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SUMMARY 

STATEMEN T TY PE : DRAFT ( x) F I NAL STAT EMEN T 

PRE PARED BY : S t r a te g i c  Pet r ol e um Re s e r v e  O f f i c e , 
Depar tme nt o f  Ener g y , Was h ing ton , D .  C .  2 0 4 6 1  

1 .  Type o f  Ac t ion : ( ) Leg i s l a t ive 

2 .  Br i e f  De s c r ipt i o n  o f  the P r opo s ed Ac t i on : 

( X )  Adm i n i s t r a t ive 

Th i s  d o c ume nt is  a s i te spec i f i c env i r onme n t al i mpac t 
s ta teme n t  ( E I S )  fo r the p r oposed s to r age o f  2 4  m i l l i on 
ba r r e l s  o f  c r ud e  o i l  a t  the S ul ph u r  M i ne s  sa l t  d ome l o c a ted 
in C a l c a s i e u  P a r i s h , Lo u i s i an a . S u l p h u r  M i nes is a cand i d a t e  
s i te fo r t he S t r a te g i c  Pe t r o l e um Re se r ve ( S PR)  p r og r am 
c u r r e n t l y  be i ng impl eme nted by t he S t r a teg i c  Pet r o l e um 
Re se rve O f f i ce ( S PRO ) o f  the Depa r tme nt o f  Energy ( DO E )  . 
C r e a t ion o f  the S P R  was mandated by Cong r e s s  i n  T i t l e  I ,  
pa r t  B o f  the Energy Po l ic y  a nd C o n s e r v a t ion Ac t o f  1 9 7 5 , 
P . L .  9 4 - 1 6 3  ( t he Ac t )  fo r the p u r po s e  o f  p r ov id i ng the 
U n i ted S t ates w i th su f f i c i ent pe t r o l e um r e s e rv e s  to m i n i m i z e  
the e f fe c t s  o f  any f u t u r e  o i l  s u pply i nt e r r upt ion . The Act 
r eq u i r e s  th at w i t h i n  seven year s ,  the SPR con t a i n  a r e s e rve 
equal to t he vo l ume of c r ud e  o i l  i mpo r t s  d u r i ng the  t h r e e  
con s e c u t ive h ighe s t  impo r t  mon t h s  in  t h e  2 4  mo n t h s  p r eced i ng 
Decembe r 2 2 ,  1 9 7 5  ( appr ox ima t e l y  5 0 0  m i l l i o n  ba r r e l s ) . To 
implement th e p r ov i s i o n s  o f  the Act , the S t r a teg ic Pet r o l e um 
Re se rve O f f i c e  t r ansmi t t ed to Cong r e s s  on Febr ua r y  1 6 , 1 9 7 7 , 
the S t r a t eg i c  Pet r ol e um Re se rve P l a n . The S P R  P l a n  bec ame 
e f fect ive on Apr i l  1 8 , 1 9 7 7 .  I n  add i t ion , the P r es ident has 
pr opo sed that the sched u l e  for  impl eme nt i ng the S P R  be 
a c ce l e r ated , so  t ha t  2 5 0  m i l l i o n  ba r r e l s  i s  s to r ed by 1 9 7 8 , 
and 5 0 0 m i l l i o n  ba r r e l s by 1 9 8 0 . An ame ndme nt to the S P R  
Pl a n  d e sc r i b i ng P r og r am ac ce l e r a t ion w a s  t r a n sm i t ted t o  
Congr es s and bec ame e f fec t ive on J u n e  2 0 , 1 9 7 7 .  

3 .  S umma r y  o f  Env i r onme n t al Impa c t s  and Ad ve r s e Env i r onme n t a l  
E f fec t s . 

Th is  s i te - spec i f i c  Env i r onmental I mpac t S tat eme nt 
( E I S )  has id e n t i f i ed pa r t ic u l a r l y  sens i t ive e nv i r onme nt al 

pa r ame t e r s  that have been i nv e s t i g ated in d e t a i l  for the 
S ul ph u r  M i nes , Lo u i s i ana s i te .  The mo s t  sens i t ive p a r a ­
mete r s  t o  be a f fec ted b y  o i l  s to r age development a t  t h i s  
s i te appe ar t o  b e  wat e r  q ual i ty a nd a i r  q ual i ty .  Howeve r , 
the u se t h r ough seve r a l  cyc l e s  at the S u l ph u r  M i ne s s i t e  
wo u l d  b e  l im i ted d ue t o  t he c l o s e  p r ox im i ty o f  the cave r ns 
to the p e r iph e r y  o f  the d ome . 



The adve r se impac t s  to the phy s i c a l  e nv i r onme nt th at c ou l d  
r e s u l t  f r om t he p r og r am i nc l ud e : deg r ad a t ion o f  s u r face 
wa te r q u a l i ty d ue to sed imentat ion f r om r un o f f  and e r o s io n  
d u r i ng p ipe l i ne c on s t r uc t ion ac t iv i t ie s  wh ich w o u l d  i nc r ea se 
the amo unt o f  susp e nded pa r t ic u l a t e s , tox i c  s u l f id e s , h e avy 
me t a l s , a r se n ic , pe s t i c ides and o th e r t o x i c  hyd r oc a r bo n s ; a 
mod e r a t e  inc r ease  in  hyd r oc a r bo n  em i s s ions  d u r i ng t r a n s f e r  
a n d  s to r ag e  o f  o i l ; l o ca l ly s ig n i f i c a n t  inc r e a s e s  i n  hyd r o­
c a r bo n  e m i s s i on s  d u r i ng t r a nspo r t  o f  o i l  f r om the G u l f  o f  
Mex i c o  t o  S u n  Te r m i na l ; a nd the potent i a l  f o r  a n  i nc r e a s e  in  
the f r eque ncy of  o i l sp i l l s a l o ng the t r a nspo r ta t ion c or r i do r s . 
Changes in wate r q ua l i ty wo u l d  h ave a sho r t- t e r m  i mpac t on 
the aquat ic o r g a n isms in  l o c a l a r e a s  and c o u l d  r e s u l t  in  
s ome m i nor sed ime ntat ion i n  down s tr e am i mpo undme n t s . O i l  
sp i l l  r e l ea s e s  t o  l a nd a nd wate r e nv i r onme n t s  c o u l d  c a u se 
l o ca l i z ed l o s ses to vege t a t ion a nd f auna a l o ng the p ipe l i ne 
c o r r ido r a nd a t  the te r m i na l s .  

B r i n e  d i spo s a l  i nto s ubsu r face aqu i f e r s  appe a r s to h ave 
the nec e s s a r y  t o t a l  c apac i ty to ac commodate the t o t a l  v o l ume 
of b r i ne to be d i spo sed . Howeve r ,  exc e s s ive p r e s s u r e  
bu i l d up may be an t ic ipated f r om s a nd s , a nd d u r i ng the f i f th 
cyc l e  p r e s su r e  bu i l d up w o u l d  be c l o s e  to the f r a c t u r e  
l im i t . 

The t r a ns fe r  of c r ude o i l  a t  S un T e r m i n a l  w o u l d  have a 
m i n o r  adve r se impac t on the amo unt o f  hyd r oc a r bo n s  ( i n the 
f o r m  of v o l a t i l e  vapo r s )  r e l eased to the atmo sphe r e . The 
amo unt o f  hyd r oc a r b o n s  to be re l e ased h a s  been e s t i mated a t  
3 8 . 8  tons  o f  hyd r oc a r bo n s  f o r  a s i ngl e f i l l  cyc l e  ( a  pe r i od 
of 2 4 0  d ay s ) . Mo r e  s ig n i f i c a n t  hyd r oc a r bo n  em i s s i o n s  w o u l d  
o c c u r  d u r i ng e ac h  f i l l  ope ra t io n  a t  t h e  f o l low ing l o ca t i on s : 
2 9 1  tons in  the G u l f o f  Mex ic o ;  7 4  tons  at the Ned e r l a nd , 
Te x a s  tan k e r  doc k s . D u r i ng the l i fe t ime o f  the p r o j e c t , 
as sum ing f ive w i thd rawa l s  and f i l l s o f  o i l , the eq u iv a l e n t  
o f  appr ox i ma t e l y  2 , 7 67 ba r re l s  o f  o i l  wo u l d  b e  em i t ted t o  
t h e  atmo sph e r e . 

A t o t a l  o f  4 5 3  b a r r e l s  o f  o i l  a r e  p r o j ec ted to be sp i l led 
d u r i ng the p r o j e c t  l i fet ime in  t r a nspo r t ing the c r ude o i l . 
Of th i s  to t a l , 4 5  b a r r e l s  w o u l d  be r e l e as ed i n  the G u l f  o f  
Mex i c o , 2 1 5  ba r re l s  into  the i n l a nd wa te r bod i es , a nd the 
r ema inde r f r om the p ipe l i ne s . The max imum c r ed i b l e  sp i l l  
s i ze i s  4 0 0 , 0 0 0  ba r re l s  fo r tanke r s  and 1 0 , 0 0 0 ba r r e l s  f r om 
the p ipe l i ne sys tem . A sp i l l  o f  th is  s i z e co u l d  seve r e l y  
po l l ute seve r a l  h und r ed ac r e s , depend i ng o n  lo c a t ion , b u t  
the p r obab i l i ty o f  o c c u r rence  i s  e x t r eme l y  low . 



4 .  Al te r na t i v e s  Co n s id e r ed: 

Al t e r na t ive S to r age S i te s  
Cote  B l a nche S a l t M i ne 
I r onton S a l t M i ne 
Cent r a l  Ro ck S a l t M i ne 
Kl e e r  S a l t  Dome M i ne 

Al t e r na t ive F ac i l i ty C omponen t s  
Al t e r na t ive D i s t r i b u t ion F ac i l i t ie s  

Al te rnat ive D i s t r i b u t i on Te r m i n a l  

Al t e r na t i ve P i pel i ne C o n ne c t ion t o  Ex i s t i ng Re f i ne r i e s  
Al t e r na t i ve B r i ne D i spo s a l  F ac i l i t i es 
Al t e r na t ive D i sp l a c ement Wate r S uppl y  

5 .  Date Made Ava i l ab l e  to C EQ and the Publ i c  

The d r a f t  statement was made ava i l ab l e  t o  t h e  C o u nc i l  o n  
E nv i r onme ntal  Qual i ty a nd t he p ub l i c  i n  Septembe r 1 9 7 7 . 
Th i s  f i na l  s ta tement was made ava i l ab l e  to the Co unc i l  on 
E nv i r onme ntal  Q u a l i ty a nd the p ub l i c in  March 1 9 78 . 

6 .  Comme n t s  o n  the Dr a f t  S t a tement Have Been Rec e i ved 
f r om the Fo l l ow i ng: 

Fed e r a l  Age nc i e s: 

Depa r tme nt o f  the Army - New O r l eans D i s t r i c t  C o r p s  
o f  Eng i nee r s  

Env i r onme ntal  P r otec t io n  Ag ency 
Depa r tment of  the I nt e r i o r  
Depa r tme nt o f  H e al t h ,  Ed ucat ion a nd We l fa r e  
Ad v i so r y  C o u nc i l  o n  H i s to r i c P r e s e rvat ion 
Nuc l e a r  Reg u l at o r y  C omm i s s i on 

State  Agenc i e s  

Te xas Depa r tme nt o f  Ag r i c u l t u r e  
Tex as Ge ner a l  Land O f f i c e 
Te x a s  S t ate Depa r tment o f  H i ghways and P ub l i c  

Tra nspo r t at ion 
Te x a s  I nd u s tr i al Comm i s s i on 
Te xas Pa r k s  and W i l d l i fe C omm i s s i on 
Tex a s  Depa r tme nt o f  Wate r Re s o u r ce s  
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1. DESC RIPT I ON OF PROJ ECT 

1 . 1  BACKGROUND 

Th i s  d o c ument i s  a s i te spec i f i c  env i r o nme ntal  i mpa c t  
s t atement ( E I S )  f o r  t h e  pr opo s ed s to r ag e  o f  c r ude o i l  
a t  th e S u l ph u r  M i nes sa l t  dome l o c a ted i n  C a l ca s ie u  P a r i sh ,  
Lo u i s i ana . S u l ph u r  M i ne s  i s  a c a nd i d a te s i te f o r  the 
S t r a teg i c  Pe tr o l e um Re se rve ( S PR ) p r og r am c u r r e n t l y  be i ng 
imp l emen ted by the S t r ateg i c  Pe tr o l e um Re s e r v e  O f f i c e  o f  the 
Depa r tme n t  of  E n e r g y  ( DOE ) . C r ea t i o n  of  the S PR was manda ted 
by C o ng r e s s  in T i tl e  I ,  Pa r t  B of the E nergy Po l i cy and 
Co ns e r va t i o n  Ac t of 1 9 7 5 , P . L .  9 4- 1 6 3  ( the A c t )  for t he 
pu r po s e  of  pr ov i d i ng t he U n i ted S t ates w i t h  su f f i c i en t  
pe tr o l e um r e s e r v e s  to m i n im i z e the e f f e c t s  o f  a ny f u t u r e o i l  
supply i n t e r r u p t io n . The Act  r eq u i r e s  tha t w i th in sev e n  
year s ,  t h e  S PR c o nt a i n  a r e se r v e  equal to t h e  v o l ume o f  
c r ude o i l impo r t s  d u r i ng the th r ee consec u t ive h i g he s t  
i mpo r t  months  i n  the 2 4  mon th s  pr eced i ng Decembe r 2 2 ,  1 9 7 5  
( appr o x i ma t e l y  5 0 0  m i l l i o n  ba r r el s )  . To i mp l eme n t  t he 

p r ov i s i o n s  o f  the Act , the S t r a teg i c  P e t r o l e um Re s e r ve 
Of f i ce ( S PRO )  t r an sm i t ted to C o ng r e s s  o n  Feb r u a ry 1 6 , 1 9 7 7 , 
the S t r ateg i c  Pe t r o leum Re serve  P l a n . The S PR P l a n  be came 
e f fe c t ive on Apr i l  1 8 , 1 9 7 7 . I n  add i t io n , the  P r e s id e n t  
h a s  p r oposed t h a t  t h e  sched u l e  f o r  imp l eme n t ing the  S PR b e  
accel e r a ted , so t h a t  2 5 0  m i l l i o n  bar r el s  i s  s to r ed by 1 9 7 8 , 
and 5 0 0  m i l l i o n  ba r r el s  by 1 9 8 0 . An amendme n t  to the SPR 
Plan d"e sc r i b i ng P r og r am a c c e l e r a t io n  was t r ansm i tted to 
C o ng r e s s  and became e f fe c t ive on June 2 0 ,  1 9 7 7 . 

A f i na l  p r og r amma t i c  E I S  ( FES 7 6-2 ) add r e s s i ng t he ef fect s 
o f  t he S PR pr og r am a s  a who le was f i l ed w i th the C o u n c i l  
o n  E nv i r onme n t al Q u a l i ty a nd made ava i l ab l e  to t he pub l i c  
o n  Decembe r 1 5 , 1 9 7 6 .  T h a t  s ta teme n t  co n s i de r s  sev e r a l  
d i f fe re nt type s o f  s to r age fac i l i t i e s , i nc l ud i ng the  u se 
o f  ex i s t i ng so l u t i o n-m i ned cav i t ie s  i n  sal t fo rma t i o n s  and 
conv e n t i o n a l  m i ne s , the  con s t r u c t i o n  o f  new so l u t io n-m i ned 
cav i t ie s  and c o nve n t i o nal m i ne s , t he u se of ex i s t i ng a nd the 
con s t r uc t i o n  o f  new c onve n t i o na l s u r f ace tank age , a nd t he 
u s e  o f  su r p l u s  tank e r  s h ip s . The f i na l  p r og r amma t ic E I S  
s h o u ld b e  c o n s ul ted f o r  a de sc r ip t i o n  of  each o f  the se 
s to r age me thod s and t he po te n t i a l  i mpac t s  wh i c h  m ig h t  
r e s u l t  f r om i t s u s e . The p r og r amma t i c E I S  a l so a s se s se s  
the c um u l a t ive i mpac t s  w h i c h  c o u l d  b e  expe c t ed f r om u se o f  
v a r i o u s  comb i na t io n s  o f  th e d i f fe r e nt fac i l i ty type s . 

The S u lphur  M i ne s  s a l t  d ome i s  o ne o f  seve r al c a nd i d a te 
sto r ag e  s i te s  t h a t  have be en i d en t i f ied by means o f  a 
sc r ee n i ng p r oc e s s  i nvo l v i ng the appl i ca t io n  o f  a se r i e s  
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o f  s i x  c r i te r i a .  These c r i te r i a  a r e  c apac i ty ,  d i s t r i bu­
t io n  ac ce s s i b i l i ty ,  techn i c a l  f e a s i b i l i ty ,  po t en t i a l  en­
v i r onme n t a l  conce r n s , ease  of acqu i s i t io n , and co s t .  
S e c t ion I I . E . l  o f  the p r og r amma t ic E I S d e s c r i be s  i n  d e ta i l  
how the c r i te r i a  we r e  appl i ed t o  approx ima t e l y  3 0 0  s a l t 
domes and app r ox ima tely 3 0 0  ex i s t i ng m i ne s  to s e l e c t  3 2  
cand ida te s i tes . 

I n  add i t i o n  to the S u l ph u r  M i ne s  sal t d ome , e ig h t  o t h e r  
c and id a te s i tes w i th ex i s t i ng s to r age s p a c e  r ead i ly ava i l ab l e , 
h ave be en ident i f i ed . These i n c l ud e  the We s t  H a c k be r ry s a l t  
dome ( C am e r o n  Pa r i sh , Lou i s i an a ) , t h e  Bayo u C ho c t aw sa l t  d ome 
( I be r v i l le P a r i sh , Lou i s i ana ) , the B ryan Mound s a l t dome 
( B r az o r i a  Coun ty , Te x a s ) , the We e k s  I s l a nd s a l t m i ne 
( I be r i a  P a r i sh ,  Lou i s i ana ) , and the C o te B l a nc h e  s a l t 

m i ne ( S t . M a r y  P a r i sh , Lo u i s i a n a ) , the I r onton l ime s tone 
m i ne ( Lawr enc e C o u n ty , Oh i o ) , the C e n t r a l  Ro c k  l ime s to n e  
m i ne ( F ay e t t e  C o u n ty , K e n t u c k y )  and the K l e e r  s a l t m i ne (Van 
Zand t Coun ty , Texa s ) . F i na l  E I S s  o n  the e ig h t  a l t e r n a t ive 
c and id a te s i tes ( F E S  7 6- 4  t h r ough 7 6 - 8 , 7 6/7 7 , 9 - 1 0  and 
7 7 -2 ) h ave been f i l ed w i th the C o u n c i l  on E nv i r onmental  
Qual i ty and mad e ava i l ab l e  to  the  pub l i c . The  f i r s t fo u r  
( We s t  H a c k be r ry , Bayou C h o c t aw ,  B r y a n  Mo und and Wee k s  
I s l a nd ) h ave been s e l ec ted f o r  u se i n  the SPR . The r ema i n i ng 
f o u r  s i te s  a r e  add r e s sed i n  S e c t ion 7 . 1  a s  a l te r n a t ive s to 
S u lphur  M i ne s . 

1 . 2  PROPOS E D  FAC I L I T I E S 

1 . 2 . 1  C o nc ep t  f o r  S torage in S a l t  Domes 

The u se o f  s a l t  d omes fo r pe t r o l eum s to r age i s  a t t r ac t ive 
becau se of both the r e l a t ive low c o s t  of such b u l k  s to r age 
and the ex t r eme geo log i c a l  s tab i l i ty of r o c k  sal t m a s se s . 
I n  ad d i t i o n , be i ng d eep unde r g r o und p r o v i d e s  sec u r i ty f r om 
mo s t  natu r al c a t a s t r ophes o r  sabo t ag e . I n  the G u l f C o a s t  
r eg ion , o v e r  5 0  s a l t dome s , bo t h  o n s ho r e  and o f f s ho r e ,  
appe a r  feas i b l e  fo r deve l opme n t  ( s ee F ig u r e  1 . 1 ) . 

S a l t domes a r e  a maj o r  so u r ce o f  b r i ne feed s to c k  f o r  
c h em i c a l  and s a l t  i n d u s t r i e s  i n  t h e  G u l f r eg i o n . C av i t i e s  
a r e  fo rmed by d i s so l v i ng the sal t w i th c i r c u l a t i ng wa te r 
and pump i ng o u t  the r es u l t i ng b r i ne ( se e  F ig u r e  1 . 2 ) . 
The p r o c e s s  requ i r e s  a l a rge vo l ume o f  l e ach wa te r ( abo u t  
7 ba r r e l s  f r e s h  w a t e r  o r  abo u t  8 b a r rel s o f  s e awa t e r  fo r 
eve r y  b a r r e l  o f  space c r e a ted ) . Some o f  the s e  c av i t i e s  
a r e  c u r r e n t l y  u sed t o  s to r e  a n umb e r  o f  pe t r o l eum p r od uc t s . 
I n  the u. s . , the p r od uc t s  s to r ed a r e  p r ima r i ly LPG p r od uc t s  
s uc h  a s  pr opane , e thy lene , e tc . , a s  we l l  a s  some f u e l  o i l . 
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Al t h o ug h  c r ud e  o i l  s to rage in s o l ut ion cav i t i e s  d o e s  not  
p r e s e nt d i f f i c u l t  techn i c a l  p r o bl em s , it  h a s  been done 
p r i nc ipa l ly in  othe r coun t r i es . The  on e except ion i n  the  
U n i ted S t at e s  i s  the Ve n i c e  Dome i n  Lo u i s i a na . 

Bo t h  ex i s t ing s a l t  d ome cav i t i e s  and n ew c av i t i e s  to be 
developed a r e  be ing c on s id e red for the SPR . Sa l t  d omes 
w i th ex i s t ing c av i t i e s  have bee n  i d en t i f ied as  c a nd i d a t e s  
f o r  the  ESR bec a u se they r eq u i r e l e s s  t ime to p r ep a r e  for  
o i l  s to r age . App r ox ima t e l y  9 0 0  c av i t i e s  w i th a total  
c apac i ty o f  3 0 0  m i l l i on ba r r e l s  a r e  k n own to ex i s t  in s a l t 
domes and bedded s a l t  format i on s . I n  s ome c a ses,  i t  i s  
feas i b l e  to e n l a r g e  ex i s t ing c avit i e s  o r  to leach  add i ­
t io n a l  cav i t ie s  a t  se l e c ted s i t e s . 

1 . 2 . 2  P r opo sed Sto r age S i t e  

The p r opo sed S u lph u r  M i nes fac i l i ty a s  c u r r e n t l y  d e s igned 
wo u l d  p r ov id e  u p  to 2 4  m i l l i o n  ba r r e l s o f  the SPR r eq u i r eme nts  
in  the Te xoma/La k e  Char l e s/Be aumo nt sto r ag e  reg i o n . F ive 
e x i s t ing b r i ne cave r ns would be adapted t o  p r ov i d e  the 
r eq u i r ed s to r age v o l ume . 

The F r a s c h  Met hod o f  su l f u r  m i n i ng was f i r s t d ev e l o ped 
at the S ul ph u r  M i n e s  sal t d ome, a nd a n  es t imated 9 . 4  
m i l l i on t o n s  o f  the chem i c a l  w e r e  ex t r ac t ed f r om the 
dome ' s  c apr ock  between 1 9 0 3  a nd 1 9 2 4 . 

The dome i s  p r e s e n t l y  used by Al l i ed Chem i c a l  Co r po r a­
t io n, H o u s to n, Tex as, f o r  hyd r oc a r bo n  p r od u c t  s to r age and 
by PPG I nd u s t r i es, u nd e r  l e a s e  f r om A l l i ed, f o r  br i ne 
feed s to c k  pr od uc t io n . Sulphur  M i ne s  i s  a compa r at i v e l y  
sma l l s a l t  dome w i th o n l y  1 . 1  c ub ic m i l e s  o f  s a l t  above 
t he d epth o f  1 0 , 5 6 0  f e e t . The capr oc k is  abn o r ma l ly 
t h i c k, an ave r age of 1 , 1 0 0  feet, w i th the s u b s u r face 
depth s o f  capr ock  a nd sal t be i ng 3 1 5 a nd 1 , 4 6 0 fe e t, 
r e spec t ive l y . 

The r e  a r e  no s a l t  m i ne s  at S u l phu r m i nes . The r e f o r e  the 
po tent i a l  for con f l ic t ing use o f  the dome between c r ude o i l  
s to r ag e  and r ad ioac t ive was te i s o l a t i o n  do e s  not ex i s t . 

1 . 2 . 3  Lo c a t i o n  

The S ul ph u r  M i ne s  sal t dome i s  l o c a t ed i n  ce nt r a l  
C a lc a s i eu Pa r i s h, Lou i s i an a, abo u t  2 m i l e s  w e s t  o f  the 
c i ty o f  S ul phu r ( popul a t io n  abo ut 2 0 , 0 0 0 )  a nd 1 2  m i l e s 
we s t  o f  Lake  C h a r l e s  ( popul a t ion abo ut 8 5 , 0 00) . The 
s it e  is o n e  m i l e  nor th of U . S .  H ighway 9 0  and the S o u thern 
P ac i f ic Ra i l road . Inte r s ta t e  H ig hway I-10 pa s s e s  2 . 5  m i l e s  
south o f  the dome ( S e e  F igur e 1 . 3 ) . 
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A paved pa r i sh r o ad p r ov id e s  a c c e s s  to the s i te f r om 
the c i ty o f  S u lph u r . Ac c e s s  to mo s t  po r t io n s  of  th e 
dome i s  p r o v ided by a ne two r k  o f  g r av e l  r o a d s  s e r v i c i ng 
the pa s t  and p r e s e n t  ope r a t i o n s  a t  the s i te . Th e sur face 
a re a  above the sa l t  dome i s  mo s t l y  c le a r ed l and , wi th 
e l ev a t ions  r a ng i ng f r om 1 2  to 1 8  fee t above sea l e ve l ; 
the lowe s t  po r t i o n  i s  ove r the center  o f  the dome whe r e  
s u l fur  ex t r ac t i o n  h a s  cau sed s u b s idence . Muc h o f  the 
a r ea ha s been a l te r ed to me e t  v a r i o u s  i nd u s tr i a l  ne ed s 
ove r the ye a r s .  Large  pond s w i th a to t a l  s u r face  a r e a  
o f  a r o und 2 5 2 ac r e s  have bee n  c o n s t r ucted a r o und t he 
dome pe r iphe r y  ( s ee F ig u r e  1 . 4 ) . 

A b r a nch spu r o f  the S o u the r n  Pa c i f i c Ra i l r oad pa s s e s  
w i th i n  3 , 0 0 0  f e e t  s o u t h  o f  the pr opo sed s i te . T h e  I n t r a­
c o a s t a l  Wa te r way i s  abo u t  1 4  m i l e s  south  o f  the dome . 
S h ip te r m i na l s a t  Lake  Ch a r l e s  a r e  c o nne c t ed v i a  the 
C a l c a s i e u  R i ve r S h ipp i ng C h annel  to the G u l f of Mex i c o , 
some 3 4  m i l e s  to the s o u th . T a nk e r s  u s ing the s h ipp i ng 
c hannel a r e  l im i ted to abo u t  5 0 , 0 0 0  de adwe i g h t  to n ( DWT ) . 

1 . 2 . 4  Deve l opme n t  C apac i ty 

The to t a l  devel oped s to r age capac i ty o f  the e x i s t i ng ava i l ­
ab l e  cave r n s i n  the S ulphur  M i ne s  dome i s  abo u t  2 4  m i l l i o n  
ba r r e l s ,  ( s ee Appe nd i x  H ) . T h e  cave r n s  a r e  cur r e n t l y  used 
fo r b r i n e  p r od uc t i o n , and A l l i ed h a s  comm i tme n t s  to P PG to 
s upply them w i th br i ne f e e d s t o c k  at the r a te o f  appr o x i ­
m a t e l y  2 , 5 0 0  g a l l o n s  pe r m i n u te ( gpm) . They a r e  deve l o p i ng 
an add i t i o n a l  s to r age capac i ty o f  two m i l l i o n  ba r r e l s  pe r 
year a t  the i r  p r e s en t br i n i ng r a te . A l l i ed h a s  ind i c a ted 
that they c o u l d  deve l op r ep l aceme n t  wel l s  or i n c r ease  the i r  
b r i ne pr oduc t io n  fr om S ta r k s  Dome to f ul f i l l  the i r  obl iga­
t i o n s . Two o the r c a ve r ns deve l oped by Al l i ed h ave be en 
c onve r ted to e thy lene s to r ag e  and a r e  und e r  l e a s e  to Conoco . 
PPG h as deve l oped a th i r d  e th y l e ne s t o r ag e  cave r n . 

The S u lphur M i ne s  dome ha s a l im i ted capac i ty for  leach ing 
new c a ve r n s . Al though the s u r f ace a r e a  is sma l l w i th r e s ­
pe c t  t o  othe r G u l f  Co a s t  d o m e s  ( 1 5 0  a c r e s  w i th i n  t h e  2 , 0 0 0  
f o o t  con to u r ) s u f f i c i e n t  a r e a  r e ma i n s  to cons t r uc t  5 ten 
m i l l i o n  bar r el cave r n s  a t  2 0  a c r e  spac i ng . Much of th i s  
ac r e ag e , howeve r ,  l i e s  beneath the a r ea whe r e  su l f ur m i n i ng 
ope r a t io n s  we r e  c o nd u c ted a nd pr o b l em s  c o u l d  be e nc o u n te r ed 
i n  comp l e t ing wel l s  thr o ugh th i s  m i ned z o ne . ( S e e the 
d i sc u s s io n  of d r i l l i ng p r oced u r e s  in Append i x  H . )  
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1 . 2 . 5  Gene r a l  Sy stem De s c r ipt i o n *  

T h e  p r opo sed f ac i l i ty p r e s e n t l y  pl a nned f o r  S ul ph u r  M i nes 
r eq u i r e s  the conve r s i o n  o f  3 e x i s t i ng cave r n s  f r om b r i ne 
p r od uc t ion t o  c r ud e  o i l  s to r ag e . C r ud e  o i l  f o r  f i l l i ng 
the cav i t i e s  wou l d  be s u ppl i ed by p i pe l i ne f r om the S un 
Te rm i na l  i n  N ed e r l a nd , Texas . A new 1 7  m i l e  spur  p ipe­
l i ne wou l d  be r eq u i r ed to con nec t the s i te to the Wes t  
H a c k be r r y  - S u n  Te rm i na l  E S R  ma i n  d i s t r i b u t i o n  p ip e l i ne .  

One g r ade of  c r ud e  o i l  wo u l d  be i n j e c ted i nto the  g a l le r y 
con s i s t i ng o f  c ave r n s  2 - 4 - 5 , a nd cave r n s  6 a nd 7 ( se e  F ig u r e  
1 . 5 ) , b y  pumps l o c a t ed a t  a c e nt r a l  p ump b u i l d i ng o n  the 
s to r ag e  s i te . The ex i s t ing b r i ne i n  the s a l t  cave r n s  wou l d  
b e  d i sp l aced a nd d i sposed o f .  I f  an ag r eeme nt c a n  be 
r e ached , it is po s s i b l e  t h a t  a po r t i o n  o f  the br i ne m i g h t  
b e  m a r k e ted a s  feed s t o c k  to P PG a nd o t h e r  c h em i c a l  i nd u s t r i es . 
Howeve r ,  to date , n o  s u c h  w i l l i ng ne s s  h a s  been exp r e s sed by 
th e s e comp a n i e s . The r e f o re , f o r  p u r po s e s  o f  ana l y s i s  i t  h a s  
been as s umed t h a t  a l l o f  th e b r i ne w i l l  b e  i n j e c ted . The 
p r e s e nt p l a n  f o r  b r i ne d i spo s a l  i s  to dri l l  4 deep s u b s u r face 
i n j e c t i o n  we l l s s o u t hwe s t  o f  the dome and t o  p ump the wa s te 
b r i ne i nt o  deep s a l i n e  aqu i f e r s .  

To w i th d r aw the s to r e d  o i l , d i sp l aceme nt wate r f r om e i the r 
t h e  on s i te 1 6 2-ac r e  r e s e rvo i r  ( se e  F ig u r e  1 . 5 ) o r  t h e  ne a r by 
Sab i ne R i ve r D ive r s i o n  C an a l * *  wo u l d  be i n j e c ted i nt o  
t h e  l owe r po r t i o n  of  t h e  s to r age cav i ty a t  s u f f i c i en t  
p r e s su r e  t o  p u s h  t h e  c r ude o i l  o u t  of  the cav i t ie s  a nd t h e n  
t r a n s f e r  p ump s wo u l d  de l iv e r  i t  t h r ough th e p ipe l i n e  to the  
d i s t r i b u t ion te r m i na l . The o i l  wo u l d  be d i s t r i bu ted by 
tank e r s  a nd i n la nd p ipe l i n e s , i n c l ud i ng the Texoma p ip e l i n e  
wh i ch o r i g i na t e s  at S un Te rmi na l , t o  lo c a l  a n d  r eg i o n a l  
r e f i ne r i es 

1 . 3  S I TE D EVELOPMENT AND CONSTRUCTI ON 

1 . 3 . 1  Phys i c a l  F ac i l i t i e s  

The 3 cave r ns p r oposed t o  be conv e r t ed f o r  S P R  s to r ag e  a r e  
l o c a ted on t h e  we s te r n  and so uthe r n  edg e s  o f  the l a r g e  
s ub s i de d  a r e a  ove r t he c e n t e r  o f  t h e  dome ( see F ig u r e  1 . 5 ) . 
The s u b s i d e d  a r e a ,  c a u sed by pa s t  s u l fu r  e x t r a c t i o n  f r om the  

* De r ived f r om p r e l i m i n a r y  e ng i nee r i ng d e s ign s . De t a i l s  may 
c h ang e as  d e s i g n s  a r e  f i n a l i zed , so  the max imum f ac i l i ty 
r e q u i r e me n t s  a r e  a s sumed . 
* * The S ab i n e  Rive r D i ve r s ion C ana l was p r e v i o u s ly c a l led the  
Ho u s to n  R i v e r C an a l  a nd is  some t ime s r e f e r red t o  a s  th e 
I nd u st r i al Wate r C a na l . 
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dome ' s  capr oc k ,  i s  abo u t  4 0  ac r e s  i n  ar ea a nd i s  c u r r e nt l y  
kep t d r a i ned o f  r a i n  w a t e r  by s ump pump s . A s  pr e s e n t l y  
pl anne d , c o n t a i nment d i ke s  wo u l d  b e  c o n s t r uc ted a r o und 
the s to r age we l l s so that any a c c idental  o i l  s p i l l  f r om 
the wel lheads  w o u l d  be d ive r ted i nto the  sub s ided a r ea 
wh i c h  w o u l d  a c t  a s  a r etent i o n  pond . 

C en t r a l  p ump i ng f ac i l i t i e s  wo u l d  be l o c a ted s o u t h  o f  the 
s t o r age we l l  a r e a , near the s i te e n t r ance r o ad , j u s t  no r th 
o f  t he br i ne p o nd l o c a t io n  ( see F ig u r e  1 . 5 ) . The i n j ec t i o n  
o f  c r ude o i l  r eq u i r e s  two 1 0 0 0  h p  c e n t r i fugal  p ump s , 
hand l i ng a t o t a l  o f  2 , 9 0 0  gpm . Ano ther  th r ee 1 , 5 0 0  h p  
t ur b i ne p ump s wo u l d  b e  u sed to i n j e c t  the d i spl aced b r i ne 
i n to s ub s u r face d i spo sal z o n e s  a t  the s ame 2 , 9 0 0  gpm 
r a te s . The i n j e c t io n  of r aw water d u r i ng c r ude o i l  w i th­
d r awal ope r a t io n s  w i l l  be accomp l i shed by u s ing the p ump s 
al so u sed f o r  br i ne d i spo sal . O i l  d e l i v e r y  to the  d i s t r i b u t i o n  
t e r m inal  a t  a r a te o f  1 6 8 , 0 0 0  bar r e l s/d ay ( 4 , 9 0 0  gpm ) would 
be ac compl i shed by the s ame 1 0 0 0  h p  c r ude i n j ec t io n  pump s . 

A 1 0 0 , 0 0 0  ba r r e l  s u r g e  p i t  ( 4 0 0  f e e t  by 4 0 0  fee t )  would  be 
l oc a ted ad j ace n t  to the so u th s ide o f  the ce n t r a l p ump i ng 
p l a n t . I t  w o u l d  be u sed a s  a br ine  h o l d i ng po nd f o r  the 
d i splaced b r i ne d u r i ng o i l  f i l l  ope r a t i o n s , a nd f o r  a r aw 
water s u r g e  pond d u r i ng o i l  w i thd r awal ope r a t i on s . The po nd 
wo u l d  pr o v i d e  tempo r a r y  b r i ne s to r age in eve n t  of a tempo r a r y  
b r i ne i n j e c t io n  sy s t em b r e akdown , a nd wo u l d  pe r m i t  any in­
so l u b l e s  wh i c h  could damage p ump s or  c log the d i spo s a l  
we l l s t o  s e t t l e  o u t . A f l ow d i ag r am show i ng the  sys tem 
i n t e r faces  is g ive n i n  F ig u r e  1 . 6 .  

Bu i l d i ng s  and O the r S t r uc t u r e s  

Al l o i l  h a nd l i ng p ump s , b r i ne i n j ec t io n  pump s , a nd r aw wa te r 
i n j e c t io n  pump s , wo u l d  be hou sed i n  a n  ope n a i r  she l te r  
l o c a ted ad j ac e n t  t o  t h e  b r i ne hold i ng po nd ( se e  F ig u r e  1 . 5 ) . 
The m a i n  o f f i ce and w a r e h o u se bu i l d i ng wo u l d  be l o c a ted i n  an 
a r ea ne a r by . The o f f i c e/wa r eh o u se wou l d  co n ta i n  t he bu s i n e s s  
o f f ice , t he m a i ntenance and wa r eh o u s e  ar e a , t he c e n t r a l  
c o nt r ol r o om , l a bo r a to r y , the s upe r v i so r y  c o nt r o l  equ ipme n t , 
the commun i c a t i o ns equ i pmen t  and the comfo r t  and loc k e r  r oo m  
fac i l i t i e s  fo r the o n- d u ty wo r ke r s .  I n  ad d i t i o n , a mo to r 
co n t r o l  center  bu i l d i ng would  be con s t r uc ted to c o nt a i n  the 
mo to r c o n t r o l s  and sw i tc h  gear  for  the ma i n  equ ipme n t  a r e a  
pump s . 
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B r i ne D i spo s a l  

B r i ne wh i c h  wo u l d  b e  d i spl aced du r i ng c r ude o i l  f i l l  ope r a t io n s  
wo u l d  h ave a sal t concent r a t io n  o f  appr ox imate l y  2 6 5  ppt . 
I t  w o u l d  be i n j e c t ed i n to s ubs u r f ace sal i ne aqu i f e r s  o f f  the 
s o u t he a s t  f l a n k s  o f  the sal t d ome . The sal i n i ty o f  th e s e  
aqu i fe r s  has b e e n  e s timated to r ange f r om 3 5  to 4 4  ppt . T h e  
sal t conc entra t io n  at wh i c h  sa l t  wo uld p r e c i p i t a te o u t  of  
s o lu t io n  ( c a l l ed the satu r a t i o n  l im i t )  h a s  been e s t i m a ted at 
320 ppt fo r the se aqu i fe r s . The r e fo r e, the i n j e c t io n  
aqui f e r s  c u r r en t l y  r ange f r om be i ng 1 1  t o  1 9  p e r c e n t  s a t u r ated . 
At th e requ i red o i l  i n j e c t io n  r a te s, a n  ave r age o f  2, 900 gpm 
o f  b r i ne wo u l d  be p r od uced over  the 2 40 d ay f i l l  pe r i od . 
Fo r p u r po s es o f  impac t a s s e s sme n t, i t  i s  a s s umed t h a t  th i s  
e n t i r e  amo un t wo uld be i n j e c t ed . 

The d i spo s a l  s y s t em wh i c h  i s  pr e s e n t l y  pl anned would r equ i r e  
four  br i ne i n j e c t io n  wel l s . Each  we l l  wo u l d  accept an 
ave r age o f  7 3 0 g pm a nd a max imum d i spo s a l  vo l ume of  1000 
gpm . The four  d i spo s a l  wel l s, wh ich  wo u l d  be spaced a t  1000 
foot i n te r va l s, w i l l be l o c a ted sou th-we s t  o f  the s i te a l o ng 
U. S .  H i g hway 9 0 .  

Th e 1 2 - i nc h  b r i ne d i s po s a l  p ipe l i ne wo u l d  r un i n  a sou th­
west d i r ec t io n  f r om the s to r age s i te to the d i spo s a l  we l l s . 
I t s  r o u te wo u l d  pa r a l le l  the r o u te o f  the o i l  d i s t r i b u t i o n  
p i pe l i ne un t i l  r each ing t h e  ea s te r n  bound a r y  o f  t h e  d i spo s a l  
f i e l d  w i th b o t h  pipe l i ne s  sha r i ng a commo n r i g h t-of-way . A t  
tha t po i nt the o i l  l i ne wo uld c o n t i n u e  i n  a sou th-we s t  
d i r ec t i o n  a nd t h e  br i n e  p i pe l i ne wo uld br anch s o u th fo r 7 00 
feet to conne c t  w i th the b r i ne d i spo s a l  a r ea . 

The j o i n t  b r i ne d i spo s a l -o i l  d i s t r i b u t i o n  p i pe l i ne r o u te 
wo uld r eq u i r e c l e a r i ng o f  a 7 5  f o o t  w i d e  r i g h t-o f-way d u r i ng 
co ns tr uc t i o n  and the ma i n tenance of  a 5 0  f o o t  w i d e  pe r manent 
r ig h t-of-�ay . 

Mo s t  of  the l a nd wh i c h  wo u l d  be r eq u i r ed f o r  b r i ne d i spo s a l  
sy s tem i s  wo oded . Appr ox i m a te l y  2 6 . 4  a c r e s  wo u l d  be 
c l e a r ed fo r c o n s t r uc t i on of the br i ne d i spo s a l  p ipe l i ne, f o r  
i n j e c t i o n  wel l pad s and f o r  acce s s  r o a d s  i n to the  b r i ne 
i n j e c t i o n  a r ea . Twenty ac r e s  wo u l d  r ema i n  pe rmanen t l y  
c l ear ed fo r i n s pe c t i o n  and ma i ntenance of  the b r i ne d i spo s a l  
s y s tem . Land r eq u i reme n t s  for  o i l  a n d  b r i ne p ipe l i ne r o u t e s  
ar e l i s ted i n  T a b l e  1 . 1 .  
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Tabl e 1 . 1  L and Requ i r eme n t s  for  P ipel i n e  Ro u te s  

E X IS T . ROADS 

DRY LAND 

CULT I VATED 

WOODE D  

MARS H 

SPO I L  BANKS 

INLAND WATER 

TOTAL 

M p c 
M p c 
M p c 
M p c 
M p c 
M p c 
M p c 
M 
p c 

M - d istan ce i n  m i l e s  

BRI NE D I S POSAL 
PROPOS ED 

0 . 1  
0 . 6  
0 . 9  

0 . 1  
0 . 6  
0 . 9  

2 . 0  
1 2 . 1  
1 8 . 2  

2 . 2  m i l e s  
1 3 . 2  a c r e s  
1 9 . 8  a c r e s  

O I L  
D I S TRI BUT I ON *  

0 . 1  
0 . 6  
0 . 9  

7 . 4  
4 4 . 4  
6 6 . 6  

4 . 3 
2 5 . 8  
3 8 . 7  

2 . 3  
1 3 . 8  
2 0 . 7  

0 . 4  
2 . 4  
3 . 6  

0 . 1  
0 . 6  
0 . 9  

0 . 2  
1 .  2 
1 .  8 

1 4 . 6  m i l e s  
8 8 . 8  a c r e s  

1 3 3 . 2  a c r e s  

P - a r e a  requ i r ed f o r  p e r manent r i g h t-of-way i n  ac r e s  
C - a r e a  r e q u i r ed f o r  con s t r uc t i o n  r i g h t-of-way i n  ac r e s  
* - the t o t a l  l e n g th o f  the o i l  d i s t r i b u t io n  p ipel i ne wo uld 

be  17  m i l e s . Howeve r , the i n i t i a l  2 . 2  m i l e s  of  the 
o i l  d i s t r i b u t i o n  p ipel i ne wo u l d  u t i l i z e the same 
r ig h t-of-way wh i c h  wo u l d  be u sed f o r  the br i ne d i s­
po s al p ipe l i ne . The r efo r e , the ac r e age r e q u i r eme n t s  
fo r t h e  r i gh t-o f -way fo r th i s  i n i t i a l  s egme nt have 
not be en i n c l uded h e r e . 
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D i spl aceme n t  Wate r S uppl y  

T h e  p r opo s ed s ou r ce f o r  r aw wa t e r  suppl i e s  f o r  t h e  S u lphu r  
M i ne s  f ac i l i ty i s  the o n s i te r e s e r vo i r  a t  t h e  we s te r n  
edge o f  the sal t dome . T o  r epl e n i s h  the r e se r vo i r  du r i ng 
and a f t e r  each  d i splacemen t  c yc le , the s i te would a l so be 
c onne c t ed by a 20 i nc h  p i pe l i ne to the S ab i ne R i ve r D i ve r s ion 
C a n a l  one m i l e nor t h  of  the on s i te r e s e r vo i r . The canal  w i l l  
be a sec t io n  o f  the S ab i ne R i ve r  D i v e r s i o n  P r o j ec t  t o  b r i ng 
f r es h  w a t e r  t o  La ke C h a r l e s  a r ea i nd u s tr i e s . Wa te r to 
repl e n i sh the r e se r vo i r  would be ava i l ab l e  f r om the canal on 
a con t r ac t  b a s i s . Appr ox imately 7 , 3 5 0  ba r r e l s  pe r hour  
( 5 , 1 4 5  gpm ) o f  d i spl a c emen t  wa te r is  requ i r ed for  c r ud e  o i l  

w i thd r awal ope r a t i on s . Due t o  the i nc r e ased cave r n  s i z e 
r e s u l t i ng f r om the d i s s o l u t io n  o f  s a l t by the f r e s h  wa te r 
pumped i nto the c av i ty and the r e l a t i ve c ompr e s s i b i l i ty o f  
water , t h e  r aw wa te r in j ec t io n  r a te i s  abo u t  5 p e r c e n t  
g r ea te r  than t h e  r a te o f  o i l  d i sp l aceme n t  ( 7 , 0 0 0  ba r r e l s  pe r 
h o ur ) . 

The p r e s e n t  c apac i ty o f  the o n s i te r e s e r vo i r , wh i c h  was 
c r e a ted d u r i ng s u l f u r  m i n i ng ope r a t i on s , i s  2 0  m i l l i o n  
ba r re l s . I n  o r d e r  to c r e ate a r e s e rvo i r  nea r ly s u f f i ­
c i en t  t o  s upp l y  to 2 5 . 2  m i l l i o n  ba r r e l s  o f  wa te r fo r one 
comp l e te oil w i thd r awa l cyc l e , t he e x i s t i ng r e s e r vo i r  
wo u l d  be d r edged o u t  to a 2 5  m i l l i o n  ba r r el c apac i ty .  

Abo u t  one m i l l i o n  c ub i c  ya r d s  o f  bo t tom wo u l d  be d r edged 
f r om the  so u t he r n  po r t ion o f  the l a k e . C o nve n t i o n a l  c l am­
buc ke t d r ed g i ng would be the me thod u s ed , and the spo i l  
wo u l d  b e  depo s i ted o n  Al l i ed p r ope r ty i n  the nor t hwe s t  
co r ne r  o f  the o n s i te r e s e r vo i r  ( see F i g u r e  1 . 5 ) . Spo i l  
wo u l d  be c o n t a i ned be twe en a n  ex i s t i ng d i ke s u r r o und i ng t he 
re s e r vo i r  and a second d i ke wh i c h  wo u l d  be c o n s t r uc ted a s  a 
back up in  s uc h  a way tha t r unof f f r om the d i spo s a l  a r ea 
wo uld be d i ve r ted bac k  to t he r e s e r vo i r . As s um i ng a 1 0  f o o t  
depth , t he spo i l  a r ea would c o ve r appr o x imate l y  6 0  a c r e s . 

C r ud e  O i l  D i s t r i b u t i on 

T h e  p r opo sed f a c i l i ty i s  d e s i g ned so tha t the o i l  may be 
w i thd r awn in 1 5 0  days o r  l e s s . For a pl anned s t o r age capa­
c i ty of 2 4  m i l l i o n  ba r r e l s ,  a de l i v e r y  r a te o f  1 6 8 , 0 0 0  
ba r re l s  pe r day ( 4 , 9 0 0  g pm )  i s  pl anned . Th i s  wo uld a l l ow 
a 5 pe r ce n t  s l a c k  in  w i thd r awal t ime to c omp e n s a te f o r  
sho r t  ope r a t i ona l d e l ays . 
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The pr opo s ed met hod o f  c r ud e  o i l  s upply a nd d i s t r i bu t ion 
f o r  the S ul ph u r  M i nes s i te is  to co n s t r uc t  a new 20 i nc h  
s p u r  p ipe l i ne be twe en t h e  S ulph u r  M i ne s  s i tes and the  Wes t 
H a c k be r r y- S un Te r m i n a l  p i pe l i n e . The spur p ipe l i ne wou l d  be 
1 7  m i l e s  long  a nd r un i n  a s o uth-sou th. we s te r l y  d i r e c t ion 
f r om the Sulphur s to rage s i t e  ( s e e  F ig u r e  1 . 7 ) . 

The ec o l o g i c  s e t t ing o f  the o i l  d i s t r i b u t ion p i pe l i ne 
r ou t e  i s  d e s c r i bed i n  Sec t io n  2 . 4 . 1 . 2 .  Table  1 . 1  s umma r i z e s  
a c r eage req u i r eme nts  fo r the  va r i o u s  l a nd types wh i c h  would  
be a f fe c t ed by  p i pe l i n e  c on s tr u c t i o n . Maj o r  road a nd 
wa te r way c r os s ings wh i c h  the o i l  d i s tr i b u t ion r ou te w i l l 
ma k e  i nc l ud e : So u t h e r n  Pac i f i c  Ra i l way , U . S . Ro u tes 9 0  a nd 
1 0 , Choupique Bayo u , W i n g  G u l l y , S p r i ng G u l l y  a nd the  G u l f 
I n t r a c o a s t a l  Wat e rway . 

The S ul ph u r  M i nes sp u r  o i l  d i s t r i b u t ion p ipe l i ne wo u l d  
i n t e r s e c t  t h e  We s t  Hac k be r r y- S un Te r m i n a l  o i l  d i s tr i b u t ion 
p ipel i ne near Go o s e  L a k e  on t he south s i d e  o f  the G u l f 
I n t r a c oa s t a l  Wa te r way . The p i pe l i n e  r o u te supp l ement to t h e  
Wes t Hac k be r ry F i n a l  Env i r onme ntal  Impa c t  S tateme nt ( FE S  
7 6/ 7 7- 4 )  d e s c r ibes  the Wes t Hac k be r ry o i l  d i s tr i b u t i o n  
p i pe l i ne r o u te and the S un Te rmi nal  fac i l i t ie s . T h e  d i s tance 
f r om the i n t e r s e c t ion to t he t e r m i n a l  is  3 4 . 4  m i l e s  and the  
l e ng th o f  the  new con nec t io n  wo u l d  be  17  m i l e s , for a total  
d i s tance of  5 1 . 4  m i l e s  between S ulph u r  M i nes and the Sun 
D i s t r i b u t i o n  Te rm i na l . 

1 . 3 . 2  Land Requ i r emen t s  

A l l i ed Chem i c a l  C o r p o r a t ion own s in  f e e  a l l  o f  the appr o x i ­
m a t e l y  1 5 0  a c r e s  o v e r  t h e  S ul p h u r  M i ne s  sal t dome , p l us 
mo s t  o f  the s u r r ou nd i ng a r e a  t o t a l i ng �oug h l y  4 , 0 0 0  a c r e s . 
DOE wo u l d  acq u i r e  a s impl e f e e  t r a c t  o f  app r o x ima t e l y  
6 4 0  ac r e s  wh i c h  wo u l d  i nc l ud e  the r e s e r vo i r  and t h e  br i ne 
d i sposal  f i e l d  ( s e e  F ig u r e  1 . 8 ) . The S PR fac i l i t ie s  wo u l d  
a f fe c t  v a r i o u s  po r t ions  a r o und t he dome v i c i n i ty ( s e e  F i g u r e  
1 . 5 ) . T h e  wel l s  t o  be conve r ted f o r  s to r ag e  a r e  l o c a t ed o n  
the s o uthwe s t  bo r d e r  o f  th e 4 0  ac r e  s u b s ided a re a  ove r the 
c e n t e r  o f  the dome . The s u b s ided a r e a  wo u l d  s e r v e  as a 
c r ud e  o i l  sp i l l  co n t a i nment ar e a  fo r the s to r ag e  wel l s . 
Th e a r ea to be developed a r ound the  wel l s , i nc l ud i ng the 
s u b s ided a r e a , encompas ses abo u t  5 5  a c r e s . The c e nt r a l  
pump i n g  fac i l i t i e s  a nd br i n e  pond , r eq u i r i ng a 6 ac r e  pl o t , 
a r e  l o c a ted s e ve r a l  h und r ed feet s o u t h  o f  the s to r ag e  a r e a .  
O f f i c e s  and wa r e h o u s i ng fac i l i t i e s wo u l d  r eq u i r e  8 a c r e s . 
The ex i s t i ng 1 6 2  a c r e  wa t e r  r e s e r vo i r  s u r r o und i ng the 
wes te r n  s id e  o f  the d ome wo u l d  be u sed for a raw wate r 
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s upp ly d ur i ng o i l  w i t hd r awal . Abou t  6 0  a c r e s  ne a r  the 
r e s e r vo i r  wo u l d  be r eq u i red for d i spo s a l  o f  d r edge spo i l  
f r om deepe n i ng t he l a k e . A p ump s tat i o n  o n  the ea s t e r n  
edge o f  the r es e r vo i r  wo uld r eq u i r e  2 a c r e s . T he p i pe l i ne 
conne c t i ng t he r e se r vo i r  to t he S ab i ne R i ve r D i ve r s io n  Canal  
wo u l d  be 0 . 9 5 m i l e s  l o ng and wo u l d  u t i l i z e  a 5 0 - f o o t  r ig h t-o f­
way . Ac r e ag e  r eq u i reme n t s  wou l d  be 5 . 8 .  

The max i mum d e s ign f o r  t he br i ne d i spo s a l  sys tem r eq u i r es 
appr o x imat e l y  1 1 , 7 0 0  feet o f  p i pe l i ne conne c t i o n s  be tween 
the i nd i v id u a l  d i spo s a l  we l l s . The p i pe l i ne would u t i l i z e 
a 5 0  f o o t  pe rmanent r ig h t-o f-way , t h u s  r e q u i r i ng a n  a r ea 
of  app r ox ima t e l y  1 4  ac r e s . 

The d i s t r i b u t i o n  sys tem wo u l d  r eq u i r e  add i t i o na l p r ope r t i e s . 
The 1 7  m i l e  d i s t r i b u t i o n  p i pe l i ne to the We s t  H a c k be r r y 
d i s tr i b u t i o n  p ipe l i ne on the I n t r ac o a s t a l  Wa t e rway wou l d  
u t i l i z e a 5 0  f o o t  pe rmanent r ig h t-of-way , t h u s  r eq u i r i ng 
1 0 3  ac r e s . 

I n  to t a l , appr o x imate l y  8 1 3  a c r e s  a r e  needed f o r  the 
p r o j ect  as p l a nned . 

1 . 3 . 3  Road C on s tr uc t i on and Other  G r ad i ng 

The r e  a r e ex i s t i ng r oad s to t he v a r i o u s  s to r age wel l s . 
Abou t 0 . 2 5 m i l e s  o f  new r oads  would be con s t r u c t ed t o  p r o­
v ide ac c e s s  fo r d r i l l i ng a nd s e r v i c i ng t he b r i ne d i spos a l  
wel l s . These r oadways wo u l d  r equi r e  a 4 0  to 5 0  f o o t  r i gh t­
o f-way t h r o ug h  pr i ma r i l y  m i xed p i ne f o r e s t  i n  wh i c h  the 
d i spo s a l  s y s t em wo u l d  be l o c a ted . I n  add i t i o n , e ac h  d i s­
po sal  we l l  s i t e  wou l d  r eq u i r e  c l ea r i ng a n  a r ea appr o x i ma t e l y  
2 0 0  f e e t  b y  2 0 0  feet f o r  the c o ns t r uc t i o n  a n d  ma i ntenance 
of t he wel l s . Abou t 2 5 0 0  square  f e e t  of t h i s  a r ea wou l d  be 
used a s  a d r i l l i ng-mud p i t  d u r i ng d r i l l i ng o pe r a t io n s , b u t  
would  b e  r e s to red a f t e r  t h e  wel l s  a r e c ompl e ted . T h e  a r e a  
i s  m a i n l y  f i rm d r y  l a nd a nd woul d  o n l y  r eq u i r e  c l ea r i ng , 
g r ad i ng , a nd g r ave l i ng f o r  t he r oad bed . A total  of  8 . 8  
ac r e s  w o u l d  be d i s tu r bed f o r  c o n s t r uc t io n  o f  r oads  and we l l  
p l ot s .  

A l ev e e  sy stem i s  p l a nned to e nc l o s e  the s to r ag e  we l l  a r ea 
and t o  d i ve r t  r un o f f  i n to the ad j ac e n t  subs i ded a r ea . 
Th i s  i s  a p r ec a u t i o n  ag a i n s t  o i l  sp i l l s  f r om a r up tu r ed 
we l l head wh i c h  may c o n t am i nate the l o c a l  env i r onme n t . 
The d i k e s  w o u l d  be app r o x ima te l y  f o u r  to f i ve feet i n  
he i g h t . D i k e  enc l o s u r e s  a r e  a s tanda r d  e ng i nee r i ng p r ac ­
t i c e  f o r  comp l i ance w i th the S p i l l  P r event i o n  C o n t r o l  
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and C o u n te r me a s u r e  P l a n  ( S PC C )  . C o ns t r uc t io n  o f  the 
c on t a i nment d i k e s  a t  both l o c a t i o n s  wou l d  r equ i r e 
mov i ng a n  e s t ima ted 1 1 , 0 0 0  c u b i c  yard s o f  e a r t h . 

1 . 3 . 4 P i pe l ine C o n s t r uc t io n  Tech n i qu e s  

T h e  o f f s i te p i pe l i ne s  wo u l d  b e  c on s t r uc t ed b y  t h e  con­
ve n t ional  dry l and method , s i nce the ma j o r i ty of the l and 
i s  d r y  and c apa ble of s uppo r t i ng h e avy c on s t r u c t i o n  equ i p­
me n t . A pe rmanent r i g h t-o f -way wid t h  o f  appr o x i ma te l y  5 0  
f e e t  would  be c l e a r ed w i th an add i t i on a l  2 5 - f o o t  r i g h t-o f -way 
fo r the c o n s t r uc t i o n  pe r iod . Th i s  add i t i onal  cons t r uc t i o n  
r i gh t-o f-way i s  nece s s a r y  f o r  mane uve r i ng equ ipme nt , a nd 
s ta c k i ng s uppl i e s  and con s t r uc t i o n  ma te r i al s .  E x cava t i o n  
e q u i pmen t d ig s  t h e  p i pe d i tc h e s . T h e  p i pe j o i n t s  a r e  the n 
s t r ung a l o ng t he d i tc h e s  and wel ded tog e the r , a nd t he p i pe 
i s  l ow e r ed i n to the d i tc h  wh i c h  i s  bac k f i l led t o  the p r ope r  
depth i n  a c c o r dance w i th 4 9  C FR P a r t  1 9 5 . 

The r o ute l i e s mo s t l y  o n  d r y  g r ound ; howeve� , c o nc r e te 
w e i g h t s  o r  c o a t ing wo u l d  be u sed i n  l ow a r e as o r  whe r e  the 
wa te r table is h i g h . F u s i o n  bonded epo xy c oa t i ng a nd i m­
p r e s sed c u r r e n t  ca thod i c  p r o tec t i on would be app l i ed ove r 
the e n t i r e  l e n g t h  o f  the l i ne .  

1 . 3 . 5  Deve l opme n t  T ime tab l e  

Acco rd i ng t o  p r e se n t  p l a n s , the p r oposed S u l ph u r  M i ne s  
fac i l i ty wo u l d  beg i n  the c av i ty f i l l i ng o pe r at i o n s  1 6  mo n t h s  
i n to t h e  devel opme n t  p r og r am ( se e  F i g ur e  1 . 9 ) . The fac i l i ty 
i s  d e s i gned s o  th a t  the c av i t i e s  c o u l d  be f i l led i n  9 
month s . The m a i n  p hys i c a l  p l a n t  c on s t r u c t i o n , i nc l ud i ng 
c av i ty c on ve r s io n ,  d r i l l i ng o f  r e - e n t r y  a nd b r i ne d i sp o s a l  
we l l s , a nd i ns ta l l a t io n  o f  pumps a nd p i p i ng , wo u l d  o c c u r  
o v e r  an e l e ve n-mo nth pe r i od . 
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1 . 4 OPERAT I ON AND MA I NT ENANCE 

1 . 4 . 1  Ope r a t i ng P r ocedu r e s  

1 . 4 . 1 . 1  S t o r age Phase  

The p r opo sed f ac i l i ty at  S u l phu r M i nes could  h ave 24  m i l l i on 
ba r r e l s  o f  o i l  i n  s to r age by the e nd o f  the 2 1 s t  mo n t h  o f  
the p r o j e c t  ( s ee F i g u r e  1 . 9 ) . I n  the eve n t  tha t the o i l  
mu s t  be d r awn wh i l e  the fac i l i ty i s  und e r  c o n s tr uc t io n , t he 
sys tem woul d  be equ i pped w i th o i l  r e tu r n byp a s s  v a l ve s  wh i c h  
a l low i nt e r m i ttent  r ecove r y  o f  s to r e d  o i l . Howeve r ,  i t  
i s  e xpe c t ed t h a t  th e r e  wou l d  be an i n te r im pe r iod f r om t he 
t ime o f  fac i l i ty c ompl e t i o n  u n t i l  a need a r i se s  f o r  eme r g e ncy 
d i s t r i b u t i o n  o f  the s to re d  o i l . D u r i ng t h i s  i n te r im pe r i od ,  
the o nl y  a c t i v i t i e s  a t  the  s i te wou l d  be sec u r i ty and 
ma i n ten anc e ac t iv i t ie s .  

S e c u r i ty mea s u r e s : S e c u r i ty me a s u r e s  pl a nned f o r  the 
f ac i l i ty a r e  s t a nd a r d  for pe t r o l e um s to r ag e  fac i l i t i e s . 
The m a i n  s t o r ag e  s i te wou l d  be f e nced a nd p r ope r l y  l ig h ted . 
A l l e l ec t r i c a l  e q u i pmen t  would be hou sed i n  a s ec u r i ty 
bu i l d i ng . A l l p i pe l i ne s  wo u l d  be mon i to re d  wi th p r e s s u r e  
swi tc hes a t  ea c h  e n d  o f  the l i ne f o r  e a r l y  de tec t i o n  o f  
l e a k s . T h e  fac i l i ty wo u l d  ma i n t a i n  s t an d a r d  f i r e  p r eve n t i o n  
sys tems and wa r n i ng dev i ce s . 

Equ ipmen t  te s t i ng a nd ma i n tenanc e : Dur i ng the s to r age 
pe r iod ,  a l l  equipme n t  wou l d  be s e r v i c ed and tes ted on a 
reg u l a r  ba s i s  to e n s u r e  pr ope r wo r k i ng o rd e r . P umps , p r e s ­
s u r e  val ve s , a n d  s a f e ty e q u i pme n t  w o u l d  b e  l ub r i c a ted a nd 
o pe r a ted a t  l e a s t  once  a mo nth . Ma intenance c r ews wo u l d  
b e  o n  d u ty o n  a 2 4 -h o u r  bas i s . 

1 . 4 . 1 . 2  E x t r ac t io n  Phase 

T h e  S PR P r og r am plans fo r an eme r g e nc y  d e l ive r y  of  s t o red 
o i l  ove r a 5 -mo n t h  pe r i od .  The plan wo u l d  r eq u i r e  de l ive r y  
r a tes f o r  the 2 4  m i l l i o n  ba r r el f ac i l i ty o f  1 6 8 , 0 0 0  ba r r e l s 
pe r day o r  an ave r age o f  7 0 0 0  b a r r e l s  pe r h o u r . 

Rec ov e r y  p r o c e s s : C r ude o i l  s t o r e d  i n  each  s a l t c av i ty 
wo uld be r ec ove r ed by pump i ng r aw wa te r i n to the bot tom o f  
the c av i ty ,  t h u s  d i sp l a c i ng the o i l  t h r o ug h  the concen t r i c  
tu b i ng a t  t h e  t o p  o f  t h e  c av i ty .  T h e  o i l  wo u l d  l e ave each 
we l l head and t r a n s f e r  pumps wou l d  boo s t  it  to a p r e s s u r e  
c apab l e  o f  t r an spo r t i ng t he o i l  v i a  p i pe l i ne t o  the d i s t r i ­
bu t i o n  f ac i l i ty .  
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D i s tr i b u t i on :  A 1 7  m i l e spur l i ne w o u l d  t i e  i n to the We s t  
H a c k be r r y d i s t r i b u t i o n  l i ne t o  the S un T e r m i nal  i n  Nede r l a nd , 
Texa s , a to t a l  o f  5 1 . 4  m i l e s  away . F r om the te r m i na l , the 
o i l  wo uld be t r anspo r ted i n l and by the  Te xoma p i pe l i ne and 
to the E a s t  Co a s t  and C a r i bbe an ma r k e t s  by tan k e r s . 

1 . 4 . 1 . 3  Ref i l l  Phase 

Af te r an o i l  s upp l y  c r i s i s  has ended and p r ov i ded t ha t  
s upp l i es a r e  s t ab i l i z ed a nd new i mpo r t s  a r e  s u f f i c i e n t  fo r 
add i t i o n a l  s to r ag e  r e s e r ve s , r e f i l l  o f  the s to rage fac i l i ty 
i s  p l a nned . Th e r a te o f  f i l l  wo u l d  depe nd o n  the ava i l ab i l i ty 
o f  s u rp l u s  impo r t s .  

Re f i l l  pr o c e s s �  The r e f i l l  p r oce s s  i s  the r eve r se o f  the 
r e cove r y  p r o c e s s . The c r ude o i l  wo u l d  be i n j e c ted i n to the 
top of the s to r ag e  c av i ty ,  thu s d i sp l ac i ng the  b r i ne wh i c h  
wo u l d .  g o  t o  t he d i spo s a l  we l l s . T h e  br i ne d i spo s a l  systems 
and cav i ty i n j e c t i o n  sys tem a r e  s i zed to h and l e  a r e f i l l  
r a te equal to the i n i t ia l  f i l l  r a te , i . e . , 1 0 0  tho u sand 
ba r r e l s  pe r day ( 2 , 9 0 0  gpm) ove r a 2 4 0  d ay pe r i od .  

Re f i l l  c apac i ty :  A l though the cave r n  c apac i ty e n l a r g e s  
d u r i ng e a c h  cyc l e , o nl y  the  o r i g i na l  amo u n t  o f  o i l  des ig­
n a ted for each c av i ty wo u l d  be r ep l aced in a s ubseque n t  
r e f i l l .  The f a c t  tha t a smal l e r  pe r c e n tage o f  f r es h  d i s­
p l a ceme n t  w a t e r  wo u l d  be i n t r od uc ed i nto t he cave r n  d u r i ng 
s u c c e s s ive d i spl aceme n t  c ycl e s  r ed uc e s  the co n t i n ued 
leach ing p r o c e s s  f r om abo u t  1 0 1  pe r c e n t  e n l a r geme n t  to 
abo u t  7 5  pe r c e n t  ove r f i ve wi thd r awal cyc l e s . F u r the r mo r e ,  
due to c a s i ng l im i ta t io n s , to t al u sage o f  the e n l a r g ed 
capac i ty wo u l d  n o t  a l low a s  r ap i d  to t al d i spl a c eme n t  d u r i ng 
subsequent w i t hd r awal s .  

1 . 4 . 2  S a f e ty P r o c ed u r e s  

T h e  f o l l ow i ng i s  a l i s t  o f  no rmal s a f e t y  a nd e ng i nee r i ng 
pr ac t i c e s  fo r o i l s t o r age and o i l  h and l i ng f ac i l i t i e s  wh i c h  
w i l l b e  fo l lowed a t  the S u lphur  M i ne s  s to r ag e  s i te . 

1 . 4 . 2 . 1  P r o tec t ive Co n t r o l  Dev i c e s  

Al l s to r ag e  cav i ty we l l he ad s  wo u l d  b e  equ i pped w i th ( 1 )  
hyd r oca r bo n  de tec t i o n  dev i c e s  to p r o tec t aga i n s t  over f i l l ,  
( 2 )  pne uma t i c  g a t e  valves  o n  c r ud e  and br i ne wel l h e ad 

ope n i ng s  w i th h i g h- l ow p r e s s u r e  sw i tc h e s  fo r r emo t e  c o n t r o l  
o f  s a f e ty v a l ve s , a nd ( 3 ) v a l ve l im i t  swi tc h e s , s ig n a l  
dev i c e s , a nd a l a rm s . 
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P ump co n t r o l  a nd p r o te c t i v e  d e v i c e s  w o u l d  be i n s t a l l ed o n  
a l l  ma j o r  p ump i n g  e q u ipm e n t  t o  mon i to r  c r i t i ca l  o p e r a t i n g  
v a r i abl e s  and t o  a u toma t i c al ly s h u t  down th e a f f ec te d  
e q u ipm en t  i n  the e v e n t  t ha t  a n  u n s a f e  ope r at i n g  c o nd i t i o n  
d e v e l op s . 

P ump s t a t i on eme r g e ncy s h u tdown s y s tems w o u l d  be i n s ta l l ed 
a t  a l l  s ta t i o n s  t o  a l l ow th e s h u tdown a nd i so l a t i on o f  the  
p um p i ng s ta t i o n  in  the  e v e n t  of  a n  eme r g e nc y . P ip e l i ne s  
w o u l d  have me t e r  b a s e s  and p r e s s u r e  sw i tc h e s  mon i to r ed a nd 
wo u l d  be v i s u a l l y  i n sp e c t e d  a s  a p r e c a u t io n  ag a i ns t  l ea k s .  
P r es su r e r e l i e f  v a l ve s  w o u l d  b e  i n s t a l l ed o n  p ip ing , equ ip­
m en t ,  and  p r e s s u r e  ve s s e l s  a s  needed to p r ev e n t  th e s e  
s y s tems f r om e x c e e d i ng s af e  l im i t s . 

1 . 4 . 2 . 2  F i r e P r o t e c t i o n  

P ump . s t a t i o n s  a n d  me te r s ta t i o n s  w o u l d  b e  p r ov i d e d  w i th 
p o r t ab l e  f i r e  e x t i n g u i sh e r s  to be s e l e c ted , i n s t al l ed , c l a s s i­
f ie d , a n d  r a ted i n  a cc o r da n c e  w i th app l i ca b l e  s ta nd a r d s  o f  
t h e  N a t i o n a l  F i r e P r o t ec t io n  A s s o c i a t i o n . T w o  f i r e  p ump s 
( one d ie se l  and o n e  e l e c t r i c )  w o u l d  be l o c a ted a t  the  i n ta k e  
s ta t i on o n  the wate r r e s e r vo i r . � u r f ac e  o i l  h o l d i ng t a n k s 
at the d i s t r i b u t i on t e r m i n a l  wo u l d  be e q u ipped w i th s ta nd a r d  
f oam f i r e  p re v e nt i o n  s y s t em s . 

A l l  b u r i ed p o r t i o n s  o f  the p ip e l i ne s  w o u l d  be e x t e r n a l l y  
c o a t ed w i th a f u s i o n  bon d e d  epo xy c o a t i ng a n d  p r o te c t ed b y  
imp r e s s ed e l e c t r i ca l  c u r r e n t s . S e a l ed c a s i n g s  a r e  r e qu i r e d  
a t  h ig hw ay o r  r a i lw ay c r os s ing s , w i th i n s u l a to r s a n d  space r s  
t o  e l e c t r i ca l l y  i so l a t e  the p ip e l i n e s  f rom the c a s i ng . 

1 . 4 . 2 . 3  P r o tec t i o n  f r om E x t e r n a l  D amage 

A l l  e l e c t r i ca l  equ ipmen t  a nd c on t r o l  s y s tems w o u l d  be h o u s ed 
i n  b u i l d i ng s  and e l e va t ed o n  f il l  whe r e  r eq u i r e d  f o r  p r ot e c ­
t io n  ag a i n s t  f lo o d i ng . 

P r ot ec t i o n  o f  th e p ip e l i ne s  f r om e x te rn a l  d amag e w o u l d  be 
p r o v ided by b u r y i ng them a nd by ma r k i ng t h e i r l o c a t i o n . 
Add i t i on a l  w e i g h t  a nd mech a n i c a l  p r o t e c t i o n  f o r  t ho s e  po r ­
t i o n s  o f  th e p ip e l i ne i n  a r e a s  o f  sw amp o r  ma r sh , a nd a t  
w ate rway c r o s s i ng s , wo u l d  b e  p ro v i de d  by t h e  e x t e r n a l  
c o a t ing o f  w i re-me s h  r e i n f o r ce d  c o nc r e t e . 
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1 . 4 . 2 . 4  P r o tec t i o n  o f  Local S u r f ac e  E n v i r onme n t  

O i l  wh i c h  n o r ma l ly l e a k s  f r om pumps and v a l v e s  i n  and 
a ro und p ump ing s ta t i ons , a nd o i l that  may be d r a i ned f r om 
the sy s te m  d u r i ng no rmal o r  eme r g e ncy o pe r at i o n s  o r  ma i n te n­
anc e , wou l d  be c o l l e c ted and p i ped i n to a c e n t r a l  wa s t e  o i l  
sump o f  5 0 0  ba r r e l  capac i ty ,  c ompl e te w i th s k i mm i ng boom , 
and o i l /wa ter s epa r a to r , a nd d r a i n  sys tem to r e t u r n  the 
t r ea ted wa te r to the s i te l a k e  and the o i l  to a s l op tank . 
Wa s te o i l  c o l l e c ted i n  th i s  manne r wo u l d  be r e t u r ned pe r i od i ­
c a l l y  to the s to r age sys tem o r  s o l d  to l o c a l  " sl op o i l "  
ma r ke te r s .  

The s u r face t an k s  wo u l d  be enc l o s ed i n  adequa te r e t e n t i o n  
d i k e s  t o  p r o te c t  t h e  a r ea env i r onme n t  f r om l ea k ag e  o f  o i l . 
An o i l /wa t e r  sepa r a t o r  wo u l d  a l so be u sed to c le an ac cumu l a ted 
r a inwa te r . An S PCC P l a n  w i l l  be p r epa r e d  a nd w i l l  compl y 
w i th th e code o f  Fede r a l  Reg ul a t i o n s  4 0  CFR 1 1 2  ( O i l  Po l l u t io n  
P r ev e n t io n ;  Non-T r anspo r ta t ion Rel a ted Onsho r e  and O f f sho r e  
Fac i l i t ie s ) . 

1 . 4 . 2 . 5  S e c u r i ty 

T h e  sto r age s i te ac c e s s  r oadways wo u l d  be equ i pped w i th 
s e c u r i ty g u a r d s  to p r event any i n te r fe rence w i th the fac i l ­
i ty by unau tho r i zed pe r so n s . Sec u r i ty pe r so nn e l  would be 
o n  du ty a t  a l l t imes . Pump s t a t i o n s  would be fenced and/o r 
hou sed i n  pump b u i l d i ng s . Al l fenced fac i l i t i e s  wo u l d  have 
wa r n i ng s ig n s  po s ted c on s p i c u o u s l y  to wa r n  the publ i c  of the 
n a tu r e  of the fac i l i ty .  
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2 .  D E SCRI PTI ON OF THE ENVIRONMENT 

2 . 1  LAND F EATURE S AND US E S  

2 . 1 . 1  Evo l u t i o n  o f  S a l t Dome s 

The S ul ph u r  M i n e s  sa l t  dome i s  o n e  o f  n ea r l y  4 5 0  s a l t  domes 
i n  the G u l f  C oa s t  r e g i on o f  the U n i ted S ta t e s  and Mex i c o . 
The s a l t  in  these dome s  was o r i g i n a l ly d epo s i ted i n  a 
b r oad shal low s e a , p r obably d u r i ng J u r a s s ic t ime [ 1 3 5  t o  
1 9 0  m i l l ion yea r s  ago , s e e  Geo log i c  T i me S c a l e  Appe nd i x  I 
( G l o s s a r y ) ] .  The n  the sa l t  bas i n  was b u r i ed to depths o f  
3 5 , 0 0 0 t o  6 5 , 0 0 0 feet b y  M io ce ne shal low ma r i ne sed ime n t s  
( 1 2- 2 6  m i l l i on yea r s ago ) . I n  g e ne ra l t h e  s a l t  was 
depo s i ted in h o r i z on t al bed s ; howeve r , in  many plac e s  
t h e  s u r fa c e  of  the s a l t  h a d  topog r a ph i c a l ly h igh a r e a s . 
S i n c e  the mecha n i s m o f  i n i t ia t ing sa l t  dome g r owth is  o n e  
o f  i s o s tat ic ad j us tme n t , the se topog r aph ic h ig h s  b e g a n  to 
f i r s t  r i s e  and event u a l ly f o rmed the nuc l e u s  of p r e s e n t  
d ay s a l t  dome s . l S a l t  beg i n s  to r i s e  bec a u s e  the 
o ve r l y ing sed iment c o l umn has an ave rage d e n s i ty that is 
g r e a t e r  than the d e ns i ty of the sa l t  ( 2 . 1 6 4  gm/cm3 ) .  
The sed ime nt ove r l y i ng the topog raph ic h igh has  a lower  
dens i ty tha n the sed i ments ove r ly ing the s a l t  on a l l  s id e s  
o f  the h igh ; c on sequent ly ,  t h e  sa l t  f lows l a t e ra l ly a nd u p  
toward  t he a r e a  o f  l e a s t r e s i s ta nce , name l y  t he topog r aph i c  
h i gh . I n  ad d i t ion , any fa u l ts in  the ove r ly i ng sed iment 
are z on e s  of weak nes s th r ough wh ich the s a l t  can r i s e . 
App r o x i ma t e l y  4 , 0 0 0 feet o f  ove r b u r d e n  i s  needed t o  e x c e ed 
the d e ns i t y  o f  the s a l t , and a sed ime n t  d e�t h  g r eat e r than 
that w i l l  i n i t iate u pward moveme nt o f  salt ( s e e  F ig u r e  
2 . 1 ) . G r owth o f  dome s  d e f o rms the sed ime n t s  above t he 
s a l t  as we l l  a s  tho se that have been p i e rced . Sed i ment s 
abo ve the s a l t  are  s u b j ec ted t o  t en s i o n a l  f o r ce s  that 
p r oduce no rma l fau l t ing . As the dome s  r i se th r ough aq u i f e r s  
h a v i ng wate r w i th a s a l i n i ty low e nough t o  d i s so l v e  the 
s a l t ,  d i s s o l u t ion occ u r s ,  l e a v i ng va r i o u s  i n s o l u b l e  r e s idues , 
p r i n c ipa l ly a nhydr i te ,  a l o ng w i th m i n o r  amo u n t s  o f  such 
m i n e r a l s  as  do lomi te , c a l c i te ,  bar i te ,  py r i te ,  and q ua r t z . 
Con t inued r i s e  of  the s a l t  f r ac tu re s  the a nhyd r i te cap r o c k , 
i nc r e a s e s  wate r c i r c u l a t ion a nd r es u l t s  in the chemi c a l  
a l te r a t ion of  anhyd r i te to gyp su m ,  and gyp sum t o  s u lphu r and 
c a l c i te .  

2 . 1 . 2  Phy s i o g r aphy 

The S u lphu r  M i ne s  sa l t  dome l i es w i th in the G u l f  
C oa s t a l  P l a i n . Th i s  i s  an a r e a  o f  low topog r aph i c  
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r e l i e f  wi th e l e va t i o n s  r ang i ng f r om about  2 f e e t  above sea 
level  on the f l ood p l a i n s  of the S a b i ne and C a l c a s i e u  R i ve r s  
t o  abo u t  9 0  fee t i n  the a r e a  no r thwe s t  o f  the c i ty o f  
DeQ u i ncy . No r th o f  the Hou ston Rive r the te r r a in i s  h i l ly ,  
w i th e l e va t io n s  r ang i ng f r om abo u t  2 0  t o  9 0  f ee t . S o u th 
o f  the H o u s to n  R ive r the t e r r a i n  i s  a f l a t  p l a i n  wi th 
e l ev a t io n s  r a ng i ng f r om 25 f e e t  ne a r  the r i ve r to 2 f e e t  
i n  t h e  c o a s t a l  ma r s h . 

Meand e r  s c a r s ,  r epr e s e n t ing c o u r se s o f  ance s t r a l  s t r eams , 
and p imp l e  mo unds a r e  p r e s e n t  on the P l e i s to c ene s u r face 
t h r o ugho u t  C a l c a s i e u  P a r i sh .  The p imp l e  mo unds a r e  low , 
c i r cu l a r  o r  e l l ip t i c a l  h ummo c k s , g e ne r a l ly 3 0  to 5 0  f e e t  i n  
d i amete r and abo u t  1 t o  5 f e e t  h i gh . 

The f l ood p l a i n s  a r e  u s ua l ly swampy i n  compa r i so n  to the 
s u r r o und i ng upl and s  so that p l an t g r owth o n  the f l ood p l a i n s  
i s  qu i te d i f fe r e n t  f r om t h a t  on the be t te r  d r a i n ed P l e i s to­
cene s u r face s . The f l ood p l a i n s  gene r a l ly s uppo r t  g r owth o f  
o a k , gum , a nd mag n o l i a  t r e e s , and dense  unde r g r ow t h , whe re a s  
t h e  P l e i s to c e ne s u r face  wh i c h  i s  n o t  und e r  c u l t iv a t io n  
s uppo r t s  g r as s l and a nd p i ne t r ee s . I n  t he v i c i n i ty o f  the 
S u lphu r M i n e s  dome , the l a nd has been c l e a r ed a s  a r es u l t  
o f  pe t r o l e um , n a t u r a l  g a s , s ul f ur , a nd s a l t  e x t r ac t io n . 

The e l ev a t i o n  o f  the s u r face over  the dome r a ng e s  f r om a bo u t  
1 2  f e e t  t o  1 8  f e e t  above s e a  l e ve l . S ubs i d e nc e  h a s  o c c u r r ed 
i n  a 4 0  a c r e  a r ea over  the ce nter o f  the dome a t  S u lphur  M i nes . 
Th i s  s u b s idence i s  a t t r i bu t ed to the r emov a l  o f  s u l f u r  f r om the 
c ap r oc k  of the dome . An a t temp t was made to i n j e c t  mud i nto 
the vo i d s  c r e a t ed d u r i ng t he s u l f u r  m i n i ng ope r at io n s . The 
d r edg i ng o f  the mud r e s u l ted in the fo rma t i o n  of the ponds 
on 3 s id e s  of the dome ( no r th ,  we s t , and s o u th ) . The to t a l  
a r ea o f  the s e  pond s  i s  abo u t  2 5 2 a c r e s  ( see F i g u r e  2 . 2 ) . 

2 . 1 . 3  Reg i o n a l  Geo l o gy 

The S u l ph u r  M i ne s  s a l t  dome l i es w i th i n  the G u l f  Co a s t  geo­
sync l i ne .  W i t h i n  3 , 0 0 0  f e e t  of the dome center the r e  is  abo u t  
7 , 0 0 0  f e e t  o f  po o r ly c o n so l id a ted M i o c e n e  a n d  young e r  s a nd s  
and s h a l e s . The dome i s  l oca ted no r th o f  the eas t-we s t  te nd­
ing a x i s  o f  the Gu l f  C o a s t  g e o syn c l i ne wh i c h  is app r o x imate l y  
par a l l e l  to the Lo u i s i ana c oa s t l i ne . D u r i ng s ubs idence o f  the 
g e o syn c l i ne th r o ugho u t  Ceno z o i c  t ime , t h i c k  wedge-shaped 
depo s i ts of c l ay ,  s i l t ,  s and , and g r av e l  we r e  l a id down . 
These depo s i t s  r e a c hed t he i r  g r ea t e s t  th i c k n e s s  ( about  
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6 5 , 0 0 0  f e e t ) a l ong the geosyn c l i ne ax i s .  The mo n oc l i n a l  
s t r a t a  o f  the geosyn c l i ne ,  t h r ough wh ich t h e  s a l t  i s  r i s i ng , 
d ip i n  a s o u the a s t e r l y  d i r ec t io n . The M i o ce ne sed ime n t s  a r e  
fau l t ed by n o rmal f a u l t s  that s t r i ke no r the a s t  and a r e  
down th r own t o  t he s o u th . Reg i onal  f au l t i ng o f  sed ime n t a r y  
r o c k s  a s  young a s  P l e i s tocene h a s  o c c u r r ed i n  the v i c i n i ty 
o f  the H o u s ton R i ve r ; a nd l oc a l  deep- s ea ted f au l t s  a r e  
c ommo nly fo und d u r i ng expl o r a t i on f o r  o i l . T h e  d om i nant 
d i r e c t i o n  ( s t r i ke )  o f  the se no r ma l  f a u l t s  is  east  to n o r th­
ea s t . The faul t i ng me chani sm i s  l a r g e l y  r e l a ted to sed iment 
compac t i on and ba s i n  s ub s idence tha t i s  o c c u r r i ng t owa r d  the 
so uth , and  t o  l o c a l  pene t r a t i o n  o f  s a l t p l ug s  i nto ove r ly i ng 
s t r a ta . 

Re ce n t ly , se i sm i c  a c t i v i ty i n  the G u l f  C oa s t  r e g i on h a s  been 
very l ow .  The Na t i on a l  Ocean i c  and Atmosphe r i c  Adm i n i s t r a­
t i o n  ( NOAA ) h a s  c l a s s i f i ed the Un i ted S ta t e s  i n to 4 z o n e s  
wi th d i f f e r i ng deg r ee s  o f  expec ted se i sm i c  r i s k . The s e  
s ubd i v i s io n s  a r e  b a s e d  upon t h e  r e c o r ded h i s to ry o f  pa s t  
se i sm i c  a c t iv i ty . Z one 0 cove r s  a r e a s  hav i ng n o  r ea s o na b l e  
expe c t ancy o f  s u r f a ce e a r thquake d amag e ; Z one 1 ,  e xpe c ted 
m i n o r  d amag e ; Z one 2 ,  e xpec ted mode r a te d amage ; a nd Z one 3 ,  
po s s i b l e  maj o r  de s tr uc t ive e a r t hqua ke s .  

The S u lph u r  M i ne s  d ome p r o j e c t  a r e a  l i e s  w i th i n the bound a r y  
o f  se i s m i c  r i s k  Z one 1 .  H oweve r , i n  o r d e r  to acqu i r e  mo r e  
spe c i f ic i n f o r ma t io n ,  a n  e a r t hquake d a t a  s e a r ch w a s  r eque s ted 
f r om the NOAA se i sm i c  i n f o r ma t io n  s e r v i ce . Th i s  NOAA o f f i ce 
h a s  c a ta l og ued the r e c o r d s  o f  a l l  k nown t r emo r s  o c c u r r i ng 
s i nce the m id 1 8 0 0 s . The d a ta sea r ch was r eq u e s ted t o  cove r 
the r e c t ang l e  f r om 2 90 5 5 • n o r th to 3 00 1 9 • n o r t h , a nd 
f r om 9 0 0 1 0 ' we s t  t o  9 50 4 5 • we s t .  The r e s u l t s  o f  the 
se a r ch i nd i c ated t h a t  o n l y  one e a r thq u a k e  wa s r epo r ted in 
th i s  a r ea . I t  o cc u r r e d  on Oc tober 1 9 , 1 9 3 0  a t  an ep i ce n t e r  
app r ox ima t e l y  4 m i l e s  southe a s t  o f  D o n a l d s o nv i l le , wh ich i s  
1 4 0  m i l e s  e a s t  o f  S u l ph u r  M i nes . A R i c h te r  mag n i tude wa s 
n o t  r e c o rded b u t  the i n t e n s i ty was r e c o r de d  a s  VI o n  the 
mod i f i ed Me r ca l l i sc a l e  a t  D o n a l d s o nv i l le . The mod i f ied 
Me r ca l l i  s c a l e  appea r s  in  Appe nd i x  F .  

2 . 1 . 4  Local  Geo l ogy 

The S u lphur  M i n e s  s a l t  d ome is  c i r cu l a r in  plan ( to p )  v iew 
and in p r o f i l e  i t  i s  f l a t  topped and s teep- s ided . The d ome 
is a p i e r ceme n t  s t r uc t u r e  tha t i s  l o c a te d  w i th in the T e x a s ­
Lou i s iana  c o a s t a l  s a l t d ome bel t .  Be c a u s e  th i s  d ome has  
be en e x t e n s ive l y  e xp l o r ed and d r i l l e d  for  s u l f u r , s al t ,  and  
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pet r ol e um ,  the g e o l o g i c  s t r uc tu r e , s t r a t i g r aphy , and dome 
con f i g u r a t ion a r e  wel l do cume n t ed . 

S u lphu r  M i n e s  i s  a c ompa r at ively sma l l  s a l t  dome who s e  
d i ame te r a t  t h e  2 , 0 0 0 f o ot d epth c on t o u r  i s  app r o x i ma t e l y  
1/3  to 1 / 2  m i l e . P a r t i a l ly c on s o l i d ated s i l t , c l ay ,  s a nd , 
and g r av e l  o f  P l i o ce ne , P l e i s tocene , a nd Recent ag e w i th an 
agg r egate t h i c k nes s of 3 5 0  to 4 0 0  f e et ove r l i e  the dome . 
L o c a l  s t ra t i g r aphy sugge s ts that d u r i ng P l e i s tocene depo s i ­
t ion the o l de r sed i me nt s  above the d ome we r e  e l evated above 
mean t e r ra i n  re s u l t ing in d epos i ts 1 0 0  t o  3 0 0  feet th i c k e r  
a r ound t he pe r i ph e ry o f  th e dome than ove r t h e  top . I mmed i ­
a t e l y  ad j ac e n t  and pe r i phe r a l  t o  t he dome , these s e d i me n t s  
h ave b e e n  d r a gged upwa r d  by the r i s i ng s a l t p l ug ( se e  F i g u re 
2 .  3 )  • 

C apr o c k  

T h e  S ul ph u r  M i ne s  sa l t  dome h a s  an u n u su a l ly t h i c k  c ap r oc k  
( s e e  F i g u r e  2 . 3 ) . I t  ave r a g e s  abo u t  1 , 1 0 0  feet i n  t h i c k n es s ; 
the bo t tom 9 0 0  f e e t , wh i c h  i s  i n  con t ac t  w i th the s a l t  p l ug , 
i s  n e a r l y  p u r e  anhyd r i te ( C aS0 4 ) .  Above that , s u l f u r  
o c c u r s i n  a z on e  o f  b r e c c i ated d o lomi te , c a l c i te , gyp s um , 
anhyd r i te and l ime s tone 1 0 0 to 1 2 0  feet th i c k . Abov e  the 
s u l fu r -be a r i ng z o n e  the r e  i s  an o i l s a t u r a t ed z on e  1 0 0  to 
1 5 0  feet th i c k  wh i c h  c on s i s ts of b r e c c i ated t o  vuggy l i me ­
s tone w i th s e c on d a r y  f i l l i ng by ve i n s  and blebs  o f  c a l c i te 
t o g e t h e r  w i th some a r e na c e o u s  a nd dolomi t ic l i me s ton e .  

The s u l fu r depo s i ts sca t te red t h r ougho u t  the u ppe r laye r s  o f  
c ap r oc k  a r e  the r e s u l t  o f  bac t e r i a l sepa r at ion o f  f r e e  
s u l f u r  f r om s u l phat e s . The re s i d u a l  i s  c a l c i um c a rbon a t e  
( " l imes t on e " ) .  T h e  s u l f u r  i s  f i n e l y  d i s semi nated i n  t h e  vo i d s  
and f r a c t u r e s  o f  the cap r oc k . 

A g e o l og i ca l  c r o s s- s e c t i on A-A ' ( F i g u r e  2 . 3 ) , c on s t r ucted 
u s i ng e l ec t r i c  l og s , s hows the l o c a l  sed ime nt a r y  sequences 
and t he i r  r e l at ion s h i p  to the p i e r ceme nt sa l t  r o c k . 

The cap r oc k  i s  i n t e n s e l y  f r ac tu red , fau l ted , a nd b r e c c i ated 
a s  a r e s u l t  o f  th e comp r e s s i ve f o r ce s  exe r ted by the r i s i ng 
s a l t  s t o c k . The pe rme ab i l i ty and wat e r  c i r c u l at i o n  i n  the 
c ap r oc k  is  inc r ea s e d  by t he f ra c tu r i ng .  The i n c r e a s ed c i r ­
c u l a t i on , i f  i t  e x t e nd s  to the s a l t/cap r oc k  i nt e r face  and 
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i f  the wate r i s  no t s a l t  satu r a ted , wou l d  r e s u l t i n  d i s s o l u ­
t i o n  o f  s a l t  a nd f o rma t io n  o f  new c ap r o c k  f r om the i nso l ub l e  
r e s id ue s .  

Removal  o f  s u l f u r  f r om t he c apr o c k  l e ave s many sma l l vo id s 
wh i ch c a n  c o l l apse . Th i s  c o l l apse , i f  the t o t a l  vo i d  space 
is  l a r ge , may r e s u l t  in s ub s idence wh i ch can d amage s u r f ace 
f a c i l i t i e s  such  a s  r o ad s , p ipe l i ne s , pump i ng equ ipme n t , 
s to r ag e  t an k s , a nd po nd s .  

S a l t 

A s ub s u r face  map ( F ig u r e  2 . 4 )  c o n t o u r ed o n  the top s u r -
face o f  the s a l t s to c k , a nd t he g e o l og i c  c r o s s- se c t io n  A-A ' 
( see F ig u r e  2 . 3 )  s how the shape o f  the s a l t  ma s s  a s  i nd i c a te d  
by d a ta f r om appr o x i mate l y  7 0  d r i l l  h o l e s  r e po r ted to h ave 
i n t e r sec ted a nd te r m i nated in s al t .  I t  i s  a sha rp , p i e r ce­
me n t  s t r u c t u r e whose symme t r i ca l  s h ape is ne a r ly c i r cul a r  in 
p l a n . The top of the sal t p l ug i s  almo s t  f l a t  a nd l oc a ted 
at a depth of abo u t  1 , 4 6 0  f e e t  be l ow sea level . The s i de s 
o f  the dome a r e  i n  c o n t a c t  w i th the e nc l o s ing sed ime n t s  
wh i c h  d ip 7 50 t o  s oo away f r om t he s to c k . 

The compo s i t i o n  o f  the sa l t  v a r i e s  thr o ug ho u t  the dome . I n  
g e ne r al , howeve r ,  f i n e l y  bedded a nd d i s sem i na t ed a nhyd r i te i s  
pr e se nt i n  amo u n t s  o f  p e r haps 3 t o  7 pe r ce n t ; o the r in­
so l u b l e  m i ne r a l s  c omp r i se l e s s  than one pe r c e n t  o f  the 
vo l ume of the dome . B l o c k s  of s a nd s tone and s ha l e  thr ough 
wh i c h  the p i e r c eme n t  s t r u c t u r e h a s  p a s sed may be imbedded 
in the o u t e r  marg i n s  of the sa l t .  

2 . 1 . 5  S o i l s  

The r e  a r e  two g e ne r al s o i l  a s so c i a t i o n s  a t  S u lphur  M i ne s , 
the Wr i g h t s v i l l e -Acad i a  A s so c i a t i o n  a nd t he Mo r ey-Beaumo n t  
As so c i at io n . 

The USDA So i l  C o n s e r v a t i on S e r v i c e  de s c r i be s  the Wr i g h t s­
v i l l e -Acad i a  A s so c i a t i o n  a s  

" • • •  a n  a r ea o f  l eve l t o  ve r y  g e n t l y  s lop i ng 
so i l s o n  l ow r id g e s  and b r oad f l a t s  mo s tl y  i n  
the c e n t r a l  p a r t  o f  the par i sh .  Th i s  a r ea i s  
d i s se cted by nume r o u s  sma l l  d r a i nageway s . The s e  
so i l s  a r e  u sed f o r  c u l t iva ted c r op s , pa s tu r e  and 
wood l and . The poo r l y d r a ined Wr i g h t sv i l l e so i l s  
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on the b r o ad f l a t s  and depr e s sed a r e a s  make up 
abo u t  55 pe r ce n t  of the a s s oc i at i o n . They h ave 
a g r ay s i l t  l oam s u r face a nd a g r ay s i l ty c lay 
s u b so i l  mo t t l e d  w i th b r own or r e d . The some­
wha t  poo r l y  d r a i ned Acad i a  so i l s  o n  the l ow 
near l y  l eve l to ge n t l y  s l op i ng r i dge s make up 
abo u t  2 5  pe r c e n t  of the a s so c i at i o n . They 
h ave a g r ay i sh-b r own s i l t  l oam s u r face and a 
b r ow n i sh-ye l l ow s i l ty c l ay l oam uppe r s ub so i l  
mo t t le d  w i th g r ay a nd r ed a nd a g r ay c l ay l owe r 
subso i l  mot t l e d  w i th r e d  a nd b r own . Go r e , 
Caddo , a nd B e au r eg a r d  s o i l s  and so i l s  i n  sma l l 
d r a i n ageways make up mo s t  o f  the r ema i n i ng 2 0  
pe r c e nt o f  t he a s s o c i a t i o n . "  

The Mo r ey-Beaumo n t  A s so c i a t i o n  i s  de sc r i bed a s  

" . . •  a n  a r e a  o f  l eve l t o  depr e s sed , poo r l y  
d r a i ned s o i l s  o n  b r o ad f l a t s  mo s t l y  i n  the 
so u thwe s te r n a nd s o u t heaste r n  pa r t  of the 
pa r i sh . These  so i l s  a r e u sed mos tl y  f o r  
c u l t iva ted c ro p s  a n d  pastur e . T h e  Mo r e y  so i l s  
o n  the br o ad f l a t s  and depr e s sed a r e a s  make up 
abou t 7 0  pe r ce n t  of the a s s oc i a t io n . They 
have a ve r y  d a r k  g r ay o r  b l a c k  s i l t  l oam o r  
s i l ty c l ay l oam s u r face a nd a g r ay s i l ty c lay 
l oam s ubso i l  mo t t l e d  w i th ye l low i sh-b r own . 
Th e B e a umo n t  so i l s  o n  the f l a t s  and dep r e s sed 
a r e a s  make up abo u t  15 pe r ce n t  of the a s soc i a­
t io n . They have a ve r y  d a r k  g r ay o r  bl a c k  s i l ty 
c l ay l oam o r  c l ay s u r face a nd a g r ay s i l ty c l ay 
o r  c l ay subso i l  mo t tl e d  w i th yel lowi sh-b r own . 
Mowata s o i l s  make up mo s t  o f  t he r ema i n i ng 
15  pe r ce n t  o f  the a s s o c i a t i o n . "  

2 . 1 . 6  L a nd U s e  

The l a nd u s e  i n  t h e  v i c i n i ty o f  t h e  S ulphur  M i ne s  d ome i s  
d evo ted e nt i r el y  to o i l  a nd g a s  pr oduc t i o n , a nd b r i n i ng 
ope r a t io n s . S ul f ur  m i n i ng wa s a maj o r  a c t i v i ty he r e  u n t i l  
1 9 2 4 ;  ve r y  l i t t l e  s ul f u r  h a s  been m i ned s i nce . The r e  a r e  no 
ag r ic u l t u r al u se s  of t he l and a nd the nea r e s t  r e s ide nce s a r e  
2 m i l e s  away i n  the c i ty o f  S ulphur . 

