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Append ix  C 

ENV I RONMENTAL I MPACTS OF  THE PROPOSED AND ALTERNAT IVE  ACT I ONS 

C . l I NTRODUCT I ON 

The envi ronmenta l setti ng of the proposed project has  been descri bed 

i n  Append i x  B .  Th i s  section descri bes the impacts wh i ch the project may 

have on that envi ronment . 

R i s ks rel ated to s to rage and transportation  of  o i l  and bri ne for eac h  

p roposed S P R  s to rage s i te are summari zed i n  Section  C . 2 .  Impacts as soci ated 

w i th constructi o n  and operation  at the proposed s i te ( B ryan Mound ) are 

presen ted i n  Sect ion  C . 3 ;  impacts assoc i a ted wi th the four  a l ternate s i tes  

a re descri bed in  Sect ions  C . 4  through C . 7 .  References  ci ted are i nc l uded 

as Sec t i on C . 8 .  

C .  1-1 





C . 2  SPR O I L  AND BR INE  SP I LLS FOR THE CAND I DATE STORAGE S I TES 

As the pos s i bl e  acc i denta l  rel ease  of o i l  and bri ne dur i ng project 

devel opment  and operati on  may have impacts on many aspects of the env i ron­

ment , the quanti t ies  of  these fl u i ds expected to be  rel eased to  the  envi ron­

ment are s ummari zed here.  Deta i l ed descri ptions  of o i l  and bri ne sp i l l  

r i s ks ,  i nc l ud i ng methodo l ogy of ca l cu l at ion , di spersal  i n  the envi ronment , 

and c l eanup and preventi on  techno l ogy are provi ded i n  Append i x  E .  

Eva l uat ion o f  the a s soci ated env i ronmental ri s ks expected to accompany 

devel o pment of each s i te i s  provi ded i n  the s i te-spec i fi c  descri pti ons  

o f  impact in  Secti ons C . 3  through C . 7 .  

O i l s p i l l s  wh i ch m i g ht accompany devel opment of SPR storage fac i l i ti es 

wou l d res u l t from mar ine  transport between the open Gul f of Mex i co and 

the DOE docks at  Freeport , from pi pel i ne transport between the docks and 

the s torage s i tes , and from termina l  operation at the sto rage s i tes and 

at the S EAWAY Tan k  Farm .  The r i s k  of cavern co l l apse is consi dered un l i ke ly .  

E stimates of  s p i l l  frequency and  tota l sp i l l vo l ume are provi ded i n  Tabl es  

C . 2- 1  and C . 2-2 ( ta ken from Append ix  E )  duri ng cavern fi l l  and cavern wi th­

drawa l  operati ons , respecti vel y ,  for the Bryan Mound early storage devel op­

ment or for SPR expans i on at each cand i date s i te .  

The greatest vo l ume o f  o i l sp i l l  i s  expected to occur duri ng cavern 

fi l l  ( for each s i te )  because  of the VLCC tanker l i ghtering  operation  i n  the 

Gu l f  ( duri ng wi thdrawa l , o i l  i s  expected to be trar.sported di rectly  to 

other ports by 45 to 50  thousand dead wei ght  ton ( MDWT ) tankers or suppl i ed 

i n l and  by the S EAWAY P i pel i ne .  The greatest potent i a l  for l arge o i l  sp i l l s  

wou l d  occur wi th tan ker transport between the Gul f and Freeport ( 60 , 000 

barrel s maximum cred i bl e  sp i l l ;  1 1 1 1  barrel s average sp i l l ) . 

Because exposures are s imi l ar ,  the expected frequency and vol ume of o i l 

s p i l l s  i s  bas i ca l l y  a function  of storage capaci ty .  Thu s ,  a 1 63 MMB storage 

capaci ty at  any comb i na ti on  of s i tes  wou l d produce rough ly  2 . 6 times  a s  much 

o i l  s p i l l age  as the Bryan Mound ear ly  storage s i te a l one ( 1 63 MMB/63 MMB ) .  

Add i ti ona l exposure wou l d  occur by devel �p i ng Al l en ,  West Col umbi a ,  Nash  

or  Damon Mound , rather than Bryan Mound because of greater pi pel i ne 

l ength and the addi ti ona l termi nal  faci l i ty r i s ks .  O i l  spi l l  expectation  

C.2-1 



TABLE C . 2- 1  Expected crude o i l s pi l l s  cavern fi l l  ooerati ons .  

Averoge Br'yan ,",(lund 8ryan Mound A 11 en Oom� West Columbia Nash DJ�e Oar.lOn Mound Total Pro�ra:'} l"c'l."i.":: .. ..., 
Oi 1 Handl ing Sp;i 11 Ea rly Storage SPA. Expansion SPR Expans i on SPR Expansion SPR Expansion SPR Ellpar.s ion S;>ii 1 Risk Crejiole 
��e/Location Size Spill Size 

(bbl) No. Spills Barrel$, No. Spills Barrels No. Spill' Barrels No. Spill, Barrels No. Spill. Barrels No. S"i1 Is Barrels No. S"ill. Ba rrel s (bb1 ) 

uuH 
wTrdfl� f�r� 12.9 14.6 189 23.2 300 23.2 300 23.2 300 23.2 3JO 23.2 300 37.8 489 1,000 
�Vesse� Casualty 1111 0.018 20 0.029 32.2 0.029 32.2 0.029 32.2 0.029 32.2 0.029 32.2 0.047 52.2 6O,OOC 

Free;>ort Harbor 

-Tr�nsftr"S 21.7 2.9 63 4.6 100 4.6 100 4.6 100 4.6 100 4.6 100 7.5 163 SOC 
n 
N Ter�T'dr,d1s 

I �ar/an� l'<Iund 500 0.0315 15.8 O.OS 25 0.05 25 0.05 25 0.05 25 0.05 25 0.0815 40.8 5,000 

N ·Sr;'_�AY 1100 0-.05 55 0.05 55 0.05 55 0.05 55 0.05 55 5,000 

·Al ter-nat1ve Storage Sit. 500 0.05 25 0.05 25 0.05 25 0.05 25 0.05 25 5 ,COO 

Pipel inn 

.. Pumo ingb 1100 0.0005 0.6 0.0063 6.9 0.0158 17 .3 0.0252 27.7 0.0252 27.7 0.0257 28.3 10,000 

Total .. SinSh Fill 17 .6 288.4 27.9 457.2 28.0 544.1 28.0 554.5 28.0 564.9 28.0 564.9 45.6 853.3 

Totol • 5 Fill. 87.8 1442,0 139.5 2286.0 140.0 2720.5 140.0 2772.5 140.0 2824.5 140.0 2824.5 128.0 4266.5 

'Totals are for worst CUI combination of sites hav1ng 16] HH8 storagl capacity, 1.1., Bryan JIiound early storage and Nash or Oamon JIIound SPA. expansion. 

tNo pij)c11ne spills art' allocUed to BrY4n JIIou.nd SPA expansion II 011 would be exposed to spi1149' due to SUndby stonge with early storage facility. fot' other SPR sites, pi�l1ne spill exposur.s occur between 
site and Se4'-14Y r ..... 1n.1. 
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TABLE C . 2- 2  O i l s pi l l  expectati on  mode l  oro;ecti ons 
and project tota l s .  

cavern wi thdrawa l ooerati onsa 

Average Bryan fitJund Bryan Mound All.n Dome West Coh",bta Hash OoI'IIe OalTl)n Mound Tota 1 Programb 
011 Handl1ng Spf11 Early Storage SPR Expansion SPR Expansion SPR Expans ion SPR [xpa"! f on SPR ExpansiOf1 
ftJde/locatton Siz. Sp111 S1,. 

(bbl) No. Spl1h Barrels No. Sp111s Barrels No. Sp111s BarrE!ls No. Sp111s 8arrels No. Sp111s Barrels No. Sp111s Barrel s No. Sp111s Barrels 

Gulf 

... Transfers 

·Yessel Casual ty 1111 0.0028 3.1 0.0045 0.0045 0.0045 0.0045 0.0045 0.0073 8.1 

Freeport Harbor 

. Transfers 42 1.2 SO •• 1.9 80 1.9 80 1.9 80 1.9 80 1.9 80 3.1 no .• 

Termina l s 

.. 8ryan JIIound 500 0.0315 15.8 0.05 25 0.02 10 0.02 10 0.02 10 0.02 10 0.0515 25.8 
_SEAWAYc 1100 0.0189 20.8 0.0 3 33 0.05 55 0.05 55 0.05 55 0.05 55 0.0689 75 . 8 
':Alternative Storage Site 0.05 25 0.05 25 0.05 25 0.05 25 0.05 25.0 

Pipel ines 

-PUlllPtng
d 

1100 0.0008 0.9 0.0016 1.8 0.0041 4.5 0.0066 7.2 0.0066 7.2 0.0074 8.1 

iotal .. Single Wftt'ldnwal 1.2 91.0 1.7 124 2.03 176.8 2.03 179.5 2.03 182.2 2.03 182.2 3.29 273.2 

Total .. 5 Withdrawals 6.3 455.0 8 .• 621. 5 10.1 884.0 10.1 897 . 5 10.1 911.0 10.1 911.0 16 .• 1366.0 

Project Total .. 5 Cycles 94.1 1897.0 147.9 JOOI.O 150.1 3604.5 150.1 3670.0 150.1 3135 150.1 3135.5 244.2 5632.5 

Project Total with Oil 
Stored in Pipel in e 94.1 1930 147.9 J001.0 150.2 3657.7 1 �a. 2 3803.0 150.3 3948.5 150.3 3948.5 244 ,4 58 78. 5 

<lOuring withdrawal 1t 15 assUIIled that about 40 percent of the.,11 is shipped by tanker to the GuH and about 60 percent is delivered to the )EA1�AY Pipeline. 

b
Totals are for worst case combination of sites having 163"''' storage capacity. i.e . •  8ryan Hound early stonge and Nash or Damon SPR exnanslOf1. 

c
For worst case exposure calculations. it is aSSlJm@d that

' 
all )11 pumped from Allen. West Columbia. Nash, and Damon Hound sites Is o;ubject to <;F.A�AV Terminal sp111 risks. 

"'ax imum 
Crod1ble 

Sptll R1sk 
(bbl) 

60,000 

500 

5,000 

5,000 

5,000 

10,000 

d
No pipe 11 ne sp ills are all oca ted to Bryan Hound SPR expans ton as 011 wou ld be exposed to sp ill age due to standby storage with ear I y s tor�ge fac tl ity . For other SPR stte ... ptpelfne spill expoSlJrp.s occur between stte and SEAI�AV Terminal. 



for Bryan Mound ear ly  storage and Na s h  dome ( 1 63 MMB comb i ned , maximum 

p i pel i ne l ength ) i s  5879 barrel s ;  o i l sp i l l  ri s ks for Bryan Mound ear ly  

s torage and SPR  expans i o n  ( 1 63 MMB , mi n i mum p i pel i ne l ength ) i s  4539 

barrel s .  

A s ummary of  bri ne and raw water sp i l l ri s k  expectati ons for the 

candi date SPR s i tes is provi ded i n  Tabl e C . 2- 3  for l each i ng , o i l  f i l l ,  

o i l  wi thdrawa l and s tandby storage . Bri ne sp i l l  exposures occur from 

p i pel i nes dur i ng l ea c h i ng , o i l  fi l l  and standby storage ; raw water exposures 

occur from p i pel i nes  during  l eachi ng , o i l  wi thdrawa l , and standby storage . 

Tota l expected sp i l l age  of br i ne and raw water are very dependent on 

s i te devel opment se l ecti on  because p i pel i ne l ength i s  a pri nc i pal expos ure 

parameter . For examp l e ,  i f  Bryan Mound i s  sel ected for SPR  expans i o n ,  

tota l s p i l l age  i s  ca l cu l a ted to be 31 0 barrel s of bri ne ( 80 percent i n  the 

Gu l f ) and 1 20 barrel s of  raw water ( 65 percent i n  the Gul f ) . I f  SPR 

expans ion  occurs at  ei ther Damon Mound or Nas h dome , however , the tota l 

expected sp i l l  vo l ume i s  2492 barrel s of  br i ne ( 1 0  percent i n  Gul f ) and 

3026 barrel s of raw water (3  percent in Gul f ) . 

I n  descr i b i ng s i te- spec i fi c  impacts to water qual i ty ,  eco l ogy , and 

other aspects of  the envi ronment ,  in  Sect ion  C . 3 ,  reference wi l l  be made 

to the s p i l l  expectations  g i ven in Tab l es C . 2- 1  through  C . 2- 3 .  

C . 2-4 
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TABLE C . 2- 3  Bri ne a n d  raw water soi l l a expectati on  model  nro.;ecti ons d uri n q  oro.;ect l i feti me . 

-8rrne-�!.a_�,!lnl�·water ---- trrTn�ol . ."r.rn. fi.l.1Raw w�rer--' Ifrhl�·tandh)' St,°n�aeW-ater-
r.iill "ons'fiO"re'-Gijl( - Onsoore'" "7.1,1 r' - 'On�o� (hi)' onshor-r foul r On�iJOj7p foul f On�i1ol-� Sloragf'! Faen tty 

Bryan Hound No. Spll1, 0.0175 

�a.!J)'_2_t�.':�9� __ ��.r�_'� ________ ,_" ___ . ______ _ . ______ ._ . .. _ _ 61.5 
0.0075 

'.2 .. 5 __ 

0.0040 
20 .. 1_ .. __ 

Bry .. n Mound No. Sp111o; 

�'!J!jl.�!,s)_o_'! _ __ f!�.!"!e�s __ ._._ 

Allen (lofItP. No. Spll1, 

���. ��p_�.!"s_t� __ . . 8.�.r!�I.s. 

No. Spt1l .. 

0.01 O.OO? 0.001 0.0195 
5.0 ____ ).0. ___ • ________ .5_._ )11_ •. 5. 

0.01 0.024 
. 50 _ . __ 1.2.0. ____ .. 

0.01 0.04R 

0.023 0.n1'l!i 
. ..J.2_0 ._9/ .5 ... 

0.047 O.01QS 

O.OU 

235 . 

Weo;t ColtJOhta 

Sy'.IL [..x.p.ol,n.s _��'m 8a!r_�.1� ___ ,59 ___ .}4_1!._. __ .�.�� ___ . . .9L 
0.091 

4SS 

Ha,h Oomf" No. Spll h 
SP_�. bpans_lon �.�!.r_e1s 

Ooll1'l()n Hound No. Spills 
�tR _ _ E�pa_n� lo!! .Jarr.eJ.s 

Tot.al ProQ ...... lln No. Sptlh 

Sy_"_IHIskC _ ,,90'2'01, 

0.01 0.072 0.071 n. 019'> 0.14, 
50 16.0. ... _ . . . .. __ 3}5 9/.S 710 

0.01 0.072 n.n71 0 . 0105 n. "7 
50 ]6.0 _____ )_�5_ 97.5 no 

n.01 0.077 0.071 

. �_ ._ }.§.Q . . ______ ._ . . _355 
0.012 

. 160 
O. "45 

72) 

O.OO]S 

In. 

0.0041 
21 

b. 

n.flO/R 
39. 

0.0"16 0.007R 
9 .19 

0.0019 
9 

0.0717 
3S9. 

0.15 
/50 

0.717 
1142 

0.717 
1142 

.b 

b . 

n.�"Jn 0.flfJ7n 
116.0 19 

.0015 
17 

. b 

O.Olll' 

]�9 

O. IS 
/SO " 

n.717 
1142 

0.717 
1147 

n.7-110 
1160 

olAvera'le spill from brine ptpl'!llnes taken to hE' 5000 hjlll'"re1s� n",xlluum ( rprllhlp <;pll' t ... kr>n to I>P 10,000 tl"'ln'I,,� COIufHIt.r-rt 
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C . 3 P ROPOSED SITE FOR SPR  EXPANSION - BRYAN MOUND 

The ca nd i date s i te proposed fo r expans i o n of storage capac i ty i n  
the Seaway Group  i s  Brya n Mo und . A s  exp l a i ned i n  Sect ion  2 . 3 ,  Brya n 
Mound ha s prev i o u s l y  been se l ected fo r earl y storage devel opmen t of 63 
MMB of ex i s t i ng cavern space . The fo l l owi ng fac i l i t i es are req u i red fo r 
ea rl y storage devel opment and therefore wo u l d  be ava i l a b l e fo r s i te 
expans i on ( Fi gure A . 2-3 ) :  a pump stat ion  and control hou se ; 1 00 , 000 
barrel bri ne settl i ng pond ; a b l an ket o i l  sys tem ; four  200 , 000 barrel 
o i l  s urge ta n ks ; a 30- i nch  d i ameter o i l p i pe l i ne connect i ng the storage 
s i te w i th the S EAWAY Docks  3 mi l e s to the ea st  and wi th the S EAWAY Tan k 
Fa rm 4 mi l es to the northwest ; a raw water i nta ke system wi th desander 
at the Brazo s R i ver D i vers ion  Cha nnel ; and 5 bac kup bri ne d i sposal  we l l s  
l ocated a l ong the p i pe l i ne corr i dor to the northea st . The en v i ronmenta l 
impacts of cons tructi on and operati on of these fac i l i t i e s , i nc l ud i ng 
storage  of 63 MMB of o i l i n  four  ex i s t i ng sa l t dome ca v i t i es , have been 
addres sed i n  F ES 76/77-6 and i ts supp l emen t .  

New fac i l i t i es req uired fo r SPR  s i te expan s i on i nc l ude the fo l l owing : 
up  to 1 2  l eac hed storage cav i t i e s  hav i ng a to ta l  capac i ty of 1 00 �1r'1B 
( for a site to ta l  of 1 63 MMB ) ;  roadways and sec t i o n s  of o i l ,  bri ne , and 
raw wa ter p i pel i nes to connect the new ca v i t i es with the centra l pump 
and control  house ; a 30- i nch  d i ameter br i ne d i s posa l  p i pe l i ne and d i ffuser 
to the Gu l f ;  two ta nker docks to be constructed , one  adjacent to the 
S EAWAY Doc ks and the other at Brazos Harbor. The present repo rt con s i ders 
impacts assoc i ated with constructi on and operat ion  of these new fac i l i t i es 
and wi th expanded u s e  of the ea r ly  storage devel opment fac i l i t i es .  
Where impacts are i ncreased by devel opment of both storage fac i l i ti e s  
( s uch  a s  o i l sp i l l s  o r  hydrocarbon emi s s i ons ) ,  tota l  impacts o f  the 
en t i re fac i l ity are co n s i dered . 

System a l ternati ves whi ch  are con s i dered i nc l ude : 1 7  add i ti o na l 
brine i njec t i o n  wel l s  for d i sposal  i n to deep ru bsu rface aq u i fers ; bri ne 
s upp l y to the Dow Chem i ca l  Company p l ant i n  Freeport ; use of a bri ne  
d i ffu ser sys tem 1 2.5 m i l es in to the Gu l f , con struc t ion  of a deepwater 
monobuoy i n  the Gu l f  for o i l  f i l l and wi thd rawal ; use of Ph i l l i p s Petro l eum 
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Company docks , as ava i l a bl e ;  use of  SEAWAY Doc ks i nstead of  cons tructi ng 

new docks  ( a pp l i ca bl e  on l y i f  SEADOC K  i s  constructed ) ;  wi thdrawal of 

ground water for l each i ng and o i l  d i sp l acement , supp ly  of raw water from 

Dow Chemi cal  Company ' s Harri s and Brazori a Reservo i rs ;  and ons i te gas 

turb ine  power generati on .  Impacts of  devel opment  and use of  these 

a l ternati ves are a l s o  con s i dered in the fol l owi ng su bsecti ons . 

C . 3 . 1 Impacts of  S i te Preparati on  and  Construction  

C . 3 . 1 . 1  Land Features 

Proposed Fac i l i ti es 

Grad i ng and excavati on  at the 240 acre Bryan Mound s torage s i te 

wou l d  be confi ned to a bout 36 acres (Tabl e A . 3- 1 ) ,  most  of  wh i c h  woul d 

occur i n  area s  a l ready d i sturbed . Excavat i on of  about 30 , 000 cubi c 

yards woul d  be requ i red . Before revegetati on of  di s turbed areas i s  

compl ete , some ero s i on of  the so i l may occur . 

Constructi on  of  the new tanker docks woul d requi re an est imated 

1 , 050 , 000 cub i c yards ( cy )  of  dred g i ng from the harbors and a bout 1 4  

acres  of  dock s i te grad i ng .  As these faci l i ti es wou l d be constructed on 

d i s turbed i ndustr i a l  l and , the env i ronmenta l impacts woul d not be s i g n i fi ­

cant . Su i ta bl e l ocati ons  for spo i l  di sposal  are avai l abl e nearby .  

About 6000 cy o f  materia l  woul d be temporari l y  d i sp l aced duri ng 

i nsta l l ati on  of  a p i pel i ne between the DOE early storage pha se  o i l  

d i stri buti on  p i pel i ne and the Brazos Harbor dock  ( F i gure A . 3- 1 ) .  Th i s 

acti v i ty wou l d temporari l y  d i s rupt soi l on a bout 4 acres of  marsh and 4 

acres of  c l eared l and . 

Construct ion  of  the brine d i sposal  system to the Gul f d i ffuser 5 . 8  

m i l es  offs hore wou l d effect 21  acres  o f  coastal  pra i ri e ,  marsh l and and 

beaches and 1 42 acres of  Gul f bottom . About 38 , 490 cy of  so i l  woul d be 

d i s p l aced duri ng ons hore construct i on , and the excavated materi a l s wou l d 

be temporari l y  s tored on the p i pel i ne r i ght-of-way for refi l l i ng the 

trenches . Offs hore , 1 58 , 792 cy of  bottom sed i ments woul d be d i sp l aced 

duri ng constructi on , wi th the majori ty resettl i ng i n  the p i pel i ne r ig ht­

of-way . These acti v i t i es wou l d have a s i g n i fi cant but temporary impact 

on  l and effected by constructi on . Careful recontouri ng and revegetat ion 
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of  the beach  sands cross i ng s  woul d be neces sary to ma i nta i n  l ong term 
s tab i l i ty and preven t permanent a l teration  o f  the env i ronment .  

Leach i ng of 1 0  s to rage cav i ti es i n  the Bryan Mound sal t dome wou l d 
i nvol ve removal of  1 00 MMB of  sa l t  by l each i ng fo r d i s posa l  i n  the Gul f 
of Mex i co .  Th i s  i s  equ i va l ent to 20 . 8  x 1 06 cy of sal t .  

T h e  a l teration  of l and features , i n  add i ti on to d i s turbance of 36 

acres at the s torag e s i te req u i red for s i te expans i on , wo u l d be 1 0  acres 
a l ong p i pel i ne r i g hts-of-way , and 1 4  acres at the DO E Tan ker Doc ks. 
Accompanyi ng quanti t i es of earth excavation  wou l d  be  approximate ly  6000 

cy . 

Al terna t i v e  Fac i l i t i es 

The al terna t i ve b r i n e  d i s posal  system i nto deep aq u i fers wo u l d  
req u i re d i s turba nce of  6 1  acres offs i te and poss i bl y  u p  to 61 , 000 cy of 
f i l l  to cons truct the dr i l l pads for 1 9  add i t i ona l  br i ne i nj ec t i on 
wel l s .  Abo ut 57 , 000 cy of  ma ter i a l  wou l d  tempora ri l y  be excavated for 
p i pel i ne i nsta l l a ti on . 

The a l ternat ive  b r i n e  d i ffus er 1 2 . 5 m i l es offs ho re i n  the Gul f of 
Mex i co woul d temporari l y  d i s rupt 326 acres of l and , al l but 2 1  of wh i ch 
woul d be offs hore.  The cons tructi on woul d requ i re 97 , 300 cy of excavat ion  
offshore beyond tha t excavated fo r the  5 . 0 mi l e  p i pel i n e  wh i ch wo u l d  
resettl e to the same g eneral area after p i pel i n e  comp l eti on . 

Al ternati ve  raw wa ter supp ly  from Dow Chemi ca l Company wo ul d requ i re 
temporary excavati on of  a bout 32 , 000 cy of  materi a l i n  a 37 acre ri ght­
of-way a l ong ex i s ti ng p i pel i ne r i g hts -of-way to i n s ta l l an addi ti onal  
p i pe l i ne .  Al ternati v e  b r i n e  d i s posal  to Dow wo ul d requ i re no  new p i pe­
l i nes or earth excavati on . Devel o pment of a wel l f ie l d to ta p the 
Evangel i ne aqui fer woul d req u i re 69 acres and 57 , 000 cy of excavati on . 

Ons i te power generat ion  woul d requ i re no add i t i ona l l and d i s turbance . 

Use  of the Ph i l l i ps docks for o i l  d i stri buti on  wou l d  requ i re cons truc­
t ion  of  a s hort p i pel i n e ,  req u i ri ng excavati on of  an estimated 2500 cy 
of  mater ia l  on  6 acres of l an d .  Convers i o n  of  SEAWAY Doc k capac i ty 
wou l d  requ i re m i n imal amounts of s i te grad i ng adj acent to the Doc ks. 
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Con s truct ion  of a mono buoy for tan ker offl oadi ng  and l oadi ng  i n  the 
Gu l f  of  Mexi co wou l d  req u i re a 30 mi l e  p i pel i ne to 1 00 foot water depth . 
An  est imated 369 , 000 cy of materi a l  wou l d  be  excava ted on 727 acres of 
r i g h t-of-way i n  the Gu l f . 

C . 3 . 1 . 2  Water Resources 

S i te preparation  and con s truct ion  of  the proposed faci l i t i es at 
Bryan Mound may i mpact the water resources of several water bod i es , 
i nc l ud i ng : the on s i te l a kes , the I n tracoasta l  Waterway , the Brazos 
Ri ver D i vers i o n  Channel , Freeport and Brazo s Harbo rs , the Gu l f of Mexi co 
and groundwater aqu i fers . Poten t i a l  i mpacts are trea ted accordi ng  to 
s pec i f i c  aspec ts of fac i l i ty deve l opment .  

Raw Water Wi thdrawa l 

Water for l each i ng  the caverns wou l d  be obta i ned from the earl y 
sto rage phase i n ta ke on the Brazos River D iver s i o n  Channe l . Wi thdrawa l 
of  a max i mum of 534 , 000 BID ( 35 cfs ) woul d be requ i red . Thi s i s  l es s  
than 0.5 percent o f  the average da i l y  fl ow o f  the Brazos Ri ver . Norma l 
r i ver fl ow ranges  from a bout  400 cfs to 20 , 000 cfs , and sa l i n i ty i s  
frequentl y g reater than 20 ppt .  Under extreme l ow fl ow cond i ti on s  ( 40 
cfs) , ti da l  dynam i c s  i n  the Brazos River Estuary wou l d  s ti l l  a s su re a 
more than adequate supp ly  of  water , as the 1 0  foot c hann el  promotes 
i ns hore fl ow of Gu l f water .  Dur i n g  per i ods of l ow fl ow ,  a s i gn i fi cant 
natu ra l  i ncreas e  i n  the sa l i n i ty of the l ower Brazos River i s  produced 
by i ntru s i on of sea wa ter from the Gu l f of Mex i co .  The add i ti onal  
i mpact of wi thdrawa l on  water qua l i ty is  expected to be undetecta bl e .  

Bri n e  D i sposa l  

Con s tructi on  of the bri ne d i ffuser p i pel i ne to  the  proposed d i ffuser 
s i te wou l d  req u i re the dredg i n g  of a s ubmari n e  trench  5 . 8  mi l es i nto the 
Gu l f . Th i s  constructi o n  wou l d cause a major  i n c rease in turbi di ty near 
construct ion  activiti es . Other anti c i pated effects wou l d  i nc l ude i ncreased 
s uspended nutri ents in the water col umn , reduced d i s so l ved oxygen concen­
tration ,  i ncreased concentrations  of trace meta l s in  the water col umn , 
a nd increased organic po l l utants such  as  hydrocarbons  and organ i c  pesti ­
cides. These effects are expected to be mi nor  due to the l i mi ted durati on 
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of  construct i o n  acti v i t i es ,  the m it i gati ng effects of d i s pers i on , and 
the sma l l area l extent of the impacts re l a ti ve to the reg i onal  reso urce . 

Du ri ng cavern l each i ng ,  a maximum d i scharge of approxi mate l y  684 , 000 

BID of bri ne  (� 270  ppt ) wou l d be re l eased to the Gul f of Mex i co over 50 

to 60 mo nths through  a p i pel i ne and di ffuser .  Bri ne wou l d  be d i scharged 
i n  50 feet of wa ter ( amb i ent sa l i n i ty of 30 to 35 p pt ) 5 . 8 mi l es south 
of Bryan Beach . In order to ga i n  a quant i tati ve  i n d i cati on of  the 
po s s i b l e  impacts of br ine  d i s posa l on water qual i ty i n  the Gu l f of 
Mex i co ,  computer s imu l ati on  analyses  were performed u s i ng a t ime­
dependen t mo del ( NOAA , 1 977 ) .  Model i nput  i nc l uded esti mated curren t 
fi e l ds tha t c l ose ly  a pproximate actual cond i ti ons  and o bserved current  
pa ttern s obta i ned from ba sel i ne mon i tori ng at the  Gu l f d i ffuser s i te .  A 
s ummary of the study resu l ts i s  prov i ded i n  Append i x  G .  

Fo r the case  of  the mos t  acti ve cu rrent cond i t ions , the pred i cted 
maxi mum sa l i n i ty concentrat ion  at the ocean fl oor wa s 3 . 5 ppt greater 
than amb i ent  (� 1 0  percent ) i n  the immed i ate v i c i n i ty of the d i ffus er .  
The  1 . 0  p pt  sal i n i ty excess  contour  at the  bottom covered about 500 

acres ; the 0 . 5 ppt contour  covered approx imate ly  2000 acres . The sal i n i ty 
excess va l u es at mi d-water depths d i d  not genera l l y  exceed 0 . 1 ppt . 

Fo r the case of stagnant curren ts , the pred i cted max imum sa l i n i ty 
excess  was greater tha n 5 ppt i n  the 25 acres immed i atel y  around the 
d i ffuser .  The  1 . 0  ppt  sal i n i ty excess contour  covered a bout  2000 acres 
after 8 days of  stagnati o n .  However , the area affected by the smal l er 
concentrati on  excesses  ( l es s  than a bout  0.5 ppt ) were often sma l l est  for 
the ca se  wi th s tag na t i on . 

The resu l ts of  the ana lyses s how tha t the c urrent sequence has on ly  
a moderate effect on the  maxi mum predi cted concentrat ion  i n  the  fa r 
f i e l d ,  but i t  ha s a s u bstanti a l  i n fl uence on the s hape  of the ca l cu l ated 
concentrati on  d i str i bu t i o n .  Periods  of strong amb i ent  current produce 
l ong , na rrow p l umes . Co ncentrati ons  near the d i ffuser are rel ati ve l y  
l ow due to the s trong de pendence o f  near f i e l d d i l uti on o n  cu rrent 
speed . Du r i ng peri ods of stagnat ion , the p l umes rema i n  cl oser to the 
d i ffuser .  Co ncentrati ons  nea r the  d i ffu ser are genera l l y  higher duri ng  
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s tagnant cond i t i ons  than for the strong net current cases due to sa l i n i ty 

concentrat ion  bu i l d- u p .  The expected average concentra t i on of o i l i n  the 

d i sp l aced bri ne d ur i ng cavern refi l l s  i s  6 p pm ( see Append i x  D ) . D i s posa l  

wou l d occur  for a 2 . 3-year per i od duri ng each refi l l  opera t i on . 

Di scharge of the bri ne wou l d effect water qua l i ty i n  the area i n  

several way s .  The i on rat i o s o f  bu l k con st i tuents rel at i ve to II norma l ll 

seawater are s hown i n  Tabl e G . 3- 4 .  On ly  sod i um exceeds norma l co ncentra­

t i ons  whi l e  other i o ns , mo st  importantl y magne s i um ,  are wel l bel ow 

ex i s t i ng cond i t i on s . Of greater i mportance i s  the d i stort ion  of the 

CalMg and KINa rat i o s  in the bri ne re l at i ve to seawater which have been 

s hown to be an  i mportant eco l o g i ca l  factor in the phys i o l o g i ca l  funct i on  

of severa l aquat i c  organ i sms . Th i s  imba l ance may be  as s i gn i g i cant a 

concern as  i ncrea sed o smot i c stress due to exce s s  sa l i n i ty .  Increa ses 

i n  the concentrat i on s  of d i s so l ved and prec i p i tated chemica l  compone nts 

wou ld paral l e l i ncrea sed sa l i n i ty .  Hav i ng a n  affi n i ty for the  surface 

of ex i s t i ng part i c l es , the po ss i bl e  s ettl i ng of these components cou l d  

i nfl uence ses s i l e  mar i ne l i fe i n  the d i sposal  area . 

Some trace meta l s are found i n  h i g her than norma l seawater concentra­

t i o ns  i n  the  raw water from the Brazo s Ri ver . Concentrat ions  i n  the 

l eac h i ng water co u l d exceed E PA recommended g u i de l i ne s  duri ng  l ow ri ver 

fl ow or fl ood i ng cond i t ions . When the raw water i s  reta i ned i n  the 

caverns for a s u s ta i ned per i od of t i me such  a s  duri ng  wi thdrawal and 

ref i l l ,  s edimentat i on  of mo st  heavy metal s out of the br i ne wou l d occur . 

The o i l  i n  br i ne ana l ys i s  and exper ience ga i ned duri ng s everal years of 

operati on  of a s i mi l ar fac i l i ty i n  Manasque , France ha s s hown that concentrat 

of o i l  i n  the d i sc harged bri ne s hou l d be wel l bel ow the EPA recommended gu i de 

l i ne ( s ee Append i x  D ) . 

Max imum o i l  concentrat i ons  at the d i ffuser are expected to be l es s  than 

1 5  ppm and average 6 ppm over the proj ect , and are not expected to have 

adverse i mpacts . Depres sed d i s so l ved oxygen concentrati ons  res u l t i ng 

from e l evated sa l i n i ty and temperature are expected to be mi nor and 

temporary .  
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The 5-wel l ba c ku p  br i ne d i s p o s a l  sys tem wo u l d i nject b r i ne i n to 

deep sal t wa ter bea r i n g sands.  These s a n d s  are rel a t i ve l y  permea bl e; 

th u s , i t  i s  expec ted that the den se br i ne wo u l d  fl ow down d i p  w i th a 

relatl�eiy s l ow mo vement that wo u l d  no t i n d u ce extens i ve m i x i n g  w i th the 

fo rma t i o n  water. The h i g h  permea b i l i ty o f  the s a n d s  wo u l d m i n i m i ze the 

l i kel i hood o f  m i g rat i o n  o f  br i ne or sal i ne water d i s placed up al o n g  

fa u l t s o r  i mpro per l y  ca sed wel l s. N o  i mp ac t  to wa ter s u p p l y  i s  a n t i c i pated. 

Doc k Co n s truct i o n  

Dredg i n g a t  the DOE doc k  sites adja cen t t o  the S EAWAY Doc ks on the 

Ol d Brazo s R i ver and i n  Brazo s Harbo r (1,050,000 cy) wo u l d  res u l t i n  

tempo rary i n c rea ses i n  tu rbid i ty, and po s s i ble rel eases o f  to x i c s u l f i des, 

heavy meta l s , a rsen i c ,  pes t i c i des, or other to x i c  mater i a l s trapped 

w i th i n  the bo ttom sed i men ts .  If the bo ttom sedi ments a re p o l l u ted the 

rel ease o f  these p o l l u ta n ts cannot be avo i ded . Mo s t  researchers have 

co n c l uded that modern (hydra u l i c) d redg i ng tec hni q ues have l i tt l e  effec t 

o n  the wa ter d i rec t l y  over l y i n g the sed i men ts (S l o tte, 1974; W i n dom , 

1972 and 1975; May , 1973; Sei l a ,  1971; and Mac kl i n, 1962). These i n ve s t i ­

g a t i o n s  report tha t d red g i n g ac t i v i t i e s  may i n c rease water t u r b i d i ty and 

o ther parameters to a very m i n o r  deg ree u p  to a m i l e  from the dredge 

s i te under certa i n  cond i t i o n s . S i g n i f i c a n t  i n c reases i n  any pa rameter 

h a ve been repo rted o n l y  w i th i n  200 feet of the d red ge.  

The amo u n t  of d red g i n g  req u i red fo r the DOE do c ks i s  compara b l e to 

o n g o i ng ma i n tenance d redg i n g  (over 1 m i l l i o n cy a n n u a l l y) and p roposed 

deepen i n g o f  the harbor channel (100 m i l l i o n cy). In 1975, the Co rps of 

Eng i neers mea s u red water q u a l i ty in Freeport Har bor and the Intracoa s ta l  

Waterway befo re , d u r i n g , a n d  a fter dred g i n g  (A p pen d i x  B). Increa sed 

v a l ues o f  n i tro gen and chem i ca l  oxygen demand were i n d i cated d u r i n g  

d redg i ng a c tivi ty, b u t  mos t pa rameters s howed no s i gnifi cant cha nge i n  

c o n cen tra t i on a s  a res u l t o f  d red g i ng. Due to the p resent l ow q u a l i ty 

o f  wa ter i n  Freeport Ha rbor a n d  the l ik l i hood that l i tt l e  change i n  

o vera l l wa ter q u a l i ty wou l d  o c c u r  from dredg i n g acti v i t i es , the co n s truc­

t i o n of the DOE do c ks s ho u l d have a neg l i g i b l e  i m pact . 

Co n s truct i o n  o f  S u rfa ce Fa c i l i t i es 

Sed i ment represents the majo r no n-po i n t  s o u rce of water pol l u t i o n 

from s u rface co n s t ru c t i o n s i tes. Sed i men t i n c l udes s o l i d  and o rg an i c  

ma teria l s detac hed from the g ro u n d  s u rface by eros i on a n d  carried i n to 

the d ra i nage sys tem . Large vo l umes of sed i ment may u l t i ma tel y red uce 

the s to rage capa c i ty of wa terways, thereby i n c rea s i n g f l o o d i n g  hazards, 

fo u l i n g and des t royi n g  a q u a t i c  ha b i tats, and d i m i n i s h i n g rec rea t i o n a l  

a n d  property val ues . Wh i l e  the sed i men t i s  s u s pended i n  the wa ter , i t  
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may enhance the trans port of po l l utants s uch  a s  human and an imal  san i tary 

was tes , pesti c i des , and petrochem i ca l s .  

S i te preparati on and  constructi on acti v i ti es a t  Bryan Mound and 

a l ong the connector o i l p i pel i nes wou l d req u i re d i s p l acement of approxi ­

mate ly  3 1 , 300  cy of so i l  from 36 acres of l and . The s i te so i l s  are 

h i g h l y  erodab l e ,  presenti ng a potent i a l  impact to the ons i te l akes and 

the nearby I ntracoasta l  Waterway . The se  impacts may i nc l ude i ncreased 

s ed imentati o n ,  and  i ntroducti on of chem i ca l s  rel eased from the so i l or 

from con s tructi on acti v i ti es .  Constructi on wou l d i nc l u de the bu i l d i ng 

of a s torm-water runoff col l ection  and treatment system to m i n i mi ze 

future impacts . 

N umerous  so l i d  and  l i q u i d products , both organ i c  and i norgan i c ,  

u s ed i n  con structi on  are a source of water po l l ut i on . They may be 

broad ly  grouped under the fo l l owi ng  headi ng s : 

o Petro l eum products 

o Herbi c i des  and pest i c i de s  

o Ferti l i zers 

o Meta l s 

o Soi l addi ti ves 

o Con struct i on chem i ca l s 

o Mi scel l aneous wastes 

Of thes e ,  petro l eum products , herb i c i des  and pesti c i des , and ferti ­

l i zers are the best known and the bes t  documented sources of chem i ca l  

pol l ut i on . Po l l uti on from petro l eum products genera l ly  occurs from 

improper di sposa l  of waste materi a l s s uch  as cran kcase  o i l  and  cl ean i ng 

so l ven ts ; l ea kage  of fuel s and o i l from storage fac i l i ti es ,  and damaged 

or  improper ly  ma i nta i ned veh i c l es ; fue l  s p i l l s  duri ng  equ i pment refuel i ng ;  

and  the u se  of o i l s  for dust  control on roadways . Herb i c i des  and pesti ­

c i des  are u s ed on  construction  s i tes  to control unde s i rabl e vegetati on , 

i ns ects , and  rodents . Ferti l i zers are extens i vel y uti l i zed i n  the 

revegetat ion  of area s affected by gradi ng . The primary cause  of pol l u t i on 

from thei r u s e  i s  the improper u se , handl i ng , and d i sposa l  of was te 

materi a l s .  Vo l umes of po l l utants from these  sources wou l d be sma l l and , 
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except i n  the case of chron i c  rel eases , wou l d have a smal l effect on 

water qua l i ty .  

T h e  b i o l og i ca l  po l l utants wh i ch genera l l y  enter rece i v i ng s treams 

and other water bod i es as a res u l t of constructi on  acti v i ti es are bacter i a , 

fung i , worms , v i ru se s , and other l es s  common organ i sms . Portab l e san i tary 

faci l i ti es wou l d  be prov i ded at  the con struction s i te s  accord i ng  to 

Occupati onal  Safety and Hea l th Adm i n i s trati on standards . 

Acc i denta l Bri ne Rel ea se  

The est imated quant i ty of brine  s p i l l ed duri ng l each i ng of  Bryan 

Mound expan s i on  cav i t i es i s  50 barrel s i n to G u l f of Mex i co waters and 1 0  

barre l s onto l and a nd  water bod i es between Bryan Beach  a nd  t he  s torage 

s i te (Ta bl e C . 2-3 ) . I n  add i ti on ,  an estimated 5 ba rrel s of sa l t  water 

wou l d be l os t  from the raw water s u pp ly  system . Maximum cred i b l e  s p i l l s  

of up to 30 , 000 barre l s are cons i dered pos s i b l e ,  though h i g h ly un l i kely . 

A br i ne s p i l l  a t  the s i te or a l ong the d i sposa l  p i pel i ne co u l d  

l o cal l y  impact the water qua l i ty i n  the upper un i t  o f  the Chi cot aq u i fer , 

however . The bri ne wou l d  tend to m igrate downward wi th i n  the format i on 

and down d i p  a l ong the format i on due to den s i ty d i fferences . A mas s i ve 

sp i l l , a l though  h i g h l y  un l i ke ly ,  co u l d  pos s i bl y  impact the qua l i ty of 

mun i c i pa l  water s u pp l i es pumped from aqui fers in the Brazo sport area by 

ca u s i ng i ncrea s ed sa l i n i ti es i n  those aqu i fers . As l ocal  recharge of 

near s urface aqu i fers ha s been found to be mi n ima l , potenti a l  seepage 

from the membrane- l i ned br i ne p i t  or mi no r  p i pel i ne s pi l l s  are l i ke ly  to 

have neg l i g i b l e  impact on water qua l i ty .  

Hurri cane s urge  s tud i es conducted by the U . S .  Army Corps of Engi neers 

i nd i cate that the 1 00-year fl ood e levation , excl udi ng  wave runup , at 

Bryan Mound i s  +1 2 . 0  feet MSL (Trahan , persona l commun i cat ion ) . As the 

bri ne pond wou l d  be protected by an ex i s t i ng l evee of  e l evati on + 19 feet 

MSL ,  there i s  l i tt l e l i ke l i hood of a catastrophi c fa i l ure that wou l d  

res u l t i n  the re l ea se  of  the contents of  the pond . Sho u l d a s torm s urge 

of s uffi ci ent magn i tude occur to breach the l evee , impacts ca u sed by 

l os s  of the bri ne wou l d not be d i st i ngu i s ha bl e from s torm wave and 

s a l twater damages . 
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Construct ion  and Us e of Al ternati ve  Fac i liti es 

Al ternati ve systems to pro v i de raw water for cavern l each i ng and 

o i l  d i s p l acement i nc l ude supp ly  from Dow Chemi ca l  Company ' s  exi sti ng 

reservo i rs and wi thdrawa l of sa l i ne ground water from the Evangel i ne 

aqu i fer .  Use  of  Dow ' s reservo i rs woul d have neg l i g i bl e  envi ronmental  

i mpact , a s  suffi c i ent storage capac i ty i s  avai l abl e at  the reservo i rs so 

that wi thdrawa l for th i s  proj ect wou l d  be i n s i gn i fi cant .  ( The u l timate 

source for th i s  water rema i n s  the Brazo s  Ri ver . ) Devel opment of a 

s u i tab l e wel l fi e l d to supp ly  534 , 000 BI D for cavern l each i ng i s  fea s i bl e ,  

ba sed on aqu i fer character i st ic s  provi ded i n  Secti on  B . 2 . 2 . 2 .  The 

probl em of s urface s ub s i dence rema i n s , however . Devel opment of a wel l 

fi e l d wi th neg l i g i b l e  potent i a l  for subs i dence may requ i re hu ndreds of 

acres . Fi na l  des i g n  of  the wel l  fi el d wou l d  depend on  ana lys i s  of test 

wel l res u l ts (Appen d i x  A ) . 

Impacts that mi g ht resu l t  from wi thdrawal of s uc h  l arge quanti t i es 

of  water i ncl ude l ower i ng of the p i ezometr i c  l evel in  the pumped zone , 

l and subs i dence , and i ntru s i o n  of the pumped zone by wa ters of di fferent 

sa l i n i ti es .  Land subs i dence and s a l twater i ntru s i on res u l t d i rectl y 

from drawdown or reduct ion  of  the p i ezometr i c  l evel  i n  the aqu i fer . 

Th i s ,  i n  turn , depends upon such  factors as  pump i ng rate , wel l spaci ng  

and  compl eti on , and aqu i fer th i c kness . W ith  due cons i derati on to  wel l 

spaci ng  and comp l etion  methods and g i ven the great thi c kness  and h i g h  

permeabi l i ty of  sands conta i n i ng moderate ly  sal i ne water i n  the s i te 

v i c i n i ty ,  i t  s hou l d be po s s i b l e  to pro v i de the requ i red quanti ti es of  

water wi th l es s  than 1 00 feet of drawdown i n  the v i ci n i ty of the  wel l 

f i el d .  Data provi ded i n  publ i cati ons  by Petti t and Wi nds l ow ( 1 957 ) ,  

Hammond ( 1 969 )  and  Sandeen and Wessel man ( 1 97 3 ) i n d i cate that a bout  one 

foot  of subs i dence res u l ts from 1 00 feet of drawdown in the Texas coas ta l  

area . Subs i dence on  the order of 1 . 6 feet i n  Freeport and 2 . 7  feet i n  

Texas Ci ty had a l ready occurred by 1 959 from much  sma l l er ground water 

wi thdrawa l s than those  that wou l d  be needed for operati on  of the Bryan 

Mound  oi l s torage fac i l i ty .  However , most  of that pump i ng wa s res tr i cted 

to the fres hwater zones of the upper Ch i cot aqui fer , about 1 50 feet 
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th i ck .  T he l owe r un i t  of the Ch i co t  aq u i fe r  and the E vange l i ne aqu i fe r  

p rov i de a to ta l of  ove r  1 500 fee t  of s and conta i n i ng mode rate ly  s a l i ne 

wate r .  

Al te rnati ve bri ne d i sposa l  sys tems i nc l ude pro v i d i ng a l l or  part of 

Dow' s  feedstock  demand , constructi o n  of a bri ne d i ffuse r  system 1 2 . 5  

m i l e s  o ffshore , and dee p we l l  i nje cti on  i n to Miocene s ands . De l i ve ry of 

bri ne to Dow wou l d  have few e nv i ronme n ta l  i mpacts as the p i pe l i ne i s  

p re se nt ly  i n  p l ace . Bri ne sp i l l age of  the orde r of  te ns of  barre l s  cou l d  

be expe cte d .  Th i s  a l te rnati ve appe ars impracti cal  a t  thi s t i me s i nce Dow 

has  bee n unwi l l i ng to accept  bri ne a t  the rates  and vo l ume s  ne ce ssary .  

The nature o f  the impacts assoc i a ted wi th the 1 2 . 5  mi le d i ffu se r  sys tem 

wou l d  be s i m i l ar to those di scussed  for the propose d  di ffuse r sys te m .  

Br i ne d i ffus i on may occur a t  a s l i ght ly  s l owe r  rate a t  th i s  s i te duri ng 

some seasons , due to s tronger  ve rti cal s trati f icat ion  of the wate r  col umn . 

A comple te de scri pt ion  i s  prov i ded  i n  Append i x  G .  Dee p we l l  i nje ct ion  of  

br i ne i n to sa. l i ne wate r  be ari ng sands wou l d  not affect  potable wate r  sup­

p l ies un less  confi n i ng be ds above the sands  s hou l d  be fracture d , re su l t i ng 

i n  upward d i s p l a ceme n t  of sa l i ne wate r ,  o r  un le s s  mi grat ion  up  improper ly  

p l ugged we l l s  i s  i n i t i a ted . Bri ne i nje ction  to dee p sa l t wate r  be ari ng  

s ands can  impact  wate r  supp l ie s  in  vari ous  ways i nc l u d i n g  i ncre as i ng the 

s a l i n i ty of the wate r  i n  the sand formati on , d i sp l aceme n t  o f  moderate l y  

s a l i ne wate r  from one porti on  o f  the s and format ion  i nto port ions  con­

ta i n i ng fre s h  wate r ,  or i nduci ng mi grat ion  of bri ne or moderate l y  s a l i ne 

wate r  from the sand i n to a fre s h  wate r  aq u i fe r  v i a  s uch a ve nue s as  fau l ts 

o r  a bandoned  we l l s .  I n  ce rta i n  geo l og i c  prov i nce s  whe re the rock i s  unde r  

s tre s s  i t  may be po s s i b le  to ge ne rate e arthquake s  or  acti vate fau l ts by 

h i g h  pressure i nject ion  of waste wate r .  

The proposed  re ce i v i ng formati ons for i nje ction  of  bri ne a t  Bryan 

Mo und range i n  de pth from 3000 to 8000 fee t ,  we l l  be l ow any aq u i fe r  

conta i n i ng fre s h  o r  s l i g ht ly  sa l i ne wate r .  The i ncrease i n  s a l i n i ty ,  

the re fore , wou l d be re s tri cted  to wate r  that  wou l d  not be e conomica l l y  

compe t i t i ve for de sa l i nat ion  due to the l arge quanti t ie s  of  s l i g ht ly  

s a l i ne wate r  ava i l a b le i n  the re g i on .  Gene ral ly  the on ly  we l l s  extend i ng 

to the de pth of  the i n ject i on zone are o i l we l l s  wh i ch are ge ne ra l ly  
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concentrated near the dome . I nj ecti on zone formati ons are not i n  a 

s tate of s tres s  and are rel ati vel y  permea bl e ,  thus prov i di ng a path of 

l ea s t  res i s tance in preference to fau l ts .  Standard operat ing  procedures 

and rout ine  mon i tori ng of i njecti on pressures shou l d precl ude hydro­

fracturi ng . In add i t i on , the extremel y dense  br i ne wou l d tend to move 

downd i p i n  the recei v i ng formati on and the rel ati vel y s l ow movement 

wou l d not i nduce m i x i ng wi th the format ion  fl u i ds . No adverse i mpact on 

water suppl i es i s  foreseen s hou l d i nj ecti on be se l ected for bri ne  d i sposa l . 

Another potenti a l  probl em associ a ted  wi th deep wel l i nj ec t i on of 

bri ne concerns mi gra t i on of  o i l and gas resources due to d i sp l acement or 

pres suri zati on . Th i s  prob l em i s  d i scussed in Appen d i x  H .  

Sho u l d th i s  deep wel l i nject ion  a l te rnat ive  be se l ected , a l l deep 

wel l s  in the d i s posa l  area wou l d  be i nvesti gated for potent i a l  mi grati on  

of o i l and gas . Al s o ,  an extens i ve program to  mon i tor pres sure in  the  

recei v i ng forma t i on , woul d be  i n i t i ated prior  to  and duri ng  br i ne i nj ecti on . 

Al ternat i ve methods of transporti ng o i l i nc l ude use  of Ph i l l i ps or 

SEAWAY Docks  i n  p l ace of new DOE docks and constructi on of a mar i ne 

p i pel i ne and monobuoy .  As n o  dredg i ng wou l d be req u i red to us e the 

i ndustry docks , water qua l i ty impacts woul d be l imi ted to mi nor quanti ­

t i es of eros i on and rel ea se of construct i on was tes a t  the dock  s i tes . 

Cons tructi on  of the offshore termi nal  fac i l i t i es woul d produce s i gn i fi ­

cant l ocal , but temporary , s u spens i on of bottom sed iments and trapped 

c hemi cal s a l ong the 6-mi l e  p i pel i ne ri g ht-of-way to s i ng l e anchor l eg 

moor i ng .  These impacts wou l d be s imi l ar to those d i scus sed for dredg i ng 

i n  Freeport Harbor .  

Ons i te el ectr i c  power generati on woul d have rel ati vel y mi nor impacts 

on  wa ter resources . Cool i ng water i n  quanti ti es much l es s  than needed 

for l each i ng woul d be ta ken from the Brazos Ri ver raw water supp ly  

system and cou l d be  d i scharged through the  br i n e  d i sposal  p i pel i ne to 

the Gu l f .  

C . 3 . 1 . 3  Ai r Q ua l i ty 

The qual i ty of the a i r  i n  the v i c i n i ty of Bryan Mound  woul d be 

s l i g ht ly  affected duri ng s i te prepara t i on and constructi o n ;  impacts 
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wou l d  be s hort term and confi ned to a rel ati ve ly  sma l l area . The pri nc i pa l  

po l l utant  of concern woul d be hydrocarbon  emi s s i ons s i nce data presented 

i n  Secti on  B . 2 . 3 . 3  i nd i cate that hydrocarbon concentrati ons  i n  the 

v i c i n i ty of Bryan Mound frequent ly  exceed the NAAQS . 

So urces of Emi s s i ons 

The qua l i ty of the a i r  at the Bryan Mound s i te duri ng construct ion  

wou l d  be  affected by the  fo l l owi ng po l l u t ion  sources : 

o general cons tructi on veh i c l es 

o dri l l i ng r i g  eng i nes 

o fug i t i ve dust  

Dur i n g  the  s i te preparation  pha s e ,  there wou l d be  c l eari ng operat ions , 

l a ndfi l l ,  and road constructi o n .  Thi s pha se  wou l d  l a st  approximate l y  

seven months . A number of mach i nes and heavy veh i c l es wou l d be used . 

The di esel  and gaso l i ne eng i nes wou l d  emi t  hydrocarbons ( H C ) , S02 ' CO , 

N02 , and parti cu l ates . 

Accurate pred i ct ion  of quanti t i es of po l l utants emi tted duri ng 

con structi on i s  d i ffi cu l t because emi s s i ons  depend upon many factors , 

i nc l u d i ng type , number and model year of veh i c l es , duty cyc l e ,  s peed , 

co l d operati on fract i on ,  and ambi ent temperature . Veh i cu l a r  emi s s i on 

rates g i ven i n  Ta bl e C . 3- 1  were ca l c u l ated u s i ng em i s s i on factors from 

U . S .  EPA publ i cati on AP-42 (1976 )  and estimates  of the projected use  of 

constructi on equ i pment .  The ons i te veh i c l e so urces are a s sumed to be 1 0  

heavy-duty gaso l i ne veh i c l es and 1 0  heavy-duty d i esel veh i c l es , wi th a 

conserva ti ve duty factor of 2000 hours/year and maximum s peed of 1 0  

mi l es per hour .  

Dri l l  r i g  eq u i pment typ i ca l l y i nc l udes three l arge eng i ne s , and 

other sma l l er eng i ne s .  These eng i nes  wou l d be assumed to tota l 4000 

horsepower and , as a worst case , to be heavy-duty d i ese l s .  The dri l l  

r i g  eq u i pment i s  a s sumed to operate at 50 percent l oad for about 7000 

hours/ year .  Estimated emi s s i on rates are g i ven in Tabl e C . 3- 1 . Except 

for CO , the estimated dri l l  r i g  eq u i pment emi s s i ons  are much l arger than 

veh i cu l ar em i s s i on s .  
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TABLE  C. 3 - 1  Ons i te emi s s i on rate duri ng constructi on . 

Veh i cl esa Dri 1 1  Ri gb 
Po l l u tant (gjsec)  (gjsec)  

CO 1 . 37 1 . 306 

Hydrocarbons . 1 1 7  0 . 482  

N02 . 21 2  6 . 86 

S02 . 020 0 . 432  

Parti c u l ates . 01 5  0 . 41 8  

a l O  heavy duty gaso l i ne veh i c l e s  p l us 1 0  heavy duty di esel  veh i c l es 
at  a conservative  duty factor of 2000 hrjyr , each . 

bAssumi ng 2 heavy-duty di esel  dri l l  ri gs , 4000 total horsepower operati ng 
at  50  percent l oa d ,  20 hours per day . 

Source : Compi l ation  of Ai r Po l l utant Emi s s i on Factors , Second Edi ti on , 
U .  S .  Envi ronmental Protection Agency , February 1976 . 
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Dus t  emi s s i ons wou l d res u l t from constructi on act i v i t i es at  the 

s i te .  The dus t  wou l d  be associ ated wi th  l and cl eari ng , excavati on ,  cut 

a nd fi l l  operati on , and other acti v i ti es .  The amount o f  dust  woul d  vary 

from day to day depend i ng  on  the acti v i ty and the weather.  A l arge 

port ion  of the du st  woul d be due to equ i pment traffi c over temporary 

roads . F i e l d mea surements at  apartment and s hopp i ng center constructi on  

s i tes y ie l d an estimate of 1 . 2 tons  of dust  per acre of cons tructi on per 

month of act i v i ty ( E PA , 1 97 6 ) . Th i s  est imate i s  h i g h  for the Bryan 

Mound s i te because the est imate i s  for a semi ar i d c l i mate .  Dust emi ss i ons 

a re often i nverse ly  proport i ona l to the square of  ground mo i s ture . 

S i nce ground mo i s ture at  Bryan Mound i s  1 . 66 t imes the sem i a r i d  l evel 

( EPA , 1 97 6 ) , the dust emi s s i ons dur i ng  constructi on  are est imated to be 

0 . 5 tons  of  dust per acre of constructi on per month of act i v i ty .  

N o  add i ti ona l  crude o i l  storage tan ks wou l d  b e  cons tructed for 

expans i on at  Bryan Mound . Pa i nt so l vent em i s s i ons ( and impacts ) resu l t i ng 

from pa i nt i ng the four 400 , 000 barrel storage tan ks were descri bed i n  

FES 76/ 77-6 .  The s i ze of these tan ks have been reduced to  200 , 000 

barrel s capaci ty each .  T he  a i r  qual i ty impacts due  to  pa i nt so l vent 

emi s s i ons woul d  thus be s u bstant i a l l y  reduced . 

Impacts on Ai r Qua l i ty 

The impact of the a tmospheri c emi ss i ons due to s i te constructi on i s  

dependent o n  the amb i ent a i r  qual i ty and the d i s persal  characteri s t i cs 

of  the atmosphere,  both of whi c h  have been d i scus sed i n  Secti on  3 . 2 . 2 . 

Downwi nd concentrati ons were cal cu l ated u s i ng methods recommended by the 

Env i ronmenta l  Protect ion  Agency ( Turner , 1 969 ) and averaged over appro­

pri a te t ime i n terva l s .  

Pol l utant concentrat i ons at one k i l ometer (km) downwi nd  from construc­

t ion  veh i c l es and dri l l r i g  equ i pment are s hown i n  Tabl e C . 3-2 . The 

concentrat i ons were ca l c u l ated us i ng the emi ss i on rates g i ven i n  Tabl e 

C . 3- 1  and proj ected "worst cas e "  meteorol og i ca l  cond i ti ons (Appen d i x  1, 
Part 1 ) . Downwi nd  concentrati ons from the construc t i on veh i c l es were 

cal cu l ated as suming  an area so urce model w i th a constructi on area hav i ng 

d imens i ons of 250 meters on  � s i de .  An i ns i gn i f icant  add i t i on of po l l� tants 
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TABLE  C . 3-2 Est ima ted pol l u tant  concentrati ons at 1 . 0 k i l ometer downwi nd  
of constructi on acti v i t i es . 

Nati onal  and State Standards Downwi nd Concentrati ons (�g!m3 )a 

Averag i ng L i mi t Constucti on Dri l l  

Pol l utant Per iod  ( �g!m3 ) Veh i c l esb R ig  

Part i cul ates 1 yr . 75  0 

24 h r .  260 0 1 0  

5 hr . 1 00 0 20 

3 hr . 200 0 22 

hr . 400 0 27 

S02 yr . 80 0 

24 hr . 365 0 1 1  

30 mi n .  730 3 1  

CO  8 hr . 1 0 , 000 22 58 

h r .  40 , 000 31 83 

HC 3 h r .  1 60c 2 25 

N02 1 yr . 1 00 0 1 5  

aExcl us i ve of background l evel s 

bBased on  area source mode l for a cons tructi on area of 250 x 250 meters . 

cNon-methane hydrocarbons  on l y ;  concentrati ons are for tota l hydrocarbons . 
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woul d resu l t from bri n e  d i ffu ser p i pel i ne constructi on ons hore and 

o ffs hore . 

The amount of  dust-produc i ng  constructi on i s  rel ati vel y sma l l for 

the propos ed proj ect because most of  the ons i te and access roads are 

paved . Mos t  of  the dust  woul d settl e w i t h i n  the s i te boundari es except 

that a s soci ated wi th o ffs i te p i pel i nes . The fug i t i ve dust  escap i ng the 

s i te wi l l  not s er i o u s ly  impact the env i ronment .  

Downwi nd concentrati ons g i ven i n  Tabl e C . 3- 2  are qu i te sma l l when 

compared to the s tate and nati onal  a i r  qual i ty standards . However , 

s i nce background HC l evel s often exceed the 3-hour s tandard ( 1 60 Wg/m3 ) 

i n  the Brazosport area , i nfrequent add i ti onal  exceedances may be expected 

dur i ng s i te and associ ated fac i l i ty construct ion . S i nce ex i sti ng l evel s 

of part i cu l ates (TSP ) ,  S02 ' CO , and N02 i n  the area are genera l l y  very 

l ow ( Sect ion  B . 2 . 3 . 3 )  and maximum expected concentrati ons duri ng  cons truc­

t ion  are q u i te smal l ,  no other exceedances of  the s tate and nati onal  a i r 

q ua l i ty standards are expected (The S02 30-mi nute and TSP 1 - ,  3- , and 5-

hour s tandards are Texas S i ng l e So urce Standards ) .  Al l impacts duri ng  

cons tructi on  woul d be s hort- term in  nature and confi ned to  rel at i vely 

sma l l a reas at  the s torage  s i te a l ong p i pel i ne r i g hts-of-way . Because  

a l l po l l u tants rel eased during  construct i on are assumed to  be  ground­

rel ease ,  concentrat ions  woul d decrease wi th i ncrea s i ng di s tance . 

Al ternati ves 

Al ternat i ve  sources of raw water woul d have some effect on con­

struction  emi s s i ons . Use of  water from the Dow reservo i rs woul d i nvol ve 

no con structi o n .  However , devel opment of a ground water wel l fi el d 

woul d resu l t  i n  dri l l i ng emi s s i ons s imi l ar to those  g i ven i n  Tabl e 

C . 3- 1 . S i nce these emi s s i ons  woul d occur a mi l e  or  two from the dome 

s i te ,  l i ttl e i n teracti on  woul d occur and a i r  qua l i ty impacts woul d  be 

essenti a l l y  as descri bed a bove . 

Devel o pment of a l ternate bri ne di s posa l systems woul d  i ncrease 

constructi on  emi s s i on s .  A p i pel i ne wou l d  be requ i red to del i ver br i ne 

to Dow Chemi cal Company and both a p i pel i ne and a wel l f ie l d wou l d  be 

requ i red for deep wel l i nj ect i on . These emi s s i ons  woul d be rel ati vel y 
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smal l ,  s hort- term and confi ned to a smal l area wi th l i ttl e impact on 

ambi ent  a i r qua l i ty .  The extens ion  of  the bri ne d i ffuser to 1 2 . 5  mi l es 

to the Gul f wou l d  i ncrease  emi s s ions  l oca l l y  for a bri ef per iod  of time . 

Of the a l ternati ve methods of  del i vering  o i l  to and from the s torage 

s i te ,  only constructi on  of  a mari ne termi nal  wou l d  affect a i r  qua l i ty .  

However , mo st  constructi on  wou l d  b e  several mi l es offs hore and as soc i ated 

concentrati ons s hou l d be no h i g her than for the storage s i te (Ta bl e 

C . 3-2 ) .  Effects o n  a i r  qua l i ty i n  the Freeport area shou l d be negl i g i bl e . 

C . 3 . 1 . 4 No i se 

No i se l evel s assoc i ated wi th the major construct i on equ i pment are 

spec i f i ed i n  Tabl e C . 3- 3 .  Us i ng hemi spher i cal sound radi ati on  a s sumpti ons , 

the no i se l evel s are extrapol ated to nearby l ocati ons off the s i te to 

determ i ne the effect on  ambi ent  sound l evel s .  

Conventi ona l  o i l wel l dri l l i ng ri g s  woul d be used for dr i l l i ng the 

new cavern wel l s .  I t  i s  estimated that two , sometimes three , l arge 

dri l l s  may be operati ng s i mu l taneou s ly  on the s i te .  The equ i va l ent 

sound l evel , Leq , contr i buti on  of th i s  acti v i ty i s  esti mated to the 67  

deci bel s ( d B )  a t  500  feet .  Assum ing  that  dri l l i ng acti v i ty is  conti nuous 

throughout a day , the daytime and n i g httime equ i va l ent sound l evel , Ld 
a nd Ln , contri bu ti ons are both estimated to be 67 d B  at 500 feet .  

The  no i se sources assoc i ated wi th l eachi ng are pumps . These pumps 

woul d be housed i n  a s heet metal pumphouse .  Sound l evel s wi th i n  the 

pumphouse wou l d be between 90 and 1 00 d B ( A ) . Outdoor pump sound l evel s 

add negl i g i bl y  to the ambi ent sound at 500 feet , due to attenuation  by 

the pumphou�e wal l s .  

Mos t  fac i l i t i es at  the Bryan Mound s i te woul d be compl eted as  part 

of the earl y storage phase of the project .  

P i pe l i nes  connecti ng the s i te to the ex i sti ng SEAWAY Doc ks a nd  pro­

posed DOE docks  i n  Freeport and the exi st i ng SEAWAY Tan k  Farm at Jones 

Creek woul d be constructed as  part of the earl y s torage pha s e .  A pi pe­

l i ne ,  a pproximate ly  one- ha l f  mi l e  i n  l ength , connecti ng the Brazos Ri ver 

Harbor w i th the ma i n  o i l  d i stri buti on p i pel i ne woul d be constructed for 

SPR  expans i o n .  A pi pel i ne 5 . 8 mi l es i nto the Gul f for the bri ne d i ffuser 
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TABLE C . 3- 3  Equ i pment sound l evel s  for construct i on at Bryan ��ound s ite 
( proposed s i te for Seaway SPR deve l opment) 

A Wei g hted Sound 

Equ i pmen t  # o f  Un i ts Leve l  a t  50 fee t  ( dB ) 
Sto rage Ta n k  Co n s tructi on 

Co ncrete Mi xer 1 
Crane , 2 
Generator 2 
Truck 2 
Do zer 2 
Bac khoe 1 

P i pe l i ne Constru c t i o n  -

Tr u c k  2 
Bac khoe 1 
Conc rete m i xer 1 
W e l d i ng mac h i n e  1 
Scraper 1 
Crane 3 

P i pe l i ne Co n s tru c t i o n  -

Ba c khoe 
Drag l i ne 
Do zer 
D i e s el  W i n c h  
Ma rsh Buggy 
Wel d i ng Ma c h i ne 

Road Con s truct i o n  

Truck 
B u l dozer 

Do c k  Con s tru c t i o n  

P i l e  d r i ver 
Trucks 

1 
1 
2 
1 
1 
1 

2 
1 

2 
2 

85 
83 
78 
88 
87 
8 5  

Leq 

Conven t i o n a l  La,l 

88 
8 5  
85 
83

c 

88 
83 

Leq 

Pu s h - D i tch Method 

85 
80 
87 
83 
78 
83 

88 
87 

1 01 
88 

Leq 

Leq 

A Wei g hted Sound 
Level at 500 fe et ( dR ) 

65 
63 
58 
68 
67 
65 

70 dB at 

68 
6 5  
6 5  
63 
68 
63 

68 dR a t 

65 
60 
67 
63 
58 
63 

69 d B  at 

68 
67 

68 dB at 

81 
68 

500 feet 

500 feet 

500 feet 

500 feet 

U s a g e  b 
Fac to r  

. 4  

. 08 

. 4  

. 26 

. 4  

. 1 6  

0 . 1 6  
0 . 4  
0 . 1  E 
0 . 5  
0 . 08 
0 . 1 6  

0 . 4  
1 . 0 
0 . 4  
0 . 4  
0 . \ 
0 . 5  

0 . 4  
0 . 4  

0 . 04 
0 . 1 6  

a 
" Ba c kg round Document fo r Pro posed Porta bl e Ai r Compressor Noi se Emi s s i o n 
Regu l a t i ons , "  U . S .  E n v i ronmental  Prote c t i o n  Ag ency , EPA 550/ 90/ 9 - 7 4 - 0 1 6 ( October , 1 9 74 ) .  

b
Fra c t i o n  of t i me equ i pme n t  i s  i n  i ts no i s i es t  mode . 

C E s t i ma ted . 
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woul d a l so  be constructed . The two bas i c  p i pe l i n e  constructi on methods 

are descri bed i n  Secti on A . 2 .  S i nce i t  i s  not known wh i ch method woul d 

be empl oyed for s pec i fi c  sect ions  of the p i pe run , a conservati ve es t imate 

wou l d  be an Leq of  69 dB at  500 feet and an Ld of  67 dB  at 500 feet for 

p i pel i ne construct i o n .  

Roadways wou l d b e  cons tructed a l ong the p i pel i ne r i g hts -of-way . 

Crus hed rock  o r  s hel l s  wou l d be used as f i l l on  the ex i sti ng marsh 

vegetati o n ;  i t  i s  assumed that two dump trucks and one bu l l dozer wou l d 

be used for th i s  road constructi on . The Leq i s  es timated to be 68 . 1  dB  

at  500  feet;  the daytime equ i va l ent sound  l evel , Ld , during  constructi on 

wou l d be 67 dB at  500 feet .  

The major  no i se produc i ng equ i pment used for constructi on  of docks 

i s  expected to be one or  two p i l e  dri vers and trucks . The sound l evel  

data for th i s  equ i pment are presented in  Tabl e C . 3- 3 .  Assumi ng  construc­

t i on  acti v i ty occurs 1 0  hours a day in the daytime , the equ i va l ent sound 

l evel , Leq , and daytime equ i va l ent sound l evel , Ld , contri buti ons are 

estimated to be 7 1  dB  and 68 dB at  500 fee t ,  respecti vel y .  

Sound l evel s from construct i on acti v i ti es presented a bove are 

summari zed i n  Ta bl e C . 3-4 . 

No i se l evel s are extrapo l ated as sumi ng  hem i s pheri ca l  sound rad i ati on 

to determi ne d i s tances at  wh i c h  the construct i on acti v i ty woul d contri bute 

s i gn i fi cantl y to ambi ent  no i se l evel s ,  assumi ng a ba se l i ne day/n i ght  

sound l evel of 54  dB  adjacent to the  s i te .  W i th i n a c i rcl e defi ned by 

th i s rad i us ( Ta bl e C . 3-4 ) , average day/n i g ht sound l evel s wou l d  be 

i ncreased by at l east  3 dec i bel s ,  a d i scernabl e amount .  These  impact 

zones are shown i n  F i g ure C . 3- 1 . 

The a ssumpt ion  of  hemi spher i ca l  sound rad i ati on  does not i ncl ude 

attenuation  due to fol i ag e ,  a i r ,  or ground effects , and i s  therefore 

conservati ve ly  h i g h .  The area affected by constructi on  acti v i ty a t  the 

storage s i te i s  mo st ly  un i n hab i ted mars h l and s .  Doc k construct i on  wou l d 

ra i se no i s e l evel s at  areas a l ong the un i n habi ted I ntracoasta l  Waterway 

and at the Dow Chem ica l  Company pl ant .  These are commerc i a l  and i ndustr i a l  

zones , where prefac i l i ty day/n i g ht sound l evel s are expected to be 
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TABLE C. 3-4 Summary of con s truct i on acti vi ty no i se l eve l s at  500 feet and 
a s soc iated i mpact z one  rad i us .  

Dr i 1 1  i n a  We 1 1  s 

P i pe Layi ng  

Acces s  Road Construct i o n  

Doc k  Construct ion  

� Ld Ln Impact Zone Rad i u s  (ft )a 

(dB ) (dB ) ( d B ) 

67  

69 

68 

71 

6 7  

67  

66 

68 

6 7  4500 

1 800 

1 400 

2200 

a Th i s  i s  the d i s tance w i th i n  wh i ch prefac i l i ty s ound l eve l s  are ra i s ed 
by at l ea s t  3 dB by act i v i ty descr i bed . A bas e l i ne  ambi ent  s ound l eve l 
of 54 dB  i s  a s s umed for the ca l cu l ati on . 
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h i g her than 54 dB . Some res i dences  i n  the ci ty of Freeport may be 

affected duri ng  construct ion , but the present i ndustr i a l  uses i n  the 

a rea and the s hort durati on  of cons truct ion  wou l d  mol l i fy the degree of 

th i s  impact .  Therefore , impacts due to dock constructi on  wou l d  be 

neg l i g i bl e .  P i pe l ay i ng and acces s  road cons truction  wou l d  i mpact areas 

for only a s hort durati on . S i n ce most  of the p i pe l i ne runs through  

u n i nhabi ted mars h l ands , the impact wou l d  be  neg l i g i b l e .  

The Federa l Env i ronmen ta l Protecti on  Agency has i denti fi ed l evel s 

for l im i ts of  Ldn requ i s i te for the pro tect ion  of pub l i c  hea l th and 

wel fare wi th an  adequate marg i n  of safety for both a cti v i ty i nterference 

and  hear i ng l os s . W i th i n  the areas i ndi cated o n  Fi gure C . 3- 1 , the Ld 
a nd Ln wou l d  be a bove 55  dB duri ng  cons tructi on acti v i ty .  S i nce there 

are very few res i dences wi th i n  these zones of no i se impacts , workers on  

the s i te wou l d  be  the  most  l i ke ly  receptors of the  no i se .  The short 

tota l durati on  of  the constructi on  of faci l i ti es at  Bryan Mound  wou l d  

mi n imi ze undes i rabl e no i se impact . Offs hore p i pe l i ne construction  

wou l d  on ly  temporari l y affect no i se l eve l s  in  any sens i ti ve areas . 

Al ternati ves 

An a l ternati ve br i ne d i sposa l method wou l d  req u i re the constructi on 

of  a tota l of 1 6 , 000 feet of p i pe from the we l l s  to the northeast where 

the bri ne wou l d  be i njected i nto deep subsu rface s a l i ne water beari ng 

s ands . S im i l ar l y ,  a ground water we l l  fi e l d cou l d  be deve l oped to 

s upp ly  l each  water . A p i pe l i ne mi g ht be bu i l t  to recei ve raw water from 

Dow Chem ica l  Company . The same techni ques and  equ i pmen t as those descri bed 

a bove wou l d  be u sed . The impacts of constructi on of any of these wou l d  

be s im i l ar to the other constructi on acti vi ty no i se l eve l s d i s cu s sed 

a bove . 

Constructi on of a mari ne p i pel i ne and  offs hore monobuoy wou l d  not  

a ffect no i se l evel s at  any sens i ti ve areas . Convers i on of  SEAWAY or 

P h i l l i ps Doc ks wou l d  i nvo l ve l es s  no i se than constructi on  of  new DOE 

docks . 
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C . 3 . 1 . 5  Spec i es and Eco systems 

S i te preparation  and construction  of the pro posed fac i l i t i es for 

SPR expans io n  at Bryan Mound may affect both terrestr i a l  and aquat i c  

b iot i c resources i n  the area . Terrestri a l  habi tats potenti a l l y  affected 

i ncl ude cl eared i ndustr i a l  l and , coastal pra i r i e ,  bracki s h  mars h and 

beachl dune commun i ti es . Aquati c habi tats i nc l ude the Brazos R i ver 

D i vers i on Channe l , ICW, several l a kes and ponds adjacent to the s to rage 

s i te ,  the O l d Brazos R i ver harbor ,  and the nears hore Gul f of Mex i co .  

F i g ure C . 3-2 s hows the major  habi tats i n  rel at ion  to proposed and al terna­

t i ve SPR fac i l i t i es .  

Mos t  areas to be affected by proposed fac i l i ty cons tructi on  have 

a l ready been c l eared for prev i ou s  i ndustr i a l  u s e .  Al so , the proposed 

earl y storage deve l o pment at Bryan Mound wou l d  be e i ther i n  progress  or  

recent ly  compl eted when the  SPR  s i te expans i on  cons truct i on i s  begun . 

In  many cases the SPR expans i on wou l d  not create new impacts but wou l d  

add sma l l add i ti ona l  impacts to those o f  the ear ly  storage deve l o pment 

or the exi s t i ng i ndustr i a l  bri n i ng operati ons . 

I n  the fo l l owi ng su bsecti ons , potent i a l impacts on  b i o l o g i ca l  

resources are treated accordi ng to s peci fi c  as pects of fac i l i ty devel opment .  

Raw Water W ithdrawa l 

Wi thdrawa l of 700 m i l l i on  barrel s of  raw water from the Brazos 

R i ver D ivers i o n  Channel at  a rate of 534 , 000 barrel s per day ( BI D )  fo t 

l each i ng the s to rage cav i t i es wou l d have a major  effect on both the 

p l ankton and nekton i n  the Brazos Ri ver Di vers i on Channel . I t  can be 

a s sumed that 1 00 percent of a l l of  the organi sms taken i nto the raw 

water p i pel i ne wou l d  be destroyed s i nce these organ i sms woul d be pumped 

i n to the sol u t i on cav i t i es where the sal t concentrati on ( sa l i n i ty )  of 

the water wou l d be i ncreased to about 280 parts per thousand ( 98 percent 

saturati on ) .  The aquati c organ i sms destroyed wou l d i nc l ude such  phyto­

pl an kton  as d i atoms , d i nofl agel l ates  and bl ue-green a l gae , zoop l an kton , 

espec i a l l y  shr imp and i chthyopl an kton ( l arval  forms of  i nvertebrates and 

fi s h ) ,  and sma l l f i s h  such  as men haden , s i l vers i des , mi nnows and anchovy .  

Adu l t  forms of many l arger fi s h  wou l d not be d i rectly affected by water 
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wi thdrawa l s i nce the i nta ke system wou l d be des i gned for a maximum 

vel oc i ty of 0 . 5 ft/ sec and thu s  these mobi l e  organi sms shou l d be abl e to 

avo i d  entra i nment of th i s  l ow vel o c i ty .  Of major  importance wou l d  be 

the impact of  the water i nta ke ( entra i nment )  on  the i chthyopl an kton . 

The water q ua l i ty of the l ower Brazos R i ver has been reported to be 

poo r  a nd the i chthyop l a n kton woul d be expected to be very scarce ( s i nce 

these forms are very s en s i t i ve  to changes i n  water qua l i ty ) . However , 

w i thdrawal of water req u i red to so l ut i o n  mi ne the cav i ti es cou l d pos s i b l y  

k i l l  a l arge number of  aquati c organi sms i f  they were entrai ned i n  the 

i ntake water .  Depen d i ng u pon the s eason of  the year ,  t he  numbers of  

aquati c organ i sms entra i ned i n  the raw source water woul d vary marked l y .  

Genera l l y  duri ng the spri ng the numbers o f  al l organ i sms present woul d 

be expected to be h i g h ;  the numbers of aquati c organi sms ( es peci a l l y  

i chthyop l an kton ) wou l d general l y  decrease wi th the approach o f  warm 

s ummer temperatures and woul d reach  a m i n i mum duri ng  the w i nte r .  

I n  the absence of natural morta l i ty rates for egg and l arval s tages 

by un i t  vo l ume , i mpact estimates cannot be quanti f i ed but are expected 

to be sma l l .  There are no known spec i es of  fi s h  or  s hel l f i s h wh i ch are 

parti cu l ar ly  dependent on  the Brazos and wh i ch mi g ht be sens i ti ve to 

seasonal  dep l et i ons of j uven i l e  popu l ati ons . 

Bri ne D i sposa l  

Constructi on  of the  bri ne d i ffuser p i pel i ne wou l d have a mi n i ma l  

impact on mar i ne b iota i n  the  reg i o n  as  a who l e but wou l d  s i gn i fi cantl y 

effect some organ i sms wi th i n  the proposed r i g ht-of-way . The phys i ca l  

and chemi cal impacts of constructi on  on  water qua l i ty have been descri bed 

i n  Sect ion  C . 3 . 1 . 2 . Dredg i ng acti v i t i es woul d drast i cal l y  a l ter , and 

cause a temporary l oss  of benth i c  habi tat w i th i n  the p i pel i ne corr i do r .  

Benth i c  organ i sms may b e  smothered by l ocal i zed sed i mentati on from 

dredg i ng w i th recovery occurr i n g  s l owl y .  Loss of benthos may temporari l y  

reduce l ocal  nekton producti v i ty and s i l tation  may affect res p i rati on . 

Increased turb i d i ty wou l d reduce p l an kton product i v i ty .  Some i ncreased 

upta ke of resu spended trace meta l s by the pl ankton may al so  occur .  

These effects woul d occur i n  a concentrated area a l ong the r i g ht-of-way 

and wou l d  l ast  for on l y a bri ef peri od i n  any one l ocat ion . 
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S i nce the br i ne so l ut ion  wou l d  be d i sc harged i nto the Gul f of 

Mex i co ,  i t  may impact the mar i ne  bi ota i n  and around the po i n t  of d i scharge . 

The d i s tr i but ion  of the bri ne p l ume and i ts i mpacts , as  ana lyzed by NOAA 

( 1 97 7 ) , are descri bed i n  Sect i o n  C . 3 . 1 . 2 and i n  Append i x  G .  Temperature , 

and to a l es ser extent sa l i n i ty ,  regul a te the tempora l  and spa t i a l  

d i stri bution  of  mar i ne  organ i sms . Organ i sms found i n  the coa s ta l  reg ion  

of Texas are  general ly to l erant of the  vari ab l e temperatures and  sa l i n i t i es 

found there a l though responses vary wi th d i fferent l i fe cyc l e stages . 

The i mpacts on  these organi sms woul d depend on the i r  prox imi ty to the 

re l at i ve ly  sma l l area of  extreme temperature and sa l i n i ty i ncreases near 

t he d i ffuser .  

The h i g h  temperature- sal i n i ty sector for the propo sed d i ffuser s i te 

woul d be ant i c i pated to have sa l i n i ty va l ues of approximately 5 to 264 

ppt , temperatures of a bout  1 0 F to 1 300F ,  and to have an area l extent of 

a pproximate ly  25 acres . Th i s  sector woul d a l so conta i n  excess  turbul ance , 

part i cul ates  and d i s so l ved hydrocarbons , as  we l l  a s  l ow d i sso l ved 

oxygen l evel s and atyp i cal  chem i cal con st i tuents . Pl an kton , whi l e  

entra i ned i n  t h i s  part of the pl ume woul d experi ence severe stres s ,  

retardati on  of commun i ty growth , or death . Assumi ng tota l morta l i ty ,  a 

year ly  average of 4 . 1 x 1 05 cel l s  woul d  be destroyed i n  each l i ter of  

water so affected , however recovery of some stressed organ i sms i s  ant i c i ­

pated after currents carry them away from the h i g h  sa l i n i ty- temperature 

area . Benth i c  organ i sms i n  th i s area wou l d  be destroyed at the average 

"ate of 1 . 3 x 1 08 per acre most of the year assumi ng tota l morta l i ty ,  

b u t  t h i s va l ue cou l d  i ncrease i n  summer when maximum bi omas s  occurs . 

The mature nekton wou l d  be mi n ima l ly  effected due to thei r ab i l i ty to 

a vo i d  th i s area , but deve l o pmental stages ( eggs and l arvae ) i n  the 

immed i ate area may experi ence adverse impacts on metabo l i c  funct ions and 

devel opment .  Opera t i on of  the proposed bri ne d i ffuser is  not expected to 

effect a s i gn i f i cant port i on of the mari ne bi ota i n  the reg i on . 
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0ey']nd the h i g h temperature- sa l i n i ty area , the p l ume wou l d  cont i n ue 

to cause sma l l er i ncrea ses i n  temperature , sa l i n i ty and other parameters 

wh i c h wo u l d have m i n i ma l  effects . Some effects on product i v i ty and 

devel opment of benth i c  organ i sms may res u l t from p hys i o l og i ca l  s tress . 

Decreases  i n  l oca l product i v i ty of ne kton may res u l t from reduced benth i c  

commun i ty producti v i ty .  Operat ion  o f  the proposed d i ffuser system i s  

not  expected to adverse ly impact any u n i que hab i tats or endangered 

spec i es .  A more deta i l ed d i scu ss i on of the impacts of br i n e  d i ffu s i on 

on  l oca l mar i ne b i ota i s  presented i n  Appen d i x  G .  

Dock  Constructi on 

Construct i on of the dock and p i er fac i l i t i es in Brazos Harbor and 

adj acent to the SEAWAY Docks may affect approximate ly  1 4  acres of manmade 

l and , wh i c h  has  been fi l l ed and graded at each  s i te .  Vegeta t i on i s  

l i mi ted to a few gra s s  and weed spec i es wh i c h  are sparsel y d i s tr i buted 

over the s i te .  

T h e  doc k areas a re uti l i zed by a l i mi ted number o f  wi l d l i fe spec i es . 

A sma l l number of bi rds i nc l ud i ng heron s ,  egrets , gu l l s , terns , s horeb i rds  

and  a few spec i es o f  passer i ne bi rds , may be  temporar i ly  affected by 

doc k construct i o n .  Mamma l s  l i ke ly to be d i s turbed as  a res u l t of con­

struct i on  and rel ated act i v i t i es i nc l ude on ly  sma l l rodents and rabb i ts .  

Frogs and a few spec i e s  of sna kes are the on ly  herpetofauna spec i es 

expected to be affected by constructi on . 

An est imated 1 , 050 , 000 cu b i c  yards of mater i a l wo u l d  be dredged for 

each doc k ,  t hereby destroy i ng some bent h i c  organ i sms . However , s i nce 

Freeport and Brazos Harbors are norma l ly  dredged every two years , the 

exi s t i ng benth i c  commun i ty is very poor i n  both a bundance and spec i es . 

The i ncreased dredg i ng acti v i ty assoc i a ted wi th the proposed SPR expan s i on 

a t  Bryan Mound i s  not expected to have a s i gn i fi cant  impact on the 

harbor  b i o ta .  Fu rthermore , any i ncreased turbi d i ty and sed imenta t i on of 

harbor wa ters wou l d  be of s hort durat ion . 

Construct ion  of Su rface Faci l i t i es 

Grad i ng and fi l l i ng of the s i te for wel l pads , and d i kes wo u l d 

d i sturb a max imum of about  40 acres of c l eared l and ( coasta l  pra i r i e  
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hab i tat ) ; t h i s woul d cause a temporary probl em wi th ero s i on wh i c h  wou l d ,  

i n  turn , i ncrease the turbi d i ty and concentrat ion  of su spended so l i ds i n  

the nearby sma l l l a kes and ponds . When these cl eared areas are revegetated , 

so i l  ero s i on wou l d be reduced . 

The 40 acres of coa sta l  pra i ri e  removed from b i o l o g i ca l  product i v i ty 

wou l d  reduce the annua l pr imary product i on of the pra i r i e  l and by a bout  

4 . 0 x 1 08K ca l  ( 7 . 2 x 1 04 l bs of organ i c carbon ) ,  a s s um ing  that on s i te 

total  coa sta l pra i r i e  primary production  i s  2 . 5  x 1 03 K ca l /m2/ h r  ( 1 . 8  x 

1 03 l bs .  of organ i c  carbon per acre per yea r )  ( U . S .  Dept .  of I nteri o r ,  

1 974 ) .  T h i s  wou l d  be a n  i ns i gn i f i cant  reducti on i n  primary product i v i ty 

i n  coa sta l  B razo r i a  County .  

Grad i ng o f  these 4 0  acres of pra i ri e  wou l d  destroy many sma l l 

i nvertebrates . I n  add i t i on , wi l d l i fe ha b i tat  for sma l l b i rds and 

mamma l s  wou l d  be removed from the ecosystem . The most  common wi l d l i fe 

to be d i rectly affected wou l d  i nc l ude sma l l rodents , amph i bi ans , rept i l es 

and b i rd s .  

Al so affected by ons i te constructi on are 4 acres o f  mars h excavated 

for p i pel i ne i ns ta l l at i on  and roadway s .  Temporary impacts wou l d  be 

s imi l a r to those descri bed a bove for dri l l  pads and d i kes . However , 

some of  th i s  l a nd wou l d recover a port ion  of i ts or i g i na l  product i v i ty 

after bac kfi l l i ng and revegetati o n .  

I nd i rect effects of  s i te preparati on and construct ion  i nc l ude 

forced em i grat i o n  of wi l d l i fe due  to l os s  of hab i tat  and i ncreased no i se 

from construct ion  act i v i t i es .  The total  i mpact o f  th i s  mi gra t i on wou l d 

be dependent upon the extent and ava i l a b i l i ty of space , cover , food and 

ot her resources in nearby s imi l ar ha b i tats . Th i s forced mi gra t i o n  cou l d 

be of  major  l ocal importance i f  construct i on occurred duri ng  the  l a te 

wi nter and early spr i ngt ime when the carry i ng  capac i ty of the l and wa s 

a t  i ts h i g hest .  I n d i rect impacts wou l d a l so be important  duri ng  the 
wi n ter period when l a rge mi gratory bi rd popu l at ions  i nha b i t the a rea . 

The wi l d i fe spec i es most  l i ke ly  to be i nd i rect ly  affected by con­

struct ion  acti v i t i es wou l d  i ncl ude b i rds , such  as  hawks , egrets , herons  

and waterfowl , and mamma l s ,  such  a s  smal l mi ce , rats  and  rabb i ts . The 
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gul f sa l t  mars h sna ke and wes tern d i amondback  rattl esna ke coul d a l so  be 

affected to a sma l l degree . Some of these mob i l e  an imal s may experi ence 

d i ffi cu l ty i n  l ocat i ng repl acement ha b i ta t .  However , because of the 

extens i ve pra i ri e  and mars h l and areas ava i l abl e adj acent to Bryan Mound , 

the potent i a l  for rel ocat ion  i s  con s i dered good . 

Al though no s pec i fi c  primary product i on data are a va i l a bl e for the 

ons i te l a kes , product i v i ty est imates for a l gal  fl ats and sa l t  marshes i n  

the area i nd i cate tha t net producti v i ty may amount to 600 pounds of 

organ i c  carbon/acre/year .  I t  i s  doubtful that the primary product i v i ty 

of  Unnamed La ke reaches th i s  h i g h  l evel . 

The effect of  con s tructi on on primary producti on ( photosynthes i s  

and growth of phytopl an kto n ,  emergent and s ubmergent aquati c  macrophytes , 

and  peri phyton ) i n  the s i te l a kes cou l d  be both negati ve ( due to i ncreased 
turbi d i ty )  and  pos i t i ve ( d ue  to s l i ght  i n creases i n  nutri ent l evel s ) . These 

changes woul d occur at the mars h/ l a ke marg i n s  fol l owi ng heavy ra i ns , but 

the impacts wo ul d be very temporary and l ocal i zed . The enhancement or  

retardat ion  of  aquat i c  vegetati on g rowth woul d be  refl ected in  s im i l ar 

changes i n  producti v i ty of zoop l a n kton , benth i c  i nvertebrates , and sma l l 

f i l ter-feed i ng f i s h  i n  the aqua t i c  ecosystem . Detri tus wa shed i n  from 

the c l eared areas may a l so en hance the growth of benth i c  i nvertebrates . 

Because  of the ex i s t i ng h i g h  l evel s of turb i d i ty ,  th i s  sma l l i ncrementa l 

i ncrease  i n  s us pended mater i a l  i s  not expected to ca use  a major impact . 

Mos t  of  the l a rge mob i l e  i nvertebrates and f i s h  wou l d  be abl e to avo i d  

the temporary turb i d i ty l evel s ,  but popu l at i ons o f  organ i sms such  a s  

smal l cl ams and mussel s may be reduced i n  number .  

It  i s  not expected that  s u rface construct i on at  the s i te woul d 

great ly  impact the water qual i ty i n  ei ther the Brazos  R i ver or  the 

I ntracoas ta l  Waterway. Al so , there are no known important breed i ng or 

nesti ng areas on  Bryan Mound wh ich  woul d be impacted by cons truct i on 

acti v i t i es . No threatened , endangered or  otherwi se  un i que or  important 

terres tr i a l or  aquati c s pec i es are expected to i n hab i t  the s i te .  
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Acc i dental Bri ne Rel ea se 

The expected quanti t i e s  of br i ne acc i denta l l y  sp i l l ed from the 

retent i on pond ons i te or  from the bri ne d i s posa l l i ne to the Gu l f are 

very smal l .  These s p i l l s  wou l d  not be ant i c i pated to have adverse 

i mpacts on more than an acre or  two of terrestr i a l o r  aquati c ha b i ta t .  

A max imum cred i bl e  s p i l l o f  up  to 30 , 000 barrel s o f  br i ne cou l d  have 

s i gn i fi cant  l ocal  impacts on both the vegetati on and an imal s i n  the 

sp i l l area ; however , the proba bi l i ty of such  a s p i l l  occurr i ng i s  extremel y  

smal l .  

The mos t  l i ke ly  l ocat ion  for a major  bri ne s p i l l  wou l d be i n  offs hore 

G u l f wa ters a l ong the p i pel i ne .  I t  may be expected that a rel ea se  of 

30 , 000 barrel s of br ine  i n  nearshore waters wou l d destroy most ly  bottom 

organ i sms , and poss i bl y  other organ i sms i n  the upper water col umn . Th i s  

b i o l o g i cal i mpact wou l d be l oca l l y  s i gn i fi cant but reco l on i zat i on  wou l d 

beg i n  a l mos t i mmed i a te ly  after the sp i l l  had mi xed wi th the coasta l  

water .  

Shou l d  a maximum cred i bl e  bri ne s p i l l  occur o n  the sa l t  dome or  

between the  dome and the beach  area , the br i ne coul d s pread across  the  

coa s ta l  pra i ri e ,  the brack i s h  mars h , i nto Mud  La ke or  i n to the I CW .  

Impacts on vegetati on  and on an imal  l i fe wh ich  cou l d not avo i d  the bri ne 

in these areas wou l d be l ocal l y  devastat i ng ; parti cu l a rly in the terres ­

tr i a l  ha b i tat  or  i n  Mud La ke . Tens of acres of hab i tat cou l d  be destroyed 

and  the res u l t i ng  concentrat ion  i n  the so i l  cou l d rema i n  above l evel s 

req u i red for growth of new vegeta t i on for several years . However , i t  

mus t  be empha s i zed that such  a sp i l l  i s  stat i st i cal l y  very un l i kel y to 

occu r ,  espec i a l l y  from so s hort a secti on of p i pel i ne .  

Al ternat i ve Fac i l i t i es 

Convers i o n  of P h i l l i ps and SEAWAY Doc ks for SPR o i l d i s tr i buti on  

and  del i very of bri ne to  Dow Chemi cal  Company wou l d have  essent i a l ly  no 

i mpacts on  b i ota reso urces as  es�enti a l l y  no new l and wou l d be c l eared . 

Wi thdrawa l of raw water from Dow Chemi ca l Company reservo i rs wou l d 

impact severa l acres of coa stal  pra i r i e  and mars hl and for p i pel i ne 

i ns ta l l a t i o n .  
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Construct i on of the a l ternat i ve deep wel l bri ne d i s posa l  system 

wou l d  ta ke pl ace a l ong an ex i s t i ng access road  wh i ch runs across  the 

mars h l and  to the northea s t  from Bryan Mound . A total  of 1 9  acres of 

mars h l and wou l d  be requ i red for the wel l pads , and an a dd i t i onal  42 

acres of mars h l and  wou l d be d i s turbed a l ong the p i pel i ne r i g ht-of-way . 

After cons tructi on , i mpacts on the habi tat needed for p i pel i ne construc­

t i on wou l d be  m i nor , s i nce the p i pel i ne wou l d be  bu r i ed . D i s turbance to 

t h i s a rea wou l d  be of s hort durati on , and the l and wou l d revert bac k  to 

a wetl and env i ronment .  The cons tructi on of the i nj ecti on wel l s  wou l d  

have a l ong term i mpact on  the mars h l and b iota , s i nce the 1 9  acres 

req u i red to devel op  the dri l l  pads wou l d  be fi l l ed .  Because of th i s  

h i g her el evati on the f i l l ed areas wou l d eventua l l y  su pport a coastal  

pra i ri e  habi ta t .  B i ota i mpacts of  s im i l ar va l ue woul d occur i f  a wel l 

f i el d were devel o ped to supp ly  g round water for cavern l each i ng . For 

ei ther a l ternati v e ,  there woul d be add i ti onal  mars h exposure to pos s i bl e  

bri ne or  raw water sp i l l s .  

The s i gn i fi cance of  these c hanges i s  d i ffi cu l t  to quanti fy s i nce 

they wou l d depend upon the use and su i tab i l i ty of the adjacent and 

repl acement habi tat to the exi st i ng  w i l d l i fe popul at i on . Reduct i on  of 

mars h l and  hab i tat  and  a l terat ion  of exi s t i n g  dra i nage  patterns cou l d 

s i gn i f i cant ly  affect t he res i dent herptofauna and a l so the b i rd s pec i es 

wh i c h  ut i l i ze the mars h l and area . Large numbers o f  wa terfowl and  other 

b i rd s pec i es nest and feed i n  the Bryan Mound  mars h dur i ng  the w i nter 

m i g ra t i o n  peri od .  Los s  of these wetl ands wou l d produce some crowd i ng  i n  

adjacent mars hes . T he  "new"  coastal  pra i r i e  l ands woul d prov i de add i t i ona l  

ha bi ta t  for spec i es wh i ch prefer th i s  commun i ty .  

Construct ion  o f  a mar i ne p i pel i ne and monobuoy for offl oad i ng 

tan kers i n  the Gul f wou l d requ i re temporary d i s turbance of nears hore and 

offs hore bo ttom materi a l  o ver a 30 mi l e  p i pel i ne corri dor .  Benth i c  

organ i sms woul d be d i rectl y  destroyed by jett i ng o f  the p i pel i ne trench  

and by s i l ta t i o n .  Effects are genera l l y  expected to  be  of  mi nor , l oca l  

s i gn i fi cance and of  s hort term durat i on . I t  i s  expected that the o i l  

l i ne wou l d be p l a ced i n  a corri dor wh i c h  paral l e l s  the planned br i ne 

d i sposal  l i ne , wh i c h  wou l d mi n i mi ze ons hore i mpacts i n  part i cu l a r .  
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Construct i on and operat ion  of  the 1 2 . 5  mi l e  bri ne d i ffus er system 

wou l d  have impacts s imi l a r  to t hose  descr i bed fo r the proposed d i ffuser 

s i te .  Construct ion  wou l d  occur over a l a rger area of  the Gu l f . Br i ne 

d i ffu i son wou l d not be expected to impact as  producti ve a commerc i a l  

f i s h i ng a rea a t  the a l ternat i ve s i te as a t  the proposed s i te .  A compl ete 

descr i pt i on o f  th i s  a l ternat i ve and i ts impacts i s  presented i n  Append i x  G .  

C . 3 . 1 . 6  Natural  and Scen i c  Resources 

There wou l d  be no s i g n i fi cant  impact on recreat i ona l  act i v i t i es or 

natural and scen i c  resources resu l t i ng from proj ect construct ion . Al l 

maj or  recreat i ona l fac i l i t i es are at  a suff ic i ent d i s tance so that they 

wou l d  not be affected . Impacts on wa terfowl ha b i tats  nea r the s i te are 

expected to be mi no r ,  a s  the s i te i s  i n  an i ndu str i a l ly  devel oped area ; 

any i ncrease i n  no i s e ,  dust , and traffi c wou l d  be temporary . Hunt i ng or 

b i rdwatc h i ng wou l d  be temporari ly  d i s turbed near the cons truct i on . 

Construct ion  woul d have a negat i ve aesthet i c  impact on the proj ect 

area . Al thoug h ,  no i se ,  fumes , dus t ,  v i brat ion  and traffi c wou l d  re su l t 

from cons truct ion  act i v i t i es , the s i te i s  l ocated i n  an area current ly  

i n  i ndustri a l  use .  T he prox imi ty of the  s i te and  some p i pel i ne construc­

t i on areas to Bryan Beach and water fowl area s to the west  may resu l t i n  

some offs i te adverse impacts that cou l d be perce i ved by recreat iona l  

enthus i a sts and hu nters . 

Al ternati ves 

Construct i on of p i pel i ne and we l l  fi el ds for bri ne d i sposal  or raw 

water supp ly  wou l d  impact waterfowl areas in the ma rsh  to t he north of 

Bryan Mound . Cons truct ion  of a mar i ne term ina l  wou l d  requ i re cross i ng 

Bryan Beach adj acent to the proposed br ine  d i sposal  p i pel i n e .  Other 

a l ternati ves s hou l d have no s i gn i fi cant aes thet i c  or  recrea t i ona l  impacts . 

C . 3 . 1 . 7  Archaeo l og i ca l , H i stori ca l  and Cu l tural Resources 

A compar i son  of the l ocat ion  of  s i tes l i s ted on the Nat i ona l  Reg i ster 

of H i s tor ic  P l aces and those  s i tes i dent i fi ed by the H i sto r i c  P reservat i on 

Offi ce for Texa s and the l ocat ion  of the SPR  fac i l i t i es has been made . 

Based on  th i s  compar i son there are no known s i tes of  h i sto r i c  s i g n i fi cance 

that wou l d  be affected , however , in comp l i ance wi th Section  2 ( a )  of 
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Execu t i ve Order 1 1 593 , " Protecti on and Enhancement of the Cu l tural  En­

v i ronment "  ( May 1 3 ,  1 97 1 ) ,  a survey wi l l  be carri ed out  to l ocate , i n­

ventory and nomi nate e l i g i bl e  h i stor i c ,  archi tectural  and archeo l og i ca l  

properti es to the Nat i onal  Reg i s ter o f  H i s tori c P l a ces that may occur on 

l ands affected by the chosen devel o pment  a l ternati ve .  The res u l ts of 

th i s  s urvey wi l l  i nsure the propo sed underta k i ng  wi l l  not res u l t in  the 

transfer , sa l e ,  demo l i t i on or  s ubstant i a l  a l terati on  of el i g i bl e  Nati ona l  

Reg i s ter Propert i es . As  the  proj ect progres ses , add i t i ona l  su rveys wi l l  

be carri ed out  to determi ne that no add i t i ona l  e l i g i bl e  properti es have 

been uncovered . 

I n  comp l i a nce wi th  Secti on  1 ( 3 )  of Executi ve Order 1 1 593 i t  wl l be 

determi ned that the proposed proj ect wi l l  not res u l t i n  the destructi on  

or  deter i orat i o n  of non-federa l l y  owned d i stri cts , s i tes , bu i l d i ngs , 

structures or  o bj ects of h i stori ca l , arch i tectural o r  archeo l og i ca l  

s i gn i fi cance . 

C . 3 . 1 . 8  Soc i o econom i c  Env i ronment 

Land Use  

Land  use  impacts resu l ti ng  from the  devel opment of  1 00 MMB of  newl y 

l eached storage capaci ty at  Bryan Mound are not s i gn i fi cant  because  a l l 

permanent devel opment wou l d  be on or  adjacent to prev i ous l y  devel oped 

i ndustri a l  l a nd .  SPR  faci l i ti es woul d be  encl osed on 390 acres of l and  

( i ncl udi ng a 1 50 acre area prev i ou s l y  requ i red duri ng the  early storage 

phase  of the program ) .  About 36 acres , or 1 5  percen t of the 240 acre 

expans i o n  area wou l d be c l eared and used for surface faci l i ti es such  as 

roads and dri l l  pads . Devel opment of the bri ne d i ffuser system to the 

Gu l f  wou l d d i srupt 2 1  acres of coastal  area s . The impacts of construct i on 

i n  these area s wou l d be s i gn i f i cant but wou l d  be temporary wi t h  l and 

return i ng to i ts prev i o u s  use  wi th i n a few months  or  l es s  i n  mos t  cases . 

I n  area s where waterways are cros sed ,  temporary d i s rupti on  of  s h i pp i ng  

or  recrea t i ona l  u ses wou l d  occur . 

Constructi on of  offs hore p i pel i nes and the d i ffuser wou l d occur i n  

a very l imi ted area . Th i s  area wou l d be temporari l y  unava i l a b l e to 

commerc i a l  or  recreat i onal  ves sel s ,  bu t i n  the context of the l arge area 
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a va i l a b l e  i n  the Gu l f  construct ion  wou l d  po se o n ly  a mi nor i nconven i enc e .  

Lay i n g  the p i pe l i ne a m i n i mum of  severa l feet be l ow the su rround i ng 

terra i n  wou l d  v i rtua l ly e l im i na te the poten t i a l  for nav i ga t i ona l  or 

trawl i ng haza rds after construc t i on . The d i ffu ser area and cons truct ion  

vesse l s wou l d  be carefu l ly  marked wi th appro ved nav i ga ti ona l dev i ces , 

u su sa l l y  i nc l ud i ng l i g hts and radar refl ectors . Ant i - snag d i ffuser 

ports wou l d  be ut i l i zed to avo i d  damage  to fi s h i n g  gea r .  

Al ternati ve devel opment p l ans  wou l d  have some add i t i ona l  l a nd u s e  

impacts . I f  b r i ne d i sposa l i s  accomp l i s hed through  the use  of  i nj ect ion  

we l l s ,  an add i t i ona l 61  acres of  l a nd may be needed for proj ect construc­

t i o n .  Th i s  l and wou l d  b e  used for a p i pe l i ne access  roads a n d  dri l l  

pads  for the i nj ect ion  we l l s .  As the p l anned r i ght-ofway paral l e l s  an 

e x i s t i ng road , l a nd use impacts wou l d  be m i n i ma l . The dri l l  pads wou l d  

be bu i l t  on l and wh i c h i s  predom i nant ly  mars h l a nd . 

Deve l opment of  a ground water supp ly  sys tem wou l d  impact an estima ted 

69 add i ti ona l  acres for p i pel i nes , access  roads , and we l l heads . 

U se  of  water from Dow reservo i rs for l each i n g  wou l d req u i re 37 

acres of  l a nd for p i pe l i ne cons truct ion  r i g ht-of-way . Del i very of bri ne 

to Dow ' s Freeport p l ant wou l d  have no l a nd u se  impact because  an ex i st i ng 

p i pe l i ne wou l d  be used . 

Co nvers ion  of S EAWAY or  Ph i l i p s  Docks  wou l d not a l ter l a nd use . 

Devel opment of  a mar i ne termi na l  wou l d  i n vo l ve l a nd on ly  a l ong approx i ­

mate ly  one m i l e  o f  coasta l  pra i ri e ,  mars h and wetl ands for the ons hore 

p i pe l i ne r i g ht-of-way . A sma l l dredge spo i l a rea ma i nta i ned by the Army 

Corps o f  Eng i neers wou l d  be crossed w ith  no s i gn i fi cant impacts . 

La nd use  and p l anned devel opment wou l d  comp ly  wi th l ocal  reg u l at i on s  

to  he l p m i n i m i ze adverse impacts . Al l construct ion  i n  nav i gab l e waters 

wou l d  occur i n  accordance wi th req u i red permi ts . 

Tran sportat ion  

The  two roads  connect i ng  the  Bryan Mound  s i te to the  Freeport area 

wou l d  be s uff i c i ent  to ha nd l e  the i ncrease  i n  traffic  res u l t i ng from the 

con struct i on acti v i t i es on s i te ( F i g ure B . 3- 3 ) .  The major h i ghways to 

wh i c h  these roads connect a l ready experi ence congest ion  dur i n g  pea k 
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hours i n  the morn i ng and eveni ng . Assumi ng a pea k l oad equal  to 1 0  

percent of the tota l da i l y  vo l ume i n  1 97 5 ,  Route 288 , the maj or connector 

to the Hous ton area , carried about 1 871  cars duri ng an average rus h  hour 

in  1 97 5  at the Freeport c i ty l i mi ts ( S ta te Department of  H i g hways and 

Transportat i on , 1 97 5 ) . Route 36 carri ed 81 4 cars at the c i ty l i m i ts and 

Route 523 , north of the j uncti on w i th Route 1 495 , carri ed a bout  876 cars 

duri ng average pea k hours over the same per i o d .  Worst  case cond i t ions  

wou l d occur if  each  of the  esti mated 293  wor kers empl oyed duri ng the 

heav i es t  construction  acti v i ty (Tabl e C . 3- 5 )  commuted to the s i te i n  

t hei r own veh i c l es ; then , s i gn i fi cant  traffi c i ncreases wou l d occur on 

these roads . T h i s worst  case cond i t ion  wou l d be un l i kel y because of 

s everal proj ect c ha racteri sti cs . F i rst , the proj ect wou l d emp l oy some 

workers i n  n i ght  s h i fts , as the l eachi ng  operat ions  conti nue over a ful l 

24- hour wor kday .  Second , some of the constructi on wor kers wou l d  wor k  

s h i fts that beg i n  earl i er and conti nue l ater than the normal commuti ng 

hours . Th i rd ,  some carpoo l i ng i s  expected . F i na l l y ,  the constructi on  

work  wou l d  be heav i es t  duri ng a s i x  month per i od , from the second to  the  

seventh month . After the seventh month , total  empl oyment on a l l s h i fts 

wou l d be 1 32 wor kers or  l es s .  These wor kers wou l d contr i bute to the 

current congest ion  on  some streets i n  the Freeport area and wou l d cause 

a dverse impacts if road capac i ti es are exceeded . 

I f  the S EADOCK proj ect i s  under construct ion  at  the s ame t ime as  

Bryan Mound SPR  expan s i on , traffi c cou l d  be  more s er ious l y  congested i n  

the Freepo rt area than i t  wou l d i f  the proj ects are underta ken s eparate ly .  

T he  S P R  project may have a mi n i ma l  i mpact on  waterborne transportati on  

in  Freeport Harbor  due to  the i ncrease  in  o i l  tanker traffi c .  Total 

traffi c  i n  th i s harbo r ,  i n  1 97 6 ,  amounted to 436 vessel s ( B razos R i ver  

Nav i gati on  D i str ict ) .  The worst case i ncrease i n  tan ker traffi c dur i ng 

t he i n i ti a l  fi l l  of the l Oa MMB storage capaci ty wou l d  average a bout  one 

tan ker every day . Th i s assumes a tan ker capac i ty of 32 , 000 DWT , or  

2 54 , 000 barrel s of o i l . I f  S EADOCK i s  con structed , overa l l traffi c ,  

parti cu l ar ly  tan kers , i n  Freeport harbor wi l l  be s i gn i fi cant ly  reduced . 

The i ncrease  i n  traffic  from the SPR program , under th i s  a s sumpti on , 

wou l d not cause apprec i ab l e addi ti onal  congesti on . 
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TABLE C . 3 - 5 E st imated  cons tructi on emp l oyment and w ages by mon th  -
Bryan �lound ( proposed s i te for Se away SPR deve.l opment ) 

Month l y  Mont h ly  
Mont h  Empl oyment  Wages 

0- 1 1 05 $ 1 83 , 750  
1 - 2 1 76 308 , 000 
2 -3  2 93 5 1 2 , 7 50 
3-4  2 3 1  404 , 2 50 
4- 5 1 97 344 , 7 50 
5-6  1 72 301 , 000 
6-7 1 72 301 , 000 

7-8 1 32 2 3 1 , 000 

8- 9 1 32 2 3 1 , 000 

9- 1 0  1 32 2 3 1 , 000 

1 0- 1 1 1 32 2 3 1 , 000 

1 1 - 1 2  1 32 2 3 1 , 000 

1 2 - 1 3  1 09 1 90 , 750  

1 3- 1 4  1 09 1 90 , 7 5 0  

1 4- 1 5  1 09 1 90 , 750  

1 5- 1 6  1 09 1 90 , 7 50 

1 6- 1 7  1 09 1 90 , 750  

1 7 - 1 8  1 09 1 90 , 7 50 

1 9-46 55  96 , 250  

Con struct i on Total  $ 7 , 3 50 , 000 
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The bri ne d i ffuser p i pel i ne construct i on wou l d cross the I ntracoasta l  

Waterway a n d  5 . 8 mi l es o f  the Gu l f and wou l d res u l t  i n  s hort-term d i srup­

tion  to  i ts u s e .  S h i pp i ng  and other boat traffi c wou l d experi ence mi nor  

adverse effects shou l d  some a reas be temporari l y  unava i l ab l e for the i r 

normal use . 

Al ternat i ve  proj ect fac i l i t i es ,  parti cu l ar ly devel opment of a 

g ro und  water s upp ly  system , a br i ne i nject i on  f ie l d ,  o r  a mar i ne termi na l , 

cou l d s i g n i fi cantl y worsen traffi c congest ion  pro bl ems because  of l arge 

numbers of add i t i ona l  workers and movement of mater i a l s .  

Popu l at i on and  Hou s i ng 

Constructi on  of the SPR  faci l i ti es at B ryan Mound  i s  u n l i ke ly  to 

have a s i gn i fi ca nt i mpact on the popu l ati on i n  the l ocal  a rea . Many 

wor kers are expected to come from the Hou ston  and Gal veston-Texas C i ty 

a reas , wh i ch are w i th i n  commuti ng  d i stance of the p roj ect s i te .  T he 

major  cons tructi on effort wou l d be of rel ati vely s ho rt durat ion , ma k i ng 

rel ocation  of  enti re fami l i es l es s  l i ke l y .  Those  workers who do rel ocate 

near the project a rea wou l d  cause l i tt l e i ncremental  stress on the 

commun i ty ,  i n  compari son  to ex i st i n g  stres ses from rap i d  popu l at ion  

g rowth . 

S imu l taneous  constructi on of SEADOCK  wou l d  potenti a l l y  bri ng l arge 

numbers of temporary empl oyees  to the Freeport a rea . As hous i ng i s  

genera l l y  not a va i l abl e ,  the l i kel y resu l t  wou l d  be that most  wou l d 

commute from Ho uston , Ga l veston or  Texas C i ty .  However , contractors may 

set up temporary mob i l e  home commun i t i es near Freeport.  

No s i gn i fi cant i mpact on  hou s i ng or  popu l at i o n  i s  expected to occur 

shou l d any of the a l ternati ve faci l i ti es be deve l o ped . 

Economy 

A l arge n umber of i nd ustri es that prov i de goods and s erv i ces for 

the petrochemi ca l  and chemi ca l i ndustri es are establ i s hed i n  the Freeport 

a rea . They appear to be capab l e of  s upp ly ing  the SPR program wi th most  

mater i a l s requ i red to  construct fac i l i t i es .  I t  i s  expected that l ocal 

contractors , s u pp l emented by contractors i n  the nearby Houston l abor 

mar ket , wou l d  be capa bl e of s u pp l yi n g  the requ i red l abor .  I t  i s  anti c i -
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pated that few , i f  any ,  new bu s i nesses wou l d  be estab l i shed as a res u l t 

o f  the proj ect. The major  benefi c i a l  impacts of the project wou l d  be 

emp l oyment and i ncome brought  to the Brazosport a rea . 

Emp l oyment  l evel s wou l d vary s i gn i fi cantly over the l i fe of  the 

project as  s hown i n  Ta bl e C . 3 - 5 .  Brazosport current ly  has a l ow l evel 

of unemp l oyment rel at i ve to s u rroun d i ng areas , thu s  many of  the construc­

t i on workers a re expected to come from the Gal ves ton-Texas C i ty and 

Houston  areas . These c i ti es have a l a rge poo l  of  workers s k i l l ed in the 

petro l eum and cons truct ion  i ndustries  and a re wi th i n  a reasonab l e commut­

i n g  d i s tance of  the project l oca l e .  

Local  ava i l a bi l i ty o f  l a bo r  requ i red for project constructi on  wou l d  

depend upon the l evel o f  other major  i ndustr i a l constructi on acti v i ty at 

the time ( e . g . , SEADOCK ) . If project construction  occurs at a t ime when 

demand for manpower i s  h i g h ,  i t  may be neces sary to h i re more contractors 

and wor kers from a greater d i s tance . Sho u l d th i s  i nduce i n -mi g rati on 

the impact on popu l at ion  and publ i c  serv i ces in B razospo rt cou l d i ncrease .  

Devel o pment of the Bryan Mound s i te cou l d  i ncrease l oca l i ncome 

through  emp l oyment of l a bor and purchases of goods and servi ces . I t  i s  

imposs i b l e  at  th i s  time to determi ne the proporti on of  the purchases and 

empl oyment that wou l d  occur  in any porti on  of  the areas . Loca l  petro­

chemi ca l  fabr i cat i ng , repq i r ,  and ma i ntenance i ndustr i es wou l d  der i ve 

i ncome by s upp ly i ng materi a l s and serv i ces  to the project .  

Tota � i ncome res u l t i ng from constructi on empl oy�ent has  been estimated 

u s i ng the projected empl oyment for each month at  an average i ncome 

fi gure of $ 1 750 per month for each worker . The res u l t i ng i n come , s hown 

on Tab l e C . 3- 5 ,  wou l d  be h i g hest i n  the second through fourth months of 

cons tructi on and woul d tota l approxi mate ly  $ 7 . 3 5  m i l l i on over a four-

year per i od .  These expend i tures for l a bor woul d have a mu l t i p l i er 

effect on the l oca l and reg i ona l economy ,  i n  wh i ch d i rect i n come accru i ng 

to househo l ds wou l d  be s pent i n  other sectors of the economy .  Some of 

these expend i tures woul d ,  in  turn , be rea l i zed as  d i rect i ncome to other 

househo l d s .  I n ,  Texas , the rel ati ons h i p  of  d i rect i ncome from the 

i ndustr i a l  constructi on  s ector  to a l l other' s ectors of  the economy has 
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been est imated to be a rat i o  of 2 . 51 (Off i ce of the Governo r ) . Th i s  

rel ati ons h i p  expresses the di rect , i nd i rect ,  and i nduced i ncome pa i d  to 

househo l ds per dol l ar d i rect i ncome pa i d  to the i ndustr i a l  construct ion  

secto r ,  or more s imply stated , for every dol l ar s pent to  construct the 

SPR faci l i ti es ,  $2 . 51 wou l d be generated as  i ncome wi th i n  the reg i on .  

Thus , the $7 . 35 mi l l i on  of di rect i ncome from the four-year con s truct ion  

per i od  woul d resu l t i n  $ 1 8 . 45 mi l l i on i n  d i rec t ,  i n d i rect , and i nduced 

i n come to househo l ds i n  the reg i on . The geograph i c  d i stri but ion  of th i s  

i ncome wou l d be determi ned by the workers · pl aces of res i dence and the 

l ocation  of reta i l  faci l i t i es .  Income recei ved by Bra zosport and Brazor i a  

County workers wou l d tend to be s pent i n  the project area . 

Devel opment of the a l ternati ve fac i l i t i es wou l d have some effect on 

the project impact on  the l ocal economy ,  dependi ng on  the l abor and 

mater i a l s requ i red .  Devel opment of ground water s u pp ly  or  i nj ect ion  

fi el ds , con struct ion  of a 1 2 . 5 mi l e  offs hore d i ffuser p i pel i ne and  

cons truct ion  of an offs hore termi na l  woul d have the  g reatest  impact .  

Government 

Con struct i on of the SPR fac i l i ti es or  a l ternati ves , at B ryan Mound 

i s  expected to have a m i n i mal  effect on publ i c  serv i ces prov i ded by the 

commun i ty .  Secur i ty forces suppl i ed by the proj ect woul d coord i nate 

wi th  l o ca l l aw enforcement offi c i a l s to protect personnel , eq u i pment ,  

and supp l i es .  The proj ect wou l d have some f i re-fi ghti ng  eq u i pment 

o ns i te ,  t hereby reduci ng rel i ance on l ocal fi re protecti on servi ces . 

The area prov i des an adequate l evel  of heal th servi ces for the 

exi s t i ng popu l ace , and i s  not expected to be s i g n i fi cantl y affected by 

construct i on  acti v i ti e s .  S imi l arl y ,  the impact on l ocal school s i s  

expected to be m i n ima l , as  few workers wou l d rel ocate to the area . 

There i s  suffi ci ent excess capaci ty i n  some nearby school s ,  due to 

s tabl e or  decl i n i ng enrol l ments , to accommodate those workers who do 

rel ocate . 

Cons tructi on  of  the Bryan Mound faci l i ty woul d i nvol ve the removal  

of 240 add i t i ona l  acres from the tax rol l s  of Bra zor i a  County .  The tax 

rate i n  the County i s  $ 1 . 44 per hu ndred dol l ars appl i ed to 20  percent of 
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the fa i r  market va l ue o f  the property .  ( B ra zori a County Tax Off ice ) .  

Th i s  rate does not i nc l ude s pec i a l  d i stri ct taxes , such  a s  schoo l o r  

water d i str ict  taxes , wh i c h  may be  a ppl i ed to  t he  rate . Ass umi ng a fa i r  

market val uation  o f  $ 1 000 per acre a t  the Bryan Mound s i te ,  the tax l os s  

t o  t he  County from t he  removal of the property from t he  tax ro l l s  wou l d  
be $ 690 per year for the l i fe o f  the project ( a s s umi ng no i ncrease i n  

va l uat ion ) .  Sa l es taxes of four  percent a re appl i ed aga i nst  reta i l  

purchases . I f  50 percent of  the tota l i ncome descr i bed a bo ve were s pent 

on such  taxa bl e purchases , the revenue rea l i zed woul d  be over $ 35 0 , 000 

dur i ng the cons truct i on  phase . 

C . 3 . 2  Impacts from Operat i on and Standby Sto rage 

Sho u l d an o i l  s u pp ly  i n terruption occur wh i l e  o i l  is  stored at 

Bryan Mound , a tota l of  1 63 MMB wou l d  be a va i l abl e for d i str i but ion , 

e i ther by tanker  or  by the SEAWAY P i pel i ne .  O i l  wou l d  be pumped from 

both the early and expanded SPR  storage caverns , us i ng v i rtua l l y  the 

s ame fac i l i t i es and operat i ng procedures , o i l wou l d  a l so be i nj ected 

i n to the storage cav i ti es v i a  the same fac i l i ti es . Un i tl an o i l  s u pp ly  

i nterrupti on  occurs these  fac i l i t i es wou l d  be ma i nta i ned in  read i nes s by 

mon i to ri ng storage cav i ty systems , check i ng  p i pel i nes  for l ea ks , acti vati ng 

va l ves , and other standard procedures . 

Thus , the SPR  expans ion  at  Bryan Mound woul d not i n troduce any new 

o r  un i que o perat i ona l impacts but wou l d  req u i re extended use  of systems 

to accommodate a capac i ty i ncreased from 63 MMB to 1 63 MMB ( 1 59 percent 

i ncreas e ) . Pr i nc i pa l  impacts are a s soc i a ted wi th hydrocarbon emi s s ions  

and  o i l  o r  br i ne s p i l l s . Both the impacts expected to accompany early 

storage fac i l i ty operat ion  and expanded SPR  fac i l i ty operat ion  a re 

g i ven , where a ppropr i a te ,  to prov i de a pers pecti ve on the s i g n i fi cance 

of  s i te expans ion  impacts . 

C . 3 . 2 . 1 Land Features and Geo l og i c  Impacts 

Effects of operat ion  and  s tandby of  the Bryan Mound s torage s i te on  

l and features a re expected to  be mi n i mal . No s i g n i fi cant d i s turbance of  

st ie  s o i l s  i s  expected after constructi on i s  compl eted . So i l s  wi l l  

sta b i l i ze soon after they are revegetated . 
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Bryan Mound i s  l ocated i n  an area i denti f i ed as  Sei smi c  Zone 0 ,  

that i s  wi th no rea sona bl e expectancy of earthquake damage ( F i gure 

B . 2- 7 ) . 

I t  i s  concei vabl e ,  though  extremel y unl i kel y ,  that  the sa l t roof 

o ver one of the caverns cou l d col l apse .  Append ix  F con s i ders the pos s i bl e  

mechan i sm by wh i c h  such  an event coul d occur .  A pos s i bl e resu l t wou l d  

be formati on  of a deep surface depres s i on , probabl y res u l ti ng i n  a l a ke 

over the dome . Shou l d such  an event take p l ace , s i gni fi cant quanti ti es 

of o i l o r  bri ne cou l d be rel ea sed to the s urface or  to sha l l ow ground 

water aqui fers . Impacts on  s urface storage equi pment ,  i ncl udi ng  o i l 

s urge tank ,  wou l d be potenti a l l y  di sastrous . The enti re concept of 

underground o i l s torage i s  dependent on mon i tori ng  the structural i ntegri ty 

of  the storage cavi ti es and every measure wou l d be taken to preserve 

th i s  i ntegri ty (Appendi x  F ) . 

Al ternat i ves 

Use of a l ternati ve raw water , bri ne , or  o i l transportati on systems 

woul d have no impact on l and features dur i n g  proj ect operati on  and 

standby storage .  

C . 3 . 2 . 2  Water Resources 

Impacts to water resources dur i ng faci l i ty operation  may occur as  a 

res u l t of raw water wi thdrawa l for oi l d i sp l acement ,  bri ne d i s posa l  

duri ng o i l fi l l i ng ,  ma i ntenance dredg i ng at  the  dock s i tes , and  po s s i bl e  

o i l or bri ne s p i l l s . 

Raw Water W i thdrawal 

Water for di sp l acl ng  o i l from the s torage caverns duri ng an o i l  

s uppl y i nterrupti on  woul d be taken from the same l ocat ion  o n  the Bra zo s  

Ri ver Di vers ion  Channel as  for cavern l each i ng . The water wi thdrawal 

rate ( i ncl udi ng ear ly  s torage capac i ty )  woul d be 1 , 000 , 000 BID  ( 65 cfs ) . 

Th i s  i s  a 87 percent g reater rate than duri ng l each i ng but i s  sti l l  l es s  

than 1 percent of the normal da i l y  di scharge of the Brazos . Even dur i ng 

l ow fl ow i n  the r i ver , wi thdrawal s hou l d not i nduce any measurabl e 

i ncrease  i n  sa l twater fl ow up  the ri ver . 
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Therefore i t  i s  concl uded that water qua l i ty and quant i ty i n  the 

Brazos Ri ver s hou l d not be measurab ly  affected by raw water wi thdrawa l 

duri ng the o i l  w ithdrawa l cyc l e .  

Br i ne D i sposa l  

When o i l  i s  pumped i n to the  s torage caverns , br i ne wou l d be d i sp l aced 

i ntermi ttentl y to the Gul f of Mex i co through  the d i ffuser at an average 

rate of  240 , 000 B/D .  Dur i ng operat ions , bri ne woul d temporari l y  be 

s tored in on- s i te br ine  p i ts , and d i scharged i n termi ttent ly  through  the 

bri ne d i ffuser .  Th i s  wn u l d  i n s l J rp rlps ; r; n  exi t vel oci t i es � were adequat� 

for mi x i ng of the brine  wi th the Gul f water . Maxi mum o i l concentrati ons 

at the d i ffuser are expected to be l ess  than 1 5  ppm and to average 6 ppm 

over the  l i fe of the project , ba sed on the theoreti ca l  o i l  i n  bri ne ana lys i s  

and the experi ence of operati on of a s i mi l ar fac i l i ty i n  France ( see Append i x  0 ;  

D i s posa l  wou l d  occur for a 2 year per i od dur ing  each  cavern fi l l  

operat ion  ( 1 63 MMB ) . 

DOE i s  current ly  devel op i ng  a mon i tori ng pl an to be impl emented 

dur ing  d i s posa l  wh ich  wi l l  be des i gned to veri fy the M I T  tran s i ent  pl ume 

d i spers ion  model , and to detect impacts to b i ol og i c  popul ati ons  and 

degradat ion  of wa ter and sed iment qua l i ty attr i butabl e to the br i ne 

di scharge .  Pred i sposa l l a boratory and fi el d studi es are current ly  under 

way to i nves ti gate br ine  to l erance of sel ected sen s i t i ve s pec i es and to 

characteri ze ex i s t i ng  sediments , bi o l og i c  popu l at i ons , water qua l i ty ,  

and coasta l  dynami cs i n  the immed i a te area of the proposed d i ffuser 

s i te .  An i n i t i a l  report on the resu l ts of the pred i s posa l stud i es i s  

pres ented i n  Appen d i x  G ,  and i s  summari zed i n  Secti on C . 3 . 1 . 2 .  

D i s posa l  o f  br i ne i n to deep sa l t  water beari ng sands through  the 5-

wel l  bac kup  system northeast  of the dome wou l d  offer l es s  potenti a l  for 

adverse impact tha n tha t descri bed for l each i ng , because d i s posa l rates 

or quanti t i es wou l d  l i ke l y  be s i gn i fi cantl y l ower .  These  wel l s  wou l d  be 

u sed when the br i ne d i ffuser system i s  not i n  opera t i o n . 

Ma i n tenance Dredg i ng 

The wa ter qua l i ty impact to Freeport and Brazos Harbors due to 

dredg i ng duri ng constructi on  of the doc ks i s  descri bed i n  Secti o n  C . 3 . 1 . 2 .  

S imi l a r impacts from i ncrea sed turbi d i ty and rel ease of pol l utants 

trapped wi t h i n  the bottom sed iments may occur dur i n g  ma i ntenance dredg i ng ,  

but to sma l l er sca l e than during  constructi on .  I n  compar i son wi th the 
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present ma i ntenance dredg i ng currently requ i red i n  the Freeport Harbor  

o f  over 1 mi l l i on cubi c yards every two years , the i ncrementa l  impact of  

ma i ntenance dredg i ng at  the FEA faci l i t i es i s  i ns i g n i fi cant .  

O i l Spi l l s  

Du r i ng proj ect operati on , o i l sp i l l s  cou l d  occur i n  the Gul f of  

Mex i co ,  i n  the O l d  Brazos Ri ver , from p i pe l i nes  connecti ng  the  storage 

s i te wi th  the tan ker docks , and from the we l l  heads and o i l  s urge tanks 

at Bryan Mound ( Re l eases from the underground storage caverns are not 

q uanti f i ed , see Append i x  E ) . A thorough  de scr i pt i o n  of pos s i b l e  modes 

o f  sp i l l s ,  methodo l og i e s of sp i l l  cal cu l a ti ons , quant i fi cati on  of expec­

ted sp i l l  vo l umes and frequenc i es , sp i l l di spers i on characteri sti cs , 

a nd sp i l l  preventi on  and  contro l measures i s  provi ded i n  Appendi x E .  A 

s ummary of o i l sp i l l  expectati ons  i s  a l so g i ven i n  Secti on  C . 2 and i n  

Tab l e s  C . 2- 1 , C . 2- 2 , and C . 2- 3 . Pos s i b l e  effects of  o i l  sp i l l s  on  water 

resources are con s i dered i n  thi s secti on . 

I n  the watershed east  of the B razos Ri ver D i vers i on C hanne l , o i l 

sp i l l s  from the Bryan Mound  s i te and connecti ng p i pe l i nes  between the 

S EAWAY Tan k  Farm and the docks on Bryan Mound wou l d  tend  to enter a l ow 

a rea of  swampy l and and s h a l l ow l akes ( F i gure A . 3- 1 ) .  T he area i s  

bounded to the south by a storm l evee , and to the west  by the Brazos 

Ri ver l evee . Drai nage from the area wou l d most  l i ke l y  enter  the O l d 

Bra zo s Ri ver Channe l . O i l sp i l l s  from transfer a t  the docks wou l d  a l so 

e nter  th i s waterway . The f l u s h i ng of thi s channe l i s  by s l u gg i s h ti da l  

acti on  whi ch  wou l d  not a i d  actlJa . qan i ng processes  but wou l d  be we l l 

s u i ted for contai nment of the fl oati ng  o i l by booms . 

F l ow of  a ny sp i l l ed o i l from the south face of the B ryan Mound s i te 

s ho u l d genera l l y  be conta i ned by di kes and berms . Any mi nor  fl ows whi ch  

were not contai ned by the  di ki ng wou l d  genera l l y  be  conta i ned between 

t he s torm wave l evee and the i rreg u l a r  ri dge of  spoi l s  a l ongs i de the 

I CW .  I t  i s  poss i b l e that some sp i l l ed o i l cou l d  enter  the I CW near the 

confl uence wi th the Brazos D i vers i on Channe l and s pread i nto the Gu l f ,  

bu t th i s i s  u n l i ke ly  for the s i ze sp i l l s  projected as  reasonab l e for the 

s torage s i te .  
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Drai nage from acci denta l p i pe l i ne ruptures near the SEAWAY Tan k 

Farms wou l d  enter i n to the Jones Creek and Brazos Ri ver watersheds . The 

Tan k Farm i tsel f i s  expected to be we l l  d i ked , both wi th respect to 

rel ease of  s p i l l ed o i l  and aga i nst  storm and ri ver fl ood . 

O i l sp i l l s  as  a re su l t  of a d i rect re l ea se from o i l tankers wou l d  

reach  the Gu l f  of Mex i co .  

Quanti t i es of oi l expected to be re l eased from the early s torage 

and S PR  expans i on  faci l i t ies  at  Bryan Mound are l i sted by source and 

l ocation  i n  Tabl es C . 2- 1  and C . 2- 2 .  Tota l o i l sp i l l age for fi ve fi l l / 

wi thdrawa l cyc l es i s  projected to be 1 930 barre l s for the ear ly  storage 

faci l i ty and an add i t i ona l 2609 barre l s for the SPR expan s i on faci l t ie s . 

Of  the tota l , 76  percent i s  projected to occur duri ng fi l l  operat ions , 

24  percent duri ng wi thdrawa l , and l es s  than 1 percent ( 33 barre l s )  

d ur i ng s tandby storag e .  The d i str i bution of  sp i l l s  i s  projected to be 

2526  barrel s ( 5 6  percent ) i n  the Gu l f  of Mexi co ( pr i nc i pa l ly  at the 

VLCC tanker transfer l ocation ) ,  1 350 barre l s  ( 30 percent ) at the tan ker 

docks , 633 barre l s ( 1 4  percent )  at  the Bryan Mound and SEAWAY Termi nal s ,  

and  l es s  than 40 barre l s from the connecti ng p i pe l i nes . The maximum 

cred i b l e  s p i l l  events are estimated to be 60 , 000 barre l s res u l t i ng  from 

a tanker col l i s i o n ,  1 0 , 000 barre l s from a p i pel i ne rupture , 5000 barre l s 

from s torage termi na l s  and 500 barrel s from transfer operat ions . 

An l Iaverage!1 crude o i l  has  30 percent paraffin  hydrocarbons  ( a l kanes ) ,  

5 0  percent napthene hydrocarbons ( cycl oa l kanes ) ,  1 5  percent a romat i c  

hydrocarbons , and 5 percent n i trogen , su l fur , and oxygenconta i n i ng 

compounds .  As soon as  o i l i s  re l ea sed to the water envi ronment , weatheri ng 

beg i n s .  The major  weather i ng processes are evaporati on , d i s so l uti on , 

emu l s i fi cat ion , sed imentati on , bi o l og i ca l  degradati on , and chemi ca l 

o x i dat i o n .  

Low mol ecu l ar-we i ght hydrocarbons and aromat ics  a re the most  

i mmed i a te ly  tox i c  components of crude o i l . Evaporat ion  resu l ts i n  

s e l ect i ve l os s  o f  l ow mo l ecu l arwe i ght  hydrocarbons and a romat i cs , thus 

ten d i ng to reduce concentrat ions  of the most tox i c  portions of the crude 

o i l .  A l so ,  evapora tion  cau ses a su rface res i due , whi ch has a h i gher 
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concentrat ion  of s u l fur and  o rgan i c s  and may devel op  a spec i fi c  g rav i ty 

g rea ter than wa ter , espec i a l l y  i f  sa l t , c l ay ,  or  organ i c  parti c l es a re 

sus pended i n  the water and  avai l a bl e for attachment .  As a res u l t ,  th i s  

port i on  of crude o i l  wi l l  s i n k  and may phys i ca l l y  and chemi ca l ly affect 

bottom organ i sms . 

D i s so l ut ion  i n  the water co l umn i s  se l ecti ve for l ow mo1 ecu l ar­

wei g ht hydrocarbons and a romat ics  a s  wel l as  some of the non hydrocarbon 

components tha t  a re more po l ar .  Mos t  of  the sol ubl e mater i a l s g o  i n to 

sol uti on  i n  a rel ati ve ly  s hort t ime , but addi ti onal  s o l ub l e materi a l  i s  

produced l ater from b i o l og i ca l  and chem i ca l  oxi dati on . The so l ub i l i ty 

of the norma l a l kanes ranges from 40 ppm for C6 mo l ecul es to 0 . 01 ppm 

for C 1 2  mo l ecu l es .  For a romatics , so l u bi l i ty ranges from 1 800 ppm for 

C6 ( benzene ) to 0 . 07 5  ppm for C1 4  (amtracene ) . The proporti on of var i ous  

fracti ons  of crude o i l  l i kel y to  go i nto sol ut ion  in  sea water are 

presen ted i n  Appen d i x  D .  

Emu l s i ons , wh i c h  a re crude o i l  g l o bu l es i n  water co l umns , are 

d i spersed eas i l y  by currents and eventua l l y d i sso l ve or s i n k  to the 

sediments after contact w ith  s u spended so l i ds .  

Sed imentat ion  of o i l  i s  en hanced by evaporat ion  and d i sso l ut ion  of 

the l i g hter wei g ht fractions  and  by contact wi th sus pended sed iments and 

o rgan i c  mater i a l . Cl ose  to s hore , contact wi th sus pended s o l i ds i s  

l i kel y dur i ng per i ods o f  h i g h  runoff o r  s tormy weather , wh i c h  d i sturbs 

bottom sediments . Sed imenta t i on a l so  can occur as  a res u l t of bacter ia l  

mas ses i n  the  o i l s l i c k .  

Bacteri a l  degradat ion can occur i n  a l most  a l l crude o i l  fract i on s . 

But normal a l kanes are attacked preferen t i a l l y ,  and a romati cs a re l east  

preferred . A s upp ly  of n i trogen , phosphorus , a nd  oxygen i s  needed . I n  

area s where oxygen concentrations  a re l ow ,  b iodegradat i on i s  a s l ow ,  

1 0ngterm proces s . 

O i l  s p i l l ed on the water surface wou l d  i n i ti a l l y  spread under 

g rav i ta t i ona l , v i scos i ty ,  and s urfacetens i on forces . The rate of 

s p readi ng because  of  these forces wou l d  be a funct ion  of the i n i ti al 

chemi ca l characteri st i c s  of the o i l  and the phys i ca l  characteri s ti cs of 
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the s l i c k ,  e . g . , v i scos i ty ,  spec i fi c  grav i ty ,  s l i c k th i c knes s , and so  

forth . The  rate wou l d a l so vary wi th t ime as  weather i ng or degradat i ve 

proces ses act on  the s p i l l ed o i l . I n  add i ti on , s urface currents and 

s urface wi nds wou l d transport the s l i c k  away from i ts po i nt of ori g i n .  

A s pi l l  occurr i ng  near s hore may f ind  i ts way i nto l ocal c i rcul at ion  

patterns , contact the  s horel i ne i n  a s hort period  of t ime and  be  carr i ed 

over l arge areas of beach or marsh l and on a ri s i ng t i de ;  contai nment and 

c l eanup wou l d be d i ffi cu l t under such  cond i ti ons . 

The re l at i ve ly  conf i ned l ocat ion  of po s s i bl e  s p i l l  s i tes creates a 

fai rly  narrow range of  o i l  s p i l l  s i tuat ions , many of whi c h  may be mi t i g ated 

by o i l s p i l l  response  efforts . 

Two potenti a l l y  s i gn i fi cant  impacts of o i l s p i l l s  on water resources 

wou l d be the potenti a l  for bu i l dup of toxi c  fract ions and depl et ion  of 

oxygen l evel s in  s ha l l ow ,  poorl y fl us hed water bod i es . The l ocat i on  of 

s uc h  impacts wou l d be i n  coastal  bays and marshes southwest  of Freeport 

( i nc l ud i ng the v i c i n i ty of  San Bernard Nati onal  W i l d l i fe Refuge ) and , to 

a l es ser extent ,  in Mud La ke or Unnamed La ke on Bryan Mound . Because  of 

the 2 5mi l e  d i stance from the VLCC transfer po i nt to shore , the di ki ng 

around tan ks at  the s i te ,  and the very un l i ke ly  occurrence of expected 

p i pel i ne s p i l l s ,  such  impacts are not expected . 

O i l s p i l l s  reac h i ng the Brazos Ri ver , Freeport o r  Brazos Harbors , 

the I CW ,  or  the open Gul f s hou l d not have s i gn i fi cant  impacts on water 

qua l i ty because  of t he potenti a l  for d i l ut ion  and for o i l  recovery . O i l 

wh i ch  s i n ks to the bottom or  i s  depos i ted on the s horel i ne may prov i de a 

l ocal source of petro l eum hydrocarbons to the water col umn for several 

weeks or even months . 

There s hou l d be no impact on domesti c or  other potab l e surface 

water supp l i es a s  wa ters in the v i c i n i ty of project operat ions  are too 

sa l i ne for cons umpt i o n .  

The top o f  the ground water aqu i fer i s  at an e l evat i on  of about  40 

feet bel ow sea l evel at  the s i te wi th  a steep gradi ent  toward the Brazos­

port area . However , data present by Sandeen and Wes sel man ( 1 97 3 ) i n d i cate 

that there i s  l i ttl e or  no recharge to the upper un i t  of the Chi cot 
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aqui fer from the Brazo s  Ri ver D i vers i on C hannel . Thi s suggests that the 

near s urface materi a l s a re rel at i vely impermeabl e and wou l d  tend to 

prevent o i l from surface s p i l l s  from reach i ng potabl e water su ppl i es .  

Shou l d a subs urface s pi l l occu r ,  ei ther from a defect i ve wel l 

cas i ng or  co l l a pse of  a storage cav i ty ,  then o i l  wou l d tend to col l ect 

at the water ta bl e and m i g rate l a tera l l y  a l ong the water surface . Crude 

o i l  m i g ra tes very s l owl y through su bsurface formations , and then on ly  

under pressure .  However , some components of t he  o i l , part i cu l a rl y  the 

l i g hter aromati c hydrocarbons m i g ht be suffi c i entl y so l ubl e to impart an 

obj ecti onabl e ta ste and odor to the water .  Thi s ta ste and odor cou l d 

potenti a l l y  reach  users i n  the Brazosport area due to the s teep hydrau l i c  

gra d i ent  i n  tha t  d i rect i on . 

Thu s , a l though  the potenti a l  exi sts for a very l a rge crude o i l  

s p i l l ,  ca l cu l at ions  o f  s p i l l  probabi l i ty and the nature o f  l ocal  water 

bod i es , i nd i cates that s i gn i fi cant impacts on  l ocal  water resources 

s hou l d not occur .  

Bri ne Spi l l s  

Dur i ng proj ect o pera ti on , bri ne sp i l l s  coul d occur from the br i ne 

d i s posa l  pi pel i ne and from the br i ne reservo i r ;  sa l i ne water cou l d be 

s p i l l ed from the raw wa ter supp ly  l i ne and from the bri ne d i s posa l  l i ne 

( d ur i ng standby s torage ) .  A thorough descri ption of pos s i b l e mode of 

s p i l l s ,  methodo l og i es of  s p i l l  ca l cu l ati ons , quanti fi cation of expected 

s p i l l  vo l umes and frequenc i es ,  s p i l l  d i s pers ion  cha racter i s ti cs , and 

s p i l l  prevent ion  and control measures i s  prov i ded i n  Appen d i x  E .  A 

s ummary of bri ne sp i l l  expectat ions  i s  a l so g i ven i n  Secti on C . 2  and i n  

Ta bl e C . 2- 3 .  Pos s i b l e  effects on water resources are con s i dered i n  th i s  

secti on . 

Quanti t i es of  br i ne expected to be rel ea sed from the ear ly  storage 

and  SPR expans i on fac i l i ti es at  Bryan Mound are l i s ted by source and 

l ocation  in Ta bl e C . 2- 3 .  Bri re and raw water s p i l l s  are expected to 

occur on ly  from the p i p i ng system . Total s p i l l age  i s  esti mated to be 7 5  

barrel s of  br ine a nd  1 1 5  barrel s of  sa l twater from earl y s torage opera­

t i on , and 1 63 ba rrel s of brine and 5 barrel s of  sa l twater from SPR  
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expans i on faci l i ti es .  Of the tota l , 1 98 barrel s of br i ne and 78 barrel s 

of sa l twater wou l d  s p i l l  i n to the Gul f of Mex i co ,  40 barrel s of bri ne 

and 43 barrel s of sa l twater woul d sp i l l onto coasta l  pra i r i e  and mars h l and 

i n s hore of Bryan Beach  ( Tabl e C . 2- 3 ) .  The max imum cred i bl e  s p i l l  event 

i s  estimated to be 30 , 000 barrel s ;  excl ud i ng  poss i b l e  rel ease of up to 

1 00 , 000 barrel s of bri ne due to hurri cane breach i ng of the s torm l evee 

and bri ne reservo i r .  

S p i l l s  o f  br i ne or  s a l i ne water have l es s  poten t i a l  for adverse 

effects on water qua l i ty at  the Bryan Mound s i te than do o i l  s p i l l s .  

Except for a very l arge bri ne s pi l l , normal fl u s h i n g  of l ocal water 

bod i es ( e . g . , the l CW ,  B razos Di vers i on Cha nnel , Brazos and Freeport 

Ha rbors , Gul f of Mex i co )  woul d qu i ck ly  d i l ute sa l t concentrati ons to 

norma l l evel s ,  res u l ti ng i n  very temporary water qua l i ty degradati on . 

Fl u s h i ng i s  not a s  effecti ve i n  Mud Lake , Unnamed Lake and other water 

bod i es at Bryan Mound , however ; sa l i n i ty excesses wou l d  conti nue for 

several days or  weeks . 

Thus , a l thoug h  the poten t i a l  ex i sts for a very l a rge bri ne sp i l l , 

cal cu l ati ons of s p i l l proba bi l i ty and the nature of l oca l water bod i es 

i ndi cate tha t s i gn i fi cant impacts on l oca l water resources shou l d not 

occu r .  

Hazards Due to Fl ood i ng 

Surface fac i l i t i es at  Bryan Mound woul d be subj ect to potenti a l  

fl ood i ng caused by hurr i canes or  trop ica l  s torms . Surface el evati ons 

over the dome vary from 5 to 1 6  feet , MSL .  E l evat ions  i n  the mars h 

adjacent to the dome a re l es s  than +5 feet MSL and at  the proposed dock 

s i tes are a bout  +4 feet MSL .  A storm l evee has been cons tructed across  

the  southern edge of the  dome to  a hei g ht of +1 7 feet MSL .  Levees are 

a l so bui l t  a l ong the Brazos Ri ver D i vers i on Channel and the O l d  Brazos 

Ri ver to hei ghts of a bout  + 1 9 feet MSL .  Data suppl i ed by the U . S .  Army 

Corps of Eng i neers i n d i ca tes that the 1 00 year fl ood l evel at  Bryan 

Mound i s  + 1 2 feet MSL ,  excl udi ng the effects of wave runup .  

Mo s t  p l a nned SPR  fac i l i ti es at  Bryan Mound wou l d  be  l ocated beh i nd 

the protecti ve s torm l evee ( F i gure A . 3- 1 ) ,  i n cl ud i ng the bri ne pond , 
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pump stati o n , control hou s e ,  most  wel l pads , and most  surface p i p i n g . 

Up  to 6 wel l pads wou l d be seawa rd of the l evee . 

Sto rm fl oods greater than the l Oa year event cou l d occur and cou l d 

damage s urface faci l i t i e s .  I f  surface p i p i ng i s  ruptured , a few barrel s 

of o i l  cou l d escape but wou l d  be reta i ned wi th i n  the s torage area . 

Damage to wel l head p i p i ng coul d resu l t  i n  l os s  of few barrel s from the 

cavern . Bri ne from the s ettl i ng pond wou l d be q u i c k l y  di l uted by sea 

water . 

As on ly  l im i ted quanti ti es of o i l  cou l d be rel easea i n  the event of 

a damag i ng storm fl ood , env i ronmental effects due to the fl ood waters 

and wi nds are expected to be much  g reater than due to l os s  of o i l or 

br i ne . 

Al ternat ive  Fac i l i t i es 

Use of water suppl i ed from the Dow Reservo i rs wou l d  have no env i ron­

menta l impact . Wi thdrawal of up  to 1 , 000 , 000 BID  from ground waters 

wou l d further l ower the water tabl e and pro babl y res u l t  i n  addi ti onal  

s ubs i dence each time o i l  must  be wi thdrawn from sto rage ( see Secti on 

C . 3 . 1 . 2 ) .  

Di s posa l  of bri ne to Dow C hemi cal Company wou l d  resu l t  i n  approxi ­

mately  the s ame exposure to p i pel i ne sp i l l s  as  d i s posa l  to the Gul f ;  no 

other adverse impacts on  water resources are expected . Deep wel l i nj ecti on 

of bri ne duri ng o i l  f i l l  wou l d  occur at rates one fourth those requ i red 

duri ng l each i ng ; consequently ,  the poten t i a l  for aq u i fer fractur i ng  or  

m i grati on of o i l  and  g as resources wou l d be  much  l ower . D i s posa l  of the 

bri ne throug h a d i ffuser 1 2 . 5  mi l es offs hore wou l d  have operati onal  

impacts s im i l ar to the proposed system . 

Use  of P h i l l i ps or  SEAWAY Doc ks wou l d not affect expected o i l  s p i l l  

vol umes . However , use  of an offs hore monobouy term ina l  wou l d  reduce 

expected o i l s p i l l . vol umes by more than 50 percent and wou l d  parti cu l ar ly  

l im i t  the  vol ume of o i l  s p i l l ed nearshore and  in  the  harbors . 

C . 3 . 2 . 3 Ai r Qua l i ty 

Strateg i c  petro l eum reserves are p l anned to mi n im i ze the effects of 

o i l  supply i nterrupti on . For worst case  ana lys i s ,  i t  has  been a ssumed 
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that fi ve fi l l /wi thdrawa l cycl es wou l d occur  over the l i fe of  the 

project .  However ,  i t  i s  un l i ke ly  that mu l ti pl e cyc l es wou l d occur and , 

therefore , the i n termi ttent and i n frequent wi thdrawa l woul d resu l t i n  

s ubstanti a l l y  l es s  a i r  qua l i ty impact than a s  presented i n  the fo l l owing  

s ect i ons . Var i ati ons  i n  the  o i l  movement assumpti ons  wi th regards to 

termi nal  u sage woul d resu l t i n  changes i n  the emi s s i ons tota l s that 

wou l d be wi th i n  the accuracy of the emi s s i on factors used . 

The l a rgest  potent i a l  effects on a i r  qual i ty associ ated wi th the 

o perat ion of the SPR  system wou l d  res u l t from hydrocarbon emi s s i ons  

duri ng fi l l  and  w ithdrawa l cycl es .  Data presented i n  Section  B . 2 . 3 . 1 

i n d i ca te that non-methane hydrocarbon concentrat i ons  i n  the area frequently 

exceed the nat i onal  and s tate standard o f  1 60 �g/m3 ( 3- hour  average ,  6-9 

a . m . ) .  Hydrogen s u l fi de emi s s i ons are expected to be mi n imal , s i nce 

mos t  of  the crude o i l  that wou l d be sto red i n  the SPR  caverns woul d have 

weathered s uffi c i entl y dur ing overseas tran s i t  to es senti a l l y  e l im i nate 

the H2S component .  

Both  average and max imum hydrocarbon emi s s i on rates ( except for 

mi no r  sources ) a re presented i n  t h i s secti on . Dur i ng wi thdrawa l opera­

t i ons , the crude o i l  i s  assumed to  have an e l evated temperature of  

1 200 F .  E l evated crude o i l  temperatures are expected to resu l t from 

l ong-term storage i n  sa l t domes at temperatures of up to 1 500 F .  Append i x  

J descri bes how the crude o i l  temperature wi l l  change a s  i t  moves to the 

s to rage tan k s . Average emi s s i ons  are used to determi ne the tota l emi s s i ons  

expected over  the  assumed 22-year peri od of  operati on , wh i l e  max imum 

emi s s i o n s  are u sed to eval uate the worst case impact upon a i r  qual i ty .  

So urces o f  Emi s s i on s  

For the Bryan Mound s torage s i te ,  the qual i ty of  a i r  duri ng operati on 

woul d be affected by the fol l owing  po l l uti on sources : 

o Fug i ti ve Dust  

o Va l ves , Sea l s ,  and Gauges 

o Crude O i l Storage Tan ks 

o Tan kers and Tan ker Operati ons 

o Br i ne Ponds  
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Mos t  fug i t ive  dust  emi s s i ons  duri ng faci l i ty operati on  wou l d  be due 

to genera l serv i ce vehi c l e travel over unpaved roads . Assumi ng an 

a verage veh i c l e speed of 40 mi l es per hour and a road su rface s i l t  

content of 30  percent ,  the estimated dust  emi s s i o n  i s  0 . 24  pounds per 

mi l e  of  unpaved road travel ed ( U . S .  EPA , 1 976 ) .  

There wou l d  be a wi de vari ety of val ves , seal s ,  and gauges a s soci ated 

w i t h  the pump i ng of crude oi l throug h  the p i pe l i nes between the dock 

faci l i ty and the s torage cav i ti es at Bryan Mound where some sma l l l ea kage 

wou l d  occur .  Data presented i n  Secti on 3 . 3 . 2  of FES 76/ 77-6 concl uded 

that on ly  a bout  20 pounds/day ( . 1 06 g rams per second ) of hydrocarbons  

wou l d  enter the  atmosphere . Thi s rate is  not expected to  change s i gn i fi ­

cantly for the expan s i o n  to 1 63 MMB . 

Stand i ng storage tank  vapor l o s ses may be est ima ted u s i ng the 

emp i r i ca l  equat ion  devel oped in AP I publ i cati on 25 1 7 (AP I , 1 962 ) and 

recently rev i sed for the U . S .  EPA ( August , 1 976 ) .  However , recent 

s tudi es performed by Ch i cago Bri dge & I ron  ( CB I , 1 976 ) i ndi cate that the 

A P I  methodo l ogy overestimates s tand i ng storage l o sses for crude o i l  by 

a pproximate ly  90 percent for modern tanks  that have doubl e seal s i ns tal l ed .  

S i nce the C B I  te sts may not be app l i cabl e to a l l modern tanks and s i nce 

o ther mi nor l o sses  may occur ( such  as  vapor l osses  due to c l i nage of the 

o i l  to the tan k  s i de as o i l i s  wi thdrawn from the tanks ) ,  actual  l osses  

may be  75  to 80 percent l es s  than  the  stand i ng s torage l os ses , pred i cted 

by AP I 2 5 1 7 methodo l ogy . Conserva t i ve ly , 75 percent reducti on  wa s 

a s sumed i n  th i s report . I t  wa s assumed tha t four 200 , 000-barre l  capac i ty 

modern doubl e-seal  tan ks wo u l d be l o cated a t  Bryan Mound . These tanks 

were assumed to be 32 feet h i g h  and 2 1 2 feet i n  d i amete r .  Est imated 

hydrocarbon l osses  over an assumed 22-year peri od of operat ion  ( 1 979-

2000 )  i s  574 tons  ba sed on average crude o i l properti es  ( Re i d  vapor 

p res sure of 4 p s i a  and mo l ecu l ar we i g ht of 70 for fug i ti ve l osses ) .  

Th i s  tonnage i s  i ncl uded i n  Tabl e C . 3-6 under the early s torage p hase 

for Bryan Mound ( i  . e . , these emi s s i ons wou l d  occur wi th or  wi thout  

expans i on  to 1 63 MMB at  Bryan Mound ) .  The  average annua l  emi s s i on rate 

wou l d  be approximatel y  23 tons/year dur i n g  years when standby or  fi l l  

occur  but wou l d  i ncrease to 36 tons/year i f  wi thdrawa l occurs duri ng a 

g i ven year ( d ue to e l evated crude o i l  temperature ) .  
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TABLE  C. 3 - 6  E st imated hydrocarbon emi s s i ons a ( tons ) duri n g  1 i fe of  
t he  project . 

1 00 MMB Early 
F i  1 1  s Wi thdrawa l s Bri ne Expans i on Storagg 

Loca t i on (5)  (5)  Pond Tota l Tota l 

25 mi l es offshore 7 ,560 0 0 7 , 560 ( 4 , 763 ) 
( Tran s fer to 
45 MDWT tankers ) 

Gu l f  of  Mexi co  245 1 40 0 385 ( 242 ) 
( Tanker trans i t )  

SEAWAY and Brazos 4 , 4 1 0 3 , 067 0 7 , 477 ( 4 , 7 EO )  
Harbor ( Load and  
off l oad 45 MDWT 
tankers ) 

S to rage S i te 0 0 251 251 ( 732 ) b 

Tota l 1 2 , 2 1 5  3 , 207  251 1 5 , 67 3  ( 1 0 , 497 ) 

Note : The emi s s i ons presented i n  th i s  tab l e  are for 1 63 MMB expans i on at  
any s i te ;  the early stora ge emi s s i on s  at B ryan Mound  are g i ven in  
brackets for c ompari son . 

a Average condi ti on s  as s umi n g  Re i d  vapor pres s ure o f  4 ps i a .  

b I nc l udes 5.74 tons d ue to storaCje ta nk  emi s s i ons  and  1 58 tons  
d ue to  bri ne pond  emi s s i ons . Al l storage tan k  em i s s i o ns were 
attri buted to Early Storage operati on . 
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Est imated hydrocarbon emi s s i ons resu l t i n g  from tan ker l oadi ng and 

unl oadi ng  operat i ons i ncl udi ng trans i t  to and from the DOE doc ks are 

presen ted i n  Ta bl e C . 3- 6 .  These data represent the tota l emi s s i ons  

expected over an assumed 22-year per i od of  operation  ( 5  fi l l s  and 5 

wi thdrawa l s )  ba sed on average crude o i l  properti es ( Rei d vapor pressure 

of  4 p s i a  and a dens i ty of  4 . 5 l bs/gal  for fug i t i ve l os ses ) .  The mi n i ma l  

l os ses from s h i p ' s bo i l ers have been neg l ected i n  these es t imates . 

Tan ker and barge hydrocarbon emi s s i ons  i n  Tabl e C . 3-6  are ba sed 

upon the fo l l ow ing  acti v i t i es : 1 )  transfer of oi l from the very l arge 

crude carri ers ( VLCC ) to 45 MDWT tan kers 40 km ( 25 mi l es )  offs hore 

( emi s s i on factor of 0 . 72  l b/ 1 000 ga l ) ;  2 )  " breath i n g "  l osses i n  trans i t  

by tankers ( emi s s i on facto r of 0 . 0067 l b/ hr/ 1 000 ga l  duri ng fi l l  and 

0 . 01 674 l b/ hr/ 1 000 gal  dur ing  wi thdrawa l ; 3 )  offl oad i ng 45 MDWT tan kers 

at the DO E docks ( emi s s i on factor of  0 . 42 l b/ 1 000 gal ) ;  and 4 )  l oadi ng  

45 �1DWT tan kers a t  the DO E docks ( em i s s i on factor of 0 . 73 l b/ 1 000 gal ) .  

Deri vat ion  of the emi s s i on factors g i ven a bove i s  prov i ded i n  Appen d i x  

I ,  Part I I .  

Dur i ng each  fi l l  cyc l e ,  del i very to Bryan Mound wou l d be 1 63 

mi l l i on barrel s ( MMB ) i n  1 086 days or  an average of 1 50 , 000 barrel s per 

day ( B/ D ) . Over each 1 63-day wi thdrawa l per i od , the tota l wi thdrawal 

rate woul d be 1 MMB per day. However , 60 percent of  th i s  amount or 

600, 000 B/D are schedu l ed for del i very to the SEAWAY Tan k Farm for 

p i pel i ne transport to the north ; no tan ker l os ses wou l d  occur .  Emi s s i ons 

from the rema i n i ng 400 , 000 B/D are cal cul ated for tan ker l oad i ng and 

trans i t  to the 1 2-mi l e  terri tor i a l  l i mi t .  

I t  s hou l d be noted that on ly  1 00 MMB o f  the 1 63 MMB tota l crude o i l 

storage capac i ty at  Bryan Mound are rel a ted to SPR expans i on . The 

rema i n i ng 63 MMB are part of  the earl y storage program descri bed i n  FES 

76/ 7 7- 6 .  Therefore , the tota l emi s s i ons  from the Bryan Mound expans i on 

g i ven i n  Tabl e C . 3-6  ( 1 5 , 673 tons ) represent on ly  60 percent of the 

tota l emi s s i ons expected . The 40 percent rel ated to the early s torage 

phase of  the SPR  program are g i ven in brackets in Tabl e C . 3- 6 .  
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Emi ss i ons are s u bs tanti a l l y  l arger for o i l  fi l l  than for wi thdrawa l . 

Two factors are respons i bl e ; fi rst ,  the subs tan t i a l  emi s s ions  accompany i ng 

VLCC-tan ker transfer operat ions  are on l y expected to occur duri ng fi l l ;  

s econd , del i very of 600 , 000 BID to the SEAWAY P i pel i ne subs tanti a l l y  

reduces emi s s i ons d u e  t o  tan ker l oad i ng  and trans i t .  These factors more 

than offset the i ncreased emi s s i ons  due to el evated crude o i l  temperature 

duri ng wi thdrawa l . 

Another source of hydrocarbon ( H C )  emi s s i ons  wou l d  be the d i s so l ved 

o i l  present i n  the br i ne removed dur i n g  each  fi l l  and pa ssed throug h  the 

bri ne pond . As sumi ng  a d i sso l ved o i l  content of 1 0  parts per mi l l i on 

( p pm ) , an average wei g ht  of 250 pounds per barrel ( ba s i ca l l y  l i g ht  ends ) 

and that 50 percent rema i ns d i sso l ved i n  

rate of 2 1 9 pounds per day cou l d occur . 

em i s s i ons for four  refi l l s  are presented 

the br i ne ,  a max imum emi s s i on 

Us i ng th i s  rate , the tota l 

i n  Tabl e C . 3 - 6 .  O n l y  25 1  tons 

of the br i ne pond emi s s i ons  are due to the Bryan Mound expans i on .  An 

addi ti onal  1 58 tons wou l d  be em i tted due to the early storage o i l . 

I n  sect i on B . 2 . 3 . 3 , the 1 970  hydrocarbon emi s s i on tota l i n  B razor i a  

County was est imated t o  be 1 50 , 690 tons . Duri ng  wi thdrawa l operat ions  

for  the  Bryan Mound sa l t  dome ( SPR  expans i on + ear ly  s torage capaci ty )  

a s s um i ng comp l ete wi thdrawal occurs duri ng the yea r ,  annua l  HC emi s s i ons 

a re es t ima ted to be 1 036  tons per year ,  or  an i ncrease  of on l y  0 . 7 

percent i n  Brazori a  County .  Duri ng fi l l  operati ons , annua l  HC emi s s i ons  

are es t imated to  average on l y 679  tons per  year , an i ncrease  of 0 . 5 

percent i n  Brazor i a  County .  

Because  the nati ona l ambi ent a i r  qual i ty standard ( gu i del i ne )  for 

non-methane hydrocarbons ( NMHC ) i s  a 3 - hour  va l ue  ( 1 60 �g/m3 , 6-9 a . m . ) ,  

worst case emi s s i ons  were ca l cu l ated for an eva l uati on of the impacts on  

a i r qual i ty .  

Worst case hydrocarbon  emi s s i ons due to o i l transfer were cal cu l ated 

a s s umi ng max imum transfer rates and emi s s i on factors based on  conservati ve 

Rei d vapor pressure of  5 ps i a  ( See Append i x  I ) . Duri ng fi l l ,  the max i mum 

emi s s i on rate i s  6258 pounds per hour ( P/ H )  assumi ng VLCC transfer to 

two 45 MDWT tankers i n  the gu l f s imul taneous l y  at a rate of 1 00 , 000 
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barrel s per hour ( B/ H )  ( emi s s i on factor of 1 . 49 l b/ 1 000 ga l ) .  Duri n g  

wi thdrawa l , t he  max imum em i s s i on  rate i s  2434 P/ H a s sum i ng  two 45 MDWT 

tankers s imul taneous ly  at the DOE docks at a rate of 3 0 , 000 B/H  ( emi s s i o n  

factor of 1 . 05 l b/ 1 000 ga l ) .  

