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APPENDIX A 

DESCRIPTION OF  PROJ ECT 

A . l  I NTRODUCTION 

A . l . l Group Descr ipt i o n  

The Seaway SPR  Program Group cons i sts o f  f i ve sa l t domes i n  the 

southeast  Texas count ies  of Brazori a  and Fort Bend ( F i g ure A . l - l ) .  The 

s i tes  were se l ected for t he i r  eng i neer i ng feas i b i l i ty ,  converti bl e  

ex i s t i ng storage capac i ty ,  access i b i l i ty to p i pe l i ne and port fac i l i t i es 

for crude o i l  d i stri but i o n  and  the i r  overal l  envi ronmental  s u i ta b i l i ty . 

For the purposes of t h i s report , S EAWAY sa l t  domes are p l a nned to have a 

total of approx imatel y  1 63 m i l l i on barre l s  ( MMB ) of crude o i l  s torage 

capac i ty i n  exi s t i ng and new so l ut i o n-mi ned caverns . Th i s o i l  wou l d be 

d i stri buted t hrough  the port fac i l i ty at  Brazosport ( Port of  Freeport , 

Texas ) .  From t h i s fac i l i ty ,  o i l  wi l l  be d i stri buted to i n l and refi neri es 

v i a  S EAWAY P i pe l i ne Sys tem a nd v i a  tan kers to East  Coa s t ,  G u l f Coa s t ,  

a n d  Car i bbean refi ne r i e s . 

The pote nt i a l  storage  s i tes  are Bryan Mound , A l l en dome , West Co l umbi a  

dome and  Damon Mound i n  Brazori a  County ,  and Na s h  dome i n  Fort Bend 

Cou nty . For the ear l y  storage phase  of the project , up to 63 MMB of  

exi st i ng storage  capa c i ty i s  presen tl y be i ng mod i fi ed at  Bryan Mound . 

Deve l opmen t  of t he S EAWAY Group to a tota l storage capa c i ty of 

a pprox imately  1 63 MMB wou l d  requ i re the further cons tructi on of at  l ea s t  

1 00 MMB of  new storage at o ne o f  t he fi ve s i tes wi t h i n the group . The 

propo sed deve l opment p l an  i s  to expand Bryan Mound  by an add i t i ona l  

1 00 MMB . Devel opment  of 1 00 MMB of storage capa c i ty at e i t her Al l en dome , 

West Co l umb i a  dome , Damon Mo u nd or Na s h  dome i s  a n  a l ternat i ve to the 

1 00 MMB expa n s i on at  Brya n Mo und . 

The proposed water source for the expan s i on i s  i ncrea sed w i thdrawa l s 

from t he Brazos R i ver D i vers i o n  C ha nnel ; a l ternat i ves i nc l ude ground water 

from the Evanga l i ne Aqu i fer a nd reservo i rs operated by the Dow C hem i ca l  

A . l - l  
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Compa ny .  D i spl aced bri ne wou l d  be pumped to a bri ne  d i ffu ser i n  the 

Gu l f  of Mex i co for each of the s i te s .  Deep bri ne i nj ec t i o n  wel l s  wi l l  

pro v i d e  a bac kup to the bri ne d i spo sa l  system . 

A . l . 2  Presentat i on Format  

Sect i on A . 3  of th i s append i x  presents the  propo sed devel opment of  

the  SEAWAY Group  ( earl y storage s i te combi ned wi th  Bryan Mound  expa ns i o n )  

a nd detai l s  the co n s truct ion  and operat ion  of proposed s i te fac i l i t i e s  

a n d  the i r  a l terna t i ve s .  

Devel opment  a l ternati ves are prov i ded i n  Sec t i on s  A . 4  through  A . 7. 

together wi t h  d i scu s s i o n  of the proposed a nd a l ternati ve fac i l i t i es for 

each deve l o pment comb i nat i o n .  

Append i ces  B a nd C deta i l  the ex i s t i ng env i ronment a nd anti c i pated 

env i ronmen1tcli-impacts. respecti vel y ,  for the SEAWAY Group  reg i on and for 

each  i nd i v i dua l  s i te combinat��- Impact d i s cu s s i o n s  i nc l ude bot h  pro

posed and a l ternat i ve fac i l i t i es for eac h  s i te combi nat i o n . 

A . 1 - 3 





A . 2 CONC EPT OF  STORAGE I N  SALT DOMES 

A .  2 .  1 I n troduct ion  

I t  has  l ong been recogn i zed that  caverns i n  sa l t  domes are attract i ve 

s torage s i tes  fo r petrol eum products  due to both  the rel a t i ve l ow cost of 

b u l k s torage and the geo l o g i ca l  stab i l i ty of  deep roc k sa l t masses . The 

forma t i on of  s a l t domes i n  the Gu l f  Coa s t  reg i o n  and the geo l og i ca l  proper

t i es of  the domes are d i scussed fu l l y i n  the SPR Programma t i c  Env i ro nmenta l 

Impact Sta tement ( FES- 2 ) .  The s i ng l e  property of sa l t  that ma kes i t  mo s t  

a ttract i ve fo r crude o i l s torage i s  i ts i n  s i tu impermea b i l i ty .  N o  other 

common roc k type cou l d  conta i n  crude o i l as safe l y .  I n  add i t ion , under

g round sa l t  domes prov i de secu ri ty from natura l  catastrop h i es or sa botage . 

Sa l t  domes are a maj or source of bri ne feeds tock  for the c hemi ca l 

a nd sa l t i ndustr ies  i n  the Gu l f  region . The sa l t i n  the dome s i s  removed 

by conven t i o nal  mi n i ng techn i q ues or by so l u t ion  mi n i ng .  In the so l u t i on 

m i n i n g proces s ,  sa l t  i s  d i sso l ved by i nj ect i ng  raw wa ter i n to the dome , 

a nd a l l owi ng the wa ter to l each  ( o r  d i sso l ve ) the sa l t  ( F i gure A . 2- 1 ) .  The 

resu l t i n g bri ne i s  then d i sp l aced by i nj ec t i n g  mo re raw water . Sol u t i on 

m i n i ng of  a sa l t dome req u i res that a bout  7 barre l s of fresh  wa ter , or 

a bout  8 ba rrel s of sea wa ter , be u sed to l each  one ba rrel of cavern space . 

Ca vern s may be mi ned spec i f i ca l l y  fo r u se  as  s torage of petrol eum 

products  ra ther than as a by- product of obta i n i ng br i ne feedstoc k .  Expan

s i o n of the SPR Prog ram s torage capac i ty vJi l l  use the same so l u t i on 

mi n i n g ( l each i n g )  method tha t ha s created ma ny ex i s t i ng caverns except 

that the br i ne  crea ted wi l l  exceed the needs fo r feedstoc k and wi l l  be 

d i sposed of  to the env i ronment .  To store petro l eum products i n  the ca vern s 

fo rmed by the l ea c h i ng of the sa l t ,  the prod ucts wo u l d  be i nj ected i nto 

the dome to d i s p l ace the bri ne ( F i gure A . 2- 1 ) .  

Du ri ng  a n  o i l  s upp l y  i nterrupt ion , the o i l wo u l d  be wi thdrawn from 

the ca v i t i es ( F i gure A . 2- 1 ) .  The crude o i l  wou l d  be d i stri bu ted to 

refi neries  by the S EAWAY P i pe l i ne and ta n kers from the doc k fac i l i t i es at  

the Port of  Freepo rt , Texa s . The raw ( d i sp l acement )  wa ter wo u l d  a l so 

d i sso l ve  the wa l l s  of the s torage  cav i t i es ,  en l a rgi ng them somewhat . 

A . 2- 1  
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Al thou g h  crude o i l  s torage i n  sa l t  dome ca vern s does not presen t 

part i c u l a r  tec hn i ca l  p robl ems , the tec hn i q u e  ha s been u t i l i z ed p r i �ar i l y  

i n  other cou ntr ies . I n  the U n i ted States , the products  stored i n  sa l t  

dome caverns have l a rgel y been fu el o i l and  LPG  products s uch  as propane 

a nd ethyl ene .  

A . 2 . 2  Genera l i zed SPR  S i te Fac i l i t i es 

Th i s  sec t i on descr i bes t hose con s tru ct ion  and opera t i n g  p rocedures 

and met hods that  are common to al l po ten t i a l  stora ge s i tes . S i te

s pec i fi c  p rocedu res and methods are des cri bed i n  Sect ion s  A. 3 t hrough  

A. 7 .  

The s tora ge sys tem a t  ea c h  SPR  s i te wo u l d  con s i s t  of a ser ies  of 

caverns . New caverns wo u l d be l eac hed to a capac i ty of approx ima te ly  1 0  

mi l l i o n  barrel s .  E x i s t i n g  caverns tha t wo u l d  be con verted fo r o i l 

s tora ge wou l d  be sol u t ion  mi ned (l eac hed ) caverns  that  ha ve been deve l o ped 

to obta i n  bri ne as feeds tock  fo r c hem ica l  p l a nts . A so l u t i o n  mi ned o i l  

s torage cavern (ba s i ca l l y  a l a rge s u bterranean pres s u re vessel  con nec ted 

to the s u rface by at l ea s t  two vert i c a l  p i pel i nes ) u s ual l y  co n ta i n s bo th  

o i l  and  b r i n e .  I f  o i l  i s  pumped i n to one o f  the p i pel i n es , bri ne wi l l  

come o ut  of  the other (o r v i ce  versa ) .  Because o i l  wi l l  fl oa t on bri ne , 

the o i l  p i pel i ne mu s t  con nec t to the top of the vessel and  the bri ne 

l i ne must connect to the bo ttom . 

Co ntrol  -o f ca vern construct ion  and o i l  storage wi thdrawa l  opera t i o n s  

wo u l d  b e  esta bl i s hed i n  a central  p ump i ng pl ant  area , a nd each cavern 

wo u l d  be l i n ked to the centra l p l a n t  by el ec tron i ca l l y  controll ed va l ves 

a nd by oi l p i pel i n es p l u s  wa ter and br i n e l i nes as appropri ate .  Al l 

control l i ng ,  mo n i tor i ng , and  meteri ng operat ion s  wo u l d  be perfo rmed i n  

the central  p l a n t  area at  the cavern storage s i tes . Genera l  opera t i o n s  

a s soci ated wi th  a s torage s i te are s hown i n  t h e  sc hema t i c  d rawi ng  i n  

Fi g u re A . 2- 2 .  

Raw wa ter fo r ca vern l each i n g and fo r o i l  d i sp l acement d u r i n g  

wi t hdrawa l wo u l d b e  s upp l i ed to eac h  s i te from a n  off- s i te so urce . A 
p i pel i ne wo u l d  connect  the wa ter sou rce to the pl a n t  area . Sources of  

A . 2-3  
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raw wa ter co u l d i nc l ude nea rby streams or other bod i e s of rel a t i ve ly  

fres h wa ter , s u bs urface aqu i fers co nta i n i n g ei ther fres h or bracki s h  

water , o r  sea wa ter from the Gu l f  of  Mex i co .  

Bo th  ca vern l each i ng and  crude o i l s torage i n  l eac hed cavern s 

req u i re d i sposa l of d i s p l aced br i ne .  Br i ne wo u l d  be p i ped to the G u l f 

of  Mex i co or  to s u bsu rface d i sposa l  i nject ion  wel l s .  Dependi ng  on  

fa ctors s uch  as prox im i ty to poten t i a l  users , some br i ne co u l d a l so be 

so l d as feedstock to c hem i c a l  p l a nt opera tors . 

Oi l d i s tr i b ut i on  wo u l d  be handl ed throu9h a reg i ona l fa c i l i ty and 

p umped via  p i pe l i ne to eac h  s torage s i te .  Du r i ng wi thdrawa l , o i l wo u l d 

be p umped to the reg i o na l  fa c i l i ty where transfer to tan kers or p i pel i ne 

wo u l d  be ma de .  Crude o i l enter i ng storage wo u l d be rece i ved from the 

reg i o na l  fa c i l i ty .  

A . 2 . 2 . 1 Co nstruct i on Techn i ques 

A . 2 . 2 .  1 .  1 Ca vern Storage System 

As wa s sta ted prev i o u s l y ,  new ca verns wo u l d be formed by so l u t i on 

m i n i n g the sa l t  domes . T h i s  sect ion descr i bes the genera l tec h n i ques 

u s ed i n  the co nstruc t i o n  of new ca verns . Deta i l ed desc r i pt i on s  of  

cons truc t i o n  processes  are  presented in  s u bseq uent secti ons . 

Pr i or to commencement of  actual  l eac h i ng acti v i t i es ,  a n  en try wel l 

must  be dr i l l ed .  It i s  p l a nned that conven t i onal  o i l  we l l  dr i l l i ng r i g s  

wo u l d be u s ed fo r th i s  p urpose . Wel l d i ameters are determi ned by the 

des i red l each i ng or o i l wi thdrawa l ra te , where the ra te of o i l wi thdrawa l 

i s  ba sed on emp tyi ng the ca vern wi th i n  1 5 0 days . 

Dur i ng the dr i l l i ng proces s ,  the cas i ng stri ng wo u l d be p l aced and 

gro u ted i n  the bo reho l e to prov i de a sea l ed passage between the sa l t 

dome and the s u rface . Te l escop i ng cas i ng s tr i ngs  wou l d  be u s ed , the 

l a rgest cas i ng be i n g appro x i mate ly  42 i nc hes i n  d i amete r .  Ou ter ca s i n gs 

wo u l d  use cement  as the grou t i ng mater i a l  to prevent l eakage i n to the 

caproc k and to p rotect fres hwater and bracki s h  aq u i fers from contami nat ion  

by br i ne or  o i l (F i g u re A . 2- 3 ) . Cement i ng  wo u l d a l so serve to stab i l i ze  

t he ca s i ng aga i n s t  pos s i b l e  mo vement and damage .  After the dri l l  hol e 

p enetrates th ro ugh  the dome ca proc k ,  a mi n i mum add i ti on a l  fi ve hu ndred 

A . 2-5  
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feet wou l d  be dr i l l ed i n to the sa l t  before the fi na l cas i ng would be 

p l a ced and grou ted . The bo ttom of  the cas i ng wo u l d  be the locat ion  of 

the top of  the ca vern to be devel oped . Dr i l l i ng then proceeds to the 

bottom of  the s ump . ( A  s ump i s  an  exten s i o n of  the cavern that  prov i des 

a p l ace  fo r i n sol u b l e mater i a l  to stay in the cav i ty and not i mpa i r  

operat ion  a s  a s torage cavern . )  

The dr i l li ng eq u i pment wou l d  then be removed and the stri ngs of  

p i pe u sed for l ea c h i ng i nserted . P i pe stri ngs fo r l each i ng wou l d  con s i s t 

o f  two p i pes of  d i fferent d i ameters wh i c h  wou l d  be pl a ced concentri ca l l y  

i n  t h e  we l l .  T h e  l a rger d i ameter p i pe wo uld extend j u s t  below t h e  top 

of the proposed ca vern cei l i n g .  

t h e  bottom of  t h e  dril l ed well . 

The sma l l er i nner p i pe wou l d  extend to 

Each wel l wou l d  req u i re 60  to 90 days 

of ri g t ime for prepara t i o n  for l ea ch i n g .  Du r i ng l ea c h i ng  opera t i o n s , a 

sma ll er , more portab l e workover r i g  wo u l d  be u sed to adj u s t  cas i n gs fo r 

proper leac h i ng .  

Lea c h i ng a s torage cav i ty of the des i red s i ze and s hape would be 

a ccomp l i s hed by vary i ng the ra te of raw water i nput  and the po s i t i ons  of  

cas i ngs wi th i n  the we l l .  B l a nket o i l wo u l d  be i n s ta l l ed on the br i ne 

s u rface when neces sary to res tri ct  the ce i l i ng of the ca v i ty from fu rther 

u pwa rd mi gra t i o n .  T h e  fi n i s hed ca vern wo u l d  be approx i mately 1 000 feet 

i n  hei ght  and 300 feet i n  d i ameter , w i t h  a con i ca l  s ump a bout  400 feet 

deep at the bo ttom . Eac h  cavern wou l d  req u i re a bout  24 months  to be 

lea ched to a 1 0  MMB capa c i ty .  

In an  est imated 20  percent o f  the we l l s  dri l l ed ,  d i ff i cu l ty i n  

dr i l li n g through  the caprock overly i n g the sa l t  i s  expected . Di ffi cu l ty 

res u l ts when caverno us  zones are encoun tered i n  the ca proc k .  The caverno us  

zones  der i ve from na tural l each i ng of the anhydr i te and gypsum l ayers 

d u r i n g  fo rma t i o n  of the sa l t dome and may req u i re the i n s talla t i on of  a 

sma l ler cas i n g to get throu g h  the capro c k .  The sma l l er cas i n g wo u l d  

reduce the fl ow rates obta i nabl e d ur i ng  o i l  wi thdrawal, aid less  o i l 

cou l d  be removed dur i ng the 1 50- day wi thd rawal peri od . The ca vern would 

therefo re be l ea ched on ly  to the capac i ty wh i c h  cou l d  be wi thdrawn i n  

1 50 days , o r  a bout  5 to 6 MMB .  
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Dr i l l i n g  muds u t i l i zed at  ea ch  ca vern s i te wou l d  be se l f-conta i ned 

wi th i n each s i te u s i ng mud ta nk s  or mud pi ts fo r s torage . At compl e t i on 

of  each we l l ,  the mud wo u l d  be remo ved fo r reuse at other wel l s  or 

hau l ed away fo r d i sposa l . Mud pi ts wou l d  then be bu ri ed .  

Newly devel oped caverns wi l l  have a des i gn capac i ty o f  1 0  MMB , 

a l though  approx imate ly  20 percent of the caverns wi l l  have redu ced 

capac i t i e s res u l ti ng from dri l l i n g d i ff i c u l t ies . W i th each o i l fi l l  and  

wi thdrawa l cycl e ,  up  to  fi ve of wh i c h are ant i c i pated over the  l i fe of  

t he proj ect , the capaci ty of the  ca vern wi l l  i ncrea s e ,  resu l t i ng i n  an  

u l t imate capac i ty of approx imate ly  20  MMB . As d i scus sed a bove , the 

en try we l l d i ameter and  ca s i ng s i ze are determi n i n g factors i n  the ra te 

of o i l  fi l l  a nd wi thdrawa l . I t  i s  pl a nned that ea ch  ca vern wi l l  on ly  be 

refi l l ed to i ts ori g i na l  des i gn capaci ty and  that water i n troduced to 

fo rce the o i l out  wi l l  rema i n  i n  p l ace to fi l l  the excess capac i ty .  

A n  800- foot des i gn spac i ng  o f  storage ca v i t ies  has been sel ected 

( except Na s h  dome , where a 600- foot spac i ng wo u l d  be u sed ) wh i c h  fo r 

3 00- foot d i ameter caverns , wo u l d a l l ow a mi n i mum of 500 feet  between 

adj a cent wa l l s . A d i s ta nce of 600 feet wo u l d be a l l owed from any cav i ty 

to the est i ma ted extrem i ty of the dome fl a n ks . A mi n i mum sal t barr i er 

of  500 vert i ca l  feet wo u l d  be prov i ded between the cei l i ng of each 

s torage ca v i ty and the caproc k .  

E x i sti ng  l eached caverns (i . e . ,  Brya n Mo und ) wo u l d  poten ti a l l y  be 

u t i l i zed and wou l d  req u i re i n spec t i on ,  tes t i ng , and convers i on pr i or to 

i nc l u s i on i n  the storage program .  I n spec t i on and tes t i ng of exi sti ng 

caverns wo u l d  i nc l ude bo th the wel l appara tus  and the cavern i tsel f .  

S urface eq u i pment a n d  cas i ng stri ng i ntegr i ty wou l d  be i n spected u s i ng 

convent i ona l  tec h n i q ues . Thro ugh  these procedu res , a l l eq u i pment  wou l d  

be mea sured fo r wear  and corro s i o n  and chec ked for soundness  and l ea kage . 

Cas i n g s tri ngs  wo u l d  be press ure tes ted to a n  appropr i a te safety fac tor 

a bove wo rki ng pres sure .  A sonar  ca l i per su rvey wo u l d  be  performed on  

eac h ca v i ty to  record actua l  ex i s t i ng s i ze and shape ,  and  prox im i ty to 

other exi st i ng and/or proposed caverns wo u l d be compu ted . 
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Convers i on procedures wo u l d depend on the type and s i ze of exi st i ng 

ca s i n g and s u rface eq u i pmen t .  Caverns wi th sound , adeq uate l y  s i zed 

cas i ng wou l d  req u i re on ly  i ns ta l l a t i on of eq u i pment for crude o i l  d i sp l ace

ment and connec t i on to wa ter,  bri ne , and oi l p i pe l i nes . Other ca vern s 

wou l d  req u i re more s u bstant i a l  convers ions , poss i bl y  i nc l u d i ng the 

dr i l l i ng of  new en try we l l s  to pro v i de adeq uate fl ow ra tes . 

Ca vern Devel opment 

Underground caverns used for storage of  crude o i l can be of  two 

ba s i c  types , so l u t i on-mi ned con struct ion or conventi ona l l y mi ned. A 

so l u t i on-mi ned s torage cavern i s  ba s i ca l l y  a l a rge su bterra nean pressure 

vesse l , connected to the s urface by at  l ea s t  two vert i ca l  p i pe l i nes and 

u s u a l l y  conta i n s bo th o i l and br i ne .  If o i l i s  p u mped i nto one o f  the 

p i pe l i n e s ,  bri ne wi l l  come out  of the other (or v i ce versa ) .  Because  

o i l wi l l  fl oat on br i n e ,  the oi l p i pel i ne mu s t  connect to  the  top  of the 

vesse l  and the bri ne l i ne mu s t  connect to the bo ttom.  To i n s ure stabi l i ty 

o f  the cavern , i t  i s  ma i nta i ned i n  a co n ti nuo u s l y  fi l l ed cond i t ion  

(e i ther bri ne or o i l or  bo th ) , wi th t he  contents under an externa l l y 

app l i ed pressure .  

A comp l eted so l u t i on-mi ned ca vern u s ua l l y  has  a cased bo rehol e 

termi na t i n g a t  the roof of the ca vern and a s u s pended p i pe termi nati ng 

nea r  the fl oo r .  Wa ter or bri ne i s  i n serted i n to the suspended p i pe to 

d i s p l ace  o i l  u pwa rd through  the boreho l e  ann u lu s  dur i ng wi thdrawa l of 

o i l  from s torage .  Du ri ng  f i l l i ng ,  o i l  i s  p umped i n to the annu l u s forc i n g 

br i ne  to s u rface through  the suspended p i pe (see  F i g u re A . 2-4 ) Duri ng 

wi thdrawa l , fresh  or sa l i ne wa ter i s  i nj ected i nto the ca vern to d i s p l a ce  

the s tored o i l ,  as  a res u l t the  ca vern wa l l s  are  d i sso l ved and bri ne i s  

formed . 

Oi l storage caverns co ns tructed u s i ng conven t i onal  mi n i n g methods 

are des i gned wi th i n terna l s upport prov ided by sa l t p i l l a rs , a tech n i que  

no t ava i l a bl e wi th so l u t i on mi n i ng .  The  ma i ntenance of a cont i nuo u s l y  

f i l l ed cond i t i o n  i s  therefore not req u i red fo r cavern stab i l i ty .  A 

s i ng l e vert i ca l  p i pe l i ne extend i n g to the bo ttom of the ca vern i s  u sed 

as bo th the fi l l  i n l et and pump sump for wi thdrawa l of o i l .  No bri ne i s  

produced by convent i ona l mi ned storage .  
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S i ze Re lat ion s h i p  - Boreho l e Vers u s  Cavern S i z e  

Sa l t  dome caverns are u s ua l l y  l eached through  s i ng l e boreho l es . 

The  s i ze of those boreho l es has a s i gn i ficant effect on both  the rate of 

cavern deve lopment  and on the usefu l ness  of the comp l eted cavern s .  Many 

commerc i a l  caverns s tori ng LPG  cou l d  meet operat i ng requ i rements through  

cased boreho l es  as  sma l l a s  n i ne i nches, yet  have been d evel oped through  

ho l es as large  as  1 2- 1 /2 i nches to fac i l i tate rap i d  l eac h i ng . 

The  proposed s trate g ic storage  sys tem pres ents  a u n i q u e  combi nation 

of  cr i ter ia . U n l i ke commerci a l  fac i l i t i es, the stored prod uct wi l l  

rare l y, i f  ever , be cyc l ed .  DOE ha s d i rected that caverns be des i gned 

to to l erate en l argement caused  by fre s h  water d i s p l acement of oi l d ur i n g  

five cyc l es of storage .  The  bas i c  obj ective i s  to deve l op t h e  cheapest  

pos s i bl e  sys tem capab l e of d e l iveri ng i ts con tents w i th i n  a per iod of  

1 50 days . S i nce so l u t ion  mi n i ng i s  very sen s i t i ve to sca l e ,  th i s  

o bj ective cou l d  be ac h i eved by deve l o p i ng  eac h cavern to the maxi mum 

capac i ty t hat cou l d  be emp t i ed through  i ts boreho l e  dur i ng the prescri bed 

p er iod . There i s ,  however , the cons i deration that to receive  pub l ic  

acceptance and to exped i te reg u l a tory approval , the strateg ic storage 

cavern des i g n mu s t  be bas ed on proven techno logy .  

A l i m i t  of 20 mi l l ion barre l s  was se l ected for the fi nal cavern, a 

s i z e  approx i mate ly  eq u iva l ent  to the larges t  sa l t  dome caverns now u sed 

for bri ne production . The i n i t ia l  cavern s ize  that wou l d  permi t five 

cyc l e s of s torage wi thout  exceed i ng 20 mi l l i on barre l s  was ca l c u l ated 

and an i n i t ia l  vol ume of 1 0  mi l l i on barre l s was se l ected . (A  1 0  mi l l ion 

barre l  cavern cycl ed five t i mes wi th fre s h  water and ref i l l ed each t i me 

w i th  1 0  m i l l i on barre l s  of o i l wou l d  grow to a s i ze of about  1 8 . 6  mi l l ion  

barre l s .  I f  refi l l ed to i ts max i mum capac i ty after eac h cycl e ,  i t  wou l d  

g row to about  22 . 1 mi l l ion  barre l s .  Des i gn cri teria  for these  cavern s 

i s  presen ted i n  Append i x  F .  

Beca u s e  o f  the DOE cr i terion  that a cavern wou l d  b e  refi l l ed o n l y  

to i ts ori g i nal  capac i ty after each s torage cycl e ,  t h e  bore ho l e de l ivery 

req u i rement  wou l d be on l y  1 0  m i l l ion barre l s i n  1 5 0 days , regardl es s of 

how l arge the cavern grew . Th i s  obj ective can be ach i eved i n  mos t  cases  
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throu g h  a 1 5- i nc h  cased boreho l e .  The  mi n i ng rate for so l u t ion-mi ned 

caverns wou l d ,  however , req u i re that 2 0- i nch  cas i n g be used . I f  dr i l l i ng 

d i ff icu l t i es  are encou ntered i n  the  often u npredictab l e caprock , i t  i s  

somet i mes neces sary to set  a str i ng of 1 5- i nc h  cas i ng to comp l ete the  

hol e .  Th u s  even  wi th  the  ant ic i pated 2 0  percent l ikel i hood of dr i l l i ng 

d i fficu l ty, the  o i l wi t hdrav/al rate wou l d  not be a l tered . A re l a ted  

s tandard izat ion  adop ted as part of the des i g n  i s  a max i mum rate of br i ne  

d i scharge of 3000  ga l l ons  per  m i n u te for the 2 0- i nc h  borehol e, permi tt i ng  

a rate of cavern en l argement  of  approx i mate l y  1 5, 000  barr� l s per  day . 

Th i s  rate represents  a po i n t on the power con s umpt ion curve where the  

cost  of acce l erat i ng f low may exceed the sav i ngs  from acce l erati ng  

l each i ng .  

Leach i ng We l l De s i gn 

Storage we l l s  are dr i l l ed wi th  "oi l fi e l d "  type rotary dr i l l i ng 

p roced ures . A rotary b i t i s  con nected to s urface by p i pe .  The bi t 

s upports the l ower portion of the p i p e ,  thereby der iv i n g the downward 

thrust  neces sary to penetrate the rock . The  l ower portion of p i pe - a 

s e r i e s  of dr i l l  co l lars - i s  very st i ff ,  heavy , and res i s tant to buck l i ng .  

The  upper p i p e  - known as dri l l  p i pe - i s  kept i n  ten s ion and con s eq uen tl y 

can be much  more fl ex ib l e .  

r�o s t  dri l l i ng i s  done  by rotat i ng the b i t  wi th  torqu e  transmi tted 

from the s u rface t hrough  the dri l l  p i pe and co l l ars . B i ts genera l l y  

con s i s t o f  three rol l i ng  cones , each serrated wi t h  s hort , hu sky teeth . 

As  each tooth i s  presented aga i n s t  the bottom of the ho l e ,  a sma l l ch i p  

i s  fractu red away from the parent  rock . 

For dri l l i ng to proceed , c h i p s  must be tran sported from the  face of 

the cutters to the s u rface . Th i s  i s  accomp l i s hed by pump i ng a fl u i d ,  

k nown a s  mud , down the p i pe to the  b i t  where i t  ex i s ts , p ick i n g  u p  the  

cutt i ngs  and  carry i n g them to the s u rface through  the boreho l e ann u l u s . 

Bes i des tran sport i ng  cutt i ngs, the  mud a l so cool s the  bi t and supp l i es a 

s ta b i l iz i ng pres s u re to the boreho l e wa l l s .  

Many sed imentary rocks are so weak that they wou l d cave i f  mud 

s u pport were not ava i l abl e .  Ma i nta i n i ng the proper compos i t ion and 
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q ua l i ty o f  mud i s  a cr i t i ca l  factor i n  any dr i l l i ng program . The wrong  

mud  can cau s e  hydration  of s ha l es , d i s so l ve sal t ,  s l ow dr ill i ng penetra

t ion , cau se wal ls to fa i l  and pipes  to s t i c k ,  and  n umero u s  other  prob l ems . 

Regard l e s s  of how good the mud i s ,  however , c i rcu l at ion  must  be 

mai n ta i ned i f  the mud i s  to do i ts job . Many roc ks  are porou s ,  permeable, 

and conta i n  fl u i ds ex i s t i ng at  pres s u res  l e s s  than  that of the  boreho l e 

mud . Con sequ en t l y ,  the mud mu s t  be able to seal the wa l l s  of the hol e 

or  i t  wi l l  flow i n to the  rock rather than  bac k to the s u rface . A l t hough  

t he d r i l l i n g i nd u s try has devel oped muds  for al most  every dr ill i ng con

d i t ion , v ugular or caverno u s  structures occas iona l l y  defy s ea l i ng ,  and 

c i rcu l at ion  fa ils . 

I f  the  u ncased boreho l e i s  composed of competent roc ks  when c i rc u l a

t ion  i s  los t ,  the  dr i l ler can u t il i ze many mater ia l s i nc l ud i ng cement  to 

s ea l  the l os s  zone .  I n  some i n stances , h e  may be abl e to proceed wi th  

d r i l l i ng by sacr i f ic i ng  h i s  mud and a l l ow i n g  c u tt i n g s  to be  depos i ted 

i nto the l os s  zon e .  I f  he can to l erate a red uction  i n  hol e s i ze , he may 

c hoose  to p l ace stee l  cas i ng across  the zon e .  

The  l each i ng we l l des i gn establ i s hed for th i s  study i s  con s i dered 

relat ive ly  con servat i ve .  Mos t  of  the probl ems encountered i n  dr il l i ng 

i nto salt domes have stemmed from the  u npred i ctab i l i ty of caproc k .  

Adjacent hol es  i n  t h e  same dome may behave q u i te d i fferent l y  from one 

anot her . One  may perm i t  strong  c i rcu l at i on throu g hout  dr il l i ng and 

cement i n g ,  w h i l e  the  other may prove so tro u bl e some that an extra cas i ng 

s tr i ng must  be set  to ac h i eve comp l etion . The  standard de s i gn mu st  be 

conductive  to s ucces s ful comp l etion , even u nder re l at ive l y  d i fficu l t 

cond i t ions . A pos s i ble des i gn i s  s hown i n  Fi g ure A . 2- 3 . 

I f  c i rcu l at ion  probl ems  deve l op wh i l e  dr i l l i ng the  cap roc k ,  t he 

d r il l er may c hoose  from a n umber of opt i on s . He  may try to reestabl i s h 

good c i rcu l at ion  by b l end i ng f i l l er mater ia l s i nto the  mud , a ttempt to 

advance to the  proj ected cas i ng po i nt i n  the salt by d r i l l i ng wi thou t 

flu i d  ret urns  u s i ng br i ne i nj ection , or try to sea l  the  vo i d  w i th ceme n t .  

I f  all e l se  fa i l s ,  he  may attempt to s e t  t h e  20- i nc h  cas i ng throuqh t he 

problem zon e ,  and  i f  s ucces s fu l , proceed to set 1 5- i nch  cas i ng i nto the  

salt . 
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Regard l ess  of h i s  tactics , h i s  dr i l l i ng fl u i d ,  be i t  mud or bri n e ,  

m u s t  be saturated wi th sa l t before penetrat i n g the top of the  sal t mas s .  

I f  the  sa l t  i s  dr i l l ed wi th  u nsaturated fl u i d  the  boreho l e wi l l  en l arge , 

cau s i ng probl ems i n  ma i nta i n i ng d i rect ional  control , tool joi nt  fa i l ures  

from buckl i ng of the dr i l l co l l ars , and d i fficu l t i es in  obta i n i n g  good 

cementation  of the product cas i ng .  

T he  cemen t i ng  prog ram shou l d  be des i gned to ra i s e the  cement col umn 

wel l i nto the 30- i nch p i pe .  I n  most  i n stances , i t  wou l d  be u nadv i sabl e 

to attempt cementation  to s u rface i n  a pr imary stage . I f  fu l l cementa-

t ion  is  deemed i mperative , a stage col l ar s hou l d be  i n s ta l l ed as the 20-

i nch  cas i ng i s  ru n to permi t secondary cement placement  after the pr imary 

s tage  has hydrated . I f  the  ho l e  has been comp l eted wi thout  mud c i rcu l ation , 

s pec ia l  n i trogen proced ures may be req u i red to ach i eve pr imary cementation  

i nto the 30- i nch  p i pe .  

Leach-Then- Fi l l  Cavern Con struct ion 

The fundamenta l  techn i qu e  of cavern devel opment  i s  to expose the 

sal t i n  a dri l l ed ho l e ,  i nj ect raw ( fresh  or l ow sal i n i ty )  water i nto 

the ho l e, a l l ow t i me for the  water to d i s sol ve the sa l t, and d i sp l ace 

t he res u l t i ng brine from the ho l e . The hol e en l arges as the sa l t  d i s 

sol ves , eventual ly  formi ng  a cavern . I n  actua l pract ice, the procedure 

for cavern d evel opment is  somewha t more comp l ex as descr i bed i n  the 

fo l l owi n g  paragrap h s .  

Raw water i nj ected i nto a cavern ma kes contact wi th  sa l t  by ci rcu l a

tion  and d i ffu s iq,n . C i rcu lation  i s  the domi nant  factor , be i ng cau s ed by 

both  dens i ty and pre s s u re d i fferent i a l s .  Be i ng l i g hter than bri ne , i n

j ected ra\v water tends to r i s e ,  cau s i ng a " rol l i ng "  effect throughout 

the  cavern . T h i s  ag i tation  i s  respons i b l e fo r the major portion of the 

d i s sol u t ion . D ur i ng  the i n i t ia l  l each i n g  effort , the  press ure d i fferen t i a l  

between  po i n ts o f  f l u i d  en try a n d  ex i t  estab l i s hes  the  d i rection  of 

f l u i d  movement  acros s the sa l t  face . As the cavern grows , the rol l i ng  

effect may cau s e  fl u i d  at the sa l t  face to move i n  the  oppos i te d i rection . 

Two bas i c was h i ng methods - d i rect c i rcu l ation and reverse c i rcu l a

t i on - are norma l l y  u sed . D i rect c i rcu l at ion i s  more common , i nvo l v i ng 

i nj ection  of raw water near the bottom of the cavern and wi thdrawal of 
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br i ne  thro u g h  the casin g  annulu s near the top of the  cavern . I n  reverse 

circulation , water i s  i nj ected down the cas i ng an n ulus  and enters n ear 

t he top of the cavern , d i splac i n g  bri ne  i n to the tu b i ng at the bottom of 

t he cavern . Bo th method s employ the same drill i n g  and casing  procedures . 

When d i rect ci rculation methods are used , the  maximum diameter 

occurs  near the  bottom of the cavern interval and the mi n i muM d iameter 

forms near the top .  T h e  reverse c i rculation me thod cau s e s  development 

of  a large diameter cavern roof ,  wi th the d i ameter decrea sing toward the 

bottom of t he cavern , res ult i n g  i n  the so-called "morn i ng glory " type 

caver n .  

To con s truct large caverns for mos t  storage pu rposes , modified 

tech niq ues  u s i n g d i rect circulation  i nitially , reverse  c i rc ulation 

d u r i n g  primary leach i n g ,  and blanket mater i al for con trol of u pward 

growth are u s ed . Ca s i ng str i ngs  would not be moved during  cavern leac h i n g . 

Blanket mater ial i s  any noncorrosive , l i g hter than water s u b s tance 

( gas , propane , butane , d i esel o i l ,  crude o il ) wh ich  occupies the space 

i n  t he topmost  i n terval of the  cavern. The  pu rpose of blan ket material 

i s  to proh i bit leac h i ng of salt from around  the cemen ted casing . I t  

also protects the cas i ng from in ternal corros ion  and can be u s ed to 

i n i t ially depress  leac h i n g  to the bottom of the bore hole for con s truct ion 

of  a s ump . 

The  protect i ve blan ket i s  extremely i mportan t ,  requ i ring  careful 

monitor i n g and maintenance . Protection  of cemen ted cas i n g serves  the 

d ual p u rpos e of i n s ur i ng  a pres s u re-tight cavern and prohib i t i ng develop

ment of h i g h  spots from wh ich  the s tored product  could not be retri eved . 

Some i n solu ble material is present  i n  most  salt . As leac h i n g  pro

ceeds , an acc umulation  of i n solu ble mater ial bu ilds up  in the bottom of 

the cavern , sometimes plu g g i n g  the was h  pip e .  This  con d i tion can be 

rect i f i ed if a small cavern i s  f i rst  leac hed below the storage i nterval . 

The  pipe i s  then  ra i sed to was h  the major cavern , allowi ng sol i ds to 

acc umulate i n  the s ump . 

The  above techn i q ues  would be util i zed for all caverns , u s i ng the 

cas i ng con f i g u ration  s hown in  F i g u re A . 2 - 4 ,  wit h  an i n ner string of 

8-5/8-inc h cas i ng i n s talled for leac h i n g .  After approx i mately two years 
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of  l eac h i ng, the  cavern wou l d  be fu l l y formed, the  8- 5/8- i nch  cas i ngs  

wou l d  be removed and  the  fi l l i ng cyc l e begu n .  By seq uenc i n g  the  l each i ng 

and  f i l l i ng operations at a storage s i te, rel at ive l y  u n i form l eac h and 

fi l l  ccu l d  be ac h i eved . 

Leach/ F i l l  Cavern Cons truction  

A mod i f i ed techn i q u e wh ich  permi ts the enti re cavern i nterval to be  

l eached wi thout  mov i n g  the tu b i n g  stri n g s  i s  proposed  for the  SPR  program . 

The proced u re i nvol ves sett i ng  bl a n ket  cas i ng i n  the l ower ha l f of the 

cavern i nterva l ,  ma i nta i n i ng the b lanket  at the f i nal cavern roof e l evation, 

and i nj ect i ng raw water i nto the l ower port ion  of the cavern . The  

e n t i re i n terval wou l d be l eached s i mu l taneous l y, yet  satu rated br i ne can 

be w i thdrawn from the  bottom of the cavern . T h i s method wou l d  be very 

effi c i ent  ( s ee  F i g ure A . 2- 5 ) .  

T h e  mod i fi ed l each i ng proced ure wou l d a l so perm i t  the upper  portion 

of  the  cavern to be  u s ed for cycl ical  storage wh i l e  l each i ng cont i n u e s . 

Stored product wou l d be u sed as b lan ket  material  and the bl anket  l eve l  

i s  l owered or  ra i sed as d i ctated by the storage cycl e. D ur i ng  storage 

per iod s  the l ower portion of the cavern wou l d con t i n u e  to en l arge . The  

u pper portion  wou l d  be  en l arged by remov i n g  the bl anket  mate ria l  (crude 

o i l ) .  By i n trod uc i ng raw water at the correct dep th, ba l anced cavern 

growth cou l d  be ach i eved . 

To devel op caverns by th i s  method, convent ional oi l fi e l d techn i q ues  

wou l d  be  u s ed to dr i l l  a hole to about  500 feet bel ow t he proj ected 

cavern fl oor . Ca s i ng wou l d  be cemented from the s urface to the  proj ected 

cavern roof, at l east  500 feet be l ow the  top of the sal t .  B l anket  

cas i n g wou l d be s u spended to the  proj ected floor and concentr i c  tu b i ng 

s u spended to the  bottom of the ho l e .  O i l wou l d be p l aced i n  the  ho l e  

aro u nd the  b l a n ket  cas i ng and raw water i nj ected down the t u b i ng . Br i ne  

wou l d  be wi thdrawn from the  bl anket cas i n g, thereby l each i ng the  l ower 

port ion of the s ump . A few joi n ts of tu b i ng  wou l d then  be removed and 

t he d i rection  of water/ br i ne fl ow i s  reversed . Br i ne  of i ncreas i n g  

sal i n i ty wou l d  b e  produced u n t i l the s ump i s  o f  s u ff i c i ent  s i ze to 

hand l e  an t i c i pated i nsol ub l e mater ia l . 
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After comp l e t i o n  o f  the s ump , the o i l  ( b l a n ket  mater i a l ) i s  wi thdrawn 

to t he eleva t i o n  of  the proj ected cavern roof  and  b l a n ket  ca s i ng rel oca ted 

at a po i n t a bo u t  170 feet bel ow the o i l .  Tu b i ng i s  rel ocated at  the  top 

of the s ump . Raw wa ter wo u l d be i nj ected down the tu b i ng and unsaturated 

br i n e wi thdrawn from the bl a n ket  ca s i ng un t i l  the bo reho l e has been 

e n l a rged .  F l ow d i rec t i o n  ca n then  be  reversed , cau s i ng raw wa ter to 

e nter the  ca vern a t  the  ba se of the bl a n ket ca s i ng and  saturated br i ne 

to be w i thd rawn from the tu b i ng . B l a n ket o i l  wou l d  be added a s  req u i red 

u n t i l t he  cavern roof rea ches a d i ameter of  a bo u t  1 40 feet . The ca vern 

wo u l d then be ready fo r acceptance of  sto red crude o i l at  a rate equa l 

to t he ra te o f  cavern en l arg ement . 

When  the  o i l - wa ter i nterface approac hes the bottom o f  the bl a n ket  

ca s i n g ,  the cas i ng must  be  repos i t i oned to a po i n t a bo u t  500 feet bel ow 

the roo f  of the  cavern . When the o i l -water i nterface app roaches  tha t 

po i n t ,  ca s i n g  wo u l d  aga i n  be repo s i t i on ed , th i s  t ime to a po i n t a bout  

840  fee t bel ow the  roo f .  Leach i ng wo u l d con t i n u e  u nder  tha t cond i t i o n 

u n t i l the des i g ned vo l ume of  1 0  m i l l i o n  ba rre l s has been deve l oped . The 

two s u s pended p i pes a re then repl aced wi th a s i ng l e stri ng  of  9- 5/8- i nc h  

cas i ng reac h i n g t o  t h e  top of t h e  s ump . T h e  f i na l i n crement of  o i l 

req u i red to br i ng the to ta l to 1 0  m il l i on ba rre l s wou l d be added and the 

cavern would be comp l e te . 

The  ca vern's actua l  s hape wo u l d depend on  the ra te and regu l a r i ty 

o f  o i l add i t i ons , p hys i ca l  cha racter i s t i c s  of  the  sa l t ,  and  fi e l d dec i s i ons  

rega rd i ng l eac h i ng procedu res . A s s um i ng reasonabl y s teady cond i t i ons , a 

tr i l o bed cav ern wi th  a maxi mum d i ameter o f  a bout  330  feet  wo u l d  be 

expec ted . More l o bes of  sma l l er d i ameter cou l d  be devel oped i f  the 

s u s pended p i pes were repos i t i oned mo re freq u ently . 

The  preced i n g descr i p t i o n s  ca l l ed fo r raw water to enter the  cavern 

a t  a po i nt be l ow the o i l - br i ne i nterface . Thu s ,  gra v i ty strat i fi ca t i o n 

o f  o i l over  wa ter wo u l d  not be d i s tu rbed and  no s i gn i fi cant  a g i ta t i o n  

wou l d  occu r t o  m i x  t h e  o i l wi t h  water . S i nce  t he type s  o f  crude tha t 

w i l l  be sto red o r  the i r  tendenc i es to emu l s i fy wi t h  br i n e  i s  not known , 

a s tandard i z ed des i g n  tha t wo u l d m i n i m i z e  t he ri s k  of  emu l s i f i ca t i o n  

wo u l d  b e  u sed . 
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A d i fferent procedure u s i ng fewer p i pe movements and res u l t i ng  i n  

a n  a l most  cyl i ndri ca l  cavern mi ght  be pos s i b l e  wi th  spec i fi c  types of  

c rude o i l . I f  l aboratory tes t i ng  demons trated that a parti c u l a r  crude 

d i d  not tend to emu l s i fy ,  or that an emu l s i on q u i c k l y  broke under cavern 

cond i t i on s , i t  mi ght be prac t i ca l  to a l l ow the raw wa ter to fa l l  through  

the o i l . Thu s ,  the fo l l owi ng procedure cou l d  be  used to  devel op the  

conf igura t i on s hown in  F i gure A . 2- 6 .  

The s ump wo u l d  be compl eted a s  descri bed i n  the preced i n g  techn i q u e .  

The o i l  b l a n ket wo u l d then be wi thd rawn to the el eva t i on o f  the proj ected 

cavern roo f  a nd bl an ket ca s i ng rel oca ted to that po i nt .  Tu b i ng wou l d  be 

repos i t i oned to the top of the s ump .  Raw water wou l d  be i nj ected down 

t he tub i ng and unsaturated bri ne wi thdrawn from the bl anket ca s i ng u nt i l 

the boreho l e  ha s been enl arged . Fl ow d i rect i on wou l d  then be reversed , 

caus i ng raw wa ter to enter a t  the proj ec ted roo f of  the cavern and 

s a turated bri ne to be wi thdrawn from the tu b i ng . B l a n ket o i l  wo u l d be 

added as req u i red u nt i l the ca vern roof has rea ched a d i ameter of a bout  

2 7 0  feet . 

The ca vern then wo u l d  be ready for acceptance  of  s tored c rude o i l 

a t  a ra te eq ua l  to the rate of  cavern en l a rgement .  If  o i l  were added a t  

a bout  the same rate that l each i ng occurs , a re l at i ve ly  cyl i ndr i ca l  

cavern s ho u l d  devel op . Wa ter wou l d  be mov i ng rap i d l y  enough  down the 

b l an ket cas i ng to keep o i l from ri s i ng i n to that ann u l u s  and conseq uentl y ,  

water i nj ec t i o n  pres s u re wo u l d be essent i a l l y  the same a s  wou l d  be 

req u i red i n  the earl i er s ta ndard i zed des i gn .  

Startup press u re fo l l owi ng any stoppage of  wa ter i nj ect ion  wo u l d  be 

much  h i gher ,  however , for o i l  wou l d  r i se i nto the annu l u s d u r i n g  the 

l u l l .  Fo l l owi ng  compl eti on of  l each i ng ,  the two suspended str i ngs  o f  

p i pe wo u l d b e  rep l aced w ith  a s i ngl e stri ng of  9- 5/8- i nch  ca s i ng r u n  to 

the top o f  the s ump .  

Se l ected Ca vern Devel opment 

E i ther t he l ea c h- then- fi l l  or l each/fi l l  cavern devel opment techn i q ue  

cou l d be  u sed for the SPR  program. However , the l each/fi l l  des i gn has  

not  been w ide ly  used for crude o i l and wo u l d req u i re spec i a l  preca u t i ons . 
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I f  crude o i l  i s  i nj ected i n to a cavern d u r i n g  the per i od of  ca vern 

deve l opment, the  o i l - br i n e  i n te rface is a l ways i n  rea son a b l e pro x i m i ty 

to the  act i ve  l ea c h i ng zones . Raw wa ter d i s so l ves  the wa l l s of  the 

cav i ty ,  becomes br i ne, and  i s  d i s p l aced out o f  the  ca vern . I f  crude o i l 

becomes m i xed wi th  the br i ne due  to the ag i ta t i on caused  by i nj ec t i on , 

i t  may be forced o u t  of  the ca vern wi th  t he br i ne , res u l ting  i n  the 

rel ease  o f  hydroca rbons  to the en v i ronmen t .  If  the l each/f i l l  method i s  

u sed, i t  w i l l  fi rst  be tes ted to determ i n e  i f  hydroca rbon l eve l s can be 

ma i n ta i ned at  l ow l e ve l s tha t wo u l d  not be harmfu l to the e n v i ronment . 

I t  s ho u l d  be noted that  l each/f i l l  tec hno l ogy i s  be i n g u sed  s ucces s fu l l y  

i n  Wes t  Ge rma ny fo r t h e  crea t i on o f  a sto rage fa c i l i ty .  

O i l i nj ec t i o n  ra tes and wa ter s u p p l y  ra tes fo r the s i mu l ta neous  

l each  and  fi l l  process  wo u l d  be  somewhat  l es s  tha n  those  req u i red fo r 

the  sepa rate l each  then fi l l  process . Br i ne di sposa l  ra tes wou l d  

e s sent ia l l y  be the same d ur i ng cavern l eac h i n g whic h presents h i gher  

br i ne ra tes than  ca vern fi l l i ng .  Therefo re , the separate l ea c h  t hen 

f i l l  proce s s  wo u l d  pres ent  the wo rst-ca s e  for env i ronmenta l  i mpact 

cons i dera t i on, and i t  is  th i s  mo re extreme ca se  wh i c h is  a s s umed i n  th i s  

document fo r e n v i ronmenta l  i mpact as ses sme n t  p u rposes . 

A . 2 . 2 . 1 . 2 Centra l  P l a n t  Area 

The cen tra l p l ant  area wo u l d conta i n  a l l fa c i l i t i es neces s a ry fo r 

opera t i o n  a nd ma i n tenance  of  the sto rage  s i te .  Du r i ng con structi on, 

ma nagement act i v i t i es and the fa bri c a t i o n  and l aydown yard wo u l d a l so be 

l oca ted i n  the p lant  area . 

Centra l  p l ant  areas wo u l d typ i ca l l y  be 1 0  to 1 2  acres i n  s i ze ,  wi th 

a bo u t  5 to 6 acres req u i red fo r con struct i o n  and the rema i nder  fo r 

permanent  fa c i l i t i e s .  I n c l uded i n  the centra l  p l a n t  area are a p ump 

b u i l d i ng, e l ectr i ca l  eq u i pment  ( tran s former or generat i n g  s tat i on ),  

tanks  fo r wa ter a nd bl a n ket  o i l ,  a br i n e pond, and  a s u ppo rt bu i l d i n g  

fo r offi ces , l a bo ratory, s torage , and  s hops . 

The  pump bu i l d i ng wo u l d  ho u s e  a l l pumps necessary to i nj ect wa ter 

i n to the s torage  cavern s ,  transpo rt br i ne to the d i sposa l  area, a nd 

t ra n s fer  d i s p l aced crude o i l i n to the p i pe l i n e  to the reg i on a l  d i stri bu -
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t i o n  netwo r k .  Ap prop r i a te plpl ng and  va l v i n g wo u l d be l ocated in  o r  

a dj acent t o  the  pump bu i l d i ng .  Pumps and  va l ves  wo u l d  be operated 

remo t e l y  i n  the  pump bu i l d i ng. 

E l ectr i ca l  power fo r opera t i ng  the sto ra g e  s i tes wo u l d be e i ther 

g enerated on- s i te o r  obta ined from l oca l u t i l i t i es .  A port i o n o f  the 

p l ant  a rea wo u l d be req u i red for the genera t i ng  o r  tra n s former eq u i pment . 

B l a n ket  o i l wo u l d be u sed d u r i ng cavern l ea c h i ng  to prevent unwa nted 

u pwa rd m i g ra t i o n  o f  the  ca vern ce i l i n g .  The o i l  wo u l d be sto red at  the 

s u rface  i n  a ta n k  ( from 5000 to 2 0 , 000 ba rrel capac i ty )  and  p i ped to the 

ca verns o r  returned to the ta n k  as  requ i red . 

Raw wa ter p i ped from a l oca l  s u p p l y  wo u l d be s to red i n  an  o n - s i te 

tan k  o r  pond to prov i d e  a reservo i r  for charg i n g the  ca v i ty i njec t i o n 

p umps a n d  fo r f i re pro tec t i o n . T he  ta n k  l eve l  wo u l d  be ma i n ta i ned 

a u toma t i ca l l y  and  wo u l d act  to remo ve s u rges  from the  raw water i nj ec t i on 

p ump l i nes . 

Br i n e d i sc ha rged from cav i t i es wo u l d  be directed thro u g h  a l i ned 

br i ne pond fo r s ettl i ng of so l i ds pr i or  to be i n g  p umped i n to the d i sposa l  

system .  T h e  pond  wou l d  rel i eve  l i ne surg es and  e l i m i na te i n s o l u b l e  

part i c l es w h i c h  co u l d damage  pumps or  c l og i nj ec t i on wel l screen s .  

T h e  cen tra l p l ant  area wo u l d conta i n  a c l us ter o f  s uppo rt bu i l d i n gs  

neces sary for  opera t i o n  and  ma i n tena nce  of the fac i l i ty .  T he support 

bu i l d i ngs  wo u l d  i nc l ude  an  off i ce, l a bo ra to ry ,  wa rehou s e ,  and  s hops . 

A secu r i ty fence  wo u l d  be co ns truc ted around  the per imeter o f  each 

s i te to prevent ca s u a l  trespass ers by i de n t i fy i n g  the  s i te as  a res tr i c ted 

a rea . The fence wo u l d  be of  e i ght- foot c ha i n  l i n k  or  s im i l a r construc t i on . 

Roadways , Levees , a n d  F i l l ed Areas 

Su bstant i a l  l engths  of roa dway and  acrea ges of  fi l l ed area wo u l d  be 

req u i red at  some  S P R  s i tes , s i nce these  s i tes  wou l d  be l oca ted i n  l ow

l y i n g area s .  Se vera l feet of f i l l  wo u l d  be req u i red to prov i de permanent  

access  to  we l l heads  and  a l ong  p i pe l i ne ro u tes and  to  prov i de protec t i o n  

from s torms . 

Ro adways thro u g h  l ow- l y i ng areas wou l d  be con s tructed d i rect ly  on 

t he ex i s t i n g  vegeta t i on, the f i bro u s  nature of  the  vegeta t i on a nd roots 

prov i d i ng a ba se  fo r the roadway f i l l .  Crus hed rock  or s h e l l s  wou l d be 
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u sed to cap t he roads and  prov i de an a l l - weather s urface . In soft 

a rea s ,  fel l ed trees , boards , or  arti fi c i a l  ma ts mi ght  be  u t i l ized to 

s u pport t he roadway . Due  to the soft s ub so i l s , proper compact i on of 

f i l l  ma teri a l s cannot be ach i eved , and a l l heavy s tructu res suc h  as 

br i dges  o r  p l a n t  fac i l i t i es wou l d  t herefo re be s uppo rted on pil es. 

Levees wo u l d be req u i red at  some s i tes for f l ood  protect i on .  

Depend i ng o n  t he degree  o f  seepage i ntegr i ty req u i red , l evees wou l d  be 

cons tru cted e i t her  d i rectly on exi s t i ng  v egetat i on ,  or the vegetation 

wou l d be remov ed .  Drag l i nes wou l d  be u sed  to cons truct l evees , by 

d i gg i ng a d i tc h  a l ong s i de and  u s i ng the  s po i l  for l evee fi l l .  A cappi ng 

o f  s tone  o r  s he l l s  wo u l d t hen be pro v i ded i f  the  l evee were to be used 

a s  a roadway . 

A . 2 . 2 . 1 . 3 P ipe l i nes  

Three ba s i c  tec hn i q ues  o f  cons truc t i o n  cou l d be u s ed for  pipel ine 

construct i o n : 1 )  convent i ona l dry l and metho d ,  2 )  p u s h -d i tch method, 

a nd 3 )  fl otat i o n  ca na l method . 

Co nven t i o na l  dry l a nd cons truc t ion  methods wou l d be u sed through 

d ry port i o n s  o f  p i pe l i ne routes where heavy con s truct i on eq u i pment can 

be  s upported . The  p u s h- d i tc h  method of cons truct ion  wou l d be used in 

fres hwa ter swamp port i o n s  of p i pe l i ne rou te s  where the  ground can support 

ma r s h  buggy-mou nted excavat i ng  and  backfi l l i ng eq u i pmen t ,  but  cannot 

s u pport convent i ona l  dry l a nd p i pel i ne construc t i on eq u i pment . The 

fl o ta t i o n  cana l method of  cons truct i on wo u l d be  req u i red in  marshy 

port i o n s  o f  p i pe l i n e  ro u tes . The ground i n  mars hy areas  cannot support 

heavy construct ion  equ i pmen t .  Therefore ,  the  work  wou l d  have to be done 

on  barges operat i ng i n  the  cana l . Use  of  the  potent i a l l y  more environ

menta l l y  d i srup t i ve fl otati on ca nal  method wo u l d be avo i d ed where 

p o s s i bl e ,  by ut i l i z i ng the preceed i ng method s .  

These  method s ,  and  procedures for construc t i o n  o f  pipel ine crossings, 

are  s ummari zed bel ow.  

Convent i ona l  Dry Land  P i pel i ne Layi ng 

Wi th  the  convent i o n a l  dry l a nd method , a r i g ht- of-way width of 

appro x i mate l y  1 00 feet i s  c l ea red . Exca va t i on eq u i pment t hen travels 
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a l ong the r i ght- of-way d i gg i ng the p i pe d i tch  to a depth of approxi 

mate l y  s i x  feet so that  the p i pel i ne wi l l  have a mi n i mum cover of three 

feet . The p i pe j o i nts  are then strung a l ong the p i pe d i tch , we l ded 

together ,  the req u i red co rros i o n  protec t i on i s  appl i ed ,  and the p i pe i s  

l owered i nto the d i tch  and tested . 

P i pel i ne ba c kfi l l  eq u i pment  then travel s a l ong the r ig ht-of-way , 

bac kf i l l i ng the open d i tch  wi th the spoi l removed i n  excava t i on . 

Re s tora t i on of  the r i g h t-of-way i s  made to perm i t  con t i nued use of  the 

l and . A ma i ntena nce w idth  of 75 feet i s  general l y  ut i l i zed . 

Pu s h-D i tc h Method 

In the push- d i tc h  method of con s tructi on ,  a ri ght-of-way wi dth of 

approx ima te ly  80 feet i s  c l eared . The push  d i tch  i s  then excavated down 

the r i g ht-of-way by ma rs h buggy-mounted excavati on and bac kfi l l i ng 

equ i pmen t .  The excavated d i tch  i s  fu l l of water.  Several push  s i tes 

a re sel ec ted a t  conven i en t  l ocati ons a l ong the r i g ht-of-way on  dry l and . 

These s i tes are used to assembl e the p i pe j o i nts i n to a compl eted p i pe

l i ne and to push  i t  i nto the d i tc h .  The p i pe in the d i tch  i s  then 

f l oa ted i nto pos i t i on .  

The fa br i ca t i on and as semb ly  of the p i pel i ne con s i sts  of wel d i ng 

together j o i nts  of p i pe ( each  pipe i s  a bout  40 feet l ong ) on the push  

s i te .  When  opera t i o ns  on each j o i n t  at the  push  s i te are compl ete , the 

a s sembl ed p i pel i ne i s  p u shed forward i nto t he push  d i tch  by the l ength  

of  a nother j o i n t  of  p i pe ,  and the  assembly procedure is  repea ted . A 

marsh  buggy , or  s i m i l ar eq u i pment , travel s a l ong the ri ght-of-way wi th 

the  front end of  the p i pe l i ne to gu i de the p i pe l i ne down the push d i tch  

and  to  a i d  i n  starti ng  and  stopp i ng the p i pel i ne as the  assembl y cont i nue s .  

After the p i pel i ne i s  assembl ed and i n  i ts des i red l oca t i o n , i t  i s  

f i l l ed wi th wa ter , ca u s i ng the l i ne to s i n k  to i ts fi na l  pos i t i on , and 

i s  then tested . Dragl i nes , mounted on ma rsh  bugg i es ,  then travel a l ong 

the r i g ht-of-way , f i l l i ng the d i tch  with the spo i l  that  wa s stoc kpi l ed 

a l ong the r i g ht-of-way . 
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Fl otat ion  Ca na l  Me thod 

In the fl otat i on canal ( o r  barge l ay )  met hod , a cana l i s  dug a l ong 

the s u rveyed p i pel i ne route to accommodate con s tructi on barges . The 

canal i s  dredged to prov i de a wa ter depth of approx i ma te ly  7 feet . The 

canal may be 40 to 50 feet wi de at  the bottom and up to 7 5  feet w i de at  

the top . The equ i pment needed for  construct ion  i nc l udes a dredge ,  a 

p i pe l ay barge ,  ma teri a l s  ba rges , personnel  boats , and spec i a l equ i pmen t 

ba rges req u i red for t i e- i n s  and work at p i pel i ne cros s i ng .  The req u i red 

r i g ht-of-way i s  approx imate ly  1 20 feet .  

A p i pe d i tch  i s  d ug  i n  each fl ota t i o n  canal  to  accommodate the 

p roposed p i pel i ne .  The spo i l  removed i n  dredgi ng the fl otat ion  canal  

a nd p i pe d i tc h  i s  p l aced a l ong s i de of  the fl otat ion  cana l unt i l a fter 

the p i pe l i ne has been i n sta l l ed .  The p i pe l ay barge travel s a l ong the 

f l otat i o n  cana l whi l e  the j o i nts of  p i pe are be i ng wel ded together . The 

comp l eted p i pe l i ne i s  l owered off the stern of  the barge i nto the p i pe 

d i tc h .  After hydrostat i c tes t i ng ,  a ba rge-mounted d i pper dredge travel s 

a l ong the fl ota t i on cana l bac kfi l l i ng the canal  beh i nd i t . 

Ri ver Cros s i ngs  

P i pel i ne ri ver cros s i ngs  req u i re the  p i pe to  be  bur i ed i n  a trench  

o n  the  r i ver bottom for protec t i o n  from currents , fl oat i ng debri s ,  and  

r i ver tra ffi c .  R i ver cros s i ngs  are l ocated i n  protected l ocat ions  away 

from hazards . An enl arged ri ght- of-way i s  requ i red a t  each  end of  the  

c ros s i ng .  

Ba rge-mounted excava t i on equ i pment i s  u sed to d i g  the p i pe trench  

from ba n k  to ba n k ,  to  a depth  s uff i c i en t  to  comp l etely bury the p i pe and 

p rov ide  a so i l  cover.  The p i pe i s  assembl ed on  s hore and i s  fl oa ted to 

the des i red l ocat ion . The fl otat ion  dev i c es are then removed or fl ooded , 

the p i pe i s  po s i t i oned i n  the trenc h ,  and  the trench i s  bac kfi l l ed .  

Wa rn i ngs  o f  the p i pel i ne cros s i ng a re pos ted a t  each ban k .  

Levee Cros s i ngs  

Cros s i ng of  a l evee wi th a p i p el i ne req u i res that the water ba rri er 

pro v i ded by the l evee i s  not l essened by the p i pel i ne i nsta l l at ion . 

Levee cro s s i ngs  are often con structed a bove grade for th i s  reason . When 
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bel ow- grade constructi on  i s  req u i red , convent i onal  p i pel i ne l ay methods 

a re used wi th the except ion  that s teps are ta ken to reduce seepage a l ong 

the p i pe and s u bsequent i nterna l eros ion  of the l evee . Cl ay or concrete 

seepage barri ers are somet imes cons tructed at  i nterva l s a l ong the p i pe

l i ne through  the l evee cro ss i ng .  An expanded ri ght-o f-way i s  req u i red 

for cro s s i n g  construc t ion . 

H i ghway Cross i ngs 

P i pel i nes cro s s i ng h i g hways are constructed by d i tc h i ng in the 

convent i ona l  method or by tunnel i ng under the roadway . Suffi c i ent so i l 

cover or an  outer cas i ng i s  used to protect the p i pel i ne from the we i 9ht 

o f  pa s s i ng traffi c .  Co ns truc t ion  r i ght-of-way wi dths are wi der at  the 

h i g hway cross i ng l oca t i o n .  

Offs hore Me thod 

Offs hore p i pel i nes wo u l d  be constructed fro� a convent i onal  l ay 

barge wh i ch has the capa b i l i ty to dredge the su bmerged p i pe trench and 

l ay the we i g hted p i pe i n  a cont i nuous opera t i o n .  The p i pel i nes wo u l d  be 

l a i d  wi th a m i n i mum 1 0  foot cover from ons hore to the ten foo t de pth 

contour and wou l d  then dec rea se to a three foot cover at  greater wa ter 

depths . 

Offs ho re D i ffu ser 

The offshore br i ne d i ffu ser p i pel i nes wo u l d be buri ed at the same 

three foot depth be l ow the Gu l f  bottom i n  approxi ma te l y  50  feet of wa ter 

u s i ng l ay barges . Ri sers for the d i ffus er j ets wo u l d  s tand at 5 feet 

a bove and at a 900 ang l e  to the Gu l f  bottom . 

A . 2 . 2 . 2 Operat ion  

When the  s torage fac i l i ty at each s i te has  been compl eted and the 

crude o i l  i s  i n  s torage , there wo u l d  be an i nter i m  per i od du r i n g wh i c h 

the onl y acti v i t i es at  the s i te wo u l d  be sec u r i ty and ma i ntenance checks . 

However , readi ness  for acti vat ion  dur ing  an  emergency req u i res keep i ng 

personnel  ava i l a bl e .  

Du ri ng that  s tandby storage period , a l l eq u i pment wou l d  be servi ced 

a nd tes ted on a regu l a r bas i s  to i nsure proper wo rk i ng order . Ma i n tenance 

crews wo u l d  be on duty on a 24- ho ur ba s i s .  
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I t  i s  po s s i bl e  that certa i n  nati ona l  emergenc i es cou l d  occur before 

the p l anned tota l reserve capac i ty of the SPR i s  met .  I n  order to 

prepare fo r s u c h  a conti ngency , the fac i l i t i e s are des i gned to prov i de 

for o i l  return bypass  va l ves to a l l ow immed i a te recovery of o i l  a l ready 

s tored . 

The SPR  p rogram p l a n ca l l s  fo r an  emergency de l i vera b i l i ty of 

s tored o i l over a 5-month  peri o d .  The Seavvay Group  has a des i gn capac i ty 

of  1 MMB per day . The fac i l i ty ' s systems wo u l d be des i gned to handl e 

th i s  maxi mum capac i ty .  

A . 2 . 2 . 2 . 1 Cavern Operat ion  

I n i t i a l  F i l l  

Crude o i l to fi l l  the SPR  storage ca vi t i es wi l l  arri ve at  Freeport 

Ha rbor termi na l v i a  ta n k  s h i p .  The termi na l  area cu rren t ly  can hand l e 

s h i p s up  to 5 0 , 000 dea d we i g ht  to ns ( DWT ) , a bout  1 60 , 000 ba rrel s .  I t  i s  

p resent ly  ant i c i pated that Very Large Crude Carr i er ( VLCC ) tan ksh i p s 

wo u l d  transport o i l from d i s tant  so urces to the Gu l f of  Mex i co .  There , 

the o i l wo u l d  be l i g htered i nto 5 0 , 000 DWT tan kers wh i c h  wo u l d  offl oad 

at the termi na l s .  The o i l wo u l d  be pumped to the DO E termi na l , from 

wh i c h i t  wo u l d be trans ported to the storage ca vi t i es . Surges i n  the 

o i l  d i stri bu t i on system wou l d  temporari l y  be stored i n  su rge tanks  at 

Brya n Mo und . The  o i l wou l d  be metered at t he doc k and al so a t  the 

s torage s i te for d i scharge detect i on purpos es . One of t hese mea su rements 

wo u l d  pro v i de da ta necessary fo r U . S . Customs req u i rements . 

An a utomated crude o i l  samp l i ng sys tem wou l d  accumu l ate an approximate 

20  gal l on representa ti ve samp l e  fo r each ba tc h of crude o i l  offl oaded . 

These samp l es wo u l d be ga thered proporti ona l l y  through  the ent i re batc h ,  

a nd wou l d  be ana l yzed for percentage content o f  ba s i c  sed i ment and wa ter 

( BS & W ) . As a part of  c u stody transfer procedu re , the percentage of BS 

& W wi l l  be deducted from the temperature- and pres sure-co rrected batch 

vol ume ( gross  600 F vo l ume ) to y ie l d a net vo l ume for the crude o i l 

batc h .  After gau g i n g ,  the o i l wo u l d  be tran ferred from the s urge tan kage 

to storage caverns by p i pel  i ne .  Use of the s urge tan ks \vo u l d  permi t a 

smooth o i l fi l l  rate i nto the ca v i t i es .  
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I nj ec t i o n  of  crude o i l  i nto the ca v i t i es wou l d  d i s p l ace bri ne i n to 

an on- s i te bri ne p i t . After a l l ow i ng  t i me for so l i ds to settl e ou t ,  

bri ne wou l d  be pumped t hrough  a p i pel i ne to underground d i sposa l or i n to 

t he Gu l f of  Mex i co .  The br i ne d i sposal  ra te wou l d  equal  the o i l  i nj ec t i o n  

rate . 

O i l  W i thdrawa l 

Du r i ng an  o i l  supp ly  i n terrupti on , crude o i l  s tored i n  every cav i ty 

wou l d  be wi thdrawn by i nj ect i ng raw water i nto the bottom of  the  ca v i ty ,  

d i sp l ac i ng t he o i l  throu g h  the annu l a r space at  the top o f  the cav i ty .  

I nj ec t i o n  o f  unsa turated wa ter wo u l d cause add i t i ona l  l ea c h i ng of  the 

cav i t i es .  I t  i s  a nt i c i pa ted that t he ca v i t i es wo ul d ga i n  up to 86  

percent o f  t he i r  or i g i na l  vo l ume dur i ng f i ve cyc l es  o f  s tora ge and 

w i thdrawa l . 

The crude o i l  wou l d  l eave eac h  s i te at a pres s ure capab l e of  trans

port i n g  t he o i l  to  the  S EAWAY P i pel i ne at the Tan k  Fa rm and to  tan kers 

at the termi na l  doc ks . 

S u bsequent Re fi l l s  

After a n  o i l  s upp ly  i nterrupt ion  has ended , refi l l  of  the SPR 

stora ge fac i l i ty i s  p l anned . The rate o f  fi l l  wo u l d depend on the 

a va i l a b i l i ty o f  crude , but  i s  cu rren t ly  pl a nned for f i l l  over a 24-month  

per i od .  Re fi l l  i s  a s s umed to beg i n  s i x  months  a fter the  end o f  the 

s upp ly  i n terrup t i o n .  

Refi l l s  o f  t h e  s to rage caverns wou l d b e  operat i o na l ly i denti ca l to 

the i n i t i a l  f i l l ,  but the bri ne d i sp l aced wou l d  have been exposed to the 

o i l / br i ne i n terface and the  o i l  in  the ca vern wa l l s  from the fi rst 

s torage cyc l e .  Another source of  hydrocarbons  in  bri ne wo u l d resu l t 

from emul s i o n s  created at  the bri ne/o i l  i n terface . Hydrocarbons i n  the 

d i sp l aced br i ne wo u l d contri bute to emi s s i on s  du r i n g  the peri od i t  i s  i n  

t he bri ne p i t  and i s  a poten t i a l  contami nant  when i nj ec ted i n to deep 

forma t i on s  or d i ffused i n to the Gu l f of Mex i co .  Hydrocarbon concentra t i ons  

in  the d i sp l aced bri ne  are d i scussed in  Append i x  D .  
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A. 2 . 2 . 2 . 2  Genera l Sa fety Mea sures 

Sa fety mea sures common to the o i l i ndustry wi l l  be empl oyed duri n g  

a l l pha ses of  t h e  proj ect .  Protec t i ve control  dev i ces wi l l  be i n stal l ed 

on we l l  heads and on a l l maj or pump i ng equ i pmen t .  Fi re pumps and ext i n

g u i shers wi l l  be  ava i l a bl e at cri t i ca l  po i nts . Bur i ed p i pe l i nes wi l l  be 

coa ted w ith  a protecti ve coa ti ng . The ma i n  s torage fac i l i ty acreage 

w i l l  be encl osed wi th  a secur i ty fence .  These and other preca u t i on s  

wi l l  serve t o  protect t h e  emp l oyees , t h e  pub l i c ,  and t h e  env i ronmen t .  

A . 2 . 2 . 2 . 3 Devel opmen t Ti meta bl e 

The Seaway Group SPR  fac i l i ti es wo ul d con s i s t  of both the early 

s torage phase  devel opment current ly  under cons truc t i on and new storage 

caverns and a s soc i a ted fac i l i t i es at one or more of the Seaway cand i date 

s i tes . 

The present schedu l e for devel opment  of the requ i red 1 00 MMB SPR 

capac i ty reserve req u i res the l each i ng of fi ve or s i x  new cavern s capab l e  

of  s tori ng  5 0  MMB of  crude o i l duri ng the fi rst 32 months  of  the prog ram . 

F i l l i ng of  these caverns wo u l d  then proceed whi l e  the rema i n i ng cavern s 

were l eac hed . 

The ma ster devel opmen t  t i meta bl e ( F i gure A . 2- 7 ) s hows the rel a t i on s h i p 

of sol u t i on mi n i ng to cavern fi l l i ng .  E st ima tes o f  water supp ly  and 

bri ne d i sposal  rates ( 5 34 MB/ D )  i nd i ca te that fi ve to s i x  caverns cou l d 

be l eac hed s i mul taneous l y .  At thi s rate s i te devel opment cou l d be 

comp l ete i n  a bout  62 months  ( i nc l udi ng i n i t i a l  fi l l ) .  

A . 2 . 2 . 3 Termi nat ion  and Abandonment 

The des i gn l i fe of the SPR i s  fi ve fi l l - wi thdrawa l  cycl es . For 

p l ann i ng purposes , t h i s i s  as sumed to be on the order of 20  to 25  years 

( a l though there i s  no phys i ca l  l i mi t to the amount  of t i me that crude 

o i l  cou l d  rema i n  i n  ca vern s torage i f  the f i ve cyc l es have not been 

comp l eted ) .  

Once t he storage capaci ty of  the SPR  i s  no l onger needed , i t  i s  

i n tended that the fac i l i ty conti nue  to serve a benefi c i a l use , per haps 

by s tor i n g  l i g ht petro l eum prod ucts , LPG  or other i ndustr i a l  products . 

I f  no u sers cou l d  be found , the fac i l i ty cou l d  be mothba l l ed for future 

u se .  
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U l t i mate l y ,  the fac i l i ty wou l d  be abandoned , e ven though  i t  i s  not  

pos s i b l e  to  proj ect a spec i f i c  date  th i s  m i g h t  occ u r .  At  that  t i me , 

s u rface eq u i pment wo u l d  be removed and so l d  or  scra pped . Br i ne i nj ect i on 

wel l s  a nd ca v i ty access  wo u l d  be sea l ed w i t h  con c rete ( a  common and  

effect i ve o i l fi e l d  proced u re ) .  No l on g - term s u rv e i l l a nc e  or ma i n tenance  

req u i rement is  a nt i c i pa ted . 

A . 2 . 3  Ea r ly  Storage Fa c i l iti es at  B rya n t�ound  

Fa c i l i t i es for  the ea r l y  s to ra ge phase  ( ES R )  of  the  SP R pro gram a re 

c u rre n t l y  be i n g deve l oped at  B rya n Mou n d .  A to ta l of 6 3  MMB of crude 

o i l  w i l l  be s tored i n  fo u r  ex i s t i n g  caverns deve l oped by Dow C hemi ca l  

Company to  o b ta i n  br i ne feedsto c k  for chem i ca l p l a n t  operat i ons . 

Crude  o i l  p i pe l i nes a re be i ng constructed to connect the dome wi th 

t he S EAWAY docks at B razo sport and  the SEAWAY Tan k  Fa rm .  I n  the  event 

o f  a n  o i l  s u p p l y  i n terrupt i on , crude o i l wo u l d be  wi thdrawn from s torage  

a nd p i ped to the S EAWAY Ta n k  Fa rm ( to be  made  ava i l a b l e to  i n l a nd refi ner i e s ) 

o r  ba c k  to the doc ks for s h i pment  to Gu l f Coa s t , Ca r i bbean or  Ea st  Coa s t  

refi ner i es v i a  ta n ker . Other maj o r  s upport  fac i l i t i e s  t o  b e  cons truc ted 

as part of  the ear ly  s to ra g e  phase  i nc l ude : a raw wa ter i ntake and  

i nj ec t i on sys tem ; a deep  we l l br i n e  d i sposa l  system u s i n g 5 we l l s ;  four 

200 MB fl oat i ng  roof stora ge  ta n ks ; a centra l p ump i n g p l a n t ; and  an  

e l ectr i c a l  power sys tem ( F i g u re A . 2-8 ) . 

The  raw wa ter i n ta ke i s  to be l oca ted on the Brazos Ri v�r C � vers i on 

C ha nn e l  a nd wi l l  pro v i de wa ter fo r d i s p l acement of the sto red crude o i l . 

The  sys tem a l s o may i nc l ude  a cen tr i fugal  desander  fo r c l ea r i ng excess  

s e d i ment  from the  wa ter .  Effl uent  from the desander wi l l  be returned to 

the  d i vers i o n  channe l ; a des i l t i ng pond may be con stru cted i f  needed to 

prevent  s i l t  b u i l dup  i n  the c hanne l . 

Di sp l aced br i ne wi l l  be passed  thro u g h  a br i ne p i t and  pumped to 

f i ve br i ne i nj ec t i o n  we l l s  ( each  wi th  a 1 000- ga l l o n - per-mi nute  capac i ty )  

wh i c h  wi l l  pro v i de fo r br i ne d i sposa l  du r i n g ear l y  s to rage . 

Fo u r  400 , 000 barrel  s u rge  ta n ks were addres sed i n  FES 76/ 77-6 , 

however  DOE has  determi ned that  fou r  200 , 000 ba rrel  ta n ks wi l l  be s u ffi c i en t .  

These  a re under  constructi on  a t  the Brya n t�ou n d  ea r l y  sto rage fa c i l  i ty .  

A . 2- 3 1  



» 
N I W N 

.. : 1  If I � .. t· '" 

.. 
SEAWAY , 

� TANK�FARM 
,; 

" " • 

' S EA WA Y "  
- --" - � ,  

_ _ _ 30 IfVCH OII.. I - � - � .... . ...... . ...... . P1Pt( 
, 

' � - " ...... . lilt" 

' , , .... vO ..... '" 
,... 

" 
� .  �.� , �  . 

" ' \'::�t,(:, 
� ,  

" 

�� / ' , ,'. ( I • IVO " Q 
1 

� 

:': " \' , " 7,(,/..0
'

, 

'.' \9' , . .. }4!'� /' : " :.:, : �(\ �"'�( ' � " " 1 \ ' "  J ', , ; , '. , ' ''; . ' \f' " " ,  ' :  \ . . .  " " ( \ .  , , , , ' I " : "  , ,>:�;�; � > r, X rSTrtt,Gr' i '.� A@)E 
" ' " l' C " . ' " I cAl' :> : ',:':,>: -\�AVq��::JT., ::: <:�':: 

�; 11t:r;(l(/ ;j' ,{ +Y 
\ C " " H '. \ },�:��< 
( ' ' ::r 

- ' -: '\ ! ,,'r {::? / 
' .  ,{, , .... ' 

", "r," . . ;���i;;" 

,.,,-

- - " , �" . ...... ' , " " ' - .... ' : . ,.... . 
: ' .  ' - " : i . �.,; 

' "  
� , 

- f/).�c.!/. 

- /' 
// 

� : , . : ;;-:,.,

/ 

) /  

' 1 : ' . 
', .;c . , .  

\ ... 

( , 
.: . . 

' V  

"�',. 

.- " o • . 69 u �� f .  

STATUTE MILES 
o 

tI i i i i i i  "'I 

F I GURE A . 2 -B B ryan �1oun d earl y s tora�e fac i l i ti es - assessed i n  FES 76/77-6 . Fac i l i ti es 
n oted . ( proposed ) were assessed i n  the J u ly  1 977 Draft Supo l  emen t .  



The  fou r  s to rage  ta n ks s u i ta bl y  d i ked for s p i l l  protecti on  wi l l  act  

as  s u rge tan ks to prov i de a conti nuous  fl ow to or from cavern s torage . 

The  centra l p ump i ng p l ant  and  connect i n g  p i pe l i nes on- s i te prov i de for 

a l l of  the  trans fers of raw wa ter , crude o i l  and br i n e .  Power from t he 

H o u s to n  L i g ht i n g  a nd Power Company ( HL&P ) s ubsta t i on i n  Freeport wi l l  be 

s upp l i ed to a n  on- s i te transfo rmer v i a  a 1 . 5-mi l e  tra n smi s s i on l i ne .  

Some o f  these  s u pport fa ci l i t i es wi l l  be cons tructed and p l aced i n  

o pera t i o n  a s  ea r l y  a s  l a te 1 97 7  ( F i gure  A . 2 - 7 ) .  A deta i l ed descri p t i o n  

of  the  ea r l y  s torage p ha s e  fa ci l i t i es at  Bryan Mou n d  and  t he i r  env i ro nmenta l 

i mpacts i s  pro v i ded i n  the  F i na l  Env i ronmental  Impact Stateme nt ( FES 76/ 7 7-6  

a nd s upp l ement ) . 
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A. 3 B RYAN MOUND ( P ROPOS E D  S I TE ) 

The  Bryan Mo u nd S P R  fac i l i ty i s  p l anned  to store a tota l of  1 63 MMB 

o f  crude o i l fo r the  Seaway Gro u p .  E a r l y  s to rage  fac i l i t i es capabl e o f  

s to r i n g  63  MMB a re under co nstruct i on a n d  wi l l  b e  comp l eted a n d  fi l l ed 

by December 1 97 8 .  A deta i l ed descr i p t i o n  of  the ea r l y  phase  of  the  SPR  

s to ra g e  wa s a s s es sed and  descri bed i n  FES  76/ 7 7 - 6  and  i ts s upp l ement  o f  

December 2 ,  1 97 7 .  B r i efl y ,  the s i te wa s chosen  beca u s e  of  i ts prox im i ty 

to do ck  fac i l i t i es a t  Freeport and  to the  S EAWAY P i pe l i ne fo u r  mi l e s to 

the  wes t .  T h ro u g h  the Freepo rt dock fac i l i t i es ,  crude can  be de l i vered 

to Brya n Mo und  for s to ra g e  and su bseq uent ly  trans po rted to any refi nery 

s e r v i ced by p o rt fac i l i t i es . I n  add i t i on , Bryan Mound  crude  ca n be 

de l i vered to i n l and  refi neri e s  servi ced by the  S EAWAY P i pe l i ne .  

Expa n s i o n  and  fi l l i ng o f  the Bryan Mound  s to rage  fac i l i ty by 1 00 MMB 

to a tota l ca pac i ty of 1 63 MMB wo u l d ta ke about  fi ve  years  a fter start  

of  con s truct i on . Mo s t  o f  th i s  t i me wou l d  be req u i red to so l u t i on mi ne  

n ew s to rage  ca v i t i es ;  mos t  other s i te- re l ated fac i l i t i es wi th the  ex

cept i o n  o f  the  b r i n e  d i ffuser  to the  Gu l f  of  Mex i co w i l l  have been 

cons tructed fo r the ea r ly  s to ra g e  p ha s e  of  the S P R .  

A . 3 . 1 Loca t i on 

The  Bryan Mo und  s a l t dome i s  i n  the  so uthern part of Brazor i a 

County ,  Texa s , a bo u t  three mi l es southwes t  of the  c i ty of  Freeport , 45  

m i l es sou thwest  of  the  Texa s C i ty/Gal ve s ton  a rea , and  65  mi l es so uth  of  

Ho u ston . The  Brazos  R i ver D i ve rs i on Channe l  bo rders the  s i te to  the  

wes t ,  the  I n tracoa s ta l  Wa terway ( I CW ) and  the  Gu l f  o f  Mex i c o  l i e one  and  

two mi l es to  the  south , respect i ve ly . 

A .  3 .  1 .  1 S i te Access  

A p a ved road  l eads  from the  c i ty of  Freepor t ,  a l ong  the  top  of the 

l evee bes i de the Brazos  Ri ver Di vers i on Channel , and  past the entra nce 

to the s to rage  s i te .  S he l l roads  pro v i de access to the fac i l i t i es on 

the s i te i nc l ud i ng the  fo u r  wel l heads at  the  caverns u sed for the i n i t i a l  

6 3  Mi·1B s to ra g e  fac i l  i ty .  A s he l l road pa s ses  thro u g h  the  center o f  the  

s to ra g e  s i te ,  con nects to  the So uth  Freeport Hurr i cane  Protecti o n  Levee 

and  co nt i nues  o n  top of  the  l evee to Freeport Harbo r .  Road s  cons tructed 
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to a l l ons i te fac i l i t i es fo r ea r ly  stora g e  prov i de access  to mo st of  the  

s i te .  Ac cess  to the  I CW is  about  one  mi l e  ( v i a  s he l l road ) d i rect ly  

s o u t h  o f  the  dome . P i p e l i n es cons tructed fo r the  ea r ly  s torage fa c i l i ty 

wi l l  prov i de for d i s tr i but ion  of  crude o i l to t he docks  and  ta n k  farm , 

raw wa ter to and  from the  s i te and  bri ne  from the s i te to the i nj ec t i o n  

wel l s .  

A . 3 . l . 2 S i te Descripti on 

Bryan Mo und  l i es  at  the  sout hwes tern vertex of  a tr i an g u l a r area 

s o u t h  of the c i ty of Freeport wh i ch i s  protected by l evees . At Bryan 

Mo und , the  dome has an  ac tua l  s urface expres s i on wh i c h  r i ses  a bo u t  1 5  

feet a bove  the s u rrou nd i ng mars h l and  ( F i g ure A . 3- l ) .  The 1 50 acre 

barbed  wi re enc l osed  s i te i n  whi c h  the ea r l y  sto ra g e  fac i l i ty i s  l oca ted 

wa s prev i ou s l y  owned by Dow C hemi ca l Company to keep gra z i n g  cattl e from 

enter i ng t he s i te .  

T h e  s i te h a s  been u s ed for bri ne  s o l u t i on mi n i ng i n  the  pa st  by 

Dow ,  wh i l e  the  s urro u nd i ng  l a nd was u s ed fo r gra z i ng cattl e .  The bri ne  

has  been u sed  a s  a feed s tock  for the i r  chem i ca l  compl exes in  Freeport .  

The  dome i s  defi ned by numerou s  o i l  a nd gas  wel l s , but  hydrocarbon 

prod u c t i o n  ceased i n  1 964 . S u l fur mi n i ng operat i ons  were conducted on 

t he dome from 1 9 1 2  thro u g h  1 935 , and  a p i l ot p l ant  remov ed a sma l l 

amo u n t  of s u l fur d ur i ng  1 967- 1 968 . As a res u l t of t hese  act i v i t i es many 

a rea s of the  dome were fi l l ed ,  exca vated or otherwi s e  mod i f i ed ,  pri or to 

DOE l s i n i t i a l  deve l opmen� for the earl y s torage  phase  of the  S P R .  

A . 3 . 2  Capac i ty 

Fo r the  Strateg i c  Petro l eum Reserve Program , the Bryan Mou n d  s i te 

has  been des i gned for a tota l 1 63 MMB capa c i ty .  T h i s i nc l udes  63 MMB 

ex i s t i ng ea rl y s tora ge phase  capac i ty and  1 00 MMB of new capac i ty to be 

d eve l oped . New capac i ty wou l d  be created by dr i l l i ng and br i ne so l u t i on 

m i n i ng of  u p  to twe l ve add i t i o na l  cav i t i es ( F i gu re A . 3- 2 ) . 

A . 3- 2  
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A . 3 . 3 Genera l System Descr ipti on 

A . 3 . 3 . 1 Propo sed Sys tems 

I n troduct i on 

The  genera l p hys i ca l  p l ant  for the  proposed Strateg i c  Petro l eum 

Reserve fac i l i ty at  Bryan Mo und cons i s ts of s torage  cav i t i es w ith  p i pe 

l i n e  con nec t i o n s  t o  a centra l pump i n g  a n d  contro l fac i l i ty ,  a crude o i l  

d i s tr i but ion  n etwork , crude o i l s urg e  tan k s , a raw water s up p l y  sys tem 

a nd a br i n e  d i sposa l  sys tem ut i l i z i n g  i nj ec t i o n  we l l s .  These  sys tems 

a re be i ng bu i l t  at Bryan Mo und  fo r the  ear l y stora ge  p ha s e  of the SPR . 

Du r i n g  expa n s i o n  of  the  s i te to the  tota l 1 63 MMB storage capa c i ty and  

s u bseq uent  opera t i on , i ncrea s ed u s e  of these  systems is  p l a n n ed . New 

systems that  wo u l d  be bu i l t  fo r the Bryan Mou nd  expan s i o n  are descr i bed 

be l ow .  

Storage Cav i ty System 

Up to 1 2  new s o l u t i o n  mi ned storage ca v i t i es w i t h  the i r  crude o i l ,  

raw wa ter , a nd  br i ne p i p e l i ne connect i o n s  to the  centra l pump i ng and  

contro l a rea s a re p l a nned .  

Crude  O i l Di str i bu t i o n  System 

Crude o i l  d i s tri but i on wo u l d  u s e  p i p e l i nes  to the  SEAWAY doc ks and 

tan k  fa rm and  fo ur 200 , 000 bb l  o i l  s tora g e  tan ks cons tructed on the  

B ryan Mo und  s i te for the ea r ly  s tora g e  pha s e .  New ta n ker termi na l 

fac i l i t i es fo r the S P R  program wou l d  be con structed at  two s i tes i n  

Freeport Harbo r .  The  f i rst  wo u l d  be l oca ted adj acent to the  SEAWAY 

docks  near the  Brazosport Turn i ng Ba s i n .  The second wo u l d  be l ocated i n  

Bra zo s Harbor  ( Fi gure A . 3- 1 ) .  

Raw Wa ter a nd B r i ne  D i sposa l  Sys tems 

Raw water s u p p l y  from the Brazo s Ri ver Di ver s i o n  C ha nn e l  wi l l  u s e  

e a r l y  s torage  fac i l i t i es at  Bryan Mo und . A n ew 5 . 8  s ta tute m i l e  ( 5 . 0  

n a u t i c a l  m i l e )  o ffsho re p i pe l i ne to a br i ne d i ffu ser i n  the Gu l f  of  

Me x i co wo u l d  be c o n s tructed for b r i n e  d i sposa l  re l ated to  SPR  acti v i t i e s  

a t  Brya n Mo u n d .  F i ve  bri ne d i spo s a l  we l l s  ( a  part o f  ea r ly  s torage  

fac i l i t i es ) , each  of  1 000 ga l l on s  per  m i n u te capa c i ty ,  wo u l d  s erve a s  a 
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parti a l  backup  to the br i ne d i sposa l  to the  Gu l f . The  raw water s upp l y  

a n d  t h e  br i ne d i sposa l  we l l s  are d i scussed  i n  the December , 1 97 7  Supp l ement  

to  FES  7 6/ 7 7 - 6 .  

Power System 

Power from the  H o u s to n  L i g ht i n g  and Power Company ( HL & P ) s u b s ta t i o n  

i n  Freeport i s  s upp l i ed to t h e  s i te v i a  a 1 . 5 mi l e  tra n smi s s i on l i ne 

( a l so a part of ear ly  s torage  fac i l i t i es ) . 

A . 3 . 3 . 2 Al terna t i ve Sys tems 

Crude  O i l D i str i but ion  System 

Co n s tru c t i o n  of a S i n g l e Anchor-Leg t100ri n g  ( a type of S i ng l e Po i n t  

Moo r i ng  - S P��- system ) mono buoy i n  deep wa ter o ffs hore wo u l d  b e  an  

a ttracti v e  a l terna ti ve  doc k  fac i l i ty if  i t  were not  for  the l on g  l ea d  

t i me and  l i ce n s i ng uncerta i nt i e s  a s so c i ated w i t h  deep wa ter port fac i l i t i es .  

L i cen s i ng wo r k  o n  the SEADO C K  d eepwater termi na l  has  been  i n  pro gres s 

for a t  l ea s t  f i v e  yea rs . Use  o f  the  SPM monobu oy fac i l i ty wo u l d  a l so 

req u i re cons i derabl e add i t i ona l  surge  tan kage on the  s i te .  

A s econd a l terna ti ve  wo u l d  be t o  u s e  the  exi s t i n g  P h i l l i p s Petro l eum 

Company docks  for cavern fi l l i n g  o n  a space- a va i l a bl e  ba s i s .  Due to 

the i r  commi ttment  to s u p p l y  to P h i l l i ps refi nery comp l ex ,  they cou l d 

o n l y  be u sed o n  a n  " a s  a va i l a b l e "  ba s i s  d ur i n g  the storage phase . A 

connect i n g p i pe l i ne to  the  o i l p i pe l i ne to Bryan Mound  wou l d be re

q u i re d .  

I n  t h e  event  o f  t h e  construc t i o n  o f  SEADO C K ,  t h e  S EAWAY docks  at  

Freeport wo u l d  have  s u rp l u s  capac i ty .  Therefore , con s truct i o n  o f  a DOE 

dock wo u l d  not be necessary ,  a nd the convers i o n  of one o f  the  SEAWAY 

doc ks to DOE u s e  for loa d i ng  capa bi l i ty wou l d  be an a l terna t i ve to 

construc t i o n  o f  new docks . T he  uncerta i n t i es  o f  l i cen s i n g and  deve l opment  

o f  S EADOCK  ma ke th i s  a h i g h  ri s k  a l terna t i v e .  

Raw Wa ter System 

An a l terna ti ve  to the  proposed u s e  of surface  wa ter from the  Brazos  

R i ver D i vers i o n  C hanne l  as  a raw wa ter source wou l d  be the wi thdrawa l o f  

gro u n d  water from the Evange l i ne aq u i fer , wh i c h  i s  fou n d  a t  a ppro x i ma te l y  

1 200 foo t  depths . I n  th i s  area , the  aq u i fer i s  not  potabl e .  However 
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the reg i on has  been exper i e nc i ng probl ems of s u bs i dence assoc i a ted wi th 

extens i ve wi thdrawa l of po tab l e water from near su rface s trata . An 

add i t iona l  wi thdrawa l of l arge quanti t i e s  of wa ter cou l d  serve to 

aggravate a cond i t i on  a l ready recog n i zed as a reg i onal  prob l em .  