O i l  a nd G a s  P r o d uc t io n  

O i l  wa s f i r s t  pr oduced f r om Un i o n  S u l ph u r  Compa ny ' s  Fee No . 
7 1 9  wel l .  I t  appe a r s t h a t  p r od uc t io n  h a s  been u n i fo rmly 
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d i s tr i buted a r ound the r im o f  the s a l t dome . Howeve r ,  
the g r ea te s t  d e n s ity o f  d r i l l i ng i s  o n  the we s t e r n  and 
so uthe r n  f l a n k s  of the dome . I n t e r pr e t a t i o n  of the sal t 
s t r uc t u r e map and geolog i c  c r o s s- s e c t io n s  s ugg e s t s  tha t  o i l 
and gas  o c c u r  on the f l a n k s  o f  the dome i n  M i o c e ne o r  l a te r 
sed iments th a t  a r e  faul ted o r  p i nc hed o u t  ag a in s t  the s id e s  
o f  the dome . 

A l though some m i nor o il depo s i t s a r e  known to occ ur i n  the 
l ime s to ne po r t i o n  of the c ap r o c k , no we l l s  a r e  pr oduc i ng 
over  the top o f  the dome i n  the a r ea p r oposed for  the 
s to r ag e  fac i l i ty .  

S u l f u r  P r oduc t io n  

T h e  te chnology o f  s u l fur  m i n i ng u s i ng the F r a s c h  pr o c e s s  wa s 
devel oped a t  S u l phur  M i nes . The Lo u i s i a na Pe t r o l e um and 
Coal O i l  C ompany wa s fo rmed to dr i l l  fo r o i l  o n  the S u l phur 
M i nes a ome i n  1 8 6 7 ; a nd a l though th i s  d r i l l i ng fa i l ed to f i nd 
comme r c i a l l y  s ig n i f i c a n t  amo u n t s  o f  o i l , a l a r g e  depo s i t  o f  
n a t ive sul f u r  w a s  d i scove r ed i n  the c ap r o c k  a t  a depth o f  
6 5 0  fee t . Many at tempts we r e  mad e i n  the n e x t  3 0  year s to 
m i ne the s u l f u r  u s i ng c o nve nt i o n a l  sha f t- s i n k i ng techn ique s , 
but the y we r e  a l l doomed to f a i l u r e  d ue to uncon tr o l l a ble 
e nc r o a c hme n t  o f  wa ter , qu i c k s a nd o r  l e th a l  hyd r og e n  s u l f ide 
g a s . 

D u r i ng the 1 8 9 0 s , He rman F r a sc h , a pe t r o l eum r e sear ch c hemi s t ,  
devel oped a n  appr oach to m i ne th i s  type o f  s u l fur  depos i t . 
He  i n j ec ted ho t wa ter  i nto a we l l  bo r e , me l ted the s u l f ur 
and fo r c ed the l iq u i d  s u l f u r  up the bo r eho l e  to the s u r face . 
W i th impr ovemen t s  to th i s  p r o c e s s  over a numbe r o f  ye ar s ,  
the Un i ted S t a te s  r ep l aced I ta l y  a s  the wo r ld ' s  l e ad i ng 
s u l f u r  p r od u c e r  by 1 9 1 2 . 

S u l fu r  m i n i ng wa s c o nd u c ted a t  S u l ph u r  M i ne s  d ome unt i l  1 9 2 4  
and r e s ul ted i n  a c umu l a t i ve pr oduc t io n  o f  app r o x imately 
9 , 4 0 0 , 0 0 0  t o n s  o r  1 5 3 , 5 0 0 , 0 0 0  c ub ic feet  of  s u l fur . The r e  
h ave be en oc c a s i o n a l  a t temp t s  to r e s ume s u l f u r pr oduc t io n  
a t  S u l phur M i ne s  dome , but the r e s u l t i ng l ow y i e l ds have not 
made the ope r a t io n  p r o f i ta b l e . 

Af ter the s u l f ur ha s been mel t ed a nd evacua ted f r om the ho s t  
fo rmat io n ,  the  vo ids  c a n  c o l l apse . Unde r g r ound c o l l apse i s  
some times man i fe s ted i n  s u r face  subs idenc e over  the dome . 
Th i s  subs idence can c r e a te s ur face pr obl em s  r e l a ted to p ipe­
l i ne s , r oadways , s ur f ace equ i pme n t , a nd dr a i nage . Subs idenc e 
o f  as much a s  1 0  fee t i n  p l aces  has  occ ur red i n  a 4 0  a c r e  a r e a  

2 - 1 1 



w i th i n  the 1 0 0  ac r e  a r e a  o f  s u l f ur m 1 n 1 ng . The l i k e l i hood 
af f u r t he r  c o l l apse has  been g r ea t l y  r ed uc ed by i n j ec t ing 
mud i nto the vo i d s  l e f t  by s u l f u r  r emova l . The mud wa s 
d r edged f r om the ponds  o n  the n o r th , we s t  and s o u t h  s id e s  
o f  the dome . 

S to r age C ave r ns 

T h e r e  a r e  s i x  s o l u t ion-mi ned c av i t i e s  i n  the S u lphur M i ne s  
d ome . F ig u r e  2 . 5  s hows the l oc a t i o n  o f  a l l  e ight  we l lheads  
a ss o c i at ed w i th those c av i t i e s . Th r ee of  tho se c ave r n s  
a r e c u r r en t l y  b e i ng u sed f o r  the s t o r ag e  o f  ethy l e ne 
( Numbe r s  1 ,  3 ,  a nd PPG } . Sona r -c a l ipe r s urveys f o r  tho se 
th r ee c ave r n s  are not  ava i l able n o r  is  the s to r ag e  c apac i ty 
ava i l ab l e  to DOE fo r tho se t h r ee cave r n s . The rema i n i ng 
3 cave r n s a t  S u l phur  M i ne s  have been u sed f o r  
b r i ne p r od uc t i o n . Two o f  those caver n s , Numbe r 6 and 7 
a r e  ava i l abl e f o r the sto r ag e  o f  pe t r o l e u m  p r od uc t s . 
We l l s  2 , 4 ,  a nd 5 e n t e r  the th r ee-cave r n  g a l l e ry wh i c h  i s  
l o c a ted o n  the so uthe r n  f l a n k  o f  the S u lphur  M i ne s  d ome and 
cove r s  a s u r f ace a r e a  o f  about 1 5 . 5  a c r e s . The 3 we l l s  i n  
th i s  g a l l e ry we r e  compl e ted i n  1 9 4 6 , 1 9 4 9 , and 1 9 5 3 , r e s ­
pec t ive l y , a nd h ave been l eac hed t o  a to t a l  e s t i ma ted vo l ume 
o f  1 5  m i l l i on ba r r el s . F r om sona r p r o f i l e s  conduc t ed a t  
wel l s  2 ,  4 ,  a nd 5 i n  S eptemb e r  1 9 7 7 , i t  i s  d e t e r m i ned that 
the t h r ee cave r n s  have c o a l e sced . Th i s  3 c ave r n  g a l l e ry has  
been suc c e s s f u l l y  p r e s s u r e  te s ted in  Septembe r of  1 9 7 7 . 
F i g u r e  2 . 6  i s  a pr o f i l e  o f  C ave r n s  Numbe r s  6 and 7 a s  
o b t a i ned b y  the so n a r - c a l ipe r techn ique . Th i s  d i ag r am a l so 
s hows the r e l a t ive po s i t i on o f  the 2 c ave r n s . At the 
near e s t  po i n t , cave r n s  6 a nd 7 a r e  sepa r a ted by about 1 5 0  
feet . F i g u r e s  2 . 7  a nd 2 . 8  i l l u s t r a t e s  the r e l a t i ve po s i t i o n  
o f  c ave r ns 2 , 4 , 5 .  Th i s  i s  the be s t  two d ime n s i o n a l  
r epr e s e n t a t i on o f  complex  t h r ee d i men s i o n a l  c av e r n  
c o n f ig u r a t i o n s  and a r eas o f  c o a l e scence i n  seve r a l  p l ane s .  
Dot ted l i ne s  i nd i ca te co r r i do r s  th r ough wh i c h  the s e  c ave r n s  
h ave coal e s c ed . The d e s c repancy be twe en r e f l e c t ing s u r f ac e s  
r ec o r ded b y  t h e  c a l ipe r f r om two d i f fe r e n t  wel l s  i s  a 
fun c t io n  o f  the 5° i nc r emen t s  o f  the ve r t i c a l  scan  and the 
fact tha t the c r o s s - sec t io n  plane is not exa c t l y  in the 
p l a ne o f  o n e  of the 8 p r o f i l e s  r e c o r ded f o r each cave r n . 
F o r  examp l e  the l oc a t i o n  o f  a r e f l e c t ing s ur face on a ne a r  
ho r i z on t a l  r o o f  o f  a c oa l e s cenc e c o r r i d o r would be s ig n i f i c a n t  
depe nd i ng on r e l a t i ve depth o f  the c a l i p e r  and t h e  ang l e  o f  
t h e  ve r t i c a l  s c a n . 
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F ig u r e  2 . 5  S u l ph u r  M i nes s i te map show i ng t h e  l o cat ion o f  wel l h ead s as s o c i a t ed 
w i th c a v i t ie s  in t h e  s a l t .  E th y l e ne s to r a g e  wel l s  ( 1 ,  3 ,  and P PG )  a r e  
ind i ca t ed o n  t h e  eas t e r n  ed g e  of t h e  dome . S e e  F i g u r e s  2 . 7  a nd 2 . 8  f o r  
geo l o g i c  c r o s s - s e c t i o n s  ( A  t o  A ' )  t h r ou g h  c a v e rn s  6 a nd 7 ,  ( B  t o  B ' ) 
th r ough cave r ns 2 and 5 ,  and ( C  to C ' )  t h r ough c a v e r n s  4 and 5 .  
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F i g u r e  2 . 6 C r o s s - s e c t i o n  o f  C av i t i e s  N u m b e r  6 a nd 7 Show i ng T h e i r  Re l a t iv e  S i z e  and P r o x i m i ty .  

Sona r  c a l i pe r  s u r ve y s  we r e  conduc ted at c av e r n s  6 a nd 7 o n  Oc tobe r 1 5 , 1 9 7 5 , 
and on Octobe r 1 4 ,  1 9 7 5 , r e spec t ive l y . (We l l  s t r i ng s  a r e a s s umed to be ve r t i c a l . )  
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F i g u r e  2 . 7  C r o ss -sec t i on of cave r ns numbe r 2 a nd 5 show i ng 
the i r  r e l at i ve s i z e  and p r ox i m i ty .  Sona r ca l i per 
s u r veys were cond u c ted at cave r n s  2 and 5 on 
September 8 ,  1 9 7 7  a nd on S ept embe r 2 ,  1 9 7 7 ,  
r e spec t i vely . Th i s  i s  the bes t r ep r e s e n t a t i o n  
i n  two d i m e n s i o n s .  D o t ted l i nes ind i c a t e  a r e a s 
of c o a l e s c e nce . 
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C ro s s - s e c t ion o f  caverns number 4 and 5 s howing 
the i r  re l a t i ve s i z e  and p roximi ty . Sonar c a l i p e r  
s urveys were conducted at cave rns 4 a n d  5 on 
Aug u s t  3 0 ,  1 9 7 7  and S e p temb e r  2 ,  1 9 7 7 , r e s pe c t i ve l y . 
Thi s i s  the be s t  repre s e n t a t i on i n  two dimens ions . 
Do t t e d  l i ne s i ndicate are a s  o f  coa l e s cence . 
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2 . 2 . WATE R  ENVI RONMENT 

The S u lphur  M i ne s  s a l t  d ome is l o c a ted in app r o x imately 
t he c e n t e r  o f  C a l c a s ie u  P a r i sh , sou thwe s te r n  Lo u i s i ana , 
o n  the pe r ip he r y  o f  the C a l c a s i e u  Rive r bas i n . S u r face 
wa te r i n  the area is  g e ne r a l ly f r e s h  a l though s a l t wate r 
i nt r u s i o n  ha s been encounter ed i n  the C a l c a s i e u  R i ve r to 
the e a s t  and the S a b i ne R i ve r to the we s t . U nd i s t u r bed 
i n l a nd s tr eams t h r o ug ho u t  sou thwe s te r n  Lo u i s i ana typ i ca l l y  
a r e  so f t , h ave a pH o f  a bo u t  7 ,  a nd conta i n  l e s s  than 1 0 0  
ppm o f  d i s s o l ved s o l i d s . They a r e  low i n  c a l c i um a nd 
magn e s i um b i c a r bo n a te s , sod i um c h l o r ide , s u l f a te s , a nd , 
r e p u t ed l y , s u spe nded sed i me nt s . S i l i ca i s  g e ne r al ly b e l ow 
2 5  ppm b u t  may be one-fo u r th t o  o ne - ha l f o f  t o t a l  d i s so lved 
so l id s . 3 Annual p r ec i p i t a t i o n  i s  on the o r d e r  of 5 5  
i nc h e s . 4 The r eg i on gene r a l l y  expe r i e n c e s  a wi n t e r -
sp r i ng pr ec i p i ta t i o n  s u r p l u s * o f  appr ox ima t e l y  1 6  i nc h e s . 5 
I n  spi te o f  the appa r e n t  abundance o f  r a i n f al l ,  d u r i ng 
ce r t ai n mo nth s o f  the g r ow i ng s e as o n ,  wh i c h  e x tend s f r om 
Fe b r u a r y  th r o ug h  Novembe r ,  t he r e  i s  a mo i s t u r e  sho r t age f o r  
veg e ta t io n .  Th i s  p r ec i p i ta t i o n  d e f i c i t* *  amo u n t s  t o  
app r o x i ma t e l y  6 - 7  i nches pe r ye a r . 6 De ta i l e d  pr ec i p i ­
ta t i on char t s  fo r the r eg i o n  a r e pr ov ided i n  Appe nd i x  
D . l .  

The  su r f a c e  wa te r sys tem r ep r e s e n t s  the p r ima r y  so u r ce 
o f  d i spla ceme n t  wa te r . The s h a l low aqu i fe r s  r ep r e se n t  
a n  a l t e r n a t e  sour c e  o f  d i spl ac emen t  wa te r wh i l e  t h e  de epe r 
aqu i fe r s  r ep r e se n t  the p r ima r y  s i t e  f o r  b r i ne d i sp o s a l . 

2 . 2 . l  S ur f a c e  Wa te r S y s tem 

S u r face bod i e s of wa te r i n  the immed i a t e  v i c i n i ty i nc l ude : 
( 1 )  a numbe r  o f  r e s e r vo i r s  a nd p o n d s  d r edged a t  t he m i n e  
s i te ,  ( 2 )  ma r she s i n  the v i c i n i ty o f  t h e  dome , ( 3 )  s e a so na l  
wa te r s ta nd i ng i n  te r r ac ed r i ce f ie l d s  and d r a i nage 
d i tc he s , ( 4 )  Bayo u Choupique and Bayou D ' I nd e , a nd ( 5 )  an 
ex t e n s ive c anal  s y s tem . I n  add i t io n  to the se s u r face 
wa te r bo d i es , the S a b i ne River t o  the we s t  of  the s i te ,  t he 
H o u s t o n  R i ve r  to the no r th , a nd the I nt r ac o a s t a l  Wa terway 

*P r ec ip i ta t i o n  s u r p l u s  r ep r es e n t s  the " ex t r a "  p r ec ip i ta­
t io n  wh i ch i s  not u t i l i z e d  f o r  evapo t r an sp i r a t io n  o r  
s o i l  mo i st ur e  r e cha r ge ; t he s u r pl u s , t he r e f o r e , r e p r e s e n t s  
w a t e r  ava i l a b l e  f o r  g r o u nd wa te r r e ch a r g e  o r  s u r face 
r un o f f  . 6 

* *The d e f i c i t  i s  d e f i ne d  a s  the d i f fe r e nc e  be tween a c t u a l  
a nd po t e n t i a l  evapo t r a n sp i r a t io n ; i t  repr e s e n t s  an i n d e x  
o f  mo i st u r e  sho r tage fo r veg e ta t i o n . 6 
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to the s o u t h , mu s t  be cons i d e r ed . The g e n e r a l  a r r a nge­
ment o f  th e s u r face wat e r  sys tem i s  shown i n  F i g u r e s  
2 . 9  a nd 2 . 1 0 .  

2 . 2 . 1 . 1  Lo c a l  Pond s and Res e r vo i r s  

I n  the immed i at e  v i c i n i ty o f  th e S ul ph u r  M i nes s i te 
the r e  a r e  seve ra l man-made pond s o r  r e s e rvoi r s . The 
l o cat ion of the s e  bod i e s  o f  wat e r  i s  ind i ca ted i n  F i g u r e  
2 . 1 1 ,  a nd s ome o f  the i r  cha r ac te r i s t i c s  a r e  i n c l uded i n  
Appe nd i x  D . 3 .  The p r i ma ry s o u r ce o f  d i s p l ac eme n t  w at e r 
wou l d  be the S o u t h  S e c to r of  S a l t  Wat e r  Res e r vo i r , a l so 
k nown as  Re s e rvo i r  N o . 3 .  The ent i r e  S a l t W a t e r  Res e r vo i r  
h a s  a vo l ume o f  4 , 2 4 4 , 0 0 0 c u b i c  y a r d s .  I n  the pa s t  i t  has 
been pe r i od i c a l ly used as  a d i l u t io n  r e s e rvo i r  for b r ac k i s h  
wate r f r om F r as ch p r oce s s  s u l f u r  m i n i ng . The r e s e rvoi r was 
u s ed in t h i s  ma n ne r mo s t  r e c e n t l y  d u r i ng the pe r iod f r om 
app r o x ima t e l y  1 9 6 6  to 1 9 7 0 7 whe n  s u l fu r  e x t r a c t i o n  
was r e s umed o n  a sma l l  s ca l e , a f te r  many yea r s  o f  no 
mi n i ng . As a u t ho r i z ed by a s t at e  pe rmi t ,  was te wat e r 
was d i s c h a r ged f r om those ope r a t i o n s  i n t o  B ayou D ' I nd e  
v i a  a d r a i nage d i tc h  af te r r e s e r vo i r  s p r ay a e r a t ion 
for  hyd r og e n  s u l f i d e  r emova l . 7 An ave rage o f  2 0 0 , 0 0 0 
g a l l o n s  o f  wat e r a d ay wa s r e l e a s ed o n ce the s a l ty wate r  
was su f f i c i e n t ly d i l u ted . 7 The r e s e r vo i r  h a s  a l so be en 
u sed in the pas t as  a d i l u t ion pond for was te wat e r f r om 
o i l  p r od u c t ion ope r a t ion s . The r e s e rvo i r  p r es e n t l y  h a s  a 
s l i gh t  c r u s t  o f  long  d r i ed -up , h a r d e ned o i l  a lo ng i ts 
edge . 8 C o n t r a r y  t o  i ts name , the r e s e rvo i r  c u r r e n t ly 
appe a r s  to be f r e s h  o r  near l y  f r e s h  wate r w i th h i ghe r l i fe 
f o rms p r e s e n t . 9 N o  wat e r qual i ty d a t a  a r e  ava i l a b l e  f o r  
t h e  r e s e rvo i r . 

The o the r pond s a nd r e s e r vo i r s i n  the a r e a  have ne a r ly 
a l ways c o n t a i ned f r e s h  wate r .  The only except ion appe a r s  
t o  be t he Was te O i l  Re s i d u e  P i t .  Th i s  p i t ,  howeve r ,  h a s  
be e n  o u t  o f  se r v i ce f o r  a numbe r o f  yea r s  and c u r r e n t l y  
r e t a i n s  r a i nwa t e r  t o  a s h a l low d epth . N o  wat e r qual i ty 
d a t a  a r e  ava i l ab l e  f o r  a ny o f  the s e  bod i es o f  wat e r .  
S eve r a l  o f  the s h a l low p ond s/r e s e r vo i r s , i n c l ud i ng N o . 1 5  
( F r e s hwat e r  Res e rvo i r ) , N o . 1 6  (Was t e  O i l  Res i d u e  P i t )  
and N o . 1 7  ( No r th T a n k  B a t te ry L a k e ) , n o r ma l ly d r y  up 
d u r ing pe r i od s o f  low p r e c i p i tat ion . Wat e r  l e ve l s i n  
d e epe r pond s on the s i te s e em t o  b e  l i tt l e  af fec ted by 
pe r i od s  o f  low p r e c i p i tat ion and a r e  p r es umed to be 
pa r t l y  ma i n t a i n ed by r ec h a r g e  f r om g r ound wate r .  
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F ig u r e  2 . 1 1  Po nd s and Re se rvo i r s  i n  the V i c i n i ty of the 
S ul phur M i ne s  S i te . C i r c led numbe r s  a r e  keyed 
to Desc r ipt i o n  in Appe nd i x  0 . 3  



The t o t a l  s u r face wate r vo l ume o f  al l po nd s and r e s e rvo i r s  
i n  the v i c i n i ty i s  5 , 8 3 6 , 0 0 0  c ub i c ya r d s  ( 2 8 m i l l i o n  
ba r r el s ) . 

2 . 2 . 1 . 2  M a r s he s  

Ma r shes a r e  p r eva l ent a r o und the no r th and e a s t  pe r i ­
ph e r y  o f  the dome s i te . I n  ad d i t i on , to the sou thwe s t , 
between the S o u t h  S e c to r  o f  S a l t Wate r Res e r vo i r  and the 
nor theas te r n  sec to r o f  C r ys ta l  Lake ( No . 6 ) , l i e s  O n i o n  
G r a s s  M a r s h . N o  water  q u a l i ty d a t a  f o r  a n y  o f  the se 
ma r s h  areas are ava i l ab l e . 

2 . 2 . 1 . 3  S ur face Wat e r Dr a i nage 

The c lay subs o i l  in the r e g i o n  a r ound S ulphur  M i nes is 
r e l a t ive l y  impe r v i o u s  to wat e r  pene t r a t ion . S i nce a r e a  
s t r eam c h a nne l s  d o  n o t  g e n e r a l l y  c ut ent i r e l y  t h r o ugh 
the c l ay l aye r , mo s t  of the wate r in  the s t r eams is  
s u r face r u nof f , 3 Po r t io n s  o f  a r e a  canal s are e n c l o sed 
by l evees , a nd wa t e r  i n  them f r eq uent l y  i s  at a h ig h e r  
e l eva t i o n  t h a n  t h e  s u r r ound i ng l and s u r face . Th e levees 
impede d r a i nage . D r a i n ag e  d i tc h e s  are  p r e s e n t  at the 
S ulphur  M i nes l o c a t ion . The l a r g e s t pa r t  o f  the sys tem 
i s  c o nnected t o  B r ims tone D i tc h , wh ich c a r r i e s r u n o f f  
t o  the ea s t .  The impe rme ab l e  c l ay l aye r be neath the 
so i l  c on t r i bu tes to the a r e a ' s  s u i tab i l i ty fo r c u l t iva­
t i on o f  r i ce s i nce it pe rm i ts wate r r e t en t ion i n  s u r face  
s t o r age . 3 A s tudy is  c u r r e n t l y  und e rway to ident i fy 
s u r face d r a i nage pa t te r ns in mo r e  d e t a i l . Th e r e s u l t s  
o f  th i s  s tudy w i l l b e  u s ed t o  a s s u r e  tha t fac i l i t i es 
w i l l n o t  in t e r f e re w i t h su r face d r a i nage pa t t e r n s  
o r  ag r i c u l t u r a l  a c t iv i t ie s . 

2 . 2 . 1 . 4  Bayo u s  

The two bay o u s  nea r e s t  the s i te a r e  Bayou C h o up i q ue t o  the 
so uthwe s t  and Bay o u  D ' I nd e  to the eas t and s o u theas t .  
Nea r ly a l l  r un o f f  f r om the dome s i te i s  channeled t o  the e a s t  
v i a  B r imstone D i tch t o  Bayo u D ' I nd e , wh ich f l ows t o  the 
s o u theas t and empt i e s  into t h e  C a l c a s i e u  Rive r appr ox ima t e l y  
3 1/ 2 m i l e s  so uth o f  La k e  Ch a r l e s . Bayou Cho u p i q ue f l ows 
to the s o u th-sou thea s t  and empt i e s  into the I n t r ac o a s ta l  
Wate rway n e a r  the j un c t ion o f  the Wa t e rway w i th the C al c a s i e u  
Riv e r . Bayou Choupique i s  l i t tl e  a f f ec t ed b y  s u r face 
r un o f f  f r om S ulphur  M i ne s . N o  s t r e am f l ow data conce r n i ng 
e i th e r  bayo u i s  ava i l a b l e . No spec i f i c  s ta t e  wate r q ua l i ty 
s t and a r d s  ex i s t  f o r  Bayo u Choupique . Fo r Bayou D ' I nd e  
t h e  spec i f i c  s t at e wa t e r q ua l i ty s ta nd a r d s  a r e  p r ov i ded 
i n  Appe nd i x  D . 2 .  Th e s ta t e  s tand a r d s  spec i fy that 

2-2 2 



Bayou D ' I nde c a n  be u sed f o r  seconda r y  c o n t a c t  r e c r e a­
t i o n  and f o r  pr opag a t i o n  of  f i sh and w i l d l i fe .  The s e  
s t a nd a r d s  c l a s s i fy t h e  bayo u as t i d a l  and t h u s  the 
mo s t  pe r t i n e nt E PA n ume r i c a l  c r i te r i a  wo u l d  be tho se 
for  ma r i ne l i fe , wh i c h  are i n c l uded i n  Appe nd i x  D . 2 .  

A l im i te d  amo un t o f  wa t e r  qual i ty d a ta for  the two bayo u s  
i s  ava i l ab l e  and i s  p r e sen ted i n  Append i x  D . 4 .  An 
eval ua t io n  of the ava i l ab l e  da ta f o r  Bayou D ' I nde r eve a l s 
leve l s  o f  pH c o n s i s t e n t l y  b e l ow the S t a te s tanda r d s . 
S im i l a r  va l ue s  of  pH o c c u r  i n  Bayo u Cho upique . 

Bayo u D ' I nde s e r v e s  a s  the r ec e i v i ng s t r eam for  dome s t ic 
wa s te s  f r om the c i ty o f  S u l ph u r  a s  wel l a s  indu s t r i a l  
wastes  f r om seve r a l i nd u s t r i al f ac i l i t i e s . A s umma r y  
o f  s u c h  dome s t i c  a n d  i nd u s t r i a l  wa s t e s  ar e i nc l uded i n  
Appe nd i x  D . 4 .  Wa ter qua l i ty da ta fo r t h e  e f f l ue n t  f r om 
o ne of  the se fac i l i t i e s , the C i t i e s  S e r v i c e  Re f i ne r y , 
i s  al so p r ov ided i n  Appe nd i x  D . 4 .  The r e  i s  no r equ i r eme n t  
fo r such e f f l ue n t  to s a t i s fy t he spe c i f i c  s tate c r i te r i a  
o r  the E PA nume r i c a l  c r i t e r i a .  Howeve r , the leve l o f  
p H  i n  t h e  e f f l ue n t  exceed s bo t h  the s t a te s tanda r d s  and 
E PA c r i te r i a .  The level  o f  ammo n i a  i s  app r o x ima te l y  
1 2  t imes  t h e  level  r e comend ed by t h e  E PA n ume r i c a l  
c r i te r i a .  B e c a u s e  o f  the l im i ted amo unt o f  d a ta ava i l ­
ab l e , a comp l e te p i c tur e o f  the wa t e r  env i r o nmen t  i n  Bayou 
D ' I nde canno t be  deve l oped . B a s ed o n  the  ava i l ab l e  d a t a , 
howeve r , t he bayo u c an be char a c t er i zed a s  po l l uted . l o  

2 . 2 . 1 . 5  C a n a l  S y s t ems 

A n umber  o f  c a n a l s have been c o n s t r uc ted i n  the g e ne r a l  
a r e a  o f  the dome . Th i s  d i sc u s s i o n  i s  l im i ted t o  tho se 
c a na l s  wh i c h  wo u l d  be a f f e c ted by the co n s t r uc t i o n  o r  
ope r a t i on o f  t h e  fac i l i t y .  Dur i ng t h e  ma i n  p e r iod o f  
s u l fur  m i n i ng , wh i c h  e x t e nded i n to the l a te 1 9 2 0 ' s , f r e s h  
wa t e r  w a s  suppl i ed to t h e  m i n i ng s i te v i a  an unnamed c a n a l  
wh i c h  j o i ned t h e  n o r thwe s t e r n c o r ne r  o f  t h e  No r th S e c to r o f  
S a l t Wa t e r  Re s e r vo i r  t o  t h e  H o u s to n  Rive r C a na l , appr ox i ­
ma tely 1 . 5  m i l e s  no r th o f  the dome . A t  t h a t  t ime , the 
H o u s to n  Rive r Cana l wa s co nnec ted to both the H o u s to n  R i v e r  
and the S ab i ne R i ve r . T h e  unnamed canal  h a s  been abandoned 
s i nce the l a te 1 9 2 0 ' s  when the p r imary s u l f u r  m i n i ng 
ope r a t i o n s  ceased . The S ab i ne R i v e r  D i ve r s io n  C a na l , wh i c h  
w a s  p r e v i o u s l y  c al led t h e  H ou s to n  Rive r C a n a l  i s  c u r r e n t l y  
be i ng e n l a rged a n d  mod i f i e d  as  pa r t  o f  t h e  S ab i ne R i ve r 
D i ve r s io n  P r o j e c t . The purpo s e  of  the p r o j e c t  i s  to s uppl y  
f r e sh w a t e r  to i nd u s t r i e s  i n  sou thwe s t e r n Lo u i s i ana be twe en 
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the S ab i n e a nd C a l c a s i e u  R i ve r s . As the new name s ugge s ts , 
the p r i ma r y  sou r ce of  wat e r  f o r  t he enl a r g ed c a na l  sys tem i s  
the S ab i n e R i v e r , wi th the H o u s ton R i v e r  s e r v i ng a s  a n  
a l t e r na t e  s o u r ce . The enl a r g eme nt p r o c e s s  i s  p r i ma r i l y 
bei ng a c comp l i s hed by wideni ng a nd r a i s i ng the l e vees . As 
i nd i c ated i n  F ig u re s  2 . 9  a nd 2 . 1 0 the new c a n a l  sys tem i s  
p r i ma r i ly c ompo sed o f  a n  eas t-we s t  segme nt , wh i ch i s  the 
ma in canal , and a no r t h-south b r a nc h * , wh i ch pa s se s  
app r o x i ma t e l y  l m i l e  eas t o f  the S ulphu r M i nes s i te .  

The eas t-we s t  c a n a l  w i d t h  w i l l  be 1 1 2 feet at th e top a nd 
6 0  feet at the bot tom w i t h a depth of  1 3  feet . 1 1  Whe n 
the canal  i s  ope ned ( e xpec ted late  1 9 7 8 ) , i t  w i l l  have 
a max imum f low r a t e  of  3 4 0  c f s  suppl i ed by t h r e e  5 0 , 0 0 0 -
g a l lon pe r mi nute pump s lo cated a t  the j u nc t io n  of  the 
c a n a l  w i th the S ab i n e  R i ve r . At a l a t e r  date , a f o u r t h 
5 0 , 0 0 0 -gal lon pe r mi nute p ump w i l l  be added a nd the ma x imum 
f l ow r a t e  wi l l  be i n c r e as ed to 4 5 0  c f s . I n  add i t ion to the 
pump i ng s t at ion on the S ab i ne R i ve r ,  two 3 5 , 0 0 0 -gal lon pe r 
m i n u te pumps a r e  be i ng i n s t a l l ed a t  th e j unc t i on of  the canal  
w i th the H o u s ton R i ve r .  A t h i r d  pump o f  s im i l a r  capac i ty 
w i l l  be i n s ta l led late r i f  the need a r i s e s . The p umps at 
the H o u s ton R i ve r  a r e  d e s i g ned to p r ov i d e  an a l t e r nate or 
back up so u r ce of  wat e r  to the S ab i n e  R i ve r . Flow velo c i t i e s  
i n  t h e  canal  w i l l  n o rma l ly b e  app r o x i ma t e l y  l t o  1 . 5  fps 
f r om west to eas t .  

The n o r th-south c a na l ( C a n a l  No . 5 )  has a w id th o f  7 6  feet 
at the top a nd 4 0  feet at the bot tom wi th a depth of  
app r o x ima t e l y  9 f e e t . I t  has  a d e s igned c apac i ty o f  1 2 5 
c f s  wi th a ma x i mum f l ow vel o c i ty o f  app r o x ima t e l y  0 . 4  fps . 
U s e r  dema nd f o r  C ana l No . 5 ,  as  c u r r e n t l y  p r o j e c t ed , 
amo un t s  to 4 0 %  o f  i t s  c apac i ty .  

I nd us t r i es wh ich a r e  c u r r e nt ly u s i ng o r  w i l l  i n  the nea r  
f u t u r e  beg i n  u s i ng wate r f r om the S ab i ne R i ve r  D i v e r s i o n  
C a na l sys tem i nc l ud e :  

o Ol i n  C o rp o r a t ion . 
o P PG I nd u s t r i es , 
o F i r e s tone Synthe t ic Rubbe r a nd Latex C ompa ny , 
o C i t i es S e r v i c e  O i l  C ompa ny , and 
o Gu l f  S t ates U t i l i t i e s C ompa ny . 

*Th i s  b r a nch is  r e fe r red to a s  C a na l No . 5 o f  the Sab i n e  
R i ve r  D i v e r s i o n  C a na l S ys tem . 
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Al though the i nd iv id ua l wa t e r  r e qu i r emen t s  o f  each o f  
t h e  pr ec ed i ng i nd u s t r i a l  f ac i l i t i e s  a r e  no t k n own , t he 
t o t a l  wa te r r equ i r eme n t s  repr e s en ted by a l l i nd u s t r i e s  
c ur r e n t l y  u s i ng o r  p l a n n i ng t o  u s e  wa ter f r om the canal  
a r e  wel l w i th i n  the i n i t ia l  capac i ty o f  the canal  sys tem 
( 3 4 0  c f s )  . 1 2  

2 . 2 . 1 . 6  S a b i n e  R ive r 

As no t ed i n  the p r ec ed i ng s ubsec t io n , the Sab i ne R i v e r  
r e p r e s e n t s t h e  pr ima ry sou r c e  o f  water  f o r  t h e  c a n a l  
sys tem . T h e  r ive r i n  th i s  r eg io n  a c t ua l l y  i s  d iv ided 
i n to thr ee w id e l y  sepa r a ted br a nche s . The j un c t i o n  of 
the S a b i n e  R i ve r  D ive r s io n  Canal w i th the S ab i ne R i ve r  
i s  l oc a te d  app r o x ima tel y  3 m i l e s  no r th o f  N i b l e tt B l u f f  
o n  t h e  mo s t  e a s t e r n  b r anch , wh ich i s  c a l led t he O l d  R i ve r . 

Appr o x ima tely 4 m i l e s  ups t r eam near  Rul i f f , T e x a s * both 
vo l ume t r ic f l ow data and water q ua l i ty d a ta * *  a r e  
a va i l ab l e . Vo l ume t r i c  f l ow d a ta a r e  p r e s e n t ed i n  Append i x  
D . 5 .  The vo l ume t r i c  f l ow o f  t h e  r i ve r d u r i ng t h e  pe r i od 
O c t o b e r  1 9 7 4 thr ough Sep tembe r 1 9 7 5  v a r i ed f r om a m i n imum o f  
7 7 4 c f s  i n  Oc tobe r t o  a max imum o f  4 0 , 6 0 0  c f s  i n  May . 
Based o n  ea r l i e r  s t ud i e s  o f  the S ab i ne R i ve r , i t  would  
appe ar tha t  app r o x imate l y  5 0 %  o f  the  t o t al vo l ume t r i c  f l ow 
o f  the r i ve r pa s s e s  thr ough the O l d  Rive r . 1 3  The r i ve r 
f l ow i s  r e g u l a ted by r e l e a s e s  f r om To ledo B e nd Re s e r vo i r . 

S t ate wate r q ua l i ty s tanda r d s  fo r the r i ve r a r e  p r ov ided i n  
Appe nd i x  D . 2 .  Ac co r d i ng t o  such s t a nda r d s  the water  i s  
c l a s s i f ied a s  f r e s h  and i s  t o  b e  u sed f o r  p r imary a nd 
s e c ond a r y  c on tac t r ec r eat i o n , p r opag a t i o n  o f  f i sh and 
w i l d l i fe , a nd dome s t i c  r aw wa te r s upp l y . The mo s t  pe r ­
t in en t  E PA nume r i c a l  c r i te r i a  wou l d  be tho se f o r  dome s t i c  
water  s uppl y  and f r e shwa t e r  aqua t i c  l i fe , wh i c h  a r e  al so 
p r e se n t ed in Appe nd i x  D . 2 .  

Th e ava i l ab l e w a t e r  qual i ty d a t a  i s  p r e s e n t ed i n  Append i x  
D . 5 .  The r e s u l t s  o f  a c ompa r i so n  o f  the ava i l ab l e  da ta 
w i th th e pe r t in e n t  s ta nd a r d s  and c r i te r i a a r e  s umma r i zed 

*Th i s  po i nt is ups t r e am of the r eg i on whe r e  the r i ve r i s  
d i v ided i n to th r ee sepa r a ted b r anche s .  

* *Wate r q ual i ty d a ta a r e  pe r t in e n t  because o f  the p r o b l em 
o f  c ompa t ib i l i ty o f  wate r s f o r  b r i ne i n j ec t io n  d i scu ssed 
i n  Appe nd i x  D . 8 .  
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i n  Table 2 . 1 .  As ind i c a ted by the tab l e  and the d a t a  in  
Appe nd i x  D . 5  the level  of  fecal  col i fo r m  in  the r ive r 
exce eded t h e  s t a te wa t e r  qual i ty s tanda r d s  in s i x  o u t  o f  
e l even samp l e s . 

A l i m i ted amo u n t  o f  sed ime n t  d a t a  i s  al so p r ov ided i n  
Appe nd ix D . 5 .  Th i s  d a t a , wh ich i s  l im i ted to pe s t i c ide s 
and othe r to x i c hyd roc a r bo n s , i nd i c a te s  th a t  the sed ime n t  
i s  f r ee o f  c o n t am i na t i o n  w i th r e spec t  t o  s uch  c ompo und s . 

No da ta rega r d i ng mun i c ipal o r  indu s t r i a l  d i s c h a r g e s  i n to 
th i s  r each o f  the r ive r a r e  ava i l ab l e . Wi th r e spec t  to 
water u t i l i z a t io n , the s ta t e s  o f  Lou i s i ana and T e x a s  s h a r e  
the water  on an e q u a l  ba s i s . E a c h  s tate i s  c u r r e n t l y  
a u tho r i z ed t o  wi thd r aw 9 0 , 0 0 0  a c r e  f e e t  ( 6 9 8  m i l l i o n  
ba r r e l s )  annu a l l y  a t  a max imum r a te o f  4 5 4 c f s ,  f r ee o f  
r o ya l ty . I n  Lou i s i ana a l l  o f  the 9 0 , 0 0 0  a c r e  f e e t  o f  
r o ya l ty- f r ee wa ter i s  to be u sed f o r  the i r r ig a t io n  o f  
r i c e  l a nd . I n  T e x a s  4 8 , 0 0 0  a c r e  fe e t  a r e  to be u sed i n  a 
s im i l a r  f a sh i o n  w i th the r ema i n i ng 4 2 , 0 0 0  ac r e  fe e t  to be 
u sed fo r mun ic ipal and i nd u s t r i al f ac i l i t i e s . 1 6  I t  i s  
no t ewo r thy that th e i n i t i a l  capac i ty o f  the S a b i ne Rive r 
D ive r s i o n  C a n a l  ( 3 4 0  c f s )  r ep r e s e n t s  app r ox ima tely 1 . 9 
b il l i o n  bar r e l s  annual ly . Un l i k e  the r oyal ty- f r ee wa t e r  
pr ev i o u s l y  n o t ed , the wa te r f o r  t h e  canal  mu s t  b e  
pur c ha s ed . 1 2  

2 . 2 . 1 . 7  Ho u s ton R ive r 

A s  d e sc r ibed in  subsec t io n  2 . 2 . 1 . 5 ,  the H o u s t o n  R i ve r 
r epr e s en t s  an a l t e r nate o r  bac k up s o u r c e  o f  wa te r fo r 
the S ab i ne R i v e r  D ive r s i o n  Canal . The j un c t i o n  o f  the 
c anal wi th the r i ve r is i n  the v i c i n i ty of the po i n t  
wh e r e  S t a te H ig hway 2 7  c r o s se s  the r ive r , app r o x ima t e l y  
4 . 5  m i l e s  n o r thea s t  o f  t h e  S ul phur  M i ne s  s i te .  Th e r i ve r 
f l ows to the southe a s t  and j o i n s  the We s t  Fo r k  o f  C a l c a s ieu  
R i ve r app r o x imate l y  10  m i l e s  down s t r e am of  the  canal  
j un c t io n .  No  q ua n t i ta t i ve hyd r o l og i c  d a ta fo r the Houston  
R i ve r i s  ava i l a b l e . The r ive r i s ,  howeve r ,  pa r t  o f  
"Ungag ed Ar ea B " 9 and the monthly and we e k l y  s team f l ows 
fo r th i s  r e g i o n  f r om 1 9 4 7  to 1 9 5 1  s ug ge s t  an e x t r eme 
v a r i a t io n  o f  f l ow in the r e g i o n  r a ng i ng f r om 2 . 2  to 3 5 0 0  
c f s . Th i s  e x t r eme va r i a t io n  was o ne o f  the r ea s o n s  the 
r ive r was not co ns ide red s u i ta b l e  as  the pr ima r y  sour ce o f  
wa te r f o r  the S a b i n e  R i v e r  D i ve r s io n  Cana1 . l 6  
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Table  2 . 1 .  S umma r y  o f  Wate r Q u a l i ty Ana l y s i s  f o r  S ab i ne R ive r . 

Body o f  
Wa t e r  

S ab i ne 
R i v e r  

Samp l e  
S t a t i o n  

Ru l i f f ,  
Tex a s  

Date 

1 9 74 

V i o l a t e s  
S ta te S t a nd a r d s  

F e c a l  C o l i f o r m  

E x c e ed s  E PA * 
Nume r i c a l  C r i te r i a 

C ad m i u m  
I r on 
Lead 
Me r cu r y  
Pho spho r o u s  
pH 

* 1 9 7 6  EPA c r i te r i a  f o r  f r e s hwa t e r  aqua t ic l i f e  p r ov ided  i n  Append i x  D . 2 .  



N o  wate r  q u a l i ty d a t a  f o r  the H o u s t o n  R i v e r  a r e  ava i l ab l e . 
The spec i f i c  Lou i s i ana S t ate Wa t e r  Q u a l i ty C r i te r i a  f o r  
t h e  r i v e r  a r e  i n c l uded i n  Append i x  D . 2 .  These  c r i te r i a  
apply t o  f r e s h  wat e r and i nd i c a t e  tha t the r i v e r  s ho u l d  
b e  s u i tab l e  f o r  t he p r opagat ion o f  f i s h  and w i l d l i fe . 

2 . 2 . 1 . 8  I n t r ac oa s ta l  Wat e r way ( I CW ) 

The I CW l i e s  appr ox imat e l y  1 4  m i l e s  south  o f  the S u l phu r 
M i n e s  fac i l i ty a s  s hown i n  F i g u r e  2 . 1 0 .  The wate rway 
e x t e nd s  g e ne r a l ly in an eas t -we s t  d i r ec t ion , wi th a 
w i d t h  o f  3 0 0  f e et and a c on t r ol l ed depth o f  1 2  f e e t * . 
C u r r e n t s  in  t he wat e r way a r e  va r i ab l e , be i ng s t r on g l y  
i n f l u e nced b y  wind s and t i d e s . Flow r a t e s  i n  t h e  S a b i n e  
R i ve r  to t he we s t  a r e  g e ne r a l ly g r e a t e r  t h a n  t h e  f low 
rates in  the C a l c as i eu R i v e r  to t h e  eas t .  Thu s , there is  a 
g e ne r a l  t e nd e ncy f o r  wat e r  i n  t he c a n a l  t o  f low f r om we s t  
t o  e as t .  

A l i m i ted amo unt o f  wat e r  q ua l i ty d a t a  h a s  been c o l lec t ed 
on the wat e rway a t  S t at ion 1 3 , 1 2 . 5 m i l e s  we s t  o f  the 
C a l c as i e u  R i v e r  a nd is i n c l ud ed in Appe nd i x  D . 4 .  The 
appl i c a b l e  s tate wat e r  q u a l i ty s t and a r d s  are i nc l uded i n  
Append i x  D . 2 .  The se s ta nd a r d s  c l as s i fy the wat e r s  as  
t id a l , a nd i nd i c a t e  that the wat e r is  to be u sed f o r  
secondary c o n t ac t  r e c r e at ion , a nd t h e  p r opagat i o n  o f  
f i s h  and w i l dl i f e . Bec a u s e  t he wat e r s  i n  the wate rway 
a r e  c l as s i f i ed as t id a l  the mo s t  pe r t inent  E PA nume r i c a l  
c r i te r i a  wou l d  b e  those f o r  ma r i n e  and aqua t ic l i fe wh i c h  
a r e  i nc l uded i n  Append i x  D . 2 .  Re s u l ts o f  a compa r i s on 
between the ava i l ab l e  d a t a  and the appl i c a b l e  s tate 
s t and a r d s  and E PA c r i te r i a  a r e  summa r i z ed in  Tab l e  2 . 2 .  

2 . 2 . 2  S u b s u r face Wa te r Sys tem 

The s u b s u r face  wat e r  sys tem may be a f fec ted by the 
S u lphu r M i n e s  fac i l i ty in two d i s t i n c t  d epth 

*D u r i n g  Wo r ldWa.rI I the s e gme nt of the I CW u nd e r  con­
s i d e r a t i o n  was d r ed ged to a d epth o f  3 0 - 4 0  feet . Th i s  
d epth , howeve r , h a s  n ot be en ma i n t a i n ed by d r ed g i ng . 
C u r r e nt l y  t he ma x imum depth o f  the wat e rway i s  r e p o r ted 
t o  be 14 feet . 
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T ab le 2 . 2  S umma r y  o f  W a t e r  Q ua l i ty A n a ly s i s  f o r  I nt r a c oa s t a l  Wate rway 

Body of Wate r 

I n t r ac o a s tal 
Wate rway 

S amp l e  
S ta t i o n +  

1 3  

V i o l a t e s  
Date S t a te S ta nd a r d s  

0 3 - 2 3- 7 5  N on e  v i o l a t ed 

E x c e ed s  E PA * 
N ume r i c a l  C r i te r i a  

Phospho r ou s , A r se n i c , 
Me r cu r y , T o x ap h e ne , 
L i nd ane , Heptach l o r , 
A l d r i n ,  C h l o r da n e , 
D i e l d r i n ,  E nd r i n ,  
O , P ' - DDT 

+Th e  l o c a t i o n  of samp le S t at i o n  1 3  i s  s h ow n  i n  F ig u r e  D . 4 - 2 . 
*M a r i ne water  c on s t i t u e n t s , p r ov ided i n  Appe nd i x  D . 2 - 4 . 



i nt e r val s .  F i r s t , s h al l ow s ubs u r f ace aq u i fe r s , * 
wh i c h  r epr e s e n t  an a l te r na t e  so u r c e  o f  d i spl ac eme n t  
wa t e r , a r e  encounte r ed i n  the d e p t h  i n t e r v a l  f r om 
app r o x i ma t e l y  3 0  t o  2 , 9 0 0  feet . These aqu i fe r s  a r e  
d e s c r i bed i n  S ubsec t i o n  2 . 2 . 2 . 1 .  A t  g r ea t e r  depths , 
betwe e n  5 , 0 0 0  and 7 , 0 0 0  f ee t , M i oc e ne-Ol i g o c ene s ub­
s u r f ac e  aqu i fe r s  a r e  enco u n te r ed , a s  d e s c r i bed i n  S ub­
s ec t i o n  2 . 2 . 2 . 2 .  The s e  aq u i f e r s a r e  the p r oposed s i te 
f o r  br i n e  d i spo s a l . 

2 . 2 . 2 . 1  S h a l low Aqu i fe r s  

I n  the v i c i n i ty o f  the S u l ph u r  M i ne s  s i te , two aq u i fe r s  
a r e  encoun t e r ed w i t h i n  2 , 9 0 0  f e e t  o f  the s u r face . The 
uppe r is the C h i c o t  aqu i fe r ; the l ower  i s  the E va nge l i ne .  

C h i c o t  Aqu i fe r  

The C h i c o t  aq u i fe r  ( P l e i s to c e ne Age ) r ep r e s e n t s  an a l t e r ­
n a t e  so u r ce o f  d i splaceme n t  wate r . E x am i na t i o n  o f  we l l  
l o g s  shown i n  Appe nd i x  D . 6 i n  the v i c i n i ty o f  S u lphur  
M i n e s  has  r ev e a l e d  a l aye r o f  s i l t  and  c l ay appr ox ima te l y  
3 0  f e e t  t h i c k  sepa r a t i ng t h i s  aqu i fe r  f r om t h e  s u r f  ace 
wa t e r . Th i s  l aye r of sed ime n t  ac t s  a s  an aq u i ta r d * *  and 
i t  w o u l d  t h u s  appear  the r e  i s  no t ,  i n  gene r a l , a na t u r a l  
connec t i o n  be twe e n  the s h a l low s ubs u r face aqu i fe r s  and the 
s u r face  wate r . The man-mad e r e s e r vo i r s  and po nd s in the 
a r e a  may be s u f f i c i e n t ly deep i n  some c a se s , howeve r ,  
to p r o v i d e  l im i te d  connec t io n s . 

The C h i c o t  aq u i fe r  c o n s i s t s  o f  a mas s i ve s a nd sequence 
wh i c h  ex t end s down f r om 30  f e e t  to app r o x imate l y  8 0 0  fee t . 
Th i s  s a nd s equence i s  b r o k e n  by seve r a l  th i c k  a nd e x tens ive 
c l ay s  ( 3 0  f e e t  or  mo r e )  be tween the s u r f ac e  and 3 5 0  f e e t  
a n d  a s i ng l e  c l ay z o ne f r om app r o x imate l y  5 5 0  to 6 0 0  
feet . The aqu i fe r  i s  c on t i n uous fo r mo r e  than 1 0 0  m i l e s  
e a s t-we s t  a nd no r th-south . We l l  No . 3 ( i n F i g u r e  D . 6 - 1  
o f  Append i x  D . 6 )  i s  l ocated a t  S u lphur  M i ne s  and s hows 
t he sequence o f  aq u i fe r s  a nd c l ays . The C h i c o t  aq u i fe r  

*An aq ui f e r  i s  a w a t e r -bea r i ng s t r a t um o f  pe rme a b l e  
r oc k , s and , o r  g r ave l . 
* *An aq u i ta r d i s  a geo l o g i c  fo rma t i o n  o f  a r a th e r  
i mpe r v i o u s  a nd s em i - co n f i n i ng n a t u r e  wh i c h  t r an sm i t s  
water  a t  a v e r y  s l ow r ate compa r ed w i th a n  aq u i fe r . 
Ove r a l a r g e  a r e a  o f  c o n t ac t ,  howeve r ,  i t  may pe r m i t 
passage o f  l a r ge amo u n t s  o f  wa te r be tween ad j ac e n t  
aqu i fe r s . 
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i n  C a l ca s i e u  P a r i sh i s  common l y  d i v i d ed i n to the " 2 0 0 - foot " ,  
" 5 0 0 - foo t "  a nd " 7 0 0 - foo t "  s a nd s , o n  the ba s i s  o f  the depth 
of such sand s in the Lake C ha r l e s  i nd u s t r i a l  a r e a . The 
" 2 0 0 - fo o t " s and gene r al l y c o n s i st s  of o ne or mo r e  th in 
s a nd s  o f  v a r i ab l e  o c c u r rence  i n  nor the r n  and we s te r n  
Ca l ca s i e u  P a r i sh and we s te r n  C ame r o n  P a r i sh .  The " 5 0 0 - foo t "  
sa nd c a n  be tr aced a s  a t h i c k  seque nce o f  l e n t i c u l a r  s a nd s  
wh i c h  i n  C a l c a s i e u  P a r i sh i s  d iv ided i nto uppe r and l owe r 
un i t s  by a l e n t i c u l a r  bed o f  c l ay .  The base o f  the l owe r 
un i t  ( the " 7 0 0 - fo o t "  s a nd s )  i s  the base o f  the C h i c o t  
aq u i fe r .  C l ays sepa r a t i ng the " 2 0 0 - , "  " 5 0 0 - "  and 7 0 0 - foo t "  
s a nd s ar e l o c a l ly absen t , a l l ow i ng the sand s t o  be 
hyd r au l i c a l l y  c onnec t ed . In the Lake Char l e s  indu s t r i a l  
a r ea th e s e  l o c a l  c o nn e c t io n s  pe rm i t  wa te r t o  move f r om the 
" 7 0 0 - fo o t "  sand i n to the " 5 0 0 - foo t "  s and . 1 8  

The s l ope o f  the aqu i fe r  i s  g u l fwa r d , 1 8  feet/m i l e  
( 0 . 3 % s l ope ) , b u t  th i s  g e ne r a l  s l ope i s  s ign i f i c a n t l y  

d i s t o r ted i n  t h e  v i c i n i ty o f  t h e  dome , whe r e  t h e  aq u i fe r s  
mu s t  r i se u p  nea r e r  the s u r face . Thu s , r e l a t i ve to the 
d ome center , a quaquave r s a l  cond i t io n  ex i s t s  ( al ong any 
r ad i a l  l i ne p r oceed i ng outwa r d  f r om the dome c e n t e r , the 
s l ope is d ownwa r d ) .  F i g u r e  D . 6 - 1 , wh i c h  i s  based o n  d a t a  
at l ea s t  n i ne ye a r s  o ld ,  i nd i c a te s t h a t  i n  the v i c i n i ty o f  
S u lphur M i n e s  the Ch i c o t  aqu i fe r  c o n t a i n s  no sal i ne water , 
w i th the f r e s h  wate r - s a l t wa t e r  ( ho r i z o n t a l ) i nt e r face 
o c c u r r i ng in the aqu i c l ud e * be tween the C h i c o t  and Evang e l i ne 
aq u i fe r s .  Because  o f  the e f fe c t s  o f  i n d u s tr i a l  p umpag e in  
the v i c i n i ty of  L a k e  Char l e s  appr ox imately 10  m i l e s  to the 
e a s t ,  t he r e  is  the d i s t i n c t  po s s i b i l i ty t h a t , i n  the n i ne 
o r  so mo r e  year s s i nce the ba s i c  d a t a  was o b t a ined , sal i ne 
water h a s  pene t r a ted the b a s a l  s and s o f  the C h i c o t  aqu i fe r  
ne a r  the s i te .  Ac co r d i ng t o  the da ta p r e se n t ed i n  Appe nd i x  
D . 6  t he fr e s h  wa te r - s al t  wa t e r  ( ve r t i c a l ) i n t e r face l i e s  
appr o x imately n i ne teen m i l e s  t o  t h e  southe a s t  o f  t h e  s i t e . 
Th e r e i s  ev idence wh i c h  i nd i c a t e s  t h a t  th i s  i n t e r face  i s  

*An aq u i c l ude i s  a geo l og i c  f o r ma t i o n  so impe r v i o u s  that for 
al l pr ac t ic al pur po s e s  it comp l e t e l y  o b s t r u c t s  the fl ow o f  
g r ound wa ter ( a l tho ugh i t  may be satur a ted w i th wa t e r  
i ts el f ) , a nd c ompl e te l y c o n f ines  o the r s t r a ta w i th wh ich 
i t  al t e r n a t e s  i n  depo s i t i o n .  
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mov i ng n o r thwa r d  t owa r d  the Lake C h a r l e s  a r ea a t  a r a te o f  
f r om 7 0  t o  2 0 0  f e e t  pe r y e a r . Thus , the c u r r e n t  d i s tance  
be twee n  the ve r t i c a l  i n te r face a nd S u l ph u r  M i n e s  i s  
p r ob a b l y  s l i g h t l y  l e s s  than the d i s t�nce i n  1 9 6 7 .  

Re charge * o f  the C h i c o t  aqui f e r  o c c u r s a t  the o u t c r op 3 0  
mi l e s  n o r th o f  S ul phur  M i n e s . An e f fe c t ive l i ne o f  
r e ch a r ge o c c u r s a few mi l e s  n o r thwe s t  o f  S u lphur  M i ne s . 
Th i s  i s  n o t  f r om s ur face r e c h a r g e , but may r e s ul t f r om 
c ha ng e s  i n  the form o f  the aqu i f e r  ( th i c ke n i ng )  o r  may 
r epr e s e n t  r e c h a r ge f r om c o nnec t i o ns wi th deepe r  s a nd s . 

Wa te r compa t i b i l i ty f o r  br i ne i n j e c t io n  i s  d i sc u ssed i n  
S e c t i o n  3 . 2 . 2 . 2  a nd Appe nd i x  D . 8 .  I n  g e n e r a l , a s  no ted i n  a 
s t udy c ond ucted i n  1 9 6 7 , " • . •  wa te r i n  the C h i c o t  aq u i fe r  
i s  pr ima r i l y  o f  a sod i um c a l c i um b i c a r bo na t e  type . A s  th i s  
wa te r i n  the we s t  i s  l e s s  l i k e l y  t o  be m i xed w i th that f r om 
o the r aqui f e r s , t h e  wa te r typi f i e s  that g e n e r a l l y  c o n t a i n ed 
i n  the C h ic o t  aqui f e r . I n  typ i c a l  wa te r o f  the C h i c o t  
aq u i fe r , s o d i um p l u s po tas s i um ma k e  u p  mo r e  than 3 5  pe r c e n t , 
b u t  l e s s  t h a n  5 0  pe r ce n t  o f  the c a t i o ns p r e s en t ,  a nd b i c a r ­
bo nate p l u s c a r bo n a te make u p  mo r e  than 5 5  pe r c e n t , b u t  
g e ne r a l l y  l e s s  t h a n  9 0  pe r c e n t  o f  t h e  a n i o ns . " 1 8  

Typ i c a l  c o n c en t r a t i o n s  o f  s i l i c o n , i r o n , a nd c h l o r ide i o ns 
i n  f r e s h  w a t e r  f r om the C h i c o t  aqu i fe r  a r e  p r o v i ded i n  
Appe nd i x  D . 6 .  Al l h a r d n e s s  i n  the wa ter i s  c a r bo n a te 
ha r d n e s s  a s  i nd i c a ted i n  the table . Other  f a c t o r s  i nf l u­
e nc i ng t h e  c hemi c a l  c ompo s i t i o n  o f  f r e s h  w a t e r  i n  the 
Ch i c o t  aq u i fe r  a r e  r ec h a r g e  f r om the unde r l y i ng E v a ng e l i ne 
aqui fe r and d i f f u s io n  o f  sal t wa te r i n  the v i c i n i ty o f  the 
f r e s h- s al t w a t e r  i nt e r f a c e s  w i th i n  the C h i c o t  aq u i fe r . 1 8  

The C h i c o t  aqui fe r i s  a s o u r c e  o f  f r e s h  wa te r . The c i ty 
o f  S u l phur , appr ox imate l y  2 . 5  m i l e s  e a s t  o f  the s i te 
d r aws i t s  wa ter f r om 5 we l l s i n  the depth i n t e r va l  f r om 
5 4 0  to 5 6 0  fee t . Th e vol ume t r i c  f l ow r a te i s  appr o x imate l y  
4 x 1 0 6 g a l l o n s  pe r d ay . 1 9  Appr o x imate l y  1 0  m i l e s  to 
the eas t ,  t he c i ty of Lake Cha r l e s  a l so u t i l i z e s  the 
s ha l l ow s u b s u r f ac e  aqui fe r s  for i t s  mun i c ipal  wa te r s uppl y 
s o ur ce .  Th e wa t e r  we l l  depths r a nge f r om 5 0 0  t o  7 0 0  f e e t . 

*An aq ui fe r i s  " r e c h a r ged " whe n  the wa te r p r e s s u r e  i s  
r eple n i s hed b y  g r o un d  s e epage o f  r a i n f al l , o r  b y  o th e r  
water  so u r ce s . 
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The total  y i e l d  i s  app r o x ima t e l y  9 x 1 0 6 g a l l o n s  pe r 
d ay . 2 0  

I n  add i t ion to s e r v i ng a s  a s o u r ce of  mun i c ipal  wate r , 
the Ch i c o t  aqu i f e r  a l so p r ov i d e s  wat e r  f o r  i nd u str i a l  
u s e  i n  the L a k e  Char l e s  a r e a . Appr ox imately 1 2 1  m i l l i on 
g a l lon s pe r day are c u r r e nt l y  w i th d r awn f r om the aqu i f e r  
fo r i nd u s t r i a l u se w i th the ma j o r i ty c orn i ng f r om the 
" 5 0 0 - f o o t "  s a nd s . 

The comb i n ed mun i c ipal  a nd i nd u s tr i al r at e  o f  w i th d r awal 
of water f r om the C h ic o t  aqu i f e r  is p l o t ted ve r s u s  t ime f o r  
the pe r iod f r om 1 9 3 5  thr ough 1 9 6 5  i n  F i g u r e  2 . 1 2 . 1 8  A s  
ind i c at ed i n  the f i g u r e , the r a t e  o f  w i thd r awal s te ad i ly 
i n c r e a sed du r i ng that t ime pe r i od a nd by 1 9 8 0 the r a t e  o f  
w i th d r awal i s  p r o j ec ted t o  e x c e ed 1 4 0  m i l l i on g a l l o n s  pe r day . 
The se l a r ge w i thd r awa l r at e s  have c r e ated a nd w i l l  cont i nue 
to c r eate  a cone o f  dep r e s s i o n  i n  the wat e r  level  w i th i n  
the t h r e e  ma j o r  s a nd bed s  wh ich c omp r i s e the aqu i fe r .  Fo r 
t he " 5 0 0 - fo o t " s a nd , the se c o n e s  o f  d ep r e s s i o n  a r e  p r e s e nted 
i n  F i g u r e  2 . 1 3 for the  pe r i o d  f r om 1 9 0 3  to 2 0 0 0 . 2 1  
These  cones  o f  d ep re s s i on ind i c a t e  that in  the  2 0 -year  
pe r i od f r om 1 9 8 0 to  2 0 0 0  i n  the v i c i n i ty o f  the S u lphu r 
M i n e s  s i te the wat e r  level i n  the " 5 0 0 - foot " sands w i l l  
d r op app r ox ima t e l y  7 0  feet d u e  to purnpage i n  the L a k e  
Cha r l e s  a r e a .  

Evange l i ne Aqu i f e r  

The E v a nge l i ne aqu i f e r  l i e s  b e neath the C h i c o t  aqu i fe r  
i n  the depth i n t e r v a l  f r om app r o x i ma t e l y  8 0 0  t o  2 , 8 0 0  feet . 
Th i s  aqu i f e r  con s i s ts o f  uncon s o l i dated f i ne-to -rned i urn­
g r a i n ed s a nd . T h r oughout c e n t r a l  a nd s o u th C al c a s i eu 
P a r i s h  i n  g e ne r a l ,  and spec i f i c a l ly i n  the v i c i n i ty o f  
S u lph u r  M i n e s , the aqu i f e r  co n s i s ts o f  sal i n e  wate r .  
B e c a u s e  sa l i n e  subsu r face wat e r  i s  not i n  so g r eat a demand 
as f r e s h  subsu r fa c e  wat e r ,  the cha r ac te r i s t i c s  of th e 
Evang e l i n e  aq u i fe r  i n  C a l c a s i eu Pa r i s h  a r e  not as wel l 
d e f i ned a s  tho s e  i n  the C h ic o t  aq u i f e r .  Appa r e nt l y  no map 
o f  th e base of the aqu i f e r  ex i s ts . I nd i v i d u a l  s a nd bed s 
w i th i n the aq u i fe r a r e  g e ne r a l ly t h in w i th ave r ag e  s a nd 
th i c k n e s s e s  f r om 1 0  to 2 7  feet  i n  the  uppe r p o r t ion o f  the 
aqu i f e r . * Ava i l a b l e  ev idence i nd i c a t e s  that these bed s 
a r e  i n te r f i ng e red a nd have r e l a t ively poor cont i nu i ty f r om 
o n e  to a nothe r .  I n  sp i te o f  the poor  cont i n u i ty the 

*Irit he lower-po r t ion the s a nd th i c k ne s s  appe a r s  to  be 
g r eat e r . 
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i nd i v id ua l  s a nd bed s  a r e co nnec ted and form a co n t i nuo u s  
hyd r au l i c  sys tem . 1 8  F u r the r i n f o r m a t i o n  i s  inc l uded i n  
Appe nd i x  D . 6 .  

Spe c i f i c  wa t e r  q u a l i ty d a t a  fo r the Evange l i ne aqu i fe r  i n  
the v i c i n i ty o f  S u lphur  M i ne s  a r e  no t ava i l a bl e . Based on 
an anal ys i s  o f  s a l i ne g r o u nd wa te r c h a r t s , 2 2  t he upp e r  
3 0 0  f e e t  o f  the aqu i fe r  ( f r om 8 0 0  d own to 1 , 1 0 0  f ee t )  
c o n ta i n s  w a t e r  w i th a s a l i n i ty o f  f r om 3 ppt to 1 0  ppt . 
B e l ow 1 , 1 0 0  f e e t  the sal i n i ty i s  g r ea t e r  than 1 0  ppt . I n  
the uppe r 3 0 0 - foo t i n t e r va l  the y i el d  o f  a n  i nd i v idual  
we l l  is  e s t ima ted to be  f r om 5 0 0  to 2 , 0 0 0 g a l l o n s  pe r 
m i nu te wh i l e  i n  the l owe r i n te r val the y i e l d  i s  es t ima ted 
to r ange f r om 5 , 0 0 0  to 8 , 0 0 0  ga l lo n s  pe r m i n u t e . * 

Data conce r n i ng u t i l i z a t io n  o f  wa t e r  f r om the E vange l i ne 
aqu i fe r  i s  qu i te l im i ted . App r o x imately 5 5 0 , 0 0 0  gpd we r e  
w i thd r awn f r om the aqu i fe r  i n  C a l c a s i eu Pa r i sh i n  1 9 6 9  
fo r pub l i c  u s e . 2 1  S uc h  w i thdr awa l appa r e n t l y  o c c u r r ed 
in  the no r the r n  pa r t  o f  the pa r i s h  whe r e  some f r e s h  wa t e r  
i s  f o u n d  i n  t he uppe r po r t io n  o f  t h e  aqui f e r . 

The aqu i fe r  ha s been used to a c o n s i d e r a b l e  e x t en t  fo r 
the d i spo s a l  o f  s a l t wa te r . I n  C a l c a s i eu Pa r i sh i n  1 9 7 4  
o ve r  1 8  m i l l i o n  bar r e l s  o f  s a l t  wa ter we r e  i n j ec ted i n to 
the depth i n t e r v a l  f r om app r o x imate l y  1 , 2 2 0  to 2 , 7 5 0  feet 
(wh i c h  g e ne r a l l y  c o r r e spo nd s to  the Evange l i ne aqu i fe r ) .  

At S u lph u r  M i n e s  d u r i ng that year , 1 5 2 , 0 6 1  ba r r e l s we r e  
i n j e cted a t  a depth o f  1 , 2 2 0  feet . 

2 . 2 . 2 . 2  Deep Aqu i fe r s  

F o r  b r i ne d i spo s a l  the pr ima r y  d i spo sal  s i te und e r  con­
s ide r a t io n  is the depth i n t e r va l  f r om 5 , 0 0 0  to 7 , 0 0 0  f e e t  
w i th i n  t h e  deep aqu i fe r s .  As d e sc r i bed i n  Appe nd i x  D . 7 ,  
n i ne w i l dc a t  we l l  l o g s  i n  the v i c i n i ty o f  S u l phu r M i ne s  

*The po ten t i a l  y i e l d  o f  a n  i nd i v idual  we l l  i s  based o n  a 
d r awdown o f  1 0 0  f e e t  a f t e r  o ne d ay o f  pump i ng . I t  i s  al so 
a s sumed t ha t  not mo r e  than 2 0 0  f e e t  of sand i s  sc r eened i n  
the wel l .  I f  the s a nd t h i c knes s i s  l e s s  than 2 0 0  feet , 
then the f u l l t h i c kn e s s  i s  a s s umed to be sc r eened . The 
d i ame t e r  of the we l l  s c r ee n  is a s s umed to be 12 i nches , 
and t he s c r e e ned s ec t io n  i s  a s s umed to be 1 0 0  pe r c e n t  
e f f i c i en t . T h e  y i e l d s  g iv e n  a r e  f o r  ind i v id ua l  we l l s , a nd 
the e s t ima t e s  do not  c o n s i d e r  the i n ter f e r e n c e  e f fe c t s  o f  
pump i ng f r om o t h e r  wel l s . 
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have been s t ud i ed . Two po ten t i a l  d i spos a l  zones  have been 
iden t i f ied wi th i n  the p r oposed depth i n t e r v a l . 

The uppe r po ten t i a l  d i spo s a l  z o ne cont a i n s  a l t e r n a t i ng 
laye r s  o f  M iocene sand s and c l ays between 5 , 0 0 0  a nd 6 , 0 0 0 
f e e t . Th i s  z o ne i s  d i s t i ng u i shed by a 2 0 0 - f o o t  th i c k  
c l ay and s i l t  l aye r above and a 5 0 0 - fo o t  c l ay l aye r a t  i t s  
base . I n d i v idual  s and l aye r s  a r e  c o n t i n u o u s  ( mappa bl e ) * 
f o r  a d i sta nce o f  o n l y  a few m i l e s . The e n t i r e  z o ne , 
howeve r ,  i s  mappa b l e  i n  al l the we l l s that we r e  checked . 
Th i s  g iv e s  a p r ov e n  d i stance o f  c o r r e l a t i o n  o f  the z one o f  
7 m i l e s  e a s t-we s t  and 5 m i l e s  n o r th- s o u th . Po ten t i a l  
r ese rvo i r  sand s typ ic a l ly r ange f r om a s  th i n  a s  2 0  f e e t  to 
a th i c k n e s s  of 7 0  f e e t  w i th in a d i s tance of o n e  m i l e . The 
ave r ag e  to t a l  th i c kn e s s  of sand in the M io c e ne z one is 6 0 0  
fe e t . Typ i c a l  ex i s t i ng wel l s  pene t r ate 2 s a nd s 1 0 0  f e e t  
th i c k  a n d  1 0  s ands  5 0  f e e t  th i c k  w i th l a te r al con t i n u i ty 
o f  l e s s  than 2 m i l e s . 

The seco nd potent i a l  d i sp o s a l  zone  con t a i n s  al t e r n a t ing 
l a ye r s  o f  O l igo cene c l ays and sands f r om 6 , 5 0 0  f e e t  to 
7 , 5 0 0  f e e t . Th i s  zone is sandwi ched betwe e n  5 0 0  feet o f  
c l ay above and mo r e  th an 2 , 0 0 0  f e e t  o f  c l ay bel ow . Th i s  
zone i s  p r e s e n t  i n  a l l wel l s .  I nd i v id ua l  sands v a r y  
g r e a t l y  i n  th i c kn e s s  f r om we l l  t o  we l l  a nd a r e  de f i n i t e l y  
co r r e l a ted f o r  o n l y  a b o u t  3 m i l e s . Appr ox ima t e l y  5 0  
pe r c e n t  o f  the z o ne i s  sand . Typ i ca l ly 2 s and s 1 0 0  f e e t  
th i c k  a nd 5 s a n d s  a t  l e a s t 5 0  f e e t  th i c k  a r e  pene t r a ted i n  
t h e  Ol i g o c e ne z one b y  e x i s t i ng we l l s . 

Two po t e n t i a l  hyd r a u l i c  bound a r y  c ond i t i ons , wh i c h  could  
s u b s tan t i a l ly r ed uc e  the  a r eal  e x t en t , and  t he r e f o r e  the 
vo l ume , of the r e s e r vo i r s , mu s t  be cons ide red . F i r s t ,  
n ume ro u s  fau l t s  a r e  char a c te r i s t ic o f  sed ime n t s  s u r r ound i ng 
a nd ove r l y i ng s a l t dome s . A t  S u l ph u r  M i ne s  faul t s  may 
ex i s t ,  a s  ye t und i sc ove r ed , wh ich could  r e s u l t  in c ompa r t­
menta l i z a t io n  o f  s a nd s  s u r r o und i ng the d ome . I n  th i s  
i n s tanc e br i ne r e se rvo i r  v o l ume would be r e d uc ed , a nd 
p r e s s u r e  i nc r e a se due to i n j ec t i o n  wo u l d  be l im i ted by 
fau l t  bar r ie r s .  

The seconda r y  b ounda r y  c ond i t io n  that c o u l d  a f fe c t  b r i ne 
d i spos a l  ope r a t ions a t  S u lphur  M i ne s  i s  the te r m i n a t i o n  o f  

* I n te r cep t io n  o f  a spe c i f i c  se r i e s  o f  sed imen t , sand , o r  
r oc k  s tr a ta a t  r e g u l a r  i n t e r va l s  p r o v i d e s  d a ta f o r  maps 
l i ke the one shown in F ig u r e  D - 6 . 1  ( Appe nd i x  D . 6 ) . 
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s a nd fo rma t i o n s  ag a i n s t  the s a l t  d ome . At a depth o f  
7 , 0 0 0  feet b e l ow s e a  l eve l the e a s te r n  f l a n k  o f  the dome 
may l i e w i th i n  8 0 0  f e e t  o f  the nor th-sou t h  l i ne o f  pr opo sed 
i n j e c t i o n  wel l s  a t  the c lo se s t  po i n t . At 6 , 0 0 0  feet ' be l ow 
s e a  level  the d i s tance be twe en the s a l t  and the pr oposed 
i n j ect i o n  we l l s  is app r o x ima tely 1 , 3 0 0  fee t . The s e  
po t e n t i a l  bo unda r y  c o nd i t io n s  mu s t  b e  con s ide red i n  the 
d e s ign and eva l ua t i o n  o f  the br i ne d i spo s a l  sys tem a t  
S u l phu r M i ne s . 

As  shown i n  Append i x  D . 6  ove r 3 6  m i l l io n  ba r r e l s  o f  s a l t  
water we r e  i n j e c t ed i n to s ub s u r face  aqu i fe r s  in  1 9 7 4  i n  
C a l c a s i e u  P a r i sh .  The d eepe s t  ave r age d i spo s a l  dep t h  was 
4 , 4 0 0  fe e t . A l im i ted amo u n t  o f  d a ta is  a l so ava i l able 
f o r  c e r t a i n  type s o f  i nd u s t r i a l  wa s te d i spo s a l  we l l s 
ope r a t i ng i n  the c i ty o f  Lockpo r t  w i t h i n  C a l c a s i e u  Pa r i sh 
i n  1 9 7 1 . These d a t a  a r e  p r o v ided i n  Appe nd i x  D . 6 ,  but d o  
n o t  i nc l ude the r a t e o f  d i spo s a l . A t  a depth o f  3 , 5 0 0  
fe et tw� C i t ie s  S e r v i c e  Re f i n i ng' wel l s  i n j e c t ed wa s te s  
c o n t a in i ng s u spended and d i s solved s o l i d s , hyd r o g e n  
s u l f ide , phe no l s , i r on s u l f a te , a nd ammon i a . At a depth 
of 4 , 8 5 0  feet two P i t t sbur g P l a te G l a s s  I nd u s t r i e s  
i n j ec ted wa s t e s  c o n t a i n i ng s a l t ( sod i um c h l o r id e ) , sod i um 
s u l f a te , sod i um c a rbonat e , me r c u r y , c al c i um ,  and magne s i um . 
The ava i l ab l e  d a t a  f o r  C a l c a s i e u  Pa r i sh i nd i c a t e s  no 
expe r i en c e  w i th i n j ec t io n s  a t  depths o f  5 , 0 0 0  to 7 , 0 0 0  
f e e t , t he depth o f  b r i ne d i spo s a l  f o r  the p r oposed pr o j ec t . 
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2 . 3  METEOROLOG I CAL COND IT I ONS 

2 . 3 . 1  C l imato l og i c a l  Cond i t i o n s * 

The c l imate of  the a r e a  i n c l ud i ng the pe rmanent sto r ag e  
fac i l i ty at th e S u l ph u r  M i n e s  s a l t dome s i te ne a r  S u l phu r , 
Lo u i s i ana and the c r ud e  o i l  t e rm i n a l  at N ed e r l and , Texas ( 3 9 
m i l e s  so uthwe s t  o f  the s to ra g e  f a c i l i ty )  i s  c l a s s i f i ed a s  
" h um i d - s u b t r op i c a l w i th s t r ong ma r i ne i n f l ue nc e s . "  Seasonal  
f l uc t uat i o n s  are  mod e ra t e . S e a  b r e e z e s  u s u a l ly prevent 
e x t r eme l y  h igh tempe r a t u r e s  in  s umme r and the area  i s  
s u f f i c i en t l y  f a r  s o u t h  s o  that the c o l d  a i r  ma s se s  o f  w i n t e r  
a r e  n o t  seve r e . The ave rage f r e e z ing s e as o n  i n  t h e  a r ea i s  
f r om mi d -Dec embe r t o  m i d-Febr u a r y  w i th typ i c a l ly 5 to 1 0  
days hav i ng tempe r a t u r e s  equal  to o r  le s s  than 3 20F . 2 3  
The fog g i es t  mon t h s  a t  L a k e  C ha r l e s  and Po r t  A r thu r a r e  
Decemb e r  and J a n u a r y  wi th 7 t o  9 days pe r mo n t h  o f  heavy fog 
r e s t r i c t ing v i s i b i l i ty to l e s s tha n  a q ua r t e r  m i l e . 2 4 , 25 
Novembe r t h r ough May i s  u s u a l ly the w i nd i e s t  pe r i od w i th 
mean w i nd speed s  o f  9 to 1 0  mph at L a k e  C ha r l e s  and 1 0  
t o  1 2  mph a t  P o r t  A r thu r . The mon t h l y  pe r ce n t age o c cu r r ence 
o f  ca lms i s  l a r g e s t  in  summe r as  i l l u s t r a t e d  in  F i g u r e  
2 . 1 4 . 2 6 , 2 7 

The N ovembe r t h r ough Ma r ch pe r i od i s  typ i c a l ly the co l de s t  
w i th mon thly no rma l  tempe r a t u r e s  i n  the 5 0° 1 s ;  January to 
Ap r i l  is  typ i c a l ly the d r i es t  pe r iod w i th l e s s  tha n  4 . 3  
i n c h e s  o f  r a i n each mon t h . The mon t h ly no rma l  r a i n f a l l a t  
L a k e  C ha r l e s 2 8  a nd Po r t  A r th u r 2 9  i s  i l l u s tr a ted i n  
F i g u r e  2 . 1 5 .  J u n e , J u l y  a nd Aug u s t  a r e  u s ua l ly t h e  h o t tes t ,  
wet tes t ,  and mo s t  hum i d  mon th s , w i th mon t h l y  n o rmal tempe r a ­
t u r e s  in  t h e  l o w  t o  m i d  8 0 0 ' s  ( F i g u r e  2 . 1 6 ) , n o r m a l  Ju ly 
r a i n f a l l o f  s i x  i nc h e s  and a v e r a g e  r e l at ive hum i d i ty o f  6 5  
pe r ce nt at noon . As i l l u s t r a ted i n  F ig u r e  2 . 1 7 ,  thu nd e r s to r m  

*Thel1e a r e s t-We athe r mon i to r i ng s t at i o n s  w e r e  w i th i n 1 0  m i l e s  
o f  the p r opo sed fac i l i t ie s . The s tat ions  used  w e r e : 

Lake C h a r l e s , La . (Nat ion a l  Weathe r S e r v i c e  S t at i o n  
(NWS ) 7 2 24 0 ,  o r  A i r  F o r ce S t at ion 1 3 9 4 1 ,  app r ox i mately 
1 0  m i l e s  e a s t  of  the pe rma n e nt s to r ag e  f ac i l i ty ,  
fo r w i n d  r os e , fog a nd thund e r s to r m d at a .  

Po r t  A r thu r , Texas  (NWS S t at ion 1 2 9 1 7  a t  J e f fe r son 
C o unty A i r po r t , 5 m i l e s  sou thwe s t  o f  the S un 
T e r m i n a l  a t  Nede r l and , f o r  t empe r a t u r e  and p r e c i p i ­
tat ion norma l s ,  w i nd r o se , f og a nd thund e r s to rm 
dat a .  
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ac t iv i ty i n  the a r e a  i s  g r e a t e s t  i n  J u ly a nd Aug u s t ;  the 
no rma l  me an ann u a l  n umb e r  of  d ays w i th thund e r s to rms i s  7 8  
f o r  L a k e  C ha r l e s  a nd 6 5  f o r  P o r t  A r t hu r . The normal 
annual  r a i n fa l l  i n  t he a r e a  is  app r ox ima t e l y  55  i nc h e s  and 
the an nu a l  lak e evapo ra t i on i s  app r ox ima t el y  51 i nc h e s . 2 3  

W i nd r os e  dat a f o r  L a k e  C ha r l es 2 8  a nd Po r t  A r t hu r 3 0  
a r e  i l l u s t r a t ed i n  F i gu r e  2 . 1 8 .  The annual  pec e nt f r equency 
of winds by speed gr oups for  Lake C ha r l e s 2 6  a nd P o r t  
A r t h u r 2 7  i s  g i ven i n  Tab l e  2 . 3 .  Seventy- seven pe r c e n t  
o f  th e w i nd speed s  o bse rved a t  L a k e  Ch a r l e s  and 7 1 %  a t  
Po r t  A r t h u r  d o  n o t  ex c e ed 1 2  mph . E x t r eme w i nd s  a r e  
p r o j e c t ed a t  9 5  mph f o r  a 5 0  y e a r  rec u r r e nce i n t e r va l  a nd 
2 0 0  mph fo r a 1 0 0  y e a r  rec u r r e nce i n t e r v a 1 . 3 1  

A tmo sphe r i c  s tagna t ion pe r i o d s  a r e m i n i ma l  beca u s e  o f  the 
G u l f  C oa s t  w i nd s . The t o t a l  n umbe r of  fo r e c a s t  d ays o f  
h i gh meteo ro log i c a l  p o te n t i a l  f o r  a i r  po l l ut ion i n  a 5 
year  p e r i od r a nge s  f r om app r ox i ma t e l y  5 t o  1 0  d ays . 3 2  

The s e a s on a l  i nve r s i on f r equency a s  pe r c e n t  o f  t o t a l  h o u r s  
i s  r epo r ted t o  be app r o x i ma t e l y  3 5  pe r cent  fo r w i n te r , 2 5  
p e r c e n t  f o r  sp r i ng , 3 0  pe r cent  f o r  s umme r , 4 0  pe r ce n t  fo r 
f a l 1 . 3 3  

W i th in the pas t twe nty ye a r s ,  two s to rms pa s sed t h r ough 
the a r e a  w i th w i nd s 1 0 0  mi l e s  pe r h o u r  o r  g r eat e r . These 
w e r e  H u r r i c ane  Aud r e y  ( 2 5 - 2 9  June 1 9 5 7 ) , wh ich pa s sed  we s t  
o f  La k e  Ch a r l e s  between C a lc a s i e u  L a k e  and S ab i ne La k e , 
and H u r r i c a ne E d i th ( 5- 1 8  S ept embe r 1 9 7 1 ) , wh i c h  pas sed 
s outhe a s t  of the a r e a . 3 4  H u r r i c a ne B e r t ha ( 8 - 1 2  Aug u s t  
1 9 5 7  w a s  a l e s se r  s to rm ( r e c o r d ed w i n d s  l e s s  tha n  1 0 0  
m i l e s  pe r h o u r  t h r ough i ts pat h ) , a nd pa s s ed f r om s o uthe a s t  
o f  H ac k be r ry t o  j u s t  no r th o f  Po r t  A r t hu r . 3 4  

Severe  s to rm s t at is t ic s  w i th in two 5 0  n a u t i c a l  m i l e  s tr i p s  
( 5 7 . 6  s ta t u t e  m i l e  s t r i p s )  o f  Lou i s i ana c oa s t l i n e  s u r r ou nd ­
i ng W e s t  H ac k be r ry 3 5  a r e  s umma r i z ed i n  Table  2 . 4 .  

2 . 3 . 2  E x i s t i ng A i r  Qual i ty 

The ac t iv i t ie s  as s o c i at e d  w i th the e s t ab l i s hment , f i l l i ng 
a nd dr awdown of the E SR fac i l i ty a t  S u lph u r  M i ne s  would  
o c c u r  i n  the f ed e r a l ly des i gnated " S o uthe r n  Lou i s i ana-S o u t he a s t  
Tex a s " I nte r s t at e  A i r  Q u a l i ty C on t r ol Reg i o n  ( Reg i o n  1 0 6 ) . 
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Table 2 . 3  Annual Percent Fr equency o f  W i nds by W ind Speed 
Gr oups for Lake Charles  and P o r t  Ar thur . 

W i n d _Speed Groups 
( mp h ) 

C a lm 
1-3 

4-12 

13-24 

2 5 - 3 1  

32-46 

> 4 7  

Mean Speed ( mp h ) 

2- 4 4  

A n n u a l  Per c e n t  Fr equ e ncy 
Lake Char l es l7 Port A r t hurl8 

5 . 7  1 . 7  

1 1 . 0 5 . 6  

60 . 2  63 . 2  

2 1 . 1  2 8 . 7  

1 .  7 0 . 6  

0 . 3  0 . 1  

0 . 0  0 . 0  

8 . 8  1 0 . 0  



T ab l e  2 . 4  S umm a r y  o f  S e v e r e  S to r m  S t a t i s t i c s  W i th i n Two 
50 N a u t i c a l  M i l e S t r i p s  of L o u i s i �n a  C o a s t l i n e  
S u r r o u nd i ng S ul p h u r M i n e s  .LiOi"ite s . 3 :::> 

A l l  T r o p i c a l  Cy c l o n es 

A l l  Hu r r i c an e s  

Gr e a t H u r r i c an e s 

t h e  �l a i n L.tn d 1 8  8 6 - 1 9  7 0 
We s t  

1 2  
7 
3 

E a s t 

1 0  
5 
1 

N um b e r  o f  Y e a r s  Be t ,vee n T r o p i c a l  Cy c l o n e  O c c u r r e n c e s  
( A v e r ag e  f o r  P e r i o d 1 8 8 6 - 1 9 7 0 ) 

We s t  E as t  

A l l  T r o p i c a l  C y c l o n e s  7 8 
A l l Hu r r i c a n e s  1 2  1 7  
G r e a t  Hu r r i c a n e s  2 8  8 5  

R i s k  o f  T ro p i c a l  * *  
Cy c l o n e s  

W e s t  E a s t  

A l l  T r o p i c a l  C y c l o n e s  1 4% 1 2% 
A l l  H u r r i c a n e s 8% 6% 
G r e a t  Hu r r i c a n e s  4% 1% 

* D u a l  n umbe r s  r e p r e s e n t  s t a t i s t i c s  f o r  t h e  5 0  m i l e s  
we s t  and e a s t o f  S u l ph u r  M in e s . 

De f i n i t i o n s : 
T r op i ca l  C y c l o n e  
H u r r i c ane 
G r ea t  H u r r i c ane 

3 9 - 7 3  mph . 
7 4 - 1 2 4  mph . 

> 1 2 5  mph . 

* * R i s k  r eq u a l s the  p r oa b i l i t y  ( % )  t h a t  a t r op i c a l  s to r m , 
h u r r i cane o r  g r e a t  h u r r i c ane w i l l  o c c u r  i n  a n y  o n e  y e a r  
i n  a 5 0  n a u t i c a l  m i l e s eg me n t  o f  co a s tl i ne . 
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I n  comp l i ance w i th the Fede r a l  C l ean A i r  Ac t ,  the s t a te s  o f  
Lo u i s i a na a n d  T e x a s  have i n i t i ated Imp l emen t a t i o n  P l ans 3 6 , 3 7 
w h i c h  p r o v ide fo r the imp l eme n t a t i o n , ma i n tenance and 
enfo r c ement of the Fede r a l  A i r  Q u a l i ty S t and a r d s  pr omu l g a ted 
by the E nv i r onme n t a l  P r ot e c t i o n  Ag e ncy ( E PA )  on 3 0  Apr i l  
1 9 7 1 ( 3 6 FR 8 1 8 6 ) . The T e x a s  A i r  Q u a l i ty s tand a r d s  ar e 
i d e nt i c a l  to the fed e r a l  s tand a r d s  a s  l i s ted i n  Table  2 . 5 ,  
w i th a few add i t io n s . The add i t io n s  pe r t i n e n t  to the E S R  
P r og r am a c t i v i t ie s  a r e  l i s te d  i n  Table  2 . 6 .  The Lo u i s i ana 
s ta nd a r d s  are l i s ted i n  T a b l e 2 . 7 .  

F o r  the p u r po s e  o f  eva l u a t i ng ex i s t ing a i r  q u a l i ty ,  d a t a  
we r e  o b t a i ned f r om t h e  Lo u s i ana A i r  Co n t r o l  C ommi s s i o n  
( LACC ) a nd t h e  T e x a s  A i r  Co n t r o l  Bo a r d  ( TAC B )  • T h e  ne a r e s t  
LACC a i r  mo n i to r i ng s t a t i o n s  i n  the v i c i n i ty o f  the pe rmanent 
s to r ag e  fac i l i ty a t  S u lphu r a r e  l o c a ted in  the h ig h l y  
i nd u st r i a l i z ed a r ea 1 0  t o  1 2  m i l e s  t o  t h e  e a s t , a t  L a k e  
Cha r l e s  a n d  We s t  L a k e . T h e  d a ta f r om t h e s e  s t a t i o n s  i s  
l i m i ted becau se o f  equ i pme n t  p r ob lems . Tabu l a t i o n s  o f  
s u spe nded pa r t i c u l ate , o x idant and s u l f u r  d i o x ide d a ta fo r 
1 9 7 5 a r e  p r e sented i n  T ab l e s  B-1  thr ough B - 5  o f  Append i x  A .  
A s umma r y  o f  the d a ta fo r 1 9 7 4  and 1 9 7 5  i s  g i ve n i n  T a b l e  
2 . 8 .  I t  i s  i nd i c a te d  t h a t  ( f r om T ab l e s  B - 1  t h r o u g h  B- 3 ) , 
fo r a s amp l e  o f  1 6 8  s uspended pa r t i c u l a te obse r v a t i o n s  
d u r i ng 1 9 7 5  a t  t he t h r e e  l o c a t i o n s  i n  the L a ke C h a r l es a r e a , 
the 2 4- h o u r  p r ima r y  stand a rd wa s not  e x c eeded and the 
s e c o nd a r y  s t and a r d  was e x c e ed ed on th r e e  o c ca s i o n s . Con­
t i nuo u s  o x i d a nt me a s u r eme n t s  d u r i ng 1 9 7 5  i nd i c a ted 3 6  
v io l a t i o n s  o f  the 1 -ho u r  fed e r a l  s t anda rd ( Tab l e  B- 4 ) . 
The r e we r e  no v i o l a t i o n s  o f  the fede r a l  s ta n d a r d  f o r  s u l f u r  
d i o x id e  ( Tabl e B- 5 ) . I t  i s  obv i o u s  tha t  the se d a ta a r e 
somewh a t  l im i ted i n  scope , and they a r e  r ep r e s e n t a t i ve o f  an 
i nd u st r i a l i z ed a r e a . The S u lphu r M i ne s  s a l t d ome i s  i n  
C a l c a s i e u  P a r i sh , a n d  C ame r on P a r i sh i s  abo u t  2 0  m i l e s  
s o uth . Came ron Pa r i sh i s  a ma r sh-bayou dom i na ted a r ea . 
S i nce Ca l c a s i eu P a r i sh i s  e s se n t i a l ly d r y  l and , i t  i s  mo r e  
i nd u s t r i a l i z ed and u r ban i z ed than C ame r o n  P a r i sh . The mea s u r e 
o f  em i s s i ons i n  ton s/yea r 3 6  i s  not  a fa i r  d e s c r ip t io n  to 
c omp a r e  pa r i she s . T h u s , t he s e  numbe r s  we r e  r e d u c ed to a 
r ou g hl y c ommo n f o r m  o f  pounds p e r  squa r e  m i l e  pe r hou r . 
Table 2 . 9  shows these ad j u s ted em i s s i o n s  fo r C ame r o n  and 
C a l c a s i e u  P a r i sh e s . Da ta o n  the pr edom i nant i n d u s t r y  o f  
each pa r i sh ,  based o n  c e n s u s  s t a t i s t i c s  o f  the to t a l  wo r k  
fo r c e  and the d i s t r ibu t i o n  among the va r i o u s  ind u s t r y  a nd 
c omme r c e  ope r a t io n s  i n  each p a r i sh ,  i s  a l so i n c l uded i n  
Table  2 . 9 .  I n  C a l c a s i e u  Pa r i sh , h igh em i s s io n s  come f r om 
pe tr o l e um r e f i ne r i e s , wi th the pe tr ochem i c a l  i nd u s t r y  
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T ab l e  2 . 5  Fede r al Amb i e n t  A i r  Q u al i ty S t and a r d s  

Pol l u tu n t  - - · - - --

Pa rticu l u t e �; :  

J\nnu a l  Geome t r i c  Me.:i.n 

24 -hour Mu x i m um 

S u l fur D iox id e s : 

J\nnu a l  Ar i thme t ic M e n n  

2 '1 - hour Mu x i.mum 
3 - hour Max imum 

S u l f u r  A c j d M i s t  and/or 

S u l f u r  Triox i d e :  

2 '1 - ho u r  Mm: i mum 
J. - ho u r  Mc:ix:i mum 

Carbon Monoxi de : 

8-hour Mu x .i tm un 
1-hour Ma ximum 

Pho tochemi ca l  Oxida n ts : 

1-hour M 01 ximu111 
'1 -hou r  Max imum 

Hydroca rbo n s  ( n o n -me th a n e ) :  

3 -hou r  Max iinum 

Ni trogen D iox i d e  (NO ) : 

Annua l l\r i thme t ic Ae u. n  

P r i mu r y  S l u nd a r d  

7 5 1 1 g/m� 
2GOµ<J/m 

3 
8 0 p g/m

3 
( 0 .  O J  pp111 ) 

3 6 5 p g/m ( 0  • .l '1 ppm ) 

J 
l 2 p g/m

3 
3 011 9/m 

3 
l 0mg/m

3 
( 9  J>J >tn ) 

tl Omg/10 ( 3 5  Pl'll l )  

J 
1 6 0!J <J/m

3 
( O .  on pp111 ) 

98pg/m ( 0 .  OS pprn ) 

3 
1 60µ g/m ( 0 . 2 4  pp1n ) 

3 
l O Oµ g/m ( 0 . 0 5  ppm ) 

3 
J ig/m - M i crograms p e r  Cub i c  Meter 

3 
mg/m = M i l l igrams per Cubic Meter 

2-4 7 

.1 
60p q/m .

i 
l � 011g/m 

3 
"GOp c_r/m . ( 0 .  0 2  pprn ) 

2 G011 9 /111 :: ( O . l  0 1Jp111 ) 
.lJ O Oµg/rn' ( . 5  ppm )  

·i ] Orn<J /m� ( 9  pp111 ) J 
4 0mg/m ( 3 5  pp111 ) 

3 
1 6 01 1 9 /m 3 ( Cl .  OU 1 •1 1111 ) 

90µg/m' ( 0 . 0�> pp;11 ) 

3 
1 60 µ <] /m ( 0 .  2 '1  pp111) 

3 
1 0 011 9/111 (0 . 0 5  );>J llll ) 



T ab l e  2 . 6  T e x a s  Amb i ent A i r  Q u a l i ty S tand a r d s  
( A s  spec i f ied i n  c o n j u n c t ion w i th th e 
Fed e r a l  Amb i en t  A i r  Q u a l i ty S t and a r d s ) .  

Suspended P a r t i c u l a t c s 1 

5 - ho u r  a v e r a g e  

3 - hour a v e r a g e  

1 - ho ur average 

V i s i b l e  Emi s s io n s : 

5-mi n u t e  p e r iod 

J 
l O O l l q/rn 

3 
2 0 0p y /m 

3 
'1 0 0 1 1 �r/m 

no t to e x ce e d  20� opac i ty 

( fo r  a ny s ta t ionary f l u e  co n s t r u c ted a f t e r  3 1  J a n u a r y  1 9 7 2 )  

S u l f u r  D io x i d e  (S0
2

l :  

3 0-m i n u t c  avera g e  

Orany c ,  J e f f e r son 

Co u n t i e s  

Hart i s ,  Ga lv e s ton 

Co u n t ie s  

A l l  othe r �au n t i e s  

Hydrog e n  S u l f id e  ( 1 1 2s ) : 
3 0-mi n u t e  average 

( 1 )  do•,.rnw i ncl c o n c: c n tra U o n 
c f f c c t i nq prope r t y  u �; ed for 

r e s i rt c n t ia l , bu s i n e s s  o r  

comme r c e  p urpo s e s  

( 2 )  dow11w.i.nrl c o n c r� n rr a t i o n 
c f f: c c t i ng p r o pe r t y w ;.; e c.l  f o r  

o t-.l t e c t h a n  thr� ;i bovc 
spcc: i f iccl l a nd 1 1 �; c �; ; f' , CJ .  
v n c .·1 n t L i n d , t . i ll '] C  l u. n d , 

indu s t-. r i a .L p roper ty 

ne t g ro u n d  l e v e l  c o n c e n t r a t io n *  

0 . 3 2 pprn 

0 . 2 A  ppm 

0 . 4 0 ppm 

n e t g r o u nd l e v e l con c e n tra tiun* 

0 . 0 8 ppm 

0 . 1 2  p11 1t1 

* n r' t c :ir:o1 1ncl l e vel c o n r. c n t r a t i o n i s  t h e  down w i nrl co11 r::E "1 t r u t io 1 1  minu s the 
upwind conce n tr a tio n . 
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T ab l e  2 . 7  L o u i s iana Amb i e n t  A i r Q u a l i ty S t anda r d s . 

POLI.UTJ\ln'S S T/\!·lf"'" PD (m,1 x  i 111u111 pe nn i. s s  i l> l e  C( > 1 1 c 0 n  t r  iJ t i o ns j 

Su s p e nded Pa r t i c u l a t e s : 

A n nu a l  G eome t r i c  M c � n 

Ma x i mum 2 4 - h o u r  me a n  

Du s t  Fa ll 

Co e f f i c i e n t  of l l c1 zc : 
J\ n mlil l  CJ eOme t r  i C mCcl n 

J\ n n u a l  a r i  t l nne t i c;  me a n 

Max i mum 2 4 - h r . mea n ·  

Su l f u r  D i o x i d e  ( S 0
2

} 

/\ n 1 1 u a l  M e a 1 1  
M il x  i m u m  2 11 - h o u r  mea n 

Ma x i mum 3 - ho u r  m e a n  

Su l f u r  /\ c i d  M i s t :  
( S u l f u r  T r i o x i cl c o r  a n y  

combi n a t i o n  t h e r eo f }  

Mi1 X i  mum /\ n 1 1ua  l M c u n  
2 '1 - li o u r  1·1 C' i i n 

! - hour M e a n  

Ca r bo n  Mo nox i d e  ( CO } : 
[I - ho u r  Ma :< i  m 1 nn 
1 - hou r McJ > d  mum 

l lycl r o c o rbo n s  ( n o n -me t h a n e ) : 

3 - h o u r  M,1 x i  rn u rn 

be tween G : O O a nd 9 : 00 a . m .  

