res u l t i ng emi s s i o n rates for 
bal l asti ng and tanker l oadi ng are as fol l ows : 

Bal l asti ng  - 0 . 42 l b  per 1000  ga l 
Load i ng - 0 . 55 l b  per 1000 gal 

S h i p  Engi ne  Emi s s i on s  

The treatment of  s h i p  engi ne emi s s i ons  has n o t  b e e n  reco n s i dered i n  th i s  
analys i s  because i t  has recei ved extens i ve treatment i n  prev i ous 
documents pertai  n i  ng to the Strategi  c Petro l e um Res erve ( S P R )  ( Seaway 
and Texoma Group F E I S ) . 

Add i t i onal  Ass umpti on  

Tab l e  C . 3-1 and C . 3-2  l i st add i tonal  assumpti o n s  u sed in  determi n i ng the  
s ho rt� and l ong-term emi s s i on rates as we l l as annual  val ues . 
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Table C.3·1 . Assumptions used in hydrocarbon emission scenarios (preferred alternative) 

Var i ab l e 

Average tempe rature , o f  

Average w i n d  speed ,  mp h 

Re i d  vapor  pressure 

N umber o f  s hi p s  at doc k 

Average s h i p  capac i ty ,  b b l  

Term i n a l  
Number of p ump s l  B i g  H i l l  

Term i nal  
N umber  of  seal s2 B i g  H i l l  

Term i n a l  
Number o f  va l ves3  B i g H i l l  

N umber of  storage tan ks 
used  at term i nal  

Tan ke r  bal l ast i ng  rate , % 

l P umps used  for o i l o n l y .  

2Based  o n  2 sea l s/pump . 

Short- term 
scenar i o  va l ue  

F i  1 1  Drawdown 

88 88 

12 12 

5 5 

2 4 

320 , 00 0  320 , 00 0  

6 4 

4 9 

12 8 

4 18 

3 7 . 5 0  25 . 0 0  

12 . 50 56 . 25 

5 8 

33  

3Based on  6 . 25 va l ves/pump average . 
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Lon g-term 
scenar i o  va l ue  

F i  I I  Drawdown 

7 0  70  

10 . 1  10 . 1  

4 4 

1 4 

320 , 00 0  320 , 00 0  

6 4 

2 9 

12 8 

4 18 

37 . 50 25 . 0 0  

12 . 50 5 6 . 25  

5 8 

25  



Table C.3·2. Assu m ptions used in terminal  hydrocarbon emission scenarios (a l ternative crude oi l  pipel ine) 

Vari ab l e  

Average tempe rature , o f  

A v e rage w i nd s pe e d , mph 

Re i d  vap o r  p r e s s ure 

Number o f  s h i p s  at d o c k  

Ave rage s h i p  capac i ty ,  b b 1  

Number o f  p ump s l  

N umber o f  s e a l s2  

N umb e r  o f  v a 1 v e s 3  

N umbe r  o f  s t o rage tan ks4 

Tan ker ba l l as ti ng rate , % 

l P ump s u s ed f o r  o i l  o n l y .  

2 Ba s e d  o n  2 s e a l s /p ump . 

S h o rt- term 
s c e na r i o v a l ue 

F i  1 1  D r awdown 

88 88 

12 12 

5 5 

2 2 

320 , 000 320 , 000  

6 6 

12 12 

37 . 50 37 . 50 

4 6 

33 

3Based o n  6 . 25 v a l v e s /p ump ave r age . 

4 As s um e s  2 new tan ks w i th rema i nder exi s t i n g  t a n ks . 
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Lo ng- t e rm 
s c e na r i o v a l ue 

Fi 1 1  D rawdown 

70 70 

10 . 1  10 . 1 

4 4 

1 1 

320 , 000  320 , 000  

6 6 

12 12 

37 . 50 37 . 50 

4 6 

25 
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A I R  QUALITY MODE L I NG OUTPUT 
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Table C.4·1 CRSTER modeling results 
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Table C.4·1 (continued) 

R A T C H . t ,OG l t  8 � J U L - l q 8 1  1 4 1 4 8 1 ) 3 . 8 5 Paqe 4 

n S T A C K  • I - - S P R  A R E A  SOURCE . 
.p. I 
N 

S T A C K  M O N T H  E M I SS I ON R A TE H E I GHT D I A M ETER EXIt VELOCITY TEMP VOLU M E T R I C  �LO" 
( GM S / SEC ) ( M ETER S )  ( M ETE R8 ) M / SEC )  ( DEG . K )  ( N U 3 / 8 EC 

A L L  1 . 0 0 0 0  J . O O  5 6 . 4 0  0 . 0 1 2 9 5 . 0 0 2 4 . 9 8  
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Table C.4·1 (continued) 

R A T C H . W r, , 1  II - J IIL- 1 9 8 1  1 4 1 4 8 1 3 3 . 9 '5  pave 2 2  
P L A N T  N A " E :  p o r.LII T A N T I E M I � S ON U N I T S I G M / S E C  A I R  Q U A L I T Y  U N I T S  1 G M / M " ) 

M A X I M U M  H O U R L Y  C O N C E N T R A T I O N S  

D A y  I - H O U R  C O N C E N TR A T I O � 

1 7 6  2 . 7 6 P 7 r- 0 3  
1 6 7  2 . 2 2 4 2 f. - 0 3 
2 4 7  7 . 2 2 4 2 F: - 0 3  
2 1 2  t . 6 5 7 7 f � 0 1  
2 1 5  1 . 6 5 7 H : - 0 3  
2 3 8  1 . 6 5 7 7 E - 0 3 
2 4 8  1 . 6 5 7 7 F: - 0 3  
2 7 1 1 . f; 5 7 7 F: � 0 3  
2 0 8  1 .  S 9 2 5 F: � 0 3  
1 3 3 1 . 4 7 3 2 t: - 0 3  
1 1 7  1 . 4 7 3 2 1': - 0 3  
2 1 1  1 . 4 7 3 2 E - 0 1 
2 1 1 1 . 4 7 : n r. - 0 3  
2 2 2  1 .  4 7  3 2 f. � 0 3  
2 2 3  1 . 4 7 3 2 E � 0 3  
2 2 6  1 . 4 7 3 2 F: - 0 3  
2 6 5  1 . 4 7 3 2 F: - 0 1  
2 1) 8  1 . 7 4 5 3 E - 0 3  
2 6 4 1 . 2 4 5 3 E - 0 3  

I H  1 . 1 3 2 0 f. - 0 3 
1 . 1 0 6 7 F.: - 0 3  

1 6 5  1 . 1 0 6 7 F - 0 3  

1 9 6 1 . 1 0 6 1 f. - 0 3  
8 &  1 . 1 0 6 7 E - 0 3  

2 1) 5  1 . 1 0 6 7 f - 0 3  
2 0 5  1 . 1 0 6 7 F - 0 3  
2 1 9  t . l 0 f; 7 E � 0 3  
2 2 4  1 . 1 0 6 7 F. - 0 3  
2 2 7  1 . 1 0 6 1 f. - O i 
2 2 7  1 . 1 0 6 7 f - 0  
2 3 2  1 . 1 0 6 7 E - 0 3  
2 3 9  1 . 1 0 l' 7 F: - 0 3  
2 5 5  1 . 1 0 6 7 E - 0 3  
2 1i 0  1 . 1 0 6 7 1" - 0 3  
2 3 5  1 . 0 7 4 4 [ - 0 3  
2 4 3  1 . 0 7 4 4 E � 0 3  
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Table C.4·2 (continued) 

Plloe I )  

4 . 1 1  

T H �  � � ( l U u "  � 0 .  P f  " CFPTUQ� H ' S  H F E N  � E N E R A T � "  
l i n  (' 1 . 1 1, 1' .3 . T I, ' .  " I:.  <\ c <: p r t, n  • 
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' ri P M '-c .. � n l qG A V EP Ar, I �G P E k J U Il  • • • •  

' - 1' 0 1 1 1< A V t: P Ar; 1'; Ij(' S U " M A R Y  CONC F.!lTR a T t oN T A Il LE ( M  I C R O G R  A M S / M " ) )  6 4 1 1 7 6  S T A R T  HOUR I 1 1  

n l . r t, l> f r' ll d'� . ,.� r- � T  

J .\ I !> n . n '/  L h 1\ \ 1 . " v 
j n " 1 I  . 0 0  
" H f) J 1 . " 0 
., ' 1  I) i l . I) (, 

1 J " 0 'J I .  0 u  

�" J R l lt 

<; d . �n '> . n  'l .  J l  
'l . l l  s . H  
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'rn r A L  ..,10" 
:0; I �,J t f pn l I ll Rlll l w C t R  

0 . 0 0 1) 0 
0 . 0 1) 0 0  
O . il O O O  
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O . u O O O  
0 . 0 0 0 0  

T O T a L  F k 0 l4 
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o . oo n o  
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o . n � o o  
1) . 0 0 1) 0  

o; p u  . ., . ·  .. I , I . L  ,, ' I .; 'J Y " A P �  l i T 1 r r- FS - - Il A I< R  
lJ' f l l l :j T l j �1 1 L " .  C 4 i\ R IJ J:" &  ,.; I? 'J ' J A 1 fJ \ " k .� .' I ;; F C  �, � J -; :; I U' I  " A T E  
1 t, P I I "  I} t' .. T n ,\ T .I\  F, 4 I t 1 � I t U "  � ' 11 ,: T A  ,� . , r. t, n  1 \  1 '/ J • �, 

( f' r:r: ) ( , ' l .s ) tiL' l r,,,T ( "l ) 
I i  9 . 0 0 1 . 1 0 t 1 1 '; . P "  

Q t � U I ,  r '\ I·! T  " t.  r r u ·,l u f. f 1 1 1 ' 1 ;) 

,1 1 " I'  I' I P ,; r ', 1 ;  I"' = 'J • ' 1 ') 
A " •. � � ,v; i:, It ' I" 1\ � a' F L r) = I • L ') " r ' l f' 0 r P .:.io ' ,; T t,. " C F ;:: 1 . \I t) u  

r f � p  S l � H I L l l V  ( n �;r,-K ) �1, A 5 :O;  
J O !> . 9 1) 1 

P �: S I J I . 'l' � I. T  '� J f;!.r S P U; IJ =  
A V V � A � L  T L � � :  l iJ � . 9 0 
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TOT A L  F P O I4  
S I G N I F  A P E A  

SOURCES 

9 2 5 . 8 4 8 4  
0 . 00 0 1)  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
7 . 1 3 1 5  

7 . 2 0 

TOT A L  f'ROM 
A LL A R f' A  

S O U R C F. S  

9 2 5 . 11 4 8 4  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
7 . 7 3 1 5  

TOT A L  FROM 
A LL SOURCES 

CONC E N T R A T I ON 
R A N K  

9 2 5 . 8 4 8 4  1 0 . 0 0 0 0  
0 . 0 0 0 0  4 
0 . 0 0 0 0  5 
0 . 0 0 0 0  6 
7 . 7 3 1 5  2 
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Table C.4·2 (continued) 

PlJqe 1 4  
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H ' '' ' � � , ; f  ) I I H: :  T :l f' " I' ,O, l' l n �  r. I f�" � f: R S  MIO LOC ll I I u N S  G E Il r ll A T EU fOR TH I S A V E R A G I N G  T I M E p E R I O D  ARE D I FfERENT 'ROM THOSE G E N E R ATEO fOR 
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1 _ lf U I l �  A " E P A�I:. I IC � U H M A H Y  C O N c r ll T H A T I ON T A � L � ( H ICROGR A "' S / M  •• 1 )  6 4 / 1 7 6 S T A R T  HOUII I 1 2 

11.:(' 1:.1' r " k  ;, n .  

I II 1 
2 h n 
j I: n 
'j '1 n 
" I '  Il 

� 1 " 0) 

.; � 5 T  I J I) p 'l ll 

!> � . A l  ., � .  1 7  t l . n u  s . l l  :. \ • flU S . l l  3 1  . 1' 1)  S . H  :' 1 . 11 0 s . n  
� h . I) O 1 1 . 3 \  

T O T A L  t ll or' f, l G r H f' P O P' 'f 
5IJII H C E S  

0 . 1) 0 0 0 
0 . 0 0 0 0  
O . O l) o n  
0 . 0 0 0 0  O . O I) () /)  
0 . 0 11 0 0  

T OT A L  f ll O M  
A LI, P O l tl T  

SOURCES 

0 . 0 0 0 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  

!; f' n  !' ,\ " , ' L f  H i l i ,  ,I V 'I A " �  o l l l r � '- 5 - - P A II R  II U I '0" " " ) I, � . e 'I A Il I, " S 1 11' l' IH T A  1 r.t, � "  / :; F C  t: '' l � :; ,  , ) 1 1  O A T .; 
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1 \  � ,I Q .. (, I '  ,I . b '  ') 1 11 . 0 11 
Q r� :; l / l . f ·  T '.' t'J r r'J� I IJ r r T I J f l s  

,, ", r n p ' ::: r l l . p " : 1 1 ' . u ll A ·J .. tJ '\ � I ,  .. l I J i"  ::i t ' r r: " = 4 . 6 2  w T �i n  n t n S T S T �. � C f :  l . f) O f. 

r F 'I P  S T a b I L I T Y  ( 1)F;r.-II' ) r L a s S  

j Il 1 . !> 0  2 

P F:S U ,, 'f A I l T  W ]  fi ll /i P f r D =  . y F: I>( AI ;r T I:: " �' =  ) 0 7 . " 0 
P' U rt A ', S "' � H l I, I 1 Y = � 

;.:. 1 1; "  I �  l r " '� l  " r') �. 1\ "; I J 1 1 �� r  ... Hr.cJo  .., T n R �  

p �J·I· P l j l l. F � � r h ! I !� T H  

l '  1 o n .  7 1  ,> ' 1 .  Il l l  

TOTAL F P O '"  
lI I G N U' A II E A 

SOURCES 

5 0 8 . 7 6 3 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

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

4 . 11 2 

TOTAL FROM 
ALL A R E A  

S O U P C F.: S  

5 0 8 . 1 6 1 8  
0 . (1 0 0 0  
0 . 0 0 0 0  
0 . 00 0 0  

1 7 . 1 5 0 1  
7 . 09 5 6  

TOU L FROM CONCENTR A T I ON 
A L L  SOUPCES R A N K  

5 0 8 . 7 6 1 8  1 0 . 0 0 0 0  
0 . 0 0 0 0  5 
0 . 0 0 0 0  6 

1 7 . 3 5 0 1  2 
7 . 0 9 5 6  1 

T ti J.  .,' ;\ ', f ',f IJ f  n l ) .  i ' r  " t" L F P 'r U U : ,  ri A S  U F" E I·I r. t. �J I: H A 1' �J l  
, �n (' l �� t l' J ., I L I �� A r l �· t' T � " • 

• " P I >, ' , , ;:  ' oJ T ", :  T . , ': " t r e l" P'I' 1I 1 1 � 1 1 .; Il S  II " :) L')( � T I U IJ S (> F lJ r k l. 'j'f'O f OR TH I S  II V E R A G I N G T I M E  P F.H I O D  A R E  D I f' '' E II E N T  rROM THOSE G F. N E P A T E D  FOR 
T <i 7  P , . f' C '- I', P l 'Jt,; A V f: P A � PJ ,> V f:l< 1 UO • • • •  
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� .. n I I . n u 
j n 0 2 1 . flO 
� it  I) j I .  I' ll  
S I i  ,) ,I ' . fl U  
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'i 'l . o n � . j 1  5 . 3 1  � . H  5 .  J l  H . H  
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TOt A L  f R U "  
S J � � J f  pn l �T 

S O U H (, l �  

o . o n o o  
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O . u O O n  

T () T � L  F RO" 
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SOURCrS 
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0 . 0 0 0 0  
0 . 0 0 0 0  
o . o o n o  
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0 . 0 0 0 0  

� P ll  ,, 4 " , t . r� >I ' "  d Y  1' /1 " 1\  ;.t 1 'f " � ," S - - P M' R  
" U l l .'; T IJ " ' 1 L � .  C 4 A P LF:S � � 'f  1J � 'f A  
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(' L A S !;  
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P t � u J . I ', . T �1 F.. T rtJ n V T  l l l J PJ :.;  

_ I ,; "  r' l o �f l  1 0 " = 9 . u r 
A V �, " A '� ,  .. , J r, J)  ,<; P f' I:. ' ) :  5 . 1 "  
l,o. l  'J F' "'!:.. "" :, 1  S T t". " C �: =  1 . (J O () 

j " 7 . 5 0 j 

R E 5 U L1 A � T  w l �U S P E E O =  
A � F R A G !  T E � P =  1 0 7 i� 0  
MOIl A L  fiT � d I L l l Y = 

:; I ,; . " F l r A � f A R E A  S u l l p' q, ,n : C F I' T I)RS 

" ";(' r, P 'J " I '  '- A �  r " n K 'r H  

t ft � q . � 1  � R . 1 7  

Paqe 1 �  

TOT A L  f R O �  
S I G N l f  A R E A  

S o U R C E S  

6 1 4 . 5 1 2 5 
0 . 00 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0 

2 6 . 1 6 H 

� . 1 4  

TOTAL fROM 
A L I, A R E A  

SnURCrS 

6 1 4 . � 1 2 5  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

2 6 . 1 6 4 9 

T O T A L  rROM CONCENTR A T I ON ALL SOURCES R A N K 

6 3 4 . 5 1 2 5 1 0 . 00 0 0  
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0 . 0 0 0 0  5 
0 . 00 0 0  6 
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j : .  f) .I. 1 . 0 1J  � . j j  i) . O n O O  0 . 0 0 0 0  0 . 0 0 0 0  0 . 00 0 0  0 . 0 0 0 0  5 'I I n j 1 . n v � .  j 1 u . u n o o  0 . 0 0 0 0 0 . 0 0 0 0  0 , 0 0 0 0  0 . 00 0 0  b h , _ . n � 1 .  f l l' � .  1 1  H . v l) () O  n . n o o o  2 4 . 9 4 9 4  2 4 . '1 4 9 4  2 4 .  9�9 4  2 
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Table C.4·2 (continued) 
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T O T A L  P'PO'4 
S I G ll I f' A R f; A  

SOI fRCES 

7 8 6 . 1 9 6 7  
0 . 0 0 0 1)  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 7 . 5 9 1 1 
2 4 . 7 1 11 2 

4 . 1\ :./  

TOTAL F'ROM A LI. � R f. A  
SOURCrS 

7 8 6 . 1 8 6� 
0 . 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 7 . 5 9 1 l 
2 4 . 7 1 8  

T O T A L  F R O M  CONCnl T R A T J ON 
A L L  SUURCES R A N K  

7 8 6 . 1 8 6 7  I 
0 . 0 0 0 0  4 
0 . 0 0 0 0  5 
0 . 0 0 0 0  6 

1 7 . 5 9 1 1 1 
2 4 . 7 1 8 2 2 
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Table C.4·2 (continued) 
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" E � U I , T A tj T  W I N \)  SI'I:.F.O: 
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'f OT A L  fPOM 
S I G N J F  AREA 

SOU R CE S 

1 1 5 . 9 6 3'1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

8 9 4 . 9 8 1 '5  

1 . 0 0  

TOT A L  fROM 
ALL ARFA 

SOURCES 

1 3 !1 . 8 6 1 7  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

8 9 4 . 9 8 7 5  

TOTAL fROM CON C ENTR AT I O" 
A L L  SOURCES R A N K  

1 l 5 . 8 6 1 1  2 
0 . 0 0 0 0  J 
0 . 0 0 08 4 
0 . 0 0 0  5 
0 . 0 0 0 0  6 

8 9 4 . 9 8 1 5  1 
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SflU R n : S  

T O T A L  F R O H  
A L L  S O U R C ES 

CONCE N T R A T I ON 
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0 . 0 0 0 0 
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Table C.4·2 (continued) 

1 . 5 4 

Page 2 2  

1 3 5 . 8 6 3 1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

8 9 4 . 9 8 1 5  

0 5 . 8 6 ) 1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

8 9 4 . 9 8 1 5  

1 1 5 . 8 6 1 1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

8 9 4 . 9 8 1 5  

2 1 
4 
5 6 
1 
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Table C,4,2 (continued) 

PaQe 2 1  
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Table C.4·3 OZIPP modeling results; Winnie, Texas. 

2 9 - J U L- 1 9 8 1  1 5 1 1 1 1 1 9 . 9 1  Paqe 2 

• • •  s p p  P H A S E  I I I  f f f  

P H OTOL Y T I C  P A T E  C O N S T A NTS C A L C U L A TED roR 

W I N N I E ,  T E X A S  

L A 1  n U D E  2 9 . 6 7 0  

L O N G I T U D E  9 4 . 4 5 0 

T l H F. Z O N E  6 . 0  

D A 'fF .,; 2 5  1 9 9 1  

T I M f.  8 0 0  TO 1 8 0 0  L O C A L  D A Y L I G H T  T I M E  

D I L U T I ON D E T E P M I N E D  FROM THE r O L LO w I NG 

I N V E R S I ON H E I G H T S  

T I M I N G 
I N I T I A L 1 ] 0 9 .  

S T A R T  1 8 0 0 .  

I N I T I A L  P R O P Y L E � E  F P A C T I ON 

I N I T I A L  A LD E H Y D E  F � A CT I ON 
0 . 0 1 0  

0 . 0 5 0  

F I N A L 

STO P 

N 0 2 l N OX 

1 7 5 1 . 

) 0 0 . 

0 . 6 5 0  



Table C.4·3 (continued) 

B A T C H . LOG " 2 9 - J U L - 1 9 8 1  1 5 1 1 1 1 3 9 . 9 1  Page 3 

T H E  r n L LU W I N G  S I MU L A T I oN S  w � R E  DON E .  

Il C  N U X  R A T I O  O Z O N E  

0 . 0 0 0 0 0  0 . 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 8 0 0 0  0 . 0 0 0 0 0  0 . 0 2 1 5 1  

5 . 0 0 0 /) 0  0 . 2 8 0 0 0  1 1 . 8 5 1 1 4  0 . 6 5 7 4 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  

1 . 6 6 0 6 1  0 . 2 8 0 0 0  5 . 9 5 2 3 8  0 . 2 5 1 5 2  

5 . 0 0 0 0 0  0 . 0 3 4 0 1  1 4 6 . 1 5 0 0 9  0 . 2 6 3 5 3  

2 . 9 5 3 1 0  0 . 1 6 5 1 1  1 1 . 8 5 1 1 4  0 . 4 1 8 3 0  

1 . 4 7 0 5 5  0 . O R 2 6 9  1 1 . 8 5 1 1 4  0 . 3 0 4 2 1  

0 . 1 3 8 2 8  0 . 0 4 1 3 4 1 1 . 1I 5 1 1 4  0 . 1 9 0 2 2  
n . 

0 . 2 4 1 9 �  0 . 0 1 3 R 9  1 1 . 8 5 1 1 4  0 . 0 8 9 9 2  .p. 
I 

4 . 1 6 6 6 1 0 . 2 8 0 0 0  1 4 . 8 R 0 9 5  N 0 . 6 1 8 4 2  co 
2 . 4 9 8 9 5  0 . 1 6 7 9 2  1 4 . 8 8 0 9 5  0 . 4 5 3 0 2  

1 . 2 4 9 4 3  0 . 0 8 3 9 6  1 4 . 8 8 0 9 5  0 . 2 8 9 1 8  

0 . 6 2 4 1 1  0 . 0 4 1 9 8  1 4 . 8 8 0 9 5  0 . 1 8 0 6 2  

0 . 2 7 3 1 0  0 . 0 1 4 9 9  1 4 . 8 R 0 9 5  0 . 0 8 9 0 4  

3 . 3 3 3 3 3  0 . 2 R O O O  1 1 . 9 0 4 7 6  0 . 5 6 0 0 4  

2 . 0 4 9 7 6  0 . 1 7 2 1 4  1 1 . 9 0 4 7 6  0 . 4 1 1 2 1  

1 . 0 1 4 6 3  0 . 0 9 6 0 1  1 1 . 9 0 4 1 6  0 . 2 6 6 5 4  

0 . 5 1 2 1 2  0 . 0 4 ) 0 3  1 1 . 9 0 4 7 6  0 . 1 6 1 9 5  

0 . 1 9 9 "' 3  0 . 0 1 6 7 b  1 1 . 9 0 4 7 6  0 . 0 8 8 3 0  

2 . 5 0 0 /) 0  0 . 2 8 0 0 0  8 . 9 2 8 5 1  0 . 4 5 8 3 6 

1 . 6 1 5 11 8  0 . I R O '} 8  8 . 9 2 8 5 1  0 . 3 5 1 0 1 

0 . 9 0 1 9 4 0 . 0 9 0 4 9  11 . 9 2 8 5 1 0 . 2 3 3 9 8  

0 . 4 0 .l ' n  0 . 0 4 5 2 4  8 . 9 2 8 5 1  0 . 1 5 0 4 2  

0 . 1 7 8 11 2  0 . 0 7. 0 0 3  8 . 9 2 8 5 1  0 . 0 8 1 5 0  

1 . 6 6 6 (, 1  0 . 2 8 0 0 0  5 . 9 '5 2 1 8  0 . 2 5 1 4 9  

1 . 2 4 4 1 2 0 . 2 0 9 0 5  5 . 9 5 H 8  0 . 2 3 0 0 0  

0 . 0 2 2 1 0  0 . 1 0 4 '1 2  5 . 9 5 2 3 8  0 . 1 6 7 3 0  



Table C.4·3 (continued) 

� AT C H . LOG l t 2 9 -J U L - 1 9 8 t  1 5 1 1 1 1 3 9 . 9 1 PaQe 4 

0 . H l 0 9  0 . 0 5 2 2 6  5 . 9 5 2 3 8  0 . 1 1 8 0 1  

0 . 1 7 7 R 7  0 . 0 2 9 8 8  5 . 9 5 2 3 9  0 . 0 9 6 6 2  

1 . 0 0; 7 0 2  0 . 2 9 0 0 0  3 . 7 1 5 0 8  0 . 0 8 2 4 1 

1 . 0 4 9 2 1  0 . 2 7 7 9 3  3 . 1 7 5 0 9  0 . 0 8 2 4 9  

0 . 5 2 4 6 0  0 . 1 3 9 '1 1  3 . 1 7 5 0 8 0 . 0 7 1 9 8  

0 . 2 6 2 ] 0  0 . 0 6 9 4 8  3 . 1 1 5 0 9  0 . 0 6 4 6 8  

0 . 2 3 6 0 1  0 . 0 6 2 5 3  3 . 1 7 5 0 8  0 . 0 6 2 6 9  

5 . 0 0 u O O  0 . 2 2 6 0 1  2 2 . 1 1 1 1 8  0 . 6 1 5 6 )  

3 , 0 0 2 0 1 0 . 1 3 5 7 3  2 2 . 1 1 1 1 8  0 . 4 4 8 9 1 

1 . � 0 1 0 1  0 . 0 6 1 8 1  2 2 . 1 17 1 8  0 . 2 8 4 1 0  

n 0 . 7 5 0 0; 0  0 . 0 ] ] 9 3  2 2 . 1 1 7 t 8  0 . 1 1 1 9 6  

+>- 0 . 2 1 2 6 3  0 . 0 \ 2 3 3  2 2 . 1 1 1 1 8 0 . 0 8 8 1 8  

I 
N 5 . 0 0 0 0 0  0 . 1 1 2 1 4  2 9 . 0 4 6 5 9  0 . 5 5 6 1 1  
I.D 

3 . 0 7 t1 J 9  0 . 1 0 5 9 9  2 9 . 0 4 6 5 9  0 . 4 0 9 9 6  

1 . 5 3 9 7 0  0 . 0 5 2 9 9  2 9 . 0 4 6 5 9  0 . 2 5 9 1 1  

0 . 7 6 9 6 0  0 . 0 2 6 5 0  2 9 . 0 4 b !l 9  0 . 1 6 2 3 2  

0 . H 3 0 0  0 . 0 1 0 1 8  2 9 . 0 4 6 5 9  0 . 0 8 1 5 9 

5 . 0 0 0 0 0  0 . 1 1 8 2 1  4 2 . 2 9 9 0 8  0 . 4 1 5 3 8  

3 . 2 0 2 4 6  0 . 0 7 5 1 1  4 2 . 2 9 9 0 8  0 . 3 5 1 5 1  

1 . 6 0 1 2 3  0 . 0 3 7 9 5  4 2 . 2 9 9 0 9  0 . 2 2 6 1 1  

0 . 8 0 0 6 1  0 . 0 1 t1 9 3  4 2 . 2 9 9 0 8  0 . 1 4 2 2 4  

o .  J IiI 2 J O 0 . 0 0 9 0 4  4 2 . 2 '1 9 0 tl  0 . 0 9 5 9 1  

5 . 0 0 0 0 0  0 . 0 (' 4 2 1  1 7 . 7 9 1 3 4  0 . 3 5 9 5 4  

3 . 4 3 4 0 3  0 . 0 4 4 1 4  1 1 . 7 9 1 3 4 0 . 2 8 2 0 9  

1 . 1i 6 1, '1 5  0 . 0 7 4 0 0  1 7 . 1 9 1 3 4 0 . 1 8 9 8 9  

0 . 9 7 3 1 2 0 . 0 1 2 ' H  7 7 . 7 9 1 1 4  0 . 1 2 3 6 6  

0 . 5 5 1 1i1 6  0 . 0 0 7 1 3  1 1 . 7 9 1 1 4  0 . 0 8 4 4 1  

5 . 0 0 0 0 0  0 . 0 2 i1 J 2  1 7 6 . 5 5 2 1 1  0 . 2 4 0 4 4  

J . 7 9 7 4 6 0 . 0 2 1 5 \  1 1 6 . 5 5 2 1 1 0 . 2 0 2 1 2  

2 . 4 3 0 0 J  0 . 0 1 3 7 6  1 7 6 . 5 5 2 1 1 0 . 1 5 3 2 1  
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Table C.4·4 RAM NMHC modeling results at 3.50 gm/sec emission rate 

fi P R  fi A " P I.i' R U Il  IH " A R K  M T T C K I': S - - R A "' R  
HO U S T O � /  LA . C H A R LES M E T  D A T A  
3 . 5  G R a � / s � c  � � I S S J O N R AT t 

T H T S  I fi  T H �  N O R M A L  " U R A L  V FR S I ON ( l R I 2 4 )  O F  R A M R  rOR A PP L I C A T I O N  TO O N E  oR S EV E R A L  D A Y S  D A T A .  

OPT J U �  
I 
2 
1 
4 ') 6 1 II 9 

1 1)  
1 I 
1 ?  
J J  

OPT J O N  L I S T O P T I O N  S P E C I F I C A T I ON I 0- I GNOR E O P T I ON 
1 - USE O P T I ON 

P O I N T  S O U R C E  D A T A  0 
� " E A  S n � R C E  O A T A  1 
p t R M A N I': N T  R l C E P T O R S  0 
S I G U I f l C A N T  PU I N T  R EC E P T O R S  0 
� I G N l f I c a N T A R E A  R FC � P TOPS 1 
H O N E Y C O M R  R E C E P T O R S  1 
4 U U H L Y O U T P I I T  0 
p A R T I A L  C U � C . W H I t TEN TO D I S K / T A P E 0 
r " I � T O N L Y  SU M M A R Y  H O U R L Y  OUT�UT 0 
p U N L H  C A R D S  FOR C O N t O U R S  0 
R E A D  M E T o A T A  f R O N  C A R DS 0 
fi P F C T f Y  S I G N I f I C A N T  fi OU R C E  N U M BE R S  0 
R E A D  H O U R L Y  E M I S S I O N S  0 
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Table C.4·4 (continued) 

A A TC H 2 . LO G n  1 1 -AU�- 1 9 8 1  1 6 1 1 9 1 1 1 . 8 9 Page :2 
G E N E H A L  I N f O R M A T I O N  F R O M  R A M O  

U N I T S _ T H E R E A H E  1 . 0 0 0 0 0 0 0  U S E R  U N I T S ( I N P U T  U N I T S )  P E R  S M A LL E S T  A R E A  S O U R C E  S O U A R E  S I DE L � N G T H  C I N T � R N A L  U N I T )  
CONn N E  - T H F R f  A H E  0 . 0 5 0 0 0 0 0  K I LO � E T E R S  P E R  U S E R  U N I T  
C O N T � O  _ I t  I S  C A LCUL A T E D  T H A T  T H E R E  A H E  0 . 0 5 0 0 0 0 0  K I LOMETERS PER S M A LLEST A R E A  S O U R C E  S Q U A R E  S I D E  L�NGTH ( I N T E R N A L  U N I T )  
T � I S  R U N  r s  r n H  H C  S t N C� I P O L �  ) 

G E � E R A L  I N P U T  D A T A 

N U M R E R  Of P E H T U D S  TO AE S I M U L A TED ( N P E R ) =  2 4  
A V E H A G I N G  T I � E  I N  � U " R S  F O R  E A C H  P E R I OD ( N A V G ) : 1 

ST A P T I N G O A T E ( l n A T E C 2 ) , I D A T E ( I ) L I H S T R T ) I J U L I A N  D A Y  ' 1 1 6 ,  
R E C E P T O P  H E r G H T  f O R A L �  R � C E P T O � S C Z )  2 0 0 0  M E T E R S  
A S S U � E U POLL U T A N T  H A L f - L l f E C H A F L )  12aO . O O  SECUNDS 

Y EA R  1 9 6 4  H O U R a  

S U R f A C �  M f f  D A I A f H O M  S T A T I O N C I 5 f C D ) 1 2 9 1 8  Y E A R C I S r C Y R )  
M r X I N G  H E I G H T  D A T A  f H O �  S T A T I O N C I M X D )  1 9 2 t , Y E A R ( I M X Y R )  

1 9 6 4 
1 9 6 4  

S P R  S A � P L �  R I I N  B Y  � A P K  M I T C K E S - - R A M R 
H U U S T U N /  L � . C H A R L E S  MET D A T A  1 . S  GR a M / S f C  E � I S S I U N P A T E  

A P E A  � O U H C E  I N FOR M A T I O N  

E � J S S I U N  I N f OP M A T I U N r U R  1 ( W AS ) A R E A  S O U R CES H A S  B E E N  D E T E R M I N E D  A Y  R A MO 
1 S I G N l f T C A N T A R E A S O U R C ES C N S I G A )  A R E  TO BE U S E D  f n R  T H I S  R U N  
T H E O R n E R  Of S J G N I f I C A � C E ( t M A S )  f O R  1 0  O R  L E S S  A R E A  SOURCES DETf R M I N E D  B Y  R A MO I S  L I ST E D  B Y  A R E A  SOU R C E  N U M H E R I  

1 
N U M AER OF A R E �  H E 1 G H T  C L A S S � S ( N HTS ) 3  1 R � P R E S E N T � T I V � A H f. A  � O U R C E  H E t GHTS FOR E A C H  H E I G HT C L A S S ( H I N T )  I N  H F. T E R S �  2 . 0 0 
8 R E A K  P O I M T  H f l G ri T  � � T � E E �  T H E  A R � A H E I GH T  C L A S S E S ( B PH ) I N  H ET E R 5 =  4 . 0 0 
F R A C T I U N Of A R E A  �O'J H C E  H g I ;, H T  W H IcH IS P H Y S I C A L  H E I GHT ( r H ) .  0 . 1 0 0 
L I M l l  UF D I S T A � C E  f n H  A R E A S O l l R C E  I N T EG R A T I O N T A 8 L E S ( X L I M )  I N  U S E R  U N I T S . 8 5 . 0 0 0  
80U N D A H I E S O f  t H E  A R E A  S O U R C E  G P I D  I N  U S E R  U N I t S ,  

P � T N =  5 9 . S 0 0  R M A X =  6 0 . 5 0 0  S M I N s  5 9 . 5 0 0  S M A X e  6 0 . 5 0 0  
S I ZE ( I H S ( 7 E X I S 5 1 Z � )  Of A R F A snURCE M A P  A R R A Y ( I A )  I N I N T E R N A L  I IN I TS = 1 EA S T - W EST B Y  1 NUR T H - SOUTH 

SOIJ R ' E  

A P � A  S U I I H C E  M A P  A R R A Y C I A )  

A R f. A S O U R C �  L I S T I N G  

f A S r  N U R T H  
(' U " R n  C Ll O H [l  

( I I S E R  U N I T S ) 

5 9 . 0; 0; 9 . 5  

Il C f G / S E C - M * . 2 )  
E M I S S I O N S  

1 . 4 0 0 0 F. - O l  

S P R  S A M P I, E  R I l N  8 Y  M A R '"  M I T C K E S - - P A � R  
H U " S T U � /  LA . C H A P Lf S  M � l  D A T A  

P A R T C G / S E C - M ' . 2 )  S I bE � f F E CT I V E  
E M I S S I O N S  LENGTH H E I GHT 

C US E R  U M I TS )  C M )  

o . OOOOf.+OO 1 . 0 1 . 0  
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Table C.4·4 (continued) 

Il A T C H 2 . LOG 7 1  l l - AUG- 1 9 8 1  1 6 1 1 9 1 3 1 . 8 1}  

1 , 5 G R A � / S r c  E � l S S I U N  R A T E 
I N P U T  M ET D AT A  
H O U Il  T H E T A  

« () Er. ) 

6 4 1  1 1 6 
S PEE D 
( /oI l S )  

M I X I N G  T E M P  
H E I G H T { M )  ( DEG- K )  

S T a B I L I TY 
C L A S S  

2 4 0 . 0 0 J , 0 9 1 l 8 4 , 6 4  

P E � U L T A N T  P E T  C U N D I T I O N S  

w t H O  O I R E c r I O � =  2 4 0 , 0 0 
A V ER A G E  � I N D  � P E E O =  3 , 0 9 
W I N O  P E R S I S T E N C E :  1 , 0 0 0  

2 9 8 , 1 0  6 

R E S U L T A N T  W I N D SPEF.D� 
AVERAGE TEMP� 2 9 A , 7 0  
"' OOAL S T A B I L I T Y ,.  tI 

S T G N l r l C A N T  A P E - S OO R CE R fCE PTOR S 

R EC E P'rOR � " A � T  

A 6 1. , 2 8  

NOHTH 

& 1 . 1 2 

r. E N E R A T E D  H O N EYCOMA R ECEPTORS 

l , O B 

PaQe ) 

TH� A R E A  ro RE C O V E R E D  6Y HO N EY COM B  R ECEPTORS I S  BOUNDED BY I 
R M I N = 1 . 0 0 0  R � A X = 1 1 9 , 0 0 0  S M I N a 1 . 0 0 0  S M A X £  1 1 9 , 00 0  

n I S T _ N C E  B F T W E F N  H ON E y CO M B  IlECEPTOR S ( G R I DS P )  I N  USER UN I T S - 1 0 . 0 0 0  

R E CEPTOR 
2 H 
3 H 
4 H 
5 /I 
6 /I 
1 H 
8 H 
9 H 

1 0  H 
1 1  H 
1 2  II 
l J  H 
1 4  H 
1 !:i H 
1 6  H 
1 1  H 
1 8  H 1 9  H 
20 II 
2 1  H '12 II 
2 J  H 
2 4  H 
2 5  H 
2 6  H 
2 1  H 1. ij  H 

nST 
1 1 , 0 0  
2 1 , 0 0  
1 1 , 0 0 
4 1 . 0 0 5 1 , 0 0  
6 1 , 0 0  
1 1 , 0 0  
B 1 , 0 0  
9 1 , 0 1) t 0 1 , 0 0 

1 1 1 , 0 0 
6 , 0 0  

1 1'. . 0 0  
2 6 . 0 0  
3 1j , O O  
4 6 . 0 0 
5 " , 0 0 
6 1; , 0 0  
1 6 . 0 0 
S I; . O O  
9 1'. . 0 1) 

1 0 1; . 0 0  
1 1 1'. . 0 0 

1 1 , 0 0  
2 1 . 0 0 
1 1 , 0 0 
4 !  , 0 0 

N O R T H  
5 , H  
5 , H  
5 , H  
5 . 1 1 5 , H  S .  H 
5 , 1 3 5 , J ] 'i . n  S , H  5 ,  H 

1 3 , 1} 9 
1 1 . 9 9 
n . 9 9 
1 ) . 9 9  
1 1 . 9 9 
n . 9 9 
1 1 , 9 9 
n . 9 9  
1 3 .  9 9  
1 ) . '1 1}  
1 1 , 9 9 
1 3 . 9 9 
2 2 , 6 !:i 
2 2 . 6 5 
2 2 , '> 5 
2 2  , 6 5  
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R A T C H 2 . LOG , 1  

1 9  H 
3 0  H 
B H 
1 2  H 
H H 
1 4  H 
3 5  H 
36 H 
3 1  H 
3 8  II 
3 9  H 
4 0  H 
4 1  H 
4 2  H 
4 3  H 
4 4  H 
4 5  II 
4 6  H 
4 7  H 
4 8  H 4 9  H 
50 H 
5 1  H 
5 2  H 
5 3  H 
5 4  H 5� H 
5 6  H 
5 7  H 
5 8  H 
59 H 
6 0  H 
6 1  H 
6 2  H 
6 3  H 
6 4  H 
6 5  H 
66 H 
6 7  H 
6 S  H 
6 9  H 
7 0  H 
7 1  H 
7 2  H 
7 J  H 
7 4  H 
7 5  Ii 
7 6 H 
1 7  H 
7 8  H 
7 9  H 
8 0  H 
� 1 H 
A 2  II 
R 3 H 
q 4  H 
85 H 
8 6  II 
8 7  II 

5 1 . 0 0  
6 1 . 0 0  
7 1 . 0 0  
8 1 . 0 0  
9 1 . 0 0  

1 0 1 . 0 0 
1 1 1 . 0 0 

6 . 0 0  
1 6 . 0 0 
2 6 . 0 0 
3 6 . 0 0 
4 6 . 0 0 
5 1i . 0 0 
6 6 . 0 0 
7 6 . 0 0 
8 1> . 0 0 
9 t; . 0 0  

1 0 6 . 0 0  
1 1 6 . 0 0  

1 1 . 0 0 
2 1 . 0 0 
J 1 . 0 0  
4 1 . 0 0 
5 1 . 0 0  
6 1 . 0 0 
7 1 . 0 0 
8 1 . 0 0 
9 1 . 0 0  

1 0 1 . 0 0 
1 1 1 . 0 0 

6 . 0 0 
1 6 . 0 0 
2 6 . 0 0  
3 6 . 0 0 
4 <; . 0 0 
5 6 . 0 0 
6 6 . 0 0  
71; . 0 0  
8 6 . 0 0  
9 6 . 0 0 

1 0 6 . 0 0 
1 1 6 . 0 0 

1 1 . 0 0 
2 1 . 0 0 
3 1 . 0 0 
4 1 . 0 0 
5 1 . 0 0 
7 1 . 0 0 
8 1 . 0 0 
9 1 . 0 0 

1 0 1 . 0 0 
1 1 1 . 0 0  

1i . 0 0 
l li . O O 
2 6 . 0 0 
3 6 . 0 0 
4 6 . 0 0  
� 1i . 0 0 
6 6 . 0 0  

2 2 . 6 5 
22 . 6 5  
2 2 . 6 5 
2 2  . 6 5  
2 2 . 6 5  
2 2 . 6 5 
2 2 . 6 5 
1 I . B  
1 I . B  
J I . H  
1 l . B  
3 1 . 1 \  
l l . l l 
1 I . 1 1  
3 1 . 3 1 
1 I . 3 1 
l l . l l  
1 I . 1 1  
3 1 . 3 1  
3 '1 .  '17 
H . 9 7 
3 '1 . '1 7 
3 '1 . 9 7  
3 '1 . 9 7 
H . 9 7  
3 '1 . '1 1  
3 9 . 9 1  
J Q . 9 1  
H . 9 1  
3 9 . 9 1  
4 R . 6 3 
4 11 . 6 3  
4 R . 6 3  
4 R . 6 3 
4 R . 6 3 
4 � . 6 3 
4 8 . 6 1  
4 R . 6 3 
4 � . 6 3 
4 11 . 6 3  
4 R . 6 3  
4 8 . 6 3 
5 1 . 2 9 
5 1 . 2 9 
5 1 . 2 9 
� 1 . 2 9 
5 1 . 2 9 
5 1 . 2 9 
5 1 . 2 9  
5 1 . 2 9  
5 1 . 1 9 
5 7 . 2 9  
6 5 . 9 5  
6 5 . Q 5 
6 5 . '1 5  
6 5 . � 5 
6 5 . '1 5  
b 5 . 9 �  
6 5 . '1 5  

Table C.4-4 (continued) 
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RATC H 2 . LOG I 1 

9 8  H 
8 9  H 
90 H 
9 1  H 
9 2  Ii 
9 3  H 
'1 4  H 
95 H 
96 H 
91 H 
9 8  H 
9 9  H 

1 0 0 H 
1 0 1  H 
1 0 2  II 
1 0 3  H 
1 0 4 II 
1 0 5 H 
1 0 6  H 
1 1) 1  II 
1 0 8 H 
1 0 9 H 
1 1  0 H 
1 1 1  II 
1 \ 2  H 
1 \ 3  II 
1 1 4  H 
1 1 5  II 
1 1 6  H 
1 1 1  H 
1 1 8  II 
1 1 9 II 
1 2 0 II 
1 7. 1  H 
1 2 2  1\ 
1 2 3  H 
1 2 4  II 
1 2 �  H 
1 2 6  H 
1 7. 1  II 1'- 8 H 
1 2 'J  H 
1 1 0 II 
1 1 1  H 
1 1 2 H 
I I I  II 
1 1 4 H 
1 1 5 H 
1 ) 6 H 
1 1 1 H 
1 1 8 H 
1 3 9 II 
1 4 0 II 
1 4 1  H 
1 4 2  II 
1 4 1  H 
1 4 4  H 
\ 4 5 H 
1 4 6 II 

1 ., . 0 0 
8 6 . 0 0  
9 6 . 0 0  

1 0 6 . 0 0  
I l fo . O O  

1 \  . 0 0 
2 1 . 0 0  
3 1 . 0 0 
4 \ . 0 0 
5 \  . 0 0 
6 1 . 0 0  
1 t  . 0 0 
8 1 . 0 0 
9 1 . 0 0  

1 0 1 . 0 0  
1 1 1 . 0 0  

1'; . 0 0 
1 1; . 0 0  
2 6 . 0 0 
3 6 . 0 0  
4 6 . 0 0  
5 1\ . 0 0 
6 6 . 0 0  
1 fi . O O 
8 0<; . 0 0  
9 1; . 0 0 

1 0 1; . 0 0  
I l 'i . O O 

1 \  . 0 0  
2 1 . 0 0 
J t . O O  
4 \  . 0 0 
5 \  . 0 0  
6 1 . 0 0 
1 1 . 0 0  
8 1 . 0 0  
9 1 . 0 0  

1 0 \  . 0 0 
1 1 1 . 0 0  

1; . 0 0  
1 1i . 0 0 
2 1; . 0 0 
3 1; . 0 0 
4 1; . 0 0 
5 0<; . 0 0 
6 0<; . 0 0  
1 1; . 0 0  
6 " . 0 0 
9 t; . 0 0 

\ 0 1; . 0 0  
1 1 0<; . 0 0 

1 \  . 0 0  I I  . 0 0  
3 1 . 0 0  
4 1 . 0 0  
5 \ . 0 0  
6 \  . 0 0 
1 1 . 0 0  
8 1 . 0 0 

6 5 . 9 5  
6 5 . " 5 
6 5 . 9 5 
6 5 . 9 5 
6 5 . 9 5 
1 4 . 6 1  
1 4  . 6 1  
1 4  . 6 1  
1 4  . 6 1  
1 4 . 6 1  
1 4 . 6 1 
1 4 . 6 1  
1 4  . 6 1  
1 4  . 6 1  
1 4 . 6 1  
1 4  . 6 1  
6 ) . 2 1  
8 1 . 2 1 
8 3 . 2 1  
8 1 . 2 1 
8 1 . 2 1 
8 1 . 2 1  
8 1 . 2 1  
8 1 . 2 1 
8 1 . 2 1 
8 1 . 2 1 
6 1 . 2 1  
8 3 . 2 1  
9 1 . 9 3  
9 1 . 9 3  
9 1 . 9 3  
9 1 . '1 3 
9 1 . 9 3  
9 1 . 'll 
9 1 . 9 3  
9 1 . 9 3  
9 1 . 9 3  
9 1 . '1]  
9 1 . 9 3  

\ 0 0 . 5 9 
1 0 0 . 5 9 
1 0 0 . 5 9  
1 0 0 . 5 9 
1 0 0 . 5 9 
1 0 0 . 5 9 
1 0 0 . 5 9 
1 0 0 . 5 9  
1 0 0 . 5 9  
\ 0 0 . 5 9 
1 0 0 . 5 9 
1 0 0 . � 9 
1 0 '1 . 2 5 
1 0 <1 . 7. 5 
\ 0 '1 . 2 5 
\ 0 9 . 2 5 
1 0 'l . ? 5  
\ 0 9 . ? 5 
1 0 9 . 2 5 
1 0 '1 . 7. 5  

Table C.4·4 (continued) 
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Table C.4·4 (continued) 

R A TCH 2 . LO G J I 1 3 - A U G - 1 9 8 1  1 6 1 1 9 1 1 1 . 8 9  Page 6 

1 4 7 H 9 1 . 0 0 1 0 9 . 2 5 
1 4 8  H 1 0 1 . 0 0 I O Q . 2 5 
1 4 9  H 1 1 1 . 0 0 1 0 9 . 2 5 
1 5 0 H 6 . 0 0 1 1 7 . 9 1  T H E  M A X I � U �  N O .  O F  R EeF.PTOR S H A S  B E E N  G E N E R A T E D  
N O  O T H E P S  w I LL B E  ACCEPTE o .  

" ' P I, E A S E  � UT E I  T H E  R l C l P T O R  N UM BER S A N D  LOC A T I O N S  G E N E R A TED FOR T H I S  A Y ER A G I N G T I M E  PER I U D  A R E  D I f fER E � T FROM T H O S E  G E � E R ATED FOR 
T H E  P H F C E E D I N G  A V ER A G I N G P F. R I O D  • • • •  

I - HOUR A V ER A G E  HC S U M M A R Y  CONCENTR A T I O N  T A R LF. ( M I C ROGR A M S / M " l )  6 4 / 1 7 6 S T A R T  HO U R I  

R E C E P T O R  N O .  E A S T  NOR T H TOT A L  FROM 
S I G N t F PO I N T 

SOURC ES 

1 A I 1> 1 . 2 8 6 1 . 3 2  0 . 0 0 0 0  
2 H 0 1 1 . 0 0  5 . H  0 . 0 0 0 0  ) H 0 2 1 . 0 0  5 . H  0 . 0 0 0 0  
4 H 0 3 1 . 0 0 5 . H  0 . 0 0 0 0  
5 H 0 4 1 . 0 0 5 . 3 1 0 . 0 0 0 0  I> H 0 5 t . O O  5 . 3 3 0 . 0 0 0 0  

SPR S A � P '.,E R " N  B Y  M A R K  M I TC K ES - - R A M R  
1I0IlS T U 'I 1  L A .  CH A R LF.S M E T  D A T A  1 . 5  G R A H / S F C  E M I S S I U N  R A T E  

TOUL FROM 
A L L P O I N T  

S O U Il C E S  

0 . 0 0 0 0  
0 . 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 N P U T  M E T  D A T A  6 4 1  1 7 6  
H U I I Il  T H E T A  S P F.: E O  M I X I N G T P: M P  S T A B I L I TY 

( n E ro )  r M / S )  H E I G H T ( M )  ( OEG-K ) C L A S S  

2 1 2 7 . 0 0 1 . 5 4  1 4 4 1 . 0 0 

R ES U LT A N T  � ET CU N D I T I O N S  

W T N O  n I P EC T I U � =  1 2 7 . 0 0 
A V E R A G E  w T N O  S P F. E O =  1 . 5 4  
W T N O P E R S I S T E H C F =  1 . 0 0 0  

:2 9 7 . 0 0 6 

R E S U L T A N T  W I N D SPEED� 
A y E R A GF TEMps ' 9 7 . 0 0 
M OO A L  S T A B I L J TY :  Ii 

- S T G tl I F I O "l T  A R E �  SOIJRCE RF.CEPTORS 

R ECEPTOR . E A ,'n  N O R T H  

I A I 5 7 . A b 1> 1 . 6 1  

TOT A L  FROM T O T A L  F R OM TOTA L FRUM CON c E N T R A 'l l U N  
S I G N I F  A R E A  A L L  A R E A  A L L SOU R C F:S R A N K  

SOURCES SOUFCF.S 

5,4 5 . 9 7 3 7  5 4 5 . 9 7 1 7  5 4 5 . 9 7 3 7  1 
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  3 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  4 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  Ii 

1 . 5 4  

THF: � A X I � U �  N O .  n r  H f C f P T O R S  H A S  OF:EN Q E H E R A T � n  
NO OT H E R S  w l L � R �  A C C Y P T E D  • 

• " P I , E A S F.  N OT E : T H F:  R �C l PTOH N " M R E R S  A N O  LOc A T I O N S  G F: N E R A TF.O fOR T H I S  A Y f R A G I N G  T I M E  P E R I OD A RE O l f f f R F NT f R O M  T HO SE G E N E R A T ED fOR 
TH� P R E C f l n I N � A V E R Ar, I N � P E R t O O  • • • •  

R E C � P l' O R  N O .  E A S T  

I - �UU R A V E R A G E HC S U M M A R Y CUN C E NTR A T I ON TA R LE ( � l r R O G R A � S/ M " l ) 1> 4 / 1 7 1> S T A R T  H O U R I 1 

N UR T H TOT A L  f R U M  T U T A L  F R O M  T O T A L  F R OM S I Q N T f  P O I N T  A L L P O I N T  S I G N I F  A R E A  
T O T A L  FkOM 
ALL A R E A 

T O T A L  f R U M  C O N C F N T R � ' I UN 
A L L  S U U R c r s  R A � K  
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Table C.4·4 (continued) 

8ATCII 2 . LOG r l  1 ) - A UG- 1 9 8 1  1 6 1 1 9 1 3 1 . 8 9 

SOIlR CI::S SOU RCES 

1 A 1 5 7 . P 6 6 1 . � 1 
2 H 0 1 1 .  n o  5 .  3 
3 H 0 2 1 . n o  5 . H  
4 II 0 J t  . 0 0  5 . H  

9 6  H 0 4 1 . 0 0  7 4 . 6 1  
1 2 7  H n 6 . 0 0 1 0 0 . 5 9 

SPR S A �PLE R U N  B Y  M A R K  M I TC K E S - - R A H R  
H O U S T O � I  L A .  C H A R LES M ET D ATA 1 . 5  G R A M /SEC 1::� I SS I UN R A TE 

6 4 1  1 7 6 

o . o o o n  
0 . 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 N P U T  M ET D A T A  HOIJR 1'H I::TA ( D I::G )  S P E I:: D M I X I N G TEMP 
( M IS ) H E I G H T ( M )  ( n[G-K ) 

S T A B I L I T Y  
CLASS 

1 2 4 ) .  n o  1 . 5 4  1 4 9 7 . 3 6 2 9 7 . 5 0 6 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

R E S ULt A N T  � E T C O N D I t I U N S  

W T N D 0 I P I::C T I UN =  2 4 3 . 0 0 
A V E R A G E  � I N D  SPEEn: 1 . 5 4  
W I N O P E R S J STE�CE= 1 . 0 0 0  

R E S U L T A N T  W I N D S P I::EDa 
A V E R A G E T E M p z  2 9 7 . 5 0  
MOOAL ST A B I L I T Y z  6 

5 J G � I F I C A N r  A R E A  S O U R C E  R ECrPTO R S 

REC EPTOR . � A S T  NOR T H  

1 A I 6 , . 3 3 6 1 . 1 9  

1 . 5 4  

PaQe 7 

SOURCES 

6 4 2 . 6 4 6 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

2 5 9 2 . 3 2 1 0  
1 7 3 1 . 4 6 8 1  

SOU R CES 

6 4 2 . 6 4 6 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . (1 0 0 0  

2 5 9 2 . ) 2 1 0  
1 7 3 1 . 4 & 8 1  

6 4 2 . 6 4 6 8 
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

2 5 9 2 . 1 2 1 0  
1 7 1 1 . 4 6 8 1  

1 
4 
5 
& 
1 
2 

THE M A X I M U M  N U
( 

or R EC EPTO R S H A S  DEEN G E N E R A TED 
N il OlHlR 5  W I L , fi E  A C C E P T E D  " ' p L E A 5 E  NOTE I T H E  R E CEPTOA NIIMRERS A N D  LIlC A T I ONS G r N E R A TED F O R  T H I S  A V E R AG I N G T I M E  P E R I O D  AR E D I F f E R E N T  f R O M  T H U S E  G E N E R A T ED fOR 

T H E  P R ECEED I N G A V E R A G I N G P E R I U D . ' "  

I - HUUR A V E R A G E  HC S U M M A R Y  CUNCENTR A T I O N  T A 8 L E ( M I C R OG P A H S / M ' , 3 )  6 4 / 1 7 &  S T A P T  H O U R I 1 

R f C I:: P 'f O R  N O .  I:: AST NOR T H TOTAL fRUM TOT A l. FROM TOT A L  ,.PO" TOT A l, fROH TOTAL f R O M  C O N C E N 1' R  A T I  O N  
S I G rl l t" PO I NT A L L  P U I N T  S I G N I ,.  A II [ A  A LI, A R E A  A I, L  SOUIICES R A N I(  

:: U U R C t::S SOU RCES SOU RCES SOU RCF:S 

1 A 1 6 2 . H  6 1 . 1 9 0 . 0 0 0 0  0 . 0 0 0 0  5 1 7 . 6 0 3 8  5 1 7 . 6 0 1 11  5 1 7 . 6 0 1 8  2 
2 H 0 1 1 .  n o  S . H  0 . 0 0 0 0  0 . 0 0 0 0 0 . 0 0 0 0  o . o o n o  0 . 0 0 0 0  ) 
3 H n 2 1 . n o  S . H  0 . 0 0 0 0  O . n o o o  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  4 
4 H 0 j 1 . 0 0  5 . H  0 . 0 0 0 0  o . n o o o  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  S 5 II f! 4 1 . 0 0 5 . H  o . o n o o  0 . 0 0 0 0  0 . 0 0 0 0  (l . o o o o  0 . 0 0 0 0  & 

1 1 4  H 0 1 0 /\ . 0 0  A ) .  :.!7 0 . 0 0 0 0  0 . 0 0 0 0  1 8 3 9 . 7 7 5 0  1 8 ) Q . 7 7 5 0  1 8 3 9 . 7 7 5 0  1 

S P R  1l A I<' P l. t:: R1IN IH M A Rl( M T T C K E S - - � A "' R  
HUUST U N I  L A f CHA R LfS M f T  U A T A  
1 . 5  G R � M / S f  E � l s s l u N P AT E  

I N P U T M ET D A T A 1; 4 1  1 7 /\ 
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Table C.4·4 (continued) 

R A TC H 2 . L OG r t  

H U U R  

4 

TJ-I�;TA ( Ot;r. ) 
2 5 1 . 1'1 0 

I J - A UG- 1 9 Y l  1 & 1 1 9 1 3 1 . 8 9 

SPF.ED M l � I N G T E M P  S T A B I L I T Y 
( M / S 1  H F I G HT ( N )  ( � E r.- � )  C L ASS 

2 . 0 '>  H 9 . li 4 2 9 7 . 0 0 6 

R E S U LT A N T  � � T  rOND I T I O N S  

W I N D  D I R E C T T O N :  2 � 1 . 0 0 A V � R AG E  � J N D �PEt;D= 2 . 0 5 
� J N " P E R S l S T E � C E =  1 . 0 0 0  

R E S U L T A N T  W I N D  5PEF.Dm 
A V F.R A G F. T E Mp z 2 9 7 , 0 0  
�' O D A L  ST A I H L I T Y = b 

S I G N I F I C A N T  A R � A  S O U R C E  R ECEPTORS 

R E C E P T O R . FAST N O R T H  

1 A 1 & 2 . 4 4  6 0 . 9 4 

Page 8 

2 . 0 5 

T H E  M A X I � U �  NOi Of R EC EP T O RS H AS B E E N  G E N E R ATED 
NO O T H t; P S  w I L , B E  A rC E P T E D . 

" ' P L E A S E  N O T E I  T H E  R E C E P T O R  N lI H P E R S  A N D LOCA T I O N S  G E N E R A T E D  F OR T H I S  A V E R A G I N G  T I M E  p E R I OD A R E  D i f F E R E N T f R O M  T H O S E  G E N E R ATED f O R  
T H F.  P R F C E �O I NG A V E R A G I N G  PE R I U D  • • • •  

I - MO" R A V E R A G E  H C S U M M A R Y  CONCEN T R A T I ON T A B L E ( M I C R OG R A M 5 / M " 3 )  & 4 / 1 7 6  S T A R T  HOUR I 4 

R E C E P T O R  N O .  

� � 
J H 
4 H 

li B  H 
1 0 2  H 

1 o o o o o 

E A ST 

6 2 . 4 4 
1 1 . 1'1 0  
2 1 . 1'1 0  
J 1  • n o  
7 6 . 0 0 

1 0 1 . 0 0  

N OR T H 

6 0 . 8 4  
5 . H  
5 . H  
S . H  

fi 5 . 9 5 
7 4 . 6 1  

T O'r A L  f R O N  
S I G N U' p n i N T  

S O U R C E S  

0 . 0 0 0 0  
0 . 0 1'1 0 0  
0 . 0 1'1 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

S P R  S A M PI.E " l i N  B Y  r1 A R K  M T T C K E S - - R A II R  
H O U S T O N I  LA . C H A R LES H E T  D A T A  1 . 5  G R _ M / S E C E � I S S I U N R A T E  

T O T A L  f H O M  
A L L  PO I N T  

SOU RCES 

0 . 1'1 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 1'1 0  

I N P U T  M E T  D A T A  
1l0IJH T H ET A 

( O l(; ) 

6 4 1  1 7 6 
S P E E D  
( M I S )  

N I X I N G  T E M P 
H F. I GHT ( M )  ( D EG - K ) 

s 'r A B I L l T Y 
C LA SS 

5 2 9 6 . 0 0 2 . 5 7  7 2 7 . 8 8  2 9 7 . 0 1'1  & 

R ES U L T A N T  � ET rO � D r T T O N S  

W I N D  O I P EC T T O N �  2 Q 6 . 0 0 
A V E R A G E  � T N D � P El D =  l . 5 7 
W T N D P E R S J S T � N C E =  1 . 0 0 0  

R E S U L T _ N T W I N D  S P E F.D :  
A V � R A�F T E M P :  2 9 7 . 0 0 
� O D A L  Sl A H I L I I Y z  6 

T O T A L  f R O M  
S I G N  I f  A R E A  

SOll RCES 

2 . 5 7 

4 fi 4 . 4 0 0 7  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

2 2 2 0 . 2 9 8 4  
1 0 2 1 . 1 1 1l l  

T O T A L  f/WM 
A LL A R F. A  

S O U R C E S  

4 6 4 . 4 0 0 7 
0 . 0 0 0 0 
0 . 0 0 0 0  
0 . 0 0 0 0  

2 2 2 0 . 2 8 9 4  
1 0 2 1 . 1 1 A l  

T O T A L  f R O M  C O N C � N T R  A T I  UN 
A L L  S O U R C E S  R A N I!  

4 6 4 . 4 0 0 7  J 
0 . 0 0 0 0  4 
0 . 0 0 0 0  5 
0 . 0 0 0 0  I> 

2 2 2 0 . 2 8 8 4  � 1 0 2 1 . 1 1 8 1  
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Table C.4·4 (continued) 

R A TC H 2 .  LOG , 1 1 l - A UG - 1 9 8 1  1 6 1 1 9 1 3 1 . 8 9 

S I G N I F l r A N T  A R � A  SOU R C� R[CEPTORS 

R E C EP1'OR ' f. A 5 1  N OR TH 

1 A 6 , . 1 5  5 8 . 8 6 

PIlQe 9 

T H E  � A X l � U "  N O . Of R EC EP TORS H A S  BE EN G E N E R A T E D  
NO O T H [ R S  W I L L  Al A C C E P T E O  • 

• • •  P L � A S E  NOTE I T H E  R E C E P T OR N II M R E R S  A N D  LOC A T I O N S  G E N E R A T[D rOR T H I S  A V E R A G I NG T I M E  P E R I O D  A R E  D I FfERE N T fROM THOS� G E N E R A l E D fOR 
T H E  P R f.CE�D I N G  A V E R A G I N G  p E R I O O  • • • •  

1 - HOIIR A V E R A G E  HC S U M M A R Y  CONCEN T R A T I ON T A B LE ( M I C R O G R A H S / M t t 3 )  6 4 / 1 1 6  S T A R t  HO U R I 5 

R EC E PTOR N O .  

1 A I 
2 Il 0 
J H 0 
4 H 0 
5 H 0 

51 H 0 

� A S T  

6 2 . � 5 
1 1 . 0 0  
2 1 . 0 0  
H . O O  
4 1 . 0 0 

1 0 1 . 0 0 

N O R TH 

5 8 . 8 6 
5 . 1 1  
5 . H  
5 . H  
5 . H  

3 9 . 9 7 

TOTAL f R O M 
S I G N T F  P O I N T  

S O U R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

SPA S A � P L E  R O N  H Y  H A R K  M I T C � FS - - R A M R  
HOUS T U M I  L A .  C H A R L E S  " E T  U A T A  
1 . 5  G R A M / SFC E M I S S I U U  A A T E  

TOT A L  f R O M  
A L L  p u l N T  

SOURCES 

0 . 0 0 0 0  
0 . 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 N P U T  rl E T  D A T A  
HOliR 'f H L T A  

( O EG ) 

6 4 1  1 1 6 
s p n : o  
( M I S )  

� I X I NG TEMP 
H E I G HT ( M )  ( DEG - K ) 

STA I H L I T Y  
C L A S S  

6 l 0 5 . 0 0 3 . 0 A  1 1 ] 7 . 1 J  2 9 1 . 0 1}  6 

R E S U LT A N T  MET CU N O I T I ON S  

W I N O  O I R E C T T O II =  J 0 5 . 0 0  
A V E R AG E  w I N O S P EEO: 1 . 0 � 
W I N O  P ER S I S T��CE: 1 . 0 0 0  

R E S U L T A N T  W I N D  S P EED= 
A V F R A Gf. TEMP: 2 9 7 . 0 0  
MoD A L  ST A B I L I TYR 6 

S I G N I F l r A U I  A R E A  SOUR C E  R ECF:PTORS 

R ECI:. P'f flR ' O: A ST N O R TH 

I A 1 6 7 . 1 8  5 A . 4 7  

TOT A L  fROM 
S I G N T F  A R E A  

SOURCES 

1 . 0 8  

5 0 9 . 6 0 8 6  
0 . 0 0 0 0  
0 . 0 0 0 0  
O . O O O /) 
0 . 0 0 0 0  

1 9 8 8 . 9 11 0 0  

TO T A L  r R O M  
A L L  A R E A  

SOURns 

5 0 9 . 6 0 8 6  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 9 8 8 . 9 8 0 0  

TOTAL r R O M  
A L L  S O U R C E S  

5 0 9 . 6 0 8 6  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 9 8 8 . 9 8 0 0  

CONCE N TR A T I ON 
R A II K  

2 
3 
4 
5 
b 
1 

T H E  M A X I M U M  NO . Of R E C E P T O R S  H A S UFEN G E NER ATEO 
NO OTHERS _ T LL RE A C C E P T E D .  

t t . P L � A S F:  � OT � , TilE q l:. C E P T fl R  N U M R E R S  A N D  LnC A l l u N S  G E N E R A T r O  F O R  TH I S A V f R A G I N G T I " E  P f R I O D  A R E  D l f F F R r H T  fROM THOSE G FN t R A TED FOR 
THf. P R �CP.ED I � G  A V E R A G I N G  prR I OO • • • •  

I - HO'IR A V E R A G E " �  S U M M A R Y  C U N CEN T R AT I ON T A B L F ( " I CROG R A M S / " . t 3 )  6 4 / 1 1 6 S T A R T  HO U R I  6 
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Table C.4·4 (continued) 

R A TC H 2 . LOG r l l l- A UG- 1 9 11 1 1 & 1 1 9 1 3 1 . 11 9  

R EC I:: PTI1R ti n .  I:: A S T  NORTH T O U L  �R O M  T O T A L  F R O M  
S I G N I f  O I N T A L L  PO I N T  

SOUIIClS S OU R CF:S 

I A 1 & '1 . 1 8 5 8 . 4 7  0 . 0 0 0 0  0 . 0 0 0 0  
2 H 0 1 1 . 0 0 5 . H  0 . 0 0 0 0  0 . 0 0 0 0  
3 H 0 2 1 . 0 0 5 . H  0 . 0 0 0 0  0 . 0 0 0 0 
4 H 0 1 1 . 0 0  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  
5 II 0 4 1 . 0 0 5 . H 0 . 0 0 0 0  0 . 0 0 0 0  

6 &  H 0 1 6 . 0 0 4 8 . & 1  0 . 0 0 0 0  0 . 0 0 0 0  

S P R  S A "' P L f.  R I I N  BY M A P K  M I 'f C K F. S - - R A M R  
H U U S T U N I  L A . C H A R L E S  M F. T  D A T A  
1 . 5  r. 1I " � / S F C  E � I 5S I O N  R A T E  

I N P U T  
HUIIII 

7 

"' f T  P A T A  
T H E T A  
( n l::r. )  

2 8 9 . 0 0 

6 4 1  1 1 6  
S P E I:: O 
( H I S )  

4 . 1 1  

M I X I N G T E M P  
H E I GH T ( M ) ( O EG-II ) 

1 5 4 6 . 1 8 2 9 7 . 0 0 

S T A B I L I T Y  
C L A S S  

4 

R E S U I, T " N T  "' E T  CON D I T I O N S  

W Y N O n I P Er T I O� =  2 � 9 . 0 0  
A V E R A G E  w I N O S P E l:: o :  4 . 1 1  
W I N n  P F: R S I ST E N C E =  1 . 0 0 0  

R E S U L T A N T  W I N O SPEED� 
A Y � R A GE TEMP� 2 9 7 . 0 0  
M o D A L  srA B I L I t Y : 4 

S I G N I F I C A N f  A � I:: A S O U II C E  R F.CF.pTORS 

R I::C E P 'I' O R ' F. A S T  N O II T H  

I A I 6 1 . 5 6  5 9 . 4 6  

PaQe 1 0  

TOT A L  FROM 
S I G N l f  A R E A  

SOIl R C ES 

6 1 1 . 5 1 1 6  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

) 5 3 0 . 9 11 0 6  

4 . 1 1  

TUT A L  f R O M  TOT A L  f R OM CON C t:Nl' R A 1' I ON 
A LL A R E A  A L I. SOURCES R A N K  

S ll U R C E S  

6 1 1 . 5 1 1 6 6 1 1 . 5 1 1 &  2 
0 . 0 0 0 0  0 . 0 0 0 0  1 
0 . 0 0 0 0  0 . 0 0 0 0  4 
0 . 0 0 0 0  0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0 0 0  & 

1 5 ) 0 . 9 8 0 6  1 5 3 0 . 9 8 0 6  1 

T H E  � A X l � U '"  N O .  Of R ECFPTORS H A S  B E E N  G E N E R A T I:: D 
NO n 1 H l R S  � I L L B I:: A C C E P T I:: D • 

• • •  P L l:: a S F  N OT E t  T H E  R EC E P T O R  N I I M � E R S  A N D  LOC A T I ON S  GE N E R A TF.O FOR T H I S  A Y ER A G I N G  T I M E  PF.R I OD A R €  D I f" f F. R E N T  f R O M  tHOSE GEN ER ATE D fOR 
THE PRECEEO I � G  A V E R A G I N �  P E R I OD • • • •  

I - HOII R A V E R A G E  H C  S U M M A R Y  CONCENT R A T I ON T A B Lr ( M I C IiOGR A M S / M  • •  ) )  & 4 / 1 7 6  S T A H T  HO U R I 7 

R E C E P 1 0 R  N O .  E A S T  N O R T H  T O U L  F R O M  TOT A L  f li O M  T OT A L  fRO" T U T A L  fII O M  TOT A L t' R O� CONCt: N T R H I U N  
S I G N T F  P O I � T A L L  P O I NT S I G N I F  A R I:: A A LL A R E A  A L L  SOIJ R C E S  R A I< K  

SllIJ R C I::S S O U R c r s  SO lJ R C E S S O U R C F. S  

1 A 1 & 1 . 5 &  5 9 . 4 fj 0 . 0 0 0 0 0 . 0 0 0 0  2 9 !i 5 . 4 7 1 " 2 9 5 5 . 4 7 1 9  2 9 5 !> . 4 7 1 9 1 
2 H 0 1 1 . 0 0 5 . 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 2 
l H 0 2 1 .  n o  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . (1 0 (1 0 0 . 0 0 0 0  1 
4 H (I 3 1 . 0 0  5 . 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  4 
5 H 0 4 1 . 0 u 5 . H  O . u o o o  (1 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  !> 
& H 0 !> 1 . n O  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0 0 . (1 0 0 0  0 . 0 0 0 0  & 

S P P  S A � P L E  II I1 N  BY M A P K  M l TC K E S - - R A N R  
H U I I S T O � I  L A .  C H A R LE S  M E t  D A T A  
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Table C.4·4 (c�ntlnued) 

�ATC H :l . I, O G '  1 1 1 -AUG- 1 9 B l  1 6 1 1 9 1 1 1 . 8 9 

1 . 5  G R A M /SfC E � l S S I UN R AT E  

I N P U T  M I::T n A T A  
Il O U R  T H E T A  

( n EG ) 

(I '2 9 9 . 0 0  

6 4 1  1 7 6  SPEI::D M I X I NG T E M P  
( M I S )  H E I G H T ( M ) ( OEG-K )  

) . 6 0 1 7 5 1 . 0 0 2 9 8 . 7 0  

S T A I H L l T Y  
C L A S S  

) 

R E S U L 1 � N T  M E T  C O N O I T I O � S  

W I N n  n l P EC T I O � :  2 9 9 . 0 0  
A V E R A G E  � T N D s P E t n =  1 . b O 
W I N D P E; R S I S T I::. C E =  1 . 0 0 0  

R ES U L T A N T W I N D  S P E E D
A V E H A G E  T E M pa 2 9 A I 7 0  
M u D A L  S T A B I L I TY &  J 

S I G � I f. I C A � T  A R I:: A S O U R C E  RECEPTOR S 

R E C I:: PTOR . � A S T N O H T H  

1 A 1 ,6 1 • 1 S 5 9 .  1 7  

) . 6 0  

P a g e  1 1  

T H E  M A X I � U M  N O .  Of R EC E PTUR S H A S  B E E N  G EN ER A T E D  
N O  OTH E R S w I L L  B I:: A C C E P T E D  • 

• • •  P L E A S E  NUT l:: t T H E  R I::C E PTOR " " " A E R S  A N D  LOC A T I O N S  G E N E R ATED F O R  TH I 8  A V E R A G I NG T I M E  pER I OD A R E  D I ' F E R E N T  F R O M  T H OS E G I:: N t R A TED rOR 
THE P H E C E E D I N G  A V E R A G I N G  PER I OD . . . .  

I - HOUR A V E R AG E  H C  S U M M A R Y  CONCENT R A T I ON T A A L F, ( M I CROGR A M S / M  • •  ) ) 6 4 / 1 7 6 S T A R T  H O U R I 9 

R ECEPTOR IW . 

1 A I 
2 H 0 
J H 0 
4 H I) 
5 H 0 
b H 0 

I:: � ST 

6 1 . 1 5  
1 t . 0 0 
2 1 . 0 0  
3 1 . 0 0  
4 1 . 0 0  
5 1 . 0 0 

NOR T H 

5 9 . 3 7  
5 . H  
5 . H  
5 . 1 )  
5 .  J } 
S . H  

TO T A L  f R O M  
S I G N  I f  P O I N T  

S O U RC E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

TOTAl, FRO M 
A " ', P U I N T  

SOU R CES 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

S P R  S A M P L E  R U N  BY M A R K  M I TC K E S - - R A H R  
H O U S T O N I  L A . C H A R Lf.S M E T  D A T A  
1 . 5  r. H A � / S r c  E � I S S t O �  R A T E 

J ll P U T  I.1 E T  D A T A  
H U l l H  'l' II I::T A  ( nEG ) 

6 4 1  1 7 6 S PEED 
( ,. / S )  

M I X I N G T E M P  
II � I GHT ( M )  ( O EG-K ) 

S T A I H L I T Y  
C L A S S  

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

R E S U L T A N T  � E T  r O � O J T I ON S  

W T N n  0 I R E C T I O � =  3 1 2 . 0 0 
A V E R A G E  _ I N O  S P E � n =  4 . 1 1  
w l N n  P � R S I S T E N C f. =  1 . 0 n o  

1 0 0 . 9 0 1 

R ES U LT AN T W i NO SP�f.O= A V ER A G E  T E � P =  1 0 n . 9 0 
MOO A L  S T A U I L l l Y = 3 

TOT A L  F RO" 
S I G N l f  A R E A  

SOURCES 

4 . 1 1  

3 1 5 0 . 2 7 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  

T O T A L  F R O M  
A L L  A R r A  

SOU R Cr.S 

1 1 5 0 . 2 7 � 9  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
(1 . 0 0 0 0  
0 . 0 0 0 0  

T O T A L  f R O M  C O N Ct:NTII A T l ON 
A L L  SOURCES R A N I!  

3 1 5 0 . 2 7 5 9 1 
0 . 0 0 0 0  2 
0 . 0 0 0 0  3 
0 . 0 0 0 0  4 
0 . 0 0 0 0  5 
0 . 0 0 0 0  6 
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Table C.4·4 (continued) 

II A T C H 2 . LOG ' 1  I l - A U G - 1 9 8 1  1 6 1 1 9 1 3 1 . 8 9 

S I G N I F I C A N T  A R E A  SOURCE H fCfPTORS 

R t:CI:: P'l'nR ' E A S T  N n R T H  

I a 6 1 . 0 5  5 9 . 0 6 

Page 1 2  

T H F  M A X I M U �  NO .  Of R F.C E PTORS H _ S  SF.EN G E N E R ATED 
N O  O T H E R S  w i L L � E  ACC F P T E D .  

" ' P L E A S F.  N OTE I T H E  R E C E P T O R  N U M II E R S  A N D  LnC A t l ONS G E N E R A TED r O R  T H I S  A V [ R A G I NG T I M E  P [ R I OD A H E  D I F F F R EN T f ROM T H O S E  GENER A T E D  f O R  
T H E  P H F. CEEO I N G A V E R A G I N G P E R I U O • • •• 

, 1 - 1I01lR A V E II AGE H C  S U M M A R Y  CuNCEN T R A T I ON T A 8 L E ( M I C ROG R A M S / M " 3 )  6 4 / 1 1 6  S T A R T  H O U R I 9 

R EC [ P IOR N O .  

1 A I 
2 H 0 
1 H 0 
4 H 0 
5 H 0 1 4  H 0 

E A S T  

6 1 . 0 5  
1 1 . 0 0  
2 1 . 0 0 
1 1 . 0 0  
4 1 . 0 0 

1 0 1 . 0 0 

,,/O R T H  

5 9 . 0 6  
5 . H  
5 . H  
5 . H  
5 . 1 1  

2 2 . 6 5  

TOT A L  f R U M  
S I G N l r  P O I N T  

S O U R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0 
0 . 0 0 0 0  

S P A  S A '� P " t;  R U ll Il Y  ' M A P I(  M I T C I( P: S - - II A M R  
H O U S T U N I  L A .  C H A R L E S  M E t  D A T A  
1 . 5  G H A M / S rc E M i s s I ON R A T E  

TOT A L  F R O M  
A L L  P U I N T 

S O U R C E S  

0 . 0 0 0 0  
0 . 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 N P U T  M E T  D A T A  
H O I / H  1 H E T A  

( I' [ G )  

6 4 1  1 '/6 
S P F: t; O  
O I l S )  

M I X I N G TEMP 
H E I G H T ( H )  ( O EG-� ) 

ST A B I L I T Y 
C L A S S  

'1 0 ] 0 7 . 0 0 4 . 6 '- 1 7 5 1 . 0 0 1 0 4 . 8 0  1 
R E S U L T A N T  M ET C ON D I T I uN S  

W I N O  O l R [ C T I O N =  1 0 7 . 0 0 
A V t; P A G E  W I N O  � p F. t; n :  4 . 6 2  
W I N O P E R S I S T E N C F :  1 . 0 0 0  

R E SUt,T A N T  W I N D S P E ED" 
A V F: R AGE TEMP: 1 0 4 l R O  
M OO A l, S T A B I L I t Y= j 

S I G N I F I C A N T  A R E A  SO I/ H C E RECEPTORS 

R E C E P T O R . F: A S T  N n R T H  

I A I 6 1 . 0 9 � 9 . 1 8  

TOT A L  r R O M  S lG N l F  A R E A  
S O U R C ES 

4 . 6 2 

3 ] 5 4 . 4 1 6 1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 1 . 8 1 6 8  

T O T A L  rHOM 
ALL A R f A  

SOURCF.S 

3 ] 5 4 . 4 1 6 1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

7 1 . 8 1 6 8  

TOT A L  F R O M  
A L L  S U U R C E S  

3 ] 5 4 . 4 7 6 1  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 1 . 8 1 6 8  

CONCEN T R A T I ON 
R A N K  

1 
1 
4 
5 
6 
2 

T H r  H A X I � U M � O . Of M �C E P T O R S  H _ S  �fEN � E N E R A T E O  
NO O T H [ P S  w I L L  R E  ACCEPTE D .  

" ' P L E A S F.  N oT E I T H E  R E CEPTOR N U M R E R S  A N D  LnC A T I O N S  G f N F. R A Tf D  fOR T � l S  A V f R A G I NG T l � t:  P E R I OD A R E  D I r F f R E N T  fROM T H O S E  G E N E R A T E D  fOR 
T H f  P k FCf[O I N � A V E R A G I N G pfH I OO . " . 

I - HOIIR A V E R AG E  H e  5 U � M A H Y  C U N C F. N T R A T loN T A R L F. ( M I C R O GH A M S / M " l )  6 4 / 1 1 6 S T A R T  HOUR I 1 0  



n 
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Table C.4·4 (continued) 

RATC H 2 . LOG l l 1 ) - A UG - 1 9 8 1  1 6 1 1 � 1 ) 1 . 8 9  

IIECEPTOR N O .  E A S T  N O R T H  T O T A L  f R O "  
S I G N I f  p O I N T  

S O U R C E S  

1 A I 6 1 . 0 9 '5 9 . 1 8  0 . 0 0 0 0  
2 H 0 1 1 .-00 5 . H  0 . 0 0 0 0  
3 H 0 2 1 . 0 0 5 . H  0 . 0 0 0 0  
4 H 0 3 1 . 0 0  5 . H  0 . 0 0 0 0  
5 H 0 4 1 . 0 0  5 . H  0 . 0 0 0 0  6 6  H 0 1 6 . 0 0 4 8 . 1> 3  0 . 0 0 0 0 

S p R  S A t1 P U; R U N  Il Y  M A R K M l T C K F S - - R A 14 R  
HUUS T U N I  L A .  C H A R LES M E l  D A T A  
] . 'S  G H A M / 8 F C  E � l S s I O N  R A T E  

T O T A L  f R O M  
A L L  P O I N T  

S O U R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
1) . 0 0 0 0  
0 . 0 0 0 0  

I N P U T  
HOIlR 

M f, T  I' AT A  
1' H I::T A  
( Il E G )  

6 4 1  1 1 6 SPEED ( tI l  S l M I X I N G  TF:HP 
H F I G H T ( M )  ( OEG-K ) 

S T A B I L I T Y 
C L A S S  

1 1  3 2 1 . 0 0 4 . 1 1  1 1 4 4 . 5 8  3 0 5 . 9 0  1 
R E S U L T A N T  M E T  C O N D I T I O N S  

W I N Il  n I R EC T I O� =  3 ' 1 . 0 0 
A V E R A G E  � I N Il s p E � n :  4 . 1 1  
w I N O P E R S I S T E � C E =  1 . 0 0 0 

R ES U L T A N T  W I N D 5 pEEO� 
A V E R A G E  T E M P :  3 0 5 }9 0 
MO D A L  S T A B I L I T Y .. 

S I G N J f. l r A N I  A R E A  S O U R C E  RF:CEPTORS 

RECE PTOR I E A � 'r N O R T H  

1 A 1 b O . R 1  5 R . 9 J  

Page 1 )  

T O T A L  f R O M  TUT A L  fROM TOT A L HIU14 C O N C [t. T R A T I U N  
S l G N t f  A R E A A L I, A R f, A  A lo L  SUURCES R A N K  

S OU RC ES s o u P C t:S 

2 9 4 9 . t 4 4 8  2 9 4 8 . 4 4 4 8  2 9 4 8 . 4 4 4 8  1 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  3 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  4 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  6 

7 9 . 9 9 9 1  7 9 . 9 9 8 1 7 9 . 9 9 9 1 2 

4 .  t 1  

T H E  M A X I M U �  N O .  Of R f. C f. PTORS H A S  B F E N  G E N E R A T E D  
NO O T H E R S  w I L L AE A C e f. P T E O .  " ' P L E . S F  N O T E I T H �  R t;C I:: P I O R  N U H � E R S  A " O  LOC A T I O N S  G E N F R A T EO fOR T H I S  A V f. R A G I NG T I M E  p E R I OD A R r  O I F f E R F N I  FROM T H O S E  G E N E R A T f. O  F O R  

T H E  PRECf.EDING A V E R A G I N G  P E R I OD . ·  • •  

1 - H U U R  A V E P A G E  H C  S U H M A R Y  C U N C F N T R A T I O N  T A R LF ( M I C ROGR A M S / M " 3 )  6 4 / 1 1 6 S T A R I  HOUR I 1 \  

R EI" E P T O R  H O .  E AS T N O R T H  TOT A L  fO R O M  T O T A L  f R O M  T O T A L  I"ROM T O T A L  fllOM TOTAL f R O M  C O N C �; "' T II A T I ON 
S I G H H- P O I N T A L L  p u I N T  S I G N I f  A R E A  A L L  A R E A  A L L  SOU�CES R A N K  

S OU RC t;S sn U R C F S S OU R C E S s o u R e r s  

1 A I 6 0 . 8 1  '; 11 . 9 ]  0 . 0 0 0 0  n . o o o o  3 2 4 0 . 4 6 9 1  1 2 4 0 . 4 6 9 1  ] 2 4 0 . 4 6 9 1  1 
2 H 0 1 \  . 0 0 S . H  0 . 0 0 0 0  o . o o n o  0 . 0 0 0 0  o . n o o o  0 . 0 0 0 0  1 
3 H 0 2 1 . 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  4 
4 H 0 J 1 . 0 0  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  (1 . 0 0 0 0  0 . 0 0 0 0  5 
5 H 0 4 1 . 0 0 5 . l 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  6 

) )  H 0 9 1 . 1) 0  2 2 . 6 5 0 . 0 0 0 0  0 . 0 0 0 0  2 1 . 0 6 0 4  2 7 . 0 6 0 4  2 1 . 0 6 0 4  2 
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Table C.4·4 (continued) 

R ATCH 2 . LOG J l  I l - A U G- 1 9 B l  I b 1 1 9 1 1 1 . B 9 

SPR S A M P L E  R I IN  BY M A R II  M l T C K F S - - R A M R  
HolI S T O N I  L A .  C H A R LES MEt D A T A  
1 . 5  r. � l M / S F. C  � M I S S I U N  R AT E  

I N P UT M ET D A T A  
H UIJ R T Il � T A  

( Ilt;r. ) 

1 2  9 . 0 0 

6 4 1  1 1 6 spE�D 
( M I S )  

1 . 2 0  

14 1 1(l N G T E M P  
H E I GH T ( M )  ( D EG-II )  

1 1 l 6 . lJ b ) 0 5 . 9 0 

S T A II I L I T Y  
C L A S S  

) 

R E S U L T A N T M E T CO N D I T I ON S  

W I N O  D I R EC T I O N =  9 . 0 0  
A V I:: R A GE � I N O S P E E D =  1 . 2 0  
w I N O  P ER S I S T E � C F. =  1 . 0 0 0  

R E S U L T A N T W I N O  SPEro
A V ER A GE TE�P� ) 0 5 ! 9 0  
MOOAL S T A B I L I TY : J 

S I G N I F I C A N T  A R E A  S U U R C E  RECI!:PTORS 

R E CI::PTOR I F. A S T  N O R T H  

1 A s q . 8 1  5 R . l l  

1 . 2 0 

Paqe 1 4  

THE M A X I M U M  N U .  O f  RECE PTO R S  H A S  BEEN G E N � R A T E D  
N O  O T H I:: RS W I L L R t;  A C C E P T E D .  

" ' P L E A S F.  N oT t; :  T H E  R E C E P T O R  N U M R E R S  A N D  LOC A t I ON S  G E N E R A T E D  fOR T H I S  A V E R A G I N G  T I M E  P E R I O D  A R E  D I FF E R EN T  F R O M  THOSt; GFN E R A T EO FOR 
T H E  P R F C E E O I N G  A V E R A G I N G  P ER I O D • • • •  

I - H O U R  A V I:: R A G E  H C  S U M M A R Y  CUNCENT R A T I ON T A R LE ( M I CROGR A M S / M " l )  b 4 / 1 1 6 S T A R T  HO U R I  1 2  

R EC E P T O R  N O .  E A S T NOR T H T O T A L  fRUM TOTAL f R O M  
S I G N I f  P O I N T  A L L  P U I N T  

SQIIRCES SOURCES 

1 A 1 S Q . !! l  5 �  . 1 1  0 . 0 0 0 0  0 . 0 0 0 0  
l H ° 1 1 . 0 0  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  
J H 0 2 t . O O  S . H  0 . 0 0 0 0  0 . 0 0 0 0  
4 H 0 J l . I) O S . H  0 . 0 0 0 0  0 . 0 0 0 0  
6 H I) 5 1 . 0 0  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  

4 1  H 0 5 1i . O O H . l t 0 . 0 0 0 0  0 . 0 0 0 0  

S P R  S A M P L E  R U N  BY M A R II  M I Tr K E S - - R A M R 
1l 0 I l S T U J.I /  L A . I: H A R LES MET ll A T A  
1 . 5  G k _ M / S F C  � � l S S I O N Q A T �  

I N P U T  I4 f. T  D A T A  f H I  1 7 6  IH X I  " !;  HQIIR l'fl E T A  ( nEr. ) S P E E O  
( M I S ) II E I GHT ( M )  

1 1  H A . O O 4 . 6 ' 
R E S ULT A N T  M E T  CO N D I T I U N S  

W I N D  n l R f.C t I Q� = 3 4 8 . 0 0 

2 1 0 . 0 0  

T F; M P  S T A B I L I T Y  
( (l EG-II ) C L A S S  

) 1) 1 . 5 0 2 

R E S U lo'rA NT W I N O  S P f.F:J)= 

TOTAL FROM 
S I G N l f  A R E A  

SOURCES 

1 1 8 0 . 6 1 1 2 
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

6 0 . 1 2 5 1  
2 4 . 9 1 4 5 

4 . 6 2 

TOTAL F R O M  
A L L  A R E A  

S O U R I: F. S  

1 1 9 0 . 6 1 3 2  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

6 0 . 1 2 5 )  
2 4 . 8 3 4 5  

T O T A L  f R U M  CONCEN T R A T I O N 
A L L S O U R C E S  R A N II  

1 1 8 0 . b 1 1 2 I 
O . O O U O  4 
0 . 0 0 0 0  5 
0 . 0 0 0 0  6 

6 0 . 1 2 5 1  2 
2 4 . 9 1 4 5  ) 



(") 
+:> 

I +:> +:> 

B A T C I' 2 . LOG 7 1 

A V ER A � f.  W I N D S P � E D =  4 . 6 2  w t N D  P F. R S I S T � N C f. =  1 . 0 0 0  

Table C.4·4 (continued) 

I l - A UG - 1 9 8 1  1 6 . 1 9 . 1 1 . 8 9 

A V E R A G E T E M P .  3 0 7 . 5 0 
MODAL S T A B I L I T Y :  2 

S I G N I ' I CA N T  A R � A  SOURCE HECEPTORS 

R t;C E P T O R . E A S T  N Il R T H  

1 A I fl n . 2 1  5 9 . 0 0  

Paqe 1 5 

T H '  M A X I M U � N U .  Of R EC E P T O R S  H A S  BrEN G E N E R A TED 
N O O T H � R S  W I L L B �  A r C E P T E D  

• • •  P L � � S f.  N OT � , T H f  R E C E P T O� N U M B E R S  A N D  LOC A T I O N S  G E N E R A T E D  fOR T H I S  A V E R A G I N G  T I � E  P E R I OD A R E  D I f f E R E N T  fROM T H O S E  G EN E R A T E D  fOR 
THf. PRECEED I NG A V E R A G I N G  P F. R I OD • • • •  

1 - HOIJR A V E R A G E  HC S U M M ARY CONCENTR ATION T A R L E ( M I C ROGR A M S / M t t 3 ) 6 4 / 1 7 6  S T A R T  HOUR . 1 1  

R ECEPTOR N O .  

1 A I 
2 H 0 
3 H 0 
4 H 0 5 H 0 

4 2  H 0 

E A S T 

6 0 . 2 1  
1 1 . 0 0  
2 1 . 0 0 
I t . O O  
4 1 . 0 0  
6 6 . 0 0 

N O R T H  

5 9 . 00 5 . H  S . H  s . H  
5 . H  

1 1 . l l  

TOT A L  fROM 
S I G N l f  P O I N T  

S O U liCES 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

S P R  S A I4 P L, E  R I I N  BY M A R K  M l T C K f. S - - R A " R  
H O U S T U N I  L A . C H A R L E S  M E T  D A T A  
1 . 5  Co R A M / S f. C  � M l ss t UN R A T E  

TOT A L  f R O M  
A L L  PO I N T 

S O U R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0 
0 . 0 0 0 0  
0 . 00 0 0  
0 . 0 0 0 0  

I N P U T  M E T D A T A  6 4 1  1 7 6 
H O I I R  n l � T A  S P E E D  M I X I NG TF.M P S T A B I L I T Y  

( DEG ) ( M I S )  H E I G HT ( H )  ( D EG-K ) C L A S S  

1 4  9 . n o 5 . 1 4  2 1 0 . 0 0  

R E S U LT A N T  � E T  C O N D I T I O N S  

W I N D D I R E C T I O N :  9 . 0 0  
A V E R AG� � I N D SP E � D = � . 1 4 
W T N D  P � R S I S T � N C f. =  1 . 0 0 0  

l 0 7 . !l 0 3 

R E S U LT A N T  W I N D  S P � f. D �  
A V ER AGE T E � P .  3 0 7 . 5 0 
� O D A L  ST A B I L I TY :  3 

S I G N I F I C A N T  A R � A  SOURCE R �Cf.PTORS 
I 

R EC � P T O R  • F A S T  N O R T H  

I A 5 Q . Q l  5 R . 7 1  
T H E  M A X I � U N  N U .  O f  R E C E P T O R S  H A S  BFEN G � N � R ATED 

N O  OTHERS W I L L B E  A CC F P T � n . 