Raw wa ter for u se at  the s i te m i g h t  be su ppl i ed from Dow Chemi cal  

Company ' s  Harri s and Brazori a Reservo i rs .  A p i pe l i ne wou l d  be requ i red 

between Dow p l ant  " B "  i n  Freeport and the storage s i te .  

Br i ne D i s posa l  System 

An a l terna ti ve bri ne d i s posa l  sys tem wou l d  i nvol ve expanded use  of 

deep subsurface aqu i fers for i nj ect ion  of bri ne .  Bri ne ponds bu i l t  for 

the ear l y  s torage phase wou l d  a l l ow settl i ng of i nso l u b l es  and mi n im i ze 

the c hance of damage to the pumps or c l ogg i ng of the we l l s .  

A second a l terna ti ve to the proposed bri ne d i s posa l  method i s  to 

s u pp l y  a l l or  part of the bri ne produced to the Dow Chem i c a l  Company or  

o ther i ndu stri a l  p l a nts i n  Freeport .  Ex i st i ng p i pe l i nes from the  s i te 

to the p l a n ts wou l d  be u ti l i zed . The bri ne thu s d i s posed wou l d  be u sed 

as a chem i c a l  feeds toc k .  The l arge quant i ti es of bri ne and the re 

q u i rements of  d i fferent rece i v i ng profi l es l i m i t th i s  a l ternati ve , 

however . A t h i rd a l ternati ve wou l d  be an  exten s i on  of the bri ne  d i s posa l  

p i pe l i ne and re l ocat ion  of the d i ffu ser to 1 2 . 5  statu te m i l es ( 1 0 . 9  

naut ica l  mi l es )  offs hore . Th i s  i s  the farthes t l ocat ion  from shore at  

wh i c h  the  d i ffu ser cou l d  feas i b l y  be l ocated wi thou t i nterferi ng wi th 

nearby s h i pp i ng . 

Power Sys tem 

An a l ternat i ve to u se  of Hou s ton L i ght i ng and Power power wou l d  be 

the co nstruct ion  of ons i te power generat i ng capac i ty .  Gas tu rb i ne 

generators , an  exhaust  s tac k ,  a nd a fu el  reserve equ a l  to fou r  days 

consumpti on  wou l d  be s tored ons i te .  

A . 3 . 4  S i te Devel o pment 

A . 3 . 4 . 1 Pro posed Phys i ca l  Fac i l i t i es 

I n troducti on  

The s torage s i te l ayou t  ( Fi gures A . 3- 2  and A . 3-3 ) presents both 

ear ly  s torage a nd expans i on phase  fac i l i ti es . Ear ly  s torage fac i l i ti es 
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i nc l ude  fou r  ex i s ti ng  s o l u t i o n  m i ned cav i t i es ; p ump and  control  b u i l d

i n g s ;  t he  meter i ng a rea ; c rude o i l  p i pe l i ne s  to SEAWAY tan k  farm and  

S EAWAY dock  a rea s ; fou r  200 , 000 bbl  crude  o i l  s u rge tan ks ; the  raw water 

i n ta ke ; the  br i ne p i ts and  fi ve backup  bri n e  i nj ec t i o n  we l l s ;  t he 1 . 5 

m i l e  power l i n e  to the  Ho uston  L i g ht i ng and  Power sUbsta t i o n  i n  Free

p o rt ,  and  ons i te s a n i ta ry and s to rm water- ha nd l i ng fac i l i t i es .  The on ly  

n ew s i te fac i l i t i es cons tructed for the  expa n s i o n  of Bryan Mo und  to  1 63 

Mr·1B capac i ty wo u l d  i nc l ude : up  to 1 2  new so l u t i o n  m i ned o i l storag e  

cav i t i es wi th  crude o i l ,  a new bri ne p i pe l i ne and  d i ffu ser system to t h e  

Gu l f  o f  Mex i co ,  raw wa ter , and  bri ne p i pe l i ne connec t i o n s  t o  the  pump 

house ; new roa dways to the we l l head s ; and new docks  and connec t i ng 

p i pe l i nes , one  i n  Brazos  Harbo r ,  and  a second adjacent  to the  t hree 

e x i st i ng S EAWAY docks . These  new fac i l i t i es a re addres sed bel ow.  Ear l y  

s torage phase  fac i l i t i es a re d i scus sed i n  FES 7 6/ 7 7 - 6  a n d  i ts supp l e

ment .  

Storage Ca v i ty Sys tem 

Eac h  n ew ca v i ty wo u l d  be l ea c hed  to a max imum i n i t i a l  capa c i ty of  

1 0  MMB . Genera l tec h n i q ues  o f  cavern construct i on have been descri bed 

i n  Sect i o n  A . 2 . 2 .  Ea c h  we l l head wo u l d  be d i ked to conta i n  m i nor ( 2000 

g a l ) opera t i o na l sp i l l s . Ca v i ty we l l heads wou l d  be connected to the  

c en tra l pump i ng p l ant  by p i p e l i nes  for o i l , raw  water , and  br i ne . These  

p i pe l i nes wo u l d  be bu r i e d  a l ong s i te roadways . 

New access  roads  wo u l d  be constructed to each  wel l head . I n  add i t i o n  

t o  p ro v i d i ng access , these  roads  wou l d  perm i t s urve i l l a nce  a n d  ma i ntena nce 

of t he p i pe l i nes . The  roadways wou l d  requ i re some fi l l i ng and  gradi ng .  

C rude  O i l  Di str i bu t i on System 

Ta n ker  docks  wo u l d be constructed at  two l ocat ions  i n  Freeport 

Harbo r .  One ta n ker dock wou l d  be bu i l t  on  SEAWAY property ,  adj acent to 

t he three ex i s t i ng S EAWAY P i pe l i ne system docks . I t  i s  i n  the  v i c i n i ty 

o f  the B ra zosport  Tu rn i ng Bas i n .  The  second dock  i s  i n  an  undev e l oped  

a rea on  Brazos H a rbo r ( F i gure A . 3- 1 ) .  Th i s  n ew tan ker berth  wo u l d  be  

bu i l t  on  the south  s i d e  of the ha rbo r .  I t  wou l d  b e  deve l oped j o i nt l y  

wi th  a pr i vate compa ny w h i c h  wo u l d a d d  dry bu l k  cargo hand l i ng capa b i l i ty 
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to be u sed when o i l acti v i t i es permi t .  A 0 . 6  mi l e  connector p i pel i ne 

wou l d  be req u i red from t h i s  new dock to the DOE b i -d i rect i onal  p i pe l i ne 

between the S EAWAY docks  a nd Bryan Mound . Each  dock  wou l d  requ i re 

dredg i ng ,  i nstal l at i o n  of  moor i ng dol ph i n s , a tres t l e p i e r ,  o i l transfer 

man i fo l d s , and a sma l l s teel -framed off i ce b u i l d i ng .  Con s truct ion  of 

dry bu l k cargo hand l i ng faci l i ti es at  the Brazos Harbor dock are not 

part of the SPR program . 

Raw Wa ter Sys tem 

The  earl y s torage phase raw water sys tem wi l l  be u sed i n  the expa n 

s i on o f  Bryan Mound . A n  en l arged des i l t i ng pond cover i ng approxi mate l y  

1 2  acres wi l l  b e  b u i l t  ( i f  needed ) to conta i n so l i ds removed from the 

raw water . 

Br i ne D i sposa l  Sys tem 

A new bri ne d i sposal  p i pe l i ne to the Gu l f  of Mex i co and attached 

d i ffuser sys tem wi l l  be constructed , wi th fi ve i nject i o n  wel l s  from the 

ear ly  s torage phase be i ng used for backu p .  T he proposed bri ne d i sposal  

p i pel i ne ( Fi gure A . 3 - 4 )  wou l d  be  cons tructed from the mai n  pump control 

faci l i ty southeas t at a true beari ng of 1 470 across  the I n tracoa s ta l  

Waterway ( I CWW ) a nd a coastal  marsh  to Bryan Beach . From the s hore l i ne 

i t  wou l d extend 5 . 8  s tatute mi l es ( 5 . 0  naut i ca l  m i l es )  i nto the Gu l f  at  

a beari ng of  1 430T to  the  d i ffuser l ocati on . The  bri ne p i pe l i ne wou l d  

have a 30  i nc h  outs i de d i ameter . The 34 port d i ffusers wou l d  be 2006 

feet i n  l ength  and be l oca ted i n  a n  area wi th an  approx i ma te water depth 

of  50 feet . Each  vert i ca l  port wou l d  use  5 feet above the surround i ng 

Gu l f  bottom . Operat i on  of the d i ffuser wou l d  be req u i red dur i ng so l u t i on

m i n i ng or  o i l f i l l i ng acti v i t i es and wou l d  accommodate a max i mum fl ow rate 

of  45  c ub i c feet  per second . 

Power Sys tem 

Power i s  s u ppl i ed to the early s torage s i te v i a a 1 . 5 m i l e  trans

m i s s i on l i ne .  T h i s  l i ne  i s  capab l e  of  hand l i ng t he  i ncreased power 

requ i rements of the expanded s torage s i te .  
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( depth contours in feet ) . 

A . 3- 1 1 



Land Requ i rements 

The  expans i on of Bryan Mou nd to 1 63 MMB s torage capac i ty wou l d  

requ i re 22 1  acres of l and to be d i s turbed for constru c ti on offs i te and 

wi th i n the fenced area ( Tab l e  A. 3- 1 ) .  The compl eted fac i l i ti es wou l d  

commi t a total  of 1 93 acres to sem i - permanent use  for storage fac i l i ti es 

and thei r ma i ntenance , i nc l ud i ng approx imate l y  1 28 acres prev i o u s l y  i n  

u se  for ear l y  s torage reserves and 65 acres added for expan s i on of 

s torage . Overl yi ng the Bryan Mound  dome approx ima te ly  60 acres wou l d  be 

u sed for p i pe l i nes , cavern we l l head pads , pump i ng and contro l faci l i t i e s . 

A total of a pproxi mate l y  390 acres over ly i ng the dome wou l d  be enc l osed 

by a secur i ty fence , i nc l ud i ng the 60 deve l oped acres . Offs i te p i pe l i nes , 

dockage and tan k  fac i l i ti es wou l d  permanently occu py 1 33 acres . 

The add i t i on  of u p  to 1 2  new caverns and assoc i a ted p i pe l i ne connec

t i ons  at Bryan Mou nd wou l d  requ i re ma i ntenance of 30  acres of l and 

o ns i te .  Offs i te ,  new ta n ker docks  wou l d  be constructed on 1 4  acres of 

l and at Brazos Harbor w i th a 0 . 6  mi l e  p i pe l i ne connecti on to the ex i s ti ng 

30 "  o i l p i pel i ne to Bryan Mound  us i ng 6 acres for a r i ght-of-way . The 

proposed bri ne d i ffu ser r i g ht-of-way extend i ng offs i te to the Gu l f  of 

Mexi co wou l d  cro s s  1 5  acres of coastal  prari e ,  marsh  and barr i er fl a ts . 

Al l o ther acreages needed for mai ntenance of the s torage faci l i ti es was 

prev i o u s l y  commi tted to s im i l ar use duri ng earl y  s torage or do not 

req u i re a permanent ded i cati on  of l ands .  

A . 3 . 4 . 2  Al ternati ve P hys i ca l  Faci l i ti es 

Crude O i l D i s tri but ion  Sys tem 

Use  of the P h i l l i ps Petro l eum Company docks i n  Freeport Harbor 

wou l d  a l l ow greater f l ex i b i l i ty i n  tan ker schedu l i ng for " toppi ng off " 

the S P R .  A 0 . 5  m i l e  connec tor p i pe l i ne wou l d  carry the o i l from the 

P h i l l i ps docks to the DOE p i pe l i ne .  Mos t  of th i s  p i pe l i ne wou l d  be 

wi thi n the P h i l l i ps tank  farm bou ndar i es . 

Construct ion  of SEADOCK wou l d  e l im i nate the need for a new DOE doc k 

adjacent to the exi st i ng  SEAWAY docks . Add i t i o n  of tan ker l oad i ng 

faci l i ti es to one of the ex i s t i ng S EAWAY doc ks  wou l d  s ti l l  be requ i red 

s i nce SEADOC K i s  nond i recti ona l . No add i t i ona l f i l l i ng or dredg i ng 
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TAB LE A. 3- 1 Land req u i reme n t s  R rv a n  Mou n d  D ro n o s ed S D R  s toraae s i te .  

Requi red Right-or-Way and Aff@ct@d Hab1tat (Acres ) 

Fluvi a l  and Coasta l  Bradt s h  to She l l  Romp Coastal and Number of Tota J Acreage 
Total Mf les Excavation C l eared Land Oat.: '.4ol)d hnds Prairies Freshwater Marsh Barrier F l a t  Inhnd Waters Water Jntpacted 

Pipel ine Row ( c . Y .  ) F i l l  ( c .y . )  Cons tr/Mo lnt' Cons tr IMa f " t" Cons tr/Mlli tntlJ Cons tr/r1a t nt" Constr/Maint" Con!tr/Ha tnta Crossings Constr/Ma i nta 

A .  SPA. Faci l i ties 

I )  S torage S i te 

a) Pipe l i nes to Cavern 5 . 1  30 , 300 14/18 24/18 
Wel l heads 

b )  Cavern Wel lheaj Pads Minimal 1 2/ 1 2  1 1 / 1 2  

c )  Contai nment D i kes a t  
Cav"!r" Wel lhea·:ts 

700 

1 )  Off S i t. 

a) Pipe l i ne connections to 0 . 6  6,000 
8razo! Harbor 

4/3 4/3 8/6 

b )  New T anker Ooc�s 1 ,050 ,000 1 4 / 1 4  1 4 / 1 4  

e )  Brine Di sposa l to Gu T f  
1 63/1 5 ot ffuser 7 . 5  1 7 7 , 300 2J/14 .1/ . 1  1 / . 5 1 4 110 

Sub-Iotal 
SPR tiC1lTIT es 1 3. 8  1 ,163,600 700 54/47 20/14 4/3 1 / . 5  1 4 '1'0 11 11 6 5  

:l> B .  Early Storage Fac t I  Hies 

1 )  Storaqe S t te 30nO 
30/30 

W 1 2 )  oor 30" 0 1 1  Pipelln. 

W a )  Bryan Hound to Seaway 47/36 
Tank Farm 4 . 1  17, 400 39130 8/6 

b) Bryan flbund to Sell way 
())cks 4 . 0  36,500 1 91 1 4  413 1 1 1 1 6  

44133 

3 )  Backup Brine Injection We l l s  

a )  P i pe l i ne Excavation 1 . 3  30, 700 

b) Roadwotys to Wel l heads 564,000 

c )  Wel l he�d Pads 5 ,000 1 1 1  4/4 5/5 

4) Crude on Storaqe ranks 96 ,000 14/14 1�/14 

Sub- Tota 1 

Early Storage F�c i l  it ies 1 0 . 4  94 ,600 665 ,000 74/69 43133 33116 1 501 1 1R 

Total land ReQu irements-
Early Storaqe plus SPR 24 . 1  1 , 358,100 665 , 700 128/99 63/47 37/29 1 / 1  1 4 2/0 3 7 1 1 1 9 3  
at Bryan Hound 

C .  A l  terna t i ves to Proposed Sys tems 

I )  Crude o t 1  Ohtribution 0 . 5  1 , 500 6/6 
( Ph l l l i os Doc k )  6/6 

1 )  Brine D I sposal ( We l l s )  

it )  P i pe l  ine E xcavation 3 . 6  57 ,000 42/31 42/31  

b )  Roadways t o  W e  I I  heads 4 2 , 100 

c )  W� l l l1ead Pads 19 ,000 1 9 1 1 9  1 9 1 1 9  

3 )  B r i ne  Otsposal to 
1 2 . 5 ",1 (ju l f  O t f fuc;p.r 1 4 . 1  274 ,600 20114 . // . 1  1 / . 5  305/0 316 / 1 5  

aConstruc t ton R lqht-of -Way/Ha 1 ntenance A.iqht-of -Way 
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4) Brine D i spos a l  to 
Dow P l an t B 

5) Groundwater Supply Wel l s  

a )  P i pel i ne Excdvation 
b )  ROCldways to Wel l heads 

c )  Iojel l head Pad s  

6 )  Water Suppl y fran Dow 
P l ants 

7) Power Supply 
� )  Oi 1 L i ne to IJlee Monobouy 

. ) 50' ROW Ldnd 

b )  200' ROW Gu l f  

USES e x I STING FAC I L I T I E S  

8 . 7  57 ,000 

No Add i ti ona l  l"nd (1r F i l l  RE'quired 

Min imal 

6 _ 0  31 , 700 

USES [ ( ISTING FAC I L IT I ES 

30_0 

1 0 , 000 

369 ,000 

a
eons truet ion R1 ght-of-Way/Ma i n tenance Right-of -Way 

2/2 5/5  

49(36 

20/20 

28/23 

313 

2/0 

10/0 

727/0 

Numher o f  
Iolilter 

Cross i nas 

Totitl  Ac rp','qc 
Impactp? cl Con$ tr/�1d l n t  

49(36 

20110 

37135 

1 3 / 3  
727/0 



wo u l d  be req u i red a t  the  doc k ,  but  off i ce a nd ga u g i ng area s wou l d  have 

to  be cons truc ted a t  the converted doc k .  Constru c t i o n  o f  a n  S PM wo u l d  

e l i m i nate the  need fo r docks i n  Freepo rt Harbor d ur i ng ca vern fi l l i ng 

o n l y .  Convers i on of  S EAWAY docks for l oa d i n g  tankers  wo u l d  s t i l l  be 

req u i red . 

Raw Water System 

As an a l terna t i v e ,  raw wa ter wou l d  be supp l i ed by Dow Chem i ca l  

Company . A 6- m i l e  p i pe l i ne wou l d  b e  l a i d  between Bryan Mound  and  Dow ' s 

P l ant  " B " a l ong  the  pro tected s i de of  the  l evee adj acent  to the  Brazos 

Ri v er .  vJ i th i n  Dow ' s P l a n t  " B " , wa ter wo u l d be ta ken from a ca n a l  wh i c h 

bri n g s  wa ter a d i s tance  of 1 5  to 2 5  mi l es to both  P l a nts "A"  and  l i B " 

from two reservo i rs ,  Brazo r i a  Re servo i r  and  Harri s Reservo i r ,  deve l oped 

a nd owned by Dow C h em i c a l  Company . The wa ter for these reservo i rs i s  

p u rchased from the Lower Brazos  R i ver Au t hor i ty dur i n g  h i g h  wa ter 

s ta ges . 

The  6- mi l e  l ong p i pe l i ne between Dow P l ant  " B "  and  Brya n Mo und 

wo u l d  be a conc rete- rei n forced p i p e .  Th i s  l i ne  wo u l d  be l a i d  a l ong  an 

ex i st i n g  Dow r i g ht-of- way to the mo u n d .  

S u rge capa b i l i ty fo r the  d i sp l acement water s upp l y  sys tem wo u l d b e  

hand l ed thro u g h  ex i s t i ng p i ts a t  t h e  dome s i te .  Water wou l d  fl ow  i n to 

t he p i t  from the  24- i nc h  l i ne ; then , as req u i red , the  water wo u l d  be 

p umped i n to the  ca v i t i es by the appropri a te on s i te pump s to d i sp l ace the  

crude  o i l . 

B r i n e  D i spo sa l System 

A sys tem of 23 add i t i o na l  i nject ion  we l l s , each  handl i n g  1000 

ga l l on s  per m i nute  and s paced on  1 000 foot i nterva l s co u l d  be l ocated 

sou thwes t of the s torage s i te .  Because  of the ma rsh  env i ronment , 

e l eva ted f i l l of  several  feet may be req u i red for port i o n s  o f  access  

roadways to  the  we l l heads . I n  add i t i on , wh ere s uffi c i en t  dry l a nd i s  

not  ava i l ab l e ,  a n  area o f  f i l l  wo u l d be req u i red a t  each wel l s i te .  Th i s  

a l terna t i ve wo u l d a l so  req u i re a p i pe l i ne cros s i ng of  the  Brazos R i ver  

D i vers i on Channe l . An e s t i mated tota l of  up to  6 1  acres wou l d  be prima r i l y  

affected by the con stru c t i o n  o f  th i s  d i sposa l  sys tem . .  Dr i l l i ng o f  the 

wel l s  from 5000 
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to 7000 feet d eep wo u l d be accomp l i s hed by typ i ca l  o i l  fi e l d eq ui pment .  

Dr i l l i n g mud  p i ts wo u l d be rec l a i med  or bu r i ed after the comp l et i on of 

each  we l l .  

An a l terna t i v e  br i ne d i ffu ser s i te 1 2 . 5  statute m i l es offshore 

wo u l d req u i re a n  add i t i on a l  6 . 7 s tatute m i l es of  p i pe l i ne construct i o n  

i n  t h e  Gu l f . Typ i cal  offs hore p i pe l i ne construct i o n  methods and  l and  

req u i rements  wo u l d occur . The  a l terna t i v e  wou l d  be  con s i dered i f  i ts 

i mp acts were s i gn i f i cant l y l es s  t ha n  the propo sed sys tem . 

A t h i rd a l ternat i ve  wou l d be to sup p l y  part of the bri n e  as  feed

s toc k to Dow C h em i ca l Company p l ants  i n  Freeport . Ex i st i ng  p i pe l i ne s  

from t he s i te to the  p l a nts wou l d b e  u t i l i zed . As part of the  ear l y  

s torage p ha s e , bri ne  from the exi st i ng ca verns i s  curre n t l y  be i ng 

d el i vered to Dow as  the caverns a re bei ng fi l l ed wi th  o i l . However , t he  

Brazos D i vers i on Chan ne l  cou l d not  pro v i de raw water of  the  q u a l i ty 

n ecessary to p roduce bri ne  wh i c h cou l d meet the spec i fi cati o n s  nece ssary 

for the  c hem i ca l  feeds toc k .  Therefore , u s e  of  t h i s  a l ternat i ve wou l d 

have  to be coup l ed wi th  u se  of  wa ter from the  Dow Reservo i rs .  Moreov er , 

Dow ha s not  expres s ed a wi l l i ngness  to rece i ve br i ne a t  the rates and  

v o l umes necessary for l ea c h i ng new caverns .  

A . 3 . 5 Constru c t i o n  Techn iques  

A . 3 . 5 . 1  Storage Cavern Cons truct i on 

Constructi o n  of u p  to 1 2  new sto rage caverns a t  Bryan Mound  wo u l d  

empl oy tho se  techn i q ues  descri bed i n  Sect i on A . 2 ,  Genera l Construct i o n  

Techn i q ues . 

A . 3 . 5 . 2  Road Constru c t i o n  and  Other Grad i ng 

T h e  Brya n Mo und dome s i te ha s a number of ex i s t i ng shel l road s  to 

each  of t he ea r l y  s torage cav i t i es . S i nce new we l l ho l es wou l d  be 

d ri l l ed for each  of  the new cav i t i es to a l l ow access  for the SPR p roj ect , 

exten s i on s  to t hese  roads  wi l l  be req u i re d .  

I f  a l terna ti v e  sys tems a re chosen  for br i ne d i sposa l , access  roads 

a l ong  the  p i pe l i ne rou te s  to the dri l l pads for construct i o n  a nd ma i n te

nance  of  the  wel l s  wo u l d  be  requ i red . 
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Sa fety d i kes  wo u l d be cons tructed around each  of  the crude o i l  

s u rge  tan ks a s  part o f  the ea rl y storage  phase  to con ta i n  any l ea kage . 

Sma l l e r d i ke s  wo u l d be constructed aro und eac h we l l head to conta i n  sma l l 

vo l umes o f  o i l  s p i l l ed d ur i ng opera t i on or ma i n tenanc e .  

A . 3 . 6  Devel opment  T i meta bl e 

The  Bryan Mo und  S P R  fac i l i ty wou l d  con s i s t of  bo th t he exi s t i ng  

earl y storage phase and  new storage cav i t i e s .  O i l storage wi l l  beg i n  at 

t h i s s i te as  soon  as  i n s ta l l a t i o n  of  i nj ec t i o n  pump s , raw water , crude 

o i l , a nd the  bri ne deep-wel l i nj ec t i o n  d i sposa l  sys tems , and  convers i o n  

o f  ex i s t i n g  cav i ty we l l s  ( a l l early  s to rage  p h a s e  fac i l i t i es ) a r e  com

p l e ted . Co ncurrent f i l l i ng of these ex i s t i ng caverns and  prepara t i on o f  

n ew caverns a n d  a s so c i a ted  fac i l i t i es cou l d then proceed . T h e  max imum 

l ea c h  wa ter s upp ly  rate wou l d permi t a max i mum of 1 5 , 257 BID per we l l of 

s torage  s pace to be created . These  rates a l l ow for concurrent l eac h i ng 

o f  fi v e  1 0  MMB wel l s ,  t h u s  the  add i t i ona l  1 00 MMB of  cavern s pace cou l d  

be created and f i l l ed i n  62 months . The devel opment t imeta b l e ( F i g ure 

A . 2- 7 ) i s  based on  these  co n s i dera t i o n s .  

A . 3 . 7 Operat i o n  and Ma i ntenance 

A . 3 . 7 . 1  Ge nera l Sa fety Preca uti ons  

Protect i ve Con tro l De v i ces  

Al l s to rage cav i ty we l l heads wo u l d  be equ i pped wi th  ( 1 ) hydrocarbon 

d etec t i o n  dev i ces to protect aga i n s t  overfi l l , ( 2 )  pneuma t i c ga te va l ves  

o n  crude  and  bri ne we l l head open i ngs  wi t h  h i gh- l ow pres s u re swi tches fo r 

remote contro l o f  sa fety va l ves , and  ( 3 )  va l ve l i m i t swi tches , s i gna l  

dev i ce s  and  a l arms . 

P ump con tro l and  protect i ve dev i ces wou l d  be i n sta l l ed o n  a l l maj or  

p ump i ng equ i pment to  mon i tor cr i t i ca l  opera t i ng var i a bl es and  to  a u to

mat i ca l l y  s h u t  down t he a ffected equ i pment  in  the event that an  un safe 

o pera t i ng  cond i t i o n  devel op s .  Pump s ta t i on emergency s hutdown systems 

wo u l d  be i ns ta l l ed at a l l s tat ions  to a l l ow the s h u tdown and i so l at i on 

o f  t he pump i ng s ta t i on i n  the event o f  an emergency . P i pe l i nes  wo u l d  
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have  meter ba ses  a nd pres s u re swi tc hes  mon i to red a t  each  end  a s  a pre

ca u t i on a ga i n s t  l ea ks .  Pres s u re rel i ef va l ves  wou l d be i ns ta l l ed on  

p i p i ng ,  equ i pmen t ,  a nd pre s s u re vesse l s ,  a s  needed , to prevent these  

systems from exceed i ng safe l i mi ts . 

Fi re P ro tect i o n  

P ump s ta t i o n s  and  meter sta t i o n s  wou l d  b e  pro v i d ed wi t h  portab l e 

fi re ext i ng u i s hers  i n s ta l l ed ,  c l a s s i f i ed ,  rated , and  se l ec ted i n  accor

dance wi th  app l i cab l e s ta ndards  of t he Na t i o n a l  Fi re  Protec t i o n  Assoc i a 

t i on . 

S u rface  o i l  ho l d i ng tan ks at  the d i s tr i bu t i on termi na l  wou l d  be 

e q u i pped  wi t h  sta ndard sp r i n k l er a nd foam fi re prevent i on  sys tems . 

Corro s i on Protec t i on 

Al l b ur i ed porti o n s  of the  p i pe l i nes  wou l d  be externa l l y coated 

w i th a protect i ve  coat i n g .  W here requ i red , the p i pe l i ne wo u l d be 

i ns ta l l ed i n  breather ca s i ngs at h i g hway , ra i l way , or l evee cro s s i ngs , 

w i th  i ns u l a tors  and  spacers to e l ectr i ca l l y  i so l ate  the  p i pel i nes  from 

t he cas i ng .  

Protec t i on from Exte rna l Damage 

Al l e l ectr i ca l  equ i pment , pump s , and  contro l  sys tems wou l d  be 

hou sed i n  bu i l d i ngs a nd p l aced on  concrete pads for protect i o n  aga i ns t  

fl o od i ng . P rotec t i o n  of  the p i pe l i ne s  from exte rna l damage wo u l d be 

p ro v i ded by bu ry i ng t hem and by ma rki ng t he i r  l ocat i on . Add i t i ona l  

mecha n i ca l  pro tect i on fo r tha t porti on  of t he p i pe l i ne s  i n  areas  of 

ma rs h a nd a t  wa terway cros s i ngs  wo u l d be pro v i ded by an externa l coa t i ng 

o f  wi re mes h  re i nfo rce� concrete . 

Protec t i o n  of Loca l  S u rface  E nv i ronment  

Po i nts  i n  and  around  pump i ng s ta t i ons , where o i l  may be dra i ned 

from the sys tem dur i ng norma l or  emergency opera t i o n s  or  ma i nte nance , 

wou l d  be ap pro p r i a te l y  d i ked o r  c urbed and pro v i ded w i th wa ste  s umps . 

Waste o i l co l l ected i n  th i s ma nner  wo u l d be returned per i o d i ca l l y  to the 

s to rage system . 
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Al l s u rface tan ks a re req u i red to be enc l osed  i n  adequate rete n t i on 

d i ke s  to protect the a rea env i ronmen t from l ea kage of c rude o i l . Th i s  

i s  con s i stent  wi th the S p i l l  P reve n t i o n  Control  and  Coun termea s u res  P l a n  

( SPCC  p l an )  req u i remen t of  40 CFR  1 1 2- 7 .  

Secur i ty 

The  1 50- acre ma i n  storage fac i l i ty p resent l y  has  a t hree o r  fo u r  

s t ra nd , barbed wi re fence wh i c h  keeps cattl e graz i ng i n  the a rea  from 

enter i n g  the  s i te .  Th i s  fence from p rev i o u s  deve l opment may be rep l aced 

by a more secure o n e ,  for examp l e a 9- foot  c ha i n  l i n k  fence , s u rrou n d i ng  

t h e  ent i re  390  acre  S P R  project  a rea . Th i s  i s  a standard prac t i c e  for 

petro l eum s torage  s i te s .  Add i t i ona l  fenc i ng wo u l d be needed a round  

h i g h- vo l tage  a reas  a nd other  danger  zones . S i nce  the  fac i l i ty wo u l d 

o p e rate o n  a 24- ho u r  ba s i s ,  personne l  wo u l d be on d u ty at  a l l t i me s . 

Al l fenced fac i l i t i es wo u l d  have  wa rn i n g  s i gns  pos ted con sp i cuo u s l y  to 

warn  the pub l i c  of the nature of the fac i l i ty .  

A . 3 . 7 . 2  Storage P h a s e  

The  s to ra g e  o r  s ta ndby phase  i s  tha t rel a t i ve l y dorma n t  t ime  per iod  

between when  the ca v i t i es a re fi l l ed to  des i gn capac i ty a nd when  the  

crude  is  n eeded fo r a n a t i o na l emergency . Dur i ng th i s  i nter i m  peri od , 

the  o n l y  act i v i t i es wo u l d be sec u ri ty a nd mai ntenance  chec k s .  However , 

r ead i ne s s  fo r acti v a t i o n  d ur i n g  a n  emerg ency wo u l d req u i re keep i ng some 

tra i ned opera t i o n s  personnel  a va i l ab l e and fami l i a r  wi th  the s to ra ge 

fac i l i ty .  

Secu r i ty Mea s ures  

Secu r i ty mea s u res  fo r the  Strateg i c  Petro l eum Re serve fac i l i ty 

wo u l d  be those  s ta ndard for petro l eum s torage  fac i l i t i e s .  The ma i n  

s torage s i te wo u l d  be fenced and  proper l y  l i g hted . Al l we l l h eads  wou l d 

have  p n euma t i c gate va l ves on  br i n e  and  crude l i nes  to a l l ow for remo te 

contro l . These  co ntro l s p l u s  a l l e l ectri ca l  eq u i pment wo u l d be hou s ed 

i n  a sec u red bu i l d i n g .  Al so , a l l p i pe l i nes  wou l d  be mon i tored wi th 

p re s s u re swi tches at  each end of  the l i ne for ear l y  d etecti on  of  l ea k s . 

The  fac i l i ty wo u l d  ma i n ta i n  s tandard f i re prevent i on systems and  warn i ng 

d e v i ces . 
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Equ i pment Te s t i ng  a nd Ma i ntenance 

Du r i ng t he storage peri od , a l l equ i pment wou l d  be serv i ced and  

tested o n  a regu l a r  bas i s  to ens ure proper worki n g  order . Pump s , 

p re s s u re va l ves  and  sa fety equ i pment  wo u l d be l ubr i ca ted a nd operated at 

l ea s t  once  a month . Ma i ntenance crews wou l d be o n  duty on  a 24- ho u r  

ba s i s .  

A . 3 . 7 . 3  Extract i o n P hase  

The  Stra teg i c  Petro l e um Re serve Program req u i re s  a n  emergency 

de l i vera b i l i ty of  s to red o i l  over a 5 month  per iod . Thus , avera ge  

d e l i very rates  fo r a 1 63 mi l l i on ba rre l fac i l i ty wo u l d be 1 , 000 , 000 

barrel s per day ( 2 9 , 1 7 0 ga l l on s  per m i n u te ) ; however , con s i deri ng  that 

de l i very thro u g h  ta n kers  mi ght  be req u i red , t he system ; s  des i gned  for 

s i m u l taneo u s  de l i very of  ( typ i ca l l y )  60 percent to the SEAWAY P i pe l i n e 

a nd 40 percent to the docks . The  fac i l i ty ' s systems a re des i gned to 

hand l e max i mum de l i very ra te . The o i l  wou l d  be d i spl a ced by one  mi l l i on 

barrel s of wa ter each  day wh i c h  wou l d be pumped by three pump s , l ocated 

o n  an i ntake structu re i n  the B razos  R iver .  

Raw wa ter wo u l d  be  de l i vered v i a a 36- i nc h  p i pel i ne to the  ba ttery 

of  i nj ecti on  pumps . These  pump s force raw wa ter i nto a ny comb i nati o n  of 

t he fo u r  ex i st i ng and 1 2  new l ea c hed cavern s . O i l  d i sp l aced from eac h  

ca vern wo u l d  be metered . I n d i v i dua l  turb i ne  meters wou l d  record vo l umes 

of  o i l  from each we l l ,  and the meter ban k  wou l d  pro v i de standby capa b i l i ty .  

O i l wo u l d be d i sp l aced d i rect ly  from the wel l s  i nto one of the fou r  

s u rge ta n ks o r  t o  S EAI�AY Docks  o r  Ta n k  Fa rm .  Fo u r  pumps near the tan k s  

wou l d  d e l i ver  t h e  crude o i l t o  t h e  SEAWAY Tank  Farm or  t he docks . 

Ma n i fo l d i ng a t  the pumps dnd  va l ves i n  the 30- i nc h  pi pel i ne wou l d  a l l ow ,  

i f  requ i red , s i mu l ta neo u s  de l i very to tan kers a t  the DO E docks , and to 

t he S EAWAY Ta n k  Farm ,  a bo u t  fou r  m i l es to the northwe s t .  

D i str i buti o n  

B o t h  t h e  D O E  docks  a t  Freeport Harbor a nd the SEAWAY P i pe l i ne 

t hro u g h  the  S EAWAY Ta n k  Fa rm a re anti c i pa ted di stri bu t i o n  systems for 

t he B ryan �10 und  faci l i ty .  Crude o i l  s h i pped through  the doc k  fac i l  i t i es 

wou l d be l oaded o n  ta n kers  ( u p  to 50 , 000 DWT ) for transportat i on to 
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ref i ner ies  a l ong  the  At l a nt i c ,  Gu l f ,  or  Car i bbean coasts . The  crude 

d i str i buted t h ro ug h  the S EAWAY P i pe l i ne sys tem wo u l d reac h  i n l and ref i n 

e r i es . 

A . 3 . 7 . 4  Re fi l l P hase  

After a n  o i l  s u pp l y  i nterrup t i o n  has  ended , refi l l  of  the Strate g i c  

Petro l eum Reserve storage fac i l i ty i s  p l a n ned , pro v i ded tha t supp l i es 

are  stabi l i z ed and  crude o i l  i s  a va i l a b l e for add i t i o na l  sto ra g e  reserves . 

The  rate of  f i l l  depends upon the  ava i l a b i l i ty o f  crude o i l , but  i s  

e xpected t o  ta ke two years a t  a n  average fi l l  rate o f  1 50 , 000 bbl per  

d ay ( 24 0 , 000 bb l  per day max i mum ) . 

Refi l l  Process 

The  refi l l  process i s  the  reverse of the  wi thdrawa l proces s .  The 

c ru de o i l  i s  i nj ected i n to the  top of the storage  cav i ty ,  thus d i s

p l ac i n g the  br i ne ,  wh i ch goes to the br i ne  d i spo sa l  system i n  the Gu l f 

o f  Mex i co .  The  bri ne  d i sposa l  system and  d i s tr i b ut i on  system i s  expected 

to handl e a f i l l  rate of up to 240 , 000 B/ D .  

Re fi l l  Capac i ty 

The  Stra teg i c  Petro l eum Reserve system i s  p l anned for fi ve  fi l l  and  

w i thdrawa l  cyc l es .  Al tho u g h  the  cavern capac i ty en l a rges d ur i ng  each  

cycl e ,  on ly  the or i g i na l  des i gn capa c i ty fo r each  cav i ty wo u l d be 

refi l l ed .  

A . 3 . 8  Term i n a t i on and  Abandonmen t 

When the  nat ion  has  devel oped s u ffi c i ent  i ndepen dence , the  o i l  

sto ra g e  capac i ty a t  Bryan Mo und dome may no l on ger be needed . I t  i s  

i ntended tha t the  fac i l i ty cont i n u e  to serve a benefi c i a l  u s e , i f  poss i b l e .  

Storage o f  l i ght  petro l eum products , LPG , o r  other i ndustr i a l  products 

i s  poss i b l e .  I f  n o  u s ers can b e  fo und , the  fac i l i ty cou l d  be mo thba l l ed 

fo r l ater u s e .  

U l t i mate l y ,  t h e  fac i l i ty wo u l d be abandone d .  Su rface equ i pment 

wou l d  be remo ved and  s o l d .  Br i ne i nj ec t i o n  wel l s  and cav i ty acce ss  

wou l d  be sea l ed wi th  concrete , a common  o i l  f i e l d procedu re . No l o ng  

t erm s u rve i l l ance  or  ma i n tenance is  ant i c i pa ted . 
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A . 4 ALLEN DOME ALTERNATIVE  S I TE 

The Al l en dome a l terna t i ve s i te i s  des i gned to s tore 1 00 MMB of 

c rude o i l . Sol u t i on mi n i ng and su bseq uent fi l l  operat ion  to reach  th i s  

s tora ge capac i ty wi l l  be accompl i s hed approximate l y  f i ve yea rs after 

s ta rt of  cons truct ion  of fac i l i t i es at  Al l en dome , the doc ks  in Freeport 

and Brazos Ha rbors , and the p i pe l i nes to Brya n Mound . 

Al l en dome wa s chosen a s  a cand i date s i te due to i ts prox im i ty to 

S EAWAY Ta n k  Fa rm , and the Freeport Ha rbor doc k i ng fac i l i t i es .  Crude o i l  

a rri v i ng a t  Freeport docks may be del i vered to s urge ta n ks a t  Bryan 

Mound a nd then to the p i pel i ne connect i ng to Al l en dome . From the 

s tora ge s i te ,  crude o i l  can be p i ped to the S EAWAY P i pel i ne at  the 

S EAWAY Ta n k  Fa rm or to the Freeport Harbor docks through  the Bryan Mound 

earl y storage fac i l i t i es .  

A . 4 . 1 Loca t i on 

The Al l en dome s i te ,  l ocated i n  southern Brazori a Cou nty , Texa s , 

l i es a bout  1 5  mi l es wes t  of the c i ty of Freeport , 70  mi l es south  of 

Hou ston , and 7 m i l es north of the Gu l f  of Mex i co .  The SEAWAY Tank Farm 

a t  Jones Cree k l i es  7 m i l es to the ea s t  and SEAWAY docks i n  the Freeport 

Ha rbor l i e 1 4  mi l es to the ea st  ( F i g ure A . 4- 1 ) .  The San Bernard Ri ver 

borders the s i te on the ea s t .  

A . 4 . 1 . 1  S i te Acces s 

Ex i s t i ng paved roads pro v i de access  to the s i te ,  however roads 

wou l d have to be con s tructed in  the p l ant  area to the wel l s  a nd p i pe l i nes . 

A . 4 . 1 . 2  S i te Descr ipt ion  

The  A l l en dome i s  a sma l l dome s i te coveri ng 300 s urface acres w i th

i n  the - 2 000 foot  sa l t  con tour  ( F i gure A . 4- 2 )  a nd has  been cl eared for 

u s e  as  pa sture , l ea v i ng on ly  scattered groves of trees . Property i n  the 

v i c i n i ty of the s i te a l ong the San Bernard Ri ver ha s a l ready been part i 

t i oned for re s i dent i a l  and vaca t i on home l ots .  Berna rd Acres , a res i den

t i a l  commun i ty l i es adj acent to the propo sed southern p l ant  boundary . 

A . 4 . 2  Capac i ty 

Proposed capac i ty for the s i te i s  1 00 MMB of  crude o i l  s tored i n  

ten to twel ve sol u t i on mi ned cav i t i es .  New caverns wou l d  be created by 
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FI GURE A . 4- l  P i pe l i n e  route map - Al l en dome can d i date S P R  
s tora qe s i te ( a l tern ati ve s i te ) . 
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FI GURE A .  4-2  V i c i n i ty mao - A 1 1  en dome ca . 
( a l tern at i v  

n� l date 
e s 1 te ) . 
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dr i l l i n g  and br i ne so l u t i on mi n i n g .  Uti l i z i ng a l l ava i l ab l e acreage , 

the  dome has a poten t i a l  for approximate l y  fi fteen 1 0  MMB caverns . 

A . 4 . 3  Genera l Sys tem Descr ipt i on 

A . 4 . 3 . 1 Propo sed Systems 

Devel opmen t  of the Al l en dome wi l l  req u i re use of the raw water 

i nta ke and crude o i l  d i stri but i on sys tem compon ents  b u i l t  for the ear ly  

s torage phase  at  Bryan Mound ; new docks at  Freeport Harbor and  Brazos 

Ha rbor ; raw wa ter and bri ne  d i sposa l p i pel i nes  connect i ng Al l en dome to 

Bryan Mo und ; br i ne d i sposa l p i pe l i ne to a Gu l f  d i ffu ser 5 . 8  mi l es offs hore ; 

crude o i l  p i pe l i nes  connect i ng S EAWAY Tan k  Farm and Al l en dome ; and t he 

con s truct i on of  the  s i te fac i l i t i es at  Al l en dome . 

The genera l p hy s i ca l  p l ant  proposed at  Al l en dome fac i l i ty cons i sts  

of  up to 1 2  new so l u t i on mi ned storage caverns and p i pel i ne connect ions  

to  t he cen tra l pump i ng and  contro l areas , a crude o i l  d i stri but i on 

system , a raw water supp ly  sys tem ,  a br i ne d i sposa l  sys tem and a power 

system provi ded by a commerc i a l  power company . 

Raw water for l eac h i ng the cav i t i es wou l d be pumped to t he Al l en 

dome s torage s i te from t he Brazos Ri ver D i ver s i on C hannel  i nta ke s tructure 

wh i c h  wou l d  be bu i l t  for the ea rly s torage phase  at  Brya n Mound . D i sp l aced 

bri ne from the l eached ca vi t i e s  wou l d  pass through  a br i ne p i t  and be 

d i sposed of by a p i pel i ne to Bryan Mound and then to the new br i ne 

d i ffu ser i n  the Gu l f  of Mex i c o .  Crude o i l  wou l d be p i ped from the  new 

dock fac i l i t ies  i n  Freeport Ha rbor t hrough  the b i - d i rect i ona l  earl y 

storage phase crude o i l p i pel i nes  throug h  Bryan Mound to the SEAWAY Ta n k  

Fa rm , where they wou l d  connect wi th  the new DOE p i pe l i n e  to t he Al l en 

dome storage cavern s .  

A s  o i l  i s  i nj ected i nto s torage cavern s , br i ne i s  s i mu l ta neo u s l y  

d i s p l aced . Du r i ng wi thdrawa l , raw wa ter wou l d  b e  i nj ected t o  d i s p l ace 

crude o i l . O i l  wo u l d return through  the DO E p i pe l i ne to SEAWAY Tan k 

Fa rm ,  where i t  wou l d connect to t he SEAWAY P i pe l i ne fo r i n l and refi ner i es , 

or  to t he b i - d i rect i onal  ea rly storage p i pel i ne to Bryan Mound and Free 

port Ha rbor tanker docks , for del i very to Gu l f  of Mex i co , Eas t  Coas t  or 

Ca ri bbean ports . 
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A . 4 . 3 . 2 Al terna t i ve Systems 

Fo ur a l ternati ve raw wa ter supp ly  systems a re poss i bl e :  s urface 

wa ter from the San Bernard R i ver east  of the s i te ;  surface wa ter from an  

i nta ke on  the Brazos Ri ver a bove Freeport ; sa l i ne water from the  Gul f of  

Mex ico ; a nd ground wa ter from the  Eva ngel i ne aq u i fer .  Add i t i ona l deep 

wel l s  spaced a l ong the p i pel i ne between Al l en dome and SEAWAY Tan k Farm 

cou l d prov i de a n  a l terna t i ve to the proposed bri ne d i sposal  system . 

Br i ne d i sposa l v i a  a p i pe l i ne d i rectl y from the s i te to a d i ffuser 

l oca ted i n  a d i fferent area of the Gu l f  of Mexi co i s  an a l ternati ve to 

u se  of the d i ffu ser through  a p i pel i ne to Bryan Mound . Rel ocat ion  of  

t he Brya n Mo und  d i ffuser to a po i nt 1 2 . 5 mi l es offs hore is  another 

a l terna ti ve .  

Al ternat i ves to  use  of the  docks at  Freeport a re the cons truct ion  

o f  a S i ng l e An c hor-Leg Moori ng ( SALM ) mono buoy i n  deep wa ter offs hore ; 

convers i o n  of  an  exi st i ng  S EAWAY doc k  i n  Brazos Harbo r ;  and use  of 

P h i l l i ps Petro l eum Company doc ks . 

A pos s i bl e  a l ternat i ve source of power i s  ons i te generat ion . 

A . 4 . 4  S i te Devel opment  

A . 4 . 4 . 1 Proposed P hys i ca l  Fac i l i ti es 

I n troduct i on 

A typ i ca l  l ayou t  of  surface fac i l i t i es at Al l en dome , s hown i n  

F i gure A . 4- 3 ,  i ncl udes storage cavern wel l s , p l ant  area , road and 

p i pe l i ne a l l eys and the securi ty fence . 

Stora ge Ca v i ty System 

Twel ve s torage cav i ty wel l s ,  s hown o n  F i gure A . 4- 3 ,  refl ect the 

est imate tha t 20 percent of the wel l s  wou l d  enco unter prob l ems that 

wou l d reduce thei r capac i ty from the p l anned 1 0  MMB to 5 MMB . Thu s , 

twel ve cav i ti es wou l d st i l l  meet the requ i red 1 00 MMB capac i ty at  the 

Al l en dome s i te .  

S i nce t he dome i s  sma l l ,  t h e  cav i t i e s  have t o  b e  deeper a nd narrower 

t ha n  those  a t  Bryan Mo und . The cav i t i es wou l d be l eached i n  the - 2000 

to - 3700 foot  depth i nterva l . I n i t i a l l y  eac h  cavern i s  expected to be 

a bout  1 700 feet h i g h and 205 feet i n  d i ameter .  I f  the crude o i l i s  
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w i thdrawn fi ve t imes  i n  response  to s evere import i n terrupti ons , the 

u l t ima te d i ameter wo u l d  be about  300 feet . The l ayou t  in Fi gure A . 4- 3  

p l aces ca verns on 600- foot  centers a n d  a mi n imum o f  600 feet from the 

dome edge ,  thus  prov i d i ng a 200- foot  wa l l  around every cavern . 

Each of the 1 2  p l anned storage wel l s  wou l d  req u i re the construct ion  

of  a 200 by 200- foot dr i l l i ng pad .  After dr i l l i ng i s  compl eted , t he  pad 

wou l d  be con verted to a sma l l permanent area to a l l ow wor kover and con

vers i on work .  

On s i te p i pe l i nes fo r wa ter , o i l  and bri ne wo u l d be  bu r i ed a l ongs i de 

t he 20- foot roadways , a l l owi ng  dua l  u se  of roads as p i pel i ne a l l eys and 

p ermi tt i ng veh i cu l ar  acces s  to storage wel l s .  

P l ant  Area 

An area a bout 1 0  acres wou l d  be req u i red to accommodate fac i l i t i es 

necessary to opera te and l each  the s torage cavi t i es .  Th i s  area ( F i gu re 

A . 4- 4 )  wou l d  conta i n  the ma i n  pump b u i l d i ng ,  control bu i l d i ng ,  ware ho uses 

a nd offi ce , a bl a n ket o i l  ta n k ,  a l i ned bri ne p i t ,  and a raw wa ter tan k  

to pr ime i nj ect ion  pumps . Adj acent to the p l ant  area wou l d  be a mate r i a l  

and  eq u i pment ya rd t o  a l l ow orderly del i very a n d  storage o f  con s truct i on 

equ i pment and mater i a l s .  

The ma i n  p ump bu i l d i ng wou l d  be a prefa br i ca ted type steel structu re 

o n  a conc rete s l a b  foundat ion . The bu i l d i n g area wo u l d  be on  fi l l  a t  a 

s u i ta bl e  he i g ht a bo ve ground l evel i n  order to m i n im i ze fl ood i ng concerns . 

I n  add i t i on to the ma i n  bu i l d i ng ,  a sma l l er bu i l d i ng of s i mi l ar cons truc

t i on  wou l d  be l ocated nea rby to ho use i n s trumen ta t i on , the offi ce , l a b ,  

warehouse ,  and s hop area . A trans former ba n k  wou l d  be pl aced adj acent  

to the ma i n  pump bu i l d i ng on  the  ra i sed fi l l  area . 

A bl a n ket o i l  ta n k  wo u l d be conta i ned wi th i n  a reservo i r  d i ke 

equ i va l ent i n  capac i ty to t he total  contents of the tan k  to conta i n  any 

s p i l l ed o i l . A 3 000 ba rrel raw wa ter tan k  wou l d be req u i red to pr ime 

t he raw wa ter i nj ect ion  pumps ( F i gure A . 4-4 ) .  

Al l p l ant  bu i l d i ng s  and s torage wel l s  wo u l d be encl o sed by 1 2 , 600 

l i n ear feet of  n i n e  foot  h i g h  cha i n  l i n k  fen ce . Al so , fenc i ng wou l d  be 

req u i red to encl ose the mater i a l  and equ i pment s torage area . 
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Crude O i l D i stri bu t i o n  System 

Oi l wou l d  be del i vered to and wi thdrawn from t he s i te through  a 30-

i nc h  o i l  d i stri bu ti on p i pe l i ne wh i c h  wo u l d  connect Al l en dome wi th  the 

DOE p i pel i ne at  the S EAWAY Ta n k  Farm .  The ex i s t i ng DO E 30- i nch  earl y 

s torage p i pe l i ne wi l l  connect SEAWAY Tan k  Farm to the DO E docks  a t  

Freepo rt Ha rbor t hro u g h  Brya n Mo u nd . These p i pel i nes  wou l d  be u sed 

d u r i ng bo th  fi l l i ng and wi thdrawa l p hases . 

The 8 mi l e  p i pel i ne between the storage s i te and SEAWAY Tank Farm 

wou l d  be b i - d i rect i o na l . I t  wa s s i zed at  30 i nc hes  to p i c k  u p  o i l  a t  

t he caverns fo r del i very to t h e  tan ker doc k ,  v i a  t h e  SEAWAY Tank Farm 

a nd Brya n Mo und . 

DOE wo u l d  bu i l d  one dock adj acent to the three SEAWAY docks  i n  

Freeport Ha rbo r  to sat i s fy the cavern fi l l i ng req u i remen ts . A seco nd 

dock fac i l i ty wo u l d  be bu i l t  i n  Brazo s Ha rbor ( F i gure A . 3- 1 ) .  These 

docks wo u l d  a l so be capabl e of l oad i ng out  stra teg i c  o i l in  excess of 

t ha t  req u i red for i n l and d i stri but ion . Con struct i o n  of t hese fac i l i t i es 

i s  d i scus sed i n  Sect ion  A . 3 .  

Raw Wa ter System 

The source fo r prov i d i ng t he max imum 1 MMB per day of raw water 

req u i red at the s i te wo u l d  be the Brazos R i ver D i vers i o n  Channel . The 

i nta ke structu re , part of the Bryan Mound earl y storage fac i l i ty ,  i s  

d i scus sed i n  deta i l  i n  the supp l ement to FES 76/77- 6 .  

The 36- i nch  p i pe l i ne from Brya n �10 und to Al l en dome wo u l d  paral l e l 

the crude o i l  p i pe l i ne and wo u l d  be connected to the raw wa ter i nj ect ion  

man i fo l d  l oca ted a t  t he  p l a n t .  Th i s  man i fo l d  wou l d  supply wa ter to raw 

water i nj ect ion  pumps . Those pumps wou l d d i scharge i nto man i fol ds for 

del i very to p i pel i nes  serv i ng each  s torage we l l .  

I n  add i t ion  to s u pp lyi ng wa ter d i rec tly  to wa ter i nj ec t i o n  pumps , 

the  36- i nch  p i pel i ne wo u l d  be connec ted to a 3 000 bbl raw water tan k .  

Br i ne D i spo sal  System 

The mea ns  of d i spos i ng of bri ne from the Al l en dome fac i l i ty wou l d  

be by p i pel i ne to the  Gu l f  of Mex i co v i a  a d i ffu ser extend i ng 5 . 8  mi l es 

o ffs hore from the  Brya n ��ou nd ESR s i te at  the  rate of a bout  2000 gpm per 
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1 0-MMB ca vern , or  a total of about 2 0 , 000 gpm ( 684 , 000 bbl  per day ) . 

The propo sed route fo r the p i pel i ne to Bryan Mo und , s hown i n  F i gure 

A . 4- 1 , wou l d run through  the S EAWAY Tan k Farm para l l e l i ng the crude o i l  

p i pel i ne .  

A system of  three i nj ect ion  wel l s  wo ul d b e  cons tructed as  a bac kup 

system . 

Brya n Mo und ESR  S i te 

Ta n ker l oa d i n g  and  un l oad i ng su rge rates wou l d be absorbed i n  fou r  

2 00 , 000 bbl fl oati ng- roof type o i l  storage tan ks l oca ted at  Brya n 

Mo und . Th i s  ta n ka ge quant i ty g i ves two days of  stora ge and may not be 

adequate to a l l ow cont i nuous  ful l rate operat ion  of the sys tem duri ng  

s i g n i f icant  weather-caused del ays . 

Power System 

Power wou l d  be suppl i ed from a new 1 2-mi l e  tra nsmi s s i o n  l i ne orl g l 

nat i ng  a t  Commun i ty Serv i ce Company ' s  Bra zo r i a  s u bsta t i on north of t he 

s i te .  Power wou l d  be del i vered to the s i te and s tepped down to req u i red 

- vol ta ges for use by var ious  pump mo tors . The tota l ant i c i pa ted l oad fo r 

t h i s  s i te wou l d  be about 21 , 000 hp . 

Commu n i ty Pu bl i c  Serv i ce Compa ny does not ant i c i pa te any pro bl em i n  

furn i s h i ng t h i s dema nd for the time per iod req u i red to con s truct the 

fac i l i ty .  However , demand charges for the i ndetermi nabl e storage peri od 

-a re expected to be very h i g h ,  because the company ' s  energy uti l i zat ion  

reven ue wou l d be  q u i te sma l l i n  rel at ion  to t he  very l a rge dema nd l oad 

i t  wou l d have to ma i nta i n  on a standby ba s i s .  

La nd Regu i remen ts 

The area dedi cated to the SPR  fac i l i ty a t  Al l en Dome and i ts asso

c i a ted offs i te sys tems wou l d  be approx imate ly  1 60 acres . I n  add i t i on , 

t he conti nued u se  of 1 28 acres of l a nd prev i ou s l y  commi ted at  Bryan 

Mo und for earl y storage reserves wou l d resu l t i n  a tota l l and req u i rement 

for  t he program of 288 acres . A brea kdown of l and req u i rements by 

sys tem components i s  prov i ded i n  Tabl e A . 4- 1 . 

The Al l en Dome s torage fac i l i ty wo ul d be l ocated on a fenced 1 84-acre 

tract .  Wi th i n  th i s  a rea approxima tel y 31 acres wou l d be i n  sem i - permanent  
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TAB LE A . 4- 1  Land ren u i reme n t s  Al l en dome ca ndi d a te S P P  s tora qe s i te ( a l terna t i ve s i te ) . 

Requ i red Right-o(-Way and Affected Habi tat (Acres ) 

F l uvial  and Coas tal  Brack.ish to She I I  Ramp Coastal  and Number o f  T o t a l  Acreaqe 
Total Miles  bcavation C l e"red land Oak. Wood lands Prairies Freshwater Marsh Barrier F lat  Inl and _aten Wat�r [mpacted 

P i pel i ne Row ( e . y .  ) Fi l l  ( c . y . )  Cons tl"/Mainta Constr/Mainta Constr/Ma i nt a Constr/'�a l n ta ConHr/Ma1nta Constrj,,'a i nt" Crosstngs Constr/rla lnt" 

A. SPR Faci l i ties 
1 )  S tol"<!Ige S i te 

a )  Centra 1 Plant Area 380,560 10/10 10/ 1 0  

b )  Brine Surge Pond { i nc l uded 3/3 3/3 

c}  Plant Access Road -) above) 1 / 1  1 / 1  

d) OnsHe Roads and P i pe 
AI ley'S 1 . 8  2 7 , 720 3 28,800 5/5 5/5 

e )  C .. vern Wp.l 1 head Pllds 1 2/ 1 2  1 2 / 1 2  

f) Contai nment Di kes a t  840 Cavern We 1 1  heads 
2 )  Offsi te 

a )  Backup Brine Injection Fol l ow'i Proposed DOE Rtqht-of-Way Wel l s  
1 )  P i pel i ne Excavation 1 . 9 9 , 780 23/ 1 7  23/ 1 7  

2 )  Roadway'i t o  Wel l heads 
3) Wel lhead Pad'i 3 ,000 3/3 3/3  

b )  Oi l ,  Brine  and Raw 
:l::> WatH Pipe l i nes to 8 . 0  1 2 6 , 720 2/2 84/63 12/9 I /O 99/74 

Se�way Tank. Farm 
� c) Brine and Raw Water 1 to Bryan Hound 4 . 1  54 ,800 Fo l l ows Propo",ed DOE R1 ght-of�Way 
---J 
---J d) Brine Disposal to 

Gulf  of Mexico 
d1 ffuser from 
Bryan Mound 7 . 5  1 7 7  , 300 20/ 1 4  . 2/ . 1  1 / . 5  1 4 2/ 0  1 63 / 1 5  

I!) Pipel i ne Connection 
to Brazos Harbor 0 . 6  6,000 4/3 4/3 8/6 

f ) New hnker Docks l ,O�O ,000 1 4/ 1 4  1 4 / 1 4  
Sub-Total SPR Faci l l t tes 
�l.n Oome - 23 . 9  1 ,452 , 320 4 1 1 , 100 21 /20 2/2 158/125 1 6/ 1 2  1 / 1  143/0 341/160 

8 .  F.arly Storage Fac i l i t i es 1 0 . 4  94 , 600 665 ,000 a t Bryan Mound 74/69 43/33 .13/26 1 50/ 1 18 

Total Land Regu i rements-� Storage PlUS- 34.3  1 ,546 ,920 1 ,078 ,100 95/89 2/2 201 / 1 58 49/38 1 / 1  1 4 3/0 4911288 
SPR at A l Ien DOflle 

C. AI terna t 1 ves to Proposed 
Systems 
1 )  8rine Di sposal (Wel l s )  F o l l ows Proposed DOE R i gh t -or-Way 

a) P i pe l i ne Excavation 3 . 2  19,000 
b) Roadways to Wel l heads 'lt n imtll 
c) Wel l head Pads 1 9 ,000 19/1�  1 9 ( 1 9  

2 )  Brine Di sposal (Directly 
to Gul f  of Mexico 5 rn1  1 3 . 4  1 97 , 472 1 7 / 1 3  76/57 1 4 1 /0 2J4/70 
di ffuser ) 

�Con<; tnl( t ; on R i 'Jh t-'J f - '_�(lY /M<3 j n ten"," �p R i r;h t ·o  f -\1" I 
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TABLE A . 4- 1  c on ti n ued . 

J) 

4) 
5) 

6) 

7 ) 

Brine Di sposal "ift tank 
farm and Bryan Mound 
to 1 2 . 5  mi d i ffuser 

Requ i red R i gh t-ot-Way and A f fected Habitat (Acre.:.
,:..

) -::-____ -,-__ ---- --
F
-

l �\l 1 a l  and Coas
"ta l  Brackish t�--S-h;1 1 Ramp Coastal and 

Total Mt les E)(cavation C l eared landa Oak Wood l and� Pra i ri es II Freshwa ter Marsh Barrier F l a t  Inl and Waters P i pe l i ne Row ( c . y . )  F i l l  ( c . y . ) Constr/Ha l n t  Constr/Ma 1 n t  Cons tr/Ma i n t  Cons tr/M a i n ta Constr/MaintiJ Constr/Ha int:C1 

1 /  . 5  1 4 . 2  274 ,600 20/ 1 '. . 21 . 1  305/0 

R�w Water (8rHos R i ved 5 . 0 26 , 540 45/34 0 1 / ' "  
Raw Wat"?r 1 40 ( San 8ernard Ri  ... ,�r )  1 / 1  5/ 3 

Raw Wa ter (Ground '\IIa ter Fo l l ows Proposed aOE Right-af-Way 
supp ly ..,el 1 'i )  

a )  P i pe l i ne Exc�\latlon 5 . 5  28 , 800 

b) Roadways to We 1 1  heads Mini mal 
22/22 c }  W@l lh@ad Pads 

Raw Wat@r (Gul r of 11 / 1 J  76/57 
M@xico) l J . 4  197 . 4 1 2  1 4 1 / 0  

8 n s  truet i r, n  R 1 ght-of � W�y IH� 1 n tp.nancp. R 1 ght�ot-W .. y 

Number of 
Water 

rrn�s ings 

Tota 1 Acreaqe 
Irnpac ted 

Constr/Ha i n ti1 

326115 

I 061RO 

61' 

22/22 

2J4/70 



u se fo r t he p l ant  a rea , t he bri ne surge pond , roa dways , p i pel i ne al l eys , 

wel l head pads and  d i kes . The rema i nder of the s i te wou l d  be rel at i ve l y  

u nd i s tu rbed . 

Offs i te ,  approx imate ly  1 29 ac res wou l d be ma i n ta i ned for use dur i ng 

t he SPR p rogram . The o i l , br i ne ,  and raw water p i pel i nes to the SEAWAY 

Ta n k  Fa rm wo u l d sem i - permanent ly  use 74 acres a l ong t he p i p el i ne a l l ey .  

The propo sed bri ne d i sposa l system from Bryan Mo und to the Gul f of 

Mex i co wo ul d req u i re ma i ntenance of 1 5  acres of p i pel i ne a l l eys . The 

p i pel i ne r i g hts- of-way and we l l head pads fo r the bac k- up br i ne  d i sposal  

wel l s  a l ong the proposed p i pel i ne r i g ht- of-way to the SEAWAY Ta n k  Fa rm 

wo ul d devel op an  add i t i o na l 20 acres . The o i l  p i pe l i n e connect ion to 

Brazos Ha rbo r  and t he new ta n ker docks  wou l d  commi t 20 mo re acres to SPR 

u se .  

Cons truct i on act i v i t i es wo u l d req u i re 491 acres of l a nd fo r re l a t i ve ly  

s hort durat ion  after wh i c h  the  203 acres not  req u i red fo r ma i n ten ance 

wo u l d  be a va i l ab l e fo r i ts prev i o us , o r  othe r ,  u s e .  

A . 4 . 4 . 2 Al terna ti ve P hys i ca l  Fa c i l i t i e s 

Al terna t i ve p hys i ca l  fac i l i ty l ocat ions  a re s hown i n  F i gure A . 4- 1 . 

Acreages affected by these al terna t i ves a re summa ri zed i n  Tabl e A . 4- 1 . 

Wi th  eac h  of  t hese a l ternat i ves , ea r ly  storage fac i l i t i es at  Bryan Mound 

wou l d  st i l l  be req u i red . 

Raw Wa ter Sys tem 

Ground wa ter i s  a po s s i bl e  source of raw wa ter , however , wi thdrawi ng 

g reat quant i t i es of ground wa ter in t h i s area co u l d cause l and subs i dence 

a nd l ow ground water l evel s .  

A second a l terna t i ve wo ul d be to draw su rface wa ter from t he San 

Berna rd Ri ver . As deta i l ed i n  Sec t i on B . 2 . 2 ,  t he San Berna rd Ri ver d i s

c ha rge i s  s u bj ec t  to w i de fl uctuat ion s ,  but i t  i s  a t i da l  estu a ry at  the  

s i te .  Due  to  sa l t  wa ter exc hange wi th  the Gu l f  of Mex i co ,  s u ffi c i ent  

s upp ly  s hou l d be  ava i l a bl e to  mee t SPR req u i rements at  a l l r i ver stages . 

Use  of  th i s  water wou l d req u i re constru c t i o n  of an i ntake s tructu re a nd 

pump fac i l i t i es .  The p i pel i ne wou l d be ons i te .  
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A t h i rd a l ternati ve wou l d  be to obta i n  i nj ecti on water from the 

Gu l f  of Mex i co .  A p i pel i ne wou l d  be requ i red to del i ver the water to 

the i nj ect ion  pumps . 

A fo urth a l ternat i v e  raw wa ter supply  i s  a n  i ntake on the Brazos 

Ri ver a bove Freepo rt . Water wou l d  be obta i ned through  an i nta ke structure 

s im i l a r to that  con s tructed at  Bryan Mound  for the ear ly  s torage program . 

The wa ter wo u l d  have to be purc hased from the Lower Brazos Ri ver Autho r i ty .  

Other commi tmen ts of the wa ter from the Brazos  wou l d l i mi t the ava i l a b i l i ty 

of  water to the proj ect duri ng l ow fl ows , and DO E s torage proj ect t ime 

l i mi tat i ons wo u l d  not be amenabl e to water supp ly  i nterru pti ons . 

Crude O i l D i s tr i bu ti on Sys tem 

Co n s truct ion  of a S i ng l e An chor- Leg Moori ng ( a  type of S i ng l e Poi n t  

Moor i ng ( S PM )  sys tem ) mono buoy i n  deep wa ter offs hore wou l d  b e  an  

a ttract i ve a l ternat i ve dock fac i l i ty if  it  were not for the  l ong l ead 

t ime and l i cens i ng uncerta i nti es assoc i a ted wi th  deep water port fac i l i t i es . 

L i cens i ng wo r k  on  the S EADOCK deepwater termi na l  has been i n  progres s 

for a t  l east  fi ve years . Use of the SPM mono buoy fac i l i ty wou l d  a l so 

req u i re con s i dera bl e add i t i ona l surge tan kage . 

Another a l ternati ve wo u l d be the use  of the Ph i l l i p s Petrol eum 

Company docks fo r fi l l i ng ,  on a space- ava i l a bl e ba s i s .  Due to thei r 

commi tmen t  to s upp ly  the Ph i l l i ps ref i nery comp l ex ,  they cou l d  on ly  be 

u sed on a n  l i a s  ava i l a bl e"  ba s i s  dur ing  the s torage pha se . A connecti ng 

p i p el i ne to the o i l p i pe l i ne to Brya n Mou nd wou l d  be requ i red . 

I n  the event of the co ns truct ion  of SEADOCK ,  the SEAWAY doc ks at  

Freepo rt  wou l d  have  s u rp l u s  capac i ty .  Therefore , construct i o n  of an  DOE 

dock wo u l d  not be necessary ,  a nd the conver s i o n  of one of the SEAWAY 

docks to DOE u se  for l oad i ng capa bi l i ty wo u l d  be an a ttracti ve a l terna t i ve 

to con s tructi on of new docks . The u ncerta i nt i e s  of l i cens i ng a nd devel op

men t of SEADO CK a nd the nece ss i ty of ha v i ng dedi cated doc k fac i l i t i es 

for the SPR program reduce the v i a b i l i ty of t h i s a l terna t i ve .  

Convers i o n  of a n  ex i st i ng S EAWAY dock i n  Freeport Harbor  wo u l d have 

l es s  i mpact than dredg i ng a berth for a new doc k .  An opera t ions  offi ce , 

mon i tori ng  eq u i pment ,  and l oad i ng fac i l i ti e s cou l d be added wi th  on ly  

m i nor  d i srupt i o n s .  
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Bri ne D i sposal  System 

Br i ne d i sposal  v i a  a p i pel i ne d i rect ly  from the s i te to a d i ffu ser 

i n  t he Gu l f  of Mex i co i s  an  a l ternati ve ( F i gure A . 4- 1 ) .  I t  wou l d  be 

i ndependent of t he proposed br i ne d i sposa l  system . 

Deep wel l i nj ect ion  of bri ne wou l d  req u i re a fi e l d of n i ne teen mo re 

wel l s .  They wo u l d  be l oca ted a l ong the p i pel i ne r i g ht- of-way between 

Al l en dome a nd S EAWAY Ta n k  Fa rm . Each we l l  wou l d  have a ca pac i ty of 

1 000-ga l l ons  per mi n ute and wo u l d be spaced at  about  1 000- foo t  i n terval s .  

An est i mated 1 9  acres wou l d  be req u i red for t hese i nj ect ion wel l s .  

Dri l l i ng of  the wel l s  to depths of SOOO to 7000 feet wo u l d  be accompl i s hed 

by typ i ca l  o i l f ie l d eq u i pment .  Spec i a l  des i gn con s i derati ons to el i mi nate 

adverse effec ts to overl y i ng fres h wa ter aq u i fers wou l d  be i ncorporated 

i nto t h i s  des i gn .  Lo ca t i o n  o f  a bri ne d i ffu ser 1 2 . S m i l es offs hore 

wo u l d  extend the proposed offshore p i pel i ne an add i t i onal  6 . 7 mi l es i nto 

t he Gu l f . 

Power System 

An a l ternat i ve to the purchase of power wo u l d  be the con struct i on 

of  a 22 , 000 hp generator wi th o i l  fuel tan k  and a SO- foot exhaust  s tac k .  

A . 4 . 5 Co nstruct ion  Tec hn iques 

A . 4 . S . 1 Storage Ca vern Construct i on 

We l l s  from wh i ch the caverns wou l d  be deve l oped wo u l d be cons tru cted 

as outl i ned i n  Sect i on A . 2 .  I f  cond i t i ons  req u i re the use of sma l l er 

ca s i n g than spec i fi ed ,  cavern s i ze wo u l d be red uced . Th i s  wo u l d necess i 

tate devel opmen t of add i t i ona l  caverns to atta i n  the req u i red s torage 

vol ume . The s torage s i te des i gn s howi ng  1 2 ,  ra ther than 1 0  wel l s ,  

refl ects t h i s .  The a s s umpt i on i s  that no more than four we l l s  wo u l d  

enco unter prob l ems that wo u l d  red uce thei r poten t i a l  vol ume from 1 0  to 

S MMB eac h .  

Genera l techn i ques  of  cavern co ns truc t i on are descri bed i n  deta i l  

i n  Sect ion  A . 2 .  Fo r the Al l en dome s i te ,  i t  wou l d  be necessary to 

fu rther defi ne the confi gurat ion  of the sa l t body . F i na l  des i gn of the 

cavern arra ngement i s  heav i l y dependent upon the extent of th i s  rel a t i ve l y  
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sma l l dome . Cavern s pac i ng for the present des i gn a l l ows 600 feet 

between caverns . Th i s  wou l d prov ide  200-foot mi n imum wa l l  spac i ng 

between devel oped caverns spec i fi ed .  

A . 4 . 5 . 2 Road Construct i on and Other Grad i ng 

There i s  s u i tab l e access to the a rea by ex i st i ng roads . However , 

there are no roads over the proposed construc t i o n  area . Therefore , i t  

wou l d  be necessary to con s tru�t a n  acces s  road to the pl a n t  area , i n  

add i t i on to roads for each s torage wel l and a l ong the raw water , crude 

o i l , a nd br i ne p i pel i nes . I t  i s  ant i c i pated that two mi l es of ons i te 

road construct ion  wou l d  be requ i red . 

Su rface fac i l i t i es i nc l ude the wel l comp l e t i on s , pump stat ions , 

offi ces , o i l and  raw water s torage tan ks , s an i tary sewage hol d i ng tan k ,  

and  connecti ng p i pe l i nes . Acces s roadways wou l d prov i de acces s  to the 

wel l heads and connecti ng p i pe l i nes . Al l s torage and p i pe l i ne fac i l i t i es 

wou l d  be cons tructed to a ppl i cab l e AP I s tandards . The ma i n  pl ant  area 

wou l d be g raded to be a t  l ea s t  1 foot above the 1 00-year fl ood or a bo u t  

1 7  feet  above t h e  exi s ti ng  s urface . Al terna t i ve cons truct i on methods 

such  as  the use of pl atforms i n s tead of fi l l  were cons i dered , however , 

the rel a t i ve economi c costs  of th i s  a l terna ti ve far outwe i ghed the 

poten t i a l  env i ronmental  damage of the proposed methods . 

Two new docks wou l d  be constructed : one i n  the Ol d Brazos Ri ver 

Harbor , adj acent to the three exi st i ng SEAWAY Docks  and one i n  the 

Brazosport Harbor . These l ocati ons  prov i de ready acces s to the Gu l f  of 

Mex i co .  Presen tl y ,  the u . S . Army Corps of Eng i neers i s  wi den i ng the 

turn a t  the entra nce to the harbo r .  A 45-foot channel proj ect has  a l so 

been a u thori zed by Congres s .  Dredge vol umes of a pprox i ma te l y  50 , 000  cy 

requ i red for each tan ker berth are con s i derab ly  sma l l er than those i n  

the a bove men t i oned proj ec ts . 

Sa fety d i kes wou l d  be cons tructed around the bl a n ket  o i l  tan k to 

conta i n  any sp i l l ed o i l shou l d  a l ea k  occur .  Sma l l d i kes wou l d a l so be 

cons tructed around each wel l head to conta i n  sma l l vol umes of o i l s p i l l ed 

d u ri ng  operat i on or ma i ntenance . 
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A . 4 . 5 . 3 P i pel i nes 

P i pel i ne construct i o n  techn i ques appropri a te to the area a nd current ly  

empl oyed by the o i l p i pe l i ne i ndus try i nc l ude pu s h -d i tch conventi ona l 

dry- l and cons truc t i on a nd barge l ay methods as  descri bed i n  Sect ion 

A . 2 . 2 . 4 . 3 .  

A . 4 . 6 Deve l opment  T i metabl e 

The present sc hedu l e  for devel op i ng  the 1 00 MMB Al l en dome SPR 

fac i l i ty requ i res l each i ng of fi ve to s i x  new 1 0  MMB cavern s duri ng the 

fi rst  two years and then fi l l i ng these caverns a t  the same t i me that 

f i ve to s i x  more caverns are be i ng devel oped . 

The devel opment schedu l e  ( F i gure A . 2-7 ) s hows graph i ca l l y  the 

re l at i onsh i p  of cavern m i n i ng to cavern fi l l i ng .  

A . 4 . 7 Opera t i on and Ma i ntenance 

A . 4 . 7 . 1  Genera l Sa fety Preca u t i ons  

Genera l Safety Precau ti ons descri bed in  Sect ion A . 3 . 7 . 1  are d i rect l y  

a ppl i cab l e t o  t h e  Al l en s i te .  

A . 4 . 7 . 2  Storage Phase  

Opera t i on and  ma i ntenance procedures for the storage pha se  are 

descri bed i n  A . 3 . 7 . 2 .  

A . 4 . 7 . 3  Extrac t i on Phase  

Opera t i on and  ma i ntenance procedures for the extrac t i on phase are 

descri bed i n  A . 3 . 7 . 3 .  

A . 4 . 7 . 4  Refi l l  Phase  

Opera t i on and  ma i ntenance procedures  for the refi l l  phase are 

descri bed i n  A . 3 . 7 . 4 .  

A . 4 . B  Term i nat i on and Aba ndonment 

Term i nat ion and aba ndonment of the Al l en dome SPR storage fac i l i ty 

wou l d  be the same as  that  descri bed i n  Sec t i on A . 3 . B  for Bryan Mound . 
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A . 5  WEST COLUMB IA  DOME ALTERNAT IVE  S I TE 

The Wes t  Co l umb i a  dome fac i l i ty i s  des i gned for storage of 1 00 MMB 

of crude o i l .  So l u t i on m i n i ng and s u bsequent fi l l  opera t i on s  to reach th i s  

s torage capac i ty wi l l  be accompl i s hed approx imate l y  5 years  after start 

of con s truct ion  of fac i l i ti es at Wes t  Col umb i a  dome , the docks i n  Freeport 

and Brazos Harbors , a nd the p i pe l i nes  to Bryan Mou nd . 

The We st  Co l umbi a  dome wa s c hosen a s  a cand i date s i te due to i ts 

prox im i ty to S EAWAY Ta n k  Farm , Bryan Mound , and the Freeport Harbor 

docki ng fac i l i ti es .  Crude o i l arr i v i ng at  Freeport docks may be de

l i vered to su rge tanks  at Bryan Mou nd a nd then to the p i pel i ne con

necti ng to  Wes t  Co l umb i a  dome . From the storage s i te ,  crude o i l can be 

p i ped to the S EAWAY P i pel i ne at the SEAWAY Tank Farm or to the Freeport 

Harbor docks through  the Bryan Mound earl y storage fac i l i ti es .  

A . 5 . 1  Locat i on 

The We s t  Co l umb i a dome i s  i n  west  centra l Brazor i a  County , Texas ,  

a pprox imate l y  45  mi l e s sou thwest  of Hous ton and 1 mi l e  north of the town 

of We st  Co l umbi a .  The Brazos R i ver l i es  a pprox imate l y  2 . 7 mi l es sou thea s t , 

the San  Bernard R i ver l i e s  3 . 4  mi l es southwest  and Varner C reek l i es  

about  1 / 2 mi l e  ea s t  of the  s i te .  S EAWAY Tank Farm i s  l ocated about 23 

p i pe l i ne mi l es to the sou thwest  ( Fi gure A . 5- 1 ) . 

A . 5 . 1 . 1 S i te Access  

There i s  good access to  the s i te from ex i st i ng roads i n  the  area 

so new road constructi on wou l d  be confi ned wi thi n the pl a nt area . S tate 

H i g hway 36 run s  a l ong the wes t  edge of the dome . Acces s  to SEAWAY P i pe l i ne 

r i g ht-of-way , 2- 1 / 2  m i l es to the wes t ,  i s  good . 

A . 5 . 1 . 2  S i te Descr i pt i o n  

T h e  Wes t  Col umb i a  dome i s  a sma l l dome cons i s t i ng  o f  approx i ma te l y  

350  s urface acres  wi th i n the - 2000 foot sa l t  con tour ( F i gure A . 5- 2 ) . 

There are few trees  on  the s i te .  A marsh  area covers the center of the 

dome , a nd the rema i nder of the dome i s  gra s s  covered and u sed for 

graz i ng .  O i l product i o n  i s  ma i n l y  cen tered north of the storage s i te ,  

a l though a few wel l s  are l ocated i n  c l ose prox im i ty south and east of 

the s i te .  
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A . 5 . 2  Capaci ty 

The capaci ty p l anned a t  th i s  s i te i s  1 00 MMB of crude o i l s tored 

i n  1 0  to 1 2  so l u t i o n  mi ned cav i t i es . 

Ut i l i z i ng a l l avai l ab l e acreage , the dome has a potenti a l  for 

approxi ma te ly  seventeen 1 0  MMB caverns . 

A . 5 . 3  Genera l Sys tem Descr ipt i o n  

A . 5 . 3 . 1  Proposed Sys tems 

Devel opmen t  of West  Co l umbi a dome wou l d  requ i re the u se  of the 

raw water i ntake , fou� 200 , 000 bb l  o i l surge tanks , and crude o i l 

d i s tri bu t i o n  sys tem components bu i l t  for the early s torage phase at  

Bryan Mo u nd . Co n s truct ion  of new docks in  Freeport Harbo r ;  raw water 

a nd bri ne d i sposa l  p i pel i nes connecti ng West Col umb i a dome to Bryan 

Mound ; crude o i l p i pe l i nes connecti ng S EAWAY Tank Farm and Wes t  Col umb i a  

dome ; a br i ne d i ffu ser 5 . 8  mi l es offs hore i n  the Gu l f  of Mex i co ;  and 

the s i te fac i l i t i es a t  We s t  Col umb i a  dome wi l l  be requ i red to compl ete 

s i te devel opmen t .  

The phys i ca l  p l ant  proposed a t  West Col umb i a cons i s ts of u p  to 1 2  new 

so l u ti on mi ned s torage cav i ti es wi th  crude o i l ,  raw water and bri ne 

p i pe l i ne connecti ons  to the central pumpi ng and con tro l area s , a crude 

o i l d i stri bu t i o n  sys tem , a raw water supp ly  sys tem , a bri ne d i s posa l  

sys tem a nd a power sys tem provi ded by a commerc i a l power company . 

Raw water for l each i ng the cav i ti es wou l d  be p i ped to the Wes t  

Co l umb i a dome s torage s i te from the Brazos R i ver D i vers i on Channel  i n

take s tructure wh i c h  was b u i l t  for the early s torage phase at  Bryan 

Mou nd . D i s p l aced bri ne  from the l eached cav i t i es wou l d  pass throug h  a 

bri ne p i t a nd be d i s posed of by a p i pe l i ne through  Bryan Mou nd to a 

bri ne d i ffu ser i n  the Gu l f  of Mex i co .  Crude o i l wou l d  be p i ped from the 

new dock fac i l i t i es i n  Freeport Harbor throu g h  the b i -d i rect i onal  early 

s torage crude o i l p i pe l i ne to Bryan Mou nd and from Bryan Mou nd to the 

S EAWAY Tank Farm , where i t  wou l d  connect wi th the new DOE p i pel i ne to 

the West Co l umb i a dome s torage caverns . As o i l i s  i nj ected i nto s torage 

caverns , bri ne wou l d  be s imu l taneou s l y  d i s p l aced . Duri ng crude o i l 
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wi thd rawa l , raw water wou l d  be i nj ec ted to d i sp l ace crude o i l .  O i l  

wou l d  retu rn through  the DOE p i pe l i ne to SEAWAY Tan k  Farm , where i t  

wou l d  connect to the S EAWAY P i pe l i ne to i n l and refi neri es , or to the b i 

d i rect i onal  early  s torage p i pe l i ne to Bryan Mound a nd Freeport Harbor 

tan kers , for de l i very to Gu l f  of Mex i co ,  East Coa s t  or Cari bbean ports . 

A . 5 . 3 . 2  A l ternat ive  Systems 

Al ternatives  to u se of the docks at  Freeport are the con s tru ct i on 

of a S i ng l e  Anchor-Leg Moor i ng ( SALM ) monobuoy i n  dee p wa ter offs hore ; 

convers i on of an  ex i st i ng S EAWAY dock i n  Brazos Harbor ; and u se  of 

P h i l l i ps Pe tro l eum Company docks . 

Two a l ternat i ve raw water s u pp ly  sys tems are poss i b l e :  s urface 

water from the Brazos R i ver east of the s i te ,  a nd grou nd wa ter from 

the Evange l i ne aqu i fer . Deep we l l s  s paced a l ong the common p i pel i ne 

r i g ht-of-way between Wes t  Co l umb i a  dome and SEAWAY Tank Farm cou l d  

prov i de an  a l ternati ve to the proposed bri ne d i s posa l  sys tem . An 

a l terna t i ve l ocati on  for the Gu l f  br i ne d i ffu ser i s  1 2 . 5  mi l es offs hore . 

A pos s i b l e  a l tern a t i ve to commerc i a l  power wou l d be an  on s i te genera tor . 

A . 5 . 4  S i te Devel opment  

A . 5 . 4 . 1 Proposed Phys i ca l  Fac i l i t i e s  

I n troducti on 

A typ i ca l  l ayou t of su rface fac i l i t i es at  the West  Col umb i a  dome 

s torage s i te ,  s hown i n  F i gure A . 5- 3 ,  i nc l udes the s torage cav i ty 

we l l s ,  p l ant  area , road a nd p i pe l i ne a l l eys and the secu r i ty fence . 

Storage Cav i ty Sys tem 

Twe l ve s torage cav i ty we l l s ,  s hown on the s i te ma p ( F i g ure A . 5-3 ) , 

refl ect the e stimate that 20  percent of the we l l s  may encounter 

probl ems that wi l l  reduce the i r  capaci ty from the p l anned 1 0  MMB to 

5 MMB . Thu s , twel ve cav i t i e s  wou l d  st i l l meet the req u i red 1 00 MMB 

capac i ty a t  the Wes t  Co l umb i a  dome s i te .  

The cav i ti es wou l d  be l eached i n  the 1 500 to 2500 foot depth 

i nterva l . Each cavern i s  expected to be about  1 000  feet h i g h  a nd 

3 00 feet i n  d i ame ter after compl eti on . I f  the crude o i l i s  wi thd rawn 
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f i ve t imes i n  response to import i n terrupt i ons the u l timate d i ameter 

of  the caverns wou l d  be abou t 400 feet .  The l ayou t  i n  Fi gure A . 5-2  

p l aces caverns on  BOO-foot cen ters and a mi n imum of 600 feet  from the  

dome edge , thus  prov i d i ng a 400-foot wa l l  around every cavern . 

P l ant  Area 

Grad i ng on  the s i te wi l l  affec t approx imate ly  1 5  percent of the area 

enc l osed by the securi ty fence . Al most  ha l f  of th i s  area i s  mars hy , 

requ i ri ng fi l l .  Each cav i ty wel l wou l d  req u i re cons truc t i o n  of a 200-

foot square dr i l l  pad . Some of these wou l d  be l ocated i n  marshy areas , 

a nd wou l d  req u i re fi l l .  Twenty-foot wide  roadway and p i pe l i ne a l l eys 

wou l d  serv i ce each cav i ty wel l .  Ons i te p i pe l i nes  wou l d  be bu r i ed . 

Sa fety d i kes wou l d  be cons truc ted arou nd each we l l head and o i l s torage 

ta n k .  

The p l ant  area wou l d  conta i n  a pump hou se  o f  s teel  cons truct ion  

wh i c h  wou l d  house a l l pumps ; a s u i tab ly  d i ked b l anket o i l ta n k  for 

cav i ty con s truct i on ; a raw wa ter ta nk  for primi ng the raw wa ter i nj ec

tion  pumps ; a contro l b u i l d i ng of s tee l cons truct i o n , hous i ng offi ces , 

s hops , a nd warehouse ; a transformer area ; and a l i ned br i ne p i t .  The 

p l ant  area l ayou t  i s  s i mi l ar to the l ayou t  shown on Fi gure A . 4-4 . 

Crude O i l  D i stri bu t i o n  

Crude o i l wou l d  b e  p i ped from the new dock fac i l i t i es i n  Freeport 

Harbor to the su rge tan ks at Brya n Mound throug h  the ear ly  s torage 

phase b i -d i rect i ona l  p i pe l i ne as  far as  the SEAWAY Ta n k  Farm , where i t  

wou l d be de l i vered to a new 23  mi l e  DOE p i pe l i ne to Wes t  Col umb i a  

dome . Crude o i l  s tored a t  the Wes t  Col umb i a  dome s torage fac i l i ty 

wou l d  be p i ped throu gh  the DOE p i pe l i ne to the S EAWAY Tan k Farm . 

From there i t  wou l d  e i ther be p i ped through the S EAWAY p i pe l i ne to 

i n l a nd refi ner i es or to the su rge tanks a t  Bryan Mound  and then i nto 

ta n kers a t  Freeport Ha rbor for del i very to East Coa s t ,  Gu l f  of Mex i co ,  

or Cari bbean refi neri es . 

Raw Water Sys tem 

The early s torage i nta ke s tructure on the Brazos R i ver D i vers i on 

Channel  wou l d  be u sed to pump raw wa ter to a new DO E p i pe l i ne from 
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Bryan Mou nd to Wes t  Co l umb i a dome s torage s i te a l ong the DOE r i ght-of

way adjacent to S EAWAY P i pel i ne r i ght- of-way . 

Bri ne D i sposa l  Sys tem 

Br i ne d i s p l aced from the Wes t  Col umb i a  storage cav i ti es wou l d 

en ter a bri ne p i t  on  the Wes t  Co l umb i a s i te ,  and then wou l d  be pi ped 

through  the new bri ne d i s posa l  p i pe l i ne a l ong the DOE and S EAWAY 

P i pel i ne r i g ht-of-way to Bryan Mound , where i t  wou l d  connect to the 

new p i pel i ne from Bryan Mou nd to the br i ne d i ffu ser 5 . 8  mi l es i n  the 

Gu l f  of Mex i co . 

The bri ne d i s posa l  p i pe l i ne from the storage s i te to Bryan Mound  

wou l d  be man i fo l ded to  backup  i nj ect ion  we l l s  paral l e l i ng the p i pe l i ne .  

Raw water i nj ect ion  rates , bri ne producti o n  rates and crude o i l 

d i s tri bu t ion  rates wou l d  be t he same as  those addressed i n  Secti on  A . 4  

for constru cti on  a nd operati on of the A l l en dome s i te .  

Power Sys tem 

Power from the Commun i ty Pub l i c  Serv i ce Co . Wes t  Col umb i a s u b

s tati o n  wou l d  be su ppl i ed to the s i te v i a  a 0 . 6  mi l e  transmi s s i on l i ne .  

Land Regu i rements 

A total  of approxi matel y  4 1 6 acres of l and  w i l l  be requ i red for 

operati on of the SPR  prog ram u s i ng the West Col umb i a  s i te .  Early 

s torage faci l i ti es wou l d  cont i nue to use  1 28 acres a t  Bryan Mound  

whi l e  fac i l i ti es assoc i a ted w i th  Wes t  Co l umbi a  wou l d  need 288 acres . 

Dur i ng con s truct ion  2 3 1  add i t iona l  acres  of l and wou l d  be affected 

for a bri ef per i od but  wou l d  revert to other u ses du r i ng operati o n . 

The s torage faci l i ti es wou l d  be l ocated on  a 232-acre tract  

enc l osed by a fence . Less  than  1 5% ( 30  acres ) of t he s i te wou l d  be 

pu t to semi -permanent u se  for s torage fac i l i ti es . Land requ i remen ts 

for s i te deve l opment  are s ummari zed i n  Tabl e A . 5- 1 . 

A l l the faci l i ti es a t  the central s torage area  overl y i ng the 

dome wou l d  requ i re 30  acres . The bri ne d i s posa l  sys tem wou l d  u se 

1 8  acres , 1 5  acres a t  Bryan Mound  for a p i pe l i ne to the d i ffuser a nd 
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TABLE A. 5- 1 Land requ i rements - Wes t (o l u�h i a  dome candi date S P D  s toraqe s i te ( a l terna ti ve s i te ) . 

_ _____ -=.,-�
R
;::c

equl red Ri gl'lt -o'�Way and A ffec ted Hab t ta t  (Acre s )  
F l uvia l  and CoasUl -;;6':cr.C:c""k l'"'Scrh't�o---

Total H i l es hcavatlon C l eared Land Oak Woodl ands Pra i r i es FreShwa ter Marsh Frpshwater "'arsh P i pe l tne ROIl/' (c .y . ) F i n  ( c . y . ) Con' Hr/Ha l nt" Constr/Ma l n ta Cons tr/Ha l n ta Constr /Ha i nta Cons tr/Ma i n t� 
SPR Fac i t H i es 
1 )  Storage S i  te 

a) C�ntral Plant Area 1 6 . 200 
b) 8r i ne Surge Pond 19 .000 
c) Plant Access Road 400 
d) Ons t te Roads and Pipe 2 . 2 34,000 8,400 A l l eys 
e) Cavern We l l head P!ds 1 7 ,800 
() Contai nment OHes at 840 Cavern Hel 1heads 

2 )  Oftsi  te 

a )  Backup 8rine Injection Fol l ows Proposp.d OOE � 1 9" t-of-Way We l 1� 
1 )  P l pe l  ine Excava t i on 2 . 3 1 2 , 1 50 
2) Roadways to We l l heads �1intll\cJl Fi l l  

3) We l l hl!ad Pads 

b) Oi l .  6rl ne and Raw 
Water Pi pel tnes to 23.0 364 , 320 
Seaway Tank Farm 

c) Brine and Raw Water 
P i pel i nes to Bryan Mound 4 . 1  54 , 80ry 

d )  Br i ne O i sPOSdl to G .O .It. 
d i f fuser from 6ryan Hound 7 . 5  1 77 ,300 

e) Pipet1nfO Connecti ons to 
8razos Harbor 0 . 6  6,000 

f) Nf!'OIif Tanker Oocks 1 ,050 ,000 

Sub-Total SPR Faci l i ties 
- West Columbia Dome - 39.7  1 ,700,370 62,640 

Early S torage Faci l i ties 10.4 
a t Bryan Hound 

94 , 600 665 ,000 

Total land Regu 1 retDl!nts 
Early Storage plus SPR 

727 ,640 at We')t Col umbi a  OOlIte 50 , 1 1 ,794,970 

Al ternatives to Propos�d 
Sys tl!IfIS 

1 )  Brioe Dhpos.l (Wel l s )  
a )  Plpel1ne Excavatfons 3 .2 19,000 
b) Roadways to W�l 1 heads "101 ... 1 
c) Wel l head Pads "'0, ... 1 

2 )  Brln� Disl)0511 t o  6.0.". 
12.5 .t d1ffuser- 14 .2 274,600 

3 )  A:a", Water (Brllos R1v@d 3 . 0  15,200 
4 )  Ita", Water ( ';roundNater 

Supply Wel l s )  
a )  P i p@l 1ne Excavat10n 5 . 9  31 ,200 

b )  R:oad",ay� to Wel l heads HinirM1 
c )  We l l held Pads Hi nillla l 

aeons truc tion A: i qht-of -Way/HI inte"lnce Ri ght-of-Way 

3iJ 

149/ 1 1 2  1 30/98 

Follows Proposed DOE R iql'lt-of-Way 

4/l 
1 4 / 1 4  

1 8/1 7 

74/69 

92/86 

1 49/ 1 1 2 

1 491 1 12 

20/1 4  

1 53/1 1 5  

43/33 

1961148 

Fol low! Proposed DOE R t9ht�o '�Way 

1 7/1 7 

34/25 

1 9/ 19 

212 

20/14 

4/ 3 

3/3 

10/10 
3/3 

5/5 

12/12  

30/30 

30/30 

. 2/ . 1 

4/3 

4/3 

33126 

37129 

,tt . 1  

����re�(F� a t 
Constr/�' a l n ta 

1 / .5 

1 / 1  

1 /1 

1/ , 5  

Coas� 
I n l and Waters 
Constr/M a i n tcJ 

1 4 2/0 

1 4 210 

1 4 210 

305/0 

I I? 