'l'o t il l O x i ci :rn ts :  

J\ n n u,1 l /\ r  i t hmc t i c  Mean tl - ho u r Mil } d  1n1 1 m  

! - ho u r  Max i mum 

N i t roq c n D i ox i cl c  ( NO) : 
A n n u a l /\ )" i  l hmc t i c  M c <1 1 1  

P I U  M/\RY � EC(Jl i l >/1 HY 

3 
7 5  µg/rn

3 
2 6 0  \Jg/m 

20 tons/mi
2

/mo n t h  

0 , 0!1 COl !/ 1 0 0 0  l i n .  f t .  

0 • 7 5 COi i/ 1 0 00 1 j n . [ t . 

1 . 5 0 C0! !/ 1 0 0 0  l i n .  f t . ·· 

J El O  \ l<J/m
3 

3 6 5  \ l g/m 

3 
60 pg/m

3 
1 50 µg/m 

3 
60 l ! CJ / m

3 
2 G O  p q / m

3 
1 3 0 0  �Jg/m 

.1 tl l ! g/rn
3 

1 2  \ lfJ / m
3 

/ n o t  t o  b e  r:' X cc ecicd more t h a n  

J O  \ l g/m l H o !:  t h e t l  me 

3 
1 0  mg/m

3 
4 0  mg/m 

3 
1 6 0  µg/m 

5 8 . El 
9 R . O  

1 6 0  

1 0 0  

I 3 \ J c] m . ] 
J Jq /m . J 
pg/m 

µg/m 
J 

3 J O  m y / m
3 '1 0  my/m 

3 
1 6 0 µ9/m 

3 
5 8 . 8  Jlc:J /m 3 

pg/rn
) 

9 8 . 0  

1 6 0  J l g / m  

1 0 0  J l <J /m 
3 

No l e :  hou r l y  mea n s  a r c no t to be e x c eeded mo r �  t h a n  o n c e  p e r  y e n r 

S o u r ce : l\ i r Con t ro l  P r. q u l o t i o n �; ,  L o u i ,; i ,1 n a  l\ i r Con t ro l  
c� o il1m-1::s r0i·1-,-1-Jc\�-0 1.- 1 i�:il1!i , Lo u i s i u 1w , l\ tHJ l l s l: 1 ,  1 9 7 4 . 
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Table 2 . 8  L ou i s i ana A i r  Qual i ty Commi s s i o n  A i r  Q u al i ty Dat a .  

CONCENTRATIONS IN MICROGRAMS PER CUBIC 

WEST LAKE 

Suspended Particulat e s  

Annual Geome tric 

Daily Maximum 

Annuai Ave rage 

Monthly Maximum 

Annua l Average 

Monthly Maximum 

Mean 

Number of Violations o f  

the Fede ral 1-hr standard 

( . 08 ppm) 

60 

1 5 0  

1 .  3 

1 1  

4 8  

7 2  

NOTE S : ( 1 )  Site a t  701 Johnson S tree t  

( 2 )  S i te a t  intersec t ion of Ryan 

( 3 )  Site at 721 Prien Lake Road 

( 4 ) Data are repre sentative only 

s tations operat ion . 

2- 5 0  

1 9 7 4  

LA KE  CHARLES 

6 5  

120 

5 . 5 

2 7  

6 6  

1 6 0  

and McNee s e  Street 

1 9 7 5  

WEST LAKE 

( 1 )  

5 7  --

1 4 6  

o f  concentrations during 

( 4 )  

LAKE 

( 2 )  

4 3  

1 2 1  

METER 



N I U1 I-' 

T a b l e  2 . 9  Em i s s i o n s  and I nd u s t r y  P r of i l e s  f o r  C a l c as i e u  and C ame r o n  P a r i s h e s  ( 1 9 7 0 ) . 

Pari s h  

Ca>:1eron 

Are a 

Sq . Y.i .  

1 4 4 4  

Calcas i e u  1 105 

Pop . 
De ns i ty 

5 . 7  

1 3 1 . 6  

\ Petroleu.� Re f i nery 
and Pet rochemical 
O;::e rations Pci n t  
Source Contribut ion 

' Chem i c a l  I nd u s t ry 
Po i n t  Source 
Con t r ibut ion 

S O  Hydrocarbons P a r t i c u l ates 

lb/ . � lb/ . 2  lb/ . 2 . 
mi -hr �i - h r  rr� - n r  

0 . 0 8 0 . 00 4  0 . 006 

1 1 . 4 1 1 .  8 1 . 6  

9 8 %  3 5 %  6 3 %  

4 3 %  8 %  

Pre dcci nan t ( \  o f  To tal Wo rk Force ) Indu s try 

Indus try as '!. o f.  
Man u f� c t u r i n q  Work Force 

Tr.::. n s po r :: � t. .i on 
M i n i n g  Manu f a c t u r i n g  Chemi c a l  Equi ?�e n t  

1 6 %  1 1 .  8 %  9 %  1 1 %  

1 3 % = Agr i c u l t ure , Fores t ry and F i s he r i es 
( %  of To t a l  Work Forc e )  

3 . 6 %  1 9 %  37 % 5% 

2 . 3 � = Ag r i c u l ture , Fores try and F i s h eries 
(%  of Tota l Work Force ) 

1 1 %  = Cons truction ( %  o f  Tot a l  Work Force) 

Source : P ub l i c  1»f fai rs Re s e a!"ch Cou::ci l of Loui s i an a , I nc . , " P ari s h  P ro f i l e s , "  Ba ton Rouc.;c , Lou: s i ana , 1 9 7 3 . 

En!. ss io�s from LACC Imp le�� n t a t ion P l an . 



po i n t  so u r ce s  c o n t r i b u t i ng g r e a te r  than 9 5  pe r ce n t  o f  the 
t o t a l  p a r i sh su l f u r  o x ide em i s s i o n s . The comb i na t i on o f  
pe t r o l e um r e f i n i ng , pe t r o chemic a l , and chem i c a l  i nd u s t r y  
po i nt s o u r ce em i s s io n s  a c c o u n t s  fo r g r e a t e r  than 7 0  pe r ce n t  
o f  t h e  to t a l  C a l ca s i eu P a r i sh em i s s io n s  o f  hyd r o c a rbons  and 
pa r t i c u l a te s . Came r o n  P a r i sh is  seen to be a ve r y  " c l e a n "  
p a r i sh ;  the on l y  r e a l  em i s s io n  so u r ce s  a r e  veh i c l e s . 

The cur r e n t  use of  thr ee cav i t i e s  for  e thylene sto r age , the 
b r i ne p r od u c t i o n  and a s so c i ated ac t iv i t i e s , and the g a s  and 
o i l  p r o d u c t ion ope r a t i o n s  a t  the S ul p h u r  M i n e s  s a l t  dome 
cau se a sma l l e l ev a t io n  o f  a i r  po l l u t ant concent r a t ions  
l o c a l ly . Th i s  i s  c o n s ide r ed to be  i n s ign i f i c an t  and  should  
po se no  ext r ao rd i na r y  c o n s tr a i n t s  upon f u r the r deve l opme nt 
of thi s a r ea . 

A l a rge po r t io n  o f  the hyd r o c a r b o n  em i s s i o n s  a s so c i ated w i th 
the S u lphu r M i n e s  ESR p r og r am wo u l d  o c c u r  a t  the S un Term i na l  
s i te (Nede r l and , Te x a s ) , ma i n ly as  a r e s u l t  o f  tan k e r  
l o ad i ng o r  u n l o ad i ng a nd s ur ge t a n k  c r ude o i l  s to r age . 
Nede r l and i s  l oc a ted i n  the southe a s t  co r ne r  o f  T e x a s  Ai r 
Q u a l i ty C o n t r o l  Reg i o n  X .  The maj o r  econom i c  ac t i v i ty i n  
th i s  pa r t  o f  the r eg i o n  i s  pe t r o l e um r e f i n i ng a nd the 
pe tr ochem i c a l  i nd u s t r y .  In th i s  area the r e  a r e  seven 
pe t r o l e um r e f i n e r i e s  and app r o x ima tely 21 chem i c a l  p l a n t s . 
A m a j o r i ty o f  these p l a n t s  a r e  l o c a ted i n  the maj o r  me t r o ­
po l i tan a r e a  o f  Beaumo n t , Po r t  A r thur  and O r ange . 3 7  

Tabu l a r  s umma r i e s  o f  a i r  q ua l i ty d a ta obt a i ned by the TACB 
in Nede r l a nd a r e  p r e se n ted in Appe nd i x  B ( Tabl e s  B-6  thr o ugh 
B- 1 1 ) ; a n  abbr ev i a ted s umma r y  of the Nede r l and a i r  q ua l i ty 
d a ta i s  g i ve n i n  T a b l e  2 . 1 0 .  Th e s e  d a t a  ind i ca te that the 
fede r a l  s tand a r d s fo r n i t r ogen d i ox ide , c a r bo n  mo nox ide , 
s u l f u r  d i o x ide and s u spended pa r t i c u l a t e s  we r e  no t v i o l a t ed 
d u r i ng 1 9 7 4  and 1 9 7 5 . C o nc e n t r a t i o n s  of no n-me thane hyd r o ­
c a r b o n s  we r e  obse rved to exc eed s tand a r d s  a t  Nede r l and 
( appr o x i ma te ly 7 0  pe r ce n t  of the ho u r s for wh i c h  d a ta w e r e  
ava i l ab l e  d u r i ng 1 9 7 4  and 1 9 7 5  h ad conce n t r a t io n s  exceed i ng 
the fede r a l  s t a nd a r d s )  . Th e s e  h i g h conc e n t r a t i o n s  do not  
c o r r e l a te w i th o z o ne conc e n t r a t i o n  s ta t i s t i c s  c a l c u l a ted 
f r om me a s u r emen t s  a t  the same l o c a t i o n  d u r i ng the same 
pe r i od ;  a s  i nd i c a ted i n  T able 2 . 1 0 ,  the conc u r r e n t  o z o ne 
me a s u r eme n t s  e xceeded the fed e r a l  s tand a r d  app r o x ima te l y  
th r e e  pe r c e n t  o f  the t ime . The o c c u r r e nce of  e x ce s s ive 
hyd r o c a r b o n  conc e n t r a t i o n s may be a t t r i bu t ed to the p r e s e nce 
of tank f a r m s , pe t r o chem i ca l  a c t i v i t i e s  a nd the pe t r o l e um 
de l i ve r i e s  i n  the Nede r l a nd a r e a . 
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T a b l e  2 . 1 0 Abbr ev i a ted S umma r y  o f  A i r  Q u a l i ty D a t a  for N e de r l and , T e x a s . 
D a t a  S o u r c e : T e x a s  A i r  C o n t r o l  Bo a r d . 

Federal 
Standards 
(Primary ) 

Data 1 97 4  

1 97 5  

* 

Nitrogen Dioxide 
( ppm) 

* 
AAM 

AAM 

. 0 1 

. 01 

. 05 

Non-Methane 
Hydrocarbons 

(ppm) 

3 hr . max . 
0 . 2 4 

i h rs > 
. 24 

Mean 

71 . 3 . 7  

68 . 0  . 6  

AAM = Annual Ari tme tic Mean 

* *  
AGM = Annua l Geometric Mean 

Ozone 
(ppm) 

1 hr . max .  
= . 08 

i h rs > 
. 0 8  

Mean 

2 . 7  . 02 8  

3 . 4  . 02 8  

Carbon Monoxide 
(ppm ) 

8 hr . max . 1 hr .  max . 
= 9 = 3 5  

i hrs > i hrs > 
9 3 5  

0 0 

0 0 

Sul fur Dioxide 
(ppm) 

24 hr . max . 
· = . 1 4 

i h rs > 
. 14 

0 

0 

Suspended 
Particu lates 

(ppm ) 

* *  
AGM = 7 5  

2 4  hr . max . 26C 

AGM i hrs > 260 

5 3 

56 

0 

0 



2 . 3 . 3  No i se 

No i se a t  th e s i te and i n  th e near  v i c i n i ty o f  the S u l phur 
M i nes sal t d ome is typ i c al of a s e c l uded , e ss e n t i a l l y  f l a t , 
mode r a te l y  fo r e s ted a r ea . I n  th e w i n t e r  and spr i ng , the 
c o n t r i bu t i ng n o i se so u r c e s  are w i nd i n  the t r ee s , pe r i od i c  
b i rd cal l s  and t h e  r u s t l i ng o f  t h e  g r a s se s  and br u sh . The 
d ay-n i g h t  we igh ted leve l s a r e  ar o und 4 8  dBA o n  r ea so na b l y  
calm d a y s  ( w i nd s  l e s s  t h a n  1 0  mph ) . 3 8  I n  t h e  summe r , 
becau se o f  the h i g h  hum i d i ty and warmth , the ma r s h l and no i se 
i s  d om i n a ted by the bu z z  o f  mo squ i to e s  and o th e r  i n sec t s , 
f r og s ,  c r i c k e t s , and b i r d c al l s , and the no i se o f  the 
fo l i age on the tr e e s  and b r u sh , a s  w i n d s  b l ow th r o ug h .  On a 
no rmal s umme r eve n i ng , the no i se leve l s  c a n  be as much as  1 0  
to 1 5  dBA h i g h e r  than wi nter  leve l s  because o f  ac t i v i t i e s  o f  
na t i ve c r e a t u r e s  and i n s ec t s .  

The S u lphur M i n e s  s i te i s  char a c t e r i zed by r emo te a r e a  no i se 
pa t t e r n s . Lo c a l  ac t i v i ty n e a rby o n  publ i c  r oad s b a r e l y  
pe ne t r a te s  t o  t h e  s i te because o f  t h e  sound a tten tua t i o n  o f  
mo de r a t e l y  d e n s e  fo r e s t s . 

I n  p r ep a r a t i o n  o f  the env i r o nme n t al imp a c t  r epo r t  f o r  the 
p r op o s ed o f f sh o r e  supe rpo r t ,  S e ad oc k , I n c . per fo rmed a 
br i e f  ambi e n t  no i se s u r vey i n  the a r e a  o f  Jones  C r eek  ( a  
smal l commun i ty sou thwe s t  o f  F r eepo r t ,  Texa s )  whe r e  the 
o n sh o r e  fac i l i t i e s  w i l l be l o c a ted . 3 8  Wh i l e  th i s  s tudy i s  
n o t  s i t e  spe c i f i c f o r  S u lphur M i ne s , the a r e a  i s  s i m i l a r  ( i n 
d eg r ee o f  ur ba n i z a t i o n  r e l a t ive to the c l o s e s t  r e s idenc e s  to 
S u lphu r M i ne s )  and the amb i en t  leve l s  and spec tr a c a n  be 
a s s umed to be r ep r e s e n t a t ive o f  no i s e se n s i t i ve ar e a s  a r o und 
the s i t e . F i g ur e s  2 . 1 9 and 2 . 2 0 s how the dayt ime , eve n i ng , 
and n ig h t ime oc t ave band spe c t r a  f o r  two s i te s  c h o s e n  by 
S e adoc k ,  I nc . o n  the ba s i s  o f  the i r  sen s i t i v i ty to i n t e r r up­
t i o n  by no i se . The f i r s t i s  app r ox ima t e l y  2 , 0 0 0  f e e t  f r om 
a r un n i ng c r e e k , the second i s  a t  a sma l l  commmun i ty r o ad s ide . 
These spe c t r a  we r e  t a k e n  i n  e ar l y M a r c h  when dec id uo u s  t r e e s  
a r e  s t i l l  bar r e n  and the i n s e c t  pop u l a t io n  i s  r e l a t i vely 
l ow .  F i g u r e  2 . 2 1 i s  the amb i en t  spe c tr um t a k e n  f r om a 
Depa r tme n t  o f  Tr anspo r ta t i o n  no i se s u r vey o f  the F l o r ida 
E ve r g l ad e s . 3 9  T h i s  spec t r um is  a l i tt l e  " q u i e t e r " than 
the Jones  Cr eek  a r ea d ay t ime spec t r um wh i ch c a n  be  a t t r i bu ted 
to the l a c k  o f  human ac t i v i ty ( r o ad tr a f f i c  in pa r t i c ul a r ) 
i n  the Eve r g l ad e s .  
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The A-we igh ted * leve l s  r ange f r om a l ow o f  4 0  dBA ( n ig h t­
t ime ) to a h igh o f  4 8  dBA ( d ayt ime ) . I n  the summe r , these 
amb i ent  leve l s  may be as  h igh as 50  dBA in the eve n ing . 

*The A-we ight ing i s  a me thod o f  ad j u st ing the so und pr e s su r e  
level  ( d B  r e : 0 . 0 0 0 2  b a r ) a t  ea ch center  oc t ave band 
f r equenc y in much the same way that the human ear doe s i n  
at ten t u a t ing i nc i d e n t  so und s . E s se n t i a l l y , a young , n o r ma l  
human ear  i s  m u c h  mo r e  sens i t i ve to sound s between 5 0 0 H z  a nd 
8 0 0 0H z  than i t  i s  to l ow a nd h i gh f r equency sound s .  The 
appa r e n t  " at te n ua t i o n "  i s  v e r y  c l o s e l y  matched by the 
A-we igh ted s c a l e  u s ed i n  so und me as u r emen t s . 
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2 . 4  SPEC I ES AND ECOSYS TEMS 

2 . 4 . 1  Natur a l  Env i r onme n t s  o f  the A r e a  

T h e  S u lphur M i ne s  s a l t  dome i s  near  t h e  c e n t e r  o f  C a l c a s i e u  
Pa r i sh ,  Lo u i s i an a . O r ange and Je ffe r son C o u n t i e s  i n  Texas  
wo u l d  be  impac ted by the s t o r age p r o j ec t  al ong w i th 
C a l c a s i e u  P a r i sh s i nce the o i l  d i s t r i b ut i o n  p i pe l i ne s  wou l d  
l i e i n  them a l so . The sto r ag e  l o c a t i on i s  to the we s t  o f  
a ch a i n  o f  l a k e s  on the C a l c a s i eu R i ve r . The h i g he r  l and 
(gene r al ly l e s s  than 3 0  feet above s e a  leve l ) i n  a l l but 
the no r the r n  pa r t  o f  t he par i sh to the we s t  o f  the r ive r 
i s  m a i n l y  f o r me r  pr a i r i e  wh i c h  ha s been put to ag r i c ul t u r al 
u se s . N a tu r a l l y  o c c u r r i ng t r e e s  a r e  pr eval e n t  o n l y  a l ong 
f l ood p l a i n s  on the ma r g i na l  s l ope s o f  s t r eams . Howeve r , 
comme r c i a l  t i mber  i s  p r od uc ed on some forme r  p r a i r i e  a r e a s  
and f u r the r t o  the no r t h .  The r e  a r e  s t r e tches  o f  swamp 
f o r e s t  and bo t toml and h a r dwood s a l ong t he C a l c a s i e u  R ive r 
f l oo d  p l a i n  ( no r th o f  the c i ty o f  Lake Char l e s )  and a l ong 
the S ab i ne R i ve r , wh i c h  forms the we s t e r n  bo und a r y  of the 
pa r i sh . F l a two ods a r e  pr esent  i n  the no r the r n  p a r t o f  the 
pa r i sh , a nd a d i f f e r e n t  bo t toml and h a r dwood a s so c i at i o n  i s  
p r e sen t a l ong t he s t r eam c o u r s e s  l o c a ted the r e . Mo s t  o f  
th i s  no r the r n  a r e a  has  been g r ea t l y  a l t e r e d  b y  l umbe r i ng ,  
w i th muc h o f  the a r ea cove r ed by s t umps and low b r u sh . 
Such  l and f r equent l y  i s  used to p r o v i de pa s t u r e f o r age . 

I n te r med i ate , f r e s h , and b r a c k i sh mar s h l a nd s  a r e  p r e sent 
in  some o f  the  s o u t he r n  pa r t  o f  the  par i sh wh i c h  is  o f  
pa r t i c u l a r  i n t e r e s t .  Othe r po r t i o n s  o f  t h e  a r ea be twe en 
the C a l c a s i e u  and S a b i ne R ive r sys tems are ma i n l y  forme r  
pr a i r i e . The r e  i s  a n  e x t e n s ive ne two r k  o f  canal s i n  th i s  
southe r n  se c t io n  o f  the pa r i sh wh i c h  r ea c h e s  nor thwa r d  
beyo nd the l a t i tude o f  t h e  s t o r ag e  s i te . A t  t h e  so u t h  e nd 
o f  the ne two r k  i s  the I n t r a c o a s t a l  Wa terway ( I CW ) , a 
d e epd r a f t  channel  impo r t ant to r eg i o n a l  wa t e r  comme r ce . 
The o i l  d i st r ibu t i o n  p i pe l i n e s  wou l d  p a s s  a l o ng the 
so u t he r n  pa r t  o f  the ICW e n r o u t e  to the Sun O i l  T e r m i na l  
i n  Ned e r l and , T e x a s . 

The o i l  d i st r i b u t i o n  p i pe l i ne s  wo u l d  p a s s  th r o ugh the 
so uth pa r t  of O r ange County and the n c e  s l i g h t l y  i n t o  
nor the a s t er n J e f f e r son Co unty . The S ab i ne R ive r , Cow 
Bayo u , a nd the Neches River ar e al ong t h i s  pa r t  o f  the 
r o ute . The southe r n  pa r t  o f  Or ange Co un t y  c o n t a i n s  
woo d l a nd s , c ul t i va ted l a n d s  ( ma in l y  l o c a ted o n  fo rme r  
p r a i r i e ) , mar s he s ,  swamps , a n d  d i spo s a l  a r e a s  fo r dr edged 
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spo i l . Th e te r m i n u s  o f  the o i l  d i s t r i b u t io n  l i ne s  i n  
nor theas te r n  J e f f e r son Coun ty, Texas, i s  an indu s t r i a l i zed 
ar ea on the  Neches  R i ve r . 

2 . 4 . 1 . 1  E c o sys tems i n  C a l c a s i e u  Par i sh 

F o r  the p u r po s es o f  th i s  r e po r t, f i ve ma i n  e c o s y s tems i n  
C al ca s i e u  Par i sh have been ide n t i f i ed .  These co r r e spond 
to un i ts u t i l i z ed in the I nvento r y  of Ba s ic E nv i r onmental 
D a ta - S o u th Lou i s i ana . 4 0  These ecosys tems ar e :  

i )  wo od l a nd s  
i i )  pr a i r i e  

i i i )  ma r s h l a nd s 
i v )  c l e ar ed l and s 

v )  e s tua r i ne and i n l and wate r s  

C h a r a c t e r i st ic f l o r a  and fauna o f  the se ecosys tems a s  we l l  
a s  the i r  en v i r onme ntal  s ubc a tego r i e s  a r e  s umma r i z ed i n  
Table 2 . 1 1 .  

wood l ands  

Dom i n ant spe c i e s w i t h i n  the  reg i o n  i n c l ude the  l o b l o l l y  
( P i n u s  t aed a )  and the l on g l e a f  ( P i n u s  pa l u s t r i s )  p i ne s . 
H a r dwood s, g um s  and oak s a r e  r e l a t i v e l y  c ommo n i n  c r e e k  and 
r i ver  bot toms ( T ab l e  2 . 1 1 ) . 

Veg e ta t io n  wi th i n  swamp s i s  pr edom i na n t l y  tupe l o  g um 
( Ny s s a  sp . ) and cypr e s s  ( T axod i um sp . ) . Wa te r oak, 
( Q uer c u s  n ige r ) ,  mayhew ( C r a t aeg u s  sp . ) ,  tupe l o  g um, and 
i r o nwood ( B ume l i a  sp . )  can be fo und 4 1 i n  C a l c a s i e u  
Pa r i sh al ong t he S a b i ne, nor t he r n  C a l c a s i e u, and H o u s to n  
R i ve r s  and a s s o c i ated t r i b u t a r i e s . 

W i l d l i fe w i th i n  wood l a nd a r eas c o n s i s t s  ma i n l y  o f  sma l l e r  
fo rms . The s t r iped s k un k  ( Meph i t i s  meph i t i s ) ,  the c o t to n­
ta i l  r abb i t ( Syl v i l ag u s  f l o r id anus ) and the swamp r abbi t 
(§...:_ aquat i c u s )  a r e  common . G r ay and fox sq u i r r e l s  ( S c i u r u s  
c a r o l i ne n s i s  and � ·  n iger ) a r e  abundant i n  the bot toml and 
har dwood r e g i o n s . Othe r w i ldl i fe th r o ugho u t  wood l and s o f  
the s t udy a r e a  a r e  the r ac c o o n  ( P r ocyon l o to r ) ,  c o t to n  
mo use ( Pe r omys c u s  g o s syp i n u s ) , h i sp i d  c o t to n  r a t ( S igmodon 
h i sp i d u s ) , a nd the  n i ne-banded a r mad i l l o ( Dasypus novemc inc t u s )  . 
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T a b l e  2 . 1 1 R e p r e s e n t a t ive B i o t a  i n  E c o s y s t ems i n  C a l c a s i e u  P a r i s h  

P r a i r i e 

E c o s y s t em s  wood l a n d s  L a n d s  M a r s h l an d s  

F r e s h , I n t e r -
E nv i r o n m e n t a l  R i v e r  B o t t o m s  m e d i a t e  a n d  
S u b c a t e g o r y  F l a tw o o d s  a n d  S w am p s  P r a i r i e B r a c k i s h  

T y p i c a l  H e r b s ,  s l a s h  p i n e , h a r d w o o d s ,  b l u e s t em , m a i d e n  c a n e , 
G r a s s e s , a n d  l o n g  l e a f p i n e , s w e e t  g um ,  sw i t c h  g r a s s ,  a l l i g a t o r we e d , 
T r e e s  o a k s ,  t u pe l o  g um ,  i n d i a n  g r a s s , w i r e g r a s s , 

m a g no l i a ,  c y pr e s s , p r a i r i e w i l d - w i d g e on g r a s s , 
p a l m e t to l o b l o l l y  p i n e  g r a s s  b u l l  t o n g u e  

T y p i c a l  Mo l l u s k s  s n a i l s  c l ams , s na i l s  c l ams , s n a i l s , 
a n d  C r u s t a c e a n s  s n a i l s  s h r imp , c r a b  

Ty p i c a l  Amph i - t r e e f r o g s , t r e e  f r o g s ,  g r a s s  s n a k e s , w a t e r  s n a k e s , 
b i  a n s  a n d  b o x  t u r t l e s  w a t e r  s n a k e s , l a nd t u r t l e s  a l l i g a t o r s  
R e p t i l e s  a l l i g a t o r s ,  

w e s te r n  
c o t t onmo u th 

T y p i c a l  Mamm a l s  f o x  sq u i r r e l , f o x  sq u i r r e l , e a s t e r n  n u t r i a ,  m u s k r a t , 
g r a y  sq u i r r e l , g r a y  sq u i r r e l , c o t t o n t a i l  r a c c o o n , m i n k , 
r a bb i t ,  m i c e , s w amp r a bb i t , r a bb i t , m i c e , s t r i p e d  s k u n k  
r a t s  m i c e , r a t s , s t r i p e d  

m i n k , n u t r i a , s k u n k  
o t t e r  

Ty p i c a l  F i s h  N / A  m o s q u i t o f i s h N /A g a r , k i l l i f i s h ,  
( s w am p )  c r ap p i e , 

s u n f i sh , 
c a t f i sh 

T y p i c a l  B i r d s  ow l s ,  o w l s ,  m a r s h h a w k , R e d- w i n g e d 
bobwh i t e , w o o d p e c k e r s , e a s t e r n  B l a c k b i r d , 
mo u r n i n g  d o v e  w a r b l e r s  m e a d ow l a r k  e g r e t s , 
son g b i r d s  i b i s e s , sh o r e  

b i r d s ,  M a r s h  
H a w k , d u c k s  

I n l an d  a nd 
C l e a r e d E s t u a r i n e  
L a n d s  W a t e r s  

C r op l and , L a k e s , R i v e r s  
S ub u r ba n , and I n t r a-
a n d  U r ba n  c o a s t a l  

Wa t e r w a y  

r i c e  N/A 
s oy b e a n s  

s n a i l s  s h r i m p , c l am s  
s n a i l s ,  c r a b s  

N /A f r o g s , 
a l l i g a t o r s  

d o me s t i c a t e d  N /A 
m amma l s ,  
N o r w a y  r a t , 
h o u semo u s e  

N / A  m u l l e t , 
c a t f i s h , 
s h a d , 
c yp r i n i d s  

Ame r i c a n  d u c k s ,  h e r o n s , 
R o b i n , g u l l s  
S t a r l i ng , 
H o u s e  
S pa r r ow ,  
B r own-
h e a d e d  
C o wb i r d 



Swamp fo r e s t s  w i th i n C a l ca s i eu Par i sh c o n t a i n  m i nk 
( M u s t e l a  v i s i o n ) , o t te r ( L u t r a  c anaden s i s )  and wh i te 
t a i l ed dee r (Odo c o i l e u s  v i rg in i a nu s )  . P r ed a to r y  mamma l s  
w i th i n  wood l and s i nc l ude the bobc a t  ( Lynx r u f u s ) , a nd the 
r ed a nd g r ay fox ( Vu lpes f u l v a  and U r o cyon c i n e r eo a rgente u s ) . 
B i rd popu l a t ions  o f  swamp fo r e s ts and wood l and s  a r e  
l a r g e l y  compo sed o f  the mo u r n i ng dove ( Z e n a id u r a  mac r o u r a ) , 
bobwh i te ( C o l i n u s  v i rg i n u s ) , W i l son ' s  sn ipe ( C ape l l o  
g a l i nago ) a nd seve r a l  spec i e s  o f  owl s , woodpec k e r s ,  and 
wa r bl e r s . 

P r a i r i e l an d s  

The p r a i r i e a r e a  i s  l a rg e l y  u s ed fo r ag r i c u l tu r al p u r po s e s . 
Veg e tat i o n  found w i t h i n  r emn ants  o f  the n a tu r al p r a i r i e  
e c o s y s tem con s i s t s  p r edomi n a n t l y  o f  swi tch g r as s  ( Pa n i c um 
v i r gat um ) , b i g  b l u e stem ( An d r opogon � ) ,  I nd i an g r as s  
( So rgha s t r um avenaceum) , and pr a i r i e w i l d g r a s s  { Sphenopho l i s  

obtu sata ) . 

P r edom i n an t  spec i e s  o f  mamma l s l o c a ted i n  the p r a i r i e 
e nv i r onmen t  w i th i n  the s t udy a r e a  a r e  m i c e  and r a t s  
( i . e . : P e r omys c u s  go s syp i n u s  and S igmodon h i sp i d u s ) , and 

quadr uped p r ed a to r s  such as the c o yo te ( C an i s  l a t r a n s ) , 
f o x  a nd o cc a s io n a l l y  the r ed wo l f  ( C an i s  n ige r ) . 

Av i an w i l d l i fe w i th i n th i s  env i r o nment pr imar i l y  c o n s i s t s  
o f  smal l b i rd s , f i e l d  b i rd s  and m ig r a to r y  wa te r fowl . The 
bo bwh i te ( C o l i n u s  v i r g i n i an u s ) , k i l lde e r  ( H a r ad r i u s  
voc i fe r u s )  , c ommo n c r ow ( C o r v u s  b r achyr hynch o s )  , v a r i o u s  
th r u shes , s ta r l i ng ( S t u r nu s  vulgar  i s ) , S avannah spa r r ow 
( P a s s e r cu l u s  sandw i c hen s i s ) and f i e l d  s pa r r ow ( Sp i z e l l a  

p u s i l l a )  a r e  on l y  a few c ommo n b i r d s  k n own to i nh ab i t  the 
r eg i on . 

Ma r sh l and s 

Th e r e  a r e  fo u r  d i s t i n c t  ma r sh type s based pr ima r i l y  on 
veg e tat i o n . Vege tat i o n  type s have been d e s c r i bed by 
Chabrec k ( 1 9 7 2 )  . 4 2  Ma r sh type s h ave been d e term i ned 
based p r imar i l y  o n  the sal i n i ty o f  water  w i th i n  the 
ma r s h l a nd s .  Th e th r ee type s r epr e sented i n  C a l c a s i e u  
P a r i sh a r e :  

o f r e s h water  
o i n te rmed i a te ma r sh ,  and 
o b r ac k i s h ma r sh 
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P r ed om i n ant spe c i e s  o f  vege ta t i o n  w i th i n  the f r e s h  water 
ma r s hes o f  the r e g i o n ar e A l te r na n the r a  ph i l o xe r o i d e s  
( al l i g a t o r -we ed ) , a nd S ag i t ta r i a  f a l c ata ( b u l l tongue ) 

wh i ch c ompr i se 4 8 . 8 % o f  the vege tat i o n .  Othe r impo r tant 
f r e s hwa ter ma r s h  vege ta t io n  spe c i e s  ar e :  E l eochar i s  sp . 
( sp i ke r u sh ) , P a spa l um vag i n a t um ,  and Spa r t i n a  pa tens 
( w i r e gr a s s )  wh i c h  c ompr i se 8 . 5 p e r c e n t , 5 . 8  pe r ce n t , a nd 
7 . 9  pe r c e n t  o f  the veg e ta t i o n , r e spe c t i ve l y . Othe r s  wh ich 
may be  p r e se n t  i nc l ude wa te r hys sop ( B acopa mo nn i e r i ) , 
Be rmuda g r a s s  ( Cynoden dactyl on ) , r a t t l ebox ( D a ubento n i a  
texana ) , s a l t g r a s s  ( D i s t i c h l i s  spi cata ) , Wa l te r ' s  m i l le t  
( Ec h i n o c h l o a  wa l te r i ) , so f t  r u sh ( J u n c u s  e f fu su s ) , 
Ma ide nc a ne ( Pa n i c um hemi tomon ) ,  B u l lwh ip ( S c i r pu s 
c a l i f o r n i c u s )  ( 6 . 7  pe r c e n t )  and S c i rpus o l neyi ( th r ee­
c o r n e r e d  g r a s s )  ( 6 . 2  pe r c en t ) . 

B r ac k i s h ma r s h vege ta t i o n  i s  dom i na ted ( 5 9 . 8  p e r cen t )  by 
Spar t i na pate n s . Othe r spe c i e s  w i th i n  the env i r o nme n t  
each acco unt fo r l e s s  t h a n  9 . 0  pe r ce n t  o f  t h e  to t a l  
veg e ta t i on . Some o f  the se l e s s e r  impo r t an t  spe c i e s are  
D i s t i ch l i s  sp i c a ta , Bacopa mo nn i e r i ,  P a spa l um vag i n a t um ,  
and S c i r pu s o l neyi . 

Av i an w i l d l i fe w i th i n  the ma r she s o f  the s tudy a r e a  i s  
ab unda n t  a nd d ive r s e . N ume r o u s  spe c i e s  o f  pa s se r i ne 
b i rd s  and wate r fowl r e s ide w i th i n  the a r e a  a s  pe rmanen t 
o r  tr ans i to r y r e s id e n t s . Ma r sh l a nd f ur bear e r s w i th i n  
the s tudy a r ea a r e  dom i nated by n u t r i a  ( Myo c a s t o r  c oypu s ) , 
no r the r n  r ac c o o n  ( P r o cyo n l o to r ) , mu s k r a t  ( Ond a t r a  
z i be th i c u s )  a nd m i n k . Wh i te- t a i led deer  ( Od o c o i l e u s  
v i r g i n i anu s )  a r e  pr esen t . Sma l l  quad r uped s  w i th i n the 
ma r s h  are l im i ted to two spe c i e s  of r a b b i t  ( Syl v i lagus  
f l o r i d anus  and �·  aqua t i c u s )  and the s t r iped s k un k . The 
d i ve r se w i ld l i fe w i t h i n  the ma r s he s  i nc l ude aq ua t i c  
r ep t i l e s  and amph i b i a ns . The a l l i g a to r  ( A l l igato r 
m i s s i s s i ppen i s )  and var i o u s  sna k e s  such a s  the we s te r n  
c o t t o nmo uth ( Ag k i s t r odon pi sc i vo r u s  l e u c o s toma ) a r e  
commo n .  

C l e a r ed Land s 

C l ear ed l a nd s  w i th i n  the P a r i sh inc l ude ag r i c u l t u r a l , 
s u bur ban , u r ba n ,  a nd i nd u s t r i a l  t r ac t s .  These 
env i r o nme n t s  d o  not suppo r t  a char acter i s t i c  
f a u n a  b u t  they o f ten p r o v ide hab i ta t s  fo r imm ig r a nt 
spe c i e s  f r om su r r o und ing a r e a s . Dome s t i c  l ive s to c k , 
bla c k bi rd s and spar r ows ar e typ i c a l  w i l d l i f e . The 
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mo s t  common c r op s  a r e  r i ce and soybean s . Dominant 
pa s tu r e  spec i es a r e  s i gn a l  g r a s s  ( B r ach i a r i a  pla typhy l l a )  
a nd go a tweed ( C r o t o n  c ap i t a t u s ) .  Seve r a l  type s o f  
imp r oved pas t u r e  g r a s se s  have been i nt r oduced . 

E s t u a r i n e  and I n l and Wa t e r s  

P r edom i na n t  wat e r  bo d i es w i th i n  the cent r a l  pa r t  o f  the 
pa r i s h  inc l ude Mo s s  Lak e ,  P r i en La k e ,  L a k e  C h a r l e s , the 
C a l c as i eu R i ve r  a nd the I nt r a c o a s t a l  Wate rway . S a l twat e r  
i n t r u s i o n  h a s  e x t e nd ed a s  far i n l and a s  the C a l c a s i eu 
R i ve r  and i ts t r i b u t a r i es above L a k e  C h a r l es i n  the r i ce 
g r ow i ng d i s t r i c t . 3 To con t r ol th i s  howeve r a s a l twat e r  
b a r r i e r  was c on s t r u c ted betwe en mi l e s  3 8 . 6  a nd 4 3 . 5 on the 
C a l c a s i eu R i ve r  in 1 9 6 8  a nd has  be en in ope r a t ion s i nce that 
t ime . 

D i atoms a r e  the mo s t  abu ndant membe r s  o f  bo th the f r e s h ­
wat e r  a nd e s tu a r i n e  phy topl ank ton commu n i t i es . 
C o s c inod i s c u s  spp . a r e  mo s t  f r equent ly r epo r t ed i n  f r e s h­
wat e r  s amp l e s . G r e e n  a l g a e  ( Ped i a s t r um a nd Scenede smu s )  
a r e  a l so fo und i n  f r e s hwat e r s .  The mo s t  c ommo n l a r g e r  
f r e s hwat e r  z o opl ank t e r  i n  th i s  v i c i n i ty i s  the cyc lo po i d  
co pepod ( E ucyc l ops ag i l i s )  f o l lowed by the ca l a no i d  
c opepod ( E u r yt emo r a  a f  f i n i s )  • 

B e nth i c  fauna i n  f r e s h  wate r s  i s  domi na t ed by c h i r onomid 
a nd chabo r i n i d  d i pte r a n s  ( t r ue and pha ntom midge s ) , 
o l i g o ch ae t e s  (wo rms ) a nd amph ipod c r u s t ac e an s . F r e s hwat e r  
sponges a r e  al s o  abundant . 

Ma j o r  f r e s hwat e r  f i s h  found i n  t h e  s t udy a r e a  i n c l u d e  the 
b l ue and cha nnel cat f i s h  ( I c t al u r u s  f u r c a t u s  and I .  
pu n t at u s )  , l a r gemo u t h  ba s s  ( M i c r opte r u s  salmo i d e s� 
su n f i s h ( Lepom i s  spp . ) ,  g a r  ( Lepi s o s t e u s  spp . ) ,  mo sq u i to ­
f i s h  (Gambu s i a  a f f i n i s ) , Fundu l u s  spp . , f r e s hwat e r  d r um 
(Apl o d i no t u s  g r unn i e n s ) a nd bu f falo  ( I c t i ob u s  spp . ) .  

T a b le 2 . 1 2 l i s ts ma j o r  comme r c i al a nd spo r t  f i shes and 
th e i r ma j o r  h a b i tat types i n  coa s ta l  Lou i s i ana . 

Spo i l  and C an a l  Bank s 

A sma l l a r e a  long  the I n t r a c oas t a l  Wate rway w i th i n C a l c a s i eu 
P a r i s h  i s  c ove red by spo i l  ba n k s  ( 2 , 8 9 2  ac r e s ) . These 
spo i l  ba n k s  have not been d i s tu r bed by add i t i on o f  n ew 
spo i l  w i th in at l e a s t  the pa s t  3 0  y e a r s .  D r edged mat e r i al 
was placed on bo th s i d e s  o f  the wate rway and i s  bo r d e red 
by c l e ar ed , gene r a l ly c u l t i vated l a nd : b r ac k i s h  ma r sh ,  
i n t e rmed i at e  ma r s h , and f re s h  ma r s h .  Width  o f  the spo i l  
a r e as var i es f r om abo u t  1 0 0  feet to 1/4  m i l e . The spo i l  
i s  not  c o n t i n u o u s  a l o ng the Wat e rway . 
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T a b l e  2 . 1 2 F r e s hwa te r Comme r c i a l and Spo r t  F i sh e s  in Coas t a l  L o u i s i an a +4 4 , 4 5 , 4 6 , 5 0 , 5 1 

MAJOR 'l'YPE HAB I TAT 

S ma l l  River s , Oxbow , Swamps , 
Large F lood P l a i n  

L a r g e  Rive r Tribu tary S lo u g h s  
N a me Sta tus Ch anne ls Creek s B o rrow P i t ts 

B l u e  C a t f i sh *  u x u x 
Channel C a t f i sh * x x x x 
D l ack B u l lhead x u x x 
Ye l low B u l lh e a d *  x u x x 
F l a th e a d  C a t f i s h *  u x u x 
Freshwa te r  Drum* u x u x 
Padd l e f i s h  u x u x 
B ow f i n* x x u x 
S po t t ed Gar* x u x x 
A l l i g a to r  G a r *  u x u x 
Longnos e G a r *  x x x x 
S h o r t n o s e  Gar u x u x 
C a rp ( I n t roduced ) x 
Sma l lmou th B u f fa l o *  u x u x 
B i g mo u th B u f f a l o *  u x u x 
Gi z z ard Shad* x x x x 
Whi te B as s *  x x u x 
Y e l low B ass * u x u x 
La rgemou th B a s s *  x u x x 
S po t te d  B as s  x u x u 
Whi t e  C r appi e *  x x u x 
B lack C rapp i e *  x x u x 
W a rmo u th *  x x x x 
B l u eg i l l *  x x x x 
Re de ar S un f i s h *  x u x x 
Gree n S un f i s h  x u x u 
Orange S po t te d  S un f i sh *  u x u u 
Spo t te d  S un f i sh *  x u x x 
Long e a r  S un f i sh x x x x 
F l i e r  x u u 

* Spec i e s  th a t  f r equen t ly occ u r  i n  b r a c k i sh o r  s a l i ne wat e r . 
U - E x pected o r  k nown occ u r r e nc e s  b u t  p r obably u ncommo n .  
X - De f i n i te l y  known o c c u r r e nc e  and e x i s te n c e  o f  we l l - e s tabl i sh e d  popu l a t i o n s . 



The vege ta t i o n  o n  the ba n k s  o f  the I n t r ac o a s ta l  Wa terway 
is depend e n t  on sev e r a l  f ac to r s ,  i nc l ud i ng t ime s i nce 
d i s t ur banc e ,  d r a i nage ( a s  i n f l uenced by so i l  c h a r a c ­
ter i s t i c s  a n d  e l ev a t ion ) and ch a r ac te r i s t i c s  o f  the 
ad j ac e n t  l a ndsc ape , e spe c i a l ly the sal i n i ty of the wate r . 
S i nce l i tt l e  d i s t u r banc e h a s  o c c u r red f o r  a t  l e a s t  3 0  
year s ,  s uc c e s s i on has  p r o ceeded to a near  c l imax s i tua­
t io n , e x c ept on ma i n ta i ned r i ght s-o f-way wh ich a r e  
pe r i od i c a l ly moved . F r om 1 0 0 0 f ee t  wes t  o f  B l a c k  B ayou 
C u to f f  to the T e x a s  bo r de r , r i ght-of-way i s  ma i n t a i n ed by 
the Co lon i al P i pe l i n e  Company . I n  the se a r e a s , vege ta t i o n  
i s  kept i n  an ea r l y s tate o f  s uc c e s s i o n  b y  pe r iod i c  mowi ng 
to ma i n t a i n  acce s s ib i l i ty to the p i pe l i ne .  

D r edged mater i a l  a r e a s  s uppo r t  a w i d e  r a nge o f  spe c i es , 
pa r t i c u l a r l y p i o n e e r  spec i es wh i c h  i nvade d i s t u r bed s i te s . 
Tal l e r  veg e ta t i o n  in  the se a r e a s  i nc l ud e s  eas te r n  baccha r i s  
o r  s e a  my r t l e  ( Ba c c ha r i s  h a l im i fo l i a ) , ma r s h  e l de r  ( I v a  
f r u te s c e n s ) , wax my r tl e  ( Myr i c a  c e r i fe r a ) , b l a c k  wi l l ow 
( S al i x  n i g r a ) , r o se a u  ( Ph r agmi tes  commun i s ) , r a t t l ebox 
( D aubento n i a  texana ) , swe e t  ac ac i a  ( Ac a c i a  angu s t i s s ima ) , 
a nd bush palme tto ( S abal  m i n o r ) .  S h r ub s  mo s t  f r equent l y  
o b s e rv ed a l ong the I n t r acoa s ta l  Wa te rway d i sp o s a l  a r e a s  
a r e  e a s t e r n  bac c h a r i s ,  ma r s h  e l d e r , and e l d e r be r r y  ( S amb u c u s  
c anaden s i s )  . Commo n g r o und cover  spec i e s  a l ong the 
I n tr a c o a s t a l  Wa t e r way a r e  b l ac k be r r y  (Rubus  dupl a r i s ) , 
r o s eau , i r o nweed ( S i d a  r h omb i fo l i a ) , b r oomsedge (Andropogon 
v i r g i n i c u s ) , g i an t  r agweed ( Amb r o s i a  t r i f i d a ) , c ommo n 
r agweed ( Amb r o s i a  a r temi s i i fo l i a ) , and compho rweed ( Pl u chea 
c ampho r a t a ) . Low- l y i ng d i spo s a l  a r eas bo r de r i ng ma r sh l a nd s  
o f te n  s uppo r t  t h i c k  c a r pe t s  o f  a l l ig a to rweed ( A l t e r nanthe r a  
ph i lo x e r o i d e s )  wi th typ i c a l  ma r sh spec i e s  i n t e r spe r sed . 

Emba nkmen t s  o f  o l d  d r edge mate r i a l , b o r de r i ng b r a c k i sh to 
i n t e rmed i a te ma r she s suppo r t  vege t a t i o n  d i f f e r e n t  f r om the 
ma r s h e s  themselve s , i nc l ud i ng swe e t  ac ac i a ,  sed g e  ( C ype r u s  
a r t i c u l a t u s ) , r at t l ebox , r o s e a u , b r o omsedg e , r u s h e s  
( J un c u s  spp . ) , ma r sh e l d e r , sea myr t l e  ( Bacch a r i s  
h a l i m i f o l i a ) , peppe r g r a s s  ( Lepi d i um v i r g i n i c um ,  a nd 
ve rv a i n  (Ve r bena b r a s i l i e n s i s ) . The mo s t  commo n spe c i e s  
o n  d i spo s al s i te s  i n  br ac k i sh a r e a s  i nc l ud e  m a r s h  e l d e r , 
ea s te r n  bac c h a r i s , w i r eg r as s  ( S pa r t i na cyno s u r o i d e s ) wi th 
r o s e a u  and s o f t  r u sh ( J un c u s  E f f u s u s ) s ome t imes a s sum i ng 
dom i nant s ta t u s . 
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G i an t  c u tg r a s s ( Z i z an i ops i s  mi l i ac ea ) , e l ephant ' s  e a r  
( C o l oc a s i a  a n t iquo r um )  , a nd b l a c k  w i l low o f t e n  do minate  
t he f r e s h  ma r s h/cana l i n te r face along the  I nt r ac oa s tal 
Wate rway d i sposal  a r e as in f r e s h  ma r sh s i tu a t ion s , t a l l ow 
t r e e  ( S api um seb i f e r um )  o f t e n  domi n a t e s  some of  the 
bet te r -d r a i n ed d i sposal  a r e as . 

S ome d r e dged mat e r i al d i sposa l a r e as along t he I nt r a ­
c o a s t a l  Wate rway a r e  c u r re n t ly b e i n g  ma naged f o r  i mp r oved 
pas tu r e  w i th vege t a t ion be i ng s imi l a r  to othe r managed 
co a s t a l  pas tu r e s , i n c l ud ing s u c h  spec i es as  Be rmuda g r a s s , 
S t .  Augu s t ine g r a s s  ( S teno t aph r um secundatum ) , wh i te 
c love r ( Tr i fo l i um r epe n s ) ,  r e ve r sed c l o ve r  ( T r i fo l i um 
r e supinatum)  and va r i o u s  we edy annua l s .  

D r edg ing a long t he C a l c a s i e u S h ip Channe l  u p  t o  the l evel 
of  the s a l t  wate r bar r i e r , wh i c h  spans the C a l c a s i e u  R i ve r 
above L a k e  C ha r l e s , o c c u r s  on a v a r i ab l e bas i s .  Spo i l  
bank s i n  va r i ou s  stages o f  r e veget at ion a r e  p r e s e nt a l o ng 
ne a r l y  t he ent i r e  e x te nt o f  th i s  c h a n ne l  i n  we s te r n  
C a l c a s i eu P a r i s h  i n  c l o se p r o x i mi ty t o  t he l a k e s  ( Mo s s  
Lake , P r i e n La k e , L a k e  C h a r l e s ) a l o n g  i t .  Reveg e t at i o n  
r e s u l t s  in  g e n e r a l ly t he same p l ant type s a s  t h o s e  p r e s e nt 
on spo i l  bank s along the I n t r ac oa s t a l  Wate rway . P l ant 
popu l a t i o n s  u s u a l ly d e ve lo p  w i th i n  1 2  to 1 8  mon t hs fol low i ng 
depo s i t i on of  new sed i me n t . 

A n umb e r  of  c a na l s  have be en d r edged i n  app r ox i ma t e l y  t he 
s o u t he r n  two -th i rd s  o f  we s te r n  C a l c a s i e u  P a r i s h . The 
levees p r oduced as a resu l t  suppo r t  vege t a t ion s i mi l a r  to 
that of nat u r a l  leve es 4 4  if they a r e  not mowed . Th i s  
ge ne r a l ly c o u l d  i n c lude l o b lo l ly p i ne , wate r oak , che r ry ,  
ba r k  o a k , ove r c u p  o a k , r e d  gum� pe r s i mmon , hac k be r r y ,  and 
b u t te r  pec a n  and o t h e r  t r e es . 4 

2 . 4 . 1 . 2  E c osys tems thr ough w h i c h  the O i l  D i s t r i b u t ion 
L i n e s  in  Texas wou l d  P a s s .  

W i th in T e x a s  the p r o j e c t ' s  o i l  d i s tr i b u t ion p i pe l i n e s  wou l d  
pa s s  th r ough ma r s h ,  fo rme r p r a i r i e ,  g um-oa k  cyp r e s s  g r oves , 
p i n e  f o r e s t ,  o t he r  wooded land , a nd open wate r . The b i o t a  
o f  the se ecosys tems i s  s imi l a r  to t h a t  d e s c r i be d  f o r  t he 
s ame type s o f  ec osys tems in  C a l c a s i e u  P a r i s h , Lo u i s i ana . 
The g e ne r a l  b i o t ic ch a r a c te r i s t i c s  o f  O r a nge County a r e  
p r e s e nted i n  F ig u r e  2 . 2 2 .  
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2 . 4 . 1 . 3  E nd a nge red a nd T h r e a t e ned Spec i es o f  the S tudy A r e a  

At the p r e se nt t ime , t h e  U . S .  F i s h  and W i l d l i f e s e r v i c e  d o e s  
not  r e c o gn i z e  any p l ant spec i e s i n  C a l c a s i e u  P a r i s h ,  O r a nge 
C o u n ty , or J e f f e r son C o unty as  be i ng e nd a nge red o r  t h r e ate ned . 
H oweve r ,  the Rare P l ant  S tudy Cente r a t  the U n i ve r s i ty o f  
Texas i n  A u s t i n  h a s  des c r i bed seven spec i e s found i n  J e f fe r son 
C o u nty a nd t h r e e  spec i e s  found in O r a nge C o unty a s  be i ng 
r a r e  th r e ate ned o r  e nd a nge red f o r  the S t ate of  Texas . They 
a r e : 

Je f f e r s o n  C o un ty 

Au r eo l a r i a  d i spe r s a ( B e aumo n t  a u r e o l a r i a )  
C a r e x  a l bo ut e s c e n s  ( y e l low-wh i te sedge ) 
C a r e x  g r ac i l e s c e n s  ( s l e nd e r sedge ) 
C a r e x  phys o r hynch a  ( h i d a l go sedge ) 
C a r e x t r i b u l o i d e s  ( s a nd sedge ) 
C a rya myr i s t i c a e fo r m i s ( nu tmeg h ic k o r y )  
The lypte r i s  pal u s t r i s  var . h a l e ana ( s o uthe r n  
ma r sh fe r n )  

Or ange C o u n ty 

Conyz a bona r i e n s i s  ( B u e no s  A i r e s  c ony z a )  
! l ex ve r t i c i l l a t a  ( b lac k a l de r )  
Rliell i a p i ne to r um ( p i neb a r r e n  r u e l l i a )  

A t  the c u r re nt t i me the Rare P l a nt S t u dy C e n t e r i s  con­
s i d e r i ng o n ly two of  the se spe c i e s f o r  s u bm i s s i on to the 
O f f i c e  of E nd a nge red Spec i e s , F i s h  and W i l d l i f e Se r v i ce . 
Rue l l i a  p i n e to r um ,  a membe r o f  the Aca nthu s  fami ly , occ u r s  
i n  low p i n e  bar r e ns o f  the c o a s t a l  p l a i n . A u r eo l a r i a  
d i spe r s a i s  found i n  s a ndy t h i c k e t s  a nd o a k  l a nd s and h a s  
be e n  k nown t o  o cc u r  a l o ng s t r e ams i n  t he l o n g - l e a f  p i ne 
be l t . 4 8  

Endange red o r  t h r e atened a n imal  spec i e s wh i c h  at one 
t ime i n h a b i ted t he a r e a , or  wh i c h  are  c u r re ntly p r e s e n t , 
i nc lude : t he red wo l f  ( C an i s  r u f u s ) , br ow n  pe l i c a n  ( Pe l e c a n u s  
e ryth r o r hyncho s ) , ma s k ed duck  ( Oxyu r a  domi n i c a ) ,  ba l d  e ag l e  
( Ha l i ae e t u s  l e uco cepha l u s ) , pe re g r i ne fa l c o n  ( F a l c o  

pe r eg r i n u s ) ,  A twat e r ' s  g r e at e r  p r a i r i e  ch i c k e n  { Tympanu c h u s  
c up i do ) , whoop i ng c r a ne ( G r u s  ame r i c ana ) , r e d -coc k aded 
woodpe c k e r  ( Dend r o copu s bo r e a l i s ) , i vo ry-b i l l ed woodpec k e r  
( C ampeph i l u s  pr i nc ipal i s ) , a nd the Ame r i c a n  a l l i gato r 
(Al l igator  mi s s i s s ippi e n s i s ) . 
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The red wol f i s  on t he v e r g e  of  e x t i nc t ion . The U . S .  F i s h  
and W i l d l i f e Se r v i ce i s  tr appi ng the r e ma i n i ng i nd i v i d ual s 
o f  th e spec i e s  to a t tempt to e s t ab l i s h them e l s ewhe re , 
wh e r e  a g r e a t e r  amo u nt o f  su i table h ab i t at i s  ava i l ab l e . 
The b r own pe l i c a n  and the b a l d  eag l e  a r e  s lowly r e c ove r i ng 
f r om a dec l i ne c a u s ed by f o od-ch a i n  accumu l at ion of  
c h l o r i n ated hyd r oc a r bon s .  The whoop i ng c r ane , i vo ry-b i l led 
woodpec k e r , and A twate r ' s  g r e a t e r  p r a i r i e  ch i c k e n  are no 
longe r p r e s e nt i n  t he a r e a .  The ma s k ed duc k , pe re g r i ne 
f a l c on , and r ed-c o c k aded woodpe c k e r  h a ve been s i gh ted ve ry 
i n f requent l y . 

I n fo rmat ion on s i gh t i n g s  o f  uncommo n b i r d s  i n  the coa s ta l  
ma r s h  a r e a s  w a s  p r ov ided by an of f i c i al of the Nat i onal  
Audubon S o c i ety . � 9  The s e  s i gh t i ng s  i nc l ude r e c o r d s  o f  
the g r e a t  k i s k adee ( P i tangu s s u l ph u r a t u s ) ,  and wh i te -w i nged 
dove ( Z e n a i d a  a s i a t i a ) , spec i e s  wh ich  are mo r e  commo n i n  
Me x i c o . The b l a c k  f r a nc o l o n  ( F r a nco l i n u s  f r a ncol i n u s ) , a 
ph e a sant-l i k e  b i r d , h a s  a l s o  been s i gh ted i n  the a r e a .  I t  
i s  not  nat i ve to the U . S . , but has es tabl i s h ed a b r e ed i n g  
popu l a t ion i n  t h e  h i ghe r g r ou nd i n  Gum C ove , 5 m i l e s  
n o r t h e a s t  o f  B l a c k  Bayou . An othe r bi rd , A ud ubon ' s  
c a r a c a r a  ( C a r ac a r a  c h e r iwan ) , h a s  be en o bse r ved f o r  a 
numbe r of  y e a r s  in the  v i c i n i ty o f  the I n t r a c o a s t a l  
Wate rway s o u t h  o f  To omey , L ou i s i ana . I nd i c a t io n s  a r e  that 
the r e  are a pa i r  o f  C a r a c a r a  and t hey wo u l d  r e p r e s e nt the 
n o r th e r nmo s t  occ u r re nce o f  th i s  spec i es i n  the U . S .  as 
pe rmanent r e s i d e n ts . The wat e r ways in th i s  a r e a  h a ve a l so 
bec ome a de s i r a b l e  h a b i tat f o r  the f i s h  c r ow ( C a r r u s  
o s s i f r aq u s ) ,  and o l i vaceous  c o r mo r a nt ( Ph a l ac r o c o r a x 
o l i vace u s ) .  They a r e  v e r y  abundant  a r o u nd S ab i ne R i ve r  
a nd S ab i n e L a k e  al l w i n t e r  and a r e  u ncommo n f o r  many m i l e s  
to t he ea s t  and wes t .  

The s ta t u s  o f  the Ame r i c a n  al l i g at o r  i s  u n i que i n  Came r on , 
Ve rmi l i on , and C a l c a s i e u  Pa r i s he s  i n  Lou i s i ana . I n  other  
a r e a s  o f  the  Uni ted S t at es , the  al l igato r i s  e i th e r  cl a s s i f i ed 
a s  thre atened o r  e nd a nge red . These s ta t u s  l i s t i ngs  p r oh i b i t  
a c t i v i t ie s  wh ich wo u l d  adve r se l y  a f fe c t  th i s  a n i ma l . But 
because of  i t s abund a nce i n  C ame r on ,  Ve rmi l i o n  and C a l c a s i e u 
par i s he s , the al l i g a t o r  i s  l i s ted a s  th r e at e ned the r e  only 
due  to t he ' s imi l a r i ty o f  appear a nce ' p r ov i s ion : Sec t i on 
1 7 . 4 2 o f  C FR 50  a l lows the t a k i ng of  the Ame r i ca n  Al l i g a t o r  
i n  t h e s e  pa r i s he s , i n  ac co r d a nce w i th S t ate l aw . Cont r o l led 
h a r ve s t ing h a s  been pe rmi t ted in  C a l c a s i e u  Pa r i s h  and the 
o the r pa r i s he s  r e fe r r ed to above . The s t at u s  o f  the al l i g ato r 
i n  Texas has r ec e nt ly been changed f r om " e nd a nge red " to t he 
l e s s  r e s t r i c t ive " t h r e a t e ned " c l as s i f i c a t ion . 
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2 . 4 . 1 . 4  C omme r c i al ly Impo r tant  Spec i e s  

The veget a t ion o f  pr ima r y  c omme r c i al i n t e r e s t  i s  found 
in t he p r a i r i e  r e g i o n  of the s tudy a r e a  and con s i s ts o f  
ag r i c u l t u r a l  p r od uc t s , i n  pa r t i c u l a r  r i ce . Soybe ans ar e 
another  c r op o f  impo r t ance , b u t  are  second a r y  to r i ce . Of 
those fa rms r eg i s te r ed w i th the U .  s.  Depar tme n t  of 
Comme r ce , B u r e a u  of the C e n s u s  in  1 9 6 9 , C a l c a s ieu  Pa r i s h  
had 7 5 , 3 1 6 a c r e s  p l a nted i n  r i ce , 29 , 1 0 0  a c r e s  o f  soybe a n s , 
5 , 0 29 acr e s  o f  hay , 2 9 4  ac r e s  o f  so r g h um , 2 8 3  acr e s  o f  
co r n  and 4 1  acr e s  o f  whe a t . 5 5  Mo s t  o f  the long l e a f  p i n e  
fo r e s t s  i n  C a lc a s i eu Pa r i s h  we r e  c u t  fo r t imbe r  p r od uc t io n  
seve r a l  decade s ag o .  Some o f  the l a nd h a s  b e e n  r e fo r e s ted . 
The a r e a  s u r ro und i ng the sal t d ome i s  wood l a nd . The impo r ­
t a n t  c r op s  in  O r a nge County a r e g e ne r a l ly the s ame a s  
those wh ich a r e  impo r t ant i n  C a l c a s ieu  Pa r i s h . 

Fur  and f i s he r i e s  h a r v e s ts a re not ve ry impo r t ant in  the 
a r e a s  wh ich wo u l d  be impac t ed by the p r o j e c t . C a t t l e  
g r a z i ng i s  v e r y  preva l e nt in t he a re a . 

2 . 4 . 1 . 5  Ve c to r s  

The re a r e  seve r a l  spec i e s  found i n  the aqua t ic and s em i aquat ic 
ecosys tems o f  the p r opo sed p r oj e c t  a r e a  wh ich are of c once r n  
bec a u se they a r e  ve c to r s , ( po t e n t i a l  c a r r i e r s  o f  d i s e a s e ) . 
The o r g a n i sms o f  c on ce r n  inc lude f o u r  g e ne ra o f  mo sq u i to s  
{ Anophe l e s  spp . , C u l e x  spp . , Aed e s  spp . , a nd Pso r opho r a  
spp . ) ,  h o r se f l i e s  ( Tabanus spp . ) ,  a nd deer  f l i e s  { Ch rysops 
spp . ) .  The s e  a r e  b i t i ng i n s e c t s  wh ich c a n  t r a nsm i t  pathogens 
to h uma n s  and a n imal s .  

The Anophe l e s  mo sq u i to s  a r e  c a r r i e r s  o f  the p r oto z a n s  wh ich 
c a u s e  ma l a r i a . Encepha l i t is , wh ich c a n  a f fe c t  h umans and 
ho r s e s , c a n  be cau sed by mo sq u i to s  o f  the C u l e x  a nd Aed e s  
g e ne ra .  An th r a x , wh ich a f f ec t s  both  man and a n ima l s  i s  
c a r r i ed by c e r t a in s pec i e s  o f  ho r se f l i e s . L i v e s to c k  
d i se a s e s  s u c h  a s  anapl asmo s i s  a nd swamp feve r ( i nfec t io u s  
anem i a )  c a n  be ca r r i ed b y  d e e r  f l i e s . 

The l a rvae of al l o f  the s e  g e n e r a  a r e  aquat ic , r eq u i r i ng a 
pe rmanent o r  s l o w  mov i ng aquat ic h ab i ta t  in wh ich to deve l o p . 
The ac t u a l  hab i tat r e q u i r eme nts  and l e ng t h  o f  d evelopme nt 
vary f r om s pe c i e s  to spec i e s . Conce r n  i s  o f te n  r a i s ed whe n  
a c on s t r u c t ion p r o j e c t  may pe rmanent l y  i nc r ea s e  s t and i ng 
wate r ,  ther eby c r e a t ing n ew h ab i tats  fo r the se o r g a n i sms a nd 
inc r e as i ng t he r i s k  o f  d i s e a s e  f o r  man and a n imal s .  Stand i ng 
water  can be c r e ated by a l t e r i ng s u r face d r a inage pa t t e r ns , 
by impr ope r bac k f i l l i ng o f  c a na l s and o the r a r e a s  o f  excavat i o n  
o r  b y  c l o s ing o f f  po r t io n s  o f  a wat e r body wh ich pr ev i o u s l y  
we r e  subj e c t  t o  r eg u l a r  f l u s h i ng a c t ion . 
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2 . 4 . 2  E nv i r onme n t a l  S e t t i ng o f  the S u lphur  M i ne s  S i te 

Th e pr opo sed S u lphur M i ne s  Dorne s to r age f ac i l i ty s i te 
c ov e r s  appr ox imate ly 1 , 5 0 0  a c r e s  i n  cent r a l  C a l c a s i e u  
P a r i s h .  The dome i s  d r y  to ma r s hy w i t h e l ev at i o n s  r ang i ng 
f r om 1 2  to 1 8  f t .  me an s e a  l eve l ( MS L ) . Lowe s t  e l evat i o n s  
o c c u r  ove r the c e n t e r  o f  t h e  dome whe r e  subs idence h a s  
o c c u r red . Th i s  a r e a  i s  pumped to k e e p  i t  d r y . M u c h  o f  the 
s u r r o und i ng a r ea is c ove r e d  w i th m i x ed p i n e  and d e c i d uo u s  
fo r e s t s ( s ee F ig u r e  2 . 2 3 ) . 

T h e  s ur f ace at the s i te has  been a l t e red i n  v a r i o u s  
i n d u s t r i a l  u se s . S u l f u r  m i n i ng wa s ca r r ied o u t  i n  the 
p a s t . P r e s e n t l y  the s i te i s  ut i l i z ed fo r hyd r o c a r bo n  
pr od uc t  s to r age a nd f o r  b r i ne feed s to c k  p r o d uc t io n . A 
ne two r k  o f  g r ave l r oad s s e r v i ce s  mo s t  o f  the d ome . 
La rge , s h a l low po nd s w i th a t o t a l  s u r f ac e  a r ea o f  about 
2 5 2  a c r e s  have been d r edged on the p e r iphe ry of the dome . 

2 . 4 . 2 . 1  Te r r e s t r i a l E c o logy 

The S u l p h u r  M i nes Dorne is  l oc a ted in an a r e a  wh i c h  h i s t o r i ca l l y  
was pr a i r i e s  and m i xed d e c i d uo u s  and l o ng l e a f  p i ne f o r e s t .  
At p r e s e n t , the pr a i r i e s  have been r ep l aced w i th c r op l and 
a nd pas tu r e l a nd , a nd l ong l e a f  p i ne sha r e s  d om i na nce w i th 
l o bl o l l y  and s l a s h  p i ne . The dome and immed i a te v i c i n i ty 
i s  now c ove r ed by pa s tu r e l and , m i xed p i ne f o r e s t ,  a nd 
d eve l oped p a r t s  and ba r e  a r e a s . S ome o f  the b a r e  a r e a s  
we r e  u sed f o r  s u l f u r  s to c k p i l i ng a nd a r e  e s sent i a l ly ba r r en . 

The f o r e s t s i n  the dome v i c i n i ty have been managed f o r  
s ome t ime . T h e  S u lphur  M i nes owne r s ,  U n i o n  T e x a s  Pe t r o l eum 
have t imbe r ho l d i ng s  to the e a s t .  H u n t e r  O i l  Company , 
Ame r i c a n  O i l  Company and Powe l l  L umbe r C ompany a l so have 
h o ld i ng s  nea r by .  A l though ma i n l y  m i xed p i n e s , the se fo r e s t s 
i n c l ude abo u t  1 0  p e r c e n t  har dwood s . 5 7  The typ i c a l  s h r ubs 
o f  p i ne l a nd s  i n c l ude s aw pa lme tto ( S c r enoa r epe n s ) ,  wax 
my r t l e  ( My r i c a  spp . ) ,  g a l l be r r y ( ! l e x  sp . )  and S t . Johnswo r t  
( Hype r i c urn spp . ) .  Commo n her bs a r e  v i o l e ts ( V i o l a  spp . ) and 
ye l l ow-eyed g r as s  ( Xy r i s  i r i d i f o l i a )  , 4 0 . 

The  p r a i r i e  type vegetat i o n  i s  p r ima r i l y  fo und i n  p a s t u r e ­
l a nd ad j a cent  to t h e  s i te . C a t t l e  a r e  g r a z ed ne a r  the 
a i r s tr ip to the we s t , to  the nor th of the a i r s t r i p , and 
to the ea s t  o f  the dome wh e r e  the f o rme r s u l f e r  wo r k e r s ' 
c amp wa s l ocated . They a r e  a l so pa s tu r ed i n  s u r r o und i ng 
west  and n o r th abo u t  3 t o  3 m i l e s  away and soybeans a r e  
r a i sed abo u t  3 m i l e s  to t h e  south . Na t u r al  p r a i r i e veg e­
tat ion fo und at the s i te i s  predom i nant l y  sw i tc h  g r a s s  
( P an i c urn v i r g a t urn ) , b i g  b l u e s tern ( And r opogon spp . ) ,  I nd i an 
g r as s  ( S o r g ha s t r urn avenace i urn ) , and p r a i r i e  w i l dg r a s s  
( Sphenopho l i s o b t u s a ta ) . H oweve r ,  imp r oved pa s tu r e s  a r e  
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l i k e l y  to h ave ryeg r a s s , coas t al Be rmud a , and/o r l e sped e z a . 
The m i x t u r e  o f  two o r  mo re veget a t i o n  type s as i s  found a t  the 
s i t e  p r ov i d e s  an edge e f fe c t  wh i c h  at t r a c t s  some w i l d l i fe , s u ch 
a s  bo bwh i te , wh ich may n o t  be found i n  any one vegetat i o n  type 
a l o n e . I n  s ome i n s tanc e s  the se a n i ma l s  may be fo und in one 
veget at ion type but are mo r e  abund a nt ne a r  the ed g e  whe re 
both types may be u t i l i z ed f o r  f e ed i ng ,  cove r , a nd /o r ne s t i ng . 

Commo n b i rd r e s idents  o f  the wood l a nd p r a i r i e  vege t a t i o n  m i x t u r e  
a r e  the Eas te r n  meadowl a r k  ( S t u r ne l l a  Magna ) Ame r i c a n  r o b i n  
( Tu r d u s  migr ato r i u s ) ,  downy woodpe c k e r  ( Dend r o c opus pub s c ews ) ,  
red-be l l i ed woodpec k e r  ( Cent u r u s  c a r o l i n u s ) , h a i r y  woodpe c k e r  
( Dend r ac opo s v i l l o s u s ) , C a r o l i na ch i c k adee ( Pa r u s  c a r o l inen s i s ) , 
tu fted t i tmo u se ( Pa r u s  b ic o l o r ) ,  C a r o l i na w r e n  ( Th ryotho r u s 
l udov i c i a n us ) , a nd r ed - s ho u lde red h awk ( B uteo l i ne a t u s ) . 40 
Mamma l s  o f  the v i c i n i ty a r e the wh ite-t a i l ed deer , r ac co o n , 
fox squ i r re l , c o t to n t a i l  r ab b i t ,  opos sum , s t r i ped s k unk , 
a rmad i l lo , southe r n  f l y i ng s q u i r r e l , wh i te-footed mo u s e , 
and bobc a t . 4 0  

Typ i c a l  h e rptofa una o f  the s i t e may i nc l ud e  k i ng s n a k e s  
( Lamprope l t i s  spp . ) , many spec i e s  o f  t u r t l e s  ( G r aptemys spp . , 

M a l a c l emys spp . , a nd Te r r epene spp . ) ,  a nd s eve r a l  spec i es o f  
toad s and f r og s  ( Bufo s pp . , Hyl a spp . , a nd Rana spp . ) . 4 0  

2 . 4 . 2 . 2  Aquat ic E c o l o g y  

S u r face wat e r  on the Sulphur  M i nes s to r ag e  f ac i l i ty s i te 
i n c l ud e s  seve r a l  l a r ge , s ha l low pond s ( to t a l l i ng abo ut 2 5 2  
ac r e s )  a ro und t he ed ges  o f  a cent r a l  s ubs ided a r ea and ma r s hy 
a r e as on the nor t h  and e as t w i th in the i nc ompl e t e  r i ng o f  the s e  
po nd s .  The re a l so i s  ma r s h  a t  the no r th end o f  an a rm o f  a po nd 
on the so uthwe s t  ed ge of the a r e a .  Th i s  4 0 -ac r e  pond a nd s i x 
o t he r s  total l i ng about 4 0  ac r e s have developed i nto exce l l e nt 
f i s h ing h ab i ta t s . The l a t t e r  6 pond s f l a n k  the eas t s id e  o f  
the dome . The 4 0-ac r e  pond has  an ave rage depth i n  d i f fe r ent 
pa r t s  r a ng i ng f r om abo ut 10 to 19 feet . The mean depth o f  the 
o t he r pond s is abo ut 8 feet . The s e  pond s were c r e ated d u r i ng 
the ea r l y  pe r i od o f  su l f u r  m i n i ng wh ich c e ased i n  the 1 9 2 0 ' s  
( e xcept fo r a 3 -y e a r  pe r iod i n  the l a te 1 9 6 0 ' s ) . Typ i c a l  
f r e s hwat e r  ma r s h  p l a nt spec i es should  b e  p r e s ent i n  the ma r s he s  
and i n  t h e  pond s . The ma i n  s pec i e s  in t h i s  type o f  ma r s h  a r e  
l i s t ed i n  the t e x t  und e r  Ma r s h l ands i n  S ub s ec t ion 2 . 4 . 1 . 1 .  

The ma i n  spec i e s  o f  f i s h  p r e s e nt inc l ud e  c r a pp i e , l a rg e ­
mo uth bas s , s u n f i s h , g a r  a nd c a rp ( Cypr i n u s  c a r p io ) 5 7  
Othe r f i s h  wh ich may i nh ab i t  the ponds in c l ude bow f i n  
( Am i a  c a l v a )  and c a t f i s h  ( I c tal u r u s  spp . ) . 4 4  
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A l l ig a to r s  a r e  p r e s ent b u t  a r e  unobt r u s ive . N u t r i a  and 
r a c coons  a r e  some t ime s found in the ma r s hy a r ea s . Duc k s  
a r e  somet imes p r e s e n t  i n  the mar she s al so , a nd o n  the wate r . 
Wa ter s n ak e s  such a s  N a t r i x  spp . and wate r mo c c a s i n s , 
t u r t l e s  and amph i b i a n s  ( c i ted i n  S ec t io n  2 . 4 . 2 . 1 ) a r e  no 
d o ubt p r e s en t . 

Benth i c  inve r te b r ates  known to o c c u r  i n  s im i l a r  water  
bod i e s  inc l ude the d ip te r an l a r vae P r o c l ad i u s  spp . , 
C ryptoch i r o nomu s spp . , and Be z z i a spp . ; the o l igochaete 
worms ( L imnod r i l u s spp . and Pe l o s c o l e x  spp) ; and the 
amph ipod Co r oph i um spp . 4 4  

C ommo n z oopl a n k to n  i n  the a r e a  i nc l ud e  the copepo d 
gene r a  E ucyc l ops , E u rytemo r a ,  D i ap tomu s and Cyc l ops , the 
d ip te r an l a rvae Chaobo r u s  spp . , the c l adoce r a n s  Bosmina 
and D aphn i a ;  and the r o t i fe r s  B r ach i o n u s , Ke r a te l l a , 
P l a ty i a s  and K e l l i c o t t i a . 4 4  

The mo s t  common phytopl ank t e r s  found i n  po nd s o f  th i s  type 
i nc l ude the d i atom s Melo s i r a  spp . , C o sc i nod i s c u s  spp . a nd 
P l e u r o s igma spp . , the g r een a l g ae S cened e smus spp . , 
Ped i a s t r um spp . a nd S ta u r a s t r um spp . , a nd the b l u e -g r ee n  
a l g a e  Anabaena spp . a nd O s c i l l a to r i a  spp . 4 4  Other 
gene r a  wh ich may be pr e s e n t  inc l ud e  the d i atoms A s te r i o ne l l a , 
Tabe l l o r i a , a nd F r ag i l o r ia ; C h r ysophyceae such as  D i no b ryon 
and U r ogl en a ; c o l o n i a l  g r e e n  algae such as  Vo l vo x ,  P ando r in a , 
and E udo r i n a ; d i no f l ag e l lates such as  C e r a t i um a nd Pe r id i n i um ;  
and o the r s . 5 8 

2 . 4 . 3  E nv i r o nmen tal  S e t t ing o f  the D i spl aceme n t  Wa te r 
S o u r c e  

D i sp l a cement wa ter would b e  pumped f r om the 1 6 2  a c r e  S a l t  
Wa ter Re se r vo i r  on the we s t e r n  edge o f  the s a l t  dome , wh en 
it  be comes d e s i r ab l e  to r ecove r s to r ed c r ud e  o i l  f r om the 
f i ve S u lph u r  M i ne s  sto r ag e  cave r ns . Th i s  r e l a t iv e l y  
shal l ow pond w a s  fo rme r ly u s e d  as  a b r i ne ho ld i ng pond but  
i s  now e s sent i a l ly f r e s h and suppo r t s f i sh and a few aq u a t i c  
ma c r ophytes . Mo s t  o f  t h e  l and immed i ate l y  bo r de r i ng th i s  
pond i s  c l e a r ed and d i s tur bed . Rep l e n i shment wate r fo r 
the r e s e rvo i r  would u l t ima te l y  b e  obta i ned f r om the S a b i n e  
R i v e r  b y  a p ipel ine-canal complex  ( s ee S ec t i o n  1 . 3 . 2 ) . 
Land ad j ac e n t  to the Sab ine R i v e r  D iv e r s io n  Sys tem ma i n  
c an a l  ( fo rme r ly H o u s to n  Rive r Cana l )  i s  mo s tl y  ag r i c u l t u r al . 

R i c e  g r ow i ng and c a t t l e- r a i s ing pr edom i nate a l ong a 2 5  
m i l e  se c t i o n  o f  th i s  c a na l ; 5 m i l e s  o f  the c a n a l  bo r d e r  
wood ed a r ea s and 2 m i l e s  bo r d e r  r e s ident i a l  a r eas . 5 9  
P r e sen t con s t r uc t i on ac t iv i t ie s  o n  the canal  h ave d i s tu r bed 
vege t a t i o n  and w i l d l i fe and af fec ted water  q ua l i ty .  
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2 . 4 . 4  Envi r onme n t a l  S e t t i ng o f  the B r i ne D i spo s a l  A r e a  

D i s p l a c ed br i ne f r om t h e  cave r ns wou l d  f low i nt o  a 1 0 0 , 0 0 0 
bar r e l  br i ne pond to be c on s t r uc ted o n  3 . 7  ac r e s  o f  c l e a r ed 
l a nd be f o r e  be i ng i n j e c t ed deep und e r g r ound . Th i s  a r e a  i s  
h i ghly d i s tu r bed a nd vi r t u a l ly ba r r en due to p r e v i o u s  u s e  as  
a s u l f u r  s to ckpi l e  a r e a . A r e tent ion d i k e  and pump i ng 
f ac i l i ty wou l d  a l so be p l aced i n  t h i s  ba r re n  a r e a . B r i ne 
wou l d  be pumped v i a  a p i pel ine to a d i sp o s a l  f i el d  southw e s t  
o f  the dome . Th i s  d i sposa l f i el d  wou l d  b e  lo cated p r i ma r i ly 
i n  mi xed p i n e  f o r e s t  w i th the d i sposal  wel l s  ad j ac e nt to a n  
H i ghway 9 0 . 

2 . 4 . 5  E nv i r o nmen t a l  S e t t i ng o f  the P ipel i ne s  

A pipel i n e  netwo r k  wou l d  b e  req u i r ed f o r  d i s t r i but ion o f  
t h e  d i sp l aceme n t  wat e r  u t i l i z ed du r i ng r ec ove ry ope r a t ion s . 
L a nd r e q u i r eme n t s  f o r  p i pe l i n e s  have no t been f i na l i z ed , 
but the d i s p l ac eme nt wat e r  p i pe l i ne i s  p r o j e c t ed to co nnec t 
to t he S a b i n e  R i v e r  D i ve r s i on C anal  n o r th o f  the S a l t  
Wate r Re s e r vo i r . The p i pe l i n e  wou l d  c r o s s  ma r s h  and 
p a r t i a l ly c l e a r ed m i x ed wood l a nd j u s t  no r th o f  the r e s e r ­
vo i r . 

The c r ude o i l  l i ne wou l d  pas s to the s o u t hw e s t  f r om the 
s t o rage s i te ac r os s  r oads , mi s c e l l a ne o u s  d r y l a nd , c u l t i va t ed 
a r e as , wo oded a r e a s , ma r s hl and , spo i l  bank s , a nd i n l and 
wat e r  i n  i t s pa s sage to t he I n t r ac oa s tal Wate rway . An 
e c o l og i c a l  d e s c r ipt ion o f  the sys tems thr ough wh i c h  the o i l  
d i s t r i but ion p i p e l i n e s  w i l l  c r o s s  i s  p r e s e nted i n  Sec t ions  
2 . 4 . 1 . 1 .  and  2 . 4 . 1 . 2 . The  total  l e ngth of  the  p r opo sed o i l  
d i s t r i bu t ion p i pe l i n e  i s  1 7  m i l e s , howeve r , the i n i t i al 2 . 2  
m i l e s  wou l d  u t i l i z e the s ame r i ght-o f -way as th e br i ne 
d i sposa l p i p e l i n e . 

The route  wo u l d  l e ave t he s o uthe r n  s i de of  the c e nt r a l  
p l ant a r e a  and f o l low t h e  we s te r n  s i de of  the s i t e  ac ce s s  
r oad 0 . 3  m i l e s  to a paved par i s h  r oad . The r ou t e  wou l d  
c r os s  t h e  r o a d  a nd e n t e r  wood l and fo r 0 . 4  m i l e s  t o  the 
S o u t he r n  P ac i f i c  Ra i l r oad . I t  wou l d  c r os s  the r a i l r oad a nd 
c o n t inue f o r  anothe r 1 . 6  m i l e s  to I nt e r s t ate H i ghway 9 0 . 
A f t e r  cr os s i ng Ro ute 9 0 , the p i pe l i ne wou l d  t r a ve r se 0 . 8  
mi l es o f  c le a r ed l a nd a nd o n  ac r o s s  th r ough 0 . 6  m i l e s  o f  
wo od l a nd t o  B ayou C h o u p i q ue . A f t e r  ent e r i ng 0 . 2  m i l e s  o f  
wood l a nd o n  t h e  o t h e r  s i d e  o f  the B ayo u , the r o u t e  wo u l d  
c r o s s  0 . 4  m i l e s  o f  pas t u r e  and another  0 . 5  mi l e  o f  wood l a nd . 
At th i s  po i n t  the p i pe l i n e  wou l d  c r o s s  I nt e r s ta t e  H i ghway 1 0 . 
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The h ighway h a s  a w ide med i an at th i s  po i nt and the 
c r os s i ng wou l d  be 0 . 1  m i l e s  w ide . Af t e r  c r os s i ng 1 . 7  m i l e s  
o f  p r i ma r i ly c l e ar e d  a g r i c u l t u r a l  l a nd , the r o u t e  wo u l d  
c r o s s  W i ng Gu l ly , a sma l l  s t r e am .  O n  the o th e r  s ide o f  th i s  
wat e r c r o s s i ng t h e  r ou t e  wo u l d  pa s s  0 . 8  m i l e s  th r ough a 
sma l l pas t u r e  and a r i ce f i e l d  t o  a med i um d uty pa r i s h  r oa d . 
F r om the r e  the r oute wo u l d  c r o s s  0 . 9  m i l e s  o f  pas t u r e  be f o r e  
c r os s i ng a n  abandoned c a na l . The n  1 . 5  m i l e s o f  mo s t l y  h igh 
d r y  pa s tu r e  wou l d  be c r o s sed , a l so i nc l ud i ng a p r i vate road  
a nd a Gulf  S t ate Powe r t r a n sm i s s i o n  l i ne a l o ng the way , to  
Spr i ng G u l ly .  The  r o u te wo u l d  c on t inue ac r o s s  th i s  sma l l 
s t r e am a nd 0 . 3  m i l e s  o f  pas t u r e  t o  H i ghway # 1 0 8 . 

C on t i n u i ng ac r os s  the h ighway a nd 3 . 3  m i l e  o f  ma i nl y  pas ­
t u r e l a nd , c r o s s i ng o n e  s ma l l  c r e e k  a nd seve r a l  d r a i nage 
d i tch e s , the r ou te wo u l d  c ome to anothe r pa r i s h  r oad . Af t e r  
e x t e nd i ng ac r o s s  t h e  r oad a nd 1 . 4  m i l e s  o f  pas t u r e , t h e  
r o u te wou l d  t u r n  d ue s outh c r os s i ng 0 . 3  m i l e s  o f  ma r sh and 
a no t h e r  0 . 8  m i l e s  o f  d r y  pa s tu r e  l a nd . The n  tu r n i ng i n  a 
s o uthwe s te r l y d i r ec t ion , i t  wo u l d  pas s th r ough 0 . 1  m i l e  o f  
ma r s h and 0 . 7  m i l e o f  d r y  l a nd , c r os s i ng o n e  f a r m  r oad , t o  
t h e  no r th b a nk o f  t h e  I n t r ac o a s t a l  Wate rway . Anothe r 0 . 4  
m i l e s  wou l d  t a ke the r o u te ac r os s  the wate rway a nd s o u th e r n  
spo i l  bank  t o  the p o i nt o f  i n t e r sec t ion w i th the o t h e r  
p r opo sed p i pe l i ne . See  Tab l e  1 . 3 f o r  a summa ry o f  the l a nd 
types wh ich wou l d  be af fec ted by t h i s  p i pe l i ne c o n ne c t i o n . 

F r om t h i s  po i n t , the p r oposed ma i n l i n e  E S R  p ipel i n e  between 
We s t  H a c k b e r ry a nd the Sun Te rmi n a l  wo u l d  be u se d . See t he 
s u pplement to F E S  7 6/ 7 7- 4  f o r  a d e s c r i p t io n  o f  th i s  p i pe l i n e  
r o ute and t h e  S un Te rmi n a l  fac i l i t i e s . The d i s tance f r om 
the i n t e r s e c t ion t o  the t e r m i n a l  i s  3 4 . 4  m i l e s  a nd the total  
l e ng th o f  the  new c onnec t ion wou l d  be  1 4  m i l e s , f o r  a t o t a l  
d i s tance of  4 8 . 4  m i l e s  between S ul ph u r  M i ne s  a n d  the S un 
D i s t r i bu t ion T e r m i na l . 
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2 . 5 .  SOC I OECONOM I C  CHARACT ERI ST I CS 

2 . 5 . 1 .  Popul a t i o n  

2 . 5 . 1 . 1  Popu l at ion Dens i ty 

The s to r a ge s i t e  i s  l o cated i n  the c e nt r a l  a r ea o f  C a l c a s i e u 
Pa r i s h ,  wh ich l i e s  w i th in the So uthwe s t  Lou i s i a na P l a n n i n g  
D i s t r i c t . T h e  p i pe l i n e  wh ich w o u l d  c a r r y  o i l  t o  a nd f r om 
the s to r age s i t e  w o u l d  l e ad s outhwe s tward f r om S u lphu r  M i n e s  
t o  a po i n t  nea r C ame ron P a r i s h  whe r e  i t  would  b e  c o n nec t ed 
t o  a p l a nn ed o i l  p i pel i n e  that t e r mi na t e s  at the S u n  O i l  
T e rm i na l  i n  Nede r l a nd , T e x as . L o c a l  i mpac t s  f r om the 
p r o j ec t  a r e  expec ted t o  be c on f i ned to C a l c a s i e u  a nd 
C ame r on pa r i s he s . Tab l e  2 . 1 3 s hows the popu l at i o n  d e n s i ty 
o f  the two pa r i s hes a nd the S t ate o f  Lou i s i ana , a nd t h e  
p r opo r t io n  o f  u r b a n  a nd r u r a l  c omponents . C ame r on P a r i s h i s  
s hown a s  be i ng e nt i r e l y  r u r a l  bec a u s e  i t  has  no commu n i t i es 
w i th pop u l a t ions o v e r  2 , 5 0 0 .  The p r o j ec t  s i te i s  i n  a r u ra l  
a r e a  s u r r o unded by wood l a nd s .  

2 . 5 . 1 . 2  T owns a nd U r ba n  A r e a s  

T h e  maj o r  c i ty i n  t he a r e a  i s  L a k e  C ha r l es , abo u t  1 3  m i l e s  
e a s t  o f  t h e  s i t e .  Along t he co r r i do r  be tween t he s to rage 
s i te and t he c i ty l i e  s e ve r a l  towns : We s tl a k e , 8 m i l e s  
d i s tant ; H o l lywo od , 4 m i l e s ; S u lphu r , 2 m i l e s ; a nd r es i ­
d e n t i a l  developme nt s : Mo s sv i l l e and Mapl ewood . L a k e  
C ha r l e s  a nd S u lphu r a r e  expec ted t o  bea r  t h e  g r e a t e s t  impac t 
f r om the p r oj ec t . F i g u re 2 . 2 4 s hows the cente r s  o f  popu­
l a t ion in r e l at ion t o  the s i te . Town s to the no r th and wes t 
i nc l ude : DeQu i ncy , 1 6  m i l e s ; S ta r k s , 1 6  m i l e s , a nd V i n t o n , 
1 2  m i l e s  away . Ca r ly s s  i s  a r e s i d e nt i a l  a r e a  6 m i l e s  
s ou t he a s t o f  the p r oposed s to ra g e  s i te . Ca l c a s i eu P a r i s h  
l i e s  o n  the bo r d e r  o f  th e S t ate , a nd O r a ng e , Texas  i s  
2 5  m i l e s  f r om t h e  s i te ,  ac r os s  t h e  S ab i ne R i ve r . 

S u lph u r  

S ome of  the wo r k  fo r c e  f o r  t he p r o j ec t  w i l l  c ome f r om 
S u lphu r .  Th i s  town t a k e s  i t s  name f r om the s u l f u r  t ha t  was 
p r oduced a t  the s a l t  dome . The S u lph u r  M i nes s ta r t ed a s  a 
convent ion a l  m i n i ng ope r a t ion i n  t h e  1 8 8 0s a nd l a r ge numbe r s  
o f  Mex i c a n s  c ame t o  town f o r  the wo r k . Convent ional  m i n i ng 
methods fa i l ed , ma ny m i n e r s w e r e  k i l l ed ,  a nd t h e  ope r a t i o n  
was f o r ced t o  c l o s e . Howeve r , the F r as c h  method o f  s u l f u r  
p r oduc t ion w a s  put i n t o  p r a c t i c e  i n  t he 1 8 9 0 s , a nd c o n t i nu ed 
4 n t i l  1 9 24 when t he s u l f u r  d epo s i ts w e r e  p r a c t i c a l ly exhau s t ed . 
The c i ty h a s  g r own r ap i d ly s i nc e  the 1 9 4 0 s d ue pa r t ly 
t o  t he es t ab l i s hment o f  o i l  r e f i ne r i es and pet r ochemi c a l  
i nd u s tr i es at L a k e  C ha r l e s , a nd pa r t ly to i t s  own annex a t ion 
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Table 2 . 1 3  Population Dens ity o f  Surrounding Pari she s 

Cal cas ieu Cameron Louisiana 

Population 

total 1 45 , 41 5  8 , 19 4  3 , 64 3 , 180 

per square mi le 1 3 1 . 6  5 . 7  

Rural Population 

farm 1 , 17 1  894 1 1 3 , 7 5 7  

non-farm 35 , 8 1 6  7 , 300 1 , 11 8 , 6 2 7  

Urban Population 

% rural 2 5 . 2  100 . 2 3 . 9  

% urban 74 . 8  0 66 . l  

S ource : S tatistical Prof iles of Calcasieu and Cameron Pari shes , 

published by the Public Affairs Research Counc il , Inc . , 

Baton Rouge , Louis iana , 19 7 3 .  
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of sur r ound i ng t e r r i to ry a nd e xpans ion of  mun i c ipal  s e r v i ce s . 
The c i ty n ow o c c u p i e s  s l i g h t ly ove r 8 sq ua r e  m i l e s . The 
popu l a t ion was r eg i s te red a s  1 5 , 2 4 7  i n  1 9 7 0 ,  a l o c a l  c e ns u s  
t a k e n  i n  1 9 7 2  r ec o r ded 1 8 , 0 0 7 pe r so n s , a nd i t  is  e s t ima ted 
that the 1 9 7 5  popul a t ion was ove r 2 0 , 0 0 0 .  

La ke Cha r l e s  

The popu l a t i o n  of  Lake  Cha r l e s  was abo u t  7 8 , 0 0 0 i n  1 9 7 0  
a nd h as been p r o j ec ted t o  be abo u t  8 5 , 0 0 0 i n  1 9 7 5 . 6 3  I t  
i s  a maj o r  manu fac t u r i ng c e nte r , pa r t ic u l a r l y  for  the 
chem i c a l  i nd u s t r y , a nd a n  impo r t ant po r t  f o r  the r eg i o n . A 
deep wa t e r  ch an ne l h a s  b e e n  d r e d ged thr ough C a l c a s i e u  Lake  
a nd the lowe r po r t io n  of  the  C a l c a s i eu R i v e r  to connect  L a k e  
C ha r l e s  w i th the G u l f  o f  Mex i c o , 3 4  m i l e s  s o u th . The l a k e  
and c i ty a r e  named f o r  o n e  o f  t h e  ea r ly F r e nch c o l o n i s ts , 
Char l e s  S a l l i e r . L a k e s  Ch a r l e s  became the p a r i s h  s e a t  fo r 
C a l c a s i e u  Pa r i s h  i n  1 8 5 2 . 

2 . 5 . 1 . 3  H i s to r i c a l  Gr owth and Tr end s 

Pop u l a t ion g r owth a nd pr o j e c t ions for  the a r e a  a r e  s hown 
o n  Table 2 . 1 4 .  The pop u l a t ion o f  C a l c a s i e u  Pa r i s h i nc r ea s ed 
by 6 2 . 3  p e r c e n t  b e tween 1 9 5 0  a nd 1 9 6 0 , b u t  ma rg i na l ly 
dec l i ned between 1 9 6 0  a nd 1 9 7 0 . D u r i ng t h i s  pe r i od o f  
dec l i ne f o r  t he p a r i s h ,  howeve r ,  S ul phu r g r ew b y  3 3  pe r ce nt 
a nd Lake  Char l e s  by 2 3  pe r ce nt . Came r o n  Pa r i s h  inc r e ased 
by 1 0 . 7  pe r ce nt between 1 9 5 0  a nd 1 9 6 0 ,  a nd by 1 8 . 6  pe r ce nt 
between 1 9 6 0  a nd 1 9 7 0 . 

Pop u l a t ion p r o j e c t ions  for  Ca l c a s i e u  Pa r i s h  v a r y  g r e a t l y  
because of  unce r t a in t ie s  as  t o  whe the r t h e  d ec l i ne noted 
be tween 1 9 6 0  a nd 1 9 7 0  w i l l cont inue . Re cent e s t ima t e s  
b y  t h e  L o u i s i ana Technology Co l lege o f  Adm i n i s tr a t io n  
a nd B u s i ne s s ,  i n  coope r at ion w i th t h e  U . S .  C e n s u s  B u r e a u  
i nd i c a t e  a 3 . 5  pe r c e n t  inc r ea s e  f o r  C a l c a s i e u  Pa r i s h  in  
the 5 ye a r s  s i nc e  the 1 9 7 0  c e n s u s , a nd a pop u l a t ion of  
abo u t  1 5 0 , 5 2 0 i n  1 9 7 5 .  Th i s  c ompa r e s  w i th a 3 . 5  pe r cent 
i nc r ease  for the S o ut hwe s t  Lo u i s i ana P l a n n i ng D i s tr i c t  
as  a who l e , a nd a 4 . 1  pe r ce nt i n c r e a s e  f o r  the s t ate 
d u r i ng the same 5 year spa n . 6 4  

2 . 5 . 2  C u l t u r al Pa t t e r n s  

Fo r a numbe r of  yea r s , S ulph u r  M i n e s , Lou i s i ana w a s  the 
l a r ge s t  comp l e x  of s u l f u r  m i n e s  in  the wo r l d . A v i l lage 
was c on s t r uc ted a t  the s i te to h o u se the m i ne wo r k e r s , a nd 
a numbe r of homes rema i ned unt i l  t h e  ear l y  1 9 5 0 s  whe n they 
we re s o l d  a nd r emoved , l e av i ng o n l y  the t r aces  of s t r e e t s  
a nd t h e  empty s he l l s  o f  two sma l l  conc r e t e d o r m i t o r i e s . 
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Table 2 . 14 Population and Population Pro j ections , by Parish 

C a l c a s i e u  C:; rncron 
-------- -- ---�-

1 9 5 0  
I'op u l d t ion 39 , 6 3 5  6 , 2 4 4  

1 9 6 0  
Popu l a t ion l '1 5 ,  4 7 5 G , 9 0 9  
% change 6 2 . 3 1 0 . 7  

1 9 70 
Pop u l a t i o n  1 4 5 , 4 1 5  8 ,  1 9 4  
% ch :� n ge ( - 0 . l )  1 8 . G  

1 9 78 
S e r i e s  E *  1 3 5 , 000 7 , 60 0  
S e ri e s  C *  1 5 3 , 00 0  8 , 600 
S t a t i s t i c a l  l\bs t ra c t  1 6 3 . 3 8 2  9 , 30 4  

1 9 90 
Seri e s  E *  1 3 8 , 00 0  7 , 8 0 0  
S e r i e s  C *  1 6 0 , 00 0  9 , 0 00 
S t a t i s t i c a l  Ab s t ra c t  1 8 1 , 6 4 7  10 , 6 1 7  

* F ig ur e s  a r e  b a s ed o n  BEA Ar e a s  1 3 8  and 1 3 9  and provide on ly the firs t 

three s i gn i f i c a n t  f i g u r e s . 

Sources : D ept . o f  Commer ce , B u r e a u  o f  the C e n s u s , C h a r a c t er i s t i c s  o f  

the Pop u l a t ion , 1 9 60 a n d  1 9 70 ; U . S .  �1 t e r  R e s o u r c e s  Counc i l , 

OBERS Pro j e c t i ons , Regiona l Econ o m i c  .C\.c t i v i ty in the U . S .  

S e r i e s  C ,  1 9 70 ; U . S .  :·l a t e: r  Re s o u r c e s  Counc i l , O B E RS Pro j e c ­

t ion s , Region a l  Econom i c  Act i vi t y  i n  t he U . S . , Series E ,  1 9 7 2 ; 
Lou i s i a n a  S t a t e  Un ivers i ty ,  D i v i s i on o f  Bus i n e s s  and Economi c  

Re s e arch , 1 9 7 4  S t a t i s t i c a l  A b s t r a c t  o f  Lou i s i a n a , 5 th Ed i t ion . 
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The c u l t u r e  of  the ar e a  is  a u n i q ue comb i na t i o n  o f  Wes t e r n  
a nd F r e nch i n f l u e nc e . S u lphu r h o s ts a numb e r  of  r odeos , 
inc l ud i ng those f o r  youth c l ub s  and f o r  p r of e s s ional  compet i to r s . 
The numb e r  of  F r e nc h  speak ing peop l e  i n  S ulph u r  i s  abo u t  
1 4 . 8  pe r ce nt , c ompared  to 2 3 . 8  p e r c e n t  i n  C a l c a s i eu P a r i s h 
a nd 4 2 . 4 pe r cent  in  C ame r on P a r i s h . 