TOT A L  fRO� 
S I G N l f  A R EA 

SOURCES 

2 2 2 0 . 7 9 3 9  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

- 0 . 00 0 0 
9 1 . 5 7 7 0  

5 . 1 4  

TOT A L  f R O M  
A L L  A R E A  

S O U R C � S  

2 2 2 0 . 7 9 3 9  
0 . 00 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

9 1 . 5 7 1 0  

T OT A L  f R O M  
ALL S O U R C E S  

2 2 2 0 . 7 9 3 9  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

9 1 . 5 7 7 0  

CONCE N t R A T I O N  
R A N �  

1 1 
4 !I 
6 
2 



n 

+:> 
I +:> Ul 

Table C.4·4 (contInued) 

R A TC� 2 . LOG ' 1 I l - AU G - 1 Q S I  1 6 1 1 9 1 J I . 9 9 Paqe 1 6  

" ' P L � A S E  �OT E I  T H E  R �C � P T O R  N U M RERS A N D  LOC A T I O � S  G E N E R A T E D  FOR T H I S  A V E R AG I N G T I M E  P E R I O D A R E  D I F F E R E N T  F R O M  THUSE G � N E R A T E D  r O R  
T H �  P R E C EE D I NG A V E R A G I N G  P E R I O D  • • • • 

I - HOIIR A V E R AGE H C  S U M M A R Y  CONCF.N T R A T I O N  T A 8 L F. ( M I C R O G R A � S / M " 1 )  6 4 / 1 1 6 S T A R I  H O U R I 1 4  

R E C E P T O R  N n .  E A S T  HORTH TOT A L  r R O M  
I H G N l r PO I N T 

SU U R C � S 

1 A I 5 9 . 8 1  5 8 .  F 0 . 0 0 0 0  
2 H 0 1 1 .  n o  5 .  ) 0 . 0 0 0 0  
.I H 0 2 1 . 0 0  5 . H  0 . 00 0 0  
4 H 0 1 1 . 0 0  S . H  0 . 00 0 0  
6 H 0 5 1 . 0 0 5 . 1 ]  0 . 0 0 0 0 

4 1  H 0 5 '; . 0 0 H . l t  0 . 0 0 0 0  

S P R  S A M P L E  R U N  BY � A R K  H T T C K ES - - R A M R  
H U U S T O N /  L A � C H A R L [ S  M E T  D A T A  
1 . 5  G N � M / S F � E � I S S I O �  R A T E  

I N P U T  M E T  D A T A 6 4 1  1 1 6  

TOT A l, F IlU M  
A L L  P O I N T  

SOURCES 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 00 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

H O U R  T��T A � P EE O  
( D E G )  (/01 1 5 )  

M I X I N G  T EM P 
H � I G H T ( M )  ( DE G - K ) 

S'l A B I L J T Y  
C L A S S  

1 5  4 4 . 0 0 4 . 6 ' 2 1 0 . 00 ) 0 7 . 5 0 2 

R E S U L T A N T  V E T  C O N D I T I O N S  

W I N O  O I R EC t I UN : 4 4 . 0 0 
A V E R A G E  � I N O S P E E O ;  4 . 6 2 
W T N n  P E R S T S T � N C � =  1 . 0 0 0  

R E S U L T A N T  W I N O  5 P E E D c  
A V E R A G E  T E M P - 3 0 7 � 5 0  
M O D A L  5 1' A B I L I T Y :  � 

S I G N I F I C A N T  A R E A  S O U R C E  RECEPTORS 

R ECEPTOR . E A S T  N nRTH 

1 A I . 5 q . l b  5 q . l l  

TOT A L  FROM T O T A L  r R O M  T O T A L  rROM CONCEN T R A T I U N  
S I G N  I F  A R E A  A L I, A R E A  A L L  SouRCES !l A N K  

SOURCES SOUR CES 

2 3 1 1 . 5 9 1 0  2 3 1 7 . 5 9 1 0  2 ) 1 1 . 5 9 1 0  I 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  4 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  6 

8 1 . ) 2 2 9  8 7 . 3 2 2 9  8 1 . 1 2 2 9  2 
1 4 .  ] 8 3 5  3 4 . 3 8 1 5  1 4 . 1 8 1 5  3 

4 . 6 2 

T H [  M A X I M U M  N U .  nr H EC E P TORS H A S  BEE N G � N E R A TEO 
N O  O T � E R S  W I L L R �  A CC E PT E D . 

" ' P L � � S E  NOT� : T H E  R EC E P T O R  N U � A E R 5  A N D  LOC A T I ON S  GENE R A t EO f O R  T H I S  A V E R A G I N G T I M E  P E R I OD A R �  D l f f E k E N T  f R O M  THOSE G E N E R A T E D  f O R  
T H �  P H � C E E n l � G A V ER A G I N G P E R I U D  • • • •  

I - HOUR A V ER A G E  H e  S U M M A H Y  C U N C E N T R _ T I ON T A R L E ( M I C RO G � A M S / M . ' l )  6 4 / 1 1 6 S T A R t  H O U R I I S  

R ECEPTOR N n .  � _ S T  NOR 'r �  TnT A L  f R U M  TOT A L  f R O M  TOT A L  F R O II  T O T A L  E R O M  T O T A L  fROM CIl N C E N T R A l I url 5 I G N U" P r) I �IT A L L  P U I N T  S I G N T f  A R E _  A L L  A H f A  A L L  SOU R C E S  R A N I<.  
S O U R C !::S 5 n U R C f s  SOU R CE S :;OU II C F. S  

1 A 1 !)Q . 1 6  5 9 . 1 1  0 . 0 0 0 0  0 . 00 0 0  2 1 5 1 . 6 5 1 5  2 1 5 1 . 6 5 1 5  2 1 5 1 . 6 5 1 5  1 
2 H 0 1 1 . 0 0 !j . B  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  4 
1 II (\ 2 1 . 0 0  5 . H  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  o . n o o o  0 . 0 0 0 0  5 



(J 
� 
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Table C.4·4 (continued) 

B A TCH 2 . LOG f l 

4 H 0 

I l - A U G - I Q 8 1  1 6 1 1 9 1 3 1 . S Q 

1 4  H 0 
5 1  H 0 

3 1 . 0 0 
1 6 . 0 0 
4 1 . n o  

5 . H  
1 3 . 9 9 
3 9 . 9 1 

S P R  S A M P L E  R U N  IlY M A P K  M J TC K ES - - R A M R  
H O U ST O N I  LA . C H A R L �S M E T  D A T A  1 . 5  G H A M /SF.C E¥ l S S I O N R A T E 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

I N P U T  
H O U R  

" lT n A T A  
l' H t: T A  
( fl Er. ) 

6 4 1  1 7 6  
S P F: E n  
( M I S )  

M I X I N G TFMP 
H E I G HT ( M )  ( D EG - K ) 

S T A B I L I T Y  
C L A SS 

1 6  4 9 . 0 0  4 . 6 2  4 9 0 . 4 2 3 0 7 . 5 0 4 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

R E S U L T A N T  M t: T  CON D I T I ON S  

W I N n n l R E C T t O � =  4 9 . 0 0 
A V I:: R A G E  � I N n S P E t: n =  4 . 6 2 
� I N O  P E R S J STt:�CE= 1 . 0 0 0  

R t: S U L I A N T  W I N O  SPt:ED
A V E R A G E  T E M P - 3 0 1 . 5 0 
M O O A L  S T A B I L I TY =  4 

S I G N I F I r A N T  A R E A  S O U R C E  R ECEpTORS 

R t:(" E P T O R . F. A S T  N OH TH 

I A I 5 P . 6 5 5 8 . 8 3 

4 . 6 2 

Paae 1 1  

0 . 0 0 0 0  
6 1 . 5 6 8 8  
9 6 . 5 1 3 8 

0 . 0 0 0 0  
6 1 . 5 6 9 8  
8 6 . 5 1 3 8  

0 . 0 0 0 0  
6 1 . 5 6 8 8  
8 6 . 5 1 3 8  

6 
) 
2 

THF. M A X I M U "  N O .  Of R EC E P T O R S  H A S  B E E N  G E N E R A T E D  NO OTHt:RS � I Lt � E  A C C E P T E D • 
• • •  P I . t: A S F:  NOT t: 1 T H F:  R E C E P T O R  N U H A E R S  A N D  LOCA T I ON S  G E N E H ATF:O rOR TH I S A V E R A G I NG T I M E  p E R I OD 

T H F:  P R F:C E E D I N G  A V ER A G I N G PEH I O D  • • • •  
A R E  D I F F E R E N T  F R O M  THOSE GEN E R A T ED fOR 

I - HOI'R A V E R A G E  HC S U M M A R Y  CON C E N T R A T I O N  T A B LE ( M I C R OGR A M S / M  • •  3 )  6 4 / 1 1 b  S T A R T  H O U R I  1 6  

R E C E P T n R  N O .  

" 1  A I 
2 H 0 
3 H 0 

1 3  H 0 
3 8  II 0 
63 H 0 

E A ST 

5 A . 1i 5 
1 1 . 0 0 
2 1 . 0 0  

6 . 0 0 
2 1; . 0 0  4£. . 0 0 

N O R T H  

5 8 . 8 3  
5 . H  
5 . H  

1 3 . 9 9 H . l l 
4 8 . 6 1  

TOTA L f R O M  
S I G N l f  P O I N T  

SOURCES 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

S P R  S A l4 P L t: H l i ll B Y  M A P I( IH T C K F. S - - R A M R  
H O I I S T O � I  L A .  C H A R LES " F. T  D A T A  1 . 5  GR � " / S f C  E " 1 � S 1 0 N  R AT E  

T O T A l, FHOH 
A L L  PO l Il T  

S O U R C E S  

0 . 0 0 0 0  
0 . 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 N P U T  " E T  O A T A  
H U U R  l H E T A  

( D t:G ) 

6 4 1  1 1 6 
S P E t: �  M J X I NG TEMP 
( M I S )  H F. I G H T ( M )  ( OEG-K ) 

S 'r Il Il I L I l' Y  r.LIISS 
1 7 1 !> 4 . 0 0 1 3 . J 7 A 5 0 . � 9 3 0 0 . 9 0  4 

R E S U L T A N T  � ET r O N D I T I U N S  

T OT A L  FROM 
S I G N I F  A R E A  

SOUHC£S 

3 5 2 2 . 5 1 9 5 
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 9 6 0 1  

3 0 . 3Il 0 8 
1 1 4 . 8 3 5 0  

T O T U. F R O M  
A L L  A R E A  

s o u R C E S  

3 5 2 2 . 5 1 9 5  
(1 . 0 0 0 0  
(1 . 0 0 0 0  
0 . 9 6 0 1  

1 0 . 1 11 0 8  
1 1 4 . 9 3 5 0  

T O T A L  t R O M  
A L L  SOUPCF.S 

3 5 2 2 . 5 1 9 5  
0 . 0 0 0.0 
0 . 0 0 0 0  
0 . 9 6 0 1  

3 0 .  H 0 8  
1 1 4 . 8 3 5 0  

CO�CE� T R A T I ON 
R A N K  

1 
5 
6 
4 
3 
2 



("') 

.po I 
.po 
-....,J 

� A T C H 2 . LOG J l  

W I N O  D I R E C T I O N =  J 5 4 . 0 0  
A V l R A G l  w I N O  S P E l D =  1 1 . J 7 
W I N D  P f R S I ST E N C F. =  1 . 0 0 0  

Table C�4·4 (continued) 

1 1 - A U G - 1 9 8 1  1 6 1 1 9 , 1 1 . 8 9  Paqe 1 8  

R �S U L T A N T  W I N D  SPEED- 1 1 . 1 7 
A V f R A G E  T E � P =  1 0 0 . 9 0  
"OOAL S T A B I L I T Y �  4 

S I G N I F I C A N T  A R l A  SOURCE RECEPTORS 

R ECEPTOR I I': A S T  N ORTH 

1 A I 6 0 . 1 1  5 9 . 1 9 
T H I':  M A X I M U M  N O .  Of HECFPTORS H A S  B f � N  r.EN E R A T E D  

N O  n T � E R S  w I L L P l  A CCE PT E D • 
• • •  P L E A S f  N OT E r T H E  R E C l P T O R  N U H R E R S  A N D  LOC A T I O N S  G E N f R A T I': D  fOR TH I S  A V E R A G I NG T I M E  P E R I OD A R E  D i f f E R E N T  f R O M  THOSE G f N E R A T E O  fOR 

T H E  P R F. C E E O I N G A V E R A G I N G  P I': R I U D • • • •  

l - H O IIR A VE R Ar.E HC S U M M A R Y  CON CEN T R A T I ON T A � LE ( M I CR OG R A � S / M  •• 3 )  b 4 / 1 7 6 S T A R T  HOUR , 1 7 

R E C l P l'OR N O .  E A S T N O R T H  T O T A L  f R O M  
II I G N I t" P O I N T  

SOURCES 

1 A 1 6 0 . 1 7  5 8 . ) 9 0 . 0 0 0 0  
2 H 0 1 1 . 0 0 � . J )  0 . 0 0 0 0  
) H 0 2 1 . 0 0 5 . H  0 . 0 0 0 0 
4 H 0 1 l . 0 0  5 . H 0 . 0 0 0 0  
� H 0 4 1 . 0 0  5 . H  0 , 0 0 0 0  
6 H (I 5 1 . 0 0 5 . H  0 , 0 0 0 0  

S P R  S A � PLE R II N  H Y  M A R l<.  " I T C I<. E S - - R A M R  
HOUSTON/ L A � C H A R LE S  " F. T  O A T A  
1 . 5  G R A M / S f L  l � l S S I U N  R A T E  

TOT A L  fR O M 
A L L  p o I N T  

S O U R C E S  

0 . 0 0 0 0  
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 N PUT M E T  D A T A  6 4 / 1 1 6 
R O U R  T H l T A S PfEO N I X I N G  T � "' P  S T A B I L I T Y 

( D E G )  ( M / S )  H F. I GHT ( M )  ( OEG-K ) C L A S S  

l R  2 0 1 . 0 0 1 . 1) 2 1 2 1 0 . 7 5  

R E S U LT A N T  M E T  CU N D I T I O N S  

W I N D D I R l C t I U N :  2 0 J . O O 
A V E R A G E  W I N O  � P F. E " =  4 . 6 2  
W I N D P l R S J S T E N C E= I . o n o  

2 9 7 , 0 0  4 

R E S U L T A � T  W J N O  S P E E P �  
A V f R A G E  TlMP� 2 9 7 , 0 0  
M U D A L S t A H I L I I Y =  4 

S I G N I f' I t: A N l' A P E A  1; O I / R C E  Il F. C F P T O R S  

R ECEPTOR . F. A :; 'r I�OR'rll 

TOT A L  f R O M  TOTAL fRO" TOT A L  f RO,.. CO N C E tl T R A 1' l ON 
S I G N l f  A R E A  A LL A R I': A  A L L  S O U R C E S  R A N I<.  

SOURCES SOURCES 

1 2 9 5 . 7 8 0 9  1 2 8 5 . 7 8 0 9  1 2 8 5 . 1 8 0 9  � 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  ) 
0 , 0 0 0 0  0 , 0 0 0 0  0 . 0 0 0 0  4 
0 , 0 0 0 0  o . oogo 0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0  0 0 . 0 0 0 0  6 

4 . � 2 



n 

.po 
I 

.po 
00 

IIATCH 2 . LOG : 1 

I A 60 . 65 6 1 . 5 3 

Table C.4·4 (continued) 

1 3 - A " G- 1 9 8 1  1 6 1 1 9 ' 1 1 . 8 9  PaQe 1 9  

T H f  M A X l � U M  N O . Of R F C E P TURS H A S  BrEN �ENlRATln 
NO OT H�RS w I LL � l  ACCEPTEO. 

" ' P L � � S F  NOTl l T H �  P E C E P T O H  NI 'MRERS A N D  LOC A T I U N S G E N E R A T E D  FOR T H I S  A V E R A G I N G  T I � E  PER I U D  A R E  D I FfERENT fROM THOSE G E N E R ATED fOR 
TH� PR�CElO I N G  A V ER AG I NG PE R I O D • • • •  

I - HOUR A VlRAGE HC S U M M A R Y  CONCENTR A T I ON T A R LE ( M I C ROGR A M S / M f f l )  6 4 / 1 7 6  S T A R T  HOUR . 1 8  

RECEPTOR N O .  

1 A I 
2 H 0 j H 0 
4 H 0 
5 H 0 

1 4 6  H 0 

EAST 

b (l . 6 5 
1 1 . 0 0  
2 \  . 0 0 j l . I) O 
4 1 . /) 0 
8 \ . 0 0 

N O R T H  

(, 1 . 5 1  
5 .  J )  
5 . H  
5 . H  
5 .  J 3  

1 0 9 . 2 5 

TOT A L  .'R O M  
S I G N l f  P O I N T  

SOURCES 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

SPR S A M P I , l  R U N  UY " A II I\ M I T C � F.: S - - R A M R  
HOUSTO�I L A .  C H A R L E S  M E t  D ATA 
1 . S GH & H / S FC E� 1 5S I ON R A T E  

TOTAL f R O M  
A LI. POI NT 

SOURCES 

0 . 0 0 0 0  
0 . 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 N P U T  '� E T  D A T A  
H U U R  T H te T A  

( OE(; ) 

6 4 /  1 7 6 
5 p n : 0  
( M I S )  

'H U N G T E M P  
H r I GH T ( M )  ( DEG-� ) 

S T A B I L I T Y  
C L A S S  

1 9  2 2 4 . 0 0 4 . 1 1  1 5 7 0 . 9 2  296 . 4 0 3 

R E S U L T A N T  MET C O N U I T T UNS 

W I N O  O [ R E (" 1 1 0N =  2 2 4 . 0 0 
A V E R A G E  w I N O  S PE E O :  4 . 1 1  
W I N n  P E R S l S T E � C F =  1 . 0 0 0  

RESUL T A N T  W I NO SPEEO
A VE R A G E  T E M P - 2 9 6 , 4 0  
M o D A L  S T A B I L I T Y .,  j 

S I G�l l f l r: A N T  A R E A  SOURCE R FCEPTORS 

RECEPTOR . F A S T  N O R T H  

1 A I 6 1 . 0 0 6 1 . 0 )  

TOTAL FRO� 
S I G N I f  A R E A  

SOURCES 

4 . 1 1  

2 9 4 5 . 9 6 7 5  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

2 7 8 . 4 7 9 2  

T O T A L  fROM 
ALL A R E A  

S O U R c r s  

2 9 4 5 . 9 6 7 5  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0 

2 7 8 . 4 7 9 2  

TOT A L  f'ROM 
A L L  SUU R C E S 

2 9 4 5 . 9 6 7 5  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

2 7 8 . 4 7 9 2  

CON C E N T R A T I UN 
R A N �  

1 
3 
4 
5 
6 
2 

T H E  M A X I M U �  N O .  Of R E C E P T O P S  H A S  BEEN GENER A T � D  
NO OT H � R S  w T LL BE AC( f P T E O .  

" . P L E l S E  � OTl l T � �  P E C E P T O R  N U � � E R S  A N U  LOC A T I UN �  G � N � R A T E D  fOR T H I S  A V ER � G I NG T I M E  pER I OO A R �  D l ff � R f N T  fROM IHO�l G � N E R A T E D  fOR 
TH� P R f C f EO I �G A VE R A G I N G  � F. R ( O D . ' "  

R EC l P 'COR N O .  E � S T  

1 - HUUR A V E R A G E  HC � U M M _ R Y  C O N C [ � T R A T I ON T A � LF ( M I C ROGR A M S / H " 3 )  6 4 / 1 7 6 S T A H T  H O U R I 1 9  

IfOR T H  T OT A L  f R O M  
S I G U T r  PO I � T 

SUURClS 

TOTAl,  filUM 
A L I. pul N T  SOIJRCF:S 

T O T A L  fR O M  
S I G N l f  A R E A  

SOURCES 

T U T A L  F'1I0M 
A L I. A Ii F A 

S O U P C f S  

TOT � L  fPUM ("OHcr N T R A T I O N  
A L L  S O U P C f S  R A N �  



("") 

� 
I 

� 
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Table C.4·4 (continued) 

FlATC H 2 . L OG r l I l - AUG- I q a l  1 & 1 1 9 1 3 1 . 8 9 

1 A 1 b l . 0 0  6 1 . 0 1  
2 H 0 1 1 . 0 0 5 . H  
l H 0 I I  . 0 0 5 . H  
4 H 0 I t  . 0 0  5 . l 1  

8 7  H 0 6 6 . 00 6 5 . 9 5 
1 2 4  H 0 9 1 . 0 0  q l . 9 1 

S P R  S A M P L E  R U N  IIY M A R K  M I T C K E S - - R A M R  
H O U S T O N I  L A . C H A R L ES M E T  D A T A  
1 . 5  G R A M / S fC � � I S S I O �  R A TE 

0 . 0 0 0 0  
0 . 0 0 0 0 
0 . 0 0 0 0  
0 . 00 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

I N P U T  
H O U R  

� E T  n A T A T H E T A  ( nEG ) 
6 4 1  1 7 6 
S P E E n  
( M I S )  

M I U N G  T E M P  
H � I G H T ( M )  ( nEG-, ) 

ST A II I L I TY 
C L A SS 

2 0 1 1  q .  0 0  2 . S 7 1 7 5 1 . 0 0 2 9 7 . 0 0 4 

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

R ES U LT A N T  M ET r O N O I T T O N S  

W I N O O I R EC T I U N =  1 1 9 . 0 0  
A V E R A r. E  w I N O  s P f E n :  2 . 5 7  
W Y N n  P E R S I S T E N C E =  1 . 0 0 0  

R E S U L T A N T  W I N D S P E E D 
A V E R A G E  T E M P _  2 9 7 , 0 0  
MODA L  S T A I H L l T Y =  4 

S I G N l f I C A N f  A R E A  S O U R C E  R EC E pT OR S 

R E C E P T O R . " A � T  N O R T H  

I A 1 5 A . 5 2 6 0  R 2  

2 . 5 7  

Paqe 2 0  

3 4 4 0 . 7 1 7 1 
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

6 3 1 . 1 1 5 8 
1 4 5 . 5 7 3 6 

3 4 4 0 . 7 1 1 7 
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

6 3 1 . 1 1 5 8  
1 4 5 . 5 7 3 6 

1 4 4 0 . 7 1 7 7  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

6 ] 1 . 1 1 5 8  
1 4 5 . 5 7 1 6 

I 
4 
5 
b 
2 
1 

T H E  � A X 1 � U �  � O .  Of H E C E P T O R S H A S  II E E N  GEN E R A T E O 
NO O T H E R S  W I L L FIE A rC E P T E O • 

• • •  P L E A S E N O T E I T H f P E C E P T O �  N tJ M � E RS A N D  LOC A T I O N S G E N E R A T E o  fOR TH I S  A V E R A G I N G  T I M E  P E R I O D  A R E  D l f f E R F. N T F R O M  THOSE G E N E R A T ED EOR 
T H E  P H F C E E O I N G A V f, R A G I N G  P E R I O �  • • • •  

I - H OIIR A V ER A G E  H C  S U M M A R Y  CON C E N T R A T I O N  T A R L !: ( M l r ROGR A M S / M  • •  l )  b 4 / 1 7 6 sTA R f  HOUR I 2 0  

R E C E P T O R  N O .  

1 A I 2 H (I 
l H 0 
4 H 0 
5 H 0 
6 H 0 

E A S T  

5 11 . 5 2  
1 1  • O il  
2 \  . o u J I . O o  
4 1 . 0 U  
5 1 . 1) 0 

NO R TH 

1; 0 . 8 2  
S . H  
S . H  
S . H  
5 . H  
5 . 1 1  

T n T A L  f R O M  
S I G N T E  P O I N T  

S U IJ R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
O . O O U O  
0 . 0 0 0 0  

S P R  S A M P L E  R U N  B Y  � A R K  M I T r K E S - - R A � H  
H UU S T O N I  � A .  C H A R � � S  H E T  D A T A  
1 . S  G R � M /SFC l � l � S I UN R A r E  

� 4 1  1 7 6 

TOT A L  F R O M  
A LL P O I N T  

s n U R C � S  

0 . 0 0 0 0  
0 . 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 N P U T  H l T  D A T A  
� O U R  T H E T A ( n lr. ) S P E E n  � l X I NG T F M P  ( M I S )  H � I G H T ( M )  ( O EG - K )  

S T A II T L I T Y  
C � A S S  

T O T A L  f R O II  
S I G N I f A R H  

SOURCES 

2 6 7 9 . 1 9 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  

TUT A L  f R O M  
A L L  A H E A  

S O U P C F S  

2 6 7 9 . 1 9 1 5  
0 . 0 0 0 0  
0 . (1 0 0 0  
O . O U O O  
0 . 0 0 0 0  
0 . 00 0 0  

T O T A L  E R O II  
A I I L  S U U R C E S  

2 6 7 9 . 1 9 1 5  
O . o o uo 
0 . 0 0 0 0  
0 . 0 0 0 0 
O . u o o o  
0 . 0 0 0 0  

C O N C E N T R A T I U N  
R A N K  

� 
1 
4 
5 b 



n 

� 
, 01 

a 

R A T C H 2 . L OG l l  

2 1 2 1 . 0 0  1 . 5 4  1 7 5 1 . 0 0 
R E S U L T A N T  M E T  rO N D I T I O N S  

W I N D O I P ECT I O� =  2 1 . 0 0 
A V � P A r. E  w I N O 5 P E E D : 1 . 5 4 
W I N D  P � R S I S T E � C E =  1 . 0 0 0  

Table C.4·4 (continued) 

1 1 - A U G- 1 9 8 1  1 6 1 1 9 1 1 1 . 8 9 

2 9 7 . 0 0 6 

R ES U L T A N T  W I N D  S P E E O 
A V ER A G E  T E � p s  2 9 7 , 0 0  
MODAL ST A 1 H L I Th II 

Page 2 1  

1 . 5 4  

S I G N I F I C A N T  A R � A  SUURCE R EC E PTOR S 

R E C E P T O R . E A S 'I' N O R T H  

1 A 1 5 9 . 0 7  5 7 . 5 8  
T H E  M A X l � U M  N O .  O f  REC EPT URS H A S  SEEN G E N E R A TED 

N O  O T H � R S  W I L L B E  ACCEPTED • 
• • •  P L E A S F. N O T E I T H �  R ECEPT OR N I I H R E R S  A N D  LOC A T I ON S  G E N E R A T E D  fOR T H I S  A V E R A G I N G  T I M E PER I O D  A R E  D i f F E R E N t  f R O M  T H O S E  GEN ER A T E D FOR 

T H �  P R F C E ED I N G A VER AG I N G  P E R I O D  • • • •  

I - HUUR A V E R AGE H C  S UMM A R Y CONC F. N T R A T I O N  T A 8LF. ( M I C R OG R A M S / M  • •  l )  6 4 / 1 7 6 S t A R T  HOU R I 2 1 

R E C E P T O R  N O .  E A S T  �O RTH T O T A L  f'RO M 
S I G N I F  P O I N T  SOU R CES 

1 A I 5 9 . 0 7  5 7 . 5 9  0 . 0 0 0 0  2 1\ 0 1 1 . 0 0 5 . H  0 . 0 0 0 0  
J H 0 2 1 . 0 0 5 . H  0 . 0 0 0 0  4 H 0 1 1 . 1) 0  5 . H  0 . 0 0 0 0  
5 II 0 4 1 . 0 0 5 . H  0 . 0 0 0 0 6 4  H 0 5 1i . O O 4 9 . 6 1  0 . 0 0 0 0  

S P R  S A M P L E  R U N  � y  � A P K H T I C K E S - - R A M R  
H O U S TO � I  LA

� 
C H A P L F S  M E T  D A T A  

1 . 5  G k � M / S FL E � I S S I O N R A T E  

I N P U T  M �T D A T A 6 4 1  1 7 6  

TOT A L  F R O M  
A L I. P O I N T  

SO U R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

fl OIIR T H � T A  5 P F .i:. O  M I X I N G T E M P  S T A � I L l TY 
( D �G ) ( M I S )  H E I G H T ( M )  ( OEG- K ) C L A S S  

2 2  2 1 . 0 0 1 . 0 0  1 7 5 1 . 0 0  2 9 7 . 0 0 6 

R E 5 U I. T A N T  " I::T c u N lJ l T l U N S  

W I N O D I R �r. T I ON =  2 1 . 0 0 
A V E P A f, 1:: w I N O S P E I:: D =  1 . 0 0  
W T N O  P � R S I STlNCE= 1 . 0 0 0  

PESULTAHT � I NO SPEfU= 
A V ER AG E  T I:: M P =  2 9 7 . 0 0 
M u D A L  5 1 A � I L I T Y =  b 

S I G �I I I' I r A N 't A R I:: A 5 U I I R C �  R EC f PTO P S 

T OT A L  ,.RO III TOT A L  f ROM TOTAL F il U M  C O N C E N t' R A T l UN 
S I G N l f' A R E A  A L L  A R E A  A L L  S O U R C E S  R A N IC  SO U RC ES SOU R C E S 

4 7 5 . 5 2 2 8  4 7 5 . 5 2 2 8  4 7 5 . 5 2 2 8 2 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  3 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  4 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  6 

) 1 3 2 . 4 5 6 0  3 1 3 2 . 4 5 6 0  1 1 1 2 . 4 5 6 0  1 

1 . 0 0  



n 

� 
, 

U1 
I-' 

Table C.4·4 (continued) 

R A T C H 2 . L OG J l  I l - A U G - 1 Q 8 1  1 6 1 1 9 1 3 1 . 8 9 Paae 2 2  

R E C E P T O R  E AST N O R TH 

I A 1 5 9 . 0 7 5 1  5 8  
T H E  � A X l � U �  N O .  O f R � C E P T O R S  H ' S HEEN G E N E R A T � o.  

N O  OT H ER S w J L � B E  A CC � P T E o. .  " ' P L � A SF NO T E t  T H E  R E C E P T O R  N I I M R E R S  A N O  LOC A T I ON S  G E N E R A T �D f O R  T H I S  A V E R A G I NG T I M E  p E R I OD A R E  D l ff E R F N T  f R O M  T H O S E  GE N E R A T E D  rOR 
THE P H ECE E O J N G A V E R A G I NG P E R I UD • • • •  

l - HOUH A V E R AGE HC S U M M A R Y  C O H C f. N T H A T I O N  TABL� ( M I C ROGR A M S / M " l )  6 4 / 1 1 6  S T A R t  HOUR I 2 1  

RECEPTOR N O .  

1 A I 
2 H 0 
1 H 0 
4 H 0 
5 H 0 

64 H 0 

E A S T 

5 9 . 0 1  
1 1 . 0 0 
2 1 . 0 0  
1 1 . 0 0 
4 1 . 0 0  
5 � . O O 

N O R T H  

5 1 . 5 8 
5 . H  
5 . H  
S . H  
5 . H  

4 8 . 6 3  

TOT A L  F R O M  
S I G N I F  P O l'l T  

S O U R C E S  

0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

S P R  S A M P L E  R U N  BV M A R K H I TC K E S - - R A � R  
H O U S T O � I  L A . C H A R LE S  M E l  D A T A  
1 . 5  G R A H / Sf.C � � I S S I U N R A T E  

6 4 1  1 7 6 

T OT A L  FIHl M 
A L L  P O I N T  

S O U R C E S  

0 . 0 0 0 0  
0 . 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 N P U T  M E T  !l A T A  
H U O R  T H E T A  

( 0 ";1: ) 
S P E E O  M I X I NG TEMP 
( M I S )  H E I G HT ( M ) ( DEG - K )  

S T A b I L I T Y  
C L A S S  

2 1  1 1 4 . 0 0 1 . 5 4  J 3 0 9 . 2 1  

R E � U L T A N T  � E T  C OND I T I O N S 

� I N I'  D I P EC T I U � :  1 1 4 . 0 0  
A V E R A G E  w I N O. S P E E o. =  1 . 5 4 
W I N O. P E R S I S T E M C f. =  1 . 0 0 0  

2 9 1 . 0 0 b 

R ES U L T A N T  W I N O S P E E D 
A V F.R A GY. T E M P =  2 9 7 , 0 0  
M o n A L  S T A H I L I T Y =  b 

S I G N I F I C A N T  A R "; A  S O U R C E  H FCfPTORS 

R EC I:; P 'fOR ' � A S l' N O R T H  

1 A 1 5 7 . � �  b 1 . 0 6  

T O T A L  r R O M  
S I G N t F  A R E A  

SOUR CES 

1 . 5 4  

4 7 5 . 5 2 2 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

1 1 3 2 . 4 5 6 0  

T O T A L  F R O M  
A L L A R f A  

SOURCf.S 

4 1 5 . 5 2 2 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

3 t H . 4 5 6 0  

T O T A L  FRUM CONC E N T R A T I O N  
A L L  S O U R C r S  R A N K  

4 1 5 . 5 2 2 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

3 1 3 2 . 4 5 6 0  

� 
4 
5 
6 
1 

T H E  M A X I � U �  N O . Of H �C F P TOR S  H A S  B E E N  G E N E R A T E D 
NO O T H � � �  W I L L P ";  A r C F P T E O .  " ' P L E A SF. N O T E I T H F  PE C E P TOR NUM�EPS A N U  LOC A T I O N S  G � N E R ATY.D fOR T H I S A V E R A G I N G T I M E  P � R I O O  A R E  O l rF�RENT f R P M  THOSl G E N F R _ r E D r O R  

T H E  P H F C E ! O I � G A V E R AG I NG P ER I OO • • • •  

R E C E P T O H  rw . E A S T  

t - HO" R A V E R A G E  H C  S U M M A R Y  CUN C E N T R A T IOH T A R L E ( M I C R O G H A N S / H  • •  l )  b 4 / 1 1 6  S T A R t  HOUR I 2 3  

NU R T H TOT A L  f R U �  T O T A L F R O M  T O T A L  f R U M  S I G N T F  P O I N I  A L L PO I N T  S I G N I F AREA TOT A L  F R O M  
A L L A R F A  

rOr A L  F R O H  CO N C E N T R A T I O N 
A L L  S O U R C E S  R A � K 



n 

.p
I Ul N 

Table C.4·4 (continued) 

f\ A T C H 2 . LOG ' 1 l J - AU G- 1 9 8 1  1 6 1 1 9 1 1 1 . 8 9  

1 A 1 � 1 . 6 � 6 1 . 0 6 
2 H 0 1 1 . 0 0 � . H  
1 H 0 2 1 . 0 0  5 . l l 
4 H 0 j l . 0 0 5 . H -
5 H 0 4 1 . 0 0  5 . l l  

9 6  H 0 4 /) . 0 0  6 5 . 9 5 

S P R  S A M P L E  R II N  B Y  M A R K M I T C K F S- - R A M R  
HOUSTONI L A .  C H A R L�S M E T  D A T A  1 . 5  G R A M / SEC E M I S S I O N  R A T E  

B O U II C E B  SOURcrS 

0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 0 0 0  0 . 0 0 0 0  
0 . 0 0 0 0  0 . 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 N P U T  M E T  D AT A  6 4 1  1 1 6 
H O U R  T H E T A  S P E E D  M I X I N G  T E M P  S T A B I L I T Y  

( D EG ) ( M I S )  H F. I r, H T ( M )  ( D EG-K ) C L A S S  

2 4 2 6 5 . 0 0 1 . 5 4  1 1 8 . 4 1  2 9 1 . 0 0  to 
R E S U L T A N T  � ET r O N O I t I O N S  

W I N O  D I R EC T I O N =  2 6 5 . 0 0 
A V I::R A r,£ W T N D  S P F. E D =  1 . 5 4  
W I N O  P E R S I S T E N C E =  1 . 0 0 0  

R E S U L T A N T  W I N O SPEED
A V E II A G E  T E M P - 2 9 7 . 0 0  
MOD A L S T A B I L I T Y =  6 

S I G N I f I C A N T  A R E A  SOU H C E  R E C E P T U R S  

R E C EP T O R . E A S -C N O H T H  

I A 1 6 ? 5 �  to O . 2 2  

Page 2 ]  

SOURCES 

4 9 4 . 8 1 1 6  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

] 5 2 8 . 4 0 1 0  

1 . 5 4  

S O U R C E S  

4 9 4 . Il J �6 4 9 4 . 8 1 7 6  2 
0 . 0 0 0 0 . 0 0 0 0  ] 
0 . 0 0 0 0  0 . 0 0 0 0  4 
0 . 0 0 0 0  0 . 0 0 0 0  5 
0 . 0 0 0 0  0 . 0 0 0 0  to 

] 5 2 8 . 4 0 1 0  3 5 2 8 . 4 0 1 0  I 

T H E  � A X 1 M U M  N 0i. Of R ECEPTORS H A S  BEEN G E N E R A TEO 
N n  ol H l R S  w I L , � E  A � C F. P T E O  • 

• " P L E A S F  N O T l : T H E  R E C E P T O R  N " H R E R S  A N D  LOC A T I O N S  G E N E R ATED FOR T H I S  A V E R A G I N G  T I M E  p E R I OO A R E  D I F F E R E N T f R O M  THOSE G E N E H A T E D  F O R  
T H F.  P H E C F E O I N G A V E R A G I N G  P E k I OD • • • •  

I - H O " R  A V E R A G E  HC S U M M A R Y  C O N C E N T R A T I O N  T A P LF ( H I C R O G R A M S / M " ] )  b 4 / 1 1 6 sT A RT HPU R I  2 4  

R E C E P T n H  N n .  E A S T  N O R T H  T nl A L  f RO M  TOT A l, f R O M  TOT A L  r R O II  T O T A L  f R O M  T O T A L  f R O M  CONCE N T R A 'f I ON 
8 1 G N T E  P O I N T  A L f, P O I N T  S I G N l E  A R !:: A A L I, A H F A  A L L  SUU R C E S  P A N K 

S U U R C E S  S O U R c r s  S OU H C E :;  S O U R C E S  

1 A I b 2 . 5 5  6 0 .  :12 0 . 0 0 0 0  0 . 0 0 0 0  4 2 0 . 1 6 6 1  4 2 0 . l b 6 7  4 2 U . l b b 1  1 
2 H 0 1 1 . 0 0 !i .  J 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  2 
1 H 0 l l . O O � .  ) 1  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  3 
4 H 0 I t  . 0 0  5 . 1 ]  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  U . O O O O  4 
5 H 0 4 1 . 0 0  !> . l 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  � 
6 H 0 5 1 , 0 0 5 . l l  o . o o u o  0 . 0 0 0 0  0 . 0 0 0 0  0 , 0 0 0 0 0 . 0 0 0 0  to 

S M C  5 L(1 w  
S A l  V A X  U S A G �  . r  l 1 - A U G - 1 9 ij l  1 6 a I 9 I J I . 2 & 
C U M P U T E D  A5 t f  l H 1 S  � l P E  A I O U E = 5 L(1 W  H A T C H  J O H  
JOR = $ 1 . 0 0  
C O N N f"CT = 0 . 0 7  !l U I i R S  , 0 . 0 7 



n 

.P
I 

U1 
W 

Table C.4·4 (continued) 

� ATC H 2 . LOG ' 1  
U - A UG- 1 9 8 1  1 & 1 1 9 1 1 1  . 8 9  

CPU = 0 . ) 5 M I 'I U T E S  $ 0 . 2 '2 

II U f  1 / 0 = a q  $ 0 . 0 0 

[ H R  1 1 0  = 3 1 6  $ 1 . 2 6 

P A r. E f L T S =  6 9 8  6 0 . 2 8 

P E A K  W �R � I N G s r I  = ) 3 6  

P E � K  V I H T U A L  A n U R �SS S I Z E  a 1 8 1  

T U T A L  C H A H G E  :: 2 . 8 3  8 6  

P R I M E 
S P R  j O b  t e r m i n a t e d  a t  1 1 -AUr.- 1 9 8 1  1 6 l t 9 1 3 1 . 1 3  

Paqe 2 4  

) ) 6  
3 8 7  o A c c o u n t l ny 1 n f n r m a t l o n l 

o u f f e r e d  IU c o u n t l 

O l r e c t  l / U c o u n t I 
P a q e  t a u l t s l 

9 1  
J 1 8  
1 9 0  

o O O I O O I 2 1 . 2 !1  

P e a k  w o r k lnQ s e t  . l ze l 
P e a k  v l r t u a l  s l z e l  
M o u n t e d  v o l u m e l l  
E 1 8 p S e d  t l m e l  o 0 0 1 0 0 1 5 9 . 6 5 

E l a p s e d  (" I' l l  t i lll e l  
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Mound Sal t Dome , F i nal  Envi ronmental Impact Statement . FES  
76/77- 6 ,  Was h i ngto n , D . C .  

McAu l i ffe , C . , 1976 , D i spersal  and A l terat i o n  o f  O i l D i scharged on  a 
Water Surface . P resented at Sympos i um on  Fate and E ffects of  
Petro l eum Hydrocarbo n s  i n  Mari ne Ecosystems and  Organ i sms , Seattl e ,  
Was h i ngton , November  10- 12 , 197 6 .  

U . S .  Department of  Energy , 1977 , Strategi c Petro l eum Reserve , Bryan 
Mound Sal t Dome , F i nal  Suppl ement  to  F i nal  Envi ronmental Impact 
S tatement.  DOE/E I S- 0001 , Was h i ngton , D . C .  

U . S .  Department of  Energy ,  1978a , Strategi c Petro l eum Reserve , Seaway 
Group Sal t Domes , Brazori a County ,  Texas F i nal  Env i ronmental  Impact 
Statement .  DOE/E I S- 0021 , Was h i ngton , D . C .  

u . S .  Department o f  Energy , 1978b , Strategi c  Petro l eum Reserve , Texoma 
Group Sal t Domes , Came ron and Cal cas i eu Pari shes , Lou i s i ana and 
Jeffers o n  County , Texas , F i nal Envi ronmental  Impact Statement.  
DOE/E I S-0029 , Was h i ngton , D . C .  

U . S .  Env i ronmental Pro tecti on  Agency , 1977 , Comp i l at i on  o f  A i r Po l l utant 
Factors , 3 rd ed. Offi ce of A i r and Waste Management , Offi ce of A i r 
Qual i ty Standards , Research Tri angl e Park , No rth Caro l i na .  

Weaver , L .  K . , 1978 , Texas Ai r Contro l Board General App l i cati on  fo r the 
Bryan Mound SPR  Fac i l i ty ,  F i l ed December  13 , 1978 . 
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APPEND I X  0 

LETTER  COMMUNI CATIONS CONCERN I NG 
THE P ROPOSED ACTION  

Append ix  0 conta i n s  l etter commu n i cati ons  i nvo l ved i n  coordi nat i o n  and  
c o n s u l tat i on  efforts wi th agenci  es  i nvo  1 ved i n  rev i  ew of  the proposed 
acti o n .  
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UN ITED STATES 
DEPARTMENT OF THE I NTERIOR 

FISH AND WILDLIFE SERVICE 

Ms . Joyce Teerl i ng 
Departme nt of Energy 
900 Comme rce Roa d  Ea s t  

POST orr I CE BOX 1306 
AlElJQUERQUE, NEW MEX I CO 87103 

December 1 8 ,  1 980 

New Orl eans , Lo u i s a na 701 23 

Dea r Ms . Teerl i n g :  

I N  REPLY REfER TO : 

LA-Texa s 
McFadd i n  NvlR 
Permi ts 

Th i s  wi l l  a c k nowl edge yo u r  tel ephone request for i nforma t i on on the req u i re
men ts nec e s s a ry for a permi t to c o n s tru c t  p i pel i nes acro s s  l a nds of the U . S . 
Fi s h  a nd W i l d l i fe S e rv i c e .  

Encl o s ed i s  a copy o f  o u r  " Ri g h ts -o f-Way General P rov i s i o n s , the p i pel i ne 
s ec t i o n  o f  the M i n era l Lea s i ng Ac t o f  1 920, a nd the Endangered Spec i es Act of 
1 97 3 . 

The fo l l owi ng a re req u i red fo r a p i pel i ne r i g h t-o f-way a p p l i ca ti o n :  

1 .  A l e tter of a p p l i cati o n  s ta t i n g  the purpose o f  the pro po s ed p i pel i ne 
a n d  the neces s i ty fo r cros s i ng wi l d l i fe refuge l ands . 

2 .  A n o n re tu rna b l e a p p l i ca t i o n  fee i n  a ccordance wi th the sc hedu l e i n  
s ecti o n  29 . 21 -2 o n  page 439 1 7  ( $50  per mi l e ) . 

3 .  S i x s e ts of draw i ngs  a nd p l ans  for cons tructi o n ,  o pera ti o n , a nd 
reha b i l i ta t i o n  o f  the p i pe l i ne a nd r i g h t-o f-way a s  i t  cro s ses refug e  
l a nd s ,  and s ome i nforma t i o n  o n  t h e  overa l l operati on of the tota l 
p i pel i n e .  

4 .  A c e n terl i n e d e s cr i pt i o n  t i ed to the nea re s t  Go vernmen t  s u rvey 
mo nume n t  a t  the pO i n ts o f  e ntry and exi t from the refuge bo undary , 
to ge ther wi th enou g h  deta i l ed i nfo rmati o n  to a l l ow the pro po sed 
r i g h t-o f-way to be accurate l y  l ocated o n  the grou n d . Permi s s i on to 
c ro s s  refu ge l ands to comp l ete the ce nterl i ne s u rvey can be coord i 
nate d  wi th the refu g e  ma na ger . 

5 .  S u ff i c i en t  env i ro nme nta l data to a s s i s t  u s  i n  determi ni ng i f  a n  
envi ro nmen tal i mpact s ta tement wi l l  be necessary .  

6 .  Sect i o n  1 06 o f  the Nati o nal H i s tor i c  Preserv a t i o n  Ac t req u i res that a 
c u l tu ral resource eval u a t i o n  b e  conducted o ver the area . A copy of 
t h i s a rchaeo l o g i cal report mu s t  be furn i shed pri or to approval of the 
a p p l i c ati on . 

0- 2  



7 .  E v i dence of a ppro va l  from a l l S ta te and Federa l agenc i es to cons truc t ,  
o pera te ,  and ma i n tai n the p i pel i ne .  

No ti ce o f  a p p l i ca t i o n  fo r a p i pe l i n e r i g ht- of-way w i l l  b e  publ i s h ed i n  the 
" Federal Reg i s ter , "  a nd 30 days wi l l  b e  a l l owed for publ i c  commen t .  Any u n u s u a l  
i nq u i r i es tha t w e  rece i ve w i l l  b e  forwa rded to y o u  fo r rep l y . P l ea s e  note that 
p u b l i ca t i o n  of th i s  no t i c e i s  a rou t i n e  procedure and does not cons ti tu te our 
a pprov a l  of the propo s ed p ermi t .  For p i pel i n es of 24 i nches or l a rge r ,  no 
r i g h t-of-way permi t w i l l  be gran ted u n ti l 60 days after the Ho u s e  and Senate 
Commi ttee s  o n  I n te r i or and I n s u l ar Affa i rs have recei ved noti f i cati on of the 
a p p l i ca t i on a nd have a p proved the terms a nd cond i ti o n s  to be i nc l uded i n  the 
p ermi t .  

T h e  ri g h t-of-way permi t w i l l  be gran ted when certi fi ed compa t i b l e by the 
Reg i ona l D i rec tor . A l ump sum payme n t  fo r u s e  a nd occu pa ncy of wi l dl i fe 
refuge l a nds wi l l  b e  fo r the fa i r  ma rket va l ue ,  as determi ned by a ppra i sa l , i n  
add i ti o n  to the c harges for proce s s i n g the permi t .  

A $1 0 , 000 i n demn i ty bo nd mu s t  be furn i s hed a t  the t i me the permi t i s  gran ted 
a nd b efore cons tru c t i on beg i ns . 

I f  you have a ny q u e s t i ons or I can be of further a s s i s ta n c e ,  p l ea s e  contact me 
a t  ( 50 5 )  766-2 1 74 . 

E n c l os ures 

. S i ncere l y  yours , 

---I ,-zr:;:-! ' � �  
W i l l i am B .  Fi s her 
Real ty Spec i a l i s t  
Rea 1 ty 
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T E X A S 
P A R K S  A N D  W I L D L I F E  D E P A R T M E N T  

CO M M I S S I O N E R S  

P E R R Y  R .  BASS 

Chairman, Fort Worth 

JAMES R. PAXTON 

V ice-Chairman, Palestine 

PEA RCE JOHNSON 

Austin 

October 1 ,  1980 

Ms . Sus an Turbak 
S c i ence App l i c at i ons , I n c . 
800 O ak R i dge Tu rn p i k e 
O ak R i dge , Tenne s s ee 37830 

D e ar Ms . Turbak : 

A .. � -

CHARLES D. T R AV IS 

EX ECUT I V E  D I R E CTOR 

4200 Smith School Road 

Austin, Texas 78744 

COM M I SS I O N E R S  

JOE K .  F U LTON 

Lubbock 

EDWI N L. COX, J R .  

Dallas 

W. B. OSBOR N ,  J R .  

Santa Elena 

Th i s  i s  i n  respon s e  to your recent req u e s t  for i nformat i on regard i ng 
endangered and / or non game spec i es .  

Encl osed are state l i s ts , annot ated as to the es t i mated chances of 
encou nter i ng spec i f i c  an i m al taxa i n  Jeff erson County . Al though thes e 
l i st s  shou l d  prove u s ef u l  to you as back ground mater i al and for general 
p l ann i ng purposes , they are not i nten ded as s u b s t i tutes for comprehen
s i ve on s i te ev a l uat i ons made by competent b i ol ogi sts . Determi nat i on 
of the act u a l  pres ence of a speci es i n  a g i ven proj ect area depends 
on a number of var i ab l es s uch as seasonal an d d a i l y  act i v i ty cyc l es , 
en v i ronmental act i v i ty cue s , preferred hab i t at ,  trans i ency , and popu 
l at i on den s i ty ( both wi l d l i fe and human ) . Abs ence of a spec i es can 
be demonstr ated o n l y  wi th great d i ff i cu l ty and t h en o n l y  w i t h  repeated 
negat i ve observat i ons tak i ng i nto account al l of the var i ab l e  fac tors 
contr i bu t i ng to the l ack of obs ervab i l i ty .  

I nformat i on regar d i ng protected o r  r are p l ant spec i es i s  summar i zed 
on an att ach ed adv i s ory s heet . 

P l ease l et us  k now i f  we may be of furt her he l p .  

S i ncere l y ,  

�f�· 
Wi l d l i fe B i o l o g i st 

F EP : W100 : gv 

Enc l osures 
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COMMENT ON PROTECTED NATIVE  FLORA OF TE XAS 
February , 1 980 

Wh i l e  the State of Texas has not adopted an offi c i a l l i s ti n g  o f  
endan gered o r  th reatened pl ant taxa , n o r  currentl y i s  there state 
endangered spec i es l eg i s l ati o n  fo r fl o ra of  co ncern , there are 
s everal references wh i ch may be used fo r gu i dance i n  envi ronmental 
pl ann i ng .  

Approxi mate l y 1 1 0  Texas pl an t speci es were propo s ed i n  1 976 fo r 
federal l i s ti n g  as endan gered o r  th reatened ( 41 FR 24523-72 ) but 
have now been wi thdrawn ( 44 FR 70796- 7 ) . However, wi thdrawn spe
c i es remai n under " No ti ce o f  Revi ew"  ( 40 FR 27823 ) . No ti ce  of  
Revi ew spec i es "sho u l d be con s i dered i n  envi ronmental pl ann i ng "  ( 44 £3. 70796 ) 0 

The fi rs t Texas pl ant speci es l i sted  fo r federal  pro tecti o n  as en
dangered was Texas w i l dri ce ( Zi zan i a  texana ) ,  43  FR 1 79 1 0- 1 79 1 6 .  
Others have now been added as ei the r endan gered o r� reatened 
( s ee attached materi al ) . 

One o f  the most  entens i ve l i s ti ngs of  Texa s pl ant spec i es of  con
cern i s  that wh i ch i s  avai l a bl e  from the Texas Organ i zati o n  fo r 
Endangered Speci es ( T . O . E . S . ) ,  Post Offi ce  Box 1 2773 , Aus ti n , 
Texas 7871 1 .  Fo r add i ti ona 1 i nfo rmati o n , pl ease contac t :  

Endangered Spec i es Spec ia l i s t  
U .  S .  Fi s h  and W i l dl i fe Serv i ce ( 50 5 )  766- 3972 

or  

Dav i d  H .  Ri s k i nd 
Resource Management Secti o n  
Texas Parks and W i l dl i fe Department ( 5 1 2 )  475-4848 

A(/,e c/ --f!'tc � , u;:,j(7 It ;iecC 7�;=5 ?1Ci--n-f T'eCl�S ( c.u � r o-;rl f7 9)" ' 7 e -:n �CL-n/ e reJ. J 2. 7� r-ea:te.-;necf) ar e 
K 77ou_rn +c O Q  L ' '- w"r/,,,.;. 2 (.. i -//7/� � r:r/ Vc....;.�r-- 0--.. (007J<-j . 

Notations made by Floyd Potter, J r. 
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L ISTED SOUTHWESTERN CACTI 

TEXAS 

Anc i s t rocactus tobus chii ( Endang e re d :  FR 44 ( 21 7 ) :  64736-64 7 3 8 ) 

(Tobusch f i shook cactus)  
1.  We s te rn Ke rr County (Mountain Home to Ingram , Texas ) and 

northern Bandera Count y .  
2 .  Low l ime s t one ridges o r  gravel bars near s t reams ( up p e r  Me dina 

River and tributari e s , upper Sabinal River and t r i butari es , and 
s ome t r i butaries of upper Guadalup e  Rive r ) . 

Coryphant ha minima ( Endang e re d :  FR 44 ( 21 7 ) :  64738-647 40 ) 

(Ne l ly C ory c a c t u s )  
1 .  No rthern Brews t e r  County , Texa s . 
2. Outcrops of nov icul i te on hill top s . 

Coryphant ha sneedii var .  sneedii ( Endange red : FR 44 ( 21 7 ) :  64741-64 743 ) 

( S need p incu s h ion c a c tu s )  
1. Southea s t e rn Dona Ana County , NM. and no rthwe s t e rn El Pas o  Coun ty , 

Tx . 
2 .  Southern Or gan Mo untains , Bisho p ' s  Cap , and F rankl in Mo untains . 

Eleva t i o n :  1300 - 1650 m. 

Co ryphantha ramillosa ( Threatened : FR 44 ( 21 6 )  64 247-64 249 ) 

( Bunched Cory c a c tus ) 
1 .  Extreme southe rn and southeas tern Brews t er County and ext reme 

s o uthwe s t ern Te rrell County , extending in t o  ad jacent Coahuil la , 
Mexi c o .  

2.  Ve ry s te e p  calcareous canyon s i de s and in adjacent summi t s . 

Echinoce reus lloydii ( Endang e re d :  FR 44 ( 209 ) :  61916-61917 ) 

(Lloyd ' s  hed geh o g  c a c tu s )  
1 .  Nor t heas t P e c o s  County ( ea s t  o f  Fo r t  S t o ckton ) .  
2. Variabl e--g entle s l opes t o  t o p s  of me s as . 

Echinoc e re us rei chenbachii var .  albertii ( Endangered : FR 44 ( 2 09 ) : 
61918-619 2 0 ) 

(Black lace  c a c tus) 
1 .  Extreme s o u thern Jim We l l s  County , No r thern Kleberg County and 

poss i b le d i s c on t inuous oc currence in Re f ug i o County . 
2 .  Trans i t ion be tween coas tal plain and rol ling i n t erio r .  

Echino c e reus viridi f l o rus va r .  dav i s ii ( Endangere d :  FR 44 ( 2 1 7 ) :  
6 4 7 3 8-64 7 4 0 )  

(Davi s ' g r e e n  p i taya)  
1.  No rthe rn Brews t e r  County ( near Ma rathon , Texa s ) .  
2. Novicul i t e  o u t c r o p s  on h i l l t o p s  a t  about 1200 m. 

Neo l loydia mariposens i s  ( Threatened : FR 44( 21 6 ) : 64247-64 249 ) 

(Ll oyd ' s Mar i p o s a  cac tus ) 
1 . Extreme southwe s tern Brews t e r  County and p o s s i b l y  P r e s i d i o  Coun ty . 
2 .  Lime s tone g ravel on h i l l s  o n  l ower s l opes o f  mesas . 

D-6 



R E G U LATI O N S  F O R  T A KI N G , POSSESS I N G ,  T R ANSPO RTI N G ,  E XP O RT I N G ,  

PR O C ESS I N G ,  S E L L I N G  O R  O F F E R I N G  F O R  S A L E ,  

O R  S H IPPIN G E...N O AN G E R E O  S P E C I E S  

1 27 .30.09 .001 ·.006 
As Amended July 1 971 

The fo l lowing ru les are promulgated u nder the auth ority of 
Sect ions  43.0 2 1  through 4 3.030, Sections  67 .0 0 1  thro ugh 67.0 0 5 ,  and  
Sect ions  68.0 0 1  th ro ugh 68.0 2 1 ,  Texas Parks a n d  Wi ld l ife Code .  

.00 1 .  Def in i t ion .  "Perso n "  m eans any i n d iv idua l ,  f i r m ,  corpora· 
t ion,  associati o n ,  or partnersh ip .  

.002. Permits to Take  C erta i n  F ish I) r  W i l d l i fe .  N o  p e rson may 
take, possess, or transport fish or wi ld l i fe c lassif ied as enda ngered 
species and named i n  th is rule for zool ogical gardens o r  sc i e ntif ic 
pu rposes, to take or  transport fish or  wildl ife classi f ied as e ndangered 
species, as specif ied i n  th is rule, from the wi ld ,  or from th e i r  natu ral 
habitat, for propagat ion  for c o m m e rcial  p u rp oses, u nless he has 
obta i n e d  a va l i d  permit  from the D epartm ent  as requ ired by Secti o ns 
43.021 th rough 43.030 of the Texas Parks a n d  W i l d l ife Code .  

.003. C l osed Seasons. Except  as p rovided by  R ul e  .002 above, i t  
sha l l  be u nlawful  f o r  any perso n  to take,  p ossess, transport ,  e x p o rt,  
process, sel l  o r  offer for  sa le ,  o r  ship a ny species of fish o r  wi ld l i fe  
with in  th is State l isted be low;  a n d  no p erso n  sha l l  p ossess, tra nsp ort, 
exp ort, p rocess, sel l o r  o ff e r  for sa le  goods made f r o 'Tl the f ish and 
wil d l i fe l isted be low not born and raised i n  captivity. 

M AMMALS 

." B lue  whale 
� F inback whale  
.,.. R ight wha l e  
"1' Sperm whale  

Black·fouted f erret 
Jaguar 
Jaguaru n d i  
Ma rgay 
Oce lot  

f't',Jc i' R e d  wolf  
G ray wolf 
M ex ican wolf 

J. West I nd idn manatee 
B i gh o rn sheep 

(?no.stfL, 
• If 'r' Brown pe l ican  I 
� "  " S outhern bal d eagl e 

Amprlcan p eregr inp.  fa l c o n  
.. � ,. A r ctic peregr ine fa l con  

A rtwdter 's  greate r p ra i ri e  c h i c k e n  
W h o o p in g  crane  

I' Esk i m o  cur l ew t. -,... . 1'1 
� � I nter ior  l east tern  

I vory bi l l ed  wo od pec ker 

Balaenop tera musculus 

Baldenop tera physalus 

Eubalaena spp .  (a l l  spe cies) 
Physeter catodon 

Mustela nigripes 

Panthera onca 

Felis yagouaroundi cacomitli 

Felis wiedii 

Fdis pardalis 

Canis rufus 

Canis lupus monstrabilis 

Canis lupus balleyi 

Tricher:hus manatus 

Ovis canadensis 

Haliaeetus I leucocephalus 

Falco peregrinus ana turn 

Falco peregrinus tundrius 

Tympanuchus cupido attwateri 

Gms americana 

Nume, /ius borealis 

·004. Penalt ies. Any person wh o vi olates any p rovisions of these 
rules is  gu i l ty of a misdemean or:  (a ) On f i rst c onvict ion,  he is 
p u n ishable by a f ine  of not l ess than $ 1 00 ( O n e  H u nd red Do l lars) n o r  
m ore than $200 (Two H u ndred D ol lars) '  

( b )  On second convict i o n ,  h e  is p u n ishable by a f ine o f  not 
less tha n  $200 (Two H u n d red D ol l a rs )  nor  m o re than $500 ( F ive 
H u ndred Dol lars ) ,  or conf inement  in county jail for  n ot less than 30 

(thirty ) days nor m ore than 90 ( n inety) days, o r  b o th f ine  and 
c o n fi ne m e nt in ja i l .  

(c )  O n  convictio n  of a third o r  subsequent  violatio n ,  he  is  
p u n ishable  by a f ine  of not  l ess than $500 ( Five H u nd red D ol lars) nor 
m ore than $2,000 (Two Thousa n d  Dol lars ) ,  and  conf inement  i n  cou nty 
jail for not less than 6 (s ix)  m onths nor m ore than 1 (one)  year. 

.00 5.  Amendme nts. U p o n  fi n d i n g  that reed ex ists, the Com·  
m issi on may,  at any  meeti ng,  a m e n d ,  revoke ,  o r  m o d ify any o f  these 
rules in c o mpl ia nce with Secti ons 68.00 1 through 68.02 1 ,  Texas Parks 
and Wi ld l i fe  Code .  

.OOS .  Effective Date. These ru les  sha l l  become effective twenty 
days a fter th e f i l i n g  o f  two cert if ied cop ies in the office of the 
Secretary of State. 

Speckl ed  racer 
Harter's water snake 

�.� Atla ntic r id ley tu rtle 
.jL Hawksbi l l  tu rt le  

'fir If Leath erback turt le  
*' .. ,.. A merican a l l igator 

Cascade Cavern salamander 
Texas bl ind sal amander  

� H o uston toad  

" Pad d l efish 
Shoveln ose stu rge o n  
Amistad ga m b usia  
San � a rcos  gambus ia  
B ig  Bend ga mbu sia 
C l ea r  Creek  gambusia  
Pecos ga m busia 

R EPTI LES 

Drymobius m. margaritiferus 

Natrix harteri 

L epidochelys kempii 

Ere tm ochelys imbricata 

Dermochelys coriacea 

A lligator mississipiensis 

AMPH I B IAr�s 
\ ('k#' Eurycea latitans 

Typhlomolge rathbuni 

Bufo h oustonensis 

F I S H E S  

Polyodon spathula 

Scaphirh ynchus platorynchus 

Gambusia amistadensis 

Gambusia georgei 

Gambusia gaigei 

Gambu,ia heterochir 

Garnbusia n obilis 

.,. iC R erl · r.ockaded  wo od p e c ke r 
Bach rn a n 's warb l e r  

Sterna alblfrons athalassos 

Campephilus p rineipalls 

De I/drocop as b orealis 

Vermivora hachmanii 
0-7  

C o manche S p ri ngs p upfish 
Leon Spr ings p u pf ish  
Founta i n  darter 

Cyprin odon elegans 

Cyprinodon bovinus 

E theostoma fon ticola 

Notropis simus 

1 ' \\ [ )  I t':l t ! \.'t  ,oon · � I 
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R E G U LATIONS F O R  TA KIN G .  POSSESS I N G .  A N O  TRANSPORTI N G  
PROTECTED N O N G A M E  SPECIES 

1 27 .70.1 2.001 ·.008 

The fol l owing rules are p romulgated u nder the autho rity of REPTI LES 

Sections 43.021 th rough 43.030 and Sections 67.00 1 through 67.005. 
Texas Parks and Wi ld life Code. 

.00 1 .  Definition. "Person" means any ind ividual.  f irm. corpora· 
tion.  associati on. o r  partnership.  

.002. C l osed Seasons. Except as provided by R u les .004 • .  005. o r  
.006. n o  person m a y  t a k e .  possess. transport. exp ort. se l l  o r  offer for  
sale. or ship any species of fish or wi ld l ife with in this State l isted as 
protected nongame; or possess. transport. export. sel l .  or offer for sale 
goods made from the fish and wildl ife of this State l imd as protected 
nongame. 

.003. Protected Nongame Species. The fo l lowing species are 
hereby designated as Protected N o ngame Species: 

Bat. lesser yel l ow 
!i � Bat. Rafinesque's b ig·eared 
rl Bat. south eastern 

Bat. spotted 
1r'Dolph in .  bridled 
.... D o l p h i n .  rough·toothed 
:It D olph in .  sp otted 

MAMMALS 

Lasiurus ega xanthinus 

Pleco tus rafinesquii 

Myotis austroriparius mumfordi 

Euderma maculatum 

Stenella froncalis 

Steno bredanensis 

Stenella plagiodon 

Loggerhead. Atlantic 
Tortoise. Texas 
Turtle. Atlantic green 
Turtle. Big Bend mud 
Gecko. Big Bend 
Lizard. Big Bend canyon 
Lizard. Presi d i o  canyon 
Lizard. reticulate col lared 

'It "". Lizard. Texas horned 
Lizard, mountain sh o rt·horned 
Copperhead. Trans·Pecos 
Kingsnake. gray·banded 
Rattlesnake, rock 
Snake. black·striped 
Snake. northern cat·eyed 
Snake. Texas indigo 
Snake. Texas l y re 
Snake. Big Bend m i l k  
Snake. central p lains m i l k  

.,t- ,.e: ,<I!  Snake. Lou isiana mi lk  
Snake,  Mexican m i l k  

� Snake, Lou isiana p i n e  
Snake. Baird's rat 
Snake. Trans·Pecos rat 

Caretta c. caretta 

Gopherus berlandieri 

Chelonia m. mydas 

Kinosternon hirtipes murrayi 

Coleonyx reticulatus 

Sceloporus merriami annulatus 

Sceloporus merriami longipunctatus 

Crotaphytus reticulatus 

Phrynosoma cornutum 
Phrynosoma douglassi hernandesi 

Agkistrodon con cortrix pictigaster 

Lampropeltis mexicana alterna 

Crotalus lepidus 

Coniophanes i. imperialis 

Leptodeira s. septentrionalis 

Drymarchon corais erebennus 

Trimorphodon biscutatus vilkinsoni 

Lampropeltis triangulum celaenops 

Lampropeltis triangulum gentilis 

Lampropeltis triangulum amaura 

Lampropeltis triangulum annulata 

Pituophis melanoleucus ruthveni 

Elaphe obsoleta bairdi 

Elaphe subocularis 

Mouse. Palo D uro 
Rat. Texas kangaroo 

wWhale. dwarf sperm 
"," Whale. false k i l ler  
1rWhale.  goose·beaked 

Peromyscus comanche 

Dipodomys elator 
AMPHI BIANS 

,.. Whale.  Gulf  Stream beaked 
*,Whale. k i l l er 
,.. Whale.  short·finned p i l o t  
Y Whale. pygmy kil ler 

+ W hale.  pygmy sperm 

(?/lc:;:;f/, 
k..r# Egret. reddish 

Falc o n .  aplomado 
Hawk. b lack 
Hawk. gray 

.... Hawk. white·tailed 
Hawk. z o ne·tailed 

WfC Ib i s .  wh i te·faced 
oI< .t' tr  Kite .  swal l ow·tai led 
.. r ·t Osp rey 

Owl .  fer ruginous 
� *� Stork. wood 

Kogia simus 

Pseudorca crassidens 

Ziphius cavirostris 

Mesoplodon europaeus 

BIROS 

Orcinus orca 

Globicephala macrorhyncha 

Feresa attenuata 

K ogia breviceps 

?/111 /""O.-f� r� ( ) 
Dichromanassa I rufescens 

Falco femoralis sep ten trionatis 

Buteogallus a. anthracinus 

Buteo nitidus maximus 

Buteo albicaudatus hypospodius 

Buteo albonotatus 

Plegadis chihi 

Elanoides f. forficatus 

Pandion haliaetus carolinensis 

Glaucidium brasitianum cactorum 

Mycteria americana 

Sterna albifrons an tillarum 

Dendroica chrysoparia 

Frog. Mexican c l iff 
Frog. Mexican tree 
Frog. R io G rande 
Frog. white·l ipped 
Newt. black·sp otted 
Salamander. Fern Bank 
Salamander. H oney Creek 

.*Salamander. mole 
Salamander. San Marcos 
Salamander. Vald i na Farms 
Siren. R i o  G rande 
Toad, giant 
Toad. Mexican b u rrowing 

B l indcat, to othless 
B l indcat. widemouth 
Chub. R i o  Grande 
Darter. R i o  G rande 

.,. ,,' Darter. river 
1« + Darter. western sand 

Gambusia. b lotched 

Syrrhophus guttilatus 

Smilisca baudini 

Syrrhophus cystignathoides campi 

Leptodactylus labialis 

.Notophthalmus m. meridionalis 
Eurycea neotenes p terophila 

Eurycea tridentifera 

A mbystoma talpoideum 

Eurycea nana 

Eurycea troglodytes 

Siren intermedia texana 

Bufo marinus 

Rhinophrynus dorsalis 

F IS H E S  

Trogloglanis pattersoni 

Satan eurystomus 

Gila pandora 

Etheostoma grahami 

Hadrop terus shumardi 

Ammocrypta clara 

Gambusia senitis 



M i nnow,  D ev i l s  R iver  

Pupfish , C o n c h as 
Shiner,  C h i h u a h u a  

S h i n er. 1(; J !  n i c 11 i 
� h i n er, �'r()se rp i f1� 

Stonero l l er, M ex lc2n 

Kfr Sucker, bi  ue 

Dionda diilboli 

Cyprinodon eximius 

Norropis chihuahua 

NorrofJis orrenburgeri 

No rropis proserpinus 

Campostoma ornatum 

Cyclep ws e/ongaws 

.[J04. Per m i t  Requ i red .  No persun may take,  � ossess, or transport 

fl" i l 0' ·" . ! G i ife from the w i l d ,  classif ied  as p rote cted n o n g a m e  by Ru le  

.003 ,  fo r  i� i f'nt i f ic  u r  z oo l og i ca l  p u rp uses u n l ess a val id  S c i e n t i f i c  o r  

Zoo loglc� '  Permit h a s  b een obta ined f r o m  t h e  D e part m e n t  as  required 
by Sect i o n s  43.0 2 1  through 43.030 of  the Texas Parks and W i l d l ife 

Caae. 

OO� Permit Exceptions. (a )  No pmnit  is req u i red to take or 

tran " >l u r t  dn'/ s�ecles l isted as pro tected n o n gam e to th� nea rest 

D�pil l ! n : e ' i t  ot H ealth or m ed ical fac i l i ty If tne s p e c ies p oses an 

in l lned late thredt to h u m a n  safety or welfare. 

(bl No perm it  i s  req u i red to transport within th is  State 

m o u nted or preserved spec imens [It p rotected nongame spec ies 

obta ined after the eff.ctive date o f  t " eS2 r u l es p rovided the transfer i s  
wltr o u t  m o n etary cOl lS l derati o n  and i s  r' e l wee l l  p u b l i c  or private 

e d u cat iona l  or  research instituti ons, n o n p ro f i t  m u n ic ipa l  z o o l og ical  

gardens, o r  n o n p rofit fc,l ndat ions  o r asso c i a t i o ns, a n d  provided the 
specimens to be t ransfe rred were or ig i n a l l y  o b ta i n e d  under  the val i d  

Sc ient i f ic  o r  Z oo l o g ica; P e r m i t .  A c o p y  of  the  voucher  or  other 
, Pstru m ent evid e nc i n g  the transfer and i n d i cat ing  the sp e c i es and 

tl:lm bers of  spec imellS Hansle rred w i l l  b e  forwarded to the D ep artment  

with in  twenty days  f a l i awlng the transler. 

D- 9 

(e )  No permit  is requ ired to p ossess a n d  transport l i v e ,  

mounted,  o r  p reserved s p e c i m e n s  o f  p ro tected : o r g a m e  s p esles ' ega l i 'J 
c o l l ected in a n o t h e r  state excep t that t h e  D epar�ment  'Tlay r e q u i r e  

adequate p r o o f  of  t h e  o u t·of·st�te acqU is i t i o n  o f  thi'  s p e c i rr, ens .  A c o p y  

of a val i d  out·of·state permit  a u t o o nz i ng the c " P e st ' o "  of t h e  

spec imens must  b e  c a r r i e d  b y  t h e  p e r s o n  d U li n g  t ransport Wil" :O  t h i s  
State. 

.006. Rule Excepti o n .  T h ese ru les do not a p p i y  ;0 the p ossess i o n  

of l ive. m ounted, o r  p reserved spec imens of  l isted p rotected nongame 

species acqu ired  from the w i l d  t n  th i s  State  p ri o r  t o  the  e fiectl > e  d ate 

of these ru les n o r  to offsp r ing of t h ose s p e c i m e n s  b o r n  and raised i n  

captivity.  U p on requ est b y  t h e  D epartment ,  a d e quate p ro o i  m ust b e  

prov ided to establ ish t h e  d a t e  a n d  C I r c u msta n ces regard i n g  a c q u isi t i o n  

of a n y  l isted species.  

.007. Penalt ies.  Any person wh o viol ates any provisions o f  th ese 

rules is gu i l ty  of a m isdemeanor  u n d : ( a )  on f i rst c o nvlct iun ,  i s  

p u n ishab le  by a f ine  o f  n o t  1 8 S S  !�an S l OG ( D �c H u ndred D o l l ars) nOf 

m o re than 5200 (Two H u nd red D o l l ars! .  

( b )  O n  second c o nvlc ! ! O n ,  is p u n i shable  by a l i n e  o f  n ot l ess 

than S200 (Two H u ndred D o l lars) n o r  m ore than 5,00 ( F ive H u cdred 

Do l lars ) ,  o r  c o n f i n ernent I n  c o u nty la i i  for  r e t  l ess than 30 (th , rtv ) days 
n o r  more t h a n  90 ( n i nety ) days,  or  b o th f inF and c o of inem el1l i n  l a i l .  

(e )  O n  c o nvicti o n  of a tilwl o r  s u b s e q u e n t  V i o l at i o n ,  i s  
p u n ishab le  by a t i n e  of not l e s s  than  S500 ( F ive H u n d red D O l l ars )  n o r  
more t h a n  S2,OOO (Two T h o u sa n d  D nl l a r s ! .  a n d  c o n fi nement i n  c Q u nty 

jail for  not less than 6 (six) m o n t h s  nUl ;n ore tha� 1 l o n e )  year. 

.008. Effective Date. These rules are e ffective July l a. 1 9 7 7 ,  and 
remain i n  effect unti t  a m e n d e d ,  rev o � r. d .  or m o d i ' i e d .  



U N ITED STATES DEPARTM ENT O F  THE I NTE R I O R  
F I S H  AN D W I  LO l l  F E  SE R V I C E  
200 EAST PASCAG O U LA ST R E ET. S U ITE 300 

JA C K S O N ,  M I SS I SSIPPI  39201 
October 29 , 1 980 

Dr . J oyce Teerl i ng 
S taff Envi ronmen ta l i s t 
Department o f  Energy 
Strateg i c  Petro l eum Reserve Proj ect 

Management Offi ce 
900 Commerce Road Ea s t  
New Orl eans , Lou i s i ana 701 2 3  

Dear Dr . Teerl i ng :  

Thi s p erta i ns to a n  October 21 , 1 980 , l etter we rece i ved from Dwayne Gray , 
Acti ng Di rector , Offi ce of Techn i cal Ass urance , regard i n g expans i o n  of the 
Strateg i c  Pe trol eum Reserve near Hackberry ,  Loui s i ana . 

There are n o  resi dent l i s ted s peci es or Cri t i cal Habi tat i n  thi s area whi c h  
w e  feel wou l d be i mpacte d  by t h e  pro posed acti v i ty .  There a re some l i s ted 
speci e s  that o ccur peri odi cal l y  i n  thi s area a s  tran s i ents , bu t we feel the 
l i kel i hood of p o s s i bl e  i mpact to such speci e s  by the pro po sed a cti vi ty i s  
u n l i kel y . 

Than k you for you r  l etter and i f  we may be o f  fu rther as s i s tance i n  thi s o r  
other matters ,  pl ease don ' t  hesi tate t o  cal l on u s . 

cc : ES . FWS , Lafayette , LA . 
Depa rtment of W i l dl i fe and 

Fi s heri e s , Ne\'l {)rl ean s , LA . 

[::;/.� 
Gary L. Hi c kman 
Area Manager 
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U N IT E D  STATES 
D EPA RTM ENT O F  TH E I NTERI O R  

F I S H  AN D W I LD L I F E  S E RV I C E  

Mr .  N .  Dwayne Gray 
Acting Dire ctor , Offi ce of 

Technical As surance 
Department of Energy 
Strategic Petroleum Re serve 

300 East 8th St.,  Rm. G-1 21 
Austin,  Texas 78701 

October 28 , 1980 

Pro j e ct Management Office 
900 Commerce Road East 
New Orleans , LA 7012 3 
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Attn : Dr . Joyce Teerling , Staff Environmentalist , mai l stop , RA- 6 S 2 l  

Dear Mr . Gray : 

Thi s i s  in reply to your letter o f  Octobe r 2 1 , 1980 , which requested 
information about species which are listed or proposed to be listed 
as threatened or endangered as provided by the Endangered Species Act . 
Your area o f  interes t the Phase I I I  Expansion Plan - Strategic Petro
leum Reserve at the Bryan Mound s ite Nederland , Jef ferson County , Texas . 

As provided by Section 7 ( c )  ( 1 )  of the Endangered Species Act the Fish 
and wi ldlif e  Service i s  required to furnish a list of those spe cies , 
both proposed and lis ted , that may be affected by Federal construction 
activities . 

-. 
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Upon receipt of the Fish and wi ldli fe service ' s  spe cies list , the Federal 
agency authorizing , funding or carrying out the cons truction action is 
required to conduct a bio logi cal assessment for the purpose of identi fying 
listed and proposed species which are likely to be affected by such action . 

The biological assessment shal l be completed within 180 days after receipt 
of the species list , unless it is mutual ly agreed to extend this period . 
I f  the asses sment i s  not initi ated within 90 days after receipt of the 
spe cies lis t , I sugges t  its current accuracy be verified before conducting 
the asse ssment . 

Bio logical assessments should inc lude as a minimum : 

1 )  a n  on-site inspection of the area affected by the proposed 
activity or program , which may include a detailed survey 
of the area to determine i f  specie s are present and whether 
s uitable habi tat exists for either expanding the existing 
population or potential reintroductions of populations ; 

]- 1 1  



2 )  interview recogni zed experts on the specie s at issue , in
c luding the Fish and wi ldlife Service , State conservation 
departments , univers ities and others who may have data not 
yet found in s ci enti fic literature ; 

3 )  review li,terature and other scientific data to determine 
the species distribution , habitat needs and other biologi cal 
requirements ; 

4 )  review and analize the effe cts of the proposal o n  the species 
in terms o f  individuals and populations , inc luding consideration 
of the cumulative e f fects of the proposal on the species and 
i ts habitat ; 

5 )  analyze a lternative actions thay may provide conservation 
actions ; 

6) o ther re levant information ; 

7 )  written report documenting the asses sment results . 

For purposes o f  providing interim guidan ce , the Fish and wildlife Servi ce 
considers construction proj ects to be any maj or Federal action authori zed , 
funded or c arried out by a Federal agency which signi ficantly affects 
the quality o f  the human environment and which is designed primari ly to 
result in the bui lding or e re ction of man-made structures such as dams , 
bui ldings , roads , pipe line s , channels and the like . 

I f  the bio logical assessment indicated the proposed proj ect may affect 
listed specie s , the formal consultation process shall be initi ated by 
writing to the Regiona l  Director , Region 2 ,  U .  S .  Fish and Wi ldlife 
S ervice , P . o .  Box 1 306 , Albuquerque , New Mexi co 8710 3 . I f  no affect is 
evident , there is no need for further consultation . I would , however , 
appreciate the o�9Prtunity to review your biological assessment . 

In addition , the Act (Sec . 7 (c )  ( 1 »  now requires Federal agencies to 
confer with the Service on any agency action which is like ly to j eop
ardize the continued existence of any species proposed to be lis ted as 
endangered or threatened or adverse ly modi fy critical hab itat proposed 
to be de signated for s uch species . The purpose of this requirement is 
to identify and resolve at the early planning stage of an action , all 
potential conflicts between the action and the respective species and 
critical habitat . The informal consultation proces s  can accomplish thi s 
requirement . 

D- 12 
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The attached sheet provides information on spec ies which may be 
affec ted by the proposed action in the area of interest . I f  we 
may be of further assistanc e ,  do not hesitate to call either the 
Endangered Spec ies Spec ial ist or me at 512-397-54 3 8 ; FTS 7 3 4-5438 . 

Attachment 

S incerely your s ,  

w .  Ellis Klett 
Area Manager 

0- l3  



S trategic Petroleum Reserve Proj ect 
Byran Mound S i te , Big Hi l l  S a lt Dome 

Jef ferson County , Texas 

LISTED SPECIES 

Red Wolf (Canis rufus ) - Limited in Texas to Orange and Jefferson 
Counties south of I - 10 . Probably will soon be extinct in its ' final 
range in Texas . 

Brown Pelican (Pe lecanus occidentali s )  - Brown peli cans may be found 
in adj acent Chambers County . A small resident flock is found along the 
Central Coas t . Migratory f lo cks from the Mexi can Gul f  Coast frequently 
enter Texas waters . 

Peregrine Falcon (Falco peregrinus tundrius ) - May occur statewide during 
spring and fall migrati on . Concentrate along gulf coas t , especially North 
and South Padre I s land . 

Bald Eagle (Haliaeetus leucocephalus ) - May occur s tatewide as a wintering 
spe cies around large bodies of water . The maj or concentrations generally 
occur from November to March . 

Alligator (Alligator missis sippiens i s )  - May be found anywhere along the 
Texas coast in rivers , swamps , marshes ,  lakes and estuaries . 

PROPOSED SPECIES 

NONE 

CRITICAL HABITAT 

NONE 

0- 14 
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November 1 2 ,  1 980 

P. o. BOX 1U78 
AUSTIN TEXAS 78711 

Sc i ence App l i cat ion s , I nc . 
Jackson  P l aza Tower 
Su i te 1 000 
800 Oak Ri dge Turnp i ke 
Oa k Ri dge , Ten n .  37830 
Re : U . S .  Depa rtment  of Enerqy ' s  Texoma Envi ronmental 

Impact Statement Supnl ement  

Dea r Mr.  Amb rose : 

Referenc i n n  vour l etter of  0ctober 28 , 1 980 concern i no the U . S .  Dena rt�ent  
of  Energy ' s Texoma E nv i ronmental  Impact Statement Sunpl ement , we ofTer the 
fo l l ow i n g  i n fo rmati on  concern i n �  the two a l ternati ve routes oronosed . Th i s  
i n fo rmat ion  i s  gi ven to a i d  i n  the dec i s i on proces s o f  route sel ecti o n  wi th 
the understandi ng  once a route i s  sel ected an i n-deoth a rcheo l oqi cal  survey 
wi l l  be nrefo rmed i n  acco rdance wi th the Procedures fo r the Protect ion  of  
H i stori ca l and Cul tu ra l  Properti es ( 36 C . F . R . , Part ROO )  and attendent l eqi s 
l at ion . 

We di st i n gu i s hed the routes i l l ustrated on  your  man bv  ·descri b i na  the northern 
route as  Al ternate Route I - North and  the southern route as A l te rna te Route I I  -
South . 

Al ternate Route I - North 9asses throuqh a n  extremely  sens i ti ve a rea wh i ch 
has  n umerous archeo l oqi ca l  a nd  h i stori ca l  s i tes , some of  wh i ch are on  the 
Nati ona l  Regi ster of  A i s to ri c  Pl aces . Th i s  area i s  i n  and a round  the town 
o f  Anahcac . 
Al tern ate Route I I  - Southpas ses through a very sens i ti ve area a l ono the 
route from Pel i ca n  I s l and throuqh the Texas Di ke a rea . There i s  bel i eved 
to to have been a C i vi l Wa r era schoener s u nk  i n  the area of Texas Oi ke .  
Addi t i ona l l y ,  preh i s tori c a rti facts have been brought u n  i n  dredae materi a l  
i n  the Texas Di ke a rea . 
There are other concerns wh i ch are of  a qenera l  nature wh i ch coul d be 
dea l t wi th duri n g  pedestri a n  s urvey . 

-

We apprec i ate th i s  opportun i ty to cooperate wi th the Department  of  Enerqy and 
S c i ence Appl i cations , I nc .  i n  the p l ann i nq nhase of  the a bove referenceCf pro .iect . 

0- 1 5  



DOE - Te xoma E I S  P a q e  2 
M r .  R i c h a rd E .  Amb ro s e  

I f  w e  may b e  o f  fu r t h e r  a s s i s ta n c e  i n  th i s  regua rd , p l e a s e  a d v i s e .  

S i n c e re l y  

T ruett L a t i me r  
S ta te H i s to r i c P re s erva t i on O ffi c e r  

b y  . r I ,0 ,I /.J . , : , i  LJ-! /) L " " ' � {' a u�· )� I 
L a V e rn e  H e r r i n g ton , Ph . �. 
D i recto r 
R e s o u rce C o n s e rva t i o n  

0- 16 



PARSO NS-G I LBANE 
A JOINT VENTURE 

P.O. B O X  23702 800 COMM ERCE ROA D, WEST N EW O RLEANS, LA. 701 83 (504) 733-85 1 7  

I n  Reply 

Refer To: HO-E- 3- 5 124 

S c i e n ce App l i cati on s , I n c . 
800 Oak Ri dge Turnp i ke 
Su i te 1000 
Oak Ri dge , Tenne s see  37830 

ATTENTI ON : Ms . Susan Turbak 

December 2 ,  1 980 

S ubj ect : Cu l t ura l Res o urce S urveys for West  Hackberry 
Phase  I I  P roperty ,  S trate g i c  Petro l eum Res erve 

Gentl emen : 

I n  acco rdance wi th the req uest  o f  yo u r  Ms . Susan  Turbak to day , we 
are forwa rdi n g  two reports o f  pre-const ru cti o n  c u l tural  reso u rce 
s urveys conducte d  fo r the Phase  I I  expans i on o f  the West  Hackberry 
sto rage faci l i ty i nc l udi n g  the bri ne  di sposa l  p ipe l i ne to the Gu l f 
o f  tvlex  i co . 

We can a l s o  report that no  cu l tu ra l  reso u rces have been uncovered  
du ri ng  cons truct i o n  acti v i t i e s  wh i ch are mon i tored dai l y  by o ur 
s ubcontracted env i ronmental  spec i al i s t .  Wi th a l l majo r  excavati on 
compl eted at th i s  t i me ,  we are reas onab ly  certai n that any b uri ed  
c u l tura l  reso urces wh i ch may be  present  have  been avo i de d .  

REC : evs 

Very tru l y  yo u rs , 

PARSONS- GI LBANE 

�� _ t  , -�\ (\ G1�j . �G-x 
Robert E .  Cox 
Di recto r of En v i ronmental  Control  

Attachments : 1 .  Updated Cu l tural Re s o urce 
S urvey , West  Hackberry .  9/79  

2 .  C u l tural  Reso u rces S urvey , 
West Hackberry ,  B ri ne  P i pe l i n e , 1/80 

cc : K .  Hoag , DOE 
J .  Teerl i n g ,  DOE 0- 17 



N .  Dt.1ayne Gray 
D ep artment of Energy 
S trat egic P etroleum Reserve Proj ec t 

Manag ement Of f ice 
900 Commer ce Road Eas t  
N ew Orl eans , LA 7 0123 

Dear Hr . Gray : 

U NITED STATES D EPARTMENT O F  COMMERCE 
National Oceanic and Atmospheric AdminislOt tl NATIONAL MARINE FISHERIES SERViCe 

Southeast Region 
9450 Kog er Building 
S t .  Peter sburg , FL 3 3 7 02 

June 29 , 1981 F / SER64 : DLP 

This is in response to your letter dated June 15 , 198 1 ,  concerning the 
prop o s ed Big Hill and Bryan Mound S trategic P etro leum Reserve proj ect (Texa s )  
and requirements of Section 7 of the Endang ered S p ec ies Ac t o f  197 3 .  The 
b io lo g ical as s es sment required by S ec t ion 7 of the Endang ered Sp ec ies Act 
was enclo s ed with your letter . 

W.e have reviewed the b iological as sessment and conclude that the pro
po s ed pro j ect is no t likely to j eo pardiz e the continuous axi s t enc e of en
dangered or threatened sp ecies o f  s ea turtles and whales or resul t  in the 
des truc tion or adverse mod if ication o f  cr it ical hab itat of such spec ies . 
We und erstand that the fo llowing s ea turtle cons ervat ion measures are a 
part o f  the p rop o s ed proj ec t .  

1 .  The raw wat er intake s tructur e located at an abandoned barge slip 
on the no rth s id e  of the Intracoastal Water�ay at mile 305 will b e  
f it t ed with a s il t  screen to eliminat e the possib il ity o f  the 
incidental take of lis t ed species of s ea turtles . 

2 . The brine disp o s al p ip el ine will b e  buried b eneath the ocean floor 
by us e of a water j et o r  o ther tr enching devic e to elimina te the 
poss ibility of taking listed spec ies of s ea turtles . 

This concludes consul tation responSib ilit ies under S ec t ion 7 o f  the 
Endang ered Spec ies Ac t o f  1 97 3 .  However , cDnsultation should b e  reinitiated 
if new information reveal s imp acts o f  the identif ied activity that may ef fect 
listed species or their critical hab itat , a new sp ecies is l is t ed , the 
identif ied ac tivity is sub s equently modif ied or critical hab itat det ermined 
that may b e  ef f ected by the propo s ed ac tivity . 

cc : FWS , Aus t in TX 
FWS , Albuquerque , NM 

S inc erely your s , 

�1:\$Jj�i 
Chief , Env ironmental and Technical 

S ervices D ivis ion 

0 - 1 8  



U N ITED STATES 
D EPA RT M E NT O F  TH E I NTE R I O R  

F I S H  A N D  W I LD LI F E  S E RV I C E  
300 East 8th S t . ,  Rm. G-1 21 

Austin, Texas 78701 
Ju ly  1 3 ,  1 981 

N.  Dwayne Gray 
D i rector - Off i ce of Tech . Assurance 
Dep artment of En ergy 
Str ateg i c  Petro l eum Res erve  Proj ect M anagement Off i ce 
900 Commerce R oad E as t  

. 

New Or l ean s ,  Lou i s i an a · 70123 

R E :  Ph as e  I I I B i o l og i c a l As sessment , Pursu ant to th e Endan gered Spec i es 
Act Amendments of 1 978 and 1979 , Sect i on 7 ( C ) .  Bryan Mound  and 
B i g  H i l l  Projec t ,  Brazor i a  and Jeffers on Count i es ,  Tex as . 

Dear Mr . Gray :  

Th is is  in  response to your l etter of  Jun e  15 , 198 1 ,  re l at i ve to your  
b i o l og i cal  as ses sment on  the above  named project . You as k ed th at we 
rev i ew the as ses sment and prov i de a l etter concurri ng that the�e i s  n o  
further need for con s u l t at i on . 

We agree with you th at the on l y  spec i es affected by the project wou l d  be 
the al l i g ator . S i nce the a l l i g ator wi l l  be affected , you are requ i red 
to req uest forma l consu l t at i on from the Reg i on al D i rector , A l bu querque , 
New Mex i co .  However , in  order to al l ev i ate the "effect ll of the proj ect 
on the al l i gators , an al t ernat i ve wou l d  be to suspend cons truct i on i n  
areas of known a l l i g ator n est i ng h ab itat dur i ng th.� period of  Jun e  
through S eptember . Th i s  t imeframe wou l d  al l ow the al l i gators to nes t 
and th e eggs to h atch . 

. If for some reason ,  you can n ot ut i l i ze th i s  su ggested a l tern at i ve ,  then  
i t  ; s  incumbent upon you to req uest forma l cons u l t at i on from the 
Reg i onal  D i rector . 

cc : Regi  ona  1 Off i ce,  Regi  on 2 · ( SE ) 
Gal veston E S  F i e l d  Off ice  

0 - 1 9  

S i ncere l y, 

W .  E l l i s K l ett 
Area Man ager 
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APPEND I X  E 

RANGES O F  ENDANGERED AND THREATENED F LORA AND FAUNA 

IN THE REGION OF  THE PROPOSED B IG H I LL S P R  STO RAGE S ITE 

Appendix  E co ntai ns  spec i es l i sts  and di stri b uti o n s  of  endangered and 
threatened f l ora and fauna i n  the B i g  H i l l  proj ect reg i o n .  
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Table E·1 . Rare plant species in proposed project area counties 1 

Counties 
Scient i fic  name Convnon name Gal veston Chambers Jefferson Brazoria  Harr i s  

Aureol aria d i spersa 
Bothriochl oa exari s tata 
� a l bol utescens 
� gigantea 
Carex physorhyncha 
Carex stipata 
� tribul o i des 
Carya myri st1 caeformi s 
Chl or is  texens i s  
Cuphea gl uti nosa 
Hymenoxys �3 
l.!!! cas s i ne 
l.!!! myrt Ho 1 i a 
� debi 1 i s  
le i tneri a floridana 

� �  
li thospermum tuberosum2 
lythrum ova1 1 fo l i um 
Machaeranthera �3 
Oenothera sessi l i s2 
Onosmodium hel l eri 
Ophi oglossum vulgatum 
Polygonum str iatu l um 
� pinetorum 
Saba 1 mi nor 
--zt;:unked form) 
Sci rpus cubens i s 
Sc l er ia  baldw i ni i 
Sebasti ana fruti cosa 
Senec i o  gl abel l u s  
S i um �2 
Smi l ax �2 

Thelypteri s  pal ustri s 
var. � 

Utricul ari s purpurea 
Utri cu lari s vu lgari s 
Wi l l kommi a � 
Wol ffi el l a  gl adi ata 
Wol ffiel l a  l i ngulata 

Beaumont aureo l aria 
Awn less  bl uestem 
Yel l ow-wh ite sedge 
G iant sedge 
H i dal go sedge 
Stal k-gra i n  sedge 
Bri stl e-bract sedge 
Nutmeg h ickory 
Texas wi ndmi l l -grass 
S tic ky waxweed 
Texas b i tterweed 
Dahoon ho 1 1  y 
Myrt le  ho 1 1y 
Weak rush 
Corkwood 
li ttl e water l enti l  
Bul b gromwe 1 1  
loosestri fe 
Houston machaeranthera 
Coastal eveni ng-primrose 
Hel l er fal se-gromwel l 
Common adder ' s-tongue 
Kl eberg knotweed 
P i nebarren ruel l i a  
loui s i ana palm 

Cuban bul rush 
Ba ldwin  stone- rush 
Sebasti an bush 
Butterweed 
Water parsnip 
Carrion-fl ower 
Southern marsh fern 

Purp l e  bl adderwort 
Common b l adderwort 
Wi l l kommia  
Sword bog-mat 
Tongue bog-mat 

lUni vers i ty of Texas Rare Pl ant Study Center (1974 ) .  

X 

X 

X 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2Spec i es now bel i eved exti nct i n  Texas i ncl ude 1. tuberosum, �. suave ,  �. herbacea , and Q. sessi l i s .  
3Spec ies  proposed for Federal protection i ncl ude � .  � and H .  �. 