Max imum trans i t  em i s s i ons were not cal cu l ated s i nce they are non­

po i n t  sources and occur over a l a rge a rea . Worst case s tand i ng s torage 

tank emi s s i on rates were cal cu l ated us i ng the prev i ou s l y  descr i bed 

methodo l ogy and tank c ha racter i s t i cs , but us i ng a conservat i ve Rei d  

vapor pres sure of 5 p s i a  and a crude o i l temperature o f  1 200 F .  

Impacts on  Ai r Qua l i ty 

The env i ronmental i mpact of the computed emi s s i ons i s  dependent  on  

the amb i ent  a i r  qual i ty and  the  d i s persal  characteri st i cs of the atmosphere 

( s ee Sect i on  B . 2 . 3 ) . Downwi nd centerl i ne g roundl evel hydrocarbon ( H C )  

concentrat i ons  were cal cu l a ted us i ng the model descr i bed i n  Append i x I ,  

Part I .  Es t ima tes were made u s i ng maximum em i s s i on  rates and a tmospheri c 

cond i t i ons  correspond i ng to worst case cond i t i ons ( l i D " stab i l i ty and a 

wi nd s peed of 1 . 5 meters per second (mps ) except 2 mps i n  the Gul f ) . 

These estimates app ly  to both  the SPR  exapns i on and the early storage 

pha s e .  Expans i on to 1 63 MMB , i n  most  cases , i ncreases the l i kel y frequency 

and  dura t i on of o bta i n i ng these emi s s i ons rates . 

Fug i ti ve dust  ra i sed by general serv i ce veh i cl es over unpaved roads 

wou l d  cause l es s  impact than duri ng  the construct i on phase  where i t  was 

est ima ted to be sma l l ( Secti on C . 3 . 1 . 3 ) .  

The mi n ima l  HC  l osses  from crude o i l  p i pel i nes ( va l ves , s ea l s and  

gauges ) a re a s s umed to be cont i n uous  duri ng  the project l i fetime s i nce 

the p i pel i nes wou l d  be kept fi l l ed and pres sur i zed at  a l l t imes . S i nce 

th i s l ea kage  occurs o ver a l arge a rea and woul d be t i g ht ly  contro l l ed ,  

i t  wou l d ca use l i ttl e impact on ambi ent  a i r  qua l i ty .  

H C  concentrations  from storage tank em i s s i ons  a re based o n  the 

a s sumpti on  that fou r  200 , 000 barrel tan ks wou l d  be i n  use at  a l l t imes 

as  a part of the earl y s torage  program . S i nce these emi s s i ons  occur  

over  an a rea of a pproximate l y  3 0 , 000 squa re meters , an a rea so urce 

correct i on was made as descr i bed i n  Append i x I ,  Part I .  The rel ease  was 
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assumed to be el evated ( 32 feet ) wi th no pl ume r i s e .  "Worst  ca se "  

hydrocarbon concentrat ions , corrected to a 3 - hour  average (Turne r ,  

1 969 ) ,  at 2 ,  5 ,  and 1 0  k i l ometers ( km )  downw i nd are as  fo l l ows : 

Locat ion  

Bryan �1ound 

Maximum Emi s s i on HC Concentrati ons (�g/m3 ) 

Rate (g/s ) 2 km 5 km 1 0  km 

2 . 08 24 7 3 

These val ues are a l l wel l bel ow the 3- hour  s tandard of  1 60 �g/m3 . 

However , s i nce the 3-hour  HC s tandard i s  often exceeded i n  the Brazosport 

area , emi s s i ons  from the s torage tanks may cause i nfrequent add i ti onal  

exceedances . 

Al though vapor emi s s i ons from s h i p l oadi ng  and un l oad i ng  acti v i t i es 

a re not regu l ated , downwi nd hydrocarbon concentra t i ons were ca l cu l ated 

to pro v i de an i nd i cati on of the per iod i cal l y  h i g h  l evel s that may occur .  

Ca l cu l at ions  of HC concentrati ons from maximum tan ker operat ions  ( VLCC 

transfer to two tan kers i n  the Gul f at 1 00 , 000 B/H dur i ng fi l l  and l oad i n g  

two tan kers s imul taneous l y  at  t he  DOE docks at  3 0 , 000 B /H  dur i n g  cons truct i on 

were made us i ng the conservat i ve as sumpti on  that the emi s s i ons  at  each 

l ocati on a re po i nt source rel eases at  groundl evel . Estimated maximum 

downwi nd di stances over wh i ch the hydrocarbon concentrations  wou l d  exceed 

1 60 are �g/m3 as  fo l l ows : 

Locat i on  

Gul f of Mex i co 

( 40  km offs hore ) 

DO E Doc ks 

Maximum Emi s s i on 
Rate (g/s ) 

789 

1 67 

��ax imum Downwi nd D i s tance ( km )  
3- Hour Concentrat!on  

Exceeds 1 60 �g/m 

34 

1 3  

Al though concentrat ions  from peak VLCC transfer operati ons dur ing  fi l l  may 

exceed 1 60 �g/m3 ( 3- hour  average )  to a d i s tance of  34 km ( 2 1 mi l es ) ,  

va l ues ons hore wou l d  be l es s  than 1 60 �g/m3 . However ,  under unfavorabl e 

condi t ions , undes i rabl e hydrocarbon concentrations  can be expected 

wi th i n  a bout  1 3  km (8 mi l es )  of the DOE docks duri n g  peak wi thdrawa l 

o perat ions . Th i s  d i stance i s  conservati vel y h i g h  s i nce the cal cul ati on 

i s  based on  the assumpt ion  that the wi nd di rection  i s  paral l e l ( i n l i ne ) 
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to tan ker berths ,  wi th  no cred i t  ta ken for tan ker separati on . I n  add i t i o n , 

a s  prev i ous l y  noted , mul t i p l e cyc l es a re unl i ke ly  to occur  and vapor 

emi s s i ons from s h i p  l oad i ng and unl oad i ng acti v i t i e s  are not regu l a ted 

at th i s t ime .  

Hydrocarbon concentra t i ons  from bri ne pond emi s s ions  are based on 

an area source mode l  a s s um i ng a oneacre bri ne pond . Est imated "worst 

case"  hydrocarbon concentrat ions , corrected to a 3hour average ( Turner , 

1 969 ) , a t  2 ,  5 ,  and 1 0  ki l ometers ( km )  downwi nd a re a s  fo l l ows : 

Max imum Emi s s i on HC  Concentrat ions  (�g/m3 ) 

Locat ion  Ra te ( g/ s )  2 km 5 km 1 0  km 

Bryan Mound 1 . 1 5  1 6  4 2 

Thus , even though the 3-hour  HC  s tandard i s  often exceeded i n  the area , 

the l ow l evel s expected from the br i ne pond duri ng each  refi l l  cyc l e 

woul d have very l i ttl e impact on amb i ent  a i r qua l i ty .  Thi s woul d be 

true even i f  i t  i s  conservati ve ly assumed that 1 00 percent of the o i l  

d i s so l ved i n  the br i ne i s  evaporated ( the bas i s  o f  the a bove ca l cu l a t i ons  

i s  50 percent ) ,  e ssenti a l l y  doubl i ng emi s s i on s  and  resu l t i n g  concentrat i ons . 

I n teraction  Among Sources a t  Bryan Mound 

In t he p receed i ng paragraphs , ta n ker transfe r ,  bri ne pond , and 

s torage tank  HC emi s s i ons were con s i dered as  i f  each  were a separate 

source impact . Ac tua l l y ,  each wou l d  contri bute to a cumu l a t i ve effect 

o n  exi st i ng bac kg round H C  concentrati ons . However , s i nce the rel a t i ve 

magni tude of the worst  case emi s s i on rates from the DOE docks wou l d  be 

much h i g her than from e i ther bri ne pond or  storage tan k emi s s i ons , 

combi ned downwi nd concentrat ions  were not cal cu l ated . The maximum 

emi s s i ons rates at the SEAWAY Doc ks were ba sed on two tan kers l oad i ng 

s imul taneou s l y  a s s uming  a poi nt  source re l ea s e ,  whereas the two tan kers 

may actua l l y  be separated by as much  as one mi l e  or more . Thus , the 

max imum 3 hour  downwi nd H C  concentrati on from a l l sources woul d not be 

expected to exceed the 3 hour  standa rd beyond the d i s tance g i ven for the 

DOE docks ( 1 3  km ) . 

Al ternati ves 

The on ly  a l ternat i ve fac i l i t i es wh i c h  woul d a l ter a i r  qua l i ty 

impacts from those descri bed prev i ous ly  are the use  of  a mari ne term i na l  

for o i l transport and generat ion o f  e l ectr i c  power ons i te .  
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Use  of  a mar i ne termi nal  for fi l l  and wi thdrawa l of o i l at  Bryan 

Mound wou l d  s u bs tanti a l l y  reduce hydrocarbon emi s s i ons . Referr i ng to 

Ta bl e C . 3-6 , the fol l owi ng approx imate reducti ons wou l d  be ach i eved : 

( 1 ) At the VLCC transfer po i nt ,  the emi s s i o n  factor woul d  be reduced 

from 0 . 72 l b/ 1 000 gal to 0 . 42 l b/ 1 000 ga l ( for  tota l estimated emi s s i ons  

reducti on  from 1 2 , 323 tons to 7 1 88 tons ) ;  ( 2 )  essenti a l l y  comp l ete 

e l im i nat ion  of tanker trans i t  emi s s i ons ( reducti on  of 627  tons ) ;  ( 3 )  

compl ete e l im i nat ion  of transfer emi s s i ons  a t  the docks ( reduct ion  of  

1 2 , 237  tons ) .  Total hydrocarbon emi s s i ons due  to  o i l  hand l i ng and 

transport duri ng the proj ect l i fetime wou l d  thus be reduced from 26 , 1 70 

tons to 8 1 7 1  tons . Furthermore ,  the source of mos t  ser ious  hydrocarbon 

concentrati ons , o i l transfer at  Brazos and Freeport Harbors , wou l d  be 

e l i m i nated so that o n l y  very i nfrequent s tandards exceedance m ight  

res u l t due  to  tan k  emi s s i ons  and  h i g h  bac kg round l evel s .  

Ons i te power generat ion , based on a 45 , 000 HP  ( approx imate l y  34  MW ) 

capac i ty and u s i ng emi s s i on factors g i ven by EPA ( 1 97 6 ) for o i l  fi red 

turbi ne s ,  emi s s i ons  rates (g/s ) wou l d  be as fo l l ows : 

Hydrocarbons NOx CO S0 2 Parti cu l ates 

3 . 4  41 . 1  9 . 3  2 . 1  3 . 0  

The hydrocarbon em i s s i on s  wou l d  add approximate ly  2600 tons  to the 

emi s s i on i nventory s hown i n  Tabl e C . 3-6 over an a s s umed 22year peri od of 

operati on .  

E st imated I Iworst  case ll po l l utant  concentrati ons  at  severa l d i s tances 

downwi nd of the power p l ant  are g i ven i n  Tabl e C . 3 7 .  I t  was conservati vely 

a s sumed that the power p l ant  wou l d  vent from a 1 00-foot s tack  wi th no 

p l ume r i se .  Resu l ts i nd i cate that a l l Nati onal  and State a i r  qua l i ty 

s tandards wou l d  eas i ly be met .  However , s i nce the 3-hour  HC  s tandard i s  

often exceeded i n  the Brazo sport area , HC emi s s i ons  from the power p l ant  

( e s pec i a l l y  when combi ned wi th  tan k  and  bri ne pond emi s s i on )  may cau se  

add i ti ona l  i nfrequent exceedances near Bryan Mound . 

C . 3 . 2 . 4  No i se 

P r i n c i pa l  sound sources duri ng the operati on of the s torage fac i l i ty 

wou l d  be mater i a l handl i ng eq u i pmen t ,  such as  e l ectri c motor dri ven pumps 

for f i l l i ng and empty i ng the s torage faci l i ty .  
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TABL E  C . 3- 7 E s t i mated po l l utant co�centrati ons  ( �g/m3 ) downwi nd 
of ons i te power p l ant . 

Na ti  ona 1 a nd State Standards Di s tance ( km )  
Averag i ng L i mi 3 

Po l l utant Per i od (�g/m ) 2 

Pa rt i c u l ates 1 yr . 75  4 2 

24 hr . 260 49 20 

5 h r .  l Oa 94 39 
3 h r .  200 1 02 43 
1 hr . 400 1 2 4 52  

S02 yr . 80 3 

24 h r .  365 34 1 4  

30 m i n. 7 30 98 41 

CO 8 h r .  1 0 , 000 27 1 1 1 4  

hr . 40 , 000 385 1 62 

HC 3 h r .  1 60b 1 16 49 
N� 1 yr . l aO 58 24  

a As s umed 1 00 - foot re l ease  wi th n o  cred i t for p l ume r i se for combus t i on 
turb i nes us i n g No  . .  2 fuel o i l .  

b Non-methane hydrocarbons on l y ; concentra t i on est imates are for tota l 
hyd rocarbons . 
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Operat ion  sound l evel s from the faci l i ti es descri bed above were 

estimated from measurements at a l i qu i f ied propane gas  s torage p l ant  i n  

New York  State wi th s i m i l ar materi a l  hand l i ng and proces s i ng equ i pment .  

The majo r  d i fference between the faci l i t i es i s  that the pumps a t  the New 

Yor k  State faci l i ty are l ocated outdoors ; compressors and dehydrators 

a re u sed ; and the produce is s h i pped by truck . 

From these measurements , i t  i s  estimated that the pumps a t  Bryan 

Mound wou l d  produce sound l evel s of 75dB ( A )  at 50 feet . Typ i ca l  wa l l  

a ttenuati on for a corrugated steel bu i l d i ng i s  20-2 5d B .  T herefore the 

equ i va l ent  sound l evel  contri bu t ion  to the amb i ent  sound l eve l  from the 

p roposed fac i l i ty at B ryan Mound i s  est imated to be 30-35dB at  500 feet . 

Th i s  contri but i on  i s  neg l i g i bl e  compared to exi st i ng amb i ent  sound 

l evel s of 54dB in  undevel oped areas near the s i te and 6 1 dB  at ex i s t i ng 

i ndustri a l  s i tes . 

Duri ng  fi l l  and wi thdrawa l cyc l es , o i l  wou l d  arri ve at  the DOE 

docks  i n  tan kers . The no i se produced by the tan ker ' s  approach  wi l l  be 

of s hort  durati on , l ow frequency and l ow i n tens i ty .  No no i se impact i s  

expected due to th i s  acti v i ty .  

A l ternati ves 

An a l ternat i ve power  supp ly  to commerc i a l generation  i s  an ons i te 

45 , 000 horsepower gas  turbi ne generati ng stat ion . T h i s  wou l d  create a 

source of  no i se dur i ng the s torage fi l l  and wi thdrawa l peri ods . Gas 

turb i nes  are des i gned to meet spec i fi c  no i s e  cr i teri a establ i s hed by the 

Nationa l  E l ectr i ca l  Manufacturer Associ ati on  ( N EMA ) . It i s  u n l i ke ly  

that  the  turbi ne woul d  produce sound l evel s greater  than 5 2  dBA at  

approximate ly  400  feet . Therefore , the  contri bu t i on to  no i se l eve l s 

o ffs i te wou l d  be neg l i g i b l e .  

Other a l ternat i ve faci l i t i es wou l d  have no s i gn i fi cant effect on  

amb i ent no i se l evel s a t  the  s i te or  in  nearby i nhab i ted areas . 
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C . 3 . 2 . S  Speci es  and Ecosystems 

Operati onal  impacts of the proposed SPR  faci l i ti es on b i o l og i cal  

resources in  the  area  are pri nc i pal l y  rel a ted to  the  potent i a l  for  o i l 

o r  bri ne sp i l l s .  Al so , raw water woul d be wi thdrawn from the Brazos 

Ri ver Di vers i on C hannel  to d i sp l ace oi l from the caverns and bri ne wou l d  

be d i scha rged to the Gu l f  duri ng o i l fi l l i ng ,  wi th consequent l ocal  

effects o n  aquati c resources . Norma l s urface acti v i ti es at  the  s torage 

s i te and i n  the v i c i n i ty of the tan ker docks  woul d  exc l ude wi l d l i fe from 

the immedi a te project v i c i n i ty but thi s does not represent a new or  

s i g n i fi cantly adverse impact because of the  ex i s ti ng i ndustri a l  nature 

of  the project a rea . 

Raw �ater Wi thdrawal 

Wi thdrawa l of brack i s h  water from the Brazos R iver  Di vers i on C hannel  

wou l d  be requ i red for approximately  1 63 days duri ng each o i l s upply 

i nterrupti on . To d i sp l ace the enti re 1 63 MMB of s torage capac i ty ,  water 

wou l d  be wi thd rawn at  a rate of 1 MMB per day ( 42 percent of th i s  rate 

wou l d  be requ i red to d i spl ace the 63 MMB early storage o i l capaci ty ) . 

T h i s i s  a 87 percent greater wi thdrawal rate than i s  req u i red for cavern 

l each i ng . Entrai nment of aquat i c organi sms as descri bed in Secti on 

C . 3 . 1 . S  wou l d  res u l t  i n  the i r destructi on .  Because  average concentrati ons  

are u sed i n  cal cu l ati o n  of ki l l s ,  i t  may be  assumed that the percentage 

of organ i sms present whi c h  wou l d  be k i l l ed wou l d  be equal to the percentage 

of water wi thd rawn , whi c h  i s  l es s  than 1 percent of the normal r i ver 

f l ow rate a nd a muc h  l ower percent of the normal da i ly ti da l fl ow .  No 

s i g n i fi cant  impacts to mar i ne resources are expected to resu l t .  

Br i ne D i sposa l  

The  bri ne d i sposal  rate requ i red duri ng o i l fi l l  i s  d i scus sed i n  
Secti on  C . 3 . 2 . 2 .  D i s charge wou l d  occur for approximately  2 . 3  years 

fol l owi ng each  o i l wi thd rawa l . Impacts shou l d  be consi derably  l es s  than 

those whi c h  occu r  duri ng construction  ( Secti on  C . 3 . 2 . S ) . 

Add i ti onal  impacts rel ated to bri ne di s posa l  duri ng operat i ons  may 

be caused by d i sso l ved o i l  i n  the bri ne be i ng d i sp l a ced duri ng refi l l  of  

the  cav i t i es . Concentrat i ons  of o i l i n  the  bri ne effl uent are expected 

to range from 5 to 1 0  ppm . 
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Based on  a l i terature rev i ew conduc ted by LOOP , I nc . , ( 1 97 5 ) , i t  

was concl uded t hat , i n  genera l , concentrat i ons  of petro l eum hydrocarbons 

be l ow 1 ppm shou l d  have very l i ttl e adverse impact on mari ne organ i sms . 

Conti nuous concentrati ons  of 5 to 1 0  ppm may cause heavy morta l i ti e s . 

D i scharge of o i l  contami nated bri ne from the d i ffuser i s  expected 

to provi de d i l ut ion  of the effl uent by a factor  of 50 to 1 00 a lmos t  

immed i a tely  ( from an  exces s  sa l i n i ty of a bout  280 ppt to about 3 ppt , 

Append i x  G ) . Exi s t i ng water qua l i ty for ambi ent  o i l and grease l eve l s 

near the d i scharge area i s  h i g h  ( l es s  than 1 mg/ 1 ) .  Concentrat i ons  of 

hydrocarbons s hou l d  not be d i s t i ngu i shabl e from ambi ent  cond i ti ons 

beyond a few hundred feet from the d i ffuser , even under s tagnant current 

cond i ti ons . I t  i s  pos s i b l e  that very near  the poi nt of d i s charge , 

c hron i c  po l l u t i on probl ems cou l d  ex i s t and l ow producti v i ty and a l ow 

s pec i es d i vers i ty of many mar i ne organi sms cou l d  res u l t .  However ,  the 

effects shou l d  not be s i g n i fi cant , even l oca l ly ,  to mari ne resources . 

Tanker Transport 

Mari ne transport opera ti ons  cou l d  affect the  mari ne l i fe in  Freeport 

Harbo r ,  s i nce s h i p  passages may cause i ncreased turbi d i ty and s horel i ne 

eros i o n .  Pas sage o f  a barge or  tanker can re-suspend sed iments wh i ch 

requ i re a t  l ea s t  2 . 5 hours to settl e ( U . S .  Army Corps of Engi neers , 
1 97 5 ) . H i g h  turbi d i ty may ' c l og ur abrade g i l l s  of fi sh  and macrobenthos , 

o r  suffocate mo l l u s k s . I t  can a l so reduce p l an kton producti v i ty ,  thus 

reduc i ng the amount of food avai l abl e to fi l ter-feed i ng fi s h  and mo l l u s ks . 

The State of Texas c l a s s i fi e s  Freeport H arbor as  only su i tabl e for non­

contact recreat ion  because the harbor has  poor water qual i ty .  L i ght  

penetrati on  i n  the  water col umn at the proposed dock  area i s  presently 

on ly  1 . 3 to  4 . 8  feet , and thi s may be i ntermi ttentl y reduced by s h i p 

passage . Therefore , impacts d i rectly attr i buta b l e  to the tankers connected 

wi th  the Bryan Mound o i l  s torage operati ons  wou l d  be mi nor i n  compari son 

to the tota l impact from a l l s h i p traffi c and dredg i ng wi th i n  the harbor . 

Acci denta l  O i l Rel ease  

The potent i a l  for o i l  s p i l l s  duri ng proj ect operati on i s  descri bed 

i n  Append i x  E ;  expected annual  s pi l l  vo l umes by mode of operat i on and by 
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geograph i ca l  l ocat i on are summari zed i n  Secti on  C . 2 ,  part i cu l ar ly  Tab l es 
C . 2- 1  and C . 2- 2 . I n  the event of  an o i l sp i l l ,  the expected movement 

from var i ou s  s pi l l  l ocati ons , the weatheri ng processes l i ke ly  to occur , 

a nd the potenti a l  for water qua l i ty degradati on are descri bed i n  Secti on 

C . 3 . 2 . 2 .  The  secti on  treats some of the bi o l og i ca l  effects wh i ch can 

occur as  a resu l t . The i nformat ion  on frequency and vo l ume of expected 

o i l s p i l l s  for Bryan Mound i s  summari zed i n  Secti on  C . 3 . 2 . 2 .  

Frequenc i es of o i l  s p i l l s  are a l so  g i ven i n  the summary tab l es . 

Except for transfer s pi l l s ,  a l l modes of sp i l l s  are expected to be very 

i nfrequen t .  For . examp l e ,  a s i ng l e  fi l l  o f  1 00 MMB for Bryan Mound s i te 

expans i on i s  est imated to resu l t  i n  about 28 oi l sp i l l s ,  23 of wh i ch 

wou l d  occur at  the VLCC - tanker transfer l ocati o n .  A s i ng l e  wi thdrawal 

wou l d  resu l t  i n  l es s  than 2 sp i l l s ,  most  l i ke ly  at  the tanker l oadi ng 

dock . For very l arge s p i l l s ,  the fo l l owi ng recurrence i nterva l s  are 

g i ven i n  Append i x  E :  mari ne transportati on ,  1 1 , 580 years for s pi l l s  

greater than 1 0 , 000 barre l s ;  p i pel i nes , 200 years for spi l l s  greater 

than 1 000 barre l s for term i na l s ,  1 53 years for sp i l l s  greater than 1 000 

barre l s .  

Because of the d i s turbed nature of the Bryan Mou nd s i te due to i ts 

earl i er i ndustri a l  devel opment ,  the des i g n  safeguards  provi ded i n  the 

s torage system , and the fact that the area i s  most ly  c l eared l and , the 

potenti a l  b i o l og i ca l  impact from sma l l ,  chron i c  o i l s p i l l s  at  the Bryan 

Mou nd s torage s i te i s  expected to be sma l l .  The o i l surge tanks  at  the 

s i te wou l d  be d i ked to prevent escape of the o i l  i n  the event of a major 

s p i l l . T he we l l heads wou l d  a l so  be d i ked to conta i n  mi nor s p i l l s .  

Cowe l l ( 1 970 )  descri bes two forms of c hroni c po l l u ti on : 1 )  po l l ut i on 

that res u l ts from sma l l succes s i ve sp i l l s  occurr i ng wi th a frequency 

greater than that wh i c h  wou l d  a l l ow compl ete recovery of the ecosystem ; 

and 2 ) pol l u t ion  that resu l ts from cont i nuous d i scharge of l ow l eve l s  of 

o i l  and effl uents such  as  those from refi nery outfa l l s .  P l ant  s pec i es 

have been s hown to v ary cons i derab ly  i n  the i r  to l erance to succes s i ve 

s p i l l age , wi th annua l s bei ng the most su scepti b l e and perenn i a l s  somewhat 

more to l erant .  Seed l i ngs and annua l s se l dom recover from e i ther acute 



or  chron i c o i l s p i l l age , but perenn i a l s are capab l e of produc i ng new 

s hoots from unaffected root systems , some wi th i n  three weeks after 

contam i nat ion  ( Cowel l ,  1 97 1 ) .  When o i l i ng of vegetat ion  occurs duri ng 

f l ora l  i nducti on , seed germ i nati on  of mars h spec i es i s  reduced and 

f l oweri ng i s  i nh i b i ted ( Ba ker , 1 97 1 c ) . 

The effects of o i l  on vegeta ti on depend upon several factors such  

a s  s pec i es and age of p l ant ;  time of  year ; whether p l ants are act i ve ly  

growi ng or  dorman t ,  t he  amount and type of  oi l i nvol ved and  the degree 

of weatheri ng of the o i l ( Ba ker , 1 97 0 ) . P hys i ca l  weatheri ng , total 

c hemi ca l  decay , and b i o l og i ca l  breakdown are important i n  the degree and 

rate of degradati on , bu t the re l at i ve importance of each factor has not 

been ascerta i ned . Baker ( 1 97 1 a )  conc l uded that a s i ng l e  o i l s p i l l  does 

not  cause l ong - term damage to mars h vegetati on bu t success i ve sp i l l s  

resu l t  i n  a rap i d  decl i ne of vegetati on ( Baker , 1 97 1 b ) . The primary 

effect of an  o i l s p i l l  on vegetati on i s  that of deve l opi ng an o i l fi l m  

on  the s tems and l eaves o f  the p l ant . The fi l m  i s  d i ff i cu l t to was h off 

a nd s u bsequent ly  the l eaves turn ye l l ow .  Succes s i ve oi l s p i l l s  of any 

s i g n i fi cant magn i tude have been shown to be s tati s t i ca l ly  un l i ke ly  for 

the SPR expans i on fac i l i t i es .  

Short term exposure of mars h p l ants to sma l l or  i n termed i ate o i l  

s p i l l s  have been reported to not be exceed i ng l y  harmfu l , bu t chron i c 

re l eases are l etha l . The act ive  growth process  of many p l ants du ri ng 

the spri ng season are adverse l y  affected . Annua l  p l ants tend to be 

affected more i f  they are coated wi th o i l duri ng these acti ve growth 

peri ods bu t perenn i a l  p l ants have been s hown to regenerate new s tems i f  

the i r  root systems a re protected . The i nfl uence of o i l  s p i l l s  on coasta l  

pra i ri e  systems or  c l eared l and i s  even l ess  we l l  known than  the  i nfl uence 

of o i l  on coas ta l  marshes but i t  may be assumed that factors i nfl uenci ng 

damage to these systems wou l d  be s imi l ar to those descri bed for mars h l and . 

B i o l og i ca l  degradati on of crude oi l appears to be an important 

factor i n  vegetati ve  recovery after a s p i l l . The rate of degradat ion  i s  

re l ated to the type of o i l , temperature , and the makeup of s o i l mi crofl ora . 

Other so i l  organi sms such  as  bacteri a ,  fu ng i , a l gae , etc . , wou l d  not be 
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affected un i formly s i nce under cond i ti ons of a good oxygen , phosphate , 

and n i trogen supp ly  these organi sms cou l d  grow and eventua l ly  degradati on  

can ta ke pl ace ( Dav i s ,  1 976 ) . T h i s degradati on i s  an important factor 

to the recovery of the vegeta ti on fol l owi ng a s pi l l . The rate of degrada­

t ion  i s  rel ated to the type of o i l s p i l l ed ,  the  ambi ent  temperature , and 

the compos i t ion  of the so i l  mi crofauna . 

I f  a l arge o i l  sp i l l  occurred a l ong the Bryan Mound p i pe l i ne the 

d i rect effect upon  l a nd mammal s  cou l d  be s i g n i fi cant .  Al though  mos t  

l and mammal s  are h i gh ly  mob i l e  and cou l d escape sma l l sp i l l s  o n  l and , a 

l arge sp i l l  cou l d  cover a wide area i n  a s hort time . Anima l s that 

cannot escape the o i l may be k i l l ed by i ngestion  of contami nated foods 

and from products contacti ng the s ki n ,  or may suffer chem i ca l  burns from 

bei ng coated ( Texas A&M Un i vers i ty ,  1 97 2 ) . O i l s p i l l s on l and may a l so  

adversely affec t  l arge areas of hab i ta t ,  mak i ng i t  necessary for an ima l s  

to l eave the area . Al l habi tats have a carryi ng capac i ty that l imi ts 

the number of organi sms supported wi thout pl aci ng any undue s tres s  u pon  

i nd i v i dua l s  in  the area . The i ntroduction  of l arge popu l ati ons from one  

area to  another can adversely affect  the  popu l at ions  a l ready i nhab i ti ng 

the area and death may occur from over-crowd i ng ,  s tarvat i on , predat i on , 

and d i sease . These impacts wou l d  be espec i a l ly  severe among terrestri a l  

mammal s  s u i ted to the marsh  habi tats s i nce these areas are eas i ly  des troyed 

by o i l pol l u t i o n . 

O i l sp i l l s  can a l s J  affect the var ious  s pec i es of herpetofauna 

through  d i rect contact of the o i l on the s ki n ;  some s pec i es of frogs and 

toads breathe through  the i r  s k i n and oi l contact wou l d  reduce the i r rate 

of resp i rati on , po s s i b ly resu l t i ng i n  death . Large o i l sp i l l s adjacent 

to marsh  areas cou l d  spread rap i d ly  across  wet areas and cou l d destroy 

the vegetati ve cover that serves as habi tat for many s pec i es of herpeto­

fauna . These s p i l l s  cou l d  a l so  ki l l  many i nsect s pec i e s  that are aquati c 

duri ng thei r reproduc ti ve cyc l es and prov i de food for other an ima l  

s peci es . 

B i rd l i fe at  Bryan Mound cou l d  be affected by di rect contact wi th 

the o i l and by l os s  of food and cover s i nce many s pec i e s  of b i rds are 
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a ttracted to the marsh l and at  the s i te .  Data are not avai l ab l e  to 

prov i de an estima te of the number of bi rds that may be di rect ly  affected , 

but  the l osses  i n  the marsh  are l i ke ly  to be severe . The primary factors 

wh i ch  wou l d  i nfl uence the extent of the damage of a major  s pi l l  on  b i rd 

l i fe are : 

0 The l ocati on , s i ze ,  and durat ion  of the s pi l l  

0 The part i cu l ar  s pec i es present and the i r  behav i or 

0 The time of year 

0 The reproducti ve  capaci ty of the spec i e s  i nvo l ved . 

The primary causes of b i rd morta l i ty due to o i l sp i l l s  are : des tructi on  

of the  waterproofi ng and i ns u l ati ng properti es of fea thers and the 

i nges t ion  of the oi l when the b i rds  attempt to cl ean themsel ves . O i l ­

fou l ed bi rd s  preen excess i ve ly  i n  thei r attempt to remove the contami nant . 

Autops i es have s hown th i s  preoccupat ion  to be so great as to su percede 

the need for food ; mos t gastro i n testi nal  tracts of autops i ed b i rds  

conta i n  l i ttl e ,  if  any ,  food . P hys i o l og i ca l  wea ken i ng of the  body , 

coup l ed wi th reduced food i ntake , wi l l  eventua l l y  res u l t i n  the death of 

the b i rd .  Experi ence has  shown that 20 percent or  l ess  of the b i rd s  

d i rectly affected can b e  expected to surv i ve ( Boesch , et a l . ,  1 974 ) . 

I nd i rect effects may be caused by l oss  of a food supp ly  when bi rds  eat 

o i l contami nated food . 

Reducti on  i n  the i nsu l ati ng capac i ty of the feathers causes an 

i ncrease i n  metabo l i c  rate to mai ntai n  the bi rd 1 s  body temperature . 

Heat l os s  i n  an  o i l fou l ed b i rd has been s hown to be approx imate ly  twi ce 

that of a norma l b i rd ( Hartung , 1 96 7 ) . D i e tary i ntake mus t  then be 

doubl ed to mai ntai ned body temperature and thi s  i s  d i ffi cu l t  because 

energy is expended duri ng the i ncreased forag i ng acti v i t ies  and because 

the i ngesti on  of o i l  has  reduced the effi c i ency of the body 1 s  sys tem . 

Forag i ng may decrease and actua l l y  cease a l together , resu l ti ng i n  s tarva­

t i on . The metabo l i c  rate has been s hown to i ncrease l i nearl y  wi th a 

decrease i n  the ambi ent  temperature ; therefore , the rate of s tarvati on  

can be  acce l erated by co l d  weather ( Hartung , 1 967 ) . 
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Al thou g h  many catt l e graze i n  the Bryan Mound area the effects of 

o i l  s p i l l s  u pon  l i vestock are l imi ted . Sp i l l s  may resu l t i n  s hortterm 

damage to the vegetat i on , however . 

The impact of an  aquati c o i l  s p i l l  becomes parti cu l ar ly  farrang i ng 

i n  h i g h l y  turb i d  a qu a ti c systems , such  as the Brazos R i ver , s i nce o i l  

and  petrochemi ca l s  are qu i ck ly  absorbed by suspended matter such  a s  

c l ay .  These parti c l es may be transported over wi de areas by the s trong 

currents and l arge heavy o i l y  g l obu l es may be formed and depo s i ted on 

the ri ver bottom far from the source . On the bottom , the g l obu l es can 

rel ease water so l ubl e s ubstances wh i c h  are tox i c to aqua ti c  l i fe . 

Sediments whi c h  are covered by oi l can become l ow i n  oxygen and s u bse­

quent ly  may become a naerob i c .  Under these cond i ti ons , o i l degradat ion  

i s  very s l ow and  many of  the tox i c  components are the  l as t  to  be  broken 

down (Murphy , 1 97 1 ) .  

Petro l eum products have been s hown to damage aquati c b i o ta i n  four  

pri nci pal  ways ( FWPCA , 1 968 ) : 

o By d i rect contact wi th  the organ i sm 

o By smeari ng g i l l s  or be i ng swa l l owed wi th  water and  food 

o By formi ng a surface fi l m  that may i nterfere wi th gaseous 

exchange or  resp i rat i on  

o By poi son i ng organ i sms wi th  var i ous  water so l u b l e substances 

l eached from the o i l 

Al l components of aquati c ecosystems can be damaged . P hytop l an kton 

and zoop l a n kton , primary food sources i n  the food web ,  may be destroyed 

or coated wi th  o i l y  substances . If these coated p l an kton are i ngested 

by fi s h , an o i l y  sme l l and tas te may be imparted to the fi s h  fl es h .  

Fi s h  may a l s o  be impai red or ki l l ed d i rectly  when the epi thel i a l surfaces 

of the i r  g i l l s  become coated wi th  a fi l m ,  thereby i n h i b i ti ng resp i rat i on . 

O i l wh i ch sett l es to the bottom may a l so coat ri ver sed iments and des troy 

benth i c organ i sms and a l so i n terfere wi th spawn i ng act i v i ti es . The 

reproducti ve  capaci ty of benth i c  organ i sms may a l so be impai red (Murphy , 

1 97 1 ) .  

C . 3-68 



The b i o l og i ca l  commu n i t i es i n  the dock areas i nc l ude some of the 

organ i sms wh i c h  wou l d  be found i n  both the mars h and coasta l  pra i r i e  

b i otopes through wh i c h  the pi pel i ne to the SEAWAY Tank Farm wou l d  be 

devel oped . However , many of the spec i es norma l l y  found i n  these  b i otopes 

are mi s s i ng and other spec i es not norma l l y  present are common .  An o i l 

s p i l l  on th i s  poor qua l i ty hab i tat wou l d  have a mi n imal effect on the 

b i ot i c  commun i ty ( see Secti on B . 2 . 5 ) s i nce the endem ic  spec i es wh i ch 

i n hab i t these cl eared areas are l ow both i n  numbers and d i vers i ty .  

The ma i n  groups of aquat ic  organi sms wh i ch cou l d  be affected by o i l 

s p i l l s  i nto water at  the dock i ncl ude p l ankton , nekton , benthos , macro­

phytes , per i phyton , m i crobes , and aquati c  b i rds and mamma l s .  Aquati c 

organi sms associ ated wi th the water surface , the neuston , wou l d  presumab ly  

be  mos t subj ect to  the  tox i c  or  mechan i ca l  ( smother i ng or coati ng ) 

effects from contact wi th fresh o i l s l i c ks . 

Under l aboratory cond i ti ons , drop l ets of o i l have been noted to 

ad here to s p i nes of mar i ne phyto and zoopl an kton , espec i a l ly  after they 

had come i n  contact wi th the surface fi l m  ( Mi n i s try of Defense , 1 973 ) . 

P l ankton , wh i ch f l oat wi th  the water currents at re l at i ve ly  s l ow s peeds 

wou l d  be unabl e to effect ive ly  avoi d  the sp i l l  areas . Photosynthet i c  

acti v i ty o f  phytopl ankton was accel erated at  l ower concentrati ons ( 1  to 

3 mg/ l ) and d imi n i shed at h i gher ones ( 6  to 20 mg/ l ) ( Boesch et a l . ,  

1 974 ) . Eggs and l arvae of many benth i c  organ i sms such  as oys ters , 

s hr imp , crab� and demers a l  fi s h  are maj or temporary components of the 

zoopl an kton . These immature stages are often h i gh ly  su scepti b l e to 

tox i c  materi a l s .  Many zoopl an kton wh i ch ex h i bi t  a d i u rnal  verti ca l  

m i grat i on  i n  the water col umn cou l d  a l so  be  destroyed by a major  o i l 

s p i l l .  However , fi e l d  data do not conc l u s i ve ly  demonstrate a measurabl e 

effect .  There i s  l i ttl e ev i dence for concentra t i on of o i l i ngested by 

zoop l ankton a t  h i g her tro p i c  l evel s i n  the food web .  

Fi s h  usua l l y  are ab l e to avo i d  sp i l l ed o i l and there i s  ev i dence 

conf i rm i ng th i s avo i dance (Boesch ,  et . a l . ,  1 974 ) . Large fi s h  k i l l s  have 

genera l l y  occurred i n  o n ly  res tr i cted water bog i es . These k i l l s  are 

attri butabl e to d i rect tox i c  effects of the o i l or l owered d i sso l ved 
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oxygen l eve l s  i n  the water ,  caused by restri cted oxygen d i ffus i on from 

the atmosphere , or  the i ncrease of bi ochem i ca l  oxygen demand by the o i l  

parti c l es , o r  a comb i nation  o f  these factors . Fi s h  appear to be more 

res i s tant  to the toxi ci ty of o i l products than many other aquat i c  organi sms 

because  the mucus coati ng on the i r exter ior  body surface i s  o i l repe l l ant  

( Boesch , et . a l . ,  1 97 4 ) . D i rect toxi c  effects on  fi sh  exposed to o i l 

s p i l l ed off the Lou i s i ana coast  showed the l oss  of g i l l  t i s s ue cel l s  or  

" s l oug h i ng , "  and swo l l en branch i a l  fi l aments ( U . S .  Env i ronmental  Protec ­

t i on  Agency , 1 97 2 ) . I t  has  been suggested that the tox i c  effects of aged 

crude o i l may be g reater than that of fresh  crude o i l ( Benter , 1 97 6 ) . 

Fi s h  may be contami nated because of i ntake of petro l eum hydrocarbons  

duri ng thei r feed i ng acti v i ti es ;  th i s  ta i nti ng may pers i s t  for severa l 

months ( Boesch , et . a l . ,  1 974 ) . 

Benth i c  organi sms wou l d  be affected ma i n ly  by o i l that sank  to the 

bottom and coated the p l ants and an ima l s .  Reduced oxygen l evel s i n  the 

benthos cou l d  be an  important factor i n  th i s  impact .  Al l organi sms are 

not equal l y  s uccessfu l  at  reco l on i zi ng po l l u ted areas and several years 

may be requ i red to re-atta i n  pre- impact l evel s of d i vers i ty and commun i ty 

s tructu re . Some bottom organ i sms accumu l ate petro l eum hydrocarbons  i n  

the i r  ti s s ue after i ngesti on  ( Boesch  et . a l . ,  1 97 4 ) . 

Peri phyton commun i t i es , wh i ch tend to be made up  of very sma l l 

o rgani sms , are dependent on  subs trate and therefore o i l wou l d  probab ly  

have  a very great impact on th i s  commun i ty .  However , s i nce these 

organi sms have very short l i fe cyc l es they shou l d  be ab l e to reco l on i ze 

s u i tab l e surfaces rel a ti ve ly  rap i d l y  after the o i l i s  degraded or  has  

been removed . 

Effects of o i l  on  bacteri a ,  fung i and yeasts are not we l l  known 

( Boesch , et . a l . ,  1 974 ) ; however , bacteri a  are genera l ly  thought  to 

contri bute greatly to the degradati on  of o i l i n  the sea . 

I n  s ummary , the impacts to bi ota due to norma l operat ions  of the 

B ryan Mound s torage s i te are not expected to be s i gn i fi cant . Even i n  

the case of occa s i ona l  sma l l o i l sp i l l s ,  i mpacts are not expected to be 

widespread or seri ous . However ,  depend i ng on the s peci fi c cond i ti ons , 
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i nc l ud i ng l ocati on , s eason , vol ume , and s p i l l  control effecti venes s , a 

l arge o i l  s p i l l  may have a ser i ou s  impact on the bi ota i n  the l ocal  

env i ronment . 

The type of exposure to be expected d i ffers i n  accordance wi th the 

mode of tra nsport and handl i ng ( see Tabl es  C . 2- 1  and C . 2- 2 ) . Tan ker and 

barge casua l ty s p i l l s  may be qu i te l arge but are re l at ive ly  i nfrequent .  

I f  a l arge s p i l l reaches the marshes o f  the Texas  coa s t ,  impacts cou l d  

be severe but the chance o f  such  a n  event i s  fa i r ly  l ow ( for  examp l e  

0 . 25 vessel  casual ty s pi l l s  are projected to occur i n  the Gu l f  of Mex i co 

dur i ng project l i fetime from both earl y  s torage and SPR  expans i on opera ­

t i ves ) . Effects o n  marsh  i nhabi tants , such  as  waterfowl a n d  fur bear i ng 

an ima l s ,  i n  add i t i on to pr ima ry producti v i ty ,  cou l d  be severe . 

A p i pel i ne sp i l l  wou l d  l i ke l y  have the mos t  i n tens i ve ,  l ocal i zed 

b i o l og i ca l  impact .  The recurrence i nterva l of an o i l s p i l l , even w i t h  

o i l  l eft i n  the l i ne dur i ng s tandby storage i s  more than 200 years , 

however . 

The sma l l  s p i l l s  accompanyi ng o i l transfer operati ons consti tu te 

the vast  majori ty of a l l s p i l l s  expected from the SPR program . W i t h  

appropr i a te depl oyment of booms and other o i l  recovery equ i pment , effects 

s hou l d  be l oca l i zed . 

Several scenar i o s  may be descri bed to eval ua te potent i a l  effects of 

maximum cred i b l e  s pi l l s  for var i ou s  o i l s p i l l  modes . The bases of 

s e l ected max imum cred i b l e  s pi l l  s i zes are prov i ded in Append ix  E .  

E co l og i ca l  impacts are quanti f ied on the bas i s  of acres expected to be 

severely impacted us i ng 25 barrel s per acre of fresh  crude caus i ng 1 00 

percent l os s  of vegetat ion  for a per i od of at  l ea s t  two years i n  wet l ands 

or  coasta l  pra i r i e . I n  open water bod i es , i t  has been es timated tha t ,  

o n  the bas i s  o f  a damage threshol d o f  1 0  ppm hydrocarbon , a contami nat i on 

of  6 barrel s per acre cou l d  cause total l os s  of producti v i ty i n  s ha l l ow 

waters (2 to 4 feet dee p )  for per i od s  of two weeks to severa l months , 

depend i ng on  water c i rcu l at ion  and s pec i es affected ( Dames & Moore , 

1 97 5 ) . 
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Us i ng the above o i l sp i l l  damage parameters as  i nd i cators , the 

fol l owi ng impacts may be estimated . For a tanker acc i dent of 60 , 000 

barrel s ,  a pos s i b l e  marsh  impact on 1 680 acres or a sha l l ow water impact 

on 7000 acres m i g ht resu l t . Av i fauna , fur an ima l  and shel l f i s h  impacts 

cou l d  be severe i n  the coastal Texas marshes . Vu l nerabl e  areas i nc l ude 

the l ower San  Bernard Ri ver and associ a ted l akes , bays and mars hes wes t  

o f  Freeport a n d  the Chri sti na , Drum and Bastrop Bays to the eas t ( F i gu re 

C . 3 - 2 ) . 

For an o i l  transfer acc i dent of 500 barre l s at  the tanker docks , 

pos s i bl e  mars h  impacts on  1 4  acres (h i g h ly  u n l i kel y )  or a s ha l l ow water 

impact on 60 acres m ight  resu l t . Avi fauna , fur an ima l , and she l l fi s h 

impacts shou l d be sma l l becau se  of the i ndustri a l  nature of Freeport and 

Brazos Harbors . 

For a p i pe l i ne sp i l l  of 1 0 , 000 barrel s ,  as sumi ng 20 percent l os t  to 

evaporat ion  and none recovered , a poss i bl e  wetl and impact of 320  acres 

or  a sha l l ow water impact of 1 340 acres m ight  res u l t .  The l ower Brazos 

Ri ver D i vers i on C hannel  and l a kes and mars hes on Bryan Mound are poten­

t i a l ly  vu l nerab l e .  

I n  summary , i t  may be concl uded that the very l ow frequency of o i l 

s p i l l s  i nd i cates that chro n i c  b i o l ogi cal  impacts shou l d  not be experi enced . 

Very l arge sp i l l s  are so improbab l e as to represent a very sma l l l i kl i hood 

of adverse impact but the potenti a l  for impact i s  fa i rly  l arge depend i ng 

on sp i l l  l ocati on . Except for the case of a l arge sp i l l  i n  the gu l f 

bei ng transported to near shore waters and coas tal bays pri or to recovery , 

adverse impacts shou l d  not be of reg i onal  s i g n if i cance . 

Acci denta l  Bri ne Rel ease 

The potent i a l  for bri ne or raw water sp i l l s  dur i ng project opera ti on 

i s  descri bed i n  Append i x  E ;  expected annual  s p i l l vo l umes by mode of 

operat ion  and by geograph i cal  l ocat i on are summari zed in Sect ion  C . 2 ,  

parti cu l ar ly  Tab l e C . 2-3 . I n  the event of an br i ne or  raw water s pi l l , 

the expected movement  from vari ous  spi l l  l ocati ons  and the potenti a l  for 

water qual i ty degradat ion  are descri bed i n  Secti on C . 3 . 2 . 2 .  The secti on  

treats some of the  b i o l og i ca l  effects wh i c h can  occur  as a resu l t . 
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Bri ne and raw water s p i l l s  are expected to occur on ly  from the 

p i p i ng system . Tota l  s p i l l age i s  estimated to be 75 barrel s of bri ne 

and 1 1 5  barrel s of raw water from SPR expans i on fac i l i ti e s  of the tota l , 

1 98 barrel s of br i ne and 78 barrel s of raw water wou l d  sp i l l  i n to the 

Gu l f  of Mex i co , 40 barre l s of br i ne and 43 barre l s of raw water wou l d  

s p i l l  onto coastal  pra i ri e  and mars h l and i ns hore of Bryan Beach ( Tabl e 

C . 2-3 ) . The max imum cred i bl e  sp i l l  event  i s  estimated to be 30 , 000 

barre l s of bri ne excu l d i ng poss i b l e  rel ease of up to 1 00 , 000 barrel s of 

br i ne due to hurri cane breach i ng of the s torm l evee and bri ne reservo i r .  

Frequenc i e s  of s pi l l s  are a l so g i ven i n  the summary tabl es . For 

bri ne sp i l l s ,  there i s  a 96 . 8  percent chance of hav i ng no sp i l l s  duri ng 

the project l i fetime for the S PR expan s i on , s imi l ar ly  there i s  a 99 . 9  

percent chance of hav i ng no raw water sp i l l s .  

A 30 , 000 barre l s p i l l  of bri ne from the d i sposa l  p i pel i ne wou l d  

probab ly  have no seri ous  b i o l og i ca l  impact u n l ess  i t  occurred from the 

i ns hore porti on  of the p i pel i ne or very near s hore . No comparab l e  

damage parameters are avai l ab l e  to estima te acreage impacts ; the effects 

a re mi ti gated by d i l u t i o n , c i rcu l at ion , and m ix i ng . Assum i ng  u n i form 

mi x i ng , i t  wou l d  take approximatel y  1 30 to 1 50 acre-feet of 20 ppt water 

to d i l u te the bri ne to 22 ppt , a reasonabl e thresho l d  for measurabl e 

s a l i n i ty effects . For brack i s h  water  of sa l i n i ty 5 ppt , over 500 acre­

feet wou l d  be requ i red to d i l u te 30 , 000 barre l s  of br i ne to 5 ppt . 

Thu s , the potenti a l  for adverse impact i n  Mud Lake , Unnamed Lake , or  any 

o ther poorl y  f l u s hed , l ow sa l i n i ty l ake i s  great s hou l d  a maximum cred i bl e  

bri ne s p i l l  occur .  

I n  summary , i t  may be conc l uded that the very l ow frequency of 

bri ne sp i l l s  i nd i cates that chron i c  bi o l og i cal  impacts shou l d  not be 

exper i enced . 

A l ternat i ves  

Constructi on  of a ground water supply system , a 1 2 . 5  mi l e  offs hore 

br i ne d i ffu ser to the Gu l f  or a deep wel l bri ne i njecti on  sys tem wou l d  

expose add i ti onal  port i on  of bracki s h  marsh  to pos s i bl e bri ne or  raw 

water s p i l l s .  Construct ion  of an  offshore termi na l  and p i pel i ne wou l d  
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reduce the total quanti ty of o i l s p i l l s  expected and wou l d  rep l ace 

exposure to tan ker casu a l t ies  wi th  exposure to pi pel i ne s p i l l s .  De l i very 

of  water from Dow reservo i rs wou l d  not i mpose any s i gn i fi cant s p i l l  r i s k  

a s  fres h  water wou l d  be pumped through  the pi pel i ne .  

C . 3 . 2 . 6  Natura l  and Scen i c  Resources 

Operat i on  and s tandby s torage at  B ryan Mound wou l d  have no s i gn i fi ­

cant  impact on  natu ra l  resources or  recreat i on  duri ng norma l procedures . 

T he potenti a l  does exi st  for o i l  s p i l l s  to occur i n  the proces s  of 

s h i pp i ng o i l to SPR  s i tes . If an  o i l s p i l l  reached the s hore l i ne ,  

beaches used for recreat ion  such  as  Bryan or  Qu i ntana Beach  cou l d  be 

s i gn i fi cant ly  impacted . Beach v i s i tors are estimated at about  3 mi l l i on 

per year . T hough o i l cou l d  be fai r l y  rap i d l y  c l eared from the beaches , 

res i dues  depos i ted o n  offs hore subs trate cou l d  dr ift  to s hore for a 

peri od  of many months afterwards .  

Aes theti cs 

Operat ion  of the SPR s i te shou l d  have no adverse aestheti c impacts 

dur i ng norma l op�rati ons . The project wou l d  have sma l l amounts of 

fumes , v i brati ons , or  no i se and wou l d  be con s i s tent  wi th  ex i s ti ng i nd u str i a l  

devel opment i n  the s urround i ng area . Buri a l  o f  a l l pi pe l i nes on  the 

s i te wou l d  hel p mi n imi ze v i sua l  impacts . O i l s p i l l s  reach i ng coastal  

beaches wou l d  have s i gn i fi cant adverse aestheti c impact , however . 

C . 3 . 2 . 7  Archaeo l og i ca l , H i s tori ca l  and Cu l tura l Resources 

No impacts on archaeo l og i ca l , h i s tori cal , or  cu l tural  resources are 

expected from operati ons  of the B ryan Mound SPR fac i l i ty .  

C . 3 . 2 . 8  Soc i oeconomi c Envi ronment  

L and  U se  

T he add i t i o n  of the  1 00 MMB s torage reserve at  B ryan Mound wou l d  

have l i ttl e add i ti ona l  i mpact on  l and use  duri ng operat i on . The l and  at  

t he s i te and a l o ng p i pel i ne routes to  the  s i te wou l d  a l ready be  dedi cated 

to these uses . The add i ti onal  240 acres or tota l of 3 90 acres encl osed 

at the s i te duri ng constructi on  wou l d  be enc l osed by a fence and res tr i cted 

for the l i fe of the project .  Of the 425 acres requ i red for construct i o n  

offs i te a n d  wi th i n the fenced area , 2 7 5  acres wou l d  be needed for ma i ntenan 
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of the project .  The new DOE docks wou l d  be con s i s tent wi th ex i s ti ng 

l and uses and res tri cti ons , and wou l d  requ i re a re l at i ve ly  sma l l l and 

area . The use of the bri ne d i ffuser may have a mi nor adverse impact on 

the use  of the sma l l area i n  wh i ch i t  i s  l ocated for fi s h i ng . 

Transportat ion  

Very l i ttl e traffi c rel ated to  the project wou l d  be  generated 

duri ng opera ti o n .  A sma l l crew ( est imated at 1 0  emp l oyees duri ng s tandby 

operati on and 55  duri ng o i l fi l l  or  wi thdrawa l ) wou l d  be necessary to 

carry out fi l l  and s torage acti v i ti es ;  howeve r ,  commu ti ng traff i c  wou l d  

be i ns i gni fi cant i n  compari son  to current traffi c vo l umes on  county 

roads . 

A sma l l i ncrease  i n  tanker traffi c wou l d  resu l t  from the project 

duri ng fi l l i ng and wi thdrawa l ; however , i t  i s  not expected to s i gn i fi cantly 

affect port operat ions . Duri ng o i l wi thdrawa l , approximatel y  1 . 5 tankers 

( 3 2 , 000 DWT ) per day for 1 65 days wou l d  consti tute the major  i ncrease  i n  

tanker traffi c i n  Freeport Harbor . 

Popu l at i on  and Hous i ng 

The operat i on  of the SPR project s i te wou l d  have very l i tt l e effect 

o n  popu l ati on i n  the surround i ng area . The proj ect wou l d  have a total 

of 55  empl oyee? o ns i te i n  three s h i fts duri ng fi l l  and wi thdrawal opera­

t i ons . Duri ng s tand by operati ons , on ly  about ten emp l oyees wou l d  work  

a t  the  s i te .  Even i f  a l l the emp l oyees  were to mi grate to the Brazosport 

a rea wi th the i r  fami l i es , the impact on the l oca l  popu l at ion  wou l d  be 

neg l i g i bl e .  Brazosport has grown rapi d l y  s i nce 1 970 and the popu l a ti on  

a s soci ated w ith  th i s project wou l d  consti tu te on ly  a mi nor i ncrement 

compared to  th i s  i ncrease .  

Project operati on  wou l d  have a mi n ima l  impact on hou s i ng .  Many of  

t he  maxi mum 55  workers emp l oyed are expected to  come from the Brazosport 

area and other commu n i t i es wi thi n commuti ng di s tance . 

Economy 

The operatl on  of the B ryan ,Mound storage s i te wou l d  have an i ns i gn i ­

fi cant effect on the bas i c  economy of the are a .  Supp l i es for some 

operati ons may be purchased from exi sti ng petrochemi ca l  and servi ce 

i ndustri es . 
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Operat ion  of the project wou l d  requ i re a re l at ive ly  sma l l work  

force ( see above ) ,  and th i s  wou l d  cause an i ns i gn i fi cant  impact on the 

l oca l l abor poo l . 

Emp l oyment  i ncome from the project wou l d  average $96 , 000 per month 

duri ng the fi l l i ng and wi thdrawal phase . Mos t  of th i s  i ncome i s  expected 

to stay i n  the B razosport area for the three years of fi l l i ng and wi th­

drawa l associ a ted wi th  each o i l supply i nterrupti on . Dur i ng s tandby 

operat i ons , i ncome wou l d  average approx ima te ly  $ 1 7 , 500 a month for the 

1 0  empl oyees . Th i s  i ncome a l one i s  not expected to be suffi c i ent  to 

s timu l ate the l ocal  economy . The i nd i rect and i nduced i ncomes der i ved 

from these acti v i t i e s  have not been estimated , bu t are not expected to 

be s i gn i fi cant . 

Purchases of suppl i es assoc i a ted wi th the s torage fac i l i ty dur i ng 

operat i ons  cou l d  prov i de ,  as  we l l ,  economi c stimu l u s to the extent these 

purchases a re made i n  the Brazosport area . 

Urban Serv i ces 

The  operati on  phase of the S PR project wou l d  have l ess  impact on  

po l i ce and fi re serv i ces  than  constructi on  phase , as  fewer workers wou l d  

be requ i red . 

No adverse impacts on hea l th serv i ces are expected duri ng normal 

o perat i ons . 

The sma l l number of workers and the i r  fami l i es wi th ch i l dren that 

may permanentl y rel ocate in the area wou l d  have no s i gni fi cant impact on  

school s in  B razosport . 

B ra zor i a  Cou nty wou l d  l ose  some property tax revenue , s i nce th i s  

proj ect wi l l  remove the s i te from the tax rol es . As d i scus sed i n  Secti on  

C . 3 . 1 . 8  the  annua l tax l os s  wou l d  be  approx imatel y  $690 per  yea r .  

A l ternati ve Faci l i t i es 

The use  of a l ternat i ve fac i l i ti es to draw water , d i s pose  of bri ne , 

o r  transport o i l  wou l d  not s i gn i fi cantl y a l ter the soci oeconom i c  effects 

of operat ion  descri bed above . Use  of an offs hore mari ne termi nal  wou l d  

e l imi nate tanker traffi c from the Freeport and B ra zos  Harbor area , 

however . 
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C . 3 . 3  Impact Due to Termi nati on and Abandonment 

No s pec i f i c  pl a n  for  termi nati on  and abandonment of the  B ryan Mound 

o i l  s torage s i te has been establ i shed . To date , no s pec i fi c experi ence 

wi th the abandonment of an  o i l s torage cavern fac i l i ty has  been deve l oped 

i n  the U n i ted States . Var i ou s  feas i bl e  pl ans  are ava i l ab l e .  Envi ronmenta l  

hazards that mu s t  be  con s i dered i nc l ude surface subs i dence and rel ease  

of res i dua l  o i l s  squeezed from the  work i ng s  by pos s i b l e  l ong-term p l a sti c 

c l o sure . 

At present , i t  i s  i ntended to put the fac i l i ty to some benef i c i a l  

u se , rather than abandon i t .  Benef i c i a l  u s e s  mi ght i ncl ude d i s posa l  of 

was tes , such  as dredge spoi l ,  s l urri ed fly as h ,  rad i oacti ve was te , or 

other po l l u ted or  tox i c  materi a l s .  Another poss i b i l i ty i s  to deve l o p  a 

compressed a i r s torage fac i l i ty for peak  power use . The fi na l  se l ecti on  

of  an abandonment  p l an  w i l l  l i ke l y  depend on the  economi c and env i ronmental 

tradeoffs and regu l at i ons  that are i n  effect at the t ime of termi nati on . 

U se  of the fac i l i ty i n  the manner descri bed above wou l d  assure 

conti nued s u rve i l l ance of the cavern . The i nherent i ntegr i ty of the 

cavern wou l d  prevent any l ea kage of materi a l  i nto the env i ronment .  

Certa i n  acti v i t i e s  assoc i ated wi th the s pec i f i c  use , s uch a s  was te 

transport , wou l d  impose some potenti a l  for envi ronmenta l damage resu l ti ng 

from traffi c ,  sp i l l age and noi se . 

Shou l d  no benefi c i a l u se be found  for the fac i l i ty ,  the wel l s  cou l d  

be seal ed and the caverns l eft fi l l ed wi th  bri ne .  No adverse envi ronmental 

effects are l i ke l y  to res u l t from such acti on . 

C . 3 . 4  Re l at i ons h i p  o f  the Proposed Act ion  to LandUse P l ans , Pol i ci es ,  

and Contro l s 

Brazori a County i s  a member of the Houston/Gal veston Area Counc i l  

of Governments . The Counc i l  makes s tud i es and p l ans  to g u i de  u n i f i ed 

devel opment of the area , e l im i nate dup l i cat i on , and promote economy and 

effi c i ency i n  coord i nated area deve l opment .  The Counci l makes recommenda­

ti ons  to member governments and may , upon reques t ,  ass i s t i n  impl ementa­

ti on  of those  p l ans . The B razosport P l an n i ng Board is  a part  of the 

Brazosport Chamber of  Commerce . The Board ma i n ta i ns a mas ter  p l an for 

C . 3-77  



Brazosport and coord i na tes pl ann i ng for the Brazosport area . Current 

p l ans  are con s i dered h i g h l y  fl exi bl e and appear to be des i g ned to accommo­

date the needs of expand i ng i ndu s tri a l i zati on  a l ong t he  Brazori a Cou n ty 

Gu l f  Coast  area . 

T he projected l and use  p l an ,  as  devel oped for future devel opment  i n  

Brazori a County ,  i s  s hown i n  Fi gure C . 3-3 .  I t  i nd i cates anti ci pated 

growth re l at ions h i ps , rather than prov i d i ng a defi n i ti ve l and-use program 

for Brazori a County i n  1 99 0 .  T he a l l ocati on of l arge areas of l and for 

contro l l ed open space wi l l  become i ncrea s i ng ly  important  i n  the context 

of both county and reg i onal  needs . 

Recommended l a nd-use goa l s for gui di ng growth wi th i n  Brazori a 

County i nc l ude establ i s hment of a program for the optimum use  of resources 

( na tura l  and human ) ,  ensur i ng orderly econom i c  growth , enhanci ng and 

preservi ng u n i que  reg i ona l  advantages or asse ts , prov i d i ng for qual i ty 

i n  the tota l envi ronment , and compati bi l i ty and functi onal  effi c i ency 

among the vari ous  l and use  components that compri se the reg i onal  commun i ty ,  

and ensuri ng the hea l th and safety of the popu l ace . 

I n  l i g ht  of the goa l s ,  devel opment  concepts , and future l and use  

p l ans , and con s i deri ng the  exi s t i ng l and use  patterns , i t  i s  not anti c i ­

pated that any l and u se pol i c i es or pl ans  wou l d  be i n  confl i ct wi th the 

proposed Bryan Mound Strateg i c  Petrol eum Reserve fac i l i ty .  

C . 3 . 5  Summary of Adverse and Benefi c i a l  Impacts 

Land u se impacts of expand i ng thi s proposed s i te center  on  the 

amount  of l and requ i red . At the dome , 240 add i ti ona l acres or  a total 

of 390 acres wou l d  be enc l osed by a secur i ty fence . Wi thi n  th i s  area , 

approximate ly  36 areas wou l d  be req u i red for con structi on  of ons i te 

faci l i ti es .  Cons tructi on  of systems common to each s i te wou l d  requ i re 

1 85 acres for the offs hore bri ne d i ffu ser p i pel i ne ,  p i pel i ne connecti ons  

to Brazos  H arbor and the new tanker docks . 

Devel opment of the B ryan Mound sa l t dome as an o i l  s torage fac i l i ty 

i s  not l i ke ly  to genera te s i g n i fi cant  reg i ona l  envi ronmental impacts 

except for the remote poss i bi l i ty of a major  oi l sp i l l  and the uncontro l l ed 

rel ease  of hydrocarbon vapors duri ng o i l transportati on . Construct ion  
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and use of a mari ne termi nal  woul d reduce hydrocarbon emi s s i ons by more 

than 50 percent and  woul d m i n im i ze the chance of a near- shore o i l  sp i l l . 

The fact that t he s i te ha s l ong been used for suc h  i ndustr i a l purposes 

as br i ne  product i on mi n im i zes the scope of changes resu l ti ng from construc­

t i on acti v i t i e s .  Al though  port i on s  of the area have a h i g h  primary 

b i o l o g i ca l  product i v i ty ,  the amount of l and  affec ted by the project i s  

smal l i n  rel a t i on to the amount of s imi l a r l a nd i n  the area . No i se i s  

not expected to cause adverse affects , due to exi st i ng i ndustr i a l  l and  

u ses , e i ther dur i ng the con struct i o n  or operati on pha ses . 

Al though t he proj ect wou l d  req u i re l a rge quant i t i es of  water for 

sol ut i on mi n i ng and  o i l  d i sp l acemen t ,  the tota l raw water demand of the 

project const i tutes l es s  than one percent of the average fl ow from the 

Brazos R i ver D i vers i o n  C hannel . The d i sposa l  of br i ne  in the Gul f of 

Mex i co i s  expected to i ncrease the sa l i n i ty of the waters adj acent to 

the br i ne d i ffusers . Th i s  i ncrease  cou l d have an adverse effect on 

mar i ne orga n i sms i n  the a rea and cou l d  i n terfere wi th  mi gra t i on of a 

m i nor  popu l at ion  of some estuar i ne spec i es .  The con s tructi on and 

opera t i o n of  doc k fac i l i ti es in  Freeport Ha rbor i s  not l i ke ly  to have a 

s i gn i fi cant impact on ei ther the eco l ogy of the a rea or  the water 

qua l i ty of the harbo r ,  a s  the area i s  exten s i ve ly  dredged . 

Du r i ng the construct ion  phase of the devel opment of Bryan Mound , 

i ncrea ses i n  i ncome and emp l oyment i n  the Freeport reg i on are expec ted . 

These i ncreases wi l l  be of s hort dura t i on and are not expected to prov i de 

l o ng-term s timu l at i o n  suffi c i ent  to s i gn i fi cantl y affect the a rea ' s  

economy . The operat ion  of the B ryan Mound SPR  fac i l i ty i s  expected to 

be smal l and wi l l  pro v i de approximately $ 1 7 , 500 per month i n  add i ti ona l 

i ncome to the l ocal  area dur i ng s tandby storage and $96 , 000 duri ng o i l  

f i l l  and wi thdrawa l . Temporary i ncreases  i n  traffi c congest ion  i n  the 

Freeport a rea cou l d be expected duri ng the con struct i on pha s e .  The 

economi c benef i t s , however , of the Strateg i c  Petrol eum Reserve program 

a re of con s i dera bl e importance to the l ocal  economy , as the area i s  

h i gh ly  dependent upon the petro l eumpetrochemi ca l i ndustry for emp l oy­

ment .  Assurance of a cont i nued o i l  s upp ly  i n  the event of a nat i ona l  

emergency woul d prov i de a measure o f  securi ty for t he res i dents o f  the 

a rea . 
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C . 4 ALLEN DOME ALTERNAT I V E S ITE  

Fo ur s i tes  are  under cons i deration  as al ternat ives to  the proposed 

expan s i o n  of Bryan Mo und for SPR storage . These s i tes are Al l en dome , 

West Co l umb i a  dome , Damon Mound , and Na s h  dome ( s ee Append i ces A and B ) . 

Storage capac i ty p l anned for each  of these s i tes  i s  1 00 r'1��B . Devel op­

ment of one of these al ternate s i tes wou l d  bri ng  th« tota l storage 

capac i ty for the Seaway Group to 1 63 MMB . The fo l l owi ng sections  are a 

descr i pt ion  of the env i ronmenta l impacts assoc i ated with the devel opment 

and operat ion  of the Al l en Dome cand i date SPR s i te .  Al l en dome i s  

l ocated approximately 1 5  mi l es west  of Freeport and seven mi l es north of 

the Gu l f  of Mex i co ( Fi gure A . 4- 1 ) .  

As descri bed i n  Append i x  A ,  max imum use wou l d  be made of early 

storage devel opment fac i l i t i e s at Bryan Mound in devel op i ng the a l ter­

nat i ve s i te .  These i ncl ude the pump stati on/contro l ho use , raw wa ter 

s upp ly sys tem , and o i l p i pel i nes connect i ng Bryan �� to tanker docks 

a nd the S EAWAY Ta nk  Farm .  I n  add i t i o n ,  the two tan ker doc ks i n  Freeport 

Harbor wou l d  be the same as descri bed for Bryan Mound expan s i on .  

New fac i l i t i e s  requ i red for the Al l en dome a l ternat ive s i te are 

bac kup br i ne d i sposa l we l l s ;  br i ne ponds ; 5 . 8  mi l e  br i ne d i sposal  system 

to the Gu l f  of Mex i co v i a  Bryan Mound ; roads and p i pel i nes on s i te ;  

cons truct ion  of fl ood d i kes ; ons i te pump and control hou se ; bl anket o i l  

tan k ;  ons i te san i tary sewage hol d i ng tan k ;  and o i l , br i ne and raw water 

p i pel i nes l ead i ng to Bryan Mo und and SEAWAY Tan k Farm . System a l ter­

nat i ves i nc l ude ground and su rface water suppl i e s ; deep wel l bri ne 

i nject i on , br i ne d i sposal  d i rectl y to the Gu l f  or to a d i ffsuer 1 2 . 5  

m i l e s offs hore of Bryan Mound ; on s i te power gen erati o n ;  construct ion  of 

a mar i ne termi na l , and use of ex i st i ng Ph i l i ps or SEAWAY Doc ks . 

C . 4 . 1 Impact of S i te Preparation  and  Construct ion  

C . 4 . 1 .  1 La nd Features 

Grad i ng at the 1 84-acre Al l en dome s i te wou l d d i sturb about 31 

acres of the surface . After construction , some of the d i sturbed areas 

wou l d  revert to natural vegeta t i o n .  Fi l l  ons i te wou l d  tota l about 

4 1 0 , 2 00 cy , mo st of wh i ch wou l d  be req u i red to e l evate the pl ant area to 

e l evat i o n  22 feet ( Ta bl e  A . 4- 1 ) .  The pl ant wi l l  be graded to th i s  
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el eva t i on to prov ide 1 foot of freeboard duri ng  the 1 00-year fl ood 

( e l evat ion +2 1  feet ) .  Of  thi s total , fi l l  for roads ,  d ri l l  pads , and 

other fac i l i t i es ons i te wou l d  be about 28 , 800 cy . 

Construct i on of the two tanker docks i n  Freeport Harbor and the 

bri ne d i spo sa l p i pel i ne 5 . 8 mi l es offs hore of Bryan Mound wou l d  create 

i mpacts descri bed in Secti on C . 3 . 1 .  1 .  

P i pel i nes constructed fo r the Al l en dome s i te from Bryan t�ound and 

the three bac kup br i ne d i sposa l we l l s  wou l d  temporari ly  affect 1 2 5 

acres i n  a 1 00- foot r i g ht-of-way . Excava tion  vo l ume i s  est imated at  

a bout  1 9 1 , 3 00 cy . �1o st  of thi s r i g ht-of-way wou l d  revert to i ts natural 

vegetat ion after construct ion  i s  compl eted . 

Leac h i ng of  twel ve storage cav i t i e s  i n  Al l en dome woul d i nvo l ve 

removal  of 1 00 MMB o f  sa l t  by l each i ng and bri ne d i s posal  i n  the Gul f of 

Mex i co . Th i s  i s  eq u i va l ent to 20 . 8 X 1 06 cy of sa l t .  Suff{c i ent  space 

i s  to be l eft between cav i t i es to preserve structural  i nteg r i ty .  

A transmi s s i o n  l i ne cou l d  come from ei ther the Houston L i g ht i ng and 

Power substat ion  in Freeport or  from Commun i ty Serv i ce El ectr i c  & Gas 

s u bstat ion  i n  West  Co l umb i a .  

Al terna t ive  Fac i l i t i es 

Excavat ion  and r i g ht-of-way acreage req u i red for system a l ternat i ves 

a re s ummari zed i n  th i s  sect i o n .  For a l ternati ve water suppl i es :  ( 1 ) 

Devel opment of a we l l fi e l d may req u i re 22 acres and 28 , 800 cy of ex­

cavat ion ; ( 2 )  Use of the San Bernard Ri ver woul d req u i re construct i on of 

an i nta ke system , and a s hort pi pel i ne ( l es s  than 1 /2 mi l e ) ; ( 3 )  Water 

coul d be ta ken from the Gu l f  of t�ex i co by construct i ng a p i pel i ne a l ong 

t he east ban k  of the San Bernard Ri ver . Approx imately 1 4 1 acres of 

o ffs hore ri g ht-of-way and 93 acres of onshore r i g ht-of-way , wou l d  be 

req u i red . 

For br i ne d i sposa l  a l ternati ves the fo l l owi ng  i mpacts wou l d be 

expected : ( 1 ) the a l ternati ve br i ne d i sposal  system to deep aqu i fers 

wou l d  requ i re d i sturbance of 1 9  acres offs i te and pos s i bly  up to 1 9 , 000 cy 

o f  fi l l  to construct the dri l l  pads for 1 9  add i t i onal  bri ne i nj ect i on 

wel l s  and for p i pel i ne i n sta l l at ion ; ( 2 )  br i ne d i sposal  d i rectly to the 
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Gu l f  wou l d  uti l i ze the same p i pel i ne r i ght- of-way a l ong the San Bernard 

Ri ver as the Gu l f wa ter supply a l ternat i ve ;  and ( 3 )  bri ne d i sposa l to 

a d i ffuser 1 2 . 5  mi l es offs hore from Bryan �10und wou l d  have impacts as  

descri bed in  Secti on C . 3 . 1 .  1 .  

Ons i te power generation  woul d requ i re i ns i g n i f i cant  add i t i ona l  

l and d i sturbance.  

For o i l supp l y ,  a l ternati ves coul d i nvol ve the fo l l owi ng  impacts : 

( 1 ) Ph i l l i p s o r  S EAWAY Doc ks coul d be used as  descri bed for Bryan Mound ; 

( 2 )  a mar i ne termi na l cou l d  be constructed i n  the Gul f of Mexi co wi th a 

p i pel i ne connecti ng a monobouy to the Bryan Mound storage tan ks . Impacts 

wou l d  be the same a s  descr i bed for Bryan Mound . 

C . 4 . 1 . 2 Wa ter Re sources 

S i te preparat ion  and con struct ion  of the proposed fac i l i ti es at  Al.l en 

dome may impact the wa ter resources of severa l water bod i e s , i nc l ud i ng :  

the Sa n Bernard Ri ver , Jones Cree k ,  the I ntracoas ta l  Waterway , the Brazos 

Ri ver Di vers i on Channel , Freeport Harbor , the Gu l f  of  Mex i co a nd ground 

water aq u i fers . Po tenti a l  impacts are treated accord i ng to spec i fi c  

a spects o f  fac i l i ty devel opment .  

Raw Water Wi thdrawa l 

I t  i s  propo sed to ta ke raw water for cav i ty l eac h i n g  from the Brazos 

Ri ver D i vers i on C hanne l , u s i ng the same fac i l i t i e s  as  for Bryan �10und . The 

w i t hdrawa l rate woul d be 534 , 000 B/ D ;  thu s , i mpacts to water supp ly  and 

q ua l i ty wou l d  be i denti cal  to those for Bryan Mound s i te expan s i on ( Secti on 

C . 3 . 1 . 2 ) .  

B r i ne D i sposa l  

An  estimated 684 , 000 B/D  of  br i ne wou l d  be d i scharged to  the Gul f 

t hrough  a d i ffu ser l oca ted approximate ly  5 mi l es south of Bryan Beach .  

Expected impacts descri bed i n  Secti on C . 3 . 1 . 2 for Bryan Mound ( a nd i n  

Append i x  G )  a re appl i cabl e .  

The impact o f  backup bri ne d i sposal  o n  water qua l i ty o f  ground water 

aqu i fers wou l d  be l imi ted to i ncreased sa l i n i ty i n  the rece i v i ng format i ons 

wh i c h  a l ready conta i n  s a l i ne water .  Because of  the i ntended depth of 

i nj ecti on , t he poss i bi l i ty that fres hwa ter aqu i fers may be affected due 

to mi grati on or  l ea kage  of br i ne i s  cons i dered remote . 
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Dock  Co nstruction  

Construct ion  impacts associ ated wi th  tan ker doc ks i n  Freeport 

Ha rbor wou l d  be i dent i ca l  to those descri bed in Secti on C . 3 . 1 . 2 for 

Bryan Mo und . 

Co nstruct ion  of Surface Faci l i ti es at  Al l en Dome 

The  s i te preparat ion  and construct i on acti v i ty wou l d  i nvol ve a 

s i gn i f i cant amount of eart h movement .  Approximately 428 , 000 cub i c  yards  

of  earth wou l d be d i s p l aced dur i ng  thi s process . Natura l  s i te dra i nage 

i s  toward the San  Bernard River to the east .  Standard eng i neeri ng 

practi ces such  as  i n terceptor d i tc hes , d i kes , and sed imenta t i on ponds 

\'lOu l d  be ut i l i zed to prevent any s i gn i f icant degradat i on of water 

qua l i ty due to p l ant s i te runoff. Pol l u tants wh i c h  wou l d  degrade the 

water qua l i ty are d i scus sed i n  Section  C . 3 . 1 . 2 . 

Construct ion  of O i l ,  B r i ne and Water Supply  P i pel i nes  

The  propo sed water supp l y ,  br i ne d i s posal , and oi l  p i pe l i nes  wou l d  

cross  the San Bernard Ri ver ea st  of the s i te .  The water supp ly  and 

br ine  p i pel i nes  wou l d a l so cross Jones Creek and the Brazos Ri ver Di ver­

s i on  Channel  between the S EAWAY Tan k  Farm and Bryan Mound . I t  i s  ex­

pected that p i pel i ne i n stal l at i on and buri a l  across  the water courses 

wou l d  cause some temporary l oca l degradati on of water qua l i ty .  Excava­

t i o n  of the p i pe l i ne channel wou l d  cau se  an i ncrease  in turb i d i ty and 

the rel ease of so l ubl e substances conta i ned wi t h i n  the bottom sed iments . 

The  amount of chemi cal consti tuents rel eased from the bottom sed iments 

d u r i ng the excavat i on and backfi l l  opera t i ons i s  d i ffi cu l t to estimate 

i n  the a bsence of standard el utri ate sampl es . I n  a l l i n stances , sound 

engi neer i n g  practi ces for excavati on , d i sposal , and transportati on of 

a l l uv i a l  mater i a l  wou l d  be fol l owed . Such acti v i t i es wou l d  be performed 

i n  accordance wi th a l l appl i cabl e Federal l aws and regu l at i on s .  Any 

i mpacts w h i c h  m i g ht occur  wou l d  be temporary and predom i nant ly  l ocal  i n  

extent .  

Th ere s ho u l d b e  no impact o n  g round water supp ly  o r  qual i ty due to 

p i pe l i ne i nsta l l at i o n .  

Acc i dental B r i ne Rel ease 

Leac h i ng of 1 00 MMB of  o i l  storage capac i ty from Al l en dome requ i res 

transport of  sa l i ne water from the Brazos Ri ver Di vers i on Channel and 
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di s posa l  of  bri ne to the Gu l f  of Mex i co .  I n  add i ti on to the impacts 

p rev i ous ly  descri bed for normal operat ions , a poss i b l e  bri ne (or raw water ) 

s p i l l  cou l d  affect water resources i n  the San Bernard Ri ver , Jones Cree k ,  

Brazos Ri ver D i vers i on Channel , l a kes and ponds on  Bryan Mound , the 

I CW a nd the Gu l f  of Mex i co .  

The est imated quanti ty o f  bri ne that woul d be sp i l l ed duri ng  l each i ng 

o f  Al l en dome expan s i on cav i t i es i s  50 barrel s i nto Gu l f of  Mex i co 

waters and 1 20 ba rrel s onto l and and water bod i es between Bryan Beach  

a nd Al l en dome ( Ta bl e C . 2- 3 ) . I n  add i tion , an est imated 1 20 ba rrel s 

m i g ht be sp i l l ed from the raw water supp ly system . Max imum cred i b l e  

s p i l l s  of  u p  to 30 , 000 barrel s are con s i dered pos s i bl e ,  though  h i g h ly  

un l i ke ly .  

S i nce average bri ne sp i l l  vol umes are estimated to be  5000 barrel s ,  

the computat i o n of such  l ow sp i l l  expectat ion  refl ects the remote chance 

of any sp i l l  occurr i n g .  Thus , there i s  a 90 percent chance that no bri ne 

woul d be sp i l l ed from a l l pi pel i ne uses ( i nc l ud i ng operati on ) duri ng  the 

p roject l i fetime ( s ee Append i x  E ) . If a p i pel i n e rupture does occur ,  

rel ease of 5000 or  more barre l s of br i ne cou l d s i gn i fi cantly degrade 

water qua l i ty ,  espec i a l l y  i n  sma l l er water bod i es such  as  Jones Creek 

o r  the l a kes and pond s at  Bryan Mound . Quanti t i e s  of water requ i red to 

d i l ute a max imum cred i bl e  bri ne sp i l l  to concentrati ons near ambi ent a re 

est imated i n  Secti on C . 3 . 2 . 5 . Pr ior  to ach i ev i ng t h i s mi x i ng , sa l t  

concentrat i ons wou l d  be a bnorma l ly  el evated . 

A br i ne sp i l l  at  the s i te or  a l ong the d i s posa l  p i pel i ne cou l d  l oca l ly  

i mpact t he  wa ter qua l i ty i n  the upper u n i t  of t he  C h i cot aq u i fer . The 

br i ne wou l d  tend to mi grate downwa rd wi th i n  the formati on and downd ip  

a l ong t he  format ion  d ue  to  dens i ty d i fferences . A ma s s i ve sp i l l ,  a l though  

h i g h ly  un l i kel y ,  cou l d pos s i bl y  impact the  qual i ty of mun i c i pa l  water suppl i es 

pumped from aqu i fers i n  the Brazo sport area by cau s i ng i ncreased sa l i n i t i es 

i n  those aq u i fers .  As l oca l recharge of  near s urface aqu i fers has been 

found to be mi n imal , potent i a l  seepage from the bri ne p i t  or m i nor  p i pel i ne ,  

s p i l l s  are l i ke ly  to have neg l i g i b l e  impact on  water qual i ty .  

Hurr i cane surge stud i es conducted by the U . S .  Army Corps 

i nd i ca te that the 1 00-year fl ood el evat i on , excl ud i ng wave run 

Al l en dome i s  +1 4 . 0 feet MSL ( Traha n ,  personal commun i cat ion ) .  
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bri ne pond woul d  be protected a t  el evat ion +22 feet MSL , there i s  l i ttl e 

l i kl i hood of  a cata s roph i c  fa i l ure resu l ti ng  i n  re l ease  of  up to 1 00 , 000 

barrel s of br i ne .  Shou l d a storm surge of  suffi c i ent magn i tude occur to 

breach  the l evee ,  i mpacts caused by l os s  of the bri ne wou l d  not be 

s eparabl e from storm wave and sa l twater damage .  

Al ternat i ve Fa ci l i t i es 

Al ternat ive  systems to prov i de raw water for cav i ty l eac h i n g  i nc l ude 

wi thdrawa l  of sa l i ne  ground water , w ithdrawa l of  water from the San Bernard 

Ri ver adj acent to the s i te ,  o r  wi thdrawa l of  water from the Gul f of Mex ico . 

W i thdrawa l  of g round wa ter i s  fea s i bl e  but has  the same potent i a l  for 

l oweri ng  the p i ezometri c  head , sa l i ne water i ntrus i o n ,  and l and subs i dence 

t hat  i s  a part i c u l ar ly  troubl esome resu l t of  ground water pump i ng in Brazo r i a  

Co unty .  

The San Bernard Ri ver ha s an  average fl ow o f  508 cfs and a recorded 

m i n imum of 2 . 4 cfs ; wa ter qua l i ty i s  genera l l y  good . The req u i red wi th­

drawa l  rate of  43 cfs i s ,  thu s ,  frequent l y  a su bstant i a l  fract ion  of fre s h­

water fl ow. In the v i c i n i ty of the s i te ,  however , the r i ver i s  a t i dal 

estuary ,  approx imately 400 feet wide , w ith  a d redged nav i gat ion  channel  

9 feet deep and  50  feet w i de .  There i s  usua l l y  a sU bstanti a l  fl ow of 

sa l twater up r i ver to the s i te .  W i thdrawa l of  water for l each i ng wou l d  

i nduce a somewha t grea ter i nfl ow of  Gu l f  waters . Th i s  s hou l d  not a l ter 

water qua l i ty beyond the norma l range of seasonal  sa l i n i ty fl uctuat ion  

but wou l d  proba b ly  i ncrea se  a verage sa l i n i t i es duri ng  the  per i od of 

w i t hdrawa l s .  

A p i pel i ne coul d be constructed a l ong the east ban k of the San 

Berna rd Ri ver to the Gu l f  of Mex i co for wi thdrawa l  of ocean water for 

l each i n g .  I f  t h e  i n ta ke were l ocated deep enough ( 20 t o  3 0  feet ) there 

s houl d be no measura bl e effect on water qua l i ty i n  the Gul f .  There wou l d  

be sed imenta t i on and other norma l construct i on impacts to the San Bernard 

a nd to the nea r  s ho re Gu l f  waters dur i ng and immed i ate l y  fo l l owi ng  p i pel i ne 

i n sta l l a t i on , however . 

Al ternat i ve systems for d i sposa l  of bri ne i nc l ude deep wel l i nj ect ion  

d i sposal  d i rect ly  to  the  Gu l f  through a p i pel i ne a l ong  the  ea st ban k  of 

t he San Bernard Ri ver and d i sposal  1 2 . 5  mi l es offs hore from Bryan Mound . 
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Al though  occur i ng at  a d i fferent l ocat i o n , bri ne i nj ecti on  to sal i ne 

aqu i fers at  Al l en dome ha s the same potent ia l  for adverse impacts as  at 

Bryan Mo und . I t  i s  expected that proper i nj ection  methods woul d  avo i d  

any impacts . 

Br i ne d i spo s a l  d i rectly to the Gul f wou l d  use the same p i pel i ne 

r i g ht-of-way a s  i ndi cated above for water withdrawa l . Impacts to ocean 

water sa l i n i ty i n  the v i c i n i ty of ei ther di ffu ser l ocati on  woul d be 

e s sent i a l l y  t he same a s  descri bed i n  Secti on C . 3 . 1 . 2 for d i sposa l  south 

of  Bryan Mo und . 

Al ternati ve  o i l  d i str i but i o n  fac i l i t i e s i ncl ude use of Ph i l l i ps or 

S EAWAY Dock s , or  constructi on of a mar i ne termi nal . Hater qua l i ty 

i mpacts of the mar i ne term i na l  a l ternati ve are descri bed i n  Sect i on 

C . 3 . 1 . 2 . 

C . 4 . 1 . 3 Ai r Qua l i ty 

The qua l i ty of a i r  at  the Al l en dome and Bryan Mound s i tes woul d be 

s l i g ht ly affected dur i ng s i te preparat ion and construct ion ; i mpacts wou l d  

be s hort term and confi ned to a rel ati vel y sma l l area . The pri nc i pa l  

po l l utant of concern woul d be  hydrocarbon emi s s i on s  s i nce data presented 

i n  Sect i on B . 2 . 3 . 3 i nd i cate that hydrocarbon concentrat ions  i n  the 

v i c i n i ty of Al l en dome frequently exceed the NAAQS , as i ndi cated i n  

Secti o n  B . 2 . 3 . 3 .  

So urces of Em i s s i ons 

The qua l i ty of a i r  at the s i tes dur i ng con struct i on woul d  be affected 

by genera l construct ion  veh i c l es , dri l l i ng eq u i pment , and fug i t i ve dust . 

The data presented i n  Secti on C . 3 . 1 . 3  for Bryan Mound are genera l l y  

appl i ca b l e at  Al l en dome and a l ong the p i pel i ne r i g ht-of-way . 

Impacts on  Ai r Qua l i ty 

The impact of expected emi s s i ons at  Al l en dome and Bryan Mound i s  

dependent o n  t he ambi ent a i r  qua l i ty and the di spersal  characteri st ics  

of  t he atmosphere . " Worst  ca se"  downwi nd concentrat ions  at Al l en dome 

wou l d  be s imi l ar to those  ca l cu l ated i n  Sect ion  C . 3 . 1 . 3  for Bryan t�oul1d . 

Therefore , the impact upon a i r  qua l i ty wou l d  be es senti a l l y  the same at 

A l l en dome a s  at  Bryan Mound , where i t  was concl uded that downwi nd 

concentrat ion s  resu l t i ng from construct i on acti v i t i es are qu i te sma l l 
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when compared to the state and Nati ona l standards , but that s i nce back­

g round HC  l evel s i n  the a rea often exceed the 3 - hour  NAAQS , i nfrequent 

add i t i o na l exceedances may be expected . 

Al ternat i ves 

Cons truct ion  of a raw water supp l y  we l l  fi el d or  a br i ne i nj ect i on fi e l d  

wou l d  i nvo l ve a s i gn i f i cant  amount o f  dri l l i ng act i v i ty .  A i r  qua l i ty 

impacts a s soc i ated wi th these act i v i ti es wou l d  be s imi l ar to those 

expected from cav i ty dri l l i ng operat ion s .  Construct i on of p i pe l i nes to 

the Gu l f  of Mex i co wou l d  consti tute a rel a t i ve ly  i ns i gn i ficant source of 

po l l uta nts a l ong the p i pel i ne corri dors , d i stant from most other deve l ­

opment . Construct ion  of a mar i ne term ina l  woul d i nvo l ve more emi s s ions  

from barges and p i l e  dr i v i ng eq u i pment but wou l d  not  contr i bute meas urab ly  

to ons hore a i r  qua l i ty degrada t i on . 

C . 4 . 1 . 4 No i se 

S i te preparat ion  and cons truct ion  at the Al l en dome s i te wou l d  

a dversely impact the ambi ent no i se i n  the v i c i n i ty o f  the s i te .  The 

i ncrease in no i se res u l t i ng  from these act i v i t i es , wi th the exception  of 

t he p l ant  fac i l i ty construct ion , i s  i dent ica l  to the i ncreases expected 

from the proposed devel opment of the Bryan Mound s i te a s  d i scus sed i n  

Sect ion  C . 3 . 1 . 4 . T he  equ i va l ent sound l evel , Leq , contr i but ion  from the 

construct i on of support fac i l i t ie s  wou l d  be expected to be 68d B ,  at  

5 00 feet . Impact zones are shown i n  Tabl e C . 4- 1  and F ig ure C . 4- 1  for 

Al l en dome and i n  Ta b l e C . 3-4 and Fi gure C . 3- 1  for Bryan Mound ; these 

represent the rad i i of a rea s exper i enc i ng an i ncrease of 3 d B  or more 

o ver the amb i ent  sound l evel s .  

Approx ima te ly  1 6  res i dences l ocated south  of Al l en dome may be 

exposed to sound l evel s i n  excess of the U . S .  Env i ronmenta l Protect ion 

Agency recommended sound l evel , Ldn , of 55  d B .  As the construc tion  

act i v i t i es woul d occur over an est ima ted 1 5  month per iod , th i s  impact 

i s  o n l y  of s hort term s i gn i fi cance .  

A l terna ti ves 

Construct ion  of a raw water or br i ne d i sposa l wel l  fi el d in the 

v i c i n i ty of Al l en dome wou l d  contr i bute no i se l evel s of a magn i tude 

s im i l a r to the ons i te act i v i t i es .  The zone of impact wou l d  t hen be 

C . 4-8  



TABLE C. 4- 1 S ummary o f  constructi on noi se  impact - Al l en dome 
candi date SPR  storage s i te ( al ternati ve s i te )  

Area 

Al l en Dome S i te 

P i pe l i ne Routes 

Freeport Ha rbor 
Brazos Harbor 

Impact Zone Rad i u s 
Acti v i ty (fee t ) a _ 

Dri l l i ng New S hafts 4500 
Cons tructi on  of S upport 2000 

Fac i l i ti es 

Layi ng of P i pe 1 800 
Acces s Road Construct ion  1 400 

Cons tructi  on of DOE Docks 2200 

a Th i s i s  the d i s ta nce wi th i n  wh i ch sound l evel s a re ra i sed at l e a s t 3 d B 
by acti v i ty descri bed . A basel i ne ambi ent day/ n i g ht  sound l ev e l  of 54dG 
i s  a ssumed for the ca l c u l ati o n s .  
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extended further to the eas t  i n  a sparse ly  i n hab i ted area of marsh  

a nd coa sta l pra i r i e .  Construction  of p i pel i nes t o  the Gu l f  woul d i ncrease 

no i se l evel s i n  some sens i t i ve areas such  a s  Bernard Acres very bri efly 

( 2  to 3 days ) . Construct i on of a mari ne termina l  wou l d  have no mea sur­

a bl e  effect on  ons hore no i se l evel s .  

C . 4 . 1 . 5  Ecosystems and Spec i es 

S i te preparation  and construct ion  of the proposed fac i l i ti es a t  

Al l en dome may affect both  terrestri a l  and aquat ic  resources i n  the area . 

Terrestri a l  ha bi tats potenti a l ly  affected i nc l ude undeve l oped coasta l  

p ra i ri e  gra ss l and , fl u i va l  wood l a nds and brac ki s h  mars h (Tabl e B . 4- 1 ) .  

Aq ua t i c  ha bi tats i nc l ude the San Bernard Ri ver , Jones Creek ,  Brazos 

Ri ver D i vers i on Channel , I CW ,  several l a kes and ponds at Brayan Mound , 

Freeport and B razos Ha rbors and the near s hore Gul f of Mex i co . Fi gure 

C . 4- 2  s hows the maj or ha bi tats in rel at ion  to proposed a nd a l ternat i ve 

SPR  fac i l i t i e s . 

Un l i ke SPR  expans i on at  Bryan Mound , devel opment of Al l en dome 

wou l d affect rel ati ve ly undevel oped l ands of moderate to h i g h  natural 

productv i ty .  

I n  the fo l l owi ng su bsecti ons , potenti a l  impacts t o  b io l og i ca l  

resources a re treated accord i ng to spec i fi c  aspects of  faci l i ty devel ­

o pment .  

Raw Wa ter Wi thdrawa l 

Wi thdrawa l of 534 , 000 BI D of  water from the Brazos  Ri ver Di vers i on 

Channel  for cav i ty l each i ng at  Al l en dome woul d resu l t i n  a l os s  of 

p hytop l an kton and zoop l a n kton and other sma l l aq uatic  bi ota una bl e to 

a vo i d  the 0 . 5 ftl sec i nta ke stream. Expected impacts are not con s i dered 

s i gn i fi cant ( Secti on  C . 3 . 1 . 5 ) ,  i n  rel at ion  to aqua t i c  b iot i c resources 

i n  the proj ect area . Water qual i ty s hou l d not be affected suffi c i ently 

to affect aquati c ha b i ta t .  

B r i ne D i sposa l 

The propo sed d i ffuser 5 . 8 mi l es offs hore Bryan Mound wou l d  have 

i mpacts on the ecosystems and spec ies  i n  the v i c i n i ty as  descri bed i n  

Sect ion  C . 3 . 1 . 5 . 
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F I GURE C . 4- 2  Ai r photo - Al l en dome candi date SPR  s tora ge s i te 
( a l terna t i ve s i te )  
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Do c k  Co nstruct i o n  

Impacts are cons i dered mi nor  a n d  are g i ven i n  Sect ion  C . 3 . 1 . 5 .  

Co n struc t i o n  of  Su rface Fac i l i t i es at  Al l en Dome and Bryan Mo u nd 

The new fac i l i t i es to be constructed a t  Al l en dome whi ch  i nvol ve 
poten t i a l  i mpacts to the s i te eco l ogy i nc l ude the con struc t i o n  of 
t he pump house and control bu i l d i ng s , three br i ne d i s posa l  wel l s  
a t  the s i te ,  the br i ne settl i ng pond and a l a-mi l e  l ong  u t i l i ty power 
corri do r .  

The Al l en dome storage fac i l i t i es are l ocated o n  a 1 84 acre tract  
o f  l a nd wh i c h  cons i sts  mo st ly  of  coasta l  pra i ri e  and fl u v i a l  wood l ands . 
The p l a nt  area , eq u i pment yard and  1 2  new entry wel l s  wo u l d  redu ce the 
coa s ta l  pra i r i e  ha bi ta t  by 2S- acres . The maj or fl ora i mpacted by s i te 
devel opment are Gu l f  cordgra s s , bunch  gra s s , swi tch  gra s s , bl uestem and 
l i ve o a k .  The  common wi l d l i fe at  the dome are the ornate box turt l e ,  
wes tern d i amondback  rattl esnake , ea stern ga rtersna ke , cotton and  ri ce 
rats , ra bbi ts , and  n umerou s  song b i rds ( see Sec t i o n  B . 4 . 5 ) . 

C l ea r i ng of  th i s  l and  wou l d reduce pri ma ry product i v i ty of  the 
coasta l pra i r i e  by about  2 . S X l OS Kca l  per yea r or 5 . 1 X 1 04 po unds  of 
carbo n  annua l l y .  Ma ny sma l l i nvertebrates wh i c h  i n habi t the upper so i l  
l ayers ( s uch  as  nematodes , mi tes , sp i ders and  wo rms ) wo u l d a l so be 
destroyed . Protecti ve fenc i ng at  the s i te wou l d  a l so res tr i ct the area 
to t hose  sma l l a n i ma l s and  bi rds that can  pa s s  through  the barr i er .  I n  
add i t i o n  to habi ta t l o s s  and death  dur i ng s i te c l ear i ng , the d i rect 
effects  of construc t i o n  acti v i t i es wo u l d i nc l ude forced a bandonment of 
nests  and  homes , and the l os s  of food , cover , and  breed i ng area s for 
many sma l l er a n i ma l s .  After cons truc t i o n  has c eased some wi l d l i fe 
s pec i es wou l d  return to re- i n ha b i t  the s i te .  

The c l ear i ng o f  the s i te wou l d  res u l t i n  i ncreased so i l  ero s i o n  
( a s  d i scu ssed under Wa ter Resources , C . 4 . 1 . 2 )  b u t  th i s  i mpact  s hou l d be 
o f  a mi nor and  temporary nature . 

C l ear i n g  the l a nd for the ut i l i ty corr i dor sho u l d ca use  mi n i ma l  l o sses 
of ha bi ta t ,  as  l i ttl e ground  'd i srupt i o n  wou l d occur . The mos t  s i gn i fi cant  
a n d  l ongest l a s t i ng  i mpacts wo u l d  be to  wooded areas , s hou l d they be 
c l eared , as  t hese areas wo u l d ta ke yea rs to be rees ta bl i s hed . 
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Cons truc t i o n  of  P i pe l i nes 

A tota l of  99 acres o f  l a nd co u l d be req u i red for construct ion  
of  the  proposed raw wa ter , bri ne  and  o i l  p i pe l i nes between A l l en dome 
a nd the S EAWAY Ta n k  Fa rm .  Between S EAWAY Tan k  Farm a n d  Bryan Mound , raw 
water and  br i n e  p i pe l i nes wo u l d  be cons tructed on an ex i s t i ng r i g ht-of­
way . Cons truc t i o n  act i v i t i es assoc i a ted wi th  th i s l and c l ea ri ng and 
mod i fi ca t i on wou l d  produce severa l i mpacts to the terrestri a l  env i ronmen t 
s i nce the r i ght-of-way wo u l d pass through  coastal  pra i ri e  ma rsh l and , 
f l u v i a l  fo rest l a nds and brac k i s h  mars h .  A prima ry i mpact wo u l d  be the 
e l i m i nat ion  o f  co ver veg eta t i on wi th i n  the p i pe l i ne r i g ht-o f-way . 

The c l ea r i ng  of  a 1 00 foot r i g ht-of-way for the l ength  of  the l i ne 
wo u l d  res u l t in  a l o s s  of  ha b i ta t ,  feed i n g  a rea , and nest i ng and 
protec t i ve cover for vari ou s  wi l d l i fe spec i es .  Human acti v i t i es , 
cons truct i o n , and the re l ease  of  du s t ,  d i rt ,  and  fume s wo u l d  mos t  l i ke l y  
cause t h e  em i gra t i o n  of  res i den t wi l d l i fe spec i es from t h e  d i rect i mpact 
a rea . Sma l l roden ts and non-mob i l e  spec i es wo u l d  be a ffected mo s t .  
Some a n i ma l  deaths are expec ted from d i rect and i nd i rect effects  of 
p i pe l i ne construc t i o n .  Lo s ses assoc i a ted wi th  con s truc t i o n  may be h i gh 
i f  co ns truct i o n  ta kes p l ace dur i ng  the major  nest i ng and young  beari ng 
s eason  ( genera l l y  spri ng ) . 

Ha b i tat  l o s s  i n  the coa s ta l  pra i r i e  wou l d  be temporary .  ��os t  
p ra i ri e  wi l d l i fe spec i es a r e  mob i l e  and , once huma n acti v i t i es a re 
u nderway , wo u l d move to adj acent area s .  However , some spec i e s  l os s  may 
occur i n  the d i rec t impact area or i n  adj acen t area s , pa rt i cu l arl y i f  
t hose  spec i es forced to move are s u bj ec ted to compet i t i o n  for space wi t h  
o ther an i ma l s .  The  d i sp l acement of  sma l l rodent spec i es wo u l d  mos t  
l i ke l y  be permanent  wi th i n  the p i pe l i ne r i ght- of-way . The i n troduct i o n  
o f  gra s s l and spec i es of  p l ants  as  a res u l t o f  seed i n g  may a fford add i t i ona l  
food sources ; however , u n l ess  the vegetat ion  i s  a l l owed to  reac h med i um­
ta l l  dense stand s ,  rodents may be s u bj ected to heavy preda t i o n , part i cu l ar ly  
by  av ian  spec i es .  

L i vestoc k ( i  . e . , catt l e )  v.JO u l d be adversel y affec ted by the con­
s truc t i o n  of  t he p i pel i ne .  I n  add i t i on t o  the l os s  of  acreage ava i l a bl e 
for graz i ng ,  care wo u l d  n eed to be ta ken to keep an ima l s away from the 
cons truc t i o n  a rea , part i c u l ar ly  areas where the l i n e  i s  l eft open 
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for a ny per i od o f  t i me or  where cattl e may i ngest cra n kcase o i l  and 
g rease from mach i nery , wh i c h  i n  rare i n stances cou l d l ead to l ead po i son i ng  
( Bu c k , 1 970 ) . 

The effects of  p i pel i ne cons truct ion  upon wi l d l i fe i n  mars h l and 
a nd wetl and a rea s wou l d proba bl y  be l oca l l y s i g n i fi cant because  o f  the 
va s t  n umber of wi l d l i fe spec i es wh i c h  i n ha b i t  these areas . Losses may be 
mag n i fied  i f  cons truc t i o n  of  the p i pel i ne occ u rs dur i ng  the maj or young­
beari ng sea son . 

Any a l tera t i o n  o f  exi st i ng dra i nage pa tterns i n  the marsh  coul d 
force wa ter dependent herpeto fa una i nto marg i na l  ha bi tats  where the i r  
c hances o f  s urv i va l  wo u l d  be g rea tl y  reduced . Tempora ry l o s s  o f  ha bi tat , 
feed i ng ,  nest i ng a nd breed ing  a reas wou l d adversel y  affect  wi l d l i fe pre­
sent ly  wi t h i n the p i pel  i ne r i g h t- of-way . Perma nent l o s s  o f  some non­
mobi l e  spec i e s  is  l i ke ly  to occur  i n  the con struct ion  zon e .  Add i t i onal  
l o s s  o f  some a n i ma l s  is  expected as  a resu l t  of  forced mi gra t i on away 
from the  construc t i o n  and act i v i ty zones and the resu l t i ng competi t i o n  
for reso u rces i n  new area s .  T h e  mag n i tude o f  l osses  wou l d  depend upon 
s u i ta b i l i ty o f  adj acent habi ta t and the cond i t i o n  of  exi st i ng wi l dl i fe 
popu l a t i o ns . 

The l arge n umbers of  waterfowl (wi n ter ) and other aqua t i c  b i rd 
spec i es i n ha b i t i ng the ma rs h wou l d be adverse ly  affec ted by p i pel i ne 
con s truc t i o n .  L o s s  o f  feed i ng and nes t i ng  areas wou l d  res u l t from l i ne  
construc t i o n .  The mob i l i ty of av i a n  spec i es wou l d  a i d  in  reduc i ng some 
o f  t he ant i c i pated impacts . Effects of construct ion  upon marsh  and 
wetl and a reas may be ev i dent  for 1 to 2 years . 

I n  add i t i on to d i rect l o ss  o f  w i l d l i fe ha b i tat , c l ear i ng of  the cover 
vegeta t i o n  a nd remova l of  topso i l  from the proposed p i pel i ne r i g ht-of-way 
causes  several secondary i mpacts . Mo st  i mporta nt of  these i s  a dec rea se  i n  
p roduct i v i ty ( forage  ma ter i a l ) w i t h i n  the r i g ht- of-way corr i dor . Another 
i mpact res u l ts from a l ter i ng the compo s i t i o n  of  the vegeta t i ve commun i ty ;  
a n  examp l e i s  the " i nva s i on "  o f  the r i g ht-of- way by l ow- p roduct i v i ty 
p l a n t  spec i es ha v i ng l i tt l e or  no forage val ue . I n  add i t i o n ,  c l eari ng 
a nd/or spray i ng the r i g ht- of-way wi th weed-control  agents wou l d  have 
t he seconda ry effect of  i nc rea s i ng the f i re danger due to dry i ng out the 
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brush  a nd a general i ncrea se i n  human act i v i ty .  Restori ng the topso i l 
and  reseed i ng the r i g ht-of-way wi th nat i ve gra s ses  wou l d  mi n i m i ze the 
i mpacts of  con struct i o n .  

Another secondary impact o f  con s truct ion  o f  the proposed p i pel i ne 
i s  the compact ion  and ra ndom m i x i ng of the so i l  by heavy equ i pment a nd 
veh i c l es wi th i n  the r i g ht-of-way . Th i s  impact can be mi n imi zed by proper 
d i tc h  and  bac kfi l l  methods .  A maj ori ty of  the topso i l  wou l d  be p l a ced 
at or near the top of the d i tch  by revers i ng the d i tc h i ng steps when 
bac kf i l l i ng .  

Co nstruc t i o n  ac t i v i t i es ( i nc l ud i ng trenc h i ng ,  p i pe l ayi ng and back­
f i l l  o perat i o ns ) a t  r i ver cros s i ng s  have severa l potenti a l l y advers e effects 
on the aquat i c  env i ronmen t .  Phys ica l  d i srupt i on of streambeds wo u l d 
destroy some ex i st i ng aqua t i c  ha bi tat at the cros s i ngs . Mo bi l e  orga n i sms , 
pr imar i l y  f i s h ,  wo u l d move to other areas wi th i n  the ri ver system , po s s i bly 
exert i ng s l i g ht popu l at ion  pres s u res on adj acent ha bi tats . I f  construc t i on 
occ urs dur i ng the spawn i ng a nd egg matura t i o n  per i od s  l ocal  fi s h  popu l a t i ons  
cou l d  be  l oca l l y  affected . Immo bi l e  benth i c  o rga n i sms and rooted vegeta t i o n  
i n  the d redged area and i n  area s of h i g h  turb i d i ty immed i ate ly  down stream 
wou l d  be d i rectly el i m i na ted . The t ime req u i red to reestabl i s hed these 
popu l a t i ons  i s  dependen t upon wa ter qua l i ty ,  su bstrate and b i o l og i ca l  
commu n i t i es a t  each  cro ss i ng .  

Orga n i sms i n habi t i ng the r i ver ba n ks wou l d a l so be affected . No i se ,  
d u s t ,  a nd fumes d ur i ng  con struct i on wou l d  proba bl y cau s e  wi l d l i fe to 
retrea t from construc t i o n  s i tes . Waterfowl , rept i l es ,  amph i b i a n s , and 
o t her r i pa r i a n  fau na wo u l d mi grate from d i rect impact area s .  At certa i n  
cro s s i ng s ,  u se  o f  exp l o s i ves may be req u i red . 

Some eros ion  of the d i sturbed s tream ba n ks and d i spl acement of 
d redged mater i a l s downstream wo u l d occ u r .  The extent o f  t h e  i mpact 
wo u l d depend upon the t i me of year that construc t ion  ta kes p l ace and the 
amount  o f  ru noff . I ncrea sed turb i d i ty of  r i ver waters and sed imenta t i o n  
wo u l d  b e  s ho rt term effects , s i nce mea s u res t o  ens ure ban k  sta bi l i za t i on 
a nd pro per d i sposa l o r  co nta i nmen t of dredged mater i a l  wou l d be i mp l emented . 
The Sa n Bernard Ri ver , i n  parti cu l a r ,  i s  a h i g h  qua l i ty ha bi tat for fresh  
a nd brac k i s h  wa ter spec i es .  
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I n crea sed  d i s s o l v ed and  s u sp ended so l i d s  i n  a r i ver sys tem can  a l ter 

wa ter q u a l i ty a nd affect the  aquat i c  b i o ta by i nc rea s i ng nutr i en t  l eve l s ,  

i ncrea s i ng the b i ochem i c a l  oxygen  demand , a nd rel eas i ng tox i c  mater i a l s 

to  the  system.  An i n crease  i n  n utr i ent  l eve l s may be des i rab l e i n  systems 

w i t h  l ow b i o l o g i ca l  p roduct i v i ty ,  but the effects wo u l d  be detr i menta l  to 

a sys tem i n  a s ta te of  accel erated eu trop h i ca t i on , s u c h  a s  may exi s t  bel ow 

a raw sewa ge  effl uent  o u tfa l l .  S uch  a sys tem wo u l d  u ndergo fu rther stres s 

i f  the  b i ochem i ca l  upta ke demand  o f  resu s pend ed bottom sed i ments  are 

exceed i n g l y  h i g h  compa red to ra tes i n  u n d i sturbed sed i ments  ( Seattl e 

Un i vers i ty ,  1 97 0 ) . 

Heavy meta l s ,  pes t i c i des , and  other tox i c  mater i a l s may be rel ea sed  

i n to the  water where streambeds are a l tered . Concentrat i on s  of heavy 

meta l s s u c h  a s  l ead , mercury ,  a rsen i c ,  and  copper have been  reported to 

be  present  i n  t i s s ues  of  oys ters or other b i va l ve  mo l l u s ks ( Ga l ts off , 1 960 ) . 

I n crea sed  turb i d i ty ca n decrea se  p ho to synthes i s  of  p hyto p l a n kton , 

a ttac hed a l ga e ,  a nd s u bmerged v egeta t i on . I f  h i g h  turb i d i ty l eve l s 

pers i s t for extended per i ods  of  t i me ,  food supp l i es may be reduced for 

o rga n i sms ( p r i ma r i l y  f i s h ) o n  the h i ghest  trop h i c  l eve l . Accord i ng to 

t he FWPCA ( 1 968 ) ,  p l a n t  l i fe and  bottom fau na , u pon  wh i c h  f i s h  depend , 

cannot  be very p roduct i ve  i f  turb i d i ty l eve l s con t i n uo u s l y  exceed 200 

J a ckson  Tur b i d i ty Un i ts ( JTU ) . T he FWP CA con s  i der t urb i  d i ty 1 eve 1 s of  

5 0  JTU  o r  l es s ,  s a ti s factory fo r aqua t i c  l i fe i n  wa rm \';a ter s treams . 

I n creased t urb i d i ty not  o n l y  advers e l y  affects  fi s h  by a l ter i ng  the food 

c ha i n ,  bu t can a l so  i mpa i r  v i s i on a nd resp i rat i o n .  H i g h  l eve l s o f  

s u sp ended s o l i ds ca n c l og  g i l l s  o f  f i s h  but  f i s h  u s u a l l y  try to avo i d  

these  cond i t i o ns . 

Heavy s i l ta t i on ca n i mpa i r  resp i rat i on  and  growt h of  attached a l gae , 

rooted vegeta t i o n  and  gra s s e s , and  a l ter spec i es co�po s i t i o n  and  n umbers 

o f  the  bo ttom fa una . Ta rzwel l ( 1 957 ) , a s  c i ted by the  n�PCA ( 1 968 ) , 

fo und  tha t bo ttom organ i sms from a s i l ted area averaged o n l y  36 o rgan i sms 

per square foot  compared to 249 p er square  foot i n  a non - s i l ted area . 

Acc i denta l Br i ne Re l ea s e  

Expe cted q uant i t i es of  br i ne and  s a l twater  s p i l l ed d ur i ng cavern 

l each i n g a re 1 70 and  1 20 ba rrel s ,  respect i ve l y  ( T abl e C . 2- 3 ) .  Impa cts 

from s u c h  q ua n t i t i es wo u l d be of  o n l y  l oc a l  i mporta nce  to terre s tr i a l  
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or aquat i c  b i ota .  However , s hou l d a p i pe l i ne sp i l l  occur , the average 

s i ze i s  expected to be 5000 barrel s ,  wi th maximum cred i bl e  sp i l l s  of up 

to 30 , 000 barrel s ;  such  sp i l l s  cou l d have con s i derabl e adverse i mpact . 

The most  l i ke ly  l ocati on  for the occurrence of  a major  bri ne spi l l  

woul d be ons hore between Al l en dome and Brya n Bea c h .  I n  s u c h  a n  event , 

bri ne ( o r s a l twater ) cou l d  spread across  coa stal  pra i ri e ,  brac k i s h  ma rs h , 

o r  i nto San Bernard R i ver , Jones Cree k ,  Brazos  Ri ver Di vers i o n  Channe l , 

l a kes o n  Bryan Mo und , or  the I CW .  Impacts o n  vegeta t i on , a n d  o n  an ima l  

l i fe wh i c h  cou l d  n ot  avo i d  t he  br ine  wou l d  be  l ocal ly  deva sta t i ng , 

part i cu l ar ly  on  terrestr i a l  ha b i ta t  and i n  Jones Cree k or Mud Lake . 

Tens of  acres of habi ta t  coul d be destroyed and sa l t concentra t i ons i n  the 

so i l  cou l d rema i n  a bove l evel s to l erated by new g rowth for severa l years . 

However , i t  mu st  be empha s i zed tha t  such  a sp i l l  i s  stat i s t i c a l l y  very 

u n l i ke ly  to occur espec i a l ly  from so short a sect ion  of p i pel i ne .  

Shou l d  a maximum cred i bl e  br i ne rel ea se occur i n  the near s hore Gu l f  

of  Mex i co , bottom organ i sms , and pos s i bl y  some organ i sms i n  the water 

co l umn , cou l d  be destroyed over an area of severa l acre s .  However , the 

b i o l o g i ca l  impact wou l d be on ly of  l ocal  s i gn i fi cance ; reco l on i zati on 

wou l d  beg i n  a l most  immed i atel y .  

Al ternat i ve Fac i l i t i es 

Al ternat i ve sources of raw water wh i c h  cou l d  affect b i o t i c  resources 

i nc l ude devel opment of a ground water wel l fi e l d  and wi thdrawa l of water 

from the San Bernard Ri ver or from the Gul f of Mex i co .  Wel l f i e l d 

con struct ion  may req u i re 22 acres of  coa sta l  pra i ri e  hab i ta t �  a p i pel i ne 

r i g ht-of-way to the San Bernard Ri ver wou l d  req u i re 5 acres of coa sta l  

p ra i r i e  and 1 acre o f  fl u v i a l  wetl ands ; a p i pe l i ne to the Gul f wou l d 

req u i re 93 acres of ri g ht-of-way onshore ( pr imari ly brac k i s h mars h )  and 

up to 141  acres of offs hore s ubstrate . 

C hanges i n  water qua l i ty assoc i ated w i t h  wi thdrawa l from the San 

Bernard s hou l d not be of great s i gn i fi cance because the r i ver i s  a dredged 

t i da l  estuary between the Gu l f  and Al l en dome . Losses  of phytop l an kton 

a nd zoopl an kton  wou l d probably be of somewhat greater magn i tude than 

for t he Brazos because  the aq uati c habi tat i s  of  h i g her qual i ty .  Losses 

s hou l d not be of reg i o na l s i g n i fi cance , however . 
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W i t hdrawa l  of water from the open Gu l f  woul d have no measurabl e affect 

o n  water qual i ty .  Su bstant i a l  numbers of p l an kton wou l d be destroyed i n  

t he proces s but aga i n  impacts s hou l d be o f  l ocal  s i gn i fi cance on l y .  

Al ternati ve bri ne d i sposal  methods i nc l ude deep wel l i nj ec t i on and 

d i ffu s i o n i n  the Gu l f  south of Al l en dome or 1 2 . 5  mi l e s off Bryan 

Mo und . Deep wel l i nj ecti on wou l d  have no impact on b iota except for 

l os ses  of 1 9  acres of coasta l pra i ri e  ha b i ta t .  T h e  effects o f  d i sposal  

in  the Gu l f  south of Al l en dome shou l d  be nearly s i mi l ar to d i spo sa l  

south  of Bryan Beach . 

Effects of constructi ng a l ternate o i l  transporta t i on fac i l i t i es 

wou l d  be i dent i ca l  to those descri bed for Bryan Mound i n  Sect ion C . 3 . 1 . 5 .  

C . 4 . 1 . 6  Natura l and Scen i c  Re sources 

The proj ect s i te and p i pel i ne route construction  wou l d have a 

s i gn i fi  cant but temporat'y effect on some of the natural resource and 

recreati onal  area s in Brazori a Co unty .  Constructi on acti v i ty may tem­

porari l y  d i srupt hunt i ng and fi s h i ng act i v i t i es adjacent to the s i te and 

a l ong the p i pe l i ne ro ute .  The impacts wou l d  affect on ly a sma l l port ion  

of  the tota l avai l a b l e habi tat areas . 

Co nstruct ion  acti v i ty wou l d  have a temporary nega t i ve effect on the 

l oca l  ambi ence.  Res i dents i n  the sma l l s ubd i v i s i on nearby wou l d be 

s u bj ected to �onstruct ion  no i se ,  d u st ,  v i brat ion , and fumes . Constructi on 

a l ong the p i pe l i ne wo u l d d i srupt the undevel oped qua l i ty of Coa stal  Pra i r i e  

a nd mars h env i ronments crossed .  There may be some temporary d i srupt i on 

of  wi l d l i fe i n  parts of the Sa n Bernard Nat i ona l  Wi l d l i fe Refuge l ocated 

south  of Al l en dome on the west ban k  of the San Bernard Ri ver due to 

o n s i te construct ion  no i se .  

Al ternati ves 

Devel opment of a raw water s upp ly or  bri ne i nj ect ion  f ie l d i n  coasta l  

pra i ri e  ea st  of Al l en dome wou l d  not s i gn i fi cantly affect natura l or  

scen i c  resources .  Construct ion  of p i pel i nes to  the  Gul f wou l d  temporar i ly  

d i sturb res i dents of  Bernard Acres and may d i srupt wi l d l i fe popu l at ion  i n  

coa sta 1 a reas s uch  a s  the near,by San Bernard Wi l d l  i fe Refuge . 
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C . 4 . 1 . 7 Archaeo l og i ca l , H i stori ca l  and Cu l tural Resources 

A compari son of the l ocation  of s i tes  l i sted on the Nat i ona l  Reg i ster 

of H i storic P l aces and those s i tes  i dent i fi ed by the H i stor ic  Preservat ion 

o ff i ce for Texas and t h i s l ocati on of the SPR  fac i l i t i es has been made .  

Based o n  th i s compari son  there are n o  known s i tes  o f  h i stori c s i gn i fi cance 

t ha t  wou l d  be affected . Sect ion  2 ( a )  of  Execut i ve Order 1 1 593 , " Protecti on 

and En hancement of the Cu l tura l  Env i ronment "  ( May 1 3 ,  1 97 1 ) wou l d  be 

compl i ed wi th  as  deta i l ed in Sect i on C . 3 . 1 7 .  

C . 4 . 1 . 8 So c i oeconom i c  Env i ronment 

La nd Use  

Devel op i ng Al l en dome wou l d  c hange the  primary l and use  of the s i te 

from a non-cu l t i vated cattl e graz i ng area to i nd u stri a l  use . Approximately 

1 84 acres wou l d be enc l o sed by a secur i ty fence el i mi nati ng those acres 

from graz i ng u se .  However ,  only 7 percent ,  or 3 1  acres , wo u l d be 

p hys i ca l ly  changed i n to p i pe l i ne a l l eys , roads , dri l l  pads , bri ne reservo i r ,  

and  p l ant  structures . 

The  seven mi l e  pi pel i ne corri dor between the s i te and the SEAWAY 

Ta nk  Farm wou l d  have a ri ght-of-way through  the predomi nant ly  coa stal  

pra i r i e  and marsh  area wh i c h  wou l d  a l ter l and use on approximate ly  99 acres 

d u r i ng the cons truct i on  per iod . P i pe l i ne construct ion  between SEAWAY 

Ta n k  Farm and Bryan Mound wou l d  fo l l ow an exi st i ng  p i pe l i ne ri ght-of-way 

( p l anned for early storage devel opment ) and wou l d  not affect l a nd use . 

Construct ion  i mpacts of the bri ne d i spo sa l  p i pe l i ne from Bryan Mound 

5 . 8  mi l es offs hore to the Gu l f  are descri bed in Sec t i on C . 3 . 1  . 8 .  

One doc k wo u l d be constructed at the S EAWAY Doc k  s i te .  A second 

wou l d  be bu i l t  i n  Brazo s Harbo r .  Land use  at the doc k s i tes  i s  i nd u stri a l , 

t here wou l d be no l a nd use  impact . 

Al ternat i ve water i njecti on and bri ne d i sposa l  systems wou l d  req u i re 

a dd i t i ona l  p i pel i ne construct i on : to off- s i te we l l s  ( 1 9  acres ) ;  to the 

Sa n Bernard Ri ver (6 acres ) ;  and d i rect ly  to the Gu l f ( 234 acres ) ;  to 

t he Gu l f  through  Bryan Mound ( 326 acres ) ;  eac h  of these a l ternati ves 

wou l d el i mi nate acreage from current l a nd u se .  As s umi ng that the 

necessary p i pe l i nes wou l d a l l be buri ed , most of the coa sta l  pra i ri e  
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l and u se can revert bac k  to i ts current use . Marsh l and  may l o se pro­

duct i v i ty if  permanent cana l s are l eft in  p l ace of marsh  gras s .  

Water wi thdrawa l and bri ne d i sposal  to the Gul f of Mex i co d i rectl y  

wou l d  i nvol ve p i pel i ne construct i on through  the marsh  area ea st o f  the 

Sa n Berna rd Ri ver,  wh i ch i s  cons i dered a cri t i ca l  wi l d l i fe ha b i tat by 

t he Texas  Parks  and W i l d l i fe Department .  The effects o f  t he p i pe l i ne 

t hrough  Bryan Mo und 1 2 . 5 mi l es offs hore are descri bed i n  Sect i on  C . 3 . 1 . 8 .  

On s i te power generat ion  woul d el im i nate the need for a 1 0  mi l e  

transm i s s i on corr i dor  to the s i te .  

U s e  o f  S EAWAY o r  P h i l l i ps doc ks by DOE wou l d requ i re n o  a l tera t i on 

i n  exi s t i ng l a nd use .  Devel opment of mar i ne term i na l  wou l d  dedi cate a 

few acres of  ocean water for the monobuoy and a few acres of coasta l  

pra i r i e  for a p i pel i ne corr i dor . 

Transportat i on  

Dur i ng t he construc i ton per iod , traffi c wi l l  i ncrease  on the maj or 

h i g hways and roads tha t connect Al l en dome to the Freeport , Gal veston , 

a nd Ho uston  area s .  Impacts wou l d be most  not i ceabl e duri ng the fi rst 

year of construct ion  act i v i ty ,  when the l argest numbers of empl oyees are 

commut i ng .  Co nstruct i on  crews woul d be work i n g  l ong s h i fts and thei r 

commut i ng  ho urs are not expected to be concurren t wi th other commuters 

i n  the area . Th i s  wou l d ,  therefore , reduce the impacts on  traffi c fl ow 

i n  the county .  The impact on county roads 261 1 and 2 91 8 wh i ch connect 

the  s i te wi th  Ro ute 36, the maj or traffi c artery l ead i ng to the s i te ,  

wou l d be qu i te l a rge duri ng hea v i est  constructi on . Current tra ffi c  on 

t hese roads ranges from 1 23 0  average da i ly tri ps  near the j unct ion  of 

Ro utes  36 and 261 1 ,  to only 460 tri ps on Ro ute 291 8 near  the s i te entrance . 

D ur i ng  the pea k month of  construct ion  over 500 workers wou l d  commute to 

t he s i te da i l y ( Ta bl e C . 4- 2 )  and add i ti ona l traff i c  wou l d  be generated 

by truc k traffi c to the con struct ion  s i te .  As can be seen from these 

f i g ures , traffi c i n  some sect i ons  wou l d  more than doubl e .  �'Jh i l e  the 

capac i t i es of  ex i st i ng roads are un l i ke ly  to be exceeded i n  the project 

a rea , some congest i o n  may occur at  sh i ft changes . 

Even when the wo rk force decreases  to 1 32 i n  the seventh month and  

1 09 in  the  twel th  month , the prev i o u s ly  ex i st i ng traffi c pattern woul d be 
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s i gn i fi cantl y a l tered . I t  i s  anti c i pated that i n  non-pea k hours , traff i c  

i n  the proj ect area wou l d  b e  o n l y  m i n imal l y  impacted . 

The other transportati on systems i n  the co unty - such  as  the co unty 

a nd Ga l veston a i rports , ra i l  and bus serv i ces - wou l d  l i ke ly  experience 

some i ncreases , espec i a l ly  dur i ng the pea k construction period . 

The proj ect may have a m i n ima l  impact on waterborne tran sportat i on 

i n  the Freeport Ha rbor due to the i ncrease i n  o i l  tan ker traffi c .  Al l 

traffic  i n  t h i s harbo r ,  i n  1 97 6 ,  amounted to 436 vessel s ( Brazos  R i ver 

Nav i gati on D i str ict ) . The " worst case" i ncrease  in tan ker traff i c  dur ing  

t he i n i t i a l  fi l l  of the 1 00 MMB s torage capa c i ty wou l d  amount to  one 

tan ker every day . Th i s  assumes a tan ker capac i ty of  32 , 000 DWT , or 254 , 000 

BBL of  o i l .  I f  S EADOCK i s  constructed , overa l l traffi c ,  part i c u l ar ly  

tan kers , i n  Freeport Ha rbor wou l d be  s i gn i fi cantly reduced . 

Waterborne traffic  i n  the area may be temporari l y  d i srupted d uri ng 

p i pel i ne construction  across  nav i gabl e wa terways . Barges may be used to 

transport construct ion  ma ter i a l s to the s i te on the San Bernard Ri ver . 

Co nstructi on of the a l ternati ve water i nj ecti on , bri ne d i sposa l , and 

o i l  transport fac i l i ti es is  not expected to s i gn i fi cant ly  affect the 

area ' s  transpo rtat ion fac i l i t i e s . Construction  acti v i t i es may requ i re 

some add i t i onal  manpower wh i ch wou l d i ncrease  the amount of veh i c u l ar traffi c .  

Shou l d  S EADOCK  be under co nstruction s i mu l taneous ly  wi th  SPR expa n s i on , 

t here may be some addi ti ona l traffi c conges t ion  i n  Freeport but not at  

Al l en Dome . 

Popu l at ion  

Construct i on empl oyees are expected to  commute from nearby urban 

centers and wou l d  therefore have an i n s i gn i fi cant growth- i nduc i ng effect 

on  popu l a t ion  i n  Brazor ia  County .  The  Al l en dome v i c i n i ty wou l d  experi ence 

a s u bstant i a l  i ncrease in dayti me popul at ion , espec i a l ly  duri ng the 

pea k construct ion  period . 

The use of severa l of the a l ternati ve water i nj ect i on , bri ne d i s posa l , 

and o i l  transport systems wo ul d req u i re some add i t iona l  manpower but wou l d  

not s i g n i fi cant ly  i ncrease  popu l at i ons above the ant i c i pated l evel s .  Use 
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o f  ex i st i ng S EAWAY or  Ph i l l i p s  Docks , or wit hdrawa l of water from the San 

Bernard Ri ver , wou l d  red uce manpower req u i rements and therefore pos s i bl e  

pop u l a t i on i ncreases . 

Ho u s i ng 

S i gn i fi cant impacts on ho u s i ng are not anti c i pated , s i nce  the  

con struct i on emp l oyees are expected to  commute from thei r current p l aces 

of res i dence . Some i ncrease  in demand for temporary hou s i n g in the Bra zosport 

area an be expected s i nce some emp l oyees may c hoose to stay near the proj ect 

dur i ng thei r workweek .  As noted i n  Sect ion  B . 3 . 6 ,  temporary hou s i ng 

i s  i n  s hort supp ly  i n  the Brazosport area due to the area ' s  growth . 

Consequentl y ,  th i s  may force more construct ion  emp l oyees to commu te . 

Adopti on of any of the a l ternat i ve systems wou l d  have an i ns i gn i fi cant 

add i t i ona l i mpact on ho us i ng avai l a b i l i ty .  

Economy 

Construct ion  of SPR  fac i l i t i es at  Al l en dome wou l d  have a s i gn i fi cant  

i mpact on  construction  empl oyment i n  the  regi on . The  project wou l d  have a 

pea k  construct ion  force of nearly 550 empl oyees dur i ng the second month  

( Ta bl e  C . 4- 2 ) . The  fi rst s ix  months wou l d  be  the  most  l abor i n ten s i ve , 

w i th empl oyment l evel s decl i n i ng duri ng the fo l l owing months ( down to 

55 empl oyees ) .  The Brazosport area has a l ow rate of unemp l oyment ,  so much 

of  the l a bor force wou l d  l i kely commute from the Texas  Ci ty-Gal veston area 

or from Ho usto n .  

T h e  project may b e  served by the extens i ve petrochem i ca l , fa br i cat i ng ,  

rapa i r ,  and ma i ntenance i nd u str i es that are ava i l a bl e i n  the area . The 

proj ect i s  not expected to generate muc h ,  i f  any ,  add i t i o na l l o ng term 

econom i c  growth i n  the area due to the temporary nature of the constructi o� 

a ct i v i ty .  

Approx ima te ly  $3 mi l l i o n ,  over 35  percent of the tota l proj ect 

payro l l ,  wou l d  be earned duri ng the second through s i xth  months of  the 

proj ect . The d i sposabl e i ncome ( a fter taxes ) over the l i fe of the 

project wou l d  be approximately $6 . 6  mi l l i on  or 80 percent of gro s s  

i ncome . Most  of the i ncome res u l t i ng from the project wou l d  b e  spent i n  

t he l a rger urba n area s where the commut i ng workers res i d e .  The rema i n­

der wou l d  be d i spersed throughout  the l oca l  area . The rel ati ve effect 
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TABLE  C . 4- 2 E s t i mated Construct i on Empl oyment and  Wages by Month -
Al l en Dome candi date S P R  storage s i te ( a l ternati ve s i te )  

Number Month l y  
Month Empl oyed Wages 

0- 1  1 2 5 $ 2 1 8 , 750 

1 -2 545 953 , 7 50 

2-3  453 792 , 7 50 

3-4 254 444 , 500 

4-5 232 406 , 000 

5-6  207  362 , 250  

6-7 1 32 2 3 1 , 000 
. � >. " 

7-8  1 32 23 1  , 000 

8-9 1 32 23 1  , 000 

9- 1 0  1 32 2 3 1 , 000 

1 0- 1 1 1 32 23 1  , 000  

1 1 - 1 2  1 09 1 90 , 7 50 

1 2- 1 3 1 09 1 90 , 7 50 

1 3- 1 4 1 09 1 90 , 7 50  

1 4- 1 5 1 09 1 90 , 7 50 

1 5- 1 6 1 09 1 90 , 7 50  

1 6- 1 7 1 09 1 90 , "1 50 

1 7 - 1 8 1 09 1 90 , 7 50 

1 9-46 5 5  96 , 250  

Construct i on Tota l $8 , 2 67 , 000 
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wou l d  be s l i g ht i n  the h i gh ly  devel oped centers such  as the Hou ston­

Ga l veston area , bu t more not i ceabl e in  the  commun i t i es i n  sou thern 

Brazor i a  Co unty .  Construct ion  workers wou l d  patron i ze the area ' s  reta i l  

s erv i ces  ( s uch  as  gas and food ) ,  i ncreas i ng the i ncome of peop l e  operat i ng  

t hose  servi ces . I n come earned by the construct i on force wou l d decl i ne 

d ur i ng  the l a st three years of the proj ect construct ion and the impacts 

o n  area i ncome wou l d be correspond i ng ly  l es s .  

Tota l i ncome resu l ti ng from construct i on emp l oyment ha s been estimated 

u s i ng the proj ected emp l oyment for each month at an average i ncome f ig ure 

of $ 1 750  per month for each  worker. The resu l t i ng i ncome , s hown on 

Ta bl e C . 4- 2 ,  wou l d be h i ghest i n  the second and th i rd mon ths of con­

s truction  and wou l d  tota l over $8 . 2  mi l l i on over a four year peri od . 

These expendi tures for l a bor  woul d have  a mu l t i p l i er effect on the l oca l 

and reg i onal economy ,  i n  wh i c h  d i rect i ncome accru i ng to ho useho l ds 

wou l d be spent i n  other sectors of the economy . Some of these expendi tures 

woul d ,  i n  turn , be rea l i zed as  d i rect i ncome to other househo l d s .  I n  

Texas , the rel at ions h i p  of one dol l ar of  d i rect i ncome (expend i ture )  i n  

t he i ndust  : a l  co nstruction  sector to i ncome rece i ved by a l l other 

s ectors of the economy has been estimated to be a mu l t i p l i er of $2 . 5 1 

( Offi ce  of the Governo r ) , or more s imply stated , for every do l l a r spent 

to construct the S PR fac i l i ti es ,  $2 . 51 woul d be generated as  i ncome 

w i t h i n  the reg i o n .  Th i s  re l ations h i p ,  a Type I I  mu l t i p l i ers , expres ses 

the d i rect ,  i ndi rect ,  and i nduced i ncome pa i d  to househo l ds per dol l ar 

d i rect i ncome pa i d  to househo l d s .  Thus , the $8 . 2  mi l l i on of  d i rect 

i ncome from over the four year con struct ion per i od wou l d  resu l t  i n  $20 . 6  

m i l l i on  d i rect ,  i nd i rect ,  and i nduced i ncome to accrue to househo l d s  i n  

the  reg i on . The geograph i c  d i stri buti on  o f  t h i s  i ncome wou l d  be determ ined ,  

i n  part , by the worker ' s  pl ace of res i dence and l ocat i on o f  reta i l 

fac i l  i t i e s .  

Al ternat i ve proj ect fac i l i t i e s , such as  constructi on of the ground  

water supp ly  fi el d ,  a br i ne water i nj ecti on f ie l d ,  p i pe l i nes to  the Gu l f 

o f  Mex i co or a marine  termi na l , cou l d  prov i de s i gn i fi cant i ncreases i n  

con struction payrol l .  
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Government 

Securi ty and f ire protecti on to protect the proj ect personnel , 

eq u i pment and s uppl i es wou l d be prov i ded by the proj ect .  Add i ti onal  

po l i ce s u rve i l l ance and traffi c contro l  in  the project area may be 

requ i red , espec i a l ly  duri ng the pea k constructi on per i o d .  

S i nce mos t  constructi on empl oyees are expected t o  commute from 

thei r homes , few wou l d rel ocate to the project area wi th thei r fami l i es . 

Therefore , the sma l l number of new school ch i l dren have a negl i g i bl e  

effect on the l oca l s chool systems . 

Con s tructi on of the fenced Al l en dome fac i l i ty wou l d  i nvo l ve the 

removal  of 1 84 acres from the tax rol l s  of Brazori a County .  The tax 

rate for the County i s  $ 1 . 44 per hu ndred dol l ars of assessed va l uati o n .  

As sessed va l uati on i s  20  percent o f  fa i r  market va l ue . As sum i ng tha t 

the l a nd at  Al l en dome has  a fa i r  market va l ue of $ 1 000 per acre , the 

tax l o s s  to the county wou l d be $530 per yea r ,  for the l i fe of the 

project  ( a s sum i ng property va l ue and tax rate i ncreases to be m i n ima l ) .  

Based upon a four percent sa l es tax on reta i l  sa l es ,  and a s s um i ng 

that 50 percent of the tota l d i rec t ,  i n d i rect , and i nduced househo l d  

i ncomes di scus sed above wou l d  be spent o n  taxabl e purchases , a n  i ncrease  

of  over $250 , 000 in  tax  revenues wou l d  be  experi enced over the cons tructi on  

peri od . 

Imp l ementat ion  of any of the a l ternat i ve water su pply or bri ne d i sposa l  

systems cou l d req u i re add i t i ona l  manpower ,  wh i ch in  turn wou l d  i ncrease  

the demand for urban  serv i ces such  a s  po l i ce s urvei l l ance and hosp i ta l s .  

However , u n l ess several of the a l ternat i ves were se l ected , the i mpact 

wou l d be a mi nor add i ti on  to tota l project impacts . 

C . 4 . 2 Impacts from Operati on and Standby Storage 

Devel opmenta l of 1 00 MMB s torage capac i ty at Al l en dome means that i n  

the event of a n  o i l  supp ly i nterrupti o n ,  a tota l of 1 63 MMB of o i l wo u l d 

be ava i l a bl e from the Seaway Group of SPR  s i tes for del i very to SEAWAY 

P i pel i ne or to tan kers at Freeport . O i l wou l d probab ly  be pumped from 

Al l en dome to S EAWAY Tan k  Farm for p i pel i ne transport north ; o i l  i n  

exces s of S EAWAY capac i ty ( 600 , 000 B/ D )  wou l d then be pumped to the 
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tan ker doc k  a l ong wi th o i l from the Bryan Mound ear ly  storage devel op­

men t .  P r i nc i pa l  i mpacts are those assoc i ated wi th o i l or  bri ne sp i l l s  

and w i t h  hydrocarbon em i s s i o n s .  Where appropr iate ,  i mpacts wh i c h  are 

c umu l at i ve are g i ven for both Al l en dome and Brya n Mound ear ly  storage 

fac i l i ty operat ion  in order to prov i de perspecti ve on  s i te expa n s i on 

s i gn i fi cance and tota l Seaway Group impact .  

C . 4 . 2 . 1 Land Features 

Effects of norma l operat ion  and standby storage on l and features are 

expected to be m i n i ma l . So i l s  wou l d  stab i l i ze soon after they are revege­

tated fo l l owi ng construct i o n .  

Al l en dome i s  l oca ted i n  a n  area hav i ng n o  rea sonabl e expectancy of 

earthqua ke damage .  The on ly  potent i a l l y  s i gn i fi cant impact on l a nd features 

wou l d  be a extremely  un l i ke ly roof co l l apse of  one of the storage cav i t i e s . 

As at  Bryan Mound ,  th i s cou l d  destroy a port i on of the s urface s torage 

fac i l i t i es ,  c rea te a l a ke over Al l en dome , and rel ease  l a rge quanti ti es 

of  o i l  to the s urface .  The l i kel i hood of  s uch  a co l l apse  i s  con s i dered 

extremely  remote , however . 

U se  of  a l terna t i ve fac i l i ti es wou l d have no impact on l and fea tures 

d ur i ng  proj ect operat i o n .  

C . 4 . 2 . 2  Wa ter Re sources 

Impacts to wa ter resources as  a resu l t  of operati ng o i l s torage fac i l i t i es 

a t  Al l en dome wou l d  res u l t from wi thdrawa l of water for o i l  d i sp l acement ,  

d i sc harge of br i ne dur i ng o i l fi l l , ma i ntenance dredg i ng at doc k s i tes , and  

poss i bl e  o i l  or br ine  sp i l l s .  

Raw Water Wi thdrawa l 

Effects on wa ter qua l i ty i n  the Brazos R i ver D i vers i on Channel  

wou l d  be essent i a l ly  the same as  for Bryan Mound  s i te devel opment 

( Sect i on  C . 3 . 2 . 2 ) . I t  i s  concl uded that water qual i ty and quanti ty i n  

t he Brazos Ri ver D i vers i on Channel  shou l d  not b e  mea s urab ly  affected . 

Br i ne D i sposa l 

Effects of br i ne d i sposa l  i n to the Gul f of Mex i co d uri ng o i l  fi l l i ng 

wou l d  be the same a s  for Bryan Mound s i te devel opment ( Sect i on  C . 3 . 2 . 2 ) .  

C . 4-27 



D i s po s a l  of br i ne i n to deep water bear i ng sands  thro ugh  the 3-wel l 

backup system ea s t  of Al l en dome dur i ng refi l l s  wo u l d hav e s i gn i f i ca n tl y 

l es s  poten t i a l  for adverse  i mpacts tha n  d i sposa l  at  ful l l eac h i n g  rates . 

Ma i ntenance  Dredg� 

Water q ua l i ty impacts  due  to mai ntenance dredg i ng of  the dock s i te s  

a re co n s i dered t o  be m i n i ma l , e spec i a l l y  con s i der i n g  present  quant i t i es  

o f  ma i n tena nce  d red g i n g  ( 1  m i l l i o n  cy every year ) .  

O i l Sp i l l s  

Du r i n g  proj ect  operat i o n ,  o i l sp i l l s  co u l d occur i n  the  Gul f of  Mex i co ,  

i n  Freeport Harbo r ,  from p i pe l i n e s  con n ec t i n g  the s torage s i te wi th the  

tan ker doc k s  a nd S EAWAY Ta n k  Fa rm , from the wel l s  a t  Al l en dome , and  

from the ear l y  s to rage  p ha s e  o i l  s u rge tan ks at Bryan Mound  ( re l ea ses  

from the underground s torage  caverns  are  not  quant i f i ed ,  see  Append i x  E ) . 

A t horou gh  descr i p t i o n  of po s s i bl e  modes of  sp i l l s ,  methodo l ogy of  s p i l l  

c a l cu l at i on , q uant i f i c at i on of  expected s p i l l  vo l ume and  freq uenc i e s ,  

s p i l l  d i s pers i o n  c ha racter i s t i cs , and  s p i l l  prev e n t i o n  a nd con tro l 

mea sures  i s  prov i ded i n  Append i x  E .  A summary of  o i l  sp i l l expecta t i on 

i s  a l so g i ven i n  Sect i o n  C . 2  and  i n  Tabl e s  C . 2- 1  and  C . 2- 2 .  Pos s i b l e 

e ffects o n  wa ter resou rces are con s i dered i n  th i s  s ect i on . 

Probab l e mo vements of s p i l l s  occurri ng  eas t of  S EAWAY Tan k Farm are 

i dent i ca l  to  tho s e  for Brya n Mo und ( s ee Sect i on  C . 3 . 2 . 2 ) .  

Sp i l l s  from Al l en dome not  conta i ned wi th i n d i k i ng wo u l d enter the 

San  Berna rd R i ver  wa ters hed . The  mos t  l i ke l y  dra i nage  path i s  a n  ex i s t i ng  

s wa l e  wh i c h pas ses  thro u g h  a s u bd i v i s i o n  ( Bernard Acres ) and  en ters the  

r i ver n ea r  a mar i na .  Sp i l l s  from the p i pe l i ne route wes t  of  the commun i ty 

o f  J o nes  Creek  co u l d enter the San  Bernard wa ters hed or d i ffu s e  southward 

i n to mar s h  between the  San Bernard Ri ver and the proposed SEADOCK Termi na l . 

O i l s p i l l s  a r e  mos t  l i ke l y  to reac h the Gu l f  o f  Mex i co a s  a resu l t 

o f  a d i rect re l ease from o i l tan kers . 

Q u a n t i t i es of o i l  expected to be rel ea s ed from the ear l y  s torage 

fac i l i t i e s a t  Brya n Mo und a nd from SP R expa n s i on fac i l i t i es a t  Al l en 

dome are l i s ted by s o u rce a nd l ocat i o n  i n  Tab l es  C . 2- 1  and  C . 2- 2 .  

Tota l o i l  s p i l l age  for f i ve f i l l /wi thd rawa l cycl e s  i s  proj ected to be 

1 930  ba rrel s fo r the ea r ly  s to rag e fac i l i ty a nd an add i t i ona l  3658 
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barre l s for the Al l en dome fac i l i t i es . Of the tota l , 74 percent i s  

p roj ected to occur d ur i ng  fi l l  operat i ons , 24 percent duri ng wi thdrawa l , 

and l es s  the 2 percent ( 53 barrel s )  dur ing  standby storage . The d i stri bu t ion  

o f  sp i l l s  i s  projected to  be  2746  ba rrel s ( 4 9 percent ) i n  the  Gul f of 

Mex i co ( p ri nc i pa l l y  at  the VLCC - tan ker transfer l ocat i on ) ,  1 4 67 barre l s 

( 2 6  percent ) a t  the tan ker docks , 1 237  barrel s ( 22 percent ) at the Al l en 

dome , Bryan �10 und , and S EAWAY Tank  Farm , and 1 ess  than 80 barrel s from 

t he connect i ng p i pel i nes . The max imum cred i bl e  sp i l l  events are est imated 

to be 60, 000 barrel s res u l t i ng from a tan ker co l l i s i on ,  1 0 , 000 barre l s 

from a p i pe l i ne rupture , 5000 barre l s from storage term i na l s ,  and 500 

barre l s from transfer opera t i ons . 

Weather i ng proces ses and d i spersal  c haracter i s t i cs of o i l are g i ven i n  

Sect i on  C . 3 . 2 . 2 . 

Two potent i a l ly  s i gn i fi cant impacts of o i l  sp i l l s  i n  water reservo i rs 

wou l d  be the potent i a l  for bu i l dup  of tox i c  fract i ons and dep l eti on of  

oxygen l evel s i n  sha l l ow ,  poorly fl u s hed water bod i es .  The mos t  l i ke ly  

l ocat ion  of s uch  wa ste wou l d be  i n  coastal  bays and marshes southwest 

and northeast  of Freeport ( i nc l ud i ng the v i c i n i ty of San Bernard Natura l 

Wi l d l i fe Refuge ) and , to a l esser extent ,  i n  Jones Cree k ,  the San Bernard 

Ri ver , o r  i n �'lud La ke or Unnamed Lake on Bryan �10und . Because of the 

25  mi l e  d i s tance from the VLCC transfer po i nt to shore , the d i k i ng 

a round ta nks at Bryan Mound , and the very u n l i ke ly  occurrence of expected 

p i pe l i ne sp i l l s ,  s uch  impacts are not expected ( that i s  most sp i l l s  

s ho u l d occur i n  open Gu l f  waters , at  the doc ks , or w i th i n  the d i ked 

term i na l s ) .  

O i l sp i l l s  reach i ng the Brazos R i ver , Freeport Harbor , the l CW ,  or  

t he open Gu l f s ho u l d not  ha ve s i gn i fi cant impacts on  wa ter qua l i ty 

because  of  the potent i a l  for d i l ut ion  and for o i l  recovery .  Sp i l l s  

reach i ng the San  Bernard Ri ver may a l so be d i l uted but the poten t i a l  for 

adverse effects on  water qua l i ty are s i g n i fi cant . O i l  wh i c h  s i n ks to 

the bottom or  i s  depo s i ted on  the s horel i ne or ri verbanks  may prov i de a 

l oca l  source of  petro l eum hydrocarbon  to the water co l umn for severa l 

weeks  or  even months .  
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There s hou l d be no impact on  domesti c or  other human surface water 

s uppl i es as a l l wa ters i n  the v i c i n i ty of  project operat ion  are too 

s a l i ne for cons umpt i o n .  

As a t  Bryan Mound , s urface sp i l l s  are not l i ke ly  t o  a ffect ground  

water in  the area because  there appears to be  l i ttl e recharge to  the Ch i cot  

aqu i fer . Subsurface sp i l l s  caused by a h i gh ly  u n l i ke ly  cavern col l a p se 

cou l d fl ow down grad i ent  to Brazosport commun i t ies , however . 

Thus , a l tho ugh t he potent i a l  exi sts  for a very l a rge crude o i l  sp i l l ,  

ca l cu l at ions  of  sp i l l  proba bi l i ty and the nature of  l ocal water bod i es 

i nd i cate that s i gn i fi cant i mpacts o n  l ocal  water resources shou l d not 

occur .  

Br i ne Sp i l l s  

Dur ing  proj ect opera t i o n ,  bri ne sp i l l s  cou l d occur  from the br i ne 

d i sposa l  p i pe l i ne and from the bri ne reservo i r ; sal i n e  water co u l d be 

s p i l l ed from the raw water supply l i ne and from the bri ne d i spo sal  l i ne 

( d ur i ng standby storage ) .  A thorough  descri pti on  of  po s s i bl e  modes  of 

s p i l l s , methodo l ogy of  spi l l  cal c u l at i on , quant i f i cat i on  of expected sp i l l  

vo l ume and frequenc i e s ,  sp i l l  d i spers i o n  characteri st i c s , and  sp i l l  

p revent i on and contro l  mea sures i s  prov i ded i n  Append i x  E .  A summary of 

sp i l l  expectat i on  i s  a l so g i ven i n  Sect i on  C . 2  and i n  Tab l e C . 2- 3 .  

Pos s i bl e  effects o n  wa ter resources are con s i dered i n  t h i s sect i o n . 

Probab l e movements of sp i l l s  occurr i n g  ea st  of SEAWAY Tan k  Farm are 

i denti ca l  to those  for Bryan Mound ( see Sec t i on C . 3 . 2 . 2 ) .  

Sp i l l s  from Al l en dome not conta i ned wi t h i n  d i k i ng wou l d enter the 

San Bernard Ri ver waters hed . The most  l i ke ly  dra i nage path i s  an exi st ing  

swa l e wh i ch  pa s ses through  a su bd i v i s i on ( Bernard Acres ) and  enters the 

r i ver near  a mari na .  Sp i l l s  from the p i pel i ne route west  of the commun i ty 

of  Jones Creek cou l d  enter the San Bernard waters hed or  d i ffu se southward 

i nto mars h between the San Bernard Ri ver and the propo sed SEADOCK Termi nal . 

B r i ne sp i l l s  are mos t  l i ke ly  to reach  the Gu l f  of Mex i co a s  a 

resu l t  of  a d i rect rel ease from rupture of the br i ne l i ne . 

Br i ne and raw water sp i l l s  are expected to occur onl y from the 

p i p i ng system .  To ta l sp i l l age i s  est i mated to be 7 5  barrel s of bri ne 

and 1 1 5  barre l s of raw water from ear ly  storage operat ion  and 5 1 3 barrel s 
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of  br i ne and 895 barrel s of raw water from SPR expa n s i on fac i l i t i es .  Of 

the tota l , 2 1 0 barrel s of br ine  and 78 barrel s of raw water wou l d sp i l l  i nto 

the Gu l f  of Mex i c o ;  378 barrel s of bri ne  and 93 3 barrel s of raw water wou l d  

s p i l l onto pr imari ly coastal pra i ri e  and mars hl and between Bryan Beach  

and Al l en dome ( Ta bl e C . 2- 3 ) . The max imum cred i bl e  s p i l l  event i s  

est imated to be 30 , 000 barrel s of br i ne excl u d i ng pos s i bl e rel ease of up 

to 1 00 , 000 barrel s of br i ne due to hurr i cane breach i ng  of the storm l evee 

and br i ne reservo i r .  

There s hou l d b e  n o  impact o n  domest i c  or other human surface water 

s uppl i es as a l l waters i n  the v i c i n i ty of proj ect operat ion are too sal i ne 

for consumpt i on .  

As at  Bryan Mo und , surface sp i l l s  are not l i ke ly  to affect ground 

water i n  the area because there appears to be l i ttl e recharge to the Ch i cot 

aqu i fer .  Su bs urface sp i l l s  caused by a cavern col l apse cou l d fl ow down 

grad i ent  to Brazosport commun i t i es , however . 

Sp i l l s  of br i ne or sal i ne water have l es s  potent ia l  for adverse 

effects on water qual i ty than do o i l  sp i l l s . Except for a very l arge 

bri ne sp i l l , norma l fl us h i ng of mo st l ocal water bod i e s  ( e . g .  the l CW ,  

Brazos Di vers i on  Channel , Brazos  and Freeport Harbors , Gul f of Mex i co ) 

wo u l d  q u i c kl y  d i l ute sa l t  concentrat ion  to norma l l evel s resu l t i ng i n  

very temporary water qua l i ty degradation . Fl u s h i ng i s  not a s  effecti ve i n  

Jones Creek or i n  ��ud  La ke and Un named La ke a t  Bryan Mound , however ; sa l  i n i ty 

excesses  wou l d cont i nue  i n  the water bod i es for severa l days or even weeks . 

Th u s ,  a l tho ugh the potent ia l  exi sts for a very l arge br i ne spi l l , 

cal cu l at i ons  of sp i l l  pro ba bi l i ty and the nature of l ocal  wa ter bod i es , 

i nd i cate that s i gni fi cant i mpacts on l ocal water resources shou l d not 

o ccur .  

Hazards Due To  Fl oodi ng 

Surface fac i l i t i es at Al l en dome and Bryan Mound wou l d  be subj ect to 

poten t i a l  fl ood i ng ca used by hurri canes or trop i ca l  storms ( fl ood i ng at 

Bryan �10 und i s  con s i dered in Sect i o n  C . 3 . 2 . 2 ) .  Surface el eva t i ons  over the 

dome vary from 0 to 6 feet MSL .  E l evat i ons i n  the mars h and  coastal pra iri e 

adjacent to the dome are l es s  than 6 feet MSL and at the proposed doc k 

s i tes  are a bout  4 feet MSL .  A storm l evee woul d be con structed around 
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fac i l i t i es at Al l en dome to a hei g ht of +22 feet MSL .  Data suppl i ed by 

t he U . S . Army Corps of Engi neers i nd i cates that the 1 00 year fl ood l evel  

at  Al l en dome is  + 1 4  feet MSL �  exc l ud i ng the effects of wave runup . 

Storm fl ood greater than the l Oa-year even t co u l d  occur and cou l d 

damage s urface fac i l i t i e s . I n  the event of an oncomi ng storm � o i l  wou l d be 

d i sp l aced from the su rface tanks at Bryan Mound wi th wate r �  thus  e l imi na t i ng 

t he l a rgest s p i l l  potenti a l . I f  surface p i p i ng were ruptured � a few 

barrel s of  o i l  co u l d escape but wou l d be reta i ned wi th i n  the d i ked areas . 

Damage to wel l head p i p i n g at Al l en dome cou l d  resu l t i n  l os s  of a few 

barrel s from the cavern . Br ine  from the pond wou l d be q u i c k l y  d i l uted 

by sea water . 

As on ly  l i mi ted quanti t i es of o i l  co u l d be rel eased i n  the event of 

a dama g i ng storm fl ood � envi ronmenta l effects due to the fl ood waters and 

wi nds are expected to be much greater than those due to l o ss  of o i l  or 

bri ne . 

Al ternat i ve Fac i l i t ies  

Use  of  the  San Bernard Ri ver for raw water supp ly  s hou l d not create 

s i gni fi cant adverse impacts on water qual i ty i n  t hat estuary though  

a verage sa l i n i t i es wou l d  be  i ncreased . As i nd i cated in  Sect ion  C . 4 . 1 , 

the d i fference between water supp l i ed by the ri ver and water wi thdrawn 

for th i s project wou l d  be made up by fl ow i n to the estuary from the 

Gu l f  of  Mex i co .  

Use  of ground water to d i sp l ace oi l from the cavern has roug h ly  the 

same potenti a l  for adverse impact � espec i a l l y  surface s ubs i dence � as  

descri bed for Bryan Mo und . 

Wi thdrawa l of water from the Gu l f of Mex i co s hou l d  have no measura bl e 

i mpact on water qua l i ty .  

As bri ne d i sposal  rates duri ng operation  wou l d b e  l es s  than 40 

percent of the rates needed for cavern l eac h i ng � the potent ia l  for 

i mpacts s hou l d be l es s  than duri ng constructi on . D i sposa l  of bri ne 

d i rectl y  to the Gu l f  through  an a l ternati ve d i ffu ser 5 . 8  mi l es off 

Al l en dome wou l d create a second source of h i g h  sal i n i ty wa ter wi th 

i mpacts a s  descr i bed in Section  C . 4 . 1 . 2 ( bri ne d i sposa l  from Bryan Mound 
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wou l d be the other ) . Use of  the d i ffuser 1 2 . 5  mi l e s  offs hore Bryan 

Mound wou l d have effects as descri bed i n  Sect i on C . 3 . 2 . 2 . The i nfl uence 

on water qua l i ty from each wou l d be muc h  l es s  than dur i ng cavern l each i ng . 

U se  of  a mari ne p i pel i ne for o i l movement wou l d reduce the  expected 

q uant i t i es of o i l  s p i l l  vo l ume by about  60  percent .  On shore o i l  sp i l l age 

woul d be essenti a l ly  unaffected . 

C . 4 . 2 . 3  Ai r Qua l i ty 

Operat ion  of s torage fac i l i t i es at  Al l en dome woul d res u l t i n  the same 

type and amount  of emi s s i ons  as descri bed i n  Secti on C . 3 . 3 . 3  for Bryan 

Mo und . The i nventory of tota l hydrocarbon emi ss i ons  for Al l en dome 

devel opment over the proj ect l i feti me are s et forth i n  Tabl e C . 3- 6 .  

A s  exp l a i ned i n  Sect ion  C . 3 . 2 . 3 ,  emi s s i o n s  dur i ng o i l  f i l l are l arger than 

d ur i ng wi thdrawa l . ,  Storage tan k  emi s s i ons  ( 574 tons ) and bri ne pond 

emi s s i ons ( 1 58 tons ) a ttri butabl e to the ear ly  storage phase wou l d  sti l l  

occur  but the br i ne pond emi s s i ons  from expans i on ( 25 1  tons ) now occur  

a t  Al l en dome . Average annua l storage tan k  emi s s ions  ( i nc l ud i ng con­

s i derat i on of  el evated crude o i l  temperature ) woul d be a bout  23  tons/year , 

except 1 36 tons/year i f  wi thdrawa l occurs dur i ng  the year . 

O i l transfer s cenar io s  for determi n i ng worst case  ambi ent concentrat i ons  

a re unchanged ( s ee Sect i on  C . 3 . 2 . 3 ) . Thu s , NAAQS-HC exceedance may 

occur  to d i stances of  up to 34 km downwi nd of  VLCC transfer l ocat ion  i n  

t he Gu l f  and  u p  to 1 3  km from the DOE doc ks a t  Freeport . Nei ther sto rage 

tank nor br i ne pond emi s s i ons wou l d  cause standards exceedance by themsel ves , 

t hough  occa s i ona l add i ti onal  exceedances may res u l t near these sources when 

bac kground HC l evel s are h i g h .  

Comments o n  emi s s i on source i nteract ion  for Bryan Mound S P R  expan s i on  

app ly  to Al l en dome expans i on .  

Al ternat i ves 

As for Bryan Mo und SPR  expans i o n , a l ternati ves wh i ch wou l d  a l ter a i r  

qua l i ty i mpacts are use o f  a mari ne term i na l  and ons i te power generat i on . 

E s t imated reduc t i ons  i n  emi s s i ons arc h i eved by u s i ng a mari ne term i na l  are 

a s  fo l l ows : 1 )  a t  the VLCC transfer l ocat i on , reducti on  from 1 2 , 237 

tons to 7 1 88 tons ; 2 )  compl ete el i mi na t i on of  tan ker trans i t  emi s s i o n s  

( 6 27 tons ) ;  3 )  e l im i nat ion  of  transfer em i s s i ons  at  tan ker doc ks ( 1 2 , 1 87 
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tons ) .  Tota l hydrocarbon  emi s s i ons due to o i l ha nd l i ng duri ng the project 

l i fetime wou l d thus be reduced from 26 , 1 7 0  tons to 81 71 tons . Al so , the 

source of most ser i ous  ons hore pol l utant emi s s i ons , o i l  transfer at 

Freeport Ha rbor doc ks , wou l d  be el i m i nated so that very i nfreq uent 

add i t i onal  NAAQS exceedances woul d occur .  

On s i te generati on of  1 6 , 000 k i l owatts of  power capac i ty wou l d  emi t  

pol l utants o n  Al l en dome a t  rates approx imate l y  one- ha l f of those  g i ven i n  

Sect ion  C . 3 . 2 . 3 . Tota l hydrocarbon emi s s i ons  over a 22-year operat i ng 

l i fe wou l d be 1 27 5  tons . These emi s s i ons  wou l d  not i nteract s i gn i fi cantly 

with  those  at Bryan Mound , however. 

C . 4 . 2 . 4 No i se 

No i se impacts caused by operat ing  SPR fac i l i t i es at  Al l en dome wou l d  be 

essenti a l l y  the same as descri bed in Sect ion  C . 3 . 2 . 4  for Bryan Mound . Though  

the commun i ty of Bernard Ac res i s  l es s  than one- hal f mi l e  from the  s i te ,  no i se 

i mpacts from pump i ng and other operati ons s ho u l d not be not i cab l e .  

C . 4 . 2 . 5 Spec i es and Ecosystems 

Raw Wa ter W i thdrawa l 

B i o l og i ca l  impacts associ ated w ith  w ithdrawa l of 1 MMB of wa ter 

per day from the Brazos Ri ver Di vers i on Channel  for d i sp l acment of o i l 

from the storage caverns woul d be es senti a l ly  i dent ica l  to those for 

Bryan Mound S PR  expans ion  ( Secti on C . 3 . 2 . 5 ) .  A very smal l fraction  

( l ess  than  1 percent )  o f  p l a n kton and other sma l l organ i sms in  the t i da l  

estuary wou l d  be  destroyed . 

B r i ne Di sposa l  

B r i ne d i sc harge rates and b i ol og i ca l  impacts i n  the  v i c i n i ty of the 

d i ffuser woul d be i dent i ca l  to those  descri bed in Sect i on C . 3 . 2 . 5 .  

Ta n ker Transport 

B i o l og i ca l  impacts of ta nker transport i n  Freeport and Brazos  Harbors 

a re trea ted i n  Sect ion  C . 3 . 2 . 5 . and woul d be i ndent i ca l  to those from 

devel opment of Al l en dome . 
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Ma i ntenance of Proj ect Lands 

The predomi nant impact on terrestr i a l  eco l ogy of norma l opera t i on of 

t he proposed p i pel i n e r i g ht-of-way ( ROW ) and other proj ect l a nds wou l d  

resu l t from the per i od i c  ma i ntenance requ i red for acces s ,  s urve i l l ance , and 

mon i tori ng . Du ri ng operati ons , ri ght-of-way ma i ntenance cou l d  cause a d i srupti on 

of the so i l  and vegetati on  due to veh i c l e movement and pos s i b l e sprayi ng 

for weed contro l . Spray i ng and mowi ng operat i ons  co u l d  i ncrease  the fi re 

hazard potenti a l  un l ess proper procedures are ut i l i zed . The overa l l 

i mpact of p i pel i ne ma i ntenance can be mi n imi zed i f  care i s  ta ken to 

m i n im i ze veh i c u l ar  movement i n  the ri ght-of-way and  to be sel ect i ve wi th  

weed contro l  spray i ng , u s i ng on ly bi odegrada bl e herbi c i des  hav i n g  short 

ha l f  l i ves wi th  m i n i mum toxi c i ty to a n ima l s or man . 

Norma l operat ion  of proj ect l ands coul d have l i mi ted effects upon 

w i l d l i fe .  No i se from operati ons may have an adverse effect upon wi l d l i fe .  

Much  of the work  o n  no i se and i ts effect upon wi l d l i fe has been confi ned 

to l a boratory stud i es ; however , i t  i s  understood that an ima l s d i rect ly  

affected by no i se are  tho se that are capa bl e of  respond ing  to  sound energy , 

e spec i a l l y  those an ima l s that re l y  on audi tory s i gna l s to fi nd mates , stake 

out  terri tor i es , recogn i ze young , detect and l ocate prey , and evade preda tors 

( t�emph i s State Un i vers i ty ,  1 97 1 ) .  These funct ions  co u l d be affected 

even i f  a n i ma l s appear to be adapted to the noi se ( i . e . , even i f  a n ima l s 

s how no beha v i ora l response such  as  becom i ng  startl ed or avo i d i ng the 

area ) .  Because  of the comp l ex i nterre l at i o n s h i p s  among a l l a n ima l s i n  

a n  ecosystem , other a n i ma l s may be ind i rectly affected by no i se even i f  

t hey cannot respond to sound ( Memph i s  State Uni ver s i ty ,  1 97 1 ) .  The 

effect of no i se upon wi l d l i fe l argely depends upon the frequency , i n ten s i ty ,  

d urati o n ,  and pattern of exposure to whi c h  an an ima l  i s  s ubj ected . 