The L a k e  Cha r l e s  a r e a  was set t l ed by a m i x t u r e  o f  E ng l i s �, 
F r ench , Span i s h and Dutch c o l o n i s ts . Whe n  the c i ty o f  
Lak e Cha r l e s  was pr i ma r i ly a l umbe r  p o r t ,  the c i t i z e ns 
were p r edom i n a n t ly Ang l o -Saxon . A l a t e r  i n f l u x  o f  F r e nch 
people  f r om the eas t and c e nt r a l  pa r t s of the s ta t e  h a s  
r es u l ted i n  t h e  c i ty now h a v i ng a l mo s t  a n  equal m i x t u r e  
of  Ang l o -Saxon and F r ench c ul tu r a l  i n f l uence . 
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2 . 5 . 3  Commun i ty S e r v i c e s 

2 . 5 . 3 . 1  H o u s i ng 

The hous i n g  s i tuat ion i n  C a l c a s i e u  P a r i s h r e f l e c t s  i t s  
pop u l a t ion p a t te r n .  The r e  was a s ha r p  i nc r e a s e  i n  popu­
l at ion and hous i n g  between 1 9 5 0  a nd 1 9 6 0  f o l lowed by a 
pe r i od du r i ng wh i c h  the pa r i s h  g r ew f a r  mo r e  s lowly than 
n e i gh bo r i ng pa r i s he s  and the s tate . D u r i ng the d e c ad e  o f  
1 9 6 0  a n d  1 9 7 0 , the numbe r o f  y e a r - r ound hous i ng u n i ts i n  
C a l c a s i e u  P a r i s h  in c r e a sed o n l y  4 . 6  pe rcent , and i t s med i an 
val ue o f  hous ing (wh i c h  i s  j u s t  unde r the s tate med i an )  
i nc r e ased by 1 6 . 2 2 pe r ce n t , o r  l e s s  than h a l f the inc r ease 
e xpe r i enced in  the s t ate . 

The numbe r o f  hous i ng u n i ts , o c c upa ncy , and a va i l ab i l i ty o f  
ho us i ng i n  C a l c a s i eu a nd C ame ron P a r i s hes and i n  L a k e  
Cha r l e s  a r e  s hown o n  Tab l e  2 . 1 5 .  T h e  vaca ncy r a t e  i nd i ca t ed 
o n  these tables  inc l ude a numbe r o f  hous i ng u n i ts that do 
not have al l the s tand a rd p l umb ing fac i l i t ies , i . e . , hot and 
c o l d  wat e r  faucets  i n  the s tr uc tu r e , f l u s h  to i l e t , and 
bathtub or s howe r . The vaca ncy r a t e  o f  un i t s w i th c ompl e t e  
pl umb i ng fac i l i t ie s  i s  not  ava i l ab l e b u t  c a n  be as sumed t o  
b e  l owe r t ha n  the vac a ncy r a t e  o f  a l l u n i ts . 

The med i an val ue o f  own e r -occupied u n i ts i n  C ame r on Pa r i s h  
i s  subs t an t i a l ly be low that o f  the s t at e : $ 8 , 8 0 0  c ompa r ed 
to $ 1 4 , 6 0 0 . * A compa r i s on o f  the pe r c e ntages o f  i n c r e ase 
in hous i ng va l u e betwe en 1 9 6 0  a nd 1 9 7 0 s hows that val ues a r e  
r i s i ng s l igh tly fas te r i n  C ame r on P a r i s h than i n  t h e  S t ate . 
Al so , the g r owth i � t he numb�r o f  yea r - r ound h o u s i n g  u n i ts 
i n  C ame r on P a r i s h  is 3 5 . 4  pe r c e n t  i n  that same t ime pe r i od , 
and i s  c omp a r a b l e  to the 3 6 . 4  pe r cent g r owth r a t e  f o r  the 
state . 

2 . 5 . 3 . 2  E d ucat ion 

The pub l i c  s ch o ol sys tem in C a l c a s i e u  P a r i s h  is the f i f th 
l a r ge s t  i n  the s tate . The numbe r o f  pub l i c  a nd p r i vate 
scho o l s  i n  the pa r i s h  is  as  fol lows : 

E l eme n t a r y  
J r . H i gh S chool 
S r . H i gh School 

Pu p i l  E n r ol lme nt 

*Based o n  one-fami l y  h o u s e s  
e x c l ud i ng mo b i l e  h omes . 

on 

Publ i c  

3 7  
1 6  
1 4  

3 8 , 3 0 0  

l e s s  than 

P r i vate * *  

7 

1 

3 , 0 0 0  

1 0  ac r e s  and 

* * I nc l udes  g r ades 1 - 8  i n  e l eme nt a r y  school s and 9 - 1 2  i n  
h igh school . 
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Hous ing Uni ts and Cc c upancy , by Parish 

Year- round Hous ing Units 

Occupancy and Tenure 

Occupied Dwe l l ing Un its 

Owner-Occup i ed 

Renter-Occupied 

Lacking Some or All P l umbing Fac i l i t i e s  

Vacant For S a l e  or Rent 

% Vacant For Sale or Rent 

Median Val ue ( Owner Occupied) 

Source : 1 9 7 0  Census o f  Hous ing 

Year-Round Hous ing Units 

Owner-Oc cupied 

Renter-Oc cupied 

For Sale 

Homeowner Vacancy Rate 

For Rent 

Rental Vacancy Rate 

With All Plumb ing Facilities 

Mobile Homes or Trai l e rs 

Owner-Oc cupied 

Renter-Occupied 

2 - 8 5  

ca-1casieu Cameron 

4 5 , 4 6 1  3 , 09 8  

4 2 , 0 6 5  2 , 3 1 0  

2 9 , 9 2 2  1 ,  7 7 4  

1 2 , 1 4 3  5 3 6  

2 , 8 6 5  4 7 6  

2 , 0 0 7  1 2 1  

4 . 4  4 . 0  

$ 1 2 , 90 0  $ 8 , 80 0  

Lake Charles 

2 4 , 8 9 3  

1 4 , 8 8 7  

8 , 1 8 6  

3 3 7  

2 . 2  

1 , 0 1 4  

1 1 . 0  

9 4 8  

2 3 5  

1 9 2  
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The r e  i s  a l so a pr ivate acad emy fo r g r ad e s  1 - 1 2 w i th an 
e n r o l lment of abo u t  2 0 0  s tuden t s . The numbe r of s tudents  
p e r  te ach e r  i n  the  pu b l i c  scho o l s of  C a l ca s i eu P a r i sh 
i s  2 3 . 2  a t  the e l ementary g r ade l eve l and 1 9 . 4  a t  the 
sec ond a r y  l eve1 . 6 5  Th i s  compa r e s  favo r ab l y  w i th the 
Lo u i s ia n a  S t a te g u i de l i ne s  wh ich r ecommend a max imum o f  2 7  
pupi l s  pe r te acher  a t  th e e l eme n t a r y  g r ade level  and 2 5  per  
teach e r  a t  the second a r y  l eve l . S u lphu r p ub l i c  scho o l s 
h ave a n  enr o l lme n t  o f  6 , 3 6 5  p up i l s ,  and the chu r c h- s uppo r ted 
scho o l  h a s  2 3 0  s tuden t s . 

Th e r e  a r e  abo u t  5 i nd u s tr i a l  and tec h n i c al schoo l s i n  
L a k e  Cha r l e s  a r e a , i nc l ud i ng pr opr i e t a r y  i n s t i tu t i o n s  and 
pu b l i c  vo c a t i o n a l  cen ter s .  

McNe ese S t a te U n i ve r s i ty o f fe r s  a v a r i e ty o f  h ighe r ed u c a t i o n  
pr og r ams . I t  i s  l o c a ted i n  S o u th Lake C h a r l e s , a n d  has  
an enr o l lme n t  o f  abo u t  5 , 7 0 0  s tudent s .  The u n i ve r s i ty 
s t a r ted i n  1 9 3 9  a s  a j un i o r  c o l l ege a f f i l i a t ed w i th Lo u i s i ana 
U n i ve r s i ty .  Two-ye a r  d eg r ee prog r ams a r e  ava i l ab l e  i n  the 
Depa r tment of Techno l ogy and the School of Con t i n u i ng 
S tu d i e s . H ig he r  deg r ee p r og r ams i n c l ude : bachel o r s  deg r e e s  
i n  both a r t s  and sc i e n c e s , a va r i e ty o f  maste r s  prog r ams , 
and do c to r a te s  i n  ed u c a t i o n . 

2 . 5 . 3 . 3  Po l i ce and F i r e  P r o tec t io n  

The po l i c e  dep a r tme n t  i n  S u lphur  i s  equipped w i th s i x  
pa t r o l  c a r s  and two mo to r c y l e s . I n  Lake C h a r l e s , the r e  
i s  a fo r c e  o f  7 5  un i fo rmed po l i c e  o f f i c e r s ,  w i th add i t io n a l  
g u a r d s  fo r n ig h t  s e c u r i ty p a t ro l , s c ho o l  c r o s s i ng s ,  and 
shopl i f t i ng de ta i l . 

The C a l c a s i eu P a r i sh S h e r i f f ' s  Depar tme n t  w i l l  h ave j u r i s ­
d i c t i o n  in the s i te a r ea and p i pe l i ne r igh ts-o f-way . 
I n  Came r on P a r i sh ,  the she r i f f ' s  dep u t i e s  hold f ul l  t ime 
j o bs in add i t io n  to the i r  l aw e n f o r c eme n t  d u t i e s . 

F i r e  pr o t ec t i o n  e q u i pment wo u l d  be p r ov ided a t  the s i te 
fo r a l l  bu i l d i ng s  and i n s tal l a t i o n s . Aux i l i a r y  f i r e -
f i g h t ing a s s i s tance w o u l d  b e  ava i l ab l e  f r om the thr ee f i r e  
s t a t i ons a t  S u l p h u r . The mun i c ipal f i r e  depa r tment a t  L a k e s  
Char l e s  h a s  a s t a f f  o f  1 1 1 p a i d  f i r emen t o  s e rve t h e  commu n i ty .  

2 . 5 . 3 . 4  Ho sp i ta l s and Med i ca l  P e r sonnel 

The hospi tal f ac i l i t i e s  nea r e s t  the s i te are l o c a ted at 
S u lphur  wh e r e  the We s t  C a l c a s i eu-Came r o n  H o sp i ta l  o f fe r s  
ope r a t ing f ac i l i t ie s ,  an i n te n s i ve c a r e  un i t , and an 
eme r g e nc y  depar tmen t . I t  has 1 1 1  bed s , a 2 6 2  memb e r  s t a f f , 
and an amb u l anc e s e r v i c e  a f f i l i a ted wi th i t .  
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Lake C h ar l e s  has 3 h o s p i t a l s ;  Lake Char l e s  C h a r i ty H o s p i t a l  
w i th 1 1 0  bed s ;  Lake Ch a r l e s  Memo r i al H o s p i t a l  w i th 2 2 7 bed s ; 
and S t . P a t r i c k  H o s p i t a l  o f  Lake Ch a r l e s  w i th 2 4 6 bed s . 6 7  
An indepe nde n t  amb ul ance se r v i c e  ope r a t e s  o u t  o f  L a k e  
Char l e s . 

Th i s  a r e a  i s  pa r t  o f  the L a k e  C h a r l e s  H e a l th S e r v i c e  P l ann i ng 
Reg i on , wh ich i nc l ud e s  Beau r eg a r d  a nd J e f f e r s o n  Dav i s  
P a r i sh e s  a s  we l l  a s  C ame r o n  and C a l c a s i e u  P a r i shes . 
Med i ca l  s e r v i c e s  fo r th i s  r eg io n  a r e  co nc e n t r ated i n  the 
Lake Ch a r le s  me tr opo l i tan a r e a , wh ich i s  cen t r a l l y  l o c a ted 
in the r eg i o n . A s tudy of h e a l t h  s e r v i c es r e l a t ive to 
popu l a t i o n  shows th i s  r eg i o n  to be be l ow the nat i o n a l  no rm 
in ava i l ab i l i ty of med i c a l  and hea l th pr ac t i t i o ne r s , but  i t  
compa r e s  wel l wi th othe r reg i o n s  o f  Lou i s i ana . 6 8  

2 . 5 . 3 . 5  C i v i c and Re c r e a t i onal  F ac i l i t i e s  

Ther e ar e 7 c iv i c o r g a n i z a t i o n s  i n  S u l phur . The r ec e n t l y  
f o unded B r ims tone H i s to r i c a l  S o c i ety i s  c o l l e c t ing i nforma t i o n  
abo u t  the h i s to r y  o f  we s t e r n  C a l c a s i e u  P a r i sh and deve l op i ng 
a mu s e um . * S e ve r a l  h i s to r i c a l  mar k e r s  have been p l a ced 
by the so c i e t y .  S u l ph u r  ma i n ta i n s  the F r asch Pa r k  wh ich 
cove r s  1 9 1  a c r e s  i n  the  s o u thwe s t  pa r t  o f  the  c i ty and 
o f fe r s  a va r i e ty o f  r e c r e a t i o n a l  f ac i l i t i e s . 

The r e  a r e  a number o f  commu n i ty- spo nso r ed c u l t u r al ac t i ­
v i t ie s  i n  L a k e  C h a r l e s , s uc h  a s  a c iv ic o r ches tr a ,  cho i r , 
d r ama g r o ups , and a s so c i at i o n s  to pr omo te c o n ce r t s , exh i b i ts , 
and a r t  ed u c a t io n al p r og r ams i n  the c i ty . McNeese  S tate 
Un ive r s i ty a l so s po n so r s  c u l t u r a l  a c t i v i t i e s  and s po r t s 
eve n t s . 

I n  add i t i o n  to bo a t i ng and swimm i ng , ma j o r  fo rms o f  r ec r e a­
t i o n  i nc l ude h u n t ing and f i sh i ng . S t a t i s t i c s  for  the 
1 9 7 0 - 7 1  hun t i ng and f i sh i ng season  show tha t we l l  over 1 , 6 0 0  
r e s i d e n t  hun t i ng l i c en s e s  we r e  i s sued i n  C ame r o n  P a r i sh ,  o r  
abo u t  1 f o r  eve r y  5 pe r so n s , wh i l e  i n  C a l c a s i e u  P a r i sh ,  t he 
r a t io was s l ig h tl y  l e s s  than 1 l ic e n s e  for  eve r y  8 p e r s o n s . 

*Mr . G l e n  Bo n i n , P r e s i d e n t  and F o under  o f  the B r imstone 
H i s to r i c a l  S o c i e ty , wa s c o n t ac ted r eg a r d i ng the r e l a t i o n­
sh i p  o f  the soc i e ty to the r ema i n s  o f  a commun i ty named 
" Br i ms tone " wh i ch l i e s  w i th i n  the s to r age s i t e . Th a t  
commun i ty ho u sed 2 0 0  to 3 0 0  peopl e who wo r ked i n  the 
s u l f u r  p r o d u c t io n  ope r a t io n s . The home s we r e  removed 
a r o und 1 9 5 2 , l e av i ng onl y tr aces  o f  s t r e e t s  and two emp ty 
c on c r e te do r m i to r i e s . The B r imstone H i s to r i c a l  S o c i ety 
cho s e  i ts name o n l y  b e c a u se " b r im s tone " was the o l d  
c ommo n te rm for  s u l f ur . 
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C a l c a s i e u  P a r i sh i s s ued ove r 4 , 7 0 0  b ig game l i c e n s e s  tha t 
ye a r , mo r e  than we r e  i s sued i n  any o t he r co a s ta l  pa r i sh . 
The two p a r i shes  toge the r i s sued ove r 2 , 0 0 0  l i c e n s e s  fo r 
n o n r e s id e n t  h u n t i ng t r i p s , mo r e  than a qua r te r  o f  al l s uch 
l i c e n ses i ss ued in the s t a te . 6 9  

F i sh i ng i s  e spe c i a l l y  i mpo r tant i n  C ame r o n  Pa r i sh ,  whe r e  
ov e r  4 , 0 0 0  r e s ident f i s h i ng l i ce n s e s  we r e  so ld ( a l though the 
popu la t i o n  of the pa r i sh is onl y about tw i c e  that numbe r ) .  
Wh i l e  Cal c a s i e u P a r i sh s o l d  ove r 9 , 0 0 0  f i s h i ng l i c e n se s , the 
r at i o  o f  l i c e n s e s  to popu l a t io n  i s  o n l y  l to 1 6 .  A l a rge 
n umbe r o f  l i ce n s e s  are a l so g r an t ed fo r no n r e s ident f i s h i ng 
tr i p s . 

2 . 5 . 4  E c onom i c  C h a r a c te r i s t i c s  

2 . 5 . 4 . l  Ba s i c  E c o nomy o f  the A r e a  

M i ne r a l s  

L o u i s iana  i s  a ma j o r  o i l  p r od uc i ng s tate and h a s  almo s t  
one- t h i r d  o f  the to tal U .  S .  r e s e rve s o f  n a t u r al g a s . F o r  
the s tate a s  a wh o l e , o ns h o r e  l evel s o f  o i l  and g a s  expl o r a t i o n  
and p r od u c t ion a r e  g r ad u a l ly d r opping wh i l e  o f fsho r e  leve l s  
i n c r ease . I t s  n a t u r al g a s  r e s e r v e s  and n umbe r o f  new g a s  
wel l s  comp l e ted pe r ye a r  have r ema i ned f a i r l y c o n s tant , 
wh i l e o i l  r e se r v e s  have beg un to s how a de c l i ne . Th e 
impo r t ance o f  t h i s  ind u s tr y  to the s tate i s  r evealed by the 
fac t tha t d u r i ng the 6 year pe r i od f r om 1 9 6 4  t o  1 9 7 0 , the 
S t ate o f  Lou i s i ana r e c e ived abo u t  2 7  pe r ce n t  o f  i t s  total  
r evenue s f r om seve r a nce taxes on m i ne r al p r o d uc t io n  and f r om 
m i n e r a l  l e a s e s . 7 0  

The e x t r ac t i o n  o f  pe t r o leum and n a t u r a l  g a s  r an k s  a s  the 
p r ima r y  i nc ome-p r o d u c i ng i nd u s t r y  i n  C ame r on P a r i sh .  Ove r  
$ 1 0 , 0 0 0 , 0 0 0  i n  seve r ance taxes we r e  co l l ec t ed e a c h  ye a r  i n  
t h e  5 ye ar span f r om f i sc a l  ye a r  1 9 6 6 -6 7  thr ough 1 9 7 0 - 7 1 , 
and over 9 0  p e r ce n t  o f  t h i s  was d e r ived f r om o i l  and g a s  
p r od uc t ion . Rev e nue f r om ga s ext r ac t i o ns i s  ab o u t  tw i c e  
tha t d e r i ved f r om o i 1 . 7 1  C ame r on P a r i sh f a r  ex ceed s 
C al ca s i e u  i n  the p r od u c t i o n  o f  pe t r o l eum a nd gas , a s  shown 
o n Table  2 . 1 6 ,  a nd i t s  economy i s  much l e s s  d i ve r s i f i ed .  
The v a l ue o f  a l l m i n e r a l  p r od u c t i o n  in  the two pa r i s h e s  fo r 
the ye a r s 1 9 6 9  t h r o ugh 1 9 7 1 i s  shown on Tab l e  2 . 1 7 .  Came r o n  
P a r i sh i s  one o f  t h e  t e n  l e ad i ng par i sh e s  i n  p r o d uc t io n  o f  
o i l  and g a s  i n  Lo u i s i a n a , b u t  the r e s e r v e s  o f  the se c ommo d i t i e s  
a r e  g r e a t e r  in t h e  coas tal par i sh e s  f a r the r e a s t .  

I n  ad d i t i o n  to d i rec t emp l oyment i n  the o i l  and g a s  f i e l d s , 
a s u b s t an t i al number o f  pe r so n s  a r e  empl oyed i n  tho se 
i nd u s t r i es tha t  s e r v i ce the actual p r oduc t io n . 
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Table 2 . 1 6 P r oduct i o n  o f  C r ude O i l , C o ndensate , Cas i ng Head 
Gas and Natu r a l  Gas . 

C r ude O i l  
( ba r r el s )  

C o nd e n s ate 
( ba r r e l s )  

C a s i ng H e ad Gas 
( Mc f , 1 5 . 0 2 5 # Ab s . )  

Natural  G as 

Calcasieu Came ro n 

1 9 7 1  19 7 2 1 9 7 1 1 9 7 2  

6 , 5 9 9 , 9 6 6  7 , 1 1 7 , 7 8 5  1 5 , 64 8 , 9 3 3  1 2 , 766 , 89 6  

3 , 10 2 , 3 0 4  2 , 7 1 0 , .3 2 7  6 , 642 , 1:3"0 4 , 2 6 7 , 1 8 4  

4 , 9 6 1 , 6 9 1  4 , 369 , 5 32 1 9 , 2 3 4 , 16 7 16 , 2 4 7 , 2 3 8  

( Mc f ,  1 5 . 0 2 5 #Abs . )  6 4 , 3 70 , 7 89 5 4 , 6 3 6 , 5 36 5 5 3 , 602 , 8 1 �  3 9 3 , 40 3 , 69 0 
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Min e r a l s  l i s te d  
in o rder o f  
t-h e i r  i r:-,r,r) 1  .. -t.:m c e  
i n  t h e  C C 0 EOir.y 

l 9 G 9 * 

19 70 * * 

19 7 1 * * 

Table 2 . 17 Value o f  Mineral Production 

C a l c a s i e u  
P e t r o l eum 
Nett: u ra l  G a s  
�·Ja t u r a  l G.J s  

L iq u i d s  
Lime 
S a l t  
S a n d  & Grave l 

$ 6 1 , 1 5 6 , ,  0 0  

$ 6 6 , 1 6 8 , 0 0 0  

$ 6 � , 5 0 6 , 0 0 0  

C.J.m2ron 
Natur a l  G a s  
P e t r o L: u m  
�ra t u r a l  G a s  

TJ i q u i d s  
S a l t  
She l l  

$ 2 7 0  t 8 8 3·, 0 0 0  

$ 2 8 9 , J 0 5 , 00 0  

$ 3 1 2 , 3 5 7 , 00 0  

S tate 

4 , G 8 5 , 3 2 6 , 00 0  

5 , J 0 2 , 3 2 1 , 00 0  

5 , 5 5 3 , 009 , 00 0  

* U . S .  Dept . rJ f  I n t e r io r , Bure a u  o f  M i ne s . _I:1 i n e�_:::}.s Yc_9-rbo��
-

1 9 69 , Vo l .  I I , 

Are a Report s : Don1_2 s t i c , " Th e  Mineral Indu s t ry o f  Lou i s i an a , Was h i n g to n , 

D . C .  

* * Area Repo rt s : Dome s t i c , p .  3 3 7 - 3 5 4 . U . S .  Dept . o f  t h e  I n t e r ior , Bure au 

of Mi n e s . M i rn� ra l s  Yearbook , 1 9 7 1 , Vo l .  I I , " Th e  M i n e r a l  I n d u s t ry a t  

Lou i s i an a " by David A .  Car l e ton and Leo W .  Hough , Wash i n g ton , D . C .  19 7 3 . 

S o urce : Corps o f  Engineers - Ba ton Ro uge - New Or l e an s  I n ven tory 
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Man u f ac t u r i ng 

I n  1 9 4 6 , Lo u i s i ana p a s sed a l aw to exemp t new i nd u s t r i e s  
f r om d i r e c t  taxa t i o n  f o r  a pe r i od o f  1 0  year s .  Gas  f i e l d s  
l ed t o  the g r owth o f  i nd u s t r y  i n  the s tate . The g r ea t e s t  
s i ng l e  so u r ce o f  emp l oyment i n  C a l c a s i e u  Pa r i sh i s  manu fac­
t u r i ng , wh i c h  a c c o u n t s  fo r abo u t  1 0 , 0 0 0  j ob s  in the p a r i sh , 
and a pay r o l l  o f  about  $ 2 7  m i l l i o n . The manu fac t u r e  o f  
chem i c a l s  and a l l ied products comp r i se s  mo r e  than a th i r d  
o f  th i s  empl oyme n t . 7 2  Amo ng the l o c a l  i nd u st r i e s  tha t 
each emp loy 5 0 0  people a r e : C i t i e s  S e rv i ce O i l  C ompany , 
C o n t i n e n t a l  O i l  C ompany , F i r e s t o ne Synthe t i c Rubbe r and 
Latex Co . ,  Conaco , O l i n C o r po r a t i o n , a nd P PG I nd u s t r ie s .  

O the r manuf a c t u r i ng i nd u s tr i e s i n  C a l ca s i e u  P a r i sh i n c l ude : 
l umbe r and wo od p r od uc t s , fab r i c a ted me t a l  p r od u c t s  and 
mach i ne r y ,  b u i l d i ng m a te r i a l s , and food p r od uc t s , e spec i a l l y  
d a i r y  goods . The p r ima r y  manufa c t u r i ng i nd u s t r y  i n  C ame r o n  
P a r i sh i s  t h e  p r o c e s s i ng o f  f i sh :  two f i r ms produce  packag ed 
f i s h , f i sh o i l , and f i shme a l  fe r t i l i z e r . 

F i s h i ng 

L o u i s iana  i s  the l e ad i ng s ta te i n  the n a t i o n  i n  te rms o f  the 
v o l ume of comme r c i a l  land i n g s  of f i sh and shel l f  i s4 t ho ugh 
it  r a n k s  t h i r d  ( a f te r  A l a s k a  and C a l i fo r n i a )  in  the d o l l a r  
val ue o f  the se produc t s . I n  1 9 7 3 a nd 1 9 7 4 , t he comme r c i al 
ca tch e x ceeded one b i l l i o n  pound s * and net ted ove r $ 9 8 
m i l l i o n  and $ 8 6  m i l l i o n  in each year r e spe c t ive l y .  A r ec o r d  
l and i ng for  t h e  state o c c u r red i n  1 9 7 1  when s l i g h t l y  over  one 
b i l l io n  four h u n d r ed m i l l i o n  po u nd s  of f i sh we r e  ha rve s ted . 

The m e nhaden c a t ch acco un t s  fo r the 
ove r one b i l l io n  po unds we r e  l anded 
menh ade n i nd u s t r y  i s  the l a r g e s t  i n  
i t  supp l i ed 5 5  pe r cent  o f  the to tal 
c a t ch . 7 3 

maj o r  vo l ume o f  f i sh ;  
i n  1 9 7 4 . The Lo u i s i ana 
the n a t i o n  and i n  1 9 7 4 , 
dome s t ic menhaden 

C ame r o n  r a n k ed s e c o nd amo ng the nat i o n ' s  po r t s  in te rms 
o f  the vo l ume of  comme r c i a l  f i sh l and i ng s  i n  1 9 7 4 . Ove r  4 0 5  
m i l l i o n  po unds  o f  f i sh we r e  h a r v e s ted , v a l ued a t  $ 1 8 , 7 2 4 , 0 0 0 . 7 3  
The l a r ge c a t ch o f  menhaden l a nded a t  C ame r o n  acco u n t s  fo r 
the h i g h  v o l ume and r e l a t i vely l ow val ue o f  f i sh .  Mo s t  of  
it  is  p r o c e s sed i n to f i shme a l , menhaden o i l , and menhad e n  
s o l ub l e s ;  t h e  r e s t  i s  u sed f o r  ba i t .  

*Th i s  ind i c a t e s  l i ve we i g h t  f o r  al l i tems except un ival ue 
and b i v a l ue mo l lu s k s  such a s  c l ams , o y s te r s , a nd s c a l lops 
wh i ch a r e  shown in  we i g h t  o f  me a t s  ex c l ud i ng the s he l l . 
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The season f o r  menhaden i s  f r om Apr i l  to Oc to be r , a nd 
the heav i e s t  h a r ve s t  i s  d u r i ng J u n e , J u l y , a nd Aug us t .  
Th e f i sh a r e  c au g h t  i n  pur se s e i n e s  ( l a r g e  ne t s  w i th 
f l o a ts a l ong the top and we i g h t s  o n  the bo ttom) wh i c h  
a r e  s t r ung i n  a l a rg e  c i r c l e  and enc l o s e  the f i s h . Th i s  
ma nne r o f  f i sh i ng d o e s  no t employ g r e a t  n umbe r s  o f  pe opl e  
r e l a tive to the vo l ume o f  f i sh caugh t . 

C o n t r a c t  C o ns t r uc t io n  

C o n t r a c t  con s t r uc t io n  is  anothe r maj o r  so u r ce of  employme n t  
i n  L a k e  C h a r l e s . A 1 9 7 3  r epo r t  shows tha t  abo u t  4 , 0 0 0 
pe opl e we r e  empl oyed by th i s  i nd u s t r y  i n  m id-Ma r c h , a nd 
th a t  the payr o l l  fo r that q ua r te r  to taled ne a r ly $ 9  m i l l i o n . 7 2  
Wi th i n  t h i s  i nd u s tr y ,  empl oyment d i s t r i bu t i o n  i s  ne a r ly 
equal amo ng h e avy c o n s tr uc t io n  c o n t r a c to r s , gene r a l  bu i l d i ng 
c o n t r a c t o r s , a nd spe c i al t r ad e s . 

The wo r k  fo r ce s  i n  bo th manufac t u r i ng and c o n s t r uc t i o n  
a r e  heav i l y  un i o n i z ed . Un i o n  membe r sh i p  i n  L a k e  C ha r l e s  
has  been e s t ima ted t o  be abo u t  1 1 , 0 0 0  pe r so n s , pr oduc i ng 
a s i t u a t i o n  whe r e by abo u t  o ne - th i r d o f  the c i ty ' s  popul a t i o n  
i s  in  a un i o n  o r  u n i o n- s uppo r ted . 7 3  Abo ut thr ee o r  
f o u r  ye a r s ago , the Comm i t tee o f  Co n t r a c to r s  and U n i o n  
Repr e s e n t a t i v e s  wa s e s tabl i shed t o  a r b i t r a te j u r i s d i c t i o n a l  
d i sputes  between i nd i v id u a l  t r ade un i o n s . 

L a k e  C ha r l e s  Po r t  Fac i l i t i e s  

I n  to nnage o f  good s h a nd l ed ,  the po r t  a t  La ke C ha r le s  r an k s  
twe n t i e th i n  the n a t i o n , tenth amo ng the G u l f po r t s , a nd 
th i rd i n  Lo u i s ia na . To tal  tonnag e  hand led f o r  s e l e c t ed 
ye a r s  i s  as  fo l l ows : 4 4  

Yea r  

1 9 5 5  
1 9 6 0  
1 9 6 5  
1 9 6 7  
1 9 6 9  
1 9 7 0  

Tonnage 

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

I n 1 9 7 0 , the tonnag e  a t  L a k e  C h a r l e s  was 3 8 , 7  p e r c e n t  o f  
wh a t  was hand l ed a t  B a to n  Ro uge and 1 4 . 2  pe r c e n t  o f  that at 
New O r l e an s . The ove rwhe lm i ng p r opo r t io n  o f  g o o d s  hand l ed 
at Lake C h a r l e s  wa s i n  the dome s t ic mar ket . C r ud e  pe tr o l eum 
wa s the l a r ge s t  s i ng l e  i tem , fo l lowed by g a so l i ne .  R i c e  w a s  
t h e  l a r ge s t  fo r e ign e xpo r t  i n  1 9 7 0 , a to tal  o f  5 0 3 , 0 0 0  t o n s  
we r e  s h i pped o u t . Othe r expo r ts i nc l ude pape r a n d  l umbe r .  
Au tomo b i l e s , f e r t i l i z e r , a nd c o k e  a r e maj o r  bul k  i tems tha t 
a r e  impo r ted to the a r ea . 
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B a r g e  t r a f f i c p r ov i d e s  l ow-co s t  t r an spo r t  o f  s u ch commod i t i e s  
a s  pe tr o leum a nd pe t r o l eum p r o d u c t s , g r a i n , soy bean s , sand , 
g r ave l , a nd o the r bul k p r od u c t s . The I n t r acoa s t al Wa terway 
near the pr o j ect  s i t e  i s  a maj o r  l i n k  b e tween the i nd u s t r i a l  
cen ter s o f  Be aumo n t  and Po r t  A r th u r , Tex a s , and Lake C h ar l e s . 

Ag r i c u l t u r e  

Ag r i c u l t ur al i n come i n  th i s  r eg i o n  o f  Lo u i s i an a  i s  d e r i ved 
ma i n l y  f r om g r ow i ng r i ce and r a i s ing c a tt l e .  The quan t i t i e s  
o f  l a nd , l abor , a n d  i ncome f r om ag r i c u l t u r al p u r s u i t s i n  the 
two pa r i shes a r e  as  f o l l ows : 4 4  

Ac r e s  
P a i d  F a rme r s  
Val ue o f  Goods  S o l d  

C ame r o n  

2 2 , 7 0 0 
1 1 7  

$ 3 , 1 9 3 , 0 0 0  

C a l c a s i e u  

1 0 2 , 6 0 0  
7 3 1  

$ 1 3 , 3 3 2 , 0 0 0  

Ther e has been a tr end i n  C ame r o n  Pa r i sh t o  conve r t  r i c e  
a c r e age t o  p a s tu r e l a nd . G r ow i ng r ic e  requ i r e s  l a r ge quant i t i e s  
o f  f r e s h  wate r , and s i nce the d r ed g i ng i n  s h i p  channe l s  
al ong C al c a s i e u  Lake and the I n t r ac oa s t al Wa t e r way , f r e sh 
wa ter bod i e s  have become c o n tam i na ted w i th sal t wa ter f r om 
the Gu l f  o f  M ex i co . 

2 . 5 . 4 . 2  Emp l oyme n t  D i s t r i bu t i o n  

T h e  u n empl oyment r a te i n  th i s  a r e a  i s  l ow ( see T a b l e  2 . 1 8 ,  
Emp l oyment S t a t u s )  . The ta ble  a l so shows that few wo r ke r s  
a r e  ava i l a b l e  i n  Came r o n  P a r i sh , and i t  c a n  be expec ted that 
the maj o r i ty of the pr o j e c t  l abor  f o r ce wo u l d  commu te f r om 
Cal c a s i e u  P a r i sh . The pe r c e ntag e  o f  unemp l oyed pe r so n s  i n  
1 9 7 0  was s ub s t an t i a l ly l owe r than what was r ec o rded i n  1 9 6 0 , 
wh en Came r o n  P a r i sh had 1 0  p e r c e n t  o f  i t s men u n empl o yed , 
and C a l c a s i e u  had 8 p e r c e n t . 

The number  o f  men i n  the c iv i l ian  labor fo r c e  i n  the Lake 
Ch a r le s  metr opo l i tan a r e a  i n  Fe b r ua r y  1 9 7 6  wa s over 5 7 , 0 0 0 . 
Of the s e , 8 . 6  pe r c en t , o r  4 , 9 2 5  we r e  l i s ted as  unempl oyed . 
Co n t r ac t  con s t r u c t i o n  and o i l  and g a s  f i e l d  expl o r a t io n s , 
wh i c h  form a subs tant i a l  number  o f  empl oymen t  r e so u r ce s , 
f l uc t u a te w i d e l y  i n  the numbe r o f  j o bs ava i l able fo r sem i ­
s k i l l ed and un s k i l l ed wo r ke r s . 
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Table 2 . 18 Employment Status , by Parish 

Ca l c i1 s i e u  C J rne ron ---- --

i'-la l e  Fema l e  M a l e  Fe ma l e 
- --

T n  L2J�or For c e * 3 3 , 86 3  1 6 , 68 2  2 , 00-2 6 7 2  

E, iip loy(3d 3 2 , 0 3 3  1 5 , 6 1 5  l , 9 8 4  6 1 7  

Une mployed 1 , 8 3 0  1 , 0 6 7  7 8  5 5  

% Unemp lo y e d  5 . 4 %  6 . 4 %  3 . 8% 8 . 2 % 

* E xc l ud e s  m i l itary pe r s onne l .  

S our ce : Pub l i c  A f f a i r s  Re s e a r ch Coun c i l  o f  Lo ui s i a n a , I n c . , bas e d  on 

1 9 7 0  census data . 
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P r imary s o u r ce s o f  j o b oppo r t u n i t i e s  a r e : manufac t u r ing and 
c o n s t r u c t i o n  i n  C a l c a s i e u  Par i sh ,  a nd o i l and gas  prod u c t io n  
and f i she r i e s  i n  Came r o n  P a r i sh .  The o c c upa t i o n a l  d i s t r ibu­
t io n  of  men and wome n employed by a l l  i nd u s t r i e s  i s  s hown on 
Tabl e 2 . 1 9 .  Those o c c upa t i o n a l  g r o ups mo s t  heav i l y  d r awn 
upo n by the p r opo sed pr o j ec t  wo u l d  be : ( 1 )  c r a f tsme n , 
f o r emen and k i nd r ed ; ( 2 )  ope r a to r s  and k i nd r ed ; and ( 3 )  
l abo r e r s . C a l c a s i e u  Pa r i sh o f fe r s  a s u b s tan t i a l  numbe r o f  
wo r ke r s  in  the se c a tego r i e s . A s t ud y  o f  the commu t i ng 
p a t t e r n s  fo r p e r so n s  l iv i ng i n  Lake C ha r l e s  and i n  the 
s u r r o und i ng s t and a r d  me tropo l i ta n  stat i s t i c a l  a r ea ( S MSA ) 
shows tha t a l a rge p r opo r t io n  o f  wo r ke r s  in  the se occ upa­
t io na l  g r oups go to j o bs o u t s ide the c i ty . 

2 . 5 . 4 . 3  I n come D i s t r ibu t i o n  Pa t te r ns 

The i nc ome o f  wo r ke r s  i n  v a r i o u s  o c c upa t i o n a l  g r oups i s  
shown i n  T a b l e 2 . 2 0 .  I t  should be n o t ed that i n  the g r oups 
tha t the p r o j ec t  w i l l  d r aw f r om ,  med i an ea r n i ng s f o r  wo r k e r s  
i n  C ame r o n  a nd C al c a s i e u  Pa r i sh e s  a r e  h i g he r  than tho se fo r 
the s tate . Th e r e l a t i ve l y  h ig h  in come leve l s  c a n  be at t r i bu ted 
to : ( 1 )  the s t r ength of  un i o n s  in  o b t a i n i ng wage g a i n s  fo r 
these wo r k e r s , a nd ( 2 )  a r e l a t i vely c on s tan t d emand f o r  
wo r k e r s  i n  t h e s e  o c c upa t i o n a l  g r ou p s  despi te the employment 
f l u c t ua t i ons n a t u r a l  to the p r ima r y  i nd u s t r i e s , par t i c u l a r l y  
i n  co n t r a c t  co n s t r uc t io n . 

Comp a r i so n  o f  income l eve l s  in  the se two pa r i shes w i th tho s e  
o f  the S t ate show t h a t  th i s  a r e a  has  a r e l a t i v e l y  s t r ong 
ec o nomy . Med i an fam i l y  i ncome in bo th pa r i she s  is above 
tha t of the s t ate , and the p e r c entage of fam i l i e s  be l ow the 
pove r ty l ev e l  i s  l e s s  than tha t of  the s ta te . 
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Table 2 . 19 Employment in Maj or Occupation Groups 

Cal c a s i e u Cameron - - - - ---- -- --- ------

:·t 1 l e  Fema l e  '·:ale Fc'n1a l e  --- ------

To t a l  3 2 , 0 3 3  1 5 , 6 1 5  1 ,  9 :3 4  
P ro f . ,  tech . & k i ndred 3 , 7 4 4  3 , 1 3 7  1 2 2  

Farmers & farm mg rs . 3 3 1  5 108 

�·'.!]:CS • ' o f f i c ic1 l s  & props . 3 , 3 2 1  7 2 5  2 8 1  

C l c r i c .:i l  & k i ncl r e d  2 , 0 4 9  5 , 0 6 1  6 6  

S a l e s  work e rs 1 ,  7 2 2  1 , 3 00 25  

C r a ft smen , fo remen & k ind ced 8 , 49 2  1 6 2  380 

Ope rat ives & k indred 4 , 86 9  3 70 4 4 3  

P r i vate hous eho ld 3 3  1 , 4 1 9  0 

S e r v i c e  workers e xcept 
private h o u s eho ld 2 , 0 36 3 , 1 6 2  1 3 7 

Farm l aborers 3 8 2  1 3  5 8  

Laborers 2 , 9 6 5  1 3 6 2 5 6  

Oth e r  2 , 0 8 9  1 2 5  108 

Sourc e : Pub l i c  A f fairs Re s e ar ch Coun c i l  o f  Loui s i ana , I nc . , based on 

1 9 7 0  c e n s u s  data . 
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Table 2 . 20 Median Earnings o f  Se lected Occupation Groups 

Ma le , t o t a l  w i th e a r n i n g s  

Pro f . , mgrs . ,  & k i n d r e d  

Cra f t s me n , fo r e man & 
k i ncl.red 

Ope r a t i v e s  & k indred 

Laborer s , e xcept farm 

F e ma l e , tot a l  w i th e ar n in g s  

C l e r i c a l  & k i ndred 

Ope r at i ve s , i n c l uding 

t ranspo rt 

C a l c <ls i eu ------ ·· --- - --· -

$ 7 , 5 5 1  

9 , 7 9 2  

8 , 2 3 7 

7 , 39 6  

4 , 2 3 8  

$ 3 , 04 0  

3 , 7 0 2  

2 , 6 1 1  

c�.,-,,�-� ron 

$ 6 , 5 4 6 

7 , 8 4 0  

8 , 6 :? ?  

6 , 40 0  

4 ,  7 7 6  

$ 1 , 7 4 8  

2 , 7 7 4  

1 , 4 5 0  

Lou i s iana 
$ 6 , 5 3 6 

9 , 5 1 1  

7 , 2 9 4  

5 , 7 8 6  

3 ,  7 1 4  

$ 3 , 00 3 

3 , 80 8  

2 , 91 5  

S o ur c e : Pub l i c  A f f a i rs Re s e arch Coun c i l  o f  Lo u i s i an a , I n c . , b a s e d  

on 1 9 69 i ncome f i gures . 
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2 . 6  UNIQUE FEATURES 

2 . 6 . 1 A r ch ae o l og i c a l  and H i s to r i c a l  S i te s 

I nd i an ar t i f ac t s  have be en f ound i n  s c a tte r e d  a r eas t h r ough­
out we s t e r n  C a l ca s i e u  P a r i sh , but the r e  a r e  no k nown I nd i an 
mo un d s  o r  o the r a r chaeolog i c a l  s i te s  i n  the a r ea o f  po t e n t i a l  
i mpac t .  

S u l phu r M i nes i ts e l f i s  o f  h i s to r i c a l  s ig n i f i c ance l oc a l ly 
becau se i t  w a s  the r e  tha t H e rman F r asch deve l oped h i s  u n i q ue 
pr oce s s  o f  m i n i ng s u l f u r . The B r ims tone H i s to r i c a l  S o c i ety , 
l o c a ted i n  the C i ty o f  S u lphu r , has  c omp i l e d  a n  e xh i b i t  to 
i l l u s tr at e  the e a r l y  days of s u l f u r  p r od uc t io n  at the mines . 
Th i s  exh ib i t i s . on d i sp l ay a t  the F r a s ch Museum i n  S u l ph u r . 
S u lphur M i ne s , howeve r ,  i s  not a s ta te o r  nat ional l y  r ecog­
n i zed h i s to r i c a l  s i te ,  a nd no h i s to r i c a l  mar k e r s  have been 
pl aced the r e  be cau se i t  is not open to the publ i c . 

2 . 6 . 2  P a r k s , W i ld l i fe Re fuge s and S c e n i c  A r e a s  

Two s tate pa r k s , S am H o u s t o n  S tate Pa r k , 5 m i l e s  no r t h  o f  
L a k e  C h a r l e s , Lou i s i ana , a n d  N i b l e t t s  B l u f f  S ta te P a r k , 
no r thwes t o f  V i n to n , Lo u i s ia n a  and o n  the T e x a s-Lo u i s iana 
bo r de r , are i n  C a l c a s i e u  Pa r i sh .  Ne i th e r  p a r k wo u l d  be 
impa c ted by the p r o j e c t . F r asch Pa r k , a mun i c ipal p a r k  i n  
the so u thwes t c o r ne r  o f  S u l f u r , i s  app r o x ima te l y  two m i l e s  
e a s t  o f  the c l o s e s t  b r i ne d i sp o s a l  we l l .  I t  i s  conce i ­
vab l e  tha t a i r  qual i ty c o u l d  b e  impac ted d u r i ng c on s tr uc t io n  
o f  the fac i l i ty ( S e c t i o n  3 . 1 ) . N o  u n i que w i l dl i fe s i tes a r e  
i n  th e a r ea o f  po t e n t i a l  impac t w i th the po s s i b l e  except i o n  
o f  S a b i ne N a t i o n a l  W i l d l i fe Re f ug e  wh ich c o u l d  be impac ted 
by tan ke r o i l sp i l l s . Th i s  1 4 2 , 0 0 0  a c r e  s a n c t u a r y  i s  
l o c a ted i n  so u the r n  C ame r o n  P a r i sh w i th po r t io n s  o n  each 
s ide of Cal c a s i eu Lake . 

2 . 6 . 3  B i o l og i c a l ly S e n s i t ive A r e a s  

C le a r ed l and s comp r i se a r e l a t iv e l y  l a rg e  p r o po r t io n  o f  the 
a r e a  of  po ten t i al impac t s  and they a r e  not co ns ide red 
pa r t i c u l a r ly se n s i t i ve . Howeve r , c le a r ed ag r i c u l tu r a l  lands  
and wood l and s a r e  sens i t ive to change s i n  s u b s u r face wate r 
l e ve l s . 

B i o l og i c a l l y  sens i t ive a r e as that c o u l d  be impacted by the 
pr o j ec t  are the e x tens ive ma r s he s  so u th o f  the dome s i te .  
These m a r shes a r e  ad j ace nt to o i l  tank e r  wa te rways . 
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Co ncep tua l l y , two pr i nc ipal g r ad i e nt s s t r o n g l y  i n fl uence the 
ec o l ogy and z o na t io n  of the ma r s hl and s .  One i s  the wa ter 
s a l i n i ty wh ich i nc r ea s e s  f r om the f r esh ( l e s s  than 0 . 5  ppt 
sal t )  wa ter  table of the c o a s tal p r a i r i e s  towa r d  the c o a s t ­
l i ne o f  t h e  Gu l f  o f  Mex i c o . T h e  o the r g r ad i en t  i s  tha t 
wh i c h  r epr esen t s  the d eg r ee o f  so i l  s a tu r a t i o n  wh ich i s  a 
f unc t io n  o f  e l eva t io n  i n  the ma r sh l a nd s .  I t  i s  the r esponse 
to the s e  two g r ad i e n t s  tha t c a u se s  the gene r al z o nat i o n  o f  
the p l ant c ommun i t ie s  pa r a l l e l  t o  the c o a s t l i ne . 

The t id a l  ma r s h i s  an e s t ua r i ne env i r o nme nt that s e r ve s  a s  a 
n u r s e r y  g r o und f o r  comme r c i al ly impo r t ant f i sh and shel l f i s h .  
I t  w a s  e s t i ma ted that two- th i r d s  o f  the c a sh val ue o f  
spe c i es h a r ve s ted o n  the g u l f  coast s a r e  e s tuar i ne depende n t . 
Even coas t al spe c i e s  w h i c h  do not  b r eed the i r  young i n  the 
es tua r i e s  or t i d a l  ma r shes  a r e  s t i l l depend e n t  upo n the food 
ch a i n  wh ich i s  a t  l e a s t  p a r t i a l l y  ba sed on the p r od uc t i v i ty 
o f  the t i d a l  ma r s he s as  a so u r ce of  m i n e r a l  and o r g a n i c  
n u t r i en t s . 

2 - 9 9  



CHAPTER 2 
SULPHUR M I NE S  

RE F E RENCES 

1 .  Ralph O .  Keh l , N o t e s  f r om a S emi na r on G u l f  Coa s t  
S t r uc t u r e , H o u s to n , Texas , 1 9 6 8 . 

2 .  i b i d . , based o n  " Geolog i c a l  Aspe c t s  o f  Abno rmal 
Re s e r vo i r  P r e s su r e s  in Gu l f  C o a s t  L o u i s i ana , " by G e o r g e  
D i c k i n son , pub l i s hed i n  t he Ame r . A s so c . Pe t r o leum 
Ge o l og i s ts B u l l .  37 ( 2 )  4 1 0 - 4 3 2 ,  1 9 5 3 . 

3 .  P . H .  Jon e s , E . L .  H e nd r i c k s ,  B .  I r e l a n , a nd o the r s . 
Water  Re s o u r ces o f  S o u thwe s te r n  L o u i s i ana , U . S .  Ge o l og i c a l  
S u r vey , Wat e r  S upp l y  P ape r No . 1 3 6 4 ,  1 9 5 6 . 

4 .  C l imat ic Dat a ( 1 9 4 5 - 7 4 ) , p . s .  Dept . o f  Comme r ce ,  NOAA , 
Ashe�i l le , No r t h C a r o l i na . 

5 .  S . M . Gagl i ano , e t  al . ,  Wa t e r  B a l ance i n  Lou i s i an a  
E s t u a r i e s , Hyd r olog i c  a nd Geo l og i c  S tu d i es o f  C oa s t a l  
Lo u i s i ana , Repo r t  N o . 3 ,  C e nt e r  f o r  Wet l a nd Reso u r ces , 
Lou i s i ana S t ate U n i ve r s i ty ,  p r ep a r ed f o r  the C o r p s  o f  
E ng i n ee r s , New O r l e a n s  D i s t r i c t , 1 9 7 3 . 

6 .  R .  Mu l le r , " S e asonal  P r e c i p i tat ion S u r p l u s  and 
Annual P r e c i p i tat ion De f i c i t  Map s o f  South L o u i s i ana 
1 9 4 5- 1 9 6 8 " ,  Repo r t  6 ,  C o a s tal Re sou r ces U n i t ,  C e n t e r  f o r  
Wet l a nd Reso u r ce s , Lo u i s i ana S t ate Un i ve r s i ty . 

7 .  John B a i l ey , Pe r so n a l  C ommu n i cat ion , U n i o n  T e x a s  
Pet r o leum C ompa ny , Apr i l  1 ,  1 9 7 6 .  

8 .  C . L .  Lyon s , Pe r so n a l  C ommu n i c a t ion , U n i o n  Texas  
Pet r o l eum C ompa ny , M a r ch 1 9 7 6 .  

9 .  Geo r g e  H a l l ,  P e r s o n a l  C ommun i c a t ion , Un i o n  Texas  
Pe t r o leum C ompa ny , M a r ch , 1 9 7 6 .  

1 0 . D a l e  G i vens , P r i va t e  C ommu n i c a t ion , A s s i s tant C h ie f , 
D i v i s i on o f  Water Po l l ut io n  Cont r ol , Lo u i s i a na W i l d-
l i fe and F i s he r i e s C ommi s s i on , J u ly 1 2 ,  1 9 7 6 .  

1 1 .  A . R .  Th e i s ,  P r i vate Commun i c a t ion , C h i e f  Eng i nee r , 
Pu b l i c Wo r k s , S t at e o f  Lou i s i ana , Apr i l  2 ,  1 9 7 6 .  

1 2 .  A . R .  The i s , P r i vate C ommu n i c a t io n , C h i e f  E ng i nee r , 
P u b l i c  Wo r k s , S t ate o f  Lo u i s i ana , J u l y  1 9 , 1 9 7 6 .  

2- 1 0 0  



1 3 . J .  Rawson , D . R .  Reddy , a nd R . E .  Smi th : " Low-F low 
S tu d i es , S a b i n e  and O l d  R i ve r s  n e a r  O r a ng e , Texas , 
Quant i t y  a nd Qual i ty ,  Apr i l  1 2 ,  Oc to be r  3 1  - Novembe r 4 ,  
1 9 6 6 " , Texas  Wat e r Deve l o pme nt Boa r d s , A u s t i n ,  Texas , 
Novembe r 1 9 6 7 . 

1 4 . G . O ' Ne a l  a nd J .  S c e r v a , " The E f fe c t s  o f  D r edg i ng 
o n  Wat e r  Qual i ty " , Wo r l d  D r e dg i ng a nd M a r i ne Cons t r u c t ion , 
7 ( 1 4 )  pp . 2 4 - 3 1 ,  1 9 7 1 . 

1 5 . L . S .  S lo t t a  and K . J .  Wi l l i amso n , " E s t ua r i ne I mpac t s  
Re l at ed to D r edge Spo i l i ng " , P r oceed i ng s  o f  t h e  6 t h  
D r e dg i ng S e m i na r , Texas  A & M U n i ve r s i ty .  

1 6 .  Ba r na rd a nd B u r k , I nc . , C o n s u l t i ng E ng i nee r s , " S ab i ne 
R i ve r D i ve r s ion C h annel a nd D i s tr i but i o n  S ys tem to t he 
L a k e  C ha r l e s  I nd u s tr i al A r e a " , S t ate o f  Lo u i s i ana Dep t .  
o f  Pub l i c  Wo r k s , Febr u a r y , 1 9 7 2 . 

1 7 . U n i ted S t a t e s  C o a s t  P i l o t , A t l an t i c  Coas t , Gu l f  o f  
M e x i c o , Pue r to R i c o , and Vi r g i n  I s l a nd s , U . S .  Dep a r tment 
of Comme rce , Na t ional  Ocean i c  a nd A tmo sphe r i c Adm i n i s ­
t r a t ion , Ed i t ion 8 ,  J u ly 1 9 7 5 .  

1 8 .  A . H .  H a r de r , K i l bu r n , C habo t , H . M .  Wh i tma n , a nd 
S . M .  Rog e r s , " E f fe c t s  o f  G r ound-Wat e r  W i thdrawa l s o n  
Wat e r  Leve l s  and S a l t-Wat e r  E n c r oachment in  S o uth­
wes te r n  Lo u i s i ana " ,  S t ate of  Lou i s i ana , Depa r tme nt o f  
Conse rvat ion , Octobe r 1 9 6 7 .  

1 9 . B .  Gu i d r y , P r i va t e  Commu n i c a t ion , S u lphu r Wat e r  
Dep a r tme nt , May 2 1 ,  1 9 7 6 .  

2 0 . Johnny Lyle s , P r i va t e  Commu n i c a t ion , Lake Cha r les  
Wat e r  Compa ny , May 1 9 ,  1 9 7 6 . 

2 1 . Al l e n  L .  Z ac k , " G r ound-Wat e r  Pumpag e  and Rel a t ed 
E f fec t s , S o u t hwe s te r n  Lo u i s i ana , 1 9 7 0 w i th a S e c t ion 
on S u r fac e -Wat e r  W i thd rawa l s " , Dep a r tment of Conse rva­
t ion , Lou i s i ana Geolog i c a l  S u r vey , Apr i l  1 9 71 . 

2 2 . A . G . Wins low , D . E .  H i l l e r , a nd A . N .  T u r ca n , J r . , 
" S a l i n e  G r ound Wate r i n  Lo u i s i an a " ,  Hyd r o l o g i c  I nve s t i ­
g a t i o n s  A t l a s  HA-3 1 0 , U n i ted S t at es Geo log i c a l  S u r vey , 
Was h ington , D . C . , 1 9 6 8 . 

2-1 0 1  



2 3 .  C l imat ic At l a s  o f  the U n i ted States , U . S .  Depar tment 
o f  C omme r ce , E nv i r onme nt a l  Sc i e nce S e r v i c e s  Adm i n i s t r a t i o n , 
E nv i r onme n t a l  Data  S e r v i c e , J u n e  1 9 6 8 . 

2 4 . Local  C l imato log i c a l  Data Annual S umma r y  w i th 
C ompa r a t ive Data , 1 9 7 5 ,  Lake Cha r l e s , Lo u i s i ana 
( S t a t i o n  7 2 2 4 0 ) , E nv i r onme nt a l  Data S e r v i c e , Na t i o na l  

C l imat ic C e nt e r , A s hev i l le ,  No r t h  C a r ol i na .  

2 5 . Loc a l  C l imato log i c a l  Data Annual S umma ry w i th 
C ompa r at i ve Data , 1 9 7 5 ,  Po r t  Ar thu r , Texas ( S tat i o n  1 2 9 1 7 ) , 
E nv i r onme n t a l  Data S e r v i c e , Nat ional  C l ima t i c  C ent e r , 
Ashev i l le ,  No r t h  C a r ol i na . 

2 6 .  S u r face W i nd Ro s e , Lake Cha r l e s , Lou i s i ana ( S tat i o n  
1 3 9 4 1 ) , E nv i r onme nt a l  Data  S e r v i c e , Nat ional  C l imat ic 
C e nt e r , A s hev i l le ,  No r th C a r ol i na . 

2 7 . S u r face W i nd Ro se , Po r t  Ar t h u r , Te x a s  ( S t a t i o n  
1 2 9 1 7 ) , E nv i r onme nt a l  D a t a  S e r v i c e , Nat ional  C l imat ic 
C e nt e r , A shev i l le ,  No r th C a r o l i na .  

2 8 . W i nd Di s t r i b u t i o n  b y  Pa squ i l l  Stab i l i ty C l a s se s , 
S t a r  P r o g r am , Lake C h a r l e s , Lo u i s i ana ( S t a t i o n  1 2 9 4 1 ) , 
1 9 6 6- 1 9 7 0 , E nv i r onme nt a l  Data  S e r v i c e , Nat ional  C l ima t i c  
C e nt e r , A s hev i l le ,  No r th C a r ol i na . 

2 9 . Helmut Landbe r tg , Phys i c a l  C l imato l ogy , G r ay 
P r i nt i ng C ompa ny , I nc . DuBo i s , Pa . 1 9 6 9 . 

3 0 .  W i nd D i s t r i b u t i o n  b y  Pa squ i l l  Stab i l i ty C l a s s e s , 
S t a r  P r og r am ,  Po r t  A r th u r , Texas  ( S t a t i o n  1 2 9 1 7 ) , 
1 9 6 4  Env i r onme n t a l  Data S e r v i c e , Nat ional  C l imat ic 
C e nt e r , A s he v i l le ,  No r th C a r o l i na . 

3 1 . H . C . S .  Thom , New D i s t r i b u t i o n s  o f  E x t r eme W i nd s  
i n  the U . S . , J o f  S t r uc t u r a l  Div i s i o n , ASCE , Vo l .  9 4 , 
No . ST7 , P r ocedu r e  Pape r 6 0 3 8 , J u ly 1 9 6 8 . 

3 2 .  C . G .  Ho l zwo r t h , M i x i ng H e i gh t s , W i nd Speed s a nd 
Poten t i a l  for  U r ban A i r  Po l l u t i o n  T h r o ugho u t  the 
Co n t i gu o u s  Un i ted S ta te s , Env i r onme n t al P r o t e c t ion 
Ag e ncy , Re s e a r c h  T r i ang l e  Pa r k ,  No r th C a r o l i na , 1 9 7 2 . 

2-1 0 2  



3 3 .  Char l e s  R .  Ho s l e r , " Low Level I nve r s io n  F r equency i n  
the C on t i g u o u s  U n i ted S t at e s , "  Mon thly We a t h e r  Rev i ew ,  8 9  
( 9 ) , S eptembe r ,  1 9 6 1 . 

3 4 .  T r opi c a l  S to rms i n  t h e  Gul f o f  Mex i c o , Atl a n t i c  C o a s t  
1 9 5 4 - 1 9 7 5 , V i s u a l  No . 2 ,  Oute r C o n t inental  S hel f ,  U . S .  
Depa r tme nt o f  I n te r i o r , B u r e a u  o f  L a nd Management . 

3 5 .  R . H .  S i mp son and M . B .  Lawr e nce , A t l an t i c  H u r r i c ane 
F r equen c i e s  A l o ng the U . S .  C o a s tl i ne : NOAA T ec h n i c a l  
Memo r a nd u m  NWS SR-5 8 ,  F o r t  Wo r t h , Texas , S o uthe r n  Reg ion 
H e ad q ua r t e r s , Nat ional Weat he r S e rv i ce , J un e  1 9 7 1 . (As  
c i ted i n  Re f e r e nc e , PDE I S , Rad i an C o r po r a t i o n . )  

3 6 . Lo u i s i ana A i r  C o n t r o l  Commi s s i o n  Impl eme n t a t i o n  
P l an , Lo u i s i ana A i r  C o nt r ol C ommi s s io n , New O r l eans , 
Lo u i s i an a , J a nua r y , 1 9 7 2 . ( Revi sed 2 1  Novembe r 1 9 7 2 ) . 

3 7 . Texas  A i r  Pol l u t i o n  C o n t r o l  I mpl eme n t a t ion P l a n , 
Texas  A i r  C o n t r ol B o a r d , 1 9 7 4 Rev i s ion ( Revi sed 1 5  F eb r ua r y  
1 9 7 4 ) . 

3 8 . Sead o c k  E nv i r o nmen ta l  Repo r t , p r epa r e d  fo r S e ad o ck , 
I nc . , A us t in ,  Tex a s ; i n  pa r t  by Dame s and M o o r e  ( H o u s to n ) ;  
I n s t i t ute f o r  S to rm Rese a r c h  ( Ho u s ton ) ; Evans  Hamil ton , 
I nc . ( Ho u s to n ) , a nd S o u t hwe s t  Re s e a r ch I ns t itute  ( Ho u s ton ) . 
S e c t ions 2 a nd 1 0 , 1 9 74 . 

3 9 . "Meas u r eme nt o f  Amb i e nt N o i s e  L evel s in  the F l o r i d a  
Eve r g l ad e s , "  Repo r t  No . DOT-T SC -OST - 7 2 - 2 , Techn i c a l  Note , 
Depa r tme nt o f  T r a nspo r t at io n , O f f ice o f  No i s e  Abatement , 
S eptembe r ,  1 9 7 1 .  

4 0 .  U . S .  A r my E ng i n ee r s , New Or l e ans D i s t r i c t . I nvento r y  
o f  B a s ic E nv i r o nmen t a l  Da ta , S o u t h  Lo u i s i ana , Me rmentau  
River  Bas i n  to C h a nd e l e u r  S o und w i th Spe c i a l  Emph a s i s  o n  
t h e  Atcha f a l aya B a s i n .  F o r : U . S .  A r my C o r p s  o f  E ng i n ee r s , 
New O r l e ans D i s tr i c t .  U . S .  A r my E ng i nee r s  Topog r a ph i c  
La b . , E ng i nee r Age nc y  fo r Resou r ce I nvento r i es .  Was h ington , 
D . C . , 1 9 7 5  p p .  ( map s a nd e xp l a na t o r y  mat e r i a l . )  1 9 7 3 . 

4 1 .  F . J .  E ze rnac k , So i l  C o n s e rvat i o n  S e rv i ce , L a k e  
C h a r l e s , Lo u i s iana , Pe r so n a l  C ommun i c a t ion , M a r c h  1 9 7 6 .  

2-1 0 3  



4 2 .  R . H .  C habr ec k ,  1 9 7 2 ,  Vege ta t i on , Wate r , and So i l  
Cha r ac te r i s t i c s  o f  the Lou i s i ana C o a s t a l  Reg io n : Bu l le t i n  
N o . 6 6 4 ,  Lou i s i a na S t at e U n i ve r s i ty .  Ag r i c u l t u r a l  E xpe r iment 
S t a t ion , B a t o n  Roug e , La . 7 2  pp . 1 9 7 2 .  

4 3 . John Wal t e r s , M anage r ,  S ab i ne N a t i o n a l  W i l d l i fe 
Refuge , P e r so n a l  Commun i c a t ion , M a r c h  1 9 7 6 .  

4 4 .  U . S . A r my C o r p s  o f  E ng i ne e r s ,  New Or l e a n s  D i s tr i c t . ,  
D r a f t  E nv i r onme n t a l  S t atement G u l f  I nt r a c oa s ta l  Wate rway ; 
Pe t i t  Ans e , T ig r e a nd C a r l i n  B ayou s ;  a nd B ayou G r os se 
Tet e , Lou i s i ana , U . S .  A r my Eng i nee r s , New Or l e a n s  D i s tr i c t ,  
1 9 7 5 .  

4 5 . R . M .  B a i l ey ( C h a i rma n ) , A L i s t  o f  C ommon and S c i e n t i f i c  
Name s o f  F i shes f r om t he U n i ted S t a te s  and Canad a . 
Ame r i c a n  F i s h . , S o c . S p .  Pu b l . 6 : 1 - 1 5 0 . 1 9 7 0 . 

4 6 .  J . V .  C o n no r , N o t e s  on t he D i s t r i b u t i o n  and H ab i ts o f  
F r e s h-Wa t e r  F i s he s  in  S o u t h e as te r n  Lou i s i an a  and S o u t h ­
wes te r n  M i s s i s s ippi , Lou i s i a na S t ate U n i v . , B at o n  Rouge , 
La . , 1 9 7 3 . 

4 7 . M . B . Newtown , J r . A t l a s  o f  Lou i s i ana : A G u i d e  f o r  
S tudents , S c h o o l  o f  G e os c i e nce s , M i s c . Pub . 7 2 - 5 , Lo u i s i ana 
S t at e  U n i ve r s i ty ,  B at o n  Rouge , 1 9 7 2 . 

4 8 . P e n ne l l ,  1 9 3 5 , "The S c r ophu la r i ac e ae o f  E a s te r n  
Tempe r a t e  N o r th Ame r i c a , "  Acad emy o f  N a tu r a l  S c i ences , 
Ph i l ad e l ph i a ,  Pa . , M o n og r aph N o . 1 ,  1 9 3 5 . 

4 9 . M .  Re ad , P r e s i d e n t , Sab i ne Audubon S o c i ety , P e r s o n a l  
C ommu n i c a t ion , Novembe r ,  1 9 7 6 .  

5 0 .  N . H .  Dougl as , F r e shwa t e r  F i sh e s  o f  Lou i s i ana , 
Lou i s i ana W i l d l i f e a nd F i s h .  C omm . , B aton Rouge , La . , 1 9 7 4 . 

5 1 .  W . N .  L i nd a l l ,  e t  al . ,  Analy s i s  o f  Reso u r c es and 
Re sou r ce s  Develo pme nt N e e d s  in C o n ne c t ion w i th E s tua r i ne 
E c o l ogy , S e c t ion 1 0  a nd 1 3 . N a t i o n a l  M a r i ne F i s he r i e s  
S e r v . B io l . Lab . , S t .  Pe t e r s b u r g , F l a . 1 9 7 2 . 

5 2 .  U . S .  Depa r tme n t  o f  I nt e r i o r , F i s h  a nd W i l d l i fe S e r v i c e  
Th r ea tened o r  Endang e r ed Fauna o r  F l o r a .  Rev i ew o f  S t a t u s  
o f  Vas c u l a r  P l a nt s  a nd De t e r m i na t ion o f  " C r i t ic a l  H ab i t at . "  
U . S .  G ov e r nme nt P r i nt ing O f f i c e  4 0 ( 1 2 7 )  Pa r t  V .  7 2 8 2 3 - 2 7 9 2 4 . 
1 9 7 5 .  

2-1 0 4  



5 3 .  U . S .  Depa r tme nt o f  the I nt e r i o r , F i s h  and W i l d l i fe 
S e r v i ce . Un i ted S t a t e s  L i s t  o f  E nd ange r ed Fauna . U . S . D . I . , 
F i s h  and W i l d l i f e S e r v i c e , Was h i ng ton . 1 9 7 4 . 

5 4 . S . P .  Young a nd A .  Go l dma n ,  Wo l ve s  o f  No r th Ame r i c a , 
Dove r P r e s s ,  6 3 6  p . , 1 9 4 4 .  

5 5 .  U . S .  Depa r tme nt o f  Comme r ce . Cens u s  o f  Ag r i c u l tu r e , 
B u r e au o f  th e C e ns u s , Pa r t  3 5 , Lo u i s i an a , S e c t ion I ,  Vo l . 
I ,  and S e c t ion I I ,  Vo l .  I .  1 9 6 9 . 

5 6 . U . S .  A r my C o r p s  o f  E ng i nee r s , Lowe r M i s s i s s ippi  
Va l l ey D i v i s i o n , " Repo r t  on Gu l f  Coa s t  Deep Water  Po r t  
F ac i l i t i e s , Texas , Lo u i s i a n a , M i s s i s s ippi , A l abama , and 
F lo r id a : Append i x  F ,  E nv i r onme n t al A s se s sment , E a s te r n  
Gu l f , "  U . S .  A r my C o r p s  o f  E ng i nee r s , V i c k s b u r g , M is s . , 
Vo l .  1 ,  2 0 2 p p .  1 9 7 3 . 

5 7 . C . L .  Lyons , U n i o n  T e x a s  Pet r ol e u m ,  S u l f u r  M i ne s , 
P e r s o n a l  C ommun i c a t ion , Spr i ng ,  1 9 7 6 .  

5 8 . G . E .  H u tch i n s on , A T r e a t i s e  o n  L imno l ogy . Vo l .  I I  
I n t r od uc t i o n  to Lake B i o l ogy and the L i mnopl a n k t o n , 
John W i l ey a nd S on s , I n c . , New Yo r k , Londo n ,  Sydney , 1 9 6 7 . 

5 9 . S t at e  o f  Lo u i s i ana , Dept . o f  Pu b l i c  Wo r k s . Fo rm E D- 5 1 1 
Appl i ca nt ' s  E nv i r onme ntal E v a l u a t ion f o r  S ab i ne R i ve r  
D i ve r s i o n  C hannel a nd D i s tr i b u t ion Sys tem to the S t . C ha r l e s  
I nd u s tr i al A r e a , 1 9 7 2 . 

6 0 .  E . G .  S i mmon s  and W . H .  Thomas , Anno ta ted Chec k l i s t  o f  
the Phytoplank ton of the E a s t e r n  M i s s i s s ipp i  De l ta . , Pub . 
I n s t .  Ma r . S c i .  Un i v .  o f  Texas . 3 : 2 6 9 - 2 9 6 . , 1 9 6 2 . 

6 1 .  Ch a r l e s  Wh i te , Lo u i s i ana W i l d l i fe a nd F i s h e r i es 
C ommi s s io n , P e r s o n a l  C ommu n i c a t ion , M a r c h , 1 9 7 6 .  

6 2 . J . E .  Vanc i l , Stud i e s  o n  Ro t i f e r s o f  the C a l c a s i e u 
E s t uary , Lou i s i ana . Unpub l i s hed MS Thes i s , McNeese 
S t ate U n i ve r s i ty ,  1 9 6 7 . 

6 3 . P r o j ec t ion c i ted by the L a k e  C h a r l e s  Ch amb e r  o f  
C omme r ce .  

6 4 .  The Lake Char l e s  Ame r i c a n  P r e s s , ed i to r i al o f  
Febr u a r y  7 ,  1 9 7 6 .  

2-1 0 5  



6 5 .  F i g u r e s  supp l i e d  by t he O l i n  C he m i c a l  G r oup f o r  i ts 
per sonnel i n  t he L a k e  C har l e s  a r e a , i n  coope r a t ion w i th 
the Lake C ha r l e s  C hambe r o f  C omme r ce , undated . 

6 6 . I nt e r na t ion a l  M a na geme nt A s so c i at ion , The Mu n i c ipal 
Ye a r  Boo k  1 9 7 5 ,  Vo l .  4 2 ,  1 9 7 5 .  

6 7 .  Ame r i c an H o sp i t a l  A s s o c i a t io n  Gu i d e  t o  the H e a l t h  C a r e  
F i e l d , p ub l i s hed by t he Ame r i c a n  H o s p i tal A s so c i at i o n , 1 9 7 5 
e d i t ion . 

6 8 . Evans w .  C u r ry ,  e t  al . ,  Demo g r aph i c  F a c to r s ,  Med i c a l  
Per sonnel  and F ac i l i t i e s  o f  H e a l t h  S e r v i c e  P l a n n i ng 
Reg i o n s  f o r  Lou i s i a n a , p ub l i s hed b y  t h e  Lo u i s i ana Reg i o n a l  
Med i c a l  P r og r a m ,  B ul le t i n  No . 6 58 ,  Septembe r  1 9 7 1 . 

6 9 . K a r e n  W .  P a t e r s o n , e t  al . ,  The Human D imen s io n  o f  
C o a s t a l  Z o ne Deve l opme n t , p u b l i s hed by t he Lo u i s i ana 
S t a t e  U n i ve r s i ty C e n t e r  f o r  Ag r i c u l tu r a l  S c i ence s  and 
Ru r a l  Deve l o pment , B u l l e t i n  No . 6 7 9 , June 1 9 7 4 . 

7 0 . La rma r B .  J o n e s  and G .  Rando lph R i c e , An E c o nomic  
B a s e  S t udy o f  C o a s t a l  Lou i s iana , publ i s hed by the Lou i s i ana 
S t at e U n i ve r s i ty C e nt e r  f o r  Wet l a nd Resou r ce s , B a to n  
Rouge , 1 9 7 2 . 

7 1 .  Pub l ic A f fa i r s  Res e a r ch C o unc i l  o f  Lo u i s i a na , I n c . , 
S t a t i s t i c a l  P r o f i l e  o f  C ame r on Par i sh , B a ton Rouge , 
L o u i s i ana , 1 9 7 3 .  

7 2 . County B u s i ne s s  Patte r n s , 1 9 7 3 : Lo u i s i ana , p u b l i s hed 
by t he U . S .  Depa r tme nt of C omme r ce ,  S o c i al a nd E c on om i c  
S t at i s t ic s  Admi n i s t r a t ion . 

7 3 .  U . S .  Depa r tme nt o f  C omme rc e , Nat i o n a l  M a r i ne F i s he r i e s  
S e rv i ce , F i sh e r i e s  o f  the U n i ted S ta t e s , 1 9 7 4 , C u r r e nt 
F i s he ry S t at i s t i c s  N o . 6 7 0 0 ,  M a r c h  1 9 7 5 .  

2 - 1 0 6  



3 .  ENVI RONMENTAL I MPACT OF T H E  P ROPOS E D  ACT I ON 

3 . 1  LAND F EATURES AND US ES 

M i n o r  g e o lo g i c  impac t s  are expec ted a t  the S u l phu r M i ne s  
s i te , t h e  o f f s i te o i l  p ipe l i n e , a nd the S un Te rm i na l , 
d u r i ng c on s t r u c t ion . D u r i ng ope ra t ion , c a r e f u l  mon i to r i ng 
o f  c ave r n  g r owth d u r i ng e ac h  c y c l e  i s  need ed s o  s te p s  
c a n  b e  t a k e n  t o  p r ec l ude g e o l o g i c a l  impac t s  s u c h  as  c a ve r n  
c l o s u r e  and/o r c o l l apse , a nd s u r face subs idenc e . Mon i tor i ng 
d u r i ng b r i ne i n j ec t io n  w i l l a l so be requ i r ed t o  dete rm i ne 
t he ab i l i ty o f  the aq u i fe r  to ac cept the br i ne . Cave r n  
c o n t a c t  w i th the s a l t-sed ime nt bound a ry a nd c ave r n  i n s tab i l i ty 
due to i n c r e ased s i z e  a r e  c ond i t io n s  that c ou l d  o c c u r  a t  
S u l ph u r  M i n e s  d u r i ng n o rmal ope r a t ion . Fur t he r de f i n i t io n  
o f  the s a l t  bound a r y  i s  the r e f o r e req u i r ed t o  dete rm i n e  the 
a c ce ptab i l i ty us ing c ave rn s 6 a nd 7 .  A c omp r eh e n s ive cave rn 
te s t ing p r og r am w i l l be c a r r i ed o u t  to acqu i r e  th i s  
i n fo rma t ion . Te s t i ng i s  d e s c r ibed i n  S e c t ion 3 . 1 . 3 .  

3 . 1 . 1  Co n s t r uc t ion 

The p r ima r y  geo log i c  impac t d u r i ng c on st r uc t i o n  o f  the  o i l  
p ipe l i ne woul d be m i n o r  s o i l  e r o s i o n  wh i c h  c a n  be c on t r o l l e d  
a f t e r  con s tr uc t ion b y  pl ant ing s u i table g r o und cove r . M i n o r  
e r o s i o n  wo u l d  a l so o c c u r  du r i ng t h e  con s t r u c t ion o f  r oad s , 
br i ne d i spo s a l  we l l  pad s , a nd the 1 0 0 , 0 0 0  ba r re l  br i ne pond . 
Appe nd i x  E p r e s e nt s  a mo re d e t a i led d i sc u s s i o n  o f  s o i l  
e r os i on du r i ng c on s t r uc t io n  o f  the p r opo sed f ac i l i t i e s . 
Afte r con s t r uc t ion , t he d i s tu r bed l and wou l d  be p r o te c t ed 
f r om e r o s i o n  by veget at ion and /o r g r ave l . 

3 . 1 . 2  Ope r at i o n  

The g e o l o g i c a l  a nd l a nd u se impac t s  c a n  be d i v i d ed i nt o  
those that o cc u r  d u r i ng n ormal  ope r a t ion and t h o s e  tha t 
wou l d  o cc u r  d u r i ng va r i o u s  un fo r e s e en even t s . 

Land Use 

Ro u t ine ope r a t ion o f  the f ac i l i ty i s  not expec ted to 
r e s u l t  i n  s ign i f i c a n t  l and u se impac t because the f ac i l i ­
t ie s  at the d ome fo r the s to r ag e  p r o g r am wou l d  be ve ry 
s im i l a r  to t he type of  fac i l i t i e s  a l r e ad y  pr e se n t  on the 
s i te ,  n ame l y , o i l , g a s , a nd br i ne wel l s , w i th as so c i ated 
o f f i ce s  and o the r bu i l d i ng s . Al though the re i s  a pe rmanent 
r ig h t-o f -way fo r the o i l  a nd br i ne p ipel i ne s , o r i g i na l  u se 
o f  the l and wo u l d  n o t  be p r e c l ud ed ( i . e . , pas t u r e , r i ce 
f i e l d s ) . L a nd r e q u i r ements a t  the S un Te rm i n a l  w i l l n o t  
c a u se a s ig n i f i c a n t  l a nd u se impa c t  bec a u se t h e  l and 
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i s  a l r e ady owned by S un O i l  C ompany , wh ich c ond u c t s  
r e l ated a c t iv i t ie s  o n  t h e  p r ope r ty .  

Geol ogy 

Ro u t ine ope r a t ing c ond i t ions  a r e  not expec ted to a f fe c t  
s o i l  cond i t io n s  s i gni f i c a n t l y . No ag r i c u l t u r a l  o r  g r a z i ng 
a c t i v i ty wou l d  be impac ted by n o rma l  c on s t r uc t ion and 
o pe r a t ion ac t iv i t i e s  o n  the s i te . The sma l l amo u n t s  o f  
f i l l  requi r ed f o r  r oad c on s t r uc t ion , we l l  pads , a nd 
c on t a i nment d i k e s  w o u l d  b u r y  e x i s t i ng s o i l . 

Contami nat ion o f  f r e s h  wate r aq u i f e r s  by b r i ne he l d  i n  the 
p r oposed br i ne pond is unl i ke l y  b e ca u se the br i n e  pond 
wo u l d  be l i ned to p r event d r a inage and bec a u s e  i t  w i l l  be 
d e s igned t o  p r event ove r f low . No dang e r  o f  sub s i de nce 
unde r the br i ne pond due to v o i d s  l e f t  by s u l f u r  m i n i ng 
ex i s ts because  the pond i s  to be l o cat ed o u t s ide o f  the a r e a  
o f  su l f u r  m i n i ng . 

The br i ne pond i s  a p l ac e  o f  tempo r a ry s to rage . The br i ne 
f r om th is pond wo u l d  event u a l ly be i nj e c ted i nto s a l i ne 
a q u i f e r s  5 0 0 0  to 7 0 0 0  f e e t  d e ep . The re a r e  s eve r a l  
pote nt i a l  e nv i r onme nt a l  p r ob l ems as s o c i at ed w i t h  subsu r ­
face br i ne d i spos a l : 

o ear t hquak e s , 
o aq u i f e r  f r a c t u r e , 
o inte r fe re nce w i th o i l  a nd gas we l l s , 
o the c o n t am i na t io n  o f  f r e s h  g r ound wate r , 
o the con t am i na t io n  o f  su r face wate r . 

E a r thqua k e s  may be induced whe n  f a u l t s  a r e  l ub r i c a t ed by 
f l u id i n j e c t ion . The re is d o c ume nted e v i d e nce o f  e a r th­
q ua k e s  be i ng t r igge red a s  a r es u l t  of  subsu r face i n j e c t ion 
of  f l u id a c compa n i ed by a n  i n c r ease  in  i n j e c t io n  r e s e rv o i r  
p r e s s u r e . The two k n own c a s e s  o f  th is phe nomenon h ave 
o c c u r red in Colo rado i n  an a r e a  o f  h igh na t u r a l  r o c k  s t r es s .  
One o c c u r red near  De nve r a nd was as so c i ated w i th a d i spo s a l  
we l l  cont a i n i ng l iq u id was te f r om t h e  Roc k y  Moun t a i n 
Ar s e n a l . The othe r o c c u r red nea r Rang e l y , C o l o rado a nd 
was a s s o c i ated w i th wat e r  i n j e c t ion into wel l s  o f  the 
Ra ng e l y  o i l  f i e l d . The mec hani sms c a u s i ng the ear t hq ua k e  
a r e  n o t  we l l  und e r s to od . Howeve r ,  one po s s ib l e  expl a na t io n  
i s  that s t r e s se s  o n  oppo s i te s id e s  o f  ex i s t ing f au l t  planes  
we re not s u f f i c i ently l a r g e  to ove r c ome f r i c t io n a l  f o r c e s  
a l o ng t h e  p l ane a nd c a u se moveme nt unt i l  t h e  was te f l u id s  
were i nj e c ted a nd a c ted a s  a l ub r i c a nt . S t r e s s e s  a r e  

3 - 2  



r e l i eved by pl a s t i c  defo rma t i o n  o r  r up t u r e  o f  r oc k s . S t a ted 
s imp l y ,  i f  the pl a s t i c i ty of a r o c k  i s  r e l a t ively low the 
s t r e s s  con t i nu e s  to i nc r ease  u n t i l  r up tu r e  ( f aul t i ng ) 
oc c ur s . I n  the G u l f  Co as t ar ea , the unconso l id a ted sed ime n t s  
( a s  oppo sed to t h e  c o nso l i d a ted r o c k  i n  C o lo r ad o ) a r e  v e r y  

plas t i c  a n d  s t r e s s  r e l i e f  c ome s i n  the f o r m  o f  plas t i c  
defo rma t io n .  Al though f aul t s  d o  ex i s t i n  the G u l f  C o a s t ,  
moveme nt al o ng tho s e  p l a n e s  d u e  to lu b r i c a t i o n  by i n j e c t ed 
b r i ne s e em s  unl i ke l y . Nume r o u s  flood wa te r a nd l i q u i d  was te 
i n j e c t io n  s i tes have been in ope r a t i o n  al ong t he Lo u i s i ana­
T e x a s  G u l f  Co a s t  for many ye a r s  w i tho u t  r epo r t ed o c c u r r e nc e s  
o f  e a r thquake s .  D e ta i l ed d i sc u s s io n  o f  aqu i fe r  f r ac tu r e ,  
in t e r f e r e nce w i th o i l  and gas  wel l s  a nd g r o und wa t e r  and 
s u r f ace wa t e r  co n t am i n a t i o n  are g iven in S e c t i o n  3 . 2 . 2 .  

The mo s t  se r i o u s  geo log i c  impac t s  th at c o u l d  o c c u r  d u r i ng 
the ope r a t io n  phase o f  the s t o r age p r o g r am a r e  dependent 
on c ave r n  s t ab i l i ty .  Cave r n  s t ab i l i ty in tu r n  depe nd s on 
ce r ta i n  f a c to r s  i nc l ud i ng , b u t  no t l im i ted to , c ave r n  
h e i g h t  and d i ame te r , depth i n  s al t , p r o x i m i ty t o  the sal t 
dome bo und a r y  o r  o the r cave r n s  ( e spe c i al ly i n te rmed i a te 
p i l l a r  th i c k n es s ) , the po tent i a l  of i n t e r n a l  and e x t e r nal 
d i s s o l u t i o n  o f  sal t by wa te r , and i n t e r nal  c ave r n  p r e s s u r e . 

C ave r n  c l o s u r e i s  the g r ad ual reduc t i o n  i n  cave r n  s i z e 
whe n th e sal t s u r r o u nd i ng the cave r n  f l ows i nwa r d . I t  
o c c u r s i f  i n t e r nal cave r n  p r e s s u r e  i s  n o t  ma i n t a i ned o r  i f  
s t r uc t u r al s uppo r t  i s  r emoved . C l o s u r e  i n  i t s e l f w i l l  not 
r e s u l t  i n  adve r se geol o g i c  impac t s  at th e cav e r n  depths of  
S u lphur M i ne s . I f  the cave r n s  we r e  much c l o s e r  to the 
s u r f ac e , c lo s u r e  m i g h t  tr igge r c ap r o c k  c o l l apse and 
s u r f a ce sub s i d e nce . 

Th e max imum d i ame t e r  o f  c ave r ns 6 a nd 7 a r e  5 8 5  and 5 0 0  
f e e t  r e spec t iv e ly , a c co r d i ng to sonar  cal ipe r s u r veys 
c o n d u c t ed o n  O c to b e r  15  and 1 4 ,  1 9 7 5 .  I f  these cave r n s  
coal e sc e , a s  i s  expe c t ed , a f te r  4 c yc l e s , the max i mum a nd 
m i n imum ho r i zontal  d imens i o n s  o f  the comb i ned cave r n  would 
be app r o x imately 1 , 2 0 0  feet by 6 5 0 f e e t . The ho r i z o n t a l  
d imen s i o n s  o f  t h e  cav e r n  fo rmed by t h e  co a l e sc e n se o f  
c ave r n s  2 ,  4 and 5 a r e  app r ox imately 1 , 1 5 0  b y  7 0 0  f e e t  and 
ve r t i cal d i me n s i o n s  a r e  3 3 3  to 6 2 5  f e e t , based on S ep tembe r 
1 9 7 7  d a ta . Th i s  span c o u l d  r e s u l t  i n  c av e r n  r o o f  c l o s u r e  but 
pr oba bly not fa i l u r e  due to the amo u n t  of s a l t  above the 
c ave r n . 

The s t ab i l i ty o f  th i s  c ave r n  ( 2 - 4 - 5 )  i s  no t now a f fec ted 
by o the r cave r n s  wh i c h  a r e  ove r 3 0 0  f e e t  away . Af ter 5 
cyc l e s , cav e r n  ( 2 - 4 - 5 )  and cave r n  7 c o u l d  h ave a s  l i tt l e  
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as 1 7 0 f e e t  ( +  2 0  f e e t ) o f  sa l t  betwe e n  them . The i n t e r ­
ve n i ng sa l t  mass c ons is ts o f  mo r e  s a l t  than 5 c yc l es w o u l d  
d isso lve . The coa l esced c a ve r n  ( 2 ,  4 ,  a nd 5 )  i s  6 0 0 f e e t  
away f r om the sa l t  bound a r y , the r e f o r e , t he r e  is n o  chance 
of bo und a r y  c on t ac t  d u r i ng the p r oposed p r o j e c t . 

F i g u r e  3 . 1  is a sa l t  con t o u r  map and shows the l o ca t ion o f  
wel ls 7A and 6 Y  a t  cave r ns 6 a nd 7 . * T h e  m i n imum p i l l a r  
w i d t h  be twe en t h e  cave r ns is 1 5 0 f e e t , wh i c h  w o u l d  be 
d isso lved a f te r  4 cyc l es ( F i g u r e  3 . 2 ) . The r e l a t ionsh ip 
be twe en the  edge o f  the sa l t  and cave r ns 6 and 7 h as not 
be e n  con c l usively  est ab l ished . Th e sa l t  depth c o n to u rs n e a r  
wel ls 6 a nd 7 we r e  v e r i f i ed b y  d a t a  f r om two wel ls d r i l l ed 
in 1 9 30 .  The r e  a r e  va r i o us d esc r i p t ions howeve r o f  th e 
p r ec ise we l lh e ad l o ca t ions r e l at ive to these con t o u rs .  A 
map o b t a i ned f r om A l l i ed Chem i c a l  ( t he p r esent owne r o f  the 
s i te ) a nd a map on f i l e  w i th the Lo u is i ana Dep a r tme nt o f  
Conse r vat ion d o  n o t  ag r e e  on t h e  l o c a t ion o f  wel ls 6 a nd 
7 .  

Based on the d a t a  f r om Al l i ed Chemical , cave r n  6 may be as 
c lose as 1 2 5 fe e t  to the sa l t  d ome bo und a r y  and cave r n  7 may 
be 4 0  f e e t  f r om the bo und a r y  (see F i g u r es 3 . 3  and 3 . 4 ) . 
Based on the Dep a r tme nt o f  Conse rva t ion map the r e  is at 
l e as t  3 0 0  feet o f  sa l t  be tween the wal l o f  cave r n  6 a nd the 
sa l t  edge ; cave rn 7 h as a wal l t h i c k ness of app r ox imat e l y  
2 0 0  feet . Th ese est ima t es o f  wal l t h i c k n ess a r e  made w i th 
the assump t i on that th e or i g ina l wel ls d r i l l ed we r e  ve r t i c al , 
howeve r i t  is c ommo n f o r  t hese wel ls to dev i at e  f r om the 
ve r t i c a l  du r i ng d r i l l i ng . A g r a v i ty survey c o n d u c t ed i n  
Sep tembe r 1 9 7 7  i nd i c ated t ha t  c a v e r n  numbe r 7 is abo u t  1 7 0  
f e e t  f r om the dome bo und a r y . 

I f  a cav e r n  e n l a r ged by d isso l u t ion o f  sa l t  to a po i n t 
o f  r ea c h ing the dome bo und a r y , o i l  m i g h t  m i g r a t e  thr o ugh the 
sed ime nts ( d epe nd i ng o n  the  o i l  p r essu r e , the sed iment po r e  
p r essu r e , and i ts pe rme ab i l i ty t o  o i l ) , o r  i t  m i g h t  be 
c o n t a i n ed in the cave r n  by the sed ime nts . The amo unt o f  o i l  
l ost v i a  a l e ak f r om the dome i n to sur r ound i ng sed iments would 
be negl i g i b l e . The oc c u r re nce o f  a l e a k  of  th is k i nd could  not  
be  e as i l y  d e t e c ted be c a use the leak  wo u l d  be  s l ow a nd the  
o i l  may n eve r su r face . I f  o i l d i d move o u t  o f  the cav e r n  it  
wou l d  come i n  con t ac t  w i t h v e r y sa l i ne aq u i f e rs .  Movement 
o f  th e o i l  wo u l d  most l i k e l y  

* Each cave r n  h as two we l ls .  O n e  w o u l d  b e  used t o  i n j e c t  
and w i thd r aw wate r ( 6 Y ,  7 A )  and the o t h e r  would b e  used t o  
i n j e c t  and w i thd r aw o i l  ( 6 X ,  7 B ) . 
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Octob e r  1 4 , 1 9 7 5 .  
( T h e  we l l  str i ng is assume d  to b e  v e r t i cal . )  
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be upwa r d  b u t  ex t r eme l y  slow ( th i s  i s  c on j e c t u r a l  be c a u s e  
o i l  m i g r a t io n  t h r o ugh sed ime n t s  i s  a compl i c a ted p r oc e s s  
depe nd i ng o n  many fac to r s )  . The o i l  would  e v e n t ua l l y  become 
t r apped be ne a t h  impe rmeab l e  c l ays wh i c h  c u r v e  up a nd a r e i n  
t i g h t  c on t ac t  w i th t h e  d ome f o rmi ng a t r ap i n  wh i c h  na t u r a l  
ac c umul a t i o n s  o f  o i l  a r e  c ommo n l y  found t h r o ugho u t  th e G u l f 
Coa s t .  A t e s t i ng p r og ram to d e te r m i ne cave r n  wa l l  t h i c k ne s s  
i s  d i s c u ssed i n  Sec t ion 3 . 1 . 3 .  

The e x te r na l  d i s so l u t io n  o f  the s a l t d ome whe r e  i n  c o n t a c t  
w i th t h e  aq u i f e r  wo u l d  n o t  a f fe c t  c a v e r n  s t ab i l i ty bec a u s e  
t h e  p r o ce s s  o f  d i s so l u t ion o f  sa l t  a l o ng t h e  ve r t i c a l  bound a r y  
i s  e x t r eme l y  s l ow . The re fo r e , th i s  i s  not  a conc e r n . 

Remov a l  o f  the o i l  b l a n k e t  c o u l d  r e s u l t  in bo th l a t e r a l  
and upward  d i s so l ut ion o f  th e s a l t b y  wate r t ha t  c omes i n  
c o n t a c t  w i th the r oo f .  D u r i ng n o rmal ope r a t ion i t  i s  not 
po s s i b le to r emove the o i l  b l a n k e t  because the w i th d r awal 
ann u l u s  i s  b e l ow t he roof l e ve l . The o i l  b l a n k e t  w i l l  be 
ma i n t a i ned a t  al l t ime s . 

C o a l e s c e nc e  o f  c a ve r n s  6 a nd 7 c o u l d  c r ea t e  a s i t ua t i o n  
whe r e  uncon t r ol led upward l e a c h i ng o f  c ave r n  6 wo uld 
occ u r . Whe n  these cave r n s  c o a l e s c e  the o i l  b l a n k e t  o f  
c a v e r n  6 wo u l d  be l o s t  to cave r n  7 .  The r e f o r e , w i th o u t  a 
mec h an i sm fo r ma i n t a i n i ng a n  o i l bl a nk e t  in cave r n  6 ,  
upwa rd g r owth o f  the cave r n  would co n t i nu e  u p  to t h e  r o o f  
o r  to t he l e v e l  o f  the o i l  br i ne i nt e r face o f  the uppe r 
c a v e r n . Coa l e s c e nc e  wo u l d  p r obab ly n o t  have any add i t i o n a l  
adve r se ef fec t s . 

3 . 1 . 3  Te s t i ng P r og r am 

P r i o r  to p l ac i ng o i l  i n  s o l u t ion m i n ed c ave r n s , t he s ta t u s  
o f  c e r t a i n c r i t i c a l  fac to r s  such  as  c a v e r n  con f i g u r a t ion , 
depth , l o c a t ion ( p r ox i m i ty t o  othe r cave r n s , a nd s a l t dome 
bo u nd a r y )  a nd cave r n  i so l at ion ( n o  ex t e r na l  commun i c a t ion 
w i th other  cave rn s , capr ock  o r  sed ime n t s  o u t s ide o f  the 
d ome ) mu s t  be k nown . 

A c ompr ehe n s ive cave r n  te s t ing p r og r am w i l l  be cond ucted a t  
S u l p h u r  M i n e s  to i n s u r e  t ha t  the s e  c r i t i c a l  f ac t o r s  a r e  
tho r o u g h l y  a n a l y z ed , a nd t ha t  t h e  cave r n s  a r e  ac ceptab l e  fo r 
s to r i ng o i l . The s e  tes ts c ou l d  i nc lude : a z imuth and we l l  
dev i at ion s u r vey , sona r cal ipe r s u rvey , s u r f a c e  wel lh ead 
s u r vey , a mod i f i ed s ha l low s e i sm i c  s u r vey , a cave r n  p r e s s u r e  
te s t , a g r av imet r i c s u r vey , and e x pl o r a t o ry d r i l l i ng . 
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A z imuth and we l l  dev i at io n  s u rveys a r e  c o nd u c t ed t o  de t e r m i ne 
the mag n i tude and d i r e c t ion o f  the wel l ' s  d e v i at i o n  f r om 
ve r t i c a l . The i n t e r na l  s tr uc t u r e  o f  the s a l t  o f t e n  de f l e c t s  
t h e  d r i l l  b i t  f r om t h e  v e r t i c a l  t owa r d  t h e  c e n t e r  o f  the 
dome . Th i s  d e f l e c t ion the r e f o re impac t s  the lo c a t ion of the 
cave r n  to be s ubseque nt l y  l e ached . I n  the absence of th i s  
d a t a  howeve r , the be s t  app r o x imat ion o f  r e l a t ive cave rn 
p r o x i m i ty is  to a s sume that the we l l s a r e  ve r t i c a l . 

The sona r c a l i pe r s u rvey pr ov i d e s  o r i e n t ed cave rn c o n f  i g ­
u r a t  i o n  d a t a . Th i s  d a t a  h e l p s  to i d e nt i fy pr e f e r r ed d i r e c ­
t io n s  o f  sal t d i s so l u t io n  wh i c h  i s  impo r t ant i n  d e t e rm i n i ng 
the p r o x i m i ty o f  ad j ac e nt c ave rn s . Often po i n t s  o f  c ave r n  
c o a l e s c e nce c a n  be i d e nt i f i ed . The sona r cal ipe r i s  pa r t i c ­
u l a r l y  u s e f u l  i n  det e rm i n i ng c a v e r n  g r owth p a t te r n s  whe n  a 
s u r vey i s  c o n d uc ted a f te r  the o i l  w i thd r awal s tage . 

The s u r face we l l h e ad s u r vey i s  
p r ec i s e  l o c a t ion o f  the wel l .  
dev i at ion and sona r c a l ipe r an 
mod e l  o f  c ave r n  con f i g u r a t io n s  
ano the r c a n  b e  con s t r uc te d . 

r eq u i r ed t o  dete r m i n e  the 
F r om th i s  d a t a  and t he we l l  
ac c u r a te thr ee d ime ns ional  
and r e l a t ive p r o x i m i ty to one 

S i nce cave r n s  6 a nd 7 are c l o s e  to t he salt d ome bo und a r y  
i n  t h e  depth r a nge o f  3 , 0 0 0 to 3 , 2 0 0  feet , a mod i f i ed 
s e i sm i c  s u r vey must be cond u c t ed t o  d e t e r m i n e  the th i c k n e s s  
o f  the s a l t  betwe e n  these cave r n s  and t he dome bo und a ry . 
The geophones f o r  t h i s  su r v ey wo u l d  be lowe red i nt o  the 
cave r n s . An e ne rgy so u r ce s u ch as d ynam i te wo u l d  be placed 
o u t s i d e  o f  the  dome bo und a r y  so that the  se i sm i c  e n e r g y  
wo u l d  b e  t r ansmi t ted t h r o ugh t h e  s a l t  wa l l  be twe en t h e  
cave r n s  and the dome bo und a r y .  The d i f fe r ent i a l  velo c i ty o f  
th i s  energy t h r ough sed ime nt s , s a l t , and br i ne w i l l be the 
bas i s  fo r i n t e rp r e t ing the d i s tance of c ave r n s  6 a nd 7 f r om 
the s a l t  d ome bo und a ry . 

To d e t e r m i n e  i f  c ave r n s  6 a nd 7 a t  S ulphu r M i ne s  a r e  
s e a l ed , t h a t  i s , n o t  in c ommu n i c a t i o n  w i th othe r u n k n own 
c a v e r n s , o r  the cap r oc k , t he cav e r n s  w i l l  be p r e s su r e  
t e s ted . I f  the p r e s s u r e  o f  the a i r  pumped i n t o  a c a v e r n  
de c r e a s e s  at the ra t e  p r ed i c t ed f o r  a s e a l ed cave r n , the n 
the cave r n  c a n  be as sumed to be i so l a t ed f r om t he cap r oc k , 
o the r cave r n s  and po s s i b ly the s ed ime n t s  su r ro und i ng t he 
dome . Cave r n s  2 ,  4 ,  a nd 5 h ave be en s u c ce s s fu l ly pr e s su r e  
t e s ted i n  Septembe r 1 9 7 7 .  