Data deri ved from USACE ( 1979 ) .  
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Table E·2. Threatened and endangered fauna possibly occurring in the region of the 
Big H i l l  facil ities and crude oi l  d istribution system 1 

Red wo l f Can i s  rufus  

B rown p e l i can 

Arct i c  peregr i ne  fal con  

Bal d eag l e 

Attwate r ' s p ra i r i e ch i c ke n  

Loggerhead s e a  turtl e 

Green sea turt l e 

Leathe rbac k sea turt l e 

Hawks b i l l  sea turtl e 

Kemp ' s  ri d l ey sea  turtl e 

Amer i can al l i gator 

P e l ecanus occ i dental i s  

Fa l co peregri n us tundr i us  

Hal i aeetus l eucocephal us  

Tympanuchus  cupi do attwateri  

Caretta caretta 

Che 1 o n i  a mydas 

Oermoch e l ys cori acea 

Eretmoch e l ys i mb r i cata 

Lepi doc h e l ys kempi  

A l l i gato r m i s s i s s i p i e ns i s  

lA l l data de ri ved  from US FWS ( 1980 ) . 
2 0etai l ed desc r i pt i o ns of  the i nd i v i dual  spec i e s  are presente d  i n  

Tab l es E - 3  thro ugh E - 15 and F i gs .  E- 1 through E-13 . 

E- 3 
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STATUS: 

SPEC IES DESCRIPTION : 

HAB ITAT: 

DISTRIBUT ION : 

H istoric : 

Present : 

REASONS FOR DECLINE: 

OTHER INFORMATION: 

REF ERENCE S :  

Table E·3. Detailed description of red wolf (CAn.!§ rufus) 

Endangered ( 35 FR 1 6047,  Octobe r 1 3 , 1 970 ) .  

A medium sized dog- like carnivore , generally appe aring cinnamon-buff or tawny in 
color , however ,  like the coyote and gray wolf , may appear red , gray, or blac k . 
Mature adults weigh between 40 -80 pounds . 

At present the red wol f ' s  habitat is coastal prairie and marshe s ,  but former ly 
also inc luded eastern fo rests . 

Centr a l  Texas east to the coasts of Florida and Georgia , and fram the Gulf of 
Mexico north to central Missouri and southern I l l inoi s .  

As o f  July 1 980 , thought , for all prac tical purpo ses ,  to be biologically extinct 
in the wi ld, however , a few individ ua l s  may sti l l  remain . Probably now limited in 
Texas to Orange and Je fferson Counties south of 1 - 1 0 .  Al so in Cameron and 
Calcasieu Parishes in Loui s iana . 

Loss of habitat , deliberate k i l l i ng and hybr idi zat ion with other can ids . 

Probably les s  than 50 wolves left in the wi ld .  Rec overy Team fo rmed , Recovery 
Plan drafted . Captive breedi ng program underway at Point De fiance Zoo in Tac oma , 
Washington . Protected by the State of Tex as . 

Carle y  1 979, Davis 1 966; Hall and Kelson 1 959;  McCar ley and Carley 1 978;  Paradi so 
and Nowak 1 972 . 
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Table E·4. Detailed description of bald eagle (Hallaeetus leucoceQhalus) 

STATUS : Endange red ( 32 FR 400 1 , Ha rch 1 1 ,  1 96 7 ;  4 3  FR 62 3 3 ,  February 1 4 ,  1 9 79 ) .  

S PECIES DESCRIPTION : A large eag le with whi te head and t a i l  i n  adu lt , wingspan 6 t o  7 . 5 fee t .  
Ta rs i are bare o f  f eathers ( golden eagle legs are feathe red t o  the t oe s ) .  

HABITAT : 

DESTRI BUTION : 

H i s toric : 

Present : 

Immatures are dark. 

Ne s t s  nea r wa ter , r eq u i res  large t rees or rock c l i f f s  f or nes t ing .  
Winters along major rivers and reservo i r s .  Fish provide pr imary food source . 

Found throughou t the Uni ted S tates , Canada , and northern Mexico. 

Na t ionwide . 

Winter ing populations s t i l l  may occur s t a t ewide . Count ies shown as p resent 
d is t r i but ion are those that contain subs tant ial  winter i ng populat ions . The b irds 
wi nter a round la rge bod ies of wa ter  and the major concentrations gene rally occur 
from Novembe r-Ma rch. 

REASONS FOR DECLINE : Reproduc t ive fai lure induced by pest ic ides . Human d i s t urbance.  Habitat los s .  

OTHER INFORHATIO N :  

REFERENCES : 

The ba ld eagle is  endangered in a l l  but 5 of the lowe r 48  States.  In Washington , 
Oregon , Hi nne sota , Wisconsin and Michigan , i t  is l is t ed as threa tened . No t l isted in 
Alaska , Hexico , or Canada . Recove ry Team appointed ; Recove ry Plan drafted .  

Lish 197 5 ;  Oberholser 1 974 ; Pete rson 1 9 6 3 .  

I 
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LEGEND 

H i s tor i c  S t a t ew i d e  

P r e s e n t  (\Jln t e r) 

Coun t i es s how i ng a c t i ve nes ts . 
used a t  l ea s t  once s i nce 1 97 1 . 

T E X A S  

B A L D  E A G L E  

Figure E·2. Distribution of bald eagle (Haliaeetus leucocep-halus). 
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S TATU S :  

Table E·5. Detailed description of brown pelican (Pelecanus occldentalis) 

Enda nge red 05 FR 1 6 04 7 ,  O c t obe r 1 3 ,  1 9 7 0 ;  35 FR 1 8320 , De cembe r 2 ,  1 9 7 0 ) .  

S P EI; [ E S  U � S C R [ P T [ON : A la r�e d a r k  wa t e r  b i r d  (w i ng s p a n  6 . 5 f t . ) w i t h  long pouched g ray i s h  b i l l .  

I I A I H TAT : 

I) [ S TI{ I B U T I ON : 

l I i s t o r l c : 

P re s e n t : 

Adu l t s  w i t h  w h i t e  head a nd neck , b r own i s h  b l a ck o n  b r e a s t a nd be l Ly ,  

s L I v e r  g ra y i sh on mo s t  o f  u p pe r pa r t s .  

Sea coas t s  a n d  c oa s t a l  i s la nd s . 

Coa s t a l  wa t e rs o f  No r t h  a nd S o u t h  �ne r i c a . 

Pr i ma r i Ly a l o ng coas t ,  bu t has b e e n  r e p o r t e d  i n  t h e  T ra ns - Pe cos reg i on ,  t he 

Pa nha nd l e  a nd n o r t h-ce n t ra l Te xa s .  

Reduced t o  a s ma l l  res i d e n t  f l ock a Long t he coas t .  Mig ra t l ng f Locks f rom t he 

Me x l c a n  Gu l f  C oa s t  f re q lle n t ly e n t e r T e x a s  wa t e rs . 

R E A S O N S  [lO R  D E C Ll N E : Los s of ha b i t a t .  Pe s t l c i de s .  

OTHER [ N FORMAT l O N : 

H.I� II E H. E � CES : 

R e c ove ry Team a p p o i nt e d ; Recove r y  P l a n  a p p r ov e d .  Pr o t e c t ed b y  t he S t a t e  o f  Texa s . 

O be r ho l s e r 1 9 7 4 ; P e t e r s o n  1 96 3 .  
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LEGEND 

H i s tor i c  P r i ma r i l y  the Gu l f  Coa s t  

- P re s en t -

C o u n t i es where Brown pel i c a n s  
h a v e  nes ted s i nce 1 970 

Coun t i es where Brown pel i ca n s  
h a v e  b een ohs erved i n  mi gra t i on ,  
feed i l l <j 

B R O W N  P E L I C A N  

Figure E·3. Distribution of brown pelican (Pelecanus occidentalis). 
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Table E.6. Detailed description of Arctic peregrine falcon (Falco peregrinus tundrlus) 

STATUS : Enda nge red ( 3 5 FR 1604 7 , Oct obe r 1 3 , 1 9 7 0 ;  3 5  FR 1 83 2 0 , Decembe r 2 ,  1 9 7 0 ) . 

S PECIES DESCRIPT ION : Same as Ame r ican pe reg r i ne exce pt  adu l t s s l i gh t ly sma l le r  a nd p a l e r  i n  colora t ion.  

HA BITAT : Nes t s  in  t und ra , win t e rs i n  Cen t ra l  and South Ame r lca , e s pec I a l ly a long 
coas t l i nes and i n  moun t a i n s .  

DISTRI BUT ION : 

H i s t o r i c : 

Presen t : 

Breeds i n  the No rth Ame r i c a n  t undra a nd w i n t e r s  a l ong the Gu l f  Coa s t  f rom Flor i da 
wes t  to the eas t e r n  Mex i co coa s t  a nd Ba ja Ca l i fo r ni a , R Ol l t1, to  mi d-Ch i le a nd m i d-
Argent ina . 

S t a t ewid e .  

May occur s ta t ewide dur i ng the i r  fa l l  a nd s p r ing m i g ra t ion.  Conce n t ra t e  a long gu l f  
coas t ,  espec i a l ly North  a nd Sou th Pad re I s land .  

REASONS FOR DECL INE : Reproduc t ive f a i lu re due t o  pe s t i c i d e s .  

OTHER INFORMATIO N :  

REFERENCES : 

Recove ry Te am appo i n t e d ; Recove ry P la n  being imp l eme nt ed . Prot e c t ed by the S t a t e  
of  Texa s .  

Craig e t  a l  19 7 7 ;  Johnson 1 9 7 6 ;  Obe rho l s e r  19 7 4 .  
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LEGEND 

H i s t or l C  S t a tew i d e 

P r e�, n t  S ta tew i d e  

C o nc e n t r d t i ng a l ong 
( O el s t  d u r i WI lIl i g ra t i on 
pe r i od s  

T E X A S 

... I·U I '_ 1 __ 1 _", • 

A R CT I C  PER E G R I N E  F A L C O N  

Figure E·4. Distribution of Arctic peregrine falcon (Falco p-eregrinus tundrlus). 
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Table E·7. Detailed description of Attwater's prairie chicken <IY.nmanuchus cup-Ido 
attwateri) 

STATUS : Endangered ( 32 FR 400 1 , l1a rch 1 1 ,  1 96 7 ) .  

SPEC lES DE SCRI PT ION : A med ium-s ized grou se o f  t a l l-gra s s  coas t a l  p ra i r i e s . Ma les  are bro� i sh . s t rong ly 
b la ck-ba rred ; ha s long w i ng l ike tu f t s  ( p i nnates ) on s i des of neck , and has a 
short rounded bla ck i s h  ta i l .  

HAB ITAT : Na t ive t a l l-g ra s s  p ra i ries  of the coa s t a l  reg i o n .  

DIS TRI BUTIUN : 

H i s t o ri c : 

P resent : 

Fo rme rly occupied s ome 8 , 000 , 000 a c res of coas t a l  p ra i rie  ext end i ng f rom 
Klebe rg County , Texas Il� rthward t o  Bayou Te che , Lou i sana.  

Reduced to s e ve ra l  coa s t a l  count ies  in  Texa s .  Tot a l  p op u la t ion in  Texas 
est ima ted to  be a round 2 , 000 b i r d s .  

REAsnNS fOR OECL I NE :  Los s  of  hab i ta t  due to  conve rs Lon o f  na t L ve p ra i ries  to f a rmlands ; indu s t r i a l  
u s e  and other a g r i cu l tu ra l  u s e s  incompa t i h l e  ", H h  p ra i r ie chi ckens . 

OTHER I NFORMAT [ON : 

REFF. RENCI': S : 

Re cove ry Team appoi nted ; Recove ry Plan i n  p repa ra t i on.  Prot ect ed by 
the S t a te of Texa s .  

Lehmann 1 94 1 ; Obe rh o l s e r  1 9 7 4 ; Pe terson  1 9 6 ] .  
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A T T W A T E R ' S P R A I R I E  C H I C K E N  

Figure E·5. Distribution of Attwater's prairie chicken (Iympanuchus £Yp-Ido attwaterl). 
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Table E·8. Detailed description of loggerhead sea turtle (Caretta caretta) 

STATUS : Th rea t e ned  ( 4 3  F R  3280 8 ,  July 2 8 ,  1 9 7 8 ) .  

S PECIES DESCRI PTION : Cha racterized by a l a rge head wi th b lunt Jaws . Carapace a nd f l ippers are 
reddish-brown , the p la s t ron y e l l ow.  Adu l t s  1 70-3 50 lbs . and up t o  4 5  i nche s .  

HABITAT : 

D I STRIBUTION:  

H i s t o ric : 

P resent : 

Wid e ly d i s t r ibu ted w i t h i n  i t s  range.  Found hund reds o f  mi les out to  Mea as  
we l l  a s  i nsho re a reas s uch a s  bays , lagoons , sa l t  ma rshes , sh i p  channe ls a nd 
mouths o f  la rge r ive rs . 

Found i n  t empe ra t e  a nd s ubtropical  wa t e r s  wo rldwide . 

Texas G u l f  Coa s t .  

Texas Gu l f  Coas t .  Ra re v i s i t or .  One authe n t i ca t ed nest ing record o n  South Pad re 
I s la nd i n  1 9 7 9 .  

REASONS FOR DECL I NE : Los s  o f  ne s t ing beaches d u e  t o  recreat iona l use  a nd comme rcial  development . Use 
o f  eggs as a food sourc e .  

OTHER INFORMATION : Recove ry Plan i n  prepa ra t io n .  

REFERENCES : Cona nt 197 5 ;  Texas  .Pa rks and W i ld l i f e  Depa r tment 1 9 7 8 .  
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Figure E·6. Distribution of loggerhead sea turtle (Caretta caretta). 
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Table E·g. Detailed description of green sea turtle (Chelonia m�das) 

STATUS : Endangered ( 4 3  FR 3 2808 , July 28 , 1 9 7 8 )  in  F l o r i d a  wa ters  and the Pa c i f ic 
Coas t  o f  Mexico inc lud i ng the Gul f o f  C a l i forn i a .  Tll reat ened e l sewhere . 

S PECIKS DESCRI PTION : Adu l t s  a t t a i n  a length o f  4 f e e t  and range f rom 2 50-4 50 Ibs . The adu l t  
carapace i s  smoot h ,  ke e l le s s  and l igh t-to-da rk brown w i t h  da rk mot t l i ng .  

HABITAT : 

DISTR IBUTION : 

H i s t oric : 

P resent : 

Ge ne ra l ly found in  sha l low wa ters ( excep t  when m Ig ra t i ng )  inside ree f s ,  
bays and inlet s .  Open beaches wi th a s l oping p l a t form a nd minimal 
d i s turbance are req u i red for  nes t i ng .  

Found throughout the world i n  tropical  and t empera t e  sea s .  

The North Ame rican d i s t r i bu t ion i s  f rom Ma ssachus e t t s  t o  Mexico a nd f rom 
B r i t ish Co lumbia to Ba ja Ca li fornia.  

Occas i ona l ly occurs along the Texas Gu l f  Coas t .  Ne s t i ng in the Un i ted 
States  is l im i t ed to  Florida.  

REASONS FOR DECLINE : Over-u t i l i za t i on a s  a f ood sou rce by humans , exce s s i ve na t ural  pred a t ion 
in some area s ,  drowning in  t r awli ng ope ra t i on s .  

OTl!ER I NFORMATION : Recove ry plan in preparat ion. 

REFERENCES : Conant 197 5 ;  Texas Pa rkA and Wild l i fe 1 9 7 8 .  
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Table E.1 0. Detailed description of leatherback sea turtle (Dermochelys corlacea) 

STATUS : Enda nge red ( 3 5  FR 8 49 5 ,  J une 2 ,  1 9 70 ) .  

S P �C H: S  I) E S C R I PT WN :  La rge s t  o f  a l l  L L v ing t u r t l e s .  Adul t s  6 50- 1 200 lbs . Ca rapace and plast ron 
Ilave no Hcu t e s  but a re cove red w i t h  smooth , s la t y-black to da rk blui sh-b lack 

11M 1 TAT : 

\l [ ST I{  [ H llT ION : 

H i s l o r i c : -----

P resent : 

s k i n .  

Mos t pe l ag i c  o f  t ile sea t ll r t l es . O f ten f ound nea r  the edge o f  t h e  Cont inent al  
She l f .  

Trop Lca l and s emi- t rop ica l At lant ic Oc ean inc lud ing Gul f  o f  Mex ico.  

Texas Gulf  coas t .  Nes t i ng i n  the U . S .  I s  res t r L c t ed t o  the Flor ida coa s t .  

Texa s Gu l f  coa s t .  Ve ry r a re v i s i t o r .  

REASONS FOR 1)�: C Ll N E : P r i ma r I ly the resu l t  o f  ove ru t i l i za t ioll of  egg s  by humans . 

UTili': It [ NFO({MAT I ON : 

RI� F E ({ E NC�: S  : 

C r i t ical hab i t a t  lIas been e s ta b l i shed i n  the V i rg i n  I s land s .  Recovery Plan i n  
prepa ra t Lon.  Protected by the S t a t e  of  Texa s .  

B rown 1 9 5 0 .  
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Table E.1 1 .  Detailed description of hawksblll sea turtle (EretmocheIYJ! Imbrlcata) 

STATUS : Enda ngered ( 35 FR 8 4 9 5  June 2 .  1 9 7 0 ) . 

SPECIES DESCRIPTION : One of the sma l ler sea turt les . Adul ts 9 5 - 1 6 5  lbs . Ha s e longated . oval 
she l l .  Carapace general ly br own w i t h  s p lashes o f  yellow ,  orange �r 

HABITAT : 

D ISTRI BUTION : 

H is t oric : 

P resent : 

reddish-brown . 

Found i n  rocky a reas . ree fs . shal low coas t a l  a reas , lagoons of oceanic 
i s lands. Ha tchlings often found i n  f loat i ng ma sses of  s ea plant s .  

Wor ld-wid e  i n  t ropical wa ters . Cont inental U. S .  nes t i ng is  l imited to  
Florida .  

At lant ic coa s t  to  Texas Gulf Coas t .  

Same . Ve ry rare v i s i tor along Texas coas t .  

REASONS FOR DECLINE : Pr ima ry cause i s  harve s t ing for the she l l .  Some harvest ing of  eggs and 
mea t occurs.  

OTHER INFORMATIOI N :  

REFERENCES : 

Recovery P l an i n  prepara t ion. Protec t ed by the S t a t e  o f  Texas . 

Conant 1 9 7 5 .  
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Distribution of hawksbil l  sea turtle (Eretmochely.§ Imbricata). 
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Table E.1 2. Detailed description of Kemp's ridley sea turtle (Lep'ldocheln kempjD 

STATUS : Endange red ( 3 5  FR 18320 , Decembe r 2 ,  1970 ) . 

SPECIES DESCRIPT ION : One of the sma l lest sea tur t l es .  
with a nearly circular carapace . 

Adults  80- 1 00 Ibs . The only sea turtle 
Ol ive-green above and yellow below. 

HABITAT : 

DISTRI BUTION:  

His toric : 

P resent : 

REASONS FOR DECLINE 

OTHER I NFORMATION : 

RE�' l . RENCES : 

Sha l low coas tal and es tua rine waters . 

North At lantic Ocean and Gulf o f  Mexico .  

Texas Gul f  Coas t .  

The ent i re nes t i ng populat ion i s  current ly l imi ted t o  Rancho Nuevo ,  Tamaul i pa s ,  
Mexico. A s i ngle f ema le nested on Padre Is land Nat ional Seashore i n  June 1979.  

Ove r-harves t i ng of eggs and adults for f ood and skins . Other factors include 
drowni ng in shr imp trawls and loss of eggs to predators.  

Cur rent popul a t ion e s t imated at less than 3000. Recovery Team a ppointed ; 
Recove ry Plan i n  preparat ion. Joint U . S . -Mexican protect ion program underway , 
wh ich inc lud es protect ion and i ncubat ion of eggs , a hatchl ing "heads tart" program 
(capt ive rea ring for s ix months to a year ) . and e s t a b lishment of a new nes t i ng 
s i te .  Protected b y  t h e  S tate of Texas . 

Brown 1950 ; Conant 197 5 .  
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STATUS : 

Table E·1 3. Detailed description of American alligator (Alllga.l2r mlsslssippiensis) 

Enda ngered Inland count ies (40  FR 444 1 8 ,  Sept ember 2 6 ,  1 9 7 5 ) .  Threatened 
Coas ta l  count ies ( 4 2  FR 207 6 ,  January 10 , 19 7 7 ) .  

S PECIES DE:;CRIPTION : A large (up to 16 feet ) l i zard-l ike r ep t ile  with broadly rounded snou t .  

HABITAT : 

DISTRIBUT ION : 

H i s toric : 

P resent : 

Genera l colora t ion of adu l t s  is  gray ish black.  

R ive rs , swamp s , estuarie s ,  lakes a nd ma rshe s .  

Sou theas tern Uni ted States f rom North Caro l i na to Texas . 

The eastern one-third of Texas i n  s u i t able ma rsh and wat e r  habi t a t .  

Found along the Gulf Coas t and eastern i nland coun t i e s .  Map depicts 
those count ies where s pecies is  endangered or threat ened. 

REASONS FOR DECLINE : Hun t i ng ,  des t ruc t ion of habi t a t .  Young heavily subject to predat ion a nd 
human d i s t urbance.  

OTHER INFORMATION : 

REFERENCES : 

Recovery Team appointed ; Recovery Plan d ra f ted.  

Cona nt 1 97 5 ;  Ne i l l  197 1 ;  Ra re a nd Endange red Species of Oklahoma Comm i t tee 197 5 ;  
U .  S .  Fish and Wi l d l i f e  Service 19 7 3 .  
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APPENDIX F 

SUMMARY OF STRATEGIC PETROLEUM RESERVE ( SPR)  AND NON- SPR BASELINE 
DATA AT THE BIG  H I LL (TEXOMA) CANDI DATE BRINE DI FFUSER S ITES 

I ntroduction  

The  l ocati ons of  the  Texoma study s i tes and stati ons are di scussed i n  
Sect. 3 . 0 .  Tab l es F-1 and F-2 present the coordi nates for the Bi g Hi l l  
( BH )  and Bi g H i l l  Contro l ( BHC)  stati ons and a s ummary of the samp l i ng 
chrono l ogy ,  respecti ve ly .  

Methodo l ogi es  

Currents were measured wi th  ENDECO Mode 1 105 tethered current meters . 
These i nstruments are battery-powered ,  neutral l y  buoyant ,  s hrouded 
i mpel l er-type meters des i gned to meas ure (1) water current speed by 
i ntegrati ng revo l uti ons over a sel ectab l e ti me i nterval set by the 
manufacturer and ( 2 )  water current di recti on by defi n i ng the mete r ' s 
ori entati on wi th respect to magneti c north . Data were recorded 
i nternal l y  on 16-mm fi l m  at a samp l i ng rate control l ed by a crystal 
osci l l ator .  The ENDECO lOSs were preset to samp l e currents over 1/2-h  
i nterval s .  At thi s  samp l i ng rate , the s uggested rotation  peri od is  45 
d.  

I n- s i tu oxygen ,  conducti v i ty ,  temperature , and pH as a function  of  depth 
(l-m i nterval s )  were taken wi th a Hydro l ab " Surveyor . " Conducti v i ty 
val ues were converted to sal i ni ti es , and oxygen val ues were adj usted for 
tempe rature and sal i n i ty .  Nutri ents were anal yzed accordi ng to Standard 
Methods (Ameri can Publ i c  Heal th Associ ati on , 1975 ) .  

Near-s urface and near-bottom phytop l an kton samp l es were obtai ned by 
us i ng 6- L Van Dorn water bottl es .  A 1- L al i quot was drawn off each Van 
Dorn samp l e .  

Phytop l ankton samp l es were preserved i n  5 percent buffered formal i n  wi th 
a methyl green stai n .  Enumerati ons were obtai ned by strip  counti ng wi th 
a Sedgewi ck- Rafter cel l .  Phytop l ankton counts were reported as uni ts 
per l i ter , where un i t  refers to a s i mp l e cel l or to a group of cel l s  i n  
speci es that form co l on i es or aggregates . Near- surface and near-bottom 
zoop l an kton tows were made by us i ng 5-i n . -di ameter Cl ark-Bumpus p l ankton 
samp l ers . Zoopl ankton tows (#10 mesh )  were made for 2 . 5 mi n at 1. 5 
knots . Zoop l an kton samp l es were fixed i n  5 percent buffered formal i n  
stai ned wi th rose  bengal . Enumerati ons  were obtai ned by the 
stri p-counti ng method us i ng a Sedgewi ck- Rafter cel l .  

Sedi ment s ubsamp l es were obtai ned from Van Veen grab samp l es , us i ng 
2 . 5- cm-di ameter cori ng tube , taken to a depth of about 5 . 0  cm . I n  the 
l aboratory , the cores were anal yzed for sedi ment s i ze di stri bution  by 
s i eve and hydrometer procedures descri bed by Fol k (1974) . 

Benth i c  megafauna were samp l ed wi th repl i cate 1/25-m2 Van Veen grabs , 
and a mei ofaunal core was taken from each grab i n  a manner s i mi l ar to 
the sedi ment subsamp l es .  Both megafaunal and mei ofaunal samp l es were 
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Table F·1 .  Coordinates for sampling stations at the Big Hill and BHC brine disposal 
study sites 

Stati on Lati tude Longi tude 

Big  Hi " 

35 29° 33 1 36 11 N 94° 07 1 24" W 
36 29° 36 1 24" N 94° 07 1 24" W 
37 29° 35 1 00" N 94° 07 ' 54" W 
38 29° 34 1 06" N 94° 09 1 00" W 
39 29° 35 1 00" N 94° 09 1 00" W 
39E 29° 35 ' 00" N 94° 08 ' 48" W 
39W 29° 35 ' 00 11 N 94° 09 1 12" W 
41 29° 35 1 54" N 94° 09 1 00" W 
42 29° 35 ' 00" N 94° 10 1 12" W 
43 29° 33 ' 36" N 94° 10 1 42" W 
44 29° 36 1 24" N 94° 10 1 42" W 

SHe 

50 29° 34 1 18" N 93° 57 1 36" W 
50E 29° 34 ' 18" N 93° 57 1 24" W 
50W 29° 34 1 18" N 93° 57 1 48" W 
51 29° 34 ' 18" N 93° 56 1 36" W 
52 29° 36 1 30" N 93° 57 ' 36" W 
53 29° 34 1 1811 N 93° 58 ' 36" W 
54 29° 33 1 24" N 93° 57 1 36" W 
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Spatial and tem poral  patterns of sample col lection at the Big Hi l l  study 
sites 
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xxxxxxx XXXXX xxxx 
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Source: Comiskey et al. (1 979) • 

• Tap and Bott� phytop l ank ton , chl o�phy l l  • •  and zoopl ankton • . .. CTD: Conducti v i t y .  t�lrature , depth . d i s so l ved oxygen , and ph • 

... Gra i n  s i lt distri buti on .  I o�an i c  IIIItter , " carbonate. 
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washed through screens . Thi s  study was actual l y  compri sed of two 
s eparate phases , September to December and February to October. D uri ng 
the fi rst phas e , megafauna were s i eved through a I-mm screen ; duri ng the 
second phas e , a fi ner mes h  ( 0 . 5-mm )  screen was used. The mei o fauna 
duri ng the fi rst phase represented the organi sms from 1 mm to 250 1..1 ; 
duri ng the second phase , they were the 0 . 5-mm to 63-1..1 fraction  of the 
benthos .  These changes were made because of the smal l s i ze of the 
megabenthos and i ncreased i nterest i n  correct l y  ascertai ni ng the 
compos i ti on of the true mei ofaunal commun i ty .  Sampl es  were preserved 
wi th 10 percent buffered formal i n  and rose bengal stai n .  Rough sorti ng 
was performed i n  whi te pans under an i l l umi nated magn i fyi ng gl ass , and 
fi ne sorti ng was done under a di ssecti ng mi croscope . Mei ofaunal 
organi sms were fl oated i n  ethyl ene gl yco l so l uti on to s eparate the 
ani mal s from the debri s .  

Demersal fi s hes , l arger demersal i nvertebrates , and l arge r  and more 
mob i l e  benthi c  ani mal s were col l ected wi th a 4 . 3-m-wi de otter trawl 
l i ned wi th a 4-mm stretched mes h  s l eeve net. The trawl was towed at a 
constant bow speed of 2 knots for 15 mi n i n  a di recti on  perpendi cul ar to 
the s hore l i ne .  The area covered by the trawl was cal cul ated to be about 
3 , 240 m2 • ( No correcti ons have been made to account for vari ati ons  i n  
trawl di stance due to the di fferences i n  hydrograph i c  and meteoro l og i c  
condi ti ons . )  Becaus e  prevai l i ng currents fl ow paral l el to the shore l i ne 
and are rel ati vely  weak (1  to 2 knots ) ,  i t  i s  thought that thi s source 
of  error i s  m i n i mal . Al l organi sms i n  the samp l e were i denti fi ed to the 
l owest pos s i b l e  taxon and counted. Each i nd i � i dual was measured , but 
not we i ghed.  

Res u l ts 

Currents and Wi nds 

Currents and wi nds were samp l ed duri ng the Texoma study , and the data 
are di scus sed i n  the context of four samp l i ng peri ods wi th s imi l ar 
oceanograp h i c  condi ti ons  duri ng 1978: 

I 

Samp l i ng peri od 1 :  December 2 to February 28 
Sampl i ng peri-od 2 :  March 1 0  to May 15 
Samp l i ng peri od 3 :  May 15 to Ju ly  12 
Sampl i ng peri od 4 :  J u l y  12 to  September 13 . 

Shorter current 
December 2 ,  but 
characteri zati on .  

records are 
these records 

avai l ab l e 
were not 

for the peri od pri or  to 
l ong enough for seasonal 

Means and vari ance of  the l ongshore (V) and ons hore- offs hore (U)  
component of the currents for the four samp 1 i ng  peri  ods  are gi  ven  i n  
Tabl e F-3 .  

Sampl i ng Peri od 1 (December 2 to February 28) 

Mean near-bottom currents were predomi nantl y to the west with a s l i ght 
(an orde r  of magni tude l es s )  onshore component . Wi nds were easterly and 
offshore , with the transshel f component bei ng l arger .  Longshore 
standard dev i ati on for near-bottom currents was several times greater 
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Table F.3. Current meter and wind statistics for Texoma study (December 1 977 to 
September 1 978) 

December 2 - February 

BHC bottom 
BHS 
Wi nd BMNTl 
Wi nd SDMS2 

March 10 - May 15 

BHC bo ttom 
BHS 
Wi nd SOMS 

May 15 - J u l y  12 

BHC to p 
BHC bo ttom 
BHS 
Wi nd SDMS 

28 

J u l y  12 - September 13 

BHC top 
BHC bo ttom 
BHS 
W i nd SDMS 

Mean U 

- 0 . 26 
- 0 . 77 

1 . 2 2  
2 . 13 

0 . 68 
1. 66 

-1. 56 

2 . 30 
0 . 82 
0 . 60 

-3 . 77 

- 2 . 61 
- 0 . 88 
-1 .  09 
-2 . 76 

Mean V 

- 5 . 29 
-5 . 68 
- 0 . 84 
- 2 . 49 

-4. 93 
- 6 . 39 
- 2 . 88 

7 . 62 
3 . 49 
1 .  39  

- 2 . 51 

- 5 . 72  
0 . 40 

-1 .  99 
-1.  36 

S .  O .  U 

4. 27 
6 . 28 
3 . 44 
5 . 33 

4 . 05 
5 . 22  
4 . 14 

4 . 64 
2 .  75 
3 . 86 
2 . 57 

7 . 97 
4 . 82 
4. 67 
2 . 69 

Current measurements un i ts , cm/s ; Wi nd meas urement un i ts , m/s . 

lFrom Beaumont Ai rpo rt observati ons . 

2 F rom NOAA ' s SAOEM p l atform . 

BHC = B i g  H i l l  Contro l .  
BHS = B i g  H i l l  Seconda ry ( Rep l acement of  l ost buoy) . 

U = Onsho re-O ffs hore current component . 
V = Longs hore current component . 
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S .  O .  v 

13 . 08 
14 . 83 

3 . 15 
5 . 47 

8 . 75 
10 . 85 

3 . 04 

12 . 28 
6 . 20 
8 . 76 
3 . 07 

16 . 58 
6 . 98 
9 . 60 
2 . 11 



than transshel  f standard dev i  ati o n .  Vari ati on o'f the two components of 
wi nd were approxi matel y  equal . 

Westward-di rected currents domi nated at BHC and B i g  Hi l l  Secondary ( BHS)  
( Fi g .  3-3 ) , bei ng 72 percent and 67 percent of the records , 
respecti vely.  Transshel f currents were approxj matel y  equal (52  percent 
offshore at BHC and 47 percent offshore at BHS ) .  The domi nant quadrant 
at BHC and BHS was to the SW with 41 percent and 40 percent of the dai ly  
means , respecti ve l y .  I n  al most al l cases , the  maxi mum mean currents 
were to the northwest.  Based on dai l y  means , the maxi mum currents were 
on occas i on greater than 30 cm/ s .  

P l ots of  dai l y  mean currents at BHC and BHS have the II S II s hape seen i n  
many o f  the p l ots from thi s  regi on .  Thi s  confi gurati on resu l ts because 
the l ower-magni tude currents are predomi nantl y to  the SW or  HE , whi  1 e 
the l arger-magn i tude means are onshore and to the northwest.  

Exami nati on of  current vel oci ty components i ndi cates strong coherence 
between l ongshore current records and moderate coherence between 
tran s s he 1 f c urrent records . Corre 1 at i on between l ongshore wi nds and 
currents s eems to be strong , with wi nds be ing associated wi th s i mi l arly 
di rected near- bottom currents . Corre l ati ons  between trans shel f wi nds 
and currents are weak to moderate. If a vari ab l e l ag of from 0 to 24 h 
i s  used , then somewhat better correspondence between wi nd and current 
ep i sodes i s  attai ned. 

Most samp 1 i ng peri od 1 currents were di rected toward the west wi th an 
occas i onal eastward-di rected event l asti ng 2 to 3 d .  Many times  
currents to  the west exceeded 30  cm/s , and occas i ona l ly the fi  1 tered 
s i gnal approached 40 cm/ s .  

Sampl i ng Peri od 2 (March 10 to May 15 ) 

Duri ng samp l i ng per i od 2 ,  the mean l ongshore current component remai ned 
the same as for samp 1 i ng peri od 1. However , the trans s he 1 f component 
reversed di rections of  fl ow (to the offshore di recti on ) .  The re l ati ve 
magn i tudes of  tran s s he l f and l ongshore components remai ned approxi mately  
the  same as those found in  the  previ ous  samp 1 i ng  peri  od .  Mean wi  nds 
a 1 so changed so the trans s he 1 f component was onshore and the l ongshore 
component was al most  twi ce the tran s s he l  f component .  The pattern and 
magn i tude of vari ance remai ned approxi matel y consi stent wi th season 1 .  

BHC and BHS are stati sti cal l y  quite s i mi l ar ,  bei ng wi thi n 1 or  2 
percentage po i nts i n  the di stri buti on  of dai l y  means . Approxi matel y  64 
percent of dai l y  mean currents , V component , was di rected l ongs hore and 
easterl y ,  and 59 percent of the U component was di rected offshore . The 
domi nant quadrant was to the SW , wi th 47 percent of mean vectors 
termi nati ng there .  Means of  h i ghest magni tude were general l y  di rected 
ons hore and to the west.  

Domi nant wind di recti on was ons hore and easterly ( 54 percent of the 
means ) .  Northwesterly and southeasterly wi nds accounted for 72 percent 
of the dai l y  means .  The ori entation  of the wi nds was at ri ght angl es  to 
the near-bottom currents . 
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As seen i n  the fi rst per i od ,  there was strong l ongshore correl ati on of 
currents and strong pos i ti ve correl at i on between l ongshore wi nds and 
currents . Transshel f currents s howed only moderate corre l ation .  

The data i ndi cate that wi nds were di rected offshore only duri ng 
s i gni fi cant wi nd events , whi ch occurred at a fai rly  regul ar i nterval of 
6 to 10 d and 1 asted 2 to 3 d.  The offshore wi nd events were often 
associ ated with weaker northwesterly wi nds . The majori ty of the time , 
wi nds were di rected onshore.  

Sampl i ng Peri od 3 (May 15 to Ju ly  12) 

There was an i mportant change i n  current patterns duri ng samp l i ng peri od 
3 .  The l ongshore component of near-bottom currents was strongly 
di rected to the east.  Thi s i s  the only peri od duri ng whi ch th i s  
occurred. The transs he l f component was mai n ly  to the offs hore . Wi nds 
were consi stent with those obs erved dur i ng samp l i ng per i od 2 ,  al though 
re l ative magni tudes of  trans s he l f and l ongs hore components changed so 
that the transs hel f component was approxi mate l y  50 percent l arger than 
the l ongs hore component. 

Al though the rel ati ve magni tude of tran s s hel f and l ongshore vari ances  
remai ned s i mi l ar to thos e  in  other seasons , the  absol ute magni tude of  
al l current vari ances decreased. 

Duri ng sampl i ng peri od 3 ,  a near-s urface current meter was depl oyed at 
SHe , about 3 m bel ow the water surface. 

The mean current vectors of the upper and l ower meters were ori ented i n  
approxi matel y  the same di recti on ; however , near-bottom currents were 50 
percent or more weaker than currents meas ured near the surface .  The 
upper-current record had a root mean square ( RMS)  current magni tude 
about twi ce that of the l ower meter , i ndi cati ng greater vari abi l i ty at 
the upper-meter current. 

At SHS , eastward- di rected currents domi nated s l i ghtly ( 58 percent) , as 
di d offs hore currents ( 61 percent) . Most currents were ori ented 
approxi mately  to the northeast or to the southwest. It i s  qui te 
pos s i b l e that the pri nci pal  axi s  does not ori ent l ongshore and paral l el 
to s hore . At SHe , near-bottom currents were predomi nantl y to the east 
(77 percent) and to the south ( 60 percent of U vectors ) .  Mean current 
speeds were general ly  l ow ,  wi th most l es s  than 10 cm/s . Symmetr i cal 
c l usteri ng around the l ongshore axi s  suggests that the pri nci pal  axi s 
al i gns  wi th the l ocat i o n  i sobaths .  

Sy contrast ,  near-s urface currents at SHe were predomi nantly to the east 
( 77 percent) , but 72 percent of the means were al so  di rected offshore. 
Si  xty-one percent of the means were ori ented to the southeast and 12 
percent to the northwest , so the pri nc i pal  axi s  probably  had a 
cros s- i sobath component. Stati sti cal compari son of near- s urface and 
near-bottom mean currents showed that near- s urface currents were 
ori ented to the ri ght of the near-bottom currents . 
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Wi nds were southeasterly for al most the enti re sampl i ng peri od.  Only  
about 7 d had wi nds di rected offshore . Excl udi ng some weak westerly 
wi nds , onl y one short eastward-di rected wi nd event occurred i n  40 d.  
Thi s  type of pers i stent wi nd had not been measured previ ous ly .  

Wi nds and currents were negati vely  correl ated in  the l ongshore ( e . g . , 
west-di rected wi nds p roduced eastward-di rected currents ) .  Thi s  i s  
contrary to expectati on and normal condi tions . Near- surface and 
near-bottom l ongshore currents had a strong pos i ti ve correl ati on , as 
expected.  It i s  di ffi cul t to i denti fy the degree of  correl ation  of 
transshel f currents at the two l evel s .  

Sampl i ng Peri od 4 (Ju ly  12 - Septembe r  13) 

Wi nds were s i mi 1 ar to those duri ng samp 1 i ng peri od 3 ;  the mean vector 
was ori ented easterl y and onshore . The onshore component was 
approxi mate l y  hal f the l ongshore component. 

Near- bottom currents duri ng thi s samp l i ng peri od presented a confus i  ng 
p i cture because the patterns at SHe and SHS di ffered . At SHS , the mean 
di recti on was to the west and onshore , and the l ongshore component was 
approxi matel y  twi ce the transshe l f component. At SHe , mean di rection  
was to  the east and onshore , and the  trans she l f componeht was twi ce the 
l ongs hore component. Trans shel f components at both stations were 
s imi l ar i n  magn i tude , di fferi ng by on ly  20 percent ; however , l ongs hore 
components were ori ented i n  oppos i te di recti ons . 

On the average , there was consi derab l e shear between the upper and l ower 
current measurements at SHe .  Over a di stance of 5 m ,  the mean vel oci ty 
di ffered by 6 . 1 cm/s . 

Duri ng samp l i ng peri od 4 , wi nds were predomi nantly onshore (88 percent) 
and easterly ( 70 percent) . S i xty percent of  the mean vectors termi nate 
i n  the northwest quadrant. Only  2 percent termi  nate i n  the southeast 
quadrant. As i n  most samp l i ng peri ods , there was consi derab l e  scatter ,  
even wi thi n quadrants . 

Near-bottom currents at SHS cl uster around the l ocal i sobath ( 54 percent 
offshore and 46 percent ons hore )  wi th s l i ghtl y more than hal f of  the 
vectors di  rected toward the west.  S i mi 1 arl y ,  near-bottom currents at 
SHe were fai rly  uni forml y di str i buted around the l ocal i sobath . 
Near- surface currents ( U  component) at SHe were approxi matel y  even l y  
d i  stri buted between onshore and offshore (46 and 5 4  percent , 
respecti vely) . However , they were not even l y  di stri buted l ongshore 
because on ly  11 percent of the mean vectors termi nated i n  the northeast 
and southwest quadrants . There was a defi n i te stati sti cal trend 
i ndi cati ng a cross- i sobath transport .  The cross- i sobath trend was more 
pronounced for near- surface fl ows to the northwest.  

Duri ng the l atter part of August 1978 , a severe storm moved through the 
study area , creati ng the most extreme currents measured duri ng th i s  
study .  These currents bui l t  and decayed rap i dl y .  Hal f- hourly mean 
speeds of over 50 cm/s were recorded by the near- surface meter for over 
a day , and hal f- hourly speeds of 100 cm/s or  greater exi sted for 3 to 
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4 h .  A s i ngl e l arge magni tude poi nt i n  the northwest quadrant refl ects 
these vel oci ti es . The near- surface currents exceeded 100 cm/s for 
several hours . The dai ly  mean was approxi matel y  65 cm/s . Duri ng th i s  
peri od , near- bottom hal f- hour1y mean current speeds o f  5 0  to 80 cm/s 
were measured. These extreme currents coul d have had s i gni fi cant i mpact 
on the samp l i ng peri od means and var i ances . Duri ng the storm , currents 
at al l depths were di rected ons hore , s uggesti ng a l arge bui l dup al ong 
the coast or  some ki nd of  exte n s i ve hori zontal ci rcu l ati on system. 

Thi s  samp l i ng peri od was characteri zed by weak and var i ab l e transshe 1 f 
currents , al though the correspondi ng wi nds were predomi nantly  ons ho re .  
At times , near- s u rface and near-bottom currents were i n  phase , 'and at 
ti mes , they were o ut of  phase .  

Near-bottom l ongshore currents were we 1 1  correl ated and d i  s p  1 ayed a 
reasonabl y  pos i ti ve correspondence with l ongshore wi nds and near- surface 
currents . Pri or  to the August sto rm , l ongshore currents showed no 
preferenti a l  di rection .  However , after the storm , currents were 
predomi nantly to the wes t ,  wi th on ly  an occas i onal weak , short eastward 
event. 

To v i s ual l y  portray the current regi me at the B i g  H i l l  3 . 5-mi 1 e  s i te ,  
onshore-offshore ( U )  and l ongs hore (V) components of the near-bottom 
currents for exemp l ary peri ods are presented. F i gures F-1 and F-2 show 
the " typ i  cal li and " sto rm front pas sage" current condi ti ons at the s i te 
(January 21 , 1978 , to January 22 , 1978) , and F i g s .  F-3 and F-4 show the 
" sustai ned upcoast" ( easterly)  and " sustai ned l ow energyll current 
condi tions  (J une 29 , 1978 , to Ju ly  14 , 1978) . 

Hydrography and Water Qual i ty 

Mean temperatures for the fi ve offshore Texoma s i tes  are shown for the 
13-month study peri od (September 1977 to October 1978) i n  Tab l e F-4 and 
Fi g. F-5 .  Hi ghest mean val ues for temperature for the near- surface 
samp 1 es at Bi g Hi 1 1  were found i n  J u l y  ( 30 to 31°C )  and for the 
near-bottom samp l es i n  August (29 . 3 to 29 . 6°C ) .  Lowest means ( 7  to 8°C )  
occurred for near- s urface and near-bottom samp l es  duri ng the early  
February cru i se .  These temperatures were some of  the l owest on record 
for the northwest Gu 1 f and ref1 ect the fact that they were col l ected 
duri ng one of the col dest peri ods of the year i n  shal l ow water. Rap i d  
warm i ng occurred duri ng the spri ng , whi ch i s  con s i stent wi th other 
stud i e s .  

Except for Ju ly  and August 1978 , when temperatures were h i  ghest and 
l i ttl e or no di fference was seen i n  sal i n i ty of the near- surface and 
near-bottom waters , the near- bottom waters were con s i stently more sal i ne 
(Tab l e F-5 and F i g .  F-6 ) .  The l argest verti cal di fferences  i n  sal i n i ty 
occurred i rregu l arly throughout the year , wi th December ,  Apri l ,  and June 
showi ng especi al l y  l arge di fferences due l arge l y  to greatly reduced 
near- surface sal i ni ty (19 . 8  and 21. 0 ppt duri ng Ap ri 1 and June 1978 , 
respecti vel y ) .  Thi s seasonal pattern of l owest sal i n iti es i n  the spri ng 
and hi ghest sal i ni ti es i n  the summer i s  cons i stent wi th prev i ou s l y  
repo rted fi ndi ngs (Murray ,  1976) .  
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Figure F·6. P lot of mean salin ity (ppt) for the period September 1 977 to October 1 978 
In the Texoma study area: (a) near·surface, (b) near·bottom. 
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It shou l d be noted that verti cal  ( near- s urface to near- bottom) 
di fferences i n  mean monthl y  sal i n i ty were greater at the West Hackberry 
s i te than at the B i g  H i l l  s i te .  For examp l e ,  i n  Apri l 1978 , means for 
the near- s urface and near-bottom samp l es at B i g  Hi l l  were 19 . 8  and 
21. 0 ppt ,  respecti ve l y ,  compared wi th val ues of  16 . 2  and 25 . 8  ppt for 
West Hackberry .  Thi s di fference i s  caused by the cl oser proxi mi ty of 
the West Hackberry s i te to Cal cas i eu Pas s compared wi th the di stance 
that the B i g  Hi l l  s i te i s  downcoast of Sab i ne Pas s .  

U n l i ke the West Hackberry s i te ( and al so the BHC s i te) , whi ch exhi b i ted 
obvi ous  onshore-offshore sal i n i ty gradi ents , the B i g  Hi l l  s i te appeared 
to be much more homogeneous hydro l ogi cal l y .  Th i s  spati al homogene i ty i s  
al so  a res u l t  of the re l ati vely greater distance of B i g  H i l l  from a 
l ocal source of  estuari ne water. Ouri  ng several months , near- s urface 
and/or near- bottom samp l es s howed ons hore-offs hore gradi ents , wi th 
sal i n ity u s ua l ly  i ncreas i ng offs hore . Longs hore gradi ents i n  sal i ni ty 
were parti cu l arl y  l acki ng.  P l ots for representati ve months are s hown i n  
F i gs .  F-7 to F-9 .  

As can be seen i n  F i gs . F-I0 and F- ll , a c l ear negati ve re l ati onsh ip  
exi sted between vo l ume of  ri ver di scharge ( e i ther l ocal or regi onal ) and 
sal i nity at the Texoma study s i tes . There fo re , l arge verti cal 
di fferences i n  sal i ni ty occurred i rregu l ar l y  throughout the year , 
general l y  coi nci di ng wi th pu l ses of fres hwater i nput. There appears to 
be a s i gni fi cant time l ag ( up to 1 month ) i n  the response of  sal i ni ty i n  
the study area to reg i onal fres hwater di scharge . 

The i mportance of the Mi s s i s si ppi  and Atchafal aya Ri ver di scharges to 
the seaso nal i ty of  the sal i ni ti es i n  the near-s hore Gul f cannot be 
overstated . F i gure F-ll (Gag l i ano et al . ,  1970) s hows the rel ati onshi p  
between the major ri ver di scharge and sal i ni ty l eve l s  at poi nts al ong a 
trans ect perpend i c u l ar to the Loui s i ana coast off Cal cas i eu Lake . The 
magni tude of the sal i n i ty vari ati on was i nverse l y  rel ated to the 
di stance off the coas t .  

Duri ng al l months except March , when there was n o  s i gni fi cant di fference 
i n  near- surface and near-bottom di s s o l ved oxygen conce ntrati ons , means 
over a l l stati ons ( crui se means)  were hi gher near the s urface (Tab l e  
F-6 ,  F i g .  F-12) . I n  general , di sso l ved oxygen l evel s were hi ghest i n  
the col dest months . I n  Apri l ,  i n  conjuncti on wi th the greatly i ncreased 
temperature , i ncreased . organ i c  acti v i ty ,  and strati fi cati o n ,  di s so l ved 
oxygen l evel s decreased cons i derabl y ,  espec i al l y  for the near-bottom 
samp l es .  I n  June , near-bottom di sso l ved oxygen l evel s dropped 
preci p i tous ly  to l evel s l ower than 0 . 5 parts per mi l l i on (ppm) , due 
agai n to renewed detri tal i nput , strati fi cati on , and ri s i ng 
temperature s .  There was gradua l  recovery i n  J u l y  and August .  

F i  gures F-13 to  F-16 and Tabl es F-7  to  F-I0 s how the trends for 
i mportant nutri ents at the fi ve s i tes i n  the Texoma study area. I n  
general , ni trate , s i l i cate , and phosphate showed s i mi l ar behav i or ,  wi th 
h i ghest concentrations  i n  the m i d-wi nter and spr i ng ,  espec i al l y  i n  the 
near-surface water. Su l fate showed the oppos i  te trend , wi th hi ghest 
concentrati ons  i n  s ummer and especi al l y  i n  the near- bottom waters . 
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Figure F.1 3. Mean n itrate-nitrite concentration (mg/L) in the Texoma study area ex
pressed by cruise for the period September 1 977 to October 1 978: 
(a) near-surface, (b) near·bottom. 
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Figure F·1 4. Mean si l ica concentration (mg/L) in the Texoma study area expressed by 
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Table F·8. 
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depth, site, and cruise for five sites In the Texoma study area for the 
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Table F·10. Mean value ( ±  1 standard error) for nitrate-nitrite nitrogen concentration 
(mg/l) by depth, site, and cruise for five sites In the Texoma study area 
during the period September 1977 to October 1978 
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Resu l ts of  s i mp l e corre l ati on analyses for al l pai rwi se  compari sons of 
nutri ent and hydrograph i  c vari abl es  for near-s urface and near- bottom 
samp l es are presented i n  Tabl e F-11 for the B i g  Hi l l  and BHC s i tes  for 
the peri od September 1977 to October 1978. These res u l  ts are very 
s i mi l ar to those for the enti re Texoma area.  The strong negative 
correl ati on of temperature and di s s o l ved oxygen is  qui te ev i dent , 
i ndi cati ng the h i gher di s s o l ved oxygen val ues i n  the wi nter.  Of 
parti cul ar note for the near- s urface samp l es are (1) the mutual 
bi vari ate correl ati ons of 0 . 40 to 0 . 61 for s i l i cate , ni trate , and 
phosphate concentrati ons ; (2)  the strong pos i ti ve corre l ati on of 
sal i n i ty and s u l fate ; and (3)  the negative  corre l ati ons between s u l fate 
and ni trate and between s i l i cate and sal i n i ty .  These rel ati ons h i p s  are 
not near l y  as strong for the near- bottom sampl es , al though the trends 
for the near-bottom samp l es are generi cal l y  s i mi l ar to those  for the 
near- s u rface sampl es . The near- bottom samp l es , wi th 1 ess  fres hwater 
i nfl uence , showed l es s  di sti nct trends regardi ng sal i ni ty/nutri ent 
re l ati onships , except for sal i n i ty and s u l fate . Nor  are the 
rel ati ons h i p s '  s hown for the near- surface samp l es as strong for the B i g  
Hi l l  group o f  s i tes a s  they were for the samp l es from the West Hackberry 
group becaus e  of the cl ose  proxim i ty of the Wes t  Hac kberry s i te to 
Cal cas i e u  Pas s .  These res u l ts are con s i stent wi th the terrestri al 
( fres hwater) source of phosphate , ni trate , and s i l i cate i n  the coastal 
zone and the oceani c source of h i gher s u l fate l evel s .  

These maj or trends seen i n  the Texoma study are s hown i n  F i gs .  F-17 to 
F- 20 . F i gure F-17 shows the strong negati ve rel ati onship  between 
di s so l ved oxygen and temperature , especi al l y  for the near- s urface 
samp l es .  The extreme s i tuat i o n  for the near-bottom samp l es i n  June 1978 
i s  noted. Su l fate i s  s hown to be most c l osely  rel ated to sal i n i ty i n  
Fi g .  F-18 , whi l e  F i gs .  F-19 and F-20 show the pos i ti ve rel ati onship  
between n i trate concentrati ons and l ocal and regi onal di scharge , wi th 
two peaks noted. 

Res u l ts of the factor analys i s  for CTO/nutri ent data col l ected at the 
B i g  Hi l l  and BHC s i tes for the period September 1977 to October 1978 are 
s hown i n  Tabl e F-12 i n  the form of the rotated factor pattern matrix.  
The three factors defi ne three maj o r  trends in  hydrol ogi c- nutri ent 
dynami cs , wh i c h  exp l ai n  most of  the vari ance i n  the data. Factor 1 
h i ghl i ghts the di sti nct wi nter peri od wi th h i gh di s so l ved oxygen , l ow 
temperature , and espec i al ly  h i gh ni trate l evel s .  Factor 2 defi nes thos e  
water mas s es where s i l icate , phosphate , and n i trate are i n  h i ghest 
concentrati on ( l ate wi nter to spri ng) , whi l e  factor 3 defi nes those 
water mas ses wi th h i gh sal i ni ty and s u l fate . Si nce sal i ni ty and s u l fate 
l evel s have a b i modal di stri bution over the samp l i ng peri od , no strong 
rel ati onship  was seen wi th temperature . Facto r 3 represents the 
encroachment of sal i ne Gul f water i nto the near-s hore area. 

Phytopl ankton 

Fi gures F-21 to F-23 show the response of  the pri mary producers 
(phytopl ankton)  to nutri ent enri chment associ ated wi th fres hwater 
di scharge . Tabl e F-13 and F i g .  F- 24 show the crui se and s i te means for 
phytopl ankton dens i ty .  Parti cul arly  sharp i ncreases i n  phytop l ankto n 
standi ng stock were seen i n  December 1977 and May 1978 , coi nci di ng wi th 
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Table F·1 1 .  Results of  simple correlation analyses for CTO and "utrlent variables for 
the Big Hili group during the period September 1977 to October 1978 

Near-surface 

Sul fate Phosphate N i trate 

D i s s o l ved Oxygen NS* 

Sa l i n i ty 0. 67** 

Temperature NS 

S i l i cate NS 

N i trate - 0 . 38 

Phosphate NS 

D i s so l ved Oxygen NS 

Sa l i n i ty 0. 72 

Temperature NS 

S i l i c a te NS 

N i trate NS 

Phosphate NS 

�NS = Not S i gnificant alp = 0 . 05 .  
**A I I va l ue s  s i gn i f i cant at p = 0 . 05 .  

NS 

NS 

NS 

0. 40 

0 . 61 

NS 

NS 

NS 

0. 52 

NS 

- 0 . 55 

0 . 45 

Near-bottom 

NS 

NS 

- 0 . 4 2  

0. 27 NS 

0 . 29 

S i l i cate 

NS 

- 0 . 48 

NS 

- 0 . 38 

NS 

NS 

Temperature 

-0. 80 

0 . 2 3  

- 0 . 81 

0 . 38 

Sa l i n i ty 

NS 

- 0 . 27 
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Figure F·1 7. Plot of monthly mean values (over al l  s ites) of dissolved oxygen (ppm) 
and temperature (OC) in the Texoma study region for the period 
September 1 977 to October 1 978. 

.. :As j "  . .. " & : :-
.. .. �d l l n l � / 1  � tj t torr. 

- EJ- - -a - .: uJ ' � � � .  top - 3  313 

20 

1 0  

_ _  � _ _  � - S u i fHe . �o �tom 

. .. : . . . .  -... . . 

." ;..., 
. ..... ,.. . '. 

' .  &:. f l '  ' Q , >  

t • ' . .... , �  . •  

........ \t  , ' "  
, �  ' -\"1'-- : � 'III 

• •  , . .... 1 "1 .'111 

-- r - - - T- - r -- - [ -
2 3 4 5 

r . -- r 
6 7 

CRUISE 

1 -- r- - - r --- r --- -- r - - r  
8 g 1 0  I I  1 2  1 3  
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Table F·1 2.  Rotated factor pattern matrix for the eTC/nutrient data set for the Big 
Hili sites (September 1 977 to October 1 978) 

Rotation Method : V A R  I MA X  

F acto r  1 Facto r  2 Factor 3 

Temperature -0 . 84065 -0 . 1 6 1 72 0 . 1 8763 

S a l i n i ty -0 . 21 370 0 . 01 894 0 . 86932 

D i ssol ved Ox ygen 0 . 94460 -0 . 1 3921 - 0 . 04348 

S u l fate -0 . 0621 1 -0 . 08922 0. 89471 

S i l icate -0 . 20359 0 . 82040 -0 . 20726 

Pho s p h ate 0 . 26453 0 . 77 1 07 0 . 1 9252 

N i t rate 0 . 6 1 439 0 . 54437 -0 . 29336 

Rropo rtio n a l  Con t r i b u ti o n s  to Commo n V a riances b y  Rotated Facto rs 

2 . 1 37377 1 . 61 7800 1 . 759391 
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peaks i n  nutri ent concentrati ons . The preci p i tous  decrease i n  
phytopl ankton dens i ty i n  June 1978 paral l el ed decreases  i n  nutri ent 
l eve l s .  The consequences of  thi s decl i ne i n  phytop l an kton standi ng crop 
( and , therefore , i ncrease i n  phytopl ankton-deri ved and l ab i l e  organi c  
detr i tu s )  o n  water qual i ty are seen i n  F i g .  F-25 . I t  appears that the 
very l ow di sso 1 ved oxygen concentrations  i n  the near-bottom waters of 
the B i g  H i l l  area i n  June 1978 were caused by aerobi c  decompos i ti on of 
thi s  organ i c  detri tus . Near- s urface di sso l ved oxygen concentrati ons di d 
not decrease because the near- s urface water mass was not cut off from 
the atmosphere .  The near- bottom l ayer , however , recei ved l i ttl e or no 
regenerati on from atmospheri c sources duri ng the ti me due to the strong 
strati fi cati on that was apparent duri ng the enti re spri ng and espec i al ly  
in  June ( Fi g .  F-25 ) .  

Duri ng the course o f  the study , 42 di atom and 4 di nofl agel l ate taxa of 
phytopl ankton were found i n  the Texoma study region  (Tabl e F-14) . Most 
of the speci es were ubi qui tous  over the regi on.  Duri ng the peri od when 
samp 1 es were taken at both West Hackberry and B i  g Hi  1 1  cl usters , only 
one taxon , Suri re l l a  sp . , was not found at both s i tes . Th i s  spec i e s  was 
taken only rarel y  at West Hac kberry , and i ts absence at B i  g Hi  1 1  i s  
probably  attri butabl e to l ower samp l i ng i ntens i ty .  Si te- speci fi c 
di fferences i n  taxonomi c compo s i ti on of  the p hytop l ankton were not 
ev i dent. 

Marked seasonal changes i n  commun i ty compos i ti o n  (Tab l e  F-15) were noted 
duri ng the course of the study .  The commun i ty appeared to pass through 
three di  sti nct phases , more or 1 ess  characteri sti c of al l s i tes  at a 
gi ven t i me .  D u ri ng the fal l and early  wi nter peri od , S kel etonema 
costatum , Chaetoceros curv i setus , and Rh i zoso l en i a  robusta domi nated the 
communi ty. Duri ng mi dwi nter and early  spri ng , the community was 
characteri zed by Cosci nodi scus central i s .  Other speci es , notab ly  
Asteri one l l a  japoni ca ,  Cerati um tripos , and Thal as s i othrix medi terranea ,  
were o f  s i gn i fi cance for rel ati vely bri ef peri ods . From early  s ummer to 
early  fal l , a thi rd set of spec i e s  became i mportant. These i ncl uded C .  
tripos , Rhi zoso l en i a  al ata , Rh i zoso l eni a acumi nata , Bi ddul phia 
granul ata , and B i ddu l ph i a  mob i l i e,ns i s .  Most o f  the domi nant speci es  
were approxi mate l y  coequal from earl y  summer to early  fal l , with any one 
taxon sel dom contri buti ng more than 10 percent of the numbers of 
i ndi v i dual s in the vari ous  samp l e s .  An excepti on to thi s i s  £. tripos , 
wh i ch compri sed about 15 percent of the community i n  June , but was 
thereafter of modest i mportance .  

I n  general , the number of  species  detected i n  the samp l es decreased from' 
an October maxi mum of 28 to an Apri l mi n i mum of 5 ,  then rose to a l ate 
summe r peak of 27. A l ocal maxi mum i n  speci es  numbers may have been 
present i n  the February to March peri od. These changes in speci es 
numbers roughl y  correl ate with the changes i n  compos i ti o n  di scussed i n  
the above paragraphs . That i s ,  the maxima and mi n i ma o f  spec i es numbers 
appear to be rel ated to the peri ods of trans i ti on between the fal l , 
wi nter- spri ng , and summer fl ora. The decl i ne i n  spec i es numbers from 
August to October cl osely paral l e l s  the dec l i ne previ ous ly  noted from 
October to December . Desp i te the fact that these two peri ods were 
s l i ghtl y  offset i n  the seasonal sequence , the patterns of speci es  
compos i ti on duri ng these peri ods are s i mi l ar .  
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Figure F.25. Plot of monthly mean values (over al l  sites) of total phytoplankton 
(number of cells/L) and dissolved oxygen (ppm) in the Texoma study 
region for the period October 1 977 to October 1 978. 
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Table F·14. Seasonal distribution of phytoplankton at West Hackberry and Big Hili 
sites, October 1977 to October 1978 * 

DIVI SIOH/f .. i Iy 

BAC l LlAA IOPHYTA 

Ailerione l l. J.ponieo 
Bacteriutru. varian, 
8iddulphh gr.nul.tl 
Blddulphl a  .. b l l  ie .. h 
Chaetocer05 a " t n i s  
Chaetoceros CiWpreuuI 
Chaetoceros curv i salus 
Chaeloceros dec ipiens 
Chaetoceros peruvi anul 
Chaeloceros sp. 
Coscinodi scus cent u l h  
Cosc inodi ,cus cone i Rnul 
Cose iflodtscus excentriculi 
COHinodiscU5 gran t .  
Cosc inodhcus radiatus 
Coscinodiscul sp. 
Oi ty h .  bdght-.e l l  I I  
D i t y h .  sp. 
(uca.p i a  sp. 
Guinardta f l accida 
Gyros iQlfla sp. 
He.laulu!. sp 
L i thodes.iua ·,nldu lltu. 
Nalilcula sp. 
Hi tzscht. paradoKI 
Ni tzsc h i a  seridla 
P leuros ig •• sp. 
Rh h050 I en i I leu. i nall 
Rhizoio'enia a l ata 
Rhizolo)enia i.bric.tiI 

. Rhizosolenia robust. 
Rhizosolenia sp. 
Sb letone.a costatu. 
Skeletone.a sp. 
Stephanod iscus sp. 
Stephanop), x i s  sp. 
Sur i re l l a  sp. 
Tha I ass l oneaa nitlschioides 
Thalass ios l ra dec i p i ens 
Thalassi othrix trauent.ldU 
Tha l a H iothr ix  long i u iu 
Thalassiothrix .edi terrlnel 

PYRROPHYTA 

CeratiUli tripos 
Ceral iu. sp. 
G)'.nodi n i �  sp. 
Perldiniu. sp. 

NUIIl)er of Spec ies:  Total 

I/ut Hlckberry 

Big  HI l i  

-W--West Hackberry li t h .  
B- -Big HI l i  s l to. 
WB- -Both , i t  ... 

Oct lID. Dec 

WB WB WJI 
WB 
WB WB 
WJI WB WB 
WB WB 

1/ WJI WB 
1/ WB WB 

WB WB WB 
1/ 

1/ 
1/ WB 1/ 

liB 1/ 
WB WB 1/ 

1/ WB a WB 
WB II ·  
WB WB 
WJI 1/ 

1/ • 1/8 

WJI WB WB 

WB 
WB WB WB 

1/ WB lIB 
II 1/ WB 

WB WB WB 
1/ 

1/ 
WB 1/ WB 

1/ WB 
1/ WB 

WB WB 

2� 21 11 

2� 21 11 

11 I� \l 

IIDnth 

feb Mar Apr M.y Jun Jul Aug Sep 

WB WB • 8 8 
I 8 8 
I 8 • 

WJI WB I • • 
1/ 1/ • 8 8 
1/ 1/ WB 

WB WB WB WB I 8 a 
WB 8 B • 
WB WB WB WB 8 • a 

8 a 
WB WB I 8 8 

WB WB 1/ 
1/ WB II 

WB WB WB 
1/ 1/ 

• B a • 
WB WB 
WB WB 

1/ 8 • • 
WB WB 1/ a 8 

WB 8 • 
WJI WB 
WB WB 1/ 

WB 
WB 

WB WB 

WB WB WB WB 
1/ 1/ 
1/ 1/ • 8 8 a 8 B 

WB 

WB WB liB a 8 8 
WB WB WB I 8 B B • a B • 8 a 

21 21 6 J4 10 26 2B 21 

21 21 14 

15 IB 10 10 26 28 21 

Det 

I 

8 a a • 

• 

• 

• 
B • 

J4 

14 



Table F·15. Seasonal and site patterns of phytoplankton community dominance In  
the Texoma study area (October 1977 to October 1978).-

B i g  Hi l i  C l uHer Wut Hackberry C l uiter 

Big Hi I I  Big H i  I I  Conlrol 8 1a<� Bayou Wut Hackberry Weit Hackberry Control 

( 6)b ( 4 )  ( 4 )  (20) ( 12 )  
2 1 . 6 1  B iddul ph t a  granu.ata � 1 . 6� Blddulphia .obi Hensh 28. 9� Cosc inodiscus centr.' h 16. 21 Biddulphh granulala 2 1 . 12 B iddulphla _i I iens i s  
1 1 . 9 ,  Rhilo�otenia . lata 10. 11 (h.doceros a f f l n h  2 1 . 61 (erat h. tripos 9 . 6� C05c 1 nodh(u� centul i s  2 2 .  �4 Ahizosolenia illbricata 
14. O� 8 iddulphia IIOb l l iens i s  6. 11 (oscinodit.CLls (.ntral h  10.42 Ske letone •• costat� 9. �I Ahizos.olfnia sp. 1 2 . 88 B i ddulphia granulata 
10 18 Chaelocef'os aff i n i s  � . 60 Rhilosolenia t.rlcala B.  II Blddulphla IIObi l i ens Is 9 . 29 Nl tHchi. seriata 10 . 10 Coscinodi5Cus cent u l h  
6. 11 Hitachi. seriata 4 . 60 O i ly l  .. br ighlwe l l i i  8. 1 1  Ahizosolenia illbric.ata B . 61 RhizosO'fOil a lata 9 . 61 Chaeloceros aff  inho  
6 . 29 Coscinodi5.cus (entul i 5o  4 . 08 Th.I.ss ;one.a ni tl5chloides 4 . 1 1 O i ly l  .. brlghlwe l l i l  1 . 19 Chaetoceros a f t  lo is.  4 . 82 Ni tzschia seriata 
4 . 29 Rhizo!toltnia iRlbricata 1.  �6 Ni tzsch i a  s.eri ata 4 . 1 1 Ni tzschia sedata 6 . 1 1  Biddu'phia .obi I ien.h 4 . 48 Rhizosolenia a l ala 
1 .  9� O i l}l h _  btightwe 1 1 1  i 1 . �  Ske letone.a coslal ... 2 . 61 Chaetoceros " H i n i s  �. 94 Rhizoso'enia i.bricata 1 . 18 Ske I etone.a cos tat ... 

OCI 1 . 91 Skeletonellil costal .... 2.  �6 Cerali ... tr ipos 2 . 08 Asterione ' l a japon ica 4 . 12 Cerati ... tripos 2. 18 Cerali UII t r i pos 
1 . 86 Ceratium tri pos 1 . 04  BacteriastrlMl var ians 1 . 12 Chaetoceros dec ipi tns. 1. �2 5.keleloneaa cos tat ... 2 . 6� Guinardia f lacc ida 
1 . 46 Tha Ja ss.ionella ni tnchio ides 1 . 12 lhalas.s. joneaa rli lischio ides 2 . 99 Navicula s.p. 2 . 06 OHy lu. brightwe l l i i  

2 . 16 O i ty l  ... brightwe l l i i  2 . 0 1 He.iaulus sp .  
2 . 16 Suri rel la s.p. 
1 88  Aster ione l l a japonica 
I .  �I  Tha l a s. s i o s i ra dec ip i.ns 
1 . 26 Gutnardia f laccida 
I. 20 Bactedastr ... varians 
1 . 19 Coscinodiscus conc i nnus 

." I (8) (4)  (4)  ( 16) (8) 
� 2 1 . 88 Rhi lOSO leni a robusta 10.0� Sk.letone.a cost.t ... 2�. 6 1  Ske letone.a costatua 16. 4� Ske lelonellla coslatoa 28.20 Chaetoceros. curr i setoa 0'1 2 1 . 11 Sktdetone.a costatua 29. 11 IIhizosoleni. robusta 18. �2 Rhizosolenia robus.ta 16. 09 Chaetoe'eros curris.loa 19 16 Ske I tloneaa cos tatUil 

1 1 . 2 1  Cosc inodi scus centra I i s  1 1 .  2� Chaeloceros curvisetu!. 12 11 Cerat .... t r iflos 1 1 . 02 Chaeloceros dec ipiens 18 �2 Biddulphia .obi I iens i s  
10. 08 Chaetoceros. dee ipieos 1 1 . 19 Biddu lph i a  .. bi l ien." 1 1 . 40 Chae}.oeeros curv i selus 12. �O Coscinodiscus centra l i s 8 . 08 " i l uchia seriata 

1 . 44 B iddu'phia IIOb i l iens. is  4 . 1 1  Chaetoceros a f f inh . 10. �2 Chaetoteros a f t i n i s.  9 . 08  Rhizosolenia robusla �. 61 Chaeloceros dec ipiens. 
4 . 88 NitlS(hia sedata 2 . 69 Cerat loa lr ipos 1 . 40 Cosc iood is.cus eentra l i s  6 . 40 8 iddulphi • •  obi l iens i s  � .  49 Chaetoceros. a ft  in is  
1 . 12 Chaetoceros curv i selus. 2. �� CoscinodisCus. sp. 6. 12 Chaetoceros dec ipiens �. 81 Chietoceros a f t  i n i s  1 . 89 Rhizos.olenia robus.ta 

NOV 2. �1 O i tyl ... bri!)htwe l l i i  2 . 04 Chaetoeeros dec i piens 4 . 28 Biddulphia .obi It-ns i s  1 . 44 Ni tzsch i a  seriata 1 4� COs.c inodiscus central is 
2 . 01 Ceral lu. tri pos I. �1 O i ly . "  br ighlwe l l i l  1 . 12 Aslerione l l" japonica 2 . 18 Ceraliua tripos 2 . 86 Navicula sp. 
I.  91 Coscinodis.cus radialus 1 . 02 Aslerionel I. japonic. 2 . 6 1  Ahizosolenia i .. dcata I. 68 Ceral i oa  t r i pos 
1 . 19 As.terioRe l l i  japon ica I.  02 Cosc i nodhcus. radialus 2 . 02 Oilyl  .. brighlwe i l l i  1 . 68 Cos c i nodiscus radiatu!a 

1 . 92 Co�cinodiscus radialus. 1 . 04 Ahizosolenia 'abdcata 1 . 14 Navicula sp. 
1 . 11 Ahilosolenia sp. 
I .  �� 8 i ddulphia granu l ala 
1 . 09 Nav icula sp. 

(8) ( 4 )  ( 4 )  ( 16 )  (8)  
�1 �O Ske letone.a coslaloa �6. 14 Ske I "tone.a cos. tat ... �6 6� Skeletoneu costat ... 1 1 . 11 Ske letoneaa cost.toa ·�I .  �ti Sktlelone::aa costatu. 
1 1 . �8 Ahizosolenia robusla 22. �4 AhilOs.olenia robus ta 18 02 Ahilosolenia robus.t. 2�. 68 Ahilosolenia robus.la 20 . 88 Ah i zoso len i a robus ta 
10. 10 Chaetoceros curvi selus 1 1 . 6 1  Chaetocero!. curvi setus I I .  �1 Chaeloceros cun i setus 20. 18 ChaetoCt!ros curvhetus 9 . 4 1  Chaetoceros eun i set us 

1 . 29 Tha la�s ione.a n i tzschioides. 4 . 69 lhalassi oneaa ni tzschioides 1 . 99 lh. l a s s l onea. n i t zs.chio ides B . l I Cos.c i nodis.cus cenlra l i s  4 .  �O Chaeloceros dec ip iens 
O(C 4 . 81 Cosc inodi!acus centra l i s  2. 14 Cosc inodi s.cus centr.1 i s  1 . 11 Cosc inodhcus. c.ntral i s  4 . 20 Chaetoceros dec 'piens 1 . 04 Cosc inodiseus centra ' i s  

2 . 00 Chaetoceros dec ip iens 1 . 19 Asterionel h japonica 2 . 49 Chaeloceros. dec i p i ens 2 . 21 Euca.pia  sp. 2 . 01 lhalass ioneaa ni tlschi o i des 
1 . 12 Euca..,ia sp. 2 . 19 ThalaH ione.a n ' tHchioides 

2 . 16 Heaiaulus sp. 
1 . 14 AUerione l l a  japon iea 



Table F·� 5 (continued) 

8 i g  H i l l  C lustlr West Hackberry C l uster 

81g Hi I I  B ig H i l l  Conlrol B l ock Bayou West Hackberry West Hackberry Conlrol 

( 8 )  ( 2 )  ( 14 )  ( 8 )  
24.82 Cose inodiscus central is 28.40 As-tedon. 1 1 I  japoni c a  29. 08  Aslerione l ' "  lapon te. 2 1 . 29 Aster i one l l f. japanica 
16. )) Asterione ) ' .  japoni'. 24. 10 Cosc1nodhcus c.ntra 1 h 15.08 NUnchia ser all 20. 10 Co!»c inodiscus cenluh s 
15. 4 1  Tha l a s s i oneaa n i t z schioides. 2 1 . 4 1  O i ly l  .. br1ghl�. l l l i  12. 40 Coscinodhcus Clntr.l" 12 . 17 Tha l a s s i one •• n i lzs.ch i o j des 
11 . 14 Chaetoceros decipiens 1 1 . 49 Ihl.h u i one.a nl tuchioides 7 . 71 Ske ' etone.a cos tat ... 9 . 26 Skeletone •• costatUil 

7 . 45 Coscinodiscus radiltu� 6 . 40 Cosdnodiscus ndt alus 6 . 96 Chaetoceros dec i pleRs 8. 14 Chaetoceros decipiens 
7 . 02 O l ly l  .. brl yhl�e l l i i  4 . 97 Stephanopyx h sp. 6 . 62 I ha l a s s i one.a n i tnchioh1es 7 . 09 Cose inodi scus radiatus 

H8 4 . 65 Chaeloceros a f f i n i s  NO OAlA 5 . 01 O i ly l  .. bri ghl�e l l l i  6. 18 Chaeloceros a f f i n h  
4 . 44 Stephanopy . i s  sp.  1 . 81 Chartoceros a f f  i n h  5 . 40 N i t zschia seriata 
). 27 Cosc inodiscui e)(centricus 2 . 44 Rhizoiolenia i�ricah 1 . 88 O i l y l  .. brighl�e l l l l  
1 . 00 Skeletone.a cl.lstatu. 2. 14 Cosci nodhcus ,po 2 . 19 Rhizosolenia iiWri cata 
I. 75 Rhilosolenia iabricata 2 . 07 O i lyl ... ,p. I. 21 Stephanopy. i s  sp. 

1 . 74 Chaetoceros ca.preuui 1 . 19 H i tzuhia parado"a 
1 . 70 Cosc inodiscus radiatu, 
I. 29 Ni tzschia paradoMa 

( 8 )  ( 4 )  ( 4 )  ( \ 7 )  ( 8 )  
25.20 Cosc i nodi scus centr.al is 17.6� Cosc i nod i ,",us centra 1 is  1 l . 49 Cou iuodiscus central h  29. 04 As ter i one I t a  japon i ca 1 7 . 68 Cosc i nodiscus centra l i ,  

." 12 . 8 1  Cerat i t  .. tr ipos 1 7 . 4 7  Astrrione l l a  japonic. 16. 14 Asterione l "  japonic. 16.95 Coscinodiscus central i s  16 . 97 Asterione l l a  japon i c a  I 1 1 . 76 Asterione l la japon ica 10 . %  Chaetoceros " " n h  14 . 81 O l l� l  ... brlghl�e l l l l  1 0  11 Skeletone •• costal..- 1 1 . 84 Skeletone.a costat� .f:o 9 . 55 O i ly l  ... brighlwe l l i l  10.52 Ceratiu. tripos 12 . 11 Thalassione •• n i tZSChioides 9 . 54 Nitachia seriat. 9 . 06 Cerat i..- t r i �os 
-....,J 9 . 02 Tha l as s i one.a n i t z schioides 8. ll N i tzschia seriata 12 . 06 Ceratl..- tripos 7 . 08 O i lyl ... brighlwe l l i l  7 . 19 Chaetoceros . f h n i s  

7 . 04 Chaetoceros decipiens 1 . 04 .... Thilas s ione.a nitnchio idu 1 . 82 Chaetoceros dec ipiens 6. 14 Chaetoceros . f f t n h  6 . 32 O l ly l u. b r i ghl�. l l l i  

HAR 6. 18 Cosdnodiscus radiatus 5 . 85 (osc inodiscus sp. 1 . 82 StrphanopY M i s  sp. 4 . 45 Cent iu. tripos 5 . 81 Thalass ioneaa ni tuchioides 
5 . 44 Chaetoceros a f t  i n i  s 2 . 17 O i ly l  .. brlghlwe l l i l  1 . ll Thalissiothrh frauente l d i i  4 . 45 Tha l a s s i one.a ni tuchiohfes 5 . 26 Chaetoceros dec i p i ens 
1 . 54 C05Cinodiscus e.centricus 2 . 98 Chaetocero'!! dec i p i ens 1 . 97 Coscinodiscus radiatus 
2 . 94 Skel etone.a costatu. 1 . 77 Rhizosolenia i�rtcata 1 . 50 Ni tzschia seriata 
1 . 86 Rhizosolenia 'abdcata I. 28 Cerat i u.  '!!p.  1 . 20 Rhilosolenia illbricata 
I .  79 Ske letoneaa Sop. 1 . 22 Chaetoceros ca.pressus 1.  \ l  Coscinodhcus sp. 
1 . 6 1  Stephanopv. i s  sp. \ . 15 Cosc i nodiscus radl.tus 1 . 10 Ni tzschia parado .. 

I. 26 Rhizosolenia sp. 1 . 27 Cera t i Uli  sp. 

( 7 )  ( 4 )  ( 4 )  ( \2 )  ( 8 )  
7 7 . 58 Cosc i nodi scus centra 1 i s  90.51 Cosc inodi scus centr. l l s  72. 1& Cosc inodiscus centra 1 h 7 1 . 09 Coscinodhcus centra l i s  5 7 . 11 Coscinodiscu'!! centra I is 

APR 16. 84 Cerat iua tripos 4 . 4 1  Chaetoceros dec i p i ens 22. 89 Cer .. t iu. tripos 15. 61 Cent i..- tripo. 1 l . 98 Cerat iUli tripos 
4. 8� lhit@toceros dec ipiens 1 . 22 (erath. tripos 4. 75 Ch.etoctl"of. dec ipiens 5 . 70 Cerat i..- sp. 8 . 29 Chaetoceros dec i p i ens 

1 . 47 Cerati..- sp. 5 . 58 Cosc i nodiscus sp. 

( 6 )  ( 2 )  ( 2 )  ( 14 )  ( 10 )  
5 1 . 46 lh. I .u s i othrh aedi terranea 27 . 26 Cerati..- trlpos 54 . 78 ThalassjothdJ( aediterrolnPI 64. 12 Thalassiothrh Mditerranea 57 . 14 Cosc i nodiscus central i s  
3 7 . 08 Cosc i nod i scus central i s 25.61 Coscinodiscus centra t i .  12. 84 Chaetoceros dec ipi en� 11. 61 Chaetoceros dec i p i ens 10. 91 Tha lass iothr i • •  ed i terranea 

5 . 5 1  Cerat i U8  t r  ipos 1 7 . 26 Thahssioneu n i tzschioides 9 . 28 Coscinodiscus crntrall s 6 . 42 Cosdnodiscus centra l h  4 . 61 Oilyl  .. britlwe l l i i  
4 . 05 Ceraliu. sp. 10 . 17 Rhlzosolenh robust. 9 . 26 Rhizosolenia robusta 1 . 90 O i ly l  .. brlghl�. l 1 i l  4 . 62 Cerati..- tr pos 

HAY 1 . l5 Rhizosolenia robusta 7 . 04  Chaetoceros dec i p i ens 8. 75 (erat i u.  triPOi 1 . 69 Ske l etone.a costat..- 2 . 50 Cerati..- sp. 
6 . 67 CeraU..- sp. 4 . 6 1  Ii:illass ionea. n i tzschioides 2 .  \4 Rhizosolenta robusU 
4 . 00  O l ly l  ... brighl�. 1 1 i  I 1 . 67 Cerat i..- t rlpos 
1 . 1 1  Stephanodiscus ,po I .  52 Cerati..- sp. 

1 . 16 Rhizosolenia iiWri cata 



Table F·15  (continued) 

8ig HI \I Clustor 
Wen Hackberry C l uster 

Black Bayou Woot HACkberry Wut Hackberry Control 
81g Hi  \ I  Big Hi  \ I  Control 

( 16 )  (4)  

12. ll Cent l Ull tr ipos 16.49 (erat t. .. trlpo, 

11 . 17 Cose inodi scus u.centricus 14 .62 Rhhosolenla IlIbricatA 

II. I� Cosc l00di scus centra l i s  12 . 94  Ceutiu. sp. 

10. 07 Chaeloceros a f f i n h  12. 12 Pleuros i gaa sp. 
9. 99 pleuros iQ'lI sp. 1 1 . 4 7  B i ddulphla .. b l l tons ls  

JUH 9. 98 Blddulphi • .obi I iens l s  8 . 81 Cosc i nodi scus Ixcentricus 

9. 26 lIhi zosolenia ,.,deata 8 .  7� Cosc i nodi scus centr.' h 

8 . 96 Chaetocel'os dec iptenli 7 . 96  Chaetoceros I f f tnh 

6 .  �7 Rhi zoioleni. robust. 2 . 72 Rhizoio1enia robusta 

6. 18 Cerd l i Uli  sp. 2. 72 Skeletone .. cosutu. 

1 . 91 Ske l elone •• coslalu. 1 . 19 Chaeloceros dec ipiens 

NO SAMI'LES NO SAMI'LH NO SAMI'US 

( 16) (4) 
9 . 2 1  R h i  loso)eni. a l ita 1 2 . 24 Ahilosolenie Ic..-inaLa 

8 . 86 CeraliUli sp. 9. \l Chaeluceros decip'ens 

8 . 25 8ac ler i u l n  .. variaos 8 . 80  Cosc inodiscus clntral i s  

7 . 90 Rhilo50lenia aCUlltn.ta 8. 12 CeratiUli sp. 
7 . 60 UidlJulphia .obi 1 iensh 7 . 59 8 i ddulphia eobi l iens t s  

6 . 88 8iddulphia granulata 7 . 26 8acte r i astr ... varians 

." 
6 . 84 ChaetoLeros a f f i n i s  6 . 78 Gy.nodiniu. sp. 

I 6 . 65 Co)c inodiscus central i s  6 . 76 Biddulphia granulata 

-t>o JUt 6 . 49 SkI!: 'etone.a costatu. 5 . 62 Chaetoceros a f f inh 

CO 6. 17 Chae-toceros dec ipieni S . U  Ske letone.a costatu. 

6. 10 Gy.nod i n i Uli  sp. 4 .25  Chaetoceros cOilpressu� 

4 . 59 Chaetoceros cOlipressus 1 . 88  Coscinodiscus sp. 

4. 4� Cosc inodhcus sp. 1 . 82 Chaetoceros peruv ianus 

2. 10 lha lassiothri. f rauenteldi t  1 . 61 Ahizosolenia a l ata 

1 . 86 p t eurosig_a sp. 1.  99 Per i d i n i Uli  sp . .  
1 . 4 7  Gyroslgma sp. 1 .  97 lhalass iothrb f rauen'e l d i i  

1 . 16 Ahlloso1enh illlJricat. 1 . 69 Chaetoceros ip. 
1 . 04 Rhilosolenia robusta 

NO SAMPLfS NO SAMI'LfS NO SAMPLES 

( 16 )  ( 4 )  
8. 84 B i ddu .phia granulata 16. 7) Chaetoce-ros co.preuus 
7 . 79 Rhilosolenta aCUILinata 15. 79 Biddulphia eobt t t ensh 
6 . 79 Chaetoceros dec ipiens I�. 51 Rhilosolenia robusta 
6 . 60 Chaetoceros sp. \l. 9O Rhizosolenia ac ... tnit. 
� .81  8iddLilphla eob l l iensh 10.49 Chaetoceros a H i n h  
�. 66 Gyros iQlla sp. 10. 02 Cosdnod; scus centra' i s  
5 . 6 1  Cosc inodiscui condnnus 8 . 85 Biddulphia granulata 
4 . 96 lhalas s i othrh longissiaa 5. 74 lhalass i othri. long i s s i.a 
4 . 79 8ac teriastru. varians 1 . 47 lhalas s i othr i .  f rauenfeldi l 

� 

4 . 56 Cosdnod iscus centra l h  1 . 4 7  Chaetoceros ,po 
4 . 01 Cent iu. sp. NO SAMI'US NO SAMPLfS NO SAMPLES 

AUG 4 . 01 Gy.nodi n i Uli  sp. 
1 . 68 Ski!: letone.a costatu. 
1 . 65 lhalau iothrb trauenteldt l 
1. 25 Chaetoceros a f f i n h  
2 . 85 Rhi losolenta al ata 
2 . 61 Chae-toceros co.prestUi 
2.  �1 Coscinodhcui e.centrtcui 
2 . 11 Hi tzschia paradoxa 
2 . 14 Cerat t ... tripos 
1.  76 Rhizosolenia robusta 'f'( 
I. 44 He.iaulus sp.  
1 .  25 Coscinodiscus sp. 
1 . 09 Rhhosolenia t_bricata 

\j 



Table F·1 5  (continued) 

B i g  H I l i  Cluotor 1I0,l HAckborry C lu'lor 

Big Hi l l  Big  HI l i  Conlrol elld eAYOU W.st HAckberry lIe'l HAckborry Conlrol 

( 16)  (4) 
9. 10 Ahhosolenh .c�inata 20. Sl Cos c t nodhcu, centrllh 
8 . 1S Coscinodiscus centra l t ,  IS.61 N i tzschia paradon 
8. 12 Skeletone •• costat� 11. 40 Chaetoe.ros sp. 
) . 60 B iddulphia .obi l iens i s  8 . S4 Cosc tnodhcu$ condMuli 
6 . 29 8 iddu lphia granulat. 8. IS Rhi zoiol ... i .  ac�inat. 
6 . 21 Chaetoceros . t f i n h ·  ) . 11 Ske letone •• costAl ... 
S . 4 )  Chutoceros cOllpressus 6. )8 Tha l as s i othr i x  friuenf.ldH 
S . 20 Rhilosolenia illbdcati 6. 16 8iddulphia gr.nulata 
4 .  )9 Chaetoceros sp. 4 . 6) (erat h .  'p. 
4 .  S4 8acler1astr� vadans 4 . 44 Biddulph i l .ob i l iensh 

SEP 4. S2 (frat h ... sp. 2 . 64 Bacter iastn. vari anli HO SAlWLES HO SAMPLES NO SAMPLES 
4. S2 Cosc i nodiscus conc i nnu, 1 . 09 P.ri d i n i �  sp. 

Ol 4 . 14 Gyros i9'l' sp. 

I 
1 . 9S G)'.nod in i� sp. 

.f::- 2 . 91 N i tzschia paradolla 
2 . 8S He.iau.us sp. 

U) 2 . 81 Thalaulothrh longhsiaa 
2 . 69 Cose i oadi scus e;.:centrtc14' 
2 . 16 Rhhoso le n ia  alata 
1 . 61 Ahizosolenia robust. 
\. 40 l i thodes.i ua  undu1at� 

( 16) (4) 
12. 8S Chutoceros co-.preuui 1 I . 8S 8 i ddulphi. QnR141.t1 

9. )J Chaetoceros sp. 9 . 01 Cosc inodi5cus cenlrll i s  
9 . 69 Ske lelanella costat� 8 . 91 Chaetocero, dedpiens 
8. 39 Chaetoceras dec ip lens 8 . 01 Th.I .. , l olhrl. ' r  ... n'o l d t l  
8 . 16 Cosc inodiscus centra l h  ) . 91 Sh J etone •• cos tal� 
8 . 28 Biddulphia granu hta 1 . SO Cosc i nodiscus ucentricu, 

OCI 6 . 6) Coscinodiscus condRRu, ) . 26 Cerati� sp. NO SAMPLES NO SAMPLES NO SAMPLES 6 . 61 He.iaulus sp. 1 . 02 Chaetoceros co.preSSU5 
6. S9 Cosci nodi scus e,ll;centdcus 6 . 91 Gy.nodi n i �  'p. 
6 . 26 lhalass iothrh t rauenfel d i t  6 . 69 lhalns iothrh long''' ••• 
S . 02 Iha la\St othrh long 1 s , i  .. 6. S9 CerattUil tripos 
S . OO Cerat i �  sp. S . 49 He.iaulus 5p. 
4 . 21 Gy.nodi n i �  sp. 4.  \4 Cosc i nodi scu. cone i nnus 
I :  84 Cer.tl iu. tripas 2. 18 Chaetoceros ip. 

·Only spec ies cOliprising 11 or .ore o f  the , .. uni ty are sho",n. 

bNt.-ber in parantheses h the nt.-ber of iMP'e, on "'hich cOllPo, l t l on h based. 



Resu l ts of reciprocal averagi ng ordi nation  for B i g  Hi l l  and BHC s i tes 
showed es senti al l y  temporal trends , wi th no s i te-to- s i te di fferences 
parti cu l arly  evi dent ( Fi gs .  F-26 and F-27 ) . Sampl es  group out accordi ng 
to cru i se (month of col l ecti on ) .  Three group i ngs of samp l es  from the 
Bi g Hi 1 1  cl uster of s i tes  are apparent on the fi rst two axes of the 
ordi nati on analys i s :  (1) l ate fal l through early  wi nter (October 
through December) ; ( 2 )  mi dwi nter through spri ng ( February through May) ; 
and ( 3 )  l ate spri ng through summer (June through October) . Agai n ,  the 
ordi nation  di sp l ay l abel ed by s i te s hows no pattern . F i gure F-28 shows 
the spec i es that are most characteri sti c of each area of the di sp l ay.  
I n  general , these speci es correspond to those i denti fi ed from the 
commun i ty compos i ti on presented above . 

Tabl es  F-16 and F-17 s ummar i ze the res u l ts o f  the factor analys i s  of 
phytop l an kton spec i e s  dens i ti e s , s howi ng the seasonal i ty of  occurrence 
characteri zed by the spec i es l oadi ng on each factor .  Res u l ts general l y  
confi rm those  seen i n  the ordi nati on  anal ys i s .  The overwhe l m i ng trend 
was for the commun i ty to s how di sti nct seasonal trans i ti ons . 

Zoopl an kton 

Zoop l ankton standi ng crops at the B i g  Hi l l  s i te s howed hi ghest means 
duri ng the March through J u l y  peri od (Tabl e F-18 , Fi g .  F-29 ) , whi 1 e 
rel ati vely hi gh means were al so  found at the West Hackberry s i tes i n  
September 1977 . Lowest means were found duri ng the October to February 
peri od. Over the enti re 13-month study , means for the B i g  H i l l  s i tes 
were 2 , 500  to 3 , 600 i ndi v i dual s/m3 , wi th BHC s howi ng the greatest 
vert i ca 1 range . Zoop l ankton numbers di  d not respond to the i ncreased 
dens i ti es of phytop l an kton i n  the l ate fal l of 1977 , pos s i bl y  due to 
temperature l i m i tati ons . However ,  the near- bottom samp l es di d s how a 
very s harp i ncrease i n  concentrati on of zoop l ankton , pos s i bl y  becaus e  of 
the i ncreased detri tal pool res u l ti ng from the apparent phytop l an kton 
d i e-off i n  the wi nter of 1978. Duri ng May , and apparentl y i n  response 
to the phytop l ankton bl oom occurri ng at the ti me , near- s urface 
zoopl an kton dens i ty i ncreased s harp l y , to be fo l l owed , duri ng J u l y  and 
August samp l i ng ,  by the hi ghest near-bottom dens i t i e s  of the study for 
zoopl ankton .  Agai n ,  these i ncreased near-bottom dens i ti es may have been 
i n  response to an i ncrease i n  the l ab i l e  parti cul ate organ i c  pool i n  the 
near- bottom waters res u l t i ng from a previ ous phytopl an kton di e-off . .  The 
near- s urface den s i ti es remai ned at about the l evel of May . Sharp 
decreases  for den s i ti es i n  both l ayers of the water col umn were seen i n  
August. 

Because of thei r peak in the midspri ng to mi ds4mmer per i od , total zoo
pl an kto n were negati vely correl ated with di sso l ved oxygen ( - 0 . 43 )  and 
pos i ti vely correl ated wi th temperature ( 0 . 58) , wh i l e  correl ations with 
sal i n i ti es were not s i gn i f i cant. Zoopl an kton numbers remai ned 
rel ati vely h i g h  over a wide range of sal i n i ti es duri ng thi s  m idspri ng to 
mi ds ummer per i od .  