�!u,"ber of Total Acreage 
Water Impacted 

Cros s l l1gs Constr/Ma lnta 

10/ ' 8  
3/3 

515 

12112  

3/3 

2191 210 

1 6 3 / 1 5  

8/5 
1 4 / 1 4  

41712 77 

1 5nn 28 

647/416 

19/19 

326/15 

3912B 

22/22 



3 acres for bac kup  wel l pads . The o i l ,  bri ne and raw water p i pel i nes 

to Seaway Ta n k  Farm wou l d  requ i re 2 1 0 acres for ma i ntenance . The p i pe

l i ne connec t i on to Brazos Harbor a nd the new ta n ker docks  wou l d  u se 

20  acres . 

A . 5 . 4 . 2  Al terna t i ve Phys i ca l  Fac i l i t i es 

Raw Wa ter Sys tem 

An a l terna ti ve raw wa ter supp ly  sys tem wou l d  draw ground wa ter from 

a we l l  f i e l d i n  the immed i a te s i te v i c i n i ty .  Present ground wa ter u se  

i n  t he  area i s  not  extens i ve .  T he  town of  Wes t  Col umb i a  pumps wa ter 

from the l ower u n i t  of  the C h i cot aqu i fer at  the ( 1 967 ) rate of  about 

0 . 3  mgd ( Sa ndeen and Wessel man , 1 973 ) . Land su bs i dence and l oweri ng 

of  the ground water tab l e caused by the wi thdrawa l of ground wa ter at 

the req u i red rates wou l d  have to be con s i dered i n  the f i na l  des i g n of 

the wel l fi e l d .  

A second a l terna ti ve raw wa ter sys tem wou l d  be to wi thdraw su rface 

water from the Brazos R i ver , near East  Col umb i a .  The wa ter wou l d  have 

to be purcha sed from the Lower Brazos R i ver Author i ty .  Other commi t

ments  of the wa ter from the Brazos wou l d  l i mi t the ava i l a b i l i ty of 

wa ter to the proj ect dur i ng l ow f l ows and DOE s torage proj ect t ime 

l imi ta ti ons wou l d  not be amenab l e to wa ter supp ly  i n terrupti ons . 

Br i ne D i sposa l  System 

Deep we l l  i nj ec t i o n  of a l l br i ne produced by l eachi ng the cav i t i es 

a t  West Co l umb i a  dome wou l d  requ i re n i neteen 1 000-gal l on per mi nute 

d i sposal  we l l s ,  i n  add i t i o n  to the three backup  i nj ect i on wel l s  

d i scus sed previ ou s l y .  These 22 wel l s  cou l d  handl e the max imum bri ne 

product ion  rate dur i ng cav i ty l each i ng wi th some backup  capaci ty .  

Add i t i ona l  bri ne i nj ect ion  pumps wou l d  be req u i red for these we l l s .  

An a l terna t i ve bri ne d i ffu ser 1 2 . 5  mi l es i nto the Gu l f  i s  descri bed 

i n  Sec t i on A . 3 . 4 . 1 . 

Power System 

On s i te power generat ion  req u i rements are proj ected to be abou t 

4 5 , 000 horsepower . The gas  turb i ne genera tors wou l d  be housed near 
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the transformer area . A fuel o i l s torage tan k  hol d i ng a four-day 

supp ly  ( 8500 bb l ) a nd a l Oa-foot exhau s t  s tac k wou l d  be bu i l t  ons i te .  

A . 5 . 5  Con s tructi on Techn i ques 

A . 5 . 5 . 1  S torage Cavern Constructi on 

Co nstructi on of we l l s  and s torage caverns wou l d  proceed general l y  

a s  out l i ned i n  Sect ion  A . 2 . 2 . 1 , where i n  standard i ndu stry techn i q ues  

a nd pract i ces are fo l l owed .  To  meet o i l fi l l  schedu l e  req u i rements , 

o i l may be s tored by e i ther a Leach-Then- F i l l  or Leach/ Fi l l  schedu l e ,  

a s  descri bed i n  Sect ion  A . 2 . 2 .  

A . 5 . 5 . 2  Road Construct ion  and Other  Grad i ng 

Roadway/ p i pel i ne a l l eys wi l l  be cons tructed be tween the p l ant  area 

a nd each s torage we l l .  Where they cross  marshy so i l s ,  f i l l i ng wou l d  

be req u i red . Dri l l  pads wou l d  a l so  req u i re fi l l i ng i n  mars hy areas . 

General procedures  for fi l l i ng and gradi ng are i n  Sect ion  A . 2 . 3 .  

A . 5 . 5 . 3  P i pel i nes 

The conven t iona l  l ay method ( Secti on A . 2 . 2 . 4 . 3 )  wou l d  be u sed for 

p i pe l i ne constructi o n , however the pu s h  d i tc h  method may be requ i red for 

the bri ne a nd raw water p i pe l i nes between S EAWAY Tan k Farm a nd Bryan 

Mou nd , and the techn i ques  descri bed in Secti ons A . 2 . 2 . 4 . 4 ,  A . 2 . 2 . 4 . 5 ,  

a nd A . 2 . 2 . 4 . 6  wou l d  be requ i red for r i ver , l evee , and h i g hway cros s i ng s , 

respecti ve l y .  Conventi onal  offs hore p i pe l i ne constructi on  methods 

wou l d  be u sed for the bri ne p i pe l i ne a nd d i ffu ser  i n  the Gu l f  ( Secti ons  

A . 2 . 2 . 4 . 7  and A . 2 . 2 . 4 . 8 ) . 

A . 5 . 6  Devel opment  T imetab l e 

Devel opment  of the Wes t  Col umbi a dome s i te wou l d  essenti a l l y  fol l ow 

the same t imetab l e as  for Bryan Mound . The ti metab l e for Bryan Mound  

( Fi gure A . 2- 7 )  thus  app l i es to  th i s s i te .  Al l p i pe l i ne con s truct i on 

wou l d  ta ke p l ace concurrent ly  wi th s i te cons truct i on . 
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A . 5 . 7  Operati on and Ma i ntenance 

A . 5 . 7 . l  Genera l Safety Precaut i ons 

Ge nera l safety precauti ons descri bed i n  Secti on  A . 3 . 7 . l are 

d i rect l y  appl i ca b l e to the We s t  Col umb i a s i te .  

A . 5 . 7 . 2  S torage Phase 

Operat i on and mai ntenance procedures for the s torage phase are 

descri bed i n  Sect i on A . 3 . 7 . 2 . 

A . 5 . 7 . 3  Ex tract ion  Phases  

Opera t i on and ma i ntenance procedures for the  extract i o n  phase  are 

descri bed i n  Secti on  A . 3 . 7 . 3 .  

A . 5 . 7 . 4  Refi l l  P hase  

Opera t i on and ma i ntenance procedu res for the  refi l l  phase  are 

descri bed i n  Secti on  A . 3 . 7 . 4 . 

A . 5 . 8  Termi nati on and Abandonmen t  

Termi nati on and abandonment  o f  the Wes t  Col umb i a  dome wou l d  be the 

s ame as  that  descri bed i n  Sec t i o n  A . 3 . 8  for Bryan Mound . 
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A . 6  DAMON MOUND ALTERNAT I VE S ITE 

The Damon Mound  dome fac i l i ty i s  des i gned for s torage of 1 00 MMB of 

crude o i l . Sol u t i on m i n i ng and su bsequent fi l l  operati ons  to reach 

th i s  s torage capac i ty wou l d  be accompl i s hed approx imate l y  5 years after 

s tart of cons truc t i o n  of fac i l i t i es at Damon Mound , the doc ks  i n  Freeport 

a nd Brazos Harbors , a nd the p i pel i nes to Bryan Mou nd . 

The Damon Mound  dome was c hosen as  a candi date s i te due  to i ts 

prox im i ty to S EAWAY Tan k  Farm , Bryan Mound , and the Freeport Harbor 

doc k i ng fac i l i t i es .  Crude o i l  arri v i ng a t  Freeport dock s  may be del i vered 

to surge tan ks at Bryan Mou nd a nd then to the p i pel i ne connecti ng to 

Damon Mound  dome . From the s torage s i te ,  crude o i l  can be p i ped to the 

SEAWAY P i pel i ne at the S EAWAY Ta n k  Farm or to the Freeport Harbor doc ks  

through  the  Bryan Mou nd earl y s torage fac i l i t i es . 

A . 6 . 1  Loca t i o n  

T h e  Damon Mound  dome i s  i n  wes tern Brazori a Coun ty ,  Texas , wi th i n  a 

m i l e  of the Brazori a - Fort  Bend Cou n ty bou ndary .  The sma l l town of Damon 

( e st ima ted popu l at i o n  7 50 )  overl i es a porti on of the mou nd on  the eas t .  

The Brazos R i ver , wh i c h  passes 9 mi l es eas t  of the dome , ra nges from 1 00 

to 200 feet i n  w i d th and the San Bernard R i ver , a l most  50 feet wi de , 

comes wi th i n 4 . 2  mi l es of the dome . The dome i s  36 mi l es from the Gu l f  

coas t .  SEAWAY Ta n k  Farm i s  3 2  m i l es sou thea s t  ( F i gure A . 6- 1 ) .  

A . 6 . 1 . 1 S i te Access  

Access  to  the  dome and  S EAWAY P i pel i ne r i g h t-of-way i s  very good . 

State H i g hway 36 l i es adjacent to the ea s t  and there are several county 

ma i n ta i ned , paved and s u rfaced roads over the dome . Al l roads are 

s u i tab l e for u se  i n  devel opmen t  of the proj ect wi th very l i tt l e ma i nte

nance requ i red . The o n l y  new construct ion  requ i red wou l d be from 

exi s t i ng roads up to the pump s ta t i o n  bu i l d i ng a nd to each  of the 

i nd i v i dua l  cavern wel l s .  

A . 6 . 1 . 2  S i te Descr i pt i o n  

Damon Mou nd i s  c l early defi ned , rl s l ng approx ima te l y  8 0  feet a bove 

the su rround i ng ground . The l and overl yi ng the dome i s  used primari l y  

for ca ttl e graz i ng ,  a sma l l l i mes tone quarry i s  l ocated j u s t  wes t  of 

the s i te and there i s  some o i l  or gas prod ucti on arou nd the dome . 
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FI r,URE A . 6- l  

u���,/" '-
GUL F O F  MEX I CO 

STATUTE "" l.E$ 

P i pel i ne  route map - Damon ��ound dome candi date 
SPR  s torage s i te ( a l terna ti ve s i te ) . 
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Approximate l y  1 , 500 s u rface acres are wi th i n the -2000 foot sa l t contour 

( Fi gure A . 6-2 ) . The south and sou theast  s i des of the dome have some 

tree cover ; the fac i l i ty l ocati on , however , i s  on the northern th i rd of 

the dome where no c l eari ng wi l l  be req u i red . 

A . 6 . 2  Capac i ty 

Proposed capaci ty for the s i te i s  1 00-mi l l i on barrel s of crude o i l 

s tored i n  1 0  to 1 2  so l u t i on  mi ned cavi t ies . 

Uti l i z i ng a l l avai l abl e acreage , l es s  that occup i ed by the town of 

Damon , the dome has a potenti a l  for approx imate l y  40 ten mi l l i on barre l 

caverns . 

A . 6 . 3  Genera l Sys tem Descr i pt i on 

A . 6 . 3 . 1  Propo sed Sys tems 

Devel opment of Damon Mound wou l d  requ i re use  of the raw water 

i nta ke , fou r 200 , 000 bb l  s urge tan ks and crude o i l d i s tri but ion  sys tem 

components bu i l t  for the earl y storage phase at  Bryan Mou nd . Con

s truc t i on of new dock s  at  Freeport Harbor and Brazos Harbor ; raw water 

a nd bri ne d i sposal  p i pe l i nes connecti ng Damon Mou nd to Bryan Mound ; 

crude o i l p i pel i nes  connecti ng S EAWAY Tan k  Farm and Damon Mound ; a 

bri ne d i sposa l  system and the con s truct ion of the s i te fac i l i t i es at 

Damon Mou nd wi l l  be requ i red to devel op the s i te .  

The phys i ca l  p l ant  proposed at Damon Mound  fac i l i ty cons i s ts of up  

to  1 2  new so l u ti on m i ned s torage cav i ti es wi th crude o i l ,  raw water and 

bri ne p i pel i ne connec t ions  to the centra l pump i ng and contro l areas , a 

crude o i l d i stri bu t i o n  sys tem , a raw wa ter supp ly  sys tem , bri ne d i s posa l  

sys tem and  a power sys tem prov i ded by an  ons i te genera to r .  

Raw wa ter for l eachi ng the cav i ti es wou l d  b e  pumped to the Damon 

Mou nd storage s i te from the Brazos Ri ver D i vers i o n  Channel  i n ta ke 

s truc tu re wh i c h  was bu i l t  for the earl y s torage phase at  Bryan Mou nd .  

D i s p l aced br i ne from the l eac hed cav i t ies  wou l d  pass  throug h  a bri ne p i t  

a nd b e  d i sposed of by a p i pe l i ne to Bryan Mou nd and then to the bri ne 

d i ffu ser 5 . 8  mi l es offs hore i n  the Gu l f  of Mex i co .  Crude o i l wou l d  be 

p i ped from the new dock faci l i ti es i n  Freeport Harbor throug h  the b i 

d i rec ti onal  early s torage crude o i l pi pel i ne to Bryan Mou nd and from 
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Bryan Mound  to the S EAWAY Tan k  Farm , where i t  wou l d  connect wi th the new 

DOE p i pe l i ne to the Damon Mound  s torage cavern s . As o i l i s  i nj ected 

i n to s torage cavern s , bri ne wou l d  be s i mu l taneou s l y  d i s p l aced . Dur i ng  

crude  o i l wi thdrawa l , raw water wou l d  be i njected to  d i s p l ace crude o i l .  

O i l wou l d  return throug h  the DOE p i pe l i ne to SEAWAY Tank Farm , where i t  

wou l d  connect to the S EAWAY P i pe l i ne to i n l a nd refi neri es , or to the b i 

d i recti ona l  ear l y  s torage p i pe l i ne to Bryan Mou nd and Freeport Harbor 

tan kers , for de l i very to Gu l f  of Mex i co ,  East  Coa s t  or Cari bbean ports . 

A . 6 . 3 . 2  Al ternat i ve Sys tems 

A l ternati ves to use  of the docks a t  Freeport are the con s truct ion  

o f  a S i ng l e  Anchor-Leg Moori ng ( S PM ) Monobuoy i n  deep water offs hore ; 

convers i on of a n  ex i s ti ng S EAWAY Doc k i n  Brazos Harbo r ;  and u se  of 

P h i l l i ps Pe tro l eum Company docks . 

Two a l ternati ve raw wa ter supp ly  sys tems are poss i b l e :  s u rface 

water from the Bra zos Ri ver east  of the s i te ,  and ground wa ter from the 

Evange l i ne aqu i fer . Deep we l l s  spaced a l ong the common p i pe l i ne r i g h t

of-way between  Damon Mou nd a nd S EAWAY Tan k  Farm cou l d  prov i de an a l terna

t i ve to the proposed bri ne d i sposa l  sys tem . Another bri ne  d i s posa l  

a l terna ti ve wou l d  be a d i ffu ser l ocated 1 2 . 5  mi l es offs hore i n  the  Gu l f  

o f  Mex i co .  A poss i b l e  a l ternati ve to ons i te power generati on cou l d  be 

to pu rchase commerc i a l  powe r .  

A . 6 . 4  S i te Devel opment 

A . 6 . 4 . 1  Proposed Phys i ca l  Faci l i ti es 

I n troduct i o n  

A typ i ca l  l ayou t o f  su rface faci l i ti es a t  the Damon Mound  s torage 

s i te ,  s hown i n  Fi gure A . 6- 3 ,  i nc l udes the s torage cav i ty we l l s ,  p l a n t  

a rea , road a n d  p i pel i ne a l l eys a n d  the secur i ty fence . 

S torage Cav i ty Sys tem 

Twe l ve s torage cav i ty wel l s ,  s hown on the s i te map ( F i gure A . 6 -3 ) , 

ref l ect  the est ima te that 20  percent of the we l l s  may encou n ter prob l ems 

that  wou l d  redu ce the i r  capac i ty from the p l anned 1 0  MMB to 5 MMB . Thus , 

twe l ve cav i t i es wou l d  s t i l l  meet the req u i red 1 00 MMB capaci ty a t  the 

Damon Mou nd s i te .  
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The cav i t i es wou l d  be l eached i n  the 1 500 to 2500 foot  depth 

i nterva l . Each cavern i s  expected to be about  1 000 feet h i g h  and 300 

feet i n  d i ameter after compl eti o n . I f  the crude o i l i s  wi thdrawn fi ve 

t imes  i n  res ponse  to i mport i n terru pti ons , the u l t ima te d i ameter wou l d  

be a bout  400 feet . The l ayou t  i n  Fi gure A . 6- 3  p l aces caverns o n  800-

foot  centers and a m i n imum of 600 feet from the dome edge , thus  prov i d i ng 

a 400-foot wa l l  arou nd every cavern . 

Pl ant  Area 

S i te grad i ng wou l d  i nvo l ve l es s  than  1 5  percent of the tota l  232  

acres  ded i ca ted to the s torage s i te (Tab l e A . 6- 1 ) .  L i ttl e f i l l  s hou l d  

be req u i red . Roads a nd p i pe l i nes  wou l d serv i ce each s torage we l l ,  wi th 

a 20-foot wi de a l l ey .  Safety d i kes to conta i n  sp i l l ed o i l wou l d  be 

cons tructed aro und each o i l  s torage tan k  and we l l head . 

The p l ant  area , s im i l ar to A l l en dome ( F i gure A . 4- 4 )  wou l d  conta i n  

a contro l b u i l d i ng and a pump house of s teel  cons truc ti on , a b l anket  o i l 

tan k ,  a raw water tan k for primi ng the raw water i nject ion  pumps , a 

transformer and generator area , and a l i ned br i ne p i t .  

Crude O i l D i s tri buti on  

C rude o i l wou l d  be p i ped from the  new doc k fac i l i ti es i n  Freeport 

Harbor to the surge tan ks at Bryan Mound  through  the earl y  s torage phase 

b i -di rectiona l  p i pe l i ne .  The surge tanks  wou l d  su pp ly  crude o i l to the 

early  s torage b i -d i recti ona l  p i pe l i ne as far as  the SEAWAY Tan k Farm 

where i t  wou l d  be de l i vered to a new 32  mi l e  DO E p i pe l i ne to Damon 

Mou nd . Crude o i l  s tored at  Damon Mou nd storage fac i l i ty wou l d  be p i ped 

throug h  the DOE p i pe l i ne to the S EAWAY Tank Farm . From there , i t  wou l d  

be p i ped e i ther through  the S EAWAY P i pe l i ne to i n l and refi neri es o r  to 

the su rge tanks a t  Bryan Mound and then i nto tan kers at Freeport Harbor 

for de l i very to East Coa s t ,  Gu l f  Coast or Cari bbean refi ner i es . 

Raw Water System 

The early s torage i nta ke structure on the Brazos R i ver D i vers i on 

C hannel  wou l d  be u sed to pump raw water to a new DO E p i pel i ne from Bryan 

Mou nd to Damon Mound  storage s i te a l ong the DOE r i g h t-of-way , adj acent 

to the SEAWAY P i pe l i ne r i ght-of-way . 
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TABLE A . 6- l  Land req u i reme n ts Damon Mound candi da te S P R  s toraae s i te ( a l te rnati ve s i te ) . 

Requ i red Rt9ht-of�Way and Affected Habi tat ( Acres ) 
F l u v i a l  and Coastal Brackhh to She 1 1  1amp Coas ta 1 and Number of Tota 1 Acreaql!! 

Total Hi l es Excava t fon C leared land Oak WI)"d lands Pra f r i es Freshwater Marsh 8arrier F l a t  [ n l and Waters Wa ter Impac ted P i pe l i ne Row ( c . y .  ) F i l l  ( c .y . )  Con5tr/Ma fn t'� Constr/Ma i nta Constr/Ma f n t" Cons tr/Ha tnto1 Cons tr/'1a inta Constr/Ma lnt" Crosst ngs Constr/Ma t n t" 

A .  SPR Fac i l  Hies 
1 )  Storage S i te 

a) Central P l ant  Area Min imal 10/ 10 1 0 / 1 0  
b )  8rine Surge Pond 'Hnlm,,1 3/3 3/3 
c) Plant  Access Road Minima' 5/5 5/5 
d) Ons l te Roads and 6 . 0  3 1 ,680 �Inlmal P i pe A l leys 

e) Cavern I"jel l head PO'Ids 1 2/ 1 2  1 2 / 1 2  
f )  Containmen t D i ke'S a t  840 Cavern Wel l h�ads 

2 )  Off, l t. 

a) Backup 8rine injection Fo l l ows Proposed DOE Right-af-Way 
Wel l s  

1 )  Pipe! fne Excavation 2 . 9  1 5 ,280 
2) Roadways to Wel lheads m i n .  f t l l  

3 )  Wel l head Pad, Hinim"l 3/3 1 3  3/3 
b )  Oi l ,  Brine and Raw Water 

P f pe l 1 nes to Seaway 32 . 3  5 1 1 ,632 
Tank f"ann 

5/4 1 821 1 36 2 1 0/ 1 58 397/298 

)::. c )  Srine and Raw !oiater 
�4,800 f"o l l �'i Propond DOE R i ght-af-Way P f pe!1 1 nes to Bryan Hound 4 . 1  

m d) Brine Disposal to N/h . 2/ . 1  1 / . '  1 4 VO 163/ 1 5  I 5 . 8  ",1 d i f fuser 7 . 5 1 7 7 , 300 
CO 

e ) P i pe l ine! Connec ti on to 
Brazos Harbor 0 .6  6 ,000 4/3 413 8/6 

f) New Tanker Docks 1 ,050 ,000 1 4 / 1 4  1 4 / 1 4  

Sub-Total S P R  Fac i l i t ies 
- Damon Mou� 5 3 . 4  1 ,846 ,692 840 23/21 1 82 1 1 36 263( 205 4/3 1 /1 1 42/0 15 6 1 5/366 

S. Early Storage Faci l i t i E's 
at Bryan �11)'md 10 . 4 9' , 600 665,000 74/69 43/33 33/26 1 50/128 
Total Land Regu i rements 
Early Storage plu'i S� 

1 ,941 .292 665,840 97/90 182/ 1 36 306/238 27/29 1 / 1  142/0 1 6  76�494 a t Damon Mound 63. 8 

C. A l terna t ' iv es to Proposed Sys tems 
I )  B r i lle O t sposal (Wel l s )  f"ol 1ows Proposed DOE R i ght-of.W"y 

a) P i pe l i ne Excavation 3 . 2  1 7 ,000 
b) Roadway'i to We! II heads M i n i ma l  
c )  Wel l head Pads "" n fmal '9/19 19/19 

2)  Brine Dtsposa' to 20/ 1 4  . 2/ . 1  1 / . & 305/0 326 /15 1 2 . 5  m1 dt ffuur 1 4 . 2  n',600 
3 )  Raw Water (Brazos Ri ver) 1 0 . 0  52 ,940 40 1 1 5/86 3/3 1 22/92 

. ) RflW �a ter (Grl)undwater f"ol lows Proposed OOE R i ght-of-Way Supply We l l s )  
a )  P i pel ine Excavation 6 . 1  32 ,280 
b )  Roadw"ys to ''''e 11 heads Minima l  
c )  \oIe l l head P"ds 22/22 2Z/22 

'ns trlJc t l ,; . l  ' i ght-()f '.J� Y/�l., ; n ten�nce '! i qht-of-Way 



Bri ne D i sposa l  Sys tem 

Bri ne d i sp l aced from the Damon Mou nd s torage cav i t i es wou l d  enter a 

bri ne p i t o n  the s i te ,  a nd then wou l d  be p i ped through the new bri ne 

d i s posa l  p i pe l i ne a l ong the DOE a nd S EAWAY P i pe l i ne r ig ht-of-way to 

Brya n Mou nd , where i t  wou l d  connect to the new p i pe l i ne from Bryan Mound  

to the  br i ne d i ffu ser 5 . 8  mi l es i n  the  Gu l f  of Mex i co .  Backup  bri ne 

d i s posa l  we l l s  wou l d  be bu i l t  a l ong the common p i pel i ne r i g ht-of-way . 

Raw wa ter i njecti o n  rates , bri ne producti on  rates and crude o i l 

d i s tri bu t i on ra tes  are the same as  those addressed i n  Sec ti on  A . 4  for 

cons truc t i o n  a nd opera t i o n  of the A l l en dome s i te .  

Power Sys tem 

Genera ti ng capac i ty a t  Damon Mou nd wou l d  co ns i s t of 45 , 000 HP  of 

gas  turbi ne genera tor ca paci ty .  S torage o f  a fou r-day fuel  s upp ly  to 

run  these generators wou l d  req u i re an 8500 bb1  fu el  tan k  ons i te .  Fue l  

wou l d  b e  trucked i nto t h e  s i te .  A 1 00-foot exhau s t  s tack  wou l d  be 

req u i red . 

Land Regu i remen ts 

The tota l l and requ i red for the Damon Mound  s torage s i te and 

a s soc i a ted fac i l i ti es wou l d  be approxi mate l y  366 acres . An add i t i ona l  

249  acres wou l d  be u sed duri ng construct ion  acti v i t i es then  a l l owed 

to retu rn to o ther uses . The s torage s i te wou l d  be l ocated wi thi n a 

fenced 232 acre area i mmed i a te l y  over lyi ng the dome . On ly  approx i ma te l y  

1 3% of  t h e  area wou l d  hol d S PR fac i l i t i es .  The l a nd req u i rements for 

each of the fac i 1 i ty · s  systems i s  summari zed i n  Tab l e  A . 6- 1 . 

The cen tral  p l a n t  area , we l l heads and assoc i a ted roads  and p i pe

l i nes wou l d  requ i re 3 0  acres a t  Damon Mou nd . The bri ne d i s posa l  sys tem 

wou l d  u s e  1 8  acres , 1 5  for the p i pe l i ne a l l ey from Bryan Mound to the 

Gu l f  and 3 acres for wel l head/pads for the bac ku p  i njecti on  we l l s .  

Approximate ly  298 acres wou l d  be req u i red for ma i n tenance of the o i l ,  

bri ne and raw water p i pe l i nes  to Bryan Mou nd . The pi pe l i ne connecti on 

to Brazos Harbor wou l d  u se 6 acres and the new ta n ker docks wou l d  u se  

1 4  acres . 
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A . 6 . 4 . 2  Al ternati ve Phys i ca l  Fac i l i ti es 

Raw Wa ter Sys tem 

Sou rces of a l terna t i ve su ppl i es of raw wa ter to l each  the cav i t i es 

have prev i ou s l y  been d i scus sed . I t  wou l d  be l og i ca l  to pump su rface 

water from the Brazos R i ver  near the Damon Mound  s i te ,  i ns tead of 

pump i ng i t  a fu rther d i s ta nce from the Brazos R i ver D i vers i on C hannel . 

However , water ri ghts  i n  the ri ver near Damon Mou nd are under the j u r i s 

d i c t i o n  o f  the Lower Brazos R i ver Au thor i ty wh i ch may not b e  ab l e  to 

mee t the wa ter supp ly  req u i rements of the Damon Mound  fac i l i ty .  

Ground wa ter wou l d  a l so be a poss i b l e  source o f  raw wa te r ,  however , 

w i thdrawi ng l arge quant i t i es of ground wa ter i n  th i s  area cou l d cause 

l and s u b s i dence and l ow grou nd wa ter l evel s .  

B r i ne D i sposa l  Sys tem 

Deep we l l  i nject i on of a l l bri ne produced by l each i ng the cav i t i es 

a t  Damon Mound  wou l d  req u i re n i neteen l OOO- ga l l on per mi nu te d i s posa l  

we l l s  i n  add i t ion  to  the  three backup  i njecti on we l l s  d i scu s sed pre

v i ou s l y .  These 22  we l l s  cou l d  hand l e  the max imum product i o n  ra te dur i ng 

cav i ty l each i ng wi th some backup  capac i ty .  Add i t i ona l  br i ne i nj ect i o n  

pumps wou l d  b e  req u i red for these we l l s .  U s e  of a 1 2 . 5  mi l e  offs hore 

d i ffu ser sys tem wou l d  req u i re 6 . 7 add i t iona l  mi l es of offshore p i pe

l i ne construct i o n . 

Power Sys tem 

Pu rchase of power from a u t i l i ty wou l d  requ i re con s truct i on of a 

power transmi s s i on l i ne from the nearest  Hou s ton L i g hti ng and Power sub

s tat i on , b ut  wou l d  e l im i nate the need for the  generat i ng equ i pment and 

fue l tan kage on the s i te .  S tandby charges for the fac i l i ty may be 

s u b s tant i a l , becau se of the l arge l oad wh i ch may per i od i ca l l y  be re 

q u i red . 

A . 6 . 5  Con s truct i on Tec h n i ques 

A . 6 . 5 . 1  S torage Cavern Construct ion  

Genera l techn i ques  of con s truc ti ng the  s torage caverns i n  t he  sa l t 

dome are d i scus sed i n  Sect i on A . 2 . 2 . 1 .  S ta ndard i nd u s try techn i ques and 
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practi ces wou l d  be u sed . To meet oi l fi l l  schedu l e  requ i rements , o i l 

may be s tored by e i ther a Leach-Then-F i l l  or Leach/ Fi l l  schedu l e ,  as  

descri bed i n  Secti on A . 2 . 2 . 

A . 6 . 5 . 2  Road Cons tructi on  and O ther Grad i ng 

Roadway/ p i pel i ne a l l eys wou l d  be cons tructed between the p l ant  area 

and each s torage we l l .  Genera l procedures are descri bed i n  Sect i on 

A . 2 . 3 .  

A . 6 . 5 . 3  P i pe l i nes  

T he conven t iona l  l ay method ( Sect ion  A . 2 . 2 . 4 . 1 )  wou l d  pr imari l y  be 

u sed for p i pel i ne con structi on , however the pu s h  d i tch method ( Sect i on 

A . 2 . 2 . 4 . 2 )  may be req u i red for the br i ne and raw water p i pe l i nes between  

S EAWAY Tan k  Farm and Bryan Mound , and the techn i ques  descri bed i n  Secti on s  

A . 2 . 2 . 4 . 4 ,  A . 2 . 2 . 4 . 5 ,  a n d  A . 2 . 2 . 4 . 6 wou l d  b e  requ i red for r i ve r ,  l evee , 

and  h i g hway cros s i ngs , res pecti ve ly . Convent i o na l  offs hore p i pe l i ne 

cons truct ion  me thods wou l d  be u sed for the bri ne p i pel i ne a nd d i ffu ser 

i n  the Gu l f  ( Secti ons  A . 2 . 2 . 4 . 7  and A . 2 . 2 . 4 . 8 ) . 

A . 6 . 6  Devel opment  T i metab l e 

Devel o pment  of the Damon Mou nd s i te wou l d  fol l ow essenti a l l y  the 

s ame t imetab l e as Bryan Mou nd . F i g u re A . 2 -7 s hows the rel a t ions h i p of 

s o l u t i o n  mi n i ng to fi l l i ng .  A l l p i pel i ne con s truct ion  wou l d  ta ke p l ace 

concurrent ly  wi th s i te constructi o n .  

A . 6 . 7  Operat ion  a nd Ma i ntenance 

A . 6 . 7 . 1  General Safety Precau t i o ns 

Genera l safety precau t ions  descri bed i n  secti on  A . 3 . 7 . 1  are d i rect ly  

app l i ca b l e to  the  Damon Mound  s i te .  

A . 6 . 7 . 2  S torage Phase  

Storage p hase operati ons and ma i ntenance procedures are des cri bed 

i n  Sect i o n  A . 3 . 7 . 2 .  
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A . 6 . 7 . 3  Extract ion  Phase  

Opera t i on a nd ma i n tenance procedures for the  extracti on  phase are 

descri bed i n  A . 3 . 7 . 3 .  

A . 6 . 7 . 4  Refi 1 1  Phase  

Opera t i on and ma i n tenance procedures for the  refi 1 1  phase are 

descr i bed i n  A . 3 . 7 . 4 . 

A . 6 . B  Termi nat i on and Abandonmen t  

Termi nati on a nd abandonment of the Damon Mound dome s i te wou 1 d  be 

the s ame as that descri bed i n  Sec t i on A . 3 . B . 
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A . 7 NASH DOME ALTERNAT IVE  S ITE 

The Na s h  dome fac i l i ty i s  p l anned fo r storage of 1 00 MMB of crude 

o i l . Sol u t i on mi n i ng and su bsequent fi l l  opera t i on s  to reach  th i s  

storage capac i ty wou l d  ta ke approximatel y 5 yea rs after start of con

s truct ion  of fa c i l i t i es at  Nash  dome , the  docks  i n  Freeport and Brazos  

Harbors , and the p i pel i nes to  Bryan Mound . 

The Na s h  dome wa s chosen as  a cand i date s i te due to i ts prox i mi ty 

to SEAWAY Ta n k  Farm , Brya n Mo und , and the Freeport Harbor doc k i ng 

fac i l i t i es .  Crude o i l arri v i ng at  Feeport docks  may be del i vered to 

s u rge tan ks  at Bryan Mo und and then to the p i pel i ne connect i ng to Nash 

dome . From the storage  s i te ,  crude o i l ca n be p i ped to the SEAWAY 

P i pel i ne at the SEAWAY Tan k  Fa rm or to the Freeport Harbor docks  through 

Bryan Mo und . 

A .  7 . 1  Loca t i on 

Na s h  dome i s  l ocated i n  southern Fort Bend County ,  exten d i ng i n to 

the northern end of Brazor ia  County ,  Texa s .  The town of R ichmond l i es  

approxi ma te ly  25 mi l es north , and Hou ston i s  approximately 35  mi l es 

northeast  of the s i te .  The Brazo s Ri ver l i es a pproximatel y 6 mi l es east 

of the dome , the Gu l f  of Mex i co i s  36  mi l es  to the south , and Cow Creek 

borders the dome on the south . 

A .  7 .  1 . 1 S i te Access 

S i nce there are exi sti ng roads provi d i ng s u i tabl e access to the 

s i te ,  the on ly  new road cons truct ion  an t i c i pated wo u l d be access roads 

to the pl ant  area and i nd i v i dua l  wel l l oca t i ons . The s i te i s  l ocated 32 

mi l es northwest of the SEAWAY Tan k  Farm , provi d i ng good access fo r o i l  

d i stri but ion  ( F i g ure A . 7- 1 ) . 

A . 7 . 1 . 2  S i te Descr ipt i on 

The Na s h  Dome encompa sses 600 su rface acres wi th i n  the -2000 foot  

sa l t contour ( F i g ure A . 7-2 ) . There i s  no surface expres s i o n of the  sa l t 

dome . There are trees on the southern reaches of the dome , but s i nce 

the  fac i l i ty area on the northern end ha s been cu l t i vated , l and cl ea r i ng 

w i l l  not be neces sa ry .  Three fa rmsteads are wi th i n  the s i te bo undari es 

and wou l d  have to be d i sp l aced . 
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O i l  product ion  ha s been establ i s hed a round t he dome , and some 

s u l fu r  has been mi ned on a 50 acre tract i n  t he sou thwest  co rner of the 

dome . 

A . 7 . 2  Capac i ty 

Proposed capaci ty fo r t he s i te i s  1 00 �1MB of crude o i l  s to red i n  

ten to twel ve so l u t i o n  mi ned cavi t i es .  The dome ha s an u l t i mate deve

l opment poten t i a l  for approx i mately th i rty 1 0  MMB caverns . 

A . 7 . 3  General System Descript i on 

A . 7 . 3 . 1  Propo sed Systems 

Devel opment of Na s h  dome wou l d  i ncl ude use  of t he raw wa te r i n take , 

fou r  2 0 0 , 000 bbl s urge ta n ks and crude o i l d i stri bu t i on system componen ts 

bu i l  t for the ea rly  s to rage pha se at  Bryan �10 LJ nd . Con struct ion  of new 

doc ks  a t  Freeport Harbo r  and B razos Harbo r ;  raw wa ter a nd bri ne d i sposa l 

p i pel i nes  connecti ng Nash  dome to Bryan Mo und ; crude o i l p i pe l  i nes  

connect i n g  S EAWAY Ta n k  Fa rm and Na s h  dome ; the br i n e d i ffu ser system ; 

a nd t he s i te fac i l i t i es at  Na s h  dome wou l d be req u i red to comp l ete 

devel opment of t h i s s i te .  

The p hy s i ca l  pl ant  proposed a t  Na s h  dome fac i l i ty cons i s ts o f  1 2  

new sol u t i o n mi ned storage cavi t i es wi t h  crude o i l , raw wa ter and bri ne 

p i pel i ne connect ions  to the central pump i n g  and control a rea s ,  a crude 

o i l  d i stri bu t i on system ,  a raw wa ter supp ly  sys tem , a bri ne  d i sposal  

system and a pov;ler system provi ded by an  ons i te generator . 

Ra w wa ter for l eac h i ng the cav i t i es wo ul d be p i ped to the Nas h dome 

s torage s i te from the B razos Ri ver D i vers i o n  Channel i nta ke structu re 

constructed as part of the ea rly  storage phase at  fa c i l i t i es at  Bryan 

Mo u nd . D i spl aced bri ne from the l eac hed ca v i t i es wou l d pass  through a 

br i ne p i t  and be d i sposed of by a p i pe l  i ne to Bryan r�ound , and then to 

t he b r i ne d i ffuser i n  the Gu l f  of t�ex ico . Crude o i l woul d be p i ped from 

t he new doc k fac i l i t i es i n  Freepo rt Harbor  through  the b i d i rect i ona l 

ear ly  storage crude o i l  p i pel i ne to Bryan Mound  and from Bryan Mound  to 

t he S EAWAY Ta n k  Fa rm , where i t  wou l d connect wi th  the new DOE p i pel i n e 

to the Na s h  dome s torage ca verns . As o i l i s  i nj ec ted i nto storage 

caverns , br i ne i s  s i mul taneou s l y  d i spl aced . Du ri ng wi thdrawal , raw 
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wa ter wou l d be i nj ected to d i sp l ace crude o i l . O i l  wou l d return through  

the DO E p i pel i ne to  SEAWAY Tan k  Fa rm ,  where i t  wo u l d connect to  the 

S EAWAY P i pe l i ne for i n l and refi n er i es , or to the b i -d i recti ona l  earl y 

s torage p i pel i ne to Brya n Mound  and  Freeport Harbor tan kers , for del i very 

to Gu l f Coa s t ,  Ea s t  Coast  or  Ca r i bbea n ports . 

A . 7 . 3 . 2  Al terna t i ve Systems 

Al ternat i ves to use of the docks at  Freeport are the con s truct ion 

of  a S i ng l e  An chor-Leg Moo r i ng (SPM )  monobuoy i n  deep wa ter offs hore ; 

convers i on of  an  exi s t i ng  SEAWAY dock i n  Brazos Ha rbo r ;  and use  of 

Ph i l l i ps Petro l eum Company docks . 

Two a l terna t i ve raw wa ter s upp l y  systems are poss i bl e :  s u rface 

water from the Brazos R i ver ea s t  of the s i te ,  and ground wa ter from the 

Evangel i ne aq u i fer .  Deep wel l s ,  s paced a l ong the  common p i pe l i ne r i ght

of-way between Nas h  dome and SEAWAY Tan k  Fa rm , cou l d pro v i de an a l terna

t i ve to t he  proposed bri ne d i sposa l system . An a l terna t i ve bri ne d i ffuser  

sys tem 1 2 . 5 mi l es offs ho re from Bryan Mound  cou l d be  con s tructed . A 

pos s i b l e a l terna t i ve to ons i te power genera t i on wou l d be to purcha se  

power from Ho u s ton  L i g ht i ng and Power Company . 

A . 7 . 4  S i te Devel opmen t 

A . 7 . 4 . l Propo sed Phys i ca l  Fac i l i t i es 

I n troduct ion  

A typ i ca l  l ayou t  of  su rface fa ci l i t i es at the  Nas h dome s torage 

s i te ,  s hown i n  F i g ure A . 7- 3 ,  i n cl udes the s torage ca v i ty \'/el l s ,  pl ant  

a rea , road and  p i pe l i ne a l l eys and the  secur i ty fen ce . 

Storage Cav i ty System 

Twel ve  s to rage cav i ty wel l s ,  s hown on the s i te ma p ( F i g ure A . 7- 3 ) , 

refl ect the est imate that 2 0  percent of the wel l s  wi l l  encounter  prob l ems 

that wi l l  reduce the i r  capaci ty from the p l anned 1 0  1·1MB to 5 Mt1B . Thus , 

1 2  ca v i t i e s  wou l d s ti l l  meet the req u i red 1 00 MMB ca paci ty at the Nas h 

dome s i te .  

The ca v i t i es wou l d b e  l eached i n  the 1 500 to 2500 foot  depth 

i n terva l . Ea ch cavern i s  expected to be a bout  1 000 feet h i g h  and 300 

feet i n  d i ameter after compl eti o n . I f  the crude o i l i s  wi thdrawn fi ve 
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t i mes i n  response  to i mpo rt i n terruptions , the u l t i mate d i ameter wo u l d  

be about 400 feet . The  l ayo ut i n  F i g ure A . 7-3  p l aces caverns on 800-

foot  centers and a mi n i mum of 600 feet from the dome edge , thus  provi d i n g 

a 400-foot wa l l  around every cavern . 

P l ant  Area 

The p l ant  area l ayo ut  i s  the same as s hown for Al l en dome s i te 

( F i g ure A . 4-4 ) , i nc l ud i ng  pump and contro l bu i l d i ng s , a b l an ket o i l  

tan k ,  a bri ne s urge pond , and a raw wa ter s torage ta n k  fo r pr i mi ng the 

raw wa ter i nj ect ion pumps . A combust ion  turb i ne generator and associ ated 

o i l fuel tan k and 1 00-foot exhaust  stack wou l d  a l so be req u i red . 

Gra d i ng of l es s  than 1 5  percen t of the l and w i t h i n  the securi ty 

fence i s  a n t i c i pated (Tab l e A . 7 - 1 ) .  L i tt l e fi l l  shou l d  be req u i red , 

except fo r reten t i on d i kes around o i l s torage tan ks  and each we l l head . 

Ons i te p i pel i nes wo u l d  be bu r ied . 

Crude O i l D i s tr i bu t i o n  

Crude o i l  wo u l d b e  p i ped from the new dock  fac i l i t i es i n  Freeport 

Harbor to the surge tanks  at Bryan Mound through  the earl y s torage phase 

b i -d i rect iona l  p i pe l i ne .  The s urge tan ks  wo u l d supp ly  crude o i l to the 

early s torage b i -d i rec ti ona l p i pel i ne as far as the SEAWAY Ta n k  Fa rm 

where i t  wo u l d be del i vered to a new 33-mi l e  DOE p i pel i ne to Nash dome . 

As crude o i l  i s  wi thdrawn from Na s h  dome s torage fac i l i ty i t  wo u l d be 

p i ped through  the SEAWAY P i pel i ne to i n l and ref i ne r i es or to the surge 

tanks  at  Bryan Mound and then i n to tan kers at  Freepo rt Harbor fo r del i very 

to Ea s t  Coa s t ,  Gul f Coa s t  or Cari bbean refi neri es . 

Raw Wa ter Sys tem 

The ea r ly  s torage i n ta ke structure on the Bra zos  Ri ver D i vers i on 

C hannel  wo u l d be u sed to pump raw wa ter to a new DO E p i pel i ne from Bryan 

Mo und to Nash  dome s torage s i te a l ong the DOE r i gh t-of-way adj acen t to 

S EAWAY P i pel i ne r i g ht-of-way . 

Br i ne D i sposa l  System 

Bri ne d i s p l aced from the Nas h s torage cav i t i es wo u l d  enter a bri ne 

p i t  on the Na s h  s i te ,  and then wo u l d be p i ped through  the new bri ne 

d i spos a l  p i pe l i ne a l ong the DOE and SEAWAY P i pel i ne ri ght-of-way to 
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TABLE P . 7- 1 Land req u i  rements Nash  dome candi da te SPR  s toraae s i te ( a l terna t i ve s i te )  . 

Requi red Rfght-of·Way and Affected Habitat (Acres ) 

Fluvta I and Coastal Brack ish to She l l  Ramp Coastal and Number ot Total Acreage 
Total �Il.s Excavation C l eared L�nd Qak woodlands Pra t rt es FreshMater Marsh Barrier Flat I n land Waters Water hnpacted 

P t pe l 1 l1e Row ( c . y .  ) F i l l  ( c . y . )  Cons tr/t1a t n t" Cnnstr/Ma tnt" Cons tr/Ha int" Cons tr/Ha int" Cons tr/f'la l nt" Constr/Haint" CrOSS I ng5 Constr/Ma tnt" 

A.  SPR Facl1 i t t es 

1 )  Storage S i te 

a) Central P l ant Area Min i ma l  10/10 10/10 

b) 8r111e Surge Pond MtnhMl J{J 3/3 

c )  Plant Access Road Minimal 

d) On:i1te Roads and 5 . 7  JO , l oo 5/5 515 
Pipe Al l oYS 

1 2/ 1 2  
e) Cavern Wel l head Pads 1 2/ 1 2  

f )  Contat_nt Di kes a t  840 
Cavern Wel l hellds 

2 )  Offs t te 

a )  Backup Brine Injectt,," 
We l l s  

Fal l "". Propo.ed 00 £  Rt9ht-of-W.y 

I }  Pipe1 tne hcavatton 2 . 5  l J ,2oo 

2 )  Roadway' to Wel l heads Hini  ... l 

J) Wel lhead Pods 3/J 14 J/J 

b) 01 1 .  Brine and Raw 
Water Pipe l i nes to 32.6 51 7 , 1 80  210/158 219/165 429/323 

» Seaway Tank Farm 

-....j c) Brine and Raw Water Fol l ows Proposed DOE R 1 9ht�ot-WIY 
Pipel tne� to Bryan Mound � . 1  54 ,BOO I 

CO d} Brine Disposal to 201 1 4  It.5 5 .  8 �t dl ffuser 7 . 5 1 77 ,.110 .2/ . 1  142/0 1>6J/15 

e) Plpel t ne  Connecttons to 0 . 6  6,000 41J 40 8razos Harbor 816 

t) New Tanker Docks 1 ,050,000 14/14 14/14 
Sub-Total SPR Faci l i ties 
----- -Nash Dome - 5J. O  1 , 848.580 840 48147 210/158 2421182 4/J 1 / 1  14210 16 641/ J91 

8 . Early Storage Fac i l i ties 1 0 . 4  94,60t1 665,000 74169 43/J3 a t Bryan f-1ound JJI26 1 50/128 

Toul Limd Re9,ut rernents-
--rar�rage plus 63. 4 1 ,94J,lM 665,840 122/ 1 1 6  2 1 0 1 1 58  2851215 J7129 1 / 1  1 4210 1 7  79715 19 

SPR at Nash Dome 

C .  Al ternati ves t o  Proposed 
Systeflls 

1 )  8rin. Dhposol (Wel l . )  Fol lows Propo.ed OO E  RI9ht-of-Way 

.) P i pe l i ne Excavation J . 2  1 7  ,000 

b) Roadways to We 11 heads Mi nima l 

c) We l l held Pods Minimal 19/19 19/19 
2)  Brine Disposal to 

1 2 . 5  ",1 di ffuser 14 . 2  274.600 201 1 4  .2/ . 1  1 /  . 5  J0510 J2610 
l ) Raw Water (Bruo5 River) 6 . 1  31 .820 41l 69152 73155 
4 )  Raw Wa ter (Ground",. ter 

Fol l ows Proposed DOE I U ght-of-WdY Supp l y  Wel l s )  

a )  Pipe l L-.e Excavation 6 . 1  32,200 

b} Poadways to Wel l heads Mi nima l 

c) W@ 1 1 head Pads 22/22 22/22 

�r:ons :: r u e  t i on R i g�t-of -Wo1y IM,I) 1 ntenance It; ght -() f -Way 



Bryan Mo und , where i t  wo u l d connect to a p i pel i ne from Bryan Mound to 

t he bri ne d i ffu ser 5 . B mi l es i n  t he Gul f of Mex i co .  Three backup bri ne 

d i sposal  wel l s  wou l d  be l ocated a l ong the DOE and SEAWAY P i pel i ne 

r i gh t-o f-way . 

Raw wa ter i nj ecti on ra tes , br ine production  ra tes and crude o i l  

d i s tri but ion  rates a re the same a s  those addressed i n  Sec t i o n  A . 4  for 

con struct ion  and operat ion  of the A l l en dome s i te .  

Power Sys tem 

A combu st ion  turb i ne generator area , fuel tan k ,  and 1 00-foot ex

haust  s tack  wo u l d be req u i red for the 45 , 000 HP ons i te power generato r .  

The fuel tan k  wou l d  pro v i de a m i n i mum o f  fo ur days fuel supp ly  a n d  wou l d  

be cons tructed i n  accordance to AP I and ASME cons truct ion codes . 

Land Requ i rements 

Ap prox imately 647 acres of l a nd wou l d  be affec ted by the devel op

men t of  storage fac i l i t i es at,  or  rel ated to , the Na s h  Dome s i te .  Onl y 

approximately 391 acres wo ul d be kept i n  a state of semi- permanent  

devel opment  for  fac i l i t i es opera t i on and ma i n tenance . The  storage 

fac i l i t i es a t  Na s h  wou l d  be l ocated on a fenced 206 acre s i te onl y 1 3  

percent of wh i c h  wo ul d be d i rectly devel oped . The l and req u i remen ts fo r 

eac h of the sys tems a s soc i a ted wi th  the Nas h  s i te and i ts a l terna t i ves 

a re s hown i n  Ta bl e A . 7- 1 . 

Approxima tely 30 acres wou l d  be i n  use a t  the  storage s i te i tsel f 

for pl ant  a rea , wel l heads , bri ne pond , etc . The br i ne ,  o i l and raw 

water p i pel i nes to the S EAWAY Tan k  Fa rm wo u l d req u i re ma i ntena nce of 

approx imately 323 acres a l ong the p i pel i ne r i g ht- of-way . The br i ne 

d i sposal  sy stem wou l d use ap prox imately l B  acres , 1 5  for the p i pel i ne 

from B ryan �10 und to the Gul f for the d i ffu ser sys tem , and 3 acres fo r 

the  we l l head pads for the backup we l l s .  The o i l pi pe l i ne connect ion  to 

Brazos Harbor and the new tan ker docks wou l d requ i re 20 add i t i ona l  

acres . 

A . 7 . 4 . 2  Al terna ti ve P hys i ca l  Fac i l i t i es 

Cons truc t i on of S EADOCK wou l d  el i m i nate the need for a new DOE dock 

adj acent to the ex i s ti ng S EAWAY Doc ks . Add i tion  of tan ker l oad i ng 
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faci l i t i es to one  of  the  ex i st i ng SEAWAY Docks  wo u l d  be requ i red . No 

add i t i o n a l  f i l l i ng or dredg i ng wo u l d be requ i red at the  doc k , but  off i ce 

and gaug i ng areas  wo u l d have  to be co ns tructed  at the  co nve rted dock . 

Raw Wa ter Sys tem 

So u rces of a l terna ti ve  s uppl i es of raw wa ter to l each  the  ca v i t i es 

have  prev i o u s l y  been d i s c u s sed . I t  wou l d  be l og i ca l  to pump s u rface 

wa ter from the Brazo s  R i ver near the Na s h  dome , i n s tead of pump i ng i t  a 

further d i s tance  from the  Brazo s  R i ver Di vers i on Canne l . However , wa ter 

r i g hts  i n  the  r i v er near  Nash dome a re under  the j u ri sd i ct i on of the 

Lower B razo s R i v er Autho r i ty ,  wh i ch may not be ab l e to meet the  wa ter 

s uppl y req u i rements of  the  Nash dome faci l i ty .  

Gro und  wa ter i s  a l so a po s s i bl e source o f  raw wate r ; however ,  wi t h 

drawi ng  l a rge quant i t i es of  g round  wa ter i n  t h i s area cou l d  ca u s e  l and  

s u b s i dence and  l ower the  wa te r l evel  in  the aqu i fers to  be pumped . 

Br i ne  Di spo s a l  System 

Deep wel l i nj ec t i o n  of a l l br i ne produced by l ea c h i ng the  cav i t i es 

at  Nas h  dome wo u l d req u i re n i neteen l OOO-gal l on per  m i n ute d i s po s a l  

we l l s  i n  add i t i o n  t o  the  three ba ckup  i nj ecti on  wel l s  d i s cu s sed  prev i o u s l y .  

These  2 2  wel l s  co u l d h a nd l e  t h e  maxi mum bri ne  product i o n  rate d u r i n g  

cav i ty l each i ng wi th  some backup  capac i ty .  Add i t i o n a l  bri ne  i nj ec t i o n  

pumps wo u l d b e  req u i red fo r t h e s e  wel l s . Another  a l ternat i ve wo u l d 

req u i re the exten s i on of  the bri ne d i ffus e r  pi pe l i ne 1 2 . 5  mi l es offs hore 

B rya n Mo und  i n to the Gu l f . 

Power System 

Power co u l d be p u rcha sed from Hou s to n  L i g ht i ng  and Power Company 

and  s upp l i ed to the s i te by a 6-mi l e  transmi s s i o n  l i n e .  Standby charges  

mi g h t ,  however , ma ke th i s power s o u rce eco nomi ca l l y  unfea s i b l e .  

A . 7 . 5  Co ns truct i on Tec h n i ques  

A . 7 . 5 . 1  Storage Ca vern Con s truct i o n  

Co n s truct i on o f  wel l s  a n d  sto rag e  caverns  wou l d  fo l l ow t h e  general  

pro cedu res  i n  Sec t i o n  A . 2 . 2 . 1 , where s tandard i n d u s try techn i q u e s  and 

practi ces are  u s ed .  To meet o i l  f i l l  sched u l e requ i remen ts , o i l may be 

s to red by e i ther a Leach-Then- F i l l  or  Lea ch/ Fi l l  schedu l e ,  a s  descri bed 

i n  Sec t i o n  A . 2 . 2 . 
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A . 7 . 5 . 3 Road Construct i o n  and Other Gra d i ng 

Roadway/ p i pel i ne a l l eys wou l d  be constructed between the pl ant  area 

and  ea ch s torage  wel l .  Safety d i kes wo u l d be constructed around the 

bl an ket o i l  tan k ,  sma l l d i kes wou l d  a l so be con s tructed around wel l heads 

to con ta i n  sma l l vol umes of o i l  sp i l l ed du r i ng opera t i on or ma i n tenanc e .  

Con s truc t i on o f  s i te fac i l i t i es ,  p i pel i nes and dri l l i ng o f  wel l s  

for cavern devel opmen t wo ul d precede i n i t i a l  l each i ng opera t i ons by 

three to fo ur months . The maximum raw wa ter s upp ly  rate wo u l d a l l ow 

conc urren t l ea ch i ng of fi ve caverns . Eac h  cavern co u l d  be l eached at  a 

rate of 1 5 , 25 7  B/ D of  s torage s pace crea ted . 

A . 7 . 5 . 3  P i pel i nes  

Conven t iona l  l ay methods wo u l d  be used fo r p i pel i ne con struct i on ,  

a s  descri bed i n  Sec t i on A . 2 . 2 . 4  for the bri ne and raw wa ter p i pel i nes 

between S EAWAY Ta n k  Farm and Bryan Mound , and the bri ne  d i ffuser in the 

Gu l f . 

A . 7 . 6 Devel opmen t Ti meta bl e 

Devel opment of the Na s h  dome s i te wo u l d  fol l ow essen ti a l l y  the same 

t i metab l e as Bryan Mound . F i g ure A . 2-7  s hows the rel a t i on s h i p  of 

so l u t i o n  mi n i ng to fi l l i n g .  The add i t i ona l  p i pel i ne con s truc t i on wo u l d  

b e  compl eted dur ing  con s truct ion o f  ons i te fac i l i t i es .  Al l p i pel i ne 

cons truct i on wou l d  ta ke pl ace concu rren t l y  wi th s i te cons truc t i on . 

A . 7 . 7  Opera t i o n  a n d  Ma i ntenance 

A . 7 . 7 . 1 Genera l Safety Preca ut ions  

Genera l s afety precaut i ons are descr i bed i n  Sec t i on A . 3 . 7 . 1 .  

A . 7 . 7 . 2 Storage Phase  

Storage  pha s e  opera t i ons  and ma i n tenance procedu res are descri bed 

i n  Secti on A . 3 . 7 . 2 . 

A . 7 . 7 . 3  Extract ion Phase  

Opera t i o n  a nd ma i n tenance procedures fo r the extract ion  phase  are 

descri bed i n  Sect ion A . 3 . 7 . 3 .  

A . 7 . 7 . 4  Refi l l  Phase  

Opera t i on and ma i n tenance procedures fo r the refi l l  phase are 

descri bed i n  Sec t i on A . 3 . 7 . 4 . 

A . 7- 1 1  



A . 7 . B  Term i n a t i o n  and Abandonment 

Termi nat i on and a bandonment of the Nas h  dome s i te wou l d be the same 

a s  that descri bed i n  Sec t i on A . 3 . B . 

A . 7- l 2  
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B .  1 I NTRODUCT I ON 

APPEND I X  B 

DESCR I PT I ON O F  TH E ENV I RONMENT 

T h i s  c hapter presents descri pti ons of the envi ronment ,  both natura l  

a nd ma nmade i n  the reg i on o f  the proposed proj ect and i n the immed i ate 

v i c i n i ty of  s i tes . 

The reg i ona l en v i ronment , d i scussed i n  Sect ion  B . 2 ,  i nc l udes i n 

fo rma t i on o n  the " reg ion "  a s  th i s  perta i n s  to the spec i fi c  d i sc i p l i nes 

d i scussed . For l a nd features , the reg ion  can be co ns i dered to i nc l ude 

the Gu l f Coa s t  of  so utheast Texa s ;  fo r s urface water , the reg i on i n

c l udes the Brazos and San Bernard Ri ver ba s i n s and the nearshore Gu l f  of  

t1ex i co ;  and fo r soc i oeconom i cs , the  reg ion  is  the  fou r- cou n ty area 

i nc l ud i n g Brazori a ,  Fort Bend , Harri s ,  and Ga l ves ton Cou n t i es . 

I n  Sec t i on B . 3 ,  the envi ronment of each of the f i ve ca nd i date 

s i tes -Bryan  r1ound , Al l en dome , \�est  Co l umb ia  dome , Damon ��ound , and 

Nash  dome - i s  pres ented . Beca u se there are many en v i ronmenta l  chara c

teri s t i cs wh i c h  are s i mi l a r at  two or mo re s i tes , the descr i p t i on of  the 

proposed s i te ,  Bryan Mo und , i s  mo st  comp l ete . The descri pt ions  for the 

four  a l ternat i ve s i tes are more a bbrev i ated and are cross- referenced to 

secti ons where s i mi l a r s i te character i s t i c s ex i s t .  

Aspects o f  the reg i o n  and o f  the fi ve s i tes wh i c h  are o f  greatest 

s i gn i f i cance  with  regard to i mpacts of the proj ect ( d i scus sed in  Appen 

d i x  C )  are s ummar i zed i n  Sect ion  B . 4 ,  and references c i ted are i nc l uded 

i n  Sec t i on B . S .  Add i t i ona l  phys i ca l , c hemi ca l  and b i o l o g i ca l  ocea nograph i c  

data descr i b i ng the reg ion  and the proposed s i tes from a s upp l emental  

s tudy is  i nc l uded i n  Append i x  G and referred to in  the text . 

B . l - l 





B . 2 REG I ONAL ENV I RONMENT 

B . 2 . 1 Land Fea tures 

Phy s i ography 

The Seaway Group of SPR  s i tes i s  s i tuated i n  a reg i o n  wh i c h i nc l udes 

the g u l fwa rd marg i n  of the Gu l f  Coa sta l  P l a i n  and the nearshore Gul f 

Con t i nen ta l  She l f ( Fi g ure B . 2 - 1 ) .  The Gu l f  Coa s tal  P l a i n  phys i ographi c  

prov i nce i s  characteri zed as  a rel at i vely fl a t ,  featu rel ess  pra i ri e  

terrace . I ts poorly devel oped s urface dra i nage i s  to the Gu l f  of  

�·1ex i co .  r�a rs hes , swamps , and  l ow gra d i en t  s treams are common ( F i gure 

B . 2-2 ) ,  and natural  l evees are often found a l ong the s treams . 

The Gu l f Coa stal  P l a i n  s l opes a l most  i mpercept i bl y toward the Gul f 

of  Mex i co ;  a t  an average rate of  about 5 feet per m i l e . The major  topo

g raph i c  rel i ef i n  the reg i on i s  associ a ted wi th sa l t  dome s tructures 

wh i c h  have forc i bl y  ri s en through younger sed i men ts . Rel i ef at  Bryan 

Mound sa l t dome , for examp l e ,  i s  on the order of  1 5  feet a bove the 

su rround i ng country , wh i l e  at Damon �·1ound sa l t  dome , the sed iments r i se 

76 feet from the s urround i ng co untry to a max i mum el evat i on of  1 46 feet 

above s ea l evel . 

The coas ta l  reg i on i n  the v i c i n i ty of the Seaway Group of  SPR s i tes 

i s  l ocated between Chri stma s Bay and Ea s t  ��atagorda Bay ( F i g ure B . 2-2 ) .  

I t  i s  u n i q ue  fo r the Texas coas t ,  because  the ba rri er i s l and cha i n  i s  

s eparated from the ma i n l and by narrow , restr i cted bays wh i ch are a l most  

f i l l ed by ma rshes . Tile broad , shal l ow bays character i st i c o f  the res t  

of  t h e  Texas coas t  a re a bsent here . 

The offsho re reg ion  i n  the v i c i n i ty of the Seaway Group i s  i n  the 

Gu l f Con t i nenta l  S he l f phy s i og rap h i c  prov i nce , the submerged exten s i on 

of  the Gu l f  Coa s ta l  P l a i n  prov i nce . Offs hore , the ba thymetry i s  v i rtual l y  

featurel ess  wi th t h e  bottom s l op i ng gent ly  o ffshore to t h e  5 0  fathom 

depth where i t  fa l l s  off rap i d l y .  Typ i ca l  offs hore depths and d i s tances 

from s hore a re 30  feet a t  2 . 5 m i l es ,  60 feet a t  6 . 5 mi l es a nd 90 feet at 

1 9 . 5  mi l es .  The bo ttom p l a i n  i s  occas i ona l l y  broken by dredged channe l s 

and smal l s he l l r i dges , a rt i f i c i a l  reefs and offs hore p l atforms . Al so , 

severa l cora l heads are l ocated off the mo uth  of  the Brazo s  R i ver D i vers i o n  

B . 2- 1  
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Channel . S i g n i f i cant  bottom movements have occurred i n  the study area 

i n  the l a st  40 yea rs . Some bottom contours may have changed as  much as  

1 0  feet w i th i n  the 40 foot  contour and the shorel i ne w i th i n  the area of 

the proposed br i ne  p i pel i n e  moved severa l thous and feet g u l fwa rd ( U . S .  

Departmen t of Commerce .  1 977 ) . 

Geo l ogy 

The domi nant geo l og i c  fea ture of coastal  Texas  i s  the Gul f Coas t  

geosyncl i n e .  The ax i s  o f  th i s  geosync l i ne genera l l y  corresponds wi th 

the present coastl i nes  of Texas , Lou i s i ana , M i s s i s s i pp i , Al a bama , and 

F l or i da ( F i g ure 8 . 2- 3 ) . The strat i g raph i c  record i nd i cates that the 

geosyncl i ne has  been s l owl y and more or  l es s  cont i n uous ly  s u bs i d i ng 

s i nce  Cretaceous  t imes . Tabl e 8 . 2- 1  presents a genera l i zed geo l og i c  

t i me chart for the per iod  su bsequen t  to Cretaceou s  t i me .  The area of 

s u bs i dence rece i ved vo l um i nous  del ta i c  accumu l a ti on s  of sed i ments , wh i c h  

a re deri ved from broad po rt i on s  o f  cen tra l North Ameri ca .  These accu

mul a t i ons a re expressed as  a l a rg e wedge of  Mesozo i c  and Cenozo i c  sed i 

ments that progres s i vel y t h i c ken towa rd the south . I n  the v i c i n i ty of 

the coa s t ,  the wedge i s  reported to be a bout  40 , 000 feet th i c k ( K i ng , 

1 969 ) .  I nd i v i dual  strat i g raph i c  un i ts a l so th i c ken and d i p  sou thwa rd .  

The same depo s i t i ona l  proces ses a re s t i l l  acti ve .  A genera l i zed cro s s 

s ec t i o n  of t h e  Gul f Coast geo sync l i ne i s  presen ted i n  F i g ure 8 . 2-4 . 

Another dom inant  fea ture of the reg i o n  i s  the presence of sa l t  

domes sca ttered a l ong the gu l f coast  ( F i gure 8 . 2- 1  and 8 . 2-3 ) .  Typ i 

ca l l y ,  these domes are roug hl y cyl i nd r i ca l  i n  s ha pe , one to fi ve mi l es 

i n  d i ameter , and extend from a few tens or  feet to severa l thousand  feet 

bel ow the s urface ( Fi g ure 8 . 2- 5 ) . The domes are bel i eved to be der i ved 

from the th i c k Louann Sa l t  Fo rma t i on of proba b ly  J uras s i c  age wh i c h  

res ts near the ba se o f  the sed i ments . A i ded by bouyancy prov i ded by the 

rel a t i vely  l ow spec i fi c  grav i ty of sa l t ,  l ocal port i ons  of the deep sa l t 

l ayer have p l a s t i ca l l y  protruded upwa rds and p i erced the overl y i n g  

s trata . I n  res ponse to th i s  upwa rd fl ow , the adj acen t s trata are l oca l l y  

uptu rned a n d  crea te excel l en t  traps  for petrol eum accumu l at i on . 

I t  shou l d  be recog n i zed tha t at  l east  some sa l t domes , parti cu l ar ly  

offs hore or  coastal  domes , are  genera l l y  con s i dered dynami c  features , 

8 . 2 -4 
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v i scopl a s t i ca l l y  r l s l ng more or l ess  cont i n uo u s l y  a t  a sma l l but fi n i te 

rate on  the order of 1 mi l l i meter per year .  The domes are concomi tant ly  

consumed a t  the upper s urface through  d i sso l u t i on by ground water .  

Mo s t  i nves t i gators now agree tha t sal t dome caprock  represents an  

accumul a t i o n  of i nso l u bl e  ma teri a l , ori g i na l l y  trans ported wi th i n the 

sa l t .  As the sa l t moved upward re l at i ve to the s urface of the eart h ,  

i ts upper face wa s apparentl y l eac hed by unsatura ted water from a bove . 

As the sa l t  d i s so l ved , a n hydr i te wa s concen trated a s  an i n sol u bl e 

res i d ue .  Gyp sum ,  nat i ve su l fur and ot her mi nera l s may have evo l ved a s  

t h e  prod ucts of a l tered anhydri te . 

S trat i graphy 

The sed i ments i n  the upper Gu l f  Coa s t  are pr i nc i pa l l y  Eocene to 

M i ocene a l thoug h rocks  as o l d  as Cretaceous  are encoun tered i n  wel l s  

a l ong the i n l and ma rg i n  of the area and P l i ocene to Recent depos i ts 

mantl e the coa s ta l  bel t .  These sediments represent a comp l ex of del ta i c  

depo s i ts  i n terfi nger i ng gu l fward wi th  mari n e  wedges wh i c h  carry a 

s eq uence of wel l known fo s s i l zones . The rel a t i ve ly  s impl e homocl i na l  

reg i onal  s tructure often referred to a s  t h e  north l i mb o f  t h e  Gul f Coa s t  

geosync l i ne i s  i nterrup ted coa s tward by a seri es  of s tr i ke fau l ts a n d  by 

a n umber of sa l t domes wh i c h  have prod uced the structural  traps  for 

l arge accumu l a t i ons  of o i l  and ga s .  

Mo st  of the s ha l l ow surfi c i a l  sed i ments of the Texas gu l f coa s t  a re 

composed of  recen t l y  deri ved modern ( Ho l ocen e )  sedi ments wh i ch l i e on 

top of the o l der ( P l e i s tocen e )  sediments . P l e i stocene sed i ments crop 

out  i n  the Freeport area . There , they i nc l ude c l ays , fi ne  sands , s hel l s ,  

a nd l i mey concret ions  i nd i ca ti ve of the i r mar i ne orl g l n s .  A surface  

geo l og i c  map of  the reg i on wh i c h  i nc l udes the Seaway Group is  presented 

as F i g ure B . 2- 6 .  The three maj or  un i ts mapped i nc l ude : barr i er i s l and 

depos i ts composed of sand , s i l t , and c l ay (most ly  sand ) ; a l l uv i um com

posed of c l ay ( domi na nt ) , s i l t , sand , a nd organ i c  materi a l ; and the 

Beaumont  c l ay forma t i on , wi th barr i er i s l and and beach  depo s i ts mapped 

separate l y .  T h e  Bea umon t Format i on was depo s i ted a bout  1 00 , 000 years 

B . 2 -9 
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ago dur i ng  a P l e i stocene i ntergl a c i a l  stage . The forma t i o n  wa s formed 

a s  a depos i t i ona l  p l a i n ,  by a seri es of coa l esc i ng a l l u v i a l and del ta i c  

p l a i n s o f  anc i en t  r i ver systems . 

The Bea umont  Fo rma t i o n  wa s deep l y  d i sec ted by s treams dur i ng the 

l a s t  g l ac i a l  period when sea l evel  was a bout  350 feet l ower than i ts 

p resent l evel . The streams readj usted the i r  grad i ents  to the l ower sea 

l evel , and became we l l en trenc hed by erod i ng deep val l eys  i n  the coa s ta l  

a rea s . Wi th t he retreat and mel t i ng of the i ce s heets , immen se  amounts 

of  wa ter were rel ea sed to the ocea n ,  sea l evel s rose , and the en trenc hed 

deep val l eys  of the streams were drowned and became estuar i e s . Present

day exampl es of these estua r i es i n  Texa s are Ga l veston Bay and San 

Anton i o  Bay . The Brazos , Co l orado , and R i o  Grande R i vers have fi l l ed 

thei r estuary systems wi th sed iment and these r i vers now d i sc ha rge 

d i rectly i n to t he Gu l f  of Mex i co ( Hammond , 1 969 ) . 

Structure 

The maj or reg iona l  geo l og i c  s tructure i s  the Gu l f  Coa st  geosync l i ne .  

Super imposed o n  the goesyncl i ne are severa l mi nor s tructures  ( F i gu re 

B . 2- 3 ) . The mo st  noti ceab l e mi nor structure i s  a fa u l t  system that 

approx imately paral l e l s  the geosync l i na l  ax i s .  Fa u l ts compos i ng the 

system are typ i ca l l y  norma l and downthrown to the sou th . The fau l t i ng 

a s soc i a ted wi th th i s  system i s  be l i eved to have occu rred grad ua l l y  but  

conc urrent ly  wi th the geosync l i na l  devel opment .  Ma ny other sma l l er 

fa u l t s a re l oca l ly  associ ated w ith  i nd i v i dua l  sa l t  domes . Reported l y ,  

they ha ve res u l ted from sa l t  p l ug empl acement ( J ohnson and Bredeson , 

1 97 1 ) . 

Se i smi c i ty 

The Na t i ona l Ocea n i c  and Atmospheri c Admi n i stra t i on ( NOAA ) ha s 

c l a s s i fi ed t he Un i ted Sta tes i nto fou r  zones wi th d i fferi ng degrees of 

expected s i esmi c  r i s k  ( F i gure B . 2- 7 ) . These s ub- di v i s i ons  are ba sed 

u pon the recorded h i s tory of past sei sm i c  acti v i ty ,  u s i ng the Mod i f ied 

Merca l l i  I n ten s i ty Sca l e  ( Tab l e B . 2- 2 ) . Zo ne 0 covers area s ha v i ng no 

reasona bl e expec tancy of s urface earthq ua ke damage ; Zone 1 ,  expected 

B . 2 - 1 1 
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TAB LE 8 . 2 - 2  Mod i fi ed Merca l l i  Sca l e  of  Earthquake I n tens i ty .  

I .  No t f e l t  excep t b y  very few under especially favo rab l e  circums tances . 

I I . Fel t  only by a f ew per sons at r e s t , esp ecial ly on upper f loors o f  
build ings . Del icately susp ended obj ects may swing . 

I I I . Fel t  qui te no t iceably indoor s , espec ially on upper floors , but many 
p eop le do no t r ec ogn ize i t  as an ear thquake . S t anding mo t o r  cars may 
rock s l ightly . Vibration l ike pass ing truck . Duration e s t ima t ed . 

IV . During the day f e l t  indoors by many , outdoors by f ew .  At night some 
awakened . D ishes , windows , doors d is turbed ; wal ls make creaking sound . 
S ensation l ike heavy truck s tr iking building . S tanding mo t o r  cars 
rocked no t ic eab ly . 

V .  Fel t  by 
broken ; 
turned . 
no t iced . 

nearly everyo ne ; many awakened . Some d ishes , windows , e t c  • •  
a f ew ins tances of cracked p las ter ; uns tab l e  ob j ec t s  over

Dis turbances o f  trees , poles . and o ther tall obj e c t s  sometimes 
Pendulum clocks may s top . 

VI . Fel t  by a l l ; many f r ightened and run outdoors . Some heavy furniture 
moved ; a few ins tanc es of fal len plaster or damaged ch imneys . Damage 
s l igh t .  

VII . Everybody runs outdoo r s . Damag e neg l ig ib l e  in build ing s o f  good des ign 
and cons truc t ion ; s l ig h t  to mod era t e  in we ll -buil t ord inary s truc tures ; 
cons iderab le in poorly built or badly designed s truc tures ; some chimneys 
broken . No t iced by persons driving mo tor cars . 

VIII . Damage s l ig h t  in s p e c ially des igned s truc tures ; cons iderab l e  in ord inary 
subs tan t ia l  building s , wi th part ial c o l lap s e ; great in poorly built 
s truc tures . Panel wal ls thrown out of frame s truc tures . Fal l of ch imneys. 
factory s tacks , co lumns . monumen ts . wal l s . Heavy furn i tur e over turned . 
Sand and mud ej e c t ed in small amounts . Changes in we l l -wa ter levels . 
Dis turbs p ersons d r iving mo tor car s . 

IX . Damage cons iderable in s p ecially d es i gned s truc tur es ; we1 1 -d e s i�ned 
frame s truc tures thrown ou t of p 1umh; great in sub s tantial building s ,  
wi th par t ial co llaps e .  Buildings shif ted o f f founda t ions . Ground 
cracl:ed cons p i cuous ly . Underground p ip e s  broken . 

X .  Some wel l-bu il t wooden s truc tures destroyed ; mo s t  masonry and f rame 
s truc tur e s  des troyed wi th founda t ions , ground bad ly cracked . Ra ils 
b ent . Land s l id es cons iderab le f rom r iver banks and s t eep slopes . 
Shifted s and and mud .  Wa t er sp lashed over banks . 

XI . Damage to tal . Waves s een on ground sur faces . Lines o f  s ig h t  and l evel 
distorted . Obj e c t s  thrown upwards into the air . 
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m i nor damage ; Zo ne 2 ,  expected moderate damage ; and Zone 3 ,  po s s i bl e 

maj or destruct i ve earthq u a kes . The Seaway Group  reg i on i s  wi th i n  

Se i sm i c  r i s k  Zo ne O .  

A compu ter-a i ded search of recorded se i sm i c  events wi th i n  a 200 

m i l e  rad i u s wa s cond ucted . The resu l t i s  the fo 1 1  owi ng earthq ua ke l i s t : 

LAT LONG I NTEN MAGN I - D I STANCE 
DATE ( NORTH ) ( WEST ) ( �1M ) TUDE REF ( M I LE S )  

8 J AN 1 891 31 . 7 95 . 2  V I I  EQH 1 86 
24 APR 1 964 31 . 5 93 . 8  V 3 . 7  CGS 1 99 
28 APR 1 964 31 . 5 93 . 8  V 3 . 4 CGS 1 99 
28 APR 1 964 31 . 2 93 . 9  V 4 . 4  CGS 1 7 9 

3 J U N  1 964 31 . 3 94 . 0 I V  4 . 2 CGS 1 82 

M i nera l and En erg,l Resources 

Ch i ef among the mi nera l and energy resources of the Texas coa s ta l  

zone a r e  o i l  a nd ga s .  Importa nt  sources of s u l fur ; sa l t ;  c h l or i ne and 

mag nes i um ba ses  for chemi ca l  products ; s he l l ,  c l ay ,  a nd sand for con

s truc t i on aggregate ;  and i ndustr i a l  sand are a l so fou nd there . 

The ma i n  petro l eum produc i ng hor i zon i n  the area i s  the Ol i gocene 

Fr io  Fo rma t i o n .  O i l and gas are extracted from natura l  traps i n  the 

s trata wh i c h are common ly  a s so c i a ted wi th the di�tu rbed strata around 

sa l t domes . O i l producti on  occurs i n  both ons hore and offshore area s .  

S u l fur and sa l t are extracted from sa l t domes . Sal t i s  produced by 

so l u t i on and con ven t i o na l  mi n i ng of the sa l t core of a dome . Mos t  i s  

u sed a s  sa l t bri ne , pr imari l y  fo r a feedstock  i n  the manufacture of 

c h l o r i n e ,  soa p ,  and soda a s h .  

S u l fur i s  prod uced by the Fra sch process , i n  wh i c h  s uperhea ted 

water i s  pumped i n to wel l s  open to s u l fur- beari ng caprock mater i a l  to 

mel t the s u l fur ; the mo l ten s u l fur i s  forced up to the su rface by 

compres sed a i r .  

C h l ori ne  and magnes i um for chemi ca l processes i s  der i ved from Gu l f  

o f  Mex i co seawa ter . Dow Chem i ca l  Company i n  Freeport prod uces 93 per

cent of  the tota l Un i ted States  produc t i o n  of magnes i um meta l . 

Gravel for construct ion aggregate i s  scarce i n  the gu l fward edge of 

t he Gu l f Coa s tal  P l a i n ,  therefore , rel i ance i s  on the l ocal l y  ava i l abl e 

f i ne sand a nd s he l l reso u rces . About  hal f of the s he l l producti on i n  
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the area goes to cons truc t i on aggregate . The rema i nder i s  used i n  the 

product ion  of  cemen t ,  l ime and chem i ca l s .  F i ne g ra i ned sand i s  used 

exten s i ve l y  fo r fi l l .  

So i l s  

The parent  mater i a l s for so i l  devel opmen t i n  the gu l f  coas t  are the 

su rface and near-surface P l e i s tocene and Ho l ocene sed iments . These are 

fl u v i a l  and de l ta i c  sed iments depos i ted by the San Bernard and Brazo s  

R i vers . 

Surfi c i a l  so i l s  i n  the reg ion  cons i s t of sandy to c l ayey l oam , w i t h  

mi nor concen tra t i on s  of  organ i cs and  sa l ts .  

Fo r the purposes of mapp i n g  so i l s ,  so i l  assoc i a t i ons  are def i ned .  

A so i l  a s soc i a t i o n  i s  a l andscape that has a d i s t i nct i ve proporti onal  

d i str i buti on of  so i l s .  I t  norma l l y  cons i sts  of one or more maj o r  so i l  

and  a t  l ea s t  one mi nor so i l , and  i t  i s  named for the maj or  so i l .  The 

so i l  a s soc i a t i o n s  fo und i n  the reg i on i nc l ude the Lake Charl es - Edna

Bernard , the Harri s-Veston-Ga l veston , the M i l l er- Norwood- P l edger and the 

Morel and-P l edger-Norwood . The i r cha racter i s t i cs  are summar i zed i n  Ta bl e 

B . 2 - 3 .  F i g ure B . 2-8  s hows the d i str i bu t i on o f  the maj or so i l  a s soc i a t i ons  

wh i c h  occur i n  the  reg i on . The  map  wa s taken from a port i on of the 

"General So i l  Map of Texa s "  (Texas Agr i cu l tural Exper imen t Sta t i on , 

1 97 3 )  . 

A deta i l ed desc r i pt i on of offs hore sed i ments i s  prov i ded i n  Append i x  G .  

Recent s tud i es i nd i cate that the ma r i ne  sed i ments i n  th i s  sect i on 

of  the Gu l f a re of Hol ogene ori g i n  and compo sed of  l oose , fi ne sands , 

c l ays and s i l ts rang i ng i n  th i c kness  from a few feet to 50  feet a l ong 

the coast  between del ta i c  areas . NOAA stud i e s  i nd i ca te the bottom i s  

hard sand  to the 1 8  foo t depth and softer s i l ts and c l ays out  beyond the 

50  foot  depth w i th no bottom i rregu l ari t i es ( U . S .  Dep t .  of Commerce , 

1 97 7 )  . 

I n  the v i c i n i ty of r i ver mouths , fans of  sand and shel l aggrade 

offs hore to s i l ts and c l ay .  Beyond the 5 fathom depth , the sand gra i n 

s i ze d i s tr i but i on dec rea ses to become s i l t  and c l ays . Sed i ments a l ong 

the s hel f i n  the a rea s 6 to 1 0  mi l es from the shore are pr imar i l y  
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TABLE B . 2- 3 Soi l c haracteri s t i cs of  four  ren i on a l  so i l a s soc i a ti ons . 

I 

Annual Setti ng i J1 i neral and L i mi ta t i ons I 
So i l  R a i n fa l l Parent i Chem i c a l  Typ i c a l  and spec i a l  I 

Assoc i a t i o n  on S o i  1 Mate r i a l  Rel i ef I P roperties Vegeta t i on Fea tures i I 
Lake Charles - Edna - 25-50 i nches C l ilyey and Level to Montmori l l on i te ,  s trong- Ta 1 1  grasses , We t ,  h i g h  shri nk-

Bernard l oamy , del ta i c  nea r l y  l y  a c i d  t o  modera tel y 1 i v e  oak swe l l  poten t i a l , 
s e d i ments l evel a l ka l i ne in s u rface very s l ow 

: ayer , i ncreas i ng permea b i l i ty ;  
� l k a l i n i ty w i th depth h i g h  corros i on 

poten t i  a 1 ;  h i  gh 
sodi um i n  l ower 
1 ayers ; s evere 
res i den t i a l  
foundation 

I prob 1 ems 

Harri s - Ves ton - 25-55 i nches C l  ayey to Leve 1 to Montmori l l on i te and Cord \,e t ,  h i gh 

I Ga l v es ton sandy , mari ne gen t l y  m i x e d ;  n e u t r a l  i n  grasses and corro s i on poten-
and de l ta i c  undu l a t i ng s u rface l ayer ; other I ti a l , h i gh 
sediments s a  1 i n i  ty common bunch g ra ss es , 

I
S h r i  n k-swe 1 1  

sedges 

H i  1 1  er - Norwood - 38-45 i nches C l ayey and Level Mi xed w i th mon t - Ha rdwood H i gh s h r i n k-
P l edger l oamy , ca 1 - mori 1 1  on i te ; moderate- fores t, swel l poten t i a l ; 

and careous recent ly a l ka l i ne and shade occa s i o n a l  
Morel and - P l edger - f l ood p l a i n  c a l careous t o  neutral tol era n t  fl oodi ng , h i gh 

Norwood a l l uv i um i n  surface , moderate- tal l corro s i on 
ly a l ka l i ne and grasses poten t i a l  
ca l c a reous be l ow 

Source : Texas Aqri cu l tura l  Experi ment Sta t i on , 1 97 3 .  

\ 

Land 
Uses 

Crops , 
i rri gate d  
crop s , 
pas w l'e , 
range , 
w i l d l i fe ,  

I I 
Range , 
u rban , 
recreati o n ,  
w i l d l i fe 

Crops , 
i rri  ga ted 
crops , 
pas ture , 
urban , 
parks 

� ----
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heav i l y  wea thered , coarse gra i ned sands ( S EADOCK ,  1 97 5 ) . A deta i l ed 

descri pt ion  of the sed i ments found  i n  the  offs hore reg i on i s  presented i n  

Append i x  G .  

B . 2 . 2  Water Env i ronment 

B . 2 . 2 . 1 S urface Wa ter Sys tems 

I n troduct ion  

As  descri bed i n  Sect ion  B . 2 . 1 ,  t he  Texas Gu l f Coasta l  P l a i n  i s  a 

fa i rl y  fl a t ,  l ow g rad i en t  pra i r i e  w i t h  poo rl y devel o ped s u rface dra i n 

age .  The majo r  surface wa ter systems i n  the reg i o n  i nc l ude the Brazos 

Ri ver and i ts tr i bu tar i es , the San Bernard Ri ver and i ts tr i butari es , 

the coa s ta l  marshes , Freeport and Brazo s Harbors , the I ntracoa s ta l  

Waterway , and the Gu l f  o f  Mex i co ( F i g ure B . 2-9 ) .  

The Brazo s R i ver 

The Brazo s R i ver ba s i n  i s  the l arg est dra i nage bas i n  i n  Texa s .  I ts 

area encompasses  44 , 340 square mi l es ,  about  1 5  percent of  the s ta te . 

The t i da l  port ion  extends from the Gu l f of Mex i co to Brazo ri a ,  abo u t  2 5  

r i ver mi l es .  Es tuari ne  cond i t i o n s  are pres ent i n  the l ower reaches of 

the t i da l  Brazos R i ver . D i u rna l  t i da l  range at  the mou th i s  1 . 8 fee t .  

The Lower Brazo s Ri ver wa s d i verted i n  the earl y 1 940s to prov i de 

a s u i tab l e harbor i n  the o l d  r i ver for the Freeport a rea . Th i s  d i verted 

channel , the Brazos R i ver D i vers i o n  Channel , i s  a bo u t  6 mi l es l ong from 

the po i n t  of d i ver s i o n  to the Gu l f of Mex i co ( F i gure B . 2-9 ) .  Ten-foo t 

depths are reported between the I n tracoasta l  Waterway and Brazo ri a . 

Con trol l i ng depth at  the mo uth  of the r i ver i s  a pproxi matel y 3 to 4 

feet . 

The U . S .  Geo l og i ca l  Su rvey ( USGS ) s treamfl ow mon i tor i ng  sta t i o n  

nearest to t h e  proposed s i tes  i s  sta t i o n  n umber 081 1 6650 near Rosharon , 

Texa s .  Streamf l ow character i st i cs over the peri od of  record ( s i nce 

Apr i l 1 967 ) a re s ummari zed i n  Tabl e B . 2-4  bel ow . 
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TABLE B . 2-4 Streamfl ow Cha racter i st i c s  of  Brazos R i ver at  Ros haron , Texa s 

Event 

Pe r i od of  Record ( s i nce Ap r i l 
Average D i scharge 
Ma x i mum Da i l y D i scha rge 
Mi n i mum Da i l y Di scha rge 

Da te 

1 967 ) 
Pe r i od of  Record 
May 1 4 ,  1 9 68 
Ap r i l 7- 1 0 , 1 96 7  

Water year  1 97 5  ( Oc to ber 1 97 4  to  September 1 97 5 )  
Ma x i mum Da i l y D i scha rge 
Mi n imum Da i l y D i sc harge 
Max i mum Average Mo nth ly  

Di scha rge November 
Mi n i mum Average Month ly  

D i scharge Aug ust  

Fl ow 
Cu b i c  Feet Per Second 

( cfs ) 

8 , 3 57 
7 9 , 9 00 

40 

61 , 900 
1 , 66 0  

33 , 580 

4 , 395 

The wa ter of the Brazos Ri ver ha s not been w ide ly  devel oped for 

mun i c i pa l  and i nd u str i a l  use because  i t  i s  often too sal i ne .  Mos t of 

the sa l t  l oad i s  from so l u t i on of sal t domes , and from spr i ng s  and seeps 

i n  the upper r i ver ba s i n .  Several l a rge re servoi rs have been bu i l t  i n  

t he ba s i n ,  but  use  of the stored wa ter has been l i mi ted due to h i g h  

s a l i n i ty .  However , the wa ter i s general l y  s u i tabl e for i rr i gat ion 

( Texas Water Qua l i ty Board , 1 97 6 ) . 

Dow Chem i ca l  represents the maj or  i ndustr i a l  i n stal l at ion  u t i l i z i ng 

t he l owe r Brazos R i ve r ,  both a s  a source of water and a s  a wa s te wa ter 

rece i v i ng s tream . D ur i ng h i g h  water s tages , Dow purchases fre sh  wa te r 

from t he Lower Brazos R i ver Au thor i ty and s to res i t  i n  Brazo r i a  and 

Harr i s  Re servo i rs .  T he annua l  vol ume of  fres h  water tran s ferred to Dow 

ran ges from 42 b i l l i on to 84 b i l l i on ga l l on s .  I n  add i t i on , Dow uses  

approximately 4 6 7  to  5 09 bi l l i on gal l on s  of sa l twa ter from the  Gul f of  

Me x i co annua l ly  ( FES , 7 6 / 7 7- 6 ) . The  c i ty of Freeport obta i n s approx i 

mate ly  550 mi l l i on gal l ons of fresh  wa ter from Dow annua l l y .  Waste 

water from Dow ( Tab l e B . 2- 5 )  en ters the Brazo s  R i ver from two cana l s .  

The to tal d i scharge rate averages about  1 . 05  mi l l i o n  ga l l on s  per mi n u te 

or  about  550  b i l l i o n  ga l l on s  per year ( FES 7 6 / 7 7 - 6 ) . 

Texas Wa ter Qua l i ty Bo ard ( TWQB )  s tandards for water qua l i ty ,  

approved by the Federal government , c l a s s i fy the t i dal  port ion  of the 

l ower Bra zos R i ver as  s u i tabl e fo r bo th contact and noncontact recrea 

t i on and for propagat ion of f i s h  and wi l d l i fe .  From the head o f  the 
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TAB LE  B . 2 -5  Water qua l i ty data for was te water d i scharqed by DOW 
Chemi ca l Corpo rat i on at , Freeport . 

Parameter* Range of Values ( lb/day) 

Change in biological 
oxygen demand 

Change in total suspended 

solids 

Change in total chromium 

15 , 000 to 20 , 000 

-20 , 000 to -80 , 000 

9 to 34 

*All water qua l i ty data are expres sed in terms of the change in 

the water qua lity parameter from i ts original val ue when removed 

from the Brazo s River to i ts final val ue when returned to the river . 

Source : M. Moos , Private Communication , Texas Water Qual i ty Board , 
Austin ,  Texas ,  June 3 ,  1976 . 
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t i d e  to Wh i tney Dam , the Brazos R i ver i s  c l a s s i fi ed for a l l of the a bove 

p l u s  for domes t i c  wa ter s uppl y .  TWQB ' s  wa ter qua l i ty s tandards and 

c l as s i f i ca t i o n  of  des i ra bl e uses of water bod i es i n  the s tudy area are 

p resented i n  Ta bl e B . 2- 6 .  U . S .  E nv i ronmental  Protecti on Agency numer i ca l  

c ri ter i a  fo r water qua l i ty for pu bl i c  wa ter s u p p l y  i nta ke , ma ri ne aqua t i c  

l i fe ,  a n d  fres hwater aquati c l i fe are a l so presented i n  Ta bl e B . 2-7 . 

I n  addi t i o n  to s treamfl ow mon i tori ng , water q ua l i ty ana l ys es are 

be i n g performed by the USGS a t  Ros haron . Chemi cal , b i ochem i ca l  and 

water tempera ture determi nati ons have been made s i nce October 1 967 , 

pesti c i de ana lys i s  s i nce February 1 968 , a nd sed i ment record i ng began i n  

October 1 97 4 .  A s umma ry o f  the publ i s hed wa ter q ua l i ty data for the 

year October 1 974 to September 1 97 5  are s ummari zed i n  Tabl e 8 . 2-8 . 

The TWQB s tandards for ch l ori de , s u l fate , tota l  d i sso l ved sol i d s  ( TDS ) , 

d i s so l ved oxygen and temperature were eas i l y  met for a l l samp l es ta ken , 

b u t  pH fel l bel ow the spec i fi ed range for two samp l es .  Feca l col i form 

count  exceeded the TWQB cr i teri on for 7 of the 1 2  sampl es  ta ken dur i ng 

t he yea r .  The  a verage fecal  col i form co unt  was a l so i n  excess of the 

cr i ter i a .  

The mos t  recent deta i l ed ana lys i s of water q ua l i ty i n  the t i da l  

porti on  of  the Brazos R i ver wa s conducted by the TWQB at  s i x  sampl i ng 

l ocat i on s  i n  1 97 1  ( Fi g ure B . 2- 1 0 )  (Texas Water Qual i ty Board , 1 972 ) . 

Data gathered a t  each  of the samp l i ng stati on s  ( F i gures B . 2- 1 1 through  

B . 2-20 )  i nc l uded : a verage su rface and bottom d i s so l ved oxygen ( DO ) ; 

tempera tu re ;  conducti v i ty ;  wa ter c l ari ty ;  average surface and bottom 

a l kal i n i ty ,  hardness , b i o l og i ca l  oxygen demand , and total and fecal  

co l i form concentra ti ons . A compari son of these data wi th the TWQB 

s tandards i nd i ca tes tha t :  

1 .  Near the mou t h ,  at  Sta t i on s  1 and l A ,  the DO l evel a t  both 

the surface and the bo ttom was l ow ,  especi a l l y  at  t he bottom 

of  Sta t i o n  l A o  Th i s  i s  pos s i b l y  due  to the d i rect i nf l uence 

of t he oxygen demand of Dow P l ant  B wa s te wa ter . 
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TABLE B . 2-6  Texas wa ter q ua l i ty s tandards , req i on a l  s urface water s ys tem . 

R i v.er Ba s i n/Water Body 
Name 

Segme n t  Name 
( Where App l i ca b l e ) 

l .  Bra zos R i ver Bas i n  
a .  Bra zos R i ver - T i d a l  
b .  Bra 70S R i ver - Above T i d a l  

t o  Wh i tney Dam 

2 .  B ra zos - C o l orado Coas ta l B a s i n  
a .  San Berna rd R i ver - T i da l  
b .  San Bernard R i ver - Above T i da l  

3 .  Freeport llarbor/ l CWW 

4 .  Gu l f  o f  r·lex i co 
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TAB LE B . 2- 7  EPA n umeri ca l  cr i teri a for water q ua l i tya . 
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TABLE B . 2- 7  con t i n ued . 
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TAB LE B . 2-8  S ummary of  chem i ca l  water qua l i ty data of the req i ona l  s urface wate r  system .  