G r a v imet r i c  s u r vey d a t a  may be u sed t o  d e s c r i be the g r o s s  
e x t e r n a l  s t r uc t u r e  o f  the d ome . Howeve r ,  fo r the p ur po s e  
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o f  d e te rm i n i ng whe t h e r  cave r n s  6 and 7 c o u l d  enl a r ge 
enough to come in c o n t ac t w i th the sed ime n t s  s u r r o u nd i ng the 
d ome , aer i a l  g r av ime t r i c  s u r veys ar e no t pr ec i se enough and 
downho l e  s u r veys have a l im i ted r ange . Th e r e f o r e , g r av i ty 
s urveys wi l l  n o t  p r ov ide s u f f i c i e n t  de f i n i t io n  o f  the edge 
of the dome i n  the v i c i n i ty of cave r n s  6 a nd 7 .  

Pe r h aps th e mo s t  p r e c i s e me thod o f  l o c a t ing a s a l t  d ome 
b o und a r y i s  by d r i l l i ng a sma l l  d i ame te r expl o r a t o r y we l l .  
The a r e a  o f  e x p l o r a t i o n  can be i n c r e as ed i f  seve r a l  s ide 
t r a c k  ho l e s  are d r i l l ed f r om the ma i n  wel l .  I n f o r m a t i o n  on 
the sed ime n t  type s can al so be obt a i ned to d e t e r m i n e  i f  a 
poten t i al wa sh o u t  w o u l d  o c c u r  i n  pe rmeab l e  o r  impe rme able 
sed imen t s .  

The mo s t  e f fec t ive me ans o f  d e te r m i n i ng : ( 1 )  how c l o se 
cave r n s  6 a nd 7 a r e  to the no r thwe s t  s a l t  d ome bo und a r y , 
( 2 )  how c lo s e the two cave r n s  a r e  to each o the r * , and ( 3 )  
are  the cave r n s  sea l ed and able to con t a i n  o i l  w i tho u t  
le a k i ng thr ough b r e a k s  in the c a s i ng to the capr oc k o r  
t h r o u g h  un k nown connec t io n s  to other  cave r n s , wo u l d  be to 
c o nd u c t  a sequenc e of s u r veys : s u r face we l l h e ad s u r vey , 
a z imu th and we l l  dev i a t i o n  s u rvey , s o na r  c a l ipe r s u r vey , 
mod i f ied s e i sm i c  s u rvey , the cave r n  p r e s s u r e  t e s t , and 
po s s i b l y  e xpl o r a to r y d r i l l i ng . A c omprehens ive program 
develo ped froE amo ng the s e  ava i l a b l e  te s t s  wi l l  r e  p e r ­
fo rmed to ensure that c averns 6 and 7 are s u i table f o r  
o i l  s t o rage . 

3 . 2  WAT ER QUAL ITY 

I mpac t s  on the wate r env i r onme n t  wo u l d  occ u r  in two 
pha se s . The f i r s t  pha se co r r espo nd s to the s i te 
pr epa r a t i o n  and cons t r u c t i on t ime pe r i od . Th e impa c t s  
a s so c i a t ed w i th th i s  phase a r e  pr e s e n ted i n  subsec t i o n  
3 . 2 . 1 .  Th e fac i l i ty ope r a t io n  t ime pe r i od r ep r e sen t s  the 
second phase and the impa c t s  assoc i a ted w i th th i s  ph a s e  
are  d i s c u s sed i n  subsec t io n  3 . 2 . 2 .  

3 . 2 . 1  Wa t e r  Qual i ty Impa c t s  Dur i ng C on s t r uc t i o n  

E f f ec t s  on w a t e r  q u a l i ty d ur i ng s i te p r epa r a t io n  and 
con s t r uc t ion c a n  be a s s i gned to f o u r  ma j o r  c a tego r i e s : 
( 1 )  t he impac t o n  the wa ter  env i r onme n t  r e s u l t i ng f r om 
d r edg i ng the s o u t h  s e c t o r  o f  the S a l t  Wa ter  Re s e r vo i r , ( 2 )  
the impac t o f  d r edg i ng a c t iv i ty a s s o c i a ted w i th the 
cons t r u c t i o n  of the o i l  p ipe l i ne ,  ( 3 )  sed ime n t  t r a n s po r t  

F r om t h i s  i t  c a n  be de te r m i ned d u r i ng wh i c h  w i thd r awa l 
c y c l e  the cave r n s  a r e  l i ke l y  to c o a l e sc e . 
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pr od uced by r un o f f f r om the con s t r u c t i o n  s i t es , a nd ( 4 )  
i n t r od uc t ion o f  chem i c a l  a nd b i o log i ca l  po l l u t a n t s  into  
s u r face wat e r s . The f o u r  s u bsec t io n s  wh i c h  fo l low p r o v i d e  
a d e s c r ipt i o n  o f  the se f o u r  ca tego r i es . 

3 . 2 . 1 . 1  Dr ed g i ng i n  the South Secto r o f  S a l t  Wa t e r  Re se r vo i r  

A s  noted i n  subse c t ion 1 . 3 . 1 . 4 ,  one m i l l i o n  c u b i c  ya r d s  o f  
ma te r i al wo u l d  be d r ed ged f r om the s o u t h  sec to r o f  S a l t 
Wate r Re se rvo i r  to i nc r ea s e  i t s  total  capac i ty to appr ox i ­
ma t e ly 2 5  m i l l i o n  ba r r e l s .  Cur r e nt p l a n s  c a l l f o r  a c l am 
shel l bucket  d r edge to be u sed , wi th the spo i l  t o  be 
depo s i ted i n  a c on f i ned a r e a  n e x t  to the ex i s t i ng r e se rvo i r . 
A sma l l  a rea of g r a s s l a nd a nd b r u s hwo od , amo un t i ng to 
app r o x ima t e l y  6 0  a c r e s  wo u l d  be u t i l i z ed for d i spo s a l  of 
d r edge spo i l . Con f i neme nt d i k e s  would  be co n s t r uc t ed s o  
that al l d r a i nage wo u l d  f low bac k i nt o  t h e  r e s e rvo i r  
i ts e l f  as d i s c u s sed i n  Chapte r 1 .  Th e c l ay so i l s  wh i ch 
unde r l i e  t h i s  d i sp o s a l  a re a  h ave be e n  e s t imated to h ave 
low pe rmeab i l i ty .  App r o x ima t e l y  3 0  feet o f  r e l a t ively 
impe rme ab l e  s i l t  and c l ay wo u l d  s epa r a t e  th i s  d i sp o s a l  
a r e a  f r om the u nd e r l y i ng Ch i c o t  Aq u i fe r  wh i c h  p r ov i d e s  
po table w a t e r  f o r  commun i t ie s . N o  wat e r  q ua l i ty impac t s  
t o  th i s  aq u i fe r  a r e  expe c t ed to be cau sed by l e a k i ng f r om 
the d i spo s a l  a re a . 

No s t ate s t and a r d s  o r  f ed e r a l  c r i te r i a  w o u l d  be appl i c a b l e  
bec a u se the r e s e rvo i r  i s  th e p r ope r ty o f  A l l i ed Chem i c a l  
a nd was o r i g i na l ly c o n s t r u c ted f o r  i nd u s t r i al u s e  onl y . 
No na tu r a l  water  bod i e s  i n  the v i c i n i ty wou l d  be a f fe c t ed . 
Wate r q u a l i ty wo u l d  be deg r aded i n  the r e s e rvo i r  d u r i ng 
and a f t e r  d r ed g i ng . Th e d ec l i ne i n  q ua l i ty wo u l d  c a u s e  
adve r s e  e f fe c t s  on or g a n i sms as  d e s c r i bed i n  S ubsec t io n  
3 . 4 .  Suspen s ion o f  sed ime n t  and subso i l  wo u l d  i nc r ea s e  
t u r b id i ty a nd r el ease  d i s so l ved o r  adh e r e nt subs tanc e s  
con t a i ned be tween sed iment and subso i l  pa r t ic l e s . The 
s ed ime n t s  a r e  p r obably u n u s u a l  i n  compo s i t ion s i nce the 
r e s e rvo i r  h as b e e n  u sed a s  a h o l d i ng pond f o r  br i n e  a nd f o r  
s u l f u r -c o n t am i na t ed a c id i c  water  f r om the 4 0-ac r e  s u b s ided 
a r e a  on the dome a nd a s  an aer a t i o n  pond f o r  r emov a l  of 
hyd r ogen s u l f id e  f r om wate r u sed in s u l f u r  m i n i ng the the 
l a t e r  1 9 6 0 ' s  ( s ee S ubsec t io n  2 . 2 ) . P a r t i c l e s  of the c l a y  
subso i l  typ i c a l  o f  the reg i o n  ( d i s c u s sed i n  S ubsec t ion 2 . 1 ) 

3- 1 2  



wo uld be l i k e l y  to rema i n  i n  s u spe n s ion fo r a r e l a t ively 
long pe r i od , po s s i b ly wee k s  or  mo n t h s .  L i k ew i se , d u r i ng the 
d r ed g i ng a nd f o r  a s im i l a r  pe r iod of t ime a f t e rwa rd s ,  the 
d i s so lved o xyge n leve l in t he r e s e rvo i r  should  be s ig n i f i c a n t l y  
d epl e t ed . Th i s  i s  d ue to t he h i gh COD o f  the ma t e r i a l s  
depo s i t ed i n  t he rese rvo i r  d u r i ng i ts use . 

3 . 2 . 1 . 2  Dr edg i ng f o r  t he O i l  P i pe l i ne Cons t r uc t ion 

Co n s t r uc t ion o f  the o i l  p i pel i n e  wo uld i nvolve d r ed g i ng 
ac r o s s  B ayou Choupique , the I n t r ac o a s t al Wate rway , W i ng 
Gul ly a nd Spr i ng G u l ly a s  ind i c a ted i n  F ig u r e  3 . 5 .  Fo r 
a l l  t h e s e  s t r e ams except the I n t r ac o a s t al Wate rway , buc k e t  
d r edg i ng wo uld b e  u t i l i z ed .  D r ed g i ng i n  t h e  I n t r ac oa s tal 
Wate rway wo uld be hyd r a u l i c  d r ed g ing . Spo i l  d i spo s a l  f o r  
a l l  s i tes  wo u l d  b e  in  co n f i ned a r e a s . Sma l l  a r e a s  o f  
g r as s l a nd o r  br u s hwo od wo uld be u t i l i zed fo r d i spo sal  o f  
d r edge spo i l . Bur i al o f  the p ipe l i ne would r e s u l t  i n  
t empo r a ry r emoval o f  vege t at i o n  and benth ic popul a t ions  
ac r o s s  abo u t  1 5 0 0  f e e t  o f  ma r s he s . Use  o f  an a l t e r na t e  
r o ute r un n i ng n or t h  o f  Go ose L a k e  and c r os s i ng t he I CW 
appr ox ima t e l y  2 0 0 0  f e e t  wes t o f  the c r o s s i ng u t il i z ed by 
the r o u te i n d i c a t ed in F ig u r e  3 . 5  wo u l d  avo id t he t empo r a r y  
e f fec t s  o f  a p i pe l i n e  ma r s h  c r os s i ng , b u t  w o u l d  r eq u i r e a n  
e x t r a  1 0 0 0  f e e t  o f  p i pe l i ne . 

D r edg ing i n  Bayo u Cho u p i que , W i ng Gul l y  and Spr i ng Gul ly 

The latter two streams a r e  unnav igab l e; Bayou Choup ique is 
c l a s s if ied, � s  nav ig�b l e  by th_e Corps of Eng i neer s ,  al though 
the c ro s s ing is two m i l e s  up str eam f rom the yea r-

round head o f  nav ig a t ion . For a l l  thr ee , the p ip e l ine wou l d  
be bur ied f rom 4 t o  5 f e e t  b e l o w  t h e  bottom surfac e . About 
1 0 , 0 0 0  cubic yards of dr edged ma t e r i a l  wou l d  be r emoved f rom 
Bayou Choup ique . Wing and S p r ing Gul l ie s  are each about 4 0  f e e t  
w i d e  and wou l d  each requ i r e  r emoval o f  5 , 0 0 0  cubic yard s o f  
ma t e r i a l . 

An i nev i table inc r e as e  i n  t u r b id i ty wou l d  o c c u r  i n  t h e se 
s t r e ams d u r i ng d r edg i ng ac t iv i ty .  I f  the bo t tom s ed ime nts  
are  po l l u ted a numbe r o f  po l l u t a n t s  wo u l d  be  r e l eased . Mos t  
r e s e a r c he r s  have c on c l ud ed t h a t  the d r edg i ng ope r a t ion , 
us i ng mod e r n  t ec h n i q ue s , h a s  l i t tl e  long - t e rm e f fe c t  on the 
wate r ove r ly i ng the sed ime nt s . 2 , 3 , 4 Th i s  appe a r s  to be 
the c a s e  eve n  whe n  the s ed ime nt s are h ighly po l l u ted . The s e  
i nve s t ig a to r s  r epo r t  th a t  some d r edg i ng ac t iv i t i es inc r ea s e  
wate r t u r b i d i ty a nd o the r pa r ame t e r s  to a v e ry m i nor deg r ee 
up to a m i l e  f r om the d r edge s i t e  u nd e r  ce r t a i n  cond i t ion s . 
O f  pr ima ry c onc e rn i s  the po s s i b i l i ty o f  ( 1 )  an  i n c r ease  i n  
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t ur b id i ty * , ( 2 )  a r ed uc t i on o f  d i sso lved o xyg en due to the 
i nc r ea s e  of chem i c a l  o x ygen demand f o r  the o x id a t io n  o f  
d r edged ma te r i al s , ( 3 )  the r e l e as e  o f  aq ua t i c  nutr i e n t s , ( 4 )  
th e  r el e a s e  o f  pe s t i c i d e s  o r  non-pe s t i c id e  to x i c  hyd r o c a r bon s , 
and ( 5 )  the r e l ea s e  o f  tox i c  metal s .  

( 1 )  T u r bid i ty 

The phy s i c a l  c ompo s i t i o n  o f  the bo t t om sed ime n t s  i n  the 
cav i ty o f  the d r edg i ng s i te s  i s  p r obably c l ay mate r i al s , 
wi th sand , s i l t , a nd o rg a n i c  debr i s  a l so p r e s e n t . I t  
sho u l d  be noted tha t  d r edg i ng f o r  the p r opo s ed p i pe l i ne 
wo uld i nvo lve t h r ee p r ev i o u s l y  und i s t u r bed s t r e am c h annel s ,  
( F i g u r e 3 . 5 ) . Thus  a ma j o r po r t i o n  o f  the d r edged sed iment 

wo uld ve ry l i ke l y  b e  r e l a t ively unpo l l u ted . The se c lays 
tend to be f i ne r g r a ined than the shal lowe r sed i me n t s , s a nd 
and s i l t . 

The v a r i a t io n  o f  settl i ng ve l o c i ty * *  wi th type o f  
s ed iment i s  shown i n  F ig u r e  3 . 6 .  A s  i nd i c a ted i n  
the f i g ur e , a c l ay pa r t i c u l a te wi th a d i ame ter o f  2 rn m 
wo uld h ave a se ttl i ng ve loc i ty o f  app r o x ima t e l y  0 . 0 0 3mm/se c ,  
c ompa r ed to 0 . 3mm/sec for  a s i l t  pa r t i c le w i th a d i ame ter 
of  2 0  mm . The pe r i od of  t ime an ind i v id ual pa r t i c l e  
r ema i ns i n  a tur b id i ty pl ume and the d i stance down s t r eam 
the pa r t i c l e  i s  tr anspo r ted wh i l e  i n  the p l ume a r e  
both app r o x i ma tely inve r s e l y  p r opo r t io na l  t o  t h e  settl i ng 
ve l oc i ty .  Th us a tu r b id i ty pl ume compo sed o f  c l a y  
pa r t i c l e s  c o u l d  i n  theo r y  pe r s i s t  for  a d i s tance o f  
seve r a l  m i l e s  wh i l e  a pl ume compo sed o f  s and pa r t i c l e s  
m i g h t  ex tend l e s s  than 1 0  fee t . 

S i nce buc k e t  d r ed g i ng i s  to be u sed , the s i z e  and d u r a t i o n  
o f  the tur b id i ty pl ume wo uld depe nd o n  the n umbe r a n d  s i z e  
o f  the d r edge s ope r a t i ng i n  t h e  a r e a , t h e  s k i l l  a nd conc e r n  
o f  the d r ed g i ng ope r ato r s , the leng t h  o f  t ime d u r i ng wh i c h  
d r edg i ng o c c u r s ,  bot tom sed ime n t  c h a r ac te r i s t i c s , a nd f l ow 

*Tu r b id i ty i s  a me a s u r e  o f  the amo unt o f  l ig h t  that w i l l  
pa s s  th r o ug h  a l iq u i d  and de sc r i be s  the deg r ee o f  opaque­
ne s s  pr od uced by a suspended pa r t i c u l a te mate r i a l . I n  
co n t r a s t  to tur b id i ty ,  meas u r ement o f  s u spended so l id s  
quant i f ie s  the a c t ua l  amo un t  o f  pa r t i c ul a te ma te r i al i n  
the w a te r . 
* *Se ttl i ng ve l o c i ty i s  the max imum downwa r d  speed a 
par t i c l e  would ach ieve i f  r e l e ased i n  a body o f  wa te r 
a nd pe rm i t ted to f a l l  wi tho u t  r e s tr i c t i o n s . 
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d r edg i ng occur s ,  bottom sed iment c h a r a c te r i s t i c s , a nd f l ow 
co nd i t ions . A measur ab l e  i nc r ea s e  in tur b id i ty c o u l d  occur  
fo r up to  o ne mile  down s tr eam f r om each d r ed g i ng s i te . 
The l a s t  o f  the l a r g e r  s uspended pa r t i c l e s  wo u l d  s e t t l e  o u t  
so o n  a f te r  d r e d g i ng c e a se s , p r oba b l y  wi th i n  a few days . 
S i l t  a nd c l ay pa r t i c l e s  m i g h t  be s uspe nded o r  pe r h ap s  
r e s uspe nded f o r  l onge r  pe r i od s . 

( 2 )  D i s so lved Oxygen 

In gener al , d r edg i ng r e l e a s e s  r ead i l y  o x id i z e d  o rg a n i c  
mater i al s  as  we l l  a s  o the r o x ygen c o n s um i ng s ub s ta nc e s . The 
d r e dg i ng wo u l d  r e l ease  an u n k nown amo unt of s uc h  ma te r i al s , 
r a i s ing the COD a nd thus  l owe r i ng the d i s s o lved o x yge n i n  
the w a te r c o l umn a n  undeterm ined amo un t .  Ava i l a b l e  wa te r 
qua l i ty d a ta ind i ca ted no s ig n i f i c a n t  p r o b l em o f  low d i sso lved 
o xyge n  leve l s  fo r Bayo u C ho up i que . 

( 3 )  Re l e as e  o f  Aqua t i c  N u t r i e n t s  

D r ed g i ng c o u l d  r e l e a s e  pho s pho r u s  and va r io u s  fo rms o f  
n i t r og e n  ( n i tr at e s , n i t r i te s , and ammo n i a ) . The r e l ease  o f  
the s e  mater i al s  c a n  induce the g r owth o f  a l a r g e  aqua t i c  
b i oma s s ,  typ i c a l  o f  e u t r oph i c * c o nd i t i o n s . 

( 4 )  P e s t i c ide s a nd To x i c  Hyd r o c a r bo n s  

Agr i c u l tur al a c t i v i ty near the r e ac h  o f  t h e  s t r eams unde r 
co ns ide ra t io n  co u l d  i n t ro d u c e  a deg r ee o f  po l l u t i on f r om 
pe s t i c i d e s  and hyd r o ca r b on s . D u r ing d r e d g i ng , these 
s u b s tances  could be r e l e a s ed . 

( 5 )  T o x i c  Me ta l s  

I n  gener al , l e ve l s  o f  " he av i e r "  me tal s ,  s uc h  a s  l e ad a nd 
me r cu r y ,  wh ich m ig h t  be p r e s e n t  c o u l d  a c t ua l l y  d e c r e a se 
d u r i ng dredg i ng ope r a t i o n s , a s  these me ta l s a r e  g e ne r al ly 
l e s s  s o l u b l e , pr ec ipi t a t i ng o u t  o f  the s u spe nded s o l id s  o r  
comb i n ing wi th s u l f id e s  t o  f o rm i n s o l u b l e  s a l t s . The 
l i g h t e r  me t a l s ,  l i ke n i c ke l , c h r om i um a nd z i n c , a r e  mo r e  
so l u b l e  and thus  l e s s  l i k e l y  t o  p r e c ipi t a te o u t  o n  the 
s u spe nd ed so l id s . T h u s , d r ed g i ng c o u l d  i n c r e as e  the 
c o n ce n t r a t io ns o f  l ig h t e r  me ta l s ,  wh i l e  the c o n ce n t r a t io n  
o f  he avy me ta l s  wo u l d  g ene r a l ly b e  red uced . 

* " E u t r oph i c " d e sc r i be s wa t e r  bod i e s  r i c h  i n  d i s s o l ved 
nu t r i e n t s . 
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( 6 )  S umma r y  

A n  inc r e a s e  i n  tu r b id i ty and chem i c a l  oxygen d emand ( COD ) 
( r e s ul t i ng i n  d e c r e a s e s  i n  d i s so l ved o x ygen leve l s )  would 
be expe c t ed . As these s tr eams have no t been d r edged 
bef o r e , r el e a s e  o f  to x i c mate r i a l s  should be m i n ima l . A 
s l ig h t  inc r e as e  i n  ce r ta i n  l ig h t e r  me tal s i n  the wa te r 
wo u l d  be expe c ted , but the mo r e  to x i c , heav i e r  me tal s 
c o n ce n t r a t io n  c o u l d  be s l i g h t l y  r ed u c ed . The se e f fe c t s  
wo uld red uce the water  q ua l i ty somewh a t  d u r i ng d r edg i ng 
and f o r a pe r i od o f  s eve r a l  days a f te r the comp l e t i on o f  
the d r ed g i ng ope r a t i o n s . 

D r edg i ng i n  the I n t r a c o a s t a l  Wat e r way 

The p i pe l i ne bur i a l  woul d be a t  l e a s t  1 5  f e e t  be l ow the 
bot tom o f  the canal  as  r equ i r ed f o r nav i g a b l e  wa t e r ways . 
About 7 5 , 0 0 0  c ub i c  ya r d s  o f  mate r i a l  would be d r edged . 
The d r edg i ng wo u l d  be pe r fo rmed u s i ng hyd r au l i c  d r edge s , 
thu s red uc i ng the r e s u l t i ng t u r b i d i ty pl ume to some 
e x te n t . Th e t u r b id i ty i n c r ease wo uld be one of the 
e x pe c t ed impac t s .  Some d e c r e a s e  in the d i s so l ved oxyge n 
l e ve l s  and i n c r ea s e s  i n  aqu a t i c  nu t r i e n t s  wo u l d  occ u r  due 
to r e le a s e  o f  oxyg en c o n s um i ng mate r i a l  ( i nc l ud i ng aquat i c  
n u t r i en t s )  f r om the sed iment . The pho spho r u s  leve l s  i n  
the water  co l umn a r e a l r eady h ig h , wh i c h  m i g h t  i nd i c a te 
h i gh sed iment leve l s  ( Ta b l e  D . 4 - 5 ) . Wa t e r  q ual i ty d a ta on 
the I n t r ac o a s tal Wa te rway a sho r t  d i s tance to the we s t  of  
the pr opo s ed p ipe l i ne c r o s s i ng i nd i ca te s  that l e ve l s  of  
seve r a l me t a l s  i nc l ud i ng a r se n i c  and me r c u r y  ex ceed the 
E PA s ugge s ted c r i te r i a5 . A l so , the l evel o f  n i c ke l , 
though i t  e xceeds  no nume r i c a l  c r i te r i a , appe ar s to be 
o u t s i d e  r e asonable l im i ts . As d i sc u ssed i n  gene r al 
e ar l i e r , r e l e a s e  o f  the se met a l s , e spec i a l ly the n i c ke l , 
c o u l d  be expe c t ed d u r i ng the d r edg i ng ope r a t i o n . Re lease  
o f  " h e av i e r " me t a l s  s uc h  as  the  a r se n i c  and  me r c u r y  m i g h t  
b e  m i n i m i zed to some d eg r ee b y  comb i na t i o n  w i th sed ime n t  
pa r t i c l e s  o r  w i th substanc e s  s u c h  a s  sul f id e s  wh i c h  m i g h t  
b e  pr e s e n t  i n  the sed imen t s . Le ve l s  o f  pe s t i c id e s , a s  
i nd i c a ted i n  T a bl e  D . 4 - 6 , a r e  e l eva ted above the E PA 
c r i te r i a  i n  th i s  po r t i o n  o f  the I n tr acoa s t al Wate rway . 
S u bsequentl y , t he sed iment i s  expe c ted to c o n t a i n  s i g ­
n i f i c a n t  amo u n t s  o f  the va r i o u s  c ompo und s , and d r edg i ng 
wo u l d  r e l ease some po r t io n  o f  the se i n to the water c o l umn . 
Th u s , some i nc r ease i n  pe s t i c id e s  c o uld be expe c t ed i n  the 
aqua t i c  f o od c h a i n . 
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D i spo sal  of  D r edged Mate r i a l  

C u r r e n t  d e s i g n s  c a l l  f o r  d i spo sal  i n  a c o n f i ned a r ea 
a d j a c e n t  to the s t r eams . The l and in  such  a r e a s  is  pr i ­
ma r i l y  ma r s he s . S ta nd a r d  p r ac t i c e  wo u l d  c a l l fo r r e te n t i o n  
o f  ex c e s s  w a t e r  b y  mean s o f  a we i r * f o r  s u f f i c i e n t  t ime to 
al low mo s t  o f  th e s u spended ma te r i a l  to se t t l e  o u t . A 
d r a i nage d i tc h  wo u l d  channel over f l ow wa te r  f r om the d i spo s al 
a r ea back i n to the bayo u s  o r  s tr eams . Th u s , i n  add i t i o n  to 
hav i ng a n  impac t o n  the c o n f ined d i spo sal  a r ea . the d i spo s a l  
ope r a t i o n  would  a l so have an imp a c t  o n  the o r ig i na l  body o f  
water . S i te spec i f i c  impa c t s  o f  the d i spo s a l  ope r a t i o n s  a r e  
pr o v id e d  i n  the d i sc u s s i o n  wh i c h  f o l lows . 

I mp a c t  on Bayo u Choup ique , W i n g  G u l ly , Spr i n g  G u l l y  and 
I n t r ac o a stal Wa te r way D i spo sal Ar e a s  

The impac t o n  the d i spo sal  a r ea i s  gene r a l ly a s s e s sed 
by de term i n i ng how po l l u ted the d r edged ma te r i a l  i s .  The 
l ev e l  o f  po l l u t i o n  of the d r ed g ed ma te r i al may be e s t ima ted 
f r om a s tudy o f  ava i l ab l e  sed iment and wa te r qual i ty d a ta . 

B a s i c  conce r n s  ar e ( 1 ) an i n c r e a s e  i n  the t u r b i d i ty 
o f  the wa ter , ( 2 )  a s i gn i f i c a n t  r e lease  o f  aqua t i c  
n u t r i en t s , ( 3 )  t h e  depr e s s i o n  o f  d i sso lved oxyg e n  level s ,  
( 4 )  the r e l ea s e  o f  to x i c  me tal s ,  ( 5 )  the r e l e a s e  o f  

pe s t i c id e s , o r  ( 6 )  the l o s s  o f  we tl and s h ab i ta t .  The 
g r ea te s t  impac t f r om i nc r e a s ed t u r b i d i ty and s u spe nd ed 
so l i d s  on the aqua t i c  r e so u r ce s  wo u l d  be r ea l i z ed in the 
d i spo s al of the d r edged mate r i al s .  The r e l a t ive impac t s  
o f  the suspe nded s o l i d s  on t h e  aqua t i c  s y s tems i s  i n  pa r t  
de te r m i ned by the me tho d s  o f  d i spo sal  and the d i s tance the 
s l ur r y  mu s t  be p iped i n  the c a se o f  hyd r aul i c  d r ed g i ng .  

( 1 )  T u r b i d i ty 

The d r edg i ng ope r a t i o n  would i nvo lve both buc k e t  d r ed ge s  
a n d  a hyd r a u l i c  d r edge w i th c u t t e r h ead . T h e  d r edged ma te r i al 
would be t r a n spo r ted v i a  p i pe l ine o r  barge to the d i spo sal  
s i t e s . The u s e  of  a hyd r au l i c  d r edge wo u l d  t e nd to mix  
mo r e  water  w i th the d r edged mate r i al .  P i p i ng t he m i x tu r e  
f r om the hyd r aul i c  d r edge mo r e  than 1 0 0 0  f e e t  w o u l d  a l s o  
tend t o  b r e a k  up the c l ay l ump s i n to smal l e r  pa r t ic l e s .  
T h u s , wi th i n  the co n f i ned d i spo s a l  a r ea a l a rge r i n c r ea se 

A we i r  i s  a ve r t i c al pa r t i t i o n  o r  ob s t r uc t i o n  i n  an 
open channel over  wh i c h  water  f l ows . 
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i n  tur b id i ty wo u l d  o c c u r . S i nce the d r edged ma te r i a l  i s  
to be r e t a ined i n  the c o n f i ned a re a s  fo r some pe r i od o f  
t ime i t  i s  an t i c i pa te d  that the level o f  s u s pe nd ed s o l i d s  
wo u l d  b e  r e d uced t o  below 8 g r ams pe r l i te r  p r i o r  t o  the 
wa te r r e tu r n i ng to the o r i g i n a l  wa te r bod i e s . 

( 2 )  Aqua t i c  N u t r i e n t s  

A s  ea r l i e r  d i sc u s s i o n  i nd i c a ted , t h e  po ten t i a l  f o r r e l e as e  
o f  w a t e r  q u al i ty d e g r ad i ng n u t r i e n t s , e s pe c i al l y pho s pho r u s  
and n i t r og e no u s  compo und s t o  the water  d u r i ng d i spo s al o f  
the d r edged ma te r i a l  i s  a r e a l  conce r n . The p r ima r y  
c on c e r n  i s  the deve lopme n t  o f  a n  e x t e n s ive i n c r e a s e  i n  the 
g r owth of aq u a t i c  b i oma s s  wh i c h  in tu r n  tend s to p r od u c e  
e u t r o ph i c  c ond i t io n s , e spe c i a l l y  f o r  a c o n f i ned a r ea . 

The re l e ase o f  n u tr i e n t s , pa r t i c u l a r l y  n i t r og e n , i n  
a c o n f i n e d  d i spo s al a r e a  c o u l d  enco u r ag e  the g r owth o f  
e x ce s s i v e  pop u l a t i o n s  o f  a l g ae and the con seque n t  deg r a­
d a t i o n  o f  wa ter  qual i ty .  

( 3 )  D i s s o l ved Oxyg e n  

B a s ed on expe r i en c e  o f  the C o r p s  o f  E ng i nee r s  i n  the 
I n t r ac o a s ta l  Wate r way , i t  wo uld appea r  l i ke l y  that the 
s ed i ments  would  r e l ease o xyge n-d emand i ng s ub s ta nc e s .  
The d i spo s a l  o f  d r edged ma te r i al s  in  a con f i ne d  a r ea and 
r e tent i o n  of th e a s so c i ated wa te r f o r  s u f f i c i e n t  t ime would 
avo id a harmful  depr e s s i o n  of  d i s s o l ved oxyg e n  ( DO }  leve l s  in  
ad j o i n i ng wa ter s wh i c h  wo u l d  occur  if  o xyge n-dema nd i ng 
s u b s tance s we r e  r e l ea sed i nto them . I f  the o xyge n-demand i ng 
sed i me n t s  a r e  d i sper sed ad equate l y  i nto a shal l ow r e te n t i on 
a r ea wh e r e  the ove r ly i ng water  may unde r g o  a tmo s phe r i c 
r e o xyge nat i o n , then the e f fe c t  wo u l d  be to s a t i s fy the o xyge n  
demand wi tho u t  r i s k i ng a wa te r qual i ty p r o b l em . The g r owth 
of algae in a c o n f i ne d  a r e a , s t im u l a ted by the r e l e a s e  o f  
n u t r i en t s  f r om the sed ime n t s , wo u l d  f ur the r a i d  i n  s a t i s fy i ng 
o xyg e n  demand s i nc e  algae p r od u c e  o xyge n  d u r i ng pho tosynthe s i s ,  
a l t h o ug h  c o n s um i ng o xygen d u r i ng pe r i od s o f  d a r kne s s .  

W i ndom6 o b s e r ved a s ig n i f i c a n t  inc r ea s e  i n  DO i n  
c on f i ned d i spo sal  a r ea s . I f  c a r e  i s  taken  i n  d e s ig n  o f  
the c o n f i neme n t  a r e a  s o  that the sed ime nt t r a n spo r t  wa te r s  
a r e  r e tur ned t o  the wa terway a f te r  s u f f i c i e n t  t ime s u s-
pe nded so l id s  wi l l  be depo s i ted a nd nut r i e n t s  w i l l  be 
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r emoved by algae , but  the a l gae popul a t i o n  w i l l  n o t  ye t 
h ave become s e n e s c e nt and d i ed . Then the r e tur n i ng 
t r anspo r t  water wou l d · be o f  good qual i ty w i th h ig h  o xygen 
a nd l ow n u t r i en t  conten t . Under  the s e  c i r c ums tance s ,  the 
c o n f i ne d  d i spo sal  a r e a  would  serve  much l i k e  an o x i d a t i o n  
po nd s im i l a r  t o  tho se u se d  f o r  many year s to t r e a t  mun i­
c i pal a nd i nd u s t r i al o r g a n i c  wastes . 

( 4 )  T o x i c  Me tal s Re l e a s e  

A s  d i s c u s sed ear l i e r , t h e  conce n t r a t i o n  o f  he avy me tal s 
i n  water u s u a l ly d e c r e a s e s  whe n  s u s pe nded ma tte r i s  p r e s en t . 
No s ign i f i c ant i n c r e a s e  i n  the leve l s  o f  these i n  the water 
is  expe c ted . 

( 5 )  P e s t i c i d e  Re l e a s e  

The c o n ce n t r a t i o n s  o f  pe s t i c i d e s  i n  t h e  w a te r  ( T ab l e  
D . 4- 6 )  o f  t h e  I n tr acoas tal Wate rway i nd i c ate tha t  a h i g h  
l e v e l  o f  pe s t i c id e s  i s  a l so l i k ely i n  the sed ime n t . Th u s , 
r e l e a s e  o f  some l evel o f  the s e  w i th i n  the d i spo sal  a r ea s  
and i nto the nea r by wate rway b y  e f f l ue n t  f r om the d i spo s al 
a r ea s  w o u l d  be expec ted . 

( 6 )  Lo s s  o f  We t l and s H a b i t a t  

The c on f i ne d  d i spo s a l  a r e as mu s t  be c apabl e  o f  c o n ta i n i ng 
a to t a l  o f  appr o x ima tel y 9 5 , 0 0 0  c u b i c  y a r d s  o f  d r ed ged 
ma ter i al f o r  the four s i te s . B a sed o n  the a s s ump t i o n  that 
the spo i l  can be s ta c k ed t o  a me an he ight  of f i ve f e e t , 
th i s  vo l ume o f  spo i l  wo u l d  r eq u i r e  a total o f  app r ox imately 
1 1 . 7  ac r e s  of d i sposal  a r e a . Tabl e 3 . 1  i s  a summa ry o f  the 
l a nd requ i r emen t s  for the s e  s i te s  ( l o c a ted near  p i pe l i ne 
c r o s s i ng s  shown i n  F i g u r e  3 . 1 ) . 

T ab l e  3 . 1  L a nd Requ i r eme n t s  f o r  Spo i l  D i sp o s a l  

S i te Ac r eage 

I nt r ac oa s ta l  Wate rway 
Bayo u C ho upique 
W i ng Gul ly 
Sp r i ng G u l ly 

To tal 
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( 7 )  S umma r y  

The impac t  o n  water qual i ty o f  the d r edged ma te r i al f r om the 
d i spo s al s i te s  should  c o n s i s t of i n c r ea s e s  in tu r b id i ty ,  
po s s i bly i n c r e a s e s  i n  n i tg r ogen and pho spho r i c and chem i c al 
o xyg e n  d emand ( COD ) , po s s i b ly l e ad i ng to a d e c r e a s e  i n  DO . 
H i gh COD l eve l s  c a n  be ave r ted by app r op r i a te r e te n t i o n  o f  
wa ter f r om the spo i l  f o r  a r e l a t i ve l y  l ong pe r i od ( p r obably 
months ) befo r e  it  is  r e l e a sed . The f l ow of s u r f a c e  water i n  
t h e  a r e a  m a y  a l s o  b e  a f fec ted , d epend i ng o n  t h e  l o c a t i o n  
and d e s i g n  o f  t h e  d i spo sal a r e a . T h e  to tal l and u t i l i z a t i o n  
fo r s po i l  d i spo sal  wo uld amo unt t o  1 1 . 7  a c r e s . T h e  impac t  
o f  the d r ed g i ng d i spo sal ope r a t io n  c a n  b e  loc a l i zed a nd 
m i n imi z ed by employ i ng the mo s t  r ecent  d r edg i ng technolog y  
4 , 7 , 8 , 9  

3 . 2 . 1 . 3  Impact o f  E a r th Moveme n t  

S e d i me n t  r epr e s en t s  t h e  maj o r  no npo i n t  so u r ce o f  w a t e r  
po l l u t i on o n  mo s t  c on s tr uc t i o n  s i te s , e spec i a l l y o n  tho se 
wh i c h  r eq u i red e x t en s i ve g r ad i ng . Sed ime n t  i nc l udes 
so l i d s  and o r g a n i c  mate r i a l s  d e t ached f r om the g r ound 
s u r face by e r o s i o n  and c a r r i ed i n to the d r a i nage sys tem 
pr i nc i pal ly by r un o f f .  The i n t r od uc t i o n  o f  sed iment i nto 
va r i o u s  n a t u r al bod i e s  o f  water  and the a s so c i ated t u r ­
b i d i ty a n d  s o l i d s  depo s i t i o n  r e s u l t  i n  nume r o u s  ad ve r s e 
phys i c al , chem i c a l , and b i o l og i c a l  e f fe c t s . Exc e s s  
s u spend ed s ed iment u l t imately r ed uc e s  the s to r ag e  capac i ty 
o f  waterway s , i nc r e a s e s  fl ood i ng h a z a rd s , f o u l s  and 
de s tr oys aqua t i c  hab i tats , imped e s  n av ig a t i o n , i nc r ea s e s  
wa ter tr e a tment c o s ts , d im i n i shes r ec r e a t i o nal a nd p r ope r ty 
val ue s , a nd i nc r ea s e s  the t r anspo r t  o f  o the r harmful  
po l l u t a n t s  such a s  human and  an imal waste s , pe s t i c i d e s , a nd 
pe tr o c h em i c al s . 

The s i t e p r epa r a t i o n  and c o n s t r u c t i o n  ac t i v i ty a t  S ulphur  
M i ne s  i nvo l v e s  a s ig n i f i c a n t  amount of  ea r th moveme n t . 
Because  o f  the app r o x imately 5 5  i nc h e s  o f  annual 
pr ec i p i t a t i o n  enc o unte r ed in th i s  r eg i o n  a s i g n i f i c a n t  
amo unt o f  ea r th c o u l d  b e  t r a nspo r ted f r om d i s t u r bed s u r face 
a r e a s  i n to the s u r r o und i ng s u r f a c e  water s y s tem . Some o f  
th i s  ea r t h  wo u l d  p a s s  i n to the pond s , r e s e r vo i r s  and ma r s hes  
i n  the  v i c i n i ty of  the  dome . Some f r ac t i o n  o f  the  sed ime n t  
w o u l d  p a s s  i n to Bayo u D ' I nd e  v i a  Br ims tone D i tch and d r a i nage 
pa thways to Br imstone D i tch . F r om the bayou some po r t i o n  
would u l t imate l y  r e ach the C a l c a s i e u  R i ve r . A t  the s to r ag e  
s i te app r o x imately 2 0  ac r e s  o f  l and wo u l d  b e  d i s t ur bed ; 1 9  
ac r e s  a s soc i ated w i th f i l l  ac t i v i t i e s  a n d  1 a c r e  a s s o c i ated 
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w i th excava t io n . Th i s  d o e s  not  i nc l ud e  the 6 0  ac r e s  to be 
f i l l ed w i th d r e dged spo i l  f r om the south  sec t o r  o f  Sal t 
Water Re s e r vo i r . 

3 . 2 . 1 . 4  Chem i c a l  a nd B i o l og i c a l  Po l l u t a n t s  

Nume r o u s  so l id and l iq u i d  p r o d uc t s , b o t h  o r g a n i c  and 
i no rg an i c , u sed i n  c o ns t r uc t io n  ar e a sou r ce o f  water  
po l l u t io n . The ma j o r  so u r c e s  o f  c o ns t r uc t io n- r e l a ted 
chem i c a l  po l l u t io n  c a n  be b r oad ly g r o uped und e r  the 
f o l l ow i ng head i ng s :  

o Pe t r o l e um produc t s  
o He r b i c i d e s  and pe s t i c i d e s  
o F e r t i l i ze r s  
o Me t a l s  
o S o i l  add i t ives 
o C o ns t r uc t io n  chem i c a l s  
o M i sc e l l aneous  wastes  

Of the se , pe t r o l e um p r o d uc t s ,  h e r b i c i d e s  and pe s t i c i de s , 
and f e r t i l i z e r s  appe ar to be the be s t  k nown and the be s t  
d o c umented so u r ce s  o f  chem i c a l  po l l u t io n .  

Po l l u t i on f r om pe t r o l e um p r oduc t s  g e ne r a l l y  o c c u r s f r om 
imp r op e r  d i sp o s a l  o f  w a s te mate r i a l s such as  c r a n k c a se o i l  
and var i o u s  c l e an i ng s o l v e nt s , l e ak age o f  f ue l s  and o i l  
f r om s to r ag e  f ac i l i t i es a nd damaged o r  imp r ope r l y  ma i n­
t a i ned veh i c l e s , f u e l  sp i l l s  d ur i ng e q u i pment r e f ue l i ng 
ope r a t io n s , a nd the u se o f  o i l s  f o r  d u s t  c o n t r o l  on 
r oadways . 

H e r b i c id e s  and p e s t i c id e s  a r e  u sed on some co n s tr uc t io n  
s i te s  t o  c o n t r o l  unde s i r ab l e  vege ta t i o n , i n sec t s ,  a nd 
r od e n t s . A maj o r  cause  o f  s ig n i f i c a n t  water  po l l u t io n  i s  
the impr ope r u se , hand l i ng , a nd d i sposal  o f  the se chem i c a l s .  
B i o log i c a l  mag n i f i c a t i o n  o f  c e r t a i n  chem i c a l s ,  e spe c i a l ly 
l o ng - l i ved chl o r i na t ed hyd r o c a r bo n s , c a n  r e s ul t f r om s uc h  
act i o n s . 

F e r t i l i z e r s  a r e  e x t e n s ively u t i l i z ed i n  the r evege t a t i o n  
o f  a r e a s  a f f ec ted b y  g r ad i ng ope r at io ns . L i ke h e r b i c i d e s  
a n d  pe s t i c ide s , the pr ima r y  c a u s e s  o f  d amag i ng po l l u t i o n  
a r e  impr ope r u s e , i . e . , app l y i ng too much fe r t i l i z e r  o r  
imp r oper  p r epa r a t i o n  o f  the g r o u nd s u r f ace pr i o r  to 
appl i c a t i o n .  

The b i o l o g i c a l  po l l u ta n t s  wh i c h  gener al l y  e n t e r  water  
bod i e s  as  a r e s u l t  of  c o n s t r uc t io n  ac t i v i t ie s  a r e  bacter i a , 
f u ng i ,  wo rms , v i r u s e s , and l e s s  p r ev a l e n t  o r g a n i sms . 
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B i o l og i c a l  po l l u t i o n  i s  p r ima r i l y  a r e s u l t o f  poo r  s an i t a r y  
c o nd i t i o n s  a t  a co n s t r u c t i o n  s i te - g e ne r a l l y impr ope r 
d i spo s a l  o f  human w a s t e s , g a r bage , and o the r o r gan i c  
mate r i a l . The d i s t u r bance , expo s u r e ,  a nd s ubse que nt 
e r o s i o n  of s u r face so i l s  that c o n t a i n  bacte r i a  and o the r 
o r g an i sms a r e  a l so c o n t r i b u t i ng f a c to r s . The b i o log i c a l  
po l l u t a n t s  o f  ma j o r  conc e r n  a r e  the patho g e n i c  o r ga n i sms 
a s so c i ated w i th h uman w a s te s . 

P r ed i c t io n  o f  the impa c t  o f  such chem i c a l  a nd b i o l o g i c a l  
c o n t am i na n t s  i s  q u i te d i f f i c u l t  because o f  the human 
e l emen t  i nvo lved . As sum i ng s tand a rd i nd u s t r i a l and 
c on s t r uct i o n  pr ac t i c e s  a r e  f o l l owed , the impa c t  o n  the 
wa te r env i r o nme n t  s h o u l d  be m i n ima l . 

3 . 2 . 2  Water  Qual i ty Impa c t s  D u r i ng F ac i l i ty Ope r a t i o n  

D u r i ng ope r a t i o n  o f  the fac i l i ty ,  water q u a l i ty i n  the 
v i c i n i ty of the dome wo u l d  be a f fec ted i n  thr ee ways . 
The f i r s t  e f fe c t  wo u l d  i nvo lve w i thd r awal o f  water  f r om 
the s u r face water  sys tem f o r  d i sp l a c i ng o i l  f r om the 
cave r n s . The se cond e f fe c t  r e s u l t s  f r om the d i spo s a l  o f  
the br i ne d i sp l a c e d  by o i l  i n  the cave r n s  d u r i n g  the f i l l  
ph a se . Th e th i rd e f fe c t  i s  concer ned w i th the d i scharge  
of  t r e a ted wa te r f r om the Bal l a s t  T r eatme n t  Sys tem . Th e s e  
thr ee e f fe c t s  a r e  d e s c r i bed i n  t h e  s ubse c t i o n s  wh i c h  
fo l l ow . 

3 . 2 . 2 . 1  W i thd r awa l o f  D i spl aceme n t  Wate r 

F o r  the S u lphur  M i ne s  Dome each d i spl ac eme n t  ope r a t io n  
r eq u i r e s  5 , 1 4 5  gpm o f  wate r ove r a 1 5 0-day pe r iod , 
amo u n t ing to a total  o f  2 5 . 2  m i l l i o n  ba r r e l s .  Th i s  water 
wo u l d  be pumped i n to the cave r n s to d i sp l ac e  the o i l  
s t o r ed t h e r e .  

Th e immed i a te so u r ce o f  d i splaceme nt wa te r , a s  shown i n  
F ig u r e  1 . 5  i n  Ch ap te r 1 ,  wo u l d  be the S a l t  Wa te r Re s e r vo i r  
w i th the i n take  po i n t  l o c a ted o n  the eas t bank o f  the so u t h  
s e c t o r . Ba sed o n  an annual  p r e c ip i ta t io n  r a te o f  5 5  i nc h e s  
a n d  a s u r f a c e  a r e a  o f  7 , 0 6 0 , 0 0 0  f ee t , t h e  r e s e r vo i r  sho u l d  
b e  r ep l e n i shed b y  r a i n f a l l a t  a r a te o f  appr o x im a t e l y  2 . 4  
mi l l i o n  bar r el s  d u r i ng the 1 5 0 -day d i spl aceme n t  pe r i od . *  
Ra i n f a l l wo u l d  t hu s  be i n s u f f i c i en t  to r e f i l l  the r e s e r vo i r . 

Th i s  a s s umes a ne a r  u n i f o rm d i s t r i b u t i o n  o f  r a i n f a l l 
d u r i ng the c o u r se o f  the year . 
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I f  the wa t e r  l eve l i n  the r e se r vo i r  i s  to be ma i n t a i ned a t  
a c o n s t an t  level , t h e  pr ima ry repl e n i s hment so u r ce wo u l d  
b e  the S a b i ne R ive r D ive r s i o n  Canal . I n  the e x t r eme c a se , 
the ent i r e  2 5  m i l l i o n  ba r r el s wo u l d  h ave to be r ep l aced f r om 
the canal . The impa c t  on S a b i n e  Rive r D i ve r s io n  C a n a l  due 
to w i thd r awal  o f  5 , 1 4 5 gpm ( app r o x ima tely 1 1 . 5  c f s )  of  wa te r 
d o e s  no t r ep r e se n t  a water  qual i ty o r  s upply p r o b l em .  The 
c a na l  was d e s i gned f o r  i nd u s tr i al use , and th i s  w i thd r awal 
r a t e , wh ich i s  l e s s  than 4 p e r ce n t  of i t s  i n i t i a l  c apac i ty ,  
wo u l d  be me t w i tho u t  r e s t r i c t i ng the wa te r ava i l a b l e  to a ny 
o the r cur r e n t  o r  p r o j ec ted water  u se r . 1 0  Wa t e r  qual i t y  
i n  t h e  canal  wo uld be be t t e r  t h a n  wa t e r  qual i ty i n  t h e  S a l t 
Wa te r Re s e r vo i r  (water  q u a l i ty i s  d i sc u s sed i n  S ubsec t io n  
2 . 2 ) a nd t h u s  wa ter ad d i t i o n s  t o  the S a l t  Wa t e r  Re se rvo i r  
f r om t he c a na l  wou l d  impr ove the r e s e r vo i r  w a te r  q u a l i ty .  
W i thd r awal s f r om the c a na l  wo u l d  n o t  a f f e c t  water  q u a l i ty 
i n  the canal  because the canal  wo u l d  co n t i nu o u s l y  d r aw 
wa ter  o f  l i k e  q u a l i ty f r om the S a b i ne R i ve r . 

I f  the wa ter  w i thd r awal  f r om the r e s e r vo i r  i s  no t m a tched by 
the r ep l acement  f r om the S a b i ne R iv e r  D ive r s i o n  C a na l , t he 
r e s e rvo i r  level  wo u l d  d r op . The r e s e r vo i r  level  wo u l d  be 
r e s to r ed a f te r  w i thd r awal ope r a t io n s  c e ased . S uc h  a p r oced u r e  
c o u l d  c o n s ume e s s e n t i a l ly t h e  ent i r e  v o l ume o f  wa te r i n  the 
r e s e r vo i r  and r ed u c e  the r e s e rvo i r  to a mud ho l e  if c a r r i ed 
to an e x t r eme . The imp a c t  o n  aqu a t i c  l i f e  i n  the r e s e r vo i r  
fo r th i s  c a s e  wou l d  b e  q u i te s ig n i f i c a n t , a s  d i sc u ssed i n  
S e c t io n  3 . 4 . 2 .  No s ig n i f i c a n t  impac t o n  water  qual i ty o r  
water  ava i l ab i l i ty i n  the S ab i ne R i v e r  D i ve r s io n  C a n a l  
Sys tem would b e  p r o d u c ed . 

3 . 2 . 2 . 2  B r ine D i spo s a l  

D u r i ng each f i l l i ng p r o c e s s  a t  the S u lphur  M i nes s i t e , 
2 6 7  ppt b r i ne would be d i spl aced a t  the r a te o f  2 , 9 0 0  g pm 
fo r a pe r i od o f  2 4 0  days . C u r r e n t  des ign c a l l s  f o r  the 
d i sp o s a l  of the br i ne by me ans o f  4 b r i ne- i nj ec t io n  wel l s  
spaced 1 , 0 0 0  f e e t  apar t ,  w i th each we l l  c apab l e  o f  a 
max i mum i n j e c t i o n  r a t e  o f  appr o x ima te l y  1 , 0 0 0  g pm ( S e e  
F i g u r e  1 . 5 ) . I n j ec t i o n  depths wo u l d  r a ng e  f r om 5 , 0 0 0  to 
7 , 0 0 0  f ee t . Th e po ten t i a l  e nv i r onme n t al p r o b l ems as so c i ated 
wi th subs u r f ace br i ne d i spo s a l  a r e : 
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o e a r thquake s ,  
o th e d ange r  o f  aqu i fe r  f r ac tu r e , 
o chem i cal , phy s ical , and b i o log i c a l 

compl i c a t i o n s  i n ter f e rence , 
o the contam i na t i o n  o f  f r esh g r o u nd water , 
o th e co n tam i na t i o n  o f  s u r f ac e  wa te r , 
o inte r fe r ence w i th o i l  a nd gas  we l l s . 

The impac t s  o f  e a r thqua ke s a r e  c o n s i d e r ed i n  S ubse c t i o n  3 . 1 .  

Aqu i fe r  F r ac t u r e  Analys i s  

A s a t i s fac tory r e s e r vo i r  f o r  s ub s u r face wa s t e  d i spo s al 
m u s t  po s se s s  adeq uate vol ume and have impe rmeable s t r a t a  
s uch as s h a l e  aq u i c l udes * above and below t h e  sto rage 
l a ye r . E x ce s s i ve pr e s s u r e  bu i l d up c o uld lead to aqu i c l ud e  
f r ac t u r e  and l o s s  o f  conta i nme n t . P r e s s u r e  bu i l dup 
d epe nd s upo n :  

o th e aqu i fe r  s i z e , 
o th e p ump i ng r a te , 
o the quant i ty o f  waste f l u i d , 
o the aq u i f e r  po r o s i ty ,  
o the aqu i f e r  pe rmeab i l i ty ,  and 
o clogg i ng agents  i n  the wa s te such as  

col l o i d s  o r  ma te r i al s  wh i ch s uppo r t  
ba c t e r i al g r owth . 

B r i n e  would be i n j e c t ed a t  a r a te o f  2 5 , 0 0 0  ba r r e l s  pe r 
day a t  each o f  the f o u r  we l l s . ( Th i s  i n j e c t i o n  r a te i s  
app r ox imately f o u r  t imes the r e i n j e c t i o n  r a te s  fo r the 
E a s t  Texa s o i l  f i e l d s . 1 5 ) The we l l s  wi l l  pr obably 
t e r m i n a te at d i f fe r e n t  l e vel s in 5 0 - foot and 1 0 0 - fo o t  
th i c k  aqu i fe r s  o f  th e M i o ce ne-Ol igocene sand s . The 
c har ac ter i s t i c s  of the se aq u i f e r s  are p r ov ided i n  
Tabl e 3 . 2 . 

A s s um i ng that th r e e  o f  the we l l s  i n j e c t  i n to 2 5 0 f e e t  
o f  aq u i f e r  a n d  one in j e c t s i n to 3 0 0 feet o f  aq u i fe r , the 
total br i ne d i spo sal  capac i ty has  been c a l c u l a ted ( s ee 
Appe nd i x  D . 7 ) . Th e bas i c  equ at i o n s  g ove r n ing the 
beh av i o r  of sl i g h t l y  c ompr e s s i b l e  f l u i d  in po r o u s  

*An aq u i c l ude i s  a g e o l og i c  f o rmat i o n  so impe ne t r ab l e  
t h a t  f o r  a l l  p r a c t i c a l  p u r po s e s  i t  c omp l e t e l y  o bs t r uc t s  
the f l ow o f  g r ound water ( a l tho ugh i t  may b e  s a tu r a ted 
w i th water i t sel f ) . 
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Tabl e 3 . 2  Cha r a c te r i s t i c s  o f  8 M i o c e ne-Ol i g o c e ne Aqu i f e r s  
i n  the Vic i n i ty o f  S u l phur M i ne s  P r opo sed f o r  
U s e  i n  B r i ne D i sposal . 

To tal Th ic k n e s s  o f  D i sposal S and s 1 , 0 5 0  f e e t  

Compo s i te Re se r vo i r  C h a r a c te r i s t ic s  

Eq u ivalent  D i ameter  1 5 , 8 4 0  - 2 3 , 7 6 0  f e e t  

Ave rage Depth 

Th i c k n e s s  

In i t i al P r e s s u r e  

No r mal P r e s s u r e  G r ad i e n t  

F r a c t u r e  P r e s sur e G r ad i e n t  

Tempe r a tu r e  

Po r o s i ty 

Ave rage Pe rme ab i l i ty 

We l l  Cond i t i o n s  

D i ame te r 

Sur f a c e  F l ow Ra te 

F l u i d  P r ope r t ie s  

Vi scos i ty 

Comp r e s s i b i l i ty ( e f fec t ive ) * 

Dens ity 

* I nc l u d e s  wa te r and r o c k . 
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6 , 0 0 0  f e e t  

5 0  - 1 0 0  f e e t  

3 , 0 0 0  p s i g  

0 . 5  p s i/f t 

0 . 7 5 p s i / f t  

5 4 o c ( 1 3 0 ° F )  

3 3 %  

1 .  0 0  d a r cy 

5 i nches 

2 5 , 0 0 0  BPD pe r we l l  

0 . 5 5 0  c e nt ipo i s e s  

l o - 5/p s i  

1 0  ppg 



med i um we r e  used . 1 1  The c h a r a c te r i s t i c s  o f  the f i el d  
and the r e s u l t i ng c apac i ty a r e  p r e sen ted i n  Table 3 . 3 .  
Th e c a l c u l a ted c apac i ty o f  2 3 5  m i l l i o n  ba r r e l s  i s  nea r ly 
tw i c e  the to tal  amo u n t  o f  b r i ne to be i n j e c t ed i n  f i ve 
cyc l e s  ( 1 2 0  m i l l i o n  bar r e l s ) . Thu s , i n  terms  o f  to tal 
c apac i ty ,  t he aqui fe r s  appe a r  capa b l e  of ho l d i ng the tot al 
vo l ume of br i ne d i sch a r g ed du r i ng the u se of the f ac i l i ty .  

As d e s c r i bed i n  Appe nd i x  D . 7 ,  the ave rage p r e s s u r e  i n c r ea s e  
i n  t h e  aqu i fe r s  fo r o n e  cyc l e  o f  t h e  d i spl aceme n t  p r o c e s s  
wo u l d  be 9 1 . 5  p s i . F o r  t h e  f u l l  f i ve cycl e s , i f  no leak age 
o c c u r s  f r om t he aqu i �e r s , the ave rag e p r e s s u r e  inc r e a s e  
wo u l d  t h u s  be 4 5 7 . 5  p s i .  I t  i s  impo r ta n t  to no te , howeve r , 
tha t the t h i c kne s s  o f  the sand s v a r i e s  f r om we l l  to we l l , 
r ang i ng f r om 2 5 0 to  3 0 0  f e e t  total  pe r we l l . I f  each w e l l  
i n j e c t s  t h e  same t o t a l  vo l ume o f  b r i ne ,  t h e  ave r age pr e s s u r e  
bu i l d up i n  each r e s e rvo i r  w i l l  b e  i nve r se l y  propo r t i o na l  
b o t h  to the s a nd t h i c k ne s s  and t o  the squa r e  o f  the equ i va l e n t  
d i ame te r . As  l ong as  t h e  a r eal e x t e n t  o f  the aqu i fe r  i s  5 
square  m i l e s  o r  mo r e ,  howeve r , f r a c t u r e  p r e s s u r e  w i l l  not be 
r e ached . Dur i ng ope r a t i o n , p r e s s u r e  w i l l  be mo n i to r ed t o  
p r eve n t  t h e  f r ac t u r e pr e s s u r e  f r om be i n g  e x c eeded . 

Chem i c al a nd Phy s i cal  Co n s i de r a t i on s  

The p r eced i ng c ompu t a t i o n s  a r e  based o n  c e r t a i n  add i t i o n a l  
a s s ump t i ons . F i r s t , n o  depo s i t  o f  s l i g h t l y  i n so l ub l e  
ma te r i al i s  p r e s e n t  to c lo g  up the po r o u s  f o r ma t i o n s  
a bo u t  the wel l b o t toms . ( The b r i ne s e t t l i ng pond i s  des igned to 
el i m i na te th i s  pr o b l em . ) I t  i s  a l so as sumed tha t no 
b i o l o g i cal  g r owth w i l l  r e nd e r  the po r o u s  sands impe rmeab l e . 

The v a r i o u s  a s s ump t i o n s  n o t ed we r e  nece s sa r y bec a u se o f  
the c u r r en t  l a c k  o f  d a t a  t o  pe rm i t  mo re de ta i l ed comp u t a­
t io n s . S uch c omp u t a t i o n s  c annot be pe r fo rmed u n t i l  ( 1 )  
c ompl e te c hem i cal , phy s i cal  a nd b i o l o g i c a l  analyses  have 
been cond uc ted on the br i ne to be i n j ec t ed ; ( 2 )  chem i c a l  
analyses  a re mad e o n  the w a t e r  w i th i n  t h e  aqu i fe r ;  a nd ( 3 )  
co r r o s i ve e f fe c t s  o f  the br i n e  upo n me tal s o f  the d i s po s al 
sys tem a r e  eval ua t ed . S uc h  analyses are n e ce s s a r y  because  
of  thr ee po ten t i a l p r o b l em a r e a s . 1 2 , 1 3 , 1 4 , 1 5 , 1 6 , 1 7 

( 1 )  I ncompa t i b i l i ty o f  wa te r s  
( 2 )  Wa te r - s e n s i t ive f o rm a t i o ns 
( 3 )  Wa t e r  q u a l i ty c o n s i d e r a t i o n s  

Add i t i onal  d i sc u s s i o n  o f  the poten t i a l p r obl ems r e s ul t i ng 
f r om chem i c a l  and b i o l og i c a l  reac t io n s  o c c u r r i ng d u r i ng 
i n j ec t i o n  i s  pr ov ided i n  Appe nd i x  D . 8 .  
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Tab le 3 . 3 B r i ne S to r age C apa c i ty a t  S u l phu r M i n e s  

L e n g t h  o f  D i sp o s a l S i te 4 m i l e s  

W i d th o f  D i sp o s a l  S i te 4 m i le s  

Ar e a  o f  D i sp o s a l  S i te 1 6  m i l e s 2 

Th i c k n e s s  o f  D i sp o s a l  S a nd s  1 , 0 5 0  f e e t  

Gr o s s  Vo l ume o f  D i sp o s a l  S a nd s  1 .  6 7  x 1 0 1 1  f t 3 

Net Vo l ume o f  D i sp o s a l  S a nd s  1 5 . 7  x 1 0 9 b b l s  

Al lowab l e  Ave rage P r e s su r e  I nc r e as e  1 5 0 0  p s i  

B r i ne D i sp o s a l  C apac i ty 2 . 3 5  x 1 0 8 b b l s  



The i n j e c t ion p r oce s s  wo u l d  i nc r e a s e  the s a l i n i ty o f  the 
aqu i f e r s  invo lved to a sma l l deg r ee . 1 8  S a l i n i ty i n  
the se aq u i fe r s  i s  es t imated t o  r a ng e  f r om 3 5  - 4 5  ppt . 
The i n j e c t ion o f  1 2 0 x 1 0 6 b b l s  o f  br i ne w i th a s a l i n i ty 
o f  2 6 7  ppt wo u l d  c a u se an i n c r e a s e  o f  app r ox ima t e l y  1 . 8  
ppt ove r the p r e s e nt l evel based on the as sumpt i o n  o f  
comp l e te m i x i ng .  Th i s  ( 4  t o  5 % )  i nc r ea s e  appe a r s i n s ig n i ­
f i c ant . 

Contam i n a t i o n  o f  F r e sh G r ound Wa te r and S u r f  ace Wa te r 

F r e s h  g r ound wate r  may be co n t ami na ted by l e a k ag e  t h r oug h 
u n k n own aq u i fe r  con nec t io n s  o r  f a u l ts , aqu i c l ud e  f r a c t u r e , 
poor l y  pl ugged o l d  wel l s , and we l l  blowo u t . S u r face wa t e r  
i s  mo s t  l i k e l y  t o  be con t am i na t ed t h r ough po o r l y  pl ugged 
old we l l s  or we l l  b lowo u t . The d a ng e r  of b lowo u t  may be 
m i n i m i z ed by us i ng d e nse mud a s  a p l ug g i ng agent if the 
h a z a rd i s  known . 

As n o t ed i n  Appe nd i x  D . 7 , t he po s s i b i l i ty e x i s ts that 
br i ne i n j e c t ion c o u l d  po s s i b l y  cause po l l u t ion o f  shal low 
f r e s h  g r ound wat e r  zones if  abandoned wel l s  at S u l ph u r  
M i nes pe rm i t  f low t o  s ha l low aqu i fe r s  f r om the br i ne 
i n j ec t ion z o n e . Th i s  c o u l d  o c c u r  i f  th e o l d  we l l  c a s i ng s  
a r e  c o r r oded a nd the r e f o re open i n  both the f r e s h  wat e r  
aq u i f e r s  and br i ne i n j ec t io n  z o n e s . 

The l o c a t ion o f  pr opo sed br i ne d i sposal  we l l s i s  i nd i c a ted 
in F ig u r e  1 . 8 .  A s tudy o f  o i l  a nd gas  maps o f  the Lo u i s i ana 
Depa r tme nt o f  Conse rva t ion has  r e v e a l ed 4 0  abandoned we l l s 
d r i l l ed to depths g r e a t e r  than 5 , 0 0 0 feet  w i th i n 5 , 0 0 0 f e e t  
o f  the i n j ec t ion wel l s . 

The Lo u i s i a na Depa r tme nt o f  Cons e rv a t i on r e qu i r e s  that 
a t  l eas t two a nd some t ime s three ceme nt plugs be pl aced i n  
a wel l a t  ab ando nme nt . One o f  the p l u g s  mu s t  be p l aced a t  
the base o f  the f r e s h  wate r aqu i f e r  and i s  spec i f i c a l ly 
des igned t o  p r otec t the f r e s h  water f r om a ny c o n t am i na t ion 
d u e  to l e a k ag e  o f  fl u id s  f r om below . I n  ad d i t io n , t he 
we l l  bore  below t h i s  c ement p l ug mu s t  be l e f t  f u l l o f  a 
l iq u id that i s  o f  su ff i c i e n t  d e n s i ty to r e s i s t  the p r e s s u r e  
g r ad i en t  o f  the fo rma t io n s  b e l ow t h e  p l ug a nd t h u s  prevent 
f low i nt o  the o l d  we l l  bo re . Many t ime s , th i s  f l u id 
r ema i n i ng i n  the wel l i s  a g e l  mud wh ich te nd s  to th i c k e n  
and h a r d e n ,  a nd bec ome impe rmeab l e  w i th t ime . Th i s  
f u r the r red uc e s  the p o s s i b i l i ty o f  l e a k ag e . 
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A p r el im i na r y  ana l y s i s  o f  l e a kage f r om a d i spo s a l  aqu i fe r  
th r o ugh a n  impr ope r l y  pl ug ged abandoned o i l  we l l  has  been 
c a r r i ed out ( see Appe nd i x  D . 7 ) . The r a te of l ea k ag e  
depe nd s e n t i r e l y  o n  t h e  a s s umpt i o n s  made c o n ce r n i ng s uc h  
p a r ame te r s  a s  aqu i fe r  pr e s s u r e a t  the t ime o f  l e a k ag e , 
d i s ta nce f r om i n j e c t ion we l l s , e f fe c t i ve d i ame t e r  o f  the 
l ea k i ng we l l , and th i c kn e s s  open to f l ow in both d i spo sal  
aqui fer  and f r e s hwater aqui f e r . I n  the  analys i s , a 0 . 0 1-
i nc h  wide leak is a s s umed to ex i s t be f o r e  br i ne d i spo sal  
beg i ns . Total  lea k age i s  fo und to be  smal l ,  w i th 5 0  
bar r e l s  o f  b r i ne e scaping ove r a 3 year pe r i od . 

I n  ge ner al , g iven a l ea k y  we l l  and s u f f i c i e n t  time , a ny 
l e a k  wi l l  r e sul t i n  some o f  the wa te r s to r ed i n  the d i spo s a l  
aq u i fe r be ing d i s c h ar ged i n to ano the r aqui f e r . T h e  l ea k ag e  
w i l l  s top w h e n  the two aqu i fe r  p r e s s u r es equal i ze . I f  the 
d i sc h a r g e  i s  f r om a l imi ted r e s e r vo i r  i n to a sh a l l ow f r esh­
water aq u i fe r , the vo l ume of  l ea k ag e  could be app r o x imately 
e q u i v a l e n t  to the v o l ume of b r i ne o r ig i na l l y  i n j ec ted . 

T o  avo id the po s s i b i l i ty o f  l e a k ag e  o f  any type , the 
r e c o r d  o f  the abandoned we l l s  in  the v ic i n i ty o f  the 
b r i ne d i spo s a l  f i e l d  woul d be chec k ed to i n s u r e  tha t  i t  
was pr ope r l y  pl ugged . Bec a u se the br i ne d i sposal  r e s e r vo i r s  
po s s i b ly a r e  upl i f te d  by the dome , i t  i s  e s se n t ia l  that 
aband oned we l l s c omp l e ted a t  d epths sh al l owe r than the 
d i spo s al r e s e r vo i r  a l so be c he c k ed . I f  any we l l s  a r e  
f o un d  to be imp r o pe r l y  pl ugge d , they wo u l d  b e  r epl ugged i n  
a c co r dance  w i th the p r o ce d u r e  p r ev i o u s l y  o ut l i ned . I f  a 
s u b s t a n t i a l  numb e r  o f  the we l l s appe ar to need repl ugg i ng , 
i t  may be ad v i sab l e  to move the i n j e c t i o n  s i te .  

As no ted i n  the p r ec ed ing pa r ag r aph , the br i ne d i spo s al 
r e se r vo i r  may be upl i f ted ne a r e r  the sur f a c e  in the v i c i n i ty 
o f  the dome . I n  s uch a s i t u a t i o n  br i ne i n j ec ted i n  the 
d i sp o s a l  z one c o u l d  be f o r c e d  up c lo se to the s u r face o r  
co u l d  fo r c e  ex i s t i ng sal i ne wa te r  i n to the r e se r v o i r  near e r  
t h e  s u r f ace . As d e s c r i bed i n  Appe nd i x  D . 7 ,  a t  anothe r s a l t  
d ome in  Lo u i s i a n a  br ine wa s i n j e c ted i nto a permeable 
f o r ma t io n  ne a r  the d ome , the sal i ne wa ter o r i g i na l ly i n  the 
fo r ma t i o n  beg a n  to f l ow to the s u r f a c e  as  a r e s u l t  o f  the 
i n c r e a s ed r e se r vo i r  p r e s s u r e . To s top the upwa r d  f l ow the 
i nj e c t io n  p r oce s s  was ha l ted and a new a nd d e epe r d i sp o s a l  
sy s tem w a s  b u i l t .  A t  S u lphur Mi n e s  t h e  capr oc k i s  l e s s  t h a n  
4 0 0  f e e t  b e l o w  t h e  s u r face . T h e  po s s i b i l i ty that the 
d i sposal  r e se r vo i r s , f r om 5 , 0 0 0 to 
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7 , 0 0 0  f e e t  bel ow the sur f a c e  and app r ox imately o ne m i l e  
f r om the dome , c o u l d  b e  r a i sed u p  near the s u r f a c e  ove r 
the dome should be inve s t i ga te d . I f  such a s i tu a t i o n  
ex i s t s , i n j ec t i o n  p r e s s u r e  b u i l dup c o u l d  ca u se s u r face o r  
n e a r  s u r f ac e  d i sch a r ge o f  sal i ne wa te r ( s a l i n i ty e s t ima ted 
at 3 5  to 4 5  ppt d i s so lved s o l i d s )  wh i c h  c o u l d  po l l ute 
f r e sh w a te r  in the a r e a . 

I n t e r fe r e nc e  w i th O i l  and G a s  We l l s  

Lou i s i a na r u l e s  and r eg u l a t i o n s  pr event b r i ne i n j e c t i o n  i n to 
o i l  and g a s  r e s e r vo i r s  e x c ept when p r e s c r ibed p r oced u r e s  
a r e  f o l l owed . I n  s uc h  c a s e s , the b r i n e  s e r ves t o  o f f se t  
the p r e s s u r e  l o s s  i n  the r e s e r vo i r  d ue to the r emoval o f  
o i l  and g a s . I n  g e ne r a l , d i spo s al we l l s  mu s t  be d e s ig ned 
to avo i d  i n adve r tent  i n j e c t i o n  i n to o i l  and gas s a nd s  
u n le s s  pr i o r  c l ea r ance i s  o bt a i ned ( see Appe nd i x  D . 7 ) . 

T h e  p r opo sed z one o f  b r ine  i n j ec t io n , f r om 5 , 0 0 0  t o  7 , 0 0 0  
f e e t  d o e s  ove r l ap the o i l  and g a s  p r oduc i ng i nt e r va l  
( 3 , 0 0 0  - 7 , 6 0 0  f ee t )  at  S u lphur M i ne s . Br i ne d i spo sal  a t  

S u lphur M i ne s  s h o u l d  n o t , h oweve r ,  adve r se l y  a f fe c t  
ex i st i ng ove r a l l  o i l  a nd g a s  p r o d uc t i o n . Tho s e  a r e a s  w i th the 
g r eates t d e n s i ty o f  p r od uc i ng we l l s a r e  ge ne r a l ly 7 , 0 0 0  
f e e t  o r  mo r e  f r om the p r opo sed l i ne o f  d i spo s a l  we l l s . I t  
i s  pos s i b l e  tha t  pr e s su r e  bu i l d up i n  the d i spos a l  s a nd s  
wou l d  be a c c ompan i e d  by s l i g h t  p r e s s u r e  i n c r e a s e s  i n  o i l  
a nd g a s  s tr a t a . Th i s  c ou l d  bene f i t  ove r a l l  hyd r o c a r b o n  p r oduc t io n  
by r ed uc i ng the e f f e c t  o f  pr e s s u r e  l o s s  d ue t o  o i l  a nd gas  
deple t i o n .  The e f fe c t s  o n  i nd i v i du a l  we l l s , h owe v.e r , wo u l d  va r y . 

S umma r y  

Ba sed o n  ava i l able d a t a , c omb i ne d  w i th t h e  a s sump t i o n s  
no ted i n  the p r e c ed i ng pa r ag r aphs , t he M i o c e ne-Ol i g ocene 
aqu i fe r s  appe a r  to have the nec e s s a ry total capac i ty to 
a c c ommo d a te the total vo l ume of b r i ne to be d i spo sed . 
Becau se the d i sp o s a l  s i te i s  we l l  r emoved f r om both pr oduc i ng 
a nd aba ndoned we l l s , i n ter f e r en c e s  w i th o i l  and g a s  pr od uc t io n  
sho u l d  b e  s l i g h t  a nd the potent i a l  f o r  leakage f r om i mp r o pe r ly 
p l ugged aband oned we l l s i s  smal l . The q ue s t i o n  o f  we l l  
p l ug g i ng o r  c logg i ng c a nn o t  b e  r i go r o u s l y  a n swe r ed u n t i l  the 
n ec e s s a r y  c hem i c a l  and b i ol o g i c a l  a na ly s i s have been compl e ted . 
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3 . 2 . 2 . 3  D i sc h a r g e  o f  Wa te r f r om Bal l a s t  T r e atme nt Sys tem 

As no ted in Chap te r 1 ,  each tank e r ,  p r i o r  to r e c e i v i ng 
o i l  a t  the tan k e r  d o c k  at S u n  O i l  T e r m i nal , wo u l d  d i scharge 
a v o l ume of  bal la s t  wate r amo u n t ing to 20  pe r c e n t  of  i t s  
total capac i ty .  Th i s  wate r would normal ly have been 
pumped i nto the tan k e r  wh i l e  at sea and the r e f o re would  be 
sal i ne ("-' 3 0  ppt ) . The bal l a s t  wa te r a f te r  d i sc h arge f r om 
the tan ke r would  pass  thr ough the ex i s t ing bal l a s t  water 
t r e a tmen t  sys tem wh ich i s  d e s igned to con f o rm to Texas  
wa te r q ual i ty s tanda r d s . 1 9  T e x a s  s tand a r d s  r equ i r e  th a t  
n o  vi s i ble f i lm o f  o i l b e  produ ced o n  the wa ter s u r f a c e . 
The conce n t r a t ion o f  o i l  nec e s s a r y  to p r oduce such a f i lm 
is not p r e c i se l y  e s tabl i shed but ava i l able e xpe r imental 
data2 0  i nd i ca te s  that o i l sheen v i s i b i l i ty beg i n s  to o c c u r  
i n  the 5 -1 0 ppm range o f  o i l  conc e n t r a t i o n . T h e  sal i n i ty o f  
the water  w o u l d  n o t  be a f f e c ted by the t r e a tment p r o c e s s . 
Th e tr eated bal l a s t  wate r wo u l d  be d i scharged i nto the 
Neches Rive r at a r a te of 2 . 2  f t . 3/sec or 3 3 , 0 0 0  bpd . 

As d e s c r ibed i n  Chap t e r  1 ,  the tr eated bal l a s t  wate r 
would  e n t e r  the N e c h e s  River  v i a  a sma l l  d r a i n age d i tc h  
i mmed i a te l y  d owns t r e am o f  t h e  doc k fac i l i ty o n  the s o u the r n  
ba n k  o f  the r iv e r . The d imens ions  o f  t h i s  d i tch a r e  not 
spe c i f i ed at t h i s  t ime n o r  i s  i ts total d i scharge  r a te o r  
the f l ow ve l o c i ty o f  the d i s c h a r ged f l u id . The d i tch was 
a s s umed to c o n t a i n  only the tr eated bal l a s t  wate r f r om the 
tan k e r s  a s s o c i ated w i th the t r an spo r t  o f  o i l  f r om the 
S u l phur M i n e s  fac i l i ty .  Th u s , the d i scharge r a te was 
taken as 2 . 2  f t3 / s e c  w i th a sal i n i ty of 3 0  ppt and an 
o il conce n t r a t ion of  7 . 5  ppm . The r ive r f l ow vel o c i ty wa s 
take n at 0 . 7 6 5  f t/ s e c  based o n  the m i n imum f l ow r ate 
repo r ted d u r ing the wa te r ye a r  1 9 7 5 2 1  the r i ve r depth 
wa s a s s umed to vary f r om 5 feet ne a r  the sho r e  to 4 0  f e e t  
in the nav ig a t i on c hannel . 

The d i scharge cond i t ions  wh ich have been d e s c r i bed a r e  
ide nt ical to tho se u sed i n  a p r e v i o u s  anal ys i s 2 2  w i th 
the excep t i o n  that the r a te o f  d i scharge i n  the c a se under 
cons ide r a t ion i s  only 8 8 %  o f  that used i n  the p r ev i o u s  
s tudy . I n  tha t ea r l i e r  s t ud y , t he d i sc h a r g e  p r oc e s s  was 
shown to have a m i n o r  impac t on the r ive r . Th u s , i n  the 
c u r r e n t  c a se w i th a sma l l e r  d i sc h a r g e  r a te , t he impa c t  
wo uld log i c al ly d e c r e a se , and s ho u l d  b e  o f  e v e n  l e s s  
s ig n i f icance . 
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3 . 3 A I R  QUAL ITY 

3 . 3 . 1  S o u r c e s  of  Emi ss i on s  D u r i ng Cons t r uc t i on 

The cons t r u c t i o n  o f  the p r opo sed o i l  s to r age f ac i l i ty 
a t  S u l phur M i ne s  would r e s u l t i n  ve h i c le emi s s i o n  and 
f ug i t i ve d u s t  a l ong the p ipe l i ne r ig h t- o f -way a nd at the 
d ome and S un Te r m i nal l oc a t i o n s . Many o f  the se emi s s io n s  
would b e  i n s i gn i f i cant and would  exe r t  a neg l i g i b l e  imp a c t  
o n  l o c a l  amb i ent a i r  q ua l i ty .  A s umma r y  o f  t h e  type s o f  
so u r c e s  ex i s t i ng d u r i ng s i te con s t r uc t i o n  ac t i v i t i e s  i s  
l i s ted i n  the f o l l ow i ng : 

o S i te P r epa r a t io n  
o Unpaved Road s 
o Paved Road s 
o He avy-D u ty , D i e se l -Powe red Equ ipme n t  
o L i g h t- D u ty Veh i c l e s  
o S t o r ag e  T a n k  P r epar a t i on 

a .  S u r f ac e  G r i nd i ng 
b .  Pa i n t  and/or P r ime r Appl i c a t i o n  

T h e  deg r ee o f  c o n s tr uc t io n  ac t i v i ty would depe nd o n  
e x i s t i ng s i te c o nd i t i o n s . The cons tr uc t ion o f  acce s s  
r oad s o r  the e x te n s i o n  o f  e x i s t i ng r oad s would  r e s u l t  
i n  f ug i t i ve d u s t  em i s s i o ns d u r i ng i n i t i al g r ad i ng ope r a­
t i on s . The s e  em i s s io n s  wo u l d  cont inue d u r i ng s ub seq uent 
d a i l y  u sage i f  ac c e s s  r oad s a r e  no t paved . Fug i t ive 
d u st em i s s i o n s  wo u l d  a l so be gener a ted d u r i ng c on s t r uc ­
t io n  d u e  t o  s i te p r ep a r a t i o n  ac t i v i t i e s  s uc h  as  l a nd 
c l e a r i ng a nd g r ad i ng . 

Ve h i c u l a r em i ss i o ns d u r i ng s i te cons t r uc t io n  ac t i v i t ie s  
wo uld a r i se d ue t o  the u se o f  heavy-d uty c o ns t r uc t i o n  
e q u i pment such  a s  bu l ld o ze r s ,  c a t e rp i l l a r s , and g r ad e r s . 
Em i s s i o ns d ue to the use o f  n o rmal , l ig h t- d u ty veh ic l e s  
such  as  p i c k up t r u c k s  and a u tomo b i l e s  a r e  a l so ant i c i pa ted . 
Dr i l l  r ig s  would  be u sed d u r i ng cons t r uc t io n  i n  th e p r e ­
pa r a t io n  o f  ( 1 )  new we l l  h o l e s  i nto ex i s t i ng cav i t i e s , a nd 
( 2 )  b r i ne i n j e c t io n  we l l s . Emi ss i o ns emana t i ng f r om the 
above so u r c e s  i nc l ud e  par t ic u l a te s , s ul f u r  ox i d e s  ( S03 
a nd S02 ) ,  c a rbon mo no x id e  ( CO ) , non-me thane hyd r o c a rbons 
( NMHC ) , n i t r og e n  o x id e s  ( NOx as  N02 ) ,  and smal l 
amo un t s  o f  a ld e hyde s and o r ga n i c  a c id s .  A c t ua l  emi ss i o n  
s t r eng ths wo u l d  b e  a func t i o n  o f  f u e l  u se p r e f e r e nce , that 
i s ,  g a so l i ne , or  d i e s e l . 
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A f i nal s o u r ce o f  c o n s t r u c t i o n  emi s s i o n s  i nvo lves  the 
g r i nd i ng a nd s u bsequent pa i n t i ng o f  the l a rg e  s to r ag e  
tank s .  T h e  pa i n t i ng o f  the s e  tan k s  wo u l d  compr i se a 
s i gn i f i c an t  so u r ce o f  hyd r o c a r bon vapo r s  d u r i ng appl i ­
c a t i on . Th i s  ac t iv i ty may b e  r epeated d u r ing the ope r a­
t i o na l  phase as  a pa r t  o f  r o u t i ne s i te ma i n tenance 
ac t iv i t i e s . 

The fo l l ow i ng p a r ag r aphs d e s c r i be the deve l opment o f  
sho r t- and long-term em i ss i o n  r a te s  s u i table fo r u se ( 1 )  
i n  the subseque n t  impac t  analys i s , and ( 2 )  i n  a compa r i ­
son o f  the r e l a t ive impo r tance o f  each o f  the con s t r uc­
t i o n  so ur ce s . Appe nd i x  A c o n ta i n s a l i s t i ng of the sho r t ­
a n d  long - t e r m  emi ss i o n  r a te s  fo r tho se so u r ces i nc l uded i n  
t h e  ma thema t i c a l  mode l i ng analys i s ,  wh i l e  Table 3 . 4  
l i s ts the annual tonnage em i s s io n s  fo r a l l s o u r ce s . 

S i te P r epar a t i on 

The extent  o f  f ug i t i ve d u s t  em i s s i o n s  d u r i ng c o n s t r uc t i on 
ope r a t i o ns is  dependent l a rg e l y  upo n the so i l  s i l t  c o n t e n t  
a n d  t he ar id i ty o f  t h e  s i te c l imate . T h e  U S E PA h a s  
devel oped an app r o x i ma te em i s s io n  fac to r fo r c o n s t r u c t i o n  
ope r a t i o n s  o f  1 . 2  tons  o f  f ug i t i ve d u s t  pe r ac re o f  con­
s tr uc t i o n  pe r mo nth of  ac t i v i ty 2 3 . Th i s  fac to r  i s  
ba sed upo n mode r a t e  ac t i v i ty l eve l s ,  mod e r a te s i l t  conten t , 
and a sem i a r i d  c l imate . As such , th i s  fac to r  sho u l d  be 
con s e rv a t ive fo r u s e  in C o a s ta l  Lo u i s i a n a  whe r e  the 
c l imate i s  humi d , a nd the so i l  i s  we t and ma r shy . At 
S u lphur M i ne s , the dome s i te wo u l d  compr i se 1 0 0  a c r e s , 
wh i le 1 3 0  a c r e s  wo u l d  be ut i l i zed a t  the S un Te rm i na l . I n  
ad d i t i o n , 6 4  ac r e s  o f  d r y l and r i g h t- o f -way a r e  requ i r ed 
fo r p ipe l i ne cons tr uc t i o n . 

Fo r the p u r po s e  o f  c a l c u l a t i on s , i t  i s  a s s umed t h a t  the 
emi s s i o ns a r e  c o n t i n u o u s  d u r i ng the cons t r uc t io n  phase and 
tha t the y wou ld be conse r v a t i v e l y  r ep r esen ted by po i nt 
so ur c e s . P ipe l i ne em i s s i o n s  we re n o t  mode l ed a s  they 
o c c ur ve r y  d i f fu s e l y  a nd s po r ad i ca l l y  over long d i s tanc e s  
and t he i r  r e s u l tant  i mpac t o n  l o c a l  amb i en t  a i r  qual i ty i s  
f e l t  to be i n s i g n i f i c an t .  The natur e o f  the s e  so u r c e s  
do e s  n o t  p r o ve ame n ab l e  to shor t-term mod e l i ng analyse s , 
henc e , the emi s s i o n s  a r e  o n l y  i nc l uded i n  the annual  
c a l c u l a t i o n s . 

Unpaved Road s 

The u se o f  unpaved roads  d u r i ng the cons tr uc t io n  ph a se 
wo u l d  r e s u l t i n  f ug i t i ve d u s t  em i s s i o n s . Th e U S E PA h a s  
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Table 3 . 4  Annual Tonnage E m i s s i o n  Rates a t  S ul ph u r  M i n e s  Du r i ng C o n s t r uc t i o n . * 

Annual * *  Em i s s i o n s  ( To n s ) 
S o u r c e  o r  Ac t i v i ty 

HC P a r t i cu l a t e  S02 N02 c o  
S i te P r epa r a t io n  - 2 3 2 4  - - -

U npaved Ro a d s  - 5 0 7 9  - - -

P ave d Roa d s  - - - - -

H eavy Du ty , D i e s e l  
P owe r e d  E q u i pme n t ( ! ) 0 . 3  0 . 3  0 . 3  0 . 6  1 .  4 

L igh t-Du ty Veh i c l e s  0 . 6  - - 0 . 6  6 . 9  

S u r f ace G r i nd i ng T a n k s  - 3 . 5 - - -

P a i n t ing - T a n k s ( 2 )  6 . 9  - - - -

T o t a l  - C o n s t r uc t i o n  7 . 8  7 4 0 7  0 . 3 1 .  2 8 . 3  

* I n c l u de s  c o n s t r u c t i o n  a c t i v i t i e s  a t  d ome a nd t e r m i n a l  s i t e s  and a l o ng p i pe l i ne 
r ight-o f-w ay . 
* * I f  ac t i v i ty per s i s t s  f o r  l e s s  tha n  a yea r ( e . g . , pa i n t i ng - t a n k s )  then t o t a l  
emi s s ions  f o r  th i s  s ho r t e r  pe r i od a r e  l i s ted . 
1 .  The  dome and t e r m i n a l  s i t e s  c o n s i d e r ed a s  i ndependent c o n s t r uc t i o n  s i te s  o f  
equal mag n i tude . 
2 .  Two co a ts o f  p a i nt . 



a l so devel oped a r e l a t io n sh ip s u i tab le fo r the deve l opme n t  
o f  an em i s s i o n  f a c t o r  fo r f ug i t ive d u s t  l o s se s  r e s ul t i ng 
f r om ve h i c u l a r  t r a f f i c  ove r unpaved s u r f a ce s ( E PA 1 9 7 6 ) . 
A s amp l e  cal c u l a t io n  based upo n a typ i c a l  s i l t  c on t e n t  o f  
1 2  pe r c e n t  f o r  a g r avel r oad , a n  ave r age veh i c le speed o f  
3 0  m i l e s  pe r ho u r  and typ i c a l  r eg i onal r a i n f al l t r e nd s  
y i e l d s  a n  em i s s ion f a c t o r  o f  6 . 9  po unds per v e h i c l e  m i l e  
fo r t h e  We s t  H a c k be r r y s i te . Fo r ty pe r c e n t  o f  t h i s  
m a te r i al wo u l d  compr i se ve r y  l a rg e  ( > 3 0  mm )  par t i c ul a te s  
w h i c h  c a n  be ignored . The annual tonnage em i s s io n  r a te 
c o n t a i ned i n  Table  3 . 4  i s  ba sed upo n an ave r ag e  d a i l y  r oad 
u sag e r a t e  in te rms of veh i c l e -m i l e s . At S u lphur M i ne s  
the r e  w o u l d  be 4 m i l e s  o f  a c c e s s  r o ad s  a t  t h e  dome s i te 
I t  i s  as sumed tha t hal f the roads a r e  paved a t  e a c h  
l o c a t i o n  a n d  t h a t  1 5 0  wo r k e r s  use t h e  ro adways . The 
annual to nnage em i s s i o n  r a t e  was then c a l c u l a ted by 
a s s um i ng t h a t  each empl oyee t r ave l s  tw i c e  the a c c e s s  r o ad 
d i s ta nce da i ly d u r i ng a 2 6 0  day wo r k  year . These s o u r c e s  
a r e  o n l y  e xpe c ted to have a v e r y  l o c a l  impac t on amb i e n t  
a i r  q ual i ty a n d  h a v e  not  b e e n  i n c l uded i n  t h e  mode l i ng 
an al y s e s . 

P aved Ro ad s 

Paved r o ad s a r e  a l so a m i no r so ur ce o f  pa r t i c u l a te emi s s io n s . 
Cowh e r d  and Mann2 4  h ave devel oped f ug i t i ve d u s t  em i s s io n  
r a tes fo r veh ic u l a r  u sage o f  paved s u r fa ce s . The s e  r a t e s  
a r e  depe nd e n t  upo n  l o c a l  l and use  fac to r s  a n d  v a r y  f r om 
abo u t  1 to 1 5  g r ams pe r veh i c l e  m i l e  o f  pa r t i c u l a te s  
l e s s  tha n 3 0  m m  i n  d i ame te r . The impac t o f  th i s  s o u r c e  i s  
neg l ig i b l e , a n d  h a s  n o t  been inc l uded i n  t h e  pr e s e n t  
mode l i ng a n a l ys i s . T h e  c a l c u l a t i o n  o f  t h e  annual t o nn ag e  
em i s s i o n  r a te p r e s e n ted i n  Table 3 . 4  i s  b a s e d  upo n the 
a s s ump t io ns d i s c u s sed i n  the pr eced i ng pa r ag r aph and an 
em i s s io n  f a c to r of 7 . 5  g r am s  pe r veh i c l e  m i l e . 

He avy-D u ty , D i e se l -Powe r e d  Co n s t r uc t i o n  Equ ipment 

E xhau s t  em i s s ions  c a n  be ant i c ipated due t o  the u se of 
he avy-d u ty c o n s t r uc t i o n  equ ipme n t . Annual tonnage em i s s io n  
r a tes have b e e n  c a l c u l a ted based upo n typ i c a l  equ ipme n t  
u s ag e  fac to r s  wh i c h  a r e  p r ovided i n  T a b l e  3 . 5 ,  a n d  t h e  
emi s s i o n  fac to r s  devel oped b y  the US E PA2 3  a nd pr e se n t ed 
i n  Table 3 . 6 .  The eq u i pme n t  u sage fac to r s  pr e s e n ted i n  
Table 3 . 5  a r e  repr e se n t a t ive o f  a pub l i c  wo r k s  c o n s t r uc ­
t i o n  s i te fo r f ive d i s t i n c t  pha s e s 2 5 . 
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Table 3 . 5  Typ i c a l  U s ag e  F a c to r s *  o f  Equ ipment in P ubl i c  Wo r k s  Con s t r uc t io n .  

-

Co n s t r� c t i o n  Ph ase 
E q u i p me n t 

C l e a r i n i:: E xc avat i o n  F . . I Ere c t i o n  F i n i s h i n g  o u n ca t 1 o n  I '----· 

O f f - H i g hway T r u e !< . 1 6 ( 2 ) " * . 1 6 . 4 ( 2 )  . 2 ( 2 )  . 1 6 ( 2 )  

W h e e l e d  Le ade r . 3 . 4  • 2 - . 1 6 

T r a c k l n y i n g  Lo a d e r  . 0 4 . 4  . 0 4 - . 04 

S c ra p e r  . 08 - •) . 0 8  . 0 8 . � 

H o l l e r  - - . 0 1  . 5 . 5  
}l o t o r  G r a d e r  . 0 8 - - . 2  . 0 8 

W h e e l e d  Doz e r  . 1 7 ( 2 )  . 4 ( 2 ) . 2 - . 1 6 ( 2 )  

�l i u cc: 1  l a n e o u s  . 4  . 5 . 6  . 5  . 4  
----· 

I F r a c t i o n  o f  h r� . nt 
s i t e f o r  e a c h  . 1 4 .  . 14 . 2 9 . 2 9 . 1 4 
p h :u ; e  

* f rac t i o n  o f  t h e  h o u r s  a t  t h e  s i t e  p e r  i t e m .  

* * N umb e r s  i n  p a r e n t h e s i s  r � p r e s e n t  a ve rage n umb e r  o f  i t ems i n  u s e  i f  t h e  
n u n1� e r  i ti  grea t e r  t h a n  o n e . B l a n k s  i n d i c a t e  z n ro o r  v e r y  r a re us a �c . 

A v er a ge U s n r. P.  F a c t o r  Per Equ i pme n t  P e r  
Co n s t r u c t i o n  Pe r i o d  

. 4 7 

. 1 8 

. 0 8 

. 1 0 

. 2 2 

. 0 8 

. 2 6 

. 5 0 
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Table 3 . 6  Em i s s ion F a c t o r s *  f o r  He avy-Du ty , D i e s e l -Powe red Cons t r uc t i on E q u ipme n t  

·-

TRAC KLAY ING WH EELED WH EELED MOTOR WH E ELED TRAC KL!\. Y I NG OFF-H I GHWAY 
POLLUTANT TRACTOR TRACTOR DO Z E R  SCRAP E R  GRAD E R  LOADE R  T P.UCK 'rRU C K  ROLLE R 

co 1 7 5  9 7 3  3 3 6  6 6 0  9 7 . 7  2 6 1  7 2 . 5  6 1 0  8 3 . 5 

HC* * 5 0 . 1  6 7 . 2  1 0 6  2 8 4  2 4 . 7  8 4 . 7  1 4 . 5  1 9 8 ·  2 4 . 7  

N0 2 6 6 5  4 5 1  2 2 9 0  2 8 2 0  4 7 8  1 0 0 0  2 6 5  3 4 6 0  4 7 4  

Aldehyd e s  1 2 . 4  1 3 . 5  2 9 . 5 6 5  5 . 5  1 8 . 8  4 . 0  5 1 . 0  7 . 4  

S02 6 2 . 3  4 0 . 9  1 5 8  2 1 0  3 9  8 2 . 5  3 4 . 4  '.' 0 6  3 0 . 5 

)? a r t i c u l a te 5 0 . 7  6 1 .  5 7 5  1 8 4  2 7 . 7  7 7 . 9  2 6 . 4 1 1 6  2 2 . 7  

* g r ams pe r hour 

* *  exhaust hyd r oc a r bons 

M I SCE LLAHEOUS I 
-

1 8 8  

7 1 . 4  

1 0 3 0 

1 3 . 9  

6 4 . 7  

6 3 . 2  



Th e US EPA2 3  has  i nd i c a ted t h a t  a t  a d i s tance o f  1 0 0  
me te r s  f r o m  a h i g hway , annual  N0 2 c o nc e n t r a t i o n s  wo u l d  
no t b e  a l t e r ed and o ne-ho u r  CO concen t r a t io n s  wo u l d  b e  no 
g r e a t e r  than 4 0  g /m3 . As  a r e s ul t , combu s t i o n  em i s s io n s  
f r om these so ur c e s , a s  we l l  as  f r om the l i g h t-d u t y  veh i c l e  
so ur c e s  d i sc u s sed i n  the fo l low i ng sec t io n , a r e  expe c t ed 
to h ave a m i n im a l  i mpact o n  the amb i ent a i r  qual i ty and 
a r e  not i nc l uded in the mode l i ng analys i s . Annu a l  to nnage 
em i s s io n  r a tes  for these so u r c e s  are i n c l ud ed in Table  
3 . 4  based upo n 2 , 0 0 0  hour s of  annual  veh i c l e  ope r a t i o n . 

L i gh t-D u ty Veh i c l e s  

E x hau s t  em i s s io ns c a n  a l so be an t i c i p a ted a t  each o f  the 
p r opo s ed s i te s  d ue to the u se of au tomo b i l e s  and l i g ht-duty , 
gaso l i ne powe r e d  t r uc k s  by emp loye e s . The a s s ump t i o n s  
nece s sa r y  fo r the deve l opme nt o f  em i ss i o n  f a c to r s  a r e  the 
same as tho s e  emp l oyed in the p r eced i ng p a r ag r ap h s  on the 
use of o ns i t e  r oad s wi th the add i t i o n  of the as s ump t i o n  
t h a t  a 5 0 /5 0 spl i t  e x i s t s  be tween automo b i l e s  and l i g h t- ­
d u ty2 3  t r uc k s .  T h e  em i s s i o n  fac to r s  r e comme nded b y  the 
US EPA fo r c a l e nd a r  ye a r  1 9 7 2  veh i c l e s  a r e  pr e sen ted i n  
T a b l e  3 . 7  and a r e  u s e d  t o  deve l op t h e  s i te - spe c i f i c  
e m i s s i o n  r a te s .  

D r i l l R ig s  

D i es e l  powe r e d d r i l l  r i g s  wo u l d  b e  r equi r ed d u r i ng the 
cons tr uc t io n  phase fo r the pr epa r a t i o n  o f  the sa l t  d ome 
c av i t ie s  and fo r deve lopme n t  o f  the b r i ne d i spo s al wel l s .  
Tab l e  3 . 8  s umma r i z e s  US EPA em i s s i o n s  d a ta fo r po r t able 
we l l  d r i l l i ng equ ipme n t  and is  appr opr i ate fo r u se in  
e s t imat ing po l l u tant l e ve l s  a s so c i ated w i th cons t r uc t io n  
d r i l l i ng ope r a t i o n s . 