Duri ng the course of the study , 119 zoopl ankton taxonomi c groups were 
di fferenti ated i n  sampl es  from the Texoma st�dy area (Tab l e  F-19) . It 
i s  noted that , duri ng the peri od when samp 1 es were taken at West 
Hackberry and B i g  Hi l l  s i tes , the majori ty of taxa were present i n  both 

F-50 
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Figure F·26. Sample ordinations of phytoplankton data from the Big Hili sites labeled 
by cruise. The area delineated by the box has hidden samples Including 
2 from cruise 2, 16 from cruise 1 0, 16 from cruise 1 1 ,  21 from cruise 1 2, 
and 17  from cruise 1 3. 
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Month 

October 77 
November 
December 
Jan/Feb 

-n March 
I 

01 
+:- Apri l  

May 
June 
Ju ly  
August 
September 
October 78 

Table F·16. Monthly mean factor score. for the ptlytoplankton data set for the Big Hili 
sites (October 1977 • October 1978) 

Factor 2 Factor 6 Factor 5 Factor 4 Factor 8 Factor 3 Factor 7 

- 1 . 9472 0 . 4960 0 . 0399 0 . 31 88 -0 . 9975 0 . 2091 0 . 4451 
-0 . 9487 - 1 . 8351 -0 . 2968 0 . 2232 -0 . 0649 0 . 3932 0 . 3335 
0 . 4075 - 1 . 0867 0 . 4357 0 . 4484 -0 . 7862 0 . 7523 0 . 261 0 
0 . 3977 0 . 0552 - 2 . 7580 0 . 1 380 0 . 2891 0 . 5742 0 . 4328 
0 . 0428 0 . 21 26 -1. 2704 0 . 0097 0 . 1 088 0 . 4816 0 . 3958 
0 . 5457 0 . .  2881 0 . 1 472 -0 . 491 4 -0 . 4690 0 . 641 5 0 . 3076 
0 . 5424 -0 . 1 370 . -0 . 071 6 -3 . 6865 -0 . 61 04 0 . 6721 0 . 401 8 

-0 . 0054 0 . 21 23 0 . 2950 0 . 2537 1 . 1 954 0 . 5052 0 . 3394 
-0 . 3207 0 . 2973 0 . 41 29 0 . 0937 0 . 0978 -2 . 0546 -0 . 3033 

0 . 2242 0 . 2622 0 . 3654 0 . 31 49 -0 . 1 287 -0 . 2973 - 0 . 5874 
0 . 1736 0 . 4232 0 . 4436 0 . 3273 -0 . 3181 -0 . 2302 -0 . 9743 
0 . 5527 0 . 0472 0 . 2063 0 . 1 739 0 . 5642 0 . 0585 0 . 21 1 5  

Factor 1 

0 . 2336 
0 . 6055 
0 . 6298 
0 . 5086 
0 . 5980 
0 . 6022 
0 . 6962 
0 . 6478 
0 . 0208 

-0 . 41 23 
-0 . 41 36 
-2 . 1 1 41 



Table F·1 7. Summary of major factor loadings and seasonality of the phytoplankton 
data set for the Big Hi l l  sites (October 1 977 . October 1 978) 

Phytop l ankton spec i e s  

Factor 2 
N1 tzchi a seri ata ( 21 )  
81 ddul phi a mob i l i en s i s  ( 4 )  
Chaatoceros afti n i s ( 6 )  
Rh i zoso l en i a  i mb r i cata ( 24) 

*Rhi zoso l en i a  al ata ( 23 )  
*B1 ddu l ph i a  granul ata ( 3 )  
*O i ty l um  bri ghtwe l l i i  ( 15 )  

Factor 6 
S ke l etonema costatum (26) 
Rhi zoso l en i a  robusta ( 25 )  
Chaetoceros curv i setus ( 7 )  
Chaetdceros deci p i ens ( 8 )  

*Cosci nodi scus rad i atus ( 1 3 )  
*Thal assi othr i x  frauen fe l di i  ( 31) 

Factor 5 
Stephanopyx i s  sp . ( 3 5 )  
Asteri onel l a  j apon i ca ( 1 )  
Tha l as s i onema ni tzch i o i des 

*Oi ty l um bri ghtwe l l i i  ( 1 5 )  
*Cosc i nodi scus radi atus ( 13 )  

Factor 4 
Cerati um sp.  ( 38 )  
Thal ass i othri x medi terranea ( 40 )  
Cosci nod i scus central i s  ( 10 )  

Cerat i um tripos ( 5 )  

Factor 8 
*Cosc i nodi scus excentri cus ( 3 3 )  

P l eurosi gma s p .  (41) 

Factor 3 
*Rhi zoso l en 1 a  al ata ( 23 )  

8acteri astrum vari ans ( 2 )  
Gymnod i n i um  s p .  (45)  
Rhi zoso l en ; a  acumi nata (44) 
Cosci nod i s cus sp. ( 9 )  

Factor 7 
N i tzch i a  paradoxa (34 
Gyros i gma sp . (43) 
Li thodesmi um undul atum ( 19 )  

Factor 1 
Hemi au l us sp. ( 18 )  
Chaetoceros sp. ( 37 )  
Chaetoceros compressus ( 37 )  
Cosci nodi scus conci nnus ( 11) 
Thal as s i othr i x  l on g i s s i ma ( 3 6 )  

*Thal ass i othri x frauenfe l di i ( 31) 
* B i ddu l ph i a  granul ata ( 3 )  
*Cosci nodi scus excentri cus ( 3 3 )  

Seasonal occurrence 

Oct-Nov 
Oct-Hov 
Oct- Nov 
Oct , J un-Sep 
Oct , J u l  
Oct , J u l -Oct 
Oct-Nov , Feb-Mar 

Nov-Cec 
Nov-Cec 
Nov-Cec 
Nov , Feb 
Nov , Feb-Mar 
Nov , J u l -Oct 

Feb-Mar 
Feb-Mar 
Feb-Mar 
Feb-Mar , Oct-Nov 
Feb-Mar ,  Nov 

May " J u l , Aug-Oct 
May 
Apr; l -May 
(present al l year ) 
Mar , May 

Jun , Oct 
Jun 

Oct , J u l  
J u l -Sep 
J u l -Oct 
J u l - Sep 
J u l  

Sep 
Aug-Sep 
Sep 

Sep-Oct 
Aug-Oct 
Aug-Oct 
Aug-Oct 
Aug-Oct 
J u l -Oct , Nov 
Oct , J u l -Oct 
Jun , Oct 

Promax-rotated 
factor l oadi ngs l  

-0. 813 
- 0 . 718 
-0. 672 
- 0 . 524 
-0 . 445 
-0 . 427 
-0. 414 

-0. 594 
-0 . 810 
-0. 891 
-0 . 610 
-0 . 374 
-0. 398 

- 0 . 850 
-0. 754 
- 0 . 595 
-0. 583 
-0. 487 

-0. 720 
- 0 . 801 
-0 . 942 

- 0 . 482 

0 . 661 
0. 592 

-0 . 478 
-0. 836 
-0 . 729 
- 0 . 697 
-0. 565 

- 0 . 763 
-0. 500 
-0 . 600 

- 0 . 736 
-0. 811 
-0. 702 
-0 . 675 
- 0 . 608 
-0 . 517 
-0. 505 
- 0 . 369 

lMi n i mum res i dual s facto ri ng w i th Promax ( ob l i que ) rotat i o n  was used 
i n  the anal y s i s .  

*Oenotes spec i es l oadi ng o n  2 factors . 
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Table F·19. Seasonal distribution of zooplankton al Wesl Hackberry and Big Hili slles, 
September 1977 to October 1978. 

....nth 

PHYLIIVSpec Ie. Sep Oct Nov Dec feb Mar Apr May Jun Jul Aug Sep Oct 

� 
Globlgerln> Intl at. W8 
Glob l gerlna .p. II 

Noctl 1 uCl sp. W8 W8 II W8 W8 W8 W8 
Unlden t l t l ed t l nt l nn l d  II II II II 

COEl ENTERA T A 
W8 Hyro 1 d  medusae 

Huggtaea sp. II 

Obel i a  sp. II II 

Turrl topsh nutrlcul> a 

Unldentl t l ed antho.edusld W8 we II II W8 W8 W8 a a a a a 

Unldent l t ied 1eptOlledu. l d  we W8 W8 W8 II a a a 8 a 

Unl dentl t l ed s lphonophorld we Wa 
CTENOPHORA 

Beroe ,po II II 
Bo l l nops l s  Intundlbul� II 

Hne.lops Is sp. a 

Pl eurobrachh .p. a 
Unldent I t l ed ctenophore W8 W8 W8 W8 II II 

" � 
I Synchaeta sp. II we W8 W8 W8 a II 

·01 
(X) � 

Ens is .inor a 

Gastropod larvAe II W8 W8 W8 
Janthina exl qu. II 

lallei l l branch larue W8 a W8 W8 
li t l  opa .e l anos tOlia II 
Prasobranch l a rvae II II W8 W8 
Unldentl t l ed gastropod II II II 

Unldent l t led opl sthobranch II W8 W8 W8 
Unidentltied pteropod W8 W8 W8 
Venerid larvae II W8 W8 W8 

� 
Mage 10na 'p. larvae a a 
Nectochaete l arvae a a 
Polychaete larvae W8 W8 W8 W8 a W8 W8 W8 8 a a a a 

TOlOOpter i s  .eptentrlonal I i  II 
Un ident I t  led splonld W8 

ARTHROPODA 

Ac.rtia spp. we W8 W8 W8 W8 W8 W8 W8 8 a a a a 

Acetes ameri canus II a II 
AnolDuran larvae W8 II II 
Barnac I e  naup 1 1 1  W8 W8 W8 we W8 W8 W8 W8 
Brachyuran l a rvae II W8 a a a a a 
arachyuran lIeg.lop. II W8 a a a a a 
Carlde.n W8 
Centropages furealu$ W8 W8 W8 
Candac t a  sp. a 
Conchoec i a  e legans W8 
Conchoecl a  sp. II II II 
Cope pod naup 1 1 1  W8 W8 W8 W8 W8 W8 W8 W8 a a a a B 
Copi l l a  sp. a a 



Table F·1 9  (continued) 

Month 

PHYLUM/Spec Ie. Sop Oct Nov Dec Feb Mar Apr Ma)l Jun Jul Aug SIP Oct 

Coryaceu5 aaalonicu5 W WB WB WB W WB WB 
Cru.tacean naupl l l  W 
Cyprld larvae WB WB W WB WB WB W W 
Decapod loel W WB 
Euc a l anus p l l eatu. WB WB WB a WB WB WB a a a a a 
Euterplna acuti fron. WB WB WB WB W WB WB a a a 8 
Euphausld larvae W WB WB WB 
Ertemocari5 ,po larvae W 
Ga lathea sp. larva. W WB W 
Hal ocypr i s  brevlrostrls 8 

Hyper l ,  .p. a 8 W W 
labldocera spp. WB WB W WB W W • a a a a 
labldocera .pp. naupl l l  W WB WB WB WB W WB we 
lucl ter taxonl WB W W WB a a a a 8 a 

W ly.l o.qui l l a .p. 
Macro.ete l l a grae l l i s  W W 
"aeruran larvae W 
Heganyc t iphanes norveg t ca W WB WB 
MI rae l a ef ferato W 
01 thona nana WB WB WB WB WB WB WB WB • a a 8 a 
Oncaea medi lerranea W WB WB 
Pagurid loel W WB a a a a 
Panopeus herbst l l  a 
Paracalanus cra5siro5trt5 WB WB WB WB WB WB WB WB a a a a 
Paraell aou, parvu5 a 
PenaeU5 sp.  pOil l arva. W a a a B 

" Peni l l a  o v l rostris W W W WB II WB I Podon sp. W 
U1 Portunus 'p. WB WB W WB 
U) Portunu5 sp. zoel W W WB WB 

S'pph i rlna troplnol B a Squi 1 1 0  sp. 
Temora turblnat. WB WB WB WB WB WB WB WI a a a a a 
Tortanu5 setacaudatu5 W W WB WB WB WB W a a a 
Unldentl t l ed colanold 11 WB WB 
Unldent l t l ed calanold '2 WB WB WB WB W a 
Un i den t i f ied calano l d  '3 W 
Un ident l t l ed calanold '4 W 
Unident i f i ed calanold '5 W 
Unident l t led calanold copepoda W 
Unident i f ied cl adoceran 11 a a 8 a 
Unldent l t led cl adoceran '2 II W 
Unidenti f i ed cyclopold 11 W WB 
Un i dent i f ied cyc lopold '2 W 
Unident i f i ed harpacti cold W W W WB WB WB WB W 
Unident i f ied IIy. i d  WB W a a a a a 
Unidenti f i ed ostracod W 

� 
Phoroni s  .p. W WB a WB WB a 

� 
Cyphonautes larva WB 
Hembranlpora sp. W WB WB WB WB 

ECHINODERMATA 

Amphiura f l l  t forllis W 
Echl noderll larvae a WB WB 
leptosynapta I nh.erens a 



Table F·19 (continued) 

Month 

PHYlll4/Spec I •• Sap Oct Mo. O.c Feb Har Apr Hay Jun Jul Aug Sap Oct 

Ophiopl uteu. hrva. 
WI 

Ophiuroid l arva. II W WI II 

CHAETOGNATHA 

Sagitta sp. 118 118 118 118 II lIB lIB lIB a a a a a 

HEHICHORIOATA 

Tornaria larvae W 

� 
Brevoortla .p. 118 lIB lIB W W II 

OoH o l Uil  .p. lIB a 

F hh eggs 118 118 we we WI WI a 8 a a a 

F h h  l arvae W lIB 8 • a • 8 

F r l t l 1 larl a .p. II 
01 kop l eura sp. WI we we lIB W WI \I'll WB 8 a 8 8 

Unident i f i ed .alpld •• W 8 a a 

UNASSIGNED 

VeHger larv •• a 

." T rochophor larv •• a WI lIB lIB WI 

I Indeter.lnata 
m 0 

·W--West Hackberry , i t  • • 
B-- B l g  Hi l l  . i te. 

WI--Both s i t  ... 



areas . Those that were s i te-spec i f i c  were usual l y  of modest numeri cal 
s i gn i fi cance to the commun i ty and wou l d ,  therefore , be eas i l y  mi s sed i n  
a samp l i ng program .  The i r  absence at one s i te or the other i s ,  
therefore , not cons i dered conc l us i ve .  

Tabl e F-20 shows the observed changes i n  commun i ty compo s i ti on from s i te 
to s i te and month to month . The zoop l ankton comm un i ty i s  very dynami c ,  
wi th the prec i se  compo s i ti on varyi ng markedly wi th t ime and pl ace . 
However , rel ati ve ly  few speci es ever became numeri cal l y  dom i nant . 
General ly  speaki ng , the most characteri sti c organi sm i n  the commun i ty 
was Acarti a sp . , fol l owed by Paracal anus cras s i  rostri s ,  O i thona nana , 
and O i kopl eura sp .  Other taxa became peri odi cal l y  i mportant , but thei r 
contri buti on was sharp l y  del i m i ted i n  time . These i nc l  uded Eucal anus 
pi l eatus (June to Augu st 1978) , Temora turb i nata ( s ummer and fal l 1977 
and 1978 and August to October 1978) , Synchaeta sp . ( February) , and 
Nocti l uca sp .  ( February to Apri l ) . Larval forms frequentl y consti tuted 
an i mportant percentage of the zoop l ankton numbers on gi ven crui ses . 
Copepod naup l i i , naupl i i  of  Lab i docera sp . , and barnacl e l arvae were the 
more numeri cal ly  promi nant l arval forms . 

Some numeri cal ly  domi nant zoopl ankton groups showed spati al  di fferences . 
Acarti a sp . , �. pi l eatus , and Q. nana were more common i n  the western 
( B i g  H i l l )  s i tes , whereas P. crass i rostri s ,  Lab i docera sp . naupl i i , and 
barnac l e  l arvae were more numerous at the eastern (West Hac kberry)  
s i te s .  There were few depth di fferences for most of the numeri cal l y  
i mportant forms . Q .  � ,  however , was notabl y  more ab undant i n  top 
samp l es ,  whi l e  Sagi tta sp . , a l arge predator that was rel ati vel y  
abundant i n  the Texoma study area , had a di stri buti on  pattern s i mi l ar to 
that of O .  nana . That i s ,  i t  was most numerous i n  near- s urface samp l es 
and at the western s i te s .  

Res u l ts o f  ordi nati on anal ys i s  for i mportant zoopl an kton spec i e s  
confi rmed that the domi nant trend was temporal , w ith most samp l es from a 
gi ven cru i se groupi ng together on the ordi nati on axes ( F i gs .  F-30 and 
F-31) . Samp l es from each crui se  are more or l es s  di sti nct . It  i s  
i nteresti ng that the mi dwi nter sampl es (cru i se 5 )  are the most di sti nct , 
al ong with those from October 1977 , the 1 atter bei ng c l  earl y 
di fferenti ated on axi s  2 from the samp l e col l ected i n  the l ate summer 
and early fal l of 1978. The pattern of the Apri 1 and May sampl es  
mergi ng  bac k i nto the space of  the November and December samp l es may 
i ndi cate a s i mi l ar communi ty- l evel  response to a phytopl ankton bl oom 
res u l ti ng from response to hi gh nutri ent concentrati ons duri ng these two 
peri ods . Vi rtual ly al l of  the sampl es  from the Ju ly  to October 1978 
peri od are grouped i n  the l ower l eft corner ,  i ndi cati ng that they form a 
di sti nct yet homogeneous groupi ng based on  spec i es compos i ti on .  A very 
s i mi l ar s i tuation  was seen earl i er for the phytopl an kton sampl es from 
thi s  l ate- spri ng to m i dfal l peri od ( F i g .  F-26 ) . Compari son of F i g .  F-30 
with F i g . F-31 shows the spec i es respons i b l e  for the crui se  di fferences 
i n  rel ati ve compos i t i o n .  The di sti nct summer group of samp l es was 
characteri zed by fi s h  eggs ( F i g .  F-32) ; fi s h  l arvae ( F i g .  F-33 ) ; Penaeus 
sp . ( F i g .  F-34) ; and brachyuran l arvae and megal ops .  Synchaeta sp .  and 
Nocti l uca sp . most di sti ngu i s hed the wi nter sampl es , whi l e  Centropages 
fu rcatus ,  Meganycti phanes norvegi ca , and an u n i dent i f i ed cal ano i d  
copepod (#1) di sti ngu i s hed the October 1977 samp l es .  Acarti a sp . , whi ch 

F-61 



Table F·20. Seasooal and site patterns of zooplankton commuolty dominance In the 
Texoma study area (September 1 917 to October 1978). 

81, H i l l  C l ultor \Ie,t Hlckbtrry C l ulltr 

81, HI I I 81, H I l i  Control ""ek hyou IIl1t Hlckberry lI .. t Hockbtrry Cont�ol 

( I )b (4) (2) (11) (8) 

31. �I Cyprid lory .. 22.59 Aurtll 'W. 26.91 '.rle.hnUI cr.ut roltrh 11. 16 Par,c,"nul ,r ... i roltrh 1 1 . 91 Ol koplturl .p. 

11. 27 L uc i fer faxoni 16.60 TeltOrA tubi nat. 2�. �, Olthonl nlnl 2 1 . lS O i thon. n.n. 2 1 . 4� Acort ll ,pp. 

6 . 24 UnldontHI.d cIII.014 n.27 O l koplturo s p .  1 7 . 88 Ol koplturl .p. 18. 09 Ac.rtt • •  p. 17. 10 P,rle,'.nui cr ... i rourh 

copepod '2 10.87 llbtdoc.r. 'w. 12.00 AClrtll ,pp. I�. �  Oi kopl.urI .p. 1�.81 ()f thon. R.n. 

6 . 24 (enlrop.gu furcalul '.11 Parae.bnul crlni rollrh 8 . 48 CoptpOd nlup I I  I 1. 11 Cop. pod nlup 1 1  I 3.02 l,bidoc.r • •  pp. 

6 . 24 0I kop'.uU .p. 8.8� o t thon. nan. 2.94 fuUrplnl oe"titro., 2 . 67 Labidoc.rI .pp. n.upl . .  2. U Llbldoctrl ,pp . .. up I i  I 
SfP 6 . 24 Sle 1 1  i ter Ip. t,fY., 4. 1Z Sagilll sp. 1 . �8 Fhh .'os I. 27 70rlan", ,.tlc.ud.lul 1 . 77 Copepod naup 1 1 1  

1. 18 Mys i d  1 . 16 Vln.rid l.rv •• 1 . 2 1  Labtdocer. 'pp. 1 . 04  Vln.rld J arva. 
1 . 15 Copepod nlUP 11 I 
1. �l lucUer '.)(onl 
I . ll Ctlnophor. 
1 . 26 Antho .. du,ld 

(4) (12) (4) (20) (12) 

14.78 Copepod .Iup I I I  24.44 TeltOn turbln.l. IZ.92 Copopod .IUp I I I  20.02 Ol thonl .Inl 1 1 . 72 O i kopleurl sp. 

IZ. �3 OHhon. nan. IZ. �2 Copepod .IUp 1 1  I IZ.54 Oi thoM n,ln. 1�.61 O i kophurl 'p. 10.87 fe.or. turbin.lll 
"T1 1 1 . 03 Ol topleura sp. 10.22 Acort il spp. IZ. 14 T • .an turbinal. IZ. 47 Unlde.t l f i td coll .. ld II 10. 17  (uterpinl Icut l t rons I 7. �7 U.ldent I I led clto .. ld II '. 04 Parlcll.nus (rlutroitrh '. 67 Hoct l 1 ucl sp.  ' . 01 Cop.pod .IUp I t I 9. 71 Ol thonl .1.1 
en 4 . 81 Coryueus. I.uonlcui 7 . 61 Euterpinl acut I tronl 8. �8 Eulerptnl Icutl tron, 8 . 20 Pirlclhnul crln t roltrh '.09 PlriCI hnus crUI t rostrls. 
N 4. 70 fe.ora turb i nl h 7 . 28 o t thonl nlnl 1. �I Ot kopleurl sp. � . 19 AClrtll spp. 8 . 33 Cop.pod nlup I i t  

4 .  5� [utlrpina aculUron, � . �O Coryc .. ul 18uon1 Cui 6. 31 Sigilli sp. �.OO Unident i f ied coll .. ld 6 . 2� Hoctl l UCI sp. 

OCT 
4 . 3Z [ucl.l .anul pi liitUI 4 . 22 Centropl.ues. tureltus 6 . 2� Paracilinul cruiiroltri, coplpod, � . I� Unlde.ti fied cilinoid I I  
3 . �8 Cenlropages. turcitul 1.27 01 kop leur • •  p.  l. 7� Corycaeul I_uonicul 1. '3 feear. turbinltl 4 . 8' (ucllanus pi leltu, 
2 . 4 1  Polychaele larvae 1. '8 Hoc t I I UCI ,p. 2. '7 Unidontl l i.d collnold II 2. �3 [ulerpln. Icut Uron, 1 . 71 Corycaeul •• llonicu, 
1 . 86 Sigilli sp. 1 .  78 Unldent i tltd coll.old II 2.86 AClrtil ,pp. 2 . 48 Euclhnul pOI.tul 3 . 71 Sigilli sp. 
1. 76 Paraca iinul crllit roltrh 1 . 78 [ucalanu, pi 'aalus 2 . 57 Polychllte '.rv •• 2 . 04 SIOI tll sp. 2 . 61 Harpacticotd copepod 
1 . �6 Venerid '.rvae 1 . 68 Sag i l ll ,p. 2 . 44 Cintropigli turcltu, 2 . 01 Polych.ll, hrvae 2 . 4 1  Polychaete hrvat 
1 . 1 3  S tphonophore 1 . 4 1  LlbldoCtrl spp . •  Iupl l l  2 . ll V.nlr1d l arval 1 . 8� Nocll luCl lp. 1 . 1' Vlnlrid llrvae 

1 .  27 Polychaetl larvi' 2 . 0� [uciianul p t hltu, 1 . 29 F h h  egos I . I� Cenlropag., turcltus 
1 . 01 S iphonophoro 1 . 10 Clnlropage� turcitul 1.  72 AClrlh 'pp. 

1 . 02 Coryc.lul I.uontcul 

(4) (8) (4) ( 16 )  (8) 
19. 72 hearl lurbinal. 16.54 Ol koph.rl sp. 19. 71 Olkopleurl sp. 28.01 o t thonl nln. 27.90 Plrlcllanus craui ros.lril 
18. 0� Oi thonl nlnl 14. �2 Acortll spp. 17.82 Coptpod .1 .. 1 1  I 24.21 Piraclhnul erlntroltr" 22. 9� Ol thona nanl 
17. �O Cop.pod noup I i I 14.01 Oi thonl nlnl IZ.82 o t thonl n.nl I�. �7 "'"rtl" spp. '.61  Aclrl il 5opp. 
6 . 6' PolYChaete larvi. 13.76 Synchalta Ip. 8.04 Corycalul .. lIonlcul 4 . 94 O l loplourl ,p. 9. �4 O i kopleurl .p. 
6 . 28 Ot topt.UrI lop. 1 l . 60 Copepod .1" I I  I 1. 14 leear. turbinltl 4 . 71 Cop.pod .oup I i i  �. 18 Labidoclra s.pp. nlupl t t 
5.06 Acarlta IPP. 10.12 Pincalinul cr.a. I roltril �. 13 P,rleilanul crautrOltrh 1 . 28 [uterpi nl .cut I Iron. 5 . 2� Copepod nlup l i t  
1. 79 Sigiltl sp. 4.4� Polychaele larvi. 4 . 9 7  "'"rtll spp. 2 . 48 SI,llll sp. 1 . 51 S'Ollll sp. 

HOV 1 . 50 Vener t d larvae 1 . 8� fe.ora turbin.ta 4. '5 [uterpin. Icul itronl 2 . 10 Bornlc tt .1 .. I I i  2 . 12 Corycleus 1 .. lontcu, 
2 . 90 LeplolDedua t d  1 . 9 3  LabldoCtrl ,pp . •  Iupl \ I 4. 10 Polychaete larval 2.01 Pros.obranch t�rv.e 2 . 0� Me.brantpora ap. 
2 . 83 Paracahnus. cnu t roalrh 1 . 26 Sagitta ,p. 1. 14 Moctt I uci ap. 1. !14 Noctt 1ucl ap. 1 . 91 [ulerptnl acul i tron, 
2. 16 Ophiuroid llryae 2 . 48 Sigilli sp. 1 . 40 Labtdocera IPP. nlup t t t  1 . 19 Noctl luca Ip. 
1 . 8 1  Noc l i l uca sp. 2.04 Synch •• t. ap. 1 . 11 Heabnnipon Ip. 1 . 19 Nocl t luci ,po 
1 . 65 Eucalanus. p l l eltua 1 . 19 Lept_dusld 1 . 14 Polychlet. '.rvl, 1 . 14 Polychaete 1.rYle 
1 . 60 Corycaeus a.alonlcu. 1 . 09 Llbldocorl spp. nlupl l l  L IZ Venerid IIrv •• 
1 . 33 [ulerpinl actUrons. 1 . 11 Te.or. turbtnat. 



-n I m W 

0(( 

FE8 

lIAR 

Table F·20 (continued) 

81g HI l l  CI •• ttr 
-----

BIg Hi l l  Ilg H i l i  Control 81.ck 8ayo" 

(6) (4)  (1)  
18.  S2 'Ancl1.Inui crant roitrh n.98 'Incll.nu, cr .. ,tro,trh 14 . 68  Aclrlll 'pp. 

18. 26 Par.c.lanu5 crluirostrh 22. 09 Acarth opp. 
14 . 10 Oi thon. nanl 
12. SS l.bidocera 'pp. nlup l U  
S. lI Barnac le nlup" I 
1 . 10 Ol kopleura op. 
1 . 28 Copepod n.up I I  t 
1 . 02 Sag' Uti ,p. 

( 4 )  
66.88 Synchaeh ,po 
10.42 Acarlh 'pp. 

6 . 2S 8unac l e  n.up H t  
S. 1 1  Hocli l uci sp. 
2 . 94 Onchu • •  edi terranel 
2. S6 Po lych.ete lar,," 
1 . 1 1  labldocera Ipp. naup l t  t 
1 . 1S Oi thona nana 

(4) 
1 l . 22 Acarll. spp. 
10. ll Barnacl e  naup l l l  
18 .06 Hocti luci ,po 
10. 08 Copepod naup H I  

2 . 09 T roc hop hare ' arwlt 
1. 91 Synchaeh ,po 
1 . 18 ! i nt l nnld 
1 . 24 Polych •• te brvae 
1 . 02 Oi thona nana 

19.70 l.bldocor. opp . ..  upH I 
17 . 82 o t thona nina 
16. 7� Acarlh 'pp. 

7 . 1� Ol kopleura sp. 
1 . 27 Copepod n.up H I  
1 . 79 Synchuta sp. 
1 . 66 l.bidocln �pp. 

(8) 
�9. 78 Synchuta sp. 
18. �2 Noeli .U(I ,po 

7 . 97 Acarli. 'pp. 
4 . 81 Trochophore IIMlII 
2 . 49 8arnac l e  naupl H 
1 . 63 labi docera opp. ".up l l l  
1. 2S T i ntinoid 

(8) 
18. IS lar •• c 10 n.up I I I  
22.06 Acarl i o  opp. 
12. 1I Noc l i l uc. sp. 
1 1 . 22 Copepod n.up l l l  

1 . 74 Synchoeto .p. 
1 . 22 Cyprld lar •• o 
2 . 81 ! i ntlnnld 
1 .  S1 Ot thana nana 
1. 18 . Gutropod I Irvl. 

1 1 . 22 labldoce .. opp . •• up l i l  
8. IS Ol kopleun ,po 
6 . 60  Synchuta ,po 
S . 2S Oi thon. nana 
2 . 14 Barnac le  n.up) H 
2. 21 Copepod niup 1 1  i 
l . ll Tortanu'5 setlciludalu5 

( 2 )  
1I . 66 Acarli. spp. 
26 . 6 1  Bun.e ' e naup I t ,  
19. 14 Synchaeta Sop. 

7 . 61 Oi kopleura sp. 
4 46 Tintinnid 
2 . 97 S.glll • •  p .  
I .  4 9  o I thana nana 

( 4 )  
80 .  S 4  Noct l l uc • •  p.  
12. �S Acorll • •  pp. 

2 . 4 1  Pon l l i a  a.i .-otrlo 

West Hackberry (J ullar 

Was t H.c kbarry 

( IS) 
26.12 Acarlh opp. 
20. !>4  l.bldocer • •  pp . •• upl l I 
18. 16 Ol kop1eura .p. 
14 , 46 Plnc.hnus crautrourh 

S. IS Syncha.to sp. 
4 .  S9 aarnac l.  n.up l l l  
4 . 08  Ol thon. nana 
I. 11  Cop.pod naup I i i  

( 10) 
l�.  82 Synchaeta �p, 
19. 96 Noctiluca sp.  
14. 12 Acarl l .  spp. 

8 . 92 aarnac le  naup l l l  
1 . 46 Copepod noup I I I  
1 . 16 O l thona n.na 
1 . 14 Paracalanui cranboitrh 
I. 96 Sagilt • •  p. 
I. 92 labldoce .. . pp. n.upl I i  
1 . !.8  Euterpin. acut llron. 
1 . 19 ' i ntinnid 
1.04 'rochophor, l arva, 

(20) 
S4 . B4  Nocl i luca .p. 
10. 62 Acartla .pp. 1 .04 8.rnac le naupl U  

2 . 19 Copepod naup l l l  
1 . 06 Pen i l i a  aviroltrh 

W" t Hackberry Control 

( 7 )  
14 . 42 labldocor. spp . •• upl I I 
28. 11 Acarll .  opp. 
20.08 hracabnus crlutrostrh 

S. 10 Oi kopl,utl �p. 
2 . 61 Oi thonl nina 
1 . 94  8arn.c la naup 1 t i 
1 . 10 F i .h eggs 
1. 1� Synchaeta �p. 

(8)  
18. 18 Synch.et. sp.  
21 . 84 .. ocU 1t1C. sp.  
12 . 24 Cope pod .aup I I i  
10. 98 Acarli • •  pp. 

1 . 66 Pa .... cahnui cr.s s i rostrh 
2.88 8Arnac le naup l i i  
1 . 19 Sagilla sp. 
1 .  49 labi docera spp. naupl i i 
1 . 19 8revoort i a  sp. l arvae 
1. IS laM 11 ibranch larvae 

86 41  
S. 12 
2. 29 

I. 62 

( 12 )  
Noc t 1  luca sp. 
Acartia spp. 
Pani l i a av i roltri s  
Paracal anus craHirostris 

. ___________________________________ 
I .
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Table F·20 (continued) 

. - ---.==
========. 

10. 12 
I� 10 
I H .  �4 

H uO 
b . 9 1  

AIIM 1 . 41 
1 . n  
J. 19 
I. bJ 
I. 14 

.18 64 
I� fib 
I ;' 81 

1 �q 
�, ,,� 
I) .. " '  

HAY 4 . 4'1 
I 10 
I 80 
I . b8 
I . II� 

Big H I l i  Cluttor 
B i g  H I l i  

( 4  ) 
e.rna, Ie naup t  t i 
At.rl i.  � ...... . 
"uel i 'UCA '!lop 
l abldocer. !opp. ""up_ i i 
".r., .. I .. l\u) ( rtH i rD!.l r i i.  
O i lhuna u .. na 
(opt-pull .. dUI, 1  i i 
O i "op leur4 ) ... . 
(oryc .. eu� d •• tlun i cu� 
joIolychdelt' Idl'",,,e 

( 4 )  
ACdrt i .  So ...... . 
O , "up'eurol � ... . 
Cu ... � ... otJ ".up I i i  
Uydro i d  �do)" 
l ab i docer" ) ...... ndup l  i i  
P.rol, .. I .. ou) , ,·.!o!o i n.)lris. 
O.,lI io.,lul"olo I . " "' d t!'  
8.rn.c l� ndop ' i l  
I rochuphorr I .. rw"� 
P u ropotJ 
O i lhonol "4n4 

B i g  Hi l l  Conlrol 

(8) 
�1. 9) AurU • •  pp. 
1 1 . 61 Noc , l luca .p. 8, 19 '.rdc. l .nu," cr.ulro,lr" 

4 . 19 ItlbidO(�r. �pp. n.upl i i 
1.  96 Cop�pod naup I i '  

( H )  
4 1 . 9 1  ' .bidocera �pp, n.up l t 1  
40.6!. At:.r L i .  !.pp. 

• 

4.  41 Cop.po� •• up I i I  
1 .  b4 Anth�du� id 
1 . %  f c h l nod�r. l . r"'dI� 
1 . !.1 Par.l.. l .nu� crU lo i ruitrh 
I . 14 Pteropod 

-------- - _.' . " -------------

B ttt." ""you 

(4 ) 
H . 1 1  ' .. r.cdildinu'" C I'dlH h"u"" L r h  
l 'l ,  �l Ac . r l  , ,.  '!Iopp , 
h) 60 O i kot.llpur. "'1J 
'J � lIoc l I luc. ";p 
i. IU Cot.Il"pud IIdiupt i i 
!. . t U  l..w idoc�r·dI IoJIP ndlUil l i i  
!.. 1� Anl ho.t>du'!loI,1 
4. n Im" dln,,\ Iot"U .. . LkJ.lu!. 
7. I t �dI� ' I I. '!Io1J 
I I'.J O i t h!)" .. nd.h' 
I, II 8.u·lI,u It" II.UI' I i i  

U )  
'.JIJ U8 l .tri,loc .. ,·" 'liP ".Iutl l i ' 
1H hi At:d,·t 101 !.I'P 

.l . 10 h h w.lIll!'r. I dlr"",� 
7 1 1 hptu .. du'old 
I 61 O i U.on .. I!C"'. I �l Pl�I'upotJ 
1 U� Cllp�pod U4'1P I i i  

. _ _  ._ - - --- - --_ . ------
We�t "dC"IWrr-y C l u\ltr --- - - -

We�l H"ckb.rry 

( 16 )  
h 4  O !.  Acctrl ' 4  "pp , 
1 I . 1� l ab idocr,'a �pp, ".'4Il i i  
6 ,  b 4  Copepod n.up I , i 
� . 81 Bdl'nadf' naup h i  
4 . 1b P,u·4, . I 4inu!l lrd� lo i ro"l n !o  
1 . 01 O '  .. opl .. u', . .. p 
1 . 11 �ut: t l l ul.,a lop 

( 14 ) 
ltl J.l , .. b i tlu, .. rd "l'P ""llP l i t  
1J . lb Atd,·t ld Iopp. 
1 � 84 Co" .. tlutJ lid",. 1 1 i 
� 7b P"" "' d l.nu!. U·.!oIo I l'''lo t r l lo  
4 . �H Belirnd( l .. n.UJl l i i  
j ')8 Pt.rotltld 
�' /'j l • ., I I Hu·.m'h I "I'''''� 
t % t Ch i notit"r. 1.""dI .. 
' 81 . .. "(" hoptlo ... • I .. ,·", .... 
1 . 14 A"thOllt'Ilu!". itJ I �4 Uydnl ltJ ... du'" 
I 4i Oph iupl ult'u':> I.,'" .... 
I ?b 0 i thUlid IMUd 

We�' HdC .. b.r,·y l:un l r o t  

18 ) 
bO . aO "Lotrt i .  'tiP 

1j !WI  Cop"p'"' .. au,", I i i  
I 7 1  ".u· .. c .. l "nu,> (..I·a:. .. i n,..:.I ," , -.  
h i: Mud t l ut dl  .. 'I 
') Itl I dill "Sou·r' . ... pp ""uti I I I 
. , ')J O i �op l�UI'd ."P 
I 4� I dlM' l l  ib" dUt:h I .If·"'.'" 
I 11 Punullu", ':>p lut'd 
I 14 O i Lhon . ... u • 
, I I  Cury' 4t'u, •••. uun u u .. 

I H )  
III 'III A t  dl'l I . '  .. ,III 

�I\f I'.J I •• h IIJuft" '" ..... 11 II.IUI, I I I  
lU /4 "' .. I·OIIUII 
o �IO 8.,·lIdI( I .. "4UJII t I 
• KJ t .... l l lh'· ... l h  I .... "' .... 
.t hto HYlh"o id .. du�a 
I �IJ (Op .. ,Ult! IIdll,,1 i i 
I I t  P." dt d l ,anu!. (1'.10 .,, 1 1'0 .. 1 1' 1 ", 
1 47 Anthl..-du!. It' 
1 }9 I I"IH huphuI't' 1 ..... /.It' 
I Jb l r h l flolt"AI I dlI'ltat' 
I Id Oph i up l ut .. u':> I .u' ." tf' 



Table F·20 (continued) 

Ilg "I l l  Ch .. tor Woot Hlckborry Cluotor 

Ilg H i l l  I l g  "I l l  Control Illck "you Woot Hockborry w .. t Hlckborry Control 

(4) (16) 
12.63 Acorth opp. 14. 60  Aclrth opp. 
10.49 Ol kop'.url .p. 9 . 48 Llblcloc.rl opp. 

110 SAMPLES 110 SAMPLES JUN 9 . 21 (ucahnul pUe.lul 1 . U  (uc.I.nui pile.lul 110 SAMPLES 
1 . BS Cop.pod nlup I I I  4 . 42 Cop.pod noup I I I  
I .  SO 01 thOR. Rlnl 1 . 64 Gilhon. nina 

(4) (16) 
4 1 . 80 Oi kopteuri ,po S4 . 1 1 Aclrtle .pp. 
22. S& Ac.rtt. ,po 22.61 O' kopl,ur. Ip. 

JUL 9 . 6& (ucal.nus p i '  •• tul 10.!>O (UC.lhnur. pH •• lul 110 SAMPLES 110 SAMPLES 110 SAMPLES 
1. Sl Cop.pod noup I I I  6 . 16 Oi thoR. nlnl 
S . 48 Oi thon. n.na 2.41  Cop.pod noup I I I  
S . l I  P'rlel llnUI erln'roltrh 

(4) ( 16)  
21.00 Ac.trU. 'pp. ll . 22 Acortla .pp. 
20.26 Ot kopleuu ,po 20.62 Plne.l anul crluiroltril 
16. S6 Parae. hnus crull roslrh 12.94 Oi thon. n.n. 
1 0 . 94 O i thon. nanl 9 . 89 Euc.lhnus pi ,.ltul 

I . OS Eucallnus. p i 'e.ltul '. 22 Ol kop'"uro .p. 
"T1 AUG S. IS leeor. turbinal. 6. 10 Eulerplnl Icutt troni 110 SAMPLES 110 SAMPLES 110 SAMPLES I 1 . 01 Cop.pod RdUp I i .  2. 19 fe.Orl turbinal. 0'1 1 . 02 Sagilll ,po 1 . 1S Cope pod n.up 1 t  1 
01 1. 11 f hh Igg' 

1 . 16 Unident l f hd cllonold 
cop.pod 12 

1 . 14 S.gitt� sp. 

,(4) ( 16)  
2 1 . &S AC,lrt h IPP· S9.92 Ac.rth !ipp. 
19.41 otkopleura sp. 14.6S (uc.l anus. pO •• t"I 
IS. B6 Par", • • •  nu, c r. " t rollrh 2 . 08  Ol thon .. n .. n .. 
10. 1& Euc .. 1.Inu� pi leatu' 
6. n O ithon .. R.na 

SfP S. 26 Cope pod naup 1 t i 110 SAMPLES 110 SAMPLES 110 SAMPLES 
1 . 42 SagiU .. .  p.  
2 . 91 Cand.da �p. 
2 . 1S Polychaete 1.Ir ...... 
I .  91 le.or.I turbinat .. 
1 . 44 hbidocer.l 'pp. 

(4) ( 16)  
60. 11 Aurth Ipp. )8.20 Acortl • •  pp. 
10. 24 OHhonA nana 19.29 Olthon. n.na 

9 . 99 Cope pod naup" t 10.11 ' .. nc ..... nul crlutro,"rh 

OCT S . 9 1  L.bidocer.l .pp. 9.46 fe.on lurbtn.al. 110 SAMPLES S . 6& Sigilli .p. S.91 Cop. pod noup 1 1  , 110 SAMPLES 110 SAHI'LES 
2 . 96 Brachyur.ln 1 .rv •• 4.88 SoOillo .p. 
1 . 42 Po lych •• U . .  r ..... 
1. 12 Euuhnu. pi .... tu' 

a
Only .ptc t u  co.prhtng 11 or .ore of the cOMUn:lty .r. lhown. 

bHlJIIblr In pa,.nthesu h the n-..ber of 1.1.." ., on whi ch coepolttloll II  baud. 
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numeri cal l y  domi nated the spec i e s  compo s i ti on duri ng much of the l ate 
spri ng and early  s ummer ( Fi g .  F-35) i s  central l y  l ocated on the 
ordi nati on d i spl ay ,  al ong with other taxa with s i m i l ar temporal 
di stri buti ons ( e . g . , � cras s i rostri s ) .  

Sedi ments 

Typi cal res u l  ts of textural analysi  s of s u rfi ci  al sedi ments co 1 1  ected 
from November 1977 thro ugh October 1978 are presented i n  F i gs .  F- 36 to 
F-46 .  The grai n s i ze di stri bution  at the f ive s i tes  remai ned fai rly  
constant through time .  Fi gures F-47 to  F-52  are tri angul ar faci es 
di agrams for these same col l ecti ons . The sediments graded from s i l ty 
cl ays i n  the west to c l ayey sands i n  the east .  However , there was 
con s i  derabl  e heterogene i ty withi  n certai n s i tes  ( especi al l y  West 
Hackberry) . At B i g  Hi l l  and BHe stati ons , di ffi cu l ty was often 
experi enced i n  col l ect i ng an uncompacted s urfi ci a 1 samp l e ,  suggesti ng 
the presence of an outcrop of Beaumont cl ay .  

A representative cumul ati ve frequency p l ot and hi stogram for the central 
( di ffuser)  station  at the B i g  Hi l l  s i te ( F igs .  F-53 and F-54) show that 
the sedi ments had a strong negati ve s kew (toward the cl ay fracti on) . 
Sands were general l y  absent from sampl es  at the B i g  H i l l  s i te ,  wi th the 
h i ghest percentage of c l ay be i ng found duri ng the February to May 
peri od , probab l y  because of the eros i on of the coarser l ayer of 
sediments that seasonal l y  overl i es the Beaumont c l ay .  

Tabl es  F-21 to  F-28 and F i gs .  F-55 to  F-62 show the crui  s e  and s i te 
means for i mportant sedi ment parameters at the Texoma s i te s .  One 
i mportant res u l t from a compari son of the standard errors accompanyi ng 
the means i n  these tab l es i s  the much greater vari abi l i ty exh i b i ted by 
sampl es from the West Hackberry s i te as compared wi th those from B i g  
Hi l l .  Anal yses o f  vari ance and mul ti p l e means tests for these data 
(Tabl es F-29 and F- 30)  s how that , for ' al l parameters whose  val ues 
i ncreas e wi th decreas i ng grai n s i ze (percent s i l t , c l ays and fi nes , Mm ' 
M ) ,  B i g  H i l l  and SHe had s i gn i fi cantly h i gher means as compared wi th 
tHe other Texoma s i tes , with on ly  percent s i l t  not s i gni fi cantly greater 
at B i g  Hi l l  compared wi th West Hac kberry .  B i g  H i l l  and BHe s i tes  
us ual l y  di d not di ffer s i gn i f i cantly ,  except for the s i gni fi cantly 
h i  gher percentage of si 1 t at BHe and cl  ay at Bi g Hi 1 1 .  

F i gure F-63 i s  a p l ot of the mean ( over al l crui ses ) percentage of sand 
for the B i g  Hi l l  stati ons . The B i g  Hi l l  s i te ,  wi th the f i nest textured 
sedi ments , s howed a rel ati vel y  narrow range of station  means for percent 
sand (1 . 4 to 8 . 9 percent) , wi th both l ongshore ( i ncreas i ng to the west) 
and onshore-offshore ( i ncreas i ng offshore) trends evi dent. 

Resu l ts of reciprocal averagi ng ordi nati on for sedi ment texture 
parameters for the fi ve Texoma s i tes  ( Fi g .  F-64)  confi rmed the vari ab l e 
spatial  aspect of the sampl es  from the West Hackberry s i te .  Axi s  1 ,  
wh i ch exp l a i ns more vari ance than any other axi s fo r these data , s hows 
es senti al l y  spatial  trends , w ith temporal di fferences defi ni te l y  
subo rdi nate . The B i g  Hi l l  and BHe sampl es  (whi ch are the most fi nely 
textured) are l ocated to the l eft of the di spl ay ;  West Hac kberry control 
and B l ac k  Bayou sampl es (wh i ch i ncl ude the most coarse textured sampl e s )  
are l ocated t o  the l eft . West Hac kberry samp l es span al l o f  axi s 1 .  
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Texoma study area: (a) November 1977. (b) December 1977. 
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Table F·22. 

S i te NOV DEC 

Rig H I l i  9 . 01 1 . 81 
SE" 
M" 

Big Hi II Control 8 . 05 7 . 18 
SE 
N 2 5 

B l ack 8ayou 4 . 51 4 . 29 
SE 

"TI N 5 I 1.0 N West Hackberry 6 . 03 6. 15 
Sf 
N 11 12 

West Hackberry Control 4. 10 4 . 11 
Sf 
N 6 6 

Over F i ve Si tes 6. 24 6. 11 
SE !0 . 42 �O. 35 
M 31 3S 

Over Three East S i te. 5 . 11 5. 23 
SE to. 39 to. 36 
M 22 23 

Over T .. o West S i te< 8 . 84 7 . 80 
SE !0 . 22 !0 . 41 
N 9 12 

"Slandard Error. 

"N : NUilber ot Sa"" 1 ••. 

Cruise by site meant. for MO for five sites I" the Texoma region 
(November 1 977 to October 1 978) 

Honth Honth 

JAN/FEB HAR APR HAY Overa l l  JUN JUl AUG SEP ocr Overa l l  

8. 10 8. 16 8. 29 7. 79 8 . 20 7 . 93 8 . 00 7 . 59 8 . 08 8 . 9 1  8. 16 
�0 . 1 3 �0. 09 

6 11 5 1  9 10 9 9 9 97 

8. 32 7. 50 7 . 82 8 . 20 7 . 87 7 . 07 7 . 45 6 . 52 7 .98 6 . 99 7 . 58 
!0 . 18 !0. 14 

5 10 5 32 5 5 57 

2 . 95 4 . 1 1  4 . 60 4. 10 4 . 45 
>0. 14 - - -- - - ----- - - - - - -- -- - - - - - - -- - -NO SAMPLES- - -- - - - - - - - - - - - -- - -- - - - - - - -- - - -
-

10 31 

6 . 45 6 . 93 6 . 49 6 . 02 6 . 49 
!0. 19 - - - - - - - -- - -- - - - - - -- - - - - - -- - - - -NO SAMPLE S- - - - -- - - - - - - -- -- - - - - -- - - - - - ----

5 34 12 12 86 

4 . 1 1 4 . 53 3 . 96 4 . 07 4 . 26 
�O. ll - - - - - - - - - - - --- - - - --- -- - - - - - - -- NO SAMPLES- ---- - - - - - - - - - - - -- -- - - - - - - - - - - -

19 6 6 47 

6 . 75 6 . 41 6. JJ 6.
'
08 6. 34 

�0.43 !0. 19 �O. 34 !0. 32 !O . ll - - --- - - ----- - - - - - -- - - - -- - - --- -NO SAMPLE S- - - -- - --- -- - - - - - - - - - - - - - -- - - - - -

2 1  90 35 35 247 

5. 1 1  5 . 85 5 . 42 5 . 09 5 . 46 
to. 57 to. 21 to. 35 to. JJ to. ll - - - - --- - - - - - -- - - - - -- - - - - -- - - - -NO SAMPLE S-- - - --- - -- - -- - - - - - -- - - - - - - -- - --

10 6J 23 23 164 

8 . 20 7. 92 8 . 09 7 . 96 8. 07 7 . 62 7 .81  7 . 21 8. 05 8. 26 7 . 94 
�0 . 12 �0. 15 !0. 38 �0. 14 !0 . 1 1  >0. 23 �0.26 !0. 24 !0 . 15 !0 . 40 !0 . 08 

11 21 12 12 83 
-

14 15 14 14 14 154 



Table F·23. 

SHe NOV DEC 

�:y H I l i  8. 76 8 . 2 1  

N" 

8ig H I l i  Control 8.67  7 . 98 
SE 
N 2 

B l ack. Bayou 7 . 46 6 . 99 

"Tl SE 
I N 

\D 
W We s t  Hackberry 8 . 02 7. 16 

SE 
N 1 1  1 2  

West Hackberry Control 6 . 61 6 . 82 
SE 
N 6 6 

Over f i ve S I l  •• 7 . 87 7 . 40 
SE .0. 24 !0. 20 
N II  1 5  

Over Three Ea.t S i le. 7. �1 7 . 01 
SE to. 28 to. 24 
N 22 21 

Over Two West Si los 8 . 74 8 . 1 1  
SE !O. ll !0 . 27 
N 9 12 

*Slandard Error. 

"N = NUlllber of  SalOp Ie •. 

Cruise by site means for Mt/> for five sites In the Texoma region 
(November 1971 to October 1918) 

Month Month 

JAN/fE8 MAR APR MAY Over. l I  JUN JUl AUG SEP . OCT Overa l l  

8. 10 7 . 76 7. �7 6. 7� 7 . 81 7 . 91 8 . 08  7 . 27 8 . 01 12 . 14 8. 21 
!0. 16 !0 . 19 

6 17 � 1  9 10 9 9 9 97 

8 . 2 1  7 . 1 1  7 . 14 7 . 1� 7 . 62 7 . 64 8 . 1 7  7 . 21 8 . 46 7 . 92 7 . 74 
!0 . 2 1 !0. 14 

b 10 12 b b �7 

� . 06 �. 18 5 . 40 6 . 10 6 . 08 
!0 . 2 1 - - - - - - -- - - - - . - - - - - - - - -- -- - - - - -NO SAMPLES- - - - - -- - - - - - - - - - - - - - --- - -- ---- -

10 � II 

7. 12 7 . 28 6 . 88 b. 9� 7 . 1 1  
!O. J l  - - - - - - - - -- - - - - - - - - - - - - - - - - - - -- NO  SAMPLE S- - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

14 12 12 86 

6. 14 5 . 6� 91 6 . 49 5 . 98 
!0. 21 _ _ _ _  v_ -- - - - - - - - -- - - - - - - - - - - - -NO SAMPLES--- - - - - - - - - - - -- - - - - -- -- - - - - - - - -

19 6 6 4 7  

7. 18 6 . 82 6 . �1 6 . 42 6 . 98 
!0. 28 !0. 14 !0. 24 �0. 27 �O . 09 -- - -- - - - - - -- - -- - - -- - - - - - - - - - - -NO SAMPLE S- --- - -- - - -- - - - - - - - - - - - - - - - - - - --

2 1  90 15 15 247 

6 .  �l 6 . 49 6 . 0� 6 . 12 6 . �9 
to. 18 to. 16 to. 22 to. 18 to. 22 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -NO SAMPLES- - - - - - -- --'-- - -- -- - -- - - - -- - - - - - -

10 61 21 21 164 

8. 15 7 . 60 7. 19 7 . 00 7 . 75 7 . 82 8. 1 1  7 . 27 8. 1 7  10 . 61 8. 05 
!0. 21 �0. 20 !0. 46 !0. 2 1  �0 . 12 �0. 19 �0. 19 �0. 10 !0 2 1  !0. 80 �O. 1 1  

1 1  27 12 12 81 14 15 14 14 14 154 



Table F·24. Cruise by site means for percent carbonate carbon for five sites In the 
Texoma region (September 1977 to October 1978) 

Month Month 

S i te SE P OCT NOV OlC JAN/fEB MAR A�R MAY Overa l l  JUN JUL AUG SEP OCT Overa l l  

B i ll H i  I I  0 .  �1 0 . 2& 0 . 4 1 0 . 1 1  0 .  7 �  0 . 4 )  0 . 48 O . )� 0. )9 0 .  J& 0 . && 0. �& 0 . 4& 0 . 28 0 . 42 

C L '  ( 0 . )2-
) (0 . )8-

) 
0 . 4� 0 . 4 7  

N" 9 9 & 9 4 �8 9 10 9 9 9 104 

8 i g  Hi I I  Control 0 . 42 1I . 2& 0 . 1 1  0 . 08 0. �) O .  �1 0 : .19 0 . 42 0. )2 0 . && 0. �& 0 . && 0 . 13 0 . 19 0 . 40 

CL ( 0 2 7-
) ( 0 )4 -

) 
0. )9 0 . 4& 

N � 4 � � � � � � )9 � !> !> !> !> Ii4 

8 l ac k  8a�ou 0 .  )2 0. )& 0 . 1� 0 . 0 7  0 . 28 0. )) 0. )) 0 . 19 0 . 24 

Cl ( 0 )9-
) - - - - - - - - - - - - - - - - - - - - -- - -NO SAMPL ES- - - - - - - - - - - - - - - - - - - - - - - - -

0 . 29 
N � !> � 4 � !> � )� 

West Hackberry 0 .  )& 0 . 29 0 . 2 ) 0 . 07 0 . 48 0 . �2 U. 4!> 0 . 29 O. )2 
"TJ 

Cl (0 28-
) - - - - - - - - -- - - - - - - - -- - - -- -NO SAMPLES- - - - - - - - -.:- - - - - - - - - - - - - - -

I \0 O. )� 

.J::a N 1& 1 7 13  1 1  � 1 7 12 12 10) 

We. t Hackbel'ry Cont ro I 0. )!> 0 . 18 O. 4� 0 . )& 0 . � 1  O. �& 0 . � 7 0. )9 0. J9 

CL ( 0 . )2-
) _ _ _  - - - - -- - - - - - - - - - - - - - - -NO SAMPLE S- - - - - - - - - - - - - - - - - - - - - - - - -

0 . 4!> 
N )0 10 � 5 4 9 & & !>!> 

Over f he S i te. 0. )8 0 . 2 7  0 . 2& 0. I I  0 . � 7 0 . 4 7  0 . 44 0. )2 0. )) 

CL ( 0 .  ))-
) ( 0 . 2)-

) ( 0 . 1 7-
) ( 0 . 08-

) ( 0 . 49-
) ( 0 . 4 )-

) ( 0 . )8-
) ( 0 . 29-

) ( 0 .  )2-
) _ _ _ _  - -- - -- - - - � - - - - -- - - - -NO SAMPLE S - - - - - - - - - - - - - - -- - - - - - - - - -

0 . 4!> 0. )0 0. )4 0 . 1!> 0 . &4 0. !>2 0. !>2 0. )& 0 .  )& 
N 4!> 4!> )4 )2 22 45 )2 )!> 290 

Over Three E a s t  S i te. 0. )!> 0 . 2 7  0 . 24 0 . 12 0 . 4 7 0. !>O 0 . 4� 0 . 29 0. )2 

Cl ( 0 . 27-
) ( 0 . 22-

) (0 . 1!>-
) ( 0 . 0 7-

) ( 0 . )8-
) ( 0 . 44-

) ( O . )!» ( 0 . 24 -
) ( 0 . 29-

) - - - - - - - - - - - - - - - - - -- - - - - -NO SAMPl E S-- - - - - - - - - - - - - - - - - - - - - - - -
0 . 40 O. ll 0. )) 0 . 1 7  0 .  �� 0. !>� 0 .  �� 0. )4 0 . )!> 

N II )2 2) 20 10 )1 2) 2) 19) 

Over '1010 We.t S i t  •• 0 . 4 7  0. 2& 0 . 29 0 . 10 O. &!> 0 . 42 0 . 4) 0. 40 0. )& ° 4� 0 . &) 0. !>9 0. !>!> 0 . 2!> 0 . 4 1  

Cl (0 .  )4-
) ( 0 . 19-

) ( 0 . 14-
) ( 0. 01-

) ( O. ��-
) ( 0 . )&-

) ( 0 . ))-
) ( 0 . ))-

) ( 0 .  )2-
) ( 0 . )2-

) ( 0 .  �4-
) ( 0 49-

) ( 0 .  )8-
) ( 0 . 1&-

) ( O. l l-
) 

0 . &) 0. )4 0 . 49 0 . 14 0 . 1 7 0 . 49 0. �2 0 . 4 7 0 . 40 0 . &0 0. 7 1  0 . 7 1  0. 74 0 . 37  0 . !>4 
N 14 1 3  1 1  1 2  12 14 9 12 97 14 1� 14 14 14 1&8 

'9!>l Conf i dence l i . i t s .  

" N = NUllber of Samp l e s .  



Table F·25. 

--- -- _  ... - _._------ - ------

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

S i te SE P  Ocl 

B i q H i l i  0 . 22 0_ �2 
C L "  

N" "  9 9 

B i y  H i  I I  Con L ro l 0 . 49 0 . 4 3  

C I  

N � 

B l ack Bdyou O . 2� o . n 
C l  "Tl I N � 

U) 
111 

We , 1  lIac >tlc .... y 0 . 26 O . H 

Cl 
N 16 I I 

We, \  ItJc'''erry ClIll l r o l  0. 20 lJ 18 

C l  

N 1 0  10 

O.�r I i .e � i l", 0 . 26 o :12 
Cl  ( 0 2 \- ) 0 . 3 1  

( 0 29- ) 
0 . 30 

N 4� 4� 

Over Ihre. [ a , 1  S i Les 0 . 24 0 . 26 

Cl . ( 0 . 1 7 -
) 0 . 29 

( 0 . 23-
) o. 2� 

N 3 )  3 2  

Ove,' 1'"'0 We,t S i t e ,  0 . 30 0 . 49 

C I  (0 . 20-
) 0 . 43 

( 0 . 44 -
) O. S4 

N 14 13 

'9�% Conf i dence l i m i t s .  

" "N = Number of Samp l e s .  

Cruise by site means for percent organic carbon for five sites In the 
Texoma region (September 1 977 to October 1 978) 

._ ---- ---_._-- _ . .  _------ ------ ------ ----- ----_ . . _ - - -- ----_ .-_._- -- . . _ - - .- .  __ ._ - ---- - -- -_._- -
-- -- . -- ------_._------ ----- ---------

Honth 
Honth 

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

NOV DEC JAN/ F E B  HAR APR HAY Overa I I  JUN JUL AUG SEP OC I Overa I I  

0 . 38 0 . 49 0 . 23 0 . 4S 0 . 6� 0 . 22 0 . 37  1l . 3S 0 . 46 0 . 18 0 . 28 0 . 2 1  0 . 33 

(0 33-
) ( 0 . 3 1 -

) 
0 . 4 1  0. 34 

6 9 S8 9 10 9 9 9 104 

0 . 28 0. 34 o. IS 0. 42 0 . 33 O. IS 0 . 3 1  O .  I � 0 . 32 O. I I  0 . 23 0 . 22 o 26 

( 0 . 26-
) ( 0 . 2 1 -

) 
0 . 37  Il 3 1  

S S S S S S 39 S � � 64 

0 . 22 0 . 22 O. SS 0 . 22 0 . 1 9  0. 10 0 . 2 1  
( 0 1 6-

) - - - - - - - - - - - - - - - - - - - - -- - - NO �AHI'L E  S- - - - - - - - - - - -
0 . 2S 

� � S 3� 

0 . 12 0 . 30 0 . 24 0. 18 o 33 o 2b II . 12 
« () 24 -

) - - - - - - - - -- - - - - - - - - - - - - - - NO �AHf'I I '  - - - - - - - - - - - - - - - - - - - - - . - - -
0 . 38 

I J  1 2  S I I 1 2  I l  104 

0 .  I� 0 . 1 /  0 . 16 0. 1 2  0. 2 3  0 . 0 7 O. 1 7 
( ll .  1 4-

) - - - - - - - - - - - - - - - - - - - - - - - - NO SAHPL I 
0 . 20 

S 9 6 6 SS 

0 .  /9 0 . 1 1  0 . 2 1  o 24 0 . 34 0 . 1 3  0 . 26 

(0 26-
) ( 0 2 7

) ( 0 . 18-
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(1 . 2 1 -
) ( 0 28-

) ( 0 1 1 -
) ( 0 24 -

) - - - - - - - - - - - - - - - - - - - - - - - -NO SAH!'I ( S- - - - - - - - - - - - - - - - - - - - - - - - -

o n  0 . 14 0 . 24 0 . 28 0 . 4U 0 . 1 6  0 . 28 
34 J 3  2 2  4S 32 l� 291 

0 . 26 0 . 24 0 . 23 U . 1 6  0 . 30 0. I I  0 . 22 

( 0 22-
) 0 . 3 1  

( 0 . 20-
) 0. 29 

( 0 1 7-
) 0 . 30 

( 0 . 1 4 -
) 0 . 1 8  

( 0 . 23-
) 0 . 36 

( 0 . 08-
) 0 . 1 2  

( 0 20-
) 0 . 2 3  

- - - - - - - - - - - - - - - - - - - - - - - -NO SAHPl E � - - - - - - - - - - - - - - - - - - - - - - - - -

23 2 1  10 3 1  2 3  2 3  194 

O. J3 0 . 42 0. 20 0 . 44 0 . 4S 0. 20 0. 34 0 . 2 7 0 . 4 1  O_ I S  0 . 26 0 2 1 0 . 3u 

( 0 . 24 -
) ( 0 . 36-

) ( O . IS-
) ( 0 . 3 7-

) ( 0 . 33-
) ( 0 . ) 3-

) ( 0 . 3 1 -
) ( 0 . 20-

) ( 0 . 34-
) ( 0 . 1 3-

) ( 0 . 23-
) ( 0 . 14 -

) ( 0 2 1 -
) 

0 . 4S 0 . 49 0 . 24 O. S I  O .  S8 0 . 2S 0 . 39 0 . 3S 0 . 48 0 . 18 0 . 30 0 . 30 0 . 34 

1 1  1 2  12 14 9 12 9 7 14 IS 1 4  1 4  1 4  168 



Table F·26. 

S i lo NOV 

B i g Hi l l  6� . 9 1 

CL'  

H" 

B i g  Hi l l  Control �0. 69 

Cl 

H � 

B l ac k  Bayou 32 . 0� 

CL 

"T1 H 
I \0 0\ Wo, t Hadbon'y 40. 49 

CL 

H I I  

Wo,t Hockbon'y Control 26 . 14 

CL 

H 6 

Oyer f i . e  S i te, 4 3 . 40 
CL ( 38.  5B-

) 48. 24 
H 14 

0 • .,. Throe Ea,t  S i le, 14 . 69 

CL ( ]O.  20-
) ]9 . 10 

H 22 

O.er Two Wo,t S i le. 59. II 
CL ( �4 . 62-

) 64 . 61 
N 12 

'9�% Con l i dence L i .n,. 

*OH ; Number 0 1  Somp l e s .  

Cruise by site means for percent clay for five sites In the Texoma region 
(November 1 977 to October 19.,8) 

Month 

DEC JAN/FE B  MAR APR 

�� . 62 ��. IB �7. 03 46. 69 

6 I I  

5 1 .  64 �4 . 08 4 1 . 24 � 1 .  I� 

� � 10 � 

29. 72 2 1 .  90 29. 36 28. 9 1  

1 0  � 

3 3 . 11 46. 9� 46. 4 1  40 . 3� 

12  � 14 1 2  

24 . 43 26. 26 2� .  98 16. 19 

6 19  6 

3 B . 0 1  4�. 1 I  4 1 .  O� 3 / . 00 

( 32 . 6 1-
) 41 . 10 ( 39 2�-

) �2 . 3� ( 39 . 23-
) 44 . 79 ( 32 . 36-

) 4 1 .  18 
3� 2 1  90 3� 

30. I� ]�. 19 l I . 27 3 1 .  21  

( 24 . 00 ) 36. 50 ( 26 . 40-
) 4� . 60 ( 14 . ]0-

) 40. 10 ( 26. 60-
) 3� .  80 

23 10 63 23 

�]. 91 ��. 0 1  �]. 4 2  4 8 .  �4 

( 48. 83-
) �9. 04 ( 48. 44-

) 6 1 . ]8 ( 49. 62-
) � 7 . 08 ( 40. 1 l-

) �7 . 03 
12  1 1  27 12  

MAY OYera l 1  

4 4 .  BO �4 . 86 

( � 1 .  29-
) �8. 39 

�I 

�O . b l  �0 . 3B 

( 4B.  00-
) �2. 72 

� 3� 

2 1 .  93 29. 30 

( 2 1 .  6 1-
) 3 1 .  02 

� I I  

3� . 60 4 1 .  4� 

( 3B 64-
) 44 . 19 

12 86 

21 9� 24 . 1 1 

( 2 1 .  96-
) 26. 2B 

6 4 1  

3�. 1!6 40. 39 

( 3 1 .  40-
) 40. 44 ( 38. 6�-

) 42 . 20 
3� 2�0 

]0 . 20 1l . 96 

( 2�.  60- ) ]4 . 10 ( 32 . 00-
) 

]�. 80 
23 164 

4 1 . 22 �3 .  04 

( 39 91-
) 

�4 . 4 1  ( �O. 14-
) �� . l I 

12  86 

Month 

JUN JUL AUG SEP OCT Overa l l  

�2. 18 � 2 . 6 1  4�.  7 4  � 1 .  45 ��. 94 �] .  ]8 

( 5 I . lI -
) �5 . 34 

9 10 9 9 9 �I  

4�.  10 48. 16 40. 30 �0.94 44. 36 48. � I  

( 46. 80-
) �O . 12  

� 60 

_ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - -NO SAMPLE S- - -- - - - -- - - - -- - - - - - - - - - - - - - - - - -

----- - - - - - - -- --- - ---- - - - - -- - - -NO SAMPl ES- --- - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - --- - - - - - -- - - - -.- - - - - - --NO SAMPl E S--- - - - - - - - -- - -- - - - - - - - - - - - - - - - -

- -- - - - - - - - - - - -- - - - - - - - - - - - - - - - HO SAMPLES- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -

- - - - - - - - -- - -- - - ----- - - - - - - - - - -NO SAMPLES----- - -- - - - -- -- -- - - -- - - - - - - -- - -

�O. 04 

( 46 . 3�-
) �]. I I  

14 

�I  ]4 

( 46. 23-
) �6. 48 

15 

4 3 . 19 

( 40 . 98-
) 46. 60 

14 

�1 .  27 

( 48. 18-
) �3. 14 

14 

� 1 .  81 

( 4 1 . 34 -
) �6. 1 I  

14  

�1 .  �2  

( 49. 98-
) �2. 94 

I � I  



Table F·27. 

S i te NOV DEC 

8ig H i "  2 1 . �� ]0. 9� 

Cl" 

N"" 

8 i g  H i "  COlltro I l l . �O ]4 . 44 

C l  

N � 

8 lack 
. 
80you 20 . 14 2 1 . 1 1  

" Ct 
I 

U> N � 

........ 
We,t Hackbe rry 26. 10 3 1 . 01 

Cl 

N I I  1 2  

lIe,t Hadbe,.,.y Control 20 . 91 26 . 66 

Cl 

N 6 6 

Over f i ve 5 i t  .. 2�. 4 1  l l . 42 
Ct ( 2] 36-

) 2 1 . 46 ( 26. 98-
) ]6 . 0] 

N 34 ]� 

Over three E a s t  S i t  .. 2]. 4] ]0. 92 

Cl ( 20. 10-
) 26 . 20 ( 24. 10-

) 3 1 .  ]0 
N 22 21 

Over Two West 5 i t" 29 . 18 ]2 . 40 

Cl ( 2 1 . 62-
) ]0 . 8] ( 26. 10- ) ]8. 2 1 

N 12 12 

"9�1: ConI idence U _ i t s .  

""N : Number of 50.p le • .  

Cruise by site means for percent slit for five sites In the Texoma region 

(November 1977 to October 1978) 

Month 

JAN/fE8 lIAR APR MAY 
4 1 .  44 ]8. ]1 4 1 .  9� 4 1 .  ]8 

6 1 1  

ll . 91 ]6. 01 ]0. 66 ]] . 31 

10 � � 

1 1 . 10 24 . �8 26 . 8] 2 1 .  02 

10 � 

21. 48 ]0 . 80 l l . 90 ]2. 14 

� ]4 12 12  

21 .  10  2]. �8 29. 24 22 . 84 

19 6 6 

]0. 66 ]0. 4 1  ]] . 60 ] 1 .  88 

( 26. 14-
) ]�. 4 1  

( 28. 8]-
) ]2. 18 ( 29 8 1 - ) 3 1 . 44 ( 28 0]- ) ]�. 81  

21  90 ]� ]� 

2]. I ]  2 1 .  � 1  ]0 . 08 21. 14 

( 18. 40-
) 26. 80 ( 2� . 80-

) 29. 10 
( �� ��- ) 

( 24 . 00-
) ]0 . 40 

10 6] 2] 2] 

]8. 01  ] 1 .  �2 40.  �8 4 1 .  4� 

( ] 1 . 26-
) 

44 . 94 ( 34 �6- ) 40. 48 ( ]2 . 4�-
) 49. 06 ( ]] . O]- ) �O . O] 

1 1  2 1  1 2  1 2  

Overa l l  

]8 . 66 

( ]� . 2 1 - ) 
4 2 . 1 1  

� 1  

ll. l I  
( ]2 08- ) 3� .  2 1  

]� . .  

22 . 86 

( 20 . 99-
) 24. 10 

I I  

3 1 . 18 

( 29. 0 1 -
) ll . l l 

86 

24 . 02 

( 22.  ]0- ) 2�.  1� 
4 1  

] 0 .  �4 

( 29. 29-
) l l . l I  

2�O 

2 1 . 4 1  

( 26 . 00- ) 28. 10 
164 

]6. 63 

( 34 .  �6- ) ]8. 1 1  
86 

Month 

JUN JUt AUG S[P ocr Overol I 

40. 89 ]8 . 91 42. 84 40 . 8 1  40. 96 ]9 . 10 

( 3 1 . 80-
) 4 1 .  69 

9 10 9 9 9 9 1  

4 1 .  4 1  34 . 86 40 . 4 ] ]6. ]6 ]�. 9� ]� . 40 

( 34 . 1 1 -
) 

]6.  6� 
� 60 

- - --- - - - - - - - - - - - - - - - - - - - - - - .  --NO SAMPLE 5- - - - - .  - - - .: - - - - - - - - - - - - - - - - - - - - -

. - • • •  - - - - - • •  - - • • •  - - - - - - .  - • •  - - - NO  SAMPLES· · - - - - .  - - • • • •  - • • •  - • • • • • • • •  - - - - -

• - .  - .  - • . • .  - .  - - - .  - - - - • • •  - .  - • • •  -NO SAMPl E S'· - • • • • • • • • • • •  - - - • • • • • • •  - - • • • • •  

- • • • • • • • • • • • • • •  - . - .  - • • • • • • •  · ' · NO  SAMPLES· ' "  - • • • • • • • •  - .  - . - - • • • • •  - - - - • • •  

- - . - • • • • • • • •  - • • • • •  - - • • • • • • •  - • •  NQ SAMPLES' • • •  - - • • • • • •  - • • •  - - ' _ • • • • • • •  - • • •  

4 1 . 08 

( ]8. 68-
) 4]. �6 

14 

]1. �9 

( ]4 . 81' ) 40. ]� 
1� 

4 1 .  98 

( 40. 4]' ) 4]. �1  
14  

]9. 2� 

( ]6 . 84 '  ) 
4 1 .  68 

14 

]9. 16 

( ]6 . 40' ) 4 1 .  9] 
14 

38 . 04 

( ]6. 80-
) ]9. ]6 

1 � 1  
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Table F.29. Results of analyses of variance for sediment parameters for five sites In  
the Texoma region 

Parameters Cru i s e  

Cru i s es 3-8 

M cp . 0001 * 

MO . 3000 

% Fi nes** . 1 05 3  

% C1 ay** . 0077* 

% Sand** . 1 051  

% S i 1 t** . 0273* 

% Organi c Carbon** . 0001 * 

% Carbonate Carbon** . 0001 * 

Cru i s es 1 -8 

% Organ i c  Carbon** . 000 1 *  

% Carbonate Carbon** . 000 1 *  

*Si gni fi cant at 0 . 0 5 l evel 

**Arcs i ne Ix/loo transformati on 

Source: Comiskey at al. (1 979). 
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Cru i s e/ S i te 
Si te Interacti on 

. 0001 * . 2083 

. 0001 * . 8608 

. 0001 * . 991 2 

. 0001 * . 4902 

. 0001 * . 99 1 2  

. 000 1 *  . 2738 

. 0001 * . 001 9* 

. 0001 * . 2428 

. 0001* . 0001 * 

. 0054* . 0400* 



Table F·30. Results of multiple means tests for sediment parameters for five sites in  
the Texoma region (cruises 3 through 8) 

Pa rameter Hi ghes t 

% S i l  t* BHC BH 

MO BH BHC 

% Fi nes'" BH BHC 

% Cl ay* BH BHC 

Mq, BH BHC 

% Sand* WHC BB 

% Carbonate Carbon* WHC BH 

*Arcs i ne Ix/100 tran s formati on 

Tu key ' s  t = 2 . 73 

Lowest 

WH WHC BB 

WH BB WHC 

WH BB WHC 

WH BB WHC 

WH BB WHC 

WH BHC BH 

BHC WH BB 

Note : Underl i nes connect s i tes wh i ch are not s i gn i fi can t l y  di fferent 

Source: Comiskey at al. (1979). 

F- I08 



.... ... 

. . " 

'. 
" 

.. .. \ ... .: 

B i g  H i l l  

.• ... .
. � 

-... 
. ' . 

,,' 

t N 

t::., ''-�''.'.� II} : 
',_rl" 

8.9 
• 
43 

4.6 
• 

41 

3.4 
• 

2.4 
• 
37 

1.4 
• 
36 

LEGEND 
1# "fe- SAND 
• 
1# STATION NUMBER 

38 

9 ./ 5 :v � Na u t i c a l  m i l e s  

Br ine D isposal S i te I - I " - �  
1 Y2 a 1 

Figure F.63. Mean percent sand for each station (over a l l  cruises) at the Big Hi l l  brine 
disposal s ite for the period November 1 977 to May 1 978. Not every 
station was sampled on every cruise. Source: Comiskey et al. (1 979). 

F - 109 



• 

I 
t 

• Cot 
· 0  <4 <4 0 

o .  ",0 0 � • <4 . 0 <4 • • 
4 <4 • • 0 <4 �<4 

_ • • o"'i ��o 
. - 8 <4 

0 

• 

� &  <4 
0 <4 

..,.0 0<4 <4 <4 
4 

<4 · <4 <4 . 0  0Cl 
<4 

<4 

<4-4 
<4 0 
• 4 
• 

• <4 0 
<4 O �� <4 

• <4 
<4 <4 4 4 0 q 

<4 -<2  
. 4" · Q 

<4 <4 �<4<l 
<4 

4 <4 <4 
<4 -4 <4 • 4 

<4 • 4 
• • 

<4 
<4 �4 

. 4  <4 
• •  <4 
�4 

<4 

• 

4 

• 

4 

0 -2 

0 
• • <4 . • • en III 
• -

-;; 
<4 • 

• • as 
-III 

<4 • > 0 
as -as � 

<4 4  -C 
<4 4 

III 

<l<l 4 e 
· 4  4 =6 � III 
• In 

4 0 
III CD 

-0 
C 4 .2 -

0 as 
-", .5 � -0 

� C 
� 

- as 
'" z: -
� '5!  III 

> 
"' Q  as ... .... VI i; .... c: c ... .: U e � 

U III a: 
"' : �  ... :! • 
... ::& ::&  ;0 => ;0 CO - u:. ;;<4 4 • . 0 

III -= � 
u: 

-.,. ;; c 

-0 
Z STlnr I 

0 
0 ... 

F- 1 10 



The more vari ab l e nature of the West Hackberry samp l es i s  confi rmed by 
cl uster analys i s  of March 1978 samp l es ( F i gs .  F-65 and F-66 ) , whi ch 
s hows three cl uster groups at the B i g  Hi l l  s i te compared wi th fi ve at 
the West Hackberry s i te .  The groups at the B i g  Hi l l  s i te are ori ented 
l o ngs hore and onshore- offs hore , cons i stent wi th the gradi ents seen i n  
grai n s i ze di stri buti on ( see Fi g .  F- 63 ) . Group Bl , whi ch encompasses 
most of the area ( i ncl udi ng the di ffuser s i te ) , had the fi nest- grai ned 
sedi ments . Groups Bl to B3 are the three fi nest-grai ned group i ngs 
res u l ti ng from the cl uster analys i s .  

Benthi c  Megafauna 

For the 8-month peri od duri ng whi ch samp l es were taken at al l fi ve s i tes  
in  the Texoma regi on , monthl y  mean dens i ti es for total megafauna (Tab l e 
F-31 and Fi g .  F-67) vari ed from a h i gh of 1 , 653  i ndi vi dual s/m2 at the 
B l ack Bayou s i te i n  February 1978 to a l ow of 71 i ndi v i dual s/m2 at the 
Bi g Hi l l  s i te i n  October 1977 . Monthl y  means over al l s i tes  ( for the 
September 1977 to May 1978 peri od) i ncreased con s i stently  from the l ows 
of September and October 1977 (205 and 171 i nd iv i dual s/m2 , respecti ve ly)  
to  a h i gh of 1 , 123  i ndi vi dual s/m2 i n  May 1978 ,  the overal l change bei ng 
an order of magn i tude . Over the ei ght crui ses from September 1977 to 
May 1978 , B i g  Hi l l  had the l owest mean dens i ty (290 i ndi v i dual s/m2 ) , 
wi th peak dens i ty of 910 i nd iv i dual s/m2 occurri ng i n  May 1978 . The Bi g 
Hi l l  s i tes consi stently exh i b i ted the l owest benth i c  standi ng crops i n  
the Texoma regi on .  

In  J une through October , samp l i ng was confi ned to  the Big  Hi l l  and BHe 
s i tes . In general , total commun i ty numbers conti nued at rel at i ve l y  h i gh 
l evel s ( see Tab l e  F- 31) , wi th the mean for the two s i tes  fo r June (964 
i ndi v i dual s/m2 ) bei ng cl ose to that for May (972 i ndi v i dual s/m2 ) .  Means 
over both s i tes were hi ghest i n  J u l y  ( 1 , 274 i nd iv i dual s/m2 ) and October 
(1 , 410 i ndi v i dual s/m2 ) , wi th August and September den s i ti es bei ng 
re l ati vely l ower (852 to 876 i ndi vi dual s/m2 ) .  Duri ng th i s  time , and 
cons i stent wi th res u l ts from September 1977 to May 1978 , the BHe s i te 
general l y  had hi gher mean dens i ti es than di d the B i g  Hi l l  s i te ( see F i g .  
F-67 ) .  However , i n  September 1978 th i s  trend reversed ; B i g  Hi l l  had the 
h i gher mean dens i ty (900 versus 835 i ndivi dual s/m2 ) .  Peak popu l ati ons 
for the enti re 13-month peri od (1 , 245 i ndivi dual s/m2 at B i g  Hi l l  and 
1 , 763 i ndi vi dual s/m2 at BHe) occurred duri ng October 1978 , the l ast 
month of the study .  The mean at BHe for October was al so  the h i  ghest 
month ly  s i te mean for the enti re Texoma regi on duri ng the study .  

The fact that commun i ty numbers remai ned at  h i  gh  1 evel s duri ng  the 
enti re spri ng and s ummer i ndi cates that the l ow numbers encountered the 
prev i ous September to December were pos s i b l y  due to an env i ronmental 
perturbati on wh i ch di s rupted the benthi c  hab i tat someti me pri or to the 
i n i ti ati ons of the Texoma samp l i ng program. The change i n  mesh  s i ze 
used i n  the study coul d not account for these seasonal di fferences . 
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Figure F.6S. Dendrogram of the cluster analysis of sediment samples collected 
during March 1918 across all Texoma stations. Source: Comiskey et al. 
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Table F·31 . 

Bill IIt l l  

�tt.ber 1 1 4 . 64 
II 9 

October 71 . 1 0  
II 9 

)lQvc.bcr 1 � 7 .  b6 
II 7 

Ik<cob&r 1 19 . 1 2  
II 1 

Ja n . JFcb. 482 . 1 1  
II 7 

turd. 754 . 19 
II II 

4rt l  810 . 24 
• 7 

tLay 909 .81 
II 1 

Ov ..... n ( 1 -8) 290. 28 
II 62 

June 896 . 11 
II 

Jul y  1 201 . 11 
• 

l.u<.J.nt 189 . 49 
II 

Scpla>bcr 900 . 21 
II 

October 1 245 . 2) 
II 

Chleran (I-Il) 490.18 
II 

II - �r 01 Siqllu 

Cruise by site means of total benthic megafauna (lndlvlduals/m2) at five 
sites In the Texoma region 

B'II Hm B 'y Hm Wul W .  Hackberry V. Hackberry 
Control C us ter Black hyou Hackberry Control Clult.r 

1 19 . 65 1 15.07 1 94 .611 2fi7 .05 261 .94 247 . 1 0  
5 1 4 , 16 10 31  

1 92 . 40 101 .61 2 1 2 .00 211 . 69 1 16.85 210 . 20 
5 1 4  5 1 1  1 0  32 

127 . 85 21 6 . 24 11 1 .86 291 . 71 11 4 . 30 304 . 1 4  
5 1 2  5 1 2  6 21 

464 . 4 2  214 . 10 496 . 16 421 . Jfi 380 . 24 425.47 
5 1 2  6 1 2  6 2l 

849.85 61 1 . 52 16112.98 939 .41 1 626.8' 1 219 . 1 6  
5 1 2  I 5 4 10 " 

1081 . 4 1 " 859 . 1 5  1 1 96 . 98 925 . 10 914 .86 959 .86 
5 14  5 1 1  10 32 

1 100. 4 8  9119 .82 1417 . 50 1020 . 15 1 21 5 . 18 1 1 62 .80 
5 1 2  5 1 2  6 23 

1066 . 1 2  912 . 28 1 115. 17 1 1 28 .82 1 252 . 12 1 210.86 
5 1 2  5 1 2  6 23 

511 . 1 1  168.88 519. 25 1101 . 40 51 1 .23 " 521 .08 
40 102 36 101 58 191 

1098 . 56 96) . 98 
14  

1 4 1 1 .87 1 214 .)$  
1 4 

915 . )6 8b1 . 5) 
1 4  

8)4 .79 816 . 29 
1 4  

1 162 . 10 1 410 . 1 2  
1 4 

7 2 2 . 4 4  1168 . 40 

Source: Comiskey et at (1979) . 

Overal l  

204 .83 
45 

1 10 . 74 
46 

210.46 
35 

14 1 . 76 
15 

844 . 48 
22 

926.05 
46 

1086 . 88 
35 

1 1 21 . 24 
35 

461 . 11 
299 

96) . 98 

1 214 .)5 

851 . 5) 
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A total of 171 taxa of benth i c  megafauna were col l ected i n  the Texoma 
study area duri ng the cours e of the sampl i ng program (Tabl e F-32 ) . The 
po 1 ychaetes  ( 33 percent) and the arthropods (26 percent) were the most 
preval ent taxa. Tab l e F-33 shows the percent compo s i t i on by cru i s e  and 
s i te for the numeri cal l y  domi nant speci es at the Texoma study s i te s .  
The majority of the 171 taxa recorded for the Texoma area were of  modest 
i mportance to the commun i ty ,  and onl y  15 spec i e s  consti tuted 10 percent 
of the communi ty at any crui s e/s i te stratum. Many of the characteri sti c 
speci es were present at al l s i tes  over the course of  the enti re s tudy .  
There were , however , s easonal changes i n  the rel ati ve i mportance of  
these ub i qu i tous  spec i es .  

Duri ng September 1977 , Mu1 i n i a  1 atera1 i s ,  Mage1 0na sp . , and D i opatra 
cuprea domi nated the commun i ty .  �. 1 atera1 i s  al l but d isappeared from 
the commun i ty after Septembe r ,  appeari ng agai n i n  the spri ng.  Duri ng 
October and November , the assemb l age was numeri cal l y  domi nated by 
Mage 1 0na sp . , Q. cuprea ,  and Lumbri neri s tenu i s .  I n  December , Q .  cuprea 
was sti l l  p resent (as i t  was for the remai nder of the study) , but was 
rel ati vely much l es s  important. Mage 1 0 na sp . and b. tenui s  conti nued as 
major  taxa.  I n  February and March , Mage1 0na sp . conti nued as the 
domi nant organ i sm ,  wi th Cos s u ra del ta al so maki ng a s i gn i fi cant 
contri bution to the commun i ty numbers . At th i s  time , Parapri onosp i o  
pi nnata fi rst began to make a s i zab l e contri buti on to the commun i ty .  
From Apri l to  October , L pi nnata and Mage1 0na sp . were the domi nant 
taxa , with C .  del ta ,  S i gambra tentacu1 ata , and b. tenu i s  of i rregul ar 
i mportance.  

Four more or l ess  di sti nct assemb l ages o r  components were i denti fi ed by 
the factor anal yses at al l Texoma s i tes for the 8-month peri od from 
September 1977 to May 1978 (Tab l e F-34 ) . These are : 

1. A September mol l uscan as semb l age domi nated by M .  
l ateral i s ,  Nas sari us  acutus , and Nucu1 ana concentri ca.  No 
spatial  trend was apparent. M. 1 atera1 i s ,  wh i ch most 
defi ned the factor ,  al so had a sp-ri ng peak. 

2. A pol ychaete group , cons i sti ng of . Mage1 0na sp . , L. 
tenui s ,  Anci strosyl l i s  papi l l os a ,  and � .  del ta ,  that i s  
not very wel l defi ned , but that i s  characteri zed by 
hi  ghest numbers duri ng the mi dstudy months (November to 
March) . The group i s  cl osely rel ated to the groups 
defi ned by factors 1 and 2 and s ummari zed bel ow. 

3 .  Factor 1 defi ned a l arger spri ng gro up , mai n ly  composed 
of po1 ychaetes and best defi ned by Sabe l l i des ocu1 ata , 
C i rratu1 i s  sp . , � tentacu1 ata , and L pi nnata , but wi th 
the nemertean predator ,  Cerebratu 1 us 1 acteus , and the mud 
anemone , Paranthus rapi formi s ,  al so  i mportant members . 
These spec i es al l show rel ati vely even di stri bution  over 
the Texoma area , but many members show a di sti nct trend 
toward occurrence i n  l es s  coarse sedi ments i n  the area.  
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Table F·32. Taxonomic list and seasonal occurrence of the megafaunal taxa at the 
Texoma study sites, September 1 977 to October 1978 

Month 

PHYlUH/SUBPHYlUH/fllli/spect., SIP Oct Nov Dec Feb Mar Apr M.y Jun Jul Aug Sep Oct 

COElENTERATA 

Ac t t n l ar h  B B 
Antholledusae B 
Bunodact h t .. aens h W W W W 
Cal l bcth trtcolor W 
Obe l t .  sp. W 
Par_nthu. rapHo ... h W W W W W W W WI B B B 

PLATYHE lHINTHES 

Po Iycladtda W W W W W W B 
Sty I ochu. e l l  t pt t cus W B B B 
Untdent H i ed turbellari.n B W 

NEMERlINEA 

Cari noea tremaphoroi w W w w W W WB W II B 
Cerebratulu5 lacteui WB W W W W B B B B B 
Pa 1 eone.ertea B 

NEMATODA 

Do I tchadorus heterocephalus B W 
Unt dent H i ed ne.atod. B · w  W W W W W W B B B B 

MOllUSCA 
." ---

I Gastropoda 
....... Anacht . abe .. W B ....... 
"-J CantharUi cancel lartui W W W 

Ct rculu. trt l t x  W W 
Cyc I as tre.hcus jeann •• 
Cyc l o.treahcus pent.gonus B 
Ep t tont ... angul atu. W 
l1 t t opa me 1 anos to.a W 
Nas sar t us aeutus WB B B B B B 
Nudtbranchh B 
Pol t nt ces hepat tcu. B 
� t nUll perspec t t yu. W W 
Tecton_ttca pus t l l a  W 
Terebra protexta W 
Turbont I l a  t nterrupt. W 
Va l .u l e l l a  a.ytata W 

Pelecypod_ 

Abra aequa l t s  W W W W W W 
Anadara ova.l t s W W W W W B B 
Anadara transversa W W W B B 
Atrt na ,errata W, 
C _ I I ocardla te •• s hna W W W W Ii B B 
Ch t one t ntapurpuree W B 
Corbula contracta W W 
Ensh .. i nor W W W 
Mul t n i a  latera l t .  W W W W W W W W B B B B 
Myse I I . p l anu la  ta W W 
Nuculana acuta WB 
Hucu'ana concentric. ·w W W W WB W WB W B 
Pandora trt I t neat. W W 
Petr t c o l a  pholadHo ... h B 



Table F·32 (continued) 

Month 

PHYlUM/SUaPHYLUH!c I a5 s/.pec Ie. Sap Oct Hov Dec Feb Mar "pr May Jun Jul "ug Sep Oct 

Raeta p l l cate l h  W 
Solen v l rl d l i  8 

Tel l i n. ver.lcolor W W W W W W B 
Veneri dae 8 a 

Cepha l opoda 

Lol l i guncuh brev l i  a 
Octopus vulgaru. a 

SI PUII�ULlO" 

Unldentl t l ed s l puncu l l d  W ." W a W W a 
Pha5col lon 5trollbl WI WI W 

� 
Polychaeta 

Agl aophallu5 verri l l i  a W WI W WI W W8 W8 a 
Ampharete .p. W 
Amph i tr i te nl veu. W 
"ncl strosyl l l i  papl l l o  .. W8 W8 W8 W8 W8 wa W8 W8 B a a a B 
"renlcoh br .. l l l nen. 1 i  W 
"rl c l dea Jef frey. 1 I  W 
Armandla agl l  I i  a 
aranc h l osyl l l  s a.erlcana W W W a a a 
Chaetopterus varlopedatus W W W W W 
C l rratul Ii sp. W W8 wa a a a a a 

." C i steni des gouldl W W W w a a a B 
I Clymene l l a  torquata W W W8 W8 w wa W8 W8 a a B a a 

t-" t-" Cossura de l ta W W W8 W8 wa W8 W8 W8 a a B a a 
CP Oasybr.nchus sp. W 

Ol noph l 1 l dae W 
Olopat .. cuprea wa W8 'W8 wa W8 W8 W8 wa a a a a a 

Orl l onereis longa W W a 
Eteone heteropoda W W W 
Eul l .. a bl tasclata W 
Eunlclda. a w 
Eusy l l  Is sp. a a a a a 
Glycera ameri cana a w wa w 8 

Glycera dlbranchhta W W8 W8 W8 wa 8 a a a a 
Glycera tesselata W wa w a a 

Glycera sp. W8 W W8 w a 
Gonlada .. acu lata a w 
Harmothoe aculeata a W8 W8 W8 W8 a a a a a 
Heterosplonlda. W 
Lepldasthenla varh W W8 W8 W8 w a a 
lepi donotu5 squamatus W a B a a 
L i nopherus a .. blgua a a a 
Lumbrl nerls tenuli WB W8 W8 W8 W8 wa wa wa B B a B a 

Hage lona sp.  W8 W8 W8 W8 wa WB W8 W8 a B a a a 
Haldane 5 .. s 1  W8 W W W 
Haldanopsh . l ongata W W 
Neanthe5 succ i nea W8 W8 W8 W8 W8 W8 W8 W8 a B a B a 

Hephthys I nc l ia a 
Nephthy5 plcta B WB a a a a a 
Nl noe nlgrlpe. WB W8 W8 a a a a a 
Notoflastu5 'p. W W wa a B a a B 
Onuphl s ere"l ta W W W WB B 
Owen l a  fu.l torilli WB W8 W W8 WB W WB W a 
Pal eanotus heteroseta W W W a B a 
Paraprlonosplo pl nnata W a W8 W8 W8 W8 B a a a a 
Pherusa sp. W B 
Phy l l ochaetopteru. sp. W W W W W 



Table F-32 (continued) 

Month 

PHYLUH/SUBPHYLUMI£l!ll/.pec I .. S.p Oct Nov Dec Feb Mar Apr May Jun Jul Aug Sep Oct 

Phyl l odoc. aren •• W we 8 '
8 8 Phy l l odoce .uco" 

P i l argldae W W 
8 polydora .p. 

Sabo l l i des oculta we we we 8 8 
Serpul l dae W 
S i gambra tontaculata W we WI! W WB we we we 8 8 8 8 8 

8 Splochaetoptoru. oculatu, 
Sth.ne l a l s  boa we we 8 
Strebl o.p l o  benedlctl W 
Syl l i dae W W 

8 Unldent I t led .plonld 

O l l gochaeta 

Unl dent l t l ed o l \ gochaete W we W we we we we we 

� 
8 8 8 Unidenti fied echlurld 

Tha I as.e .. a .. e l l  na W W 8 W8 8 8 

PRIAPUlIDA 

Unldentl t l ed prlapu l \ d  W 

ARTHROPODA 

"T1 � I I-' Acart l a  ton .. 8 I-' Acetel a.ericanu, W 8 W we W W W W 8 
W Ampe l hca ,po W we we W8 we 8 8 8 8 

Amph lpoda W W W 
8 AutoIOate sp. 