Chem i c a l  Wa tet' !)ua l i Ly Pa ralll� tet's 

O i s s o l ved S i 1 i c� ( S I O� ) 
Ca l c i ulll ( Ca 
M�'ln e s i um ( M'l )  
S"d i ulll ( Na )  
P o t a s s  i llm ( K ) 

B i ca rbonate ( HC03 ) 
Ca rhona te ( CO ) 
O i s s o l ved Su l f a te ( S 0

1
) " Ch l or i de ( e  ) 

F l uo r i de ( F )  
Tota l N i t ra t e  ( N03 - ) 

N i t r i te ( rIO? - ) 
ilmmon i a  N i trogen 
Tota l Org a n i c  N i trogen ( N )  

" Kj p l da h l  N i trogen ( N )  
Phos phot'US ( P )  

D i s s o l ved So l i d s  ( ResJdue a t  
I flO C )  

( Sum o f  

( n",/ 1 ) 
" 

Cons t i tuen t s )  " 
T o t � l  Non f i l t ra b l e  Re s i dup 
Vo I .  
Hardness ( Ca ,  Hg ) 
Non - C� rbonate f�rdness 
S ud i um Ads orpt i on R � t io 

D i me n s i on l e s s )  
Spec i f i c  Conductance 

( M i  c romhos ) 
pH ( uni  ts ) 
T empet·., tlH'e ( OC )  

1J1 '�ZOS R i ver 
Near 
Rosha ron a 

Ma x M i n  

1 4  6 . 9  
7 6  38 
1 8  6 
1 ?O 22 
5 . 0  2 . 9  
2 4 4  1 1 2 
0 0 
9 9  32 
1 70 30 
0. 3 0 . 2 
0 . 67 0 . 01 
0 . 02 0 
0 . 1 1  0 
� . 5  0 . 35 
2 . 5  0 . 39 
fUl6 0 . 1 5  

6 ( 1  205 

6 1 1 2 0 1  
8 4 6  6 6 9  
6 1 9  93 
2 70 1 20 
9 1  2 1  

3 . 2  0 . 9 

1 1 50 355 
7 . 9  6 . 3  
2 9 . 0 1 0 . 0  

San !le rnard .Jones Creek LOWel" Br a z o s  Frepport Gu l f  o t  
R i  vet" Near Ile l ow R i ver c f l�t"bord Hex i e o  e 
West, Co l umb i a  � H i ahway J6 h & l CW 

r�a x  �1 i n t�� " �4 i n Max M i n  M� x M i n  Ma x 

3 1  9 . 6  
67 20 
1 6  4 . 6  
7 7  1 4  
5 . 4  2 . 8  
244 70 
0 0 
4 1  1 0  1 30 5 �50 1 2 5 
1 30 2 4  1 1 30 flO 1 1 ,000 �; , � OO 1 5 ,UOO 
0. 4 0 . 1 

. 1  

. � 
5 . 0  , 1 . 0 0 . 3  

4 5 8  1 7 5 
noo 420 

780(1 ( 2 5 0  9700 
230 6 9  4070 2 3 7  
43 1 1  

� . 2  0 . 7 

8 6 1  224 3090 690 
7 . 5  6 . 9  3fl . ]  7 . 9  fl . 7  7 . 2  . 9  7 . 6  9 . 5 
2 7 . 0  f L O  2 6 . 9  ?6 . 0  3 1 . 5  2 7  . 0  2 3 7 3  1 6 . 7  ?6 . 5  

M i n  

1 1 , 000 

(J . �  

5 5flO 

9 
1 6 . 0  



TABLE R . 2-8  cont i n ued . 

B razos R i ve r  San B e rna rd Jones Creek Lower B razos F reeport Gu l f  of 
Near R i ver Near B e l ow R i ve r  c Harbo � Mex i co e 

Rosha ron a loie s t  Co l umb i a  a H i ghway 36 b & l ew 
-� .. '- . -'-

Chem i c a l  Water Qua l i ty Pa rameters Max M i n  Max M i n  Hax M i n  Max M i n  Max M i n  Max M i n  

C o l or ( p l a t i num cob a l t  un i ts )  50 1 0  
Turb i d i ty ( JTU) 3 50 45 60 38 20 1 0  20 5 
D i s so l ved Oxygen ( mg/ I ) 1 1 . 8 6 .  I S . 5  4 . 9  7 . 6  1 . 6 9 0 . 8 7 6 
O i ochem i c a l  Oxygen 

Demand ( 5 -day)  2 . 3  O .  I 1 3  8 9 . 3  0 . 5 1 . 5 1 . 0 
I mmed i a te Co I i fonn 

( co l i form per OIl ) 1 1 0 , 000 1 600 1 7  7 
OJ Fec a l  C ol i fonn " 3 300 2 3  < 2400 1 1 00 460 4 45 
N S t rep tococ( i 1 700 1 5  
I Tota l Organ i c  Ca rbon ( C ) ( mg/ l ) 3 2  5 . 3  25 18 1 4  

N D i s s o l ved Al unl i num ( AI )  ( l ig/ l ) 1 00 0 ""-.J T o ta l Arsen i c  ( As )  " 34 4 . 8  0 < 1 0  2 
D i s so l ved Arsen i c  ( As )  5 2 
D i s s o l ved [Joron ( B )  1 60 30 
Tota l Cadm i u m  ( Cd )  < 1 0  ' 1 0  
D i s so l ved C a dm i um ( Cd )  0 0 . 4  3 . 50 < 1 0  
Tota l Ch rom i um ( Cr )  6 0  1 0  40 30 < 301 1 3  
D i s s o l v('rl Chrom i um ( Cr )  0 0 
Tota l Coba l t  ( Co )  50 < 50 
D i s  so I ved Coba I t  ( Co )  0 0 
T o ta l Gopper ( Cu )  60 1 0  3 7 0  7 0  2 1 0  < 20 
D i s s ol ved Copper ( C u )  6 I 
To t a l  I ron ( F e )  43000 2000 
D i s s o l ved I ron ( Fe )  7 0  30 2500 80 
T o ta I Lead ( Pb )  < 1 00 < 1 00 
D i s s o l ved Lead ( Pb )  5 0 < 1 000 1 0  230 < 50 
D i s s o l ved L i t h i um ( L i )  20 0 
Tota l Manganese ( Mn )  1 300 I SO 
D i s so l ved Manganese ( Mn )  1 0  0 
T o ta I Mercury ( lIg ) 0 . 6  0 



TABLE B . 2-8  c on t i n ued .  

Bra zos R i ver San Bprnard ,lones Creek l ower Bra zos Freepo r t  (;u If  o f  
N e a r  R i ver Ne� r Ile l ow R i vet. c Harbor Mex i ro e 
Rosharon � Wl's t  Co l umb i a  a H i ohway 3G b & I CW d 

- + -- --- - - _._.- - -

Chem i c � l  Wa ter Qu a l  i ty Pa rameters Ma x M i n  Ma x M i n  �1ax M i n  Max H i n  Max M i n  Max M i n  

D i s s o l ved Mercury ( l1g ) ( p�f l ) 0. 3 0 1 . 2 0 . 3 3  1 4  ' 0 . 2  
D i s so l ved N i c k e l  ( N i ) 7 1 60 20 4 0  . 20 
Tota l S e l en i um ( Se ) 1 0 
D i s so l ved Se l en i um ( Se )  0 0 
Di s so l ved S t ron t i um ( Sr )  900 490 
Tot a l  Z i nc ( In )  2 1 0  40 
D i s so l ved I i nc ( Zn )  7 0  1 0  < 2000 1 40 90 < 20 

OJ Tota l A l d r i n  0 0 

N 000 0 0 
I ODE 0 . 02 0 

N DDT 0 0 
CO D i e l d r i n  0 0 

Endr i n  0 0 
Hepta ch l or 0 0 

n Epox i d e  \ 0 0 
L i  ndane 0 0 
Chl orda n e  0 0 
PCB 0 0 
Oi a e i non 0 0 
Ma 1 a t h i on 0 0 
Methyl P a ra t h i on 0 0 
P a ra t h i on 0 0 
2 ,  4-0 0 . 1 1  0 
S i l vex 0 0 
2 , 4 , 5-T 0. 02 0 

S u s pended Sed i ment ( m�/ l  ) 2300 1 7 2 64 3 9  
Chem i ca l  Oxygen Demand 4 1  2 6  2 5 7  66 1 04 8 . 2  
O i  1 & Grea se 2 2 60 < 1 . 0 2 . 0  0 
Transpa rency ( em )  6 . 0  2 . 5  
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TABLE B . 2-8 con ti n ued . 

Chem i c a l  Water Qu a l i ty Pa rameters 

Sa l i n i ty 
C l a r i ty ( Secc h i  D i sc )  
T -AI ka 1 i n i ty 
Conduct i v i ty 
Tata 1 C o l  Horm 

( [l!' t )  
( ft )  

( mg / l ) 
( umhos /cm) 

( mq/ l )  

Brazos R i ver 
Near 
Rosharon a 

Ma x M i n  

S a n  Bernard 
R i ver Near 
Wes t  Co l umb i a  a 

----.- -- ---

Ma x M i n  

a Source : USGS "Wa ter Resources Data for Tex a s " , wa ter year 1 97 5 .  

Jones Creek Lower By'azas 
B e l ow R i ver c 
fl i g hway 36 h 

-- - -----

Max M i n  Max fli n  

2 . 0  0 . 5  
4 . 0  1 . 1  
1 9 1  90 
28 , 2 78 680 
1 7 20 7 

b Source : F E S  76/ 7 7 - 6 ,  T a b l e  2 . 2 . D a ta taken on J u l y  1 0 ,  1 97 5  at three l oc a t i on s  s hown on F i gure 3 . 2 - 6 .  
c Sourc e :  F E S  761 7 7 - 6 ,  Append i x  B . 3 . D a ta taken i n  1 97 1  by TWQB at s i x  l oc a t i ons s hown i n  F i gure 3 . 2 - 5 .  

Freeport 
Ha rbor

d & I CW 

Max M i n  

40 8 

3 2 , 700 20 , 000 
495 3 

Gu l f o f  
Mex i co e 

- - _.- --- -

Max M i n  

? 9  2 8  

d Sourc e :  F E S  76 1 7 7 - 6 ,  Appen d i x  B . 5 . D a t a  taken i n  1 97 1 - 1 97 5  by U . S .  Army Corps of Eng i neers a n d  THOB at numerous l oc a t i on s . 
e Sourc e :  F E S  7 6 1 7 7 - 6 ,  Append i x  B . 6 . Data t a k en in 1 974- 1 97 5  by U . S .  Army Corps of Eng i neers off Freeport Harbo r .  
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F I GURE B . 2- l l  Average S urface and Bottom d i s so l ved Oxygen Va l ues  a t  each s tat i on 
for the Brazos Ri ver 
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F I GURE B . 2- 1 2 Averaqe Surface and Bottom Temperature Val ues at Each S tati on for the B razos Ri ver 
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F I GURE B . 2- 1 3 Average Su rfa ce  and Bo ttom Conduct i v i ty Va l ues  a t  Each  Sta t i on for the  Brazos R i ver 
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F I GURE B . 2 - 1 4  Water C l a r i ty at Each Stati on on the B ra zos Ri ver Duri n g  February , Apri l , and 
Augus t ,  1 97 1  
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FI GURE B . 2 - 1 5 Average Surface and  Bottom Al k a l i n i ty ,  Hard nes s ,  and  pH Val ues at  Each Stat i on  
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FI GURE B . 2- 1 7 Representat i ve  % F i xed and  Vo l a t i l e  So l i d s  Conte n t  o f  t h e  Bottom Sed i me n ts at  Each  
Stat i on for the  Brazos  Ri ver  
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F I GURE B . 2- 1 9 Representati ve % Cal c i um and Ca l c i um carbon ate con ten t of the Bottom Sed i ments at  
Each  Stati on  for the  Brazos R i ver 
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FI GURE B . 2-20  Tota l and Feca l Col i form Concentrati ons a t  Each Sta t i o n  duri ng  Apri l , 1 97 1  for 
the Brazos Ri ver 



2 .  At S ta t i on 3 ,  the DO l evel  wa s on ly  an  average of 1 . 6 mg/ l 

a t  the bottom . Th i s  may be cau sed by the rel at i vel y 

s ta gna nt  sa l twater i ntrus i o n  wedge at  the bottom of the 

r i ver a t  th i s  s tati on where there i s  l i tt l e vert i ca l  mi x i n g .  

3 .  The pH va l ues  were o n  the h i g h  end of the acceptab l e 

ra nge throughout  the enti re sampl i ng area . Th i s  poses a 

poten t i a l  prob l em for the growth and ma i ntenance of most  

mar i ne orga n i sms . 

4 .  The  temperatures of a l l the recorded sampl es were wel l 

under the TWQB cr i teri a ;  however , temperatures of 360 C 

have often been recorded at Sta t i on 2 d ur i ng  per i ods of 

l ow r i ver fl ow rates i n  m i d  and the l ate summer . 

5 .  The data ta ken at  Sta t i on 4 ( n ear Dow Chemi cal  Company ' s  raw 

wa ter s tat i ons  for Brazo r i a  Reservo i r )  met a l l Texa s water 

qua l i ty sta ndards except that  the average fecal col i form coun t 

i n  Ap ri l 1 97 1  exceeded t he State standard . 

The pr imary source of l ea c h i ng and d i sp l acement wa ter for a l l s i tes  

wou l d  be  the Brazos  R i ver D i vers i o n  Channel . The i nta ke on  the D i ver

s i on  Channel  wo u l d  be l oca ted approx i ma te l y  at  mi l e  2 of the ri ver , 

w h i c h  i s  adj acent to Bryan ��ound . Recent data ta ken by Texas A & M 

U n i vers i ty ( Keh l e ,  1 968 ) s hows the reg i on to be an  estua r i n e  envi ronmen t  

w i t h  surface sa l i n i ty l evel s a s  h i g h  as  20  p p t  a n d  bo ttom sa l i n i ty 

l evel s a s  h i gh as  2 7  ppt ( s ummer mon ths ) .  D i sso l ved oxygen a t  mi l e  2 

ranges from 9 . 3 mg/ l  (w i nter surface ) down to 4 . 8  mg/ l ( spr i ng bottom ) . 

Al l other wa ter q u a l i ty mea s urements ma de by Texa s A & M U n i vers i ty i n  

t h i s port i on o f  the Brazos Ri ver were norma l for a typ i ca l  r i ver/ estu

a r i ne sys tem . Sea sona l va r i a t i ons  in  fl ow rates range from a bout  400 

cfs to nearly  20 , 000 cfs . 

A natural  sa l twa ter wedge ,  whi c h  genera l l y  has  very l i tt l e  d i sso l ved 

oxygen ( DO ) , occurs i n  the bo ttom wa ter i n  the upper porti on of the 

estuary .  Th i s  " dea d sa l twa ter wedge" i s  s u bj ect to freq uent cha nges i n  

pos i t i on . 
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I n  s ummary , these data s how that the Brazos R i ver i s  s ubj ect to 

w i de var i a t i ons i n  wa ter qual i ty .  These changes are primari l y  a func

t i on of  r i ver fl ow rate , a l though t i da l  i nterac t i o ns  are an important  

factor in  the l ower r i ver reache s .  

T h e  Sa n Bernard R i ver 

The Brazos- Co l o rado Coa s ta l  ba s i n  l i es between the Brazos  Ri ver 

bas i n  and the Co l orado R i ver ba s i n ,  and has a dra i nage area of 1 850 

s q uare mi l es .  The Sa n Bernard R i ver , wi th a dra i nage area of 1 005 

square mi l es ,  i s  the major  wa tercourse wi th i n  the Brazos-Col orado Coa s ta l  

Ba s i n  ( Fi gure B . 2- 9 ) . 

San  Bernard R i ver streamfl ow character i s t i c s , mon i tored s i nce 1 940  

by USGS gag i ng s ta t i o n  081 1 7500 near  Bo l i ng ,  Texa s , are summar i zed i n  

Tabl e B . 2- 9  bel ow. 

TABLE B . 2- 9  Streamfl ow Character i s t i c s  of San Bernard Ri ver near 
Bo l i ng ,  Texa s 

Event 

Period of  Record ( s i nce May 
Av era ge D i scharge 
Ma xi mum Da i l y D i scha rge 
Mi n i mum Da i l y D i scharge 

Date 

1 954 ) 
Peri od of  Record 
June 28 , 1 96 0  
Nov . 27-30 , 1 956 

Wa ter Year 1 97 5  ( Oc tober 74 - September 75 ) 
Max i mum Da i l y D i scharge 
Mi n i mum Da i l y D i scha rge 
Ma x imum Average Mo nth ly  

D i scharge June 
Mi n imum Average Mo nth ly  

D i scharge Ma rc h 

Cu b i c  Feet Per 
(cfs ) 

508 
21 , 200 

2 . 4  

1 5 , 000 
33 

2 , 635  

84 . 7  

Second 

Chem i ca l  analyses  of s treams i nd i cate that ru noff throughout the 

bas i n  i s  genera l l y  of good to excel l ent qua l i ty .  L im i ted data on the 

Sa n Bernard R i ver i nd i ca te that h i g h  to modera te fl ows usua l l y  conta i n  

l ess  than  2 50 mg/ l d i s so l ved sol i ds ,  and that h i gh  fl ows i n  the upper 

part of  the r i ver often conta i n  l es s  than 1 00 mg/ l  d i s sol ved sol i ds .  

I r r i ga t i on-return fl ows and o i l -f ie l d bri nes are pro bab ly  deg rad i ng the 

chem i ca l  qua l i ty of the r i ver throughout i ts reac h .  
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The nearest USGS s ta t i o n  to the s i tes wh i c h mo n i tors wa ter q ua l i ty 

i s  sta t i on 081 1 7 700 nea r We st  Col umb i a ,  where i ntermi ttent records a re 

a va i l a bl e from October 1 969.  Data at  th i s stat i on fo r wa ter year 1 975  

( October 1 974 to  September 1 97 5 )  are  presented i n  Tabl e B . 2-8 . 

The  TWQB s ta ndards for su l fate , TDS , pH and  tempera ture were ea s i l y 

met fo r a l l sampl es ta ken a t  the We st Col umb i a  stat i on . TWQB cr i teri on 

o f  ch l or ide  concen trat ion  wa s exceeded twi ce .  D i sso l ved oxygen concen

tra t i o n s  and fecal co l i form counts were not determi ned . 

Coastal  Wetl and i n  the Brazos- Co l o rado Coastal  Ba s i n  

The coasta l  a rea from the mouth  of the Brazos Ri ver to the mou th of 

the San Bernard Ri ver ( Fi gure B . 2- 9 )  i s  l ow l y i ng , conta i n i ng numerous  

ponds a nd c reeks wh i c h dra i n  to t he  coast  after per i od i c  t i da l  i nunda

t i on . The wet l a nds between the Brazos and San Bernard Ri vers dra i n  an 

a rea of a pprox ima tel y 46 square mi l es .  The maj or  dra i nage path i s  Jones 

Cree k ,  wh i c h  fl ows i n  a southerl y di rec t i on , i n terco nnec t i n g  numerous  

sma l l ponds a nd l a kes , and fi na l l y  d i scharg i ng i n to the I ntracoas ta l  

Wa terway . No vo l umetr i c  fl ow data are ava i l a bl e for Jones  Cree k .  

Jones Cree k s hows t i dal  i nfl uence wi th sal twa ter i ntrus i on a s  far 

upstream as  State H i g hway 36 .  Wa ter qual i ty samp l es fo r Jones Cree k 

have been col l ected on on ly  one date , J u l y  1 0 ,  1 97 5  ( SEADOCK ,  I nc . , 

1 9 7 5 ) . Th ree po i n ts a l ong Jones Cree k were sampl ed ( see Fi gure 8 . 2 - 1 0 ) . 

These data i nd i ca te that sa l i n i ty at  Stat i o n  J - l , t he samp l i ng area 

furthest ups tream,  wa s 0 . 5 ppt wh i c h  i s  the max i mum sa l i n i ty l i mi t for 

fresh  water c l a s s i fi ca t i on . Ta bl e B . 2-8 summar i zes the wa ter qua l i ty 

data whi c h  wa s obta i ned . TWQB Sta ndards for the t i da l  reac h of the San 

Bernard Ri ver were sel ected a s  a po i n t of reference beca use of the 

p rox im i ty of the San Bernard to J ones Cree k ,  and because  no s tandards 

have been estab l i s hed excl u s i vely for Jones Creek .  

The i nfo rmati on presen ted i nd i cates  that  Jones Cree k i s  a n  organ i 

cal l y  po l l uted stream . The b i o l og i ca l  oxygen demand ( BOD ) , and the 

fecal  col i form co unt  exceeded TWQB ( 1 97 2 )  standards for the San Bernard 

Ri ver . H i gh  fecal  col i form counts are probab ly  cau sed by i nadequate 

sewage treatment .  The commu n i ty of  Jones  Creek i s  not serv i ced by 
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pub l i c  sewa ge trea tmen t fac i l i t i e s . I n d i v i dual l y  owned sept i c  ta n ks 

cou l d  be the cause of h i g h  BOD a s  wel l as  h i gh feca l  col i form co unts . 

Decay i ng vegeta t i o n  from su rround i ng ma rs hes proba b l y  contri butes to the 

o bserved h i g h BOD .  Wi th the  except ion  of the  h i gh fecal co l i form 

cou nts , the TWQB cr i ter ia  fo r d i s so l ved oxygen ,  pH , a nd tempera ture were 

w i t h i n  acceptab l e l i m i ts du r i ng the sampl i ng per i od .  

Freeport Harbor a nd I n tracoas ta l  Wa terway 

As noted prev i o u s l y ,  the ori g i na l  c hannel  for the Lower Brazos 

Ri ver has been mod i fi ed to prov ide  a ha rbor for the c i ty of  Freeport . 

Freeport Ha rbo r i s  a federa l ly  ma i nta i ned deep dra ft nav i ga t i on proj ect 

that extends from deep wa ter in the Gu l f  of Mex i co through a j ett i ed 

entrance to Freeport , Texa s ,  a d i s tance of about  7 mi l es .  The present 

ha rbor components are p i ctured in  F i gure 8 . 2-2 1 . An ea s i ng of  the bend 

from Stat i o n  65 to Sta t i o n  1 3 9 and a wi den i ng of the entrance to the 

Brazos Ha rbor Channel  were approved by the U . S .  Army Corp s of  Eng i neers 

i n  1 97 5 ,  wi th cons truct ion beg i nn i ng l a ter that yea r .  Furthermore , 

t hrough  the Ri ver & Ha rbor Ac t of 1 97 0 ,  author i za t i o n  has been g i ven to 

deepen the 36  foot cha nnel s and turn i ng ba s i n s  to 45 feet and the Brazos  

Harbor Channel  to  36 feet .  The  effec t of  these approved mod i fi ca t i on s  

o n  t h e  ha rbor d i men s i ons , a n d  t h e  ma i n tenance dredg i ng requ i rements 

a s soc i ated w i th the ex i s t i ng ha rbor and the mod i f i ca t i on a re s ummari zed 

i n  Ta bl es B . 2- 1 0 and B . 2- 1 1 .  

The I n tracoasta l  Waterway connects wi th Freeport Harbo r ,  the Brazos 

R i ver D i vers i on Channel  and the San Bernard Ri ver a bout  1 mi l e  ups tream 

from the Gu l f . The U . S .  Army Corps of En g i neers operates a set of l ocks  

on  each s i de of  the Brazos R i ver D i vers i on Channe l . These l ocks  a re 

i ntended to keep detri tus and s i l t  from enter i n g  the I n tracoa sta l Water

way dur i ng  periods of h i g h ri ver fl ows . When the l oc ks are c l osed , mo st 

of t he Brazos R i ver wa ter goes d i rectl y  i nto the Gu l f . When the l ocks 

a re open , however,  there i s  evi dent mi x i ng of waters between the Brazos 

R i ver and the I n tracoa sta l Wa terway . 

Freeport Ha rbo r and the I n tracoa sta l  Wa terway are t i da l  bodi es . 

The d i urna l t i de i n  Freeport Ha rbo r has a mean  range of about  1 . 8 feet , 

and  the mea n h i g h  wa ter i s  a bout  1 . 0  foot a bove mea n sea l evel . Duri ng 
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TAB LE B . 2- 1 0  Freeport Harbor Proj ect D imen s i ons  

Depth i n  Bottom Length of 
Sect i on of Waterway Ft . Bel ow Wi dth i n  Channel 

l ow ti de Feet i n  Feet 

Outer Bar Channel  38 [45]  300 1 6 , 000 
Jetty Channel  36  [ 45 ]  200 4 ,400 
Qu i ntana Turn i ng Bas i n  
Channel  to Brazosport 36 [45 ]  200- 350 6 , 3 5 1  

Tu rn i ng Bas i n  [�50]  
Brazos port Turn i ng Ba s i n  3b  [45]  744-800 667 

[ 1 050 ] 
Channel  to Upper Ba s i n  36 [45]  350-375 7 , 1 56 

[ 550]  
Upper Turn i ng Bas i n  3 6  [45 ]  600 600 
Channel  to Stauffer 30 a 200 6 , 090 

Chem i ca l  P l ant 
Stauffer Turn i ng Ba s i n  30a 500 500 
Brazos Harbor Channel Entrance 30 [36 ]  200 [450]  
Brazos Harbor Channel  30 [ 36 ]  200 2 , 690 
Brazos Ha rbor Turn i ng Bas i n  3 0  [36 ]  525  675 

almproved by l oca l i n terest to a depth of 25  feet .  Ava i l abl e depth s are 
adequate for present commerce and ma i ntenance to the authori zed depth of 30  
feet has  not  been req u i red . 

Note : Numbers i n  [ ]  i nd i cate approved mod i f i cat i on . 

Source : Ma i ntenance Dredg i ng of Freeport Harbor , Texas , F i na l  Envi ronmen tal 
Statement ,  U . S .  Army Eng i neer D i stri ct , Gal ves ton , Texas , 1 0  J u l y  1 975 . 
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TAB LE B . 2- 1 1  An nua l  Shoa l i ng Rates and Frequency of Dredg i ng 

Frequency of 
Dredg i ng 

Ex i s t i n g  36- Foot 
Proj ect a 

Mod i fi cati on of b 36-Foot Proj ect 

Proposed 45- Foot 
Proj ect a 

Outer Bar and 
Jetty Channe l 

1 2  months 

1 , 000 , 000 
Cu b i c Yards  

1 , 000 , 000 
Cu b i c Yards 

1 , 563 , 000 
Cu b i c  Yards 

Brazosport Bas i n  i n  
Upper Tu rn i ng Bas i n  

24 months 

550 , 000 
Cu b i c  Yards 

640 , 000 
Cu b i c Yards  

757 , 000 
Cu b i  c Yards  

a Average annua l  s hoal i ng rates experi enced . 

Brazos Harbor 
Channe l and 
Turn i ng Bas i n  

6 0  months 

50 ,000 
Cub i c  Yards 

50 ,000 
Cu b i c  Yards 

56 , 000 
Cub i c Yards 

b Es t i mated average shoa l i ng rates fol l owi ng  constructi on of proposed 
mod i f i cati on . 

Source : Ma i ntena nce Dredg i ng of Freeport Harbor , Texas , Fi na l  
Env i ronmenta l Statement ,  U . S .  Army Eng i neer D i stri ct , 
Ga l ves ton , Texas , 1 0  J u l y  1 97 5 .  
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pro l onged per i ods of  s trong north wi nds i n  the w i n ter , the wa ter s u rface 

may be dep res s ed as much  as  3 . 5 feet bel ow mean sea l evel . Sustai ned 

south and so utheast w i nds  dur i ng the summer ra i se the wa ter l evel . 

Extreme fl uctua t i on s  i n  wa ter l evel s are caused by trop i ca l  storms and 

hurri canes . 

As part of Freeport Harbor ma i n tenance and mod i fi ca t i on dredg i ng 

proj ects over the past  severa l yea rs , fa i rl y  compl ete wa ter qua l i ty data 

have been col l ec ted for Freeport Ha rbo r and the I ntracoasta l  Waterway 

between Freeport Harbor and the Bra zos R i ver D i vers i on Channel . Tabl e 

B . 2 - 1 2 prov i des wa ter q ua l i ty data for Freeport Harbor and the I ntra

coastal  Waterway co l l ected by the U . S .  Army Corps of  Eng i neers in 1 97 1  

and 1 974 . Sed i men t qua l i ty data for Freepo rt Ha rbo r ,  co l l ected in  1 97 1  

by the Corps  are p resented in  Ta bl e B . 2- 1 3 .  Water qua l i ty data  fo r 

Freeport Harbo r ,  o bta i ned by the Texas Wa ter Qua l i ty Board i n  1 972 and 

1 973 a re prov i ded in  Ta bl e B . 2- 1 4 .  Ta bl e B . 2- 1 5 conta i n s  wa ter and 

sed iment  q u a l i ty data col l ected by the Corps duri ng 1 97 5 .  Th i s  tab l e  i s  

espec i a l l y  no teworthy because  i t  prov i des data before , duri ng and after 

dredg i ng i n  the harbo r .  

F i g ure B . 2 -22 prov i des t h e  l ocat i o n s  of t h e  sampl i ng s ta t i o n s  for 

the data prov i ded i n  Ta bl e B . 2- 1 2  and B . 2- 1 3 ,  wh i l e  the s ta t i o n  l oca

t i ons  fo r the data in  Ta bl e B . 2- 1 5 are i nd i cated i n  F i g ure B . 2-23 . 

W i th the excep t i o n  of  h i g h  pH and l ow d i sso l ved oxygen l evel s these 

data fo r Freeport Harbor  genera l l y  co nform w i t h  the TWQB cri teri a ,  and 

w i th the proposed EPA n umer i ca l  cr i ter i a fo r water qua l i ty .  Level s of 

z i n c ,  copper , and l ead were a l so nota b l y  h i g h .  

Nea rsho re Gu l f  o f  Mex i co 

The s ha l l ow coa s ta l  wa ters of  the Gu l f  of Mex i co so uthea s t  of  Brya n 

Mo und con s t i tu te the primary br i ne d i s posa l  l o ca t i o n  for a l l s i tes . To 

a tta i n  the neces sary 50 foo t depth for d i sposal , a s i te wo u l d be approx i 

mate l y  5 n a u t i ca l  m i l es offs hore . 

The l a rge  sca l e  preva i l i ng wa ter c i rcu l a t i o n  pattern s i n  the 

wes tern Gu l f  of  Mex i co a l ong the Texas coast a re toward the wes t  and 

south a s  s hown i n  F i g ure B . 2- 2 4. Water from the Mi s s i s s i pp i  Del ta a rea 

B . 2 -48 



to 
N • +:> 1.0 

TAB LE 8 . 2- 1 2  Water q ua l i ty da ta co l l ec ted by the U . S .  Corps of  E n g i n eers ( 1 97 1  and  1 974 ) for Freeryort Ha rbo r .  Texas and I n tra coasta l Waterway .  

Che .. Cc al �foul 
\/Uer D' .. olved Vo1 a t i l .  OXnen KJe1dahl Oi l and 

* Depth Telllp OXygen Sal lni  ty Iron S u l fate Sol id.  Demand "' trosen Crea •• Hercury Lud Z inc S ta t ion Da te { ft} (0C) {mg/1} �H { �2t} {"s/ ll {!!Y5I1} {!!Y5111 {!!Y5 11 1 !5/ 1� !5/1� £ML1} {!:I/1 \ C .� /l \ 
1\1 7/28/71  1 .0 5 . 9 8 . 0  27 . 5  27 . 0 S .O 8 .0 28 . 5  7800 227 1 .0 60 < 0 . 5  < 1 . 0 < 0 . 2 

2 / 1 1 /74 3 5 . 0  1 8 . 0  7 . 0  8 . 0  28 .0 

:zw 7 /2 8 / 7 1  1 . 0 5 . 5  8 . 0  32 . 0  
3 5 . 0  4 .4 8 .0 32 . 2  6700 205 1 . 1  <: 1 . 0 < 0. 5  < 1 . 0 < 0 . 2  

2 / 1 1 /74 2 6 . 0  
. 

1 8 . 0  7 . 0 8 .0 29 . 0 

3W 7 /2 8 / 7 1  1 .0 5. 1 11 . 0 33 . 5  
35 .0  4 .4 8 . 0  20 . S  7600 216 1 .3 � 1 . 0  < 0. 5  < 1 . 0 < 0. 2  

2 / 1 1 / 14 40 .0 1 8 .0 6 . 0  9 . 0  29 .0 

4\1 7 / 2 8 / 7 1  1 .0 4 . 8  8 . 0 33 . 5  
33 . 0  4 . 6  11 . 1 33 . S  7200 In 1 .4 � 1 .0  < 0 . 5  < 1 .0 <.0 . 2  

2 .' 1 1 /14 36 . 0  1 8 . 5  7 .0 11 .4 30 . 0  
5" 7 /2 8 / 7 1  3 .0 1 . 6 11 . 2  34 . S  7000 203 4 . 9  < 1 .0 < 0 . 5 < 1 . 0 <.0 . 2 

2 / 1 1 / 74 1 . 0 1 8 . 0 7 . 0  8 . 0  1 6 . 0  0 .45 250 
1 2 . 0  1 8 . 0  7 . 0  8 . 0  2 2 . 0  0 . 40 22 5  



TAB LE B . 2- 1 2  con t i n ued . 

Ch.tdCil- Total 
\la ter DI . .  olved Vola t i le Oxysen KJe1dah1 011 aD41 

De p th Te_p oxnen Sal inity Iroo Sul fa te 501115. Draand ICltrOltll Crea •• Mercury Lead Zinc s u t i on  * nau , ttl {oC} {�ll} I.!" {1.!2tl (!!All} {SIll (!So/I} {!!Ill } (!!!a/I} (!!Jll} (l!.8Ll1 (!!J/ll {-sill. 
6V 7/28/71  2 . 0 1 . �  8 . 2  3� . 7  6400 2 19 ' . 9  < 1 .0 < O . �  < 1 . ' < 2 .0 

2 / 1 1 /74 1 . 0 18.0 9 .0 7 . 7  1 3 .0 0 . 1 8  22� 
1 2 .0 18�0 7 .0 7 . 7  22 .0 0 .61 22� 

7V 7 /28/71 1 .0 0 . 8  8 . 3  3� .0 7200 2H 5 . 1  < 1 .0 < 0 .5 < 1 .0 < 0.2 
2 / 1 2 /74 • .0 1 8 . 0  7 . 0 8 .' 8 . 0  

10.0 1 8 .0 8 . 0 8 . 0  16 .0 2 . 50 150 

OJ IIIl 7 /28/71 � . 5  1 .0 8 . 3  35 .5  -·000 219 5 .0  < 1 .0 <.0.5 < 1 .0 < 0.2 . 
N 2 /12 /74 1 . 0 18 •. 5 9 .0 7 . 8 8 . 0 I U"I 1 1 .0 1 8 .5 7 . 0 8 . 4  1 9 . 0  0 . 55 125 C> 

9W 7/28/71 1 . 0 4 . 3  8 . 1  35 . 0 
36 .0 5 .4 8 . 1  34 . 0 6900 250 I .' It .O < 0.5  < 1.0 <D.2 �. 

2 / 1 1 /7' 1 . 0 8 . 0  7 .6 1 8 .0 0 . 1 5  1 50 3� .0 7 .0  7 . 8  24 . 5 0. 15  200 
lOW 2/12 /74 1 . 0 7 . 0 8 . 0  22 .0 0 . 1 3  140 

1 1 .0 7 . 0 7 . 8  2 8 . 0  0 . 08 150 

l UI 2/12/74 1 . 0 18 .0 7 . 0  7 . 8  2 0 . 0  0 . 1 8  1 5 0  
' . 0 19 .0 9 . 0  7 . 8  24 . 5  0 . 1 5  2 00  

I N 2 / 1 2 /74 1 . 0 8 . 0  7 .6 1 8 . 0  0.15 150 
12 . 0  7 .0 7 . 8  24 . 5  0 . 1 5  200 

*Sample locations shown on Figure B . 5- l  

Source : Maintenance Dredging o f  Freeport Harbor , Texas , Final Environmental 
Statement , U . S .  Army Engineer Dis trict , Galveston , Texas , 10 July 1975 . 
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TAB LE B . 2- 1 3  Sed i ment q ual i �  data col l ected bv  u . S .  Armv CorDs nf Eng i neers ( 1 97 1 ) for Freeport 
Harbor , Texas . 

Tot Kj e l  Oil and 

Vol Sol COD Ni trogen Grea se Mercury 
S tation· Date mg/kg mg/kg mg/kg mg/kg mg/kg 
Number Sampled dry wt dry wt dry wt dry wt 

1S 7/27/71 4 4 , 900 38 , 400 7 , 40 0  910 0 . 6  

2S 7/27/71 4 5 , 900 3 5 , 400 5 , 1 00 1 , 24 0  0 . 4  

3 S 7/27/71 4 6 , 700 2 9 , 600 6 , 100 740 0 . 5  �. 
4 S 7/27/7 1 4 7 , 200 3 5 , 300 7 , 000 6 3 0  0 . 6  

9S 7/2 7/71 4 9 , 400 27 , 2 00 4 , 600 720 0 . 9  

• Sample locations shown on F igure B . 5-1 

Source : Maintenance Dredging of Freeport Harbo r ,  Texas , Final Environmenta l 
Statement , U . S .  Army Eng i neer Di stric t , Galveston , Texa s , 1 0  July 197 5 .  

Lead 

mg/kg 

26 

23 

2 5  

2 3  

2 3  

Zinc 

mg/kg 

58 

7 5  

4 9  

5 9  

4 9  
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TP,n LE B . 2- 1 4  Water qua l i ty data furn i s hed by Texas Ha ter nua l i ty Board ( 1 972 and 1 97 3 )  for 
Freeport Harbor , Texas . 

No . 
of Water Turbid- Dissolved 

Observa- Temp i ty Oxygen Sa l inity 

Location· tions °C (JTU ) (mg/ 1 )  pH (ppt ) 

l -Freeport Harbor 1 1 6 . 7  10 7 . 30 B . 4 36 

2 -Freeport Harbor 1 1 B . 3  1 5  5 . 20 B . 3  3 6  

3-Freeport Harbor 1 1 B . 3  1 2  5 . 5 0 B . 3  36 

4-Freeport Harbor 1 1 B . 9  1 2  6 . 20 B . 3  36 

5-Freeport Harbor 5f 2 2 3 . 3  B . 50 2 3  

6-Freeport Harbo r 1 lB . 9  1 5  7 . 7 5 B . 3  3 4  

7-Je t ty Channel 1 16 . 7  20 B . 20 B . 4  4 0  

!I Sampled 16 November 1 9 7 2  except as noted . 

5f Averaged data of samples taken 6 and 1 3  November 1973 • 

• Station locations are not prec isely known . 

Source : Ma in tenance Dredging of Freepor t Harbo r ,  Texa s ,  Final Environmental 

Sta tement , U . S .  Army Engineer Distric t ,  Galveston , Texas , 10 July 1975 . 

Biocheaica l Chemical 
Oxyqen Oxygen 

Demand Demand 
(1IICJ/ 1 )  (1119/ 1 )  

1 . 0  1 1 4  

1 . 5 17 3 

1 . 0  122 

1 . 0  165 

1 . 0  17 9 

1 . 0  lB5 

co l i form 
MPN/100 1111 

Tota l Fecal 

3 3 

9 9 
2 3 2 3 

4 3 43 

495 35 

1 5  1 5  

3 3 
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TAB LE B . 2- 1 5  !�ater Qual i ty mon i tori n9  data ( 1 975 ) for Freeport Harbor , Texas . 

S.d t"'ent 
"°a t c r  
Se� l::o!Qt 
\.IlIter 
!\.��  L:=tnt 
\'.l t r r  
t�JL�ent 
"'a t e r  

!.'Ilter 
�'c ter 
"del' 

!.'ater 
l/�tCI' 

S.dl:.ent 
lIoter 
Sed l,.ent 
Io"Her 
Scd l=,ent 
\."4 :.1' 
Se:': !�f'n:' 
• .. ·:'I t;�r 

!uplt* Date 110. So .. hd 

F-75A-�5 ��n�H 0 
F-1�A- :1 0 
F-7�A-13S 4/�3/75 150ti 
F-75A-lJoi 4/23/15 -15OK 
F-15A-49 4/23/75 0 
F-15A-�\I 4/23/75 0 
F-75A-1�� 4/23/15 0 
f-75A-14W 4 /23/75 n 

r-75�-)1/ 5/23/75 0 
f-75B-1311 5/23/75 1501f 
F-15B-4li 5/2)/75 0 

F-75C-"W 6/10/75 0 
F-75�-141/ 6/10/75 0 

r-75c-39 9/10/15 Q 
F-75C-311 9/18/75 0 
F-7�C- 1 39 9/18/75 15O!f 
F-15C-13W 9/18/75 15011 
F-1�1).4S 9/18/75 0 
f-751).�1/ 9/18/75 0 
F-15C-l�S 9/10/;5 0 
f-75�-1�� 9/16/75 0 

Wat�r 
�pth 
v.!.T-ft 

39.0 
39 .0 22 .0 
40.0 
40. 0  2:> .0 
36.0 
36.0 22 .0 
36.0 
38 . 0 22 .0 

UJRD;G ;)nl:DCn� 
�'S"e /;ote It) 

35 . 5  26.0 
3" . 5 28 .0 
34 . 5  26.0 

(See Not. 5 )  
36.0 25 .0 
36 .0 25 .0 

AM'E!l DnEllGn� 
30.0 
38.0 29.0 
37.0 
)7 .0 29.0 
36.0 
36. 0  29.0 
39.0 
39.0 29.0 

DLllolved tond"c- ALr Wlncl )lOiGture 
Cl.Q'len ::al lnltl tlv ltl !emp IIlre.:- Conte!lt 
ID 1 t I1:fiOI/ca °c tion S D \It 

100 T 9.0 20.5 32, 700 21. 0  51 2". 300 
136 

6 9·0 20.0 32,000 26 . 0  SE 22,100 

9 9·0 20.0 32,000 
100 

26.0 SE 22,)00 
1011 

9 9.0 19· 5 )1 ,300 25.0 51! 20,300 

6 9.0 2" .0 37,700 )0.0 Si 25 ,100 
7 9.0 :!5 . 0 39,100 30.0 BE 26 , lloo 
7 9.0 23 .0 36, 200 30.0 SE 26, 200 

2.6 9.0 31.0 "7, 500 26.0 B 35,700 Ie 9 .0 30.0 "6,200 26.0 a 3",200 

� 
6 9·0 2".0 37, 700 31.0 BE 26,700 

6 9.0 23 .0 36,200 
156 

)1.0 81 26,600 
6 9.0 2) .0 36,200 

8) 
)1.0 SE 21. 500 

T 9.0 25 .0 39,100 
n 

31.0 SE 26.100 

-- - -�--�Tot�i T'ta 
Yolat l l �  ::GI ld. rJdtahl :Il trole. 

��.I1 � ;.'!OLvt �J.�'l D�h.-

'0 6. 3 l , �CO 
5 , 500 0.22 

"2 9.0 I ,9()\) 
", 500 0.)) 

50 8.0 1 , 500 
" , )50 O.:!, 

"9 7.1 1 ,600 " ,200 0.21 

" , !;CO 3.5 
5 ,000 1 . 1  
5 , "00 1 . )  

6,600 1 .3 
5 , I!00 1 .2 

52 T.'l 1 , 260  
",100 0.8 

39 10.6 1 , 710 
" .200 0. 9 

55 1 , 010 
5 , lCO 8. " 1 . "  

56 1 , 610 
10 , 200 6 .6  1 . 10  



TABLE 8 . 2- 1 5  con ti n ued . 

Suple* OU anel Grea&. �eea !)caMel CIIlorldu Araen\C callP'\U 

ItO. $ill ."/kll !!!1..1 !!!t:1t5 rsD:. ___ '''' __ J ... _ __ I" __ /�_ 
Ct'.A!�1n. ... !ttA 
Bf'.FOJU: D!\f;OODIO 

Seollt>ent '-750'-)5 670 16,CAi ,.8 2." 

\O'ntC!l' F·7)A-)" 6.6 66 11, 000 8 0.00II 
kelL",ent. F-7�· 1 ! S  6]0 27.100 6.9 ] . 5  

vator F-'/�A-1�!J ] . 9  10'7 9,000 2 0.00II 

:e�la<!Dt F-75A-!.S 560 2O,� 11.0 2." 

"o:e ter F-75A-�V 2.8 11Ja 9,600 0 0.0CIt 
IicH:lItDt F·75A-l�S 610 2" ,000 5 .7 2 . 8  

V.tltr F-75A-l�"; 2.] U] 8 . 500 0 0.00] 

DURDIO mt:XDCO 
(Su Ilote �) 

OJ Vater 1-7511-)V 0 106 12, 500 2 < 0. 001 
. 

Vater F-75!1-11� 0 101 13, 000 ] ( 0.001 N I "'a tel' F-75D.1;V 0 108 1] , 200 1 ( 0.001 
U1 (Bu trole 5 )  
..j:>o V�tl'l' F·75C-�V 0 311a 8 , 200 0 ( 0.00) 

".ter F-7511-1W 0 1]) 17,000 1 ( 0. 00) 

!!lrn DnmlUIO 
Se�\I:eDt F-75C-]S "TO 16,6CO 0.] 0.' 
ValeI' r-75c-l'J 8.6 59 12,200 0.1 ( 0.00] 
:lecl lr.eat. F-i5C-llS 710' 27,500 0.5 1.2 
Vater F-75C-13V 8.8 .,9 1] . 000 0.2 < 0.002 

Secl lr.ut r-7�!)-�S 500 19,� 0.11 0.9 
!Jot"r F-75:1-4\1 ; .6 119 1] ."00 0.1 ( 0.002 
Sed L:ent. r-75e·l';S lao, 2l.]CO O.It 0." 
VAter r-75c-lt.V 7.5 )1 12,600 0.5 ( 0.00) 

'TV" .... } \iJUI'I""W-
__ " •• , ... .. I, .. I'«. 

16 15 
(I.OIt -0.2] 

2:! lT 
0.0] 0.1] 

20 11 
0.011 0 . 20  

20 19 
0.0] 0.]7 

0.0] 0.08 
0.0] 0.10 
0.0] 0.11 

0.011 0.16 
0.0If 0.09 

18 10 
0.01 0.1] 

28 18 
0.01 0.18 

21 13 
0.06 C.1" 

21 8 
0.09 0.]" 

__ MercDl'l 1I�1:::1t1 U.c 
raJfll D!IIk',J JlI(Il ftld"'� q/l 

20 
0.02 

26 
0.01 

22 
O.Cl 

25 
0.01 

0.02 
0.01 
0.02 

o.cIa 
0.0) 

n 
0.01 

28 
0.01 

20 
0.00 ' 

111 
0.00 

0.31 
0.]] 0.c:G 

( 0.1 
0.69 0.0) 

<0.1 
0.82 0.c6 

0.11 
0.51 0.06 

( 0.2 O.O� 
( 0.2 0.0;.0 
( 0.2 0.02 

( 0.2 0.06 
( 0.2 O.C·" 

< 0.1 
( 0.2 O.oS 

< 0.1 
O.IIT 0.08 

<0.1 
('.26 O.OS 

<C.l 
0.]9 0.15 

-, "-« _ .,,/1 "l/� 

22 T5 
O.� 

]0 U8 
0.22 

25 90 
0.]2 

JO 10] 
1.0 

0.08 
0.15 
0.12 

0.16 
0."0 

2It 61 
0.13 l' 85 
0.1] 

'35 
0 .1" 

1) 

30 611 
0.22 



OJ 
N 
I U1 U1 

TABLE B . 2- 1 5  con ti n ued.  

Suple * bat. 
!fo. �ld 

Vater f-75A-15V �/23/7' 
Water F-75A-16w �/23/7' 

Vater '-75A-17V ,/2)/7, 
Vater '-75D·1� 5/2)/7' 
�.t.r r·7�-lt� '/2)/75 

6/10/7' �atu F-751-1T': 
�.ter F-75C-15W 6/10/7' 
�.t.r F-75C-16W 6/10/75 

Vater F-75[\-15".I 9/18/7' 
�ater F-75D-16v 9/18/75 

Water lIafer Dluolved 
Dilt � Jltopth 
froa C �IlT-Ft ienJl 

0 
0 

0 
0 

0 
0 

0 
0 

C 
s rr LJ.:.:A Y AREA 
Bl:i'ORE tRim lIIG 
D.o 211.0 
13.0 2",0 

DUl� Dru:OOIJlO ( Sec Ilote If) 
--- 20.0 
8.��· �8.0 
6.5 20.0 

(See )iota ,) 
--- 28.0 
9.0 28.0 

10.0 28.0 

A�EiI Dl\r.IY.lnlJ 
ll.O 28.5 
11.0 20.� 

Oqtea 
_,;/1 

9 
9 

7 
8 
8 

18 
7 
7 

1 
6 

plf 

9.0 
9.0 

9.0 
9.0 
.9.0 

9.' 
9.0 
9.0 

9.0 
9.0 

CORCIlle- Xli' ULid 
IIAl In lty tlvlty T� DLree-I'Pt �I/e. OC tlon 

1�.0 2),000 26.0 51 
12.0 20,000 26.0 BE 

30.0 �6,200 30.0 SE 
1".0 23.000 )0.0. SE 
13.0 21, 500 30.0 liE 

2",500 26.0 1,.0 S 
16.0 26,000 26.0 • 
17.0 27,600 26.0 a 

20,0 32,000 )1:0 BE 
20.0 )2,000 31.0 SE 

M3b£lII'. 
Content Total SoU" 
" Dry \It "#./1 S b, Vt. 

13,800 
10,800 

33,300 
1),701 
12,1000 

15 ,100 
U , 500 
10,000 

22,800 
22, 300 

foEa 
YoldU. !.JU" 
.,/1 

2,6� 
2, 2�0 

,,800 
2,200 
2,200 

2,700 
2,,00 
1,500 

".100 
3,900 

$ :II, vL. 
fota 

KJeldahl Iltro,e. 

. PIll .,/t, 

0.28 
0.38 

1" 
1., 1.9 

'., 
1.8 
1.] 

1. ' 
1.1 
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TABLE B . 2- 1 5  c on t i n ued .  

\latU' 
1.'st.er 

\later 
\latfr 
\later 

\later 
\lllter 
\:a t c r  

\later 
\la ter 

Ch ca [ell ChiCIIIlla 
Sulple * OU &AeI (irea .. Oxyeu !)eaII.ncl Cblor ld.. Arunlc Cdd.. (Total )  Copper ted Mncuy Wickel ELM 

No . "",/1 �/1tG !til 11 !tIll" tlP./l &/1 m.'3/klS FoII/l "'!IlkS �/l �/k!s FoII./l Inf:/klS .,,/1 C'§/lt1S pill ItI'/"! =1./1 118/1111 !f1l .,,lkl 

F.nA-l5V 0.0 
r-7�-1611 2.1 

F-75A-17V 0 
r-75B-15V 3 
F-nll·1611 1 

F.75B·1T" 2 
F-75C.1511 0 
F-75C.1611 2 

T-75D-15\l 8.2 
r-75D-161l 7 . 5  

90 
8) 

162 
87 

102 

102 
102 

00 

Ii, 
Ii, 

e PT1.LWo Y "ro:A 
Bt:;'''ORl: Dlt£LCCIO 

G,500 
5 ,200 

DUIlDIG D:I£OO ntO (See !lote 4) 
17,200 

7,000 
6, 000 

(See !late 5 )  
7 , 000 
7 . 500 
" , 500 

A!':D! ' tn�DGlr.a 
11,100 
10, 800 

1 
1 

6 
0 
0 

" 
0 
, 

0.2 
0.2 

0.004 
0.004 

< 0.001 
< 0.003 
< 0.001 

< 0.002 
< 0.001 
< 0.002 

< �.ool 
< 0 .001 

0.0) 
0.011 

0.0) 
0.014 
0.014 

0.01 
0.011 
0.011 

0.06 
0.06 

0.12 
0.07 

0.06 
0. 10 
0.20 

0.08 
0.16 
0.00 

0.17 
0. 15 

0.01 
.0.01 

0.02 
0.02 
0:011 

0.02 
0.0) 
0.02 

0.02 
O.� 

0.69 
1.2 

< 0.2  
0.22 
0.28 

0.28 
<0.2 

0.21 

0.26 
0.21 

0.011 
0.02 

0.011 
0.05 
0.06 

0.02 
0.06 
0.011 

C.09 
0.07 

!lort3 : 1.  EPA HMUal abtu : ''When the clUorlde level exceed a 1 , 000 mall, the a1A!Joua accept.eel yalu. tor the COD (or vater) '11m b. 250 :<.l.'l. 
COD level. whleh fall belov tbta value are h l&bl7 que.t. loDable becauaa of the bllh chlorlde correetlon whleb auat. be ..ae.-
Aetua.l. COD reslllta Are .hOWD . 

�. 
2. Test. tor Cd ,  CU, lb ,  "1 and tn vere performed 00 ch.lated .ample a .  

� .  Dredge loeat..d a t  Freeport "arbor Stat.lon 106+00 a t  tlae o t  .ampl lnl . 

,. Dredge loeated at Freeport. H�rbor St.atton 75.00 at. t.Lfte ot .ampllna. 

6.  ReccDt tests have Lnd lcated that thr ���t.aL�rr used �o collect �ater l�lla 'liS, cont�Lnat� sL�lcl vltb excl •• c��r aDd l ie:. Tberefore, re.llls for eopper ��d z L�� ��� �o� c?�,l1�red valld !or all vater 5�le . �ea�ed. 

*The last one or two digits in the sample number correspond to the sampling 
station number . The loca tions of these s tations are i nd icated i n  Figure B . 5-2 . 

Source : Wa ter Qua l i ty Monitoring Program Results for Hopper Dredging of the 

Entrance and Jetty Channels of Freeport Harbor , Texa s ,  U . S .  Army Engineer 

Di strict , Ga lveston , Texas , 2 September 1 97 5 .  

0.16 
0.1" 

O.OIS 
0.110 
0.25 

0.1' 
0.16 
0.21 

0.1) 
0.16 
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Source : Ma intenance Dredg i ng of Freeport Harbor , Texas , F ina l Environmental 

Statement , u . S .  Army Engi neer Di strict , Galveston , Texa s ,  1 0  July 197 5 . 

F I GURE B . 2 - 2 2  Loca t i on o f  S ampl i ng Stat i ons  for 1 97 1  and 1 974 , S urvey by U . S .  Corps o f  E n g i neers 



OJ 
N I tTl CP 

BRAlOS HARBOR 
l llRIIIING BASIN 

,c� '� 

GULF OF M( XICO 

'I 

/.""'''0' 
Of AUt 

, , , , , , , , 
, , 

� 
"-..7 

, , , , , , " 
, , %",�, " , 

1-� , , -rio " 
"1- " 

'9 .... " 
'1t« ,' , 

Source : Data rece ived from Texas Wa ter Qua l i ty Board from Corps of Engineers ' 

Freeport Harbor Dredging Pro j ec t .  Mon i toring Program , 2 5  March 197 6 .  

F I GURE B . 2- 23  Locati o n  o f  Samp l i ng Sta t i on s for 1 97 5  Survey by U . S .  Corps o f  E n g i neers 
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F I GURE  B . 2-24 . Curren ts off the Texas coa s t .  
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fl ows westwa rd i n  the G u l f of  Mex i co towa rd a zone o f  convergence off 

the Texa s coa s t .  The su rface cu rren ts i n  t h e  reg i o n  are vari ab l e and 

s trong l y  affected by wi nd patterns , l a rge s ca l e  permanen t cu rren ts and 

t i da l  currents . Su rface wa ter movemen ts res pond pri n c i pa l l y  to pre

va i l i ng  o ffshore wi nd patterns , as  descri bed i n  Sect ion  B . 2 . 3 ,  and fl ow 

genera l l y  towa rd the sou thwes t except i n  the summer when the zone  of 

convergence s h i fts from southern Texas to the Freeport v i c i n i ty ,  and the 

c urren t  moves toward the northea s t .  Typ i ca l  cu rrent s peeds in  the area 

range from 0 . 3 to 0 . 8 knots , wh i l e  max i mum s peed s ra re l y  exceed 2 . 0  

knots . W h i l e  s tagna t i o n  per iods  are known to , occur  i n  the wa ter move

ments i n  the reg i on , i t  i s  estimated that the maxi mum per i od wo u l d not 

exceed 2 day s .  D i fferen ces i n  currents a t  t h e  su rface and bottom have 

been reported i n  s ha l l ow waters , espec i a l l y  in s umme r .  

I n  the Ga l veston area wa ve he i g hts are usua l l y  four  feet or  l es s , 

however , he i g hts over 1 0  feet have been experi enced throughout the yea r ,  

a n d  hei g hts over 20 feet have occu rred i n  9 months  of  the yea r .  The 

t i da l  range i n  Freeport Ha rbor i s  est imated to be 1 . 8 feet and i s  pre

domi nant ly  d i urna l . Hurri canes produce s u rges a s  g rea t as  1 5  feet . 

T i da l  vel oc i ty over the nearshore conti nental  s he l f i s  est imated at 0 . 5  

knots , however , near t i da l l y  i nf l uenced bay entrances va l ues of  3 . 7 

knots have been recorded . 

Average amb i en t  temperatures  of  the s urface wa ters  i n  the nearshore 

reg i o n  of  the Texa s coa st range from 540F i n  January to 850F i n  Augu s t .  

Throughout  most  of  the year pos i t i ve temperature and sa l i n i ty grad i ents  

occur towa rd the south  and ea st  from the Texas coastl i ne .  Onl y duri ng 

the summer months  do the i sotherms and i soha l i nes become perpend i cu l ar  

to  the coastl i ne when l arge quant i t i es of fresh  wa ter fl ow i nto the  

Gu l f  from coastal  r i vers . Den s i ty patterns genera l l y  fol l ow temperature 

and s a l i n i ty ,  however , va l ues decrease  wi th d i s tance towa rd the south 

and ea s t  o f  Ga l ves ton . Vert i ca l  profi l es of temperatu re , sa l i n i ty and 

den s i ty s how tha t  wea k to moderate therma l g rad i ents  genera l l y  occur i n  

nears hore wa ters from Octo ber to May bu t these wa ters are nea rl y i so

therma l duri ng the  summer . Sa l i n i ty and  dens i ty are rel at i ve ly  homo 

geneous mos t  o f  the yea r at  depths l es s  than 20  to 25  meters . 
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Mos t  o f  the chem i c a l  parameters measured i n  Gu l f  of  Mex i co wa ters 

i n  the v i c i n i ty of  the .proposed Bryan Mound  bri n e d i ffuser s i te are 

wi th i n  the rang e of ex pected val ues for coa s ta l  ma r i ne wa ters . However , 

some unusua l  a spects a re appa ren t .  For exampl e ,  nutri en t  sa l t  l evel s 

( NH3 , N02 , N03 , and P04 ) i n  the wa ter co l umn near the d i ffuser s i te are 

often l ow ,  but  i ncrea se i n  concen trat ion dur i ng the l ate wi n ter per i o d .  

D i s so l ved oxygen va l ues  are genera l l y  a bove 5 . 0  mg/ l , b u t  occas iona l l y  

are l ow i n  the bo ttom waters duri ng the summer . These l ow DO val ues a re 

a l so refl ec ted i n  the reduc i ng na ture o f  the sed iment dur ing  the s ummer .  

T he  l ow l evel s o f  t he  these parameters cou l d  cause a reduct i o n  i n  

b i o l og i ca l  producti v i ty and d i vers i ty i n  the d i ffuser area . Heavy 

meta l s  i n  water col umn and sediments i n  the area of  the bri ne d i ffu ser 

are wi t h i n  the range expected for coa stal  reg i ons . O i l and grease 

concentra t i on s  i ncrease  wi th d i s tance offs hore from the proposed s i te to 

the s h i pp i ng l anes . S uspended matter vari es s easonal l y  due to r i ver 

i n put and b i o l og i ca l  pro ducti v i ty .  Chemi cal  wa ter qua l i ty and sedimen t 

data co l l ected at  two sampl i ng stat ions  i n  the reg i on  ( F i g ure B . 2- 25 ) 

are presen ted i n  Ta bl es  B . 2- 1 6  to - 1 9 . A compl ete d i s c u s s i on o f  the 

phys i ca l  and chem i ca l  wa ter qua l i ty data i s  presen ted in Appen d i x  G .  

B . 2 . 2 . 2  Su bsu rface Water Sys tems 

Occurrence o f  Ground Wa ter 

The s u bsurface ma ter i a l s  of  the reg ion  are characteri zed by more 

than 9000 feet of  M i ocene and younger ,  poorly  conso l i dated sed imen ts 

cons i s t i ng primari l y  of  sands and sha l es ( see Secti on B . 2 . 1 ) .  Sand 

u n i ts  compri se  a bout  40 percen t of the tota l th i c kness and general l y  

q ua l i fy as  aqu i fers i n  that  they con ta i n  suffi c i ent  saturated permea bl e 

materi a l  to y i el d  s i g n i f i cant  quan t i t i es o f  water to wel l s . Fresh  to 

s l i g ht ly  sa l i ne wa ter i s  found on l y  i n  the uppermos t  un i ts .  Tradi t ion

a l l y ,  on ly  thos e  forma t i on s  co n ta i n i ng fresh  wa ter are s tu d i ed i n  deta i l  

by g round wa ter hydro l og i s ts . Therefore , i n forma t i on regard i ng the 

characteri s t i cs of  deeper forma t ions  or tho se conta i n i ng sa l i ne wa ter i s  

normal l y  l ac k i ng except i n  area s where exten s i ve petro l eum expl orat ion  

has  ta ken pl ace .  
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... 
Sampl i ng s tati on 5/0 

A 
Samp l i ng s tat ion  4/0 

Proposed bri ne 
d i ffuser s i te 

• 

G U L F  O F  MEXICO 

Source : Texas Water Con tro l Board , U . S .  Army Corps of Eng i neers ( 1 975 ) 

F I GURE B . 2-25  Locati on of  sampl i ng s tat i ons i n  the Gu l f of Me xi co 
near Brya n �1ound . ( Data in Tab l es B . 2 - 1 7 ,  R . 2 - 1 S ,  B . 2- 1 9 ) 
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TABLE B . 2 - 1 6  Water oua1 i ty data for the Gul f  of ��ex i co near the 
Bryan Mound s i te (4/1 5/74 ) , 

Fie ld samp le 

Date Sampled 

Source 

Total Solids 

Number 

Total vo latile Solids 

Total Kj aldahl Nitrogen 

Total Organic Nitrogen 

Ammonia Ni trogen 

Total Organic Carbon 

Oil and Grease 

Chemical oxygen Demand 

Arsenic as �g/l 

Cadmium Cd 

Chromium (Tota l )  Cr �g/l 

Copper CU 

Lead Pb 

Mercury Hg �g/l 

Nickel Ni 

Zinc Zn 

Chlorides Cl 

4-W/O 

1 5  Apr 74 

Filtered Composite of 9 Samples from Stati on 4/0 
( fi gure b . 2-25 )  

3 2 , 1",0 

9 , 700 

0 . 3  

0 . 2  

0 . 1  

14 

0 . 0  

8 . 2  

2 

0 . 0 5 

13 

0 . 06 

0 . 2 3 

14 

0 . 04 

0 . 07 

13 , 000 

NOTES : 1 .  All results in mg/l except as noted : 

2 .  EPA Manual states : " When the chloride level exceeds 1 , 000 mg/l , 

the minimum accepted value which fal ls below this value is highly 

questionable because of the high clor ide correction shown . "  

3 .  Lead and Zinc tests were per formed on acid-digested samples . 

Source : Water Qua lity Monitor ing Prog ram Re sults for Hoppe r  Dredging of the Entrance 

and Jetty Channels of Freeport Harbo r , Texas , U . S .  Army Engineer Di strict , 

Galveston , Texas , 2 September 197 5 .  
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T/\3 LE B . 2 - 1 7  Hil ter ilnd  bo�tol71 s cd i ncnt  Cl u a l i tv d a t �  fo r the Gul f of  t�ex;  co nCil r t h c  B ryail r10 und s He" 
(9/1 7/75 J 

Type Sediment Water 

Sample No . FH-7 5A-3S FH-75A-3W 

Date Samp led 9/1 7/7 5 9/17/7 5 

Station ( see fi gure 8 . 2-25 ) 4/0 4/0 
Turbid ity FTU 5 

Dissolved Oxygen mg/l 6 

pH 9 . 5  

Salini ty ppt 28 . 0  

Water Temp °C 26 . 5  

Air Temp °C 2 5 . 0  

Wind Direction N 

Mo i s ture Content 
, Dry Weight 37 . 9  

Total So lids rng/1 31 , 000 

Tota l Solids , By Wt . 62 . 1  

To t .  Vol . Solids mg/1 5 , 580 

Tot . Vo l .  So l ids , By Wt . 6 . 2  

Tot .  Kj e 1dah1 Ni trogen 
mg/1 0 . 2  

To t .  Kj e 1dah1 Ni trogen 360 
mg/kg 

Oil & Grease mg/1 2 

Oil & Grea se rng/kg 3 06 

Chern . Oxygen Demand 
mg/1 104 

Chern . Oxygen Demand 1 8 , 600 

mg/kg 

Chlorides rng/1 1 5 , 000 
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TAG LE 3 . 2- 1 7  con ti n ued . 

Type Sediment Water 

Sample No . FH-75A-3S FH-75A-3W 

Date Sampled 9/1 7/75 9/1 7/75 

Station ( see fi gure 8 . 2- 2 5 )  4/0 4/0 
Ar senic �g/l < 1 0  

Arsenic mg/kg 5 . 3  

Cadmium mg/l <0 . 01 

Cadmium mg/kg < 1  

Chromium (To ta l ) mg/l <0 . 03 

Chromium (To ta l )  mg/kg 18 

Copper mg/l 0 . 2 1 

Copper mg/kg 1 5  

Lead mg/l <0 . 05 

Lead mg/kg 2 4  

Mercury �g/l <0 . 2  

Mercury mg/kg <0 . 1  

Nickel mg/l <0 . 02 

Nickel mg/kg 21 

Z inc mg/l 0 . 09 

Zinc mg/kg 88 

Source : Data rece ived from Te xas Water Qual ity Board from Corps of Engineers ' 

Freeport Harbor Dredgi ng Project . Monito ring Program ,  25 March 1976 . 
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T,l\8 LE 13 . 2- 1 8  \'!a ter i' nd bo tton s e d i ncnt (1uJ l i �'! da '�a for the Gul f o f  
1 '1c � ; co n c c. r  t h e  !3 ryan rlouncl s ; tc� ( 1 2/2/75 ) . 

Sample No . 

Date Sampled 

Station ( see fi gure 8 . 2- 2 5 )  
Turbidity Fro 

Dissolved Oxygen mg/l 

pH 

Salinity ppt 

Water Temp ·C 

Air Temp ·C 

Wind Direction 

Moi sture Content 
, Dry Weight 

Total Solids mg/l 

Total Solids \ By Wt . 

To t .  Vol .  So lids mg/l 

Tot .  Vol .  Solids \ By Wt . 

Tot . Kj eldahl Ni trogen 
mg/l 

Tot . Kj eldahl Nitrogen 

mg/kg 

Oil & Grease mg/l 

Oil & Grease mg/kg 

Chern . Oxygen Demand 
mg/l 

Chemical Oxygen Demand 
mg/kg 

Chlorides mg/l 

Sediment 

FH-7 5B-3 

1 2/2/75 

4/0 

3 9 . 9  

60 . 1  

5 . 6  

3 1 0  

248 

19 , 300 
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Water 

FH-75B-3 

1 2/2/75 

4/0 
2 0  

7 

9 . 0  

2 9 . 0  

16 . 0  

1 7 . 0  

SE 

3 2 , 000 

5 , 7 40 

0 . 3  

<1 

93 

15 , 000 



TA� LE 8 . 2- 1 8  c on t i n ue d .  

Type Sediment Water 

Samp le No . FH-7 sB-l FH-7sB-3 

Date Sampled 12/2/7 5 12/2/75 

Station ( see fi gure 8 . 2-25 )  4/0 4/0 
ArseniG: �g/l <10 

Ar senic mg/kg l . 5  

Cadmium mg/l <0 . 01 

Cadmium mg/kg <1 

Chromium (Tota l )  mg/l <0 . 03 

Chromium (Total )  mg/kg 10 

Copper mg/l <0 . 02 

Coppe r mg/kg 7 

Lead mg/l <0 . 05 

Lead mg/kg 10 

Mercury �g/l <0 . 2  

Mercury mg/kg <0 . 1  

Nickel mg/ l <0 . 0 2 

Nickel mg/kg 14 

Zinc mg/l < 0 . 02 

Zinc mg/kg 45 

Source : Data recei ved from Texas Water Quality Board from Corps o f  Engineers ' 
Freeport Harbor Dredging Proj ect , Monitoring Program , 25 March 1976 . 
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Tf.R U:: [3 .  (- 1 9  Scd i n0.n t f] l1 J 1 i ty eta til fo r tf,c �uP ' o f  ��c x i  co  nCilr the 
� rY1n r-1()Ulrl s i te : (4/ 1 6/ 74 )  

Fie ld Sample No . *  

Date Sampled 

Source 

To tal Sol ids , by Wt . 

Total Vola tile So lids , by Wt . 

Tot . Kj el Nitrogen mglkg Dry Ba s i s  

Ammonia Ni trogen mg/kg Dry Ba s i s  

Tot . Organic Ni trogen mg/kg Dry Ba sis 

Tot .  Organic Carbon mglkg Dry Ba s i s  

Oil and Grease mg/kg Dry Ba s i s  

COD mglkg D r y  Ba s i s  

Arsenic mglkg D r y  Bas i s  

Cadmium mg/kg Dry Bas i s  

Chromium mglkg Dry Ba s i s  

Copper mglkg Dry Ba s i s  

Lead mg/kg Dry Bas i s  

Mercury mglkg Dry Bas i s  

Nickel mg/kg Dry Bas i s  

Zinc mg/kg Dry Ba s i s  

*Sample S tation Locations shown on Figur e B . 6 - 1 . 

5 -S /0 

4/1 6/74 

Undisturbed 

56 

8 . 0  

890 

64 

830 

4600 

480 

29 , 000 

2 . 9  

1 . 6  

3 . 6  

1 3  

2 3  

0 . 3 2 

46 

57 

Source : Water Quality Monitoring Program Res u l t s  for Hopper Dredging 

Area 

of the Entrance and Jetty Channe l s  of Freeport Harbor , Texas , 

U . S .  Army Engineer Di strict , Ga lve s ton , Texas , 2 September 1 9 7 5 . 
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I n  the s tudy reg i o n ,  fres h to s l i g htl y sa l i ne  water occu rs on ly  i n  

the Ch i cot  and  the Evangel i ne aqu i fers . Each compri ses parts of severa l 

geo l og i c  forma t ions  ( Tabl e B . 2- 2 0 )  that are reg i o na l l y  grouped i n to the 

Gu l f Coa s t  Aq u i fer . The fol l owi ng  s ummary of ground wa ter condi ti on s  i n  

the reg i o n  i s  ba sed o n  the work o f  Sandeen and Wes sel man ( 1 97 3 )  and 

Hammond  ( 1 96 9 ) . 

Water i n  the Gu l f  Coa st  Aq u i fer occu rs under both wa ter tabl e 

( unconfi ned ) a nd arte s i a n  ( confi ned ) cond i t ions . Where wa ter tab l e 

cond i ti ons  occ u r ,  there i s  no confi n i ng bed and the wa ter i s  exposed to 

atmos pher i c  pres s u re o n l y .  Wa ter i n  a wel l tapp i ng  a wa ter ta bl e 

aqu i fer wi l l  s tand at  the to p of  the zone of saturat i on .  Water ta bl e 

cond i t i o n s  occur pr i nc i pal l y  i n  the sha l l ow wa ter sands , l es s  than 1 00 

feet dee p .  The s ha l l ow wa ter tabl e sands may be recharged from ra i nfa l l 

on  the l and  s u rface d i rect ly  overl y i ng them .  

Artes i a n  co nd i t i o n s  ex i s t i n  the deeper aqu i fers , where a confi n i ng 

bed of  c l ay or  s ha l e  causes  the water to be under pres s u re g reater than 

a tmospheric  pressure .  A wel l ta ppi ng  an aqu i fer under a rtes i an cond i 

t i ons  wi l l  become fi l l ed wi th wa ter a bove the depth where the sand was 

f i rs t  encou ntered . I f  pres s u re i s  s uffi c i en t  the wel l may fl ow at  the 

s urface . Artes i an wel l s ,  however ,  do not neces sari l y  fl ow .  Artes i an 

sands  are u s ua l l y  recha rged from ra i nfa l l on d i s tant  outcrops . The 

reg i onal  d i p of the Gu l f  Coa sta l  Pl a i n  towa rd the Gu l f of Mexi co wa s 

descri bed i n  Sect ion  B . 2 . 1 ,  as  wa s the i ncrease  i n  d i p  wi th  depth . From 

t h i s ,  i t  may be seen that a. forma t ion  y i el d i ng artes i an wa ter to a wel l 

at  a depth of  1 000 feet i s  proba b l y  recharged from ra i nfa l l on  an out

crop  a rea 35 to  40 mi l es i n l a nd . 

The G u l f Coa st  Aq u i fer al so  i ncl udes  the sed i ments wh i c h  fi l l ed the 

post g l ac i a l  estuar i es of  the Brazo s ,  Col orado , and Rio Grande R i vers 

( Sect i o n  B . 2 . 1 ) .  The val l ey fi l l  sed i ments are genera l l y  coarser than 

the underl y i ng sed iments of the Beaumont  Forma t i on and thu s may act as 

condu i ts for d i scharg e  from or  recharge  to aqu i fers or  fo r movement  of 

con tami nants . 

The Evangel i ne aqu i fer con s i sts of a l terna t i ng sands  and cl ays 

rang i ng from a bout  2000 feet i n  th i ckness  near the i n l and  ma rg i n  of the 
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TABLE B . 2 - 20 Reqi ona1 i zed qeo 1 oq i c  and hydro1 oqi c  un its  ( Sandeen and 
We�se1 man , 1 97 3 )  . .  

--------------
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reg i on to more tha n  3500 feet i n  th i c kne s s  at  the coa s t .  Beds con

ta i n i ng fresh  ( l es s  than 1 000  mg/ l TOS ) and  s l i g htl y sa l i ne water ( 1 000 

to 3000 mg/ l  TOS ) reach  a tota l th i c kness  of about  1 1 00 feet .  Mos t  

u n i ts vary con s i derabl y i n  th i c kness  from l ocat i o n  to l ocat i on . Th i ck
nes ses of i nd i v i du a l  beds  of sand and cl ay genera l l y  range  from a few 

feet to a bout  1 00 feet i n  sect i ons  conta i n i ng fresh  and s l i g ht ly  sa l i ne 

water . I n  g enera l , there i s  more sand than c l ay i n  the aqu i fer . 

The Evangel i ne aqu i fer i s  present i n  the s ubsurface everywhere i n  

the reg i on except l ocal  area s where i t  ha s been penetrated by p i ercement 

sa l t  domes . On l y  the upper beds of the Evangel i ne i n  Brazori a County 
conta i n  fres h  water . The average d i p  of  the fres h water beari ng beds i s  
approx imate l y  3 0  feet per mi l e  to the southea st .  Over sa l t  domes , the 

d i p  approaches zero and may even be reversed . Local  d i ps away from sa l t  

domes are more than 30  feet per mi l e . 

Ba sed on  el ectr i ca l  l og i n terpretat ion , the maximum th i ckness  of 
fres h water sands i n  the Evangel i ne aqu i fer in Brazor i a  County is 41 5 

feet .  Assumi ng  the average th i ckness  to be about 400 feet and  the 

average permeabi l i ty to be 250  gpd per square foot , the maximum co

effi c i en t  of transmi s s i b i l i ty expected i n  a fres h water wel l wo u l d be 
a pproximate l y  1 00 , 000 gpd per foot ( Sandeen and Wes sel man , 1 97 3 ) . 

Separat ion of the Ch i cot  aqu i fer from the underl y i ng Evangel i ne 

aqu i fer i s  ba sed on d i fferences i n  l i thol ogy , permeab i l i ty ,  water l evel , 

and  s trat i g raph i c  pos i t i o n . The Ch i  cot i s  s u bd i v i ded i n to upper and  

l ower un i ts wh i c h in  most  p l aces  are separated by cl ay . I n  Brazo r i a  
Cou n ty ,  t h e  upper un i t  i s  e i ther a water ta bl e or  a n  artes i an aq u i fer ; 

the l ower un i t  i s  an artes i a n  or  a l ea ky artes i an aqu i fer .  

T he  hydra u l i c  character i st i cs of the  Chi cot aqu i fer have been 
determi ned by aqu i fer tests i n  parts of Brazor ia  Cou nty . The fi el d 
coeffi c i en ts of  transm i s s i b i l i t i es were a s  much a s  2 7 5 , 000 gpd per foot 
for the l ower un i t  and  66 , 000 gpd per foot for the upper un i t .  The 

maxi mum permeabi l i ty for the sand in each  u n i t  exceeded 1 000 g pd per 

s q uare foot .  Mo s t  of the tests showed f i e l d permeabi l i t i es in excess  of 

600 gpd per square foot ,  rang i ng from more than two to s i x  t imes the 
average a s s umed for the Evangel i ne aq u i fer. 
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We l l s  compl eted i n  the C h i cot aqu i fer i n  Brazoria  County y ie l d up 

to 2 600 gpm .  Spec i fi c  capac i t i es of 1 1  wel l s  tested ranged from 2 . 8  to 
44 . 2  gpm per foot of drawdown . In a l l cases where tests were made to 

determi ne the coeffi c i ent of storage ,  the aqu i fer was under artes i a n  

cond i t i ons . S i xteen val ues  were determi ned for the coeffi c i ent  of 

storage ;  the range was from 0 . 00006 to 0 . 004 . The coeffi c i ent  of 

s torage ( spec i fi c  y i e l d ) of the wa tertabl e part of the upper un i t  of the 

C h i cot aqu i fer , tho ugh  not determi ned , is esti mated to be about  0 . 1 5  

( Sandeen and  Wes sel ma n ,  1 973 ) . 

I n  areas not affected by pump i ng , the ground water movement  i n  the 

reg i on is  southeast  towa rd the Gu l f  of Mex i co .  In  area s of l a rge ground 
water wi thdrawa l s ,  the d i rect ion  of movement may be modi fi ed or reversed 
due to changes i n  the g rad i ent of water tabl e or  p i ezometr i c  s urface . 

The p i ezometri c  s urface i s  rel ated to arte s i an or  confi ned aqu i fers and  

i s  defi ned a s  a n  imag i nary surface that everywhere coi nc i des wi th the 
hydrosta t i c  pressure l evel of the water in  the aqu i fer .  In  areas of 

l arge and  exten s i ve wi thdrawa l s ,  ground water moves from a l l d i recti o n s  

toward t he  area s of  pumpage or  l owered pres s ure (Hammond , 1 969 ) .  

Wi thdrawa l  of l a rge quant i t i es of water may ca use  l ower i ng of the 
p i ezometr i c  l evel i n  the pumped zone , l and s u bs i dence , and i n tru s i o n  of 

the pumped zone by waters of  d i fferent sa l i n i t i es .  Land s u bs i dence and  

sa l twater i n tru s i on res u l t d i rect ly  from drawdown or reducti on of the 

p i ezometr i c  l evel i n  the aqu i fer .  Th i s ,  in  turn depends u pon s uch  

factors as  pump i ng rate , wel l spac i ng and compl eti on , and  aqu i fer 
th i c kness . Data prov i ded i n  publ i cat ions  by Petti t and W i nds l ow ( 1 9 57 ) , 

Hammond ( 1 969 ) and  Sandeen and Wes sel man ( 1 973 ) i nd i cate that about  one 
foot of s u b s i d ence res u l ts from 1 00 feet of drawdown i n  the Texas 
coasta l  a rea . S ubs i dence on the order of 1 . 6  feet i n  Freeport and  2 . 7 
feet i n  Texas C i ty had a l ready occurred by 1 95 9 .  Mos t of that pump i ng 
was res tri cted to the fresh  water zones of the u pper Ch i  cot aqu i fe r ,  
a bout  1 50 feet t h i c k .  T h e  l ower u n i t  o f  the Ch i cot aqu i fer a n d  the 

Evange l i ne aqu i fer prov i d e  a tota l of over 1 000 feet of sand conta i n i ng 
moderately  s a l i ne water on the other hand , thus prov i d i ng more water 
wi th the same magn i tude of drawdown . I n  addi t i on , the deeper format i ons 
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may be con sol i dated to a g reater extent w ith  a h i g her  el ast i c modu l u s ,  
whi ch , i n  turn , wo u l d  resu l t i n  l es s  s u bs i dence per 1 00 feet of draw

down . 

T he P l i ocene and Mi ocene sand stones underl y i ng the C h i cot and  
Evangel i ne aqu i fers to  a depth  of 9000 feet or more conta i n  moderately  
sa l i ne to very sa l i ne  water .  Exami nat ion  of wel l l ogs  a nd  of da ta from 

s i de wa l l  core sampl es from o i l expl ora t i on wel l s  i n  the proj ect reg i on 

i n d i cates a net sand  th i c kness  of 1 000 feet to 1 500 feet i n  the depth 

i n terva l from 3000 feet to 8000 feet . Poros i ty decreases l i nearl y wi th  

depth , rang i ng downward from about 40 percent at - 3000 feet to  about  30 

percent  at -8000 feet . Th i s  range and systemati c vari a t i on of poros

i t i es wi th depth concurs wi th va l ues deri ved from other el ectr i ca l  a nd  

g eophys i ca l  s u rveys of Texas-Lou i s i ana  Gu l f  Coa st wel l s .  T he  perme

ab i l i ty of these deep formatati ons i s  l es s  than that of the over ly i ng 
C h i cot and Evangel i ne aqu i fers . Th i s  i s  s uffi c i en t ,  however , for suc
cessfu l  devel opment of s u bstant i a l  sa l i ne water supp l i es or for s u b
s u rface br i ne empl acement v i a  i nj ect ion  wel l s .  

U ses of Ground Water 

As m i g ht be expected , water use i n  the reg i on has i nc reas ed stead i l y  
wi th i ncrea s ed popu l a t ion  and i ndustr i a l i za t i on . Data ava i l a bl e for 

Brazo r i a  County ( Sandeen and Wes sel man , 1 97 3 )  s how that i n  1 967 the 

tota l use  of fres h and  sa l i ne water i nc l uded 43 mgd of ground water ,  3 1 7 
mgd of fres h s u rface wa ter ,  and 3503 mgd of sea water .  The pr imary u se  

of ground  water i n  the county wa s for i rri gati on . Mos t of the i rri ga
tion  water is  u sed to  g row r i c e ,  and row crops s uch  as  cotton and ma i ze .  

I n  1 967 , 4 mgd were u sed to ma i nta i n  l a ke l evel s at recreati onal  s i tes . 

The second l argest use  of ground water i s  i nd u stri a l . From 1 9 1 3  to 

1 940 , the extract ion  of s u l fur from sa l t domes by the Fra sch process 

con s i tuted the l a rgest use  of ground water .  At each  of three s u l fur 

mi nes ( B ryan �10 u nd , Hos k i ns  �lound , and C l emens dome ) ,  about  2 mgd wa s 

reportedl y used d u r i n g  the respecti ve per i ods of  operati on . By 1 958 , 

a l l of the s u l fur  m i nes  were c l osed . 

B . 2-73  



By 1 962 , i nd ustry i n  Brazo ri a County was obta i n i ng more than 95 

percen t of i ts fres h water need s from s u rface water . I ndustr ia l  usage  
of g round wa ter tota l ed about  1 3  mgd in  1 967 (Sandeen and Wes sel man , 
1 973 ) . 

P ub l i c  s u pp ly  and rura l domest i c u se  ( i n c l u d i ng cons umpti on by 

an i ma l s ) of g round water was a l most 8 mgd i n  1 967 . Dri n k i ng water , 
except for l es s  tha n  0 . 5 mgd produced from the desa l i n i zat ion  p l ant  at  

Freeport , i s  obta i ned excl us i ve ly  from the  ground . 

The most  wi despread fres hwater aq u i fer i n  Brazoria  County ,  and the 

only aqu i fer conta i n i ng fresh  water in much of  the southern part of the 

co unty ,  i s  the upper un i t  of the Chi cot aqu i fer . Water from th i s  

aqu i fer i s  used for publ i c  and domest i c s u pp l i es and for part of the 

water for i nd u str i es in the Brazosport area . I t  i s  ut i l i zed by the 
i ndustri es and towns in the Sweeny and Ol d Ocean area s .  Beca use  of the 

l arge drawdown in the area , the th i n  sect i on of fres hwa ter san d ,  and the 

prox i m i ty of water of poorer qua l i ty ,  the aqu i fer is fu l l y  devel oped and 

may be over-devel oped in  the Brazosport area . Except at Freeport , the 
a qu i fer conta i n s  l i ttl e or no fres h water in a band  severa l mi l es w i de  
a l ong t he  coast .  

T he  l ower un i t  of  t he  C h i cot aqu i fer ha s a h i g h  coeffi c i ent  of 
transmi s s i b i l i ty ;  therefore , where the th i c kness  of  fres hwater-bear i ng 
sand exceeds 1 00 feet , fres hwater wel l s  hav i ng a capa c i ty of between 
1 000 and  3000 g pm can be con structed . Th i s  i s  g enera l l y  l i m i ted , how
ever , to the northern ha l f  of Brazoria  County where the Evangel i ne 
aqu i fer a l so conta i n s  some fres h water .  These are arte s i an aqu i fers , 

and  i n  the ea rly days of devel opmen t ,  water fl owed from the wel l s  wi th

out  pump i ng . Fl owi ng we l l s  were sti l l  common in  the l a te 1 930s , but by 
1 943 the potent i ometr ic  s urface had been s uffi c i ent ly  l owered so that 
there were few fl owi n g  wel l s  l eft i n  Brazor i a  County .  None were found  

in  1 967 ( Sandeen and  Wes sel man , 1 97 3 ) . 

Water i n  the l ower un i t  of the Ch i cot and i n  the Evangel i ne a q u i fers 

i s  mov i ng toward the cones of depres s i on caused by pumpi ng i n  Harri s and  
Gal ves ton Co u nt i es and  toward l oca l cones of depres s i on  s u rrou nd i n g  wel l 

f i e l ds  i n  the reg i o n .  A l arge cone of depres s i on occurs i n  the water-
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l evel  s urface i n  the Brazosport area of southern Brazoria  County as  a 

res u l t of  pump i ng from the u pper part of the C h i cot . 

Land s urface s u bs i dence of more than 1 . 5  feet , attr i bu ted most ly  to 

g ro und water remova l ,  ha s ta ken pl ace i n  northeast  Brazo r i a  County .  
Subs i dence of a s  much  a s  1 . 6  feet ha s ta ken pl ace i n  the Freeport a rea 
( Sandeen and Wesse l man , 1 973 ) .  

The l ower u n i t  of  the C h i  cot aqu i fer conta i n s  a l a rge amount of 

s l i ght ly  sa l i ne water .  Through  the central part o f  Bra zor i a  County ,  

sand  th i c knesses  of more than 1 00 feet , and as  much a s  300 feet ,  bear 
th i s  type of water .  Large  ( tens o f  mgd ) ,  s u sta i ned wi thdrawa l s  o f  th i s  

water co u l d be made wi thout  exces s i ve drawdown . 

Large wel l s  ( 3000 gpm or more ) produc i ng sa l i ne water can be con

s tructed anywhere i n  Brazori a County where the l ower un i t  of the Chi cot 

conta i ns 1 00 feet or  more of sa l i ne wa ter-bear i n g  sand . Wel l s  that pro

d uce s l i ght ly  and moderately sa l i ne  water from th i s  u n i t  have been con

s tructed and  u sed by i ndustry i n  the  Freeport area ( Sandeen and  Wes s el 

man , 1 973 ) .  

A study publ i s hed by the Texas Water Resources I nst i tute ( J ones & 
Larson , 1 97 5 )  concl uded that : I IDamages and property va l ue l o sses  
a s soc i ated wi th l and s u bs i dence in  the Texas  Gul f Coast a re h i g h and  
extens i ve over a l a rge port ion  of  the coastal  area . The res u l t i ng 
costs , a s  est ima ted i n  th i s  study ,  are so h i g h  that cont i n ued pump i ng of 

g round  wa ter at  rates that cause s u bs i dence cannot be j u st i f i ed . The 
p urs u i t of  a l terna t i ve  so urces of water to meet a rea needs and  i nst i tu
t i ona l  measures for control l i ng s u bs i dence are ful l y  j ust i fi ed from a 

s tandpo i nt of  reduc i ng tota l costs to the a rea . I I 

Land s u rface s u bs i dence i n  the reg i on from 1 943 to 1 973 , res u l t i ng 
from ground water w i thdrawa l , i s  s hown i n  Fi g ure B . 2-26 . 

B . 2 . 3  Cl i mato l ogy and A i r  Qua l i ty 

B . 2 . 3 . 1 C l i matol ogy 

The genera l c l a s s i fi cat ion  of the c l i mate of th i s  reg i o n  i s  h um i d  

s u btro p i ca l  w i t h  l ong , hot s ummers a n d  s hort , mi l d  w i nters . The proxim-
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i ty of the warm Gu l f of Mex i co and the preva i l i ng south to southeasterly 
winds  res u l t  in  a c l imate that  is  predomi nant ly  mari ne . Prec i p i tat ion  

i s  d i s tri buted rather even l y  throughout  the yea r ;  heavy downpours may 
occur dur ing  any month 
trop i ca l  d i stu rbances . 
out the yea r .  

bu t are most  l i ke l y  to occur  i n  assoc i at ion  wi th 
H i g h  rel at i ve humi d i ty is characteri st i c through-

The preva i l i n g  wind  d i rect ion  in  th i s  reg i on is  southerly , wi th a 
secondary max imum from the southea s t .  The annua l  average w i nd  s peed i s  

1 1 . 5 mph at  Ga l veston ( USDC , 1 97 3 ) a n d  1 0 . 0 mph at Hobby F i e l d ,  Hou ston  

( USDC , 1 972 ) . S l ack  wi nd periods can occur frequently , bu t i n  most  

cases  preva i l  for on ly  a s hort per iod  of  t ime , u s ua l ly  l es s  than  fi ve 

hours . S l ac k  w i nds  occur most  frequent ly between May and Septembe r .  

Based on  data from Gal veston and Hobby F i e l d ,  Hou ston ( USDC , 1 969 ) , 

the annua l  mean temperatu re over the reg i on i s  a l most 700F .  I n  s ummer , 

the h i ghest  average da i l y  max imum temperatures range  from the upper 80s 

(OF ) a l ong the coast  to the l ower 90s (O F ) i n l an d .  The l owes t average 
da i l y m i n imum temperatures rang e from near 500F a l ong the coast  to the 
mi ddl e 40s ( OF ) farther i n l an d .  

The a verage rel at i ve humi d i ty i s  extremel y h i g h  i n  t h e  reg i o n .  The 

annua l  average i s  approximate l y  78 percent at Gal veston and 74 percent 
at  Hobby F i e l d  ( USDC , 1 969 ) . �10nth ly  averages are l owes t i n  October at 
both stat i ons  and  h i g hest  in  January at Gal veston and d ur i n g  the s pri ng  
at  Ho bby F i e l d . 

The average number of days each year w ith  heavy fog ( v i s i b i l i ty 
reduced to one-quarter mi l e  or l es s ) i s  42 , ba sed on a 30-year per i od  of 
record at  Ho bby F i e l d ( USDC , 1 969 ) . The n umber of days wi th heavy fog 

pea ks i n  w i nter , wi th few occu rrences du ri ng summer . 

An nua l  prec i p i tat ion  i n  the reg i on i s  norma l l y  42-46 i nches ( USDC , 

1 964 ; USDC , 1 969 ;  USDC ,  1 97 1 ) . Month ly  average ra i nfa l l i s  h i ghest  i n  
s ummer ( part i c u l ar ly a l ong the coast ) and l owest  i n  s pri ng .  Da i ly ra i n 
fa l l amounts  of  one- ha l f  i nch  o r  more can be expected a pproximate l y  2 7  

days each year ( USDC , 1 964 ) . 
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Thunderstorms occur 59 days each year i n  the reg i on ,  based on data 
from Hou s ton ' s  Hobby F i el d ( USDC , 1 969 ) . Thu nderstorm frequency reaches 

a pea k dur i ng J u l y  and August  ( 1 0  and 9 occurrences , respect i vel y )  wi th 
on l y  2 or  3 thu nderstorm days per month from October through  March . 
Severe thu nderstorms accompan i ed by h i g h  w i nds , ha i l , or tornadoes are 
i nfrequen t .  

D u r i n g  t h e  per i od 1 95 5  throug h  1 967 , 4 6  tornadoes occurred wi th i n  
the  one-deg ree l at i tude - l ong i tude square nearest  the reg i on ( P autz , 
1 969 ) .  Th i s  i s  a mean annua l  frequency of 3 . 5 occurrences , but the 
proba bi l i ty of a tornado h i tt i ng  a po i nt i n  a g i ven year i s  on ly  . 00238 

(Thom , 1 963 ) .  

Trop i ca l  s torm stati st i cs  i nd i cate that a h urri cane can be expected 

a bout  every 7- 1 0 years , wh i l e  a great hurri cane (wi nds greater than 1 24 

mph ) can  be expected on l y  about every 28 years . 

8 . 2 . 3 . 2  C l i ma to l ogy- Factors Affecti ng D i spers i o n  

Atomospher i c  stabi l i ty i n  conj unct i o n  w i th  t he  general venti l at i o n  

( wi nds ) i nd i cates  the a bi l i ty of the atmosphere t o  d i s perse a i rborne 
effl uents . The degree of atmospheri c stabi l i ty determi nes the amount  of 
vert i ca l  and l ateral m i x i ng or d i s pers i o n  of a i r  pol l u tants  as  they are 
carri ed away from the i r  source . 

Meteorol og i ca l  cond i ti on s  wh i ch l ead to h i g h  a i r  po l l u t i on  poten
t i a l a re l i g ht w inds  a ccompan i ed by surface i nvers i o n s  and above- s urface 
s ta bl e l ayers ( l i m i ted m i xi ng ) .  Surface i nvers i on s  are short- term , 
earl y morn i ng phenomena ; u s ual l y ,  heat i n g  el i m i nates  them and creates  a 
u n i form m i x i ng l ayer by m id-afternoon . M i x i ng depth i s  defi ned a s  the 
s urface l ayer i n  whi c h  rel at i vel y v i gorous  verti ca l  mi x i ng ta kes p l ace . 

Hol zworth ( 1 972 ) has  comp i l ed i sop l eths  of sea sonal and  annua l  mean 

mi x i ng depths for both morn i ng and afternoon . Est imated mean  morn i ng 

mi x i ng depths for the Seaway reg i on range  from a m i n i mum of j us t  over 
400 meters i n  w i n ter to a bout  700 meters i n  summer .  Val ues  i n  the 

spri ng and fal l a re 600 and 47 5 meters , respecti vel y .  Afternoon mi x i ng 

depths are much  h i gher , averag i ng 1 200 meters annua l l y .  Hol zworth has  
a l so comp i l ed data on  the n umber of forecast days  of h i g h  meteoro l og i ca l  
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poten t i a l  for a i r  po l l ut i on i n  the con t i g uous  Un i ted Sta tes ; th i s  va l ue 

i s  near zero for the Seaway area . 