An nual  to nnage em i s s i on r a te s a t  S u lphur  M i ne s  h ave been 
deve l oped u s i ng the a s s ump t i o n s  that ( 1 )  the r i g s  have a 
to t a l  r at ed h o r sepowe r o f  1 5 0 0 , ( 2 )  the r ig s  ope r a te a t  7 5  
pe r c e n t  o f  c apac i ty and ( 3 )  fo r 2 0  ho u r s  pe r day d u r i ng 
the con s t r uc t i o n  phase . Sho r t- t e r m  mode l i ng c a l c u l a t i o n s  
h ave be en pe r fo rmed f o r  th i s  po i n t  so u r ce u t i l i z i ng the 
em i s s i o n  r a te s  pr e sen ted in Appe nd i x  A .  S o u r ce buoyancy 
h as been a s s umed to be neg l ig i b l e  i n  the c a l c u l a t i on s . 
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Tabl e 3 . 7  S ummary o f  Ro ut i ne Veh i c u l a r  Em i s s i o n s *  

VEH I CLE co D E S CR I PT I ON 
A u t o mo b i l e  3 6 . 9  

L i g h t - D u t y  
G a so l i n e -

4 2 . 8  
Powe r e d  
T r u c k s  

..,_ _____ 

* g r a m s  p e r  m i l e  
* * e x ha u s t  h y d r o c ar b o n s 

HC * *  NO n so2 � 

3 . 0  4 . 6  0 . 1 

3 . 4  5 . 3  0 . 2 

-

·-

-

_, P a r t_i cu l a  t e 

. 
0 . 5  

0 . 5  



T a b l e 3 . 8  Em i s s io n  F a c to r s  F o r  D i e se l -Powe r ed 
Ind u s t r i a l  Equ ipmen t  

Em i s s io n  Fac to r s  
Po l l u tant  ( g/hp · h r )  

co 3 . 0  

E x h au s t  HC 1 . 1  

N0 2 1 4 . 0  

Al de hyde 0 . 2  

S0 2 0 . 9  

Pa r t i c u l a te 1 . 0  

S u r f ace G r ind ing - T a n k s  

D u r i ng t he cons t r uc t i o n  pha se , i t  i s  an t ic ipa ted tha t  the 
s to r age tan k s  wo u l d  be b l a s ted w i th ab r a s ives  p r i o r  to the 
appl i c a t i on o f  l ig h t-col o r ed p a i n t . The use of a b r a s ive s 
r e s u l t s  i n  the em i ss i o n  o f  f ug i t ive d u s t . Appr o x imate l y  1 
p e r c ent  o f  the app l i ed ma te r i a l  i s  em i t ted i n  t h i s  manne r 2 6  
As sump t i o ns nece s s a r y  f o r  the d e te rm i na t i o n  o f  an annu a l  
tonn age em i s s io n  r a te f o r  th i s  so u r ce inc l ud e : ( 1 )  the 
ab r a s ives  appl i c a t i o n  r a te , ( 2 )  total  tank s u r f a c e  a r ea , 
and ( 3 )  t he ac t ual wo r k  r a te . C a l c u l a t io n s  o f  pa r t i c u l a t e  
g r ound l e v e l  c o nc e n t r a t io n s  a r e  made f o r  s ho r t - t e r m  
av e r ag i ng pe r i o d s  u s ing a po i n t  so u r ce a s s ump t io n .  

P a i n t ing - T an k s  

The appl i c a t i o n  o f  pa i n t  t o  the ESR s to r ag e  tan k s  d u r i ng 
the co n s t r uc t io n  phase would r e s u l t  i n  the em i s s i o n  o f  
hyd r oc a r bo n s  d ue t o  evapo r at ive l o s se s . The r a te o f  
em i s s io n  i s  depend e n t  upon the same v a r i ab l e s  a s  d i sc u s sed 
fo r s u r f ace g r ind i ng o f  the tan k s  excep t f o r  the ac tual  
em i s s i o n  f a c t o r  fo r p a i n t  appl i c a t i o n . The US EPA 2 3  
r ecomme nd s  an em i s s io n  fac to r o f  1 , 1 2 0  po und s o f  hyd r o ­
c a r bo n s  pe r to n o f  pa i n t  appl ied . Sho r t- te rm 
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mode l i ng c a l c u l a t i o n s  have been made u s i ng a po i n t  so u r ce 
appr ox imat i o n . Th i s  a s sump t i o n  has  a sma l l i mp a c t  o n  the 
ac c u r acy of the r e s ul t s , pa r t i c u l a r l y  ove r the sho r t- t e rm , 
r e s u l t ing i n  s l ig h t l y  c o nse r v a t ive p r ed i c t ions  c lo s e  to 
the s o u r ce . I t  i s  a s s umed tha t  two c o a t s  o f  pa i n t  wo u l d  
be appl i ed . An nual  to nnage em i s s io n  r a te s  a r e  p r e s e n ted 
in T a b l e  3 . 4 .  

3 . 3 . 2  S o u r c e s  o f  Em i s s i o n s  D u r i ng Ope r a t i o n s  

The ope r a t io na l  p h a s e  i n c l ud e s  a two-pa r t  s c e n a r i o  c omp r i sed 
o f  ( 1 )  the i nj e c t i o n  of c r ud e o i l  i n to the s a l t  dome c av i t i e s  
and ( 2 )  the subsequent ex t r ac t i o n  o f  the o i l  a t  a f u t u r e  d a te 
a s  r eq u i red by demand . The maj o r i ty o f  the p o l l ut a n t  em i ss io n s  
a s s o c i at ed wi th these ac t i v i t i e s  wo u l d  ent a i l  evapo r at ive 
l o s s e s  o f  g a seo u s  hyd r o c a r b o n s  f r om exposed l iq u i d s u r faces  o f  
c r ude o i l . 

Othe r ope r a t i o na l  phase em i s s i o n s  i nc l ude veh i c l e  e x h au s t s  and 
f ug i t i v e  d u s t  due to the r o u t i n e  ope r a t i o n  o f  p r o j e c t  ve h i c l e s . 
Comb u s t i o n  con t am i nan t s  wo u l d  a l so o c c u r  d u r i ng the unl oad i ng 
and l o ad i ng o f  o c e an-go i ng tan k e r s  s i nce s h i p  bo i l e r s  m u s t  
o pe r a te to s uppl y  sh i pboa rd powe r . Th e fo l l ow i ng s e c t i o n s  
wo u l d  ca tego r i z e  p r o j ec t  em i s s i o n s  i n  te rms o f : ( 1 )  t an k e r  
l o ad i ng , un l oad i ng and bal l a s t i ng ;  ( 2 )  tan ke r and tug e ng i nes ; 
( 3 )  s u r g e- s to r ag e  and ( 4 )  p ip e l i ne pumps s e a l s a nd val ve s . 

The fo l l owi ng pa r ag r aphs d e sc r i be the devel opment o f  em i ss io n  
r a tes  fo r ope r a t i o n al phase ac t iv i t i e s  a t  the S u l ph u r  M i nes 
dome and S un Te r m i n a l . Annual tonnage em i ss io n  r a te s  a r e  
p r e s en ted fo r a l l s o u r c e s  i n  Tab l e  3 . 9 .  

Veh i c l e  Emi s s i o ns 

E xhau s t  and f ug i t i ve d u s t  em i s s i o n s  d ue to the gene r a t i o n  o f  
l i g h t  d u ty veh i c l es on s i te r o adways a r e  a s s umed to have 
the same em i s s i o n  f a c t o r s  ( T abl e 3 . 5 )  as d i sc u s sed i n  
S e c t i o n  3 . 3 . 1 . 

T a nk e r  L o ad i ng 

The l o ad i ng o f  ta n k e r s  d u r i ng the ope r a t i o n a l  phase o f  the 
p r og r am wo u l d  be a maj o r  so u r ce of hyd r oc a r bo n s  d ue to 
evapo r at i ve lo s se s . 2 4 , 0 0 0 , 0 0 0  ba r r e l s  o f  c r ude o i l  wo u l d  be 
d i s t r i b u ted d u r i ng the 1 5 0  d ay d r awdown pe r i od w i th 6 0  pe r cent  
o f  the  to t a l  b e i n g  s h i pped f r om the S u n  T e r m i n a l  f ac i l i ty by 
6 5 , 0 0 0  dwt ( 4 5 0 , 0 0 0 b a r r e l ) t a n ke r s . 
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Table 3 . 9 Annual  T o nnage E m i s s io n  Rates  a t  S u lphu r M i ne s  D u r i ng F i l l  a nd D r awdown* 

S o ur ce o r  Ac t iv i ty 

T a nke r L o ad i ng 
VLCC to T a nke r 

T a nke r L o ad i ng 
S un T e rm i na l  

T a nk e r  B a l l a s t i ng 

T a nke r  E ng i ne s  -
Load i ng a t  S u n  
Te rm i na 1 ( l )  

T a n k e r  E ng i ne s  -
U n lo ad i ng a t  S un 
T e rm i na 1 l 2 )  

Tug E ng i ne s  -
Load i ng a nd 
U n l o ad i ng ( 3 )  

T a n k age S t and i ng 
a nd W i thd r awa l 
S to r age L o s s e s ( 4 )  

P ump S e a l s  and 
Va l v e s ( 5 )  

T o t a l  - F i l l  a nd D r awdown 

HC 

2 9 1  

1 4 6  

6 9  

0 . 3  

0 . 6  

3 . 5  

3 8 . 8  

4 . 2  

5 5 3 . 4  

Annu a l * *  E m i s s i o n s  ( To n s ) 

P a r t i c u l a te SO? NO? c o  

2 . 4  3 4 . 7  1 0 . 4  0 . 3 5  

3 . 5  5 . 2  1 7 . 3  0 . 7 

6 . 2  2 . 8  5 . 2  4 . 5  

1 2 . 1  1 1 4 . 7  3 2 . 9  5 . 6  

*C omb u s t i o n  and f ug i t ive d u s t  emi s s io n s  d u e  to o n s i te r oad u sage by pr o j e c t  veh i c l e s  
not i nc luded . S e e  T a b l e  3 . 7 .  
* * I f  ac t iv i ty pe r s i s ts f o r  l e s s  than a y e a r  ( e . g . , pa i n t i ng - tank s )  the n  t o t a l  
emi ss i o ns f o r  app r op r i ate s ho r te r  pe r i od a r e  l i s ted . 
1 .  Ba s ed u po n  6 9  de l i ve r i e s  by 4 5 0 , 0 0 0  bbl tanke r s .  
2 .  Ba sed upo n  3 5  d e l ive r i e s  by 4 5 0 , 0 0 0  bbl  t an ke r s .  
3 .  B a s ed u po n  4 hou r s  o f  a s s i s tance d u r i ng ma neuve r i ng ope r a t i on s  d u r i ng e a ch 
d e l i ve ry .  V a l u e s  a r e  f o r  l o ad i ng a nd u n l oad i ng o n  an i nd i v id u a l  bas i s . 
4 .  I nc lude s a l l t an k s w i th a c r ud e  TVP o f  4 p s i a . 
5 .  I nc l ud e s  a l l p ump s e a l s and va l ue s . 



The ave r age hyd r o c a r bo n  em i s s io n  fac t o r  u sed f o r  s h ip 
l o ad i ng of  c r ude o i l is  0 . 5 5 l b/1 , 0 0 0  g a l l on s . Th i s  
emi s s i o n  fac t o r  was d e r i ved based o n  a mod i f i ed analy t i c al 
pr o c ed u r e u s i ng APr 2 8  a nd E x xo n 2 9  g a s o l i ne d a ta . F o r  
e s t i m a t ing c r ude o i l  em i s s io n  f a c to r s ,  t h e  p r o c ed u r e 
emp l oys c o r r ec t io n  fac to r s  fo r bo th a r r ival  and g e ne r at io n  
c ompo nen t s  o f  t h e  hyd r oc a r bon vapo r c on ce n t r a t i o n  p r ev io u s l y  
d e r i ved f r om g a so l i ne d a ta . T h e s e  em i ss i o n  fac to r s  a r e  
d e sc r i bed i n  d e ta i l i n  Appe nd i x  B .  

The sho r t- t e r m  f l ow r ate o f  o i l  by t an k e r may be s u b s tan­
t i a l ly l a rg e r  than the p r o j ec ted da i l y  ave r ag e  of 9 6 , 0 0 0  
ba r re l s  pe r d ay a t  S un T e r m i na l . Bad we athe r may p r oh i b i t  
open se a ope r a t i o n s  o r  mechan i c al b r e a kdowns c o u l d  r e s u l t  
i n  dead t ime r eq u i r i ng i n c r ea s ed f l ow r a te s i n  o rd e r t o  
i n s u r e  tha t d r awdown c a n  b e  compl eted i n  1 5 0  days . I n  the 
G u l f  Co a s t  r e g i o n , a weathe r i ng fac to r of 2 i s  o f ten 
i nc l uded i n  e s t imates of  such ope r a t i o n s 2 7  and a fac to r 
o f  1 . 5  d o e s  n o t  seem unr easonable f o r  the se ope r a t io n s . 
As a r e s u l t , sho r t- t e rm tanke r em i s s io n  r a t e s  a r e  based 
upo n a max i mum pr o j ec ted da i l y  f l ow r a te wh i c h  is 1 5 0  
pe r ce n t  o f  the ave r age r a te .  The annual em i ss i o n  r a te has 
been dev e l oped by a s s um i ng tha t the to tal m a s s  of hyd r o ca r bo n  
em i s s i o n s  c a l c u l a ted fo r a pe r i od o f  a ye ar  o c c u r s c o n t inuou s l y  
over  tha t pe r i od .  PTMAN * a nd CDM * r u n s  h ave be e n  made f o r  
thi s so u r c e  ba sed u po n  t h e  em i s s io n  r a t e s  l i s ted i n  
Appe nd i x  A .  

Load i ng the VLC C s  to tanke r s  o c c u r s  s u f f i c i e n t l y  fa r 
o f f s ho r e th a t  the a s so c i a ted em i s s io n s  have n o t  been 
mode led . Howeve r ,  the annual  tonnage em i s s i o n  r a te i s  
l i s te d  i n  Table  3 . 9 .  

T a n k e r  B al l a s t i ng 

A l l  o i l woul d be d e l i ve r ed to t he S un T e r m i na l  d u r i ng 
the i n i t i al f i l l  by 4 5 , 0 0 0  dwt ( 3 2 0 , 0 0 0  bbl ) tan k e r s  ove r 
a 5 mo n t h  pe r i od . The s e  tanke r s  wo u l d  h ave r ec e i ved 
the i r  ca r go f r om VLC C s  in a l ig h t e r i ng ope r a t i o n  conduc ted 
5 0  m i l e s  or f u r the r o f f sho r e . D u r i ng unl oad i ng at S un 
Te r m i n a l , t he tanke r s  would t a k e  o n  ba l l a s t  wa ter  p r io r to 
pu t t i ng o u t  to s e a . Th i s  r e s u l t s  in the d i spl aceme n t  o f  
s ubs tan t i al amo un t s  o f  hyd r o c a r bon vapo r s  wh i c h  ac c r ue i n  
the s h i p ' s  t an k s  d u r i n g  the unl o ad i ng p r oce s s . A t an k e r 
bal l a s t i ng em i s s i o n  r a te o f  0 . 4 2 po unds  o f  hyd r o c a r bons  
p e r  1 , 0 0 0  gal l o n s  of  c r ud e  c apac i ty t a k e n  onboa rd h a s  been 
ut i l i z e d  based upon the d a ta d i sc u s se d  i n  the pa r ag r ap h  on 

* PTMAN - D i spe r s io n  mode l  fo r c ompu t i ng h o u r l y  pol l u tant  
c on c e n t r a t io n s  a t  se l ec ted downw i nd l o c a t i o n s . 
CDM - C l imatolog i c a l  d i spe r s i o n  model f o r  c omp u t i ng 
l o ng - t e r m  po l l utant  concen t r a t i o n s . 
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tank e r  load i ng . I t  i s  a s s umed fo r the p u rpose o f  th i s  
a n a l y s i s , t h a t  t a n k e r s  n o r ma l l y  t a k e  o n  4 0  pe r ce n t  o f  the i r  
c apac i ty a s  bal l a s t .  C a l c u l a t io n s  a r e  ba sed upo n a d a i l y  
de l i v e r y  r a te o f  1 8 , 0 0 0  ba r r e l s  o f  c r ud e  o i l  pe r ho u r  d u r i ng 
the i n i t i al f i l l .  A we a th e r ing fac to r o f  1 . 5  h a s  been 
i nc o r po r a ted in the deve l opmen t o f  sho r t- t e r m  em i s s i o n  r a te s 
a s  d i sc us sed i n  the pa r ag r aph o n  tanke r load i ng . 

Sho r t- a nd l o ng - te r m  mod e l  c a l c u l a t i o n s  have been made f o r  
tanke r ba l l a s t i ng u s i ng a po i n t  so u r ce app r o x ima t i o n . The 
om i s s i o n  o f  t he s h ip ' s  s t r uc tu r e wake e f fe c t  may r e s u l t  in  
a sma l l ove r -p r ed i c t io n  of  no n-me thane hyd r o ca r bons  g r ound 
l e v e l  conc e n t r a t io n s  c l o s e  to the so u r ce . 

T a n k e r  E ng i n e s  

T an k e r  bo i l e r s  a r e c o n t i n uo u s l y  f i r ed r e s u l t i ng i n  c ombus­
t i on em i s s i o n s  d u r i ng a l l ope r a t i on s . Emi s s io n  f a c to r s  
h av e  be e n  devel oped o n  a f u e l  c o n s ump t i o n  ba s i s , whe r e  
tan k e r f ue l  i s  nonvo l a t i l e  Bun k e r C f ue l  o i l  ( # 6 f ue l  
o i l ) . Tabl e 3 . 1 0 s umma r i ze s  t h e  em i ss io n  f a c to r s  deve l oped 
by Es so Re se a r ch and Eng i nee r i ng Company3 3 . 

Table 3 . 1 0 
Em i s s i o n  F a c to r s  fo r T an k e r  Bo i l e r s  

PO LLUTANT POUNDS/BARREL FUEL POUNDS/TON F U E L * *  

S02 6 . 7 ( S ) * 4 4 . 7 ( S ) * 
N0 2 4 . 3 6 2 9 . 1  
Pa r t i c ul a te 0 . 9 6 6  6 . 4 4 
H C  0 . 1 3 4  0 . 8 9 3  co 0 . 0 8 4  0 . 5 6 0  

* S = % S ; fo r 2 %S ,  S02 = ( 6 . 7 ) ( 2 )  = 1 3 . 4  #/bbl . 
* *  8 # f ue l /g a l l o n  and 2 2 4 0  # / to n . 

Tank e r  eng i n e s  wo u l d  be i n  ope r a t io n  a t  va r i ab l e  bo i l e r  
c apac i t i e s  d ur i n g  both  the l o ad i ng and u n l oad i ng p r oc e s se s . 
B o i l e r  ac t i v i ty c a n  be c l a s s i f i ed a s  e i t he r : ( 1 )  d i sch a r g e  
c a r go- f u l l  capac i ty ;  ( 2 )  h o t e l l i ng o r  ( 3 )  maneuve r i ng .  
Dur i ng cav i ty f i l l  ope r a t io n s , tan k e r s  woul d u n l o ad 
u t i l i z i ng f u l l bo i l e r  capac i ty .  These ope r a t i o n s  w o u l d  
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r e s u l t i n  a to t a l  l o ad i ng t ime o f  2 1  ho u r s and an un load i ng 
t ime o f  2 4  hour s .  

E m i s s i o n  r a tes a r e  e s t ima ted on the bas i s  o f  f ue l  c o n s ump­
t i o n  r a t e s  d u r i ng s pe c i f i c  ope r a t io n s . F u e l  c o n s umpt i o n  
r ate s f o r  7 0 , 0 0 0  DWT tanke r s  have been e s t i ma ted by 
Pa c i f i c  E nv i r o nme n t a l  S e r v i c e s , I n c . 3 1  T a n k e r s  d e l ive r ­
i ng S PR c r ude o i l  wo u l d  be 4 5 , 0 0 0  DWT i n  s i z e wh i l e  6 5 , 0 0 0  
DWT t a n ke r s  wo u l d  be u sed fo r d i s t r i bu t io n .  Howeve r ,  f ue l  
c o ns ump t io n  r a te s f o r  7 0 , 0 0 0  DWT tan ke r s  wo u l d  b e  empl oyed 
in the pr e s e n t  ana l ys i s .  Tabl e 3 . 1 1 s umma r i z e s  the f ue l  
c o n s ump t i o n  r a te s fo r th r ee typ i c al ope r a t ing c o nd i t io n s . 
S e a  pa s s age fuel  c o n s ump t i o n  r a te s have n o t  been i n c l uded 
as  bo i l e r  em i s s i o n s  wo u l d  be d i spe r sed ove r l a r g e  d i s tances  
and wo u l d  h ave an i n s ig n i f i c an t  i mp a c t  o n  local  amb i e n t  
a i r  qual i ty .  

Tab l e  3 . 1 1 
Tan k e r  Bo i l e r  F ue l  C o n s umpt i o n  Ra te s 

OPE RAT ION 

D i scha r g i ng c a r g o  
and ba l l a s t  a t  
ful l c apac i ty 

Maneuve r i ng in po r t  

Hotel l i ng * *  

* T o n  = 2 , 2 4 0  pound s 
* *  1 0 - 1 5 %  o f  f u l l powe r 

TONS /HOUR * 

2 . 4  

2 . 3  

0 . 3 3 

T a b l e  3 . 1 2 p r o v i d e s  the em i s s io n  r a te s  wh i c h  r e s ul t f o r  
e a c h  pha s e  o f  bo i l e r  ope r a t io n . Annual tonnage em i s s i o n  
r a te s ,  pr e sen ted i n  Tabl e 3 . 9 ,  c a n  then b e  cal c ul a ted 
based u po n  the pr o j ec ted numbe r of te r m i n a l  v i s i t s d u r i ng 
the load i ng and unl oad i ng phase s . These em i s s i o n s  we r e  no t 
i n c l uded i n  the mode l i ng analys i s  as  the impa c t  o f  the se 
buoya n t  s o u r c e s  o n  l o c a l  amb i en t  a i r  qual i ty wo u l d  be 
i ns i g n i f i c an t .  
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Tab l e  3 . 1 2 
Ta n k e r  Bo i l e r  Em i s s i o n  Ra tes * 

TANKER OPE RAT I ON 

D i sch a r g i ng 
POLLUTANT C a rgo & B a l l a s t  Maneuve r i ng Ho te l i ng 

S0 2 2 7 . 1  2 6 . 0  3 . 7 2 

N0 2 8 . 8 0 8 . 4 4 1 .  2 1  

Par t i c ul a te 1 . 9 5  1 .  8 7  0 . 2 7 

HC 0 . 2 7 0 . 2 6 0 . 0 4  

co 0 . 1 7 0 . 1 6 0 . 0 2 

* G r am s  pe r s e c o nd 

T ug E ng i ne s  

T u g s  wo u l d  b e  r eq u i r e d  t o  as s i s t  both  ta n ke r s  and ba r g e s  
d u r i ng ma neuve r i ng ope r a t io ns . Comb u s t i o n  c o n t am i na n t s  
wo u l d  r es u l t d ue t o  e ng i ne ope r a t io n . The em i s s i o n  r a te s  
f o r  tug s depe nd upo n  the numb e r  o f  tugs r eq u i r ed f o r  s h i p  
o r  ba rge as s i s tance , t he r a ted ho r s epowe r a n d  t h e  d u r a t i o n  
o f  a s s i s t an c e . Th e ave r ag e  f ue l  c o n s umpt i o n  u nde rway a s  
r epo r ted by US E PA2 3  i s  0 . 3 4 pound s o f  d i e s e l  f ue l  pe r 
ho r s epowe r pe r ho u r  ( #/hp-h r ) .  Al l tugs  use d i e s e l  f ue l  
a nd i t  i s  a s s umed the s u l f u r  c o n t e n t  i s  0 . 2 7 5  p e r c e n t . 
F o r  the pu r p o s e  o f  compu t i ng po l l u tant em i s s i o n s  f r om 
t ug s , t he fo l l ow i ng r e l a t i o ns h i p  (Table 3 . 1 3 )  has  been 
dev e l oped wh i ch g iv e s  the comb i ned ho r s epowe r r eq u i r eme n t s  
( a l l  t u g s  u s ed ) f o r  t an k e r  a s s i s t an c e 3 1 . 

Tab l e  3 . 1 3 
Tug H o r s epow e r  Requ i r em e n t s  

Based U p o n  P r o j ected T a n k e r  S i z e  

TANKE R S I Z E  ( DWT ) HORS E POWER REQU I REMENTS 

7 0 , 0 0 0  - 8 0 , 0 0 0  3 , 0 0 0  
1 2 0 , 0 0 0  - 1 5 0 , 0 0 0  4 , 0 0 0  
1 6 5 , 0 0 0  - 1 8 8 , 0 0 0  6 , 0 0 0  
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F o r  7 0 , 0 0 0  DWT tank e r s , the t o t a l  t ug h o r s epowe r req u i r eme n t s  
a r e  c a l c u l a ted t o  be 3 , 0 0 0 hp , p r ov ided b y  two t ug s  o f  1 , 5 0 0  h p  
each . The r e f o r e , 1 0 2 0  # f u e l / t ug/h o u r  o f  as s i s t ance i s  r eq u i r ed .  
Tab l e  3 . 1 4 p r ov i d e s  em i s s i on r a t e s  p r e pa r ed by P E S I 3 1 . 
fo r t ug a s s i s tance f o r t h is s i z e  o f  tanke r .  

Tab l e  3 . 1 4 
Ma x imum Em i s s i on Facto r s  fo r Tug Boa t s  

POL LUTANT LBS/HR OF AS S I STANC E * 

S0 2 5 . 6 1 
N02 9 . 5 4 
Pa r t i c u l a t e  1 3 . 6  
HC 6 . 1 2 co 8 . 1 6 

* To t a l  h p  = 3 , 0 00  

An nual  t o n nage em i s s ion r a tes based upo n the p r oj ec ted n umbe r 
o f  tank e r  v i s i ts a r e  p r e se nted i n  Tab l e  3 . 9 .  Two t ug s  w i l l  
as s i s t  the t an k e r s  d u r i ng ma neuve r i ng o pe r a t ion s . The s e  
s l i g h tl y b uoyant em i s s i o n s  wo u l d  not  be i nc l uded i n  the 
mode l i ng a na l ys i s  s i nce the imp a c t  on l o c a l  amb i ent a i r q ua l i ty 
wo u l d  be i n s i gn i f i c a n t . 

S to r ag e  a n d  T r e a tment Tan k s  

Evapo r a t ive hyd r oca r bon lo s s e s  c a n  be ant i c i pa t ed a t  the 
S ul p h u r  M i ne s  d ome and S un Te r m i na l  s i tes  d ue to s t and ing 
s t o r ag e  l o s se s  f r om t he s u r g e  s to r ag e  t a n k s and t he bal l a s t  
wate r sepa r a t ion t an k s . The r e  wo u l d  b e  two 2 0 0 , 0 0 0  b b l  
s u r g e  s t o r ag e  t a n k s  and two 5 5 , 0 0 0 b b l  ba l l a s t  t r e a tme n t  
t a n k s at t h e  S un Te r m i na l  f ac i l i ty .  A t  the dome s i te ,  
th e re wo u l d  be two 7 , 5 0 0  b a r r e l  o i l  s l op tan k s . The s u r g e  
s to r age t an k s  c o n s t i t u t e  the ma j o r  con t r i b u to r at each 
l o c a t i o n . The evapo r a t ive hyd r oca r bo n  em i s s i on s  f r om 
s to r ag e  t a n k s  c a n  be at t r i bu ted t o  s tand i ng l o s s  and 
wo r k i ng ( w i th d r awa l ) l o s s . The em i s s i o n s  c a l c u l a t ed 
u t i l i ze s  the r e l at ion s h i p  p r e v i o u s l y  d eve l oped by the 
Ame r i c a n  Pet r o l e um I ns t i t u te , ( 3 2 ) show that the s t and i ng 
l o s s  c o n t r i b u ted the p r edominant po r t io n  o f  the ove r a l l  
em i s s i on s , a nd i s  a func t i on o f  many va r i ab l e s  
i n c l ud i ng : ( 1 )  t an k  d i amet e r ;  ( 2 ) c o l o r  o f  t a n k s ;  
( 3 )  type o f  t a n k s ;  ( 4 )  type o f  f ue l ; ( 5 ) tempe r a t u r e ; 
( 6 )  w i nd speed ; a nd ( 7 )  c r ud e  t r ue vapo r p r e s s u r e  ( TVP) . 
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Howeve r , w i th the ad vent o f  mode r n  f l o a t i ng r oo f  tank s w i th 
d o ub l e  s e a l  de s i g n , the em i s s io n s  r e s u l t ing f r om s t a nd i ng 
l o s s  c a n  be g r e at e l y r ed uced . Based on r ec e nt te s t s c o n­
d uc ted by C h i c ag o  B r idge and I r on Company , s ta nd i ng l o s s  
em i s s io n s  f r om t ank s emp l o y i ng doub le sealed f l o a t i ng r oo f  
tank s ,  a r e  o n l y  abo u t  s i x  pe r c e n t  o f  tho se ca l c u l ated b y  API . 
Th u s , Th e SPR tank s wo u l d  employ mode r n  f l o a t i ng r oo f s  w i th 
d o uble s e a l  de s i gn and wo u l d  be p a i n ted l i g h t  g r ey o r  
a l um i num t o  m i n i m i z e  tempe r a t u r e  v a r i ab i l i ty .  Em i s s i o n s  a r e  
con s ide red t o  be con t i n u o u s  and a TVP o f  4 p s i a  was a s s umed 
fo r long -t e rm c a l c u l at i o n s  and 5 p s i a f o r  s ho r t - te r m  a n a l y se s . 
D u r i ng w i thd r awal o f  c r ud e  o i l  f r om the tank s , they wo u l d  
c on t inue t o  be a so u r ce o f  evapo r a t ive l o s se s  d ue to ad h e r e nce 
of o i l  to t he t an k  s id e s . Te c h n i q ue s  e x i s t  fo r the deve l o pme nt 
o f  em i s s i on rate s d ue to adhe r e nce l o s se s ; howeve r ,  the 
p r e s e nt ana l y s i s  employs  the s impl i fy i ng a s s ump t i on that the 
t a n k s  c o n t i n uo u s ly em i t  hyd r oca r bo n s  d ue to s tand i ng s to r ag e  
l o s se s . Th i s  as sump t ion i s  not fe l t  t o  s i g n i f i c a n t l y  a l t e r  
the r e s u l t s  o f  the a i r q ua l i ty i mpac t ana l y s i s . I n  the case  
of  the  bal l a s t  wate r t r e a tment tank s ,  t he o i l  w i l l  s i t on 
top of  the water  and be d i r e c t l y  e xposed t o  evapo r a t ive 
lo s ses . 

Sho r t - a nd long- te rm em i s s i on r a t e s  ut i l i z ed i n  the subsequent 
mode l i ng a na l ys i s  ar e p r e se nted in  Appe nd i x  A .  Fo r mode l i ng 
a na l y se s , the t a n k  f a r m s  a r e  a s s umed t o  be po i n t  so u r ce s . Th e 
om i s s i on o f  the bu i l d i ng wa k e  co r r e c t ion facto r wo u l d  y i e l d  
s l i g h t l y  c o n s e r v a t ive r e s u l t s  c lo s e t o  t h e  po i nt o f  em i s s i o n . 
Annu a l  t onnage em i s s i o n  r at e s  a r e  p r e s e n ted i n  Table 3 . 9  
a nd a r e  based on t he as sump t ion that the tan k s  em i t  co n t i nu o u s l y  
f o r  t h e  ent i r e  pe r i od . Th i s  c o u l d  o c c u r  d u r i ng i n i t ia l  f i l l  
wh ich  i s  sc hed u l ed to l a s t  fo r 5 mo n t h s  b u t  i s  u n l i k e l y  
d u r i ng t h e  1 5 0  d a y  d r awdown phase . 

Pump Se a l s a nd Va lve s 

L iq u i d  c r ude o i l  lo s ses f r om p ump s e a l s  and va l v e s  w i l l 
c on s t i tu t e  a hyd r oc a r bon emi s s i o n so u r ce a t  the p ump ho u se s  
e s t ab l i s hed n e a r  the dome and t e rm i na l  s i te s . P ipe l i ne 
f l a nge l e ak s are ne g l i g i b l e 3 3 . Em i s s i o n  facto r s  have been 
deve l oped t h r ough me asu r ement p r og r ams at re f i ne r i e s  i n  the 
Los  Ang e l e s  A i r  Bas i n .  The s e  fac to r s  are s umma r i z ed i n  
Table 3 . 1 5 .  

Tab l e  3 . 1 5 
Em i s s io n  Fac to r s  fo r Pump Seal s and P ipe l i ne Val v e s  

Pump S e a l s 

P i pe l i ne Va l v e s  
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I n  e s t imat i ng l o s se s  f r om S PR p ump se a l s  and val ve s , al l p ump s 
a r e  as sumed to have two seal s .  An ave r age o f  6 . 2 5  val ve s 
pe r p ump i s  a s s umed ba sed on e s t i mates  fo r the A l a s k a n  C r ude 
O i l  Del i ve r y  Te r m i n a l s in Cal i fo r n i a  of 5 0  val ve s  fo r e ig h t  
p ump s 3 1 . 

The ne c e s s a r y  v a r i ab l e  fo r the de te r m i n a t i o n  o f  the em i ss i o n  
r a tes fo r these so u r c e s  i s  s i mply t h e  numbe r o f  pump s . For 
Su lphur M i n e s , a pump house i s  l o c a ted at the d ome s i te and a t  
the S un T e r m i nal . The r e  wo u l d  be 2 p umps a t  the fo rme r 
l o c a t io n  and 4 p umps a t  the Sun T e r m i nal . Once ag a i n  i t  i s  
con s e r v a t ive l y  a s sumed that these so u r ce s  em i t  a t  a con t i nu o u s  
r a te ove r  an annual p e r iod . S h o r t- a nd l o ng - t e r m  mo de l i ng 
ca l c u l a t i o n s  h ave been p e r f o r med fo r the se po i nt sou r ce s .  

3 . 3 . 3  C u r r e n t  Regu l a t i o n s  

C u r r en t  r eg u l a t i ons r e s tr i c t i ng a i r  po l l u tant em i s s i o n s  f r om 
al l ope r a t io n s ne ce s s a r y  fo r the deve l opme n t  and u se o f  the 
S PR fac i l i t i e s  c a n  be g r ouped i n to em i s s i o n s  r eg u l a t i o n s  
and amb i en t  a i r  qual i ty s ta nd a r d s . 

Em i s s i o n  Regul a t i o n s : Fede r a l  

Th e US E PA h a s  se t New S ou r ce Pe r fo rm ance S t and a rd s ( NSPS ) 
l i m i t i ng a l l owab le em i s s i o n s  fo r ce r t a i n  i nd u s t r i al f a c i l ­
i t ie s . Th e se i nc l ude s t a nd a r d s  fo r pe t r ol e um r e f i ne r i e s  
and s to r age v e s se l s  fo r pe t r o l e um l i q u i d s . The NSPS fo r 
s to r age v e s sel s would n o r mal ly impac t the S PR p r o j e c t  as  i t  
appl i e s  to ve s se l s w i th a capac i ty g r e ate r th a n  4 0 , 0 0 0  
gal lon s ( 9 5 0  ba r r e l s ) . Howeve r , a r e c e n t  E PA em i s s i o n s  
o f f se t  po l i cy se t for th on al l maj o r  hyd r o c a r b o n  so u r ce s  
may e xempt t h e  s to r age eaverns f r om th i s  st and a r d  ( see 
d i sc u s s i o n  on S t ate se c t io n ) . Th i s  r eg u l a t i o n  doe s  not  
apply to p r e s s u r e  v e s s e l s ,  subsur face cave r ns , po r ou s  
r o c k  r e se r vo i r s ,  o r  und e r g r ound tan k s  unde r some cond i t i o n s . 

The Fed e r al r eg u l a t i ons fo r the s to r age o f  l i q u i d  vo l a t i l e s  
( 4 0  C FR Pa r t  6 0 , S ubpa r t  K )  a r e  a s  fo l l ows : 

o I f  the t r ue vapo r p r e s s u r e  ( TVP)  o f  the 
pe t r o l e um l iq u i d , a s  s to r ed , i s  equal to o r  
g r e a t e r  than 7 8  mm H g  ( 1 . 5  p s i a )  but no t 
gr e a t e r  th an 5 7 0 mm Hg ( 1 1 . 1  p s i a ) , the 
s to r age ve s se l  s ha l l  be equi pped w i th a 
f l oa t i ng r oo f ,  a vapo r r e cove r y  sys tem , o r  
the i r  equ i va l en t s .  
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o I f  the TVP o f  the pe t r o l e um l i q u i d  a s  s to r ed 
is g r eat e r  than 5 7 0  mm Hg ( 1 1 . 1  p s i a ) , the 
s t o r age v e s sel s h a l l be equ iped w i th a v apo r 
r e cove r y sys tem o r  i ts equival e nt . 

Presently , the NSPS for the former c a tego ry i s  a s ingl e Gcal 
f�oating roo f .  However , r.PA i s  currently con sider ing requir ing 
the doub l e  sea l des ign in areas  of poor a ir qua l i ty .  Because of 
the substantial  bene f its  they prov ide , DOE wi l l  emp loy doub l e  
seal  f lo a ting roo f s  on a l l  tanks construc ted f o r  t h e  SPR program . 

I n  Decembe r 1 9 7 6 ,  US EPA ado pted a n  " em i s s i o n  o f f s e t " pol i cy 
unde r wh ich  cons tr uc t ion pe rmi ts for  new i nd u s t r i a l s o u r ce s  
i n  non-at t a i nme nt a r e a s  c o u l d  be i s sued i f  any i n c r ease  i n  
a i r  po l l u t ion f r om the new s o u r ce was mo r e  than o f fset  by 
ad d i t i on a l  em i s s i on red u c t i o n s  by e x i s t i ng s o u r c e s  beyond 
those leve l s  req u i r e d by the appl i c able s tate i mpl eme nt at ion 
p l a n . Th e newly e nac ted C l e a n  A i r Act Amendme nt of 1 9 7 7 
( 4 2  U . S . C .  7 4 0 1  e t . seq . ) a c cepts th i s  o f f se t  p r oce s s  and 
e x te nd s  the d a te by wh i c h  s ta t e s  m u s t  a t t a i n  the p r i ma r y 
s tand a r d s  to J u l y  1 ,  1 9 7 9 i n  the se c u r r e n t l y  non -a t t a i nme nt 
a r e as . 

The con s t r uc t ion , f i l l i ng ,  and w i thd r awal phase o f  the SPR 
p r o j e c t  would spon t a ne o us l y  i nc r e a s e  the a i r  em i s s i o n s  o f  
t he s u r r ound i ng a r ea ; howeve r ,  the r e  a r e c u r r e n t l y  no 
e n fo rced Fede r a l  r e g u l at ion s wh i c h  spec i f i ca l ly l i m i t  
em i s s i o n s  f r om c on s t r uc t i on equ ipme nt o r  ma r i ne te r m i na l  
ope r a t io n s . EPA h as dete r m i ned t ha t , beca use o f  the tempo r a r y  
and i nt e r m i t ta n t  na t u r e  o f  emi s s i o n s  a s so c i ated w i th the Bayou 
C h o c t aw SPR s i te ,  the em i s s i o n  o f f se t  po l i cy d oe s  not  apply 
to t h i s  pa r t i c u l a r  ac t iv i ty .  I t  would appe a r  that  th i s  
de te r m i na t i on w o u l d  apply t o  othe r s im i l a r  SPR s i t e s , 
inc l ud i ng S ul ph u r  M i nes . I n  any event , i t  i s  not ant i c i ­
pated that  the pe rmanent c omponent o f  the emi s s i on s  ( i . e . , 
tha t for  above g r o und t an k s  at Sun Te rm i na l ) would e xc e ed 
the 1 0 0-ton t h r e shhold  f o r  o f fset  appl i cab i l i ty .  

Em i s s i on Reg ul a t i on s : S t ate 

Tex a s . I n  a r e v i ew of the Te x a s  Impl ement at ion P l a n , the 
US EPA de te rmi ned t ha t  the p l a n  was inadequate fo r a t ta i nment 
and ma i n t e na nce o f  the NAAQS for p a r t i c u l a t e s  i n  Ho u s to n , 
Galve s ton , a nd o t he r  a r e a s , a nd d i r ec ted t he s ta te to s ubm i t  
a rev i sed p l a n . The US EPA a l so p r omulga ted ame ndme nts  to t he 
c u r r e nt p l a n s u ch th at a pe rmi t to con s t r uc t  a new so ur ce i n  
the Hou s ton-Galv e s ton AQC R would n o t  b e  i s sued un l e s s  the 
TACB de te r m i ned t ha t  the s o u r ce wo u l d  emi t r e a c t ive hyd r o­
c a r bo n s  at a r a t e  o f  l e s s  than 3 l b/h r and le s s  than 1 5  l b/d ay . 
Ex emp t i o n s  a r e  made f o r  pa i n t  appl i ca t i on p r o c e s s e s  such as  
wo u l d  be u sed i n  pa int ing the c r ude s to r age tan k s  f o r  the 
SPR p r o j e c t  ( 4 0 C FR 5 2 ,  S ubpa r t  5 2 . 2 2 9 2 ) . 
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Te x a s  Re g u l a t i o n  V ,  conce r n i ng the s to r age a nd h a nd l i ng o f  
vo l a t i l e  hyd r oc a r bo n  c ompo un d s , r eq u i r e s  f l oa t i ng r o o f s  
a nd/ o r  vapo r r e cove r y  s y s tems f o r  s to r age ve s se l s  o f  vo l a t i l e 
hyd r o c a r bon compo u n d s  w i th c ap a c i t i e s  l a r g e r  th a n  4 2 0 , 0 0 0 
g a l l o n s  ( 1 0 , 0 0 0  ba r r e l s ) . Un t i l  r e c e n t l y  c r ude o i l  c o n t a i ne r s  
we r e  exemp t f r om th i s  r eq u i r ement . Und e r  s pe c i a l cond i t i o n s , 
v a r i a n c e s  may be g r a n ted to c r ude o i l  s to r age v e s sel s w i th a 
s t o r age capa c i ty o f  1 0 , 0 0 0  ba r r e l s  o r  l e s s . Sh i p  a nd ba r g e  
l o ad i ng a nd u n l o a d i ng i s  c u r r e n t l y  exemp t f r om em i s s i o n 
co n t r o l s  and no r e s t r i c t i o n s  a r e  f o r e seen fo r c r ude ; howeve r ,  
g a s o l i ne em i s s i o n s  wo uld p r obably be r e g u l a ted soon . 

Al tho ugh the r e  i s  no hyd r og e n  s u l f i d e  ( H 2 S )  NAAQS , Rule 2 0 3 
o f  Tex a s  Reg u l a t io n  I I  s t at e s  tha t no s o u r ce may em i t  H 2S s uch 
tha t ne t g r ound leve l concen t r a t i o n  is  ex ceeded : ( 1 )  0 . 0 8  ppm 
ave r a ged ove r a ny 3 0 -m i n u te pe r i od i f  the downw i nd concent r a t i o n  
o f  H 2 S a f fe c t s  a p r op e r ty u sed fo r r e s i de n t i a l , bu s i n e s s  o r  
comme r c i a l p u r po s e s , o r  ( 2 )  0 . 1 2  ppm i f  i t  a f fe c t s  o n l y  
pr ope r ty u sed f o r  o the r t h a n  r e s iden t i a l , r e c r e a t i o n a l , bu s i n e s s  
o r  comme r c i a l p u r po s e s , s uch a s  i nd u s tr i a l  pr ope r ty a nd vac a n t  
t r ac t s  a n d  r ange l and s n o t  norma l ly o c c up i ed by peop l e . I n  
pr a c t ice , t h i s  r u l e  does  n o t  po tent i a l l y i mp a c t  the SPR p r og r am 
s i nce no s ig n i f i c a n t  amo unt o f  H 2 S wo u l d  be encounte r ed i n  
the sweet c r ude be i ng s to r ed a t  the S PR s i te s , due to the wea ther i ng 

o f  the o i l  dur ing tra n s i t . 
D u r i ng the con s t r uc t i o n  pha se a nd , to a l e s se r  e x t e n t , d u r i ng 
the ope r a t i o n a l  p h a se o f  the p r og r am ,  the S PR p r o j e c t  w o u l d  
h a ve t o  comp l y  wi th R u l e  1 0 4  o f  Tex a s  Reg u l a t io n  I .  Th i s  r u l e  
s t a t e s  tha t i n  a n y  S t and a r d Me t r opo l i ta n  S t a t i s t i c a l A r e a , 
wh e r e the NAAQS f o r  p a r t i c ul a t e  m a t te r  a r e  e x Gee ded , no f i ne 
m a ter i a l  may be h a nd l ed , t r a n spo r ted o r  s to red w i thout t a k i ng 
p r ec a u t i o n s  spec i f i ed i n  the regul a t i o n . Th i s  r u l e  a l so 
r eq u i r e s  me a s u r e s  to p r event p a r t i c u l a te s  f r om b e i ng a i r bo r ne 
when a r o ad i s  u sed , c o n s t r uc ted , a l t e r e d  o r  r ep a i r ed . 
Typ i c a l  p a r t i c u l a te a b a t ement techn i que s i nc l ude appl i c a t i o n  
o f  wa t e r  o r  o i l  to unpaved s u r f a c e s  o r  t he r equ i r eme n t  o f  
r ed u ced veh i c u l a r  speed s .  

S eve r a l  s ta t e s , i nc l ud i ng T e x a s  a nd Lo u i s i a na , h ave d i f fe r en­
t i a ted be tween " r e a c t ive "  hyd r o c a r bo n s a nd " l ow- r ea c t i v e "  
hyd r oc a r b o n s . Th i s  app r o a c h  wa s used a s  a mode l i ng t o o l  to 
de te r m i ne the amo u n t  o f  hyd r o c a rbon emi s s i o n  re d u c t i o n s  
r e q u i r ed t o  a t t a i n  t h e  o x i d a n t  s t a n d a r d . Howeve r ,  r e c e n tl y 
US EPA h a s  fo und t h a t  a lmo s t  a l l no n-methane hyd r o c a r bo n s  a r e  
photo chem i c a l l y  r e a c t ive a nd th a t  l ow- r e ac t i v i ty hyd r oc a r bo n s  
eventua l l y fo rm a s  much pho tochem i c a l  o x i d a n t s  a s  the 
h i g h l y- r e a c t ivE hyd r o c a r bo n s . The r e fo r e , t he po l i c y  r eg a r d i ng 
hyd r oc a r bon r e ac t iv i ty may soon be mod i f i ed . 
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Lou i s i a n a . The Lo u i s i a na S t ate Impleme nt at ion P l a n  reg u l a t e s  
new s o u r ce s  o f  vo l at i l e  h yd r oc a r bo n  compo und s ; howeve r ,  c r ude 
o i l  has been con s id e red v i r t u a l ly u n r e a c t ive i n  the fo rmat i o n  
o f  o x i d a n t s  a n d  i s  thus  exemp t ( LACC Reg u l a t ion 2 2 . 1 0 ) . Th e 
LACC h as ind i c a t ed , h owe ve r ,  that a po s s i b le mod i f i c a t ion 
to LACC Reg u l at ion 2 2 . 1 0 to make  th i s  r eg u l at io n  co n s i s te nt 
w i th the Fede r a l  N S P S  wo u l d  r e q u i r e  f l o a t i ng r o o f s  and 
vapo r rec ove ry sys tems fo r t an k s  o f  the capac i ty p r e s e n t l y  
be i ng c o n s ide r e d  fo r the SPR p r oj e c t . Lou i s i ana a l so 
r eq u i r e s  the co n t r ol o f  fug i t ive d u s t  l o s se s  i n  t he mann e r  
desc r i bed p r e v i o u s l y  b y  r eg u l at i o n s  set by t h e  S t ate 
o f  Te x a s . 

Lo u i s i ana c u r r e n t l y  h a s  no r e g u l a t i o n s  c o n t r o l l i ng s h i p  and 
b a r ge load i ng a nd u n l o ad i ng ope r a t i o n s  and c u r r e n t l y  doe s 
not ant i c ipate impl eme nt ing a ny such  r eg u l at i o n s . Sho u l d  
the US EPA deem s uch c on t r ol s  nec e s sa r y  fo r t h e  AQCR t o  a t t a i n  
a nd ma i n t a i n  the NAAQS , the US EPA may pr om u l g a te r eg u l at i o n s  
f o r  the se ope r a t ion s .  Lo u i s i ana ' s  Impl ement at ion P l a n  w a s  
dec l a red i nadequate b y  t he US EPA f o r  a t t a i nment and ma i n t e n­
ance of the p r imary  NAAQS f o r  pho t o chem i c a l  ox i d a n t s  and 
the s t ate h a s  been d i r ec ted t o  s u bm i t  a r e v i sed p l a n. The 
mod i f ied Lo u i s i a na S/P wa s subm i t ted to EPA in November 1 9 7 7 . 

Amb i e n t  A i r  Qua l i t y  S tand a r d s  

Th e NAAQS wh ich  ar e l i s ted i n  Tab le 3 . 1 6 ,  e s tab l i s h  
p r i ma r y  a nd s ec o nd a r y  s ta nd a r d s . The p r ima r y  s t a nd a r d s  
have be e n  s e t  t o  p r o t e c t  the p ub l i c  h e a l th . Th e s e c o nd a r y  
s t and a r d s  pr o t e c t  the p u b l i c  we l f a r e  f r om a ny known o r  
ant ic ipated adve r se e f fec t s  o f  a pol l u t ant , i nc l ud ing 
e f fe c t s  on so i l s , wate r ,  c r op s , veg etat ion , man-made m a t e r i a l s , 
a n i ma l s , w i l d l i f e , we athe r ,  v i s i b i l i ty ,  c l imate , d amag e to 
and dete r i o r a t ion o f  pr ope r ty ,  and h a z a r d s  to t r a nspo r t a t i o n , 
as  we l l  a s  e f fe c t s  o n  econom ic val u e s  and o n  p e r s o n a l  
comf o r t  and wel l-be i ng . The newly e nac ted C l e a r  A i r  Ac t 
Ame ndme nts  have a l so a u t ho r i z ed EPA to p r om u l g a t e  p r i o r  to 
Aug u s t  1 9 7 8  a Nat i o n a l  P r imary  Amb ient  A i r  Qual i ty S t anda r d 
fo r N02 c oncentr a t io n s  ove r a pe r i od o f  not  mo r e  than 3 
h o u r s .  

The S t ate o f  Te x a s  has not  e nac ted a ny a i r  q ua l i ty r eg ul a t i o n s  
mo r e  s t r i n g e nt tha n t he ex i s t ing Fed e r a l  Reg ul a t i o n s  g i ven 
in  Tab l e  3 . 1 6 w i th the exce pt ion of  the add i t io n a l  r eg u l at ion 
o f  H 2 S me nt ioned e a r l i e r . Al t ho ugh Lo u i s i ana h a s  p r om u l g ated 
s t r i c t e r s t and a r d s  th an the NAAQS , the  s t r i c t e r  s t and a r d s  
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Tabl e 3 . 1 6  Na t i o n a l  Amb i e n t  A i r  Qual i ty S t and a rd s ( a )  

Ave r ag i ng P r i m a r y  Se conda r y  
Po l l u t a n t  T ime S t an d a r d s  S t anda r d s  

Pa r t ic u l a te Ann u a l  ( G e o - 7 5  µg/m3 6 0  µg/rn3 
M a t te r ( b )  me t r i c  mean ) 

2 4 - ho u r  2 6 0  µg/rn3 1 5 0  µg/m3 

S u l f u r  An nual  ( A r i th- 80  ,ug/rn 3 
D i o x i d e  rne t i c  mean ) ( 0 . 0 3 pprn ) 

2 4 - ho u r  3 6  5 .ug/rn3 
( 0  . 1 4 ppm ) 

3-hour  --- 1 3 0 0  ,ug/rnj 
( 0 .  5 ppm )  

C a r bo n  8-ho u r  1 0  .u g/rn 3 
Mono x id e  ( 9 ppm ) Sarne as 

1-hour  40  µg/rn3 P r imary 

( 3 5  ppm ) 

Photochem i c a l  1-ho u r  1 6  0 ,ug/rn 3 Sarne as 
O x id an t s ( c )  ( 0 .  0 8 ppm ) P r imary 

Hyd r o c a rbons ( d )  3-hour  1 6  0 µ g/rn 3 Sarne as 
( nonrnetha ne ) ( 0 .  2 4 ppm ) P r imary  

N i t r og e n  An nual  ( A r i th- 1 0 0  µg/rn3 Sarne as  
D i o x ide me t i c  me a n )  ( 0 . 0 5  ppm ) P r ima ry 

( a )  Al l s ta nd a r d s  ( o th e r  than annual s tanda rd s )  a r e  spe c i f i ed a s  not  to 
be exceeded mo r e  than once per y e a r . Th e me a s u r eme n t  me thods a r e 
al so s pe c i f i ed a s  Fede r a l  Re f e r e n c e  Method s . The a i r  q ua l i ty 
s tand a r d s  and a d e s c r i p t ion o f  the r e f e r e n c e  methods we r e  pub l i shed 
on Apr i l  3 0 , 1 9 7 1 in 4 2  C FR 2 1 0 , r ecod i f i ed to 4 0  C FR 5 0  on 
Novemb e r  2 5 , 1 9 7 2 . 

( b )  The second a r y  annual  s tand a rd ( 6 0 µ.g/rn3 ) i s  a q u id e  to be u sed i n  
a s s e s s i ng i mp l eme nt a t i o n  p l a n s  to ach i eve the 2 4 - h o u r  second a r y  
s tand a r d . 

( c )  E xpr es sed a s  o zone by the Fed e r a l  Re fe r e n ce Method . 

( d )  Th i s  NAAQS i s  fo r u se as  a g u ide i n  dev i s ing impl eme n t at ion pl ans 
to ac h i eve o x i d a n t  s tand a r d s . 
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a re not  p r e se n t l y  a c t ive l y  e n f o r c ed . Th i s  i s  a d i r e c t  
r e s u l t  o f  the i r  i n t ent o f  ma k i ng t h e  S t ate S t and a r d s  c o n s i s tent 
w i th Fede r a l  l im i t s  i n  t he nea r f u t u r e . Ta b l e  3 . 1 7 s hows 
Lo u i s i a na Amb ient  A i r  Q ua l i ty S t a nd a r d s  wh i c h  are in 
add i t ion to those  ado pted s hown in Table 3 . 1 6 .  I n  1 9 7 4  the 
US E PA a l so deve l o ped s ta nd a r d s  fo r the p r event i o n  of 
s ig n i f ic a nt d e t e r i o r a t ion . The s e  s tand a r d s  reg u l a t e  S0 2 , 
and t o t a l  s u spended pa r t ic u l a tes  i n  a manne r dependent upo n  
e x i s t i ng l eve l s  o f  amb i ent a i r q ua l i ty .  Th e a r e a  c l a s s i f i c a ­
t io n s  ar e as  f o l lows : 

Cl a s s  I :  Any ch ange i n  a i r  q ua l i ty wo u l d  be co n s id e r ed 
s ig n i f i c a n t . 

C l a s s I I :  De t e r i o ra t i o n  n o r ma l l y  accompany i ng mode r a t e  
we l l - c on t r ol led g r owth wo u l d  b e  co n s id e r ed 
in s i g n i f i c a n t . 

C l a s s  I I I : Det e r i o ra t i o n  up to the  Nat i o n a l  S t and a r d s  
wo u l d  be co n s id e r ed i ns ign i f ic a n t . 

I n  Aug u s t  1 9 7 7 , t he C l e a r  A i r  Act Ame ndme n t s  made p r ov i s i o n s  
i n  the s i gn i f i c a n t  d e t e r i o r a t ion s tand a r d s , ( Ta b l e  3 . 1 8 )  to 
co n s i d e r  othe r p o l l u t an t s  inc l ud i ng hyd r oc a r bo n s , c a r bo n  
mo no x i d e , photochem i c a l  ox i d a n t s  and n i t r og e n  o x i d e s . The 
Ame ndme n t s  r eq u i r e d  E PA to cond uc t a s tudy a nd t o  p r om u l g a t e  
r e g u l a t i o n s  w i th in two year s t o  p r event t h e  s ig n i f i c a n t  
dete r i o r a t ion o f  a i r  q u a l i ty wh i c h  wo u l d  r e s u l t  f r om t h e  
em i s s ion o f  t h e s e  othe r p o l l u t an t s . 

The Ame ndme nt s al so a l lowed v a r i anc e s  f r om the C l a s s I s u l f u r  
d i o x i d e  i n c r eme n t s  t o  be g r a nt ed f o r  up t o  1 8  d a y s  a y e a r . 
S uc h  a v a r i ance c a n  be g r a nt ed t h r o ugh the appr oval  o f  the 
s ta t e  gove r no r  and the  fede r a l  land ma nage r .  Sho u l d  t h e s e  
two o f f i c e s  d i sag r e e  on t h e  ad v i s ab i l i ty o f  such a v a r i ance , 
the f i n a l  dec i s ion wo u l d  be l e f t  to the P r e s i d e nt , a nd wo u l d  
n o t  b e  s u b j e c t  t o  j ud i c i a l  r e v i ew .  Var i anc e s  o f  8 a nd 1 5  
pe r cent f r om i nc r eme nt s fo r bo th S0 2 a nd pa r t ic u l a tes  i n  
C l a s s  I I  a r e a s  w i l l  b e  a l l owed i n  low a n d  h igh ter r a i n  
a r e as , r e spec t iv e l y . 
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Tab l e  3 . 1 7 Lou i s i an a  Amb i en t  A i r  Qua l i ty S t and a r d s  i n  Ad d i t ion to 
NAAQs ( a )  

Ave r ag i ng Pr ima r y  Seconda r y  
Po l l u t ant T ime S t and a r d s  S t and a r d s  

D u s t f  a l l 1 mo nth 20  t o n s/sq . m i l e  - - -

C o e f  f i en t  An n u a l  ( Ge o - 0 . 6  c oh/1 , 0 0 0  
o f  H a z e  me t r i c  me an ) l i ne a r  f e e t  - - -

An n u a l  ( A r i th- 0 . 7 5 coh/1 , 0 0 0  
me t i c  mean ) l i ne a r  fee t - --

24 -ho u r  1 .  5 0  coh/1 , 0 0 0  
l i ne a r  f e e t  ---

-

S u l f u r  An nual ( A r i th- --- 60 µg/m3 
d i ox i d e  me t i c  mean ) ( 0 . 0 3  ppm ) 

2 4 - h o u r  -- - 26 0 µg/m3 
( 0 . 1 0 ppm ) 

S u l f u r  Ac id An nual  ( A r i th- 80 .Mg/m3 
M i s t ,  S u l f u r  me t i c  me an ) ( 0 .  0 3 ppm ) ---
T r io x i de o r  
any c omb i na- 2 4 -h o ur 3 6 5  Mg/m3 
t io n  th e r eo f  ( 0 . 1 4 ppm ) - --

T o t a l  Annual ( A r i th- 5 8 . 8 µ.g/m3 5 8 . 8 µg/m3 
O x i d a nt s  me t i c me an ) ( 0 . 0 3  ppm ) 

4 - h o u r  9 8 . 0  µg/m3 5 8 . 8  µg/m3 
( 0 . 0 5  ppm ) ( 0 . 0 5  ppm ) 

( a )  A l l s ta nd a r d s  ( o th e r  t h an annual s tanda r d s ) a r e  spe c i f i ed a s  not  
to be  ex ceeded mo r e  th an once p e r  ye a r . The meas u r eme nt me thod s 
a r e  a l so spec i f i ed as  F ed e r al Re f e r e n c e  Method s . The a i r  q ual i ty 
s ta nd a r d s  and a d e s c r i p t i o n  o f  the r e f e r ence me thod s we r e  
publ i shed o n  Apr i l  3 0 , 1 9 7 1  i n  4 2  C FR 2 1 0 , r e c od i f i ed t o  
4 0  CFR 5 0  o n  Novemb e r  2 5 ,  1 9 7 2 . 
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Tab l e  3 . 1 8 M ax i mum Al lowa b l e  I n c r ea se i n  C o n ce n t r a t i o n s  fo r the P r eve nt i o n  
o f  S ig n i f i c an t  De t e r i o r a t i o n  

Max i mum A l l owab l e  I nc r e a s e  i n  C o n ce n t r a t i o n l (µg /m 3 ) 

C l a s s  I C l a s s  I I  C l a s s  I I I  

3 - h o u r  2 4 -h o u r  Ann u a l  3 - h o u r 2 4 -h o u r  Annual 3 - h o u r  2 4 -h o u r  
Po l l u t a n t  

P a r t i c u l a tes - - 1 0  5 - - 3 7  1 9  - - 7 5  

S0 2 2 5  5 2 5 1 2  9 1  2 0  7 0 0  1 8 2  

1 .  Ar i thme t i c  mean val ue except a s  no ted . 

a n n u a l  

3 7  

4 0  



3 . 3 . 4 Amb i en t  A i r  Qual i ty I mpac t D u r i ng C o n s t r u c t i o n  Phase 

The f o l low i ng p a r a g r ap h s  d i s c u s s  the r e s u l t s  o f  the mod e l ing 
ana l y s i s  and amb i en t  a i r  q u a l i ty impact cond u c t ed f o r  each 
s i g n i f i c ant  s o u r ce at S u lp h u r  M i n e s  d u r i ng the cons t r u c t ion 
phase . The mo de l i ng c o n s i s t s  o f : ( 1 )  the u se o f  the mod e l  
PTMAN t o  p r ed i c t  the f requency o f  o c c u r r e nce o f  v i o l a t i o n s  o f  
appl i c able s ta nd a r d s  and t h e  d i s t r i b u t ion o f  po l l u tant con­
c e n t r a t i on s  at downw i nd r e ceptor l o c a t i o n s  and ( 2 )  the 
p r ed i c t ion o f  annual cente r l i ne po l l u tant g r o u nd leve l 
c o n c e n t r a t i o n s  by the mode l CDM u t i l i z i ng ne a r by h i s to r i c a l  
me teo r o log i c a l  d a t a . 

T h i s  app r oach i s  emp l o yed f o r  a l l  ide n t i f i ab l e  s o u r c e s  except 
tho se wh i c h  h ave a neg l i g i ble i mpac t o n  a i r  q u a l i ty ( e . g . , the 
s a l t  dome s to r age dav i ty )  or those who se e r r a t i c  n a t u r e  ma k e s  
the u s e  o f  t h e  G au s s i an mod e l ing app r o ach i r r e levant  o v e r  a 
s ho r t - t e r m  ave r ag i ng per iod . M any o f  the a c t i v i t i e s  p l anned 
f o r  the con s t r u c t i o n  phase are i nd i c a t i ve of th i s  l a t t e r  type 
o f  so u r ce . F o r  e x amp l e , fug i t i ve d u s t  l o s s e s  due  to the u s e  o f  
heavy-d u ty con s t r u c t ion equ ipment d u r i ng s i te p r ep a r a t ion a r e  
s p r e ad o v e r  a l a r g e  a r ea a n d  o c c u r  i n t e r m i t t e n t l y  a t  v a r i able  
em i s s ion r a t e s . S u ch a s ou r ce cannot  be  r e l i ab l y  mode l ed over  
t he sho r t- t e rm ; howeve r , i t  can be r e asonably i n c l uded in  the 
annual  mode l i ng a na l y s i s  thr ough the u se o f  C DM in  c o n j unc t io n  
w i th s impl i f y i ng po i n t - sou r ce a s sump t i on s .  O th e r  s o u r ce s  have 
been d i s c u s sed s o l e l y  in t e rm s  o f  annual  tonnage em i s s ion 
r a tes . So u r ce s  hand led i n  th i s  man n e r  i n c l uded : ( 1 )  the u s e  
o f  paved a n d  u npaved r oads a n d  ( 2 )  th e u s e  o f  heavy and 
l i g ht-d u ty veh i c le s . 

U naba ted a n n u a l  em i s s i o n s  f o r  a l l  s o u r ce s  a r e  p r e s e n ted i n  
T able 3 . 4 .  The u s e  o f  paved and u npaved r o ads  acco u n t s  
f o r  l e s s  than 5 pe r ce n t  o f  t h e  con s tr u c t i o n  p h a s e  par t i c u l ate 
em i s s i on s  and the vast maj o r i ty o f  th i s  total ( e . g . , 3 0 0  
ton/year ) i s  r e p r e s ented by the u s e  o f  u np aved s u r f a ce s .  
T h e s e  em i s s i o n s  can be f u r the r m i n im i zed by the u s e  o f  
con t r o l  me t h o d s  w i th e f f i c i e n c i e s  r ang i ng f r om 2 5 %  t o  
8 0 % 2 3 . C o n t r o l  tech n iques  i nc l ude t h e  app l i c a t i o n  o f  
w a te r , c h em i c a l  t r e a tment a nd speed con t r o l . T h e  l a t t e r  
app r o a c h  c a n  b e  qu i te e f f ec t ive . T h e  impac t o f  th e s e  
em i s s i o n s  i s  q u i te l o c a l ( i . e . , 4 0 %  o f  the t o t a l  w i l l  f a l l 
o f f  w i th i n 0 . 5  km r ad i u s )  and i s  i n  comp l i ance w i th 
p r ima r y  ( 2 6 0  �g /m3 ) and second a r y  ( 1 5 0 � g/m 3 ) EPA a i r  
q u a l i ty s t a nd a r d s  f o r  par t i c ul a te s .  
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C ombu s t ion contam i na n t s  would r e s u l t d u r i n g  con s t r u c t ion 
d ue t o  the u s e  o f  heavy and l i g h t  d u ty veh i c l e s . As  
i nd i c a ted i n  Table  3 . 4  th i s  act i v i ty would  account  for  
a sma l l  por t i on o f  the comb u s t ion con t am i n a n t s  em i t ted 
d u r i n g  con s t r u c t ion . The imp a c t  of these s o u r c e s  wo u l d  be 
wel l d i sper s ed over  the con s t r u c t i on a r e a s  and the  ove r a l l  
imp a c t  i n  t e r m s  o f  amb i en t  a i r  q u a l i ty wo u l d  b e  i n s ig n i f i c an t . 

L ong- t e r m  o r  ann u a l  pol l u tant g r o und l e ve l  c o n c e n t r a t i o n s  
would  b e  i ns i gn i f i cant  f o r  cons t r u c t i on p h a s e  ac t i v i t i e s  
w i th t h e  excep t i o n  o f  l a r ge s c a l e  l and c l ea r i ng ope r at i o n s  
at t h e  dome . C a l c u l a t i o n s  have been pe r f o r med f o r  t h e s e  
l o c a t i o n s  u s ing a po i n t  s o u r ce app r o x imat ion . The mode l i ng 
r e s u l t s  a r e  p r e sented in F ig u r e  3 . 7  and i nd i ca t e  that the  
F ede r a l  p r ima r y  s t andard  f o r  p a r t i c u l a t e s  would  not  be 
e x c eeded . The c a l c u l a t i o n s  a r e  ba s ed upon unabated em i s s ion 
r at e s . T h e  U S E PA2 3  i nd i c a te s  that an e f f e c t ive water  
spr ay i ng p r og r am wo u l d  r ed uce em i s s i o n s  by  50  per c e n t . S u ch 
a p r ogr am is  p l anned f o r  the  S u lphu r M i n e s  cons t r u c t ion 
s i te s and it is  ant i c i pated that the  r e s u l tant  level of 
pa r t i c u l a t e  em i s s i o n s  wo u l d  be i n  comp l i ance w i th the 
appl i c able s tanda r d s . 

3 . 3 . 5 A i r  Q u a l i ty I mpac t D u r i ng the Ope r a t i o n a l  P h a s e  

A n n u al tonnage em i s s ion r a t e s  have been developed f o r  a l l  
ope r a t i o n a l  phase s o u r ce s . The mod e l i ng s teps and mode l s  
emp l oyed a r e  ident i c a l  t o  t ho s e  d e s c r i bed f o r  co n s t r u c t ion 
i mpa c t s  ( S e c t  ion  3 .  3 .  4 )  • 

The f o l l ow i ng p a r ag r ap h s  d i s c u s s  the r e s u l t s  o f  the 
mo d e l i n g  a n a l y s i s  co n d u c t ed for each s ig n i f i c a n t  s o u r ce at 
S u lp h u r  M i n e s  and S un Te r m i na l  d u r i ng the  ope r a t i o n a l  
p h as e .  The mode l i ng con s i s t s o f  ( 1 )  the u se o f  the  mod e l  
PTMAN to p r ed i c t  t h e  f r equency o f  o c c u r r e n c e  o f  v i o l at i o n s  
o f  app l i ca b l e  s t and a r d s , and the d i s t r i b u t ion o f  po l l utant 
concent r a t i o n s  at downw i nd r e cep tor l o ca t i on s ,  and ( 2 )  the 
p r ed i c t i o n  o f  ann u a l  c e n t e r l i ne po l l u tant g r o und l e ve l 
c o n c en t r a t ions by the mod e l  CDM u t i l i z ing ne a r by h i s to r i ca l  
me t eo r o l o g i c a l  d a t a . 

T h e  oper a t i on a l  p h a s e  o f  the p r o g r am wo u l d  con s i s t  o f  t h r e e  
typ e s  o f  a c t i v i ty :  ( 1 )  i n i t i a l  f i l l , ( 2 )  d r awdown , and ( 3 )  
r e f i l l .  A l l  c r ude o i l  wo u l d  be d e l i ve r ed t o  the  S u n  T e r m i nal  
by tanke r s  d u r i ng the i n i t i a l  f i l l  and r e f i l l  p h a s e s . D u r i ng 
the  1 5 0 d ay d r awd own , 6 0  pe r c en t  o f  the o i l  would be d i s­
t r i buted by tanke r ,  w h i l e  the  r ema i nd e r  would  be d i s t r i bu ted 
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by ove r l and p ipel i n e s . E vapo r a t i ve l o s s e s  o f  hyd r o c a r bo n s  
w o u l d  eman a t e  f r om expo sed su r f aces o f  c r ude o i l  d u r i ng e a c h  
p r o j e c t  phase . The l a rge s t  vo l ume o f  hyd r o c a r bon emi s s i o n s  
would b e  a s s o c i ated w i th s h ip c r ude o i l  hand l i ng ac t i v i t i e s  
d u r i n g  l o ad i ng and u n l o ad i ng .  T h e r e  wou l d  b e  con com i t ant 
evap o r at i ve hyd r o c a r bon l o s s e s  f r om the S u n Te r m i n a l  tank 
f a c i l i t i e s  as  we l l  a s  the t e r m i n a l  pump house . At the dome 
s i te ,  add i t i o n a l  evapo r a t ive hyd r o c a r bo n  l o s s e s  would 
emana te f r om o n s i t e t ank s and the dome pump house . C ombu s t ion 
c o n t am i na n t s  could a l so be ant i c ipated a t  the S un T e r m i n a l  
d ue to bo i l e r  em i s s ions f r om the do c k s ide tan k e r s  and f r om 
tug eng i n e s  d u r i ng t a n k e r  a s s i s t ance . Annual tonn age 
em i s s i on r a t e s  for these s o u r c e s  are con t a i ned in Table 3 . 9 .  

S ho r t - t e rm mode l i ng c a l c u l a t i o n s  have been p e r f o r med f o r  
p r oj e c t  hyd r oc a r bon em i s s i o n s  at b o t h  t h e  dome and te r m i n a l  
s i t e s . T h e  c a l c u l a t i on s  a r e  based upon co ncom i t ant em i s s i o n s  
a t  e ach l o c a t i on f r om a l l  so u r ce s  i n c l u d i ng t an k e r s ,  tan k s  
and pump h o u s e s . I n  add i t i on , two sep a r a t e  scena r i o s  we r e  
mode led a t  t h e  S u n  T e r m i n a l  to hand l e  bo th s h ip l o ad i ng 
a nd u n load i ng phase s .  The r e s u l t s  o f  the mode l i ng analyses  
i nd i c a te that at the  dome s i te shor t - t e r m  NMHC g r ound 
l evel  conce n t r a t i o n s  wo u l d  be i n  comp l i ance w i th the 
3 - hou r s tanda r d . Howeve r , d u r i ng tanker load ing and 
u nl o ad i ng ope r a t i on s  at the Sun  T e r m i n a l , the s t and a r d  
wo u l d  be exceeded . Th i s  ind i c ates that du r i ng t a n k e r  
l o ad i ng d u r i ng the d i s t r i b u t ion phase , t h e  3 -hou r NMHC 
s tand a r d  wo u l d  be v i o l a ted 1 per cent or mo r e  of the t ime 
a n n u a l l y  o u t  to downw ind d i s tances  i n  e xce s s  of 5 k i lome t e r s 
w i th the max imum impac t o c c u r i ng t o  the we s t  o f  the 
t e r m i na l . D u r i ng sh ip ba l l as t ing ope r a t i o n s  f o l low i ng the 
compl e t i on o f  tan k e r  u n l o ad i ng , the appl i ca b l e  s t andard  
would be  e xceeded out  to a downw i nd d i s tance o f  app r o x imately 
5 k i lome t e r s w i th the max imum imp a c t  occ u r r i ng we s t  o f  the 
f a c i l i ty whe r e  the f r eq uency o f  v i o l at ion i s  in e xce s s  o f  
2 . 5  p e r ce n t  an n u a l l y . 

A n n u al NMHC g r ound l evel  conce n t r a t i o n s  h ave a l so been 
c al c u l a ted for the dome and t e r m i n a l  s i tes . F i g u r e  3 . 8 
p r ov i de s the r e s u l t s  o f  th i s  ana ly s i s  f o r  the s un Te r m i na l . 
T h i s  c a l c u l a t ion i s  based upon the c o n s e r vat ive a s sump t ion 
that  bo th the f i l l  and d r awd own phases could  o c c u r , at 
l e a s t  i n  p a r t ,  d u r ing the s ame annu a l  pe r i od . The r e s u l t s  
o f  the c a l c u l a t ion i nd i cate that ann u a l  g r ound l e v e l  
concen t r a t i o n s  wo u l d  b e  gene r a l ly l e s s  t h a n  1 . 0  � g /m 3 . 
S im i l a r  c a l c u l at i on s  we r e  p e r f o r med f o r  the dome s i te and 
a r e p r e s en t ed in F i g u r e  3 . 9 .  Annual  NMHC conce n t r a t i o n s  
w o u l d  b e  gene r a l ly l e s s  t h a n  O . l  �g /rn 3 downw ind o f  the 
dome s i te s o u r ce s . 
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I n  s umma r y , the S ul ph u r  M i nes d ome and S un Te r m i n a l  
fac i l i t i es w o u l d  b e  s o u r ce s  o f  NMHC , a nd to a l e s se r  
extent , c omb u s t ion cont am i nant s .  Howeve r ,  i n  p r e s e nt 
f o rm , t he l e v e l  o f  hyd r oc a r bo n  emi s s i o ns at the S un 
Te rm i na l  a nd S ul ph u r  M i nes s i t e i s  i n s u f f i c i e nt to 
h ave an impo r t ant imp a c t  on re g i ona l leve l s  o f  
phot ochem i c a l  ox i d a n t . The annual  t o nnage em i s s io n  
r a t e  f o r  S u l ph u r  M i ne s  i s  r e l a t i v e l y  sma l l  i n  c ompa r i son 
to reg i onal  hyd r oca rbon em i s s io n  level s ,  thus i t  i s  
unl i k e l y  that  th e p r opo sed f ac i l i ty wo u l d  h ave a 
s i g n i f i c a nt impac t on obse rved leve l s  of pho tochem i c a l  
ox i d a nt . The f ac i l i ty ( i . e . , the s torag e  s i te itse l f )  woul d  
not r e su l t i n  v io l a tio n s  o f  sta ndard s . 

3 . 3 . 6  C um u l a t i ve A i r  Qua l i ty I mpac t s  Re s u l t i ng F r om the 
We s t  Hac k be r r y and S u l ph u r  M i ne s  S PR Ope r at i o n s  

C r ud e  o i l  s u pp l i e s  and d i s t r i b u t ion f o r  the  S u l ph u r  
M i nes and We s t  Hac k be r ry S PR s i t e s  w i l l  be h a nd led a t  
S un Te r m i na l  i n  Nede r l a nd , Te x a s . Fo r bo th s i te s , 
l i gh te r i ng f r om VLC C s  o n t o  4 5 , 0 0 0  DWT and/ o r  5 5 , 0 0 0 DWT 
tank e r s  w i l l  o cc u r  i n  the G u l f o f  Mex i c o . The s e  tank e r s  
w i l l  t h e n  t r av e l  t h r o ugh th e S ab i ne Pa s s , the Sab i ne -Ne ches  
Cana l a nd the Neches  R i ve r t o  the t e r m i na l . C r ud e  o i l  f o r  
both fac i l i t i es w i l l  t h e n  b e  d i s t r i bu t ed v i a  the s ame 
p ipel i ne fo r app r ox ima t e ly f i ve m i l e s  ( s ee F ig u r e  1 . 7 ) . 
Conc u r r e nt ope ra t io n o f  both s i tes w i l l  h ave a c um u l a t ive 
i mpact fo r ce r t ai n ac t iv i t i es .  

Annual tonnage em i s s i on r a t e s  w i l l  i nc r ea s e  d ue 
to t he i n c r e a s ed ope r a t i o n s  at Sun  Te r m i na l . Cumu l a t ive 
em i s s i o n  r a t e s  a r e  g i v e n  i n  c o l umn c of  Tab l e  3 . 1 9 .  
F o r  means o f  c ompa r i s o n  co l umns a and b o f  Tab l e  3 . 1 9 
r ep r e s e nt the em i s s i on r a te s  fo r the S u l phu r M i ne s  
and We s t  Hac kbe r ry S PR s i t e s  r e spec t ive l y . Hyd r oc a r bo n  
emi s s i o n s  f r om t an k e r  load i ng a nd u n l o ad i ng a nd l i g h t e r i ng 
ope r a t i o n s  fo r the  We s t  Hac kbe r ry S PR s i te w i l l  be i n  
exc e s s  o f  the Fed e r a l  3 -ho u r  s ta nd a r d  f o r  hyd r o c a r bo ns 
( 1 6 0  g/m 3 ) .  Th e dome s i te fac i l i ty wou l d  not  r e s u l t  i n  

v i o l a t io n  o f  sho r t- t e r m  a nd a nn u a l  amb i ent a i r  q ua l i ty 
s tand a r d s  fo r hyd r oca r bo n s . Howeve r ,  d u r i ng t anke r lo ad i ng 
a nd u n l o ad i ng ope rat i o n s  at S un Te rm i na l , the t h r ee-ho u r  
NMHC s ta nd a r d  w o u l d  be exc e eded o u t  t o  a downw i nd d i s tance 
of app r o x ima t e l y  5 k i lomet e r s .  The annual f r eq ue ncy o f  
these v i o l a t i o n s  i s  es t i mated t o  be l e s s  th a n  t h r e e  p e r c e nt 
w i th the mo s t  impac t o c c u r r i ng we s t  o f  the t e rm i na l  f ac i l i ty .  
I t  i s  ant ic i pa te d  that  d u r i ng adve r s e  meteo r o l o g i c a l  c o nd i t io n s , 
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T a b l e  3 . 1 9 A n n u a l  Tonnage Em i s s ion R a t e s  at ( a )  S u l p h u r  M i ne s * , ( b )  We s t  H a c k be r r y * * ,  ( c )  S u l p h u r  M i ne s a nd W e s t  H a c k be r r y .  

--------i !s o u r ce or A c t iv i ty I 
Annu a l  Emi s s io n s  ( Ton s )  

I 

I S i te 

S to r ag e  T a n k s  
( S u n  T e rm i n a l ) 

a 

I 
( 3 x 

3 8 . 8  I 

HC 

b 

( 4 ) ( 5 ) 
8 0  

P a r t i c u l a te 

c I a b I c 

1 1 8 . 8  

a I l ! I 

S0 2 

b 
I l I 

c I 
I i 

a I I 
N02 co 
b c I a b I c 

T a nk e r  U n l oad i ng 
' ( B a l l a s t i ng )  ( 6 ) 6 9  I 

I 

( 4 ) ( 7 ) 
1 9 5  2 6 4  I -- --

( 4 ) ( 5 )  
: Ta n k e r  Load i ng 1 4 6  3 4 7  I 4 9 3  

I ! i -- i -- -- I 
I 1 ( 5 ) ( 5 ) ( 5 ) 'I' . . ( 1 i ( 5 ) ( 7 ) I I ( 1 ) ( 5 ) ( 7 i: ( 1 ) ( 7 ) ( 4 ( 1 ) ( 7 ) ( 4 ( 1 ) ( 7 ) ( 4 ) 

: S h ip E ng i ne s  . 9  1 3 , 3 . 9  5 . 9  2 4 . 3  3 0 . 2  3 9 . 2  3 2 9 . 6  3 6 8 . 8 1  2 7 . 7  1 0 7 . 6  1 3 5 . 3  1 . 0 5  2 . 1  3 . 1 5 
,..------ ( 5 ) ( 5 ) ( 5 ) ' ' ( 5 )  l ( 5 ) 

Tug E ng i n e s  
( 2 ]  

3 . 5  i ( 7 ) ( 8 ) 1 i ( 2 ) I ( 7 ) ( 8 ( 2 ) !  ( 7 ) ( 8 ) 1 ( 2 ) 1 ( 7 ) ( 8 )! ( 2 ) ( 7 ) ( 8 ) 1 
10 1 3 . 5 ;  6 . 2  I 2 0 . 8  2 7  2 . 8 , 5 . 9  I 8 . 7  5 . 2  I 1 0 . 4  [ 1 5 . 6  4 . 5  1 0 . 4  I 1 4 . 9  

VLCC to T a nk e r  
( L i g h te r i ng )  2 9 1  I 6 9 4  9 8 5  I I 

I ] I l -- I -- I -- -- I -- I 
* 
* *  

1 .  
2 .  

3 .  
4 .  
5 .  
6 .  
7 .  
8 .  

I f  a c t i v i ty pe r s i s t s  fo r l e s s  than a y e a r  then t o t a l  em i s s i o n s  f o r  app r opr i a te s h o r t e r  pe r i od a r e l i s te d .  
Em i s s i on r a t e s  a r e  ba s e d  o n  the a s sump t ion t h a t  al l s o u r ce s  em i t  con t i nu o u s l y  a t  a f i xed ave r age a n n u a l  r a te . ( Da ta t a k e n  
f r om F E A  7 6 / 7 7- 4  a nd F i n a l  Repo r t  A i r  Q u a l i ty I mp a c t  Ana l y s i s  f o r  F i ve P o t e n t i a l  S t r a te g i c  P e t r o l e um R e s e r v e  S a l t  Dome 
Sto r ag e  S i te s .  P a r t  I I :  S i te Spe c i f i c  A i r  Q ua l i ty Impac t  o f  the P r op o s ed S P R  P r og r am ,  Ma r c h  1 9 7 7 ) . 
B a s ed upon 6 9  d e l i v e r i e s  by 4 5 0 , 0 0 0  ba r r e l  t a n k e r s  f o r  load i ng and 3 5  d e l i v e r i e s  f o r  u n l o a d i ng .  
Ba sed upon 4 hou r s  o f  a s s i s tance d u r i ng maneuve r i ng ope r a t i o n s  d u r i ng e a c h  d e l i v e r y . V a l u e s  a r e  f o r  l o a d i ng a nd u n l o a d i ng 
on an ind i v i d u a l  b a s i s .  
I n c l ud e s  a l l  t a n k s  w i t h  a c r ud e  TVP o f  4 p s i a .  
B a s e d  u pon 1 5 0  d e l i ve r i e s pe r y e a r  by 4 5 0 , 0 0 0 ba r r e l  t a n k e r s .  
5 0  pe r ce n t  o f  o i l  d i s t r ibuted by t a n k e r .  
B a s ed u pon t a n k e r s  u s ing 4 0  pe r c e n t  o f  the i r  capa c i ty f o r  ba l l a s t  w a te r . 
9 0  pe r c e n t  of o i l  d e l i v e r ed by t a nk e r  to S u n  T e rm i na l .  
B a s ed upon 6 hou r s  o f  a s s i s t a n c e  d u r ing maneuve r i ng ope r a t i on s  d u r ing e a c h  d e l i v e r y  and 1 5 0  d e l i v e r i e s  pe r y e a r . 



r e d uc t i o n  o f  t e r m i n a l  hyd r oc a r b o n  em i s s i o n  i s  r equ i r ed .  
Seve r a l  a l te r n a t i ve meas u r e s  c a n  be appl i ed to reduce  
hyd r oca r b o n  em i s s i o n  a t  S u n  T e r m i na l . These  i n c l ude ( 1 )  the  
i n s ta l l a t i on o f  t a l l  ven t i ng s tac k s , ( 2 )  the u t i l i za t io n  o f  
v apo r r ec ove r y  and em i s s io n  c o n t r o l  equ ipme n t , ( 3 )  r ed uc t io n  
o f  the tan k e r l oad i ng and u n l oad i ng r a te s ,  a nd ( 4 )  the 
c omb i na ti o n  of the above mea s u r e s . 

3 . 3 . 7  N o i se 

The S u l ph u r  M i n e s  s i t e  p r ep a r a t i o n  c o n s t r u c t i o n  ac t iv i t ie s  
and f ac i l i ty ope r a t io n  a f te r  c on s t r u c t io n  w o u l d  c r e ate 
o nl y  m i n o r  and t empo r a r y  n o i se impac t s  for r e s i d e nt i a l , 
r ec r e a t i o na l , f a r m i ng , a nd o th e r  non- i nd u s t r i al l a nd u s e s  
i n  and ne a r  the s i te a r e a . P l an s  a r e  f o r  t h e  co n s t r u c t io n  
ac t iv i t ie s  to t a k e  p l a c e  ove r a pe r iod o f  app r ox i ma tely 1 2  
month s . The m a j o r  no i se f r om c on s t r u c t io n  and f ac i l i ty 
o pe r a t io n  wou l d  o c c u r  a t  the s to r ag e  s i te , a l o ng the p i pe l i ne 
c o r r id o r , a nd a t  the te r m i na l  d oc k s . 

S u lphu r  M i n e s  Dorne S to r age S i te A r e a  

C o nt r i b u t ing n o i se s o u r c e s  a t  the s t o r ag e  s i t e  a r ea d u r i ng 
s i te p r epa r a t io n  wou l d  be a i r  comp r e s s o r s ,  t r uc k s , d i es e l  
eng i ne s ,  pump s , d r i l l i ng r ig s , i mpac t equ i pme n t , c onc r e t e  
m i x e r s , a nd g e ne r al c on s t r uc t io n  r e l a ted e q u i pme n t . No i se 
l e ve l s  typ i c a l  o f  t h i s  equ i pme n t  a r e  g iv e n  i n  Tab l e  3 . 2 0 .  
An eval u a t i o n  o f  the cons t r uc t io n  no i se s o u r c e s  ind i c a te s 
t h a t  d i e s e l  e ng i ne s  wou l d  p r ov ide the mo s t  c on s i s t e n t  
s o u r c e  o f  no i se a nd tha t impac t  a nd d r i l l i ng e q u i pme n t  
wo u l d  c r e a t e  the pe a k  sound l e ve l s .  Land l o c a ted on o r  
ad j ac e n t  t o  the p r opo sed s to r age s i t e  i s  no t a n o i se 
sen s i t i ve use a r e a . The a r e a s  ad j ac e n t  to t he s to r age 
s i te a r e  f o r e s t  a r e a s  and are unpopu l a ted . 

A f t e r  compl e t io n  o f  the s to r ag e  s i t e  p r ep a r a t io n , f i l l  
ope r a t io n s  w o u l d  r e q u i r e  the u se o f  i n j e c t io n  p umps and 
b r i n e  d i sp o s a l  p umps . The se , toge the r w i th o t he r  p umps 
w h i c h  wou l d  be u s ed f o r  o i l  d i sc h a r g e  ope r at io n s , wo u l d  
b e  shel t e r ed i n  a p urnpho u s e  a t  the s to r ag e  f ac i l i ty .  
Al t h o u g h  n o i se l eve l s  w i th i n  the purnpho u s e  c a n  be expe c t ed 
to ex ceed 9 0  d BA , typ i ca l  p urnpho u se cons t r uc t io n  ( see 
Appe nd i x  C )  s h o u l d  r ed uc e  e x te r i o r  no i se f r om t h i s  s o u r ce 
to l e s s  than 7 0  d BA a t  5 0  feet f r om t he s t r u c tu r e .  
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Table 3 .2D Cons truc ti on Equipment Noi s e  Leve l s  

A-we ighted sound 
Equipment l eve l  a t  5 0  feet 

Air Comp re s sor 

B ackhoe 

Concrete Mixer 

Crane Mo b i l e  

Do z e r  

Gener a tor 

Grader 

P i l e  Driver 

Pump 

Rock dri l l  

Truck 

dB 

8 1  

8 5  

8 5 

8 3  

8 7  

7 8  

8 5  

1 0 1  

7 6  

9 8  

8 8  

S o ur ce : " No i se Emi s s ion S tandards for Constr uction Equipment 
B ackgro und Document for Portable Air Compres sors , "  
U . S . Env ironme nta l Pro te ction Ag ency , EPA 5 5 0/ 9- 7 6 -0 0 4 . 
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No i se f r om d r i l l i ng ope r a t i o n s  ( fo r  appr ox ima t e l y  1 1  
mo nths ) i s  expe c t ed a t  the s t o r age s i t e  and a t  the br i ne 
i n j e c t io n  we l l s to the southe a s t  o f  the s t o r age f ac i l i ty .  
I t  i s  ant ic ipa ted t h a t  conve nt iona l o i l  d r i l l - r ig e q u ipme n t  
wo u l d  b e  u sed . No i se f r om c on ven t ional  o i l  d r i l l i ng e q u ipme n t  
r e aches l e ve l s  o f  9 5  t o  1 0 0  dBA a t  5 0  f e e t  f r om the d r i l l  
r ig .  The no i s e  imp a c t  z one ( Leg = 5 5  d B )  i s  e s t ima ted to 
e x t end appr ox ima te l y  1 , 8 0 0  f e e t  f r om t he d r i l l i ng s i tes ; 
howeve r ,  a l l  d r i l l ing  s i te s a r e  i n  r emote a r eas and no i se 
f r om these s i te s  s h o u l d  h ave l i tt l e  e f fe c t  on r e s idence s . 
I n  add i t io n , app r ox ima tely 2 m i le s  o f  p ipe l i ne co n s t r uc t ion 
wo u l d  be r eq u i r e d  fo r the b r ine  d i sp o s a l  sys tem . The 
p ipe l i ne co n s t r uc t ion fo r br i ne d i spo s a l  a l ong w i th the 
d r i l l i ng a c t i v i ty wo u l d  cont r i bute to the no i se o f  
co ns t r u c t ion ac t iv i t ies  a t  the s t o r age s i t e . 

Add i t i o n a l  no i se a t  and n e a r  the s to r age f ac i l i ty wou l d  be 
c a u sed by the s l i g h t  inc r eased ve h ic l e t r a f f i c f r om ma i ntenance 
and ope r a t i ng pe r sonn e l . I t  i s  es t ima ted t h a t  no i se f r om 
a l l s o u r ce s  a s s o c i ated w i th f i l l/d i sc h a rge ope r a t ions wo u l d  
i n c r e a s e  the no i se leve l s  l e s s  than 2 dB a t  t h e  s i te p e r ime te r . 

B a s ed upon the ex i s t ing l and u s e  and t he remo t e ne s s  o f  the 
s i te f r om r e s ide n t i a l  and n o i se se n s i t i ve u se a r e as ( 4  m i le s  
f r om S u lphu r ) , i t  i s  n o t  ant i c ipa ted t h a t  no i se f r om s to r ag e  
f ac i l i ty ope r a t ions w o u l d  i nt e r fe r e  w i th o u td o o r  o r  indoor  
ac t iv i t i e s  n e a r  the s t o r ag e  s i t e . 

P ipe l i ne C o r r i d o r 

A spu r p ipe l i ne wo u l d  be r eq u i r ed f o r  t r an s po r t ing c r ude o i l  
be twe e n  the s to r ag e  s it e  and t he We s t  H a c k be r r y - S ab i ne 
R ive r d i s t r i b u t io n  p ip e l i ne . The p ip e l ine ( 2 0 i nc h  d i ame te r 
wo u l d  t r a ve r s e  appr ox imately 1 4  m i le s  and p a s s  th r ough 
mo s tl y  und e ve l oped a r ea s . 

The no i s e  imp a c t  bounda r y  i s  es t ima ted t o  be Leg = 5 5  dB 
a t  5 0 0  fee t f r om the p ip e l i ne r ig h t - o f -way . The a n n u a l  
Lan l e ve l s  a l on g  t he p ipel i ne a r e  not  expe c t ed to be 
a f fec ted be c a u s e  o f  the r e l a t ive ly sho r t  pe r i od of cons t r u c t ion 
a c t i v i ty at  spec i f i c s i tes . 

S umma r y  o f  No i s e  I mpac t s  

N o i s e  impac t s  f r om t he con s t r uc t ion as soc i ated w i th the 
S u l p h u r  M i nes s i t e  p r ep a r a t io n  a r e s umma r i z ed in Table  3 . 2 1 .  
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D u r i ng f i l l  a nd/o r d i sc h a rge ope r a t ions , t h e r e  would  be 
no i se g e ne r a ted f r om the cont inuous  ope r a t ion of p umps 
a t  bo t h  the s to r age and te r m i na l  f ac i l i t i e s . The no i s e  
i s  expe c t ed t o  b e  con t i nuo u s  d a y  a nd n ig h t  d u r i ng t h e s e  
ope r a t io n s ; howeve r ,  s i nce t h e  p ump s a t  bo th t h e  s to r age 
a nd t e rm i n a l  f ac i l i ty would be e n c l o s ed in p umpho u s e s , i t  
i s  ant i c i pa ted t h a t  the r e  wou ld be neg l ig i b l e  no i se impac t s  
( See  Appe nd ix C fo r Fede r a l  gu ide l i ne s )  o n  the nea r e s t  
re s id e n t i a l  a r e as i n  the v i c i n i ty o f  the s e  f ac i l i t i es . 

Table  3 . 2 1  S umma r y  o f  S o u nd Leve l C on t r i bu t io n  
( d B )  f r om C o n s t r u c t ion A c t iv i t i e s  

D i s t ance 
C on s t r uc t ion S i te Leq La n C e n t e r  o f  

feet 

S to r ag e  S i te A r e a  < S S  < S S  2 , 0 0 0  

P ipe l i ne C o r r ido r * < S S  < S S  s o o  

T e rm i na l  and D o c k  A r e a * < 6 4  < S S  2 , 0 0 0  

*No n ig h tt ime act iv i ty p l a nned . 
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3 . 4 SPEC I ES AND ECOSYSTEMS 

3 . 4 . 1  I mpac t s  a t  t he S u lphur M i ne s  S i te 

The S u lphu r M i n e s  dome a r e a  cons i s t s  o f  a deve loped t r a c t  
u sed i n  m i n i ng oper a t i o n s , mo r e  than 2 0  man-made bod i e s  o f  
w ate r i n c l ud i ng t h e  1 6 2- a c r e  S a l t  Water  Re s e rvo i r  and the 
4 0 - a c r e  C r y s t a l  L a k e , an a i r s t r ip , and a netwo r k  of 
acce s s  r o ad s .  B i o l o g i c a l  e f f e c t s  o f  s u l f u r  m i n i ng op e r a­
t io n s  a r e  s t i l l  ev ident , a l though some a r e a s  h ave 
pa r t i a l ly revegetated . A r e a s  u s ed t o  s to c k p i l e  s u l f u r  
a r e  e s sent i a l ly ba r r en . V i r t u a l l y  the ent i r e dome s i te 
has be e n  c l e a r ed w i t h  only a few sp ar se patches  o f  p ine 
s c a t t e red i n  the a r e a .  No add i t i o n a l  c l e a r ing  f o r  con s t r uc­
t ion wo u l d  be r eq u i r ed o n  the  dome i t s e l f . 

Act iv i t i e s  on the dome wo u l d  i nc l ude con s t r u c t i ng d i k e s  
a r o und the f ive e x i s t i ng s to r age cave r n s , bu i l d i ng a 
cen t r a l  p ump h o u se and an o f f  i ce-wa r eh o u s e- s t o r age comp le x . 
B e c a u s e  o f  br i n ing ope r a t i on s , the e x i s t ing pads f o r  the 
s to r ag e  cave r n s  a r e  h ig h l y  d i s t u r bed and l i t t l e  add i t i o n a l  
impac t to t h e s e  a r e a s  i s  expected as  a r e su l t  o f  t h e  
p r o j ec t . 

C o n s t r u c t ion o f  o i l  sp i l l  c o n t a i nment d i k e s  would  cover  
t h e  3 - 5  a c r e s  s u r r o und i ng the  we l l  p ad s  w i t h  ear t h . An 
e s t imated add i t i o n a l  1 1 . 5  a c r e s  wou l d  be g r aded i n  p r e ­
p a r i ng the  con t o u r s  a r o u nd t h e  wel l h ea d s  so that  l e a k i ng 
o i l  would  be c hanne l l ed i n t o  the  subs idence l a k e  a r e a . 
T h i s  would  r e su l t  i n  d e s t r u c t ion o f  the g r o und cover  
( m o s t ly g r a s s ) and  so i l  o r ga n i sm s  p r e s ent on a t o t a l  o f  
f i f te e n  a c r e s . The d i k e s  and g r aded a r e a  would  be r evege­
t at ed w i t h i n  two g r ow i ng season s . P r e c i p i t at i on r un o f f  
f r om th e d i k e s  a n d  g r aded a r e a  wou l d  i n c r e a s e  t u r b id i ty 
and s i l t a t ion i n  the s t and i ng water  i n  the  4 0 - a c r e  subs i­
d ence l a k e  a r e a . T h i s  water body h a s  no n a t u r a l  o u t l e t  
a n d  v a r i e s  i n  s i z e w i th d r a i nage i n f low . A l l i ed C hem i c a l  
r e g u l a r l y  pump s the ac id i c  wate r s  f r om t h i s  a r e a  i n to 
B r i m s tone D i tch . S i nce o n l y  the h a r d i e s t  forms  c a n  
s u r v i ve the  ac id i c  cond i t i o n s  a n d  f l uc t uat i on s  i n  w a t e r  
l eve l , l i t t l e l i fe i s  pre sent a n d  the impact o f  con s t r uc ­
t ing d i k e s  u p s l ope f r om t h e  subs id ence a r e a  and a r o und the 
w e l l  wo u l d  be negl i g i b l e . 

C o n s t r u c t i o n  o f  the o f f  ice-wa r e h o u s e - s to r ag e  comp l e x  wo u l d  
p e r mane n t l y  r emove t h e  veg e tat i on and a s s o c i ated o r g an i sm s  
f r om 8 . 0  a c r e s  c u r r e n t l y  u sed for  i nd u s t r i a l  p u r p o s es . 
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U se o f  th i s  l and f o r  a bu i l d i ng c ompl e x  wo u l d  h ave a 
n e g l i g i bl e  imp a c t  i n  the env i r onmen t . 

T h e  cen t r a l  pump ho u se wo u l d  occ upy 2 . 0  ac r e s  i n  a b i o­
l o g i c a l ly ba r r en a r e a  ( f o r me r ly a s u l f u r  s to c kp i le a r e a ) . 
T h u s ,  no s ig n i f i can t d e t r ime n t a l  b i o log i c a l  i mp a c t  wo u ld 
be a t t r i bu t able t o  con s t r u c t i on o f  th i s  f ac i l i ty .  