Brachyuran loea W we 8 8 
Cal l i ana •• a jallalcens. 8 
Cal l i anas .. I .tl spl na we W we we we W W W 
Cal l i anas •• sp. 8 8 
Ca 1 1 1  nec te. .ap I du. W W W W W W8 W 
Ca 1 1 1  nectes 51.1 1 h a wa 
Cerapus tubul arh a 

a Cl rol ana sp. 
Coroph 1 I  dae W W 
Corophlull l o u h l anua W W a a 
Cyclopolda W 
Cymadusa ,po W 
D i as ty l h  sp. wa W a a a a 
Euceramus prae 10ngu5 W W W 
Gannar idae we W W 
labl docera aes t l va a a a 
leptochel \a .. rratorbl ta a a 

a a lucl ter taxonl 
lyslo.qu l 1 l a  e.pus. W W W a 
Monocu l odes g l bbo.u. a 
Unldent l t i ed lIy. ld W a a 
Neopanope texana .. y l  W W W 
Ogyrlde. l lllicola W a 
Pagur i s tes ip.  W 
Paguru. pol l i carh W a 
Pagurus sp. W 
Panopeu. herb. t I I  W W W we W a 
Penaeus set i feru$ W W a a 



Table F·32 (continued) 

Month 

PHYlUH/SUBPHYlUM/c I assl spec leli Sep Oct Noy Dec Feb Mar Apr May Jun Jul Aug Sop Oct 

Periephona punctoto aqu l lon.r l s  W W WB W 
P 1 nnh:a chaetopteranl W W W W W W WB W B B B B B 

P i nn i xa cri stata W WB W W W B 
P i nn i x  . .. y.n. W W WB W 
P i nnotherid.e W WB 
Pol i n i ces dupl ic.tu5 B 
Po lyonyx g i bbes i  W W W 
Porce 1 1  ana $ayana W 
Portunus g i bb.s i  W WB 
S.gartia .odest. W 
Speoc.rc lnus c.rol i nenli l s  WB 

ECHI NODERMATA 

Ophi uroidea 

Amphi phol h squ ••• to W 
H."iphol is olongota W 
Hi cropho l h  atr. WB WB WB WB WB WB WB WB B B B B B 

Ho l othuroi dea 

."T\ Apod. sp. B W B B I Thyone 1 1 .  ge .... t. W W W WB t--' N Uni dent i f ied ho lothurold B B 

0 CHORDATA 

UROCHORDATA 

Asc1dacea 

Syno i c l da. W W W WB 
Sty. l i doe W 

CEPHAlOCHORDATA 

Unident i f ied cephal ochordat. (cf. ) B 

VERTEBRATA 

Anchoo . i tchi 1 1 1  B 
l.rval f i s h  W B W B W 
lIic ropogon undulatuli W 
Ste l l i fer lanceol.tuli B WB B 
Hyrophi s  punctatuli B 

--- ---

·W- -West Hackberry c l uster of li l toli. 

B- - B i g  Hi 11 cl uster of li l t.,. 

WIl--lloth cl usters. 



Table F·33. Seasonal and site patterns of megafaunal community dominance in the 
Texoma study area (September 1 977 to October 1 978) 

IIg H i l l  Clu.tor Wett H.lctDel"1"')' ClulUr 

Big H i l l  B i g  Hi l l  Control IIKk Boyou Welt HKkborry ..... t HKtDel"l"')' Contro 1 

(U)D (10) (I) (27) (20) 
n. u Nuculana concllfltrica 18. � Muculana concllfltrica 17.61 IIogol .... . p. 20. 72 Mulfn11 1.t ... l l h  U.59 Mogel .... . p. 20.88 Mul t n t .  laUral 1 l  14.%5 Ci.,.,.trt CUP"_ U. 56 JItIcr"OCIftOlh at ... 11. 93 D1QCM.tra CUP". 14.74 01QCM.trl cup"" 
15. 79 OiQCM.trl CUP"' 12.92 Mic1"09h01 1 .  Itra 9 . 97 DtQCM.trl CUP". 1. 65 Lu.D .. inerh tenuit 12 . n  Lu.tllr1.,.r1t tenuit 

9 . �  MaUlr;". leutu' 12.38 L_rineril tlnuil 9 . 82  Mut inla 1 1.tll"Il I s  7. 24 Mogel .... . p. 1.81 J1111cropno l t s  .tra 
7 . 54  A91aophMut '1lrr; 1 1  i 12 . 22 Jlllul 1 n i a  laura l i l  I. II C l _ l I .  tol'qlUlto 6 . 56  Mucullna conc,ntric. 7 . 67 Ow:nh '''lifo,..1 1  
6 . 09  � n i .  ''''I i fo,..i .  11.06 IQgtllon, sp. 6.67 Cui� t,rt'&IPnoros 6.51 M1cropnol h  .tra 5 . 99  Jlllul i n i l  latara l h  

5 . 77 NucullM ICUt..I 5 . 00  C . l l hnl. .. 1 l ati sp i na 6 . 25 "nci stral), 1 1  i s  p..,i l lon 4 . 09 "'Inthel luccin •• 4 . 50 Sipunculldo 
l . 5l Lu.Drinerh unuis 2 . 22 polyc l adidl ( f ht'lllO"' )  1 . 57 Nuu!"i u. IcutU' 1 . 99  "Cltal _r;clnul l . l6 fitHntMI succi ne. 
2 . 56 Micropnol is atr. 2 . 14 IQldane 'IIr,l l . 57 Pinnix, cn •• t09t.1raN l . 82 �ni.l fus i to,..; s 2 . 97 COllura d.1 t..I 

SEP 1. 28 Paranth"l rap i fo"ts 2 . 00  Pal.on.-rua 1. U Sipuncul ida l . l9 C l � l 1 a  to�u.u 2. 05 h l l i na .... rsicolor 

1 . 21  C�1 1 1 ANlIa l�tispinl 1.67 C�ri noaI t,...,..,horo. l. ll o-.nia fuli fo,..i t  2 . 29 " .... rius ICUtUS 1.ll Anc1strosy l l i s  p..,i l lou 

1 . 28 'Msco1 1 0n str"'OllDi 1.67 Ancistroly l l 1 s  pap i l l oll l. ll Serpu l i d  •• 1.85 Polycl.dido (fl  ..... ".. ) 1.71 Car; noaI tr-..phorol 
1. 18 _todo 2 . 50  L.ri neri I tenui 1 1. 72 Pi nn i XA nyanll 1 . 49 Parantl'lu. rap; to,.., s 
1.11 Glycerl sp. 2. 50 S1�'-"ra tantacuhu 1. 54  Carearatutul lactlUl 1.21 NucullN conc.ntric. 

2 . 50  Cal l hnalla latispina 1. 41 ParanUlul rIp; fo,..' 1 
2. 08 PlnopeU. IMrbstf f 1 . 19 Cal l hn.." . latisp i na  
1. 14 Nuculana conc.ntrica 1. 09 Onupnis tr.iu 

1. 06 Anachi 1 abe,.. 

( 16) (9) (10) ( 3-4 )  (20) 
18.15 �Iona sp. ll.57 Mogel .... . p. 21. 54  "-9t1oN sp. 38.42 "-9t10na sp. 15. 67 OfOOol;trl c� ... a 

18. 54  Oiopatrl cuprll 24.45 LloMr'n.ris tenu i t  18. Ol Cl�nelll to�u.u 15.3-4 Oiopatra cupru 15.40 lQ�tlona Ip. 

17.45 Anci strolyl l i s p..,1 1 10,. 19.74 01 opa.tra cup ... a ll.oo Nuculan. concentrica 14. 29 LloMri".rit tenuit 14. 54  1111cropho l i l  oItra 

U . 96  Nucullna concentrica 7 . 71 JiIIucuhM conc.ntrici 12 . 14 LloMrineris tlnu i t  9 . 92 C l y.-ne l l a  to�u.ta U.67 L.rineris unuis 

1.02 L.rineril tanui s  6.69 Ancistrolyll i s  p..,i 1 10,.. 8.15 JIIicrophol t s  Itra 4 . 56 Mi crocaftO I is Itrl 5 . 86 Nuculana concentrica 

6 . 25 Oweftia tUI i fo,..i s  1 . l9 _todo 6. 72 01 op.1t,rI curel 4 . 26 ,"lntMI succine. 5 . 00 Jlllu1 1 nh lltera l i s  

l . ll Parl"tlWs. rap i fo,..i s  1.47 II'fcrophOl h  Itrl 5 . 88  Ow: n h  fUlifo,,1I 2. 76 Anchtrosyl l is pap i l lon 4 . 96 Cl�nel l l  to�uata 

l . U  .... nthll suec i nel 1.11 fitHnUltl suecinea l . 21 SigMbra tenUeulat..l 2 . 29  St g'-"ra tlnucullt..l 4.85 o-.nh fUlifo,..i s  

l. ll .t.cetll _ri eMUI 1.01 PM,colion str"'OllDi l . ll PII'IOIMUI IMrOltii 1.08 BUftOdKti s tauenli s l.52 JlleantM. succine. 
OCT 2.86 _todo 2 . 50  P1nnixl ch.lt09teranll 1. 00 Ow:nia fUlifo,..i s  2. 17 Plr.ntl'lus rap' to'" I 

1. 56 �ri_ 1. 25 Anchistro.y l l f l  papi l loll 1.ll �ridl. 

1. 56 P1M1lLA crhut..l 1. 11 Collurl die 1 u 1.42 Ptlyl lochHtoptaru. sp. 
1. 25 r.1 1 1nl v.rsicolor 
1 . 25 An.IdIrl oval t I 
1. 25 Glycera Ip. 
1. 17 ..... i podo  

(14) (10) (10) (2l) (12) 

29. 7! 1Iogo 1 .... . p. 60 . 27 Mogel .... . p. 30.01 1Iogo1 .... . p.  U . 6J Mogel ... sp. 38.17 JIfaqIlona Ip. 

19 . 11 ParBCIrionG,pio pinnau 11.08 LloMrinerh tenuit 18. 16 LloMrineris tenui t 20 . 15  LloMrin.rts tenuit 15. l2 0109ltra Cup ... 1 
U . 85  Oiopatra C�rN. 5. 19 COllura de l ta ll. 78 Cl�"' l l .  tol'qlUlto 12.05 Oi opatra cup .... 12. 56 LloMri ntri l  tanui 1 

9 . 26 LloMrineris tenuit 4. 74 Anci strosy l l  1 1  pap i l loSl 7 . 28 Oiopatra cup"a 9.21 Cl�ne l 1 a  torqu.lta 6. 50 ,Ucrocaho l i s  atra 

l . l9 NuculliM concentric. l . ll Mallllri u. acutUI 6.47 Micr'09ho 1 1 s atr. 6. 0l JlleantMs suecinell 5. 54 COllura dtl t..I 

2 . 19 Si9.-,.ra unucullt..l 2. 79 Me&1todl 4 . 17 COllurll de I tI l. 7l Ancistrosy l l i .  papi l loll 4 . 1l Cl�nel l a  tOrqulta 

2 . 86 St.tl 1 i hr 1ancllOiatui 2 . 46 "1cropnol h  atra 1. 11 NuculaN conc.ntricl. 1 . 04  Cossura dll t..I l . 4O  Meant"., succinel 

2 . 15 _todo 2.45 Ll9idlst".n1a '1ari. 2. 97 Jllea"tMs succin •• 2.91 Hueu1 a"a concentricl 1. ll Cll l i analla sp. 
lII'I 2 . 49 L191dattnenil w.ria 2. 17 C l �ne l l a  tG�uat..l 2 . 00  ca l l ianalll lathpina 2 . 79 Ll9ida.t"lni a  v..ri. 1. l9 Parlnt"u. rlpifo,..h 

2. 40 Anci ltroly l l h  PlC'i l l oll 1. 54  Nuculana concintrici 1.62 .-.lhcl sp. 2. 71 1111crocaho 1 1 l  atra 1. l9 Po 1 YOrryK ;i bbt. 1 

2.08 MHntMl succinel 1. 18 GIYCllf'a _ricana 1.43 Lepidltt.henil "'Iria 2. 67 t.ori_ t..-roo 1. l9 Phyl1ochittopUl"Ui sp. 

1.70 Plranthus r�i fo,..1 t 1.49 �ri_ 1. 38 Ca l l i lN  .. a hthpina 

1.43 C�l 1oclrd1. taKIli AN  1. 19 .-cIt •• _ric.nw 1.30 Anchtrosy l l h  papil lotl 

1. J6 COli uri de l u  1.11 t.ont ....... . p. 1. U Abra Mqu.l i l  

1. 19 ClriftON treMPftarol 1. 11 PlnopIUI h1trttlti i 

1. 10 A91 109hMuJ v,ffi 1 1 1  1 . 04  O l 1 goc  ... to 

F- 1 2 1  



Table F·33 (continued) 

_t IIockilerry Clu'''' 81g H1 1 1  Cl u.'" 

81g Hi l l  81g H i l l  Control 810ck 8oyou _t IIockilerry ..... t KKltOerry Contra 1 

(U) (10) (l0) (24) (12) 
36.03 IIogolona .p. 52. n IIogolona .p. 34. 62 IIogolona .p. 3%.57 IIogolona .p. 27.35 1\09110 .. .  p. 
12.01 Muc .. l aM  conc ... trica 35.59 Lubr1neril t.enuh 16. 16 L"-r1 -.r; I tlll'Mli i  9. 37 L.�rineril taMlii U. 76 I.r.lliDr1 .... rh tetNlI 
11.00 L�rineril tetNi. 6 . 43 COllura 011 t.I U.67 CI_ l l .  torq.,o" 9 . 36 OiotMtra C�". 10. U J«cl"'QPltO ' i l  It ... 
8.82 DfOCMtr. C�". 5.02 Anc1 ltro.y l l h  paol 1 1 o  .. 4 . 34  Anchtro.y l l  1 1  paol 1 1ON 6. 19 Anci stroly l l i l  pi01 1 10.1 9.62 Ac.UI -,,1 C&lNI 
3 . 93 L.epid.ltfteni. �.ril 3 . 20 DiOCMtra C�". 4 . 07 M1c� l i l  It .. , 5.69 COliurl del  til 7 . 67 OiOCMtrl CUDre_ 
3 . 42 AcaU . ..  ricanus 3 . 12  Cl_ 1 1 o  torquoUi 3 . 99 Meant".. succinel 4. !;8 C l _ l l .  torq.,oUl 7. 18 r..antM. succi neil 
3 .42 Oo1 1 chaOOI"UI hetirocepft.alul 2 . 87 MeantMI ,uccin •• 3. 78 OiC)CMtra C�". 4. 15 M1c� 1 i 1  at!". 3 . 06  COli uri delta 
3 . 03 Cuinoea trieapnoro. 2 . 43 "uculln. c.oncantric. 3 . 63 G-.rid.1 2 . 87 Si�'" untu:ullU 1.85 "'l1 ilnllll lItispi". 

DEC 2. 78 M1CrQt:lhOl is Itra 1. 46 Gonhu MCul,U.. 3.  SO COllun de l ta 2 . 12 Oweni. fUli (o,..i ,  1. 65 Plr.nthu, rlp i fo,..i 1  
2 . S6 _tod. 1. 22 ... 1 ini. leUrll is 3 . 25 Ac.Us _ricanul 2 . 68  Meenth . .  succi nea 1. 61 Mucul ln,. concentric. 
1. 92 Lo l l tguncull Dre'f i s  1. 15 Acattt _ri Clnu, 1. 75 I)wenil. fus i fo"'ts 2 . 61 I.epid.l.stftenil "'lril 1. 39 Ancistrosy l l i s  plp i l los. 
1. 71 COllurl delta 1.02 sul l i fer laneKl.tus 1. 25 0 1 1 ;oc"''' 2 . 3 1  O l i ;och.eu 1.33 !)weni I fus i for'll; S 
1. S4 PlranU'u,,", rlpitor'll; S  1. 85 ",l inil l lterl l i s  1.07 Pinnix. c�etopurlnll 
1 .S4 c..l l t ln.ul Iltispina 1. 77 AceUI _riClnul 1. 00 Lepidlltftenta "'Irh 
1. S4 Anc.istrosy t l h  papi l l osl  1. 46 MucullN concantric. 1 .02 ClyMMl l i  t,orqulU 

1.25 C.l l  tananl sp. 
1.01 Cil l iln .... Iltispina 

( 14) (l0) (2) (l0) (8) 
29 . 5 1  Plrapr;onaspt o  pinnau 32. S4 J4aqel0N sp. 25.80 C l _ 1 1 1  torquoUi 18.90 Kagelon. sp. 39.61 J4aqelonl Ip. 
21.17 Maqelona sp. 18. 2 1  _todo 10.88 Pircorionaipio pinnata 13.87 Plrlprionaspio pinn.U 13.66 Collurl delta 
11.83 COli uri del u 16.41 Plrlprionolpio pi MIIU 10.78 _todo 13. 70 _todo 11.32 _todo 

6. 77 _todo 10.69 COli uri delU 8. 57 Maqelonll Ip. 12.00 COllura delU 7.59 I..rinerit tenuit 
6 . 68  Ori l onereis 10"91 9 . 65 I.�rtneris unuit 6 . 51 o-nia tUlifo,..i s  6 . 87 QiotMtrl cuprel 4 . 05 Plr�rionalpio pinnaU 
4.76 I.epidaltheni . ... Irh 2 . 7J Leo i d.1 thitn t.. ....ri l 6. 34 I.�rineril tenu i t  6 . 79 L.rineril tenuit 3.90 "'anthll succi nel 
4. 32 Muculln. concantric. 1.97 Nucul.N concantric. 5 . 88  ,, 1 h,a Ip. 5 . 72 Anci stroly t l h  plpi l lo .. 2 . 81 P111cropna t h  IVI 

FEB 3.21 I. ... rineril tenu il 1. 16 OiQCMtra cuprH 4. 38 01 igochMU 3.45 ClyMM1 t .  torql,lilU 2 . 16 Ancistroly l 1 h  p�i 1 101. 
2.55 Anci ltrolyl l it p�i 1 1 011 4. 11 COll4.lra delU 3.36 Mtlnthel luccinea 1. 92 I.epidllthani. v.ril 
2 . 00  Oi09.tra CUQrel 2 . 90  OiQCMtra CUDrea 2 . 82 Pi l.rgidH 1.85 C.refJrltulus tac.tl4Jl 
1.84 LAnaI fish 2.90 Anchtrolyl l is  papi 1 101. 2 . 16 CtrefJrltulus l ac.uul 1. 12 Oioa.trl cupre. 
1 . 72 St�rl ttntaculat. 2 . 86  _anthits lucdnel 2. 13 I.eoidasth.ni. 'fIril 1 .46 0 1 1 ;oc  ..... 
1.23 c..l 1oclrd1. tu.as i .na 1.88 I.epidalthenil .... ril 1. 33 ...,eUln Ip. 1.41 !)wenil tUI i tor'lli s  

1.61 Jlticl"'QPftOlh Itrl 1.27 StgMIDr. ttntKu lata 
1.00 JlHcrocmo t i t  Itrl 

(18) (10) (10) (34) (20) 
39.73 Pereprionolpio pi"""U 23. 36 Maqelon. Ip. 19.46 IIogolo" .p. 34.47 Plraprionospio pinnaU 21.40 Kagelonl sp. 
17.62 COllurl de 1 U 19.36 _todo 12.22 I. ... rinerit tenuis 17.57 Maqelona Ip. 20. 14 Plrlprionolpio pinnaU 
U.99 Mac)810M sP. 15.74 COllurl de 1 ta 11. 40 COllurl delu 10.49 Call uri de 1 u 14.45 Call uri de 1 u 

6.70 Si�ra tentacullu 6 . 51 I..rineril tlfNh 8.93 CI_ I 1 .  torq.,oto 5.92 I..rinerh unuh 7. 17 I..rineris t.anuh 
5.72 Sabe l l idel oc\lllU 5 . 19 Anc i stroly l l h  pep; l lOH 7 . 63 Plreprionolpio pinnaU 4 . 16 Cl_ne l 1 .  torq.,oUl 4 . 72 JIte.Intl'lll lucci nea 
2 . 57 _todo 3.56 Si�rl tanuculau 4 . 73 _tod. 4.01 Ancistrolyl l i t  papt 1 101<1 3.66 _'ocIO 
2 . 40  Anci strolyl l  i t  p.af) i  t l oSA 1. 98 Slbel 1 idel OC\llaU 4.64 ,, 1 1 "1 Sp.  3 . 39 Sig.mrl tlntKullU 3. 35 MicrophOl h  Itrl 
1.85 Pttricoll phOllaHo,..t s  1.�3 JiUcrophOl i l  itra 4.02 Anchtrosyl l is plpi 1 1011 2 . 72 _todo 3.05 Oiopltrl cuprel 
1.74 L.ri neri I tlnui I 1.30 Stnenetllt boa 3.39 Kald.ne l.rs1 2 . 47 "'Inthel lucd nal 2 . 08 5 thIne I I  i s  bol 

MAR 1. 14 OtQCMtrl cuprel 1. 21 Kal"'WOt� "ulllta 3 . 24 Nelnthits succinel 2 . 10 OiOQltrl cUQrel 1.83 5igUlbra tentlculau 
1.07 CtrefJratulul l "teul 1.07 OiQCMtrl cuprel 2. 44 !)wentl fUlifor'lll s  1. 25 ...,e l t sel Ip. 1. 12 C1Y81ne l l l  tOrquiU 

2 . 16 Micropho l h  itrl 1. 08 Cui noM treaaphorol 1.81 �nll fUl i fo,..il  
1.67 St�ra tlnUCullta 1.03 Sabe l  l ido ocullU 1.57 Acj IIOQhMUI �erri 11 i 
1.61 Glycera dibrlncfti.ta 1.57 Anci stroly l l  is plp i l l osl 
1. 50 01QCMtra cuprea 1.47 KI.,..thoI acu leaU 
1.3% StMM1.1I boa 
1.08 CerefJrltulua lac.tNl 
1.07 c..l l 1lnaua l atispt nll 
1.03 Cil l iinalli $p. 
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Table F·33 (continued) 

Big H i l l  Clu,"r Welt HKkMrry Cl ulter 

Big Hi l l  B i g  H i l l  Control nKk B� ... t HacKberry West HKkMrry Control 

(14) (10) (10) (24) (12) 13.31 ' .... r'f onoact'fo ptnn.lU :14.81 P.,..rionoillio pinn.lU U . •  Cl_lla torqua .. n . 23 'a,.-.r10n0actio piMliU 19.98 Par�rionosofo p i nnaU 
12.16 S- 1 1 I_ oculi" 16.43 !IogoIOlll 'p. 15. !Z P.,..rionospio p i nnat.a 10. 13 !logo I 0lIl <p. 18.82 !IogoIOlll 'p. 
10. 65 !logo I 0lIl ,p. 10.17 sal t ide, ocyllU 10. 46 -. l 1 sel 'p. 7 . 83 S- l l Ido, oculi" 11. 36 ·  S- l l IdH oculi" 

9 . 64  COllura delta 10.15 COllura delta 9 . 49 !logo I 0lIl ,p. 6.80 Collura GlIU 8 . 50  Couura Oilta 
6 . 39 Plrintnul rl.C)i to,..1 ,  5.97 'arant"", ,.-.1 fo,..1 .  8 . 59 COllura delta 6. 75 'arant..hu. r�1fo"'h ' . 86  aurl"doctil ..  _ I s  
1.37 S 1 gMlbra tentlculau 5 . 30 L�r1,.rh tenuit '.87 L�ri"rh t..et"tUi t  5 . 71 Cl�1 1 1  torquac.a '. 12 Oillty l h  sp. 
5. 38 Ancis trosy l l i s  � t 1 1 ol. 2.27 5 1 9.0,.. tantacullU 1. " Ancistrosy l l h  p�1 1 1 ol1 1 . U  L�r1 Mr11 tlnui, 3.83 L�r1Mr1s tenuit 

APR 3 . 95 C i rratu l i s  sp. 1.85 Jllut i n t a  lltera l i s  3. " S.oell ides ocul.ata 3 . 62 Sigallbra tent..iculaU 1 . 80  CI,..oratulul l leuul 
2.03 Ce,..oratu 1 1.1 1  l .cULls 1. 17 C.rearltu 1 UI l .cteu. 2. 35 StgMlbrl tenu,cul.lta 1. 36 Ci rratul i I Sp. 3 . 51 Anchtrosy l l i s pap i l lau 
1. 13 Cuinc.l t.�horol 1. 68 Anc'htro.y l l i s  p�i l l ol. 2. 27 H.rwothOl aculnU 2 . 88  Anci ltrosy l l i s  � t l lola 2 . 49 Meantl'tes succin .. 
1.27 Glyun dibrll'lCnt lC..a 1. '2 C t rr.tu l i s  ,p. 1 . 93 Helnth., sucei "_1 2 . 25 Mpe l i se. Ip. 1. 7' BrachylJrln lOla 

1.11 Ni l'MM nigripes 1. !Z Clr-eOntulul lK;tlUI 2.01 Meentftel suceinell 1.66 Mpe l i sell sp. 
1. 01 Glycara dtbrancntaU 1. '2 "icro� l t s  Itr. 1.93 ClI...ontu 1 us 1 KUu, 1.46 141cropho l h  atn 

1. :14 G1YCIn tluelau 1 . 78 Ot OQatn e��. 1. :14 Glycera tluelliu 
1.04 Pinnixa ehHtopter.na 1 . 38  CarinaN tl"-.et)horol 1. 17 AcJla�""' 'IeM''i l 1 1  

(14) (10) (10) (24) (12) 
:14. 39 P.raprionospio ptnnau 17.52 Plraprionolpio ptnnau 16.22 .... 1 1 "a sp. 18.06 Paraprionolpio pt nnau 16.02 _todl 
10.07 MotoN.l tUl ip. 1'.78 Co, lura de 1 U 11. 80 Plraprionolpio p i nn.aU 15.06 HeMtoda 12. &7 � Iona sp. 

6. Z9 C l rT'.tul is ,po ll.55 _todl 7 . 39 _todI 6 . 40 S.abe 1 1  ide. 4'eu laU 9 . 89 Parlprlonolpia p i nnaU 
6 . 28 COllyri de l U  13. 20  M,tge l onl Ip. 7. 10 Cl_nel l l  torquato 5 . 05 Motoealtul Ip. 9.06 COllur. de 1 u 
5. 67 S-l l ides ocullU 5.92 L�rineri s  tenui t  6 . 66  M,tge l o na  ,po 5 . '5 C1r-nel l 1  t�rqu&u 5 . 79 Jllu l i n ; .  llural il 
5.65 Mage I 0lIl S P • 5. 70 S t gMllbra tent.aculaU 5. 23 Anci stro.y l l h  �1 l 1o .. '. 72 .... I t .c • •  p. 4 . 88  H.rwothoe K u l  .. ta 
5. 55 Si ga.ar. tentacul.u '. 11 Anchtrosyll is PlCli 1 101. '. 15 Corophi u. loui.ianua '. '1 COllura de 1 U 4 . 64  L�r;neris tenuit 
5.01 Ce...orltu 1 u, 1 KlIul '. 12 S.oel l t des oculau 1.85 L�r1 Mrh tenuis 4 . 40  M,tge l o na  ,po 4. 26 S.abel 1 idel oculaU 
2.93 ParanthYI r�l fOl"llh 3.60 P.nntnul rap t fo"'''. 3. 79 COllun delU '.27 Stg.a".. tent.aculau 3 . 41 C l � i 11 torquau 
2 . 82  Anchtrosy l l  i s  � i 1 1ol1 1 . 14 Motoa.estul .p. 3. 50 SiQ..on tent.acu lata 1 . 62 Ct rT'.tul is 'p. }. 38 Motoa.e,tul Ip. 

""y 2. 60 _t .... 2 . 63 Cereor.tulus l lC tius 3. ll Plrlnthul rap i fo,..i s  1 . 31 L.�r;"rit lInuit 2 . 70 M'lerophol i s  atr. 
2 . 32 L..,.,rinerh tenu i t  1 . 86  C l rr.tul t s  SP. 1. 04 01asty l i s  .p. 2 . 26 Ancistrosyl l i s  p4I1i l l ol& 2 . &3 C • ...oratulus l aeteus 
1. 90 Jllu l 1 n i a  later. l i s  1. 2' �rinaN t�ro. 2.93 MNntftes IUCC t nee 2 . 18 Pi nnotneri au 2 . 60 Mpe1 hea .p. 
1.57 P1nnotMrtdM 1.24 .... I i se. lp. 2 . 82  s.be l l t des oculaU 1.89 P.r.nthus r�i fo"'i's 1. 94 S i ga.ara tlntKu laU 
1. 19 ThaI ..... _ l i tU 2 . 6l  Dt09ltra c�"" 1. 56 HarwothOl KullaU 1.35 PannUul rIP; fOl"lli t  

2 . 17 Ce...oratulus lKtlU' 1 . '7 Ce...orltu 1 us 1 KtlUI 1.32 Oiop.tr. e�rH. 
1.75 "1erophol h  atra 1 . 40  Gl yc.r. dibr.ncntau 1. 10 GlyCir. d1brancntau 
1 . 7 1  NotoN.ltus .p. 1 . 38  Jllu 1 i n t .  lltlralh 1.06 Anci.trolyll 1 1  p�t 1 1ou 
1.07 Jllul inta tauralh 1. 12 Ot09ltn eUIJ�' 1.02 c t M".tul 1 s  .p. 
1.01 Harwotholi KulHU 1.16 l4icrot)ho 1 1 s  atrl 

1.09 NNntMs succi nee 

.... -.,_ . 
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Table F·33 (continued) 

Big Hi l l  Cl u.ter Welt Hackberry C luster 

Big Hi l l  Big Hi l l  Con.", 1 Block II.Irou 110 .. HockDorry WHt Hackberry Control 

( 1Il )  (18) 
11.24 '1"..,,,101"lOIp10 piMiU 11.38 Par..,riol"lO.pio pinnate 
15.91 ",,1 1n1. l ater. l i s  14.62 Not-..tUI .p. 
U.51 Mogel ... . p.  12 . 35  *9I l o Ni  Ip.  
U.48 COllura de l ta  B . 81 Si�rl t.ntK�l.U 
1Il . 16 Mot...ll'tUl ,po 8. 48 CiM'ltu l i .  ,po 

7. ZO L�r1nerh tenuh 7 . 91 l�r1 neri , tenui I 

JIll 6 . 06  Clrebrltu 1 u. l .. cteu. 6 . 83 Couura dl1u 
NO �l£S NO �W NO �l!S 4.90 Aftciltrol)' t t  i s  pap i l loll, 4. 76 Thalill .. ..  l itU 

4. 12 S1�rl t.enUCulau 3 . 29  Carearltulu. lutevt 
2. 14 NI_ nigripes 2 . 84  Mul i n i a  ,.tenl h  
1.19 'Irantftul raplto,..i I  2 . 59 Anc.i 'troly i l  is p�tllol1 
lo U ...... u.. succi nee 2.22 Cyclolt .... 'lcUi peftt.l9OfNS 

1.50 01OCNc.rl cupra 
1. U He,..tftoI KU 1 "til 

( 1Il )  (18) 
38.02 'ar..,r1onospto ptftMU 31.60 PUacJr;onaspio pinnllu 
16.75 Il0901 ... . p. U. 66 Sig"'ra tenucullU 

8.28 Collura ct.lU 9 . 58  *9Ilonil ,p.  
6.31 S1�rl tlntacullU 6 . 53 Notoe.al tUI SI). 
4.86 L�r;ner1 1 tenuit 6. 28 COllura del ta 
4.41 C'M'nut i s  'p. 4.86 ct rrltul h 'p. 

JUl 4.23 "" l 1 n1 l  tat.erl l h  3.06 C.rear'tulus IKt...". NO �l£S NO �W NO �l!S 
3 . 66  Glyee". d1branchilU 2.25 L�r1nerh t.enuh 
1.92 c.reoratu 1 .... l ICUu. 2.02 Thll ...... .. I i tu 
1.12 ,....,t". • •  ucci"" 1. 78 LI1);donotu. Iq�t .... 
1 . 68  NQt...I.tus sp. 1.61 �htYI picu 
1.06 D1op.etrl CUP"I 1.33 GIyclrl dibranchilu 
1 . 04  Anc.1 Itro�y 1 1 1 1  � t 1 1alll 1.06 __ (IIoI.l.hurliou) 

1. 06 £u.y 1 1 t s  sp. 

(l0) (18) 
22.11 Il0901 ... . p. 22.03 Mec)tlona Ip. 
10.65 L�rineril tenu i t  U.35 S l �rl tent.aculliU 

8.41 Collura de 1 U 9.16 Couura da1u 
1.03 Par..,rionolpio pinneu 6 . 73 Ci M'ltul t l  sp. 
1.93 Sf�ra tent.aculaU 6 . 28 Plr�rianolp10 ptnnau 5 .88 G1Ycara d1brlnc"iau 5. 53 L�r; neri I tenui I 
4.91 Clre&ratulus tachu. 5 . 21 Not .... tus Ip. 
4.01 J111c",.,no l h  .trl 4.49 Ec"iuridl 
2 . 13 Pfnnixa ct\M�terlN 4 . 26 C.re&rltulul lKteul NO w.l!.5 NO �l!S NO w.l!.5 

AI.C 2.33 SplonlcIM 3. 39 OI"'yl i 1  'P. 
2. 29 Lepidltthenil ... lIr;a 2. 22 Ninoe niqripet 
2. U "1noe niQriPH 2.09 Pfnn;u ,,, .. tooterlna 
2 . 09  C 1 M"ltul .... sp. 1.83 GIYClra di/:lrlnchhU 
2.01 NQtoMitUS Ip. 1. 83 Ll1)fdlltheni. varil 
2.03 Echi uri 0. 1. " Jllu l 1n i l  llterl l i l  
1. 96 Anc.htroly l 1 h  pac»i l lo.1I 1. 52 . Ol_tro cup,. .. 
1.90 OI"'y l l  • •  p. 1 . 23 _I .. ",.yl l i l  POllO I ••• 
1.29 MNntJIH lucci nea 1 . 15  ,"c�1'Ia 1 1 .  Itrl 
1.04 Cl_ll . ..  """'u 1.01 HerMu.oe KulHU 

(9) (U) 
41. 16 Plraprionolpio pinnau 31. 12 Plrl1)r;onolpto pinneu 
14.35 Mage lana Ip. U . 21 Magelona .p. 

6. n Collurl delu 10.20 Clre&ratulul lactlul 
4 . 56  Diop.etra cuprea 6.87 Sil)MlDrl tenucullu 
3.85 G1YCIri d1branc"ilu 6. 16 COllura de l ta 
3 . 81 C1M'ltu l h  .p. 5.03 Glyclra dibrlne"tlu 
3.35 St�ra tentocul.u 2 . 42 J111 c� l t s  Itra 

NO w.l!.5 SIP 2.65 l�r1neril tenuit 1.91 NotoMlUd .p. NO �S NO w.l!.5 
2.00 --- 1.95 ---
1.91 '"_ ..... 1 1 .  Itra 1.92 01op.etrl c:upru 
1.43 Cl_11 . ..  rq .... u 1. 86 l�ri nertl tenuit 
1 . U  Careerltulus l Kteu.. 1.64 Anc.1strol)l'l 1 is p..,i l l olll 
1 . 06  Act1niaria Ip. 1.5S C f "atu l i J  Ip. 

1.50 P1nntu chHtopterlN 
1.21 Ecftiuridl 

(1Il) (18) 
ZO. 53 Par�r1ono.pia pittnau 22.16 Plr�rionolpio p i nneu 
16.85 lllqel ... . p. 17.91 lllqe l  ... . p. 
U.01 S l g_rl tentaeutlu U. Bl C f rrltul h  Ip. 

9 . 89  C1 rrltu l 1 s  sp. 9 . 35 S19_ra tlnuculau 
5. 73 C4.rinou tree.aphoro. 5 . 74 COli uri de 1 t.  .. 
5. 34 Couura 0I 1 U  4.24 L�ri neri . tlnui I 
4.53 l�ri neri . tlnui s 4. 04 Clreerltulus lactlUI 
3. 74 Glycln di brine"; au 3.87 NotClaistU' sp. 

NO s-LES OCT 2.92 Careerltulus l Ieuul 3 . 69 LinopllOru • ..,Igu. NO �lES NO �l!S 
2 . 38  Diopltrl CUP"I 2 . 99  A.nci Jtrosyl l i s  papi 1 1 0  . .  
1 . 99  Notae.as tu. 'p. 1.77 Jl41c�no l i s  atra 
1.95 Linopherus ubigUi 1. 61 Oiopltrl eup"1 
1 . BO  J111cropnol i s  atra 1. 61 Eusyll i s  sp. 
1.BO ll1)id .. theni a varia 1. Sl Glycerl c:lfbranch1lU 
1. n Ninoe nigripes 
1 . 38  Ecl'liuridl 
1. U .... ' hcl sp. 

'only spe<1as cOlllPr i t i nrg  1% or -.," of th. c�nity a" shown. 
b 

...... r in plrlntnelel i s  tne n�r of s....,l .. on ."ieh c�li t1on i s  blll'd. 
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Table F·34. Results of R·mode factor analysis for macrobenthos collected at the 
Texoma study sites from September 1 977 to May 1 978 

Speci es Facto r 1 Factor 2 Factor 3 

Paranthus rap i formi s 0 . 61795 - 0 . 14354 0 . 11735 
Cerebratu l us l acteus 0 . 56710 0 . 11734 0 . 01968 
O i opatra cuprea - 0 . 29133 0 . 32901 0 . 15956 
Gl ycera di branchi ata 0 . 44612 0 . 29541 0 . 26234 
Acetes ameri cana - 0 . 23630 0 . 13436 - 0 . 07743 
Nematoda 0 . 29436 0 . 26248 -0 . 05988 
Anci strosyl l i s pap i l l os a  0 . 32962 0 . 19738 - 0 . 25813 
Cos s u ra del ta 0 . 53834 - 0 . 18641 - 0 . 35839 
Parapri onosp i o  p i nnata 0 . 80999 - 0 . 04950 - 0 . 15047 
S i gambra tentacul ata 0 . 66680 - 0 . 04185 - 0 . 13907 
Cari noma tremaphoros 0 . 23741 - 0 . 08159 - 0 . 02779 
Sabe l l i des ocul ata 0 . 73879 - 0 . 05688 0 . 04378 
Ci rratu l us sp . 0 . 56347 - 0 . 18269 0 . 00462 
Neanthes succi nea -0 . 11486 0 . 85087 0 . 02284 
Oweni a fus i form i s  -0 . 10987 0 . 68156 0 . 20832 
Ampe l i sca sp . 0 . 29515 0 . 50920 - 0 . 03951 
Mi cropho l i s  atra 0 . 23270 0 . 50864 0 . 03456 
Cl ymenel l �  to rquata -0 . 00939 0 . 65580 - 0 . 13927 
Lumb ri neri s tenui s - 0 . 16897 0 . 52648 - 0 . 39768 
Nas sari us acutus 0 . 00636 0 . 09201 -0 . 57213 
Mul i n i a  l ateral i s  0 . 19050 0 . 31804 0 . 76975 
Nuc u l ana concentri ca - 0 . 11716 0 . 10724 0 . 54345 
Mage l ona s p .  - 0 . 02353 0 . 23299 0 . 57128 
Cal l i anas sa  l ati spi na - 0 . 15534 0 . 19111 - 0 . 07556 
Agl aophamus verri l l i  0 . 03146 0 . 10201 0 . 05741 
Ori l onere i s  l onga - 0 . 03312 - 0 . 00257 0 . 03613 
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4.  Facto r 2 defi nes another group p r i mari l y  compri sed of 
po lychaetes , i nc l udi ng Neanthes s ucci nea , C l ymenel l a  
torguata , 1.:.. ten ui s ,  and Owen i a  fusi formi s .  An 
Ampel i sc i d  amp h i pod , Ampel i sca sp . , and the bri ttl e star , 
Mi cropho l i s  atra , were al so i mportant.  Th i s  group i s  
present muc h o f  the year , but wi th greater numbers i n  the 
1 ate wi nter to spri ng.  However , the most cons i stent 
trend di sp l ayed by thi s  group i s  the l ower standi ng 
stoc ks at the B i g  H i l l  and BHC s i tes , where the texture 
of  the sedi ments i s  fi nest. 

F i gures F-68 and F-69 s how the four major station  groupi ngs ( B3 , B4 ,  B6 , 
and B7) and three outl i er samp l es ( B1 ,  B2 , and B5)  that defi ne resu l ts 
of the Q-mode c l uster anal ys i s  of megabenthos data from March 1978 . The 
two most aberrant sampl es  ( B1 and B5 ) come from stati ons wi th very fi ne 
sediment textures and depauperate fauna. The major  c l uster group s  ( and 
s ubgroup s )  correspond quite we l l  to sedi ment grai n s i ze di stri buti on 
wi th secondary spatia l  con s i derati ons , pos s i b l y  based on proxi m i ty to 
other stati ons . The most di vergent of the major  groups i s  composed of 
stati ons at West Hac kberry Contro l and B l ack Bayou , whi ch had the 
coarsest sediment texture . The next group i s  composed mai n ly  of B i g  
Hi l l  samp l es , but al so  i nc l udes fi ne-textured samp l es from other s i tes , 
espec i al l y  West Hackberry. The two groups most c l osely  re l ated , but 
sti l l  qui te di sti nct , are those from West Hackberry ( fi ne to medi um 
texture ) and those from coarse-textured s i tes from West Hac kberry , West 
Hackberry Contro l , and B l ack Bayou.  There are several samp l e s  wh i ch ,  
accordi ng to e i ther sedi ment compos i ti on o r  l ocati on , appeared to 
cl uster wi th the wrong group.  Most of these are BHC sampl es , but the 
one from stati on 13 at West Hac kberry i s  the most puzzl i ng .  

The · res ul ts of  the R-mode c l uster analys i s  for these same March benthos 
data for the Texoma regi on are s hown in F i g .  F-70 . Four major groupi ngs 
emerge , one (A2) consi sti ng of on ly  one spec i e s  Petri co l a  pho l adi formi s ,  
a known cl ay-bottom spec i es that was found on ly  at the B i g Hi l l  s i te .  

Group A3 �ontai ns on ly  two faunal groups , Nematoda and Sabe l l i des 
ocul ata. S i nce the l evel  of  as soci ati on of these two species  i s  not 
h i gh , they do not form a we l l -defi ned eco l ogi cal group i ng .  However , an 
i nvesti gati on of  thei r spatial  pattern reveal s  the i r  greater rel ati ve 
i mportance at the B i g  Hi l l  stati ons , al though there were exceptions , 
i nc l udi ng presence at several stations  wi th coarse sediments . �. 
ocul ata s howed the stronger tendency for occurrence at the B i g  H i  1 1  
stati ons . Li ttl e pub l i s hed i nformati on i s  avai l ab l e  regardi ng the 
sedi ment preference of thi s  tentacul ate s urface depos i t  feed i ng 
po l ychaete . 

G roup A4 cons i sts of  s i x  speci es ( P .  pi nnata , Magel ona sp . , �.  de l ta ,  �. 
tentacul ata , Cal l i anas sa  l ati spi na ,  and Agl aophamus verri l l i ) .  Th i s  
major groupi ng i s  di sti ngui s hed as general l y  not showi ng any sediment 
preference , wi th four spec i es (� pi nnata , Magel ona sp . , �. del ta ,  and 
S. tentacul ata) demonstrati ng ne i ther sediment nor spati al preference . 
In March 1978 , these four spec ; es were the true general i sts of the 
Texoma study area. 
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Figure F·68. Dendrogram of the cluster analysis of macrobenthlc species collected 
during March 1 978 across all Texoma stations. Source: Comiskey et al. 
(1979). 
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Figure F·69. Approximate location of Texoma benthic study sites and stations. 
Zones delineate macrobenthlc species clusters from dendrogram (see 
Fig. F·68). 
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Gro up AI , the l argest group , cons i sts of  the remai n i ng 14 spec i e s , most 
of wh i ch were polychaete s , i ncl udi ng N. s ucc i nea , A .  papi l l osa , 
Harmothoe acu l eata , f. torquata , b. tenui s ,  Q. fusi formi s ,  G l ycera 
d ibranchi ata , and Q. cuprea , as wel l as the bri ttl e star , Mi cropho l i s 
atra , and the nemertean , Cerebratul us l acteus .  Mal dane sarsi showed the 
strongest tendency to occur at stations  wi th the coarsest-textured 
sedi ments .  I n  general the resu l ts for the cl uster analyses and factor 
analys i s  i denti fi ed s i mi l ar trends . 

The rel ati ons h i ps of  total benthos and temperature , sal i n i ty ,  and 
di sso l ved oxygen are s hown i n  F i g s .  F-71 to F-73 . A di sti nct di sso l ved 
oxygen mi ni mum was observed duri ng the J une crui se and i s  documented 
above.  Because frequency of samp l i ng was on ly  month l y , the exact 
durati on of th i s  phenomenon i s  not known . F i g ure F-73 s hows the 
behav i or of the benthi c  megafauna duri ng th i s  time .  There i s  no 
i ndi cation  that there was even a temporary di s rupti on of the benth i c  
communi ty due to the di sso l ved oxygen mi n i mum .  The popul ati ons at B i g  
H i l l  and BHC duri ng J une and J u l y  were a s  h i gh o r  hi gher than those at 
the same s i tes i n  May ( see F i g .  F-67 ) . 

Nekton 

Unl i ke most trawl surveys i n  the Gul f ,  wh ich  uti l i ze commerc i a l -type 
gear to col l ect l arge demersal organ i sms , th i s  study used a smal l mesh 
net (4-mm stretch)  to samp l e l es s  moti l e  and pos s i bl y  more s ens i ti ve 
j uveni l es and smal l er i ndi vi dual s that i nhab i t  the near- s hore reg i o n .  

A total of 112 speci es was col l ected i n  the vi ci n i ty of the B i g  Hi l l  
s i te (Tab l e F-35 ) .  Approxi matel y  40 percent were f i s h , 30 percent 
crustaceans , 13 percent mo 1 1  uscs , and 8 percent coel enterates .  The 
remai n i ng taxa con s i sted of  echi noderms , polychaetes , ctenophores , and 
nematodes . Throughout the study ,  anchov i es , squi d ,  whi te s hrimp ,  
sergesti d shrimp , and sc iaeni d fi s hes  domi nated the catch .  D uri ng 
spec i fi c  seasons , certai n taxa became parti cul arly abundant (Tabl e 
F-36 ) .  Larval and j uveni l e  sci aenids were common duri ng the fal l months 
as was the sea bob s hrimp .  

Res�l ts o f  factor analys i s  o n  the Texoma nekton data col l ected over the 
fi ve s i tes  for crui ses 1 through 8 (September to May)  are presented i n  
Tab l e F-37.  Ei ght factors were retai ned for obl i que rotat i o n .  Analyses 
were performed us i ng SAS 79 procedures wi th Promax obl i que capabi l i t i e s .  
A s  expected , the res u l ts general l y  descri bed temporal  trends over the 
th ree seasons : fal l , wi nte r ,  and spri ng.  

Factor 1 defi ned a strong fal l ( November) assoc i ati on , i nc l udi ng 
Pepri l us paru ( 0 . 84) , l arval sci aeni ds ( 0 . 79 ) , Chi ropsal mus guadrumanus 
( 0 . 67) , Syngnathus l ou i s i anae ( 0 . 58 ) , and Portunus gi bbe s i  ( 0 . 48) . 
Exami nati on of Tab l e  F-36  i ndi cates that several of these taxa made 
S i gn i fi cant contri buti ons duri ng November. The catch di stri buti on of  
l arval sc iaeni ds and f. gibbes i are s hown i n  F i gs .  F-74 and F-75 .  Both 
exh i b i t  maxi mum catches i n  the fal l and spec i fi cal l y  November. Of these 
taxa l oadi ngs on factor 1 ,  f. guadrumanus di spl ayed a s i gn i f i cant 
l oadi ng on another factor ,  i ndi cati ng that i t  contri buted to another 
i mportant trend i n  the data set. 
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Figure F·71 . Plot of month� mean values (over all sites) of total benthic megafauna 
(Indlviduals/m ) and near·bottom temperature ( 0C) in the Texoma study 
region for the period September 1 977 to M ay 1.978. 
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Figure F·72. Plot of month� mean values (over al l  sites) of total benthic megafauna 
(Indlviduals/m ) and near·bottom sal inity in the Texoma study region for 
the period September 1 977 to May 1 978. Source: Comiskey et al. (1 979). 
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Figure F.73. Plot of monthly mean values (over al l  s ites) of total  benthic megafauna 
(number of individuals/m2) and near·bottom dissolved oxygen (ppm) in 
the Texoma study region for the period September 1 977 to May 1 978. 
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Table F·35. Seasonal distribution of organisms taken by otter trawls at the Texoma 
study sites, September 1977 to October 1978 

Honth 

�/Spoc les Sop Oct Nov Doc Feb Har Apr Hay Jun Jul Aug Sap Oct 

COElENTERATA 

Aure 1 1 0  aur l ta W8 B B B B 
Bunodac t i s  texaens i 5 B W B 
Cal l i ac t l s  tricolor W8 W8 W8 WB W8 W8 W8 W8 B B 
Chi ropsa I .. us quadrUilanus W W W8 W W B 
Hlnyas o l l vacel W 
Paranthus raplforalo B B B W8 W8 B W8 B 
StoAla l ophls  lIeleagrli B 
Unidenti f i ed anthomedus l d  B W8 
Unident I f led antholoan W 

CTENOPHORA 

Unident i f i ed ctenophore B 

NEMERL I NA 

Cari noma tremaphoro5 B 

MOLLUSCA 

Abra aequa l i .  W W8 B B B 
Anadara ova 1 i 5 B B B W8 B B B B B B 
Anadara lransveriil W B 
Busycon contrart UII B 
Cal l ocardla tex",lana W B B 

"T'J CantharU5 cance l l a r t u 5  W WB W W8 B B 

I Chi one cancel l ata B B 

...... Lol l iguncula brevh W8 W8 W8 W8 W B W8 W8 B B B B 

W Mul l n l a  latera l l s  B B B B W B B B B B 
� Hassartus aeulus B W B B B 

Huculana concentric. W B B B B B B B B 
Pol l n l ces dup l l catus B B 
Solen vi r i d i s  W8 B W W8 we W8 B 
Tel l i na vers i c o l or B 
Tha t s  haemastoma B B B B B 

ANNEl IDA 

Chaetopterus varl opedatus W W W W W 
Dl opotra cuprea W W B 
Heanthes succ t nea W B 

ARTltROPOOA 

Acetes aillericanu5 W8 W8 W8 W8 W W8 W B B B 
Arenaeus cribrariuii B 
Col l i anassa IIlnlaa B W 
Col i inectes sapldus B B B 
Cal l i  nectes sllli l I s  B W8 W8 W8 
C l ro l ano obtruncata B 
C l ro l ana parva W8 W8 W8 B 
C l ro l ano sp. W WB 
Hepotus ephe l l tlcus W W8 W W W8 WB WB B 
Hepotus pudlbundus W 
Hexoponopeus angus t I frons W 
I s opodo B B 
l I b l n l a  dub i o  W WB WB W W8 W8 W8 W 
Lysiosqui l l a  empusa W8 WB W8 W8 W8 WB WB WB B B B B 
Neopanope texana W W8 WB 
Oval ipes ' I orldanus W B 
Paguristes .oorel W B 



Table F·35 (continued) 

Month 

�/Spee leo . Sep Oet Nov Dec Feb M.ar Apr Hay Jun Jul Aug Sep Oct 
. 

Paguru. pol l le.rh B B B W W W B B 

Pal ae"onetes puglo W 

Penaeu, Aztecu5 W WB B WB B B B B B 

Penaeus set 'I 'eru5 WB WB WB WB WB WB WB WB B B B B 

Persephona medi terran •• WB WB WB B B WB WB WB B B B B 

P i nn i )(a chaetopterana W W 

Polyony. gibbesl WB 

Portunu5 g i bbes I WB WB WB WB WB WB B B B 

Portunus sayi WB WB B 

S l eyon i a  brevlrostrh B B B 

S l eyon t a  dorsa l h  W WB WB W 

Speocarc inu5 lobatu. 
W 

Sphaeroma quadrldentatua B B 

Traehypen.eus . 1 ,, 1 1  i s  B B W B 

Unidenti fied i s opod 
X l phopenaeus kroyerl 

ECHINODERMATA 

A.tropeeten ant i l l ensh 
luidla c l a thrata B B 

Hieropho I h atr. 
B 

Unldent I f led hoi othurol d  
B 

9!Q!!Qill 
-n 

Aehl rus l i neatus B 

I Anehoa hepsetus WB WB W B B 

t-' Aneho • •  1 tehl l l  I WB WB Wb WB WB WB WB WB B B 

W Artus fe l l s  W B WB WB B B 

Ul AstrosCopu5 y-graeclMI W WB 
Bagre marinu$ WB WB B 

Brevoort i a patronus W B B B 

Caran. h l ppoo B W 
Caran)( ruber B B WB 
Chaetodlpteru. taber W B W B B 

Ch loroscombru5 chrysuru5 WB W W B B B B B 

C I thartehthyo opl lopteruo B WB 

Cynosc i on arenarius W B WB WB B B 'WB WB B B B B 

Cynosc i on nebulosus B W W W B 

Cynoscion nothus WB WB WB WB WB WB WB B 

Etropus crossotus W 

Harengula pensacolae W 
larimus fas c i atu5 W B B WB B B 

B 
larval anchov i e s  
larval s c i aenlds W WB WB B B 

leiostolllus )(anthurus W WB WB WB WB WB B B 

leptocepha 1 U5 1 arvae W W WB 
Hent i c  i rrhus allericanus WB WB W W 

H1cropogon undul atus WB WB WB B WB B WB WB B B B 

Hug i 1  cepha l u. B 

Myroph i s  punctatu5 B B 

Ophiehthus gOlles l  
B 

Oph l d l on we l s h l  WB WB WB B WB 

Op i s  thone,," 09 I I nua WB W B 

Orthoprhth ehry.optero 
B 

Pepri l us burti W W WB B 

Pepri l  uS paru W W B B B B 

Polydaetylu. oetone.uo WB B WB W B B B B 

Porlehthys poros h. lau. B WB WB B B B B 



-n 
\ 

I-' 
W 
m 

PHYLUM/Sped e5 

Prl onotu. rublo 
ScolDberoIDoru5 civil l .  
Sphoerol de. parvus 
Sphyraena guachancho 
Ste1 1 l fer l anceolatu. 
SYllphurus plagluu 
Syngnathus louhi anae 
Synodu5 toe tens 
Triehiurus l epturus 
Umbrlna coroides 
Urophyc h f l or l danus 

·W- -West Hackberry . i t. 
B--B i g  H i "  s i te 
WB--Both s i te s .  

· Table F·35 (continued) 

Sap Oct Nov Oee 

iii \/8 \/8 
B 

\/8 \/8 \/8 W 
W 

\/8 \/8 \/8 WB 
\/8 WB WB 

B \/8 
W 

iii W 
\/8 

Konth 

feb Mar Apr Hay Jun Ju\ Aug Sep Oct 

B B WB iii 

B B 

B WB WB B B 
\/8 WB \/8 \/8 B 
\/8 WB 

W B 

B WB 



Table F·36. Seasonal and site patterns of otter trawl community dominance 

Weot Hackberry c l u.ter Big H i l i  c l uster 

Big  Hi l l  B i g  Hi l l  Control B l ack Bayou We. t Hackberry Weot Hackberry Control 

( 3)" ( 1 )  (2) (3) (2) 
27 . 07 X I phopenaeus kroyerl 94 . 94 Acet., a.ertcanus 76. 95 Anchoa .1 tchl 1 1 1  5B. 72 Acetal ... r i canus 33. 46 Anchol .1 tcM 1 1 1  
23. 25 Acetes ameri canus 1 . 49 loi l i guncula brev i .  1 4 . 64 lo 1 1 1 guncuh brev i s  lB. 59 Penaeus set t faru .. 26. 20 lol 1 lguncula brev i s  
13. 17 Penaeus set t ferus 3. 38 Acet., americanus 1 7 . 11 Mlcropogon undul atus 1 1 . 93 Ch loroscollbru. chrysurus 

8 . 31 Mlcropogon undulatus 1 . 56 Mlcropogon undulatu. I . Bl Cyoolcton IIrenartu5 7 . 17 Plnaeus set t ferus 
4 . 95 Cynoscion nebulo5us 6 . 45 Acetes amer i canu, 

SEP 4 . 00 Cyno5cton no thus 3 . 70 Anchoa hepsetu, 
3 . 97 Anchoa .1 tchi 1 1 1  3 . 55 Ophldlon .. e l sh l  
3 . 48 Anchoa hepsetus 2 . 73 Ch lrop.al.us quadru.anus 

2 . 60 Cal l 1 ac t l s  t r i color 3 . 32 Ste l l  i fer 1 onceo latus 
2 . 65 lo 1 1  i guncu 1 0  brev I s  
1 .  42 lyslosqul 1 1 a empusa 

( 3 ) (2) (2) (3) (3)  
34 . 74 Acete, amed canus 3 . 49 Aceta, uertcanus 39 . 52 Acetal aaericanus 8 1 . 74 Aceta, &Mrt canus 47 . 9B Anchoa .Itchl l l l  
33. 96 X i phopenaeu5 kroyert 5.43  Cyno.clon arenarl u s  34. 69 Anchoa .1 tchl 1 1 1  7 . 20 X l phopenalu. kroyerl 16. 94 lo 1 1 1  guncu I a brev I s  
16. 85 Ste 1 1 l fer lanceo latus 5. 29 Xlphopenaeus kroyerl 7 . 21 loi l l guncula brev i s  2. 27 loi l l guncula brev i s  14 . 66 Penaeus set t ferus 

2 . 67 Penaeus set t ferus 1 .  53 lol 1 lguncul a  brev i s  5 . 77 Cynosc I on nothu. 1. 58 LetostOllu, xanthurus 6 . 13 Anchoa hepsetu. 
OCT 2 . 62 Cynoid on nothu5 1 . 38 Penaeus set t ferus 3. 53 Penaeus set t ferus 1 . 23 Penaeus set t ferus 3 . 46 Portunus glbbe.1 

1 .  81 S i cyon Ia dorsal i s  1 . 77 Portunu. glbbesl 1 . 18 Ste 1 1 l fer  lanceolatus 3 . 01 Cyno5c i on nebulo5ui 
1 . 60 Portunu5 sayt 1 . 66 Sphoero I des parvu. 1 . 86 lys l osqu 1 1 1  a e.,pusa 

-n 1 .  01 Portunus g l bbesl 1 .  36 Ch lorosco.wru, chrysurus 1 . 20 S i cyonia dorsal i s  
1 .  0 1  Ste1 1 l fer l anceolatus 1 . 00 Cynos c l on nothu. I 

-W -.....J ( 3) ( 2 )  (2) (3) (3)  
2 7 . 44 X l phopenaeu. kroyerl  4 1 . 58 lnv.1 scl aenld. ' 47 . 49 Acetes aller i c anus 17 . 76 Penaeus s.t i ferui 69 . 33 Acetes americanus 
1 8 . B9 larval s ctaenids 26 . 20 lol 1 lguncula brev i s  16. 46 larya I sc l aenlds 16 . 31 Acelei a .. r i canus 10. 25 Cynoscl on nothus 
14. 28 Ste l l i fe r lanceolatu. 12 . 32 Penaeus set t ferus 7 . 68 Mlcropogon undulatu. 1 1 . 44 Anchoa .ltchl 1 1  I 7 . 25 loi l l guncula brev i s  
1 2 . 52 Acetes allert canus 3 . 04 Chl rop.al.,us quadr .... nu• 7 . 49 lol 1 l guncu1o brev i s  B. 6B Ste i l l fer  lanceolatu. 3 . 65 Portunu5 glbbesl 
12. 39 Penaeus set i ferus 2 . 58 Pepr l l us paru 6. 73 Cynoscton nothui 7 . 72 Ca I I I  nectes 0 1 111 1 1 5  3. 51 larval .c laenlds 

6. 18 lo 1 1  i guncu 1 0  brev I s  2 . 01 Ml cropogon unduhtuo 4 . 80 Cynosc t on arenar i uS 6. 20 Portunus glbbesl 1 . 62 Penaeus set 1 ferus 

NOV 1. 53 Cal l 1 ac t i s  tricolor 1. 79 Cal l 1 ac t l s  tricolor 2 . 00 Anchoa .1 tchl l l l  5 . 41 Mlcropogon undulatu. 
1. 4 1  Portunus g l bbesl 1 .  53 Cyn05cton nothus 1. 47 Penaeus set 1 ferui 4 . 88 Cynosclon nothu. 

1 . 48 Portunus gibbesi 1. 1 1  Portunus glbbesl 4 . 16 lo 1 1 1  guncu la brev h 
1. 00 Ste l l i fer lanceolatus 3 . 87 lyslo.qui l l a  e .. pusa 

2 . 76 Cynos c i on nebul05uS 
1 . 54 larval sc laenlds 
1 . 46 X l phopenaeus kroyerl 
1 . 05 Porl chthyo poros l s s l.uli 

( 3 )  ( 2 )  ( 2 )  ( 3 )  ( 3 )  
36 . 40 X iphopenaeus kroyerl 9 1 .  31 Acet., alDericanus 45. 03 Acetes a.eri canus 76 . 08 Acetes a.eri canus 5B . I0 Anchoa .ltchl 1 1 1  
29. 72 Acetes a.eri canus 2 . 36 Cyno.clon nothus 29. 56 laryal oclaenld. 12 . 61 larval .claenlds 26. 25 Acetes atlericinu5 
10. 38 larval s c l aenlds 2 . 22 lol 1 l guncula brev i s  1 3 . 79 Anchoa hepsetus 3 . 33 Anchoa .1 tch i I I I  10. 45 lol 1 l guncuh brevh 
4 . 89 lo 1 1 Iguncula brev i s  1 .  50 Ancho • •  I tch l l l l  3 . 49 Anchoa . l tchl l l i  2 . 1 0  Cynosc10n nothu5 3 . 14 larval .c iaenld. 

DEC 4 . 62 Penaeus set t ferus 2 . 57 lol 1 l guncula brev i s  1 . 33 Penaeus set i ferus 1. 79 Cynosc10n nothus 
3 . 1 4  Ste1 1 l fer l anceol.tus 1 . 54 lysi osqui l l a e"",usa 1 . 12 lo l l i gunc�la brevh 
2 . 99 Cal l 1 acth tricolor 1 . 08 Cal l 1 acth tricolor 
1 . 05 Cynosc t on nothus 
1. 03 Symphuru. plagi u.a 
1 . 01 lyslosqul 1 1 a  e"pusa 



Table F·36 (continued) 

Big H i l i  c l uster Weot Hacl<barry e l uoter 

Big Hi l l  B i g  H i l i  Control B l ack Bayou We. t Hac I<barry Weit Hael<berry Control 

( 3 )  ( 2 )  0) ( 3 )  (2 )  
75. 83 Anehoa .. \ teh l l l i  61. 1 0  Aneho. III tehl 1 1  I 52. 05 Penaeus let t feru, 83. 3 1  Anchoa II I  tchl 1 1  I 67. 45 Anchoa IIltchl l l l  

9 . 52 Penaeus set 1 ferul 25. 28 Hlcropogon undulatu. 29 . 45 Aneho. IIltchl l l l  5 . 31 Penaeu • •  et I toruo 8. 16 lY510squi l l a  ellpus. 
7 . 89 Anthomedus l d  spp. 5 . 26 Brevoort 1. patronus 2 . 74 Ophldlon wehhl 2 . 18 Cal l iacth tricolor 6. 09 Penaeus let 1 terus 

FEB 4 . 1 9  Hlcropogon undulatus 4. 38 Penaeus ,.t 1 ferus 2. 74 SYllph'!ruo p lagl un 1. 23 CantharUi cancen .r i ul 3. 95 Pepr I I  u. burt I 
1 . 07 Cal l i aeth trleolor 2 . 36 Pol l n l eoo dup l l eatuo 2 . 05 C.ntharuo canee l l arl us 1 . 06 SYllphurus p hgl us. 3 . 78 Trachypenaeu. sllli l 1 5  

2 . 05 Portunu5 glbbesl 3 . 19 Ca l l i act I s  trlco lor 
2 . 05 Hl cropogon undulatuo 2. 33 Po l l nlee. dup l I eatuo 

1 . ll le 1osto.us )(anthuru, 

(3)  ( 2 )  ( 2 )  (Z)  ( 2 )  
33 . 9 1  Penaeus set 1 ferul 7 . 10 Penaeuo .at I terus 61. 35 AntholBeduo ld opp. 55 . 04 Anthoaedusl d opp. 54 . 03 Anehoa III tchl l l i  
13. 08 Anthomedu. l d  spp. 7. 0 1  Ancho. III  tch l  1 1  I 3. 20 Cllaetodlptorus t.bor 27 . 73 Anehoa III tch l l l i  ll. 69 Cal l i ae t h  tricolor 

8. 79 Anelloa IIi tchl 1 1  I 1 . 55 Hlcropogon undulatu. 3 . 20 Antholoa 8 . 04 Penaeul ,.t 1 ferul 6 . 91 Neopanope texana 
5 . 37 Hicropogon undulatui 4. 38 Penaeus let 1 ferul 4. 5J Cai l l acth trleolor 4. 09 Persephona lIed i te rrane. 
1. 63 SYlDphurus plaglusa 1. 76 Ca i l lacth tricolor 1 . 26 U b i n l a  dubla 3 . 66 Penaeus set 1 'erus 

MAR 1. 52 Stel l i fer lanceolatuo 1. 42 Po Iyony. glbbes I 3 . 10 Polyony. glbbesl 
1 . 17 lol l iguncula brev l i  1 .  22  Hepatus ephe l l tlcus 2 . 95 Antholledus i d spp . 

1. 93 Portunus g l bbes I 
1 . 40 P i nn i xa chaetopterana 
1 .  39 Cantharus cance l l a r l us 
1 . ll lys i osqui l i a  empusa 
I . ll Sy"phurus p l agl us. 

OJ I 
( 3 ) (2) ..... (2) (3) ( 2 ) 

w 25. 12 Anc hoa .ltchl l l i  22. 47 Hlcropogon undulatuo 4 1 . 23 Anchoa III tchl l l l  29. 16 Hlcropogon unduhtu. 38. 66 Cynosc 1 on nothu5 
(X) 1 9 . 04 Micropogon undulatul 18. 57 Cyn05d on nothus 1 1 . 03 loi l i guncula brovl i 14. 26 Cynosdon nothuo 14 . 60 Anchoa IIi tchl l l l  

15. 86 Cyoosc 1 on nothul 14. 18 Ancllo. IIltchl l l l  9 . 40 Cyno5C I on no thus ll . 89 Penaeus ,.t 1 ferus 14 . 52 Cynosc i on arenariu5 
6 . 97 Acete, amert canul 12 . 70 Penaous oet i feruo 9. 21 Arlus t. l h  9. 38 Cai l lacth trleolor 9 . 07 Acetes amerieanus 
6. 14 Penaeu9. set 1 ferus 7 . 95 lo l l iguncula brevh 8 . 65 Ca l l i acth t .. -Icolor 5. 92 Symphurus p i aglus. 3:ti - Penaeus set I terus 
4 . 35 Hul l n i a  l atera l l s  6 . 64 Poruphona lIedl terran .. 4 . 89 Acet., a •• ricanus 5 . 46 Ancho. ll i tch l l l l  3 . 41 lystosqui l l a  e..pusa 

APR 3 . 51 Cal l i ac t h  tricolor 4 . 57 Arluo te l h  4 .  20· Peprl l U5 burt I 4 . 99 lys tosqul l la empusa 2 . 53 Cai l lact i s  tricolor 
2 . 89 Polydactyl us octone.U5 2. 53 lyslo.qui l l a  e"",us. 3. �7 Polydactyl us octonellus 2 . 81 Arlus to l h  2 . 29 Arlus te l h  
2 . 59 le i ostolltus )(anthurus 2 . 09 Polydactyl us octoneaus 2. 38 Trlchl urus lepturus 2 . 25 Persephona aedi terrane. 2 . 05 lol l i guncula brevh 
2. 1 5  Trichluruo lepturus 1. 78 Prlonotuo rublo 1. 57 Ub{nla dubla 2. 18 Pagurus po i l icarh 2 . 01 larillus 'asc i atus 
2. 06 A r t us taI l s  1 .  28 Sto l l  I ter l anceo latus 1 . 19 C i t  a r l chthys spl lopterus 1. 97 Urophyc t o  tl o rl danus 1 . 20 leiosto.us )(anthuru5 
1 . 66 larimus fasciatus 1 . 05 Tha t o  haellas tOlla 1 .  81 Po l i nicao dup l l catuo 1 . 11 Hepatus ephe 1 1  t I cus 
1 . 08 Symphurus plaglusa 1 .  05 larillu, ta.datus 1 . 55 Hepatus eph. 1 i t Icus 1 . 06 Hicropogon undul a tu. 

1 . 31 Acetes americanus 1 .  50 Sy.phurus pl aglusa 

(3)  ( 2) ( 2 )  ( 3 )  (2)  
73. 30 Ca l l i necte. sl.1 I 1 s  60 . 15 Ca I I I  noctes 01.1 1 1 0  22 . 94 Anchoa III tchl l l i  46. 73 Ca l l i noctes 01 111 1 1 5  33. 56 Anchoa al tchl 1 1  I 

8. 32 Penaeus set 1 ferus ll. 59 Pan.euo .at I terus 1 7 . 87 Cynosc 1 on arenar 1 U5 12. 75 Hlcropogon undu latu5 14. 05 Ca I l inectes s tlli l i s  
46. 1 Hul l n t a  latera l l s  10. 79 Hleropogon undul atus 14 . 29 Cynoscion nothus 10. 84 Ancho. llitchl l l i  8 . 55 Po Iydactylus octoneauo 
4 . 24 Hlcropogon undulatus 5 . 7 1  Anchoa II I  tchl l l l  ll. 39 Ca l l i necteo s llli l i s  7 . ll Acetes •• ericanu5 7 . 60 Cynosc i on nothus 
2 . 47 Ancho • •  i tchl l l l  3 . 19 Polydactylus octonelluo 9 . 06 Hleropogon undulatus 4 . 31 Cynoscion arenarius 6 . 08 Cynoscion arenariu5 

HAY 1 .  25 Polydacty l us octonellus 2 . 42 Cynooc l on nothus 5 . 28 Polydactyl us octone.uo 2 . 67 Cynoscion nebulosu5 4 . 87 Penaeus set i ferus 
1 . 19 St.l l i ter l ancaolatu. 4 . 67 Poprl lus burtl 2 . 46 Polydactyl us octone.uo 4 . 85 Hlcropogon undulatus 
1 . 1 2 C�l l i ac t i s  tricolor 2 . 90 Ca l l iacth tricolor 2 . 15 Penaeus 5at 1 ferus 4 . 49 lo l l i guncula brev i s  

2 . 62 Penaeus set 1 ferus 1 .  37 Cynosc i on nothus 3 . 17 Pepr l l us burt I 
2 . 56 lyolo.qu i l i a elDpusa 1 . 29 Pepr l l u. burtt 2 . 84 Cal l i act i s  tricolor 

1 . 22 lysiosqui l l a  ellpun 2 . 07 Acetes ameri canus 
1 . 07 Symphuruo p l ag l usa 



Table F·36 (contlnue'd) 

Weit Hackberry c l u.ter Big HI l i  c l uoter 

Big H i l I  B i g  H I l i  Control Black Bayou West Hackbarry W •• t Hackberry Control 

( 3) (2) 
JUH 99 . 09 Paranthu. rapl for.h 97.86 Paranthuo rapl to� t o  

NO SAMPLES NO SAMPLES NO SAMPLES 1. 16 Ch loroscollbrui chrysuru5 

( 3 ) ( 2) 
84 . 82 Ch 1 oroscowrui chry5urui 39. 02 Mul l n l .  l .tera l t o  

6 . 48 Lol I l guncul a  brev l i  36. 10 Chl oro.co�rui chryourus 
JUL 1 . 89 Penaeu5 aztecu5 22. 34 Anadara oval t o  N O  SAMPLES NO SAMPLES NO SAMPLES 

1. 75 Pepr l l  uS paru 1 . 06 Lol I lguncula brev i s  
1 .  26 Hul l n i a  l ateral h 1 . 06 Lyolooqu i l l a  empusa 

( 3) ( 2) 
19. 60 Hu I I n i a  latera l i s  19. 16 Ch 1 oroscollbrus chrysurui 
15. 97 Hlcropogon undulatu5 5.41 Lo I I  I guncu 1 .  brev I s  
10. 58 Cyno5 c i on arenar ius 4 . 13 Mul l n l .  lateral t o  

6 . 21 Po 1 ydac ty 1 us octone.us 1. 93 Anadara o�. l l s  
5 . 59 Lol l i guncula IIrev l s  1 .  48 Penaeus aztecu5 
5 . 31 Anadara ova 1 1 5  1 .  01 Acetes uericanu5 
5 . 13 Acetes americanu5 1 .  01 Hlcropogon undul a tus NO SAMPLES NO SAMPLES NO SAMPLES 

AUG 4 . 28 Persephona medi terranea 
3. 19 Abra aequa l l s  
2 . 11 Lys iosqui l I a  ellpusa 
1. 51 Penaeus aztecu5 
1. 45 Portunus g i bbesl 

"'T1 1 . 30 Nassariu5 acutu5 

I 1. 14 Penaeus set i ferus 
........ 
W 
� (3) ( 2 )  

49 . 35 Larval sc i aenlds 44 . 62 Acetes ... ri canus 
9 . 15 Aure 1 i a auri ta 19. 93 Mu

'
l I n l .  Iater. l l s  

1 . 65 Hu l l n i a  l ateral I s  5 . 31 Anchoa . I tchl l l i  
5 . 42 Ch l oro5combru5 chrysurui !> . 29 Ch 1 oroscoMrus chrysurul 
5 . 01 Abra aequa l i s  4 . 13 Pol l nl c85 dupl lcatus 
4 . 07 Penaeus set 1 feru5 3. 16 Bunodact 1 0  texaens l s  
3 . 22 Lys i osqui I \a ellPuo. 2 . 39 Lysiosqul l l . ellPusa 

SEP 2. 42 Hicropogon undul atus 1. 94 Persephona mediterranea NO SAMPLES NO SAMPLES NO SAMPLES 
2 . 28 Persephona medi terranea 1. 91 Larva I schenlds 
1 . 94 Cynoscion arenariu5 1 . 59 Cal l 1.cth tricolor 
1 .  31 Anadara ova 1t 5 1 . 15 Tha i s  haemastolla 
1 . 03 Chaetodl pterus faber 1. 01 Chi one cance l l ata 

1 . 06 Penaeus Aztecus 
1. 06 Penaeus set t terus 

( 3) (2) 
43. 11 Lol l i guncula brev i s  53 . 99 Lo l l lguncul a brev ii 
30. 66 SphaerolDa quadrldentatu. 29.85 Acetes a.ericanu5 NO SAMPLES NO SAMPLES NO SAMPLES 
12 . 15 Acetes americanu5 6 . 45 Anchoa .ltchl 1 l 1  

OCT 7 . 35 Anchoa .1 tchl l l i  2. 04 Per.ephon. Mdl terrane. 
1 .  34 Abra aequa I i s  1 . 80 Hul i n t .  latera l t o  
1. 19 Penaeus set i ferus 
1 . 18 Portunus glbbesl 

'Only specie. compri s i ng 1% or IIOr. ot the connunl ty are .hown. 

'Number I n  parentheses I s  the number ot .. .pIe. on which co.po. l t l on Is b ••• d. 

. . 



Table F·37. Results of factor analyses for major trawl groups in the Texoma region 
(cruises 1 through 8) 

Spec i es name 

Factor 1 

Pepri l us paru 
Larval sci ae n i ds 
Chi ropsal mus quadrumanus 
Syngnathus l ou i s i anae 
Portunus gi bbes i  

Factor 2 

Cal l i nectes s i mi l i s 
Po lydactyl us octonemus 
Cynosci on arenari us 
Paranthus rapi form i s  
Pepri l us burti 
Mul i ni a  l ateral i s  

, M i  cropogon undu l atus 

factor 3 

Urophyc i s  fl oridanus 
Ari us fel i s  
Lari mus fasci atus 
Cynosc i on nothus 
Symphurus pl agi usa 
Persephona medi terranea 
Pagurus pol i cari s 
Hepatus ephe l i ti cus 
Tri chi urus l epturus 
Micropogon undul atus 

Tha i s  haemastoma 
Po l i n ices dup l i catus 

Factor 4 

Po lyonyx gi bbes i 
Neopanope texana 
Chaetopterus vari opedatus 
P i nnixa chaetopterana 
Leptocephal us l arvae 
Hepatus ephe l i ti cus 
Pagurus po l l i cari s 
Pes ephona medi terranea 

Pri ncipal 
l oadi ng 

0 . 84 
0 . 79 
0 . 67 
0 . 58 
0 . 48 

0 . 79 
0 . 76 
0 . 59 
0 . 62 
0 . 68 
0 . 46 
0 . 35 

0 . 67 
0 . 58 
0 . 61 
0 . 52 -
0 . 39 
0 . 47 
0 . 39 
0 . 38 
0 . 34 
0 . 39 

0 . 37 
0 . 47 

0 . 74 
0 . 69 
0 . 61-
0 . 52 
0 . 46 
0 . 42 
0 . 38 
0 . 36 

Loadi ng on 
other factors 

F- 140 

7 (0 . 42) 

3 ( 0 . 39)  
7 ( 0 . 33)  

6 ( 0 . 36)  
3 ( 0 . 51) 
4(0 . 36)  
4(0 . 38) 
4(0 . 42) 

2 ( 0 . 35)  
7 ( 0 . 33)  

3 (0 . 38 ) 
3 (0 . 39)  
3 (0 . 47 )  

Seasonal i ty 
(crui se)  

3 
3 , 4 

3 
2 , 3 , 4 , 6  

3 

3 , 8 
7 , 8 

1 , 2 , 3 , 7 , 8 
8( 1 0w # ,  al l cr) 

(5 , 7 ) 8 
7 , 8 -

1 2 (3  4) 
(5 6 )  (7=8 ) 

6 7 
2 , 3  '7 

3 , 4 , 6 ,8 , 7 
1 , 2 , 3 , 4 7-8 

2=3 4 5 6-7 8 
6 7 a 

2
-

7 
3 , 5 ,6 , 7 8 

3 , 4 7 8 
1 2 (3 4) 
( 5  6 )  (7=8) 

1 , 6  7-

5=7 

6 
6 

6-7 8 - '  
5 , 6  

(4 5 )  6 
3 , 5 , 6 ,  "7 8 

2 7 -

6 "7 8 

S ite 

W> E 
W> E 
W=E 

E>W 

E=W 
E=W 
E>W 
W=E 
E>W 
W» E 
W> E 

E>W 
E>W 
W> E 
E>W 
E>W 
W> E 
E>W 
E>W 
W> E 
W> E 

W> E 
W> E 

E 
E 
E>W 
E 

E>W 
E>W 
W> E 



Table F·37 (continued) 

Pri  nci pa 1 Loadi ng on  Seaso na l i ty 
Spec i es name l oadi ng other factors ( crui s e )  S i te 

Factor 5 

Po rtu nus sayi 0 . 87 8 ( 0 . 30 ) 1 2 W> E 
S i cyo n i a  dorsal i s  0 . 80 8 ( 0 . 31) 1 2 3  W=E 
X i phopenaeus kroyeri 0 . 75 1 � (3 4) W» E 
Ste l l i fe r  l anceo l atus  0 . 62 7 ( 0 . 34) 1 2=3 4 , 8  W> E 
Acetes .  ame ri canus 0 . 54 1 � ( 3  4) (7 , 8) W=E 

Factor 6 

Sphoero i de s  parvus 0 . 73 2 , 3  E>W 
Penaeus aztecus 0 . 67 2 3 ( 7 , 8) W> E 
8agre mari nus 0 . 44 1 , 2  E=W 
Symphurus p l agi usa - 0 . 39 3 ( 0 . 51) 2=3 4 5 6 7 8 E>W 
Cyno s c i o n  nothus 0 . 36 3 ( 0 . 52) 1 2 3 4 7-8 E>W 
Ch l o ro scombrus chrysurus 0 . 36 5 ( - 0 . 31) 1: 2 , 3  W» E 
Opi stho nema ogl i num 0 . 30 1 2 E>W 
Acetes ameri canus 0 . 30 5 ( 0 . 54) 1 £ ( 3-4) (7 , 8 )  E=W 

Factor 7 

Oph i di on we l s hi  0 . 53 1 2 3=5=8 . E>W 
S i cyo n i a  b revi rostri s 0 . 57 (1=3 ) 4 W> E 
Pori chthys para s  i s s·i mus 0 . 48 5 6 7 8 W> E 
Penaeus s eti ferus 0 . 52 1=2 (3 4) 5 � 7 8 W> E 
Mi c ropogon undul atus 0 . 33 2(0 . 35)  3 4(5  6 )  (7=8 ) W=E 

3 ( 0 . 39)  
Ste l l i fe r  l anceo l atus 0 . 33 5 ( 0 . 62)  1 2=3 4 , 8  W> E 
Cynosci on  nebul osus  0 . 32 1 2=3 , 8 E>W 
Chi ropsal mus quadrumanus 0 . 42 1(0 . 67 ) ·  3 W=E 

Facto r 8 

Li b i n i a  dub i a  0 . 48 1 2=3 4 5 6 7 8 W=E 
S i cyo n i a  do rsal i s  0 . 31 5 (0 . 80 )  1 2 3  W=E 
Portunus sayi 0 . 31 5 ( 0 . 87 ) 1-2 WJE 
Nucu l ana concentri ca - 0 . 44 3 4=5�6=7 WJ E 
Anadara o l i vari s - 0 . 40 1=4=5=6 7 8 WJJ E  
Ci ro l ana parva - 0 . 35 1(0 . 30)  2=3 4 . WJE 
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Figure F .. 74. Abundance of larval sciaenids (individuals/unit effort) at the Texoma 
sites in 1 977 and 1 978: (a) by cruise, (b) by site. 

·
Source: Comiskey et a l .  

(1 979); 
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Figure F.75. Abundance of Portunus gibbesi (individuals/unit effort) at the Texoma 
sites in 1 977 and 1 978: (a) by cruise, (b) by site. Source: Comiskey et al. 
(1 979). 
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Spec i es l oadi ngs on factor 2 di sp l ayed a temporal trend characteri zed by 
h i ghest dens i ti es i n  May .  S i x  spec i es exh i b i ted sal i ent l oadi ngs above 
0 . 40 on factor 2 .  These were Ca l l i nectes  s i mi l i s ( 0 . 79) , Polydactyl us 
octonemus ( 0 . 76) , Cynosci on arenari us ( 0 . 59) , � rapi formi s ( 0 . 62) , � 
burti ( 0 . 68) , and � l ateral i s  ( 0 . 46 ) .  Paranthus rapi formi s was 
col l ected al most excl us ive ly  i n  May and J une . Th i s  was fol l owed by a 
4-month peri od with no catc h .  One exp l anati on o f  thi s  occurrence mi ght 
be i ncreased v u l nerab i l i ty to the trawl wi th a change i n  behav i o r .  P .  
rapi formi s i s  a burrowi ng anemone wi th l ow s uscepti b i l i ty to trawl s. 
However ,  these organi sms may emerge from the substrate duri ng peri ods of 
l ow di sso l ved oxygen as observed on the June samp l i ng cru i se .  Thi s  
wou l d al so expl ai n thei r di sappearance from the samp l es when more normal 
oxygen 1 eve 1 s were restored. Shrimp have al so bee n observed changi ng 
behav i or patterns i n  the presence of l ow di s s o l ved oxygen (Huddart and 
Arthur , 1971) . 

P .  octonemus  and C .  s i mi l i s both di sp l ayed spri ng- fal l di stri buti ons . 
Low catches of  P . -

octonemus duri ng June and J u l y  probab l y  refl ect l ow 
di s s o l ved oxygen-val ues . Both taxa l oaded heav i ly  on factor 2 as a 
res u l t of the i r  predomi nance duri ng May. 

Hi cropogon undul atus exhi b i ted a 1 oadi ng of 0 . 35  on factor 2 and was 
al so s i gn i f i cant on factors 3 and 7 as a res u l t of i ts ubi qui tous , but 
seasonal ly  fl uctuati ng , occurrences ( Fi g .  F-76 ) .  The l arge catches i n  
Apri l and May were the res u l t o f  spri ng recrui tment o f  young-of-the-year 
croaker to the offshore regi on . No M. undul atus were captured i n  June 
at the B i g  H i l l  s i tes  duri ng an anoxi c  peri od.  Overal l abundance 
appeared l owest at the West Hackberry contro l s i te .  

C .  arenari us di spl ayed a broad , var i ab l e di stri buti on much l i ke that of � undul atus wi th peak abundance in the spri ng (May) due to new 
recru i ts .  A second peak i n  the fal l occurred wi th an i nfl ux of young 
adul t fi  s h .  Low numbers i n  June and J u l y  may be the res u l  t of poo r 
water qual i ty ,  l ow di s s o l ved oxygen ,  and h i gh temperature . 

A l arge group of spec i es was characteri zed by factor 3 ( see Tabl e F- 37 ) .  
Al l occurred primari l y  duri ng the Apri l cru i s e .  Loadi ngs o n  thi s  factor 
were not as strong as for the previ ous two factors . S i x  spec i es had 
1 oadi ngs above 0 . 40 . These were Urophyci s fl  ori  danus , Ari us fe 1 i s ,  
Larimus fas c i atus , Pol i n i ces  dupl i catus , Persephona medi terranea , and 
Cynosci on nothus . Exami nation  of F i g .  F-77 reveal s the b i modal 
d i st ri but i on of C. nothus , wi th a reduced abundance i n  F ebrua ry and 
March and duri ng the s ummer at the B i g  H i l l  s i te .  

Facto r 4 1 oadi ngs , al ong with those for factors 2 and 3 ,  c l  early 
demonstrate the dynami c nature of the wi nter-spri ng commun i ti es at the 
Texoma s i tes . Thi s factor was characteri zed by a l arge group o f  
i nvertebrates with common spri ng occurrences .  These i nc l ude � gi bbes i , 
Neopanope texana ,  Chaetopterus vari opedatus , and P i nnixa chaetopterana . 
Three taxa had l oadi ngs greater than 0 . 38 on factor 3 .  Th i s  group 
defi nes an as s embl age most common to the eastern s i tes  i n  March . 
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A September to October group was descri bed by factor 5 .  F i ve taxa were 
characteri zed by scores  above 0 . 54. These were Portunus sayi  ( 0 . 87 ) , 
S i cyon i a  dorsal i s  ( 0 . 80 ) , Xiphopenaeus kroyeri ( 0 . 75 ) , Stel l i fer 
l anceo l atus ( 0 . 62) , and Acetes ameri canus ( 0 . 54) .  Al l were important 
members at the B i g  H i l l  s i tes . Abundance of Stel l i fer l anceol atus i s  
shown i n  F i g .  F-78 . Peak catch occurred i n  October and November. A.  
ameri canus was col l ected pri mari l y  i n  the fal l wi th a peak i n  October 
( F i g .  F-79 ) .  The sea bob , �. kroyeri , exh i b i ted a sal i ent l oadi ng 
( 0 . 75)  on thi s  factor .  Exami nati on of  F ig .  F-80 reveal s that al most the 
enti re catch was taken off B i g  H i l l  i n  fal l 1977 . 

Factor 6 can be characteri zed as an early  fal l as sembl age wi th greater 
domi nance at the eastern s i tes . Three taxa , Sphoero i des  parvus ( 0 . 73 ) , 
Bagre mari nus ( 0 . 44) , and Penaeus aztecus ( 0 . 67 ) , scored above 0 . 44 .  
Two spec i es , Symphurus pl agi usa and £. nothus , were al so characteri zed 
by factor 3 ,  as we l l  as the mixed-spri ng assemb l age . These spec i es 
appear to be seasonal mi grants through the regi on duri ng fal l and spri ng 
peri ods . 

Factor 7 descri bes a general assemb l age of  organ i sms that were 
consi  stentl y present throughout much of the study .  Four speci es had 
sal i ent l oadi ngs above 0 . 48 .  These were Ophi di on we l shi  ( 0 . 5 3 ) , 
S i cyon i a  brev i rostri s ( 0 . 57 ) , Pori chthys poros i ss i mus  ( 0 . 48) , and 
Penaeus seti ferus ( 0 . 52) .  The fact that P. seti ferus was ubi q u i tous 
over space and ti me i s  consi stent wi th the characteri zati on of the 
di ffuser area ( 30-ft contour) as the whi te shrimp grounds . 

A second group of i nvertebrates , s i m i l ar to those defi ned by factor 4 
(east s i tes ) , were characteri zed by factor 8 for the western s i tes . 
Loadi ngs were not strong , rangi ng from 0 . 30 to 0 . 48 .  Two taxa , S .  
dorsal i s  and � sayi , had stronger l oadi ngs on factor 5 ,  representi ng-a 
peak fal l (October) abundance . Three speci es , Nucul ana concentri ca ,  
Anadara ol i vari s ,  and Ci rol ana parva , di spl ayed negati ve l oadi ngs on 
factor 8 ( see Tab l e  F-37 ) . N .  concentri ca and A.  o l i vari s both 
exhi b i ted strong temporal ( spri ng) trends . � parva had a weak ( 0 . 30)  
1 oadi ng on factor 1,  whi ch characteri zed a peak dens i ty for November 
through December. 

For the peri od of anal ys i s  (September 1977 to May 1978) , Ch l oroscombrus 
chrysurus was col l ected excl us i ve ly  i n  the fal l ( F i g . F-81) . Duri ng the 
remai nder of the program , th i s  speci es was captured i n  l arge numbers i n  
summer at the B i g  H i l l  s i te s .  Because of the absence of mos t  demersal 
forms in June and the general 1 ack of recovery in July , seasonal 
mi  grati on patterns are somewhat mas ked . In Jul y ,  most of the trawl 
commun i ty was made up of � chrys urus and mol l uscs . � chrys urus was 
not present i n  December through June , maki ng a sudden appearance i n  Ju ly  
and decl i ni ng  through September and i nto October.  The l ow numbers i n  
October were cons i stent for both years . Thi s  speci es i s  bas i cal ly a 
seaso nal member of the communi ty .  Gossel  i nk et al . (1979) report C .  
chrys urus as a common member of shr imp trawl catches i n  s ummer months . 

-----

P .  seti ferus , whi ch s howed con s i stent numbers ( 6  to 21 i ndi v i dual s /uni t 
effort) from September through May , di sappeared i n  June and di d not 
recover unti l September ( F i g .  F-82 ) , fol l owi ng the normal pattern of  
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i ncreased abundance i n  the fal l due to recru i tment from the estuari es . 
Large catches of  P .  seti ferus were made i n  March at the B i g  Hi l l  c l uster 
of s i tes . P .  aztecus ( F i g .  F-83 ) was comp l ete l y  absent from December 
through March and present in l ow numbers duri ng spri ng , di sappeari ng 
comp l etely  in June.  H i ghest numbers were found in August and September.  
The i ncrease in numbers dur i ng l ate summer (August and September) most 
probab l y  represents a 1 ate recrui tment of i ndi v i  dual s from the 
estuar i es . A s i m i l ar s i tuation was reported by Chi ttenden ( 1979)  for 
the area off Freeport , Texas , duri ng the same ti me .  Xiphopenaeus  
kroyeri ( see F i g .  F-80 ) , present from September through December (3 to 9 
i ndi v i dual s/trawl ) ,  was absent duri ng the rest of the study , fai l i ng to 
reappear i n  the fal l of  1978 . Thi s  member of the trawl commun i ty s howed 
a great degree of s i te- speci fi c  and temporal vari ab i l i ty .  It  was 
captured al most excl u s i ve l y  at the B i g  Hi l l  s i te i n  the fal l of 1977 , 
s ugge sti ng a h i gh degree of corre l at i on with some s i te-speci fic 
envi ronmental vari ab l e ( s ) . 

An i mportant res u l t evo l vi ng from the study was the presence of mul tip l e  
s i ze c l asses of whi te shrimp , rangi ng from 5 to 160 mm , i n  the 
near- shore area most of the year ( F i gs .  F-84 to F-86) . The presence of 
1 ate post 1 arvae and j uveni 1 es i n  these waters duri ng wi nter tends to 
veri fy that shrimp may overwi nter i n  the near- s hore Gul f or at ti mes may 
use i t  as a nursery area. Mortal i ty rates i n  the northwest Gu l f  are 
extreme l y  hi gh , app roachi ng annual l eve l s of 95 to 99 percent 
(Chi ttenden and McEachran , 1976 ) .  Few spawn i ng- s i ze i ndi v i dual s (>140 
mrn) were col l ected at the 3 . 5-mi l e  s i te .  

Demersal Commun i ty Tran s i ti on 

Al though no s i te- speci fi c  data have been col l ected out to a 12 . 5-mi l e  
s i te ,  l i terature rev i ew reveal s that the region  probab l y  represents the 
o uter range of the wh i te shrimp grounds and the trans i ti on zone i nto the 
brown shrimp ground� , a trend s i mi l ar to that for Bryan Mound and Wee ks 
I s l and s i tes  (Chi ttenden , 1979 ; Landry and Armstrong , 1980) .  

Movi ng offshore to deeper ,  more stab l e  envi ronments , two factors exert 
pressure on nekton commun i ty compo s i ti on . D i stance from estuari ne 
nursery grounds pl aces a practi cal l i m i t  on the outer range of spawn i ng 
grounds for most estuari ne-dependent taxa. S�cond , young of most taxa 
are general l y  recrui ted at more s hal l ow depths than those at wh i ch they 
spawn (Metzbower et al . ,  1980) .  Thus , j uveni l es of the more stab l e 
offs hore brown s hri mp grounds envi ronment are often recrui ted withi n the 
outer range of the wh i te shrimp grounds . Beyond these general i ti es , the 
occurrence of an i ndi v i dual , schoo l , or shoal i s  often di rectly 
i nfl uenced by envi ronmental vari abl es s uch as temperature , sal i nity ,  
nutri ents , turb i d i ty ,  and di s so l ved oxygen . Common members of the brown 
shrimp commun i ty are presented i n  Tab l e F-38 . Brown shrimp , l ong- spi ne 
porgy , l i zardfi s h ,  and s earobi ns are often abundant i n  the trans i ti onal 
regi on duri ng l ate s ummer and fal l (Ch ittenden , 1979 ; Comi s key et al . ,  
1980 ; Landry and Armstro ng , 1980 ) .  
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Table F·38. Common members of the brown shrimp grounds nekton comm u nity 

Brown shri mp 

Gul f crab 

Longspi ne porgy 

Shoal fl ounder 

Bl ac kfi n searob i n  

B l ackear bass 

Pancake batfi s h  

Rock sea bas s  

Mexi can fl ounder 

Mexi can searob i n  

I nshore l i zardfi s h  

Large scal e l i zardfi sh  

Rough scad 

F- 1 58 

Penaeus aztecus 

Cal l i nectes s i mi l i s 

Stenotomus capri nus 

Syaci um gunteri 

Pri onotus rubi o 

Serranus atrobranchus 

Hal i euti chthys acul eatus 

Centropri sti s phi l adel ph i ca 

Cycl ops etta chi ttendeni  

Pri onotus paral atus 

Synodus foetens 

Sauri da brasi l i ensi s 

Trachurus l athami 



Hi stori cal Benthi c  Studi es i n  the B i g  H i l l  Area 

Studies  by Kei th and Hu l i ngs ( 1965) and Harper ( 1970 ) prov i de data on 
the sediments and benthi c megafauna of near- s hore areas s i mi l ar to the 
Bi g Hi l l  3 . 5-mi l e  s i te ,  and transect i nvesti gati ons by Hul i ngs ( 1955)  
and Kennedy ( 1959) prov i de benthi c  megafaunal and sediment data for the 
same general area encompas s i ng both B i g  Hi l l  s i tes ( Fi gs .  F-87 to F-90 ) .  
Al though nei ther the Hul i ngs nor Kennedy studi es i ncl uded sediment 
analys i s ,  sedi ment data from the Magno l i a Petro l eum Company F i e l d Lab 
were used and are adequate for nonquanti tative compari sons . In  general , 
the near-s hore sediments out to approxi mately  30-ft i sobath tend to be 
Beaumont cl ay and cl ay mud , changi ng to an i ntermedi ate zone of patchy 
s edi ments that range from cl ay mud to sand. Sandy- s he l l y  sedi ments 
general l y  predomi nate i n  the areas surroundi ng Heal d and Sab i ne Ban ks . 
The 3 . 5-mi l e  di ffuser s i te i s  l ocated i n  approxi mate ly  30 ft of water i n  
the Beaumont cl ay and cl ay mud s edi ments . The 12 . 5-mi l e  s i te i s  
s i tuated on mixed , patchy sedi ments i n  approxi mately  40 ft of  water.  