No i se l evel s s hou l d  not be not i ceab l e on most porti ons  of proj ect l ands . 

Ma i ntenance of the p i pel i ne and  the e l im i na t i on of cover may have 

adverse effects upon some wi l d l i fe spec i es .  Cont i nued c l eari ng of bru s h  

cou l d prevent sma l l rodents and other wi l d l i fe from becom i ng estab l i s hed 

on  the p i pe l i ne corri dor .  Brush  c l ear i ng  wou l d  ma i nta i n  the " edge"  

effect ,  however ,  and encourage new growth of establ i s hed p l ant spec i es , 

thus  prov i d i ng a conti nued food source for herbi vourous  wi l d l i fe .  
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Human  i ntrus i o n  duri ng operat ion  and ma i ntenance of  the p i pel i ne 

wou l d have m i n ima l  s hort term effects upon wi l d l i fe .  These bri ef peri ods  

o f  human act i v i ty a l ong the p i pel i ne may cause  wi l d l i fe to  l eave the 

i mmed i a te area , but only for a s hort t ime ( i n  most  i n stances , a matter 

of  hours ) .  

Acc i denta l O i l or Br i ne Rel ease  

The poten t i a l  for o i l sp i l l s  duri ng project opera t i on i s  descr i bed 

i n  Append i x  E ;  expected annual  s p i l l  vo l umes by mode of  operati on and by 

geograph i ca l  l ocat i on are s ummar i zed i n  Sec t i on C . 2 ,  part i cu l ar ly  Tabl e 

C . 2- 1  and C . 2- 2 .  I n  the event o f  a n  o i l sp i l l , the expected movement 

from var ious  s p i l l  l ocat i ons , the weather i ng proces ses  l i ke ly  to occu r ,  

a nd t he potent i a l  for water qua l i ty degradati on are descri bed i n  Sect i on s  

C . 3 . 2 . 2  and C . 4 . 1 . 2 .  Th i s  sect ion  treats  some of  t he  s i te- spec i fi c  

b i o l o g i ca l  effects wh i c h can occ ur  a s  a resu l t .  

Summar i z i ng t he i nformat ion  o n  freq uency and vol ume o f  expected o i l 

s p i l l s  for Al l en dome i n  Ta bl es C . 2- 1  and C . 2- 2 :  tota l o i l s p i l l age for 

f i ve fi l l /wi thdrawa l cycl es  i s  proj ected to be 1 930  barre l s for the 

early s torage fac i l i ty and  an add i t i ona l  3658 barrel s for the SPR  expans i on 

fac i l i t i e s  at  Al l en dome . Of  the tota l , 74 percent i s  proj ected to 

occur d u r i ng f i l l  opera t i ons , 24 percent dur i ng wi thdrawa l , and l es s  

t han  2 percent ( 5 3  barrel s )  dur i ng standby storage . The d i s tri but i on of 

s p i l l s  i s  projected to be 2746 barrel s (49 percent ) in  the Gul f of Mexi co 

( pr i n c i pa l l y  at  the VLCC- tan ker transfer l oca t ion ) ,  1 467  barre l s ( 26 percent ) 

a t  the tan ker docks , 1 237 barrel s ( 2 2  percent ) at  the Al l en dome , Bryan 

Mound , and S EAWAY Tan k  Fa rm , and l es s  than 80  barre l s from the connect i ng  

p i pe l i ne .  The  max imum cred i bl e  sp i l l  events are estima ted to  be 60 , 000  

barrel s resu l t i ng from a tan ker col l i s i o n , 1 0 , 000 barrel s from a p i pe l i n e 

rupture ,  5000 barrel s from storage termi nal s and  500 ba rrel s from transfer 

o perat i on s . 

Frequenc i es of  sp i l l s  a re a l so g i ven i n  the summa ry tabl es  except 

for transfer s p i l l s , a l l modes of sp i l l s  are expected to be very 

i nfrequent .  For examp l e ,  a s i ng l e fi l l  of 1 00 MMB for Al l en dome s i te 

deve l o pment i s  e st imated to res u l t i n  about 28 oi l sp i l l s ,  23  of  wh i c h  wou l d 

occur  at  the VLCC - ta nker transfer l ocat i on . A s i ng l e wi thdrawa l wou l d 

resul t i n  a bout  2 sp i l l s ,  mo st  l i ke ly  occurr i ng at  the tan ker l oad i ng doc k .  
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For very l arge s p i l l s ,  the fol l ow i ng reoccurrence i nterva l s are estimated 

for a 1 63 MMB fac i l i ty ( ba sed on  Append i x  E ) : mari ne trans portati on , 

1 0 , 650 years for s p i l l s  greater than 1 0 , 000 barrel s ;  p i pe l i nes , more than 

200 years for s p i l l s  g rea ter than 1 000 barrel s ;  for termi nal s ,  more than 

1 53 years for s p i l l s  greater than 1 000 barrel s .  

Because  o f  the very l ow frequency o f  expected s pi l l  acc i dents , chron i c 

pol l u t i on by o i l  s p i l l s  s hou l d not occur on Al l en dome , Bryan Mound , or 

a l ong the proposed p i pel i ne routes . A l a rge sp i l l  of  o i l  in  the v i c i n i ty 

of  Al l en dome cou l d  reach  the San Bernard Ri ver , the adjo i n i ng National  

W i l d l i fe Refuge south of  the  dome , or the  coasta l bays and marshes . Severe 

impacts to vegetati o n ,  aquati c l i fe ,  terrester i a l  mammal s ,  and , parti cu l arl y ,  

b i rd l i fe co u l d resu l t . Other potenti a l l y  sens i t i ve areas exposed to o i l 

sp i l l s  a re :  Jones Creek and adjacent pra i ri e  l and a l ong the p i pel i ne 

r i g ht-of-way ; sha l l ow l a kes and ponds on Bryan Mound ; and nears hore gu l f 

waters and shorel i nes . 

E st ima tes made i n  Sect ion  C . 3 . 2 . 5 of ha b i tat acreages wh ich  mi ght  be 

destroyed by maximum cred i bl e  o i l  or bri ne s p i l l s  apply to the Al l en dome 

s i te a l ternat i ve .  As i nd i cated a bove,  however , ha bi tat exposed p i pel i ne 

and storage s i te sp i l l s  for Al l en dome are parti cu l arly sens i t i ve .  W i th 

maximum s prea d i ng , a l arge tanker spi l l  cou l d destroy 1 680 acres of  

wetl ands and a s  much  a s  7000 acres of benthos habi tat i n  sha l l ow coasta l  

waters . A l arge p i pel i ne sp i l l  cou l d destroy 380 acres of  wetl ands (or  

pra i ri e )  and 1 340 acres of sha l l ow water habi ta t .  Impacts of bri ne depend 

on  mi x ing  and di l ut ion  potenti a l . The mos t  sen s i t i ve areas wou l d probab ly  

be  the  p i pel i ne r i g ht-of-way between Al l en dome and  SEAWAY Tank Farm , and  

the l a kes and  ponds on Bryan Mound .  

I n  s ummary ,  except for the  case of a very l arge o i l  s p i l l  ( or a 

moderatel y  s i zed s p i l l i n  a sens i t i ve area ) ,  bi o l og i ca l  impacts are not 

expected to be of  reg i ona l s i gn i fi cance . The expected frequency of 

potenti a l l y  l arge s p i l l s  i s  very smal l .  

Acci denta l Bri ne Rel ease 

The potent i a l  for bri ne sp i l l s  duri ng proj ect operat ion  i s  descri bed 

i n  Append i x  E ;  expected annual  s p i l l vo l umes , by mode of operati on  and OY 
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geograph i c a l  l ocat ion  are s ummari zed i n  Sect ion  4 . 2 and Tab l e  C . 2- 3 .  I n  

the event o f  a br i ne sp i l l ,  the expected mo vement from va r ious  sp i l l 

l ocati ons , the wea theri ng processes l i ke ly to occ u r ,  and the potent ia l  

for water qua l i ty degradati on are descri bed i n  Secti ons  C . 3 . 2 . 2  and 

C . 4 . 2 . 2 .  Th i s  sect ion  treats some of the s i te- spec i f i c  b i o l ogi cal effects 

wh i ch can occur as  a res u l t .  

B r i ne and raw water sp i l l s  are expected to  occur on ly  from the p i p i ng 

system .  Total  sp i l l age i s  estimated to be 75  barre l s of br i ne and 1 1 5 

barre l s of raw water from early storage operat ion  and 5 1 3 barre l s of bri ne 

and 895 barre l s of raw water from SPR  expan s i on fac i l i t i es .  Of the total , 

2 1 0 barrel s of br i ne and 78 barre l s of  raw water wou l d  sp i l l i n to the 

Gu l f  of  Mex i co ;  378 barrel s of br i ne and 933 barre l s of raw water woul d 

sp i l l onto primari ly  coa sta l  pra i r i e  and mars h l and between Bryan Beac h 

a nd Al l en dome ( Ta b l e  C . 2- 3 ) . The maxi mum cred i bl e  sp i l l  event i s  

est imated to be 30 , 000 barrel s of bri ne excl ud i ng pos s i bl e  re l ease  of 

up  to 1 00 , 000 barrel s of bri ne due to hurri cane breac h i ng  of the storm 

l evee and br i ne reservo i r .  

Frequenc ies  o f  sp i l l s  are a l so g i ven i n  the summary tabl es . Except 

for transfer sp i l l s ,  a l l modes of sp i l l s  are expected to be very i nfrequent . 

For bri ne sp i l l ,  there i s  a 90 . 4  percent chance of hav i ng no sp i l l s  duri ng 

t he project l i fetime for the Al l en dome devel opment ;  s imi l ar l y ,  there i s  a 

83 . 6  percent c hance of no raw water sp i l l s .  

Beca use  of the very l ow frequency of expected sp i l l  acc i dents , chron i c  

po l l ut ion  by br i ne shou l d not occur o n  Al l en dome , Bryan Mound , or a l ong the 

proposed p i pel i ne ro utes . Po tent i a l ly  sens i t i ve areas exposed to bri ne 

s p i l l s  are Jo nes Creek and adjacent pra i r i e  l and a l ong the p i pel i ne ri ght­

of-way c l a s s i f i ed a s  cr i ti ca l  ha b i tat  by the Genera l Land Offi ce of Texa s 

( Fi g ure B . 2-29 ) , s ha l l ow l a kes  and ponds on Bryan Mound , and nears hore Gu l f 

waters and s hore l i nes . Impacts of bri ne depend on m i x i ng and d i l ut ion 

potent i a l . The most  sens i ti ve areas wo u l d proba bly be the p i pel i ne r i g ht­

of-way between Al l en dome and S EAWAY Tank  Farm , and the l a kes  and ponds 

o n  Bryan Mo und . 

I n  summary ,  except for the case of a very l arge brine sp i l l  ( or  a 

moderate ly  s i zed sp i l l  i n  a sen s i t i ve area ) ,  b i o l og i ca l  impacts are not 

C . 4-38 



expected to be of reg i o nal  s i gn i fi cance . The expected frequency of 

potent i a l l y  l arge sp i l l s  i s  very sma l l .  

Al ternati ves 

Use of a ground water supp ly  system or a deepwel l i nject i on  system 

wou l d  represent an add i t i ona l , re l at i vely smal l ,  expo sure of pra i ri e  grass l and 

to br i ne sp i l l s . 

Use  of a mar i ne p i pel i ne and mono buoy wou l d su bstanti a l l y  reduce the 

o ffs hore and harbor expos ure to o i l  sp i l l s  ( by a bout 60 percent ) .  

W i thdrawa l  of raw water from the San Bernard Ri ver wou l d s u bstant i a l ly  

reduce the exposure to raw water ( not bri ne ) sp i l l s ,  bu t wou l d represent a 

more s i gn i fi cant potenti a l  for l o s s  of l arge numbers of phytop l an kton , 

zoop l an kton , and sma l l fi s h ,  as  wel l a s  s l i ght ly  mod i fy i ng the sa l i n i ty 

reg ime of the  ti dal estuary .  Aq uati c spec i es common to the San Bernard 

Ri ver i nc l ude the t i dewater s i l vers i de ,  southern fl o under , bay anc hovy , 

At l a nti c croa ker and fri nged fl ounder . 

Use  of p i pe l i nes to wi thdraw water from and d i spose br i ne d i rect ly  

i n to the G u l f of  Mex i co or through  a d i ffuser 1 2 . 5  m i l es off Bryan Mound 

wou l d  not s i gn i fi cant ly  affect bi ota i n  the open Gu l f as  descri bed i n  

Sect i ons C . 4 . 1 . 5  and C . 3 . 2 . 5 , respect i vel y .  Ma i ntenance o f  the p i pe­

l i ne r i ght-of-way a l ong the east ban k  of the San Bernard Ri ver wou l d 

d i sp l ace certa i n  wi l d l i fe spec i es temporari l y  and may resu l t i n  some 

s ed i menta t i o n .  More s i gn i fi cantl y ,  there wou l d be a greater exposure to 

br i ne sp i l l s  i n  the l ower San Bernard , i n  the adjacent wi l d l i fe refuge , 

and i n  the coasta l  bays and marshes . Ma i ntenance of the onshore port i on 

of  the 1 2 . 5  m i l e  d i ffuser p i pel i ne to the Gu l f wou l d  have the same 

i mpacts a s  tho se a s soc i ated wi th the 5 . 8  mi l e  d i ffuser dea l t wi th earl i er 

i n  t h i s sec t i on . 

C . 4 . 2 . 6  Natura l  and Scen i c  Resources 

Operat ion  a nd ma i ntenance of the proj ect fac i l i t i es ,  p i pe l i nes and 

a l ternati ve fac i l i ti es woul d have no add i t i ona l  s i gn i fi cant  impacts on 

recreat ion  or  natura l resources in the l ocal area . However , in  the event 

of  an  o i l  or  br i ne sp i l l affecti ng wi l d l i fe habi tat ,  recreat ion  acti v i t i es 

cou l d be s i gn i fi cant ly  i mpacted because of the potent ia l  for affect i ng  the 

San Bernard W i l d l i fe Refuge . 
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The proj ect fac i l i ti es wou l d cont i nue to have an adverse aesthet i c  

i mpact o n  the nearby res i dent i a l  deve l opment .  The degree o f  i mpact wou l d 

depend upon the fl ood control mea sures  used to protect ons i te fac i l i t i es .  

I f  the area i s  protected by vegetated l evees or grad i ng ,  many of the 

fac i l i t i es wou l d be h i dden from the v i ew of the res i dents . 

Bu r i a l  of p i pel i nes woul d m i n i mi ze the v i sual  impact of proj ect 

fac i l i t i e s ;  however , ma i n tenance ri ght-of-way and the aboveground fac i l i ­

t i es at  Al l en dome wou l d detract from the l argel y  und i sturbed nature of the 

exi st i ng l oca l  envi ronment and nearby hous i ng areas . 

C . 4 . 2 . 7  Archaeo l og i ca l , H i stor i ca l  and Cu l tura l  Resources 

There wou l d be no effect on known archaeol og i ca l , h i stori ca l , or 

cu l tuta l resources as a resu l t of operat i on of the Al l en dome s i te .  

C . 4 . 2 . 8  Soc i oeconom i c  Env i ronment 

La nd Use  

Operat ion  of the  proj ect wo ul d const i tute a major l ongterm c hange 

i n  the ex i s ti ng l ocal  l and use at Al l en dome , wh i c h  i s  now mostl y 

undevel oped . The 1 84-acre project s i te wou l d be fenced off and ded i ­

cated for use a s  a n  o i l  storage fac i l i ty .  Of  the 494 acres  req u i red for 

construct ion  offs i te and wi th i n  the fence on ly  31 3 acres wou l d  be needed 

for ma i ntenance .  Some of th i s  l and wou l d  be  revegeta ted and  return to 

present u ses . No structures cou l d be erected wi th i n  the p i pel i ne r i ght­

o f-way . 

Transporta t i on 

Operat ion  and  ma i ntenance acti v i t i es wou l d  have a mi n ima l  effect on 

l ocal transportat ion  fac i l i ti es s i nce the l a bor force wou l d be l i mi ted 

to a few ma i ntenance peopl e ( 1 0 )  p l us a rel at i vel y  smal l crew (approx i mate ly  

30 at  Al l en dome and  25 at  Bryan Mound ) for fi l l i ng and  w ithdrawi ng 

operat i ons . 

Du ri ng w i t hdrawa l  of o i l  duri ng an embargo or  curta i l ment of suppl i es ,  

t he tan ker traffi c i n  Freeport harbor woul d amount to 1 . 57  vessel s per 

day for a per i od of  1 63 days . Th i s  traffi c vo l ume i s  ba sed upon the 

a s sumpt i on that 40 percent of the 1 63 �1MB of o i l  stored wou l d be transported 

C . 4-40 



through  the harbor and that the s i ze of vessel  ut i l i zed wou l d  be 32 DWT 

( 2 54 , 000 B BL capac i ty ) . At the t ime th i s traff i c  occurs i n  the harbor , 

i t  i s  l i ke ly that a concurrent decrease i n  other waterborne traff i c  wou l d 

occur a s  a resu l t of the oi l supp ly  i nterrupt i on . Refi l l  of the storage 

capac i ty of 1 63 MMB of o i l wo u l d occur over a 2 . 4-year peri od , i ncrea s i ng 

traff ic  i n  Freeport Harbor by one vessel  ( 3 2 , 000 DWT ) every day . 

Popu l a t i on and Ho us i ng 

Du r i ng the norma l opera t i on peri od , on ly  a sma l l number of personnel  

wou l d  be i nvo l ved ( approximatel y  1 0  persons ) .  The impact on popu l at i on 

and  hou s i ng wou l d  be s l i g ht i n  the l ocal  area and i n s i gn i fi cant  i n  the 

reg i on .  Duri ng emergency w ithdrawa l  and en s u i ng refi l l i ng act i v i t i es ,  some 

a dd i t i ona l personnel may be requ i red ( a bout 5 5 ) .  Mo st of these wor kers 

wou l d  commute to the s i te ,  a s  ho us i ng i s  i n  rel at i ve ly  short supply and 

emp l oyment wou l d  be temporary . 

Economy and Empl oyment 

Operati on acti v i t i es wou l d  have no s i gn i fi cant  i mpacts on the l ocal  

or  reg i ona l  economy ,  due to the nature of t he storage act i v i ty and the 

sma l l s i ze of the operati ona l crew ( e st imated at about $1 7 , 500 month l y  

wages ) .  Fi l l i ng and wi thdrawa l wou l d  requ i re add i ti ona l  manpower , i ncrea s i ng 

month ly  wages to a bout $96 , 000 per mont h .  Th i s  wo ul d be a sma l l and 

temporary i ncrea se and woul d have l i ttl e effect on the area ' s  economy . 

Brazor i a  Co unty woul d l o se some property tax revenues s i nce the proj ect 

wou l d  remove the s i te from the l oca l tax ro l es .  Th i s  s hou l d have on ly  

a m i nor impact on county fi nances due  to  the current undeve l oped nature 

of  the s i tes . As s hown i n  Sect ion  C . 4 . 1 . 8 ,  the annua l  property tax l o ss  

wou l d be  sma l l .  

Government 

Du r i ng proj ect operati on , no adverse impacts are ant i c i pated on urban 

s erv i ce s ,  due to the sma l l number of emp l oyees i nvo l ved . 

The proj ect wou l d  supp ly i ts own secu r i ty and fi re protect i on , wh i c h  

l es sen s t he need for t hose  publ i c  serv i ces . 
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Al ternat i ves 

Use of  a l ternati ve  fac i l t i es for Al l en dome SPR  o perati on s ho u l d 

not great ly  a l ter soc i oeconom i c  impacts . f1a i ntenance of  wel l f i el ds 

or  p i pel i nes to the Gu l f wou l d i n vo l ve add i t i onal  act i v i ty in the 

presen tly rura l a rea . Tota l empl oyment  may be s l i g htl y i ncreased for 

some a l ternat i ves , but  not enough to represent a s i gn i f i cant change i n  

presen t cond i ti ons . W i thdrawa l  o f  water from the San Bernard wou l d not 

reduce the tota l p i pe l i ne r i g ht-of-way acreage because  br i ne and o i l  

l i nes wou l d be i n  the same corr i do r .  U s e  of  a n  offs hore mar i ne term i na l  

wou l d  e l i m i nate S PR  tan ker traffi c from the Freeport and  Brazos Harbors . 

C . 4 . 3 Impact Due to Term i nat i on and Abandonment 

Impacts caused by term i nat ion and/or abandonment  of  the Al l en dome 

s torage s i te as an o i l  sto rage fac i l i ty wou l d be essenti a l l y  the same as 

descri bed i n  Sect i on C . 3 . 3 for Bryan Mound .  

C . 4 . 4  Re l at ions h i p  of  Proposed Act i on to Land  Use P l ans , Pol i c i es and 

Con tro l s 

The proposed project  i s  ant i c i pated to be genera l l y  con s i s tent  wi th 

the fl ex i bl e  l and use p l ann i ng pract i ced i n  Brazo r i a  County ( Sect i on 4 . 3 . 4 ) . 

I t  i s  not anti c i pated that the Al l en dome s i te wou l d  be i n  confl i ct w i th 

any s ta te l and use  p l ans  or  pol i c i es .  

C . 4 . 5 Summary of Adverse and Benefi c i a l  Impacts 

Land use  impact of  devel op i ng  th i s  cand i date s i te center on the 

amount  of  l and  requ i red . At the dome , 1 84 acres wou l d be enc l o sed by a 

s ecur i ty fence .  W i th i n th i s  area , approximate l y  3 1  acres wou l d be 

requ i red for con s tructi on  of ons i te fac i l i t i es .  Con struct ion  o f  the 

backup i nject ion  wel l s  and p i pel i nes from Al l en dome to Bryan Mound to 

transport o i l , br i n e  and raw water wou l d  d i s rupt 1 2 5 acres . Construc­

t i on of  sys tems common to each  s i te wou l d requ i re 1 85 acres for the 

offs hore br i ne d i ffuser p i pel i n e ,  p i pel i ne connect i ons  to Brazo s Harbor  

and the  new tan ker docks . 
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Devel opment of the Al l en sa l t dome as  an  o i l  s torage fac i l i ty i s  

not l i ke ly  to generate s i gn i fi cant reg i onal  env i ronmenta l impacts except 

for t he remote po s s i b i l i ty of a major  o i l  sp i l l  and the uncontro l l ed 

rel ease of hydrocarbon  vapors duri ng o i l transportat ion . Construct i on  

and  use  of  a mar i ne termi nal wou l d reduce hydrocarbon  emi ss i o n s  by more 

than  50 percent and woul d mi n imi ze the chance of a nears hore o i l sp i l l .  

The Al l en dome s i te ha s not been exten s i vel y u sed for i ndustr i a l  purposes 

a nd thus constructi on  of storage fac i l i t i e s  and p i pel i ne wou l d  cause  

potent i a l l y  s i gn i f i cant l ocal  d i srupti on .  Al though much o f  the area has 

a h i g h  primary b i o l og i ca l  product i v i ty ,  the amount of  l and permanentl y 

affected by t he proj ect i s  sma l l i n  rel at ion  to the amount of s imi l ar 

l and i n  t he area . No i se i s  expected to cause  some adverse effects to 

l oca l  res i dents dur ing  fac i l i ty constructi o n .  

Al though  the proj ect wou l d requ i re l arge quant i t i es o f  water for 

m i n i ng and o i l  d i sp l acement , the total raw water demand of  the proj ect 

consti tutes l es s  than one percent of the average fl ow from the Brazos 

Ri ver D i vers i o n  C hannel . The d i spo sa l of bri ne i n  the Gul f of Mex i co i s  

expected to i ncrease  the sa l i n i ty of the waters adj acent to the bri ne 

d i ffusers . Th i s  i ncrease cou l d have an adverse effect on mar i ne organ i sms 

i n  t he l oca l  a rea and cou l d  i nterfere wi th  mi gra t i on of some estuari ne 

s pec i e s .  The constructi on  of bri ne d i spo sa l wel l s  a s  a bac kup system 

wou l d  temporari l y  d i srupt approximate ly  26 acres  of pra i r i e  l and ea st  of 

the s i te .  The construct i o n  and operat ion  of doc k  fac i l i t i es i n  Freeport 

Ha rbor i s  not l i kely to have a s i gn i fi cant i mpact on e i ther the eco l ogy 

o f  t he area or  t he water qua l i ty of the harbor , a s  the area i s  extens i ve ly  

d redged . Construct i o n  of e i t her a l ternati ve bri ne d i sposa l  system to 

t he Gu l f wou l d  temporari ly  d i srupt some coastal l ands . 

Dur i ng the constructi on  phase of t he devel opment of Al l en dome , 

i ncreases i n  i ncome and emp l oyment i n  the Freeport reg i on are expected .  

These i ncreases wou l d be o f  s hort dura t i on and are not expected to 

pro v i de l ong- term st imul ati on  suffi c i ent  to permanently affect the 

area ' s  economy .  The operat iona l  i ncrease  due to the Al l en dome and 

Bryan Mound SPR  fac i l i t i es i s  expected to be sma l l and wou l d  pro v i de 

a pproximately $ 1 7 , 500 per month i n  add i t i onal  i ncome to the l ocal  a rea 
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dur i ng  standby s torage and $96 , 000 duri ng o i l  fi l l  and  wi thdrawa l . 

Tempora ry i ncreases i n  traffi c congest i on i n  the Freeport and Al l en dome 

a rea cou l d  be expected dur i ng the con struct i on phase .  The i nd i rect 

economi c benef i ts , however , of the Strateg i c  Petro l eum Reserve program 

a re of con s i derabl e i mportance to the l oca l  economy , a s  the area i s  

h i gh ly  dependent upon the petro l eum-petrochem i ca l  i ndustry for emp l oy­

men t .  As surance of a conti nued o i l  supp ly i n  the event of a nat i onal  

emergency wou l d  prov i de a measure of secu r i ty for the res i dents of the 

a rea . 
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C . 5 W EST COLUMBIA DOME ALTERNAT IVE  S ITE 

Wes t  Co l umbi a dome i s  l ocated approxima te ly  45 mi l es southwest  of 

Houston and  25  mi l es northwest  of Freeport ( F i gure A . 5- 1 ) .  

C . 5 . 1  Impact  of  S i te Preparat i on and Cons truct i on 

Land Features 

Grad i ng at the 232-acre West Co l umbi a s i te wou l d d i s turb  a bout  30 

acres for con s truct i on of storage wel l s  pads , a central pump i ng  stat i on , 

p i pe l i nes and acces s roads connec t i ng the wel l s  to the pumps , o i l  and 

raw water tan ks , a br i ne pond , and transformer ban ks . About  63 , 000 cy 

of fi l l  wo u l d be p l aced i n  the fres hwa ter mars h at the s i te .  

P i pel i nes connecti ng West Co l umb i a  to SEAWAY Tank  Farm and Bryan 

Mound for transport of  raw water , crude o i l , and br i ne  wou l d requ i re 

excavat ion  of  41 9 , 1 20 cy and d i s ruption  of 279 acres ( Ta bl e A . 5- 1 ) .  

An addi ti ona l 3 acres and 1 2 , 1 50 cy of fi l l  wou l d  be requ i red for p i pe­

l i nes and pads for 3 backup  br i ne i nject i on wel l s .  Con s tructi on of the 

proposed bri ne d i ffuser to the Gu l f  of  Mexi co from Bryan Mound wou l d 

create impacts a s  descri bed i n  Sect ion C . 3 . 1 . 1 . 

Soi l s  wou l d  stabi l i ze soon after revegetati on b ut  fi l l ed marsh 

areas wou l d become coastal  pra i r i e  rather than mars h .  Adequate dra i nage 

wou l d be prov i ded to prevent stagnati on of impounded fres hwater mars h . 

Con s truction  of  the two tan ker docks and p i pel i ne connecti ons to i n  

Ol d Brazos Harbor wou l d create the impacts descri bed i n  Secti on C . 3 . 1 . 1 .  

Leach i ng of twel ve storage cavi t i es i n  Wes t Co l umbi a  dome wou l d 

i n vo l ve removal of  1 00 MMB of sa l t by l each i ng and di sposal  i n  the Gu l f  

of  Mex i c o .  Th i s  i s  eq u i va l ent to 20 . 8  X 1 06 cy of  sa l t .  Suff i c i ent  

s pace i s  t o  be  l eft between cavi ti es to  i n s ure structural  i n tegri ty .  

Al ternati ves 

Fea s i b l e system a l ternati ves at West Co l umb i a  dome i nc l ude : 

( 1 ) devel opment of  a wel l f i el d for raw water supply ; th i s  wou l d requ i re 

a bout 22 acres and 3 1 , 200 cy of fi l l  for dr i l l  pads and p i pel i ne r i g ht­

of-way , l ocated a l ong the proposed br i ne and o i l  p i pel i ne r i g ht-of-way ; 

( 2 )  d i sposal  of br ine  i n  deep sa l i ne water heari ng sands ; th i s  wou l d 
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requ i re a bout  1 9  acres and 1 9 , 000 cy of fi l l  for dri l l  pads and pi pe l i ne 

r i g ht-of-way , a l so l ocated a l ong the proposed o i l l i ne r i g ht-of-way ; 

( 3 ) d i sposa l  of br i ne us i ng a d i ffu ser 1 2 . 5 mi l es offs hore from Bryan 

Mound wh i c h  wou l d requ i re 1 63 add i t i ona l  acres of  offs hore construct ion  

r i g ht-of-way ; ( 4 ) on s i te power generati on , wh i c h  wou l d req u i re very 

l i ttl e add i t i onal  l a nd d i sturbance ; ( 5 ) use of  SEAWAY or  P h i l l i ps Docks  

by DOE or construct ion  of a mar i ne  term i na l  for o i l  transport ( see 

Sect ion  C . 3 .  1 .  1 ) . 

C . 5 . 1 . 2  Water Resources 

S i te preparati on and  construct i on of  proposed fac i l i t i es at West 

Co l umb i a  sa l t dome may impact several water bod i es , i nc l ud i ng : ground  

water aqu i fers , the  Gu l f  of Mex i co ,  I CW ,  Freeport Harbo r ,  l a kes and  

ponds on Bryan �10 und , the Brazos Ri ver Di vers i on Channel , Bel l Creek , 

and , pos s i bl y  Varner Cree k .  

Raw Wa ter Wi thdrawa l  

Poten t i a l  impacts to the Brazo s Di vers i on Channel a re i dent i ca l  to 

those descri bed for Al l en dome i n  Section  C . 4 . 1 . 2 . 

Br i ne Di sposa l 

Poten t i a l  impacts to the Gu l f  of Mex i co are s imi l ar to those 

descri bed for Bryan Mound in Sect ion C . 3 . 1 . 2 . 

Doc k  Construct i on 

Potenti a l  impacts to Freeport Harbor are i dent i ca l  to those descri bed 

for Al l en dome i n  Sect ion C . 4 . 1 . 2 . 

Construct ion  of Surface Fac i l i t i es at  Wes t Co l umb i a  Dome 

The proposed water s upp l y ,  bri ne d i s posa l , and o i l  p i pe l i nes wou l d 

cross  Bel l Creek and severa l i n termi ttent streams i n  the 23-mi l e  segment 

between the s torage s i te and SEAWAY Tan k  Farm ( F i g ure A . 5-2 ) . East of 

SEAWAY Tan k  Farm , the wa ter supply and br i ne p i pel i nes  wou l d  cross  Jones 

Creek , the Brazos Ri ver D i vers ion  Channel , and Unnamed Lake on Bryan 

Moun d .  Trenc h  excava t ion  through  water bod i es wou l d create i ncreased 

turb i d i ty and rel ea se so l ubl e s ubstances from the s u bs trate to the water 

co l umn . Impacts wou l d  be temporary and l ocal  i n  exten t .  
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There s hou l d  be no impact on ground wa ter supp ly  or qua l i ty due to 

p i pel i ne i n sta l l a t ion . 

Acc i dental Bri ne Re l ease 

Lea c h i ng of l Oa �·1MB of  o i l  storage capac i ty from West Co l umbi a  dome 

req u i res transport of sal i ne water from the Brazos Ri ver Oi vers i on 

Channel and d i s posa l  of bri ne to the Gul f of Mex i co .  I n  add i t i on to the 

impacts prev i o u s l y  desc ri bed for normal operati ons , a po ss i bl e  br i ne ( or 

raw wa ter )  s pi l l  cou l d  affect water resou rces i n  Varner , Bel l ,  and Jones 

Creeks , Brazos Ri ver Di vers i on Channel , l a kes and ponds on Bryan �10und , 

the I CW ,  and the Gul f of Mex i co .  

The es timated quanti ty o f  br i ne to be spi l l ed during  l each i ng of 

West Co l umb i a  storage cav i t i es is  50 ba rrel s i n to Gul f of Mexi co waters 

and 240 ba rrel s onto l and , and wa ter bod i es between Bryan Beach and West 

Co l umb ia  dome ( Tabl e C . 2-3 ) .  I n  add i ti on ,  an estimated 235 ba rrel s 

mi ght be s p i l l ed from the raw wa ter supply system . Maximum credi bl e 

s p i l l s  of up to 30 , 000 barrel s of  water are con s i dered pos s i b l e ,  tho ugh  

h i g h l y  unl i kel y .  

S i nce average br i ne s pi l l vo l umes are estimated to b e  5000 ba rre l s ,  

the computat i on of such  l ow s pi l l expectati ons refl ects the remote 

c hance of any s p i l l  occurri ng . Thus , there i s  an 84 percent chance that 

no bri ne wou l d be s p i l l ed from al l pi pel i ne uses ( i nc l u d i ng operation ) 

duri ng the proj ect l i fetime ( s ee Appen d i x  G ) .  I f  a pi pel i ne rupture 

does occur , rel ease of 5000 or more barrel s of bri ne cou l d  s i gn i fi cant ly  

degrade wa ter qual i ty ,  espec i a l ly  i n  sma l l er water bod i es such  as Varner ,  

Bel l ,  o r  Jones Creeks , o r  the l a kes and ponds a t  Bryan Mound . Quanti t i es 

of water requ i red to d i l u te a max imum cred i bl e  br i ne sp i l l  to concentra­

ti ons near amb i ent  are estimated in Sect i on C . 3 . 1 . 2 . Pri or to ac h i ev i ng 

th i s mi x i ng , sa l t  concentrati ons  wou l d  be abnorma l l y  el evated . 

A bri ne s p i l l a t  the s i te or a l ong the d i s posa l  p i pel i ne co u l d 

l oca l l y impact the water qual i ty i n  the upper un i t  of the Ch i cot  aqu i fer . 

The br i ne wou l d tend to mi g rate downward wi th i n  the formati on and down­

d i p  a l ong the formation  due to den s i ty d i fferences . A mas s i ve sp i l l , 

C . 5-3  



a l though  h i gh l y un l i ke l y ,  co u l d pos s i bl y  impact the qua l i ty of mun i c i pa l  

water s uppl i es pumped from aq u i fers i n  the town of  Wes t  Co l umb i a  or  i n  

t he  Brazos port area by caus i ng i ncreased sa l i n i t i es i n  those aqu i fers . 

As l oca l  rec harge of near surface aqu i fers has been found to be m i n i ma l , 

potent i a l  s eepage from the l i ned bri ne p i t  or mi nor p i pel i n e  sp i l l s  are 

l i ke ly  to have negl i g i b l e  i mpact on water qual i ty .  

Brazos Ri ver bac kwater fl ood stud i es conducted by the u . s .  Army 

Corps of Eng i neers i nd i ca te that the l OO-year fl ood el evati on at  West 

Co l umb i a  i s  33 feet MSL (Traha n ,  persona l commun i ca t i on ) .  E l evat ions  i n  

the  v i c i n i ty o f  p l ant  fac i l  i t i es range from 2 5  feet r�SL to 3 5  feet t�SL . 

Thus , the br ine  pond wou l d have to be protected from bac kwater fl oods 

from Varner Creek by a d i ke .  As  no strong curren ts o r  waves wou l d be 

generated , there i s  no  rea son to expect a pos s i bl e brine pond fa i l ure . 

Al ternat i ve Fac i l i t i es 

W i thdrawa l  of gro und water for raw water s upp ly  i s  potenti a l l y  

feas i b l e but  ha s the s ame potent i a l  for l ower i ng the p i ezometr i c  hea d ,  

for sa l i ne water i ntru s i o n ,  and for l and s ubs i dence as  descr i bed for 

Bryan Mound ( Sect ion C . 3 . 1 . 2 ) .  Land subs i dence i s  a parti cu l ar ly  

troub l esome res u l t  of present ground  water pump i ng in  Brazo r i a  County .  

Br i ne  d i s posa l  to deep sa l t water bear i ng sands at  Wes t Co l umbi a 

dome has  the ' the same potent i a l  for adverse impacts as  at  Bryan �·10und 

and Al l en dome . I t  i s  expected that proper i njecti on methods wou l d 

a vo i d  any adverse impacts to water or mi neral resources i n  the area . 

B r i ne d i sposal  through  a 1 2 � 5 mi l e  offs hore d i ffuser to the Gu l f of 

Mexi co from Bryan Mound and impacts asso c i a ted wi th  constructi on of  

a l ternat i ve  o i l  d i str i but i o n  fac i l i t i es are descri bed i n  Sect i on  C . 3 . 1 . 2 .  

C . 5 . 1 . 3 Ai r Qua l i ty 

Ai r qua l i ty impacts caused by cons truct i on o f  the proposed and 

a l ternat i ve fac i l i t i es for the Wes t  Co l umb ia  sa l t dome wou l d be es sen­

t i a l l y  i dent i c a l  to  those  for the  Al l en dome s i te a l ternat i ve descri bed 

i n  Sec t i on C . 4 . 1 . 3 , where the impacts were concl uded to be m i no r .  
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C .  5 .  1 . 4  No i se  

S im i l ar fac i l i t i es and  construction  act i v i t i es as  tho se descri bed 

for Al l en dome ( Secti on C . 4 . 1 . 4 ) are p l anned for West  Col umb i a  dome . 

The no i se impact zone rad i i  are presented i n  Tabl e C . 5- 1  and Fi gure 

C . 5 - 1 . The s i g n i f i cance of these zones i s  descri bed i n  Secti on C . 3 . 1 . 4 .  

Approximatel y f i v e  res i dences may exper i ence a noticeabl e i ncrease i n  

no i se l evel s from con structi on acti v i ty a t  West Co l umb i a  dome . 

Al ong the p i pel i ne  route from West Co l umbi a dome to SEAWAY Tan k 

Farm , res i dences and other publ i c  l ands wi th i n  1 800 feet of the pi pel i ne 

ro ute wou l d be expo sed to sound l evel increa ses of at l east  3 d B .  S i nce 

the ro ute fo l l ows ex i st i ng pi pel i ne ri g ht-of-way for most of i ts l ength 

and constructi on acti v i t i es wou l d be compl eted wi t h i n  2 or 3 days at  

any g i ven l ocati on , no i se impacts shou l d not be  severe . 

Al ternati ves 

Con struction  of a raw water or bri ne d i s posa l  wel l fi el d a l ong the 

proposed p i pel i ne route wou l d contri bute no i se l evel s of a magn i tude 

s imi l ar to the ons i te dri l l i ng acti v i t i es .  The zone of impact wou l d 

thus  be extended further to the west i n  a sparsel y popu l ated area of 

fl u v i a l  woodl and and Coasta l Prai r i e .  Construct ion of a mari ne  termina l  

and  the  1 2 . 5 mi l e  offs hore di ffuser wou l d  have no measurabl e effect on 

ons hore no i se  l evel s .  

C . 5 . 1 . 5  Eco systems and Spec i es 

S i te preparati on and con structi on of the proposed faci l i t i es for 

West Col umb i a  dome may affect both terrestria l  and aquat i c  resources i n  

the area . Terrestr ia l  ha b i tats potent i a l l y  affected i nc l ude coa sta l 

pra i ri e  gra s s l and , fl u v i a l  woodl ands and fres h marsh (Tabl e B . 5- 1 ) .  

Aq uati c hab i tats i nc l ude Varner Creek , Bel l Creek , Jones Creek , Brazos 

Ri ver Di vers ion  Channel , l CW ,  several l a kes  and ponds at Bryan Mound , 

Freeport and Brazos  Harbors ,  and the nearshore Gul f of Mex i co .  F i gure 

C . 5-2 shows the major hab i tats i n  rel ati on to proposed and a l ternati ve 

SPR  fac i l  i t i es .  
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TABLE C .  5- 1 Summary of Constructi  on No i  se  I mpact-West  Co l  umbi  a S i te . 
candi date S P R  storage s i te ( al ternat i ve s i te )  

I mpact Zone Rad i us  
Area Act i v i ty ( feet ) a 

West Co l umbi a S i te 

P i pel i ne Routes 

Freeport Harbor 
Brazos Harbor 

Dri l l i ng new s hafts 
Constructi on of s u pport 

faci l i t i es 

Layi ng of p i pe 
Access road  con structi on 

Constructi on of DOE docks 

3600 

1 580  

1 430  to 1 800 
1 1 00 

2200 

a )  Th i s  is the d i s tance w i th i n  wh i c h  sou nd l evel s are ra i sed at  l ea s t  3dB 

by acti v i ty descri bed , a base l i ne amb i ent day/n i ght  sound l eve l  of 56 

dB  i s  a s s umed for the ca l c u l ati ons . 
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FIGURE C . 5 - l  
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No i se  impact zones - West  Co l umb i a  dome cand i date S P R  s tora0e 
s i te ( a l ternat i ve s i te )  
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F I GURE C . 5- 2  Ai r photo - Wes t Col umb i a  cand i date SPR  s torage s i te 
( a l ternati ve s i te )  
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I n  the fo l l ow ing  su bsect i on ,  potent i a l  impacts to b i o l og i ca l  re­

sources are trea ted accord i ng to spec i fi c  aspects of fac i l i ty devel op­

men t .  

Raw Water Wi thdrawa l 

Impacts of raw wa ter wi thdrawa l from the Brazos Ri ver D i vers i on 

Channel  wou l d be i den ti ca l  to those d i scus sed for the Al l en dome s i te 

a l terna t i ve ( Sec t ion C . 4 . 1 ) . 

Br i ne Di sposa l  

The  proposed brine  d i ffu ser 5 . 8 m i l es offs hore Bryan Mound wou l d 

have impacts on the eco sys tems and spec i es i n  the v i c i n i ty as descri bed 

i n  Sect ion  C . 3 . .  1 . 5 . 

Doc k  Construct ion  

Impacts are cons i dered m i nor .  They are i dent i ca l  to tho se  d i s cus sed 

for the proposed Bryan Mo und s i te devel opment ( S ecti on C . 3 . 1 . 5 ) .  

Con structi on  of Su rface Fac i l i t i es at Wes t Col umb i a  Dome 

New fac i l i t i es to be con structed at West  Col umb i a  dome wh i ch i n vol ve 

potenti a l  impacts to the s i te eco l ogy i nc l ude the con struction  of 10 to 

12 cavern we l l s ,  connecting  p i pel i nes , pump house , contro l bu i l d i ng ,  

bri ne settl i ng pond , three br i ne d i s posa l  wel l s ,  and a 1 2  m i l e  uti l i ty 

power corr i dor .  

The  West  Col umb i a dome s i te i s  l ocated on  a 232 acre tract wh i ch 

con s i sts of mo st ly  coasta l  pra i r i e  and fresh water mars h .  S i te construc­

t i on act i v i t i e s  wou l d reduce the mars h habi tat by about 30 acres . 

Primary production  of  about  2 . 9  X 1 08 Kca l per year ( 52 , 000 po unds of 

carbon per yea r )  wo u l d be l ost  from the eco sys tem . Thi s l os s  wo u l d a l so 

reduce the amount of food , cover , and nest i ng  area avai l a bl e for the 

wi l d l i fe at the s i te .  B u l l doz i ng of the s i te wou l d  destroy sma l l i n ­

vertebrates , and perhaps some bi rds and mamma l s wh i c h  i n habi t the dome . 

As i nd i cated i n  Secti on  B . 5 . 5  the marsh i s  not con s i dered h i g h ly  produc­

tive but i t  does  pro v i de ha b i tat for egrets and other wad i ng  b i rds . 

F i l l i ng of 30 acres of mars h represents a l o ss  of about  25 percent of 

the mars hl and on the dome.  After construction  has cea sed , wi l d l i fe 
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wou l d be ab l e to return to port i ons  of the s i te but the protecti ve 

fenc i ng around  the 232 acre tract wou l d represent a ba rri er for some 

l a rger mamma l s ,  such  as nutri a .  

The c l ear i ng of the s i te wou l d resu l t  i n  i ncreased so i l  ero s i on ( as  

d i scus sed in  Sect ion  C . 4 . 1 ) but  th i s  i mpact sho u l d be  of a m i nor  and  

temporary nature.  

Construct ion  of  P i pel i nes  

A tota l of  279 acres  of l and wou l d  be req u i red for constructi on of 

the proposed raw water , bri n e ,  and o i l p i pel i nes between West Co l umbi a 

dome and the S EAWAY Tan k  Farm .  Between SEAWAY Tank Farm a nd  Bryan Mound 

raw wa ter and br i ne p i pel i nes wou l d  be constructed wi t h i n  an ex i st i ng 

r i g ht-of-way . Construct ion  act i v i ti es a s soc i a ted wi th  th i s  l and c l ear i ng 

and mod i fi cat i on  wou l d produce severa l  i mpacts to the terrestr i a l  env i ron­

ment s i nce the r i g ht-of-way wou l d pa s s  through  coasta l  pra i r i e  marsh l and 

and fl u v i a l  forest l ands . A primary impact wou l d be the el i m i nat i on  of 

cover vegetat ion  wi t h i n  the p i pel i ne r i g ht-of-way . 

Con struction  act i v i t i es wou l d  di sp l ace wi l d l i fe from the immed i ate 

v i c i n i ty of the r i g ht-of-way and wou l d el i m i nate mos t  usefu l ha b i tat 

w i th i n  the 279 acre r i g ht-of-way unti l regrowth of vegeta t i on . I nd i v i d­

ua l s d i sp l aced from the p i pel i ne co rri dor wou l d m i g ra te to nea rby l ands , 

thus  competi ng wi th the res i dents for food , cover , and resti ng s pace . 

S i gn i f i cant  a l terati on i n  wetl and dra i nage patterns cou l d  res u l t i n  

l ong term a l terati on of  habi ta t .  However , except for el imi nation  of 

woody vegeta t i o n ,  much of the p i pel i ne r i g ht-of-way ( espec i a l l y  in the 

coastal pra i ri e ) , wou l d revert to near ly  pre- ex i st i ng  cond i ti ons . Th i s  

wou l d be part i c u l ar ly  true i f  ma i n tenance c l eari ng were m i n i mi zed to 

a l l ow growth of na tura l s hrubs , ta l l  gra s ses  and other vegetat ion  

ea s i l y  cl eared i n  case  of need for pi pel i ne acces s .  

Lo s s  o f  cover wi th i n  the r i g ht-of-way wou l d  i ncrease the predati on  

rate on the sma l l rodents l i v i ng a l ong the r i g ht-of-way , parti cu l ar ly  by 

predatory b i rds . \� i 1 d l i fe l o sses  asso c i a ted \tJi th construct i on wou l d 

i ncrease  i f  c l ear i ng and cons tructi on ta kes pl ace dur ing  the nesti ng and 
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breed i ng season . Los s  of coa stal  pra i ri e  wou l d  a l so reduce the amount  

of  gra z i ng l and ava i l a bl e to  the  domest i c  l i vestoc k .  

Brush  a n d  trees removed from the p i pel i ne r i g ht-of-way wh i c h goes 

through  wood l and areas wou l d resu l t in a permanent  l os s  of th i s  habi tat 

to the woodl and spec i es .  The removal  o f  th i s  woodl and ha b i ta t  wou l d 

espec i a l l y  affect arborea l wi l d l i fe such a s  squ i rrel s ,  raccoon , opos sum , 

and  eastern gray treefrog , and wood l and perc h i ng and nest i ng av i an  

s pec i es s uch  a s  Cooper ' s  a nd  sha rpsh i nned hawks , owl s ,  a nd  many passer i ne 

b i rds . 

The impact from p i pel i n e  construct i on on aqua t i c  ha b i ta t  wou l d 

res u l t i n  the temporary l o s s  of  bottom ha b i tat and resuspen s i on of heavy 

meta l s ,  pest i c i des , and other po l l u tants from the bo ttom sed imen ts of 

Jones Cree k .  Sed imen tat i on from l and runoff wou l d have a var i ety of 

effects , i nc l u d i ng l o ss  of  producti v i ty ,  bu ry i ng of the bentho s , and 

i n terference wi th resp i rat i on of  fi s h  and amph i b i ans . 

Other po s s i bl e  effects assoc i a ted wi th p i pel i n e  r i ght-of-way con struc­

tion and ma i ntenance c l ear ing  are descr i bed i n  Sect ion  C . 4 . 1 . 5 . As mo st 

of  the proposed ro ute para l l e l s  the SEAWAY P i pel i ne r i g ht-of-way , these 

hab i tat  d i sturbances wou l d  not be un i que in the area . Very l i ttl e 

wetl and  ha b i tat i s  crossed except immed i a tel y northwest  of Bryan Mound 

and at  S EAWAY . Tan k  Farm .  Be l l Creek and other dra i nageways crossed 

south of  Wes t  Co l umbi a are i n termi ttent streams . Eros i on ,  s i l tat i on and 

s treambed d i sru ption  sho u l d be eas i l y  avo i ded . 

There a re no known popu l at i ons of threatened or  endangered spec i es 

res i d i ng i n  the immed i a te area of the West  Co l umb ia  fac i l i t i es .  

Acc i denti a l  Bri ne Rel ease 

Expected quanti t i e s  of bri ne and sal twater sp i l l ed duri ng  cavern 

l each i ng are 290 and 235 barre l s ,  respecti vel y (Tabl e C . 2-3 ) .  Impacts 

from such  quant i ti es wou l d  be of on l y  l oca l importance to terrestr i a l  or  

aquat i c b i rds . S hou l d  a p i pel i ne sp i l l occur ,  however , the  average s i ze 

i s  expected to be 5000 barrel s ,  wi th max imum cred i bl e  sp i l l s  of up to 

30 , 000 ba rrel s .  Such  sp i l l s  cou l d have cons i derabl e adverse i mpact .  
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The most  l i ke ly  l oca t ion for the occurrence of a maj or br ine sp i l l  

wo u l d be onshore between West Col umb i a  dome and Bryan Beach . I n  s uch  an 

even t ,  br ine  ( or  sa l twater ) co u l d spread across fl u v i a l  woodl ands , 

coasta l  pra i r i e ,  brack i sh  mars h ,  or i n to Varner , Bel l , or  Jones Creeks , 

the Brazos Ri ver D i vers i o n  Channel , l a kes on Bryan Mound , or  the I CW .  

Impacts on vegetati on and on an imal  l i fe wh i c h  co u l d not avo i d  the bri ne 

wou l d  be l oca l ly  devastati ng , parti cu l ar ly on terrestri a l  ha b i tat  and i n  

Varner or  Jones  Creek o r  Mud l a ke . Severa l acres of habi tat co u l d be 

des troyed and sal t concentrat i ons  in the so i l  co u l d rema i n  above l evel s 

to l erated by new growth for several years . However i t  must be empha­

s i zed that s uch  a sp i l l is  stati s t i ca l l y  very un l i ke ly  to occ ur , es pe­

c i a l ly  from so s hort a sect ion  of pi pel i ne .  

Sho u l d a max imum cred i bl e  bri ne rel ease  occur  i n  the near shore 

Gu l f  of Mex i co ,  bo ttom organ i sms , and po s s i bl y  some organi sms i n  the 

water col umn , cou l d  be destroyed over an area of several acres . How­

ever , the b i o l og i ca l  impact wou l d be on ly  of l o cal  s i gni fi cance ; re­

col on i zat ion  wou l d beg i n  a l most  immed i atel y .  

Al terna ti ves 

Construction  of a ground water wel l fi el d or  a br i ne i n jection  

fi el d al ong the  proposed p i pel i ne corri dor wo u l d el im inate the  need fo r 

mu l t i p l e  p i pel i nes to Bryan Mound bu t wou l d not greatl y  reduce the 

amount  of r i g ht-of-way wh i c h  must be cl ea red . I t  i s  estimated that a 

raw wa ter s u pp ly  wel l f i el d wo u l d requ i re 1 0  wel l s  and about  22  acres of 

l a nd . S im i l arl y  a brine i nj ect ion  fie l d wo u l d req u i re 1 9  acres for 1 9  

wel l pads . 

Effects of constructi ng the a l ternat i ve bri ne d i ffuser 1 2 . 5  mi l es 

offshore and the o i l  tran sportati on fac i l i t i es wou l d  be s i mi l ar to tho se  

descri bed for Bryan nound i n  Sect ion  C . 3 . 1 . 5 . 

C . 5 . 1 . 6 Natural  and Scen i c  Reso urces 

Proj ect constructi on wou l d  have a m i nor  adverse effect on the 

natura l  and scen i c  resources in the area . The storage s i te i tsel f has 

no un i que scen i c  c ha racter i st i c s  and currently offers a fl a t ,  l a rgel y 
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featurel ess v i ew .  Some o f  the proposed ons i te fac i l i ti es may b e  vi s i b l e  

from the roads l eadi ng to the Varner- Hogg State Park entrance ea st  of 

the  s i te .  It  is  unl i ke l y ,  however , that the fac i l i ti es wou l d be vi s i b l e  

from the park i tsel f due to wooded areas between the fac i l i t i es .  

The v i ew from the ho uses  southwest of the s i te wou l d  be adversely 

affected by project construct ion . 

The p i pel i ne routes  wou l d fo l l ow es tab l i s hed r i g hts-of-way and 

wou l d  cause  a temporary and very m i nor  impact on the natura l and scen i c  

resources of  the areas cros sed . 

The bri ne d i sposa l  systems wou l d not s i gni fi cantl y change the 

anti c i pated impacts on natura l  and scen i c  resources . 

Al ternati ves 

Devel opment of a raw water supply wel l fi el d or  a brine  i nj ecti on 

fi el d a l ong the proposed DOE and ex i s t i ng SEAWAY P i pel i ne corri dor 

southwest of the s i te ,  or  the deve l o pment of  a 1 2 . 5  mi l e  offs hore d i ffuser 

wo u l d not s i gn i fi cant ly  affect natura l  o r  scen i c  resources . 

C . 5 . 1 . 7  Archaeo l ogi ca l , H i stori cal  and Cul tural  Resources 

A compari son of the l ocati on  of s i tes l i sted on the Nat iona l  Reg i s ter 

of H i s tori c  P l a ces and those s i tes i denti f i ed by the H i stori c Preserva­

t i on Offi ce for Texas and the l ocation  of the SPR fac i l i t i es has been 

made . Based on  th i s  compari son there are no known s i tes of h i s tori c 

s i gn i fi cance that wou l d  be affected . Sect ion 2 ( a )  of Executi ve Order 

1 1 5 93 , " Protect ion  and En hancement of the Env i ronment I I  ( May 13 , 1 97 1 )  

wo u l d be compl i ed wi th a s  deta i l ed i n  Sect ion  C . 3 . 17 . 

C . 5 . 1 . 8 Soc i oeconomi c  Env i ronment 

Land U se  

Land use  i mpacts resu l ti ng from devel opment of the Wes t Co l umb i a  

S P R  s i te depend o n  the amount  o f  l a nd converted from ex i s ti ng uses  to 

other uses a s soc i ated w i t h  petro l eum storage .  At the dome , 232 acres of 

l a nd wou l d  be encl osed for the s torage s i te ( see Tab l e A . 5- 1 ) .  W i th i n  

t h i s area , approximatel y 1 0  percent wi l l  be requ i red for the construc ion  

of  on s i te roads , the  p l ant  area , dr i l l  pads , and  l aydown yards . I n  
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add i ti on ,  approximate l y  44, 000 c u b i c  yards of fi l l  wo u l d be requ i red to 

e l evate structures for protect i on from fl ood i ng .  Th i s  l and wo u l d be 

converted from fresh  water marsh l and .  

The constructi on  of pa ra l l el o i l , br i ne , and raw water p i pel i nes 

wou l d  d i sturb an add i t i onal  279 acres dur i ng the constructi on phase .  

Most  of  th i s d i sturbed l and  wou l d be  wi t h i n  the 100foot r i g ht-of-way 

requ i red for con structi on purposes . These p i pel i nes wou l d  genera l l y  

para l l el the S EAWAY P i pel i n e  to S EAWAY Tan k  Farm . Di srupt ion  of l and  

for th i s  purpose  is  the  not  expected to  a l ter ex i s t i ng l and uses in  the 

v i c i n i ty .  Al s o ,  p i pe l i ne construct ion between SEAWAY Tan k Farm and 

Bryan Mound wou l d para l l el the p l anned ear ly  storage phase o i l  l i ne and 

woul d not a l ter ba s i c  l and use .  

Much  of the  l and requ i red for these fac i l i t i es i s  i n  use as  range 

and pasturel and . D i srupt i ons  duri ng the construct ion  phase wou l d be 

temporary in duration  and much of the l and d i sturbed cou l d return to i ts 

presen t u se .  

t he  Freeport 

d i scus sed i n  

Con struct ion  o f  o i l  tan ks a t  Bryan �10und tan ker docks on 

Harbor and the proposed bri ne d i ffuser to the Gul f i s  

Sect i  on C .  4 .  1 .  8 .  

I f  raw water s upp ly  or  br i ne d i s posa l  i s  accompl i s hed through the 

use of wel l s ,  an add i t i ona l  19  acres of l and may be req u i red for p i pel i ne 

con structi on to the wel l fiel d and for dr i l l pad construction  at the 

f i el d .  

Ons i te power generation  wou l d el im i nate the need for a 0 . 6 mi l e  

transmi s s i on corr i dor .  

Impacts of construction of o i l  d i str i buti on and  other a l ternati ves 

are the same as tho se  d i scus sed for Bryan Mound (Sect i on C . 3 . 1 . 8 ) .  

Transportat ion 

Project construct ion acti v i ty coul d s i gn i fi cantl y i ncrease the 

traffi c vo l ume on Ro ute 36. Th i s  h i g hway wou l d carry the over 500 

workers ( Tab l e C . 5-2 ) to the storage fac i l i ty s i te and p i pel i ne ro ute 

from the Brazosport area in the south and from the Houston and R ichmond­

Rosen burg area in the north . Truc k  traffi c rel ated to the constructi on 
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wou l d a l so i ncrease a l ong th i s  h i g hway . Route 35 , wh i c h  connects Route 

36 to the major traffi c artery 288 and Ang l eton , east  of West Co l umbi a ,  

i s  a l so anti c i pated to have a s i gn i fi cant i ncrease i n  average da i ly 

traffi c ( F i g ure B . 2-3 1 ) .  

Cu rrent traffi c vol umes on Ro utes 35  and 36 , to the eas t  and south 

of Wes t  Co l umbi a respecti vel y ,  are j u s t  over 5000 veh i c l es per day 

( S tate Department of H i g hways and Publ i c  Transportat ion , 1 97 5 ) .  Traffi c 

associ ated wi th  the pea k month of th i s  project cou l d  cause a s  much as  a 

20  percent i ncrease i n  these vo l umes . I ncreased congesti on on  these 

roads may resu l t duri ng pea k peri ods of constructi on acti v i ty depend ing  

upon the  t ime of day dur ing  wh i c h  empl oyees commute to  the s i te ,  a nd  the 

n umber of workers who dri ve the i r  own veh i c l es to the s i te .  

Route 3 6  north o f  Wes t  Co l umbi a ha s a n  average da i l y  traffi c  vo l ume 

of a bo u t  2700  tri ps . The add i t i ona l  tr i ps rel ated to the project co u l d 

cause  a l a rger proporti ona l i ncrease i n  traffi c i n  th i s  area , bu t i s  

expected to resu l t i n  l es s  congesti on due to the smal l er tota l da i l y  

vo l umes . 

Traffi c impacts wou l d be temporary i n  nature as  most  of the emp l oy­

ment  and con struction acti v i ty occur between the second and s i xth months 

of  con struct ion . As empl oyment  l evel s dec l i ne in l ater months , the 

i mpacts wou l d become l es s  noti ceabl e .  

Traffi c i mpacts associ ated wi th con s tructi on o f  DOE docks at  Freeport 

s ho u l d not meas urabl y i ncrease  traffi c conges tion . 

Al so , the proposed p i pel i ne corri dor does not cross  many l ocal  

h i g hways and s ho u l d not affect traffi c fl ow s i g n i fi cantl y .  

The a l ternati ve water supply and brine  d i sposa l  systems are not 

expected to ca use  a s i gn i fi cant change in traffi c  from that experi enced 

wi th the proposed systems . 

The project may have a m i n imal  impact on transportati on i n  the 

Freeport Harbor due to the i ncrease  in o i l tan ker traffi c .  Al l traffi c 

i n  th i s  harbo r ,  i n  1 97 6 ,  amounted to 436 vessel s ( B razos  Ri ver Nav i gati on 

Di s tri ct ) .  The "worst  ca se "  i ncrease  i n  tan ker traffi c duri ng the 
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i n i t i a l  fi l l  of  the 1 00 MMB s torage capac i ty wou l d  amount to one tan ker 

every day . Th i s  as sumes a tan ker capac i ty of  32 , 000 DWT , or 254 , 000 bb l  

of  o i l . I f  SEADOCK  i s  constructed , overa l l traffi c ,  parti cu l ar ly  

tan kers , in  Freeport Harbo r  wi l l  be  s i gn i f i cant ly  reduced . The  i ncrease  

i n  traffi c from the  SPR  program under th i s  assumpt ion , wou l d not  cause  

apprec i ab l e conges t i o n .  

Popu l at ion  a n d  Hous i ng 

The impacts on popu l at ion  and hou s i ng near the Wes t Col umb i a  s i te 

are expected to be the same as  those d i scussed for Al l en dome i n  Sect i on 

C . 4 . 1 . 8 . The l ac k  of  ava i l a bl e ho us i ng i n  West Col umb i a  s ho u l d further 

d i scourage mi gration  to the immed i ate v i c i n i ty of  the sto rage s i te .  

Economy 

Construct ion  at  West Co l umbi a  dome wou l d have a pos i t i ve effect on 

construct ion  empl oyment i n  the four  county reg i on  ( B razori a ,  Fort Bend , 

Harr i s and Ga l veston ) .  The project wou l d  have  a peak con s truct i on force 

of 483 i n  the second month of construct i on (Tabl e C . 5-2 ) . Most  of the 

construct ion  wou l d  occur duri ng the second through  s i xth months , dec l i n i ng 

i n  l ater months to 1 32 o r  l es s .  Most  of  the l a bor  force i s  expected to 

come from the Bra zosport and Ho uston areas a s  d i scussed i n  Sect ion  

C .  4 .  1 .  

The project wou l d rel y on the Brazo s port and Houston area s for 

serv i ces and  s uppl i es requ i red for the s i te preparati on and construct ion  

acti v i ti es ,  thereby prov i d i ng a st imu l us  to some sectors of  the economy .  

T h e  reta i l  sa l es a n d  serv i ces secto r  i n  West Col umb i a  may b e  st imu l ated 

by the i ncrease  in l oca l daytime popu l at ion . 

The project wou l d  generate nearly $9 . 3  mi l l i on i n  wages dur ing con­

struct i on , $3 . 8  mi l l i o n of  wh i c h wou l d  be earned between and second and 

s i xth months of  construct ion . Some of  th i s  i ncome may be d i s tri buted to 

l oca l  res i dents work ing  on the con struct i on , but most  of i t  wo u l d be 

d i stri buted i n  the same manner as for the Al l en dome s i te ( S ect ion  

C .  4 . 1 ) . 
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TABLE  C . 5- 2  Est i mated constructi on empl oyment a nd  wages by month -
West Col umb i a  ( 1 00 MMB ) cand i date S P R  s torage s i te ( a l ternati ve s i te ) 

Number Month l y 
Month  Empl oyed Wages 

0-1  1 90 $332 , 500 

1 -2 523 91 5 , 250 

2-3 481 841 , 7 50 

3-4 374 841 , 7 50 

4-5 349 654 , 500 

5-6 309 61 0 , 750 

6-7 1 32 231 , 000 

7-8  1 32 23 1 , 000 

8-9 1 32 23 1 , 000 

9- 1 0  1 32 231 , 000 

1 0- 1 1 1 32 231 , 000 

1 1 - 1 2 1 09 1 90 , 7 50 

1 2- 1 3 1 09 1 90 , 750  

1 3- 1 4 1 09 1 90 , 7 50 

1 4- 1 5  1 09 1 90 , 750  

1 5- 1 6 1 09 1 90 , 7 50 

1 6- 1 7 1 09 1 90 , 750 

1 7- 1 8 1 09 1 90 , 7 50 

1 9-46 55  96 , 2 50 

Tota l Con structi on  $ 9 , 285 , 500 
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Tota l i ncome resu l ti ng from construction emp l oyment has been 

est ima ted us i ng the proj ected empl oyment for each month at an average 

i ncome fi gure of $ 1 750 per month for each worker .  The  resu l ti ng i ncome , 

s hown on Tab l e C . 5-2 , wou l d be h i ghest i n  the second through  s i xth 

months  of con s truction and woul d tota l nea rly $9 . 3 m i l l i on over a four­

year peri od . These expend i tures for l a bor wou l d have a mul t i p l i er 

effect on the l oca l and reg i ona l economy ,  i n  wh i ch d i rect i ncome accru i ng 

to househo l ds wou l d  be s pent i n  other sectors of the economy .  Some of 

these expendi tures wou l d ,  in turn , be rea l i zed as  d i rect i ncome to other 

househo l ds .  In Texa s ,  the rel ati on s h i p of one do l l a r of d i rect i ncome 

( expendi ture ) i n  the i ndustr i a l  constructi on sector to i ncome rece i ved 

by a l l o ther sectors of the economy has been est imated to be a mul ti pl i er 

of 2 . 5 1  ( or ,  more s i mp ly  stated , for every dol l ar spent to construct the 

SPR  fac i l i t i es , $ 2 . 51 wou l d  be generated as  i n come w i t h i n  the reg i o n ) 

( Offi ce of the Governo r ) . Th i s  rel at ionsh i p ,  a Type I I  mul t i p l i er ,  

expres ses the d i rec t ,  i nd i rect , and i nduced i ncome pa i d  to househo l ds 

per do l l a r d i rect i ncome pa i d  to househol ds . Thu s ,  the $9 . 3 mi l l i o n  of 

d i rect i ncome from over the four-year construct ion  per i od wou l d res u l t 

i n  $23 . 3  mi l l i on d i rect ,  i nd i rect , and i nduced i ncome accrued to househo l ds 

i n  the reg i on . The geograph i c d i stri but ion  of th i s  i ncome wou l d be 

determi ned by the workers ' p l aces of res i dence . 

The adoption  of a l ternati ve  bri ne d i sposal , water s upp ly  or  o i l  

transportat ion  wou l d  not s i g n i f i cant ly  affect the economi c  i mpacts of 

the proj ect . 

Government 

The l a rge number of constructi on empl oyees requ i red duri ng the 

fi rst s i x  months  of the proj ect may i ncrease the need for such  servi ces 

as  po l i ce pro tect i on and traffi c surve i l l ance . F i re protecti on at the 

storage s i te i s  to be prov i ded by the West Co l umbi a  vo l unteer fi re 

department ,  wh i c h  i s  not expected to need expanded fi re-fi ght i ng  capabi l ­

i t i es .  Hea l th care fac i l i t i es are current ly  adequate i n  the area and 

the proxi mi ty of the s i te to l a rger fac i l i t i es in the Brazosport urban 

areas wou l d be adequate to serve the project . 
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After the f i rs t  s i x  months of  the construct ion  pha s e ,  demand for 

these serv i ces wou l d  be great ly  reduced . 

Project construct i on  i s  not expected to cause a s i gn i fi cant  i mpact 

on  school enro l l ment i n  the Wes t  Co l umbi a  area . 

Construct i on of the West  Co l umb i a  SPR  faci l i ty wou l d i nvol ve the 

removal  of 232 acres from the tax ro l l s  of Brazo r i a  County .  The tax 

rate i n  the County i s  $ 1 . 44 per hu ndred do l l ars a s sessed val uati on . 

As ses sed va l uati on  i s  cal cu l ated at 20 percent of the fa i r  market va l ue . 

As sumi ng  a fa i r  market val ue of  $ 1 000 per acre for the West Col umb i a  

s i te ,  the tax l os s  woul d be $668 per year for the l i fe o f  the proj ect 

( a s sum i ng a neg l i g i bl e  i ncrease  i n  e i ther the property val ue or  the tax 

rate ) .  

Based upon a four percent sa l es tax on reta i l  sa l es and a s s um i n g  

that 5 0  percent of the tota l househo l d  i ncome deri ved from the project  

woul d be  s pent on taxabl e purchases , an i ncrease of  over $450 , 000 i n  tax 

revenues woul d be experi enced over the cons truction  per iod . 

The adopt ion  of  a l ternat i ve bri ne d i s posal , raw water supp l y ,  or 

o i l  d i s tri but ion  sys tems wou l d  not s i gn i fi cantly affect the impacts on  

u rban serv i ces . 

C . 5 . 2 Impacts from Operat ion  and  Standby Storage 

Devel opment of 1 00 MMB of o i l  storage capac i ty at West Col umb i a  

dome woul d prov i de a tota l capaci ty o f  1 63 MMB for the Seaway Group of  

SPR  s i tes . O i l movements wou l d  be s i mi l ar to tho se  descri bed for Al l en 

dome ( Secti o n  C . 4 . 2 ) .  Pr i nc i pa l  i mpacts of  operat ion  are expected to 

res u l t from pos s i bl e l a rge o i l  or bri ne s p i l l s  and from hydrocarbon 

emi s s i ons  nea r  the Gu l f  of  Mex i co .  Impacts from Bryan Mound ear ly  

s torage deve l o pment are i nc l uded , where appropri ate , to  i nd i cate cumu l at i ve 

env i ronmental  effects . 

C . 5 . 2 . 1 Land Features 

Effects of operat ion  and s tandby storage on  l and  features are 

expected to be m i n i ma l . The remote poss i b i l i ty of  cavern co l l apse i s  

d i s cus sed i n  Secti on  C . 2 .  There i s  no recogni zabl e danger due to 
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se i smi c events . So i l s  wou l d  s tabl i ze as  soon as they are revegetated 

fo l l owi ng construction . 

Operati on of a l ternati ve fac i l i ti es wou l d not a l ter the affect on  

l and features . 

C . 5 . 2 . 2 Water Resources 

Impacts to water resources as  a resu l t  of operat i ng o i l  storage 

fac i l i ti es at  Wes t Co l umbi a dome wou l d resu l t  from wi thdrawa l  of water 

for o i l d i sp l acemen t ,  d i scharge of bri ne duri ng o i l  f i l l ,  ma i n tenance 

dredg i ng at  dock s i tes , and poss i bl e  o i l  or bri n e  s p i l l s . 

Raw Water Wi thdrawa l 

Impacts assoc iated wi th wi thdrawing  water from the Brazos Ri ver 

Di vers ion  Channel  for o i l  d i sp l acement wou l d be i dent i ca l  to those 

descri bed for Al l en dome in Secti on  C . 4 . 2 . 2 . 

Bri ne D i sposa l 

Impacts assoc iated wi th  d i scharg i ng br i ne to the Gul f of Mex i co v i a  

the 1 2 . 5  m i l e  offshore d i ffuser and uti l i z i ng a backup  3-wel l bri ne 

i nject ion  system southwest of West Co l umbi a  dome wou l d be s imi l ar to 

those descri bed for Bryan Mound in Secti on C . 3 . 2 . 2 .  

Ma i ntenance Dredg i ng 

Potenti a l  i mpacts due to ma i ntenance dredg i ng at the DO E dock s i tes 

wou l d be i den t i ca l  to those for Bryan �10und SPR expans i on (Sect i on C . 3 . 2 . 2 )  

and Al l en dome ( Section  C . 4 . 2 . 2 ) .  

O i l Spi l l s  

Duri ng proj ect operat ion , o i l s p i l l s  cou l d occur i n  the Gu l f  of 

Mex i co ,  in  the O l d Brazos Ri ver , from p i pel i nes connect ing the s torage 

s i te wi th the tan�er docks and wi th SEAWAY Tank Farm , from the wel l at 

West  Co l umb i a  dome and from the early storage phase o i l  surge tanks at  

Bryan Mound ( re l ea ses from the underground  storage caverns are not 

quanti f i ed ,  see Appen d i x  E ) .  A thorough descri pti on of pos s i bl e  modes 

of sp i l l s ,  methodol ogy of sp i l l  ca l cu l a t i ons , quant i f i cat i on of expected 

sp i l l  vo l ume and frequen c i es , sp i l l  d i s pers i on character i s t i cs , and 

sp i l l  prevention  and contro l  mea sures i s  prov i ded in Appen d i x  E .  A 
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s ummary of  o i l  s p i l l  expectat ions  i s  g i ven i n  Secti on C . 2  and i n  Tabl es 

C . 2- 1 , C . 2- 2 .  Pos s i b l e  effects o n  water resources are con s i dered i n  

th i s  s ect i o n .  

Probab l e movements of s p i l l s  occ urri ng ea st  of  SEAWAY Tan k Farm are 

i den t i ca l  to those for Bryan Mound ( s ee Sect ion  C . 3 . 2 . 2 ) . 

Sp i l l s  from West Co l umbi a  dome not conta i ned wi th i n  d i k i ng wou l d 

fl ow toward Varner Creek wh i ch d i scharges to the Brazo s  Ri ver ( F i g ure 

B . 2- 9 ) . The most l i ke l y  dra i nage path i s  v i a  the i n termi ttant stream 

wh i c h  dra i ns the fres hwater mars h and enters the ri ver northeast  of the 

s i te .  Sp i l l s  from the p i pel i nes west o f  the storage s i te wou l d fl ow 

toward Bel l Creek wh i c h  empti es i n to the San Bernard Ri ver . Between the 

Bel l Creek watershed d i v i de and the State penal  farm , the dra i nage i s  

genera l l y  i nto the San Bernard Ri ver through  a number o f  i n termi ttant 

dra i nageways . To the east of the pena l  farm , the dra i nage is  i n to the 

Brazos Ri ver south of the Dow Chem i cal pl ant , or i n to the Jones Creek 

waters hed wh i c h  fl ows through  mars h l and to the l CW near the Gu l f of  

Mex i co .  

O i l  s p i l l s  are most  l i kel y to reach the Gul f o f  Mex i co a s  a resu l t  

of  a d i rect rel ease from o i l  tan kers i n  the Gu l f . 

Quanti t i es of o i l  expected to be rel eased from the earl y storage 

fac i l i t i es at Bryan Mound , and from SPR expan s i on fac i l i t i es at  West 

Col umb i a  dome are l i sted by source and l ocation  i n  Tabl es C . 2- 1  and 

C . 2 -2 .  Total o i l  s p i l l age  for f i ve fi l l /wi thdrawal cycl es i s  proj ected 

to be 1 930 barrel s for the ear ly  storage fac i l i ty and an addi ti onal  3803 

barrel s for the West  Col umb i a  dome fac i l i t i e s .  Of the tota l , 74 percent 

i s  proj ected to occur dur ing fi l l  operati ons , 24 percent dur ing wi th­

drawa l , and 2 percent ( 1 33 barrel s )  duri ng  standby storage .  The d i s tri ­

buti on of s p i l l s  i s  projected to be 2746 barrel s ( 48 percent )  i n  the 

G u l f of Mex i co ( pr i nc i pa l l y  at the VLCC - tanker transfer l ocat ion ) ;  

1 467  ba rrel s ( 26 percent )  at the tan ker docks , 1 237  barrel s ( 22 percent )  

a t  the West  Col umb i a  dome ,  Bryan Mound , and SEAWAY Termi na l s ;  and l es s  

than 2 50 barrel s from the connecti ng p i pel i nes . The maximum cred i b l e 
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s p i l l even ts are estimated to be 60 , 000 barrel s res u l t i ng  from a tan ker 

col l i s i on , 1 0 , 000 barrel s from a p i pel i ne rupt�re , 5000 barrel s from 

storage term i na l s and 500 barrel s from transfer operati ons . 

Weather i ng proces ses and  d i spersal character i sti c s  of o i l  are g i ven 

i n  Sec t i on C . 3 . 2 . 2 . 

Two potent i a l l y  s i g n i fi cant impacts of  o i l  s p i l l s  on water resources 

wou l d  be the potenti a l  for bu i l dup  of  toxi c fract ions  and depl etion  of 

oxygen l evel s in  s ha l l ow ,  poorly fl us hed water bod i es . The mos t  l i ke ly  

l ocat ion  of such  impacts woul d be  in  coastal bays and marshes southwes t 

and  northeast  of  Freeport ( i nc l u d i n g  the v i c i n i ty of San Bernard Nati ona l  

W i l dl i fe Refuge ) and ,  to  a l es ser extent ,  i n  Varner , Bel l or J ones 

Creeks , or i n  Mud La ke or  Unnamed La ke on Bryan Mound . Because of the 

2 5-mi l e  d i stance from the VLCC transfer po i nt to s ho re , the d i k i ng 

around tan ks at  Bryan Mound , and the unl i kel y occurrence of  expected 

p i pel i ne s p i l l s ,  such  i mpacts are not expected ( that  i s ,  most  s p i l l s  

s hou l d occur i n  open g u l f waters , at  the docks , or wi th i n  the d i ked 

termi nal s ) . 

O i l s p i l l s  reach i ng the Brazo s Ri ver , Freeport or  Brazos Harbors , 

the I CW ,  or the open Gu l f shou l d not have s i gn i f i cant  impacts on water 

qua l i ty because  of the poten t i a l  for d i l u t i on and for o i l recovery .  O i l  

w h i ch  s i n ks  to the bottom o r  i s  depo s i ted o n  the s ho rel i ne or  ri ver 

ban ks may pro v i de a l oca l source of petro l eum hydrocarbons  to the water 

co l umn for s evera l weeks or even months . 

Domest i c ,  agri cu l tura l , and i ndustr i a l  water suppl i es taken from 

Varner Creek ,  the San Bernard Ri ver , or the Bra zos  Ri ver cou l d be 

adverse ly  affected i f  o i l  reaches these water bod i es .  I t  woul d  pro bab ly  

be  necessary to u se  a l ternate supp l i es for a peri od of  several days , or  

unti l hydrocarbon concentrat ions  return to accepta bl e l evel s .  

As at  Bryan Mound , s urface s p i l l s  are not l i ke ly  to affect ground  

water in  the area because  there appears to  be  l i ttl e recharge to  the 

Ch i cot  aqu i fer . Subs urface s p i l l s  caused by a cavern co l l apse cou l d 

fl ow down grad i ent  to Brazosport commun i ti es ,  however ( parti cu l ar ly  to 

the town of  Wes t  Co l umbi a ) . 
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Thu s , a l though the potent i a l  ex i sts for a very l arge crude o i l  

s p i l l ,  ca l cu l a t i on s  of  s p i l l producti v i ty and the nature ·of l ocal water 

bod i es i nd i cates tha t s i gn i fi cant  impacts on l oca l  water resources 

s hou l d not occur .  

Br i ne Spi l l s  

Dur i ng  project  opera t i on , br i ne  s p i l l s  cou l d occur from the bri ne 

d i s posal  p i pel i ne and from the br i ne reservo i r ;  sa l i ne water cou l d be 

s p i l l ed from the raw water su ppl y l i ne and from the bri ne d i s posal  l i ne 

( d ur i ng standby storage ) .  A thorough  descr i pt i on  of  pos s i bl e  modes of  

s p i l l s ,  methodol ogy of  s p i l l cal c u l at ion , quanti fi cation  of  expected 

s p i l l  vo l ume and frequenc i es ,  s p i l l d i s pers i on characteri s t i c s , and 

s p i l l prevent ion  and control measures i s  prov i ded in Append i x E.  A 

s ummary of bri ne s p i l l expectati on i s  a l so i nc l uded i n  Secti on C . 2  and 

i n  Tabl e C . 2- 3 .  Pos s i bl e  effects on water resources are con s i dered i n  

t h i s secti on .  

Pro bab l e movements of  s p i l l s  occurr i ng ea st  o f  SEAWAY Tan k Farm are 

i dent i ca l  to those for Bryan Mound ( see Secti on C . 3 . 2 . 2 ) .  

Sp i l l s  from West Col umb i a  dome not conta i ned wi th i n  d i k i ng  wou l d 

fl ow toward Varner Creek wh i ch d i scharges to the Brazos R i ver ( F i g ure 

B . 2- 9 ) . The most  l i kel y dra i nage path i s  v i a  the i ntermi ttent s tream 

wh i ch dra i n s  the fres hwater mars h and enters the r i ver northeast  of the 

s i te .  Sp i l l s  from the p i pel i nes  west  of the storage s i te wou l d fl ow 

toward Bel l Creek wh i c h  empt i es i nto the San Bernard Ri ver . Between the 

Bel l Creek waters hed d i v i de and the State pena l  farm , the drai nage i s  

genera l ly i n to the San Bernard Ri ver through  a number of i n termi ttent 

dra i nageways . To the east of  the pena l  farm , the dra i nage i s  i n to the 

Brazos R i ver south of  the Dow Chemica l  p l ant , or i n to the Jones Creek 

waters hed wh i ch fl ows through mars h l and to the l CW near the Gul f of 

Mexi co . 

Thus , br i ne s p i l l s  are mos t  l i ke ly  to reach the Gul f of  Mexi co as  a 

res u l t of ruptu re of the brine d i s posa l  l i ne i n  the Gul f .  
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Br i ne and sa l twa ter s p i l l s  are expected to occur on l y  from the 

p i p i ng system . Tota l s p i l l age  i s  est imated to be 75  barrel s of bri ne 

and 1 1 5  ba rrel s of sa l twater from early storage operat ion  and 843 barrel s 

of bri ne and  1 853 barrel s of sa l twater from SPR expans i on fac i l i ti es .  

Of the tota l , 2 1 0 barrel s of br i ne and 78  ba rre l s of sa l twater wou l d 

s p i l l i n to the G u l f of Mex i co ;  708 barrel s of br i ne and 1 890 barre l s of 

s a l twa ter wou l d  s p i l l  onto coastal pra i r i e ,  fl u v i a l  woodl ands and mars h­

l and between Bryan Beach and Wes t  Co l umbi a  dome (Tabl e C . 2- 3 ) . The 

maximum cred i bl e  s p i l l  event i s  est imated to be 3 0 , 000 ba rrel s of bri ne .  

A s  at  Bryan �10und , su rface s p i l l s  are not l i ke ly  to affect  ground  

water in  the area because  there appea rs to  be  l i tt l e recharge to  the 

Chi  cot  aqu i fer . 

Sp i l l s  of br ine  o r  raw wa ter have l es s  potent i a l  for adverse effects 

on water qua l i ty than do o i l  s p i l l s . Except for a very l arge bri ne 

s p i l l ,  norma l fl u s h i ng of most  l ocal  wa ter bod i es ( e . g . , the l CW ,  Brazos 

D i vers i on Channel , Brazos and Freeport Harbors , Gu l f of Mex i co ) wou l d 

q u i c k l y  d i l ute sa l t concentrat ions  to norma l l evel s resu l t i ng i n  very 

temporary water qua l i ty degradati on . Fl u s h i ng i s  not as  effect i ve i n  

Varner Bel l o r  Jones Creeks , o r  i n  r1ud Lake and Unnamed Lake a t  Bryan 

Mound , however , and s a l i n i ty excesses wou l d  conti nue  i n  tho se  water 

bod i es for s evera l days or even weeks unt i l suffi c i ent  ra i nfa l l fl u s h i ng 

i s  a ch i eved . 

Thus , a l though the potenti a l  ex i s ts for a very l arge bri ne sp i l l ,  

ca l cu l at ions  of s p i l l producti v i ty and the nature of  l oca l  water bod i es 

i nd i cates that s i g n i f i cant impacts on l ocal  water resources shou l d  not 

occur .  

Fl ood Hazards 

F l ood hazards at  Wes t  Co l umb i a  dome , and a l ong the p i pel i ne ro ute 

to S EAWAY Tank  Farm ,  are s i gn i fi cant ly  l es s  ser i o u s  than at Bryan Mound 

or  Al l en dome . Su rface e l evat i on i n  the fresh  mars h at the s torage s i te 

i s  about 25  feet MSL wh i ch i s  l es s  than the ca l cu l ated l aO-year fl ood 

l evel  of 33  feet MSL due to Brazos Ri ver fl ood i ng . H i gh water coul d 

C . 5-24 



reach the s i te from Varner Creek through  the s tream wh i ch dra i ns the 

mars h .  However , no strong currents or other dama g i ng cond i ti ons wou l d 

accompany h i g h  waters . The bri ne reservo i r  and other surface fac i l i t i es 

co u l d be protected by a s u i ta bl e l evee , or by fi l l i ng .  

Fl oods pose  no hazard to underground p i pel i nes . Fl oods a t  Bryan 

Mound coul d pos s i bl y  top the protect i on l evee but o i l  wou l d be removed 

from surge tan ks , thus el imi nati ng any s p i l l  haza rd .  

As on l y  l im i ted quanti t i es o f  o i l  cou l d be rel eased i n  the event of 

a dama g i ng s to rm fl ood , envi ronmental effects due to the fl ood waters 

and wi nds are expected to be much greater than due to l os s  of o i l  or 

bri n e .  

Al terna t i ve Fac i l i t i es 

Use  o f  ground water to d i sp l ace o i l  from caverns or  i nj ect ion  of 

brine i nto deep su bsurface sa l t water- bear i ng sands have the s ame potent i a l  

for adverse impacts a s  descri bed for Bryan Mound (Sect ion  C . 3 . 2 . 2 ) . Use 

of  the d i ffuser 1 2 . 5 m i l es offshore Bryan Mound wou l d  have effects as  

descri bed in  Sect ion  C . 3 . 2 . 2 . 

Use  of a mari ne p i pel i ne for o i l  movement wou l d  reduce the expected 

q uant i t i es of o i l  s p i l l  vo l ume by abo ut 60 percent .  Ons hore o i l  s p i l l age 

wou l d  be es sent i a l l y  unaffected . 

C . 5 . 2 . 3  Ai r Qua l i ty 

Ai r qua l i ty impacts assoc i ated wi th operat ion  of  the Wes t  Co l umbi a  

dome s i te a l ternat i ve are essenti a l l y  i dent i ca l  to tho se descri bed for 

Al l en dome ( Secti on C . 4 . 2 . 3  and Tabl e  C . 3 - 6 ) . 

Al ternati ves 

As for Al l en dome SPR expan s i on ,  a l ternati ves wh i ch wou l d a l ter a i r  

qua l i ty impacts are use  o f  mar i ne term i na l  and ons i te power generat ion . 

E st ima ted reductions  i n  emi s s i ons ach i eved by us i ng a mar i ne  term i na l  

a re t he  same a s  those  g i ven for Al l en dome i n  Sect ion  C . 4 . 2 . 3 .  

Ons i te generati on o f  34 , 000 k i l owatts o f  power capac i ty a t  West 

Co l umb i a  woul d have the same impact on a i r  qua l i ty as  g i ven i n  Secti on 

C . 3 . 2 . 3  for Bryan Mound . Tota l hydrocarbon emi s s i ons over a 22-year 

o perati ng peri od are estimated to be 2600 tons . 

C . 5-25  



C . 5 . 2 . 4  No i se 

No i s e impacts ca used by operati ng SPR faci l i ti es at  Wes t Col umbi a  

dome woul d be es senti a l l y  the same as descri bed i n  Sect ion C . 3 . 2 . 4  for 

Bryan Mound . Though the town of West Co l umbi a i s  about one mi l e  from 

the s i te ,  no i se impacts from pump i ng and other operati ons shou l d not be 

noti ceabl e .  

C . 5 . 2 . 5 Eco systems and Spec i es 

Raw Water Wi thdrawa l 

Impacts are essenti a l l y  i denti ca l  to tho se descri bed for Bryan 

Mound in Sect ion  C . 3 . 2 . 5  and for Al l en dome i n  Secti on C . 4 . 2 . 5 . 

Br ine  Di sposa l  

Impacts are s imi l ar to  those  descri bed i n  Secti on C . 3 . 2 . 5 for Bryan 

Mound . 

Tan ker Tran sport 

Impacts are essenti a l l y  i dent i ca l  to those descri bed i n  Secti on 

C . 3 . 2 . 5 for Bryan Mound and i n  Secti on C . 4 . 2 . 5 for Al l en dome . 

Ma i n tenance of  Proj ect Lands 

Types of impacts resu l t i ng from ma i ntenance of l ands requ i red for 

Wes t  Col umb i a  o i l s torage are the same as  those descri bed i n  Secti on 

C . 4 . 2 . 5  for Al l en dome. Al so , some typi ca l  impacts were descri bed i n  

Secti on C . 5 . 1 . 5 . A greater total area (more than 250 acres ) wou l d be 

ma i n ta i ned i f  the West Co l umbi a s i te were sel ected because  of the 

l onger p i pel i ne l ength .  

Acc i dental Oi l Rel ea se 

The potent i a l  for o i l  s p i l l s  duri ng project operat ion  i s  descri bed 

i n  Appen d i x  E ;  expected ann ua l  s p i l l  vo l umes by mode of operati on and  

by geograph i cal  l ocation are s ummari zed in  Secti on C . 2 ,  parti cu l ar ly 

Tabl es C . 2- 1  and  C . 2- 2 .  I n  the event of a n  o i l  s p i l l ,  the expected 

movement from vari ous  sp i l l l ocat i ons , the weatheri ng proces ses l i ke ly  

to  occur ,  and the  potent ia l  for water qual i ty degradat i on are descri bed 

i n  Secti ons  C . 3 . 2 . 2  and C . 5 . 2 . 2 .  Th i s secti on treats some of the s i te 

s pec i fi c  b i o l og i ca l  effects wh i ch can occur  as  a res u l t .  
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The fol l owi ng s ummari zes the i nforma t i on on frequency and vo l ume of 

expected o i l  s p i l l s  for West Co l umb i a  dome presented in Tab l es  C . 2- 1  

a n d  C . 2-2 . Tota l o i l  s p i l l age for fi ve fi l l /wi thdrawa l cyc l es i s  projected 

to be 1930 barrel s for the earl y storage fac i l i ty and an add i t i onal  3803 

barre l s for the SPR  expan s i o n  fac i l i t i es at Wes t Co l umb i a  dome . Of the 

tota l , 74 percent i s  projectd to occur duri ng fi l l  operati ons , 24 percent 

dur i ng wi thdrawa l , and  2 percent ( 1 33 barrel s )  duri ng standby s torage . 

The d i s tri but i on  of s p i l l s  i s  projec ted to be 2746 barrel s ( 48 percent )  

i n  the  Gu l f  of Mex i co ( pr i nc i pa l l y  at  the VLCC  transfer l ocati on ) ,  1467 

barrel s ( 26 percent )  at the tan ker doc ks , 1 237 barre l s ( 22 percent ) at 

the West Co l umb i a  dome , Bryan Mound , and S EAWAY Termi nal s ,  and l es s  than 

250 barrel s from the connecti ng p i pel i nes . The max i mum cred i bl e  s p i l l  

events are esti mated to be 60 , 000 barre l s resu l t i ng from a tan ker 

col l i s i on , 1 0 , 000 barre l s from a p i pe l i ne rupture , 5000 barre l s from 

s torage term i na l s and 500 barrel s from transfer operati ons . 

Frequenc i es of s pi l l s  are a l so g i ven i n  Appendi x E .  Except for 

transfer s p i l l s ,  a l l modes of  sp i l l s  are expected to be very i nfrequent . 

For exampl e ,  a s i ngl e fi l l  of  l Oa MMB for West  Co l umb i a  dome s i te 

deve l opment i s  est imated to resu l t i n  abou t 28 o i l sp i l l s ,  23 of wh i ch 

wou l d occur at  the VLCC - tan ker transfer l ocati on . A s i ng l e wi thdrawa l 

wou l d  res u l t i n  about  2 s p i l l s ,  most  l i ke ly  occurri ng at the tan ker 

l oad i ng doc k .  For very l arge o i l  sp i l l s ,  recurrence i n terval s are 

expected to be very l arge , essenti a l l y  the same as  g i ven i n  Sect i o n  

C . 4 . 2 . 5  for Al l en dome . 

Because  of the very l ow frequency Of expected s pi l l  i nc i dents , 

chron i c  pol l ut i on by o i l s hou l d  not occur on Wes t  Col umb i a  dome or Bryan 

Mound , or a l ong the proposed p i pe l i ne routes . A l arge sp i l l  of o i l i n  

the v i c i n i ty o f  Al l en dome cou l d reach Varner Creek and , thu s , the San 

Bernard Ri ver , res u l t i ng i n  po l l ut ion  of water resources and l os s  of 

aqua t i c  and stream ban k  vegetati on ,  benthos , fi s h  and some b i rds . Other 

potent i a l l y  sens i t i ve areas exposed to o i l  sp i l l s  are Jones Creek and 

adj acent pra i ri e  l and near S EAWAY Tank  Farm , s ha l l ow l a kes and  ponds 

on Bryan Mou nd , and nears hore Gu l f waters and s horel i nes . 
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E s t i mates made i n  Sect i on C . 3 . 2 . 5 of  a creages wh i ch mi ght  be destroyed 

by max i mum cred i bl e  o i l s p i l l s  app ly  to the West Co l umb i a  dome s i te 

a l ternat i ve .  W i th max imum s pread i ng ,  a l a rge tan ker s p i l l  cou l d  destroy 

1 680 acres of  wet l ands and a s  much  as  7000 acres of  benthos hab i tat i n  

s ha l l ow coasta l waters . A l arge p i pel i ne sp i l l cou l d  des troy 320 acres 

of wetl ands ( or Pra i r i e )  and 1340 acres of sha l l ow water hab i tat .  The 

mos t  sens i t i ve acres wou l d  probab ly  be the p i pel i ne r i ght-of-way near 

S EAWAY Tank  Farm and the l a kes and ponds on Bryan Mound . 

I n  s ummary , except for the case of  a very l a rge o i l sp i l l  ( or a 

moderately s i zed s p i l l i n  a sens i t i ve area ) , b i o l og i ca l  i mpac ts are not 

expected to be of  reg i ona l  s i gn i fi cance . The expected frequency of 

potent i a l l y  l arge s p i l l s  i s  very sma l l .  

Al ternat i ves 

Use of a mar i ne p i pel i ne and monobuoy wou l d  s ubs tanti a l ly  reduce 

the offs hore and  harbor exposure to o i l s p i l l s  ( by about 60 percent ) .  

Acc i dental Br i ne Re l ease  

The  potenti a l  for bri ne sp i l l s  dur i ng project opera t i on i s  Append i x  E ;  

expected annua l s p i l l  vo l umes by mode of  operat i on and by geograph i ca l  

l ocati on are s ummar i zed i n  Sect i on C . 2 , part i cu l ar ly  Tabl e C . 2- 3 .  I n  

the event of  a bri ne s p i l l ,  the expected movement from var ious  s p i l l  

l ocati ons , the d i l u ti on processes l i ke l y  tc occur ,  and the potent i a l  for 

water qua l i ty degradat i on are descri bed i n  Sec t i ons  C . 3 . 2 . 2  and C . 5 . 2 . 2 .  

Th i s  section  treats some of  the ,s i te s pec i fi c  b i o l og i ca l  effects wh i c h  

can  occur as  a resu l t . 

Raw water s p i l l s  are expected to occur onl y from the p i p i ng system . 

Tota l s p i l l age i s  e st imated to be 7 5  barre l s of  bri ne and 1 1 5  ba rrel s of  

raw water from early s torage opera t i on a nd  843 barre l s of  br i ne a nd  1 853  

barrel s of  raw water from SPR  expans i on fac i l i t i es .  Of  the tota l , 2 1 0 

barre l s of  bri ne and 78 barrel s of  raw water wou l d  s p i l l i n to the Gu l f 

of  Mex i co ,  708 barrel s of  bri ne and 1 890 barrel s of  raw water wou l d 
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sp i l l  onto coasta l  pra i ri e  and mars h l and between Bryan Beach and West 

Col umb i a  dome ( Ta bl e C . 2-3 ) .  The maxi mum cred i bl e sp i l l  event is est imated 

to be 30 , 000 barrel s of bri ne , excl ud i ng poss i bl e  rel ease of up to 

100 , 000 barrel s of bri ne due to hurricane breach i ng of the s torm l evee 

and bri ne reservo i r .  

Frequenc i es o f  s p i l l s  are g i ven i n  Appendi x E .  For bri ne spi l l s ,  

there i s  an 84 percent chance of hav i ng no sp i l l s  dur i ng the proj ect 

l i fetime ; s im i l ar ly there i s  a 69 percent of no raw water spi l l s . 

Because  of the very l ow frequency of expected sp i l l i nc i dents , 

chron ic  pol l u t i on by br i ne shoul d not occur on Wes t Col umbi a  dome or  

Bryan Mound , or  a l ong the  proposed pi pel i ne routes . Potent i a l ly  sens i ti ve 

areas exposed to bri ne sp i l l s  are Jones Creek and adj acent pra i ri e  l and  

near SEAWAY Tan k  Farm cl a s s i fi ed as cri t i ca l  ha b i tat by the  Genera l Land 

Offi ce of Texas ( F i g ure B . 2- 29 ) ,  shal l ow l a kes and ponds on Bryan Mound , 

and  nears hore gu l f  wa ters and shorel i nes . 

E st imates made i n  Secti on C . 3 . 2 . 5 of acreages wh i ch mi ght  be destroyed 

by maximum cred i bl e bri ne sp i l l s  appl y to the Wes t Co l umbi a  dome s i te 

a l ternat i ve .  Impacts of  bri ne depend on mi x i ng and di l ut ion  potenti a l . 

The most sen s i t ive  area s wou l d probab ly  be the p i pel i ne r i g ht-of-way 

near SEAWAY Tan k  Farm and the l a kes and ponds on Bryan Moun d .  

I n  summary , except for the ca se of a very l arge bri ne s p i l l ( or a 

moderatel y  s i zed sp i l l  i n  a sen s i t i ve area ) ,  b i o l og i ca l  impacts are not 

expected to be of reg i ona l  s i gn i fi cance . The expected frequency of 

. poten t i a l l y  l a rge s p i l l s  i s  very smal l .  

Al ternat ives 

Use of a ground water supp ly  system or a deep wel l i nj ecti on sys tem 

wou l d represent an add i t i ona l , rel ati vel y smal l ,  exposure of pra i ri e  

gras s l and and fl u v i a l  wood l and to bri ne sp i l l s . Use of the 1 2 . 5 mi l e  

offs hore di ffu ser wou l d have i mpacts as descri bed i n  Secti on C . 3 . 2 . 5 . 

C . 5 . 2 . 6  Natura l  and Scen i c  Resources 

Normal proj ect operati ons wou l d have fewer impacts on scen i c  and 

natura l resources than construction . After pi pel i ne construct ion  has 
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been compl eted most of  the r i g ht-of-ways wou l d  be a l l owed to return to 

the nat i ve pra i r i e  vegeta t i on , most  of  wh i c h  wou l d  be reestabl i s hed 

dur i ng the next growi ng s ea son . Some areas , i n c l u d i ng the storage s i te ,  

wou l d  be permanet ly  a l tered , however. After construct ion , the no i se , 

dus t ,  fumes and v i brat ions  rel ated to opera t i ons  wou l d be s i gn i fi cant ly  

reduced . A s  at  other s i tes , bu r i a l  of  p i pel i nes wou l d  be  s i g n i fi cantl y 

reduced . Above ground sto rage fac i l i t i es at the s i te wou l d be v i s i bl e  

from severa l res i dences near the town of Wes t Col umb i a  south of  the 

dome . I t  may be pos s i bl e  to screen the fac i l i t i es from v i ew by l and­

sca p i ng . Al thoug h port i ons  of  the p i pel i ne r i g ht-of-way pas s i ng through  

woodl ands wou l d be  ma i nta i ned c l ear  of trees , the route para l l e l s  the 

SEAWAY r i ght-of-way and thus wou l d expand the ex i s t i ng corridor wi dth 

rather than create a new corri dor.  

C . 5 . 2 . 7  Archaeo l og i ca l , H i s to r i ca l  and Cu l tura l Resources 

There wou l d  be no  impact on  achaeo l og i ca l , h i sto r i ca l  or cu l tural 

resources a s  a res u l t of opera t i on of  the s i te .  

C . 5 . 2 . 8  Soc i oeconom i c  Envi ronment 

Land Us e 

The operat i on and ma i ntenance of  the West  Co l umbi a SPR s i te wou l d 

have a modes t impact on  l and use . The 232 a cres encl osed at the s i te 

dur i ng the cons truct i on  phase wou l d be encl osed by a fence , and the 

present use of  the s i te for cattl e graz i ng  wou l d be termi nated for the 

l i fe of  the project .  Of the 699 acres requ i red for construct i on , 479 

acres wou l d be needed for ma i ntenance offs i te and wi th i n  the fence . 

Some of  th i s  l and wou l d be revegetated and returned to present uses . No 

structures co u l d be erected wi th i n  the p i pel i ne  r i g ht-of-way . 

Transportat ion  

The operat i ona l impacts on  transportat ion  wou l d  be  the same as  

those descri bed i n  Secti on C . 4 . 2 . 8 for Al l en dome . 

Popu l at ion  

The  impacts wou l d be  s u bs tanti a l l y  the  same as tho se  for Al l en dome 

( Sect i on  C . 4 . 2 . 8 ) . 
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Hous i ng 

Operat i ona l personnel  w i s h i ng to rel ocate i n  the West Col umb i a  area 

wou l d have d i ffi cu l t i es s i mi l ar to those d i scus sed i n  Sect i o n  C . 4 . 2 . 8 . 

The res u l t may be to del ay or  deter personnel  from l ocati ng near the 

s i te .  

Economy 

The proj ect wou l d empl oy 55  duri ng fi l l i ng and w i thdrawal opera­

t i ons , genera t i ng a month ly  payro l l of about $96 , 000 . Thi s i ncome wou l d 

s t i mu l ate the Wes t Co l umb i a  economy to the extent that l oca l  res i dents 

are empl oyed . Because  fi l l i ng and wi thdrawal wou l d be temporary opera­

t i ons , workers may commute from nearby areas rather than rel ocati ng i n  

West  Col umbi a .  

Duri ng s tandby operat i ons on l y  1 0  emp l oyees wou l d ma i nta i n  the 

s i te ,  hav i ng l i ttl e effect on the l ocal  or  county economy .  The effects 

o n  l ocal  tax revenues are d i s cussed in Sec t i on C . 4 . 2 . 8 . 

Urban Servi ces 

Proj ect operati ons  wou l d pl a ce few demands on u rban servi ces such  

a s  pol i ce ,  f i re ,  heal t h  faci l i t i e s , and  educati onal  i nst i tut i ons  due  to 

the rel at i vel y smal l n umber empl oyed and the nature of the operat i ons . 

The proj ect wou l d s upp ly  i ts own secur i ty and fi re protect i on , us i ng 

l oca l serv i ces on ly  a s  backup  s u pport i n  case of l arge d i saster .  

Al ternat i ves 

The effect on  soc i oeconom i c  cond i t i ons  from wi thdrawi ng ground  

water , i nj ec t i ng br i ne to  deep sa l i ne water bea r i ng s ands , or us i ng a 

mar i ne o i l  term i na l  i n s tead of tan ker docks i n  Freeport Harbor  are the 
# 

same a s  descri bed i n  Sect ion  C . 4 . 2 . 8 for Al l en dome . Impacts from the 

use of the d i ffuser 1 2 . 5 mi l es offs hore of  Bryan Mound i s  descri bed i n  

Sect i on  C . 3 . 2 . 8 . 

C . 5 . 3  Impact  Due to  Terminat ion  and Abandonment 

The impacts due  to termi nat ion  and/or abandonment of the West 

Col umb i a  dome s torage s i te as  an o i l  storage fac i l i ty wou l d be the s ame 

as descri bed i n  Sect i on  C . 3 . 3 .  
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C . 5 . 4 Rel a t i ons h i p  of the Proposed Act i on to Land Use P l ans , Po l i c i es ,  

and  Contro l s 

I t  i s  not anti c i pated that any l and use pl ans  or po l i c i es woul d be 

i n  confl i ct wi th the Wes t  Co l umbi a  SPR fac i l i ty .  For a further d i scuss­

s i on  of the l and use pl ans , po l i c i es , and  contro l s i n  the area , refer to 

Sect ion  C . 3 . 4 .  

C . 5 . 5 Summary of Adverse and Benefi c i a l  Impacts 

Devel opment of the West Co l umbi a sa l t  dome as an o i l  s torage fac i l i ty 

i s  not l i ke ly  to generate s i gn i fi cant reg i onal env i ronmenta l  impacts , 

except for the remote pos s i b i l i ty of a maj or o i l  or bri ne sp i l l  and the 

re l ease  of hydrocarbon vapors during o i l transport . The l ongt ime use of 

the area surround i ng the s i te for o i l  and gas producti on  wou l d tend to 

m i n i mi ze the scope of impacts resu l t i ng from cons truction  act i v i ti es . 

La nd use  i mpacts of  devel op i ng th i s  cand i da te s i te center on the 

amount of  l and req u i red . At the dome , 232 acres wou l d be enc l osed by a 

securi ty fence . W i th i n  th i s  area , approx imate l y  30 acres wou l d be 

req u i red for constructi on  of ons i te fac i l i t i es .  Con struct i on of backup  

brine i nj ect ion wel l s  and  p i pel i nes from West Col umb i a  to Bryan Mound to 

transport o i l , br i n e ,  and raw water woul d d i srupt 282 acres . Th i s  l and 

cou l d  be revegetated and some returned to pri or  uses . Cons truct ion of 

systems common to each  s i te woul d requ i re 1 85 acres for the offs hore 

bri ne d i ffuser p i pel i ne ,  new tan ker docks and p i pel i ne connect ions  to 

Brazos Harbo r .  

Al though l a rge quan t i t i es of  water wou l d  be  requ i red to  l each 

storage caverns , the wi thdrawa l of th i s  water from the Bra zos R i ver 

Di vers ion  Cha nnel wou l d cons ti tute l ess  than one percent of i ts average 

fl ow .  D i s posal  of bri ne i n  the Gu l f  of Mex i co is expected to i ncrease  

sa l i n i ty i n  t he  water near the d i ffusers , b u t  th i s  i ncrease i s  not 

expected to be s i gn i fi cant though there may be some adverse effect on 

mar i ne organ i sms . P i pel i ne cons truction  cou l d  temporari l y  affect the 

water qual i ty of Varner Cree k ,  Bel l Creek ,  and Jones Creek ,  by i ncreas­

i ng turb i d i ty a nd  rel ea se  of  po l l utants from bottom sed iments . Varner 
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Creek and Bel l Creek cou l d  recei ve sed iments from surface runoff and 

ero s i on dur i ng s i te preparati on and constructi on . Doc k constructi on i n  

Freeport Harbor and d i ffuser pi pel i ne constructi on are not expected to 

have s i gn i fi cant  effects on e i ther the ecol ogy of the area or i ts water 

qua l i ty ,  as  the area i s  frequent ly  dredged . 

The reducti on of ava i l abl e wi l dl i fe habi tat i n  the v i c i n i ty of the 

s i te and a l ong the p i pel i ne route to Bryan Mound is the mos t  s i gn i fi cant  

eco l og i ca l  impact associ ated wi th th i s  s i te .  Con struct i on acti v i t i e s  

ons i te wou l d force m i grati on of many s pec i es ,  and reduce t he  amount  of 

foo d ,  cover , and nesti ng area avai l a bl e .  Many smal l i nvertebrates , 

b i rds , and mammal s  wou l d be destroyed . No rare or endangered s pec i es 

have been i denti f i ed a s  ex i s ti ng i n  the area . Ri ver cross i ng s  dur i ng 

p i pel i ne con s tructi on cou l d  affect benth i c  and other aquat i c  organ i sms . 

Fo l l owi ng consturcti o n ,  much of the area wou l d return to i ts prev i ous  

s tate . 

Dur i ng the con s tructi on pha s e ,  i ncreases i n  i ncome and empl oyment 

i n  the Ho us ton area are expected . These i ncreases are not expected , 

however , to prov ide  major st imu l u s  to the economy of the reg i on . Dur i n g  

operati on , t he  expected i ncrease  i n  i ncome i s  expected to  contri bute 

about $1 7 , 000 per month i n  add i ti onal  i ncome duri ng standby s torage and 

$96 , 000 per month dur i ng f i l l and wi thdrawal . Temporary i ncreases i n  

traffi c congestion  i n  the West Col umbi a area are expected . These 

impacts s hou l d be of short durati on . 

The econom i c  benefi ts of the Strateg i c  Petro l eum Reserve are of 

con s i derab l e importance to the reg i onal  economy ,  as the area has a wel l ­

deve l oped petro l eum-petrochem ica l  i ndustry . As surance of a cont i n ued 

o i l  s u ppl y i n  the event of a nat i onal  emergency wou l d prov i de a meas ure 

of secur i ty for that i ndustry . 
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C . 6 DAMON MOUND ALTERNATI V E  S ITE 

Damon Mound  sa l t dome i s  l ocated in wes tern Brazor i a  County 35 

mi l es northwest  of  Freeport ( F i gure A . 6- 1 ) .  

C . 6 . 1 Impact of  S i te Preparat ion  and  Con s tructi on 

C . 6 . 1 Land Features 

Grad i ng and cons truct ion  at the 232-acre Damon Mound s i te wou l d 

d i s turb about 30  acres  for devel opment of  storage wel l s ,  pads , a central 

pump i ng sta t i on , p i pel i nes and access  roads connect i ng  the wel l s  to the 

pumps , o i l  and raw water tan ks , a bri ne pond , transformer banks , and 

power generators . 

P i pel i nes  connect i ng Damon Mound to SEAWAY Tan k Farm for transport 

of  raw water , crude o i l , and bri ne woul d requ i re excavati on of 51 2 , 000 

cy and di s rupt ion  of 397 acres (Tabl e A . 6- 1 ) .  An add i t i ona l  3 acres 

wou l d be requ i red for dri l l  pads for 3 backup  br i ne i nj ect ion  wel l s .  

Construct ion  of  two tan ker docks i n  Freeport Harbor  and the bri ne 

d i sposal  pepel i ne to the Gul f wou l d  create the impacts descri bed i n  

Sect ion C . 3 .  1 .  1 .  

Leach i ng of twel ve s torage cav i t i es at Damon Mound wou l d  i n vo l ve 

removal  of 1 00 MMB of  s a l t by l each i ng and di sposal  of bri ne i n to the 

Gu l f  of  Mex i co .  Th i s  i s  equ i va l ent to 20 . 8 x 1 06cy of sa l t .  Suff i c i ent  

s pace i s  t o  be  l eft between cav i t i e s  to  preserve thei r structura l  i ntegri ty .  

Al ternat i ves 

Feas i bl e  system a l ternat i ves at Damon Mound i nc l ude : ( 1 ) devel opment  

of a wel l f i e l d for raw water supp l y ,  wh i c h  woul d requ i re about 22 acres 

for dri l l  pads , l ocated a l ong the pro posed br i ne  and o i l  p i pel i ne r i g ht­

of-way ; ( 2 )  d i s posa l  of  br i ne  in deep sa l t water beari ng sands , wh i ch 

wou l d requ i re a bout  1 9  acres for dri l l  pads , al so  l ocated a l ong the 

proposed o i l l i ne r i g ht-of-way ; ( 3 )  d i sposa l  of br i ne through  a 1 2 . 5  

m i l e  offs hore p i pel i ne to a d i ffuser i n  the Gul f of Mexi co ; ( 4 )  purchase 

o f  commerc i a l  power , wh i c h  woul d req u i re construction  of a transm i s s i o n  

corri dor t o  t h e  s i te a n d  el i m i nate the need to bu i l d  generators on- s i te ;  

and ( 5 )  u se  o f  SEAWAY o r  Ph i l l i ps Docks by DOE ,  o r  con struct ion  o f  a 

mari ne termi na l  for o i l trans port ( see Secti on C . 3 . 1 . 1 ) .  
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C . 6 . 1 . 2 Water Resources 

S i te preparat ion and con struct ion of proposed fac i l i ti es at Damon 

Mound sa l t dome may impact s evera l water bodi es , i nc l u d i ng : gro und 

water aqu i fers , the Gu l f  of  Mex i co ,  I CW ,  Freeport and Brazos Harbors , 

l a kes and pond s on  Bryan Mound , the Brazos Ri ver Di vers i on Channel , and 

Mound , Varner , Be l l ,  and Jones Creeks . 

Raw Water Wi thdrawa l 

Potent i a l  impacts to the Brazos Di vers ion  Channel a re i denti cal  to 

those descri bed for Al l en dome i n  Section  C . 4 . 1 . 2 .  

Bri ne Di sposa l  

Potent i a l  impacts to  the  Gu l f  of Mex i co are s im i l ar to tho se  

descri bed for Bryan Mound i n  Sect ion C . 3 . 1 . 2 .  

Doc k  Construct ion 

Potent i a l  i mpacts to Freeport Harbor  are i dent i ca l  to those  descri bed 

for Al l en dome in Section  C . 4 . 1 . 2 . 

Con struction  of  Surface Fac i l i ti es at Damon Mound 

The s i te preparat ion and construction  act i v i ty wou l d  i n vol ve very 

l i ttl e earth movement .  Approximate ly  31 , 680 c u b i c  yards of earth wou l d 

be di sp l aced duri ng t h i s proces s .  Natura l  s i te dra i nage i s  toward the 

north down the s l ope of  the mound ; there are no s i gn i fi cant water bod i es 

i n  th i s  area . Standard eng i neering  practi ces such  as  i n terceptor di tches , 

d i kes , and sedimentat ion  ponds  woul d be uti l i zed to prevent any s i gn i fi ­

cant degradat i on of water qual i ty i n  smal l ponds and i n termi ttent s treams 

due to pl ant  s i te runoff . Po l l u tants wh i c h  wou l d degrade the water 

qua l i ty are d i scussed in Section  C . 3 . 1 . 2 . 

Con s truction of O i l , Br ine and Water Supply P ipel i nes 

The proposed water s u pp ly ,  brine d i s posa l , and o i l  p i pe l i nes wou l d 

cross  Varner and Bel l Creeks and severa l i n termi ttent s treams i n  the 

32 . 3-mi l e  segment between the storage s i te and SEAWAY Tank  Farm ( F i gure A . 6- 1 ) . 

Eas t of  SEAWAY Tank  Farm ,  the water su pply and bri ne p i pel i nes wou l d  

cross  Jones Cree k ,  the Brazos Ri ver Di vers i on Channel and Unnamed Lake 

on  Bryan Mound .  Trench  excavation through water bod i es woul d create 

i ncreased turb i d i ty and rel ease so l ub l e su bstances from the su bs trate to 

the water co l umn .  Impacts wou l d be temporary and l oca l i n  extent . 
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There s ho u l d  be no impact on ground water s upp ly  or qua l i ty due to 

p i pe l i ne i n s ta l l a t ion . 

Acc i denta l Bri ne Re l ea se 

Leach i ng of 1 00 MMB of o i l storage capaci ty from Damon Mound sa l t 

dome requ i res transport of sa l i ne water from the Brazos  R i ver D i vers ion  

Channel  a nd  di s posa l  of br i ne to the Gu l f  of  Mex i co .  I n  addi t ion  to the 

impacts prev i o u s l y  descri bed for normal operat ions , a pos s i bl e  bri ne or 

raw water s p i l l co u l d  affect water reso urces in Mound , Varner , Bel l and 

Jones Creeks , Brazo s Ri ver D i vers i on Channel , l a kes and ponds on Bryan 

Mound , the I CW ,  and the Gu l f  of Mex i co .  

The estimated quanti ty of bri ne to be s p i l l ed dur ing l each i ng of 

Damon Mound storage cav i t i es is  50 barrel s i n to Gul f of Mex i co waters 

and 360 barrel s onto l and  and water bod i es between Bryan Beach and Damon 

Mound ( Tab l e C . 2- 3 ) . I n  addi t i on , an estimated 355 barrel s m i g ht  be 

sp i l l ed from the raw water supp ly  system . Maximum cred i b l e  sp i l l s  of up 

to 30 , 000 barrel s of water are con s i dered pos s i bl e ,  tho ugh h i g h ly  un l i ke l y .  

Si nce average br i ne sp i l l vo l umes are estimated to b e  5000 barrel s ,  

the computation  of s uch l ow sp i l l expectat ions refl ects the remote 

chance of any sp i l l  occurri ng . Thus , there i s  a 78 percent change that 

no bri ne wo u l d  be sp i l l ed from a l l p i pel i ne uses ( i nc l udi ng operati on ) 

duri ng the project l i fetime ( see Append i x  E ) . I f  a p i pel i ne rupture 

does occur , re l ease  of 5000 or more barrel s of br ine co u l d s i gn i fi cant ly  

degrade water qua l i ty ,  espec i a l l y  i n  smal l er water bod i es such  as  Varner , 

Bel l or  Jones Creeks , or the l a kes and ponds at Bryan Mound . Quanti t i es 

of water requ i red to d i l u te a maximum cred i bl e  brine  sp i l l  to concentra­

ti ons  near ambi ent are estimated in Sect ion  C . 3 . 2 . 5 . Pri or to achi ev i ng 

th i s mi x i ng , sa l t concentrati ons wou l d be abnorma l l y  el evated . 

A br i ne sp i l l at the s i te or a l ong the d i sposal  pi pel i ne co ul d 

l o cal l y  impact the water qua l i ty i n  the upper un i t  of the Chi cot aq u i fer . 

The bri ne wou l d tend to m i gra te downward wi th i n  the formati on and downdi p 

a l ong the format i on due to den s i ty di fferences . A mass i ve sp i l l ,  a l tho ugh  

h i g h ly  un l i kel y ,  co u l d po s s i bl y  impact the  qual i ty of  mun i c i pa l  water 

suppl i es pumped from aqu i fers in the town of Damon Mound or the general 
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Bra zo s port area by ca u s i ng i ncreased sa l i n i ti es i n  those aqu i fers . As 

l oca l  recharge of near-surface aqu i fers has been found to be mi n i ma l , 
potent i a l  s eepage from the l i ned br i ne p i t  or  m in ima l  pi pel i ne s pi l l s  

are l i ke ly  to have neg l i g i bl e  impact on water qua l i ty .  

The l ocat ion  of pro posed S P R  oi l s to rage fac i l i t i es o n  the el evated 

s urface of Damon Mound prec l u des any dangers of pos s i bl e  fl ood i nduced 

br i ne s p i l l s  at the s i te .  

Al ternat i ve  Fac i l i t i es 

Wi thdrawa l of  ground  water for raw water su pply i s  poten t i a l ly  

fea s i b l e b ut  i t  has  the  same potent i a l  for l oweri ng the  p i ezometri c 

head , sa l i ne water i n trus ion , and l and s u bs i dence as  descri bed for Bryan 

Mound ( Sect ion  C . 3 . 1 . 2 ) .  Land s u bs i dence i s  a parti cu l ar ly  troubl esome 

res u l t of presen t  ground  water pumping  in Bra zor i a  County .  

Br i ne d i s posa l  to sa l t water beari ng sands at  Damon Mound has the 

same potent i a l  for adverse impacts as  at  Bryan Mound and Al l en dome . I t  

i s  expected tha t  proper i nj ect ion methods wou l d avo i d  any adverse i mpacts 

to water or mi neral resources in the area . Use of the 1 2 . 5  mi l e  d i ffu ser 

wou l d  have i mpacts as  descri bed in Sect i on  C . 3 . 1 . 2 .  

Impacts associ a ted wi th con s truct ion  of a l ternati ve o i l  d i s tri but ion  

fac i l i ti es are  descri bed i n  Secti on C . 3 . 1 . 2 . 

C . 6 . 1 . 3 Ai r Qua l i ty 

Ai r qual i ty impacts res u l t i ng from the deve l o pment  of the proposed 

and  a l ternat i ve Damon Mound fac i l i t i es dur ing  s i te preparat ion  and 

cons truction  wou l d be s i m i l ar to those  for the Al l en dome a l ternat i ve , 

wh i ch were d i scussed i n  Section  C . 4 . 1 . 3 . I t  wa s conc l uded that the 

emi s s ions  duri ng s i te preparat i on and construct i on wou l d  be short- term 

and  confi ned to a rel ati vel y smal l area , and that a i r  qual i ty impacts 

wou l d be m i nor .  

Add i ti ona l emi s s i ons from the  constructi on of  an  8500 bb l  fuel tan k  

for u s e  i n  ons i te power generat ion  woul d have n o  s i gn i fi cant impact upon 

a i r  qual i ty ,  except for s hort-term concentra t i ons of pa i nt  so l vents . 

C . 6 . 1 . 4 No i se 

S im i l ar fac i l i t i es to those  at  Al l en dome or  Wes t Co l umbi a dome are 

p l anned for Damon Mound . The major d i fference i s  that ons i te power gen-
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erat i on i s  the primary a l terna t i ve for power at the Damon Mound s i te .  

Th i s wou l d not change the type of  equ i pment used for fac i l i ty construct i on , 

as  out l i ned i n  Secti on C . 3 . 1 . 4 ,  but cou l d probab ly  i ncrease  the durati on  

of  construct ion  acti v i ty .  

The  zones of impact coul d be s i mi l ar to those  d i scussed for the 

Al l en dome s i te .  Ta bl e C . 6- 1  presents impact zone radi i for the d i fferent 

areas devel oped under the SPR program for Damon Moun d .  Approximate ly  57 

res i dences i n  Damon may be exposed to s i gn i fi cantl y i ncreased no i se 

l evel s duri ng constructi on . F i g ure C . 6- 1  presents the no i se i mpact 

contours at Damon Mo und . 

Al ternati ves 

Con s tructi on  of a raw water or bri ne d i s posa l  wel l fi el d a l ong the 

proposed p i pel i ne ro ute wou l d contri bute no i se l evel s of a magn i tude 

s i mi l ar to the ons i te dri l l i ng acti v i t i es .  The zone of no i se impact 

wo u l d thus be extended further to the so uthwest in a sparse ly  popul ated 

area of coasta l  pra i r i e .  Cons truct ion of  a mar i ne term ina l  or bri ne 

d i ffuser system wou l d have a meas urabl e effect on ons hore no i se l evel s .  

C . 6 . 1 . 5  Ecosystems and Spec i es 

S i te preparat ion and constructi on  of the proposed faci l i t i es for 

Damon Mound wou l d  effect both terrestri a l  and aquat i c resources i n  the 

area . Terrestr i a l  ha b i tats poten t i a l l y  affected i nc l ude coastal  pra i ri e  

gra s s l and and fl u i va l  woodl ands (Tabl e B . 6- 1 ) . Aquati c  ha b i tats i nc l ude 

Varner Creek , Bel l Cree k ,  Jones Cree k ,  Brazos Ri ver Di vers i o n  Channel , 

I CW ,  severa l l a kes and ponds at  Bryan Mound , Freeport and Brazos Harbors 

and the nea r s hore Gu l f of Mex i co .  

I n  the fo l l owi ng su bsecti ons , poten t i a l  impacts to b i o l og i ca l  

reso urces are treated accord i ng to  spec i fi c  aspects of faci l i ty devel op­

ment .  

Raw Water Wi thdrawal 

Impacts of  raw water wi thdrawa l from the Brazos  Ri ver Di vers i o n  

Channel  woul d b e  i denti ca l  to those  d i scus sed for the Al l en dome s i te 

a l ternat ive  ( Sect ion  C . 4 . 1 . 5 ) . 

C . 6-5  



TABLE  C . 6- 1  

Area 

Damon t�ound  S i te 

P i pel i ne Routes 

Freeport Harbor 
Brazos Harbor 

Summary of Cons truct i on No i se  Impact- Damon r·lound S i te 
cand i date SPR  s tora0e s i te ( al te rnati ve s i te ) 

Acti v i ty 

Dri l l i ng new shafts 
Constructi on of s upport 

fac i 1 i t i e s  

Lay i ng of  p i pe 
Acces s road cons truc t i on 

Construct ion  of DOE docks 

Impact Zone Rad i u s (feet ) a 

4500 

2000 

1 800  
1 400  

2 200  

a Th i s  i s  t h e  d i stance wi thi n wh i ch s ound  l eve l s  a re ra i sed at l ea st  3 dB  

by acti v i ty desc ri bed . A basel i ne amb i ent  day/ n i g h t  s o und l evel  of 

54 dB  i s  a s s umed for the ca l c u l a t i ons . 
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B r i ne Di sposa l  

The proposed br i ne d i ffu ser 5 . 8 mi l e s offshore Bryan Mound wou l d 

have impacts on the eco systems and spec i es i n  the v i c i n i ty as  descri bed 

in Sect i on C . 3 . 1 . 5 . 

Doc k  Constructi on  

Impacts are con s i dered m inor .  They are i den t i ca l  to those d i s cus sed 

for the proposed Bryan Mound s i te ( Sect ion  C . 3 . 1 . 5 ) .  

Co nstruction  of Surface Fac i l i t i es at Damon Mound 

New fac i l i ti es to be constructed at Damon Mound wh i ch i n vol ve 

potenti a l  impacts to the s i te eco l ogy i nc l ude the cons truct i on of 1 0  to 

1 2  ca vern wel l s , connecti ng pi pel i nes , pump ho use , control bu i l d i ng ,  

br i ne settl i ng pond , three brine  di sposal  wel l s  a l ong the pi pel i ne 

r i ght-of-way to the west ,  a transformer area , and a 34 , 000 k i l owatt gas 

turbi ne power pl ant .  

The  Damon Mound s i te i s  s i tuated on  an approximatel y 232  acre tract 

of  coa sta l  pra i ri e .  Construction  at  the s i te wou l d impact about  30 

acres of coasta l  pra i r i e  habi tat wh i ch i s  used for gra z i ng catt l e .  The 

c l eari ng of th i s  l and wou l d reduce primary producti v i ty an est imated 

3 . 03 x 1 08 Kcal /year ( or  54 , 000 po unds of carbon annua l l y ) . Permanent 

l os s  of th i s  ha b i tat  wou l d res u l t in the l o ss  of foo d ,  cover , nest i ng 

and breed i ng area s for the res i dent i nd i genous wi l d l i fe .  Fen c i ng i n  of 

t he s i te wou l d  restr i c t  use of the area to smal l a n ima l s such as  rabb i ts , 

rodents , and b i rds . Some of  the adj acent l ands may be made temporari ly  

uns u i tab l e for certa i n  wi l d l i fe spec i es duri ng con structi on because  of 

the no i se and acti v i ty at the s i te .  The l o s s  of th i s  ha bi tat i s  not 

s i gn i fi cant when compared to the total acreage of s i mi l ar coasta l  pra i ri e  

ha b i ta t  i n  Bra zor i a  County ,  mo st  of  whi ch  i s  s u i tab l e a s  w i l dl i fe habi ta t .  

I nd i rect effects of mi grati on to these areas and i ncreased road k i l l s  

wou l d res u l t i n  addi ti ona l an imal  l os ses . 

There are no known s i gni fi cant breed i ng or  nesti ng s i tes on Damon 

Mound . No threatened or  endangered , or otherwi se  un i que spec i es are 

known to occur at  the s i te .  The southern ba l d  eag l e ,  the per i gr i ne 

fa l con , pra i ri e  c h i c ken and the Ho uston toad are the on ly  threatened or  
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endangered s pec i es wh i c h are con s i dered to i n hab i t  the project area . 

The southern ba l d  eag l e  i s  known to nest i n  Brazor i a  County but i t  i s  

not l i ke ly to be res i dent at the s i te because of the l ack  of s u i tab l e 

hab i tat due to area devel opmen t and human acti v i ty .  Because  of  i ts wide  

terres tr i a l  range the peregr ine  fa l con may a l so be  encountered from t ime 

to t ime i n  the reg i on but th i s s pec i es prefers more i so l ated areas than 

that found at  Damon Mound .  The Attwater ' s  greater pra i r i e  ch i c ken 

prefers open pra i r i e  l a nds w i th patches of weeds and bare ground s urrounded 

by ta l l  ( 1  to 3 feet ) gra s ses to prov i de adequate roo st i ng  and nes t i ng 

cover . Al though co l on i es of th i s  spec i es have been observed i n  Brazori a 

Co unty ,  the presen t devel opmen t and act i v i ty at the s i te wou l d  precl ude 

the s i te from be i ng prime hab i tat for the pra i r i e  c h i c ken . The Houston 

toad i s  c l ose ly  associ ated wi th l o b l o l l y  p i n e  trees ( Offi ce of Endangered 

Spec i es and I nternati onal  Act i v i t i es ,  1 973 ) wh i ch do not occur at the 

s i te .  Therefore , the occurrence of  th i s  toad at the s i te i s  un l i kel y .  

Sma l l popu l at ions  of i n vertebrates , mammal s and b i rds that res i de 

at  the s i te may be forced to m i grate to other areas outs i de of the s i te 

when construct ion  act i v i t i es are ta k i n g  pl ace . These an ima l s may 

experi ence some d i ffi cu l ty i n  l ocati ng su i tabl e repl acement hab i ta t ,  but 

because  of  the l arge amount  of coastal  pra i ri e  ava i l abl e adj acent to 

Damon Mound , the potent i a l  for rel ocat i on i s  good . 

The impact of construct i on on  the aquati c  ha b i ta t  at Damon Mound 

wou l d be sma l l s i nce the amount of th i s  ha b i tat i s  not very extens i ve at 

the  s i te and a l so s i nce c l ea r i ng and excavation  wou l d be res tri cted to a 

sma l l area . The aquati c  b i ota co u l d exper i ence decreased producti v i ty 

i f  there i s  s uffi c i ent  prec i p i tat i on to carry s i l t  to Mound Creek by way 

of  the sma l l i n term i ttent streams at  the s i te .  These impacts , i f  they 

occur , s ho u l d be of  s hort durat ion  and mi nor i n  nature . Al though  e i ght  

s pec i es of  fi s h  are l i sted as  threatened or endangered s pec i es ( Texas 

Parks and Wi l d l i fe Departmen t ,  1 97 6 ;  u . S .  F i s h  and W i l dl i fe Department ,  

1 97 6 )  none o f  these spec i es are known to i n ha b i t the fres hwater bod i es 

near the s i te .  
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Con struct ion  of  P i pel i nes  

A tota l of 397  acres of  l and wou l d be  requ i red for constructi on of 

the proposed raw water , bri ne , and o i l  p i pe l i nes between Damon Mound and 

the SEAWAY Tank  Farm .  Of th i s  tota l , 2 1 0 acres are pra i ri e  gra s s l and  

and 1 82 acres are fl u v i a l  wood l and (Tabl e A . 6 - 1 ) .  P i pel i ne construct i o n  

between SEAWAY Tan k  Farm a n d  Bryan Mound wou l d  requ i re cons tructi ng 

p i pel i nes a l ong an a l ready d i s tu rbed ri ght-of-way . The ent i re p i pel i n e  

route , except the s hort spur  l ead i ng  to Damon Mound , fo l l ows exi st i n g  

p i pel i ne corr i dors . Between Bryan Mound and SEAWAY Tan k Farm , the 

p i pel i nes wou l d  be l a i d  adjacent to the early storage pha se o i l  l i ne ; 

between SEAWAY Tan k  Farm and Damon Mound , the p i pel i ne wou l d be l a i d  

adjacent to the ex i st i ng SEAWAY P i pel i ne corr ido r .  

Except for the i ncrea sed l ength o f  p i pel i ne r i g htofway , con s truct ion  

impacts s ho u l d  be  ba s i ca l l y  the  same a s  those  descri bed for West Co l umbi a  

dome i n  Secti on C . 5 . 1 . 5 . Except i n  woodl and areas , mo st  i mpacts on 

wi l dl i fe ha b i tat wou l d be temporary .  

N o  known threatened or  endangered spec i es are dependent o n  the 

immed i ate area of the Damon Mound p i pel i ne route .  

Acc i denta l Br i ne Re l ease  

Expected quanti t i es of  br i ne and raw water s p i l l ed duri ng cavern 

l each i ng are 41 0 and 355 barrel s ,  res pect i vel y (Tab l e C . 2� 3 ) . Impacts 

from such  quanti ti es wou l d  be of on ly  l ocal  i mportance to terrestri a l  or 

aquati c b i ota . However , s ho u l d a p i pel i ne s p i l l  occur ,  the average s i ze 

i s  expected to be 5000 barrel s ,  wi th maximum cred i bl e  sp i l l s  of up to 

30 , 000 barrel s ,  such  s p i l l s  co u l d have con s i derab l e adverse i mpact . 

As descri bed for the West Co l umb ia  s i te a l ternati ve ( Sect ion  C . 5 . 1 . 5 ) ,  

br i ne sp i l l s  are most ly  l i ke ly  to occur from the onshore sect i o n  of the 

p i pel i ne system . Sp i l l s  wou l d have s i gn i f i cant  impact , l oca l l y ,  on 

sma l l area s of terres tr i a l  habi tat or ,  downstream , by rel ease i nto a 

waterway crossed by the p i pel i ne .  I n  the Gu l f ,  even a max imum cred i b l e  

s p i l l s hou l d  on ly  affect organ i sms over a few acres of substrate and 

water co l umn ; reco l on i za t i on wou l d beg i n  a l most  immed i ately .  
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Al ternat i ves 

Construct i on of  a ground water wel l  fi el d on a br i ne i nj ecti on 

fi el d a l ong the proposed p i pel i ne corridor wou l d  el imi nate the need for 

mu l t i p l e  p i pel i nes to Bryan Mound but wou l d  not great ly  reduce the 

amount of r i g htofway wh i c h  must be cl ea red . I t  i s  es t imated that a wel l 

s upp ly  fi el d wou l d  requ i re 1 0  wel l s  and about 22 acres of l an d .  S im i l ar ly  

a br i ne  i nj ect ion  f i el d wou l d requ i re 1 9  acres and  1 9  wel l pad s .  U s e  o f  

the 1 2 . 5  d i ffus er wou l d have i mpacts as  descri bed i n  Secti on C . 3 . 1 . 5 . 

Effects of construct i ng a l ternate o i l  transportat i on  fac i l i t i es 

wou l d be i dent i ca l  to tho se  descri bed for Bryan �'10und i n  Secti on  C . 3 . 1 . 5 . 

C . 6 . 1 . 6 Natura l  and Scen i c  Resources 

S i te preparati on and con struct ion  acti v i t i es at Damon Mound wou l d 

have an adverse impact on surround i ng natura l  and scen i c  resources . 

Some areas of the town of  Damon wou l d be l ocated wi th i n  v i ew of the 

ons i te con structi on act i v i t i es and the proposed p i pel i ne route . Many of 

the  negati ve aesthet i c  impacts wh i c h  resu l t from no i se ,  vi brati on , and 

dust wou l d  be temporary in na ture and wou l d  occur  over a l i m i ted area . 

No major  recreat i ona l fac i l i t i es wou l d be affected . 

Al ternati ve br i ne d i s posa l , raw water s upp l y ,  and o i l  transport 

systems wou l d  have m i n i ma l  add i t i onal  i mpact on scen i c  and natura l  

resources . 

C . 6 . 1 . 7  Archaeo l og i ca l  and H i stor i ca l  and Cul tura l Resources 

A compari son of the  l ocat ion  of s i tes l i sted on the Nat i ona l  Reg i ster 

of H i s tor ic  P l aces and those s i tes i dent i fi ed by the H i s to r i c  Preservat ion  

offi ce for Texas and  the  l ocat i on of the SPR  fac i l i t i es ha s been made . 

Based on th i s  compari son , there are no known s i tes of h i stor i c  s i gn i f i cance 

that wou l d  be affected . Sect ion  2 ( a )  of Execut i ve Order 1 1 593 , " P rotect i on 

and Enhancement of the Env i ronmen t "  ( t�ay 1 3 ,  1 97 1 ) wou l d be comp l i ed 

w i th as  deta i l ed i n  Section  C . 3 . 1 . 7 . 

C . 6 . 1 . 8 Soc i oeconom i c Env i ronment 

Land U se  

Land u se  i mpacts resu l t i ng from the devel opment of the Damon Mound 

SPR s i te depend on the amount of l and converted from ex i st i ng uses to 
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u s es a s soc i a ted w i th u nderground  crude o i l  storage .  At the s i te ,  approxi ­

mate l y  2 3 2  acres of l and wou l d be encl osed by a n i ne foot  fence for 

s ecuri ty purposes ( s ee Tabl e A . 6- 1 ) .  Wi th i n  th i s  area , approx imate ly  30 

a cres wou l d be requ i red for the con struct ion  of ons i te roads , the p l ant  

area , and dri l l  pads . As  the  s i te i s  above the  fl oodp l a i n ,  fi l l  wo u l d  

not be requ i red to e l evate the structures for fl ood protec t i on . Devel op­

ment wou l d  ta ke p l ace in the northwestern port ion  of the dome , thereby 

p l ac i ng the storage fac i l i ty approximatel y  3/4-mi l e  from the town of 

Damo n .  The l a nd overl y i ng the storage s i te i s  presentl y used for cattl e 

graz i ng .  As the s i te wou l d  be enc l osed , th i s  use  wou l d  termi nate duri ng 

the cons truct ion  phase of the projec t .  

The con struct ion  of  paral l el o i l , bri ne , and raw water p i pel i nes 

wou l d d i sturb an add i t i onal  397 acres duri ng the constructi on  phas e ,  a l l 

of wh i c h wou l d be wi t h i n the l Oa-foot ri g ht-of-way requ i red for construc­

t i o n .  The DOE r i g ht-of-way wou l d paral l el the SEAWAY P i pel i ne and d i s ­

rupti on  o f  exi st i ng l and u ses i s  expected to be m i n i ma l . Cons truct ion  

of  the  bri ne d i ffuser to  the Gu l f  of Mex i co wou l d temporari l y  di sturb 

1 63 acres , 2 1  acres of wh i c h  wou l d  be offs hore . 

Con struct ion  of  fac i l i ti es requ i red at  Freeport Harbor , on Bryan 

Mou n d ,  a nd p i pel i nes connecti ng these fac i l i ti es wi th the SEAWAY Tan k  

Farm are treated i n  Secti on  C . 4 . 1 .  1 .  

I f  raw water s u pp l y  or  br i ne di sposal  i s  accompl i s hed through  the 

u s e  of  wel l s ,  an  add i t i onal  1 9  to 22 acres of  l and may be requ i red for 

dri  1 1  pads . 

Purchase of  commerc i a l  power wou l d  requ i re a l a-mi l e  transmi s s i on 

corri dor to the s i te and el im i nati on  of s i te impacts due to con struct ion  

genera tors . 

Impacts of construct ion  of a l ternate o i l  transport fac i l i t i es are 

the same as  those  d i scus sed for devel opment of Bryan Mound ( Secti on  

C . 3 . 1 . 8 ) .  

Transporta t i on 

Mos t of the persons empl oyed duri ng the proj ect are expected to 

commute to the area from the urban centers i n  the reg i on . Th i s commut i ng  

traffi c ,  a l o ng wi th truc ks transporti ng materi a l s ,  wou l d have  a very 
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s i gn i fi cant impact on traffi c vol umes on Route 36 and wi th i n  the town of 

Damon . Ex i s t i ng traffi c vol umes on Route 36 near Damon average 2570 

veh i c l es per day . Mos t  of the proj ect rel ated traffi c wou l d occur 

duri ng dayti me hours and some of th i s  traffi c wou l d occur a l ong the 

p i pel i ne route wh i ch para l l el s  Route 36 to Freeport . At pea k constructi on ,  

a l most  600 empl oyees wou l d be commuti ng to these areas each day ( Tabl e 

C . 6- 2 ) .  I f  ha l f  of the empl oyees commuted to the Damon Mound s i te ,  at 

l ea s t  a 1 0  percen t i ncrease  in traffi c on Route 36 in the area wou l d  

resu l t .  

Con structi on of the a l ternat i ve br ine d i sposal  and water supp ly  

systems wou l d have  l i ttl e effect on the  traffi c rel ated to proj ect 

cons truct ion . 

Popu l a t i on and Hous i ng 

As mos t  of the project empl oyees wou l d commute from the l arger 

urban areas in the reg i o n ,  there shoul d be l i ttl e i ncrease  i n  permanent 

popu l ation , and demand for l ocal ho u s i ng  shou l d  not occur .  The l imi ted 

s tock  of hous i n g  ava i l a bl e i n  Damon woul d a l so d i scourage workers from 

rel ocati ng i n  the v i c i n i ty of the proj ect s i te .  

Adoption  o f  any of the a l ternat i ve systems wou l d not s i gnfi cantly 

change the effect on l ocal  ho us i n g .  

Economy 

Cons truction  at Damon Mound cou l d s i gn i ficant ly  impact constructi on  

empl oyment i n  the reg i o n .  Pea k empl oyment wou l d b e  592 empl oyees i n  the 

second month of  cons truct ion . By the seventh month , emp l oyment wou l d  

dec l i ne to a bout  1 32 and by the twenti eth month on ly  55 workers wou l d 

rema i n  at the s i te ( s ee Tabl e C . 6- 2 ) .  The tota l wages for the construct i on 

peri od are estimated to be a bout  $9 . 8 mi l l i on .  Th i s  wou l d prov ide an 

economi c s t imu l us to the reg i on .  Purcha ses of goods and s uppl i es from 

reg i onal  i ndustr i es wou l d further stimu l ate the economy .  The l ocal  

economy of Damon wou l d  a l so be stimul ated by an i ncreased market for 

serv i ces s uch  a s  food and gas . The empl oyment and rel ated i ncome wou l d 

decl i ne as  cons truction  activi t i es s l ow and fi na l l y  cea se after 4 years . 

The water i nj ecti on and brine d i s posal  a l ternati ves wou l d requ i re 

the same or  s l i ghtl y l es s  manpower ,  therefore decrea s i ng the i ncome 
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TABLE  C . 6-2 E st imated constru ct i on emp l oyment and wages by month -
Damon Mound ( 1 00 MMB ) candi date SPR  s torage s i te ( a l ternat ive s i te ) 

Number Month l y  
Month Empl oyed Wages 

0 - 1  1 70 $ 297 , 500 

1 -2 592 1 , 036 , 000 

2-3  528 924 , 000 

3-4  499 873 , 250 

4-5  41 4 724 , 500 

5 -6  349 6 1 0 , 7 50 

6-7  1 32 23 1  , 000  

7-8  1 32 23 1  , 000 

8-9  1 32 23 1  , 000 

9- 1 0  1 32 2 3 1  , 000 

1 0- 1 1 1 32 23 1  , 000  

1 1 - 1 2  1 09 1 90 , 7 50  

1 2- 1 3  1 09 1 90 , 7 50  

1 3- 1 4  1 09 1 90 , 7 50  

1 4- 1 5 1 09 1 90 , 7 5 0  

1 5- 1 6  1 09 1 90 , 7 50  

1 6- 1 7  1 09 1 90 , 750  

1 7 - 1 8  1 09 1 90 , 7 50 

1 9-46 55 96 , 250  

Tota l Construct ion  $ 9 , 786 , 000 
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generated . The impacts woul d ,  however , be s imi l ar i n  magn i tude to tho se  

of the  proposed fac i l i t i es .  

Government 

The impact on government serv i ces woul d be the s ame as  those expected 

for the other s i tes as d i scussed i n  Secti on C . 4 . 1 . 8 . 

Adoption  of  the a l ternati ve water supp ly  and bri ne d i s posa l  systems 

woul d decrease the project  empl oyment s l i g htl y ,  and therefore , the need 

for government serv i ces  such  as  pol i ce and fi re woul d be reduced . 

C . 6 . 2  Impacts from Operat i on and Standby Storage 

Devel opment of 1 00 MMB of o i l  s torage capac i ty at Damon Mound wou l d  

prov i de a tota l capac i ty of 1 63 MMB for the Seaway Group of SPR s i tes . 

O i l amounts wou l d be s i m i l ar to tho se  descr i bed for Al l en dome ( Sect i on 

C . 4 . 2 ) .  Pr i nc i pa l  impacts of  operations  are expected to res u l t from 

poss i bl e  l a rge o i l or bri ne s p i l l s  and from hydrocarbon emi s s i on s  near 

the Gu l f  of Mex i co .  Impacts from Bryan Mound  early storage devel opment 

are i nc l uded where appropr i ate to i nd i cate cumu l ati ve env i ronmenta l  

effects . 

C . 6 . 2 . 1 La nd Features  

Effects of operati on and  s tandby storage on l and features are 

expected to be m i n ima l . The remote po ss i b i l i ty of cavern col l apse i s  

d i scus sed i n  Sect ion C . 2 .  1 .  1 .  There i s  no recogn i zabl e danger due to 

se i smi c events . So i l s  woul d sta b i l i ze as soon as they are revegetated 

fol l ow i ng construct ion . 

Operat ion of a l ternati ve fac i l i ti es wou l d not affect l and features . 

C . 6 . 2 . 2  Water Resources 

Impacts to water resources as a res u l t of operat i ng  o i l  storage 

faci l i ti es at Damon Mound wou l d resu l t from withdrawal of water for o i l 

d i spl acement ,  d i sc harge of br i ne dur i ng  o i l fi l l ,  ma i nta i nance dredg i ng 

at dock s i tes , and pos s i bl e  o i l  or bri ne s p i l l s . 

Raw Water W i thdrawa l 

Impacts a s soc i ated wi th draw ing  water from the Brazos  R i ver D i vers i on 

C hannel  for o i l  d i sp l acement wou l d  be identi ca l  to those descri bed for 

Al l en dome i n  Sect ion C . 4 . 2 . 2 .  
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------------------- - -

Bri ne Di sposal  

Impacts associ ated wi th d i scharg i ng bri ne to  the  Gul f of Mex i co and  

uti l i z i ng a backup  3-wel l bri ne i n jection  system southeast  of Damon 

Mound woul d be s i m i l ar to those  descr i bed for Bryan Mound i n  Secti o n  

C . 3 . 2 . 2 . 

Ma i ntenance Dredgi ng 

Potenti a l  impacts due to mai ntenance dredg i ng at the FEA doc k  s i te 

woul d be i dent i ca l  to tho se for Bryan Mound SPR expans i on ( S ecti on 

C . 3 . 2 . 2 ) and Al l en dome ( Secti on C . 4 . 2 . 2 ) .  

O i l Spi l l s  

Dur i ng proj ect operati on , o i l sp i l l s  coul d occur i n  the Gul f of 

Mex i co ,  i n  the Ol d Brazos Ri ver , from pi pel i nes  connecti ng the s torage 

s i te w i th the former docks and wi th SEAWAY Tan k Farm , from the wel l 

heads at Damon Mound ( Re l eases from the underground s torage caverns are 

not quanti fi ed ,  see Append i x  E ) . A thorough descri pti on of pos s i bl e  

modes of s p i l l s ,  methodo l ogy of s p i l l  cal cu l at ion , and quant i f i cat ion of 

expected s p i l l  vol umes and freq uenc i es ,  di s posal  character i s ti cs , and 

s p i l l preventi on and control measures i s  prov i ded i n  Append i x E. A 

s ummary of o i l s p i l l  expectati ons i s  g i ven i n  Section  4 . 2 and i n  Tabl es 

C . 2- 1  and C . 2-2 .  Pos s i bl e effects on water resources are descri bed i n  

th i s  secti on . 

Pred i ctabl e movements of sp i l l s  occurr i ng ea st  of SEAWAY Tan k  Farm 

are i dent i ca l  to those for Bryan t�ound ( see Secti on C . 3 . 2 . 2 ) .  

Sp i l l s  from the Damon Mound storage faci l i ti es not centered on s i te 

woul d fl ow northward down s l ope to l evel  ground .  No s i gn i fi cant water 

bodi es are l ocated i n  th i s  area or on the dome . Sp i l l s  from the p i pel i ne 

j ust  south of the dome woul d fl ow through  i ntermi ttent s tream beds 

toward Mound Cree k ,  wh i ch dra i n s  to the San Bernard R iver .  Further 

south , p i pe l i ne s p i l l s  woul d enter Varner Creek whi c h dra i n s  to the 

Brazos Ri ver ; st i l l  further south , o i l  or bri ne wou l d  enter Bel l Creek 

whi ch fl ows to the San Bernard . Between the Bel l Creek waters hed d i v i de 

and a State penal  farm , the dra i nage i s  general l y  i n to the San Bernard 

Ri ver through  a number of i ntermi ttent dra i nageways . To the east of the 
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pena l  farms , the dra i nage' i s  i nto the Brazos R i ver south of  a Dow Chemi ca l  

p l ant , or  i n to the Jones Creek waters hed wh i ch fl ows through  mars h l and  

to  the I CW n ear the  Gul f of Mex i co .  

O i l s p i l l s  are most l i ke ly  to reach the Gul f o f  Mex i co a s  a res u l t 

of a d i rect rel ea se  from o i l  tan kers i n  the Gul f .  

Quant i t i es o f  o i l  expected to be rel eased from the early storage 

fac i l i t i es at Bryan Mound and from SPR expan s i on fac i l i t i es at Damon 

Mound are l i sted by source and l ocat i on i n  Tabl es C . 2- 1  and C . 2- 2 .  

Total  o i l s p i l l age  for f ive  fi l l /wi thdrawa l cycl e i s  proj ected to be 

1 930  barrel s for the ea rl y storage fac i l i ty and an add i t i ona l  3949 

barrel s for the Damon Mound fac i l i t i es .  Of the tota l , 73 percent i s  

proj ected to occur duri ng fi l l  operati ons , 23 percent duri ng wi thdrawa l , 

and 4 percent duri ng s tandby storages . The d i str i but i on of s p i l l s  i s  

proj ected to be 2746 ba rrel s ( 47 percent ) i n  the Gul f of Mex i co ( pr i n ­

c i pal l y  a t  the VLCC - tan ker transfer operat ions ) ,  1 467  barrel s ( 2 5 

percent )  at  the tan ker docks , 1 237  ba rrel s ( 21 percent ) at Damon Mound , 

Bryan Mound , and SEAWAY Termi na l s ,  and 428 ba rrel s from the connect i ng 

p i pel i ne .  The max imum cred i bl e  sp i l l  vol umes are estimated to be 

6 0 , 000 ba rrel s res u l t i ng from a tan ker co l l i s i on ,  1 0 , 000 barrel s from a 

p i pel i ne rupture , 5000 barrel s from storage termi na l s ,  and 500 barrel s 

from tran sfer operati ons . 

Weatheri ng proces ses and d i s persal  character i st i cs of o i l are g i ven 

i n  Sect ion  C . 3 . 2 . 2 . Impacts expected to res u l t from o i l  s p i l l s  from 

Damon Mound fac i l i ti es are ba s i ca l l y  the same as descri bed i n  Secti on 

C . 5 . 2 . 2 for West  Co l umb i a .  Few bod i es o f  water are cros sed by the 

proj ect north of SEAWAY Tan k  Farm and , thu s , impacts are expected to be 

l oca l i zed from s p i l l s  i n  th i s  area . 

Br i ne  Spi l l s  

Duri ng proj ect operati on , bri ne sp i l l s  cou l d occur from the bri ne 

d i sposa l  p i pe l i ne and from the bri ne reservo i r .  Sal i ne water cou l d be 

sp i l l ed from the raw water supp ly  l i ne and from the br i ne d i s posa l  l i ne 

( dur ing  standby storage ) .  A thorough  descri ption  of  pos s i b l e  modes of  

s p i l l s ,  methodol ogy of s p i l l  ca l cu l at ion , and  quant i fi cat ion of expected 
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s p i l l  vo l umes and frequen c i e s , d i s posal  character i st i cs , and s p i l l  

prevent ion  and contro l  measures i s  provi ded i n  Append i x  E .  A s ummary of 

br i ne s p i l l  expectat i on s  i s  g i ven i n  Sect ion  C . 2  and i n  Tabl e C . 2- 3 .  

Pos s i bl e  effects o n  water resources are descr i bed i n  th i s  secti on . 

Sp i l l s  from the Damon Mound storage fac i l i t i es not centered on s i te 

woul d fl ow northward down s l ope to l evel ground . No s i gni fi cant water 

bod i es are l ocated i n  th i s  area or on the dome . Sp i l l s  from the p i pel i ne 

j ust  south of  the dome woul d fl ow through  i ntermi ttent stream beds 

toward Mound Cree k ,  wh i ch dra i n s  to the San Bernard R i ver .  Further 

south , p i pel i ne sp i l l s  woul d enter Varner Creek wh i ch dra i ns to the 

Brazos R i ver ; s ti l l  further so uth , bri ne woul d enter Bel l Creek wh i ch 

fl ows to the San Bernard . Between the Bel l Creek waters hed d i v i de and  a 

State pena l  farm , the dra i nage i s  genera l l y  i n to the San Bernard Ri ver 

through a number of i ntermi ttent dra i nageways . To the east of  the pena l  

farms , the dra i nage i s  i nto the Brazos R i ver south of  a Dow Chem i ca l  

p l a n t ,  or  i n to the Jones Creek waters hed wh i ch fl ows through  mars h l and 

to the I CW near the Gul f of Mex i co .  

Thus , br i ne s p i l l s  a re most l i kel y to reach  the Gul f of Mexi co as a 

res u l t of a d i rect rel ease from a ruptured bri ne l i ne i n  the Gul f .  

Bri ne and sa l t water s p i l l s  are expected to occur  on l y  from the 

p i p i ng system . Tota l s p i l l age  i s  est imated to be 75 barrel s of bri ne 

and  1 1 5  barrel s of sa l twater from earl y storage operati on and 1 2 1 8  

barrel s of bri ne and 29 1 0 barrel s of sa l twater from SPR expans i on fac i l i ­

t i es .  Of the tota l 2 1 0 barrel s of  br i ne and 78 barrel s of sa l twater 

woul d s p i l l i nto the Gul f of Mex i co ,  1 083 barrel s of bri ne and 2948 

barrel s of  sa l twater woul d sp i l l i nto the coastal  p�ai ri e and fl uvi a l  

woodl ands and  mars h l a nd between Bryan Beach  a nd  Damon Mound (Tabl e C . 2 -

3 ) .  The maximum cred i bl e  s p i l l event i s  est imated to be 3 0 , 000 barrel s 

of  bri ne .  

Impacts expected to res u l t from br i ne s p i l l s  from Damon Mound 

fac i l i ti es are ba s i ca l l y  the same as  descri bed i n  Section  C . 5 . 2 . 2  for 

West  Co l umb i a .  Few bod i es of water are cros sed by the proj ect north of 

SEAWAY Tan k  Farm and , thus , impacts are expected to be l ocal i zed from 

s p i l l s  i n  th i s  area . 
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Fl ood Hazards 

The el evated l ocation of Damon Mound storage fac i l i t i es precl udes 

po s s i b l e  ser ious  fl ood i ng hazards . P i pel i nes and storage tan ks at Bryan 

Mound woul d be s u bj ect to the same fl ood hazards as prev i o u s ly  descri bed 

i n  Sect ions C . 3 . 2 . 2  and C . 5 . 2 . 2 . 

Al ternati ve Fac i l i ti es 

Use of ground water to d i sp l ace o i l  from caverns ,  i n ject ion  of 

br i ne i n to deep subs urface water-beari ng sands and the 1 2 . 5  m i l e  d i ffu ser 

wou l d  have the same potent ia l  for above impact as descri bed for Bryan 

Mound ( Secti on C . 3 . 2 . 2 ) .  

U se  of  mari ne p i pel i ne for o i l  movement woul d reduce the expected 

q uant i ti es of o i l s p i l l vol ume by about 60 percent .  Onshore o i l  sp i l l age 

wou l d  be es senti a l l y  unaffected . 

C . 6 . 2 . 3  A i r Qual i ty 

Ai r qua l i ty impacts a s soc i ated wi th operati on of the Damon Mound 

s i te a l ternati ve are es senti al l y  i dent i ca l  to those  descri bed for Al l en 

dome ( Sect ion C . 4 . 2 . 3  and Tabl e C . 3- 6 ) , except that on s i te power genera­

t i on woul d be an add i t i onal  so urce of emi s s i ons . 

Em i ss i ons  expected . to res u l t from a 34 , 000 k i l owatt o i l -fi red 

turb i ne generator at Damon Mound are l i sted i n  Tabl e C . 3- 7 .  The res u l ts 

i nd i cate that even as c l ose  as  1 km downw ind , concentrations  were bel ow 

state and nati ona l a i r  qual i ty standards . However , s i nce the 3-hour HC 

s tandard i s  often exceeded i n  Southeast  Texas ,  hydrocarbon concentrat ions 

may caus e i nfrequent add i ti onal  exceedances near the p l ant  ( es pec i a l l y  

when i nteracti on wi th br ine  pond emi s s i ons occurs ) .  

A l ternati ves 

Estimated reduct ions i n  hydrocarbon emi s s i ons wh i ch wou l d  res u l t 

from use of a mari ne term i nal  are the same as  those  g i ven for Al l en dome 

i n  Sect ion C . 4 . 2 . 3 .  

Purchase of commerci a l  power , i n  pl ace of ons i te generati on ,  wou l d 

el im i nate the major so urce of gaseous  pol l utants at Damon Mound . 

C . 6 . 2 . 4  No i s e 

No i se i mpacts caused by operati ng SPR  fac i l i t i es at Damon Mound 

wou l d be essenti a l l y  the same as descri bed i n  Sect ion C . 3 . 2 . 4  for Bryan 
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Mound . Though  the town of Damon i s  about one hal f mi l e  from the s i te ,  

no i se impacts from pump i ng and other operati ons s hou l d not be noti ceabl e .  

C . 6 . 2 . 5  Ecosystems and Spec i es 

Raw Water Wi thdrawa l 

Impacts are es senti a l l y  i dent i ca l  to those descri bed for Bryan 

Mound i n  Sect ion C . 3 . 2 . 5 and for Al l en dome i n  Sect ion C . 4 . 2 - 5 . 

Bri ne Di sposal  

Impacts are s imi l ar to  those  descr i bed i n  Secti on C . 3 . 2 . 5 for Bryan 

Mound .  

Tan ker Transport 

Impacts are essenti a l l y  i denti cal to those  descri bed in Secti on 

C . 3 . 2 . 5 for Bryan Mound and in Secti on C . 4 . 2 . 5 for Al l en dome . 

Ma i ntenance of Project Lands 

Type of impacts expected are the same a s  descri bed for Al l en dome . 

A greater tota l area ( a pproximatel y 340 acres ) must be ma i nta i ned for 

Damon Mound , however , because of the l onger p i pel i ne corri dor . 

Acc i dental O i l Rel ease 

Append i x  E ,  Sect ion 4 . 2 and Tabl es C . 2- 1  and C . 2-2  i nd i cate the 

modes and q uanti t i es of o i l s p i l l s  expected for Damon Mound faci l i ti es .  

Expected movement ,  weatheri ng processes , and potenti a l  for water qua l i ty 

degradat ion have been descri bed i n  Sect ion C . 3 . 2 . 2 and C . 6 . 2 . 2 .  

Quanti t i es o f  o i l expected to be s p i l l ed at  vari ous l ocati ons from 

Damon Mound fac i l i t i es have been summari zed under Water Resources ( C . 6 . 2 . 2 ) . 

Most  of the o i l  woul d sp i l l i n  the Gul f .  Max imum cred i bl e  sp i l l  s i zes 

are the same a s  for other s i te a l ternatives . Tota l o i l s p i l l age from 

Damon Mound  i s  expected to be on ly  s l i g htl y l arger than for Al l en dome 

SPR  devel opment ( 4  percen t ) , because  p i pel i nes contri bute a sma l l fracti on 

of  the tota l expected o i l  sp i l l  vol ume . 

As for the other s i tes , frequenc i es of sp i l l  occurrence are l ow -

28 per l Oa MMB o i l f i l l ed ;  2 per l Oa MMB o i l wi thdrawn , on l y  0 . 8  for the 

ent i re l i fetime for br i ne and sa l twater . Therefore , pol l u ti on from 

chron i c  or freq uent ly  recurr i ng sp i l l s  i s  un l i ke l y .  Areas potenti a l ly  

sen s i ti ve to damage from an occa s i ona l l y  l arge o i l  s p i l l i nc l ude Mound , 
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Varner , Bel l and Jones  Creeks , wetl ands near SEAWAY Tan k Farm , s ha l l ow 

l a kes and ponds on Bryan Mound , and near- shore Gu l f  wa ters and s horel i nes . 

E st imates  made i n  Section  C . 3 . 2 . 5  of acreages wh i c h  m i g ht be destroyed 

by maximum cred i b l e  o i l  s p i l l s  app ly  to the Damon Mound s i te a l ternati ves . 

Wi th max imum spread i ng ,  a l arge tan ker sp i l l  cou l d  destroy 1 680 acres of  

wetl ands and as  much  as  7000  acres of benthos habi tat in  s ha l l ow coasta l  

waters . A l arge p i pel i ne sp i l l  co u l d  des troy 320 acres of  wetl ands (or  

p ra i ri e )  and  1 340 acres of  s ha l l ow water habi tat .  The most sens i ti ve 

acres wou l d  probab ly  be the p i pel i ne r i g ht-of-way near SEAWAY Tan k Farm 

and  the l a kes and ponds on Bryan Mound . 

I n  s ummary , except for the case of a very l arge o i l s p i l l  ( or  a 

moderate ly  s i zed sp i l l  i n  a sen s i ti ve area ) , b i o l og i ca l  i mpacts are not 

expected to be of  reg i ona l  s i gn i fi cance . The expected frequency of 

potenti a l ly  l arge sp i l l s  i s  very sma l l .  

Acci denta l Bri ne Re l ease 

Append i x  E ,  Sect ion  C . 2  and Tabl e C . 2- 3  i nd i cate the modes and 

quanti t ies  of  br i ne sp i l l s  expected for Damon Mound fac i l i t i e s . Expec­

ted movement , d i l uti on processes , a nd potenti a l  for water qua l i ty degrada­

t i on have been descri bed i n  Section  C . 3 . 2 . 2  and C . 6 . 2 . 2 .  

Quanti t i es of  bri ne expected to be sp i l l ed at vari ous  l ocati ons 

from Damon  Mound fac i l i ti es have been summari zed under Water Resources . 

Mo st  bri ne sp i l l s  wou l d  occur ons hore . Max imum credi bl e sp i l l  s i zes  are 

the s ame as  for other s i te a l ternati ves . Bri ne and raw wa ter sp i l l  

vo l ume i s  expected to be nearl y three ti mes as l arge as for Al l en dome , 

because p i pel i ne sp i l l s  are the on ly  quanti fi ed mode of bri ne sp i l l s .  

As for the other s i tes , frequenc ies  of s p i l l  occurrence are l ow :  

o n ly  0 . 8  for the enti re l i fetime for bri ne and raw wa ter .  Therefore , 

�o l l ut ion  from c hron i c  or frequently recurri ng sp i l l s  i s  u n l i ke ly . 

Areas  potenti a l l y  sens i ti ve to damage from an occas i onal  l arge o i l s p i l l  

i nc l ude Mound , Varner , Be l l  and J ones Creeks , wetl ands c l ass i fi ed a s  

cr i t i ca l  ha bi tat  near SEAWAY Tank  Farm , s ha l l ow l a kes  and ponds on Bryan 

Mound , and near s hore Gu l f  waters and shore l i nes . 
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Estimates made i n  Sect ion C . 3 . 2 . 5  of acreages wh i c h  mi g ht be 

destroyed by maximum cred i bl e  bri ne s p i l l s  app ly  to the Damon Mound s i te 

a l ternati ves . Wi th max imum s preadi ng , a l a rge p i pel i ne s p i l l  co u l d 

destroy 320 acres of wetl ands ( or  prai r i e ) and 1 340 acres of sha l l ow 

water hab i tat .  Impacts of bri ne depend on m i x i ng and d i l ut ion potenti a l . 

The most s ens i ti ve areas woul d probabl y be the p i pel i ne r i g ht-of-way 

near S EAWAY Tank  Farm and the l a kes and ponds  on Bryan Mound . 

I n  s ummary , except for the case of a very l arge brine  s p i l l  ( or  a 

moderately s i zed sp i l l i n  a sen s i ti ve area ) ,  b i o l og i ca l  impacts are not 

expected to be of  reg i onal  s i gn i fi cance.  The expected frequency of 

potenti a l l y  l a rge  s p i l l s  i s  very sma l l .  