The mean annua l  frequency d i stri but ion of  stabi l i ty c l a s ses at  
Ga l ves ton  and Houston  ( Hobby Fi el d )  are presented i n  Tabl e B . 2-2 1  ( USDC , 

1 972b ; USDC , 1 973b ) . The stabi l i ty cl asses  are ba sed on Pasqu i l l ' s 

c l as s i fi ca t i on as  defi ned i n  Tabl e B . 2-2 1  (Turner , 1 964 ) .  The mean  

annua l  frequency of i nvers i on cond i ti ons  ( s tab i l i ty c l asses  E ,  F ,  and  G )  

i s  34 percent at  Hobby F i e l d ,  but i s  o n ly  2 2  percent at  Ga l ves ton . The 

s easona l  i nvers ion  frequency at Hobby F i el d i s  approxi matel y 26 percent 

in  w i n ter , 2 3  percent i n  spri ng , 46 percent  in  s ummer , and 43 percent i n  

the fal l .  

TABLE B . 2-2 1  Annual  Stabi l i ty Cl ass  Percent Frequency D i s tr i buti ons 

Gal veston Hobby F i e l d 
Pasqu i l l  ( 1 958- 1 962 ) ( 1 964- 1 968 ) 

Sta bi l i t� C l a s s  Defi n i t i on (�ercent }  ( �ercentl 

A Extremel y  Unstabl e 3 . 3  0 . 5 
B Unstabl e 5 . 2 4 .  1 

C S l i ght ly  Unstabl e 1 4 . 7 9 . 2 
D Neutra l 57 . 6  51 . 9 

E , F , G  S l i ght ly ,  Moderate l y  
or  Extremel y Sta b l e  22 . 2  34 . 3  

S i nce  the a verage  wi nd  speed for the reg i on i s  moderatel y h i g h  

( g reater than 1 0  mph ; see Sect ion B . 2 . 3 .  1 )  a n d  the atmosphere i s  sta bl e 
on ly  a bout  one-q uarter of the t ime ,  d i s pers i on cond i t ions  are cons i dered 

to be exce l l ent .  

B . 2 . 3 . 3 Ai r Qua l i ty 

A i r  Qua l i ty Leg i s l a t ion  

The  Federa l C l ean A i r Act prov i des for the prevent ion  and  contro l  

of  a i r  pol l ut i on . Several  categori es of a i r  qua l i ty standards  ( i . e . , 
the Nat i ona l Amb i ent  A i r Qua l i ty Standards  ( NAAQS ) ,  the a i r  qua l i ty 
reg u l at i ons of the s tate of Texas , and federa l s i gn i fi cant deteri orati on 
reg u l at i ons ) were rev i ewed to extract a l l of those  appl i cab l e to the 
Seaway reg i o n .  The NAAQS i s s ued by the U . S .  Env i ronmental Protect i on 
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Agency ( EPA ) , i n  Apr i l  1 97 1 , are l i s ted i n  Tabl e B . 2-22 . These i nc l ude 
primary s tandards wh i ch are i ntended to protect publ i c  hea l th ,  and  

s econdary standards that are i ntended to  protect pub l i c  wel fare . In  

a dd i t i o n , Texa s reg ul a ti o n s  s pec i fy s i ng l e source standards  for su l fur 
d i ox i de ( S02 ) ' hydrogen s u l fi de  ( H2S ) , and total s u s pended part i cu l ates 

(TSP ) .  These s tandards are s ummari zed i n  Tabl e B . 2-23 . 

I n  November 1 974 ,  the EPA i s sued  a reg u l ati on  to prevent s i gn i f i cant  

deteri orat i o n  ( PSD )  of a i r  qua l i ty i n  area s wi th a i r  c l eaner than  t he  

s tandards at  t he  t ime of i s suance of the  reg u l a t i on ( EPA , 1 974 ) . The 
C l ean A i r Act Amendments of August  1 97 7  conta i n  s i gn i fi cant  changes i n  

PSD requ i rements . Major changes affec t i ng th i s  proj ect i nc l u de the 
expans i on of PS D des i g nated so urce categor ie s  from 1 9  to 28 , one of 
wh i ch i s  petrol eum s torage and  transfer fac i l i ti es wi th a capac i ty 
exceedi ng 300 , 000 barrel s ,  and  the exten s i on of the reg u l a t i on s  to a l l 
cri ter i a  po l l u tants and  not j us t  S02 and  TSP . However , except for S02 
and  TSP where a l l owabl e i ncremental  i ncreases i n  ba sel i ne concentrati ons 
are spec i fi ed , other cri ter i a  po l l u tants are to be control l ed u s i ng Best 
Ava i l ab l e Control Technol ogy ( BACT ) at presen t .  Therefore , hydrocarbon 
emi s s i ons  from crude o i l  storage tan ks wou l d  probab ly  have to be control l ed 
u s i ng fl oati ng roofs equ i pped wi th doubl e seal s .  

The Cl ean Ai r Act req u i res each state to i nst i tute an  a i r  qua l i ty 

contro l program and to i s sue  a State Impl ementat ion  P l an ( S I P )  defi n i ng 

meas ures to be ta ken by the state to ach i eve the amb i ent  a i r  qua l i ty 

s tandards w i t h i n  the s tate .  

Cu rren tl y ,  Texas reg u l at ion s  req u i re crude o i l  s torage tan ks in  the 
Seaway reg i on i n  excess of 1 0 , 000 barrel s to be equ i pped wi th a fl oati ng  

roof or  a vapor recovery system . Vapor emi s s i on from sh i p  l oadi ng and  
u n l oad i ng act i v i t i es are  not reg u l ated at  th i s  t i me ,  but an  i nteri m  
strategy to a tta i n  the NAAQS for photochem i ca l  oxi dants by control l i ng 
reacti ve hydrocarbon  emi s s i ons  has  recent ly  been proposed by the EPA for 
the Texas S I P  ( EPA , 1 97 6a ) . Th i s  i s  a rev i s i o n  of the prev i ous  Trans
portat ion  Control P l a n  for Texas . Add i ti onal  control s for the  Hou ston/ 
Ga l ves ton area i nter im  p l an i nc l ude crude o i l  s torage control s ( fl oati ng  
roof or  va por recovery system ) and  s h i p  and  barge vapor recovery ( gaso l i ne 
l oad i ng on l y )  ( EPA , 1 976a ) .  
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TABLE B . 2-22  Nat i onal  amb i en t  a i r  q ua l i ty s ta ndards a . 

Averag i ng  Pri mary Secondary 
Pol l utant T ime Standards Standards 

Part i cu l ate Annua l  ( Geo- 75 � g/m3 60 �g/m3 ( b )  

matter metri c mean ) 

260 � g/m3 3 24-hour 1 50 �g/m 

S u l fur Annual  (Ari th- 80 � g/m3 

D i ox i de met i c  mean ) ( 0 . 03 ppm ) 
24-hour 365 � g/m3 

( 0 . 1 4  ppm) 
3-hour 1 300 �g/m3 

( 0 . 5  ppm ) 
Carbon 8-hour 1 0  mg/m3 

Monox i de ( 9  ppm ) 

40 mg/m3 Same as  pri -
l - hour 

( 3 5  ppm )  
mary 

Photochemi cal  l -hour 1 60 �g/m3 
Same as  

oxi dants ( c )  ( 0 . 08 ppm ) primary 

Hydroca rbons  ( d )  3-hour  1 60 � g/m3 Same a s  
( nonmethane ) ( 6  to 9 a .  m .  ) ( 0 . 24 ppm ) pr ima ry 

N i trogen Annual  (P:. ri th- 1 00 � g/m3 Same as  
D i oxi de met i c mean ) ( 0 . 05 ppm ) primary 

( a )  A l l s tandards (other than annua l  s tandards ) a re s pec i fi ed as  not to 
be exceeded more than once per yea r .  

( b )  A g u i de to b e  used i n  assess i ng i mpl ementati on  pl ans  to ach i eve the 
24- hour s tandard . 

( c )  Expressed  a s  ozone by the Federal Reference Method . 
( d )  For use  a s  a gu i de i n  dev i s i ng i mpl ementat ion  p l a n s  to ach i eve oxi dant 

s tandards . 

Source : EPA , 1 97 1  
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TABLE B . 2-23  Texas s i n g l e source s tandards . 

Averag i ng 
Standarda Po l l utant Peri od Speci fi cat ion  

Su l fur D i oxi de 30-mi n ute Harri s ,  Ga l ves ton  Count i es 0 . 28 ppm 
Orange ,  Jefferson Count ies  0 . 32 ppm 
Al l other count ies  0 . 40 ppm 

Hydrogen Su l fi de 30-mi nute Affecti ng  property used 
for res i denti a l , bus i ness 
or  commerc i a l  purposes 0 . 08 ppm 

Affecti ng property used 
for other than the above ; 
e .  g .  , vacant l a nd , range 
l an d ,  i ndustr i a l  property 0 . 1 2  ppm 

Parti cu l ate 5-hour 3 1 00 jJg/m3 
matter 3-hour 200 jJg/m3 l - hour 400 jJg/m 

aNet ground- l evel concentrati ons ( downwi nd  concentrati on m i nus ·  the upw i nd  
concentrati on ) not to  be  exceeded . 
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Another requ i rement  for S I P ' s  to meet the NAAQS i s  new source  

rev i ew.  The mos t  recent rul i ng from EPA regard i n g  new  source rev i ew has 

e stabl i s hed the em i s s i ons  offset system ( EPA , 1 97 6b ) . Under th i s  pro

v i s i o n ,  new sources are req u i red to s how that emi s s i ons  from the new 
source  pl us S I P- req u i red reducti ons from ex i st i ng sources eq ual  a net 
decrease in emi s s i on s .  That i s ,  the new source s hou l d not de l ay pro

gress toward a c h i ev i ng the NAAQS i n  non-atta i nment a i r  qua l i ty contro l 

reg i ons . Th i s  regul at ion , however , app l i es on ly  to permanent onshore 

fac i l i t i es a nd i s  expected to exc l ude new sources w ith  " potenti a l " 
emi s s ions  l es s  tha n 1 00 tons/yea r .  EPA has determ i ned tha t ,  beca use of 

the temporary and i ntermi ttant  nature of em i s s i on s  a s soci ated wi th the 

Bayou C hoctaw SPR  s i te ,  the emi s s i o n  offset po l i cy does not app ly  to 
th i s  part i cu l ar  acti v i ty .  EPA has i nforma l ly  confi rmed that th i s  deter

m i na t i o n  appl i es to other/ s imi l ar SPR s i tes . I n  any event s i nce doubl e
s ea l  fl oat i ng roof s torage tanks  are pl anned for the Seaway SPR program , 

" potent i a l " em i s s i ons  are expected to be l es s  than 1 00 ton s /year . 
DOE has  been advi sed by EPA that the offset po l i cy i s  under rev i ew ,  and  that 
a c l ari f i cat ion  wi l l  be forthcom i ng in the nea r future . DOE wi l l  ta ke any 

necessary act ions  con s i s tent wit h th i s  c l a r i f i cat ion . 

Ex i st i ng Ai r Qua l i ty 

I n  o rder to characteri ze the exi s t i ng  a i r  qua l i ty of the Seaway 

reg i o n , s everal a i r  qua l i ty mon i to r i n g  surveys conducted i n  the v i c i n i ty 
were revi ewed . Two of these surveys , one a t  C l ute , Texa s by the Texas 

Ai r Contro l  Board ( TACB ) ,  and  another , near Jones Creek  by the Southwest  

Researc h  I n s t i tute ( SR I ) were presented i n  Appen d i x  0 of FES  76/ 7 7 - 6 .  

T h e  resu l ts of  these surveys s how that a i r  qua l i ty i n  the reg i on i s  

very good wi th the except ion  of h i g h  non-methane hydrocarbon  and oxi dant  

concentrat i ons . Concentrat i on s  of  carbon monox i de ( CO ) , su l fur d i ox i de 

( S02 ) a nd n i trogen d i ox i de ( N02 ) a re mi n ima l , and , i n  some cases , bel ow 
the mi n imum d etectabl e l i m i ts . Part icu l a te l evel s are l ow ,  characteri s t i c  

of  rura l a rea s s u bj ect  to reasonab ly  cons i stent w i n d s  d u e  to the fl a t  
terra i n  a nd  i nfl uence of t he  Gul f of  Mex i co .  

Co ncentra t i on s  of non-methane hydrocarbons  are very h i g h ; approx i 

matel y  3 0  percent of the t ime measurements  made by SR I  near Jones Creek 
exc eeded the NAAQS of 1 60 �/m3 . At C l u te ,  the TACB  records s how h i g h  
l evel s of  non-methane hydrocarbons . From 74 . 5  to 98 percent of the 
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ho urs sampl ed exceeded 1 60 �/m3 . Hourl y oxi dant  concentra t i ons  meas ured 

at C l u te for t h i s same per i od exceeded the NAAQS ( . 08 ppm ) only a bo ut  

three percent  of t he  t i me .  

A s hort- term mon i tori ng program was a l so cond ucted by the Texas A i r 

Contro l  Board from October 1 5 ,  1 973  to Apr i l  3 ,  1 974 a t  three s i tes i n  

Freeport and  C l u te ,  to determ i ne amb i ent  a i r qua l i ty ( Su s s k i nd and  

o thers , 1 974 ) . Aga i n ,  ana lys i s  of  the data s uggests that the Freeport 

area i s  rel a t i ve ly  unpol l u ted wi th the except ion  of non-methane hydro

carbon  and  ozone l evel s .  Wh i l e  ozone concentrat i on s  exceeded the NAAQS 
onl y 1 5  out  of  201 7 ( 0 . 7 percent )  hours of  mon i tori ng  a t  the three s i tes  

combi ned , non-methane hydrocarbon val ues  were greater than  1 60 �/m3 on  

37 out  of  42  days that  data were obta i ned between 6 a nd 9 a . m .  

The gu i del i ne for non-methane hydrocarbons  ( 1 60 �/m3 , 6- 9 a . m .  

average ) i s  i ntended a s  a n  i nd i rect control  on  the u l t imate forma t i on o f  
p hotochem i ca l  oxi dants . Moreover , meas urements � the TACB have shown 

that ox i dant  l evel s i n  a i r  of rural ori g i n  ( bac kground  concentrat i ons ) 

occas i o na l l y  exceed nati onal amb i en t  a i r  qua l i ty s tandards  ( Wa l l i s and 
o thers , 1 97 5 ) . Add i t i onal  measurements have a l so s hown that non-methane 
hydrocarbon  l evel s i n  excess of the federa l  g u i del i ne may occur in  the  

Gu l f  of Mex i co ,  over 1 00 mi l es from s hore ( R i chardson  a nd others , 1 97 3 ) .  

Reg i onal  d ata from TACB cont i n uo u s  mon i tor i ng  stati ons  d ur i n g  1 974 , 
i nc l ud i ng t he heavy i nd u stri a l i zed area s of Hou ston and  Texas C i ty are 

presented i n  Ta bl e B . 2- 24 . Of these stat ions , on ly  C l u te i s  co n s i dered 
representat i ve of ambi ent  a i r  qua l i ty i n  the Seaway area . 

Res u l ts of  part i cu l a te and S02 meas urements a t  22 per i od i c  samp l i ng 
s tat ions  i n  t he Ho u s ton  metropol i tan  area d u r i n g  1 973  and 1 974 (TACB , 
1 973-74 )  s how that several l ocat i o ns are i n  excess  of  the NAAQS for par
t i cu l a tes whi l e  some were near the NAAQS for S02 ' 

Em i s s i o ns  I nventory 

The proposed and a l ternat i ve s i tes  of  the Seaway Group are l ocated 

i n  Brazori a County and adj acent Fort Bend County wh i c h , together wi th 1 2  
o ther cou nt i e s , const i tute A i r  Qua l i ty Control Reg i on ( AQCR )  21 6 ( Texas 
AQCR 7 ) . Es t i mates of the annua l  rates for pol l u tant  emi ss i o n s  from 
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TABLE  B . 2-24 Reg i onal  s ummary of 1 9 74 a i r q ua l i ty data at 
con t i n uous mon i tori ng  s tati ons in the reg ion ( ppm) . 

Hous ton Houston UAa,e Dri ve ) (Al d i ne ) Texas C i t,t C l ute 
N i trogen D i  oxi  de 
Annua l Mean  0 . 02 0 . 02 Mi s s i ng 0 . 01 

Su l fur D i oxi de 
H i gh 3-hour Avg .  0 . 1 5  0 . 00 0 . 0 1 0 . 0 1 
H i g h  24-hour Avg . 0 . 03 0. 00 0 . 00 0 . 00 
Annual  Mean 0 . 00 0 . 00 0 . 00 0 . 00 

Photo . Oxi dants 
(Meas ured as  Ozone ) 
H i ghes t l -hour Avg . 0 . 2 1 9  
2nd H i ges t l -hour 

0. 204 0 . 27 7  0 . 1 1 6  

Avg . 0 . 205 0. 1 65 0 . 234 0 . 1 1  0 
% h rs . > . 08 ppm 3 . 0  3 . 4  4 . 2  1 . 3 

Non -methane 
H,tdrocarbons 

H i ghes t 6-9 a . m .  
a vg . 7 . 2  2 . 2  2 . 3  2 . 8  

2nd h i ghest 
6-9 a . m . a vg . 3 . 9  2 . 1  2 . 2  3 . 5  

% of 6-9 a . m . 
avg . > . 24 ppm 81 . 8  90 . 9  76 . 9  98 . 1  

Peri od  of 1 / 1 to 4/25  to 6/ 1 4  to 7/ 1 9  to 
Record 1 2/ 3 1  1 2/3 1  1 2/3 1  1 2/3 1  

Source : Texas Ai r Contro l Board , 1 974 . 
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both po i nt and  area sources for each county i n  AQCR 2 1 6 for the year 

1 97 2  are presented i n  Tabl e B . 2-25  ( TACB , 1 972 ) .  Tota l  em i s s i on s  for 
AQCR 2 1 6 i n  1 97 2  were nearly 3 mi l l i on tons , of wh i ch approximately 

4 50 , 000 tons/year ( 1 5  percent ) ori g i nated in  Bra zor i a  Cou nty .  The  

l argest reg i o nal  sources of  po l l utants are petro l eum refi neri es  and 

petrochem i ca l  i nd u stri e s .  Tran sportat ion  sources a nd the combust i on of 

i nd u stri a l  fuel s are a l so important sources .  

B . 2 . 4  Bac kground  Ambi ent  Sound  Level s 

Bac kground  ambi ent  sound l evel s i n  the Seaway Group  reg i on s how 
g reat d i vers i ty .  These bac kground l evel s are d i rect ly  rel ated to the 

l and u se wi th i n the area . Ambi ent  sound s urveys made  under earl i er 
s tud i es a t  s i m i l ar s i tes and pr i nc i pa l  l a nd u ses  i dent i fi ed from topo
graph i c  maps and s i te v i s i t  reports have formed the bas i s  for the 
amb i ent  sound est imati ons  i n  th i s report . 

A w i de d i vers i ty of sound sources have been i dent i fi ed for the 

reg i o n .  I n  the area o f  many of t he sa l t domes , br i n i ng acti v i t i es , o i l  

wel l s ,  and  petrochem i ca l  p l ants  produce sound l evel s typ i ca l  o f  i nd u s
tr i a l area s .  S im i l arl y ,  the popu l at ion  centers o f  t he reg i on exh i b i t  

sound l eve l s  typ i ca l  for sma l l urban  centers . Outs i de of these area s , 

i n  reg ions  where the o i l and br i ne p i pe l i nes wi l l  eventua l l y  pas s , so und 
l evel s are typ i ca l  of sec l uded , undevel oped , moderately wooded areas . 
So u nd l evel s ,  i n  these area s ,  a re domi .lated by wi nd  i n  trees and marsh

l and vegetat ion  and  i n sect , b i r d ,  and wi l d l i fe acti v i ty .  

Fi gure B . 2- 27 ( EPA , 1 97 4 )  presents examp l es of sound l evel s for 
var i o u s  l ocat i on s  from rura l  to busy urban  area s .  

The Env i ronmenta l Protecti on Agency ( EPA ) ha s i dent i fi ed l eve l s  for 
l im i ts of Ld n  req u i s i te for the protect ion  of pub l i c  hea l th and  we l fare 
w i th  an adequate marg i n  of safety for both acti v i ty i nterference and 
hear i ng l o s s .  * 

Accord i n g  to EPA i nformati on , outdoor amb i en t  sound  l evel s ,  Ldn , 

bel ow 55  dB wi l l  not degrade publ i c  hea l th  and wel fare . 

*The State of Texas has  no no i s e contro l  reg u l a t i on perta i n i ng to 
the con struct ion or opera t i on of  th i s proj ect .  
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TAB LE B . 2-25  1 972 emi s s i on i n ventory - AOCR 2 1 6 .  

Tota l : Total : 
Area Sources Po i nt Sources 

County ( tons/year )  ( ton s/year)  Tota l ( tons/year)  

Aust i n 1 0 , 363 666 1 1  , 029  

Brazor i a  44 , 675  405 , 299  449 , 974  

C hambers 1 9 , 492 29 , 1 24 48 , 61 6 

Col orado 1 4 , 532  1 1  , 604 26 , 1 36 

Ga l veston  59 , 844 430 , 383 490 , 227  

Harri s 628 , 288 1 , 078 , 222  1 , 706 , 51 0  

L i berty 1 9 , 77 2  3 , 357  23 , 1 2 9 

Matagorda 1 4 , 941  22 ,4 1 8 3 7 , 359 

Montgomery 34 , 464 86 , 480 1 20 , 944 

Wal ker 5 , 52 1  

Wharton 1 8 , 638 1 2 , 63 6  31  , 274 

Wa 1 1 er 1 0 , 632  1 1  , 89 1  22 , 523  

Total 875 , 641  2 , 097 , 60 1  2 , 967 , 72 1  

Source : Texas A i r  Control Board , 1 972 . 
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QUAL ITAT I VE 
DESCRIPTIONS 

.... 
+' 
s:: Q) -0 

.... 
III 

C i ty No i se  
( Down town Maj or 
Metropol i s )  

� N O i SY 

�y Urban 

� �urban 

\ /mal l Town & �et  Suburban 

Source : 

DAY-N I GHT 
SOUND LEVELS 

DEC I B ELS 

-90-

-7  -

-4 -

OUTDOOR LOCATI ONS 

Los - 3rd fl oor a partmen t  next 
to freeway 

Los Angeles - 3/4 mi l e  from touch down 
at major a i rport· 

Los An e l es - down town w i th some con
s tructi on act i v i ty 

Harl em - 2nd fl oor apartment 

Boston 

�'atts 

New ort 

- row hou s i ng on maj or avenue 

- 6 mi l es from touch  down at  
maj or a i rport 

- 3 . 5 mi l es from ta keoff at 
sma l l a i rport 

Los Anqel es - o l d  res i den ti a l  area  

F i l l more - smal l town c u l -de-sac 
San D i e 0 - wooded res i denti a l  

Cal i forn i a  - tomato fi e l d o n  farm 

I n formati on on Level s of Envi ronmental N o i s e  Req u i s i te to Protect Pub l i c  
Hea l th an d Wel fare w i th an Adequate Marg i n  of Safety , "  U . S .  E PA ,  
550/9-74-004 , March , 1 974 . 

F I GURE B . 2-27 Examp l es of outdoor day/n i ght  sound  l e vel i n  dB 
measured at vari ous l ocati ons 
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SUMMARY OF  NO ISE  LEVELS I DENT I F I ED AS REQU I S ITE  
TO PROTECT PUBL I C  HEALTH AND WELFARE 

W ITH AN ADEQUATE MARGI N  OF SAFETY 

Effect Level Area 

Hear i n g Loss  Leq ( 24 ) � 7 0  dB  Al l area s 

Ou tdoor acti v i ty Ldn� 55 dB Outdoors in  res i denti a l  
i n terference and  area s and fa rms and other 
annoyance outdoor areas where peopl e 

spend w ide ly  vary i n g  amounts 
of  t i me and other pl aces 
in  wh i ch q u i et i s  a ba s i s  
for use . 

Leq ( 24 ) � 55 dB Outdoor areas where peop l e  
spend l i mi ted amounts of 
t ime ,  s uch  as school yards , 
p l aygrounds , etc . 

I n door act i v i ty Ldn � 45 dB I ndoor res i dent i a l  areas 
i n terference and 
an noyance 

Leq ( 24 ) � 45 dB Other i ndoor areas wi th  
human act i v i t i e s  s uch  as  
schoo l s ,  etc . 

Leq ( 2 4 )  represents the sound energy averaged over a 24- ho ur  period . 

Ldn  represents the Leq wi th a 1 0  dB n i g htt ime wei ght i ng . 

Termi no l ogy used i n  th i s  and s u bsequent sect i on s  on no i se i s  defi ned 

i n  the fo l l ow i n g  g l o ssary of aco u s t i ca l  termi nol ogy .  

ACOUST I CAL TERMI NOLOGY 

The range of sound press ures that can be heard by h umans  i s  very 
l arge . Th i s  range  vari es  from two ten- thousand-mi l l i onths  ( 2 x 1 0- 1 0 ) 

of  a n  a tmosp here for sounds  barely aud i bl e to human s  to two thousandths  
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( 2  x 1 0- 3 ) of  an  a tmosphere for sounds wh i c h  are so l oud  a s  to be pa i n fu l . 

The dec i be l  nota t i on i s  u sed to present sound l evel s over t h i s wide  

p hys i ca l  range .  Essenti a l l y ,  t he d ec i bel u n i t compres s es t h i s range  to 
a wor ka bl e range u s i ng l ogari thms . I t  i s  defi ned a s : 

So u nd pres s ure l evel  ( dB )  - 20 1 091 0  (fo
) 

w hen Po i s  a reference sound pressure requ i red for a 

m i n i mum sensati on  of heari ng . 

Zero dec i bel s i s  a s s i gned to th i s mi n i mum l evel and  1 40 deci bel s to 

sound  wh i c h  i s  pa i nful . Thus  a range of more than one mi l l i on i s  expres sed 

o n  a sca l e  of  zero to 1 40 .  

The  human ear does not  perce i ve sounds  at  l ow frequenc i es i n  the 

s ame manner as t hose  at h i g her freq uenc i e s .  So unds  o f  eq ua l  i ntens i ty 

at  l ow frequ ency do not seem a s  l oud  a s  those at  h i g her frequenc i es . 
The  A-we i g hted network  i s  prov i ded i n  sound ana lys i s  systems to s imu l ate  
t he human ear .  A-we i g hted sound  l evel s are expressed in  un i ts of d BA .  
These l evel s i n  dBA are used  by the eng i neer to eval uate heari ng  damage 

r i s k  ( OSHA )  or commun i ty an noyance impact  and are a l so u sed i n  federa l , 
s ta te , and  l oca l  no i se g u i del i nes and ord i nance s .  

Sound i s  not constant i n  t i me .  Stat i s t i ca l  ana l ys i s  i s  u s e d  to 
d escri be t he temporal d i stri but ion  of sound and  to compu te s i ng l e n umber 

descri ptors for the t i me- vary i ng sound . The fo l l owi ng are common ly  u sed 

s tat i s t i ca l  descri ptors : 

L90 - Th i s  i s  the sound l evel  exceeded 90 percent of the time 
dur i ng the meas urement peri od and i s  often u s ed to 

represent the II res i du a l l l sound  l evel . 

L 50 - T h i s i s  the sound l evel exceeded 50 percent of the t ime 

dur i ng t he meas urement  period  and  i s  u sed  to represent 

t he "med i a n l l sound  l evel . 

L1 0  - Th i s  i s  t he sound l evel exceeded 1 0  percent of the t ime 

d u ri ng the meas urement peri od  and  i s  often u sed to 
represent the " i n trus i ve "  sound l evel . 

Leq - Th i s  i s  the eq u i va l ent  s teady sound  l evel wh i ch prov i de s  

a n  eq ua l  amount  o f  acou s t i c  energy as  t h e  t ime-varyi ng 
sound .  
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Ld - Equ i va l ent sound l evel , Leq , for the dayt ime period 

( 0 700- 2200 ) o n ly .  

Ln - Eq u i va l ent sound l evel , Leq , for t he  n i g htt ime per i od 

( 2 200- 0700 ) o n l y .  

Ld n  - Eq u i va l ent day/n i g ht sound l evel , defi ned as : 

Ld/ 1 0 ( L  + 1 0 ) / 1 0 )  
Ld n  = 1 0  1 09 1 0  ( [ 1 5  x 1 0  + 9 x 1 0  n ] /24 ) 

Note : A 1 0  dB correct ion factor i s  added to the n i ghtt ime 

eq u i va l ent sound l evel when comput i n g  Ldn . 

B . 2 . 5 Spec ies  a nd Ecosystems 

The fi ve sa l t  domes and primary p i pe l i ne routes for the  Seaway 

Group of SPR  s i tes are l ocated i n  the southea stern Coa s ta l  Zone of 
Texa s .  Th i s  zone extends from the i n ner Cont i nental  She l f i n l and  about  
4 5  l i near mi l es .  The coa stal  zone  i n c l ude s a myr iad  of estuar ies  and 

t i da l l y- i nfl uenced streams , r i vers and the i r a s soc i ated wetl ands  ( mars h 

l a nd s ) .  T he  ent i re Texas Coa sta l  Zone i s  a l a rge area of abo ut  2 0 , 000 
square m i l es ,  a nd i nc l udes  approximately 2 , 1 00 square mi l es of bays and 

e s tuar i es , 367 s tatu te mi l es of G u l f coa st l i ne and 1 , 425 mi l es of bay , 

estuary a nd l a goon s horel i ne .  

For the purpose o f  th i s  d i scus s i on and to descri be the reg i ona l 

ba se l i ne eco l og i ca l  character i st i cs and b i o l og i ca l spec i es of the 

project reg i on , th i s  reg i o n  has been defi ned as  that area wi th i n  the 
coasta l  zone of Texas wi th i n the confi nes of  Brazor i a  and Fort Bend 

Co unt i e s .  The reg ion  i s  bounded on the south  by the Gu l f  of r�exico a nd 

extends to the north to the v i c i n i ty of Damon Mound sa l t dome , a d i s 

tance of  a bo ut  35  l i near mi l es ( F i gure B . 2- 28 ) . The DOE o i l d i s tri bu

t i on p i pe l i ne from Bryan Mound to Damon Mou nd i s  about 45  s tatute mi l es 
l ong . 
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KEY 

1 .  SAL I NE 
2 .  FRESH WATER 
3 .  B EACHES SHELL RAMP BARR I E R  FLATS 
4.  SALT MARSH 
5 .  B EACHES TO FRESH WATER  MARSH 
6 .  COASTAL PRAI R I ES 
7 .  MANMADE LAND 
8 .  FLUV IAL AND OAK WOODLAND 

SOURCE : Bureau of Economi c Geo l ogy , 
U n i vers i ty of Texas at  Au st i n ,  1 976 . 

/ 
I 

\ �I, 
I I I \ 

, )// , ;/ 
V 
Brazori a Nati onal  

!� i 1 dl  i fe Refuge 

GULF  OF  MEX I CO 

STATUTE !I l L E S  
� 0 
I i i  i ! ! ! ! ! i ! 

10 
I 

. --------------------------------

FI GURE B . 2 - 28 Ecosystems of the Seaway group  o i l d i s tri but i on systems . 
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The Texas s hore l i ne has  many i nterconnect i ng  natura l  waterways , 

restr i c ted  bays , l a goons and  estuari es . Th i s  reg i on i s  a l s o charac

ter i zed by l ow to  moderate fres h water i nfl ow ,  l ong  and  narrow ba rri er  

i s l ands and  a l ow t i d a l  range . I n terspersed among  the natura l  env i ron 
men t  a re bays i de a n d  i n trabay o i l f i e l d s , bays i de refi neri es , petro
c hemi ca l  p l ants , d redged i n tracoas tal  cana l s a nd  channe l s and  many other 
u rban or  i nd u str i a l  fac i l i ti es .  The re l at i ve l y  fl at  re l i ef of the 
o n s ho re a rea cont i nu es i n to the coasta l  waters . 

The project reg i o n  i s  pa rt of the Gu l f Coasta l  P l a i n  Phys i ograph i c  
Prov i nce  a nd i s  a n  area o f  l a rge and deep a l l uv i a l  depos i ts .  These  
depos i ts and the  l ow rel i ef of the  coastal  p l a i n s  have  p l ayed a s i g

n i f i cant  ro l e  i n  shap i ng the ecol og i ca l  commu n i t i es wh i ch i nhab i t  the 
reg i on . 

The s u btro p i ca l  cl i mate of the Texas Coasta l  Zone s tron g l y  i n 

fl u ences the rel at i ve abu ndance and d i stri but ion  of  many of the ter

restr i a l  p l ants  and a n i ma l s i n  the reg i on . Effect i ve prec i p i ta t i on 
contro l s the type and  dens i ty of coasta l vegetat ion . Average annua l  

ra i nfa l l i n  the  reg i on i s  about  45 i nches . Reg iona l  temperatures ra nge 

from an  average wi nter m i n i mum of about 450F ,  to an  a verage s ummer 
maximum of about  900F .  

There are few reg i ons  i n  the Un i ted States wh i ch prov i de a s  r i ch 
and  d i verse a compos i t i on of b i rds , mamma l s ,  amph i b i ans , rept i l es and  

a q uat i c l i fe a s  the Coas ta l  Prov i nce of Texas . 

The n umerous  mar i ne , estuar i ne , and fres hwater marshes i n  the 

proj ect l oca l e prov i de hab i ta t ,  food , and cover for a l arge vari ety of 
v a l u abl e res i dent  and m i g ratory bi o l og i ca l  resources . 

One of the important  b i o l og i ca l  resource areas i n  the reg i on i s  the 
Sa n Bernard Nat i onal  W i l d l i fe Refuge  wh i ch i s  l ocated a bout  1 5  m i l es 
west of Bryan Mound  and about 5 mi l es south of the Al l en dome ( F i gu re 

B . 2 -28 ) . 

The fol l owi ng  sect i o n s  descri be the ecosystems and  assoc i ated b i o

l og i ca l  spec i es fou nd i n  the project reg i on . P l ants and  an ima l s d i s 
c u s sed for the var io u s  ecosystems are cons i dered to be the typ i ca l  
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res i dents of eac h  system . Commerci a l l y  and  recreati ona l l y  val u abl e 
speci es , and  threatened and  endangered spec i es are d i scus sed i n  s eparate 

s ecti on s .  S i te spec i fi c  character i s t i c s  of each of the candi date 

s torage s i tes  i n  the Seaway Group  are d i scus sed i n  Sect ion  B . 3 . A 

s ummary of the important fl ora and fau na  typ i ca l  of the project reg i on 

i s  presented i n  Tabl e B . 2 -26 . B i rd , amp h i b i an and repti l e ,  and  mamma l 

spec i e s  l i ke l y  to occur i n  the study area are l i s ted i n  Tabl es B . 2-27 , 

B . 2-28 , and B . 2- 2 9 ,  respecti vel y .  

B . 2 . 5 . 1  Ecosystems 

The ma i n  ecol og i ca l  components ( based  pri nc i pal l y  on  fl oral assem
bl ages ) of the Texas Coasta l  Zone  are : the beach  and l ocal  i s l and dune  
areas ; Gu l f  Coa st  pra i r i es and mars h l ands ; c l eared l ands ; fl uv i a l  and  
oak  wood l a nd s ; and coa stal and i n l and waters . These  ecosystems genera l l y  
trend i n  s ucces s i ve north-south  ba nds wh i c h paral l e l  the l ocal  fl uv i a l  
envi ronment .  These systems correspond to  t he  major b i o l og i ca l  assem
bl ages as descri bed i n  McGowen and others , 1 976 , " E nvi ronmental Geo
l og i c  Atl as  of the Texas Coasta l  Zone - Bay C i ty-Freeport Area " .  

Beach and Local  I s l and  Dunes 

Adjacent to the s horel i ne of the Gul f of Mex i co ,  the beach  and  
i s l and  dune  area s cons i s t mostl y of bare sand  and  s hel l , some of wh i c h  
i s  stabi l i zed by vegetati on . Max imum el evati ons  i n  th i s area reach 1 8  

feet . The typ i ca l  b io l og i ca l  assembl age associ ated w i t h  th i s  component 

con s i sts  of sa l t-tol erant pl a nts such as  mars hhay cordgras s ,  morn i ng 

g l ory ,  sea purs l ane , sea oats , and sea coast bl uestem , sa l t cedar , 

" rare "  mesq u i te ,  g host  crabs , smal l rodents , s n a kes , and  several s pec i es 

of  bi rds and water fowl . 

Gu l f  Coast Pra i r i es and Mars h l ands 

Th i s eco system , coveri ng  approximate l y  500 , 000 acres , i s  l ocated 
i n l and  of t he i s l and dunes  and  i s  made up  of two major s u bd i v i s i on s : 
t he coastal  pra i r i e  ( B l uestem-Sacahu i s ta Pra i ri e ) ; and t he coas ta l 
mars h l ands ( Southern Cordgras s  Pra i r i e )  ( Gou l d ,  1 962 ; Kuch l er , 1 964 ) .  
Both  of these s u b-di v i s i ons  are l ocated wi t h i n  the Texas B i ot i c Prov i nce 
as  descri bed by B ' a i r  ( 1 950 ) .  
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TABL E  B . 2-26  Maj or  ecosys tems and  typ i ca l  orqan i sms i n  the  reqi on of  
the Se away Group o f  S PR s i tes . 
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TABLE B .2-2 7  B i  rd s pec i es 1 i ke l y  to occu r  i n  the s tudy regi on . 

Conrnon !lame (��.LU£ !I-�) 
Harned grebe (��..u1. �.!!.�) 
Pied-b i l l ed grebe ( Podi 1Jrnb� podl ceps ) 
lII1 ite pel i can (!:. �rythrorhynchos ) 
Brown pel ican (�a� occidental i s )  
Double-crested conllorant (£.!:.!.l acrocorax �) 
01 h.c�ons cormorant (f. o l i vaceus )  
Anhinga (�nhi!'9� !��) 
'reat blue heron CArdea herod i a s )  
Green heron (Butorid('s v i  rescens) 
little blue heron ( F lorida_ ��) 
Cattle egret (�ul!!.lC..u1. .i�) 
leddi sh egret (Oi c_hromana ss� rufescen s )  
Great egret (Ca smero� albus )  
Snowy egret (1eucop_�x_ thu 1 a ) 
Lou i s iana  heron Oil'.���_� tr ico lor }  
Black-crowned n ight heron {�_� i cor.e� nyctic.Qr.!!} 
Tel 1ofi-cro',w('d n i ght  heron Uiyctanas2.! vio l acea } 
least bi llern ( l xobrychus. ex ; l i s )  
American bi ttern ( Ba tau r-us l�t igi ncs�) 
Wood i b i s  (t1ycter iJ_ 1H'(>,=--;�J 
White-faced i b i s (�a� "-hi.".!J 
White i b i s  Uudoc im� ��) 
Roseate spoont>i 1 1  (�j-,.� ��) 
C.nada goose (�!�_n_t_a_ f�_�a_�e!l.?�) 
White-fronted goo,e (ArcS.c!. ���) 
!.now goose (�� �tP.(·!'�.�) 
Fulvous tree duck (Q.����£.�y�.!. tJico l0 lJ 
.... l l .rd (�'-� pl'-tJ'-,':>1rcho�) 
Blad duck (�_ . .':"E-r:..'.£c�) 
Hatt l ed duck (�. fu l v i g�!.!) 
Gadwa l l  (� .  ��J'e!"-". l 
Peregrine fa lcon ( fiiJ_c_�_ p'er('grinu�) 
Pigeon hn/k (£...,_l_cE.. col ul:·.b�!2.� .. �J 
Sparrow hawk ( f .  ��!Y..!!:_�) 
Greater pra i r i e  c h i d,en ( !E'ranuch�� cupi do ) 
Bobwhite  (Col i!l�� .. ��Li�,--�sJ 

Wi ld  turkey (��.l�,,-gr-.0. g�l_opa�) 
Sandh i l l  crane CG.!_U2_ �nade�) 
King r. i l  ( Ra l l u s. £.l£�) 
Clapper ra i l  (Ral l u�. l2.n.!l.i ro5_tr i s )  
V i rgi n i a  ra i l (R.. !.i�ico].') 
Sora (Porz� c arol i n a )  
Yel low r a  i l  (Coturn_i_c.Q� !,..S'��Jracens i � )  
81ac� r a i l  {�atera l l u� �� } 
Purple  gal l i nu le  (!'E.!:r.h� ':'.a--,ti n.!s�) 
Comon ga l l inu l e  (G�!1.� c'loro�) 
American coot (Fu l  iea _a":"��I:l.�_-!�) 
SeAlipalnlclted pl over (f���2.0� ���almatu2..) 
Snowy plo'Wer (£..��_��!.!.�� �l� .. '��i!"i nus) 
Wi' son ' s  pl over (� .  "':! .. ��2nj�) 
Ki l ldeer (�. voc i f�) 
",",rican golden plover (�l.!!.vJ.!.)� 2!>mi nic..!) 

x 
X 

X 
X 

X 
X 

C""'"'1!'. Name C�ci en tlik !!i'�.l 
Pinta i l  (�. !O.ut.a) 
Green-winged teal {�. f�....cQl1...�� .. � ... �.LSJ 
Blue-winged teal (�. �s.f.0.':i) 

Cinnamon tea l (�. ��) 
American wi dgcon (!'1�rpca ... amer icana )  
Shovel er (.s1'-'.lU_�� ��) 
Wood dud (� �J'..onsa) 
Redhead (�l�.� ���C'_r:-i can�) 
Ring-necked duck (�. � !,'ri s ) 
Canvasbl1ck (�. :,�U s i ner..laJ 
lesser scarp ( � .  ��f.i.."lsJ 

Common goldeneye· ( �_u_"-"P�� £!..a.."�.!.!) 
Bufflehead (�.' ��9.!�) 
Ruddy duck (Q.'.Y.ur.� .iama_i.£!'-,,-Si�.l 
Hooded mergans£!r 'b..Qp�t�� S�_C_� .. !J .dJ:.�! .. �J 
Turkey vul ture 'f� .. a.!l� �_�J 

Black yu l tur'e '�o .. r_�.912� �t�iI�J 
WhHe-tcl i l ed k i t e  (I]j-,:!.!� ��l!_r�sJ 
�\i s s i s s i pp i  k i t e  (jil..0la ... �s i ss i p�_��) 
Sharp-shinned hawk (�cjpJ.l..e...!: ��!�t�� )  
Cooper 's  hawr. ( � .  '-'!'!Peri i) 
Red-ta i l ed hawk ( But�� j.��c�,"-,.!�) 
Red-shouldered h·!·"k (§. .  �ea tu .. �J 
Broad·wingcd ha ....... (f_ · r�""Y.p..l�_�s ) 
Swai nson ' s  hawk (S . . ��aJ..��� .. U 
Whi te·ta i  l ed r.a'fi�- ( E .  £...1��C��j_�_a_t....l!....� ) 
Southern b il l d  f..l <39 1 e  (!!�.!..��eJ.-... t�_ l .. .!f·...r�� .. �.��p..r:.�.l�_e,..J 
Marsn haw� (f_�L(� .. s �'y��,�u_�) 
Osprey {f..�_,--q.�_ !:Cl} .. i�_E'.���) 
Caracara (£!.�·�a ... r ... i! 5..!lcr i�1 )  
Lesser yel l owlegs cr .. !1�vil'P5 ) 
Pectoral sandpi prr ( f� .. lJ..a ��E'_Ld_l1�t_()s )  
White-rurllped sandp i per CE .. . !�� .. !...l .. i sJ 
least sandpi pcr {� ... �_i..."�_t_�} 
Du n ! i n  (.I:. . !.!p.i!'.:'.) 
Long-bi l l ed dO\>!l teller (h. � .. �_12P�( .. c_�� ) 
Sti l t  sandp l Der  (:.li�.E .. 0E-<D.!� .� ... a!�t.i�l'<; ) 
Semipalmated sandpiper (lr�tE's...�c.? p_l!.s_i_��S) 
WE-stern sandpiper (I ·  �'.���) 
Buff�brcasted sa r,d p i p�r ( I1n9jl� ... � ?u�T.Y..f.i ��L1. �.s ) 
.... rbled god,.it  ( l.i:':.o.,." . fe<!'uJ 
American avocet (�!,.9lT:�:..! .. �9��r'� �fd��lf'J 
B1ack�n(!cked st i l t ( ���·�d_�!OJ:...u_s_ �I�!:��c..a.f":u� ) 
Wil  son ' s pha 1 0(0.'(' (?..t.e..9 .. d..!'2P.� .. S. �!Jr..oJ_u.'"" ) 
Herring gun (b ... r1_� J.?_ �.�9��_t.a_�.u.s) 
Ring-bi l led gu l l  ( t . <l.e l a"ar.cn�i s) 
laughing g u l l  (�.' !' t ':�.'..!1.1.a ) 
Frankl i n ' s  gul l ( � .  riJ)_i_x_(" a!�) 
Gul l -b i l lrd tern { 0t' .. 1.o5 .. hC"'_! i.do .. ll. �.Ll o_�_i r �lJ 
Fore!ttrr ' s  tC'rn { } t C'...!.·.n ... , f().r�s_�C! rjJ 
Co:mlOn tC'rn (�. �_i .. t-.\�I.:u.oJ 
Least trrn (�. �_�.h)Lr5� ) 
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TAB LE B . 2-27 con ti n ued . 

f..�.!!. N.... (Sc fen t i.!1£ �.me ) 

Black-be l l ied pl ovtr (�'l!!�taroh S9u.t.�) 
Ruddy turnstone (Artn�-"J.! �t.e!E! .. tl) 
_rlc.n woodcock (!'!'_i..lo.!>��_ �) 
COIII""n snipe (f.ap.e.fu g�_!.U!> .• .22.) 
Long-b i l led curlew (�Ieni� Itncri canus ) 
Upland plover ( Bartra,"� 10ngiCdud.) 
�tted sandpiper (�t i t i s  '!!'cu l a r i . )  
Sol i t.ry sandp i per (�� sol i t a r i a )  
IIt l 1et (Ca tOP.!!.0l'!!.Q.rJ!l �_�aJ�t-'!.l) 
Greater ye l l owlt�s (TotJn� lTIe l il n�) 
Whi te-wi nged dove ( Zena ida !s fa t i ca )  
Mourn i ng dove ( Zena i d� �) 
Inc. dove (ka rdaf.!'.!�. i,,-c.!) 
Yel l ow-bi l l ed cUCKoo ( Coccyzus !merica�) 
Black-bi l l ed cuc koo (f. erythrorQl' lmu s )  
Roadrunner (�.2COCC'lx CI1 1 i forn idnu s)  
Ba rn owl (Ii!"!>_ !.ll!.a) 

Grut hornrd owl (�OJ!>2. v i rg i n i� nu s )  
Burrowing owl ( SPE-otyto cuniculari a )  
Barred owl (Strix  �.r.!.!.) 
Short-eared owl (As io !larneu.l) 
Chuck-wi l l i s widow (�aprim��.!. �e!!�.!!J 
Coamon n i ghthawk ( Chord!'L!.!'.l "'.i�.2.':) 

Chi",ney ,wift (Chaetura l!.e.1!1.�) 
Ruby-throated hummingbird (�!�hU'_ colubris) 
Bel ttd U ng f i sher ( f�(:s.se�.l'.l •. !!Iy£..�) 
Cormon fl  icker  (f£.LdP_��!_ �U��l.�.!) 

Pi leated woodpecker' (P!.YE�P�!. .2.!.li.J�) 
Red-bf> l l ied wood��d:"r (�. f�rol�) 
Red-he.ded woodpec�er (�eJ.!!.�!'�. !.2l:'2!�ha l u , )  
Ypl low-bc I I  i e d  sapsu(.ker C�Eh"'iI?i cy1. .Yl..!:.�1.) 
Ha iry woodpecker {f!{-ndr2_C.?P9.l !.i�J:!.�J 
Downy >loodpecker (Q.  p",.�-,,!.n2) 
Easte-rn r. i n9�i rd ( T/rann�. !l.!:.d_nnus ) 
lIestern k i n g b i rd (I. ��!.c.�) 
Scissor�ta i led flyca tcher (Clusc i \/0 fa forfl.ql.!) 
Gr,.t-crestf'd flycatcher (�'1.iE..£h2!. c r i n i t�) 
Eastern phoebe (�H-".!.".!.l r.h".\'�e) 
Ea'tern bl uebird (�i.!.Li�_ �.i_ • .!.�� ' i a l i s )  
Bl u�-gray gnatcatcher (fp2.!.oPliJ.!. ."er'Jl e�) 
Ruby-crowned k i ng l e t  (�. S.!.!..o!'.'!.u�) 
Water p i p i t  (�'!.u_� �r��_U�) 
Sprogue' s p ip i t  (�. �'p!-'-9"�i) 
LogyerhNd s h r i k� (�a��,.s_ �d..Q.v i c i�sJ 
Sta rl ing (�turnu� y.u19d'�i � )  
Whi te-eyed vi reo <,�..!..r_£.o. 9r!2!J!.�) 
Ytl lo>l- throated vi roo (y .  il.'.Y.i..f!.0..!!l) 
So l ita ry v i reo (y. �ol.i_tarJ_u, )  
Red-.yed vireo (y . .oJ..i_v�.c.-,,� ) 
Ph i l adelph i ,  v i roo (y. p�,�d'�'!£0s.Y-,) 
W.rbl ing vi reo (� . �JlY.u.'J 
Bhck�and-wh i te w� rbler (�i9.t...!..lJ.! !�_i}J 

Prothonotary wa rbler ( !��_0JO!���!J�" �.i_t!�!) 
WorUl-f'at f ng w� rblrr ( H<'l��hero.!. !£!'2'.!2!��) 

! ! f. � !. 

X 
X 
X 

X 
X 

X 
X 

C""""", �� (ki.£.Mli.!1£ !�!.) 
Royal tern (Th'l'_s-,_�� ,!:a_".i�.!) 
Caspian tern (!!.'!.dr:op!.o.!Ln� f.!.'U'J�) 
Blick terr. (f.."-U.d'pn�_ �e.!:) 
Black skinmer (�lr",!>2.El n igra ) 
Rock dove (Col u"'h� .u.�.i�) 
Acadian flycatcher (f· !'.i.r:£1£!!l.l) 
least  flycatcher (f. �imu�) 
Eastern wood pewee (f�t-"j>!'2 �.I-,,�,,!) 
OHve-,ided flycatcher (�!!..l�L,!!n i �  l!.o_�eali.l) 
Vennil Ion flycatcher (�l!:.oS�h.al!!.� ..:.u.!>inu s )  
Horned l ark (Ere'�01'!0'!'! !!pes t r i s )  
Tree swa l l ow {J!it!�:.rOCIl� £i..c_o_12E} 
Bank swa l l  ow (!l.U>-,.r:1.!. !:.!E�!.j�) 
Rough-winged .. :. l 1 ow (�yl�p�.� ,uffi£o l 1 i s )  
Barn swa 1 1 0w {!����nSlo_ !:.l!"�.!J.f!} 
Purple martin  tPy-.E.9'!!� ��Jb fs )  
B lue jay  (f1.._�'Cc.i..! t ... ���) 
COImlOn crow (££'''U$ .tr2.c_h�ns.t>E.!) 
Caro l ina ch i c kadt'e (�� cdrol i...!!.�s�) 
Tufted t Hmouse (E· �i£�.!:) 
White -breasted nut hatch ( S i tta  �.�l.!) 
Red-breasted nuthatcn (�. sanaden s i s )  
Brown creeper (f!.Jj.b..i..�. f_a.:�i l i a d s )  
�ouse wren (I.!:£:Ll_o_dYJ� aedo�) 
Carol i na wren (.D.!.!'Y.�.!'!.Q.Q!5 .. ��is..�a_n_u� ) 
long-b i l l ed ma rsh ":t"t,n (J!'J"��J..o_d.JJ�_� � }_�stri s) 
Short - bf l l ed r.'d)"sh 'r,'"en (£"1.2.��J�o_�.�_!: p}�"!.t.�ns i�.J 
"'lOck 1 ngbi rd (��Ln.ll!..� p.�lY.2.!..o.t..��) 
GrfllY catbird (Q:-!,�.�('_I.J.! �_i!..C.o l 1nen sl.�) 
Brown thrasher C!,SI..>±�tp�}_ !J fulIl) 
Robin (TurduJ_ �;�!�lqC52:!�) 
Wood thrush (�J_o_cJc!��_rl. :�u2.�e..!.��) 
Htrrni t thrush (IL g.u.���t .. ) 
Swa insons thrush (.t!.. !:s!�!..1.�.��) 
Gray-checked thrush (t!.. �t!::!) 
Veery (!i.Y"!�.0s",!.1}. fy"�ces£�_n2.) 
Ovenbi rd ( Sc i u!._l!.� �.ur.o.s:..�.pJ].lU2) 
Northern wa ter ' thrush (� . !!.o...:g�b"�"�Cf'.n_<;_!1.) 
Lou i s i ana watortl,rush (�. �.? �.Ll . )  
Kentucky warbler (9p.t?_r"o.r.�s" ro..�"".12_s��) 

Yel 1 owthroat C�.t..�JJP_i�_ !!ic�) 
Yel l Ow-breasted cha t (Lc.l(:� :d!_���) 
Hooded warbler (�J..�22�_i.�" �..i.t ri n_�) 
Wi l son ' s  warbler (�!. p:!.� .. U"!"�) 
Canada warbler (!'." .c���lt��I('_n2..0) 
American r('dHitrt ( S�t.op}l}\.9a !�I�t.i..f.'LU�) 
House sparrow (f.d_S S�r: (�t?!:'.e"5.tJ..r:.II.s ) 
[astern meadowl a r k  (S_t.1I!_�r:1..1-,!. �.\�"r�) 
Red-winged b l i\cHli r,1 ( �':Je l+J.i ll�� p.�o.er�i.C£.t� ) 
Orchclrd oriol e ( J"S.t.�· I".':I"S. �.£l�I")��U_sJ 
Northern oriole 0. · �'..!_I>..vl". J  

arew�rs blacHli r·d o .  �'y}!.l"t?(.f>I�h(1J.u s )  
COI'Tm()Il gra c � l e  (�il j.s..( � l.�". q\l.i .... (�J l .. u ... ) 
Brown -headed cowbi r-J <:!...a!tJJ'!i.�.u_s �!,.n�'�� )  
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TABLE" B . 2-27  conti n ued . 

� Name ( S c i e n t H.!.£. Name ) 

Golden-winged warbler (�e� �22pte,.a) 
Blue-winged warbler (Y.' P2.n�) 
Tennessee warbl ... (Y.' p .... yrina ) 
Orange-crown.d w.rb l e r  (�, ce l a t a )  
Nashv i l l e  warbl.r (�, rufi c'pi l l a )  
Northern paru l a.  (Paruh �) 
Yel l ow w.rbler (p.s-n(iroic� £!.techl a )  
Hagno l l a  warbl.r (Q, m.gnol i . ) 
Yel l ow-rumped w.rbl.r (Q, �) 
Ceru l ean w.rbler (P.' s.eru l.!!) . 

'.l low-thro.ted w.rbl.r (Q, dom i n i ,� )  
Chestnu t - s i d.d warbl.r (Q, pensyl v.ni ca ) 
Bay-breast.d w.rbler (Q, �) 
Dickc i s sel (�5!_�_ �Il�!i can)  
.....,ric.n gol d f i nch  (�jl�'!.'. tristusJ 
Savannah sparrow CE��_�('�£.u� sandwi chens i s )  
Grasshopper spa rrow (AI�l�� ���) 
le Contes !.parr(Jw (f.a2�Ih�£u� f�rI�l!.�) 
Sharp.ta i l cd sparrow ( Arrrnospi.!.! s.!-udacuta ) 
Seaside sparrow (�. ma r i tir.'la ) 

� ! 

Note: Hab i ta t  types in whi ch  i nd i v i dual  spec i e s  are found� 

£ Q 1 

X 
X 
X 

Conmo.!'. Name. (�£_i-,,�!.ill.£ ,!.�,,-) 
Scarlet  tanager C�..!..�� Q..1J�) 
SunnIer tanager (£.. ruhr:�) 
Card i n a l  (��:�.n�1�� �.!:..�j�l�2.) 
Rose .. breasted grosbeak (!:b_����.u_s. !�jov i c i Mu1.) 
Blue g rosb£!.ak. (§.�.!!aca_ ��.e...c� �_aJ 
Indi go bun t i ng (�_a�_�!i!!! S,La!l"£�) 
f a i n ted bun t i n g  (�,  E.!..r.Ls) 
Vesper sparrow (f?_o_�cete� 9.�.!'�!�.�.�) 
lark sparrow ( �.�.2!l...d��_e� .9..'����� ) 
Bachma n ' s  sp� rrow (/l.llf'EP_hl.l! !!.s_��2.) 

Dark-ey.d junco (J!,!,c:y bJ.E��.U2) 
Chi pping sparrow (?p.i.L£ll_a. p�e ri�.l 
Field spa rrow (�. l'.u2i.!.1.'.l 
Harr i s '  sparro'd (�r).Q.�.!·ic.�.5.? �u_l�) 
Whit.-crown.d sp,r ro>; ( I. ,  !.£!,-'-'<J'.hrys) 

White�throated srarrm'i (J.. �_1_�!s_2.l.�) 

L i ncol n s sparrow (��elo�ll� .!J.!!.c�Ji) 
Swamp sparrow (tl . . 9�.9"!:32�E\�) 
Song sparrow (t!, �.�) 

• Rare o..!:.�.!!..���� A GUl'fpra 1 r i c  B Gu l f  �,. rsh  
E Other (Aqua t i c  ha bi ta ts , woodpd s t ream coursp.s . 

roa d s i des . urban area s ,  mount� i n s .  a g r i c u l t u r a l  area s )  C Fluvi . l  Woodl .ods 
o Post OaK (;,:HI3nr.Jh General range niaps . prefer red habi �ats and k.no\·m records 

were used to determ i n e  s pec i es d i s t r i bu t i o n .  

B . 2 -98 



TABLE B . 2-28 Amph i b i ans and rept i l es l i ke ly  to occur in the s tudy area . 

'.-on Name (��,,-tJlli �am.) 

·AlDerlc.n a l l iga tor (!-.!.J..i.5.'.l2! �1ill'2.!P..!£.nili) 
Al l lg. tor ,n.pp ing turtle (�,.£!:.oc l emy, !enlili ncki ) 

Stinkpot <'�!!!!'2..thae� !�) 
.. zor-backed mu'�" turt Ie <'�.' ca ri na t.'!l) 

Mhslsslppl mud turt le (!i� � 

Mppocrepil) 

Gulf Cout box turtle (�rrapene � 

.. Jor) 

OrIIIte box turtle (.!.. � ornata ) 

Teus dl lmondback terrapin  (Ma laclpmy, terrapin 

II ttora l l ,  ) 

Missi ssippi map turtle (Graptemy, �) 
Teus IIIP turtle (�. �l 

lied-fired turtl e (P,"ude!!lY' "ripta olegans ) 

Teus sl ider (�. � to .. na )  

IIfnourl sl ider (�. � !'2..ti) 

llestern chl ckon tu rtl e (De i roche ly, ret i cu lari a 

!!lli!.) 
Sooooth soft, hel l  (Trionyx �) 

Tuas soft,hell (.!.. 'pln i fer emoryi ) 
6rH" anol e (�o� carol i nens i s  carol i nens i s )  

Col lard lizard ( Crotaphytu , c .  �) 
-.ortJIern feflC� 1 i 4.0r� (Scel oporus � 

!!yacl nthl nu, ) 

Te.ls horned l izard ( Phrynoso"'!! �) 
Six-lined racerunner (Cnemi dOFhOrus sexl 1 neatus ) 

Spotted whlpta i 1  (I. sac ki gu lari ' )  

'round sk i nk ( lygo,oma �) 

fhe-l ined 'kink (� �) 
'road-headed 'kink  (.s.. l a t ; , e2' )  

lies tern sl ender g1a" l i zard (Ophi sa ur'!1 !. 

Ittenuatu, ) 

Louisiana m � l k  silair.e {!.:.. dol iata �;au raJ 
Pr.lrle king snake (h. ca l l i a3S ter £!l l igosterl 

Texu cora l snake (t'!icrurus f l uv i us �) 
Southern copperhead (Aqk i s t rodon contortrix  

controtri x )  

Westlrn cottonmouth (�. pi sci vorus leucostoma ) 

Western rnas so-.;auga (� £!!£.n� 
tergemi nus ) 

CAnebrake rat tl esnake ( Crota l u-.; horri� 

!!!ifi'ud�tus ) 
Western d i amondback rattlesnake (£.. a trox ) 
Western lesser s i re n  (� i n tenued ia 

oettlngi ) 

SNl l-lI1Outhed .. lamander ("�b)"'toma ��) 
E.s tern tiger .. lamander (.e,.. 1· t iqri num) 
Central Newt ( D i emictylus v i r i denscenl 

l�!!.W��) 
Hurter's spade foot (Scaph i o['lu s �) 
-Houston toad (�fo. �ous tonens i s ) 

Woodhouse ' ,  toad (�., !'.. !'.oodnO"J Se ; ) 

Foo.;ler's toa" (�. �. fowleri ) 

[1St texas toad (�. !'.. �) 
Gul f  coa,t toad (�. va l l i cep' ) 

Blanchard " �  cricket frog (Aer t s  crepi tan, 

bhnchard j ) 
"ort�rn snr1",:, �",npr (�1.!.. �!!"� �j"!!..!) 
Green tree forg (!l.. � �) 

x 
X 

X X 

X 

1 

X 

X 

X 

X 

X 

X 

1 

Coo"",n r:� (�.0!!!t.l..fJ£ �!�) 
Grecn water ,nake (!i'.l'"� Ei'.s..!..n� 

Ei'.iliPJ�) 
Ola"",nd-backed wa ter snake (!i. rhomhi ft'ra 

rh","bl fera ) 

Yellow-bel l ied water ,naKe (!i. !'.!)'.!}1r09a, ter 
flavlga s te r ) 

Broad-banded wa ter 'flake (!i. ' ipedo,� �) 

Gul f salt  marsh snake (!i. �. s..1.!!:.U) 
Graham" water ,na ke (!i. �hanli ) 

Tex" brown 'nake " (�� dek"Y2- te.ana ) 

Els tern garter sna ke ( Thamnopt t i s s i rta l i s  

!!!!.alli) 
Western rlbhon ,nake (1.. � pr_ox i nlu, ) 

Rough earth ,na�.e (Haldea_ ' t ri a tu.l!) 

Western earth sna ke (!l.. va leriae ��.i) 

Eastern hogno,. snake (Heterodon £.!!.tyrn i no, ) 
Du,ty hog no," 'na� .• (t!.. nas i eu,_ �_'?i'd i )  

MissisSippi rl gne,k , na ke (Dia�orh�i ' 
�c ta tu.i 'ti c19!l.�'J 

Western mud snake ( Farac i a  abacur.!. reinward t i )  

E"tern ye l l ow-be l l i ed racer (.££.lll� con,tri c tor 

fhviven.!!:..�) 

[astern coachwh i p (rla ,t l coph ; , flage l l um 

f1a�e l l Ul:1) 

Rough green snake (QjJheodry, !.est i vu , ) 

Texas rat ,nake (f.la'p� ob,o l et� .!J.!ldhe ;",eri ) 
Speckled k ing ,nake ( la!!lprope l t l s getu l u, 

l!£!!>rook I )  
Squirrel tree frog (t!.. ,gui rtl.l!) 

Southern gray tree frol) (.!!. r..ers i co lC!!: 
£h!Y.,0". 1 1 , )  

Upland c.horu'll frog (Pseudac ri s  !!l.s_e..!:..ia ta 

Leriar'!!".) 
Spotted chorus frog (�. �!J.) 
[astern narrow-mouthed toad {�_� . .'� t roph ryne 

E!r:o 1 i nc��J2} 

Great p l a i ns na rrow-mouthed toad (�. ��� 

0 1 1  vocea ) 

Bul l frog (E.a� " te, t,e.!.'.".!) 

Bronze frog {E.. �J.a...r..:..LtE� �llr;d ta.!l_sJ 

Rio Gra nde l eopard frog (�. E21'.!.!'� berland ier i ) 

Southern c rawfi sh fr09 (�. aorolata �e ro la t�) X X 

.. Rare , enda ngered or s ta tus undetenui ned 

Hote : 
Habitat types i n  wh ich  i nd i v idual species are found . 

A Gu l f  Pra i r ie 

Gul f  flush 

fluv ia l  Woodl and� 
o Post nak Savannan 

£ Other (AC1ua tic  hab i te ts . urban area s .  desert scru b . o r mounta in s ) 
General range maps , preferred hab i td t s , and known rHords were used 

to detennine spec ies  d i s tr ibu t i on . 
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TAB LE B . 2-29  Mammal s  l i ke l y  to occur i n  the s tudy reqi on . 

C_n Name (Scientific Name ) 

Opossum ( Didelph i s  rnarsuc h l  i s )  
Short-ta i l ed s h rew ( B l a r i na brev i caud a )  
Little short-taned shrew ( C rypt o t i s  pa rva ) 
Elltlrn mo l e  (Scalopus aoua t i c u s )  
Georgia bat ( P ipi s trel l u s  �) 
81g brown bat ( Epte s i c u s  fu scu s )  
RId bat (� borea l i s )  
Yil low ba t  ( 1�  intenned i u s )  
Evening bat ( Nyc t i c e i u s  humeral i s )  
6111110 ba t (l!!!!ti!!!. me x i c a na ) 
Nine-banded armadi l l o  (� novemc i nc tu s )  
EI.t.rn cottonta i l  ( Syl v i l agus f l o r i danu s )  
Swuop rabbit (Syl v i l agus aguaticus ) 
811ck-ta i l ed jack ra bbit  (Lepus cal i fornicus ) 
Thi rteen-l i ned ground squi rrel ( C i tel l us trldeceml i neatus ) 
fOray squirrel ( Sc i urus caro l i nens i s )  
Fox squi rre l  (� nige r )  
Southern flying squi rrel ( G l a ncomys volans ) 
Pliins pocket gopher ( Geomys bursari u s )  
Hlspld pocket mouse ( Perognathus h i spidu s )  
len.r (� canadens i s )  
Ric. rat (Oryzomys pa l u s tr i s )  
DIoIrf harvest mouse ( �e i t h rodontomys humul i s )  
Long-ta i l ed harvest mouse (E.. Fu l vescens ) 
Deer mouse (Peromyscus man i c u l atus ) 
WII l t.-footed mouse (f.. leucopu s )  
P7911Y mouse (Ba i omys tayl or; ) 
Hlspld cotton rat ( Sigmodon h i spidu s )  
Florida wood rat ( �  fl oridana ) 
Prairie meadow mouse (� ochroga s te r )  
Pin. yolt (� pinestorum) 
Muskrat (Ondatra z i bethica ) 
Nutria (Myocasror �) 
;o10te ( Ca n i s  l a trans ) 
RId wolf (Canis rufus ) 

liray fox (Urocyon c i nereoargen teus ) 
Raccoon ( Procyon 1 otor) 
Long-tai l ed weas e l  (Mu s t e l a  frenata) 
"Ink (!!.. v l s o n )  
Spotted skunk ( Spl l ogale putori us ) 
Stri ped skunk (Meph i ti s  meph i t i s )  
Hog-nosed skunk ( Conepatus l euconotus ) 
Rhlr otter (.I:!!J!!. canadens i s )  
Bobclt (hl::!!! rufus) 
Whi te- ta i l ed deer (Odocoi leus v i o i n i .nus ) 

Hlbltat types in whiCh  i nd i v i d u a l  speC ies  are found 
A Gul f  Pra i rie 
8 Gu l f  Marsh C Fluv i a l  Wood l ands D Post Oak Savannan 

� ! £ Q. !. 

· X  
X 
X 
X 

. X 
X 
X 

X 
X 

X X 
X X 

X 
X 

£ Other (Aqua t i c  hab i ta t s .  agri c u l tura l areas . urban a rea s .  or dense brush) 
. 

Rare , endangered , or s ta tus unaetermined 
&lnerll rlnge ""'ps . preferred habi tit and known records were used to 
oetel""Nifl� spet:it:s u i s t r i but ilJl l .  

Ph710genltic order fol l ows Hi l l  and Kel son . 1959.  
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Coasta l  Pra i r i e  

W i th i n  the project  reg i on , the coastal  pra i ri e  covers 41 3 , 000 

acres . So i l s  w i th i n the coasta l  pra i ri e are of the More l and-P l edger
Norwood a s soc i at ion  and are composed pr imar i l y  of c l ays or  c l ay l oams , 

a l though  some areas have sandy l oams present ( Goul d ,  1 962 ) . Surface 

s o i l  col ors range from l i g ht brown to l i g ht grey . The coastal  pra i ri e  
s o i l s  have poor to moderate dra i nag e .  

The areas o f  the pra i ri e  wh i ch are s ubject t o  occas i ona l  i n undati on 
by sa l i ne waters duri ng h i g h  t i da l  fl ows or fl oods are domi nated by Gu l f  

cordg rass . The coasta l up l ands ori g i na l l y  su pported an  extens i ve 
pra i ri e  g ras s l and , bu t much of the gras s l and has  been converted i nto 
agr i cu l tural  l and ( s ee C l eared Lands ) .  I n  areas u sed for grazi ng , 
western ragweed i s  the more common p l ant  spec i es . Pra i r i e  p l eatl eaf ,  
bu nchgras ses , I n d i a ngra s s , and swi tchgras s  are a l so common ly  found  on 
the pra i r i e .  

Members o f  the pra i r i e  av i fauna are the Savannah ,  vesper , and song 

sparrows ; ea stern meadowl ark ; upl and p l over ; sandh i l l  crane ; catt l e 

egrets ; tur key and bl ac k vu l tures ; and the mars h hawk . Common mammal s  
i n  the pra i r i e  i nc l ude domest i c cattl e ,  h i sp i d  cotton rats , r i ce rats , 

ea stern cottonta i l  rabb i ts , s tri ped s ku n k , and Can i d  sp . The western 

d i amondbac k  ratt l esna ke , ea stern garter snake , Gu l f Coast  toad , s potted 

c horus frog , and the ornate box tu rtl e are preva l ent  herpeti l es of the 
coa stal  prai r i e .  

Coastal  Mars h l a nd s  

The coastal  marsh  and ecosystem i s  wel l devel oped i n  Brazori a  
County a t  el evat ions  of l es s  than 5 feet above mean sea l evel . These 
mars h l ands occur throughout  much of the near-shore coas tal reg i on , 
coveri ng a bout  84 , 000 surface acres . 

The mars h l and i s  characteri zed by vari ous grasses  and trees wh i ch 
are zoned accord i ng to the i r  frequency and i ntens i ty of exposure to 
water of var ious  sa l i n i t i es .  Sal i ne ,  brack i s h ,  and fres hwater mars hes 

a re found w i th i n  the study area ; sa l i n i t i es i n  the mari ne and  estuar i ne 
marshes ( u p  to 40 ppt ) decrease  toward the nort h .  
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Sa l i ne  mars hes occur pri mari l y  on the p l a i n s  of bayhead del tas , 

a l ong bay marg i ns , on t i d a l  fl ats , and on the i n l and s i de of barri er 

i s l ands . I n  sa l twater mars hes , smooth cordgras s i s  the predomi nant 
v eg etat ion  ( Dames & Moore , 1 973b ; Corre l l and Johnston , 1 970 ) . Sa l t
g ras s , g l as swort , bat i s , and sa l t  matri mony v i ne may a l so occu r .  
Brack i s h  water mars h l ands  rece i ve  water from both the Gu l f of Mex i co and  

from the streams of the reg i o n . Hardstem bu l ru s h  and sa l tgrass  are the 
most common g ra s ses i n  these marshes . 

Sa l twater and  brac ki s h  marshes prov i de excel l en t  ha bi tat for 
mamma l s ,  repti l es , and  wi nteri ng  mi gratory waterfowl . Ducks  and  geese 
predomi nate the avi fauna  duri ng the wi nter , but g u l l s ,  i b i ses , herons , 
p l overs , and  sandpi pers are a l so common i n  these mars hes . R i c e  rats , 
raccoon , n u tr i a , mu s kra t , rabbi ts , and Can i d  sp . are the common mamma l s  
i n  the mars hes . Rept i l es are common to both the pra i ri es and  mars h l ands  

and i nc l ude western d i amondback  rattl esnake , western cottonmouth , and  

Gu l f  sa l t marsh  sna ke . 

Fres hwater mars h l ands  i n  the reg i o n  are ma i n l y  a l ong the fl ood 

p l a i n s of the Brazos and Col orado R i vers . Typ i ca l  emergent  vegetat ion  
of  these marshes i nc l udes  ma i dencane , pennywort , and  water hya c i nth . 

Fres hwater mars hes are ut i l i zed by waterfowl as feed i ng s i tes . Avi fau na 
common l y  s i g hted are g u l l s ,  terns , herons ,  egrets , i b i ses , ducks  and 

geese , and red -wi nged bl ac kbi rd s . The mos t  abundant rept i l es i n  the 
fres hwater marsh are the wes tern cottonmouth , southern l eopard frog and 

bu l l frog ; the mos t  typ i ca l  mamma l s  i nc l ude the raccoon and  n u tri a .  

Ma rsh l ands  have a h i g h  average l evel  of product i v i ty and  s upport 
exten s i ve food cha i ns wi t h i n the marsh and i n  s u rround i ng areas . T ida l  
marshes serve a s  nursery areas , control ero s i on , serve as  fl ood water 
barr i ers and su pport a vari ety of wi l d l i fe .  Mars h l ands a l so serve human 

u ses  s uch  as  recrea t i o n , l i vestock gra z i ng , and mari c u l ture . A l thoug h  
some sma l l c ha nges i n  mars h l ands may have s evere or w i despread conse

quences , the  exact fu ncti ons  served by s pec i f i c  mars hes are  not known i n  
most cases . I n  Texas , stud i es compari ng undeve l oped marshes and  bu l k

headed or channel ed deve l opments  i n  some areas s howed a s harp reducti on 
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i n  organ i c producti v i ty associ ated wi th devel opment acti v i ti es ( Gen . Land  

Off i ce of Texas , 1 97 6 ) . Wetl ands and s u bmerged l ands have  l ong been of 
major concern to var i ous  sta te agenc i es and federal agenc i es s uch as  the 

Corps of Eng i neers . 

Cl eared Lands 

Approx imate ly  45 , 000 acres of cl eared l ands are l ocated wi th i n  the 

reg i on .  These l a nds were c l eared for agri c u l tura l  cu l t i vat i on ( i nc l u d 
i ng farm i ng for h i g h  nutri ent pasture grasses ) ,  a n d  u rban i zat ion . 

The typ i ca l  wi l d l i fe wh i ch frequents c l eared l ands  i s  q u i te vari ed 

a nd i s  h i g h l y  i nfl uenced by the pressures of  spec i fi c  l and  u se . Th i s  
fau na i nc l udes  spec i es wh i ch mi g rate between ecosystems . Res i dent i a l  or 

ranch area s conta i n  domes ti cated an imal s such as  cattl e ,  swi ne , and 

dog s ,  i n  add i t i on to song bi rd s .  More i so l ated areas prov i de habi tat for 

furbearers , and predators such  as coyotes . R i ce fi e l d s  are favori te 

feed i ng g rounds for geese  and other waterfowl i n  the w i n ter months . 

Fl u v i a l  and Oa k Wood l ands 

The fl u v i a l  and oa k woodl a nds  of the reg i o n  prov i de hab i tat for a 
var i ety of res i dent and m i g ratory av i fauna  i nc l u d i ng hawks , crows , wood

pec kers , c h i c kadees , wren s ,  v i reos , warbl ers , thru s hes , bl ackb i rds , 
f i nches , catbi rds and sparrows . Mammal speci es u ti l i z i ng these hab i tats 
i nc l ude oppossum ,  sma l l rodents , ba ts , gray and fox s q u i rrel s ,  whi te

footed mouse , deer , fox , coyote , raccoon , bobcat , armad i l l o ,  and stri ped 
s ku n k .  Herpetofauna  spec i es i nc l ude ornate box turtl e ,  broadheaded 
s k i n k ,  ea stern garter sna ke , Hurter ' s  spadefoot , and the gray tree frog . 

Accu rate recent popu l at i o n  est imates of vari ous  mamma l s  i n  Brazori a  
Co unty are not ava i l abl e i n  the l i terature . It  has  been e st imated by 
t he Texas Parks and Wi l d l i fe Department that the n umber of deer ( for  
1 97 5  to  1 976 ) , qua i l  ( for 1 97 4 )  and s q u i rre l s ( for  1 974 ) i n  Brazori a 

Co unty are 7000 , 80 , 000 and 80 , 000 an i ma l s ,  respect i ve ly . Dav i s  ( 1 966 ) 

est imated the popu l at i ons  for sel ected mamma l s  i n  Texas to be as fo l l ows : 

Cotton ta i l  Rabb i ts - 1 ra bbi t  per 4 to 5 acres of Coas tal 

Pra i ri e  l and 

Swamp Ra bb its  - 1 rabbi t  per 7 acres of  poorly dra i ned 
bottom l and 
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Armad i l l o  

Opos sum 
Coyote 

1 armad i l l o  per 1 0  acres of l and  wi th 
c l ay so i l s  

1 an ima l  per 4 acres of good h a b i tat 
1 an ima l  per sq uare m i l e  ( 640 acres  of 
l and ) ( bu t  sometimes 4 or more coyotes 

in product i ve areas ) 

No prec i se record i s  kept for the Bryan Mound  area on harvest of 
game an imal s bu t the Texas Parks and Wi l d l i fe Department  e st imates that 
d u r i ng 1 975- 1 976  the deer harvest  wa s 1 058 a n i ma l s .  The number of deer 
h u nters i n  Brazor i a  County for th i s  same per i od was 2 79 1 . 

Fl uv i a l  Wood l a nds 

The l arges t ecosystem in the project reg ion  cons i s ts of the fl uv i a l  

wood l and s .  Mo st  o f  these woodl ands trend i n  a northwes t to southeast 

d i rect ion  fo l l owi ng  the dom i nant dra i nage  patterns . F l u v i a l  wood l ands , 

i n  the stri ctest  sense , are wood l ands  adj acent to r i par ian  or  estuar i ne 

areas , however , some of the areas i nc l uded here a s  fl uv i a l  wood l ands  

d i ffer from the stri ct i n terpretat ion . These  wood l ands occur  in  depres 

s i onal  ba s i ns wi th impeded drai nage characteri s t i cs . The vegetat ion  
present i n  these l ow areas i s  predomi na nt ly  of the  fl u v i a l  hardwood 

type .  

The fl u v i a l  wood l ands  are genera l ly  the mos t  heterogeneous  o f  the 
fl ora l  a s sembl ages . Due to the i r  mesophyti c- hydrophyt i c  mo i s ture reg ime , 
they su pport vegetat ion  from the s urround i ng eco sys tems i n  add i t i on to 
s ev era l spec i es not found el sewhere . P l ant  and gra s s  s pec i es of the 
area i nc l ude Bermuda gras s ,  greenbr i er ,  yaupon , and seamyrtl e .  The 
fi rst three of these spec i es are common to s tres sed s i tes . The dom i nant  
v egetat i on of the wetter fl uv i a l  areas con s i sts  of l i ve oak and pecan 
tree spec i es . On dr ier  s i tes i nc l ud i ng the h i g her areas wi th better  
dra i ned so i l s ,  s ugarberry ,  hybr i d  oak , and h i c kory are  the  major  

overstory components . 

Oa k Wood l ands  

The  oa k wood l ands  i n  the  reg i o n  possess  e l ements common to both 

f l u v i a l  wood l ands  and post oa k savannahs . Oa k wood l ands resembl e the 

fl u v i a l  wood l ands  in that they predomi nate a l ong the organ i zed dra i nage 
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patterns and  have spec i es s i mi l ar to tho se  found  i n  fl u v i a l  wood l ands ; 

t hey resembl e post oa k savannahs i n  that they i nc l ude l i ve oak , b l ackj ac k  

oak , hybri d oak , water oa k ,  h i c kory ,  sugarberry , and  pecan . The p l ant  

and  g ra s s  spec i es fou nd i n  oak  woodl ands  i nc l ude Bermuda g ra s s ,  g reen

bri er ,  yaupo n ,  mesqu i te ,  and bl uestem g ra s s . 

Coasta l  and  I n l and  Waters 

W i th i n  the reg i on ,  the greatest  d i vers i ty of env i ronmen ts and  
b i o l og i ca l  as sembl ages occur i n  the coa stal  and  i n l and  waters . These  
i nc l ude  the  Gu l f  of  Mex i co ,  bays , estuari es , r i vers , streams , l akes and  
pond s .  Texas bays and  estuar i es are  re l at i ve ly  l ow-energy env i ronments  
wh i ch are  protected by barr ier  i s l ands and pen i ns u l as . Water exchange 
between the G u l f of Mex i co and the estuar i e s  i s  governed by prox im i ty to 
t he t i da l  passes . Du r i ng s torms , Gu l f waters a l so enter  the l ow- l yi ng  
areas throug h  was hover , or storm channel s .  Fre s h  water i s  fu rn i shed  to 
the  bays and l agoons by the Brazos , San Bernard , and Col orado R i vers ; 

and  several smal l er s treams wh i ch dra i n  l oca l  area s .  Because  of these 

contr i bu t i ons , the range  of sa l i n i t i e s  i n  the water bod i es i s  q u i te 

var i abl e .  Th i s  var i a b i l i ty p l ays a l arge part i n  govern i ng the abun

dance and  d i stri b ut i on  of  the b i o l og i ca l  as sembl ages found  i n  these 

eco systems . 

Coasta l  Waters 

Coasta l  waters , r i ver mouths , and pas ses a l ong the Texas G u l f Coa st  
pro v i de exce l l en t  nursery hab i tats for j u ven i l e  s h r i mp and  fi s h . 

Coastal  f i s h  and  she l l fi s h ' of Texas are genera l l y  a bundant and  d i vers e .  
The f i nesca l e  men haden reach the i r greates t  abundance i n  these coa s ta l  
area s . 

Estuari ne waters wi t h i n Brazo r i a  Coun ty are pr imari l y  l imi ted to 
the  extreme l ower and extreme upper coast l i ne of the County .  These 
waters i nc l ude  Cedar La ke s  and Oyster (Chri stmas ) B ay ,  West  Bay , and 
Choco l ate Bay . C i rc u l a t i on wi t h i n these semi -enc l osed l a kes and bays i s  
genera l l y  poor . Spec i es d i vers i ty tends  to be l ow but pop u l a t i on dens i 

t i es are h i gh .  The l ower port i o n  of  Wes t  Bay near San Lu i s  Pass  i s  a 
t i da l  a rea . Th i s  area has  good c i rcu l a t i on and  i ts s pec i e s  d i vers i ty i s  

h i g h ,  and pop u l at i on  dens i t i es are re l at i ve l y  l ow ,  thus  i nd i cat i ng a 
wel l - ba l a nced b i o l og i ca l  sys tem . 
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Sa l i n i ty l evel s i n  the I ntracoasta l  Waterway ( I CW ) are u s ua l ly  

s im i l ar to  tho se  concentrat i on s  found  i n  t he  adjacent estuar i ne  waters . 

The b i o t i c  components of the I CW wou l d  be s imi l ar to those occurr i ng i n  
the brac k i s h  to sa l i ne waters prev i o u s l y  d i scus sed above . Major  hab i tat  

u s es of  t he  coas ta l  a n d  i n l and  waters i nc l ude  feedi ng and  rest i ng by 

some waterfowl spec i e s , g u l l s ,  terns , herons , and  egrets . 

There are two maj or groups of fi s h  found  i n  the offs hore waters of 

the conti nental  she l f i n  the reg i o n : 1 )  the i nner  s he l f s pec i es i nc l u d i ng  
t he Atl ant i c  threadfi n ,  Atl a nt i c  croa ker , sand  seatrout  and s i l ver  seatrou t  

a n d  2 )  t h e  more d i verse  and abundant  i n termed i a te s he l f a s sembl age i nc l ud

i ng the  l ong sp i ne porgy , i n s ho re l i za rd fi s h  and Gu l f butterfi s h . Other 
s ea sona l l y  trans i ent  spec i es found  among  the more t han  600 s pec i es i n  the 
waters of the reg ion  i nc l ude the sea catfi s h , mu l l et ,  s pot  and red drum . 
Wh i te ,  p i n k  and  brown s hr imp are important  commerc i a l s pec i es i n  the 
reg i o n . The brown s hr imp i s  con s i dered the mos t  i mportant  and  abunda n t .  
The shr imp spawn i n  coa sta l  waters bu t post- l arval  a n d  j uven i l e  forms are 
fou nd i n  e stuar i ne nursery area s . The per i o d  when young  s hr imp are mos t  
s u bj ect  to outs i de pressures i s  between the egg a n d  post-l arva l s tages , 

d ur i ng the i r mi grat i i on to the nursery grounds . 

B i o l og i ca l  product i v i ty of the project estuar i ne  and  coa sta l  reg i ons 

i s  g enera l l y  h i g h .  Phytopl an kton are the pr imary producers of the reg i on 

and  vary seasona l l y  i n  abundance and compos � t i on . Cel l dens i t i es p rogre s 

s i vel y decrease  seaward from the coast .  D i a toms are t h e  mos t  abundant  

type of p hytopl an kton i n  t he  i n s hore areas . Genera norma l ly  encountered 
i n  sampl es i nc l ude Me l os i ra , Nav i cu l a ,  N i tzsch i a ,  and C haetoceros . D i no

fl agel l a tes and  m i crofl age l l a tes are  a l so common phytop l an kton . I n  the  
brac k i s h  and sa l i ne coa sta l  waters , zoopl a n kton popu l a ti ons  a re s easona l ly  
dom i nated by copepods and  naup l i i ,  wi th Acart i a  tonsa bei ng t he  mos t  common 
copepod ( U . S .  Department  of the I nteri or , 1 972 ) .  Zoop l an kton den s i t i es 
vary temporal l y and  spati a l ly , pea k i n g  i n  l ate spr i ng and ear ly  fa l l 
fo l l owi ng p hyto p l a n kton abundance . Zoop l an kton concentrat i ons  a l so 
decrease seaward from the coast l i ne .  
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Two maj or benth i c  assembl ages have been i dent i fi ed i n  the reg i on 

offs hore the centra l Texas coas t :  1 )  a h i g h  sa l i n i ty offs hore commun i ty ,  

and  2 )  a l ow s a l i n i ty nearshore commun i ty .  The fauna  f i ve mi l es o r  more 

offshore ( the  h i g h ly  sa l i ne commun i ty )  i s  genera l ly  more stabl e i n  compo

s i t i on due to more stabl e temperature and sa l i n i ty ,  and tends  to be 

dom i nated by pol ychaetes . The more vari ab l e nears hore commun i ty has no 

s i n g l e domi nant g roup . Severa l hundred bent h i c  speci es have been i den ti 
f i ed i n  the reg i on . 

Nematodes , copepods , amph i pods , os tracods , mo l l us ks , and  polychaetes 
are the predomi nant benth i c  an ima l s ( Day ,  et  a l . ,  1 973 ) .  The mars h c l am 
the Ameri can oyster , and the bl ue  crab  are abundant commerc i a l  spec i es 

found  i n  the reg i on .  Severa l cora l heads and roc k  outcropp i ngs  have been 
observed off the mouth  of the Brazos R i ver Di vers i on Channe l . These are 
con s i dered u n i que  habi tat i n  the area s i nce  most  benth i c areas cons i s t  
o f  mud o r  sand s u bs trates , and they may produce u n i que  fl ora l  o r  fauna l  
as sembl ages . Good fi s h i ng i s  fou nd i n  the  v i c i n i ty .  A compl ete descri p
t i on of b i o l og i c  assembl ages i n  the offshore reg i on i s  supp l i ed i n  
Append i x  G .  

R i vers and I n l and Waters 

The proj ect reg i on i s  dra i ned by two major ri ver systems , the 

Brazos R i ver , and the San Bernard R i ver ( F i g ure B . 2 -2 ) .  Of the two , 
the Brazos i s  the mos t  important r i ver . The Brazos has been d i verted at 

Freeport , and a d i vers i on channel  carr ie s  the water to the Gu l f . The 
or i g i na l  r i ver channel  now forms Freeport Harbor .  

Numerous  creeks , bayous , s l oughs , a n d  dra i nage d i tches are l ocated 

i n  the reg i on . These bod i es are characteri zed by l ow grad i ents and 
fl ow rates ; many are i n termi ttent .  The l argest  stand i n g  water bod i es i n  
the  reg i on i nc l ude Ha rr i s  and Brazor i a  Reservo i rs and Eag l e  Nes t ,  Manor , 
and  Ma l l ard Lakes , a l l l ocated i n  northern Brazori a Cou nty .  Many l a kes 
are s cattered throug hout the reg i on .  

The dom i nant fl oral and fauna l  components of the fres h waters i n  

Brazor i a  Co unty i nc l ude green a l gae , d i a toms , and bl uegreen a l gae . 

Common macrophytes i n cl ude  the pondweeds , d uckweeds , and waterl i l i es .  
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Zoop l ankton i nc l udes rot i fers , copepods , c l adoceran s ,  and nematodes . 
Common benth i c  macro i nvertebrates are the amp h i pods , cori x i ds , l arva l 
d i pterans , and  Co l eoptera . Fresh  water f i s h  typ i ca l  of the reg i on 
i nc l ude g i zzard s had , carp , gar , and  sport fi shes  such  as  l a rgemouth 
bas s , c hanne l catfi s h ,  and severa l spec i es of sunfi s h  and  crapp i e .  

W i l d l i fe s pec i es wh i c h  e i ther i n hab i t  and/or uti l i ze these aqua t i c  areas 
to feed or  res t  i nc l ude severa l spec ies  of ducks and  gees e , and  a l so  

g u l l s ,  tern s , herons , egrets , nutri a ,  water snakes , turtl es , and frogs . 

B . 2 . 5 . 2  Commerc i a l ly  Important  Speci es 

Agr i cu l ture 

Commerc i a l ly  important  vegetati ve spec i es i n  the reg i on are l i mi ted 
genera l ly  to r i ce ,  gra i n , and sorg hum product i on .  Pri nc i pa l  u se  of  
c u l t i vated l a nds  is  for the product i on of r i ce . A re l at i ve l y  sma l l 
amount  of hay and  g ra i n  i s  produced to feed beef and da i ry cattl e ,  wh i c h  
range over the pasture l a nd . An extens i ve i rri gat i on and dra i nage canal  

system and ta n k  ponds are uti l i zed in  agri cu l tura l  product i on . Brazo r i a  
County ,  wh i ch compri ses  mos t  o f  the reg i o n  under cons i dera t i on , i s  one 
of  1 3  coasta l  Texas co u nt i es wh i c h  account  for 30 percent of the nati on ' s  
r i ce harves t .  Al though  sorghum i s  con s i derab ly  l es s  important than 
r i ce ,  i n  county-w ide  farm product i o n  ( 1 969 ) , 1 7 1 , 1 72 bus he l s were harvested 
from 7574 a cres of l a nd ( Boyk i n ,  1 972 ) .  Overal l farml and w i th i n  the 
county u sed for crop product i on i n  1 969 wa s 95 , 61 6  acres , approx imatel y 
1 0  percent of the tota l county acreage . 

U se  of  wooded l ands  i n  the project reg i on for commerci a l t imberi ng 
i s  rare . Loca l l y ,  sma l l areas have been c l eared for range  and  cu l t i va
t i o n .  

W i l d l i fe 

The major  commerci a l ly  va l uab l e wi l d l i fe spec i es found  wi th i n  the 
reg i on i nc l ude the opossum ,  s ku n k ,  n utri a and  raccoon .  They are trapped 
for fur .  

Aquat i c  

Commerc i a l  f i s h i n g  i s  a mu l t imi l l i on do l l a r  bus i nes s a l ong the 

Texas coas t .  Land i ngs  for 1 97 6  tota l ed 93 mi l l i on pounds hav i ng 
a val ue  of $ 1 26  mi l l i o n .  The l a nd i ngs  were s i g n i fi cant  on a nat iona l  
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bas i s  wi th  major  commeri cal  spec i es on the Texas Gu l f  Coa st  i nc l u d i ng 

s hr imp , bl ue  cra b ,  oyster , men haden , and severa l common sport fi s h .  The 

Ga l veston  Di str ict  a l one reported l and i ngs  of B . 5  mi l l i on pounds of  major 
s pec i es va l ued at $4 . 7  mi l l i on in  1 97 5 .  

Shr imp are the s i ng l e most  va l uabl e mari ne product i n  Texas . Shrimp 

l and i ng s  i n  the state amounted to 92 percent of the total  dol l a r va l ue  of 

f i nf i s h  and she l l f i s h  in 1 970  and 1 97 1 . From 1 966 to 1 97 1 , Texas l and i ngs 

accounted for 37  percent of the Gu l f shr imp catch . Brown s hr imp i s  the 
most  a bundant s hr imp in Texas waters and tends to be concentrated i n  the 

zone from Ga l veston  to the Rio Grande . 

Ma ny spec i es of crabs are co l l ected i n  Texas coastal  waters , but 
the  b l u e  crab is  the only one extens i ve ly  exp l o i ted by man .  Adu l t  b l ue  
crab popu l a t i ons  are  f i s hed i n  nearshore bays and the i nner s he l f  of  
open Gu l f  waters . 

The Ameri can oyster occurs i n  the reg i on i n  estuari es , bays and 

l agoons . Mo st  of the oyster producti on in  the l a st  few years has been 
centered i n  bays i n  ne i g hbor i ng count i es , especi a l ly  East  Matagora Bay . 

B . 2 . 5 . 3  Recreat i onal ly Important Spec i es 

Wi l d l i fe 

The predomi nant recreat ional l y  important spec i es i n  the reg i on are 
waterfowl , furbearers , dove , q ua i l ,  s q u i rrel s ,  cottonta i l rabb i ts , and 
whi teta i l ed deer . Du r i ng the wi n ter , the marshes on the Texas coa st  
prov i de hab i tat for abo ut  30  percent of  t he  ducks a nd  64 percent of  the 

g eese  that m i g rate to the Gu l f Coast  reg i on ( Gusey ,  1 972 ) .  The 1 974  

goose popu l at i on est imate for Brazor i a  County was BO , OOO bi rds (Boydson , 

1 97 6 ) . Waterfowl are hu nted i n  the marshes and fi el ds  where they feed . 
Dove and bobwh i te are hu nted i n  agr i c u l tural  areas . I n  g eneral , a l l 

b i rds can be con s i dered recreat i ona l ly important to the l arge number of 
a rea b i rd watchers . 

Sq u i rrel s are important game an ima l s  i n  areas where s u i tabl e habi 
tat  i s  present .  An est imated BO , OOO sq u i rrel s were present i n  the 
ha bi tab l e  port ions  of  Brazor i a  County d u r i ng 1 974 ( Boydston , 1 976 ) . 
Some furbear i ng spec i es are hunted for sport , i n c l u d i ng raccoon , fox , 
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and  coyote . The est imated wh i teta i l ed deer popu l a t i on i n  Brazo r i a  
Co unty d u r i ng 1 97 5 - 76 was 7000 an imal s ( Boydston , 1 976 ) . The 1 975-76 
deer harvest for the county wa s 1 058 an ima l s  (Mars h , 1 976 ) . 