Kei th and Hul i ngs ( 1965 ) conducted a study i n  the s ub l i ttoral zone 
between Sab i ne Pas s and Bol i var Poi nt ( Fi g .  F-87 ) ; they avoi ded a l arge 
Beaumont cl ay outcropp i ng ,  but samp l ed sandy and muddy bottom habi tats . 
Resu l ts i ndi cated two di s ti nct benth i c  faunas i nhab i ti ng sand and mud 
substrates , respecti vel y .  The polychaetes Paraoni s  sp . , Streb l ospi o 
benedi cti , Hapl oscol opl os fragi l i s ,  and Spi o  setosa al ong wi th the 
amp h i pod Haustori us sp .  were di agnosti c of sand s ubstrates , wh i l e  the 
po l ychaete Neanthes s ucci nea and the amphi pods Coroph i um cyl i ndri cum and 
Ampi thoe sp .  were col l ected i n  mud sediments . The sand and mud 
sedi ments were h i gh l y  unstab l e ,  and benthi c organi sms i nhab i ti ng mud 
s ubstrates s uffered heavy mortal i ty as the effect of hurri cane 
turbul ence . 

The Harper ( 1970 ) study was conducted i n  water depths of 3 to 11 m off 
Gal veston , Texas ( F i g .  F-88) . The study al so  found ' certai n speci es 
characteri sti c of sandy ,  mi xed , and muddy bottoms , respecti ve l y ,  and 
noted general l y  unstab l e sediment in the near-shore area (Tab l e F-39 ) .  

The transect i nvesti gated by Hu l i ngs ( 1955)  extended 22 mi l es from shore 
j ust east of the B i g  Hi l l  di ffuser s i tes  ( F i g .  F-89) . Beach and 
near-shore stati ons were characteri zed by Beaumont cl ay ,  cl ay mud , and 
sandy mud sedi ments . Thi  s dredge study was concerned primari ly wi th 
characterizati on  of mo l l uscs and di d not i nc l ude pol ychaetes or 
crustaceans . The bi val ve Petri col a pho l adi formi s and tubes of the 
pol ychaete worm , Oi opatra cuprea , were common i n  the beach and 
i nterti dal dredge col l ecti ons . Hu l i ngs · data i ndi cate that the 
sedi ments i n  the v i c i n i ty of the 3 . 5-mi l e  s i te (stati ons 11 to 14) are 
predomi nantly cl ay mud , wi th l i ttl e or no l i ve mol l uscan fauna col l ected 
(Tab l e  F-40 ) . Hul i ngs states : liThe cl ay mud s ubstratum i s  a veri tabl e 
desert as far as the mol l us can fauna i s  concerned. I I  

At stati ons i n  the v i c i n i ty of the offshore s i te ( stations  16 to 18 , 
F i g .  F-89) , Hu l i ngs found patchy sedi ments (wi th sand , sandy mud , cl ay 
mud , and shel l debri s ) , al l occurr i ng i n  the general area . Sandy , 
s hel ly  sedi ments are more predomi nant i n  the Heal d and Sabi ne Ban k 
areas , whi ch  are l ocated offshore of  the 12 . 5-mi l e  di ffuser s i te .  
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Figure F.87. Locations of stations and distribution of sediments for the Keith and 
Hul ings (1 965) study. Source: Keith and Hul ings (1 965). 
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the area shown on the larger chart. Source: Harper (1 970). 
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Table F·39. Animal communities in the Galveston area in  relation to substrate type. 

Sandy bottom 

Sec o::a o rdcr 

Tcr�bra di s l ocata  ( G) 
�c frrta qu 1 r.o u i espc rfa ra ta ( El 
h9� 1.£!.-'Jl ca rous  m-
L \ � l r. l a  � (young )  (e)  

Source: Harper (1 970). 

Mi xed bottom 

F1 rst o rder Tercbra protexta (G )  
Second o rde r 

Ab ra. ,egua l i s  ( 13 )  
tJrbu a carfba�a ( 13 )  
Acteon puncto s tr i a tus {G) 

Legend 
B - B i val v i a  
e - Crustacea 

E - E ch i nodcrm4ta G - Gas tropoda 
P - Polychae ta 
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r�uddy bottom 

F i rs t  ordnr 

D l o�atra �rea ( P )  
ifUc�uTana co riCC;;trl ca ( 13 )  

Second o rde r 

Stcrna os i s  scutata  ( ? )  
Spi06detoJ_t..":!J!.s ocul a tus ( P )  
Luna rca o va 1 i s  ((1) 
voTviJip.Y'-�c\ s i c\na ( G) 
Fi"krcnh:ilTs il tra rET He"iTiTphOITS" e loiiCja ta  ( E ) 



Table F·40. Distribution of mollusk species according to sediment types 

Spot Samp l e 

Sta .  

11 
12 
13 
14 
15 
17 

10 
18 
19 

31 
33 

No . 

16 
20 
21 
24 
29 
30 
32 
36 
38 
41 

S h e l l s 

0 
0 
0 
0 
0 
0 

8 
o 
o 

o 
o 

a 
40 
78 
81 

0 
122 

15 
40 

141 
28 

C LAY MUD 

Li ve 

0 
0 
0 
0 
0 
0 

SANDY MUD 

o 
o 
o 

MUDDY SAND 

o 
o 

a 
0 
1 
0 
a 
1 
2 
0 
3 
0 

SAND 
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Sta.  

43 

44 
46 

47 
49 

50 

Dredge Samp l e 

No .  S h e l l s  

40 

425 
26 

995 
1 , 907 

335 

Li ve 

0 

1 
2 

6 
68 

4 



Table F·40 (continued) 

SAND AND SHE LLS OR S H E L L  D EBR I S  

Spot Samp l e  Dredge Samp l e 

Sta .  No . She l l s  Li ve  Sta .  N o . She 1 1  5 Li ve  

22 896 7 45 5 , 992 8 
23  894 7 48 10 , 898 320 
25 394 20 51 3 , 939 150 
26 147 1 
27 500 0 
28 91 1 
37 75 1 
39 62 3 
40 632 11 
42 670 3 

Source: HUl ings (1 955). 
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Stati ons l ocated i n  mi xed and shel l y  sedime nts contai ned a ri cher 
mo l l uscan fauna , wi th s hel l y  s ub strates prov i di ng attachment s i tes for 
mo l l uscan ep i fauna.  

Kennedy ' s (1959 ) study was conducted i n  an area approxi mate l y  12 
nauti cal mi l es west of the 12 . 5-mi l e  s i te and cons i sted of a seri es of 
18 dredge stati ons  al ong a transect extendi ng from near- s hore (15-ft 
depth) to the edge of the Conti nental She l f between Sab i ne Lake and 
Gal veston Bay ( F i g . F-90 ) .  Stati ons  samp l ed by Kennedy i n  the same 
general depth zone as the 3 . 5-mi l e  s i te al so  reveal ed outcrops of the 
fauni sti cal l y  depauperate Beaumont cl ay .  The bi val ve Mul i ni a  l ateral i s  
and the gastropod Nas sari us acutus were promi nent spec i e s .  I n  the 
v ici n i ty of the offshore s i te ,  Kennedy found patchy sedi ments i nc l udi ng 
sandy mud , muddy sand , and shel ly  sand. Characteri sti c speci es i n  thi s  
zone i ncl uded the bi val ves Corbu l a  swi fti ana and Anadara transversa 
al ong with the gastropods Terebra protexta and Nati ca pus i l l a . Overal l ,  
Kennedy found that the stati ons from 10 to 60 ft contai ned more l i vi ng 
representati ves than the deeper stati ons , wi th near- s hore stati ons 
s i tuated on  Beaumont cl ay s ubstrate bei ng the most depauperate . 

I n  s ummary , the studi es  by Ke i th and Hu l  i ngs (1965 ) and Harper (1970) 
i ndi cate that (1) di fferent substrates s upport characteri stic  benthi c  
faunal assemb l ages ; (2)  sandy , mi xed , and muddy near- s hore sedi ments are 
h i gh l y  unstab l e ;  and ( 3 )  the effects of h urri cane turbul ence frequently  
res u l t i n  mas s  mortal i ty of  near- s hore benthi c organi sms . The  Hul i ngs 
(1955)  and Ken nedy (1959) studi es i ndi cate that the Beaumont c l ay and 
cl ay s ubstrates common i n  the 3 . 5-mi l e  s i te area are fauni sti cal l y  
depauperate compared wi th the mi xed , sandy , or s he l l y  substrates l ocated 
i n  the v i c i n i ty of the 12 . 5-mi l e  s i te .  Hard cl ay sedi ments i nh i b i t  the 
b urrowi ng acti v i ti es of anne l i d  and mo l l uscan fauna , res u l ti ng i n  
l owered popul ati ons and a general l y  l es s  favorab l e benthi c  habi tat. 
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I ntroducti on 

APPENDIX  G . 1 
SHRIMP  ECO LOGY 

The l i fe cyc l e of commerc i al l y  i mportant penae i d  s hr imp has been the 
subj ect of numerous i nvesti gat i o ns .  Accordi ng to Kutkuhn ( 1966a)  
spawn i ng occurs in  the nearshore Gu l f ,  produc i ng l arge numbers of 
mi croscop i c ,  semi buoyant , demersal  eggs , wh i ch ,  wi th i n  hours , hatch i nto 
smal l ,  p l anktoni c naup l i i .  Deve l opment proceeds rap i dl y  through the 
protozoal and mys i s  stages , wi th the l arval s h r i mp be i ng transported 
l andward toward to mouths of estuari es .  The amo unt of ti me e l aps i ng 
between hatch i ng offshore and entry of the one- hal f i nch postl arval 
shr i mp i nto b rac ki s h  waters i ns hore i s  usual l y  three to fi ve wee ks . 
Once i n  the estuary , the postl arvae qu i c kl y  trans form i nto j uveni l es .  
Over the subsequent two to fo ur months , they grow rap i d l y  and reach 
commerc i al s i ze short l y  before the i r return to the sea , where the l i fe 
cyc l e  i s  comp l eted ( Kutkuhn 1966a) . The management p l an for the shr imp 
f i shery of the Gu l f of Mex i co ( G u l f of Mexi co F i s hery Management Counc i l 
1980 ) and an earl i er reg i onal  management p l an ( Chri stmas and Etzol d 
1977 ) are other sources of i nformati on on  the s hr imp fi shery ,  i nc l udi ng 
di scus s i ons  on l i fe h i story , b i o l ogy and pop u l ati on  dynam i c s . 

Reproducti on 

I n  penae i d  s h r i mp ,  the femal e rep roducti ve system cons i sts of two 
parti al l y  fused ovari es , wh i ch contai n s i x  to e i ght l ateral p rojecti ons 
i n  the cep hal othorax

' 
and a posteri or dorsol ateral l obe , extendi ng the 

1 ength of the abdome n .  Fi ve stages of ovari an deve l opment are now 
general l y  recogni zed:  

1 .  Underdevel oped ova smal l and tran s l ucent , ovari es 
s l ender and f l acc i d . 

2 .  Devel opi  ng - ovari es opaque , ye l l  owi s h  wi th scattered 
me l anophores , granul ar i n  appearance .  

3 .  Nearly r i pe - ovari es l arger , yel l owi s h  b rown i n  P .  
aztecus , yel l owi sh  orange i n  P .  seti ferus . 

4 .  R i pe - ovar i es gol den brown i n  P .  aztecus , drab o l i ve 

5 .  

brown i n  P .  seti ferus . 

Spent - ovari es greatly  reduced 
green i n  P .  set i ferus ; 
res emb l i ng devel op i ng and 
rep resent mul ti p l e spawn . 

i n  s i ze ,  f l acc i d ,  muddy 
becomi ng ye 1 1  ow and 

nearly r ipe  stages may 

Mature i nd i v i dual s appear capab l e  of spawn i ng 500 , 000 to a mi l l i on eggs ; 
however , the number actual l y  re l eased may depend on vari ous  factors , 
i nc l udi ng mul t i p l e spawn i ng .  
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Femal e wh i te shr imp are b e l  i eved to reach sexual matur i ty at about 
135 mm (Moffett , 1970 ; L i ndner and Bai l ey ,  1968 ) . In mal es , the j o i n i ng 
of the petasma 1 endopods occurs wi thi  n a s i ze range of 105 to 127 mm . 
B urkenroad ( 1934) stated that mal es possess  spermatophores of maxi  mum 
s i ze and devel opment at a l ength of 155 mm . Effecti ve sperm , however , 
i s  p resent  i n  spec i mens  as smal l as 118 mm. 

Copu l at i on i n  P .  seti fe rus i s  thought to take p l ace pr imar i l y  between 
hard- s he l l ed ind i v i dual s i n  offs hore waters but ri pe  femal es have 
occas i onal l y  been co l l ected i ns i de bays and estuari es ( L i ndner and 
Anderso n ,  1956 ) .  Duri ng copu l ati on , the mal e spermatophore i s  anchored 
to the the l ycum of the femal e by var i ous attachment  mechan i sms , 
i ncl  udi ng an adhes i ve produced by the mal e and mod i fi cat i o ns of  the 
exos ke l eton i n  the fo rm of  br i st l es and p l ates i n  the femal e ( L i ndner 
and Bai l ey ,  1968 ) . 

Femal e b rown s h r i mp mature at about 115 to 135 mm (Moffett , 1970 ; Renfro 
and Brusher , 1964 ; Burkenroad , 1934) . Mal es  wi th j o i ned petasmal 
endopods are usual l y  found between  l engths of 85 and 101 mm ( L i ndner and 
Bai l ey ,  1968 ) and are con s i dered capab l e  of spawn i ng at l east by the 
t i me they reach 135 mm (Moffett , 1970 ) .  The the l ycum of f.  aztecus  
di ffers from that of  P .  seti ferus i n  that it  i s  co n s i dered c l osed .  
Copu l at i on  appears to occur wi th soft- s he l l ed femal es wi thout regard to 
ovari an devel opmental stage . 

Early L i fe H i story Stages 

The eggs of Penae us spp . are demersal and s i n k  i n  s ti l l  water ; however , 
the i r  spec i f i c  grav i ty i s  c l ose  to that of seawater , al l owi ng them to be 
eas i l y moved by the currents . Egg devel opment  may be re l ated to 
temperature , and hatch i  ng occurs wi th i n 12 to 14 h .  Both taxa pas s 
through fi ve naupl i ar ,  three  protozoal , two mys i d ,  and two postl arval 
stages .  These  ear l y  l i fe h i story s tages are usua l l y  co n s i dered 
p l ankton i c .  However ,  the i r d i stri buti on  i n  the water co l umn may depend 
i n  part on  s uch factors as t i me , temperature , turb i d i ty ,  sal i n i ty ,  
prox i m i ty to t i dal pas ses , and stage of devel opment .  

The earl y devel opmental stages wi thi n genera of the fami l y  Penae i dae are 
so morpho l ogi cal l y  s i mi l ar that , at any g i ven stage , the var i ous spec i es 
cannot be  read i l y  d i st i ngu i s hed ( Cook  and Murphy , 1971) . Descri pti ons  
of the earl y l i fe h i story s tages of brown and wh i te shr imp can be fo und 
i n  Cook and Murp hy ( 1971) and Pearson ( 1939 ) .  Exami nati on of Tab l e  
G . 1- 1  reveal s the h i gh degree of s i m i l ari ty between  s i zes o f  the two 
spec i es .  

F i e l d s u rveys di sagree as to whether postl arval s hr imp exh i b i t  d i e l  
rhythms . Much e v i  dence s hows maxi mum numbers o f  post  1 arvae i n  the 
s u rface at n i ght ( Tabb et al . ,  1962 ; Baxter and F urr , 1964 ; Cope l and and 
Tru i tt , 1966 ; and Wi l l i ams and Deub l er ,  1968 ) . Temp l e  and F i scher 
( 1965)  fo und vert i cal  m i grati o n  o f  penae i d  postl arvae duri ng t i mes of 
strati fi cati on , wi th upward mi grati on at n i ght and a return to l ower 
depths at dawn . When water was i s othermal , no vert i cal d i fferences were 
seen . Wi l l i ams and Deub l er ( 1968) al so  s howed that br i ght l i ght at 
n i ght dras ti cal l y  reduced catc h .  A l so , h i gher catches were made duri ng 
the new moon than ful l moo n .  Jones  et  al . ( 1970 ) found  no s i gn i f i cant 
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Table G.1 ·1. 

Larval  
Stage 

� 

Na upl i us 
1 
2 
3 
4 
5 
Proto zo ea 
1 
2 
3 
Mys i s  
1 
2 
3 

Approximate sizes of the various larval stages of b rown and white 
shri m p  

Whi te S h ri mp Brown Shri mp 

Di ameter 0 . 28 mm Di ameter 0 . 26 mm 

Ra nge ( mm) Range ( mm )  

Length Wi dth Length Wi dth 

0 . 30-0 . 34 0 . 16-0 . 20 0 . 32-0 . 38 0 . 18-0 . 21 
0 . 32-0 . 34 0 . 16-0 . 18 0 . 3 6 -0 . 41 0 . 20-0 . 21 
0 . 3 6-0 . 40 0 . 14-0 . 16 0 . 36-0 . 43 0 . 20-0 . 23 
0 . 38-0 . 44 0 . 16-0 . 18 0 . 41-0 . 47 0 . 22-0 . 22 
0 . 46-0 . 56 0 . 16-0 . 20 0 . 43 -0 . 58 0 . 18-0 . 22 

0 . 80- 1 . 14 0 . 89- 1 .  21  0 . 40-0 . 49 
1 .  3 0- 1 .  70 1 .  28 -2 . 01 0 . 72-0 . 87 
2 . 20- 2 . 60 2 . 40-2 . 59 0 . 93 - 1 . 40 

3 . 20-3 . 80 3 . 20-3 . 50 1 . 10-1 . 30 
4 . 00 -4 . 40 3 . 30-4 . 20 1 .  20- 1 . 40 

3 . 90-4 . 70 1 .  30-1 . 50 

Source: Cook and Murphy (1 971) and Pearson (1 939). 
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di fference between the numbers of postl  arvae caught at the s u rface 
dur i ng the day and those caught dur i ng the n i ght . However , Temp l e and 
F i scher  ( 1965 ) found  parti al verti cal separat i o n  of i mmature stage s i n  
the water co l umn when a we l l -defi ned di scont i n u i ty l ayer was present and 
the wate r was excepti onal l y  c l ear.  Postl arval stages occurred more 
frequently near the s urface . Fonta i ne et al . ( 1972)  found postl arvae 
occu rri ng i n  greates t  numbers near the s u rfac e .  On the other hand , St .  
Amant et al . ( 1966 ) , Berry and  Baxter ( 1969 ) , and Cai l l o uet et al . 
(1968) found no d i fference i n  postl arval b rown s h r i mp d i stri but i on wi th 
depth . 

Seaso nal i ty of L i fe H i story Stages 

The month l y  percentage of femal e wh i te shr imp i n di fferent stages of 
ovari an devel opme nt i s  shown i n  F i gure G . 1- 1  for the Loui s i ana offshore 
f i s hery ( Li ndner and Anderson , 1956 ) . By September  and October , 
spawni  ng appears to be comp l ete and i s  represented by the dec l  i ne i n  
ri pe ovari es  and the i ncreas e i n  the occurrence o f  spent i ndi v i  dual s .  
Cons i derab l e e v i dence ex i sts that P .  seti ferus may spawn more than once 
du ri ng the seas o n .  The percentage of  spent femal es  rema i ns l ow 
throughout the s ummer , and ev i dence of  s ubseque nt redevel opme nt of 
ovari es  has been reported by L i ndner and Bai l ey ( 1968) . 

Catches of postl arvae appear i n  waves  ( F i gure G . 1-2 ) , s uggest i ng 
per i od i c  di fferences i n  spawn i ng pu l ses  or  i n  s urv i vo rs h i p  of l arval 
stages . These f l uctuati ons  cou l d  res u l t from f l uctuati ons  i n  
env i  ronmenta 1 cond i ti ons  s uch as currents , oxygen def i c i ts , and 
predat i o n  i f  prol onged cont i nuous  spawn i ng does occur .  Gai dry and Wh i te 
( 1973 )  stated that samp l i ng for wh i te s h r i mp postl arvae i nd i cated that 
mo st  enter Lo u i s i ana estuar i ne waters from J u ne to September ,  wi th the 
f i rst prese nce of j uven i l es occurri ng i n  June  and J u l y  and recrui tment 
cont i nu i ng through September .  

The pres ence of r i pe and  spent  s h r i mp i ndi cates that the spri ng spawners 
occ ur i n  depths between 9 and 17 fathoms (Tab l e G . 1- 2 )  around J une ; a 
second gro up of spawners appears i n  depths of  1 e s s  than 9 fathoms and 
s ubsequent ly moves to deeper waters as the members cont i nue to mature 
through August and September .  Members of the spri  ng- spawned group , 
al though not mature , are found i n  s hal l ow depths i n  August and move off 
s hore i n  September .  

Larger wh i te s h r i mp move t o  offshore waters ( afte r estuari ne growth)  
from J u l y  through September .  Few shr imp are fou nd i n  s hal l ow wate rs 
from December through February , wi th the app roac h i ng wi nter premature l y  
movi ng j uveni l e  wh i te s h r i mp from the shal l ow n urs ery areas i nto the 
l arger l a ke s ( e . g . , Cal cas i eu Lake ) or  stag i ng areas and fi nal l y  i nto 
the Gu l f ,  where they remai n  fo r the wi nter , w i t h  many reenter i ng the 
es tuari es i n  ear ly  spri  ng .  The 1 argest i ns hore popu l  at i o ns  of wh i te 
sh r imp occur i n  Apr i l ,  May , August , and September .  The popu l at i o n  of 
the i nshore deep l a ke s and bays from J u l y  to December depends mai n l y  on  
rec ru i tme nt of s h r i mp from the  n u rse r i es , and  the spri ng i ns hore 
popU l at i o n  depends on  rec ru i tment from the offshore overwi nteri ng 
stocks . The h i ghest de n s i ty of wh i te s h r i mp i n  offshore waters occurs 
from November through January .  
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Monthly percentage of female shrimp, according to stage of ovarian 
development, appearing on the spawning grounds in the Lou isiana off. 
shore f ishery. The data are from the period December 1 941 to November 
1 942. After August 1 942 this figure includes only shrimp approximately 1 
year old or more. Source: Lindner and Anderson (1 956). 
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Table G.1 ·2 . Distr ibution by stages of ovarian development and by depths, of female 
shri m p  in Louisiana offshore f ishery, December 1 941 to N ovember 1 942 
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Based on  of  the j uven i l e  abundance i n  estuari es , G unter ( 1950) proposed  
a brown s hri mp spawn i ng peak  i n  February and  March .  However , Moffett 
( 1970 )  reports that brown s hri mp spawn off Texas between 25 and 30 
fathoms throughout the year and spawn i ng occurs  between 10 and 25 
fathoms from ' March to December .  Renfro and Brusher ( 1965)  repo rt two 
peaks , September to November and Apr i l to June . Temp l e and F i s her 
( 1965) sugges t  an August to November peak , s upporti ng the co ncept of  an 
i mportant fal l spawn i ng t i me based o n  the co l l ect i o n  of  p l an kto n i c 
stages .  Gai dry and Whi te ( 1973 ) and Wh i te and Boudreaux ( 1977) report 
Feb ruary and March peak recr u i tments of brown shr imp i n  Lo u i s i ana .  
Temp l e and F i scher ( 1965) propose  an overwi nteri ng of postl arval  brown 
shri mp i n  the nears hore Gu l f ;  the i r wo rk i s  s upported by the work  of 
Al dri ch et al . ( 1968) , wh i ch descri bes  postl arval  b rown s hr i mp burrowi ng 
at l ow temperatures . The res u l ts from the NMFS  s h r i mp spawn i ng s i te 
s u rvey for the Bryan Mo und br i ne di sposal  s i te off Freeport Texas 
(Gal l away and Rei tsema 1981) tended to s upport the theory of an 
i mportant fal l spawn i ng season for b rown shr imp , and an overwi nter i ng of 
postl arvae i n  the Gu l f of Mex i c o .  

Baxter and Renfro ( 1967 ) state that brown s h r i mp were the o n l y  
postl arval  penae i ds that entered Gal ves ton Bay duri ng the fi rst four 
months of  the year . By June , advanced  post 1 arvae and ear l y  j uven i  1 e 
whi te s hr i mp became abundant , and both brown and wh i te shri mp were 
p resent  throughout the s ummer .  Dur i ng t imes  when postl arvae of both 
spec i e s  were present , the mean l ength of the whi te s hri mp was al ways 
l es s  than that of the brown s h ri mp , i nd i cat i ng  that the whi te shr imp 
postl arvae enter the bay at a much smal l er s i ze ,  probab l y  because of  the 
prox i m i ty of  the i r  spawn i ng s i tes  to the estuar i e s .  

Gai dry and Wh i te ( 1973) descri be a typ i cal  year for b rown s h ri mp i n  
Lo u i s i ana .  A s teady i ncrease i n  e s tuari ne  j uven i l e  dens i ty occurs from 
l ate Marc h through mi d-May , when a per iod  of peak dens i ty occurs . After 
th i s  t i me the pop u l at i o n  abruptly  dec l i ne s  because of ( 1) Open i ng of  the 
spr i ng s h r i mp i ng season ( u s ua l l y  May 15- 31) and ( 2 )  Natural egre s s i on of 
l arger j uven i l e  s hr imp from smal l er estuari es  when they reach a l ength 
of 65 to 75 mm . Gai dry and Wh i te ( 1973 ) s tated that the i r data showed a 
de l ay i n  the f i rs t appearance of new ly  recrui ted j uven i l es b rown s h r i mp 
proceedi ng wes tward al ong the Lo u i s i ana coas t ,  i mp l yi ng a wes tward 
movement of j uven i l e  brown s h r i mp from the I I s tagi ng areas II of areas I I I , 
IV , and V ( F i gure G . 1- 3)  where the Lo u i s i ana b rown s h r i mp pop u l at i o n  
appeared to be  centere d .  Bay sys tems i n  areas I I I  and I V  ( e . g . , 
Baratari a ,  Cami nada , Ti mbal i er ,  and Terrebonne bays ) serve  as i mportant 
stagi ng areas i n  the ear ly  l i fe h i s tory of  the j uveni l e  brown s hr i mp .  
Apparent l y , s hortly after 1 eav i ng the estuari es , the s h r i mp reente red 
certai n systems that mi m i c  coastal bays . In the case of wes tern 
Lo u i s i ana , th i s  was Cal cas i eu Lake .  Gai dry and Whi te ( 1973) showed 
defi n i ti ve ev i dence of an emi grat i o n  of young adu l t b rown shr i mp from 
Roc ke fe l l er Wi l d l i fe Refuge and s ub sequent entry of the same s i ze s hr i mp 
i nto Cal cas i e u Lake . The movement was cons i stent fo r al l years o f  the 
s tudy .  They noted that the s i ze c l as s  di str i buti o n  i n  Cal cas i eu Lake 
s howed a di st i nct l ack  of recrui tment of smal l er shr imp , i nd i cati ng that 
the l arger  s h r i mp compri s i ng the b u l k of the popu l at i o n  are not produced 
i n  the Cal cas i eu Lake system . Lakes such  as the Cal cas i eu Lake serve as 
s tag i ng areas before the offshore emi grati on  of  th i s  group . Sab i ne Lake 
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has h i stor i cal l y  produced no apprec i ab l e  quant i t i es of b rown s h r i mp and 
no l onger s upports  a commerc i al f i s hery for wh i te s h r i mp .  

Food Hab i ts 

Larval stages of  brown and wh i te s h r i mp feed pr imari l y  on  al gae and 
zoop l an kton ( Pearson , 1939 ; Ewal d ,  1965 ) .  Pos tl arvae are capab l e  of  
depo s i t  feedi ng .  J uve n i l e  and adul t whi te s h r i mp are co ns i dered 
omn i vores , i ngest i ng decay i ng organ i c  matter ,  p l ant s , and ani mal s .  As 
yo ung ( 25 to 44 mm) , they i ndi scrimi nate l y  i ngest the top l ayer of 
sedi ment contai ni ng detri tus  and mi  croorgan i sms (Jone s , 1973) . After 
mi  grat i ng to deeper waters , they become more act i ve  predators , feedi ng 
on  po l ychaete s , amp h i pods , nematodes ,  and ch i ronomi d l arvae as we l l as 
detri tus  and al gae (Jones , 1973 ; Darnel l ,  1958 ) . In l abo rato ry 
condi t i o n s , brown s h r i mp we re ab l e  to use  42 . 2  percent of  the total 
organ i c  carbon  i nge sted du ri ng feedi ng .  Wi th i n  the body , the food was 
apporti oned as fo l l ows : 20 . 5 percent fo r growth , 3 . 9 percent shed  as 
exo s ke l eto n , 34 . 6  percent l o st through resp i rati on , '24 . 24 percent 
egested , and 14 . 7 percent unaccountab l e  ( Ib rah i m ,  1973) . As s i mi l at i on 
effi c i enc i e s  cal c u l ated by Condry et al . ( 1972)  for d i ets of  d i atoms , 
detri tus , and trout  chow we re 87 , 85 , and 80 percent , respecti ve l y ,  
suggesti ng  the true omn i vorous feed i ng hab i ts of  shr i mp .  As s i mi l ati on  
of an  organ i c  mo i ety i s  a funct i on  of the act i v i ty and  concentrat i o n of  
the  d i gesti ve  enzymes  of the  shri mp and  the  form of  the  moi ety 
avai l ab l e .  Prote i ns  and l i p i ds are , i n  genera l , as s i mi l ated more 
effi c i entl y than carbohydrates .  The ro l e  of l i p i ds and prote i ns i n  ova 
maturat i o n  ( v i te l l ogenes i s )  has become the concern of much recent wo rk  
(Mi ddl edi tch et al . ,  1979 ; Mi ddl edi tch et al . ,  1980 ; as referenced by 
Gal l away and Re itsema 1981) . Li p i ds and l i poprote i ns  are b e l i eved to be 
as s i m i  1 ated from the envi  ronment ( food)  and trans formed through the 
organi sm and depos i ted as yo l k  materi al du ri ng  maturat i o n .  Thi s co ncept 
i s  current ly  under i nvesti gati on  by the Nat i onal  Mari ne F i s heri es  
Serv i  ce i n  thei  r s hr imp spawn i ng s i te s u rveys  be i  ng conducted for  the 
Department  of  Energy . 

Sal i n i ty Rel at i onsh ips 

Most members of  the deme rsal nekton commun i ty at the 30- ft contour are 
h i gh l y  dependent on  the estuar i e s  fo r j uven i l e  growth and s u rv i val 
(Gunte r ,  1945 , 1950 ; Pearse and G unter , 1957 ) . Cody et al . ( 1978) 
esti mate that 98 percent of  the comme rci al  catch of  Texas by we i ght was 
composed of  estuari ne- dependent spec i e s ; s i mi l ar stati sti cs  are fo und 
fo r Lou i s i ana.  

Estuari ne- rel ated spec i es are al most i nvari ab l y  euryhal i ne ,  ab l e  to 
s u rv i ve and grow over a wi de range of sal i n i ti e s .  Thus , from the po i nt 
of  v i ew of the abi l i ty of the commun i ty to tol erate vari ab l e  sal i n i ty 
concentrat i ons , th i s  i ns hore as sembl age s hou l d be the most res i l i ent .  
They general l y  have a greater to l e rance to both l ower and h i gher 
sal i n i t i es than the members of the true mari ne fauna from wh i ch they 
we re deri ved . For examp l e ,  mo st members of  the hypersal i ne real m are 
deri ved from the estuari ne real m ( Day ,  1951 ; Hedgpeth , 1957 ; Emery , 
1957) . S i mmons ( 1957)  presents a l i st of f i  s hes  taken i n  the Laguna 
Madre ( at hypersal i ne condi t i o n s  of  60  to 75 parts per thou sand [ppt] ) ,  
and al l ten are found on  Gunter ' s  ( 1956)  l i st of  euryhal i ne f i shes  of  
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the Un i ted  States . The estuari ne fauna i s  general ly depauperate 
compared wi th the mar i ne fauna . 

Pearse and Gunte r ( 1957)  state that , i n  the earl y ( l arval ) s tages , 
s h ri mp appare ntl y  requ i re ocean i c  water ,  but  the o l der l arvae and 
postl arvae must reach estuari ne wate r to s u rv i ve .  Kai ser  and A l dri ch 
( 1976 ) concl uded from the i r l aboratory stud i es that postl arvae of  both 
b rown and wh i te s h ri mp s ought sal i n i ti es l ower than those general l y  
found i n  the open G u l f o f  Mexi co and that the postl arvae appare ntl y  
ori e nt to work  bays by us i ng natural sal i n i ty grad i ents . However , 
l aboratory stud i e s  ( Ze i n- E l di n ,  1963 )  have shown that post l arval brown 
s hri mp can both s u rv i ve and grow over a sal i n i ty range of 2 to 40 ppt.  
Johnson  and F i e l d i ng ( 1956)  rai sed wh i te s hri mp at sal i n i ti es of  18 . 5 to 
36 . 0  ppt.  Ze i n- E l den and Gri ffi th ( 1969)  reported that extremes 
to l erated by 80 percent of the b rown s h r i mp postl arvae were sal i n i ti es 
>40 ppt and <5  ppt.  S i m i l ar val ues for wh i te s h r i mp postl arvae were 40 
to 45 ppt and 4 ppt . Ze i n- E l d i n and A l dri ch ( 1965)  and Ze i n- E l di n and 
Gri ff i th ( 1969 ) have , however , shown that l ow sal i n i ty i n  concert wi th 
l ow temperatures ,  i s  detri mental to both wh i te and brown postl  arval  
s h r i mp , probab l y  because  of  osmoregul at i on  stre s s  (Wi l l i ams , 1960 ) .  
Whi te s hri mp are more to l e rant o f  h i gh temperature , whe reas b rown s hri mp 
are more to l e rant of l ow temperature . Ze i n- E l d i n  and A l dri ch ( 19 6 5 )  
conc l uded , on  the bas i s  of the i r own work and that of  others (Wi l l i ams , 
1960 ; McFarl and and Lee , 19 63 ) , that b rown s h ri mp postl arvae are bette r 
osmoregu l ators than are j uven i l es or  adu l ts .  

I n  the i r  l aboratory studi es , Kai ser and A l dri ch  ( 1976)  found a marked 
seasonal  d i fference i n  sal  i n i ty preferences exh i b i ted  by b rown s hri mp 
postl arvae . Duri ng ear l y  spri ng , the med i an sal i n i ty chosen  by brown 
shr imp postl arvae was 30 ppt , 9 ppt greater than that fo und for b rown 
s h r i mp tes ted i n  s ummer .  No s i gn i fi cant d i ffe rence was seen i n  sal i n i ty 
preference of  wh i te s h ri mp postl arvae te s ted i n  s ummer and fa l l , except 
at the l ow sal i n i ty end .  I n  the s umme r ,  brown and wh i te s hr imp 
postl arvae d i d  not exh i b i t  a marked ly  d i fferent preference for sal i n i ty ,  
wi th an ave rage sal i n i ty di ffe rence of  o n l y  3 . 2 ppt.  Th i s  s uggests that 
there i s  l es s  d i fference i n  sa l i n i ty preference between the two spec i e s  
at the postl arval s tage than has been suggested for sub sequent s tages i n  
the l i fe cyc l e .  Kai ser and A l dri ch ( 1976)  found that the sal i n i ty 
ranges preferred by 90  percent of the P .  aztecus tes ted we re 15 . 0  to 
34 . 2  ppt , 16 . 8  to 3 7 . 3 ppt , and 16 . 2 to

-
3 7 . 7 ppt for the s ummer , fal l ,  

and spri ng , respecti ve l y .  S i m i l ar val ues for P .  seti ferus for the 
s umme r and fa l l  we re 13 . 4  to 3 2 . 32 ppt and 5 . 8  to 35 . 5  ppt , 
re specti ve l y .  They repo rted that the re was no ev i dence to suggest  that 
brown s h r i mp postl arvae are adapted to spec i fi c  sal i n i ti es , and concl ude 
that temperature i s  apparent ly  more i mportant than sal i n i ty to post-
1 arva 1 growth and s urv i val . These res u l  ts , therefore , i ndi  cate that 
penae i d post 1 arvae are very euryha 1 i ne and more res pons i ve to tempera
ture than to sal i n i ty .  

B i oas say res u l ts us i ng B ryan Mound br i ne ( NOAA , 1978) i ndi cated that P .  
seti ferus eggs showed s i mi l ar hatchi ng succes s from 31 to 36  ppt br i ne , 
at wi th a dramati c  decrease beyo nd 38 ppt ( to zero hatchab i l i ty) . Post-
1 arval stages s howed some effects over 96-h  peri  ods of  expo s u re whe n 
co nce ntrat i o n s  exceeded 36 ppt , but for most durati ons of  expos ure , 
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40 ppt seemed to be the general  1 eve 1 were fi  rst de 1 eteri ous  effects 
we re observe d .  S i m i l ar res u l ts were seen for the range of  tempe rature 
tested ( 28 to 33°C) . Naup l i i  appeared to be more res i stant than 
postl arvae to i ncreased sal i n i ti es .  These  res u l ts c l ear l y  i nd i cate 
that , for s hort peri ods of expos ure , concentrati ons  3 ppt above amb i ent 
( 24 to 33 ppt) wo u l d fal l w ith i n  the to l erance range of  al l tho se  
stages .  

F i e l d  studi es , ma i n l y  estuari ne , general l y  co rroborate the euryhal i ne 
nature of al l stages of  the l i fe cyc l e of  the penae i d  s h r i mp .  
I nvesti gati o ns by Truesdal e ( 1970 ) and Co nte ( 1971)  s ugge s t  that 
sal i n i ty i ts e l f does not i nf l ue nce spat i a l  d i s tr i but i on  of postl arval 
wh i te and b rown s h ri mp i n  the estuary .  Truesdal e ( 1970 ) concl uded that 
sal i n i ty per se had no effect on postl arval d i str i buti on  and abu ndance 
i n  a l ow- sa l i n i ty port i o n  of  Tri n i ty Bay near the Tri n i ty Ri ver except 
du ri ng peri ods of h i gh r i ver  d i scharge . When sal i n i ty decreased  to 
o ppt over much of the area , postl arvae d i sappeare d .  Conte ( 1971)  found 
no rel ati ons h i p  between  sa l i n i ty and the d i s tr i buti on  of  postl arval 
brown shr imp on  two s hal l ow marsh embayme nts near West Bay of  the 
Gal vesto n  Bay System . Hoese ( 1960 ) , Zei n- E l d i n  ( 1963 ) , and Parker 
( 1970 ) have al l d i scounted the ro l e  of  sa l i n i ty i n  s h r i mp d i stri but i o n .  
Exte ns i ve fi e l d  i nvesti gati ons  have s hown both brown and wh i te shr imp to 
be present i n  both hypo- and hypersal i ne waters ( S i mmo ns , 1957 ; Joyce , 
1965 ) . Brown shr imp have been col l ected i n  sa l i n i ty extremes of 0 . 1  
(Wi l l i ams and Deub l er ,  1968) to 6 9 . 0 ppt ( S i mmon s , 1957 ) , and wh i te 
s h r i mp have been co l l ected i n  extremes of  0 . 2 ( Gunter and Hal l , 196 3 )  to 
48 . 0  ppt ( Li ndner and Coo k ,  1970 ) .  L i ndner and Anderson  ( 1956 ) , who 
fo und that the s i ze of young s hr imp corre l ated more wi th l ocal i ty than 
wi th sal i n i ty ,  concl uded that sal i n i ty over b road ranges was not 
i mpo rtant al though i t  mi ght be an i mpo rtant s t i mu l us to mi grati o n .  
Hoese  ( 1960)  fo und P .  seti ferus j uven i l es on  a n  outer beach a t  the same 
t i me that pop ul ations  of the same s i ze c l ass  were i n  the adjacent 
l ow- sal i n i ty estuary .  He  concl uded that j uven i l e  P.  seti ferus and P .  
aztecus can popu l ate areas of  re l ati ve l y  h i gh 

-
sal i n i ty i f  other 

env i ronmental factors are i deal . Parker  ( 1970 ) found that sa l i n i ty 
apparentl y  d i d  not i n fl uence the di s tri buti on  o f  j uveni l e  brown s h r i mp 
i n  Gal veston Bay ( i n  spri ng , 0 . 9  to 36 . 5  ppt ) . McFarl and and Lee ( 1963)  
found that j uven i l e  b rown s hri mp can  osmoregul ate over  a wi de range of  
sal i n i ti es , but there was s ome i nd i cati on  that the  opti mum range was 23  
to 43  ppt.  

Wh i l e  the res u l ts presented above i nd i cate that the sa l i n i ty to l e rances 
of penae i d  s hr imp are l arge , the res u l ts presented be l ow i nd i cate that 
very l ow sa l i n i ti es may be detri mental to the s ucce s s  of the year c l as s  
f o r  a t  l east b rown s h r i mp ,  apparent ly  b y  l i mi t i ng the amo unt of e s tuary 
area that can serve  as a nurs e ry area . 

These to l erance data , al ong wi th outp uts of the MIT Trans i ent P l ume 
Model , i nd i cate that , i n  al l but the very smal l es t  area ( the 
10-ppt-above- amb i ent sal  i n i ty p l  ume cover i ng several acre s ) , sa l  i n i ty 
ave rages s hou l d  be i n  the tol erance range of a l l s tages of al l spec i es 
of commerc i al l y  i mportant penae i d  s hr imp i n  the d i scharge area.  
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Facto rs Affecti ng Succes s  of Year C l asses  

One of the  i mpo rtant aspects of the  penae i d  l i fe cyc l e i s  the transport 
of the deve l opi ng l arvae to the estuari es . C urrent patterns on  the 
Conti ne ntal She l f probab l y  govern , to a l arge degree , the eventual 
occurrence of postl arvae at the entrances to nursery areas , espec i a l l y  
for the br�wn s hr imp wh i ch spawns further offshore . Al dri ch ( 1966 ) has 
s hown that i n  addi t i on  to pas s i ve transport , postl arvae are capab l e  o f  
exte nded swi mmi ng .  He esti mated that swi mmi ng al one cou l d transport 
postl arvae 3 mi l es per day . 

The data rel ati ng postl arval recrui tment to wi nd- generated currents 
( E kman tran sport) are not conc l us i ve .  Wi l l i ams and Deub l er ( 1968) , 
worki ng on  the Atl an t i c  Coast , found that ten years of co l l ect i o n  data 
di d not show a l i n k between wi nd-generated ons hore currents and l arvae 
co l l ected at f l ood t i de i n  t i dal  pas s e s .  Wi nd di recti on  at t i me of 
catch had no effect on samp l i ng s ucces s .  There was al so no re l at i ons h i p  
between  the magni tude of  current and the number of  postl arvae co l l ecte d .  
I n  fact , Ki ng ( 1971) s howed a pos i t i ve corre l ati on  between offshore 
wi nds and the number of  postl arval  brown s hr imp caught on  fl ood t i des i n  
a Texas t i da l i n l et .  

Kutkuhn et al . ( 196 9 )  found that l arvae approached the Gal ve s ton Bay 
entrance from oppos i te d i rect i ons i n  di ffe rent seasons . I n  spri ng , most 
l arvae and postl arvae ( brown s hr imp )  approached from the eas t ,  whereas 
i n  s umme r l arvae and postl arvae (wh i te shr imp )  approached from the south 
and wes t .  Th i s coi nc i des wi th the net l ongs hore current fl ow i n  the 
northwe st  G u l f ,  wh i ch i s  from east to west  i n  al l seasons except summer ,  
when a reversed i n  d i rect i o n  o f  l o ngs hore transport occurs ( see  
Appendi x U of Texoma F E I S ) .  Berry and  Baxte r ( 1967 ) d id  fi nd that 
s trong ti  des carry 1 arge numbers of post  1 arvae i nto the Gal veston Bay 
e s tuari es . Thi  s same phe nomenon has been seen by Pearson  ( 1939 ) , Tabb 
et al . ( 1962 ) , st. Amant et al . ( 1966 ) , Cai l l ouet et al . ( 1968) , and 
Fontai ne et al . ( 1972 ) . Because  of thi s dependence on  water currents to 
de l i ver the postl arvae to the estuary ,  normal t i dal changes , s torms , 
wi nd- i nduced current movement , or  exces s i ve runoff cou l d  affect the 
number of postl arvae enteri ng the estuar i es . Ki ng ( 1971) , who co l l ected 
o n l y  on  f l ood t i des , found that the rate of brown s hri mp postl arvae 
i mmi grati on  was pos i ti ve l y  re l ated to t i dal amp l i tude . 

Berry and Baxte r ( 1967 ) reported that the re l at i ve s i zes of the shr imp 
s toc ks deve l op i ng i n  Gal ves ton Bay were bette r refl ected by ba i t  s h r i mp 
l andi ngs than by post l arva l abundance . Th i s i ndi cates that condi ti ons  
i n  the  estuary duri ng arri val  of the  post l arvae or ear ly  i n  the j uven i l e  
growth peri od  great l y  i n fl uence the subsequent abundance of commerc i al 
shri mp .  D i s tri buti ons  of counts of postl arvae co l l ected i n  March and 
Apri l of 1960-1966 show that the means of the d i s tri buti ons  were fai r ly  
s i mi l ar i n  al l years except 1961.  Duri ng those  same years , comme rci al 
catch var i e d  s i gn i fi cantl y .  Gai dry and Whi te ( 1973)  po i nt  out that 
postl arval data al one has proven i ncon s i stent i n  Lou i s i ana 1 s effo rts to 
correl ate these data to product i o n .  Loui s i ana has rel i ed heav i l y  on  
j uve n i l e  i ndi ces for  predi cti ng offshore catch . 
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Barrett and G i l l es p i e  ( 1973 ) ,  i n  f i ndi ngs s i mi l ar to those of Be rry and 
Baxter ( 1967)  i n  Texas , found that a good s h r i mp year i n  Lo u i  s i ana 
refl ects good catches both i ns hore and offs hore , whereas a bad year i s  
bad both i ns hore and offs hore . Barrett and Ral ph ( 1976)  fo und that 
years of above- and be l ow- average b rown shr imp catch i ns hore and 
offshore we re s i mi l ar ,  and a s i mi l ar trend was seen  for whi te sh r imp 
catch al though good years and bad years were not the same for the two 
spec i e s .  They found that a smal l er percentage of  the May through J u l y  
b rown shr imp catch cons i sted o f  l arge i nd i v i dual s duri ng  good years , 
pres umab l y  because of  bette r recru i tment duri ng  good years . 

Because ne i ther postl arval ab undance offs hore or  numbers of postl arvae 
enteri ng  the est uary are not wel l refl ected i n  subse quent offshore 
s h r i mp producti o n ,  postl arval abundance does not appear to be the 
cri t i cal  aspect of the l i fe cyc l e .  The s ucces s  or  fai l ure of a s h r i mp 
year c l  as s wi 1 1  depend to a much greater degree o n  factors that occur 
after the postl arvae enter the estuary .  St.  Amant et al . ( 1963 ) s howed 
popu l at i o n s  of post l arval b rown shr imp to be extreme l y  respons i ve to 
certai n unstab l e  hydro l ogi c condi t i o n s  that often exi st duri ng and 
short l y  afte r the i r  arr i val  i n  the estuary .  Post l arval dens i ty 
( o ffshore )  al one was a poor i ndi cato r of  i mpendi ng product i on l eve l s  i n  
Lou i s i ana .  

Becaus e of  the  apparent c l ose  corre l at i on  between recrui tment ( j uven i l e ) 
s tocks and s ub sequent offshore catches ,  a greater degree of  effort has 
more recent ly  gone  i nto i de nt i fyi ng  those facto rs that are respo ns i b l e  
for the s ucce s s  o f  j uven i l e  s h r i mp i ns i de the estuari e s .  O f  these , 
temperature and sal i n i ty have rece i ved  the mo s t  attenti o n .  Howeve r ,  the 
amount of  mars h-water i nterface i s  obvi  ous ly al so  important ( Turner 
1977 ) .  Whi l e  i n  the es tuary ,  j uveni l e  penae i d  shr imp feed mai n l y  at the 
i nterface of the mas h and open wate r .  The sma l l j uven i l es feed on 
detri tus , wh i l  e the 1 arger bay s h ri mp become more predaceo us bottom 
feeders as they move to the deepe r parti es  of the bay (GMFMC , 1980 ) . 

Barrett and G i l l esp i e  ( 1973 ) have re l ated b rown shr imp producti on to 
vari ous  hydro l ogi cal i nfl uences and have s hown capab i l i t i es for 
pred i cti ng producti on on  the bas i s  of  ce rtai n hydro l ogi cal cond i t i ons . 
Barrett and Ral ph ( 1976)  re l ate b rown s h r i mp catch to r i ver di scharge , 
rai nfal l ,  sa l i n i ty ,  water temperature , and avai l ab l e  nursery area.  
G a i d ry and Wh i te ( 1973 ) found that hydro l ogi c condi t i o n s  prevai l i ng 
shortl y afte r the arri val  of  postl arval s h ri mp can be  di rect l y  
co rre l ated wi th b rown s hr imp product i o n .  Wh i te ( 1975 ) , not i ng that past 
s tud i es have shown j uveni l e  ( b rown s h ri mp )  numbers to be q u i te 
i nd i cati ve  of  future producti o n ,  states that j uven i l e  ab undance i s  
d i  rect l y  re 1 ated to the hydro 1 ogi  c condi t i o n s  that occur duri  ng and 
after postl arval recru i tment . The l ow-producti on  year of 1964 was 
characteri zed by l ow temperatures short l y  after peak l arval recru i tment , 
al ong wi th l ow sa l i n i ti es .  The cruc i a l  peri od fo r brown s h r i mp growth 
occurs i n  Lo u i s i ana between Ap ri l 26 and May 2 0 .  Barrett ( 1975)  s tates 
that unseasonab l y  l ow tempe ratures  i n  Loui s i ana coastal waters , 
e spec i al l y  i n  the earl y wee ks after spawn i ng , are cri t i ca 1 facto rs i n  
the s urv i val  o f  metamorphos i ng postl arvae arr i v i ng i n  es tuari ne nursery 
areas . He s uggests  that the number  of  hours bel ow 20°C after Ap ri l 8 i s  
i mpo rtant i n  determi n i ng brown shr imp product i o n  for the year.  
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St .  Amant et  a l . ( 1963)  and Ford and St .  Amant ( 1970 ) found i ncreas i ng 
numbers of j uveni l es and maxi mum postl arvae dens i ti es i n  Lou i s i ana 
estuari es  whe n water temperatures were ma i ntai ned at 15 to 20o C .  
However , sal i n i t i es were al so  shown t o  b e  i mportant , s i nce denser 
popul at i ons and l arger  postl arvae were found i n  sal i n i ti es above 15 ppt . 
Barret and Ral p h  ( 1976)  s tate that the comb i ned effect of sal i n i ty and 
temperature on  j uveni l e  popu l ati ons  ( i n  the e stuari e s )  has been wel l 
e s tab l i s hed  as one of the most s i gn i f i cant contro l l i ng factors 
determ i n i ng the growth and abundance of  brown s hr imp .  Barrett and 
G i l l esp i e  ( 1973 ) reported that , after Apri l , sal i n i ty became the 
domi nant factor i nfl uenc i ng brown s hr imp d i stri buti o n .  

Wh i te ( 1975 ) reports  that , i n  Lou i s i ana i n  1973 , when fl oods were preva
l ent i n  ear ly  spr i ng , h i gh  di scharge from the Cal cas i eu R i ver  and nearby 
l ocal drai nages caused  recrui tment of j uven i l e  b rown shr imp to be l ow .  
Otherwi se , where l ocal f l ood i ng was n o t  present , j uven i l e  abu ndance was 
not s i gn i f i cantl y reduced as a res u l t of f l oodi ng of the Mi s s i s s i pp i  
R i ver .  Barrett ( 1975)  states that upper t o  l ower bay sal i n i ti es of  15 
and 20 ppt , respecti ve l y ,  were i deal for brown s hr imp producti on and 
that wee k l y  sal i n i ty averages , duri ng years when brown s h r i mp producti on  
i n  May exceeded 1 mi  1 1  i on  pounds , were above 18 . 3 ppt.  Our i  ng those 
years when producti on  was l es s  than 1 mi l l i on pounds , wee k ly  sal i n i ti es 
were be l ow 18 . 3  ppt .  Thus , the annual brown s h r i mp catch i s  re l ated to 
the number of  acres of surface estuari ne water i n  coastal Loui s i ana 
above 10 ppt i n  the spri ng .  

Barrett and  Ral p h  ( 1976 ) concl ude that good  brown shri mp catches occur 
when sal i n i t i es are above average as a res u l t of  l ow spri ng rai nfa l l and 
l ow r i ver d i scharge coup l ed  wi th mi l d  spr i ng water temperatures . Good 
wh i te shr imp producti on occurs dur i ng l ow s ummer di s charge (Barrett and 
G i l l esp i e ,  1973 ) . I�  both cases fo r Lou i s i ana , h i g he r- than- average 
estuari ne sal i n i ti es i ncrease both wh i te and b rown shr i mp product i o n .  
As  seen  by the drought o f  the ear ly  1950s , however , when sa l i n i t i es get 
exces s i ve l y  h i g h ,  wh i te shr imp producti on does dec l i ne ,  probab l y  because  
of the coi nci dence of these  estuari ne p hases wi th h i ghest sal i n i t i es 
( m i d s ummer) . 

I n  forecasti ng the s h ri mp harvest based on  the h i stori c record and earl y 
season envi ronmental data , Barrett and Ral p h  ( 1976 ) state that , i f  r i ver 
d i scharges and rai nfal l remai n re l at i ve ly  l ow throughout the s ummer ,  
wh i te shr imp product i o n  s ho u l d al so  be we l l  above the ave rage for the 
year . In 1976 mi l d  water temperature s and l ow r i ver  di scharge i n  the 
spri ng i ndi cated that the b rown s h r i mp harvest wo u l d be good . 

Vul nerab i l i ty and Res i l i ency of the F i s hery 

Kutkuhn ( 1966b)  states that central  and western Lo u i s i ana and north
eastern and central Texas i ns hore of 20 fathoms i s  the worl d ' s most 
heav i l y  fi s hed area .  Becau se of thi s ,  dens i ti es of s h r i mp , both 
offs hore and i n  the estuari es , are kep t be l ow carry i  ng capaci ty . Th i  s 
s hou l d be especi al l y  true for wh i te shr i mp , wh i ch are heav i l y  exp l o i ted  
i n  the estuari es  ( Ch i n ,  1960 ) . 
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Accord i ng to Gai dry and Wh i te ( 1973 ) , most experts i n  the fi e l d  wou l d 
agree that the treme ndous  reproducti ve capac i ty of penae i d  s h r i mp 
renders l i ttl e chance that the spec i es are i n  danger of be i ng dep l eted 
by overfi s h i ng .  A 1 i m i ted number of spawners can produce a max i mum 
popu l ati o n  i f  env i ronmental cond i ti ons are opti mum ( St .  Amant et al . ,  
1966 ) .  Jones  and Dragov i ch ( 1977 ) , i n  d i scuss i ng the U . S . s h r i mp 
f i shery off the northeast coast of South Ameri ca , s tate that II • • •  there 
i s  no ev i dence that the abundance of s h r i mp recru i ts i s  dependent o n  the 
abundance of the parent stock i n  the f i  shery . II Berry and Baxter ( 1967)  
concl uded that , of the  many facto rs i nf l uenc i ng the  s i ze of b rown s h r i mp 
popu l at i ons , o n l y  those that affect b road areas of the G u l f have a major 
effect on  abundance .  Thi s i mp l i es that l os ses res u l ti ng from 
s i te- spec i fi c  acti v i t i es wi l l  be compensated for by i nputs from adjacent 
areas . Kutkuhn ( 196 3 )  and G unter ( 1956)  have emp has i zed that the 
greatest concern to future s hri mp suppl i es are the l o ng- range effects of 
man- i nduced env i ronmental changes i n  the estuari es . 

The pe nae i d  fi s hery and al so  the l I i ndustr i a l l l  fi nfi s h  i ndustry 
( C h i ttenden and McEachran , 1 97 6 )  operate most l y  on  s i ngl e-year c l asses , 
and year-to-year f l uctuati ons  i n  popu l at i o n s  are to be expected because 
of  the s hort l i fe cyc l es  of  the spec i es .  F l uctuat i o n s  i n  the annual 
y i e l d of s h r i mp res u l t part l y  from var i at i ons  i n  spawn i ng succe s s  and i n  
s u rv i val o f  the young i n  the i nshore nursery grounds , wh i ch are 
general l y  s ub j ect to more extreme var i at i ons  i n  env i ronme ntal cond i t i ons  
than the  offs hore hab i tat of the  adu l t shr imp .  

Because  of  the great fecund i ty o f  the femal e s h r i mp ,  the ab undance o f  
s h r i mp i n  any one year i s  not c l o s e l y  re l ated to the s i ze o f  the parent  
s toc k ,  and  a l os s  of a moderate l y  s i zed spawn i ng area wi l l  negl i g i b l y  
affect s ub sequent postl arval recru i tment . Becaus e  the s h r i mp 
P9pu l at i ons  are kept b e l ow max i mum dens i ty ,  s h r i mp den s i ty can i ncreas e 
i n  some areas i f  adjacent areas are negati ve l y  affected .  Thi s i nd i cates 
that femal es cou l d s i mp l y  avo i d  the area of the p l ume and spawn 
e l sewhere , wi th no l os s  at al l to the f i s hery .  

H i sto r i cal  Trends 

In the h i s tor i cal record , there has been a notab l e  change i n  Lou i s i ana 
f i s h  catch s tati s t i c s  regard i ng the two major  speci es , brown and wh i te 
s h r i mp .  L i ndner and Anderson ( 1956 ) s tate that wh i te s h ri mp made up 95  
percent of  the total catch off the Lou i s i ana coast  at  one t i me .  A l arge 
decl i ne i n  whi te s h r i mp harvest  occurred after 1952 , coi nc i dent w i th an 
i ncrease i n  b rown s h r i mp product i o n .  V i osca ( 1958) noted that reduct i o n  
of  the number  of whi te s hr i mp was co i nci dent wi th i ncreas i ng sal i n i t i es 
duri ng the s ummer of 1952 to the spri ng  of  1957 , a prol onged peri od of  
drynes s .  The  ques t i o n  of  extended droughts and the i r  re l at i o n  to  the 
annual producti v i  ty of commerc i a 1 s h r i mp res o u rces  i s  d i  scussed  i n  the 
wo rks of H i l deb rand and Gunter ( 1953 ) , Parker ( 1955 ) , and Vi osca ( 1958 ) .  
Because  young wh i te shr imp d i sp l ay a greater propen s i ty for l es s  
b rac ki s h water than d o  other spec i es , i t  was ass umed that h i gher 
es tuar i ne sal i n i ti es accompanyi ng the drought caused envi ronmental 
s tres s  and reduced hab i tat carryi ng capac i ty ,  res u l ti  ng i n a l ower 
annual b i omas s and y i e l d  for wh i te s hr i mp .  Such an a s s umpti on appears 
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sound .  McFarl and and Lee ( 1963)  found that wh i te shr imp were better 
adapted to l ow sal i n i ti es than were brown s hr imp , wi th the l atter better 
adapted to h i gh sal i n i ti es .  Thi s may exp l ai n  why the greatest pro
ducti on  of  whi te shr i mp has al ways been from the Loui s i ana coas t ,  wi th 
brown s h r i mp producti on b e i ng greater i n  the more sal i ne Texas 
estuari es . Gai dry and Wh i te ( 1973 ) repo rted that , for study area V I I  
(whi ch i nc l udes the West  Hac kbe rry area) , the above-average occurrence 
of  b rown s h ri mp fo r 1970-1972 res u l ted from ab normal l y  h i gh sal i n i ty 
l evel s duri ng thi s peri od .  
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APPEND I X  G .  2 
MENHADEN ECO LOGY 

D i stri buti on of Menhaden Spec i e s 

Seven spec i e s  of me nhaden from the we stern hemi sphere have been 
de scri bed .  Two speci es , the Ameri can me nhaden , Brevoort i a  tyrannus 
( Latrobe ) ,  and the G u l f menhaden , Brevoort i a patro nus Goode , domi  nate 
the Atl anti c and Gu l f of Mexi co comme rc i al men haden fi sheri es , 
respecti ve l y .  Gunter ( 1941) e st imated that , on  the bas i s of total 
b i omas s , the G u l f menhaden was the s econd most abundant fi s h  i n  the Gu l f 
of Mexi co ( the bay anchovy , Anchoa m i tchi l l i  i s  the mo st  abundant) .  

Chri s tmas and Gunter ( 1960)  repo rted that �.  patro nus  ranges around the  
northern G u l f from Brazos Santi ago , Texas , to  Tampa Bay , F l ori da , 
occurri ng as far off s hore as 25 mi  1 es , but s e l  dom at depths greater 
than 20 fathoms . Schaaf et al . ( 1975 ) repo rted that one popu l at i o n  of 
�.  patronus , rang i ng from so uthern F l o r i da to Yucatan , s upports a 
f i s hery from F l ori da to Texas . Re i ntj es and Pacheco ( 1966)  defi ne the 
pri nci pal reg i o n of abundance of the Gu l f menhade n as Apal ac h i co l a  Bay , 
F l ori da ,  to Gal veston Bay , Texas . 

Two other speci es , � .  smi th i i H i l debrand and � .  gunteri H i l debrand , are 
al so caught off southern U . S .  coas ts . �.  gunteri the f i ne- s cal e 
me nhade n ,  i s  occas i onal l y  taken i n  commerc i a l l y  i mportant q uant i t i es 
( Gunter 1967 ) .  The fi  ne- sca 1 e menhaden ranges from Chande 1 eur Sound , 
Loui s i ana ( east of the Mi s s i s s i pp i  R i ver outfal l )  to Campeche , Mexi co , 
whereas B .  smi thi i ,  the ye l l owfi n menhade n ,  i s  found i n  the eastern G u l f 
and the South Atl anti c ( C hande l eur  Sound around the F l ori da pe n i ns u l a to 
Cape Lookout , North Caro 1 i na ) . B .  smi th i  i has a l so  been reported from 
Grand Bahama I s l and ( Levi 1973 )-: Spri nger and Woodburn ( 1960)  found 
that Tampa Bay , F l or i da ,  i s  i n hab i ted by both � .  patro nus  and  � .  
smi th i i ,  wi th the fo rmer bei ng somewhat more abundant .  Sykes and 
Fi nucane ( 1965 ) al so  fo und both speci es  i n  Tampa Bay ,  but thei  r study 
s howe d ,  B .  smi th i i to be numer i cal l y  more i mportant.  Tabb and Man n i ng  
( 1961)  reported o n l y  one spec i es , B .  smi th i i ,  from F l or i da Bay i n  the 
so uthern porti on  of the state , s uppo rti ng the re l ati v e l y  greater 
abundance of B. smi th i  i i n  the bay waters of south F l ori  da . A l though 
S uttkus ( 1958f fe l t  that the fi ne- scal e menhaden di d not range eas t of 
Grand I s l e ,  Loui s i ana ( H i l debrand 1948) i t  now appears that the ranges 
of the three spec i es of  men haden i nhab i ti ng the Gu l f of  Mexi co overl ap 
i n  the Chande l eur  Sou nd-Mi s s i s s i pp i  Sound regi on off Lo u i s i ana (Turner 
1971 ) . 

A number of  b i b l i ographi es of menhaden have been produced i nc l ud i ng 
Chri stmas and Co l l i n s , 1958 ; Gunter and Chr i stmas , 1960 ; Re i ntjes , 
Chri stmas and Co l l i ns , 1960 ; and Rei ntj es  and Keney , 1975 . The reader 
i s  d i rected to these publ i cati o ns as we l l as Chri stmas and Etzo l d  ( 1977 ) 
for a comprehen s i ve b i b l i ograp hy of the genus Brevoorti a .  

Feedi ng Behav i o r 

The adu l t  men haden has  a typ i ca 1 s hadl i ke appearance , wi th a 1 atera l l y 
compre s s ed and deep body , q u i te un l i ke the l ong , s l ender l arvae and 
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j uven i l es of l es s  than 25 mm i n  l ength . Rei ntj es and Pacheco ( 1966)  
s tate that the  1 arva 1 Gu l f men haden are part i cu l  ate- feedi ng carn i vores 
( espec i a l l y  m i c rocrustaceans ) ,  and juven { l es are non s e l ect i v e  fi l ter 
feedi ng omn i vores (pr i mari ly al gae and macrocru staceans ) .  The adu l t 
form i s  assumed by the t i me the menhaden reaches 50 mm i n  l engt h .  The 
re l at i v e l y  l arge head bears no teeth , for the adu l t men haden i s  al so  a 
fi  1 ter- feeder .  Food parti c l  es  are strai ned from the water co l  umn by 
h i gh l y  deve l oped gi l l  rakers , whi ch are l o ng and s l e nder and have 
i nterl oc ki ng l ateral fi l aments . The men haden swi m about i n  schoo l s wi th 
the i r  mo uths gap i ng open , feedi ng on  p l an kton ( Re i ntjes  and J une 1961) 
and p l ant detri tus ( Darne l l 1958 ) . Gu nter ( 1938) descri  bed h i  s 
observat i ons  of 1 arge s choo l s of  menhaden feedi ng o n  the surface i n  
Cami nada Bay I I  . . .  where they whee l e d ,  turned , and swerved from s i de to 
s i de i n  perfect un i son , al l the wh i l e  wi th mouths agape and l ower jaws 
thrust fo rward . . .  I I  

Menhade n are as s umed to form an i mportant component i n  the estuar i ne 
food web , one of the few estuari ne fi  shes ( a l ong wi th the mul l et and 
anchovy) that i s  a f i l ter- feedi ng omn i vore . However , i t  i s  not we l l  
represented i n  stomach contehts of  carn i vorous f i shes  co l l ected i n  
s c i enti f i c  studi es  (Mi l es 1950 , Knapp 1950 , S i mmon s  and Breuer 1967 ) .  
Apparentl y ,  a l though menhaden are fed o n  vorac i ous l y  at t i mes , they are 
not a preferred food of most p redatory fi s h .  

L i fe H i story 

The menhaden l i fe cyc l e typ i f i es that of  the es tuar i ne-dependent 
euryhal i ne organ i sms that domi nate the commerc i al f i s heri es of  the G u l f 
coast .  G u nter ( 1936 , 1938) and G unter and Shel l ( 1958) found B .  
patronus common i n  shal l ow Lou i s i ana estuari es , and S i mmons ( 1957)  and 
Re i d  ( 1955 , 1956 ) , found s i m i l ar trends i n  Texas bays . A l l i nformat i on 
i ndi cates that es tuar i es are v i tal  to the s u rv i val  of men hade n , wi th the 
quanti ty and qual i ty of estuar i es l i m i ti ng the s i ze of  the menhaden 
resource . G unter ( 1967 ) e st imated that estuari ne- dependent spec i es of 
fi nfi sh  and she l l f i s h  made up about 97 . 5  percent of the total commerc i al 
fi s he r i e s  catch i n  the Gu l f .  

G unter ( 1967)  provi d e s  a n  exce l l e n t  s ummary of  t h e  I I mari ne-es tuari ne l l  
1 i fe h i  s tory .  I I • • •  The eggs are spawned at sea and the 1 arvae somehow 
ma ke the i r way i nto the l ow sal i n i ty waters of  the estuari es . The yo ung 
an i mal s deve l op i n  the estuar i e s  and then return to or towards the sea .  
Th i s  i s  an  extreme l y  i mportant phenomenon and  consti tutes a general  l aw 
regard i ng most of the 1 arge moti l e estuari ne organ i sms of the south 
Atl antic  and G u l f coas ts of the U n i ted States . . . I I 

Accord i ng to Re i ntj e s  ( 1970 ) , the Gu l f  men haden spawn i n  ocean i c  waters , 
wi th most of the spawni  ng occurri  ng from December to March wi thi  n the 
50- fathom depth contour .  Based on  the res u l ts from the RV D o l phi n 
s u rveys al ong  the m i d-At l anti c coas t ,  Kendal l and Rei ntj es  ( 1975 ) found 
that At 1 ant i c menhaden 1 arvae were more abu ndant i n  the upper 15 m of 
the water co l umn .  Ne l s on  et a l . ( 1977 ) state that the pas s i ve dri ft 
phase of the transport of Atl anti c men haden l arvae ends when they reach 
10 to 12 mm . Fore and Baxter ( 1972)  found a s i gni fi  cant avo i  dance 
prob l em i n  the i r  dayti me samp l i ng of l arva l men haden at Gal veston Jetty . 
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Larvae are 10 to 25 mm i n  l e ngth when they arr i ve at the passes , hav i ng 
been transported by ocean currents for up to 3 to 5 wee ks . After the 
post l arvae trans form i nto j uveni l es ,  they move i nto the upper reaches of 
the estuary and then , through the summer ,  gradua l l y  move back toward the 
mo uth of the estuary as they grow . Suttkus ( 19 5 6 )  reported that , by the 
t i me they reac hed juve n i l e  s i ze ( 30 mm) , me nhaden  were sp read thro ughout 
the estuary .  Howeve r ,  even though they we re spread over the enti re 
estuary , wi th i n each area the schoo l i ng tendency pers i sted .  By 
September young-of-the-year menhaden are ge neral l y  mov i ng i n  and out o f  
the pas ses  a n d  by Octo ber , wi th the pas sage of  the f i rst  I I norther , 1 I many 
1 eave the estuary for the open Gu l  f .  Thi  s o ffshore exodus co i  nci  de s 
wi th the mi grat i o n  of  the remai n i ng sto c k  o f  I-year and o l der  me nhaden 
i n  the G u l  f to deeper waters , whi  ch  bri ngs the o ffshore commerci al 
fi s h i ng season to an end .  Rel ati vel y  few of  these young- o f  the-year 
menhaden wh i ch make up the l-year- o l d age c l ass for the next comme r c i a l  
seas o n , are caught by p u r s e  s e i ners . 

Rei ntj es  ( 1970)  summari zed three broad factors o n  wh i c h  the s uccess  o f  
the year c l as s is bas ed :  

1 .  Spawni ng s ucce s s , s u rv i val  i n  the ope n G u l f ,  and movement 
i nto the estuari e s .  

2 .  Capac i ty and s u i tab i 1 i ty o f  the estuari e s  for menhade n 
growth and s urvi val . 

3 .  F i s h i ng pre s s ure , and espec i al l y  i ts effects on  re l at ive  
year c l  as s strengths and  the  number o f  men haden that 
survi ve to s exual matur i ty .  

Re i ntjes ( 1970 ) emp ha s i  zed the i mportance o f  the estuari n e  envi  ronment 
to the menhaden resource . 

Chri stmas and Wal l er ( 1975)  state that adu l t menhaden return to r i c h  
nurs ery areas i n  the spri ng a n d  emi grati on  from bays and s ounds i s  not 
comp l ete i n  the fal l , wi th s ome menhaden usual l y  found i n  the bays 
throughout the year , especi al l y  duri ng mi l der wi nters . Gu nte r ( 1967 ) , 
i n  d i scus s i ng the general i zed  l i fe cyc l e  of  estuari ne- dependent spec i es 
i n  the G u l f ,  states that many f i s h  that mi grate to the open Gu l f  i n  fal l 
and are not common i n  the bays  i n  the wi nte r ,  return to i nshore waters 
i n  the spr i ng .  Kroger and Pri stas ( 1974) attri b uted the l ow recovery of  
tagged l-year- o 1 d menhaden i n  offshore catches to the  fact that many 
never 1 eft the estuari es , wh i ch  was demonstrated by the numbers o f  
menhaden captured i n  estuar i ne s u rveys conducted concurrently  wi th the 
o ffs hore study .  

Few stUd i es i n  the open G u l f have adequate l y  characteri zed the temporal 
and spati al  d i str i b ut i o n  of  the adu l t  popu l ati ons o f  men haden , 
espec i al l y  i n  the northwest Gu l f . Most  sc i enti fi c studi es  have used  
demers al  trawl i ng .  Demersal  trawl s do not sati sfacto ri l y  samp l e 
menhade n ,  wh i ch  show strong school  i ng tendenc i es  and general l y  are not 
demersal . Because demersal  stud i es are the o n l y  nekton stud i e s  that 
have been conducted extens i ve l y ,  the f i ndi ngs from the se stUdi es are 
i nc l uded i n  th i s d i scus s i on .  
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H i l debrand ( 1954) c o l l ected a few G u l f menhaden at stati o n s  as  deep as 
18 fathoms i n  trawl samp l es off Texas . Ro i thmayr and Wa l l er ( 1963)  
found  me nhaden popu l ati ons  i n  the  northern G u l f i n  wi nter i n  waters from 
4 to 48 fathoms . Chri stmas and Gunter ( 1960)  report that US FWS 
pers onne l  aboard the MV Oregon made i s o l ated catches  o f  G u l f men haden i n  
wate rs o f  depths greater than 50 fathoms . Turner ( 19 6 9 )  reported the 
res u l ts of gi l l  netti ngs i n  the eastern G u l f ,  i n  wh i ch a l l adu l t  
menhaden were co l l ected wi th i n  the 10- fathom contour .  G i l l  nets f i s hed  
at  e i ght l ocati ons  i n  deeper water (32  fathoms ) d i d  not  catch men hade n .  

Probab l y  the most comprehens  i ve study o f  movement o f  j uveni  1 e Gu l f 
menhaden and the i r  d i stri but i o n  i n  the Gu l f as 1-year- o l d f i s h  we re 
those conducted by the Nat i o nal  Mar i ne F i s heri es Serv i ces ( NMFS ) , 
begi n n i ng i n  1970 ( Kroger and Pri stas 1974) . Thousands of  j uven i l e  
menhaden ( ave rage l ength o f  72 mm fork l ength)  were re l eased i n  11 
estuari es from Brownsv i l l e ,  Texas , to Pensaco l a ,  F l or i da , from 
September 15 to November  20 , 1970 .  Tags we re recovered  i n  me nhaden 
reducti on  p l ants . In most cases , 1-year- o l d  menhaden m i grated to 
offshore fi s h i ng areas near the es tuar i e s  i n  wh i ch they we re rai sed .  
The  apparent l ac k  o f  d i sti nct east-west movement i nd i cated that 
recru i tment of 1-year- o l d menhaden to each of the three comme rci a l 
fi s h i ng areas ( northeast Gu l f ,  northwest Gu l f ,  and De l ta reg i o n )  depends 
o n  the number o f  j uveni  1 es  produced i n  the estuari es  adjacent to each 
f i  s h i  ng area . Juveni  1 e menhaden produced i n  es tuari es  west of the 
M i s s i s s i pp i  R i ver De l ta di d not s how up as 1-year- o l d fi sh  i n  catches 
made east o f  the De l ta .  These res u l ts i ndi cate that men haden move o n l y  
a short di stance from the s umme r grounds duri ng the wi nter .  

Spati al and Temporal Patterns i n  Menhaden Spawn i ng 

Chri stmas and Wal l er ( 1975 ) rev i ewed much of  the exi sti ng l i teratu re 
wi th reference to spat i al and tempo ral  patterns i n  me nhaden spawn i ng .  
They po i nt out that actual spawn i ng o f  menhaden i n  the G u l f o f  Mexi co 
has not been  observed.  The temporal  and spat i a l  patterns i n  spawn i ng 
have been i nfe rred from s i ze d i stri buti ons  o f  adu l ts and j uven i l es ,  
gonada l cond i ti on of  adu l ts and d i stri b uti on  o f  the p l ankto n i c egg and 
l arval stages . 

M i l l er ( 1965)  co l l ected three spec i mens  o f  � .  patron us  i n  the G u l f o f  
Mex i c o  o f f  Aransas Pass , Texas , at 3 a n d  6 fathoms i n  demersal  trawl s .  
He concl uded that the 55-mm spec i men  co l l ected i n  February s upported the 
contenti on  of  Suttkus ( 1956 ) that Gu l f menhaden spawn as earl y as 
October i n  Loui s i ana .  On  the bas i s of  data co l l ected off the east coast 
of Lou i s i ana  from 1951 to 1958 , Suttkus and Sundararaj ( 1961)  found that 
� .  patronus  showed en l argement of  the  gonads i n  preparati on for  spawn i ng 
dur i ng l ate fa l l ,  with  spawn i ng es senti a l l y  be i ng comp l eted duri ng 
February and/or Marc h .  H i  sto l ogi  cal  cond i t i o n  o f  the ovari es  s howed 
agreement wi th the spawni ng trends i ndi  cated by ovary we i ght.  The 
authors found about 20 , 000  and 35 , 000  l arge eggs i n  the ovari es of age 
group I and I I  fi  s hes , respecti ve 1 y .  N e  1 son  et a 1 .  ( 1977 ) repo rt the 
average fecundi ty of At 1 ant i c menhaden as 113 , 000 eggs per fema l e .  
Turner  ( 19 6 9 )  fo und  men haden wi th r i pen i ng gonads from December through 
Feb ruary i n  the eastern Gu l f and by March most menhaden were spent or 
recoveri ng .  
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Eggs of  menhade n appear to be present i n  the northern G u l f from October 
to Marc h ( Fore 1970 ; Chri stmas , Wal l e r ,  and Perry 1974) . Turner ( 1969)  
states that , as of  the  t i me of h i s study , eggs o f  G u l f menhaden had not 
been descr i bed . Duri ng the wi nters o f  1964-65 , 1965- 66 , and 1966- 67 , 
mont h l y  crui ses  we re co nducted by NMFS ( Pascago u l a ,  M i s s i s s i pp i ) to 
determi ne the d i stri b ut i o n  o f  c ] upe i ds i n  the eastern Gu l f of  Mex i c o  
( Cape Sabl e ,  F l o r i da t o  Chande l eur I s l and , Lo u i s i ana) . G i l l  nets we re 
p l aced near menhaden school s ,  and p l an kton tows we re taken conc urrentl y .  
Peak spawn i ng off F l o ri da occurred i n  January a n d  February ;  eggs and 
l arvae where a l so  c o l l ected i n  December ,  i ndi cati ng  that spawn i ng had 
occurred as early as  November .  Larvae we re mo st ab undant i n  March .  A 
very strong trend was found regardi ng the o ffshore occurrence of  
menhaden eggs  and l arvae i n  thi s study ; al l p l an kto n i c stages we re 
c o l l ected wi th i n the 10- fathom contour , and most of these were co l l ected 
wi thi n the 5- fathom contour .  I n  Mi s s i s s i pp i  Sound and adjacent wate rs , 
menhaden eggs and l arvae were taken i n  greatest numbers duri ng December 
and January , wi th i nd i cati o ns  o f  spawn i ng i n  November .  The overa l l 
conc l  u s  i on  of  the study was that menhaden spawn c l ose  to s hore duri  ng 
fal l and wi nter i n  the northeast Gu l f  of Mexi co . 

Studi es  conducted i n  the we stern Gu l f (Turner 1969 ; Chri  stmas , Wal l er 
and Perry 1974 ) found men haden spawn i ng restri cted to near- coast waters 
(wi th i n  15 naut i cal mi l es of the coast) . However ,  Fore ( 1970 ) , who 
studi ed much of the northern Gu l  f of Mexi co , fo und that , west of  the 
De l ta ,  the menhaden spawn i ng grounds were further from s ho re , wi th i n a 
range of  4 to 40 fathoms . He co l l ected re l at i v e l y  few samp l es c l o s e  to 
shore . G i ven  the patch i ne s s  of the d i stri but i o n  of menhaden eggs and 
l arvae , Fore cou l d  have mi ssed  the patches  o f  eggs and l arvae . Kendal l 
and Rei ntj e s  ( 1975 ) , who reported on  the res u l ts of  Atl ant i c  men haden 
egg and l arvae co l l ecti ons  on  the RV Do lph i n cru i ses  off the 
mi d-Atl anti c coast , fo und  egg and l arval d i stri buti on  to be very patchy , 
re fl ecti ng the schoo l i ng hab i t  o f  the spawners . Because  deve l opment i s  
rap i d ,  l arvae as we l l  as eggs rema i n  c l umped i n  d i stri but i o n .  

Chri stmas and Wal l er ( 1975 ) reported that menhaden eggs have been 
co l l ected from Gu l f  waters that have depths rang i ng from 1 . 8 to 109. 7 m ,  
wi th a n  ave rage depth to bottom o f  21 . 8 m .  General l y ,  the samp l es 
c o l l ected c l oser  to shore had mo re deve l oped l arval  stage s .  Most (71 
percent)  of  the samp l es  wi th eggs  were c o l l ected wi th i n  10 fathoms , but 
o n l y  18 percent were c o l l ected i ns i de 5 fathoms . 

Fore ( 1970 ) found that maxi mum co ncentrat i o n s  of men haden eggs occu rred 
aro und the M i s s i s s i pp i  Del ta .  On the bas i s  of egg and l arvae 
d i stri buti on  patterns i n  the northern G u l f ,  Chri stmas and Wal l er ( 1975 ) 
al so found that the area of  the Mi s s i s s i pp i  De l ta had very h i gh 
co ncentrat i o n s  of  these p l anktoni c stages , s uggesti ng that menhaden 
spawn i ng mi ght be heav i est  i n  thi s area. G i l l esp i e  ( 1971) , who 
di scus sed the res u l ts of  the Loui s i ana ( coastwi de)  Cooperat i v e  Estuari ne 
I nventory , found maxi mum concentrati ons  of fi s h  eggs and �. patro nus  
l arvae i n  the  Breto n Sound  area , j ust east  of  the  M i s s i s s i pp i  De l ta . 

Chri stmas , Wal l er ,  and Perry ( 1974) found l arvae present i n  samp l es from 
the Gu l f off M i s s i s s i p p i  from January thro ugh Marc h .  O f  a total of  1439 
p l an kto n samp l es from a number of sources G u l f-wi de , Chri stmas and 
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Wal l er ( 1975 ) found menhaden eggs i n  o n l y  77 samp l es .  The temporal 
d i str i buti on  of  eggs i n  these 77 s amp l e s  i nd i cated a l o ng ( 6-month ) 
per i od of  menhaden spawn i ng .  They a l s o  found a d i sti nct peak i n  l arvae 
presence i n  March , wi th no l arvae found i n  Octobe r or Apri l .  

I n  the Atl anti c ,  the res u l ts from the RV D o l ph i n  cru i ses  and the MV 
Theodore N .  G i l l  cru i ses  showed that Atl anti c menhaden l arvae were 
d i stri buted from near shore to the edge of the conti nental s he l f .  There 
was a trend for l arger l arvae i ns hore . The s i tuati on  on  the Atl ant i c  
coast i s  d i ffers apprec i ab l y  from that i n  the G u l f becaus e  o f  l ongs hore 
mi grat i o n  of  menhaden sto c ks i n  response  to c hangi ng temperatures .  I n  
New Engl and , spawn i ng occurs we l l  i ns hore i n  s ummer , wi th spawners 
mov i ng progres s i ve l y  i nto deeper water as they m i grate s outh a l ong  the 
Atl anti c coast .  Mas smann et al . ( 1962)  found menhaden l arvae as smal l 
as 7 mm , 79 km o ff Chesapeake Bay ,  and the res u l ts of  the 
Theodore N .  G i l l  cru i ses  s howed that l arval me nhaden were taken as far 
o ff shore as 220 km off Cape Fear , North Caro 1 i na .  Because menhaden 
spawn further  off shore i n  the South Atl anti c ,  very few smal l l arvae 
« 12 mm) have been taken i n  the estuari es  of the regi o n .  

Very few stud i es have been conducted on  transport o f  l arval G u l f 
menhaden through estuari ne pas s e s .  NMFS stud i ed th i s  transport by 
samp l i ng every 2 h over a 96- h peri od between  Apri l 1 and 5 ,  1963 , i n  
conj uncti on  wi th a s tudy o n  the d i stri b uti on  o f  shr imp l arvae near 
Gal veston I n l et ( Fo re and Baxter 1972 ) . The res u l ts s howed that h i ghest 
catches were made at n i ght and on ebb  ti des . The d i  urna 1 effect was 
attri b uted to net avo i dance dur i ng the day , i nd i cat i n g  that l arval  ( o r  
smal l j uve n i l e ) menhaden have con s i derab l e  moti l i ty .  The authors noted 
that the transport pattern for me nhade n l arvae was stri ki n g l y  s i mi l ar to 
that for postl arval  b rown s h r i mp , Penaeus  aztecus . 

Ne l s on  et a l . ( 1977)  used wi nd dri ft data ( E kman transport)  computed 
from mean mont h l y  atmospheri c pres s u re di stri b uti ons  to he l p  pred i ct 
Atl anti c menhaden catches . I n  general they found that stronger westward 
transport ( offshore to ons hore)  occurred between  N ovember  and February 
i n  the m i dd l e Atl anti c reg i on , the peri od o f  peak menhaden spawn i ng ,  and 
s uggested that th i s  mi ght prov i de a mechan i sm by wh i ch menhaden l arvae 
cou l  d be transported l ong di  stances to the estuari es . They used a 
R i c ker  spawner- recru i t  curve wi th the potent i a l  number o f  eggs that 
cou l d be produced by the spawn i ng stoc k as  the i ndepe ndent vari ab l e  to 
account for dens i ty-dependent var i ati o n s . The potenti al number of  eggs 
depends on the age d i stri buti o n  of  the spawners and the i r  s i ze .  The 
parameters of  the model were esti mated from a l i near regre s s i  on  o f  1 n 
( R/S ) on  S ,  where R equal s recru i tment and S equal s the spawn i ng s toc k.  
The autho rs then attempted to exp l a i n  dev i ati o n s  from thi s curve that 
mi ght be caused by dens  i ty- i ndependent factors , such  as envi  ronmenta 1 
vari ab l es .  They cal c u l ated a surv i va l  i ndex as  the rati o o f  observed 
recru i ts ( number  of  age 1 i nd i v i dual s i n  the popul ati on , as esti mated 
from the catch of age 1 i nd i v i dual s and estimated exp l o i tati on  rates )  to 
the number of recrui ts cal cu l ated from the R i c ker  spawner- recru i t  model . 
They fe l t  thi s rati o ,  wh i ch i s  dens i ty- i ndependent , s hou l d refl ect the 
envi  ronmental effects that i nfl  uence s urv i val of  menhaden before 
recru i tment to the fi shery .  They found that 62 percent o f  the vari ance 
i n  the s u rv i val i ndex was exp l ai ned by zonal E kman transport.  They then 
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deve l oped a mu l ti p l e regres s i o n model  to predi ct s urv i val i ndex from 
several envi ro nmenta l var i ab l es and found that 84 percent of  the 
vari ati on i n  s urv i va l  i ndex was exp l ai ned by the mode l . N e l son  et a l . 
( 1977)  attri buted the l ower corre l ati ons  between s urv i val  i ndex and 
E kman transport i n  the mi ddl e Atl anti c (as  compared wi th the s outh 
Atl ant i c )  to the i ncreas i ng i mportance of  l o ng- di stance ocean i c  
transport as spawn i ng acti v i t i es move progre s s i ve l y  so uthward ( and o ff 
shore )  i n  the At 1 ant i c .  I f  Gu l f men hade n spawn c l o s e  to s hore , E kman 
transport may not be i mpo rtant ( as i n  the New Engl and and mi d-Atl anti c 
B i ght Areas on  the Atl anti c Coast) . However ,  i f  s i gn i fi cant spawn i ng 
occ urs i n  deeper wate rs i n  the no rthwest Gu l f ,  l ong- range E kman 
transport may be i mportant . 

P rese nce o f  Larval  and J uven i l e  Men hade n i n  Estuari es 

Spri nger and Woodb urn (1960)  found young G u l f me nhaden ( average l ength 
of  23 . 5  mm total l ength)  mo st abu ndant i n  Tampa Bay , F l ori da , i n  Marc h .  
Tagatz and Wi l k i ns  ( 1973 ) fo und that smal l menhaden « 30 mm S L) began 
enteri ng Pensaco l a  Bay , F l ori da , i n  December ,  wi th the i nf l ux conti n u i ng 
thro ugh Ap ri l .  Thi s i ndi cated that spawn i ng was occurri ng from October 
to l ate Marc h .  

Hoese ( 1965)  suggested that men haden spawn i n g  occ urred i n  the Port 
Arans as area o f  Texas i n  fal l and wi nte r .  S i mmons ( 1957 ) reported the 
pres ence  of  l arval menhaden i n  the Laguna Madre from March through May . 
Arno l d et a l . ( 196 0 )  repo rt that month l y  p l a n kton tows i n  the East 
Lagoon of  Gal veston Bay reveal ed  the prese nce of  l arvae from November  
through May . 

The res u l ts of  Chri stmas and Wa l l er ( 1973)  and Perry et a l . ( 1974) 
s h owed that smal l menhaden are found i n  M i s s i s s i pp i  es tuar i e s  from 
November through May . Res u l ts from the Lo u"i s i ana Cooperat i v e  Estuar i ne 
I nve nto ry ( Perret 1971) s howed the pres ence of  l arval me nhaden (20  to 
30 mm tota l l ength)  from September  thro ugh May , wi th the h i ghest 
abundance occurri  ng duri  ng February and May .  Dunham ( 1972)  reported 
that l arval menhaden were found i n  p l ankton samp l es co l l ected from 
September  and November  through Apri l i n  Lo u i s i ana  i ns hore waters . Herke 
( 1971) , Fore and Baxter ( 1972 ) , and Arno l di ( 1974) found that , i n  the 
Chen i er P l a i n  regi on , peak i mmi grati o n  of  l arval menhade n i nto the 
estuari es  occurred i n  the December  to March peri od .  

Gosse l i n k et  a l . ( 1979 ) report the  i n i ti a l res u l ts of  the NMFS  j uven i l e  
mo n i tori  ng program . Apparentl y ,  the estuari es  i n  the Cheni  er P l  a i  n 
reg i on  ( so uthwest  Lo u i s i ana and so utheast Texas coast from Vermi l i o n  Bay 
to Gal veston Bay )  are very heavi l y  used by j uveni l e  me nhade n .

· 
Gosse l i n k 

et a 1 .  ( 1979)  attri bute thi  s to the downcoast proxi mi ty o f  the Chen i er  
P l a i n  regi on to  the area of  maj o r  spawn i ng (M i s s i s s i pp i  De l ta) . Pe rry 
( 1976)  esti mated a stand i ng stock  o f  menhade n i n  the Rockefe l l e r 
Wi l d l i fe Refuge of  64. 2 kg/ha.  

The evi dence at hand i nd i cates that there may be two maj or  spawn i ng 
popul  at i o ns of  menhaden i n  the northern G u l  f ,  l ocated east and we st of  
the  Mi s s i s s i pp i  De l ta .  Res u l ts of  Kroger and  P r i stas ( 1974) i nd i cated 
that adu l ts remai ned c l ose  to the estuari es  i n  wh i ch they we re ra i s ed .  
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Each spawn i ng popu l at i o n  i s  centered c l ose  to the Mi s s i s s i pp i  De l ta ,  but 
spawn i ng occurs to s ome degree al l a l ong  the coast.  Many eggs and 
l arvae are transported l ongs hore by the prevai l i ng cu rre nts (westward i n  
northwest Gu l f and eastward i n  the northeast Gu l f) . 

Many studi es have s hown that menhaden are pres ent i n  the coastal  
estuar i es dur i ng most of  the  year . Gunter ( 1938) , who  trawl ed  for 
bottom fi  sh i n  Baratari  a Bay and the adjacent waters of the Gul f of 
Mexi co , found that , except for Feb ruary 1932 , � .  patronus  was present  i n  
samp l es co l l ected from the bay i n  a l l mo nths from October 1931 through 
February 1934 . �.  patronus was fo und i n  trawl samp l es co l l ected from 
the adjacent Gu l f of Mex i c o  duri ng a l l months samp l ed from October 1931 
to January 1934 except for September  193 2 .  He noted  that major  peaks 
occurred i n  the catch of  � .  patronus  in  Baratari a Bay , Loui s i ana , i n  
January 1932 and January and February 1934 . A sma l l er peak a l so  
occurred i n  December  1932 and January 1933 .  Gunter concl uded that there 
was amp l e ev i dence to estab l i s h that peak abu ndance fo r �.  patronus 
occu rred i n  wi nter i n  the open bays , and thes e  mai n l y  smal l i nd i v i dual s 
we re probab l y  spawned the prev i ous  s ummer and fal l .  He fe l t  that these 
wi nter- caught spec i mens  had pos s i b l y  moved i nto the open bay from the 
nurs ery areas , maki ng them somewhat more suscept i b l e to co l l ecti on  wi th 
the trawl s .  Th i s  wo u l d  represe nt a c l ear case i n  wh i ch menhaden di d not 
return to the open Gu l f i n  the fal l and wi nter .  He noted that rna i n  l y  
l arger i nd i v i dual s were co l l ected i n  the Gu l f ,  al though some smal l 
i ndi v i dual s were taken a l ong  the beac h .  

Dunham ( 1972) p resented l ength frequency h i stograms fo r me nhaden 
co l l ected i n  otter trawl s i n  Baratari a Bay . Young menhaden l es s  than 
40 mm were general l y  found i n  the l ate wi nter  to earl y summer , but were 
a l so  pres ent i n  November and December  1971 and i n  January 1972 .  Perrett 
et a l . ( 1971) found l arge- scal e menhade n to be most  ab undant i n  
Lo u i s i ana es tuari es i n  May and l east abundant i n  January , a l though the 
spec i es was c o l l ected dur i ng al l mo nths of the year. �. patronus  was 
the most abundant organ i sm taken i n  se i ne samp l es i n  Lou i s i ana estuari es 
duri ng the Cooperat i ve Estuari ne Inventory be i ng fo und in  a l l Lo u i s i ana 
es tuar i es studi  ed .  They were mo st ab undant i n  the western port i o n  of 
Chande l eur  Sound and Lake Borgne , c l o s e  to the M i s s i s s i pp i  R i ver De l ta . 