Al ternati ves 

Use of a ground water supp ly  system or a deep wel l bri ne i nj ecti on 

system woul d reduce the exposure to bri ne or  raw water sp i l l s  because  

p i pel i nes  to the  coast  wou l d  not  be  needed . Use of the  1 2 . 5  m i l e  d i ffuser 

woul d have i mpacts a s  descri bed i n  Section  C . 3 . 2 . 5 . 

Use of a mar i ne p i pel i ne and monobuoy wou l d  su bstanti a l l y  reduce 

the offs hore and harbor exposure to o i l sp i l l s  ( by about 60 percent ) .  

C . 6 . 2 . 6 Natura l  and Scen i c  Resources 

Operat ion and ma i n tenance acti v i t i es at the proj ect s i te woul d have 

a s i g n i fi cant effect on the scen i c  v i ew of some res i dents of the town of 

Damon . The project fac i l i t i e s  woul d be v i s i bl e  from houses i n  the north 

wes t corner of Damon .  There are no s i gn i f i cant adverse i mpacts ant i c i pated 

to the natural resources at the s i te .  

Al ong the p i pel i ne route there woul d b e  m i n i ma l  i mpacts o n  natural 

and scen i c  resources as  much of the l and woul d be revegetated to i ts 

prev i ous  state .  Al so , the route paral l el s  the SEAWAY ri g ht-of-way to 

the Tan k  Fa rm .  

Operat ion  o f  the a l ternati ve bri ne d i s posal  and raw water supp ly  

systems wou l d not  have add i ti onal  adverse effects on natura l  resources 

over tho se exper i enced duri ng constructi on . 

C . 6 . 2 . 7 Archaeo l og i ca l , H i stor i ca l  and Cu l tura l  Resources 

No impacts on known archaeo l og i ca l , h i s tor ica l , or cu l tura l resources 

are anti c i pated from the operation  of the Damon Mound SPR fac i l i ty .  
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C . 6 . 2 . 8  Soc i oeconomi c Env i ronment 

Land Use 

Operat ion  and ma i n tenance of the Damon Mound SPR s i te woul d have 

l i ttl e add i t iona l  impact on l and use . The 232 acres encl osed at the 

s i te duri ng the construct i on phase woul d el im i nate the present use of 

the s i te for cattl e gra z i ng for the l i fe of  the project .  Of the 8 1 7 

acres requ i red for cons truct ion offs i te and wi th i n  the fence , 568 acres 

woul d be needed for ma i ntenance purposes . Some of th i s  l and cou l d be 

revegetated and returned to present uses . No impact on l and uses i n  the 

town of Damon i s  expected .  

Transportati on 

Traffi c rel ated to project operati ons woul d have a m i nor  impact on 

traff i c  vo l umes i n  Damon . Dur i ng  standby operat i ons  these impacts woul d 

be reduced to m i n ima l l evel s .  

Popu l at ion  

The  effects of operat i on on  l oca l popu l ati on wou l d  be  mi no r .  Most  

workers woul d commute to the area , wh i l e  a few m i g ht rel ocate i n  or near 

Damon , i ncrea s i ng l oca l popu l at ion  s l i g htl y .  

Hous i ng 

Hous i ng woul d be m i n i mal l y  effected i n  a manner s imi l ar to l oca l 

popu l at ion . A l im i ted supp ly  of hous i ng i s  ava i l a bl e i n  nearby areas . 

Economy 

Operat ion  and ma i n tenance of the proposed systems woul d have a 

m i n i ma l  effect on the l o cal Damon economy ,  and an i n s i g n i fi cant  effect 

on the reg i o n .  Dur i ng  s tandby operations  on l y  1 0  empl oyees woul d be 

req u i red ; a bout 55 empl oyees wou l d  be needed dur i ng fi l l i n g or wi thdrawal . 

The month ly  wages duri ng these phases woul d be $ 1 7 , 500  per month  and 

$96 , 000 per month , respecti vel y .  Purchases o f  serv i ces  and suppl i es 

duri ng these phases woul d have an i ns i gn i fi cant impact on the reg i onal  

economy . 
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Government 

Demands for urban  s urv i ces such  as  pol i ce ,  fi re , educati on , and 

hea l th serv i ces  wou l d  be reduced duri ng operati ons from those requ i red 

dur i ng cons tructi o n .  

Al terna ti ves 

Soc i oeconomi c effects of wi thdrawi ng ground water for o i l  d i s pl ace­

men t ,  i njecti ng bri ne to deep sa l t water beari ng sands , d i s posa l  to the 

1 2 . 5  mi l e  d i ffuser or  u s i ng a mar i ne termi na l  for o i l transport are not 

con s i dered to be s i gn i fi cant ly  d i fferent from those resu l t i ng from the 

proposed fac i l i t i es . 

C . 6 . 3 Impact Due to Termi nation  and Abandonment 

The impact due to termi nation  and/or abandonment of the Damon Mound 

storage s i te as  an o i l  s torage fac i l i ty woul d be the same as  descri bed 

i n  Sect ion  C . 3 . 3 . 

C . 6 . 4  Rel at i on s h ip  of the Proposed Acti on to Land Use P l ans , 

Pol i c i es and Control s 

It  i s  not anti c i pated that the Damon Mound Strateg i c  Petrol eum 

Reserve s torage fac i l i ty woul d confl i ct wi th any l and  use p l ans  or 

pol i c i es .  For a further d i scus s i on of the l and  use  p l ans , pol i c i es and 

control s in  the area , refer to Section  C . 3 . 4 . 

C . 6 . 5 Summary of Adverse and Benefi c i a l Impacts 

Devel opment of the Damon Mound sa l t dome as an o i l  s torage faci l i ty 

i s  not l i kel y to generate s i gn i fi cant reg i onal  env i ronmental i mpacts , 

except for the remote pos s i b i l i ty of a major  o i l  or bri ne s p i l l  and the 

rel ease  of hydrocarbon vapors duri ng o i l transport .  The l ongtime use  of 

the area surround i n g  the s i te for o i l  and gas producti on , for l i mestone 

m i n i ng , and for cattl e g raz i ng wou l d tend  to mi n i mi ze the scope of 

impacts res u l t i ng from construction acti v i t i es .  

Si te cons tructi on woul d requ i re grad i ng of about 30 acres . F i l l  

requ i rements wou l d  be neg l i g i b l e and woul d be suppl i ed from the s i te .  

Ero s i on o f  d i sturbed materi a l  on the s i te and a l ong the p i pel i ne wou l d 

i n crease the potenti a l  for s i l tation of Mound  Creek and severa l other 

tri butar i es of the San Bernard and Bra zos  R i vers . Other constructi on 
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acti v i ty wh i c h  wou l d  i mpact  water qual i ty wou l d i nc l ude dredg i ng and 

construct ion at  the two doc k  s i tes in  Freeport Harbor ,  and i ns ta l l at i on  

of p i pe l i nes i n  a 32-mi l e  corr i dor from Bryan Mound . I nc reased sa l i n i ty 

i n  the Gul f of Mex i co wou l d  res u l t from bri ne d i s posa l  due to the opera­

t i on of the s i te .  Contam i nat i on o f  ground water supp l i es i s  un l i kely .  

Ai r qua l i ty standards are not expected to be exceeded dur i ng e i ther 

construct ion  or operat i on of the storage fac i l i ty ;  however , temporary 

hydrocarbon s tandards exceedance coul d occur  at Freeport Harbor .  No 

s i gn i f i cant no i se impact  i s  expected dur i ng  opera t i on of the project .  

However , i t  i s  est imated that up  to 5 7  dwel l i ngs  may experi ence i nc reased 

no i s e l evel s of at  l east  3 dB dur ing  dri l l i ng acti v i ty on the s i te .  The 

dura t i on of th i s  impact  wou l d  be short , occurri ng on l y  dur ing  a port i on 

of the cons truct i on phase .  

Land use  impacts of devel op i n g  th i s  cand i date s i te center on  the 

amount of l and req u i red . At the dome , approx imatel y 2 32 acres wou l d  be 

encl osed by a secur i ty fence . Wi th i n  th i s  area , approx imate l y  30 acres 

woul d be req u i red for construct i on of ons i te fac i l i t i es .  Cons tructi on 

of backup  i nj ect ion  wel l s  and p i pel i nes  from Damon Mound to Bryan Mound 

to transport o i l , br i ne , and raw water wou l d  d i s rupt 400 acres of prev i ­

ou s ly  und i sturbed l and .  Th i s  l and  cou l d be revegetated and part i a l l y  

returned to pri or  uses . Construct i on of systems common to eac h  s i te 

woul d requ i re 1 85 acres for the br i ne  d i ffuser p i pel i ne ,  pi pel i ne 

connect i ons to Brazos Harbor ,  and the new tan ker doc ks . 

The reducti on of  ava i l abl e w i l d l i fe ha b i tat i n  the v i c i n i ty of the 

s i te and a l ong the p i pel i ne route to Bryan Mound i s  the mos t  s i gn i f i cant  

ecol og i ca l  i mpact as soc i a ted w i t h  th i s  s i te .  Con struct ion  act i v i t i es 

wou l d  force m i grat i on of many s pec i es ,  and reduce the amount of food , 

cover , and nest i ng area a va i l abl e .  Many sma l l i nvertebrates , b i rds , and 

mamma l s  wou l d be destroyed . No rare or endangered s pec i es have been 

i denti f i ed as ex i s t i ng i n  the area . Fol l ow i ng construct ion , muc h  of the 

area wou l d  return to i ts prev i ous  s tate .  

Al though l a rge quant i t i es of  water woul d be requ i red to l each 

s torage caverns , the w i thdrawa l of th i s  water from the Brazos Ri ver 

D i vers i o n  Channel  wou l d const i tute l ess  than one percent of i ts average 

fl ow . D i s posa l of  bri ne i n  the Gul f of Mex i co i s  expected to i ncrease  
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sa l i n i ty i n  the water near the d i ffusers , but th i s i ncrease  i s  not 

expected to be s i g n i fi cant though there may be some adverse effect on 

mar i ne organ i sms . P i pel i ne constructi on cou l d temporari l y  affect the 

water qual i ty of Mound , Varner , Bel l and Jones Creeks , by i nc rea s i ng 

turbi d i ty and rel ea se  of po l l utants from bottom sed i ments . Doc k  construc­

t i on in Freeport Harbor i s  not expected to have s i gn i fi cant effects on 

e i ther the eco l ogy of the area or  i ts water qual i ty ,  as the area i s  

frequently dredged . 

Du r i ng the construct i on pha s e ,  i ncreases i n  i ncome and empl oyment 

i n  the Houston  area are expected . These i ncreases  are not expected , 

however ,  to pro v i de maj or st imu l u s  to the economy of the reg i o n . Dur i ng 

opera t i on , the expected i ncrease  i n  i ncome i s  expected to contri bute 

a bout $ 1 7 , 500 per month i n  add i ti ona l  i ncome dur i n g  standby storage and 

$ 96 , 000 per month dur i ng fi l l  and wi thdrawa l . Temporary i n creases i n  

traffi c cong estion  i n  the Damon Mound area are expected . These impacts 

shou l d be of s hort durati o n .  
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C . 7  NASH DOME - ALTERNATI VE S I TE 

Nash  sa l t  dome i s  l ocated i n  southern Fort Bend and northern 

Brazor i a  Counti es , 32 mi l es northwest of Freeport ( F i gure A . 7- 1 ) .  

C . 7 . 1 Impact of S i te Preparati on and Construct i on 

C . 7 . 1 . 1  Land Features 

Grad i ng and constructi on at  the 206-acre Nas h dome s i te wou l d  

d i s turb a bout 30  acres for devel opment of s torage wel l  pads , a centra l 

p ump i ng s tati on , p i pe l  i nes and access roads connecti ng the �.� l l s  to the 

p umps , o i l and raw water tanks , a bri ne pond , and transformer ban ks . 

P i pe l i nes connect i ng  Nash  dome to SEAWAY Tan k Farm for transport of 

raw water , crude o i l ,  and br i ne wou l d requ i re excavat i on of  5 1 7 , 1 80 acres 

a nd d i s rupt ion of 429 acres (Tabl e A . 7 - 1 ) .  An add i ti ona l  3 a cres wou l d  

be requ i red for p i pe l i nes and dri l l  pads for 3 bac kup  bri ne i nject ion 

wel l s .  

Cons truct i on of  the two tan ker docks i n  Freeport Harbor  and the 

5 . 8  m i l e  offs hore br i ne di ffu ser wou l d  create the i mpacts descri bed i n  

Secti on C . 3 . 1 . 1 .  

Leach i ng of twel ve storage caverns at  Nas h dome wou l d  i n vo l ve 

removal  of  1 00 MMB of sa l t by l each i ng and d i sposa l  i n  the Gu l f of 

Mex i co . Th i s  i s  equ i va l ent to 20 . 8  x 1 06 cy of s a l t .  Suffi c i ent s pace 

i s  to be l eft between cav i ti es to preserve structural  i ntegri ty .  

Al ternati ves 

Feas i bl e  system a l ternati ves at Nas h dome i nc l ude : ( 1 ) deve l opment 

of a wel l f i el d for raw water supp l y ;  th i s  wi l l  req u i re a bout 22 acres 

for dri l l  pads and p i pel i ne r i g ht-of-way , l ocated a l ong the proposed 

bri ne and o i l  p i pel i ne ri ght-of-way ; ( 2 )  d i s posa l  of bri ne i n  deep 

s a l i ne water beari ng sands , wh i ch wou l d req u i re a bout 1 9  acres for dri l l  

pads  and p ipel i ne r i g ht-of-way , a l so  l ocated a l ong the proposed o i l  l i ne 

r i g ht-of-way ; ( 3 )  d i sposal  of bri ne through  a 1 2 . 5  mi l e  p i pel i ne to an 

offs hore d i ffuser woul d requ i re an add i ti onal  1 63 acres for offs hore 

construct i on ; (4 ) purchase of commerci a l power , wh i ch wou l d  requ i re 
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construct ion  of a 1 0  m i l e  transmi s s ion corr i dor to the s i te ;  and ( 5 )  use 
of SEAWAY or  P h i l l i ps doc ks by DOE or constructi on of  a mar i ne  term i na l  

for o i l transport ( s ee Section C . 3 .  1 . 1 ) . 

C . 7 . 1 . 2 Water Resources 

S i te preparat i on and construct i on of proposed fac i l i t i es at  Nas h  

s a l t dome may impact severa l water bod i es ,  i n c l ud i ng : ground water 

aqu i fers , the Gu l f  of Mex i co ,  I CW ,  Freeport and Brazos Harbors , l a kes 

and ponds on Bryan Mound , the Brazos Ri ver Di vers i on Channel , and Cow , 

Turkey ,  Varner ,  Bel l ,  and Jones Creeks . 

Raw Water Wi thdrawa l 

Poten t i a l  impacts to the Brazos D i vers i on Channel due to raw water 

wi thdrawal a re i denti ca l to tho se  descri bed for Al l en dome i n  Sect ion 

C . 4 . 1 . 2 .  

Br i ne D i sposal  

Potent i a l  impacts to  the  Gul f of Mex i co due  to  bri ne d i s posal  are 

s i mi l ar to those descri bed for Bryan �10und in Sect i on C . 3 . 1 . 2 .  

Doc k Construct ion 

Potenti a l  impacts to the Freeport Harbor are i denti cal  to those 

descri bed for Al l en dome in Secti on C . 4 . 1 . 2 .  

Constructi 0A."Q.f!�rface Fac i l  i t i es at Nas h  Dome 

The s i te prepa'rat ion and constructi on acti v i ty woul d i n vo l ve very 

l i ttl e earth movement .  Approximatel y 31 , 000 cub i c  yards o f  earth woul d 

be d i sp l aced durfng th i s  proces s .  Natural s i te dra i nage i s  toward 

Turkey Creek to the north and Cow Creek to the southeast .  Standard 

engi neeri ng practi ces such  as  i n terceptor d i tches , d i kes , and sed i ­

menta t i on ponds wou l d  be uti l i zed to prevent any s i gn i f i cant degrada t i on 

of water qua l i ty due to p l ant s i te runoff. Pol l utants wh i ch woul d 

degrade the wa ter qual i ty are d i s cussed i n  Secti on C . 3 . 1 . 2 .  

Construction  of O i l , Bri ne and Water Supply P ipel i nes 

The proposed water suppl y ,  br i ne  d i s posal , and o i l p i pel i nes woul d 

cross  Cow , Varner , and Bel l Creeks and severa l other i n termi ttent s treams 
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i n  the 32 . 6-mi l e  segment between the storage s i te and SEAWAY Tan k Farm 

( F i gure B . 2- 9 ) . East of SEAWAY Tan k Farm , the water supp ly  and bri ne 

p i pel i nes wou l d  cross  Jones Cree k ,  the Brazos  R i ver Di vers i on Channel 

and Unnamed La ke on Bryan Mound . Trench  excavati on through water bod i es 

wou l d  create i ncrea sed turbi d i ty and rel ease so l u bl e su bstances from the 

s u bstrate to the water col umn . Impacts wou l d  be temporary and l ocal  i n  

extent .  

There s hou l d be  no  impact o n  ground water supp ly  or  qua l i ty due to 

p i pel i ne i n sta l l at ion . 

Acc i denta l  Bri ne Rel ea se  

Leach i ng of 1 00 MMB of o i l storage capac i ty from Nas h  dome requ i res 

transport of sa l i ne water from the Brazos Ri ver D i vers i on Channel and 

d i s posal  of br i ne to the Gul f of Mex i co .  I n  add i t ion  to the impacts 

prev i ou s l y  descri bed for normal operat ions , a pos s i bl e  bri ne or raw 

water s p i l l cou l d affect water resources i n  Cow , Varner , Bel l and Jones 

Creeks , Brazos Ri ver Di vers i on Channel , l a kes and ponds on Bryan Mound , 

the I CW ,  and the Gu l f  of Mex i co .  

The estimated quan t i ty of br i ne to be sp i l l ed duri ng l each ing  of 

Nash dome storage cav i ti es i s  50 barrel s i n to Gu l f  of Mex i co waters and 

360 barrel s i n to l and and water bod i es between Bryan Beach  and Nas h dome 

( Tab l e C . 2- 3 ) .  I n  add i t i on ,  an estimated 355 barrel s mi g ht be sp i l l ed 

from the raw wa ter supp ly  system . Maximum cred i bl e  sp i l l s  of up to 

30 , 000  barrel s of water are con s i dered pos s i bl e , though  h i g h ly  un l i ke ly .  

S i nce average bri ne sp i l l  vol umes are  estimated to be  5000 barrel s ,  

the computati on of such  l ow s p i l l  expectat ions  refl ects the remote 

chance of any s p i l l occurri ng . Thu s , there i s  a 78 percent chance that 

no br i ne wou l d  be s p i l l ed from a l l p i pel i ne uses ( i nc l udi ng operati on ) 

duri ng the proj ect l i fetime ( s ee Appen d i x  E ) . I f  a p i pel i ne rupture 

does occ u r ,  rel ea se of 5000 or more barrel s of bri ne coul d s i gn i f i cantly 

deg rade wa ter qual i ty ,  es pec i a l l y  in  sma l l er wa ter bod i es such  as  Cow , 

Varner , Be l l , or Jones Creeks , or the l a kes and ponds at Bryan Moun d .  

Quanti ti es o f  water requ i red to d i l ute a maximum cred i bl e  bri ne s p i l l  to 

concentrati ons near ambi ent are estimated i n  Sect ion C . 3 . 2 . 5 .  Pri or to 

ach i ev i ng th i s  m i x i ng , sa l t  concentrations  wou l d  be abnorma l ly  el evated . 
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A br i ne s p i l l  at the s i te or a l ong the d i sposa l p i pe l i ne cou l d  

l oca l ly  impact the water qua l i ty i n  the upper u n i t  of the C h i cot aqu i fer .  

T he  br i ne wou l d  tend to m i g rate downward wi th i n the formati on and down­

d i p  a l ong the formati on due to den s i ty d i fferences . A mas s i ve  sp i l l , 

a l though h i g h ly  un l i ke ly , cou l d  pos s i b ly  impact the qua l i ty of mun i c i pa l  

water supp l i es pumped from aqu i fers i n  the Brazosport area by caus i ng 

i ncreased sa l i n i t i es i n  those aqu i fers . As l oca l recharge of near 

s urface aqu i fers has  been found to be mi n i ma l , potenti a l  seepage from 

the l i ned bri ne p i t  or m i n i ma l  p i pe l i ne sp i l l s  are l i ke l y  to have 

negl i g i b l e  i mpact on water qua l i ty .  

E l evati on at the Na s h  dome s i te i s  approx imate ly  +55 feet MS L .  

U . S . Army Corps o f  Eng i neers prel im i nary Brazos Ri ver bac kwater stud i es 

i nd i cate a l OO-year fl ood e l evati on of 47 . 5  feet at Nash  dome . Thus , 

s torage fac i l i t i es at Na s h  are not subject to a s i gn i fi cant fl ood 

hazard . 

Al ternati ve Fac i l i t i e s  

Wi thdrawa l o f  ground water for raw water supp ly  i s  potenti a l ly  

feas i b l e  but  has  the  same potent i a l  for l oweri ng the  p i ezometr i c  head , 

for sa l i ne water i ntru s i on ,  and for l and subs i dence as  descri bed for 

Bryan �10 und ( Secti on C . 3 . 1 . 2 ) .  Land subs i dence i s  a part icu l ar ly  

troub l esome res u l t of present ground water pump i ng in  Brazoria  County .  

B r i ne d i s posal  to sa l i ne water bear i ng  sands at Nash dome has the 

s ame potenti a l  for adverse impacts as at Bryan Mound and Al l en dome . I t  

i s  expected that proper i nj ecti on methods wou l d  avo i d  any adverse 

i mpacts to water or mi nera l resources in the area . 

Impacts as soci ated wi th con structi on of a l ternati ve o i l d i stri bu­

t i on fac i l i t i es are descri bed i n  Sect ion C . 3 . 1 . 2 . 

C . 7 . 1 . 3  Ai r Qua l i ty 

Ai r qua l i ty impacts resu l t i ng from devel opment of the proposed and 

a l ternati ve Na s h  dome fac i l i t i e s  duri ng s i te preparati on and construc­

t i on wou l d  be s imi l ar to those for the Al l en dome a l ternat i ve ,  wh i ch 

were d i scus sed i n  Secti on C . 4 . 1 . 3 . I t  wa s conc l uded that the emi s s i ons  

dur i ng  s i te preparati on and  constructi on wou l d  be  short term and  confi ned 

to a re l ati ve ly  sma l l area , and that a l l a i r  qual i ty i mpacts wou l d  be 

mi nor.  
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Add i t i onal  emi s s i ons from the construct i on of an 8500 bb l  fuel tan k 

for use  i n  on-s i te power generat i on woul d have no s i gn i fi cant impact upon 

a i r  qua l i ty except for temporary concentrati ons of pai nt sol vents . 

C . 7 . 1 . 4 No i se 

Faci l i t i es s imi l ar to those at  Al l en dome or West  Co l umb i a dome are 

p l anned for Nash  dome . The maj or d i fference i s  that ons i te power 

genera t i on i s  the primary a l ternati ve for power at the Nas h dome s i te .  

Th i s  wou l d  not change the typ i ca l  con structi on equ i pment types used for 

faci l i ty construct i on ; a s  outl i ned i n  Secti on C . 3 . 1 . 4 ,  but wou l d probab ly  

i ncrease t he  durat i on of  construct i on acti v i ty .  

T h e  zones o f  no i se i mpact are l a rger than those of other a l ternati ve 

s i tes because  background no i se l evel s are projected to be on l y  about 50 dB . 

Tab l e C . 7- 1  and F i gure C . 7- 1  present i mpact zone rad i i for the d i fferent 

areas wh i c h may be devel oped under the SPR program for Nash dome . There 

are no pri vate res i dences i n  the i mmedi ate Na s h  dome area whi c h wou l d  be 

affected by constructi on no i se .  Three res i dences vJh i ch are wi th i n the 

proposed s i te boundary woul d be rel ocated . 

Al ternati ves 

Construc t i on of a raw water or bri ne d i sposal  we l l  fi e l d  a l ong the 

proposed p i pel i ne route wou l d  contri bute no i se l evel s of a magn i tude 

s im i l ar to the oris i te dri l l i ng acti v i t i es . The zone of noi se impact 

wou l d  thus be extended further southwest  i n  a sparse ly  popu l a ted area of 

coastal  pra i r i e .  Constructi on of a mari ne termi na l  wou l d  have no 

measurab l e effect on ons hore noi se  l evel s .  

C . 7 . 1 . 5  Ecosystems and Speci es  

S i te preparat i on and  con structi on of the proposed fac i l i t i es for 

Na s h  dome wou l d affect both terrestr i a l  and aquati c resources i n  the 

area . Terrestr i a l  ha b i tats potenti a l l y  affected i nc l ude coa sta l  pra i ri e  

gra s s l and and fl uv i a l  wood l ands ( Tab l e B . 7- 1 ) .  Aq ua t i c  habi tats i nc l ude 

Turkey , Cow , Va rne r ,  Be l l and Jones Creeks , Brazos Ri ver Di vers i on 

Channe l , l CW ,  severa l l a kes  and ponds at  Bryan �,1ound , Freeport and 

Brazos Ha rbors and the nearshore Gu l f  of Mex i co .  
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TABLE C .  7- 1 

Area 

Nash  Dome S i te 

P i pel i ne Routes 

Freeport Harbor 
Brazos Harbor 

Summary of Cons tructi on No i se  Impact- Nash  Dome S i te 
candi date SPR storage s i te ( a l ternati ve s i te )  

Impact Zone §a d i u s  
Act i v i ty ( Feet )  

Dr i l l i ng  new s hafts 
Cons truct i on of support 

fac i l i t i es 

Layi ng of p i pe 
Access  road construc t i on 

Con structi on of DO E docks 

7 1 00 

3 1 60 

2844 
2200 

2200 

a Th i s  i s  the d i s tance wi th i n  wh i ch sound l evel s a re ra i sed by at  l ea st  

3 dB  by act i v i ty descr i bed . A basel i ne amb i ent day/n i gh t  sound l eve l  

of 50 dB  i s  a s sumed for the ca l cu l a t i ons . 
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FI GURE C . 7 - 1  No i s e  Impact zone - Nash  dome cand i date S P R  s toraqe s i te 
( a l ternat i ve s i te )  
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F I GURE C . 7-2  Ai r photo - Nash  dome candi date S P R  s torage s i te 
( a l te rn at i ve s i t�)  
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I n  the fol l owi ng s u bsect i ons , potent i a l  impacts to b i o l og i ca l  

resources are  treated accord i ng to  spec i f i c  aspects of fac i l i ty deve l op­

men t .  

Raw Water Wi thdrawa l 

Impacts of raw water wi thdrawa l from the Bra zos  Ri ver Di vers i on 

C hannel  wo u l d  be i den ti ca l to tho se d i scus sed for the Al l en dome s i te 

a l ternat i ve  ( Sect ion C . 4 . 1 . 5 ) .  

Br i ne D i sposal  

The proposed br i ne d i ffu ser 5 . 8  mi l es offshore Bryan Mound woul d 

have impacts on the eco systems and spec i es i n  the v i c i n i ty as  descri bed 

i n  Sec t i on C . 3 . 1 . 5 . 

Do c k  Construct ion  

Impacts  are con s i dered mi nor .  They are i dent i cal  to tho se  d i s cus sed 

for the proposed Bryan Mound s i te ( Sect ion C . 3 . 1 . 5 ) .  

Con structi on of S urface Faci l i t i es at  Nas h Dome and Bryan Mound 

New fac i l i t i es to be con structed at  Nas h  dome wh i ch i n vo l ve potent i a l  

impacts to the s i te ecol ogy i nc l ude the construct i on o f  1 0  to 1 2  cavern 

wel l s ,  connecti ng p i pel i nes , pump house , control  b u i l d i ng , a bri ne 

settl i ng pond , three br ine  d i sposal  we l l s  a l ong the p i pel i ne ROW to the 

southwest ,  a transformer area , and a 34 , 000 k i l owatt gas turb i ne power­

pl ant .  

The  Nash  dome s i te i s  s i tuated on a 206  acre tract of  l and wh i ch 

conta i ns most ly  coa stal  pra i r i e  grass l and . Con struct ion  at  the s i te 

wo ul d impact about  30 acres of coastal  pra i r i e  habi tat whi c h  i s  used for 

gra z i ng cattl e .  The c l ear i ng  of th i s  l and wo u l d  reduce prima ry produc­

ti v i ty by an est imated 1 . 62 x 1 08 Kcal /year (or  28 , 000 pounds of carbon 

annual l y ) . Permanent l o s s  of th i s  habi tat woul d res u l t i n  the l o s s  of 

food , cover ) and nest i ng and breed i ng area s for the res i dent i nd i genous 

wi l d l i fe .  Fenc i ng i n  of the s i te woul d re str i ct use of the area to 

sma l l an ima l s such  a s  rabbi ts , rodents , and bi rds . Some of the adj acent 

l a nds may be made temporar i l y  uns u i tabl e fo r certa i n  wi l d l i fe spec i es 

d u r i ng con struct ion because of the no i se and acti v i ty at  the s i te .  The 

l o s s  of th i s  ha bi tat i s  not s i g n i fi cant when compared to the total 
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acreage of s im i l ar coasta l  pra i r i e  habi tat i n  Fort Bend and Bra zor ia  

Counti es , most  of wh i ch i s  su i tabl e as wi l d l i fe ha b i tat .  I nd i rect 

effects of m i gra ti on to these areas and i ncreased road k i l l s  wou l d  

res u l t i n  add i t i ona l an ima l  l o sses . 

There are no known s i gn i f i cant  breed i ng or nes t i ng s i tes on Nas h 

dome . No threatened or  endangered , or otherwi se  un i que s pec i es are 

known to occur at  the s i te .  The southern ba l d  eag l e ,  the peregr i ne 

fa l co n ,  pra i r i e  c h i c ken and the Houston toad are the on ly  threatened or  

endangered s pec i es whi ch are con s i dered to  i n ha b i t the  project area . 

The southern ba l d eagl e i s  known to nest i n  Brazo r i a  County .  But , i t  i s  

not l i ke ly  to be res i dent at the s i te because  of the l ac k  o f  su i tab l e 

ha b i tat due to area devel opment and the l evel of human acti v i ty .  

Beca use  o f  i ts w ide  terrestr i a l  range the pereg ri ne fa l con may a l so be 

encountered from time to time in the reg i on ,  but th i s  spec i es prefers 

more i so l ated areas than that found at Nas h  dome . The Attwater ' s  greater 

pra i ri e  ch i c ken prefers open pra i r i e  l ands wi th patches of weeds and 

bare ground s urrounded by ta l l ( 1  to 3 feet ) gra s ses to pro v i de adequate 

roost ing  and nesti ng cover .  Al though col on i es of th i s  s pec i es have been 

observed i n  Brazor ia  County ,  the present  devel opment and acti v i ty at the 

s i te wou l d prec l ude the s i te from be i ng prime hab i tat for the pra i ri e  

c h i c ken . The Houston toad i s  c l ose ly  assoc i ated wi th l obl o l ly  p i ne  

trees wh i ch do  not occur at t he  s i te ( Offi ce of Engangered Spec i es and 

I nternationa l  Act i v i t i es , 1 973 ) .  Therefore , the occurrence of th i s  toad 

at  the s i te i s  un l i ke l y .  

Sma l l popu l at ions  of  i nvertebrates , mamma l s ,  a n d  b i rds that res i de 

at the s i te may be forced to m i grate to other areas outs i de of the s i te 

when construct ion act i v i t i es are ta k i ng pl ace . These  an ima l s may 

exper ience some m i nor d i ff i cu l ty i n  l ocati ng su i tabl e repl acement hab i tat , 

but because  of the l a rge amount of coasta l  pra i ri e  ava i l ab l e adj acent to 

Nas h dome , the poten t i a l  for rel ocation i s  goo d .  

T h e  impact · of constructi on o n  the aqua t i c  ha b i tat a t  Nas h  dome 

wou l d  be sma l l s i nce the amount of th i s  ha b i tat i s  not very exten s i ve 

at  the sl te and a l so s i nce c l ear i ng  and excavat ion  wou l d be restr i cted 
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to a sma l l area . The aquati c bi ota cou l d  experi ence decreased produc­

t i v i ty if there i s  suffi c i ent prec i p i ta t i on to carry s i l t  to Turkey or 

Cow Creeks . These impacts , if they occur , shou l d  be of short durati on 

and mi nor i n  nature . Al though e i ght spec i es of fi sh  are l i sted as 

threatened or endangered spec i es (Texas Parks and Wi l d l i fe Department , 

1 97 6 ;  U . S .  Fi s h  and Wi l d l i fe Serv i ce ,  1 976 ) none of these spec i es are 

known to i nhabi t the fres hwater bod i es near the s i te .  

Construct i on of P i pel i nes  

A tota l of  429 acres of  l and wou l d  be  requ i red for constructi on of 

the  proposed raw water , bri ne , and oi l p i pe l i nes  between flash  dome and 

the S EAWAY Tank Farm . Of th i s tota l , 2 1 9 acres are pra i r i e  gras s l and 

and 2 1 0 acres are f l uv i a l  wood l and ( Tab l e A . 7- 1 ) .  Mu ch of the p i pel i ne 

route , except the 6-mi l e  spur l ead ing  to ila sh  dome , fol l ows exi st i ng  

p i pel i ne corri dors . Between Bryan Mound and SEAWAY Tank Farm , the 

p i pe l i nes  wou l d  be l a i d  adj acent to the early storage phase oi l p i pe l i ne ;  

between S EAWAY Tank Farm and the spur to Na sh  dome , the p i pe l i ne wou l d  

be l a i d  adj acent to the exi st i ng SEAWAY P i pel i ne corri dor . 

Except for the i ncreased l ength of p i pe l i ne  ri g ht-of-way , con struc­

t i on i mpacts s hou l d  be bas i ca l ly the same as those descri bed for West 

Co l umbi a dome i n  Sect i on C . 5 . 1 . 5 . Except i n  wood l and areas , most 

i mpacts on wi l d l i fe habi tat wou l d  be temporary . 

No known threatened or endangered spec i es are dependent on the 

i mmed i ate area of the Nas h dome p i pel i ne route .  

Acci denta l Br i ne Rel ease 

Expected q uanti t i e s  of bri ne and raw water sp i l l ed duri ng cavern 

l each i ng are 4 1 0 and 355 barrel s ,  respect ive ly  (Tabl e C . 2- 3 ) .  Impacts 

from such quant i t i es wou l d  be of on ly  l oca l  i mportance to terrestri a l  or 

aquat i c  b i ota . However , shou l d  a p i pe l i ne sp i l l  occur , the average s i ze 

i s  expected to be 5000 barre l s ,  wi th max imum cred i b l e  sp i l l s  of up to 

30 , 000 barre l s ,  such s p i l l s  cou l d  have con s i derabl e adverse i�pact . 

As descri bed for the We st Col umb i a s i te a l ternat i ve ( Secti on C . 5 . 1 . 5 ) , 

br i ne s p i l l s  are most  l i ke ly  to occur from the on s hore secti on of the 

p i pel i ne system . Sp i l l s  wou l d  have s i gn i fi cant i mpact , l ocal l y ,  on 
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sma l l areas of terrestr i a l  habi tat or � downstream � by rel ease  i nto a 

waterway cros sed by the p i pe l i n e .  I n  the Gul f �  even a max imum cred i b l e  

s p i l l  s hou l d  on ly  affect organ i sms over a few acres of  substrate and 

water col umn ; reco l on i za t i on wou l d  beg i n a l most  i mmed i a te l y . 

Al ternat i ves 

Construct i on of  a ground wa ter wel l fi el d or a bri ne i nj ect i on 

f i e l d  a l ong the  proposed p i pel i ne corr i dor wou l d  e l im i nate the  need for 

the  respec t i ve p i pel i nes  to Bryan Mound � but wou l d  not great ly  reduce 

the amount of r i g ht-of-way wh i c h  mu st  be c l eared . .  It i s  e st imated that 

a wel l  supp ly  fi e l d  wou l d  req u i re 1 0  wel l s  and about 22 acres of  l and . 

A bri ne i nj ect i on f ie l d wou l d  req u i re an add i t i onal  1 9  acres for wel l 

pads and p i pel i ne r i g ht-of-way . The effects of d i s posa l a t  the 1 2 . 5  mi l e  

d i ffuser s i te i s  descri bed i n  Sect i on C . 3 . 1  . 5 .  

Effects of  cons truct i ng a l ternate o i l transportat i on fac i l i t i es 

wou l d  be i dent i ca l  to those descri bed for Bryan �10und i n  Sec t i on C . 3 . 1 . 5 .  

C . 7 . 1 . 6  Natural  and Scen i c  Resources 

Construct i on acti v i t i es wou l d  have a mi nor i mpact on natural and 

scen i c  resources . Mo st  of the areas that wou l d  be d i s rupted have a l ­

ready been prev i ou s l y  devel oped for p i pel i ne routes or agri cu l tural  

product i on . The s i te is v i s i b l e from publ i c  roads � but thes e are i n ­

frequently trave l ed .  

The a l ternat i ve  bri ne d i s posal � water suppl y �  and o i l d i str i but i on 

systems wou l d  not s i gn i fi cantly a l ter the impacts ant i c i pated . 

C . 7 . 1 . 7 Archaeo l og i ca l � H i stor i ca l  and Cul tural Resources 

A compar i son of the l o ca t i on of s i tes l i s ted on the Nat i ona l  

Reg i s ter of H i s to r i c  P l aces and  those  s i tes i dent i f i ed by the H i s tor i c 

Preservati on Offi ce  for Texas and the l ocati on of the SPR fac i l i t i es has 

been made . Bas ed on th i s  compar i son � there are no known s i tes  of  h i s tor i c 

s i g n i fi cance that wou l d  be affected . Sect i on 2 ( a )  of Execut i ve Order 

1 1 593 � " Protect i on and En hancement of the Env i ronment " ( May 1 3 �  1 97 1 ) 

woul d be compl i ed wi th as deta i l ed i n  Secti on C . 3 . 1 7 .  
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C . 7 . 1 . 8 Soc ioeconomic  Env i ronment 

Land Use  

Land use impacts resu l t i ng from devel opment of the  Nas h dome SPR  

s i te depend on  the amount  of l and converted from ex i st i ng uses  to uses  

assoc i ated wi th underground crude o i l  storage . At the dome , 206 acres 

of  l and  wou l d  be enc l osed for the storage s i te ( see Tabl e A . 7- 1 ) . 

W i th i n  th i s  area , approx imatel y 30 acres wou l d  be requ i red for the 

cons truct ion  of  ons i te roads , the pl ant area , dri l l  pads , the br i ne 

reservo i r , and the l aydown yard . As the s i te i s  above the fl oodp l a i n , 

no  fi l l  wou l d  be requ i red to el evate ons i te structures for fl ood protec­

t i o n .  The ex i s t i ng l and uses of the area i n  the v i c i n i ty of  the dome 

and  storage fac i l i ty genera l l y  cons i s ts of pasturel and , cu l t i vated 

fi el ds , and o i l  and gas product ion . Dur i ng the constructi on phase , crop 

product i on i n  th i s  area wou l d be adversel y  impacted , wi th some acreage 

l os s  res u l t i ng from enc l osure of  the storage s i te .  

Construct ion  of para l l e l o i l , bri ne , and raw water p i pel i nes wou l d  

d i s turb a n  add i t ional  429 acres during  construct ion . These pi pel i nes 

wou l d genera l ly  para l l e l the SEAWAY P i pe l i ne .  The s i te i s , however , 

approximate l y  s i x  mi l es from the SEAWAY P i pel i ne ,  requ i r ing  a new p i pe­

l i ne corri dor through  range-pasture and cu l t i vated l and  use areas . 

Construct ion  of the 5 . 8  mi l e  offs hore d i ffuser system wou l d  requ i re 

1 63 acres . 

Construct ion  of  faci l i t i es requi red at Freeport Harbo r ,  Bryan 

Mound , and p i pel i nes  connecti ng these fac i l i t i es w ith  the SEAWAY Tan k  

Farm are trea ted i n  Section  C . 4 . 1 . 8 .  Purcha se o f  commerc i a l  power wou l d 

requ i re a 1 0-m i l e  tran sm i s s ion  corr i dor  to the s i te and el imi nat ion of 

s i te impacts due to con s truct i ng generators . 

I f  raw water s u ppl y or br i ne d i s posa l  i s  accompl i s hed through  the 

use of  wel l s ,  an add i ti onal  1 9  to 22 acres of  l and  may be req u i red for 

p i pel i ne constructi on  to the wel l fi el d and for dri l l  pads . I f  a 1 2 . 5  

mi l e  offs hore d i ffu ser system i s  bu i l t ,  add i t i onal  offs hore l and wou l d 

be temporari l y  used for constructi o n .  
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Impacts of  the constructi on of a l ternati ve o i l  tran sport faci l i ti es 

are the same a s  tho se d i scussed for devel opment of Bryan Mound ( Sect i on 

C . 3 . 1 . 8 ) .  

Tran sportati on 

The traff i c  generated by th i s  proj ect wou l d be s imi l ar to that at 

Damon Mound ( Sec tion  C . 6 .  1 . 8 ) and wou l d  al so use  H i g hway 36 for acces s  

to the s i te and p i pel i ne route . The Nash  s i te wou l d not s i gn i fi cantly 

impact the town of Damo n ,  but rather wou l d  i ncrease  traffi c on l i ghtl y  

travel ed county roads caus i ng l i ttl e congesti on . The impacts of con­

struct i on acti v i t i es at Nash dome SPR  fac i l i ty in Freeport Harbor wou l d 

be the same as  those  d i scussed i n  Section  C . 4 . 1 . 8 . Constructi on of 

a l ternati ve br i ne d i s posa l  and raw water systems wou l d  be s imi l ar or 

s l i g ht ly  reduce impacts on transportati on . 

Ho u s i ng 

The impacts on hou s i �g wou l d  be i dent ica l  to those ci ted for Damon 

Mound , Sect ion C . 6 .  1 . 8 and are negl i g i b l e .  

Economy 

The number of  empl oyees and month l y  wages antici pated duri ng con­

struct i on are s hown in Tabl e C . 7 -2 .  The impacts wou l d  be about the same 

as tho se  expected at Damon Mound ( Section C . 6 . 1 . 8 ) .  

Government 

The impacts on publ i c  serv i ces wou l d  be the same as tho se  expected 

at Damon Mound ( Sect i on C . 6 . 1 . 8 ) .  Construction of SP R faci l i t i es at 

Nash  dome wou l d  i nvo l ve the removal  of 206 acres from the tax ro l l s  of 

Fort Bend County .  The tax rate in the Co unty is  $1 . 66 per hundred 

dol l ars of a s sessed va l uat ion . As ses sed val uati on i s  20 percent of fa i r  

market va l ue .  As sum i ng that l and at  th i s  s i te i s  val ued at  $1 000 per 

acre , the l os s  to Fort Bend County wou l d  amount to approx imate ly  $1 593 

per year in property taxes for the l i fe of the proj ect .  

C . 7 . 2 Impacts From Operat ion and Standby Storage 

Devel opment of 1 00 MMB of o i l  storage capac i ty at  Nas h  dome wou l d  

pro v i de a tota l capac i ty of 1 63 MMB for the Seaway Group of SPR s i tes . 
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TABLE  C . 7-2 E s t imated constructi on empl oyment and wages by month  -
Na sh  Dome ( 1 00 MMB ) candi date S P R  sto ra0e s i te ( a l ternat i ve s i te )  

Number Month l y 
Month  Empl oyed Wages 

0- 1 1 70 $297 t 500 

1 -2 555  971 , 2 50 

2-3 51 5 901 , 250 

3-4 508 889 , 000 

4-5 401 701 , 7 50 

5-6  349 609 , 000 

6-7 1 32 23 1  , 000 

7-8  1 32 23 1  , 000 

8-9 1 32 2 3 1  , 000 

9 - 1 0 1 32 2 3 1  , 000  

1 0- 1 1 1 32 2 3 1  , 000 

1 1 - 1 2  1 09 1 90 , 750  

1 2- 1 3  1 09 1 90 , 7 50  

1 3 - 1 4 1 09 1 90 , 7 50 

1 4- 1 5 1 09 1 90 , 7 50  

1 5- 1 6  1 09 1 90 , 7 50 

1 6- 1 7  1 09 1 90 , 7 5 0  

1 7- 1 8  1 09 1 90 , 7 50 

1 9-46 55 96 , 250  

Tota l Con struct i on $ 9 , 458 , 750 
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O i l  movements wou l d be s imi l ar to those  descri bed for Al l en dome ( S ect ion  

C . 4 . 2 . 2 ) . Pri nc i pl e impacts of operati ons are expected to res u l t from 

pos s i b l e  l arge o i l  or brine  s p i l l s  and from hydrocarbon emi s s i ons over 

the Gu l f  of Mex i co .  Impacts from Bryan Mound early storage deve l o pment  

are i ncl uded where appropri ate to  i nd i cate cumu l ati ve env i ronmental 

effects . 

C . 7 . 2 . 1 Land Features 

Effects of operati on  and standby storage on l and features are 

expected to be m i n imal . The remote pos s i bl i ty of cavern col l apse i s  

d i scus sed i n  Section  C . 2 . There i s  no recogn i z i bl e  danger due to 

s e i smi c even ts . So i l s  wou l d stabi l i ze as soon as they are revegetated 

fo l l owi ng constructi o n .  

Operati on o f  al ternat i ve fac i l i t i es wou l d  n o t  affect l and  features . 

C . 7 . 2 . 2 Water Resources 

Impacts to water resources on a res u l t of operati ng o i l s torage 

fac i l i ti es at  Na s h  dome wou l d res u l t from wi thdrawa l of water' for oi l 

d i sp l acement ,  d i sc harge of br i ne  duri ng o i l  fi l l ,  ma i n tenance dredg i ng 

at  dock s i tes , and pos s i b l e  o i l or bri ne s p i l l s .  

Raw Water Wi thdrawa l 

Impacts assoc i a ted wi th drawi ng water from the Brazos  Ri ver D i ver­

s i on Channel for o i l d i s p l acement wou l d  be i dent i ca l  to those  descri bed 

for Al l en dome ( Secti on  C . 4 . 2 . 2 ) .  

Bri ne D i sposa l  

Impacts a s soci ated wi th d i scharg i ng br i ne to  the  Gu l f of Mex i co and 

u t i l i z i ng the backup 3-wel l bri ne i nj ecti on system southeast  of Nash  
dome wo u l d  be  s im i l ar to those  descri bed for Bryan Mound  i n  Secti on 

C . 3 . 2 . 2 .  

Ma i ntenance Dredgi ng 

Poten ti al  impacts due to ma i ntenance dredg i ng at the DOE dock  s i te 

wou l d be i dent i cal  to those for Bryan Mound SPR expans i on ( Sect ion  

C . 3 . 2 . 2 ) and  Al l en dome ( Section C . 4 . 2 . 2 ) .  
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O i l  Sp i l l s  

Dur i ng proj ect operation , o i l  sp i l l s  co u l d occur i n  the Gul f of 

Mex i co ,  i n  the O l d Brazo s R i ver ,  from the o i l p i pel i ne connect i ng the 

s torage s i te with the tan ker docks and with  SEAWAY Tan k Farms , from the 

we l l heads at Na s h  dome and from o i l  surge tan ks at Bryan Mound ( rel eases 

from the underground storage cavern are not quanti f ied , see Append i x  E ) . 

A thorough  descri ption of  pos s i b l e  modes of  sp i l l s ,  methodo l ogy of s p i l l  

cal c u l ation , quanti fi cati on of expected sp i l l  vo l ume and frequenc ies , 

d i spers ion  characteri st i c s , and s p i l l  preven t ion and conta i nment measures 

i s  provi ded in Appen d i x  E. A summary of oi l sp i l l expectati ons  i s  g i ven 

in Secti on C . 2 and in Ta bl e C . 2- 1  and C . 2-2 . Poss i b l e  effects on water 

re servo i rs are con s i dered in th i s  sect ion . 

Pro babl e movemen ts of sp i l l s  occur ing  ea st of SEAWAY Tan k Farm are 

i den t i ca l  to those  for Bryan Mound ( s ee Sect i on C . 3 . 2 . 2 ) .  

Sp i l l s  at Nas h  dome wou l d  l i ke ly  dra i n  i n to Turkey or Cow Cree ks 

wh i ch fl ow i n to the Brazos Ri ver.  L i ne sp i l l s  south of Nas h may dra i n  

toward an area a l ong the Brazos Ri ver known to conta i n  eag l e  nests . A 

water storage proj ect present ly  under cons i deration for deve l opment 

south  of Eag l e  La ke wou l d  not be d i rect ly  affected by a sp i l l  because of 

con ta i nment d i kes there . L i kewi se ,  the Harri s Reservo i r  wou l d  not be 

d i rect ly  affected as  l ong as the i ntakes from the Brazos Ri ver were s hut  

off duri ng a s p i l l .  

Near the j unction po i nt  between the proposed Nas h dome or Damon 

Mound p i pel i nes , s p i l l s  wou l d enter Varner Cree k .  South o f  th i s  j uncti on , 

s p i l l s  wou l d  affect the same drai nage bas i ns descri bed i n  Sect i on C . 6 . 2 . 2 .  

O i l  sp i l l s  are most  l i ke ly  to reach the Gul f of Mex i co as a res u l t 

of  a d i rect re l ea se from o i l  tan kers . 

Quanti t i es of o i l  expected to be rel ea sed from the early storage 

faci l i t i es at Bryan Mo und and from SPR expans i on fac i l i t i es at Nas h dome 

are l i sted by source and l ocat i on i n  Tabl es C . 2- 1  and C . 2-2 . Tota l o i l 

sp i l l age for f ive  fi l l /wi thdrawa l cyc l es i s  proj ected to be 1 930  barre l s 

for the early storage fac i l i ty and an add i t i onal  3949 barrel s for the 

Na s h  dome faci l i t i es .  Of the tota l , 73 percent is projected to occur 
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d u r i ng fi l l  operati ons , 23 percent dur ing wi t hdrawa l , and 4 percent ( 246 

barre l s )  d ur i ng s tandby s torage .  The d i s tr i bu t i on of sp i l l  i s  proj ected 

to be 2746 barrel s ( 47 percent )  i n  the Gu l f of Mex i co ( pri nci pal ly  at 

the VLCC-tanker transfer l oca ti on ) ,  1 467 barrel s ( 25 percen t )  at the 

tan ker docks , 1 237  barrel s ( 2 1 percent )  at Nas h dome , Bryan Mound , and 

SEAWAY Termi na l s ,  and 428 ba rrel s from the connecti ng pi pe l i nes . The 

maximum cred i b l e sp i l l events are estimated to be 60 , 000 barrel s res u l t­

i ng from a tan ker col l i s i on , 1 0 , 000 barrel s from a p i pel i ne rupture , 

5000 ba rrel s from s torage term ina l s and 500 barrel s from trans fer 

operati ons . 

Weatheri ng proces ses and d i s persal cha racter i s ti cs of o i l are g i ven 

i n  Sect i on C . 3 . 2 . 2 . Impacts expected to res u l t from o i l  or  bri ne s p i l l s  

from Na s h  dome fac i l i t i es are ba s i ca l l y  the same as those descri bed i n  

Sect i on C . 5 . 2 . 2  for Wes t Col umbi a .  Few bod i es o f  water are cros sed by 

the proj ect north of SEAWAY Tan k  Farm and , thu s ,  the effects are expected 

to be l ocal i zed from s p i l l s  in th i s  a rea . However , s hou l d  o i l  get i n to 

the  Brazo s Ri ver southeast  of the s i te ,  poten t i a l l y  wi despread water 

qua l i ty degradat ion coul d occur .  

Bri ne Spi l l s  

Duri ng proj ect operati on , br i ne sp i l l s  co u l d  occur  from the bri ne 

di sposa l  p i pel i ne and from the br i ne reservo i r ;  fresh  to sa l i ne water 

co u l d be s p i l l ed from the raw water supp ly  l i ne and from the bri ne 

d i sposa l l i ne ( d ur i ng s tandby storag e ) . A thorough  descri pt ion  of 

poss i b l e  modes of s p i l l s ,  methodo l ogy of spi l l ca l cu l ati on , quanti fi cati on 

of expected s p i l l  vol ume and frequenc i es ,  di spers i on characteri s t i c s , 

and sp i l l  prevent ion  and contai nment measures i s  prov ided i n  Append i x  E .  

A summary o f  br i ne sp i l l expectat ions  i s  g i ven i n  Sect ion C . 2  and i n  

Tabl e C . 2- 3 .  Pos s i bl e effects o n  water reservo i rs are con s i dered i n  

th i s  s ect i o n .  

Proba bl e movements o f  s p i l l s  occurri ng ea st  o f  SEAWAY Tan k Farm are 

i den ti ca l  to those for Bryan Mound ( see Section  C . 3 . 2 . 2 ) .  

Sp i l l s  at Nas h dome wou l d l i ke ly  dra i n  i nto Turkey or  Cow Creeks 

wh i ch fl ow i n to the Brazos R i ver . L i ne sp i l l s  south of Nas h may dra i n  

toward a n  area a l ong t he  Brazo s Ri ver known to conta i n  eag l e nests . A 
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water s torage proj ect presently under con s i derat i on for devel opment 

south  of Eag l e  La ke wo u l d  not be di rectly affected by a s p i l l  because  of 

i ts conta i nment d i kes . L i kewi s e ,  the Harri s Reservo i r  wou l d not be 

d i rectl y affected as l o ng as the i ntakes from the Brazos  Ri ver were s h u t  

o ff duri ng a s p i l l ep i s ode . 

Near the j uncti on  po i n t  between the proposed Nas h  dome o r  Damon 

Mound p i pel i nes , sp i l l s  wou l d enter Varner Creek .  South of th i s  j u ncti on , 

s p i l l s  wou l d affect the same dra i nage ba s i n s descri bed i n  Secti on C . 6 . 2 . 2 .  

Bri ne sp i l l s  are mos t  l i kely to reach the Gu l f o f  Mexi co as a 

res u l t of a d i rect rel ease from a ruptured bri ne d i sposal  l i ne . 

Bri ne and sa l t  water sp i l l s  are expected to occu r  on l y  from the 

p i p i ng system . Tota l sp i l l age is estimated to be 205 barrel s of bri ne 

and 1 1 7  barrel s of sa l twater from ear ly  s to rage operat i on and 2360 

barrel s of  bri ne and 2988 barrel s of sa l twater from SPR  expan s i on 

fac i l i t i es .  Of the tota l , 1 48 barrel s of bri ne and 78 barrel s of sa l t­

water wou l d  s p i l l  i nto the Gu l f  of Mex i co , 22 1 0 barrel s of  bri ne and 

2 91 0 barrel s of sa l twater wou l d s p i l l  i n to Coas ta l  Pra i ri e ,  fl u v i a l  

wood l ands , and mars h l and between Bryan Beach and Nas h dome ( Tab l e C . 2- 3 ) . 

The max imum cred i b l e  sp i l l  event i s  estimated to be 30 , 000 barrel s of  

b r i n e .  

Impacts expected to res u l t  from bri ne sp i l l s  from Nash dome fac i l i ­

t i es are ba s i ca l l y  the same as those descri bed i n  Sect ion  C . 5 . 2 . 2  for 

Wes t  Co l umbi a .  Few bod i es of water are cros sed by the proj ect north of 

S EAWAY Tan k  Farm and , thus , are expected to be l ocal i zed from s p i l l s  i n  

th i s  area . 

Fl ood Ha zards 

The el evati on of Nash dome sto rage fac i l i ti es prec l udes any pos s i b l e  

serious  fl ood i ng hazard . P i pel i nes and s to rage tan ks at  Bryan Mound 

wou l d  be s u bj ect  to the same fl ood hazards as  prev i ou s l y  descri bed i n  

Sec t i ons  C . 3 . 2 . 2 and C . 4 . 2 . 2 . 

Al ternati ve Fac i l i t i es 

U se  of ground water to d i sp l ace o i l  from the cavern , i nj ect i on of 

bri ne i n to deep s ubs urface sa l t  water beari ng sands and use of the 1 2 . 5  
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mi l e  d i ffuser wou l d have the same potenti a l  for adverse i mpacts as 

descri bed for Bryan Mound ( Sect i on  C . 3 . 2 . 2 ) .  

U se  of a mari ne p i pel i ne for o i l  movement wou l d reduce the expected 

quanti t i es of o i l sp i l l  vol ume by about  60 percent .  Onshore o i l s p i l ­

l age wou l d  be es senti a l l y  unaffected . 

C . 7 . 2 . 3  Ai r Qua l i ty 

A i r  qua l i ty impacts assoc i ated wi th  the operat ion  of the Nas h dome 

s i te a l ternat i ve are essenti a l l y  i denti ca l  to those descri bed for the 

Al l en dome ( Sect i on C . 4 . 2 . 3 ,  and Tabl e C . 3-6 ) ,  except that on s i te power 

generat i on  wou l d  be an add i ti onal  source of emi s s i ons . 

Em i ss i ons expected to resu l t  from a 34 , 000 k i l owatt gas turb i ne  

generator at  Na s h  dome are l i sted i n  Tabl e C . 3-7 . The res u l ts i nd i cate 

t hat  even as c l ose  as 1 km downwi nd , concentrati ons  wou l d be bel ow State and 

Na ti onal  a i r qua l i ty standards . However ,  s i nce the 3-hour HC standard 

i s  often exceeded i n  southeast Texas , hydrocarbon concentrati ons may 

cause i nfrequent add i t i onal  exceedances near the s i te ( es pec i a l ly  when 

i nteracti on wi th bri ne pond emi s s i ons  occu r ) . 

Al ternat i ves 

Est imated reducti on of hydrocarbon emi s s i ons  wh i ch wou l d  res u l t 

from usage of a mar ine  termi na l  are the same as those g i ven for Al l en 

dome i n  Secti on C . 4 . 2 . 3 . 

P urchase of commerc i a l power i n  pl ace of on-s i te generation  wou l d  

e l imi nate the maj or source of gaseous pol l utants at Nas h dome . 

C . 7 . 2 . 4  No i se 

No i se impacts caus ed by operati ng  SPR faci l i ti es at  Nas h dome wou l d 

be es senti a l l y  the same as descri bed i n  Secti on C . 3 . 2 . 4  for Bryan Mound . 

As there are no res i dences near the s i te ,  impacts wou l d  be i ns i gn i fi can t .  

C . 7 . 2 . 5  Eco systems and Spec i es 

Raw Water Wi thdrawa l 

Impacts are essent i a l ly  i dent i ca l  to those descri bed for Bryan 

Mound i n  Sect i on C . 3 . 2 . 5 and for Al l en dome i n  Secti on  C . 4 . 2 . 5 .  
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Bri ne D i sposa l  

Impacts are i dent i ca l  to tho se  descri bed i n  Section  C . 3 . 2 . 5 for 

Bryan Mound .  

Tan ker Transport 

Impacts are es sent i a l l y  i denti ca l  to those descri bed in Secti on 

C . 3 . 2 . 5 for Bryan Mound and in Section C . 4 . 2 . 5 for Al l en dome . 

Ma i n tenance of Project Lands 

Types of  impacts expected are the same as  descri bed for Al l en dome . 

A greater total a rea ( a bout  391 acres ) must be ma i nta i ned for Nash dome , 

however , because  of the l onger pi pel i ne corridor .  

Acc i den t i a l  O i l  Rel ea se  

Append ix  E ,  Secti on  C . 2 and Tabl es C . 2- 1  and  C . 2-2 i n d i cate the  

modes and quan t i t i es of o i l  sp i l l s  expected for Nash  dome faci l i ti es .  

Expected movement ,  wea theri ng processes , and poten t i a l  for water qua l i ty 

degradat ion  have been descri bed i n  Sect ion  C . 3 . 2 . 2  and C . 5 . 2 . 2 .  

Quanti ti es of  o i l  expected to be sp i l l ed at var ious  l ocati ons from 

Na s h  dome fac i l i t i es have been summari zed under Water Resources ( C . 7 . 2 . 2 ) . 

Mos t  of  the o i l  wou l d s p i l l i n  the Gul f .  Maximum cred i bl e s pi l l  s i zes 

are the same as  for other s i te a l ternati ves . Tota l o i l sp i l l age  from 

Nas h dome i s  expected to be on l y  s l i ght ly  l a rger than for Al l en dome SPR  

devel opment ( 4  percent l arger ) , because p i pel i nes contri bute a smal l 

fract i on of  the tota l expected o i l  sp i l l vol ume . 

As for the other s i tes , frequen c i es of sp i l l occurrence are l ow --

28 per l Oa MMB o i l  fi l l ed and  2 per  l Oa MMB o i l  wi thdrawn . Therefore , 

po l l u t i on from chron i c  or frequentl y recurri ng s p i l l s  i s  un l i kel y .  

Areas potenti a l l y  s en s i t i ve to dra i nage from a n  occa s i onal l y  l a rge o i l  

s p i l l  i ncl ude Tu rkey , Cow , Varner , Bel l and Jones Creeks , wetl ands 

near the S EAWAY Tan k  Farm ,  s ha l l ow l a kes and ponds  on Bryan Mound , and 

near s ho re Gu l f waters and shorel i nes . Al so , s ho u l d a l arge o i l  s p i l l 

reach  the eagl es ' nest i ng area a l ong the Brazo s Ri ver so utheast  of the 

s i te ,  potenti a l l y  ser io u s  eco l og i ca l  damage cou l d occur  to a broad range 

of vegetati on and wi l d l i fe ,  i n cl ud i ng the endangered southern ba l d  

eag l e .  
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Est imates made i n  Sect i on C . 3 . 2 . 5 of acreages wh i c h  m ight  be 

destroyed by max imum cred i b l e  o i l sp i l l  app ly  to the Na sh  dome s i te 

a l ternat i ve .  W i th max imum spread i ng , a l a rge tan ker sp i l l  wou l d destroy 

1 680  acres  of wetl ands and as  muc h  as 7000 acres of benth i c  hab i tat i n  

s ha l l ow coasta l waters . A l a rge pi pel i ne sp i l l  cou l d  destroy 320 acres 

of wetl ands ( o r  pra i r i e )  and 1 340  acres of sha l l ow water hab i ta t .  The 

most sens i t i ve areas wou l d  probab ly  be the p i pe l i ne ri ght-of-way near 

SEAWAY Tank Farm and the l a kes  and ponds on Bryan Mound . 

I n  s ummary ,  except for the case of a very l a rge oi l sp i l l  ( or a 

moderate ly s i zed sp i l l  i n  a sens i t i ve area ) , b i o l og i ca l  impacts are not 

expected to be of reg i ona l s i gni fi cance . The expected frequency of 

potent i a l ly l arge sp i l l s  i s  very sma l l .  

Acc i denta l B r i ne Re l ease 

Append i x  E ,  Sect i on C . 2  and Ta b l e C . 2-3 i nd i cate the modes and 

quanti t i es of bri ne sp i l l s  expected for Na sh  dome fac i l i t i e s . Expected 

movement ,  wea theri ng proces ses , and potenti a l  for water qua l i ty degrada­

t i on have been descri bed in Secti on C . 3 . 2 . 2  and C . 5 . 2 . 2 . 

Quanti t i es of brine  expected to be sp i l l ed at vari ous  l ocati ons 

from Na sh  dome fac i l i t i es have been summari zed under Water Resources 

( Secti on C . 7 . 2 . 2 ) .  Mo st bri ne sp i l l s  wou l d  occur on s hore . Max imum 

cred i b l e sp i l l s i zes  are the same as for other s i te a l ternati ve s . The 

br i ne and raw water sp i l l  vo l ume is expected to be nearly three times  as 

l arge as  for A l l en dome , because pi pe l i ne sp i l l s  are the on ly quant i f i ed 

mode of br ine  sp i l l s .  

As for the other s i tes , frequenc ie s  of sp i l l  occu rrence are l ow - on ly  
0 . 8  for br ine  a nd  raw water for the en t i re l i fet ime of the project . Therefore , 

pol l ut i on from c hron i c or frequent ly recurr ing  sp i l l s i s  u n l i ke ly . 

Est i mates made i n  Sec t i on C . 3 . 2 . 5 of acreages wh i ch mi g ht be 

destroyed by maxi mum credi b l e bri ne sp i l l  app ly  to the Nash dome s i te 

a l ternati ve .  A l a rge p i pel i ne sp i l l  cou l d  destroy 320  acres o f  wet l ands 

( or pra i r i e )  and  1 340 acres of s ha l l ow wate r habi tat . Impacts of br i ne 
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depend on  mi x i n g  and d i l uti on potenti a l . The most  s en s i t i ve areas wou l d 

pro babl y be the p i pel i ne ri g ht-of-way near SEAWAY Tank Farm and the 

l a kes and ponds on Bryan Mound . 

I n  s ummary , except for the case of a very l arge bri ne s p i l l  ( or a 

moderatel y s i zed sp i l l  i n  a sen s i t i ve area ) ,  bi o l og i ca l  i mpacts are not 

expected to be of reg i onal  s i gn i fi cance . The expected frequency of 

potent i a l l y  l arge sp i l l s  is  very smal l .  

Al ternati ves 

Use of  a ground water supply system or a deep wel l bri ne i nj ect ion 

system wou l d  reduce the exposure to bri ne or raw water s pi l l s  because 

p i pel i nes to the coast  woul d not be needed . 

Use  of the 1 2 . 5  mi l e  d i ffuser off Bryan Mound wou l d  have impacts as 

descri bed i n  Secti on C . 3 . 2 . 5 .  

U se  of a mari ne pi pel i ne and monobuoy wou l d  subs tant i a l ly  reduce 

the offshore and harbor  exposure to o i l s p i l l s  ( by about 60 percent ) .  

C . 7 . 2 . 6  Natural and Scen i c  Resources 

Operati on  and ma i n tenance acti v i t i es at the proj ect s i te wou l d  have 

l i ttl e effect on the scen i c  val ues in the area un l ess future devel opment 

occurs a l o ng county roads . The proj ect faci l i ti es wou l d  not be v i s i bl e  

from any res i dents i n  the area . There are no s i gn i fi cant adverse 

impacts anti c i pated to the natural  resources at the s i te .  

Al ong the p i pel i ne route there wou l d be mi n i ma l  impacts o n  natural 

and scen i c  resources as much of the l and wou l d be revegetated to i ts 

prev i ous  state . Al so , the route paral l el s  the SEAWAY R i g ht-of-Way mos t  

of  the way to the Tank  Farm . 

Operat ion  of the a l ternati ve bri ne d i s posal  and raw water supp ly  

systems wou l d not  have add i t i onal  adverse effects on  natural resources 

over those experi enced duri ng construct i on . 

C . 7 . 2 . 7  Archaeo l ogi cal , Hi stori cal and Cul tura l Resources 

There woul d be no impact on ,any known archaeol og i ca l , h i s tori ca l , 

o r  cu l tural resources caused by operati ons at  the s i te .  
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C . 7 . 2 . 8  Soci oeconomi c Env i ronment 

Land Use  

Operat ion  and ma i ntenance of  the  Nas h dome SPR s i te woul d have 

l i ttl e add i ti ona l impact on l and use .  The  206  acres enc l o sed at  the 

s i te duri ng the cons tructi on phase wou l d el imi nate the present use of 

the s i te for cu l t i vati on and cattl e graz i ng for the l i fe of the proj ect . 

Of the 823 acres requ i red for con s truct ion offs i te and wi t h i n  t he s i te ,  

567 acres wou l d be needed for ma i ntenance purposes . Some of th i s  l and  

co u l d be  revegetated and  returned to present uses . 

Tran sporta tion  

Traffi c rel ated to  project o perat ions  wou l d  have  mi nor impact on  

traffi c vo l umes in  the area . During  standby operat ions  these  impacts 

wou l d be reduced to m i n i mal  l evel s .  No congest ion  i s  anti c i pated . 

Popul at ion  

The  effects of operat ion  on l ocal popu l at i on wou l d  be  mi nor .  Mos t  

workers wou l d  commute t o  the area , and a few mi g ht rel ocate i n  or near 

the town of  Damon , i ncrea s i ng l ocal popu l at i on s l i ght l y .  

Hous i ng 

Hous i ng wou l d  be mi n i ma l ly  affected i n  a manner s imi l ar to total 

popu l at i on . A l i mi ted s upp ly  of hous i ng i s  avai l abl e in nearby areas . 

Economy 

Operat ion  and ma i n tenance o f  the proposed systems wou l d have a 

m i n i ma l  effect on the l ocal economy ,  and an i n s i gn i ficant  effect on the 

reg i on .  Duri ng standby operat ions on ly  1 0  empl oyees wou l d be requ i red ; 

a bout  55 empl oyees wou l d be needed dur ing fi l l i ng or wi thdrawa l pha ses . 

The month ly  wages duri ng  these phases wou l d be $ 1 7 , 500 per month and 

$ 96 , 000 per month , respec t i vel y .  Purchases o f  servi ces and su ppl i es 

dur i ng these phases wou l d have an i ns i gni ficant  impact on  the reg i ona l  

economy .  
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Government 

The operati onal  i mpacts on these character i st i cs wou l d  be the same 

as those exper i enced at Damon Mound ( Secti on C . 6 . 2 . 8 ) . Tax base  l osses  

from removal  of  property at the s i te from the  tax rol l s  wou l d be s i mi l ar 

to those d i scus sed i n  Secti on  C . 4 . 2 . 8 . The durati on of impact wou l d  be 

the l i fe of the proj ect ,  or 22  years . 

Al ternati ves 

Soc i oeconomi c effects of wi thdrawi ng ground water for o i l  d i s pl ace­

men t ,  i nj ecti ng bri ne to deep sal i ne water bear i ng  sands , us i ng a 1 2 . 5  

m i l e  o ffs hore d i ffu ser or u s i ng a mar i ne term ina l  for o i l  transport are 

not cons i dered to be s i gni fi cant ly  d i fferent from those resu l t i ng from 

the proposed faci l i t i es .  

C . 7 . 3 . Impact Due to Termi nation  and Abandonment 

The i mpact due to term i nat ion and/or abandonment of the Nas h dome 

s torage s i te as an o i l  s torage faci l i ty wou l d be the same as descri bed 

i n  Sect ion  C . 3 . 3 .  

C . 7 . 4  Rel at i ons h i p  of the Proposed Action  to Land Use P l ans , 

Po l i c i es and Contro l s 

I t  i s  not ant i c i pated that the Nas h  dome Strateg i c  Petro l eum 

Reserve s torage fac i l i ty wou l d confl i ct wi th  any l and use p l ans or 

pol i c i es .  For a further d i scu s s i on  of the l and  use  pl ans , po l i c i es and 

contro l s in the area , refer to Section  C . 3 . 4 . 

C . 7 . 5 Summary of Adverse and Benefi c i a l Impacts 

Devel opment of  the Nas h  dome as an o i l  s torage faci l i ty i s  not 

l i ke ly  to generate s i g n i fi cant reg i onal  env i ronmental i mpacts , except 

for the remote pos s i bi l i ty of a major o i l  or bri ne sp i l l  and the rel ease  

of hydrocarbon vapors dur ing o i l tran sport . T he l ongtime use  of  the 

area s urround i ng the s i te for o i l and gas product i on  and for agri c u l ture 

wou l d  tend  to m i n i m i ze the sco pe of impacts resu l t i ng from constructi on  

acti v i ti es .  

S i te construction  wou l d  requ i re gradi ng of about 30 acres . Fi l l  

req u i rements wou l d  be neg l i g i bl e  and wou l d  be supp l i ed from the s i te .  

Eros ion  of d i s tu rbed materi a l  on the s i te and al ong the p i pel i ne route 
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wou l d i ncrease the potent ia l  for s i l tat ion of the severa l  i ntermi ttent 

streams crossed .  Other construction  acti v i ty wh i c h  wou l d impact water 

qua l i ty wou l d i nc l ude dredg i ng and construction  at  the two dock  s i tes i n  

Freeport Ha rbor ,  and i ns ta l l at ion  o f  pi pel i nes i n  a 32-mi l e  corri dor 

from Bryan Mound . I ncrea sed sa l i n i ty i n  the Gu l f of Mex i co wou l d resu l t 

from bri ne d i s posa l  due  to the operation  of the s i te .  Contami nati on  of 

ground water s uppl i es i s  un l i ke ly .  

Ai r qua l i ty s tandards  are not  expected to be  exceeded dur ing e i ther 

construct ion  or operation  of the storage fac i l i ty ;  however ,  temporary 

hydrocarbon standards exceedance cou l d  occur at Freeport Harbo r .  No 

s i gn i fi cant no i se impact i s  expected duri ng construct ion or operation  of 

the proj ect .  

Land use  impacts of  devel o p i ng th i s  cand i date s i te center on the 

amount  of l and requ i red . At the dome , 206 acres wou l d  be encl osed by a 

securi ty fence .  Wi th i n  th i s  area , approximate ly  30 acres wou l d be 

requ i red for construct ion  of ons i te faci l i t i es . Construct ion  of backup 

i nj ect i on we l l s  and pi pe l i nes from Nas h dome to Bryan Mound to trans port 

o i l , bri ne , and raw wa ter wou l d d i s rupt 432 acres . Thi s l and co u l d be 

revegeta ted and part i a l ly  returned to pri or  uses . Constructi on of 

systems common to each s i te wou l d  requ i re 1 85 acres for the offs hore 

bri ne d i ffuser p i pel i ne ,  p i pel i ne connections  to Brazos Harbor and the 

new tan ker doc ks . 

The reduct ion of ava i l abl e wi l d l i fe habi tat i n  the v i c i n i ty of the 

s i te and al ong the p i pel i ne route to Bryan Mound and offs hore to the 

d i ffuser are the  most s i g ni ficant eco l og i ca l  impacts assoc iated wi th 

th i s  s i te .  Construct ion  acti v i t i es wou l d force m igrat ion of many 

s pec i es , and reduce the amount of food , cover , and nest i ng  area ava i l a bl e .  

Many sma l l i nvertebrates , bi rds , and mamma l s  wou l d  be destroyed . No 

rare or  endangered spec i es have been i denti f i ed as ex i s t i ng i n  the area . 

Fo l l ow i ng construct i on , much of  the area wou l d return to i ts previ o us 

s tate . 

A l though l arge quanti t i es of  water wou l d be requ i red to l each 

storage caverns , the wi thdrawa l of  th i s  water from the Brazos R i ver 

D i vers ion  Channel  wou l d cons ti tute l ess  than one percent of i ts average 

fl ow . Di s posa l  of  brine in the Gu l f of Mex i co i s  expected to i ncrease 
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sa l i n i ty i n  the water near the di ffusers , but th i s  i ncrease i s  not 

expected to be s i gni fi cant , though there may be some adverse effect on 

mari ne organ i sms . P i pe l i ne constructi on cou l d  temporari l y  affect the 

water qua l i ty of Cow, Varner , Be l l , and Jones Creeks  by i n crea s i ng 

turb i di ty and rel ease of pol l u tants from bottom sed iments . Dock con ­

s truct i on i n  Freeport Harbor i s  not expected to have s i gn i fi cant effects 

on  e i ther the eco l ogy of the area or i ts water qua l i ty ,  as the area i s  

frequent ly  dredged . 

D uri ng the constructi on phase , i ncreases i n  i n come and emp l oyment 

i n  the Hou ston area are expected . These  i ncrea ses are not expected , 

however , to prov i de maj or st imu l u s  to the economy of the reg i on .  Duri ng 

o perat i on ,  the proj ect i s  expected to contri bu te about $ 1 7 , 500 per 

month i n  addi ti ona l i ncome duri ng  standby storage and $96 , 000  per month 

duri ng fi l l  and wi thdrawa l . Mi nor i ncrea ses i n  traffi c co�gest i on i n  

the  Na s h  dome area are expected . These impacts shou l d be of s hort 

d urat i on .  
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APPENDI X 0 

PART I - GENE RAL DI SCUSS ION AND US E OF  E XI STI NG CAVERNS 

D .  1 I NTRODUCT I ON 

The storage of crude o i l in the Strateg i c  Petrol eum Reserve Program 

wi l l  entai l the contact of o i l  wi th bri ne so l ut i ons . Th i s contact wou l d 

resu l t i n  the d i s sol v i ng and entra i nment of smal l concentrat i on s  of hy­

drocarbon s i n  the bri ne through a n umber of phys i ca l  phenomena . I n  order 

to assess  the magn i tude of oi l concentrat i on s  d i scharged i nto the bri ne 

surface control faci l i t i es , a study was performed to determi ne the me­

chan i sms of i nteracti ons between the o i l and bri ne  wi th i n  a typ i cal  under­

g round o i l storage cavern . Th i s  append i x  d i scu sses  the resu l ts of that 

study . 

The primary cavern i n teracti ons  wh i ch wou l d d i stri bute t he o i l i nto 

the bri ne are d i sso l ut i on and d i s pers i ve reacti ons . Di spers i ve reacti ons  

requ i re a phys i ca l  energy i nput  to the system to agi tate the mi cro oi l 

part i c l es  i n to the under lyi ng bri ne . D i s so l uti on occurs on the mol ecu l ar 

l evel where the hydrocarbon so l ute d i s so l ves i nto the bri ne so l vent system . 

Al though both of these react i on s  occur s i mu l taneo u s l y  duri ng  certa i n  oper­

ati ona l  phases , the study i nd i cates that pr inc i pal l y  di sso l ved components  

wou l d  be  d i scharged to the  surface br i ne control fac i l i t i es .  

Resu l ts of the study i nd i cate that under a worst-case s i tuati on , the 

bri ne d i scharge wou l d  conta i n  an estimated maxi mum 32 parts per mi l l i on 

( ppm ) of oi l .  However , t h i s cond i t i on i s  not expected to occur .  A more 

reasonabl e estimate of the d i sso l ved o i l - i n - bri ne  concentrati on d i scharged 

from a typ i ca l  cavern dur i ng i n i t i a l  fi l l  i s  approx imate ly  1 6  ppm , and 

duri ng approximatel y  t he l ater 1 0% of an i nd i v i dua l  cavern d i sc harge and 

6 ppm dur i ng the ent i re i nd i v i dua l  cavern d i scharge per i od for su bsequent 

refi l l s .  

The secti on s  wh i ch fo l l ow descri be the o i l /bri ne i nteracti ons 

wi t h i n  a storage cavern ( Sect i on 0 . 2 ) , d i sso l v i ng react i ons  ( Sect i on 0 . 3 ) , 

d i spers i ve reacti on s  ( Secti on 0 . 4 ) , expected concentrati on of o i l - i n-br i ne 

d i sc harged to the surface bri ne control fac i l i t i e s  ( Sect i o n  0 . 5 ) , and con­

c l u s i ons  ( Sect i on 0 . 6 ) . 
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0 . 2 O I L/BR I N E  I NTERACT IONS I N  A SALT SOLUT ION -MI NED  STORAGE CAVERN 

The fo l l owi ng secti ons bri efly descri be the majo r  i n teract i ons  that 

occur between the o i l , bri ne , and raw water wi th i n  a sa l t dome storage 

cavern . The i n teractions  wh i c h  occur duri ng the operat i onal  phases of 

the sto rage program are i l l u s trated schemati cal l y  i n  F i gure 0-1  and a re 

descri bed here i n as : 

The i n i t i a l  o i l  fi l l  and d i s charge of br i ne ; 

The l ong-term storage of o i l i n  a q u i escent state ; 

Raw water i nj ecti on to d i sp l ace oi l ;  

Storage cavern cond i t i ons after o i l i s  d i s p l aced ; and 

The second and su bsequent refi l l s .  

0 . 2 . 1  In i t i a l  O i l Fi l l  

The  sa l t  dome cavern , pr ior  to the i n i ti a l  o i l  fi l l ,  i s  fi l l ed w ith  

br i ne .  As  crude o i l  i nj ecti on beg i n s , j ett i ng ( approximatel y 8 feet per  

s econd ) causes  turbu l ence at the o i l -brine  i n terface wh i ch produces an 

emu l s i on  of o i l  and br i ne and affects sol ut ion  of var ious  hydrocarbons  

i n to t he bri ne .  Turbu l ence wou l d be  confi ned to  approximate ly  the  upper 

5 0  feet of  the cavern . As ca vern fi l l i ng conti nues , i nterface turbu l ence 

wou l d  decrea se as  the i nterface descends . At a depth of  approximatel y  

50  j et d i ameters , the o i l  j et momentum wou l d  be one-tenth of  i ts i n i t i a l 

val ue and i nterface turbu l ence wou l d have ceased (Ameri can Petro l eum 

I n s t i tute ,  1 969 ) .  

The l i g hter ,  more so l ubl e hydrocarbons  d i ffuse  across  the o i l - bri ne 

i nterface , wh i l e  the heav i er , l es s  so l u bl e components s l owly beg i n  to 

form a rel at i ve l y  dense and v i scous refractory l ayer between the o i l  and 

br i ne . Th u s ,  the maj or o i l  contami na t ion  of the br ine  occurs dur ing  the 

i n i ti a l  peri od  of  the fi l l i ng phase wh i l e  turbu l ence is  h i g h . 

D i sso l ved and d i spersed o i l  i s  expected to rema i n  wi th i n  the upper­

most  1 00 feet o f  t he bri ne co l umn dur ing i n i ti a l  fi l l  due to a l ow rate 

of vert i ca l  d i ffus i on . Consequentl y ,  duri ng the ea rl y stages of fi l l  the 

o i l  concentrat i on of  the d i scharged brine wou l d be near zero . As the o i l /  

bri ne i n terface approaches the bottom of the bri ne d i sp l acement tubi ng , 

o i l  concentration  of the d i scharged bri ne wo ul d i n crease and average 1 6  

ppm duri ng t he f ina l  stages of fi l l  ( Secti on 0 . 5 ) .  
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INITIAL O I L  F I L L  

O I L  DISCHARGE 

CAV E R N  A F T E R  
OIL IS D I SPLACE D  

F I GURE 0 - 1  Operati ona l phases  of  o i l s torage program 
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0 . 2 . 2  Long-Term Oi l Storage 

Dur ing l ong-term o i l storage , a bri ne l ayer i s  mai ntai ned at the 

bottom of the sol ut i on cavern and wou l d amount  to approximate l y  5 per­

cent of the tota l cavern vo l ume . The oi l concentrati on w i th i n  t h i s 

br ine  i s  assumed to reach equ i l i br i um duri ng l ong-term storage . A re­

fractory l ayer woul d form at the o i l  bri ne i nterface because  of the l oss  

of so l u b l e hydrocarbons  i nto the underl y i ng bri ne and a consequent en ­

r ichment of heav i er ,  re l at i ve l y  i n sol ub l e hydrocarbons . Any rema i n i n g  

sma l l fracti on of d i s persed o i l  i n  bri ne wou l d be  expected to  ri se  to 

the o i l -bri ne i nterface contr i but i ng to the refractory l ayer or be ab­

sorbed by s u spended parti c l es and i n  turn settl e to the bottom . The 

l ong-term storage i s  the on l y  pha se of the program where t ime a l l ows 

the hydrocarbon s to d i sso l ve and establ i sh equ i l i br i um cond i t i on s  wi th  

respect to  the  bri n e .  

0 . 2 . 3  I nj ecti on of Raw Water and D i spl acement of O i l  

The o i l  i s  d i sp l aced from the cavern by i nject i on  o f  raw water i nto 

the l ower l evel , caus i ng the upward d i spl acement of o i l . The raw water 

wou l d d i l ute the res i dual  bri ne sol u t i on i n  t he bottom of the cavern and 

may resu spend settl ed parti cl es .  The res u l tant d i l u t i on of both the 

brine and d i ssol ved o i l  concentrati on wou l d  a l l ow further d i sso l u t i on of 

o i l i nto bri ne . I n i t i a l l y , there wou l d be turbu l ence at the o i l -bri ne 

i nterface wh i c h  may d i s perse some of the o i l . The refractory l ayer at  

the o i l - bri ne i n terface wou l d  effecti ve l y  l im i t  d i ffu s i on and  d i spers i on .  

When t he crude o i l  i s  d i spl aced from the storage cavern , an o i l  fi l m  

wou l d  rema i n  o n  the cavern wa l l s .  Th i s  o i l  fi l m  wou l d ,  i n  t ime , part l y  

d i s so l ve i nto t h e  bri ne and partl y ri se t o  the o i l -br i ne i n terface as  

so l ut i on of the  under ly i ng sa l t  progresses . For ca l cu l ati on purposes , 

i n  t h i s report , t h i s o i l  fi l m  was assumed to be total l y  d i sso l ved , 

add i ng  approx imatel y 1 . 6 ppm to the o i l - i n-br i ne  concentrati on .  

The raw water be i n g  i nj ected i nto the cavern wou l d  ri se toward the 

surface due to i ts l ower dens i ty and i nduce a c i rcu l at i on wi th i n  the 

bri n e .  Th i s  may res u l t i n  a n  i nc rease i n  t he d i ffu s i on of  o i l  i nto the 
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now non-equ i l i br i um system . As the i nterface ri ses  wi t h i n  the cavern , 

the c i rcu l at i on wou l d  decrease  i n  the upper br ine  col umn due to the rap i d  

d i l ut i on of the raw water . The bri ne temperature w ith i n  the cavern wi l l  

eventual l y  r i se to a pprox imately 1 500F and an i ncrease i n  s a l i n i ty wi l l  

occur a s  the d i sso l u t i on of the cavern wal l s  proceeds .  The net effect 

i s  a decrease  i n  o i l so l u b i l i ty because the sa l i n i ty factor has  a g reater 

i nfl uence than that of temperature ( Secti on 0 . 3 ) .  The d i sso l ved o i l  con­

centrat ion in the bri ne at the end of th i s  operat i on i s  therefore the 

res u l t  of : 

( l ) the twentyfol d  d i l u t i on of  the res idua l  br i ne wh i ch had 

reached equ i l i br i um o i l  concentra t i ons  at t he bottom of 

the cavern , 

( 2 )  some d i sso l u t i on of the o i l  l ayer on the cavern wal l s ,  and 

( 3 )  some smal l add i t i ona l  d i s so l u t i o n  at the o i l - br i ne  i nterface 

dur i ng d i s p l acement . 

0 . 2 . 4  Storage Cavern Condi t i ons After Oi l i s  O i spl aced 

After the cavern i s  fi l l ed w ith  water and the crude o i l  removed , a 

sma l l amount of the crude o i l  wou l d be reta i ned as  a b l anket on top of 

the bri ne col umn . The o i l  b l anket acts as a barr i er between the so l ut i on 

cavern cei l i ng and the bri ne , thereby m i n i mi z i ng sa l t  d i s so l u t i on around 

the cemented cas i ng . The o i l  at the o i l -br ine  i n terface wi l l  be composed 

of a re l at i ve l y  den se , v i sco u s  l ayer and wou l d  on l y  a l l ow s l ow d i ffu s i on 

of the so l u b l e hydrocarbon components . The add i t i onal  o i l concentrat i on 

d i sso l ved i nto the bri ne dur i ng t h i s opera t i on i s  j udged to be m i n i ma l . 

0 . 2 . 5  Second and Subsequent Oi l Refi l l  Phase 

The o i l -br ine  i n terface woul d now have had suffi c i ent t ime for a 

den se  refractory l ayer to form . Th i s  l ayer wou l d reduce the d i ffus i on 

and d i sso l ut i on during su bsequent refi l l s .  Throughout su bsequent o i l  

refi l l s  a pprox imate ly  6 ppm of  o i l i n  bri ne  ( as cal cu l ated i n  Sect i on 0 . 5 )  

wi l l  be d i scharged to the surface bri ne con trol fac i l i t i e s , pro v i d i ng 

the den se  refractory l ayer cont i nues to act a s  a barr i er .  I n  the event 

that the refractory l ayer i s  penetrated by the i n put jet of o i l , reac­

t i ons  s i mi l ar to those  of the i n i t i a l fi l l  cyc l e wou l d  occu r .  
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0 . 3  D I SSOLUT I ON REACT IONS DUR I NG CAVERN OP ERAT IONS 

The sol ubi l i t i es of var ious  hydrocarbons  in wa ter and in bri ne have 

been stud i ed by a number of workers . The data i l l u strated in F i gure 0 -2 

i nd i cate that for each homo l ogous  seri es of hydrocarbon s ,  the l ogari thm 

of sol ub i l i ty i n  water i s  a l i near functi on of hydrocarbon mol ar  vol ume . 

The sol ubi l i ty of hydrocarbons  as  i l l ustrated i n  Fi gure 0-2 and l i sted i n  

Ta bl e 0- 1 i ncrease wi th  a decrease i n  mol ar vo l ume and mo l ecu l ar weight  

and  an  i ncrea se i n  branch i ng and  degree of  unsaturati on . The most so l ubl e 

hydrocarbons are the l ow mo l ecu l ar  we i g ht aromati cs ( Pri ce , 1 973 ; McAul i ffe , 

1 97 6 ) . 

Rev i ew of studi es wh i ch were conducted to determi ne the saturati on 

concentrations  for o i l  i n  seawater and i n  fres hwater , i nd i cate that as 

t he hydrocarbons  d i s so l ve ,  so l u bi l i ty rates decrease  before equ i l i bri um 

cond i t i on s  are establ i s hed ( Pri ce ,  1 973 ) . 

Eq u i l i br i um concentrat i ons  at standard temperature and pressure for 

four  d i fferent crudes are l i sted in Tabl e 0-2 . Equ i l i br i um concentrat i ons 

found by other resea rchers for crude o i l i n  both fres hwater and sa l twater , 

range from 7 to 40 ppm wi th the preponderance of data rang i ng from 20-30 

ppm ( McAu l i ffe , 1 976 ; Fran kenfel d ,  1 975 ; Candl e ,  1 977 ; Anderson , 1 974 ) .  

Sel ected data for the La Ro sa and Murban crudes , presented i n  Tabl e 

0- 3 ,  reveal s the vari at ions  i n  eq u i l i bri um concentrati ons whi ch can be 

expected . Th i s  data i nd i cates that the hydrocarbon compos i t i on of a par­

t i cu l ar stored crude wou l d effect the concentration  of di s so l ved o i l  be i ng 

d i scharged wi th  the bri ne . For the purpose of ca l cu l at ing  est imated o i l  

concentrations  i n  a bri ne d i scharge , the Mi ddl e East Murban crude was 

con s i dered a s  a poss i bl e  crude to be stored i n  the Strateg i c  O i l  Reserve 

Program . 

The equ i l i br i um concentration  of Murban crude i n  seawater wi th  a 

sa l i n i ty of 36 ppt i s  27 . 9  ppm at standa rd temperature and pres sure as  

s hown in  Ta bl e 0-2 . 

As temperature and pressure change wi th i n the storage cavern , the 

resu l tant equ i l i bri um concentrati ons can be expected to chang e .  General 

hydrocarbon so l u bi l i ty stud i es i nd i cate that as temperature and pres sure 

i ncrease , so l u bi l i ty and equ i l i bri um concentrations  i ncrease . I ncrea s i ng 
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TABLE [)- l Aq ueous s o l u b i l i t v  v a l ues  of i nd i v i d u a l  c ompoun d s  a t  25°C ( p pm ) . 

COMPO U N D  

P E N TA N E  

H E X A N E  

H E P T A N E  

O C T A N E  

N O N A N E  

I S O  P A RA F F I NS 

2,3 - D I M E T H Y l.B U TA N E 

2,2 - D I M E T H Y L ll U l  A N E  

2 - M E T H Y LP E N TA N E. 

3 - M E T H Y LP E N T A N E  

2,4 · D I M E T H Y l r UHf, N E  

2,2 - D I M E T H Y L f' E N TA N E  

2 ,3 - D I M E TH Y l P E N TA N E 

3,3 - D I M E T H Y t. P E NTf, N E  

2,2,4 - T R I M E T H Y L P E N T A N E  

2,3,4 - T R I M E T H Y L P E N T /, N E  

ISOP E N T A N E  

2 - M E T H Y L H E X A N E  

3 - M E T H Y l H E X A N E  

3 - M E T H Y l H F P l  A N E  

4 - M E T H Y L U C T A r J E  

R l C Y C L Of'r, n  {, to F I N  
(4 .�.O) H I C Y C L U D F C A N E  

tJAf' T H O - A R O M A T I C  

CYC l O PA F, A F F I NS 

C YC LO P E N TA N E  

M E 1 H Y lC Y C L U P l N T A N E  

P R I C E  

39.5 

9.47 

2.24 

0.431 

0.1 n 

1 9 . 1  

2 1 .2 

1 3.0 

1 3. 1  

4 .4 1 

4.40 

5.25 

5.94 

1 . 1 4  

1,3& 

48.0 

2.54 

2.65 

0 .7 92 

0 . 1 1 5  

.889 

88.9 

l G O  
4 1 .8 

P H O P Y l C Y C L O P E N T A N E  Z�4 

P E N T Y l.C Y C L O f' E N I A N E  0. 1 1 5 

1 ,1 ,3 - T n l M E T I l Y I . C Y C L O P E N T A N E  3.73 

CYC l O H E XA N E  

M E T H Y l C Y C L U H l X A N E  

&6.5 

1 6 .0 

1 ,4 - T n A N SO I M E' T H Y l C Y C L O H r X A :J E .  3.8� 

1 ,1 .3 - T R I M E T H Y LC Y C L U H E XA N E  1 .7 7  

A n O M A T l CS 

£l E N l C N E  

T O L U E N E  

M - X Y L E N E  

O - XY l E N E  

r - X Y L [ N E  
1 ,2,4 - - T n i M E T It Y l E E N Z r N E  

1 ,2,4,5 - T [ T R MM T H Y l I H, N Z E N E  

E n  I Y l !l l N 7 r  N E  
ISOP H O P Y  U J F  N Z  [ N  E 

ISOll U I  Y l . o r, N Z t. N � 

SOllHC E ;  p n l c r ,  1 � ! 3. 
McA U L I I T E ,  1 � [;�1 

1740 

554 

1 34 

l G 7  
1 5 7  

5 1 .9 

3.� B  

1 3 1 . 1  

48.:1 

1 0 .  I 

0- 7 

M C AU L I F F E  

38.5 

9.� 
2.93 

0.G6 

0.22 

1 b G  

4 2  

55.2 
1 4 .0 

1 7 80 

b 1 5  

1 75 

57 

1 !J 7  

tiO 
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TAB LE D-2 Hyd r oc a rb o n s  d i s s o l ve d i n  s e a  water* e q u i l i b r a t e d  w i t h o i l  
s amp l e s . 

COMPO U0.:D 

A L K A N E S  

E T HA N E  

PROPAr>lE 

n BUTA N E 

ISOB UTAN E  

n PE NTA N E 
ISOPErHANE 

CYC LOPE N TA N E  + 2 M E T H Y L  P E N T A N E  

M E T H Y L CYCL O P E N T A N E  

H E XA N E'  

CYC LOH E X AN E 

M E T H Y LCYC L O H E XAN E 

n H E PTA N E 
C

1 6 
n PA R A F F I N  

C
1 7

n PA RA F F I N 

T OTA L C
1 2 

- C
24 

n PA R A F F I II:S 

A R OMATICS 

B E N Z E N E  

TO L U E r, E  

E Tl I Y LB E N Z E N E 
M - P - X Y L [ N E  

0 - X Y L E N E  

T RI M E T H Y L 8 E N Z E tJ f  

NAP H T HA l. E N E  
1 M E TH Y L N A P H T H A L E N E  

2 M E l H Y UMPf:T H A L E N E  

D I M E  T H Y  L N AP H TH A L E N E  

OTH E R  A R O �\Al ICS 

T O T A L  S A T U r. A H S  

T O l " L  I\fWMA l l CS 

TOTAL D I SS O I  Vf:D H Y D R OCArH1 O i" S  

- -

S O U R c e  1 ANDE RSC' N .  " t . HI. , ( 1 9 7 4 )  
2 �lC A U LlF r (  ( 1 9 '/(,) 

SOUT H  L O U I S I A NA 

C H U D E  
( 1 )  

ppm 
-

.54 

3.0 1 

2.36 

1.(;9 

.49 

.70 

.36 

.23 

.09 

.22 

.06 

.0 1 2  

.009 

.089 

6.75 

4.1 3 

1 .56 

.40 

.76 

. 1 2  

.06 

.05 

.OG 

.021 

9.85 
1 3.90 
23.76 

0-9 

K U'NA I T 

C R U D e  

( 1 )  PP�-L-_ _ 

.23 

3.30 

3.66 

.90 

1 .3 1  

.98 

.59 

. 1 9 0  

.290 

.080 

.090 

.0006 

.0008 

.004 

3.�6 
3.02 
1 .58 

.67 

.73 

.02 

.02 

.uon 

.02 

.O J :! 

1 1 .6 2  

1 0.03 

2 1 . 6 3  

-----

VE N F ;: U F L A  

L A  H OSA 

C R U D E  

l.l ![J [) L E  E A ST 

M U H H A. N  C R lI lJ E  
(2) 

(2 I ppm ppm 
-

1 

1 

-- . . .  -

2 .0 1 1  

3,G3 

1 .88 

.76 

.60 

.23 1 
2.150 

2.880 

.BOO 
1 .340 

1.030 

.275 .355 

'.65 1 .35 

.190 . 4 1 0  

. 1 6 0  .235 

.100 .330 

3.30 6.000 

2.80 6 . 1 60 

.275 .825 

.840 1 .940 

.350 ' .0 1 0  

.300 .750 

1 .200 1 1 , 1 00 

7 .B6U 1 6 ,SOO 
9.000 27.900 

- - -- -� - - - -.------
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TAB LE  0- 3 Re l at i ve a roma t i c components  of  crude and  the i r  e ffect on equi l i br i um concentrati ons * . 

I\1 U R 8AN C R U D E  LA R OSA C R U D E  

( A 8 U  D H A [J i )  ( V E N E Z U E LA )  

E Q U I L I El R I U :v1  I P E R C E N T  cmlPOS I T I ON E Q U I L I B R I U M  P E R C E N T  COMPOS I T I O N  

C O N C E N T 8 A T l O N S  ppb I N  C R UD E  C O N C E N T R A T I ONS ppb I N  C R U D E  � 
C E N Z E N E  6,030 . 1 3  3,300 .07 i 
T O L U E N E  G, 1 CO .49 2,800 .22 

T R I M E TH Y l 8 E N Z E N E  750 .14 300 .30 

TOTAL 1 2.990 1 .3G% 6.400 I .59% i 
· I n  Sc.)w.ner aT Stilndord TC!mpcreturo Dnd Pro�suro 
R E F .  M C A U LI F F E , 1 9 7 6  



the sa l i n i ty of  the so l vent y i e l ds  a decrea se i n  the hydrocarbon so l ub i l ­

i ty and a reduction of  the eq u i l i br i um concentrations . The fol l owi ng 

sect i ons  summar ize the ant i c i pated changes i n  cavern eq u i l i bri um con­

centrat i ons  o f  the o i l  in  bri ne as  a re su l t  of a temperature i ncrease 

to 1 500F ,  an  i ncrea se in pres sure to approxi mate l y  1 500  p s i  and an i n ­

crease  i n  sa l i n i ty to 31 0 parts per thousand . 

0 . 3 . 1  In crea sed Temperature Effects on Equ i l i bri um Concentrat i ons 

As i l l u strated in Fi g ures 0-3  and 0-4 the temperature/ so l ub i l i ty 

rel ations h i p  i s  non- l i nea r and unt i l  temperatures  i n  exces s  of  2S7oF 

a re reached s i gn i ficant i ncrea ses i n  so l ub i l i ti es do not occur . The 

operat i ng temperature for the caverns wi l l  be approx imately  l SOoF .  

P ub l i shed data i n d i cate that for a n  i ncrease o f  from 700F to l SOoF an 

equ i l i br i um concentra t i on i ncrease of 1 . S i s  the max imum that can be 

reasonab ly  expected ( Pr ice , 1 973 ; Gri swo l d ,  1 942 ) .  For model ca l cu l a ­

t i on purposes , a temperature mul t i p l i er of 1 . S has been uti l i zed . 

0 . 3 . 2  I ncrea sed Sa l i n i ty Effects on Equ i l i br i um Concentrat i ons  

The aqueous so l u bi l i ty of  hydroca rbons i s  an i n verse funct i on of  

s a l i n i ty ( Pr i ce , 1 973 ; Candl e ,  1 977 ) .  W i th i n  the  sa l t dome caverns 

b r i ne concentrat i ons wi l l  be i n  excess  of 3 1 0 parts per thousand ( ppt ) 

( McAu l i ffe , 1 969 ) . The resu l ts of so l ub i l i ty exper iments on  d i s crete 

hydroca rbons  l i sted i n  Tabl e 0-4 i nd i cate that l arge reduct ions  i n  

hydrocarbons  so l ub i l i ty can be expected wi th i ncreases i n  sa l i n i ty .  

Recent stud i es o n  a number o f  domesti c crude o i l s  ( Tabl e O-S ) exh i b i t  

s i m i l a r  decreases i n  hydrocarbon so l u bi l i ty when compared over the 

sma l l er range of sa l i n i ty .  Based o n  these stud i es a sa l i n i ty mul ti p l i er 

of  0 . 1 5  i s  rea sonabl e and perhaps even conservati ve .  

0 . 3 . 3 Increa sed Press ure Effects on Equ i l i bri um Concentrati ons  

The effect of i ncrea s i ng pressure on  the so l ub i l i ty of  hydrocarbons 

i s  to i ncrea se t he i r  so l u bi l i ty .  As i l l u s trated in F i g ure 0-5 , th i s  

effects i s  most s i gn i fi cant for the l i g hter or  l ower mo l ecu l ar  weight  

hydrocarbons such  as  methane and butane . S im i l a r  effects for l arger 

hydrocarbon mol ecu l es co u l d  not be i dent i fi ed . The data as l i s ted i n  

0- 1 1  
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TABLE 0- 4 So l ub i l i ty o f  i n d i v i dua l hyd roca rbons i n  aqueous  s o l ut i ons  
a t  250C as a fun c t i on o f  NaCl  concentra t i on . 

.NaCI 
CONCENT RATION 

IN  PPM PENTA N E  

0 39.5 

1 ,002 36.8 

1 0,000 34.5 

SEA WAT E R · 27.6 

34,472 

60,030 22.6 

1 25,100 1 0.9 

199,900 5.9 1 

279,BOO 2.64 

358,700 • •  2 .01 

• A RTIF ICIAL SOLUTION 
• • SATURATED NaCI SOLUTION 

S O U R C E :  Prlce, 1 973 

SOLUB ILITY OF  HYD ROCARBON IN  PPM 

BENZENE  TOLU E N E  METHYLCYCLOPENTANE ! 

1 7 40 544 4 1 .B 

1 7 1 8  526 38.0 

162B 490 36.3 

1 39 1  402 29.2 

1 1 94 359 27.0 

593 l B 2  1 2.7 

3BB 1 06 5.72 

2 1 4  53.8 3.36 

1 34  37.2 1 .89 

0- 1 4  



TAB LE 0- 5 D i s s o l ved o i l con tent  of br i nes enu i l i brated w i th var i ous o i l s .  

BR I N E  G RAVIMETRIC  
ppt mg/l 

GULF  COAST TE XAS 1 9.64 

CONDE NSATE 30 5.83 

1 00 2A5 

G ULF COAST TE XAS H I G H  1 6.87 

G RAVITY CRUDE 30 4.03 

1 0 0  2. 1 5  

LOUIS IANA M E D I UM 1 6.1 6 

G RAVITY CRUDE 3 0  5.53 

1 00 3.68 

EAST T EXAS M E D I UM 1 1 1 .49 

G RAVITY CRUDE 3 0  6.96 

1 00 3.1 1 

EAST'T EXAS LOW 1 5.02 

G RAVITY CRUDE 3 0  3.96 

1 00 2.4 1 

CALIFORN IA  LOW 1 0.40 

G R AVITY CRUDE 30 0.31 

100 0.60 

CAL I FORN IA  M E D I UM 1 9.64 

G RAVITY CRUDE 30 4.58 

100 3.87 

ALASKA CRUDE 1 9.56 

30 7.83 

1 00 5.04 

F LO R I DA CRUDE 1 10.51 

30 7.51 

100 4.15 

SOURCE:  Caudle, 1 977 

U- 1 5  
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Ta bl e 0-6  and  shown i n  Fi g ure 0-5 , ta ken at a temperature of  1 600F to 

a pproximate cavern cond i t i ons , i nd i cates  a correspond i ng i ncrease i n  

so l u bi l i ty wi th pres sure i n  add i t ion  to the importance of  the hydrocar­

bons  mo l ecu l ar  s i ze and bo i l i ng po i nt .  Th i s  data s uggests that press ure 

has  a d im i n i s h i ng effect on  the so l ub i l i ty of the hydrocarbons  as the i r  

mo l ecu l a r  we i g hts and  bo i l i ng po i nts i ncrease ( P ri ce , 1 973 ; McKel ta and  

Weh e ,  1 962 ) . For conven i ence , the bo i l i ng po i nts o f  the hydrocarbons  

a re a l so l i sted on  F i g ure 0-5 . S i nce no data was l ocated for pressure/ 

so l u bi l i ty rel a t i on s h i ps for the h i gher bo i l i ng po i nt hydrocarbons , a 

p ress ure mul t i p l i er o f  5 wa s used for ca l cu l at ion  purposes . The press ure 

mu l t i p l i er of 5 i s  p l otted on  F i g ure 0-5 in re l at i on to the bo i l i ng po i nt 

of  benzene . The pressure mul t i p l i er  facto r  of  5 appears to be a reason­

ab l e worst case a s s umpt ion  and on l y  operat i ng data or  prec i se experimenta­

t i on woul d prov i de cl o ser approximat i ons . 

0 . 3 . 4  Ca l c u l a t i ons of Di ssol ved O i l Concentrations  

Based  o n  the preced i ng d i scus s i on , expected cavern equ i l i br i um con ­

centrat ion  for Murban crude can be computed a s  fo l l ows : 

Seawater 
Eq u i l  i br i um 

( 2 7 . 9 ppm )  

Temperature 
Mu l ti p l i er  

X ( 1 . 5 ) X 

Sal i n i ty 
Mul t i p l i e r  

( 0 . 1 5 )  X 

Press ure 
Mul t i p l i er 

( 5 )  = ( 31 . 4  ppm ) 

Al l owi ng t he cavern bri ne to reach equ i l i bri um cond i t i ons , the con ­

centra t i ons o f  hydrocarbons wi l l  be rough l y  equ i va l ent  to  that of  sea­

water concentrat ions  as determi ned by McAul i ffe . Persona l  commun i cat ions  

wi th McAu l i ffe on t h i s su bject revea l s  that  25-30 ppm woul d be  a reasonabl e 

equ i l i br i um concentrat ion . 

The equ i l i br i um concentrat ion wo ul d occur on ly  dur i ng the l ong o i l  

s to rage per i od . However , th i s  concentration  wou l d u l timate l y  be d i l uted 

by a factor of  20  by raw water during  d i sp l acement of the o i l  ( see Sect ion 

2 and  3 ) .  Th i s  d i l ut ion  wou l d  l ead to non-equ i l i bri um cond i t i ons and a 

resumpt i on of  d i sso l ut i o n .  During  the re l at i ve l y  short periods between 

cessa t ion of o i l  wi thdrawa l and compl etion  of cavern refi l l  the ent i re 

vo l ume of bri ne shoul d not atta i n  an eq u i l i bri um co ncentrat ion of d i s ­

so l ved o i l . So l ut i on wou l d  be retarded by the refractory l ayer at  the 

bri ne/o i l  i nterface and downward d i ffus i on of  d i s so l ved o i l  wi l l  pro -

ceed very s l owl y .  

0- 1 7  



TAB LE D-6 Pres s u re effect on so l ub i l i ty .  

SMOOTHED VALUES FOR THE SOLUBI L ITY OF 
METHANE IN  WATER IN THE VAPOR-LiOUID REGION 

PRESSU RE,  MOLE F R ACTI ON C t+4 X 1 03 

psia 1600 F -

· 200 0.203 
400 0.407 
600 0.599 
800 0.780 

1,000 0.945 

1,250 1.133 
1 ,500 1 .308 
2,000 1.608 
2,500 1.861 
3,000 2.094 

3,500 2.309 
4,000 2.516 
5,000 2.888 
6,000 3.221 
7,000 3.519 

8,000 3.782 
9,000 4.007 

10,000 4.2 1 1  

- Temperature o f  t h e  System 
S O U R C E :  Mc Ketta and Wehe ( 1 962)  

0- 1 8  



TABLE  0- 6 c ont i n ued . 

SOLUBI LITY O F  n-BUTA N E  I N  WAT E R  

PRESSURE MOLE F R ACTION OF n-BUTANE X 1 0
3 

psia 1600 F -

20 0 .0 1 2  

4 0  0.029 

60 0.044 

80 0.058 

100 0.07 1 

200 0.088 

300 0.088 

400 0.088 

500 0.089 

600 0.089 

800 0.089 

1 .000 0.090 

5,000 0.098 

1 0,000 0.103 

-

-Tempera ture of the System 
S O U R C E :  Mc Ketta and Wehe ( 1 962) 

0- 1 Y 



The d i sso l ved o i l  concentrat ions  contri buted from the cavern wa l l  

( based on  the d i mentions  of cavern number 4 a t  Bryan Mound ) wi l l  be 1 . 6 

ppm .  Th i s  ca l cu l at ion  was based on an estimated 50 mi cron o i l fi l m  re­

ma i n i ng on  the wa l l  duri ng o i l  d i sp l acement and subsequent d i s sol u tion  

i nto the  bri ne as  t he  under lyi ng sa l t  i s  d i sso l ved away . Th i s  est i ­

mate i s  based on smooth-wa l l cond i t ions  and prov ides  an  order of magn i ­

tude approximati on of the contr i buti on of  the wa l l  o i l l ayer to the 

o i l  concentrat ion  i n  the bri ne . An i rregu l ar wa l l  may i ncrease the o i l  

l ayer th i c knes s s l i ght ly .  The o i l fi l m  adher i ng to the cavern wa l l  

wou l d  be t h i c k  for heavy , v i scous  crudes but re l at ive ly  th i nner for the 

l i ghter more fl u i d  crudes . An effecti ve fi l m  th i c kness  was ca l cu l a ted 

by con s i der i ng the l argest ( i n  mo l ecu l ar vo l ume ) hydrocarbon  wh i c h  has a 

measurab l e so l u b i l i ty .  Under cavern opera t i ng cond i t i ons , the l arges t 

norma l paraffi n wh i c h  wou l d  d i s so l ve i n  apprec i ab l e amounts i s  C1 0  
( decane ) wh i c h  has  a typ ica l  l ayer th i c kness  of 50 mi crons . A mo l ecu l ar  

l ayer was est imated to rema i n  on the cavern wa l l .  

An ana lys i s  of the wa l l  o i l l ayer component to the br i ne ( ba sed on  

cavern number 4 )  i nd i cates that for a mi l l imeter wa l l  l ayer , the o i l i n  

bri ne concentrat ion  wou l d  i ncrease  to 28 . 6  ppm . The l atter concentra t i on 

i s  roug h l y  equ i va l ent  to the equ i l i br i um concentra t i on for the enti re 

vo l ume . 

The amount  of  hydrocarbons wh i c h  wou l d d i ss o l ve from the o i l -bri ne 

i n terface duri ng o i l  fi l l  and wi thdrawa l and duri ng non-o i l  s torage 

per i ods i s  d i ffi c u l t to es t imate due to the l ac k  of  exper imenta l  data . 

The rates of  so l ubi l i ty as  determi ned by Pri ce ( 1 973 ) were based on 

s tudi es of  hydrocarbons  and bri ne so l u t i ons  in tes t  tubes . Under these 

cond i ti ons , Pr i ce  o bserved that it req u i red 2-4 days to ach i eve equ i ­

l i br i um cond i t i ons . Under these re l at i ve ly  s l ow rates and g i ven the 

i nfi n i te ly  l arger vol umes of the cavern , it is rea sonabl e to a ssume that 

on ly  the br i ne c l ose  to the o i l - br i ne i nterface wou l d  be affec ted by 

d i sso l ved o i l  duri ng o i l  fi l l i ng and wi thdrawa l phases . The di sso l ut ion  

of  hydrocarbons during � he  o i l  wi thdrawa l and refi l l  phases shou l d be 

reduced w i t h  the ex i s tence of the refractory l ayer at the o i l - br i ne 

i nterface . Th i s  l ayer wi l l  deve l op as  a res u l t of l i ghte r ,  more so l ub l e 

hydrocarbons  d i s so l v i ng i nto the under l y i ng bri ne l ea v i ng the heav i e r ,  
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rel at i ve ly  i nso l ub l e hydrocarbons at the i nterface . The res i stance of 

t h i s  l ayer to d i sso l ut ion  wou l d  i ncrease wi th t ime unt i l  pract i ca l ly  

a l l d i ffus i on acros s the i nterface ceases . 

The hydrocarbon concentrati on  due to d i sso l ut ion  occurri ng duri ng  

the peri od of  non-equ i l i bri um cond i t i oned between o i l  wi thdrawa l and  

cavern refi l l  wi l l  be  3 ppm . T h i s val ue i s  based on the  a ssumpt ion  that 

the t ime between ces sat ion  of drawdown and compl eti on  of  refi l l  wi l l  be 

of such  s hort durat ion  so that on ly  the vo l ume of the uppermost  50 feet 

of bri ne wi l l  approach  equi l i bri um .  As sumi ng a 500 foot cavern he i ght , 

a ten-fo l d d i l ut i on of the equi l i br i um concentrat ion  wou l d occu r ;  re­

s u l ti ng i n  3 ppm of  o i l  d i s persed wi th i n  the bri ne co l umn . Thi s average 

va l ue woul d change as  a function  of the cavern geometry and phase wi th i n  

the bri ne d i scharge cyc l e .  The add i tion  o f  thi s component to the total 

hydrocarbon  concentrat ion  bei ng d i scha rged wou l d  be mi nor duri ng fi rst  

quarter of  a cavern ' s  d i scharge cyc l e and i ncrease as the  o i l  bri ne i n­

terface descends toward the bottom of the bri ne pi pe .  The near equ i l i b­

ri um concentrat ion  c l ose to the o i l bri ne i nterface wou l d  not be d i s ­

charged due to cavern en l argement and d i ffus i on duri ng o i l  wi thdrawal 

and refi l l  pha ses . 

The tota l d i s so l ved hydrocarbon concentrat ion expected to be d i s ­

c harged i s  deri ved a s  foTl ows : 

( 1 ) Long -Term Storage 
Equ � l i br i um Component = 1 . 6 ppm As s umes the res i dual  5% vo l ume 

of bri ne atta i n s  equi l i bri um of 
3 1 . 4  ppm and is  d i l uted 20 t imes 
duri ng o i l  wi thdrawa l . 

( 2 )  Wa l l  O i l Component = 1 . 6 ppm The so l ut i on of the 50 mi cron 

( 3 )  Oi l Wi thdrawa l , Non­
Storage Period and 
Refi l l , Non-Equ i l i br i um 
Component = 3 . 1  ppm 

Tota l d i s so l ved hydro-

o i l fi l m  from the cavern wa l l ' s 
surface . ( cavern geometry dependent ) 

Assumes the upper most fi fty feet 
of the cavern vo l ume atta i ns equ i ­
l i b� i um concentrations  and i s  d i ­
l u ted by the rema i n i ng br i ne vol ume . (cavern geometry dependent ) 

carbon concentrat i ons = 6 . 1 ppm or 6 ppm 
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0 . 4  O I S P ERS ION REACTI ONS 

Whereas d i sso l ut ion  occurs on  a mo l ecu l ar  l evel , d i spers i ve reac­

t i ons occur o n  a parti c l e l evel . Thi s reacti on requ i res a breakup of 

t he o i l  i nto parti cl es and d i spers i ng them i n to the underl yi ng bri ne . 

The energy for th i s  reaction  i s  produced duri ng the i n i t i a l o i l  i nj ec­

t i on where o i l  is  j etted at a vel oc i ty of approximate ly  8 feet per sec­

ond i nto the bri ne and mi cro parti c l es d i s persed i nto the upper area of 

bri ne . Th i s  ag i tat ion  wou l d  d i mi n i s h and eventua l l y  cease as  the down­

ward o i l -j et momentum i s  ba l anced by the buffer i ng force of  the o i l  

thereby l im i t i ng the depth o f  the turbu l ent zone . 

Stud i es o f  the d i spers ion  of  o i l  i n  seawater under o i l  s l i c k  con ­

d i t ions  i nd i cate that the greatest amount o f  o i l  i s  d i s persed i n  a par­

t i c l e s i ze of 40 mi crons  or l es s  i n  d i ameter ( Pri ce ,  1 973 ) .  For 

i l l us tra t i ve purposes data for Bunker C ,  l i sted i n  Tabl e 0-7 , s how the 

d i stri but i on o f  parti c l e s i zes ranges from 1 0  to 80 mi crons . 

The s uspen s i on t ime for o i l  part i c l e s  i n  the bri ne wou l d  be very 

short because of  the l arge dens i ty d i fferent ia l  of the o i l  ( sp . gr . a pprox . 

. 8 5 )  versus  the bri ne ( s p . gr .  1 . 1 9 ) .  Stud i es of crude d i s pers i ons , 

Ta bl e 0-8 , i n  seawater i l l u strates the rate of  fl oatati o n .  W i t h  the 

greater dens i ty d i fferent i a l , a s  i n  saturated bri ne , the di spersed o i l  

wi th i n  the caverns wou l d  be expected to s how even faster fl oata t i on rates . 

W i th i n the cavern , even under the most rap i d  fi l l  rates , the d i s persed 

part i c l es wou l d  have severa l weeks in wh i ch to ri se  and coa l esce at the 

o i l / bri ne i n terface .  Th i s  i s  bel i eved to  be  s uffi c i ent  t ime for the d i s­

persed o i l  concentrat ions  to decrease to va l ues of l e s s  than 1 ppm . For 

ca l cul a t ion  of o i l  i n  bri ne , a va l ue of 1 ppm of d i spersed o i l  i s  assumed 

to be d i scharged to the bri ne surface control fac i l i t i es . 
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TABLE  D- 7 Di str i buti on of parti c l e  s i ze beneath an o i l s p i l l * .  

NO. A N D  V O L .  O F  PART l C L �S I N  10-M I C R ON R A N G E  C E NT E R E D  AT 

1 0u 20u 

NUM B E R  323 147 
VOLUME 0.45 0.96 

• BUN K E R  C O I L  

SOU R C E : The F ate of Oil  S p i l t  at Sea 

30u 40u 50u 60u 

57 1 9  4 3 

1 .42 1 .35 0.40 0.66 

TABLE 0- 8 Settl i n g  t i me and d i s persed o i l  parti c l es * .  

T I M E  O F  S ETTl. I N G  DAYS 

0.01 

0.02 

0.04 

0.33 

1 .0 

1 .1 

2.2 
147 

SOU R C E : T H E  F A T E  OF O I L  SPI LT AT S E A .  

• TYPE O F  C R U D E  O I L  NOT STA T E D  

O I L  CONT E NT PPM 

31 

1 0  

4.5 

2.5 

4.6 - -

1 .5 

2.7 ··  

0.6 

• • R E ASONS F O R  OI L CONT E N T  I N C R E AS E  N OT GIVEN 

0- 2 3  

70u 

3 

1 .12  

SOu 

1 

0.60 



0 . 5 D I SCHARGE O F  TH E O I LY BR INE  TO THE SURFACE CONTROL FAC I L ITY 

The d i sc harge of bri ne conta i n i ng hydrocarbons , a s  schemati ca l ly  

i l l u strated i n  Fi gure 0-6 , wi l l  i nvol ve d i fferent scenari os  dependent 

upon whether i t  i s  dur i ng i n i t i ta l  fi l l  or subsequent refi l l s . 

For i n i ti a l  fi l l ,  an a s sumption  wa s made that the top 50  feet of 

bri ne became saturated wi th hydrocarbons  ( 3 1 . 4  ppm ) and th i s was d i l uted 

i nto the uppermost  1 00 feet yi e l d i ng approxima tel y 1 6  ppm ( see Secti on 

0 . 2 . 1 ) .  Th i s  i n i ti a l l y  h i g h  hydrocarbon concentrati on wou l d  re su l t from 

t he fresh  unwea thered crude no t hav i ng suffi c i ent  t ime to form a refrac­

tory l ayer before fi l l  i s  compl eted . In  subsequent fi l l s  the refractory 

l ayer wi l l  be present . The 1 6  ppm wou l d  ex h i b i t  a concentrat i on grad i ent  

(0  to  3 1  ppm ) when d i scharged ; however , i ts average over the d i scharge 

per i od i s  expec ted to be about 1 6  ppm . 

It  i s  expected that l ow l evel s of o i l  averagi ng a pproximatel y 6 ppm 

woul d be d i scharged cont i nuou s l y  duri ng subsequent refi l l s .  Cont i ngent 

upon d i ffer i ng cavern geometr i es , the o i l  concentra ti on wou l d  vary from 

4 to 1 5  ppm .  

The onl y a va i l a bl e data from s im i l ar opera t i ons  are from the German 

o i l  s torage fac i l i ty at  Etzel , Germany and the French  o i l  storage fac i l i ty 

a t  Mano sque , France . 

The Etzel data ( Kavernen Bau - und Betri ebs - BmbH , n . d . ) i nd i cate 

that  the o i l  concentrat ion of br i ne di scharged from the bri ne control  

surface fac i l i ty is  l es s  than 1 ppm .  

The Manosque data (LOOP , I nc . , 1 97 5 )  i nd i cate a n  o i l  concentrat ion 

of  1 7  ppm i n  the bri ne d i scharged from the cavern to the s urface fac i l i ­

t i es .  Ne i ther the dura t i on of storage or type of crude were i denti fi ed . 

These data from the two operat ing  o i l storage fac i l i t i es c l earl y 

i nd i cate that wi th an expec ted e i ghty percent reduc t i on of the o i l  con ­

centrati on due to vapori za ti o n  of l i ght  hydrocarbon s such  a s  butane , 

pentane and  benzene (McAul i ffe , 1 969 ) and an add i ti onal  reduct i on by o i l 

s k immi ng , the estima ted o i l  concentration  i n  the d i scharged bri ne of 

approx imate l y  6 ppm appears rea sonabl e for the propo sed U . S .  fac i l i t i es . 
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0 . 6 CONCLUS I ONS  OF THE O I L  BR INE  STUDY 

The major  conc l u s i on of th i s  s tudy is  that there is  i nsuff i c i ent  

t ime , turbu l ence a nd  c i rcu l at ion  wi th i n  t he  cavern dur i ng  o i l  fi l l  and 

wi thdrawa l phases , to a l l ow the d i sso l ved o i l  to reach  equ i l i br i um .  

Practi ca l  opera t i ng experi ence o f  m i nes i n  France ( Part I I I )  have sub­

s tanti ated these  conc l u s i ons . Equ i l i br i um concentrati ons  for the  th i r­

teen crudes stud i ed wi l l  not exceed approx imate l y  3 1  ppm under the 

cavern opera t i ng cond i ti ons . Thu s ,  d ur i ng  the t ime when the cavern i s  

pri nc i pa l l y  fi l l ed wi th non-equ i l i br i um o i l - bri ne concentrati ons  o f  l es s  

t han  3 1  ppm , d i s so l ut ion  a nd  d i ffus i on reacti ons  wi l l  occur i n  t he  upper 

br i ne col umn . 

The res u l ts of  the study i nd i cate that the d i sso l ved o i l  i n  the 

brine d i scharged to the br i ne surface control fac i l i ty is  expected to 

average 1 6  ppm for the l ater s tages of the i n i t i a l  o i l fi l l  of each cav­

ern and average approx imate l y  6 ppm for su bsequent o i l  refi l l s  from a 

cavern of s pec i fi c  geometry .  D i fferi ng cavern geometry effects the dur­

a t i on of  the i n i t i a l  o i l  d i sc harge and the concentrati on of the d i sso l ved 

o i l  i n  subsequen t d i scharges . The o i l  concentrat ion  in the bri ne wi l l  be 

pri n c i pa l l y  composed of d i sso l ved hydrocarbons rather than d i s persed o i l  

a s  i s  commo n l y  found beneath o i l  s l i c ks at  sea . The d i s persed o i l com­

ponent wh i ch i s  c reated dur ing  i n i t i a l  turbu l ent  o i l  i njection  i s  q u i c k l y  

a nd natura l l y  removed from the bri ne col umn d u e  to i ts h i g h  buoyancy and 

l es s  than 1 ppm wou l d  be expected in  the bri ne d i scharge . 

Stu d i es of the effects on hydrocarbon so l ub i l i ty as  a funct ion  of 

i ncreas i ng the temperature of 1 500F ,  pres sure to 1 500 psi  and sal i n i ty 

to 3 1 0 ppt i n d i cate that so l u bi l i ty changes of : 1 . 5 t imes wou l d  occur 

due to temperature i ncrease , 5 . 0 t imes for pres sure and 0 . 1 5  t imes for 

sa l i n i ty .  The net effect of these wou l d  be a n  i ncrease i n  so l ub i l i ty 

of  on ly  1 . 1 25 t imes i n  compari son to seawater equ i l i br i um concentrati ons . 

Thu s , cavern o i l  equ i l i br i um concentrat i ons  wi l l  be very s i m i l ar to val ues 

measured for the var i ous  crudes in seawater at  standard cond i t ions  of tem­

perature and pres s ure .  

The o i l  f i l m  rema i n i ng o n  the cavern wa l l  i s  not expected to appre­

c i ab l y affect the net o i l  concentrati ons  of the br ine due to the l arge 
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d i l uti on  effect wi t h i n  the cavern and the estimated 50  mi cron thi c kness  

of  the wa l l  fi l m . 

At the start of  fi l l i ng operati on s  the o i l  jet vel oc i ti es s hou l d 

be contro l l ed to l i m i t the amount of turbu l en ce duri ng i n i t i a l  fi l l  and 

the pos s i b l e  d i srupt ion  of the refractory l ayer dur i n g  the subsequent 

refi l l s . 

A refractory l ayer i s  expected to form at the o i l  br i ne i nterface 

wh i ch wi l l  reduce d i s so l uti on and to a degree di spersi on reacti ons . 
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PART I I  - SOLUT ION  M I N I N G  AND U S E  OF 

NEW CAVE RNS 

D . l O i l - I n -Br i n e ,  Cavern Con struct i on and Operat i on Effects 

D .  1 .  1 Cavern Construct i on and I n i t i a l  Fi l l  

The  caverns at the proposed S PR  s torage s i tes  are to be constructed  

by  ut i l i z i ng the  l each- then - fi l l  and/or l each/fi l l  method s . Leach-then­

f i l l  i s  the  pr imary method .  I t  req u i res  that the cavern be  l eached 

to  i ts des i gn capac i ty before crude oi l s torage beg i n s .  Th i s method has 

t he advantage of  l es s  potent i a l  for oi l - br i ne i nteracti on s  than l each/fi l l  

d oe s , but the d i sadvantage that t he l engthy ( 2  year ) l each i ng process  

must  precede o i l  fi l l .  The l each/fi l l  method may be  u ti l i zed to reduce 

the  t ime req u i red for i n i ti a l  o i l storage . Leac h/fi l l  a l l ows for 

s torage of crude o i l concurrentl y wi t h  a l l bu t the i n i ti a l months  of 

cavern l each i ng , but ha s a potenti a l  for h i gher hydrocarbon ( H C )  concen­

trati on s  i n  the  bri ne  d i s p l aced from the caverns than the l each-then -

f i l l  method does . These  h i g her HC concentrati ons  wou l d  have a negati ve 

i mpact on a i r  qua l i ty and on the br i ne d i sposa l  area . 

D .  1 .  1 .  1 Leach-Then-Fi l l  Method 

When the l each-then-fi l l  method i s  ut i l i zed , cavern s wou l d  be 

l eached to the i r  des i gn capaci ty in a cont i nuou s operati on . The res u l t ­

i ng caverns wou l d  be  approxi mate l y  cyl i ndr i cal  i n  s hape and have a 

max i mum d i ameter of about  300 fee t .  B l an ket oi l ( to restr i ct upward 

growth of the cavern roof )  wou l d  be i n sta l l ed ear ly  in the l each i ng 

p rocess  and wou l d  rema i n  i n  p l ace for the durati on of l eac hi ng operati ons . 

At the  conc l u s i on of l each i ng of a cavern , o i l fi l l  wou l d  be 

i n i t i ated , d i sp l ac i ng bri ne from the cavern . I n i t i a l ly ,  the d i s p l aced 

br i ne  wou l d  have neg l i g i b l e  HC  concentrati ons . Bri ne  wi th  l ow HC 

concen trati ons  wou l d  then be d i s p l aced for about  two-th i rds  of the oi l 

f i l l  peri od . Fi na l ly ,  bri ne  ( near the o i l - br i ne i n terface ) wi th  h i gher 

HC  concentrati ons  wou l d be d i sp l aced . Duri ng  the f ina l  stages of o i l 

f i l l ,  HC  concentrati ons  are ant i c i pated to average 1 6  ppm . 

B ri ne d i s p l aced to the surface control fac i l i ty ( br i ne  pond ) wou l d  

b e  reta i ned for settl i ng of i n so l ub l e mater i a l . A four  hour  retent i on 

t i me i s  p l anned , dur i ng wh i ch 50  to 1 00 percent of the hydrocarbons i n  
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i n  the bri ne wou l d evaporate . The rema i n i ng hydrocarbons wou l d  be trans­

po rted wi th t he  bri ne to  t he  d i sposa l  area . Mon i tori ng  of  He  concentra­

t i ons i n  the bri ne i s  p l anned , both at  the cavern we l l heads and at  the 

output of the surface contro l faci l i ty .  Fi l l i n g  operati ons wou l d  be 

adj u sted to ma i nta i n  eff l uen t HC  concentrat ions  be l ow state s tandards  

( at a l eve l of  a bout 1 0  ppm ) . F i l l i ng wou l d  be curta i l ed i f  concentra ­

t i on s  exceeded s tate s tandards . 

0 . 1 . 1 . 2 Leach/F i l l  Method 

The l each/fi l l  procedure wou l d  permi t crude o i l to be stored after 

MMB of a va i l a b l e capac i ty i s  reached i n  a g i ven cav i ty .  W i th the 

des i gned ca vern d i ameter , 1 MMB wou l d  occupy the u pper 1 00 feet of the 

cavern . As wi th the l ea ch- then-fi l l  concept , the o i l - i n - bri ne wou l d  

rema i n  w i th i n  the u pper 1 00 feet of the bri ne co l umn . Therefore , after 

a fi l l  of 1 MMB of o i l ,  the o i l - i n -br i ne wou l d  extend 200 feet be l ow the 

top of the cavern . Add i ti ona l  fi l l  wou l d  be added as space i s  l eached . 

W i th the l each/fi l l  procedure the l each  cas i ng s  and zones of acti ve 

l eac h i ng  wou l d  precede o i l fi l l  by on ly  a short verti ca l  d i s tance . 

O i l l eve l s wou l d  be a dj usted for optimum l each i ng confi g urat i o n .  The 

vo l ume of br i ne  i n  the cavern wou l d  be smal l er than wi th l each-then-fi l l  

and  the tota l e l ap sed t ime i n  wh i ch o i l - br i ne acti v i ty cou l d occu r wou l d  

be l onger . Hence , tota l hydrocarbons  d i s so l ved i n  bri ne are l i ke l y  to 

be  h i gher for th i s  method than l ea ch-then-fi l l .  Depend i ng on cas i ng 

depths  and  o i l fi l l  i ncrements uti l i zed , h i gh concentrat i on s  of o i l i n  

b ri ne cou l d  b e  rel eased earl i er u s i ng th i s  method than for l each-then ­

f i l l .  Conti nua l mon i tori ng of  the hydrocarbon concentrati ons wou l d  be 

req u i red to determi ne the appropri ate c r i teri a for l each  and fi l l  rates 

and  s chedu l es ,  to ma i nta i n  concentrat ions  be l ow state standards . 

0 . 1 . 2 Second and Su bseguent O i l Refi l l s /Wi thdrawa l s 

Fo l l ow i ng d i sp l a cement of stored o i l duri ng the f i rst  wi thdrawa l , 

HC concentrati ons wou l d  be s i m i l a r whether l each-then-fi l l  or l each/fi l l  

p rocedu res were u s ed for cavern con struct i on . The pr i nc i pa l  effects of 

s u bsequent fi l l /wi thdrawa l cyc l e s on the quan t i ty of oi l d i sso l ved i n  

bri ne wou l d be 1 )  cavern en l argement du r i ng wi thdrawa l , 2 )  the d i l ut i on 

of  res i dua l bri ne duri ng refi l l , and  3 )  the di s so l uti on  of o i l rema i n i ng 

on the cavern wa l l s duri ng wi thdrawa l . 
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As sumi ng a n  i n i ti a l  cyl i ndr i ca l  cavern of 1 0  MMB capac i ty ,  1 000  

feet in  hei ght  and 270  feet ( average ) i n  d i ameter , cavern en l argement 

wou l d  be experi enced approx imate ly  as  shown i n  Tabl e 0- 9 .  U s i ng fres h  

water a s  t h e  d i s p l acement source , the cavern wou l d  grow from i ts i n i ti a l  

1 0  MMB capac i ty to about  1 8 . 6  r�MB i n  s i ze over the 5 cyc l es .  As on ly  1 0  

MMB of crude o i l i s  p l anned to be stored du ri ng  each fi l l ,  a bout 3/4 as  

much brine  a s  oi l wou l d  be conta i ned in  the  cavern after the fi fth o i l 

f i l l . The cavern d i ameter cou l d  en l arge by a s  muc h  a s  50 feet and the 

area of the bri ne-oi l i nterface wou l d  i ncrease by 40 percen t over 5 
cyc l es . The refractory l ayer wou l d  then be spread over the l arger area , 

and  add i t i ona l  o i l wou l d be expected to enter the l ayer . 

Cyc l i ng the cavern wi th 1 0  �lMB of crude o i l dur i n g  each fi l l  and 

wi thdrawa l wou l d have the effect of mov i ng the br i ne-oi l i n terface 

h i gher i n  the cavern wi th each cyc l e .  Because bri ne  i s  removed from the 

bottom of the cavern dur i ng o i l fi l l , the h i g h  HC concentrati on s  i n  

bri ne  ( near the top of the br i n e )  wou l d be farther from the bri ne exi t 

wi th each add i ti ona l cyc l e .  

Long-term storage o f  crude o i l between wi thdrawa l s wou l d  cause  

i ncrea s i ng vo l umes of br ine  to  reach  equi l i br i um HC concentrati ons 

( 3 1 . 4  pmm ) pr i or  to d i l ut i on duri ng wi thdrawa l . Account i ng  for d i l ut ion  

by d i s p l acement water , concentrati ons wou l d  i ncrease 1 0- fo l d for 5 cyc l es . 

S hort-term d i s s o l uti on wou l d  a l so  occur  i n  the i nter im  between the 

i n i t i at i on of a wi thdrawa l and the comp l eti on of a refi l l ;  most ly  

occurr i ng duri ng  the  peri od of  no  acti v i ty pri or to ref i l l . Assumi ng 

the  upper 50  feet of the bri ne  rea ches equ i l i br i um HC  concentrati on , the 

a verage HC concentrati on shown in Ta bl e 0-9 wou l d  res u l t .  Average HC 

concentrati ons wou l d i ncrease in l ater cyc l es a s  the vol ume of the 50 

foot th i ck l ayer becomes a greater port i on of the cavern vo l ume uti l i zed 

for a 1 0  MMB refi l l .  

O i l i n  bri ne res u l t i ng from res i dua l  o i l on cavern wal l s  enter i n g  

so l ut ion  duri ng wi thdrawa l s i s  on ly  s l i gh t l y  affected by cavern 

en l argement . As cavern vo l ume i ncreases , the s urface area i ncreases 
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at  a sma l l er rate , and the resu l t i ng average HC i n  bri ne concentrat i on s  

wou l d  be l es s  for l ater cyc l es .  These concentrat ion s  are great ly  

a ffected by t he  th i c kness  of the res i dua l  o i l fi l m  a nd  c l i ngage th i c ker 

than the 50  mi crons  as s umed wou l d  greatl y i n crease concen trat i o n s . 

0 . 2 S ummary 

I n  s ummary ,  hydrocarbon concentrati on s  of d i s p l aced 

o i l f i l l  wou l d  be re l ati ve l y  h i g h  ( due  to turbu l ence and 

the  f i l l )  d ur i ng the l a tter stages of the i n i t i a l  fi l l .  

bri ne d ur i ng  

mi x i n g  ear l y  i n  

Fo l l owi ng the 

i n i t i a l fi l l ,  a den se  refractory l ayer wou l d  form , l essen i ng those 

e ffects dur i ng l ater fi l l s .  The l ater f i l l s /wi thdrawa l s wou l d  be 

a ffected by the rate of cavern en l a rgement and the i ncreas i ng d i stance 

from the bri ne wi thdrawa l p i pe to the refractory l ayer .  The second fi l l  

wou l d  d i s p l ace  the l ea st hydrocarbons  due to the format i on of the 

refractory l ayer and the sma l l percentage of cavern en l argement .  Dur i ng  

s u bsequent  fi l l s ,  the effects of  cavern en l argement wou l d become more 

p ronounced wi th H C  concentrat ions  approach i ng equ i l i bri um cond i t i ons . 
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TABLE 0- 9 Fi l l /wi thdrawal  cycl e vs . cavern s i ze rel at i ons h i n .  

Re s i dual  U r i n e  Shor t - term 

Ac t l  ve T o t a l  B r i ne After D i l u t l on Long - Term Storage O i  1 Cl i ngage C l i ngage 0 1 1 O i l Tota l D i s so l ved 

Fi 1 1  W i t hdrawal Cavern Cavern 1 0 11MB Dur i ng [qui  l l br i uRi on Cavern Concen t r a t  I on D i s so l u t i on 4 IIC Concen t ra t i on 

�.!:� �� ... - V�I�,"�_M.!! yo 1 ume l.l_!!M.!! £'L!h �..L �J.!..hd l·.a.!'l�.!. co�e!!.!!�i o'!..t.�! wa !.�_�_ i!l_.B!:!..n_e� Ra t !.Q IlP!". .. ___ _ PP!''- .. .. _ 

0 1 0 . 0  1 0. 5  0. 5 

, 2 1 1 .  7 1 2 . 2 2 . 2  1 : 20 1 . 6  27 2 . 6  1 : 20 1 . 6 5 . 8  

3 2 1 3 . 4  1 3 .  g 3 . 9  1 : 4 . 5  7 . 0  30 2 . 5  1 :  1 6 . 0  2 . 0  1 1 . 5  

4 3 1 5 . 1 1 5 . 6  5 . 6  1 : 2 . 6  1 2 . 1 32 2 . 3  1 :  1 3 .  g 2 . 3  1 6 . 7  
;::J I 
tAl 5 4 1 6 . 8  1 7 . 3  7 . 3  1 :  1 . 8  1 7 . 4  34 2 . 2  1 :  1 2 . 2  2 . 6  22 . 2  
tAl 

5 1 8 . 6  1 9 . 1 1 :  1 .  4 22 . 4  36 2 . 1  1 :  1 0 . 9  2 . 9  27 . 4  

1 )  I n c l u d i ng 0 . 5  MMB s ump 

2 )  [qu l l  i br l um concen tration -t- d i l u t i on 

3) Assum i ng 50 m i cron thickness  

4)  As sum i ng only upper 50'  o f  cavern reaches equ i l i br i um concen t ra t l on o f  3 1 . 4  PPM 



PART I I  I 

COMMENTS OF GERARD FED I DAa CONCERN I NG 

STUD I ES OF THE O I L  CONTENT OF  BR I NES 

D I SCHARGED FROM SALT CAVERNS AT MANOSQUE ,  FRANCE 

I am Gerard Fed i da ,  Manager of Proj ects at  GEOSTOCK ( Soc i ete Franca i se 

De Stoc kage Geo l og i q ue )  a t  the t ime of th i s  study and the coo rd i nator o f  

t h e  group wh i c h  wrote the reports o n  the content of o i l i n  bri nes d i scharged 

from sa l t  caverns at  Ma nosque ,  France . 

t·1y profes s i ona l  tra i n i ng i n  eng i neer i n g  was obta i ned a t  the Eco l e  

Po l y  techn i que and Eco l e Nat i ona l e  Superi eure des Techn i ques Avancees i n  

Pari s ,  France . I have been assoc i ated wi th GEOSTOCK  s i nce 1 973 , and was 

formerly assoc i a ted wi th C . G .  Dor i s ,  a French  offs hore engi neer i ng fi rm .  

G EOSTOCK i s  a subs i d i a ry of four o i l compan i es i n  France , and  ha s 

s pec i a l i zed i n  perform ing  des i gn and management serv i ces i n  the impl emen­

tat i on  of the French  strateg i c  petro l eum reserve and other underground 

hydrocarbon s torage fac i l i t i es .  G EOSTOCK presen t ly  i s  the operator for 

a pprox imate ly  90 mi l l i on barrel s of a var i ety of hydrocarbons , i nc l ud i ng  

LPG , gaso l i ne ,  naptha and crude o i l .  

I n  November 1 97 7 ,  the Department of Energy ( DO E )  entered i nto a 

contract w i t h  Geos torage I n c . , the Amer i can subs i d i ary of GEOSTOCK ,  for 

the fo l l owi ng four s tud i es rel a ted to the s torage of crude o i l i n  sa l t­

so l u t i on caverns at Manosq ue ,  France : 

1 .  A comp i l a t i on  of sel ected h i s to r i ca l  data and measurements  of 

the o i l  content of br i nes ta ken dur ing  severa l yea rs of  fac i l i ty 

operat i on ; 

2 .  Sampl i ng and measuremen t of the o i l  content of br i nes from 

caverns whi ch had conta i n ed crude o i l  for pro l onged per i ods ; 

3 .  Samp l i n g  and mea surement o f  the o i l  content of br i nes d i sp l aced 

from caverns duri ng norma l fi l l  opera t i ons ; and 

4 .  A comp i l a t i on  o f  sel ected h i s tor i ca l temperature pro fi l es made 

w i t h i n  certa i n  ca verns . Th i s  l a tter study has  no d i rect 

bea r i ng on my test imony and wi l l  not be d i s cus sed further .  

aJo i nt Env i ronmenta l  Protect i o n  Agency- Corps of  Eng i neers Pub l i c  Hea r i n g  
on Bryan Mound Br i ne D i ffuser Appl i cat i on , May 2 ,  1 978 . 
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(Transparency No . l ) a The Manosque s torage comp l ex i s  l ocated i n  

the south of France , 55 mi l es northeas t  of Marse i l l e .  

Between 1 968 and 1 973 , 1 8  cav i t ies  were l eached i n  a mas s i ve s a l t 

forma t i on . I n  a second phase of devel opment  currently underway , 1 8  new 

cav i ti es are be i ng created .  The vo l ume of these cav i ti es ranges from 

7 00 , 000 to 2 . 5 mi l l i on barrel s .  

The fac i l i ti es i nc l ude two bri ne surge ponds for 1 . 2 mi l l i on barre l s 

capac i ty at  Manosque , two 20" p i pe l i nes l i nk i ng the s i te to bri ne l akes 

a nd refi neri es and  VLCC faci l i ti es on the Med i terranean coa st  near 

Marse i l l e ,  a nd the necessary pump i ng equ i pment  a nd contro l s .  Bri ne 

s ampl es  are per i od i ca l ly  taken at the Rognac stati on here . The descri p­

t ion  of thi s comp l ex i s  ana l ogou s to the  general system descri pti on of  

the  DOE comp l ex appeari ng in  the  Bryan Mound fi nal  Envi ronmenta l  Impact 

Statement . 

The two 20" p i pel i ne s  menti oned a bove serve to carry exces s bri ne 

and  petro l eum between Manosque and the petrochemi cal  i ndu stri es  near 

Marsei l l e .  One of these p i pe l i nes  i s  ded i cated to bri ne and the other 

to petro l eum ; they are not used i nterchangeab ly .  

(Transparency No . 2 ) a Each  cavi ty i s  equ i pped wi th two concentri c 

p i pes . Hydrocarbons are pumped i nto a cav i ty through the annu l us and 

bri ne i s  d i s p l aced through the suspended tu bi ng (Transparency No . 3 ) a to 

the surface bri ne ponds , where mos t  di sso l ved a nd d i spersed hydrocarbons 

separate ou t .  Th i s  method is vi rtua l ly  i denti ca l to the one i n  wh i ch 

DOE w i l l  operate i ts fac i l i ti es .  Any excess  bri ne i s  pumped through  20" 

p i pel i ne ,  menti oned earl i er ,  to the bri ne l akes near Marsei l l e .  Duri ng 

drawdown cyc l es , the procedure i s  s i mp ly  reversed . 

Si nce i ncepti on of the project at  Manosque , frequent s amp l es of the 

bri ne i n  the 20" p i pe l i ne have been col l ected i n  order to mon i tor corros i on 

and  o i l  content .  For Part 1 o f  our s tudy a tota l o f  4 0  ana lyses  were 

comp i l ed for the peri od J anuary 4 ,  1 972 , through November 25 , 1 976 . 

These analyses  represent both l each i ng under a hydrocarbon  bl anket and 

actua l s torage operati ons . 

aTransparenc i es No . 1 ,  2 and 3 were presented a s  part of Mr . Fed i da 1 s  
test imony but have not been i nc l uded i n  th i s  Append i x .  
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As noted earl i er ,  the bri ne d i s p l aced from the vari ous  caverns 

i n i ti a l ly  fl ows i nto one of two 600 , 000 barrel capac i ty surface ponds 

wh i c h act as  s urge p i ts .  Any fi l m  whi ch forms on the ponds i s  peri odi ­

ca l ly  s k immed and di sposed of . 

( Transparency No . 4 )  ( Tabl e 0- 1 0 ) Each of the 40 samp l es , sel ected 

for thi s comp i l at i on , was wi thdrawn from the 20" pi pel i ne at the Rognac 

pump stati on , wh i c h you wi l l  reca l l i s  l ocated near Marsei l l e .  

Al l samp l es were ana lyzed us i ng an i nfrared spectrometri c method 

s imi l ar to the one recommended by Mi chael Gruenfel d ,  Envi ronmenta l 

Protection  Ag ency , Ed i son , New Jersey .  Th i s method i nvo l ves a l i q u i d­

l i q u i d  extract of the bri ne wi th a su i tabl e sol vent such  as  Freon- 1 1 3 

or carbon tetrac h l ori de , fol l owed by a measurement of the i nfrared 

absorbance of the so l uti o n .  U s i ng th i s  method the practi cal  l i mi t of 

detecti on i s  0 . 5 parts per mi l l i on ( ppm ) . 

Res i dence time of the bri ne i n  the ponds var i ed from one day to 

more than 3 weeks depend i ng on the scal e and type of operati on at the 

time . D i fferences i n  res i dence time of bri ne i n  the ponds appear to 

have an i n s i g n i fi cant effect on i ts o i l content s i nce mos t hydrocarbons  

ei ther vo l ati l i ze ,  or come out of  so l uti on and form a surface fi l m ,  

wi th i n  a s hort ti me after the bri ne reaches the surface , due to the 

decrease i n  pres sure . 

Other parameters of s imu l taneous movements i n  the caverns were a l so  

compi l ed ,  s uch  as  bri ne temperature and  dens i ty ,  d i s tances between the 

o i l / bri ne i nterface and the s hoe of the bri ne di sp l acement cas i ng ,  and 

the spaci ng between the s hoes of the oi l i njecti on and bri ne di sp l acement 

cas i ngs . No rel ati ons h i p  was estab l i shed between these parameters and 

the concentrat ion  of oi l in  the bri ne samp l es ,  the di s tri buti on of whi ch 

appears in transparency no . 4 ( Tabl e 0- 1 0 ) . 

The second part of our s tudy requ i red the col l ecti on and ana lys i s  

of br i ne samp l es from caverns whi ch had conta i ned crude o i l i n  q u i escent 

storage for prol onged per i ods . The purpose of th i s  ta s k  was to obta i n  

data o n  the oi l content of bri nes wh i ch approached eq ui l i bri um wi th the 

stored o i l before the samp l es had undergone the separati on effects of 

the surge ponds . 
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We sel ected fou r  cavi t ies  wh i ch we fe l t were appropri a te for th i s  

s tudy . Two samp l es were col l ected at  the we l l head of each cavern . The 

fi r st  samp l e was co l l ected after the vo l ume of bri ne s tand i ng i n  the 

tu b i ng had been d i s p l aced to the surface . The second samp l e  was co l l ected 

after an  add i t i ona l few thousand barre l s had been d i sp l aced . 

The res u l ts  of the ana lys i s  of these sampl es i s  presented i n  the 

next tran sparency ( No . 5 ) (Ta bl e 0- 1 1 ) . As you wi l l  note , bri ne from 

cav i ty ET , wh i c h had contai ned crude oi l for 1 3  months , conta i ned on ly  

1 2 . 7  parts per  mi l l i on o i l .  Y ou  wi l l  recal l that these samp l es were 

co l l ected before any settl i ng of the bri ne had ta ken p l ace i n  the ponds . 

A l l samp l es exh i b i ted a s trong odor of hydrocarbons and degas s i ng when 

they were co l l ected . Th i s  i s  con s i s tent wi th what i s  known about  the 

so l ub i l i ty of hydrocarbons in bri ne , name l y ,  that the l i ght  hydrocarbons , 

espec i a l l y  those l i ke butane and propane are the more sol u b l e ,  and 

so l ub i l i ty i s  pressure dependen t .  Therefore , when bri ne from beneath 

s tored crude oi l i s  produced to the surface , the reducti on i n  pres sure 

wi l l  cause d i sso l ved hydrocarbons to vo l ati l i ze .  

Our fi na l  s tudy regard i ng o i 1 - i n- br i ne , cal l ed for the samp l i ng and 

ana l ys i s  of bri nes  d i s p l a ced from cavi t ies  duri ng norma l fi l l  cyc l es . A 

tota l of 24 samp l es were col l ected from the wel l heads of fi ve cavi t i es 

for the purposes of th i s ta s k .  The res u l ts of the ana l yses of these 

samp l es  i s  presented i n  the next transparency ( No . 6 ) (Tab l e  0- 1 2 ) . As 

can be seen , the maxi mum oi l content was on l y  9 . 4  ppm , before any 

settl i ng i n  the surge ponds , wh i ch i s  wi th i n the range reported ear l i er 

for h i s tor i ca l  data of operati ona l  cavi t i e s . 

Al l of the sampl es exh i b i ted a hydrocarbon odor and mos t  were 

obv i ou s l y  dega s s i ng .  

Al l of the o i 1 - i n- bri ne ana lyses reported were made on samp l es 

obta i ned from a hydrocarbon s torage faci l i ty wh i ch has  been i n  operati on 

for ten years . The samp l es were obtai ned from ori g i n s as d i fferent as 

the wel l heads of s tati c s torage , the we l l heads of opera ti ng s torage and 

the effl uent of a bri ne settl i ng pond . These ana l yses show that the o i l 

concentrat i on i s  bel ow 1 5  parts per mi l l i on  even i n  the wors t case and 

averages four  to fi ve ppm . 

0-37 



CJ I 
W 
co 

TABLE 0- 1 0  Conten t of oi l i n  bri nes d i sp l aced from· caverns at  Manosque , France . 

OPERAT I ONAL CAVERNS 

-.ilUAt1PL . ...,ESoLL) __ 

O I L  CONTENT (PPM) 

LEACH I NG Of NEW CAVERNS 

__ __ (�2�t1PLkES�)� __ _ l 0 . 0-13 . 8  RANGE 0-10 1 
I 2 . 8  MED I AN 2 . 6  I 
I 4 . 6  AVE RAGE 3 . 3 ] 

TRANSPARENCY NO . 4 
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TABLE  0- 1 1  O i l content o f  br i n e  s amp l es from cavi t i es �onta i n i n g  crude o i l for pro l onq ed peri ods�  

( AL L  SAl1P L E S  COLLECT ED AT THE WE LLl IEAD ) 

CAV I TY 

ET 

A 

D 

F 

__ --1 ____ _  _ 

T RANSPARENCY NO . 5 

M I N I MUM 

STORAGE 

T I M E 

1 3 MONTHS 

3 WEE KS 

3 W E E KS 

3 WEEKS  

TOTAL O I L  CONT ENT ( PPM) 

F I R ST SAMP LE SECOND SAM P LE 

12 . 7  9 . 3  

9 . il 3 . 8  

6 . 1  1 . 7  

2 . 2  1 . 6  

_ t____ _ _ ____ _ _ _ _ _ ___ _ _ ___ _ --_. _ _  ._------ -



o I 
-"" 
C> 

TABLE D- 1 2  Oi l content of  bri ne d i sp l aced from cav i t i e s  duri nq norma l  fi l l  operat i ons . 

(ALL SAMPLES COLLECTED AT THE WELLHEAD) 

TOTAL O I L CONTENT ( PPM) 

START OF END OF 

CAV I TY CAVERN F I LL CAVERN F I LL RANGE 

A 9 . 11 0 . 7 0 . 7-9 . 4 

D 6 . 1  1 . 11 0 . 8-6 . ]  

1 0 . 7 0 . 7 0 . 7 -3 

E 3 0 . 7 0 . 7- 3 

G 0 . 7  1 . 11 0 . 7- 1 . 11 

--_ ... _-- " .. _ -_ ... 

TRI\NSPARENCY NO . 6 

.--

----_._-- - -_ .. _ -,. 
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APPENDI X E 
O I L  AND B RI N E  S P I LL R I SK  ANALYS I S  

E. 1 Ri sk  Ana lys i s  I ntroducti on 

Th i s  Appendi x  descri bes the o i l and bri ne sp i l l  ri s ks associ ated wi th 

deve l opment of the Seaway g roup of candi date S PR s torage s i tes . Genera l i zed 

envi ronmenta l  ri s ks assoc i ated wi th faci l i ty use are descri bed i n  Secti on 

E . 2 ;  ca l cu l ated s p i l l  expectati ons as soci ated wi th vari ous fac i l i ty operati ons 

are a l so  presented . The methodol ogy uti l i zed i n  comput ing  the s p i l l  

expectati ons i s  g i ven i n  Secti on E . 3 .  Further descri pti on of the chance 

of cavern col l apse and catas troph i c re l ease of o i l ( or  bri ne ) i s  prov i ded 

in Appendi x F. 

I nformati on presented i n  th i s  Appendi x ,  a l ong wi th the des cri pti on of 

exi st i ng  envi ronment and the expected o i l or bri ne movements fol l owi ng  

an acci denta l rel ease , i s  used i n  analyzi ng s i te s pec i fi c  i mpact potenti a l  

i n  Secti ons 4 . 3  a nd  4 . 4  of the E I S . 

E . 2 O i l and Bri ne Spi l l  Ri s ks Re l ated to the SPR  Program 

A s i gn i fi cant envi ronmenta l hazard associ ated w i th devel opment of 

the proposed SPR o i l s torage fac i l i ti es i s  the ri s k  of crude o i l or 

bri ne s p i l l s .  The ri s k  of o i l s p i l l s duri ng  cavern fi l l  beg i ns wi th off­

l oadi ng from VLCCs i n  the Gul f of Mex i co and i nc l udes transport by tanker 

to Freeport Harbor , offl oad i ng at the DO E docks , p i pel i ne transport to the 

s torage s i te ,  and termi na l  operat i ons ( i nc l ud i ng cavern s torage ) . Duri ng 

wi thd rawal of the o i l ,  essenti a l ly  the s ame transportati on modes are used . 

However , approx i mately 60  percent of the o i l i s  p l anned for del i very to the 

SEAWAY p i pe l i ne for trans port to refi neri es i n  Texas and Ok l ahoma . The remai n­

der wou l d  be l oaded onto smal l tan kers at  Freeport Harbor for transport to 

other ports . O i l i s  expected to be l eft i n  the p i pel i nes , and pos s i b ly  i n  

the s urge tanks dur ing standby storage , const i tut i n g  a conti nuous 
expos ure ri s k .  

The r i s k  of a bri ne s p i l l  i s  p resent duri ng the c avern l each i ng opera­

ti ons when near-saturated bri ne i s  temporari ly  hel d i n  a reservoi r  at the 

s torage s i te and p i ped to the Gul f of Mex i co for d i s posa l . Duri ng cavern fi l l , 

o i l wou l d  d i s p l ace bri ne from the caverns i nto the br ine  reservoi r ;  s u bsequent 
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d i s posa l  of the bri ne wou l d  be by p i pe l i ne i n to the Gu l f  of Mex i c o .  Bri ne 

wou l d  be fl us hed from the reservoi r  and p i pel i ne duri ng  s tandby storage and 

cavern wi thdrawa l . 

The fol l owi ng secti ons s ummari ze o i l and bri ne sp i l l  hazards and l os s  

expectati ons due to  deve l opment and operati on of  each of  t he  candi date SPR 

s torage s i tes ( i nc l ud i ng  the early storage fac i l i ty at  Bryan Mound ) .  

Expl anati on of ca l cu l ati on methodol ogy i s  provi ded i n  Secti on E . 3 . 

E . 2 . 1  Oi l Spi l l  Ri s ks 

E . 2 . 1 . 1 O i l  Spi l l  Ri s k  from Cavern Storage 

The l os s  of o i l  from cavern s torage sys tems to the surroundi ng envi ron -

ment req u i res two cond i t i ons to be presen t .  Fi rst , the storage barr i e r ,  s uch  

as  the  cavern encl os ure or the  storage tan k seam , must be  breached and , s econd , 

there must be a dri v i n g  force to i n i ti ate oi l m i grati on . Duri ng  surface storage , 

th i s  force i s  grav i ty ;  duri ng cavern s torage the grad i ent wou l d  be provi ded 

by i nfl ow from e i ther overl y i ng surface waters or ground water . 

S i nce the l i qu i d  col umn of petrol eum that i s  needed to hydrostat ica l l y  bal ance 
a co l umn of water is ta l l er than the water col umn , the petrol eum wou l d  be l i fted 

above the head of the water col umn . Th i s  d i fference i s  between 1 0  and 20 

percent and provi des a 400 to 800 foot di fferenti a l  col umn hei ght for a cavern 

wi th the s a l t bottom 4000 feet bel ow the surface . Thus , d i k i ng of the s torage 

area to protect aga i nst cavern co l l apse i s  not practi ca l . A cavern vo l ume of 1 0  

mi l l i on barrel s represents about 1 300 acre-feet of storage . E i ther very 

ta l l  d i kes or l ow dens i ty spac i ng of the caverns on the domes wou l d  be requ i red 

to conta i n  a s pi l l  associ ated wi th wi th co l l apse of a cavern . 

The l i ke l i hood of a cavern col l aps i ng has been eval uated as bei ng a 

remote occurrence provi ded that contri butory condi t ions are a vo i ded or 

mon i tored (Appendi x F ) . Al l four known i nstances of s a l t cavern col l apse 

( Bayou Choctaw , Lou i s i ana , 1 954 ; Grand Sa l i ne ,  Texas , 1 976 ; Bel l e  I s l e ,  

Lou i s i ana , 1 973 ; Emi nence , Mi s s i s s i pp i , 1 973 ) are bel i eved to have res u l ted 

from uncontro l l ed or acci denta l l each i ng of the sa l t near the top of the dome , 

rather than from actua l structura l fa i l ure of the cavern roof . Th i c kness of the 

cavern roof i n  each of these occurrences was l es s  than 300 feet .  
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Cavern Stab i l i ty 

The i nherent c haracteri st i cs  of so l uti on m i ned caverns  make them one 

of the s afest  pos s i b l e  means for crude oi l s torage . The p l a st i c  nature of 

s a l t  at  the temperatures  and  press ures  present i n  the cand i date Seaway domes 

perm i ts the caverns to w it h stand shock forces far i n  excess  of any earthquake 

known to have occurred i n  the Gu l f  Coast reg i on .  

A number of factors affect the s tab i l i ty of cav i ti es i n  s a l t domes , 

i nc l ud i ng : cavi ty depth , d i amete r ,  and s a l t  temperature ; d i s so l uti on ; 

and prox i m i ty of the s a l t dome boundary or other cavi t i e s . These factors 

were con s i dered i n  the se l ecti on of the cav i t i e s  proposed for deve l opment 

i n  the SPR  program . 

For exi st i ng cavi t i es , the maj or factor control l i ng cavern s tab i l i ty 

i s  changes i n  p rox i m i ty to sa l t dome boundar i es or to other cavi t i es . 

Cavi t i e s  used for product s torage grow approxi mate ly  1 5  percent dur ing  

each cyc l e  of  fi l l  and  wi thdrawa l due  to  d i s so l ut i on of  s a l t by unsatu­

rated d i sp l acement water. Sol ution of the s a l t may be contro l l ed 

i n  the upward d i rect i on by ma i ntenance of a b l an ket of o i l near the cavi ty 

cei l i ng , and i n  the downward d i recti on by the presence of re l at i vely i nso l ubl e 

anhydr i te i n  the s ump . 

Deve l opment of the proposed s torage caverns wou l d use  a b l an ket of crude 

o i l to contro l growth i n  the upward d i recti on . The l ocati on of the o i l -bri ne 

i nterface can be mon i tored by any one of s everal ava i l ab l e  i nstruments such  as 

son i c i nterface detect i on , nuc l ear 1 0g g i n O , and o i l col umn pres sure gaug i ng . 

One or more of these devi ces  wou l d  be uti l i zed to mon i tor the oi l -bri ne i nter­

face . Thus , the l evel of the o i l -bri ne i nterface can be control l ed to avo i d  

upward l each i ng .  The phys i ca l  a rrangement of the we l l cas i ngs , however , 

proh i b i ts wi thdrawal of o i l a bove the l evel  of the o i l wi thdrawal annu l us .  

Th us  an  o i l b l anket wou l d  a lways be present i n  the l eached s pace above the l evel  

of the annu l us .  Th i s  prov i des  a fa i l -safe des i gn wh i ch i s  not s ubject to 

operator error . Cas i n g  cement fa i l ures a bove the caverns cou l d be eas i ly 

detected and repa i red us i ng s tandard tech n i ques . 
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The prob l em of i nterna l  col l apse ( " squeez i ng " )  of the caverns was 

a l so con s i dered . I t  i s  p l a nned to ma i n ta i n  the cavern under pres s ure to 

equal i ze the pressures of the sa l t and the cavi ty .  S i nce the sa l t i s  more 

dense than crude o i l ,  i t  i s  not pos s i b l e  to ach i eve total equi l i bri um ,  

except at  some s i ng l e des i gn depth . I f  the des i g n  depth i s  at the m i dd l e  

of the cavern , the fl u i d  pres s ure a t  the cavern top wi l l  exceed the over­

burden stress  i n  the sa l t ;  at the bottom , i t  wi l l  be l es s . Thus , there 

wi l l  a l ways be s ome unequa l i zed press ure d i fferenti a l s  i n  the cavern wa l l s .  

The pri mary purpose of ba l anc i ng l i thostat i c  pres s ure i n  the cavern i s  to 

prevent i nternal  co l l apse , but the l oca l  pres sure d i fferenti a l s may i nduce 

l ocal  c reep i ng of the sa l t .  Th i s  emphas i zes the need to mon i tor 

the cond i t i on of the cavern . 

O i l Spi l l  Expectati on 

I t  i s  not poss i b l e  to p l ace mean i ngfu l quanti fi cati on to the l i ke l i hood 

of cavern col l aps e .  As s um i ng the above precauti ons are carr i ed out as 

p l anned , the chance of col l apse seems remote . W i th sonar mon i tori ng of the 

cavern wa l l s  duri ng use and fo l l owi ng wi thdrawa l expans i on , i t  s hou l d  be 

pos s i b l e to detect any s l abb i ng or crack i n g  of the cavern roof arch , offeri ng 

a further measure of protecti on . 

I n  the event of col l apse at any of the can d i date s i tes , ground 

water i s  present to di sp l ace o i l to the surface . The i nfl ow rates wou l d  

vary among cand i d ate s i tes as aqui fer cond i t i ons are not i denti c a l ,  and i nterchange 

of s tored petro l eum and fl u i d i zed rock and earth may occur . 

Non-catastroph i c  l osses  from storage through a crack , l os s  of seal  

aro�nd the  c avern f i l l  p i pes , or i mproper fi l l i ng wou l d  be  expected to be  

conta i ned in  the  s i te d i k i ng system , s o  that rel ase to  the envi ronment 

shou l d be avoi ded . Lateral fa i l ures between caverns s hou l � not pose  any 

chance of o i l re l ease as l ong as the caverns are i n s u l ated wi th i n  the dome . 

The contri buti on of cavern co l l apse to expected o i l s p i l l  l osses i s  

ass umed to be zero under cond i t i ons of proper des i gn ,  constructi on and 

mon i tori ng . 
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E . 2 . 1 . 2  O i l Spi l l  Ri s k  Dur i ng Mar i ne Tran sportat i on 

Ca sua l ty and  operat i ona l  sp i l l s  from vessel s may occur dur i ng transfer 

between VLCC and l i ghter , duri ng transfer between l i ghter and the doc ks , and 

in l i ghter tran s i t  between the VLCC and the doc ks ( or in the case of w ith­

drawa l , between the doc ks and  open Gul f waters ) .  O i l sp i l l s  from vessel s 

operat ing  i n  coastal  waters are a funct i on of t ime of exposure ( Sect i on E . 2 ) . 