Aquat i c  

The bl ack  bas s , sunf i s h ,  catfi s h , and crapp i e  are the most  i mpor
tant sport f i s h  i n  the fresh  waters of the reg i on . The l arger l a kes  and  

the  San Bernard and Brazos Ri vers s u pport the maj or sport fi s h i ng pres s ure 
i n  the reg i on ; however , many smal l po nds and cree ks a l so have sports 
f i s h .  The marshes of the area prov i de a recreati onal crab  fi s hery .  I n  
coasta l  waters , red drum ( red f i s h ) , sea trout , tarpon , a n d  f l ounder are 

the primary sport f i s h  spec i es . Sport f i s h i ng i n  the Texas coastal  area 

i s  extremel y po pu l ar and su pports a l arge re l ated i ndustry . 

B . 2 . 5 . 4 Rare and Endangered Spec i es 

A l arge n umber of threatened and endangered wi l d l i fe s peci es have 
been reported to occur in the Texas Gul f Coastal  reg i on ( Federa l Reg i s ter , 

J u ne 1 6 , September 30 , and October 27 , 1 976 ) . 

Of the l i s t  of pl ant spec i es that have been proposed for endangered 
s tatus  by the U . S . F i s h  and Wi l d l i fe Servi ce ( U . S .  Department of the 
I n ter ior , 1 97 6a , b , c )  whose range  wo u l d  extend i nto Texas , none of the 
s pe c i f i c  taxa are known to occur in Brazori a and Fort Bend Count i es . 
However , the bo tany of these area s i s  not wel l known . Severa l  taxa 
( i nc l u d i ng Hoffmanu segg i a  tenel l a )  occur further to the south  a l ong the 
Texas coast . Eri geron ge i seri  is  reported to be wi despread , but  the 
vari ety ca l c i col a i s  not known in  Brazo r i a  or Fort Bend count i es .  
Atr ipl ex kl ebergorum has been l i sted as an endemi c spec i es of south 
coastal  Texas and cou l d  occur i n  Brazor i a  County . Brazori a pu l c herri ma 
i s  known to occur i n  Leon Co unty and i s  poss i b l e  that th i s  s peci es may 
a l so occur i n  Fort Bend County .  

Some p l ant  spec i es i nc l uded i n  the Texas Organ i zati on for Endangered 
Spec i es l i s t  ( 1 97 3 ) are fo u nd wi th i n  the Freeport general area . Sea

oats were recorded i n  the area southeast of the Bryan Mound  s i te between 
Ol d Reservo i r  and Bryan Lake , smooth co rdgrass ( oys tergrass ) grows a l ong 
the o l d  I ntracoas tal  Waterway ; and bl ack  wa l n u t  was reported i n  an area 
approximatel y 8 m i l es northwest  of the Bryan Mound  s i te .  
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Wi th i n  the coasta l  pra i ri es and mars h l ands , severa l other p l ants 

have  been descr i bed as threatened and endangered spec i es by the Un i ver

s i ty of Texas ( 1 974 ) :  

Common Name 

Awn l ess  b l u estem 
G i ant  s edge 
Sand sedge 
Texas w i ndm i l l g rass  
Texas b i tterweed 
Ho u ston  machaeranthera 

Coasta l  even i ng pr imrose  

Common adder 1 s- tongue 
Lou i s i ana pa l m  

Ba l dwi n stoneru s h  

Mi nor n u trush  

So uthern mars h fern 

Sc ient i fi c  Name 

Bothri ochl oa exari s tata 
Carex gigantea 
Carex tri bu l o i des 
Ch l or i s  texen s i s  
Hymenoxys texana 
Machaeranthera aurea 
Oenothera ses s i l i s  

Oph i og l os s um vu l gatum 
Saba l mi nor 

Scl er i a  ba l dwi n i i 

Scl eri a mi nor 

Thelypteri s pa l us tri s 
var .  Hal eana 

Status  

Scarce 
Very rare 
Very rare 
Very rare 
Pres umed ext i nct  
Very rare 

Pres umed ext i nct  
Scarce 

Scarce 

Very rare/pres umed 
exti nct 

Very rare 

Scarce 

The Texas Orga n i zat i on for Endangered Spec i es and the U . S .  F i s h  and 

Wi l d l i fe Serv i ce l i s ts of threatened and endangered wi l d l i fe s pec i es 
conta i n  four  s pec i es of b i rds wh i ch may be found  near the Gu l f Coas t :  
s outhern ba l d  eag l e ,  peregr i ne  fa l con , whoop i ng crane , and  brown pe l i can  

( Texas Pa rks and  Wi l d l i fe ,  1 97 6 ;  U . S .  Department  of the I nter i or , 1 976b ) . 
The redd i s h  egret and  roseate s poonb i l l  are on  the l i s t  of peri phera l 
b i rds ; those b i rds whose occurrence i n  the U n i ted States i s  on the edge 
of i ts natura l  range  and  wh i ch are threatened wi th  ext i nct i on in  that 
port i on of the i r  range  ( Offi ce of Endangered Spec i es and  I nternat i onal  
Act i v i t i es , 1 97 3 ) . Rel a t i ve l y  few of these speci es are expected to nest  
or  breed near  the cand i date s i tes or a l ong the p i pe l i ne ri ght-of-way 
beca use  of the i r  prox i m i ty to human hab i tat i on . 

Brown pel i ca n  numbers are extremely  l ow i n  the Texas Gu l f Coast  
reg i on .  On ly  one observa t i on has  been recorded i n  the Freeport area 

( Eman ue l , 1 97 0 ) , and the i r  occurrence at  the cand i date s torage s i tes i s  

u n l i ke l y .  
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Whoo p i ng cranes wi nter on ly  at the Aransas Nat i onal  Wi l d l i fe Refuge , 
wh i ch i s  l ocated more than 1 00 mi l es southwest of the proj ect area . 

Therefore , the i r  occurrence at the ca ndi date s i tes i s  h i g h ly  un l i ke ly . 

The southern ba l d  eag l e  i s  known to nest i n  the study area . 

Because  of the wi de  rang i ng mobi l i ty of the pereg r i n e  fa l con  and  
i ts attract ion  to  open  area s , th i s  bi rd may be endangered i n  the proj ect 
reg i on .  The peregri ne  fa l con has been observed duri ng fi e l d surveys i n  
the coa stal  pra i ri e  and mars h l a nds  near the coast  i n  Brazor i a  County 
duri ng  the 1 97 6- Chr i s tmas Freeport bi rd count  ( Emanuel , 1 97 7 ) . 

The redd i s h  egret i s  another i nhabi tant  of the Coastal  Zon e .  
Th i rty-fi ve o f  these egrets were a l so s i g hted duri ng  the 1 976  Freeport 
b i rd survey ( Emanue l , 1 97 7 ) . Several i nd i v i dua l s were encountered i n  

t he coa stal  mars hes dur i ng fi e l d surveys conducted by Dames & Moore 

( 1 973b ) . 

The roseate spoonb i l l  i s  now thri v i ng and extend i ng  i ts range i n  

Texas ( Wa l l ace and others , 1 972 ) . F i fty-fi ve observati ons  of  th i s  

s pec i es were recorded dur i ng the 1 976  Chr i s tmas b i rd count i n  Freeport 
( Emanuel , 1 977 ) . 

The red wo l f  i s  the on ly  speci es of mammal  o n  the Federa l and State 
l i s ts whi ch  may occur i n  the reg i on .  The red wol f former ly  ranged over 
much of the southeas tern Un i ted States , but now i ts range  i s  restri cted 
to a few southeastern counti es of Texas and to Cameron Pari s h , Lou i s i ana . 
Exces s i ve trapp i ng ,  hunti ng , and extens i ve d i s turbance to i ts habi tat 
have been the pri nc i pa l  reasons for the dec l i ne of th i s  speci es ( P iml ott 
and Jos l i n .  1 968 ; Ru sse l l and Shaw , 1 972 ) . In  add i ti on ,  competi t i o n  
w i th  coyote popul at i ons a n d  probably hybri d i zati on wi th t h e  coyote a l s o  
wou l d  b e  contr i but i n g  factors ( P iml ott a nd  Jos l i n ,  1 968 ) . Observat i on 
of  a true red wol f ha s not been confi rmed wes t  of the Brazos R i ver for 
a t  l ea s t  f i ve years . 

The Amer i can  a l l i gator and Houston  toad  are two spec i es of herpeto

fauna on  the Federa l l i s t  of threatened or endangered speci es t hat  occur 
i n  the project  reg i on ( Federa l Reg i ster ,  1 976 ) .  These speci es have been 
reported i n  Brazori a County but s houl d not be affected by the project .  
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Three add i t i ona l spec i es ,  the Atl ant ic  Ri d l ey turtl e ,  the Hawksb i 1 1  

turtl e and  the l ea ther bac k  turtl e ,  wh i ch are presently on  the Federa l 
l i st of enda ngered spec i e s ,  occur i n  the Gu l f  of Mex i co and cou l d  occur  

i n  the  project reg i o n .  None of these  spec i es have been observed i n  the 

area surround i ng the proposed d i ffu ser s i te .  

The U . S .  Department o f  I n ter i or ( 1 97 6 b )  cons i ders fi ve speci es of 

fres hwater f i s h  to be endangered and threatened in Texas ; three add i 

t i ona l fi s h  are i nc l uded o n  the Texas Parks and  Wi l d l i fe Depa rtment 

( 1 97 6 )  l i s t .  None of these fi s h  a re known to i nhab i t  t h e  fres hwater 
bod i es ex i s t i ng i n  the proj ect reg i o n .  Seven spec i es of  endangered 

mar i ne mamma l s  have been reported i n  the waters of  the Gu l f . Th i s  i s  

ba sed o n  scattered s i g ht i ng s and  does not represent i nd i genous  popu l a 

t i o ns ( Append i x  G ) .  

The U . S .  Department of I nter ior  ( 1 976b ) l i sts  many aqua t i c  i nverte

brate spec i es as endangered and threatened but none of these spec i e s  are 

known to have a ra nge  that extends i n to Texas or  i nto i ts coasta l waters . 

Cr i t i ca l  Areas of Concern 

Al though  the Texas Parks a nd W i l d l i fe Department , in response to an 

i nq u i ry from the Texas Genera l Land Off i ce for use i n  prepa ri ng  a Coa stal  
Zo ne r�a nagement P l an , nom i nated severa l area s i n  the  v i c i n i ty of the 
Seaway Group  as  " a rea s of part i cu l ar  state concern , "  the Coasta l  Manage

ment Program u l t imately i s s ued by the Land Offi ce d i d  not des i gnate any 

o f  those  a s  " a reas of part i cu l ar concern . II  The Texas Coastal  Management 

Program B r i efi ng Paper for Federa l  Rev i ewers , i ss ued by the Land Offi ce 

i n  March of 1 978 , des i g nated fo ur  s i te- spec i fi c  area s of  part i cu l ar 
concern : ( 1 ) Na t io na l Audubon Soc i ety l ea ses , ( 2 )  Sna ke I s l and ( West  

Bay ) , ( 3 )  s tate-owned marshes on the  bay s i de of Matagorda I s l and , and  
( 4 )  St . Charl es  Bay . No ne of these  is  l ocated in  the vi c i n i ty of the  

Seaway Gro u p .  

T h e  Texas Coas ta l  Management Program says a l so that sand d unes i n  

genera l a r e  a nother area o f  part i cu l ar concern a n d  t h e  Genera l Land 

Offi ce is prepari ng cr i ter i a  by wh i ch the comm i s s i oner i n  the future 

w i l l  des i g nate d unes cr i t i ca l  to the protec t i on of publ i c  l a nds . The 
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State Natura l  Resources Counc i l  a l so wi l l  eva l uate the need for addi t i onal  

a reas of  part i c u l ar  concern and , if  appropr i a te , wi l l  de s i g nate those 
a rea s over whi c h  the s ta te ha s s uff i c i ent  management  pol i c i es and  a uthori ty .  

B . 2 . 6  Natural  a n d  Scen i c  Resources 

B . 2 . 6 . 1 Natura l  Resources 

The reg i o n  s urround i ng the Seaway Group SPR s i tes i n  Bra zor i a  and 

Fort Bend  Co u nt i e s  conta i ns severa l  fres h  water l akes and  two major 

r i vers , the Brazos and  the San Bernard R i vers , wh i ch fl ow i nto the Gu l f  
of  Mex i co .  The  coastal  s horel i ne cons i sts of many mi l es  of bay s hore 

a nd Gu l f  frontage .  Ea st  and  West  Ga l veston Bays con st i tute a major bay 

system i n  the area . The  l a kes and  ri vers , i n  add i t ion  to t he sa l twater 
beaches , marshes , bays , a nd the open g u l f ,  prov i de the area wi th  an 

a bu ndance of reso urces to s upport a vari ety of recreati ona l acti v i ti es . 

The  Brazos and  the San  Bernard Ri vers fl ow t hrough  Brazor i a  Cou n ty ,  
prov i d i ng exce l l ent  wi l d l i fe habi tat .  There are n umerous  fres hwater 

l a kes a nd sa l twater marshes and bays to provi de  scen i c  re sources for 
pas s i ve types of recreat ion  as  wel l as  good fi s h i ng and  hunt i ng s i tes 

( U . S .  Department of Transportat ion , 1 976 ) . 

The  major i ty of the reg i on ' s  park and  recreat i onal  l and i s  u nder 
p u bl i c  management ,  i nc l u d i ng three nati ona l wi l d l i fe refuges admi n i s
tered by the Un i ted States F i s h  and  Wi l d l i fe Serv i ce .  These refu ges , 
the Sa n Bernard ( 1 5 , 41 4  acres ) ,  Brazori a ( 9525 acres ) ,  a nd Ana huac ( 9836 
a cres ) , are l ocated i n  c l ose  prox imi ty to the gu l f coast . Two of these 

( Brazor i a  and  San  Bernard ) a re wi th i n Brazor i a  County .  San Bernard 

Nat i o na l  W i l d l i fe Refu g e ,  wh i ch wa s establ i s hed in November of 1 968 , i s  

Texa s '  newest  wi l d l i fe refuge . The  refuge i s  currently admi n i stered by 

t he Ang l eton  off ice  of the U . S .  F i s h  and Wi l d l i fe Serv i ce , and  i n  1 97 0  

recei ved 538 v i s i tors . 

The  B u reau of Sport Fi s her ies and  Wi l d l i fe a dm i n i sters fi ve wi l d
l i fe refuges on  the Texas coa s t .  

Brazori a Na ti o na l  Wi l dl i fe Refuge i s  l ocated on  the Coastal  P l a i n  
of southeast Texas ( 1 7  mi l es southeast  of Angl eton ) ,  i n  coa sta l marsh  

and  pra i ri e  i n  Brazor i a  Co unty .  The  refuge offers p u bl i c  hunt i n g  and  
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fi s h i ng i n  l i mi ted area s , s i g htsee i ng , b i rdwatch i ng ,  and nature photo

graphy .  I t  i s  the sma l l est  refuge o n  the Texas coas t  and had 524 

v i s i tors i n  1 970 .  

The Na t i ona l  Audubon  Soc i ety owns severa l tracts of l and  i n  the 

Texas Coa sta l  Zone wh i ch are used as  wi l d l i fe refuges . Some of these 

are l ocated near nati ona l wi l d l i fe refuges an� serve to extend the 

s a nctuary prov i ded by these refuges . West  Bay B i rd I s l and i s  one s uch  

sa nctuary l ocated ea st  of Brazori a Na t ional  W i l d l i fe Refuge  i n  West  

Ga l veston Bay . 

The Texas Parks and Wi l d l i fe Department admi n i s ters four state 
parks  hav i ng a tota l area of 361 7 acres . These parks are : Geyar Beach ,  
5 54 acres ; Mud I s l and , 1 075 acres ; Ga l veston I s l a nd ,  1 92 2  acres ; and 

Va rner-Hogg ,  66  acres . There are four devel oped beach  areas in  the 

v i c i n i ty of Freeport ( Bryan ,  Q u i ntana , Surfs i de ,  and San Lu i s  Pass 

beaches ) .  The Bryan Mound Beach State Recreat ion  Area wa s recent ly  
acq u i red by the  Texas Parks  and Wi l d l i fe Department . Th i s  area i s  

l ocated approx imate ly  one mi l e  south of Bryan Mound , cons i sts of 877  
acres , a nd  recreat i ona l fac i l i t i es are be i ng p l anned for future pub l i c  

u se .  

There are 67 p ubl i c  and pri vate recrea t i ona l a rea s i n  Brazor i a  

County ,  i nc l ud i ng mari nas ,  parks , camps , beaches , a n d  other areas . 
There are 27 h i stor i c  s i tes i n  the county ,  i nc l ud i ng  the Varner-Hogg 

P l antat ion  State Park near West Co l umb i a  ( Da l l as Morn i n g  News , 1 975 ) .  

There are 3 1  c i ty and  county parks and p l aygrounds  i n  the Brazosport 

area and a natura l recrea t i on area made up  of approx imate l y  25 mi l es of 

open beaches ( Ho uston-Ga l veston Area Cou nc i l , 1 97 2 ) .  

Fort Bend County has  1 9  des i gnated recreat i o n  s i tes . Among  these 
are the s i x  mun i c i pa l  pa rks operated by the c i t i es of R i c hmond a nd 

Ro senbu rg . Ot her s i tes  prov i de a vari ety of recreat i onal  experi ence . 
There are a l so 1 4  des i gnated h i stor i ca l  s i tes wi th i n  Fort Bend County 
( Ho uston-Ga l veston Area Counc i l , 1 972 ) . None of these recreat i onal  
s i tes wou l d  be d i rect ly  a ffected by the project .  
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coastal  resources domi nate recreat ion  i n  Brazor i a  and  Ga l veston  

Co u nt i e s .  Mu c h  of the recreat i on in  these  count i es i s  re l ated to  water

sports , fi s h i ng ,  hunt i ng , and rel ated tour i st  act i v i t i es , s u c h  as  

Ga l veston ' s  S hr imp Fe s t i va l . Fort Bend and  Harri s Cou nt i e s  offer some 

of these same acti v i t i es , but a l so offer c u l tura l  act i v i t i e s .  Hou ston 

i s  a center for urban  recreat i o n  i nc l u d i n g  profe s s i ona l  sports , amuse

ment parks , col l eges and u n i vers i t i es ,  museums , and  the John son Space 

Center . 

B . 2 . 6 . 2  Scen i c  Reso urces 

The  scen i c  resources in Brazor ia  and Fort Bend Cou nt i e s  s urround i ng 
t he s i tes are a l so domi na ted by the a bundant  coasta l  reso urces .  Over 

ha l f of Brazor i a  County ' s Gu l f  coastl i ne i s  sandy beaches . Many mi l es 

of  bay and coa sta l  s horel i nes  are coa sta l  mars hes . 

I n l a nd , the study area i s  ma i n l y  fl at  p l a i n s w ith  few areas of 

topogra p h i c  var i at i o n . Low- lyi ng  areas tend to be mars hy ,  due to the 

poor dra i nage . These wet l ands  and  the area s a l ong the Brazos Ri ver , San 
Bernard R i ver , and  J o nes Creek are surrounded by wood l ands  of natural  
scen i c  bea uty .  These  areas predomi nate i n  we stern Brazor ia  County and  
i n  the southwest  and southea st  port i on s  of Fort Bend  County . The  re

ma i nder of the two count i es i s  primari ly  c l eared l and i n  agri cu l tural  
u se , whose aesthet i c  appeal  comes from the broad open v i s ta s  prov i ded . 

B . 2 . 7  Archaeo l og i ca l , H i stori cal  and Cu l tural  Reso urces 

The Texas Coasta l Zone conta i n s archaeo l og i ca l  s i tes  provi d i ng 
ev i dence that human s  have i n ha b i ted the reg i o n for a s  l ong  a s  1 5 , 000 

years . Brazor ia  Co unty conta i ns 37 archaeo l og i ca l  s i tes . These s i tes  

a re s i mi l ar to  many found  i n  the  coasta l  zo ne , i n  t hat  they conta i n  
mi ddens  of ostrea and rang i a  she l l s ,  and most  are l ocated o n  or near the 

bea c h .  

O n e  h i sto r i c  s i te i n  Bra zor i a  County i s  o n  t h e  Nat i ona l  Reg i ster 

( U . S .  Department of the I nteri or , 1 97 7 ) , the John McCros key Cabi n ,  
l ocated two mi l es northea st  of Cedar La ke on Stri ngfe l l ow Ranch .  Two 

add i t i onal  s i tes have been chosen by the Texas State Board of Rev i ew for 
s u bmi s s i on to the Nat i ona l Reg i s ter : These s i tes are the Levi Jordan 
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Pl antat i o n  a nd the Va rner-Hogg P l antat i on . The Lev i Jordan P l antat i o n  

i s  l o ca ted a pproximately  1 0  mi l es north of  Bryan Mound a nd  t he  Varner

Hogg P l antat i o n  i s  l ocated near We st  Co l umb i a .  

I n  comp l i ance wi th Sect ion  2 ( a )  of  Execut i ve Order 1 1 5 93 , " Protect ion  

and  Enchancement of the  C u l tural  En v i ronment"  ( May 1 3 ,  1 97 1 ) ,  a s u rvey 
w i l l  be carr i ed out  to l ocate , i nventory and nomi nate e l i g i bl e  h i s tor i c ,  

a rc h i tectura l and archeo l og i ca l  propert i es to the Nat i ona l Reg i s ter of 

H i s tor i c  P l aces that may occur on l ands  affected by the chosen devel opment  

a l ternat i ve .  The res u l ts of t h i s  s urvey wi l l  i n s ure the propo sed under
ta k i ng wi l l  not  re su l t  in the tran sfer , sa l e ,  demol i t i on or s ubstan t i a l  

a l terat ion  of  e l i g i b l e  Nat iona l  Reg i s ter Propert i e s .  As the proj ect 

progresses , add i t i ona l  s u rveys wi l l  be ca rr i ed out to determi ne that no 
add i t iona l  e l i g i b l e  properties  have been uncovered . 

I n  comp l i a nce wi th Sect ion  1 ( 3 )  of  the Exec u t i ve Order 1 1 5 93 i t  has  
been determ i ned that the proposed proj ect wi l l  not res u l t  i n  the  destruc

t i on  or  deter i o rat ion  of  non- federa l ly  owned d i str i cts , s i tes , bu i l d i ngs , 

s tructures or obj ects of  h i stori ca l , arc h i tec tural or archeo l og i ca l  

s i g n i f i canc e .  

B . 2 . 8  Soci oeconomi c Env i ronment 

The s i tes are l ocated in Brazor ia  and  Fort Bend Cou nt i es , however ,  

the  soc i oeconom i c  reg i o n  i n  wh i c h  devel opment wou l d  occur  i n c l ude 

Harr i s  and Ga l ves ton Coun t i es . The phys i ca l  devel opment wi l l  be i n  

Brazor i a ,  and  pos s i b ly  Fort Bend Count i es ; however , the economi c and  
emp l oyment effects wi l l  i n vo l ve a l l four  cou nt i es . 

B . 2 . 8 . 1  H i s tory 

Brazor i a  County ,  one of  the earl i est  s i tes of deve l opment i n  what  
i s  now Texas , s hows cont i n u i ng a nd  future potent i a l  for growth . S i x  

nat i onal  fl ags , and  pos s i b ly  a seventh , have fl own over t he  so i l  of 
Brazor i a  Co unty :  Spa i n ,  France , Mex i co ,  the Repu bl i c  of Texas , the 
Confederacy , and the Un i ted States a l l have c l a imed th i s  area , as  d i d  a 

s hort- l i ved government ca l l ed the Rep ubl i c  of Fredon i a .  The or i g i na l  

owners of  t he  central Texas coast , a tri be of  seven foot ta l l ca n n i ba l 
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I nd i ans  ca l l ed the Karankawas , were present l ong enough  to see a l l seven 

fl ags . Now ext i nc t ,  the fi erce " Kron ks " were recorded i n  the area as  
l ate a s  the early 1 900'  s .  

The f i rst  European exp l orers of Texas l anded here in  the  1 500 ' s .  
Later , the earl y Texas immi grants came to Freeport by sea to establ i s h 

Stephen F .  Au sti n ' s  f i rst  col ony . Brazosport , a group  of commun i ti es i n  
t he Freeport area , wa s the s i te of the fi rs t  armed confl i ct between 
Texans  and Mex i cans i n  the Battl e of Vel asco i n  1 83 2 ,  four  years before 
t he Al amo . 

A preponderance of peopl e i n  the commun i ty were born , ra i s ed , and  

educated e l sewhere a nd moved here as  adu l ts . Accord i ng to the Brazosport 
C hamber of Commerce ( FES 76/77- 6 ) , persons of Span i sh descent and 
Ameri can Negroes are the on ly  s i g n i fi cant  ethn i c  and mi nori ty groups  i n  

Brazosport commun i ty .  

B . 2 . 8 . 2  Land-Use  Pa tterns a n d  Pl ann i ng 

Ex i st i ng La nd  Use  

The general l and- use  characteri st i cs  of the study regi on are s hown 

i n  F i g ure B . 2- 2 9 .  Al though  the reg i o n  has undergone very rap i d  i nd u s 

tri a l i zat ion  a nd  urban i za t i on s i nce Worl d War I I , o n ly  a sma l l port i on 

of  t he tota l l and  ' i s  c urrentl y i n  urban u se .  Mos t  of the i nd ustri a l i 
zat ion  and/or urban devel opment i s  concentrated i n  Hou s ton , Gal veston , 

T�xa s  C i ty ,  and  t he Brazosport area . Thu s ,  the rural agr i c ul tural  
economy rema i ns s i g n i f i cant  throughout the reg i on , wi th tota l acreage  

d i vers i fi ed among crop l and  (ma i n l y  cotton and r i ce ) , pas ture and  range

l and  for cattl e ,  and  forest  and  woodl ands ( see  Tabl e B . 2- 30 ) . 

Patterns of l and  use  i n  Brazori a  County i n  1 970  were documen ted  by 

the Texas H i g hway Department ( Bernard J o hn son , I nc . , 1 975 ) , based on  an 

exten s i ve f i e l d s urvey and rev i ew of c urrent aer i al photograp hy , tax , 
a nd property records .  To ma i nta i n  a common denomi nator for l and-u se 

i nventory among  a dj o i n i ng count i es , the Texas H i g hway Department  u sed 
t he Houston  C i ty P l a nn i ng Commi s s i oD ' S  s i mpl i f i ed s tandard l and-use  

c l a s s i fi cati on ( Bernard J o hnson , I nc . , 1 97 5 ) , wh i c h  ha s 1 0  categori es : 
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F I GURE B . 2-29 Promi nent l and uses , Brazori a County , Texas . 
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TABLE B . 2 - 30 Aqri cu l tura l  character i s ti cs - four county reqi on . 

Coun ty 
"'-

Brazori a 
Fort Bend 

Ha rri s 
Ga l veston 

TOTAL 

Total  
Land Area 

91 0 . 8  
5 56 . 0  

1 1  02 . 7  
255 . 4  

2824 . 9  

Non-farm 
Land  1 969 

3 1 1 . 9 
85 . 0  

55 1 . 6  
1 25 . 9  

1 074 . 4  

Source : Department of Trans portati on , 1 976 . 

( Acres i n  Thousands ) 

Land i n  Farms 
1 964 1 969 

697 . 8  598 . 9  
506 . 5  47 1  . 0  

562 . 3  55 l . 1  
1 20 . 6  1 29 . 5  

1 887 . 2 1 7 50 . 5  

Range l and  and Other 
1 964 1 969 

593 . 6  503 . 3  
372 . 2  332 . 2  

478 . 0  472 . 2  
1 08 . 8  1 09 . 2  

1 552 . 6  1 41 6 . 9  

Harvested CroQl and  
1 964 

1 04 . 2  
1 34 . 3  

84 . 3  
1 l . 8  

334 . 6  

1 969 

9 5 . 6  
1 38 . 8  

78 . 9  
20 . 3  

333 . 6  



o S i ng l e  fami ly  res i dent i a l  

o Mu l t i p l e fam i ly  res i denti a l  

o Commerc i a l  and serv i c e  
o I n dustr ia l  
o Ed ucat i ona l 

o Open space ( i nc l u d i ng nati ona l wi l d l i fe refuges ) 
o Water 
o Re source  product ion 

o Undevel oped l and ( i nc l ud i ng agri c u l ture and o i l  wel l production ) 
o H i g hway r i g ht-of-way 

Under present l a nd-use  acti v i ty ,  the reg i on i s  stron g l y  charac

ter i zed by urba n i zat ion  tha t is concentrated in and abo ut  the vari ous  
c i t i e s . The  pr imary excepti ons to  th i s  pattern , in  Brazoria  Cou nty ,  are 

the l i near res i den t i a l  and commerica l  devel opments fo l l ow ing  State 

H i g hway 288 between Ang l eton and  La ke Jackson , and  res i dent i a l  devel op
ment  a l ong county roads  in  the tr iang u l a r  area formed by Sweeny , West  

Co l umb i a ,  and Brazori a .  

Petrochem i ca l  act i v i t i e s  are concentrated i n  a few l arge opera
t i ons , pr i n c i pa l l y :  Dow Chem i ca l  north and south of Freeport ; Monsanto 

Chem i ca l  a nd Amoco Chem i ca l  on Chocol ate Bayou north of Farm Road 2004 ; 

and  Ph i l l i ps and Al l i ed Chem ica l  Refi neri es  near Ocean , on the western 
boundary of Brazori a Cou nty .  

The  Gu l f  o f  Mex i co and the Brazor i a  County port i on of i ts coast  are 

i n  mul t i p l e  u se  for recreat i ona l and commerc i a l  purposes . Waterborne 

commerce ,  p l ea sure boat i n g ,  fi s h i ng , and offs hore mi nera l  product ion are 
i mportant  uses  of  th i s  port ion  of the Gu l f . 

La nd Use  P l ans  and Proj ect ions  

The  power for d i rect con trol or  reg u l a t i o n  of  l and  u se  i n  Texas 
l i es wi th the l oca l j u r i s d i c t i ons  rather than wi th the State , reg i ona l  

a genc i es ,  or the  count i es , a l though  there are a number of governmenta l 

agenc i es wh i c h e i ther ass i s t the l ocal  area s wi th p l an n i n g  or exerc i se  

contro l  over certa i n  l ands . Wi th i n  the Seaway Group  reg i on , these 
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agenc i e s  range from the U . S .  Department of the I n ter i or , F i s h  a nd W i l d 

l i fe Serv i ce to the Ho u ston- Ga l veston  Area Counc i l of Governments . The 
i nvol vement of the U . S .  F i s h  and W i l d l i fe Serv i ce i s  l i mi ted to those 

l ands  u nder i ts d i rect contro l , whi ch are descri bed i n  Sect i on B . 2 . 6 .  

The Texas Gen�ral  Land Off i ce i s  concerned w i t h  statew ide l and u se  

p l a nn i ng and  coa stal  zone management programs . The off i ce does not 

d i rect ly  control or reg u l ate the u se of pri vate l ands , a l though i t  doe s 

have respons i b i l i t i es for the management of some state-owned l ands 
i nc l ud i ng certa i n  s u bmerged l ands through  whi ch the offs hore p i pel i nes  

wi l l  pass . 

The Genera l  Land  Offi ce a l so adm i n i sters the Coa sta l  Zone Manage
ment program for Texas ( Brown , 1 977 ) . As a part of t h i s program , the 

Bu reau of Econom i c  Geo l'ogy of the Un i vers i ty of Texas has prepared a 
ser i es of deta i l ed ana l yses of the Texas Coa sta l  Zon e .  

The Ho u ston-Ga l veston Area Cou nc i l  o f  Governments , a reg i o nal  
p l a nn i ng agency whi ch  serves a 1 3- county area i nc l ud i ng the SPR s i te , i s  
i n  the process  of carry i ng out  comprehen s i ve pl a nn i ng stud i es i nc l ud i ng 
popu l at ion  and econom i c  forecasts . I t  does not exerc i se d i rect contro l s 
o n  l a nd u se ( s uch  as  by zoni ng ) but doe s rev i ew and  coord i nate appl i ca 

t i o ns for federa l funds for a w i d e  vari ety o f  proj ects . 

The Houston-Ga l veston  Area Counc i l  of Governments has prepared a 
future l a nd- use  map for i ts 1 3- county reg i o n  for the year 2000 wh i c h  

i nd i ca tes the rap i d  spread of res i dent i a l  devel opment outward from 
Hou ston , parti cu l ar ly  a l ong rad i a l  h i g hways ; a l ong I n terstate 45 north , 

U . S .  90A west and  1 - 1 0  east .  S u bstan t i a l  growth i s  a l so expected to 
occur so uthwa rd a l ong 1 -45 toward Ga l veston , i n  the northern part of 
Brazor i a  Co u nty between Al v i n and Ho u ston  ( Harri s Cou nty ) ,  and i n  the 
southern part northward from Freeport to La ke J ackson , C l u t e ,  Ri c hmond , 

a nd Angl eto n .  

I n d u s tr i a l  devel opment  i n  the reg i on i s  expected to occur a l ong the 

Ho u ston  S h i p  Channel . Addi t i onal  smal l er i nd u str i a l  areas are expected 
to devel op througho ut  the reg i o n ,  part i cu l ar ly  i n  the v i c i n i ty of 

Ga l veston Bay . I n  Brazor i a  County ,  s u bstan t i a l  expan s i on  of i ndustry i s  
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foreseen i n  the Freeport area and spread i n g  ea stward . At Choco l a te 

Bayo u ,  a major i nd u s tr i a l  comp l ex i s  ant i� i pated ; the l a rgest i n  the 

reg ion  other  than the Houston S h i p  Channe l  ( DOT , 1 97 6 ) . Fu ture offshore 

m i nera l d evel opment i s  current ly  be i n g p l anned for th i s  reg i on . The 

U . S .  Army Co rps of Eng i neers i s  c urrent ly  p l an n i n g a s u bstan t i a l  harbor 

ma i ntena nce and improvement proj ect in the Freeport area ( U . S .  Army 

Co rps of  Eng i neers , 1 97 7 ) . 

B . 2 . 8 . 3  Tran sportat ion  Systems 

The reg i on i s  wel l served by h i g hways , ra i l road l i nes , navi gab l e 
wa terways , and  a i rports , wi th Hou s ton as  the hub of  the tran sportat ion  

systems . I n terstate 45 l i nks  Ga l veston and  Hou ston , State H i g hways 288 
a nd 35  connect So uthern Brazo r i a  County w ith  Ho u ston , and Sta te H i ghway 

3 6  l i n k s  Freeport wi th I - 59 ,  west  of Hou s ton . A new two- l ane  h i g hway 

a l ong  Ga l veston  I s l a nd , wh i ch cros ses the San Lu i s  Pa s s  Bri d ge , pro v i des 

good access between the Ga l veston-Texas C i ty area and the Bra zosport 
a rea . Ro u tes 288,  35 , and  36 , s hown in F i g ure B . 2 -30 ,  l ead south from 

the  Ho uston expressway network  i n to Brazo r i a  County .  W ith i n  Brazor i a  
Co unty ,  these roads are a l l two- or three- l ane  h i ghways except for a 

s egment of  Ro ute 35 wh i ch bypas ses Al v i n ,  and an expressway segment of 

Ro ute 288 from Ang l eton to the  La ke Jackson- Freeport area . 

Fu ture p l ans  ca l l for the upgrad i n g of  both Route 35 and 288 to 

expres sway s tatus  for the i r  ent i re l ength through  Brazor ia  County .  Th i s  

w i l l  enabl e the 50- mi l e  tr i p  from Freeport to Hou ston to be made i n  l es s  

t han  o ne  h o ur  a nd wi l l  mean that the m i dd l e a nd  southern port i ons of  

Brazo r i a  Co unty wi l l  be  wi th i n  ea sy commut i ng d i stance from Hou ston . 
The comp l et ion  of  these expres sway proj ects , current ly  he l d  i n  abeyance 

beca use  of  a s hortage of expressway con struct ion  fund s , wi l l  co nst i tute 

a n  important segment of the p l a nned rad i a l - c i rcumferent i a l  exp res sway 
sys tem for the greater Ho uston-Ga l veston  area . 

Ra i l roads prov i d i ng serv i ce to the reg ion  i nc l ude  the Southern 
Pac i fi c ,  wh i c h  serves Houston and connects th i s  a rea wi th New Orl eans  to 

the ea st  and wi th Los Angel es to the wes t .  The Atch i so n ,  Topeka and 

Santa Fe serves Freeport and  Ho uston and  l i n ks the reg i on wi th the West  
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and North . The  Mi ssou r i - Pac i fi c  serves Brazo r i a  County and Houston and 

l i n k s  these  areas wi th  Ba ton Rouge  and northern c i t i e s .  The I ntra

coa sta l Waterway a l so l i n ks Freeport and Ga l veston  ( DOT , 1 976 ) .  

Wa terborne transportat ion  on the I n tracoasta l Waterway ( I CWW ) and 

i n  the Gu l f i s  v i ta l  to i ndustry . The I CWW l i n ks  the reg ion  w ith  the 
ea stern Un i ted States prov i d i ng s ha l l ow draft barge transportat ion . I n  

1 974 over 7 0  mi l l i on tons  of  cargo were s h i pped over th i s  waterway 
( Texas Coa sta l  and Ma r i ne Counci l ,  1 977 ) . Oceango i ng vessel s traverse 

t he G u l f to ports such a s  Freeport . Beca u se of th i s  acti v i ty there i s  
now a s h i pp i ng a nchorage offs hore nea r Freeport . Two s h i pp i ng l a nes 

pass  east-west  a bout 14  mi l e s offs hore and one l ane  pa sses  i n to the Ol d 

Brazosport . 

B . 2 . 8 . 4  Popu l at ion  C ha racter i s t i cs 

Popu l a t i on Ce nters 

There are two outstand i ng soc i o- cu l tura l characteri s t i c s  of the 

reg i o n . F i rst ,  the pop u l at ion  i s  h i g h l y  concentrated i n  the few c i t i es 

tha t  are h i g h l y  urba n i zed and , second , the area i s  dom i nated by the 
fa stgrowi ng  Hou ston  area . 

There a re on ly  n i ne c i t i es a nd towns i n  the reg i o n  ( Brazor i a , Fort 

Bend , Ha rri s ,  a nd Ga l veston Count i e s )  w i t h  a popu l a t i on of 1 0 , 000 or 

more , and o n l y  four of these have popu l at i on s  of  25 , 000 or  more ( DOT , 
1 97 6 )  . 

H i stor i ca l  Growth and Trends 

Throughout the reg i on , the pOp' u l at ion  is growi ng at  a very rap i d  

rate , i n  compari son wi th the State and Nat ion . Brazor i a  Co unty and  
Ha rr i s  County s how the  most  s i g n i fi cant  growth rates , 42 . 1  and  40 . 1 

percent ,  respect i vely ,  between 1 960 and 1 97 0 .  A great dea l of  th i s 
growth  i s  a s soc i a ted wi th the expans i on of the Hou ston  metropol i ta n  
area . Brazor i a  Co unty h a s  a l so expanded , a s  coa s ta l  towns s u c h  a s  
Freeport have grown rap i d l y .  Fort Bend a n d  Gal veston Count ie s  are 

growi ng more s l owly but st i l l  at rel a t i ve l y  rap i d  rate s .  These cou nt i e s  

are expected to cont i n ue to grow rap i d l y  a s  Hou ston  expand s .  
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Much of t he d i fference i n  growth rates among the cou nt i es can be 

expl a i ned t hroug h  t he net mi gra t i on rates . The net m i grati on  i s  the 

percent of the 1 960 popu l at i on  that moved i nto the area between 1 960 and 
1 970 .  I n  Brazori a and  Ha rri s Count i es , net  m i g ra t i o n  wa s 1 2  to 1 7  

percentage po i nts h i g her t han  i n  Fort Bend and Ga l veston . The se  fi g ures 

are con s i stent wi th  the rap i d  phy s i ca l  growth of Houston observed i n  the 
l ast  1 5  years . The drama t i c  i nfl ux  bei n g experi enced i n  the Houston  
a rea i s  more i mpres s i ve when compared wi th  the  net mi grat ion rate for 

t he s tate , 1 . 5 percent , and that of t he nat i o n  a s  a who l e ,  1 . 7 percent .  

I n crea s i ng economi c  opportu n i t i es i n  the Hou ston metropo l i ta n  area 

are expected to ma i nta i n  rap i d  growth patterns wi t h i n  the i mpact area 
( U . S .  Dep t .  of Commerce , 1 97 2 ) . 

B . 2 . 8 . 5 Ho u s i ng 

As can be seen i n  Ta bl e B . 2- 31 , the overwhe l m i n g  majori ty of the 

ho u s i ng stoc k i n  the reg i o n  i s  in Harr i s  County .  The maj ori ty of the 

u n i ts i n  Ha rr i s  Co unty surround the Houston metropo l i tan  area . Brazor i a  

County ha s the greatest proport i o n  of owner-occ u p i ed un i ts i n  the four-
county area . 

The vacancy rate i n  un i ts for sal e wa s very l ow i n  a l l count i e s . 

The vacancy rate of u n i ts for rent wa s very h i g h  i n  a l l count i es except 

Fort Bend Co unty ,  a l thoug h  Fort Bend County ' s  rate was st i l l  a bove the 
nati onal  average rate of 6 . 6 percent .  Th i s  h i g h  vacancy rate for renta l  

u n i ts tends  to  i nd i cate that t he  count ie s  have t he  hou s i ng stock  to 
accommodate a ny i ncrease  i n  pop u l at i on  resu l t i ng  from t he SPR  program . 

The med i an va l ue of s i ng l e  fami ly  houses  i n  the reg i on i s  wel l 

a bove the State average , and wa s h i ghest i n  Hou ston area ( U . S .  Dept . of  
Commerce , 1 97 3a ) . 

B . 2 . 8 . 6 Economy 

The ba s i c  economy of the reg i o n  i s  domi nated by manufacturi ng and  

t he petro l eum and chem i ca l  i nd u stry .  Brazor i a  Cou n ty has  a n  extens i ve 

m i neral  extracti on  i ndustry i nc l ud i ng  o i l  and gas , wi th a n  i ncome of 
over $260 m i l l i o n  annua l l y .  Petro l eum and chemi ca l  i nd u stri es , fi s h i ng , 
tour i sm and  agri cu l ture are a l so importan t  to the County economy . Fort 
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TAB LE B . 2- 3 1 Hous i n q  characteri s t i c s , 1 970 . 

Number Number of 
Co u n ty o f  U n i t s Persons/U n i t  

Bra zori a 30 , 5 6 7  3 . 5  

Fo rt Be n d  1 3 ,858 3 . 7  

Ha rri  s 5 4 0 , 929 3 . 2  

Ga l vesto n  52 , 987 3 . 2  

Texas 3 , 433 , 57 3  3 . 2  

Source : U . S .  Department of Commerce , 1 970 . 

% Own er- V a c a n cy Rate 
Occ upi ed For S a l e  For Rent ---

7 l . 5 2 . 1 1 2 . 1  

65 . 9  l . 5 7 . 5  

58 . 6  l . 8 1 l . 8 

62 . 5  2 . 3  9 . 7  

53 . 7  2 . 0  1 l .  1 

Med i a n  Va l u e 
Si ng l e Fam i l y Home 

1 3 , 508 

1 3 , 2 4 9  

1 4 , 889 

1 3 , 32 7  

1 2 , 359 



Bend Co unty rel i e s  heav i l y  on  the mi nera l extract i on and the petro

chem i ca l  i nd u stry but a l so has an act i ve agr i c ul tural  i ndustry . Many 
res i dents of th i s  county are empl oyed i n  the Hou ston  area . 

Port acti v i t i es domi nate the economy i n  the Ga l ve ston-Texa s C i ty 

a rea , wi th the s urround i ng area s of Ga l veston Cou nty acti ve i n  agri 

bus i ness , to ur i sm ,  a nd mi nera l extracti o n . 

The reg iona l  center of bus i ne s s  acti v i ty i s  i n  Houston  ( Harri s 

Co unty ) , a h i g h ly  i nd u str i a l i zed area wi th over 2500 manufacturi ng 

p l ants . Mi nera l extracti o n ,  espec i a l l y  o i l  and gas , ha s a comb i ned 

product ion  of over $200 mi l l i on a nnua l l y  i n  Harri s Cou nty .  I n  add i t i on , 

port acti v i t i es ,  to uri sm ,  a nd serv i ce i nd u stri e s  are important  to the 
l ocal  economy of the Co unty as wel l as  the s urround i ng reg i on ( Da l l a s 
Mo rn i ng News , 1 97 5 ) . 

Large empl oyers i n  the reg i on that are not dependent upon the 
c hemi cal s i nd u stry i ncl ude the Texas Department of Correct ions , the 

s hr imp i nd u stry ,  and vari o u s  recreat iona l  acti v i t i e s . The Texas Depart

ment of Correct ions  has over 200 empl oyees at i ts C l emens  a nd Retri eve 

fac i l i t i es , both of wh i ch are l ocated i n  or near the Brazosport area . 

The  shr imp i nd u stry i s  one of the worl d 1 s  l argest , wi th a s  much as  1 5  

m i l l i on pounds  of s hr imp l anded a nnua l l y  ( DOT , 1 97 6 ) . 

Empl oyment 

The reg i o n  i s  s u bd i v i ded i nto two areas : Brazor i a  and Fort Bend 

Co u nt i es , where the proj ect wi l l  be l ocated , and the Hou ston-Ga l ves ton 

a rea , where most  of the workers are expected to l i ve . Both area s are 

expected to experi ence s u bsta nt i a l  growth i n  refi n i ng a nd petrochem i ca l  
manufacture u s i ng crude o i l  from SEADOCK ,  the proposed offshore o i l  
port , i f  i t  i s  bu i l t . Co nti nued  deve l opment of refi n i ng and  petro
c hem i cal s wi l l  occur whether or  not th i s  proj ect i s  constructed ( DOT , 
1 97 6 )  . 

There were a tota l  of 2 6 , 1 78 j obs and a popu l ati on of 1 08 , 3 1 2  i n  

Brazor i a  Co unty i n  the early 1 970 1 s .  The l argest emp l oyment  sector was 
manufacturi ng . Ref i n i ng and  petrochemi cal s are the two l argest i nd u s
tri es , account i ng for 71 . 3  percent of a l l manufacturi ng emp l oyment and 
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30 . 5 percent of a l l j o bs i n  the county .  Other l a rge emp l oyment  sectors 

i nc l ude reta i l  trade , wh i ch  a ccounts for 1 6 . 2  percent of empl oyment ; 

constructi o n ,  1 4 . 5 percent ;  and  serv i ce ,  1 0 . 3  percent . Fi s h i ng i s  a n  

i mportant  i nd u s try i n  Freeport ; however , d i rect emp l oyment i s  l es s  than 
200,  but t h i s amounts to 9 . 1 percent of that i nd u stry ' s total empl oyment 

i n  t he state . Efforts are be i ng made to d i vers i fy the economy of th i s  

a rea by encoura g i ng  the devel opment of i ndustr ies  for serv i c i ng and  

fabr i cat i ng  offs hore o i l eq u i pment , the  fi s h i ng  i nd u s try , and  recreat ion  

( DOT , 1 97 6 ) . 

The  emp l oyment s tructu re of Hou ston  refl ects i ts ro l e  a s  a reg i ona l 

center .  I t  h a s  l a rge shares of  i ts empl oyment i n  man ufactu r i ng , serv i ce ,  
reta i l  trade ,  constructi o n ,  whol esa l e trade , and  transporta t i on a nd 

p u bl i c  u t i l i t i es .  Overal l ,  Hou ston  has the l a rgest l a bor pool and  the 
mos t  d i vers i fi ed economi c  ba se i n  the reg i o n . Gal veston and  Fort Bend 

Co unt ie s  have the greatest proporti o n  of empl oyment i n  the man ufactur i n g  

a nd whol esa l e  a n d  reta i l trade ( see Tabl e B . 2- 32 ) .  Empl oyment i n  

government i n  Ga l veston i s  a l so i mporta nt .  

Mos t  o f  the reg i o n  has a moderate l evel  of u nempl oyment ,  w ith  some 

a rea s hav i ng h i gher  or l ower l evel s depen d i n g  on l oca l  factors . Tabl e 

B . 2 -33  s hows t he exi s t i ng  u nemp l oyment  l evel s a s  of February ,  1 97 7 . 

Ga l veston  Co unty ha s a s i gn i f i cant ly h i gher  l evel  of  u nempl oymen t  than 

t he o ther counti es . Al most  44 percent of those u nempl oyed l i ve i n  the 

c i ty of Ga l vesto n .  Harri s County has the l a rgest tota l pool  of  u n
empl oyed , w i th  5 5 , 366 persons out  of wor k .  

I n come 

I n  genera l , t he data i nd i ca te the rel a t i ve wea l th  of the reg i o n ' s  

popu l at i on . The  med i a n  fami ly  i ncome and  home val u e  i s  wel l above the 
a verage  for t he state of Texas as a who l e .  The re l at i ve wea l th o f  the 

i mpact a rea s i s  rel a ted  to the i r  degree of u rba n i za t i on and  i nd u str i a l  

s tructure . T h e  Hou ston SMSA , for examp l e ,  i s  one o f  the wea l th i e s t  of 

t he l a rge SMSA ' s ( t hose  over 2 mi l l i on pop u l ation ) in the Un i ted Sta tes 

( DOT , 1 97 6 ) . 
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TABLE B . 2- 32 Percentage emp l oymen t  i n  JTlaj or  i ndustri a l  cate(lOr i es , 1 974a . 

Bra z o r i a  

I n d u s try 

r�a nufactu r i ng 29 . 6  

Who l es a l e and Reta i l  Trade 1 6 . 8  

Servi ces 7 . 9  

Edu c a t i o n a l  Servi ces 7 . 5  

Cons truct i on 1 3 . 3  

Government 1 2 . 1  

Unempl oyment b 5 . 1  

Note : does not i nc l ude ag r i cu l ture . mi n i np .  

a Da l l as Morn i ng News , 1 975 . 

b Perki ns , 1 97 7 .  

Fort Bend Ga l veston 

2 3 . 3  20 . 2  

2 0 . 7  1 8 . 8  

8 . 4  8 . 7  

6 . 2  8 . 5  

1 0 . 7  9 . 8  

1 1 . 9 1 9 . 9  

4 . 4  7 . 6  

Harri s 

20 . 1  

a . 8  

1 0 . 2  

6 . 5  

8 . 9  

1 0 . 7  

5 . 3  



TABLE 8 . 2- 3 3  Unempl oyment - four  county reg i on , February 1 97 7 . 

Number Percent 
UnemEl o�ed UnemEl o�ed 

Counti es  

Brazori a 3 , 1 58 5 .  1 

Fort Bend 1 , 222  4 . 4  

Gal veston 6 , 630 7 . 6  

Harri s 55 , 366 5 . 3  

Ci ti  es  

Freepo rt 505 6 . 6  

Gal veston 2 ,898 9 . 0  

Hou ston 40 , 85 5  5 . 5  

Source : Perki ns . 1 97 7 .  
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Brazor i a  County has  the h i ghest  med i an fami l y  i ncome of any of the 

fou r  count i es and i t  a l so stands among the h i ghest  in val u e  of  s i ng l e
fam i l y  homes ( a l though  not as  h i gh as  t he average for the  Hou ston  SMSA 

a s  a whol e ) . Th i s  wea l th  i s  l arge l y  attri butabl e to the h i g h  wages pa i d  
by the l oca l c hemi ca l i ndustry i n  Brazori a County �  for c l os e  to a th i rd 
( 29 . 5 percent )  of  the emp l oyed l a bor force i s  i n  the manufacturi ng  

category ,  a nd c hemi ca l s and  rel a ted i ndustri e s .  

B . 2 . 8 . 7  Government 

I n troducti on 

The provi s i on of serv i ces  s uc h  a s  educat ion , pol i ce and fi re pro
tect ion , hea l th ,  and l ocal  road s  i s  primari l y  carri ed out by counti es , 

c i t i es , and spec i a l d i s tr icts . I n  Texas these governments are h eav i l y  

d ependent u pon  rea l property for the i r  revenues . For exampl e ,  i n  1 967 , 

l ocal  governments i n  Texas recei ved nearl y hal f of  thei r revenue from 

t h i s source , compared wi th a bout  one t h i rd i n  the other seven south
central states . Per capi ta expendi tures for l oca l government servi ces 

i n  Texas were h i g hest i n  th i s  reg ion due part ly  to the fact that a 
l a rger proport i on ( 5 5 . 3 percent ) of  governmenta l  expend i tu res  was made  
for schoo l s .  Approx imate l y  7 5  percent of a l l l ocal  government revenu e  
i n  Texas count ies  i s  from l oca l l y  ra i sed  taxes a n d  25 percent i s  re
cei ved from the s tate ( DOT , 1 976 ) .  

Di scu s s i ons  of the prov i s i on of  p ubl i c  serv ices  to eac h s i te i s  
p rovi ded i n  Secti on B . 3  of th i s report . 

Education  

Wi t h i n  Brazor ia  Co unty ,  there are e i g ht major i n dependent school 

d i stricts  ( I SO ) .  Three of these school d i s tri cts have  exper i enced 
d ec l i nes in enro l l ments des p i te moderate to impress i ve pop u l a tion  ga i ns 
w i t h i n  the school  d i str ict boundar ie s . Th i s  decrease  i n  enrol l ments may 

be attri butabl e to a l ocal  man i fe station  of the nati onwide  dec l i ne i n  

b i rth rates . .  Except i n  sma l l areas o f  concentrated pop u l a t i on growth , 

t he rema i n i ng s c hool s have had modest  i nc reases i n  enro l l ment ( Texas 

Ed ucat i on Agency ,  1 976 ) .  
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Brazosport Co l l eg e ,  a ful l y  accredi ted pub l i c  j un i or col l ege , i s  

l ocated i n  R i c hwood i n  Brazor ia  County .  I t  was establ i shed i n  1 968 , and  

the  campus  wa s comp l eted in  1 97 1 . Current enro l l ment i s  a bout  2400 , and  

occupat i o na l  tra i n i ng programs are offered in  add i t i o n  to s tandard 
j un i or col l ege curri cu l a .  Opportun i t i e s  for h i g her educat i on can a l so 

be found  at  the three maj or u n i vers i t i es and numerous  other school 
l ocated i n  the Hou s ton  area . 
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B . 3 S I TE SPEC I F I C  ENV I RONMENT - BRYAN MOUND 

The proposed deve l o pment a l ternati ve for the SPR expans i on of the 

Seaway Gro up  of  s torage s i tes i s  expans i on of  the Bryan Mound  early 

storage s i te .  Bryan Mo und  is l ocated conven i ent ly  c l ose  to the Freeport 

Harbor port fac i l i t i es ,  to the SEAWAY , I n c . P i pel i ne System , and to 
l a rge  s urface water so urces of  the Brazos Ri ver D i vers i on Channel  and  

the I n tracoastal  Waterway , and  to  the Gu l f of  Mex i co for br i ne d i sposa l  
( F i g ure A . 3 - 1 ) .  Cu rrent devel opment of the s i te refl ects i ts pa st  uses  
for o i l  product i o n ,  s u l fur mi n i ng ,  br i ne mi n i ng ,  and for the early 

s torage phase  of  the S PR .  

T he  reg i ona l  env i ronmenta l sett i n g  of t he  proposed Bryan Mound s i te 
has  been d i scussed i n  Sect ion  B . 2 ,  above . Th i s  sect i on descri bes the 

env i ronment of  the s i te .  

B . 3 . 1  Land Fea tures 

B . 3 .  1 .  1 Phys i ography and  Topography 

Bryan Mo und  i s  a topograph i ca l l y  h i g h  area , s urro unded by coastal  
mars hes . Maximum el evat i on  on  the dome is  1 6  fee t .  The dome is  bo unded 

by a l evee system . The l evees , bu i l t  to conta i n  the Brazos  R i ver D i vers i on 

Channel  border the s i te to the wes t ,  wh i l e  the Freeport hurri cane l evee 

cros ses the dome and proceeds ea st  to Freeport Harbo r .  Di kes around the 
Ph i l l i ps Petro l eum Company storage tanks  connect the hurri cane l evee to 

another d i ke wh i ch runs  from Freeport Harbor to the Brazos R i ver D i vers i on 

Channel  Levee , s eparati ng Freeport from the marshy area around  Bryan 
Mound . The area s i n  wh i c h  the d i ffuser i s  to be l ocated are rel at i ve ly  
fl at  wi th a s l i g ht G u l fward s l ope a s  descri bed in  the reg i ona l  setti ng , 
Sect i o n  B . 2 . 1 .  A s hel l r i dge  i s  l ocated immed i ately offs hore of  the 
proposed d i ffus er wi th a smal l troug h  adjacent to the i ns hore port i o n  of  
the ri dge .  The Eas t  Ban k ,  a roc k  format i on  on the G u l f bottom , i s  a l so  
l ocated adjacent to  and  offshore of  the  d i ffuser s i te ( Gra ham , 1 977 ) .  A 
more deta i l ed d i scu s s i on of offs hore phys i ography i s  presented i n  Append i x  G .  

B . 3 . 1 . 2 Loca l Geol ogy 

Bryan Mound sa l t dome i s  the pri nc i pa l  structu ra l  el ement of  the 

l oca l  geo l ogy .  The dome i s  c i rc u l ar  in p l an  v i ew ,  w ith  a d i ameter of 
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about  6000 feet ( F i g ure A . 3- 1 ) . D i scovery of the dome was confi rmed i n  

1 901 by wel l s  wh i ch p i erced the sa l t .  S ubsequent  o i l  dri l l i ng on the 

fl a n ks of the dome defi ned the sa l t core to have a vol ume of a bout  1 . 5 

c u b i c  mi l es to a depth of  1 0 , 560 feet .  

Deformat ion  caused by the  comb i na t i on of upward movement of the 

sa l t and settl i ng and compacti on of the sed i ments ha s produced a system 
of s ubs urface fau l ts and fl exures over the fl anks  of the dome . Away 
from the dome the sed imentary roc k  forma t i on s  have a gentl e to moderate 
d i p  toward the southea s t .  Unconsol i dated and parti a l l y  con so l i dated 

muds , s ands , and sha l es of Ho l ocen e ,  Pl e i stocene , and P l i ocene age  
overl i e  the  central port ion  of the dome . Unconso l i dated and parti a l l y  
conso l i dated sands  a n d  s ha l es o f  Tert i a ry a g e  extend to a depth of 
1 5 , 000 feet on the fl a n ks of the dome . Above the dome , the sed iments 
have been forced upward by the sa l t ,  form i n g  a mound w ith  an  el evat ion  

of  1 5  feet a bove t he  mean terra i n .  S urface sed iments are of  t he  P l e i s 
tocene Beaumont  format ion , wh i c h  cons i sts of fi ne  sand and mud . 

The s a l t ( ha l i te ) i s  coarse ly  crysta l l i ne wi th  i nd i v i dua l  crysta l s  

a verag i ng a bo u t  one cent imeter i n  s i ze .  About  3 percent of the ma s s  of 

the dome cons i s ts of a n hydri te ,  wi th traces of other m i nera l s i nc l ud i ng 

ca l c i te ,  do l om i te ,  bar i te ,  pyr i te ,  quartz , cel est i te , i ron mi nera l s ,  and 

s u l fu r .  

The capro c k  i s  a maximum o f  480 feet th i c k  and i s  composed primari l y  

o f  anhydri te a n d  l i mestone .  The upper portion  of  the  caproc k has  a zone 

of very porou s  and cavernous  l imestones and gypsum m i xed wi th  s u l fur .  
I n  add i t i on ,  there i s  hot s u l fur water and hydrogen s u l f i de i n  the 
caproc k .  The presence of the hot s u l fur water wi l l  req u i re that two 
cemented stri ng s of p i pe be i n s ta l l ed throug h the caproc k duri ng cavern 

devel opment to protect the ca s i ng i n  tho se area s .  

B . 3 . 1 . 3  Economi c Geol ogy 

O i l product ion  began at  Bryan Mound i n  1 949 ,  but wa s a l ways l ow .  

Les s than 1 1 , 000 barrel s o f  crude o i 1  were produced i n  1 96 5 .  No acti ve 

o i 1  product ion  i s  present ly  underway . Product i on wa s from the Mi ocen e ,  

a t  a bout  3400 foot depths . The deepest we1 1 reported was 7530 feet ; i t  
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bottomed i n  Ol i gocene strata ( Houston Geol og ica l  Soc i ety , 1 953 ) .  More 
than f i ve m i l l i on tons  of s u l fur were extracted from the caprock duri ng 

the peri od 1 9 1 2  through  1 93 5 ,  and a sma l l amount  of s u l fur was extracted 

by a p i l ot pl ant i n  1 967- 1 968 . �10re than 900 tes t  and product ion  wel l s  
were dri l l ed i n to the caproc k d ur i n g  the s u l fur production  period ( Ha l bo uty ,  

1 967 ) .  S i nce the wel l s  were dri l l ed on l y  i n to the caproc k ,  they wi l l  
not affec t  the i n tegr i ty of the proposed and ex i s t i ng caverns bel ow . 

Dow Chem i ca l  Co . has  created f i ve so l u t i on cav i t i es i n  the sa l t  
mass by br i ne so l u ti on m i n i ng operati ons . The bri ne has been used as  a 

petrochem i cal  proces s feed stock .  

B .  3 .  1 . 4  So i l  s 

So i l  assoc i at ions  i n  the v i c i n i ty of the Bryan �10und s i te i nc l  ude 
the Harri s-Veston-Ga 1 veston associ  at i  on and the t10rel and-P l  edger-Norwood 
assoc i a t i o n .  The Harri s-Veston-Ga l veston assoc i ati on occup i e s  the area 
from the G u l f of Mex i co shorel i ne to the I ntracoastal  Waterway . The 
area north of the I n tracoastal Wa terway , and i nc l u d i ng the Bryan Mound  
dome conta i n s  the Morel and-Pl edger-Norwood assoc i at ion . 

Soi l s  i n  the Harri s-Veston-Ga l veston assoc i a t i on vary from the 
c l ayey Harri s seri es i n  o l d t ida l  fl at ,  through a l oamy Veston seri es , 

to sandy Ga l veston so i l s  wh i c h occupy the h i g hest el evati on s .  The 
Harri s soi l s are l a rgel y montmori l l on i te c l ay ,  wh i l e  the Ves ton soi l s  
are i n termed i a te between Harri s and Ga l veston so i l s  and are l oamy i n  

texture . These so i l s  a re deri ved from mar i ne  and del ta i c  sed i ments and  
are near neutra l to  a l ka l i n e  ( ca l careous ) in  the  s urface l ayer . Many 

so i l s  i n  the Bryan Mound  v i c i n i ty of the Harri s-Ves ton-Gal veston assoc i a 

t i on are cl a s s i f i ed a s  sa l i ne- sod i c  and have a n  extremely h i g h  sa l i n i ty 

wh i ch l i mi ts p l ant g rowt h .  Many of the area s covered by these soi l s  are 
s u bj ected to frequent i n undat ion by seawa ter .  

The  Morel and-Pl edger-Norwood so i l s  are somewhat poor ly  dra i ned 
c l ayey so i l s  on a l l uv i um .  S urface  hori zons are dark brown to bl ac k ,  
c l ayey , s l i g ht ly  ac i d  to mi l d ly  a l ka l i n e  underl a i n  by redd i s h brown , 
c l ayey , a l ka l i n e  a l l u v i um .  Permeab i l i ty i s  l ow .  I n  unprotected areas , 

t h i s  as soc i a t i on fl oods occa s i ona l l y .  These are r i c h ,  ferti l e  soi l s  and 
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on ly  the i r  poor dra i nage  l im i ts crop product i on . The major  potenti a l s 

of these so i l s  a re for i n ten s i ve row crop farm i ng that must i nc l ude 

l a rge-sca l e  dra i nage improvement pl ans . On the dome s i te ,  vegeta t i on i n  

some areas has  been stu nted a s  a res u l t o f  s u l fur sp i l l s  wh i c h  occurred 

d u r i ng s u l fur  mi n i ng operati on s .  

Stu d i es conducted for the SEADOCK Proj ect ( DOT , 1 976 ) i n d i cate that 

s urfi c i a l  sed iments i n  the offshore area vary from l oose , f i ne  sand and  

s i l t  near s hore to  soft mud farther offs hore . These  sed iments genera l l y  

vary i n  th i c kness  from 2 5  to 30 feet nea r shore to l es s  than 2 feet at a 

depth of 1 00 feet .  P l e i s tocene sed iments vary from sand to c l ay and are 

norma l ly  more dense than the overl y i n g  sed iments . Areas of  she l l y  sand 
and  s i l t  attri bu ta bl e to reworked g l ac i a l  shorel i nes  a l so occur , as do 
nears hore sed imen ts con s i s t i ng of ba rri er i s l and sands overl y i ng i nter
bedded sand  and s i l t- c l ay l ayers . Geophys i ca l  stu d i es have s hown the 

d i stri but ion of ca l c i um carbonate-cemented P l e i stocene beach  r i dges 
wh i ch are a l so  present offs hore . Recent sed iment depos i t i on i n  the area 
i s  occ urr i ng from the Brazos Ri ver d i s charges . A l i ne  of cora l heads 

off the mouth of the Brazos Ri ver Di vers i o n  Channel  are several mi l es 
west  of the proposed br i ne  d i s posa l  system i n  the Gu l f . Bottom strata 
a l ong the mari ne port ion  of the proposed bri ne  p i pel i ne are primar i l y  
mar i n e  depos i ted , not dredged spo i l  ( SEADOCK ,  1 975 ) .  Sed imen ts a t  the 
proposed s i te are primar i l y  fi rm c l ays overl a i n  by a th i n  l ayer of very 
soft s i l t  wh i c h  may s h i ft d ur i ng  stormy peri ods . A more deta i l ed descri p
t i on of these sed iments and the i r  characteri st i c s  i s  prov i ded in  Append i x G .  

B . 3 . 2  Water Env i ronmen t 

B . 3 . 2 . 1  Su rface Water Systems 

As  descri bed earl i er ( Sect i on A . 3 .  1 ) ,  the  Bryan Mound  s i te i s  
bordered by four  major  s urface water bod i es ; the Brazos Ri ver D i vers i on 
Channel , Freeport Harbor ( i n c l u d i ng Brazos Harbor ) ,  the I ntracoas ta l  
Waterway , a n d  the G u l f o f  Mex ico . Severa l l a kes and  reservo i rs exi s t 
w i t h i n  the triang u l ar area protected by the l evee system , and  more , 

i nc l ud i ng Mud Lake and Bryan La ke , occ ur  outs i de the l evees . Reg i ona l  

characteri s t i c s  of the  Brazos R i ver ,  I n tracoasta l  Waterway , and  Freeport 
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Harbor are d i scus sed i n  Section  B . 2 . 1 . 2 .  Th i s  secti on addresses the 

s pec i f i c  porti ons  of tho se  s urface water sys tems wh i c h  are l ocal  to the 

s torage s i te and  other a s soc i ated fac i l i t i e s .  

The Brazos R i ver was d i verted at  Freeport , Texas  i n  the early 

1 940 ' s  to  i mprove nav i gat ion in  the Harbo r .  The d i vers i on channel  now 

l eads 6 mi l es from the d i vers i on dam to the Gu l f of  Mex i co ,  pas s i ng 

j us t  west of the proposed SPR  s torage s i te .  Th i s  channel  i s  now a 

s tra i g ht  " c hanne l i zed"  reac h  of the r i ver , bordered on both s i des by 

fl ood l evees . A depth of  1 0  feet upri ver from the I n tracoasta l  Waterway 
a t  ord i nary ri ver stages wa s reported i n  November 1 97 2  ( U . S .  Departmen t  
of  Commerce , 1 976 ) . The major commerci a l traffi c bes i des barge  traffi c 
on  the r i ver i s  petro l eum i ndu stry s u pport vessel s wh i ch doc k  a l ong the 
eas t  ban k  of the Di vers i on Channel , j us t  south of Freeport . 

Texas Water Qua l i ty Board sampl i ng stat i ons  1 ,  l A ,  l B  and 2 ( F i gure 

B . 2- 1 0 )  a re l ocated c l ose  to the Bryan Mound  s i te .  The average cond i ti on 
for d i s so l ved oxygen concentrat ion , temperature , conduct i v i ty ,  water 
c l ar i ty ,  a l ka l i n i ty ,  hardness , pH , b i o l og i ca l  oxygen demand , tota l and 
fecal  co l i form i n  concentra ti o n , and percentage of fi xed and vo l ati l e  

so l i ds  content ,  representa t i ve mercury and arsen i c  content and represen
tat i ve percent  ca l c i um and ca l c i um carbonate con tent of the  bottom 
s ed i ments are s hown i n  F i g ures B . 2- 1 1 through  B . 2-20 .  

The  federa l l y  approved Texas water qua l i ty standards  c l a s s i fy the 

t i da l  porti on of the Lower Brazos R i ver as  s u i tab l e for both con tact and 

noncontact recreat ion  and for propagat i on of fi s h  and wi l d l i fe .  

Ongo i ng base l i ne env i ronmenta l studi es of the env i ronmenta l  cond i t i on s  

i n  the offshore area s urround i ng the proposed d i ffuser are be i ng underta ken 
to s uppl ement reg i ona l data current ly  ava i l ab l e ( Sect i on B . 2 . 2 . 1 ) . 
Prel im i nary fi nd i ng s  from September through  December , 1 97 7  from these 
other stud i es have been used to characteri ze the water cond i t ions  at  the 
di ffus er s i te .  

Over-the- s i de current  measurements s howed mean  speeds i n  the d i ffuser 

area of 1 4 . 1 cm/ sec ( . 27 knots ) to 38 . 0  cm/sec ( . 74 knots ) wi th  a max imum 
s peed of 64 . 3  cm/sec ( 1 . 25 knots ) .  These  s peeds are s l i ght ly  h i g her 
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than the reg i ona l  average and g eneral l y  fl owed i n  a northeas terl y d i rec
t ion  in December 1 97 7 , o ppo s i te t he expected d i recti on . The t ida l  

range  at  the proposed s i te i s  approximatel y three feet .  Wave frequenc i es 

and  he i g hts are s i mi l ar to those d i scus sed i n  Sect ion  B . 2 . 2 . 1 .  Observa
t ions  throughout  the water co l umn s howed that temperatures at  the s i te 

were rel at i ve l y  homogeneous at  the top and bottom and decreas ed duri ng  
the s tudy from September to  December .  Sa l i n i t i es were a l so s imi l ar 

throughout  the the water col umn except i n  December when fl ow of fres hwater 
from the Brazos Ri ver decreased surface sa l i n i t i es .  Weak water dens i ty 
grad i en ts occurred except i n  December when unsea sona l l y  s trong  strati fi 

cation  occ urred . Th i s  area i s  i nfl uenced by a mas s  of den se  water of 
h i g her sa l i n i ty and  temperature than  coasta l waters wh i c h  ori g i nates  deep 

i n  the offs hore Gu l f  and  by l arge fres hwater i nfl ows from the Mi s s i s s i pp i  
Del ta area wh i c h  can i nduce strati f ication . 

The d i sso l ved oxygen , b io l og i ca l  oxygen demand , chem i ca l  oxygen 
demand  and pH va l ues recorded in the d i ffuser area are not unusua l  for 
coas ta l  waters and sed iments (Tabl e B . 3- 1 ) . The redox potent i a l  ( Eh ) 
va l ues  s howed sediment i n  the s i te area changed from an  oxi d i z i ng env i ron
men t  in  wi n ter and  spr ing  to a reduci ng env i ronment in  s ummer . Nutr i ent 
sa l t l evel s in  the water co l umn near the d i ffuser s i te are often l ow as  
Tabl e B . 3-2 s hows . Heavy meta l concentrations  i n  the s i te v i c i n i ty are 
s hown on Tabl e B . 3-3  and  are i n  the range  expected for coastal  waters . 

Hydrocarbon l evel s ,  des p i te heavy o i l product ion  acti v i ty ,  were the same 

order of magn i tude a s  found  i n  the open ocean . Suspended so l i d s  and 

turbi d i ty are var i abl e due  to l arge seasona l changes in  the sed iment  
l oa d .  

The wa ter env i ronment at  the a l ternat i ve  d i ffuser s i te i s  very 
s imi l ar to that of t he proposed s i te .  D i fferences i n c l u de a water depth 
of 68 feet , s l i ght ly  greater stra t i fi cati on of the water col umn in cer
ta i n  months , greater  tran sparency and s l i g htly h i g her o i l and  g rease 

l eve l s .  A more deta i l ed descri ption  of t he proposed and  a l ternat ive  

d i ffus er s i tes  i s  pre sented i n  Append i x  G .  
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TABLE  B . 3- 1 Di s s o l ved oxyqen and pH ba l ance parameters at Stati ons i n  the vi c i n i ty of the 
proposed  bri ne d i ffuser  s i te .  

DO BOD 
(mgjl ) ( ppm ) 

S PR I NG
a 

Surface 6 . 5 < 1  

M i d  6 . 8 < 1  

Bottom 0 . 2 2 

Sed 0-8 em 340 

Sed 1 6-25 cm 250 

SPRING
b 

Surface 8. 0 

M i d  7 . 5 

Bottom 7 . 5 

SU�:MER
a 

Su r face 6. 2 

M i d  5 . 7 

Bottom 4 . 9 

Sed i ment 

AUTU�lN 
Sed 0- 1 0c 

Sed 1 0-20c 

Sed 20-30c 

a
S EADOCK , 1 97 5 ;  S t a t i on 28.  

b
F EA ,  1 97 7 h ;samp l ed a t  the proposed d i ffu s er s i te .  

cTexas A&M , 1 97 8 ;  mean o f  S t a t i o n s  L a nd N .  

COD 
( ppm ) 

5800 

8700 

1 1 300 

d
Texas A &M ,  1 97 8 ;  mea n of sed iment depths 0-40 cm ,  Sta t i o n  9 .  

eTexas A&M , 1 978 ; mean o f  s e d i ment depths 0- 30 cm ,  Sta t i o n  2 0 .  

A 1 ka 1 i n i ty 
( mgj l ) p H  E h  

1 30 

1 3 1 

1 36 

7 . 3  +62 

8 . 4  

8 . 4  

8 . 4  

7 . 6  -73 

7 . 55 

7 . 85 

7 . 5 5 



TABLE  B .  3- 2 I norgani c  nutri en t  and organ i c  carbon parameters at  s tat ions  i n  the vi c i n i ty of the proposed 
d i  ffuser s i te .  

Tota l 
NH NO NO Kjel  dahl  N PO TOC % Vol ati l e  

( pp� ) ( pp� ) ( pp� ) ( ppm ) ( pp� ) ( ppm ) Sol i ds % Orga n i c  C 

SPRINGa 

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  
i:O 
. M i d  <0 . 01 < 0 . 01 <0. 01 < 0 . 1 8 w I 
ex> 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 cmb 
6 . 8 0 . 61 

a
SEADOCK , 1 97 5 ;  Station  28 , i n  the d i ffuser  v i ci ni ty .  

bTexas A&M , 1 978;  mea n  o f  Stat ions  L and N �  a t  the d i ffuser s i te ,  
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TAB LE B . 3- 3  Heavy metal  concen tra ti ons  frofTl vari ou s  
B ryan Mound b ri ne  di ffuser s i te .  

SPRINGa 

Surface tPb� Hid ppb 
Bottom ppb ) 
Sed 0-8 em ( ppm) 
Sed 1 6-25 em ( ppm) 

SPR I NGb 

Surface ��g!1 � Hid �g! 1 
Bottom (�g! 1 ) 

SIMIERa 

Surface ( ppb) 
H i d  �PPb) 
Bottom ppb) 
Sed ( ppm) 

SUMHERc 

Surface (PPb� Hi d ( ppb 
Bottom (ppb) 

AUTII1Nd 

Sed 0- 1 0  cm (mg/kg dry wt)d 
Sed 1 0-20 cm (mg/kg dry wt)� 
Sed 20-30 em fmg/k9 dry wt) 
Sed mg/kg dry wt)� 
Sed mg/kg dry wt) 

aStation 28 ; Seadoc k .  1 97 5 .  

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 1 8  
2800 8 60 1 8  
3700 6 90 1 7  

<0. 1 1 . 1  
<0. 1 <0. 5 
<0. 1 0. 9 

0 1 7. 0  9. 0 

< 1 . 0 <0. 5 1 . 2  
< 1 . 0 <0. 5 1 . 6  
< 1 . 0  <0. 5 1 . 2  

<0. 1 1 7 . 5  1 0 . 1 
<0. 1 1 8 . 0  9. 65 
O. 14 23. 0 1 0 . 45 

<0. 1 1 5 . 25 7 . 75 
<0. 1 1 8 . 33 8 . 9 

bSamp1 ed at the proposed di ffuser s i te .  total meta l s ;  FEA . 1 97 7 .  

Ag 

< 2  
<2 
< 2  

<0. 5 
<0. 5 
<0. 5 

stud i es 

Fe Pb 

< 1 . 0  
< 1 . 0  
< 1 . 0  
2 1 . 0  
1 3 . 0  

230 
230 
220 

4 . 2  
< 1 . 0  
< 1 . 0-
20 . 0  

2 
4 
2 

1 5035 7 . 7  
1 4355 7 . 35 
1 7390 7 . 2 5  
1 6 1 98 5. 75 
1 7970 6 . 2  

cSamp1ed a t  the proposed di ffuser s i te .  d i s so l ved meta l s ;  FEA. Personal Commun i ca t i o n .  
dHean of Stations l and N ;  Texas A&H. 1 978 . 
eMean of sediment depths 0-40 cm. S ta t i o n  9; Texas A&H. 1 978. 
f Mean of sediment depths 0-30 em. Station 20; Texas A�. 1 978. 

i n  the v i c i n i ty of the orooosed 

Mn Hg Ni Sb Se Y Zn Ca Mg 

< 1 . 0  21 . 0  
< 1 . 0  1 9. 0  
< 1 . 0  1 4 . 0  

303 0. 036 1 9 . 0  1 6 . 0  42 
39 0 . 070 66. 0  2 . 0  1 35 

1 3  2 . 9  60 < 1 0  <80 1 2 0  332 . 0  1 1 50 . 0  
1 3  2 . 4  70 < 1 0  <80 1 20 3 36 . 0  1 1 57 . 0  
1 3  2 . 1  70 < 1 0  <80 1 20 328 . 0  1 1 50 . 0  

< 3 . 0  ;1 . 0  1 . 6  
2 . 6  4 . 8  

< 1 . 0  3 . 7 
260 0 . 059 1 0 . 0  1 1 . 0 48 

1 . 6 0 . 2  4 < 1 0  <20 5 . 3 
2 . 1  0. 1 7  4 < 1 0  <20 3 . 7  
1 . 8 0 . 2  4 < 1 0  <20 3 . 2  

51 7 . 5  0. 1 1  31 . 0  54 26400 1 1 750 
4 70 . 0  0 . 08 2 7 . 5  5 1  26250 1 0450 
500 . 0  0 . 075 36 . 0  55 . 5  39450 1 6500 
401 . 2 5  0 . 070 2 5 . 0  4 5 . 25 21 1 7 5 9925 
478 . 33 0. 070 2 9 . 6 7  51 . 0  30667 1 0767 



B . 3 . 2 . 2  Subsurface Water Systems 

Bryan Mound  i s  one of seven sa l t domes i n  Brazori a County that 

penetrate through  the Evangel i ne aqu i fer and  i nto the Chi cot aq u i fer .  

The ba se  of  teh  Ch i cot  aqu i fer i s  a bout 1 1 00 feet be l ow sea l evel i n  the 
v i c i n i ty of the dome ( Fi g ure B . 3- 1 ) ( Sandeen and Wes se l man , 1 97 3 ) . 
Fres h water occurs i n  the u pper 80 feet of the aqu i fer over the dome , 

and  s l i g ht ly  sa l i ne water ( 1 000 to 3000 mg/ l  d i sso l ved so l i ds ) ,  from 80 
to a bo u t  225  feet .  At  a rad i u s  of a bout  1 . 5  mi l es from the  center of  

the dome , the  ba se  of the  s l i g ht ly  sa l i ne water extends  to  a depth of  

500  feet .  The  water i n  the  format i ons adj acent to  the  dome and  the 
caprock  i s  probab ly  h i g h l y  mi neral i zed , wi th  a total d i sso l ved sol i ds 
concen trat ion  on the order of 60 , 000 mg/ l  or  greater .  At some d i stance 

from the dome , and  be l ow a depth of about  2000 fee t ,  the water i s  expected 
to conta i n  a bout  35 , 000 mg/ l  d i sso l ved so l i ds .  

The upper u n i t  of the Ch i cot  aqui fer i s  the primary source of fresh  

water .  Gro und water u s e  i n  the u rban area to the east o f  Bryan Mound  i s  
extremel y heavy and perhaps overdevel oped . The hydrau l i c  g rad i ent  i n  
that aqu i fer i s  a bo ut 50 feet per mi l e .  

Deeper aqu i fers i n  the v i c i n i ty of Bryan Mound  are capabl e of 
del i ver i ng l a rge quant i t i es of s l i g htl y to moderatel y  sa l i ne water to 
properly comp l eted wel l s . Aq u i fer poros i t i es are on the order of 40 

percen t ,  wi th  permeabi l i t i es i n  the range  of 600 to 1 000 gpd per square 

foot .  I n  the Evangel i ne aqu i fer , bel ow a depth o f  about  1 1 00 feet , per

meab i l i t i es decrease w i th  depth to an est imated 250 gpd per square foot .  

Beneath  the Evangel i ne aqu i fer , M i ocene sands cont i n ue  to a depth 
of  6500 feet .  Al though  l i ttl e data are ava i l a bl e concern i ng these 
sands , ana l ys i s  of a s i ng l e  wel l ,  l ocated 1 5  mi l es to the northeast of 
Bryan Mound , i nd i ca tes that these sands occur  i n  70 to 1 20 foot  th i c k 
l ayers i n terspersed wi th  l ayers of cl ay ( FES 76/ 77-6 ) .  These sands 
s hou l d conta i n  sa l i ne water .  The Mi ocene format ions  bel ow 6500 feet are 
most ly  s i l t  and  c l ay .  N o  major sand un i ts were encountered . 
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B . 3 . 3  C l i matol ogy and  A i r Qua l i ty 

B . 3 . 3 . 1 C l i matol ogy 

The c l i mati c  cond i t i ons d i scus sed i n  Sect ion  B . 2 . 3 . 1  are a ppl i cab l e 
to Bryan Mound . Spec i fi ca l l y ,  the data from Ga l veston are representa t i ve 

of  the more pronou nced coastal  effects expected at  Bryan Mound  than 

further i n l and . Bryan Mound  i s  expected to experi ence h i gher wi n d  

s peeds and  more frequent east  to  southeasterl y wi nds , smal l er d i u rnal  
ranges  of temperature , s l i g ht ly  h i g her hum i d i ty ,  and  s i gn i fi cantl y fewer 

s tabl e peri ods than the s i tes further i n l and . S i m i l ar wi nd  cond i ti on s  

preva i l  offs hore i n  t he  Bryan Mound  v i c i n i ty .  The mean a n n ua l  w i nd  
speed i n  t he  area ha s  been 1 2 . 7  mph  ( 1 1 knots ) .  A deta i l ed d i s cu s s i on 

of  c l i matol ogy i n  the Bryan Mound  area i s  prov i ded i n  Append i x  G .  

Becau se  of the proxi m i ty of Bryan Mound  to the coast , a dd i t i ona l  

data on  tro p i ca l  cycl ones are presented . The  s i ze and  i nten s i ty d i stri 
but i on of 1 43 trop i ca l  cyc l ones observed pass i ng wi th i n a pproxi matel y  
300 m i l es o f  t h e  s i te between 1 87 1  a n d  1 970  are s hown i n  Tabl e B . 3-4 

( I S R ,  1 97 3 ) . 

W i nd and  storm acti v i ty off the coast  have a strong effect on  

var i at i ons  in  water he i g hts . As reported by the U . S .  Army Corps of 
Eng i neers , dur i ng s trong northwester ly  w inds , water l evel s can drop to 

a s  l ow as  -4 . 0  feet and d ur i n g  hurri canes the h i g h  l evel s can be +1 5 . 0  

feet . 

B . 3 . 3 . 2 A i r Qua l i ty 

Data presented i n  Sect ion  B . 2 . 3 . 3  for the Freeport , C l u te ,  and  

Jones  Creek area are cons i dered to  be  representat i ve  of amb i en t  a i r  
qua l i ty a t  Bryan Mound . Ex i s t i ng a i r  qua l i ty l evel s are very good wi th 

the except ion  of h i gh non-methane hydrocarbon and  ox i dant  concentrat i ons  
wh i ch exceed NAAQS part of the t i me (Sect i on B . 2 . 3 . 3 ) . 

B . 3 . 4  Bac kground Ambi en t  Sound Leve l s 

It i s  i mportant to eva l uate prefac i l i ty sound l eve l s  i n  order to 
proper ly  assess  the potent i a l  impact d ue  to con struct i on and  operat ion  

B . 3- 1 2 



TABLE  B . 3-4 S i ze  and i ntens i ty d i stri but ion  of 1 43 trop i ca l  storms observed 
wi th i n 300 mi l es of Bryan Mound . 

I n tens i ty 
( Max imum Wi nd  

N um b e r  o f  S t o rm s  

Speed , mph )  Sma l la Med i um b Large c Tota l 

Extreme ( > 1 35 )  3 7 2 1 2  

Maj or ( l  01 - 1 35 ) 3 9 3 1 5  

Mi n imal ( 74- 1 00 ) 1 9  2 1  4 1  

M i nor  « 74 )  49 26 0 75 

Total 74 63 6 1 43 

aAverage rad i u s  o f  2 0  mph wi nds equa l s  1 00 na ut i ca l  mi l es .  
b rad i u s  of 20  mph  wi n ds equal s 200 nauti cal  mi l es .  Average 

CAverage rad i u s  o f  2 0  mph wi nds equa l s 300 naut i ca l  mi l es . 

Sou rce : I n s t i tute of Storm Research , 1 97 3 .  
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no i s e  a s soc i ated wi t h  the SPR  proj ect . S i nce s i te- speci f i c  amb i en t  

sound data were not avai l a bl e , data from a n  ambi en t  sound su rvey i n  the 

Jones Creek area ( S EADOCK,  I nc . , 1 97 5 )  and s i m i l a r su rveys conducted at 

other s i tes  were used to est ima te basel i ne sound l evel s in  the Bryan 

Mound s i te area . The Jones Creek area i s  wi t h i n  three m i l es of Bryan 

Mound . 

Acti v i t i e s  i nfl u enc i ng sound l evel s i n  the Bryan Mound area i ncl ude 

br i n i ng operat i ons on the dome , traff i c  on the i ntracoasta l  waterway and 

Brazos Ri ver , petrochem i ca l  acti v i ty at  Freeport , and traffi c i n  the 

town of Freeport . In add i t i on , construction  and operati onal  no i se 

a s soc i a ted w i th  the earl y storage p hase  at  the dome and Corps of Eng i neers 

channel  dredg i ng i n  Freeport Harbor  affect the l ocal sound l evel s i n  

these areas . To the wes t  of the s i te ,  at l oca ti ons more d i s tant  from 

the i ndustr i a l  acti v i ty ,  i n  the essent i a l l y  unpopu l ated areas , sound 

l evel s are domi na ted by an ima l  and i ns ect acti v i t i es and wi nd rustl i ng 

fo l i age . To the south of Bryan Mound al ong the proposed bri ne d i s posal  

p i pel i ne r i g ht-of-way a re rel ati ve ly  q u i et undevel oped bea ches and  

mars hl ands . The  Bryan Beach  Recreation area may be somewhat  no i s i er 

duri ng summer pea k usage .  

The pri nc i pa l  no i se sen s i t i ve l and uses are res i dent i a l  areas , 

s chool s and houses of wors h i p  i n  Freeport , two to three mi l es from the 

Bryan Mound Storage s i te .  The unpopul ated area s of the Gu l f coast l i ne 

and the ma rs hes wes t  of Bryan Mound ,are a l so somewhat no i se sen s i t i�e . 

A s ummary of the estimate of backg round ambi en t  sound l evel s i n  

terms of Ld ( dayt ime ) ,  Ln ( n i g httime ) and Ldn ( day/n i g ht ) sound l evel s 

i s  presented i n  Tab l e B . 3-5 . Defi n i t i ons of Ld , Ln , and Ldn are presen ted 

i n  Sect ion B . 2 . 4 . These val ues  may be compared wi th  l evel s i denti fi ed 

by the Federal EPA as req u i s i te to protect publ i c  hea l th and wel fare 

( Secti on B . 2 . 4 ) . Note that l evel s i n  the i mmed i ate reg i on of the 

Bryan Mou nd wi l l  be somewhat h i gher due to bri ne  m i n i ng and ear l y  

s torage phase acti v i t i es . 
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TABLE B. 3- 5 Summary of prefac i l i ty sound l evel ( dB ) e st imates for 
Bryan Mound  S i te ( proposed s i te for Seaway S P R  deve l opment) 

Area Ld Ln Ldn 

Al on g I ntracoasta l Wate rway 
an d near I n dustr i a l  Acti vi t i es 59  54 61 

Noi se Sens i t i ve Land  Usea 58 39  56  
( Freeport ) 

Undevel oped Areab 5 1  45  54 

Noi se Sens i t i ve Land  Use b 52 45  54 
( Sma l l  commu n i t i es ) 

a FES 76/77-6  

b Amb i en t  s u rvey at  Jones  Creek , S EADOCK I n c . , March , 1 974 . 
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B . 3 . 5 Spec i es and Eco sys tems 

B . 3 . 5 . l S i te Area 

For th i s  d i scuss i on ,  the Bryan Mound  s i te env i ronment i s  l imi ted to 

the 730 acre area wi th i n  the - 1 500 foot sa l t contour (Tabl e B . 3-6 ) .  A 

tota l of a bout  390 acres wou l d be enc l osed for ons i te cons tructi on 

acti v i t i es for the tota l ea rly  s torage phase- SP R program . Mos t  of the 

Bryan Mound  s i te con s i sts  of d i s turbed or bu i l t  up  areas . The rema i n i ng 

porti on of the s i te that wou l d  be used for the SPR  fac i l i t i es cons i s ts 

of coa s ta l  pra i r i e ,  Gu l f  Coa st  ma rsh l and , open wa ter bod i es .  

Coa s ta l  Pra i r i e  and Gu l f  Coas t  Ma rs hl ands  

Vegeta t ion  

The coa sta l pra l r l e  i s  compo sed of med i um to ta l l grasses  character

i zed by an  open to moderate l y  dens e  wi l dl i fe cover . Soi l s  fo r the 

coasta l  pra i r i e  are primar i l y  ac i d  cl ays or cl ay l oams , but i n  some 

a rea s sandy l oams are present ( Gou l d ,  1 962 ) .  

Vegeta t ion  common i n  the coasta l  pra l rl e  i s  swi tc h gra s s , bunch  

gra s s , I n d i a n  gra s s ,  ragweed , and pra i r i e  pl eat l ea f .  Gul f Coas t  

pra i ri e  i s  t h e  c l imax vegetat ion  of the a rea a n d  i s  great ly  i nfl uenced 

by the l ow el evat i ons . The parts of the pra i r i e  s u bj ected to the 

i nfl u ence of h i g hl y  sa l i ne wa ters i s  dom i n a ted by Gu l f  cordgra s s . 

The Gu l f  Coast  marshl ands ( Southern Co rdg ras s  Pra i r i e )  domi nate a l l 

of the l owl yi ng  env i rons of the s i te except for the northern fl a n k  of 

the mound  where the coastal  pra i r i e  extends a l ong the b u i l t  up  l evees 

wh i c h paral l e l the Bra zos Ri ver D i vers ion  Channel . Th i s  brack i s h  

mars h l and ecosys tem i s  composed of med i um to very tal l gra s ses (Tabl e 

B . 3- 7 )  wh i c h  form a moderate to a very dens e  cover for wi l dl i fe .  These 

gra s ses are usua l l y  found i n  the s i te area where the so i l mo i s ture 

extends to grea t depth . The common pl a nts and a n ima l s i n  the brac k i s h  

ma rsh l and are coastal saca h u i s ta , marshy cordg rass , b i g cordgrass , 

bul rus h ,  catta i l , rushes , smal l mamma l s ,  snakes and water fowl . Many 

ducks , sea b i rds , p i n k  spoonb i l l s ,  and wad i ng duc ks were observed i n  the 

marsh l and to the no rthea st of the s i te .  
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TABLE B . 3-6 E st ima ted s i te acreaqe ana lvs,i s fo r B ryan Mound ( orooosed 
s i te fo r Seaway SPR de ve 1 ooment ) . 

Total For Fenced S i te Area - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  390 Acres 
Total Within  - 1 500 Foot Sa l t  Contour - - - - - - - - - - - - - - - - - -_ _ _ _ _ _ _ _ _ _ _ _ _ _  730  Acres 

Total for Cl eared Land - - - - - - - - - - - - - - - -- - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 90 Acres 
Total for Coastal Pra i ri e  -- - - - - - -- - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _  297 Acres 
Total for Marsh - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  73 Acres 
Total for Open Water - - - - - - - - - - - - - - - - - - - - - - ------- _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 70 Acres 

� 
Proposed Brine D i s posal System 

( 5 . B  Mi l e  Gul f Di ffuser) 
Coastal Pra i r i e  
Shel l Ramp Barrier Flat 
Marsh 
Open Water 
( total water crossings __ 2 __ ) 

Proposed O i l  D i s tr i bution System ( New Tanker Docks ) 
Cl eared Land 
Marsh 

Al ternate Brine D i sposal System 
(Wel l s )  
Marsh 

Al ternate Brine D i sposal System 
( 1 2 . 5  Mi l e  Gu l f  Di ffuser) 
Coastal Pra i r i e  
Shel l Ramp Barrier F l at 
Marsh 
Open Water 
( total water cross i ngs __ 2 __ ) 

Al ternate Raw Water System 
( Ground Water Wel l s )  
Coasta 1 Pra i ri e 
Open Water 
( total water cros s i ngs __ 3 __ ) 

Al ternate Raw Water System 
( Dow )  
Cl eared Land 
F l uv i a l  Woodl and 
Coastal Pra i r i e  
Open Water 
( total water crossings __ 0 __ ) 

Al ternate Crude Oi l Di stri bution System 
( Phi l l i ps Dock )  
Cl eared Land 

Al ternate Crude Oi l Di stri bution System 
( VlCC Monobuoy) 
She l l  Ramp Barrier Flat  
Open Water 

Total Mi l es 
of Pipel i ne 

7 . 5  

0 . 6  

3 . 5  

1 4 . 2  

8. 7 

6. 0 

0. 5 

30. 0 

aBased on features of USGS topographic maps ( 1 5  mi nute series ) .  