A l im i ted v a r i e ty o f  w i ld l i f e  wo u l d  be f o und on o r  n e a r  
t h e  dome a n d  t h e  w i ld l i f e  wo u l d  p r o bably be acc u s tomed t o  
h uman ac t i v i ty i n  the  a r e a .  C o n s t r u c t i o n  ac t iv i t i e s  wo u l d  
t empo r a r i l y  d i s t u r b  some w i ld l i f e  a n d  b i r d s , but  they 
wo u l d  ad j u s t  r ap i d l y , p r o v ided con s t r u c t ion a c t i v i t i e s  do 
not i nt e r f e r e  w i th br eed ing and n e s t ing . Dens i t i e s  of 
v a r i o u s  b i r d and w i ld l i f e  spec i es on the dome s i te a r e  n o t  
k nown but  a r e  p r o ba b l y  l o w  comp a r ed to ne a r by wood l a nd s .  

3 . 4 . 2 I mpac t s  o n  t h e  D i spl a c emen t  Wa t e r  S o u r c e  Spec i e s  

D i spl aceme n t  wate r f o r  c r ude o i l  w i thd r awal wo u l d  b e  t a k e n  
f rom the 1 6 2 - a c r e  S a l t  Wate r Re s e r vo i r  wes t- n o r thw e s t  o f  
t h e  dome . S i nce r a i n f a l l  and g r ound wa t e r  s eepage wo u l d  
b e  i nadequate to r ep l en i sh th i s  r e s e rvo i r  ( S e c t ion 3 . 2 ) , 
add i t io n a l  w a t e r  wo u l d  be t a k en f r om the I nd u s t r i a l  Wa t e r  
C an a l  v i a  a p ipel i ne . B e c a u s e  o f  t h e  r e s e r vo i r ' s  sma l l  
capac i ty ,  o n e  m i l l i on c u b i c yard s wo u l d  be d r edged f r om 
t h e  s o u t h e r n  po r t ion of the r e s e r vo i r . D r edg ing wo u l d  
i mp a c t  be n t h i c  b i o ta and f i s h . Benth i c  i nve r tebr a t e s  
would  b e  d e s t r oyed o v e r  a 4 3  ac r e  a r ea . N o  q u an t i ta t ive 
b i o l o g i c a l  data are ava i l a b l e  f o r  the  S a l t  Water  Re s e r vo i r ; 
however , s t ud i e s i n  Anacoco Lak e ,  an a r t i f i ca l  impoundme n t  
nor th o f  S u l p h u r  M i ne s , revea l ed 1 . 9 5  c h i r on om i d  and 
c h ao bo r i d  fly l a r vae , may f l y  ( E l pheme r i d a e )  nymp h s 4 and 
u n i o n i d  c l am s  per  sq . f t .  or 2 0 . 9 9 per  sq . mete r . 3 
T h e s e  o r g an i sms a r e  n o t  o f  comme r c i a l  i mpo r tance , a l though 
mayf l y  nymphs a r e  s ome t imes u sed by f i s h e r men as ba i t .  A 
t o t a l  o f  3 . 6 5  x 1 0 6 benth i c  i nve r te b r a t e s  on the 4 3  
acr e s  o f  r e s e r vo i r  bot tom wou l d  be d e s t r oyed by d r edg i ng . 
T h i s  r ep r e s e n t s  a p r od u c t i on l o s s  ( we t  we i g h t  s tand ing 
c r op )  o f  5 7 5 . 9  k i log r ams o r  1 2 6 7  l b s . These l o s s  f ig u r e s  
a r e  based on t h e  h ig h e s t  d e n s i t ie s  and s t and i ng c r op s  
that  c a n  b e  e xpec t ed f o r  such  a r e s e r vo i r , espe c i a l l y  
c o n s id e r i ng the u se s  t o  wh i c h  t h e  r e s e r vo i r  h a s  been pu t .  
Macr ophy t e s  a r e  ve r y  s c a r ce i n  the r e s e r vo i r  and i mp a c t s  
o n  them wo u l d  b e  s l i g h t . I nc r e a s ed s ed ime n t a t i on 
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a s s oc i a t ed w i th d r edg i ng ope r a t i o n s  w o u l d  p r o b a b l y  
a f f e c t  some add i t i o n al benth i c  i nv e r t e b r a t e s . 

F i sh popu l a t i on s  a r e  ve r y  s ma l l and t h i s  r e se r vo i r  i s  no t 
ac t i v e l y  f i shed . S i nc e  the r e s e r vo i r  i s  not connected to 
o th e r  s u r f a c e  water bo d i es a nd r e c e i ve s  only v e r y  l im i ted 
s u r f a c e  r uno f f ,  it i s  r e l a t i v e l y  i n f e r t i le .  T h i s  r e s e r vo i r  
w a s  c r e ated s o l e ly f o r  i nd u s t r i al p u r po s e s  and the l a r ge r 
a q ua t i c  b i o t a  o cc u r r i ng he r e  a 1� e  i nt r oduc t i o n s . The g i l l s  
o f  some f i s h  woul d  b e  c o a ted bec a u s e  o f  the  i nc r e a s ed 
tu r b id i t i e s  r e s u l t i ng f r om l o o se s o i l s  o n  and nea r the  
r e tent i o n  d i k e  be i ng washed into the r e s e r vo i r . T h i s  
impac t wou l d  be mo s t  s e ve r e  i f  h e av y  r a i nf a l l  o c c u r r e d  
d u r i ng o r  s ho r t l y  f o l low i ng d i k e  c o n s t r � c t ion . Th1 s a r e a  
w o u l d  b e  s u s cept i b le t o  e r o s i on u n t i l  r e veget ated . I f  the 
c o n s t r uc t i on of d i k e s  o c c u r s  r e l at i v e l y  e a r l y  i n  the 
g r ow i ng s e a s o n , it  is  expec ted t h e  bank s wo u l d  beg i n  to be 
co l o n i zed by p l an t s  d u r i ng the s am e  s ea s o n . The r e e s t ab l i s h­
ment o f  a p l an t  c omm un i ty would ac t t o - r e t ar d  e r o s i on .  

D r edge mate r i a l  wou l d  b e  p l ac ed b e twe e n  the e x i s t i ng levee 
a t  the r e s e r vo i r ' s  s o u thwe s t e r n  edge and the new d i ke 
wh i c h  woul d  be con s t r u c ted b e h i nd t h i s  l e ve e . The new 
d i k e  woul d c o v e r  a pp r o x ima t e l y  6 0  ac r e s  o f  l a nd , mo s t ly 
g r as s l and . C a t t l e  a r e  no t g r a z ed h e r e  and the m a j o r  impac t 
w o u l d  r e s u l t  f r om t r anspo r t  o f  d i s s o lved and s u spended 
mate r i al s  i n t o  the S a l t  Wa t e r  R e s e r vo i r  ( d i s c u s s ed above ) . 
E x cept f o r  l and a l t e r a t i on ,  no s i g n i f i c ant pe r mane nt 
impac t s  o f  the d i k ing a nd d r edge depo s i t i o n  a r e  expec ted . 
Re veg e t a t i o n , p r ima r i ly by g r as s e s  and f o r bs , would be 
r ap i d and p r i m a r y  p r od u c t i o n  l o �; s e s  woul d  b e  s ho r t- t e r m  
and i ns i gn i f i cant . 

The i nt a k e  s y s t em wo u l d  i nc l ude the p ump i ng s t at i o n  a nd an 
i nt a k e  s t r u c tu r e .  A E i ng l e  one- h a l f  i nc h  me s h  s c r ee n  
w o ul d c o v e r  the i nt ak e  s t r u c t u r e  i n  t h e  S a l t  W a t e r  Re s e r vo i r  
a nd ano t h e r  s c r een may be empl oyed a t  the p i pe l i ne i n t a k e  
- I nd u s t r i al Wa t e r  C anal j unc t i o n . E ng i nee r i ng d e s ign i s  
p r e l i m i na r y  b u t  the b i o log i c a l  i mpac t s  t h a t  wo u l d  o c c u r  
w i th s u c h  a s y s tem a r e  eval u a ted . A max i m um c u r r e nt o f  
0 . 5  f t/ s e c . w o u l d  b e  i nd uced a t  the s c r e e ns . Mo s t  phyto­
p l a n k ton and z o o k p l an k ton and o t h e r  immo b i l e  o r g a n i sm s  i n  
t h e  d i spl ac ement water  wo u l d  be e nt r a i ned ( d r awn i n ) . A 
s e r i o u s  imp i ngement ( ent r apment ag a i ns t  the i nt ak e  s c r ee n )  
p r o b l em wo u l d  n o t  deve l op b e c a u s e  mo s t  aqu a t i c  an i m a l s  
l ar ge enough to become t r apped o n  t h e  s c r e e n  ( su c h  a s  
f i sh and amph i b i an s ) wou l d  po s s e s s  s u f f i c i ent mob i l i ty t o  
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e s c ape the 0 . 5  f t/sec . max i mum c u r r e n t . Beca u se o f  the 
e x tens ive ag r i c u l t u r al and/o r i n d u s t r i a l  u se o f  the wa te r 
i n  th e canal  and S a l t  Wa t e r  Re se r vo i r ,  p r od uc t io n  l o s se s  
f r om p l a n k t o n  wo u l d  h ave r el a t i v e l y  l i t t l e  eco l og i c a l  
impa c t  on the aqu a t i c  sys tem i n  t h e  canal . The amo u n t  o f  
p l a n k t o n  l o s t  f r om the S ab i ne R i ve r  t o  the S u lphur  M i ne s  
s i t e  w o u l d  be r e l a t i v e l y  i n s ig n i f i c ant  c o ns id e r i ng the 
smal l amo u n t  o f  the S a b i n e  R i v e 1� 1 s  f l ow wh i c h  wo u l d  be 
d i ve r t ed to i t . 

Th e r e  i s  a m i no r  p r o babi l i ty t h a t  the S a l t  Wa ter Re s e r vo i r  
wo u l d  be almo s t  c omp l e te l y  d r awn down befo r e  any r ep l ace­
me n t  wa te r  f r om t he I nd u s t r i a l  Water Canal c o u l d  be 
acqu i r ed . Th i s  wo u l d  seve r e l y  i mp a c t  f i sh and o the r fo rms 
that  are depend e n t  o n  a c o n t i n uo u s  water  s upply . Bur r ow i ng 
f o r ms m i g h t  t empo r a r i l y  be come d o rmant un t i l  wa ter was 
r e i n t r o d uc ed . 

3 . 4 . 3  I mpac t  o f  B r ine D i spo s a l  Sys tem 

A 1 0 0 , 0 0 0  ba r r e l  b r i ne s u r ge po nd , an in j e c t io n  f i e l d  and 
connect i ng p ipel i n e s  compr i se the b r ine d i sp o s a l  sys tem . 
Co n s t r u c t i o n  o f  the br i ne pond w o u l d  u t i l i z e 3 . 7  a c r e s  o f  
b io l og i c a l l y u np r od u c t ive l a nd . Th i s  a r e a  was used to 
s t o c k p i l e  s u l f u r  and the pe r s i s tent ac id i c  natur e of the 
so i l  h a s  pr ec l uded mo s t  f o r m s  o f  l i fe f r o m  r ee s t ab l i sh i ng 
the r e . An ind e t e r m inate  numbe r o f  insec t s , sp ide r s  and 
o the r a r t h r opo d s  f r om ad j acent te r r e s t r i a l  and aqua t i c  
h ab i ta t s  wo u l d  b e  k i l led , but  t h e  impac t wo u l d  b e  m i no r . 
Cons t r u c t i o n  and ope r a t i o n  o f  the br ine pond wo u l d  no t 
p r od u c e  s ig n i f i c a n t  sho r t  o r  l o ng - t e r m  b io log i c a l  impa c t s . 

The br i ne i n j e c t io n  f i el d  wo u l d  cover a max imum o f  4 8 . 0  
acr e s  o f  wh ich 1 8 . 8  a c r e s  wo u l d r eq u i r e  c l ear i ng ( 8 . 8  
a c r e s  fo r we l l  pads and r o adwa y s  and 1 0  a c r e s  fo r br i ne 
p ipel i ne w i t h i n  the br i n e  f i e l d ) . Al l 1 8 . 8  a c r e s  a r e  i n  
m i xed p i ne woo d l a nd s  c ommo n t o  t h e  a r e a .  T h e  t r ee s  r eq u i r i ng 
r emoval  a r e  su i tab l e  fo r p u l p  wood a nd po s s i b l y  some saw 
t imbe r , a nd t he i r  a c c e s s i b i l i t y to ex i s t i ng r o ad s m a k e s  
l og g i ng p r a c t i c a l . S e co nd a r y  1� eg r owth o f  v a r i o u s  g r as s e s , 
h e r bs , a nd s h r ubs wo u l d  o c c u r  w i t h i n  a few mo n t h s  a l ong the 
p i pel i ne r o u t e , but  r ig h t-o f-way ma i n tenance ( mo w i ng ) wo u l d  
pr event t h e  r ee s t a b l i shme n t  o f  wood l and s . The 8 . 8  a c r e s  fo r 
we l l  pad s and r o adways wo u l d  be c omp l e t e l y  c l e a r e d  o f  
veg e t a t i o n  and wo u l d  be l o s t  a s  a po tent i a l  f utu r e  t imbe r 
r e so u r ce and a s  h a b i t a t  fo r w i l d l i f e , song b i r d s  and o t h e r  
an im al s .  
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N o i s e  and h uman ac t iv i t ie s  d u r i ng f ac i l i ty c on s tr uc t ion 
wo u l d  d i s r upt the a r e a  as a f e ed i ng o r  nes t i ng s i te f o r  
w i l d l i f e , b u t  whe n con s t r uc t io n  i s  te r m i na t ed w i l dl i f e  
w o u l d  g r a d u a l ly r e t u r n .  Some ope nl a nd spec i es w o u l d  
p r obably r e s ide and fo r age i n  and a d j acent t o  the  r e ­
g r ow t h  veg e t at ion , e v e n  t hough ma i ntenance ac t iv i t ie s  
wo u l d  b e  a s o u r ce o f  r ed i s tu r ba nc e . The f o u r  wel l pad s 
pa r a l le l  a n  ex i s t ing r oadway ( pa r i s h  r o ad ) , a nd human 
a c t i v i ty is a l r e ady a p a r t of the env i r onment . I n  add i ­
t ion , t he aba ndo n ed m i n i ng c amp a t  B r ims tone j u s t  eas t o f  
the dome , wh i c h  w o u l d  be ne a r  two wel l pad s in  t h e  poten­
t i al expans ion a r e a  o f  the  b r i n e  d i s p o s a l  f i e l d , i s  o ve r ­
g r own and used a s  a c a t t l e  f o rage a r e a . 

The b r i ne i n j ec t ion p i pe l i n e  wou l d  c r o s s  B r i m s to n e  D i tc h , 
a p o l l u ted body o f  w a t e r  t h a t  f lows i n t e r m i ttent l y  f r om 
the dome s i t e  ea s t  to B ayou d ' I nd e . Bayou d ' I nd e  p a s ses 
t h r ough the town o f  S u l ph u r  whe r e  i t  rece i ve s  was te 
d i s c h a r g e s  ( S ec t io n  3 . 2 ) . The wa t e r  wo u l d  r ece i ve s ome 
s ed iment input f r om t he p ipel i ne cons t r uc t ion and a n  
i n s i gn i f i c a n t  numbe r of benthos  w o u l d  b e  des t r oyed . G i ve n  
t he s ma l l a r e a  i n vo l v ed ( app r ox i ma t e l y  one-t enth o f  an 
ac r e )  a nd t he g e ne r a l ly deg r aded n a t u r e  o f  the aqua t ic 
h a b i t a t  in  t he d i tc h , b i o log i c a l  i mpac t s  would be i ncon­
sequent i a l  a nd s ho r t  te r m .  

3 . 4 . 4  I mpa c t  f r o m  P ipe l i n e s  

I n  add i t ion t o  the  p i pel i ne o f  t h e  br i ne i n j e c t ion sys tem , 
p ipel i nes n e eded f o r  t he p r opo sed c r ude o i l  s to r ag e  deve l o p ­
me nt at S u lphu r M i n e s  inc l ud e : ( 1 )  t he w a t e r  supply pipe 
c o n nec t ion be tween t he Res e r vo i r  and t he S ab i ne R i v e r  
D i v e r s ion C a na l , ( 2 )  t he o i l  d i s t r i b u t ion connec t ion to a 
p l a nned p ipe l i n e  between a s to r age f ac i l i ty a t  Wes t Hac k be r ry 
and S un Te r m i na l , ( 3 )  c onnec t i o n s  f r om the S a l t  Wat e r  
Rese r vo i r  t o  t he s u r g e  pond , and ( 4 ) c r ude o i l  a nd br i ne 
p i p e l i nes f r om the c e n t r a l  p ump fac i l i ty to t he s to r age 
c av i t i es . I mpac t s  f r om c on s tr uc t i o n  and ope r a t ion o f  the s e  
l i nes a r e  eva l ua t ed be l ow w i th t h e  excep t i o n  o f  po ten t i a l  
l o s se s  r e s u l t ing f r om o i l  sp i l l s .  T h e  ec o log i c a l  i mpa c t s  o f  
o i l  sp i l l s a r e  d i s c u s sed i n  S e c t ion 3 . 7 . 2 . 4 .  

Wa te r S uppl y  P ipe l i ne 

The wat e r  s u pply l i ne wo u l d  t r ave r s e  s ha l low ma r s h  and 
p a r t i a l ly c le a r ed m i xe d  wood l a nd j u s t  no r th o f  the Res e r vo i r . 
The p ipel i ne wo u l d  be abo u t  o n e  m i l e  l ong . O n l y  a s ma l l 
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a r e a  wou l d  be invo lved a nd t he b i o log i c a l  cond i t i o n s  
a r e  p r e s e n t l y  deg r aded a long t h e  r o u t e , wi th t h e  exc e p t i o n  
o f  the m i xed-p i ne f o re s t .  The t r e e s  i n  the p ip e l i ne 
r i g h t-o f -way wou l d  be c u t  and c o u l d  be u sed a s  t imbe r o r  
pu l pwood . I t  wou l d  be nec e s s a r y  t o  pe r i o d i c a l ly mow the 
r i g h t-o f -way to p r e ve n t  the reg r ow t h  of  trees i n  t he 
p ipel i n e  r o u t e . G r a s se s , he rbs , a nd s hr ubs wou l d  bec ome 
e s tab l i s hed i n  the r i g h t-o f -way , p r ov i d i ng food a nd h ab i ta t  
f o r  i ns e c t s , s ong b i r d s , a nd o t h e r  a n imal s .  

O i l D i s t r i b u t i o n  P i pe l i n e  

T h e  o i l d i s tr i but ion p ip e l i n e  connec t ion to t h e  Wes t  
H a c k be r r y  - S un T e r m i na l  E S R  o i l  d i s tr i b u t ion p ipel i nes 
has been des c r i bed in S e c t i on 1 . 3 . 1 .  T h i s  p i pe l i ne wou l d  
c r os s  r oads , 7 . 4  m i l e s  o f  unc u l t i va t ed d r y  l a nd , 4 . 3  m i l e s  
o f  c u l t i va ted land , 2 . 3  m i l e s  o f  wooded l a nd , 0 . 2  m i l e  o f  
open wate r ,  0 . 4  m i l e  o f  ma r s h ,  a nd 0 . 1  m i l e  o f  spo i l  
bank s . The u n c u l t i v a t ed d r y  l a nd i s  ma i n l y  pa s tu r e  and 
the c r op l a nd i s  u sed f o r g r ow i ng r i c e . Wat e r  bod i es wh i c h  
w o u l d  b e  c r o s sed i n c l ude B ayou C ho up i q u e , W i ng G u l ly , 
S p r i ng G u l ly , d r a inage d i tc he s , a canal , a n  u n i d e n t i f ied 
bayou or  c r e ek , a nd t he I n t r a c oa s ta l  Wate rway . 

An e s t imated $ 1 4 , 3 3 4  l o s s i n  ca t t l e  p r od u c t i o n  w o u l d  occ u r  
i n  the 7 . 4  m i l e s  o f  o i l  p i pe l i ne wh i c h  wou l d  be con s tr uc ted 
t h r ough u nc u l t ivated dry l a nd . T h i s  e s t i ma t e  i s  based 
p a r t i al ly on t he as sumpt ion s that the ent i r e  pe r ma ne nt 
r i g h t-o f -way t h r ough u nc u l t ivated d r y  l a nd a nd a l l i n  c a t t l e  
pa s tu r e  wou l d  b e  a l te red . Th i s  p r obably i s  an ove r e s t i ma t e  
s i nce d e s t r u c t ion o f  veg e t a t ion w o u l d  l a r g e l y  b e  c on f ined to 
whe r e  the t r ench  was made . Two f u r the r as sumpt i o n s  a r e : 
be e f  p r od u c t ion v a l u e  o f  $ 2 7 2/ac r e /y e a r 3 5 , 3 6 a nd t he 
r e e s tab l i s hment o f  pa s tu r e  g r a s se s  w i th i n  t he s ec ond y e a r  
a f t e r  p ip e l i n e  b u r i al . 

R i c e  p r od u c t ion wou l d  be l o s t  on l e s s  than 2 . 4  ac r e s  o f  
the pe r manent r i gh t-o f -way fo r one y e a r  and r educed fo r a n  
i n de f i n i te numbe r o f  ad d i t i o n a l  y e a r s .  Th i s  r e d uc t i on 
wou l d  o c c u r  bec a u s e  the s u bso i l  l aye r s  w o u l d  be red i s -
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t r i bu ted du r i ng b ac k f i l l i ng o f  the p ipel i n e  t r e nch . The 
s u b so i l  mate r i al s  a r e  r e l at ively i n fe r t i l e  compa red to 
topso i l . T h e s e  s u bso i l  laye r s  a r e  a l so v i r t u a l ly i mpe r ­
me ab l e  and , i n  a n  u nd i s t u r bed s i tuat ion , a r e  i n s tr ume n t a l  
i n  ca u s i n g  the h igh water  r e t e nt ion q u a l i t ie s  o f  the 
topso i l  in t h i s  a r e a .  Whe n  bo th l aye r s  bec ome d i s tu r bed 
the wat e r  r e t a i n i ng qual i t ie s  of the s o i l  wo u l d  be reduced . 
Th i s  wo u l d  r e s u l t  in  reduced s u i tab i l i ty fo r r i ce p r od uc t ion . 

A t o t a l  o f  2 0 . 7  ac r e s  o f  wood l a nd wo u l d  be e l i m i na t ed 
d u r i ng the c l e a r i ng o f  the r ig h t-o f -way . The 1 3 . 8 ac r e s  
o f  pe r manent r i gh t-o f -way wo u l d  b e  ma i n t a i ne d  by pe r i o d i c  
mow i n g . T h u s  sec ond a r y  s u c ce s s i on wo u l d  o c c u r  o n  6 . 9  
a c r e s . The o r i g i n a l  s i z e o f  t r e e s  w o u l d  n o t  be reached 
aga i n  for  decade s .  Wi l d l i fe h ab i tat wo u l d  be  a l t e r ed i n  
the ent i r e  2 0 . 7  ac r e s  c le a r e d . Fo r e s t  dwe l l i ng fo r ms may 
e xpe r i ence a d ep r e s s i on i n  pop u l a t ion dens i t i e s  bec a u s e  of 
th i s  hab i t at l o s s .  N o i se and human ac t iv i t ie s  d u r i ng 
c on s t r uc t i o n  a nd ma i n t enance wo u l d  c a u se tempo r a r y  
emi g r a t ion o f  w i l dl i f e  a nd b i r d s . Co t ton t a i l  r a bb i t  and 
p o s s i bly qua i l  a nd de e r  pop u l a t ion dens i t i e s  w o u l d  be 
i n c r e a s ed ove r the l o n g  t e r m  d ue to the i n c r e as e s  in 
c o ve r , br ows e  and o the r h ab i ta t  c h anges c r e at ed by the 
s tr i p  o f  sec ond a r y  r e g r owth vege t at ion . Revegetat i o n , 
wh i l e  depe nd e n t  u pon t he s e ason i n  wh ich the p ip e l i ne i s  
l a i d , wo u l d  b e  r a p i d .  

A s  d e s c r i be d  p r e v i o u s l y , the p ip e l i ne wo u l d  c r os s  seve r a l  
bo d i e s  o f  wate r .  A sma l l s tr i p  o f  bentho s ,  c omp r i se d  
p r i ma r i ly o f  f l y  l a r v a e  ( c h i r on om i d s  and C h ao bo r i n i d s )  a nd 
o l i g o chaete wo r ms , wo u l d  be d e s t r oyed i n  the wat e r  bod i e s . 
Dens i t i e s  a r e  v e ry depe nde n t  on s e a so n  w i th l owe s t  d e n s i t i e s  
o c cu r r i ng du r i ng t h e  w i n t e r  mon t h s  ( o r  2 5 0  o rg a n i s ms /m 2 ) . 3 7  
B e nt h i c  a n imal s  i n  t he I n t r a c o a s ta l  Wate rway a r e  e s t i mated 
a t  app r ox i mat e l y  l , 8 0 0 /m2 a s  a h ighe s t  f i g u r e  f o r M a r c h . 3 8  
Be nth i c  a n i ma l s  o f  the I nt r a c o a s t al Wate rway i nc l ude mo l lu s k s , 
polychaete s , a nd amph ipod s i n  ad d i t io n  to f ly l a r va e  and 
o l i g o chaete wo r ms a s sumed f o r the othe r wat e rway s . U s i ng 
these v a l ue s  fo r t he wate rways c r o s sed o t he r t h a n  t h e  
I nt r a c oa s ta l  Wat e r way , mo r e  than  3 . 3  x 1 0 6 b e nt h i c  a n i ma l s  
co u l d  be d e s t r oyed i f  a l l a n i ma l s i n  the r i gh t-o f -way we re 
e l i m i na ted . 

An i ma l s  and phy to pl a nk ton i n  the v i c i n i ty o f  the e x c a va t i o n  
wo u l d  a l so b e  af fec ted b y  i nc r e a s e s  i n  s i l tat ion and t u b i d i ty .  
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S uc h  inc r e a s e s  wo u l d  a l so r e s u l t f r om d r a i n age o f  ad j ac e n t  
l and a r e a s  d e nuded o f  vege tat ion by t he p i pe l i ne c o n s t r u c t i o n . 
S e c t ion 3 . 2 . 1 . 2  c on c l ud e s  that  d r ed g i ng a c t i v i t i es w i l l  
r e s u l t  i n  sho r t- t e r m  i n c r e a s e s  i n  pe s t ic i d e s , tox i c  hyd r o ­
c a r bo n s  and l ig h t  me ta l s  s u c h  a s  n i c ke l , c h r om i um a nd z i nc .  
Th i s  deg r ad a t io n  i n  water  q ua l i ty i s  expec ted to l a s t fo r 
o n l y  a few d ay s . The r e fo r e  eco l o g i c  impac t s  by i n c o r po r a t ion 
of  to x i c  s u b s t an c e s  i n to the food c h a i n  are  n o t  e xpec ted to  
be seve r e . 

S ix mo n t h s  w o u l d  p r o bably be r eq u i r ed f o r  
s u b s t r a t e  s t ab i l i z a t i o n  and deve l opment o f  l a rge new 
popu l a t io n s  o f  ben t h i c  an imal s .  O t h e r  an imal s and phyto­
p l a n k to n  wo u l d  be neg l ig i b ly impac ted , becau se t u r b id i ty a nd 
s i l t a t i o n  wo u l d  r ap i d ly d e c l i ne , a nd the se o r g a n i sms e i t he r 
wo u l d  move fr om t he a r ea o r  wo u l d  be t r a n spo r ted o u t  o f  the 
a r ea by the w a te r  f l ow .  A l t ho u g h  t u r b i d i ty and s i l t a t i o n  
wo u l d  p r o bably be r ap i d l y  inc r ea sed by r un o f f  d u r ing  and 
fo l l ow i ng r a i n , the g e ne r a l  p a tt e r n  wo u l d  be one o f  s ho r t­
t e r m  expo s ur e .  

B u r i al o f  t he connec to r o i l  p ipe l i ne th r o ug h  0 . 4  m i l e  o f  
ma r s h l a nd wo u l d  de s t r oy non- and s l i g h t l y  mo b i l e  b i o ta 
such  a s  mar s h  g r a s se s , e p i phy t i c  o r g a n i sms and benth i c  
o r g a n i sms i n  the e x c ava t io n  p a t h  and wo u l d  k i l l  a nd i n j ur e 
some o f  the o r g an i sm s  i n  p r o x im i ty to the bur i a l  t r ench . 
De l e te r i o u s  impac t s  to b i o ta on the s id e s  o f  the tr ench 
wo u l d  r e s ul t f r om mecha n i c al i n j u r y  f r om veh i c l e s  wh i c h  
wo u l d  g u ide the p i p e l ine w h e n  i t  wa s emp l a c ed ; f r om tempo r a r y  
s to r ag e  o f  excava ted sed ime n t  o n  top o f  t h e  ma r sh veg e t a t i o n  
a nd s ub s t r a te ; a nd f r om i n c r e a s e s  i n  s u s pe nded s o l i d s  
r e s u l t i ng f r om e x cava t i o n , man i p u l a t io n  a n d  e r o s i o n  o f  ma r s h  
subs t r a t e . I n c r e a s ed s u sp e nded so l i d s  wo u l d  r e s u l t  i n  
r ed uc ed l i g h t  pene t r a t i on i n to the ma r s h  water  and i nc reased  
s i l t a t i o n . At te n u a t i o n  o f  l i g h t  wo u l d  r ed u c e  pho t o s yn t he s i s  
by ep iphyt i c  a l g a e . S e t t l i ng o f  s u spended ma t te r wo u l d  
c o v e r  ove r b e n th i c  o r g a n i sm s  and t he i r  h ab i ta t , i n t e r f e r i ng 
wi th r e sp i r a t io n  and feed i ng and o t he rw i se r ed uc i ng the 
s u i tabi l i ty of the hab i t a t . S u i tab i l i ty of the ar e a  fo r 
f i sh wo u l d  a l so be r ed uc ed . An ove r a l l  e s t imate o f  impac t s  
c a n n o t  b e  de r i ved . A s s um i ng that  one-hal f o f  the veg e ta t i o n  
and o t he r  b i o ta w i th i n  the c o ns t r uc t i o n  r ig h t- o f -way we r e  to 
be de s t r oyed , and r ec o ve r y  wa s 5 0 %  w i th i n  a year comp l e te 
w i th i n  two ye a r s ,  s tand i ng c r op and p r od uc t i v i ty wo u l d  be 
l o s t  in 3 . 6  ac r e s  o ve r  the eq u i v a l e n t  of a year . E s t ima ted 
g r o s s  p r ima r y  p r od uc t i on l o s se s  ( ma r sh g r a s s e s  and e p iphytes ) 
wo u l d  be 1 5 6 , 2 2 1  k g  d r y  w t  o f  food wh i c h  wou l d  h av e  been u sed 
by b a c t e r i a  a nd ma r s h  anima l s .  The s e  e s t imates  a r e  based on 
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v a l u e s  p r e s e n t ed i n  Day , e t  a 1 . 3 9  The cal c u l a t io n s  o f  
e s t i mated g r o s s  p r imary p r o du c t io n  l o s s  ar e based o n  an 
ave r age of s t r eams ide , i n land , a nd gene r a l  ma r s h  p r od u c t io n . 
The d i r e c t  econom ic ( f i sh e r y  and rec r e a t i o n )  l o s s  o f  3 . 6  
ac r e s  o f  m a r s h  f o r  a yea r  i s  e s t ima ted a t  l e s s  than $ 1 0 0 . 0 0 
based upo n an ave r age v a l ue fo r the reg i o n  p r esented by the 
U . S .  Army C o r p s  of E ng i nee r s  4 0  

The 0 . 1  m i l e  o f  spo i l  ba n k  thr o ug h  w h i c h  the connec t ing 
o i l  p ipel i ne would p a s s  wo u l d  be m i n imal l y  d i s tu r bed . No 
spo i l  has been depo s i ted on these d i spo s a l  a r e a s  for about 
30 year s .  The ma i n  i mpac t wo u l d  be d i r ec t  d e s t r uc t i o n  o f  
spo i l  b a n k  o rg a n i sm s  i n  the p ipe l i ne path , i nc r e a sed 
e r o s io n  and s ed i me n ta t i o n  f o l l ow i ng e x po s u r e  of b a r e  
s u b s t r a te , a nd d i s tu r bance o f  w i l d l i fe . The spo i l  bank s 
would be e xpec ted to r eveg e tate w i th i n  a ye a r . E r o s i o n  
and s ed imen t a t i o n  r e su l t i ng f r om t h e  sma l l  a n d  s ho r t- te r m  
e x po s u r e  o f  ba r e  so i l  i nv o l ved wou l d  n o t  be expe c ted t o  
have a n y  d e tec tab le d e l e te r i o u s  impac t o n  a r e a  b io t a . 

O n s i te P ipe l i n e s  

T h e  br i n e , wa t e r , a nd o i l  p ipel i n e s  r un n i ng to t he s t o rage 
c a ve r n s o n s i t e  would pas s t h r o ug h  h ig hl y  d i s t u r bed g r o und . 
Impa c t s  to b io ta c o n s t r uc t i ng the s e  p ipel i n e s  wo u l d  be 
ve r y  sl i g h t ;  a sma l l  amo u n t  o f  g r ound c ove r and a s so ­
c i ated o r g a n i sm s  wou l d  b e  d e s t r oyed , the r e  wou l d  be a 
s l i g h t  i n c r e a se i n  e r o s i o n  a nd s ed i me n t a t io n ,  a nd w i ldl i f e  
i n  t h e  immed i a te v i c i n i ty wou l d  b e  d i s t u r bed b y  n o i se and 
human act i v i ty .  

3 . 4 . 5  I mpa c t s  o n  Endange r ed o r  T h r e a te ned S pec i e s  

The bald  e ag l e  i s  a b ro ad r ang i ng b i r d  t h a t  i s  s ig h ted 
w i th some r eg u l a r i ty in Lac a s s i ne , 4 1  Sab i ne , 3 9  and 
Ro c k e f e l l e r  Na t i o n a l  W i l d l i fe Re fuges4 3 . Th i s  spe c i e s  
o r  o the r r a r e  o r  end a nge red spec i e s  ( d i s c u s sed i n  S e c t i o n  
2 . 4 . 1 . 3 ) c o u l d  p a s s  ove r the d ome s i te o r  the p ipel i n e  
r ou te s , b u t  i t  i s  e x t r emely unl i k e l y  t h a t  n e s t i ng a r eas 
are near  enough to the s i te o r  p ipe l i ne for  them to be 
neg a t iv e l y  i mpac ted by the p r oj e c t . The red wo l f  is no t 
k nown to inhab i t  the s i te . No p l a nt s  t h a t  a r e  o f f i c i a l ly 
l i sted a s  endang e r e d  o r  thr e a tened by t he U . S .  F i s h  and 
W i l d l i fe S e r v i c e  a r e  pr e s e n t . 

The o f f i c i al S ta t u s  o f  the Ame r i c a n  Al l i g a to r  (Al l i g a to r  
M i ss i s s ipp i e n s i s )  i s  d i s c u s sed i n  S e c t io n  2 . 4 . 1 . 3  o f  th i s  
Repo r t .  Because o f  the d r ama t i c  i n c r e a s e  i n  numbe r s  o f  
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th i s  spec i e s  i n  pa r t s  o f  i t s  r a nge , 4 4 , 4 5 , l im i ted h a r ve s t i ng 
o f  the a l l ig a to r i s  be i ng c a r r i ed o u t  i n  C a l c a s i e u , C ame r o n  
and Ve r m i l i o n  P a r i sh e s . The Ame r i c a n  a l l i g a to r  h a s  been 
r epo r ted in  the immed i a te s i te v ic i n i ty 4 6 , a nd mo s t  l i k e ly 
o c c u r s along  p i pe l i ne r o u te s , b u t  becau se o f  p r ov i s i o n s  s e t  
fo r th i n  5 0  CFR 1 7 . 4 2  t he an imal i s  not  t r e a ted a s  thr e a te ned 
i n  any a r ea wh i c h  wo u l d  be af fe c ted by S u l phu r M i ne s  c o n s t r u c ­
t i o n  o r  ope r a t io n .  N o  spe c i al Fede r a l  o r  S t a te r eg u l a t i o n s  
mu s t  be obs e r ved . 

3 . 4 . 6  S umma r y  o f  B i o l o g i c a l  I mpa c t s  

T h e  S u l p h u r  M i ne s dome s i te i s  b i o l og i c a l l y h ig h l y  d i s tu r bed 
as a con s equenc e o f  p a s t  s u l f u r  m i n i ng ope r a t i o n s  a nd 
p r e se n t u s e  o f  the a r e a  fo r b r i ne p r oduc t io n . Ro ad s , ba r r e n  
a r e as , s c a t te r ed t r ee s and p a tc h e s  o f  t r ee s ,  and g r a s s  and 
s h r ub-c ov e r ed a r e a s  a r e  p r e se n t  on d r y  l a nd . Many wa te r 
bod i�s a r e  p r e s e n t  a s  a r e s ul t o f  d r edg i ng ope r a t io ns d u r i ng 
the pe r iod o f  s u l f u r  m i n i ng . C o n s t r uc t io n  a c t iv i t i e s  o ns i te 
wo u l d  r e q u i re r emoval o f  some t r ee s .  The g e ne r al g r o u nd 
cove r vege t a t i o n  de s t r oyed d u r i ng p i pe l i ne bu r i a l , d r edge 
spo i l  d i spo s al a nd d i ke c o n s t r uc t io n  wo u l d  q u i c k l y  r ee s tab l i sh 
i ts e l f ,  p r obab l y  r ea c h i ng i t s fo r me r l eve l o f  devel opme n t  
w i th in two g r ow i ng s ea s o n s . The to t a l  a r e a  invo lved i s  
l a rge ( mo r e  th a n  7 5  a c r e s ) , b u t  r e c ove r y  wo u l d  o c c u r  f a i r ly 
r ap i d ly . F i f tee n ac r e s  wo u l d  be c l e ar ed o f  pr e s e n t  vege tat i o n  
d u r i ng con s t r uc t io n  o f  the o i l  r e t e n t i o n  d i k e s  and a sma l l e r  
a r e a  wo u l d  be cove r ed b y  p i pe l i ne b u r i al . Cove r age o f  s i x t y  
ac r e s  o f  l and b y  d r edge spo i l  a nd c o n t a i nme n t  d i k e s  wo u l d  
r e s u l t  f r om t he e n l a r geme n t  o f  t h e  o n s i te r e se r vo i r  s o  i t  
c o u l d  s e rve a s  a r aw wa t e r  so u r ce . 

Veg e ta t io n  a nd a s so c i a ted o r g an i sm s  wo u l d  be l o s t  fo r 
a t  l e a s t the l i fe o f  the sto r age fac i l i ty f r om the 8 ac r e s  
w h e r e  the o f f i ce-wa r eh o u s e- s to r age comp l e x  wo u l d  be con s t r uc ted . 
Th i s  i s  a r e l a t i v e l y  sma l l a r e a  a nd l o s s  o f  the o r g an i sm s  
on i t  wo u l d  no t b e  s ig n i f i c a n t . The othe r b u i l d i ng to 
be con s t r uc ted on the s i te ,  the c o n t r o l  pump h o u se , wo u l d  
b e  bu i l t  o n  bar r e n l a nd . I t s  c o ns t r u c t i o n  wo u l d  n o t  
r e s u l t  i n  de s t r uc t io n  o f  any o r g an i sm s . C o n s t r uc t io n  
ac t iv i t i e s  and i nc r e a sed h uman ac t iv i ty o n  a nd n e a r  the 
s i te and a l ong the b r i ne ,  wa te r , a nd o i l  p ip e l i ne r o u tes 
wo u l d  d i s t u r b b i r d s  and o the r w i l d l i fe fo r d i f fe r e n t  t ime 
pe r i od s .  A sma l l numbe r of n e s t s  c o u l d  be d e s t r oyed and 
l e s s  mo b i l e  ve r teb r a te s  could be k i l l ed d u r i ng these  
c o n s t r u c t i o n  ac t iv i t ie s . Except at  the  s to r age s i te ,  
d i s t u r ba nc e  wo u l d  n o t  be c o n t inuo u s  ove r a l o ng t ime 
pe r iod . The w i l d l i fe a t  the s i te i s  a l r eady c ompo sed o f  
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a n im a l s  wh i c h  h ave ad j u s ted to d i s tu r banc e . Many o f  these 
an i ma l s  wo u l d  p r obably ad j u s t  to the add i t i o na l  d i s t u r bance 
f r om deve lop i n g  the  s i te fo r o i l  s to r age . 

O r g a n i sms i n  the wa te r - s uppl y  r e s e r vo i r  wo u l d  be en-
t r a i ned , d e s tr oyed by d r edg i ng , or s t r e s sed by i n c r e a sed 
su spe nded so l i d s  and sedimentat i o n . The r e s e r vo i r  c o u l d  
a l so be comp l e te l y  d r awn down , i n  wh i c h  eve nt , o n l y  
b u r r ow i ng a n i ma l s  wh i c h  c o u l d  ex i s t  i n  a d o rmant s t a t e  
wo u l d  be l i k e l y  t o  s u r v ive . T h e  to t a l  s t and i ng c r op o f  
o r g a n i sms i nvolved i s  r e l a t i ve l y  sma l l and i s  not s i g­
n i f ic an t  i n  v i ew of  the r e l a t iv e l y  l a rge amo u n t  of  f r e s hwa ter 
po nd/ l a k e  hab i ta t  i n  the r eg i o n .  The sa c r i f i ce of pl ank to n  
c o n t a i n ed i n  r ep l e n i shme n t  wa ter f r om t h e  I nd u s t r i a l  Wate r 
C a n al i s  a l o s s  o f  p l a n k t o n  wh i c h  wo u l d  h av e  been k i l led i n  
any c a s e . The br i n e  s u r g e  pond wo u l d  cover  3 . 7  a c r e s  o f  
bar r e n  l a nd a nd the br i ne i n j ec t io n  f i e ld , 4 8  ac r e s . An 
a r e a  o f  1 8 . 8  ac r e s  o f  wood l a nd i n  the br i ne f i e l d  wo u l d  be 
pe rmane n t l y  c l e a r ed and lo s t  as  a po t en t i al t imbe r g r ow i ng 
r e s o u r c e  and a s  w i l d l i fe hab i ta t . No i se and h uman ac t iv i ty 
d u r i ng con s t r uc t i o n  and r ig h t-o f-way ma i n tenance wou l d  
d i s r up t  w i l d l i fe .  B io l og i c a l  impa c t s  o f  t h e  p i pe l i ne 
c ro s s i ng B r i m s tone D i tch wou l d  be sho r t  t e r m  and 
i nc o n sequen t i a l . 

The wa te r supply p i pe l i ne i s  r e l a t iv e l y  sho r t  ( o ne m i l e  
l o ng ) a nd wo u l d  r e qu i r e c l e a r i ng a r ig h t-o f-way t h r ough 
f o r e s t  ove r much  of  i t s  l e ng t h . Bu r i a l  of  the  p i p e l i ne 
wo u l d  k i l l  add i t i o n a l  veg e ta t i o n  and a s so c i ated o rg an i sm s . 
Th e r ig h t- o f-way wo u l d  r ap id ly r evege t a te and wo u l d  be 
ma i n ta i ned by mow i ng . P r ematu r e l y  c u t t i ng t imbe r  i n  a 
sm al l p a r t o f  t h i s  m a r g i n a l  p i ne fo r e s t wo u l d  not  be a 
s ig n i f i c a n t  i mp ac t . Ma i n tenance o f  the r ig h t-o f -way wo u l d  
have l i t t l e  e f fec t o n  the fo r e s t  and wo u l d  p r ov id e  food and 
h a b i ta t fo r va r io u s  a n i ma l s c apable  of u t i l i z i ng s uc h  a 
r e so u r ce . 

T h e  o i l  d i s t r i b u t i o n  conne c t i o n  p i pe l i ne to the p l a nned 
p i pe l i ne s  l i n k i ng the Wes t  H a c k be r r y  S a l t Dorne to the Sun O i l  
Te r m i na l  wo u l d  c r o s s  r o ad s , pa s tu r e  ( appr o x i ma te l y  8 . 7  
m i l e s  o f  the r o u te ) , c r opl and ( 0 . 4  m i l e ) , wood l and l a nd 
( 4 . 0  m i l e s ) , open w a t e r  ( 0 . 2  m i l e ) , ma r sh ( 0 . 4  m i l e ) , and 
spo i l  bank s ( 0 . 1  m i l e ) . Cons t r u c t ion o f  the p i pe l i ne 
wo u l d  r e s ul t i n  e s t i ma ted l o s s e s  o f  ( 1 )  $ 1 4 , 3 3 4  o f  ca ttl e 
p r o d uc t i o n , ( 2 )  r i c e  p r od uc t i o n  o f  l e s s  than 2 . 4  a c r es fo r 
a y e a r , ( 3 )  2 4 . 2  a c r e s  o f  fo r e s t  fo r a t  l e a s t  the l i f e t ime 
o f  the sto r ag e  p r o j e c t , pl u s  an add i t i o n a l  1 2 . 2  a c r e s  fo r 
an inde f i n i t e n umbe r o f  ye a r s ,  ( 4 )  mo r e  than 3 , 3 0 0 , 0 0 0  
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be n t h i c  an imal s i n  the pe r manen t c o n s t r u c t i o n  r ig h t- o f -way 
in open wa te r , ( 5 )  1 5 6 , 2 2 1  kg of g r o s s  p r imary  p r o d uc t io n  
and 1 0 , 9 8 5  k g  o f  f o o d  wh i c h  wo u l d  h ave been u sed by 
bac te r i a and a n i ma l s i n  ma r s h l and ( econom i c  l o s s  l e s s  than 
$ 1 0 0 . 0 0 ) , a nd ( 6 )  a l im i ted number of spo i l  bank p l a n t s  
a n d  o t he r spo i l  ban k  o r g a n i sms . T h e  r eg i on th r ou g h  wh i c h  
t h e  o i l  connec t o r  p i pe l i ne p a s s e s  i s  r i ch i n  b i o t i c  
r e so u r c e s  o f  t h e  k i nds  l i s ted above a n d  the l o s se s  to the 
r eg i o n  w o u l d  not be impo r t ant v i ewed f r om a compa r a t ive 
s ta ndpo i n t . 

S e c t i o n  2 . 4 . 1 . 5  d i sc u s se s  the v e c to r s  wh i c h  c o u l d  be 
e n c o un te r ed i n  the aqua t i c  and s em i-aqua t i c  a r e a s  o f  c o n­
s t r uc t i o n . These vec to r s  p r e se n t  a r i s k  o f  d i se a s e  to 
h umans and dome s t i c an imal s .  They i nc l ude seve r a l  spec i e s  
o f  mo s qu i to e s , ho r s e  f l i e s , and dee r f l i e s . The l a r v a e  o f  
these  i n s e c t s  r eq u i r e a n  aqua t i c  hab i tat i n  wh i c h  to ma t u r e .  
Any c o n s tr uc t i o n  ac t iv i t i e s  wh i c h  wo u l d  pe rmane n t l y  i nc r e a s e  
s ta nd i ng wa te r wo u l d  p r ov ide add i t i o na l  h ab i ta t  fo r the se 
i n s ec t s , a nd wo u l d  i nc r e a s e  the p r obab i l i ty of  o c c u r r e nce o f  
c e r t a i n  d i se a s e s . 

T h e s e  con s t r uc t i o n  ac t i v i t ie s  inc l ud e  a l t e r a t i o n  o f  s u r f a c e  
d r a inage p a t te r ns , a n d  i mp r ope r bac k f i l l i ng o f  c an a l s  o r  
t r enches  i n  ma r s h  o r  swamp a r e a s . Howeve r ,  bec a u s e  the h ig h  
nat u r al p r od uc t i v i ty o f  these  we tl and sys tems c o u l d  be 
adve r se l y  i mp ac ted by imp r op e r  r e c l ama t i o n  ac t iv i t i e s , 
max i mum a t temp s a r e  made to ma i n t a i n  s u r f a c e  d r a i nage 
pa tt e rn s .  

T h e  amo u n t  o f  c o n s t r uc t io n  wh i c h  wo u l d  be c a r r i ed o u t  
i n  wetl a nd a r ea s  wo u l d  not  b e  l a r g e . T h e s e  a r e a s  ar e 
c ur r en t l y  h ig h l y  pr o d uc t ive o f  the vecto r s  d i s c u s sed i n  
S ec t io n  2 . 4  1 . 5 .  I f  c a r e  i s  t a k e n  d u r i ng cons t r uc t i o n  and 
r e c lama t io n  not  to a l t e r  s u r f a c e  d r a i nage , t he r e  w i l l  be 
i n s ig n i f i c ant  i n c r ease  i n  these vecto r s  ove r nat u r a l  o c c u r r i ng 
l eve l s .  

I t  i s  u n l i ke l y  tha t any e nd a ng e r ed o r  t h r e a tened spec i e s  
wo u l d  b e  adve r se l y  i mpac ted d u r i ng p r o j e c t  c o n s t r uc t i o n  and 
f ac i l i ty ope r a t io n s . End a ng e r ed or t h r e a t ened p l a n t s  a r e  
n o t  k nown to i nhab i t  the s i te o r  any p r oposed p i pe l i ne 
r o ut e s . 
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3 . 5  WASTE D I S POSAL 

D u r i ng the s i te p r epa r a t i o n  and c o n s t r u c t i o n  p h a se , 
g e n e r a ted w a s te s wo u l d  i n c l ude s u r p l u s  l umbe r and me t a l  
good s , pape r , wa s te conc r e te , sewage and , po s s i b l y , 
fo r ma t i o n  w a te r f r om the d r i l l i ng p r oc e s s . 

C o n s t r uc t i o n  waste s a r e  u s u a l l y  h a nd l ed by the c o n s t r uc­
t i o n  con t r ac to r , who is  r e q u i red to le ave the s i te c l e a r  
o f  wa s te s . S u r p l u s  l umbe r and sc r ap metal  a r e  no rma l ly 
s o l d  to loc a l  de a l e r s  who h a nd l e  such  ma te r i a l s .  D i spo s a l  
o f  wa s te pape r , c o nc r e te , a nd othe r no n-ma r ketable  
g o od s is  u su a l l y  a t  a local  l a nd f i l l  s i te . P r obab l y  no 
mo re than a few t ho u s and c u b i c  ya r d s  of each o f  the se 
type s of m a te r i a l s  wo u l d  be g e ne r ated d u r i ng t he ent i r e  
pr o j e c t . The nea r e s t  m u n i c i p a l  s o l id wa s te d i spo s a l  s i te 
i s  a 2 0  ac r e  l a nd f i l l  abo u t  2 m i l e s  e a s t  o f  S u l p h u r  o r  4 
to 5 m i l e s  f r om S u lp h u r  M i ne s . The an t i c ipa ted c apac i ty 
o f  the l a nd f i l l  i s  an ave r age o f  7 5  to ns pe r day fr om t he 
C i ty o f  S u lp h u r  and f r om the p r i va te s e c to r . Ea r th 
bu l ldo z ed f o r  tank s i te p r epar a t i o n  and con s t r uc t io n  o f  
the br i ne p i t  wo u l d  be u sed fo r con t a i nme nt d i k e s . 
Dr ed ged ma te r i a l  f r om the d eepen i ng o f  the e x i s t i ng 
r e s e r vo i r i n t e nded fo r r aw wa t e r  s upp l y  wo u l d  be depo s i ted 
on A l l i ed p r ope r ty .  

Dur i ng s i te p r epa r a t i on and c o n s t r uc t io n  chem i c a l  t o i l e t s  
sys tem s wo u l d  b e  u t i l i z ed .  Sewage t r e a tme n t  and d i sp o s a l  o f  
wa s te f r om these  wo u l d  be th r o ug h  t he ex i s t i ng sep t i c  tank 
sys tem a t  the Al l i ed f ac i l i t i e s . If  the s e  A l l i ed f ac i l i t i e s  
p r ove to be i nadeq uate , d i spo s a l  wo u l d  be hand l ed b y  t r ans­
po r t i ng wa s t e s  to acceptable mun i c ipa l or  indu s t r i a l  t r e a tme n t  
f ac i l i t i e s . 

F o r m a t i o n  w a t e r  p r od u c ed d u r i ng the  we l l-d r i l l i ng p r o c e s s  
wo u l d  p r obab l y  b e  r e i n j ec ted i n to t he we l l  h o l e  w i th the 
d r i l l i ng mud , o r  c o l lec ted by d r i l l i ng s uppo r t  tank t r uc k s  
s uppl i ed by the d r i l l i ng c o n t r a c t o r  to h and l e  s u c h  w a s t e s . 

Once the d r i l l i ng i s  comp l e te , the d r i l l i ng c o n t r a c t o r  
h a u l s o f f  a l l t he d r i l l i ng mud t o  b e  p r oce s sed and 
r e u sed on ano the r p r o j ect . The mud p i t s  wh e r e  
d r i l l i ng mud i s  pr epa r ed and s to red wo u l d  be c l e an ed 
and cove r ed w i th topso i l . 

The m a j o r  wa s te p r od uc t d u r i ng ope r a t i o n  i s  b a l l a s t  
water r e c e i ved f r om t h e  tanke r s  d u r i ng o i l o n- l oad i ng .  
Dur i ng wi thd r awal o f  the s to r ed o i l , t an k e r s  up to 
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5 0 , 0 0 0  DWT a r e  expe c t ed a t  the S u n  O i l  T e r m i nal . Up to 
3 8 , 5 0 0  ba r r e l s of bal l a s t  w a te r wo u l d  be g e n e r a te d  by each  
5 0 , 0 0 0  DWT tanke r l o ad e d , of  wh i c h  a s  muc h as  5 p e r c e n t  o r  
1 , 9 2 5  ba r re l s  pe r tan k e r  may b e  r e c ove r a b l e  o i l . T o  r ec o v e r  
t h i s  o i l , the bal l a s t  w a te r wou l d  b e  p r o c e s sed t h r o ugh a 
B a l l a s t  Water  T r e a tme n t  Fac i l i ty ,  wh i c h  r ed uc e s  the o i l  
c o n t e n t  o f  the wa s te wa te r to 5 - 1 0  ppm o r  l e s s  be fo r e  the 
wate r i s  d i schar ged i n to the  s h i p  c h annel . The r e cove r e d  
o i l  wo u l d  b e  i n j e c ted i n to t h e  ma i n  o i l  s to r ag e  c av i t i e s , o r  
so l d  t o  s l o p  o i l  ma r ke te r s .  

Was te o i l  f r om te r m i na l  f ac i l i ty s o u r ce s ,  s uc h  as  m i no r  
l e a k s f r om pumps and valve s , wo u l d  a l so b e  c o l l e c ted and 
i n j e c t ed i nto the s to r ag e  cav i t i e s  o r  comb i ned w i th 
t he s l op o i l . 

I n  c o n c l u s io n ,  o n l y  m i no r  env i r onme n t a l  impa c t s  wo u l d  r e s u l t  
f r om so l id wa ste d i spo sal . 
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3 . 6  SOC I OECONOM I C  E FFECTS 

3 . 6 . 1  M anpowe r  Requ i r emen t s  

The wo r k  fo r c e  r eq u i red b y  t h e  p r o j ec t  wo u l d  b e  d i v i d ed 
i n to two sepa r a t e  c on t i ngen t s : ( 1 )  t ho s e  who wo r k  a t  the 
s to r age s i t e  and ( 2 )  tho se who wo r k  a t  the do c k s  and a l ong 
the o i l  d i s t r i b u t i o n  p i pe l i ne .  A s umma r y  manpowe r c u r ve 
ind i ca t i n g  the e s t im ated l evel o f  wo r k  fo r c e  requ i r ed i n  
these  two a r eas d u r i ng the i n i t i a l  s tages o f  the p r o j ec t , 
i s  shown i n  F ig ur e 3 . 1 0 . 

Ons i te D r i l l i n g  a n d  Con s t r uc t i o n  

P r epar a t io n  o f  t h e  s to r age s i te wo u l d  take  abo u t  a yea r . 
One d r i l l  r ig wo u l d  be u sed to open 5 new we l l s  fo r ac c e s s  
to the sto r ag e  c av i t i e s  and anothe r r ig to d r i l l  4 b r i ne 
d i spo s a l  we l l s .  An e s t i ma ted 8 mo n t h s  wo u l d  be requ i r ed 
to d r i l l  t h e s e  we l l s , d u r i ng wh i c h  the r ig s  wo u l d  be 
o pe r ated c on t i nuo u s l y .  Th r e e  d r i l l i ng c r ews wo u l d  ope r a t e  
the r i g  i n  sh i f ts , u s i ng a to tal o f  2 3  wo r k e r s  pe r r i g . 

C o ns t r uc t io n  o f  bu i l d i ng s  and i n s ta l l a t i o n  o f  eq u i pme nt a t  
t h e  s i te i s  expec ted t o  t a ke 7 mo n t h s  a n d  empl oy an 
a v e r age of  20  t o  2 5  s k i l led c r a f t smen and l a bo r e r s  pe r 
mo nth . Up to a month may be r eq u i r ed p r i o r  to c o n s t r uc­
t i o n  ac t i v i t i e s  to c l ea r  and g r ad e  the l a nd for  founda­
t i o ns and a c c e s s  r o a d s . 

C o ns t r uc t i o n  wo r k  wo u l d  p r o c eed conc u r r e n t l y  wi th d r i l l i ng 
ope r a t i o n s  a nd r e s ul t i n  a pea k  l evel o f  ma npowe r at the 
s i t e d u r i ng t he th i rd mo nth o f  ac t i v i ty . At that t ime , 
the l a b o r  fo r c e  a t  the s i te d u r i ng the day i s  expec ted to 
ave r ag e  abo u t  1 3 3  wo r ke r s .  An ad d i t io n a l  1 5  or 1 6  men 
wo u l d  r ema i n  a t  the s i te d u r ing e ach o f  the two n ig h t  
d r i l l i ng s h i f t s  and d u r i n g  we e k e nd s . 

C o n s t r u c t i o n  o f  the P i pe l i n e s  

T h e  o i l  d i s t r i b u t i o n  p i pe l i ne wo u l d  b e  l a id be twe en the 
s t o r age s i te and a pl anned o i l p i pe l i ne r un n i ng e a s t  a nd 
we s t  al ong t he south  spo i l  bank o f  the I n t r ac o a s t a l  
Wa t e r way . I t  wo u l d  be abo u t  1 4  m i l e s  l ong and c o u l d  be 
bu i l t in  appr ox i ma t e l y  4 t o  5 we e k s  u s i ng a comb i na t i o n  o f  
te ams fo r c l e a r i ng the r ig h t- o f -way , d i g g i ng the t r en c h , 
we l d i ng a nd c oa t i ng the p i pe , l ay i ng t he p i pe , bac k 
f i l l i ng ,  r e s t o r i ng the r ig h t-o f -way , and b r i ng i ng i n  
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s upp l i e s . Each  team wo u l d  cons i s t  o f  2 0  to 3 0  wo r ke r s , 
and the  comb i na t i o n  o f  teams wou l d  r a i se the pe a k  l a bo r  
r e q u i r em e nt s , f o r  t h e  p i pe l i ne a l one , to abo u t  1 7 5 wo r k e r s . 

The p i pe l i ne f r om the s i t e  to the r aw wa te r i ntake  
s tr uc tu r e  o n  th e I nd u s t r i a l C a na l  wou l d  be  o n l y  o ne to two 
m i l e s  l o ng . I t  wo u l d  c r o s s  thr ough a f o r e s te d  a r e a , 
r e qu i r i ng s omewh a t  mo r e  t ime to l ay than p ipel i ne s  a c r o s s  
f i e l d s  a nd pas tur e s . ThE� l i ne c o u l d  be comple ted i n  one 
to two wee k s .  

T h e  numbe r o f  wo r ke r s  emp l oyed o f  f s i te a l so i n c l ud e s  abo u t  
4 0  who wo u l d  b e  needed f o r abou t  a mo n t h  t o  con s t r u c t  
t r a n s m i s s i o n  l i ne s  f o r  br i ng i ng add i t io na l  e l e c t r i c a l  
powe r t o  the s i t e . 

C o n s t r uc t i o n  M a npowe r S u1mm a r y  

C o ns t r u c t i o n  o f  o i l  s to r: age f ac i l i t i e s  a t  S ul p h u r  M i ne s  
wo u l d  i nvo lve abo u t  3 4 0  wo r ke r s .  T h i s  l eve l wou l d  be 
r e ached i n  the second mo nth , b u t  wo u l d  l a s t f o r  only 4 to 
6 week s .  T h e  ave r age numbe r of wo r k e r s  empl oyed d u r i ng 
the 1 3  mo nths o f  c o ns t r •u c t ion  wou l d  be appr o x i ma te ly 1 0 0  
pe r mo n t h . 

T h e  3 4 0  wo r ke r s  who h ad been emp loyed by the p r o j e c t  
d u r i ng t h e  cons t r u c t i o n  phase wo u l d  p r oab l y  seek  r ep l a ce­
me nt wo r k  in the L a k e  C ha r l e s  a r e a . The numbe r o f  these 
u nemp loyed wo r k e r s  wo u ld be ve ry sma l l  comp a r ed t o  t o t a l  
c i v i l i an l a bo r  f o r ce ( pr oj e c t ed t o  b e  i n  t h e  r a ng e  o f  
6 0 , 0 0 0 pe r so n s  a t  t h e  t i me o f  comp l e t i o n  o f  the p r o j e c t ) . 

Ope r a t i o n  o f  Fac i l i t i�� 

Appr o x i ma te l y  1 0  pe r s o n ne l  wou l d  be r eq u i r e d  to ma i n t a i n  
the f ac i l i t i es and t o  mo n i to r  ope r a t i o n s  a t  the s to r age 
s i t e , at  the pe rma ne n t  do c k , in  the b r i ne d i spo s a l  f i e l d , 
a nd a l ong the  p ipe l i ne r i g h ts-o f-way . I t  i s  ant i c ipa ted 
t h a t  8 s k i l led wo r ke r s  and t e c hn i c i ans , one s upe r v i so r , 
and o ne pe r so n  f o r  c l e r i c a l  wo r k  wou l d  be needed . 

D u r i ng o i l  r e c ove r y  p r oced u r e s , a wo r k  fo r c e  o f  1 0  t o  
1 5  add i t i onal  wo r ke r s  wou ld b e  r e q u i red f o r  a pe r i od o f  u p  
t o  5 mo n th s . T h i s  e s t ima te i n c l ude s p e r sonnel to ope r a te 
a nd mo n i to r  p ump s a nd v a l ve s ,  a nd to keep the e q u i pme n t  i n  
g o od wo r k i ng o r de r . A s im i l a r  leve l o f  ma npowe r wo u l d  be 
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neces s a r y  when the  cav i t ie s  a r e  r e f i l l ed a t  the end o f  the 
pe t r o leum s ho r tage per iod . 

3 . 6 . 2  P o te n t i a l  S o u r c e s  o f  Labo r __ and S uppl i e s  

C o n s t r uc t i o n  i s  a maj o r  i nd u s tr y  i n  the Lake C h a r l e s  
a r ea ,  a nd i t  i s  ant i c i pa ted t h a t  c o n t r a c t o r s  wo u l d  be 
ava i l a b l e  f r o m  S u l p hu r , We s t l ak e , and L a k e  C h a r l e s  
i ts e l f .  Wo r k  s i m i l a r  t o  that  requ i re d  f o r  the p r opo s ed 
p r o j e c t  h a s  been pe r f o r med by l o c a. l  f i rms i nvo l ved i n  the 
deve l o pme n t  of o i l  f ie ld s , a nd i n  t he con s t r uc t i o n  o f  
fac i l i t i es fo r l a r ge chem i c a l  p l a n � s . 

T h e  wo r k  r eq u i r e s  p r ima r i l y  s k i l led wo r ke r s  who wo u l d  be 
pe rmane n t  emp l oyees of the con t r a c t o r s ,  a nd wou l d  be 
l i v i ng i n  the  L a k e  C har le s a r e a . T'hey wo u l d  commu te to 
the i r  j o bs a t  the S u lphur  M i nes s i t e  a nd a t  the do c k  s i te 
o n  the S ab i ne R i v e r . 

M a ny o f  the supp l i e s  c a n  be p u r chas ed f r om l o c a l  f i r ms i n  
the Lake C h a r l e s  a r e a . S pec i a l i z ed equ i pme n t , p ipe , a nd 
wel lheads may be br ough t i n  f r om r eq i o n a l  s uppl i e r s  i n  N ew 
O r leans , B a to n  Rouge , the  B e aumo n t-Po r t  A r thu r a r e a , a nd 
H o u s to n . 

3 . 6 . 3 E f fe c t s  o n  C ommu n i ty S e r v i c e s; 

N o  s ig n i f ic a nt m ig r a t io n  o f  wo r k e r s  to the a r e a  i s  ant i ­
c i pa ted t o  r e s u l t  f r om t h e  pr o j e c t . The maj o r  impa c t  
wo u l d  b e  i nc r e a s ed t r a f f i c  on H ig hway 9 0  l e ad i ng f r om L a k e  
C h a r l e s  t o  S u lphu r , a nd o n  pa r i sh r oads lead i ng t o  t h e  
s to r ag e  s i t e  a nd the  do c k . The p ipe l i ne to the d o c k  wo u l d  
c r o s s  a n  a r e a  o f  r ec e n t  r e s ide n t i a l  deve l opme nt betwe e n  
S u l phu r a nd C a r l y s s , c au s i ng t empo r a r y  t r a f f i c  c o nge s t io n  
d u r i ng c on s t r uc t i o n . The p i pe l i ne wo u l d  u t i l i z e a n  
ex i s t i ng r ig h t-of -way as i t  c r o s ses th i s  r e s i d e nt i a l  a r e a , 
a nd i s  no t expe c t ed to r eq u i r e the r e1no val  o f  home s o r  
bu s i nes s e s . 

T he hou s i ng s i t ua t i o n  i n  C a l c a s i e u  Pa r i s h  d o e s  n o t  a l l ow 
fo r a n  i n f l u x  o f  wo r k e r s  to p u r chase home s i n  s ma l l  
c ommun i t ie s  the r e . Re ntal  u n i t s  a r e  a v a i l a b l e  i n  the L a k e  
C h a r l e s  a r ea t o  ac commo d a te t h e  f ew wo r k e r s  a nd wo r k e r s ' 
f am i l i e s  tha t may be d r aw n  to the p r o j 1e c t  f r om o th e r  p a r t s  
o f  the r eg i o n . 
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S c hoo l s y s tems a r e  not  expec ted to be a f fec ted by the 
p r o j ec t s i n c e  i t  wo u l d  not d r aw s ig n i f i c a n t  numbe r s  o f  
new f am i l i e s  w i th school  a g e  c h i l d r e n  to t h e  a r e a . 

S e c u r i ty g ua r d s  wo u l d  be s tat ioned a t  the s to r age f ac i l i ty 
s i te a nd a t  the d o c k  to p r eve n t  the f t  o f  equ ipmen t and 
mater i a l s .  They wo u l d  coope r a t e  w i th the s h e r i f f ' s  
d ep a r tment o f  C a l c a s i e u  P a r i s h , w h i c h  h a s  j u r i sd i c t i on 
o v e r  these  a r ea s . F i r e  f ig h t i ng equ ipmen t  wo u l d  be on 
h and a t  the  s i t e  and the do c k . Aux i l i a r y  aid is  ava i l able 
f r om S u lphu r . 

Med i c a l  f ac i l i t i e s  i n  S u lphu r and Lake C h a r l e s  wo u l d  be 
u sed to p r ov i de eme rgency c a r e  to wor k e r s  i n j u r ed at the 
s i t e  and at the do c k . S i nce wor ke r s  and t he i r  f am i l i e s  
w o u l d  p r ima r i ly be e s tabl i s hed r e s i d e n t s  o f  t h e  a r e a , n o  
a dd i t i o n a l  s t r e s s  on h e a l th s e r v i c e s  i s  expected to r e s u l t  
f r om t h e  p r o j ec t .  

3 . 6 . 4  E c o nom i c  I mpac t 

Emp l o ymen t and P ay r o l l  

The ma j o r  l o c a l  bene f i t s  o f  the p r o j e c t  wo u l d  be the 
d i re c t  emp l oyment  and p ay r o l l . I t  is  an t i c ipated that  a 
n umbe r o f  l o c a l  c o n t r a c to r s wou l d  be h i r e d  f o r  va r i o u s  
phases  o f  cons t r u c t i o n . I nc l ud i ng t h e  pe r sonnel  de t a i l e d  
t o  t h e  p r o j e c t  by the s e  c o n t r a c t o r s ,  t h e  p ay r o l l  d u r i ng 
c o n s t r u c t i o n  and ope r a t ion o f  the f ac i l i t i es wo u l d  be 
appr o x i ma t e l y  as  f o l lows * : 

1 s t  mon th : $ 1 1 5 , 0 0 0  
2 n d  mo nth : 6 8 0 , 0 0 0  
3 r d mo n t h : 5 1 0 , 0 0 0  
4 th th r ou g h  5 th mon t h : 2 1 5 , 0 0 0  
6 th th r o u g h  9 th mo nth : 1 2 0 , 0 0 0  
1 0 th th rough  1 3 th mo n t h : 7 5 , 0 0 0  

T o t a l  f o r  S i te 
P r ep a r a t i o n  and C o n s t r u c t i o n : $ 2 , 5 1 5 , 0 0 0  

S t andby Ope r at i o n  f o r  

p e r  mo n t h  
p e r  mo n t h  
per  mo n t h  
p e r  mon t h  
per  mo n t h  
pe r mo n t h  

the L i fe o f  the P r o j e c t : $ 2 1 , 0 0 0  pe r mon t h  
O i l  Re cove r y  and 

Ref i l l  P r oced u r e s : $ 4 6 , 0 0 0  p e r  mon t h  

I ncome r e c e i ved b y  wor ke r s  wo u l d  tend to  c i r c u l ate i n  
th e L a k e  C h a r l e s  a r e a . 

* B a s ed on an ave r age wage r a te o f  $ 2 , 0 0 0  pe r mon t h . 
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Loc a l  B u s i ne s s  and I nd u s t r y  

T h e  co n s t r u c t ion phase o f  the p r o j e c t  w o u l d  be ne f i t 
l o c a l  f i r ms engaged i n  t he f o l l ow i ng bu s i ne s ses : b u i l d i ng 
c o n t r a c t o r s ,  c o n s t r u c t i o n  m a te r i a l  s uppl i e r s , pump and 
p ipe manu fac t u r e r s and d i s t r i b u to r s ,  me t a l  f ab r i c a to r s  and 
s uppl i e r s ,  a nd d r i l l i ng compa n i e s . A l s o , a numbe r o f  
f i r ms i n  the a r e a  spe c i al i z e i n  the repa i r  o f  the k i nd s  o f  
equ ipme n t  that  wo u l d  be u sed . 

The add i t io n a l  b u s i ne s s  ge ne r a ted by the p r o j e c t  w o u l d  not  
c r eate a s ig n i f i c a n t  numbe r o f  new j o bs , b u t  w o u l d  be  a n  
i mp o r tant  s o u r ce o f  i ncome f o r  l o c a l  f i r ms . B e ca u se the 
d u r a t io n  of con s t r uc t io n  f o r  the p r o j e c t  is c o n f i ne d  to 1 2  
mo nths , i t  i s  a n t ic i pated that  no new b u s i n e s s e s  w o u l d  be 
i nd uced by i t .  

T a x  B e ne f i t s  

S o u r ce s  o f  tax r eve nue fo r L o u i s iana and the p a r i sh e s  a r e : 
( 1 )  seve r a nce taxe s ( a nd r oyal t ie s )  f r om the e x t r ac t io n  o f  
o i l  a nd g a s , ( 2 )  p r ope r ty taxe s , a nd ( 3 )  5 pe r ce n t  sal e s  
tax ( 3 %  s tate tax p l u s  2 %  c i ty and par i s h  tax o n  g e ne r a l  
good s and s e r v i c e s )  • S ev e r a nce t a x  wo u l d  n o t  apply to 
t h i s  ope r a t i o n . S i nce the s to r ag e  s i te and equ ipme nt 
i n s t a l led at the s i t e  w o u l d  be f ed e r a l ly-owned a nd t he r e fo r e , 
ex emp t f r om t axa t io n , u se o f  S u lphur M i ne s  wou l d  not  
s ign i f i c a n t l y  a f fe c t  local  gove r nme nt a l  r e ve n u e s  f r om 
p r ope r ty tax . 

I n  the eve nt that  the o i l  i s  w i thd r awn f r om the s a l t 
c av i t ie s , the  compa n i e s  that pu r ch a s e  the o i l  w o u l d  be 
e xemp t f r om s ta t e  s a l e s  tax i f  they a r e  r eg i s t e r ed who le­
s al e r s  ( mo s t  o i l  c ompa n i e s  are reg i s t e r ed ) . T a x  bene f i t  
f r om the pr o j e c t  wou l d  a c c r ue i nd i r e c t ly f r om the  i nc r e a s ed 
i ncome a nd p u r chas i ng powe r o f  the wo r k e r s .  

C o s t s  

C o s ts t o  the commu n i ty wo u l d  b e  pr i ma r i ly tho s e  pa i d  f o r  
pu b l i c  s e r v i ce s , po l ice a n d  f i r e  pr o t ec t i o n , a nd the added 
c o s t s  of r oad ma i ntenance i n  the v ic i n i ty of the s i te a nd 
the do c k . 
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The p r e s e n t  a nd p r o j e c ted g r owth o f  gene r a l  cons t r u c t i on , 
he avy i nd u s t ry , and the o i l  a nd g a s  i nd u s t ry i n  the  a r ea 
i nd i c a t e s  that  oppo r tu n i t i e s  f o r  r ep l a ceme n t  j o bs a t  the 
e nd of the p r o j e c t ' s  con s t r uc t i on p e r iod wou l d  be ava i l ab l e . 
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3 . 7  E F FECT S OF ACC I DENTS AND NATURAL D I SAS TERS 

The p o t en t i a l i ty o f  ac c id e n t s  and n a tu r a l  d i sa s te r s  i s  
d i s c u s sed i n  th i s  sec t io n , w i th pa r t i c u l a r  emp ha s i s  on 
the p o s s ib i l i ty of c r ude o i l  or br i ne sp i l l s . The d i s­
c u s s ion is based o n  p r obab i l i t ie s  of o c cu r r ence con t a ined 
in app r op r i ate l i te r a t u r e  and app l i ed to the spec i f i c 
f ac i l i t i e s  pr opo sed fo r the S ul p h u r  M ine s S a l t  D orne . 

3 . 7 . 1 O i l  and B r ine Sp i l l s  f r om P ipe l i n e s  

E s t ima tes o f  the f r eque ncy and t h e  amo u n t  o f  o i l 
s p i l led be c a u se o f  po s s ible  p ipe l i ne ac c ide n t s  a r e  ba sed 
i n  pa r t  on s t a t i s t ic s  c o l l e c ted by the O f f  ice of P ipe l i ne 
S a fe ty ( OP S ) , Dep a r tme n t  of T r anspo r t at ion . 4 7  By law , 
U .  S .  p ipe l i ne ope r a to r s  m u s t  repo r t  sp i l l s  to the OPS i f  
they ex ceed 5 0  ba r r e l s ,  o r  i f  the r e  i s  a n  i n j u r y  o r  d e a th 
a s so c i at ed w i th th e acc ide n t . The pop u l a t ion o f  p ipe l i ne s  
t o  wh ich the sp i l l  s ta t i s t ic s  apply we r e  obt a i ned f r om the 
B ur e au o f  M i ne s , Dep a r tme n t  o f  I n t e r i o r . Eve ry th r ee 
y e a r s  they i s sue a repo r t  g i v i ng t he total  m i leage o f  
c r ude o i l  a nd o i l  p r od u c t  t r u n k l i ne s  and g a t he r i ng p ipe­
l i n e s  in the U . S .  A s  o f  J an u a r y  1 ,  1 9 7 4 , t h e r e  we r e  
2 2 2 , 3 5 5  m i l e s  o f  p ipe l i ne i n  the U . S . , wh ich a r e  d i s t r i ­
bu ted f a i r ly eve n l y  b e tween t h e  t h r e e  g r oups . 4 8  Of th i s  
to t a l , 1 9 0 , 3 3 1  m i l e s  were  1 2  i nc h e s  i n  d i ame t e r  o r  le s s . 
O n ly 3 2 , 0 2 4 m i l e s  o f  p ipe l i ne we r e  l a r ge r than 1 2  inche s , 
a nd only 2 , 2 7 2  m i l e s  we r e  3 6  inches  in d i ame te r o r  l a r ge r . 

I nfo rma t io n  on sp i l l s  f r om p ipe l i ne s  i s  repo r t ed t o  
O P S  o n  DOT F o r m  7 0 0 0 - 1 , a n d  i nc l ud e s  t h e  owne r o f  the 
p ipe l i ne ,  the sp i l l  lo c a t ion , t he c a u se of the sp i l l , 
the i n s ta l l a t i o n  d a te o f  the p ipe l i ne ,  the d i ame te r , the 
p r od uc t  ca r r i ed ,  a nd the amo unt of o i l  sp i l led ( u su a l ly a 
be s t  e s t imate ) . Table 3 . 2 2 l i s t s  p ipe l i ne sp i l l s  d u r i ng 
the f ive y e a r  pe r iod , 1 9 7 1  t h r ough 1 9 7 5 , by c a u s e . The 
maj o r  c a u s e  of sp i l l s  f r om o ld e r  p ipe l i ne s ,  tho se 
i n s ta l led be fo re 1 9 5 0 , is  e x t e r n a l  co r r o s ion . S i nce the 
1 9 4 0 ' s , much imp r oved techn i q ue s  have come i n t o  u sage to 
p r e ve nt co r r o s io n . Thu s ,  the ma j o r  cau se of sp i l l s  in 
newe r p ipe l i ne s  is a c c i d e n t a l  b r e ak age by ex cava t ion o r  
c o ns tr u c t ion equ ipme n t . Mo s t  l a r ge r p ipe , that  g r e a t e r  
t h a n  1 2  i nc h e s  i n  d i ame t e r  has b e e n  i n s ta l led s i nce 1 9 5 0 , 
and f o r  i t , too , the ma j o r  cause o f  sp i l l s  i s  d amage by 
excava t io n  e q u i pme n t . 
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T a b l e  3 . 2 2  C a u s e s  of P ipe l i ne Le a k s  a nd Sp i l l s  in the U . S .  D u r i ng 1 9 7 1  - 1 9 7 5 . 

C a u s e  

E x t e r n a l C o r r o s io n  

I n t e r n a l  C o r r os ion 

L i ne Rupt u r ed by E x c a v a t i o n  Equ ipme nt 

P r i o r  Damage B y  E x c a va t ion Equ ipme n t  

De f e c t ive P ipe Seam 

De f e c t ive W e l d  

Ruptu r e  o f  G a s k e t ,  S e a l , E t c .  

F i r e  o r  E xp l o s ion 

F l ow C ont r o l  M a l f un c t i o n  

F l ow C o n t r o l -Ope r a t o r  E r ro r  

I n co r re c t  Ope r a t io n  b y  C a r r i e r  P e r sonne l 

N a t u r a l  D i sa s t e r s  ( La nd s l i d e , F l oo d , 

W i nd s to rm , F r e e z i ng , E t c . ) 

U n k n own 

TOTAL I N C I DENTS 

P ipe l i n e s  1 2  I n c h e s  
a n d  L e s s  i n  D i am e t e r  

I n s ta l l e d  B e f o r e  1 9 5 0  
( N um b e r  o f  I n c id e n t s )  

2 9 7  
4 0  

1 4 2  
6 

8 3  
2 2  
2 3  

6 
3 

2 3  
2 

3 6  
5 5  

7 3 8  

I n s t a l l e d  A f te r 1 9 5 0  
( Numbe r o f  I n c i d e n t s )  

5 0  
4 6  

1 2 8 
1 8  
7 1  
1 1  
5 6  
1 4  
1 1  
1 2  
1 1  

2 4  
6 7  

5 1 9  

P i p e l i ne s  G r e a te r  T h a n  
12 I n c h e s  in D i ame te r 

( Numbe r o f  I n c i d e n t s )  

9 
8 

28 
3 

19 
7 
2 
0 
0 
0 
0 

0 
8 

8 5  



The sp i l l age d a t a  we r e  b r o k e n  down into  two ca tego r i e s  
ac c o r d i ng t o  s i z e . T h e r e  a r e  i ns u f f i c i en t  d a ta , 
s ta t i s t i c a l ly , fo r a b r e a kdown f o r  each  i nd i v id ua l  s i z e  
o f  p ipel i ne . I n  g e ne r a l , p ipe 1 2  i nches  o r  l e s s  i n  
d i am e t e r  i s  u s ed fo r i nd i v i d u a l  l i ne s  t o  a s a l t  dome 
cav i ty .  La rge r p ipe is used f o r  t r un k l i ne s  and man i f o ld s . 

The sp i l l  r a t e  f r om p ip e l i ne s  l e s s  than 1 2  i nches  i n  
d i ame t e r  w a s  e s t ima ted by d i v id i ng t h e  t o t a l  n umbe r o f  
sp i l l s b y  the m i l e age ex i s t ing a t  t h e  beg i n n i ng o f  1 9 7 4 , 
and n o r m a l i z i ng t o  one y e a r : 

7 3 8  + 5 1 9  1 x - = 
1 9 0 , 3 3 1  5 

1 . 3 2  x l o- 3  sp i l l s/m i l e-year  

B e ca u se the da ta nece s sa r y  to d i s t i ng u i s h  between the 
pop u l a t i o n s  of  o l de r and newe r p ipe are  unava i l a b l e , i t  
was nece s s a r y  t o  s um the sp i l l s  f r om both g r o up s  o f  p ipe . 
F o r  th i s  r e a s o n , i t  i s  be l i eved t h a t  the above e s t ima ted 
sp i l l  r a te is h ig h e r  than it w o u l d  a c t u a l ly be for the 
newly i n s ta l led SPR p ip e l i ne s . For p ipe l i ne s  g r ea t e r  
t h a n  1 2  i n c h e s  i n  d i ame te r , a s im i l a r  t r e a tme n t  g i ve s :  

8 5  1 x - = 5 . 3 1  x l o- 4  sp i l l s/m i le-ye a r  
3 2 , 0 2 4  5 

The d a ta f r om OPS a l so we r e  u sed to e s t imate the sp i l l  
s i z e f r eq uency d i s t r i bu t ion . These d a t a  h ave be e n  
p l o t ted on log  n o r m a l  p r oba b i l i ty c o o r d i na t e s  i n  F ig u r e  
3 . 1 1 .  F o r  t h e  l a r ge r d i am e t e r  p ip e l i ne s ,  t he s e  d a ta show 
the med i an sp i l l  s i z e to be app r ox ima te ly 8 5 0 ba r r e l s . 
F o r  p ipel i ne s  l e s s  than 1 2  i nches  i n  d i ame te r , the med i an 
sp i l l  s i z e  i s  3 6 0  ba r r e l s .  The d a t a  i n  F ig u r e  3 . 1 1 and 
the e s t im a t e s  of sp i l l  f r eq ue ncy we r e  comb i ned t o  g i ve 
the  f r eq ue ncy of sp i l l s  exceed i ng a g i ve n  quant ity , a s  
shown i n  F ig u r e  3 . 1 2 . 

T h e s e  d a t a  w e r e  appl i ed t o  p r ed i c t  the r i s k  o f  o i l  sp i l l s  
f r om the  p ip e l i ne s  p r op o s ed f o r  the S u lp h u r  M i n e s  
s to r ag e  s i te .  Table  3 . 2 3 l i s t s  the l e ng t h s  o f  t h e  c r ude 
o i l  a nd br i ne p ipe l i ne s  and the e xpe c t ed f r eq ue ncy o f  
a c c i d e n t a l  sp i l l s  p e r  y e a r  f r om the se p ipel i ne s . F o r  
t h i s  analys i s , the  p ipe l i ne be twe e n  t h e  S un T e rm i na l  a nd 
We s t  H ac k be r ry i s  a s s umed to be i n  e x i s te nce , a nd t h e r e ­
f o r e , a ny r i s k  o f  o i l  sp i l l s  f r om t h i s  po r t ion o f  t h e  l i ne 
is as so c i ated w i th o i l s to r age a t  West H a c k be r r y .  Table 
3 . 2 3 l i s t s  o n l y  the 14  m i le s  o f  p ipe l i ne conne c t ing the 
We s t  H ac k be r r y l i ne w i th the S u lp h u r  M i n e s  s i te . 
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F i g u r e  3 . 1 2 F r equency p e r  M i l e- Y e a r  o f  C r ud e  O i l  Sp i l l s  
F r om P ipe l i ne Acc i d e n t s .  
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Table 3 . 2 3 C r ude O i l  P ipe l i ne s  and Acc i d e n t  F r equency : E a r ly S to r a g e  Re s e r ve . 

Type o f  P ipel i n e  

C r ud e  o i l  
T r un k  L i ne ,  2 0  i n .  
S i t e : 

B r i ne 

< 1 2  i nc h e s  
> 1 2  i nc h e s  

D i sp o s a l  ( Deepw e l l ) 

App r o x ima te 
Leng th ( m i l e s )  

1 4  

0 . 3  
0 . 5  

0 . 5  

A c c i d e n t a l  S p i l l  N umbe r o f  
F r equency ( pe r  year ) Q.E_e r a t i on a l  Yea r sa 

7 . 4 3 x l o- 3 2 5  

1 .  5 9  x l o - 4 2 5  
6 . 6 0 x l o - 4 2 5  

2 . 6 6 x l o- 4 2 . 1 
w . 1 On- S i te 2 . 2 4 x l o - 3 
\D 
-....J 

1 . 7  2 . 1  

a A l l  c r ude o i l  p ipe l i ne s  a r e  a s s umed t o  r ema i n  f u l l  o f  o i l  t h r o ug h o u t  the  
en t i r e  l ength of  the p r o j e c t . F o r  the br i ne l i ne s , the s e  are  a s s umed t o  
c o nt a i n  br i ne only d u r i ng u s e , i . e . , d u r i ng f i l l i ng o f  t h e  s a l t  cav i t i e s . F o r  
t h i s ,  a t o t a l  o f  f i ve f i l l  cyc l e s  o f  f i ve mon t h s  each  h ave b e e n  a s s umed f o r  the  
2 5  yea r l i f e t ime . 



The an nua l s p i l l  f r e q uenc i e s  we r e  e s t ima ted a s  the 
p r od u c t  of p ipe l i ne l e ng t h  and the f r eq uenc i e s  ( pe r  
m i l e-ye a r ) deve l oped above . The tab le a l so l i s t s  the 
n umbe r  of ye a r s  the p ipel i n e s  are e xpected t o  be i n  
u se fo r the S P R  p r o j e c t . C r ude o i l l i ne s a r e  a s s umed 
t o  con t a in b r i ne at a l l  t ime s , whe r e a s  the b r i ne l i nes 
c o nt a i n  o i l only d u r i ng e ac h  f i l l  cyc le . I t  has been 
a s sumed t h a t  th i s  p e r iod is 2 5  ye a r s  fo r a l l s i t e s . 
T able  3 . 2 4 l i s ts the p r o bab i l i ty o f  sp i l l s  exceed i ng a 
g iven s i z e  f o r  each s i t e  and the t r un k l i n e s . These v a l u e s  
w e r e  e s t imated u s ing t h e  a n n u a l  sp i l l  f r eq u e nc i e s  l i s ted 
in Table 3 . 2 3 , a nd the sp i l l  s i z e  d i s t r i b u t ion s hown in 
F ig u r e  3 . 1 1 .  A l s o , the sp i l l  p r o bab i l i ty f o r  a pe r i od o f  
ye a r s  was a s s umed t o  be d e s c r i bed by the b i nom i a l  d i s tr i ­
bu t io n .  

T h e  r e s u l t s  p r e s e n t ed i n  Tab l e  3 . 2 4 s how t h a t  o n ly f o r  
the c r ude o i l t r u n k l i ne i s  the r e  a s ig n i f i c a n t  r i s k  o f  a 
sp i l l o f  mo r e  than 1 0 0  bb l s , 1 5  pe r cent . F o r  the p ip e­
l i ne s on the s i te ,  t he r i s k o f  a sp i l l  g r e a t e r  than 1 0 0  
ba r r e l s  i s  l e s s  than 6 p e r ce n t . T h i s  r e s u l t  i s  r e f l e c t ed 
i n  an a l t e r n a t i ve p r e s e n t a t ion o f  sp i l l  r i s k , the expec­
t a t i o n  q ua n t i ty of o i l sp i l led , a l so l i s ted in Table 3 . 2 4 . 

I n  cons ide r i ng t h e s e  r e s u l t s , i t  sho u l d  be kept  i n  
m i nd t ha t  the p r obab i l i t i e s  a r e  ba s ed on conse rva t ive 
a s s ump t i ons wh ich  tend to make  t hem h ig h . I n  pa r t ic u l a r , 
a 2 5  ye a r  u t i l i z a t io n  pe r i od was as sumed . Al though the 
c r ude o i l  l i ne s  would be f u l l  o f  o i l d u r i ng t h i s  pe r iod , 
they wo u l d be i n  ac t i ve u s e  only d u r i ng app r ox ima te ly 
one- t h i r d  o f  t h i s  t ime , a s sum i ng f ive f i l l-d i s t r i b u t ion 
c y c l e s . D u r ing t h e  pe r iods  o f  inac t iv i ty ,  the p r e s s u r e  
i n  the l i ne wou l d  b e  r e d u c ed , a nd b l o c k  v a l v e s  w o u l d  be 
c lo s ed . The amo u n t  of o i l  r e l e a s ed in an a c c ident  d u r i ng 
t h i s  t ime w o u l d  be s ubs t an t i a l ly l e s s  than when the 
p ipel i ne i s  a c t ive . 

The a r eas a f fec ted by the s p i l led o i l  v a r y  f r om open 
w a te r  to d r y  l a nd . C r ude o i l  l i nes and b r ine  l i ne s a t  
the s i t e  w o u l d  be loca ted i n  ( bu r i ed ) , o r  on d ry l a nd . 
T h e  mode s t  amo u n t  o f  o i l  expected t o  be sp i l led a c c i ­
d e nt a l ly wo u l d  b e  con f i ned t o  a l o ca l i z ed a r ea ne a r  the 
s p i l l .  Al so , be c a u se of the h ig h  wate r tab le i n  the a r ea , 
l e a k s  o f  o i l  f r om the b u r i ed po r t i o n s  o f  the p ip e l i ne s  
wo u l d  not b e  expe c t ed t o  move ve ry f a r  i n  a l a te r a l 
d i r ec t ion . D u r ing r a iny pe r i od s , o i l  m ig r a t ing t o  the 
s u r f ace wou ld be h ave as  r u no f f  m a te r i a l . As  ind i c a ted i n  
T ab l e  1 . 1 ,  t he c r ude o i l  t r u n k l i ne , between the s i te and 
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T able 3 . 2 4 R i sk o f  S p i l l s  o f  C r ud e  O i l  a nd B r ine  f r om P ip e l i ne A c c i d e nt s . 

Quan t i ty Sp i l l e d  

O i l -T r un k l i ne 
P r o bab i l i ty o f  S p i l l 

> 1 0 0  b b l s  
> 1 , 0 0 0  bbl s 
> 1 0 , 0 0 0  bbl s 

E xpe c t a t i on Quant i ty 
o f  O i l  S p i l led , bb l s .  

O i l - S i te P ipe l i ne s  
P r o ba b i l i ty o f  S p i l l  

> 1 0 0  b b l s  
> 1 , 0 0 0 b b l s  
> 1 0 , 0 0 0  bbl s 

E xpect a t i o n  Quan t i ty 
o f  O i l S p i l led , bbl s . 

P r obab i l i ty o f  Sp i l l  Ove r 2 5  Y e a r  L i f e t ime 
C r ud e  O i l  B r ine 

0 . 1 4 6  
0 . 0 8 4  
0 . 0 1 5  

1 5 8  

0 . 0 1 7 
0 . 0 0 9 3  
0 . 0 0 1 4  

1 5  

0 . 0 5 2  
0 . 0 2 9 
0 . 0 0 5 1 

2 3  



t h e  S u n  Te r m i na l -Wes t  Hac k be r r y  P i pe l i ne , c r o s s e s  a 
v a r i e ty o f  t e r r a i n .  Mo s t  o f  the  r o u t e  c r o s s e s  pr a i r i e and 
w o od l and s . 

S h o u l d  an o i l  o r  br i ne s p i l l  o c c u r  w i th i n  a d i k e d  a r e a , 
the  sp i ll wou l d  be con t a i ne d  u n t i l  i t  c o u l d  be r emove d . 
S ho u l d  a sp i l l  o c c u r  above g r ound i n  a n  u nd i k e d  a r e a , i t  
wo u l d  t e nd to f l ow t o  a lowe r l e v e l  u n t i l  t r apped by th e 
t er r a i n ,  o r  unt i l  i t  f lowed into  a body o f  w a te r . S ome 
of the sp i l l  wou l d  s o a k  i n t o  t h e  g r o u nd . A sp i l l  f r om a 
b u r i e d  p i pe l i ne wo u l d  s o a k  i n t o  the g r o u nd ; p a r t o f  t h e  
s p i l l  m i g h t  s u r face whe r e  i t  wo u l d  b e h ave a s  r u no f f  
m a t e r i al . S p i l le d  br i ne r ema 1 n 1 ng i n  the  g r ound woul d  
i nc r ea s e  the s a l i n i ty o f  g r o und w a t e r  i n  the  immed i ate 
v i c i n i ty . 

3 . 7 . 2  R i s k  o f  O i l  Spi l l s  D u r i ng Mar ine T r anspo r t a t io n  

3 . 7 . 2 . 1  I n t r od uc t i o n  and S ummar y  

T h i s  s ec t i on p r e s e n t s  e s t im a t e s  o f  bo th t h e  p r o b ab i l i ty 
a nd the s i z e  o f  o i l  sp i l l s  a r i s i ng f r om ac c i de n t s  d u r i ng 
mar i ne ope r a t ions and t r anspo r t .  Mar i ne ope r a t i o n s  
c o n s i d e r e d  i nc l ud e : ( 1 )  f o r  the  permane n t  d o c k  a t  S u n  
T e rm i na l , t h e  voyage o f  a 4 5 , 0 0 0  DWT tank s h ip t h r o ug h  th e 
S ab i ne P as s , the  S ab ine -Ne c hes Cana l and the N e c h e s  R iv e r  
t o  t h e  S u no c o  T e r m i na l , and l o ad ings and o f f lo a d i ng s  a t  
t h at t e r m i n a l , and ( 2 )  l i g h t e r i ng f r om VLCC s o n t o  t h e  
4 5 , 0 0 0 DWT t an k s h ip and i t s  voyage t o  the  entr ance to t h e  
S ab i ne P as s . 

A d e t a i le d  d e s c r i p t ion o f  the e s t imated r i s k  o f  o i l  
s p i l l s  f r om acc i de n t s  i s  p r e s e nted i n  the  f o l l ow i ng 
t h r e e  s u b s ec t io n s . A summ a r y  i s  p r ov i d ed i n  the  
f o l l ow i ng par ag r aph s . 

T h e  e s t imat e s  a r e  b a s ed o n  s t a t i s t ic a l  analyse s . The 
numbe r of  ve s s e l  c a s u al t i e s , w h i ch wou l d  r e s u l t  in the 
sp i l l o f  o i l , we re d e r i ve d  pr imar i l y  f r om the C o a s t  
G u ar d ' s  l i s t ing o f  C omme r c i al Ve s s el C a s u al t i e s  f o r  f i sc a l  
y ea r s  1 9 6 9  t h r oug h 1 9 7 4 .  T h e  count o f  t h e  s h i p t r a n s i t s  
i n  t h e  S ab i ne C hanne l w a s  o b t a i ne d  f rom Wate r bo rne Comm e r c e  
o f  the U n i t ed S ta t e s 4 9  a n d  Eng i ne e r ' s  Annu a l , bo t h  pub­
l i c a t i o n s  o f  the  U .  s .  Army C o r p s  o f  Eng inee r s .  Comb i ne d , 
t h e s e  d a t a  y i e ld e d  the e xpec ted f r equenc y  o f  sp i l l s  per 
t r ans i t  of  a t an k s h ip f r om the G u l f  to the  t e r m i na l . T h i s  
pr ocedu re w a s  f o l l owed f or a l l  ve s s e l  c as u a l t i e s  except 
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ta n k s h ip c o l l i s io n s  i n  the S ab i ne C hann e l  f o r  wh ich the 
f r eq u e nc y  was e s t ima ted v i a  a mod e l . T h i s  mod e l  a l lows 
the u se of a much b r o ade r d a t a  base and a c c o u n t s  fo r the 
l en g t h  of the channe l , t r a f f i c dens i ty , a nd the  speed and 
d ime n s ions o f  the s h ip s . The f r equency o f  sp i l l s  fo r 
l o ad i ng and o f f l oad i ng o i l a t  the te rm i n a l  was o b t a i ne d  
f r om i n c i d e n t s  r epo r ted b y  t h e  C oa s t  G u a r d ' s  Po l l u t ion 
I nc ide n t  Repo r t ing Sys tem a nd C o r p s  of  Eng i nee r t r a f f i c  
da ta , both fo r the U . S .  G u l f C o a s t  reg ion . Becau se o f  the 
h ig h  deg r ee of s im i l a r i ty be twe en l ig h t e r i ng a nd o f fl oad i ng 
a t  te rm inal s ,  t he sp i l l  f r eq uency fo r the fo r me r  was  
as sumed t o  be  the s ame as for  the l a t te r . The d i s t r i b u t ion 
of the q ua n t i ty of o i l sp i l l ed , w i th the n umbe r of s p i l l s , 
was devel oped f r om C o a s t  G u a rd C omme r c i a l  Ve s se l  C a s u a l ty 
d a t a  fo r l o s s e s  f r om tank  b a r g e s  in We s te r n  R i ve r s * a nd 
the  i nl a nd G u l f  reg i o n . The quant i t i e s  sp i l led a r e  
d i s t r ibuted l o g  no rma l ly ve r s u s  n umbe r f r a c t ion o f  sp i l l s . 
T h is r e l a t i ons h ip was mod i f i ed f o r  appl i c a t i o n  to t an k sh ip 
c a s ua l t ie s . The d i s t r ibu t ion o f  quant i ty o f  o i l s p i l led 
d u r i ng load i ng a nd o f f l oad i ng at m a r i ne te r m i na l s  was 
devel oped f r om t he Po l l u t ion I nc ident  Repo r t i ng Sys tem 
d a ta . 

T h e  above me thodo logy i s  based on the a s s ump t i o n s  that  the 
p l a nned c r ude o i l  t r anspo r t  ope r a t io n  i s  e s s e n t i a l ly the 
s ame as  that for wh ich the a c c ide n t  expe r i en ce has a c c r ued . 
T h i s  as s ump t i o n  s eems j u s t i f i able  s ince the f ac i l i t i e s , 
t an k sh ip s and b a r g e s  to be u sed wo u l d  be ne a r ly the s ame 
as tho s e  now u s ed in the a r e a . 

The e s t im a t e s  o f  r i sk o f  acc i d e n t a l  o i l s p i l l s  a r e  summa r i zed 
i n  T ab l e  3 . 2 5 .  The es t imates  as s ume the t r anspo r t  of 
c r u de o i l  t o  f i l l  the s a l t  dome cave r n s  i n  a nom i nal  
4 5 , 0 0 0  DWT tan k s h ip c o n t a i n i ng 4 0 0 , 0 0 0  bbls  to or  f r om the 
S u n  T e rm i na l . Only 6 0  p e r c e n t  o f  the s to r e d  o i l wou l d  be 
d i s t r i bu ted by tank s h ip .  L a r g e r  tan k s h ips , up to 1 0 0 , 0 0 0  
DWT , m ig h t  be u sed b u t  the se wou l d  be l i g h t  loaded s u c h  
that  the i r  d r a f t  wou l d  not  exceed 4 0  fee t . I n  t h i s  c a s e  
i t  i s  a l s o  a s s umed t h a t  they wo u l d  c o n t a i n  appr ox ima t e ly 
4 0 0 , 0 0 0  b bl s . 