Sp i l l s  res u l ti ng from transfer operati ons are a funct i on of vol ume hand l ed 

and d i rect i on of transfer ( l oad i ng or offl oad i ng ) . Al l of the o i l  to be stored 

in the caverns woul d be de l i vered by tan ker to the DO E docks in Freeport Harbor 

for p i pe l i ne  transport to the s i te .  However ,  it is expected that on l y  

4 0  percent o f  the o i l  i n  storage wou l d  be d i str i buted by tan ker , the rest go i ng  

to  the  S EAWAY p i pel i ne at  Jones Creek . Ea ch tran sport step i nvo l ves a 

quanti fi abl e r i s k  of sp i l l age i nto the env i ronment , the esti mati on 

of wh i c h  i s  ba sed upon stat i st i ca l  patterns establ i s hed for o i l  sp i l l s  

between 1 969 and 1 973 ( Secti on E . 2 ) . 

The expected quanti t i es of o i l  to be sp i l l ed from Seaway group 

operat i ons , i s  g i ven in Tabl es  E - l  and E -2 . As shown , con s i derab ly  greater 

vol umes of o i l  wou l d be sp i l l ed duri ng cavern fi l l  operat ions  than dur i ng 

wi thdrawa l becau se of the rel at i vel y c l umsy tan ker-VLCC transfer opera t i on 

and the greater quanti ty of o i l  to be transported . For a 1 50 m i l l i on barrel 

Seaway group SPR system , a pprox imate ly  72 percent ( 42 1 0 barre l s )  of the total 

o i l  sp i l l  expectati on wou l d  occur from mar i ne  operati ons . 

Sp i l l  s i ze d i stri but i ons  expected to occur for the severa l  categor ies  

of o i l  s p i l l modes are  presented i n  Ta bl e E-3 . Sp i l l s  greater than 1 000 

barre l s s hou l d not occur dur i ng tran sfer operat i ons . Spi l l s  greater than 

1 000 barrel s occur 29  percent of the t ime from ves se l  casua l t i es ( average 

sp i l l  s i ze of 1 1 1 1  barrel s ) ;  tru l y  l a rge sp i l l s  (greater than 1 0 , 000 barrel s )  

occur on ly  . 7 5 percent of the t ime .  Thus , from Tabl es  E - l , E -2 , and E - 3  
operat i on s  dur ing  t he  l i fet ime of a 1 50 MMB storage system , i s  . 1 9  percent 

( . 27 s pi l l s  expected , t imes . 7 5 percent c hance of l arge s p i l l ) .  Th i s  i s  

equ i va l ent to a recurrence i nterva l  o f  1 1 , 580 years , or 2 630 fi l l /wi thdrawa l 

cyc l es , wh i c h  i s  an  extremel y  l ow probabi l i ty .  
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TABLE E - l  Expected crude o i l s pi l l s  cavern fi l l  operati ons . 

As���fe 8,-yan fbund Bryan Mound Allen Dome West Columbia Nash Dome O.smon Mound Total Prograr;-,' Mao ). i ::-.... .., 
Ot ! Handll ng Ea rt1 Storage SPR Expans ion SPR Expansion SPR [xpans i on SPR hpans i on SPR Expans ion S�n l  R i s k  Crerjlble 
f'c)de/locat1on She Spl 1 l  Slle 

(bbl ) No. Spil I s  Barrels No. Spi l h  8arrel s  No. Spi l l .  Barrels No. Spi l I s  Barrels No. Spi l l s Barr"els 110 .  Spi l l s  Barrels No. S�i 1 1 s  8& I'" I"e 1 5  (�bl ) 

uyH 
·Tr.tns'ers 1 2 . 9  1 4 . 6  189 23. 2 300 23.2  300 23.2 300 2 3 . 2  300 2 3 . 2  300 31.8 489 1 ,000 

-Vesso?1 Casualty 1 1 1 1  0.018 20 0.oe9 32.2 0. 029 32 . 2  0.029 3 2 . 2  0 . 029 32 . 2  0 . 029 3 2 . 2  0 . ('41 52 . 2  60,OCO 

Fr�eport Harbor 

-Transfers 21 . 7  2 . 9  63 4.6 100 4 . 6  100 4 . 6  100 4 . 6  100 4 . 6  100 1 . 5  163 500 

Te �1na1 s rrl I .. 8ryan" Mound 500 0.0315 15.8 0 . 05 25 0.05 25 0 . 05 25 0.05 25 0.05 25 0.CS15 40.8 5 . 000 

m -SE";�';'Y 1 1 00 0 . 05 55 0.05 55 0.05 55 0.05 55 0 . 05 55 5 ,000 

-Al temative Storage SHe 500 0 . 05 25 0.05 2 5  0.05 25 0.05 25 0 . 05 25 5 ,000 

Pi pel i nes 

"PI.I�in9b 1 1 00  0 . 0005 0 . 6  0. 0063 6 . 9  0 . 01 58 1 1 . 3  0 . 0252 21.1  0 . 0252 21. 1 0. 0251 28. 3  1 0 ,000 

Total .. Single F l 1 l  1 1 . 6  288.4 2 1 . 9  451.2  28.0 544 . 1  2 8 . 0  554.5 28.0 564 . 9  2J.0 564 . 9  45.6 853.3 

Toul - 5' F i l l .  81.8 1442.0 1 39 . 5  2266.0 140.0 . 2120.5 140. 0 2112 . 5  1 4 0 . 0  2824 . 5  140.0 2824. 5  ;28.0 4266.5 

"latah are for worst tlSe tomb1n .. tion of sHes having 1 63 MI'I8 storage capatity, i . e. , aryan MQ"md early storage and Nash or Oamon Kound SPR expanslon. 

bNo pi�fHnf 5.,1 1 1 5  Ire 1 1 1  outed to BrYln ".ound SPA; explnsion Ii 0 1 1  wo",ld be exposed to spfl hge d",. to standby storage with e.l"'ly storage facil ity. For other SPA; s i tes I p1pel1n.:!' spi l l  exposures occur bet�en 
s i te Ind Se .... y Ter"lllinl.14 
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TABLE  E -2  O i l s p i l l  expectati on mode l projecti ons  
and project  tota l s .  

cavern wi thdrawa l ooerati onsa 

Average Bryan Mound Bryan Hound A l l en Dome We')t Columbhl Nash Dome 
01 1 Handl i"g Spi l l  Early Storage SPR Ex"ans 10n SPR Ex-pans Ion SPR Expans ion SPR Expansion 
Mode/Locat foo She 

( bb1 ) No. Sp i l l . Barrel s  No. Spi l l s  Barre l s  No. Spi l l .  Barrph No. Spi l l s  Barre l s  N o .  Spi l l s  Barrel c; 

Gul f 

�Transfers 

-Vessel Ca sua l ty 1 1 1 1  0 . 0028 3 . 1 0 . 0045 0 . 0045 0 . 0045 0. 0045 

Freeport Harbor 

-Transfers 42 1 . 2 50 . 4  1 . 9 80 1 . 9  80 1 . 9  80 1 . 9  80 

Tenni na h 

·8ryan Mound 500 0 . 03 1 5  1 5 . 8  0 . 0 5  2 5  0 . 02 1 0  O .  ·12 1 0  0 . 02 1 0 

·SE�l<AYc 1 1 00 0. 0189 20 . 8  0 . 0 3  1 3  0 . 05 55 0 . 05 55 0 . 05 55 

-Al ternat i ve Storage S i te 0 . 05 25 0 . 05 25 0 . 05 25 

P i pe l ines 

-Pumpingd 1 1 00 0 . 0008 0 . 9  0 . 00 1 6  1 . 8  0 . 004 1  4 . 5  0 . 0066 7 . 2  

To tal  - S ingle Wi thdrawal 1 . 2 91 . 0  1 . 7  1 24 . 3  2 . 03 1 76 . 8  2 . 03 1 7 9 . 5  2 . 03 1 82 . 2  

Total - 5 ',oli thdrawa l s  6 . 3  455 . 0  8 . 4  621 . 5 1 0 . 1 884 . 0  1 0 . 1 897 . 5  1 0 .  I 91 1 . 0  

Pr"lject Toul - 5 Cycles 94 . 1  1897 . 0  1 47 . 9 J001 . 0 1 50. 1 3604 . 5  1 50 . 1  3670 . 0  1 50 . 1  3735 

Project Tota 1 wi th 0 1 1  
Stored t n  P i p e l  ine 94. I 1930 1 4 7 . 9 300 1 . 0  1 50 . 2  3657 . 7  1 �'J .  2 3803.0 1 5 0 . 3  3948 

aOuring withdrawa l it is as sumed that about 40 percent of the ')i T  ts shi pped by t�nker to the Gu l f  �nd about 60 percent. ts de1 t ver�� to the ,)EA'4AY Pipe l i ne . 

b
rota Is are for worst case combinat ion of si tes hay lng 1 63 rflB s torage c<'lpacf ty. f .  eo . •  Bryan Mound e<'lr Iy storage and Nash or Damon SPR E!xpans i o n .  

Daron Mound 
SPR Expansion 

N/) . Sp i l l s  Barnl! 1 s  

0 . 0045 

1 . 9  80 

0 .02 10 

0 . 05 55 

0 . 05 25 

0 . 0066 7 . 2  

2 . 03 1 8 2 . 2  

1 0 . 1  91 1 . 0 

1 50 . 1 3 7 3 5 . 5  

1 50 . 3  3948 . 5  

c
For '!fOrst case exposure calcul a t i on s . i t  i s  assumed that a l l  ) i 1  pumped from A l len.  Wpst Cohnnb h .  Nash. and O<'lrnon Mound s i tes I s  subject to <;fA!.IAY Terminal s p i l l  ri sks . 

To ta 1 Programb Maximum 
Spi 1 '  S i ze Cred i b l e  

No . Spi l l s Barrels 
,pi 11 R i s k  

(bbl ) 

0 . 00 7 3  8 . 1  60, 000 

3 . 1  1 30 . 4  500 

0 . 05 1 5  25 . 8  5 , 000 

0 . 0689 7 5 . 8  5 , 000 

0 . 05 25 . 0  5 ,000 

0 . 0074 8 . 1  1 0,000 

3 . 29 273 . 2  

1 6 . 4  1 366. 0  

244 . 2  5632 . 5  

244 . 4  5878 . 5  

dNO pipe l i ne spi l l s  ar� a l l ocated to Bryan Mou"d SPR expans i on a s  0 1 1  would be exposed t o  s p i l hge due 1:0 s t  .. ndby s torage with early storage fac i l i ty .  For other SPR s i tes . pipel ine spi l t  exposures occur be tween 
s i te <'lnd SEAI4AY Termina l .  



E . 2 . 1 . 3 P i pel i ne and  Termi na l  Acc i dents 

O i l sp i l l s  from p i pe l i nes and termi na l s may occur wh i l e  pump i ng  o i l 

to or  from the s i tes  and wh i l e  o i l i s  kept i n  l i nes and  tanks duri ng standby 

storage . O i l s p i l l s  from p i pel i nes are a functi on of p i pe l i ne l ength and 

t ime of exposure ; o i l s p i l l s  at termi na l s are a functi on of throughput 

hand l ed .  Average sp i l l  s i zes are l arger for comp l ex termi nal s ,  s uch  as  at 

the SEAWAY tank  farm , than for s i mp l er term i na l s such  as  woul d  be constructed 

at the s torage s i tes . Sp i l l s  from s urface o i l tanks are g i ven l es s  wei ght 

i n  i mpact cons i derati ons s i nce di kes wou l d  be cons tructed of suffi c i ent s i ze 

to conta i n  o i l from comp l ete ly fi l l ed tanks . 

The expected q uanti t ie s  of o i l to be sp i l l ed from p i pe l i ne and  term i n a l  

operati on for the S P R  program are g i ven i n  Tabl es E- l a n d  E-2 .  There i s  

a somewhat reduced  amount of oi l handl i ng requ i red duri ng wi thdrawa l , wh i ch 

res u l ts i n  l ower o i l sp i l l  expectati on  than duri ng fi l l .  For a 1 63-mi l l i on  

barrel Seaway g roup  SPR  system , approximate ly  2 1  percent ( 1 240 barre l s )  of  

the  tota l o i l s p i l l  expectati on wou l d  occur from termi na l  operati ons ; 

approxi mately 7 percent ( 430 barre l s )  wou l d  occur from pi pe l i nes , a s sumi ng 

they are l eft fi l l ed througho ut  the project durati on . 

Based  o n  the s p i l l  s i ze d i s tri buti ons i n  Tabl e E- 3 , s p i l l s  g reater 

than  1 000 barre l s  compri se  8 . 2  percent of a l l s p i l l s  from termi na l s and 43 

percent of a l l  s p i l l s from p i pe l i nes . U s i ng expected frequenc i es of s p i l l  

occurrence from Tab l e  E - l  and  E -2 , the chance of a sp i l l  greater  than 

1 000 barre l s  i s  estimated to be 1 4 . 4  percent at  termi na l s and 1 1  percent 
from p i pe l i nes dur ing the l i fe of the proj ect ( ca l c u l ated for a 1 63 MMB ) 
storage system , and  us i ng Nash  Dome or Damon Mound  a s  the SPR  expans i on s i te for 

worst case p i pe l i ne sp i l l  res u l ts ) .  Th i s  i s  equ i va l ent to recurrence interva l s 

of 1 53 years ( 35 fi l l /wi thdrawal cyc l es ) for term i na l  s p i l l s  and  200 years 

(45  fi l l /wi thdrawal cyc l es ) for p i pe l i ne s p i l l s .  

E . 2 . 1 . 4  Oi l D i spers i on 

The weatheri ng of  oi l sp i l l ed i nto the envi ronment i nvol ves two pro­

ces ses  wh i ch reduce both the amount of oi l and i ts a bi l i ty to d i s perse . 

Immed i ately after re l ease  from confi nement , the l i ghter fracti ons of o i l 

tend to evaporate . The evaporati on proces s reduces the f l u i d  mas s  by 

1 0- 1 5 percent i n  one day , and up  to 25  percent i n  three days u nder warm , 
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TABLE E- 3 Sp i l l s i ze d i s tri nut i ons . 

Vessel  S p i l l s  ( Avera ge , 1 1 1 1  barre l s ) 
Spi l l  S i ze Range ( b b 1 )  % Pro bab i  1 i ty 

0- 200 23 . 0  

2 00- 500 2 3 . 7  

500- 1 , 000 24 . 0  

1 , 000- 2 , 000 1 9 . 0  

2 , 000- 5 , 000 7 . 0  

5 , 000- 1 0 , 000 2 . 6  

1 0 , 000-20 , 000 0 . 6  

20 , 000- 50 , 000 0 . 1 4  

50 , 000-60 , 000 0 . 006 

P i p e l i ne S p i l l s  ( 1 , 1 00 b b l  a verage ) 
S i te Range ( b b l ) % Probab i l i ty 

0-20 0 1 0  

200- 500 20 

500- 1 , 000 2 7  

1 , 000- 2 , 000 36 

2 , 000- 5 , 000 5 . 7  

5 , 000- 1 0 , 000 1 . 3 

E- 9 

Term i na l  S p i l l s  a t  S i te ( 500 b b l  avg ) 
S i te Range ( bb 1 ) ;;, Pro b a b i  1 i ty 

0- 200 30 . 5  

200- 500 4 1 . 0  

500- 1 , 000 20 . 3  

1 , 000- 2 , 000 6 . 4  

2 , 000- 5 , 000 1 . 8 

Tra n s fer Sp i l l s  
S i te 1 2 . 9  b b l  a v g  4 3 . 2  b b l  a v g  
Range  ( b b l ) Pro b a b l  I i  ty '); Probab i 1 i ty 

0-20 85 . 1  4 5 . 0  

20- 50 1 1 . 5 30 . 4  

50- 1 00 2 . 9  1 7 . 4  

1 00- 200 d . 7 1 5 . 8  

200- 500 0 . 1 6  1 . 4 

500- 1 , 000 0 . 03 



Gul f coas t weather cond i t i ons . Hi nd exposu re a l so has tens evaporati on . 

Weatheri ng l eaves denser , more v i scous mater , unti l a cons i s tency near to 

tar i s  reached . The second process  i s  d i rect decompos i t i on by bacteri a l , 

chem i ca l , and photochemica l  agents . These operate q u i te s l owly i n  the 

natura l envi ronment ; some oi l may be depos i ted i n  s ed i ments and escape 

di rect decompos i ti on .  

Spreadi ng o f  fl oat i ng o i l on water surfaces has been reported i n  a 

wi de body of l i terature . As the water surfaces of greatest  concern for the 

SPR  s i tes are i rregu l ar  l and drai nage , mars h , and ri ver systems , a s i ngl e 

approach based upon average area l coverage has been uti l i zed to es t imate 

areas affected . An o i l  sp i l l wi l l  spread unti l the average area l coverage 

i s  about 1 -2 barre l s per acre . Noti ng , a l though , that u n i form coverage wi l l  
not occur ( the s p i l l s  may be patchy wi th s tretches of  open water surface , 

or wi th secti ons wi th no more oi l contami nati on than a s urface s heen ) , typ i cal  

coverage and average th i c knesses parameters are : 

1 00 bbl /acre - 0 . 1 6  i nches - 4000 microns  

1 0  bbl /acre - 0 . 02 i nches - 400  mi crons 

1 bbl /acre - 1 . 6 X 1 0-3 i nches - 40 mi crons 

For s pi l l s  of 5000 barre l s ,  1 -2 barrel s/acre dens i ty may be reached i n  

a few days . However , i n  s pread i ng through an envi ronment of sma l l streams or  

mars hy terrai n ,  much of the  o i l may be  removed as a coati ng at  the  waters ' 

edge , and on fo l i age . Where t i da l  i nfl uences are effecti ve , depos i ted 

coati ngs can be parti a l l y  refl oated and redepos i ted e l sewhere , u n l ess  

p i c ked up  by c l eanup crews . 

For sp i l l s  wh i ch cannot be reached qu i ck ly  ( i . e .  - a few m i nutes ) ,  mot i on 

of the water i s  a pri nci pa l  determi nant i n  the spread of the o i l .  For 

offs hore sp i l l s ,  wi nd i s  the pri nci pal determi nant of o i l  s l i c k  movement ,  

especi a l l y  s i nce i t  s trong ly  i nf l uences s urface currents i n  the Gu l f 

offs hore ( 5 -20 mi ) zone . C l eanup efforts for offshore sp i l l s ,  and for p i pe­

l i ne or vessel  s p i l l s  i n l and , i n  wh i c h  s tandby equ i pment mus t  be as sembl ed , 

wi l l  have to be pre-p l anned as part of the countermeasure efforts ( Sect ion  

E . 2 . 1 . 5 ) .  
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For sp i l l s  i n  waters wi th standby equi pment avai l ab l e ,  i t  may be 

pos s i b l e  to contro l the s pi l l  before extens i ve s urface spread i ng occurs . 

Such contro l i s  poss i b l e  for trans fer spi l l s of 2 - 1 00 barre l s where the 

current through the moori ng does not exceed 1 knot . I n  stronger currents , 

boom underfl ow wi l l  l i ke ly  l imi t ful l i mpoundment potenti a l . 

Sp i l l s  wh i ch fl ow acros s the l and before enteri ng s treams may be 

absorbed i nto the s oi l , or retai ned as a coat i ng upon the vegetati on . Soi l 

pore moi sture tends to retard oi l absorpti on , s o  penetrati on can be expected 

to be greates t for dry , l oose soi l s ,  and for grave l ly  so i l s  wi th voi ds around 

the l arger component parti c l es . These absorpti ve cond i ti ons wou l d  be expected 

a l ong very l i ttl e of the p l anned p i pe l i ne ri ght-of-way l ocati ons except at 

p l owed , p l anted , or dry agri cu l tura l  l and . The norma l drai nage patterns for 

agri cu l tura l l and  provi ded by standard di tch i ng wou l d  afford a s trong meas ure 

of protecti on for l ands adj acent to pi pe l i ne ri ghts -of-way . I n  the event 

of perco l ati on of oi l i nto s oi l s , the deci s i on on whether to d i s pose of the 

so i l  or to permi t natura l degradati on to restore the so i l producti vi ty wi l l  

depend greatly upon the contami nati on of runnoff water dra i nage after s urface 

removal of oi l coati ngs was comp l eted . 

Damage parameters and s pread i ng patterns may be uti l i zed to estimate 

the general effects of o i l s p i l l s from sp i l l age expectati ons provi ded i n  Tab l es 
E- l  and E-2 . Typ i cal  damage parameter , are as  fol l ows : ( LOOP , 1 9 7 5 )  

- 6 barre l s o f  fresh  fl oati ng  o i l may damage one acre of 

mari ne nursery product i v i ty for one season . 

- 25 to 60 barre l s  of oi l may damage one year ' s  b i o­

producti v i ty of one acre of l and or mars h , dependi ng 

upon wetness and type .  

- 60 to 1 20 barre l s  o f  o i l may pol l ute one mi l e  of beach . 

E . 2 . 1 . 5  O i l Spi l l  Prevent i on and Control Measures 

The cand i ate s i tes are p l anned to be d i ked aga i ns t  rel ease of 

petrol eum f l u i ds to the envi ronment from equ i pment fai l u res , p i pe ruptures , 

etc . , at the pump s tati ons , we l l heads , meteri ng  forms , and s urge tankage . 

At s ome l ocati ons , the sa l t  dome surface i tse l f wi l l  requ i re carefu l des i gn i n  
d i k i ng ,  s i nce down s l ope fl ow of l eaki ng o i l h as been known to was h  out d i k i n g . 
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S i te d i k i n g  can be expected to control l eakage from parti a l  cavern 

fai l u re s , s uch  as  l os s  of  f i l l p i pe i ntegri ty ,  i nternal c racki ng  around 

the p i pe ,  or overfi l l . However ,  i t  wou l d  not be feas i b l e  to provi de  

d i k i n g  s uffi ci ent for a total col l apse of  a cavern ( 1 0  mi l l i o n  barrel s or 

nearly 1 300 acre-feet ) because  of the neces sary hei ght  of the d i kes  and the 

remote chance of cavern co l l apse . 

Shut- i n  procedures norma l for term i na l s duri ng hurri canes a l ong the 

Texas Gu � f  coast  i nvol ve c l os ure of al l systems , and fi l l i ng a l l empty tanks 

wi th wate r .  Sea water or a l ternati ve sources of water t o  b e  used for cavern 

fi l l i ng wou l d  be read i ly  avai l ab l e  for tan k fi l l i ng .  C l ean i ng the water 

afterwards wou l d  present  a probl em ,  probably req u i r i ng a fi e l d  o i l /water 

separator u n i t  and use of the bri ne settl i ng pond for primary settl i ng 

s eparati on . 

At the dock area , rap i d  depl oyment booms are the primary conta i nment 

defense aga i n st  transfer s p i l l s .  On the docks , gutters , s umps and dri p 

pans wou l d  be u sed to reduce l ow-l eve l water contami nati on . Bert h i n g  s k i rts  

are not  presently s pec i fi ed for the dock and , because of the l ow current 

cond i t i ons  i n  the b l i nd c hannel of the o l d Brazos mouth , there is  no i nd i ­

cati on that  they wou l d  present any advantage over rap i d-depl oyment booms . 

Exposure to l a rge ves sel s pi l l s  i s  a resu l t  of potenti a l  ves sel  

casua l ti es . The average fi l l  rate dur ing  refi l l  corresponds to  l es s  

than one vessel  per day . However ,  the mode of refi l l  by offl oadi ng 

VLCCs woul d tend to create peak traffi c l evel s  i n  ports . The S EAWAY 

pi pel i ne ,  del i ver i ng  600 , 000 B/D , wou l d  generate typi ca l  traffi c l evel s  

of 3 to 4 vesse l s per day .  VLCC traffi c i n  the area wou l d  be about 1 to 

2 per day generated by the proposed S EADOCK Offshore O i l Port , and about 

1 per week to 1 0  days generated by the s torage refi l l . Thus , VLCC 

traffi c generated by the SPR project shou l d  not s i g n i fi cantly i ncrease 

traff i c  l evel s  i n  coastal waters . 

Al ong  the p i pel i ne routes , the primary s pi l l  prevent i ve measures are regu l ar  

i ns pect i on of p i pel i ne routes , l i ne pressure testi ng , and  c l ose mon i tori ng  

of fl ow pressures  and i n -out  vol umes . I n  the  event of l i ne  ruptures , the 

primary l i nes  of contai nment of rel eased o i l are the affected waterways . 
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Prevent i on of s pi l l ed o i l  from enteri ng the San Bernard or B razos Ri vers 

by response fas t  enough to contai n the oi l i n  the creeks and swa l es i s  

unl i ke l y ,  especi a l l y  duri ng peri ods of fl ood fl ow i n  those creeks . Duri ng 

l ow f l ow ( or dry )  peri ods , the movement of the oi l coul d be retarded and 

parti a l l y  a bsorbed a l ong the s tream bed . The general l y  s l ugg i s h  fl ow 

of the stream i s  a factor hel pful i n  the effecti venes s of booms , and there 

are many access  pO i nts  to the r i ver for wheel ed transport .  Some o f  the 

marshy areas woul d requ i re s peci a l i zed transport veh i cl es , and c l eanup 

of creek areas wou l d l i ke l y  requ i re a l l - terra i n  transport . 

O i l Spi l l  Conti ngency P l ans 

A Sp i l l  Preventi on Control and Countermeasure P l an ( SPCC ) must  be pre­

pared by an  operator of a nontransportat i on rel ated o i l faci l i ty that m i ght 

be capab l e of d i scharg i ng by acc i dent , equ i pment fai l u re , or operator 

error enough o i l i nto nav i gab l e waters of the Un i ted States to create a 

v i s i bl e  s heen di scol orati on , s u bsurface s l udge or  emul s i on , pursuant to 

the provi s i ons of the Federa l Water Pol l uti on Contro l Act , Pub l i c  Law 92-500 . 

The s trateg i c  storage fac i l i ti e s , therefore , wou l d  be s ubject to the provi s i ons  

of these  regu l ati ons . Departments , agenc i e s , and i nstrumenta l i ti es of the 

Federal government are s u bj ect to the regu l ati ons to the s ame extent as 

pri vate operators . The purpose of the SPCC i s  to o utl i ne the method of 

operati ons , measures and equi pment used to prevent sp i l l s  and to descri be 

ava i l abl e equi pment to be u sed , and the pl anned program of response , i n  the 

event of a s p i l l .  

Loadi ng fac i l i ti es for barges and tankers must a l so  meet Coast Guard 

regu l at i ons ( 33 CFR 1 54 )  promu l gated under Publ i c  Law 92-500 , for des i gn 

of hose connect i ons , neces sary emergency equi pment , s umps , and s o  forth , 

emergency shutoff swi tches , and tra i ned personnel . 

Transfer operati ons must  meet Coast Guard rul e s  ( 33 CFR 1 56 )  that 

defi ne personnel  requ i rements , l i gh t i ng , c ommun i cati on , use  of the equ i p-

ment , and adherence to procedures . Barges and tankers used for o i l transport 

must  meet Coast Guard regul ati ons for s p i l l  prevent i on equi pment ( 33 CFR 1 55 ) . 

The constructi on of tank ves sel s and thei r operati on come under a l arge body 

of regul ati ons , one of wh i ch i s  the Port and Waterway Safety Act ( Publ i c  Law 

9 2-340 ) . Th i s  Act i ncreases Coast  Guard author i ty to : d i rect vesse l  movement ,  
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prescri be safety equi pment req u i rements and safety zones , i nves ti gate acci dents 

and envi ronmenta l qua l i ty of nav i gab l e waters , and reg u l ate ves se l s carry i ng 

hazardous cargo i n  bu l k . Regu l at i on of tankers i nc l udes the r i gh t  to i ns pect 

fore i gn reg i s try vesse l s and prescri be mi n imum neces sary safety and nav i gati onal  

eq u i pment .  

T he  Coast  Guard may spec i fy p i l otage requ i rements for entry to  U . S .  

waters . I n l and Ru l es of the Road app ly  to the I CW ;  Wes tern R i ver Ru l es of 

the Road app ly  to the M i s s i ss i ppi  R i ver . The Coa st  Guard has the prima ry 

regu l atory authori ty for vessel  l i cens i ng , i ns pecti on , and enforcement of 

regu l ati ons . 

I n  t he event of a s p i l l ,  the Coa st  Guard mus t be not i f i ed ( 1 8  CFR 6 1 0 ) . 

Under the Nationa l  O i l and Hazardous Materi a l s  Po l l u ti on Conti ngency P l an , 

a Reg i ona l Response Team headed by an On-Scene Coord i nator ( OSC ) wi l l  take 

s teps to assure that the best and mos t appropri ate cl eanup  meas ures are 

taken . The operator  of the fac i l i ty i nvo l ved i n  the s p i l l  i s  primari ly 

respon s i b l e  for c l eanup efforts . The OSC may authori ze the use of vari ous  

c l eanup  agents , s orbents , or  other chem ica l s , if  they can  ass i s t in  c l eanup  

efforts wi thout i ncreas i ng eco l og i ca l  s tres s or damage . If  the  part ies  

res pons i b l e  for the  s p i l l  do not  or cannot undertake adequate c l eanup  ( or 

i f  the s p i l l  shou l d  be l arge enou gh to warrant wi despread concern ) , an 

emergency stri ke force may be o rgan i zed to commi t ava i l ab l e  manpower and 

equ i pment resources to the contai nment and c l eanup effort . 

I f  was tewater or  treated was tewater s hou l d  be d i scharged from a s torage 

fac i l i ty as a resu l t  of tan ker operat ions or  p i pe l i nes , ( and  a l so barg i ng 

opera t i on ) ,  then the Procedures for the Nati ona l Po l l u tant  D i scharge 

E l imi na t i on System ( N PDES ) mi ght �pp ly  to the fac i l i ty ( 40 C FR 1 25 ,  a s  

amended ) ,  under P ub l i c  Law 92-500 , Sec . 402 and  405 . Speci f ica l ly ,  i f  

fl u s h i ng o f  the meter l i nes and cavern fi l l  l i nes dur ing  standby i s  i ns t i tuted , 

then i t  wi l l  be neces sary to e i ther di scharge the fl us h i ng water , or to s tore 

i t  i n  the caverns . I n  v i ew of  the v o l ume of the necessary fl u s h  water supp ly  

( a bout 5000 barre l s  per  typ i ca l  pi pel i ne and  500 barre l s  per s i te l i ne )  and 

the rus t  i n h i b i ti ng chemi ca l s  used to protect the p i pes , s torage of th i s  

was te i n  the caverns may be preferab l e  to d i scharg i ng i t .  
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The compl ete SPCC P l an does not have to be prepared unti l the fac i l i ty 

beg i n s  operati on . The SPCC P l an wi l l ,  howeve r ,  be prepared wi th i n  s i x  

months and impl emented n o  l ater than one year after faci l i ty opera t i on 

beg i n s , pursuant to E PA regu l at ions  ( 40 C FR 1 1 2 ) a s  prov i ded by Publ i c  

Law 92-500 . For purposes of the Envi ronmenta l  Impact Statement ,  i t  i s  

suff i c i ent  to outl i ne the e l ements of such  a p l an  and the effi cacy of 

c l eanup technol ogy perti nent to the sp i l l  ri s k  a s soci ated wi th  s torage . 

Th i s outl i ne i s  provi ded bel ow .  

Fac i l i ty Spi l l s  

S PCC  g u i de l i nes prov i de that where experi ence i nd i ca� . s  reasonabl e 

potenti a l  for equ i pment  fai l ure , appropri ate contai nment a , idlor d i vers i onary 

s tructures  or equ i pment  to prevent d i scharged oi l from re�ch i ng a nav i gab l e 

water course s hou l d  be u sed , i nc l ud i ng : 

1 .  D i kes , berms , and imperv i ous reta i n i ng wa l l s .  
2 .  Curb i ng .  
3 .  C u l verti ng , gutters , or other drai nage systems . 
4 .  We i rs ,  booms , or other barri ers . 
5 .  S p i l l  d i vers i on ponds . 
6 .  Retenti on ponds . 
7 .  Sorbent materi a l s .  

I n  the v i c i n i ty of the s i tes , berms and sumps mus t  be v i ewed as the 

primary l i ne of defense agai nst  surface sp i l l s .  The potenti a l  of heavy 

ra i n  runoff fi l l i ng berms and sumps make them l es s  re l i ab l e for an 

u nmanned faci l i ty than for th i s  one . For s i tes  on  a waterway , a s ump at 

water l evel  wi th  a boom permi tti ng underfl ow of water on ly ,  can prov i de 

effect i ve retenti on of fl oat1 ng petro l eum , wh i l e  rel eas i ng ra i n  waters .  

At docks , effect i ve contai nment of s pi l l s  by rap i d  depl oyment  of booms 

i s  the primary defense aga i ns t  d i s pers i on of sp i l l s .  

The i ntegri ty of cavern s torage rema i n s  a seri ous  concern because  of 

the potenti a l  for l arge petro l eum rel eases i nto the envi ronment .  T he 

pr imary preventi ve act i o n  for cavern i ntegri ty i s  sonar and , other sur­

veyi ng ; for cracks , s l abbi ng , and  other  i nd i cators of  roof or wal l  weaken i ng . 

Load i ng and U n l oadi ng Spi l l s  

The SPCC p l an for dock operati ons  wou l d  i nvol ve a two-fo l d  approac h : 

1 )  operati on  of the fac i l i ty by a " Dock Operati ons  Manua l " ,  wh i ch s pec i fi es 

the p hys i ca l  equ i pmen t ,  o i l transfer procedures , emergency procedures , 
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and i ns pecti on rout i ne to detect fau l ty equ i pment ,  poor connect i on s , erro�s 

and l ea ks ; 2 )  response  to a detected spi l l  accord i ng to an " 0i l  Sp i l l  

Conti ngency Manual  " ,  dea l i ng wi th stopp i ng  the outfl ow , conta i nment , c l eanup , 

and gu idel i nes  for commu n i cati on wi th l ocal , s tate , and Federal response 

teams . 

The e l ements of the preventi ve p l an i nc l ude : 

1 .  Conta i nment of Leakage - Dur i ng cargo transfer , contai nment of 

l ea kage wi l l  be accomp l i s hed by u s i ng fi berg l as s  s p i l l  prevent i on decks 

p l aced under l oadi ng man i fo l ds , s ump tan ks of adequate capac i ty ,  portab l e 

dri p -pans for any hose  connecti ons not over the s p i l l  prevent i on deck , 

and motor dri ven b l ock val ves , c l osed when not i n  use . 

2 .  Emergency Shutdown Capab i l i ty - Th i s procedure s huts off a l l 

pumps and c l oses  a l l va l ves . Acti vati on swi tches a re l ocated at  acces s i bl e  

l ocat i on s  on the dock , and a portab l e  swi tch i s  p l aced on board the barge . The 

system must be capabl e of i nstant ly  s topp i ng the barge pumps , and must 

a l s o  have a l ocked manual  overri de to c l ose the system duri ng a power fa i l ure . 

3 .  Personnel and Trai n i ng - Adequate numbers of personnel  must  be 

on hand dur ing  operati ons to ensure safe operati on , and to ass i s t  i n  

emergency conta i nment routi nes . Operators des i gnated " persons i n  charge l l  

shou l d have at l east  48 h ours experi ence i n  transfer  operati ons and pass 

oral qua l i fi cati on exami nati ons . Any l anguage barri ers between boat and 

dock s uperv i sors must  be reso l ved . 

4 .  Cargo Transfer Procedures - These spec i fy the p l acement , l i n k i ng , 

and hanl i ng of hoses and/or l oadi ng a rms to avo i d  exces s i ve wear , pu l l i ng 

s tra i n , ruptures , k i n ki ng ,  and so  forth . Use of qu i ck-connect devi ces and 

l atches is  genera l l y  l imi ted or proscri bed . Important aspects i nc l ude a 

tran sfer conference between the dock operator and the boat pump operator , 

and use  of a checkl i s t to ensure procedure comp l i ance . From the s tandpo i nt 

of s p i l l  avoi dance , and especi al l y ,  l arge sp i l l s ,  i ns pect i on routi nes of 

the area on a regu l ar ,  frequent bas i s  a re s i gnfi can t .  Other regu l ati ons 

estab l i s h  l i ght i ng s tandards , equ i pment s pec i fi cat i ons , record- keep i ng ,  and 

so forth . 
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5 .  Egu i pment Ma i ntenance Program - Equ i pment serv i ce and l i fe ; s  

documented ; regu l ar pres s ure and s tres s tests are conducted ; bo l t  and 

coup l i ng fl anges , coup l i ng seal s ,  and gas kets , are exami ned for wear , 

abras i on ,  and so  forth . 

Staffi ng or  hav i ng avai l ab l e  competent ,  trai ned personnel  for pos i ti ons 

that are not permanent - i . e . , wh i c h  l a st  on l y for a fi l l i ng or  emptying  

cyc l e _ may be  d i ffi cu l t .  Trai n i ng of personne l h i red wou l d  have to  be 

emphas i zed . Dur ing  emptyi ng cyc l es for strategi c  drawdown , i t  cou l d be 

a s s umed that personne l wou l d  be avai l ab l e  from the petro l eum i ndustry .  Much 

of the reg i ona l  l abor pool  i n  the area has some fami l i ari ty wi t h  petrol eum­

type equ i pment as a res u l t of ear l i er dri l l i ng and oi l fi e l d  acti v i t ies . 

The e l ements of the c l eanup  p l an wou l d  i nc l ude : 

1 .  I nspect i on for Leaks - The area must be l i ghted , and frequent , 

regu l ar i ns pecti ons of the water must  be made . I f  re l i ab l e  automati c 

detect i on devi ces become avai l ab l e , prov i s i on wou l d  be made for the i r  

u s e .  

2 .  Contai nment of Spi l l ed Oi l - The most effecti ve s pi l l  contai nment  

dev i ce i s  t he  rap i d depl oyment boom . One boom shou l d  be l ocated at  each 

end of the dock to i so l ate the ves se l  i nvo l ved ; a boom or rubber a i r  dam 

shou l d be avai l ab l e  to c l ose off an enti re s l i p  when the s i te geometry 

permi ts . A s ki mmi ng  devi ce , wh i ch can operate i n  the s l i p ,  shou l d a l so  be 

avai l ab l e  at  the s i te .  For very sma l l sp i l l s  conta i ned around a s i ng l e  vessel , 

sorbent mater i a l  cou l d  be used , a l though a s ki mm i ng  defi ce  wou l d be pre­

ferabl e .  The s ki mmer shou l d be above to del i ver co l l ected materi a l s  to 

a s ump tan k , e i ther by di rect  hose from the moori ng  s l i p  or from a ho l d i ng 

tank . 

3 .  Response Mobi l i zati on  - Load i ng and un l oadi ng mi s haps may occur 

in  ri ver c urrents , protected waterways and moori ng  s l i ps ,  and i n  the off­

shore waters of the Gu l f . I f  o i l s hou l d  es cape i mmed i ate boomi ng because of 

current , wi nd , or wave cond i t i ons , gu i del i nes for noti fyi ng and mobi l i z i ng 

add i t i onal  response teams wou l d  be fol l owed . C l eanup cooperati ves and 

contractors are di scussed bel ow , s i n ce these teams are part of the reg i onal  

res ponse team for o i l s p i l l s .  
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Transporta t i on Spi l l s  

S p i l l s  of  o i l  from ves se l s may occur as a resu l t  of ca sua l ti es , i . e . , 

col l i s i on ,  ground , s tructural or tankage fa i l ure , fi re , exp l o s i on , ramm i ng 

( co l l i s i on wi th  fi xed objects ) ,  etc . Sp i l l s  cou l d  a l so occur as a resu l t  

of  erroneous d i scharge - bi l ge ,  open va l v i ng ,  test i ng of  d i s charge eng i nes  

wi th improper va l ve setti ng , and  so forth . 

I n  the event of  such  m i s haps or ca sua l ti es ,  the s i te opera tor wou l d  

n o t i fy the reg iona l  response team center , and the organ i zat ion  of  the 

Nat iona l O i l and Hazardou s  Mater i a l s Po l l u t i on  Cont i ngency P l an wou l d  be 

act ivated . I f  the s i te operator  i s  unabl e to obta i n  s uffi c ient  ass i s tance 

to c l ean up s p i l l ed o i l ,  the On-Scene Coord i nator may i n i ti ate acti on  d i rectly 

to imp l ement s p i l l  c l eanup .  Al l vesse l  operato rs must  have proof of  ab i l i ty 

to a s sume f i nanc i a l  l i ab i l i ty for cl eanup costs i n  order to obta i n  an 

o pera t i ng certi f i ca te .  Mo st  operators have pr ior  mutua l  a i d  arrangements , 

e i ther d i rectly o r  through  i n surors , for c l eanup of sp i l l s .  

Cooperati ves of  compan ie s  i n vo l ved i n  o i l p roduct ion  or  transportat ion  

i n  the  Gu l f  coa s ta l  area , and  speci fi ca l ly the  I CW have been formed . They 

ma i n ta i n  booms and s ha l l ow draft s k immers for use  i n  bays and the I CW .  

Member compan ies  have access  to the equ i pment , bu t mus t  supp ly  the opera t i ng 

l a bor ,  beyond the s uperv i sory s ke l eton  crew that prov i des operat i onal  exper­

t i s e .  The equ i pment can be l eased to nonmembers as we l l ,  bu t manpower mus t  

be o bta i ned e l s ewhere . One cooperati ve i s  l ocated a t  Ven i ce ( eas tern 

Lou i s i ana ) , I n tracoasta l  C i ty ,  Cameron (western Lou i s i ana ) ,  and l ocati ons  

i n  the  Beaumo n t ,  Ga l veston , and  Freeport area . Large equi pment for c l eanup  

i n  bays is  l ocated at  Grande I s l e ,  Lou i s i ana . 

Another contractor  operates i n  the Gu l f  Coast  and can pro v i de both 

equ i pment and manpower for c l eanup . O ther contractua l serv i ces ava i l ab l e  

i n  the area i nc l ude was tewater proces s i ng ,  and d i sposa l  of  o i l contami nated 

materi a l s .  Some o f  these processo rs may act as sa l vors as we l l  to recl a im  

o i l .  T he  Coast  Guard h a s  o i l recovery equ i pment on  the Gu l f  of Mex i co 

pr imari ly  for o cean-go i ng ves se l  sa l vage and sp i l l  contai nment .  The Coas t 

Guard cou l d  supp l y  a s u bmers i b l e  pump to faci l i tate emptyi ng of a founderi ng 

o i l  vessel . 
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P ipe l i ne Spi l l s  

For s pi l l s  from ruptured p i pel i nes , s i mi l a r  procedures as those for 

ves sel  s pi l l s  are fol l owed , wi th one important d i fference . The Envi ronmenta l  

Protecti on Agency has l ead respons i bi l i ty i n stead o f  the Coas t Guard . Contro l  

measu res may be  l and-based , focus i ng on d ra i nage paths of the  o i l i nto and 

a l ong streams . However , i n  wetl ands , the contro l efforts may be i dentical  

to waterway s pi l l s .  

An important part of conti ngency p l ann i ng i s  p re - i denti fi cati on  of a l l 

drai nage paths from every p i pel i ne route , and the p l ann i ng of primary po i nts 

for sp i l l  d i s pers i on contro l . 

E . 2 . 2  Br ine  Spi l l  Ri s ks 

Bri ne and sa l i ne water s p i l l s  may occur  from the raw water s upp ly  and 

bri ne d i s posal  p i pel i nes and from the bri ne settl i ng ponds . The bri ne 

l i nes wou l d be constructed wi th i n  the same ri ght-of-way as the o i l l i nes . 

E . 2 . 2 . 1  Bri ne Spi l l  Ri s k  from Cavern Storage 

The mechani sms of  bri ne fl u i d  rel ease from cavern storage are equ i v ­

a l ent to those for petrol eum ,  except for a maj or d i fference i n  den s i ty 

between the s tored fl u i d  and the i nfl owi ng water .  The l ower dens i ty of 

petrol eum permi ts i t  to be l i fted above the phys i ca l  he ight  correspond i ng 

to the water i nfl ow pres sure head . The den s i ty d i fference i s  oppos i te for 
bri ne l i ft .  The speci fi c grav i ty of the bri ne ,  contai n i ng up  to 20 l bs 

sa l t  per cubi c foot , wou l d be about 1 . 3 ,  and wi l l  permi t the i nfl ow water 

to fl oat on top, w i t h  m i x i ng l im i ted to a turbu l ent  contact zone and s l ow 
d i ffus i on beyond that zon e .  The i nfl ow i tse l f wou l d  not be ab l e to fl ow 

out  of the co l l apse p i t  un l es s  an arti s i an head were present . 

I n  the fou r  h i storica l  i nstances of cavern roof col l apse referenced 

prev i ous l y , no re l ease of brine  was i nvo l ved , even though water entered 

the col l apse s i nkhol es . 

Latera l mi grati on of bri nes between cav i ti es does not present a 

m igrati on path for maj or  re l eases of e i ther bri ne or  petro l eum i nto the 

envi ronment .  Bri ne overfi l l  can l ead to escape of sma l l amounts of br ine  

from the  cavern , and  cou l d  contri bute to  fai l ure of the  s ea l  around the 
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fi l l  p i pe .  However , bri ne forced u p  the oi l secti on wou l d  not be expected 

to excape i nto the envi ronment . I t  can be concl uded that there i s  no  

reasonabl e chance of major bri ne s p i l l s  from the cavern s torage . 

E . 2 . 2 . 2  Bri ne Spi l l s  from Surface Storage 

Most of the s i tes for l each i ng s torage are p l anned wi th a part i a l  

i mpoundment o f  the bri ne for s ettl ement . Eval uati on of i mpoundment fai l u re 

on a s tat i st i ca l  bas i s  i s  n ot appl i cab l e ,  s i nce mos t  of the i mpoundment 

fai l ures i n  U . S .  s tat i st i cs  i nvol ve poorly eng i neered or unengi neered farm 

and m i ne i mpoundments . An est imati on of the chance of breach i ng the i mpoundment 

by fl ood can be made , based u pon the des i gn res i stance of the s tructure . However , 

breach of a bri ne i mpoundment by fl ood i s  of l i tt l e concern - the fl ood 

m i t i gates both the sa l i n i ty and any fl ow wh i ch wou l d  otherwi se  res u l t  from 

i mpoundment l osses . As a genera l ru l e ,  con s i deri ng the fl at terrai n  i nvo l ved 

near the s i tes , the envi ronmental context of i mpoundment re l eases  s hou l d 

be s i mi l ar to those of p i pe l i ne ruptures  near the s i te .  At s i tes where 

the i mpoundment may be e l e vated s l i ghtl y , ( i . e . , on  the s i de of the mound 

for those s i tes i n  wh i c h  the sa l t i ntru s i on has created an e l evati on ) l oca l  

downs l ope fl ow damage and accompany i ng turb i d i ty cou l d  res u l t from l os s  

of impoundment waters . 

Surve i l l ance procedures  for mon i tori ng the i ntegri ty of i mpoundment 

i nc l ude regu l ar i ns pecti ons of earthworks for s ettl ement ,  crack i ng , etc . , 

and check i n g  ground water i n  the v i c i n i ty for sa l i n i ty m i grati on . 

The bri ne s ettl i ng ponds to be cons tructed at  the s torage s i tes  

have des i gn vol umes of 1 00 , 000 barre l s each . Ponds at Al l en dome and  Bryan 

Mound wou l d  be exposed to h urri cane fl oods ; wh i l e  ponds at West  Col umb i a  

and Nas h dome mi ght b e  s ubject t o  f l oods from the San Bernard and Brazos 

R i vers . I t  i s  not anti c i pated that Damon Mound s i te wou l d  fl ood . The 

pond l evee woul d be des i gned to wi thstand a 50 to 1 50 year f l ood recurrence . 

The chance of l os s  of ponded bri ne may be est imated to range from 4 to 50 

percent i n  the event a greater fl ood s hou l d  occu r .  U s i ng a 50-year l evee 

des i g n  and a 50 percent l os s  probab i l i ty as worst case est imates , the chance 

of total l os s  of a l l bri ne  wou l d  be 1 percent per year .  However , bri ne wou l d  

b e  i n  the pond on l y  du ri n g  l each i ng and cavern wi thdrawa l  ( perhaps 6 years duri ng 

the project l i fetime ) ; d ur i ng  s tandby , the ponds wou l d  be empty . 
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Al s o ,  duri ng such  a destructi ve  f l ood , the envi ronmental  i mpact of a bri ne 

rel ease wou l d  be neg l i g i b l e  because of d i l u ti on by f l ood waters . 

E . 2 . 2 . 3  Bri ne Spi l l s  from P ipe l i nes 

Sp i l l s may occur from bri ne di sposa l p i pe l i nes and from raw 

water l i nes . Duri ng l each i ng ,  the envi ronment i s  s imu l taneous l y  exposed 

to sp i l l s  of s a l i ne water from the water supp ly  l i ne and to s pi l l s of bri ne from 

the bri ne d i sposa l  l i ne .  Duri ng cavern fi l l , exposure i s  to bri ne from 

the bri ne di s posa l  l i ne .  Duri ng cavern wi thdrawa l , exposure i s  to sa l i ne 

water from the water supp l y  l i ne .  Fi na l l y ,  duri ng  s tandby s to rage , there 

wou l d  be exposure to s a l i ne water i n  both p i pel i ne systems . 

Data for performance of br ine  l i nes i n  cross  country fl u i d  transport 

are n ot avai l ab l e  except for a few spec i f i c  i nsta l l at ions . Consequentl y ,  

i t  has  been necessary to apply s pi l l  ri s k  parameters based upon data 

from the enti re i nterstate p i pe l i ne network of crude oi l l i nes . Al though 

concentrated bri nes a re more corros i ve to steel  l i nes  than crude o i l , 

i t  may be noted that crude o i l s  conta i n  a sma l l amount of bri ne ,  and much 

of the p i pel i ne network i s  exposed to sa l i ne water on the outs i de of the 

p i pe  as  wel l as the i ns i de .  Cons equent ly , there i s  a bas i s  for performance 

compari son , a s s umi ng that des i g n  s tandards for corros i on contro l are 

comparab l e for the two appl i cati ons . 

Med i an and maximum credi b l e  s pi l l  s i ze s  cannot be extrapol ated 

from petro l eum data , because they are c l ose ly  corre l ated  to the detecti on 

t i me i nterval for l arge ruptures and the testi ng i nterva l  for sma l l l eaks . 

Petro l eum transfers are c l ose ly  metered for i nventory contro l as  wel l a s  

for l ea k  detect i o n , and detecti on i nterva l s are s hort . Bri ne transfers are 

not i nventory control l ed ,  and , i n  the case  of ocean d i s posa l , not rel i ab ly  

amena b l e to  f l ow mon i tori ng at the exi t .  B ri ne sp i l l s  i nto the  envi ronment 

may go undetected for a l onger peri od . I n  s ome cases , they may be found on ly  

by press ure tests on  the  l i ne . As  a res u l t ,  average bri ne s p i l l s i zes  must  

be  proj ected  to  be  much l arger than  o i l  s p i l l s .  
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Pressure and fl ow mon i tori ng of an open d i s posa l  l i ne extendi ng to 

the ocean i s  not expected to be rel i ab l e  for rapi d detecti on of s p i l l s .  

I t  i s  unl i ke ly  that a rap i d  detect ion of ocean d i s charge ups tream of the 

d i ffuser can be expected . The mon i tori ng of water samp l es i n  the v i c i n i ty 

of the l i ne for heavy bri ne p l umes a l ong the bottom wou l d  l i ke ly  be the 

fi rst l i ne of ocean s pi l l detecti on . However , i t  must be remembered that 

sma l l l eaks  are of no concern in the ocean . The prob l em to be avoi ded i s  

a smotheri ng bri ne pool wh i c h  l i es on the bottom unmi xed wi th seawater ,  

after exi t from the p i pe .  D i ffusers are des i gned to set the heavy bri ne 

i nto the surround i ng seawater for turbu l ent  m ix i ng . A sma l l l ea k  a head 

of the di ffuser wou l d  act i n  the same manner .  

Ca l cu l ated s pi l l  expecti ons from p i pe l i nes for Bryan Mound early s torage 

and for each SPR expans i on s i te are prov i ded i n  Tab l es E-4 and E-5 . Tabl e 

E-4 conta i n s  s p i l l  es timates  for l each i ng ,  fi l l  and wi thdrawa l operati ons . 

Tab l e  E-5 conta i n s s pi l l  estimates for standby s torage and for a l l project 

operati ons together . Sp i l l  estima tes have been s ummari zed for both bri ne 

and for sa l i ne  water , onshore and i n  the Gu l f  of Mex i co .  The s p i l l  ri s ks are 

based on the assumpti on that data for petro l eum p i pe l i nes are appl i cab l e ,  

rather than data for urban waterl i nes . 

Losses wou l d  be greatest  for Damon Mound and Nas h dome because of the 

l onger pi pel i nes requ i red . Envi ronmental exposure to sa l i ne water sp i l l s  

i s  more than twi ce as great as  for br ine  s p i l l s .  Envi ronmenta l damage 

wou l d  be much l es s  for s a l i ne water s pi l l s ,  however , bri ne sp i l l exposure 

i s  greatest  duri ng the a s s umed fi ve cavern fi l l  cyc l es .  Sal i ne water 

sp i l l  exposure i s  greatest duri ng the peri od of s tandby s torage . 

The precent chance of sp i l l s  occurri ng duri ng the project l i fetime 

are , for sa l i ne water/bri ne : 

No S�i l l s  One S�i l l  2 or More 

Bryan Mound early s torage 97 . 7/98 . 5  2 . 26/1 . 5  . 04/03 

Bryan Mound SPR expans i on 99 . 9/96 . 8  . 1 /3 . 2  0/ . 04 

Al l en Dome SPR expans i on 83 . 6/90 . 4  1 5 . 0/ 9 . 1  1 . 4/0 . 47 

Wes t  Col umb i a  SPR expans i on 68 . 8/84 . 4  26 . 0/ 1 4 . 3  5 . 2/ 1 . 3  

Nash  Dome SPR expans i on 55 . 4/78 . 3  33 . 1 / 1 9 . 3  1 1 . 5/ 2 . 4  

Damon Mound SPR expans i on 55 . 4/78 . 3  33 . 1 / 1 9 . 3  1 1 . 5/2 . 4  
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TABLE E-4  Bri ne and raw water s pi l l a expecta t i on mode l orojecti ons duri nq  pro ;ect l i feti me .  
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E . 2 . 2 . 4  Bri ne Spi l l  R i s k  from Aqu i fer I njecti on and Storage 

The concern for bri ne s p i l l age from aqu i fer s torage s tems from the 

i nject i on  pressures  needed to p l ace the bri ne i n to the aqu i fers . The pressure 

i ncreases  are hypothes i zed as  brea k i ng the permeabi l i ty barr i er overlyi ng the 

aqu i fer ( hydro-fractur i ng ) , perm i tt i ng the upward m igrati on of the brine  

i n to zones  of potab l e  or agri c u l tural water wi thdrawa l . 

Upward mi grat i on of the i nj ected bri ne i s  u n l i ke l y  because  of  the 

dens i ty i nvol ved . As the f l u i ds perco l ate through the s oi l s ,  they are 

expected to s trat i fy in the so i l s  accord i ng to dens i ty ,  rather than to 

undergo rap i d  d i ffus i on .  I n  the event of an upward fracture , the l east  

concentrated bri nes wi l l  d i ffuse  upward , d i s p l a c i ng overlyi ng waters 

of l es s  sa l t content . Once such  a process i s  detected , i t  wou l d  be arrested 

by ces sati on of i nj ect ion . The bu i l d-up  of pressure i n  the i nj ecti on 

aqui fer wou l d  d i s s i pate as  the bri ne  mi grates outward i n  the aq u i fer .  

The  preva i l i ng mi gratory press ure for the  br ine  i s  downward , i n  

contrast  to petro l eum f l u i d s  wh i ch try to perco l ate upward i n  water-saturated 

med i a .  I njection  s i tuati ons  i n  wh i ch water s upp ly  aqu i fers a re s eparated 

from an i nj ec t i on aqu i fer by a th i n  aqu i c l ude wi l l  be avoi ded as a pre­

cauti on . However , i f  the q ua l i ty o f  supp ly  i s  not sens i t i ve i n  terms of  

changes of a few ppm of ch l ori de content , then mon i tori ng of the  wel l  

systems for press ure and  s a l t content cou l d  be  s uffi c i ent to detect break­

out mi grati on from the i n jecti on aqui fer before concentrated bri ne 

d i s p l acements i nto the upper aqui fers can res u l t .  

The deep aqu i fers near the domes are h i g h l y  sa l i ne ,  as  a res u l t of 

l eachi ng of  the s a l t domes themse l ves , wh i l e  most of the near- s urface 

ground waters , except where they i ntersect a pi ercement dome , a re sources 

of fresh  water , recharged by s urface waters . A l though in some areas , 

there i s  no l onger a s urp l u s  of  perenn i a l s urface water , upward mi grati on 

of  sa l i ne waters i nto ground water aqui fers bei ng wi thdraw n has not been 

a s eri ous prob l em i n  the areas bei ng con s i dered for water i njecti on . 

E-24 



E . 2 . 2 . 5  Bri ne D i spers i on 

The moti on of bri ne across l and , i n  the s oi l , and wi th i n  bod i es 

of water , i s  i denti ca l  to that of water i n  every respect except i n  contact 

wi th water .  The m i x i ng , or equa l i zat i on of  s a l t concentrat i on , between 

bri n e  and water by mol ecu l ar d i ffus i on a l one  i s  a very s l ow proces s .  I f  

br ine  f l ows qu i etly i nto a pond or  the ocean away from s horel i ne turbu l ence , 

i t  wi l l  tend to strat i fy at the bottom of the water . Rapi d  m i x i ng of bri ne 

and water requ i red energy of  turbu l ence . A sma l l l eak  of bri ne i nto a f l ow ing  

stream can  be  qu i ck ly  d i l uted to  near ly  neg i l i g i bl e  c oncentrati ons , whereas 

a l eak  i nto  a smal l l ake or pond may reta i n  dens i ty strat i fi cat i on for 

severa l  days . 

The d i s pers i on of br ine  i n  the ocean i s  expected to be accomp l i s hed 

by use of a mu l ti -port , or mu l ti -jet  d i ffuser ( Appendi x I ) .  Each j et 

has s uffi c i ent  energy to prov i de rap i d f l ow m i x i ng wi th the surroundi ng water , 

and i s  separated s pati a l l y  from the next port to prevent dens i ty bu i l du p .  

Sa l i n i ty down -current ( even w i th s l ugg i sh currents ) of  a properly operated 

d i ffuser  shou l d be reduced to 5 or 1 0  percent above amb i ent  wi th i n  a few hundred 

meters . Ocean sa l i n i ty i s  on the order of 30 parts per thousand , and 

bri ne s a l i ni ty i s  on the o rder of 300 ppt . Reducti on of the bri ne to 1 0  percent 

above amb i ent  i mp l i es abou t 1 00 to 1 d i l u t i on wi th seawater . 

Nati ona l  Ocean i c  and Atmospheri c Admi n i s trat i on ( NOAA) stud i es ( s ummari zed 

in Append i x  G )  i nd i cate that wi thout a d i ffuser , a bri ne p l ume cou l d  extend 

for severa l k i l ometers al ong the Gu l f  fl oor .  Th i s  wou l d  cause a poten ti a l ly  

d i s rupt i ve i nfl uence on  benthos , espec i a l l y  s h r i mp .  A l arge break i n  the 

offshore bri ne l i ne cou l d h ave a s i mi l ar effect . I t  i s  doubtful that s u ffi c i ent  

turbu l ent energi es are a va i l ab l e , even c l ose to the  s u rf zone , to d i l ute the  

concentra t i ons  of bri ne as qu i ck ly  as  the  proposed d i ffuser wou l d .  A dense  

p l ume i s  formed by a bri n e  s p i l l  i n  coasta l waters and wou l d s l owl y be  

di s persed after the  source i s  p l ugged . I F  natural d i s pers i on i s  n ot suffi c i en t  

to prevent the p l ume from . i mpac t i n g  sens i ti ve zones down-current , mi x i ng  cou l d  

be enhan ced by water jets used near the bottom. The d i s pers a l  o f  the p l ume 

and the l ocat i on and character of sens i t i ve zones c ou l d  be seasona l l y  

var i ab l e .  
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Onshore , bri ne fl ows across  s o i l s  wou l d  l eave sa l t depos i ts i n  the 

ground , wh i ch wi l l  l each upward wi th upward mi grati on of pore water duri ng 

dry per i ods . Ruptures of buri ed brine l i nes  may present an opportun i ty for 

bri ne to perco l ate i nto aqu i fers , i n  wh i c h  the natural m i grati on  i s  down­

ward . Large ruptures , however , wou l d  probably s urface and fl ow over the 

l and to l ocal water courses . Parti a l  contai nment of the bri ne i n  the 

p i pel i ne trench by permeabi l i ty l imi tati ons i s  not expected to occur . 

For bri ne l i ne s pi l l s  onshore , the greatest  ri s ks woul d be those 

in wh i ch water s uppl i es , agr icu l tura l l and , or sens i ti ve fresh  water 

mari ne nursery zone , may be affected . I n  th i s  context , however , s a l t 

water i n trus i ons from hurri cane surges have been experi enced i n  much of 

the area wh i ch m ight  be contacted by a bri ne l i ne s p i l l .  The primary 

recovery mechan i sm after a br i ne s p i l l  i s  d i l uti on of s a l t water and 

was hout of sa l t  depos i ts i nto the waterways , mos t  of wh i ch can be expected 

to provi de a f l ush i ng pathway i nto the Gu l f  of Mex i co .  

I ntrus i on o f  br ine  i nto ground waters under ly i ng  crop l ands cou l d  be 

more d i ffi cu l t  to purge . Dur i ng dry peri ods , sa l t  i s  carr i ed upward i n  

( i nters t i t i a l ) so i l  pore water . For wet so i l s , the natura l  mi grati on of 

the sa l t  is  downward . However , i t  may not move away , and cou l d  rema i n  

i n  a pos i ti on to affect the root zones . One method of purg i n g  s a l t con­

tami nati on from i rr i gated , or i rr i gab l e  l ands i s  downward l each i ng to 

deep dra i nage . A col l ecti on t i l e  i s  i ns ta l l ed at  a depth of 8 to 1 0  

feet , the l and i s  f l ood i rr i gated , and the water i n  the dra i n  t i l e  i s  

pumped out ,  carry i ng the l eached sa l t  wi th i t .  I f  a s l i ght  ground water 

surp l us  i s  a va i l ab l e ,  recovery ass i s tance by wel l po i nt pump i ng may be s uffi c i ent .  

Otherwi se , natural l eachout by ground water movement toward t he  Gu l f  wou l d  

be re l i ed upon to produce eventua l  water qua l i ty recovery .  Impacts on 

o i l  producti v i ty cou l d  be l ong  term . 

E . 2 . 2 . 6  Bri ne Spi l l  Prevent i on  and Control 

Detect i on of bri ne l i ne s pi l l s  i s  more d i ffi cu l t  than o i l  s p i l l  

detecti on because  the sys tem i s  open to the ocean through a d i ffusor .  

Furthermore , a bri ne s p i l l  i s  much l es s  read i ly noti ced by casua l  observers . 

Primary preventi ve measures upstream of Bryan Mound are regu l ar l i ne l ea k  
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checks , l i ne i ns pecti on , and mon i tori ng at  ground water sa l i n i ty .  Large 

pres sure changes accompany i ng maj or l i ne ruptures wou l d be read i ly detected , 

but part i a l  l osses  wou l d  be very d i ffi c u l t to n ot i ce from operat i ng parameter 

readouts . Regu l ar l i ne press ure checks are the on ly  rel i ab l e method of 

detecti ng sma l l l eaks . Downstream of Bryan Mound , the system i s  open , 

and breaks wou l d  not be detectab l e  by i nstrumentati on . Mon i tori ng of 

water s a l i n i ty profi l es near the d i ffusor a nd i ns hore of i t  is  a poss i bl e  

method of detect i n g  l eaks . 

The control of bri ne s p i l l s  i s  oppos i te to that of o i l ;  rather than 

contai nment , d i s pers i on and d i l uti on is des i red . D i l uti on  and f l u s h i ng 

of sa l i ne waters to waterways d i scharg i ng to the ocean i s  the bas i c  mi t i ga t i ng 

measure . I n  some cases , t h i s  wi l l  requ i re pump i ng of fresh  water through 

affected areas to produce f l u s h i ng . The dra i nage patterns for a l l port i ons  

of the  l i ne can be  determi ned i n  the  same manner as for oi l l i nes , and  i n  

mos t  i ns tances , they wi l l  be i dent i ca l . The pre-p l anned control po i n ts 

wi l l  d i ffer , s i nce the obj ect i ve i s  to d i sperse sa l i ne bri nes rather than 

to conta i n  them . Equ i pment needed for con t i ngency acti on wou l d  be primari l y  

water pumps and connecti ng l i nes , rather than booms a n d  co l l ecti on  materi a l s .  

Leg i s l ati ve authori ty for acti on on bri ne  s p i l l s  i nto i n l and waters and 

l ands stems from the  bas i c  Federal Water Po l l uti on Control Act , s i nce a 

sa l i ne s p i l l  a l ters potabl e  water qual i ty and  affects agri c u l tural  u sage . 

I t  i s  a s s umed t hat  procedures para l l e l to those for o i l s  and tox i c  

chemi ca l s ,  s uch  a s  pes t i c i des , wou l d  b e  fol l owed . However , g u i de l i nes 

speci fi c to bri ne sp i l l s  may eventual ly be promul gated by the Envi ronmental 

Protecti on Agency . A response and i ns pect i on team wou l d be expected to be 

formed i n  the event of a l arge d i scharge , and wou l d  a l s o  be empowered 

under the l eve l s  of the Act ( 92 -500 ) to u ndertake or requ i re res tora t i ve 

act i on s . 

For bri ne sp i l l s  offs hore , the s pec i fi c  procedures to be i mp l emented 

in the event of determi nati on  of a bri ne p l ume are not c l ear . The mos t  

concerned agenci es for the adverse effects o n  offs hore fi s heri es and 

benthos cond i ti ons wou l d  be the Nat i onal  Oceangraph i c  and Atmospheri c 

Adm i n i s trat i on and the s tate fi s heri es  department .  I t  wou l d be neces sary 
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to determi ne a s u i tabl e i ns pecti on i n terval  for offshore sampl i ng ,  

dependi ng upon season , and a l so  to eval uate methods or  zones at wh i ch 

bri ne p l umes m ight  be jetted mos t  effecti vely .  

Other preventi ve measures for the bri ne system wou l d  i nc l ude purg i ng  

of  t he  l i nes after use , c l ose i ns pect i on of earthworks associ ated wi th 

bri ne impoundments ( wh i ch may al s o  serve as emergency o i l  sumps ) ,  and 

ground water mon i tori ng in the v i c i n i ty of impoundments . 

E . 2 . 3  Re l ated Ri s ks 

The s tati s t ica l  base used for projecti n g  s p i l l expectati ons i nc l udes 

s pi l l s  from a l l causes , s uch as natural di sasters and fi res . Spi l l s  from 

the cavern s to rage i s  not covered i n  the s tati st ical  bas i s , but the petro l eum 

i n  s torage i s  we l l  protected from natural hazards . ( See Append ix  H for cavern 

roof col l apse d i scus s i on ) . 

The natural hazards affecti ng petro l eum operati ons i ncl ude h urri canes , 

tornados , fl oods , earthquake ( l imi ted to subs i dence fau l ti ng and re l ated 
, 

foundati on probl ems i n  the area of concern ) ,  and l i ghtn i ng-caused fi res . 

Add i t i onal  ri s ks i nc l ude fi res , and external  party causes , s uch as  a i rcraft 

cras hes , vanda l i sm ,  sabotage , etc . The l evel  of ri s k  represented by these 

acci dent modes i s  assumed to be accounted for wi th ord i nary preventi ve 

meas ures - securi ty ,  fi re contro l  spray systems , s h ut- i n  duri ng hurri canes , 

and s tandard safe operat i ng  pri nc i p l es for a l l components . Some natural 

hazards are so  remote that they are not percepti b l e  i n  the ri s k  bases  

( such as meteori te impacts ) .  

U nderground sa l t s to rage caverns wh i ch have been desi gned wi t h  pro­

vi s i on for adequate cavern control , roof s trength , and operati ng safe­

quards , can be projected to be i nherently more hazard free than s urface 

s torage . The natural hazard wh i ch has  been i nd i cated to be a potenti al  

prob l em i s  undetected l each i ng of the sa l t cavern roof by ground water 

percol at i on around the entry pas sages . Th i s  part icu l a r  hazard wou l d  not 

be caused by a s udden natura l  event , but rather a gradua l deteri orati on 

l eadi ng to a s udden fai l ure . Furthermore , as i ndi cated previ ous ly ,  the 

hazard has h i s tori ca l l y  occurred on ly  where the depth to sa l t was l es s  than 

300 feet , and was preceeded by abnorma l cav i ty behavi or  wh i ch wou l d  be 

detected by c l ose  mon i tori ng . 
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S udden decompres s i on of rel at i vely compres s i b l e o i l due to sheari n g  

o f  the wel l head o r  p i pe l i ne ,  wou l d b e  a potent ia l dri v i ng  force for oi l 

" mi gra t i on " . Th i s  s i tuati on wo ul d be espec i a l ly  s evere i f  i t  occurred 

duri n g  o i l i njecti on under h i gh pres s u re .  Wi th adequate p i pe l i ne and we l l ­

head des i gn ,  th i s  h i gh l y  i mprobabl e ( and  i nesti mab l e )  s cenari o cou l d s ti l l  

res ul t from a d i rect- h i t a i rp l ane crash  or  an act of war .  The l a tter examp l es 

are more l i ke l y  to res u l t i n  a fi re than an o i l  sp i l l .  
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E. 3 Spi l l  Ri s k  Ana lys i s  Methodol ogy 

The analys i s  methodo l ogy u sed to compute expected o i l ( and bri ne ) 

s p i l l  vol umes i s  s ummari zed i n  th i s  secti on . Contro l l i ng parameters 

are : mi l es and t ime of exposure , for p i pel i nes ; vol ume of cargo and typ i ca l  

operati on , for ves sel  transfers ; vol ume throughput and faci l i ty s i ze ,  for 

s urface s torage to termi nal s ;  and ton -mi l es ( i n l and waterways ) or travel  

time ( coasta l  waters ) ,  for ves sel  cas ua l ti es . As expl a i ned in Section  

£. 2 . 1 . 1 ,  data is  not avai l ab l e  to make a quanti tati ve estimate of o i l s p i l l  

ri s ks from cover s torage . 

The s tati s t i ca l  bases from wh i ch the characteri zati on  of  ri s k  exposure 

i s  made a nd the probab i l i ty procedures for projecti ng s p i l l  s i ze d i s­

tri buti ons , genera l ly  defi ne an expected i nc i dent frequency and an  average 

s pi l l  s i ze .  The projecti on of r i s k  with  regard to s p i l l  s i zes , however ,  req u i res 

that a d i s tr i buti on of s pi l l  s i zes  and frequencies  be determi ned . The pro­

babi l i ty d i stri buti on u sed here i s  the l og-norma l , because  o f  i ts appl i cabi l i ty 

to many natura l random events ( ea rthquakes , ra i n  fal l s ) . To compl ete 

the s tati st i ca l  charactizat ion of a g i ven mode of s p i l l ,  the maximum cred i bl e 

sp i l l  s i ze must  be spec i fi ed .  The maximum cred i b l e  s p i l l  i s  based upon 

extrapo l at i on from the l argest s i zes of s pi l l s  ava i l abl e in the data base  

and upon  a rea l i st i c  eva l uati on of  program operati ng condi ti ons . I t  presents 

a practi ca l  l imi t to the extrapo l ati on , but does not imp ly  that the s p i l l s  

l arger than the cred i bl e maximum are impos s i b l e .  

E. 3 . 1 Mar i ne Tran sportati on 

O i l s pi l l s  a s soc i ated  wi th mar i ne transportati on of  o i l may be cons i dered 

for the categories  of transfer operati ons and vessel  cas ua l ti es . 

E . 3 . 1 . 1  Vessel Transfers 

The bases for ca l cu l at i n g  s p i l l s  for ves sel  trans fer  are sel ected mean 

frequency records and typ i cal  gross  s p i l l age rates for worl d-wi de tran s fer of  

operati ons fol l ows : 

Frequency - 1 s p i l l  per 90  operati ons at  docks and i n l and waters . 

- 1 s p i l l per 1 8  operati ons between vessel s o ffs hore .  



Spi l l  Vol ume - 3 X 1 0-6 of cargo transferred , ves sel  to ves se l . 

2 X 1 0- 6  of cargo transferred , dock to ves se l . 

1 X 1 0-6  of cargo transferred , ves sel  to dock . 

The above frequency rate for offs hore transfers i s  based u pon  a worl dwi de 

s urvey of transfer operat i ons for the per i od between 1 966-70 ( J . J .  

Henry , 1 973 ) . Th i s s urvey i nc l uded s i ng l e  poi nt  moori ng sys tems ( S PM ) , 

l i gh ter i ng  and 7-po i n t  moori ng faci l i ti es .  The frequency rate for 

onshore transfers i s  a med i an of those recorded for s evera l U . S .  fac i l i ti es 

whi ch experi enced a sp i l l  every 60 to 1 3 3 transfers . Sp i l l  vol ume rates 

recorded i n  U . S .  fac i l i t i es range from 0 . 5  to 3 X 1 0-6 ; fore i gn ports have 

experienced much h i g her rates . The above rates were se l ected on the 

ba s i s  of U . S .  experi ence and are cons i s tent w ith  other publ i s hed proj ecti ons . 

The maximum cred i b l e  s p i l l  s i ze from transfer operati ons  at  the tan ker 

docks i s  estimated to be 500 barrel s .  Because  of h i gher pump i ng rates and l ess  

contro l l ed dock i ng cond i ti ons offs hore , the maximum credi bl e sp i l l s i ze for 

VLCC to tanker transfers i s  est imated to be 1 000 barre l s .  H i stori ca l l y ,  

a few l arge s pi l l s  ( 5000 to 1 0 , 000 barrel s )  have occurred duri ng trans fer 

at termi nal s due to neg l i gence . A rout ine  of v i gorous cl ose i nspect i on i s  

expected to avo i d  sp i l l s  of th i s  type . Us i ng a l og-norma l sp i l l  s i ze 

d i stri but i on ,  the average s p i l l  s i zes computed i n  Tabl es  E- l and f-2 , 

and the maximum credi b l e s p i l l  s i zes i nd i cated above , the chance of a s p i l l  

of a parti cu l ar s i ze range occurr ing  may be estimated as shown i n  Tabl e 

E- 3 .  At t he docks , there i s  a 96 . 6  precent chance of a s p i l l  of l ess  than 

50 barrel s ;  offs hore , there i s  a 75 . 4  percent chance of a s p i l l of l es s  than 

50 barre l s .  The mean s o i l l  s i ze for harbor tran s fers doubl es duri ng the 

wi thdrawal of o i l , compared to fi l l  operat i ons . Th i s  is because i t  h as been 

found to be eas i er to avo i d  s p i l l s  when qo i n g  from a sma l l conta i ner ( i  . e . , 

a tan ker )  to a l �rge one ( i . e . , a p i pe l i n e )  than from the reverse operat i on . 

E . 3 . 1 . 2 Vesse l  Ca s ual ty 

Ves sel  casua l ty rates are based on e st ima ted se l ected from vari ous casual ty 

records to prov i de a s p i l l age model dependen t upon the route l en qth . I n  th i s  

regard , s p i l l age for i n l and waters i s  based upon a ton-mi l e  cargo exposure ; 

i n  offs hore waters , sp i l l age i s  based upon a t i me exposure . Very l arge crude 

carr ier  ( VLCC)  ca s ual ty exposure offshore was not i n c l uded in the analys i s .  

The fo l l ow i n g  sp i l l  rate parameters were chosen : 
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Frequency - 1 s p i l l  per 7 b i l l i on ton-mi l es i n  i n l and 

waters . 

- travel  i n  ba l l as t  wei ghted 50% i n  i n l and waters 

( 1  s p i l l  per 1 4  bi l l i on ton-mi l es )  

1 s p i l l  per 1 2 . 8  ves sel  years i n  offs hore waters . 

Mean Spi l l 428 barrel s i n  i n l and waters . 

S i ze 1 1 1 1  barre l s i n  coasta l  waters . 

Offs hore s pi l l age rates are based upon tanks h i p  casua l ty rates i n  

worl dwi de coastal waters . I t  may be reas onab l e  t o  use  l ower rates s uch 

as m ight  apply to a dedi cated fl eet for l i ghteri ng operat i ons , but the 

rates used here are more conservati ve (yi e l d h i gher s p i l l  es t imates ) .  

The s pi l l  frequency i n  i n l and waters i s  based upon the compos i te for a l l 

U . S .  waters for barges and tanks h i ps duri ng the peri od of 1 968-70 (AEC , 1 972 ) . 

The average s pi l l  s i ze , however , i s  based upon tanks h i ps for the years 1 969 

to 1 973 . 

The maximum cred i b l e  sp i l l  s i ze as s i gned to  tanker cas ual ty l osses  

is  60 ,000 barre l s .  U s i ng a l og norma l d i s tri buti on , the probabi l i ty 

that a sp i l l i n  coas ta l  waters wou l d  be l es s  than 500 barre l s  i s  46 . 7  

percent ( Tab l e  G-3 ) . 

E . 3 . 2  P i pe l i nes  

The bas i s  for ca l cu l at i ng  p i pe l i ne sp i l l  ri s ks i s  the s p i l l  rate 

frequency , wh i c h  i s  50 s pi l l s annua l l y  per 1 00 ,000 mi l es of p i pe l i ne .  

Th i s  estimate was deri ved i n  the LOOP Envi ronmenta l  Ana lys i s  ( 1 975 ) for 

new crude l i nes . The mean s p i l l  s i ze i s  con s i dered to be 1 1 00 barre l s  for 

the l arge l i nes i nvo l ved ( DOT Off i ce of P i pe l i ne Safety annual  s ummar ies , 

1 969-73 ) . 

SPR  p i pel i nes s hou l d not i nvo l ve expos ures  unusua l  to Lou i s i ana and 

Texas . These areas a l s o  provi de a l arge port i on of the r i s k  expos ure compri s i ng 

the U . S .  p i pe l i ne fa i l u re base s tati st i cs . Thus there i s  no reason to 

anti c i pate other than the projected p i pel i ne fa i l u re ri s k .  Pri nci pa l  

p i pe l i ne hazards i nc l ude soft , saturated soi l s ,  s a l i ne water and l ess -than-average 

expos ure to other constructi on acti v i t i es . The m ix  of p i pe s i zes s hou l d a l so  
I 

be representati ve of the base . The bas i c  expos u re parameter for p i pe l i nes i s  

l ength and t ime of use , rather than throughput ,  wh i c h  i s  cons i s tent wi th  

the fact that  many of the  causes  of fai l ure are externa l  to the use  of the l i ne . 
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The maximum cred i b l e s p i l l  for the p i pe l i ne can be j udged from vari ous 

comb i ned s tat i c  and pump i ng l os ses . The maximum pump i ng rate wou l d  be 

about 465 barre l s  per mi nute to hand l e  1 00 mi l l i on barre l  i n  1 50 days . 

A 36- i nc h  l i ne wou l d  conta i n  6700 barre l s  per mi l e .  The l ea k  detecti on 

capabi l i ty wou l d  vary wi th the s i ze of the l ea k .  However , a s tate- of-the­

art system has been as s umed , v/i th  some a l l owances for operator hes i tati on : 

Vol ume 
Break Severi ty Loss Descri pti on of Oi l Loss 

Total break : 1 mi l e  of l i ne + 1 0  mi nutes pump i ng = 1 1  , 350 barre l s  

1 0  percent break :  1 mi l e  of l i ne + 1 hour p ump i ng = 9 ,490 barre l s 

2 percent brea k : 1 mi l e  of l i ne + 1 2  hours pump i ng = 1 3 , 395  barre l s  

These s i tuati ons are c ontri ved by as s um ing  worst  cond i t i ons . The meteri ng 

system s hou l d  be ab l e  to react to a cumu l ati ve di fference of 600 barre l s  

i n  one hour  o r  more , but i t  cou l d  be s et for l ower sens i ti v i ty t o  avo i d  

unnecessary s hutdowns due to l i ne operati ng press ure s urges . A maximum 

cred i b l e  sp i l l  of 1 0 ,000 barre l s  has been assumed . Suct i on cou l d  be app l i ed 

to the p i pe l i ne from t he termi na l  to mi n im i ze o i l l os s  after s h utdown . From 

Tab l e  E-3  i t  i s  estimated that 30 percent of a l l p i pe l i ne s p i l l s  wou l d  re l ease 

l es s  than 500 barre l s  of oi l .  

For bri ne p i pel i ne s p i l l s ,  l ea k  detecti on system wou l d  be s ubs tanti a l ly  

l es s  sens i ti ve . Conseq uent ly . average s p i l l  s i ze i s  taken to  be 5000 barrel s 

and maximum credi b l e  s pi l l s  a re est i mated to be 30 , 000 barrel s .  The 

bas i s  for s pi l l  frequency i s  as s umed to be the same as  for o i l p i pe l i nes . 

E . 3 . 3  Termi na l s  

Average s pi l l  s i zes d i fferent from the h i s tori ca l average are projected 

for t he SPR term i na l s on  the cavern s i tes , and at s i ng l e  purpose p i pe l i ne 

s tati ons and docks . Where exi st i ng s tandard termi na l s ( e . g . , SEAWAY ) are 

used , h i s tori cal  average s p i l l  s i ze ( 1 969-73 ,  1 083  barrel s , someti mes rounded 

to 1 1 00 barre l s )  i s  appl i ed .  There are severa l  reasons for a l ter i ng  the 

estimate for the SPR term i na l s .  An average u . S .  termi na l  has an expos ure 

whi ch cou l d  be based e i ther on capac i ty or through put . To the extent that 

certa i n  types of termi na l s tend to  have s imi l ar capac i ty-to-throughput rati os 

( i . e . , from 1 0  days for a transportati on term i na l  to 1 00 days for a s torage 

depot ) , the expos ure s e l ecti on i s  not cri t i ca l . An above ground SPR term i na l  

h a s  a rati o measured i n  hours , wh i l e  the caverns themse l ves have a rati o 

measurab l e i n  years . 
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Suff i c i en t  data has not been ana lyzed to determi ne  whether throughput , 

capac i ty ,  or a combi nati on thereof , i s  the bes t  parameter for es t imat i n g  

term i na l  sp i l l age rates . The bas i s  se l ected here i s  throughput , wh i ch i s  

the mos t conservati ve es t imate for termi na l s  wi th m i n i ma l  s torage expos ures 

such as those proposed for the s torage program . The ass umed bas i s  for 

termi na l  expos ure i s  as fo l l ows : 

Frequency 

Spi l l  S i ze -

1 sp i l l  per 2 b i l l i on barre l s  throughput  

1 1 00 barre l s  at the  SEAWAY termi na l  

500 barre l s  at the  s torage termi na l s . 

The frequency i s  estimated on the bas i s  of s p i l l  data for a l l U . S .  

termi na l s duri ng the peri od 1 969-70 ; the average sp i l l  s i ze i s  ta ken from 

1 969-73 data . Because of the l ow capac i ty-to-throughput  rati o i nd i cated 

above , the throughput exposure wh i c h  has been app l i ed to SPR termina l s 

may be conservati ve ( h i gh ) . 

The maximum cred i b l e  sp i l l  event se l ected for analys i s  of termi na l 

s p i l l  expectati on i s  5000 barre l s .  Though l arger s p i l l s  have occurred , they 

have been the res u l t of neg l i gence and a l ack  of faci l i ty and mon i tori ng . 

( Even i f  the enti re contents of a s torage tan k shou l d  be l os t , the contai nment 

l evees are des i gned to conta i n  a l l the o i l re l eased ) . From Tab l e  E- 3 ,  

i t  i s  est imated that 7 1 . 5  percent  of the sp i l l s  from s torage s i te fac i l t i es 

wou l d  be l es s  than 500 barrel s .  
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CAVERN STAB I L ITY  

Petro l eum hydrocarbo n s  have been sto red in  so l u t i o n  mi ned  cav i t i es i n  

s a l t domes i n  the Un i ted States s i nce  1 95 1 . By 1 975 , at  l east  1 96 , 2 98 , 000 

barrel s of hydrocarbons  a nd products were s tored i n  Texas , Lou i s i ana , and  

Mi s s i s s i pp i  sa l t  domes . The se  hydrocarbons  and  products  i nc l ude propane , 

butane , ethane , ethyl ene , burn i ng fuel o i l , natural  gaso l i n e , natura l  gas  

l i q u i d s , and crude o i l conden sate . Large amounts of  c rude o i l have not been 

s to red i n  the U . S .  to date , but there i s  no rea son to suppose  that crude o i l 

s torage i s  any d i fferent from sto rage of other hydrocarbons , o r  br i ne wi th 

respect to cavern s ta bi l i ty .  

So l ut i on m i n i ng of  sa l t from domes i n  the U . S .  has been practi ced fo r 

many years . Current opera t i ons  i nc l ude hundreds of we l l s  on  at  l ea st  20 sa l t 

domes i n  A l a bama , Lou i s i ana , and  Texa s , run by 1 6  d i fferent operators . 

Frenc h and  German crude o i l storage programs i n  l eached cavern s  i n  sa l t 

domes were i n i ti a ted i n  1 967  and  1 970 , re specti ve l y .  By December 1 9 76 , at 

l ea s t  63 MMB of crude o i l  wa s i n  storage i n  France . German capa c i ty stored 

by the same t i me wa s 22 MMB . The l o ngest experi ence wi th s torage of crude 

o i l  i n  a l eac hed cav i ty i n  a sa l t dome i s  a 3 MMB cav i ty i n  Germany , wh i ch 

has  been f i l l ed for 6 years . 

There a re no reco rded co l l a pses  of cavern s conta i n i ng hydrocarbon s i n  

the  s torage exami ned to date . Th i s  i nc l udes the 2 5  years o f  experi ence i n  

t he Un i ted States and  a l so  i nc l udes hydroca rbons s tored i n  cav i t i es l eached 

for sa l t mi n i ng , and thus  not spec i fi ca l l y  de s i gned for hydrocarbon s torage . 



F . 2  STRUCTURAL STAB I L ITY O F  SALT 

The use of sa l t domes for petro l eum storage i s  a ttracti ve becau se  of 

both the rel ati ve l ow cost of such  bu l k s torage and  the extreme geol og i ca l  

s tab i l i ty o f  roc k  sa l t ma sses . Conta i nment i s  usua l l y  very good i n  sa l t 

domes , because ex i st i ng or  i nc i p i ent  cra c ks and  f i s s ures are sma l l and tend 

to sea l  themsel ves because of the p l a s t i c i ty of sa l t .  

A l l cav i t i es i n  sa l t exh i b i t  some c l osure due to the we l l  known character­

i s t i c s  of  roc k sa l t to fl ow under s tres s (Wa i vers i k  et a l . ,  1 9 76 ; U . S .  Department  

of  I n ter i o r , 1 962 ) . Overburden pres s ure i n crea ses  wi th depth i n  any sa l t dome ; 

therefore , deeper l evel s are more " t i ght " than upper  l evel s ,  and  l eaks  are 

l es s  l i kel y to occur at deeper l evel s .  The mo re d i rect effect of cav i ty 

depth i s  to determ i ne the a verage geostati c s tres s  i n  the sa l t s urroun d i ng 

the cav i ty .  Th i s  i n  turn control s the pressure d i fference between the 

cavern fl u i d  and wa l l s , wh i ch i s  a major  factor i n  determi n i ng cavern 

s ta b i l i ty ( Dreyer , 1 9 72 , 1 9 74 ; Al brechs  and  Langer , 1 9 74 ; Serata and  G l oyng , 

1 960 ) . A room and  p i l l a r m i ne  operated a t  atmo sp heri c pressure i s  a far 

more s evere test for sta b i l i ty of underground  open i ngs  i n  s a l t than a fi l l ed 

s torage cav i ty wi th contro l l ed stres s d i fferences . I n  s ummary , a l im i ted 

amount  of creep c l o su re o r  s l abb i ng i s  ant i c i pated i n  any dome storage 

c av i ty .  

Another factor  wh i ch determi nes cavern sta b i l i ty i s  the q ua l i ty of the 

sa l t .  In  general , sa l t at  s ha l l ow depths a n d  near the top s urface of domes 

tends to be more a n i sotro p i c  and to conta i n  zones of  i mpuri t i es . "Shear 

zone l l  effec ts tend to be m i n i m i zed fo r rel a t i ve l y  deep cav i t i es i n  sha l l ow 

domes . For exampl e ,  sol u t i on cav i t i es at  s ha l l ower depths i n  the Bayou 

Choctaw dome d i sp l ay a preferred d i s so l ut ion  d i rect i on  as compared to cav i t i es 

a t  greater depth . T he imp l i cat ion  i s  that t h i s doma l s a l t has  a defi n i te 

a n i sotro p i c  character and the tendency i s  toward decreas i ng i nfl uence as  

c av i t i es are created a t  greater depth s in  the  dome , proba bl y  because  sa l t 

becomes more pure . At great depths  i n  domes , the sa l t may aga i n  be l es s  

pure ; however , storage cav i ti es  proba b l y  wi l l  never b e  created at  s uc h  depths  

because  of creep c l o s ure effects . The sha l l ow l eve l s  i n  the room and p i l l ar 

s a l t m i nes of  south  Lou i s i a na a l so d i sp l ay a grea ter range i n  q ua l i ty of  

s a l t ( p ure to i mpure ) t h an  deeper l evel s .  S l abb i ng of  sa l t i n  t he  room and  
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p i l l a r m i n i ng operat ion s  i n  south  Lou i s i a na domes i s  common , but  the danger 
can  be m i n im i zed by " sca l i ng "  off the o bv i o us  l oose  s l a bs on the m i ne wa l l s  a nd roo f .  

S l a bb i ng o f  sa l t  o r  o f  impur i t i es i n to cav i t i e s appears to be a mi nor probl em for properl y ma i nta i ned Gu l f Coa st  dome cav i t i es , compa red to bedded s a l t cav i t i es ( Jaron , 1 969 ) .  Gu l f Coa st  domes conta i n  sa l t that i s  rel a t i ve l y  free of s ha l e or  a n hydri te stri ngers , wh i ch are zones of  weakness  tha t co u l d cause  sa l t s l a b b i ng . The rel a t i vel y pure sa l t enab l es  the un i form d i sso l u t i on of  sa l t and  the forma t i on of  regu l a r  ca verns , except where occas i onal  s tr i n gers of  impur i t i e s are  found . 

Ca v i t i es cons truc ted a t  grea ter depths wo u l d  a ppear to have advantages i n  at l ea s t  two regards  a s  compared to cavi t i e s at s ha l l ower depths : better q ua l i ty and " t i g hter" s a l t .  An adequa te press ure d i fference mus t  be ma i n ­ta i ned for deeper cav i t i es , otherwi se col l a p se coul d become severe ( B rown and  Se s sen , 1 95 9 ) .  

When a s torage system of mul t i p l e cav i t i es i s  created i n  sa l t domes , a tten t i o n  must be g i ven to the co up l i ng effects  between ne i g h bor i ng  cav i t i es ( Chao , 1 974 ) .  A pr ima ry concern i s  the wa l l  th i c kness  between cav i t i es 
neces sary to ma i n ta i n  sys tem s ta b i l i ty .  T h i s sys tem des i gn concern i s  
s omewha t  s im i l a r to that i n vol ved i n  des i gn i ng s upport i ng p i l l ars for room 

p i l l a r m i n i ng .  

E i ther phys i ca l  o r  nume r i ca l  mode l i ng of  typ i ca l  appropri a te port i ons of  the s to rage sys tem wa l l s  ca n be used to obta i n  a measure of safe wa l l  
th i ckness  ( Dreyer ,  1 974 ) . Rea l i s t i c  materi a l  propert i e s aga i n  mus t  be 
a va i l a b l e before confi dence can be p l aced i n  mi n i mum wa l l  th i ckness  determi ­n a t i on . I n  the case of Gu l f  Coa s t  sa l t domes , �e have emp i r i ca l  da ta from convent i o na l  sa l t m i nes , wh i c h  span s everal  years . 

Pa rametr i c  numeri ca l  stud i es have i nd i ca ted effec ts of  vary i ng s pac i ng 
underground open i ng s  near the ground surface ( Bank  and  Ottor i a n i , 1 9 74 ) . S i m i l a r stud i es can be read i l y performed fo r deeper s torage cav i t i es . C hao ( 1 974 )  reported on measurements of  l o ng term creep c l os ure of cav i ty systems , 

that  h i s f i el d da ta and  " convent i o na l " FEM pred i ct ions  d i d  not 
co i nc i de . He no ted that mu l t i p l e ca v i ty i n teract i on ,  e . g . , creep i n terference , i nc rea sed wi th  the pa s sage of  t ime . 
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F . 3  CLOSURE  O F  SALT DOME CAVERNS 

Three major  modes of  c l o sure of caverns i n  s a l t domes are po s s i b l e :  

" creep "  c l o s ure , " s l  a bb i  ng , II a nd  general  col l apse . " Creep"  c l o s ure 

( de sc r i bed above )  i s  a n  a ct i ve process  i n  any s a l t  cav i ty where s tres s  

d i fferent i a l s exi s t . For a fl u i d  f i l l ed cav i ty u nder pres s ure , the hydro ­

stat i c  pres s ure may equa l l i thostat i c  stres s at  one i nterval , whi l e  i t  

exceeds l i thostat i c s tres s  a bove and i s  l es s  than l i tho s tat i c s tres s at  

grea ter depth s .  Th i s  s i tua t i on wou l d  suggest that  p l a s t i c "creep " of the  

s a l t  wou l d en l arge the cavern near the top ,  wh i l e  the c avern wou l d  c l ose  

s l i gh t l y  at  depth . Tota l enl argement or  c l o sure due  to "creep " i s  not  

expected to represent a s i g n i f i cant fracti on  of  the  vol ume of the proposed  

cav i t i es . 

II S l a bbi ng " has  a l so been descr i bed a bove and i s  the re s u l t  of  a n i sotro p i c  

propert i e s  o f  s heared o r  i mpure sa l t .  The proposed cav i t i e s  a re n o t  expected 

to encounter a s i gn i fi cant  pro bl em due to s l a bb i ng because  of t he i r des i gned 

depth  and  the pur i ty of the salt  at  the des i gned cavern i nterva l s .  I f  

s l a bb i n g i s  exces s i ve i n  the s ha l l ow m i ne  c av i t i e s  to be converted , roo f  

bol t i ng of  s l abs  may b e  requ i red . T h i s ha s no t been a very s er i o u s  probl em 

i n  the prev i o u s  m i n i ng oeprat i ons . 

O bv i ou s l y ,  i f  I Ic reep " c l o s ure becomes extreme , or  i f  roo f  " s i ab b i ng " 

i s  exces s i ve and  cont i nuous , then a progres s i ve fa i l u re mode m i ght  eventu a l l y  

occur whi c h  cou l d resu l t i n  a part i a l , a nd eventua l l y  general , co l l apse of 

a cavern . E i ther of these  fai l u re modes wo u l d be detectabl e earl y ,  and 

appropr i ate precaut i onary mea sures  cou l d be taken to preven t  more seri ous 

fa i l u re of  t he c avern ( i  . e . , roof bol t i ng to prevent s l abb i ng  i n  a conven­

t i on a l l y  m i ned cav i ty ) . 

General co l l apse of a s to rage cavi ty i s  the worst  case  fa i l ure that  i s  

pos s i b l e ;  however , i t  i s  i n  th i s  re rt  to be a real 

In t he f i na l  s tages of general co l l a pse  a s urface  s i n kho l e  cou l d apparentl y 

occur w i th i n a matter of  s everal  hours to a few days for a br i ne  fi l l ed 

cavern . A p l au s i bl e  s pecu l at ion  of  the s equence  i s  that the sa l t  roo f over 

t he cav i tj,::fa i l s  fi rs t ,  fol l owed by the next  l ayer of mater i a l a bove that , 

and  s o  on unt i l the  ground  s urface i s  reached and  a character i s t i c  s i n kho l e  

deve l ops  (Terzagh i ,  1 97 0 ) . I t  i s  a l so po s s i bl e  tha t  th i s  p rocess  cou l d  s to p  

before i t  reaches  the s urface , i n  wh i c h  case  there wou l d not be surface 

s u bs i dence . 
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Surface s ubs i dence i n  the ca se of a l l of the proposed storage s i tes  

wou l d not  be  expected to  d i rectl y affect any area offs i te .  Sub s i dence 

bowl s from a "wo rs t  case " ( but  st i l l not a rea l  pos s i b i l i ty )  cavern co l l a pse  

shou l d no t exceed tens of feet for the s ha l l owest m i nes , a nd  even l�ss  for 

deepe r so l ut i on m i ned cav i t i e s . 

The worst env i ronmenta l  effects  of  a genera l co l l a pse  wou l d pro ba bl y  

occur from the d i s pers i on of  the stored o i l . The  fo l l owi ng d i scu s s io n  

cons i ders se ve ra l  pos s i bl e  paths o f  o i l  d i s pers i on fo l l owi ng a gene ra l 

co 1 1  apse . 

The genera l co l l apse  of  a s to rage cavern i n  s a l t i s  not ana l ogou s to 

debri s fa l l i ng i n to a n  empty ho l e  a nd caus i n q  a " s i n kho l e "  at the s urfa ce .  

These  cavern s  are a l ways fu l l  o f  a near l y i ncompres s i b l e f l u i d ,  bri ne or  

o i l , wh i c h  wou l d be  d i s p l aced vo l ume for vo l ume by fal l i ng sa l t  caproc k ,  and  

overl yi ng  sed i ment . 

I f  the ent i re col umn of s ed i ment  a bove a cavern i s  l owered i n to the 

cavern i n  a manner ana l ogous to a p i s ton i n  a cyl i nder ,  and i f  the fl u i d  

,i � the c a vern was comp l ete l y  d i s p l aced by perco l at i on  thro ugh  the sed i ments 

of the " p i s ton " rather tha n compres sed , t here wo u l d  be a s u rface depres s i on 

equal  i n  vo l ume to the o ri g i na l, cwern fi l l ed but not overfl owi ng  wi th the 

d i s p l aced fl u i d .  

Th i s i s  a s i mp l i f i ed case  wh i c h  a s s umes that the i mperfect pac k i ng of  

fa l l i ng  parti c l es ,  adsorpt i on , absorpti On , d i s so l ut i on , and  t rap p i n g  of the 

d i s p l aced fl u i d  do not occu r .  I n  rea l i ty ,  these f i ve mec han i sms reduce the 

amount  of o i l  tha t wou l d  cont i n ue to r i se  thro ugh  the cone of i nfl uence and 

emerge on the su rface .  W i th these mechan i sms , o i l  wou l d proba b ly reach  the 

s urface a s  sma l l seeps , and as  the sed i men ts  settl es  i n to the p l ace formerl y '  

occup i ed by the o i l , a smal l s u rface depress i o n  wou l d  form . Mu l t i p l e depres ­

s i o n s  wo u l d appear a s  a wi de  area o f  s �a l l ow s u b s i dence fi l l ed wi th o i l . 

Another  pos s i b i l i ty i s  that s ubs i dence occurs wi thout s u rfa ce emergence. 

of  o i l . U s i ng the p i s ton  a nd cyl i n der model  agai n w i th the a s s umpti o n  that 

the o i l  perco l ates up  through  water satu rated sed i ments that have zero empty 

pore s pace , there j s  a vo l ume for vo l ume d i s p l acement  o f  o i l  and the comb i ned 

vol ume of the o i l  an d saturated sed iments rema i n s  con stant . I f  the o i l  moves 

up from the satura ted layer into the empty pores of an uns a tu rated l ayer , 
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the vol ume o f  the unsatura ted l ayer wou l d  remai n  constant  as l on g  as  the 

oil  o n l y fi l l s  empty space . O i l wou l d  not  emerge o n  the s urface u nt i l al l 

of  the  pore s pace near a poten t i a l  seep was f i l l ed wi th o i l . Th i s  wo u l d  

perm i t  the po ss i b i l i ty o f  a n  o i l  I I s 1 i c k i l to form o n  top o f  the water tab l e  

s u rface i n  the u n sa turated l ayer . 



F . 4  SUMMARY 

Cavern  des i gn concepts devel oped for the propo sed cav i t i es for the 

SPR program have i ncorpo rated the exper i ence of  hundreds of  br i ne wel l 

o perat i ons , roc k sa l t m i ne operat i ons , and  2 5  years ' exper i ence wi th 

s to r i ng hydrocarbon s  in  sa l t domes i n  the U . S .  W i th use of appropr i a te 

construct ion  techn i ques  and  con stant  mo n i to ri ng of the cavern s ' i n teg r i ty ,  

t he general  co l l apse  of a s torage cavern i s  d i s counted as  an unrea l i s t i c  

pass  i b i l i ty .  " Cree p "  c l o s ure and " s l  a bb i  n g  I I  i n  s to rage cav i t i e s  s ho u l  d 

present no env i ronmental  hazard s , based on i ndu str i a l  experi ence w i th  u se  

of  m i ned cav i t i es i n  Gu l f  Coa st  s a l t domes . 

r:- 7 



F . 5 REFERENCES 

Al brec h t ,  H . , and Langer , M . , 1 974 , The theo l og i ca l  behav ior  of rock  
sa l t and rel ated stabi l i ty pro bl ems of storage caverns , Advances i n  
Rock  Mechan ics , Proceed i ng s  o f  the Th i rd Congress  o f  the I nternati onal  
Soci ety for Rock  Mechan ics , Vo l . I I , Part B . , National  Academy 
of Sc i ence , p p .  967 -974 .  

Barl a ,  G . , and Ottov ian i , M . , 1 974 ,  Stress  and  d i sp l acements around two 
adjacent c i rcul ar  open i ng s  near to the ground surface , Advances 
i n  Rock  Mechan i c s ,  ( Proceed i ngs  of Thi rd Congress  of ISRM ) , 
National  Academy of Sci ences , Was h i ngton , D .  C . , pp . 975-980 . 

Brown , K . E . , and Jes sen , F . W . , 1 95 9 ,  Effect of pressure and temperature 
on  cav i t i es i n  sa l t :  Amer . I n s t .  �1i n .  Eng . , Jour .  Petro l . Tech . ,  
V .  2 1 6 ,  pp . 341 - 345 .  

Chao , R . , 1 974 , Long term creep cl osure of so l ut ion  cav i ty system , 
Fourth Sympos i um on Sa l t , Northern Oh io  Geo l og ical  Soc i ety , 
I nc . , 2 ,  p p .  1 1 9- 1 27 .  

Cook ,  J . C . , 1 974 , How to l ocate wa ter hazards i n  sa l t  mi nes , Fourth 
Sympos i um on  Sl a t ,  Northern Oh i o  Geo l og ical  Soc i ety ,  I nc . , 2 ,  
p .  27 . 

Dreyer , W . , 1 974 , Res u l ts of recent stu d i es on the stabi l i ty of crude 
o i l  and gas storage i n  sa l t  caverns , Fourth Sympos i um on Sal t ,  
Vol . 2 ,  Northern Oh i o  Geo l og i ca l  Soc i ety ,  I nc . , pp . 65-92 . 

__ =- ' 1 972 , The s c i ence of rock  mechan i  cs , Part 1 ,  The Strength 
Properti es of  Roc ks , Vo l .  1 ,  No . 2 ,  Trans  Tech Publ i cat ions , 
1 86 1 5 Detro i t  Ave . , C l evel and ,  O h i o  441 07 . 

Jaron , M . G . , 1 969 , I nvesti gation of sol uti on col l apse brecc i a  i n  mature 
sa l t caverns ,  Thi rd Sympos i um on  Sal t ,  Vo l . 1 ,  Northern Ohi o 
Geol og i ca l  Soci ety ,  I nc . , pp . 422-428 . 

Serata n ,  S . , and Gl ovna , E . F . , 1 960 , Pri nc i p l es of structural  stabi l i ty 
of  underground sa l t  cav i ti es - J .  Geophy , Res . , 65 , pp . 2979-2987 . 

S tewart , R . D . , and Unterberger , R . R . , 1 976 , See i ng through rock sal t 
wi th rada r ,  Geophys ics , Vo l . 41 , No . 1 ,  p .  1 23 .  

Terzagh i , R . , 1 970 , Bri nef iel d subs i dence it Wi ndsor ,  Ontario , Thi rd 
Sympos i um on  Sa l t , Vo l .  2 ,  Northern Ohi o Geo l og ical  Soc i ety ,  
I nc . , p p .  798-807 . 

Uni ted States Department of the I nter ior ,  1 962 , Tri axia l  compres s i on 
tes ts of sal t rock cores for the Uni ted States atomi c energy 
commi s s i on - Proj ect Dri bbl e ,  Bureau of Rec l amation , Laboratory 
Report No . C - 1 043 , Cl eari nghouse , T1 0 21 592 , ( October 20 ) .  

F- 8 



Unterberger ,  R . R . , 1 974 , E l ectromagneti c wave propagation i n sa l t  -
pro b i ng i nto sa l t  wi th radar ,  a l so ,  a l a sar radar for probi ng 
sal t ,  Fourth S umpos i um on  Sal t ,  Northern Ohio Geol ogi ca l  
Soci ety , I n c . , 2 ,  pp . 3 and  1 1 .  

Wawers i k , W . R . , Cal l enda r ,  J . F . , Weaver , B . , and Drapek , P . K . ,  1 976 , 
Prel im i nary determ i nat ion  of mechani ca l properti es of roc k sa l t  
from southeastern New Mex i co ,  prepri nt - Proceed i ngs of 1 7th 
Sympos i um on  Roc k  Mechan i cs , Snowbi rd , Uta h ,  Uta h Engi neeri ng 
Experi ment Sta t i on , C 6- 1 , P .  5 .  

F-9  





APPEN DI X G 

TECHN I CAL REPORT 

SEAWAY GROUP DI FFUSE R S ITE STUDY 





EXECUTI VE SUMMARY 

The Department of Energy ( DOE ) , i n  i mpl ement i n g  the Strateg i c  
Petro l eum Reserve ( SP R )  Program , proposes  to uti l i ze for o i l  s torage , 
exi s t i ng caverns a t  the Bryan Mound sa l t  dome , on the Gul f Coas t  wes t  
of  Freeport , Texas . Add i ti onal  s torage capac i ty i s  proposed at  Bryan 
Mo und or at an  a l ternati ve s i te in the Seaway Group  by the so l ut ion  
m i n i ng of new caverns . The  d i scharge i nto the  Gul f of Mex i co of sa l t  
b r i ne produced by e i ther the so l ut i on mi n i ng opera t i on or  cavern refi l l s  
i s  but one of  severa l di s posa l  opti ons under con s i dera t i on by DOE . T he 
b r i ne wou l d  have sa l i n i ti es wh i ch range from 230 ppt to 264 PPb and 
temperatures wh i c h  wou l d range from near ambi ent  to a l mo s t  1 2 0 F .  Two 
bri ne d i s posa l  s i tes are under con s i dera t i o n .  The proposed s i te i s  
l ocated about  f i ve nauti cal  mi l es ( 5 . 8  s tatute mi l es )  off the Texas 
coa s t  i n  50 feet of wa ter ; an al ternat i ve area i s  l ocated 1 0 . 9  naut i ca l  
m i l es ( 1 2 . 5  s ta tute mi l es )  off the  coast  i n  68  feet of water . 

Th i s  report was prepared to as s i s t  DOE ' s  exami nati on and assessment 
of potent ia l  envi ronmental impacts as soci ated wi th the opti on of  bri ne 
d i sposa l  i n  the Gu l f  and to support the appl i cat ion  for a d i s charge 
permi t .  Th i s  report i s  ba sed on both h i s to r i ca l  data and s i te-spec i fi c  
i nves t i gati ons undertaken i n  the Gu l f  o f  Mex i co . 

The conti nenta l  she l f at the proposed d i ffuser s i te i s  covered by a 
rel at i ve ly  t h i n bl anket  of sand , s i l t ,  and c l ay .  I so l ated cora l  heads 
l i e to the south and southwes t of the propo sed s i te .  Water c l ose  to the 
s hore i s  coo l er than that offs hore , except duri ng the summer months when 
the s hel f waters become nearly i so therma l . Surface currents i n  the area 
a re wi nd-dri ven and general l y  fl ow at speeds  l es s  than 50 cm/sec . 
C i rcu l a t i on genera l l y  para l l e l s  the Texas coast l i ne ;  the nears hore 
c u rrents fl ow northeast duri ng the summer , but revers e d i rect i o n  i n  l ate 
fa l l  to the southwest .  Th i s  change res u l ts i n  the i nt�oduction  of  
fres h ,  coo l  but l es s  dense waters from the  northeast .  

Pred i ct i ve mode l i ng for the proposed d i ffuser i nd i cates that the 
d i s charged br i ne p l ume wou l d  rema i n  near the bottom , thus m i n i mi z i ng i ts 
effect on  mi d-depth and surface waters . One seri es of model runs was 
performed u s i ng est ima ted magn i tudes and d i recti ons  of t i da l  and wi nd­
dri ven currents based on  h i s to r i ca l  data . Under cond i t i ons  of  moderate 
wi nd and curren t ,  model i ng i nd i cated that a p l ume wi th sa l i n i t i es greater 
t han  1 . 0 ppt above ambi ent at  the bottom wou l d  cover l ess  than 500 
acres . Under s tagnant cond i t ions , such  sa l i n i t i es woul d cover up to 
2000 acres , and an area of about 25 acres wou l d exper i ence a sal i n i ty 
i nc rease  of  5 ppt or  grea te r .  

Approximately 1 3  days of observed currents col l ected i n  t h e  v i c i n i ty 
of  the d i ffuser s i te were used as i nput i n  a second seri es of  model  
runs . Outputs were ta ken on  the 1 3th day at  the four quarters of the 
t i da l  cyc l e .  The p l ume patterns c l ose ly  fo l l owed the patterns pred i cted 
u s i ng estimated curren ts . 



At the 5 ppt i soha l i ne ,  1 000 feet or  l es s  from the di 6fuser , the 
water temperature was found to be i ncreased by l es s  than 1 F ,  res u l t ing  
i n  o n l y  m i nor  impacts . Vari ati ons i n  br i ne temperature at the  di ffuser 
and the  ambi ent sea  water temperature wou l d  have on ly a sma l l effect on 
temperature r i se  outs i de the 5 ppt i sohal i ne . I n  contrast , h i gher  
temperatures wou l d be found i n  the  immed i ate area of the  d i ffuser . 

D i s c harge of bri ne at the a l ternat i ve d i sposal  s i te wou l d be expected 
to have p l ume characteri s t i cs s i mi l ar to the proposed s i te .  Mon i tori ng  
at  the  a l ternati ve s i te i nd i cates that dens i ty strati fi cat i on occurs 
there . Thi s cond i t i on cou l d  affect vert i ca l  br i ne d i s pers i on , caus i n g  
the pl ume to spread over a l arger area . 

At both the proposed and a l ternat i ve s i tes , BOD ,  p H ,  COD , a l kal i n i ty 
and heavy meta l l evel s are wi th i n  the range of expected val ues for 
coasta l  waters . Nutri ent ( NH 3 , N02 , and P04 ) l evel s are l ow .  D i s so l ved 
oxygen i s  usua l l y  above 5 mg/T ; however , l ow val ues are found duri ng the 
s ummer in bottom waters . Ox i dati on -reducti on potent ia l s of the s ed iment 
change from oxi d i z i ng in the wi nter to reduc ing  in the s ummer . Trans­
parency i n  the water co l umn i ncreases between spr ing  and  summer . Because 
o f  l esser ri ver i ne  i n fl uences , the offs hore water i s  c l earer than that 
at  the proposed s i te .  O i l  and grease l evel s are 25  percent h i g her at 
the offs hore s i te compared to the proposed s i te because  of i ts prox im ity 
to s hi pp i ng fa i rways . 

Chemica l  i mpacts wou l d  be s im i l ar for both s i tes . W ith i n  the 
d i scharge p l ume , i ncreased sal i n i ty wou l d res u l t ma i n l y  from the h i g h  
l evel s of  sod i um and c h l ori de d i scharged . D i scharged heavy meta l s wou l d 
have neg l i g i b l e  impacts i f  compensati on water i s  ta ken from the Brazos  
Ri ver dur ing norma l fl ow per iods . But i f  the water i s  taken duri ng 
ei ther l ow fl ow or  fl ood peri ods , heavy meta l l evel s cou l d be above EPA 
gui del i nes . Increased sa l i n i ty and temperature l evel s cou l d resu l t i n  
a l tered so l u bi l i ti es o f  oxygen and other e l ements . Hydrocarbons ( 6  ppm ) 
i n  the di scharge  wou l d  exceed ambi ent oi l and grease  l evel s i n  the Gul f 
( 2 . 4  ppm ) . However , s i nce  ambi ent o i l and grease  concentrati ons are 
h i gher at the offs hore s i te ( 3 . 2  ppm ) , hydrocarbons  cou l d  have l es s  
i mpact at the offs hore s i te .  Because of the better water c l ar i ty at the 
offshore s i te ,  turbi d i ty attri buted to bri ne di scharge cou l d have a 
greater impact at the offshore s i te .  

The bi o l og i ca l  as sembl ages a t  both the proposed and a l ternati ve 
s i tes  are d i verse and product i ve , but thei r components d i ffer i n  severa l 
as pects . The p hytopl ankton commun i ti es at the s i tes are very s imi l ar ,  
but the compo s i t i on a t  the propo sed s i te i s  s trong ly  i nfl uenced by the 
fres hwater i nput  to the Gul f from the nearby Brazos and San Bernard 
Ri vers ; the p hytop l ankton at the al ternati ve s i te has a greater proport i on 
of  mari ne s pec i es .  Cel l dens i ty and producti vi ty at the proposed s i te 
i s  rel ati vely h i g her than at the offs hore s i te .  Both s i tes attai n 
max imum va l ues for bi omas s ,  product i v i ty and c h l o rophy l l a i n  the early 
spri ng ; d i sti nct mi n ima occur duri ng the s ummer months . 



B i oassay stud i es have i nd i cated that p l an kton entra i ned i n  t he 
bri ne p l ume wou l d be s u bj ected to severe phys i o l og i ca l  (ma i n ly  osmoti c )  
a nd temperature s tres s and therefore these p l an kton wou l d  undergo a 
temporary reduct i on i n  producti v i ty and s tand i ng s toc k .  S i nce the 
res i dence t ime of the p l a n kton in the p l ume area woul d be i n  terms of 
o n l y  a few hours , i t  i s  expected that no l o ng-term or  major  i mpacts 
wou l d be refl ected i n  the p l a n kton commun i ty for e i ther of  the two 
s i tes . S i nce the p l ume wi l l  rema i n  near the bottom , on ly  those  organ i sms 
a s soc i ated wi th  th i s l ower port i o n  of the water col umn or the benth i c  
s ed iments wou l d be affected . 

The mean den s i ty of benth i c  macro i nvertebrates at  the proposed s i te 
( 902 organi sms per square meter ) i n  December was l ow compared to that a t  
t h e  offs hore s i te ( 2 092 organ i sms per square meter ) ;  however , the number 
o f  taxa at t he nears hore s i te ( 1 07 taxa ) was h i g h  compared to the a l terna­
t i ve s i te ( 59 taxa ) .  Po lychaetes were the domi nant benth i c  organi sms a t  
both s i tes . 

Bi oassay s tudi es of a po lychaete spec i es i nd i cate that i t  i s  ab l e 
to wi thstand bri ne concentr�t i ons of 40 to 53 . 3  ppt . At the propos ed 
s i te approximately 3 . 2  x 1 0  benth i c  organi sms wou l d be e l i mi nated 
wi th i n  the 2� acres covered by the p l ume under worst  case cond i ti ons , 
and  7 . 4  x 1 0  o rgani sms wou l d be s im i l ar ly destroyed at  the a l ternati ve 
s i te .  Under these cond i t i ons more than twi ce a s  many benth i c  i nvertebrates 
wou l d  be k i l l ed i n  the offs hore area . 

A l arge whi te s hrimp fi s hery and s pawn i ng area i s  assoc i ated wi th  
t he propo sed d i s posa l  s i te area . Thi s area i s  a l so fi s hed for Atl anti c 
croaker , Gu l f  butterfi s h ,  s i l ver seatrout , and s tar  drum . Sport fi s h i ng 
i s  i mportant in the area of the proposed s i te ,  parti cu l ar ly around  
reefs , wrec ks ,  and o i l r i gs  where catches i nc l ude s ea trout , red  drum , 
f l o under , s heeps head , and members of the jack  fi s h  fami l y .  The mos t  
s i gn i f i cant impact o f  t h e  br i ne to the nekton  at  t h e  proposed s i te wi l l  
be the l o ss and damage to whi te s hr imp eggs  and/or l arvae entra i ned i n  
the bri ne p l ume . B i oa s says revea l that bri ne i s  l ethal  to wh i te s h r i mp 
l arvae at  concentrat i ons  between 36 . 5  and 38 . 0  ppt and may i n h i b i t 
l arval metamorphos i s  at 39 ppt . Because  of thei r h i g h  mob i l i ty ,  mos t  
a du l t  nekto n i c  organi sms co u l d avo i d the h i g h  s a l i n i ty i mpact area near 
t he d i ffuser . 

Brown s hr i mp characteri ze the offs hore a l ternat i ve s i te .  Thi s s i te 
i s  dominated by l ongs p i ne porgy , s i l ver seatrout , and Atl ant i c  croaker , 
and i s  a tran s i t iona l  area between the whi te and brown s hr imp fi s h i ng 
g rounds . Thi s  offshore area i s  not con s i dered to be a pr ime s hr imp i ng 
a rea , a major whi te shri mp spawn i ng area , or  an i mportant  fi s h  s pawn i ng 
a rea . 

At ei ther s i te ,  trawl i ng operati ons  wou l d not be h i ndered by the 
d i ffuser ports . By the use of an anti -snag port des i gn ,  thei r poten t i a l  
to catch or  tear trawl i ng nets wou l d  be mi n imi zed . 
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G . l . l  BACKGROUND  

APPEN D I X  G 

TECHN I CAL REPORT 

S EAWAY GROUP  D I FFUSER S ITE STUDY 

G . l I NTRODUCT I ON 

Th i s  append i x  presents an ana lys i s  of the phys i ca l , c hemi ca l , and 

b i ol og i ca l  effects of bri ne d i sposal  in  the Gu l f  of Mex i co .  The bri ne 

resu l ts from the l each i ng of cavern s torage capac i ty i n  sa l t  domes , and 

from the s u bsequent u se  of that capac i ty for crude o i l s torage , thereby 

d i sp l ac i ng the rema i n i ng bri ne . At Bryan Mound , the i n i ti a l  fi l l i ng of 

exi s ti ng s torage caverns wi th  crude o i l a s  part of the ear ly  s torage 

phase wi l l  d i s p l ace bri ne to be so l d as chemi ca l  feedstock .  D i sp l aced 

bri ne d i scharged offshore wi l l  res u l t from crude o i l refi l l s  of Bryan 

Mound early s torage phase and from constructi on  and fi l l i ng of new 

l eached caverns at Bryan Mound or at an a l ternat i ve  s i te i n  the Seaway 

Group . 

Br i ne wou l d  be transported from the Bryan Mound s i te through a 

p i pe l i ne to a d i ffuser l ocated 5 nauti ca l mi l es offs hore , where i t  wou l d  

be d i scharged at  a rate of u p  to 45 cubi c feet per second ( cfs ) . An 

a l ternati ve d i ffuser l ocati on  1 0 . 9  nauti ca l  mi l es offs hore i s  a l so 

addressed . 
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G . l . 2 OP ERAT IONAL BR I N E  D I SPOSAL REQU I REMENTS 

Offshore br ine d i sposa l  for the earl y storage pha se at Bryan Mound 

was i n i ti a l l y  addres sed in the Draft Suppl ement to the Bryan Mound Fi nal  

Env i ronmental Impact Statement ( E I S )  ( F EA , 1 977b ) .  I n  that report two 

a l ternati ves to sa l e  of  the brine  were presented : D i s posa l  of  br ine  by 

deep-wel l i nj ect ion and d i sposa l  i n  the Gul f .  Due to program con s i der­

a t i ons , deep-wel l i nj ect ion  and sa l e  of  br i ne wi l l  be uti l i zed for the 

i n i t i a l  63 m i l l ion  barrel s ( MMB ) f i l l  of the ex i st i ng caverns uti l i zed 

for early s torage phase capac i ty and was so addres sed in the F i na l  

Suppl ement ( USDO E ,  1 97 7 ) .  

The Seaway Group i s  proposed for a Strateg i c  Petro l eum Reserve 

( S PR ) program expanded storage capac i ty of 1 63 MMB , an i ncrease of 1 00 

MMB over the earl y sto rage phase . Th i s  capac i ty woul d be obta i ned by 

constructi ng new l eached caverns , for wh i ch each barrel of  space created 

req u i res the i n troduct i on of seven barrel s of  water and the d i s posa l of 

a l i ke amount of bri ne . Techn i ca l  stud i es have a l so determi ned that new 

l eached space ( per cavern ) can be created at the rate of about  1 5 , 000 

barrel s per day . Therefore , devel opment and i n i t i a l  f i l l  of  1 00 MMB of  

new capaci ty i n  the Seaway Group may requ i re the  d i s posa l  of  as much  as  

800  MMB of  bri ne over a per iod  of  4 to  5 years . Th i s per i od i n c l udes 

the con s tructi on  of  the caverns by l each i n g  and the i n i t i a l  fi l l  peri od 

when crude o i l  i s  pumped i nto the newl y formed caverns , d i sp l aci ng the 

rema i n i ng br i ne to the surface for di s posa l . 

After the i n i t i a l  f i l l  o f  new caverns , early storage phase capac i ty 

( 63 MMB ) and  new capac i ty ( 1 00 MMB ) wi l l  be operated as  a s i ng l e  system . 

Once the caverns are f i l l ed wi th o i l , however , no further bri ne di sposa l  

or  water s uppl y  wi l l  be  requ i red un l ess a forei gn o i l  supp ly  i n terruption  

occurs . Then , acco rd i ng to  SPR  program req u i rements , the  o i l  wi l l  be 

wi thdrawn from the caverns  by d i sp l acement wi th raw water wi th i n  approxi ­

matel y  a 1 50-day peri od .  Res umpti on of  norma l fore i gn o i l  supp l i es 

wou l d  then i n i t i a te a second cycl e ;  that i s ,  the caverns woul d be refi l l ed 

wi th o i l , and  th i s  o i l  wou l d d i sp l ace the saturated br i n e .  The refi l l  

peri od  and i ts a s soc i ated br ine  d i s posa l wi l l  requ i re from 1 2  to 24 
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month s .  Su bsequent crude o i l  wi thdrawa l s and refi l l s  of  the Seaway 

Group  capac i ty cou l d each d i sp l ace an add i t i onal  1 63 MMB of  bri ne to the 

Gul f .  

The range o f  proj ected d i s posa l  rates , durati ons , and tota l bri ne 

d i s posa l  vol umes for the expan s i on  of  Bryan Mound or an al ternat i ve s i te 

by 1 00 MMB beyond the i n i t i a l  63 MMB of the early storage phase to bri ng 

the total storage to 1 63 MMB in the Seaway Gro up i s  presented in Tabl e 

G . 1 - 1 .  The max imum va l ue of d i scharge ( 534 thousand barrel s per 

ca l endar day ( MBCD ) )  i n  thi s tabl e represents l each i ng  of the en l arged 

cav i ty for a durati on of 36 to 44 months . During refi l l  peri ods , up to 

240 MBCD of bri ne wo ul d be d i scharged i n to the Gul f from the Bryan Mound 

d i ffuser .  Over the projected 22-year l i fe of the SPR , a total of f i ve 

f i l l /wi thdrawa l s co u l d potent i a l l y  occur ,  d i spl ac i ng  up to 1 400  MMB of 

br i ne .  
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TABLE  G . l - l Proj ected bri ne d i sposa l  data by modes for the Bryan Mound sa l t  dome . 

D i sposa l  Bri ne Sal t Mas s  

Capa c i ty Rate Durati on  Vo l ume (mi  1 1  i ons of  

S i te (MMB ) Mode (MBCD )  (months  ) (MMB ) s hort ton s )  

Bryan Moun d :  
1 00a ( ea rly storage 63 I n i t i a l  F i l l  20  63 3 . 4  

fac i l  ity ) 

Seaway Group 1 00 Leach 534b 50-60 700 37 . 9  
( 1 00 MMB 1 00 I n i t i a l  Fi l l  240 24 1 00 5 . 7  
expan s i on ) 1 63 Refi 1 1  s 240 24 1 63 8 . 7 

aU se  o f  ons hore i nj ect ion  wel l s  and sa l e of  bri ne to i ndustry on l y .  

bMax imum rate , average rate 1 50 MBCD . 
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G . l . 3 OBJECT OF  STUDY 

S i nce l a rge quanti t i es of wa ter wi l l  be requ i red for so l u ti on 

m i n i ng and l arge quant i t i es of  hrine wi l l  be produced and mus t  be su bse­

quently d i sposed of, the impact of  th i s  d i s posa l  on water qual i ty in the 

mar i ne env i ronment i s  one of  the most  cri t i ca l  i s s ues i dent i fi ed in the 

programmat i c  Env i ronmenta l Impact Statement ( F EA DES 76-2 ) .  

The ma i n  o bj ect i ve of  th i s  append i x ,  therefore , i s  to augment the 

Seaway Group  F i na l  Env i ronmenta l Impact Report wi th an assessmen t of  the 

env i ronmenta l effects of  the offs hore bri ne d i sposa l  operat ion at the 

Bryan Mound sa l t dome . Th i s  assessment i s  ba sed on fi el d studi es wh i ch 

were conducted at the brine  d i ffuser s i te during  the months  of  September 

1 977  through January 1 978 .  Because  of the l i m i ted time peri od i nvo l ved , 

these stud i es are more appropri atel y termed a prel im i nary ba sel i ne 

characteri zat ion . The ba sel i ne stu d i es wi l l  be cont i n ued unt i l  J une 

1 978 , after wh i ch an operati ona l mon i toring study wi l l  be i n i ti a ted at 

the  d i ffuser s i te .  

Another obj ecti ve of  th i s  study i s  to prov ide DO E wi th i nformation  

that , a l ong wi th other stud i es , can be  used to sel ect an  env i ronmental ly  

appropri ate s i ze ,  conf i g urat ion , and  l o cati on for a br ine  di s posa l  

d i ffuser system for the  Texas offs hore reg i on wh i ch i s  wi th i n  a reasonabl e 

d i s tance of  the dome storage s i te under con s i derat ion . The i n format ion 

conta i ned i n  th i s  append i x  wi l l  a l s o be used as  part ia l  documentati on to 

s upport app� i ca t i ons by DO E to the Env i ronmenta l Protecti on Agency for 

br ine  d i sposal  perm its  i n  the Gu l f of  Mex i co .  
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G . l . 4 S COPE  OF  WORK 

In order to assess  the envi ronmental i mpacts of the Seaway Group  

br i ne d i scharge on the  Gu l f of Mex i c o ,  an i nvesti gat i on of the  d i ffuser 

s i te wa s i n i t i ated in  J u l y  1 977 . Th i s  study was composed of seven 

proj ect components . A deta i l ed descri pti on of the methods and materi a l s  

u sed i n  th i s  s tudy i s  presented i n  Secti on  G . l . 7 .  W i th the excepti on of 

the b i oas say tests , the components cons i s t of two phases each . Phase I ,  

the preoperat i onal  pha s e ,  began on J u ly  1 ,  1 97 7 ,  and wi l l  cont i n ue unti l 

the d i s posa l  of bri ne from the d i ffuser i s  i n i ti a ted . I t  was i n i ti a l ly  

est imated that  bri ne d i scharge wou l d beg i n  on March 1 ,  1 978 ; th i s  e st imate 

has been rev i sed , and as a resu l t  Phase I wi l l  be cont i nued through 

October 1 978 . Phase I I ,  the mon i tor i ng study , wi l l  prov i de a compar i son 

wi ttl preoperati onal  Phase I data to hel p assess  the impact of the 

bri ne d i scharge on the Gu l f  of Mex i co envi ronment .  

Th i s a ppen d i x  i s  a report of the Phase I i n vesti gati on to date . 

The data presented represents f ive  monthl y cru i ses  conducted between 

September 1 977  and January 1 978 . The proposed Seaway Group  di ffuser 

s i te i s  l ocated 5 nautical  mi l es offs hore from Bryan Mound ; th i s  area 

was sampl ed from September through  December 1 97 7 .  An a l ternate s i te ,  

l ocated 1 0 . 9 nauti cal m i l es from shore , wa s sampl ed i n  December 1 977  and 

January 1 978 .  
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G . l . 5 GEOGRAPH I C  AREA OF STUDY 

The proposed d i ffuser s i te for the Seaway Gro up  is l ocated 5 naut i ca l  

mi l es offs hore o f  the Freeport , Texas , coast  i n  the Gul f o f  Mex i co ,  at 

l at i tude 2So49 . 4 ' N  and  l ong i tude 950 1 S . 1 ' W  ( F i g ure G . l - l ) .  The area 

of  primary i n teres t is bounded on i ts northern edge by the Texas coas t l i ne 

and  extends south  i n to the Gu l f  a l most  1 0  na uti ca l  mi l es .  The study 

a rea extends a pprox imate l y  7 naut ica l  mi l es to the east  and approximately 

7 na u t i ca l  mi l es to  the west of  Bryan Beach .  Major  features of the 

coast l i ne i nc l ude the Brazos and San Bernard Ri vers to the wes t and 

Freeport Harbor to the ea s t .  T h e  tota l offs hore area under d i s c us s i on 

covers a l most  1 40 square na uti ca l  mi l es .  The water depth i n  the study 

area ranges from l es s  than 5 feet to a l most  70 feet . 
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G . l . 6 B R I N E  D I FFUSER DESI GN CRITERIA AND PLUME CHARACTERIST I CS 

The des i g n  cri teri a for the offs hore bri ne di ffuser proposed by DOE 

( U . S .  Dept .  of Commerce , 1 97 7 )  were based u pon  cons i derat ion  of var i ous 

env i ronmental  cond i ti ons in the area , together wi th se l ected operat i ona l 

requ i rements . The proposed d i ffuser c haracteri st i c s  are as  fo l l ows : 

l ength - 2000 fee t ;  ori entati on - norma l to the coas t ;  number of ports _ 

3 4 ;  l eng th between ports - 60 feet ; port d i ameter - 3 i nches ; orientat i on 

of port ri ser - 900 to bottom ; and ex i t  ve l oc i ty - 25 feet/sec . 

Br i ne p l umes wou l d  occur from two acti v i ti es , fi l l  and refi l l  of 

exi s t i ng caverns and so l u t i on mi n i ng of new caverns . For each case , the 

bri ne at  the ports i s  expected to have a sa l i n i ty of about 260 �5 parts 

per thousand ( ppt )  a nd a temperature near amb i ent . 

Based on a bri ne p l ume mode l ( U . S .  Dep t .  of Commerce , 1 97 7 ) , 

devel oped a t  the Ma ssachu setts I nst i tu te of Tec hnol ogy ( M I T ) , repre­

senta t i ve cond i t i ons wou l d  be approximated by a scenari o assumi ng t ida l  

currents p l u s  a 4-day wi nddri ven current cyc l e .  For the 4-day wi nd­

d r i ven cyc l e ,  u pcoast  currents of 0 . 5 foot per second ( ft/s ) wou l d  be 

fo l l owed by a downcoast  current of 1 . 0 ft/s for 1 day each , then by 2 days 

of  s l ac k  water . Under th i s  scenari o ,  a bottom area of approx imate l y  

2 1 00 acres wou l d  experi ence a 0 . 5  ppt o r  greater sa l i n i ty i ncrease  above 

amb i ent cond i ti ons , of wh i c h  about 800 acres wou l d  be impacted by a 

s a l i n i ty i ncrease of 1 ppt or greater .  A sma l l area i n  the immed i ate 

v i c i n i ty of the d i ffuser wou l d  experi ence excess  sa l i n i ty of 3 . 5  ppt or 

greate r .  Under a worst case scenar i o  assum i ng s l ac k  water cond i ti ons 

for e i ght  days , a bottom area of approx imate ly  25 acres surroundi ng the 

exposed d i ffu ser wou l d  experi ence a 5 ppt or h i gher sa l i n i ty i ncrease  

a bove amb i ent  cond i ti ons after a 1 6-day s l ac k  per i od . About 2800 acres 

wou l d  exper i ence a 1 ppt or h i gher sa l i n i ty i ncrease . 
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G . l . 7  M ETHODS AND MATERIALS 

To assess  the envi ronmenta l impact of the proposed Bryan Mound 

bri ne d i scharg e ,  a study was underta ken cons i s t i ng of s i x  component 

parts : ( 1 ) b i oas say tests , ( 2 )  p hys i ca l  oceanography , ( 3 )  water and 

sed i ment qua l i ty ,  ( 4 )  benth ic  commun i ty ,  ( 5 )  nekton commun i ty ,  and ( 6 )  

pred i ct ion  of the d i scharge p l ume extent and di stri buti on . Oceanograph i c  

cru i ses have been conducted month l y  s i nce September 1 977 , to study 

components ( 2 )  t hrough  ( 6 ) . The data for th i s  report extends thro ug h  

January 1 97 8 ,  a l tho ugh  the effort i s  ongoi ng and month l y  cru i ses wi l l  

conti nue  at  l east  throug h  September 1 978 . The fo l l owi ng di scus s i on 

presents the methods , materi a l s ,  and approach ta ken . 

G .  1 . 7 . 1 B i oa s say Tests 

B i oassay to l erance studi es were underta ken in the l aboratory to 

determi ne the acute toxi c i ty of i ncreased sa l i n i ty on sel ected l i fe 

s tages of  fauna  and fl ora typ i ca l  of the b i o l og i ca l  commun i ty expected 

at the proposed Bryan Mound  d i ffuser s i te .  These s pec i es were s el ected 

because  they are representati ve  of key parts of the food web at the 

s i te .  Labora tory observati ons were made o n  the rel ati ons h i p  between 

br i ne concentrati on and s pec i es mortal i ty and to assess  any s ub l ethal  

effects i nd i ca t i ng phys i o l og i ca l  stres s .  The test  s pec i es i ncorporated 

i n to these b i oa s says i nc l uded : s potted seatro u t ,  Cynosc ion  nebu l os u s  

( eggs a nd  l arvae ) ; wh i te s hrimp , Penaeu s seti ferus  ( eggs a nd  pos tl arvae ) ;  

p hytop l ankto n ,  S ke l etonema costa tum , Tetrasel mi s  chu i ; and Hymenomonas 

cartera e ,  and po l ychaetes Neanthes arenaceodentata and Nerei s l i mbata . 

Each of these test  organ i sms were exposed to bri ne d i l ut i ons  rang i ng 

from 0 . 0 percent to 40 . 0 percent on a vo l ume to vol ume bas i s  for bri ne 

d i l u ted wi th  natura l  s eawater o bta i ned from the s i te .  Deta i l s  concern i ng 

both methodo l ogy and res u l ts of these b i oa s says wi l l  be presented i n  a 

forthcom i ng report ( U . S .  Department of Commerce , 1 978 a ) . 

G . l . 7 . 2  P hys i ca l  oceanograph i c  Mea surements 

Over-the- s i de current meas urements were made in the proposed Bryan 

Mo und  d i ffuser study area ( F i g ure G . 1 -2 )  i n  order to assess  cross- shel f 

currents a t  the s u rface and near the bottom . The f ie l d data were obta i ned 

G . l - 1 0  
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on  1 5 , 1 6 , and 1 7  September , 20 and 2 1  October , 1 7  and 1 8  November and 

1 8  and 1 9  December , 1 97 7 .  On l y  current speeds were recorded duri ng 

September ,  October ,  and November , whereas  both current s peed and di recti on  

were meas ured duri ng the December o bservat ions . Surface currents were 

recorded at depths of from 7 to 1 0  feet bel ow the water surface , whi l e  

bottom currents were measured about  7 feet a bove the bottom sed i ments . 

On December 1 5 , a s i ng l e ENDECO-type 1 05 current meter was depl oyed at 

the  bri ne di ffu ser s i te to conti nuous l y  mon i tor  in s i tu bottom current 

vel oc i ti es . Th i s  meter was approximatel y  7 feet above the bottom and 

was tethered to a wi re rope s u spended by a subsurface fl oat ;  the current 

meter array was marked by a su rface buoy . A s im i l ar depl oyment mode was 

u sed for two current meters l ocated about  1 0 . 9  naut ica l  mi l es offs hore 

i n  about  68 feet of  water . These meters were s�t i n  p l ace on  December 

22 , 1 977 ; one meter was 7 feet bel ow the surface , the other meter was 

several feet above the bottom . These offs hore meters were recovered on 

Jan uary 5, 1 978 .  The  offshore current data were u ti l i zed to  refi ne the 

b r i ne p l ume patterns pred i c ted by the Trans i ent  P l ume Model  deve l o ped at 

the Ma ssachusetts I nsti tute of Techno l ogy ( U . S .  Department of Commerce , 

1 978 a ) . 

Temperature and sa l i n i ty measurements were a l so co l l ected at  the 

proposed d i ffu ser s i te ( F i gure G . 1 - 2 )  duri ng each month of the samp l i ng 

bottom sa l i n i ty val ues were ta ken wi th 

Conti nuous temperature data were 

December 22 , 1 977 , to January 5 ,  1 978 , 

program . Surface ,  m i d-depth , and 

a Beckman model RS5 sa l i nometer .  

col l ected wi th a thermograph from 

a bout  1 0 . 9 nauti ca l  m i l es offs hore i n  68 feet of water . One thermograph  

wa s tethered a bout  7 feet bel ow the  surface whi l e  t he  second was p l aced 

approximate ly  6 feet a bo ve the bottom . These temperatu re and sa l i n i ty 

measurements were u sed to i denti fy the dens i ty patterns of the s tudy 

area . Den s i ti es were ca l cu l ated us i ng the equati ons  of  LaFond ( 1 95 1 ) .  

G . l . 7 . 3  Water and Sedi ment Qua l i ty 

Fi fty-two sed iment cores were ta ken wi th a Ph l eger grav i ty corer i n  

the v i c i n i ty o f  the proposed d i ffuser s i te ( F i gures G . 1 -3 and G . 1 -4 ) . 

Four  dup l i ca te s amp l es were ta ken at Stat ions  L ,  N ,  9 ,  and 20 and analyzed 
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i n  the l a boratory for heavy meta l concentrati ons and genera l sed iment 

cha racter i s t i cs , as descri bed in Chemi stry Labo ratory Manua l  for Bottom 

Sed iments ( EPA,  1 96 9 )  and Standard Methods for the Exami nat ion  of Water 

and Wa stewater,  1 4th Ed i ti on ( U . S .  Department of Commerce , 1 976 ) .  The 

rema i n i ng sed iment sampl es were s tored for l a ter ana lys i s  and compari son 

in the event potent i a l l y harmfu l water qual i ty character i s t i cs shou l d  be 

found i n  the d i scha rge br ine .  The sediment parameters meas ured for the 

dup l i cate sampl es i nc l uded cadm i um ,  coppe r ,  i ron , manganese ,  l ead , z i nc ,  

chromi um ,  n i ckel , mercury ,  cal c i um ,  magne s i um ,  pH , percent sol i ds ,  

percen t o i l  and grea se ,  and percent orga n i c  ca rbon s .  

G . l . 7 . 4  B i o l og i ca l  Oceanography Sampl i ng 

G .  1 . 7 . 4 . 1 Benthos 

Benth i c  sampl es were obta i ned at  stat i ons ( F i gure G . 1 - 5 )  that were 

sampl ed on a month ly  ba s i s  from September through  December ,  1 97 7 .  The 

January 1 978 sampl i ng wa s terminated after on ly  four  stat ions  had been 

occu p i ed ,  due to severe weather in the Gu l f .  Ben th i c  sampl i n g wa s 

conducted ut i l i z i ng three E kman grabs  ( each  w ith  a sampl e area of 232 

cm2 ) .  The grabs were dropped overboard , and s u bsequently tr i ggered and 

s ecured by scuba d i vers .  V i sua l  exami nation  of the subs trate was con­

ducted by the d i vers whenever water tran s parency cond i t i ons  a l l owed i t .  

After the grabs were broug ht aboard , temperature o f  the sed iment was 

meas ured and the sampl es were wa shed through  a 0 . 5 mm mesh  s i eve . The 

porti on of the sampl e rema i n i ng on the screen was preserved in a 5 

percent seawa ter-forma l i n so l u t i o n .  

A s i ng l e  water sampl e wa s col l ected by the di vers wh i l e  o n  the 

bottom at  each of these s tat i ons . The temperature and sa l i n i ty of these 

bottom wa ter sampl es were recorded aboard the research ves sel . S urface 

water temperature and sal i n i ty measurements were a l so ta ken at each 

s tat i on .  

I n  t he  l a boratory t he  benth i c  sampl es  were wa shed i n  freshwater , 

and preserved i n  70 percen t ethanol sta i ned wi th rose  Bengal . The 

sta i ned organ i sms were i denti fi ed to the l owest  po s s i b l e  taxon , co unted , 

and  cl ass i fi ed as  ei ther a young or adu l t s tage . Spec i es d i vers i ty ,  i n  
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terms of the tota l n umber of spec i e s  a t  a l l stati ons , and the seasona l 

popu l a t i on , i n  terms of average number of i nd i v i dua l s per s ta t i on , was 

determi ned for the sampl es . C l u s ter ana l ys i s  was determi ned ( for dom i nant  

organ i sms ) i n  the  sampl es  to  eva l u a te the maj or benth i c  i nvertebrate 

a ssembl ages . 

G . 1 . 7 . 4 . 2 Nekton 

Nekton  were sampl ed ( Fi g ures G . 1 -6 and G . 1 -7 )  i n  October , November , 

and December wi th fou r  34-foot ,  2-seam mod i fi ed-ba l l oon trawl s equ i pped 

wi th ti ck l er c ha i n s  and 1 -3/4- i nch  s tretch mes h  netti ng i n  the cod end . 

Nets were towed i n  a c i rcu l ar pattern around the s tat ion l ocati ons  at  

about  2-3/4 knots . Two nets were fi shed on each  s i de of the  boat 

( to ta l  of four  nets ) , for a peri od of 1 0  mi nu tes  ( bo ttom t ime ) ; but on l y  

the catches col l ected o n  the port s i de were used to comp i l e  the base l i ne 

da ta .  The catches from the two nets on  the port s i de were poo l ed to one 

common s tati sti ca l  catch  base . Catches from the s tarboard s i de were 

reta i ned temporari l y  as a bac kup .  Upon ver i f ication  of the catch from 

the port s i de ,  the s tarboard catch was d i sposed of a t  sea . One trawl 

wa s made at Stati ons  1 , 2 , 9 ,  1 0 , 1 1 ,  1 2 ,  and 1 3 .  At s ta t i ons  3 , 4 , 5 ,  

6 ,  7 ,  and 8 ,  two tows were made . 

The nekton catch  was proces sed i n  the fo l l owi ng manner : the target 

s pec i es of s hrimp and fi s h  ( Secti on G . 2 . 4 . 4 ) were segregated from each 

catch  for quanti tati ve and qua l i tati ve ana l ys i s .  A representa t i ve 

number of the other o rgani sms col l ected i n  each catch were sorted o ut  

ft nd these organ i sms preserved i n  a 1 0  percent borax-bu ffered forma l i n  

so l u t i o n  for l a boratory ana l ys i s .  Wi th the excepti on  of seatrout  

( Cynosc ion  s pp . ) ,  t he  s pec i es of  i nterest obtai ned from the fi rst tow at  

each  s tati on  were i denti f i ed , cou nted , and  meas ured onboard . Seatrout  

were returned to  the l aboratory for proces s i ng .  Catch col l ected from 

the s econd tow were treated s imi l ar l y ,  however , l ength was not determi ned . 

Spec i es of i n terest  from both trawl s ( except for shr imp )  were a l so  

returned to  the  l a boratory .  As no  add i ti onal  taxonom i c  i denti f i cat ion  

of  s hrimp was  requ i red , they were d i s posed of at  sea . 
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G . 2  PHYS IOGRAPHY OF  PROPOSED D I FFUSER S ITE  

G . 2 . l  CL I MATE AND METEOROLOGY 

G . 2 . l . l  Genera l C l ima to l ogy 

The su btrop i ca l  c l ima te of the d i ffu ser s i te i s  i nfl uenced by the 

rel ati ve ly  warm waters of the Gu l f  of Mex i co and by the l arge conti nenta l 

l andmas s  to the north and wes t  of the s tudy area . Rai nfa l l and humi d i ty 

are typ i ca l ly  h i g h  throughout the year . 

Spri ng and summer i n  the proposed d i ffuser s i te area are domi nated 

by the Bermuda h i gh , an exten s i ve semi permanent h i g h  pressure cel l 

centered i n  the Atl anti c Ocean , whi c h  creates a southeasterl y  wi nd f l ow .  

Genera l l y ,  there i s  l i ttl e da i ly vari ati on i n  weather : the average 

d i u rna l temperature range i s  smal l ;  humi d i t ies  are h i g h ; and shower 

acti v i ty ,  most ly  as soci ated wi th thunderstorms , occurs a l most  da i l y .  

Coastal  c i rcu l at i on i s  affected by sea breezes dur i ng the afternoon and 

even i ng hours . 

I n  Augus t ,  eas terly wi nds and tropi ca l  cycl ones ( a gener i c  name 

used  to descri be s torms of tro p i ca l  ori g i n ) i ncrease  i n  the Gu l f  of 

Mexi co , reach i ng a peak i n  September . Mos t  of these s torms come i n to 

the Gu l f  through  the Stra i ts of Fl or ida or the Yucatan Channe l . More 

than one-ha l f of  the trop i ca l  cycl ones become hurri canes , that i s , 

s torms wi th s u sta i ned wi nd s peed s exceed i ng 74 mi l es per hour (mph ) 
( 6 4  knots ) . 

W i nters are genera l l y  s hort and mi l d ,  wi th pers i s tent l ow stratu s 

cei l i ngs  and rai n ;  trop i ca l  a i rmasses a l ternate wi th peri ods  of col der 

conti nenta l  a i r  as soc i ated wi th  co l d  fronts . A l though the study area i s  

south of the normal wi nter s torm track ,  and su bfreez i ng a i r  temperatures 

and snowfa l l are rare , occas i ona l i n tru s i ons  of po l ar a i r can bri ng 

a bou t sudden and sometimes l arge temperature drops . The col der a i rmasses 

a l s o tend to l ower sea-surface temperatures and are i mportant  in  the 

formati on of advecti on-rad i at i on fog s ,  wh i ch are common in  the coastal  

area from November throug h  Marc h .  
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G . 2 . 1 . 2  Meteorol ogy 

Over 1 00 years of meteoro l og i ca l  data have been recorded at  Ga l veston , 

Texas  ( U . S .  Department of Commerce , 1 97 1 ) . These data are reg i ona l ly  

appl i cab l e to  the proposed d i ffu ser s i te and  are  d i scus sed i n  the fol l ow­

i ng su bsecti ons . 

G . 2 . 1 . 2 . 1  Ai r Temperature 

Due to the moderati ng effects of the preva i l i ng southeaster ly  

wi nds , a i r  temperatures i n  the Gu l f of  Mex i co do not  usua l l y  exh i bi t  

extreme var i ati on . These wi nds genera l l y  produce warm humi d summers and 

mi l d  wi nters . Summer temperatures around the s i te average i n  the m i d -

80 · s ;  wi nter temperatures are i n  the 50 · s ,  a l though these temperatures 

depend on  the frequency and i n tens i ty of penetrat ion  of col d po l ar 

a i rmasses  or I I northers ll , whi ch may occur i n  the reg i on 1 5  to 20 times  

between the  months of November and March . 

Tabl e G . 2- 1  presents l ong-term , month ly  average and extreme tempera­

tures for Gal veston , Texas . The annual mean temperature at  Ga l veston  i s  

6 9 . 90F ;  average annual  d i urnal  vari ati on  i s  1 0oF .  The h i ghes t mean 

da i l y max imum , 87 . 50F ,  occurs i n  Augu s t ,  and the l owes t  mean da i l y  

mi n imum , 49 . 30F ,  occurs i n  January .  Throughou t the per i od of record 

( 1 01 years ) , the h i ghest and l owest  recorded temperatures at  Gal veston  

were 1 0 1 0F ( Ju l y ,  1 932 ) and 80F ( February ,  1 899 ) , respecti vel y .  

G . 2 . 1 . 2 . 2  Prec ipi tati on  

Tabl e G . 2- 2  summari zes l ong-term mean monthl y  preci pi tati on  amounts 

measured at  Ga l veston , Texas . Al though these data s how that tota l 

ra i nfa l l i s  even ly  d i s tr i bu ted throughou t the yea r ,  the type and fre­

quency of occurrence s how a l arge seasonal  vari ati on . The l argest  

amount of rai nfa l l u sua l l y  occurs i n  the summer and  i s  typi ca l ly  asso­

c i a ted wi th e i ther l oca l thunderstorm acti v i ty or an  occa s i ona l  tropi ca l  

s torm . I n  wi nter , the frequency of prec i p i tat ion  i ncreases wi th i n­

creased fronta l acti v i ty ;  l ow s tratu s cl ouds produce s l ow ,  s teady ra i n­

fa l l .  T h i s preci p i tati on  may occur at any ti me of day and conti nue 

i ntermi ttentl y for several days . 
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TABLE G . 2- 1  Long -term , month ly  a verage and extreme a i r  temperatures  for Gal veston , 
Texas .  

Temperatu re 

Normal a Extremes b 

Month Average Average Average Record Yea r Record Year 
Da i l y  Da i l y  Mogth ly  H i g hest  Lowest  

Ma� imum Mi g i mum ( F ) 
( F )  ( F ) 

J 60 . 5 49. 3 54. 9 77 1 969  1 1  1 886 
F 62 . 4  5 1 . 2 56 . 8  83 1 932 8 1 899 
M 6 6 . 6 56 . 2 61 . 4  85 1 879  2 7  1 943 
A 73 . 0  64 . 0  68 . 5 92 1 953 38 1 938 
M 80 . 1 7 1 . 5 7 5 . 8 93 1 91 1  52 1 954 
J 8 5 . 6 7 7 . 7 81 . 7 99 1 9 1 8  57 1 903 

J 87 . 3  78. 9 83 . 1 1 0l 1 932 66 1 9 1 0  
A 87 . 5  79 . 0 83 . 3 1 00 1 924 67 1 966 
S 84 . 6 7 5 . 5 80. 1 96 1 927  52 1 942 
0 78 . 5  68 . 4 7 3 . 5 94 1 952 41 1 925  
N 68 . 6  57 . 4  63 . 0  85 1 886 26 1 9 1 1  
D 6 2 . 7 51 . 6 57 . 2  80 1 9 1 8  1 8  1 880 

JUL . FEB . 
Y R 74 . 8  6 5 .  1 69 . 9  1 01 1 932 8 1 899 

Source : U . S . Department of Commerce , 1 97 1 . 

a 1 93 1  through 1 960  

bperi od of record : 1 01 yea rs ( 1 870  - 1 97 1 ) .  
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TABLE  G . 2- 2  Long-term , mean month ly  prec i p i tati on amounts meas ured at  Gal veston , 
Texas .  

Prec i p i tation  

Month Normal Maximumb Year Mi n i mum Year 
Tota l Month ly  Month ly  

( i nches ) ( i nches ) ( i nches ) 
J 3 . 46 1 0 . 39 1 899 0 . 02 1 909 

F 2 . 88 8 . 29 1 881  0 . 09 1 954 

M 2 . 86 9 . 39 1 926  0 . 06 1 953 

A 2 . 59 1 1 . 04 1 904 0 . 01 1 887 

M 2 . 79 1 0 . 50 1 92 9  TC 1 889 

J 2 . 65 1 5 . 49 1 9 1 9  T C 1 907 

J 4 . 79  1 8 . 74 1 900 T C 1 962 

A 4 . 39 1 9 . 08 1 91 5  0 . 00 1 902 

S 5 . 09 26 . 01 1 885 0 . 04 1 924 

0 2 . 86 1 7 . 78 1 871 T C 1 952 

N 3 . 56 1 6 . 1 8  1 940 0 . 03 1 903 

D 3 . 89 1 0 . 28 1 887 0 . 23 1 889 

SEP . AUG . 
Y R  41 . 81 26 . 01 1 885 0 . 00 1 902 

Source : U . S .  Department of Commerce , 1 97 1 . 

a 1 93 1  through  1 960 

bper i o d  of record : 1 01 years ( 1 870 - 1 97 1 ) . 

cT = Trace , an amount  too sma l l to measure .  
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The records show that Ga l veston has  a mean annua l  ra i nfa l l of 42 

i nc hes . The h i ghest  recorded month l y  prec i pi tat ion  was 26 i nches ( Sep­

tember , 1 885 ) ; the l owes t  was no ra i nfa l l a t  a l l (August  1 902 ) . 

I n  the s tudy area , any form of frozen prec i p i ta ti on i s  rare , and 

over the 1 0 1 -year per i od of record the mean  annua l snowfa l l was 0 . 2  

i nches . I n  February 1 895 , however , an unu s u a l  s torm dumped 1 5 . 4  i nches 

of snow on the Ga l veston  area . 

G . 2 . 1 . 2 . 3  Wi nd Speed and D i rect ion  

Surface W i nds 

Surface wi nds a l ong the Gu l f  Coast  are domi nated throughout  mos t of 

the year by the Bermuda h i g h ; thus the preva i l i ng wi nd d i recti on  from 

January through  J une i s  southeas terly .  The wi nd s h i fts to a more southerly 

d i rect ion  duri ng J u l y  and August  and then eas terly unti l l ate November .  

Dur i ng December the wi nds pers i s t from the north . 

The mean  annual  wi nd s peed was 1 2 . 7  mph at  a mon i tori ng s i te approx i ­

mate l y  28 mi l es offshore southeas t of Freeport ( 1 1  knots ) (Tab l e G . 2-3 ) . 
The wi nds have the i r  h i ghest  average s peeds i n  Decembe r .  Between March 

and September the wi nds have l ower average speeds . F i gure G . 2- 1  presents 

an  annua l wi nd percent frequency d i s tr i but i on  for the per i od 1 958- 1 962 . 

Extreme Wi nds 

Tab l e G . 2 -4a summari zes the " fa s test-mi l e "  recorded wi nd s peeds for 

a 1 00-year peri od . These extreme wi nds are sustai ned ( l -mi nu te average ) 

wi nds , norma l i zed to 30  feet above the ground and i nc l ude a l l meteoro­

l og i ca l  phenomena ( thu nders torms , extratrop i ca l  s torms , tro p i ca l  cycl ones 

i nc l u d i ng h urr i canes ) except tornadoes . 

E st ima ted extreme wi nds for return peri ods ( an e stimate of frequency 

of occurrence ) from 2 to 500 years are g i ven i n  Tab l e G . 2-4b . The 

maximum recorded wi nd s peed of 1 00 mph ( 1 20 mph estimated max imum ) 

agrees we l l  wi th the estima ted 1 00-year return per i od wi nd speed of 1 2 1 

mph (1 05 knots ) . 
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SOURCE : SEADOCK ,  1 9 75 . 

F I GURE G . 2 - 1 . Annua l wi nd frequency d i stri but i on for Ga l veston , Texas , 
1 9 58- 1 962 . 

G . 2- 6  



TABLE G . 2- 3  Mean month ly  wi nd speed and d i rect i on for Gal veston - Freeport 
offs hore s i te ( 280 30 l N  950 0 1 I W ) a . 

�'lo nth  

J 

F 

�1 
A 

�'1 
J 

J 

A 

S 

0 

N 
D 

YR  

Speed 
( knots ) 

1 2 . 2  

1 2 . 0  

1 1 . 8 

1 1 . 7  

1 0 . 8  

9 . 8  

8 . 7 

8 . 5 

1 1 . 0 

1 1 . 9 

1 2 . 8  

1 2 . 9  

1 1  . 1  

SOURCE : U . S .  Oeoartmen t of Commerce , 1 972 . 

a Peri od of  record : 1 952- 1 97 1 . 
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TAB L E  G . 2-4a Month ly  var i a t i o n  of extreme "fastest-mi l e " wi nds for 
Gal veston , Texas ( 1 872- 1 97 1 ) . 

Month Speed ( mph ) Di recti ona Year 

J 53 S 1 91 5  

F 60 N 1 927 

M 50 SE 1 952 

A 57 NW 1 961 

M 66 W 1 959 

J 62 SE 1 92 1  

J 68 NW 1 943 

A 91  E 1 91 5  

S 1 00b NE 1 900 

0 66 SE 1 949 

N 54 N 1 950  

0 50 NW 1 954 

SEP .  
Y R  1 00 NE 1 900 

aRecorded for o n l y  8 compas s  po i nts . 

bH i ghest  speed recorded before anemometer bl ew away . Maximum vel oc i ty 
est i mated to be 1 20 mph . 

SOURCE : SEADOCK , 1 9 75 . 
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TABLE G . 2-4b E st ima ted annual  " fastest-mi l e " return peri od for the 
Ga l ves ton area . 

Return Per i od l'J i nd Speed (yrs ) (mph ) 

2 52  
5 63 

1 0  72 

20  81  

50  95  

1 00 1 08 

200 1 22 

500  1 43 

SOURCE : SEADOCK , 1 9 75 .  
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S l ac k  Wi nd and Pers i s tence 

Wi nds i n  the Texas coa sta l  reg i on have the i r  greatest  vari ab i l i ty 

i n  s peed and d i recti on i n  December . The most  pers i s tent wi nds occur 

between March and September ; these wi nds are from the southea st  and are 

assoc i a ted wi th the presence of the Bermuda h i g h .  F i gure G . 2-2  i s  a 

c l i mato l ogi ca l  record of wi nd pers i s tence produced from a 1 5-year ( 1 948-

1 963 ) record of  hour ly  wi nd data o bserved at Ga l ves ton , Texas . 

The frequency of occurrence of s l ack wi nd peri ods  (wi nd s peeds < 5 

knots ) l ast i ng for more than 1 2  hours i s  l ow .  More than ha l f  of  the 

s l ac k  wi nd observati ons had a durat i on of  l es s  than fi ve hours i nd i cati ng 

that s l ac k  per i ods can often occur but i n  mos t  cases these s l ac k  per i ods 

preva i l  for on ly  a short  t ime . 

Tabl e G . 2-6  presents a month ly  percent  frequency d i s tr i bu t i on of 

wi nd s peed categor i es based on mari ne o bservati ons i n  the Gal veston­

Freeport area between 1 952- 1 97 1 . W i nds wi th speeds of  3 knots or l es s  

occur mos t  frequent ly  between the months of May a nd  September . 

The tab l e be l ow shows month ly  frequency categori es  and  wi nd speed 

for the Bryan Mound d i ffu ser area : 

MONTH JAN FEB MAR APR MAY JUN JUL  AUG SEP  OCT NOV DEC AVG 

Frequency of 
Occurrence Wi nds�eed ( knots ) 

0 1 %  < 0 0 0 0 0 0 0 0 0 0 0 0 

05% < 1 1 1 2 1 1 1 1 1 1 2 2 

25% < 6 6 6 6 5 5 4 4 5 6 6 6 

50% < 1 2  1 0  1 0  1 1  9 8 7 7 9 1 0  1 1  1 1  

7 5% < 1 7  1 7  1 6  1 6  1 5  1 4  1 1  1 1  1 5  1 6  1 7  1 8  

95% < 28 27  25  23 2 1  20  1 9  1 9  22 25 28 29 

99% < 33  30 30 30 28 25 2 1  22  35  30  30  3 2  

Of the total  o bservat i ons , on ly  25 percent of  the  record were of  

wi nd speeds 5 knots or l es s  wi th the greatest  frequency of the i r  occur-

rence between May and September . 

A s ummary ana lys i s  of  1 0 1 0  o bservati ons for wi nd d i stri but ion  by 

s peed and sector ( Tab l e G . 2-5 ) taken between October 1 8  and December 3 ,  
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GALVESTON ,  TE XAS ( 1 948 - 1 963) 
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F I GURE G . 2- 2 .  C l ima to l og i ca l  record o f  w i n d  pers i s tence for Ga l veston , Texa s . 



TABLE  G . 2- 5  W i nd d i s tri buti on by speed and sector observed between 
October 1 8  and December 3 ,  1 977 at Lati t ude 28 . 75 0 ; 
Longi tude 95 . 300 . 

Wi nd  D i s tri buti on by Speed Categori es : 
(wi nd  s peed i n  knots ) 

N umber  of 
Observati ons 

Percent  

0 - 3 

1 46 

1 4 . 4 

W i nd Di s tri b ut i on by Secto r :  

N umber  of 
Observat i ons  

Percent  

N 

1 1 5  

1 1 . 4  

NE  

5 7  

5 . 6 

SOURCE : Texas A & M ,  1 978 . 

4 - 1 0  

E 

1 70 

1 6 . 8  

SE 

1 1 7  277 

1 1  . 6  27 . 4  

G . 2- 1 2 

1 1  - 2 1  

4 1 7 

4 1 . 3  

S 

236 

23 . 4  

2 2  - 33 

SW 

6 1  

6 . 0 

275 

27 . 2  

W 

49 

4 . 8  

34+ 

2 

O . ?  

NW 

98 

9 . 7  



TABLE  G . 2-6 Month ly  percen t frequency of observed w i nd s peeds , 
Gal veston - Freeport area , 1 952- 1 97 1 . 

W i n d  Speed ( knots ) 
Month o - 3 4 - 1 0  

January 9 . 2 39 . 5  
Feb ruary 9 . 8  40 . 5  
March 8 . 1 43 . 6  
Apri 1 7 . 7  4 1 . 9  
May 1 0 . 6  44 . 9  
June 1 1 . 7 5 1 . 6  
J u ly  1 3 . 6  58 . 8  
Augus t 1 4 . 8  59 . 6  
September 1 0 . 6 46 . 6  
October 7 . 9  42 . 4  
November 6 . 6 38 . 6  
December  7 . 3  38 . 5  

SOURCE : U . S .  Department o f  Commerce , 1 9 72 . 
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1 97 7  a t  Lati tude 28 . 75 and Long i tude 95 . 30 shows that dur i ng th i s  per i od 

s l ac k  wi nds of  l es s  than 3 knots occurred 1 4  percent of  the t ime wh i l e  

4 1  percent of  the wi nds were i n  the range of 1 1  to 1 2  knots . Duri ng 

th i s same per i od more than 50 percent of the wi nds were from the south 

to southea s t .  The l o ngest  per i od when wi nd s peeds of l es s  than 3 

knots were recorded was 1 1  hours . 

G . 2 . 1 . 2 . 4  Hurri canes 

Hurri canes of  tropi ca l  cyc l ones are the l argest  and most  destruct i ve 

s torms affecti ng the Bryan Mound d i ffu ser s i te and adjacent coasta l  

areas . Hurri canes u s ua l ly  enter the d i ffu ser area from the south or 

sou theast ;  these ' s torms have thei r ori g i ns over the warm tro p i ca l  waters 

of  the centra l  Atl ant ic  Ocean , the Cari bbean Sea or the southeastern 

Gu l f  of Mex i co .  Hurri cane season extends from J u ne through  October , 

wi th the greatest  frequency of occurrence duri ng J u l y  and Augu s t .  

Trop i ca l  cyc l one and hurri cane frequenc i es recorded i n  the Gal veston 

area between 1 899 - 1 97 1  ( U . S  Department of Commerce , 1 977f ) are as  fo l l ows : 

Tro p i ca l  Cyc l ones 

( W i nds � 34 knots ) 

Hurri canes 

( W i nds � 64  knots ) 

Total  Number 

35 

23 

Average Number of 
Years Between Occu rrences 

2 . 1  

3 . 2  

Damage from hurri canes resu l ts both from h i g h  wi nds and s torm 

surges produced duri ng the s torm . S torm surges i n  the Gu l f  of  Mexc i o  

can cause water to p i l e  u p  o n  the northeast- southwest  ori ented coast  a s  

much a s  1 0  to 2 5  feet above norma l . These fl ood ti des can carry l arge 

l oads  of  sed iment from deep offs hore waters and spread a l ayer of these 

depos i ts over the beaches and marsh  area s . I n  1 900 , more than 6000 

peop l e were drowned on Ga l veston I s l and duri ng a s torm surge . 