Acreage for 
Construction 

1 63 . 2  

20 . 0  
1 . 0  
0. 2 

1 4 2 . 0  

22 . 0  

1 B . 0  
4 . 0  

61 . 0  

61 . 0  

326 . 2  

20. 0  
1 . 0 
0 . 2  

305 . 0  

69 . 0  

69. 0 
0. 0 

37', 0 

2 . 0  
5 . 0  

28. 0 
2 . 0  

6 . 0  

6. 0 

740 . 0 

3 . 0  
737 . 0  

bC1 eared l and i nc l udes agri cul tural . industrial and rural . and l and al ready di sturbed. 
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Acreage for 
°eeration 

1 4 . 6  

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

2 0 . 0  

1 7 . 0  
3 . 0  

5 0 . 0  

50 . 0  

1 4 . 6  

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

56 . 0  

56. 0  
0 . 0  

3 5 . 0  

2 . 0  
5 . 0  

28 . 0  
0 . 0  

6 . 0  

6 . 0  

3 . 0  

3 . 0  
0 . 0  



TABLE  B .  3- 7 E cosys tems 
Mo und  dome 

and typi ca l  fl ora and faun a of the Bryan 

s i te ( proposed s i te for Seaway SPR  deve1 ooment)  

(ey to F l q . R . ::'-Z8 

Coastal F1uvl&l and Coastal and Sead't!!' , She l l  

�,a r"sh l ands . _________ "
_'_i '_'_ .. __ o:.: • ..:.<_"..:.ood:..:..." ..:."..:.d .:..:...--C-'-"-,..-d-l ,

_
"_,, 

_____ 
I "_

' ._
"
_
d

_
W
_
"_._

" 
____ , .... :..:...--' ,-,-,-ie-'-'-la-t-· 

Urban and Crops and t'l"@sMiater Saline 

il r � c k i  osn  l'\arsf'l S a l t  Marsn Suburban Futul'! lands 

P i a n t s .  'lere"; , ! :-' a 1 den cane >�,ootn corjarass smooth cQI-d!;;Jrass G u ; f  cordgrass l �ve oall: Various rice 

'grasses dnc ' C'")r�qraH s0 1 1 b ,nd mornln" sa l t  g rass bunchgrass p�can residential soyoe1ns 

: t rees . �e<1g�s l : ory l a zy da i sy i,)o ; an graH . suqar berry spKles pra i r e grass 

." "" sea oa ts 
cordorass 

mes'llli t e  
"IOl"1Iin9 g l ory 

seacoat 

,�,o: 1 u s (s JM 
e:"ust;\ceans 

Water 
,sraKes , 
'amCh I O l a "' s .  
' a M  r�p t \ ; e s  

2 , r'; �  

' \!tilter- nyacint"  fiddle  l e a f  sl'l.ort!'Jrass slII \tchgrass pignut hickory 

' pennywort mornIng glory 11asswort bluesteGI bluestem 

, s .,,,, 1 1 s  :nuss"' ! s  
,: l ams 
crayf'ish 

tJr:; l es 
... estern 

:ottonmouth 
'::.aas 
t rOQS 

sea Durs l ane s a l t  IM t r Hnonyyin� l i v� oak. cordgrns 

'"ushes bat", s  nUlsache 

c a t t a i l  sea myr t l �  rag'olet!!d CO�!�:�u i sta ca��i��:
�

wo 1 fberry p ra l r i e  p 1 eatleaf 

'��<;�n�������Ss rlal"stem bu l rU S h  

bui rush 

<; n.3 1 l s  
:r3D5 cray f i sh 
-:: l ams 
s h r lmo 

f i ddler crabs 
mud cr.!Jbs 
c i ants 
oysters 
S M l l s  

oyHerS shrlmp 

..:e! tern cot tOrt
lloutM 

Su i f s a l t  '!\Irsh ;naKe 
/lestern 

::; l alT!OndOaO_ 
ra tt I esnake 

Gu l f  sa l t iMl"Sh 
;nak.e 

Western cotton� 
mouth 

ornate OO K  turtle ornate 00)( tur tle HA 
leooard frogs five- i l ned 

Western Sk.lI'lk. 

d i a:.aondb.!Jck. Eastern garter-
rattlesndke 

Eas tltl"1l g.l"tlr� 
SMke Gu If Con t ta.d 

c,_ 
sna i l s  
oysters 

turtles '!'O<J' 
wat�r 

snakes 

c l a"'� 
<:!ysters 
shrimp ( .. &bs 
sMi t s  

.. 

btuestem 

snai l s  
c l ams 
ghost crabs 

sea turtles 

craop t e  mul l e t  HA 
IfIlnn,)IIS 
.,;rJ(Jple 
S ,,11 � , S 1'1 � j t f n , n  
'Jar  

<;1.01 ; 5  

:l l d C "  S k l �mer 
�e<J-wl r.';eG 

t:l l aoblra 
.. , 1 1�t  
j ; ac" '; U C K  
,;-o t t ; c O  -luC( 
"\�u�-wHI�ea te31 
;;reH j ; ue 

"lct"On 
5nu\IIy e,]ret 

, b l a  ... ,,- nec'.o:.o:N 
st i l t  

r.us..:.rat .-JOD, �s 
'",.:e �l t 
Can l d sp. 

'c. l l "l i f hh 
cy;>rinldS 
1rmwturt m u l l e t  
,pot 

Cjnl,j sp.  
'-ae.:oon 
!"lei! r a t  
c o H t J e  

;',Ierlcan coot ;> l c -Iotrs 
1�J l owiegs Jo!ese 
tc:rll� �e�dt 911,le r,eron 
Sea s i de s;Ja rr�,w L l t t l \i!  S10Je neron 
Je� l aw-cr.)t,nea e·;ret5 

'."qht 1I\i!'"on LeaH ol ttern 
mot�Jca Juck , DIS  
:: l1ue-wlnged teal Roseate spoonbi l l  
::Irea! a;  u e  !1eron due�$ 
ireolt -.!9ret c l  a�per rdH 
Geeen neron san<lplpeMi 
�ou l s i IlM" heron 
�now goose 

catfish 1"Ct'loWY 
black. bass s � l l/I!'r-
gar s i oOl!S 

s"ad c ... .,ri n lcs 
)ufh 1 0- "'enhaden 

f i s h  red dnJll: 
sea trout 
tarpon 
flounder 
At l ant l C croaler 

Cantd 51) . g ray and to)( opossum cattle muskrat 
doInest' cated rabb l t �  nutria. 

whales 
porpoises 

.;a t t l e  SQuIrrel 
a n llna l s  "-lSPld cotton hlS;:llJ cotton rlt OOO�SlJm 

batS rat !"lee ra t 
raDl:n ts 
stl"l ped SKun" 

sparrolois 
marsn lIawk 
Ea�te'"n rTJedQOW-luI( 
t:!grets 
vul tures 
k. l t e s  
Jlliand o l o  ... er 
' d l ldeer 
OObwh ite Q u a I l  
sanQhl 1 1  crane SC15S0r-ta; led 

flyc4tcher 
l09gert'tedd 

shrike 

<JJ'1f1doi 1 \0 
raccoon 
cot tonta 1 � 

rabb l t  
wnlte-footed 

roo"Jse 
bobcat 
coyote 

ra.oblts 
str Iped �klJnk 

<;urkp.y ... u l ture bl.tckbirds 
Coopers hawk rC/bins 
great hornea s.tarl ings 

owl conmon 
red-be l l 1ed grilckle 

ffOoupeck.er 
grdy .;.atDlrd t .. Jfted t i tmouse 
protnenotary 

warbl\i!r 
brown Ulr",sl'ler 
chestr,ut-si dtd 

"'drbler 
scarlet t",nager 
CUd\!idl 
Ir:ClgO buntIng 
Nortnern orl01e 
whnt-eytd 

... 1 reo 
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ciackbl rds 
hawk5 
k i l l deer 
tdsterr 

melo�.1ark 
mournl:.� dove 
sparra..S 

dUCkS 
gul l s  
coon 
geese 

frigate bi N1 
gu l l s 
ternS 
duds 

slM I l  
rodents 

mice 

waterfowl 
t�rns. 
'5eagu11 
geese 
ducks 



Wi l d l i fe 

The Bryan Mound s i te i s  l ocated a pprox imate l y  equ i d i s tant  between 

the San Bernard and Brazor i a  Nat i onal  W i l d l i fe Refuges ( F i gure B . 2-28 ) . 

Both of  these refuges a re very importa nt to the eco l ogy of  the Texas 

Coas ta l  Zone beca use  of the i r  l arge areas of cr i t i ca l  hab i tat  and the 

great d i vers i ty a nd abundance of  the res i dent  wi l d l i fe .  Both of  these 

refuges are l oca ted i n  coa s ta l mars h l ands . 

B i rd l i fe on the coasta l pra i r i es a nd mars h l a nds  of Texas i s  h i g h ly  

d i verse ( Ta b l e  B . 3-7 ) . The mos t  common b i rd spec i es observed i n  the 

a rea i nc l ude : 

Great b l ue  heron 

Lou i s i ana heron 

wood i b i s  

Amer i can  coot 

s potted sand p i per 

b l ac k-nec ked s t i l t  

l east  tern 

s c i s sor-ta i l ed fl yca tcher 

s tarl i ng 

red -wi nged b l ackb i rd 

s ea s ide  s pa rrow 

l i ttl e b l ue heron 

l east  b i ttern 

c l a pper 

w i l l et 

greater and l esser ye l l owl egs 

l augh i ng g u l l 

common n i g hthawk 

l oggerhead shr i ke 

eas tern meadowl ark  

common grac kl e 

Large b i rd concentra t i on s  are not uncommon i n  the area s i nce the 

mound l i es w i t h i n  an  area of the Texas coa s t  wh i ch d ur i ng  the w i n ter 

conta i n s a bout  28 percent of the ducks and 34 percen t of the geese that 

m i grate to the Gu l f  Coas t  ( Gu sey , 1 972 ) . 

Spec i es of mamma l s  wh i c h  i nhab i t the coasta l  pra i r i es a nd mars h l ands 

of  the Brya n Mound s i te ( Tab l e B . 3- 7 ) i nc l ude the opossum , cottonta i l  

rabb i t ,  Can i d  s p .  a nd h i s p i d  cotton rat .  Sma l l rodents are u s ua l l y the 

mos t  a bu ndant  mamma l s  found  at  Bryan Mound . Other mamma l s pec i es observed 

i nc l uded the armad i l l o ,  n utr i a , and raccoon . The absence of forest  

hab i tat  at  Bryan Mound l im i ts the  a bundance of s pec i es such  as  opos s um ,  

raccoon , and armad i l l o .  I n  add i t i on , because  of the h uman act i v i ty at  

Bryan Mou nd , n u tr i a  were not  often encountered at  the  s i te ,  but  these 

a n i ma l s a re more common i n  the remote area s of the mound . 
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Popul a t i o n  estimates of vari ous  mamma l s i n  Brazo r i a  County are 

d i scus sed i n  Sect ion  B . 2 . 5 . 1 .  

Cattl e are the second mo st  a bu ndant quadruped found  on  the s i te .  

Thei r a b i l i ty to con sume l arge amounts o f  vegeta t i o n  puts them i n  d i rect 

compet i ti o n  w i t h  the n umerous  sma l l rodents and rabb i ts for the ava i l ab l e 

food resources and therefore affects the a bu ndance of the rabb i ts at  the 

s i te .  

At l east  four  s pec i es of amph i b i an s  and four spec i es of repti l es 

a re found  i n  the v i c i n i ty of Bryan Mound , i nc l udi ng the ornate box 

turtl e ,  ch i cken turtl e ,  Gu l f sa l t  ma rs h snake , wes tern d i amondback 

rattl esna ke , southern l eopard frog , Gu l f  Coast toad , green treefrog , and 

bu l l frog . The Gu l f sa l t marsh  snake wa s the mo st  preval ent spec i es 

encountered . 

None of the commerci a l , recrea t i on a l , threatened and endangered 

s pec i es d i scus sed i n  Secti on B . 2 . 5 are known to i nha b i t  the Bryan Mound  

s i te .  

B . 3 . 5 . 2 Open Water Bod i es 

I n l and Waters 

Bryan Mo und  i s  s urrounded by n umero us  bod i es of water , both  l arge 

and smal l ,  wh i c h  prov i de a d i verse range  of aquat i c ha b i ta t  for wi l d l i fe 

( F i g ure B . 3- 1 ) .  The three major  aq uat i c env i ronmen ts near the s i te 

i nc l ude the Brazos River on the wes t ,  the I CW on the south , and Brazos 

Harbor on the ea st . Other. i n l and  water bod i es in the v i c i n i ty of the 

s i te i nc l ude the many sma l l t i da l  and marsh  l a kes as  wel l as  several 

dra i nage  canal s .  The l arges t of these l a kes are Mud Lake ( 87 acres ) ,  

Ol d Res ervo i r  ( 35 acres ) ,  and Unnamed Lake ( 1 50 acres ) .  Sal i n i t i es i n  

these l a kes vary from fres h water up to 1 5  parts per thousand , depend i ng 

on  the l ocat i o n  of the pond , the season of  the yea r ,  and the fl ood s tage 

of  the Brazos R i ver . 

C i rcu l a t i o n  i s  general l y  poor wi t h i n  these sem i - enc l osed l a kes and 

ponds . Spec i es d i vers i ty tends to be l ow wi th i n  these areas , but  popu l a 

t i o n  den s i t i es a re rel at i vel y h i g h .  The Brazos Ri ver and the I CW have 

rel at i vel y good c i rcu l at i on , and spec i es d i vers i ty i s  h i g h , but popu l a t i on 

B . 3- 20 



dens i t i es are general l y  l ow .  Sal i n i t i es i n  the I ntracoastal  Waterway 

a re expected to be s im i l ar to the other estuarine  wa ters nea r the s i te ;  

the b i o t i c  componen ts o f  the I n tracoastal  Waterway wou l d  b e  s imi l a r to 

those  spec i es occurr i n g  i n  the es tuari ne  wa ters as  d i scus sed i n  Sect ion 

B . 2 . 5 . Th i s  d i vers i ty-den s i ty rel at ions h i p  i nd i ca tes a stab l e and wel l 

ba l a nced b i o l og ica l  system .  Major  uses  of the  coasta l  and i n l and wa ter 

for the b i o l og i ca l  commun i ti es i ncl ude feed i ng ,  cover , and nursery 

a rea s . Wa terfowl i n  part i cu l a r ,  such as  gu l l s ,  terns , herons , and 

eg rets , use  these a rea s for feed i ng ,  rest i ng and nes t i ng . 

I n  the fresh  and s l i g ht ly  bracki s h  wa ters , pennate and cen tra te 

d i a toms a re general l y  the most common phytopl an kton . I n  the Bryan Mound 

a rea , however , green a l gae are the most a bundant member of the pl ankton 

fl ora . I n  the more eu trop h i c  wa ter bod i es , the fi l amentous b l ue-green 

a l gae a re both recurr i n g  and abu ndant . B l ue-green a l gae were a bsent i n  

wi nter sampl es but made u p  1 1  percent o f  summer phytopl ankton s ampl es . 

The d i nofl agel l ates Cerati um and Per i d i n i um a re a l so common aquatic  

organ i sms in  many of  the  wa ter bod i es .  

Phytopl an kton pri mary product i v i ty has been reported to a verage 

2 . 25 mg-ca rbon per l i ter per day i n  area cana l s .  Thi s amount , on the 

average , wa s 8 percent h i g her than val ues measured in area ma rs hes and 

4 9  percent  h i gher than va l ues es t imated for Wes t Gal veston Bay . Pri mary 

product i on - i n  the brac k i s h  or  sa l i ne wa ters at Bryan Mound and Bra zos 

Harbor i s  expected to be s imi l ar to the producti v i ty val ues measured i n  

the Gal ves ton area cana l s and ma rshes . 

Zoopl a n kton i n  the aquat i c  hab i tats near Bryan Mound cons i s ts of a 

rel a t i vel y r i ch and d i verse fauna wh i ch i s  dominated by the eurha l i ne 

copepod Acart ia  tonsa . Zoopl an kton sampl es  taken from the v i c i n i ty of 

Freepo rt were predomi nant ly  made up of naupl i i  and co pepods ( Dames & 

Moo re , 1 973b ) . Naupl i i  were present i n  a l l seasons of  the year but 

these l arvae were parti cu l ar ly  a bundant dur ing  the s ummer i n  the bay and 

es tuari ne wa ters . These organ i sms u ti l i ze the l ow- sal i n i ty ,  nutri ent

ri ch and protected wa ters of  the area to mature .  Zoopl an kton dens i ti es 

i n  nears hore wa ters sou thwest of Ga l veston are reported to be grea ter 
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than 0 . 5 grams per cubi c meter .  S im i l a r va l ues wou l d be expected for 

the Bryan Mound  proj ect a rea . The ben th i c  commun i t i es i n  the freel y  

fl ow i ng water bod i es at  Bryan r,1ound  are g reatl y  i nfl uenced by t h e  po s i t i o n  

of the sa l twater wedge i n  these bo d i es . 

Mo s t  bent h i c sampl es taken i n  the project  area are domi nated by 

pol ychaete worms but gas tropods ( sn a i l s ) ,  pel ecypods ( cl ams ) ,  and crus tacea 

are a l so commo n .  N o  known oyster beds a re l ocated near Bryan Mound . 

The cl osest  oys ter beds to the s i te are found i n  Bryan Lake wh i c h  i s  

l ocated about  two mi l es southea s t  o f  Bryan �'ound , but these beds shou l d 

not be i nfl uenced by deve l o pment of the s i te .  Bl ue  cra bs have been 

ta ken from the waters of  Mud Lake wh ich  connects wi th the I ntracoastal  

Waterway and s u bs equent ly  the Brazos Ri ver . B l u e  cra b  abundance i s  much 

h i g her i n  und i s turbed areas such as  Bryan Lake (Texas Parks & W i l d l i fe 

Department ,  1 974 ) as  compared to Mud La ke . 

Brac ki s h  water and estuari ne  areas wh i ch have cordgrass  cover on  

the ban ks prov i de important sources of  nutri ents and organ i c  matter to 

these ecosys tems and a l so prov i de ha b i tat for numerous  i nvertebrates 

wh i ch i ncl ude per i wi n kl es and mussel s .  

Mars hes and ti dal  ponds such  as  Mud La ke and Bryan Lake wh i ch 

connect wi th the Gu l f of Mex i co by way of  the I ntracoastal  Waterway or  

the Brazos R i ver are very producti ve in  terms of the n umbers of  a n ima l s 

present when a l l spec i es a re combi ned . Mos t  a bundant importan t  aq ua t i c  

orga n i sms i n  these habi tats are brown shr imp , wh i te s hr imp , spot , Atl ant i c  

croake r ,  men haden , s i l vers i de ,  mul l et ,  seatro u t ,  and cypri n i ds .  

The mo s t  important  fres hwater system wi th i n  Brazo r i a  Coun ty i s  the 

Brazos R i ver . T he ri ver has  been dammed , and the Brazos R i ver D i vers i on 

Channel  passes to the west  of the Bryan Mound  s i te .  The ori g i na l  channel  

now forms Brazos Harbo r ,  wh i ch l i es to the east of  the s i te .  

Domi nant  fl oral and fauna l  components of fres h waters i n  Brazori a 

Cou n ty i nc l ude g reen a l gae ,  d i a toms , and bl ue-green a l gae . Common 

macrophytes i ncl u de the pondweeds ,  duckweeds ,  and water l i l i es .  Zoo

p l an kton s ampl es  i nc l u de roti fers , copepods , cl adocerans , and nematodes .  

Common ben th i c  macro i nvertebrates are the amph i pods , cori x i d s , l arva l 
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d i pteran s ,  and  Co l eo ptera . Predomi nant fi s hes of  fresh  wa ters i nc l ude 

g i zza rd s had , ca rp , g ar ,  and s port f i s hes such as  l argemouth ba s s ,  

channel  catfi s h ,  and severa l s pec i es of sunfi s h  and cra ppi e .  W i l d l i fe 

s pec i es wh i ch e i ther i n ha b i t  and/or uti l i ze these a rea s to feed or res t 

i nc l ude some s pec i es of ducks  and geese ,  gu l l s , tern s , heron s ,  egrets , 

n u tri a ,  wa ter snakes , tu rtl es , and frogs . 

Gu l f  of  Mex i co 

The b i o l og i cal  commun i ty on the i nner  co nt i nenta l s hel f i n  the 

v i c i n i ty of the proposed d i ffu ser sys tem i s  typ ica l l y  h i g h ly  product i ve .  

The  primary producers ( p hytopl ankton ) cons i s t o f  d i atoms wh i ch domi nate 

the commun i ty throughout the yea r and d i nofl agel l ates wh i ch codomi nate 

per i o d i ca l l y .  D i a toms account for over hal f the to ta l n umber o f  phyto 

pl an kton i n  a l l s easons  wi th predomi nant genera i nc l u d i ng Rhi zoso l en i a ,  

N i tzsc h i a ,  Tha l a s s i o thri x ,  Tha l a s s i onema , S kel etonema , Chaetoceros and 

As ter i one l l a ,  many form i ng cha i ns of sma l l cel l s . Primary producti v i ty 

a t  the s i te i s  ex pec ted to range from 20 to 30 mg C/m3/day as  an  annua l  

averag e ,  wi th maxi mum va l u es occurri ng  in  l a ter wi nter and ea r ly  spri ng  

and m i n i mums i n  s ummer . Zoopl a n kton groups  common to the a rea i nc l ude 

co pepods and mero p l a nkto n i c  stages of severa l ben th i c  i n vertebra tes . 

The co pepod Acarti a tonsa  i s  the numer i ca l l y domi nant  s pec i es i n  the 

v i c i n i ty .  

Over 290 spec i e s  of benth i c  macro i nv ertebra te i nfauna  ( 0 . 5  mm i n  

d i ameter o r  l a rger ) have been i den t i f i ed i n  the v i c i n i ty o f  the proposed 

d i ffu s er s i te .  Sampl i ng at  fi fteen stat i ons  s urround i ng the d i ffuser 

s i te produced 1 07 spec i es of  benth i c  i n vertebrates , domi na ted by 5 1  

spec i es of po l ychaetes . Pri ono spi a pi nnata wa s the mo st  a bundant po ly

chaete spec i es wi th other common taxa i nc l u d i n g  amph i pods , decapod 

crus tacea , nemerteans , gas tropods , and pel ecypod s .  The freq uency of 

occurrence and/or abundance of the amph i pods Ampe l i sca . abd i ta and Ampel i sca 

aga s s i z i  and the b i va l ve Nucu l ana  concentr i ca hel p set apart two d i s t i nct 

benth i c  as sembl ages in  the d i ffuser area as  seen i n  F i g ure B . 3- 2 .  

Two d i st i nct  ne kton commun i ti es have a l so been i den t i fi ed i n  the 

v i c i n i ty of the proposed d i ffu ser wi th names deri ved from the domi nant 
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commerc i a l  s hr imp fi s hery i n  each area . The wh i te s h rimp grounds are 

domi nated by the  At l a n t i c  croa ker and the brown s hr imp grounds  by the 

l o ng sp i ne porgy . The wh i te shr imp grounds tend to have fewer s pec i es 
and  l ower b i omas s , and  the i nd i genous f i s h  te nd to be more dependent on 

the estuar i es than those found in the brown shr imp grounds . However , i n  

the  v i c i n i ty o f  the proposed br i ne d i ffuser , trawl s urveys s howed the 

brown shr imp grounds to have a l ower bi omass  of commo n s pec i es than the 
wh i te shrimp grounds . Nekton fami l i es found in  the wh i te s hr imp grounds 
( I n ner Shel f depths 1 2 -72  feet )  i nc l ude drums , cu t l assfi s hes , threadfi n s  
a nd  sea catfi s hes . The brown s hr imp grounds ( I ntermed i a te S he l f depths 

7 2 - 300 feet ) i nc l ude porg ies , searobi ns and  drums . D ur i ng  s ummer months  

predatory pel a g i c  f i s h  are found in  the a rea i nc l u d i n g  do l ph i n s , b i l l  
f i s hes , mac kera l s ,  bo n i to ,  amberj ack ,  b l ue  runner and  severa l  s pec i es of 
j ac k  fi sh . Un i q ue  reef commun i t i es found offshore of the d i ffuser area 

p l ay an  i mporta nt ro l e  in su pport of l o cal  fi sher ies . The red drum i s  
known to s pawn near reef commun i t i es .  Both wh i te and  brown s hr imp are 
f i s hed commerc i a l l y  i n  the wa ters surround i ng the d i ffuser s i te .  Whi te 
s hr imp are known to spawn i n  the v i c i n i ty of the bri ne duffu ser s i te ,  

and  the area i s  i nten se ly  used by l ocal  s h r impers . Sport fi s h i ng near 
the proposed s i te is  often concentrated duri ng summer mon ths especi a l ly  

i n  t he  v i c i n i ty of  t he  co ra l heads a nd  rock  outcropp i ng i n  t he  v i c i n i ty 

known as  the Ea st  Ban k  Area (Graham , 1 97 7 ) . A more deta i l ed descr i pti on 

of  the aqua t i c  spec i es found i n  the v i c i n i ty of the proposed d i ffu ser i s  

p resented i n  Append i x  G .  

B . 3 . 5 . 3  Do c k  S i tes 

Es t i mated s i te acreage and l an d  use  req u i remen ts for the proposed 
new DOE docks are presented in Tabl e B . 3 -6 . The so i l s  i n  c l eared l and  

a reas cons i s t mostl y  of sand , mud , and bro ken she l l mater i a l . Some 
natura l  vegetat ion  i s  present i n  sca ttered areas of the dock s i tes . No 
c r i t i ca l  ha b i tat  or threatened or endangered spec i es are l o cated a t  the 
s i tes . 

Brazos Harbo r ,  because  of i ts cu l -de-sac conf i g urat i on , i s  charac
teri zed by poor water qua l i ty and  s i l ta t i on probl ems . The  harbor i s  
s u bj ect to frequent (every 24 months ) dredg i n g acti v i ty .  The harbor i s  
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not a parti cu l ar ly  des i rabl e hab i tat for mos t  aquat i c organ i sms because  

of the pol l u ted water . F i s h  numbers in  the harbor are l ow ,  and mo s t  of 

t he spec i es present are u s ua l l y  co l l ected near the harbor brea kwa ter . 

Col eoptera ( beetl es ) general l y  domi nate samp l es col l ected from 

s u bmerged l og s  a nd aquati c pl ants near. Brazos Harbo r ,  but  amph i pods 

( s cuds ) and Cori x i dae ( wa ter boatmen ) are a l so  common .  Abundant  macro

i nvertebrates in  the  deep water of the i nner harbor area are the Ch i rono

mi da e ,  Ceratopogon i da e ,  o l i gochaeges , and bryozoans . 

F i s h  common to the harbor i nc l ude menhaden , mu l l et ,  and s i l vers i des 

(Tabl e B . 3-7 ) .  

B . 3 . 6  Natural  and  Scen i c  Resources 

The na tural reso urces i n  the reg i on  su rround i ng the s i te are 

d i scussed i n  Sect ion  B . 2 . 6 . 

The s i te i s  l oca ted primari l y  i n  undevel oped marsh  and coasta l  

pra i ri e  surround i ng a sma l l area wh i ch has  a l ready been deve l oped . The 

ma rsh and pra i r i e  area s are typ i ca l  of those fo und  i n  th i s  area of the 

Texas G u l f  Coa s t  and have no un i que aesthet i c fea tures . Due to pri or 

devel opment ,  the area immed i atel y  su rround i ng the proj ect s i te has  a 

re l a ti vely  l ow aestheti c  va l ue . The s i te i tsel f i s  not  eas i l y reached 

from any maj or roads . It i s  v i s i b l e  from the road  on the l evee a l ong 

the wes tern edge of the s i te .  Parts of the proj ect may be v i s i b l e  to 

south ern area s of Freeport . 

T here are four  maj or beaches i n  the Freeport area : Bryan , Qu i n tana , 

Surfs i de ,  and  San Lu i s  Pass  beaches . Under the Texas Open Beach Act , 

a l l beaches front i ng on the G u l f of Mex i co are open to the pub l i c  up  to 

the l i ne of  fi rst veg etati on . Beach attendance i n  th i s  area i s  es t i mated 

at  3 . 1 to 3 . 3 mi l l i on persons annua l l y .  

B . 3 . 7 H i s tori ca l , Archael og i ca l  & Cul tural  Resources 

The candi date s i te does not conta i n  any known s i tes of archaeo l og i ca l , 

h i s tori cal , or cu l tura l s i g n i fi cance . I f  th i s  s i te i s  sel ected for SPR 

devel opmen t ,  a qua l i fi ed archaeo l og i st wi l l  s urvey prev i o u s l y  unsurveyed 

areas and  coord i na te wi th the State H i stori cal Pres ervati on offi cer .  
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B . 3 . 8  Soc i oeconomi c Env i ronmen t 

B . 3 . 8 . 1 Land  Use  

The  Bryan Mound  s i te i s  l ocated wi th i n  the  group  of commu n i ti es 

known col l ect i vel y as  Brazosport , w h i c h  i nc l u des the town of Freeport 

( F i g ure B . 3- 3 ) .  As s ta ted i n  Sect ion  B . 2 . 8 . 2 , th i s area i s  h i g hl y  

i ndustr i a l i zed , wi th petrol eum rel a ted fac i l i t i es represent i ng a s i g n i fi 

cant  s ha re of  the market .  

The  c i ty of  Freeport l i es to  the  north and  east  of  the  s i te .  The 

Env i ronmental Geo l og i ca l  Atl as , Texas Coa stal Zone , shows the Freeport 

area as  a res i denti a l - urban a rea con ta i n i ng commerc i a l and res i den ti a l  

devel opmen t a s  wel l as  i ndustr i a l  areas ( McGowen a n d  others , 1 976 ) . 

To the east of the s i te i s  a fi l l ed area ( cl ass i fi ed as  made-l and ) , 

that i s  used for urban- res i dent i a l  and i ndustr i a l  expan s i on . Th i s  type 

of a rea i s  common l y  devel oped over mars h and rec l a i med l an d .  Approximatel y 

one- ha l f  mi l e  eas t  of the s i te are fac i l i t i es of  Ph i l l i ps Petrol eum and 

Hou s ton  Natural  Gas i nc l u d i ng smal l storage tan ks and degass i fy i ng 

equ i pmen t to handl e offs hore operati ons . Farther to the east are the 

Brazo s port ( Freeport ) Harbor fac i l i t i es .  

The southern per imeter of the Bryan �10und s i te has  several types of 

l and- u s e ,  i nc l u d i ng marsh  area s ,  spo i l area s , and the I n tracoastal  

Waterway . Immed i atel y  adj acent to the s i te i s  a mud l ake , used prev i ou s l y  

for the d i s posa l  o f  dri l l i ng mud .  Sou th o f  the s i te a l ong the Gul f 

s ho re a re beaches used for recrea t i on .  The Gul f i n  the v i c i n i ty of the 

br i ne p i pel i ne and d i ffuser i s  u sed for recreati on , fi s h i ng , and o i l  and  

gas extracti o n .  

The i ndus tri a l  u s e  o f  the Bryan Mound SPR s i te i s  compatabl e wi th 

the genera l l and  use patterns i n  the Freeport ha rbor area . 

B . 3 . 8 . 2  Tran sporta t i o n  

Brazo r i a  County transportati on systems a n d  p l anned futu re improvements 

are di scus sed i n  Sect ion  B . 2 . 8 . 3 .  

Access to the dome from Freeport , Texas , i s  by the maj or  h i g hway 

Rou te 288 connecti ng wi th a road al ong the east  edge of the Bra zos  Ri ver 

D i vers i on Channel , or  by a gravel county road connec t i ng wi th Rou te 
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1 49 5 .  Freeport i s  l oca ted about 2 mi l es from the Bryan Mound  s i te by 

Cou n ty Road 242 ( F i g ure B . 3-4 ) .  

The I n tracoasta l Water ( I CWW ) i s  l es s  than a m i l e  south of the 

Bryan Mound  s torage s i te and i s  crossed by the proposed br i ne d i sposal  

p i pel i ne r i g ht-of-way . I n  th i s  v i c i n i ty the wa terway is  fa i rl y  stra i ght  

and  1 2  to  1 5  feet i n  dept h ,  and i s  heav i l y travel ed by commerc i a l  and  

p l ea sure vessel s .  The br i ne d i ffus er i n  the Gu l f  i s  l ocated about 4000 

feet wes t of  a s h i pp i ng ancho rage a rea associ ated w i th Freeport Harbo r .  

T h e  s h i pp i ng l anes i n  the Gu l f  are n i ne mi l es  offs hore from the proposed 

d i ffus er s i te .  The p i pel i ne to the d i ffuser wou l d  cross  some exi st i ng 

p i pel i nes i n  the area a s soci ated wi th  o i l  and gas extracti o n .  

B . 3 . 8 . 3  Popu l a tion  Cha racter i s t i c s  

Freeport i s  the port c i ty o f  Brazor ia  County .  I t  had a n  es t imated 

1 976  popul a t i o n  of 1 9 , 500 .  

The  age  d i str i b ut ion  of  the  popu l at ion  i n  th i s area can  be character

i zed as  fa i r l y  you thfu l . Approximate l y  ha l f  of the l ocal popu l a t i on i s  

between 20 and  55 yea rs of age ,  whi l e  approximate l y  40 percen t a re 1 9  

yea rs o r  younger . Res i dents over 55 yea rs of  age represent approximately  

1 5  percent of  the  l ocal popu l ati on . Freeport · s  popu l at i on represen ted 

a bout  1 1  percent  of the County tota l i n  1 97 0 .  

B . 3 . 8 . 4  Hous i ng 

The vacancy rate for renta l un i ts i n  Brazori a County i n  1 970 was 

very h i g h ,  but very l ow for sa l e  un i ts ,  as  s hown i n  Secti on B . 2 . 8 . 5 .  

( U . S .  Dept .  of Commerce , 1 973a ) .  I n  contrast , a l l types of hous i ng are 

i n  s hort s u pp l y  i n  the Bra zosport area , the county · s  maj or urban compl ex .  

At  l east  700  new hous i ng un i ts are be i ng cons tructed each yea r i n  the 

area but  su ppl y ha s not kept up w i th demand . Mos t  mob i l e  home parks a re 

fi l l ed to capa c i ty .  A l a rge percentage of  the wo rk force i s  forced to 

commute from other a rea s , some from as fa r a s  Hou s ton  ( 40 mi l es ) .  Th i s  

s i tua t ion  w i l l  proba b l y  conti nue  for some t ime due to the ra p i d  growth 

of the area . 
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F I GURE 8 . 3- 4  Freeport area h i ghway map 
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B . 3 . 8 . 5  Economy 

Chemi cal s 

The l a rgest  ba s i c c hemi cal  man ufactu r i ng compl ex i n  the wo rl d i s  i n  

Brazosport , centered around the Texas Di v i s i on of the Dow Chemi cal  

Company ( over 5 , 000 empl oyees ) .  Other l o cal manufacturers i nc l ude Shel l 

O i l Bu ccaneer P l ant , Dow Bad i sche , and Dav i s  Oys ter Creek Di v i s i on  ( 250 

to 499 empl oyees ) ;  Rho d i a , I n c .  ( 1 00 to 249 empl oyees ) ;  S h i nTech , I n c . 

and Na l co Chemi cal s ( 50 to 99 empl oyees ) ;  Hoffman LaRoche , and Schenectady 

Chemi ca l s ,  I n c . ( 2 5  to 49 empl oyees ) ;  Red Barn Chemi cal s and Dow ' s  new 

Brazo s port pl ant  ( 8  to 24 empl oyees ) ;  al l i n  the chemi cal f i e l d .  A 

var i ety of d i verse i ndustr i es such  as  Rheem Manufactur i ng Company , 

Ma l l ay Co rpo ra t i o n ,  Maenco r ,  B i g  Three Industri es , and numerous  smal l 

pl ants a re a l so l ocated i n  the a rea . 

F i s h i ng 

The Bra zos port a rea i s  a seasonal  home to one of the wo rl d ' s  l a rgest 

s h r imp fi s h i ng fl eet s ,  produc i ng as much  as  1 5  m i l l i o n  pounds of s hr i mp 

annua l l y .  Many va l uabl e fi s h i ng a rea s a re nea rby i n  the Gu l f of Mex i co .  

M i nera l s and Agr i cu l tu re 

Mi neral extract ion  and ag r i c u l ture a re a l so important contr i bu tors  

to the l oca l economy ( Section  B . 2 . 8 . 6 ) . 

8 . 3 . 8 . 6  Governmen t 

Ed uca t i o n  

The  Brazosport I ndependen t School D i s tr i ct serves the en ti re Brazosport 

a rea , i n cl u d i n g  the commun i ti es of Freepo rt ,  Cl u te ,  Jones  Cree k , Lake 

Barba ra , La ke Jac kson , Oys ter Cree k ,  Qu i ntana , and Ri c hwood .  The pres ent 

phys i ca l  pl ant  cons i s ts of two h i g h  school s ,  three i n termed i ate school s ,  

and  n i ne el emen tary schoo l s .  At the present t ime ,  the di s tr i ct i s  

pl ann i ng the add i t i on  of a spec i a l  educa t i o n  fac i l i ty .  

S i nce the d i str i ct ' s  enrol l men t has r i sen onl y s l i g htl y  between 

1 969 and 1 97 6 ,  add i t i ona l  fac i l i t i es ( other than the spec i a l  educa t i on 

fac i l i ty men t i o ned above ) ,  are not p l anned . The d i s tr i c t ' s  s taff i s  

bei ng co nstantl y expanded i n  order to reduce c l ass  s i zes and prov i de 

better serv i ces to the students ( S EADOCK ,  1 97 5 ) . 
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I n  add i t i o n  to the  Commun i ty Hos p i ta l , fi ve  sma l l c l i n i c s s erve  the  

F reeport a rea . There i s  a s ho rtage  of  med i ca l  personne l  i n  the  a rea , 

b ut  an  e s ta b l i s hed sys tem fo r emergency evacu a t i o n  o f  s e r i o u s l y  i nj u red 

perso n s  by he l i copters  and  fi xed wi ng a i rcra ft ex i s ts . 

Po l i ce and  F i re Pro tect i on  

Po l i ce and  f i re p ro tec t i o n  fo r the project  wo u l d  be  pro v i ded by the  

Bra zo r i a Cou n ty She r i ff ' s Off i ce and  the  c i ty of F reeport . Severa l 

dep u t i es  from the S her i f f ' s Depa rtmen t reg u l a r l y  pa tro l a rea s outs i de 

mun i c i pa l i t i es .  Freeport ha s 1 9  fu l l  t i me pol i ce o ff i cers , 5 d i s pa tc h ers , 

and  7 po l i ce ca r s .  F reeport  ha s a pa i d  fu l l - t i me f i re depa rtment  w i th  7 
f i remen and  a ch i ef .  The fi re depa rtmen t has  modern  pumpe r trucks  and  a 

foam tra i l er fo r c hem i ca l  fi res . Add i t i o na l f i re f i g h t i ng  u n i ts a nd 

personne l  a re a v a i l a b l e from adjacent  commun i t i es under  an  e s ta b l i s hed 

and tes ted sys tem fo r mutua l  a s s i s tance . A l a rge  n umber of  tra i ned 

vo l u n teer f i remen a re a va i l a bl e i f  needed . 
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B . 4  S ITE SPEC I F I C  ENV I RO NMENT - ALLEN DOME 

Al l en dome i s  one of  the four  pos s i bl e  a l ternati ve s i tes  of the 

Seaway Gro up  for the SPR program . It i s  a sma l l dome , whose  geometry 

and  s i ze a re not wel l defi ned . Further predevel o pmen t exp l o ratory wo rk 

w i l l  be req u i red i f  th i s  s i te i s  to be devel oped . 

B . 4 . 1 Land  Features 

B . 4 .  1 .  1 P hys i ography and Topography 

The Al l en dome s to rage s i te i s  a fl a t  fl oodpl a i n ,  s l o p i ng gen t ly  

away from the  natu ra l  l evees of the San Bernard Ri ver . The maxi mum 

el eva t i o n  on the l evees i s  a bout 5 feet ,  whi l e  on the s i te the e l evat ion  

i s  a bout  4 feet . The  bathymetry of the  a rea s urround i n g  the proposed 

offs ho re d i ffu s er i s  d i scus sed i n  Sec t i on B . 3 . 1 . 1 .  

B . 4 . 1 . 2 Local  Geo l ogy 

Al l en dome i s  a s ha l l ow sa l t dome , a l most  c i rcu l a r  i n  p l an . I ts 

broad , nearl y fl at  top l i es a bout  1 380 feet be l ow sea l evel . S i des  of 

the dome are s teep l y  d i pp i ng co ntacts , wi th the north , wes t ,  and south 

s i des  d i pp i n g  a t  a bout  780 and the ea st  s i de d i pp i ng at 840 . Northso uth 

and eastwes t  cros ssect i ons  through  the dome are presen ted in F i g u res 

B . 4- 1  and B . 4- 2 .  The l ocat ion  of these secti on s  i s  s hown in F i g ure 

B . 4- 3 .  These sect ions  s how the rel at ionsh i p  of the sa l t dome to the 

s u rro und i ng s trata and a l so s how the poten t i a l  cavern i n terval and 

poten t i a l  br i ne d i s posa l  s trata . 

A s tructu re map contoured on top of the sa l t ( F i g ure B . 4- 3 ) s hows 

the s hape of the top of the sa l t  mass . Data fo r th i s  fi gure i s  from 1 7  

dri l l  ho l es reported to penetra te the sa l t .  

Structural i n terpretat i on ba sed upon so few po i n ts i s  s u bj ect  to 

chang e .  However , three pos s i bl e  s u rface i ndentat ions  ( reentrants ) are 

s hown on the s tructure map .  The reen trant  feature on the south edge of 

the  dome s hows a s i gn i f i cant sa l t  embaymen t and overhang wi th i n  the pro 

posed s torage cavern i nterva l . 

A deta i l ed compo s i t i on  or  qua l i ty of  the sa l t mas s  i n  not known at 

th i s t ime .  However , exper i ence wi th other domes i n  the area suggests 

that the compo s i t i on shou l d be s im i l a r to that found  at  Bryan �'10und  

( S  ec  t i on B .  3 .  1 ) . 
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Reco rds o f  dr i l l ho l es penetrat i ng  caprock  and s a l t s how an  average 

caproc k th i c kness  of  a bo u t  490 fee t ,  ra ng i ng from 302 to 592 feet .  The 

ca pro c k  appea rs to compl ete l y  overl i e  the sa l t dome . From top to bo ttom , 

the caprock  o f  the Al l en dome i s  composed of  an  a verage of  5 1  feet of  

ca l c i te ,  247  feet of  gypsum , and 1 66 feet of  anhydri te .  I t  a l so co n ta i n s 

about 1 8  feet o f  sand and  s ha l e  sed iments . Len ses of  sandy c l ay up  to 

1 1 1  feet th i c k  a re repo rted throughout  mos t  of  the 1 i mey po rt i o n  of  the 

capro c k .  Su l fur i s  a m i no r  co nst i tuen t .  

Approx imate l y  1 000  feet o f  P l e i s tocene and Recen t a g e  unconso l i dated 

sed iments  composed o f  muds , s ha l es and sands overl i e  the ca pro c k .  U n 

co nso l i da ted a n d  parti a l l y  con so l i dated sands  a n d  s ha l es of  P l i ocene and 

M i ocene age  extend downwa rd a l ong s i de the dome to between 4500 and 7000 

feet and bel ow. The th i c kness  o f  the M i ocene sect i on i n  the v i c i n i ty of 

the dome is a pprox ima te l y  6500 fee t .  I n  the immed i a te v i c i n i ty o f  the 

dome these sed iments ha ve been fo rced upwa rd by the s a l t p i ercemen t .  

Fa u l t i ng wi th i n  the M i ocene and overl y i ng P l i ocene forma t i o n s  immed i a te l y  

adjacent to the dome i s  proba b l y  exten s i ve and compl ex . 

B . 4 . 1 . 3  Econom i c  Geo l ogy 

F i rs t  o i l  product ion  a t  Al l en dome wa s from the Shel l No . 1 Al l en 

i n  May 1 92 7 .  A searc h  of  a va i l a b l e records  shows tha t the a rea ' s  mo s t  

recent dr i l l i ng acti v i ty wa s i n  1 962 . O i l and gas  occ ur  pr ima r i l y  on  

the so uthea s t  and ea st fl anks  o f  the dome in  M i ocene age sed i men ts wh i c h  

a re fa u l ted or  p i nched o u t  aga i n st  the s i des  o f  the dome . No known o i l 

o r  gas product ion  i s  l oca ted over the to p of  the dome i n  the a rea p ro posed 

for the sto rage fac i l i ty .  

Su l fu r i s  a m i no r  co nst i tu ten t of  the ca proc k ,  bu t co u l d  b e  a 

commerc i a l  resource .  Freeport Su l phur  Company dri l l ed 1 5  ho l es i n to the 

caproc k and sa l t  i n  an expl o ratory prog ram d u r i n g  1 92 6  and 1 92 7 .  They 

a re repo rted to have found  as  much as  1 1  feet of s u l fu r  i n  some of  the i r  

tes t wel l s ,  but  never produced i t  commerc i a l l y .  

B . 4 . 1 . 4  So i l s  

The More1 and-P 1 edg er-Norwood a s soc i a t i on occ u rs a l ong the San 

Berna rd R i ver.  So i l s  i n  th i s  a s soc i a t i o n  a re ca l careous , cl ayey , and 
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l oamy i n  texture . They were der i ved from recent fl ood p l a i n  a l l uv i um .  

Thes e so i l s  a l so  are m i xed w i t h  a con s i dera bl e amount  o f  mon tmori l l on i te 

a nd are moderate l y  a l ka l i ne and ca l careous  to neutral  i n  the s urface 

l ayer , or  present a modera te su rface sa l i n i ty ha zard to p l ants , wh i l e  

s ubsoi l s  a re much h i g her i n  s a l i n i ty .  

Mar i ne sed iments l ocated i n  the v i c i n i ty o f  the pro po sed bri n e  

d i s posa l  system i n  t h e  Gu l f  are d i scussed  i n  Sec t i o n  B . 3 . 1 . 4 .  

B . 4 . 2 Water Env i ronment 

B . 4 . 2 . 1 S urface Water Systems 

The San Bernard R i v er runs to the ea s t  of the Al l en dome a l ternati ve 

s torage s i te .  Th i s  reach  of the San Bernard , from the Gu l f  of Mex i co to 

Brazor i a ,  i s  a n  es tuary .  Adj acent to the s i te ,  a dredged channel  50 

feet wi de by 9 feet deep i s  avai l abl e for r i ver traffi c .  

Jones  Creek and the Brazos R i ver D i vers i o n  Channel  are cros sed 

between Freeport Harbo r  and the Al l en dome s i te .  Jones Cree k i s  a 

smal l ,  i ntermi ttent s tream wh i ch dra i n s  a very sma l l coa s ta l  ba s i n .  

Severa l sma l l ponds a re found i n  the Jones Creek bed . The Brazos R i ver 

D i vers i o n  Channel  near the Bryan Mound  s i te was d i scus sed i n  Sect ion  

B . 3 . 2 .  I t  i s  a n  estuary i n  t h i s reach , but  suffers from h i g h  sa l i n i t i es 

due to fresh  water m i x i ng wi th  water from the Gu l f of Mex i co .  A l arge 

n umber of agri cu l tural and  i ndustri a l  u sers are a l so  l ocated ups tream of 

the s u bj ect a rea . 

So uth  of the Al l en dome s i te , the coa stal marshes of the San Bernard 

W i l dl i fe Refuge dra i n  i nto the I n tracoa stal  Waterway . Some of the marsh  

eas t of the San  Berna rd R i ver dra i n s  i nto the  San  Bernard i n  sma l l 

tr i butar i es  such  a s  Redfi s h  Bayou . The res t  of the marsh  east  of the 

San Bernard dra i ns i nto the I n tracoastal  Waterway . 

The I n tracoastal  Waterway dra i n s  to the Gul f of Mexi co through  the 

San Bernard a nd Brazo s  estuary mo uths . The waterway i s  used extens i ve l y  

by dry bu l k cargo barges and pl ea sure craft .  Because  the en trances to 

the  San Bernard and  Brazo s R i vers are very sha l l ow ( 3 to 4 feet at MLW ) . 

mos t  barge traffi c exi ts from the I ntracoasta l Waterway i n to Freepo rt 

Harbor or  the Gu l f  of  Mexi co through  the Freeport Harbor Entrance Channel . 
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Freeport Harbor has been d i scus sed i n  Sect i on B . 2 . 2 and B . 3 . 2 .  I t  

i s  a cl osed wa ter body wi th c i rcu l a t i on restr i cted by the damm ing  of the 

Brazos and crea t i on of  the Brazos Ri ver D i vers ion  Channe l . The Gu l f of 

Mex i co l i es j u s t  about four  mi l es south of Al l en dome . 

The s i te i s  s u bj ect  to period i c  fl ood i n g .  The Corps o f  Engi neers 

compu tes that the 1 00 year fl ood from the San Berna rd R i ver wo u l d ri se  

to  e l evat ion  +9 . 5 feet . The  1 00 year fl ood at  the  s i te due to  hurri cane 

s urges has been estimated at  1 4  to 1 8  feet ( Trahan , personal  commun i ca t i on , 

1 977 ) . 

The ma r i ne  cond i t i ons  i n  the a rea of  the proposed bri ne d i ffuser 

are d i scussed in  Secti on B . 3 . 2 . 1 .  

B . 4 . 2 . 2  S ubsurface Water Sys tems 

Beca use  of the prox im i ty of Al l en dome to Bryan Moun d ,  the occu rrence 

and character i s t i cs of the ground wa ter are s i mi l ar to those descri bed 

i n  Sect ion B .  3. 2 for Brya n �lound .  Structure maps and cros s -sec t i ons  of 

the s ha l l ow a q u i fers a re s hown in F i g ures B . 4- 1 , B . 4- 2  and B . 4- 3 .  

Ground wa ter use i n  the v i c i n i ty of  the Al l en dome does not appea r  

t o  b e  exten s i ve .  T h e  hyd rau l i c  grad i en t  i s  es sen t i a l l y  fl a t  i n  the 

upper un i t  of  the Ch i cot  aqu i fer at  the s i te .  Loca l  use of  ground water 

i s  pro ba b ly  l i mi ted to rura l domes t i c  pumpage  and s tock wa teri ng . 

Bernard Ac res s u bd i v i s i on , j u s t  south of the s i te ,  uses s ha l l ow 

fresh  a q u i fers fo r i n d i v i dua l  domes t i c  wel l s .  The town of Brazori a ,  

abou t 1 0  mi l es north o f  the s i te ,  pumps wa ter from the l ower un i t  of the 

Ch i cot  aq u i fer w i th an  a verage mun i c i pa l  usage of 1 56 , 000 mgd in  1 967 

( Sandeen and Wes sel man , 1 973 ) .  The cone of  drawdown i n  the su rface 

aq u i fer from that pump i ng extends to the s i te ,  bu t the hydrau l i c  g radi ent 

is rel at i vel y fl a t ,  a t  a bout  1 . 5  feet per mi l e .  

Land s u bs i dence res u l t i ng from l a rge  ground  water wi thdrawa l s  i s  

mi n i ma l  i n  the s i te v i c i n i ty ,  a s  s hown i n  F i g ure B . 2- 26 .  

B . 4 . 3 C l i ma to l ogy and A i r  Qua l i ty 

Ex i s t i ng a i r  q ua l i ty l evel s at  Bryan Mound  are very good wi th the 

excep t ion  tha t non-metha ne hydrocarbon and ox i dent concentrat ions  some

t imes exceed the NAAQS . L i ke Bryan Mou nd , the Al l en s i te experi ences a 
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predomi nant l y  �ari ne  c l imate characteri zed i n  Secti on  B . 3 . 3 . 1 wi th 

p reva i l i ng south to southeaster ly  wi nds . 

B . 4 . 4  Bac kground  Amb i en t  Sound  Level s 

A wi l d l i fe refuge l i es southwest of the Al l en dome s i te a nd graz i ng 

l and  l i es northea st  a nd sou th of the s i te .  A sma l l devel opment  o f  about 

35  s i ng l efami l y  dwel l i ngs  l i es approximate l y  1 00 0  feet sou th of the s i te 

and i s  the pri nc i pa l  no i sesen s i t i ve l and use  area . Streets have been 

l a i d  o u t  i n  an  a rea 1 / 2 m i l e  north of the s i te ,  but at  present few 

houses have been b u i l t . Un l i ke Bryan Mound , the Al l en dome s i te i s  an  

a pprec i a b l e d i stance from the I ntracoa stal  Waterway or i ndustr i a l  or 

dr i l l i ng acti v i ti es .  Pr i nc i pa l  sound sources ant i c i pated i nc l ude i nsect 

and  a n imal  acti v i ty ,  recreat i ona l  acti v i ty on the r i ver , and wi nd . 

Average  day/ n i g ht sound  l evel s of up  to 54 dB are est imated for the 

a rea . Sound l evel s a re expected to be somewha t q u i eter here than at  the 

Bryan Mo und  s i te .  Sound l evel s a t  the Bryan t10und  s i te and the br i ne 

d i ffu s er p i pe l i ne r i g ht-of-way are d i s cussed  i n  Sect ion B . 3 . 4 . 

B . 4 . 5 Speci es and Ecosys tems 

B . 4 . 5 . 1 S i te Area 

The Al l en dome i s  fl a t ,  wi th  el evati ons  of genera l l y  l es s  than 5 

feet above mea n sea l evel . On the southea s tern fl a n k  of the dome , a 

res i dent i a l  n e i g hborhood i s  devel oped around a manmade canal  system . 

W i t h i n the Al l en dome s i te a rea , the ecosystems are characteri zed ma i n l y  

a s  coasta l  pra i ri e ,  fl uv i a l  woodl and , and estuary .  Est i mated s i te 

a creages are s ummari zed i n  Ta bl e B . 4- 1 . 

The San Berna rd Nat i ona l  W i l dl i fe Refuge i s  l ocated two mi l es to 

the  southwest  of the Al l en dome s i te .  T he refuge i s  l ocated i n  coasta l  

marsh l and wh i ch i s  do tted wi th numerous  l a kes and ponds , a nd co nta i ns 

a bundant and d i verse wi l dl i fe commu n i ti es . 
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TAB LE B . 4- 1 E s ti mated  s i te acreaae ana l vsi s for Al l en dome cand idate 
SPR  s toraqe s i te ( a l te rnati ve s i te ) . 

Total For Fenced S i te Area - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - -_ _ _ _ _ _  1 84 Acres 
Total W i t h i n  -2000 Foot Sa l t  Contour - - - - - - - - - - - --- - - - - - - --- __ __ _  333 Acres 

Total for Cl eared Land - - - - - - - - - - - - - - -- ------ -- - - - - - - - - - - _ _ _  3 Acres 
Total for Fl uv ial  Woodl ands - - - - - - - - - - - - - -- - - - - - - - --- - - - - - __ 70 Acres 
Total for Coastal Prairie  ------ - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _  232 Acres 
Total for Open Water -- - - - - -- - - - - - - - - -- - - - - - - - - - - - - - - _ _ _ _ _ _ _  28 Acres 

Proposed Brine Di sposal System 
( 5 . 8  mi l e  Bryan Mound Gul f Di ffuser & 

Injec tion Wel l s )  
Fl uvial  Woodl ands 
Coastal Prairie  
Shel l Ramp Barrier F l at 
Marsh 
Open Water 
( total water cros s i ng s  �) 

Proposed Raw Water Sys tem 
( Brazos Ri ver D i vers ion Channel ) 
Fl u v i a l  Woodl ands 
Coastal Pra i ries 
Marsh 
Open Water 
( total water crossings __ 6 __ ) 

Proposed O i l  D i s tri bution System 
(New Tanker Docks ) 
Cl eared Land 
Marsh 
F l uv i a l  Woodl ands 
Coastal Pra i ries 
Open Water 
( total water crossing s  __ 6 __ ) 

Al ternate Brine D i s posa l 
System (wel l s )  
Coastal Pra i ri es 

Al ternative Brine Di s po sal System 
(5 mi l e  Gul f Di ffuser D i rectly Offshore)  
Coastal Prai ries 
Marsh 
Open Water 
( tota l  water crossing s  __ 2 __ ) 

Al ternative Brine Di sposal System 
( 1 2 . 5  mi l e  Di ffuser from Bryan Mound ) 
Fluvial  Woodl ands 
Coasta l Prai ri es 
Marsh 
Shel l Ramp Berrier Flat 
Open Water 
{ tota l  wa ter crossing s  .J.!J 

Al ternate Raw Water System 
( Brazos Ri ver) 
Fl uvial Woodlands 
Coastal Prai ri es 

Al ternate Raw Water System 
( San Bernard Ri ver ) 
Fl uvial  Woodl ands 
Coastal Pra i ri es 

Total Mi l es 
of Pipel ine 

21 . 5  

1 2 . 1 

1 2 . 7 

3 . 2  

1 3 . 4  

2 6 . 3  

5 . 0 
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Acreage for 
Construction 

335. 2  

2 . 0  
1 3 0 . 0  

1 . 0 
1 2 . 2  

1 43 . 0  

99 . 0  

2 . 0  
84 . 0  
1 2 . 0  

1 . 0 

1 21 . 0  

1 8 . 0  
1 6 . 0  

2 . 0  
84. 0  

1 . 0  

1 9 . 0  

1 9 . 0  

234 . 0  

1 7 . 0  
76 . 0  

1 4 1 . 0  

425. 0 

2 . 0  
1 04. 0 

1 2 . 0  
1 . 0 

306 . 0  

1 06 . 0  

45. 0  
61 . 0  

6 . 0  

1 . 0 
5 . 0  

Acreage for 
Operation 

1 44 . 6  

2 . 0  
97 . 0  

0. 5 
9 . 1  
0 . 0  

74 . 0  

2 . 0  
63. 0 

9 . 0  
0 . 0  

94 . 0  

1 7 . 0  
1 2 . 0  

2 . 0  
63 . 0  

0 . 0  

1 9 . 0  

1 9 . 0  

70 . 0  

1 3 . 0  
57 . 0  

0 . 0  

89 . 0  

2 . 0  
77 . 0  

9 . 0  
1 . 0 
0 . 0  

80 . 0  

34 . 0  
46 . 0  

4 . 0  

1 . 0 
3 . 0  



TAB LE B . 4- 1  con ti n ued . 

Al ternate Raw Water System 
( Ground Wa ter Wel l s ) 
Coastal Pra i ri es 

Al ternate Raw Water System ( Gu l f )  
Coastal Pra i ries 
Ma rsh 
Open Wa ter 
( total water cros s i ngs  __ 2 __ ) 

Tota 1 Mi l es 
of P ipel i ne 

5 . 5  

1 3 . 4  

aBased o n  features of USGS topographic maps ( 1 5  minute series ) .  

Acreage for 
Construction 

22 . 0  

2 2 . 0  

234 . 0  
1 7 . 0  
76 . 0  

1 4 1 . 0  

b
Cl eared l and incl udes agri cul tural . industrial . and rural , and di sturbed l and.  
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Acreage for 
Operation 

22 . 0  

22 . 0  

70 . 0  
1 3 . 0  
57 . 0  

0 . 0  



Coas ta l  Pra i r i e  

Vegeta t ion  

The  coasta l  pra i ri e  on wh i ch Al l en dome i s  s i tuated i s  used pre-

. domi nant ly  for g raz i ng  l and .  Wi th i n  the coasta l  pra i ri e ,  the vegeta t i on 

co ns i s ts of med i um ta l l  to ta l l  grasses . The pri nc i pa l  spec i es i nc l ude 

seacoa s t  b l uestem , coa sta l saca h u i sta and b i g  b l uestem . Spec i fi c  

s u bdom i na n t  p l an t  spec i es i ncl ude I nd i angra ss , ea s tern gammagra s s , Gu l f  

mu h l y ,  wes tern ragweed , turtl egra s s , l i ttl e bl ues tem , buffa l o  gra s s  and  

smu t gra s s . Add i ti ona l fl ora l  components wh i ch are norma l l y  assoc i a ted 

w i th the coa s ta l  pra i r i e  i nc l ude mes q u i t e ,  oa ks , pri ck ly  pear and 

h u i satc h .  

W i l dl i fe 

The coas tl i ne at  the s i te prov i des su i tabl e ha b i ta t  for a l a rge 

n umber of  av i a n  s pec i es .  Du r i ng the spri ng when the pra i r i e  i s  wet ,  the 

s i te attracts heron s , eg rets ,  i b i ses , and other wad i ng wetl and b i rds . 

The mo s t  common b i rd s pec i es l i ke ly  to be found i n  coas ta l  pra i r i e  

ha b i ta t  at  Al l en dome i nc l ude : 

Eas tern meadowl a rk 

D i ckc i sse l  

Redwi nged b l ackb i rd 

Ki l l deer 

Up l and p l over 

Ho rned l a rk 

Common g rac kl e 

Green heron 

Great eg ret 

Tu rkey vu l ture 

Ma rsh hawk 

Mourn i ng dove 

Savannah s parrow 

Ves per sparrow 

At l ea s t  1 2  spec i es of mamma l s  are expected to occur i n  the Al l en 

dome v i c i n i ty ( Dames & Moore , 1 973 ) . Spec i es commonl y associ ated w i th 

coasta l  pra i r i e  are presented i n  Ta bl e 8 . 4-2 . 

The h i s p i d  cotton ra t and r ice rat are the two sma l l roden t spec i es 

mo s t  l i ke ly  to occur on the s i te .  Stud i es a t  s i mi l a r habi tat y i el ded 

6 . 5 cotton rats per hecta re ( Dames & Moore , 1 973b ) . R ice rats favor wet 

a reas , therefore , these rodents are pro ba b l y  restri cted i n  thei r abun

dance  and d i str i bu ti on at  the  s i te .  

8 . 4- 1 1  
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Opossum ,  cottonta i l  rabb i ts ,  a rmad i l l o ,  raccoon , stri ped s kun k ,  and 

coyote a re typ ica l  s i te a rea res i dents . Al l of these s pec i es were 

common i n  the coa s ta l  pra i ri e  ha b i ta t  east of the dome s i te .  

Popu l at ion  dens i t i es o f  1 rab b i t per 4 to 5 acres  o f  coasta l  

pra i ri e  i s  not unusua l  for cottonta i l s  ( Dav i s , 1 966 ) ;  coyote dens i t i es 

may va ry between 1 and 4 an ima l s per square mi l e  ( Knowl ton ,  1 972 ) .  

Fourteen spec i es of  herpetofauna are l i ke ly  to be found encountered 

i n  coastal  pra i ri e  ha b i ta t  s im i l a r to tha t at  the s i te ,  namel y :  

Orna te box turtl e Corn snake 

S l ender g ra s s  l i za rd Texas ra t s na ke 

Ea s tern ga rter snake Wes tern D i amondback  Rattl es nake 

Wes tern r i b bon  s nake Western cottonmo uth 

Rough  earth snake Spec kl ed k i ngsnake 

Wes tern mud s na ke R io  Grande l eo pard frog 

Rough  g reen s na ke Gu l f  coast  toad 

Of these a n ima l s the most  common s pec i es are the box turt l e ,  ga rter 

snake ,  cottonmouth , ratt l esna ke ,  and Gu l f  coast  toad .  

Fl u v i a l  Wood l ands 

Vegeta ti on 

The fl uv i a l  wood l ands  cons i st primar i l y  of tree s pec i es l oca ted at  

the  ea s tern porti o n  of the  s i te a l ong the  wes t  ban k  of San  Bernard 

. Ri ver . The major  tree s pec i es of th i s  ecosystem i nc l ude l i ve oa k ,  water 

oa k ,  Amer ican  e l m ,  s uga rberry ,  p i gnut  h i c ko ry ,  and pecan . 

W i l dl i fe 

At l eas t 60 s pec i es of b i rds are l i ke l y  to occur  througho ut  the 

year i n  the fl u v i a l  woodl ands . B i rd s pec i es common l y  encountered at  the 

Al l en dome are presen ted i n  Ta bl e B . 4- 2 .  The woodl ands at  the s i te are 

g razed by cattl e .  and consequent ly  the growth of the unders tory i s  

reduced ; th i s  reduction  may prec l ude the occu rrence o f  some s pec i es 

wh i c h  wou l d  norma l l y  i n ha b i t  a s i mi l ar but und i s turbed forest l ayer . 

The presence of  the woodl a nd at  Al l en dome enhances the l i ke l i hood 

of occurrence of woodl and s pec i es of wi l d l i fe s uch as the opo s s um ,  

wh i tefooted mouse , gray and  fox squ i rrel s ,  raccoon ,  and armad i l l o .  The 
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o pen woodl and u nderstory ha b i tat i s  mos t  s u i tab l e for the fox squ i rrel , 

but  the gray squ i rrel i s  more common i n  the proj ect area . Port ions  of 

the fl uv i a l  wood l ands  are poor ly  dra i ned and these areas prov i de s u i tab l e 

hab i tat for the swamp rabbi t .  

One s ect ion  of the fl u v i a l  woodl and  a l ong the San Bernard R i ver i s  

l ow and  wet , and duri ng  the ra i ny season o f  the year th i s secti o n  

prov i des  su i tab l e hab i tat for t h e  cottonmouth  s nake a n d  several s pec i e s  

of  frogs .  

San Bernard R i ver 

The majo r  aquat i c hab i tat at  Al l en dome i s  the San Bernard R i ver . 

The mo uth  of  the r i ver i s  8 mi l es downs tream from the s i te .  The o n l y  

other aqua t i c  habi tat i n  t h e  a rea i s  o n e  sma l l i ntermi ttent creek whi ch 

dra i n s  the center of the s i te and several dra i nage  d i tches a l ong the 

access  roads . Th i s  creek i s  not expected to con ta i n  a ny s i g n i fi cant  

fi sher i es ha b i tat ;  however , sma l l i nvertebrates such  a s  crawfi s h  wou l d  

be expected to popu l ate th i s  area , at l east  dur i ng the ra i ny season . 

Sal i n i ty of  the estuar i ne porti o n  of  the San Bernard Ri ver at the 

s i te ranges from 0 to 1 9  parts per thousand  depen d i ng upon the amount  of 

fres hwater runoff ( Sect i o n  B . 2 . 2 . 1 ) . The estuary i s  u s ua l l y  s trati f i ed .  

I t  i s  not u ncommon to col l ect  b l ue catfi s h  near the mouth  of the 

r i ver duri ng per iods  of h i g h  r i ver f low.  On the other hand , dur i ng l ow 

ri ver fl ow , b l ue crabs , Atl ant i c croakers ,  and Gu l f menhaden have been 

ta ken more than 8 mi l es upstream from the s i te .  The l ower San Bernard 

R i ver prov i des an  important  nursery for many spec i es of fi s h  and some of 

the more i mportant i nv ertebrates such as b l ue crab and s hri mp (Texas 

Parks and W i l dl i fe ,  1 974 ) .  

Common i nverte brates co l l ected from the San Bernard Ri ver i nc l u de 

oys ters , whi te and brown s hrimp , seabobs  ( shr imp ) ,  crayfi s h ,  and b l ue 

cra bs . Sea bobs , caught near the mouth  of the San Bernard Ri ver , acco unted 

for more than 50  percent of the 1 974  commerc i a l  catch i n  Texa s . Wh i te 

and  brown s hr imp are a l so  cons i dered to be a bundant i n  the San Berna rd 

R i ver as  far upstream a s  the Al l en dome . Commerc i a l  harvest of oys ters 

i s  underta ken at  Cow Trap La ke ( l o ca ted 4 mi l es to the south ) but  the 
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poten t i a l  for i ncrea sed oys ter ha rvest i n  the a rea i s  l im i ted ( Texas 

Pa rks and Wi l d l i fe ,  1 974 ) .  Po l ycha ete worms , sna i l s ,  cl ams , mus sel s ,  

and  cru s tacea ( i n  add i t i on to those ment i oned a bove ) a re other i nverte

brate g roups  wh i c h  are expected to i nha b i t  the aquat i c  ha b i tat  i n  the 

v i c i n i ty of the s i te .  

The most  a bu ndant f i s h  co l l ected in  the San  Bernard R i ver  i n  the 

v i c i n i ty of  the proposed s i te a re seatrout  and Atl ant ic  croa ker .  Other 

s pec i es common to be found  in the coasta l a rea i nc l ude s ha rks , gar ,  

carp , catfi s h ,  eel s ,  men haden , and fl ounder ( Texas  Parks and Wi l dl i fe ,  

1 974 ) .  

Gu l f  of Mex i co 

The b i o l og i c  env i ronment s urround i ng the proposed br i ne d i ffuser 

l oca t ion  i s  descri bed i n  Sec t i on B . 3 . 5 . 2 .  

B . 4 . 5 . 2 P i pel i ne Sys tem Route 

The 2 3 . 9 mi l e  p i pe l i ne sys tem route passes through  2 1  acres of 

c l ea red l and , 2 acres of  wood l ands ,  1 58 acres of pra i r ies , 1 6  acres of 

mars h and 1 acre of ramp barri er fl a t  for a tota l of  1 98 acres on l and . 

Ac reages of eac h  of the ha b i tats  a ffected by proposed and a l ternat i ve 

p i pe l i nes are s ummar i zed i n  Tab l e  B . 4- 1 . 

Coasta l  pra i ri e  i s  genera l l y fl at  to gently ro l l i ng  l and and  has  a 

mud and/or sand s u bs trate . Pra i r i e  gra s ses , such  a s  b l ues tem and 

I n d i angra s s  predom inate in  the pra i ri e ,  but scattered bus hes such  as  

mesq u i te ,  h u i satch , and s uga rberry are a l so found . Mars h l ands  cons i s t  

o f  s a l twa ter a n d  brac k i s h  mars h types . The sa l twa ter areas cons i s t  of 

prima r i l y  wa terl ogged so i l s  in wh i c h  ha l oproyti c  gras s es and forbs a re 

domi na nt .  Brac k i s h  wa ter mars hes i nc l ude l ow ,  perenn i a l l y  wet areas i n  

wh i ch s a l tg ra s s  and  rus hes are the major  vegeta t i on el ements . F l u v i a l  

wood l a nds cons i s t of  a reas i n  c l ose  proxi m i ty to estuari es , creeks , 

r i vers , or  other wa ter bod i es .  These areas a re domi nated by wa ter 

tol erant  ha rdwood tree s pec i es such  as peca n ,  h i c ko ry ,  l i ve oak , water 

oa k ,  b l ackjack  oa k ,  and sugarberry .  Cl ea red l and cons i s ts of areas 

where h uma n act i v i t i e s  ha ve s i gn i fi cant l y a l tered the na tura l env i ron

ment  and  i nc l ude agri cu l tural cu l t i vat ion , urban devel opmen t ,  i ndustr i a l  
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faci l i ti es ,  p i pe l i ne s , roadways , channel s ,  and other l and  u ses . Open 

water bod i es  i s  a generi c  category i nc l udi ng ponds , ri vers , streams , a s  

wel l a s  swamp a n d  marsh l and l oca l es .  

The ecosystems a l ong the bri ne d i ffuser pi pel i ne from Bryan Mound  

to  the Gu l f  are d i s cu s sed in  Secti on B . 3 . 5 . 2 .  

W i l dl i fe s pec i es wh i ch i nhab i t these areas and may be affected by 

con s truct i on and operati on s  of the l i nes are presented i n  Tabl e B . 4-2 . 

B . 4 . 6 Natural  and Scen i c  Resources 

B . 4 . 6 . 1 Natural Resources 

The natu ra l  resources and recreat i onal  opportun i t i es to be found  i n  

the v i c i n i ty of the Al l en dome a re s i mi l ar to tho se found  i n  the v i c i n i ty 

of the Bryan Mou nd s i te as  d i scussed i n  Sect ion B . 3 . 6 . These two s i tes  

a re l ocated approximate l y  1 1  mi l es a part . 

The Al l en dome s i te ,  however , i s  c l oser to two rather u n i que  

natura l  featu res not a s  read i l y  avai l ab l e to  the Bryan Mound  v i c i n i ty .  

The fi rs t  o f  these i s  the San Bernard Nat i onal  W i l d l i fe Refuge , l ocated 

to the southwest  of the s i te .  The second i s  the San Bernard Ri ver,  

l ocated adj acent to  the Al l en s i te .  Th i s  r i ver has  been dredged to a 

nav i gabl e depth of n i ne feet and  affords such  acti v i t i es a s  rec reati onal  

boati ng and fi s h i ng .  

The natura l and scen i c  resources i n  the v i c i n i ty of the bri ne 

di ffuser are d i scu s sed i n  Sect i o n  B . 3 . 6 .  

B . 4 . 6 . 2  Sceni c  Resou rces 

The proj ect s i te i s  p redomi nantly undevel oped coastal  p rai ri e and 

mars h .  A smal l area i n  the no rtheas t corner of the s i te con ta i ns a few 

o i l  wel l s  and rel ated bu i l d i ng s .  To the southeast of the s i te ,  on the 

San Bernard R i ver , a smal l re s i denti a l  s u bd i v i s i o n , Bernard Acre s , has 

been  bu i l t . Subd i v i s i o n  roads north of the s i te i nd i cate the pro bab i l i ty 

of future devel opment  there a l s o .  

Part o f  the s i te i s  cu rrentl y i n  use  a s  pasture and i s  wel l  grazed . 

The n atu ra l l evees of  the r i ver are wooded . The s i te has no aestheti c 
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character i s t i cs that are un i que to that area . The " natura l " q ua l i t i e s  

o f  the surrou nd i ng area are con s i dered va l u ab l e .  

B . 4 . 7 Archaeo l og i ca l , H i s torica l , and Cul tura l  Resources 
The can d i date s i te does not conta i n  any known s i tes of archaeo l og i cal , h i stor ica l , or c u l tura l  s i g n i ficance . I f  th i s  s i te i s  se l ected fo r SPR  deve l o pmen t ,  a qua l i fi ed archaeo l og i st wi l l  s urvey it  for DOE and coord i na te wi th the State H i sto ri ca l  Preservat ion Offi ce r .  

B . 4 . 8  Soc ioeconomi c Env i ronmen t 

B . 4 . 8 . 1 Land Use  

La nd uses  s u rround i ng the. s i te i n c l ude res i den t i a l  devel opmen t ,  pas tures , ma rs hes , and wetl ands . Some i ndustr ia l  uses ex i s t i n  the a rea between the San Berna rd R i ver and Freeport .  The San Bernard Nat i ona l  Wi l d l i fe Refuge i s  southwest of  the  s i te .  The s i te i s  i n  an area of the San Bernard R i ver Bas i n  des i gna ted as  cr it i ca l  ha b i ta t .  
No bu i l d i ngs  rema i n  on  the s i te from the ea rl i er o i l prod uct ion  acti v i ty .  A sma l l s u bd i v i s i on of  permanent homes has  been bu i l t  south ea s t  of  the s i te ,  nea r the San Bernard R i ver , and l and to the north has  been parti ti oned fo r res i denti a l  devel o pment .  Mos t  o f  the dome has been c l ea red of  trees and i s  used to graze ca ttl e .  

The l a nd uses  i n  the v i c i n i ty o f  the bri ne d i ffuser off Bryan Mound a re d i scus sed in  Secti on B . 3 . 8 . 

B . 4 . 8 . 2  Transporta tion  

The g enera l  transporta tion  systems and p l anned fu ture impro vements a re d i s cus sed in  Sect ion  B . 2 . 8 . 2 .  

The A l l en dome s i te can b e  reached by Texas  State H i ghway 36 , a northwes terl y tren d i n g  road between Freeport and Bra zori a ,  wh i c h  runs a bout  s i x  mi l es ea st  of  the s i te .  Route 2 91 8 ,  a paved co unty h i g hway , pa s s es wi t h i n  3500 feet of the wes tern edge of  the 2 , 000 foot sa l t  co ntour .  Improved g ravel  roads serve the northern a nd  so uthern port ions  of  the  dome . 
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B . 4 . 8 . 3  Popu l ati on C haracteri s t i c s  

T h e  area immed i atel y  s urround i ng Al l en dome i s  predomi nant ly  

u ndevel oped and , therefore , has  a very smal l popu l ati on . Th i s popu l a

t i on i s  fo und  i n  the  smal l s u bd i v i s i o n  near the s i te and in  the smal l 

commun i ty of C h urc h i l l  Bri dg e north of the s i te .  Parti t i oned l and  north  

of  the s i te i s  essenti a l l y  undevel oped , but  has  potent i a l  for a moderate 

n umber of fami l i es . Freeport , La ke Jackson , and Brazor i a  are a l l part 

of the Brazosport commun i ty and are a l l approxi mate l y  equ i d i s tant  from 

the  Al l en dome s i te .  These area s compri s e  the u rban i zed port i o n  of 

southern Brazori a County ( Sect ion  B . 2 . 8 . 3 ) .  

B . 4 . 8 . 4 Hous i ng 

As s tated prev i o us l y ,  there i s  a smal l ,  permanent s u bd i v i s i on of 

homes l o cated at the so utheastern corner of the dome . Th i s appears to 

be the  g reatest concen tra ti on  of hou s es i n  the area of the dome . 

C h urc h i l l  Bri dge a nd Jones Creek are wi t h i n  a fi ve-mi l e  radi us of the  

s i te and may prov i de l i mi ted ho u s i ng .  A hous i ng s hortage is  bei ng 

experi enced througho ut  southern Brazori a Cou nty as popu l at i on  growth 

cont i nues  ( Secti o n  B . 2 . 8 . 5 ) .  

B . 4 . 8 . 5 Economy 

The sma l l s u bd i v i s i on near the Al l en dome SPR  s i te cons i sts  of 

approx imate l y  35 homes . As there are few empl oymen t  opportu n i t i es i n  

the  immedi ate v i c i n i ty of the projec t  many res i dents of th i s  area work  

i n  the Brazosport area , or  farther away . Secti ons  B . 2 . 8 . 6  and B . 3 . 8  

d i scuss  the s tructure of the reg i ona l  and Brazosport economy . 

The ava i l a bi l i ty of reta i l  fac i l i t i es i n  e i ther Jones Creek or  

C h urch i l l  Bri dge i s  extremely l i mi ted and mos t  s hoppi ng occurs  i n  the  

Brazosport area . 

B . 4 . 8 . 6 Government  

Educat ion  

The  Al l en dome area i s  served by the  Bra zosport I ndependent Schoo l 

D i s tr i c t  d i scus sed i n  Sect ion  B . 3 . 8 .  
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Hospi ta l s  

Al l en dome i s  s erved by the Brazosport area hos p i tal s ( Sect i on 

B . 3 . 8 ) .  

Pol i ce and F i re Protect ion  

The  Brazo r i a  County Sher i ff 1 s Depa rtment prov i des po l i ce protection  

fo r the Al l en dome area . F i re s ervi ces come from the Ri ver 1 s  End F i re 

Department  a nd the Brazo r i a  F i re Department .  
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B . 5  S ITE SPEC I FI C  ENV I RONMENT - WEST COLUMBI A  DOME 

The Wes t  Co l umb i a  dome a l ternat i ve SPR  s torage s i te i s  l ocated j u s t  

north o f  the town o f  Wes t  Co l umb i a  ( F i gu re A . 5- 1 ) .  Wes t Col umb i a  i s  a 

sma l l dome , a nd add i t iona l  predeve l opment  expl oratory work  wi l l  be re

q u i red i f  th i s  s i te i s  to be devel oped . 

B . 5 . 1  Land Features 

B . 5 . 1 . 1 P hys i ography and Topography 

The proposed West  Co l umb i a  s i te i s  l oca ted on the pra i ri e  terrace of 

the Gu l f  Coasta l P l a i n .  The center of the s i te i s  a fres hwa ter swamp due 

to poor su rface dra i nage cond i t i ons . Genera l s u rface e l eva t i o n  of the 

area i s  +35 fee t .  A s l i ght topograph i c  depres s i on occu rs over the center 

of the dome , wi th e l evati ons  bel ow +25 feet .  The h i ghest e l eva t i o n  i n  the 

v i c i n i ty of the s i te i s  on a sma l l h i l l  to the wes t ,  wh i ch i s  s l i ght ly  

above +45 fee t ( Fi gure A . 5- 2 ) . T he  topography and  bathymetry of the 

proposed br i ne d i ffu ser  r i g h t-of-way i s  descri bed i n  Sect ion  B . 3 . 1 . 1 . 

B . 5 . 1 . 2  Loca l Geo l ogy 

Wes t  Co l umb i a  s a l t dome i s  an e l l i pt i ca l  s tructu re i n  p l an , wi th 

s teep s i des  and a fa i r l y  fl at  top .  A s tructure map of the top of s a l t 

( F i g ure B . 5- 1 ) s hows that at -2000 feet e l evati on , the eas t-west  ax i s  i s  

about  5 1 00 feet and the north- sou th ax i s  i s  about 3500 feet . The area of 

s a l t encl osed by the -2000 foot con tou r i s  approximate l y  320 acres . The 

h i ghest  po i n t at wh i ch sa l t wa s encou n tered i n  a bori ng  was about -700 feet 

i n  Texaco 1 s  No . 1 Wes t  Co l umb i a .  Where there i s  a l ack  of i nforma t i on 

regard i ng the e l evat ion  of the sa l t  on the dome 1 s  south  and wes t  fl anks , 

the sa l t  ou tl i ne i s  genera l i zed and subj ect  to rev i s i on .  

A cros s -sect ion  of the sa l t dome and adj acent strata ( F i gu re B . 5 - 2 )  

shows the fl anks  o f  the dome d i ppi ng steepl y to the north and south  s i des  

a t  abou t 700 . D i ps to  the eas t  and wes t  s i des are s ha l l ower , d i pp i ng at  

4 50 to  500 . 

A character i s t i c  pa ttern of fau l t i ng assoc i ated wi th the dome i s  s hown 

i n  F i gure B . 5-3 . I t  i s  a l so s hown i n  the cross  sect i on . The fau l ts ex

h i b i t  a very s trong eas t-west pattern , pos s i b l y  contro l l i ng or res u l t i ng  

from the  eas t-west  trend of the  sa l t stock 1 s  l ong ax i s .  A seri es of rad i a l 

fau l ts i s  a l so  known a l ong the north and sou th s i des of the dome . 
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Qua l i ty of the s a l t mass i s  u n known a t  th i s  time ; i t  i s ,  however , 
probab ly  s i m i l ar to that fou nd at  Bryan Mou nd ( Sect ion  B . 3 . 1 ) .  

The caprock a t  We s t  Co l umbi a  dome ra nges from 1 00 to 1 50 feet 
th i ck over the northern porti on of the dome . I t  th i ns ou t to the sou th , 
a nd i s  mi s s i ng a l together on the sou th s i de of the dome . I t  i s  reported to be a m i x tu re of gypsum and anhydri te ( Barton , 1 92 1 ) .  

Up to 600 feet of  u nconso l i dated and parti a l l y  conso l i da ted muds a nd c l ays , sand s , grave l s  a nd s ha l es of Recent and P l e i s tocene age overl i e  
the centra l portion  of the dome . Unconso l i dated and parti a l l y  conso l i dated s ands a nd s ha l es of P l i ocene , M i ocene and O l i gocene age extend downward a l ong the f l a n ks to depths of 8000 feet and be l ow .  
B . 5 . 1 . 3 Economi c Geol ogy 

I n i ti a l  petro l eum production  from the Wes t  Col umb i a  dome was i n  1 904 when gas was produced i n  Equ i ta b l e Mi n i ng Company ' s  no . 2 we l l ,  but commerc i a l  product ion  d i d  not beg i n  unt i l 1 9 1 7  ( Hac kbarth , 1 953 ) . Dri l l i ng i ntens i ty has  been grea tes t  on the sou theast  and north fl anks  of the dome . O i l  a nd gas occur on  the fl anks  of the dome i n  O l i gocene and M iocene sediments that are fau l ted or pi nched out  aga i ns t  the s i des of the dome . 
No o i l or gas production  i s  l ocated over the top of the dome i n  the area proposed for the s torage fac i l i ty .  

B . 5 . 1 . 4 So i l s  

The so i l s  i n  the Wes t  Co l umb i a  s i te area are a s s i g ned to the More l andP l edger-Norwood a s soc i a t i o n  d i s cu s sed in  Section  B . 3 . 1 .  They are charac
ter i s t i ca l l y  ca l careou s ,  c l ayey , and l oamy , hav i ng deve l oped on recent 
f l ood p l a i n  a l l u v i um .  These so i l s  have an  apprec i ab l e fract i on of montmo ri l l on i te wh i ch imparts a h i gh s h r i n k- swe l l potenti a l . They are 
moderate l y  a l ka l i ne a nd ca l careou s to neu tra l i n  the su rface l ayer , and 
moderate l y  a l ka l i ne a nd ca l careou s be l ow .  They are s u bj ect  to occas i onal  fl ood i ng and present a h i g h  corros i o n  po tenti a l . Mari ne sed iments 
l ocated i n  the v i c i n i ty of the proposed bri ne d i s posa l  sys tem in  the 
Gu l f  are d i scus sed in  Sect ion  B . 3 . 1 . 4 . 
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B . 5 . 2  Water Env i ronment  

B . 5 . 2 . 1  Surface Water Sys tems 

T h-e Wes t  Col umb i a dome i s  s i tuated between two maj or ri ver channel s ,  

the Brazos and the San  Bernard . The town of Ea st  Col umbi a l i es on  the 

Brazos R i ver about  2 . 7  mi l es eas t of the s i te .  East  Col umb i a l i es about 

1 5  mi l es south  of the USGS Brazos R i ver gaug i ng s tati o n  a t  Rosharon , 

Texas ( Sect i on B . 2 . 2 ) . The  B razos R i ver i s  about 250 to 300 feet wi de 

i n  the reach through  East Col umb i a .  Varner Creek i s  l ocated about one

ha l f mi l e  to the east of the Wes t Col umb i a dome , and j o i ns  the Brazos 

R i ver approx i ma te ly  three mi l es southeas t  of the s i te .  No s treamfl ow 

meas urements are ava i l abl e for Varner Cree k ,  but  i t  i s  i nd i cated to be 

an i ntermi ttent  stream on USGS topograph i c  maps of the area . 

The San  Bernard R i ver passes  c l oses t to the dome about 3 mi l es to 

the southwest , where i t  i s  about 1 00 feet  wi de . Bel l Cree k ,  l ocated 

a bo u t  o ne mi l e  wes t  of the s i te ,  fl ows southerl y  to the San Bernard 

R i ver . The confl uence of Bel l Creek and the San Bernard R i ver i s  ap-

proxi mate ly  3 mi l es south- southwest  of the s i te .  

Bel l Creek ,  Redfi s h  Bayou , J ones Cree k , and the Brazos R i ver 

D i v er s i on C ha n nel are crossed by proposed p i pel i nes between  Freeport 

Harbor and the Wes t  Col umb i a dome s i te .  Bel l Creek ,  a tr i bu tary of the 

San Bernard Ri ver , i s  a sma l l s tream . No fl ow data are avai l ab l e for 

Bel l Cree k .  Redfi s h  Bayou i s  i ntermi ttent  near the proposed p i pel i ne 

cros s i ng .  Downs tream , Redfi s h  B ayou i s  a ti dal  s tream wh i ch drai ns  some 

of the coa s ta l  wetl a nd s , and fi na l l y  feeds the San  Bernard R i ver . Jones 

Creek i s  a smal l ,  i ntermi ttent  s tream wh i ch dra i n s  a sma l l  coastal  

bas i n .  Several sma l l ponds are found i n  the  J ones Creek bed . The 

Brazos R i ver D i ver s i o n  C hannel  near Bryan Mound  was d i scu ssed i n  Secti on  

B . 3 . 2 .  I t  i s  a n  e stuary i n  th i s reac h , hav i ng h i g h  sa l i n i ti es due to 

fresh  water mi xi ng  wi th  water from the Gul f  of Mex i co .  A l arge n umber 

of agri cu l tural u ses  are l ocated ups tream of Bryan Mound . 

Accord i ng to prel im i nary U . S . Army Corps of Eng i neers ' s tud i es , 

fl oodi ng of the Brazos R i ver may reach e l evati on  +33 . 0  feet (Trahan ,  

1 97 7 ) . Th i s  1 00-year fl ood cou l d potenti a l l y  fl ood the s i te .  
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The mar i ne cond i ti ons  i n  the area of the proposed bri ne d i ffu ser 

a re d i scussed in  Section  B . 3 . 2 . 1 .  

B . 5 . 2 . 2  Subsu rface Water Sys tems 

Wes t  Co l umbi a Dome i s  one of seven sa l t domes that penetrate 

throug h  the Evangel i ne aqu i fer and i n to the Ch i cot aqu i fer i n  B razor i a  

Cou n ty .  T h e  base o f  the C h i co t  aqu i fer i s  abou t 900 feet bel ow sea 

l evel i n  the vi c i n i ty of the dome ( Sandeen and Wessel man , 1 97 3 )  and the 

top of the caprock i s  at a depth of 61 5 fee t .  The depth to sa l t i s  

a bout  7 1 5 feet . Fresh  water occu rs i n  abou t the upper 70 feet  of mater i a l  

over the dome and s l i ght ly  sa l i ne water ( 1 , 000 to 3 , 000 mg l d i s sol ved 

s o l i d s )  i n  a bout  the upper 600 feet ( I b i d ) . The base of the s l i ght ly  

s a l i ne water extends to  a depth of  800 feet a bou t one mi l e  from the 

center of the dome . 

The water i n  the formati ons adj acen t to the dome and the caprock i s  

h i g h l y  mi nera l i zed wi th a d i sso l ved so l i d s  concentrat ion on the order of 

9 , 000 mi l l i grams per l i ter or greater .  At some d i s tance from the dome , 

however , the water can be expected to be s imi l ar to the sea water i n  

w h i c h  the forma tions  were depos i ted , o r  abou t 35 , 000 mi l l i grams per 

l i ter d i sso l ved sol i d s  bel ow a depth of a bou t 2 , 000 fee t .  

Aqu i fers i n  the v i c i n i ty o f  Wes t  Col umbi a dome are capabl e  of 

del i veri ng l arge quanti t ies  of s l i ght ly  to modera tel y  sa l i ne wa ter to 

properly compl eted wel l s .  Aqu i fer poros i ti es are on the order of 40 

percent  wi th permea bi l i t ies  i n  the range of 600 to 1 , 000 gpd per square 

foo t .  Permeab i l i ti es decrease  wi th depth to a n  estima ted 2 5 0  gpd per 

square foo t  i n  the Evangel i ne aqu i fer bel ow a depth of a bou t 1 000 fee t .  

Grou nd wa ter use  i n  the v i c i n i ty o f  Wes t  Col umbi a dome does not 

appear to be exten s i ve . The hydrau l i c grad i ent  i s  essenti a l l y  fl a t  i n  

the upper u n i t  of the C h i cot  aqu i fer a t  the s i te .  The town of Wes t 

Col umbi a  l oca ted on the dome pumps water from the l ower un i t of the 

C h i co t  aqui fer wi th an average mu n i c i pa l  u sage of . 3 1 2 mgd i n  1 967  

( Sandeen and Wess e l man , 1 973 ) . The  s i te is  wi th i n  the  cone of  drawdown 

from that pump i ng . 
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B . 5 . 3  C l i ma tol ogy a nd Ai r Qual i ty 

B . 5 . 3 . 1  C l i ma to l ogy 

T he c l i mati c cond i t ions  d i scussed i n  Sect ion  B . 2 . 3 . 1  a re genera l l y  

appl i cab l e t o  We s t  Co l umbi a .  T he data from Hobby F i el d ,  Hou s ton  are 

cons i dered more representati ve  than those  from Gal ves ton s i nce the s i te 

i s  l ocated a bout  25 mi l es i n l and where coa s ta l  effects are l es s  pronounced . 

Compared to the coastal  s i tes , descri bed i n  Secti on  B . 3 . 3 . 3 . 1 , thi s s i te 

i s  expected to experi ence l i g h ter wi nds and more frequent south  and 

south -southea s t  wi nds ,  l arger d i u rna l ranges of temperature , s l i ght ly  

l ower humi d i ty ,  and a h i g her frequency of  s tabl e cond i t i o n s  than the 

coastal s i tes . 

Trop i ca l  s torm effects , wh i l e  more pronounced than further i n l and , 

wi l l  be s i g n i f i cantly l es s  than near and a l ong the coas t .  

B . 5 . 3 . 2  Ai r Qual i ty 

The  conc l u s i on s  reached i n  Sect i o n  B . 2 . 3 . 3  based on data i n  the 

Freeport area are con s i dered to be representati ve of exi s ti ng  a i r  qua l i ty 

cond i ti on s  a t  Wes t  Col umbi a ;  i . e . , l ow l evel s wi t h  the except i o n  of hydro

carbon  and ox i dant  concen trati ons . S l i g h t  d i fferences are expected due to 

l ocal  i nfl uences and the occas i onal  i nfl ux  of a i r from heavy i ndu str i a l i zed 

areas northeast  of the s i te .  

B . 5 . 4 Backg round Amb i en t  Sound Level s 

An o i l fi e l d i s  l ocated approxi mate l y  one mi l e  north of the Wes t  

Co l umb i a s i te .  A n um ber of dri l l  r i g s  are acti ve a t  the fi el d and are 

pri nci pal  sound sources i n  th i s  area . T he pri nc i pal  noi se-sen s i t i v e  l and  

u ses  are  res i denti a l  and educati onal  areas and  are  l ocated i n  and around  

Wes t  Col umb i a .  Sound l evel s of 56 dB are  estimated for  these areas  based 

on  amb i en t  sound l evel  s urveys made at  s im i l ar s i tes  under earl i er s tud i es . 

The pri nci pal  sound source i s  the acti v i ty of res i dents  of Wes t Col umb i a .  

Sound l evel s a l ong the bri ne d i ffu ser p i pe l i ne are d i scussed i n  Secti on  

B . 3 . 4 .  
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B . 5 . 5  Speci e s  a n d  Ecosys tems 

B . 5 . 5 . 1  S i te Area 

Duri ng the cons tructi on of the Wes t  Col umb i a  s i te fac i l i ti es a nd 

grad i ng a nd fi l l i ng ,  the d i s tu rbed areas wi th i n  the 232-acre s i te wou l d  

i nvol ve 3 0  acres ( Tab l e  8 . 5- 1 ) .  

Eco l og i ca l  habi tat types found  at  the Wes t  Co l umbi a s i te ( Tab l e 8 . 5- 2 )  

i nc l ude coa s ta l  pra i ri e ,  scattered oak woods , fres hwater wetl ands , and 

c l eared l and ( devel oped o i l we l l  fi e l d ) . 

The Wes t  Co l umb i a  dome s i te i s  l ocated on l and wh i ch cons i s ts mos tl y  

o f  gras s l and u sed primar i l y  for graz i ng .  Scattered wood l and groves and 

a mars h l a nd area are a l so l ocated d i rectl y over the dome . 

Coas ta l  Pra i ri e  

Vegetati on 

The domi nant vegetat ion  at  the s i te cons i s ts of coasta l  pra i r i e  

grasses bu t cattl e graz i ng areas conta i n  i ntroduced cu l ti vated grass  

s pec i es . Wi th i n  the gras s l and areas the  pri mary speci es i nc l ude b l ue

s tem , coastal  s acahu i s ta ,  and b ig  b l ues tem . The su bdomi nant s peci es 

i nc l u de I nd i angrass , eastern gammagrass , Gu l f  mu h l y ,  wes tern ragweed , 

turtl egras s ,  l i ttl e b l uestem , buffa l o  grass and smu t gras s . I n  add i t i on , 

component vegetat ion  norma l l y  assoc i a ted wi th the coa s ta l  pra i r i e  i nc l u de 

mesqu i te ,  oaks , pri c k l y  pear and h u i sache . 

Wi l d l i fe 

Coasta l  pra i ri e  and c l eared l ands norma l l y  prov ide  hab i tat for a 

d i verse fau n a  but  the extens i ve deve l opment  and human acti v i ty near the 

Wes t  Co l umb i a  s i te d i scourages the presence of many an ima l  s pec i es . 