Suttkus ( 1956 ) found that young-o f-the-year Gu l f menhaden i n  Lake 
Po ntchartra i n  reached about 90 mm by l ate s ummer  and we re about 140 mm 
at the end  of  the f i rst year.  The se  f i s h  had entered the l ake i n  
December a s  l arvae and postl arvae and moved out i n  the fa l l .  
Pres umab l y , spawn i ng had begun i n  October .  

Perrett and  Cai l l o uet ( 1974) samp l ed Vermi l i on  Bay , Lou i s i ana , wi th 
otter trawl s from J u ne 1964 through September 1965 . Spec i mens  of  B .  
patro nus that we re co l l ected ranged i n  s i ze from 32 to 172 mm ( total 
l e ngth ) .  Because otte r trawl s are not part i cu l ar l y  effecti ve i n  
co l l ecti ng menhade n ,  numbers o f  � .  patro nus  captured were vari ab l e ,  
a l though the spec i es was captured duri ng every mo nth . Duri ng the fi rst 
year (June 1964 to May 1965 ) ,  no seasonal trend i n  catch was ev i dent , 
but i n  the s ummer of  1965 , much h i gher catches were made . 
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Parker ( 1965)  found that �. patronus  was abundant i n  Gal veston Bay and 
cou l d be found year- around throughout the bay system . McFarl and ( 1963 ) ,  
who s e i  ned the s u rf area off Mustang I s  1 and , Texas , duri  ng  1960 and 
1961 , found � .  patro nus to be  present from May through August of  1960 , 
but  absent duri  ng the Decemb e r  1960 to J u l y  1961 peri  od .  S i mmons and 
B reuer ( 1977)  repo rted that -smal l menhaden entered the upper Laguna 
Madre i n  late January 1960 and that they had grown to a modal 1 e ngth of  
48  mm by mi d-J une .  They a l s o  noted that two other  year c l asses  ( 1  and  
2 )  were a l s o  in  the  Laguna Madre at  thi s t i me , w i th mode l l engths of  135  
and 210 to  225  mm re specti ve l y .  Thi s te ndency fo r re i nvas i on of  the 
estuar i e s  by 1- and 2-year- o l d  f i sh  appears to be a recurri ng  trend.  

Syke s and F i nucane ( 1965 ) found �. patronus  and �.  smi th i i i n  Tampa Bay , 
F l or i da , mai n l y  i n  the spri ng  and summer .  I n  O l d Tampa Bay , wh i ch was 
re l at i ve l y  u n i mpacted , typ i cal  s i zes for �. patronus were 24 to 74 mm i n  
spri ng and 58 to 115 mm i n  s ummer .  One i nd i v i dual , 105 mm i n  l ength , 
was found i n  the fal l samp l i ng i n  O l d Tampa Bay .  

These res u l ts i nd i cate that , dependi ng on  the part i c u l ar year , menhaden 
can occur i n  s i gn i fi cant numbers i n  estuar i e s  and bays of  the northern 
Gu l f  of  Mexi co duri ng any month . A l though the maj or  per i od of  growth of  
menhaden i s  obv i o u s l y  in  the  spri ng and s ummer , the l o ng peri ods of  
spawn i ng by the adul  ts and  estuari ne res i dency of  young- o f-the-year 
me nhaden , comb i ned w i th tendenc i es of  the se  young- o f-the-year men haden 
to remai n i n  the estuari es duri ng m i l der wi nters and the adu l ts to 
re i nvade the estuari es i n  spri  ng , exp 1 a i n  the p res ence of menhaden i n  
the estuar i e s  year- round .  

Sal i n i ty Re l at i ons h ips 

As i s  typ i cal  of the estuari ne- dependent fauna of the northwest  Gu l f of  
Mexi co , me nhaden are  euryhal i ne at  a l l stages of the i r  l i fe cyc l e .  The 
Gu l f menhaden i s  perhaps one of the most e u ryhal i ne organ i sms i n  the 
G u l f of  Mex i c o .  They a l  so  appear to be q u i te tol erant o f  vary i ng 
temperatures ,  al though severe wi nters (water temperatures l es s  than 4° C )  
have been known to caus e  mas s  mortal i ty o f  menhaden present  i n  i n shore 
waters . 

Turner ( 1969)  found eggs and l arvae o f  Gu l f menhaden i n  samp l es  
c o l l ected at  s u rface water temperatures , varyi n g  from 11°C ( February )  to 
23°C  (March ) .  In M i s s i s s i pp i  Sound , sal i n i ti es vari ed from 25 to 32 ppt 
dur i ng the t i me that men haden eggs and l arvae were co l l ected .  Chri stmas 
and Wal l er ( 1975 ) fo und that , for samp l es from across the northern Gu l f ,  
eggs we re found at temperatures rangi ng from 12 . 4  to 2 5 . 7°C  ( average 
18 . 7° C )  and at sal i n i ti e s rangi ng from 6 . 0  to 36 . 6  ppt ( ave rage 30 . 4  
ppt) . Of  the sampl es wi th menhade n eggs 88% had sal i n i t i e s  greate r than 
25 ppt.  

Lewi s (1966 ) found that at 0 ppt l arvae of  �. tyrannus  s urv i ved  l es s  
than o n e  day a t  temperatures between 2 and 6°C .  S u rv i val  ti me i ncreased 
wi th i nc reases i n  both sal i n i ty and temperature , and the upper  and l ower 
l i m i ts of  sa l i n i ty to l erance i ncreased w i th i nc reas i ng temperature . 
Sal i n i ti e s between 5 and 35 ppt appeared to m i n i mal l y  affect s u rv i val 
t i me .  Lewi s and Hettl e r  ( 1968) found that acc l i mat i on h i story and rate 
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of  c hange of  test condi ti ons  we re i mportant factors i n  s urv i val of  young 
At l anti c menhaden i n  the i r  exper i ments . At sa l i n i ti es o f  5 ppt , 
s i gn i fi cant mortal i ty occurred at 34° C , and most temperature- sal i n i ty 
comb i nati o n s  of  34 . 3  to 3 6 . 5 ° C  and 31 to 34 ppt caused morta l i ty .  

Chri stmas '  and  Gunter ( 1960)  reported that the  young of  both B .  sm i thi i 
and �.  gunteri  enter fre s hwater .  Several  stud i e s  co rrobo rate the 
preference of  j uven i l e menhade n for the l es s  sa l i ne porti ons  of the 
estuar i e s  ( Gunter and Shel l 1958 ; Bal dauf et a l . 1970 ; " Arno l di 1974) . 
Conner and Truesdal e ( 1972) found that the pr i mary nursery hab i tats for 
men haden are the i nteri or  marsh  1 a ke s  and bayo u s . Gunter and She l l 
( 1958)  c o l l ected smal l �. patronus i n  Grand Lake , Lo u i s i an a ,  i n  
sa l i n i ti es i n  the fres hwater range ( 0 . 10 to 0 . 19 ppt) . 

Li chtenhe l d and Hettl er  ( 1968 ) , who co nducted l aborato ry stud i es on  
young Atl anti c men haden , hypothes i ze d  that there may be a gradua l 
seas onal  change i n  sa l  i n i ty preference as young- of-the-year me nhaden 
grow and move down the es tuar i e s , eventual l y  i nto the sea .  They s uggest 
that thi s movement may be i n  response  to i ncreas i ng tempe ratures i n  the 
l ow- sal i n i ty nurs ery areas , forc i ng the j uven i l es to seek  
h i gher- sa l i n i ty waters , wh i ch they are better ab l e  to  to l erate at  h i gher 
temperatures . 

The range o f  water sal  i n i ti es and temperature for the samp l es wi th B .  
patron us c o l l ected from Lou i s i ana estuari es  ( Perrett et. a l . ,  1971) were 
fres h-water to 30 . 0  ppt and 5 to 34 . 9° C .  The greatest number of 
i nd i v i dual s we re taken i n  a sa l i n i ty range of  5 . 0 to 24 . 9 ppt and i n  a 
temperature range of  2 0 . 0 to 34. 9°C .  The s i ze range of  speci mens 
c o l l ected was 10 to 210 mm , and the average s i ze was 60 mm . 

D unham ( 1972)  found me nhade n to be present at a l l stati ons  he samp l ed 
wi th otter trawl s i n  Baratari a  Bay ,  Loui s i ana .  The r"ange of  sa l i n i ti es 
for co l l ecti ons  i n  wh i ch menhaden were found was 1 . 3 to 29 . 1  ppt , wh i l e  
the temperature ranged from 5 . 5 to 3 0 . 6 ppt and the s i ze ranged from 25 
to 255 mm . 

Cope 1 and and Bechte 1 ( 1974) s ummari zed the res u l ts of  prev i ous  studi  es  
deal i ng wi th the tempe rature and sa l i n i ty range s found for � .  patro nus . 
Large scal e me nhaden were co l l ected i n  sa l i n i ti es rangi ng from 
fres hwater to 45 ppt. They general l y  found menhaden to be di stri buted 
throughout the es tuari es . Catch rat i o s  ( an i nd i cato r of  ab undance) 
i ncreased from February to J u ne and then rap i d l y  dec l i ned to al most zero 
i n  September.  The l ate wi nter and spri ng i ncrease was attri buted to an 
i n fl ux of  j uven i l es from the open Gu l f .  On  the bas i s of  a comp rehe ns i ve 
s ummary of  re l evant data , Cope l and and Bechtel ( 1974) found that catch 
of j uven i l e  G u l f menhaden i n  estuari es  were di stri buted as fol l ows : 

o Temperature range , 0 to 40° C ;  opti mum catch , 25 to 35° C .  
o Sal i n i ty range , 0 to 26 ppt ; opti mum catch , 0 to 12 ppt . 
o Seas o n , a l l mo nths ; opt i mum catc h ,  Apri l to August .  

Cope l and and  Bechtel ( 1974) s ummari zed the  res u l ts of the i r anal y s i s of  
exi s ti ng me nhaden data i n  a seri es of two-way p l ots , re l ati ng catch 
rat i o  to vari ous  combi nati ons  of  envi ro nmental vari abl es  ( seas on , 
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sal i n i ty ,  temperature , and l ocati on  i n  the bay ) . They concl ude that 
there are c l ear temperatu re- sal i n i ty patterns , wi th j uven i l e  me nhaden 
found  more o ften i n  l ow- sal i n i ty water when temperatures are h i gh .  
Me nhaden are ab undant i n  a wi der sal i n i ty range at h i gher temperatures 
and i n  a wi der temperature range at l ower sal i n i ti e s .  They concl uded 
that l ocati on  i n  the estuary was probab l y  more i nf l uent i al than sa l i n i ty 
per se  i n  determi ni ng estuari ne di stri but i o n  o f  j uveni l e  menhaden .  

The adu l ts appear to b e  equal l y  euryhal i ne .  Thi s i s  apparent by the i r  
ab i l i ty to mi grate bac k i nto the estuari es a s  year 1 fi s h .  Gunter 
( 1945 ) found !! .  gunter i  i n  mesohal  i ne bays and  al s o  i n  the  fres hwater 
env i rons o f  the M i s s i on R i ve r  i n  Texas . S i mmons ( 1957)  reported B .  
gu nteri as common i n  the hypersal i ne Laguna Madre of  Texas at sal i n i ties 
of  20 to 60  ppt , but  uncommon  above 60 ppt.  S i mmons ( 1957)  found that !!. patronus was commo n l y  taken i n  sa l i n i ti es of  up to 60 ppt i n  the 
Laguna Madre . Chri s tmas and Gunter ( 1960 ) reported i so l ated catches o f  
me nhaden i n  waters o f  about 2 0  fathoms depth (maxi mum sal  i n i ty ,  36 . 2  
ppt) . Chri s tmas et .  a l . (1960 ) found that , o f  the 87 purse  se i ne s ets 
studi ed (mai n l y  o ff Loui s i ana) , more than 2 mi l l i on pou nds of  men haden 
were caught ; 70 percent were caught i n  waters rangi ng i n  sa l i n i ty from 5 
to 24 ppt , wi th the h i ghest sal i n i ty for any catch be i ng 31. 6 ppt.  They 
showed that menhaden catches i n  Loui s i ana , M i s s i s s i pp i , and Al abama were 
made i n  sa l i n i t i e s  of 6 . 2  to 31 . 6 ppt , wi th 88 percent made between  15 
and 29 ppt ; the average sal i n i ty was 21 . 4 ppt.  Gunter ( 1956)  and Br i ggs 
( 1958) l i sted !!. patron  us  as euryhal i ne .  

H i stori cal Tre nds i n  The Menhaden F i s hery 

Menhade n we re reporte d l y  l anded as ear l y  as 1900 i n  the G u l f of  Mex i c o .  
Chri stmas and Wa l l er ( 1975 ) report that the fi rst menhaden l andi ngs i n  
Texas occurred before 1920 and not unti l after 1945 i n  Loui s i ana.  The 
annual catch remai ned smal l unti l after Worl d War II ( Chapoton 1971 ) . 
From 1946 to 1970 , there was a 15- fo 1 d i ncrease i n  menhaden 1 andi ngs 
( 35 , 000 to 546 , 000 metri c tons ) .  The i ncrease was not conti nuous ; 
decreases i n  l andi ngs occurred s everal t i mes  i n  the 1950s and 1960s . 

I n  1963 , whe n Atl anti c menhaden l andi ngs began to decl i ne ,  the fi s hery 
for Gu l f me nhaden became the 1 arge st s i ngl  e fi  shery i n  the U n i ted  
States . Dur i ng 197 1 ,  o f  the  2 . 19 b i l l i on pounds o f  menhaden l anded at  
U . S .  ports , 73 percent were l anded i n  the  Gu l f states .  

The number o f  operati ng me nhaden reducti on  p l ants i ncreased  from 2 i n  
1946 to 14 i n  1968 , and there were 13 p l ants i n  1970 . Each p l ant i s  
s upp l i e d  by 6 to 10 vesse l s ,  and between 70 and 90 ve s se l s make up the 
Gu l f fl eet.  Th i rty- fi ve spotter p l anes were i n  use i n  1971 .  Chri stmas 
and Wal l e r ( 1975 ) report that , i n  1971 , the who l esal e val ue of Gu l f 
me nhade n products was greater than 43 mi l l i o n  do l l ars , and the 80 
menhade n ves se l s  fi s h i ng the Gu l f were val ued at 31 . 2  mi l l i on do l l ars . 
The 13 p roces s i ng p l ants i n  operat i on at that t i me were val ued at 
greater than 42 mi l l i on dol l ars , and more than 2000 peop l e were emp l oyed 
i n  menhaden operat i o n s  a l ong the Gu l f .  

The average s i ze ( tonnage ) of the vesse l s has i ncreased through the 
years , from 54 tons i n  1946 to 245 tons i n  1971 (a fi ve- fo l d  i ncrease ) .  
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Becaus e  a vesse l ' s  effecti ve f i s h i ng ab i l i ty i s  wel l correl ated wi th 
to nnage , f i s h i ng effort for the menhaden f i s hery i s  u sual l y  expre s s ed as 
to nnage-we e ks ( tonnage t i mes  wee ks ) .  Other factors that have i ncreased 
the f i s h i ng power of  vesse l s over the years i nc l ude a l umi num p urse 
boats , power b l oc ks , syntheti c  f i ber  nets , f i s h  pumps and refri gerated 
ho l ds .  By 1965 most of these  i nnovati ons  and i mproveme nts i n  the G u l f 
fl eet had been  made ( Re i ntj es 1969 ) .  Schaaf ( 1975 ) repo rts that 
refri gerated vesse l s  were i ntroduced i nto the G u l f f i s hery i n  1956 and , 
by 1964 , domi nated the f l eet.  Schaaf ( 1975)  noted that techn i cal 
deve l opment o f  the G u l f menhaden f i s hery paral l e l ed that o f · the Atl ant i c 
f i shery after Worl d War I I ,  wi th most  i nnovati o n s  be i ng tri ed f i rst on  
the  Atl anti c coast .  Today , the G u l f f i she ry i s  the  more advanced 
operati on , wi th newer , l arger , and more powe rful vesse l s .  

Th rough the 1960s there was a d i st i nct trend for the l andi ngs at 
Lou i  s i ana ports to i ncrease and the 1 andi  ngs at ports i n  other Gu l  f 
states to decrease .  F l or i da and Mi s s i s s i pp i  l andi ngs decreased from 30  
percent o f  the  tota l G u l f l and i ngs i n  1961  to  17  percent i n  1970 . For  
Texas , the  annual  l andi ngs decreas ed from 13 percent o f  the  total i n  
1961 to 4 percent i n  1970 . The Texas comme rc i a l f i shery for menhaden , 
wh i ch began i n  1950 ( S i mmons  and Breuer 1967 ) , e s senti al l y  ended w i th 
the c l os i ng o f  the menhaden f i s h  p l ant at Sab i ne Pass , Texas , i n  197 2 .  

Accord i ng t o  F i sheri es o f  t h e  U n i ted States ( NMFS , 1981 ) , the Gu l f 
menhaden catches i n  1979 and 1980 were 1 .  72 and 1 .  55  b i  1 1  i on  pounds , 
respect i v e l y .  Of  t h e  1 . 5 5  b i l l i on pounds o f  menhaden caught i n  t h e  Gu l f 
i n  1980 , 1 . 31 b i l l i o n pounds were caught wi th i n 3 m i l es of  the coast.  
The 1979 G u l f catch was val ued at 73 . 4  m i l l i on dol l ars whereas that for 
1980 was val ued at 69 . 1  m i l l i on do l l ars . For the 5-year peri od , 1975 to 
1979 , the average annual  catch of Gu l f menhaden was 1 . 39 b i l l i on pounds . 

Because  o f  the i nten s e  schoo l i ng hab i ts o f  menhaden and the i r  common  
occurrence i n  the  upper port i o n s  o f  the  water co l umn , they are not 
f i s hed wi th trawl nets . Purse s e i n i ng i s  the most commo n l y  used 
commerc i al techn i q ue on  both the Atl anti c and Gu l f coasts . A typ i cal  
menhaden purse  s e i ne vesse l  i s  100  to 150 feet i n  l ength , carr i e s  a c rew 
o f  20 to 25 men , and i nc l  udes two 34- to 36-ft purs e b oats and o ne 
smal l er stri ke boat .  The stri ke b oat fol l ows the school  unt i l the purs e 
boats  can be  pos i ti oned .  

I n  years pas t ,  many hours were spent i n  a crow ' s nest  search i ng for 
schoo l s  o f  men hade n .  Today , th i s  has drasti cal l y  changed wi th the 
advent of smal l ,  s i ngl e-eng i ne  spotter p l anes . These ai rcraft l eave 
port earl y i n  the day and gui de the me nhaden boats to the school  s of 
f i s h .  The spotter p l ane a l s o  a i ds i n  s ett i ng the purse  s e i ne by the 
purs e boats . 

The purse  s e i ne i tse l f i s  the p referred techn i que worl dwi de for cap
tur i ng schoo l i ng f i s hes  i n  the open sea s .  A typ i cal  Gu l f purse  se i ne i s  
1400  ft l ong and 90  ft deep and i s  s upported at the top wi th fl oats and 
we i ghted at the bottom wi th a metal r i ng-we i ght , thro ugh  whi c h the purse 
rope i s  threaded . The purse  rope i s  u s ed to c l o s e  the bottom o f  the 
f i xed net ( " p u rs i  ng" the net) . The two purse  boats , each wi th one end 
o f  the purse s e i ne ,  head i n  oppos i te d i recti o n s , enc i rc l i ng the schoo l  
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as they come together  o n  the far s i de .  The purse rope i s  then drawn 
ti ght , and the net w i t h  the e ntrapped men haden i s  drawn i n .  An 
excepti o nal  set may y i e l d a quarter of  a m i l l i o n fi s h , a l though sets 
y i e l d i ng 50 , 000  to 100 , 000 f i s h  are cons i dered good.  Each set takes 
about 2 h ,  and fo ur  to f i  ve sets are made each day per boat. Res u l ts 
from a number of  studi es  ( Knapp , 1950 ; F i l i p i ch , 1947 ; Gunter , 1963 ; and 
Dunham 1972) have s hown that menhaden purse  se i n i ng i s  a very se l ecti ve 
method of  f i s h i ng ,  wi th abo ut 99  percent of  the catch be i ng compo sed  of  
the  target spec i e s .  

Rei ntj e s  ( 1970 ) , i n  compari ng the Atl anti c and Gu l f menhaden , noted that 
� .  patronus  i s  a s ho rte r- l i ved spec i es wi th a h i gher reproduct i v e  
potenti al and , as s uch , has a greater capac i ty t o  recover q u i c k l y  from a 
bad year ( i nduced by overfi s h i ng or  poor recru i tment ) .  The catch i n  any 
one  year depends strong l y  on the s ucces s  of  recrui tment of  1-year- o l d 
f i s h  i nto the offs hore popu l at i o n  dur i ng the prev i o us  fal l .  The 
Atl anti c men haden attai ns  a l arger s i ze than does  the G u l f me nhade n .  
Re i ntj e s  ( 1969)  reports i nd i v i dual  � .  tyrannus  as l arge as 420  mm , 
whereas Chapoton (1970) reports the l argest G u l f men haden to be 247 mm . 

The Gu l f men haden f i s hery appears to depe nd o n  two age c l asses  ( 1- and 
2-year- o l ds ) for quanti tati v e l y  s i gn i fi cant harve sts . Young- o f-the-year 
f i s h  are not i mportant i n  commerci a l catches  because  they fai l to appear 
on  the offs hore grounds  unti l fal l , after the offshore commerci al season  
i s  effect i v e l y  ove r .  Chapoton ( 1970) repo rted that 1-year- o l d men haden 
make up abo ut 50 percent of  the annual  G u l f coast catc h .  Gu l f  men haden 
age gro ups of  3 to 5 years co l l ecti v� l y  contri b ute about 10 percent to 
the annual  catch ( Re i ntjes  1970 ) .  Chri stmas and Wal l er ( 1975)  repo rted 
that samp l es  of Gu l f l andi ngs made by NMFS i n  1974 i nd i cated that age 1 
men haden consti tuted 64 percent of the catch and age 2 f i s h  const i tuted 
another 34 percent .  They noted that the fai l ure of  a s i ng l e year c l ass  
cou l d drasti cal l y  reduce the  catch i n  the fol l owi ng year .  The n umber of  
recru i ts has var i ed s i gn i fi cantl y from year to  year ( i nd i cated by the 
catch of  1-year-o l  d f i  s h ) . Because the f i  shery i s  based on o n l y  two 
year c l as ses , the catch var i e s  tremendous l y  from year to year because  of  
vari at i on s  i n  recrui tment .  For examp l e ,  i n  the 1967 to  1969 peri od , 
annual  catch o f  1-year- o l d fi s h  vari ed from 28 to 68 percent of  the 
total catch ( Chapoto n  1971) . I f  two bad recrui tment years were to occur 
bac k to bac k ,  the comme rc i a l catch wou l d  be seri o us l y  affected s i nce the 
cus h i on that m i ght be prov i ded  by s i zab l e  popu l ati ons  of  o l der menhaden 
does  not exi s t .  Thi s i s  i n  marked contrast to the s i tuat i o n  fo r the 
c l ose l y  re l ated Atl anti c menhaden , whe re each o f  four or  fi ve age 
c l asses  have contri b uted s i gn i fi cant l y  to the annual  catches i n  
part i c u l ar years . For  examp l e ,  N i cho l s o n  and H i gham ( 1965)  found that 
the 1958 age c l ass of Atl anti c menhaden domi nated the annual  catches for 
at l east 4 years , duri ng wh i ch ti me recrui tment was very poor .  

Chri stmas and Etzo l d  ( 1977) found  that the  G u l f menhaden fi shery was 
most i nten s e  wi thi  n 3 mi 1 es of the coas t .  Lega l c l osed  seasons  have 
been adopted by Mi s s i s s i pp i , A l abama , and Loui s i ana to protect the 
spawn i ng stoc k i n  wi nter mo nths . S i mmons and B reuer ( 1967) , who 
descri bed the Texas menhaden f i shery ,  conc l uded that the present 
unava i l  ab i 1 i ty of  the spawn i ng menhaden schoo 1 s i n wi  nter (movement 
offshore)  was probab l y  the greatest factor  i n  prevent i ng 
ove rexp l o i tati o n  of  the f i s hery .  
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F i sheri es Management 

Schaaf ( 1975 )  reports that both the Atl anti c and Gu l f menhaden fi s heri es 
are conduc i ve to ( s i mi l ar) management practi ces  because  they 
are : ( 1 )  who l l y  domesti c ,  ( 2 )  based on  a s i ng l e spec i es , ( 3 )  harvested 
and processed wi th the same techno l ogy , (4)  wel l studi  ed , and 
( 5 )  verti cal l y  i ntegrated .  

Several  attempts have been  made to prov i de quant i f i ed model s of  the  Gu l f 
menhaden fi  s hery for management purposes . Chapoton ( 1971) regressed 
catch per un i t effort (CPUE )  ( i n  metri c tons of menhaden ves s e l  
tonnage-week)  vers us  effort ( i  n thousands of  ves se l  tonnage-weeks )  to 
descri  be the hi stori  ca 1 trends i n  menhaden catch for the G u l f and 
Atl ant i c f l eets . The f i nal equati on  for the Gu l f ,  

i nd i cates that , as 
CPUE decreases . 
cal cu l ate max i mum 
( 1954) , where 

CPUE  = 2 . 1238 - 0 . 0026 ( Effort) 

effort i ncreases ( i n  l ater years of  the t i me ser i es ) , 
The coeff i c i e nts of  th i s  equati on  were used to 
s u s ta i nab l e y i e l d by us i ng the methods of  Schaefer 

Catch = 2 . 12 ( Effort ) - 0 . 0026 ( Effort ) 2  = 434 , 000 tons . 

Thi s y i e l d cou l d be  accomp l i shed  by 408 , 000 vesse l  tonnage-weeks of 
effort . Accordi ng to the model , addi ti onal  effort wou l d  negat i v e l y  
affect t h e  popu lat i o n  and wou l d tend t o  reduce future yi e l ds .  Chapoton 
(1971) conc l uded that the G u l f menhaden fi s hery had reached i ts 
predi cted maxi mum yi e l ds .  S i nce l andi ngs of  Gu l f menhaden i ncreased at 
the rate of  59 percent/year between 1946 and 1970 , there was concern 
that the f i s hery mi ght be overdevel oped before i rrefutab l e evi dence i s  
fo und that th i s  i s  taki ng p l ac e .  Schaaf (1975 ) updated thi s model  us i ng 
1971 and 1972 data ; the 1971 data represented the l argest catch of  Gu l f 
menhaden ( about 700 , 000 metri c tons ) recorded to date . New val ues for 
max i mum s ustai nab l e  yi e l d (MSY) were 478 , 000 metri c  tons wi th 460 , 000 
vesse l  tonnage-wee ks of  effort . 

Schaaf et a l . ( 1975)  used mu l t ip l e regres s i o n mode l s to pred i ct the 
catch of  Atl anti c  and Gu l f menhaden i n  a gi ven year us i ng catch and 
effort data ( vesse l  tonnage-week) i n  pr i or  years . Data for the G u l f of 
Mex i co were based on  27 years of  records ( 1946 to 1972) . Res u l ts of  the 
analys i s  s howed 86 percent of  the vari ati on  i n  the data for the Gu l f 
fi s hery was exp l ai ned by the regres s i'o n mode l . The model was used to 
forecast catch for the 1973 and 1974 cal e ndar years , and the errors of  
the  esti mates were on ly 2 and 1 percent , respect i v e l y .  Schaaf et a l . 
( 1975 ) note that , over the 27-year peri od , predi cted catch agreed more 
c l ose ly  wi th actual catch i n  the earl i e r part of  the record . They 
hypothes i zed that the i ncrease i n  effort i n  l ater years too k  l arger and 
l arge r percentages of the avai l ab l e f i s h .  Because of  th i s ,  the strength 
of  the year c l as s  greatly  i nf l uenced the catch for the next year .  S i nce 
year c l as s  1 consti tutes about 50 percent of the annual menhaden catch , 
the vari ab i l i ty of the catch i ncreased s ubstant i al ly  i n  the l ater years . 
For examp l e ,  a l though the menhaden catch was 479 , 000  tons i n  1962 , i t  
fl uctuated between 316 , 000  and 728 , 000  tons from 1964 to 1972 .  Schaaf 
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et a l . (1975)  p o i nt out that the eco l ogi cal factors underl y i ng these  
trends i n  menhaden catch can  o n l y  be e l uc i dated through a more detai l ed 
exam i nat i on and knowl edge o f  the b i o l ogy of  menhaden recrui tment .  

Stone  ( 1976) used several  stat i st i cal  techn i q ues to rel ate menhaden 
harvest data for Lo u i s i ana for the peri od  1950 to 1971 wi th 
env i ronmental vari ab l es that were through to be i mportant to the 
menhaden 1 i fe cyc l e .  Effort was expre s s ed as vesse l -weeks and was 
therefo re not standard i zed .  Based o n  month l y  data , s i x  vari ab l es 
accou nted for 81 percent of  the vari at i o n i n  the menhaden catch , wi th 
effort , year , and four wi nd ( strength and d i  rect i o n )  x temperature 
vari ab l es enteri ng the mode l ; effort was the most i mportant vari ab l e .  
Effo rt and year together account for 7 0  percent o f  the vari at i o n i n  
catch .  When l agged vari ab l es were i nc l uded i n  the model fo r month l y  
data , the R2 (amount of  vari ance exp l ai ned by the mode l ) i ncreased to 
86 . 2  percent.  S i gn i f i cant var i ab l es i n  the e i ght-var i ab l e model  ( i n  
descendi ng o rder o f  s i gn i f i cance) i nc l uded effort ; ml n l mUm ai r 
temperature x mo nth 1 agged 12 months , wi nd di  recti on  at New Orl eans x 
month ; wi nd d i rect i o n  at Baton Rouge x m i n i mum a i r  temperature l agged 12 
mo nths ; wi nd d i recti on  at New Orl eans , mean a i r temperature , m i n i mum ai r 
temperature x month ; and maxi mum water temperature . When effort and 
yearl y effects were removed from the anal ys i s ,  the R2 va l ue was o n l y  55 
percent . 

A best- three-vari ab l e  model , based on  annual  data , s howed an R2 o f  80 . 0  
percent.  The three i ndependent vari ab 1 es  i nc l  uded i n  the model were 
year l y  effects , effo rt , and the s um of  the ml n l mum mont h l y  ai r 
temperatures dur i ng December ,  January ,  and February . 

Cross-co rre l at i on ana l ys i s  i ndi cated that menhaden harvest i n  i nd i v i dual 
months was re l ated to maxi mum ti dal range duri ng port i ons  o f  the wi nter 
and spri ng of the same year and the prev i o us 2 years . A s i m i l ar trend 
was seen for wi nd speed . 

Schaaf (1975)  has proposed a quota system as  an i n i t i a l step toward 
managi ng the G u l f men haden f i  s hery .  Because  of  the h i  gh reproducti ve 
potenti al of  the Gu l f menhaden and the expected res i l i ency th i s  pro v i des  
agai nst overfi s h i ng ,  he  fe l t  l i beral quotas cou l d be set .  He s ummed up 
our  knowl edge of the Gu l f menhaden resource  and f i s hery ,  i nd i cat i ng that 
the most  pres s i ng needs are for ( 1 )  val i d  i nformati on on the age 
structure of  the pop u l at i o n  (to al l ow cal c u l at i on of morta l i ty rati o s ) ; 
( 2 )  assessment of  the adequacy of the meas ureme nt of  f i s h i ng effort 
( tonnage-wee ks ) ;  and ( 3 )  val i d  techn i ques  to quanti fy the strength of  
recrui tment upon  wh i c h quotas can  be estab l i s hed . 

S ummary 

Of the seven spec i es  of menhaden descri bed from the wes tern hemi sphere , 
the Gu l f menhade n �. patron u s )  and the Ame ri can menhaden �.  tyrann u s )  
domi nate the G u l f o f  Mexi co and Atl ant i c  f i s her i e s , respecti vel y .  The 
pri n c i p l  e reg i  on  of  abu ndance for the G u l  f menhade n encompasses  the 
northern G u l f from Gal vesto n  Bay , Texas , to Appal ach i co l a Bay , F l ori da , 
wi th part i c u l ary h i gh popu l at i o n s  occurri ng i n  the area of  the 
M i s s i s s i pp i  R i ver De l ta .  
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The menhaden 1 i fe cyc l  e i s  typ i  ca 1 o f  estuari ne- dependent euryha 1 i ne 
o rga n i sms . Most spawn i ng occurs i n  ocean i c  waters dur i ng l ate fal l and 
wi nte r .  Larvae are then transpo rted 1 andward toward es tuari ne pas ses , 
wi th peak numbers genera l l y  occuri ng i n  March i n  the nears hore northern 
Gu l f . As the postl arvae trans form i nto j uven i l es ,  they move i nto the 
upper reaches  o f  the estuar i es  and the n , duri ng the s ummer , gradua l l y  
move toward the mouth a s  they conti nue t o  mature . Wi th the approach o f  
co 1 d weather , many menhaden move a s h o rt di  stance o ffs hore , howeve r ,  
s ubstanti a l  n umbers remai n i n  the estuari es  and bays , espec i a l l y  duri ng 
m i l d  wi nters . Ev i dence i nd i cates that the Mi s s i s s i pp i  De l ta may be the 
di v i d i ng po i nt fo r two maj o r  spawn i ng popu l ati ons  of  me nhaden i n  the 
northern Gu l f ,  wi th prevai l i ng currents mai nta i n i ng a part i a l  s eperati on  
between  the eggs  of  the eastern and western popu l ati ons . 

S i gn i fi cant commerc i a l  menhaden catches  i n  the Gu l f of  Mexi co are 
domi nated by the 1- and 2-year- o l d age c l as ses , wi th purse  se i n i ng the 
most effecti ve comme rci al f i s h i ng techn i que . Landi ngs  i ncreas ed from 
35 , 000  to 546 , 000 metr i c  tons from 1946 to 1970 , pri mari l y  i n  response  
to  i ncreas ed vesse l  to n nage and  techn o l ogi cal advanceme nts i n  equ i pment .  
Duri ng the  1960s , the  l andi ngs at  Lou i s i ana ports i ncreased wh i l e  those 
for other Gu l f states decreas ed .  Of  the 1 . 55 b i l l i o n  pou nds of  menhaden 
caught i n  the G u l f duri ng 1980 , 1 . 31 b i l l i o n pounds  were caught wi th i n  3 
m i l e s of the coast , wi th the total val ue fo r the 1980 catch equal l i ng 
approxi mate l y  69 . 1  m i l l i o n  do l l ars . Stati sti cal  mode l s of  me nhade n 
catch i n  the G u l  f o f  Mex i co i ndi cate that the menhade n fi  s hery has 
reached maxi mum s ustai nab l e  y i e l ds , wi th f i s h i ng effort , wi nd di recti o n , 
and ai r tempe rature for Decembe r ,  J anuary ,  and February amo ng the most 
i mportant var i ab l es for pred i cti ng catc h .  
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BR INE  D I S POSAL BY UND ERG ROUND I NJ ECTION 

Br i ne di sposal  has been addres sed i n  prev i ous  Strateg i c  Petro l eum 
Reserve ( SPR )  Fi na 1 Env i ro nmenta 1 Impact Statements ( FE I S s )  i n  terms of 
three a l ternati ves : usage by l ocal i ndus try , deep-we l l i nj ecti on , and 
di sposal  to the Gu l f o f  Mexi co ( FEA ,  1976a) . The preferred d i sposal  
method wou l d  be usage as feedstock  by the l ocal petrochemi cal  i ndus try . 
Th i s  method was used  i n i ti al l y  at Bryan Mound fo r a l i m i ted t i me and o n  
a l i m i ted scal e to di spose o f  exi sti ng h i gh-qual i ty bri ne created by 
l ocal  i ndustry fo r i ts own use . At no exi sti ng or candi date SPR  s i te ,  
however , i s  there a l ocal market capab l e  o f  accepti ng the requ i red rate 
or vo l ume of br i ne . Further , i ndus try cannot use  S P R  bri nes from 
s o l ut i o n  mi n i ng ( l each i ng)  because  of  the rel ati ve ly  poor qual i ty of raw 
water used by S P R .  I t  was determi ned , therefore , at the commencement o f  
Phase  I fac i l i ti es construct i on that underground i nj ecti o n  a n d  di sc harge 
i nto the G u l f of Mexi co were the o n l y  two v i ab l e  d i sposal  al ternati ves . 

An  ear ly  conceptual des i gn ( Fe n i x  and Sc i s so n , 1976)  i nd i cated the 
feas i b i l i ty o f  underground i nj ect i o n  at the requ i red rates and 
recommended a system of  deep we l l s  o n  1 , 000- ft centers and wi th cas i ngs 
and pump s s i zed fo r a nomi nal  fl ow rate of  1 , 000 gal /mi n ( 34 , 285 barre l s 
per day [ b b l /d] ) .  T h i s des i gn was the bas i s for detai l ed as sessment o f  
u nderground i nj ect i o n  i n  earl i er SPR  F E I S s . 

The programmati c  SPR  FE  IS  ( FEA , 1976a) noted that i ndustr i al experi ence 
wi th undergro und i nj ecti on  d i  d not app roach  the SPR  rate and vo l ume 
req u i  rements and bri ef ly  hi gh l  i ghted concerns wi th the uncertai nty of  
geohydro 1 ogi  c boundari es ( faul ts , ab rupt strata thi  n n i  ng , fac i es  
changes ) and wi th mai ntai n i ng proper pres s ures to avo i d  fractur i ng 
aqu i c l udes , defo rmi ng strata , or  otherw i se  i nterferi ng wi th o i l  and gas 
producti o n .  The most s i gn i fi cant hazard cons i dered i n  th i s  FE IS was 
encounteri ng o l d ,  perhap s un known , we l l s  that are not s uffi c i ent l y  
p l ugged to prevent contami nati on  of  fres hwater zones . A s  o l d  we l l s  are 
u s ual l y  rel ati ve ly  shal l ow ,  thi s r i s k  i s  m i ti gated by i nj ecti ng at great 
depths . 

Detai l ed s i te- spec i fi c  descri pti ons  of  s ubs urface aqu i fers , i nj ecti o n  
reservo i r  mechan i c s  anal yses , and i nj ecti o n  r i s k  and i mpact assessments 
were presented i n  F E I S s  for P hase I s i tes  wi th exi sti ng l eac hed cavern s ,  
Bayou Choctaw , West Hackberry , and S u l phur  M i nes ( FEA , 1976b ; FEA , 1977 ; 
DOE , 1978a ) .  Predi ctab l y ,  i ncreas i ng awareness  of  potenti al  prob l ems 
was refl ected i n  i ncreas i ng s i te- speci fi c i ty of the geo l ogy . The West 
Hackberry and S u l phur Mi nes F E I S s  i nc l uded d i scus s i o n of  i ncompati b i l i ty 
o f  waters , water- sens i t i ve fo rmati ons , and water qual i ty and b i o l og i cal 
characteri s t i c s  ( FEA ,  1977 ; DO E ,  1978a) . Notwi thstandi ng the re l at i v e l y  
great amo unt of  hi stor i cal o i l a n d  gas exp l orat i o n  about West Hac kberry 
sal t dome , sand beds between - 2 , 000 and -8 , 000 ft i n  the We st Hackberry 
v i c i n i ty cou l d  not be correl ated because o f  " l ac k  of  data" ( FEA , 1977 ) . 
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S P R  Phase  I Underground  I njecti o n  Expe r i ence 

A total  o f  3 2  deep i nj ecti o n  we l l s  have been  con structed amo ng four 
s i tes  for Phase  I b r i ne d i sposal  (Tab l e  H- 1 ) . We l l  cas i ngs  and p ump s 
were s i zed acco rdi ng  to the conceptual de s i gn to accommodate a nom i nal  
1 , 000  ga l /m i n ( 34 , 285 b b l /d ) ; i nj ect i o n  zones  we re l ocated i n  M i oce ne 
s ands , 2 , 000  to 8 , 000  ft underground , wh i ch are i so l ated from fres hwate r 
aqu i fers and o i l - and gas- beari ng strata . 

Re servo i r  cal c u l at i o ns i nd i cated s u ff i c i ent  p e rmeab i l i ty and cap ac i ty to 
accept the req u i red rates and v o l umes of b r i n e  at each s i te .  However 1  
at each s i te ,  ser i ous  p rob l ems deve l oped  soon  after the i nject i o n  we l l s  
became operat i o na l . 

As s hown i n  Tab l e H-1 , p ro j ect i o n s  o f  s us ta i nab l e rates based o n  Phas e I 
operati ng  experi ence range f ro m  3 2  percent of  the des i gn rate at Bayou 
Choctaw to 52 p e rcent o f  the des i gn rate at B ryan Mo und .  No  s i gn i fi cant 
i nj e ct i o n  exp e r i ence has occurred to date at S u l p hur  M i nes . At Bayou  
Choctaw ,  fewer than  hal f of  the 28  we l l s  env i s i oned  i n  the  s i te- spec i f i c  
F E I S  ( F EA ,  197 6 b )  have been  b u i l t . 

J 
Phase I br i ne d i sposal  i nv o l ves  d i sp l acement by o i l  f i l l  o f  ex i st i ng 
h i gh-qual i ty b r i nes  that were created by the petroc hemi ca l  i ndustry as 
feedstoc k .  They are ( 1 )  gene ral l y  s aturated ( 265 ppt d i s so l ve d  s a l t) ;  
( 2 )  made from dri n ki n g- q ual i ty water , wh i ch was chem i cal l y  treated to 
remove undes i rab l e  d i s s o l ved s o l i ds i n  the b ri ne ; and ( 3 )  are re l ati ve l y  
free o f  s u spended  part i c u l  ates . I n  contrast , b ri nes  c reated by S P R  
l each i ng made from untreated , l ow- qual i ty wate r  genera l l y  conta i n  
s i gn i f i cant l oads o f  s u spended s o l i ds .  

Table H·1 . Phase I underground injection program: design versus projected sustained rates 

Total s i te 
s usta i ned  i nj e ct i on rate 

Numbe r  ( 1000 ' s  o f  b b l /d )  
S i te o f  wel l s D e s i gn  P ro j ectedI 

B ryan Mound 6 144 75 

West  Hac kberry 10 300 130 

Bayou Choctaw 12 360 115 

S u l p h u r  M i nes 4 100 80 

l p ro jected from Phase  I expe r i e nce ; Sourc e :  DOE , 1980 . 
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Dai ly  bri ne di sposal  rep o rts for eac h we l l  were i n i ti ated i n  
October 1978 . However , undergro und  bri ne i nj ecti on  ceased wi th the 
stoppage o f  o i l  fi l l  i n  1979 and di d not beg i n agai n unti l o i l fi l l  
res umed i n  September 1980 . Records are avai l ab l e for a peri od  of fai r l y  
conti nuous  bri ne i nj ecti o n  at We st Hac kbe rry from November 1 ,  1978 , 
through February 14 , 1979 ( PB - KBB , 1979a) . The data recorded duri  ng 
th i s  peri o d  are s ummari zed i n  Tab l e H-2 .  

Tab l e  H- 2 .  S ummary of bri ne di sposal  we l l operati o n  data at 
We st  Hac kbe rry for the peri od  November 1 ,  1978 , 

through Feburary 14 , 1979 

Total Actual Bri ne 
avai l ab l e  operati ng i nj ecti on  
we l l - hours  we l l - ho u rs (bb l ) 

November 7 , 200  4 , 422 2 , 586 , 528 

December 7 , 200  6 , 320 2 , 921 , 787 

January 7 , 440 4 , 715 2 , 344 , 411 

February 3 , 120 2 , 451 1 , 165 , 110 

Total 24 , 960 17 , 908 9 , 017 , 836 

Average 6 , 240 4 , 477 2 , 254 , 459 

So urce : After Tab l es  1 and 4 ,  PB- KBB , 1979a .  

Actual 
i nject i o n  rate 
(bb l /ope rati ng 

hour)  

584 

462 

497 

475 

504 

The total n umber of  we l l - ho urs for wh i c h  bri ne di sposal  operati o n s  cou l d 
have been conducted duri  ng the peri  od  was 24 , 96 0 .  Thi  s fi  gure repre
sents the numbe r of  l i o n  l i nel l  we l l - ho urs and therefo re does not refl ect 
the t i me that we l l s  were not operati ona l  dur i ng aci d i zati o n  or for other 
reasons . The tota l n umber  of  we l l - ho urs duri ng wh i ch bri ne was actual l y  
be i ng i nj ected duri ng the peri od  was 17 , 908 , res u l ti ng i n  a 0 . 72 uti l i 
zati o n  factor .  The total n umber of  barre l s of bri ne di sposed ,  di v i ded  
by 17 , 908 we l l - h o urs , res u l ts i n  504  bbl /h per  we l l ,  wh i ch i s  the 
average rate of i nj ecti o n  whi l e  bri ne was be i ng di sposed of.  I f  
operati on  were conti nuous  for a 24- h peri od , thi s hour ly  rate wou l d  cor
respond to 12 , 096 bb l /d per we l l .  The average ca l e ndar day of actual 
operati ons  i s  361 bb l /h per we l l ,  or  the equ i val ent of 8 , 670 b b l /d per 
we 1 1 .  
Of the 109 days ana l yzed duri ng the peri o d ,  the bri ne di sposal  rate 
exceeded 15 , 000 bbl /d per  we l l  for o n l y  16 days and never exceeded 
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20 , 000 bb l /d per we l l ( PB- KBB , 1979a) . The best performance was 
observed dur i ng November 1978 , for wh i ch the equ i val e nt 24- h peri od 
average was 585 bb l /h  per we l l ( 14 , 038 bb l /d per  we l l ) . Based o n  thi s 
ana l ys i s ,  i t  does not appear l i ke l y  that an  i nj ecti on  rate o f  more than 
15 , 000  bb l /d per we l l  cou l d be mai ntai ned for the durati o n  of s o l uti on  
m i n i ng ( about 4 years ) .  

To ach i eve the i nj ecti o n  rates recorded i n  Tab l e H- 2 ,  a total o f  33 
aci d i z i ng operati ons  ( one for every 273 , 267 bb l  of bri ne i nj ected)  were 
performed .  These  ac i d i zi ng operati o n s  were apparent ly  req u i red to 
remove acc umul  ated depos i ts from the fo rmati o n  adj acent to the we 1 1  s 
wh i ch were reduc i ng i njecti v i ty .  The cost  of  each ac i di zat i o n  was 
$13 , 000 , representi ng a maj o r  porti o n  of the total 1978 operati ng cost 
of  $25 , 000 per  month per  we l l .  Al though i nj ecti v i ty m i ght be  i mproved 
o n  the ave rage we l l by mechan i cal  fi l trati o n  o f  bri ne befo re i nj ecti o n , 
costs for such  f i l trati o n  wou l d be no l es s  than the cost o f  add i ti o nal  
we l l  con struct i o n  ( Le h r , 1978 ) . 

I ndustr i a l  Subs urface Br i ne I njecti o n  Experi e nce 

The petro l eum i ndustry has exte ns i ve experi ence wi th s ub s u rface i nj ec
ti o n  we l l s . In general , s uc h  we l l s  have been used  fo r di sposal  of sal t 
water produced i n  conj uncti o n  wi th hydrocarbon extract i o n  and to mai n
ta i n  format i o n  pre s s ure to e n hance petro l eum producti o n  from o i l reser
vo i rs that are be i ng dep l ete d .  Accord i ng to Lehr ( 1978) , there are over  
100 , 000  o i l f i e l d bri ne i nj ecti o n  we l l s ,  most of  wh i ch t'ece i ve l es s  than 
1 , 000  bb l /d . I n  addi ti o n , there are over 450 permi tted chemi cal  waste 
d i sposal  we l l s ,  none o f  wh i c h  approaches  rates i ntended for the S P R .  

S uch i ndustr i a l  experi ence wi th subs urface i nj ecti on  i s  admi tted l y  not 
di rectly  app l i cab l e  to the S P R  bri ne d i sposal  s i tuati o n .  In a pres sure 
rna i ntenance proj ect , for examp 1 e ,  the fo rmati o n  press ure stays nearly 
constant , and the vo l ume of  water i nj ected i s  bal anced by the vo l ume of  
o i l removed from the  rese rvo i r . However , avai l ab l e  evi dence i nd i cates 
that fo rmati o n  p l ugg i ng near the we l l bore does  l i m i t i nj ecti v i ty o f  
ex i sti ng bri ne d i sposal  we l l s  and i l l ustrates t h e  nature o f  the di f
f i c u l t i e s  that can be  enco u ntered when  a f l u i d  i s  i nj ected i nto a s ub
s u rface aqu i fer .  Th i s  formati on p l uggi ng phe nomenon  i s  q u i te s i mi l ar i n  
both o i l f i e l d i nj ecti o n  we l l s  and SPR  br i ne di spo sal  we l l s . 

The cu rrent maxi mum re i nj ecti o n  rate has been  repo rted to be  about 
10 , 241 bb l /d per we l l for the Cameron f i e l d and about 5 , 700 b b l /d  per 
we l l fo r the east Texas o i l fi e l d ( F EA ,  1977 ) . The se  val ues  are 
general l y  comparab l e  to the actual dai l y  i nj ecti v i ty rate experi enced by 
DOE at West Hackberry .  

I n a paper presented by Jordan , Edmondso n , and Jeffri es- Harri s at the 
Soci ety of  Petro l eum Engi neers 43rd Annual Fa l l Meeti ng i n  Ho uston i n  
1968 , i nject i v i ty prob l ems associ ated wi th devel opment of  a water 
fl oodi ng project for Standard O i l of  Cal i forn i a  i n  Mi ocene sand reser
vo i rs adj acent to the Bay Marchand sa l t  dome were di scussed .  A l though 
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i nvo l v i ng cons i derab l y  deeper we l l s  than S P R , the bas i c  reservo i r  
characteri sti cs ( un i form poros i ty o f  abo ut 29 percent and the vari ed 
permeab i l i ti es between 100 m i l l i darc i es and 2 darc i es )  were s i m i l ar to 
the val ues encou ntered i n  SPR .  I n i ti a l i nj ecti v i ti es of  about 5 , 000 
bb l /d of seawater per we l l were experi enced . I n  spi te of exte n s i ve 
efforts to treat the bri ne w i th ch l or i nati o n , 10-mi cro n  ( nomi nal ) 
fi l trati o n , oxygen scavengi ng , and corros i o n  i nh i b i tors , rap i d  
r�ducti ons  i n  i nj ecti v i ty were experi enced.  

Another maj or  prob l em encou ntered was sand i n fl ow ,  wh i ch deve l oped i n  
the i njecti on  we l l s .  Thi s prob l em had not prev i o u s l y  occurred when the 
same we l l s  were used  as conventi onal  producti o n  we l l s .  Addi ti o nal  
i nj ecti on  we l l s  had to be dri l l ed to mai ntai n the req u i red i njecti on  
rate s .  Cores  were taken to  study the  effect o f  app 1 i ed  p 1 ast i c sand  
con so l i dati o n .  P l ast i c  sand conso l i dati o n  i mproved the  formati o n  
strength , b u t  reduced permeab i l i ty by 2 0  t o  3 0  percent.  T h e  hydrau l i c  
fracture gradi ent for the M i  ocene sands was dete rmi ned to b e  between  
0 . 65 and 0 . 76 p s i /ft. Becau s e  the  ori gi nal  i nj ecti o n  pres s ure had  been  
set above th i s  fracture gradi ent ,  further ope rati ons  re s u l ted i n  
verti cal fracturi ng o f  the fo rmati o n .  

Reduct i o n  o f  i n jecti on  pre s s u res  be l ow th e fracture pre s s u re and e l i m i 
nat i o n  o f  a l ternate l y  i nj ecti ng and back- f l owi ng the we l l s  brought the 
sand i nfl ux prob l em under co ntro l . Howeve r ,  i nj ecti v i ty l o sses  con
ti n ued . F l ow tests wi th wate r from the normal i nj ecti on  treatment 
fac i l i ty estab l i s hed the p l ugg i ng agent to be co l l o i da l - s i ze i ron  par
ti cl e s .  O n l y  afte r O .  45-mi cron di atomaceou s  earth fi l ters were 
i nstal l ed ,  were the i nj ecti v i ty l o sses  contro l l ed enough to permi t 
conti n ued  operati o n  o f  the i nj ecti o n  we l l s . 

D i spo s i ng of  Br i ne Generated Duri ng So l uti o n  Mi n i ng 

Phases  I I  and I I I  wo u l d  store SPR  o i l i n  sa l t dome caverns created by 
the s o l uti o n  m i n i ng proce s s . The rate of  bri ne d i sposal  req u i red duri ng 
these  phases wo u l d  be s i x  to ten t i mes  that experi enced at West 
Hackbe rry duri ng Phase I and wou l d  conti nue over a cons i derab l y  l onger 
peri od.  For examp l e ,  the bri  ne di  sposa 1 rate for Phase I I  at Bryan 
Mound must ave rage 980 , 000 bb  1 /d over a peri od of  about 4 years to 
create the requi red storage . The bri ne di sposal  rate for the Phase I I I  
B i g  H i l l  project must average 1 . 4 mi l l i o n barre l s (MMB ) o f  bri ne per day 
fo r al most 4 years . 

Impl i cati ons  of  SPR  Experi ence with  Bri ne I njecti on  

Theoreti cal reservo i r  cal cu l at i o n s  ( d i sregard i ng i mpu r i ti es  i n  the 
bri n e )  i ndi cate that h i gh we l l i njecti v i ti es are po s s i b l e ,  al though 
practi cal  expe ri ence to date i ndi cates otherwi s e .  

Br i ne di sposal  we l l performance duri ng Phase I i ndi cates i t  i s  un l i ke l y  
that a n  i nj ecti o n  rate o f  more than 15 , 000 bbl /d per we l l co u l d be 
s u stai ned for 4 or  more years . Thus , for B i g  H i l l ,  112 we l l s  wo u l d be 
requ i red to d i spose o f  1 . 4 MMB of  bri ne per day l ocated o n  980 acre s of  
l and ( PB- KBB , 1979a) . The  esti mated cost of  th i s  bri ne di spo s al  system 
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i s  about $139 mi l l i on ,  o f  wh i ch the energy cost a l one  wou l d be $15 . 2 
mi l l i on .  T h i s f i gure i nc l udes an al l owance for bri ne treatme nt ; 
however , i t  i s  l i ke l y  that ac i di z i ng wi l l  sti l l  be requi red.  The 
experi ence at West  Hac kberry , where the bri ne i s  general l y  cons i dered to 
be of the best qua l i ty i n  the SPR system , req u i red ac i di z i ng a we l l 
after eac h 273 , 267 bb l  of  br i ne was i nj ected at a cost  o f  $13 , 000 per  
treatment .  Even wi th a 300  percent i ncrease i n  i nject i o n  vo l ume between  
ac i d  treatme nts at  B i g  H i l l , ac i di z i ng operati o n s  wou l d be  requ i red 
every day throughout the enti re l each i ng per i od  at an est i mated cost  
( based on  $13 , 000/treatme nt) o f  about $20  mi l l i on .  

I n  a n  i ndependent eval uat i o n  o f  SPR  experi ence conducted for the U . S .  
E nv i ronmental Protecti o n  Agency , Le hr confi rmed the di ffi c u l t i e s  
encountered i n  P hase I b r i  n e  d i  sposa 1 a n d  noted that , for the g i  ven 
scal e o f  operati o n s , even a s hort- term peri od  of  s uccessfu l  bri ne 
i njecti o n  may be u natta i nab l e because of  u ndergro u n d  var i ab l es  that are 
e s s e nti al ly  u n knowabl e  ( Lehr , 1978) . 

Concl u s i ons  

A battery o f  comp l ex and l e ngthy stud i e s  i s  requ i red  for  any s i te where 
s ub s u rface bri ne di sposal  i s  to be used  i n  order to properly  des i gn the 
system . However , t he sca l e  of the operati o n  requ i red to s upport the 
s o l uti on  mi n i ng proces s  i s  s uch  that even these studi es  cou l d not 
guarantee s ucce s s fu l  operati o n  o f  the system , but cou l d estab l i s h  that 
d i sposal  by deep-we l l i nj ect i o n  i s  not feas i b l e .  

The l arge vo l ume o f  bri ne wh i c h i s  generated duri ng the s o l uti o n  m l n l ng 
proces s  must be d i sposed of  at a s ubstanti a l ly  h i g her  rate than 
experi enced by i ndustry or  DOE and · for a peri od o f  s everal years . 
A l though thi s may be techn i cal l y  feas i b l e ,  the cost  of  such  a comp l ex 
system wou l d  be great , and i ts rel i ab i l i ty wou l d be subject to the 
var i ab i l i ty of the sa l t be i ng di s s o l ved and u ncertai nti es i n  s ubsurface 
strata . 

Even i f  exces s i ve costs and de l ays i n herent i n  deve l op i ng underground  
bri  ne ·  i nj ect  i on cou l  d be accommodated by the  SPR  program , there i s  no  
a s s u rance that the  s ubs urface di sposal  zones  wou l d accept the  req u i red 
v o l ume or the requ i red rate for the req u i red peri od .  Therefore , re ly i ng 
comp l ete l y  o n  u nderground i nject i on  i s  a great ri s k  to the SPR program .  
Wh i l e  u nderground i nj ecti on  i s  feas i b l e  for l i m i ted rates and durati ons  
and  i s  appropr i ate for an i nter i m  bac kup system , it  i s  not a practi cab l e  
a l ternat i v e  for the SP R l each i ng program o f  P hases  I I  and I I I .  
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APPEND I X  I 

01  L S P l  LL  R I S K  

T h e  o i l spi l l  analys i s  was co l l ected from severa l  sources and based o n  
three types  of  h i stori cal  data regardi ng acc i dental o i l spi l l s :  

o Number o f  sp i l l  i nc i de nts duri ng a certai n time peri o d .  

o Expos ure to spi  1 1  s ( e .  g . , n umber  of  tan ker s h i p  tri ps , 
t i me durat i o n  o f  p i pe l i ne usage ) .  

o S i ze di stri buti o n  for sp i l l s  o f  the severa l  types  
cons i dered . 

The quoti ent of  facto rs from the fi rst two types  of  data gi  ves the 
frequency of  acc i de ntal sp i l l s ,  whereas data of  the th i rd type were used 
to esti mate the s i ze o f  an average sp i l l .  A l s o , the acc i dent frequency 
data were comb i ned w ith  spi l l  s i ze di stri buti o n s  to esti mate the 
probab i l i ty o f  a spi l l  exceedi ng a gi ve n  vo l ume . The freque nc i es of  the 
severa l  types  o f  acc i dental sp i l l s  deri ved from these data are prese nted 
i n  Tab l e 1 - 1 .  The s i ze di stri buti o n  of thes e sp i l l s  i s  pres ented i n  
F i g .  I - I  for tan k  vesse l  cas ual ti es , F i g .  1 - 2  for ves s e l  
l oadi ng- offl oadi ng acc i de nts , and F i g .  1 - 3  for p i p e l i ne acc i dents . The 
sources of  the data used are presented i n  Tab l e 1 - 2 .  These data are the 
same as used i n  prev i o u s l y  publ i s hed F E l S s  for the SPR program , but are 
s ummari zed here for comp l etenes s .  

The fact that the sp i l l  frequenci es  and s i ze di stri but i o n s  were based o n  
extens i ve h i stori cal  data g i ves  credence t o  the i r genera l  re l i ab i l i ty .  
Th i s i s  because  many of  the methods and vesse l s that wo u l d b e  used  to 
transport SPR  o i l are much the s ame as those  used  i n  the recent past.  
On  the other hand , more stri ngent procedures and methods , wh i ch wo u l d 
ens ure a l ower acc i dental sp i l l  rate re l at i ve to the h i stori cal rate , 
wo u l d be requ i red.  

The f i gures re l ati ng to spi l l  ri s k ,  wh i c h  appear o n  Tab l es 1-3 and 1-4 , 
were deve l oped by u s i ng the fo l l owi ng formu l as i n  conj u ncti on  w ith  
Tab l e  1-4  and  F i g s .  I - I , 1- 2 ,  and  1 - 3 .  

Sp i l l  frequency 
(Tab l e I - I) per 
tr i p ,  mi l e ,  or 
operati o n  

Total average 
n umber of sp i l l s  
for total n umber 
of  tri ps , m i l es ,  
or  operati ons  

x 

x 

Number o f  tri ps , = 

mi l es ,  or  
operati o n s  

Average spi l l  = 

s i ze ( F i g .  I -I , 
1 - 2 , 1 - 3 )  fo r 
tan ker , operat i o n , 
or  p i pe l i ne 

I - I  

Total average 
n umbe r of sp i l l s  for 
total n umber  of 
tri ps , mi l es ,  or 
operati o n s  

Total average amou nt 
o f  o i l sp i l l s  for 
total n umber of 
tri p s , m i l es ,  or  
operat i o n s  



Table 1·1 . Frequency of accidental oi l  spi l ls 

A )  Ves s e l  cas ual ty frequency (pol l uti ng cas ual ty o n l y )  

Tran s i ts i n  coastal waters (between l i ghteri ng 
l ocat i on  and harbor entrance)  

Tan ker :  3 . 7 + 10-8 spi l l s/mi l e  and 50-mi l e  
d i s tance between  harbor entrance 
and l i ghteri ng perm i t  = 1. 9 x 10-6 spi l l s /tr i p  

Trans i ts i n  harbo rs and ports 

Tan ke r 

B )  Acc i de nts 

= 4 . 4 X 10- 5 sp i l l s /tr i p  i nto port 

Loadi ng- o ffl oad i ng ope rati o n  

Loadi ng- offl oadi ng = 13 . 5  x 10-3 sp i l l s/ope rati on  

Other operat i o n  = 6 . 9 x 10-3 sp i l l s/port cal l 

Total = 20 . 4  x 10-3 spi l l s/operat i on 

Li ghteri ng operat i on  

Loadi ng- offl oadi ng = 13 . 5  x 10-3  sp i l l s/operat i o n  

Other operati o n  = 13 . 8  x 10-3 s p i l l s/operati on  

Total = 27. 3 x 10-3 s p i l l s /ope rati on  

P i pe l i ne s  

D i ameter > 12 i n .  = 6 . 8 x 10- 4  sp i l l s/mi l e  per year 
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V e s s e l  
c a s ua l t i e s  

A t  s e a  

Gu l f  C o a s t  
h a r b o r s  a n d  p o r t s  

R i vers 

Table 1·2. Sources of data 

A c c i d e n t s  a n d  Exp o s u re 
s p i  1 1  s i z e s  data 

U. S. C .  G. , 1 2 

4 5 

4 5 

Loadi ng- o ff l oa d i ng ope rat i o n s  

Remarks 

3 

3 

L i g h te r i n g  E s t i mated , 1 0 , 1 2  

F i xed , i n l and bert h  

P i pe l i ne s  

P I R S , 6 ,  12 

O P S , 8 ,  11 

E st i mated , 10 

E s t i mated , 5 

Bu M i n e s , 9 
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1 .  Card , J .  C . , P o n c e , P .  V . , a n d  S n i de r ,  W .  D . , 
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M i n e s , Departme n t  o f  I nt e r i o r .  
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Table 1·3. Estimated spill from tanker operations for each scenario 

Tanker s i ze 

B i l l  H i l l  l each/fi l l  
v i a  Sun Termi nal  

Li ghteri ng 

Trans it to coast 

Trans i t  i n l and 
waters 

Offl oadi ng/ l oad i ng 

B i g  H i l l  wi thdrawal 
v i a  Sun Term i na l  

Trans i t  i n l and 
waters 

O ff l oadi ng/ l oadi ng 

Bi g H i l l  
wi thdrawal 
v i a  OTTI or 
Pel i can I s l and 

Trans i t  i n l and 
waters 

Offl oadi ng/l oad i ng 

B i g  Hi l l  refi l l  
v i a  Sun , OTT I , or  
Pel i can I s l and 

Li ghteri ng 

Trans i t  to coast 

Trans i t  i n l and 
waters 

Offl oadi ng/ l oadi ng 

West  Hackberry 
l each/fi l l  v i a  
Sun Term i na l  
(30 MMB ) 

Li ghter i ng 

Average number of spi l l s  

60 , 000 dwt 45 , 000 dwt 

9 

0 . 00001 

0 . 01 

7 

0 . 007 

3 

0 . 005 

2 

9 

0 . 00001 

0 . 01 

7 

2 

11 

0 . 00002 

0 . 02 

9 

0 . 009 

4 

0 . 006 

3 

11 

0 . 00002 

0 . 02 

9 

3 

I -7 

Total average spi l l  ( bb l ) 

60 , 000 dwt 

127 

0 . 1  ' 

162 

98 

77 

42 

57 

28 

127 

0 . 1 

162 

98 

28 

45 , 000 dwt 

154 

0 . 1 

161 

126 

75 

56 

56 

42 

154 

0 . 1 

161 

126 

42 



Table 1·3 (continued) 

Average number of sp i l l s  Total average spi 1 1  ( bb l ) 

Tanker s i ze 60 , 000 dwt 45 , 000 dwt 60 , 000  dwt 45 , 000 dwt 

West Hackberry 
refi l l  v i a Sun 
Termi nal �243 MMB2 

Li ghteri ng 16 21 224 294 

Trans i t  to coast 0 . 00001 0 . 00002 0 . 1  0 . 1 

Tran s i t i n l and 0 . 025 0 . 033 238 300 

waters 

Offl oad/ l oad 12 16 168 224 

Bryan Mound 
1 each/fi l l v i a  
Seaway Term i nal 
�40 MMB ) 

L i ghteri ng 3 4 36 56 

Tran s i t  to coast 0 . 000004 0 . 000005 0 . 03 0 . 04 

Tran s i t  i n l and 0 . 004 0 . 005 46 46 

waters 

Off l oad/l oad 2 3 28 42 

Bryan Mound 
1 each/fi  1 1  v i a  
Seaway Termi nal  
�60 MMB2 

Li ghteri ng 4 5 54 71 

Trans i t  to coast 0 . 000005 0 . 000006 0 . 06 0 . 06 

Tran s i t  i n l and 0 . 006 0 . 008 69 69 

waters 

Offl oad/l oad 3 4 42 56 

Bryan Mound 
wi thdrawal v i a  
Seaway Termi na 1 
�220 MMB2 

Trans i t  i n l and 0 . 009 0 . 012 86 109 

waters 

Offl oad/l oad 4 7 56 98 
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Table 1·3 (continued) 

Average number of spi l l  s Total average spi 1 1  (bbl ) 

Tanker s i ze 60 , 000 dwt 45 , 000 dust 60 , 000 dwt 45 , 000 dwt 

Tran s i t  to coast 0 . 000002 0 . 000005 0 . 03 0 . 04 

Trans i t  i n l and 0 . 003 0 . 007 34 59 
waters 

Offl oadi ng/ l oadi ng 1. 4 3 20 42 

West Hackberry 
l each/fi l l  v i a  Sun 
Termi nal {10 MMB} 

Li ghteri ng 1 1 14 14 

Trans i t  to coast 0 . 0000009 0 . 000001 0 . 009 0 . 009 

Tran s i t  i n l and 0 . 001 0 . 001 12 14 
waters 

Off l o adi ng/ l oadi ng 0 . 5  0 . 6  7 9 

West  Hackberry 
wi thdrawal v i a  Sun 
Termi nal �263 MMB ) 

Trans i t i ng i n l and 0 . 014 0 . 018 133 164 
waters 

Offl oadi ng/ l oadi ng 6 8 84 112 

West Hackberry 
wi thdrawal v i a  Sun 
Termi nal {243 MMB ) 

Trans i ti ng i n l and 0 . 013 0 . 017 124 156 
waters 

Offl oadi ng/ l oad i ng 6 8 84 112 

West Hackberry 
refi l l  v i a  Sun 
Termi nal �263 MMB} 

Li ghteri ng 17 22 238 308 

Trans i t  to coast 0 . 00001 0 . 00002 0 . 2 0 . 2  

Trans i t  i n l and 0 . 028 0 . 036 266 328 
waters 

Offl oad/l oad 13 17 182 238 
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Table 1·3 (continued) 

Average number of sp i l l s Total average spi l l  ( bb l ) 

Tanker s i ze 60 , 000 dwt 45 , 000 dwt 60 , 000 dwt 45 , 000 'dwt 

Bryan Mound 
wi thdrawal v i a  
Seaway Termi nal 
�240 MMB2 

Trans i t  i n l and 0 . 010 0 . 013 95 118 

waters 

Offl oad/l oad 5 6 70 84 

Bryan Mound 
refi l l  v i a  Seaway 
Termi nal �220 MMB2 

Lighteri ng 14 19 196 266 

Trans i t  to coast 0 . 00002 0 . 00002 0 . 1  0 . 1  

Trans i t  i n l and 0 . 023 0 . 030 219 273 

waters 

Offl oad/l oad 11 14 154 196 

Bryan Mound 
refi l l  v i a  Seaway 
Termi na 1 P80 MMB � 

Li ghteri ng 16 20 224 280 

Trans i t  to coast 0 . 00002 0 . 00003 0 . 2  0 . 2  

Trans i t  i n l and 0 . 025 0 . 033 238 300 

waters 

Off l oad/ l oad 12 15 168 154 

I - I0 



Tanker s i ze (dwt) 

Big H i l l  v i a  
Sun Termi nal 

Tanker trips 
Li ghtering 
Trans it  to coast 
Trans i t  i nl and 
waters 
Offl oad i ng/l oad i ng 

Big Hi l l  via OnI 
Tanker trip s  
Lightering 
Transit to coast 
Trans i t  i n l and 
waters 
Offl oadi ng/l oad i ng 

West Hackberry 
v i a  Sun (30 MMB) 

Tanker trips 
Li ghteri ng 
Trans i t to -coast 
Transi t  i n l and 
waters 
Offl oadi ng/l oadi ng 

West Hackberry 
v i a  Sun (10 MMB) 

Tanker tri ps 
L i ghteri ng 
Transit  to coast 
Transit  i n l and 
waters 
Offl oadi ng/l oadi ng 

Bryan Mound v i a  
Seaway (40 MMB) 

Tanker tri ps 
Li ghtering 
Trans i t  to coast 
Trans i t  i nl and 
waters 
Offl oadi ng/load i ng 

Bryan Mound v i a  
Seaway (60 MMB) 

Tanker tri ps 
Lighteri ng 
Trans i t  to coast 
Trans it  i n l and 
waters 
Offl oad i ng/l oadi ng 

Table 1·4. Probabil ity for a major oil spilP 

Leach/fi 1 1  

45 , 000 

437 
0 . 057 
0 . 000002 
0 . 0019 

0 . 04 

94 
0 . 013 
0 . 0000003 
0 . 0005 

0 . 009 

31 
0 . 004 
0 . 0000001 
0. 0001 

0 . 003 

125 
0 . 017 
0 . 0000005 
0 . 0005 

0 . 01 

187 
0 . 025 
0 . 0000007 
0 . 0008 

0 . 02 

60 , 000 

333 
0 . 044 
0 . 000001 
0 . 0015 

0 . 03 

71 
0 . 009 
0 . 0000003 
0 . 0003 

0 . 007 

24 
0 . 003 
0 . 0000001 
0 :001 

0 . 002 

96 
0 . 013 
0 . 0000004 
0 . 0004 

0 . 010 

143 
0 . 019 
0 . 0000005 
0 . 0006 

0 . 01 

Wi thdrawal 

45 , 000 60 , 000 

219 166 

0 . 0009 0 . 0007 

0 . 02 0 . 02 

153 117 

0 . 0007 0 . 0005 

0 . 02 0 . 01 

411 313 

0 . 0015 0 . 0009 

0 . 04 0 . 03 

289 380 

0 . 0015 0 . 0009 

0 . 03 0 . 04 

275 210 

0 . 001 0 . 0009 

0 . 03 0 . 02 

300 229 

0 . 001 0 . 001 

0 . 03 0 . 02 

Ref i  1 1  

45�000 

437 
0 . 057 
0 . 000002 
0 . 0019 

0 . 04 

437 
0 . 057 
0 . 000002 
0 . 0019 

0 . 04 

822 
0 . 106 
0 . 000003 
0 . 004 

0 . 08 

760 
0 . 098 
0 . 000003 
0 . 003 

0 . 07 

688 
0 . 089 
0 . 000003 
0 . 003 

0 . 07 

750 
0 . 097 
0 . 000003 
0 . 003 

0 . 07 

60 , 000 

333 
0 . 044 
0 . 000001 
0 . 0015 

0 . 03  

333 
0 . 044 
0 . 000001 
0 . 0015 

0 . 03 I 

626 
0 . 082 
0 . 000002 
0 . 03 

0 . 06 

576 
0 . 076 
0 . 000002 
0 . 003 

0 . 06 

524 
0 . 068 
0 . 000002 
0 . 002 

0 . 05 

572 
0 . 075 
0 . 000002 
0 . 003 

0 . 06 

'Major oi l spi l l  is here def i ned as the maxi mum cred i b l e  sp i l l ,  as descri bed i n  the Seaway Group FE IS .  
Major spi l l s  from: tankers - 60 , 000 bbl  

operati ons - 500 bbl  
p i pe l i nes - 10 , 000 bb l  
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To arri ve at the p ro bab i l i ty o f  a maj or  sp i l l  dur i ng s h i p- to- s h i p  
trans fe rs o f  o i l  ( l i ghter i n g ) , tran s i ti ng ,  and o ff l oad i ng/ l oad i ng ,  the 
s p i l l  frequency was m u l t i p l i ed by the p e rcentage fracti on that s uch  a 
s p i  1 1  wo u l  d occ u r .  The p roduct was then  subtracted from u n i  ty . Th i  s 
f i gure was then rai se d  to the p ower equal  to the total n umber  o f  tri ps ,  
m i l es ,  o r  operat i o n s  and subtracted from un i ty .  

Determ i nat i o n  o f  the  p robab i l i t i es o f  maj o r  p i p e l i ne sp i l l s  was 
p e rformed i n  much  the s ame  manner .  Sp i l l  freq uency was m u l t i p l i ed by 
the percentage fract i o n  that s uch  a s p i l l  wo u l d occur .  The p ro duct was 
then s ubtracted from un i ty .  Th i s  fi gure  was rai sed  to the power equal  
to p i p e l i ne usage t i me ( i n  years ) and s ubtracted from u n i ty .  R i s k  of  
sp i l l s  from p i p e l i ne s  are  p resente d  i n  Tab l e  1 - 5 .  

T h e  r i s k  o f  o i l sp i l l s  dur i ng  l i ghte r i ng  was esti mated b y  u s i ng  the 
sp i l l  freque ncy and the d i s tr i buti on  of the s i ze of sp i l l s  for l oadi ng  
and o ffl oadi ng  at conventi o na l  doc ks . Th i s  app l i cati o n  p robab l y  
res u l ted i n  a n  overe s t i mat i o n  o f  th i s r i s k .  The  p robab i l i ty of  acc i de nt 
d u r i ng  l i ghteri ng operat i o n s  i s  be l i eved  to b e  l es s  than that for 
l oadi ng  and off l oad i ng  operati o n s  at convent i onal  doc ks . 

Uncerta i n t  i e s  i n  the frequenci  e s  of  s p i  1 1  s f rom the vari o u s  types  o f  
acc i dents may be  a s  h i gh a s  a factor o f  2 .  Thes e  uncerta i nti e s  ari s e ,  
i n  part , from the h i stor i ca l  data and , i n  part , from a s s umpti o n s  that 
must  be made to app l y  the data. 

The uncerta i nt i e s  i n  the sp i l l  s i ze d i s tr i but i o n s  ari s e  p r i mari l y  i n  the 
p ro j ecti o n  of the fracti on of  l arge sp i l l s ,  wh i ch are at the extreme end  
o r  o uts i de the  range o f  the data . Thi s  i s  espec i a l l y  true  of  p i p e l i ne 
sp i l l s . I t  i s  esti mated that the  f ract i o n  o f  sp i l l s  p ro j ected i n  the 
upp e r  2 percent i l e  i n  F i gs .  I-I thro u g h  1-3  cou l d  be i n  error  by as  much 
as a factor o f  2 .  H oweve r , t h i s wou l d  cau s e  a correspo ndi ng  uncertai nty 
o f  no  more than 50 p e rcent  i n  the  e s t i mates o f  the average sp i l l  s i ze s .  
The  uncertai nty i n  the fracti on o f  very l arge sp i l l s  ari s e s  becau s e  o f  
the re l at i va i nfrequency o f  l arge- sp i l l  acci dents a n d  the rel ati ve 
s h o rtnes s  o f  the · t i me span of  the  data bas e .  A l so , l og normal 
d i stri b ut i o n s  of  s p i l l  s i ze ,  wh i ch s eem to fi t the data , have been used  
i n  th i s  anal ys i s .  In  a recent s tati sti cal  anal y s i s ,  a gamma 
d i stri b uti o n  had been  preferred for sp i l l  s i ze .  Thi s  d i s tri buti o n  
p roj ects a smal l fract i o n  o f  l arge sp i l l s  u s i ng the  s ame data . H e nce , 
the  l og normal d i str i buti o n  appears to b e  conservati ve i n  the sense  of  
overe s t i mat i ng the fracti on  o f  l arge sp i l l s . 

Spi l l  P reventi on and Control  Countermeas ure ( SPCC ) 

Befo re any operati o n s  occur o n  the n ew s i te ( rece i pt o f  o i l ) ,  the  
conceptual S p i  1 1  P reventi o n  Control  and C ountermeas u re ( SP C C )  P l  an wi l l  
b e  f i nal i ze d  and app roved by the appropr i ate s tate and Fede ral agenc i es .  
At a m i n i m um ,  the SPCC  p l an i nc l u des : 

o A d i  ke arou n d  each  of  the caverns  assoc i  ated we l l heads 
capab l e  of contai n i ng at l east 78 , 000  b b l  of f l u i d  ( o i l , 
b r i ne , raw wate r ) . 
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Table 1·5. Risk of oil spil ls from pipelines1 

P ipel i ne 

Big H i l l /Sun Termi nal 
Spi l l  frequency , total p i pel i ne l ength (23 mi l e s )  

Pipel i ne o i l  l oss , bb l 

Probab i l i ty of major spi l l  

West Hackberry/Sun Term i na l  
For 10-HMB spi l l  frequency , total p i pel i ne l ength (41 . 5 mi l e s )  

P ipel i ne oi l l os s ,  bbl 

Probabi l i ty of major spi l l  

For 30-HMB spi l l  frequency , total pi pel i ne l ength (41 . 5  m i l es )  

P i pel i ne o i l  l oss , bbl 

Probab i l i ty of major spi l l  

Bryan Mound/Seaway Term i na l  
For 40-HMB spi l l  frequency , total p ipe l i ne l ength (4 . 1 mi l es )  

P ipel i ne o i l  loss , bbl 

Probab i l i ty of major spi l l  

For 60-HMB spi l l  frequency , total p i pe l i ne l ength (4 . 1 mi les)  

P i pe l i ne o i l  l os s ,  bbl  

Probab i l i ty of major spi l l  

Big H i l l /OTTI 
Spi l l  frequency , total p ipel i ne l ength ( 58 mi l es )  

P i pe l i ne o i l  l os s ,  bbl  

Probab i l i ty of major spi l l  

Big H i l l /Pel i can I s l and 
Spi l l  frequency , total p i pe l i ne l ength ( 54 mi les ) 

P ipel i n e  o i l  l oss , bbl 

Probab i l i ty of major spi l l  

Big H i l l /Gul f of Mex ico (bri ne) 
Spi l l  frequency , total p ipe l i ne l ength ( 12 . 5 mi l e s )  

P i pel i ne b r i n e  l oss , b b l  

Probab i l i ty of major spi l l  

West Hackberry/Gul f of Mex ico (brine) 
Sp i l l  frequency , total p ipel i ne l enght (23  m i les )  

P ipel i ne bri ne l oss , bb l  

Probab i l i ty of  a major spi l l  

Bryan Mound/Gul f of Mex ico (br ine)  
Spi l l  frequency , total p ipe l i ne l ength (15  m i l es )  

P ipe l i ne brine  l os s ,  bbl  

Probab i l i ty of major spi l l  

Leach/fi l l  Wi thdrawal 

0 . 06 0 . 006 

175 21 

0 . 006 0. 0006 

0 . 004 0 . 011 

14 38 

0 . 0005 0 . 001 

0 . 013 0 . 011 

46 38 ' 

0 . 0014 0 . 001 

0 . 0016 0 . 001 

6 1 

0 . 0002 0 . 0001 

0 . 0024 0 . 00 1  

8 

0 . 0003 0 . 0001 

0 . 015 

53 

0. 002 

0 . 014 

49 

0 . 001 

0 . 03 

105 

0 . 003 

0 . 008 

28 

0. 0008 

0 . 009 

33 

0 . 0009 

Refi 1 1  

0 . 04 

140 

0 . 004 

0 . 043 

150 

0 . 005 

0 . 043 

150 

0 . 008 

0 . 008 

28 

0 . 0007 

0 . 008 

28 

0 . 0007 

0 . 105 

368 

0 . 011 

0 . 09 

315 

0 . 010 

0 . 02 

70 

0 . 002 

0 . 04 

151 

0 . 004 

0 . 03 

105 

0 . 003 

'The maximum cred i b l e  spi l l  s i z e  of  10 , 000 bbl ( Seaway Group FE IS )  was uti l i zed for estimation of a maj or sp i l l .  
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o P ump s , p i p i ng , val ves , connect i ons  and other e q u i pment 
req u i  red to remove and p rop e r l y d i  spose  of  contai ned  
s p i l l ed f l u i ds .  

o Approp r i ate methods and e q u i pment to c l ean up and  remove 
res i dual  s p i l l ed f l u i ds .  

The  SPCC  p l an i s  b e i ng  deve l oped  i n  comp l i ance wi t h  al l re l evant 
regu l at i o n s  st i p u l ated i n  40 CFR 112 , " O i l P o l l ut i o n  P reventi o n . " No 
s i te operat i o n s  wo u l d commence befo re deve l opme nt and app roval of  the 
SPCC p l an . B ryan Mound and We st  Hac kbe rry are now operat i ng under 
approved SPCC p l ans . These p l ans wo u l d be  ame nded to i nc l ude the 
expan s i on faci l i ti e s as part of  the Phase I I I  expan s i o n .  

1 - 14 



APP END I X  J 

LETTERS OF  COMMENT REC E IVED ON 
THE D RAFT SUPP LEMENT ENVI RONMENTAL IMPACT STATEMENT 

Appe nd ix  J co ntai n s  24 l etters of comment rece i ved  from the Agenc i es and 
Organ i zat i o n s  from who comments were requested ( see Tab l e 9 -2 ) . 

Letters are arranged accordi ng to date recei  ved and fa 1 1  ow the same 
sequence  of p resentat i o n  as  found i n  Secti o n  9 . 3 .  
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Advisory 
Council On 
Historic 
Preservation 
1 5 22 K Street. NW 

Washington. DC 20005 

May 26 , 1981 

Mr .  C .  Curti s  Johnson 
Pro j ect Manager 

Reply to: 

Strategic Petroleum Re serve Proj ect 
U . S .  Department of Ener�J 
900 Commerce Road East 
New Orlean s , Loui siana 70123 

Dear Mr .  Johnson : 

Lake Plaza South. Suite 6 1 6  
4 4  Union Boulevard 

Lakewood. CO 80228 

Thank you for your request of May 15 , 1981 , for comment s on the environ
mental stat ement for the Strat egic Petroleum Reserve Seaway and Texoma 
Groups of S alt Dome s , Cameron Pari s h ,  Loui siana and Brazoria and Jefferson 
Counties , Texas . Pur suant to Section 102 ( 2 ) ( c )  of the National Environ
mental Policy Act of 1969 and the Council ' s  regulat ions , "Protection 
of Hist oric and Cultur al Properti e s "  ( 36 CFR Part 800 ) , we have det ermined 
that your draft environmental statement mentions propert ies of cultural 
and/or historical significanc e ;  however , we need more information in 
order to evaluat e the effect s of the undertaking on these resourc e s . 
Pleas e  furni sh additional data indicating compliance with Section 106 
o f  the National Historic Pre servation Act o f  1966 ( 16 U . S . C .  S ec . 470f , 
as amended , 90 Stat . 1320 ) . 

The environmental stat ement must demonstrat e  that either o f  the 
following condit ions exi st s :  

1 .  No propert ies inc luded in or that may be eligible for inclus ion 
in t he Nat ional Regist er o f  Historic Plac e s  are locat ed within the 
area of environmental iJ::lpact , and the undertaking will not affect 
any such property.  In making thi s det erminat ion , the Counc il 
require s :  

- evidenc e that you have consulted the lat e st edit ion o f  the 
National Regist er ( Federal Regi st er , March 18 , 1980 , and it s 
monthly supplement s ) ; 
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Page 2 
Mr .  C .  Curt i s  Johnson 
Strategic Petroleum Reserve 
May 26 , 1981 

_ evidenc e of an effort to ensure the ident ificat ion of propert ies 
eligible for inclus ion in the Nat ional Regist er ,  including 
evidenc e  o f  contact with the Stat e  Hi storic Preservat ion Officer 
who s e  comment s should be included in the final environmental 
stat ement . The S t at e  Hi st oric Pres ervat ion Offic er for Loui s i ana 
i s  Mr .  Robert B .  DeBlieux and the Texas Stat e  Historic Pres ervat ion 
Officer is Mr .  Truett Lat imer . 

2 .  Propert ies included in or that may be eligible for inclusion in the 
Nat ional Regi st er of Hi storic Place s  are locat ed within the area 
o f  environmental impact , and the undertaking will or will not affect 
any such property . In cases where there will be an effect , the 
final environmental impact stat ement should contain evidenc e o f  
c ompliance with Section 106 of the National Hist oric Pre servati on 
Act through the Council ' s  regulat ions , "Prot ect ion o f  Historic and 
Cultural Propertiesll ( 36 CFR Part 800 ) . 

Should you have any que st ions , pleas e call Charles M .  Niquett e  at ( 303 ) 
234-4946 . 
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UN I T E D  ST ATES D EPAR T M E N T  OF AG R I CU LT U R E  
F A R M ERS H O M E  A D M I N IST R A T I O N  

1 0 1  S .  Main S t .  
Temp le , TX 7 6 5 01 

. Mr .  C .  Cur t i s  John s on , Pro j e c t  Manager 
U. S .  Departmen t of Energy 
9 0 0  C ommerce Road Ea s t  
New Orleans , LA 7 0 1 23 

' Dear Mr . Johns on : 

June 2 ,  1 9 8 1  

We have made a curs ory review of the F ina l Environmenta l Impac t S ta t ement ; 
DOE /EIS -00 2 l ,  DOE/EIS -0029 da ted May 1 9 8 1 . 

F armers Home Admini s t rat ion re cen t ly mad e a loan to Oyster Creek Munic ipal 
Uti l i ty D i s tric t for a dome s t ic water supp ly which i s  approximate ly 3 mi les 
north of the Bryan Mound SPR s i te in Braz oria County , Texas . They are 
ob taining the i r  water from a f resh wa ter forma t i on which is 25 0 - 300 feet 
deep . S ince this i s  the i r  on ly source o f  wat e r ,  ext reme care shoul d  be taken 
to prevent s a l t -wa ter int rus i on or cantaminat ion o f  thi s  forma t i on . 

The rep ort s tates that Braz os River ' s  water o r  Intercoa s tal Wa terway ' s  water 
wi l l  be used for rec ove ry o f  the oi l .  We do not be li eve that ground wa ter 
from a fresh water f o rmat ion should be used . S ince the s t orage wi l l  be 
under pre s s ure , extra precaut i ons should be made to insure that salt -water 
o r  oil wi l l  not. escape into a fresh wa ter forma t i on .  

S�2(d;:: 
for : JOHN O .  BARNE S  

Ac t ing State D irec tor 

p c : Envir onmen tal & Techno logy S taff 
FmHA , Washing ton , D .  C .  
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CD 

D E P A R T M E N T  O F  T H E A I R  FO R C E  
H EADQUA R T E R S  U N I T E D  STATES A I R  FO R C E  

W A S H I N G TO N ,  D . C . 2 0 3 3 0 

Mr . C .  Cur t i s  J o hn s o n  
P r o j e c t  Man a g e r 
S t ra t e g i c  P e t ro l e um Re s e rve P r o j e ct 

Mana g ement O f f i ce 
Un i t e d  S t at e s  Dep a rtment of E n e r gy 
9 0 0  Co mme r c e  Ro a d  E a s t 
New O r l e ans , L o ui s i ana 7 0 1 2 3  

De ar Mr . J o hn s o n  

3 JUN 1981 

We app r e c i at e  the opp o rt un i ty to re vi ew t h e  Dep artment o f  
Ene r gy ' s  D r a ft S upp l e ment t o  t h e  F in a l  Env i ronmen t a l  I mp ac t  
S t at ement s f o r  t h e  S t r a t e g i c  P e t r o l e un Re s e r ve S e aw ay and 
T exoma G r o up s  o f  S al t  Dome s . 

The re i s  no app ar e n t  envi ronmental int e r a c t i on b e tw e e n  th i s  
p ro p- o s a l  an d any A i r  F o rce a c t i v i t i e s  i n  th e p ro j e c t  are a ,  
and we h ave no s p e c i f i c  co mments o n  th i s  env i r onmen t al do cu 
men t . 

S in c e r e ly 
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BAR..-;£Y �I. DAnS. SR.. SO)IER�·I1.L.£ 
CH:JR.'I.\.." 

GEORGE E. CHRISTl.-l...". AI:STI:'I 
a:'lYON CLAPP. SALAOO 

)IRS. JOR.'1 8. CON:'iALLY. HOI:STO:'\ 
)IRS. KE.'lNETH DA.-;KLEFS. AuSTI:-l 

SYlIIL DICKl='SO:-l. AUSTI=' 
WOODROW GLASSCOCK. JR .. HO�OO 

)(RS. AL.BERT G. HILL. DALLAS 
)(RS. H. I.. LOSG. KILGORE 

)IRS. ARGYLE A. )fc.ti.LE:-I. Ll� 
LOUIS P. TERR.AZ.\S. SAo" .\..'lTOS IO 

OIL DA.'! .-l... WILLIS. HOt:STO:,/ 

)(RS. )1£.'11"0:-1 m:RR.\Y. SIL. !URU�G.£:'j 

VlCE.-::IW!Ut.\..>; 
RICltARD H. COLLI:-;S. DAl..US 

S£CRETAAY 

'IRS. JA.'ll£S r. BIGGART. JIL. D.u.L.\S 
D1.1�CA.'! E. BOEC!OI.\..-; . D.-\l.1..\S 
-'IRS. H. R. BRIGHT. DAU .. \S 
CLIFTO� C.u..o wEl.L. R!CH.A1lDSO� 

TRL"l:Tl' I..\TI)IER 
E.XECt;,.n"l: DIRECTOR 

P.O. 80X I� 
AUSTI!'I TEXA.S 78711 

J une 8 ,  1 9 81  

Mr . P a u l  T.  \'lrotenbery 
Govern o r ' s  Budget and P l an n i n g  

Offi c e  
14th and S a n  Jaci nto 
Sam Houston B l dg . , 7th Fl oo r 
Aus ti n ,  Texas 7 871 1 

Dear Mr . Wrotenbe �J :  

Re : Draft S u p p l ement to FEI S  
S trateg i c  Petro l eum Res e rve , 
Phase I I I  Deve l o pment - Texoma 
and Seaway Gro u p  Sal t Domes 
Dept . of Energy 

We have re ce i ve d  the above referenced document fo r revi e'N . I n  revi ewi n g  
our fi l es a n d  the doc ument w e  note we do n o t  have al l the pert i nent a rch 
eol o g i ca l  data to make a proper as s es sment of the wo rk accompl i shed fo r 
th i s  underta k i n g .  The re po rt by Thomas , et a l  ( 1 9 77 ) i s  needed , We wou l d  
apprec i ate rece i vi ng a l l the a rcheo l o g i cal da ta genera ted by th i s  u n der
ta ki ng . Al so , ' th e  document does not i ndi cate wh i ch p ro p e rt i es , i f  any , 
a re e l i gi b l e  fo r i nc l us i on to th e Nati o na l  Reg i s ter o f  H i s to ri c P l aces . 
Statements rega rdi ng the Nati o n a l  Reg i s ter of H i s to ri c Pl aces mus t  b e  
conta i n ed i n  th e do cume n t .  

P l eas e fo rward the i nfo rma t i o n  w e  req u i re to �� ke a p ro p e r  ass es sme n t  o f  
th i s  underta k i n g  pursuant t o  Sect i o n  1 06 o f  the Nat i o n a l  H i s to ri c  P re s er
va ti o n  Act of 1 9 66 . Thank you fo r your attenti o n  to th i s  matt e r .  

S i n cerel y ,  

Truett Lat i mer 
State H i s tori c P re s e rvati o n  Off i cer 

by 

fO � dj���� ��rn e H e rri ngto n ,  Ph .�. 
Di rec t o r  
Reso urc e Conservat i o n  

PEP / LH/1  ft 

� Dept . of Ene rgy 
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u .s. DEPARTM ENT OF TRANSPO RTATION 
FEDERAL HIGHWAY ADMINISTRATION 

819 TAYLOR ST., ROOM 8AOO 

FORT WORTH, TEXAS 76102 

J u n e  1 1 ,  1 981 

REGION 6 

Mr. C .  Curti s J o h ns o n ,  P roj ect Ma nager 
S tra teg i c  Petrol eum Res erve Pro j ec t  

-Management Off i c e  
U .  S .  D e p artme n t  of Energy 
900 Commerce Road Eas t 
N�# O rl eans , Lou i s i ana 70 1 23 

D ea r  Mr . Johnso n :  

REFER TO: 

H E P -0 6  

Th e draft Envi ronmen ta l  I m p a c t  S ta tement fo r th e II S tra teg i c  P e tro l eum 

Res erve Proj ec t,  Camero n  Pari s h ,  L ou i s i ana ; B r a zo r i a  and J effers o n  

Counti es , T exa s ll h a s  been rev i ewed by our D i v i s i o n  O ffi ces i n  L ou i s i a na 

CD and T exas , and th i s  offi c e .  W e  b e l  i ev e th e  propos ed p ro j ec t  wou l d  no t 

s i g n i fi ca n t l y  a ffec t a ny p ro j ects o r  p rograms under th i s  agency ' s  

j u ri s d i c ti on .  Therefore , w e  have no comments o n  th e draft EIS . 
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REG ION V I  

D EPARTM ENT O F  HOUSING A N D  U R BAN DEVE LOPMENT 
F O R T  WORTH R E G IONAL O F F I CE 

221 WEST LANCASTE R A V E N U E  

P.O. B O X  2905 
F O R T  WORTH, TEXAS 7 6 1 1 3  

June 12 , 1981 

Mr. C. Curtis Johnson , P roj ect Hanager 
S trategic Petroleum Reserve Proj ect Management Office 
U .  S. Department of Energy 
900 Commerce Road Eas t 
New Orleans , Louisiana 70123 

Dear Mr .  Johnson : 

IN R E P L Y  R E F E R  T O :  

The draf t Supp lement to the Final Environmental Impac t  S tatement 
for the S trategic P etroleum Reserve Seaway and Texoma Groups of 
Salt Domes has been reviewed in the Dep artment o f  Housing and 
Urban Development ' s  Dallas Area Office , New Orleans Area Office 
and Fort Worth Regional Office and it has been det ermined that 
the Department will not have comments on the Supp lement . 