I n  recent  Gu l f  h i s tory ,  Cami l l e (August  1 96 9 )  was the mos t  severe 

hurri cane . Duri ng th i s  s torm the h i ghest  wi nds were est ima ted at  20 1 . 5  

mph and barometr i c  pressure i n  the eye of the s torm was recorded at  

2 6 . 61 i nches of  mercury . 
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G . 2 . 2  PHYS I CAL OCEANOGRAPHY 

G . 2 . 2 . 1  Nears hore Features 

G . 2 . 2 . 1 . 1  Regi ona l Descri pti on  

Except for a stri ng of  i so l a ted cora l heads off t he  mou th of  the 

B razos R i ver i n  36 to 48 feet of  water ( Ma tt i son , 1 948 ) , the conti nenta l 

s he l f a l ong the Texas coast  i s  a smooth , featurel ess , gent ly  s l op i ng 

p l a i n .  The wi d th o f  the s he l f off Texas  vari es from abou t 54 s ta tu te 

mi l es j u s t  north of  the R i o  Grande R i ver and 86 mi l es off the B razos  

Ri ver to  a max imum of  1 30 s ta tu te mi l es a t  the  Texas-Lou i s i ana border . 

The i nner s he l f has  a very gentl e grad i ent  wi th the " s he l f brea k "  ( l i ne 

of  the grea test  c hange i n  grad i e n t )  occurri ng a t  approx imate l y  65  

fathoms ( Cu rray , 1 960 ) . 

G . 2 . 2 . 1 . 2 Freeport  Nearshore Area 

Bathymetry at the proposed d i ffuser area s hows that the reg i on 

cons i s ts of  a re l ati ve ly  smooth bottom and that bottom contours off 

Bryan Beach genera l ly  paral l e l the s hore . D i s tances between bottom 

contours i ncrease offs hore ; typ i ca l  d i s tances from shore for the 30 

foo t ,  60 foo t  and 90 foot i sobaths are 2 . 5 ,  6 . 5  and 1 9 . 5  mi l es ,  res pec­

t i vel y .  Bottom depths wi th i n  a 5 mi l e  rad i u s  of  the proposed d i ffuser 

s i te range from abo u t  1 6  feet  nears hore to  6 5  feet  offs hore . The  pro ­

posed 2000 foot d i ffu ser i s  l ocated i n  about 50 feet of  water . 

Uncerta i n ti es ex i s t  regardi ng the a pparent eros i onal  bottom envi ron­

ment in the area ; th i s i s  refl ected in the recommended he i g ht  of  the 

br i ne d i ffuser ri ser ports above the sea bottom ( 0  to 5 foot range ) .  

Bathymetri c charts prov i ded by NOAA are a compos i te of  a su rvey from the 

1 930 ' s  su perimposed by a 1 966 survey . The two surveys s how d i screpanc i es 

of  up  to ten feet wi th i n  the 40-foot contour .  Offs hore depths i ncreased 

over th i s peri od , wh i l e  Bryan Beach accreted through  depos i ti on several 

hu ndred feet seaward . On the bathymetr i c  charts the earl i er survey 

s hows sound i ngs  cons i derab ly  onshore of  the present s horel i ne ;  the 

i n tersecti on  of  the bri ne l i ne wi th the s horel i ne appears to be ha l f  a 

mi l e  a t  sea . These d i screpanc i es are mos t  l i ke l y  the res u l t of a s tep­

wi se  fu nct ion  re l ated to  s torms . Therefore , add i t i ona l su rveys 

a l ong the proposed bri ne l i ne route wou l d  be requ i red to confi rm the 
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bathymetry , to assess  changes over the pas t  decade , and to a s s im i l a te 

th i s i nformat i on i n  mak i ng a l l owances for depos i t i on or  s torm scour i n  

se l ecti ng the port r i ser he i g h t .  

T h e  mos t  promi nent nears hore features o f  the area off Bryan Mound 

i nc l ude s ha l l ow bays , barr i er  i s l ands , sand du nes , and re l ati vely fl a t  

mars h l and wh i ch i s  d i ssected by man-made fl ood control s tructures . 

Texas bays are genera l l y  sha l l ow and have rel at i ve ly  smooth s horel i nes . 

The  barr i er i s l ands range i n  wi d th from several hundred feet to three 

mi l es .  These i s l ands are separated from the ma i n l and by s ha l l ow coa s ta l  

l agoons . 

The Brazos and San Bernard Ri vers compri se the ma i n  source of 

sed iment and freshwater i nfl ow to the d i ffuser  area ( See Fi gure G . l - l ) .  

Sed iment d i scharge from the ri vers contri bute mos t  of the coarse sed iment 

neces sary to ma i nta i n the coa sta l  beaches and barr i er  i s l ands . Un l i ke 

most other Gu l f  Coast ri vers that fl ow i n to estuari es , the Brazos and 

San Bernard Ri vers have bu i l t  u p  del ta i c  p l a i ns d i rectly i nto the Gu l f  

o f  Mex i co .  Peak water fl ow i n  the area usua l l y  occurs i n  the wi nter and 

s pr i ng ; mi n imum fl ows occur i n  the l ate summer and early fa l l .  D i scharge 

from the Brazos and San Bernard Ri vers i s  summar i zed i n  Tab l es B . 2-4 

and B . 2-9 , respecti ve l y .  

G . 2 . 2 . 2  Water Temperature , Sa l i n i ty ,  and Dens i ty 

G . 2 . 2 . 2 . 1  Regi onal 

G . 2 . 2 . 2 . l . l  I n troduct ion  

The  mos t  compl ete and up-to-date rev i ew of  seawater properti es has  

been comp i l ed by the  Nat i ona l  Ocea n i c  and  Atmospher i c  Adm i n i s trati on  

( NOAA ) i n  thei r envi ronmenta l assessmen t  of  the  Sou th Texas conti nental  

s he l f  ( U . S .  Dep t .  of Commerce , 1 976 ) . Mos t of the accumu l ated data was 

prov i ded by Texas A&M Un i vers i ty ( TAMU ) and the Nat i onal  Oceanograph i c  

Data Center ( NODC ) . Add i ti onal  maj or contri butors were the Un i vers i ty 

of Texas Mar i ne Sc i ences I nst i tu te ,  the U . S .  Geo l og i ca l  Survey ( USGS ) , 

and the Nat i ona l Mar i ne Fi sher i es Serv i ce ( NMFS ) . A l though  there are a 

l arge number of oceanograph i c  observati ons i n  the Gu l f ,  the i r  overa l l 

geograph i c  d i s tri but i on i s  poor , espec i a l l y  i n  the v i c i n i ty of  the 

proposed d i ffu ser . 
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G . 2 . 2 . 2 . 1 . 2  Surface Water 

Temperature 

Month ly  d i s tr i but i on of surface temperature i s  presented i n  Fi gures 

G . 2-3  and G . 2- 4 .  The range of temperatures ( 540 to 720F ) at  the surface 

i s  the greatest  dur i ng January .  From February to May , tempera tures 

beg i n  to r i se  due to so l ar heat i ng , and the surface waters become nearly  

i sotherma l from J u ne ( 820F ) through September ( 820 to  850 F ) . Duri ng 

October , November , and December seasona l coo l i ng reestab l i s hes a therma l 

g rad i en t .  

Duri ng a l l bu t the three summer months  o f  J u ne , Ju l y ,  and Augu s t , 

the i s otherms are para l l e l to the s horel i ne wi th  the cool water found 

i ns hore . S ha l l ow water temperatu res genera l l y  i ncrease  i n  a southerly 

d i rec t i on a l ong the coa st  except dur i ng J u ne ,  J u l y ,  and Augu st , when the 

oppo s i te i s  true . 

A mi n imum average temperature of 540 F occurs i n  the nears hore zone 

i n  January ;  the max imum average temperature of 850 F i s  found i n  Augus t .  

Sa l i n i ty 

S im i l ar to surface i sotherms , the month ly  i so ha l i nes para l l e l the 

s hore l i ne dur i ng mos t  of the year  except from May to Augu s t  when l arge 

quanti t i es of fres hwater i nfl ow to the Gu l f  from the coasta l  Texas 

r i vers and the M i s s i s s i ppi  and Atchafa l aya Ri vers ( Fi gures G . 2-5  and 

G . 2-6 ) . Du r i ng the ra i ny season the i so ha l i nes progres s i ve ly  a l i gn 

normal to the s horel i ne ,  and su rface sa l i n i t i es i ncrease a l ong the coast  

and i n  the  offs hore d i recti on . Over the  s he l f ,  sou thwes t of Gal veston , 

s a l i n i ty va l ues  are marked ly  depres sed as  a resu l t  of the fres hwater 

i nf l ow .  By September the i so ha l i nes are aga i n  para l l e l to the coa st  and 

rema i n  so u nti l the fol l owi ng spri ng . 

Dens i ty 

Month l y  d i stri bu t i ons of surface dens i ty ( s pec i fi c  grav i ty ) are 

presented i n  F i g ures  G . 2-7  and G . 2- 8 .  Dens i ty i s  g i ven i n  terms of 

s i gma-t  ( at ) va l ues  where at = (p - 1 ) x 1 03 ; p i s  the spec i fi c grav i ty 

of seawater at  the part i cu l ar temperatu re and sa l i n i ty .  Dens i ty patterns 

G . 2 - 1 7 
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genera l l y  fol l ow the patterns of  temperature and s a l i n i ty ,  and hori zonta l 

gradi ents are usua l l y  s trongest from September through  Marc h , but deter io ­

rate dur i ng the s pr i ng a nd  s ummer ( Apri l throug h Augu s t ) . 

Throughout the yea r ,  the l owest  crt va l ues are found east and south­

east  of Gal ves ton . The m i n imum dens i ty ( crt = 1 5 )  l evel s occur i n  May 

a nd ref l ect the fres hwater i nf l ow from the M i s s i s s i ppi  and Atchafa l aya 

Ri vers . 

G . 2 . 2 . 2 . 1 . 3  Verti ca l  Secti ons  

Verti ca l  profi l es ( cross secti ons ) of  temperature , s a l i n i ty ,  and 

dens i ty have been constructed by NMFS ( Ga l veston ) and TAMU , and are pre­

sented i n  Fi gures  G . 2-9  through  G . 2- 1 1 .  Secti on  3 of the NMFS data a nd 

Secti on  B of  the TAMU data ( cru i ses 66-A- l a nd 66-A- 2 ) correspond to a 

transect ori g i nati ng i n  Ga l veston  and trend i ng SSE acro s s  the conti -

nenta l  shel f .  

Dur i ng the peri od of Octo ber through  Marc h , the s he l f  waters are 

near ly  homogenou s .  Wea k  verti ca l  temperature and s a l i n i ty gradi ents are 

observed , but they deteri orate offs hore . From March through  May , a 

thermal  gradi ent  deve l ops i n  the sha l l ow coastal  waters , but the near­

s hore l es s -sa l i ne water ( at depths l es s  than about 65  feet )  i s  near l y  

i so ha l i ne .  Therma l heati ng from the s un  conti nues dur i ng J u ne and J u l y ,  

a nd by Augu st  there are i sotherma l cond i ti ons to a depth o f  6 5  to 80 

feet ( 20 to 25 meters ) .  I n  the i ntermedi a te offshore zone , a s ha l l ow 

narrow band of re l at i ve ly  fresh  water remai ns from the s pr i ng runoff 

para l l e l to the s horel i ne .  

G . 2 . 2 . 2 . 2  Bryan Mound V i c i n i ty 

G . 2 . 2 . 2 . 2 . 1  Sa l i n i ty - Temperature - Dens i ty Rel ati ons h i ps 

Temperature - s a l i n i ty ( T -S ) re l at ionsh i ps devel oped from month l y  

over the s i de measurements ( F i gure G . 1 - 1 2 ) for a l l s tati ons a n d  a l l 

depths i n  the s tudy area are summar i zed for the per i od September through  

December 1 977  i n  F i gure G . 2- 1 2 .  The  data for  temperatu re and sa l i n i ty 

are presented separate l y  by month , on  Fi gures G . 2- 1 3a and G . 2- 1 3 b , 

res pecti vel y .  These T-S  re l ati ons h i ps show ,  by month , c l early de­

marcated water cond i t i o ns whi c h  occur primari ly  as  a functi on  of  

G . 2 -24 
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seasonal  coo l i ng from a September temperature maxi mum . The data s how 

that the s tudy area was rel at i ve ly  i so therma l i n  September and averaged 

about  290C ( 84 . 2oF ) ; the maximum water temperature for the per i od was 

29 . 90C ( 85 . 8o F ) . Sa l i n i ty concentrat ions  ranged from 30 . 72 to 34 . 86 ppt , 

the l atter va l ue bei ng c haracteri s ti c  of o uter-she l f water ; the average 

sa l i n i ty was 3 2 . 7  ppt . When water temperatures decl i ned i n  October and 

November the sa l i n i ty average i ncreased s l i gh t ly  but the range decreased . 

Duri ng th i s  s ame peri od , a pos i t i ve correl a t i on between temperature and 

sa l i n i ty became ev i dent  where l ow s a l i n i t i es corresponded wi th l ow 

temperatures . Th i s  corre l at i on  may be a ttri b uted to the effect of  warm , 

sa l ty outer- s he l f  water meeti ng rap i d l y  coo l i ng runoff from l and . 

I n  December , the T -S corre l at i on became even more pronounced and 

was refl ected i n  the e l ongat i o n  of  the data po i n ts a l ong the sa l i n i ty 

ax i s  ( Fi gure G . 2- 1 2 ) . Sa l i n i ty i n  December ranged from 27 . 32 to 

34 . 1 1  ppt , i nd i ca ti ng a conti nued freshen i ng of the water col umn but  

wi th l i mi ted mi x i ng wi th  o uter- s he l f water . The l ow sa l i n i t ies  corre­

sponded to a temperature m i n i mum of  1 5 . 7oC ( 60 . 30F ) . T he maxi mum 

temperature o bserved i n  December was 20 . 0oC ( 68 . 0o F )  and corresponded 

to the sa l i n i ty max imum of  the outer-she l f  water . 

G . 2 . 2 . 2 . 2 . 2  Verti cal Den s i ty Profi l es 

T he change i n  s tructure of  the water col umn over t ime and  space i s  

s hown i n  the verti cal  profi l es o f  sa l i n i ty ,  temperature , and dens i ty 

deve l o ped for a cross - s he l f transect a l ong the proposed p i pe l i ne rou te 

and a l ongs hore transect through the proposed d i ffu ser s i te .  T he pro­

f i l es are arranged by month , September through December , i n  F i gures 

G . 2- 1 4  through  G . 2- 1 7 .  

Dens i ty ,  wh i ch v ar i es d i rectly wi th  s a l i n i ty and i nverse ly  wi th 

temperatu re , was c a l cu l ated from sa l i n i ty and temperature o bserva­

ti ons  and i s  represented i n  terms of  the  vari ab l e s i gmat ( at ) :  

a t = ( p -l ) x 1 0  3 

where p i s  the ca l cu l a ted dens i ty i n  g/cm3 . As an  exampl e ,  for sea­

water wi th a dens i ty of 1 . 0200 g/cm3 , at = ( 1 . 0200 - 1 )  x 1 000 = 20 . 0 .  

G . 2-30 
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FI GURE G . 2- 1 6  Ve rt i cal  cros s secti ons  of s a l i n i ty ,  temperature and  dens i ty 
( A) trans s he 1 f ( S tat i ons 1 1 - 1 7 ) and ( B ) a 1 onash ore transe cts 
25- 4 )  for p roposed d i ffuser  s i te ,  November , 1 97 7 . 
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FI r,URE r, .  2- 1 7  Verti cal cross  secti ons  of sa l i n i ty ,  temperature and dens i ty 
( A )  trans shel f ( Sta ti ons  1 1 - 1 7 ) and ( R )  al on gshore transects 
25- 4 )  for p roDosed d i ffuser s i te ,  December 1 977 . 
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Thu s , 0t i s  ocea nographer 1 s  short hand to note the s i gn i f i cant 

porti on  of  numeri ca l ly sma l l b ut  important dens i ty d i fferences among 

water masses . The u n i ts of measurement  are g i ven by impl i cati on . 

As suggested by the T-S d i agram ( Fi gure G . 2 - 1 2 )  the mi nor degree 

of dens i ty s tructure observed for the s tudy area i n  September may be 

attri buted to i so l ated sa l i n i ty di fferences ( Fi gure G . 2 - 1 4 ) . I n  the 

cro s s - s he l f  profi l e ,  h i g her s a l i n i ty o uter-she l f  water i s  found i n  an 

i so l a ted b l o b  a l ong the shore ( S tati ons 1 1  and 1 2 ) and at  the she l l 

r i dge a bout 2 . 5  nauti ca l mi l es seaward of  the proposed d i ffu ser s i te 

( Sta ti ons 1 6  and 1 7 ) . 

I n  the l ongs hore profi l e ,  l ow surface sa l i n i t ies , suggesti ng mi xed 

remnants of ru noff , were observed roug h l y  4 mi l es u pcoa st  ( northeast ) 
and downcoas t  ( southwest ) from the di ffu ser s i te .  I so therms ( l i nes of  

constant  temperature ) in  the water col umn were es senti a l ly  verti cal  

except for the outer-shel f water wh i ch was l ocated o n  the bottom near 

the s hore and a t  the she l l r i dge . Dens i ty va l ues  i ncreased s l i gh tly  

a l ongs hore from northeast  to  southwest . The  vert i ca l  dens i ty grad i ents 

assoc i a ted w i t h  the bottom she l f water nearshore and a t  the she l l r i dge 

were 1 . 3 0t u n i ts i n  40 feet  of  water at S tati on  1 2  and 1 . 6 0t u n i ts i n  

64 feet o f  water a t  S tati on 1 7 ,  respect i v e l y .  I n  the immed i a te v i ci n i ty 

of the proposed d i ffu ser s i te ( Stati ons 1 3 ,  1 4 ,  and 1 5 ) , the water 

col umn was we l l -mi xed , and the observed s a l i n i ti es and temperatures 

tended to be c l u s tered abou t the mean va l ues ca l cu l a ted for the s tudy 

a rea as  a who l e .  

I n  October and  November ( Fi gures G . 2 - 1 5 and G . 2 - 1 6 )  dens i ty 

conti nued to i ncrease  whi l e  temperature decl i ned , as  prev i o u s l y  noted 

above but  the mean sa l i n i ty for the s tudy area i ncreased . The water 

co l umn was e i ther mi xed or on ly  weak ly  s trati fi ed for the peri od . 

The corre l a ti on o bserved between temperatu re and s a l i n i ty was asso­

c i a ted wi th  sma l l hori zontal grad i ents , wi th cool , fresh  water found 

primari l y  i n  the upper water col umn and c l ose to s hore . As i n  

September , the October and November sa l i n i ty and temperature measure­

ments i n  the  immed i ate v i c i n i ty of  the  di ffuser exh i bi ted a narrow 

range and were c l u s tered a bout  the mean va l ues as determi ned for the 

. who l e  s tudy area . 
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I n  December , the water co l umn changed marked l y  and exh i b i ted 

s i gn i fi cant vert i ca l  dens i ty s trati f i cat i on i n  the cross - s he l f and 

l ongs hore transects ( Fi gure G . 2 - 1 7 ) . Sa l i n i ty and temperature measure­

ments i n  the  s tudy area  showed s imi l ar s trati fi cati on . The  outer-she l f 

water as  refl ected by the 34  ppt i soha l i ne retreated to the she l l r i dge 

at  the bottom . The change i n  the profi l es sugges t that the source of  

coo l , fresh  water i n  the upper water col umn was  from the  s hore and from 

the northea s t  quadrant of the s tudy area . 

The mean c i rcu l at i on  pattern of  the enti re s tudy area changed be ­

tween m i d-November and  mi d-December 1 977 . Th i s  change res u l ted i n  

the i nfl ux  of fres h ,  coo l water wh i ch d i s p l a ced and overrode the warm , 

s a l ty water . Angel ov i c  ( 1 976 ) a l so presented data s howi ng that the 

on ly  source of  fresh  water to be to the northeas t  of the s tudy area 

dur i ng December .  He a l s o  s howed that the mean outfl ow of  the M i s s i s s i pp i  

R i ver i n creases from 6 . 5  x 1 03 m3/ s  i n  November to  9 x 1 03 m3/ s  i n  

December . Thu s , i t  may be hypothes i zed tha t  i n  the ear ly  fa l l  of 

1 977 , there ex i s ted a sma l l net transport of water toward the north ­

east  part o f  the s tudy area . I n  l ate fa l l , the c i rcu l at ion  pattern 

changed to a much  l arger net transport of  water toward the southwest . 

The resu l t of th i s  l atter net transport was to i n troduce fres h ,  coo l , 

but  l es s  dense waters from the northeast  i nto the s tudy area . 

G . 2 . 2 . 3  Cu rrents 

G . 2 . 2 . 3 . 1  Reg i onal  H i s tor i ca l  Data 

The i ns hore currents off the Texas coast l i ne have not been s tud i ed 

i n  detai l ,  b ut  i t  can be i nferred from the present l i mi ted fi e l d  work  

a nd other stud i es that the preva i l i ng set of  nears hore coas ta l currents 

i s  to the wes t  and southward . Water from the Mi s s i s s i ppi  Del ta area 

f l ows wes tward i n  the Gu l f  of Mex i co towards a zone of  convergence off 

the Texas  coas t .  The area of convergence changes from a l ocati on off 

the southern Texas coa s t  i n  the wi nter  to one near the Corpu s Cri st i ­

Freeport area i n  the ear l y  summer . The res u l tant surface water currents 

at any one t ime depend on  s everal factors , i nc l ud i ng the l arge- scal e  

permanent current , the t ida l  currents , and the wi nd dr i ft  currents . The 

s h i ft i n  the l ocat ion  of  the convergence area southward i n  the wi nter 
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conforms wi th c hanges i n  the wi nd- pattern s h i ft .  Th i s wi nd -pattern i s  

predomi nantly from the southeast  i n  early spri ng and summer , bu t i s  

predomi nantly from the eas t  i n  the fal l and the north i n  early wi nter . 

Water current  patterns off the Texas coas t  ( F i gu re G . 2 - 1 B )  suggest  

that t he  cu rrents s h i ft towards the northeast  off Freeport , Texas , i n  

J u ne and J u l y .  Th i s c i rcu l at ion  pattern was parti a l ly  confi rmed by a 

dr i ft-bo ttl e su rvey conducted du ri ng the summer and fa l l  of 1 973  as  part 

of the Seadock i nves ti gati on . The bott l es re l eased from the proposed 

Seadock p l a tform s i te i n  J u l y  were genera l ly  fou nd to the east  of 

Freepor t ,  bu t those rel eased i n  Augu s t  and September were found to the 

wes t  of Freeport . Cu rrent  measurements ta ken dur i ng the s pr i ng , summer , 

and fa l l  showed that current vel oci t i es genera l l y  ranged from 0 . 3  to O . B  

knots ( 0 . 5  to 1 . 4 ft/ sec ) . Maximum current ve l oci t i es of one to two 

knots occurred on severa l occas i ons . 

Curren t  i nformati on was obta i ned from the She l l O i l Company ' s 

Buccaneer P l a tform , l ocated 3B nau t i ca l  mi l es northeas t  of the proposed 

Seadock comp l ex a s  s hown on F i g ure G . 2- 1 B .  

Mon th ly  current rose s , measured 1 2  feet  be l ow the surface a t  the 

Buccaneer P l a tform ( F i gures G . 2- 1 9  and G . 2-20 ) , suggest  that the average 

s urface currents at the Buccaneer P l a tform are genera l ly  l es s  than one 

knot and appear to be primari l y  wi nd dri ven . The domi nant  d i recti on of 

the s urface current  was toward the wes t  from March through  June , bu t to 

the northeas t  between J u l y  and September . From October through  February 

the s urface cu rrent was qu i te var i a b l e .  

Mi d -depth ( 32 feet )  currents were ma i n ly  toward the wes t  from March 

through J u ne and to the northeas t  from J u l y  through  J anuary .  

Bottom ( 57 feet )  currents a t  the Buccaneer P l atform had predomi nantly 

wester ly  c�mponents for the months of February throug h  May and a l so 

dur i ng October ; duri ng J u l y ,  Augu s t ,  November and December the ma i n  fl ow 

was easterl y .  N o  bottom observati ons  were ta ken dur i ng June  and September . 

The s trongest  currents wi th s peeds greater  than 5 1  cm/ sec ( 1  kno t )  were 

recorded i n  J u l y  and Augu s t .  Approxi mate l y  1 5  percent of the t ime the 

set of these currents wa s to the northeas t .  
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Commerc i a l  trawl ers report that pronounced di fferences between 

s urface and bottom c urrents occur i n  the s ha l l ow water of the nears hore 

reg ion  espec i a l ly  dur i ng the summer months and th i s  reverse fl ow of 

s urface and bottom currents ma kes trawl i ng w ith  nets d i ffi cul t .  

G . 2 . 2 . 3 . 2  Ob served Cu rrents - Bryan �1ound V i c i n i ty 

G . 2 . 2 . 3 . 2 . 1 Over-the-S i de Current Meter Mea surements 

Over-the- s i de current measurements were ta ken 7 to 1 0  feet bel ow 

t he surface , at m id- depth , and 7 feet a bove the bottom . Mean current 

speeds decreased w ith  depth as expected , dur i ng the Octobe r ,  November ,  

and December cru i ses . On the September cru i se ,  however , the mean bottom 

c urrents were actual ly  fl owi ng fas ter than the su rface currents . T h i s  

cou l d  b e  exp l a i ned by the pas sage o f  a storm a day o r  two before the 

mea surements were ta ken . I n  th i s ca se ,  the energy imparted to the 

bottom waters wou l d conti nue to be a dr i v i ng force even after the storm 

had s ub s i ded .  The range of current speeds a t  a l l th ree l evel s wa s the 

l owest  ( 2 . 6 to 28 . 3  cm/ sec ) dur i ng November and the greatest ( 7 . 7 to 

64 . 3 cm/sec ) d u r i ng December .  Tabl e G . 2- 7  presents a stat i s t i ca l  s ummary 

of  the current data o bta i ned duri ng the 4-month i n terval . 

The bottom current speeds meas ured at Stat ion  1 4  ( propo sed nears hore 

s i te )  were greater than the ca l cu l a ted month ly  means for a l l stat i o ns 

except i n  December for wh i c h  case the di fference is  i n S i gn i f i cant .  In  

September a nd October , the speeds measured at  Sta t i on 1 4  were greater 

t han the mean ,  p l u s  one standard dev i at i on . 

Cu rrent d i rect i on meas ured i n  December s howed a genera l fl ow i n  a 

northerly-northeasterly  d i rection  ( F i gures G . 2-21 , G . 2-22 , and G . 2- 2 3 ) . 

Th i s  i s  the oppo s i te behav i or  to what wou l d  be expected dur i ng t h i s  t ime 

of the year .  Cu rrent d i rect ion i n  t he  bottom waters appears more cons i s­

tent between s ta t i ons than the upper waters , proba bly due to the decreased 

i nfl uence of wi nd and t i de and runoff .  

I t  s hou l d b e  noted that the speed and di rect ion  o f  a n  over-the-s i de 

c urren t measurement are usua l ly  h i g h ly  vari a bl e ,  as  mean speed and 

d i rect i on a re v i sua l ly  est imated from i n s trument need l e wh i c h  fl uctuates . 
I n  most  i ns tances , s peed recorded i s  a good est imate of the mean s peed . 

Th i s  may not be true for the current d i rect i on recorded . 
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TAB L E  G . 2- 7  Stati s ti ca l  prooert i es o f  the over- the- s i de curren t meas u reme n ts for September 
th rouqh Oecember  1 9 7 7 . 

�10 �nH 

To p 

Sep t .  f-ii d d l  e 

Bo ;�tom 

To p 
Oc t .  �'� � ddl e 

Bot tom 

Top 

No v .  a rl; i dd i  e 

Bottom 

Top 

Dec . �1 i ddl  e 
Bo ttom 

M I N .  S P E � D  I �m/ s \  D 
-' ::'_' ' ' -' .-

Ai 1 Sta : i ons  

1 0 . 3  
7 . 7 

1 0 . 3  

1 i . 3 
� , !J .  ! 

5 . 1 

5 . 1 
2 . 6  

2 . 6  

1 5 . 4  
1 3 . 9  

7 . 7  

�'i,il,x .  S P E E D  �·iEAN S P E E D  
( Ce1/ s )  ( cm/ s ) 

Stat i on 1 4  
Al l st�. t � o )')s  Al l Sta t i ons  Propos ed S i te 

3 2 . 4  2 3 . 1 30 

48 . 9  27 . 3  3 3  

43 . 7 28 . 8  40 

33 . 6  2 (' ? v . J  34 

4 0 . 1  1 8 . 9 38 
3 6 . 5  1 5 . 4 3 6  

2 8 . 3  1 8 . 7  1 5  
2 4 . 7  1 5 . 9  2 1 
2 3 . 1 P . l  1 7 

64 . 3  2 0 . 6  3D 

48 . 9  2 7 . 9  3 3  

3 7 . 0  2 1  . 8  2 1  

a
On 1 y  t he data from 1 7  � J v ember ( 1 9  stat i ons ) were used i n  t h e  Nove�ber computa t i on s . 

b , m/ - ?  � Q  � ' 0-
2 fE �t / � ec I c , , '  s ec  - " .  '-U '" , .'" I ::>  • 

SOURCE : Texas A & M ,  1 9 7 8 .  
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( CfTI/ s ) 

6 . 2  
9 . 8  

9 . 8  

7 . 1 

8 . 6  

7 . 6  

6 . 2  
4 . 5  

4 . 7 

1 3 . 0  

8 . 0  

6 . 0  
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G . 2 . 2 . 3 . 2 . 2  Fi xed Cu rrent Meter Measurements 

Ob served Cu rrents 

Ana l ys i s  of a cu rrent speed h i stogram and di rect i o na l  p l o t ,  ( F i g ure 

G . 2-24 ) devel oped from ..:!.!l. s i tu current meter meas urements ta ken at the 

a l terna t i ve s i te 1 0 . 9  na ut i ca l  mi l es offs hore in 68 feet of water , 

s howed that speeds ranged from 0 to 53 cm/ sec ( 1  knot ) ,  but  most  frequent ly  

t he speed was between 5 and  30  cm/sec . On ly  one i ns tance of a rotary 

t i de ( Ju l i an days 2 to 3 )  was o bserved , when the current speed was very 

l ow.  The  predomi nant d i rection  of current fl ow i s  to the south ; one 

conti nuous  event wa s noted wh i c h extended over a per iod  of fi ve days 

( Ju l i an days 360  through  365 ) .  At the beg i nn i ng of the record , the 

c urrents fl owed genera l ly  i n  a northerly  d i rect i o n for several days . 

Vel oc i ty Scatter P l ots 

A scatter p l o t of ha l f- hour ly  current vel oc i ti es ( u  i s  pos i t i ve 

northwa rd ,  v i s  pos i t i ve ea stward ) i s  s hown i n  F i gure G . 2- 2 5 .  Scatter 

p l ots can be u sed to eva l uate current meter be hav i o r ,  and li the presence 

of  a ' ho l e '  around the zero speed po i n t may i nd i cate a tendency for h i g h  

meas ured speeds i n  l ow fl ow cond i t i ons ( i . e . , h i g h  start i ng speeds o r  

wave- i nduced contami nat i o n l l ( Beards l ey ,  Bo i co u rt and Huff , 1 977 ) . 

S i mi l ar l y ,  t he. presence of a I I h o l e l i i n  the band i n  the ESE- �'JSW  q uadrant 

( 3 550 to 2 1 0 ; 5 50 to 350 and 241 0 to 2600 ) wi thout  any speed or d i rect i ona l 

data po i nts  i nd i cates a d i rect i o nal  ma l functi on i n  the cu rrent meters . 

These ho l es may be attr i buted to 1 )  prox im i ty of the meter to metal i c  

anchors o r  we i g hts , wh i c h wo u l d affect the magneti c co�pass  o r  2 )  an 

u n ba l anced meter s i nce meter spec i f i cat i ons s uggest a ma xi mum t i l t  of 

1 50 or  d i rect i o nal  mea surements wi l l  be adverse ly  affected . These 

d i fferences wi l l  i nfl uence the or i entat i o n  of the pri nci pal axi s ,  a l though  

i t  may be affected by other factors . 

The  scatter p l ot  ex h i b i t s  a broad e l l i p s e ,  wi th the grea test  concen­

trat ion  of poi nts fa l l i ng in the southwest  quadrant . The pr i nc i pa l  ax i s 

of the el l i p s e  c l ose ly  paral l e l s  the shorel i ne and the offs hore bat hymetry 

and trends i n  a northeast-southwest d i rect ion . 
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r�ean Currents 

Curren t speeds were fi l tered u s i ng a 49- po i n t  runn i ng a verage and 

the data devel oped to presen t the average vel oc i ty vector for every 

s i xth hour ( Fi gure G . 2- 26 ) . The average vel oc i t i es ranged from l es s  

than 5 cm/sec ( s tagnati on ) to approximate ly  4 0  cm/sec .  The predomi nant  

fl ow d i rect ion  was a l ongshore to the southwest . Th i s  behav i or  pers i s ted 

d ur i n g  the major porti on of the record ( December 26 , 1 977 , to Janua ry 3 ,  

1 978 ; J u l i a n  days 360 through 2 ) .  Du r i ng the ear ly  porti on of the 

record , the s t i c k  d i a gram s hows a s trong northwa rd fl ow;  a very wea k 

o n s hore fl ow occurred duri ng the fina l  day and a ha l f . 

Progress i ve Vector D i agrams 

A progres s i ve vector d i a gram ( PVD ) i s  constructed by i ntegrat i ng  i n  

t ime each  ha l f- hour ly  vel oc i ty vector . Parti cu l ar care mus t  be taken i n  

the i n terpreta t i on o f  a PVD , because  i t  does not represent the mean 

dr i ft d i rect i o n .  I n  the a bsence o f  a dri ft current , t i da l  forces become 

predomi nant and produce a fl ow pa ttern of overl app i ng l oops w ith  l i ttl e 

or  no net d i sp l acement .  As the s trength o f  the dri ft current i ncreases , 

t he l oops become separated and may di sappea r ent i re ly  i f  the dr i ft 

vel oc i ty prevents a t i da l  reversa l .  

The PVD ( Fi gure G . 2-27 ) s hows a cons i s tant  a l ongshore dri ft . 

Du r i n g  the fi rs t  4 days ( J u l i an  days 356  to 360 ) the dri ft wa s tovlard 

t he northea st  s h i ft i ng to the southwest for the remi ander of the record . 

The d r i ft current predomi nates throughout the record wi thout  any rotary 

t i da l  cyc l es ev i dent .  

G . 2 . 2 . 4  Waves and T i des 

The d i s tr i but ion  of wave he i g hts dur ing  the year c l ose ly  fo l l ows 

w i nd vel oc i ty .  Mi n imum wa ve he i g hts occur  duri ng J u l y  and August ; 

max imum wave he i g hts occur from December through February .  Genera l l y ,  

wave hei ghts i ncrease from north to south a l ong the coa st  and i n  a 

s eaward d i rect ion  for a l l months . Waves greater than 1 1  feet have been 

o bserved dur i ng a l l months ( Fi gure G . 2- 28 ) .  Wave he i gh ts greater than 

20  feet have been o bserved from September to Apri l and in June . S i gn i fi ­

cant ( a verage o f  the h i g hest  one- th i rd waves ) wa ve he i g hts a s  d i scussed 
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FI GURE G . 2- 26 . Ave raqe vel o c i ty s ti ck d i aqram .  ( nata taken from a l ternati ve d i ffuser l ocati on ) . 
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by Brower et .  a l . ( 1 972 ) for the Ga l ves ton- Freeport area and stati st i ca l  

est imates i nd i cate the fo l l owi ng pred i ct i o ns for the proposed d i ffuser 

area : 

Mean Recurrence I n terva l 5 yea r 1 0  year 25 yea r 50 year 

Max imum S i g n i f i cant  Wa ve He i g ht  ( feet ) 29 32 37 4 1  

These pred i c ted va l u es wou l d  be  expected on ly  i n  deep wa ter area s ;  i n  

s ha l l ow wa ters wave he i g ht wou l d  be  l i m i ted to about  0 . 78 of  the water 

depth beca use of the affect of th i s  area to produce brea k i ng i n  h i g h  

waves . 

Observa t i o ns co l l ected by the Na t i onal  C l i ma t i c  Center between 1 884 

and 1 973  i nd i cate tha t a med i a n  wave he i ght  average of 3 . 4  to 5 . 0  feet 

ca n be expected from November through  May and 1 . 5 to 3 . 4  feet from June 

throug h  October ( U . S .  Dept  of Commerce , 1 976 ) . But these med i a n hei g hts 

a re b i a sed s i nce i t  i s  recogn i zed that report i ng s h i p s tend to avo i d  

a reas wi th severe weather o r  h i g h  waves . 

T i des at  Freeport Ha rbor are predomi na ntly d i u rna l , and the pred i cted 

t i da l  range i s  1 . 8 feet ( U . S .  Dept .  of Commerce , 1 977e ) . Nea r the d i ffu ser 

s i te ,  t i des have a ver t i ca l  ra nge of about  3 feet . T i da l  ve l oc i ty over 

the s hel f ( i nc l ud i ng the d i ffuser s i te ) i s  approximately 0 . 5 knots ( 0 . 8  

ft/ s ) , but  i ncrea ses by severa l t imes near some Bay entrances . 

Moderate wi nds can produce fl uctuat i ons i n  the t i d a l  ra nge of up to 

3 feet i n  s ha l l ow estuar i es a l ong the Gul f Coa s t .  Hurr i canes can produce 

s u rges of up to 1 5  feet .  Se i c h i ng act ion  i n  the bays i s  common and i s  

u s ua l ly  i nduced by wi nds ; however , c hanges i n  barometr i c  pressure can 

a l s o mod i fy the water l evel s .  

The contro l l i ng dynam ic s  of the t i de i n  the western Gu l f are not 

we l l  understood . The predomi na nt d i urna l t i de is  thought  to be ca used 

by coo sc i l l at i on wi th the At l a nti c ( Zetl er and Hansen , 1 972 ) . P l a tzman 

( 1 972 ) fee l s tha t the hypothes i s  of resonant  osc i l l a t i on wi th d i urna l 

forc i ng may be va l i d .  
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G . 2 . 2 . 5  Sed iments 

G . 2 . 2 . 5 . 1 Reg i onal  Stratigraphy 

Surfi c i a l  sed iments of the northwestern Gu l f  of  Mex i co cons i st of a 

b l a n ket of Hol ocene ( Recen t )  sands , s i l ts ,  and cl ays . The Ho l ocene 

sed iments overl i e  the P l e i stocene Pra i r i e  format ion  and are d i v i ded i n to 

two fac i es - the ba sa l  nears hore sands and the shel f fac i e s (muds , s i l ty 

c l ays , and c l ayey s i l ts ) .  The ba sa l  sands were depo s i ted dur i ng the 

mar i n e  transgres s i on fo l l ow i n g  the Wi scon s i n  g l ac i ati on . These  sands 

are exposed at  the surface cl ose  to shorel i ne and acro s s  most  of the 

conti nenta l s he l f off of eastern and southern Texas and western Lou i s i ana . 

The  s he l f fac i es overl i e  the ba sal  sands off the centra l port ion  of 

Texas and most  of Lou i s i ana . The thi c kness  of these Hol ocene sed i ments 

i s  genera l l y  l e ss  than 20 feet in areas where the ba sa l  sands have not 

been bur i ed by the s hel f fac i e s .  

Textura l l y ,  abo u t  ha l f  o f  the bottom sed iments are po l ymoda l m i xtures 

of  var i ous  sed i men t  ma sses  depos i ted on the she l f dur i ng the a l ternat i n g  

periods  of postgl ac ia l  acti v i ty .  These bottom sed iments have e i ther 

been rewor ked by burrowing  organi sms or  by storm surges asso c i a ted wi th  

hurri cane waves . The  sa ndy sed iments off the  centra l Texas coa st  are 

orthoquartz i tes . Freq uent ly  the sed iments  conta i n  a mi xture of sha l l ow 

and deep s he l f fauna s . The outer she l f s i l ty c l ays conta i n  sand - s i zed 

forami n i fera and ech i no i d  fragments . Gl aucon i te i s  an a bundant const i tuent 

of  the rel i c t ba sa l  sands in the outer she l f ( Curray , 1 960 ) . 

G . 2 . 2 . 5 . 2  Loca l L i thol ogy 

Recent sed iments i n  the l ower Brazos Ri ver and Gal ve ston  I s l and  

areas are present ly  be i ng depo s i ted on the l a te P l e i s tocene Pra i r i e  

format ion  ( Bernard , Major , Parrott and LeBl anc , 1 97 0 ) . The th i c kness  of 

t he ear ly  and l a te Recent sed iments i s  reported to range from a few feet 

to 50 feet a l ong  the coa st  between del ta i c  area s , and from a few feet to 

30  feet on  the s hel f off the i n terde l ta i c  area s ( LeB l anc and Greenman , 

1 953 ; Greenman and LeBl anc , 1 95 6 ) . Curray ( 1 960 ) s ta tes tha t :  

A p l ume of modern shel f fac i es o f  s i l ty cl ay 
extends offs hore and to the wes t from the mou ths  
of  the Co l orado and  Brazos Ri vers at  about  Long i tu de 
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960 . The outer edge of thi s  pl ume l i es at  a max imum 
depth of 1 5  fathoms and a max imum d i stance of 2 1  
mi l es from s hore . Any depos i ti on outs ide  of th i s  
p l ume edge i s  apparentl y s l ow wi th respect to the 
rate of acti v i ty of the burrowi ng organ i sms , so 
that i t  i s  be i ng reworked i nto the sandy sed iments 
of the ba sa l  fac i es . The max imum rate of sedimenta ­
t i o n  of these s he l f muds mus t  then l i e wi th i n  the 
p l ume , i . e . , not farther than 21  mi l e s  from s hore , 
and probab ly  nearer to the center of the pl ume , 
approx imate l y  1 0  mi l es from s hore . 

The proposed bri ne d i ffu ser s i te i s  l o cated on the su baqueous de l ta 

of the Brazos R i ver ;  sediments are primari ly  fi rm cl ays overl a i n  by a 

th i n  l ayer of very soft s i l t , wh i ch may s h i ft duri ng peri ods of s tormy 

weather . The  c l ays at  the sha l l ower sampl i ng s tati ons are red , g ray , 

or , i f  b i otu rbati on has  been extens i ve ,  mottl ed red-gray ; g ray c l ay 

occurs at  the deeper s tati ons . 

Matti son ( 1 948 ) reported that fou r  groups of coral heads were 

l ocated 8 mi l es off the Brazos Ri ver . These groups  vari ed from 36 feet  

to  48  feet i n  depth and ri se  from 1 2  to  18  feet from the  surround i ng 

depths . A tota l  of 1 0  heads were found i n  three of the groups wh i ch had 

a d i s tance of a bout  2 mi l es between the groups . Coral reefs requ i re 

defi n i te l i mi ted cond i t ions  for growth , such  as c l ear wate r ,  water 

temperatu re of a bou t 700 F a�d h i g h  sa l i n i ti es . Cora l s cannot to l erate 

l ow sa l i n i ti es and are k i l l ed by fres hwate r .  For these and other 

reasons i t  i s  not expected that the coral heads reported by Matti son are 

act ive ly  growi ng heads . These coral heads fa l l  wi th i n  the fi s h i ng areas 

known as  Ea st  Ban k ,  M i dd l e  Bank , and West  Ban k .  These three s i tes  have 

a l so been recorded a s  l ocati ons  where shrimpers have snagged the i r  nets 

( Graham , 1 973 ) . The west  coral head reported by Matti son , the Wes t  Ban k 

fi s h i ng area reported by Graham , and a mound l ocated duri ng a 1 973 

geophys i ca l  su rvey ( S EADOCK ,  1 97 5 )  are in the s ame area ( F i gu re G . 2-29 ) . 
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G . 2 . 3  CHEM I CAL OCEANOGRAPHY 

At the proposed d i ffuser s i te ,  water chemi stry ( for  exampl e ,  d i sso l ved 

oxygen ( DO ) , pH  ba l ance , nutri ents , organ i c  carbon , trace meta l s ,  hydro­

carbons and s uspended matter ) i s  strong ly i nfl uenced by the s easonal  

var i ab i l i ty in  the d i sc harges of the Brazos and San Bernard Ri vers , by 

the exchang e proces ses wi th adj acent bays , and by � s i tu degradat i on 

proces ses . 

G . 2 . 3 . 1  Di sso l ved Oxygen and pH Bal ance 

Di sso l ved oxygen l evel s in the area of the proposed d i ffu ser  are 

g enera l ly  a bove 5 . 0  mi l l i grams per l i ter  (mg/ l )  ( SEAOOCK , 1 97 5 ) . Occa­

s i onal ly  l ow DO va l ues were measured near the bottom of the water co l umn 

duri ng the warm sea sons of the year ( Tabl e G . 2-8 ) ;  however ,  these l ow 

l evel s d i d  not pers i st for l ong peri ods . Two SEAOOCK stat i ons  ( Nos . 22 

and  28 , F i g ure G . 2-30 ) s howed oxygen val ues of l es s  than 5 mg/ l  dur i ng 

more than one s ea son . I n  the v i c i n i ty of the proposed d i ffuser s i te ,  DO 

l evel s of 7 . 5 to 8 . 0 mg/ l  were measured i n  the spri ng ( FEA , 1 97 7 b )  and 

oxygen l evel s were rel at i ve ly  homogeneous throughout the water col umn . 

Fi ve-day bi ochem ica l  oxygen demand ( BO D )  val ues i n  the water col umn 

were l ow and usua l ly  l e ss  than 3 parts per mi l l i on ( ppm ) ; sed iment BOD 

va l ues were h i g her  than those of the water co l umn ( Tabl e G . 2-8 ) . Dur i n g  

t he  s ummer at  S EAOOCK Stati on 28  near t he  proposed di ffuser  s i te ,  BOD 

va l ues were l es s  than 1 ppm for surface and m i d -water sampl es , and 2 ppm 

for bottom sampl es . The h i g hest sed iment BOD va l ue was 340 ppm measured 

at the 0-8 cm i nterval . Sed iment chem ica l  oxygen demand (COD ) ranged 

from 1 800 to 24 , 000 ppm offshore and 400 to 1 6 , 000 ppm nears hore . The 

BOD and COD val ues reported for the di ffuser  area ( Tabl e G . 2-8 ) are not 

u nusua l  for coasta l  waters  ( S EAOOC K ,  1 97 5 ) .  

Al ka l i n i ty val ues range from 1 06 to 1 40 mg/ l  i n  nears hore waters 

and from 1 24 to 1 46 mg/ l  i n  offs hore waters . At the d i ffuser s i te 

( SEAOOCK Station  28 ) a l kal i n i ty measurments averaged a bout 1 33 mg/ l 

( Ta bl e  G . 2-8 ) .  

The water col umn pH  i n  the study area i s  norma l for coastal  areas , 

a nd  ranged from 6 . 3  to 9 . 0 .  At the di ffuser  s i te a p H  of 8 . 4  wa s reported 

( F EA , 1 977b ) .  A pH val ue of 8 . 2  i s  norma l for open ocean waters . 
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TABLE  G . 2- 8  Di s s ol ved  oxyqen and nH b a l ance narameters at Stati ons i n  the vi c i n i ty of the 
p roposed  bri ne d i ffuser s i te .  

DO BO D CO�) Al k a l  i r. i ty 

(i:ig! 1 ) ( ppm ) ( p�m ) (mg/ l  ) pH E h  

S P R I NGa 

Surface 6 . 5 < 1  1 30 

�j i d 6 . 8 < 1  1 3 1 
Bottom 0 . 2 2 1 36 
Se:d 0-8 cm 34\.., 5800 7 . 3 +62 

Sed 1 6- 2 5  cm 2 5 0  8700 

S P R I NGb 
S u r fa c e  8 . 0 8 . 4  
t1i d 7 . 5 8 . 4  
Bottom 7 . 5  8 . 4 

SUM�ERa 

S u r face 6. 2 

Mi d 5. 7 
Bottom 4. 9 
Sed i men t 1 1 300 7 . 6  - 7 3 

AUTUi·1N 

Sed 0- 1 0
c 7 . 55 

Sed 1 0- Z 0
c 7 . 85 

Sed 20-30
c 7 . 55 

Sed
d 7 . 80 

Sed
e 7 . 4 7  

a SEADOCK , 1 97 5 ;  S t a t i o n  2 8 .  
b

F E A ,  1 97 7 o ; s amp l ed a t  t h e  proposed d i ffu ser s i te .  
c

Texa s A&M , 1 97 8 ;  mear. o f  S t a t i ons L a r.d N .  
d

Texa s A&M, 1 97 8 ;  mea n o f  s e d i ment depths 0-40 em , Sta t i o n  9 .  
e

Texas A&M , 1 97 8 ;  mean o f  sed i ment depths 0- 30 c m ,  Sta t i on 2 0 .  
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FI GURE G . 2- 30 .  S EADOC K s tudy stati on l ocat i ons  ( depth contours  i n  feet ) .  
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The range of sed iment pH val ues ( 6 . 0 to 9 . 3 )  i s  wi der than those  of 

the water col umn . Spri ng , summer , and fa l l  sed iment p H  val ues at  a 

s tati on  near the d i ffuser  were 7 . 3 ,  7 . 6 and 7 . 65 ,  respecti ve ly .  The 

redox poten t i a l  ( Eh )  va l ues  of  +62 and -73 , s how that the sed iment 

changed from an oxi d i z i ng envi ronment in the wi nter and spri ng  to a 

reduc i ng env i ronment i n  the summer ( Tabl e G . 2-8 ) . 

G . 2 . 3 . 2  I norgan i c  Nutr i ents and Organ i c  Carbon  

I no rgan i c  nutr i ent  ( N H3 , N02 , N03 and P04 ) l evel s i n  the  water 

co l umn of  the s tudy area ( Ta bl e G . 2- 9 )  were often l ow ,  but i ncreased i n  

l ate wi nter . Low i no rgan i c  n i trogen va l u es were found i n  the sed i ments ; 

however , organ i c n i trogen ( a s  mea sured by tota l Kj e l dah l  n i trogen ) was 

pres ent ( S EADOCK  Stati on  28 ) i n  the sed i ment at  l evel s rang i ng  from 360 

to 405 ppm . Sediment phosphate val ues were a l so h i gher  than  those  

measured i n  the  water col umn . 

Tota l organ i c carbon  ( TOC ) i n  the offs hore and nearshore waters of 

the reg ion  off Freeport , Texas ranged from 1 to 30 ppm with most  sampl es , 

i nc l ud i ng those near the d i ffuser s i te ,  conta i n i ng 1 0  ppm or l es s . 

Organ i c  materi a l  measured reg i ona l ly i n  the sed iment , i n  percent of 

vo l ati l e  so l i ds ,  ranged from about  1 to 8 percent in nears hore and 

offshore area s .  Samp l es  o bta i ned near the d i ffuser  l ocati on were genera l ly  

i n  t he  mi ddl e of  th i s  range ( S EADOCK ,  1 97 5 ) . Means of other sediment 

va l ues  at  the proposed s i te ( Texas A&M , 1 978 ) ,  ranged from 6 . 2  to 6 . 8  

percent vo l ati l e  so l i ds and 0 . 53 to 0 . 7 1  percent organ i c  carbon . I n  a 

s tudy of  the Buccaneer O i l Fi el d ,  36 mi l es northea st  of the d i ffuser  

s i te ( U . S .  Dept .  of  Commerce , 1 977b ) ,  sed i ment TOC  ranged from 0 " 1  

percent to j ust  under 1 percent w i th a mean of 0 . 33 percent ( U . S .  Dept .  

of  Commerce , 1 97 7b ) . 

G . 2 . 3 . 3 Heavy Meta l s 

Heavy meta l concentrations  have been measured i n  vari ous  stud i es 

i n  the v i c i n i ty of the bri ne d i ffuser s i te .  These  resu l ts are presented 

i n  Tabl e G . 2- 1 0 .  So urces o f  trace meta l s i n  coastal  mar ine  waters are 

general l y  l and  eros i on ,  runoff , and i ndustr i al o r  mun i c i pa l  d i s charges . 
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TABLE G . 2- 9  I norgan i c  nu tri en t  and organ i c  carbon parameters a t  s tat i ons  i n  the  v i c i n i ty o f  the proposed 
d i  ffuser s i te .  

Tota l 
NH3 NO N03 Kjel da h l  N PO TOe % Vol a ti l e  

( p pm )  ( pp� ) ( p pm )  ( ppm ) ( pp� ) ( ppm ) Sol i d s  % Organ i c  C 

SPRI NGa 

Top <0 . 01 <0 . 01 0 . 02 <0 . 1 3 

M i d  <0 . 01 <0 . 01 0 . 02 <0 . 1 9 

Bottom <0 . 01 <0 . 01 0 . 03 <0 . 1 4 

Sed 0-8 cm <0 . 03 <0 . 02 360 2 . 9  4 . 8  

Sed 1 6-25  cm <0 . 03 < 0 . 02 405 4 . 8  2 . 3  

SU�1MERa 

Top <0 . 01 <0 . 01 <0 . 01 <0 . 1 1 0  
� 

M i j  <0 . 01 < 0 . 01 <0 . 01 <0 . 1 8 . 
N I 
C"I Bottom <0 . 01 <0 . 01 <0 . 01 0 . 2 1 0  

Sed i ment 0 . 44 8 . 5 365 1 . 6 4 . 7  

AUTUMN 

Sed 0- 1 0 cmb 6 . 2  0 . 69 

Sed 1 0- 20 cmb 6 . 35 0 . 7 1 

Sed 20-30 cm b 6 . 8  0 . 6 1 

Sedc 5 . 1 3  0 . 5 3  

Sedd 5 . 87 0 . 65 

a
SEADOCK , 1 97 5 ;  Sta tion 28 . 

bTexas A&M , 1 978 ;  mean of Stat i ons  L and N .  
cTexas A&M , 1 978 ;  mean  of sed iment depths 0-40 cm , Sta t i on 9 .  
dTexas A&M , 1 978 , mean of sed iment depths 0-30 cm , Sta t i on 2 0 .  



G) 

N 
I 

(j) 
N 

TAB LE G . 2- l 0  Heavy metal  con cen tra ti ons  frOf11 vari ous 
B ryan ��ound b ri ne di  ffuser  s i te .  

SPRINGa 

Surface ( ppb ) 
Mid  ( ppb ) 
Bottom ( ppb ) 
Sed 0-8 cm ( ppm ) 
Sed 1 6-25 cm ( ppm )  

SPR I NGb 

Surface ( Ug! l  ) 
Mi d ( ug/l  ) 
Bottom ( Ug! l  ) 

SUMMERa 

Surface ( ppb ) 
Mi d ( ppb ) 
Bottom ( ppb )  
Sed (ppm) 

SUMMERc 

Surface ( ppb ) 
M id  ( ppb ) 
Bottom (ppb ) 

AUTUMNd 

Sed 0- 1 0  cm (mg/kg dry wt )� 
Sed 1 0-20 cm (mg/kg dry wt )d Sed 20-30 em (mg/kg dry wt ) 
Sed (mg/kg dry wt )� 
Sed (mg/kg dry wt ) 

aStation 28 ; Seadock ,  1 975 .  

As  Ba 

79 
1 3  

< 50 30 
< 50 30 
< 50 30 

71 

<20 
<20 
<20 

B Cd Cr Cu 

3 . 0  
0. 5 3 . 3  
0 . 2 1 . 3  

1 5 . 0  1 0 . 0  
8. 0 9. 0 

2760 8 60 18 
2800 8 60 1 8  
3700 6 90 1 7  

<0. 1 l . 1  
<0. 1 <0. 5 
<0. 1 0 . 9  
0 1 7 . 0  9 . 0  

<1 . 0 <0. 5 1 . 2  
<l . 0 <0. 5 1 . 6  
< l .  0 <0. 5 l . 2  

<0. 1 1 7 . 5  1 0 . 1 
<0. 1 1 8 . 0  9. 65 
0. 1 4  23 . 0 1 0 . 45 

<0. 1 1 5 . 25 7 . 75 
<0. 1 1 8 . 33 8 . 9  

bsampl ed a t  the proposed di ffuser s i te ,  tota l meta l s ;  FEA ,  1 97 7 .  

Ag 

< 2  
< 2  
< 2  

<0. 5 
<0. 5 
<0. 5 

s t ud i es i n  the v i c i n i ty of the orooosed 

Fe Pb Mn Hg Ni Sb Se V Zn 

< l . 0  < 1 . 0  21 . 0  
< 1 .  0 < 1 . 0  1 9 . 0  
< l . 0  < 1 . 0  1 4 . 0  
2l . 0  303 0 . 036 1 9 . 0  1 6 . 0  42 
1 3 . 0  39 0 . 070 66 .0  2 . 0  1 3 5  

230 1 3  2 . 9  60 < 1 0  <80 120 
230 1 3  2 . 4  70 < 1 0  <80 1 20 
220 1 3  2 . 1  70 < 1 0  <80 1 20 

4 . 2  < 3 . 0  < l . 0  1 . 6  
< 1 . 0  2 . 6  4 . 8  
< 1 . 0 <1 . 0  3 . 7  
20 . 0  260 0 . 059 1 0 . 0  1 1 . 0 48 

2 l . 6  0 . 2  4 < 1 0  <20 5 . 3  
4 2 . 1  0 . 1 7  4 < 1 0  <20 3 . 7  
2 1 . 8 0 . 2  4 < 1 0  <20 3 . 2  

1 5035 7 . 7  51 7 . 5  0 . 1 1  31 . 0  54 
1 4355 7 . 35 470 . 0  0 . 08 27 . 5  51  
1 7390 7 . 25 500 . 0  0 . 075 36.0 55 . 5  
1 6 1 98 5. 75 401 . 25 0 . 070 2 5 . 0  45 . 25 
1 7970 6 . 2  478 . 33 0 . 070 29 . 67 51 . 0  

cSampl ed at the proposed d i ffuser s i te,  d i sso lved meta l s ;  FEA , Personal Communication.  
dMean of Stati ons L and N ;  Texas A&M, 1 978. 
eMean of sediment depths 0-40 cm, Station 9;  Texas A&M, 1 978. 
f Mean of sediment depths 0-30 cm, Stat ion 20; Texas A&M, 1 978. 

Ca Mg 

332 . 0  1 1 50 . 0  
336 . 0  1 1 57 . 0  
328 . 0  1 1 50 . 0  

26400 1 1 750 
26250 1 0450 
39450 1 6500 
21 1 75 9925 
30667 1 0767 



Ranges of d i ssol ved meta l s ( i n  parts per b i l l i on ) i n  the nears hore and 

offs hore areas of the waters off Bryan Mound are (SEADOCK ,  1 97 5 ) : 

( ��b } Cd Cu .!:!.9. N i  P b  Zn 

Offs hore <0 . 1 - 2 . 4 <0 . 3-8 . 5 <0 . 2 - 1 . 3  1 - 1 9  < 1 - 1 2 < 1 - 59 

Nearshore <0 . 1 - 2 . 7 <0 . 5-8 . 9 <0 . 1 - 0 . 7 < 1 - 9  < 1 - 4 . 5 5-50  

Concentrati ons  o bserved for these metal s a re i n  the  range normal ly  

expected for coasta l  waters .  Water col umn d i sso l ved meta l l evel s at the 

d i ffuser s i te ( spring  and summer ,  SEADOCK ;  summer , FEA ; Tabl e G . 2- 1 0 ) 
were at  the l ower end of the ranges presented above . However ,  tota l 

meta l concentrations  ( s pri ng , FEA ;  Tabl e G . 2- 1 0 ) were general l y  one to 

two orders of magn i tude g reater than the d i ssol ved va l ues . Sed iment 

metal concentrat ions  at  the d i ffuser  s i te ,  as expected , were g reater 

than d i s so l ved meta l val ues , but these val ues a l so fal l w i th i n  the range 

of  s ed i ment meta l s  reported ( i n  parts per mi l l i on ) for offshore and 

nears hore s tat i ons  ( S EADOCK ,  1 97 5 ) : 

(��m } Ba Cr Cu Pb Mn N i  Zn v 

Offs hore 4- 3 1 0 7-29  4- 35  6-25  39- 545 <0 . 01 - 0 . 1 4  9-66 1 9-66  < 1 -28 

Nears hore 2- 1 99 1 -45 1 - 1 5  2-30 62- 673 <0 . 01 - 0 . 068 < 1 -45  8- 53 2-24 

Sed i ment metal val ues from the Buccaneer O i l  F i e l d area ( U . S .  Dept .  

o f  Commerce , 1 97 7b ) offshore of  Gal veston , are general l y  l ower than , or  

wi th i n  range of , the  val �es o bta i ned i n  the  stu d i es near the  br i ne 

d i ffuser s i te .  Concentrati ons  of heavy metal s i n  o rgan i sms were al so  

i n vesti gated and  the  resu l ts ,  as wel l as tho se  from the  Bureau of Land 

Managemen t ' s South Texas Outer Conti nenta l S hel f Study , are presented i n  

Tabl e G . 2- 1 1 .  I n  most  cases these resu l ts s how that the pl an kton had 

the h i g hest  meta l l evel s ,  wh i c h  i s  parti a l l y  due to these smal l organ i sms 

hav i ng a l a rge s urface area to mas s  rat i o ; wh i l e  fi s h  and s hr imp had the 

l owest  meta l va l ues . These meta l val ues are wi th i n  the expected range 

for coasta l  mar i ne orga n i sms . 
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TABLE r, . 2- l l Hea vy metal concentra.ti on  i n  oraani sms col l ected  from the Texas coas t .  

ppm Cd Cr Cu t<in Pb ZOl 

USDC/ NOAA 

Barna c l es Av9 . 1 9 . 2 2 . 70 1 8 . 20 1 0 . 62 7 . 8  200 . 3  
Ra n g e  1 1 . 0- 25 . 0 < 0 . 1 - 64 . 25 1 2 . 5-27 . 25 5 . 5 - 1 8 . 5 3 . 5 - 1 1 . 5 1 5 1 . 5-231 . 0 

S h r i mp Avg . 0 . 8 < 0 . 1 2 5 . 8 1 .  7 5  4 . 6  1 08 . 0  
Ra n g e C .  5- 1 . 5 0-< 0 . 1  23 . 0-46 . 5 0 . 5 - 3  2 . 0- 8 . 5 9 9 - 1 2 3  

F i s h  Avg . < 0 . 1 5 . 9 2 . 6  < 0 . 1 < 0 . 1 41 . 60 
Ra nge 0-<0. 1 < 0 . 1 - 6 1  . 75 0 . 5- 5 . 5 0-< 0 . 1  0-< 0 . 1  24 . 2 5 -85 . 5  

F i s h  L i ver Avg . 6. 4 6 . 6 7 2 . 8  4 . 8  9 . 1  86 . 8  
Ra!1ge < 0 . 1 - 1 5 . 25 < C . 1 -2 6 . 25 2 5 . 0- 1 54 . 0  1 . 5-7 . 7 5 6 . 0 - 1 3 . 5  2 5 . 5 - 1 30 . 75 

P l  a n kton A v g .  <0. 1 88 . 3  78 . 0  82 . 1  3 34 . 3  222 . 75 
G) Ra nge 0- < 0 . 1 5 5 . 25- 1 20 . 25 47 . 2 5- 1 00 . 0  57 . 0- 1 01 . 0  1 85 . 2 5 - 4 6 9 . 0  2 0 5 . 5 - 2 34 . 2 5 . 
N I Squ i d  0"1 Av g .  <0. 1 2 . 75 1 5 . 0  2 . 0  4 . 5  60 . 5  
� Rar.ge 0- < 0 . 1 2 . 5- 3 . 0 1 3 . 0- 1 7 . 0  1 . 5- 2 . 5  4 . 2 5 - 4 . 7 5  53 . 7 - 6 7 . 25 

USDI/ BU� 
Shr imp Av,:; . 0. 1 2  2 . 1 24 . 3  0 . 9 5 4 7 . 90 

Ra nge 0 . C5- 0 . 33 0. 4- 3 . 8  22 . 5- 28 . 5  0 . 6 - 1 . 8  2 0 . 5 - 57 . 5  
F i s h  hV g .  0. 1 1  1 .  30 0 . 66 0 . 1 8  1 .  30 1 0 . 2  

Range C. Q5- 0. 2 1  1 . 0- 2 . 0 0 . 5 - 0 . 9 0 . 1 - 0 . 3 0 . 3 -2 . 9  0 . 6 - 1 1 . 7 
F i s h L i ver A'./ g .  3 . 7 2 . 2 1 4 . 7  3 . 4  2 . 8  1 46 . 4  

Ra r, g e  0 . 7 - 6 . 1 2 . 0- 2 . 2  9 . 0- 1 5 . 0  3 . 0- 4 . 7  1 . 0 - 7 . 6  1 00 . 0- 2 68 . 0  
P � a., kton Avg . 4. 72 1 8 . 0  1 4 . 2 4 2 . 4  1 34 . 1 

Rarlge 0 . 86- 5 . 25 1 . 9- 82 . 0  2 . 7 - 6 1 . 0  3 . 1 -474 . 0  2 6 . 5 - 560 . 0  
S q u i d  Av g .  1 .  03 4 . 7 65 . 70 2 . 0  1 44 . 0  

Range 0 . 91 - 1 . 1 8 3 . 0- 6 . 1 6 1 . 0- 69 . 0  1 . 3 -2 . 7  50 . 0 - 2 90 . 0  

SOLIRC E : U . S .  DeDa rtme n t  of Ccmmerce , 1 9 7 7b .  



G . 2 . 3 . 4  Hydrocarbons 

Hydrocarbons in mari ne waters can be deri ved from a var i ety of 

sources i nc l ud i ng pl ant and an imal decompos i ti on , terrestri al  runoff , 

natu ra l  seepage , atmospher i c  fal l out , s h i pp i ng , and offs hore produc t i on 

acti v i t i es .  A h i g h  hydrocarbon content m i ght  be expected i n  the coasta l  

waters o f  the  Gu l f  o f  Mex i co because o f  t h e  h i g h  o i l  producti on acti v i ty ,  

vessel  traffi c ,  and r i ver di scharge . However , hydrocarbon l evel s 

mea sured i n  the  coa stal Gul f of Mex i co are the  same order of magn i tude 

( l ess  than 1 0  ppb at  the  surface and much  l ower i n  deeper waters ) as 

those found i n  open ocean waters . Parker , Wi nters and Morgan , ( 1 972 ) 

found n-al kane l evel s of 0 . 2  ppb i n  East  Bay , Lou i s i ana , 0 . 1  ppb  1 5  

mi l es off Corpus Chr i s t i , Texas , and 0 . 63 ppb near a burn i ng o i l  r i g  

1 5 . 5  mi l es southwest of  P o i n t  Au Fer , Lou i s i ana . 

The types of hydrocarbons found i n  the  Gul f of Mex i co are domi nated 

by the saturated hydrocarbons and usua l l y  conta i n  l ow concentrat i ons  of 

aromat ic  hydrocarbon s .  Nonvol at i l e  hydrocarbons were found i n  the range 

of 1 to 1 2  ppb ;  aromat ics  ra nged from 1 to 3 ppb wi th many samp l es 

conta i n i ng undetectabl e l evel s .  The l evel s of paraffi n compounds ( i nd i ca­

t i ve of b i ogen i c  hydrocarbons ) in  samp l es were e l evated , with the mos t  

a bundant compound be i ng s i ng l e ri ng naphthenes ( Brown , Searl , El l i o t ,  

P h i l l i ps ,  Brandon , and Monaghan , 1 973 ) . 

Tota l n-a l kane l evel s i n  the Buccaneer Oi l F i e l d s tudy ranged from 

0 . 7  to 24 . 8  ppb ; bottom waters had greater n-al kane concentrati ons than 

s urface wa ters . Surface water samp l es ,  however ,  conta i ned petrol eum­

d er i ved n-al kanes , wh i l e  i n  bottom water samp l es n-a l kanes were probably 

of bacter i a l  or i g i n .  

O i l and g rea se concentrati ons a t  the  d i ffuser  s i te were l es s  than 

0 . 3 ppm duri ng spri ng and summer throughout the water col umn ( S EADOCK ,  

1 97 5 )  and were 2 . 5  ppm i n  surface and mi d-waters and  2 . 2  i n  bottom 

waters dur i ng the fa l l  ( FEA , 1 97 7b ) . These val ues i ncrease toward the  

s h i pp i ng l a ne 1 4  na ut i ca l  mi l es offs hore , s ugges t i n g  that a maj or source 

of d i sso l ved o i l  and grease  in th i s  reg i on may res u l t from heavy s h i p  

t raffi c .  Pheno l l evel s were 9 ppb i n  s urface waters and 8 ppb i n  mi d 
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and bottom waters ( FEA , 1 97 7b ) . Sed i ment o i l  and g rease l evel s have 

been reported to range from 1 5 1 to 235 ppm ( S EADOCK ,  1 975 ) and 1 50 to 

3900 ppm ( Texas  A&M , 1 978 ) ; sampl es from the l atter s tudy are be ing  

reana lyzed . 

G . 2 . 3 . 5  Suspended Matter 

Suspended matter in coastal  waters i s  usua l ly  vari abl e due to l arge 

c ha ng es in the sed iment l oad , fl ow of the r i vers , and offs hore wave 

acti on  wh i c h  can resuspend the sed i ments i n  t he water col umn . Total 

sus pended so l i ds ( TSS ) was l ower duri ng the spr i ng  sampl i ng per i od than 

d u r i ng the summer sampl i ng .  However , a g reater  turb i d i ty and l ower 

Secch i depth ( depth at  wh i ch a 30-cent imeter whi te d i s k  d i s appears from 

v i ew )  were found i n  the spri ng  at the d i ffu ser s i te ( S EADOCK  Stati on 28 ) 

t han  i n  the  s ummer ( Tab l e G . 2- 1 2 ) . Low tota l s us pended sol i ds and  

Secch i depths vers us  h i g h  turbi d i ty and  v i ce versa  have been found  i n  

other coastal  reg i ons . These  d i screpanc i es may resu l t from d i fferi ng  

methods ; Secch i  d i s k  and turb i d i ty read i ngs  depend on opt i ca l  techn i ques 

wh i c h  may vary wi th  the ori entati on and type of b i ogen i c  matter present 

whereas tota l sus pended sol i d s , wh i ch i s  meas ured grav i metri cal l y ,  wou l d 

n ot .  H i g her  spr i ng TSS va l ues duri ng t he  FEA spri ng s ampl i ng may have 

res u l ted from the study be i ng conducted dur i ng  a fres het . 

G . 2 . 3 . 6 Summary 

D i ssol ved oxygen are general ly  above 5 . 0  mg/ l  but occas i ona l ly  are 

l ow i n  bottom waters duri ng the warm seasons . Nutri ent l evel s ( NH3 , 

N02 , N03 and P04 ) i n  the  water col umn near the d i ffuser s i te are often 

l ow but i ncrease i n  concentrat ion  dur i ng the l a te w i nter . Heavy meta l s 

i n  the water col umn , sedi ments and organ i sms are wi t h i n  the range expected 

for coastal  reg i ons . O i l and g rease  concentrati ons  i nc rease from the 

proposed d i ffuser s i te out to the offs hore s h i pp i ng l anes . Sus pended 

matter vari es s easona l ly  due  to r i ver i nput  and b i o l og i ca l  producti v i ty .  
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TABLE G . 2- 1 2  Suspended s ed iment parameters i n  the v i c i n i ty of the 
proposed bri ne di ffuser s i te .  

SPR I NG a 

Surface 

M i d  

Bottom 

S UMMER a 

Surface 

M i d  

Bottom 

SPR ING b 

S u rface 

M i d  

Bottom 

TSS 
(mg/ l ) 

1 0  

o 
o 

35 

40 

35 

1 3  

1 4  

25  

Turbi di ty 
{FTU)  

7 . 0 

3 . 3  

1 4 . 0  

0 . 2 

0 . 3 

32 . 0  

a FEA ,  1 977 Sampl ed at  the proposed d i ffus er s i te . 

bS EADOCK ,  1 9 75 ; Stati on 28 . 
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Secch i  depth 
( meters 

7 . 5  

1 2 . 2 



G . 2 . 4  B I OLOGI CAL OCEANOGRAPHY 

G . 2 . 4 . 1  Habi tats and B i o l og i ca l  Components 

G . 2 . 4 . 1 . 1  Abi ot ic  Habi tats 

Wi th the excepti on  of the Brazos R i ver del ta and the reg i on eas t  of 

Bo l i var  Peni nsu l a ,  the Texas  coastl i ne i s  protected by a seri es of l ow 

barri er  i s l ands . These i s l ands encl ose  sha l l ow ( 3  to 1 0  foot )  bays that 

functi on  as  nursery grounds for many of the shr imps , crabs , and fi nfi shes  

of commerci a l i mportance in  Texas . Ti da l ly  i nfl uenced open  bay area s 

have re l ati ve ly  h i g h  sa l i n i ti es that range from 20 to 35 ppt . I n  these 

t ida l  embayments , s pec ies  d i vers i ty is rel ati ve ly  h i g h  and ci rcu l ation  

i s  good . I n  compari son , the sa l i n i ty i n  encl osed embayments i s  i nfl uenced 

l arge ly by ri ver  i nfl ow ,  and i s  therefore genera l ly  l ow and seasona l l y 

vari abl e .  T he encl osed bays genera l ly have l ow s peci es d i vers i ty and 

poor c i rcu l at ion  ( FEA , 1 977b ) . 

The  conti nental she l f ,  i n  the v i c i n i ty of the proposed bri ne d i ffu ser , 

i s  broad , gently s l opi ng , and genera l ly  fl a t .  Wi th i n 1 0  to 1 2  mi l es of 

the coas t ,  the water depths on the she l f  vary from 5 to more than 60 fee t .  

T h e  sediments i n  th i s  area of the s he l f  are h i g h ly  vari abl e and range 

from c l ays to sand and she l l .  Several i nacti ve coral outcrops occur on 

the she l f ,  three of wh i ch occur near  the study area j u st  off the Brazos 

Ri ver mou th near the 1 0-fathom contour ( F i gure G . 2- 29 ) . 

Sa l i n i ty va l ues around the d i ffu ser s i te are strong l y  i nfl uenced by 

two factors : the fres hwater d i scharge from maj or ri vers a l ong the Texa s 

coa st , such  as  the Brazos R i ver ( 5 . 23 x 1 06 acre-feet per year ( ac-ft/yr ) )  

and the Co l orado Ri ver ( 1 . 54 x 1 06 ac-ft/yr ) to the southwes t ,  and the 

Tri n i ty Ri ver ( 5 . 24 x 1 06 ac-ft/yr ) to the northeast  ( S EADOCK , 1 97 5 ) ; 

and the open waters of the Gu l f  of Mex i co .  I t  i s  i n  the neri ti c zone 

that the fres h  and sa l i ne water masses  meet and mi x .  Sal i n i ti es i n  thi s 

zone seasona l l y range from 1 7  ppt to 32  ppt ,  whi l e  i n  the open Gu l f ,  

they approach 36 . 5  ppt .  T he water col umn i s  u sua l ly  wel l mi xed verti ca l ly 

i n  the wi nter , wh i l e  i n  the summer i t  i s  weak ly  strati f i ed . Water 

temperatures range  from a l ow of approx imate ly  550F in  January to  a 
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h i gh of a l most  8SoF i n  Augu s t .  Many of the chem i ca l  consti tuent concentra­

t i ons i n  the water col umn are typ i ca l  for a neri t i c zone ( FEA ,  1 97 7 b ) . 

Cu rrents over the i nner conti nenta l  she l f near the d i ffu ser s i te 

general l y  dr ift  para l l e l to the coast .  Curren t  ve l oc i ti es range from 

0 . 2  to 0 . 4  knots ( S  to 37 cm/ sec ) .  The t ides  i n  th i s  area are d i urnal  

a nd have a verti ca l  range of about  3 feet .  T i da l  ve l oc i ty over the 

s he l f i s  approx ima te l y  o . s knots ; however ,  near  ti da l l y  i nfl uenced bay 

entrances , va l ues  of 3 . 7  knots have been recorded ( FEA ,  1 97 7b ) . 

G . 2 . 4 . l . 2  B i o l ogi ca l  Components 

The b i o l og i ca l  commun i ty i nhab i ti ng the i nner conti nental  s he l f 

near the proposed d i ffu ser s i te i s  typ i c a l l y  h i g h l y  product ive . The 

primary producers ( phytop l ankto n )  i n  th i s reg i on vary seasona l l y  i n  both 

a bundance and compos i ti on but genera l ly  cons i s t  of d i a toms , d i nofl age l l a tes , 

a nd mi crofl age l l ates . P hytopl a nkton  cel l dens i ti es progre s s i ve ly  decrease 

seaward from the coas t .  

I n  the neri t i c zone , the zoopl an kton are seasona l ly domi nated by 

the naupl i i  a nd copepods , i n  parti cu l ar ,  Acarti a tons a . Zoop l ankton 

dens i ti es vary tempora l l y and spati a l l y .  Zoopl ankton abundance pea ks i n  

l ate s pr i ng and ear ly  fa l l ,  and fol l ows the pu l se i n  phytop l ankton 

abundance . Zoop l ankton numbers i n  the ner i t i c zone a l so decrease sea­

ward ( FEA , 1 97 7b ) . 

Two benth i c  assembl ages have been i dent i f i ed i n  the v i c i n i ty of the 

proposed bri ne d i ffu ser : a h i g h  sa l i n i ty ,  offs hore commun i ty and a l ow 

s a l i n i ty ,  nears hore commun i ty .  The compos i ti on of offs hore fauna  i n  

waters more than S mi l es from the coas t ,  i s  genera l l y  s tabl e ,  due to the 

re l at i ve s tabi l i ty i n  the envi ronmenta l  parameters such  as  temperature 

and s a l i n i ty i n  these deeper waters . The offs hore commun i ty i s  domi nated 

by po l ychaetes . I n  the nears hore zone , temperature and s a l i n i ty are 

h i g h l y  vari ab l e over the yea r ;  thu s , no domi nant  grou p i n  the nears hore 

a s sembl age has  been i denti f ied . 

Two major  groups  of fi s hes are fou nd over the conti nental  she l f :  

the i nner she l f s peci es i nc l ude the Atl ant i c threadfi n ,  Atl anti c croaker , 

s and seatrout ,  and s i l ver seatrout ;  and the i ntermed i a te s he l f s pec i e s  
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i nc l ude the l ongspi ne porgy , i ns hore l i zard fi s h , Gu l f  butterfi s h , and 

s evera l of the i nner s he l f spec i es .  I n  genera l , the i ntermed i ate s he l f  

assemb l age i s  more d i verse than the i nner s he l f  assemb l ag e .  

The three major  commerc i a l  s hr imp s pec i es found i n  the study area 

a re the brown , wh i te ,  and pi n k  shr imp .  The brown shr imp i s  con s i dered 

the most  important and a bu ndant . I n  add i ti on , the b l ue cra b ,  menhaden , 

s had , mu l l et ,  sea catfi s h , and drum are acti vely fi s hed ( FEA , 1 977b ) . 

G . 2 . 4 . 2  P l ankton 

G . 2 . 4 . 2 . 1 P hytopl an kton 

The  area ' s  mari ne  phytopl ankton , wh i c h  rely on water currents for 

movement , a r� predomi nantl y u n i ce l l u l ar a l gae . A maj or porti on of the 

producti v i ty of the Gu l f  of Mex i co i s  the resu l t  of p l an kton i c  con­

vers i on of nutri ents , such  as  n i trates , phosphate s , water , and carbon 

d i ox i de , throug h  the process of photosynthes i s ,  i nto organi c compounds .  

P hytop l an kton have been cons i dered " the  g rasses  of the sea " becau se of 

the i r  uni que ro l e  in converti ng i norgan i c  compounds i nto an energy 

source that can be u sed by the primary consumers , such  as zoopl an kton , 

a s  we l l  a s  by many fi l ter-feed i ng organi sms ( oysters , cl ams , and fi s h ) . 

I n  turn , zoopl an kton are fed upon by other members of the food web 

i nc l ud i ng fi s h , whal es , and fi l ter-feed i ng benth i c  i nvertebrates . 

The phytop l an kton commun i ty of the Gu l f  of Mex i co i s  both d i verse 

and producti ve . Throughout much of the year , the d i atoms domi nate th i s  

commun i ty ,  wi th the d i nofl age l l ates  per i od i ca l ly codomi nati ng . The 

euryha l i ne cond i t ions  i n  the nearshore zone l imi t the number of spec i es 

of d i nof l age l l ates i n  th i s  area ( SEADOCK ,  1 97 5 ) . Some of the most  

consp i cuous genera found i n  the coasta l  Gu l f waters i nc l ude Asteri one l l a ,  

Chaetoceros , Cosc i nod i scus , Rh i zoso l en i a ,  N i tzsc h i a , S ke l etonema , 

Nav i cu l a ,  Cerati um and Peri d i n i um .  I n  the neri ti c zone , where seawater 

mi xes wi th fres hwater d i scharge from ri vers , a d i verse pl an kton commun i ty 

i s  found wh i c h con s i sts of mar i ne , ner i ti c ,  and fres hwater spec i es . 

Reg i onal  primary producti v i ty i s  h i ghest  i n  the bays and decreases 

s eawa rd . Producti v i ty in  these  wat�rs i s  s u sta i ned by nu tri ent ( n i trates 

and phosphates ) i nput by freshwater d i sc harge of ri vers espec i a l ly  
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duri ng the wi n ter  and early spri ng . I t  i s  duri ng th i s  l ate wi n ter-early  

spri ng per i od that both c h l orophyl l � ( wh i ch i s  a measure of the s tand­

i ng crop of the phytop l an kton ) ,  and primary producti v i ty are max imum . 

An overa l l annual  m i n imum i n  producti v i ty i s  attai ned duri ng  the summer 

months  and i ncreases s l i g ht ly  in  the  fa l l .  Average annua l producti v i ty 

i n  the nears hore area i s  g reater than i n  the open Gu l f  and ranges between 

20  and 30 mi l l i g rams carbon per cub i c meter per day (mgC/m3/day ) ( FEA , 

1 97 7b ) . I n  the coastal  area phytop l ankton  cel l dens i t i e s  average 

a pproximate ly 4 . 1 x 1 05 cel l s/ l i te r ,  7 . 8  x 1 04 cel l s/ l i ter  i n  the 

i n termed i a te areas , and 2 . 6  x 1 03 cel l s/ l i ter  a t  offs hore s ta ti ons ( Van 

Baa l en , 1 976 ) . 

P hytopl an kton s peci es  characteri s ti c  of the waters near the proposed 

bri ne d i ffu ser  are presented i n  Tabl e G . 2- 1 3 .  The commun i ty i s  domi nated 

by the di a toms wi th severa l representati ves of the bl ue-green and g reen 

a l gae as we l l  as  d i nofl age l l a tes . Primary producti v i ty at the di ffu ser 

s i te wou l d  be expected to range from 20 to 30 mgC/m3/day as  an  annual  

average . Seasonal  vari ati ons  in  a l ga l  b i omas s , producti v i ty ,  and s pec i es 

are comparabl e to other neri t i c areas in the northern and northwestern 

Gu l f  of Mex i co . 

G . 2 . 4 . 2 . 2  Zoopl ankton 

Zoopl ankton are an ima l s that rely on currents for transportati on . 

T h i s commun i ty compri ses  a var i e ty of organi sms i nc l ud i ng copepods , 

coe l enterates , annel i ds , and c haetognaths , as  we l l  as  certa i n  l i fe 

s tages of fi s h , s hr imp , crabs , and mol l uscs . Zoop l an kton  are an  important  

s egmen t  of  t he  aquati c food web ;  they feed on t he  primary producers 

( p hytopl an kton ) and detri ta l materi a l . T h i s energy source i s  then 

avai l ab l e to h i g her  trophi c l eve l s ,  wh i ch feed upon zoop l ankton . 

Wi th i n  the Gu l f  of Mex i co , a number of env i ronmenta l  factors regu l a te 
the spati a l  and tempora l d i s tri buti on , compos i ti on , and dens i ty of the 

zoop l ankton communi ty .  Gi l l es p i e  ( 1 97 1 ) d i scusses  several of these 

factors i nc l ud i ng temperature , s a l i n i ty ,  phytopl ankton di s tri buti on a nd 

abundance , reproducti ve cyc l es , and predators . Of these factors , 
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TABLE  G . 2- l 3 Phytopl a n kton characteri st ; � of �he Gul f of  Mexi co i n  the 
v i c i n i ty of the pronosed nrl ne d l ffuser . 

CHLOROPHYTA 

Vol vox s p .  

Gl eocyst i s ampha 

Scenedesmus s p .  

BAC I L LARIOPHYTA 

CENTRALES 

Act i noptychus  undu l atu s  

Bacterias trum hya l i num 

Bacter i a strum del i catu l um 

B i ddul phi a  aur i ta 

B i dd u l ph i a  c h i nen s i s  

B i ddul ph i a  dub i a  

B i ddu l ph i a  mo b i l i en s i s  

B i ddu l ph i a  reg i a  

B i ddu l ph i a  rhombu s 

Ceratau l i na bergon i i  

Chaetoceros affi n i s  

Chaetoceros atl anti cus  

Chaetocero s brev i s  

Chaetoceros coarctatus 

Chaetocero s compressus  

Chaetocero s conca v i corn i s  

Chaetoceros  curv i setus 

Chaetoceros deci piens 

Chaetoceros d i c haeta 

Chaetoceros d i dymus 

Chaetoceros l oren z i anus  

Chaetoceros mes sanen s i s  

C haetoceros peruv i anus 

C haetoceros pendu l u s 

Cl imacodi um frauenfel d i a num 
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CENTRALES ( Cont ' d )  

Cosc i nodi scus  centra l i s  

Cosc i nodi scus  conci nnus 

Cosc i nod i scus curva tu l us 

Cosc i nodi scus  excentri cus  

Cosc i nodi scus  gran i i  

Cosci nod i scus  marg i natus 

Cosc i nod i scus  n i t i du s  

Cosc i nod i scus  ocul u s - i ri d i s  

Cosc i nodi scus  perforatus 

Cosc i nodi scus rad i atu s 

Cosc i nod i scus  stel l ari s 

Cosc i nos i ra s p .  

Corethron hystr i x  

Di tyl um br ightwel l i  

Eucampia  cornuta 

Eucampia  zood i acus 

Gu i nard i a  fl acc i da 

Hemi au l us  cune i form i s 

Hemi au l us ha ucki i 

Hemi au l us  membranaceus 

Hemi a u l u s  s i nens i s  

Hem i d i scus  cunei formi s 

Leptocyl i ndrus s p .  

L i thodesmi um undul atum 

Mel os i ra s u l cata 

Rh i zosol en i a  acumi nata 

Rh i zoso l en i a  al ata 

Rh i zo so l en i a  cal car-av i s  

Rh i zoso l en i a  castracanei 

Rh i zo so l en i a  del i catu l a 

Rh i zoso l en i a  hebetata 



TABLE  G . 2- 1 3 conti nued . 

CENTRALES ( Cont ' d )  

Rh i zoso l en i a  i mbri cata 

Rh i zoso l en i a  robusta 

Rhi zo so l en i a  s et igera 

Rhi zoso l en i a  s to l terfoth i i  

Rhi zoso l en i a  s tyl i formi s 

Schroderel l a  del i catu l a  

Skel etonema costatum 

StephanopYxi s pal meri ana 

Stephanopyxi s turr i s 

Tha l a s s i o s i ra dec i pi ens  

Tha l a s s i o s i ra hya l i na 

PENNALES 

Amph i prora s p .  

Amph i prora g igantea 

Asterionel l a  j apon i ca 

G,x:ros i gma s p .  

Nav i cu l a s p .  

Ni tzsc h i a  bi l obata 

Ni tzschi a c l o steri um 

Ni tzsch i a  del i cati s s ima 

Ni tzsc h i a  l ongi s s i ma 

Ni tzsch i a  paradoxa 

Ni tzsch i a  pungens 

Ni tzsch i a  ser i a ta 

Ni tzsch ia  s igma 

Ni tzsch i a  s p .  

P l euros igma s p .  

S,x:nedra sp . 

Tha l a s s i onema n i tzsch i o i des 

Tha l as s i othr i x frauenfel d i i  

Tha l ass i o thr ix  del i catu l a 

SOURCE : SEAOOCK ,  1 9 75 .  
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PYRROPHYTA 

Cerati um cande l a brum 

Cerati um carri ense 

Cerati um exten sum 

Cerati um furca 

Cerati um fusus  

Cerati um gal l i cum 

Cerati um l unu l a 

Cerati um macroceros 

Cerati um mas s i l i ense  

Cerati um pendu l us 

Cerati um pentagon i um 

Cerati um pu l chel l um 

Cerati um s,x:mmetri cum 

Cerati um tr i c hoceros 

Cerati um tr ipos  

Oi noph,x:s i s  caudatum 

Gon i au l ax  sp .  

Gymnod i n i um sp . 

Nocti l uca s p .  

Ox,x:toxum s p .  

Per i d i n i um pentagonum 

Peri d i n i um sp .  

Prorocentrum mi cans 

CYANOPHYTA 

Ana baena s p .  

Osci l l ator i a  er,x:threae 



predat ion , competi t i on , and temperature were , i n  that  study , consi dered 

the most  important . G i l l es p i e  ( 1 97 1 ) notes that zoopl ankton abundance 

i s  i nversely proporti ona l to the abundance of ctenophores wh i ch graze on  

o ther zoop l ankton . I n  the Texas Gu l f  waters , zoop l ankton popu l ati on  

dens i ti es are often descri bed as  "patchy"  in  the i r  spati a l  and temporal 

d i s tri bu ti on  i n  response to the rel ati ve abundance of phytop l an kton on 

whi ch  they graze . 

I n  genera l , max imum zoopl ankton dens i ti es are found i n  the estuari es 

a nd bay mouths . These dens i t i es decrease  toward the open Gu l f  waters . 

Seasona l l y ,  the magni tude of the zoopl ankton popu l ati ons l ag behi nd the 

peaks and va l l eys of the phytop l ankton pul ses . Zoop l an kton stud i es 

( Fo theri ngham , 1 97 7 )  were underta ken i n  the northwestern Gul f of Mex i co 

off Gal veston  Bay , Texas , from May to Decembe r ,  1 976 . Th i s i nvesti gati on  

revea l ed three zoopl ankton dens i ty peaks ( number of organ i sms per  cubi c 

meter ) :  May-June ( 4300/m3 ) ,  October ( 7 700/m3 ) and December ( 4000/m3 ) .  

M i n imum dens i ti es were observed i n  Augu st  ( 300/m3 ) and i n  November 

( 200/m3 ) .  These  seasonal  vari ati ons i n  zoopl an kton dens i ti es concur 

wi th those found in other stud i es underta ken in the northern Gu l f  of 

Mex i co . 

Important  representati ve taxa found i n  the waters around the 

d i ffu ser  s i te i nc l ude coel enterates , roti fers , nematodes , annel i ds , 

arthropods , mo l l u scs , c haetognaths , ech i noderms , urochordates , and 

c hordates . The  predomi nant groups  are the copepods and meropl ankto n i c  

s tages of severa l  benth i c  i nvertebrates . A s  el sewhere i n  the Gu l f  of 

Mex i co . the copepod Acarti a  tonsa i s  the numer i ca l ly  domi nant zoopl an kton 

s peci es throughout much of the year .  

G . 2 . 4 . 3  Benth i c  I nvertebrates 

Benth i c  organi sms are important  contri butors to the troph i c structure 

of the coasta l  reg i on i n  the area of the d i ffu ser s i te .  Many phyl a and 

trophi c l evel s are represented i n  the benth i c  commun i ty .  Some of the 

benth i c  organi sms feed on detri tu s  and phytopl an kton , and convert th i s  

energy i nto a form usab l e by h i g her  organ i sms . Many benth i c  an ima l s are 
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carni vores ; some a l so are prey for h i g her  carn i vores . Subs trate , depth , 

DO l evel , s a l i n i ty ,  and temperature affect the di s tri buti on and abundance 

of benth i c  organi sms . 

The benth i c  organ i sms d i scus sed i n  th i s  sect ion  are l imi ted to the 

benth i c  macro i nvertebrate i nfauna , wh i c h  i nc l udes on ly  i nvertebrates 

that l i ve in the substrate and are l arge enoug h  to be reta i ned by a 0 . 5  

mm mes h screen . Demersal  fi s h  ( bottom dwel l ers ) and many of the l a rge 

i nvertebrates , such  as shrimp and crabs , are an i n tegral  part of the 

benth i c  env i ronment ;  however , these organi sms have been cons i dered 

nekton  ( Secti on G . 2 . 4 . 4 ) , because  they are most  often col l ected wi th 

trawl nets . 

Approx imately 400 benth i c  i nvertebrate spec i es were reported for 

the offs hore area around the Buccaneer O i l  Fi e l d ( Harpe r ,  1 97 7 ) , and 

more than 290 have been i denti fi ed in the nea rs hore area of the proposed 

d i ffu ser  ( S EADOCK ,  1 97 5 ) . The abundance of benth i c  i nvertebrates has 

been reported to be g reater around the mouth  of the Brazos R i ver compared 

wi th adjacent offs hore areas ( S EADOCK ,  1 97 5 ) . The offs hore area i s  

domi nated by polychaetes , a l though amph i pods and nemerteans are a l so  

common . The most  character i s t i c  organi sms i nc l ude one  po lychaete and  

several  mo l l u scs and  crus taceans ( Secti on  G . 5 ,  Tabl e G . 5- 1 ) .  

There have been 1 07 spec i es of benth i c  i nvertebrates ( Tab l e G . 2- 1 4 )  

i dent i fi ed a t  1 5  sampl i ng s tati ons ( F i gure G . 1 - 5 )  i n  the v i c i n i ty o f  the 

d i ffu ser s i te .  Th i s  fauna was domi nated by po lychaetes , of wh i c h  51 

speci es were found . Pr i onospi o p i n nata was the most  abundant pol ychaete 

spec i es encountered throug hout  the samp l i ng peri od . O ther common ly 

encountered taxa were amph i pods , decapod cru stacea , nemerteans , gastropods , 

and  pel ecypods . 

The tota l number of taxa col l ected at  a g i ven s tati on ranged from 

28 to 41  taxa ( F i gure G . 2- 3 1 ) .  The dens i ty of the benth i c  i nvertebra tes  

ranged from 1 673  organi sms/m2 to  5008 organ i sms/m2 ( F i gure G . 2-3 1 ) .  

Wh i l e  the number of taxa and dens i ty of organi sms at  the var i ou s  s tat i ons  

do  not appear to  have  any parti cu l ar pattern , a cl u s ter  anal ys i s  was 
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TABLE  G . 2- 1 4 Benth i c  i n vertebrates col l ected a t  the propo sed d i ffu ser 
s i te , September th rouah Oecember , 1 977 . 

Sept . Oct .  Nov . Dec . 

CLASS HYDROZOA 

Cl yt i a  coronata X 

C lyt i a  cyl i ndr i ca X 

Lovenel l a  grand i s  X 

CLASS ANTHOZOA 

Anemone A X X 

Anemone B X X 

Anemone C X 

Anemone D X 

Ren i l l a mul l er i  X X X 

CLASS TURBELLAR IA 

Fl atworm A X 

P HYLUM NEMERTEA 

Cerebratu l u s l acteus X X X X 

Cerebratu l u s l ur i d u s  X X X X 

Nemertea n A X X X X 

Nemertea n B X X 

Nemertean C X X X X 

P HYLUM NEMATODA 

Nema tode A X X X 

P HYLUM PHORON I DA 

Phoron i s a rc h i tecta X 

CLASS GASTROPODA 

Anach i s  o besa X 

Anac h i s a vera X 

Ca ntharus cancel l a r i u s X 

Na ssa r i u s  acutus X X X 

Na t i ca pus i l l  a X X X X 

Nudi branch A X 

Si num perspecti vum X 
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TABLE  G . 2- l 4  conti nued . 

CLASS GASTROPODA ( Cont ' d )  

Te i nostom i a  b i s cayens e  

Terebra protexta 

V i tr i ne l l a  hel i co i dea 

Vo l v u l e l l a  texa s i a na 

CLASS PELECY PODA 

Abra aegual i s  

Corbu l a barrattan i a  

L ima pel l u c i da 

Nucu l ana concentri ca 

CLASS POLYCHAETA 

Amph i nomi dae 

Anc i stros�l l i s j ones i 

Anc i s tros�l l i s s p .  A 

Ar i c i dea snec i ca 

Ar i c i dea cerrut i i 

Armand i a  macu l a ta 

Asyc h i s  el ongata 

Cap i tel l i dae 

Caul er ie l l a  cf k i l l a r i ens  

C i rratu l us hedgpethi  

C i rra tu l us s p .  A 

C l�menel l a torguata 

C l�menel l a  zonal i s  

Co s s ura del ta 

D i opa tra cuprea 

Gypt i s  v i ttata 

Lepi dasthen i a  s p .  

Lepi depecreum s p .  

A 

A 

Lepi donotus s u bl ev i s  

Lumbr i ner i s  ten u i s  

ca l i da 

Sept . 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE  G . 2- l 4  con ti nued . 

Sept . Oct . Nov . Dec . 

CLASS POLYCHAETA ( Cont ' d )  

Magel ona ros ea X X X X 

Mage l ona sp . A X X X X 

Medi omastus  ca l i forn i ens i s  X X X X 

Nephtys i nc i s a  X X X X 

Nere i s  succ i nea X X X X 

Nere i s s p .  A X X X X 

N i noe n igri pes X X X X 

Notomastus  l ateri ceus X X X X 

Onuph i s  nebu l osa  X X 

Owen i a  fu s i formi s X 

Pal eonotus h eteroseta X X X 

Parao n i dae  X 

Phyl l odoc i dae  X 

Poec i l ochaetus j o hnsoni  X X 

Po lychaete A X X X 

Polydora soc i a l i s  X X 

Po lyno i dae  s p .  A X 

Po lyno i dae  sp .  B X 

Pr i onospio  c i rri fera X 

Pr i onospi o c i rrobranc h i a  X X 

Pri onospi o cri stata X 

Pri onospi o cf dayi X 

Pri o nospio  pi nnata X X X X 

S igambra tentacu l ata X X X X 

S i gambra was s i  X X 

S igambra s p .  A X X 

Spi ochaetopterus ocu l atus  X 

Spi ophanes bomb�x X 

Sthenel a i s  boa X X X 

Tharyx mar i on i  X X X X 

Thar�x set igera X 
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TABLE  G . 2- l 4  con ti n ued . 

PHYLUM S I PUNCU L I DA 

P hasco l i on s trombi  

ORDER STOMATOPODA 

Squ i l l  a empusa  

ORDER  AMPH I PODA 

Ampel i s ca a bd i ta 

Ampel i sca agas s i z i  

Ampel i sca verr i l l i  

L i str ie l l a  barnard i 

P hot i s  s p .  A 

ORDER CU��ACEA 

Oxyurostyl i s  

ORDER DECAPODA 

sa l i n o i  

Al pheus fl or i danus  

Automate evermann i 

Ca l l i anassa  l a t i spi na 

Cal l i ana ssa  s p . A 

Chasmocarc i n u s  mi s s i s s i ppi ens i s  

L i b i n i a  dub ia  

Pagurus  annu l i pes 

Penae i dae ( postl arva ) 

P i nn i xa sayana 

Portu n i dae 

Spi ocarc i n us l obatus 

Trach,t:peneus s imi l i s  

Xa nth i dae 

CLASS O PH I URO I DcA 

Hem iphol i s  el ongata 

M icrophol i s  atra 
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X 

X X X 

X X 

X X 

X 

X X 

X 

X 

X 
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TABLE  G . 2- 1 4  conti n ue d . 

Sept . Oc t . Nov . Dec . 

CLASS HOLOTHURO I DEA 

Ho1 othuro i d  sp . A X X X X 

P HYLUM HEM I CHORDATA 

Ba l anog1 o s s u s  s p .  A X 

SOURCE : Te xas A & M ,  1 9 7 8 .  
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01
. (38)  

(3906 )  

A1 (39) 
• ( 1 673) 

F1 (34)  ·
(3659) 

A2
. 

(33) 
(2099) 

02
. (36) 

(3334) 

03
. (3 1 )  

(2677) 

DI FFUSE R SITE�A5
. (41 ) 

(3585) 
• 

A4
. (28 ) 

(2491 ) 

A3
. (40) 

( 1 929) 

E2 (32) 
• (4407) 

E1 (38 ) 
• (21 45) 

A6 (29) 
• ( 263 1 ) 

G1 (34) 
• (5008) 

A7
. (28 ) 

(4 1 8 1 ) 

E3
. (29) 

(3 1 33 ) 

SOURCE : Texas A & � ,  1 9 78 . 

F Ir,I IRE  h . 2- 31 . Areal  d i s tr i b uti on of the tota l n umber  of  taxa ( ton n umber)  
and  total n umber of i nd i vi du a l s per s � uare meter ( bottom 
n umber)  of benth i c  i nverteb rate s �  Sen tember th rouqh  necember ,  
1 9 77 at the  propos ed d i ffuser  s i te . .  
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used  to group associ ati ve benthi c as sembl ages . Th i s ana lys i s i ndi cates 

that two di sti nct benthi c as sembl ages occur ( F i gure G . 2-32 ) . Frequent 

occurrence and/or l arge numbers of the amphi pods (Ampe l i sca abdi ta and 

Ampe l i sca agas s i z i and the bi va l ve Nucu l ana concentri ca i n  S i te Group I ,  

set i t  apart from S i te Group  I I ,  where the frequency of occurrence 

and/or numbers of these  organi sms wa s l ow .  T h i s d i s tri but ion  i s  not 

parti cu l arly wel l corre l a ted wi th depth or ava i l abl e substrate data 

wh i ch genera l ly  characteri zes the i ns hore s i te area as  bei ng predomi nantly 

red or g ray c l ay ( Secti on  G . 2 . 2 . 5 . 2 ) . S imi l ar ly , no s i gn if i cant di fferences 

were noted i n  sediment chem i s try between s i te group 1 ( S tati on  N )  and 

s i te group 2 ( Stati on  L )  based on one core sampl e at  each stati on (Texas 

A&M , 1 978 ) . 

The genera l features of th i s  fauna are s imi l ar to those  of the 

fauna of the same area exami ned duri ng the 1 973 S EADOCK survey ( S EADOCK ,  

1 97 5 ) , wh i ch character i zed the area as hav i ng a mi xture o f  i nner she l f  

and i n termed i ate s he l f benth i c  assembl ages . However , tempora l vari at ion  

can  be  seen i n  s pec i f i c  e l ements . For examp l e ,  the amphi pod Ampel i sca 

a bd i ta was a numeri ca l ly domi nant component of the benth i c  fauna i n  

1 973 , but  wa s on ly  encountered duri ng the fi rst two sampl i ng peri ods i n  

the present s tudy . Th i s faunal  as semb l age i s  a l so  s imi l ar to that 

exami ned duri ng the 1 977  Buccaneer O i l Fi e l d  study ( Harper , 1 977 ) i n  i ts 

g enera l features ,  i . e .  domi nance by po lychaetes , amph i pods , and nemerteans , 

but d i s s imi l ar i n  the rel ati ve importance of parti cu l ar spec i es . 

. G . 2 . 4 . 4  Ne kton  

The fi sheri es  resources of the  Texas Gu l f  coa st  are we l l  documented 

and more than 600 speci es of fi s h  have been reported for the reg i on 

( S EADOCK ,  1 97 5 ) . Many of these f i s h  are found  i n  the offshore reg ion  of 

the Bryan Mou nd bri ne d i ffuser s i te ,  a l though i t  i s  expected that the 

s tudy area around the d i ffuser s i te wou l d  be more speci fi ca l l y  character­

i zed by l es s  than 200 s pec i es of nekton i c  i nvertebrates and fi s h  ( Secti on  

G . 5 ,  Tab l e G . 5- 2 ) . Most  of these  fi s h  fol l ow seasonal  i ns hore-offshore 

mi grati on patterns , because  they use the bay-ri ver estuary ecosystems at  
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( depth con tours i n  feet ) . 
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s ome s tage i n  the i r  l i fe cyc l e .  Some of the more abundant fi s h  i n  the 

coasta l reg i on are the bay anchovy , menhaden , stri ped mu l l et , and Atl anti c 

croaker ( SEADOCK ,  1 97 5 ) . Many young fi s h  rema i n  i n  the e stuari es to 

nurture and grow unti l l ate spri ng , when they mi grate to offs hore reg i ons 

of the Gu l f .  Other fi s h  s pec i e s  rema i n i n  the estuari es or progress 

through  the i r  l arval and j uveni l e  devel opment in offs hore waters . 

Commerci a l  fi sher i es l and i ngs for the Texas coastal  reg i on duri ng 

1 976  amounted to 93 mi l l i on pound s and were val ued at  $ 1 26 mi l l i on .  

Dur i ng the l ast  4 years ( 1 973 - 1 976 ) total l andi ngs on the coast  ranged 

from 86 to 98 . 3  mi l l i on pounds ; the total val ue  ranged from $ 7 1 . 8  to 

$ 1 26 mi l l i o n . The vari ati on  i n  we i g ht and va l ue of these fi s heri es 

l andi ngs is  c l ose ly  l i n ked to the shrimp fi s heri es catches , wh i ch are 

h i g hest  i n  both we i g ht  and va l ue and are usua l ly  many times h i g her  than 

any other spec i es ( Tab l e G . 2- 1 5 ) . Shrimp l and i ng s  for the Gal veston  

d i s tri ct were fi ve or  more times g reater in  1 97 6  and 1 97 7  than  in  1 974  

and 1 97 5 . Other important commerc i a l  fi s heri es i nc l ude the bl ue  crab , 

seatrout , drum ( Tab l e  G . 2- 1 5 )  and menhaden . 

Sportfi s h i ng i n  the Texas coasta l  area i s  extreme ly popu l ar and 

prov i des  for a l arge i ndu stry . Both the bays and nears hore reg i ons 

y i e l d  Atl anti c croaker , spo t ,  red and bl ack  drum , seatrout ,  southern 

fl ounder , s heeps head , and Atl a nt i c  spadefi s h . Offs hore o i l r i g s  provi de 

a reef-l i ke envi ronment and are h i gh ly  producti ve areas wi th a s sembl ages 

of cobi a ,  creva 1 1 e  j ack , g reater amberjack , s heeps head , g reat barracuda , 

k i ng mackere l , b l ue runner , and Atl anti c spadefi s h . 

Two d i st i nct nekton commun i ti es have been i denti f i ed i n  the v i ci n i ty 

of the proposed bri ne d i ffuser s i te ;  names for these communi ti es have 

been deri ved from the domi nant commerci a l  shrimp fi shery i n  each area . 

These commun i ti es are referred to as  the wh i te s hrimp grounds whi c h  are 

l ocated on  the i nner she l f i n  water depths from 1 2  to 72 feet and the 

brown s hr imp grounds , wh i c h  occupy the i ntermed i ate she l f i n  areas 72  to 

300 feet  deep . 
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TAB LE G . 2- 1 5  Texas  l andi ngs s ta t i s ti cs for the Ga l ves ton n i s tri c t  for s e l ecteda nekton speci es , 1 9 74- 1 9 7 7 . 

S P EC ! ES DATE 
-----

1 9 7 7
b 

1 974 1 97 5  1 97 6  

? o u n d s  Do l l a rs Pounds Do 1 1  a rs Pounds Pounds 

I NV ERTEB RATES 

� h r i mp ( he a d s  en )  
BrO_1n a nd P i n k  1 , 42 2 , 600 378 , 7 73 328 , 400 344 , 5 78 1 6 , 207 , 8 95 1 7 , 304 , 034 

Wh i t e  2 , 392 , 4 00 1 , 43 2 , 538 3 , 92 7 , 2 00 2 , 960 , 0 7 5  8 , 1 98 , 005 5 , 870 , 5 6 5  

B l u e  C r a b  1 , 983 , OelO 273 , 30 1  1 , 863 , 500 287 , 01 9  1 , 6 1 9 , 245 1 , 73 7 , 542 

F I SH 

Sea trout 273 , 900 8 7 , 83 5  2 2 5 , 400 85 , 820 3 7 1 , 72 5  2 1 3 , 7 7 9  

D r u m  ( b l a c k  a n d  red ) 62 , 501J 1 4 , 5 1 2  1 2 5 , 900 3 0 , 863 1 88 , 2 5 8  1 6 1 , 2 99 

Sea Ca t f i s hc 3 3 , 2JO 1 , 828 2 9 , 600 2 , 995 23 , 58 6  3 1 , 003 

C r o a ker 23 , 900 2 , 840 23 , 200 2 , 596 2 7 , 5 5 9  6 , 35 0  

Sheeps head 28 , 500 3 , 28 3  32 , 000 4 , 6 94 85 , 3 92 4 0 , 6 5 3  

Me.< 1 1  et  24 , 500 1 , 46 4  3 , 1 00 6 2 7  1 8 , 5 74 3 , 38 6  

F l o u nder 20 , 1 00 6 , 7 1 0  2 1 , 200 8 , 489 9 7 , 748 5 0 , 8 7 9  

Ki n g f i s h  6 , 1 00 5 6 6  1 8 , 500 2 , 68 0  6 1 , 7 58 24 , 494 

G RAND TOTAld 7 , 21 8 , 400 2 , 964 , 278 8 , 4 7 1 , 600 4 , 706 , 45 7  3 0 , 6 91 , 967 27 , 294 , 92 7  

a
Ba s ed o n  g r e a t e s t  a b u n d a n c e  o r  v a l u e .  

b
1 9 7 7  d a t a  d o  n o t  i n c l ude November o r  Dec ember ca tches . 

c
Reported a s  Ga ftop s a i l  c a t f i s h  i n  1 9 7 6  a n d  1 9 7 7 .  

d
G r a n d  t o t a l  i n c l u d e s  t o ta l o f  a l l  f i s h  a n d  s he l l f i s h  ( i n c l u d i n g  oys t e rs ) reported i n  c u rre n t  f i s heri es s ta t i s t i c s . 

SOURCE : U . S .  Departmen t  o f  Ccmrr.erce , 1 9 75 a ,  1 9 77: , and 1 9 77d . 



Al though there are many fi s h  spec i es common to both area s , certa i n  

s peci es are more abundant  i n  one area than i n  the o ther (Tabl e G . 2- 1 6 ) . 

The  mos t  notab l e d i fference i s  that the whi te shrimp grounds are domi ­

nated by the Atl anti c croa ker and the brown s hrimp grounds are domi nated 

by the l o ngspi ne porgy . Fi s h  on the whi te shrimp grounds tend to depend 

more on the e stuari es than do those of the brown shrimp grounds . Fewer 

fi s h  spec i es and l ower bi omass  have been reported for the whi te s hr imp 

grounds than for the brown shrimp grounds ( Ch i t tenden and McEachran , 

1 97 6 )  . 

Because  mos t  fi s h  have short ' l i fe spans of one or two years , they 

mature rapi d l y .  There i s ,  therefore , a rap i d  turnover i n  b i omas s  and 

l arge seasonal changes in the numbers of each  spec i es .  The h i g h  turnover 

tends to protect the ne kton commun i ty ,  to some extent , from overfi s h i ng . 

T h i s i s  i l l u s trated by reports that an  average of 53 mi l l i on pounds of 

fi s h  were d i scarded annual ly  ( between 1 962- 1 97 1 ) as  byproducts of s hrimpi ng 

operati ons . Seasonal  vari at i ons  i nd i ca te that spec i es compos i ti on i s  

r i cher i n  wi nter than i n  summer , but bi omass  i s  l ower i n  wi nter than i n  

s ummer ( Ch i ttenden and McEachran , 1 97 6 ) . 

A number of wide-rang i ng ,  fast- spawni ng predatory fi s h  are found 

a l ong the Texas coa st  duri ng the summer months , wh i ch compl ete most  of 

the i r  l i fe cycl es  e l sewhere i n  the Gu l f  of Mex i co and are not part  of 

the i ndi genous i chthyofauna . These wi de-rang i ng fi s h  i nc l ude do l ph i n ,  

b i l l fi s hes , mackerel s ,  boni to ,  amberjack ,  bl ue runner , and several other 

s peci es of j ac kfi s h . These speci es  are not often reported wi th  trawl 

catch  data , s i nce they are typi ca l ly  fast  swimmers and the i r  pel ag i c  

nature a l l ows them to escape the rel at ive ly  s l ow mov i ng bottom trawl s .  

The  u n i que reef commun i ti es  ( F i gure G . 2-29 ) found i n  the d i ffu ser 

s tudy area are not a major  mari ne habi tat for the Texas coas ta l  reg i o n ;  

however , these commu n i t i e s  pl ay a n  important  ro l e  i n  area fi s heri es . 

For exampl e ,  the red drum ( redfi s h )  spawns near the reef commun i t ies . 

I t  i s  a l so l i ke ly  that some of the fi s h  i nhabi t i ng these areas are more 

typ i ca l  of the broken-rel i ef commun i ti es  that su pport tropi cal  reef 

G . 2-86 



TAB LE G . 2- 1 6  Predomi nant i n ve rtebrates and fi s h  for major reqi ona l  
ne k >,on commun i ti e s  . 

cm1Mor� NAr1E SC I ENTI  F I C I IAME 

I n n e r  She l f - ( 1 2 - 72 Fee t )  - Whi te S h r i mp Grounds  

l�h i t e S h r i mp 
At l d n t i c  croa ker 
A t l a llt "i c  c u t l a s s f i s h  
S i l ver s ea ttout  
Star  d r um 
Sa n d  s ea txout 
S e a  c a tf l s h  
At l a n t i c  threa d f i n 
Gu l f  b u t terf i s ll  

FMl l L I ES 
D r ums 
Cu tl a s s f i s h e s  
Threadfi n s  
S e a  c a tf i s he s  

P e n a e u s  s c t i fe r u s  

!iiS:!'�E.9_0�n _ _  ��� 1 a t  u�_ 
.IX2_��f'0_I�t!:!:s_ �_�'us_ 
��Q.�c:j.9.11 _ _  n� I:.��_ 

S t e l l i frr l a n c e l a t u s  

Ari  u s  Fe l !  s 
EgJyj..a_�t2'�� 9_c tonf;��_ 
E..�r i  1 u s  bLJrtl 

Sc i a en i da e  
Tri c h i u r i d a e  
Po l ynem i d a e  
Ar i i p a e  

30 
1 4  
1 3  
1 0  

8 
5 
5 
4 

64 
1 4  

5 
5 

I n t ermed i a te She l f - ( 72 - 300 Fee t )  - E nwn S h r i mp G ro u n d s  

Bro\'1n S h r i lilp 
L o ng s p i n e po rgy 
Me x i c a n  searo b i n 
Ho rned s c a ro b ' n  
Dwa r f  g o a tf L :l 
At l a n t i c  ctoa ker 
S h oa 1 f l  ound el' 
P a n c a ke ba t f i s h  
B l a c ke a r  ba s s  

FAM I L I E S  
Po r g i e s  
S e a ro b i n s  
D r um s  
------ ----------

Pena e u s  a z tecus  
S t e n o s toma s capt i n u s  
P ri o n_o t u.:�_ r '1T.9�tus... 
Bel l a to r  m i l i ta r i s  
!!'p'en e u s_ 'p"arvu� 
M i c ropo go� !i!.1.d u l.a t u s  
Sya c i ulll �n t e r i  
H a  1 i e u_t i cJ1.!hys .a�12�1_t..�_ 
Serra n u s  a t ro bra n c h u s  ----------

S pa r i  d a e  
Tr i g l i da e  
S c i a e n i da e  

a Da t a  a re b a s e d  o n  one t rawl s amo l e .  
S o u r c e : Ch i t t enden a n d  McEa c h ra n  ( 1 976 ) 
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fi s hes ( Ch i ttenden and McEachran , 1 97 6 ) . The s h i pwrecks i n  the area 

( Fi gure G . 2-29 )  are a l so l i ke ly  to be good fi s h i ng areas and have a 

fauna more c haracter i sti c  of reef areas than of a mud bottom . 

Recent trawl surveys conducted i n  the v i c i n i ty of the bri ne d i ffuser 

s i te ( Fi gure G . 1 -7 )  tend to confi rm the reg i onal  characteri zati on  of 

l ocal  fi s h  fauna , name ly  the wh i te s hrfmp grounds . Al l of the major  

s pec i e s  character i s ti c  of the whi te s hrimp grounds  ( Tabl e G . 2-1 6 )  were 

present duri ng th i s  survey ( Tabl e G . 2- 1 7 ;  Sec ti on  G . S ,  Tabl es  G . S-3 , 

G . S-4 , and G . S- S ) . The wh i te s hr imp was the most  abundant of the three 

target s hrimp s pec i e s  col l ected ; the Atl ant i c  croaker was by far the 

most  abundant fi s h  of the 1 1  target spec i es sought .  T he  s tar drum , 

s i l ver seatrout ,  and Gu l f  butterfi s h  were a l so abundant . Nearshore 

trawl s ( S tati ons  1 to 8 )  s howed a general dec l i ne i n  the ne kton col l ected 

from October to December 1 977 , wh i ch i s  characteri s ti c  of seasonal 

trends i n  fi s hery catc hes d i s cu ssed above . 

To further c haracteri ze the nekton of the reg i on , fi ve  trawl stati ons  

were l ocated several mi l es offshore from the  proposed bri ne di ffuser 

s i te (Fi gure G . 1 -6 ) . Stations  9 through  1 3  characteri ze the proposed 

s i te .  The fauna  at these sta ti ons  were more characteri sti c of the brown 

s hrimp grounds than of the wh i te s hr imp grounds ( Tabl e G . 2- 1 8 ;  Sect ion  G . S ,  

Tabl es G . S-3 , G . 5-4 and G . S- S ) . The brown s hrimp was the most  abundant 

s hrimp spec i es col l ected . The l ongspi ne porgy was much more abundant a t  

the offs hore s tati ons  than those s tati ons  occup i ed c l oser to the s hore 

( Stati ons 1 to 8 ) . The star drum and the Atl anti c cutl assfi s h ,  charac­

teri sti c fi s h  of the wh i te shrimp grounds , were ei ther not very abundant 

or not co l l ected at  Stati ons 9 through  1 3 .  The l ow number of these fi s h  

i n  the col l ecti on  a l so characteri ze the area a s  part o f  the brown 

s hr imp grounds . Tota l bi omas s  of the target fi s h  speci es was genera l ly  

much  l ower on  the  brown s hrimp grounds than i n  the  wh i te shr imp  ground s . 

T h i s d i ffers from reg i onal  data whi ch suggests that bi omass  ; s  usual ly  

greater on  the  brown s hr imp grounds than on  the  wh i te s hr imp ground s . 
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TABLE G . 2- 1 7  Summary of trawl catches for se l ecteda i nvertebrates and fi sh  
co l l ected nea r the  rrorosed di ffuser s i te ,  Stations  
1 -8 ( Octo ber- December 1 977 ) . b 

cm,1MON NAME SC I E NT I F I C  NAME 

Invertebrates 

Brown shr imp 

P i n k  shr imp 

\'Jh i te s hr imp 

Sea catfi s h  

Longsp i ne porgy 

Southern ki ngfi s h  

Gu l f  k i ngfi s h  

At l a nt i c  croa ker 

Sand  seatrout 

S i l ver seatrout 

Star drum 

.ll.t l ant i c  threadf in  

At l a nt i c  cut l a s sfi s h  

Gu l f  butterfi s h  

Penaeus aztecus 

Penaeus duorarum 

Penaeu s seti ferus 

Fi sh  

Ari us fe l i s  

Stenotomus capri nus  

Men t i c i rrhus amer i canus  

Ment i c i rrhus l i ttora l i s  

M i cropogon undu l atus 

Cynosc i on  arenari us  

Cynos c i on nothus 

Ste l l i fer l a nceol atus  

Po l ydactyl us  octonemus 

Tri c h i urus  l epturus  

Pepri 1 u s  burti  

COLLECT I ON DATA 

October November December 

C UC R 

NC NC NC 

A C A 

UC  R NC 
D NC NC , \  

R R R 

NC NC NC 

A C UC 

C lie lIC 

C A A 

C R UC 

C R R 

R UC R 

A C R 

aSe l ec ted i nvertebrates and fi s h  i n c l ude those orga n i sms con s i dered to be 
e i ther of great commerc i a l  i mportance or a bundance ( referred to as target 
s pec ies ) .  

bRe l a t i ve a bundance ba sed upon  average number of fi s h  col l ected per 1 0-
m i n ute trawl . A-Abundant (more than 1 00 co l l ected ) ;  C -Common ( 20-99 
co l l ected ) ; UC- Uncommon ( 5- 1 9  col l ected ) ; R-Rare ( l ess  than 5 col l ected ) ;  
NC- Not Co l l ected . 

SOURCE : Texas A & M ,  1 9 78 . 
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TABLE  G . 2- 1 8 Summary of trawl catches for se l ecteda i nvertebrates and fi s h  
co l l ected offshore from the oroposed d i ffuser s i te ,  
Sta t i ons  9- 1 3  (October- December 1 977 ) . b 

COMMON NM1E S C I E NT I F I C  NAME 

I nvertebrates 

Brown s hr imp 

P i n k  shr imp 

�/h i te shr imp 

Sea catfi s h  

Longsp i ne porgy 

Sou thern ki ngfi s h  

Gu l f  k i  ngfi  s h  

Atl a n t i c  croa ker 

Sand seatrout 

S i l ver seatrout  

Star drum 

Atl anti c threadf i n  

At l an t i c  cutl a s sfi s h  

Gu l f  butterfi s h  

Penaeus aztecus 

Penaeus duorarum 

Penaeus seti feru s 

Fi s h  

Ari us fe l i s  

Stenotomus capri nus  

Menti c i rrhus ameri canus  

Ment i c i rrhus l i ttoral i s  

Mi cropogon undu l atus  

C,lnosc ion  arenari us 

C,lnos c i  on  nothus 

S tel l i fer l anceo l a tus  

Pol,ldact,ll u s  octonemus 

Tri ch i urus l epturus 

Pepr i l  u s  burti  

COLLECT ION  DATA 

Octo ber November December 

C n UC  i \  

NC  NC R 

UC  C R 

C NC R 

C NC lIC 

R R R 

NC  NC  NC 

A UC  UC  

UC  R R 
C C A 

N C  NC  NC 

C NC  NC  

UC  NC R 

A nc R 

aSel ected i nvertebrates and fi s h  i n cl ude those  organ i sms con s i dered to be 
e i ther of great commerc i a l  i mportance or  a bundance ( referred to as target 
spec i es ) .  

bRel at i ve abundance ba sed upon average number of fi s h  co l l ected per 1 0-
mi nute trawl . A-Abundant (more than 1 00 co l l ected ) ;  C-Common ( 20-99 
col l ected ) ;  UC-Uncommon ( 5- 1 9 co l l ected ) ; R-Rare ( l ess  than 5 co l l ected ) ; 
NC-Not Co l l ected . 

SOURCE : Texas A & M ,  1 978 . 
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G . 2 . 4 . 4 . 1  S h rimp 

The Gu l f  of Mex i co su pports an exten s i ve shrimp fi s hery , wh i c h  con­

s i sts of n i ne s pec ies  of shrimp ; however , only the brown , wh i te ,  and 

p i n k  shrimp s pec i es are caught  in s i g n i fi cant  numbers . The harvest of 

brown s hr imp i s  the mos t important  shrimp resou rce in Texas . Whi te 

s hr imp l and i ngs are u s ua l ly  much l ower than brown shrimp l and i ngs ( e . g .  

o ne th i rd l ess  i n  1 977 ) ( Tabl e G . 2- 1 5 ) . P i n k  s h imp l and i ng data are 

i nc l uded wi th brown s hrimp data i n  some cases , however , they account  for 

o n ly  a sma l l percentage of reported brown shrimp l a nd i ngs . 

A genera l i zed l i fe cyc l e for s hrimp i s  dep i cted i n  Fi gure G . 2-33 . 

L i ke that of many coasta l  fi s h  the i r  l i fe span i s  of short durati on ; 1 8  

to 24 months i s  the norm ,  a l though  some may l i ve to be severa l years 

o l d .  For th i s  reason s hrimp are con s i dered an annual stock i n  terms of 

harves t ( FEA , 1 977b ) . 

The l i fe cyc l e of the brown shrimp starts i n  the Gu l f  when the 

semi -buoyant eggs are s pawned i n to the offs hore water .  S pawn i ng may 

occur a l l year at  depths of 1 50 to 360 feet  and from March through  

December a t  60  to 1 50 feet .  Eggs  hatc h  wi th i n  24  hours , and  the  l arvae 

commence mi grat ion  to the l es s  sa l i ne es tuari es and bays a l ong the Texas  

coast l i ne .  Du r i ng th i s  time , the  young go through  severa l l arva l s tages , 

feed i ng on  mi croscopi c  mari ne pl ants and animal s .  By the time brown 

s hrimp deve l op to the post l arva l s tage , they reach  the bays or estuari es 

and enter these water bod i es between l a te wi nter and early  spri ng . Here 

they summer , feed on a l gae , sma l l mo l l uscs , mari ne worms , and sma l l 

crus tacae and grow i n  l ength to about 3 to 4 i nches ( FEA , 1 977b ) . 

Severa l factors , such  as i ncreas i ng water temperatures , i ncreased 

sa l i n i ti es , s torms , and approach i ng sexua l i ty ,  combi ne to tri gger the 

shr imps ' return to the offshore spawn i ng grounds beg i nni ng i n  June . I n  

the Gu l f ,  the s hrimp comp l ete thei r l i fe cyc l e  and become adu l ts .  I t  i s  

pri nc i pa l l y here , i n  the offs hore waters , that they are caught  by the 

fl eet of shrimp trawl ers . Al though  brown s hrimp are wide ly  d i s tri buted 

i n  the Gu l f  over the conti nenta l  she l f ,  th i s  fi s hery i s  centered a l ong 
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G U L F  OF 

M E X I C O  

L I F E  HISTORY OF SHR IMP • •  1 shrimp eggs; bl nauplius larva; cl protozoa.; 
dl mysis; al postmysis; fl luvanila shrimp; gl adolescent shrimp; hI matura adult 
Ihrimp. 

S O l 'RCT : Moffett , 1 9 70 .  

q r,I IRE r, . 2- 33 .  L i fe cyc l e  of a Penae i d s hr imp . 
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the northwes tern Texas  coa s t .  Brown s hr imp are u sua l l y  caught a t  n i g h t  

when they emerge from thei r burrows i n  the sand and mud bottoms o f  the 

offs hore reg i on ( FEA , 1 97 7b ) . 

The  l i fe cyc l e  of the wh i te s hrimp i s  s imi l ar to that of the brown 

s hr imp . However , wh i te s hr imp spawn i ng occurs i n  s ha l l ow water , between 

42 and 1 50 feet , primari l y  around the 48 foot  depth contour .  Whi te 

s h rimp spawn from March throug h  Augus t ,  and postl arval  s tages enter the 

nursery grou nds from May through  June and aga i n  i n  September . Wh i te 

s hr imp arri v i ng l ate i n  the year  may overwi nter i n  the estuari es , 

whereas the spri ng arr i va l s ,  after feed i ng and g rowi ng to about  4� to 5� 

i nc hes , beg i n  the i r mi grat i on bac k  to the Gu l f  i n  the fa l l ( FEA ,  1 977b ) . 

The peri od when the young shrimp are mos t s u bj ect  to ou ts i de pres s ures 

i s  between the egg and post l a rva l  s tages , duri ng the i r  mi grat i on  from 

the offs hore area to the nursery ground . Recent i nformat ion  i nd i cates  

that a wh i te s hr imp s pawn i ng s tock  occurs 5 to  7 mi l es off Bryan Beach , 

Texas , i n  the v i c i n i ty of the proposed bri ne d i ffu ser . I n  add i t i on , 

mass movement of wh i te shrimp has been observed from centra l and sou thern 

Texas south toward Mex i co i n  fa l l and wi nter and then north aga i n i n  

s pri ng ( F EA , 1 977b ) . 

Al thoug h  wh i te s hrimp have the same geograph i ca l  range i n  the Gu l f  

of Mex i co a s  brown s hrimp , th i s  fi s hery i s  centered on  the s and and mud 

bottoms off the Lou i s i a na coast l i ne .  Un l i ke brown shr imp , wh i te s hrimp 

do not burrow i n to the bottom du r i n g  the day ; the l argest  catches of 

wh i te s hrimp are taken by shrimp trawl ers dur i ng dayl i g ht  hours . 

Du ri ng the s pr i ng and fa l l ,  whi te shrimp are occas i ona l l y  caught  a l ong 
wi th  brown shrimp . 

G . 2 . 4 . 4 . 2  B l ue Crab 

B l ue crabs have an  extreme l y  wi de di s tr i bu t i on and range from Nova 

Scoti a to Uruguay ; they are found ma i n ly  in e stuari es and s h a l l ow mar i ne 

envi ronments . Fema l es tend to l i ve i n  more sa l i ne waters than mal es , 

bu t both sexes can to l erate waters wi th sa l i n i ti es from 0 . 7  to 88 ppt . 

B l ue crabs mate from l a te wi nter to ear l y  fa l l ,  when fema l es are i n  the 
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soft-she l l stage of mo l t ; the mal e  passes  spermatozoa to the fema l e  

crab , where i t  can be s tored for up  to 1 year . After the fema l e  crab 

m i g rates to more sa l i ne waters , spawn i ng occurs . When the 700 , 000 to 

2 , 00 0 , 000 eggs a re depos i ted by the fema l e  they are ferti l i zed by the 

s tored sperm . The crab embryos are depos i ted onto the abdomen of the 

fema l e  u nti l they hatch , a proces s  whi c h  ta kes from 9 to 1 5  days . On ly  

o ne or  two of these eggs  a re l i ke l y  to surv i ve to  adu l thood ( J awors k i , 

1 97 2 )  . 

The  l a rva l  zoea l  s tage of the b l ue crab l a sts from 30 to 39 days 

duri ng wh i c h  the organ i sm undergoes from 4 to 8 mo l ts .  Optimum s a l i n i ty 

range for s urv i va l  and g rowth of the crab l arvae are from 1 5  to 45 ppt . 

The zoea then metamorphose i nto mega l ops , a s tage l asti ng 6 to 20 days . 

The mega l ops i s  cra b l i ke i n  appearance and i s  a b l e to swim  or  wa l k  on 

the bottom . Optimum sa l i n i ti es for th i s  crab s tage are greater than 1 5  

ppt . The  fi n a l  metamorpho s i s l eads to the juven i l e  crab , wh i ch i s  an 

acti ve predator . Crab juven i l es mi grate throug hou t the estuary i n  

search of food . Duri ng the peri od of growth , the crab exo s ke l eton  i s  

repeated ly  s hed ; growth to maturi ty ta kes 1 2  to 1 8  months . The l i fe 

s pan  of the b l u e crab i s  from 2 to 4 years , a l thoug h  many are caught 

u pon  reach i ng commerc i a l  s i ze 1 2  to  1 8  months after hatch i ng ( J awors k i , 

1 97 2 )  . 

The  b l ue  crab i s  omn i vorous and as  such  p l ays an important ro l e  i n  

the ecol ogy of the coasta l  env i ronment . Rang i a  c l ams , mu s se l s ,  xanth id  

crabs , snai l s ,  fi s h , p l ants , and  i nsect l arvae , as  wel l  as  s cavenged 

mater i a l , have been reported as  part of the d i et of the b l ue  crab . B l ue 

crabs , especi a l l y  sma l l er members of th i s  speci es , are fed upon by fi s h  

s u c h  a s  the spotted seatrout ,  red drum , Atl anti c croaker , b l ack  drum , 

a nd s heeps head . Crab l arvae and eggs are a l so found i n  the d i et of many 

fi s h  (Adk i ns , 1 97 2 ) . 

G . 2 . 4 . 4 . 3  Anchovy 

The  two mos t  abundant anchovy spec i es found off the Texas coa s t  are 

the bay B.nd the str i ped anchovy . Stri ped anchovy prefer c l ear  sa l ty 

water and are thus found further offshore than the bay anchovy , wh i c h  i s  
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genera l l y  restr icted to bays or other i nshore areas . Both spec ies  are 

fou nd i n  l arge schoo l s  and have s imi l ar l i fe h i s tori es . The i r  d i et 

cons i s ts ma i nl y  of  mys i d s  and copepod zoopl an kton ( H i l debrand and 

Schroeder , 1 972 ) . Anchov i es spawn in the spri ng , summer , and fal l ; the 

pel ag i c  eggs hatch wi th i n  a day . An i nfl ux of bay anchovy eggs and 

l arvae i nto the Texas estuaries  has been reported year-round except i n  

Ju l y ,  August , and October . Anchovy l arvae and young juven i l es tend to 

res i de i n  l ow sal i n i ty areas and then move to h i g h  sal i n i ty waters as 

they grow ( Du nham ,  1 97 2 ) . Anchov i es prov i de an important food source 

for carn i vorous fi sh  such as seatrout and jack fi s h . 

G . 2 . 4 . 4 . 4  Menhaden 

The menhaden are of  tremendous commerc i a l  importance , al thoug h they 

are unsu i tabl e for human consumpti o n .  Menhaden su pport the l argest  

commerci a l fi s hery in  the  Un i ted States to prov i de o i l  for a vari ety of  

commerci a l  products such as pa i nts and  res i ns .  The  Gu l f  menhaden , found 

ma i n l y  i n  the Gu l f  of Mex i co ,  compri ses a majori ty of the U . S .  menhaden 

f i shery and are fi s hed mai n l y  by means of purse sei ne from m id-Apri l to 

m i d -October ( Du nham , 1 97 2 ;  U . S .  Department of Commerce , 1 977a ) . 

Adu l t  men haden overwi nter between 40 and 62 mi l es offshore i n  

waters of 280 feet depth ; here , they spawn from l ate fal l through the 

wi nter . Menhaden l arvae move i n to the estuar i ne nursery areas i n  September 

through Apri l where they rema i n  i n  the l ow sal i n i ty waters unti l they 

metamorphose i nto j uven i l es and retu rn to the open Gu l f  from October 

through February .  Menhaden have a rel ati vel y  short l i fes pan and retu rn 

to the spawn i ng areas after 1 year . Most  of the menhaden catch cons i sts 

of  1 and 2 year o l d fi s h .  I n  general , menhaden are found i n  a wide 

range of sal i n i ti es ,  0 to  60 ppt (U . S .  Department of  Commerce ,  1 977a ) . 

G . 2 . 4 . 4 . 5 Atl anti c croaker 

The Atl ant ic  croaker i s  one of the most  abundant fi s hes i n  the 

whi te s hrimp grounds . Spawn i ng occurs from October to May i n  the s ha l l ow 

open sea after wh i ch the l arvae move i nto the estuary where they feed 

and grow . Croakers rema i n  i n  the es tuary unti l the onset of co l d  weather , 
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whereupon they move offshore to the warmer water . Croakers are bottom 

feeders , consumi ng mai n l y  annel i d s , mol l u scs , and  asc i d i ans . Atl anti c 

croaker are d i s tri buted from Massachusetts to Texas and are fou nd i n  

s a l i n i ti es rang i ng from 0 to 7 5  ppt ( H i l debrand and Schroeder , 1 972 ; 

U . S .  Department of Commerce , 1 977a ) . 

G . 2 . 4 . 4 . 6  Seatrou t  

Var i ou s  types o f  seatrout are found i n  the Gu l f  o f  Mexi co i nc l ud i ng 

the s and , s i l ver , and s potted seatrout .  The sand seatrout i s  one of the 

most common coastal  s peci es . I t  i s  confi ned to the Gu l f  of Mexi co and 

the e s tuari es  of  Gu l f  tri bu tari es , i n  waters of from 1 . 3 to 32 . 5  ppt 

s a l i n i ty .  Spawni ng occurs i n  the spri ng and summer near passes and 

i n l ets . The adu l ts a nd l arvae move i n to the bays duri ng the summer , 

then offs hore wi th the onset  of co l d  wea ther ( U . S .  Department of Commerce , 

1 977a ) . 

G . 2 . 4 . 4 . 7  Red Drum 

Red drum or redfi s h  are found i n  the coasta l  waters of the Un i ted 

States  from Massachu setts to northern Mex i co . Red drum common l y  prefer 

s a l i n i ty ranges from 5 to 30 ppt thoug h  they have been taken i n  waters 

wi th  s a l i n i ti es between 0 to 50 ppt . Adu l t  drum under 3 years of age 

genera l ly  rema i n  i n  the bays and spawn i n  the fa l l  i n  the s ha l l ow waters 

of the Gu l f  near the passe s .  Juveni l es tend to rema i n  i n  the bays unti l 

fa l l ,  then mi grate to t he Gu l f .  Redfi s h  are known to l i ve for at  l east  

8 years . Adu l ts make s pawn i ng runs  a l ong the coast  i n  the l ate summer 

a nd wi nter ( U . S .  Department  of Commerce , 1 977a ) . 

G . 2 . 4 . 5  Threatened or  Endangered Speci es 

Severa l threatened or endangered mari ne spec i es , i nc l ud i ng three 

mari ne turtl es  ( Hawksb i l l -Eretmoche lys imbri cata , Leatherback-Dermochelys 

cori acea , a nd Atl anti c R i d l ey-Lepi doche lys kempi ) , have been reported i n  

the  northern and  northwes tern Gu l f  of Mex i c o  ( U . S .  Dep t .  of the I nter i or ,  

1 977b ) . 

The  Leatherback  a nd Atl anti c R i d l ey turtl es  have been recorded a s  

nesti ng o n  Padre I s l and , Texas . T he Leatherback  turt l e i s  l i s ted a s  a 

trop i ca l  nesti ng s pec i es but  ranges throug hout  the Gu l f  and wes tern 
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North Atl anti c .  The Atl anti c R i d l ey turtl e nes ts i n  abundance on ly  i n  

Tamau l i pas , Mex i co .  The northern Gu l f  of Mex i co coasta l  area ( i . e . , 

s hrimpi ng grounds ) i s  the primary forage area for th i s  s pec i es . The 

Hawksbi l l  turtl e has been reported to range the warmer coastal  waters of 

the Atl anti c between Ma ssachusetts and Braz i l ( Conant , 1 958 ) . 

Seven s pec i es of endangered mar i ne mamma l s  have been reported i n  

the Gu l f  o f  Mex i co ( Tabl e G . 2- 1 9 ) . Most  of these records are based on 

o bservati ons  of s tranded i nd i v i dua l s or fortu i tous  s i ghti ngs ( U . S .  Dept . 

of the I nteri or , 1 97 7 b )  and do  not represent i nd i genous popu l ati ons . 

The reg i ona l d i stri buti on , occurrence , popu l ati on dynami cs , and primary 

food sources for these s peci es are noted i n  Tab l e  G . 2- 1 9 . 

Each  of the a bove spec ies has been l i sted as  "endangered " by the 

U . S .  Fi s h  and Wi l d l i fe Serv i ce ( U . S .  Dept . of the I nter i or , 1 97 7a ) . 

However , none have been observed i n  the area of the d i ffuser s i te .  

G . 2 . 4 . 6  U n ique or Important Habi tats 

Severa l cora l heads  have been observed i n  the v i c i n i ty of the 

proposed d i ffuser ( Fi gure G . 2- 29 ) . One of these cora l heads i s  l ocated 

1 . 6 nau t i ca l  m i l es south  of the s i te i n  62 feet of water . The other two 

are 3 . 3  and 5 . 0  naut i ca l  m i l es southwest  of the d i ffuser . These habi tats 

are cons i dered u n i que  to the area , s i nce most  of the benth i c  hab i tats i n  

the coasta l  zone near the d i ffu ser s i te cons i s t of sand o r  mud s u bs trate . 

I t  i s  pos s i bl e  that a u n i que fl ora l and fauna l  assemb l age i s  assoc i ­

ated wi th these reefs ( Section  G . 2 . 2 . 5 . 2 ) due to the hard , stab l e s u bs trate 

offered ; sea fans and other mar i ne growth have been reported attached to 

these cora l heads ( Matti son , 1 948 ) . Good fi s h i ng has a l so  been reported 

i n  the v i c i n i ty of these coral heads ( F i gure G . 2- 29 ) . 
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TAB LE G . 2- l 9  S oec i es of  endangered ma ri ne mamma l s  k n own to occur i n  the Gul f of  Mexi c o . 

Common Name 

Sperm Hha l e  

B l a c k  R i g h t  Wha l e  

Humpback Wha l e 

Sei  �iha 1 e 

F i n �Jha l e  

B l ue Wha l e  

Wes t I nd i an Ma na tee 

S c i e� t i f i c  ,�a!T,e 

Phys eter catodon 

E u ba 1 a3na g l a c i a l i s  

t1egapt..?r'a .!:1cv:.teangl  i a e  

Ba l a enoptera borea l i s  

Ba l a er.c ptera physa l u s 

Ba l a eonptera musc l u s 

Tr i chechus  mana tus 

Source : U . S .  De partmen t  of the I n te ri or , 1 9 77b . 

Reg i o n a i  [] � s tri b:.J t i 0n 

Offshore Lo u i s i a na , 
Al a bama , and Mi s s i s s i pp i  

Enti re Gul f o f  Mex i co 

Rare to the G u l f of 
Mex i co ,  one s i t i n g o ff-
shore F l o r i da 

Offshore Loui s i ana 

O ffshore Texas and 
Lou i s i a na 

Offs hore Texa s 

Loui s i ana Coa sta l Lakes 

Occu rrence 

Common 

Rare 

Rare 

Rare 

L i mi ted 
n umber 

Uncommon 

Rare 

Popu l a t i o n  

Deo'ea s i ng 

I n crea s i ng 

I ncrea s i ng 

Dec l i n i ng 

Stabl e 

Unknown 

Few 

P r i ma ry Food Sou rce 

S qu i d , shark , and 
bony f i  s h  

Zoo p l a n kton-copepods 

Kr i l l ,  s c hoo l i n g 
f i s h ;  copepods 

Kri l l , s q u i d ,  and 
sma 1 1  f i  sh 

E u phau s i i d s  

Aq uat i c  vegeta t i on 



G . 3  I MPACTS OF  B R I N E  D I SPOSAL ON THE MAR I N E  ENV I RONMENT 

G . 3 . 1  Impacts on the Phys i ca l  Envi ronment  

G . 3 . 1 . 1 I n troduct ion  

D i sposa l  of  bri ne from the Seaway Group  i n  the Gu l f  of  Mex i co wou l d  

be a l arge sca l e operat ion  over the s hort term , bu t over the l i fe of the 

project wou l d  be underta ken on ly  i nfrequent l y .  I n i t i a l ly , expans i o n  of 

Seaway Group  crude o i l s torage capac i ty by 1 00 MMB wou l d  i nvo l ve d i s ­

charge of 534 , 000 B P D  o f  bri ne over a peri od o f  5 0  to 6 0  months . S ub­

sequent fi l l i ng of  new capaci ty or  ( u p to  4 )  refi l l s of  the new pl us  

ex i s ti ng 1 6 3  MMB capac i ty wou l d  requ i re d i sposa l of  240 , 000 BPD over 24  

months . For study purposes , the  l a rger d i sposa l  rate was se l ected to 

max imi ze the magn i tude of proj ected impacts . 

To determ i ne the most  effi c i ent d i ffu ser des i g n  and l ocation  for 

the d i ffu ser system , a mathemati ca l  s i mu l at ion  model  wa s used . The 

model  wa s devel oped by the Ra l ph Parsons Laboratory at the Mas sachu setts 

I n st i tu te of Techno l ogy ( M I T )  a nd the mode l  ru ns  were used by the 

Nat iona l  Oceanograph i c  and Atmospher i c  Admi n i s trat i on ( NOAA ) i n  a s tudy 

u ndertaken at the request  of DOE to determi ne the effects of br i ne 

d i sposa l  co nnected wi th the SPR  prog ram ( U . S . Dep t .  of Commerce , 1 977f ) . 

The  M IT  mode l i s  a time-dependent model  wh i c h  s imu l ates the trans i ent  

p l ume condi t ions  at the  d i ffu ser s i te when wi nd-dri ven current speeds 

and d i rect i on are i n pu t to an  e l ectron i c  compu ter for ana l ys i s .  The 

ana lys i s  u ti l i zes resu l ts from d i ffu ser performance stud i es conducted by 

the U . S .  Corps of Eng i neers Waterways Experiment Stati on to determi ne 

the ma themat i ca l  d i l u t i o n  factors i n  the near and i n termed i a te fi e l ds 

( 0  to 1 000 feet from the d i ffu ser ) . Sa l i n i ty concentrati ons  i n  the far­

fi e l d  reg i on were ca l cu l ated u s i ng the M IT  Tran s i ent P l ume Mode l , wh i c h  

h a s  been cal i bra ted through  therma l d i scharge stud i es . 

The reg i ons  of ana l ys i s  for the M IT  Model  are s hown i n  Fi gure 

G . 3 - 1 . I n  the near-fi e l d reg i o n ,  d i l u ti on i s  affected by turbu l ent jet  

m i x i ng and i s  a fu nct ion  of d i ffu ser des i g n , amb i ent current vel oc i ty ,  

and pos s i b l y  water depth . The trajectory of each pl ume , and the l a tera l 

s pread i ng of each pl ume after i t  fa l l s  to the bottom , are s trong ly 

G . 3 - 1  
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F I GURE G . 3- l . Re q i ons of ana lys i s  for the  MIT  Mode l . 
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affected by the ( negati ve ) buoyancy fl ux of the di scharge . The near 

f i e l d reg i o n i s  assumed to extend downstream unti l the p l umes from 

adjacent nozz l es merge to form a conti nuous  p l ume , a d i s tance on the 

order of 1 00 feet . 

The i n termed i ate f i e l d i s  characteri zed primari l y  by buoyant  l atera l 

s preadi ng and verti ca l  co l l apse of the p l ume . Ambi en t  d i ffu s i on acts to 

further d i l u te the p l ume , but i ts importance , i n i ti a l l y ,  i s  secondary 

to buoyant  s pread i ng . The i n termed i ate fi e l d  i s  as sumed to end ( and the 

far fi e l d to beg i n )  at  a bout  1 000 feet correspond i ng to the po i nt at 

wh i ch vert i ca l  co l l apse of the p l ume due to buoyancy i s  comparab l e wi th 

vert i ca l  growth due  to d i ffu s i on .  

The far f i e l d i s  the l argest of the three reg i ons  and i s  characteri zed 

by the amb i ent  processes  of advecti on and d i ffu s i on . These proces ses 

are essenti a l l y  i ndependent of d i ffu ser des i gn and are the ones wh i c h  

u l tima te ly  contro l a ny accumu l ati on  of effl uents . 

G . 3 . 1 . 2  Bri ne P l ume Sa l i n i ty Ana l ys i s  

G . 3 . 1 . 2 . 1  E s timated Base l i ne Cond i t ions  

A p l ume ana l ys i s  was  i n i t i a l ly  conducted ( U . S .  Dep t .  of Commerce , 

1 977f )  u s i ng h i s tori ca l  current data to determi ne the excess  sa l i n i ty 

va l ues at the bottom , m i d -depth , and surface for var i ous  scenari os of 

current speed , d i recti on , and durati on i nc l ud i ng s tagnant cond i ti ons . 

Computat ions  were made for the four  comb i nati ons  of water depths 

ahd est imated current sequences shown i n  Tabl e G . 3- 1 . The bri ne d i sposa l  

s i te was assumed to  be l ocated approximate ly  5 nauti cal  mi l es off the 

coast  i n  water hav i ng a depth ( H )  of 50 fee t ;  Run 5 ( depth = 20 feet )  

was i nc l uded to  demonstrate the effect  of  water depth on bri ne d i ffu s i on . 

Severa l curren t  sequences were ass umed i n  the mode l . For one 

ca l cu l ati on ( Ru n  3 ) , a s teady a l ongs hore current was ass umed . For the 

others ( Runs  4 ,  5 ,  and 6 )  a comb i na ti o n  of ti dal  a nd , for the a l ongs hore 

component on l y ,  w i nd dri ven components were ass umed as : 

u = u T ( i ns hore component )  

( a l ongs hore component) 
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TABL E  G . 3- 1  Far fi e l d  run parameters for the M IT  Mode l . 

Ru n H ( f t )  

3 50 

4 50 

5 20 

6 50 

Steady , 
( u  = 0 ;  

Currents 

a l ongshore 
v = - 0 . 5 ftl s )  

Ti dal  + 4-day wi nd- b dri ven cycl e (T  = 96 h r )  

Ti dal  + 4-day wi nd- b dr i ven cycl e (T  = 96 h r )  

Ti da l  + 1 6-day wi nd- b dri ven cycl e ( T  = 384 hr ) 

T imes ( hrs ) 

6 
1 2  
1 8  

24 

309 
333 
357 
381 

309 
333  
357 
381 

477  
573  
669 
765 

Depths  Shown 
for Each T imea 

( B  = bottom ; 
M = mid-dept h ; 
S = s urface ) 

B 
B 
B 
B 

B ,  M 
B ,  M 
B ,  M 
B ,  M 

B ,  M ,  S 
B ,  M ,  S 
B ,  M ,  S 
B ,  M ,  S 

B 
B 
B ,  M 
B ,  M ,  S 

a For  each run and t ime , ca l cu l at i ons  were perfo rmed for a l l  depths . 
Ca l cu l at i o n s  are on ly  s hown for those depths at wh i ch excess sa l i n i t i es 
exceeded 0 . 1  pot . See U . S .  Department  of Commerce , 1 977f  for concentrati on 

b
profi l es .  
See F i g ure B-2  for w i nd-d r i ven current cyc l e imposed . 
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Rotary t i da l  components were s pec i f i ed i n  the form : 

uT 
= 0 . 3  cos ( 2TI t )  24 

vT 
= 0 . 6  cos ( 2n ( t  + 6 ) ) 24 

where t i s  in hours and uT and vT are i n  ft/sec . The wi nd dr i ven 

current for Runs 4 ,  5 ,  and 6 was assumed to fi t the schemati c cyc l e  

descri bed i n  F i g ure G . 3 -2 . A l though  i dea l i zed , th i s  sequence repro­

duces  the o bserved pnenomena of wi nd reversa l s  fo l l owi ng the passage 

of a front , coup l ed wi th peri ods of s tagnati o n .  The 4 -day wi nd -dri ven 

cyc l e  was se l ected to s imu l ate cond i t i ons  of moderate wi nd and current .  

The 1 6-day wi nd-dri ven cycl e  was se l ected to s imu l a te the bu i l du p  of 

s a l i n i ty concentrat i ons  wi th t ime duri ng per i od s  of stagnati o n .  

G . 3 . 1 . 2 . 2  Resu l ts a nd Conc l u s i ons ( Es tima ted Currents ) 

For each run ,  exces s  concentrat ions  were ca l cu l ated four  t imes  

wi th i n the current sequence and at three depths  ( bottom , mi d -depth and 

surface ) . I soconcentrati on  p l ots for those depths and t imes  ( s hown i n  

Tabl e G . 3 - 1 ) a t  wh i ch pred i cted excess  concentrati ons exceeded 0 . 1  ppt 

are presented in "Ana lys i s  of Bri ne Di sposa l  i n  the Gu l f  of Mex i co , 

Bryan Mound " ( U . S .  Dept . of Commerce , 1 977f ) . 

The sequence of exces s  concentrat ion  profi l es obta i ned for Run 4 

at  the ocean bottom i s  s hown i n  Fi gures G . 3-3 , G . 3 -4 ,  G . 3 - 5  and G . 3 -6 . 

Fi gure G . 3-3  s hows profi l e s  wh i ch res u l t  after 1 3  days of t i da l  cyc l e s  

and 2 1  hours o f  s teady easter ly  currents o f  0 . 5  ft/ sec . T he area of 

0 . 5  ppt excess sa l i n i ty extends for more than 7 . 5  mi l es a l ongshore and 

up  to 1 . 1 mi l es toward s hore . Fi gures  G . 3 -4 and  G . 3 -6  s how profi l es 

resu l ti ng after 2 1  hours of a 1 . 0 ft/ sec  wes terly  current  and 2 1  hours 

of no a l ongs hore currents , respecti ve ly . F i gure G . 3 -6  s hows bottom 

concentrati on profi l es after 45 hours of s tagnant currents ( a l ongshore ) . 

B u i l du p  of excess  s a l i n i ti es i n  a pool i ns hore of the bri ne d i ffu ser 

can be observed . D i mens i ons  of the 0 . 5  ppt exces s  i soconcentrat ion  are 

approx imate l y  1 . 9 mi l es north -south and 3 . 7 5  mi l es east-west . 

Severa l conc l u s i on s  can be drawn from these ca l cu l ati ons . Run  3 ,  

wh i ch treats the tran s i ent  devel opment of a p l ume i n  a s teady current , 
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FI GURE 8 . 3-2 . S chemati c representati on of  wi nd dri ven cycl es ass umed 
for computer s i mu l ati on . 
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FI GURE G . 3- 3 . P re d i cted far fi el d exces s s a 1 i n i ty ,  T=309 h ou rs , 
bot tom profi l e .  
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FI GURE G . 3-4 . Predi cted far fi e l d excess  sa l i n i ty ,  T=333 hours , 
bottom profi l e .  
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FI GURE G . 3-5  P re d i cted far fi e l d e xce s s  s a l i n i ty ,  T=35 7 hours , 
bo ttom pro fi l e .  
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FI GU RE 8 . 3- 6  P re d i cted far fi e l d e xc e s s  s a l i n i tv ,  T=381  h o urs , 
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i nd i cates that the l ength of t ime requ i red for a p l ume to a pproach s teady 

s tate i s  a functi on  of the l evel  of concentrati on wh ich  i s  cons i dered . 

For i ns tance , s teady s tate for excess concentrati ons down to the 1 . 5 ppt 

contour  requ i re s  1 8  hours ; s teady state for excess concentrat i ons bel ow 

1 . 0 ppt requ i res con s i derab ly  l onger . I n  th i s respect , a mode l whi ch  

assumes s teady currents wi l l  be  mos t  successfu l  i n  pred i cti ng the  extent 

of the h i g her l evel s of concentrat ion . 

Runs 4 throug h  6 show that , whi l e  the current  sequence has  on l y  a 

moderate effect on the max imum pred i c ted concentrati on i n  the far 

fi e l d  (�2 to 5 ppt ) , i t  has a s ubstanti a l  i nfl uence on the s hape of 

the ca l cu l a ted concentrat ion  d i s tri but ion . Per i ods  of s trong amb i ent  

current ( e . g . , t he  second t ime peri od for each  ru n )  produce l ong , 

narrow p l umes . Concentrati ons  near the d i ffuser are re l ati ve ly  l ow 

due to the pos i t ive  dependence of near f i e l d d i l u t i on on current s peed . 

Dur i ng per i ods of l i ttl e net dri ft ( e . g . , the th i rd and fourth t ime 

peri od for each ru n ) , the p l umes rema i n  c l ose to the d i ffuser ; concen­

trati ons near the d i ffuser are genera l l y  h i g her than for the s trong 

net current  cases due to concen trat ion  bu i l du p  and the poorer near f i e l d 

d i l u t i on a t  the l ower amb i ent  vel oci t i es . The fi r st  t ime per i od for 

each run represents an i ntermed i a te s i tuat ion  where the current  i s  

i ns tantaneou s l y  s trong , but  the effects of pri or  s tagnati on and/or a 

current i n  the reverse d i recti on  can be seen . 

F i g ures G . 3-7 and G . 3-8 summari ze the res u l ts of the ana l ys i s  for 

the water depth of 50  feet and the t ida l  p l u s  4 -day and 1 6 -day wi nd ­

dri ven cyc l es , respect ive ly .  The bu i l du p  of concentrat ion  wi th t ime 

dur i ng per i ods  of s tagnat ion  can be seen on  Fi g ure G . 3 -3 a t  357  and 

381  hours , wh i c h shows bottom concentrat ions  after peri ods of s tagna­

tion  l as ti ng for  1 and 2 days ; a l so on  Fi g ure G . 3 -4 a t  669 and 765  

hours , wh i ch s hows bottom concentrati ons after peri ods of  s tagnat ion  

l as ti ng for 3 and  4 days . U s i ng a d i ffuser of the adopted des i gn and 

under cond i t i ons of moderate w i nd and curren t ,  a characteri s ti c  mode l  

output  pred i cts  a p l ume wi th sa l i n i ti es of greater than 1 p p t  a bove 

ambi ent  at the bottom coveri ng l es s  than 500 acres . Under s tagnant 

cond i ti ons , a characteri s ti c  p l ume of such sa l i n i ti es wou l d  cover up to 

2000 acres . 
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FI GURE G . 3-7  Bottom areas vs . excess  sa l i n i ty a t  vari ous t imes for Run 4 .  
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I t  i s  a l so i ntere s t i ng to note that , wh i l e areas assoc i a ted wi th  the 

l arger concentrat i ons are genera l l y  greater for cases wi th l ow net 

current than for cases wi th s trong net currents , the areas associ a ted 

wi th  the smal l er concentrati ons are often sma l l e s t  for the cases wi th  

l ow net current . T h i s i s  exp l a i ned by the fact that for d i s ta nces 

greater than the t i da l  excurs i on and duri ng peri ods of l ow net current , 

transport i s  effected ma i n ly  by di ffu s i on wh i ch acts rad i a l l y  ( and 

hence , i n  both hori zonta l d i recti ons ) , whi l e  for per i ods  of s trong net 

current ,  o n ly  d i ffu s i on i n  the l ateral  d i recti on  i s  effecti ve i n  mas s  

transport . 

Compari son  of Runs  5 and 6 s how tha t ,  for the cases con s i dered , 

the depth of water has  l i tt l e i nf l uence on  bottom concentrati ons  and 

only a moderate effect  on  the surface concentrati ons . Perhaps the 

b i ggest  di fference between the two runs i s  the fact that i n  Run  5 

( H  = 20 feet ) , the excess  s a l i n i ti es extend past the l ocati on of the 

s hore l i ne whi l e  i n  Run 6 (H = 50 feet ) , they rema i n  offs hore . 

G . 3 . 1 . 2 . 3 Observed Base l i ne Cond i t ions , Res u l ts and Conc l u s i on s  

A second p l ume ana l ys i s  was conducted ( U . S .  Dept . o f  Commerce , 

1 978b ) us i ng � s i tu current data co l l ected at  the a l ternati ve d i ffu ser 

s i te between December 4 ,  1 97 7  a nd January 5 ,  1 97 8  ( see Fi gure G . 2-24 

and G . 2-25 ) . Fi gures G . 3-9  throug h  G . 3 - 1 2 dep i c t  contours of the 

far-fi e l d s a l i n i ty patterns emi nati ng from the proposed d i ffuser at 

3 -hour i nterva l s duri ng a t i da l  cyc l e .  A total of 3 1 0 hours of data 

on  o bserved currents was i nput to the model pri or to outputti ng  the 

s a l i n i ty contours shown . The fi gures represent an  i ns tant  t ime 

ana lys i s  of the p l ume a s  i t  wou l d  dynami ca l l y  change i n  response to 

c hanges i n  the t i da l  and wi nd -dri ven currents found  i n  the proposed 

d i ffu ser area . 

T he new current data i nd i cate that the currents i n  the area are 

s tronger than prev i ou s l y  est imated a nd therefore the expected di l u t i on 

effec t  of the currents wou l d  a l so be h i g her . Th i s h i g her d i l u ti on 

wou l d  reduce the observed exces s  sa l i n i ty a nd temperature va l ues  a t  

the s i te .  

G . 3- 1 4 
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cente r  o f  the  proposed d i ffuser  us i n a observed c urrents at T=3 1 3 h o urs . 
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center  of the proposed d i ffuser u s i nq observed currents at T=31 9 h ours . 



The expected p l ume patterns , u s i ng the obs erved current data , 

c l ose ly  para l l e l the pattern s pred i cted by i npu tti ng estimated current 

data . The i s opaths of sa l i n i ty i n  the f i g ures are pl otted where the 

pred i cted excess  sa l i n i ty contours exceed 0 . 1  ppt . Wi th the except ion  

of the  0 . 1  ppt  i soha l i ne ,  t he  fou r pred i cted pl umes are s imi l ar ,  re ­

fl ecti ng the effects of ambi ent  currents i n  the area on  the s hape of 

the p l ume pattern . For exampl e ,  i t  wou l d  be expected that strong 

amb i ent  currents wou l d  produce a l ong narrow pl ume . I n  th i s case , the 

p l ume pattern refl ects the northwesterly dr ift  at  the time of ana lys i s .  

Excess  far fi e l d  sa l i n i ty concentrations  do not exceed 2 ppt for any 

of the p l umes descri bed ; th i s  i s  a l so cons i s tent wi th pred i cti ons 

u s i ng est imated currents . Sa l i n i ty concentrat ions near the d i ffu ser 

head are re l ati vely l ow due to the pos i ti ve dependence of the nearfi e l d 

d i l u ti o ns on current s peed . 

G . 3 . 1 . 3  Bri ne P l ume Therma l Ana l ys i s  

T h e  bri ne wh i c h wou l d  b e  d i s charged from the Seaway Group di ffu ser 

at  Bryan Mound ( F i gure G . 3 - 1 3 )  wou l d  ori g i nate e i ther from the i n i ti a l  

l each i ng of caverns o r  from water d i sp l acement of s tored oi l duri ng 

a cavern fi l l  peri od . Because  of the earth ' s  therma l i nfl ue nce i n  

these deep caverns , the effl uent  bri ne wou l d  be e l evated i n  temperature . 

The temperature of the bri ne before d i sposa l  i n  the Gu l f  of Mex i co 

wou l d  thus be i nfl uenced by thi s geotherma l heati ng and i s  re l ated to 

the depth of the l eached caverns i n  the earth , the res i dence time i n  

the caverns , the temperatu re of the d i s p l aced o i l , the retenti on of 

the bri ne i n  the ho l d i ng pi ts and any heat l o ss or ga i n  i n  the pi pe ­

l i ne  to offs hore . Al thoug h  i t  has been conservat ive ly  es timated that 

the temperatu re of the bri ne wi l l  be 1 3 00F ,  observati ons  made for 

vari ous f l ow rates at severa l  operati onal  sa l t domes s how that the 

temperature of the bri ne before i nj ecti on i nto a bri ne ho l d i ng p i t 

wi l l  be more rea l i s t i ca l ly  at a temperature of  1 200F or l e ss . 

G . 3- 1 9 
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Observed Temperature and F l ow Rates for Bri ne at  
Severa l Gu l f  Coast  S a l t  Domes 

Br i ne Temperature O i l Temperature Fl ow Rate Wel l 
Sa l t  Dome (0 F )  (0 F} (BPH ) Number 

Bryan Mound 1 20 80 1 500 2 

1 000 4 

Bayou Choctaw 80-90 80 1 250a 

Wes t  Hackberry 80-90 80 1 500 

1 000 

aF i 1 1  at Bayou C hoctaw i s  i ntermi ttent ; the average i s  1 250 BPH but  
actual  i njecti on rate i s  2200 B PH .  

An ana lys i s  of heat transfer properties  i n  the proposed bri ne 

d i sposa l  pi pe l i ne wa s conducted to determi ne the expected heat l oss  

1 5  

6 

1 1  

i n  the d i sposa l  when the bri ne i s  pumped from the bri ne p i t  to the 

Bryan Mound d i ffu ser head ( Fi gu re G . 3- 1 3 ) . T h i s  ana lys i s  was carri ed 

out  for cond i ti ons where the temperature of the bri ne at the i n l et 

ranged from 700F to 1 400F and amb ient  ground temperatures ranged from 

500F to 700F .  The resu l ts of th i s  ana lys i s  i n  the tab l e  be l ow i nd i ­

cate that the max imum temperature d i fferent i a l  ( �T )  between the i n l et 

and the out l et ( i . e . , the d i ffu ser ports ) wou l d  occur  for the case when 

. the i n l et temperature was 1 400F and the ground temperature was 500F ,  

but  th i s  d i fference wou l d  on ly  amount  to 3 . 20F .  Therefore the tempera­

ture of the bri ne at the d i ffu ser head con s i dered be l ow shou l d  con­

servati ve ly rema i n  wi th i n  the temperature range of about 1 1 50 to 1 200F .  
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Bri ne Temperature ( oF )  at  the Proposed Di ffu ser Ports 
as  a Functi on of Ground Temperature and Bri ne 

Temperature at  the P i pel i ne I n l et 

Bri ne I n l e t  Ground Tem�erature (oF}  

Temperature ( oF )  50 60 70  

1 40 1 36 . 8  1 37 . 2  1 37 . 6 

1 30 1 27 . 2  1 27 . 6  1 28 . 1  

1 1 0 1 08 . 1 1 08 . 5  1 08 . 9  

90 88 . 9  89 . 3  89 . 6  

70 69 . 6  69 . 9  70 . 0  

G . 3 . 1 . 3 . 1  Genera l  Approach 

To estimate the potent i a l  impacts from excess  temperatures whi ch  

mi ght  resu l t from d i scharge of br i ne to  the  Gu l f  of Mexi co through  the 

Seaway Grou p d i ffu ser at  Bryan Mound , a s i mp l i s ti c heat fl ow model 

( F i gure G . 3- 1 4 )  was eva l uated and analyzed . A corre l ati on was made 

be tween excess  temperature and excess  sa l i n i ty profi l es ,  assumi ng 900F 

seawater ( probabl e maximum) and bri ne temperatures varyi ng from 900F 

to 1 500F .  The bri ne d i spers i on mode l  as d i scu s sed i n  Secti on G . 3 . 1 . 1 

provi ded a bas i s  for applyi ng thi s corre l ati on to expected mi xi ng 

cond i ti ons  i n  the Gu l f  of Mex i co at the d i ffuser s i te .  The s imp l i fi ed 

analys i s  presented here does not account for buoyancy effects i n  the 

water co l umn due to e l evated bri ne temperatures . The analys i s s hou l d  

be reasonably accu rate wi thi n the mi x i ng zone whi ch i s  l ocated c l ose 

to the bri ne d i ffu ser . 