Common s pec ies  wh i ch are expected to occu r i n  pra i r i e  and c l eared l ands 

i nc l u de : cattl e egret , tu rkey vu l tu re ,  marsh  hawk , s parrow hawk , bobwh i te 

qua i l , k i l l deer ,  u p l and p l over , mou rn i ng dove , horned l ark , eas tern 

meadowl ark , brown- headed cowb i rd ,  d i ckci s se l , Savannah s parrow , vesper 

sparrow , and L i ncol n ' s  sparrow . Game spec i es expected to occur at  the 

s i te i n  open hab i tats i nc l ude bobwh i te qua i l  and doves . 
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TAB LE B . 5- 1  E s ti ma ted s i te acreaqe anal ys'i s for \�es t  Col umb i a dome 
candi date SPR  s toraae s i te � a l ternati ve s i te ) . 

Total For Fenced S i te Area _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _  232 Acres 
Total �i th i n  -2000 Foot Sal t Contour -------------------------------- 360 Acres 

Total for Cl eared Land _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  30 Acres 
Total for Coastal Pra i r i e  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _  257 Acres 
Total for Freshwater Marsh _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ 83 Acres 

illm1 
Proposed Brine  Di sposal System 

( 5 . 8  Mi l e  Bryan Mound Gul f  D i ffuser & 
Injection Wel l s )  

Fl uvial  Woodl ands 
Coastal Pra i r i es 
Marsh 
S he l l  Ramp Barri er Fl a t  
Open �ater 
( total water crossings __ 2 __ ) 

P roposed Raw Water System 
( Brazos Ri ver Di version Channel ) 
Coastal Pra i ri es 
Fl uvial �00d1 ands 

Proposed O i l  D i stribution System 
( New Tanker Docks ) 
Cl eared Land 
Fl uvial  Woodl ands 
Coastal Pra i ries 
Marsh 

Al ternate Brine D i s posal System 
(Wel l s )  
Fl uvia l Wood l ands 
Coastal Pra i ri es 

Al ternate B r i n e  D i s posal System 
( 1 2 . 5  Mi l e  Bryan Mound Gul f  Di ffuser ) 
Coastal Pra i ries 
Fl uvial Woodl ands 
Marsh 
Shel l Ramp Barr i er Fl at 
Open Water 
( total water crossings __ 2 __ ) 

Al ternate Raw Water System 
(Wel l s )  
Fl uvial  Woodl ands 
Coastal Prai ries 

Al ternate Raw Water System 
( Brazos Ri ver) 
Fl uvial  Woodl ands 
Coastal Pra i ries 
Open Water 
( total water crossi ngs __ 1 __ ) 

Tota 1 Mi l es 
of Pipel i ne 

36 . 9  

27 . 1  

27 . 7 

3 . 2  

41 . 3 

5 . 9  

3 . 0  

aBased o n  features of USGS topograph i c  maps ( 1 5  mi nute seri es ) .  

Acreage for 
Construction  

445 . 2  

1 4 9 . 0  
1 53 . 0  

0 . 2  
1 . 0 

1 4 2 . 0  

279 . 0  

1 30 . 0  
1 49 . 0  

301 . 0  

1 8 . 0  
1 49 . 0  
1 30 . 0  

4 . 0  

1 9 . 0  

1 7 . 0  
2 . 0  

605 . 2  

1 50 . 0  
1 49 . 0  

0 . 2  
1 . 0 

305 : 0  

2 2 . 0  

1 9 . 0  
3 . 0  

39 . 0  

34 . 0  
4 . 0  
1 . 0  

Acreage for 
Operation 

227 . 6  

1 1 2 . 0  
1 1 5 . 0  

0 . 1  
0 . 5  
0 . 0  

21 0 . 0  

98 . 0  
1 1 2 . 0  

230 . 0  

1 7 . 0  
1 1 2 . 0  

98 . 0  
3 . 0  

1 9 . 0  

1 7 . 0  
2 . 0  

224 . 6  

1 1 2 . 0  
1 1 2 . 0  

0 . 1  
0 . 5  
0 . 0  

22 . 0  

1 9 . 0  
3 . 0  

28 .0  

2 5 . 0  
3 . 0  
0 . 0  

bC1 eared l and i ncl udes agri cul tural , i ndustrial  and rural , and l and al ready di sturbed . 
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TABLE B . 5- 2  Ec osys tems and typ i c a l  fl o ra 
Co l umb i a  dome s i te candi date 
( a l ternati ve s i te )  

Typ i c a l  o r  
Impo r t a n t  
Organ isms 

P l an t s . herbs , 
grasses and 
trees 

Mo l l u S k S  ::jnd 
crustaceans 

Water :;nakes ,  
o'tmp n i b Lw s ,  
a n d  rept i l �s 

F i s h  

Ma rrma l s 

8 i  rds 

Ma rsh l a nd s  

� d  i d e n  c a n e  
cordarass 
sedges 
water hyac i n t h  
p�nnywort 

sna 1 1 5  
mus s e l s  
c l ams 
crayf i s h  

turt l e s  
'Ae stern cotton

mou t h  
Y � l low bp l 1 ied 

watersno'tk.'" 
D i amond backed 

I¥atersndke 
Bu l l  frog 
'ou t hern 1eopard 

frno 
C�n tro't ! newt 
:;ma l l  mov thed 

s a l amanljer 

m 1 nnows 
( r ll PP 1 P.  
sun f i s �  
Ci H f i s h  
gar 

ml.Hkrat 
raCCOon 
nu t r i a  
m i n k:  
OpOssum 

red-winoed 
b l a c k b l rd 

mo t t l ed 1UCl.:: 
b l 'Je-wi nqed t e a l  
G r e a t  8 l u e  neron 
Snowy e'Jret 
Green h�ron 

Coa s t a l  
Pra i r ies 

Gu l f  cordarass 
bunchgrass 
I n d i a n  g r a s s  
s w i tchgrasc; 
b l u e s t em 1 he oak: 
hu i sache 
raqweed 
p ra i r i e  p l e a t l ea f  
smut gra s s  
buffa l o  grass 
Gu l f Muh l y  
garrma g r a s s  
coa s t a  I sacahu i s ta 

"ina i l  s 

ornate bOl{ t u r t  I e  
l eopard frogs 
West.ern 1 i ;Hnondbar:( 

r,n t l e s n a k e  
Eas tern qartersnllke 
G u l  f Coast tOi!ld 
Texas toad 
Spot ted chorus frog 
Teras ra t 5nake 
Racerunner 

C a n l d  s p ,  
c el t t ! e  

" A  

h i s p i d  c o t t on r.'lt 
r i ce rat 
H r i p�d s k u n k  
o PO S S u m  
a n n a d i  1 1 0  
c o t t on t a i l  ra bb i t  
coyote 
l o s t  shr� 

Spa rrows 
marsh hawks 
E a s tern meadowl a r k  
c a t t l e  egret 
vul tur,!s 
upland p l oY'!r 
ki 1 1 deer 
bobwhi te qua i 1 
sandh i l l  crane 
mourn i n'J ao ... e 
cow b i rd 
d i c !� c i s s e J  
horned I ark 

Wood l a n d s  

1 i\l� oa k 
pecan 
s ug a r  berry 
p i gnut h i ckory 
bl 'Jestem 
cordgr.!Ss 

ornate oo x  t u r t l e  
f i v e - l ined s � i n k  
E'lstern gntersnake 
Gt'ay tre� frog 
broad headed s k i n k  
Gr'ound S k i n k  
Hunter ' s spaa�foot 
northern sprlng 

peeper 

NA 

gr"y and fox 
squirrel 

Op'JSsum 
i! rmad l l 1 o 
raccoon 
gray fox 
w h i t e - t� i l ed dee,. 
wh i te-footed moUSe 
bobcat 
coyote 
s t r  i ped s kunk 

tur key "'u J ture 
Coopers h;Jwk 
g rea t horned 0wl 

gray r::a t b  I rd 
tu £ted t i tmou se 
Caro ! i na t: h i c kadep. 
v i reos 
warblers 
WOOdpecker 
wrens 
b l a c k b i rd s  
finches 
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and 
SPR  

fauna of  the West  
storage s i te 

C 1 e a red lands 

Urban and 
Suburban 

Various 
res iden t i a l  
species 

NA 

Eastern qarter
snak'! 

Gu l f  Coa s t  toad 

NA 

OOOSSlJn 
domesticated 

a n i ma  I s  
ba ts 
s t r i ped skunk 
cottonta i 1 

rabbi t 
E !! S tern mo l e  

b l a C k b i rd s  
s ta r l  i ng s 
sonQbirds 
Sparrow 

:rops and 
Future Lands 

r i ce 
soybeans 
p ra i r i e ') r a s s  

NA 

ornate bo x  t u r t l e  
T p. x a s  ra t s n a k. e  

NA 

c a t t l e 
c o t t on ta i l  ro't b b i t 
s t r i ped s k u n k  
OpOc'sum 

b l a C k b i rd s  
hawks 
k i l l d e e r  
Eastern meadow l a rk 
mOtJrning 10ve 
spa rrows 

In l a nd Wat"'r5 

Freshwater 

c l ams 
c; n a ;  1 s 
o y s ters 

turt l e s  
lJ� stern ,:otton

'Tlouth 
'fe l l ow b� 1 1  l ed 

watersnake Di amond backC'1 
wiltersnake 

[l u I  I frog 
Sou thern 1 e<Jpa r<i 

frl)Q Cen t )'a I newt 
�nld 1 1  '1'1Outhc.j 

s a  lafMno,!r 

crapOle ca t f i sh D1Mk ba s s  
Od e shad 
buffa 1 0  f i s l'l  slln f ! "ih 
c�rp 

!1IJ t r i a  �HS 
raccoon 

waterfrntl 
herons 
eQrets 



Sma l l a n ima l s wh i ch norma l l y  are res i dents i n  pra i r i e  and c l eared 

l and habi tats i nc l ude opos s um ,  sma l l rodents , s ku n ks , cottonta i l  rabb i ts ,  

armad i l l o ,  and  coyote . The extent of devel opment  and human acti v i ty 

a l so affects the d i s tri but i o n  abundance of some of these spec i es . The 

cottonta i l rabb i t i s  the on ly  game spec i es wh i ch i s  l i ke l y  to occur at 

West Co l umbi a .  Becau se  of the over-grazed cond i t i ons  at the s i te the 

pra i r i e  i s  not su i tab l e to su pport abundant cottontai l  popu l at i ons . 

Pra i r i e  and  c l eared l and herpetofauna  spec i es i nc l ude the ornate 

box turtl e ,  s i x- l i ned racerunner , eas tern garter s na ke , Texas rat s nake , 

Gu l f  coas t toad , and up l and c horu s frog . 

Scattered Woodl ands 

Vegeta t i o n  

T h e  fl uv i a l  woodl ands of t h e  West Co l umb i a  s i te are characteri zed 

as  i so l ated , scattered overstory spec i es i n  wh i ch l i ve oak and other oak  

are the domi nant  tree s pec i es . Add i ti onal  components of  the  woodl ands 

are wa ter oak , e l m , h i c kory , and sugarberry . I ndustri a l  deve l opment and 

cu l t i vati o n  of the area have removed the forest  cover from the s i te .  

W i l d l i fe 

Wood l a nd habi tat i s  very l i mi ted at the dome s i te and mos t  of th i s 

area i s  heav i l y  grazed . B i rd spec i es wh i ch wou l d  be expected to occur 

i n  the woods i nci ude woodpeckers , chi ckadees , wrens , v i reos , warb l ers , 

b l ackbi rds , and  fi nches . 

The scattered woodl and prov i des habi tat for ground s k i n k , fi ve

l i ned s k i n k ,  Hu rter ' s  spadefoot ,  and northern spri ng peeper . 

W i l d l i fe expected to occur i n  the scattered woodl ands  i nc l ude 

opossum ,  sma l l rodents , gray and fox squ i rrel s ,  armad i l l o ,  and raccoon . 

Gray and fox squ i rrel s are of economi c i mportance i n  areas where abundant 

popu l at ions  exi sts . The opossum and raccoon are important  furbearers i n  

the area . 
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Wetl a nd s  

Vegetati on  

The marsh l a nd on  the  West Col umb i a  s i te con s i s t  primari l y  of fresh

wa ter wetl ands wh i ch are characteri zed by stumps and  s nags contai ned i n  

a s hal l ow depress i onal  water body wh i ch l i es d i rectl y over the dome . 

The impeded dra i nage on the s i te i s  rel ated to the cl ayey so i l s  wh i c h  

are common throughou t the area . These cl ays are l i gh t  col ored , a n d  have 

a s l i g htl y sandy su rface . The surface cl ay overl i es a mottl ed fi ne 

textured grey cl ay .  As  a resu l t  of th i s compos i ti on , the s i te is poorly 

dra i ned , and the  s o i l s  are  aci d i c ,  l ow in  hum i c content , and have  a n  

overal l l ow producti v i ty ( USDA , 1 957 ) . 

Wi l d l i fe 

The on ly  s i g n i fi cant aquati c habi tat at  the s i te i s  a sma l l i nter

mi ttent  creek wh i ch dra i ns the marsh  at the center of the s i te .  Th i s  

creek j o i ns  Varner Cree k about one- ha l f  mi l e  northeast  of the s i te and 

wou l d be expected to be i nhab i ted i ntermi ttently  by any of those spec i es 

of fi s h  i ncl uded i n  the reg i onal  setti ng ( Secti on B . 2 . 5 ) . 

Wetl a nd hab i tats ( swamp and creek )  a t  the s i te prov i de hab i tat for 

a number of b i rd spec i es . The shal l ow water , snag  and s tump i nfested 

a rea s i tuated i n  the center of the s i te prov i de habi tat for herons , 

egrets , p l overs , a nd sandp i pers . The numerou s produc i ng o i l wel l s  i n  

t he area wou l d  tend to reduce the number of b i rd spec i e s  be l ow that 

wh i ch wou l d  otherwi se be expected to occur there . 

The swamp and creek prov i de ha bi tat for turtl es , wa ter snakes , 

wes tern cottonmou th , sa l amanders , and frogs . The l ow water l evel s i n  

the wetl ands  on  the dome l i mi t the presence and abundance of mos t  tu rtl es 

tha t mi ght  otherwi se  normal l y  occur there . 

The swamp and creek prov i de habi tat for raccoon and perhaps , n utr i a ,  

however , the l ow water cond i t ions  may adverse l y  affect the presence of 

the n u tr i a  on  s i te .  

Gu l f  of Mexi co 

The b i ol og i c  env i ronment su rrou ndi ng the proposed br i ne d i ffuser 

l ocati on i s  descri bed i n  Sect i on B . 3 . 5 . 2 .  
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B . 5 . 5 . 2  P i pe l i ne Sys tem Route 

The 39 . 7 -mi l e  bri ne-raw water-o i l p i pel i ne ri ght-of-way wi l l  pass  

throu g h  1 49 acres of fl u v i a l  and oak  wood l ands , and 1 53 acres of prai r i e  

gra s s l and , 34  acres o f  marsh ,  1 8  acres o f  c l eared l and and 1 acre of 

ramp barri er fl a t  for a tota l of 355 acres on  l and .  

The major  wi l d l i fe habi tat types fou nd a l ong the p i pe l i ne ri ght-of-way 

between the Wes t  Co l umb i a  s i te and the S EAWAY Tan k  Farm i nc l ude : F l u v i a l  

and oak  wood l ands ; coasta l  prai r i e ;  fresh  and brac k i s h  mars h ;  cropl and and 

pasture ; and  c l eared l and . W i l d l i fe habi tat types between the S EAWAY 

Termi na l  and  Bryan Mou nd s i te ,  through  wh i c h  the br i ne and raw water l i nes  

wi l l  pass , i nc l ude coasta l  pra i ri e ,  coasta l  mars h , and  open water habi tats . 

The general  eco l og i ca l  c haracter i st i cs of both of these pi pel i ne r i g hts -of

way have been descri bed prev i o u s l y  i n  Sec t i o n  B . 3 . 2  for the A l l en dome 

p i pel i ne system . The ecosystems fou nd i n  the v i c i n i ty of the br i ne 

d i ffu ser pi pe l i ne are descri bed i n  Sect ion  B . 3 . 5 . 2 .  

B . 5 . 6  Natural  and  Scen i c  Resources 

The Wes t  Co l umb i a  s i te is  l ocated in  coa s ta l  pra l r l es and mars h l ands , 

a s  descri bed i n  Sect ion  B . 2 . 6 . The central portion  of the s i te i tse l f 

i s  fres hwater marsh l and that i s  l ower than the surround i ng pra i r i e . 

There are scattered wood l ands s urround i ng the s i te ,  but  the s i te i tse l f  

i s  primar i l y  fl a t  gras s l and s . 

There are no recreati onal  fac i l i t i e s  on  the s i te ,  but  the Varner

Hogg P l a n tat ion  State Park i s  l ocated about  one-ha l f  mi l e  east  of the 

eastern boundary of  the proj ect s i te .  Thi s park i s  a n  important  h i s tori c 

a rea conta i n i ng bu i l d i ng s  constructed duri ng the ear l y  settl ement  of 

Texa s , and a museum s howi ng  arti facts from that era . There are several 

urba n  recreat ion  faci l i t i es i n  the town of Wes t Col umb i a ,  a pprox i mate l y  

o ne mi l e  sou thea s t  o f  the s i te .  E a s t  o f  the Varner-Hogg S ta te Park i s  a 

go l f course wh i c h  s tradd l es Varner Creek . 

The project s i te has  no u n i q ue scen i c  resource s . I t  i s  typ i ca l  of 

coasta l  pra i r i e s  and rangel and found  throughou t the cou n ty .  The area 

surrou nd i ng the s i te has  been exten s i ve l y  deve l oped wi th  o i l fi e l ds and 
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a s soci a ted p i pe l i nes  and bu i l d i ng s .  The area a l ong Varner Creek east of  

the  s i te i s  parti a l l y  wooded a nd has  greater aestheti c appea l than  the 

s i te i tse l f .  

The natura l and sce n i c  resources i n  the v i c i n i ty of the bri ne 

d i ffus er p i pe l i ne are descri bed i n  Sect i on B . 3 . 6 .  

B . 5 . 7  Archaeo l og i ca l , H i s tor i ca l , and Cu l tura l Resources 

The cand i date s i te does not conta i n  a ny known s i tes of archaeo l og i ca l , 

h i s tor i ca l , or cu l tural  s i g n i f i ca nce . I f  th i s  s i te i s  se l ected for SPR  

devel opment , a qua l i fi ed archaeo l og i st wi l l  survey i t  for DOE , and 

coord i na te wi th  the S ta te H i s tor ica l  Pres ervat i on Offi cer . 

B . 5 . 8  Soc i oeconomi c Env i ronment 

B . 5 . 8 . 1  L and Use  

The  Wes t  Co l umbi a  s i te i s  l ocated approx imate l y  one mi l e  north  of 

the town of Wes t  Co l umb i a .  The l ands su rrou nd i ng the s i te are u sed pre

domi nant ly  for range and pastu re , and mi neral a nd resources extracti o n .  

The i ndu str i a l  l and u se s  i n  the town of Wes t  Col umbi a  are those associ a ted 

wi th  the petro l eum i ndu stry and i nc l ude tan k  farms and p i pe l i nes . 

As s ta ted above , the Wes t  Co l umb i a  sa l t  dome has  experi enced o i l 

a nd natura l  gas  product ion  acti v i ty on  the northern and eastern f l a nks  

of  the  dome . To  the  northwest , there are  severa l sma l l arti fi c i a l  ponds 

a s soc i ated wi th the o i l and gas product ion  to the north . Th i s  resource 

product ion  i s  the current l and u se to the north and east of the dome . 

The Varner-Hogg Sta te Park , a wi l d l i fe refuge , i s  l ocated one-ha l f  

mi l e  to the east  of the s i te .  An area of freshwater marsh  i s  a l so to 

the east  of the s i te .  

To the wes t ,  south , a nd southeast of the s i te ,  the l and uses  are 

range-pastu re a nd res i denti a l -urba n .  The range- pasture l ands  are charac

ter i zed a s  l and uncu l ti vated or perma nent ly  removed from crop producti on  

or  s i l age fi e l d s . The  res i denti a l -urban area i s  the  town of Wes t  Co l umb i a ,  

wh i ch has  both commerc i a l  and res i denti a l  deve l opment  and may i nc l ude 

some m i nor i nd u s tri a l  a rea s . 
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The l and use  a l ong the bri ne d i ffuser p i pe l i ne r i g ht-of-way i s  

d i scussed i n  Secti on  B . 3 . 8 . 1 .  

B . 5 . 8 . 2  Transportati on  

The s i te i s  l ocated approxi ma te l y  one mi l e  north  of Wes t  Co l umb i a  

j u s t  east  o f  Rou te 36 , and has  easy acces s  to surround i ng popu l at i on 

centers i n  the cou n ty .  Ang l eton i s  l ocated 1 5  mi l es east  v i a S tate 

H i g hway 35 . The Rosenberg-Ri c hmond area i s  approxi ma te l y  30 mi l es north 

v i a  Rou te 36 . 

A wel l -ma i ntai ned she l l road connects the s i te wi th  Rou te 36 . T here 

are few roads  wi th i n the boundar i es  of the s i te i tse l f ,  but  roads u sed for 

the exi st i ng o i l devel opmen t  near ly  enc i rc l e the s i te j u s t  outs i de i ts 

peri meter . T he se roads  are l i g ht ly  trave l ed .  

B . 5 . 8 . 3  Popu l a t i o n  

T here a r e  current ly  no res i dences wi th i n t h e  bou ndari es o f  the 

s i te .  There are a few res i dences a l ong the gravel  road j us t  south of 

the s i te and a l ong Rou te 36 about a quarter of a mi l e  southeas t  of the 

s i te .  The c l osest  u rban i zed area i s  the town of Wes t  Col umb i a ,  wh i ch 

had a popu l at i o n  of 3335  i n  1 97 0 ,  wi th i n an area of 2 . 5  square mi l es .  

The popu l a t i o n  of th i s  town i ncreased by 1 3  percent  between 1 960 and 

1 97 0  ( U . S .  Department  of Commerce ,  1 97 2a ) , and cont i nues  to s how steady 

growth s i nce 1 97 0 .  T h i s trend i s  con s i s tent wi th  popu l at ion  trends 

throug hout  Brazori a Cou n ty ,  as d i scu ssed i n  Secti ons  B . 2 . 8 . 4  and B . 3 . 8 .  

B . 5 . 8 . 4  Hou s i ng 

The hou s i ng ava i l ab i l i ty i n  Brazori a Coun ty vari es  s i gn i fi cantl y 

depend i ng on  l ocati on , a s  d i scussed i n  Secti on  3 . 2 . 8 . 5 .  L i ke Brazosport , 

Wes t  Co l umb i a has  a severe s hortage of hou s i ng ,  and many wi s h i ng to move 

to the area mus t  wa i t  for u n i ts  to be con s truc ted to accommodate them . 

Th i s  area i s  expected to dou b l e i ts popu l a t i o n  wi th i n the next decade . 

B . 5 . 8 . 5  Economy 

Mos t  of the res i dents of We s t  Col umb i a are dependent on  the petro

c hemi ca l  i nd u s tr i e s  for the i r  l i v i ng .  Many res i dents commute to the 
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Freeport area to wor k  for Dow Chem i ca l  or P h i l l i ps Petro l eum , or  to wor k  

on  vari ou s cons truct i on projec ts . There i s  an acti ve reta i l trade i n  

the c i ty prov i d i ng a wi de vari ety of products and servi ces . Agr i c u l ture 

i n  the surrou nd i ng pra i r i es a l so  prov i des  i ncome to some l oca l  res i dents . 

The Wes t  Co l umb i a  a rea economy i s  c l osel y ti ed wi th that of the 

county as a who l e ,  as  descri bed i n  Sect ion  B . 2 . 8 . 6 .  

B . 5 . 8 . 6  Urban Serv i ces  

Po l i ce and Fi re 

The s i te wi l l  be served by the Wes t  Co l umb i a  vo l u nteer fi re department , 

wh i c h  has  mutual  as s i s tance agreements wi th  other vol u nteer bri gades i n  

the county ( P h i l l i ps ,  1 977 ) . Pol i ce serv i ces  wou l d  be prov i ded by the 

B razori a Cou nty Sheri ff ' s  Offi ce , i n  conj unct ion wi th the Texas Department  

of P u b l i c  Safety , wh i ch patrol s s ta te h i g hways and  hand l es  traffi c-

rel a ted ca l l s  ( Wood , 1 977 ) . 

Educati on  

The Co l umb i a -Brazor i a  School  D i stri c t  serves the  area s urround i ng 

the proj ect s i te .  I n  1 97 5-76 , the school d i s tr i c t  had a tota l enro l l ment  

of 2779 , a s l i gh t  decrease  from the  1 969- 70 enrol l ment  of  2785 . As  

hou s i ng i n  the  area cont i nues  

r i s e  over the next ten years . 

h i g h  school  fac i l i ti es . 

Hospi ta l s  a nd Med i ca l  Serv i ces 

to expand , s chool enrol l ment  may beg i n  to 

The school  d i s tr ict  has  rel at i ve ly  new 

Maj o r  hea l th serv i ces for the a rea a re prov i ded primari l y  through  

fac i l i ti es i n  the  Brazos port area , as d i scus sed i n  Sect ion  B . 2 . 8 . 7 .  
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B . 6  S I TE SPEC I FI C  ENVI RONMENT - DAMON MOUND 

The town of Damon l i es on the eas tern fl ank  of Damon Mound dome . 

The Damon Mound a l terna t i ve S PR s torage s i te wou l d  occupy a porti on of 

the l arge dome , wes t  of the town . 

B . 6 . 1  La nd Fea tures 

B . 6 . 1 . 1  P hys i ography and Topography 

Damon Mound s a l t dome i s  one of the mos t  consp i cuous topograph i c  

fea tures o f  the Texas Gu l f  Coas ta l  P l a i n .  I t  r i ses more than 8 0  feet  

a bove the  s u rrou nd i ng coun trys i de to  a max i mum e l evat i on of 1 45 feet .  

The dome i s  broad and su rface s l opes on i ts fl an ks are cons equently l ow .  

The topography and ba thymetry o f  the proposed bri ne d i ffuser r i ght-of

way i s  descri bed i n  Sec t ion  B . 3 . 1 . 1 .  

B . 6 . 1 . 2  Loca l  Geo l ogy 

Damon Mo und sa l t dome i s  e l l i pt ica l  i n  p l a n  v i ew ,  wi th a broad , 

fa i r l y  fl a t  top ( Fi gure B . 6- 1 ) .  The h i ghes t e l evat ion  of the top of 

the sa l t  ma s s  ranges from 527 to 600 feet  be l ow sea l evel . At the -2000 

foo t contou r ,  the dome encompasses about 1 700 acres . The sou thea s t

northea s t  axi s (major ax i s )  of the -2000 foot  contour i s  abou t 1 2 , 000 

fee t ,  and the sou thwes t- northeas t  ax i s  (mi nor axi s )  i s  about  8500 fee t .  

S i des of the dome have s teep l y  d i pp i ng con tacts . A cross  secti on through 

Damon Mound s a l t dome is  s hown in  F i gure B . 6- 2 .  

A pa ttern o f  fau l ti ng associ ated wi th the dome i s  s hown o n  a 

s tructure map drawn of the top of one of the su rrou nd i ng sed i mentary 

s tra tum ( Fi gure B . 6-3 ) . Th i s  ma p shows a maj or northwesterl y trend i ng 

fau l t  zo ne wh i ch para l l e l s  the trend of the sa l t dome ' s  maj or axi s .  I n  

add i ti on ,  a t  l ea s t  e i ght  rad i a l  fau l ts have been i n terpreted a l ong the 

sou thern perimeter of the dome . 

The qua l i ty of the s a l t i n  the dome i s  un known a t  th i s  t ime . Due 

to i ts c l ose proximi ty to Bryan Mound , and the i r  pos tu l a ted s imi l ar 

ori g i n ,  i t  i s  probab l e that the sa l t  i n  Damo n Mound i s  s i mi l ar i n  compo

s i t i on  to tha t fou nd at Brya n Mou nd . 

B . 6 - 1  
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Data from 28 wel l s  i nd i cate that caprock a t  Damon Mound  averages 

abou t 380 feet th i c k .  The major  const i tuents i nc l ude gypsum and l i me

s tone . A t h i n ,  d i scont i nuou s hori zon of anhydri te- r i c h  gyp sum often i s  

found be tween  the l i mestone and gypsum . Su l fur  i s  found  i n  concentra

t i ons  of  2 to 50  percent  scattered i n  th i n  hori zons  throug h  the gypsum 

a nd anhydri te-ri ch  gypsum hor i zons . 

Wel l records s how that caprock reaches to wi th i n  68 feet of  the 

s u rface . However , i t  i s  bel i eved that caprock may actua l l y extend to 

the su rface on  the northwest  and east  s i de s  of the dome , where l i mestone 

a nd gyp sum s imi l ar to caprock materi a l s  have been mi ned and quarr ied . 

Al thoug h  i t  i s  u nc l ear whether the caprock extends  to the su rface 

at Damon Mound , i t  i s  known that the sed i men tary rock sequence over the 

dome i s  very th i n .  Sed imentary rocks  extend to great depths a l l arou nd 

the dome . Loca l d i s tu rbance arou nd the dome i nc l udes t i l ti ng and 

fau l ti ng of the sedimentary s trata , wh i ch decreases rap i d ly  wi th 

i ncreas i ng d i stance from the dome . 

8 . 6 . 1 . 3 Economi c Geol ogy 

Fi rst  o i l  producti on  from the Damon Mou nd sa l t  dome came i n  1 9 1 5  

from the Texas Expl orat ion  Company No . 1 Wi sdom .  Later producti on has  

been l a rge ly confi ned to the east and wes t  rim  of the sal t dome . How

ever , the greatest dens i ty of dri l l i ng has  taken p l ace on the dome ' s  

wes t  fl a n k . I n terpretat ion  of  the sa l t s truc tu re map and geo l og i c  

cro s s  sect ion  suggests that o i l  and gas occur o n  the fl anks  o f  the dome 

i n  O l i gocene a nd Mi ocene sed imen ts whi ch are fau l ted or p i nched ou t 

aga i n s t  the s i des  of  the dome . No known o i l or gas  product ion i s  

l ocated over the top of the dome i n  the area proposed for the s torage 

faci l i ty .  

Dresser M i neral s ,  I nc .  has  opened a l i mestone quarry on  Damon Mound  

adj acent to  the proposed crude o i l storage s i te .  The l imes tone , used for 

road f i l l ,  i s  of poor qua l i ty and Dresser  i s  doub tfu l tha t they wi l l  open 

the enti re proposed q uarry ( Fi gure A . 6-2 ) . 
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B . 6 . 1 . 4 Soi l s  

So i l s  a t  the Damon Mound  s i te are ass i g ned to the Lake Charl e s -Edna

Bernard as soci a ti o n .  T hese  so i l s  con s i s t  of  c l ayey and  l oamy del tai c  

depos i ts .  They have a s i gn i f i cant  porti o n  of montmori l l on i te c l ay and 

a re s trong l y  aci d  to moderate l y  a l kal i ne a t  the s urface . Al kal i n i ty 

i ncreases wi th  depth . I t  has  a h i g h  shr i n k- swe l l potent i a l  and very 

l ow permea bi l i ty .  I t  i s  h i g h ly  corro s i ve ,  and  pre sents  severe res i den

tia l  fou ndati on  probl ems .  Mar i ne  sed i ments  and so i l s  l ocated i n  the 

v i ci n i ty of the proposed bri ne d i sposal  system i n  the Gu l f  are descri bed 

i n  Sect i on B . 3 . 1 . 4 .  

B . 6 . 2  Water Env i ronmen t  

B . 6 . 2 . 1  S urface Water Sys tems 

The Damon Mound a l ternat ive  SPR  s i te i s  l ocated between the Brazos 

a nd San Bernard Rivers , i n  the San Bernard Ri ver drai nage bas i n .  S i te 

dra i nage i s  to Mound Cree k ,  one mi l e  to the north . Mound  C reek fl ows 

sou th-southeas terly to j o i n t he San  Bernard Ri ver about four mi l es wes t  

o f  the town of West  Col umbi a ( Fi g ure B . 2- 9 ) . No  s treamfl ow measurements  

a re avai l ab l e for Mou nd Cree k .  

Approx i ma te ly  7 mi l es north of Wes t  Col umbi a the proposed p i pel i ne 

route cro s ses  near the source of Varner Cree k .  Varner C ree k fl ows 

genera l l y  southea s terl y  at thi s l ocati on ,  and  i s  an i ntermi ttent  stream . 

I t  j o i ns the Brazos Ri ver a pproxi mate ly  1 . 5 mi l es east  of Wes t  Col umb i a .  

The p i pel i ne a l so cro s ses  Bel l Cree k ,  approxi matel y 1 . 5 mi l es south

sou thwes t  of the  town of  West  Col umb i a .  Bel l Creek fl ows genera l l y  

wes terly a t  th i s l ocati o n ,  a n d  merges wi t h  the San  Bernard Ri ver 

approxi matel y one mi l e  further downstream . No s treamf l ow measurements 

o r  water qua l i ty data are avai l abl e for Bel l Cree k or Varner Cree k .  

Between Bryan Mou nd a nd the S EAWAY Tank  Farm , the proposed p i pel i ne 

route crosses  the Brazos R i ver D i vers i on C hannel  and Jones Cree k .  Both 

of these water bod i e s  were d i scussed i n  Secti o n  B . 2 . 2 . 1  a s  part of the 

reg i onal  s urface water system . 

The mari ne cond i t ions  i n  the area of the proposed bri ne d i ffus er 

a re d i scus sed i n  Secti o n  B . 3 . 2 . 1 . 

B . 6-6  



B . 6 . 2 . 2  Subsurface Water Sys tems 

The base of the C h i  cot aqu i fer i s  about 800 feet  bel ow sea l evel  

i n  the v i c i n i ty of the dome ( Sa ndeen and Wessel ma n , 1 973 ) . Fresh  water 

does not occur i n  the ma teri a l  over the dome , a nd s l i ghtly  sa l i ne 

water ( 1 000 to 3000 mg l d i sso l ved sol i d s )  occurs to a n  el eva t i o n  about  

1 00 feet bel ow sea  l evel  ( I b i d ) . The  base  of  the s l i ghtly  sal i ne water 

extends to a depth of 900 feet a bou t one mi l e  from the dome . 

The wa ter i n  the formati ons  adj acent to the dome and the caprock 

are h i gh ly  mi neral i zed wi th  a d i ssol ved sol i d s  concentrat i on on the 

order of 1 1 0 , 000  mi l l i grams per l i ter or greater . At  some d i s ta nce 

from the dome , however , the forma t ion  wa ter can be expected to be 

s imi l ar to sea wa ter , or abou t 35 , 000 mi l l i grams per l i ter d i s sol ved 

so l i ds bel ow a depth of abou t 2000 feet .  

Aqu i fers i n  the v i c i n i ty o f  Damon Mound  are capab l e o f  del i veri ng 

l arge quanti ti es  of s l i ghtly  to moderate l y  sa l i ne water to properly 

compl eted wel l s .  Aqu i fer poros i ti es  are on  the order of 40 percen t wi th 

permea bi l i ti es i n  the range of 600 to 1 000 gpd per square foo t .  Per

meab i l i ti es decrease wi th  depth to an  estima ted 250 gpd per square foo t  

i n  the Evangel i ne aqu i fer be l ow a depth o f  abou t 800 feet .  

Wa ter Use  

Ground wa ter u se i n  the  v i ci n i ty of Damon Mou nd does  not appear 

to be extens i ve .  The hydrau l i c grad i ent  i s  essenti a l l y  fl at  i n  both 

the upper and l ower u ni ts of the Chi cot aqu i fer at  the s i te .  Loca l 

u se of ground water i s  probably currently l i m i ted to rural domesti c 

pumpage and s tock water i ng .  

B . 6 . 3  C l imatol ogy and Ai r Qua l i ty 

B . 6 . 3 . 1  C l i ma tol ogy 

Due to the prox i mi ty of Damon Mou nd to Wes t  Col umbi a ,  refer to 

Sect i ons B . 2 . 3  a nd B . 4 . 3  for s i te- spec i f i c  data appl i cabl e to th i s  

s i te .  The s i te i s  con s i dered an  i n l and s i te ,  where the coastal  effects 

are attenuated . 
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B . 6 . 3 . 2 Ai r Qua l i ty 

Damon Mound s i te i s  s i tuated near the town of Damon , a sma l l ,  

primar i l y  res i dent i a l  commun i ty .  O i l  product i on acti v i ty around the 

dome i s  the pri mary l oca l sou rce of po l l u tants , wh i l e  the occa s i onal  

i nfl ux of a i r  from hea v i l y  i nd ustri a l i zed areas northea st  of the  s i te 

may occas i ona l l y  contri bu te to concentrat ions  of po l l u tants . The 

ex i s t i ng a i r  qua l i ty cond i t ions  are cons i dered to be equ i va l ent  to 

those at Freeport ( i . e . ,  l ow l evel s wi th the except i on of hydrocarbons  

and ox i dant  concentrat ions ) .  

B . 6 . 4  Background Am b i en t  Sound Level s 

The sma l l town of Damon overl i es a po rt i on of  Bryan Moun d ,  on the 

eas t .  A l i mestone quarry ,  acti ve s i nce 1 97 5 ,  l i es on  the wes tern po rt ion  

of t he  mou nd . As soc i ated wi th the q ua rry are bl a s t i n g  a nd  d i gg i ng 

act i v i t i es p l u s  truck movements on an  access road s k i rt i n g  the north 

port ion  of the s i te .  These act i v i t i es i nfl uence sound l evel s in the 

area . Backg round  amb i en t  sound l evel s of 54 -56 dB are esti mated for the 

town of  Damon where pri n c i pa l  no i se sen s i t i ve l and  uses l i e .  Sound 

l evel s a l ong the bri ne d i ffuser p i pel i ne a re d i scu ssed i n  Secti on 

B . 3 . 4 .  

B . 6 . 5 Spe c i es and Ecosys tems 

B . 6 . 5 . 1 S i te Area 

The Damon Mo und dome s i te i ncl udes pasture l and , and a l so  i ndustri a l , 

and  res i denti a l  devel opment .  Coastal  pra i ri e  ma kes up  a maj or  porti o n  o f  

the dome s i te ( Tab l e B . 6- 1 ) .  Scattered oa k woodl ands cons i s t i ng  of scru bby , 

i mmature ha rdwood spec i es are found  on the s i te .  

S i te so i l s  i n cl u de l i g ht co l ored , ac i d i c ,  sandy l oams and sand . The 

s o i l s  of adj a cent l owl and  a reas are l i g ht brown to dark gray , ac i d i c ,  sandy 

l oam and c l ay .  S i gn i fi cant i ndustr i a l and res i dent i a l  devel opment o n  and 

near the dome s i te have brought a bout  changes in  the nati ve cover primar i l y  

for agri cul tural and/or i ndustr i a l  uses . The ava i l ab l e surface ha b i tat i s  

l a rgel y urban ( the town o f  Damon ) and a l ready d i s tu rbed . 

B . 6- 8  



TABLE B . 6- 1  E st imated s i te acrea qe anal ys i s  for namon �ound carrd i date 
SPR  stora ae s i te ( a l ternati ve s i te ) . 

Total For Fenced S i te Area - - - - - - - - - - - - - - - - -- - - - - --- - - - - - - - - - - - - - - - 232 Acres 
Total W i t h i n  -2000 Foot Sa l t  Contour - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 742 Acres 

Total for Cl eared Land - - - - -- - - -- - - - - - - - - - --- -- -- - - - --- - - - - - - - 1 50 Acres 
Tota l for Quarry - - - - - -- - - - - - - --- - - - - - - - - - - - - -- - - - - - - - - -- - - -- - 1 00 Acres 
Tota l for Coasta l Pra i r i e  -- - - - - - - - - - - - - - - -- - - - - - - - -- - - - - - - - - - 1 503 Acres 

Proposed Brine Di sposal System 
( 5 . 8  mi l e  Bryan Mound Gu l f  Di ffuser & 

Injection Wel l s )  
C1 ea red Land 
Fl uvial  Woodlands 
Coastal Pra i ries 
Marsh 
Shel l Ramp Barrier F lat  
Open Water 
( tota l water cro s s i ngs �) 

Proposed Raw Water System 
( Brazos Ri ver Di vers ion Channel ) 
Cl eared Land 
F l uvia l  Woodl ands 
Coastal  Prai ries 

Proposed Oil  Di s tri bution System 
( New Tanker Doc ks ) 
Cl eared Land 
F l u v i a l  Woodlands 
Coastal Pra i ri es 
Ma rsh 

Al ternate Brine Di s posa l 
System (wel l s )  

Coas ta 1 Pra i ri es 

Al ternate Bri ne Di sposa l System 
( 1 2 . 5  Mi l e  Bryan Mound Gu l f  Di ffuser ) 
Cl eared Land 
F l uvia l  Woodl and 
Coastal  Prai ries 
Marsh 
Shel l Ramp Ba rrier F l a t  
Open Water 
( tota l water cros s i ngs __ 2 __ ) 

Al ternate Raw Water System 
(wel l s )  
Coasta 1 Pra i ries 

Al ternate Raw Water System 
( Brazos Ri ver) 
F l uv ia l  Woodl ands 
Coastal Pra i ries 
Open Water 
( total ater cross ings  __ 4 __ ) 

Total Mi l es 
of Pipel ine 

46. 8  

36 .4  

3 7 . 0  

3 . 2  

50. 6  

6 . 1  

1 0 . 0  

aBased on features o f  USGS topographi c maps ( 1 5  minute series ) .  

Acreage for 
Construction 

563 . 2  

5 . 0  
1 82 . 0  
233 . 0  

0 . 2 
1 . 0  

1 4 2 . 0  

397 . 0  

5 . 0  
1 82 . 0  
21 0 . 0  

41 9 . 0  

23 . 0  
1 82 . 0  
3 1 0 . 0  

4 . 0  

1 9 . 0  

1 9 . 0  

723 . 2  

5 . 0  
, 1 82 . 0  

230 . 0  
0 . 2  
1 . 0 

305 . 0  

22 . 0  

22 . 0  

1 22 . 0  

4 . 0  
1 1 5 . 0  

3 . 0  

bC1 eared l and incl udes agri cul tural . industrial and rural , and l and a l ready d isturbed . 
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Acreage for 
Operation 

31 5 . 6  

4 . 0  
1 36 . 0  
1 75 . 0  

0. 1 
0 . 5  
0 . 0  

298 . 0  

4 . 0  
1 36 . 0  
1 58 . 0  

3 1 8 . 0  

21 . 0  
1 3 6 . 0  
1 58 . 0  

3 . 0  

1 9 . 0  

1 9 . 0  

31 2 . 6  

4 . 0  
1 36 . 0 
1 72 . 0  

0 . 1  
0 . 5  
0 . 0  

22 . 0  

22 .0  

92 . 0  

3 . 0  
8 6 . 0  

3 . 0  



The  on ly  aquati c hab i tats on the mound  are a few very smal l ponds and 

s ev eral i ntermi ttent creek s . Duri ng the spri ng these creeks  are drai ned 

by Mound  Cree k ,  a bout  one m i l e  north of the s i te .  

Coasta l  Pra i r i e  

Vegetati o n  

I n  t h e  grass l and areas of t h e  s i te ,  t h e  primary spec i es i nc l ude 

b l uestem , coas tal sacahu i sta , a nd big bl uestem . Su bdomi nant  spec i es 

i nc l u de I nd i a ngra s s , eastern gammagrass , Gu l f  mu h l y ,  wes tern ragweed , 

turtl egrass ,  l i ttl e bl uestem , buffal o  grass , and smu tgras s (Tabl e 8 . 6- 2 ) . 

W i l dl i fe 

The coastal  pra i r i e  habi tat at  the s i te i s  heav i l y grazed by cattl e .  

The u rban sett i ng has  affected the number and ki nds  of spec i e s  of b i rds 

fou nd there . Speci es  expected to occur at  the dome i nc l ude cattl e 

egret , turkey vu l ture , sparrow hawk , bobwhi te quai l , ki l l deer , mourni ng 

dove , ea stern meadowl ark , cowb i rd , savannah sparrow , and vesper sparrow . 

Al though qua i l and dove are game spec i es , they are probab ly  not hunted 

extens i ve ly  i n  th i s u rban setti ng . Cl eared l and b i rd spec i es i nc l ude 

doves , goatsuckers , swa l l ows , thru s hes , v i reos , warbl ers , bl ackbi rd s , 

f i nches , and s parrows . Mamma l s l i ke ly  to i nhabi t the pra i r i e  and c l eared 

l and habi ta ts i nc l ude opossum , smal l rodents , s ku n ks , cottontai l rabbi ts , 

and  armad i l l o .  

Amp h i bi ans  and repti l es expected to i nhabi t the coas ta l  prai r i e and 

c l eared l and on s i te i nc l ude the ornate box turtl e ,  eastern garter snake , 

Texas rat s na ke , Gu l f  coa s t  toad , Texas toad , and s potted choru s frog . 

Oak  Wood l ands 

Vegetati on  

I n  the  oak wood l ands the  domi nant  spec i es i nc l ude l i ve oa k ,  pos t  

oa k ,  bl ackj a c k  oak ,  a nd h i c kori es . The su bdomi nants  i nc l ude wh i te oa k ,  

red oa k ,  bl ack  oa k ,  red l ovegra s s , broomsedge bl uestem , sp l i tbeard 

b l uestem , I n d i a ngras s , and swi tchgra s s . 
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TAB LE 8 . 6-2  Ecosys tems and  typ i ca l  fl ora and  fauna of the Damon 
Mound dome s i te cand i date S P R  storaqe s i te ( a l ternati ve s i te )  

T Y D i cal o r  

1�.rQ rtdnt 
Qrgan i sms 

P l an t s .  herbs . 
g r � s s e s  and 
tre�s 

''10 1 1 u s k s  dnd 
crustaceans 

"'ate-r <:ndkes . 
artlphi b i ans .  
-3:nd rept i J es 

�dllHlldl 5 

a I rd;, 

Fresh",ater 
�a r s h  

r�a id�n S;'jne 
corrjqrass <;edqes 
wa ter hya c i n t h 
p�nnywo rt 

s n a ;  I s  
mussel s 
::; i artls 

'"jes t.'?rn 

d i amondNck 

n t t l e s M lc e  

m l llnows 
uapp 1 e  
:>un f i  stl 
c a t f l Sh 
.J d l' 

f decoan opossum 
ra b b i t  

�u 1 1  s 
terns 
bLICk s k  i rrmer 
red-Winged 

b l d ckb i rd . n l l et ba rn 0 ..... 1 Eastern 
dleadol11 a r k  .. i l 1CJee r 

sJ.n1fo!rl  i n'J 

Marshlands 

Brack i s h  
Marsh 

smoo th c rodg ra s s 
s o i l b i n d  mo rn i nq 

g l ory 
f i dd l e l ea f 

morn i n g  I) l o ry 
sea purs lane 

S M i l s  
crabs 
,:1 ('UIIS 
shrimp 
oys ters 

'�ul f s a  I t  marsh 
snake 

West .. rn 
r1 i amondback 
rattlesnake 

K i l l  H i s h  

ra bbi t s 
n i sp l d cotton 

rH 

American coot 

ye l l o\ltl egs 
terns 
Seaside spa r ro ..... 
sandpi per 
bo a t - ta i l ed 

grac k l e  
Eastern meado .... -

l ark 
conmon '�d J l i n u l e  

Sa l t Ma rs h  

smoath cordQrass 
sal t g ra s s  

-

l az y  da i sy 
gl a sswor t 
s a  It ';latrimonY'nne 
ba t i s  
Caro l i n a  '�,I() l fb�rry 

bul rush 
K<'Irstem �u l nJ s h  
s h a r p.  g r a s s  

f i dd l er c r a b s  
rT1IJd c ra bs 
c l ams 
sna i 1 5  
shnmp 

Gu l f  s a l t  ma r s h  
snake 

� 1 1 1  i f l  sh cypr i (l Ids 
wma ture mu l l e t  
spot 

h i S p i d  cotton 
rot r'abbits  

p l overs 
geese 
G,'ea t B l ue heron 
L i tt l e  blue heron 
eg rets 
L e a s t  bi ttern i b I S  
Roseate spoon b i l l  
ducks 
.: I dpper r a I l  

Coasta l Pra i n es 

G u l  f cordgrass 
l:lu nc hQra s s 
fnd ian gra s s  
swi t chqrass 
b l uestem 
l I ve oak 
hu i sache 
ragweed 
pr,� i r i e  

p l ea t l ea f  
c o a s t a l 

sacanu i s ta :.l S ter., 
qarTI!1iIQr.!ss 

Gu l f �1utl l y  
b u f fa l o  g r a s s  smut g r a s s  

s n il 1 l  S 

sDotted chorus 
fro'1 

orna te bo;.: 
turt l E'  Sou t he rn 
l e<1pa rd frog 

Wes tern 
d i .:-mondbilcK 
ra tt l �sna ke 

E a s  tnn g a rter-5 na�e 
Gu I f coas t tOdd 
Texas ra t snake 
Tevs toad 

cotton t a l 1  
rabb i t 

c a t t l e  s t r l ped S k u n k  
raccoon 
annad l 1 1 0  
coyote 
OpOSsum 

sparro ..... s ma rsh hawks Ea stern rrlea do�-
l a rk 

'luI tures 
k I l l deer 
cHt l e  egret bo bwh I t. e qua i ! 
motH'n J ng dove 
cowbt r1 
u p l and p l over 
s o a rrow hdWk 
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Oak Wood l ands 

I he oak 
sugar berry 
p I gnut I) i c kor), 
b l ue s t e!TI 
cordgr(l s s  
p o s t  oak 
b l a c k j a c k  oak 
h i c kory 

orna te box 
turt: l e  

broad-h-:!aded 
Sk. i n k  

E a s tern g a r t e r- 
snake 

q r a y  t. r�E" froq 
Kurt !'> r ' s  

spnd�foot f i v!'>-l  i"ed 
s k i n k  

Ilround s k.  i n k  

NA 

gray dnd fox 
squ i rrel 

opossum sma l l  I'odents 
wh i te-ta i l ed 

/jeer 
gray fox 
ra ccoon 
s t r i ped skunk coyote 
bd t J r'nldd i l l o 

hawks cro ..... s 
woodpeckers ch i c kddees 
wren s 
v i reo s 
.... a r b I  er'!i 
thrushes 
b l a c k b l rds 
finches spdrro ..... S 

Cleared U.nds 

Urban and Suburban 
Va ri olJs res identia 1 

speci es 

NA 

E a s tern garter
s n a k e  

Gu l f coo\ s t  toad Texa s toad 

opossum 
domes t i ca ted 

anima I s  
ba ts 
cotton ta i l  

rabbit 

b lackbi rds 
s ta rl i ngs 
songbi rds 
goatsuders 
swa l l ows 
f i nches 
spa rrolofS 
doves 

Srops "nd 
Future lands 

d ce 
soybeo!ns 
p ra i r i e  grass 

NA 

orna U bo;.: 
turt Ie 

T�"(dS rH snake 

c a t t  Ie 
o pos sum 
dnndd i l lo 
cotto n ta i t 

ra bb i t 

blackbirds 
ha�ks 
I d l l deer 
Eastern meadow-

l a rk 
/fIOurn i ng dove 
sparrows 
horned l a rk 
geese 

Coa s t a l  and 
I n l and '..-a ters 

Freshwa ter 

C iart1!; 
sna i t  s 
cra)'fi sh 

tur t l es 
frogs wa t!�r sn� ke s 
sa I amander· 

crappie 
':dtfi s h  
s u n f i sh 

g4r 
,,..d 
ca rp 
buffalo bas, 

rrlUskrdt 
nutrid 
raccoon 

wdterfowl 
herons 
egrets 



Wi l d l i fe 

B i rd spec i es expected to occur i n  th i s hab i tat  i nc l ude crows , 

woodpec kers , c h i c kadees , wren s , v i reo s ,  warbl ers , bl ackb i rds , and fi nches . 

W i l d l i fe s pec i es i n habi t i ng the woodl and i nc l ude opos s um ,  sma l l 

rodents , gray and  fox s q u i rrel s ,  armad i l l o ,  and raccoon . The box turtl e ,  

broadheaded s k i n k ,  ea stern garter snake , Hurter ' s  s padefoot and gray tree

frog a l so  may be found i n  the woodl ands . The wooded area s on the s i te are 

not l a rge enou g h  to su pport l arge popu l at i on s  of a n ima l s .  

Gu l f  of  Mex i co 

The b i o l og i c  env i ronment su rround i ng the proposed bri ne d i ffuser 

l ocati o n  i s  des cri bed i n  Sect ion  B . 3 . 5 . 2 .  

B . 6 . 5 . 2 P i pel i ne Sys tem Route 

The 53 . 4  mi l e  p i pel i ne r i g ht-of-way wi l l  pass  through  263  acres of 

coastal  pra i r i e ,  1 82 acres of fl uv i a l  and oak  woodl and , 4 acres of mars h ,  

1 acre o f  ramp barr i er fl at  and 2 3  acres of cl eared l ands , affecti ng a 

total  of 473 acres of  l and . The eco systems found i n  the v i c i n i ty of the 

bri ne d i ffuser p i pel i n e  r i g ht-of-way are descri bed i n  Sect i on B . 2 . 5 . 2 .  

B . 6 . 6 Natural  and  Scen i c  Resou�ces 

The area su rround i ng the Damon Mound s i te has  few natural  or  scen i c  

resources . Mos t  of the mound i tse l f i s  i n  use a s  pasturel and or  for mi neral 

extract i o n , ne i ther of whi ch  prov i des  un i que , va l uab l e scen i c  resources . 

The southern and southea stern areas near the town of  Damon have greater 

aestheti c  a ppeal  due to gentl e ,  wooded s l opes of the dome . The s urround i ng  

countrys i de i s  very fl a t ,  but  conta i ns wooded areas i n ters pers ed wi th  pas ture

l and  and  l and  cu l t i vated for agri cu l ture . The San Bernard Ri ver i s  l ocated 

approx imatel y one mi l e  west  of Damon Mound . 

On the proj ect s i te ,  pa sturel and predomi nates ; however , the ground 

on  the southwes tern edg e of the s i te ha s been stri pped dur i ng prev i o u s  

s u l phur  mi n i ng , reduc i ng t h e  aesthet i c appea l . Dresser Mi nera l s '  qua rry 

i s  an open p i t operat ion , reduc i ng the aesthet i c a ppea l to the no rthwes t .  

There a re no maj or recrea t i o n  a reas l ocated near the s torage s i te .  
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The natural  and scen i c  resources i n  the v i c i n i ty of the bri ne 

duffus er p i pel i ne a re descr i bed in Secti o n  B . 3 . 6 . 

B . 6 . 7 Archaeo l og i ca l , H i stori ca l , and Cul tura l  Resources 

The cand i da te s i te does not conta i n  any known s i te of archaeol og i 

ca l , h i s tori ca l , or  c u l tura l  s i gn i f i cance . If  th i s  s i te i s  se l ected for 

S P R  devel opment ,  a q ua l i fi ed archaeol og i st wi l l  s urvey i t  for DOE ,  and 

coord i na te w i th the State H i stori ca l Preservat ion Offi cer . 

B . 6 . 8  Soc i oeconom i c  En v i ronment 

B . 6 . 8 . 1  Land Use 

The Damon Mound s i te i s  l oca ted nea r the wes tern edge of  Brazor i a  

County ,  approx i ma te l y  one mi l e  from the Fort BendBrazori a County l i ne . 

Land uses i n  the v i c i n i ty of  the s i te i nc l ude mi nera l  extracti on , agri 

cu l tura l  and res i dent i a l  uses , and forest (Houston-Gal ves ton Area 

Counc i l , 1 972 ) .  

S u l fur producti on  from the dome ca proc k has been abandoned . The 

l and overl y i ng the dome i s  used primari l y  for cattl e graz i ng . The town 

of Damon ( es t i mated popu l a t ion 750 ) overl i es a port i on of the dome . The 

south and so u thea st s i des of the domes have some tree cover . Land 

adj o i n i ng the cand i date storage s i te to the north i s  pr imari l y  i n  agri 

c u l tural u s e ,  wh i ch i nc l u des cu l t i vated fi el ds and range and pasture 

l ands  ( McGowen a nd others , 1 976 ) .  The l and i mmed i a tel y adja cent to the 

wes t of  the s i te i s  present ly  be i ng used by Dresser M inera l s for re

source extract i o n .  

B . 6 . 8 . 2  Transpo rtat ion  

The  Damon s i te i s  ea s i l y acces s i bl e  from the maj or transpo rta t i on 

sys tems i n  the reg i on , descri bed i n  Sect ion B . 2 . 8 . 3 .  Route 36 i s  the 

maj o r  h i ghway l ea d i ng c l ose  to the s i te ,  j ust  east  of Damon . From th i s  

h i g hway , access to the proposed s i te i s  prov i ded v i a  two roads , both of  

wh i ch pass through  res i denti a l  area s in  Damon . 
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B . 6 . 8 . 3  Popu l ati on  C haracteri st i cs  

The Damon Mou nd cand i da te s i te is  l oca ted j u s t  wes t  of the  sma l l 

town of Damo n ,  wh i ch had a 1 977  popu l a t i o n  of approxi ma te l y  750  ( Hard

castl e ,  1 97 7 ) . The Damon s i te i s  l ocated wi thi n commut i ng  d i s tance of 

the major popu l at i on centers i n  the reg i o n  d i s cus sed i n  Secti o ns B . 2 . 8 . 4  

a nd B . 3 . 8 . 

B . 6 . 8 . 4  Hou s i ng 

Damon i s  the res i denti a l  area c l osest  to the s i te ;  however , the 

ava i l abl e hou s i ng there i s  l im i ted . Other nearby res i denti a l  areas 

i nc l u de Needv i l l e  i n  Fort Bend County and Wes t Col umbi a .  As stated i n  

Secti ons B . 2 . 8 . 5  and B . 3 . 8 ,  hou s i ng i n  the northern porti o n  of Brazori a 

Cou nty has  a h i gher vacancy rate tha n  the sou thern porti on . 

B . 6 . 8 . 5  Economy 

There are few empl oyment opportu n i t i es wi th i n the area i mmed i ate ly 

s urrou nd i ng the  s i te .  Nearby i ndu str i e s  i nc l ude agri cu l tural producti on , 

m i neral extracti on ,  and reta i l  sa l es . The Damon area i s  not expected to 

experi ence s i gn i fi cant  economi c growth wi thi n the foreseeab l e fu ture . 

B . 6 . 8 . 6 Government  

Pol i ce a nd F i re Protec t i o n  

Suppl ementary po l i ce servi ces for the cand i date s i te can  b e  pro

v i ded by the Brazori a County S heri ff 1 s Offi ce .  Severa l deput i es from 

th i s department  reg u l arly patrol the area . Ca l l s  for po l i ce serv i ces 

i nvol v i ng traffi c or acci dents on  state h i g hways are hand l ed by the 

Texas Departmen t  of Pu bl i c  Safety (Wood , 1 977 ) . 

Fi re protecti on  can be provi ded by the Damon F i re Department . Th i s 

vol u n teer force hand l es  a l l fi res wi th i n  a l a-mi l e  rad i u s of the town . 

I n  case of a l arge d i sas ter , a s s i s tance can be obtai ned from su rrou nd i ng 

vo l u nteer f i re departments under mu tua l  as s i s tance agreements ( Hard

castl e ,  1 97 7 ) . 
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Hospi ta l s  and Med i ca l  Personnel  

There are four  hos p i ta l s  l ocated wi th i n  20  mi l es of th i s  s i te :  the 

Pol l y  Rya n  Memori a l  Hos p i ta l  i n  R i chmond ; the Texas Gu l f  S u l phur  Company 

Hosp i ta l  i n  Wharton Cou n ty ;  the Ang l eton-Danbury Genera l Hos p i ta l ; and 

the Sweeny Commun i ty Hosp i tal . The Damon area is  dependent  u pon these 

faci l i t i es and  those d i scus sed in  Sect ion  B . 3 . 8  for i ts maj or med i ca l  

serv i ces . 

Educa t ion  

The  Damon I n dependent School  D i s tr i c t  serves the  area i mmed i atel y  

s u rrou nd i ng Damon Mou nd . I ts enro l l ment i ncreased by 1 0  percent between 

the 1 969-70 and the 1 975-76  school  years . Actua l  enrol l ment  i n  these 

years wa s 1 47 and 1 62 s tudents , respect i ve l y .  
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B . 7  S I TE SPEC I F I C  ENVI RONMENT - NASH DOME 

The Nash  dome a l terna t i ve SPR  s i te i s  l ocated i n  Fort Bend Cou n ty ,  

Texas , and extends s l i g ht l y  i n to Brazori a Cou n ty .  I t  i s  i n  a rura l , 

agr i cu l tu ra l sett i ng . 

B . 7 . 1  Land Features 

B . 7 . 1 . 1  P hys i ography a nd Topography 

Nash  Dome i s  i n  the pra i ri e  terrace of the Gu l f  Coa s ta l  P l a i n  

phys i ograph i c  prov i nce . Average e l evat i o n  i n  the area i s  abou t +50 

fee t .  A s l i g h t  mound  over the dome ri ses to a maxi mum e l eva t i o n  o f  58 

fee t .  The topography a nd bathymetry of the proposed bri ne d i ffu ser 

r i g ht-of-way i s  descri bed i n  Sect i on B . 3 . 1 . 1 .  

B . 7 . 1 . 2  Local  Geo l ogy 

Nash  s a l t dome i s  an  e l l i pt i ca l , s ha l l ow- ly i ng s truc ture wi th a 

rel a t i v e l y  f l a t  top a nd s teep s i des . The broad , a l most  fl a t  top l i es a t  

a bou t 9 5 0  feet be l ow sea l evel  ( F i gure B . 7- 1 ) .  The -2000 foot  contou r 

enc l oses about 760 acres ; i ts eas t-we s t  a nd north-south  axes are 5 500  

a nd 7000  feet l ong , respect i vel y .  An est ima ted 600 to  900  feet of 

P l e i s tocene and Recent  age sed iments overl i e  the dome . The s i des of the 

dome have s teep l y  d i pp i ng contacts ( Fi gure B . 7- 2 ) . 

Fau l t i ng  assoc i a ted wi th the dome ( F i gure B . 7-3 ) i s  s hown i n  the 

s tructure contou r ma p on  top of one of the sedi men tary s tra ta wh i c h 

s urround  the dome . The maj or fau l t  pa ttern seen here i s  a typi ca l  

rad i a l  pa ttern . 

The qua l i ty a nd compos i t i on of the sa l t mas s  i s  probab l y  s i mi l ar to 

tha t at  Bryan Mound . Compos i ti on of caprock  overl yi ng  the Nash  dome i s  

u n known . S tud i es of other domes sugge s t  tha t gypsum and anhydri te 

compri se mo s t  of  the ca proc k .  

B . 7 . 1 . 3  Economi c Geo l ogy 

Nash  dome was the f i rs t  sa l t dome wi th petro l eum depos i ts fou nd i n  

the U n i ted S ta tes by geophys i cal  methods . O i l was fi rst  produ ced from 

the dome on January 4 ,  1 926 , from the Rycade Petro l eum Corp . No . 5 W .  R .  
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Nas h  we l l . I n terpreta t i on of the sa l t  structu re i nd i cates tha t the o i l 

occu rs primari l y  on the sou thern fl a n k  of the dome . Depos i ts are con

cen tra ted i n  Mi ocene age sands and l imestones wh i c h  are fau l ted or  

p i nched o ut  aga i nst  the s i des of the  dome . No  known o i l or gas produc

t i o n  is  l oca ted over the top  of the dome i n  the area proposed for the  

s torage fac i l i ty .  

Freeport S u l phur  Company , u s i ng the Fra sch  process , has  recovered 

s u l fu r  from some 50 acres on the sou thwest  r im  of the ca prock  ( Fi gure 

A . 7 -3 ) . The th i ckness  of the su l fu r  zone appears to average abou t 1 3  

feet . 

B .  7 .  1 . 4  So i 1 s 

So i l s  i n  the v i c i n i ty of the Nash  dome bel ong to the Lake Charl es

Edna-Bernard a s soc i a t i o n . They cons i s t of poor l y  dra i ned c l ayey and 

l oamy so i l s .  These s o i l s  cons i s t of c l ayey and l oamy del ta i c  depos i ts .  

They have a s i g n i fi cant  port ion  of mon tmor i l l on i te cl ay and are s trong l y  

a c i d  to modera te l y  a l ka l i ne at  t h e  su rface . Al ka l i n i ty i ncreases wi th  

depth . I t  has  a h i g h  s hri n k- swel l potent i a l and very l ow permeab i l i ty .  

I t  i s  h i g h l y  corros i ve ,  a nd presents severe res i dent i a l  fou nda t ion  

probl ems .  Mar i ne s ed iments a nd  so i l s  l oca ted i n  t he  v i c i n i ty of the 

proposed bri ne d i sposal  system i n  the Gu l f  are descri bed i n  Sect i on 

B . 3 . 1  . 4 .  

B . 7 . 2  Water Env i ronment 

B . 7 . 2 . 1  Su rface Water Sys tems 

Su rface water ru noff from the Nash  dome s torage s i te i s  to Cow 

Cree k , one mi l e  to the south ; and Turkey Creek , one mi l e  to the north 

( Fi gure A . 7 -3 ) . No  s treamfl ow data i s  ava i l a bl e for e i ther s tream . 

They are bo th  c l ass i fi ed as  i ntermi ttent  s treams on the U . S .  Geol og i ca l  

Su rvey topograph i c  ma ps of t h e  area . Tu rkey Creek merges wi th Cow Creek 

about  one m i l e  ea s t  of the s i te ,  and the combi ned fl ow reaches the 

Brazos R i ver a bou t 3- 1 / 2  mi l es ea s t  of the s i te .  

The  p i pel i ne access rou te to Nash  dome crosses  the wa ter bod i es 

d i scus sed for the Wes t  Co l umb i a  dome s i te ( Sect i o n  B . 5 . 2 ) , i nc l ud i ng 

R . 7-5  



Varner Cree k ,  Redfi s h  Bayou , Jones  Cree k ,  a nd the brazos Ri ver D i vers i on 

Channel . I t  a l so crosses  the i ntermi ttent  Cow C reek and Varner Cree k ,  

where i t  i s  l i s ted as  a n  i ntermi ttent stream , between  Wes t Col umb i a  and 

Nash  dome . 

The mari ne  cond i ti ons i n  the area of the bri ne d i ffu s er are 

d i s cu s sed i n  Secti on  B . 3 . 2 . 1 .  

B . 7 . 2 . 2  Su bsurface Water Systems 

Nash  dome penetrates throug h  the Evangel i ne aqu i fer a nd i nto the 

Chi cot aqu i fer . The base of the C h i  cot aqu i fer i s  abou t 700 feet bel ow 

sea l evel  i n  the v i c i n i ty of the dome ( Sa ndeen and Wesse lma n , 1 97 3 ) . 

The top of the caproc k i s  at  a depth of about  620  fee t .  Fresh  water 

occurs i n  a bou t the u pper 600 feet  of materi a l  over the dome . Sl i g ht ly  

s a l i ne wa ter ( 1 000 to  3000 mg/ l  d i sso l ved sol i d s ) occu rs from a bout  600 

to 1 000  feet . 

About o ne mi l e  from the dome , the base of the s l i g ht ly  sa l i ne water 

extends to a depth of 1 200  feet . The water i n  the forma t i on s  adj acent 

to the dome and the caprock i s  h i g h l y  mi nera l i zed , wi th a d i s s o l ved 

so l i d s  concentrati on  on  the order of 1 1 0 , 000  mi l l i grams per l i ter or 

greater . At s ome d i s tance from the dome , however , the water can be 

expected to be s i mi l ar to sea water or abou t 35 , 000  mi l l i grams per l i ter 

d i s sol ved s o l i d s . 

Aqu i fers i n  the v i c i n i ty of Nash  dome are capa b l e  of suppl yi ng  

l arge quanti t i es  of s l i g ht ly  to  moderate l y  sa l i ne wa ter to  properl y  

comp l eted wel l s .  Aqu i fer poro s i t i es are on the order o f  40  percent  wi th 

permea bi l i ti es i n  the range of 600
. 

to 1 000 g pd per square foo t .  Per

meab i l i ti es decrease wi th  depth to an  est ima ted 250  g pd per square foot 

i n  the Evangel i ne aqu i fer bel ow a depth of a bou t 900 feet . 

Grou nd water u se i n  the v i c i n i ty of the Nash  dome does not appear 

to be exten s i ve .  Local use of ground water i s  probab ly  l imi ted to ru ral  

domes ti c pumpage a nd s tock wateri ng . 
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B . 7 . 3  C l imatol ogy and A i r Qua l i ty 

B . 7 . 3 . 1  C l ima to l ogy 

Due to the prox i mi ty of Nas h dome to Wes t Col umb i a ,  refer to 

Sec ti ons  B . 2 . 3  and B . 4 . 3  for s i te-spec i fi c  data app l i cabl e to th i s  s i te .  

The s i te i s  cons i dered an  i n l a nd s i te ,  where the coasta l  effects are 

attenuated . 

B . 7 . 3 . 2  Ai r Qu a l i ty 

O i l produc t i o n  acti v i ty arou nd the dome i s  the pri mary l oca l source 

of pol l u ta nts , wh i l e  the occa s i ona l i nfl ux of a i r  from heav i l y  i ndus 

tri a l i zed area s northeas t  of the s i te may occa s i ona l l y contr i bute to 

concentrat i on s  of pol l utants . The ex i s ti ng a i r  qua l i ty cond i ti ons are 

con s i dered to be equ i va l ent to those at Freeport ( i . e . , l ow l evel s wi th 

the excepti on of hydrocarbon and ox i dant concen trat i on s ) . 

B . 7 . 4 Background Amb i ent Sound Level s 

The Na s h  dome i s  v i rtua l l y  unpopU l ated . As i de from a sma l l number 

of o i l wel l s ,  pri nc i pa l  no i se sources are i n sect and an ima l  act i v i ty and 

wi nd . Based on th i s  l and u se and on  prev i ou s  s tud i es on s im i l ar s i tes , 

average day/ n i ght  sou nd l evel s of l es s  th1n 50  dB  are estimated for the 

area . Sou nd l evel s a l ong the bri ne d i ffu ser p i pe l i ne are d i scus sed 

i n  Sect ion  B . 3 . 4 .  

B . 7 . 5  Spec i es and Ecosys tems 

B . 7 . 5 . 1  S i te Area 

The Nash  dome s i te i s  s i tuated on l a nd wh i ch can be characteri zed 

as c l eared agri cu l tu ra l l and , wh i c h i s  u sed primari l y  for crop and pa sture

l a nd . However , arou nd the s i te area the  petro l eum i ndustry accounts  for 

a l arge proport i on of the l and use . Pra i r i e  and wood l ands make up  the 

rema i n i ng port i on of the dome s i te ( Tab l e B . 7- 1 ) .  

So i l s  of the s i te area i nc l ude l i g ht-col ored , ac i d i c ,  sandy l oams 

and sand . The soi l s  of l owl and area s are l i g ht brown to dark gray , 

ac i d i c  sandy l oam and c l ay .  Impou ndments and i ndustr i a l  deve l opmen t on 

and i n  the immed i ate v i c i n i ty of the dome have marked l y  changed the so i l 

and vegeta t i on wh i ch were ori g i na l l y  presen t .  
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TABLE B . 7- l  E s t i mated s i te acreaae anal v�i s for Nash  dome candi date 
SPR s toraqe s i te ( a l ternati ve s i te ) . 

Total For Fenced S i te Area -------------------- - ---- - - - ------------ -- 206 Acres 
Total Wi th i n  -2000 Foot Sa l t  Contour ---- --- --- - - - ---- --------------- 800 �cres 

Total  for Coas ta l  Prai r i e  -- ----------- ------------------- - ----- 800 Acres 

Proposed Brine Di sposa l System 
( 5 . 8  mi l e  Bryan Mound Gu l f  Di ffuser & 

i njection wel l s )  
Fl uv i a l  Woodl ands 
Coastal Pra i r i e s  
Shel l Ramp Barrier F lat  
Marsh 
Open Water 
( total water crossings �) 

Proposed Raw Water System 
( Brazos R i ver Di vers ion Channel ) 
F l u v i a l  Woodl ands 
Coastal Pra i r i es 

Proposed Oi l D i s tri bution System 
( New tanker doc k s )  
Cl eared Land 
Fl u v i a l  Woodl ands 
Coastal  Pra i ri es 
Marsh 

Al ternate Brine Di sposa l 
System (wel l s )  

Coas ta l  Pra i ries 

Al ternate Brine D i s posa l Sys tem ( 1 2 . 5  mi l e  Bryan Mound Gu l f  Di ffuser)  
F luv ia l  Woodlands 
Coastal Pra i r i es 
Marsh 
Shel l Ramp Ba rrier Fl a t  
Open Water 
( tota l  water cro s s i ngs __ 2 __ ) 

A1 ternate Raw Water Sys tem 
( wel l s )  
Coas ta l  Pra i ri es 

Al ternate Raw Water System 
( Brazos Ri ver) 
Fl uv i a l  Woodl ands 
Coas tal Pra i ri es 
Open Water 
( total water cors s i ngs __ 2 __ ) 

Tota 1 Mi l es  
of Pipel i nes 

46 . 7  

36 . 7 

37 . 3  

3 . 2  

50 . 9  

6 . 1 

6 . 1 

aBased on features of USGS topographic maps ( 1 5  mi nute series ) .  

Acreage for 
Construction 

595 . 2  

2 1 0 . 0  
242 . 0  

1 . 0  
0 . 2  

1 42 . 0  

429 . 0  

2 1 0 . 0  
2 1 9 . 0  

454 . 0  

1 8 . 0  
21 0 . 0  
222 . 0  

4 . 0  

1 9 . 0  

1 9 . 0  

766 . 0  

2 1 0 . 0  
239 . 0  

1 1 . 0  
1 . 0 

309 . 0  

22 . 0  

2 2 . 0  

7 3 . 0  

4 . 0  
69 . 0  

0 . 0  

Acreage for 
Operation 

340 . 6  

1 58 . 0  
1 82 . 0  

0 . 5  
0 . 1  
0 . 0  

323 . 0  

1 58 . 0  
1 65 . 0  

346 . 0  

1 7 . 0  
1 58 . 0  
1 68 . 0  

3 . 0  

1 9 . 0  

1 9 . 0  

346 . 0  

1 58 . 0  
1 79 . 0  

8 . 0  
1 . 0 
0 . 0  

22 . 0  

22 . 0  

5 5 . 0  

3 . 0  
52 . 0  
0 . 0  

b
C1 eared l a nd i ncl udes agricul tura l , industri a l  and rura l , and l and a l ready d i sturbed . 
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Agr i c u l tural Land 

Except for the sou thern fl a n k  of the s i te ,  near ly  al l of the Nash  

dome i s  agri cu l tura l  l and . The agri cu l tural l and prov i de s  l imi ted 

resou rces for b i rds s u ch as gees e , bl ackbi rd s , doves , eastern meadowl ark , 

k i l l deer , horned l ar k ,  and sparrows . W i n teri ng fl ocks of s now and 

wh i te-fronted geese were seen feed i ng in  the l ocal  fi e l ds  ( February 1 977  

s i te v i s i t ) a nd are a l s o  l i ke l y  trans i ents  a t  the  s i te (Tab l e B . 7- 2 ) . 

Few mamma l s pec i es are l i ke l y  to i nhabi t the c l eared agri cu l tural 

a reas  fou nd on N a s h  dome . 

Wood l a nds  and  Pas tu rel and 

The sou thern area  of the dome has  a smal l wooded s treamba n k  hab i ta t ,  

several sma l l man-made ponds , and c l eared l and .  

Vegetat ion  I n  t he  wood l a nd area s , the domi nant  tree spec i es i nc l ude 

l i ve  oa k ,  post  oak ,  b l ackjack  oa k ,  and h i c kori es . The su bdomi nant  trees 

i nc l ude whi te oa k ,  red oak ,  and bl a c k  oak .  

I n  the pra i ri e ,  the pr i n c i pa l  p l ant  spec i es i nc l ude b l uestem , coas ta l  

s acahu i s ta ,  a n d  b i g bl uestem . L e s s  common are I nd i a ngra s s , eas tern 

gammagra s s , Gu l f  mu h l y , wes tern ragweed , turtl e grass , l i ttl e b l ues tem , 

buffal o gra s s , and smut gras s .  

The sma l l ons i te ponds are s teep-ba n ked and have n o  emergent  

aquati c vegeta ti on .  

W i l d l i fe The wooded s treamba n k  prov i des hab i tat for a l arge number of 

sma l l b i rds , parti cu l ar l y  wood.peckers , fl ycatchers , t i tm i ce , nu thatches , 

k i ngfi s hers , thru s hes , v i reo s , warbl ers , fi nches , bl ackb i rds , and sparrows . 

Mamma l s  i nhabi ti ng the surround i ng wood l ands cross  the fi el ds  b ut  

sel dom make u s e  of the  area , s i nce l i ttl e food or  cover i s  ava i l ab l e .  

Mamma l s peci es l i ke l y  to be encountered i n  or near the fi el ds  i nc l ude 

opos sum , cottonta i l  rabb i ts ,  raccoon , deer , s ku nks , coyote , a nd armad i l l o .  

Mamma l s wh i ch i n habi t s treambanks  i nc l ude opos sum , cottonta i l 

rabbi ts , squ i rrel s ,  s tr i ped s ku n ks , coyotes , raccoons , and armad i l l os .  

The cottonta i l and squ i rrel are i mportant  game spec i es ; the o possum a nd 

raccoon are major  furbearers of the area . 
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TAB LE B . 7 - 2  E c osys tems an d 
s i te cand;  date 

typ i c a l  fl ora  a n d  fa u n a  o f  the  N a s h  
S P R  storaqe s i te ( a l ternat i ve s i te )  

dome 

Typic.! I �,. !/tIpCrt anta. O"'14on 1 5 .. 15 
rr�5r:III.lt,. 

�drS" 

»1 6 " t s  • .  �e rbs • .  w.a '''en Cd". 'i.o21ootl'\ cordql"Hs 
50 I P : 'II r.d 'l'l(lrn HI1 

g l ory 
9ruse" a n d  :::Jr<lqrlS5 
trees. �ea:qu 

f i d j l e  l e d f  
!'IO l" n i l'l q  q: l ol"Y 

Sfl pUrs l llne 

1"o 1 l 'J s k s  . n d  
CM.lstillc: uns 

iiatel" sndk.e'5 . asRtl n i b i. tn5 . and r!Q t ; 1 es 

F i sh 

,of rdl 

wat,,. hy.sc 1 n l l'\  pfM)"'I'Ort 

sn.t l l 's  ifl'J sse I s 
c l .ms 
criyfi s l'l  

sna i l s  
crab'S 
CNyf : s l'l  
c 1 4C'1s �h"lr.1O 
oyste,.s 

�U,. t l e 5  Gu l f  sa I t  
..utern NI"'Sn sna�e 

e :J t t Y<lllOy t n  ",n t!l"n �l i f roq � h"moMbaclt 
Sot.6theM'l 1 t!'Cicuod roH t i fsnill 'O! 

fro<l 
Wesum :j i aorondb4ci. rHt : c �n.!.w:e Yrllow �11 l!d va t.nn4ke 

'n i "n� 
'rfQQ l f  sunf i sl'\ 
catf i �I'I 
I" 

'TIu s � r 3; t  
""coon I\U tr� a 
, i n k  
O�S51.1ft 

9u 1 1 <  tern o; 
rf-d·wl!"lql!'d 

btaclr.blr-d 
l l l ldeer 
undo ipcr'5 
wh i te �el inn .!Ott l e d  duct 

! u l  

l i l 1  i ri s l'l  

"ilbb i ts 
I'\ u p "\ d  "tton :Oit 

_ rlc iln coot 
te l l o. ! �<; "$  t�!"'nS S�ac. : je �Pll rro'lt HndQ,lp'!" 
:lQa l · ': a  11  ed 

3rt C k i e  E a '5t � rn ,":'lI! adow-' ,,"1 

ECOHst� 
Couta l 
P'l'"l i ri t� 

S,':":Q o t h  c o r d a r J'i S  �lJ l f  ::ordgrJ,1S sll l t  jl"HS 
-

�t.lnCI'\!;".B 
lazy d a i S Y  : nd l an � ,. U S  
s ho r t g r a H  S IIi '  tChgr-ass 
1 L U S \IiIO r t  !;I 1 UE!Hem u I t 'TIdtr'tI'Ony'" I n !  : I v e  Odir.. 
ba t l s  rou lsatcl'\  
s u  .uyrtl, "aq'Weed 
� r"O t i " a  'toIQ l fberry :;H"j ' r l e  

bu l ru s h  j:2 1 u t l ea f  
!(,e r s t M  bYl rush 
riddle,. c ra b s  
IllUd -:"oIbs 
c hillS 
sn. , 1 s  
Sl'l,.i!lllp 

� i n i f i s l'l  
cy?ri n i ds 
laN! t1."ot mu l l e t  
spot 

'"l i l t  

O,,""ite. �O.l 
turt I e  

Sou tl'le r-n 
1.09. rd iraq 

WesUl"n 
dhrnol'ldbol c t  rHt l esnak.! 

Eastern 9irte,.
'5ni:k.t 

It l '! ;) i d  cotton ri!t ca t t l e  
riob;ts l'I 1 5 p l d cotton 

� l o .,ers 
�e�'.ie :j,ru t S l ve l-:cron � i t  ': !  e a l ue ne ron 
e�rl!' t s 
I. e n t.  b i t tC'rl1 
i b l 'i  
�oseHe spoono! 1 1  
�ucIl:' 

rot 
ric! ra t 
rabbi t s  

5".rJ"'Q'tI's. 
Ir.Jr"�," "'<I'.oII::s EHti!m ,,.fdCO"· 

a r '  e--qr!t s 
'lui tures i it�5 

b l ue .""; n�ed 
Grut B l ut l'Iet'"O" ,_on q i t l lnule '" i .e,.,. .. a 1 1  Snowy eql"et sJndpipen 
Green heron Grut e�ret 

ornate 'ox 
t<J,.t l e  

rive-l i ned � � i nr. EH lern gll r-tl!r
snd.k.e 

9 1" -! Y  tl"ee 'roc; 
Hur�e r '  5 

sP4de (oot 
brodd-l'Ie.aed 

s k i r! !  ... 
ground s l i n k  

;ray a n d  rox 
° Squl rrel  
op.oss:pf\ 
' � il d i 1 1 0  "ecoon wttt te- ta : led 

deer 
wrdte-(ooted 

mUSf gray (011: coyo te 
5 t r' 1 ped skunk: 

turr.ey ... u l t u �  
Coooer'!. ."! <I'ltk ·� I·i:" t '"lo rned 

0.1 

woodPI!'CkE""'" 

'{i"�OUS 
rUlden l i. l l  
,!,ecas 

AA 

Croo! li n d.  
F'Jtur! �.lnds 

r � c !  5,Jyoe�ns prJ P " I '  1rns 

AA 

Co .. s t !  1 !nd 
I l'I l dnd .J�Cr"']� 

,ldms 
sn. l l  S 
cr.yft 51'1 

�ntirn garter· �rl\He bo .. t..lrt i c  t .. r t l es 
snake "!"'''H I"at sn4.w:e fro-qs �\Jl f  -:out tOlia ... a t �r'!nalte5 

IoI h ",udfl" 

opossum 
,::�e'5 t � c 3 t !!d 

�nlma l s  
c o t t o n ta , l 

I"abbi t 
Ea s teo!"!'! �10 1 e 

o h c -.: b l  rd$ 
H o a r !  : ' ,gs 
sonqo I I""O �  
sparro-n 

!.",o(!5 1 1 0"0; 

crapp i e  

C 4 t f \ S I'l  o L t c k  OdS5 
,ar 
s n  .. d 
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Some of  the ponds and  Cow Creek  may s u pport a sma l l popu l a t i o n  of  

f i s h .  The sma l l ponds  prov i d e  a s h a l l ow wa ter ha b i ta t  for heron s , 

eg rets , and k i ngfi shers . The bru s hy ba n k s  of the ponds  conta i n ed 

f i nches , b l a c kb i rds , and sparrows . The ponds a p pear unsu i ta b l e for 

mus krat and  n u tr i a .  The edges o f  the pond a re proba b l y  ut i l i zed by 

raccoon . 

The pasture l a nd i s  heav i l y  grazed by cattl e and  prov i des l i ttl e 

u s efu l ha b i ta t  for b i rd s .  Expected i n ha b i tan ts i n  the pa s tu re l and 

i n c l ude  ca tt l e egret , k i l l deer ,  b l a c kb i rd ,  and sparrow . 

Few amp h i b i an s  and repti l es are expected to occ u r  at  the s i te s i nce 

they a re not  l i ke l y  i n ha b i ta n ts of  the sparse l y  vegeta ted cro p l and and  

pa sture .  Spec i es norma l l y  fo und on c l ea red l a nd i nc l ude the ornate box 

turt l e and Texas  rat s n a ke .  

G u l f o f  Mex i co 

The b i o l og i c  en v i ronmen t s u rro u n d i n g  the proposed bri ne  d i ffu s er 

l oca t i o n  i s  descri bed i n  Sec t i o n  B . 3 . 5 . 2 . 

B . 7 . 5 . 2 Doc k  S i te 

Fo r a d i s cu s s i o n  o f  the s p ec i es and eco sys tems found  at  the dock 

s i te ,  see  Sec t i o n  B . 3 . 5 .  

B . 7 . 5 . 3  P i pe l i n e  Sys tem Ro u te 

The 5 3 . 0 m i l es of p i pe l i ne fo r the Na s h  dome SPR  fac i l i t i es wo u l d  

pass  through  242 ac res of pra i r i e  gras s l ands , 2 1 0 acres of fl u v i a l  and  oak  

wood l and , 48 acres of  c l ea red l and , 4 acres of ma rsh  and  1 acre of 

ramp barr ier  fl a t ,  i nc l ud i ng the r i ght-of-way fo r the br i n e  p i pe l i n e  

from t h e  S EAWAY Ta n k  Fa rm to Bryan Mound and a retu rn raw wa ter l i ne  

from Bryan Mo und  to the  ta n k  farm s i te ,  a d i stance  of  e i ght  m i l es .  The 

hab i ta ts cro s s ed by thes e p i pe l i n e  r ights-of-way have been genera l l y  

d i s cus sed i n  Sect ion  B . 4 . 5 for the Al l en dome a l terna t i v e .  The eco

sys tems fo und  i n  the v i c i n i ty of  the bri ne  d i ffu s er p i pe l i n e r i g h t-of-

way are descri bed i n  Sect i o n  B . 2 . 5 . 2 .  

B . 7 . 6  Natura l  and  Scen i c  Re sources 

The natura l and  scen i c  reso urces in  the area s u rround i n g  Na s h  dome 

are s i mi l a r to tho se fo und  near Damon Mound (Sec t i o n  B . 6 . 6 ) . The area 
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south of the s i te ,  a l ong Cow Creek conta i ns some wooded areas .  The s i te 

i tse l f and much  of the su rround i ng  l and i s  i n  use  for agr i cu l tural  

p rodu cti on i n  crop l and and pasture l and . The s i te i s  very f l at  and conta i ns  

few trees . 

The natura l  and  s cen i c  resources i n  the v i c i n i ty of the bri ne  

d i ffus er p i pe l i ne are  descri bed i n  Sect i on  B . 3 . 6 . 

B . 7 . 7  Archeol ogi ca l , H i s tor i ca l , and  C u l tura l Resources 

The candi date s i te does not conta i n  any known s i tes of archaeo l og i ca l , 

h i s tor i ca l , or cu l tu ral  s i g n i fi cance . I f  th i s  s i te i s  se l ected for SPR  

devel opment , a q u a l i f i ed archaeo l og i st wi l l  s urvey i t  for DOE , and 

coord i nate wi th  the S ta te H i s tori c a l  Preservati o n  Offi cer . 

B . 7 . 8  Soci oeconomi c Env i ronment  

B . 7 . 8 . 1 Land  Use  

The Nash  dome cand i date s i te i s  l ocated i n  Fort Bend  Coun ty , approx i 

mate l y  one-hal f mi l e  from the Brazori a Coun ty border , and east  of the 

town of Damon . L and u ses  i n  the v i c i n i ty of the s i te i nc l ude pasture l and , 

agri c u l tural  cropl and , res i denti al  deve l opment , forests , and  m i neral 

resource extracti on . 

The northern and eastern perimeters of the s i te are c l as s i fi ed as  

cu l ti vated l and and orchard s  wi th  s i g nfi cant acreage presen t l y  ou t of  

cu l t i vati on . Farther north and east  of the s i te are o i l and gas  fi e l ds . 

A l so  to the east  of the s i te i s  a wood l and- ti mber area l oca ted on the 

f l oodp l a i ns of severa l sma l l s treams . The area to the south of the dome 

i s  primari l y  u sed for resource  extracti on . S u l fu r  producti on  by Freeport 

Su l fu r  Company has occurred on  the southwes tern fl a n k  of the dome . A l so  

south  of the s i te are l ocated gas  and o i l we l l s .  To the  wes t  of the  s i te ,  

the l and i s  primari l y  cu l ti v ated agri cu l tural  l and (McGowen and others , 

1 97 6 ) . 

B . 7 . 8 . 2  Transportat ion  

The  transporta t i o n  systems i n  the Nash  dome area are t he  s ame a s  those 

d i scussed for Damon  Mou nd (Sec t i o n  B . 6 . 8 ) . Acces s  to the s i te from 

H i g hway 36 i s  prov i ded v i a  county roads that are not heav i l y trave l ed .  
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B . 7 . 8 . 3  Popu l a t i on 

The c l osest  area of concentrated popu l at i o n  i s  Damon , ( Secti on B . 6 . 8 ) . 

There are a few w'i d e l y  spaced res i dences i n  the v i c i n i ty of the proj ect 

s i te .  

B . 7 . 8 . 4  Hou s i ng 

The ava i l a bl e hou s i ng for th i s  area i s  d i scus sed i n  Sect i on B . 6 . 8 .  

Open areas are ava i l ab l e shou l d  new hous i ng be req u i red . 

B . 7 . 8 . 5  Economy 

The economi c acti v i ty near Nash  dome i s  the same as d i scussed for 

Damon Mound  i n  Sect ion  B . 6 . 8 .  

B . 7 . 8 . 6  Government  

Po l i ce a nd Fi re Protection  

Supp l emen tary pol i ce serv i ces  to the  s i te cou l d  be  prov i ded through  

the Fort Bend  Sheri ff 1 s  Departmen t ,  headquartered in  R i c hmond . Fi re 

serv i ces  cou l d  be prov i ded by the Damon Fi re Department  ( Sect i on B . 6 . 8 ) . 

Hospi tal s and Med i ca l  Personnel  

Prov i s i on of med i ca l  serv i ces wou l d  be the same as  for Damon Mound . 

Edu cat i on 

Educati onal  serv i ces for the area surround i ng Nash  dome are prov i ded 

by the Damon I ndependent School  D i s tr i ct ( Sect i o n  B . 6 . 8 ) . 
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B . 8  SUMMARY 

The Seaway Group of SPR  s i tes i nc l udes 5 sha l l ow sa l t domes where 

exi st i ng cav i t i es a nd/or new sol uti on mi ned cavi t i es cou l d  feas i b l y  be 

used to store crude o i l . They are a l l wi th i n a 35  mi l e  rad i us of the 

port fac i l i ti es at Freeport Ha rbor and the o i l d i s tri buti on fac i l i ti es 

associ ated w i th the port a nd the SEAWAY , I nc .  P i pel i ne 

The S EAWAY s i tes are l ocated on the s eawa rd marg i n  of the Texas 

Gu l f Coastal  P l a i n .  Su rface re l i ef i s  subtl e ,  w i th a genera l s l ope 

toward the Gu l f of  Mexi co . E l evat i ons  wi thi n the reg i on range from 

sea l eve l to 1 46 fee t .  The ori g i n  of the SEAWAY sa l t domes i s  i n  the 

Lovann ( Gu l f Coa s t )  Sa l t ,  an  extens i ve evapori te depos i t  wh i c h extends 

throughout the Gu l f Coastal  reg i on from wes tern Fl ori da to Texas . At 

l east  500 sa l t  domes a re known to occur  i n  the Lovann  Bas i n .  O i l and 

gas , sa l t ,  and s u l fur a re the ma i n  economi c mi nera l s  associ ated wi th 

g u l f coast  s a l t domes . 

Su rface wa ter i n  the reg i on con s i sts  of two maj o r  ri vers , the 

Brazos a nd the San Bernard , and coasta l  areas i n undated wi th the 1 . 8 

foot l ocal  t i des . C i rcu l ati on i n  the nears hore Gu l f  of Mexi co i s  pre

domi nantly w i nd-dri ven , wi th a s i gn i fi cant probab i l i ty of stagnati on 

duri ng  a l l s easons . 

Ground water i s  hea v i ly  exp l o i ted by maj or metropol i ta n  centers i n  

southeat Texa s , and  the res u l t i ng s urface s ubs i dence from the l arge 

w i thdrawal s extends i nto the v i c i n i ty of  some of the proposed s torage 

s i tes . Suffi c i ent water i s  ava i l ab l e  i n  deeper sa l i ne water beari ng 

s ands to meet the req u i rements of th i s  proj ect .  Bri ne d i sposal  to 

deeper sa l i ne water beari ng  s ands i s  a pos s i b i l i ty i n  th i s  reg i o n .  

Avai l ab l e data s ug gest  that there i s  a n  extens i ve th i c kness o f  s u i ta b l e  

sa l i ne water beari ng sands at  depths i n  exces s o f  5000 feet . 

A i r q ua l i ty i n  the reg i on i s  general l y  good , wi th the except ion  of 

non-methane hydrocarbons and photochemi ca l oxidant  concen trati ons . The 

i ntense deve l opment of petrol eum extracti on and petrochem i ca l  i ndustri es 

i s  probab ly  the ch i ef cause of these exces ses . Occas i ona l l y ,  wi nd 

cond i ti ons  w i l l  i ntroduce po l l utants from the heav i ly  i ndustri a l i zed 

areas to the north and northwest . 
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No i se sou rces i n  the area vary from s i te to s i te and range from 

the i ndustr ia l i zed sources near Bryan Mound  to the r u ra l , a gr i cu l tura l  

sources near Na s h  dome . 

The ecosys tems at  the s i tes a re typ i ca l  of the Texas Coa stal  P l a i n  

and  i ncl ude Coasta l  P ra i r i es and  mars hes , fl uv i a l  and oa k woodl a nds , 

and c l eared l ands . I n l and waters , co asta l  waters and a l l terrestri a l  

ecosys tems are a l so p roduct i ve . 

Natu ra l and  scen i c re sou rces i n  the a rea i n c l ude maj o r  wi l d l i fe 

management a reas , and  exten s i ve p ub l i c  beaches open for recrea t i o n . 

The San Bernard Wi l d l i fe and Brazo r i a  Refuges are maj or  refuges i n  the 

a rea . 

The Brazo s port , Ho u s ton , and the Texa s C i ty-Gal veston  areas are the 

soc ioeconomi c u n i ts d i rectl y affected by the proj ect . A l l of t hese areas 

are exper i enclng  re l a ti vel y  l ow u nemp l oyme nt and  re cent  economi c growth , 

especi a l l y  i n  the pe tro chemi cal  i nd u s tr i es . 
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