Sincerely , 
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r1ff.-� United States \��t) Department of � Agriculture 

Soil 
Conservation 
Service 

3 7 3 7  Government S t reet 
Alexandria , LA 7 1 3 0 1  

June 12 , 1 9 8 1  

Mr . C .  Cur tis Johnson 
Pro j ect Manager 
S trategic P e tro leum Reserve Pro j ec t  Management Office 
U. S • Dep t .  of Energy 
9 0 0  Commerce Road Eas t  
New Orleans , LA 70123 

Dear Mr . Johnson : 

Re : Draft Supplement to Final EIS 
Strategic Petroleum Reserve Phase III Development 
Texoma and Seaway Group Salt Domes 
0{es t Hackberry and Bryan Mound Expans ion , Big Hill) 

As reques ted , we have reviewed the ref erenced draf t supplement to the Final 
Environmental Impact S tatement . The impacts at the Wes t  Hackbe rry exp ans ion 
s i t e , Cameron Paris h , will result in the commitment of up to 34 acres o f  
pas tureland and resident ial land to storage facilities . 

Enc lo s ed for your use is a copy o f  the General Soil Map of Cameron Parish , LA .  
From the inf o rmation presented in the draf t supplement , this Wes t Hackb erry 
site is located on soils o f  the Crowley-Mo rey-Mowata asso ciatio n .  Thes e 
soils are clas s if ied as prime farmland . 

Prime farmlands are tho se who s e  value derives from their general advantage 
as crop land due to soil and water conditionS . The land" do es no t have to be 
presently in row crops to be clas s ified as prime farmland . Prime farmland 
can be crop land , pas ture land , fo res tland , or o ther land , but no t urban 
buil tup land . 

Conver sion o f  prime farmland to o the r uses at this 34-acre s i t e  should be 
addres s ed by the impac t s t atemen t . 

We app reciate the oppor tuni ty to provide these comments on this draft 
supplement . 

Sincerely , 

(jilt, I 7J7th��1 
Al ton Mangum) 
State Cons ervationi s t  

Enclosur e  

cc : Norman Berg , Chief , SCS , Washington 
Edward E. Thomas , As sis tant Chief , SE , SCS , �·Tashing ton , D . C .  
Billy M .  Johns on , Direc tor , STSC , S C S , Fort Ho rth 
Direc t o r ,  Environmental Servic e s , SCS , �';ashing ton , D . C .  

The 5011 Conservation ServIce 
is an agency of tne 
Department of Agriculture 
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J u n e  1 5 ,  1 9B 1 

M r . C .  Cu r t i s  John s on 
S P R  Managemen t O ff i ce 
U . S .  Depa r tmen t of E n e rgy 
900 Comme rce Road Ea s t  
New O r l ea n s , LA 70 1 23 

Dea r M r . J o h n s on : 

T? rr. c a , F ! c r  -� J 3 � E·I:9 • ;' �. '.) n e  3 : J/22 3 - 23 � :  

Refe rence i s  mad e  to the D ra f t  S u p p l eme n t  to F i n a l  En v i ron men t a l  
I mpac t  S t a t emen t s ; D O E / E I S  - 00 2 1 , DO E/E I S  - 0029 . Pha s e  I I I 

deve l opmen t o f  the S P R  p roject i n vo l ves c rea t i on o f  t h e  B i g  
H i l l  s i te �nd expan s i on of the B ry a n  Mound a n d  Wes t  Hackber ry 
s i t e s . The G u l f Counc i l  ha s commen t ed p re v i ou s l y  on the c rea t i on 
of the Wes t  Hackbe r ry s i t e .  The s t a f f  of the Cou n c i l  h a s  rev i ewed 
the d ra f t  s u p p l emen t a n d  o f fe r s  t he fo l l ow i ng commen t s . 

Ou r p r i nc i pa l  commen t s  con c e rn the effec t  of the b r i ne d i scha rge 
on penae i d  s h r i mp popu l a t i on s  and t h e  s h r i mp f i she ry i n  the 
a ffec ted a rea s . I n  pa r t i cu l a r :  the gene ra l i t i es (B - l 1 )  on 
page 3 -20 a ppea r m i s l ea d i n g i n  t h e i r i mp l  i ca t i on s . Wh i l e  the re 
i s  I i t t l e  spawn e r - rec ru i t  re l a t i on s h i p ,  l ong o r  s ho r t � te rm 
de s t ru c t i on o f  s h r i mp h a b i ta t  ( e s t ua r i n e o r  s pawn i ng a reas ) 
shou l d be m i n i m i zed . The d ra f t  s u pp l e�en t  shou l d a t  l ea s t  
acknow l edg e  t h i s  h a b i ta t  a l t e ra t i on .  Gen e ra l  i t i e s 9 a n d  1 0 ,  
wh i ch a p pea r to j u s t i fy such a l t e r a t i on ,  a re qu i t e con t rad i c t o ry 
i n  r e l a t i ng the ove rca pa c i ty of the env i ronmen t ( #9 )  to the 
ove r s u p p l y  o f  pos t l a r va e  ( # 1 0 ) . Fu r t h e rmo re ,  a rev i ew of the 
refe rences i n  A ppend i x  G ( Be r ry a n d  Bax t e r ,  1 969 ; T ru e s da l e ,  1 9 70 ) 
do n o t  s u b s t an t i a t e  gen e ra l i ty #B tha t a l l s t ag e s  of the pena e i d  
1 i fe cyc l e  can t o l e ra t e  w i de ranges o f  s a l i n ty ,  wh i c h i s  t he 
key i s s u e . o f  the b r i n e d i s cha rge . 

The sec t i on on env i ronmen ta l i mpac t s  on pena e i d  s h r i mp ( Sec t i on 
4 . 2 . 5 . 2 ,  page 4 -2 5 )  aga i n  u s e s  t h e  fa u l ty g en e ra l i za t i on s  c i ted 
a bove to con c l ude t ha t  a c t u a l ca tches w i l l  not dec rea s e , bu t 
made u p  f rom a d j acent a rea s . The same " heavy comme rc i a l  ex p l o i 
ta t i on of s h r i mp s tock s "  c i ted on t h e  bo t tom o f  page 4 - 2 5  ma y 
we l l  i n va l i da t e t h i s  conc l u s i on . The s h i f t i n  f i sh i ng e ffo r t  
f rom the a f fected d i scha rge a reas  t o  a d j acen t a reas  w i t h ex i s t i ng 
"heavy exp l o i ta t i on l l  w i l l  e i t h e r  d i v i de u p  the l i m i ted resou rces 
or r e s u l t  i n  p ropo r t i on a t e l y l es s  i nc rea s e  i n  ca tch fo r the same 
i nc rea s e  i n  e f fo r t . 

J - I O  

A cou::.cil a u tb o rized by P'Jblic Law 94·265, t.� e Fish ery Cc nse!""l'ation & Managem en t Act  cf 1 976 



M r . C .  Cu r t i s  J o h n s on 
J une 1 5 , 198 1 
Page Two 

The sec t i on on soc i oeconom i c  i mpac t s  on penae i d  s h r i mp ( Sec t i on 
4 . 2 . 8 ,  page 4 - 3 3 ) des c r i bes  the poten t i a l  cos t s  i n  te rms o f  l os t  
revenue t o  t h e  s h r i mp i n d u s t ry u n d e r  va r i ou s  c a s e s . Th i s  sect i on 
s hou l d  be very h e l p f u l  to dec i s i on ma ke r s ; h owe ve r ,  a que s t i on 
a r i ses  a s  to the pu r po s e  o f  t h i s  sec t i on .  S i nce a l l o t he r en t i t i e s 
w i l l  b e  compe n s a ted f o r  d i rec t i mp a c t s  of the S P R  p roj ec t , does 
t h i s  s ec t i on deve l o p a b a s i s  fo r compen s a t i on t o  a ffec ted f i she rmen ? 

Thank you f o r  the o p p o r t u n i ty to rev i ew t h i s  docume n t .  We hope 
t he s e  comme n t s  w i l l  be u s efu l i n  rev i s i ng the documen t .  ?2,Y' }!;t 
wayne�g l e  
Execu t i ve D i rec t o r  

WES : VJ B : j a k  

cc : B o b b y  Q ' Ba r r 
N i ck Mava r 
John  G reen 
D .  R .  Ekbe rg 
S ta f f  

J - l l  



U N ITED STATES O E P A�TM E jlJT O F  C O M M E R C E  
Maritime A d m i n istration 
Washin gton, w . C ,  20230 

June I S ,  1 9 8 1  

�!EMO RANDill1 FOR : B ruc e R .  B ar r e t t  
Ac t ing C h i e f , Env i r o nment a l  and T e chni c a l  

Eva lua t i o n  D iv i s i o n  
D ep artment o f  C o mm e r c e  

S ub j e c t : U . S .  D ep a rtment o f  E n e r gy - D r a f t  S upp l ement t o  t he 
F i na l Env i r o nment a l  I mp a c t  S t a t ement ( F E I S ) 
S t r at e g i c P e t r o l eum R e s e rv e , P h a s e I I I  D e v e l opment 
(CN 8 1 0 5 .  1 6 )  

I n  a c c o rdanc e w i th y o ur memo r andum o f  May 1 3 , 1 9 8 1 , t h e  Mar i t ime 
Adm ini s t r a t i o n  has r e v i ew e d  t h e  d r a f t  s upp l ement and s ubm i t s  the 
f o l l ow i ng c o mm e n t s  for your c o ns i d e r a t i o n . 

O i l  S o i l l  R i s k , S e c t i o n 4 . 3 . 1 , P g . 4 - 3 3  
D � s cus s io n : 

Thi s s e c t i o n  p r e s ent s an ana ly s i s  o f  t h e  r i s ks t h a t  ar e 
a s s o c i at ed w i t h  the t r ans p o r t  o f  S P R  crude o i l  t h r o ugh G u l f  
C o a s t al ar e a s  o f  t h e  Uni t e d  S t a t e s . T h e  analy s i s  us e d  U . S .  
C o a s t G u a r d  r e g u l a t i ons and int e rna t i o n a l  co nvent i o n s  whi ch 
were p en d i n g  when the T ex oma G r o up F E I S was c o mp l e t ed . 

C o mment : 
This d i s c us s i o n  s ho u l d  b e  up d a t e d  to r e f l e c t  p r e s ent U . S .  
C o a s t G u a r d  r e gu l a t i ons and I nt e r g o v e r nment a l  Mar i t ime 
C o ns ul t a t i v e  O r g ani z a t i o n  c onvent i o ns . 

Re l a t e d  R i s k s , S e c t i on 4 . 3 . 1 . 3 ,  P g  4 - 4 7  
D i s cus s i o n : 

Thi s  s e c t i o n  d i s cus s e s  r i s ks r e l a t ed t o  t h e  c r u d e  o i l d i s t r i b u t i o n  
s y s t em inc luding f i r e  and exp l o s i o ns . I t  i s  s t a t ed t h a t  
exp l o s i o ns in v e s s e l c a r g o  t anks a r e  r a r e , p r o v i de d  t h e  
t ank v e n t s  ar e equipp ed w i th f l ame arr e s t o r s and p r ec aut i ons 
a r e  t aken t o  r educ e t h e  p r e s enc e of i gn i t i on s o u r c e s . 

C o mment : 
U . s .  C o as t  G u a r d  r e gu l at i o ns ( 4 6  C F R  P ar t  3 2 )  r e qu i r e  t h a t  
a U . S .  o r  F o r e i gn F l a g  c r u d e  t ank e r  b e tw e e n  2 0 , 0 0 0  and 
7 0 , 0 0 0  de adwe i ght t o ns hav e an inert g a s  s y s t em a f t e r  May 3 1 , 
1 9 8 3 .  C ru d e  t ank e r s  g r e a t er t han 7 0 , 0 0 0  d e a dw e i gh t  t on s  a r e  

J - 12 



r e qu i r e d  t o  have an ine r t  g as sy s t em a f t e r  May 3 1 , 1 9 8 1 . An 
i n e r t  g a s  s y s t em w i l l  p r event an e xp l o s i o n  f r om o c cu r i n g . 
The d i s cus s i o n  shoul d b e  r ev i s e d . 

Kenn e th W .  F o rb e s  
C h i e f , D ivi s i o n  o f  Env i r o nm e n t a l  Ac t i v i t i e s  
O ff i c e  o f  S h ipb u i l di n g  C o s t s  

J - 1 3  



CD 

,V ALLACE MENH.A.DEN PRODuCT S .  L'lc .  
SUITE 8 0 :! .  Ll.I. Bon.DDrG 

l · U '  X. CAUSEWAY BOUI..:.--V.u!D 
�rET.llRIE. U 7 0 0 0 2  -

J u n e  18 , 1 9 8 1  

Mr . C .  Curti s J o h n s on , P roj ect Manager 
S trateg i c  P etro l eum Res e rve Project Managemen t O ffi ce 
U.  S .  Depa rtment o f  Energy 
900 Commerce Roa d  E as t  
N ew O r l eans , L o u i s i a n a  70 1 2 3  

Atten t i o n : D r .  Joyce Teerl i ng 

Dear M r . J o hn s o n : 

Re : Draft S u p p l emen t to F i n a l  E n v i ronme n ta l 
Impact S ta teme n ts ; DO E / E I S - 0 0 2 1 , 
DO E / E I S -0029 

Came ro n , Lo u i s i a n a  is  cons i sten t l y  the top ran k i ng port i n  U .  S .  fi s h e ry l an d i ngs , 
d u e  i n  l arge p a rt to the men h aden fl eet o perati ng there . A s i gn i fi cant to n n a g e  o f  
th e s e  menhaden i s  taken i n  t h e  area o f  the t,oles t H a c k berry b ri n e  d i ffu s e r  s i te and 
i n  the area o f  the pro p o s ed B i g H i l l  s i te .  The E I S  rel a t i ng to the Wes t H a c kberry 
p ro j ec t  gave l i tt l e mo re than . a  curs o ry acknowl edgemen t  o f  the ex i s tence o f  menh aden 
i n  th i s  area . Regrettab l y , the P h a s e  I I I  Deve l o pmen t  Draft S u p p l emen t  ( DO E / E I S - 00 7 S ) 
has rep l i ca ted the efforts o f  the abo ve men t i oned E I S  i n  that i t  a l mo s t  i gn o res th i s  
s ub s t a n t i a l  fi s h e ry ,  a n d  wh ere i t  i s  recogn i zed , u n s u p p o rted genera l i za ti o ns a re made . 

Fo r examp l e ,  p .  3-20 #8 s tates that " A l l l i terature revi ewed i nd i cated that a l l s tages 
o f  the . . .  l i fe cycl e . . .  fo r the G u l f menhaden , B r e v o o rti a patronus , can to l erate 
wi de ranges o f  s a l i n i ty . "  A mo re ca reful revi ew of the l i tera ture wou l d  i ndi cate tha t  
d i fferent l i fe s ta g es are co l l ected i n  G u l f wa ters , at  d i fferi n g  ti mes , i n  d i ffe rent 
areas , in  d i fferent s a l i ni ti es .  Eggs may be hatched i n  a very n arrow range and 
i mmedi ate s urvi v a l  mi g h t  b e  cri ti ca l l y  re l a ted to s a l i n i ty .  P .  4- 1 8  s tates that ·" i m
p acts ( o f the b ri ne p l ume at B ryan t�o u n d )  s h o u l d be res tri cted to the b o ttom commu n i 
ti es . /I A rec e n t  s tudy by Randa l l and Hann i nd i cates , however , that the p l ume on  
occas i o n was as h i gh as 2 5  fee t .  At th e p ro p o s ed B i g  H i l l  s i te ,  th i s  c o u l d  p l ace 
the p l ume n e a r  the s u rface 'Nh i ch cou l d  have a l a rg e i mp a c t  on  the fi s h ery ,  i f  i n deed 
tho s e  eggs , or l arvae . c a n n o t  to l erate the change i n  s a l i n i ty .  

Tas k  5 ,  p .  5-4 wi l l  e v a l u a te the effects o f  b ri ne o n  Red Drumm eggs , l a rva e , and p o s t  
l arva e . Certa i n l y  t h e  econ omi cs o f  th e menh aden warrant a s i mi l a r eval uati o n . 

Ano th e r  concern , p revi ou s l y  v o i ced many ti mes , i s  th a t  the effects o f  mu l t i p l e  s i tes 
a l o n g  th e shorel i n e  may have an i mp a c t  on  a s pe c i es wh i ch p a s ses thro u g h  a l l t h o s e  
a rea s . Adu l t s h ri mp and menhaden may b e  a b l e t o  ci rcumn avi gate i nd i v i du a l  a re a s  o f  
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Mr . C .  Curti s J ohnson , P roj ect Manager 
J une 18 , 1981 
P age 2 

a l tered s a l i n i ti es , but  the menhaden spawned o ff l ower Texas , i n  fo l l owi ng thei r 
natural mi grati on pattern , mus t  now pass  through  Bryan Mound , B i g  H i l l ,  and the 
a l mo s t  i mmedi atel y  adj acent s i te ,  Wes t Hackberry .  Th i s  co u l d  s i gn i fi cantly a l ter 
or reduce the range of the fi sh . I cannot fi nd that th i s  pos s i b l e i mpact i s  even 
addres sed . 

These  examp l es cl early i ndi cate the casual  pos i t i on taken by the drafters o f  the 
E I S  regarding  the menhaden . 

WBW/ ds 

S i ncere l y  yours , 

WALLACE MENHADEN PRODUCTS , INC . 

W .  Borden Wal l ace 
P res i dent 

J - l S  



O F F ICE O F  TH E GOVE R N O R  
W I L L I AM P .  C L E M E NTS, J R .  

G O V E R N O R  June 1 8 , 1 98 1  

Mr .  Robert J .  S tern , Director 
NEPA Affairs D ivis ion 
Office of Environmental C omp liance 

and Overview 
U .  S .  Department of Energy 
Washing ton , D . C .  205 8 5  

Dear Mr .  S tern : 

The Draft Supp lement to the Final Environmental Impact S tatement per
taining to Texoma and Seaway Group Salt Dome s (Phase III Development ) 
p repared by the U .  S .  Department of Energy (DOE) , has been reviewed by 
the Budget and P lanning Office and interes ted s tate agenc ies . Cop ies of 
the review comments are enclo sed fo r your info rma tion and use . The 
S tate Environmental Impact S tatement Id entif ier Numb er ass igned to the 
pro j ect is 1 -05-5 0-0 1 1 . 

The fo llowing specific comments are no ted for your cons ideration . The 
Texas Department of Wa ter Res ources prov ided a further exp lana t ion 
regarding the DOE permit to ap p rop riate s ta te wa ter fo r Bryan Mound Salt 
Dome P roj ect . This agency al s o  recommended that certa in addit ional data 
and explana t ion about water requirements and permi tting act ions be 
included in the f inal sup p lement to the environmental impac t statement . 

The Budget and P lanning O f fice app reciates the opp o r tunity to review 
this pro j ect . If we can be of any further as s is tance dur ing the environ
mental review p roces s ,  p lease do no t hes itate to call . 

S inc erely , 

�� 
Leon Willhi te , Mana ger 
Int erg overnmental S e c t ion 
Budge t  and Planning Office 

j c  
Enclo sure s 

J - 16 
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Texas Department of Health 
Robert Bernstein, M.D.,  F .A.c.P.  1 1 00 West 49th Street 

Commissioner Austin, Texas 787 56 
( 5 1 2) 4 58-7 1 1 1  

June 2 ,  1 9 8 1  

Mr . Pau l T .  Wrot enbery , D i rector 
Governor ' s  Budget and P lanning Off ice 
P .  O .  Box 1 3 5 6 1 ,  Cap i t o l  S tation 
Au s t in ,  T exas 7 8 7 1 1  

ATTENTION : Intergovernmental S ec t ion 

SUBJECT : B ryan Mound and B ig H i l l  S a lt Domes 
Braz or ia and Jeffers on C ount ies 
S trategic Petroleum Res erve 
Phase I I I  D eve l opment 
Draft Supp lement to F ina l 

Env ironment a l  Impact S tatement 
E IS N o .  1 - 0 5 - 5 0 - 0 11 

Dear Mr . Wrot enbery : 

Robert A. MacLean, M . D .  
Deputy Commissioner 

R E C E I V E D  
'OON 5 198t 

Budget! P\anning 

The s ub j ec t  Draft Supplement to the F inal E nvir onmental Imp act S tatement 
has been r ev i ewed for its pub l i c  and env ironmental he alth imp l icat i ons as 
reques ted by y our memorandum of May B ,  198 1 .  

Based on the inf ormat ion co nta ined in the S up p lement , and the l i s ted r e lated 
component s ,  it i s  bel ieved that no adverse pub lic or environmental hea lth 
cond i t ions s hould ari s e i,f proper cons truc t i on and operat ion te chniques are 
f o l l owed . 

We appreciate the opportunity to rev iew and comment on the s ub j ec t  D raf t 
S up p lement . 

S inc er e ly ,  

&4z2//< � 
G .  R .  Her z ik ,  Jr . ,  P . E . 
Deputy C omm i s s ioner f o r .Env iro nmental 

and C ons umer Health Pro tect ion 

RW /dbs 
c c s : Program Budget ary S ervices , TDH 

Pub lic Hea l th Reg ion 10 , TDH 
Pub lic He alth Region 1 1 ,  TDH 
B razor ia C ounty Hea l th Department 
Local Hea lth S ervices , TDH 

J - 1 7  



S ugge s t ed Que s t ions to be Cons idered by Reviewing Agencie s : 

1 .  Do es the p ro p o s e d  p ro j e c t  imp a c t  upon and is i t  co ns is tent wi th the p l ans , p ro grams 

and s tatuto ry resp ons i b il i t i e s  o f  your a g en cy ? 

2 .  Wh at add i t ional sp e c if i c  e f fe c t s  should b e  a s s e s s ed ?  

3 .  Wh a t  add i t ional a l t erna tives should b e  cons ide r e d ?  

4 .  Wh a t  b e t t e r  o r  mo re app rop riate meas ur es an d s tandards s ho u ld b e  u s e d  to evalu a t e  
envi ronmen tal e f f e c t s ? 

5 .  w� at add i t ional cont ro l meas ures s ho uld be app l i ed to reduce adve r s e  environme n t a l  
e f f e c t s  or t o  avo id o r  minimi ze the i r revers ib l e  o r  irre t r i evab l e  commi tme n t  o f  
resource s ? 

6 .  How s e r io us would the envircnmen tal d ama g e  f r om th i s  p r oj e c t  b e ,  u s i n g  the b e s t 
al t e rna t ive and con t ro l  me asu res ? 

7 .  What s p e c i fic i s sues requi re fur t her dis cus s ion o r  res o lut ion ? 

8 .  Doe s  your a gency concur w ith the imp l ement at ion o f  this p roj e c t ?  

A s  a p a r t  o f  the envir onme n t a l  imp act s t a t ement review p roce s s , t he Bud g e t  and 
Planning O f f i c e  f o rwa�ds to the o r ig inating agency a l l  s ups t an t ive comments wh ich 
are formal ly submi t t ed . "  I f ,  a f t e r  analy zing t h is do cumen t ,  you concl ude tha t 
sub s t an t i ve comme nts a re unneces s ary , you may w i sh to s o  ind icate by ch e cking the 
box be low 3.nJ fo rwa rding th e form to this o f f i c e . Thi s  type o f  response wi l l  ind i c at e 
r e c e ip t o f  this docume nt by y o ur agency and that no f ormal res p ons e wi l l  b e  p rep a re d . 

GJ \ No Commen t . 

June 3 ,  1 9 8 1  - Rai lroad of �exas ( O i l  & Gas D iv . ) 
----------------------�----------�� 

Agency 
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TEXAS DEPARTMENT OF WATER RESOURCES 
1 700 N. Congress Avenue 

TEXAS WATER DEVELOPMENT BOARD 

Louis A. Beecherl, Jr . • Chairman 
John H. Garrett, Vice Chairman 

George W. McCleskey 
Glen E. Roney 

W. o. Bankston 
Lonnie A. "Bo" Pilgrim 

Austin, Texas 

Harvey Davis 
Exccu ti",· Director 

Hay 18 , 1981 

Hr . Paul T. Uro tenbery , Director 
Governor ' s Budget and Planning Office 
P . 0 .- Box 13561 
Caoitol Station 
AuStin, Texas 78711 

Dear Nr. Hrotenbery : 

TEXAS \VATER COMMISSION 

Felix McDonald. Chairman 
Dorsey B. Hardeman 

Joe R. Carroll 

R E C E I V E O  
MAY 26 i2 3 !  

Re :  U. S .  Departnent of Energy (WE) --Draft Supplement to Final Environmental 
Statement (DS/PEIS) relative to Strategic Petroleum neserve (SPR) : Phase 
III Development of Texoma and Seaway Group Salt D:Jmes G.Jest Hackberry and 
Bryan l·bund F;""pansion, and Dig llill) , c.arreron Parish , Louisiana and 
Brazoria and Jefferson Counties , Ta�s . (DOE/EIS-002l and DOS/EIS-0029) . 
£lay 193 1 .  (State. Reference : I:IS-l-05-50-0ll) . 

In response to your �1ay 13 rnermrandum, and DOE ' s  letter of Na.y 1 (Certified 
Mail No . P-228l65552) , the staff of the Texas Department of \later Resources 
(mm.) has revie;.;ed the referenced draft report , pertaining to DOE ' s  proposed 
Phase III plan to increase the SPR crude oil storage capacity to 750 million 
barrels (M-ill) by the addition of 212 �t-1B , and to increase the average daily 
dra.1.Jdown-rate capability by 1 . 0  �.!1B per day (!11B/ d) from 3 . 5 U1B to 4 . 5  Hill/ d .  
To achieve this incremental 2l2-t1MB SPR Phase III \.n.ll require : (1) construction 
of storage facilities for 140 1 MB  in the Big Hill Salt I:brre , Jefferson County , 
Texas ; ( 2) expan,sion of existing storage caverns in the Bryan �bund Salt I:orne ,  
Freeport , Brazoria County , Texas by 40 tt1B ;  (3) expansion of exis ting storage 
caverns in the \Jest Eackberry Salt tome , Hackberry , Carr.eron Parish , Louisiana 
by 30 U1B ; and , (4) provision fo-:- the s torage of 2 . 0  !tt3 in existing associated 
pipelines and surface s torage tanks . 

From the standpoint of our water-related responsibilities under the Texas Hater 
Code ,  and our interagency review obligations to the State A-95 Clearinghouse for 
Federal Proj ect notification and Review under at·m Circular !10 . A-95 , we offer the 
following revie;.; corrme..'1ts : 

1 .  He note the statement made in the DS/FEIS (p . v ,  t.iU.rd para . )  that 
"roE has applied to the Texas DeparOTlent of Hater Resources for an 
amendment to its permit to appropriate 215 , 000 acre-feet of state water 
from the Brazos River to provide for increased vol1..l!!e of raw water 
required for leaching . "  In the interes t  of acctrracy , consiste..'1CY , and 
completenes s of record and data , we offer the following relevar.t L'1£or
mation from our files : 
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Mr .  Pa1Jl T .  Wrotenbery, Director 
Hay lS , 1981 
Page Two 

CD 2 .  

a .  rom. Pennit No .  3681 to appropriate State water , granted to roE 
on July 30 , 1979 ,  authorized the pennitee to directly divert and 
us e :  (1) not to exceed 135 acre-feet per year (AF/Y) from the Brazos 
P�ver for emergency fire protection for the duration of the 
Bryan l'btmd Salt DJme Proj ect (B!£D Proj ect) ; (2) a total of 
101 , 400 AF from the Brazos River l but not exceed 33 , 800 AF/Y for 
mi '  purposes duri the leachln base of the BH3D Pro ' ect , by 
four inj ection we s in order to eac.� caverns ; a tot of 
103 , 000 acre-feet fram the Brazos River, but not to exceed 
33 , SOO AF /Y for mining purooses during the displacing phase of the 
BMSD Proj ect . 

b .  Based on an application (rb . 3987A) filed on Apl.'i1 27 , lS::'l , 
by roE wit..l1 the 7exas Hater Cormti..ssion of 'TINJR., a Public (�otice 
of Hearing Before the Texas Water Comnission was published on 
April 29 , 19S1 armouncing that roE is seeking an arr.encbent to 
Penri t �ro . 3 6Sl , pursuant to Section 11 . 122 , Texas vlater Code , 
and 7exas water L.evelopment Board (T,mE) Rules 156 . 04 . 10 . 001 -
. 002 , to increase the total amJunt of State water authorized to 
be diverted and used from the Brazos River , for the leaching 
and displaceo:nt phases of the Bl-5D Proj ect froo 204 ,400 p..;£, to 
367 , 000 p..;£' ,  and to authOrize the diversion nom the Brazos River 
of 3 . 5  AF /Y of water , up to a ma.x:i.nun total of S8 AF ,  for a 
potable water supply .  The public hearing is to be held in 
Austin, Texas on June 12 , 1981 . 

We feel that the final report should contain accurate and corrplete data 
as furnished above , regarding the present and proposed water rights 
pen:ri.ts for both leaching and displacement minL.'g purposes at the B:-lSD 
Proj ect. 

Also , we feel that the final report should contain data and explanation , 
relative to the folloHing additional pennitting requirements and actions : 

a .  Application to :IX-iR for peI.'Ulit to appnlpriate necessa...-y State 
water frOCl, and to constIuct the necessary r� water diversion and 
intake s tructure at Bile 305 of the Gulf Intracoastal v;ateTh"aY 
(GIG]) , for leaching and displacement t:"i..'T1ing purposes at the 

proposed ne;..; l4o-M1B Big Hill Salt :corne Proj ect (BHSD Proj ect) , 
pursuant to Sections 11 . 021 and 11 . 121 of the Texas Water Code . 
(He believe it ,vould be desirable to discuss the water require

ments and pennitting actions in the analytical App��dix B of 
the said suppleoental report . )  
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Ml:' .  Pclt11 T. vJro tenbery , Director 
Hay 18 , 1981 
Page Three 

b .  Application to IDVR for pennit to discharge leaching and displace
trent brines and other wastes from the BP.5n Proj ect , and the 
construction of brine pipelines and diffuser , located 3 . 5  miles 
offshore in State coastal waters , pursuant to Chapter 26 and 
Section 16 . 238 of the Texas Water Code , and Article 4477-7 of 
Vernon' s  Annotated Civil Statutes . 

c .  Application to mJR for the potential needed am:ndment o f  State 
Pennit No .  02271 (corresponding to l1PDES Permit No .  'IX 0074012) , 
regarding the disposal of wastes from the BMSD Proj ect to the 
Brazos River (Diversion Channel) southwest of the City of Free
port , to the GICW, and to the Brazos lli.ver 'licia.l Segmmt !�o . 12.01 
m the Brazos River Bas�. 

TINJR appreciated the opportunity of reviewing the referenced draft report . ID·JR 
will continue to work closely with IDE to ensure that a reasonable degree of 
practical consistency is achieved betw-oeen the extremely vital SPR Program pro
j ects and obj ectives , and "f.DWR' s  own s tatew�de water resources planrJJJg and 
development obj ectives pursuant to the Texas Water Code and the implerr.entmg 
State regulations . Therefore , please advise if we can be of further assistance 
m furthering the SPR. Program which was mandated by the Energy Security Act . 

SLTlcerely , 

�/� L/Harvey Davis r Executive Director 
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Mr .  C .  Curti s Johnson 

Pro j ec t  Manager , Strategic P etroleum 

Res erve Proj ect Management Office 

u .  S .  D epartment o f  Energy 

900 Commerce Road East 

New Orleans , Louisiana 7 0 123 

D ear Mr .  Johnson : 

U N ITED STATES D ePARTMENT O F  C O M M E R C E  
The Assi stant Secretarv f o r  P olicy 
Wasnlng can 0 C 20230 

This is in referenc e to your draft supplement to the final environmental 

impact stat ement entitled " S trategic Petroleum Res erve Phas e I I I  Development 

Texoma and S e away Group Salt Dcmes . "  The enc lo s ed comments from the National 

Oceanic and A��ospheric Administration ( NOAA) and the Mar itime Admin istration 

are forwarded for your cons ideration . 

Thank you for giving us an opportunity to provide thes e  comments , which we 

hope will be of a s s i s tance to you . We would appreciate receiving eight 

copies of the final statement . 

S inc erely , 

k��t, 
Robert T. Miki 

D irector of Regulatory Policy 

Enclosure Memo s from : Robert B .  Roll ins 

National Ocean Survey , NOAA 

D .  R. Ekberg 

National Marine Fi sheries S ervic e 

NOAA 

Kenneth W .  Forbes 

Office o f  Shipbuilding Cos t s  

Maritime Administration 
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, 
P P/EC - Joyce M .  Wood 

OA/CS - Robert B .  Rol l i n s  
/; ( '  . 

SUBJECT:  DE IS  #81 05 . 1 6  - Strateg i c  Petro l eum Reserv e ,  Texoma and Seaway Group  
Sa l t  Domes , Cameron Pari s h ,  Lou i s i ana � and Brazor i a  a nd Jefferson 
Count ies , Texas  

The subject sta teme nt has been rev i ewed wi thi n the  areas  of the Nati ona l 
Ocean Surveyt s ( NOS ) respons i bi l i ty and experti se , and i n  terms of the impact 
of the proposed action  on NOS acti v i t i es and projects . 

The Nat i ona l  Ocean Survey has no  spec i f i c  comments on the s u bj ect Draft 
Su pp l ement to the F i na l  Envi ro nmenta l Impact Sta tement . However � the Fi na l 
Supp l ement shoul d i ncorporate the fo l 1 awi ng documents : 

Frey � H .  R . , M .  W .  Sza bados , and L .  E .  H i c kman . NOS Strateg i c  Petrol eum 
Reserve Su pport Projec t :  S pec i a l  Report .  U P hys i ca 1  Oceanogra phy at 
the Wes t  Hackberry Bri ne Di sposa l S i te . II Na ti ona l Ocean Su rvey, 
Nationa l Ocean i c  and Atmos pheri c Adm i n i s trati on , March 1 981 , 2 1 8 pp . -

Nat iona l  Ocean Su rvey. NOS Strateg i c  Petrol eum Res erve Suppo rt Proj ect :  
F i  n a  1 Report,  Vol  ume Two - u r�ea surements and Data Qua l  i ty As s u rance.  II 

Edi ted by: H .  R .  Frey and G .  E .  Ap pel l .  Nationa l  Ocean Su rvey , 
National  Ocean i c  and Atmos pheri c Adm i n i stration ! �1a rch 1 981 , 1 84 pp . 

Frey� H .  R . t M .  W .  Szabados t and L .  E .  H i cRman . NOS Stra teg ic  Petro l eum 
Reserve Support Proj ect: F i n a l  Report , Vo l ume One - 'POceanogra phy on 
the Lou i  s i a na I n n er Con ti nenta 1 S he l f . It  Na t iona 1 Ocean  Survey , 
National Ocean i c  and Atmos pheric  Admi n i stra tion ( i n press ) .  
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TO : PP/EC - Joyce Woo d  

FROM:  F /SER6 -::_ ·,D . R .  Ekbe rg 

U NITED STATES C �PARTM Ei'\IT O F  COMME�C:: 
National O ceanic and Atmosp heric Admin istration 
NATIONAL MARINE FISHERIES SE RVICE 
southeast Region 
9 4 5 0 Koge r Bouleva rd 
S t . P ete rsbu rg ,  FL 3 3 70 2 

June 9 ,  19 8 1  
I I f  ,\ 

: ,I ;' \ , I ' �  .. ' 
/ \" 

F/SER6l/RR 
8 9 3 - 3 5 0 3  

SUBJECT : Comments on D raft Supplement to Final Envi ronmental 
Impact S tatement -- S t rategic Pet roleum Rese rve Phase 
III Development ,  Texoma an d Seaway G ro up S alt  Domes 
(West Hackbe rry an d  B ryan Mound Expansion , Big Hill )  
Came ron P a rish , Louisian a  and B razo ria an d Jeffe rson 
Counties , Texas (DOE ) ( DE I S  # 8 1 0 5 . 16 )  

The sub j ect draft envi ronmental imp act statement that 
accomp ani e d  you r  memo ran dum o f  !<f.ay 2 0 , 19 8 1 , has been receive d 
by the National Marine Fishe ries S e rvice fo r review and comment . 

The statement has been reviewe d and the fol lo�.;ing comments 
are offe red fo r you r consi de ration . 

Gene ral Comments 

This document lacks a detailed analysis  of  the potential 
S t rategic P et roleum Res e rve (SPR)  b rine dis cha rge impacts to' the 
Gulf menhaden population o f  the no rthweste xn Gul f o f  Mexico . NMFS 
data in dicate that in te nns of  poun ds lan de d  the Gul f menhaden 
has been a vital fishe ry in the Unite d S tates in recent years . 
A signi ficant po rtion of  this fishe ry is locate d in the vicinity 
of  the Big Hill and West Hackbe rry diffuso r sites . Fu rthe nno re ,  
fie l d sampling effo rts (Fo re 19 70 ,  an d  Chri s tmas an d Walle r, 19 7 5 )  
have in dicate d that the vi cinity of  the B i g  Hill an d  West  Hack
be rry b rine disposal sites is a significant menhaeen spawning 
g round. Although menha den larvae gene rally oc cu r in the uppe r 
po rtion o f  the wate r column , significant ve rtical extens ion of  
the s alt plume , shown by  stu dy  results at B ryan Mound ( Ran dall an d 
Hann 1 9 8 1 ) , an d  win d and cu rrent in duce d mixing of  the salt plume 
an d  nea r-su rface wate r containing menhaden eggs an d la rvae coul d 
signi ficantly impact this resou rce . Base d on this info nnation , 
we believe that the imp act statement should contain as detailed 
discussions of  menha den ecology (S ection 3 . 0 ) and expecte d p roj ect 
imp acts ( Section 4 . 0 ) to the menhaden fishe ry as p resente d fo r 
b rown an d white sh rimp . It  shoul d also discuss the relative im
po rtance of  the p ropose d Big Hill di f fuso r location to menhaden 
spawning activities .  
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The DEIS contains an inadequate analysis of  al te rnative 
offsho re b rine disposal locations . Two potential locations , one 
each at 3 . 5  miles o ffsho re (-3 0-ft . wate r cepth) an d 1 2 . 5  miles 
offsho re (- 4 0- ft .  wate r cepth) we re discus s e d, but j usti fication 
fo r selection of the se s ites , o r  fo r elimination of alte rnative 
si tes at othe r cepths , is lacking 0 r weak . In view 0 f this , we 
suggest that the discussion of  alte rnative discharge sites be 
expan ce d  to inclu de at leas t an alte rnative location between the 
white an d b rown shrimp fishing g roun ds (wate r cepth o f  app rox
imately 6 0  ft . an d ove r) an d a location which woul d be p refe rre c  
i f  al l known envi ronmental conditions we re taken into consi de ration 
if that location is diffe rent than any of the above . 

Most  of  the dis cus sion o f  salinity impacts to sh rimp in the 
DEIS  cove rs tole rance an d occu rrence with little o r  no cove rage 
of  s alinity/te nnp e ratu re ranges fo r optimum g rowth an d su rvival . 

Specific Comments 

2 . 0  DES CRIPTION OF P ROPOSED ACT ION 

2 • 3 OTHER ALTERNATIVES 

2 . 3 . 3 . 1 Alte rnative C rude Oil Dist ribution 

Page 2- 2 7 ,  pa ragraph 3 .  The DOE has appa rently misun de rstood the 
design of  facilities at Pelican Is land,  a p ropose d alte rnative 
pipe line te zminus . The p ropose d te nninal at Pelican Islan d ,  to 
be built by p rivate inte rests , woul d mainly consist  of  pipelines 
an d  s u rge tanks which woul d connect Pelican Island to Vi rginia 
P oint . We believe that the p roposed Vi rginia Point facility , 
rathe r than Pelican Island,  woul d have the app rop ri ate sto rage an d 
dist ribution facilities necess a ry  fo r the SPR .  

2 . 3 . 3 . 3  Alte rnative B rine Disposal Site 

Page 2- 2 8 , p a ragraph 3 .  The rationale fo r selecting only two 
alte rnative o ffSho re b rine disposal sites shoul d be p resente d. If 
the l2 . 5-mile - alte rnative was selecte d to coinc i ce  with the dis
tan ce offsho re o f  the b rine dispos al s ite at  B ryan Moun d, the re 
shoul d be envi ronmental j usti fication p rovi de d  simi l a r  to that 
develope d fo r B ryan Moun d (i . e . , the B ryan Moun d l2 . S-mile s ite was 
selected to be at a deoth inte nne di ate between the maj o r  b rown and 
white shrimp g roun ds ) . The section also shoul d include a p re
sentation of an alternative site of 1 0  o r  mo re fathoms (between 
the b rown an d white shrimp g round communities , as desc ribe d by 
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Chittenden and McE achran (19 76 ) , and nea rly the same depth as the 
B IYan Mound b rine discha rge } an d the envi ronmentally mos t  des i rable 
offsho re b rine discharge location , if  it is eithe r of these sites . 

P age 2-2 9 , Jla rag raph 1 .  Subs tantiation shoul d be p rovi de d  fo r the 
s tatement at , il I t  may b e  pos tul ate d that biotic communities at 
the 3 . 5  mile site a re  bette r suite d to withs tan d the effects o f  
b rine dis cha rge than cormnunities at a 12 . 5  Inile site " , o r  this 
statement shoul d  be delete d. 

3 • a AFFECTED ENVIRONMENT 

3 . 2  S ITE-SPECIFIC ENVIRONMENT 

3 . 2 . 1  Big Hill S to rage Facility (14 0 �� ) 
3 . 2 . 1 . 5  Species and Habitats 

B rine Disno s al Sites ( 3 . 5  to 12 . 5  mile alte rnatives ) .. 

P ages 3-1 8 , p a ragraph 6 through 3 - 2 0 , pa rag raph 4 .  The eleven 
gene ralizations an d comparisons bas e d  o n  Appendices F and G a re  
ove rly simplistic and often p rovi de misleading info nnation o n  shrimp 
an d  fish ecology .  The refo re ,  we suggest  that each o f  the listed 
items p resented on pages 3-19  and 2 0  be c a re fully reviewe d and 
adequate sub stantiation be p rovi de d. In pa rticula r  nee d of  co r
rection , cla ri fication and/o r Cbcurnentation a re  items numbe re d  
5 an d 7 thru 11 , a s  b riefly detailed below . 

Item 5 .  

Page 3-19 , pa ragraph 5 .  Although the statement that eU IYhaline 
o rganisms a re tole rant of bo th high an d low s alinities is gene rally 
co rrect , the pa rag raph shoul d point out that ce rtain life stages 
of eU IYhaline o rganisms may have a na rrow range of  p rolonge d 
salinity tole rance , p refe rence , optimal g rowth , and optimal 
su rvival . 

Item 7 .  

P age 3-1 9 , p a ragraph 7 .  This pa rag raph shoul d p resent available 
info nnation on the ch roni c 0 r sub-lethal imp acts of  inc rease d 
s alinities which might be encounte re d  at the diffuso rs to sh rimp , 
Gulf menha den , and othe r impo rtant species . 
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Item 8 .  

P age 3-20 , pa ragraph 1 .  The DEIS  states that , " all lite ratu re re
viewe d indicate d that all stages of the penae i d  life cycle and also  
thos e  fo r the Gulf  menha c.en , B revoo rtia pat ronus , c an tole rate wi ee 
ranges 'of s alinity . "  Em" eve r, much of  the lite ratu re on sh rimp that 
DOE cite d in Appendix G . , Shrimp Ecology , does not in dicate that 
all stages o f  the penae i d  li fe cycle can tole rate wi de ranges of  
salinity . At least one stu dy  that was cite d as indicating a wi ee 
range of  salinity tolerance only su rveye d b rackish to f resh 
salinity . In a ddition , we a re  unawa re of  any lite ratu re cite d  in 
the DEIS that indicates that all stages o f  the Gulf  menha den life 
cycle can tole rate wi de ranges of  s alinity . As noted in our Gene ral 
Comments , a revie·.., of  menhaden ecology shoul d be j us t  as app rop riate 
as sh rimp ecology . 

The optimum s alinities fo r g rowth , su rvival an d fecun dity as 
well as appa rent p refe rence shoul d be in dicate d fo r sh rimp an d 
menha den . 

Item 9 .  

P age 3- 2 0 , p aragraph 2 .  The deg ree of  heavy exp loitation of  each 
species of fish and sh rimp in the Big Hill a rea shoul d be p rovi de d  
to substantiate , o r  re fute , the fi rst sentence . If  cata a re  avail
able which desc ribe the " ca rxying cap acity of the envi ronment" in 
the vicinity of the Big Hill diffuso r site , they shoul d be p rovi c.e d 
fo r each species , o r  the last sentence delete d o r  mo dified.  

Item· 1 0  • 

Page 3-20 , pa rag raph 3 .  The statement that the re ,  II appea rs to be a 
gene ral ove rsupply of penaei d shrimp postla rvae " (emphasis a dde d) 
is ecologically inco rrect . Species such as shrimp which have 
evolve d into having ext remely high fecundity have co rrespondingly 
high rates of natu ral mo rtality . The refo re ,  the numbe r of  sh rimp 
postlarvae i s  not an unnecess a xy  ove rsupply but a numbe r sufficient 
to ensu re the survival of a species which has always incurre d a 
la rge natural mo rtality o f  la rvae an d j uveniles an d mo re recently 
fishing mo rtality o f  j uveniles an d  a dults . In addressing this issue 
in the FEIS , we re commen d a review of  lite ratu re dealing with the 
concept of  compensato xy rese rve (e . g . , Go o dyear,  1 9 77 ) . 

The last  sentence of  this item should be mo dified to indicate 
penae i d  populations do not nec es s a ri ly II reboun d  qui ckly" in a: yea r 
following one of  poo r p ro duction . 
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Item 11 . 

P age 3- 2 9 , pa ragraph 4 .  Conce Ining the secon d sentence , stu dies in 
Galveston Bay an d entrance channel by Baxte r ( 1 9 6 3 )  an d Be rxy an d 
Baxte r ( 1 9 6 9 )  indicate that the postlarval sh rimp c atch can be use d  
to p roj ect  a dult p ro duction fo r a p a rticula r yea r  - clas s . It , 
the refo re ,  appea rs  that it is the abundance of  postla rvae ente ring the 
estua ries f rom the Gul f ,  along with the envi �nmental facto rs ins i de 
the estua ries , that dete �ine the size o f  the ha rvestable sh rimp 
c rop .  

The s tatement that S abine Lake is " no longe r conducive to shrimp 
p ro duction lt shoul d be substantiate d. In a ddition , this section 
shoul d be expan de d  to diffe rentiate between ha rve s t  an d nu rse xy 
utiliz ation in S abine Lake when refe rring to p ro duction . We a re  
unawa re of  any recent data on early li fe s tages in S abine Lake which 
woul d in dicate whethe r it is no longe r con euci.ve to p � duction o f  
sh rimp harveste d in the Gul f .  

Thre atened an d Endange re d  Species 

Page 3 - 2 0 , pa ragraph 5 .  Thi s section shoul d document any en dange re d  
species consultation that the DOE has ha d with the NMFS rega rding 
sea turtles an d marine mammals . 

3 . 2 . 1 . 8  Socioeconomics 

P age 3- 2 3  thru 3- 3 3 .  Thi s section shoul d document Gulf menhaden 
economics to the s ame deg ree as was documente d fo r shrimp in the 
subsection Offsho re Sh rimp Fishe ries Economics . Gulf  menhaden 
rep resent tlie g reatest landings by weight o f  any Gul f fishe xy ,  and 
the vicinity o f  the p ropos e d  Big Hill dif fuso r site may se rve as an 
impo rtant spawn.i,ng g round in the region . 

3 . 2 . 2 . 2  Wate r Envi �nment 

P age 3-4 1 , p a rag raph 2 .  All Galves ton B ay oyste r reef c rossings o f  
the southe rn pipeline to Pelican Islan d  ( o r  Vi rginia Point) shoul d 
be documente d. 

4 .  a ENVIRONMENTAL IMPACTS OF THE PROPOSED AND ALTERNATIVE ACTIONS 

4 . 2  Big Hill  ( 14 0-MMB CRUDE OIL STORAGE FACILITY )  

4 . 2 . 1  Land Featu res 

P a�e 4 . 3 ,  paragraph 2 .  To avoi d confusion o r  misunde rstan ding , the 
th� rd sentence shOUld state that double- ditching and othe r available 
mitigation techniques woul d be use d  du ring pipeline c ros sings of 
wetlan ds  . 
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4 . 2 . 2  Wate r Envi ronment 

P aqe 4 - 4 , pa ragraph 3 .  The las t  sentence shoul d state when the 
agency consultation woul d be initiate d to develop mitigation measu res 
fo r wate l:Way c ros s ings . 

4 . 2 . 5  Species , and Habitats 

4 . 2 . 5 . 2  B rine Dispos al 

B rine Dis cha r�e Expe rience at B;yan Mound 

P age 4-1 8 , pa ragraph 3 .  Although , by ext rapolation f rom othe r 
stUaLes , plume thicknes s has been computed to be less than 3 ft . ,  
these data shoul d be compa re d  to B ;yan Moun d  monito ring studies 
which found the plume to have a ve rtic al extent of up to 2 5  ft . 
un de r less than maximum di scha rge levels ( Randall and Hann , 1 9 8 1 ) . 
The implication of  such a la rge ve rtical extent o f  the plume shoul d 
be di s cussed in te nns o f  impacts to the Gul f fishe ;y at the Big Hill 
s ite which has a total depth of only 3 0  ft . 

B rine P lume P roj ections fo r Big Hill 

P age 4- 2 1 , line 3 .  The DOE ' s  definition o f  an " un reasonable buil dup 
of  b rine "  shoul d be p rovi de d. 

Imp acts on P enae i d  Sh rimp 
. . 

Paae 4 - 2 5 , p aragraph 2 . Assessment o f  bioass ay results shoul d also 
conside r  chronic o r  sub-lethal effects of  s alt dome b rine on 
various life stages of  penaei d shrimp . 

P aae 4 - 2 5 , pa ragraph 3 .  The extent to which shrimp la rvae coul d 
avoi d the brine plume ( lines 1 3-15 ) in an oceanic envi ronment shoul d 
be discus se d  an d documente d. 

P age 4 - 2 5 , paragraph 3 .  The statement that sh rimp stocks an d many 
deme rsal fish in the no rthweste rn Gulf  a re  below car;ying capacity 
as a result o f  conune rci al harvest shoul d be documente d .  

P age 4 - 2 6 , afte r pa ragraph 1 .  As note d in our Gene ral Comments , a 
sub-section on impacts on menha den shoul d be a dde d. 
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4 . 3  CRUDE OIL DISTRIB UTION SYSTEM 

4 . 3 . 2  P ipeline Routes 

4 . 3 . 2 . 5  Species an d Habitats 

Page 4 . 5 4 ,  p arag raphs 2 an d 4 .  In the event that ship channel 
c ros sings a re  not completed by ho rizontal di rectional drilling 
techniques , these p a rag raphs shoul d di scuss the imp acts of sto rage 
of  la rge volumes of  spoil f rom the channel c rossings an d means to 
mitigate those imp acts (e . g . , uplan d disposal , tempo ra ry  b a rge 
sto rage , etc . ) .  

4 . 5  IMPACTS TO FLOODPLAINS AND WETLANDS 

4 . 5 . 2  Phase III Floo dplain and Wetlan d  As sessment 

C ru de Oil , Raw Wate r and B rine Dispo s al Pipelines fo r Big Hill 

P age 4 - 6 9 , pa ragraph 4 .  This p a rag raph shoul d discus s un de r what 
conCi tions double- dl. tching techniques fo r wetlan ds c ros sings fo r 
pipeline installation woul d be use d an d details  o f  additional 
mitigation meas u re s  being p ropose d (e . g . , revegetation , avoi dance 
of alte rations of ma rsh hy drology , etc . ) . 

P age 4 . 70 ,  la rag raPh 1 .  This  p a rag raph shoul d Cocument co rrespondence 
with Fe de ra an d S tate fish an d wil dlife agencies fo r the pu rpose 
of dete nnining the nee d fo r a wetland revegetation p rog ram . 

5 . 0  ENVIRONMENTAL MONITORING 

5 . 4  PHASE III ,  OFFSHORE MONITORING 

P age 5 - 4  thru 5- 5 .  This section shoul d be expan de d  to discuss what 
co rrective measu res woul d be taken if  the monito ring p rog ram docu
ments significant envi ronmental imp acts to the Gulf fishe ry f rom 
Big Hill b rine discha rges . 

6 . 0  S UMMARY OF IMPACTS AND MITIGATION MEASURES 

T able 6-1 

Page 6-3 . Un de r item B .  Wate r envi ronment , dre dging in the Gulf of  
Mexico , it is state d that the Gulf pipeline trench woul d be back
filled II if p ractical " .  We suggest that the potential impacts to 
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comme r c i a l  trawlers and the i r  crear o f  expo s ed p ip e l ines be d i s 
cus s ed i n  S e c ti o n  4 . 0  and the parame ters - for determ i n ing hackf i l l  
p r a c t i c a l i ty b e  pres ent ed . To avo id p e r s on a l  inj ury and ves s e l  
and gear d e struct ion , we be l ieve th at mandatory back f i l l incr s ho uld 
be an e s s �n r. i a l  mi t i gat ion measure . The only time no b a c k f i l l ing 
would be a v i a b l e  a l t ernative would be whe re s e lf bur i a l  has 
already o c curred . 

9 . 0  CONS ULTAT I ON AND COORDINAT I ON 

Table 9 . 1  

P age 9 . 3 .  Under the he ading U . S .  Department of Commerce , the 
National Marine F i s he r i e s  S ervive ' s  j ur i s d i c t ion and re s po n s i b i l i ty 
under the F i s h and Wi l d l i f e  Coordination Act s hould b e  summar i zed . 

AP PEND IX G - SHRIMP ECOLOGY 

Although we have no t tho roughly reviewed the accuracy o f  the 
conc lus ions drawn from the numerous pub l i ca t ions c i ted in thi s 
appendix , inaccura c i e s  in ref erenc e s  to B e rry and B axter ( 1 9 6 9 )  
and True s d a l e  ( 1 9 7 0 ) l e ad us to sugge s t  that each b e  car e f u l ly 
revi ewed . For examp l e , the DE I S  referenc e s  to True s da l e  ( 1 9 7 0 )  
indicated tha t  thi s  s c i ent i s t  conc luded that s a l i n i ty doe s  no t 
i n fluence shrimp d i s t r ib ution in the es tuary , and . a l though un c l ear 
in the text , he pre s Uma b ly co rroborated the euryha l i n e  nature o f  
s hr imp and the i r  to l erance o f  hiqh and low s al in i ty . I n  our 
review of thi s  re f erence , we found that the mean s a l in i ty for a l l  
s tations s amp led by True s da l e  from March 1 9 6 6  thru May 1 9 6 8  was 
only 2 . 3  ppt ( the highe s t  i ndividual s a l in i ty wa s only 1 5 . 6  p p t ; 
wel l  b elow ocean i c  s al i n i t ie s )  and that he reported fre s hwater 
i n flow ( a  ma j o r  f a c to r  a f f e c ti ng s a l in i ty )  d i d  i n f luen c e  s hr imp 
d i s tribution . Ther e f ore , thi s  pub l i cat io n d i d  no t corrobo rate 
s hr imp to l e rance of high s al i n i ty . I t  did , however , co n f i rm  the 
o ccurrenc e of the ear ly l i f e  s tage s  o f  s hr imp in low s a l i ni ty 
e s tuarine waters and the inf luence o f  high river f lows and very 
low s a l i n i t i e s  on s hr imp d i s t r i but ion during the maj or nur s ery 
s e a s o n . 

S e a s o n a l i ty 

P age G- l , paragr aph 3 .  The comment that S ab i n e  Lake no longer 
produces a f i shab l e  s to c k  of brown s h r imp is m i s l e ad ing s ince 
we are unaware of change s o f  brown shrimp c atches ( which were 
never a s i gn i f icant portion of the tot a l  s hr imp l anding s )  s in c e  
clo sure o f  T o l edo Bend Dam a n d  suh s equent i n f l ow al terations . 
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S pawning an d D i s t ribution 

P age G- 4 ,  p a rag raph 2 ,  an d P age G- 5 , Figu re G-2 . The fi rs t  s entenc e 
an d  the cite d. figu re s houl d b e  cla rifi e d  to in dic ate that the 
re f e rence i s  only to whi te s h rimp . 

Foo d Habits 

P age G- 8 ,  p a rag raph 4 th ru G- I O , p a raa raph 1 .  Do cumentation shou l d 
be p ro vi c.e d.  fo r die d s cus s ion or p roteins an d lipi C!s ( l ast 3 l ines I 
p age 8 an d  fi rs t  3 .  l in e s , p age 10 ) . 
S alini ty Rel ationships 

P aqes G- I O  to G-12 . Thi s sec tion sho ul d dis cus s p a s t  study findings 
on optimal s alinity as tho roughly as s alinity ranges a re  di s cus s e d. 
F o r examp l e , ac co rding to Gunte r et al . ( 1 9 6 4 ) , the optimum 
s alinity fo r po s t l a rval an d  j uvenile white sh rimp ranges f rom 0 . 5  
to 1 0 . 0  ppt . Howeve r ,  a repo rt by Z e in-El din an d G ri f fith ( 1 9 6 9 )  on 
some mo re recent labo rato ry s tu di e s , though no t in di c ating a nee d  fo r 
wate r qui t e  as f res h , neve rthe l e s s  note d that at temp e ratu re s  o f  3 0 ° C  
an d  above ,  t"",i ce as much ti s sue was p ro duce d by p o s tl a rval white 
sh rimp at salinities of 5 an d  15 ppt than at s aliniti es of 25 an d  3 5  ppt . Labo rato ry s tudi es pe rfo Ime d at the Gul f C o a s t  Re s e a rch 
Labo rato ry (Lakshrni et al . ,  1 9 76 ; Venkata ramiah et al . ,  19 74 , 1 9 75 
an d  1 9 77 )  s howe d thatY01,IDg b rown s h rimp fa re best IIi' lowe r s al 
inities .  Although the j uvenile b rown s h rimp ( 70 mm mean l ength) 
can s u rvive a wi c.e s al inity range , the b e s t  g rowth an d  su rviva l 
rates we re obtaine d in s al ini tie s  o f  8 . 5  to 1 7 . 0 . ppt . Als o , optima 
fo r sub a du l  t s h rimp ( 9 5 mm mean lengt.."l )  s eem to exis t  above 1 0  ppt 
s al inity an d p refe rab ly bet�",e en 15 an d 25 ppt salinity . In the fiel d ,  
Ch ri s tma s  an d L angley ( 1 9 73 )  repo rte d that the highe s t  catch o f  b rown 
s h rimp pe r haul in the i r  Mis s i s s ippi Soun d  s amp l es was in the 
s alinity inte rval 15 . 0  to 19 . 9  ppt . 

In consi c.e ration o f  data c.eve lope d o n  op timal s alinity con
ditions du rin g  va rious s h rimp life s tages , a dve rs e  impacts o f  s alinity 
alte rations expecte d  ( e . g . , fee ding rates , metabo l i s m , di s o rientation , 
p re dat o r avo i dan c e , etc . )  sho ul d b e  di s cus s e d. 

F ac to rs Affectin a  Suc c e s s  o f  Yea r Clas s . 

P age G-1 3 I pa rag raph 6 .  Examinatio n o f  T ab l e  1 p re s ente d by B e  r::-.:r 
an d.  B axte r (1 9 6 9 )  inci.icates that p o s t l a rv al c o l l ections in 1 9 60 an d  1 9 6 2-6 6  we re � ve r.:r simi l a r .  
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P age G- 14 , pa ragraph 2 .  This  an d the following pa rag raph shoul d 
discus s an d refe rence stu dies on the impo rtance o f  ma rsh vegetation 
to sh rimp p ro duction (e . g . , Tu me r,  19 7 7 ) . 

His to rical T ren ds 

P age G-1 6 , ea ragraph 3 .  This section shoul d be expan Ce d  to discus s 
both histo n.cal t rends in fishing effo rt an d in the ave rage s i ze of  
shrimp lan Ce d  in  the no rthweste m  Gulf of  Mexico . 

CLEARANCE 

F/HP : RSmith 

Attachment 
Lite rature 

cc : 
F /HP - (3 }  
F/SER6l2 
GOMFMC 

S IGNATURE 

�,m �4f)k,tfhr;Zt 
Cite d 
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DEP ARTM E N T  O F  T H E  A RMY 

G A LVE STON D I S T R I C T, C O R P S  OF E N G I N E E R S  

P . O .  B O X  1 2 2 9  

SWGED-E 

Mr . C .  Cur t is John son 
Proj ec t Manag er 
S t rateg ic Pet ro l eum Reserve 

Proj ect Manag ement Of f ic e  
U . S .  D epa rtment o f  Energy 
900 Commerc e Road Ea st 

New Orl eans , Lo u is iana 7 0 1 2 3  

D ear Mr .  Jo hnson : 

G A LV E S T O N ,  T E X A S  7 7 5 5 3  

This i s  in r esponse to a letter dated 1 May 1 98 1  f r om Mr . Rob ert J .  S t ern ,  
D ir ec t o r , NEPA Af f a ir s  D iv is ion which p rov id ed c o p ies o f  t he Draf t 
Suppl ement to F inal Env ironmental Impac t S t a t ement S t rategic P e troleum 
Reserv e ,  Pha s e  I II D ev elopment , Texoma and S eaway Group Sal t Domes (We s t  
Hackb erry and B ryan Mound Expan s ion , B ig Hill) , Cameron P a r i s h ,  Lo uisiana 
and Braz o r ia and Jeff er son Coun t ies , T exa s , for our review and c ommen t s  
in c onj unc t ion w i t h  t h e  N ew Orleans D is t r ic t ,  C o rp s o f  En gineer s .  

Our c o o rdinated c omment s are a s  f ollows : 

a .  The l aO-yea r f l ood pla in  level o f  1 4 . 0  f eet mean s ea l ev el f o r  
the B ig Hill s it e  is s t ill wa t er and d o e s  no t account f o r  wave runup . 

b .  Proj ec t s  are w ithin the purv iew of S ec t ion 1 0  of the 1 8 9 9  River 
and Ha rbor Ac t .  

c .  Proj ec t s  are within the purv iew of S ec t ion 4 04 o f  t he F ed eral 
Wat er Pollu t ion Control Ac t as amend ed . 

d .  Proj ec t will involv e  plac ement o f  f ill ma t er ial in wetland s a t  
the B ig Hill and B ryan Moun d s it e s . It i s  rec ommended t ha t  Mr . Ma r c o s  
D e  L a  Ro sa , Chief , Permit Branch ,  Galveston D i s t r ic t , Corps o f  Eng in eer s ,  
FTS t elep hone 5 2 7 - 6 3 7 8  b e  co ntac t ed regarding Depar tment o f  Army p ermits 
in the Galveston D ist rict . 
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S\olGED-E 
Mr . C .  Curt is John son 

e .  Coordina t ion regarding Department of Army p ermit s should also 
cont inue w ith N ew Orl ean s  D i s t r ic t . 

C o py furnished : 
Mr . Henry Glaviano 
N ew Orleans D is t r ict , 

Corps of Eng ineers 
P . O .  Box 6 0 2 6 7  
New Orlean s ,  LA 701 60 

S inc er ely , 

�/� .(7Y-C � JAMES M .  S IGLER /-� Co lonel , Corps of Engineers 
Commanding 
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United States Department of the Interior 

E R  8 1 / 9 8 2  

OFFICE OF THE SECRETARY 
WASHINGTON, D .C. 20240 81 JU N , 3  \9 

C .  C u r t i s  J o hn s o n , P r o j e c t  M a n a g e r  
S t r a t e g i c  P e t r o l e um R e s e r v e P r o j e c t  

M a n a g em e n t  O f f i c e  
U . S .  D e p a r t m e n t  o f  E n e r g y 
9 0 0  C o mm e r c e  R o a d  E a s t 
N ew O r l e a n s , L o u i s i a n a  7 0 1 2 3  

D e a r  Mr . J o hn s o n : 

W e  h a v e  r ev i ew e d  t h e  d r a f t  e nv i r o nm e n t a l  imp a c t  s t a t e m e n t  f o r  
t h e  P h a s e I I I  D e v e l o p m e n t , T e x o m a a n d  S e aw a y  S a l t  D o m e s  ( W e s t 
H a c kb e r ry a n d  B r y a n M o u n d  E xp a n s i o n , B i g  H i l l )  s e n t  t o  u s  
May 1 ,  1 9 8 1 . O u r  m a j o r  c o n c e r n s  a r e  t h a t  a d e q u a t e  p r o v i s i o n  b e  
ma d e  f o r  t h e  d i s p o s a l o f  P C B  c o n t am i n a t e d  d r e d g e  s p o i l s  a n d  t h a t  
any m i n e r a l  r e s o u r c e  c o mm i t me n �  b e  f u l l y c o n s i d e r e d .  

T h e  d i s p o s a l o f  P C B  c o n t am i n a t e d  d r e d g e  s p o i l s  s h o u l d  b e  c a r e f u l l y 
c o n t r o l l e d  a n d  mo n i t o r e d t o  r e d u c e t h e  p o s s i b i l i t y o f  t o x i c e f f e c t s  
o n  f i s h  a n d  w i l d l i f e . A n y  d r e d g e d  ma t e r i a l  t h a t  i s  c o n t a m i n a t e d  
w i t h  P C B ' s  s h o u l d  n o t b e  r e t u r n e d  t o  t h e  wa t e r ,  e v e n  f o r  p i p e l i n e  
b a c k f i l l . T h i s  p o l l u t e d  ma t e r i a l  s h o u l d  b e  c o n f i n e d  i n  u p l a n d  
d i s p o s a l a r e a s , C a t e g o ry 3 . · 

K n o wn m i n e r a l  r e s o u r c e s  o f  t h e  B r y a n  Mo u n d , W e s t  H a c kb e r ry , a n d  B i g  
H i l l  a r e a s  i n c l ud e  p e t r o l e um , n a t u r a l  g a s , s a l t , s u l f u r , l im e s t o n e , 
a n d  s a n d  a n d  g r av e l . B e c a u s e o f  p r e v i o u s s t o r a g e  d e v e l o p me n t  a t  
B r y an M o u n d  a n d  W e s t H a c kb e r ry a n d  s o l u t i o n  m i n i n g  a t  t h e  B i g  H i l l  
s i t e , n o  s i g n i f i c a n t  c o n f l i c t  i s  a n t i c i p a t e d b e tw e e n  t h e  p r o p o s a l  
a n d  mi n e r a l  r e s o u r c e s  o r  t h e i r d e v e l o p me n t .  I t  i s  s u g g e s t e d ,  h ow
e v e r , t h a t t h e  i nv e s t i g a t i o n  i n c l u d e  a b r i e f  e v a l u a t i o n  o f  in s i t u  
m i n e r a l  r e s o u r c e s  w i t h i n  t h e  p r o j e c t  s i t e s a n d  a n  a n a l y s i s  o f  t h e  
p r o j e c t ' s  e f f e c t  u p o n  s u c h  r e s o u r c e s . 

I n  a d d i t i o n , w e  h a v e  t h e  f o l l o w i n g  s p e c i f i c  c o mm e n t s :  

(2) P a g e  4 - 1 6 , 4 . 2 . 5 . 1  - P r o j e c t  e f f e c t s , i f  a n y , o n  t h e  s t a n d  o f  
l i v e  o a k t r e e s  a t  t h e  B i g H i l l  s i t e  s h o u l d  b e  c l e a r l y s t a t e d . 
T h e s e  c o a s t a l  s t a n d s  a r e  v e r y  v a l u a b l e  t o  m i g r a t o ry b i r d s  
a n d s h o u l d  b e  p r o t e c t e d i f  p o s s i b l e .  
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P a g e  4 - 2 4 , 4 . 2 . 5 . 2 , # 7  - S i n c e t h e  n e a r - s h o r e  b r i n e  d i s p o s a l s i t e  
h a s l o w e r  amb i e n t  s a l i n i t i e s  t h a n  t h e  f a r - s h o r e  s i t e ,  i t  
w o u l d  b e  m o r e  s ub j e c t  t o  s a l i n i t y  c h a n g e  f r o m b r i n e  d i s p o s a l . 
A l t h o u g h  t h e  s a l i n i t y  c h a n g e m a y  n o t  ex c e e d  t h e  t o l e r a n c e s  
o f  a n y  s p e c i e s  i n  t h e  a r e a , i t  wo u l d  c h a n g e t h e  h a b i t a t  
c h a r a c t e r i s t i c s  o f  t h e  a r e a , e s p e c i a l l y f o r  a n y  s p � c i e s  u s i n g  
t h e  a r e a  b e c a u s e o f  i t s  l o w e r  s a l i n i t y . 

P a g e  4 - 2 5 , 4 . 2 . 5 . 2  - P hy s i c a l  f a c t o r s  ( t emp e r a t u r e  a n d  s a l i n i t y )  
i n  t h e  G u l f g e n e r a l l y  d o  n o t c o n t r o l s h r imp p o p u l a t i o n  
b e c a u s e t h e s e  f a c t o r s  a r e r e l a t iv e l y c o n s t a n t . I f  t h e s e 
f a c t o r s  i n  t h e  G u l f  s t a r t  t o  f l u c t u a t e ,  a s  p r o p o s e d w i t h  
b r i n e  d i s p o s a l , t h e y  c o u l d  b e c o m e  c o n t r o l l i n g  f a c t o r s  o n  
s h r im p  p o p u l a t i o n s  a s  m u c h  a s  e s t ua r i n e  c o n d i t i o n s . 

P a g e  4 - 5 6 , 4 . 4 . 1  - A l t h o u g h  t h e  F i s h  a n d  W i l d l i f e S e r v i c e  h a s  
r e a c h e d a n  a g r e e m e n t  w i t h  D O E  r e g a r d i n g  w e t l an d  c r e a t i o n  t o  
r e p l a c e  t h e  w e t l a n d s  d e s t r o y e d a t  B ry a n  M o un d , t h e  b e s t  
d e s i g n  w o u l d  s t i l l  p l a c e  a l l  w e l l s i t e s i n  up l a n d  a r e a s . 

W e  a p p r e c i a t e t h e  o p p o r t un i t y  t o  r e v i ew t h i s  s t a t e m e n t . 

t:..- _ 

.. 1 Soeo 1 a l  A s s l st a...�t t o  .sa stant S E C RE TA RY 

J - 3 9  

-



F ED ERAL E N ERGY R EG U LATO RY C O M M I S S I O N  
WASH I N GTO N 20426 

Mr . Rober t J .  S tern 
Director , NEPA Affair s  Div .  
Off ice of Environmental 

Compliance & Overview 
U .  S .  Department of Energy 
Washington , D .  C .  2 0 5 8 5  

Dear Mr . S tern : 

IN REPI..Y R E F E R  TO: 

June 23 , 19 8 1  

I am rep lying to your reques t of May 1 ,  19 8 1  to the 
Federal E nergy Regulatory Commission for comments on the Final 
Enviro nmental Impac t S ta tement for the S trategic Petroleum Re serve 
S eaway and Texoma Groups of S alt Domes . This F inal EIS  has b een 
reviewed by appropriate FERC s taff  components upon whos e  eval�ation 
this response is based. 

This staff  concentrates its review of other agenc ies ' en
vironmenta l impact statements basic ally on tho se areas of  the 
electr ic power , natural gas ,  and oil pipeline industries for 
which the Commis s ion has j ur isdiction by law, or where s ta f f  
has spec ial expertise in evaluating environmental impact s in
vo led with the proposed action. I t  does  not appear that there 
would be any signif icant impacts in these area s of concern nor 
s er ious conflicts with thi s agenc y ' s responsibilities should 
this action be undertaken. 

Thank you for the opportunity to review this  statement . 

S incerely , 

C;ot�� tlJ��k M .  Heiriemann 
Advisor on Environmental Quality 
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U N I T E D  STAT E S  E N V I R O N M E NTA L P R OTECTI O N  AG E N C Y  
R EG I O N  VI 

1 20 1  ELM STR EET 
CALLA S ,  TEXAS 7 5 270 

June 24 , 1 98 1 

M r .  C .  Cu rt i s  J o h n s o n  
P roj ect Manager  
Strateq i c  Pet ro l eum Reserve 
U . S .  Depa rtment  of  En ergy 
90 0 Comme rce Road East  
New Or l e a n s , Loui s i a n a  7 0 1 23 

D e a r  M r .  J o h n s o n : 

We have  compl eted ou r rev i ew o f  t h e  Draft S u p p l emen t  to the  Fi n a l  
E nv i ronme n t a l  Impact St atement  ( E I S )  fo r t h e  propo sed P h a s e  I I I  ex p a n 
s i o n  o f  the  Strateg i c Petro l eum Reserve ( S PR ) , Texoma a nd  Seaway Group  
S a l t Dome s .  Th i s  p ropo sed expa n s i on wi l l  p r o v i d e  sto rage fo r an  add i 
t i o n a l 2 1 2  mi l l i o n b a rrel s ( MM B )  of  c rude  o i l , b ri n g i n g  the  ex i s t i n g  SPR 
sto raqe capac i ty from 538 MMB to a tota l  of  750 MMB . A second a ry 
o bj ect i ve of  t h e  p ropo s a l  i s  to  i n c rease  average d rawdown capab i l i t i es 
from 3 . 5  MMB to 4 . �  MMB p e r  day . Expa n s i o n wi l l  be  accomol i sh ed t h rough  
devel op i nq 4 addi t i o n a l 1 0  MMB cavern s at the  exi st i n g B ry a n  Mou n d  S PR 
s i te i n  B razo r i a Cou nty , Texa s , a nd  3 addi t i o n a l  1 0  MMB caverns  at  t h e  
Wes t Hackberry s i t e  i n  CafT1eron  P a r i sh , Lou i s i a n a .  A new s i t e , B i g Hi l l ,  
l ocated i n  Jefferso n Cou nty , Texa s ,  wi l l  a l so  be deve l oped c reat i n q 1 40 
MMB of  c rude o i l s t o rage , t h e  rema i nde r of  the  SPR P h a s e  I I I  expan s i o n 
sto raqe capac i ty .  

The fo l l ow i n g  commen t s  a re offered fo r you r  con s i derat i on  i n  p repa rat i o n  
o f  the  F i n a l  S u pp l ement : 

B ri n e  Oi s po s a l  

1 .  Al t h ou gh we d o  n o t  obj ect to  t h e  propo sed Pha s e  I I I  expa n s i o n  p l a n , 
the Depa rtme nt  o f  En ergy ( DOE )  s h ou l d  be advi sed to s ub stant i ate  
the  c l a im that  impact s  on  the  sh r imp  fi sh i ng wi l l  be  mi n i ma l . Of  
concern i s  the  l oca t i on of  b ri n e d i sch a rqe fo r B i g Hi l l  i n  the  
Gu l f  of  Mex i c o .  DOE  s hou l d  recogn i ze t h at the  b r i n e  d i sch a rge from 
B i g Hi l l  wi l l  be  s ubj ect to  the Ocean Di sch a rge Cr i ter i a ( 40 CFR , 
Pa rt 1 2 5 , Su b p a rt M )  p romu l ga ted on  October  3 ,  1980 , u nder  Sect i on 
403 ( c )  o f  t h e  C l ean Water  Act , a s  ame nded . Th erefo r e , u nder  the se 
requ i remen ts , EPA wi l l  requ i re the res ul t of  the comp l eted ongo i n g  
Na t i o n a l  Ma ri ne  F i sher i es S e rvi ce  sh r imp  tagg i ng  a nd  s pawn i ng 
stud i es  i n  the  B i g Hi l l  st udy a rea to ma ke  fi n a l  determi n at i on  on  
the  i s s ua nce of  the  Ocean  D i sch a rge p e rmi t for the  proposed  d i ffuser  
l ocat i o n .  T he  st udy concent rates o n  t he  a s pect s of the  s hr imp  l i fe 
cyc l e a nd  s pawn i n g s i tes  wh i ch may be rel ated to b r i n e d i s po sa l  impact s .  
Res u l t s  o f  s h ri m p  tagg i n g  a nd spawn i n g st u d i es  i m pl eme nted i n  di scha rge 
mon i to ri n g  fo r B ry a n  Mou n d  may a l so be u sefu l  here . The a v a i l a b i l i ty of  
the  comp l eted stud i e s fo r Dub l i c  rev i ew s hou l d  be i dent i fi ed i n  the 
Fi n a l  Supp l ement . 
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We d o  n o t  expect a ny l o n g-term s i g n i fi cant  i mpacts  resu l t i ng from 
the expa n s i on o f  B ryan  Moun d  a n d  West Hackberry S a l t Domes s i nce  
ex i st i ng system s  wi l l  be  ut i l i zed fo r d i spo s a l  o f  b r i n e .  Howeve r ,  
the i nc reases  i n  b r i n e  d i scha rges wi l l  i n c rease  the  aer i a l  ext ent 
of  the b ri n e  p l ume . The refo re , we request  that  pr i o r  to i n i t i at i ng  
Pha se I I I  rel a ted b ri n e  d i scha rges , t h e  comp l eted comp rehen s i ve 
mon i to r i n g  p l a n  be  s ubm i tted to EPA fo r fi n a l  rev i ew a n d  approva l . 

Ai r Qua l i ty 

1 .  

2 .  

3 .  

The D r a ft S upp l emen t  addres s es �hat  both B razo r i a a n d  J e fferso n 
Count i es ,  Texa s , a re des i gn ated a s  n o n-att a i nment  a rea s fo r ozone . 
I n  add i t i  o n , acco rdi n g  to  ava i l ab l  e data  n e a r  the \�e s t  Hackberry 
s i tes , Cameron P a r i sh , Lou i s i a n a , i s  a l so  n ot atta i n i ng the  o zo ne  
Nati o n a l  Amb i en t  Ai r Qu a l i ty Standa rds ( NAAQS ) .  The refo re , t he  
F i n a l  S upp l emen t  shou l d recogn i ze that  the  vo l a t i l e  o rga n i c  
compound  ( VOC ) emi s s i on s  resu l t i n g  f rom the  Texoma a n d  Seaway Group  
S a l t Domes wou l d  b e  s ub j ect to  the Federa l  offset po l i cy or  n o n 
att a i nmen t prov i s i on s  o f  the  a p p l i ca b l e S t a t e  Imp l ementat i on P l a n  
( S I P ) .  Th ere i s  n o  d i scu s s i on pe rta i n i ng to t h e s e  requ i rement s .  
Such d i scu s s i o n  shou l d b e  prov i ded i n  the Fi n a l  S upp l ement . 

Sect i o n  4 . 2 . 3  addresses  est i mated n o n -met h a n e  hyd roca rb o n  ( NMHC ) 
concent rat i o n s  a nd  i dent i fi es  i n  t h i s s ec� i on ,  a n d  other  secti o n s , 
that the  3-ho u r  NMHC sta nda rd of  160  u gjm i s  exceeded . The F i n a l  
Supp l emen t  s h ou l d  recogn i ze t h a t  t he NMHC stand a rd wa s u sed o n l y  a s  a 
gu i de i n  devel o p i ng S I P ' s  to  ach i eve  the ozone  sta n d a rd and s i nce  
has  been  revoked . Att ent i o n shou l d be  focu s ed on the  ozone  standa rd , 
not  the  NMHC standa rd . 

We a re i n  a g reement  wi th  the  a i r q u a l i ty a n a l ys i s  p r esen ted o n  page 
4-1 5  stat i ng "as  cu r ren t l y p ropos ed , t he  l eve l s of hyd roc a rb o n  
emi s s i o n s  a t  the  sto rage s i tes  a n d  at S u n  Term i n a l wi l l  be  i n s uff i 
c i ent  t o  have  a n  i m'po rt a n t  i mpact on  n o n - l oca l , overa l l reg i o n a l  
l evel s of  photochem i ca l  oxi dant s .  E l eva t ed NMHC l eve l s a l o ne  wou l d 
n ot be  s u ffi c i ent  to  p roduce s i gn i fi cant  l eve l s of photochem i c a l  
oxi d a n t s  a n d  i t  i s  u n l i ke l y that  o t h e r  resou rces wou l d  i n depe n 
dent l y  v i o l ate  t h e  NMHC standard out s i de termi n a l  b ou nd a ri es . "  
Howe ve r ,  to  further  m i n im i ze a i r emi s s i ons a nd  the i r a s s oc i a ted 
i mpact s , we urge  the DOE to p rovi d e , wheneve r po s s i b l e ,  l owe st  
ach i evab l e em i s s i o n  rate ( LAER ) tech n o l ogy s uch a s  vapo r recove ry 
sys tems . As s u r ances  s hou l d be  mad e  i n .  the  F i n a l  S u pp l ement  that  
thi s e ffo rt wi l l  be  pu rs ued . 

Sod oeconomi  c s  

(]) The F i n a l  Supp l emen t  wou l d be  st rengthened i f  the  soc i oeconom i c 
i mpact s cou l d be  mo re accu rate ly  def i ned . Th e two sets  of  a s s umpt i o n s  
and  t he i r pos s i b l e and  p ro b ab l e soci o economi c i mpact scen a ri os  a s  
presented o n  pages  4-28 t h rough  4-33  desc ri b e  a v a r i ed range o f  
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impacts  from n o n e  to moderatel y severe i n  rega rri to the  effect s 
upon  pub l i c  and  pr i vate  commu n i ty servi ces . Fu rth e r  eva l u at i on 
s h ou l d be  exerc i sed to J"lo re defi n i t i ve 1 v a s ses s  I'lh i c h of  t he two 
scen a ri os  wou l d mo st l i ke l y occu r .  Add i t i 0 n a 1 1 y ,  t h e  Fi n a l  s h ou l d  
i dent i fy t he mi t i ga t i on  me a s ures  to be pu rsued by DOE to i ns u r e  
t h a t  soc i o economi c impact s a r e  mi n im i zerl , when eve r po s s i b l e .  

O i l S pi l l  Contro l  

The  F i n a l  E I S  wou l d be  suhstant i a 1 1 y  st rengt h en ed i f  Append i x  I 
i nc l uded add-i t i o n a 1  i n fo rmat i on i dent i fyi ng the  me asu res  to cont ro l 
impact s resu 1 t i nq from poss i b l e o i l s p i l l s .  Spec i fi ca l l y ,  t he  
F i n a l  E I S  s h ou l d prov i d e  a s s u r an ces t h at a Sp i l l  Prevent i on Contro l  
and  Count ermeasure  ( SPCC ) P l a n  wi l l  be deve l oped i n  c o n fo rma n ce to 
the  ru l es and  regu l at i o n s  i dent i fi ed i n  40 CFR , P a rt 1 1 2  ent i t l ed ,  
"Oi l P o l l ut i o n P revent i on . "  Add i t i o n a l l y ,  t h e  Fi n a l  E I S  s hou l d  
expl a i n  t h at ope rat i on of  the  propo sed ex panded faci l i t i es wi l l  not 
he  i n i t i ated unt i l  t h e  SPCC P l an  has been comp l eted and  a p p roved by 
t h e  a p p rop r i ate  State and  Federa l  agen c i es .  

These comme nts  c l a s s i fy you r Draft Supp l ement  to the  F i n a l  E I S  a s  LO-2 . 
S pec i f i ca l l y ,  we have  no  object i o n s  to t h e  P h a s e  I I I  expan s i on a s  
desc ri bed i n  t h e  Draft Supp l emen t ;  howeve r ,  we a re a s k i ng t h at t h e  F i n a l  
St atement b e  st renqt hened i n  t h e  a reas  i dent i fi ed i n  t h e  preced i ng comJ"len ts . 
Ou r c l a s s i fi ca t i on  wi l l  be pub l i s hed i n  the  Federa l  Regi st er  accord i n g  to  
o u r  res pon s i h i 1 i ty  to i n fo rm  the  pub l i c  o f  ou r vi ews on  proposed Federa l  
act i o ns  under  Sect i on 3 09 of  the  C l ean  Ai r Act . 

Defi n i t i o n s  o f  t h e  cateqo ri es  a re provi ded on t h e  enc l osur e .  O ur  
p roced u re i s  t o  catego ri ze the  E I S  on  both  t h e  envi ronmen t a l  con se
quences of  the  propo sed act i o n  and on  th e adequacy o f  t h e  E I S  at the  
d ra ft stage , when eve r pos s i b l e .  

W e  a p p reci ated t h e  oppo rtun i ty t o  rev i ew t h e  Draft Supp 1 eJ"len t .  P l ease  
send  ou r offi ce fi ve ( 5 )  cop i es of  the  F i n a l  Su p p l ement  at  t h e  same t i me 
i t  i s  sent  to  t h e  Offi ce  of  Fed e ra l  Act i v i t i es ,  U . S .  Env i ronmenta l  
P rotect i on  Agency , Wa s h i ngt o n , D . C .  

S i ncerel y ,  

� �� 
Fran ces E .  P h i l l i p s  
Act ing  R�q i o n a 1  Admi n i strator  

E n c l osure  
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U N ITED STATES 
NUCLEAR REGU LATO RY COMMISS ION 

WASH I NGTON,  D. C .  20555 

JUN  2 5  1 9 8 1 

C .  Curti s Johnson , Project Manager 
Strateg i c  P etro l eum Reserve Project 

Management Offi ce  
U .  S .  Department of Energy 
900 Commerce Road East  
New Orl eans , Lou s i ana 701 2 3  

Dear Mr . Johnson : 

Th i s  i s  i n  res ponse to you r  request for comments on - D raft Supp l ement to the 
F i na l  Envi ronmental  Impact S tatement for the S trateg i c  P etro l eum Reserve  
Seaway and Texoma Groups  of Sa l t  Domes . 

\4e have revi e\'Jed the statement and determi ned that the propo s ed acti o n  has 
no s i gn i fi cant radi o l og i ca l  heal th and safety i mpact , nor  wi l l  i t  advers e l y  
affect any acti vi ti es subj ect t o  regu l ati o n  b y  the Nuc l ear Reg u l atory 
Commi ss i on .  

S i nce  we made no substantive comments , you need not send us the F i n a l  
Suppl ement to the F i n a l  Envi ronmental  Impact Statement when i ss ued . 

Thank you fo r p rov i di ng us  wi th the opportuni ty to revi ew thi s Draft 
Supp l ement .  

Dan i el R .  Mul l er ,  Ass i stant D i rector 
for Envi ronmenta l Techno l ogy 

D i vi s i on of Engi neeri ng 
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STAT E C L EAR I N G H O U S E  
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81-06 - 2 5  
09 

C .  Curti s Johnson , Proj ect Manager 
U .  S .  Department of Energy 
Ma nagement Offi ce 
900 Commerce Road East 
New Or l ean s ,  Lou i s i ana 70123 

P 

R E :  Revi ew o f  Envi ronmenta l  Impact Sta tement/Assessment 
Ti tl e :  Draft Env i ronmenta l Impact S ta tement on  Strategi c  

P etro l eum Reserve--Pha s e  I I I  Deve l opment 
SA I Number : 36-471-0014 

Dear Mr. J o hnson : 

The State C l eari nghou se coord i nated the rev i ew of the above 
referenced env i ronmental impact statement/asses sment . 

• 6 1 4 ! 466 -746 1 

Th i s  env i ronmental report was rev i ewed by a l l i nterested State 
agenci es . No revi ewer has  sta ted concerns rel ati ng to thi s repo rt . 

Thank you for the opportu ni ty to revi ew thi s  s tatement/assessmen t .  

JYB : a l f  

cc : DNR , Mi ke C o l v i n 
E PA ,  Beth Whi tman 

9 S ;::Y#
_ 

8� 
���. Brachma n 

Admi ni steri ng Offi cer 
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Olin 
12 0  LONG RIDGE RD., S'I'AMl"ORD, CONN. 061004 

Mr .  C .  Cur t i s  J o hnson 
P r oj e c t  }"..anag e r  
S t rat egic P e t rol e um Res e rve Proj e ct 

Management O f f ice 
U . S .  Depa r tment of Energy 
9 0 0  Comme r ce Roa d  Eas t 
N ew Orleans , LA 70123 

Dear Mr .  Johns on : 

July 7 ,  1 9 8 1  

O l in Corp o rat ion submi ts the comments below f o l lowing revi ew of the 
D raf t Sup plement to the Final Environmental Impact S t at ements for the 
S t rat egic P e t roleum Res erve S eaway and T exoma Groups of Salt Domes , 
Phas e  III Develo pment , received �..ay 1 2 , 1 9 81 . Pleas e no t e  that in 
p rev i ous corr e s p o ndence of May 13 , 1 9 8 1 , Olin Corp o ration has exp r e s s ed 
t o  yo u it s oppo s i t ion to the us e of addit ional Olin-controlled salt dome 
p r ope rty at the Hackberry l o cation f o r  the S trategic Petro leum Res e rv e .  

In our review o f  this S O O-page Imp ac t S t a t ement , we hav e found no ment ion 
o f  indu s t r ial us e of the salt dome pr op erty wh ich the D epartment o f  
Energy pr o po s e s  t o  acqu ire . The land which is own ed by Ol in and valued 
a s  an imp o rtant bu s ine s s  a s s e t  is ref e rred to as " p as ture land . "  Wh ile 
the surface of this land is leas e d  for pas ture us e ,  the D epartment o f  
Energy we l l  kn ows that the t rue value l ie s  beneath the surfac e in the 
s alt . 

E arly in the 1 9 3 0 ' s  the company leas e d  salt dome brining righ t s  and 
e s tab l ished i t s e l f  with a plant loca t ion in nearby Lake Char l e s  for 
p roduction of s o d a  ash by the S o lvay p r o c es s . Dur ing the fol l owing 
years it acquired fee prop erty and renewe d and ma intained its leases in 
o·r der to s ecure a long- t erm po s i t ion . Eventually , approximat ely 4 8 0  
a cres we r e  owned o r  leas ed . By 1 9 7 2 ,  manufacture o f  s o da ash by the 
S o lvay p r o c e s s  had b e en rend ered non-e co nomic by development o f  soda ash 
p r odu c t ion from the trona depo s it s  o f  Wyoming and the Ol in s o da ash unit 
vas shut down . By that time , ho�eve r ,  the Lake Charles lo ca t ion had 
g rown into a mu lt i-p r oduct c ompl ex �p loy ing app roxima tely 6 1 2  p e o p l e  
a n d  consuming sub s tant ial quant i t ies o f  chlo r ine , wh ich is produced from 
s alt . S ince then , employment has grown to mo re than 1 , 2 0 0 . 
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To provide interim ut il ization of the salt prope rty , the company ini t ia t ed 
d iscus s ions ... ""i th P P G  Corporat ion in, Augus t ,  1 9 7 4  'Wh ich eventual ly led to 
a contract for sale o f  brine t o  that company . P P G  c o n t inues to consume 
b r ine pr o duced by Olin t oday . In 197 3 the comp any reco gnized the p robable 
f uture ut il i t y  of the prop erty for underg round s t o rage o f  bulk l iquid 
and ga s eous ch emical s ; and early in 1 9 7 4 , started �ego t ia t ions wi th 
l andowners 'Wh ich eventually led to a f o rmal agreement in Augus t ,  1 9 7 6  
c omwi s s ioning Olin t o  pursue underground s t o rage bus ines s f o r  the j o int 
b enef it of th e parties . The Ap ril , 1 9 7 7  eminent domain taking of all of 
the exis t ing caverns and a maj o r  port ion of the undeveloped p r o p erty 
r emoved a signif icant part of the as s e t  Wh ich could have been us ed f or 
a n  underground s t o rage bus ines s  eff o r t . The sub s equent "Phase II" 
t aking removed more than 60 additional acres , leaving about 190 , o f  
'Which one-half ma y  have limi ted util i ty becau s e  o f  it s lo cat ion on the 
e d ge o f  the dome . 

We now treasure the rema ��ng 8 0  usab le acres out of the o riginal 4 8 0  
a c res , b e l ieving that i t  may s t i l l  have s ignif icant ' commercial ut il ity . 
Howev e r ,  the pr op o s ed Phase III expans ion wo uld remove more than 2 5 %  o f  
that remainder . We believe the government should id ent ify ano t her rou t e  
f o r the Phas e III expans ion . 

I t  is no t ed that fair valuat ion o f  pr op erty upon wh ich fu tur e b u s iness 
o pp o r tuni t ies may be based has proven to be diff icult . In addit ion to 
the po t ential for f u ture und erground st orage development , O l in values 
the salt pro p e r t ies as a ra'W ma t erial reserve for chl o rine manu f ac t ure . 
The c ompany is a s ignif icant fac t o r  in the chlorine bus ines s in the 
United S t ates , wi th manuf acturing fac il it ies at four lo cations and an 
o n-go ing exp ans ion pr9 gram .  Be caus e of marke t oppo tunit ies in the area 
a nd internal chl o r ine consump t ion at Lake Charles , that l o c a t ion h a s  
imp o r tant po t ent ial f o r  future chl o r ine plant cons tru c t io n .  

Th e s e  po s s ib i l i t ies of fer imp o r t ant s o cio-eco nomic advan t ag e s  f o r  the 
a r ea not ment ioned in the Imp act S t at ement , S ect ion 3 . 2 . 4 . 8  ( p a ge 3-53) . 
I n  S e c t io n  4 . 4 . 8  (p age 4 - 6 3 ) , the rep o rt refers t o  a p o s s ible a dverse 
s o cio-economic impact in the " t aking o f  exi s t ing properties and hous es 
f o r the p ropo s ed expans ion . "  We su g g e s t  that exi s t ing p ropert i e s  and 
hous es can readily be replaced in the immediate area and that the c ommunity 
wo uld likely prefer t o  retain the po s s ib ility of future expand e d  j o b 
o p p o rtun i t ie s . 

We sug ge s t as al t ernat e cour ses o f  a c t ion : 

1 .  To retain the orig inal t ime s chedule , u t il i z e  the land to the 
s outh of the original t akin g and leave the O l in pr o p erty to 
the we s t  f o r  '

future O l in comme rc ial development . 
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Ac cep t a compromi s e  in t �ng , as su ggested in an alt ernate 
proposal on page VII ( S ection 2 . 5 ) and page 2-18 so tha� only 
10 mil lion barrel s  o f  the expans ion o ccur at We s t  Hackberry 
and 60 million barr els at Bryan Mo und . 

S imply enlar g e  the caverns currently under cons t ru c t ion, o r  
enlar ge t h e  cave rns under constru c t ion a s  well a s  the original 
exi s t ing cave rns . A 30 million barrel expans ion could be 
accomplis hed in this f ashion by ad ding les s than two million 
b arrels to each of the 16 caverns , a 19% expans ion , which 
vo uld require only slightly over a 4 %  change in cavern diame t er . 

O lin Corporation appreciate s  the oppo rtunity to submit the s e  comments 
and trusts that they will be given careful considerat ion by the Department 
o f  Energy . 

CLK/kle 

b cc : L .  
E. 
L .  
E .  
G .  
W .  
F .  
� .  
G .  

B .  Anziano 
McL Cover 
Kerr 
I .  Lunn 
C .  Ma tt 
A. Oppold 
E. Romanelli 
A. Sutton 
E .  Wo o d  

Very truly yours , 

e l. ��}Ivu 
C .  L. Knowles , Jr . 
D irec t o r , Environmental & 

Ener gy Af fairs 
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