S i nce the temperature of the br i ne wi thi n the sa l t  dome i s  not 

accurate ly  known and temperature wi l l  vary wi th res i dence t ime and the 

other factors descri bed a bove , a parametr i c  ana l ys i s  was u sed to re l ate 
the d i fference i n  the temperature i n  the bri ne pl ume compared to the 

ambi ent water temperature ( 6Tl ) w ith  the temperatu re of  the br i ne ( Tb ) 
( see Fi gure G . 3- 1 4 ) . 
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M i x i ng Envel ope 

Where : Q = Fl ow rate ( cfs ) 

C = S a l i n i ty Concen trat i on ( ppt ) 

Cp = Spec i fi c  heat ( BTU/ 1 6m-oF )  

T = Temperature ( oF )  

F i gure G . 3- 1 4 .  Schemati c model o f  m i x i n g  zone rel a t i on s h i p s  for bri ne p l ume temperature ana l ys i s . 



G . 3 . 1 . 3 . 2  Sa l i n i ty Di l u t i on  Ca l cu l at i on  

T he  ba s i c  ana l ys i s  for t he  sa l i n i ty d i l u t i on  effects corresponds to 

the  area at the d i ffuser s i te defi ned by the M IT  model ( Sect i on G . 3 . 1 . 1 )  

a bove ; i n  t h i s  ana l ys i s  sa l t  i s  conserved throug hout  mi xi ng  zones such  

t hat : 

Pm Qm Cm = Pb Qb Cb + Ps Qs Cs ; where Pm Qm = Pb Qb + Ps Qs ' 

and  P i s  the spec i f i c  g rav i ty of the correspond i ng fl u i d . 

Defi ne : 6C , = Cm - Cs = Pb Qb Cb + Ps Qs Cs - Cs 
Pb Qb + Ps Qs 

Or 6C l = Pb Qb ( Cb - Cs ) 

Pb Qb + Ps Qs 

So l ve for Qs : Qs = Pb Qb ( Cb - Cs ) - Pb Qb ( 6Cl ) 

Ps 6C l 

Defi ne : Cb - Cs = 6C2 = constant 

Then 

G . 3 . 1 . 3 . 3  Heat Di l uti on Ca l cu l a t i on 

Ass ume conservation  of energy i n  mi x i ng zone : 

. · . Pm Qm Cpm Tm = Pb Qb Cpb Tb + Ps Qs Cps Ts ; where 

Pm Qm = Pb Qb + Ps Qs and wi th i n mo st  of mi xi ng  zone , 

Cpm :::::: Cps  ( i  . e . , s ubstanti a l  d i l ut ion ) 

( 1 ) 

Al so , heat capac i ty per un i t  vo l ume i s  near ly  i ndependent of s a l i n i ty ,  

or  Ps Cps :::::: Pb Cpb :::::: Pm Cpm 

then : 

G . 3 -24 
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Defi ne : 

( 2  ) 

Us i ng equat ions  ( 1 ) and ( 2 )  and s i te s pec i fi c  data for Qb ' Cb , Cs ' 

P s ' P b ' and Ts ' we can so l ve for Qs and 6T ,  a s  a functi on of Tb and 6Cl . 

G . 3 . 1 . 3 . 4  Appl i ca t i on to Seaway Group D i ffuser 

The fo l l owi ng  data have been appl i ed to the d i ffu ser at  Bryan Mound : 

Qb = 42 cfs 

6Cw = 240 ppt ; Cb � 270 ppt ; Cs = 30 ppt 

Ts = 320C = gOOF 

P s = 1 . 02 

P b = 1 . 2 

Then , from Equat ion ( 1 ) :  

Q = 42(240 - 1 ) ( .L...L) = f ( 6Cl ) s L'lC l 1 . 02 

and from Equati on ( 2 ) : 

6Cl 6 T = 240 ( 0 . 85 Tb - gO ) = f ( 6Cl , Tb ) 

Therefore , us i ng the sa l i n i ty c hange profi l es ( 6Cl ) a s  ca l cu l a ted i n  

Sect ion  G . 3  a bove , we can ca l cu l ate Qs ' and for var i ous  a s sumed bri ne 

temperatures , Tb , we can corre l a te 6T wi th  6C l . 

Tab l e  G . 3 -2  l i sts correl ati ons ca l cu l a ted between 6C l , and 

a range of Tb from 1 500 F to gOOF and for an  assumed Ts = gOo F .  

corre l at i ons a re pl otted o n  Fi gure G . 3 - 1 5 .  
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To app ly  these res u l ts ,  the profi l es of excess sa l i n i ty wh i ch appear 

i n  Sect ion  G . 3 - 1 above can be repl otted for excess temperature profi l es .  

W i th i n  the range of 6Cl a s  pl otted , 6T , wi l l  be l es s  than O . 60F ,  wh i c h  

i nd i cates a very sma l l area wi l l  be affected by el evated br i ne tempera­

tures . Concentration  profi l es of sa l i n i ty excess  wou l d be needed i n  the 

near fi el d to s how the area of po ss i b l e  therma l impact . Therefore under 

mos t case cond i ti ons it i s  expected that at the boundary of the 25- acre 

mi x i ng zone an i ncrease i n  temperature of l ess  than 1 0 F wou l d  occur 

d ur i ng  s ummer temperature max ima . 

The  presence of a strong thermoc l i ne or ha l oc l i ne at the proposed 

d i ffuser s i te m i g ht  po s s i b ly  i n h i b i t  the vert i ca l  movement of the 

p l ume d i scharge water and thus i ncrease the area affected by e l evated 

temperatures . The cond i t i on wou l d  most  l i ke ly  occur i n  the s pr i n g  when 

fres hwater i nfl ow , due to h i g h  ri ver fl ow , i s  a max imumJ and the surface 

waters are beg i nn i ng to warm due to so l ar heat i n g .  
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TABLE  G . 3 -2  Sa l i n i ty - therma l correl ati ons  for proposed bri ne d i ffuser . 

Sa 1 i n i ty Rate of 
Ri se  Seawater Temperature Ri se  i n  Surround i ng Seawater , �T ( oF ) , for Var ious  Bri ne 

I s o ha 1 i ne Entra i nment 
6C 1 Qs 

Temperatures , Tb , at  the Di ffu sera 

( ppt ) ( cfs ) 1 50°F 1 40°F 1 30°F 1 20°F 1 1  OOF l OOo F 90°F 

O .  1 1 1 8 , 5 1 1 0 . 01 56 0 . 01 2  0 . 0085 0 . 0050 0 . 001 5 0 0 

0 . 2  59 , 240 0 . 031 3 0 . 024 0 . 01 7  0 . 01 00 0 . 0029 0 0 

0 . 3 39 , 47 1  0 . 0469 0 . 036  0 . 026 0 . 01 50 0 . 0044 0 0 

0 . 5 23 , 663  0 . 0781 0 . 060 0 . 043 0 . 0250 0 . 0073 0 0 

L O  1 1  , 807 0 . 1 56 3  0 . 1 2 1 '  0. 085 0 . 0500 0 . 01 46 0 0 

CI> 1 . 5 7 , 855  0 . 2343 o.  1 81 0 . 1 28 0 . 07 5  0 . 0437 0 0 
. 
w 2 . 0  5 , 879 0 . 3 1 2 5  0 . 242 O. 1 7 1 0 . 1 0  0 . 029  0 0 I N 00 3 . 0  3 , 903 0 . 467 0 . 363 '. . 0 . 256  0 . 1 5  0 . 044 0 0 

4 . 0  2 , 9 1 5 0 . 625  0 . 483  0 . 342 0 . 20 0 . 058 0 0 

5 . 0  2 , 322  0 . 781  0 . 604 0 . 427 0 . 25 0 . 07 3  0 0 

7 . 5  1 , 53 1  1 .  1 7  0 . 905 0 . 640 0 . 37 0 . 1 09 0 0 

1 0 . 0  1 , 1 37 1 .  56 1 .  2 1  0 . 853 0 . 50 0 . 1 46 0 0 

1 5 . 0  741 2 . 34 1 .  81  1 .  28 0 . 75 0 . 2 1 8  0 0 

20 . 0  543 3 . 1 3  2 . 42 1 . 7 1  1 . 00 0 . 292 0 0 

2 5 . 0  425 3 . 9 1 3 . 02 2 . 1 4  1 .  25 0 . 365 0 0 

5 0 . 0 1 88 7 . 8 1 6 . 04 4 . 27 2 . 50 0 . 73 0 0 

aAs sumi ng an  ambi ent  seawater temperature of  90°F .  



G . 3 . 2 I MPACTS ON  WATER QUAL ITY 

G . 3 . 2 . 1  Bri ne  Chem i stry 

Bri ne sampl es  taken from the Bryan Mound s a l t dome , were ana lyzed 

for chem ica l  components ( Tabl e G . 3 -3 ) .  I t  wa s determi ned that approxi ­

mate ly  99 percent of the sa l t s o l u t i on con s i sts  of sodi um ch l ori de ; the 

other pri n c i pa l  const i tuent i s  ca l c i um s u l fate . Magnes i um i s  l ow and 

vari ab l e .  The br i ne  i s  saturated ( 31 7  gi l or 263 ppt ) wi th  respect to 

sod i um ch l o r i d e ;  th i s saturation  l evel wou l d  be expected to occur o n ly  

duri ng refi l l  operati ons . Duri ng the i n i ti a l  s o l ut ion  mi n i ng process ,  

res i dence t ime for the bri ne wou l d  be comparati vel y short and therefore 

sa l t  l evel s wou l d  be l es s  than the l evel s di s charged dur i ng refi l l  

peri ods ( 270  gi l  or 230  ppt ) . Other sa l t  domes cons i dered as  a l ternat i ve 

s i tes  for Seaway Group expans i on  wou l d  be ant i c i pated to produce bri ne  

s imi l ar to  that  at  Bryan Mound . 

As i de from abso l ute s a l t concentrat ion , an appropri ate and conven i ent  

way to  compare t he  chem i stry of br i nes  and  natural  waters i s  by examinat ion  

of i on rat i o s  to  determ i n e  rel ati ve  exces ses and defi c i ts of spec i fi c  

i o n s . Ion  rat i o s  for the bu l k  con sti tuents (major  i on s ) of Bryan Mound  

bri nes u s i ng data from Tabl e G . 3- 3 are expres sed in  Tabl e G . 3-4 re l at i ve 

to the respecti ve average rati o s  of  " norma l " s eawater , i . e . , s eawater of 

35  ppt from the open s ea beyond any di rect i nfl uence of l an d .  

The norma l i zed rat i o s  of Tabl e G . 3-4 s how that on l y sod i um i s  i n  

exces s  i n  Bryan Mound bri nes , rang i ng from 1 4  t o  1 7  percent h i gher i n  

bri ne than s eawater rel ati ve to c h l ori de . The rema i n i ng i on s  i n  bri ne 

are defi c i ent  by one to three orders of magn i tude , magnes i um bei ng the 

most defi c i ent .  

Of the trace e l ements ana l yzed i n  t he  bri �e , on ly  z i nc , manganese ,  

bari um and i ron  occur i n  apprec i ab l e amounts  (Tab l e G . 3- 3 ) .  I n  a l l 

cases , these metal s are w i th i n  the accepta bl e s tandards establ i shed for 

pub l i c  dr i n k i n g  water supp l i es ( U . S .  Env i ronmental Protecti on  Agency , 

1 973 ) ( Tab l e G . 3- 5 ) . However , heavy meta l concentrati ons  i n  the Brazos 

R i ver (Tabl e G . 3-6 ) must a l so  be con s i dered as consti tuents of the br i ne 

d i scharge s i nce th i s water i s  the proposed source for the s o l u t i on 
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TABLE G . 3-4 B ryan Mound bri ne i on rati osa re l ati ve to seawater ( S  = 35 ppt) . 

( Xy± / C l ) Seawater = 1 . 000 

Source/ Date Na/Cl K/Cl  Ca/Cl  Mg/Cl  S04/C1 �a/Mg K/Na 

C- 5 1 / 4/ 77 1 . 1 487 0 . 0 781 0 . 1 841 0 . 00075 0 . 076 1 246 0 . 068 

C- 5 9/30/ 77 1 . 1 7 1 4  0 . 0582 0 . 001 1 1  0 . 0752 52 . 8  

C- 4 1 2/2/77 1 . 1 766 0 . 0 30 1 0 . 06 1 0  0 . 1 207 0 . 024 

C- 2 9/29/ 77 1 . 1 734 0 . 0 755 0 . 00244 0 . 1 0 1 5  30 . 8  

C- 2 1 0/6/77 1 .  1 737 0 . 0 768 0 . 00252 0 . 0978 30 . 5  

C- 2 1 0/20/77 1 .  1 730 0 . 0692 0 . 00204 0 . 0881 34 . 0  
G) 

w C- l 9/29/ 77 1 .  1 7 1 7  0 . 0689 0 . 00258 0 . 0860 26 . 7  I 
w 

a Al l rati os are wei ght-to-wei gh t .  



TABLE \' . 3-5 P rooosed EPA numeri ca l cri teri a for water oua l i ty .  

Parameter 

Arsen i c  

Cadmium 

Chromium 

Copper 

Lead 

Mercury 

N i ckel 

Zinc 

Cya n i des 

Al drin 

DDT 

D i el dri n 

Ch1 0 rodane 

Endrin 

Heptac h l o r  

Heptac h l o r  epoxide 

L i ndane 

Pheno l s  

O i l  and Grease 

pH 

Ammon i a  

Hydrogen Sul f i de 

S u l f i des 

Di ssol ved Oxygen 

Phos phorus 

D i a z i non 

Ma l a th i on 

Parath i on 

Suspended and 
settl eabl e sol i ds 

Turb i d i ty and l i ght 
penetration 

Co l or 

Toxaphene 

Publ i c  Water 
Supply I n take 

( � g/ 1 )  

50 

1 0  

50 

1 000 

50 

2 . 0  

5000 

200 

50 

0 . 2 

0 . 1 

0 . 1 

4 

1 . 0  

5 

1 .  

Ma rine Water 
Consti tutents 

(Aquat i c  L i f e )  ( �g/ l ) 

50 

1 0  

1 00 

50 

50 

1 . 0 

1 00 

1 00 

1 0  

5 . 5 

0 . 6  

5 . 5 

0 . 6 

8 

5 

Not detecta bl e  as a 
v i s i b l e  fi l m ,  sheen d i s ­
c o l o ration o f  the sur­
face. or by odo r .  

2 .  Does n o t  cause ta i n t i n g  
of fish o r  i n v ertebrates 
o r  damage to b i o ta .  

3 .  Does not form a n  o i l  
depos i t  o n  the shores 
or bottom of the recei v­
ing body of water. 

6 . 5  - 8 . 5 

400 

1 0  

6 . 0 mg/ 1  

0 . 1 

0. 1 0  

Freshwater 
Aqua ti c Li fe 

( �g / l  ) 

30 ( hardness > 1 00 ug/1 ) 
4 ( ha rdness < 1 00 ug/ 1 ) 

50 

1 / 1 0  LC 50 

30 

0 . 2  

1 / 50 L C  50 

5/ 1 000 LC 50 

1 / 20 LC 50 ( . 005 ug/ 1 ) 

0 . 01 

0 . 002 

0 . 005 

0 . 04 

0 . 002 

0 . 01 

0 . 02 

1 / 20 LC 50 ( 0 . 1  u g/ 1 ) 

1 .  None v i s i bl e  on sur­
face. 

2. 1 000 �g/ kg hexane 
extractabl e sub­
tances in sediments . 

3. 1 / 20 LC 50.  

6 - 9 

1 / 20 LC 50 ( 20 ug/ 1 ) 

0 . 009 

0 . 008 

0 . 001 

80 ug/ 1 

1 0% change i n  
compensa t i  o n  p T  

1 0% change i n  
compensation pT 

0 . 1 

SOURCE : U . S .  Envi ronmental  Protecti on Aqenc.Y , 1 9 73  . .  
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TABLE C . 3- 6  B razos Ri ver Oi vers i on Channe l d i s so l ved heavy metal  
b urden of 7/7/77 . 

EXPECTED I NTAKE WATER QUAL ITY 
HEAVY 
METAL 
( �g / l ) 

SURFACE M I DDEPTH BOTTOM 

Cd < 1  < 1  < 1  

Cr 1 . 6 2 . 5  3 . 0  

Cu 4 . 0 4 . 4  S . 2  

Pb  3 2 3 

Hg C . 3D 0 . 23 0 . 30 

N i  2 < 1  

Zn 1 7  1 7  2 1  

S b  < 1 0 < 1 0  < 1 0 

Mn 60 55  53  

Se <20  <20 <20 

Ag <0 . 5  < 0 . 5  < 0 . 5 

As <20 <20 <20 

SOURCE : FEA , 1 977b . 
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water .  F i ve meta l s ( Cd ,  S b ,  Se , Ag , and As ) were undetectab l e i n  a l l 

s ampl es . The  rema i n i ng meta l s were s i g n i fi cant ly  h i gher than the br i ne 

and s l i ght ly  h i g her than Gu l f  of Mex i co wa ters (Tabl e G . 2- 1 0 ) . 

G . 3 . 2 . 2  Impacts 

The mo st  obv i o u s  impact of br ine  d i scha rge to the Gul f of Mex i co 

wou l d  be  i ncrea sed sa l i n i ty l evel s wi th i n  the pl ume ( Sect ion G . 3 . 1 . 2 ) .  

Subtl e e l evati on of certa i n  i ons  and decrea se  of others may a l so have an 

impact .  Eng i neer i ng and model i ng stud i es ( FEA ,  1 977b ) es t imate an 

immed i a te d i l ut ion  from the j et of 50 to 1 00 times i n  the br i ne  p l ume . 

Us i ng the con servat i ve fi gure  ( d i l u t i on factor of 50 t imes ) ,  the effl uent 

from the d i ffuser wou l d  then be expected to amount  to 2 percent bri n e ,  

a n d  98 percent s eawa ter wi th i n  the near f i el d of the pl ume . 

For the ca se  of  an effl uent of 2 percent br ine  at the edge of the 

j et ,  m i x i ng cal c u l ati ons  performed on the data of Tab l es  G . 3-3  and 

G . 3-4 s how that the s a l i n i ty of the pl ume wi l l  st i l l be greater than 5 

ppt above amb i en t ,  but  the Ca/Mg ra t ios wi l l  be reduced to w i th i n  1 to 3 

percent of that for average s eawater .  I n  coasta l  waters , beca u se  of 

sa l i n i ty var i at ions , th i s  i s  probab ly  sta ti s t i ca l l y  i n s i gn i fi cant .  

I n  contrast  to Ca/Mg , t he  KI Na rati o of a pl ume of 2 percent br i ne  

wi l l  s t i l l  be 1 5  to 1 9  percent l ower than that of  no rma l seawate r .  The 

s l ower response  of  the KI Na rat io  to mi x i ng i s  due to the domi nance of 

sod i um in the br i ne ,  espec i a l l y  rel ati ve  to pota s s i um .  Hence , the KI Na 

rat io  wi l l  not a pproximate that  of norma l seawate r  unti l the exces s  

sa l i n i ty above amb i ent  fa l l s  to  l es s  than 1 ppt . 

The s i gn i f i cant d i s tortion  of Ca/Mg and KI Na rat i o s  i n  br i n e ,  

rel a t i v e  to s eawater , i s  o f  b i o l og i ca l  i n terest s i nce the proport ions  of 

these i ons  in ambi ent  waters have been s hown to be an important ecol o g i ca l  

factor  i n  the phys i o l og i ca l  functi on o f  several aquati c organ i sms . 

Thus , imba l ance may be a s  s i g n i f i cant  a concern i n  bri ne d i spers i on as  

o smoti c s tres s  ( Sect ion  G . 3 . 3 . 3 ) .  

A model u s ed to pred i ct  the concentrat ion  of chem i ca l  components at 

var i o u s  excess  s a l i n i ty contours for the Texoma br i n e  d i sposa l  project 

( FEA , 1 977c ) fo reca sts  that many of the free chemi ca l components wou l d  
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a s s ume near normal l evel s wi th i n  the 1 0  ppt  exces s  s a l i n i ty conto u r .  

T h e  n umber a n d  types o f  prec i p i tates  p red i cted wou l d  rema i n  cons tant  as  

exces s s a l i n i ty i ncrea sed . However , concen trati ons  of mos t  of these 

p rec i p i tate s  wo u l d  i ncrease wi th i n c rea s i ng exces s s a l i n i ty .  The i n crea sed 

d i s so l ved and prec i p i tated so l i d s  wh i ch wou l d  form wou l d  tend to have an 

aff i n i ty for t he s urface of exi st i ng parti c u l ates . Format i on and pos s i bl e  

s ettl i ng of  these part i c u l ates co u l d have an i nfl uence on the s es s i l e  

mar i ne l i fe i n  the d i s posa l  a rea ( F EA , 1 977c ) . 

Trace meta l s res u l t i n g  from d i s s o l u t i on of the bri n e  wou l d rema i n  

wel l  bel ow EPA mar i ne d i scharge cr i teri a  (Tabl e G . 3- 5 ) . Dur i ng  e i ther 

l ow r i ver fl ow or  f l ood cond i t i on s  at  the raw wa ter i ntake in  the Brazos 

Ri ver , heavy meta l l evel s wo u l d  be expected to i nc rease g reatl y .  Under 

these cond i t i on s ,  concentrat ion s  of certa i n  heavy metal s ( P b ,  Hg , Zn , 

and  Mn ) i n  the  br i ne  d i s charge cou l d exceed the EPA recommended d i scharge 

g u i del i nes . Except for mercury ,  these heavy metal  l evel s wo u l d be 

expected to decrease to bel ow the recommended EPA d i s charge va l ues  as a 

res u l t of s ed i mentat i on  of  parti c u l ate heavy meta l s  i n  the sa l t cavern . 

Under normal  r i ver cond i t i ons , l i ttl e i nc rease above ambi ent  l evel s i n  

the  G u l f s hou l d b e  ant i c i pated from trace meta l s d i scharged a l ong wi th 

the br i n e .  

A pred i ct i ve model for the amount  o f  petro l eum wh i c h  co u l d be 

d i s s o l ved i n  the bri n e  ( F EA , 1 977c ) est imated that the max imum theoret i ca l  

equ i l i br i um concentrat i on  wo u l d  b e  3 1  ppm ; t h e  average amount  o f  d i s so l ved 

o i l dur i ng i n i t i a l  f i l l  wi th a grad i ent  of from a to 31 p pm .  Duri ng o i l 

f i l l  and wi thdrawa l , i t  i s  expected that there wou l d  be i n s uffi c i en t  

t i me ,  turbu l ence and c i rcu l at i on to al l ow the d i s so l ved o i l  to reach the 

theo reti ca l  eq u i l i br i um concentra t i on . Furthermo re ,  vapori zat i on and 

o i l  s k imm i n g  d u r i ng su bsequent refi l l s  sho u l d reduce the max i mum o i l  

concentrat i on  a t  the d i scharge  to l es s  than 1 5  ppm , averag i ng 6 p pm 

( F EA , 1 97 7 b ;  US  DO E ,  1 977 ) . Th i s  l evel  i s  h i g her  than the observed 

amb i ent  Gu l f  hydrocarbon  l evel s ,  bu t i t  i s  expected that l oca l mi x i n g  

and d i s persal  mechan i sms  wou l d have a moderati ng  effect o n  the area o f  

impact . 
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To tes t  the val i d i ty of the a bove o i l  i n  br ine  model , h i s to ri ca l . 

data on  the content of hydrocarbons  d i scharged from s imi l ar bri ne cavern 

o i l s torage operat ions  were co l l ected . In Manosque , Franc e ,  d i scharged 

o i l - i n -br ine  l evel s were 4 . 6 ppm ( Range : 0 . 0- 1 3 . 8  ppm )  i n  o perat i ona l  
caverns and 3 . 3 ppm ( Range : 0- 1 0  ppm ) in  the  so l ut i o n  mi n i ng of new 

caverns . I n  Etzel , Germany , the hydrocarbon concentra ti on of the bri ne 

d i scharge  was l es s  than 1 ppm ( FEA , 1 977b ) .  

The expected sa l i n i ty ( 230 to 264 ppt ) and temperature ( 1 200 F )  of  

the br i ne  i n  the  cavern wou l d resu l t  i n  i ts deoxygenat i on .  When d i s c harged 

dur i ng worst case s tagnant cond i t ions , the d i sso l ved oxygen i n  the 

s u rround i ng s eawater wou l d  decrease by 0 . 1 to 0 . 2 mg/ l  from the norma l 6 

mg/ l  w i th i n  the 4 ppt excess sa l i n i ty contour .  Under norma l cond i ti ons 

of wind mi x i ng because  of the s h a l l ow « 50 feet ) depths i n vol ved , reoxygena­

t i on of the p l ume wou l d  be expected to occur rap i d l y .  

The p H  of t h e  water co l umn s hou l d n o t  b e  a l tered , s i nce none o f  the 

con s ti tuents a na lyzed in the br ine  s hou l d affect pH  l evel s .  
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G . 3 . 3 I MPACTS TO THE B I OLOG I CAL ENV I RONMENT 

Sa l i n i ty and temperature are cruc i a l  to l i v i ng mar i ne organ i sms . 

The range of sa l i n i ty wh i c h  wi l l  permi t l i fe i s  from natural fres hwater 

wi th a m i n i mal  sa l t  content ( nearly approch i ng zero ) , to saturated sa l t 

water wi th a sa l t content approach i ng 270 ppt . Water temperature i s  

genera l ly  more important to the d i s tri but i on o f  i n d i v i dua l  organ i sms and 

faunal  assembl ages than i s  sa l i n i ty .  Water temperatu re contro l s the 

l i ves of most  aquati c an ima l s ;  s i nce they are po i k i l o-thermus , the i r 

body temperatures are at or  near the temperature of the water envi ronment 

and the i r  temperature vari es  w ith  changes i n  the water co l umn . In  the 

G u l f of Mex i co ,  the average maximum surface water temperature rare ly  

exceeds 850F and  at  a depth of about 1 000 feet the  temperature rema i n s 

at  about 4 1 oF .  These two phys i co-b i o l og i ca l  parameters and the i r potent i a l  

for change are important to the devel opment o f  the proposed di ffuser 

s i te . The i r  impact on b i o l og i ca l  a s sembl ages at the d i ffuser s i te are 

d i scus sed i n  the fo l l owi ng secti ons . 

Aquati c organ i sms  are best s u i ted , phys i o l og i ca l l y ,  to an optimum 

s a l i n i ty range .  Fauna and fl ora ha v ing l i mi ted sa l i n i ty to l erance 

ranges are termed stenoha l i ne ;  those hav i ng a wide sa l i n i ty to l erance , 

euryha l i ne .  Even though  these organ i sms exh i b i t  optimum sa l i n i ty ranges , 

they often l i ve i n  waters outsi de these ranges . W i t h i n  the estuari ne 

and neri t i c  ecosystems , aquat ic  organ i sms may encounter a wi de range of 

s a l i n i ty reg imes . Estuaries and other coasta l  water bod i es , where 

seawa ter i s  measurab ly  di l uted wi th fres hwater , seasona l l y undergo wi de 

sa l i n i ty vari ati ons . 

An organ i sm ' s res pon se  to sa l i n i ty stress wi l l  vary dur ing parti cu l ar  

stages of i ts l i fe cyc l e .  The adu l t  stages may s how a to l erance to wide 

s a l i n i ty reg imes , wherea s narrow ranges are requ i red for spawn i ng and 

rear i ng of l a rvae.  Hence , a spec i es may change from stenoha l i ne to 

euryha l i ne duri ng i ts l i fe cyc l e ,  and even wi t h i n  a certa i n  l i fe stage 

may to l erate d i fferen t and often non-opti mum growth sa l i n i ty ranges . 

Th i s  i s  exempl i fi ed by the l i fe cyc l e  of many Gu l f  of Nex i co mari ne 

s pec i es wh i ch a l terna te between env i ronments of l ow and h i g h  s a l i n i ty .  
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Much of the s pawn i ng acti v i ty occurs i n  the Gul f ,  wh i c h  i nd i cates a need 

for water of h i g her sa l i n i ty and stabi l i ty dur i ng th i s  pha s e  of the l i fe 

cycl e .  

En v i ronmenta l temperature changes have pronounced effects o n  a n  

organ i sm ' s  response  to vari at ions  i n  sa l i n i ty .  Aquati c organi sms 

exh i b i t max imum to l erance to sa l i n i ty vari at ions  when the temperature of 

the i r  env i ronment i s  wi th i n  the i r  optimum phys i o l o g i ca l  temperature 

ran g e .  Wi th i n  the Gu l f  coast estuaries  and coa stal waters , seasonal  

var i at i ons  in  water temperatures may be extreme , parti cu l ar ly  in  the 

summer and wi nter months when temperatures approach or exceed some 

organ i sms ' temperature l im i ts .  Dur i ng  these  month s ,  s l i g ht vari ati ons 

in sa l i n i ty may cause exces s i ve stress  on these organ i sms . 

At the proposed d i ffuser s i te ,  a vari ety of env i ronmenta l vari a b l es , 

i nc l udi ng temperature , sa l i n i ty ,  currents , depth , bottom topog raphy , 

prec i p i tat ion , and evaporat ion ( Secti on G . 2 . 2 ) , wou l d conti nual l y  mod i fy 

and  i nfl uence the bri ne d i scharge  p l ume . For di sc u s s i on purposes , 

however , the p l ume can be defi ned to con s i s t  of two genera l areas : the 

near and  i ntermed i a te-fi e l d d i scharge ,  covering  up to 25  acres and 

hav i ng a s a l i n i ty range of  5 ppt to 264 ppt above amb i en t ,  and a far­

fi e l d area wh ich  wi l l  extend o ver severa l thousand a cres w i th sa l i n i ti es 

rang i ng from l es s  than 5 ppt to 0 . 1 ppt above amb i en t .  Because  the 

d i scharged bri ne  wi l l  be denser than the ambi ent seawate r ,  the p l ume 

wi l l  be confi ned , for the most  part , to the l ower ha l f  of the water 

co l umn . Dur i ng nonstagnant periods , the l ong ends  of the pl ume wi l l  be 

g enera l l y  para l l el in the di rect ion of the preva i l i ng water currents . 

G . 3 . 3 . l  Impacts to P l an kton  

T he  p l an kto n i c  o rgan i sms encountered wi th i n  these coastal  Gu l f 

waters (a s  d i scussed i n  Secti on G . 2 . 4 . 2 ) have l im i ted  powers of mob i l i ty 

and  therefore ,  i n  g enera l , fl oat  pass i ve l y ;  hence p l an kton cannot acti ve ly  

avo i d  an impacted reg ion . P l an kton i n  the upper ha l f  of the water 

co l umn , i n  the reg ion  of the bri ne d i scharg e ,  woul d pro bab ly  not encounter 

the p l ume and wou l d  not be impacted . Those p l ankton i c organ i sms in 

the l ower ha l f  of the wa ter co l umn encounteri ng  the mi d-sect ion  of the 
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p l ume ' s  axi s wou l d  be entra i ned i n  the pl ume . The durat ion of  exposure 

to (o r  " res i dence time" ) of  the pl ankton  i n  t h i s  pl ume s hou l d not exceed 

s evera l  hours . On l y  a smal l portion of th i s  t ime wou l d be s pent in the 

extreme sa l i n i t i es and temperatures of  the near-fi el d secto r  of the 

p l ume . Recovery of  the p l a n kton from sa l i ne or  temperature s hock  wou l d 

commence when the p l a n kton are carr i ed out  of the p l ume by the pre­

va i l i ng currents and encounter ambi ent sa l i n i ti es or temperatures . I t  

i s  est imated that the extent o f  the pl ume hav i ng sa l i n i ti es or  tempera­

tures wh i ch m i g ht  i nduce severe phys i o l og i ca l stres s  on  the entra i ned 

p l an kton wou l d  be rel ati vel y sma l l .  The p l ankton b i omas s  encounteri ng 

th i s s ect ion  of  the p l ume wou l d  l i kewi se be comparat ive ly  smal l .  

The s a l i n i ty to l erances of severa l p l ankton s pec i es ant i c i pated to 

occur at the d i ffuser s i te are presented i n  F i gure G . 3- 1 6 .  W i th i n  the 

g i ven range , each  s pec i es has a smal l er phys i o l og i ca l l y  optimum s a l i n i ty 

range . Above and bel ow t h i s  sma l l er range , l i fe processes  may be adverse ly  

mod i fi ed .  

B i oa s say ana l yses have been reported by the U . S .  Department of 

Commerce ( 1 978 ) .  These s tu d i es were underta ken to assess the impact of  

bri ne d i sposa l i n  the  mari ne env i ronment on  se l ected p l an kton and  nekton 

s pec i es . Three phyto p l a n kton s pec i es compri sed the study ,  of wh i ch on l y  

one , S ke l etonema costatum was co l l ected i n  the s tudy area . The other 

s pec i es as sayed were Hymenomonas carterae and Tetrase l m i s  chu i i .  The 

res ponse  of these s pec i es to var ious  bri ne  concentrations  at  720 and 

860F was assessed over a peri od of 9 days . Severa l concl u s i ons  drawn 

from those b i oas say s tud i es were : 

( 1 ) Each  a l ga l  spec i es exh i bi ted characteri s t i c  res ponses to 

var i o us concentrati ons of bri ne : 

T .  chu i i - most  to l erant 

H .  carterae - to l erant 

S .  costa tum - most  sen s i t i ve 

( 2 )  No growth occurred i n  40 percent ( 1 43 ppt ) br i ne so l uti on i n  

any spec i es , but a concentrati on  of  2 0  percent ( 94 ppt ) and 1 0  

percent ( 64 ppt ) was i nh i b i t i n g  i n  vary i ng degrees accord i ng 

to the s pec i es as fo l l ows : (+++ = Better than contro l ; 

++ = s im i l ar to contro l , + = l es s  than contro l , - = no growth ) . 
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% Br i ne  Sa l i n i ty (ppt ) H .  ca rtera l S .  costatum T .  chu i i  

0 . 0 

o .  1 
0 . 2  

0 . 5 

1 . 0 

2 . 0  

5 . 0 

1 0 . 0  

20 . 0  

40 . 0 

30 . 0 ++ ++ ++ 

3 1 . 0 ++ +++ ++ 

3 1 . 5 ++ ++ ++ 

32 . 0  ++ ++ ++ 

34 . 0  ++ ++ ++ 

39 . 0 ++ + + 

46 . 0 ++ + + 

64 . 0  + 

94 . 0  

1 43 . 0 

( 3 )  A concen trat ion  of 5 percent ( 46 ppt ) i s  the h i g hes t acceptabl e 

amount  of br i ne  that shoul d be rel ea sed at  the out l et  to 

perm i t  a s tand of phytop l a n kton i n  the near- fi el d .  

( 4 )  I n crea se i n  temperature ( from 720 F to 86oF ) had n o  s i g n i fi cant  

effect on the growth of any of the  a l gae  tested i n  concentra­

t i ons  u p  to a 5 percen t br i ne  concentration . 

As sessmen t of the impact of the br i ne  d i s posa l  on the mar i n e  phyto­

p l an kton i n  the study area sho u l d con s i der two po i n ts : ( 1 ) because  of 

the re l a ti vel y sma l l s i ze of the ( bottom fl owi ng ) pl ume i n  compari son to 

the coa sta l  she l f reg i o n  under s tudy ,  a proporti onate ly  sma l l percentage  

of t he  tota l  phytop l a n kton  b i omass wo u l d b e  entra i ned a nd  impacted by 

the  p l ume ; and ( 2 )  the  res i dence t ime of p hytop l ankton entra i ned i n  the 

p l ume is  s ho rt .  

A Lagrang ian  model output  ba sed o n  currents con s i dered characteri s t i c  

o f  the s tudy s i te i s  s hown on  F i gure G . 3- 1 7 .  The excess sa l i n i ty ca l cu­

l a t ions  ( above 30 ppt ) are shown with the model l ed average and max imum 

expo sure durati o n s . The i n i t i a l  en tra i nment of p l ankton i c organ i sms i n  

the br i ne  p l ume i s  co n s i dered to be a reg ion  wi th i n  300-400 feet from 

the  d i ffuser ( U . S .  Department of Commerce , 1 978a ) . 
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Severe p hys i o l og i ca l  stress wou l d  be ant i c i pated for p l an kton 

entra i ned i n  the h i g h  s a l i n i ty-temperature sector of the p l ume near the 

br i ne d i ffuser .  In  th i s  reg i o n ,  exces s sa l i n i t i es wo u l d  range from 

a pproximately 5 ppt to a l most  264 ppt  a bove amb i ent , wh i l e  temperatures 

a t  the 5 ppt  i soha l i ne w i l l  be l es s  than 1 0F above ambi ent d ur i n g  both 

the  s ummer and wi nter months  ( Sect i on G . 3 . 1 ) . As noted in  Sec t i on 

G . 2 . 4 . 2 . 1 ,  the year ly  average phytop l an kton concentrati on of approx imate l y  

4 . 1 x 1 05 ce l l s  per l i ter  i s  characteri s t i c  o f  the coastal  zone o f  th i s  

a rea . Therefore ,  for each l i ter  of water entra i ned i n  the h i g h  s a l i n i ty-
5 temperature sector of the p l ume , a yearly average of 4 . 1 x 1 0  cel l s  

wo u l d  probab ly  be destroyed . Phytop l an kton entra i ned i n  the p l ume 

sector ha v i ng sa l i n i t i e s  l es s  than 5 ppt above amb i ent and red uced 

temperatures wou l d  proba b ly  be stres sed ; however , recovery s ho u l d commence 

once the p l an kton are carr i ed out of the impacted a rea . W h i l e  in th i s  

sector of the p l ume , primary producti v i ty wo u l d probab ly  be s ubstan t i a l ly  

red uced . No  s u bstan t i a l  l ong term impacts to  the  phytop l an kton commun i ty 

wou l d  be ant i c i pated as  a res u l t of the br i ne and therma l d i scharge .  

A s  a res u l t of  b r i ne  d i scharge  i n to t he  Gu l f of  Mex i co ,  l oca l i zed 

chem i ca l  impacts wou l d  be anti c i pated ( Sect i on G . 3 . 2 . 2 ) .  Ion rat i o s  

wi th i n  t he  p l ume wou l d  b e  expected to b e  a l tered and m i g h t  i nduce 

phys i o l ogi cal  s tress on the entra i ned phyto p l a n kton commun i ty .  Peri odi c 

i n creases  i n  the concentration of several heavy meta l s  ( P b ,  Hg , Zn and 

Mn ) a bove the E PA recommended d i sc ha rge g u i de l i nes  may occur .  Phyto p l an kton 

entra i ned in the p l ume may se l ect i ve ly  adso rb or  absorb these metal s ,  

thus  ma k i ng these meta l s accessa bl e to h i g her  l eve l s of the food web .  

Loca l turb i d i ty i ncreases  may be ant i c i pated . If  turbi d i ty were to 

i ncrea s e ,  l i g ht penetrat i on wou l d  be l oca l ly  reduced , thus  potent i a l ly  

reduc i ng producti v i ty .  Oxygen l eve l s may decrease , l ead i n g to further 

reduct ion  in producti v i ty .  The es t imated o i l concentrat i o ns i n  the 

d i scharged br ine  wou l d  be about  6 ppm . Var i ou s  phytop l an kton s peci es 

i n c l udi ng Ch l orel l a  vu l gar i s ,  As teri onel l a  j apon i ca and Phaeodactyl um 

tr i cornu tum , when expo sed to s i ng l e or  success i ve coat ings  of several 

crude o i l s  in concentrat ion  of 0 . 1 to 38 p pm , i l l u strate depress i on of 

G . 3-43 



growth rates ( del ay i n  cel l d i v i s i o n )  o r  reducti on  i n  photosynthes i s .  

Mi xed phytop l ankton sampl es when exposed to 1 0  to 20 mg/ l  ( ppm ) of  

Venezuel an  crude , and  No . 2 and  No . 6 fuel  o i l s  s how the fo l l owi ng 

s u bl ethal  response : photosynthes i s  i s  st imu l ated at  concentrations  of 

1 0  to 30 ppb ;  wherea s ,  a decrease i s  noted at  1 00 to 200 ppb for the 

No . 2 fuel  o i l  ( Hy l and and Sc hne i der , 1 97 6 ) . Phyto p l a n kton entra i ned i n  

the p l ume hav i ng o i l  concentrati ons of  6 ppm cou l d experi ence  s hort  term 

adverse  env i ronmenta l condi t i o n s .  Dramati c changes i n  p l an kton as a 

res u l t of  o i l  contami nation  have not been observed . 

Outs i de of  the h i g h  sal i n i ty-temperature secto r ,  no s i ng l e  chemi cal 

consti tuent i ntroduced i nto these waters by the p l ume may be present i n  

s uffi c i ent  concentrations  to b e  toxi c .  The presence o f  these  chemi cal s 

together may act synerg i s t i ca l l y  to produce adverse i mpacts on the 

b i o l og i ca l  envi ronment .  

Du ri ng t he  br i ne d i s charge per i o d ,  temporary stagnat ion  peri ods i n  

the l ongs hore nonti da l  currents are ant i c i pated . I n  con s i derati on of  a 

very conservati ve e i g ht day s l ack  i n  the l ongshore currents , the reg i on 

o f  the p l ume wi thi n  the 5 ppt i soha l i ne ( above amb i ent ) wo u l d i ncrease  

to  a l most  2 5  acres . Concurrentl y ,  the area covered by the 1 0F i sotherm 

( a bove amb i en t )  wou l d  i ncrea se a s  wel l .  Therefore , the area of  the 

p l ume havi ng a h i g h  temperature- sa l i n i ty reg ime and i nduc i ng severe 

phys i o l og i ca l  i mpacts on  the b i ota wou l d  i ncrease d ur i ng th i s  peri o d .  

Segments of  the zoop l a nkton commun i ty cong regate a l ong pycnoc l i nes 

( l i nes of  equal  water dens i ty ) . The i n troducti on  of  a bottom-fl owi ng 

br i n e  p l ume i nto the mar i ne env i ronment wou l d probab ly  resu l t  i n  den s i ty 

d i sconti nu i ti es .  I t  i s  pos s i bl e  that zoopl ankton  m ight  be attracted to 

the pycnoc l i nes res u l t i ng from the br i ne p l ume , but the qua l i tat i ve  and 

quant i tat ive  aspects of  these impacts , .  are l arge ly  un known . Zoopl an kton 

( e . g .  copepods ) entra i ned i n  the p l ume in the v i c i n i ty of the di ffuser 

where extreme temperature and sal i n i ty val u es pers i s t wou l d  probab ly  be 

k i l l ed .  
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G . 3 . 3 . 2  Impacts to Benthos 

Bri ne  d i s posa l  in the Gu l f  of  Mex i co wou l d  have a s i g n i fi cant 

effect on  certa i n  components of  the benth i c  i nvertebrate commun i ty ,  

s i nce  the dens e  brine  wi l l  s i n k  towards the bottom . The area of  greatest 

stres s  to the benth i c  organ i sms wou l d  be wi th i n  the 5 ppt i soha l i ne .  

Ma ny o f  the ses s i l e  ( nonmoti l e )  organi sms l i v i ng wi th i n  the range of  

th i s  contour  wou l d  be k i l l ed ( U . S .  Department of Commerce , 1 977f ) , 

parti c u l arly i n  areas near the d i ffuser where sal i n i ti es may approach 

va l ues  of  u p  to 264 ppt and temperatures may be as  h i g h  a 1 20oF .  Assumi ng 

total morta l i ty ,  a bo ut  1 . 3 x 1 08 benth i c  i nvertebrates wou l d be ki l l ed 

per acre , ba sed on  mean den s i ty va l ues ( F i g ure G . 2- 3 6 ;  Stations  A3 , A4 , 

A5 , 02 and E2 ) .  Th i s  val u e  wou l d  vary wi th seasons but i s  l i ke ly  to be 

greater i n  the s ummer duri ng periods of  h i g hes t product i v i ty .  Based on  

cons ervat ive  est imates , on ly  about  25 acres wou l d  be  covered by the 5 

ppt i soha l i ne duri ng an e i g ht day s l ack  per i od i n  l ongs hore nont i da l  

currents . 

Away from the d i ffuser , l i ttl e or  no s i g ni fi cant adverse effects to 

benth i c  o rgan i sms wou l d  occur .  Al though an excess  sal i n i ty grad i ent of  

greater tha n 0 . 5 ppt cou l d extend up  to  6 . 5 na uti ca l  mi l es ( FEA , 1 977b ) 

from the di ffu ser s i te under var ious  comb i nati ons of  env i ronmental  

cond i t i ons , the sa l i n i ty i ncrease  ( l es s  than 5 ppt ) in  the far f i e l d i s  

un l i ke ly  to have a s i g n i f i cant adverse impact on the benth i c  commun i ty 

near the s i te .  

On ly  l i mi ted data are a va i l a bl e  o n  the sal i n i ty to l erance of  mar i ne  

benth i c  i nvertebrates o r  i nfauna . Sal i n i ty ranges of  24 to 82 ppt 

( Tabl e G . 3-7 ) have been reported by Hedgpeth ( 1 967 ) for severa l  spec i es 

of  benth i c  i nvertebrates  and these data i nd i cated that i nvertebrates , 

and i n  part i c u l a r  polychaetes , are capabl e of  q u i c k  recovery even after 

l arge commun i ti es are k i l l ed by adverse sal i n i ty changes (Gunter , 

Ba l l ard , and Ven katarm iah , 1 974 ) .  B i oas say stud i es ( Neff , 1 978 ) of  the 

po lychaete Neanthes arenaceodentata revea l ed th i s  benth i c  spec i es wa s 

ab l e to wi thstand sal i n i t i es of  40 to 53 . 3  ppt . A Eu l erian  approach 

( hypersa l i ne exposure at f i xed l ocati ons affected by the pl ume ) wa s 
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TABLE  G . 3-7  Sa l i n i ty ranges for benth i c  i nvertebrates in  the northwes tern 
Gul f of Mexi co hav i ng a recorded occurrence i n  sa l i n i t i es 
a bove 45 ppt . 

O RGAN I SM SAL I N I TY 0/00 ( PPT)  

o 1 0  20  30 40  50  60 70  80 

POLYCHAETE ( WORMS ) 

Nerei s pel agi ca  

Polydora 1 i gn i  

C I RRI P ED IA  ( BARNACLES ) 

Ba l anus  eburneu s 

Ba l anus  amphi tr i te 

AMPH I POD ( S CUDS ) 

Gammarus mucronatus 

Podocerus bras i l i en s i s 

Grand i d i erel l a  bonnero i des 

P ELECYPODA ( B I VALUES ) 

Mu l i n i a  i nteral i s  

Anoma l ocard i a  cune imeri s 

Sourc e :  Hedgpeth , 1 967 
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ut i l i zed i n  a ana lys i s  us i ng the M IT  Trans i ent  P l ume Model  ( U . S .  Depart­

ment of Commerce , 1 978a ) .  An i dea l i zed br i ne pl ume , F i g ure G . 3- 1 8 ,  

was determi ned from currents typ i ca l  of the area , F i g ure G . 3- 1 9 .  As 

noted i n  the res u l t i ng gra ph of exposure cond i t i ons for spotted s ea trout 

( Fi gure G . 3- 20 ) , s a l i n i t i es wou l d not be h i gh enough to ca use s i gn i fi cant morta l i ­

t i es i n  the far f ie l d ( therefore , pl ots were not made for po lychaetes ) .  

These s tud i es a l so showed that Neanthes wa s better ab l e to to l erate h i g h  

br i ne concentrat ions  at  a temperature o f  680F than at  e i ther 590 F o r  

860F .  Al thoug h adu l t Neanthes seem wel l adapted to wi thstand stres s  

from h i g h s a l i n i ty l evel s ,  the younger devel opmenta l stages of th i s  

spec i es canno t .  S im i l a r trends i n  s a l i n i ty to l erance l evel s and tempera-

ture i n teract i on may be expected for many other po l ychaete spec i es and 

re l a ted benth i c  i nvertebrate i nfauna taxa . 

Al though many of the benth i c  i nvertebrates are o f  l i ttl e or no 

d i rect economi c va l ue to man , the i nfauna occupy important troph i c  

pos i ti ons i n  the food web .  The benth i c  i nvertebrate data ana l yzed for 

the proposed d i ffuser s i te ( Secti o n  G . 2 .  4 )  do not revea l the presence 

of  e i ther threa tened or endangered spec i es or un i que  commun i ti es wi th i n  

the exces s  5 ppt i so ha l i ne a t  the s i te .  On a reg i ona l  ba s i s ,  the envi ron­

mental  l os s  of  the benth i c  commun i ty wi th i n  th i s  brine p l ume i s  not 

expected to be s i g n i f i cant .  

G . 3 . 3 . 3 Impacts to Nekton 

G . 3 . 3 . 3 . 1 Genera l 

The to l erance of the more important components of the nekton  commun i ty 

( s hrimp , crabs and fi s h ) to br i ne  d i scharge at the proposed d i ffuser 

s i te i s  h i g h l y  var ia b l e ,  depen d i ng upon the sea son of  the yea r ,  the 
s pec i es i nvo l ved , and the l i fe s tage of  the organ i sm .  Genera l l y  the 

i mpacts of br i n e  d i s posa l wou l d  be expected to be m i n i ma l  on the adu l t 

members of  the nekton  commun i ty ,  because the acti ve swimmers i n  th i s  

g roup  cou l d a vo i d  the reg i ons of unacceptab l e water qua l i ty wi th i n  the 

p l ume . Those nekton i c organi sms wh i ch part i a l l y  depend on the bottom , 

i nc l u d i ng s hrimp , crab and sc i aen i d  f i s h  wou l d  be exc l uded from most  of 

t he h i gh s a l i n i ty s tres s area wi th i n  the 5 ppt i soha l i ne .  Outs i de of  
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t h i s  area , no one water qua l i ty component of the bri ne may be i n  h i g h  

eno ugh  concentrat ions  to be l etha l , but a number o f  compounds may act 

synerg i s t i ca l l y  to impact the reg i ons  near the d i ffuser s i te .  Seasonal  

factors such  as  temperature and ri ver i n put may a l so act synerg i s t i ca l l y  

w i th the bri ne p l ume . 

The g reatest env i ronmenta l impact of bri ne d i sposa l  wou l d  be expected 

on the egg s , l a rval stages , and reproducti ve poten t i a l  of nekton i c  

organ i sms wh i c h  m i g ht  be affected by sma l l i n creases i n  ambi ent  sa l i n i ty 

or  temperature l evel s .  T h i s  impact cou l d  be l oca l l y  s i gn i f i cant  because 

under certa i n  cond i t i ons , an excess s a l i n i ty grad i ent of 0 . 5 ppt may 

extend as  a bottom p l ume more than 6 . 5 naut i ca l  m i l es from the d i ffuser 

s i te ( FEA , 1 977b ) . 

Commerc i a l  fi s hery act i v i t i es , parti cu l ar ly  for wh i te s hr imp , wou l d  

l i ke l y  not be d i s turbed by the d i ffuser ports as  non-snag feature wo u l d  

be i ncorporated i n to the des i gn .  

Sport fi s h i ng i n  t h e  reg i on s hou l d  b e  unaffected by the br i ne 

d i spos a l  except i n  t he immed i ate area around the d i ffuser ( 25 acres ) 

where most  s port fi s h  wou l d be exc l uded . Red drum spawn i ng areas ( reefs 

and wrec ks ) may be s ubj ect to s l i g ht  sa l i n i ty i ncreases , however , i t  i s  

not known i f  s pawn i ng success  wou l d  be affected . 
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G . 3 . 3 . 3 . 2  Factors I nfl uenci ng Impacts On Nekton 

Certa i n a l terati ons  i n  water qual i ty as a res u l t of the br i ne p l ume 

cou l d  have an impact on nekton  i n  the v i c i n i ty of the proposed d i ffuser , 

i nc l ud i ng i ncreased sa l i n i ty ,  i ncreased turbu l ence , parti cu l ates  and 

hydrocarbon l eve l s ,  and decreased d i sso l ved oxygen . Exces s  sa l i n i ty 

wou l d  have the greatest impac t ,  especi a l l y  to those organi sms whi ch are 

l oca l ly abundant or of l ocal  commerc i a l  importance , i nc l ud i ng s hr imp , 

anchov i es and s c i aen i d  fi s h  ( seatrout ,  drum and croaker ) .  B i oassays on 

the effects of d i scharged br i ne on vari ous  s tages of whi te shr imp and 

s potted seatrout  ( U . S .  Dept . of Commerce , 1 978a ) , are presented i n  

s u bsequent secti ons . 

Of the toxi ns  wh i ch may be rel eased wi th the br i ne ,  trace meta l s 

wou l d  be expected to be wi thi n E PA cri ter i a  for mari ne l i fe .  However , 

hydrocarbons whi ch wou l d  be rel eased wi th the bri ne on ly  duri ng the o i l 

refi l l  phase of the project , cou l d  occur i n  l eve l s much  h i g her than 

those of amb i e n t .  B i oassay data o n  a wi de vari ety o f  mar i ne organi sms 

revea l a l etha l l evel  range of 1 to 1 00 ppm so l ub l e petrol eum fracti ons  

for adu l t  s tages and 0 . 1  to  1 . 0 ppm for l arval  and  j uven i l e  l i fe s tages . 

Adverse s ub l ethal  phys i o l og i ca l  impacts have been found to occur from 1 

to 1 0  ppb ( Hy l and and S chnei der , 1 976 ) . 

The exi t  ve l oc i ty of bri ne from the d i ffu ser port  has been estimated 

to be 25 ft/sec . The resu l t i ng turbu l ence wou l d  probab l y cau se  mortal i t i es 

among fi s h  a�d macroi nvertebrate eggs  and l arvae . Furthermore , sa l i n i t i es 

and temperatures wou l d  be h i g h  where the d i s charge vel oci ty i s  great , 

compound i ng the impact  of turbu l ence . The i ncreased amounts of d i s so l ved 

and prec i pi tated so l i ds  cou l d  have an i nd i rect effect  on the ne kton . 

I ncreased turbi d i ty cou l d  resu l t  i n  decreased producti v i ty ,  l eadi ng to 

decreased ava i l abi l i ty of food sources . Poss i b l e settl i ng of the part i c ­

u l a tes cou l d  have a n  i nfl uence on  benth i c  l i fe ,  another food source for 

the nekton . 

Lower d i sso l ved oxygen l evel s wou l d  effect ses s i l e  organi sms thus  

decreas i ng food sources for nekto n ,  and  a l so  have a d i rect effect on  the 

nekton . However , s i nce these mari ne organi sms cou l d  avo i d the dep l eted 
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areas and s i nce oxygen l eve l s are expected to assume near norma l l eve l s 

rap i d l y ,  th i s  impact shou l d  not be great .  

Hydrocarbons have been pred i c ted to be  re l eased from the bri ne d i scharge 

at  6 ppm ; yet d i l u t i on  wou l d  be expected to decrease these l eve l s rap i d ly .  

However , phys i o l og i ca l  dysfunct i on may occu r to ne kton wh i ch have not 

avo i ded or rap i d l y  traversed from the reg i o n .  These i nc l ude d i s rupt ion 

of norma l feed i ng and reproductive  patterns perhaps due to i nterference 

wi th chemotaxs i s .  Low l evel  hydrocarbon po l l u t ion  has been found 

to resu l t  i n  decreased growth , de l ayed hatc h i ng and abnorma l behav ior  

and deve l opment i n  f i s h  and  macro i nvertebrate eggs and  l arvae ( Hyl and and 

Schnei der , 1 97 6 ) . I ncorporat ion of petro l eum hydrocarbons i n  mar i ne 

organi sms may a l so resu l t  i n  ta i nt i ng of edi b l e  s peci es . 

I n  genera l , nekto n i c  popu l a ti ons affected by hydrocarbons , wou l d  

l i ke ly  recover qu i c k l y  s i nce l arva l and adu l t  immi grants wou l d  rep l ace 

i nd i v i dua l s  e l imi nated duri ng the one to two years of o i l refi l l .  

Nekto n i c  organ i sms dependent on the benthos wou l d  be affected to a 

greater extent s i nce hydrocarbons tend to accumu l ate i n  sed i ments to 

h i g her l eve l s for l onger per i ods  of time . 

G . 3 . 3 . 3 . 3  S h rimp 

B r i ne b i oassays were performed on three l i fe s tages of wh i te s hr imp : 

eggs and post l arva l  naup l i i  and early protozoea l s tages . The concentra­

ti ons of bri ne at  820F t hat  were l e tha l to the embryon i c s hr imp were 

between 2 . 45 and 3 . 2  percent by vol ume ( 36 . 5  to 38 . 0  ppt )  ( W i l son et 

�. , 1 978 ) . 

Res u l ts i nd i cated that the 820F ,  24 hour LD50  of 

pos t l a rvae was between 6 . 3  and 6 . 5% bri ne ( 49 ppt) . At 87 . 8 , 89 . 6  and 

9 1 . 40F ,  the 24 hour LD5 0  were 5 . 9 , 4 . 75 and 4 . 4  percent , respecti ve ly  
( a pprox imate l y  48 , 4 3  and 42 ppt) . I t  appeared that s a l t dome bri ne i s  

l es s  tox i c  to naup l i i  than to t he  embryos or  ear ly  post l arvae . Al though 

the naup l i i  s urv i ve ,  they may not metamorphose to the fi rst proto zoea l 

s tage after exposure to concentrati ons of 3 . 0  percent bri ne ( 39 ppt) . 

Furthermore , i f  exposed from the time of egg c l eavage to the protozoeal 

s tage , deve l opment may be i n h i b i ted at  concentrations  of 3 . 0  percent 

bri ne ( Wi l son , Harri son and A l dr i c h , 1 978 ) . 
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I n  other stud i es ( FEA , 1 97 7 b ) , the sal i n i ty preference of the 

postl arvae of brown s hrimp and whi te shrimp (Tabl e G . 3-8 ) , have been 

exami ned i n  gradi en t  tanks  wi th sal i n i ty ranges from 0 to 70 ppt and 0 

to 50 ppt , respecti v e l y .  The resu l ts i nd i cate that the shr imp preferred 

l ower sa l i n i ty l evel s than those  norma l l y  expected i n  the open Gu l f .  I t  

was hypothe s i zed that the shr imp key o n  sal i n i ty grad i ents to nav i gate 

duri ng the i r mi grat ion  to the l es s  sal i ne ons hore nursery grounds . I t  

was concl uded from s tati sti ca l  ana l ys i s  of the data that there was a 

seasonal vari ati on  i n  sa l i n i ty preference by the postl arvae , e speci a l l y  

by t h e  brown s hrimp , whi ch preferred h i ghest sal i n i ti es i n  the s pr i ng .  

Wh i te s hr imp postl arvae showed a seasonal preference onl y  when exposed to 

l ow sa l i n i ti es .  

At temperatures of 730 to 780F ,  pos tl arvae of brown shrimp grew 

equal l y  wel l at  sal i n i ti es of 2 to 40 ppt . Postl arvae of whi te shrimp 

produced twi ce as much ti s sue at  i ntermed i ate sal i n i ti es ( 1 0  to 1 5  ppt ) 
compared to cond i t ions  at  20 and 35 ppt and temperatures above 770F .  

Postl arvae of brown s hrimp produced the mos t  ti s sue at  sa l i n i ti es of 30 

ppt  and 900 F ,  ( FEA , 1 977b ) . These data i nd i cate that postl arval  penae i d 

s hr imp are to l erant of  both sal i n i ty and temperature vari ati ons . 

Several s tud i es have i nd i cated that adu l t whi te shrimp genera l l y  

were l es s  tol erant of  h i gh  sal i n i ty than adul t brown shrimp , a l thoug h 

o ther stud i es showed no d i fferences i n  sal i n i ty preference of the post­

l arva l  stages of the two penae i d shrimp speci es .  Adu l t wh i te s hr imp 

have been col l ected u nder cond i ti ons where the sa l i ni ti es ranged from 

0 . 2  ppt to more than 47 ppt ; brown shrimp have been taken i n  areas where 

sa l i n i ti es range from 0 . 1  ppt to 69 ppt . Thi s wi de range of sal i n i ty 

val ues i nd i cates that these two penaei d  shr imp are euryha l i ne s pec i es 

(FEA , 1 9n b ) . The preferred temperatures ( based on catch data ) for 

adu l t whi te and brown s hrimp are 680 to 860F and 680 to 950F ,  respecti vely 

(Copel and and Bechtel , 1 974 ) . 

Experiments o n  the su scepti bi l i ty of the whi te shrimp to o i l fi el d  

bri ne  s howed that for one case a l l s hr imp d i ed wi thi n two hours of 

exposure to an  o i l fi el d bri ne concentrati on  of 42 ppt . Whi te shrimp 
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TABLE  G . 3-S Sa l i n i ty preference of postl a rvae of brown a nd whi te s hr i mpa . 

S EASON P5b , P25  P50  P75  P95 P75-P25  P95- P 5  

SUMt1ER 

Brown 4 1 . 4 28 . 9 20 . 6 1 3 . 9  7 . 2  1 5 . 0  34 . 2  

Wh i te 4 3 . 5 34 . 5 28 . 0  2 1 . 1 1 1 .  1 1 3 . 4  32 . 3  

FALL 

Brown 47 . 3  3 6 . 0 27 . 4  1 9 . 2  1 0 . 0 1 6 . 8  37 . 3  

Wh i te 4 1 . 0 28 . 5 2 1 . 1 1 3 . 6  5 . S  1 4 . 9  35 . 2  

SPR I NG 

Brown 49 .  1 38 .  1 2 9 . 9 21 . 9 1 1 . 4 1 6 . 2  37 . 7  

a Sa l i n i ty va l ues ( p p t ) . 

bp 5  represents the sa l i n i ty va l ue at  or above whi c h  the top 5% of the 
most  sa l i n i ty to l erant  members are found . P50 wou l d  be the med i a l  
va l ue where 50% o f  the members are above a nd 50% are bel ow the 
i nd i cated sa l i n i ty va l ues . 

Source : Ke i ser and Al dr i c h  ( 1 97 6 ) . 
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s urv i ved i ndefi n i te ly when s i m i l ar ly exposed to evaporated bay wa ter 

w i t h  sa l i n i t i es of 45 ppt .  The conc l u s i on wa s that the i o n i c  compos i t i on 

of the bri ne  may exert a greater i nfl uence on orga n i sms than the h i g h  

concentrat i ons  ( F EA , 1 977 b ) . 

L i tt l e i nformat ion  i s  avai l a bl e  about the way i on i c  compo s i t i on  

affects  s hr imp .  I t  i s  su spected that l ocomotory acti v i ty o f  penae i d 

s hr imp may be i n verse ly  correl ated to the i r  respecti ve bl ood serum 

magnes i um l evel s ( FEA , 1 977 b ) .  

I n  summary , i t  has  been reported that h i g h  sa l i n i ty waters wi l l  

favor the brown s hr imp over the whi te s hr imp . I n  area s where the sal i n i ty 

exceeds a l evel of about 36 ppt wh i te shr imp embryos are un l i ke ly  to 

s u rv i ve .  Beca use the br i ne d i ffu ser i s  near the center o f  the whi te 

s hr imp spawn i ng grounds ( a t  the 48- foot depth contour ) ,  i t  i s  l i ke ly  

that  major l osses  to  t he  s hr imp popul at i on  i n  t he  immed i a te v i c i n i ty of  

the d i ffu ser coul d occur .  T he  actual  effects produced by d i fferent 

sa l i n i t i es can be mod i f i ed by vari ous other p hys i ochem ica l  factors , the 

most  s i gn i fi cant of wh i c h i s  temperature . Warm water temperatu res ( for 

examp l e ,  91 0 F compared to 82oF )  appear to enhance the ab i l i ty of shr imp 

to adj ust  to c hanges i n  sa l i n i ty .  

G . 3 . 3 . 3 . 4  B l ue Crabs 

The proposed br i n e  d i spo sa l area i s  un l i ke ly  to have any s i gn i fi cant  

effects on  the reg i ona l  bl ue crab  popul a t i on s .  Reg i onal  data ( Sect ion  

G . 2 . 4 . 4 ) i nd i cate t hat  crabs are most  abu ndant i n  estuar i ne  areas and i n  

s ha l l ow coa sta l  waters . Adu l t bl ue crabs have a w ide  range of sa l i n i ty 

tol erance ( 0 . 7 to 88 ppt )  and spawn i n  waters wi th  rel at i vely h i g h  

s a l i n i ty l evel s ( Jawors ki , 1 97 2 ) .  However , 5 percent br i ne (44 ppt ) a t  

820 F h a s  been found to be l etha l t o  bl ue  crabs zoea ( John son and Wi l l i ams , 

1 978 ) . Th u s ,  br i ne  d i sposal  wou l d  exc l ude bl ue crab from the immed i ate 

area of the h i g h  sa l i n i ty zone and wou l d  have a greater impact on the 

l a rva l stages . 

G . 3 . 3 . 3 . 5 F i s h  

Br i ne d i sposal  a t  the proposed s i te woul d be expected to have 

m i n ima l  impact on adu l t fi s h ,  wh i ch genera l ly avo i d  areas wi th adverse 

s a l i n i ty concentrat i ons . The area wi t h i n  the h i g h  sal i n i ty s tress zone 
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i n  the v i c i n i ty of the d i ffu ser wou l d  be l o st  to the fi s h ; thei r food 

source of benth i c  i nvertebrate wou l d  a l so be scarce i n  the immedi ate 

d i sposa l  area . 

Al thoug h sa l i n i ty to l erances for mari ne fi s h  vary between spec i es , 

i t  i s  usua l l y  the younger devel opmenta l stages that wou l d  be expected to 

be l ess  to l erant to sa l i n i ty c hanges . The l ocal  redfi s h  spawn i ng grounds 

( s uch  as reefs and wrec ks ) i n  the area ( F i gure G . 2-29 ) may be subjected 

to i ncreased sa l i n i t i es ,  however , they are not wi thi n the projected h i g h  

s a l i n i ty zones ( i  . e . , 5 ppt i soha l i ne ) . Some mari ne te l eost  eggs can 

to l era te wi de ranges of sa l i n i ty .  For examp l e ,  Atl anti c herri ng eggs 

have hatched under l a boratory cond i ti ons i n  s a l i n i ti es up to 90 ppt , and 

the eggs of the s heeps head mi nnow have hatched in sa l i n i t i es of 1 1 0  ppt 

� s i tu .  Yo l k  sac l arvae of the Atl anti c herri ng surv i ve and rema i n  

acti ve for a t  l east  24 hours a t  60 to 6 5  ppt . The l arvae of Gu l f  

menhaden have metamorphosed i n  the l aboratory at sa l i n i ti es of 25 to 40 

ppt ( FEA , 1 977b ) . 

B i oassays conducted on spotted seatrout  eggs and l arvae when exposed 

to Bryan Mound bri ne for 48 hours at  80 . 6oF resu l ts i n  s i g n i f i cant ly  

i ncreased morta l i t i es a t  a concentrat ion  equ i va l ent to  approx imate ly  40 

ppt . These morta l i t i es d i d  not di ffer from those of comparabl e sa l i n i ti es 

u s i ng arti fi ci a l  seawater , i nd i cati ng that bri ne a l terati on of i o n i c 

compos i t i on may not have an impact ( J ohnson and Wi l l i ams , 1 978 ) . The 

p l an kton i c  l i fe stages wi l l  be entra i ned i n to the p l ume , bu t wi l l  o n ly  

be  exposed to  excess sa l i n i t i es for a re l a ti ve ly  s hort peri od  of  t ime . 

Us i ng observed currents at  the a l ternat i ve bri ne di ffu ser s i te and 

as sumi ng that these organi sms are entra i ned wi thi n a reg i on 300 to 400 

feet from the d i ffu ser , the two curves i n  Fi gure G . 3-2 1  represent est imates 

of average and maximum exposure durati ons  ( U . S .  Dep t .  of Commerce , 

1 978a ) . 

S i nce the fi s h  egg s and l arvae wi l l  be entra i ned for muc h  l es s  than 

48 hours , bri ne b i oas says of 1 and 2 hour exposures were performed 

( Tab l e G . 3 -9 )  on l arva l spotted seatrout .  The LC 50 of a 1 hour exposure 

after 24 hours wa s greater than 55 ppt and after 48 hours was approx i ­

mately  5 1 . 5  ppt . Upon a 2 hour exposure , after 24 hours the LC 50 was 
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Average morta l i ty of 1 hr posthatch l arva l  spotted seatrout  to s hort-term exposure to Bryan Mound 
bri ne ( ba sed on 4 rep l i cates ) .  

a Expo sure Tota l Test  
Morta 1 i tyb Exposure Total Test  

Morta l i tyb Percentage Vo l ume/Vo l ume T ime ( h r )  Time ( hr )  Time ( h r )  T ime ( hr )  

1 0 . 0  [ 55 ]  24 3 . 00 1 48 58 . 83 
( 2 . 57 )  ( 1 6 . 9 1 ) 

5 . 0  [ 44] 24 2 . 07 48 2 5 . 65 
( 2 . 1 1 ) ( 1 1 . 8 7 )  

2 . 0  [ 36]  24 2 . 56 1 48 1 6 . 40 
( 0 . 76 )  ( 8 . 50) 

1 . 0 [ 34] 24 2 . 47 48 1 2 . 03 
( 2 . 48 )  ( 3 . 2 7 )  

0 . 5 [ 33 ]  1 24 2 . 85 1 48 4 . 53  
( 2 . 3 3 )  ( 1 . 33 ) 

GJ 0 . 0  [ 301 24 0 . 68 1 48 4 . 90 
w ( 0 . 78 )  ( 1 . 24 ) 
I 

Ul 
1 0 . 0  [ 601 2 24 80 . 55 2 48 98 . 75 \.0 

( 8 . 33 )  ( 1  . 50 )  

5 . 0  [ 48]  2 24 1 0 . 1 3  2 48 53 . 90 
( 1 . 44 ) ( 7 . 94 )  

2 . 0  [ 42]  2 24 3 . 78 2 48 48 . 75 
( 1 . 03 ) ( 28 . 69 )  

1 . 0 [ 39 ]  2 24 4 . 1 8  2 48 1 7 . 2 5 
( 2 . 1 9 )  ( 1 4 . 80 )  

0 . 5  [ 38] 2 24 4 . 00 2 48 6 . 7 5 
( 2 . 1 4 )  ( 2 . 33 )  

0 . 0  [ 36]  2 24 2 . 35 2 48 4 . 83 
( 1 . 65 ) ( 1 . 54 ) 

LC50 
= 1 hr - 24 hr = < 1 0% V/V , 1 hr - 48 hr = 8 . 4  ± 2 . 2% V/V 

2 hr - 24 hr  = 7 . 5  ± 2 . 5% V/V , 2 hr - 48 hr  = 3 . 5% V/V 

a 
[ ] = measures  sa l i n i ty i n  0/00 

b ( ) = 1 standard dev i at i o n  



54 . 5  ppt and after 48 hours , 44 . 5  ppt ( Johnson and W i l l i ams , 1 978 ) . When 

entra i ned under the cond i t i ons of Fi gure G . 3-2 1 , the bri ne d i s charge 

exposures  are expected to be l etha l to l es s  than 1 0% of spotted seatrout 

l arvae ( U . S .  Dep t .  of Commerce , 1 978a ) . 

Su pranorma l s a l i n i t i es may cause changes i n  growth rates and energy 

expendi ture , l ead to t i s s ue damage of as phyxi at i on , and affect metabo l i c  

rate , acti v i ty ,  and neuromuscu l ar funct i ons . S i nce the d i s so l ved oxygen 

l evel  decreases as  s a l i n i ty i ncreases , the phys i o l og i ca l  effects may be 

i nd i rect . T h i s i s  revea l ed by growth rate experiments i nvol v i ng desert 

pupfi s h .  As s a l i n i ty i ncreased , a progres s i ve retardati on of devel opment  

was  observed . These  resu l ts were a ttri bu ted to  l ower oxygen l eve l s i n  

the water ( FEA ,  1 977b ) . Severa l i nves t i g a tors have reported that the 

s i ze d i s tr i bu t i on of fi s h  i s  d i rect ly  re l ated to sa l i n i ty .  

The expend i ture of energy i n  mari ne organ i sms may res u l t from both 

d i rect and i nd i rect effects of sa l i n i ty .  I t  has  been shown that wi th i n  

a certa i n  optimum sa l i n i ty range a mi n imum amount  of energy needs to be 

expended i n  order to mai nta i n  osmoti c  gradi ents ; thus , l arge amounts of 

energy can then be d i rected to growth . Above the optimum s a l i n i ty range 

an  i ncrease  i n  metabo l i c  process occurs and i s  genera l l y  accompa n i ed by 

a n  i ncrease i n  upta ke of oxygen . Above 35  ppt , the oxygen upta ke rate 

i n  the s tarry fl ounder i ncreased 1 5  percent .  I n  order to s u s ta i n  

osmoti c and i on i c  reg u l a t i on a t  above-optima l  s a l i n i ty reg imes , add i ­

t i ona l  energy i s  expended ( FEA , 1 977b ) . 

C hanges i n  dens i ty of the water col umn wi l l  res u l t from a l terat i ons 

i n  s a l i n i ty or water temperature . Con sequentl y ,  f i s h  character i s t i ca l l y  

preferri ng one part o f  the water co l umn to another , must expend e i ther 

greater of l esser  amounts of energy to mai n ta i n  the i r  re l at i ve pos i t i on 

i n  the water col umn depend i ng upon the i n  s i tu dens i ty l eve l s ( FEA , 

1 977b ) . 

Damage to ep i thel i a l g i l l  t i s sue has been recorded due to h i gh 

s a l i n i ti es and th i s  damage may cause asphyxi a t i on by b l ock i ng oxygen 

transfer . Reduced oxygen uptake may a l so  l ead to decreased acti v i ty i n  
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fi s h .  Other behav i ora l  responses i n  fi s h ,  such  a s  avoi dance , may be 

reduced because of the i na bi l i ty to detect sma l l sa l i n i ty fl uctuati ons  

of  as  l i ttl e as 0 . 06 ppt  ( FEA , 1 977 b ) . 

The maj ori ty of fi s h  encountered i n  the study area off the Texas 

coast  are euryha l i ne and have a h i g h  tol erance to wi de sa l i n i ty ranges 

(Tabl e G . 3- 1 0 ) .  Genera l ly  the upper l i mi t of th i s to l erance i s  75  to 80 

ppt ; the l ower l i m i t i s  that of fres hwater , l es s  than 5 ppt . The s heeps ­

head m i nnow h a s  been reported i n  waters wi th  sa l i n i ti es rang i ng  up to 

1 42 . 4  ppt ( FEA, 1 97 7b ) . 

G . 3 . 3 . 4  Impacts to Threatened or Endangered Spec i es 

I t  i s  not expected that the endangered spec i es wh i ch have been 

l i sted for the northern Gu l f of Mexi co ( Secti on G . 2 . 4 . 5 )  wou l d be s i g n i f i ­

cant ly  affected by the bri ne d i scharge.  Al though data concern i ng the 

sa l i n i ty and  temperature to l erances of these spec i es are sparse , these 

h i g h ly  mob i l e  organ i sms wou l d probab ly  avo i d  reg i ons  of  the p l ume they 

found undes i rab l e .  I f  these organi sms moved through  the pl ume , they 

wou l d proba b ly  exper i ence on ly temporary sa l i n i ty- temperature stress and 

wou l d  move to more favorab l e area s i n  the water co l umn ei ther above or 

to the s i de of  the pl ume . Because of the s hort durat ion  of  t h i s s tres s ,  

recovery s hou l d commence soon after they encounter the i r  preferred , 

ambi ent temperature- sa l i n i ty reg imes . 

G . 3 . 3 . 5 Impacts to Un ique or  Important Ha b i tats 

The un i que or  important ha bi tats in the v i c i n i ty of the propo sed 

br i ne d i ffu ser ( d i scus sed i n  Sect ion  G . 2 . 4 . 6 ) i nc l ude three coral heads : 

one i s  1 . 6 naut i ca l  mi l es to the south- southeast of the proposed br i ne 
• 

d i ffuser s i te ;  the other two are 3 . 3 and 5 . 0  nau t i ca l  mi l es southwest of 

t he proposed s i te ,  respecti ve l y .  

Ba sed o n  the character i s ti cs  o f  the d i sc harge pl ume ( Sec t i on G . 3 . 1 ) 

i t  i s  poss i bl e  tha t ,  under anoma l ous  current cond i t i ons , the cora l head 

1 . 6 nauti ca l  mi l es south- southea s t  of the proposed d i ffuser s i te coul d 

be i ntermi ttant ly  affected by the far- fi el d reg i on of the p l ume , where 

sa l i n i t i es exceed i ng 0 . 1 ppt above ambi ent wou l d be expected . The cora l 

head 3 . 3 nauti ca l  mi l es to the southwest of the d i ffuser s i te may a l so 
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TABLE G . 3- l 0  Sa l i n i ty tol e rances of s ome common Texas ma ri ne fi s hes . 

Lady f i  s h  

G u  I f  me nhaden 

S t r i ped a n c hovy 

G i zzard s h a d  

Sea c a t f i s h  

Shee p s head m i n now 

Gu I f  k i l l  if i s h  

Longnose k i l l i fi s h  

T i dewa ter s i l vers i de 

Ro c k  s ea ba s s  

P i nf i s h  

Sand s ea trout 

Spot ted s e a t ro u t  

Ba nded drum 

S p o t  

Souther n  l i n g f i s h  

RANGE 

0- 3 0  
< 1 - > 60 

> 2 9 . 9 

0- > 3 0  
2 - 3 6 . 7  

> 5- > 3 0 

1 5- 26
b 

0 . 2 - > 3 0  

1 5_ 4 5
b 

5- > 3 0  

0 . 2 - > 3 0  
0- 33 . 9  

2- > 3 0  

At l a n t i c  c ro a ke r  0- > 3 0  

1 5- 35
b 

B l a c k  drum 0 . 2- 24 . 9  

1 5-4S
b 

Red drum 5- 2 9 . 9 
0 . 8- 37 . 6  

1 5- 4 0
b 

S t r i ped r" u l l e t  0- > 3 0  

2 5_ 8S
b 

At l a n t i c  th readfi n 1 . 6- 2 9 . 9 

A t l a n t i c  cu t l a s s f i s h  0 . 2 - > 3 0  

B l a c k f i n s ea ro b i n  

Fr i n ged fl o under 

Sou thern fl ounder 

1 0- 24 . 9  

5- 2 9 . 9 

0- > 30 
0- 50 

1 2 - 3S
b 

B l ackcheck to u n g f i s h  0 . 3- 2 9 . 9 

SAL I N I TY ( P P T )  

GREATEST H I GHEST RECORDED 
ABUNDANCE SAL I N ITY TOLERANCE 

5- 24 . 9  

> 1 5  

> 1 0  
> 3 0  

1 5- 3 5  

> 1 5  

> 1 0  

1 0  

5- 1 9 . 9  

2 0  

> 1 5  

2 0  

> 1 0  
> 3 0  

7 5  

7 5  

6 0  

7 5  
60 

1 42 . 4  

5 5 . 1 - 58 . 6  

7 5  

75 
5 5 . 1 - 58 . 6  

7 5  

7 5  
7 7  

7 5  
7 5  

7 5  
8 0  

5 0  

6 0  
7 5  

5 5 . 1 - 58 . 6  

a
LWL&FC - Lou i s i a na W i l d l i fe a n d  F i s he r i e s  Comm i s s i o n . 

b
ldea l s a l i n i ty range.  

Sourc e :  FEA , 1 9 77b . 

G . 3-62 

REFERENCE 
a 

Gunter 1 967 

LWL&FC 1 97 1  
Re i n tj e s  a n d  Pacheco 1 9 66 

LWL&FC 1 97 1  
Gunter 1 967 

Cope l a n d  a n d  Mos e l ey 1 96 7  

LWS&FC 1 97 1  
Gu n te r  1 94 5  

Gun ter 1 9 67 
Cope l a nd a n d  M o s e l ey 1 967 
S i m p s o n  a n d  Gunter 1 9 56 

Ren fro 1 96 9  

G u n t e r  1 967 

Gun ter 1 967 
Renfro 1 96 0  

LWL&FC 1 9 7 1  

COMMENTS 

D i e  at 1 00 p p t  

D i e  a t  8 0  ppt 

D i e  at 1 00 p p t  

B r i ne dom i na ted sys tem 

D i e  at 1 00 o p t  
B r i n e  domi n a ted sys tem 

D i e  at 1 00 pot 

Die  at  1 00 p p t  

G u n t e r  1 96 7  D i e  a t  1 00 p p t  
U . S .  Corps o f  E n g i neers 1 9 7 6  

L W L & F C  1 9 7 1  

Gun ter 1 9 67 D i e  a t  1 00 p o t  
T a b b  1 966 
U . S .  Corps o f  Engi neers 1 9 7 6  

LWL&FC 1 9 7 1  

LWL&FC 1 97 1  
Ne l s o n  1 9 69 

LWL&FC 1 9 7 1  

LWL&FC 1 97 1  
S i mmons 1 95 7  
Gun ter 1 9 67 
U . S .  Corps o f  Eng i neers 1 97 6  

LWL&FC 1 9 7 1  
Gunter 1 96 7  
S i mmo n s  a n d  B r e u e r  1 9 62 
U . S .  Corps o f  Eng i neers 1 9 7 6  

LWL&FC 1 9 7 1  
K i l by 1 95 5  
S i mmons a n d  Breuer 
� . S .  Corps of Eng i neers 1 9 7 6  

LWL&FC 1 97 1  
Cope l a nd and Mo s e l ey 1 9 6 7  
Gun ter 1 967 
Renfro 1 9 69 
U . S .  Corps o f  E n g i neers 1 9 7 6  

LWL&FC 1 9 7 1  

LWL&FC 1 97 1  

LWL&FC 1 9 7 1  

LWL&FC 1 97 1  

LWL&FC 1 9 7 1  
U . S .  Corps of E n g i neers 1 9 76 
I b i d .  

LWL &FC 1 97 1  
Gunter 1 94 5  

D i e  a t  1 00 p p t  

D i e  a t  1 00 p p t  
E y � s  a r e  g l a z ed 

B r i ne domi n a ted sys tem 
D i e  at 1 00 p p t  



be i ntermi ttant ly  encompas sed by the pl ume i n  areas where the exces s 

s a l i n i t i es of the pl ume cou l d be from 0 . 1 to 0 . 5 ppt above the ambi ent  

sa l i n i t i es .  Th i s  i mpact wou l d occur i n  the  fa l l  and  wi nter when the  net 

current fl ow i s  to the southwest .  The coral head furthest ( 5 . 0 nau t i cal  

m i l es ) from the d i ffuser pro ba bly wou l d  not be affected by the bri ne 

p l ume because of i ts l a rge d i stance from the expected fi el d of  the br i ne 

p l ume . 

L i ttl e i nforma t i on i s  avai l abl e  concern i ng e i ther the spec i es 

compo s i t i on of these un i q ue cora l head hab i tats or  thei r to l era nces to 

sa l i n i ty and temperature vari at i ons . The sha l l ow waters of the Texa s 

coastal  reg i o n  undergo rather w ide  seasonal  vari a t i ons  i n  both sa l i n i ty 

and temperature ( Sect i on G . 2 ) , espec i a l ly  duri ng  the ra i ny season when 

sa l i n i t i es and temperatures are usua l l y  l ow and a l so i n  the l ate summer 

when temperatures and sa l i n i ty can approac h  the upper tol erance l i m i ts 

for many of the organ i sms found near the d i ffuser s i te .  Due to th i s 

h i g h  var i ab i l i ty of env i ronmental  parameters i n  these coa sta l waters , 

many of the res i dent spec i es to l erate wi de fl uctuat i ons i n  these parameters 

and thus  woul d be expected to be euryha l i ne and eurytherma l .  Even i f  

the cora l head c l osest to the d i ffu ser i s  entra i ned i n  the br i ne d i scharge 

dur i ng a period when amb i ent sal i n i t i es approach the upper to l erance 

l i m i t for t h i s  commun i ty ,  on ly  temporary exces s  phys i o l og i ca l  s tres s  may 

be imposed on  segments of the cora l reef commun i ty .  The cora l reef 3 . 3  

na u t i ca l  m i l es from the d i ffuser may be the on ly  reef i ntermi ttant l y 

entra i ned i n  the d i scharge ; however , l i tt l e i f  any i mpact on th i s  reef 

commun i ty i s  ant i c i pated under norma l cond i t i ons . 
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G . 4 ALTERNAT I V E  D I FFUSER S ITE  AREA 

Us i ng eng i neer i ng , env i ronmenta l , and econom i c  cr i teri a ,  an off­

s hore d i ffu ser s i te area 1 0 . 9  nauti cal  mi l e s off Bryan Beac h , Texas , wa s 

defi ned l ate i n  1 977  as an a l ternat i ve to the proposed d i ffuser s i te 

l ocated f i ve naut i cal  mi l es from the beac h  ( F i gure G . 4- 1 ) .  T h i s a l ternate 

s i te at  l at i tute 280 44 . 45 ' N and l ong i tude 950 1 4 . 67 ' W  has a sandy 

bottom and i s  i n  a bo ut  68 feet of water . 

The  a l ternat i ve area was sel ected to determi ne i f  any of the ant i ­

c i pated env i ronmental  i mpacts o f  the br i ne d i scharge a t  the proposed 

nea rs hore s i te cou l d  be m i t i gated by re l ocat i ng the d i ffu ser further 

offshore in deep water . The  l ocat i o n  of the offs hore s i te wa s ,  i n  part , 

restri cted by a s h i pp i ng safety fa i rway about  0 . 9 na u t i cal mi l e s to the 

ea s t  and 2 . 6 naut i ca l  mi l es to the so u t h  of the area ( F i gure G . 4- 1 ) .  

The  U . S .  Army Corps of Eng i neers wi l l  not approve permi ts for the pl a cement 

of s tructures i n  these s h i pp i ng safety fa i rways . 

Ba sel i n e env i ronmenta l cond i t i on s  and ant i c i pated impacts , a s  

descri bed i n  the prev i o u s  sect ion s  of th i s  append i x ,  were ba sed on data 

most ly  o bta i ned from the nears hore ( p roposed ) s i te from September 

throu g h  Dec ember , 1 97 7 .  I n  Jan uary 1 978 , a suppl ementary f ie l d sampl i ng 

program was i n i t i a ted at  the offs hore a l ternat i ve s i te .  Data from the 

offs hore area to descr i be the al ternat i ve s i te i s  l i m i ted and prel i m i nary .  

A report wi l l  be prepared s u bseq uently to prov i de a descr i pt ion  o f  the 

basel i ne env i ronmenta l cond i t i ons at  the offs hore s i te ,  and the ant i c i pated 

i mpacts of a br i ne d i sc ha rge for th i s  area , together wi th  a compar i son 

of t he nears hore s i te wi th  the a l ternat i ve offs hore area . 
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A LT E R N AT I V E  1 0.9 N A U T I C A L  M I LE 
B R I N E  D I F F U S E R  S I T E  

6 4 3 2 1 0 e-u--u--; 
N A U T I C A L  M I LES 

5 
I 

SOURCE : T E XAS A&M , 19 78 . 

FI GURE G . 4- 1  Proposed and a l ternati ve bri ne d i ffuser  s i tes 
( depth contours i n  feet ) . 
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G . 4 . 1 PHYS I CAL OCEANOGRAPHY 

G . 4 . 1 .  1 Basel i ne Cond i t i ons  

The phy s i ca l  oceanography and sed i ment d i stri but i o n  at  the al terna­

t i ve offshore s i te are expected to be s i m i l a r to those at the propo sed 

bri ne  d i ffu ser s i te .  The bathymetr i c  contours at  the offs hore s i te 

trend paral l el to the coast l i ne i n  a northeast- southwest  d i rect i on and 

reach  a depth of 68 feet at  the s i te of the a l ternat i ve d i ffu ser . The 

conti nental  s he l f in the immed i ate v i c i n i ty of t h i s d i sposa l  area i s  a 

f l a t  p l a i n  wh i c h  gently s l opes to the southea s t .  The offs hore s i te l i es 

beyond the i nner fi s h i ng ba nks  and bottom o bstruct i o n s  s uch  as  cora l 

heads as  d i scus sed by Ma tti son ( 1 948 ) and Decca S u rvey Systems , I nc . 

( 1 973 ) ( Sect i on  G . 2 . 2 ) . 

Annual  patterns of temperature , sa l i n i ty and den s i ty are s im i l a r to 

t hose found i n  the proposed nears hore s i te ( Sect i on G . 2 . 2 . 2 ) , but because 

i t  i s  farther offs hore the al ternat i ve s i te i s  i nfl uenced l e s s  by the 

reg i o nal  r i ver system . 

Cont i nuous  temperature data co l l ected at the a l ternati ve s i te 

( Fi gure G . 4- 2 ) s how that on December 27 and December 28 , 1 977 , the 

bottom waters were warmer than  the surface wa ters , but after th i s  peri od 

the water col umn became wel l mi xed wi th no apparent d i fference in water 

temperature between the surface and bottom . 

Over- the- s i de temperature and sa l i n i ty mea surements ta ken on  December 

1 8  and 1 9 , 1 977 ( See Fi gure G . 1 - 2 ) detected a wa rmer bu t more sa l i ne 

bottom water ma s s  at  the a l ternat i ve s i te than at  the propo sed s i te .  

The t hermograph records s howed that  th i s  water ma s s  retreated fa rther 

offshore between December 26 and 3 1 , 1 977 . The mechan i sm for t h i s  

offshore movement may be wi nd- dri ven currents . 

Longshore dens i ty profi l es constructed from the over- the- s i de 

temperature and sa l i n i ty measurements  ta ken from September through  

December ( F i g ures G . 4- 3  and G . 4-4 ) a l so s how tha t dur i n g  September a 

rel at i vely dense tongue of water had stra t i f i ed the water co l umn from 5 

meters be l ow the surface to the bottom , wh i l e  the water co l umn to the 

northeast  and southwest wa s wel l mi xed . I n  December ( Fi gure G . 4-4 ) , 
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FI GURE G . 4- 2  Cont i n uous  thermograph  data for the s u rface ( 1 0  foot depth ) and bottom water ( 7  feet a bove 
bottom ) at  the a l ternat i ve offs hore br i n e d i sposa l  s i te ( December ,  1 97 7  to January 1 978 ) . 
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strat i fi cat i on of t he ent i re offs hore a l ternat i ve s i te area was read i ly 

apparent . T he four month ly  cross sect i ons ta ken norma l to the shorel i n e ,  

but  term i na t i ng  approximately one mi l e  shoreward of the  a l terna t i ve s i te 

( Sect i on G . 2 . 2 . 2 ; F i g ures G . 2- 1 4 ,  G . 2- 1 S ,  G . 2- 1 6 and G . 2- 1 7 ) ,  refl ect a 

den s e ,  h i g h ly  s trati f i ed water col umn at the offs hore d i ffuser s i te 

compared to the proposed s i te .  I n  September and October the area was 

re l at i ve ly  homogeneous and only s l i ght ly  stra t i f i ed , bu t i n  November and  

December the average dens i ty of the water i ncreased due to  an i nfl ux of  

warm h i g h ly  sa l i ne water from offs hore , and the eastern hal f of the  area 

was h i g h l y  s trat i f i ed .  

Current measurements ta ken a t  a dept h  of 68 feet ( December 22 , 1 977  

to J a nuary 5 ,  1 978 )  confi rmed tha t dur i n g  th i s  per i od the : 

1 .  cu rrents i n  the area were primari ly  wi nd-dr i ven and the i r  

maximum speeds d i d  not exceed 5 3  cm/sec ( 1 . 0  knot ) ;  

2 .  mean current d i rect i on was para l l e l to the i sobaths and to the 

southwest ;  and 

3 .  t i da l  currents i n  the area were genera l ly  wea k and usua l l y  

ma s ked by the mean dr i ft current .  

A more deta i l ed ana lys i s  of  the current meter data i nc l ud i ng s catter 

p l ots , averaged vel oc i ty s t i ck  d i agrams , and progress i ve water d i agrams , 

i s  presented i n  Sect ion  G . 2 . 2 . 3 .  

Because o f  t he prox im i ty o f  the s i tes  to one another , d i str i bu t ion  

of  wave he i g hts i s  expected to  be compara bl e a t  bot h  s i te s .  Wave he i ght  

record s col l ected by the Na t i onal  C l imate Center from 1 884 through  1 973  

s how that  a med i um wave he i g ht  average of 3 . 4  to  5 . 0 feet wou l d  be 

a nt i c i pated for t he months  of November through  May and from 1 . 5 to 3 . 5  

feet for June  throug h  October .  

Factors that  i nfl uence t i da l  fl uctuat i ons  for the area are conta i ned 

i n  Sect ion  G . 2 . 2 . 4 . T i da l  ranges are expected to be s i m i l a r for bot h  

s i tes . 

No textura l ana lys i s  of  the sed iment sampl es  co l l ected at  t he 

offs hore s i te has yet been conducted , a l though  approximate ly  20  to 30  

2 - foot l o ng cores were co l l ected for l a ter a na l ys i s  of sed iment chemi s try . 
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These cores were v i sua l l y  descri bed as  pr imar i l y sand to sandy mud ; some 

patches of c l ay and s i l t  were encountered . A th i n  veneer of s i l t  overl a i d  

the fi rmer sed iments , depend i ng o n  preced i ng weather cond i t i ons a t  the 

s i te .  

G . 4 . 1 . 2  Impacts to Phys i ca l  Env i ronment 

A compl ete impact  ana lys i s  of the d i ffu s i ng bri ne as  pred i c ted by 

the M IT Tran s i ent  P l ume Model  has  been d i s cus sed i n  Sect i on G . 3 .  I nput 

to the model  ( ENDECO current meter data ) ori g i nated from the offshore 

s i te ,  therefore , the pred i c ted bri ne pl umes presented i n  F i gures G . 3-3  

through  G . 3-6 a l so app ly  to  th i s  a l ternat i ve s i te .  F igures G . 3-7 and 

G . 3-8 pred i ct bottom areas impacted by vari ous  comb i nati ons of amb i ent  

cond i t i ons . Under norma l current cond i t i ons , the area of major impact 

defi ned by the 5 ppt excess  sa l i n i ty i soha l i ne wou l d  be l i mi ted to 

approxi mate ly  1 00 feet on e i ther s i de of the d i ffuser and wou l d  cover an 

area of about 9 acres . 

An ana lys i s  of heat transfer properti es i n  the a l ternat ive  bri ne 

d i s posa l  p i pel i ne wa s conducted to determi ne the expected heat l oss  i n  

the l i ne when the bri ne i s  pumped from the bri ne p i t  to the a l ternati ve 

d i ffuser . Th i s  ana lys i s  was carri ed out for cond i t ions  where the 

temperature of the bri ne at the i n l et ranged from 700F to 1 400 F and 

amb i ent ground temperatures ranged for 500 F to 700 F .  The resu l ts of 

th i s  ana l ys i s  i n  the tab l e  bel ow i nd i cate that the maxi mum temperature 

d i fferent i a l  ( 6T )  between the i n l et and the outl et  ( i . e . , at  the d i ffuser 

ports ) wou l d occur for the case when the i n l et temperature was 1 400 F and 

the ground temperature was 500 F ,  but  th i s  d i fference for the 1 0 . 9  naut i ca l  

m i l es wou l d  on ly  amount  to  3 . 50 F .  T h i s d i fference is  very c l ose to  the  

6T of 3 . 20F determi ned for the  proposed nears hore d i ffu ser s i te ( Sect i on 

G . l . 3 ) .  Therefore , i t  i s  expected that the bri ne pl ume therma l ana lys i s  

and i mpacts for th i s  a l ternat i ve s i te wou l d  be very s i mi l ar to those as  

descri bed for the  proposed 5 mi l e  s i te .  
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Br i ne Temperature ( o F )  at  the Al ternati ve  Di ffuser  Ports as  a 
Funct ion  of  Ground Temperatu re and Br i ne Temperature at  the 
P i pel i ne I n l e t .  

Br i ne I n l et G d T t ( O F )  rou n  empera u re 
T t ( OF )  empera u re 

1 40 

1 30 

1 1 0  

90 

70 

Temperature 

( o F )  of Br i ne 

at  Di ffuser  

Ports 

50 

1 36 . 4  

1 26 . 9  

1 07 . 8  

89 . 2  

69 . 6  

60 

1 36 . 8  

1 27 . 3  

1 08 . 3  

89 . 5  

69 . 9  

70 

1 37 . 3  

1 27 . 8 

1 08 . 7  

89 . 8  

70 . 0  

However dens i ty grad i ents ( i . e . , strati f i ca t i o n )  i n  the bottom 

wa ters ( Sect ion  G . 2 . 2 . 2 . 2 ) i n  the v i c i n i ty of the a l ternati ve offs hore 

s i te cou l d  i nh i b i t  d i ffu s i o n to a l i mi ted deg ree . 

There i s  approx imate l y  an 1 8  to 20 foot d i fference i n  water depth 

between the proposed d i ffu ser s i te and the a l ternati ve offs hore s i te .  

Topograp h i ca l l y ,  the proposed s i te i s  more comp l ex wi th several  cora l 

reef heads and other bottom obstructions  l ocated to the south and southwest  

( Sect ion  G . 2 . 2 . 5 ) . Al though the  s he l f in  the  v i c i n i ty of the  a l terna t i ve 

s i te i s  rel ati ve ly  f l at  and feature l ess , a s ha l l ow trough  trends i n  a 

northeas t-southwest  d i rect ion  j u s t  seaward of the a l terna ti ve s i te 

l ocati on . Th i s  trough  cou l d  pos s i b ly  be a scour feature and as  s u c h  

cou l d  be  accompan i ed by h i g h  cu rrent ve l oc i t i e s . 

The dens i ty profi l e s s how the presence of warmer and more s a l i ne 

bottom water i n  the v i c i n i ty of the a l ternati ve s i te d ur i ng September 

and October from an offs hore source . The s trati fi cati on present i n  the 

deeper waters offs hore cou l d  thus i n h i b i t  verti ca l d i ffus i on of the 

br i ne at th i s  a l ternati ve s i te and therefore the p l ume , be i ng re str i c ted 

by the s trati f i ed water co l umn , cou l d  extend over an a rea l arger than 

the pred i cted excess s a l i n i ty zone . 

A reasonab l e degree of homogene i ty i n  the f l ow fi el d between the 

two s i tes can be expected because  of the i r prox im i ty to one another . 

Sma l l vari at ions i n  d i rect i on may be man i fes ted at  the i n s hore s i te due 

to i ts s ha l l ow depth , and the i nfl uence of i rreg u l ar  topograph i c features 
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( coral  reef heads and other bottom obstruct i ons ) .  Mean fl ow, however , 

a veraged through  t i me and vert i ca l ly  over the water col umn , i s  no t 

expected to vary s i gn i f i cantly between the two s i tes . 

Waves at the proposed br i ne d i ffu ser s i te tend to be chopp i er than 

at the a l ternat i ve s i te due to i ts decreased wa ter depth . Norma l l y ,  

i ncomi ng  swel l s  or  waves o f  a g i ven s i ze wi l l  " feel bottom" and produce 

more s urface turbu l ence at  the sha l l ower propo sed s i te than wi l l  a 

s i m i l a r s i ze wave pa s s i ng over the deeper offshore a l ternat i ve d i ffu ser 

s i te .  

No s i gn i fi cant d i fferences wou l d be expected for t he t i des  at 

e i ther of the two s i tes . 

Sed iment d i str i but i o n  maps  ( Curray , 1 960 )  s how both s i tes  hav i ng 

s imi l a r sed iment types . Neg l i g i bl e  i mpacts wou l d  be expected on the 

s ed imentary features if e i ther s i te were devel oped . 
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G . 4 . 2 CHEM I CAL OCEANOGRAPHY 

G . 4 . 2 . 1 Basel i ne Cond i t i ons 

The a l ternat i ve offs hore area woul d  be expected to have water and 

sed iment chemi s try characteri s t i cs s imi l ar to the proposed s i te .  However , 

because i t  i s  further offs hore , the a l ternat i ve s i te mi ght  not be as  

h i g h ly  i nfl uenced by r i ver i nfl ow , and therefore the transparency of the  

water a t  the a l ternati ve s i te mi g ht be  h i gher than  a t  the proposed s i te .  

Th i s  transparency was refl ected a t  a n  offs hore area 1 6  mi l es sout h of 

t he a l ternat i ve s i te ( S EADOCK ,  1 97 5 ) , wherei n Secc h i  Di s k  Read i ngs  

ranged i n  depth  from 1 3 . 4  to  1 8 . 3  meters . Turb i d i ty ,  a t  t he same area 

ranged from 0 . 3 to 1 . 6 Forma z i n  Turb i d i ty Un i ts ( FTU ) and 7 . 4  to 1 1 . 0  

FTU i n  top and bottom waters respect i vely dur i ng the spr i ng and 0 . 2  to 

0 . 6 FTU t hroughout t he water col umn i n  the summer .  

D i sso l ved oxygen val ues a t  the  a l ternat i ve s i te wou l d  a l so be 

expected to be s i m i l ar to t he SEADOCK  s i te ,  whi c h  averaged 1 0 . 67 mg/ l 

dur i ng t he wi nter , but decreased duri ng t he spri ng  and summer to wi th i n  

a range of 2 . 0 to 7 . 1  mg/l ; three measurements i n  the bottom water were 

bel ow 5 . 0 mg/ l . Oxi dati on- reducti on potenti a l s of the sed iment decrea sed 

from a pos i t i ve oxi d i z i ng val ue i n  the wi nter to negat i ve reduc i ng 

va l ues i n  the s ummer . T he sed i ment pH ranged from 7 . 0  to 8 . 6 wi t h  

va l ues decrea s i ng i n  spri ng a nd  summer ( S EADOCK ,  1 975 ) .  

I norgan i c  nutri ent l evel s i n  t he water col umn of the offs hore area 

were l ow ,  wi th  N H3 , N02 , N03 and P04 usua l l y  be i ng be l ow 0 . 01 , 0 . 01 , 

0 . 03 and 0 . 1 ppm respecti vely , duri ng  the spri ng  and summer , and NH3 and 

P04 ri s i ng s l i g ht ly  dur i ng  fa l l  and wi nter.  I n  t he sed iments , N0 2 
val ues were s i m i l ar to t he va l ues measured i n  t he water co l umn , N03 
averaged two orders of magn i tude h i g her , and P04 averaged one order of 

magn i tude h i g her .  Tota l organ i c  carbon i n  the  water col umn and percent 

vol a t i l e  so l i ds  in the sed i ment were s imi l a r at  SEADOCK to va l ues at  the 

proposed d i ffuser s i te ( S EADOCK ,  1 97 5 ) .  

Heavy meta l concentrat i ons for bot h  the water co l umn and sed i ment 

\vere i n  t he range norma l ly  found for coa stal  waters and were s i mi l ar at  

S EADOCK  to the  l evel s found at  the proposed s i te .  T he amount of d i sso l ved 
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o i l and  grea se i n  the water col umn ( 2 . 4 ppm at  the proposed s i te ,  3 . 2  

ppm i n  the offs hore area ) i ncreased offs hore toward the s h i ppi ng l a nes 

l ocated a bout 1 6  mi l es from and para l l e l to the s hore l i ne .  T hese re su l ts 

su gges t that a maj or source of d i s sol ved o i l and grease i n  th i s  reg i on 

of  the Gu l f  may be t he heavy s h i p  traffi c i n  t he s h i pp i ng l a nes . 

G . 4 . 2 . 2  Impa cts to Chemi ca l  Oceanography 

Because  of  the expected s i mi l ar water qua l i ty of the proposed and 

a l ternat i ve br i ne d i ffuser l o cat i on s  and the s i mi l a r nature of the pl ume 

d i scharge , i mpacts to the chemi cal  env i ronment are a l so expected to be 

s im i l a r for the two s i tes . The major i mpact of t he proposed br i ne 

d i sposal  on the a l ternat i ve offs hore area wou l d  be an i ncrease i n  sal i n i ty ,  
res u l t i ng mos tly  from h i g h  l evel s o f  sod i um and chl ori de .  As a res u l t 

of jet  d i l ut i o n ,  potas s i um ,  ca l c i um and s u l fate wo u l d  assume near-norma l 

l evel s rapi d l y .  Sod i um and c h l or i de woul d be i n  exc ess of natural  Gu l f 

water fl u ctuat i ons a nd magnes i um l evel s wou l d  be be l ow norma l . 

S i nce meta l l evel s i n  the bri ne are extremely  l ow ,  heavy meta l 

concentrat i ons i n  the d i s charge water wou l d  be h i g h l y  dependent on  the 

water q u a l i ty of  the i n ta ke water from the Brazos R i ver . Du r i n g  norma l 

fl ow per i ods , l i ttl e impact on the envi ronmental cond i t i ons  a t  e i ther 

s i te s hou l d  res u l t from trace meta l s i n  the d i s charged br i ne .  However , 

d u r i n g  e i t her l ow fl ow or fl ood cond i t ions  i n  the Brazos R i ver , when 

heavy metal l evel s i ncrease great ly , the concentra t i ons  of l ead , mercury , 

z i nc ,  and manganese i n  the raw water supp ly  cou l d  exceed EPA recommended 

d i sc harge g u i del i nes (Ta bl e G . 3- 5 ) . These meta l s ,  wi th  the except i on of 

merc u ry ,  wou l d  settl e out i n  the sa l t  cavern , re s u l t i ng i n  meta l l eve l s 

i n  the br i ne a t  t he d i ffu ser wh i ch woul d meet recommended g u i del i nes . 

Al though  t he max imum eq u i l i br i um concentrat i on of o i l i n  bri ne 

wou l d  be a bout  3 1  ppm , fa ctors s u c h  as i n suffi c i ent  mi x i ng t ime , turbu l ence , 

a nd c i rc u l a t i on i n  the ca vern , vapori zat i on ,  and o i l  s k i mmi ng control s 

wou l d  red uce the o i l  concentra t i o n  i n  t he d i s charged br i ne to a n  estima ted 

6 ppm ( FEA, 1 97 7 b ) . T h i s l evel i s  h i g her than amb i ent  Gul f hydrocarbon 

l evel s ,  but s i nce o i l  and grea se l evel s are greater i n  the a l ternat i ve 
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offs hore area t han a t  the proposed s i te ,  the hydrocarbon d i scharge wou l d  

not contri bute proport i onal ly  as grea t an i ncrease at  t he a l ternat i ve 

s i te .  

A s  a t  t he  proposed s i te ,  the i ncreased sa l i n i ty and temperature of  

the d i s c harged br i ne cou l d re s u l t in  decreased amb i ent d i sso l ved oxygen 

l evel s and an a l terat i on  i n  the heavy meta l chem i ca l  equ i l i br i um between 

var ious  i nterfaces such  as between the water col umn and s u spended part i ­

c u l a tes , the sed i ment and the pore water , and the sed iment and the water 

co l umn . Thes e i mpacts wou l d  be expected to be of a mi nor nature . 

Compar i son of  the basel i ne data from the proposed and a l ternat i ve 

s i tes i nd i cates that potent i a l  i mpacts to the c hemi cal  envi ronment at  

t he two l ocat ions woul d be  s i mi l a r .  However ,  beca use  ba se l i ne o i l  

l evel s are greater a t  the offs hore s i te ,  br i ne d i s c ha rge hydrocarbons  

woul d no t have as  great an i mpact there as  at the proposed s i te .  A l t ho u g h  

n o  i nformat ion  i s  ava i l a bl e on  turb i d i ty cau sed by bri ne d i sc harge , a 

poss i b l e  i ncrea se i n  turbi d i ty woul d impact the h i g her transparency i n  

t he o ffs hore wa ters to a greater extent than a t  the proposed area nearer 

s hore . 
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G . 4 . 3  B I OLOGI CAL OCEANOGRAPHY 

G . 4 . 3 . 1  P l a n kton 

G . 4 . 3 . 1 . 1 P hytopl a n kton 

In genera l , the p hytop l a n kton commun i ty and popu l at ion  dynami cs  i n  

the v i c i n i ty of t he a l ternati ve s i te are s imi l ar to t hose a s  descri bed 

for t he proposed d i ffuser s i te ( Section  G . 2 . 4 . 2 . 1 ) .  Di a toms usual ly  

domi nate the commun i ty throughout  the year , but d i nofl agel l ates peri od i c ­

a l l y codomi nate , espec i a l ly  i n  t he  warm months  of t he  year .  Primary 

product i v i ty a nd cel l den s i t i es are genera l ly  h i g hest i n  the bays and 

decrease offs hore . Product i v i ty a nd c h l o rop hyl l � val ues are max imum i n  

t he l ate wi nter-early spri ng and mi n i mum duri ng the  l ate summer ; a 

s l i g h t  i ncrease  i n  producti v i ty i s  usua l ly  present i n  the early fa l l .  

The  phytopl ankton commun i ty i n  the v i c i n i ty of the offs hore s i te 

may d i ffer from the proposed d i ffuser s i te i n  the fo l l owi ng  respects : 

because t he offs hore area i s  l es s  i nfl uenced by the  Texas r i vers and 

bays , a greater number of  mar i ne spec i es and fewer estuari ne  and freshwater 

spec i es s hou l d  be present at  the offs hore s i te ;  the den s i ty of the 

p hytopl an kton cel l s  at  t he offs hore s i te s hou l d  on an annua l average ,  be 

somewhat l es s  than that at the proposed nears hore s i te ;  and the average 

annua l  p hytopl a n kton producti v i ty woul d be s l i ght ly  l es s  i n  t he offs hore 

waters . 

To a s sess  t he anti c i pated env i ronmenta l  impacts of l ocat i ng the 

br i ne  d i ffuser i n  t he offshore waters , severa l assumpt ions  have been 

made .  F i rst ,  t he  c haracter i s t i cs of t he  br i ne p l ume s houl d be muc h t he  

same a s  for t he  proposed s i te excep t  t hat  t he a l ternati ve d i ffu ser wou l d  

be l ocated i n  68 feet of water rather t han  50 feet as  for t he nears hore 

s i te .  Second l y ,  the average annual  p hytopl an kton concentrat i on s  i n  the  

offshore and i n s hore area s ,  7 . 8  x 1 04 cel l s/ l i ter and 4 . 1 x 1 05 cel l s/ l i ter 

respect i vel y ,  correspond to those presented by Van Baa l en ( 1 97 6 )  for the 

s im i l ar nears hore and i ntermed i ate areas . I n  add i ti o n ,  i t  has  been 

a ssumed t ha t  a l l p l a n kton entra i ned wi t h i n  the 5 ppt i soha l i ne excess 

where sa l i n i t i es may i ncrease  �p to approximate ly  270 ppt a bove amb i ent 

cond i ti on s ,  wou l d  be ei t her destroyed or a t  l east  undergo severe phys i o ­

l og i ca l  s tres s .  Ba sed o n  these assumpt i ons , i t  i s  ant i c i pated that for 
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each l i ter of  wa ter entra i ned i n  th i s  area , approximately one- fi fth the 

ce l l s  woul d be adverse ly  impacted at  the a l ternat i ve d i ffuser s i te 

compared to the proposed s i te .  Outs i de of the area enc l osed by the S 

ppt i sohal i ne ,  i mpacts to the phytop l an kton commun i ty wou l d  be expected 

to be s u bstanti a l ly l es s  and compa rab l e  for both l oca t i ons . I t  a l so can 

be expected that  the pri mary producti v i ty at  each  of the s i tes woul d be 

marked l y  reduced ; the proposed s i te woul d be i mpacted at a h i gher rate 

compared to the offs hore s i te because the expected rate of product i v i ty 

at  the nears hore s i te i s  h i gher than that ant i c i pated for the offs hore 

area . 

G . 4 . 3 . 1 . 2 Zoopl ankton 

The dens i ty of the zoop l an kton commu n i ty ,  and i ts popu l at i on 

dynami c s  i n  the v i c i n i ty of the a l terna t i ve offshore d i ffu ser s i te ,  are 

expected to be s i mi l ar to those descri bed for the proposed d i ffuser s i te 

( Sect ion  G . 2 . 4 . 2 . 2 ) . I n  general , zoopl an kton dens i ty ,  i n  terms of 

numbers of organ i sms per cu b i c  meter , i s  h i ghest in the nears hore waters 

and decreases i n  a seaward d i rect i on . Copepods dom i nate th i s  commun i ty 

and the euryha l i ne spec i e s  Acart ia  tonsa i s  usua l l y the preval ent spec i e s  

i n  th i s  part o f  the ner i t i c  zone . Further offshore , a greater proporti on 

of stenoha l i ne mar i ne spec i es wou l d  be encountered . Zoop l a n kton dens i t i e s 

undergo l arge seasona l  var i at i ons and atta i n  thei r max ima i n  earl y 

s ummer and a ga i n  i n  the fa l l ;  l ow zoop l an kton dens i t i es  are ususa l ly  

found i n  the l a te summer and  wi nter .  

I n  the reg ion  of  the a l ternat i ve s i te ,  the zoopl an kton commun i ty 

may d i ffer from the commun i ty at the proposed nearshore d i ffuser s i te i n  

the fo l l owi ng  as pects : the average annual zoopl ankton dens i ty may be 

somewhat l ess  at the offshore s i te and a greater proport i on of mar i ne 

spec i es mi ght  be found i n  these offshore waters . 

To a s sess  the potent i a l  envi ronmenta l i mpacts of l ocat i ng the br i n e 

d i ffu ser at  the a l ternat i ve s i te ,  severa l as sumpt ions have been made . 

F i rst , the p l ume character i st i cs at  the offs hore s i te woul d be s i m i l a r 

to those defi ned for the pl ume at  the proposed s i te ,  except that  the 

d i ffu ser wou l d  be l ocated in deeper water at the a l ternat i ve s i te .  
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Second , due to t he l ac k  of  data , reg i ona l  maximum zoopl ankton concentra­

t i ons  prev i o u s ly  reported , ha ve been used to character i ze the two s i tes : 

7 700  zoopl a n kters/m3 for the offs hore s i te ( Fotheri ng ham , 1 97 7 )  and 

1 20 , 000 zoopl an kters/m3 for the proposed nears hore s i te ( LOOP , 1 97 5 ) .  

I t  i s  a l so a s sumed that a l l p l a n kton entra i ned wi th i n  the h i g h  sa l i n i ty 

p l ume a rea wou l d  be e i ther  destroyed or undergo severe phys i o l o g i ca l  

s tress . Based on  these a ssumpt ions , i t  i s  ant i c i pated that for eac h  

c u b i c  meter of  water entra i ned i n  the bri ne p l ume , a l most  1 5  t imes more 

zoopl a n kton wou l d  be impacted a t  the proposed d i ffuser s i te than a t  the 

offs hore s i te .  Zoop l a n kton entra i ned in  the pl ume a rea outs i d e  the area 

are not expected to be severe ly  impacted . 

G . 4 . 3 . 2  Benthos  

The a l ternat i ve offshore br i ne d i ffuser s i te i s  cha rac ter i zed by 

bent h i c  i nvertebrate fauna s imi l a r to that observed a t  the i n s hore bri ne  

d i ffuser s i te ( Sect i o n  G . 2 . 4 . 3 ) .  Al though  s i te spec i f i c  data  for the 

offs hore l ocat ion  i s  l i mi ted , a compari son of the  data co l l ected for 

SEADOCK  ( 1 975 ) a nd pre l im i nary data at  the offs hore s i te s hows that the 

44 bent h i c  taxa col l ected by the S EADOCK survey ( Tab l e G . 4- 1 ) are apparentl y 

not as d i verse as  the co l l ect ions  taken i n  December 1 977 at the offs hore 

l ocat i on ( Ta b l e G . 4- 2 ) . The number of samp l es co l l ected at the  a l terna­

t i ve s i te i n  1 977  wa s f i v e  t i mes  greater than tha t  co l l ected for Seado c k  

i n  1 97 3 .  Both  the SEADOCK  co l l ect i on s  ( Tabl e G . 4- 1 ) and t h e  1 977  co l l ec­

t i ons  ( Ta bl e G . 4- 2 )  �"ere domi nated by polychaete s ,  ( >60 percent )  and 

crustaceans and mo l l uscs ( 2 5 percen t ) . These rel at i onsh i p s corre l ate 

wel l w i th reg i o nal  data ( Sect i on  G . 2 . 4 . 3 )  wh i ch i nd i cate  that po lyc haetes 

were the dom i nant  benth i c  i nverte brates present . Near ly  80  percent of  

t he benth i c  organ i sms undergo some degree of sea sona l  vari at i on , however , 

t he total number of taxa col l ected duri ng each  season  s howed l i tt l e 

var i ab i l i ty ( Ta bl e  G . 4- 1 ) .  

Ba sed on  samp l es ta ken i n  December 1 977  ( Tab l e G . 4- 2 ) ,  the a l ternat i ve 

offs hore s i te has a l ower d i vers i ty ( tota l number of  spec i es )  compared 

to the proposed i n s hore s i te ,  however , rel a t i ve b i oma ss  ( i n  terms of 

n umber of i nd i v i dua l s  per square meter ) at  the a l ternat i ve s i te i s  more 
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TABLE G . 4- l  Summary of bent h i c  i nvertebrates co l l ected i n  the v i c i n i ty 
of the a l ternat i ve d i ffuser  s i te ( S EADOCK Stati on 1 8 ) , 
1 97 3 .  

S C I ENT I F I C  NAME 

Hydrozoa 

Nemertea 

Cerebratu l u s l acteus 

Sthenel a i s boa 

Bhawa n i a  goode i  

Ancys trosyl l i s ha rtmanae 

S i gambra tentacu l ata 

Nere i s  s p .  

Nephtys p i  c ta 

G lycera amer icana 

Oi opatra cu prea 

On uph i s eremi ta ocu l ata 

Lumbr i neri s s p .  

N i noe n i g r i pes 

Ar i c i dea c f .  fraqi l i s  

Ar i c i dea c f .  \�a s s i  

Ampel i s ca a bd i ta 

P r i nosp i o heterobranc h i a  

Pr i nospio  p i nnata 

S p i op hanes bombyx 

� s eto sa  

Streb l os p i o  bened i ct i  

Mege l ona petti boneae 

�1ege l o na s p .  ( pu rp l e ba nded ) 

Sp i ochaetopterus ocu l atus 

Th a ryx setigera 

Co s s ura del ta 

Med i omastus ca l i forn i ens i s  

No tomastus l a ter i ceus 

Owen i a fus i form i s  

Amp haret i dae  

Chone  duneri  

Phasco l i on s trombi 
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W i nter 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

COLLECT I ON PER I OOa 

Spr i ng 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

S ummer  

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 



TABLE  G . 4- 1  conti nued . 

SC I ENT I F I C  NAME 

Sgu i l l a  empusa  

Ca l l  i anassa  s p .  

Chasmocarc i n us  m i s s i s s i pp i en s i s  

P i nn i xa sayana 

Crep i d u l a forn i cata 

Nat i ca pu s i l l a  

V i tr i nel l a  he l i ca 

Anadara transversa 

Te l l i na vers i co l or  

Phoron i s  a rc h i tecta 

Hem i p ho l i s  e l ongata 

Total  taxa col l ected 

Source : S EADOCK , 1 975 . 

COLLECT I ON PERIOna 

W i nter Spr i ng Summer 

xx  

xx  

xx  

xx 

xx 

xx 

xx 

xx 

xx 

xx 

xx 

23  27  22  

a xx i nd i cates presence in  col l ect ion ; -- i nd i cates not col l ected . 
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TABLE  G . 4- 2  Summary compari son of ben t h i c  i nvertebrates ( i nfauna ) 
co l l ected at the p roposed and a l ternati ve bri ne d i ffuser 
s i tes , December 1 977 . 

Tota l number of spec i es 

Average number of spec i es per stat i on 

Average number of i nd i v i d ua l s/m2 per stat ion  

Number of  pol ychaete spec i es 

Number of crustacean spec i es 

Number of mo l l u s k  spec i es 

Number of m i s ce l l aneous spec i es 

Percentage of polychaetes 

Percentage of crustaceans 

Percentage of mol l u s k s  

Percentage of mi scel l aneous g roups 

SOURCE : Texas A & �,  1 9 78 . 
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P roposed 

67 

1 6  

902 

34 

1 0  

6 

1 7  

75 

3 . 8  

3 . 6  

1 7 . 5  

A 1 ternat i  ve 

59 

21 

2092 

32 

1 3  

8 

6 

92 

4 . 4  

l o r) 

2 . 4  



than twi ce tha t of  the proposed s i te .  T he di s tri bu t ion  of major taxon s  

( po lychaetes , crustaceans  and mu l l uscs ) i s  s i mi l ar a l t hough  po l ychaetes 

are by far the domi nant spec i es at  the a l ternati ve s i te .  The  greater 

a bundance of i nd i v i dua l s at the offs hore l ocati on i s  apparent ly  a s soc i ated 

wi th  the sa ndy substrate found at thi s s i te .  Severa l s tudi es  ( Harper , 

1 97 7 ; S EADOCK ,  1 975 ) i nd i cate that the den s i ty of benth i c  macroi nvertebrates 

tends to be h i g her i n  s u bs trates wi th a moderate to l arge quanti ty of 

sand than in softer mud or s i l ty subs trates . 

The po s s i b i l i ty of heavy predat ion  of benth i c  organi sms at  the 

proposed s i te ,  and c hanges in the rel ati ve dens i ty of organi sms at  the 

two s i tes due to seasonal  vari ati on , s hou l d not be over l oo ked . Al thoug h 

i t  appears that the offs hore area i s  more producti ve , i t  i s  pos s i b l e  that 

the re l a t i ve ly  l ow den s i ty of benthi c i nvertebrates i ns hore may be due 

to heavy predat ion  by s hr imp and other benth i c  feed i ng organ i sms . 

The  sa l i n i ty i n  the d i sc harge area of the a l ternative di ffu ser s i te 

wou l d be the same as  that expected for the proposed s i te ,  however , 

because  of the deeper water depth at  the a l ternati ve s i te ,  temperatures 

are expected to be s l i g h t ly  l ower than those at  the propo sed s i te .  T he 

overal l impacts of the bri ne di sc harge wou l d  genera l ly  be s i mi l a r to 

the proposed s i te ( Secti on G . 3 . 3 . 2 ) . Assumi ng that the dens i ty of benth i c  

i nvertebrates i s  h i g her (Tab l e G . 4- 2 )  a t  the a l ternati ve s i te ,  the 

impact to the benthos wou l d  be greater by a s i mi l ar magn i tude . I f  
comp l ete morta l i ty for the benth i c  i nvertebrates wi th i n the 5 ppt i soha l i ne 

occurred , approximate ly  7 . 4  x 1 08 benth i c  organi sms wou l d  be ki l l ed 

( based u pon dens i ty rati o determi ned from Tab l e  G . 4-2 ) compared to 

3 . 2 x 1 08 at  the propo sed s i te ( from Fi gure G . 2- 35 ) . 

G . 4 . 3 . 3  Nekton 

The a l ternati ve d i ffu ser s i te i s  expected to be c haracteri zed by 

nekton i c  fau na s imi l ar to the propo sed s i te ( Sect i on G . 2 . 4 . 3 ) . S i te 

s pec i f i c data for the nekton a t  the offs hore l ocati on i s  l i mi ted , 

however , some pre l imi nary data has  been u ti l i zed from an ongoi ng DOE 

s tudy .  
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T he bathemetry of the a l ternati ve area suggests that the s i te i s  

l ocated i n  a trans i t i on between the whi te and brown s hrimp fi s h i ng 

grounds . Data taken at  the offs hore s i te ( Sect ion  G . 2 . 4 . 4 ,  Fi gure 

G . 1 - 6 ) i nd i cate that  the fauna i s  more c haracter i s t i c  of the brown 

s hr imp grounds ( Ta bl es G . 2- 1 6 ,  G . 2- 1 S ,  G . 5- 3 ,  G . 5-4 , and G . 5- 5 ) .  

The  impacts of the bri ne d i sc harge on nekton wou l d  be s i m i l ar to 

t hose ant i c i pated for t he proposed s i te ( Sect ion  G . 3 . 3 . 3 ) but the magn i tude 

of t hese impacts woul d be proport i o na l  to t he nekton b i omas s  d i fferences 

between t he two s i tes . Pre l im i nary data i n d i cate t hat  t he rel at i ve 

ne kto n b i omas s  i s  greater at the proposed s i te compared to the a l ternati ve 

s i te ( Ta b l es G . 2- 1 7 ,  G . 2- 1 S ,  G . 5- 3 ,  G . 5- 4 ,  and G . 5-5 ) . Th i s  re l a t i o n s h i p  

i s  not supported by reg i onal  data wh i ch i nd i cate that the rel at i ve 

b i omas s  s hou l d be h i g her on the brown s hr imp grounds . Two po ss i b l e  

exp l anat i ons  for these unexpected d i fferences are the l ac k  of sea sona l 

data for the a l ternati ve s i te ( wh i c h  may s how tha t  th i s  s i te does have a 

h i g her rel a t i ve b i omas s  than the proposed s i te ) ,  and that the a l ternat i ve 

s i te actua l l y  i s  i n  a tran s i t i o n  zone between t he two s hr impi ng grounds 

a nd t hu s  not representati ve of the prime brown s hr imp i ng gro und s .  

The  proposed area i s  an important area fo r wh i te s hrimp and redfi s h  

spawn i ng ( n ear reefs and wrecks ) .  Al t hough  t he proj ected sal i n i ty 

concentrat ions  duri ng d i sposa l  are not expected to have a seri ous  adverse 

i mpact on  the nearshore spawn i ng grounds , t here wou l d  be even l es s  

poten t i a l  i mpact from t h e  offshore a l ternat i ve s i te wh i ch i s  we l l  removed 

from t h i s  important hab i ta t .  Because  t he i ns hore proposed s i te i s  

recogn i zed a s  prime whi te s hr imp grounds and the al terna t i ve s i te i s  

not , commerc i a l fi s her i es operat i on s , parti cu l arl y for wh i te shr imp , 

m i ght be l es s  h i ndered at  the a l terna t i ve s i te .  

G . 4-2 1  
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TABLE  G . 5- l  Typi cal  benth i c macro -faunal  a s sembl age o f  the Gul f o f  Mex ico  
offs hore from Freeport , Texas . 

Cn i da r i a  Pel ecypoda 

Leptogorg i a  setacea 

Paranthus rapi formi s 

Ren i l l a  mu l l eri  

Annel i da 

Di opatra cuprea 

Ga stropoda 

Anach i s  obesa 

Anachi s ornata 

Anach i s  sa i n tpa i r i ana 

Ant i l l i phos  sp . 

Archi tecto n i ca nobi l i s 

Bu sycon contrar i um 

Bu sycon p l agosum texana 

Bu sycon pyrum 

Di stors i o  c l athrata 

Fa sc i o l ari a hunter i a  

�'u rex ful vescens 

Mu rex pomum 

Nassar i us  acutus  

Nassari u s  ambi guus 

Nassari na glypta 

O l i va sayana 

P ha l i um granul atum 

Po l i n i ces  dupl i catus 

Strombu s a l atus  

Terebra d i s l ocata 

Terebra protexta 

Tha i s  haemastoma fl ori dana 

Tonna gal ea 

G . 5 - 2  

Aequ i pecten g i bbus gi bbus  

Aegu ipecten mus cosu s  

Anadara transversa 

Arca campech i ens i s  

Atri na serra ta 

Chi one c l enchi  

Ch i one � 
Chi one i n tapurpurea 

Corbu l a  swi fti ana 

Dos i n i a  d i scus  

Gou l d i a  cer i na 

Luc i na sombreren s i s  

Mul i n i a  l atera l i s  

D i nocardi um robustum 

Nucu l ana concentri ca 

� Iucu l  a proxima 

Pandora bus hi an 

P i tar  cordata 

P hy l l oda sguami fera 

Quadrans  1 i n tea 

Semel e purpurescens 

Sol en v i ri d i s  

Spi s u l a sol i d i s s i ma ravenel i 

Tel l i na  georg i ana 

Tel l i na  tayl ori ana 

Vari corbul a operacul ata 

Yo l d i a  so l eno i des 

Cep ha l opoda 

Lol i go pea l e i 

Lol i guncul a brev i s 



TABLE G . 5 - 1  conti nued . 

Cru stacea 

Arenaeus  c r i ba r i u s  

Ca l appa s p r i nger i  

Ca l l i a nas sa l at i s p i na 

Ca l l i nectes danae 

Ca l l i nectes sap i d u s  

Hepatu s ephe l i t i cu s  

Persephona punctata 

Petroc h i rus  ba hamens i s  

Penaeus  aztecus 

Penaeus duo rarum 

Penaeus  s et i ferus  

Portu n u s  �n i manus  

Po rtu n u s  g i bbes i 

S i cyon i a  brev i rostr i s  

S i cyon i a  dorsa l i s  

So l enocera v i o scai  

Squ i l l a emp u sa  

Trachypeneus constr i ctus  

Trac hypeneu s  s im i l i s 

X i phopeneus kryeri  

Ec h i nodermata 

As tropecten anti l l ens i s  

C lypeaster ravene l l i  

Lu i d i a  a l ternata 

L u i d i a  c l athrata 

So u rce : SEADOCK , 1 9 7 5  
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TABLE  G . 5-2 I nvertebrates and fi s h  character i s t i c  of the offs hore 
northern Texas coasta l  reg ion  ba sed upon trawl sampl es . 

Common Name Sci en t i f i c  Name 

Sea pansy 

Bri ef s q u i d  

Manti s s h r imp 

Roya l red s hr imp 

Wh i te s hr imp 

Brown s hrimp 

Seabob 

Rock  s hr imp 

Purse crab 

Purse cra b  

Sp i der crab 

Bl ue crab 

Swimmi ng crab 

Bri ttl  e s tar  

B l acknose s hark  

S i l ky s hark  

Bu l l s hark  

Spi nner s hark  

Sma l l ta i l s hark  

T i ger s hark  

Smooth dogfi s h  

Atl anti c s ha rpnose  shark  

Scal l oped hammerhead 

Bonnethead  

Atl anti c ange l  shark  

Les ser el ectr i c  ray 

Roundel s ka te 

Roughta i l  st i ngray 

Atl ant i c st i ngray 

I nvertebrates 

Fi s h  
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Ren i 1 1  a mul l eri  

Lol l iguncul a brevi s 

Squ i 1 1  a empusa  

Hymenopenaeus robu s tus  

Penaeu s seti ferus 

Penaeus  aztecus 

X i phopenaeu s kroyeri  

S i cyon i a  dorsa l i s  

Myrops i s  qui nquespi nosa 

Persophona cri nata 

L i b i n i a  ema rg inata 

Cal l i nectes sapi dus 

Cal l i nectes danae 

Oph i oderma brev i spi num 

Carcharh i n us  acronotus 

Carcharh i n u s  fa l c i formus 

Carcharh i nus  l eucas 

Carcharh i nu s  macul i pi nn i s  

Carcharhi nus  porosus  

Gal eocerdo cuvi eri  

Mu s te l us  can i s  

Rh i zopr i onodon terraenovae 

Sphyrna l ewi n i  

Sphyrna ti buro 

Squati na dumeri l i  

Narci ne bras i l i ens i s  

Raj a texan a 

Dasya t i s centroura 

Dasyati s sab i na 



TABLE  G . 5-2  conti nued . 

Common Name 

S potted eag l e ray 

Cownose  ray 

Lady fi s h  

B l ackedge moray 

S i l ver conger 

P i ke conger 

P i ke conger 

Conger eel 

Ye l l ow conger 

Marg i nta i l conger 

Threadta i l  conger 

Sti pp l ed s poon- nose eel 

S hr imp eel 
Shr imp eel 

Gu l f  menhaden 

G i z za rd s ha d 

Scal ed sard i ne 

At l ant i c thread  herr ing  

Span i s h  sard i ne 

Stri ped anchovy 

Bay anchovy 

Larges ca l e l i zardf i s h  

I n s hore l i zardfi s h  

Offs hore l i za rdf i s h  

Sea catfi s h  

Gaff topsa i l catf i s h  

Toadfi s h  

Atl ant i c mi dsh i pman 

St i pp l ed c l i ngfi s h  

S i ng l es pot frogfi s h  

Sp l i t l ure frogfi s h  

Pancake batfi s h  

Roughback  batfi s h  

Batfi s h  
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S c i ent i fi c  Name 

Aetobatu s nari nari  

Rh i noptera bonasus  

El ops saurus 

Gymnothorax n igromargi natus 

Hopl unn i s  macrurus 

Hopl unn i s  ten u i s  

Hopl unn i s  s p .  

Ari osoma bu l eari cum 

Congri na fl ava 

Paraconger caud i l i mbatus 

Uroconger syr i ng i n u s  

Mys tr i oph i s  puncti fer 

Oph i chthus gomes i 

Oph i c hthus  s p .  

Brevoorti a patronus  

Dorosoma ceped i anum 

Harengu l a  pensaco l ae 

Opi sthonema ogl i num 

Sard i ne l l a  ancho v i a  

Anchoa hepsetus 

Anchoa mi tc h i l l i  

Sauri da bras i l i ens i s  

Synodus foetens 

Synodus poeyi 

Ari us fe l i s  

Bagre mar i nu s  

Opsanus s p .  

Por i chthys poros i ss imus 

Gobi esox punctu l atus 

Antennari us  rad i osus  

Phrynel ox nutti ngi 

Ha1 i eut i c hthys acul eatus 

Ogcocepha l us parvus 

Ogcocepha l us s p .  A .  



TAB LE G . 5- 2  conti nued . 

Common Name 

Batfi s h  

Tri corn batfi s h  

Deepwater codfi s h  

Southern ha ke 

Bearded brotu l a 

Mottl ed c u s k-eel  

Cus k-eel 

Cres ted cus k-eel  

Amer i can j o hn dory 

Cha i n  p i pefi s h  

Ban k  s ea ba s s  

Roc k s ea ba ss  

Yel l owedge  g rouper 

B l ackear bass  

Wh i tespotted soapfi s h  

B i geye 

Short b i geye 

Twospot card i na l f i s h  

B l a c kl i ne t i l efi s h  

Bl uefi s h  

Cob i a  

S harksucker 

Afr i can pompano 

Bl ue runner 

Creva l l e j a c k  

Atl ant i c bumper 

Round scad 

Bl untnose jac k 

B i geye scad 

Loo kdown 

Greater amberj ack  

A lmaco jack  

Fl or i La pompano 

Rough  scad 
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Sci ent i f i c  Name 

Ogococepha l us s p .  B .  

Zal i eutes mcg i n tyi  

Phys i cu l us  fu l vus  

Urophyc i s  fl ori danus 

Brotu l a barbata 

Lepophi d i um j eannae 

Lepoph i d i um s p .  

Oph i d i on wel s h i  

Zenops i s  ocel l ata 

Syngnathu s l ou i s i anae 

Cen tropri s t i s ocyurus 

Centropr i st i s ph i l adel ph i ca 

Epi nephel us  fl avol i mbatus 

Serranus  atrobranchus  

Rypti cus  macu l atus 

Pri acanthus arenatus 

Pseudopr i a canthus a l tus  

Apogon pseudomacul atus  

Ca u l o l at i l u s cyanops 

Pomatomus sa l tatri x 

Rachycentron canad i um 

Echene i s  naucrates 

Al ecti s cr i n i t i s  

Caranx crysos 

Caranx h i ppos 

Chl oroscombrus chrysurus 

Decapterus punctatus 

Hem i caranx amblyrhynchus 

Sel ar  crumenophth a l mus 

Sel ene vomer 

Ser i o l a dumeri l i  

Ser i o l a  ri vo l i ana 

Trac h i notus caro l i n us  

Trachurus l athami 



TABLE  G . 5- 2  conti n ued . 

Common Name 

Atl anti c moonfi s h  

Red snapper 

Lane snapper 

Wenchman 

Vermi l i o n  snapper 

S i l ver j enny 

Barred grunt  

Tomtate 

P i gfi s h  

S heeps head 

Wh i tebone porgy 

P i n fi s h  

Long s p i ne porgy 

S i l ver perch 

Sand s eatrout 

S i l ver  s ea trout  

H i g h - hat  

Banded drum 

Spo t  

Southern ki ngfi s h  

Gu l f  ki ngfi s h  

Atl anti c croaker 

B l ack  drum 

Red drum 

Star drum 

Red goatfi s h  

Dwarf goatfi s h  

Atl anti c s padefi s h  

Reef butterflyfi s h  

Stri  ped mu l l  et 

Guaguanche 

Atl anti c threadfi n 

Lancer s targazer 

Ragged goby 

Atl an t i c  cutl a s sfi s h  
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Sci en t i fi c Name 

Vomer setapi nn i s 

Lutjanus campechanu s  

Lutjanus synagri s  

Pri st ipomo i des agu i l onari s 

Rhombopl i tes  aurorubens 

Euc i nostomus � 
Conodon nobi l i s 

Haemul on auro l i neatum 

Orthopri st i s chrysoptera 

Archosargus probatocephal us 

Cal amus l eucos teus 

Lagodon  rhombo i des  

Stenotomus capr inus  

Bai rdi el l a  chrysura 

Cynosc i on  arenari us  

Cynosc ion  nothus 

Eguetus acumi natus 

Larimus fasc i atus 

Lei o stomus xanthurus 

Men ti c i rrhu s  ameri canus 

Men ti ci rrhus l i ttora l i s  

M i cropogon undu l atus 

Pogon i as cromi s 

Sci aenops oce l l ata 

Stel l i fer l anceo l atus 

Mul l u s auratus  

Upeneus parvus 

Chaetodi pterus faber 

Chaetodon sedentari u s  

Mugi l cepha l u s  

Sphyraena guachancho 

Po lydactyl us  octonemus 

Kathetostoma a l b iguatta 

Bo l l mann i a  commun i s  

Tri ch i urus  l epturus 



TABLE G . 5- 2  con ti n ued . 

Common Name 

Li ttl e tunny 

Chub  mac kerel 

Ki ng mac kerel 

Span i s h  mac kerel 

Harves tfi s h  

Gu l f  butterfi s h  

Barbfi s h  

Smoo thhead scorp i onfi s h  

Hunc hbac k scorp ionf i s h  

Spo tted scorp i onfi s h  

Horned searob i n 

Bandta i l  searob i n 

Mex i can searo b i n 

B l uespotted searo b i n 

B l ackfi n searob i n 

Bl ackw i n g  searo b i n 

S hortwi ng  searo b i n  

B i g head searob i n 

Three-eye fl o under 

Ocel l ated fl o under 

Fl ounder 

Spotted whi  ff 

Bay whi ff 

Mex i can  fl ounder 

Spotf i n fl o under 

Sp i ny fl ounder 

Fr i nged fl ounder 

Gu l f  fl ounder 

So uthern fl ounder 

Broad fl o under 

Shoa l  fl ounder 

Du s ky fl ounder 

Sa s h  fl ou nder 

L i ned so l e  

Fr i nged so l e  
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Sc i en t i f i c  Name 

Euthynnus  a l l etteratus  

Scomber japon i cus  

Scomberomorus cava l l a  

Scomberomorus ma scu l atus  

Pepri l u s paru 

Pepr i l u s burti  

Scorpaena bras i l i en s i s  

Scorpaena ca l carata 

Scorpaena d i spar 

Scorpaena pl umi eri  

Ba l l ator mi l i tari s 

Pri onotus ophryas 

Pr i onotus para l atus 

Pri onotus roseus 

Pr i onotus ru b i o  

Pri onotus sa l mon i co l o r  

Pr i onotus s tearn s i  

Pr i onotus tr i bu l us 

Ancyl opsetta d i l ecta 

Ancyl opsetta guadrocel l ata 

Bothus  sp . 

C i thar i c hthys macrops 

C i thar i c hthys spi l opterus 

Cyc l opsetta c h i ttenden i 

Cyc l opsetta fimbr i a ta 

Engyophrys senta 

Etropus crossotus  

Para l i c hthys al b i gutta 

Para l i c hthys l etho s t i gma 

Para l i c hthys sguami l entus 

Syac i um gunteri 

Syac i um papi l l osum 

Tri c hopsetta ventra l i s  

Ac h i rus  l i neatus 

Gymnac h i rus texae 



TABLE G . 5 - 2  conti n ued . 

Common Name 

Offs hore tong uefi s h  

Spottedfi n tonguefi s h  

Pygmy tonguefi s h  

B l a c kc heek tong uefi s h  

Dotterel fi l efi sh  

Orange fi l efi s h  

Gray tr i g gerfi s h  

Fr i ng ed fi l ef i s h  

P l anehead fi l efi s h  

Scrawl ed cowf i s h  

Smooth puffer 

�'1a rb 1 ed p u ffer 

Least  p uffer 

Bandta i 1 puffer 

Stri ped bu rrfi sh  

S c i enti f i c  Name 

Sxm�hurus  c i v i tatus  

Sxm�hurus  d i omed i anus  

Sxm�hurus  �arvus 

Sxm�hurus  �l agi usa 

Al uterus heudel ot i  

Al uterus sc hoepfi 

Bal i stes ca�ri scus  

Monacanth u s  c i l i a tus  

Monacanthus  h i s� idus  

Lacto�hrxs guadr i corn i s  

Lagocepha l u s l aev igatus  

S�hoero i des dorsa l i s  

S�hoero i des parvus  

Sphoero i des speng l e r i  

Ch i l omxcteru s sc hoe�fi 

So urce : Ch i ttenden and Mc Eachran , 1 97 6 ;  S FADOCK , 1 97 5  ( I nc l udes 

Stat i o n  Group s  A-J ) .  
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TABLE G . 5- 3  N umbers of se 1 ecteda i n vertebrates and fi s h  co l l ected at each trawl s tati on 
duri ng October 1 97 7 . 

STATION NUMBERb 

Invertebrates 2 3A 3B � 4B 5A 5B 6A 6B 7A 7B  BA BB  9 1 0  1 1  12  1 3  

Brown shrimp 
P ink  shrimp 
Wh i te shrimp 

F i sh 

Sea catfish  
Longspi ne porgy 
Southern k i ngfish  
Gu l f  k ingfish 
Atl ant i c  croaker 
Sand seatrout 
Si l ver seatrout 
Star drum 
Atl anti c threadfi n 
Atlanti c cutlassfish  
Gul f butterfish  

Total 

2 
o 

22 

2 
o 
o 
o 

92 
1 

1 6  
336 

7 
o 

60 

o 
o 

1 7  

2 1  
o 

1 29 

o 5 
o 0 
o 1 
o 0 

54 506 
1 1 3  

7 2  92 
66 69 

2 Ii 
o 0 
4 35 

538 2 1 6  877 

NC 7 1  N 66 N 8B 
N O N 0 N 0 
N l B2 N 1 3B N 106 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 

25 
o 
o 
o 

474 
37 
64 
47  
1 6  

o 
1 03 

N 1 0 1 9  

N 
N 
N 
N 
N 
N 
N 
N 
Ii 
N 
N 

9 
o 

o 
61 2 

42 
79 
30 
61 

1 
1 39 

N 1 1 7B  

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

2B 
1 2  
1 
o 

706 
32 

l OB 
244 

42 
1 

737 

N 2 105 

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

47 N 
o N 

109 �I 

1 7  
o 
o 
o 

51 9 
20 
62 
29 
36 

o 
1 42 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

1 01 N 92 N N N N 
o N O N N N N 

1 99 N 9 N N N N 

45 
o 
o 
o 

B35 
24 
72 
54 
27 

o 
277 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

2B 
79 
3 
o 

142  
1 7  
69 

o 
24 
1 1  

1 33 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 1 053 N 1 634 N 607 N N N N 

a
Se l ected i nvertebrates and fish i nc l ude those organi sms consi dered to be e i ther of qreat commerc i a l  importance or abundance . 

b A l etter ( e . g . ,  A or B ) fol l owing a station number i nd ica tes a repl i cate sampl e .  
c 

N i nd icates no col l ect ion made. 

SOURCE : Texas A & M ,  1 978 . 
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TAB LE G . 5 - 4  N umbe r s  o f  s e l ected
a 

i n ve rte brates  a n d  fi s h  col l e c t e d  a t  e a c h  trawl s ta t i on 
duri ng  Nove�b e r  1 9 77 . 

I nvertebrates 

8rown shrimp 
Pi nk shr imp 
Wh i te shrimp 

F i s h  

Sea catfi s h  
longspine porgy 
Southern k i ngfi sh  
Gu l f  k i ngfi s h  
At lant ic  croa ker 
Sand s ea trout 
Sl 1 ver sea trout 
Star drum 
Atlantic  threadfin 
Atlantic cutl assfi s h  
Gu l f  butterfish  

Total 

a 

_1_ 

o 
o 
3 

o 
o 
o 

1 2  
1 7  
52 
1 3 

o 
1 23 
42 

2 

o 
o 

1 1  

o 
o 
o 
o 

1 4  
3 

62 
3 
o 

2 3  
8 

STAT ION NUM8ERb 

-� � � � 5A 58 6A 68 -1A �� 
1 0 2 1 3  8 

o 
64 

5 8 9 1 0  

o 0 0 0 o 
94 

o 0 o 0 

1 5  26 74 1 69 75 1 22 84 1 1 4  

o 
o 
o 
o 
9 
4 

78 
o 
o 
o 

1 1  

o 0 0 0 0 0  
o 0 0 0 0 0  
o 0 2 0 0 0  
o 0 0 0 0  0 
8 76 53 23 63 5 
6 1 6  1 4  9 1 7  1 1  

40 1 70 391 1 66 582 253 
0 6 1 0 1 0 
o 0 0 0 2 
1 23 0 2 4 

37 1 4  5 1 20 1 2  25 

o 0 
o 0 0 
2 0 1 
o 0 0 

22 1 0 29 
1 1  6 1 1  

339 21 9 290 
o 0 0 
4 0 2 
o 7 4 

1 8  1 02 28 

8A 

5 
o 

71 

88 

o 
98 

o 0 
o 0 
o 0 

29 1 9  
20 9 

543 496 
o 0 

44 1 
1 2  1 1  

1 59 96 

263 1 24 1 27 1 25 381 650 390 778 380 527 437 489 844 736 

9 

2 
o 
4 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

1 0  

NC 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 

1 1  

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 

Sel ected i nvertebrates and f i s h  i nc l ude those organ isms consi dered to be ei ther of grea t commerc i a l  importance or abundance.  
b 
A l etter ( e . g . , A or 8) fol l owing a s tat ion number i nd i cates a repl i cate samp le .  

c N i nd i ca tes no col l ect ion made. 

SOURCE : Texas A & M .  1 9 78 . 

1 2  

N 
N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 

N 

1 3  

2 
o 

63 

o 
o 

o 
1 3  
3 

93 
o 
o 
o 
o 

1 75 
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TABLE  h . 5- 5  N umbers of se l ecteda i nvertebrates  and fi s h  col l ected at each traw l s tat i on 
duri ng  December 1 977 . 

I nvertebrates 

Brown shrimp 
P i n k  shrimp 
Wh i te shrimp 

F i sh 

Sea catf i s h  
Longspine porgy 
Southern k i ngf ish  
Gu l f  k i ngf i s h  
At l ant i c  c roaker 
Sand seatrout 
S i l ver seatrout 
Star drum 
At lant ic  threadf i n  
At l antic  cut1 ass f i s h  
Gu l f  butterf i sh  

STAT ION NUMBERb 

L _2_ � � _� 4B 5A 5B 6A - -

3 2 6  4 4 5 2 3 
o 0 0 0 0 o 0 0 0 

237 243 1 83 56 82 67 1 57 1 46 1 7 5  

o o o 
0 0 0  0 
1 0 
J 0 0 0 

39 36 1 9  1 2  
1 9  1 0  1 0  8 
9 1 6  1 29 1 48 

244 1 1 4  29 4 
o 0 3 0 

0 0 0  
o 1 0 2 

o o 
o 0 
3 
o 0 
6 1 3  
8 6 

207 203 
2 
o 4 
4 1 

3 

o 
o 

o 

6 
1 30 

1 
o 
o 
o 

o 
o 
o 
o 

1 3  
6 

81 
1 

1 
o 
1 

o 
o 
o 
o 

1 2  
4 

1 48 
o 

o 
3 

6B 7A 7B 8A 8B - -- - -

3 4 3 6 3 
o 0 0 0 0 

67 1 40 57 1 9 9  86 

o 
o 

o 
9 
4 

1 30 
o 
o 
1 
o 

o 
o 
o 
o 

1 2  

1 42  
1 
6 
o 
1 

o 
o 
o 
o 

1 8  
o 

93 
o 
o 
o 
1 

f) 
o 

o 
1 2  
6 

1 73 
o 
o 
2 

o 
o 

o 
1 3  

106 
o 
o 
o 
o 

9 

34 
o 
5 

o 
o 
o 
o 

1 9  
6 

1 64 
o 
o 
4 
o 

1 0  

40 
I) 
o 

o 
35 
o 
o 
6 
o 
o 
o 
o 
o 
o 

1 1  

o 
o 
o 

o 
83 

o 
o 
o 
o 
o 
o 
o 
o 
o 

1 2  

o 
o 
o 

o 
1 24 

o 
o 
o 
o 
o 
o 
o 
o 
o 

1 3  

1 2  
1 
4 

o 
2 
o 
6 
3 

1 65 
o 
o 

Total 554 423 379 232 3 1 7  303 307 251 346 21 5 307 1 72 400 2 1 0  232 81 83 1 24 1 96 

a
Se1 ected i nvertebrates and f i s h  i nc l ude those organi sms consi dered to be ei ther of great commerc i a l  i mportance or a bundance . 

b 
A l etter ( e . g . , A or B ) fol l owi ng a station  number ind i cates a repl i ca te sampl e .  

SOl lRCE : Texas A � M ,  1 978 . 
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APPEND I X  H 

DEEP  WELL I NJ ECT ION  OF BR I N E  

An a l ternate method o f  d i spos i ng of  bri nes d i sp l aced from the Strateg i c  

Petrol eum Reserve ( SPR ) caverns duri ng o i l  f i l l  and cavern l eac h i ng i s  

by deep wel l i nj ect ion . D i s posal  i s  accompl i s hed by i nj ec t i ng bri nes 

under pres s ure i nto wel l s  compl eted in deep sand reservo i rs .  

Certa i n  phys i ca l  cond i t ions  are prereq u i s i te to succes sful  s u bs urface 

d i sposal  operat i ons . A reservo i r  hav i ng s uffi c i ent  vol ume and three­

d i mens i onal cont i n u i ty to accommodate i nj ected bri ne must ex i s t .  

F urther , the hydrau l i c  character i s i t i cs o f  the reservo i r  must be such  

t hat i t  wi l l  read i l y  transm i t  i nj ected bri nes . F i na l l y ,  the  reservo i r  

must  be i so l a ted hydraul i ca l l y  to precl ude contami nat i on of fresh  

water aqu i fers . 

The potenti a l  impacts a s soc i ated wi th subsurface i nj ecti on of bri nes are : 

o contami na t i on of  ground water aqu i fers 

o aqu i fer fracture 

o chem i cal  and  p hys i ca l  probl ems of fl u i d  i n compat i b i l i ty 

o i n terference wi th  o i l and gas reservo i rs 

o earthquake i nducement 

Contam i nati on of Ground Water Aqu i fers 

Contam i nat i on of overl y i ng fres h water aqu i fers can occur by d i rect 

i nfl ux of  deep - i nj ected bri nes i nto shal l ower hori zons , aq u i c l ude 

fracture , l ea kage throug h permea bl e beds  separa t i ng the deeper zones 

from s ha l l ower zones , l ea kage through improperl y cased wel l s ,  

a ba ndoned wel l s ,  or  wel l s  wh i c h  are open to both the i nj ect ion zone , and 

to t he fres h water aqu i fers . 



The geo l og i c  sect i on wh i ch was con s i dered for d i s posa l  i s  characteri zed 

by poorly consol i dated sed i ments , cons i s t i n g  pr imari l y  of sands , s i l ts ,  

c l ays a nd parti a l l y  i ndurated s ha l es .  Sand un i ts compri se  an est imated 

40% of the total section , wh il e the rema i n i ng porti on of the s ecti on 

con s i sts of rel ative ly  i mpermeabl e s i l ts ,  c l ays and sha l es , wh i c h  have 

c haracter i st i ca l l y  poor transm i tt i ng propert i e s , and may serve to 

precl ude the verti cal  movement of the i nj ected bri nes . Bri nes wi l l  be 

i nj ected i nto deep ( g reater than 3 , 000 feet )  sa l i ne reservo i rs ,  wel l 

bel ow the l owermost u sabl e fresh  water aqu i fer .  

As s urances that n o  contami nat i on wi l l  res u l t from l ea kage through  wel l s  

req u i res that a l l wel l s  wi th i n  the area of i nfl uence of the i nj ecti on 

f ie l d be i denti f i ed ,  a nd proper ly  sea l ed where necessary .  Because the 

br i ne  d i s posa l  reservo i rs may be up l i fted i n  the v i c i n i ty of the dome , 

i t  i s  es senti a l  that abandoned wel l s  comp l eted at depths s ha l l ower than 

the d i s posal  reservo i r  a l so be chec ked . I f  any wel l s  are found to be 

improper ly  p l ugged , they wou l d be rep l ugged i n  accordance wi th accepted 

procedures . If  a substant ia l  number of the wel l s  appear to need 

repl ugg i n g ,  i t  may be neces sary to move the i nj ect ion  s i te .  

Aqu i fer Fracture 

A satisfactory reservo i r  for subs urface waste d i s posal  mus t  possess  

adequate vol ume a nd have impermeabl e strata such  as sha l e aqu i c l udes 

a bove and bel ow the s torage l ayer . Exces s i ve press ure bu i l dup cou l d 

l ead to aqu ic l ude fracture and l os s  of conta i nment . Pressure bui l dup  

depends upon : 

o aqu i fer s i ze 

o i nj ecti on rate 

o q uant ity of waste fl u i d  

o aqu i fer poro s i ty 

o aqu i fer permeab i l i ty 
o c l ogg i ng agents in the waste such  as  co l l o i ds 

o r  mater i a l s wh i ch s upport bacteri a l  g rowth 
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The potentia l  for aqu i fer fracture exi sts whenever the press ure cond i ti ons 

wi thi n a reservo i r  exceed the preva i l i ng stress fi el d .  The preva i l i ng 

s tress f ie l d i n  the reservo i r  i s  the res ul t of the l i thostati c wei ght of 

overburden materi al s and the hydrostati c we i ght of the fl u i d  col umn 

exi st i ng wi th i n  and a bove the reservo i r .  Experi ence i n  the Gul f Coas t 

sediments s uggests grad i ents of 1 . 0 and 0 . 5 pounds per sq uare i nch  per 

foot of depth ( p s i / ft )  for the l i thos tati c and hydrostatic  grad i ents 

respecti vel y .  Fracture gradi ents i n  the Gul f Coast  sediments have been 

obs erved i n  the range of 0 . 54 to 0 . 8 ps i / ft .  Careful mon i tori ng of 

wel l - head and bo ttom hol e pressures during  i nj ection  wi l l  be req u i red 

to i ns ure that fracture press ures are not exceeded . 

Chemica l  and Phys i cal  Probl ems of Fl u i d  Incompati b i l i ty 

Impac ts assoc iated wi th chemi cal and phys i cal  i ncompati b i l i ty of i nj ected 

br i nes wi th res pect to nati ve formation  fl u i ds wi l l  be confi ned to the 

v i c i n i ty of the i nj ection  wel l bore where i t  penetrates the rece i vi ng 

d i sposal  reservo i r . Ana l yses of bri nes i nj ected at other SPR s i tes 

have i nd i cated no s i gn i fi cant compat i bi l i ty probl ems . The reservo i rs 

cons i dered for i nj ection  conta i n  moderate ly  to h i g h l y  sal i ne wa ters (on  

the order of 30 , 000 to  1 00 , 000 ppm to tal d i s sol ved sol i d s ) and  s houl d 

therefore pose no probl ems wi th respect to rece i v i ng SPR bri nes , wh i ch 

wi l l  range i n  concentration  from 90 , 000 ppm to an effecti vely saturated 

br i ne ( 264 , 000 ppm) . 

I nterference wi th Oi l and Gas Reservo i rs 

Impacts on  o i l  and gas reservo i rs and production can resu l t d i rectl y 

from the i nfl ux a nd fl u s h i n g  of these reservo i rs by i nj ected bri nes . 

The o i l  a nd gas reservo i rs can al so be impacted i nd i rectl y ,  by the 

effects of reservo i r  pressuri zat iQn attendant to the i nj ection  

operati ons . I n  order that these impacts are mi n imi zed or avo i ded , 

i njection  wel l s  must be l ocated such that the area of i nfl uence of 

the d i sposal operation  does not impi nge on the o i l  and gas reservo irs . 

Verti ca l and strati g raph ic  separations  between i nj ecti on depths and 
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the o i l  and gas reservo i rs wi l l  further i ns ure tha t no impacts resu l t 

from the d i s posal operat i on . However , i t  i s  pos s i bl e  that pres sure 

bu i l dup i n  t he d i sposal  s ands wou l d be accompan i ed by s l i g ht pressure 

i ncreases i n  o i l  a nd gas strata . Th i s  cou l d  benefi t overa l l hydro­

carbon producti on by reduc i ng the effec t of pressure l oss  due to o i l  

and gas depl etion . 

Earthqua ke I nducement 

Earthq uakes may be i nduced when fa ul ts are l ubricated by i nj ected fl u i ds . 

There i s  documented evi dence of earthq uakes bei ng tri ggered as  a res ul t 

of s ubs urface i nj ecti on of fl u i d  accompan i ed by an i ncrease i n  i nj ection  

res ervo i r  p res s ure . The two known cases of th i s  phenomenon have  occurred 

i n  Col orado i n  an area of h i g h  natural  rock  stres ses . One occurred near 

Denver and  was assoc i ated wi th a d i sposal wel l conta i n i ng l i q u i d  was te 

from the Roc ky Mounta i n  Arsena l . The other occurred near Rangel y ,  

Col orado and was associ ated wi th water i nj ecti on i n to wel l s  o f  the 

Rangely o i l  f ie l d .  The mechan i sms caus i ng the earthqua ke are not wel l 

understood ;  however , one poss i b l e  exp l anation  i s  that stresses  on 

oppos i te s i des of ex i s t i n g  fa u l t p l a nes were not suff ic i ently l arge to 

overcome frict i onal  forces a l ong the p l ane and cause movement unt i l 

the was te fl u i ds were i nj ected and acted as a l ubri can t .  Stres ses are 

rel i eved by p l ast ic  deformation or rupture of roc ks . I f  the p l asti ci ty 

of a roc k i s  rel at i vely l ow ,  the stres s conti n ues to i ncrease unti l 

rupture ( faul ti ng )  occurs . I n  the Gul f Coast  area , the unconsol i dated 

sed iments , as  opposed to the consol i dated roc k i n  Col orado , are very 
• 

pl ast ic  a nd stress rel i ef comes i n  the form of p l ast ic  deformati on . 

Al though  fau l ts do exi st  i n  the Gu l f Coast ,  movement a l ong these p l anes 

due to l ubri cat i on by i nj ected bri ne seems unl i kely . Numerous fl ood 

water a nd l i q u i d  was te i nj ection  s i tes have been i n  operat ion a l ong the 

Lou i s i ana-Texas Gul f Coas t for many years wi thout reported occurrences 

of earthquakes . In add i t i on ,  the National  Ocean i c  and Atmosp heri c 

Admi n i stration  has cl ass i f ied th i s area as  havi ng no reasonabl e expectancy 

of s urface earthq uake damage (F i g ure 8 . 2- 7 ) . 
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APPEND I X  I 

Part I 

SUMMARY OF EM ISS I ONS FROM TANKER AND BARGE TRANSFERS AND 

�10DEL USED TO CALCULATE DOWNW I N D  GROUND-LEVEL CONCENTRATIONS  

1 . 1  EMISS I ONS FROM BARGE AND TANKER TRANSFERS 

Hydrocarbon em i s s i on factors for petro l eum l oadi ng/unl oad i ng were 

based upon Ameri can Petrol eum I nst i tute (AP I ) pu bl i cat ion 251 4A ( 1 976 ) 

and Appendi x I ,  Part I I .  A summary of average and maximum emi s s i on 

factors at crude o i l  temperatures of 700 F and 1 200F are set forth be l ow :  

Sh i p Load i ng : Cl eaned 
Uncl eaned 
Average 

S h i p  Ba l l ast i ng : Cl eaned 
Uncl eaned 
Average 

Average emi s s i on factors were based on a 

Emi s s i on Factors 
( l b/ 1 000 gal transferred ) 

Average Maximum 

700 F 1 200F 700F 1 200F 

0 . 30 0 . 48 0 . 33 0 . 56 
0 . 79 0 . 97 0 . 83 1 .  05 
0 . 55 0 . 73 0 . 58 0 . 81 

O .  1 7  O .  1 7  0 . 1 7  0 . 1 7  
0 . 66 0 . 66 0 . 66 0 . 66 
0 . 42 0 . 42 0 . 42 0 . 42 

Rei d  vapor pressure ( RVP ) of 

4 ps i a ,  wh i l e  max imum em i s s i on factors were based on a RVP of 5 ps i a .  

The crude o i l  temperature was assumed to be 700 F duri ng fi l l  and 1 200F 

during  wi thdrawa l operations . The spec i fi c  emi s s i on factors used for 

the transfer operati ons i n  Sect ion 4 . 3 . 2 . 3 (Tabl e 4 . 3- 1 ) are as fo l l ows 

( l b/ 1 000 gal ) :  

1 )  . Transfer of o i  1 between VLCC and 45 MDWT tankers 25 mi 1 es 

off shore : 0 . 30 ( l oadi ng ) + 0 . 42 ( ba l l asti ng ) = 0 . 72 

2 )  Offl oad i ng 45 MDWT tankers at nm:: docks : 0 + 0 . 42 ( ba l l a s t i ng ) = 

0 . 42 

3 )  Loadi ng 4 5  MDWT tankers at nnE docks : 0 . 73 ( l oadi ng ) + 0 = 0 . 73 

Maximum em i s s i on factors used i n  Section  4 . 3 . 2 . 3  were based upon 

uncl eaned tan kers and barges . These factors are as fol l ows ( l b/ 1 000 gal ) :  

1 )  VLCC transfer to 45 MDWT tankers i n  the Gul f :  0 . 83 ( l oadi ng ) + 

0 . 66 ( ba l l asti ng ) = 1 . 49 

2 )  Load i ng 45 MDWT tan kers a t  DOE doc ks : 1 . 05 ( l oadi ng) +  0 = 1 . 05 
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A descri pt ion  of  the phys i ca l  and chem ica l  bas i s  for these emi s s i on 

facto rs i s  prov i ded i n  Append i x  I ,  Part I I .  

1 . 2  LOSSES I N  TRANS IT  

Trans i t  l osses are  est imated a t  0 . 01 percent per p s i a  TVP per week  i n  

trans i t  ( EPA,  1 976e ) . Trans i t  emi s s i on factors were based on a n  RVP of 4 
p s i a  and are 0 . 0067 l b/ hr/ 1 000 qa l at  700F ,  and 0 . 0 1 674 

l b/hr/1 000 gal at 1 200 F .  Trans i t  times for the SEAWAY o i l d i stri but i on 

a re as fol l ows : 

45 MDWT Tan ker trans i t  from 25 mi l es offshore to SEAWAY docks : 3 . 5 hours 

45 MDWT Tan ker trans i t  from SEAWAY docks to 1 2  mi l es offs hore : 2 . 0 hours 

1 . 3  MODEL US ED  TO CALCULATE DOWNW I ND  GROUND-LEVEL CONCENTRAT IONS 

Downwi nd concentrat ions  of  effl uents were ca l cu l ated u s i ng methods 

recommended by the U . S .  Env i ronmenta l Protect ion Agency (Turner , 1 969 ) . 

The equat i on used for "worst  case ! l  concentrat i ons  ( averag i ng peri ods 

up  to 24 ho urs ) i s :  

x = Q x 1 06 
exp - - ( - ) 

-
1 H 2J·_· 

2 0z 

where : x = downwi nd concentrat i on ( wg/m3 ) 

Q = effl uent  source term ( g/sec ) 

0y = hori zonta l d i spers i o n  coeffi c i ent (m ) 

0z = vert i c a l  d i spers i on  coeffi c i ent ( m )  

u = wi nd speed (m/ sec ) 

H = s ta c k  he i g ht ( m )  

( 1 ) 

Except for sto rage ta n k ,  br i ne pond and construct ion  veh i c l e emi s s i o ns , 

cont i nuous po i nt source rel ea se  was as sumed . Ground - l evel rel ea se  ( H=O ) 

was a s s umed except for s torage ta nk  and power p l a nt emi s s ions . I n  

a dd i t i on ,  the model  i s  ba sed upon the fol l owi ng assumpt i ons : The effl uents 

a re norma l l y  d i str i buted a l ong the pl ume centerl i n e ;  there i s  no remova l 

of  pol l utants  from the p l ume ; and there i s  comp l ete refl ect i on  a t  the 

g round . Worst-case  a s sumpt i ons were for stabi l i ty c l a s s  " 0 "  and a wi nd 

speed of  1 . 5  meters per second (m/sec ) except two m/ sec offs hore . These 

cond i t i ons occur very i nfrequent ly  a t  the s i te ,  parti cu l ar ly  for durat i ons 

l onger than about one ho ur .  
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Va l ues ca l cu l ated by Equat ion  1 are peak concentrat ions  a s sumed to 

be 1 0-mi nute averages . Extrapo l at i on of the pea k concentrat ions  to various  

averag i ng peri ods up 

( Tu rner , 1 969 ) .  The 

to 24 hours are determi ned by a power l aw correcti on 

equat ion  used i s : 

x ( t )  = x ( l O-mi nute ) x ( 2 )  

where t i s  the averag i ng i nterval i n  mi nutes . 

Equati on 2 i s  app l i cabl e on ly  when the average w ind  di rection  i s  

constant . Therefore , extrapo l at i on confi dence i s  much l es s  for 24 hours 

than for ho u r .  

The equat ion  used for annua l  average concent rati on s  i s : 

where : 

x 
= E 2 . 032 x Q f . x 1 06 

. u . o X , , , z 

X = annual  average concentrat ion 

X = downwi nd d i stance (m ) 

1 H 2 
exp [ - "2 (-) J 

°z 

( �g/m3 ) 

u i 
= wi nd speed for speed c l ass  i (m/sec ) 

( 3 )  

f i = fract i on o f  the t ime the wi nd i s  b l owi ng i n  the most  frequent 
wi nd d i rect ion  sector i n  w ind  speed c l a s s  i .  

and Q ,  ° , and H are as defi ned for equat ion  ( 1 ) above . z 

Ba sed upon the Ga l veston wi nd rose  ( USDC , 1 973 ) , the va l ues of u i and 

f . a re as  fo l l ows : , 

u . , (m/sec ) f . ( % )  , 

1 .  08 0 . 72 

2 . 62 2 . 20 

4 . 48 6 . 35 

6 . 69 4 . 29 

9 . 47 0 . 59 

1 3 . 00 0 . 04 

The wi nd  speed for a g i ven wi nd speed cl ass  was ta ken to be the average 

s peed for that c l ass  i ndependent of wi nd di rect ion . Val ues of f i above 

are for south wi nds , the most  frequent wi nd di rect ion at Gal veston . 
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S i nce the sto rage tan ks and construct ion  veh i c l es are mul ti p l e 

po i nt sources , an area sou rce correcti on  was appl i ed .  To a l l ow for an  

area source , a v i rtual  d i stance Xl i s  fou nd that approxi mates the  d i stance 

requ i red for a po i nt source to d i sperse i n to an area equ i val ent to that 

of  the area source .  The tota l d i stance ( X  + Xl ) i s  then used to determi ne 

rev i sed d i spers i on coeffi c i ents ( Oy and 0z ) . To maxi mum storage tan k  

cal cul ati ons , the wi nd was assumed to b l ow paral l el to the l onger axi s 

o f  the tanks . 
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APP EN D I X  I 
Part I I  

DESCR I PT ION  OF  THE PHYS I CAL AND CHEMI CAL BAS I S  FOR 
EMI S S I ONS  FROM MARI N E  V ESSEL TRANSFER OF CRUDE  O I L  

1 . 1 I NTRODUCT I ON 

S h i ps and  barges wi l l  be used  to del i ver crude  o i l  to and  from the 

mar i ne term i na l s for the Strateg i c  Petro l eum Reserve ( SPR ) fac i l i ty .  

Hydrocarbon emi s s i ons  are generated a t  mar i ne term i na l s when vol a ti l e  

hydrocarbon l i qu i d s  are e i t her l oaded onto or  u n l oaded from s h i ps and  

barges . 

The mag n i tude of crude o i l  transfer emi s s i ons  are dependen t on many 

fac tors . I nd u s try tes t i ng programs have been conducted recent ly  to 

eva l uate the i n terre l at i onsh i p  of these and other i mportant factors i n  

deve l op i ng u p - to -date emi s s i on factors for s h i p and barge l oad i ng and  

bal l a st i ng emi s s i ons . Mo st  of  those s tud i es compl eted have devel oped 

emi s s i on factors for gaso l i ne .  Crude o i l  transferri ng operat i on s  are 

u nder s tudy by the Wes tern O i l and Gas Assoc i at i on ( WOGA ) ( C hevron 

Researc h  Co . ,  1 976 ) . 

T h i s a ppend i x  eval uates the ex i s t i ng emi s s i o n data and proposes  an 

ana l yt i ca l  procedure for e st imat i ng the probab l e crude o i l  emi s s i on 

fac tors for the SPR  fac i l i ty . a 

Sect i on 1 . 2 presents the genera l  nature and character i s t i cs of 

mar i ne transfer em i s s i o ns . Sou rces tes t i ng  data comp i l ed by many i nd u s try 

sources concern i ng mari ne transfer emi s s i o ns are presented i n  Sect i on 1 . 3 .  

Descr i pt i on  of  a pro posed procedure and a s s umpti on requ i red to est i ma te 

emi s s i on fac tors for crude o i l are presented i n  Secti on 1 . 4 .  The f i na l  

sec t i on conc l udes the emi s s i on fac tor  ana l ys i s  and presents a s ummary of 

emi s s i on factors proposed to be used  for the SPR  fac i l i ty .  

aTh i s  append i x  deri ves  emi s s i on factors for crude hand l i ng opera t i o n s  
wh i ch represent a reduc t i o n  i n  emi s s i on factors presented i n  earl i er 
OOE env i ronmenta l  reports . The resu l ts reported here represent the  
best approx i ma t i ons  po s s i b l e wi th c urrent ly  exi s t i ng data . 
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1 . 2  EM I SS I ON SOURCES AND CHARACTERI ST I CS 

1 . 2 . 1  Load i ng Emi s s i on s  

Load i ng emi s s i ons  a re attri butabl e t o  t h e  d i s p l acement t o  the 

atmos phere o f  hydrocarbon  vapors res i d i ng i n  empty vessel tan ks by vo l a ­

t i l e  hydrocarbon l i qu i ds be i ng l oaded i nto the vessel  tan ks . Loadi ng 

emi s s i ons  can be separated i n to ( 1 ) the a rr i val  component and ( 2 )  the 

generated componen t .  The arri va l component  of  l oad i n g  emi s s i ons  

con s i sts of  hydrocarbon vapors l eft in  the empty vessel  tan ks from 

prev i o u s  cargo s .  The generated component of l oad i ng emi s s i ons  cons i s ts 

of  hydrocarbon  vapors evaporated i n  the vessel  tan ks as hydrocarbon 

l i qu i ds are bei ng l oaded . 

The arri val  component o f  l oad i ng emi s s i ons  i s  d i rect ly  dependent 

on  the  true vapor pressure o f  the prev i ou s  cargo , the un l oad i n g  rate of  

the prev i ou s  cargo , and the cru i s e h i story o f  the cargo tan k  on the  return 

voyage . The cru i se h i story o f  a cargo tan k  may i nc l ude heel was h i ng , 

ba l l ast i ng , butterworth i ng , vapor free i ng , o r  no acti on  at  a l l .  

The generated compo nent o f  l oadi ng  emi s s i ons  i s  produced by the 

evapora t i on o f  hydrocarbon l i qu i d  be i ng l oaded i nto the vessel  tan k .  The 

quant i ty of hydrocarbons  evaporated i s  dependent on bo th the true vapor 

press ure of  the hydrocarbons  and the l oad i ng and un l oad i ng practi ces . 

The l oad i ng practi ce wh ich  has the greatest impact on the generated 

component  i s  the l oadi ng and un l oad i ng rate . 

A typ i ca l  pro fi l e  of  gaso l i ne concentrat ion  i n  a s h i p  tan k  duri ng 

l oad i ng i s  presented i n  F i gure 1 - 1  (Amer i can Petro l eum I n s t i tute , 1 97 6 ) . 

As i nd i cated i n  the fi g u re ,  the hydrocarbons pres ent throug hout  most  of  

the ves sel  tan k vapor space are  contri buted to  by the arr i val vapor 

component and the concentrat ion  i s  a l most  un i fo rm .  There i s  a s ha rp 

r i s e  i n  hydrocarbon vapor concentrati on j u st  above the l i qu i d  surface . 

Th i s  i s  the g enerated component . The g enerated component , a l so cal l ed 

a "va por bl a n ket , "  i s  attri butabl e to evaporati on of  the hydrocarbon 

l i q u i d .  
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F I GURE I - l Typ i ca l  s h i p  emi s s i on pro fi l es .  
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From Fi gure 1 - 1 i t  i s  apparent that for l arge vesse l s w i th  5 5  foot  

u l l ages , a t he  average hydrocarbon concentra ti on  of  vapors vented dur i ng 

l oad i ng opera t i o ns i s  pr imari l y  dependent on  the arr i val  component .  

For smal l er vesse l s s uch  a s  barges wi th  1 2  foot u l l ages , the average 

hydrocarbon concentrati on  i n  the vented l oad i ng vapo rs i s  dependent on 

both the generated component and the arr i va l  component .  

1 . 2 . 2  Un l oad i ng Emi s s i o ns  

Un l oadi ng emi s s i o ns  are  hydrocarbon emi s s i ons  d i sp l aced dur i ng 

ba l l a s t i ng operat i ons  at the un l oadi ng doc k S u bsL luent to un l oad i ng a 

vo l at i l e  hydrocarbon l i q u i d  s uch  a s  gaso l i ne or  crude o i l .  Dur i ng the 

un l oad i ng of a vo l at i l e  hydrocarbon l i q u i d ,  a i r  drawn i n to the emptyi ng 

tan k  absorbs hydrocarbon s  evaporati ng from the l i q u i d  s urface . The 

greater part of  the  hydrocarbon vapors normal l y  l i es  a l ong  the l i qu i d  

surface i n  a vapor bl a n ket . However , throughout  the  un l oad i ng opera t i o n , 

hydrocarbon l i q u i d  c l i ng i ng to the vessel  wal l s  wi l l  conti nue  to evaporate 

and to contr i bute to the hydrocarbon concentra t i o n  i n  t he u pper l evel s of  

the  emptyi ng vesse l  tan k .  

Before s a i l i ng , an empty mari ne vesse l  mu s t  take o n  bal l as t  water to 

ma i ntai n tri m  and stabi l i ty .  Norma l l y ,  on vessel s that a re not  fi tted 

wi th  s egregated ba l l as t  tan ks , th i s  water i s  pumped i n to the empty vesse l  

tan ks . As ba l l a s t  water enters tan ks , i t  d i sp l aces the res i dua l  hydro ­

carbon vapors to the atmosp here generati ng the so termed " u n l oad i ng 

emi s s i ons . "  

1 . 2 . 3  Parameters Affect i ng Emi s s i on s  

Emi s s i o n test i ng re s u l ts i nd i cate that many factors affect the 

magn i tude of crude o i l l oad i ng a nd un l oad i ng emi s s i o ns . Due  to the 

i nterre l ated nature of  these  parameters , i t  i s  d i ffi c u l t to q uanti fy 

the  emi s s i o n  i mpacts . T h i s sec t i o n  qua l i tat i ve l y presents t he effects 

of  the fo l l ow i ng parameters on  mari ne l oad i ng and u n l oadi ng emi s s i ons : 

aThe term " u l l age"  refers to the d i s tance between t he cargo l i q u i d 
l evel  and  the  r im  of  the  u l l age  cap . 
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o l oad i ng a nd u n l oad i ng rate 
o true vapor pres s u re 
o cru i se h i s to ry 
o prev i o u s  cargo 
o chem i c a l  and phys i ca l  propert i es 

1 . 2 . 3 . 1  Load i ng and U n l oad i ng Rate 

Duri ng the l oad i ng operat i on , the i n i t i a l  l oad i ng  and u n l oad i ng 

rate has a s i gn i fi cant  effect on  hydrocarbon emi s s i on s  due  to the  s p l a s h ­

i ng a n d  turbu l ence caused  by h i gher  i n i ti a l  l oad i ng o r  wi thdraw ing  rates . 

Th i s  s p l a s h i ng a nd turbu l ence res u l ts i n  rap i d  hydrocarbon evapora t i o n  

a n d  t h e  forma t i on of  a vapor b l a n ket . By reduc i ng t h e  i n i t i a l  ve l oc i ty 

of  enter i ng o r  wi thdrawi ng rates , i t  i s  po s s i b l e to reduce the turbu l ence 

and consequent l y , to reduce the s i ze and concentra t i o n  of  the  vapor 

b l a n ke t .  S l ow fi na l  l oad i ng rate can a l so l ower the quanti ty of  emi s s i ons . 

T h i s i s  becau s e  when the hydrocarbon l evel  i n  a mar i n e  vesse l  tan k  

approaches the tan k  roof , the act ion  o f  vapors fl owi ng  towards the u l l age  

cap vent  beg i n s to d i s rupt  the q u i escent vapor b l an ket . D i s rupt ion  of  

the vapor b l a n ket  res u l ts i n  noti ceab ly  h i gher  hydrocarbon concentrat ion s  

i n  t he  vented vapor ( Env i ronmental  Protect ion  Agency , 1 976 ) . 

1 . 2 . 3 . 2  True Vapor P res s u re 

The true vapor pres s u re (TVP ) of  a hydrocarbon  l i qu i d  has  a mar ked 

impact on  the hydrocarbon conten t of  i ts l oa d i n g  and  u n l oad i ng emi s s i on s . 

TVP i s  an  i nd i cator of  a l i q u i d ' s  vo l a ti l i ty and i s  a funct i o n  of  t he 

l i qu i d ' s  Re i d  Vapor Pres s u re ( RVP ) and temperature . Compounds  wi th  h i g h  

TVP exh i bi t h i g h  evaporat ion  rates and consequentl y ,  conta i n  h i g h  hydro ­

carbon concentra t i ons  i n  t he i r  l oa d i ng and bal l ast i ng vapors . The 

monographs  presented i n  F i g ures 1 -2 and I -3 corre l ate the TVP for crude 

o i l  and  gaso l i ne .  T he RVP of gaso l i ne l oaded i n  the Hou s ton-Ga l ves ton 

area range from 9 . 5  to 1 3 . 6  p s i a  i n  the wi nter season , wh i l e  the RVP of 

crude o i l s  u n l oaded norma l l y  range from 2 to 7 ps i a .  For t he purpose  

o f  a s ses s i ng a SPR  fac i l i ty ,  t he crude o i l i s  a s s umed to  have a max imum 

RVP of 5 p s i a  and an  average RVP of 4 ps i a  at  a temperatu re of 700 F .  

I . 2 . 3 . 3  Cru i se H i story 

The cru i se h i s to ry of  a mar i ne  ves s e l  i nc l udes a l l of  the acti v i ti es 

w h i c h  a cargo tan k  experi ences d u r i n g  the voyage pri o r  to a l oadi ng or 
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un l oad i ng operat i on . Exampl es  of  s i gn i f i cant cru i se h i story act i v i t ies  

are ba l l a s t i n g , heel wa s h i n g , butterwort h i n g , a nd  gas  free i ng .  C ru i se 

Cru i se h i story i mpacts  mar i ne  transfer em i s s i ons  by d i rectl y affect i ng 

the a rri va l  vapor component .  Barges norma l l y  do not  ha ve s i g n i fi cant 

cr u i s e  h i sto r i e s  beca use  they rarel y  ta ke on  ba l l a st  and do not u s ua l l y  

have the man power to c l ean cargo ta nks . 

Bal l a st i ng i s  t he act of part i a l l y  fi l l i ng empty cargo tan ks  wi t h  

water to ma i nta i n  a s h i p ' s  stab i l i ty and t r i m .  Recent test i ng res u l ts  

i nd i cate that  pr i or  to  ba l l as t i ng , empty cargo tan ks  norma l l y  conta i n  an  

a l mo s t  homogeneous concentrati on  of res i d ua l  hydrocarbon vapors . When  

ba l l ast  water i s  ta ken i n to the empty tan k , hydrocarbon vapors  are vented , 

but the rema i n i n g vapors not d i sp l aced reta i n  the i r  or i g i na l  hydrocarbon  

concentrat i on . Upon  a rr i val  at  a l oadi ng doc k , a s h i p  d i scharges i ts 

ba l l a st water and  d raws fresh  a i r  i nto the tan k .  The fre s h  a i r  d i l utes 

the  arri val vapor con centrat i on  and l owers the effect i ve arr i val  vapo r 

concentrat ion by an amount proport i onal  to the vol ume of ba l l a st  used . 

A l though bal l a s t i ng p ract i ces vary from vesse l  to vesse l , the average 

ve sse l  i s  bal l asted approx imate ly  40  percent . 

The heel of  a tan k  i s  the res i dual  puddl es  of hydrocarbon l i q u i d s  
rema i n i ng i n  tan ks  after emptyi ng . These res i dua l  l i q u i ds wi l l  eventua l l y  

evaporate and  contri bute to t he arri val component o f  su bsequent vesse l ­
f i l l i n g  vapors . By was h i n g  out  th i s  hee l wi th water , AMOCO O i l Company 

found  t ha t  they were abl e to reduce the hydrocarbon emi ss i o ns from s ubse­

quent f i l l i ng o pera t i ons  from 5 . 7  vo l ume percent to  2 . 7  vo l ume percent 

hydroca rbons ( En v i ronmental  Protect i on Agency , 1 976 ) .  Butterworth i n g  i s  

the  wa s h i ng down of tan k  wa l l s  i n  add i t i on to was h i ng out tan k heel s .  

Butte rworth i ng a l so reduces l oa d i ng emi s s i o n s  by reduc i n g  the arr iva l  

component concen trat ion . The hydrocarbon l i q u i ds was hed  from t he tan k s  

are stored i n  a s l ops  tan k fo r dosposa l  onshore ( Env i ronment l a Protect i o n  

Agency , 1 97 6 ) . 

I n  add i t i on to hee l  wa s h i ng and butterworth i ng ,  mari ne vesse l s  can 

purge the hydroca rbon vapors from empty and ba l l asted tan ks dur i ng the 

voyage by several gas  free i ng techn i q ues  wh i ch i nc l ude ai r bl owi ng and 
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emi s s i o n  facto r  ( l b/ 1 000 ga l ) i s  der i ved from the average He vo l ume concen­

trati on . The hydrocarbon vo l ume concentrat i on  i s  then converted i nto a total 

hydrocarbon  mas s  by mu l t i p l yi ng an average vapor mo l ecu l ar we i g ht  and a 

correcti on  facto r  account i ng for vapor generati on  factor . These  are : 

Xv K . Wm 1 00+F ( 1  ) Hf 
= 100 """Vk 1 00 

and 

( l - XT ) U . - ( l - X ) U . , , 
U i -Uf 

r U i - Uf 
F 

- 1  ( 2 )  
= 

( 1 - X ) v 

where : 

Hf = hydrocarbon em i s s i on factors , l b/ 1 000 ga l  

Xv = vol umetr i c  average of He  concentrati on of  vented vapor , percent 

K = con stant , 1 33 . 7  ft3/ 1 000 gal 

Wm = mo l ec u l ar  we i g ht of He vapor , l b/ l b-mo l e 

V k = mol ar vo l ume of perfect gas , 379 . 44 ft3/ 1 b mo l e  at  STP cond i ti on s  

F = vapor generat i o n  facto r , see Equat ion  ( 3 )  

XT = vo l umetri c  average He concentrat ion  of arri va l  vapo r , percent 

X = vol umetri c  average He concentrati on of rema i n i ng vapo r , percent r 

U .  , = total tan k depth , ft 

Uf = fi na l  u l l age , ft 

Accord i ng to AP I ca l c u l ati o n , a maxi mum vol ume i ncrease ( vapo r  generat ion  

facto r  F )  of  6 percent for both s h i ps a nd  barge was determ i ned . Thus , i f  we 

combi ne the constants K and V k wi th  a conservat i ve  val ue  of F equ i va l ent to 

6 percent , equat ion  ( 1 ) can be s i mp l i f i ed to : 

( 3 )  

1 - 1 3 



removal  o f  u l l age  dome covers . A combi nati on of  ta n k  was h i ng and gas  

freei ng wi l l  effec t i vel y remove the arri va l  component of l oad i ng emi s s i on s  

( E nv i ronmental  Pro tect i on  Agency , 1 976 ) . 

1 . 2 . 3 . 4  Prev i o u s  Ca rgo 

The prev i ou s  cargo conveyed by a tan ker  a l so  has a d i rect impact on 

t he a rri va l  component of  l oad i ng emi s s i ons . Cargo s h i ps  wh i ch carri ed 
� 

nonvol a t i l e  l i q u i d s  on  the prev i o u s  voyage norma l l y  return wi th l ow a rri val  

vapor  concentrat i o n .  EXXON O i l  Company tests conducted in  Baytown , Texas 

i nd i ca ted that  the  arr i val  component of emp ty unc l eaned cargo tanks wh i c h 

had  prev i o u s l y  conveyed fue l  o i l ranged from 0 vo l ume percent to 1 vo l ume 

percent hydrocarbons . Cargo ta nks  wi th the same cru i se h i story wh i ch had 

prev i ou s l y  conveyed gaso l i ne ,  exh i b i ted hydrocarbon concentrat i ons  i n  the 

a rri va l  vapors wh i ch ranged from 4 percent ( by vo l ume ba si s )  to 30 percent 

and a veraged 7 percent ( Env i ronmenta l Protect i on  Agency , 1 976 ) .  

1 . 2 . 3 . 5  Chem i c a l  and Phys i ca l  Properti es 

The c hemi c a l  compo s i t i on and mo l ecu l ar wei g ht  of c rude o i l  vapors wi l l  

vary o ver a w ide  range . The typ i ca l  vapo r cons i s ts predomi nant ly  of  C4 and  

C5 compound s .  The mo l ecu l a r we i ght ranges from 45 to 1 00 pounds per pound  

mol e wi th  an  a verage of  approximate l y  70 . 

1 . 3  I NDUSTRY EM I SS IO N  TEST I NG RESULTS 

The  petro l eum i ndustry has been i nvo l ved i n  test programs to q uant i fy 

the hydrocarbon em i s s i ons  from gaso l i ne and crude o i l  transfer  operat i on s  

a t  ma ri ne term i na l s .  Tab l e  1 - 1  s ummari zes the  tes t  programs wh i c h  have been 

conducted by the petro l eum i ndus try .  The i ndustry programs have i nc l uded 

motor gaso l i ne ,  a v i at i o n  gaso l i ne ,  and crude o i l l oad i ng  onto tan kers , ba rges , 

a nd ocea n ba rges . Wel l over 200 vesse l  ta n k s  were samp l ed i n  these  programs . 

The petro l eum i ndu stry tests  were primari l y  condu cted between 1 974 and 1 975 

i n the Ho uston-Ga l veston  area . Tests have a l so been conducted on the 

Ca l i fo rn i a  Coa s t  and in the  Great  Lakes area ( Envi ronmenta l Protect ion  Agency , 

1 976 ) . 

1 . 4  PROPOSED  EM I SS ION FACTOR CALCULAT I NG PROCEDURES 

The  em i s s i on facto r ca l c u l a t i o n  procedure , s uggested in  AP I p ub l i cat i on 

25 1 4A for l oad i ng operat i ons  are used . I n  th i s  method , the tota l ma s s  

1 - 1 4  
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The to ta l vo l ume of  HC concentrati on  vented at  l oad i ng cond i t i on s  ( Xv ) 

i s  equa l to the sum of  arri va l HC concentra t i o n ( Xa ) and  the generat i on HC 

vapor concentra t i o n ( Xg ) .  Th us , 

( 4 ) 

Ba sed o n  the a bove re l a ti on , EXXON has further deri ved the fo l l owi ng l oad i ng 

em i s s i o n correl a t i o n : 

where : 

E C P � ( G  - U )  • A Xv 
= 

-V-
= TOO + ----'-;V;;----"-J-� 

E = to ta l vo l ume of HC em i tted a t  the l oad i ng co nd i t i o n , CF  

C = a rr i va l  HC  concentrati on ,  percent  

V = HC  l i qu i d  l oaded , ft3 

P = true vapor pres sure of the HC l i q u i d , 

A = surface a rea of  the HC l i q u i d ,  ft2 

ps i a  

G = HC g enera t i o n  coeff i c i en t  va l ue of 0 . 36 ft3/ ( ft2 -p s i a )  

U = f i n a l  true u l l age correcti on i n  ft3 ( ft2 _ps i a )  from F i g u re 

As sum i ng V = A ( U i - Uf ) ,  Eq ua t i on  ( 5 )  becomes 

( 5 )  

1 -4 

( 6 )  

The EXXON correl a t i o n  of eq ua t i o n ( 6 )  i s  based pr i nc i pa l l y  upon gaso l i ne 

l oad i ng data ( En v i ronmental  Protec t i o n  Agency , 1 9 76 ) . Fo r the l oad i ng of  

crude o i l , SAl  ha s propo sed to  adj u s t  the  f i rst  and second terms by mu l t i p l yi ng 

correc t i o n  facto rs a i and  a2 , respect i ve 1y . Thus , fo r crude o i l s h i p l oad i ng 

opera t i on : 

( 7 )  

I n  the a bo ve co rrel a t i o n , al i s  pd nc i pa l l y  affected by the cha racter i s t i q  

o f  the prev i ou s  cargo , whereas the va l ue o f  a2 i s  i ndependent t o  the cond i t i o n  

of  prev i ous  cargo . For barge l oad i ng operat i on , i t  i s  furthe r assumed that n o  
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co rrec t i o n  factor a2 for vapor genera t i o n  terms i s  neces sary .  That i s  
because  barge l oad i ng s  are u s ua l l y  opera ted i n  s hort durat i on and the 
maj o r i ty of  hyd rocarbon vapor gen erated dur i n g th i s  p er i od wo u l d  be tho s e  
vo l at i l e  hydrocarbons  wi th  very l i ght  mo l ecu l ar we i g hts . 

Thu s , the bas i c  d i fference between vapor characteri s t i cs for gaso l i n e 
and  crude o i l  wo u l d  be s l i g ht fo r a short barge l oad i ng durat i on . 

For the purpose of SPR  fa c i l i ty ana l ys i s , i t  i s  fu rther a s s umed that 
no co rrec t i o n  factor  on C i s  neces sary when prev i o us  cargo i s  a vol at i l e  
hydroca rbon s uch  as gaso l i ne . Thu s , 

o a l = 1 ,  when prev i o u s  cargo i s  gaso l i ne 

o a 1 = a2 , when prev i o u s  ca rgo i s  crude o i l . 

The co rrec ti o n  factor a2 can be i n terpreted as  the rat i os of evaporat i on 
mass  transfer coeff i c i ents  be tween  crude o i l and gaso l i ne .  Mac kay and 
Ma tsuger  ( 1 973 ) have corre l a ted the ma s s  tran s fer coeffi c i ent  ( K ) bas ed on  
wi nd tu nne l  stud i es of evaporat i ve hydro ca rbon  l i q u i d s . They fo und  that  the 
mas s  transfer coeffi c i ent i s  i n vers e l y  propo rti ona l  to the vapor phase  
Schm i d t  n umber ( Sc ) as fo l l ows : 

K = f ( U . A )  . ( S  ) -0 . 67 
c 

where U i s  wi nd speed , and A i s  the o i l s u rface area . 

The a2 thus  can  be determi ned by : 

Kc S -0 . 67  crude o i l 
c a2 = Kg 

= 

S -0 . 67  ga so l i ne c 

S i n ce the Schm i d t  number ( S c ) i s  defi ned by the mas s  tran sport properti es 
' jll rlJAB ( B i rd ,  et a l . ,  1 96 0 ) . 

and 

a2 can  the n be  ca l cu l a ted by the fo l l owi ng equat i ons : 

( I ) -0 . 67  crude o i l  jl Po AB 
= a2 ( jll Po AS ) - 0 . 67  gas o l i ne 

VAB = 0 . 001 8583 
1 1 

T3 M
A + M

B 
PO"AB2 �V ,AB 

1 - 1 8  

( 8  ) 

( 9  ) 



fl 

p 

VAB 
MA , 

P 

°AB 

fl = 

= 

= 

= 

MB 
= 

= 

= 

QV , AB  = 

2 . 6693  x 1 0-5  IMf 
°2 

Q flAB 

v i s cos i ty of vapo r 

den s i ty of  vapor 

b i nary d i ffus i v i ty for system A ( a i r ) and 

mol ecu l ar  we i g ht of A ,  B ,  res pect i ve l y  

fl u i d  p re s s u re , atmo sphe re 

co 1 1  i s i o n  d i ameter , A 

co l l i s i o n  i ntegra l for ma s s  d i ffu s i v i ty 

Qfl 'AB 
= co l l i s i o n  i nteg ra l  fo r v i s cos i ty 

( 1 0 ) 

B ( hydrocarbon ) 

The pert i nent i ntermo l ecu l ar propert i es and functi on s  fo r pred i ct i o n  of 
transport  properti es  of hyd rocarbo n gases  at  l ow den s i t i es are presented i n  
Ta b l e 1 -2 and Tabl e 1 -3 , res pect i ve l y .  Tab l e 1 -4 presents  the compara ti ve 
an a l ys i s  of hydrocarbon vapo r emi tted by l oad i ng gaso l i ne and crude o i l .  As  
can  be seen , due  to  the d i fference in  chemi ca l  compos i t i on s  between gaso l i ne 
and c rude o i l , the gaso l i ne genera l l y  exh i b i t s  h i g her  transpo rt propert i es 
and thus  res u l ts i n  a h i g her evaporat ion  mas s  d i ffu s i ty coeffi c i en t  ( i . e . , 
1 . 345 for gaso l i ne vers u s  0 . 51 3  fo r crude o i l ) .  Based on th i s  ana l ys i s ,  the 
va l u e  of a2 can be determi ned as  0 . 38 1 . 

The appropr i ate arr i va l  HC hydrocarbon  concentrati on , ( C ) , can be 
c a l c u l ated ba sed on A P I  gaso l i n e emi s s i on factors as  fo l l ows : 

Emi s s i on 
Arr i va l  Factors 

Ves se l s Cond  i t  i o n s  ( 1  b/ l 000 ga 1 } 

Sh i ps C l eaned 1 . 3 

Unc l eaned 2 . 5  

Barges C l eaned 1 . 2 

Unc l eaned 3 . 8 

Generat i on 
Vapor 

P • ( G  - U}  
( U i - Uf ) , % 

7 . 5 ( 0 . 36 -0 . 1 0 } = 3 64 ( 5 5 - 1 . 5 ) . 

3 . 64 

7 . 5 ( 0 . 36- 0 . 27} = 1 .  5 7  ( 55- 1 2 ) 

1 .  5 7  

I- 1 9  

Ca l c u l ated 
Arri va l 

Vapor 
( C ) , % 

1 .  7 1 ( 2 . 5 0 )  

6 . 6 5 ( 8 . 00 )  

3 . 37 

1 4 . 1 0  



TABLE I - 2  I n termo l ec u l ar pa rameters of hydroca rbon s . 

Lennard-] ones 

Molecular Parameters· 

Substance W.:ight 
- M  C1 fi/K 

(..\.) (" K) 

CH.. 16.04 3.822 137. 
C.H. · 26.04 4.221 185. C.H. 28.05 4.232 20.5. 
CaR. 30.07 4.418- 230. 
CaH. 42.08 

CaH. 44.09 5.061 2.54. 
n-C.H1• 58. 1 2  . 

i-C,H1• 58.12 5.341 313. 

n-C�H1S 72. 1 5  5.769 345. 

n-C�1t 86.17 5.909 413. 
n-C7HU 100.20 
n-C.H . .  1 1 4.22 7.451 320. 

n-C,HH 128.15 Cycfol'lexaDa 84.16 6.093 324. 

C.H. 78.1 1  5.270 440. 
Ork" organic 

compou"a; 
CH. 16.04 3.822 137_ 
CH.a 50.49 3.375 855. 
CH,CI. 84.94 4.759 406. 

CHef. 1 19.39 5.430 327. 

CCI. 1 53.84 5.881 327. 

CINI 52.04 4.38 339. 

COS 60.08 4. 1 3  335. 

CS, 76. 1 4  4.438 488. 

S ource : B i rd et a 1 , 1 960 . 
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TAB LE I - 3  Fun cti on s  fo r pred i ct i on o f  trans port propert i es o f  qa ses  at  
l ow dens i t  i es . 

np = n;: 01' = Dk 
KTj£ (For viscosity n9�1l KTj£ (For viscosity n3 • .!. B  or and therI'n3.l (For mass or  and thermal (For mass 

KTj£.u] conductivity) diffusivity) XT/£AB conductivity) diffusivity) 

2.50 1 .093 0.9996 

0.30 2.785 2.662 2.60 1 .031 0.9378 

0.35 2.628 2.476 2.70 1 .059 0.9770 

O.� 2.492 2.3 1 8  2.30 1 .058 0.9672 

0.45 2.3 63 2. 1 84 2.90 1 .048 0.9576 

0.50 2.257 2.066 3.00 1 .039 0.9490 

0.55 2.156 1 .966 3 . 1 0  1 .030 0.9406 

0.60 2.065 1 .877 3 .20 1 .022 0.9328 

0.65 1 .982 1.798 3 .30 1 .014 0.9256 

0.70 1 .908 1 .729 3 .40 1 .001 0.9 186 

0.75 1 .841 1 .667 3.50 0.9999 0.9 1 20 

0.80 1 .780 1 .6 1 2  3.60 0.9932 0.9053 

0.85 1 .725 1.562 3.70 0.9870 0.8993 

0.90 1 .675 1 .5 1 7  3 .80 0.98 1 1  0.8942 

0.95 1 .629 1 .476 3.90 0.9755 0.8333 

1 .00 1 .587 1 .439 4.00 0.9700 . 0.8835 

1 .05 1 .549 1 .406 4. 1 0  0.9649 0.87 8 8  

1 .10 1 .514 1 .375 '  . 4.20 0.9600 0.8740 

1 .1 5  1 .482 1 .346 . 4.30 0.9553 0.8694 

1 .20 1 .452 1 .320 4.40 0.9507 0.8652 

1:25 1 .424 1 .296 4.50 0.9464 0.8 610 

1 .30 1 .399 1 .273 4.60 0.9422 0.3568 

1 .35 1 .375 1 .153 4.70 0.9382 0.8530 

1 .40 1 .353 1 .233 4.80 0.9343 0.8492 

1 ,45 1 .333 1 .21 5  4.90 0.9305 0.8456 

1 .50 1 .3 14 1 .1 98 5.0 0.9269 0.8422 

1 .55 1 .296 1 .1 82 6.0 0.8963 0.8124 

1 .60 1 .279 1 . 1 67 7.0 0.8727 0.7896 

1 .6 5  1 .264 1 . 1 53 3.0 0.8538 0.77 1 2  

1 .70 1 .248 1 . 1 40 9.0 0.8379 0.7556 

1 .75 1 .234 1 . 1 23  1 0.0 0.8242 0.7424-

1 .80 1 .221 1 . 1 1 6  20.0 0.7432 0.6640 

1 .85 1 .209 1 . 1 05 30.0 0.7005 0.6232 

1 .90 1 . 1 97 1 .094 40.0 0.671 8 0.5960 

1 .95 1 . 1 86 1 .084 50.0 0.6504 0.5756 

2.00 1 .175 1 .075 60.0 0.6335 0.5596 

2. 1 0  1 . 1 56 1 .057 70.0 0.6194 0.5464-

2.20 1 . 1 3 8  1 .041 80.0 0.6076 0.5352 

2.30 1 . 1 22 1 .026 90.0 0.5973 0.5256 

2.40 1 . 1 07 1 .0 1 2  1 00.0 0.5332 0.5 1 70 

• Taken from 1. O. Hirschfc!dcr, R. n. B ird, <1 r1d E. L. Spotz, Chcm. Rr:::s., 44, 
205 ( 1 949) . 



TABLE I - 4  Compar i s on o f  c hemi ca l cOMpos i ti on s  and mas s  trans port properti es 
between gas o l i n e  and crude o i l .  

Chem i c a l  C ompo s i t i on , 
Vo lume % o f  Load i ng a C r ude  O i l b  VaEo r s  Gaso l i ne 

C 1 
+ 

C 2 ' 0 . 0 2 0 . 1 2 

C 3  0 . 0 2 0 . 1 5 

C 4  2 . 3 6 1 .  3 3  

C 5  1 .  0 7  . 2 . 0 5  

C 6 0 . 1 9  0 . 6 3  

C 7  0 . 19 0 . 3 2  

C 8 0 . 1 5 0 . 0 3  

C 9 0 . 0 2 

C 10 
0 . 0 1 

C l l 
0 . 0 1  

Ai r 9 6 . 0 9 5 . 3 5  

1: t: /K 3 0 2 . 1 3 3 1 .  6 

1: KT/E 1 .  0 3 9  1 .  0 5 5  

n D  , AB 
1 .  4 2  1 .  <1 0  

np, AB 
1. 5 6  1 .  5 4  

(jA (Ai r )  3 . 6 8 1  3 . 6 8 1  

(jB 5 . 2 8 5 . 2 1  

(jAB 4 . 4 8  4 . 4 5 

H 6 7 7 7  
B 

- 4  - 4  
P. 6 . 9 1 9 x l 0  7 . 5 l 6x l 0  

DAB 
0 . 3 6 0 . 0 8 1  

- 3  - 3  
P 2 . 9 9 x l 0  3 . 4 3 x l 0  

(fL/P DAB ) -0 . 6 7 1 .  3 4 5  0 . 5 1 3  

� S h e l l  O i l C o mp a n y , S h i p  V a l l e y For g e ,  t e s t d a t e  1 0 / 1 9 / 7 4  
b Av i l a Term i na l ,  L i o n o f  C a l i f o r n i a ,  t e s t  d a t a  5 / 8 / 7 6 

Source : E nv i ronmental  P rotec ti on Aaency , 1 9 76 . 
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The ca l c u l ated arr i va l  HC va por concentra t i o n  for s h i p s  u s i n g AP I 
em i s s i on factor seems to be i n  c l o s e  agreement  wi th the EXXON reported 
v a l ue  ( va l ue i n  parentheses ) .  

By su bs t i tut i ng  the ap propr i ate va l ues  of C ,  a2 , and P ,  Equat ion  ( 7 )  
a l so compa res wel l  wi th the l a test avai l a b l e WOGA tes t data . The WOGA 
test  on Se ptember 5 ,  1 97 6  est imated the overa l l crude o i l emi s s i on factor 
to be 0 . 62 l b/ 1 000 ga l l o n s  wh i c h fa l l s  in the m i dd l e of the ca l c u l ated 
em i s s i on factors . The ca l c u l ated emi s s i o n  factors us i ng Eq uati on ( 7 )  are 
0 . 35 l b/ 1 000 ga l l o n s  and 0 . 85 l b/ 1 000 gal l o ns  for c l eaned and unc l eaned 
s h i ps , respecti ve l y .  

S i mi l ar l y ,  the em i s s i on  from s h i p ba l l a st i ng operati on  can be correl ated 
based on arr i va l  vapor concentrati ons  duri ng  l oad i ng  operat i on s . S i nce  the 
ba l l as t i ng po tent i a l l y  d i l utes  ta n k  arri va l  concentrati on  by approx imatel y 
the same percentage  as that of ba l l as t i ng vol ume ,  fo r a s h i p  wi th 40 percent 
bal l ast i ng vo l ume the em i s s i o n fa ctor  can be ca l (u l ated by d i v i d i ng the 
arr i va l  HC concen trati on  ( C )  by 0 . 4 . 

1 . 5  CONC L U S I O N  

A mod i f i ed ana l yti ca l  procedure based on  A P I  a n d  EXXON  gas o l i ne data 
ena bl es quant i ta t i v e  est imati on  of hydrocarbo n  em i s s i o n fac tors from crude 
o i l  trans ferr i ng operat ion s  under var i o us arri va l  cond i t i o n s . The proc edure 
emp l oys correc t i o n  factors to both arri va l  and generat ion  components of the 
hyd rocarbon vapo rs concentrat ion  prev i o u s l y  deri ved from gaso l i ne data . An 
em i s s i on reduc t i o n  facto r of 0 . 38 i s  der i ved fo r crude o i l  when compa ri ng 
the evaporat i o n  ma s s  d i ffus i v i ty of crude o i l wi th gas o l i ne .  The fi na l  
hydrocarbon emi s s i o n factors fo r crude o i l l o ad i n g  operat ions  are  s ummar i zed 
i n  Ta b l e 1 -5 .  As can be seen , the average em i s s i on facto rs from s h i p  l oad i ng 
o perati ons  ra nge  from 0 . 55 to 0 . 58 l b/ 1 000 ga l l on s . S i mi l a r hydrocarbon 
em i s s i o n factors range from 1 . 0 1  to 1 . 06 l b/ 1 000 ga l l o ns  for barge crude o i l 
l oad i ng operati o n s . The ba l l ast i ng  emi s s i o n  factors are ca l c u l ated to range 
from 0 . 1 7  to 0 . 66 l b/ 1 000 gal l o ns . 
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TABLE 1 - 5  S umma ry o f  ma x i mum and a vera qe hyd roc a rbon emi s s i on fac tors ( l b/ 1 000 ga l l on )  fo r c rude oi l 
tran s port opera ti on .  

A r r i v a l a 

e s s e l s  C o n d i t i o n s  

S h i p  L o ad i ng 
C l e a n e d  
U n c l e a n e d  
Ave r ag e  

B a r g e  Lo ad i ng 
C l e a n e d  
U n c l e an e d  
Av e r ag e  

S h i p B a l l a s t i ng 
C l e a n e d  
U n c l e a n e d  
Av e r ag e  

M a x imum Em i s s i o n  F a c t o r b 

P r ev i o u s  C a r g o  
G a s o l i n e  C r ud e  O i l  

1 . 9 0 

3 . 8 7 

0 . 3 3 
0 . 8 3 
0 . 5 8 

0 . 5 2 
1 .  5 9  
1 .  0 6  

0 . 1 7 
0 . 6 6 
0 . 4 2 

Ave r age Em i s s i o n  F a c t o r C  

P r ev i o u s C a r g o  
G a s o l i n e  C r u d e  O i l  

1 .  8 6  

3 . 8 3 

0 . 3 0 
0 . 7 9 
0 . 5 5 

0 . 4 8 
1 .  5 4  
1 . 0 1 

0 . 1 7 
0 . 6 6 
0 . 4 2  

a Ave r ag e  c o n d i t i o n  l i e s  b e twe e n  c l e a n e d  and u n c l e an e d  c o n d i t i on s . Th e c l e a n e d  
i s  d e f i n e d  a s  t h e  a r r i v a l  c o nd i t i o n s  wh e r e  v e s s e l s  h ad b e e n  s ub j e c t ed t o  a ny 
c l e an i ng p r o c e s s  p r i o r  to l o a d i ng , a s  we l l  a s  c omp a r tme n t s  wh i ch h a d  p r ev i o u s l y  
c on t a i n ed a n o n vo l a t i l e  hyd r o c a r bo n . 

b B a sed o n  RVP = 5 . 0  and tempe r a t u r e  o f  7 0 0  F .  

c B a s e d  on RVP = 4 . 0  a nd tempe r a t u r e  o f  7 0 0 F .  
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APPEN D I X  J 

O I L  TEMPERATURES DURI NG W ITHDRAWAL 

J . 1  I NTRODUCTION 

The temperature of  the o i l be i ng hand l ed i s  an  i mportant  factor i n  
determi n i ng the emi s s ion  o f  hydrocarbon vapors from s torage tanks , 
tan kers and ba rges i n  trans i t ,  and duri ng transfers to and from carr i e r  
ves se l s .  The o i l  temperature duri ng  o i l  fi l l  operat ions  wi l l  tend  to 
average a bout  700 F ,  the average ambi en t  temperatu re . Duri ng  s torage , 
however ,  heat trans fer from the sal t dome s tructure to the o i l  i n  the 
cav i t i e s  cou l d heat the o i l  to temperatures approach i ng that of the roc k  
sa l t .  Therefore , the hydrocarbon emi s s i on s  from th i s h i gher temperature 
o i l  wi l l  be g reater duri ng  wi thdrawal than duri ng fi l l .  

To determ i n e  the hydrocarbon emi s s i on fac tors dur i ng  o i l  wi thdrawa l , 
esti mates must be made of  the heat trans fer rates dur ing  o i l movement .  
The temperature o f  the storage cav i ty wa l l s  i s  a cri t i ca l  parameter ;  

0 0 · 0 temperatures  may range from 90 to 100 F at 500 foot depths to 150 F at 
4000 to 5000 foot depth s .  The o i l  in  sto rag e ,  wh i ch i s  ab l e to c i rc u l ate 
i n  free convecti on , wi l l  tend to reach the temperature of the warmes t  
porti on  of  the cav i ty .  Heat transfer analyses  to esti mate the temperature 
of  the o i l  wi thdrawn must con s i der the fol l owi ng : ( 1 )  heat exchange 
from the warm o i l  to the i n comi ng  raw water fl owi ng  through  the fi l l  
p i p e ;  ( 2 )  heat l os s  from buri ed p i pel i nes  duri ng transport to the 
d i s tr i buti on termi na l ; and ( 3 )  fri ctiona l  heat i ng  of the o i l duri ng 
p i pel i n e  trans po rt . O i l temperatu res ca l cu l ated at termi nal  del i very 
can then be u sed to determi n e  o i l  propert i es for ca l cu l at i on  of hydrocarbon 
vapor l osses  duri ng tan k  storage ,  tanker transfer , and tan ker tran s i t .  

The fo l l owing  s u bsecti ons  devel op the method used fo r est imat i ng  
the  heat transfer rates wh i ch are  appl i ed to wi thdrawa l s from the  Seaway 
Group  candi date storage s i tes . Control l i ng  equat ions , o i l  properti es , 
a nd p hys i ca l  confi gurat ions  are devel oped and appl i ed to the cond i t ions  
of  wi thdrawa l  at  these s i tes . 
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J . 2  PROPERT I ES OF THE O I L  AND BRINE  

The oi l i s  assumed to  be  c haracteri zed by an  average U . S .  crude , 
API  2 6° ( Perry ,  1963 ) . 

Dens i ty - 3 1 6  1 bm/ barre 1 , ( 56 . 03 1 bm/cu . ft . ) 
Spec i fi c  heat - 0 . 45 BTU/1 bmoF 
Thermal conducti v i ty - 0 . 08 BTU/ hr-ft-o F .  

Var i ati on of properti es  wi th temperture and pres sure can be neg l ected , 
except for v i scos i ty .  V i sco s i ty val ues  ( Brown , 1967 ; F i rch , 1962 ) are : 

6 centi po i se = 14 . 5  1 bm/ ft . hr .  at  140°F 
1 3  cent i po i se = 3 1 . 5  1 bm/ ft . hr .  at 120° F 
1 9  centi po i s e = 46 . 0  1 bm/ ft . hr .  at lOOo F 
30  centi po i se = 72 . 6  1 bm/ ft . hr .  at 80°F 

The bri ne so l ut ion  i s  characteri zed as  5 . 1 mol a l , or  300 ppt sa l t .  
The heat capac i ty and thermal conduct i v i ty o f  the sa l t i n  so l uti on may 
be neg l ected , so that the therma l properti e s  per un i t vo l ume are equ i va l ent 
to those for water .  

Dens i ty - 75 I bm/cu . ft . 
Therma l conducti v i ty - 0 . 38 BTU/hr-ft-OF 
Spec i f i c  heat - 0 . 77  BTU/ 1 bmoF = 62 . 4  BTU/cu . ft . oF 
V i scos i ty - 0 . 3 centi po i s e  = 0 . 73  1 bm/ft . hr .  

J . 3  HEAT EXCHANGE DUR I NG O I L D I SPLACEMENT 

The heat exchange between the o i l  and di s p l acement water can be 
descri bed by s tandard heat transfer equati ons  for heati ng or coo l i ng of 
fl u i ds fl owi ng i n  tubes . 

The heati ng of a fl u i d  duri ng fl ow between po i nts 1 and 2 a l ong a 
tube i s  defi ned by 

WC ( T2-T1 ) = hTIDL ( �t )  

= hLL ( �t )  
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where h i s  the heat transfer coeffi ec i ent per u n i t  area 
hL i s  the heat transfer coeffi c i ent  per u n i t  l ength 
W i s  the ma ss  fl ow rate 
C i s  the spec i fi c  hea t 
T2 , T1 are the fl u i d  temperatures at po i nts 1 ,  2 
( �t )  i s  the average temperature d i fference between the 

fl u i d  and tu be wa l l  
L i s  the tu be l ength 
o i s  tube d i ameter or hydrau l i c  d i ameter . 

To s impl i fy the pro bl em i t  i s  noted that the potent i a l  rate of heat 
rel ea se  or upta ke i nto the wa ter i s  muc h more ra p i d  than that for o i l ; 
consequentl y i t  i s  assumed tha t the wa l l  temperature i s  i denti cal  to the 
temperatu re of the wa ter i n  the i nner p i pe .  The heat exc hange 
between o i l and wa ter i s  ba l anced : 

WOCO ( T01 -T02 ) = WwCw( Tw2-Tw1 ) ( 2 )  
The average temperature d i fferent i a l  between po i nts 1 and 2 i s :  

( 3  ) 

The heat transfer coeff i c i ent of the o i l  i n  turbu l ent  fl ow i s  g i ven by 
a wel l - known Nussel t correl ati on ( Perry , 1963 ) :  

( Nu )  = �D 
= 0 . 023  ( Re ) 0 . 8 ( Pr ) 1/3 ( 4 )  

and for fl ow reg i mes trans i ti ona l  between turbu l ent and l ami na r ,  
( S i eder & Ta te , 1936 )  

( Nu )  = bQ = 0 . 027 ( Re ) 0 . 8 ( Pr ) 1/3 ( �/� ) . 14  ( 5 )  
K w 

where ( N u )  i s  Nusse l t number 

( Re )  i s  the Reyno l d ' s  number 4W/TID� 
( Pr )  i s  Prandtl  number �C/K 
�w i s  fl u i d  v i scos i ty at the wa l l  temperature 
� , C , K  are , res pecti vel y ,  the fl u i d  v i scos i ty ,  spec i fi c  

heat ,  and therma l conduc ti v i ty .  

The system o f  four  eq uati ons  wi th four  un known s ( To i l ' Twa ter at  ex i t '  
( �t ) , h )  i s  so l ved i terati vel y  because the v i scos i ty vari es  eno ugh  wi th 
temperature to prevent treatment as a constant . 
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J . 4  O I L  COOL I NG I N  P I PE L I N E  FLOW 

Warm o i l  f l owing  i n  a pi pe l i ne i n  coo l er so i l wi l l  re l ease heat to 
the so i l . Davenport and Conti  ( 1 97 1 )  g i ve an approx i mate formul a  for 
the heat transfer coeff i c i en t  per u n i t l ength of p i pe l i ne ,  based upon 
the method of i mages : 

hp = 2nKs/ 1n ( 4H/ D )  

where Ks i s  the thermal conducti v i ty of so i l  
H i s  the bur ia l  depth to p i pe l i ne centerl i ne 
o i s  the p i pe d i ameter 
l n  refers to the natura l  l ogari thm . 

The formul a  assumes a homogeneous so i l . About  10% more heat may be 
d i s s i pated to the a i r  for s ha l l ow- buri ed l i nes , and wi th a i r  and so i l  near 
temperature equ i l i br i um .  The thermal conducti v i ty of a typyi ca l  soi l 
( 90% sand , wi th 10% c l ay )  ranges  from 0 . 7 to 1 . 5  BTU/hr-ftO F ( from dry so i l 
at  0 . 7  to wet so i l at  1 . 5 ) (Ma kows h i  & Moch l i ns k i , 1956 ) .  1 herma l 
conducti v i ty decreases wi th further water percentage i ncreases  unti l the 
m i xture i s  suffi c i entl y fl u i d  to perm i t  convecti ve movement of the water 
around the p i pe .  

I n  con tras t  to the o i l -water  heat exchange i n  the fi l l  p i pe ,  where 
the heat transfer i n  the p i pe wal l  can be neg l ected , the p i pel i ne may be  
coated wi th i ns u l ati ng materi a l s or  concrete . Such  coati ngs  wi l l  have a 
therma l res i s tance per u n i t l ength of 

h i = 
IT D Ki ( 7 )  

X . 1 

where X i s  the coati ng  th i c kness  and K i s  the conducti v i ty of the coveri ng 
mate r i a l . Typi ca l  va l ues  for coati ngs  are : 

corro s i on coati ng X i = 1/2 i nch  = . 042 ft ; Ki = 0 . 09 
concrete X i = 3 i nc hes  = 0 . 25 ft ; Ki 0 . 7  

Further , the o i l  heat transfer  to the p i pe wa l l ,  a s  g i ven i n  Section  
J . 3 ,  must be i nc l uded . An approximate val ue of the  heat  transfer 
coeffi c i ent , conven i ent ly  expressed per u n i t  l ength of  p i pel i ne i ns tead 
of  per u n i t area , i s  deri ved from Perry ( 1963 ) . 

hL = SIT ( VD � ) 0 . 8/ �0 . 467 ( 8 )  
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where the u n i ts are se l ected to have the fo l l owi ng d imen s i ons : 
V i n  ft/ sec , D �  i n  i nches , and � i s  the v i s cos i ty i n  centi poi se . 

The rec i proca l s  of the heat transfer coeffi c i ents , R = � , defi ne therma l 
res i s tances wh i c h  are addi t i ve .  The cool i ng o f  the l i ne i s  then g i ven 
by ( s ee equat ion  ( 1 ) ) :  

l:R  - 1  
= Llt 

WC 

J . 5  O I L  FR I CT I ONAL HEAT I NG IN P I PEL I N E  FLOW 

- 1  

The fri cti ona l heat i ng  o f  the o i l  i s  a s trong functi on o f  fl u i d  ve l oc i ty ;  
i t  i s  genera l neg l i g i b l e bel ow 5 ft/sec but s i gn i fi cant at 1 0  feet/sec . 
The heati ng may be  expres s ed by ( Sz i l a s ,  1975 ) :  

LlT = IT V3 D ( 9 )  -
L- -8- e f r WC 

where r i s  the fl u i d  den s i ty ,  
v i s  the fl u i d  vel oc i ty ,  
e i s  a roughnes s factor ( add i ng 2% to 10% to the fri cti on ) 
f i s  the fri ct i on factor i n  the B l as i us or N i kuradse form : 

f = (��r . 25 , for ( R e )  < 105 

and f = . 0032 + (��t . 237 , for ( Re )  > 1 05 

I n  ca l cu l ati ng the heat i ng  i n  o f/mi l e ,  convers i on factors of 777 . 6  ft- l bf 
per BTU and 32 . 2  l bm ft/ sec2 per l bf are used . The roughness  factor  var i es 
from 1 . 02 at  ( Re )  of 50 , 000 ,  to 1 . 1 0  at  ( Re )  of 250 , 000 , and can be obta i ned 
from s tandard p i p i ng handboo ks . ( There i s  no functiona l  expres s i on for e ) . 

J . 6  EST I MATI ON OF O I L  TEMPERATURE 

The fo l l owi ng secti on i l l us tra tes ca l cu l ati ons  requ i red to est imate 
temperatu res for o i l rece i ved at the termi nal s .  The Brya n Mound s torage s i te ,  
and the p i pe l i ne to dock fac i l i t i es at Freeport are used i n  the ca l cu l at ions  
deta i l ed i n  th i s  secti on . Secti on J . 7  and  Ta b l e J . 1  s ummari ze ana l ogous o i l 
temperature est imates for a l l Seaway Group  SPR  s i tes  fo r oi l transfer to the 
Seaway ta n k  fa rm and the dock fac i l i t i es at Freeport . 
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TABLE  J- l .  O i l Temperatures Dur i ng W i t hdrawa l 

Temperature Net  TemPorature O i l Temperature ( o F ) 
O i l  Temperature Change Dur i ng C hange ( F ) Dur i ng as  Recei ved a t : 

a t  Depth D i sp l acemen t  P i pe l i ne Transfer to : 

S torage S i te ( o F ) ( o F ) Seaway Freeport S eaway Freeport 

Tan k Farm Doc ks Tan k Farm Doc ks 

1 )  Bryan Mound 1 50 -26  -1  -1  123  1 23  

2 )  Al l en 1 50 -26  0 0 124 124  
c.... 
I 

3 )  West  Co l umb i a  1 50 -26 -5  -6  1 19 1 18 (J) 

4 )  Damon Mound 150 -26 -6 -7  1 1 8  1 17 

5 )  N a s h  1 50 -26  -6 -7  1 18 1 17 



J . 6 . 1  Water-O i l  Heat Exchange 

The fi l l  p i pe for each cavern i s  annu l ar  wi th o i l  i n  the outer  
a nnu l us . The fl ow ra te i s  about  5600 barre l s per hour through  an annu l us 
of  143 sq uare i nches . D imens i ons  are 1 0  of 1 9 "  and 00 of 13-3/8"  ( hydrau l i c 
d i ameter 0 . 47 ft . ) ,  wi th a nomi nal  l ength of 2 500 feet . The water fl ows 
i n  a tu b i ng of area 123  square i nches and 12- 1/ 2 "  r D .  

Water fl ow i s  2 . 1 x 106 1 bm/ hr ,  a t  10 . 3 ft/sec . ( Re )  i s  3 . 5  X 106 . 
O i l  fl ow i s  1 . 8  x 106 1 bm/ hr  at  8 . 9  ft/ s ec .  Reyno l ds numbers are 1 1 , 800 ; 
1 8 , 600 ; 27 , 200 ; and 59 , 000 at 80°F ,  100°F ,  and 140°F ,  res pect i ve ly .  

The  worst cas e  assumpti o n  of cavern temperatures i s  150°F ;  water 
i nta ke can be expected to average 70°F .  Thus �t = 40 + 1/2 ( T02 -
TW1 ) '  where T02 and TW1  are u n known . 

The Nusse l t correl ati o n ,  expressed as  a function  of average coo l i ng 
temperature d i fferen ti a l  g i ves : 

T2 -T1 �t 1M 1!:!:L i!hl 
5 . 10F 1 0°F 654 82  59 , 000 
9 . 50F 20°F 6 1 2  100 50 , 000 

1 2 . 90F 30°F 555 120  41 , 000 
1 6 . 30F 40°F 526 1 60 34 , 000 
1 7 . 70F 50°F 455 177 27 , 200 
20 . 50F 60°F 44 1 180 26 , 000 

The so l ut i o n  of  the pro bl em ,  o bta i ned by match i ng  the o i l  ex i t  temperature 
a nd the wa l l /o i l  d i fferent ia l  temperature i n  the eq uat ion  for ( � t )  and the above 
tabl e ,  g i ves 

o i l  - coo l ed from 150° to 1 24° at  the surface 
wa ter - heated from 70° to 80° at  the sal t dome cav i ty .  

Other so l uti ons , a s sum i ng a l ternate cavern temperatures , are : 

° o i l  coo l ed from 140° to 120° ; wa ter heated from 70° to 77 . 5° 

° o i l coo l ed from 1 30° to 1 14° ; water heated 70° to 76° 

° o i  1 coo l ed from 1 20° to 107° ; water heated form 70° to 75° 
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J . 6 . 2  P i pe l i ne Coo l i ng 

The p i pe l i ne cond i t ions  ass umed are cover of 3 feet , mo i st sandy 
so i l , and 1/2  i nc h  of corro s i on wrapp i ng . Concrete secti ons  are 
i gnored over the p i pel i ne l ength , a l though  there may be substanti a l  
l ength of we i g hted secti on s . Max i mum fl ow i s  400 MBD i n  the 30 " l i ne  
from Bryan Mound to  the  doc k fac i l i ti e s  of Freeport . The res i stances 
are : 

so i l :  HID = 1 . 4 ;  Ks = 1 . 5 :  therefore , R = . 203 

wrapp i ng : R = x 
nDK . 1 

Ki = 0 . 09 ;  x = 0 . 042 ; D = 2 . 5  

therefore , R = . 6 1 

O i l i n ternal therma l res i s tance at 400 , 000 barre l s per day i n  the 
30 11 l i ne , wi th V = 5 . 7  ftl sec , i s :  

R = . 003 at  1 20°F 
R = . 004 at  100°F 

The tota l p i pe l i ne thermal res i stance i s  thu s a bout  . 268 i n  wet so i l  
and 40 percent greater i n  dry so i l . The coo l i ng per mi l e  for 1 20° F o i l  
wou l d  be 0 . 360 F to a n  ambi ent  o f  70°F and 0 . 210F for 100° F o i l .  
Coo l i ng i n  dry so i l  wou l d  be a bout  40 percent l es s .  

J . 6 . 3  Heati ng i n  the P i pe l i n e  

Wi th a fl ow o f  400 MBD , vel o c i ty i s  5 . 7 feet per second , mass  
f l ow is  5 . 3  x 1 06 1 bml hr , 

80° F 
( Re )  ( f )  � 

38 , 400 . 0226 1 . 01 
1 00°F 60 , 700 . 0201 1 . 02 
1 20° F 88 , 700 . 0183 1 . 05 

Heati ng  i s  0 . 070F per mi l e  at  80° F ;  0. 060 F per mi l e  at  lOOo F and 1 20° F .  

J . 6 . 4  Summary of Thermal Effects 

If o i l at  1 50°F i s  re l eased from Bryan Mound , predomi nantl y from 
reservo i rs of 10 MMB capaci ty ,  i t  wi l l  reach  the s urface at 1 24°F ( Secti on 
J . 6 . 1 ) . I n  fl owi ng to the doc ks at  400 , 000 BI D ,  i t  wi l l  coo l i n  wet so i l s  
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at  a net rate of . 320 F per mi l e  ( . 38 ( Secti on J . 6 . 2 )  - . 06 ( Secti on 
J . 6 . 3 ) ) ,  reach i ng the docks at  abo u t  1230F .  The o i l  fl owi ng  to the 
Seaway tan k  farm at  667 , 000 B/D i n  wet so i l s  wi l l  cool  at a net rate of 
. 180F per m i l e  ( . 240F - . 060F/mi l e ) , a l so arri v i ng at about 1230 F .  

For o i l i n  storage a t  1200 F ,  the temperature a t  the s urface wi l l  be 
1070F ,  and approx i matel y that same temperatu re wi l l  be ma i nta i ned at the 
del i very poi nts four  mi l es away . 

J . 7  S UMMARY OF  O I L  TEMPERATURE EST IMATES FOR SEAWAY GROUP STORAGE S I TES 

Contro l l i ng equati ons , o i l  properti es , and phys i cal  co nfi gurati o n s  
app l i cabl e to o i l  wi thdrawal at the Seaway Group  storage s i tes were 
d evel oped i n  Secti ons  J . l  through  J . 5 . The i r  appl i cat ion  to a parti cu l ar  
s i te ( Bryan Mo und ) was i l l u strated i n  Secti o n  J . 6 .  

Th i s secti on  summari zes the res u l ts o f  the appl i cat ion  o f  the 
methodo l ogy devel oped i n  Sect ions  J . l  through  J . 5  to each of the fi ve 
SPR s torage s i tes . Tabl e J . l  presents the temperatures est imated for 
o i l  recei ved at  the Seaway ta n k  farm and at  the Freeport doc ks from 
each of the s torage s i tes . O i l  temperatures for the Bryan Mound  storage 
s i te are s ummari zed i n  Section  J . 6 . 4 . 

At the Al l en dome s torage s i te ,  coo l i ng duri ng d i sp l acement  to the 
s urface wi l l  fa l l  i n  the saIne range as for Brya n Mo und . However , the 
fri ct ional  heati ng rate i n  the o i l l i ne i s  barel y  l es s  than the cool i ng 
rate i n  wet so i l , the net heati ng rate wou l d  be about . 070F/mi l e  
( . 2 1 - . 14 )  at  1200F ,  but wou l d  be negl i g i bl e  at 1400 F .  The o i l tem­
perature co u l d r i se  1/20 F i n  trans i t  for fl ow at 1070F .  At both Damon 
Mo und and Nas h ,  o i l coo l i ng i n  the p i pel i ne wi l l  ra nge from about  . 18 
to . 280F/mi l e  i n  wet so i l s ,  . 1  to . 1 50 F/mi l e  i n  dry so i l s .  Thi s wi l l  
reduce the arri val temperature by 3 to 60 F bel ow the surface ex i t  tem­
peratures , and by 4 to 70F at the docks . 

O i l  cool i ng rates for Wes t  Col umb i a  dome wo u l d be approx imatel y the 
same as for Na s h  and Damon Mou nd . The s horter p i pel i ne d i s tances wo u l d  
reduce the temperature drop by 10 to 20 fo r o i l  and by 30 to 40 for 
bri ne . 
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U N I TED STATES ENVI RON M EN TAL PROT ECT I O N  AG£NCY 
FI RST I N T E R N A T I O N A L  B U I L D I N G  

1 20 1  E L M  S T R E E T  
D A L L A S .  T E X A S  75270 

November 30 , 1977  

Mr . Thomas A .  Noe l  
Act i n g  As s i s tant Secretary 
Resource App l i c at i on 
Department  of Energy 
1 7 25 M Street NW 
Was h i n gton , D . C .  20461 

Dear Mr . Noe 1 : 

We have rev i ewed the Draft En v i ronmental  Impact Statement  ( E I S )  for 
the proposed Se away Grou p Sa l t  Dome s of the Strateg i c  Petro l eum Reserve 
( SPR ) program .  Th e Se away Group cons i sts  of f i ve s a l t  domes l ocated 
i n  the southe ast  Texas count ies  of Brazor i a and Fort Ben d .  Th e pr i mary 
s i te  for SPR devel opment i n  th i s  group i s  the  Bryan Mound  Ear l y  Storage 
Reserve ( ESR ) fac i l i ty l ocated in Brazor i a  County . At Bryan Mound , 
63  m i l l i on barrel s ( MMB ) of storage capac i ty i s  present l y  be i n g  mod i f i ed  
for ESR storage . The proposed deve l o pment is  to  expand Bryan Mound 
by an add i t i onal  100 MMB for a total storage capac i ty of 163 MMB . 
Devel opment  of 1 00 MMB of storage capac i ty at e i ther Al l en dome , West 
Co l umb i a  dome , Damon Mound , or Nash  dome are a l tern at i ves to the 100 
MMB expan s i o n at Bryan Mound . 

The fo l l ow i n g  comments  are provi ded for your  cons i derat i o n  i n  preparat ion  
of  the  F i n a l EI S :  

1 .  The statement  wou l d  b e  s trengthened i f  it inc l uded d i men s i ona l  
drawi n g s  of  the proposed i n t ake s tructures for raw water withdr awal . 
I n  add i t i on , the  statement  shou l d  address i n take f l ow v e l o c i ty and 
screen des i gns  that wi l l  be used . Th i s  i nformat i on wou l d  a l l ow for 
an effect i ve eva l u at ion  of these structures to determ i n e  whether best 
techno l o gy in  the i r  des i gn has been u sed to m i n i m i ze env i ronmental  
i mp acts . 

2 .  Propos ed expan s ion  act i v i t i e s  for the  SPR for the  Seaway Group  
i n vo l ves hydrocarbon storage by emp l acement  of  crude o i l  i nto s a l t  
domes , so l ut ion m i n i ng of the s a l t  t o  create o r  en l arge ex i st i n g  storage 
c ap ac i ty ,  and a l ternate br i ne  d i s posa l  by deep-we l l i nject i o n . Al l 
these  types of operat ions  wi l l  be regu l ated under the  Underground In­
j ect ion  Contro l ( U I C )  progr am of  the  Safe Dr i n k i ng Water Act ( Pub l i c  
Law 93-523 , a s  per Dr aft regu l at i o n s , August 3 1 ,  1976 ) . 
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Under these regu l at i o n s , the  data presented i n  the  draft st atement  needs 
to  be strengthened to s up port an effect i ve eval uat i on of the env i ron­
menta l  i mp act of these operat i on s . Therefore ,  suff i c ient  data shou l d  
be presented to EPA when i t  becomes avai l ab l e  from the  on-go i n g  tes t i n g  
and ana l ys i s  program before i n i t i at i on o f  t h e  emp l acement , m i n i ng ,  o r  
d i s po s a l  operat i ons . S i nce  the  State of Texas i s  expected to assume 
enforcement author i ty of the U I C  Program ,  the  data and ana l ys i s  prov i ded 
sh a l l be con s i stent both w i th those requ i rements proposed in EPA Adm i n ­
i strator ' s  Dec i s i on St atement # 5  ( 39 CFR : 69 ) , o r  those requ i red under 
the  s u persed i n g  U I C regu l at i o n s , when they become app l i c ab l e ,  and  those 
requ i red for perm i t  appl i cat ion  under regu l at i ons  promu l gated by the 
Texas Ra i l ro ad Comm i s s ion , O i l and Gas D i v i s i on . I n  add i t i on , c l ose  
coord i n at i on shou l d  be  afforded both EPA and  the  Texas Ra i l road Com­
m i s s i on by DOE i n  a l l p h ases  of data requ i rements , co l l ect ion , and 
presentat ion . A l s o ,  se l ected techn i ca l  data shou l d  be pro v i ded  to the  
pub l i c  in  the  form of a " by request"  append ix  to the  F i n a l  EI S .  We 
are request i n g  that the  i ntent i ons  of the  app l i cant to comp l y  w i th the 
above recommendat ions  be adequate ly  addressed in  the  F i n a l  EI S .  

3 .  The method of b r i n e  d i s po s a l  strong l y  recommended i n vo l ves 
us i n g  the d i s p l aced b r i n e  as a chem i c a l  feed stock wherever pract i cab l e .  
The app 1 i cant ' s  i ntent ion  on th i s  recomme ndat ion  shou l d  be addressed 
in  the  F i n a l . 

4 .  I n  as ses s i n g  env i ronmental  impacts of the Seaway Group  proposed 
and a l ternat i ve SPR s a l t  dome expans ion  s i tes , it  appears that impacts 
regar d i n g  ut i l i zat ion  and l o s s  of wet l ands cou l d  be m i n im i zed if ap­
propri ate measures were taken . I n  rev iewing  wet l and i mpact s as soc i ated 
w i th each  of the four a l ternat i ve expans ion  s i tes , use of the Al l en 
and West  Co l umb i a  s i tes wou l d  i n vo l ve the  greatest amount of wet l and 
l o s s ,  s i xteen and th i rty acres respect i ve l y . Use of the  Damon Mound  
and Nash a l ternat i ve expan s i o n  s i tes wou l d  i n vo l ve l os ses  of less  than 
four acres e ach . The wet l and po l i cy -as expres sed and emp has i zed by 
the  En v i ronmental  Protect i ori- - Agency, pub 1 i shed i n  the  Federal  Regi  ster 
( 40 CFR 230, September 5 ,  1975 ) , and presented by The Pres ident i n  
Execut i ve Order 1 1990 ( Protect ion  o f  Wet l ands ) ,  requ i res cog n i zance 
and con s i derat ion  be g i ven any proposa l  that h as potent i a l  to damage 
or  destroy wet l ands by dredge and fi l l  act i v i t i es . Therefore , the 
app l i cant shou l d  su bstant i ve l y  eva l u ate a l l proposed and a l ternate 
act i ons  regard i ng the i r  potent i a l  to adverse l y  impact the wet l ands . 
The s e l ected project act ions  shou l d  be sh own to be  the  mo st pract i c ab l e  
of a l l a l ternat i ve act ions  and wi l l  pro v i de pos s i b l e  m i t i g at i ve measures 
to m i n im ize h arm to the  wet l ands . I n  the  s e l ect ion  of any r i ght-of­
ways , efforts shou l d  be made to avo i d  wet l and ut i l i z at ion . M i t i gat i ve 
measures are ava i l ab l e  to  m i n i m i ze the env ironmental  i mpacts and we 
w i l l  be h appy to wo�k w i th you to def i n e  these areas . As pos s i b l e  
a l ternate s a l t  dome crude o i l storage s i tes for future storage and 
expans i on , the F i na l  shou l d  con s i der u s i ng off-shore domes and other 
s i tes i n l and  away from Gu l f  Coast wet l and areas . 
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We recogn i ze that The Pres i dent ' s  Execut i ve Order 1 1990 ( Protect ion  
of Wet l ands ) does  not  apply  d i rect ly to th i s  project because of the 
exempt i on s  a l l owed in Sect i on 8 of th i s  Order . However , for future 
projects of th i s  n ature , the appl i cant i s  advi sed that EPA w i l l  imp l e­
ment th i s  Order to i t s  fu l l est degree to preserve and protect the 
wet l ands and w i l l  take appropri ate act ions  to carry out i ts mandates . 
The app l i cant ' s  con s i derat i o n  and response on th i s  matter shou l d  be 
prov i ded i n  the F i na l  EI S .  

5 .  The statement shou l d  addres s i f  there w i l l  be any d i scharges 
as a resu l t  of domes t i c  wastewater treatment at the se l ected SPR ex­
p ans i on s i tes . The st atement shou l d  address  the l oc at ion  of the d i scharge 
po i n t ,  the type of treatment , and the pos s i b l e  i mp act s th i s  d i scharge 
c�u l d  h ave on the rece i v i ng stream .  I n  add i t i o n ,  the statement shou l d  
address whether app l i cat ion  for a Nat iona l  Po l l ut ant D i scharge and 
El i m i n at i o n  System ( NPDES )  perm i t  has been made . 

6 .  On page 8-82 , i n  the d i scus s ion  of the i nterpretat i ve ru l i ng 
of December 21 , 1976 , reg ardi ng the Federal  C l ean Air Act , the name 
" Emi s s i on Tr ade-Offs " i s  i ncorrect ly  used s i nce i t  i s  more commo n l y  
referred t o  a s  " Em i s s i on Offset . "  Th i s  d i screpancy i n  term ino l ogy 
shou l d  be corrected i n  the f i n a l  statement . Furthermore , based on the 
extrapo l at ion  from reg iona l  a i r  qual i ty d at a ,  the statement i n d i c ates 
that l eve l s  of non-methane hydrocarbons  and photochemi cal  ox i d ants are 
pred i cted to be h i gh and are expected to cont i nue to exceed standards 
occas iona l l y  in the Freeport ,  Texas area .  Therefore , the emi s s i on 
offset po l i cy may app l y  for the proposed project . In  add i t i on , the 
f i n a l  statement shou l d  note that the exc l us i on of new sources , wh i ch 
em i t  l es s  than 100 tons per year , as requ i red under the em i s s ion  offset 
po l i cy ,  i s  based on " potent i a l " i n stead of " actua l " emi ss ions . These 
matters and the i r  effect upon th i s  project shou l d  be adequ ate ly  cons i dered 
and addressed in the f ina l  statement . 

7 .  I n  addres s i ng the amb i ent  a ir  qual i ty standards , the f i n a l  
statement shou l d  recog n i ze th at the C l ean Air  Act , amended o n  Au gust 7 ,  
19 77 �  has changed past Prevent ion of S i gn i f i cant Deter i orat ion  ( P SD )  
Regu l at i ons . Those changes that are s i gn i f i cant t o  th i s  project are 
that P SD des i gnated source categories  h ave been expanded from 19 to 
28 sources , one of wh i ch i s  petro l eum storage and transfer faci l i t ies . 
Al s o ,  PSD regu l at i ons no l o nger app l y  on ly  to part i cu l ate and su l phur 
d i o x i de emi s s ions  but to a l l cri ter i a  po l l utants , ( i . e . , Su l fur D i ox i de 
( SO ? ) ,  Total  Suspended Part i cu l ate ( TSP ) , Non -Methane Hydrocarbon  ( NMHC ) , 
N i trous Ox i des ( NO ) ,  Carbon Monox i de ( CO ) , and Photochemi cal  Ox i d ants ( 01 ) ) ,  Th ese ch an�es and the i r  effect upon th i s  project shou l d  be 
con s i dered and adequ ate ly  addres sed in the f ina l  st atement . 
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8 .  The l eve l s  of env ironmental  noi se t ab u l ated on page B'. 2-88 
of the Dr aft E I S  h ave been l abe l ed as "estab l i shed gu i de l i n es , "  frbm 
EPA . Th i s  phrase , "estab l i shed g u i de l i nes , " i s  i ncorrect . Rather , 
th i s  t ab l e  ref l ects " i dent i f i ed l eve l s "  wh ich  are requ i s i tes to protect 
pub l i c  health  and we l fare wi th an adequ ate marg i n  of s afety for both 
act i v i ty i nterference and hear i ng l o ss . Furthermore , the no i se l eve l s  
c i ted i n  th i s  t ab l e  d o  not const i tute a regu l at i o n ,  spec i f i c at i o n ,  or 
stand ard . · Th i s  d i screpancy shou l d  be corrected in the f i na l  st atement . 

9 .  The Dr aft E I S  needs to be strengthened i n  the sect ion  addres s ­
i ng the Spi l l  Prevent i on Contro l and Countermeasure ( SPCC )  P l an .  The 
F i n a l  E I S  shou l d  cont ai n a st atement th at a SPCC P l an ,  wh i ch w i l l  meet 
the req u i rements of Coded Federal  Regu l at ions  40 CFR 112 , wi l l  be pre­
p ared w i t h i n  s i x  months after the fac i l i t ies  beg i n  operat ion  and shal l 
be fu l l y impl emented no l ater than one ye ar after operat i ons  beg i n . 

These comments c l as s i fy your Dr aft En vi ronmental  Impact St atement as 
ER-2 . Spec i f i c a l ly,  based u pon the i nformat ion  contai ned in the state­
ment , we have estab l i shed envi ronmental  reserv at i ons  concern i ng the 
destruction  and l o s s  of wet l ands and the pos s i b l e  adverse impacts that 
a l tern ate br ine  d i sposa l  by deep-we l l  i nject i on cou l d  h ave on ground 
water aqu i fers . We are request i n g  add i t i ona l  i nformat i on and response 
on a i r ,  underground i n ject ion , wastewater tre atment ,  and other areas 
as spec i f i cal ly  addres sed i n  the above comments . Furthermore , we do 
want to reemphas i ze that EPA in the future w i l l  rev i ew projects of th i s  
n ature w i th the fu l l est  i n tent t o  protect and preserve the wet l ands 
as mandated by Execut i ve Order 11990 , and i n  dO i n g  so , wou l d  cons i der 
an env i ronmental  unsati sfactory determ i n at ion  for projects of th i s  
n ature . The c l as s i f i cat ion  and the date of our  comments wi l l  be pub­
l i shed i n  the Federal Reg i ster in accordance w i th our respon s i b i l i ty 
to i nform the publ i c  of our views on proposed Federal act i ons , under 
Sect i on 309 of the C l ean Ai r Act . 

Def i n i t i ons  of the categories  are prov i ded on the enc l o sure .  Our pro­
cedure is to c atego r i ze our comments on both the env ironmental  consequences 
of the proposed act i on and on the adequ acy of the impact st atement at 
the dr aft stage , whenever pos s i b l e .  

We apprec i ate the opportu n i ty t o  rev i ew the Dr aft Env i ronmental  Impact 
Statement , and we wou l d  be happy to d i scuss  our comments wi th you . 
P l ease send us  two cop ies  of the F i n a l  Env i ronmental  Impact Statement 
at the s ame t i me it  is  sent  to the Counc i l  on Env i ronmental  Qu a l i ty .  

S i n cere ly,  

(l� 
Ad 1 ene Harr i son 
Reg i on a l  Adm i n i s trator 

Enc l osures 
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N o v em b e r  1 6 ,  1 9 77 

Ex e cu ti v e  C ommuni c a t i o n s  
R o om 3 3 09 

UNITED STATES D E PARTMENT OF COMM E R CE 
The Assista nt Secretary for Science and Technology 
Washington,  D.C. 20230 
[202) 377-3111  

F e d e r a l E n e r g y  A dm i ni s tr a t i on 
Wa s h ing t o n , D . C .  20 46 1 
G e n t l e m e n : 

T h i s i s  i n  r ef e r e n c e t o  y our d r a f t  e nv i r o nm e n t a l  i m p a c t  
s ta t e m e n t  e n ti t l e d , " S e aw a y  G r oup ( B ryan Mound E x p an s i o n ;  
A l l e n  D am o n  M o und ; Na s h  ( W e s t  C o lumb i a ) S a l t  D om e s  C r u d e  
O i l  S t o r a g e  S i t e s . "  T h e  e n c l o s e d c om m e n t s  fr om th e 
N a t i o n a l  O c e a n i c and A tm o s p h e r i c  A d m i n i s tr a t i o n  a r e  
f o rw a r d e d  f o r  y o u r  c o n s i d e r a t i o n . 

T h a nk y o u  f o r  g iv i n g  u s  a n  o p p o r tuni ty t o  p r o v i d e  t h e s e  
c om m e n t s , wh i c h w e  h o p e  w i l l  b e  o f  a s s i s ta n c e  t o  y o u . 
We w ou l d  a p p r e c i a t e  r e c e iv i n g  t e n  ( 1 0 ) c o p i e s  o f  th e 
f i n a l  s ta t em e nt . 

S i n c er e l y , 

S i d n e y  R .  Ga l e r 
D e pu ty A s s i s ta n t  S c e tar y 
f o r  E nv i r o nm en t a l  A f a i r s  

E n c l o s ur e s - -M emo f r om : N a ti o na l  O c e a n i c a n d  A tm o s p h e r i c  
A d m i n i s tr a t i o n ( 1 0/21 /77 & 1 1 /2/77 ) 
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U.S. D E PARTMENT OF COM M E RC E  
National Oceanic a n d  Atmospheric Adm i nistration 
NATIONAL O CEAN SURVEY 

NOV  2 1977 

TO : W i l l  i a m A ro n 
D i  rector  

Rockvi l le ,  Md.  20852 
1 : . . . J 

�C0 1 �9y and Env i ro nmenta l  Co nservati o n  

FROM : Gordo n Li l l �� 
Deputy D i  recto r 
Na ti ona l  Ocean Su rvey 

SUBJECT : D E I S  #7 7 1 0 . 05 - B rya n Mou nd Expans i on 

The s u bj ect  statement has been rev i ewed wi thi n the areas of NOS 
res po ns i b i l i ty and expe rti se , and i n  terms of the i mpa ct  of the 
pro po sed act ion  on  NOS acti v i ti es and proj ects . 

The fo l l owi ng comments are offe red for you r  con s i derati o n .  

Append i x  B - Descri pti on  of the Env i ro nment -

1971 

H i stor i cal mea n su rface cu rrent data are fo r a pos i ti o n  30 mi l es SW 
of d i ffu ser  l ocat ion . To po graph i c ,  wi nd shea r ,  and o ther effects 
may cau se s i gn i fi ca nt d i fferences . S i te spec i fi c  data are mi ss i ng .  

Append i x  E - O i l and Br i ne S pi l l  Ri s k  Ana lys i s  -
The present s tate-of-the-a rt for o i l s p i l l  ana l ys i s  i nc l udes model s  
whi c h  prov i de contours  of pro ba b i l i s ti c impact a nd pro babi l i s ti c 
time to impact . Thi s i nformat ion , mi s s i ng i n  the subj ect  DEI S ,  
wou l d  improve the pl an  for conta i nment and remova l of s p i l l ed o i l . 

Append i x  G - Br i ne D i s pers i o n  Model i ng -
The two model i ng approaches u sed to characteri ze the d i spers i o n  of 
bri ne i nto su rro u nd i ng waters may suffer from as sumpti ve ma thema ti ca l  
s i mpl i f i cati ons . The l i mi tati o n  of steady s tate a nd co nstant  cu rrent 
fi e l d of the Rad i a n  Corporati o n  model has been recogn i zed i n  the DEI S .  
The a ssumpt ions  of consta nt depth and verti ca l l y  constant cu rrent  are 
wea knesses  i n  the M I T  model . 

K - 6  
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U N ITED STAT ES D E PARTM E NT O F  CO M M E RCE 

National  Ocea nic and Atmosph eric Ad min istration 
NATIONAL M A R I N E  FISH ERI E S  S E RVI C E  

Duva l Bui lding 
9 4 5 0  Gandy Boulevard 
S t . Petersburg , FL 3 3 7 0 2  

October 21 , 1 9 7 7  FS E 6 l /GB 

TO :  

THRU :  /: 
FROM: 

S UB JECT : Comments on Dra ft Envi ronmental Imp ac t  S tatement -
S e away Group S al t  Domes ( FEA 7 �i - l O )  ( DE I S  # 7 7 1 0 . 0 5 )  

The draft envi ronmental impact s tatement for S e away Group S alt 
Domes that ac compani ed your memor andum o f  October 7 ,  1 9 7 7 , h as 
been received by the National M arine F i sheri e s  S ervice for 
review and commen t .  

The s tatement has been reviewed and the fol lowing comments are 
o f fered for your cons ideration . 

General Comments : 

In the numerous s e ctions o f  this DE IS deal ing with the primary 
br ine di spo s a l  location for all s i tes being cons idered , i t  
appears that the loc ations in the Gu l f  o f  Mex i co five nau tical 
mi le s southeas t o f  B ry an Mound were s e le c ted so l e ly to obtain a 
5 0- f t . depth f or dispo s al o f  the brine . App arently , no cons id­
e rations are g iven to alternative s i tes in the Gu l f  whi ch wou ld 
be l e s s  damaging to marine fi s hery resource s .  

The po rti on o f  the Gu l f  of Mexi co where the propo sed di ffuser 
would terminate is l ocated wi th in the limits of Grid No . 19 
i denti fied by the NMFS for the purpose o f  compu ting Gul f  of 
Mexi co s hrimp f i s he ry s tati s ti c s . During 1 9 7 5 , 1 3 . 3  mi l l ion 
pounds o f  shrimp worth more than $ 1 8  mil lion docks ide , were 
harves ted wi th in Grid No . 1 9 �/ .  From i nformation previous ly 

1/ Anon . 1 9 7 6 . Gul f coas t shrimp data annu al s ummary 1 9 7 5 .  
Current F i sheri e s  S tatis tics No . 6 9 2 5 . NOAA/NMFS . 2 6 pp . 
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provided by the NOAA Envi ronmenta l Data Service ( EDS ) , £I Texas 
A &M Unive rs i ty , � and o the rs , the FEA , S P RO has already noted 
tha t  at or near the s i te of the proposed di f fu s e r  there is a 
r i ch diver s i ty o f  z oopl ankton , phy topl ankton , and benth i c  fauna . 

We have recently ob tained additional i n forma tion on th e produc­
tivi ty o f  l iving marine resources at and ne a r  th e pr opo sed di f ­
fu s e r  s i te , through corre spondence wi th Mr .  Gary Gr ah am ,  Associ ate 
Ma rine F i s heries S pe c i a l i s t  of the Texa s Agr i cu l tural Extens ion 
S ervi ce at Angle ton , Texa s . By l e tter of Augu s t  9 ,  1 9 7 7 , ( copy 
attached) he in formed us of documented c atche s of s p awning whi te 
shr imp about 0 . 8  to 1 . 0  nauti c a l  mile inshore , 2 . 5  nautical mi les 
o f fs hore , and 1 . 6  to 3 nau tical mi les toward F reeport f rom the 
propo sed di ffuser s i te . He further noted th at during the s e  
three co l l e cting trips in 1 9 7 7 , they inve s tigated an a re a  extend­
ing e a s t  of the Freeport j e tti e s  to we s t  o f  th e S an Bernard Ri ver 
and out to 1 0  f a thoms in s e arch o f  mated shrimp . I n  s ummari z i ng , 
he s ai d  that " the th ree s i te s  are the only locations in whi ch we 
have do cumented fema l e  whi te shr imp wi th sperma tophores , thu s 
fa r .  The p res ence o f  the s e  s permatopho res indic ates a definite 
s p awning s i te . " 

I n  a s ub s equent le tte r d ated �ugu s t  1 2 ,  1 9 7 7 � ( copy attached) 
Mr . Graham i n f o rmed us that there a re intens e  commerc i a l  and 
concentr ated sport f i s h ing ac tivi ties in the vi cini ty of the 
proposed di ffuser s i te and much less in wate r s  1 0  nauti cal 
mi les and 1 2 . 5  nautical mi les from shore . We note th at the a re a  
i n  the vicinity o f  the proposed di f fu s e r  s i te i s  one o f  the mo s t  
p rodu c tive whi te s hrimp grounds al ong the Texas coas t whereas 
the two areas further o f f shore suppo r t  a shrimp fi shery only 
when brown shrimp are migra ting o f f s hore . The area o f  concen­
trated sport f i shing i s  shown to be abou t 1 to 2 n auti cal mi les 
south o f  th e pro po s e d  diffuser s i te . The only o ther good sport 
f i s h ing s i te between the propo s ed and al ternate s i te s  in the 
e a s t  end o f  Mi dd le Bank is a s h e l l  bank located ab out 8 to 9 
nauti c a l  mi l e s  o f f s hore . 

Much o f  the in forma tion contained in the Augu s t  1 2  le tter from 
Mr .  Grah am was incorpor ated into the Analys i s  o f  B rine Dispo s a l  
in the Gul f o f  Mex i c o , Bryan Mound Addendum da ted Sep tember 
1 9 7 7 which the NOAA/EDS s ubmi tted to FEA . Tha t  report a l s o  con­
tains a d i s cu s s ion o f  the performance o f  four types o f  d i s charge 
a l terna tives for the B ry an Mound s i te ,  namely bottom d i f fusion 
and surfac e  di s ch ar ge i n  b oth 5 0  to 7 0  f t .  of wate r . 

2/ Anon .  1977 . Analysis of brine disp:>sal in the Gulf of Mexioo (1) BIyan - fuurrl . Rep:>rt to FEA, S trategic Petroleum Reserve Program Salt r:tme 
Storage . U. S .  roc, NOM, EIl3 Ctr for Experiment D:sign a.rrl Data Analysis ,  
Mar .  Assess . Div. , Feb . 197 7 ,  l65pp . 
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A l l  o f  the above information should be incorpora ted and d i s ­
cus s ed i n  the app ropr i a te s e ctions o f  the F E I S , wh i ch should a l s o  
c o ntain d i s c u s s ions o f  a ddllional a l te rnative d i s po s al s i te s  i n  
o ther ne arby parts o f  the Gu l f  o f  Mexi co tha t  are n o t  known to 
be s ensi tive hab i ta ts for marine species that are ma j o r  c ompon­
ents o f  the r e cr e a tional and commerc i al f i sheries . 

I n  the presentatio n o f  deep we l l  i n j e c tion o f  brine into deep 
s a l ine aqui fers a s  an alternative to d i s charge of brine into the 
Gu l f  of Mexi co , for e a ch o f  the five S e away c andidate s i te s , the 
a l te rnative of d i re ctional dr i l ling from non-we t l and l oc ations 
should a l s o  be di s cu s s e d  for tho se c andid ate s i tes wherein we t­
land s  are pre sently being cons idered as pos s ib l e  i n j e c ti on 
wel lpad location s . 

I t  is reque s ted th at one copy o f  the F E I S  be s ent our Are a  S uper­
vi s o r ,  Envi ronmental As s e s sment Branch , 4 7 0 0  Avenue U ,  G alves ton 
Tex as 7 7 5 5 0 . 

Attachmen ts ( 2 )  

cc : 
F5 3 ( 3 )  
F S E 6 l 2  

Y James , W .  P .  ed .  1977 . Enviromental cxmsiderations of brine disposal 
near Freeport, Texas .  Proc . Strategic Petroleum Reserve WorkslxJp , 
Houston ,  Tx, Feb . 17-18 , 197 7 ,  Tex. A&M Uliv. Ctr far Mar Res Cbllege 
Station , Tx,Apr. 197 7 ,  75pp . 

3 
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TEXAS AGRICULTURAL EXTENSION SERVICE 
. 

THE TEXAS A&M UNIVERSITY SYSTEM 

'r. Don Moore 
lrea Supe rvi s o r  
:nvi ronmen ta l As sessment Bra n c h  
�a t i onal  Ma ri ne F i s heri es S e rv i ce 
UOO Arenue U 
Gal ve s ton , Texas 77550 

Oea r' Mr. Moore , 

County Extens i o n  Offi ce 
Route 2, Arroo ry 

Angl eto n ,  Texa s 7 7 5 1 5  
August 9 ,  1977 

Effo rts have been conducted to co l l ect and documen t  gra v i d  wh i te s hr i mp , Peneaus  
seti fe ru s .  Al thou gh the maj o ri ty o f  th i s  work h a s' , fo c u s ed o u t  o f  Po rt Aran s a s , we 
have begun i n ves t i gati n g  and col l e c t i n g  grav i d  s h r i mp s outh of Freeport . 1.  h a ve 
worked c l o s ely wi th o u r  Ma r i c u l t u re Sta f f  on th i s  p roject o u t  o f  F reeport and h a ve 
served a s  Pa rty C h i e f  aboa rd l ea s e d  s h r i mp ves se l s i den t i fi ed wi th th i s  a c t i v i ty .  

Th i s  year , three col l ec t i n g  tr i ps have been condu cted o ut o f  Freeport.  Ma ted 
whi te s hri mp were found a n d  c o l l ected from a d i fferent s i te o n  each tri p .  T h e s e  s i tes 
are l ab l ed A ,  B,  and C on t h e  enc l os ed chart . As  yo u expre s s ed i ntere s t  of t h e  l oc a ­
tion  o f  t h e  propos ed bri ne d i ffus er a s  re l a ted t o  t h e s e  s pawn i n g s i tes , the a ppro x i ma te 
pos i t i on o f  the d i ffuser i s  a l s o p l otted on the c h a r t .  Lo ra n  A l . o . p . ' s  are e s t i mated 
at 3H 3 337 3 ,  3H2 4031 a s  p l otted from l a t i tude and l on g i tude rea d i n g s - o bta i ned from 
the U. S. Corps o f  Engi neers . It i s  not known wi th certa i n ty i f  th i s  read i n g wa s g i ven 
as the cen tral pos i ti on of t h e  d i ffus er a r ray or the o ffsho re poi n t . 

Lo ran A l . o . p .  ' s  o f  S i te A a re 3H3 335 1 a n d  3H2 4020 . On May 2 ,  1977 , 33 wh i te 
s hr i mp w i th sperma tophores were col l ec ted . Numerous o ther s h ri mp wi th ova r i a n  d e ve l ­
opment were mon i tored at t h i s  l o ca t i o n . 

Si te B produced 6 ma ted fema l e s  on J une 1 ,  1977.  Severa l h undred other femal es  
conta i n i ng roe were al so c o l l ected near dus k at t h i s  l ocati o n .  Loran A rea d i n g s  
were a p p roxima tely 3H3 3 3 7 0  to 3 H 3  3378 , '3H2 4035 . 

loran ' A  l . o . p . l s  of S i te C were 3H3 3390 to 3H 3 3403 a n d  3H2 4 0 37 to 4 0 4 2 .  Onl y  
250 w h i te shrimp were produced o f  wh i ch . 200 were fema l e s .  Twen ty-two o f  t h e s e  s hr i mp 
we re ma ted . 
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'. Don Moore 
rgust 9, 1977 
Ige 2 

Don , i t  s ho u l d be noted that duri n g  t h e s e  t ri ps we ha ve inve s ti gated a n  a rea 
(tend i n g  ea s t  o f  th e Freepo rt jett i es to wes t o f  the S a n  Bernard Ri ve r  in  search 
r ma te� s h ri mp .  Depths have ra n ged from the i mmed i a te beach front to ten fathoms . 
le th ree s i tes a re the o n l y  l oca t i o ns i n  wh i ch we h a ve documen ted fema l e wh i te 
lrimp wi th s p e rma tophores , t h u s fa r. The presence o f  these s perma tophores i nd i cate 
defi n i te s paw n i n g  s i te .  Fema l es co nta i n i n g  these s pe rma topho res genera l ly s pawn 

1 the l aboratory wi th i n  twe l ve hours  a fter we c o l l ec t  them. 

I f  we can p rovi de a ny further i nfo rma t i o n , pl e a s e  do not hes i ta te to con tact 
hi s o ffi c e .  

G: cb 
ncl o s ure 

:c : Dr. Wa l l a ce G. Kl ussman n  

s!»e l� .� �a m  
Ass oc i a te Ma r i n e  Fi s heries  Spec i a l i s t  
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TEXAS AGRICU LTURAL EXTENSION SERVICE 
THE TEXAS A&M LLN I V ERSITY SYSTEM 

Cou n ty E xten s i on O ffi c e  

Mr . D o n  Moo re 
Area S up e r v i s o r  
E n v i r o n men t a l  A s s e s sment B r a n c h  
Na t i o na l  Ma ri n e  F i s her i es Servi c e  
4 7 0 0  A ve n ue U 
Ga l ve s ton , T e x a s  7 7 5 50 

Dea r  Mr . Moor e , 

R o u te 2 .  Armo ry 
Angl eton . T e x a s  7 7 5 1 5  

A u g u s t  1 2 .  1 9 7 7  

I h a ve b e e n  s tudyi n g  yo u r  q ue s t i o n  r e g a rd i ng t h e  i mpor ta n c e  of fi s h er i e s i n  t h e  
p ro p o s ed 5 N m i l e  b ri n e  d i ffu s e r  s i te a n d  the a l t erna ti ve 1 2 . 5  N mi l e  l ocat i o n . T h e  
d i ffe l- e n c e s  i n  t h e s e  two a re a s  a re s i gn i fi ca n t  a s  t h ey i mp a c t  o n  commerc i a l  a n d  r e c ­
rea t i o n a l f i s h e r i es . 

Comme rc i a l fi s h i ng a c t i v i t i es i n  t h e  5 N m i l e  s i te i s  q u i te i n te n s e .  Th i s  a r e a  
i s  o ne o f  t h e  mos t  p ro d uc t i ve wh i te s h r i mp g r o u n d s  a l o n g  t h e  Texa s coa s t .  I h a v e  
p e r s o n a l l y e x p e ri enced d a i l y  catches  o f  up  t o  1 , 230 p o u n d s  o f  l a rge , w h i te s h r i mp , 
P e n e a u s  s e t i ferus , i n  the  i mmed i a te v i c i n i ty o f  t h i s  p ro p o s e d  d i ffu s e r  s i te .  On n u ­
mer o u s  o cc a s i o n s  s h r i mp fl e e ts numbe r i n g  mo re t h a n  50 l a rge ves s e l s h a ve b e e n  o b s e r v e d  
fi s h i n g  t h i s  are a . I n  a dd i t i on  to l oc a l l y ba s e d  v e s s e l s ,  i t  i s  common to see ves s e l s 
from F l o r i da , Lo u i s i ana , a nd S o u t h  T e xa s  d i rec t i ng s h r i mp i ng effo r t s  i n  t h i s l oc a t i o n  
off t h e  B ra zo s  Ri ver .  

T h e  p r o d u ct i v i ty o f  t h i s area i s  furt h e r  e n h a n c e d  by b o t tom c h a ra cteri s t i c s  w i t h  
a l a r ge s h e l l r i d g e  l ocated i mmed i a te l y  o ffs h o re o f  t h e  5 N mi l e  d i ffus e r  s i te .  Adj a ­
ce n t  t o  t h e  i n s hore port i on o f  t h e  r i d ge i s  a type o f  trough w h i ch  h a s  h i s to r i c a l l y  
p ro v i d e d  h a b i ta t  fo r w h i te s h r i mp du r i n g  w i n t e r , s pr i n g , a n d  ear l y  s ummer . D u r i n g  
c e r t a i n  p e r i o d s , wh i te s h r i mp c a n  b e  fou n d  i n  t h i s  tro u g h  w h e n , i n  fa ct , they c a n n o t  
b e  l o c a te d  i n  a n  offs h o re a rea extend i n q from S a n  L u i s P a s s  to t h e  S a n  Bernard R i v e r . 
Th i s  a re a  i s  o n e  o f  o u r  documented wh i te s h r i mp s pawn i ng s i te s .  

S p o r t f i s h i ng a c t i vi ty n e a r  the p rop o s e d  d i ffu s e r  s i te i s  o ften concen tra ted d u r­
i n g t h e  s u mme r mon th s .  Large s c hoo l s o f  S p a n i s h mac kere l S comberomorus ma c u l a tus 
o c c u r r i n g n e a r  t h e  s i te a ttra c t  n umero us s por tfi s he rme n .  O f  e xtreme i mpo rta n c e  to 
s p o r � f i s h i n g i s  the E a s t  Bank Area . T h i s area i s  a d j a c e n t  to th e 5 N mi l e  d i ffu s e r  
s i te .  l o ra n  A l . o . p . ' s  of  th i s  roc k  forma t i on a re 3H 3- 3355  t o  3 360 , 3H2-4022 t o  4 0 2 8 .  
I t  s � o u l d b e  no ted tha t  th i s  a re a  i s  fi s h e d  b y  o ffshore rec re a t i ona � fi s he rmen mo re 
tha n  a ny a rea o ff Freepo r t .  A comb i na t i o n  o f  produc t i venes s a nd the  p roxi mi ty o f  
t h e s �  r o c k s  to F reeport i s  e s p e c i al l y  mea n i n g ful  to med i um- s i zed o u tboa rd s p o r t  ve s s e l s .  
C h a r � e r  boa ts  a nd ya c h ts a l so fi s h  th i s  area i n ten s e l y .  P e l a g i c  fi s h  s uch  a s  ki n g  
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Mr.  00 n �P,f)O re 
AUgu 5 t  12 .  1977  
P a ge 2 

ma c ke re l  Scombe romo rus c av a l l a .  bon i to E u thxn n us  a l l etteratus . j a c k  creva l l e  Caranx 
h i ppos . cob i a R a c hycen tron c a n a d um . a n d  va r 1 0 U S  s p ec i e s o f  s ha rks  a re a bu n d a n t  i n  
the E a s t  Ba n k  a rea d u r i n g  s ummer mo n th s . T h rouqhout th e yea r .  demers a l  fi s h  s u c h  a s  
red s n a pper L u tj a n u s  campe cha n u s . s i l ve r  s e a trou t Cynos c i o n  n o th u s . a n d  s ma l l group e r  
Epi n ephe l us s p .  a re c a u g h t  i n  th i s  a rea by l i tt l e bo a t s  u n a b l e to tra v e l  l a rge d i s ­
tances offs ho re .  Rece n t l y . · i t wa s d i s co v e red tha t l a rge red d r u m . S c i a enops o c e l l a ta .  
con g re g a te nea r the roc k s  o f  E a s t  Ba n k  d ur i n g  the  fa l l  a n d  w i n te r  mon th s .  Th i s  p h e ­
nomenon h a s  a d d e d  a n ew d i men s i o n to t h e  recrea t i o n a l  fi s h i n g a c t i v i ty nea r th e p ro­
po sed d i ffuser s i te .  

The a d j a c e n t  s he l l r i d ge to E a s t B a n k  i s  a l so  produc t i ve for t h e  va r i o u s  p e l a g i c  
fi s h  t h a t  were p re v i ous l y  d i s c u s s e d .  T h e  re c e n t l y p l a c ed a rt i fi c i a l  reef s o u t h  o f  
the p roposed d i ffu s e r  s i te w i l l  p ro v i de a dd i t i o n a l  s p o rt f i s h i n g  fo r the  a r e a . 

I t  s ho u l d be noted tha t the a d j a c e n t  s he l l ri dge to t h e  5 N mi l e  d i ffus e r  s i te .  
i s  of l i ttl e commer c i a l  i mporta n c e  i n  t e rms o f  s h r i mp l a n d i n gs . P i n k  s h r i mp ,  P e n a e u s  
duora rum,  a re h a rvested o n  t h e  r i d g e  i n  s ma l l q ua n t i t i es , b u t  c o n cen t ra t i o n s  o f  t h e s e  
s h r i mp co u l d be co n s i dered of o n l y  ma rg i n a l  econom i c i mp o r t a n ce .  

I n  c o n tr a s t  to t h e  p roposed 5 N mi l e  d iffu s e r  s i te ,  the 1 2 . 5  N m i l e  a l tern a t i ve 
s i te i s  of l e s s  i mportance to o u r  f i s h e r i e s . The p r i ma ry c o n s i dera t i on of  th i s  a rea 
rel a t i ve to the commerc i a l  fi s h e ry i s  t h a t  of e� i grat i n g b rown s h r i mp ,  P e n a e u s  a z te c u s . 
T h e  a rea o f  the  a l tern a t i ve d i ffu s e r  s i te rece i ved s h r i mp i n g a c t i v i ty d u ri n g  a p e r i od 
when brown s h r i mp a re mi gra t i n g  from th e e s tua r i es to o ff s h o re waters o f  the G u l f .  I t  
s ho u l d be noted t h a t  s h r i mp i n g ac t i v i ty i n  th i s  a rea i s  l i mi t e d  to a very s ho r t  p e r i o d  
of t i me a n d  i s  v i rtua l l y  n o n -e x i s te n t  a fter th i s  mi g ra t i on t e rmi n a te s . A n o t h e r  i mpor­
tan t cons i de ra t i on i s  a compa r i s o n  of o t h e r  a reas  w i th t h e  s a me depth . Any l o s s e s  
res ul t i n g from s e l e c t i o n  o f  t h e  a l terna t i ve d i ffu s e r  s i te wo u l d  b e  mi n i ma l  a s  o t h e r  
s h r i mp i n g ground s . ( S a n  Be rnard R i ve r ,  F reeport J e t t i e s  o r  S a n  L u i s  P a s s ) . o f fe r  s u f­
f i c i e n t p ro d uc t i on to accornodate the fl e e t  at th i s  t i me of y e a r .  D u r i n g  p e r i o d s  o f  
brown s h r i mp em i gra t i on ,  a n  a re a  o f  s i mi l i a r wa ter depth may b e  j u s t  a s  p ro d u c t i v e .  
S h r i mp duri ng  th i s  p e r i o d  o f  t i me a re o ften u n i forma l l y  s ca ttered a l o n g  t h e  coa s t .  

T h e  i mporta n c e  o f  sportfi s h i n g  wi th i n  the  1 2 . 5 N mi l e  s i te , i s  a l so  l es s  t h a n  t h a t  
o f  the 5 N mi l e  s i te .  Spo rtfi s h i n g ves s e l s genera l l y tend t o  move furt h e r  o f fs h o re t o  
fi s h  n e a r  s h r i mp boats . p l a tfo rms . a n d  u n d e rwater o b s t ruc ti o ns o r  they wi l l  c o n c e n t ra te 
the i r  a c t i vi ty nea rs hore o n  the  s h e l l r i dge o r  roc k  b a n ks . T h e  1 2 . 5 N mi l e  s i te i s  
between the p ro d u c t i ve nea rs h o re s po rt f i s h i n g areas  a n d  thos e o ffs ho re .  

A pers ona l obs ervat i o n  may be o f  i ntere s t  to yo u .  6n Au g u s t  1 0 . 1977 . t h e  numbe r 
of s h r i mp vess e l s fi s h i n g the  5 N mi l e  sJ te a n d  the  1 2 . 5  N mi l e  s i te were c o u n ted . 
Twenty- fou r  ve s s el s were i n  the i mmed i a te v i c i n i ty o f  the 5 N mi l e  s i te .  Two v e s s e l s 
were i n  the  a rea o f  the 1 2 . 5 N m i l e  s i te .  

Your ques t i o n  concern i n g  comme rc i a l  a n d  sportfi s h i n g  a c t i v i t i e s i n  a n  a re a  1 0  N 
mi l es from s ho re can be re l a ted to t h a t  o f  the  1 2 . 5 N m i l e  s i te .  T h e  1 0  N mi l e  a rea 
i s  extreme l y s i mi l i a r to tha t of the 1 2 . 5  N m i l e  l o ca t i o n .  A s l i Cl h t  amo u n t  o f  wh i te 
s h r i mp p ro d uc t i on i s  obta i n ed from the trough adj a c en t  to t h e  o f f s h o re s i d e  o f  t h e  
s he l l  r i dg e .  W h i te s h ri mp h a rv e s ted from th i s  a r e a  a r e  con s i de ra b l y  l e s s  than t h a t  
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Mr. Don Moo re 
A u g u s  t 12 , 1977 
Pa ge 3 

o f  the prev i o u s l y  d i s c u s s e d  i ns h o re s i de .  Emi grati n �  b rown s hr i mp compri se t h e  maj o r  
commerc i a l  f i s he ry i n  th i s  a re a .  T h e  s ame ph enomenon rel a t i ve t o  concen tra ti o n s  o f  
mi gra t i n g  s h ri mp apply t o  tha t o f  t h e  proposed a l terna ti ve b r i n e  d i sposal  s i te .  S po rt­
f i s h i r.0 acti vi ty in th i s  a rea i s  mi n i ma l  a s  i de n t i fi ed w i th the 12. 5 N mi l e  s i te.  

I hope that th i s  l etter h a s  p ro v i ded you w i th useabl e i n forma t i o n . If  we c a n  be 
of a ny fu rther a s s i s tance to you from th i s  o ffi ce , pl ea s e  do not h e s i ta te to c o n tact 
u s . 

GG : c b 

c c :  D r .  Wa l l ace Kl ussmann 
Al l a n J.  Muel l e r 
Carl o s  H. Mendoza 

Si nCerel Y .� 
G&ham � 
Assoc i a te Ma r i ne F i s he r i e s . Speci al i s t  

K- 1 4  



REPLY TO 
ATTENTION OF. 

SvJGE D -E 

D E P A R T M E N T  O F  T H E A R M Y  
G A L V E S T O N  D I S T R I C T , C O R P S  O F  EN G I N E E R S  

P . O . B O X  1 2 2 9  
G A L V E S T O N ,  T E X A S  7 7 5 5 3  

Exe c u t i ve Commun i c at i o n s  
Room 3 3 0 9  
F e d e r a l  Ener gy Admi n i s tr at i o n  
W a s h i n gton , D . C . 2 0 4 6 1  

G e n t l e men : 

1 7 N OV i97t 

The d r a f t  Environme n t al S t atemen t , " S e away Group o f  S a l t  Dome 
C r ude O i l  s to r a g e  S i te s , Te x a s , "  f u r n i shed to th e Executive 
D i r e c to r  o f  C i vi l Wo rk s , O f fi ce o f  the C h i e f  o f  E n g i nee r s  wi th 
your l e tter d a ted 2 3  S e ptemb e r  1 9 7 7 , h a s  been re ferred to us 
for re vi ew an d c omme n t s . 

We h ave coord i n ated review o f  th e d r a ft s t a t ement w i th the 
s t a f f  o f  the S o u thwe stern D i vi s i on , C o r p s  o f  E n g i n ee r s , and 
our c o n s o l id ated c omme n t s  are as fo l lows : 

a .  The d r e d g i n g  work and mo s t  o f  the fac i l i t i e s  to be 
con s tructed in co nne c t ion w i th the propo s ed S t r at e g i c  P e tr o l e um 
Re serve s to r a ge s i te w i l l  r e q u i r e  S e c t i o n  1 0  and 4 0 4  pe rmi t s  
und e r  t he re gul atory pr ogram o f  th e Corps o f  En gineer s .  I n  
vi ew o f  th i s  requi rement a s  part o f  th e o ve r a l l  F e d e r a l  a c t i o n  
a n d  th e appar e n t  co n c e r n s  o f  e n v i r o nmen t al groups and o r g an i ­
z at i o n s  wi th the i mpact o f  ce r t a i n  a s pe c t s  o f  the pr o j ect o n  
s h r i mp and other mar i n e  l i fe ,  we be l i eve th e F ed e r al Ener gy 
Admi n i s t r a t i o n  environmental s t atemen t  should be e xpanded 
s u f f i c i e n t l y  so a s  to adeq uate l y  cove r  th e e f fe c t s  of the se 
permi t a c t i vi t i e s  a s  we l l  a s  the primary acti vi ty o f  petro l e um 
stor age . Th i s  m i ght obvi ate the nece s s i ty for pre p ar a t ion 
of a s e p ar ate E nvironmen t a l  I mpact S t a tement wh e n  the C o rp s 
o f  E n g i n e e r s  t ake s action on th e S e c t i o n  1 0  and 4 0 4  permi t 
appl i c a t io n . 

b .  Th e d i s c u s s i on und e r  par a gr a ph 4 . 3 . 1 ,  Vo l ume I on 
the i mp a c t s  o f  b r i ne d i s po s al , d o ck con s truction and d r e d g i n g  
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1 7 N u v  1977 

SvJ GE D -E 
Fede r al E ne r gy Ad�i n i s tr at i o n  

s hows l i t t l e  quan t i f i c a t ion o f  th e to t al i mp act o f  the se 
ac t i vi t i e s  on th e e c o s y s te ms and the b i o t a  o f  the are a ,  
b o th mar i ne and te r re s tr i al . We b e l i eve th e s e  d i s c u s s ion s 
should be expanded to mo re ade quate l y  q u an t i fy th e s e  i mpac t s . 

c .  The r e fe renced Corps o f  E n g i n e e r s  Re gul a t i o n s  a s  
l i s te d  i n  Tab le 9 . 2 - 1  i n  Vo l ume I are n o t  current . The 
re gul a t i o n s  on " P e r mi t s  fo r Ac ti vi ti e s  in N av i g ab l e  W a te r s  
o r  Oce an Wate r s , "  3 3  C F F. 2 0 9 . 1 2 0  and " Pe rmi ts fo r D i s ch ar ge s  
o f  De po s i t s  i n to N avi gab l e  Waters , "  3 3  C F R  2 0 9 . 1 3 1 were 
re s c inded by re gul a t io n s  e n t i t l ed " Re gul atory P r o gr am o f  the 
Co r p s  o f  E n g ineer s "  pub l i shed i n  the F e d e r a l  Re g i s te r , P ar t  
I I , Tue s d a y , 1 9  J u l y  1 9 7 7 . App l i cab le re gul a tion s fo r acti ­
vi t i e s  add r e s s ed in par a gr aph B i n  T ab l e  9 . 2 -1 ( " P i er s , Dred g­
i n g , e tc . i n  Waterw ay s " )  are now cove re d  by 33 C F R  P ar t  3 2 2  
o f  th e above re fe rence d  1 9  July 1 9 7 7  re gul a t i on s . 

d .  Di s c u s s i o n s  o f  br ine . d i s po s al i n  th e Gul f o f  Me xico 
occur i n  s e ve r al p ar t s  of S e ction 4 o f  the Environme n t al 
Impact S ta te me n t  a nd in Append i x  C .  The d i s cus s i o n s  center 
aro und the f i n d i n g s  of two mo de l s  s howi n g  the e xtent and 
magn i tude o f  s a l i n i ty i ncre a s e  above amb i e n t  around th e 
d i f fu se r . Howeve r , no i n forma tion on the s a l i ni ty tole rance 
o f  var i o u s  b i o l o gi c a l  e l e me n t s  foun d i n  the are a  i s  pre s e n ted 
to aid in a s s e s s i n g  the s i gn i ficance o f  the d e s c r ibed c h an ge s . 
Al s o , some l i fe h i s to r y  i n fo rma tion , on at l e a s t  comme rc i al 
specie s ,  s hould be pre s e n t e d  a l o n g  w i th de s c r ib in g  c r i t i c a l  
growth s t a ge s , s p aw n i n g  h ab i t s , mi gra t i on s , e t c . wh i ch may 
be a f fe c te d  by the b r i ne d i s ch ar ge . Th e re sul t s  o f  the pre ­
d i s po s al s tud i e s  b r i e f l y  d e s c r ibed on pa ge 4 . 3 - 1 8  a l o n g  wi th 
a r e vi ew o f  e x i s t i n g  l i te r a ture , much o f  wh i ch i s  avai l able 
th rough Fede r a l  a ge n c i e s and S ta te un i ve r s i ti e s a s so c i a ted 
w i th mar i c u l ture , s ho uld be pre sented in the f i n a l  E n v i r o n ­
me n t a l  S ta tement . 

S i ncere:y �� 
��E N  BOSCH 

C o l on e l , Corps o f  E n gi ne e r s  
Di s tr i c t  E n g i ne e r  

2 
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U N ITED STATES DEPARTM ENT OF AGRICU LTURE 
SO I L  CONSERVATION SERVICE 

P .  O.  Box 648 
Temp l e ,  TX 76501  

Mr . M i chael E .  Caro s e l l a  
A s s o c i ate As s i s ta n t  Adm i n i s tra tor 
S p ec i a l  Prog ram s 
S tra teg i c  Petro l e um Re serve 
Federa l Energy Adm i n i stra t i o n  
Wa s h i ngton , D C  2046 1 

Dear M r .  Caro s e l l a :  

No vemb e r  1 8  

��e h a v e  revi ewed th e draft e n v i ronme n tal i m pact s ta tement fo r the proposed 
Seaway Gro u p  S a l t Domes , Te xa s a n d  feel that the i mpact s ta temen t ,  a s  wri tten , 
adeq ua te l y  refl ects the i mpacts th i s  proj ect wi l l  h a ve on so i l , p l a n t , a n d  
wa ter re s o u r ce s . 

We apprec i a te the o pp o rtun i ty o f  rev i ewi n g  th i s  en v i ronmen ta l impact sta temen t .  

S i n cerel y ,  

/} �V (5. fi4 �i/;U 
George C .  r�a rks 
State Conservat i o n i s t  
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Advisory Counci l  on 
Historic Preservation 
1522 K Street N.W 
Washington . D.C.  20005 

Mr .  Michael E. Carosella 
Associate As sis tant Administrator 
Special Programs 
S trategic Petroleum Reserve 
Federal Energy Administration 
Washington , D .  C .  20461 

Dear Mr .  Caro sella : 

October 2 6 , 1 9 7 7  

This i s  in response t o  your request of Sep tember 2 3 ,  1 9 7 7 , for comment s  
o n  the draft environmental statement (DES ) f o r  the Seaway Group salt 
dome crude o il storage sites located in the Gulf Coast region of south­
eastern Texas . 

The Council no tes from its review that while cul tural resource s tudies 
to date indicate no properties included in or known to be eligible for 
inclus ion in the National Register of Historic Places will be affected 
additional studies are necessary before final determinations can be 
made . Accordingly , the Federal Energy Admin

'
istration is reminded that 

should tho se add itional studies identify cultural resources eligible 
for inclusion in the National Register which will be affected by the 
undertaking , it should delay further proces sing of the undertaking and 
afford the Council an opportunity to comment pursuant to the "Procedures 
for the Pro tection of Histo ric and Cultural Properties" ( 3 6  C . F . R . Part 
800) . 

Should you have any questions or require addit ional as sistance in this 
matter , please contact Michael H. Bureman of the Councils staff at P .  O .  
Box 25085 , Denver , Co lorado 80225 , o r  at ( 303) 2 34-4946 , an FTS number . 

S incerely 

Wall 
Assistant Directo r ,  Office 

of Review and Compl iance , Denver 

K- 1 8  
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SWGED -E 

D E P A R T M E N T  O F  T H E A R M Y 
8 AL Y E S TON  D I S T R I C T , CO R P S O F  EN G I N E E R S  

P . O . BO X  1 2 2 9  
8ALYE S T O N , T E X A S  7 7 5 5 3  

Exe cut ive Communicat ions 
Room 3 3 0 9  
F ede r a l  Energy Admi n i s t rat ion 
Wa shing ton , D . C .  2 0 4 6 1  

D e ar S i r : 

2 SEP 1977 

This i s  in re spon s e  to your letter d ated 1 5  Ju ly 1 9 7 7 , whi ch 
p rovided a copy of the " D r af t Supp l ement F inal Env ironmental 
Statement , Strategic Petroleum Re s e rve , B ry an Mound S a l t  
Dome , " f o r  o u r  review and comment s .  

OUr comment s are as f o l l ows : 

a .  The au th or i z e d  4 5 -f oot F e d e r a l  Navigat i on Chann e l  
Enl argement f o r  F reeport Harbor would have a p ropo se d  dredged 
m at e r i a l  d i spos a l  are a ne ar the inj e c t i on we l l  p ipe line s . A 
copy of F igure 1 ,  page 4 ,  showing the proposed d redged mate r i a l  
disposal s i te i s  inclose d .  

b .  Requ e s t  that the s e c ond s entence o f  the th ird para­
graph of Sect ion 1 . 2 . 1  be changed to r e ad " D e ta i l e d  p l ans and 
con s t ruct ion procedures f o r  p ipe line cros s ing s and proposed 
structu res at the f lood prote c t i on l evee sys tem wi l l  be coord i ­
nated with the Ve l a s c o  D r a inage D i s t r i c t  t o  i n su r e  the inte g ­
rity o f  the levee sy s tem i s  maintained , "  in l i eu o f  " A l l  
construc t i on work wou l d  be coordinated w i th the Ve l a s c o  D r ain­
age D i st r ict to avoid crea ting a f lo od h a z a rd to the prope r ty 
behind the levee . "  

c .  The p r oposed wate r intake in the B r a z o s  Riv e r  D iv e r s ion 
Channe l , the Seven M i l e  p ipe l ine , and the of f shore b r ine di f ­
fus e r  s t ructure w i l l  requ ire Department o f  the Army permits 
unde r  Sect ion 1 0  o f  the Rive r and H arbor Act o f  1 8 9 9  p r i o r  to 
con s truc t i on . F ac i l i t i e s  c ons tructed in we t l and s will requ i r e  
Department of the Army pe rm i t s  und e r  S e c tion 4 0 4  of the F ed e r a l  
Water Pol lution C ontrol A c t  Amendmen t s  o f  1 9 7 2 .  
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St«;ED-E 
Executive C ommuni cations , Federal Energy Admi ni s trati on 

d .  Pag e ,1-3 , Parag raph 1 . 2 . 1 .  - Cons ideration shou l d  be 
g iven to the alternative of locat ing the pump station on the 
interior s ide of the hurri c ane prote c t i on l evee . 

e .  P age 1-7 , Section A-A . - There may be eros ion at the 
base of the walkway supports and at the s i d e s  o f  the pump 
stat ion during h igh d i scha rge s ,  and ripr ap prote c t i on shou ld 
be considered . 

f .  Page 2 - 2 4 , P aragraph 2 . 7 . 1 .  -

Identify the s ource o f  the s tatement " c ombined 
storage capac ity of app rox ima te ly 6 , 9 0 0  acre-foot . "  

The max imum Brazos River d i scharge s at Rosh aron are 
calculated ' t o  exceed 1 0 0 , 0 0 0  cf s ,  s ince the one precent d i s ­
charge a t  Rive r Mi le 5 2 i s  approx imate ly 1 0 3 , 0 0 0  cf s .  

g .  Pumps and mechanical gear su s ceptible to f lood d amag e 
shou ld be rai sed to an e leVation at or above the one percent 
f lood e levation in conson ance wi th Exe cutive Ord e r  1 1 9 8 8 .  
" Normal f l ood ing e levat ion s "  i s  an ambiguou s term wh ich does 
not spe c i f i c a l l y  indi cate comp l i ance with the f lood damage pre ­
venti on requ i rements contained in the Execu t ive Orde r .  F igure 
2 imp lies -that susceptible gear is l ocated above 18 feet 
elevat i on , but such i tems a re not spec i f ic a l ly l abe l l ed on 
the e levat ion view . 

h .  It i s  sugge sted that con s t ruction of the inj ection 
we l l  pipel ine be coordinated with the Brazos Rive r  H a rbor 
Navig ation D i s trict so as to avo id reductions in c apac i ty of 
the disposal area . Al so , cons truction of the pipel ine cro s s ­
ing the sm a l l  drainage ditch between the i n j e c t i on we l l s  and 
the p roposed dispo s a l  are a shou ld be coordinated with the 
U . S .  F i sh and Wi ldl i f e  Servi ce . 

1 Inc l 
As stated 

Sincere ly yours , 

-:r--p�//J 
JON C .  V��CH 
Colone l ,  Corps of Engineers 
D istrict Eng ineer 
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DOW CHEMICAL U.S .A. 

Sept ember 1 ,  1 9 7 7  

Execut i ve Commun i c at i o n s  
Room 3309 
Federal E n e rg y  Adm i n i s t r at i o n  
Wash i n gt o n , D . C .  2 04 6 1  

Gen t l emen : 

BARSTOW BUILDING 
2020 DOW CENTER 

MIDLAND. MICHIGAN 48640 

Thank you for t he opport un i t y  to comme n t  on t h e  Dr aft 
Supp l ement to the F i n a l  E n v i ro nmen t a l I mpact St atemen t , 
Bryan Moun d S a l t  Dome . We have no c ommen t o n  t h e  t ec h n i c a l  
po rt ion o f  t h e  s t at eme n t . Howeve r , o n  pages 1-9 a n d  1 - 1 0 , i t  
i s  s t at ed t hat t here i s  an agreeme n t  wit h t he FEA whereby Dow 
wo ul d d i spo s e  of 56 , 500 BPD o f  b r i n e  f rom t he s i t e . Dow a n d  
t h e  F E A  h a v e  b e e n  di scuss i n g  t h i s  po s s i b i l i t y  for somet ime , but 
t here was n o  f i rm agreement at t he t ime o f  t he s t at ement and 
t here i s  s t i l l  no agreemen t now . So t he imp ac t  s t at eme n t  is 
in error and mi s l e a d i n g  o n  t h i s  po i n t . 
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UNITED STATES 
ENERGY RESEARCH AND DEVElOPMENT ADMINISTRATION 

WASHINGTON, D.C. 20545 
• , ... , '''1·; ,.,. tJ, �. �b\.!· V 'J 

Executi ve Commu n i cati ons 
Federal Energy Admi n i s tration 
Room 3309 
Was h i ngton , D . C. 20461 

Dear S i r :  

SEP 1 1977 

Th i s  i s  i n  response to Mr . Mi chael E .  Carosel l a ' s  transmi ttal dated 
July 1 5 ,  1 977 , i n  wh i ch he i nv i ted the Energy Research and Devel opment 
Admi ni stration ( ERDA) to rev i ew and comment on the Federal Energy 
Admi n i s trati o n ' s draft s uppl ement to the fi nal e n v i ronmental i mpact 
s tatement for the Bryan Hound sal t dome ( FES 76/77-6 ) .  

We have revi ewed the supp l ement and have determi ned that we have no 
object i on to the change i n  the des i gn of the Bryan Mound bri ne 
d i sposal and water supply sys tems . We have no comments to offer 
on the s uppl eme nt i tsel f. 

Thank you for the opportun i ty to rev i ew and comment on the draft 
suppl ement.  

cc : Counci l on Envi ronmental 
Qual i ty ( 5 )  

Mr. Mi chael E .  Carosel l a ,  FEA 

M:Y'fLj; 
W. H .  Penni ngton , Di rector 
Offi ce of NEPA Coord i nation 
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IISS I O N E RS 

CE JOH NSON 

irman. Austin 

F U LTON 

.-Chairman. L ubbock 

R. STO N E  

Is 

TEXAS 
PA R K S  A N D  W I L D L I FE DEPARTM ENT 

CLAYTON T .  G A R R ISON 

E X E C U T I V E  D I R EC T O R  

Aug u st 8, 1 97 7  
4 200 Smith School R oad 

Aust in .  Texas 711744 

Federal Energy Admi ni strati on 
Executi ve Commu n i c a t i o n s , Room 3309 
Wa s h i ngto n ,  D .  C .  2 0461 

Re : Draft Suppl ement - F i nal E n v i ronmental Impact Sta tement,  
Bryan Mound Sal t Dome 

Dear Si rs : 

COM M I S S I O N E  RS 

BOB B U R L ESON 
Temple 

JOHN M. G R E E N  

Beaumont 
LOUIS H. STUMB E R G  

San Antonio 

Reference i s  made to the document whi c h  wa s s ubmi tted to th i s  agency for 
rev i ew and c omment on J u l y  1 5 ,  1 97 7 .  W e  have rev i ewe d the dra ft a n d  offer 
the fo l l owi ng comments fo r yo u r  c o n s i derati o n .  

The pl ans for operati on o f  the Bryan Mound S a l t Dome Strateg i c  Petro l eum 
Res e rve i nc l ude three me tho ds of di spo s i ng of bri ne from the fac i l i ty - u s e  
a s  feedstock by Dow Chemi c al Company , use of i nj ec ti on we l l s ,  a n d  d i sposal  
by d i ffuser in  the Gul f of Me x i c o .  I t  is  recommended that di sposal  i n  the 
Gul f of Mex i c o  be kept as  l ow as po s s i b l e i n  o rder to av o i d  adverse impacts 
to the offs hore fi sheri e s ,  pa rti c ul arly wi th res pe c t  to the wh i te sh rimp 
fi  shery .  

Sec ti on 3 . 1 . 8  o f  the draft s houl d b e  expanded t o  d i sc u s s  p o s s i b l e  i n te r­
ference wi th nav i gati on and trawl i ng operati o n s  wh i c h  may resul t from the 
i ns ta l l ati on of a Gul f b ri ne di ffu s e r  sys tem . Sec ti on 4 . 6  s ho u l d a l so  be 
expanded to d i sc u s s  th i s  subj e c t .  

upon th i s  document i s  apprec i a ted . 

CC : Mr . Wa rd C .  Goessl i ng ,  J r . , Coo rd i n ator 
Natural Re sources Sec t i o n  
Governo r ' s Bud ge t  and Pl anni ng Offi c e  
Executi ve Of fi c e  Bu i l di ng 
411 We s t  1 3th Street 
Au sti n ,  Texas 78701 
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RALPH M .  PA RSONS LABORATORY 
FOR WATER RESOU RCES AND H YDRODYNAMICS 

DEPARTMEN T  OF CIVIL. E N G I N EE R I N G .  B L.DG .' 48 -3 2 1  
MASSACH U S ETTS INS·,ITUTE O F  TECHN OL.OGY 

CAMBRIDGE, MASSACHUSETTS 02 1 39 

August 2 2 , 1 9 7 7  

Exe cut ive Communicat ions 
Room 3 309 , Federal Ene rgy Admin istrat ion 
Washingt on , D . C .  2 0 4 6 1  

Dear S i rs , 

PHON E :  ( 8 1 7 )  a u- 6 7 6 1  

Th e  purpose o f  t h i s  let ter i s  t o  address two sma l l  is sues c onc erning 
the design and oper a t i on o f  the o f f shore brine d i f fuser and t o  make 
several sma l l  correc t ions to those par t s  of the d o c ument for which we 
at MIT were respons ib l e .  

Th e  f ir s t  point concerns t he or ientat ion o f  the d i f fuser port s .  The 
angle of 9 0 °  was s e l e c t ed for preliminary analysis based on prior 
experimen tal data obta ined wi th that orientat ion . We are p resent ly 
conduc t in g  some experiment s  in which the quest ion o f  nozzle orien t a t ion 
wil l  be explored in detail . We expe c t  t o  have some results avail a b l e  
b y  mid- fall , and hope t h a t  t h e s e  c o u l d  be fac tored i n t o  the f inal 
des ign . 

The second point concerns the operat ion o f  the d i f fuser at flow ra t e s  
l e s s  than the maximum d ischarge . The t ab l e  on p a ge 1-1 5 sugge s t s  that 
the recommended range in Froude number of 16-20 will be ma int a ine d .  
This could be ac comp l ished by incorpo rat ing raw wa ter from the Brazos 
as ment ioned on page 1-12 or by capp ing a number o f  no z z le s .  If the 
risers were threaded so t ha t  caps could be ea sily f i t ted or remove d , 
then it would a lso be possible to f i t  no z z l e s  which might d is charge 
at angles o f  o ther than 9 0 ° . 

The followin g errata are no ted : 
1.  Th e  dis cuss ion o f  t he �IT model appears t o  be extracted d irec t l¥ 

from sect ion 7 . 3 o f  NOAA ' s  Bryan Mound repor t . Thus t he two f i gure s 
on pages n-4 and D- 5 a c tua lly re fer t o  the previous s e c t ion o f  the 
NOAA report and their inc lus ion is somewhat out of context . 

2.  On page n- 58 t h e  d imens ion o f  l6d o n  p a r t  a )  o f  the f i gure ( upper 
part) should read 8d . 
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3 .  � page D-7 7 , t he firs t sentence o f  the 2nd paragraph should read , 
"The propert ies o f  a round buoyant submerged j et (or a nega t ively 
buoyant surface j e t )  can be det ermined using an int egral j et 
analysi s . " 

4 .  On page 0- 7 8 , severa l o f  the table ent r ies are in error . A revised 
table is enc losed . 

enclo sure 

c c .  Dr . Oai l  Brown 
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Table 18 Comparison of Parame t ers f or Typic a l  Ocean Discharges 

Nature of Discharge 

3 ?' Flow Rate , Q (m Is)  I 0 
� 
� 

Init ial Density Di f ference . 

p -P Ip 
o a a 

Buoyancy Flux . 4 3 (p -p ) gQ Ip (m Is ) 
o a 0 a 

Typical Dilut ion Required 

of Therma l ,  Sewage and Saturated Brine Eff luent s  

Thermal Sewage 

Condenser cooling wat e r  2 00 MGO 
for 2000 MWe Nuclear Sewage Treatment 
Power S t a t ion P lant 

100 10 

. 003 . 02 5  
( 1 2 ° C  temperature r i s e )  ( f resh-sa l t  wa t e r )  

2 . 9  2 . 5  

10 100 

Sa t urated Brine 

Proposed Bryan 
Mou�d Brine nischarge 

1 . 2  

- . 2 5  
(sa t urated brine ) 

-2 . 9  

50-100 



FEDERAL POWER COM M ISSION 
WASHI NGTON. D .C. 20426 

Executive Communications 
Room 3 3 0 9  

August 2 ,  1 9 7 7  

Federal Energy Administration 
Washington , D . C .  2 0 4 6 1  

Dear Sir : 

IN I'I£PLY REF"ER TO: 

I am replying to your request of 1 5  July 1 9 7 7  to 
the Federal Power Commis s ion for comments on the Dra ft 
Environmental Impact S tatement for the Bryan Mound , Strategic 
Petroleum Re serve . This Dra ft EIS has been reviewed by 
appropriate FPC staff components upon whose evaluation 
this response is based . 

The s ta f f  concentrates its review of other agencies '  
environmental impact statements bas ically on those areas 
of the e lectr ic power and natural gas industr ies for which 
the Federal Power Commi ssion has j uri sdiction by law , or 
where sta f f  has special expertise in evaluating environ­
mental impacts involved with the proposed action . It does 
not appear that there would be any s ignific iant impacts in 
these areas of concern nor serious conf licts with this 
agency ' s  respons ibi lities should this action be undertaken . 

Our review , however ,  noted the following items for your 
evaluation : 

1 )  The solution mining o f  additional salt dome caverns 
or enlargement wil l  impact areas much larger than 
stated . 

2 )  Super saline conditions will probably per s i s t  for a 
longer period , depending upon the frequency o f  storage 
operation . 

3 )  Initial f i l l ing o f  s torage should be a t  a lesser 
rate to reduce emuls i f ication . 

4 )  Consideration should be given to fi ltration of the 
brine discharge . 

Thank you for the opportunity to review this statement .  

Sincere ly , 

�:;;,..::: --
Advisor on Environmental Ouality 
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BROWNSVI LLE - PORT ISABEL 
SH RIMP PRODUCERS ASSOCIATION 

Exe cu t i ve Commun i cat i ons 
Room 3 3 0 9  

�. O. BOX 9 5 3  
B ROWNSVILLE. TEXAS 
Augus t 24 , 1977 

Fe de ra l Ene rgy Admin i s trat i on 
Was hingt on , D . C .  204 6 1  

Dea r  S i r s : 

C on ce rn ing brine d i s p o s a l  from the Bryan :·jound s a l t  d ome , t he 
Brown s v i l le -Port I sabe l S h r i mp P rodu c e rs A s s o c .  w ould l ik e  t o  
g o  o n  re c ord a s  oppos ing t h e  prop o s e d  l ocat i on o f  brine d i f fu s e r  
p i pes jus t 5 naut i cal m i l e s  o ff s h o re from Fre eport , T exas . 

Fle e t s  from our area depend on the ent i re Te xas Coas t for s hr i mp 
produ c t i on and ov e r  t he years t he f i s h ing grounds j u s t  o f f s hore 
from Fre e port have be come re c ogn i z e d  a s  prime wh i t e  s hr i mp areas . 

The propo s e d  l o cat i on o f  t he br ine d i f fu s e r  s y s tem woul d  d i re c tly 
c on fl i c t  w i th ma j or wh i te s hrimp ing e f forts and wou l d  de f in j �ely 
hampe r  p rodu c t i on .  There i s  a d i s t in c t  pos s i bi l i ty t hat h igh 
s a l in i t y  wa te rs found in the area cou l d  a f fe c t  reproduc t i 0n o f  
gra v i d  wh i t e  s hrimp , w h i c h  congregate n e a r  s ho re fo r mat ing and 
s pa\-m ing . 

We are al s o  c once rned about t he e ffe c t  o f  br ines on the m igrat i on 
pat t e rns o f  larva l and ju ven i l e  s hr i mp ,  re s pe c t i v e ly , i mmigra t ine 
and e m igrat ing to and from bay s .  

An a l  ternat i v e  d i f fu s e r  s i  t e  a t  1 2 . 5  N .  m i l e s  offs hore , lioul d  
n o t  s ign i f ican t ly c on fl i c t  w i t h  t he int e re s t  o f  mos t s hr i mpers , 
in wh i c h  cas e , our A s s oc ia t i on s t rongly s upports a d i ffu s e r  s it e  
fu rther from land t han t he propo s e d  5 nau t i c a l  m i l e  s i t e . We 
fu rther rec ommend t ha t  whi che v e r  s i t e  chosen be p rope rly ma rked 
for n ight and day o bs e rvat i on . 
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PORT ISABEL SHRIMP ASSOC IATION 
P .  O .  BOX 1046 

, PORT ISAB EL , TEXAS 7 857 8 

August 24 , 1 977 

Exe cut ive C ommunications 
Room 330 9  
Fe deral Energy Administrat ion 
Washington D . C .  20461 

Dear S irs I 

In re ference to the environmental impact statement ( EIS ) I 
for the Bryan Mound salt dome , the Pt . I s abel S hrimpe rs 
Assoc . would l ike to submit the fo llowing c omments . 

Our loc al S hrimpers Assoc . fully re cogn i ze s  our Nat ion ' s 
need for ene rgy at a reas onable cost , but at the s ame 
time we , as repre sentat ives of the Texas S hrimp Industry . 
also re ali ze that a healthy marine enviroment mus t  not 
be sacrificed toward thos e  goals . 

The Port I s abe l S hrimpers Assoc . has a great deal o f  
intere st i n  fi shing zone s o ther than tho s e  just o ff our 
coast . By nature of our far ranging shrimp fle ets , 
which harve st shrimp ove r  the entire no rthern Gulf , we 
cannot ignore events wh ich might be o f  detriment to 
common shrimp grounds , whe ther they are 50 or even 600 
or more mile s  from port . 

S hrimp and many other comme rc ially impo rtant marine 
species use near shore areas as we l l  as bays and e s tuarie s ,  
during all or a part o f  the ir l i fe cycle . We fee l  that 
these areas mus t be protected to allow our renewable 
fishery res ources to re tain a high leve l of pro duct ivity . 
we there fo re expre s s  our conc ern that the propo s e d  location 
01 a Bryan Mound d i ffuser sys tem - only 5N . miles from 
shore , would definitely conflict with produc tion , and 
poss ibly reproduction o f  white shrimp in that are a .  
White shrimp product ion decreas e s  would certainly result 
from the direct trawl h indrance o f  d i ffuser p ipes in the 
area.  I t  is no t inconc e i vable that high saline ( 3 1 4  
parts per thousand ) brine s , could affect mat ing behav ior 
of white shrimp , wh;ch oc curs in the d i ffuse r  s ite are a .  

K-30 



page 2 

S urvival of ne wly fe rt i l i ze d  e ggs and d eve loping larvae 
exposed to abno rmally h igh salini t i e s , mus t  also be 
cons idered . H igh saline brine s might also d i s rupt no rmal 
emigrat ion patte rns o f  j uvenile white and brown shrimp , 
as they leave bays and e s tuarie s ,  and po s s ible inte rfere 
with longshore migrat ions o f  adult shrimp . 

A diffus ion s ite lo cated 1 1 . 5  to 1 2 . 5 miles offsho re , 
would be l e s s  harmful to both s hrimp b i o logy and c omm­
e rc ial shrimping act ivity , and as such , our Assoc iat ion 
highly re commends that such a s ite be s e le c t e d  ins t e ad of 
the 5 N mile d i ffus ion area . 

c . c .  Freepo rt S hrimp Asso c . 
P .  O .  Box 1 1 2 3 
F re eport , Texas 77 541 

c . c . C o l . Jon C .  Vanden Bo sch 
District Engine e r  
G alve ston D i s trict 
P .  O .  Box 1 229 
Galvas ton , Texas 77553 
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September 2 ,  19 7 7  

UNITED STATES DEPARTMENT O F  COMMERCE 
The Assistant Secretary for Science and Technology 
Washington, D.C. 20230 
12021 377-3111  

Executive Communications 
Federa l Energy Adminis tration 
Room 3 3 0 9  
Washington , D .  C .  2 0 4 6 1  

Gentlemen : 

Thi s  i s  in ref erence to your draft suppl ement final envi ron­
menta l impact s ta tement enti tled " S trategic Petroleum 
Reserve , B ryan Mound Salt Dome . "  The enc losed comments 
from the National Oceanic and Atmo spheric Adminis tration 
( NOAA ) are forwarded for your cons ideration . 

Thank you for giving us an opportunity to provide these 
comments , which we hope wi l l  be o f  as s i s tance to you . We 
woul d appreciate receiving f i f teen ( 1 5 )  copies o f  the final 
statement . 

S incerely , 

d�� 9'� 
Deputy A s s i s ta�Secretary 
for Envi ronmen tal Affairs 

Enclosure : Memo from NOAA , National Marine F i sheries Service 
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U.S. DEPARTMENT OF COMMERCE 
National Ocaanic and Atmoepharic Adminletratlon 
NATIONAL MARINE FISHERIES SERVICE 
Duval Building 
9450 Gandy Boulevard 
St . Petersburg , FL 3 3702 

August 12 , 1977 

TO :  

, 
THRU : ./otz 

Director , Office of Ecology & 
Env�ental ��servation , EE � tL)� AUG 2 2  1911 
�ss1stant Director for Scientific 
and Technical Services , F5 · 1 /' 
William H .  Stevenson ( i (; fj'f:J I ,  
Regional Director - '''' f\'J LJJ' v 

/lUG 2 2 1971 
FSE6l/DM 

SUBJECT : Comments on Draft Supplement Final Environmental Impact 
Statement - Bryan Mound Salt Dome (FEA 76/77-6) 

The draft supplement final environmental impact statement for Bryan 
Mound Salt Dome , has been received by the National Marine Fisheries 
Service for review and comment . 

The statement has been reviewed and the following comments are offered 
for your consideration . 

Specific Comments :  

1 .  DESCRIPTION OF PROJECT 
PROPOSED ACTION 1 . 2  

1 . 2 . 2  
1 . 2 . 2 . 3  

Brine Disposal 
Marine DiSposal in the Gulf of Mexico 

Page 1-10 , paragraph 5 .  The rationale for the necessity of this brine 
disposal method , which would adversely impact some marine life , should 
be discussed since it is stated on the same page , second paragraph , 
that the proj ected fill rate would be 150 , 000 BPD and in the 4th paragraph , 
that the proposed five inj ection wells would be designed to accommodate 
disposal of 150 , 000 BPD . 

2 .  DESCRIPTION OF THE EXISTING ENVIRONMENT 
2 . 9  GULF OF MEXICO MARINE ENVIRONMENT 
2 . 9 . 3  Marine Ecology 

Page 2-68 . The various descriptions of salinity tolerances found in 
subsections under Marine Ecology should , where appropriate , include 
a discussion of the work done by Copeland and Bechtel (1974 ) and Gunter , 
Ballard and Venkataramiah (1974 ) . 



2 . 9 . 3 . 5  Shrimp 

Page 2-86 , Figure 2 2 .  This figure was apparently developed primarily 
from information contained in Figure 2 . 7 ,  Migration of Gulf of Mexico 
Penaei� Shrimp in the Atlas of the Living Resources of the Seas 
published by FAO , Department of Fisheries , Rome , in 1972 . However ,  the 
boundaries of the maj or white and brown shrimp fishing grounds shown in 
F igure 2 2  are considerably different than those in Figure 2 . 7  of the FAO 
publication . Also , the migration route s were il lustrated as examples 
only by FAO . 

Realiz ing some errors even in their publication , FAO is in the process 
of revising it . We , therefore , recommend that the figures on pages 7 
and 11 of the Bureau of Commercial Fisher ies Circular 312 (Osborn , Magham 
and Drummond , 196 9 )  be used to portray the brown and white shr imp 
fisheries . 

In addition , we believe that Figure 2 3  (page 2-87 ) sufficiently portrays 
the migration of larval and j uvenile penaeid shrimps , so that the 
incomplete and inaccurate portrayal can be deleted from Figure 2 2 . 

Page 2-88 , paragraph 1 .  Since the peak migration of brown shrimp to the 
Gulf occurs during May and June (Trent , 196 6 ) , it appears that browr. 
shr imp migration from the estuaries is unrelated to temperature reduction . 

Page 2-88 , paragraph 2 .  The statement that white shrimp post-larvae , 
which come into the estuary later in the year , "overwinter in the 
estuaries , " should be modified to state that they may overwinter in the 
estuaries . 

It is also stated in this paragraph that " some recent information indicates 
that a white shrimp spawning stock occurs 5-7 miles off Bryan Beach . "  It 
should also be noted that the Assoc iate Marine Fisheries Spec ialist of the 
Texas Agricultural Extension Service at Angleton recently informed the 
NMFS by letter of August 9 ,  1977 , of documented spawning populations of 
white shr imp ins ide of the proposed diffuser site , in waters about 4 miles 
off shore , as well as beyond . He denoted three sites ranging about 0 . 8  to 
3 nautical miles from the proposed diffuser site where he collected white 
shrimp with spermatophores , ready to spawn . He noted that during three 
collecting trips in 1977 they have investigated an area extending east 
of the Freeport j etties to west of the San Bernard River and out to 10 
fathoms in search of mated shrimp . He stated that " the three sites are 
the only locations in which we have documented female white shrimp with 
spermatophore s , thus far . The presence of these spermatophores indicates 
a definite spawning site . "  (A copy of the letter discussed above is being 
forwarded to the FEA contact designated for this EIS . )  Since an alterna­
tive of placing the diffuser 1 2 . 5 N miles offshore is presented , the 
comparison of the shrimp resources and fishery at that location, in to 
10 N miles , should be compared to these in the vicinity of the proposed 
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site , in view of this additional information . The Associate Marine 
Fi sheries Specialist is preparing a letter reviewing the fisheries in 
both the proposed location and alternate sites out to 1 2 . 5  � miles 
offshore . That will also be forwarded to the FEA contact wnen available . 
The final supplement EIS should also discuss all the additional information 
on the fisheries at each possible diffuser site . Copies of both letters 
should be included in the FEIS . 

3 .  ENVIRONMENTAL IMPACTS 
3 . 1  CONSTRUCTION 
3 . 1 . 3  Terrestrial Environment 

Injection Well Pipel ine and Well Sites 

Page 3-7 , paragraph 2 .  This section states that "Long term loss of about 
3 acre s of marsh habitat • • •  would be unavoidable . . .  " .  The alternative of 
directionally dri lling the disposal wells from nearby upland terrain 
should be thoroughly discussed since that would make the marsh habitat 
los s  avoidable . 

3 . 2  OPERATION 
3 . 2 . 4  Brazos River Diversion Channel 

Page 3-21 , paragraph 4 .  The statement " Even if a worst case were assumed 
and all organisms within the intake waters were los t ,  only a negligible 
fraction of the biota would be lost , "  should be documented . 

3 . 2 . 5  
3 . 2 . 5 . 3  

Gulf of Mexico Brine Diffuser 
Biological Impacts of the Gulf Diffuser Operation 

Page 3-37 . The supplemental final environmental impact statement should 
include and discuss the results of bioassays recommended in the Summary 
and Conclusions section of the Proceedings of the S trategic Petroleum 
Reserve Workshop - Environmental Considerations of Brine Disposal Near 
Freeport , Texas , held in Houston , Texas , on February 17 and 18 , 197 7 .  
I t  was concluded that at least three candidate organisms be selected for 
tolerance studies under laboratory conditions .  The se include : white 
shrimp (all life stage s ) , red drum ( adult and j uvenile ) ,  and polychaete 
worms . It was further recommended that brine from the Bryan Mound Dome 
be used for these tolerance studies and that the water used to form the 
brine for the bioassays be from the same source as the water that will 
be used during the drawdown phase and when enlarging the dome by leaching . 
This is extremely important since , as the EIS note s ,  the Brazos River 
Diversion Channel ( from which the water will be drawn ) is often extreme ly 
polluted . The results of the bioassays should also be inc luded and 
discussed in the final supplement . 
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7 .  ALTERNATIVES TO PROPOSED ACTIONS 
7 . 2  BRINE DISPOSAL ALTERNATIVES 
7 . 2 . 2  Gulf Diffuser System Alternative s 
7 . 2 . 2 . �  Alternate Diffuser Site 

Page 7-7 . Since locating the diffuser 10 N miles off shore would apparently 
locate it beyond the white shrimp spawning grounds and the sportfishing 
bank , this location should also be discussed as an alternative because it 
should involve less construction costs and less disruption of Gulf bottom 
than the 1 2 . 5  N mile alternative . Any additional information available 
concerning the fisheries in the vicinity of these sites should be 
discussed . 
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COASTA L B E N D  CON S E R VATI O N  A S S O C I AT I O N  I N C. ��0:Q<�P§MK:abxt9.'t(�X8/1t�2 
P . O .  Box 1 1 1 6 , Port Aran sas , 

Texas 7 8 3 7 3  

August 2 7 , 1 9 7 7  

Execut ive C ommun ications 
Room 3 3 0 9  
Fed eral Energy Admin i s trat ion 
Wa sh ington , D . C .  2 0 4 6 1  

RE : Draft Supp lement , F inal Env ironmental Impact Stat ement , Bryan 
Mound Salt Dome . FEA 7 6 / 7 7 - 6 , July 1 9 7 7 . 

Dear S irs : 

My comment s here are be ing s ubmitted as tho se of the Texas Env ironmental 
Coalit ion . 

Fo l lowing our me et ing with Mr . Thoma s E .  No e l , A s s i st ant Admin i s trator , 
Strategic Pe tro l eum R e s erve , on July 1 1 , 1 9 7 7 , at Fre eport , Texas , 
we have had an opport unity to examine the supp lemental document o f  
which he spoke and to which w e  have re ference in this c ommun icat ion . 
At the t ime of our me et ing , Mr . Noel ind icated that the draft supplement 
would answer a number of the que st ions ra i s e d at our me et ing . On 
examinat ion , we f ind that , though a number of t he quest ions ra i s e d  
were addre s s ed i n  the do cument , d e finit iv e  an swer s are lack ing . 

Our c oncerns here are ma inly with the impa cts o f  plac ing a br ine 
d i ffuser in t he Gulf of Mexico , at the propo sed locat ion be g inning 
3 0 , 3 8 0  feet from shore and extending seaward an addit ional 2 , 0 0 0  feet . 
We also have s ome c oncerns re gar d ing the con struc t ion of the br ine 
transmi s s ion l ine from Bryanmo und to t he d i ffu ser s ite . 

We are in agre ement with the fo l lowing paragraph from Sec . 3 . 2 . 5 .  
( page 3 - 2 1 )  o f  the draft supplement that stat e s : 

The ma gnitude o f  the impacts o f  the br ine d i s charge are 

�D _ -

an interact ion o f  the qua l ity o f  t he d i splacement wat er , 
o i l -br ine re act ions within the c avern , o i l -br ine reactions 
in the brine surface control fac i l ity , re spect ive water 
qual ity parameters at the diffu s er s ite , e x i st ing current 
cond i t i on s , d i ffuser re sponse and sal inity t o lerenc e s  o f  
t h e  ind igenou s marine spec ie s , t iming s e quence and d i s charge 
rate s .  

And , we further agree that a monitering system , a s  de scribed t o  be 
in the planning ( in the next paragraph , page 3 - 2 2 )  is an absolute 
nec e s s ity , should the pro j ect be undertake n . The pre d i sposal laboratory 
and field stud i e s  ( ment ioned in the s ame paragraph ) are also a 
nece s s ity , and should have been completed be fore this draft supplement 
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wa s prepared for dis t r i bu t ion and c omment . The subj e c t s  o f  the pre­
d i s po s al s t ud i e s  are pr imarily tho s e  whi c h  ra i s e d  the great e s t  
concern i n  our me e t ing with Mr . Noel , and wh ich are mo s t  i nadequat e l y  
d i s c u s s ed in t h e  draft s uppl ement . 

The brine tol erence o f  var ious indigenous s p e c i e s , and the ir l i fe -
c y c l e  forms i s  no t now known , relat ive to the brine s und er c on s i d era t ion , 
a nd t h i s  i s  made q u i t e  c l e ar in the dra ft suppl ement , though a great 
deal o f  informat ion o f  que s t ionable appl icab i l ity is pre s ented , in 
an e ffort t o  demonstrate that the s e  s p e c i e s  may not be harme d . The 
a s s ump t io n  is made i n  the draft that t ho s e  spec i e s  that are mob i l e  
e nough w i l l  move away from t h e  h i ghly impacted br ine d i ffus ion area , 
thus t he conc l u s ion ( Pa g e  5 - 1 ) " The s ingle long-term e nv ironme ntal 
impact [ o f - the ent ire pro j e c t ] wou l d  be the r emoval of 15 acre s of 
land from pr e s ent u s e . "  Th i s  conc l u s ion d i s c ount s the real po s s i b i l ity 
o f  damage , e s p e c i a l l y  to a known wh i t e  s hr imp s pawn ing area . If the 
brine d i s po s a l  re s u l t s in mortal ity a s s o c ia t e d  with the spawn ing , 
then a long-t erm impac t has been creat e d . The draft tends t o  play 
down the s i gnif icanc e of this s pawn ing area , a s  we l l  a s  the shrimp 
f i s hery i n  t h i s  area . I t  furt her s u gge s t s  t hat the wh ite s hr imp 
i s  not o f  gre at importance to the Texas s hr imp f i s hery . The dra ft 
i s  in error on a l l  thr e e  s t and s . The area under d i s cu s s ion is one 
o f  the few where e g g -bearing wh i t e  shr imp have been c o l l e c t e d  fo� 
re s earch purpo s e s , c o n s i s t ently . A s  re c e nt ly a s  early Augu s t , 1 9 7 7 , 
one G u l f  shrimp boat , in a s ix- day period land ed 2 , 6 0 0  pound s o f  
marketable s hrimp from t h e  imme d iate v i c inity o f  t h e  prop o s e d  d i f f u s er 
s it e  ( Bra z o s port Fact s ,  Augu s t  1 0 , 1 9 7 7 ) . A l s o , t h e  wh i t e  s hrimp 
is important to the f i shery in t erms of poundage landed as well a s  
i t s  s ea s onal catch a s pe c t , t hat a l l ows f o r  more product ive work ing 
days for t he T exa s f l e e t , that otherwi s e  wou l d  b e  r e s ponding only 
t o  the s ea s onal catch of brown shrimp . It is a l s o  r e c o gn i z ed ( page 
4 - 6 ) that the pro j e c t  may have an advers e impact on re d f i s h  s pawn ing , 
y e t  t h i s  pot ent ial cons e quence is a l s o  g lo s s e d  over by the sugge st ion 
that the s e  f i s h  w i l l  probably spawn e l s ewhere , thus , ha v ing no real 
e ff e c t . What data i nd i c a t e s  that th i s  wou l d  b e  the c a s e ,  t o  the ext e nt 
that there wo u l d  be no a d v er s e  e ff e c t  on spawn ing suc c e s s ?  Data are 
not pre s ented in the draft regarding the recreat ional f i shery o f  the 
area , and the pot e nt i a l  l o s s , should the pro j e c t  b e  construc ted . 

Wat er qua l i t y  data , both in the d i ffu s er area , and in re lat ion to 
d i s p l a c ement wat er is s c anty in the draf� s upp l ement . In fact , 
mo s t  conc lus ions o f  the dra ft are b a s e d  on one s et of s amp l e s , 
t aken in Apri l ,  1 9 7 7 . Con s i d erably more background data on water 
qual ity is n ec e s s ary b e fore a ny val id ity can b e  expected from the 
mon itering pro gram , and , c erta inly b e fore any v a l id pre d i c t ions can 
b e  mad e  about how the brine may e ffect ambient wat er qual ity . 

Bio l o g ic popul a t i o n s  in the imme diate area of impact are not d e scrib ed .  
O f  s p e c ia l  importanc e are the bentho s , wh ich will surely sustain s ome 
l e v e l  of l o s s .  It may be that the b entho s ,  in c omb inat ion w ith the 
yet to b e  examined bottom s ed iment s of the area are in s ome way 
re spon s ib l e  for this b e ing a succ e s s fu l  s pawning are a  for s hrimp 
and redfish . 
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The coastal dynamics of the immed iate vic inity of. the proposed d iffuser 
site are a l so not reported in the draft supplement . Data used in 
preparing the d iffus ion mode l s  were not t aken from the immediate 
area , and do not reflect the magnitude o f  day-to-day and hour-to -hour 
change s that could take place in the local current regime . In add it ion , 
local experience ind icates that the 1 6 -day stagnat ion per iod , cho sen 
a s  an extreme in the model pro j ec t ions , may , in fact , fal l  short 
of the extreme condit ion . 

As we told Mr . Noel at our July meet ing , the needed data for making 
a valid a s s e s sment of the environmental impact s  o f  the brine di ffuser 
in the propo sed appl ication are not in hand . Minimal sampling , by 
any sc ientific standard , has taken place in advance o f  preparation 
of the draft supplement , and cruc ial laboratory data i s  only now be ing 
coll ected . Any final environmental statement on this proj ect should 
contain sufficient biological , chemical and phy s ical data to approach 
the real que st ions , di scus sed here , concerning the impact s  o f  
the propo sed brine and displacement water dispo sal in the Gulf o f  
Mex ico . 

Regarding construct ion o f  the brine transmi s s ion l ine , we urge that 
a l l  p o s s ible restoration techinque be employed after trench backfill 
on land and in the wetlands . The draft supplement indicates a recog­
nit ion o f  this neces s ity , and a practical understanding o f  the factors 
and lengths o f  t ime invo lved .  Monitering and nec e s s ary addit ional 
work should be undertaken during the re storation period to assure 
total re storation in the del icate areas . of wet l ands and dunes . 
Removal o f  exc e s s  dredge material after backfi l l  o f  the pipel ine trench 
in the Gul f i s  apparent ly not contemplated , therefore the work should 
be undertaken at a t ime when the increased turbidity and bottom 
sedimentation wil l  have the l east adverse environmental impact , in 
regard to migratory and spawning spec ie s in the vic inity . (Note : 
see attached l etter to Co l .  Jon . C .  Vanden Bo sch , District Eng ineer , 
Galve ston District , Corps o f  Engineer s , regarding permitt ing for this 
pipel ine construct ion . )  

We appreciate this opportunity to comment on the draft supplement in 
hand , and l ook forward to further cons iderat ion of this matter . I f  
you have any que stions , please d o  not hes itat e  t o  contact us at 
any t ime . 

V/�UlY yours , ?'� � 
Steve Frishman 
for the Texas Environmental Coal ition 
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C o l . Jon C .  V a n d e n  Bosch 
D i s tr i c t  Engineer 
G a l ve s t on D i s t r ict 
u .  S .  Army Corps of Engineer's 
P . O .  Box 1 2 2 9  
Gal ve s t o n , Texas 7 7 5 5 3  

Dear C o l . Vanden Bosch : 

Augt: s t  2 7 , 1 9 7 7  

RE : SWGC O - R P , Permit App l icat ion - 1 2 0 6 2 ; and t h e  Reglat ory Program 
of the C orps of Engineers , pub l i s hed in the F e d e ral Register , 
July 1 9 , 1 9 77 . 

I n  the past we have d i s c u s s e d  the Bryanmound Strat e g i c  O i l  Res erve 
pro j  e c t  in relation t o  t'he ne ed , or lack of n e e d , fo " 3. Sec . 4 0 4 
pe rmi t in re gard to cons truct ion of a 3 0  inch br i n e  out l e t  pipel ine 
and brine o u t l e t  d i ffu ser in t he Gul f of Mexi co . 

A s  I lmd er s t and yourjnote Q f  2 2  July 1 9 7 7 , it appear s t hat you are 
int erpret ing t h i s  l � ne and d i ffuser as a ut il ity . While I may not 
agree that a d i ffuser is a u t i l i ty , and may further , at some po int , 
argue the ent ire conc ept o f  a l l  pipel ine s being ut i l it i e s ,  I s e e  
that you are read ing the de finit ion o f  "ut il ity "  i n  1 3 2 3 . 4 - 3  ( a ) ( l ) 
o f  the 1 9 7 7  regs . There fore , we have no re s o l vab l e  d i sagreement 
regarding th i s  point . 

7 8 3 7 3  

The point I wish t o  pre s s  i s  that , in th i s  c a s e , ac cord ing to the 
same ci tat ion , " exce s s  material mu st be removed to an upland d i sposal 
area . "  I fi nd from FEA ' s  draft suppl ement to the Final Env ironmental 
Impa ct Stat ement for the pro j ect that ( Se c . 3 . 1 . 6 )  the a s sumption i s  
that the exc e s s  material wil l b e  wa shed away b y  the preva il ing current , 
and I rea l ly can ' t  imagine that any exc e s s  material would even be 
cons idered for removal to shore . 

In addition , under 1 3 2 3 . 4 - 3  ( b ) ( 2 )  o f  Corp s reg s , "The d i s charge will 
not occur in areas of concentrat ed she l l f i sh produ ct.ion . "  The FEA 
draft supplement ( S ec . 3 . 1 . 6 ) state s , "Dredging operat ions are expected 
to be conducted over a period of four months and wou ld commence in 
November to avo id interferenc e  with the white shrimp spawning season 
wh ich begins in April . ·' 

As I see it , the c onditions under which a � 0 4  permit appl icat ion is 
not nec e s s ary have not been met on at least two fronts .  
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furthe r , under the new r e g s , i� wou l d  s e em that the a s s o c i at e d  o i l  
p i pe l ine ( Publ i c  Not i c e  SW3C O -RP , Permit Appl icat i o n  - 1 2 1 1 2 )  woul d 
n o t  re q� ife a 4 0 4  permit , though your o f f ic e ' s  not i c e s a y s  it do e s . 

A : ' y o u  knew , my c o n c ern i s  for proc e s s in th i s c a s e , and I am s e eking 
� �  re � a in e ve ry l e v e l po s s ibl e at wh ich pub l ic input rema ins a t  a 
p r e :� i  U;'r. . S e c . I. 0 1� g i v e s the publ ie a b e t � er ha n d l e  than Se c . 1 0 , 
a n d  I am i n t e r e s t € d  that t h i s  handle be reta ined to it s ful l e s t 
e x t e nt w i � h i n  e x i s t ing l aw .  

I :t ook forward to you�o n s i d e Y'a t ion O !- the point s I have ra i s e d  
r e gard i n g  t h i s  i s s ue , a n d  a �  rea dy t o  d i s c u s s  t h e  mat t er at your 
c O !1 v e n i e n c e . 

Thank yo �r for y o ur int er e s t  in th i �  � � · � e r . 

V ery tru l y  your s , f� �� 
St e ve Fr i s hman 

p . s .  I am s t i l l  mo s t  e a s i l y  reached by phone a t  5 1 2 / 7 4 3 - 6 3 7 7 , or 
by wr it ing the l et t erhea d  addre s s . 

c c  Exe c ut ive Commun ic at ions 
Room 3 3 0 9  
Federal Energy Adm i n i s trat ion 
Wash ingt o n . D . C .  2 0 4 6 1  

� u , s .  G O V E R N M E N T  P R I N T I N G O F F I C E ,  1 9 7 8 _ 2 6 8 - 6 0 8 / 6 2 8 0  
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