T he expe c t a t ion q uant i ty o f  c r ude o i l sp i l led pe r t r ip f r om 
ve s se l  ac c id e n t s , s uc h  as c o l l i s io n s , g r ou nd i ng s , r amm i ng s  
( s t r i k i ng f i xed obj ec t s , s u bme rged o r  o n  o r  above the wate r 
s u r f ac e ) , s tr u c t u r a l  f a i l u r e , f i r e s  and expl o s i o n s , e tc . , i s  

* P r ima r i l y  the M i s s i s s ipp i R i ve r Sys tem 
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Table 3 . 2 5  R i s k o f  O i l  S p i l l s  D u r i ng M a r i ne T r an s po r t  fo r F i l l i ng a nd 
D i s t r i bu t i ng the C r ud e  O i l  f r om the  S u l phu r M i ne s  S i te .  

N umbe r o f  Ve s se l  T r ip s 

S p i l l s  i n  I n l a nd Wa t e r s :  
E xpe c t at i o n  q ua n t i ty o f  
o i l s p i l led , bbl s .  

P r obab i l i ty o f  a sp i l l  
e xceed i ng 

1 0 0  bbl s . 
1 , 0 0 0 bbl s . 
1 0 , 0 0 0 bbl s .  

S p i l l s  i n  The G u l f o f  M e x i c o : 

E xpe c t at i on q ua n t ity o f  
o i l sp i l led , b b l s .  

P r obab i l i ty o f  a sp i l l  
e xceed i ng 

1 0 0  bbl s . 
1 , 0 0 0  bbl s .  
1 0 , 0 0 0  bbl s .  

N/E - N o t  E va l u ated . 

F i l l  2 5  x 1 0 6 bb l s .  

6 3 

4 3  

0 . 0 1 0 2  
0 . 0 0 3 2  
0 . 0 0 0 8  

9 

0 . 0 0 7 3  
0 . 0 0 1 0  
0 . 0 0 0 1  

D i s t r i bu te 1 5  x 1 0 6 bb l s .  

3 8  

2 6  

0 . 0 0 6 1  
0 . 0 0 1 9  
0 . 0 0 0 5  

N/E 

N/E 
N/E 
N/E 



0 . 6 0 barre l s  per t r i p  fo r the t a nkships  i n  the S a b i n e ­
Neches Can a l  and 0 . 0 5 8  barre l s  per t r ip i n  the Gul f  be twe e n  
t he l ig h te r i ng po i n t  and S a b i ne P a s s . The med i an sp i l l  
f r om t a n k s h ip c a s u a l t i e s  i s  3 , 1 0 0  bb l s . Ac c i d e n t s  a t  the 
ma r i ne te rm i n al , such a s  ove r f i l l i ng a tank , ope n i ng the 
w r o ng va l ve , e tc . , h ave an expe c t at i on q uant i ty o f  0 . 0 8 6  
b a r r e l s  sp i l l ed pe r t r ip fo r tank sh ip s .  The med i an sp i l l  
d u r i ng t r ans fe r a t  the d o c k  i s  0 . 5  bbl . The total  expe c t ed 
quant i t i e s  o f  o i l  sp i l l ed d u r i ng the t r anspo r t  o f  the o i l  to 
f i l l  or to be d i s t r ibu ted a r e  l i s ted in Table  3 . 2 5 . Th i s  
t ab l e  al so l i s t s  t h e  p r obab i l i ty o f  a sp i l l  ex ceed i ng 
c e r t a i n  amo u n t s  d u r i ng the moveme n t  o f  the s ta ted amou n t  
o f  o i l . 

O i l  s p i l led o n to w a t e r  p r od u c e s  a ve r y  e x t e n s ive s l i c k . 
The fo l l ow i ng r e l a t i o ns h ip between sp i l l  quant i ty , a nd 
u l t imate sl i c k  a r e a  o r  rad i u s , a s s ume s unh i nde red ( no 
w i nd , c u r r e nt s , o r  su r f ace o b s t ac l e s )  s p r ead i ng a nd a 
c i r c u l a r - s haped s l i c k : 

A =  � r 2 = 2 . s 2 x 1 0 4 ( V ) 3/4 

wh e re A is  sq u a r e  me t e r s ,  r i s  the r ad i u s  of the s l i c k  in 
me te r s , a nd V t he vo l ume sp i l led in ba r r e l s . S O  

T h e s e  d ime ns ions a r e  ach ieved 2 4  t o  4 8  hou r s  a f te r  the 
sp il l .  For me d i an sp i l l  quant it ies l i s ted above , the 
u l t ima te s l i c k  d ime n s io n s  we re  comp uted : 

S l i c k  A r e a  ( m2 ) 

S l i c k  Rad i u s  { m )  

Quan t i ty Sp i l l ed ( Ba r r e l s )  

0 . 5  
0 . 0 1 5  x 1 0 6 

6 9 . 1  

3 , 1 0 0  
1 0 . 5  x 1 0 6 

1 , 8 2 6  

The u l t ima te s l i c k  a r e a s  c a l c u l a ted above co r r espond to 
an ave r age cove rage of o i l  r a ng i ng f r om 0 . 1  bbl/a c r e  fo r 
the 0 . 5 -ba r re l  sp i l l  to app r ox ima te l y  1 bbl/acr e fo r the 
l a r g e s t  sp i l l . These cove rages  a r e  somewh a t  lowe r than 
tho s e  es t imated to c a u se env i r o nme ntal damage , as d i sc u s sed 
i n  S e c t ion 3 . 7 . 3 .  H ence , the u l t ima te s l i c k  d i ame t e r  i n  
ope n w a t e r  m a y  be 5 to 5 0  t ime s the a r ea i n  wh ich a c t ua l 
e nv i r o nme n t a l  damage may o c c u r . 

S p i l l s  f r om a ta n k s h ip i n  the S a b i ne P a s s  o r  j e t ty c h annel  
would t end t o  be  con f i ned by the j e t t ies , l a nd or  spo i l  
bank s .  H oweve r , the t ida l c u r r e n t s  ( 1  to 2 k n o t s  typ i c a l  i n  
S a b i ne P a s s ) w o u l d  c a r r y  a s l i c k  o u t  t o  s e a  o r  into  S a b i ne 
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L a k e  i f  n o t  c o n f i ne d  i n  t im e  by booms . C o n t am i n a t ion o f  
m a r s h  and sho r e  a lo ng S a b ine P a s s  wo u l d  b e  e xpec t ed f r om a ny 
sp i l l s . 

S i m i l a r ly , sp i l l s  f rom a c c i d e n t s  i n  the  Po r t  A r th u r  C a n a l  
a nd t h e  S a b i ne -N e c hes C a n a l  a l so w o u l d  be c o n f ined by ad­
j ac e nt l a nd a nd spo i l  b an k s ,  wh i c h  wo u l d  become c o n t am i n a ted . 
I n  the s e  c a n a l s  the r e  i s  a neg l i g i b l e  c u r r e n t  and t h e  s p r e a d  
o f  t h e  s l ic k  in  e i t h e r  d i r ec t io n  c o u l d  b e  r e ad i ly p r ev e n t e d  
b y  booms . Howeve r ,  sp i l l s  i n  t h e  uppe r p a r t  o f  the  S a b ine­
N e c h e s  Canal near  the  mo u t h  o f  the S a b i ne R i v e r  might s p r e a d  
i nto S ab i ne L a k e  a n d  c o n t am i n a t e  a d j a c e n t  s ho r e  a n d  ma r s h 
l and s . B e c au s e  o f  the  p r e do m i n a n c e  o f  e a s t e r l y  and s o u th e r l y  
w i n d s  i n  t h e  a r e a , o i l  s l ic k s  e n t e r i ng t h e  l a k e  wou l d  
p r o b a b l y  c o n t am i na t e  o n l y  th e l a k e ' s  we s t e rn s ho r e  and n o t  
t h e  mar s h  o f  the S a b i ne N a t iona l  Wi l d l i f e  Re f ug e bo r d e r i ng 
the e a s te r n  s ho r e .  

S p i l l s  f r om a c c i d e n t s  i n  t he N e c h e s  R i v e r a nd a t  t h e  S u n  
Te r m i n a l  p r o b ab l y  wo u l d  c o n t am i n a t e  the m a r shy b a n k s o f  
the  r i ve r . The c u r r e nt i n  the  r iv e r  i s  weak  e x c ep t  d u r i ng 
p e r iod s  o f  h i g h  wate r and h e n c e  o i l  s l i c k s  a r e  e xp e c t e d  
to b e  c a r r ied down s t r e am i n to S ab i ne L a k e  o n l y  d u r ing 
th e s e  pe r i od s . 

S p i l l s  d u r i ng l ig ht e r ing a n d  t r a n s - s h ipmen t  ac r o s s  the G u l f  
to t h e  e n t r an c e  t o  S a b i ne P as s  c o u l d  a f f e c t a n y  o f  the 
s h o r e  bo t h  e a s t  and we s t  of S ab i ne P a s s . F i g u r e  3 . 1 3 shows 
the app r o x imate l o c a t ion o f  the l ig h t e r i ng a r e a  r e l at iv e  
t o  S ab i n e  P a s s  a nd the P o r t  A r t h u r  a r e a s . F i g u r e s  3 . 1 4 a nd 
3 . 1 5 s how the p r o b ab i l i ty d i s t r i b u t ion o f  d i r ec t io n s  and 
spee d s  o f  c u r r e n t s  d u r i ng w i nt e r  and sum�e r mon t h s  i n  the  
l ig ht e r i ng a r e a .  S im i l a r ly , F i g u r e s  3 . 1 6 a nd 3 . 1 7 s how 
the p r obab i l i ty d i s t r ibu t io n  ( w i nd r o s e )  o f  w i nd speed s 
and d i r e c t io n .  S i n c e  o i l s l i c k s  d r i f t  w i t h  the wate r 
c u r r e n t  a n d  app r o x ima t e l y  3 p e r c e n t  o f  the  w i nd v e l o c i ty , 
t h e s e  d a t a  may be u s e d  to e s t imate the l and f al l s  o f  
u n co n t a i ne d , sp i l l e d  o i l . 

D u r i ng bo t h  summ e r  and w i n t e r  the  o c e a n  c u r r en t s  ave r ag e  
a bo u t  1 k n o t  and a r e  tow a r d s  the n o r t h , w e s t  and n o r t hwe s t  
app r o x im a t e l y  6 0  p e r c e nt o f  the t im e . I n  s umm e r  t h e  o c e a n  
c u r r en t s  a r e  s u ppo r t e d  by w i nd s  o f  1 0 - 1 1  k n o t s  i n  t h e  s am e  
d i r e c t io n  6 5  pe r c e n t  o f  the  t im e . I n  w i n t e r , the  f requency 
of  w i nd s i n  the s e  d i r ec t io n s  d ec r e as e s  to 50  p e r c e n t  o f  
the  t im e , and s t r ong w i nd s o f  1 4 - 1 5  k no t s  b low away f r om 
sho r e  app r o x imat e l y  4 0  pe r c e n t  of the t im e . T h e s e  l at t e r  
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WINTER WIND ROSE ( Jan"':.Mar, &,_.Oct:-De�) 

1S . 4i l  

Velocity (mean-kts . )  

10+ 11+ 12+ 13+ 14+ 15+ 

rr FFF� 
F i g u r e  3 . 1 6 W i nd Ro s e  for the L i gh te r i ng S i te Du r i ng W i n t e r . 
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F i gur e 3 . 1 7 

SUMMER WIND ROSE 
( Apr-Jun & Jul-Sep ) 

Velocity ( mean-kts . )  

·9 .  5-10 10-10 . 5  10 . 5-11 F 9-9 . 5  

W i nd Ro se for the L i g h t e r i ng S i te D u r i n g  Summe r . 
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w i nd s wo u l d  tend to c a u s e  an o i l  s l i c k  to d r i f t away f r om 
s ho r e  a t  app r ox ima t e l y  0 . 4 to 0 . 5  k no t s . The d a ta sugg e s t  
th a t  o i l  sp i l l e d  d u r i ng l i g h te r i ng c o u l d  d r i f t asho r e  
somewh e r e  be tween the C a l c a s i e u P a s s  and the M a t ag o r da B ay 
a r e a s  app r o x ima t e l y  6 0  pe r c e n t  o f  the t ime i n  s umme r and 4 0  
p e r c e n t  o f  the t ime i n  w i n t e r . I n  e i th e r  season , a s l i c k  
when r e ac h i ng th e s e  a r e a s  would b e  wel l weath e r ed , hav i ng 
been a t  sea f o r  a t  l e a s t  3 days ( a  m i n imum d i s tance o f  7 5  
m i l e s  f rom s h o r e  d i v i ded by 1 k no t , the ave r age c u r r e n t  
speed ) . 

3 . 7 . 2 . 2  O i l  S p i l l s  f r om L i g h te r i ng and T r a n s s hipme n t  

F o r  anal y s i s  p u r p o s e s , i t  h a s  been a s sumed that c r ude o i l  
w o u l d  be s h ipped i n to the G u l f  o f  Mex i co abo a r d  VLCC ' s  and 
l ig h te r ed o f f  o n t o  sma l l e r  v e s s e l s ,  app r o x imately 4 5 , 0 0 0  
d w t , for  s h ipme n t  to the S u n  Te r m i n a l . The l i gh te r i ng 
oper a t i o n  wo u l d  be p e r f o r med 5 0  to 1 0 0  m i l e s  o u t  to sea f r om 
S ab i ne P a s s . The analy s i s  o f  the r i s k  o f  o i l  sp i l l s  co n s i d e r e d  
b o th the l i g h t e r i ng ope r a t ion a n d  the t r a n s s h ipme n t  f rom the 
p o i nt o f  l i g h te r i ng to the ent r a nce o f  the S ab i ne P a s s  
C h annel . 

I t  i s  k nown that l i g h t e r i ng o f  VLC C s  i n  U .  s .  c o a s tal 
wate r s  has  be come a r o u t i ne ope r a t ion . I t  h a s  been e s t imated 
that app r o x im a te l y  20 pe r c e n t  of the o i l  i mpo r ted comes i n  
v ia l i ghte r i ng .  The exact amo unt l ig h t e r ed i s  n o t  r epo r ted , 
howeve r ,  d u r ing 1 9 7 5 , there  i s  i nd i r e c t  d a t a  s ugge s t ing 
that app r ox imately 13 x 1 0 6 sho r t  tons ( equ iva l e n t  to 84 x 
1 0 6 b a r r e l s  o f  AP I 2 7 ° c r ude o i l )  o f  o i l  w e r e  i mpo r t ed 
i n to G u l f  C o a s t  por t s  by th i s  method . * C on s ide r ing the s i z e  
o f  tank s h ip s  ava i l a ble f o r  l i ghte r i n g  s e r v i c e  i n  the G u l f , 
an ave r age s i z e  o f  2 8 , 0 0 0  dwt , th i s  i s  eq u iv a l e n t  to 
app r o x imately 4 6 7  l i ghte r i ng t an k sh ip t r ip s  p e r  yea r i n to 
G u l f  C o a s t por t s . 

E ven though th i s  r a th e r  e x t e n s ive ope r a t i on e x i s t s , the r e  a r e  
no d a t a  on the sp i l l ag e  o f  o i l  d u r ing l ig h te r i ng ,  app a r e n t l y  
beca u s e  the r e  i s  no r eq u i r emen t  t o  repo r t  s u c h  sp i l l age s . Mo r e­
o v e r , the r e  a r e  no r ep o r ted sp i l l s  f r om c a s u a l t i es a s s o c i ated w i th 

* B a s ed on d a t a  r epo r ted by the U . S .  A r my C o r p s  o f  E ng i nee r s  
f o r  the total  amo u n t  o f  impor ted o i l  6 7  x 1 0 6 sho r t ton s , i n  
Wa t e r bo r n e  Comme r c e , and o i l  impo r ted , 5 4  x 1 0 9 6 s ho r t t o n s , · 

i n  f o r e i g n  t r ade s h i p s , i n  Eng i nee r s '  Ann ual . 
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l ig h t e r i ng ope r at i o n s . ( C a s u a l t ie s  w o u l d  be come k n own to 
the C o a s t  G u a r d  and wo u l d  appe a r  on L loyd s Wee k ly C a s u a l ty 
L i s t . ) H oweve r ,  t h i s  l a c k  o f  repo r ted po l l u t i ng i n c i d e n t s  
do e s  not  m e a n  th a t  t hey d o  not  o c c u r . F o r  t h is ana l y s i s , 
i t  has been te n t a t i ve ly a s s umed t h a t  the sp i l l  f r eq ue ncy 
and s i z e s  a r e  th e s ame as  f o r  load i ng and o f f l oad i ng at a 
do c k . T h e s e  d a t a  ar e deve l oped and d i sc u s sed i n  S e c t ion 
3 . 7 . 2 . 4 .  Ac co r d i ng ly , the sp i l l age f r eq uency i s  9 . 2 x l o- 3  
pe r l ig h te r i ng ope r a t ion and the med i a n  sp i l l  s i z e  i s  0 . 5  
ba r r e l s . 

T h e  j u s t i f i c a t ion f o r  t h i s  as sump t ion i s  the h ig h  deg r e e  
o f  s im i l a r i ty b e twe e n  s h ip- t o- s h ip t r a n s f e r s  and o f f- l oad i ng 
a t  a do c k . D u r ing l ig h te r i ng ,  t he two s h ip s  a r e  t i ed t o  
e a c h  othe r w i th nume r o u s  moor i ng l i nes a n d  w i th l a rge 
cy l i nd r i c a l  r ubbe r  fe nde r s  in be twe en . The re s i l i ence of  
the l a t t e r  takes  up any slack i n  the mo o r i ng l i ne s  and 
the r eby m i n im i z e s  f a t igue s tr e s s  i n  the l i ne s .  The o i l  
t r ans fe r i s  p e r fo rmed a s  a t  d oc k s ide w i th 1 0  o r  1 2  i nc h  
h o s e s  ho i s ted b y  t h e  s h ip ' s  l i f t ing gea r .  T h e  h o s e s  a r e  
s u ppo r ted i n  such  a mann e r  t o  p r event sharp  bend s and 
k i nk i ng .  A l l conne c t ions a r e  c a r e f u l ly c hec ked be fo r e  
t r a ns fe r beg i n s  and a s  a f u r the r chec k , the pump s a r e  
b r ough t u p  to speed s l owly wh i l e  t h e  connec t io n s  a r e  
c hec ked aga i n  fo r l e ak s .  T h e s e  p r ec a u t i o n s  a r e  obs e r ve d  
a l so d u r i ng do c k s ide t r a n s fe r s . 

O i l  s p i l l r i s k  f r om t r anspo r t  o f  the o i l  i n  the l ig h te r i ng 
s h ip s  be tween the po i n t  o f  l ig h te r i ng and the en t r ance  to 
S ab i ne P a s s  was e s t ima ted u s i ng c a s u a lty s tat i s t i c s  fo r 
ta n k s h i p s  ope r a t ing i n  t he G u l f o f  Mex i c o  and the  C a r i bbe an 
S e a . D u r i ng the pe r i od 1 9 6 9  t h r ough 1 9 7 5 , the r e  we r e  7 
t a n k s h ip c a s u a l t ies  in wh ich  some o r  a l l  o f  an o i l  c a r g o  
o r  o i ly bal l a s t  w a s  l o s t .  T h e s e  a r e  l i s te d  i n  T a b l e  
3 . 2 6 ,  i nc l ud i ng the  c a u se o f  t h e  c a s u a l ty a n d  a n  e s t imate 
of  the lo s s  o f  o i l  if  k nown . 

T h e  e s t imate o f  c a s u a l ty f r eq ue ncy was d e r ived by d iv i d i ng 
t he numb e r  o f  c a s ua l t ies  by the " e xpo s u r e "  o f  tan k s h ips to 
a c c ident s :  the numbe r o f  tan k s h ip ope r a t ing h o u r s  i n  the 
G u l f  and C a r i bbe an . Tank s h ip t r af f i c c on s i s ts p r ima r i ly 
o f  c oas tw i se t r ade ( i n U .  S .  F l ag s h ip s ) , and impo r t s o f  
fo r e ign o i l  and pe t r o l eum p r od u c t s .  Mo s t  o f  t h e  coa s tw i se 
t r ade i s  be twe en G u l f  C o a s t po r t s and E a s t  Coas t po r t s .  
H e nc e , mo s t  o f  t he tank e r  t r af f ic c r os se s  the G u l f  o f  
Mex i c o , go ing t h r o ug h  the F l o r ida S t ra ig h ts o r  the C a r i bbean 
and G u l f ,  pa s s i ng t h r o ug h  the Y u c a tan Channe l .  
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Table 3 . 2 6  O i l  S p i l l s  f r om T a n k s h i p  C a s u a l t i e s  i n  
the G u l f  o f  M e x i co and C a r i bb e a n  S e a . 

S i z e  Type o f  O i l  O u t f l ow 
T a n k sh iJ2. ( l , 0 0 0  dwt ) Ye a r  G a s u a l ty Loc a t i o n  a ( b a r r e l s )  

T e x aco N e v ad a 1 9 . 9  1 9 6 9  S t r u c tu r a l  Un k n own 
Fu l l  C a r g o  Fa i l u r e  Op e n  S e a  Amo u n t  

Va s s il i k i 6 9 . l  1 9 7 1 S t r uc t u r a l  Un k n ow n  
Fa i l u r e  Ope n  S e a  Amou n t  

S to l t  Sveve 1 6 . 3  1 9 7 1 B r e a k d own Ope n S e a  U n k n ow n  
Amo u n t  

w 
I ....... 

B r e a k d own U n k n ow n  ....... M a r  S t a r  1 7 . 5  1 9 7 1 Ope n  S e a  
l'V Am o u n t  

v .  A .  Fogg 2 0 . 8  1 9 7 2 Expl o s i o n Co a s t a l  1 1 , 2 0 0  

Z o e  Co l o t r on 2 5 . 7 1 9 7 3 G r o u n d i ng Co a s t a l  3 5 , 0 0 0  

( L i b e r i an F l ag )  Un k n own 1 9 7 5 Co l l i s i o n  Ope n  S e a  7 1 4  

aco a s t a l me a n s  � i th i n  5 0  n au t i c a l  m i l e s o f  sh o r e  wh e r e a s  o p e n  s e a  m e a n s  beyo nd 5 0  
n a u t i c a l  m i l e s  6 f  s h o r e .  



B a s e d  on an ana l y s i s  o f  t r a f f i c i nto G u l f Co a s t  po r t s  f o r  
t h e  y e a r  1 9 7 5 ,  p r e s e nt e d  i n  Append i x  G - 2 , t h e  f o l l o w i ng 
s h ip co unt w a s  d e r ived ( lo ad e d  t a n k s h ips t r av e r s ing t h e  
G u l f  and/or the C a r ibbean i n t o  U .  S .  po r t s ) : 

S h ipp i ng 

F o r e ign F l ag T ank e r s  u .  S .  F l ag-Fo r e ign T r ade Tank e r s  
L i ght e r  T a n k e r s  
N o n-p e t r o l e um Tank e r s  u .  s .  F l ag - Dome s t i c  T r a d e  T an ke r s  

To t a l  

N um b e r  o f  T r ips 

4 , 3 1 6  
1 8 2  
4 6 7  
4 0 7  

5 , 5 3 3  

1 0 , � 0 5  

S im i l a r l y , count s o f  t an k s h ip t r af f ic we r e  e s t ima t ed f o r  
t h e  o t h e r y e a r s o f  t h e  1 9 6 9  t h r o ug h  1 9 7 5 pe r i od . T h e  
t o t a l  numbe r o f  t r ips made d u r ing t h i s  p e r i od w a s  6 6 , 3 9 0 .  
As s um i ng t h a t  t h e  ave r ag e  t r i p ac r o s s  the Gu l f  and C a r i bb e an 
i s  1 , 0 0 0  nau t i c a l  m i l e s , and t h a t  t h e  a v e r ag€ speed i s  1 2  
knot s ,  the  a v e r ag e  d u r at ion o f  a t r ip i s  3 . 5  d ay s . 
T h e r ef o r e , the  t o t a l  numbe r  o f  t an k s h ip y ea r s  o f  expo s u r e  
d u r i ng t h i s  pe r i o d  w a s  

3 . 5 
3 6 5  

x 6 6 , 3 9 0  = 6 3 7  t an k s h ip y e a r s .  

S i nce the t an k s h ip c a s u a l t y  d a t a  inc l ud e s  s h ips in b a l l a s t  
( s ee Append i x  G - 2 )  , th e t r a f f i c count s ho ul d  b e  d o ub l ed . 
I t  i s  a s s umed t h a t  f o r  e a c h  t r ip made by a l oaded t an k s h ip 
t h e r e  is  a r e t u r n  t r i p made a c r o s s  the Gu l f  and C a r i bb e an 
i n  a ba l l a s te d  cond i t ion . On t h i s  b a s i s , the  e xpo s u r e  to 
a c c i de n t s  d u r ing 1 9 6 9  t h r ough 1 9 7 5  i s  1 , 2 7 4  t an k s h ip 
y e ar s .  

Comb i n ing t h i s  v a l ue w i th the numb e r  o f  inc ident s y i el d s  

7 
1 2 7 4  

= 0 . 0 0 5 5  c a s u a l ty c au se d  o i l  sp i l l s  
t an k  s h ip- ye a r  

I t  i s  o f  inte r e s t  t o  note th a t  t h i s  o i l  s p i l l  r at e  i n  t h e  
G u l f  o f  M e x ico and the C a r ibbean S e a  i s  app r o x imate l y  one 
t h i rd that of wo r ld- w i de e x pe r i ence . C ar d , Ponce a nd 
S n i d e r 5 1  r epo r te d  t h a t  the r e  we r e  4 5 2  o i l  po l l ut ing 
inc i d e n t s  f rom t a n k s h i p c a s u a l t i e s  d u r i ng 1 9 6 9  t h r ough 
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1 9 7 3 . I n  1 9 6 9 , the  wo r l d popu l a t ion o f  ope r a t i ng t an k sh ips 
was  5 , 8 6 9 , a nd in 1 9 7 5 ,  it was 6 , 6 0 7  tank sh ip s . D u r i ng 
the  5 -ye a r  p e r i od o f  1 9 6 9  t h r ough 1 9 7 3 , the  expo s u r e  to 
a c c ide n t s  was 3 1 , 9 6 4  tank sh ip ye a r s .  The r e fo r e , t he 
w o r l dw id e  acc ide n t  a nd sp i l l  r a te was 

4 5 2  
3 1 , 9 6 4  

= 1 4 x 1 0 - 3  c a s u a l ty-c a u sed o i l s p i l l s  
tank s h ip-y e a r  

As sum ing a n  ave r age speed o f  1 0  k no t s , the t ime r eq u i r e d  
a l ig h te r i ng s h ip t o  t r ave r s e  t h e  7 5  m i le s  b e tween the 
l ig h t e r ing l o c a t i o n  and t he ent r ance to S ab i ne P a s s  is 
app r o x ima tely 8 ho u r s . T he r e fo r e , the expo s u r e  t ime is 
y e a r s ,  a nd t he p r obab i l i ty o f  a c a s u a l ty and s p i l l  
d u r i ng t h a t  t r ip i s  

f o r 

8 
2 4 x 3 6 5  

8 
5 . 0 x l o - 6  sp i l l s  pe r t r ip .  0 . 0 0 5 5  x = 

2 4 x 3 6 5  

The s i z e  d i s t r i b u t i on o f  sp i l l s f r om tank s h ip c a s u a l t ies  
i s  de r ived in  S e c t io n  3 . 7 . 2 . 3  a nd is  p r e s e n ted in  F ig u r e  
3 . 2 1 .  The s i z e  d i s t r i b u t i o n  o f  sp i l l s d u r i ng s h ip-to- s ho r e  
t r ans fe r ope r a t ions i s  d e r ived i n  S e c t ion 3 . 7 . 2  a nd i s  
p r e s e n ted i n  F ig u r e  3 . 2 1 .  T h a t  d i s t r ibu t io n  i s  as sumed t o  
apply to s h ip-to- s h ip t r a ns f e r  ope r a t ions , a s  we l l  a s  to 
t e rm i n a l  o p e r a t ions , be cau se o f  the s im i l a r i ty o f  the 
ope r a t i o n s  as d i sc u ssed a bove . Al l of the s e  d a ta we r e  
c omb i ned t o  g ive the pe r t r ip f r eq ue ncy o f  o i l  sp i l l s  o f  
s e l e c ted s i z e  r a nge s , l i s ted i n  Table  3 . 2 7 a nd t h e  p e r  
t r ip f r eq u e nc y  o f  o i l  sp i l l s  exce ed i ng a g ive n s i z e , shown 
in F ig u r e  3 . 1 8 . T h e s e  d a t a , in t u r n we r e  u t i l i z ed to 
deve l op the p r obab i l i t ie s  f o r  sp i l lage d u r ing the t r a nspo r t  
o f  s t a ted amo u n t s  o f  o i l , l i s ted i n  Table 3 . 2 5 . 
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Table 3 . 2 7 E s t imated S p i l l  S i z e F r equency f r om 
L i g h t e r i ng Ope r a t i on s  a nd T r a n s s h i pment . 

rr eque ncy o f  

F r eque ncy o f  Sp i l l Sp i l l  f r om Ve s s e l  

Sp il l S i z e Du r ing L ig h t e r ing C a s ua l ty 

( b a r r e l s )  (pe r t r ip) (pe r _ t.�_ij>) 

> l  6 . 0 1x 1 0 - 3 

1- 3 1 .  s sx 1 0 - 3 

3 - 1 0  1 .  0 3 x 1 0- 3 

1 0 - 3 0  2 . 9 x 1 0 - 4 

3 0 -1 0 0  1 .  8 5 x l o - 4 

1 0 0 -3 0 0 7 . 2  xi o - 5 

3 0 0 -1 , 0 0 0  2 . 0 2x l o- 5 8 . 3 x i o - 7 

1 , 0 0 0 -3 , 0 0 0  9 . 1 2x l o - 6 i . ·2 1x 1 0 - 6 

3 , 0 0 0- 1 0 , 0 0 0  l . 3 6 x 1 0 - 6 

1 0 , 0 0 0 - 3 0 , 0 0 0  7 . 5 5x l o - 7  

3 0 , 0 0 0 -1 0 0 , 0 0 0  3 . 4 sx 1 0 - 7 

> 1 0 0 , 0 0 0  9 . 0  x 1 0- s 



--,-- - +-· 
I I i I 
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Q - QUANTITY SPILLED - BARRELS 

F ig u r e  3 . 1 8 E s t imated F r e q uency o f  c r u d e  O i l  S p i l l  pe r 
T r i p  i n  t h e  G u l f  o f  Mex ico f r om T a n k s h ip 
Ac c i de nt s . 
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3 . 7 . 2 . 3  R i s k s  o f  Sp i l l s f r om Ve s se l  C a s ua l t i e s  in 
Ha r bo r s  and C hanne l s . 

T h e  e s t im a t ion o f  the f r eq ue ncy o f  s h ipp i ng a c c ide n t s  
and s p i l l s o f  o i l  was  ba sed o n  the numbe r o f  r epo r ted 
a c c id e n t s  to tank s h ips compa r ed w i th the numbe r of 
t r i p s  these ve s s e l s  made i nt o  U . S .  po r t s  a l ong t he G u l f  
C o a s t  ( B r ownsv i l le , T e x a s  t o  Key Wes t ,  F l o r ida ) . The 
a c c ide n t  da ta was o bt a i ned f r om the  U . S .  C o a s t G u a r d  
C omme r c i al Ve s s e l  C a s ua l ty Repo r t i ng S y s tem i n  wh ich  
pe r t i n e nt i tem s o f  i n fo rma t ion h av e  be en r e c o r ded on 
m ag n e t i c  t ape . The d a ta for  the  G u l f C o a s t a r e a  are 
s umma r i z ed in  T able 3 . 2 8 .  

T h i s  d a ta base i s  be l i eved t o  be a c c u r ate and comp l e te . 
The repo r t ing s y s tem h as be en i n  e f f e c t  f o r  ove r  1 0  y e a r s ,  
a nd by l aw a l l  ve s s e l  c a su a l t i es w i th mo r e  than $ 1 , 5 0 0  
to t a l  damag e s  m u s t  be repo r ted . C a s u a l t i e s  s u f f i c i en t l y  
seve r e  to cau se t h e  l o s s  o f  ca rgo i nva r i ably i n vo lve total  
d am ag e s  much  g r ea t e r  than $ 1 , 5 0 0 . Howeve r ,  the s t a t i s t i c a l  
s ig n i f i c ance o f  tank  s h ip c a s ua l t i e s  f o r  wh ich  the r e  was e 
l o s s  o f  c a rg o  leaves some t h ing to be des i r ed .  The r e fo r e , 
the fr eq u e ncy o f  co l l i s i on cau sed c a u a l t i e s  w e r e  es t ima ted 
u s ing a p r e v i o u s l y  d e ve l oped mode l ( Appe nd i x  G- 1 ) . 

T he sh ip c o l l i s io n  mod e l  i nte rpo l a t e s  c o l l i s io n  expe r i en c e  
be tween d i f f e r e n t  U . S .  po r t s . I t  t a k e s  i n to a c c o u n t  l o c a l  
s h ip t r a f f i c  d e ns i ty , t h e  d ime n s ions and speed s o f  ind i v i ­
d u a l  s h ip s  and t he i r  r e s i s tance to c o l l i s io n  damage . The 
mode l is  c a l i b r a ted to a c t ua l  c o l l i s io n  expe r i ence as 
obt a ined f r om t he C o a s t G u a r d  C omme r c i a l  Ve s s e l  C a s ua l ty 
d a ta tog e t h e r  w i th tr a f f i c  da ta f r om the  U . S .  A r my C o r p s  
o f  E ng i nee r s  "Wate r bo r ne C omme r c e  o f  t h e  U n i te d  S ta t e s " . 4 9  
W i th th i s  mode l , the  computed e s t imate o f  a c o l l i s io n  and 
sp i l l  f r om the SPR tank sh ip is 0 . 6 1 3  x l o - 5  pe r t r ip 
a l ong t he 3 1 . 5  m i l e s  f r om the ent r ance o f  t he S a b i ne P a s s  
to t he S u n  T e rm i n a l . T h i s  f r equency i s  s l i g h tly sma l l e r  
t h an m ig h t  be e s t imated f r om the a c c ident  expe r i en ce fo r 
the e n t i r e  U . S .  G u l f  C o a s t  a r e a , Table  3 . 2 3 .  The Mode l 
a l so pe rm i t s  c a l c u l a t i o n  o f  co l l i s i on s  w i th o t h e r  tank  
ve s se l s  i n  wh ich  the SPR ve s s e l  is  th e s t r i k i ng s h ip .  The 
e s t ima ted f r e�uency of  a sp i l l  f r om t he other t a n k  v e s s e l  
i s  1 . 1 4  x l o - pe r t r ip o f  t h e  S P R  tank  s h ip .  T h e  
d e t a i l s  o f  t h e  mod e l  a nd the  c a l c u l a t ions pe r fo rmed t o  
m a k e  t h e s e  es t imates  a r e  d e s c r i bed i n  Appe nd i x  G . l .  
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Table 3 . 2 8 Tank sh i p Acc i d e n t s  i n  I nl and Gu l f  Water s  
Du r i ng F i sc a l  Yea r s  1 9 6 9 - 1 9 7 4 * 

Numb e r  o f  
C au s e Ve s s el C a s u a l t i e s  

.... 1 1 . . � o  .. ,. 1 s 1 o n s  
( w i th o t h e r v e s s e l s 8 1  

Rammi ng s  
( c o l l i s i o n s  w i th f ix ed , 

f l o a t i ng a n d  s u bme r ge d  
o b j e c t s 7 5  

G r o u nd i ng s 1 4  
F i r e s and E xp l o s i o n s  3 
S t r u c t u r a l F a i l u r e s  2 4  
O t h e r  

( f l o u n d e r i ng s , c ap s i z i n g , 
f l o o d i ng , u n d e te r m i ne d  

T o t a l  

T o t al ( l e s s  c o l l i s i o n s )  

1 1  

2 0 8  

1 2 7 

3 - 1 1 8  

N u m b e r· o f  
Ve s s e l  C a su a l t i e s  

W i t h  C a r o o  Lo s s  

1 

1 
1 
0 
0 

0 

3 

2 



T h e  pr obabi l i ty d i s t r i b u t i o n  o f  s i z e  o f  sp i l l s  f r om t an k  
s h ip ac c ide nt s was  e s t imated u s i ng the  l a r ge quant i ty o f  
d a t a  f o r  sp i l l s  f r om t ank barge ac c i d e nt s . T h e s e  d a t a  
i nd i c ate t h a t  the med i an sp i l l  i s  app r ox i ma te l y  1 / 3  the 
vo l ume o f  a s i ng le cargo tank . T h i s  r e f l e c t s  the f ac t s  that 
the d amage in  a c a s u a l ty is  such th a t  al l t he c a r g o  c a nnot 
l e ak out a nd t h at the o u t f lows o f ten a r e  s u f f i c i e n t l y  s l ow 
to pe rm i t  t ak i ng me as u r e s , such as tr a n s fe r o f  the cargo t o  
anothe r ve s se l  o r  tank , to l im i t  t h e  amo u n t  l o s t .  

T able  3 . 2 9 s hows the ch a r a ct e r i s t i cs o f  a t ank s h i p  w i th a 
c a rgo cap ac i ty s l i g h tly mo r e  than 4 0 0 , 0 0 0 b a r r e l s . 
A l though l a rge tank s h i p s  may be u sed { up to 1 2 5 , 0 0 0  DWT ) , 
the s e  w o u l d  be l ig h t  l o ade d . Reg a rd l e s s  o f  the s i z e  of 
the tank  sh ip u sed , it i s  as sumed that they wou ld c a r r y  
appr ox imately 4 0 0 , 0 0 0 ba r r e l s  o f  o i l  w i th app r o x imate ly 
9 , 2 0 0  b a r r e l s  i n  e ach w i ng t ank . Ac co r d i ng ly ,  l o s s  o f  one 
th i r d  the c o n t e n t s  of o ne o f  these t an k s  is 3 , 1 0 0  b a r r e l s  
wh ich  i s  as sumed t o  be the med i a n  sp i l l .  A s s um i ng the  
same va r i ance as fo r t ank ba rge sp i l l s , the sp i l l  s i z e  
d i s t r i b u t i o n  f o r  t an k  sh ips w a s  e s t imated as  s hown i n  
F ig u r e  3 . 1 9 . 

F i g u r e  3 . 1 9 a l so ind i ca t e s  the r e a so nab l e ne s s  o f  th i s  
e s t i mated d i s t r ib ut io n .  The d i s t r i b u t i o n  o f  sp i l l  s i z e s  
f r om a l l  t ank s h ip c a s u al t i e s  i n  U . S .  i n l a nd coas t al 
wate r s  d u r i ng f i sc a l  ye a r s  1 9 6 9 t h r ough 1 9 7 4  i s  shown by 
the po i nt s  p l o t ted . These l i e be low the e s t ima ted c u r ve 
f o r  a 4 5 , 0 0 0  DWT t ank s h ip as  expe cted s i nce mo s t  of the 
c a s u a l t i es i nvo lved smal le r tank s h ip s . 

E s t imates o f  the expec ted sp i l l  s i z e  f r equency f r om t an k  
s h i p s  a r e  p r e s ented i n  T able 3 . 3 0 a nd F ig u r e  3 . 2 0 , r e spe c­
t i ve ly . The pe r tr ip f r eq u e nc i e s  are  s imp l y  the p r oduct 
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Tabla_ 3 .  29  Char acter i s t i cs of a 4 5 , 0 0 0  dwt Tanksh ip 

L ength Ove r a l l  

Beam 

Draft  

G r o s s  Tonnage 

Net  Tonn ag e  

Number o f  Wing Tan k s  

Appr o x imate C apac i ty o f  
the W ing Tanks  

Number  of  Center T ank s 

Appr oxmi ate C apac i ty o f  
The Cente r T ank s 

Appr oxima �e Tota l  
Cargo Vo l ume 

743  

1 0 2 

feet 

feet 

3 9 . 5  feet 

3 0 , 0 0 0  

1 9 , 8 0 0  

24  

9 , 2 0 0  bar r el s  

1 1 

18 , 0 0-0 bar r e l s  

4 0 9 , 5 0 0  bar r el s  

Sou r ce : " O ffsho r e  Petroleum T r an sfer  Sys tems for Wash i ngton 
State , " Oceanog r aphi c  Inst itute of Wash ington , December 1 6 , 
1 9 7 4 ,  p .  I I I- 5 4 . 
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Table 3 . 3 0 E s t ima ted S p i l l  S i z e  F r equency F r om 
Tank sh ip C a s u a l t i es . 

Sp i l l  S i z e  F r eq ue ncya 
( ba r r e l s )  ( pe r  t an k sh iE t r i:e) 

< 1 0 0  1 .  o o x 1 0 - 6  

1 0 0 - 3 0 0  3 . 2 0 x 1 0 - 6  

3 0 0 - 1 , 0 0 0  8 . 4 0 x 1 0 - 6  

1 , 0 0 0 - 3 , 0 0 0  l . 2 4 x l o- 5  

3 , 0 0 0 - 1 0 , 0 0 0  l . 3 9 x i o - 5  

1 0 , 0 0 0 - 3 0 , 0 0 0  7 . 6 6 x l o - 6  

3 0 , 0 0 0 - 1 0 0 , 0 0 0  3 . 5 2 x l o - 6  

> 1 0 0 , 0 0 0  9 . l a x 1 0 - 7  

a T h e  max imum quant i ty that  can be sp i l led i s  4 0 0 , 0 0 0  
ba r r e l s . 

3 - 1 2 2 � 
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o f  the sp i l l  f r eque ncy and the f r ac t ion o f  sp i l l s  i n  the 
g ive n s i z e  r a nge f r om F ig u r e  3 . 1 9 . F r om the d i sc u s s ion 
above , t he f r equency fo r t a n k  sh ip s i s  5 . 1  x l o - 5 s p i l l s  
pe r t r ip wh ich  i nc l udes  co l l i s io n s  a s  we l l  a s  r amm ings  and 
g r ound i ng s . The expec t a t ion q uant i ty of c r ude o i l  s p i l led 
is the s um of the p r oduc t s  o f  f r eque ncy a nd quant i ty 
s p i l led , t he ave rage o f  the s i z e  r a ng e s  i n  T a b le 3 . 3 0  fo r 
a l l  s p i l l  s i z e s . F o r  tank s h ip c a s ua l t i e s , t he expe c t a t i o n  
quant i ty i s  0 . 6 0  b b l . 

3 . 7 . 2 . 4  Sp i l l s  a t  the M a r ine T e rm i n a l  

T h e  f r eq uency and s i z e  o f  sp i l l s d u r i ng ope r a t i o n s  a t  the 
ba rge a nd t an k  s h ip term i na l s  have been e s t ima ted in a 
ma nne r s im i l a r  to that  u sed fo r ve s se l  c a s u a l t ie s . An 
anal y s i s  was  made o f  the to t a l  numbe r o f  sp i l l s  as  we l l  as  
t he q u an t i ty sp i l l ed at ma r i ne te rm i n a l s  i n  the G u l f  Coas t 
reg i o n  d u r i ng t he pe r i od J a nu a ry 1 9 7 4 t h r ough S eptembe r 
1 9 7 5 . Nex t , a n  e s t ima te w a s  made o f  the t o t al numb e r  o f  
ba r g e s  and t ank sh ip s loaded o r  u n l oaded a t  the se te rm i na l s . 
Sp i l l f r eq uency was  o bt a i ned s imply by no rmal i z i ng these  
d a ta to the  s ame t ime pe r i od a nd d iv id i ng the numb e r  of  
i nc ide n t s  by  the  numbe r of  l o ad i ng a nd o f f l oad i ng ope r a­
t io n s . A sp i l l  s i ze d i s t r i b u t ion was de r i ve d  f r om a nal y s i s  
o f  the sp i l l  da ta . 

T h e  d a ta base fo r bo t h  the n umbe r and s i z e  o f  sp i l l  
i nc ide n t s  w a s  the U . S .  C o a s t  G u a r d ' s  P o l l u t io n  I nc ide nt 
Repo r t ing S y s tem ( P I RS ) , 5 2  I n fo rm a t ion conce r n i ng a l l  
po l l u t io n  i nc ide n t s  r epo r ted t o  the Coa s t  G u a r d  a nd/o r 
i nve s t iga ted by them a r e  encoded a nd r e c o r ded o n  mag n e t ic 
t ape ; t he i n fo rma t ion inc l udes  l o c a t i o n s , m a te r i a l  s p i l led , 
quant i ty ,  c a u se , sou r ce and ope r a t io n . A l though t h i s  
sy s tem h as bee n  in ope r a t i o n  f r om t he beg i n n i ng o f  1 9 7 1 , 
s ome C o a s t  G u a r d  o f f i c i a l s  feel that  a h ig h  l eve l o f  
r e l i ab i l i ty o f  the d a t a  ba se was n o t  ach ieved u n t i l  1 9 7 4 . 
O n  t h i s  b a s i s , o n l y  d a ta fo r the ye a r s  1 9 7 4  a nd 1 9 7 5  we r e  
u s ed ( da t a  fo r 1 9 7 6  h ave n o t  ye t been made ava i l a b l e ) . 
A l l  c a se s th a t  d id n o t  pe r t a i n  to load i ng a nd o f f l o ad i ng 
a t  m a r i ne f ac i l i t ie s  ( d o c k s ,  t e rm i na l s , e tc . )  i n  the Gu l f  
C o a s t  reg i o n  we r e  r e j e c t ed f r om c o n s ide r a t io n , a nd the  
r e l ev a nt c a s e s  we r e  t h e n  s o r ted by sou r ce and s i z e  o f  
sp i l l .  The f i nal r e s u l t s  o f  th i s  so r t ing , fo r the t ime 
pe r iod J a nu a r y  1 9 7 4  t h r o ug h  S eptembe r 1 9 7 5 ,  a r e  s hown i n  
Table 3 . 3 1 .  The ave r age numbe r o f  sp i l l s d u r i ng a twe lve 
mo n t h  pe r i od was 7 9 4 ; the ave r age and med i an sp i l l  s i z e s  
we r e  1 1 . 5  a nd 0 . 5  ba r r e l s  r e spe c t ive ly .  
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Table 3 . 3 1  S p i l l s  O c c u r r i ng a t  Gu l f  C o a s t  M a r i ne F a c i l i t i e s  
J a nu a r y  1 � 7 4  - S e p t embe r 1 9 7 5  

Number o f  I n c i dents  a re Chara cte ri z e d  by S i.ze and Source 
S o u rc e  

Ma r i ne F a c i l i ty :  Ma r i ne F a e  i l  i ty :  Total  N o . P e rc e n t t1 0c 
B a r re l s Bul k Ca rgo Non-llul  k Ca rgo , T a n k  Other  of  I n c i den t s  o f  T o t a l 

D i s c h a rg e d  T r a n s  fer Fue l i ng ,  O t he r Tanks  h i p  B a rg e  Ve s s e l  by S i z e  I n c i de n ts 
-

0- . 5  39 1 24 1 14 3 0 7  70  7 0 1  50 . 6 5 

. 5 - 1 . 0  20 2"8 4 3  9 6  20  2 0 7  1 4 . 89 
1 - 2  1 3  2 3  3 6  3'1 7 163  1 1 .  7 3  

-

2 - 3  7 n l 'I 38 5 72  5 .  J 8  
3 - 5  1 1 8 2 9  4 1 5 94  6 . / 6 

·-

5 - 10 3 1 2  1 9 .  2 6  2 6 2  4 .  '1 6  
-

1 0 - 30 6 n 5 2 1 4 4 4  3 .  1 7  
-

3 0 - 100 2 6 10 9 1 2 8  2 . 0 1  
-·---- -

1 0 0 - 300 1 3 1 5 1 1 1  0 .  / 9  
300- 1 000 0 1 1 1 0 3 0 . 2 2 

-· 

1 00 0 - 3000 0 0 1 0 0 1 0 .  (] "/ 
- · -

3000 - 1 0 , 00 0  0 0 0 1 0 1 0 . 0 7 

To t a l  No . 1 52 22 1 2 7 3  6 2 9  1 1 5 1 3 90 1 00 . 00 o f  S p i l l s  
------· -

No . o f  i n c i de n t s  p e r  yea r :: 79'1  Average S p i l l S i z e :: 1 1 . 5  ba rre l s  Me d i a n  S p i l l  S i z e "' 0 . 5  b a rre l s  



The m a nne r i n  wh ich  the numb e r  o f  l oad i ng a nd o f f l oad i ng 
ope r a t io n s  we r e  c o u n ted tends to ove r e s t ima te the f r eq uency 
of  sp i l l s . D u r ing 1 9 7 4  ( 1 2 mo n t h s ) ,  the r e  we r e  app r o x i ­
ma tely 9 , 8 0 0  tank  sh ip t r ips into a l l  Gu l f  C o a s t  po r t s . 4 9  
A maj o r  f r ac t ion o f  tank  ba r ge t r a f f i c i n t o  U . S .  po r t s 
oc c u r s  in Gu l f  C o a s t  p o r t s ,  app r o x ima t e l y  7 6 , 0 0 0  t r ips 
i nbound annu a l ly . 4 9  I t  i s  a s s umed that fo r each i nbound 
t r ip i nto a po r t ,  a tank s h ip or tank  ba rge m a k e s  a t  l e a s t  
o n e  s top t o  l o ad o r  o f f l o ad a bu l k  l iq u id ca rgo . Th i s  
adds t o  a to t a l  o f  8 6 , 0 0 0 l o ad i ng a nd o f f l o ad i ng ope r a t i o n s . 
N o t  inc l uded i n  th i s  c o u n t  i s  an app r ec i ab le tank b a r ge 
t r a f f ic al ong the I n t r ac o a s t a l  Wate rway . The r e a s o n  th i s  
was  l e f t  ou t was t o  avo id d o u b le c o u n t ing : many o f  th e 
ba r g e s  a r r iv i ng and depa r t ing a t  Gul f C o a s t  P o r t s  a l so 
t r avel the  wa te rway a s  pa r t  o f  the same t r ip . 

C omb i n i ng t h i s  v a l u e  w i th the numbe r o f  sp i l l inc i d e n t s  
l i s ted i n  T a b l e  3 . 3 1 , the  f o l l ow i ng sp i l l  f r equenc i e s  a r e  
o b t a ined : 

1 , 3 9 0  

8 6 , 6 0 0  
1 2  x = 

2 1  
9 . 1 7 x l o- 3  sp i l l s/ t r ip 

f o r  l o ad i ng s  and o f f l o ad i ng s  at the ma r i ne te rm i na l . 

The r e s u l t s  f r om a na l y s i s  o f  the C o a s t  Gua rd ' s  P I RS 
r e levant sp i l l  da t a  have been u sed to p l o t  a sp i l l s i z e  
d i s t r i b u t i o n . Th i s  d i s t r i b u t ion i s  s hown o n  F ig u r e  3 . 2 1 , 
and r e p r e s e n t s  the be s t  d a t a  ava i l a b l e  fo r th i s  i n f o r ma t io n  
s in ce i t  is spec i f i c t o  t h e  type o f  ope r a t i o n s  and geo­
g r ap h i c  r e g i on , as c u r r e n t  as  is  po s s i b l e , a nd s tat i s t i c a l ly 
mea n i ng f u l . U s i ng t h i s  d i s t r i b u t ion , a nd the sp i l l  
f r eq u e nc y , the  f r equency o f  sp i l l s  in pa r t i c u l a r  s i z e  
r ang e s  we r e  c a l c u l a ted , s hown i n  Table 3 . 3 2 .  These d a t a  
a l so w e r e  p r e sen ted i n  F ig u r e  3 . 2 0 . T h e  d a t a  p r e s e n ted i n  
T a b l e  3 . 3 2 a l s o  we r e  u se d  to c a l c u l a t e  the med i a n  sp i l l  
s i z e  and e xpec ted sp i l l  q u a nt i ty pe r o f f  l oad i ng , 0 . 5 bbl s 
a nd 0 . 0 8 6  bbl . , above . 
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Table 3 . 3 2  E s t imated S p i l l  S i z e  F r eq ue ncy F r om 
Acc ide n t s  at a Ma r i ne T e rm i na l . 

Sp i l l  S i z e  Fr eque ncya 
( ba r r e l s )  

< l  6 . 0 1 x 1 0 - 3  

1 - 3  l . 5 5 x 1 0 - 3  

3 - 1 0  1 .  o 3 x l o - 3  

1 0 - 3 0  0 . 2 9 l x l o - 3  

3 0 - 1 0 0  0 . 1 8 4 x l o - 3  

1 0 0 - 3 0 0  0 . 0 7 2 x 1 0 - 3  

3 0 0 - 1 , 0 0 0  0 . 0 2 0 x l o - 3  

1 , 0 0 0 - 3 , 0 0 0  0 . 0 0 9 x l o - 3  

> 3 , 0 0 0  0 . 0 0 4 x l o - 3  
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3 . 7 . 2 . 5  C um u l a t ive O i l  S p i l l  P r o ba b i l i t i e s  Re s u l t ing 
F r om the We s t  H a c k be r ry and S u lphur  M i nes SPR 
Ope r a t io n s . 

C r ude o i l  s uppl i e s  and d i s t r i b u t ion f o r  the S u lphur  
M i nes and We s t  H a c k be r ry SPR s i t e s  w i l l  be  h and led a t  S un 
T e rm i na l  i n  Nede r l a nd , Texa s .  F o r  bo t h  s i t e s , l i g h te r i ng 
f r om VLCC s  on�o 4 5 , 0 0 0  DWT and/o r 5 5 , 0 0 0 DWT tan k e r s  w i l l  
o c c u r  i n  the G u l f  o f  Mex i c o . These tank e r s  w i l l  then 
t r av e l  t h r ou g h  the S ab i ne P a s s ,  the S ab i ne-Ne ches  C anal 
and t he Neches R i ve r to the  te rm i na l . Conc u r r e n t  ope r a t ion 
of both s i te s  w i l l  h ave a c umu l a t ive e f fe c t  on sp i l l  
p r oba b i l i ty .  

C umu l a t ive sp il l p r oba b i l i t i e s  f o r  4 5 , 0 0 0  DWT and 
5 5 , 0 0 0 DWT tan k e r s  i s  g i ven in T a b l e s  3 . 3 3  a nd 3 . 3 4 
r e spec t ive ly . The p r obab i l i t i e s  a r e  ba s ed on one 
f i l l  cy c le at each s i te .  Add i t ion o f  the S u lp h u r  
M i nes sp i l l  p r obab i l i t i e s  to the We s t  H a c k b e r r y sp i l l  
p r obab i l i t i es r e s u l t s  i n  app r ox ima tely 3 0  pe r c e n t  
i nc r e a s e  i n  p r o ba b i l i ty f o r  t h e  th r ee sp i l l  s i z e s . 
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T a b l e  3 . 3 3  O i l  S p i l l  P r o ba b i l i t i e s  D u r i ng M a r i ne T r anspo r t  by 4 5 , 0 0 0  DWT T a n k e r s . 

1 5 0  T a n k e r  T r i p s  f o r  * 6 3  T a n k e r  � r i p s  f o r  
H a c k be r r y S P R  F i l l . S u l ph u r  M i ne S P R  F i l l .  
T h e  P r o ba b i l i ty o f  a T h e  P r o ba b i l i ty o f  a 
S p i l l  E x c e ed i ng :  S p i l l  E x c eed i ng :  

3 0 0  b b l s . , 1 , 0 0 0  b b l s .  1 0 , 0 0 0  b b l s .  3 0 0  b b l s .  1 , 0 0 0  b b l s . 1 0 , 0 0 0  b b l s .  

T a nk s h i p A c c i d e n t 
( I n l a nd W a t e r s )  . 0 0 7 . 0 0 5 7  . 0 0 1 9  . 0 0 3  . 0 0 2 4  . 0 0 0 8  

T a n k s h i p Ac c i d e n t  
( G u l f  o f  M e x i c o )  . 0 0 0 6 9  . 0 0 0 5 6  . 0 0 0 1 9  . 0 0 0 2 9  . 0 0 0 2 4  . 0 0 0 0 8  

L i g h te r i ng Ope r a t i o n s  . 0 0 4 5  . 0 0 1 8  . 0 0 0 0 9  . 0 0 0 1 9  . 0 0 0 7 6  . 0 0 0 0 4  

M a r i ne T e r m i na l  
O f f l o a d i n g  S p i l l s . 0 0 4 5  . 0 0 1 5  . 0 0 0 1 5  . 0 0 1 9  . 0 0 0 6 3  . 0 0 0 0 6 3  

-· 

T o t a l s  . 0 1 7  . 0 0 9 6  . 0 0 2 3  . 0 0 7 1  . 0 0 4  . 0 0 1  

* W e s t H a c k be r r y  p r oba b i l i t i e s  c om p u t e d  f r om d a t a i n  FEA 7 6 / 7 7 - 4  S e c t ion 3 . 7 . 2 .  

P r obab i l i ty o f  a S p i l l  f o r  O n e  
F i l l  O pe r a t i o n  f o r  B o t h W e s t  
H a c k be r r y  a n d  S u l p h u r  M i n e  
S P R  s i t e s  E x c e e d i ng :  

3 0 0  b b l s .  1 , 0 0 0  b b l s .  1 0 , 0 0 0  b b l s .  

. 0 1 0  . 0 0 8 1  . 0 0 2 7 

. 0 0 0 9 8  . 0 0 0 8  . 0 0 0 2 7  

. 0 0 6 4  . 0 0 2 5 6  . 0 0 0 1 1  

. 0 0 6 4  . 0 0 2 1 3  . 0 0 0 2 1 3  

. 0 2 4  . 0 1 4  . 0 0 3 3 
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T a b l e  3 . 3 4  O i l  S p i l l  P r o ba b i l i t i e s  D u r i ng M a r i n e  T r a n s po r t  by 5 5 , 0 0 0  DWT T a n k e r s . * * 

1 5 0  T a n k e r  T r i p s  f o r  * 63 T a n k e r  T r i p s  f o r  
H a c k be r r y S P R  F i l l .  S u l p h u r  M i ne S P R  F i l l .  
The P r o ba b i l i ty o f  a T h e  P r o ba b i l i ty o f  a 
Sp i l l  E x c e e d i ng : S p i l l  E x c e e d i ng : 

3 0 0  b b l s .  1 , 0 0 0  b b l s .  1 0 , 0 0 0  b b l s .  3 0 0  b b l s . 1 , 0 0 0  b bl s .  

T a n k s h i p A c c i d e n t  
( I n l a nd W a t e r s )  . 0 0 7 4  . 0 0 6 9 . 0 0 3 4  . 0 0 3 1  . 0 0 2 9  

T a nk s h i p A c c i d e n t  
( G u l f  o f  Me x i c o )  . 0 0 0 7 3 . 0 0 0 6 8  . 0 0 0 3 4  . 0 0 0 3 1  . 0 0 0 2 8 

L i g h t e r i ng Ope r a t i o n s  . 0 0 4 5  . 0 0 1 8  . 0 0 0 0 9  . 0 0 0 1 9  . 0 0 0 7 6  

M a r i ne Te rm i n a l  
O f f l o a d i ng S p i l l s  . 0 0 4  5 . 0 0 1 5  . 0 0 0 1 5  . 0 0 1 9  . 0 0 0 6 3  

T o t a l s  . 0 1 7  . 0 1 1 . 0 0 4  . 0 0 7 2  . 0 0 4 6  

* We s t  H a c k be r r y  pr oba b i l i t i e s  c om p u t e d  f r om d a t a i n  FEA 7 6 / 7 7 - 4  S e c t i o n  3 . 7 . 2 .  
* * S p i l l  pe r c e n t ag e s  fo r 5 5 , 0 0 0  DWT t a n k e r s  t a k e n  f r om FEA 7 6 / 7 7 - 4  page 3 - 6 7 . 

1 0 , 0 0 0  b b l s .  

. 0 0 1 4  

. 0 0 0 1 4  

. 0 0 0 0 4  

. 0 0 0 0 6 3  

. 0 0 1 6  

P r o b a b i l i t y o f  a S p i l l  f o r  O n e  
F i l l  Ope r a t i o n f o r  B o t h  We s t  
H a c k be r r y  a n d  S u l p h u r  M i ne 
SPR s i t e s  E x c e e d i ng :  

3 0 0  b b l s .  1 , 0 0 0  b b l s . 1 0 , 0 0 0  b b l s . 

. 0 1 0 5  . 0 0 9 8  . 0 0 4 8  

. 0 0 1 0 4  . 0 0 0 <:1 8  . 0 0 0 4 8  

. 0 0 6 4  . 0 0 2 5 6  . 0 0 0 1 1  

. 0 0 6 4  . 0 0 2 1 3  . 0 0 0 2 1 3  

. 0 2 4  . 0 1 5  . 0 0 5 6 

I 



3 . 7 . 3  z oo l og i c a l  I mpac t o f  O i l  Spi l l s  

O i l  r e l a ted r i s k s  a s s o c i a ted w i th o i l  s to r ag e  i n  th e 
S u lphu r M i n e s  s a l t dome f ac i l i ty i nvo l ve acc i d e n ta l  
r e l e a s e s  f r om b a r g e s ,  tan k e r  sp i l l s , p ipe l i ne r up t u r e s , 
ter m i na l  f ac i l i ty s to r ag e  ac c id e n t s  and bal l a s t  wa te r 
d i sc h a r g e s . Such r e l e a s e s  po se po t en t i a l l y  adve r s e 
i mpac t s  to Bayo u  Choupique , the I n t r acoas t a l  Wa t e r way , the 
S a b i n e  R i ve r , S a b i ne L a k e , Cow Bayo u , the Neches R i ve r , a nd 
bo r de r i n g  e nv i r on s . The ex tent o f  such impa c t s  depe nd s 
p r imar i l y o n  ( 1 )  the amo u n t  and type o f  o i l  r e l ea sed ; ( 2 )  
the t ime o f  year ; ( 3 )  how l ong the o i l  " w e a th e r s " ; ( 4 )  
wh e th e r  r e l e a s e s  a r e  c h r o n i c  o r  a c u t e , i . e . , o ne o r  
mu l t i p l e  sp i l l ag e s ; and ( 5 )  type and e f f i c i ency o f  c leanup 
o pe r a t i o n s . 5 3  I n  add i t i o n , the l eve l s  of  bac k g r o und o i l  
po l l u t i o n  f r om i ndu s t r i a l  d r i l l i ng and t r anspo r ta t i o n  
o pe r a t io n s , sp i l l s  n o t  a s s o c i ated w i th the E a r l y  S t r a t eg i c  
Re s e r v e  pr og r am ,  a nd i nd u s t r i al e f f l ue n t s  d i sch a r g ed i n to 
the lowe r S ab i ne and Neches River  sys tems ar e s t r e s s e s  to 
the i n t eg r i ty of th e s e  ecosys tems . 

B a c k g r ound Po l l u t i o n  

O i l  a nd g r e a s e  leve l s  i n  the sed ime n t  and the wa te r  c o l umn 
in th e S ab i ne and Neches  R i v e r  and S a b i ne L a k e  a r e  mode r ­
a t e l y  h i g h , comp a r ed t o  s ugge s ted E PA c r i te r i a .  The s e  
leve l s  r e f l e c t  t h e  i nd u s t r i al ac t iv i t i es a l o ng t h e s e  water  
bod i e s . 

Pote n t i a l ly I mpa c t e d  O r g an i sms 

The l i k e l i hood o f  o i l  s ig n i f i c a n t l y  i mpac t i ng pa r t i c u l a r  
h ab i t a t s  v a r i e s  w i th l o c a t i o n  and s i z e o f  sp i l l ,  s e a s o n  
and othe r f a c to r s .  T h e  to x i c i ty o f  o i l  de c r e as e s  r ap i d ly 
a f te r  a sp i l l . T h i s  i s  p r ima r i l y  due to the fac t th a t  the 
l i g h te r  f r ac t i o n s  of c r ud e  o i l , wh i c h  a r e  tho s e  mo s t  tox i c  
to o r g a n i sms , a r e  l o s t  r ap i d ly by evapo r at i o n . Th e r e fo r e  
the o r g a n i sms wh i c h  a r e  l i ke l y  to h ave immed i a te c o n t a c t  
w i th f r e s h l y  sp i l l e d  c r ude o i l  a r e  l i ke l y  t o  expe r i ence the 
mo s t  sev e r e  impac t .  These o r g a n i sm s  wo u l d  i n c l ud e  p l a n k to n  
a nd mo b i l e  fo r m s  such a s  shr imp and b i r d s . Rec ov e r y  o f  
p la n k t o n i c  popul a t i o n s  i s  g e n e r a l ly r ap i d . Evapo r a t i o n  o f  
the se l ig h te r  mo r e  to x i c  compo n e n t s  c r ea t e s  a he av i e r  
s u r f  a c e  r e s i d ue wh i c h  may s i n k  to t h e  bo t tom . 

Adve r se e f fe c t s  o f  v a r i o u s  type s o f  o i l  o n  f i s h  and 
benth i c  o r g a n i sm s  a r e  summa r i z ed in Tab l e s  3 . 3 5 a nd 3 . 3 6 .  
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Ta b l e  3 . 3 5 
l e v e l s  

The E f fe c t s  o f  V a r i o u s  Typ e s  
i n  w a t e r , t e s t c o n d i t i o n s , and 

of O i l on F i s h . O i l  
s p e c i me n  l o c a l i t i e s  

c o n c e n t r a t i o n 
a r e  i n d i c a t e d .  

Taxa � 
Henidia beryllina S .  Louisiana crude 
Ttidewater silverside ) 1 Kuwait crude 

1 2  fuel o i l  
Fundulus simi l i s  S .  Louisiana crude 
( longnosed k i l l i f i sh )  1 Kuwai t  crude 

1 2  fuel o i l  
fypri nodon va riegatus s .  Louisiana crude 
( sheepshead mi nnow) 1 Kuwa i t  crude 

12 fuel oil 
,Brevoortia spp. 
(menhaden ) 2  

Empire Crude Oil Hix 

Gambusia a f  finis Empire Crude Oi l Hix 
(mosquito� 
Lebistes reticula�us 1 Loui siana crude 
( coounon guppy) Mississippi c rude 

Oil 
Concentration ( ppm) 

7 , 600 

20 , 000 

260 

6 , 6 1 0  

17 , 500 

48 

80 , 000 

>80, 000 

250 

250** 

2 5 0 • •  

40 , 000 

40 , 000 

Effects __ 

TLm24• 

smaller fish lost 
equilibrium1 eaten 
by larger fish 

no apparent ill 
effects 

'l"Lm24 

no adverse e ffects 
over 30-day period 

Condit ions Specimen Locality 

oil in water dispersions ( lab) Gal veston , Texas 

estuarine pond coastal Mi ssissippi 

static b ioassay 

' J . W .  Anderson, Laboratory Studies o n  the E f fects o f  O i l  o n  Marine Or9anisms 1 
4249, 197 5 ,  82 p .  

A n  overview • .  Ab.erican Petroleum Institute rublication 

2 J . S .  Lytle, Fate and Ef fects o f  Crude Oil on an Estuarine Pond , pp. 595-600. 

Control of Oil Spi l l s ,  March 25-27, 1975 . 
Proceedings of the Joint Conference on Prevention and 

10. llhear� et a l ,  19 7 1  as reported by J . 11 . Sbone and J . M. Robbins. Louisiana Superport Studies, Report l of the Center for Wetlands 
Resources , LSU, Baton Rouge . 1�7 3 .  

"TLm • l e v e l  a t  w h i c h  one-h a l f  o f  the popu l a t i o n  was k i l led i n  a 2 4 - h o u r  e x po s u r e .  

• •estimate o f  oi J concentration at l ow  tido 
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Table 3 . 3 b '  The E f fe c t s  o f  Va r i ou s  Typ e s  o f  O i l  on B e n th i c  O r g an i s m s . O i l  
c o n c e n t r a t i o n  l e v e l s i n  w a t e r , t e s t  c o n d i t i on s , and s p e c i me n  l o c a l i t i e s  a r e  i n d i c a t e d . 

Oil Q.!..� Concentration (ppm) � Conditions 

oys ters 1 

oysters 
(Crassotrea �) 2 

Empire Crude Oil Hix 250* no apparent s trcss 1 no mortality estuarine pond 

uptake of 25 mg/gram wet weiqht exposed 1 2  hours 

Spec imen Loca l i ty 

coastal Kis sissippi 

Cal i forn i a ,  Bri tish Columbia 

Uca sp. (fiddler crab) 1 

Dungeness crab 
(� sp . ) 2 

Kuwa i t  crude 
s .  Louisiana crude 
Empire Crude Oil Hix 

12 fue l oi l 

2500 

2500 

2 50 *  

4 7 78 

<o . 5  • • 

no apparent stres s 1  no mortality estuarine pond 

'rLm96 metered infl°" 

coastal Mississ ippi 

Ca l i forn ia, British Columbia 

Crabs (Blue ,  s tone, napthalene and 
alkayl napthalene 

0 .  l to 1 completely inhibited re sponse 
(detection of food poor) 1 when 
oil extracts mi xed with food , 
feeding intensity reduced 

24 hour exposure California 
and Paci fic shore crab> ' 

I ' 
J . S .  Lytle , Fate �nd Effects of Crude Oi l on an Estuarine Pond , pp . 595-600 . Proceedings of the Joint Conference on Prevention and Control 

2 of Oi l Spi ll• , Harch 25- 2 7 ,  197 5 .  

B . E .  Vaughan , Effects of Oi l and Chemical ly Dispersed Oil on Selected Marine Diota--A Laboratory Study . Battelle Pacific Northwes t  

1 
Laboratories for the American Petrolewn Institute (API publicat ion 4191) , 197 3 .  

J . S .  Ki ttredge , Etfects o f  Crude Oil on Marine Invertebrate s ,  Office o f  Naval Research, Final Report . 
•estimate of oil cpncentration at l°" tide 



C r ude o i l s  a r e  le s s  to x i c  than r e f i ned fue l s . O i l  conc en­
t r a t i o n s  a r e  no t e xpe c ted to e x ceed t o l e r a nce leve l s  
( amo un t and t ime o f  expo s u r e )  unl e s s  the o i l  and the 
o rg a n i sm s  a r e  t r apped i n  shal low cove r s . Lo c a l  f i sh 
mo r t a l i ty c o u l d  oc c u r  i n  th i s  c a se and be nth i c  o r g a n i sm s  
c ou ld s u f fo c ate a f te r  o i l  s e t t l ed to the bo t tom a nd 
c ove r ed them . As long a s  the o i l r ema i n s  i n  a s l i c k  and 
do e s  no t s e t t l e  to the bo ttom bentho s a r e  g e ne r a l ly not  
k i l l ed ,  a l t ho ugh they may be s t r e s sed by o i l  in  the  wate r 
co l umn . 

M a r s h e s  and s ho r e s  could  be c o a ted by o i l  t r an spo r t ed by 
wa ter o r  by o i l r e l e a sed i n to o r  o n to them f r om r upt u r ed 
p i pe l i ne s . Mu l t iple r e l e a s e s  o f  o i l i n  the same place 
wo uld be un l i ke l y , w i th the  g r e a t e s t  probab i l i ty o f  
r el e a s e s  b e i ng a s s o c i ated w i th the S u n  O i l  Company t a n k e r  
te r m i nal f ac i l i ty v i c i n i ty .  Even i n  t h i s v i c i n i ty the 
p r o b ab i l i ty o f  r ec e i v i ng i n  e x c e s s  o f  4 expo s u r e s  to o i l  
a s  a r e s u l t  o f  the S PR p r og r am i n  any 2 o r  3 year  pe r i od 
wo u l d  be smal l . 

Ma r s he s  a r e  c apab l e  o f  r ap i d  r ecove r y  a f t e r  a s i ng l e 
expo s u r e  to o i l . Many s tud i e s  have shown that ma r s h  
pl a n t s  s u r v ive l ig h t  t o  mod e r a te o i l e xpo s u r e  i n  a s i ng l e  
appl i c a t io n .  Sho r t- t e r m  adve r se e f fe c t s  a r e :  d e a th o f  
sho o t s  expo sed t o  o i l , r ed uc ed g e r m i nat i o n  o f  c o n t am i na ted 
se ed s , a nd r educ ed popula t io n s  of annual spec i e s . 5 4  
Re cove r y  b y  ma r s h  vege t a t i o n  wo u l d  be r ap id ( r eq u i r i ng 
l e s s  than 2 y e a r s )  a f te r a s i ng l e  e xpo s u r e  to o i l  because 
of new g r owth f r om plant base s . S u c ce s s ive sp i l l ag e s  
w i t h i n  a few mo nths o f  o ne another  would , howeve r ,  p r od uc e  
l ong e r  l a s t i ng e f fec t s . T h e  o i l  wh i c h  wa s no t d i s s i pa ted 
soon a f t e r  c oa t i ng a ma r s h  or s h o r e  ar ea wo u l d  be phy s i cal ly 
and bac t e r i a l ly decompo sed . Th i s  decompo s i t io n  p r o c e s s  
wo u l d  pr obably have a f e r t i l i z i ng e f fe c t  i f  i t  o c c u r r ed i n  
a m a r sh a r e a  -- i no r g a n i c  plant  nut r i e n t s  wo u l d  b e  r e l e ased . 5 3  
Any o i l p ipe l i ne r up t u r e  o n  d r y  l a nd wo u ld impac t pr imar i l y  
i nve r t eb r a te s  and p l a n t s . E f fe c t s  o n  so i l  o r g a n i sm s  
( c o l l embo l a , m i te s , nema tod e s , e a r thwo rm s , e tc . )  and 
pla n t s  can be expec ted to be seve r e  but v e r y  l o c a l i z ed i n  
the immed i a te a r e a  o f  the l e a kage . The o i l  wo uld be 
d eg r aded a nd / o r  wa shed away eve n tu a l l y  ove r a p e r iod o f  
year s .  The exact  c ove r ag e  d epends o n  so i l  type s , v i sc o s i ty 
o f  o i l , p ipe l i ne p r e s su r e , so i l  mo i s tu r e , a nd o t he r 
fac t o r s .  
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E f fe c t s  o f  C l eanup Ope r a t i on s  

C o n t a i nme n t  and c l e anup ope r at i o n s  o f  o i l  sp i l l s  f r om 
ta n ke r s  a t  d o c k  f ac i l i t i e s  and sp i l l s  f r om o i l  p i pe l i ne 
r up t u r e s  a r e  the r e spo n s i b i l i ty o f  the po l l u ter . The U . S .  
C o a s t  G u a r d  mu s t  be no t i f ied whe neve r a sp i l l  oc c u r s ,  and 
an on-scene Coo r d i na t o r  ove r se e s  c l e anup ope r a t io n s  and 
take s wha teve r s teps nece s s a r y  to a s s u r e  app r op r i ate 
c l e anup pr oced u r e s  are imp lemen ted . The u se o f  emu l s i ­
f i e r s  and o ther  chem i ca l  age n t s  to d i s s i p a te o i l  i n  wate r 
h a s  been v i r tu a l ly d i scon t i nued and would h ave to be 
app r oved on the scene by the U . S .  C o a s t  G u ar d . Mech an i c a l  
r emov a l  pr oce d u r e s  ( boom i ng , s k i mm i ng , a nd p ump i ng )  wo u l d  
ame l i o r ate the poten t i al ly h a r m f u l  e f fe c t s  o f  an o i l  sp i l l  
and would n o t  be a s i gn i f i c a n t  so ur ce o f  neg a t i ve b io l og i c a l  
i mpa c t . So r bent * ma te r i a l s  a r e  gene r al ly u sed a t  a d o c k  o r  
o n  open w a te r a f te r  mo s t  o f  the o i l  has been r emoved by 
pump ing and s k imm i ng . The amo u n t  of so r be n t  m a te r i a l s  
used i n  any g ive n o i l  s p i l l  s i tu a t i o n  i s  h ig h l y  va r i ab l e . 
A f te r  the o i l  i s  r emoved , s uch mate r i a l s  a r e  gene r al ly 
t r anspo r ted t o  de s i g na ted l and f i l l  s i te s  fo r d i spo sa l . 
B i o l og i c a l  e f fe c t s  o f  c l eanup ope r a t i o n s  a t  do c k s  and i n  
open wa ter ar e gene r a l ly m i n imal . 

The cho i c e  o f  a tech n i q ue fo r c l e anup o f  c r ude o i l  i n  
a m a r sh ar e a  i s  depende n t  upon a l a rge r ange o f  v a r i ab l e s . 
No one te chn ique i s  env i r o nme n t a l l y  acceptable o r  p r od u c e s  
s a t i s f ac t o r y  r e s u l t s  i n  a l l  c a se s . 

Low pr e s s u r e  water  f l ood i ng i s  e f fe c t i ve i n  mov i ng o i l  
o u t  o f  the m a r s h  w i thout  d amage to p l ant s o r  d i s t u r banc e o f  
th e subs t r a te o r  r h i z ome s . B i o log i c  imp ac t s  a r e  m i n im i z ed 
by th i s  tech n i q ue and the techn ique i s  e f fe c t ive f o r  a l l 
type s o f  m a r shes  and on a l l typ e s  o f  o i l . Howeve r the 
te c h n ique i s  some t ime s i n e f fec t i ve i n  r emov i ng a l l s p i l l ed 
o i l  f r om vege t a t i o n  and i s  imp r ac t i c a l  i f  the sp i l l  h a s  
sp r e ad ove r a l a r ge s ur f ace a r e a  o f  th e ma r sh .  

Me chan i c a l  r emov a l  o f  vege t a t i o n  i s  e f fe c t ive fo r S pa r t i na 
ma r s h e s  and i n  some c a s e s  f o r  m a r s h e s  c h a r a c t e r i z ed by 
pe r e nn i al s h r ub vege tat i o n . The r emova l  t ech n i que i s  no t 
fe a s ib l e  fo r so f t  muds o f  i n te r i o r  mar s he s . The adva n t ag e s  
o f  mechan i ca l  r emov a l  i n c l ude : 

* S o rbent - A subs tance tha t  t a k e s  up and h o l d s  another 
sub s t ance by adso r p t i o n  o r  abso r pt i o n . 
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o E l i m i na t ion o f  a s o u r ce o f  r ec o n t am i na t i on 

o P r otec t ion o f  i n c om i ng m i g r a to r y  b i r d s  

o P r otec t ion o f  aq ua t i c  o r  be n t h i c  o rg a n i sms 
f r om r epeated r a i nbow s k ims 

o Pr o t e c t ion o f  the s u b s t r a t e  f r om o i l  oo z i ng 
down p l ant s t al k s  

o P r o t e c t ion o f  ad j ac e n t  ma r s h  and e s t ua r i ne 
a r e a  by c on t am i n a t ion f r om r e pea ted was h  o f fs . 

The d i s advantag e s  inc l ud e : 

o Damage to r o o t  sys tems f r om pl ant c u t t ing 

o E r os ion o f  mud f l a t s  d ue to l o s s  of  s t ab i l i z i ng 
veg e t a t ion 

o C o n t am i na t i o n  o f  so f t , l o we r  mud s  and damage 
o f  pho z o n e s  by t r a mpl i ng o f  wo r ke r s  boo t s  

o Ac c i de n t a l  t r a n s f e r  o f  o i l  f r om p l a n t s  to 
s ub s t r ate 

Cont r o l led b u r n i ng is  feas i b l e  i n  o n l y  a l im i ted n umbe r 
o f  s i tu a t i o n s  and t he e f fec t ivene s s  i s  tenuo u s . Bur n i ng c a n  
b e  employed o n l y  i n  Spa r t i na ma r s he s  and o n l y  d u r i ng the 
pe r i od whe n  w i nt e r  d i e-ba c k  o f  l e aves and s tems pe r m i t s  
comb u s t i o n . Cr ud e  o i l  we a t he r s  r a p id l y .  A s  the l i g h te r  
f r a c t ions evapo ra t e , the comb u s t ib i l i ty o f  the o i l  g r e a t l y  
d e c r e a s e s . The r e fo r e , i f  b u r n i ng i s  not i n i t i a ted s o on 
a f te r  the s p i l l ,  i t  may be d i f f i c u l t  to i nd uce comb u s t i o n . 
Th e r e  a r e  seve r a l  d i s ad va n tages to t h i s  tech n i q ue i n c l ud i ng 
a i r  q ua l i ty i mpac t s , d amag e  t o  o r g a n i sm s  inhab i t ing the 
ma r s h  and f i r e  con t r ol p r obl ems . 

B e c a u se o f  the adve r s e  e f fe c t s  o f  mechan i c a l  a nd b u r n i ng 
c l eanup tech n i q ue s , the no-ac t ion appr oach c a n  be a v a l id 
a l te r na t ive . Th i s  tec h n i q ue expo s e s  the o i l  to na t u r a l  
deg r ad a t i o n . Wea t he r ed o i l  w i l l  event ual l y  l o se i ts to x i c  
p r ope r t i e s  and c a n  s e r v e  a s  a s u b s t r a te fo r the r e e s tabl i s h­
me n t  o f  ma r s h  o rg a n i sms . Bec a use ma r s h p l a n t s  exh i b i t  a 
h igh r ec ove r y  r a te a f te r  a s i ng l e  expo s u r e  to o i l , the 
no-a c t ion appr oach may , i n  ma ny c a s e s , be the env i r onme n t al l y  
pr e f e r r ed techn i q ue . 
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I f  o i l  we r e  to r e ac h  the wat e r  t ab l e  ( 2  to 3 feet d eep 
along  the p ipel i ne r o u te ) , s low d i s c h a r g e  of o i l  i nt o  a 
body o f  wate r ( B ayou Cho up i q ue , W i ng G u l ly , the I n t r a­
c oa s ta l  Wate rway , C ow B ayo u , o r  the bo r d e r i ng ma r s he s ) v i a  
wate r tab l e  t r a nspo r t  c o u l d  o c c u r . A sp i l l  c o u l d  a c t  as a 
s o u r ce o f  low l ev e l  con t am i nat i o n  f o r pe r iods  exceed i ng 
seve r a l  y e a r s .  Steps wo u l d  be t ak e n  to p r event s eepage o f  
th i s  o i l  i nt o  nav i g ab l e  wate r s .  One method that i s  
f r eq ue n t l y  employed wo u l d  b e  t o  d i g  a t r e nc h  n e a r  the  
po i n t  of  entry into  s u c h  a wate r body . Whe n  o i l  c o l l e c t ed 
( ge n e ra l ly a f te r  r a i n s )  i t  c o u l d  be p umped o f f . 

3 . 7 . 4  F i r e s  and Expl o s i o n s  

The expe c t ed spec i f i c g r av i ty a nd Re id Vapo r P r e s su r e  o f  
the c r ud e  o i l  t o  be impo r t ed a r e  2 70 A P I  a nd 3 . 0  p s i , 
r e spec t ive l y .  The s e  c h a r ac te r i s t ic s  sugge s t  that the 
f l a s h  po i nt i s  below 2 0 ° F a nd that  abo u t  one pe r c e n t  by 
we i g h t  o f  the o i l  w i l l  vo l a t i l i z e at t empe r a t u r e s  b e l ow 
8 0o F . 5 5  Thu s , s p i l l s o f  c r ud e  o i l  may be eas fl y  
i g n i ted p r ov i d ed a n  i g n i t i o n  s o u r ce i s  n e a r by . 

The max i mum downw i nd t r avel o f  a f l amma b l e  vapo r a i r  
m i x t u r e  i s  o f  pr i me impo r t ance i n  eval uat ing o f f- s i te f i r e 
r i s k s . F r om the p r ope r t i e s  ment ioned above , i t  i s  e s t imated 
that a max i mum o f  o n e  p e r c e nt o f  the c r ude o i l  c a n  v apo r i z e 
spo n t aneo u s l y . Th is vapo r can m i x  i n  the s u r r o und i ng a i r  
and be i g n i ted a t  some d i s tance downw i nd f r om the sp i l l . 
Tab l e  3 . 3 7 l i s ts es t i ma t ed max i mum d i s tances  fo r the  
e x i s te nce o f  a f l ammab l e  vapor  m i x t u r e  f r om sp i l l s typ i c a l  
o f  p ipel i ne b r e a k s  and ma r i ne ac c id e nt s . The e s t imates 
we r e  c a l c u l ated a s s um i ng Ga u s s i a n  d i f fu s i o n , " i n s tant aneo u s "  
vapo r i z a t io n  and a l owe r f l ammab l e  l im i t  o f  4 5 0 0  ug/m3 , 
wh i c h  i s  typ i c a l  o f  a l ipha t i c  h yd r oca r bo n s . The tab l e  
i n d i c a t e s  that sp i l l s o f  1 , 0 0 0 ba r r e l s  o r  l e s s  ( e . g . , f r om 
p i pe l i ne l e a k s  and a c c i d e n t s  at th e Sun O i l  C ompany Te r m i na l ) 
mo s t  l i k e l y  wo u l d  n o t  be i g n i ted s i nc e  the f l ammab l e  p l ume 
wo u l d  r a r e l y  e x t end o f f- s i te .  Ons i te ,  i gn i t io n  so u r ce s  
wo u l d  be f ew , i n  k e ep i ng w i th the u su a l  f i r e s a f et y  pr a c t ice s 
c h a r a c t e r i s t ic o f  o i l  s to r a g e  and t r a n s fe r f ac i l i t ie s . 
Sp i l l s  f r om v e s s e l  c a s u a l t ie s , e spec i a l ly tank s h i p  c a s u a l t i e s  
( 8 , 3 0 0  ba r r e l  med i an s p i l l ) , i f  not  ign i ted d u r i ng o r  
s ho r t l y  a f te r  the co l l i s io n  ( s ee below) , c o u l d  p r od uce a 
f l amma b l e  vapo r -a i r  m i x t u r e  wh i c h  w o u l d  r e a c h  sho r e  a l o ng 
the  S ab i ne R iv e r  a nd c o u l d  be i g n i ted . Howev e r , t h i s  
g e ne ra l ly wo u l d  p r e s e nt l i t t l e  d a ng e r  t o  pe r so n s  l i v i ng on 
sho r e  s i nce l e s s th an 10  pe r c e n t  of  the vapo r evo l v ed wo u l d  
be i n  t h e  f l amma b l e  range . 
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T a b l e  3 . 3 7 
Ma x i m um Dow nw i nd D r i f t  o f  F l amma b l e  C r u de O i l Vapo r -A i r  M i x t u r e s . 

Pasqui l l  Atmospheric 
Stability 

A, B ,  C ,  D 

E 

F 

Relative Frequency 
of Occurrence 

. 64 

0 . 1 3 

0 . 2 3 

Downwind Dis tance (meters ) 

0 . 5  barrel Spi l l  1 , 100 barrel spi l l  8 , 300 barrel spi l l  

<100 250 550 

<100 350 750 

150 600 1 , 2 50 



Ac c id e n t  expe r i ence i nd i c a te s  t h a t  o n l y  l o c a l i z ed f i r e s  
a r e  t o  b e  expe c t ed f r om sp i l l s  o f  c r ud e  o i l . Data  f r om 
the U . S .  C o a s t  G u a r d ' s  r e po r t s  o n  comme r c i a l  ve s se l  
c a s u a l t ie s  i nd i c a te tha t  sp i l l s  o f  c r ude o i l  f r om s h i p  
c o l l i s io ns a r e  i g n i ted i mmed i a te l y  i n  a t  l e a s t  9 0  pe r ce n t  
o f  t h e  i n s tances . T h e  cau se s o f  ign i t i o n  a r e u n k nown , b u t  
appa r e n t l y sho r t  c i r c u i te d  e l e c t r i c a l  w i r e s  a n d  h o t  metal  
f r ag me n t s  play a ma j o r  r o l e . E x pe r i en c e  f r om 1 9 7 1 t h r o ug h  
1 9 7 4  a t  b u l k  pe t r o l e um ma r i ne te r m i na l s  i nd i c a te s  a total  
of  29  f i r e s  o r ig i nated f r om ac c id e n t s  o n  the  te r m i na l  
p r ope r ty ,  a nd o f  the se o n l y  o n e  spr ead to p r ope r ty o f f s i te . 5 5  
T h e  same da t a  i nd i c a ted that the r e  we r e  an ave r ag e  o f  7 0 0  
s u c h  t e r m i n a l s  i n  ope r a t i o n  d u r i ng the f o u r  ye a r  pe r iod . 
H e nc e ,  f r om these d a ta the f r equency o f  o f f s i te f i r e s  i s  
a pp r o x i ma t e l y  

1 
= 3 . 6 x l o -4  p e r  ye a r . 

4 x 7 0 0  

Ac tu a l l y , t h i s  i s  a h ig h  e s t ima te f o r  S P R  f ac i l i t i e s  s i n c e  
many o f  t h e  l iq u i d s  h a nd l ed a t  t h e  7 0 0  t e r m i na l s  ( su c h  a s  
g a so l i ne )  a r e  m u c h  mo r e  f l ammab l e  t h a n  c r ud e  o i l . 

A c r ude o i l  f i r e  w o u l d  d e s t r o y  l o c a l  vege ta t io n  and 
r e l e ase smo ke and c omb u s t i o n  p r oduc t s  to the atmo s phe r e .  
N o t  al l the  sp i l l e d  c r ude o i l  wou l d  b u r n  i n  a " po o l " f i r e .  
On ly the mo r e  v o l a t i l e componen t s  wou l d  be c o n s umed : h e a t  
fe ed bac k f r om the  f l ame i s  i n s uf f i c i en t  to vapo r i z e the 
h ig h  m o l ec u l a r  we i g h t  c ompo nen t s . F o r  a 2 7° APR g r av i ty 
o i l ,  i t  i s  e s t ima ted that  a max i mum o f  5 0  pe r ce n t  o f  the 
sp i l led o i l  wou l d  bu r n  i n  a " po o l " f i r e . The em i s s i o n s  
wo u l d  c o n s i s t  o f  s o o t , h yd r o c a r bo n s , CO , a nd 50 2 . 
Neg l ig ib l e  n i t r o g e n  o x i d e s  a r e  e xpec ted bec a u se o f  the l ow 
f l ame temp e r a tu r e s c h a r ac te r i s t i c o f  poo l  f i r e s . These 
em i s s i o n s  w o u l d  c a u se o n l y  a tempo r a r y  a nd ve r y  l o c a l i z e d  
deg r ada t i o n  o f  a i r  qua l i ty .  

3 . 7 . 5  Ac c id e n t a l  I nj u r y  

B e c au se ac c id e n t a l  f i r e s  wo u l d  b e  c o n f ined to t he sp i l l  
a r ea , i t  may be e x pe c ted t h a t  i n j u r i e s  a l so wo u l d  be 
l im i ted . Hence , i t  i s  m a i n l y  e mp l o ye e s  and the c r ews o f  
s h ip s  tha t wou ld s u f fe r  the c o n sequenc e s  o f  any ac c ide n t s . 
Th i s  i s  s uppo r ted by d a ta on ac c id e n t s  and f i r es c omp i l ed 
by the Co a s t  G u a r d  and the N a t io n a l  F i r e P r o tec t i o n  
A s so c i at io n . Tab l e  3 . 3 8 s umma r i z e s  t h e  f a t a l i t i e s  r e s u l t i ng 
f r om f i r e s  and e x pl o s i o n s  that have o c c u r r e d  i n  bu l k  
l i qu i d  s to r ag e  t e r m i na l s ( bo th ma r i ne and othe rw i se )  
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na t i o nw i d e  d u r i ng the 2 5 -year  pe r iod 1 9 5 0  t h r o ug h  1 9 7 5 . 
Only f o u r  empl oyee deaths  and two non-empl oyee d e a th s  
have r e s ul ted f r om f i r e s  i nvo l v i ng the s to r ag e  o f  c r ud e  
o i l . The no n-emp l oye e d e a t h s  we r e  two boys w h o  we r e  
p l a y i ng o n  top o f  s to r age tank s . A c a p  p i s t o l  i g n i te d  the 
vapo r in one o f  the nea r l y  empty t a n k s . Appl y i ng the 
a c c i d e n t  e x pe r i e n c e  in Table 3 . 3 8  fo r r e f i ned p e t r o l e um 
f u e l s ,  g a so l i n e , f ue l  o i l , av i a t i o n  fuel , a nd napt h a l e ne , 
wh i c h  a r e  much mo r e  f l amma ble than c r ud e  o i l , a n  u ppe r 
l i m i t  on the f r eque ncy o f  fatal i t i e s  and i n j u r i e s  may be 
e s t i ma ted f o r the sto rage o f  c r ud e  o i l . I n  1 9 6 7  t h e r e  
we r e  2 5 , 0 0 0  bul k s to r ag e  e s t a b l i s hmen t s  fo r pe t r o l e um 
f ue l s  i n  the Un i ted S ta tes . 6 2  As s um i ng a n  ave r age o f  
2 0 , 0 0 0  ove r the 2 6  y e a r  pe r i od cove red by the d a ta , the 
f r equency of non-empl oyee deaths pe r e s tab l i shment 
i s  

3 1  1 x 
2 6  2 0 , 0 0 0  

= 6 . 0  x l o - 5  p e r  y e a r , whe r e  the u n k nown 

c a tego r y  in  Table  3 . 3 8 has been i n c l uded w i th " non­
emp l oyee " d e a t h . The co r r e s po nd i n g  e s t imate for  the 
f r equenc y of  emp l oyee d e a th s  i s  

4 3  1 5 
� x = 8 . 3  x l o - per  y e a r . 
2 6  2 0 , 0 0 0  

S i nce as a r ul e  o f  t humb , the i n j u r y  r a te i n  ac c id e n t s  i s  
app r ox i ma tel y 5 to 1 0  t imes the mo r ta l i ty r a te , i t  i s  
e s t imated that th e r e  w i l l  be a max i mum f r eq uency o f  6 x l o- 4  
emp l oyee i n j ur i e s  per y e a r . 

Becau se the se f r eq uenc i e s  we r e  de r i ved f r om d a ta fo r much 
mo r e  fl ammabl e m a t e r i al s ,  it is con c l uded that the r i s k  
o f  d e ath and i n j u r y  t o  emp l oyees and pe r so ns o f f- s i te i s  
s ubstan t i a l l y sma l l e r  than the f r equenc i e s  g i ven b y  the 
a bove comp u t a t i o n s . 

3 . 7 . 6  Na t u r a l  D i sa s t e r s  

N a t u r a l  d i sa s te r s  that may a f fec t the dome i n c l ude s e i sm i c  
ev ent s ,  h u r r i ca ne s , t o r n ad oe s , h ig h  w i nd s , l ig h t n i n g , 
and f l ood s . These phe nome na a r e  not  expe c t ed to po s e  a 
seve r e  th r e a t  t o  t he p r o j ec t ,  n o r  to c a u se the p r o j e c t  
to se r i o u s l y  d eg r ad e  the env i r o nmen t . T h e  f r equency o f  
n a t u r al d i sa s te r s  wh i c h  r e s ul t i n  p i pe l i ne b r ea k s  o r  o i l  
s p i l l s  h a s  al r eady been f a c to r ed i nto t he s t a t i s t i c s  o f  
S e c t io n  3 . 7 . 1  a nd 3 . 7 . 4 .  P o te n t i a l  e f fe c t s  o f  o the r 
d i sa s te r s  a r e  exam i ne d  i n  th i s  sec t i o n . 
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Table  3 . 3 8  Non-Emp l oyee and Empl oyee F a tal i t i e s  f r om F i r e s  and E xp l o s i o n s  
I nvo lv i ng F l ammab l e  L iq u id B u l k  S to r ag e  D u r i ng the  Y e a r s  1 9 5 0 - 1 9 7 5 . 

N umbe r o f  Numbe r o f  Numb e r  o f  
P r od u c t  Empl oyee De ath s Non-Empl oyee Dea t h s  Unk nown 

G a so l i ne 2 7  1 1  4 

F ue l  O i l  5 4- 1 0  0 

Av i a t i o n  F u e l  1 0 0 

N ap thal e ne 3 0 0 

F lamma b l e  I n k  2 0 0 

C r ude O i l  4 2 0 

TOTALS 4 3  17 - 2 3  4 

S o u r ce : N a t i ona l F i r e  P r otec t ion A s so c i a t ion , F i r e  C a se H i s t o r i e s , v i a  pe r so n a l  
commu n i c a t ions f r om M .  L .  S u l l i va n ,  E nv i r on i c s , I n c . , Apr i l  1 9 7 6 . 



S e i sm i c  Eve nts  

The Nat i onal  Oce an i c  a nd Atmo sph e r i c  Adm i n i s t r a t i o n  
( NOAA) h a s  c l a s s i f i ed t he Un i ted S t ates into  4 z on e s  o f  
expec ted s e i sm i c  r i s k  based o n  t he r e c o rded h i s to r y  o f  
pa s t  se i sm i c  ac t iv i ty .  Zone  0 c ove r s  a r e a s  hav i ng n o  
r e asonable expec t ancy o f  s u r face ea r t hq ua k e  d amag e ; Z one 
1 ,  e xpec ted m i n o r  damag e ; Z one 2 ,  expec ted mod e r a t e  
damag e ; a nd Z one 3 ,  p o s s i b l e  ma j o r de s t r uc t ive e a r t hq ua k e s . 

The a r e a  o f  S ul ph u r  M i nes sa l t  dome l i e s  o n  the wes te r n  
edge o f  se i sm i c  r i s k  Z one l a s  d e f i ned a bove . 1 8  The 
a r e a  to t he immed i at e  we s t  i s  i n  Z one 0 .  A s e a r c h  con­
d u c t ed by NOAA i nd i c a te s  th at  no ear thqua k e  h a s  been 
r e c o r ded for  t he immed i at e  S u l phu r M i ne s  a r e a . 

H u r r i c a ne s , H igh W i nd s , To r nadoe s , and F l o o d s  

A maj o r  h u r r i c a ne p a s s e s  thr ough th i s  a r e a  abo ut eve r y  
4 year s . 6 1  W i nd s  a t  the s i te exc e eded 1 0 0  mph d u r i ng 
h u r r i c a ne s  i n  1 9 6 4  a nd 1 9 6 5 .  He avy r a i n f al l , l o c a l  a nd 
r e g i o n a l  f l o od i ng s , and to r nadoes  o f te n ac compa ny 
h u r r i c anes . 5 8  The s to r age i n t eg r i ty o f  the f ac i l i ty 
wo u l d  n o t  be t h r e a t e ned by a h u r r i c a ne . S u f f i c i e n t  
h u r r i c a n e  w a r n i ng i s  ava i l a b l e  so that  o i l  t r a n s f e r  
wo u l d  b e  s topped a nd s u rg e  t a n k s  emp t ied . Except a t  the 
mar i ne t e rm i na l , al l o i l  a nd br i ne p ipel i n e s  a r e  bur i ed 
and the r e fo r e , wo u l d  n o t  be a f fec ted . 

To r n ad o e s  not  a s so c i at ed w i th h u r r i c a ne s  c o u l d  be mo r e  
h a z a r d o u s  because o f  th e l ac k  o f  w a r n i ng . I t  i s  
po s s i b l e  that a to r nado c o u l d  s t r i k e one o f  t h e  l a rg e  
o i l  s u r g e  t a n k s  a t  the ma r i n e  t e r m i n a l  and c a u se a 
ma j o r  o i l  lo s s .  To r nado f r equency i n  th i s  a r e a  i s  
abo u t  3 to r nadoes pe r 1 0 , 0 0 0 s q u a r e  m i l e s  pe r year . 5 9 , 6 0  

Thorn h a s  c omp uted a me a n  g r o und t r a c k  a r e a  o f  2 . 8  
square  m i l e s pe r to r nado . 5 9  H owe 6 1  h a s  r e c omp uted 
g r ound t r a c k  a r e a  by s tate a nd reg i o n , a r r i v i ng a t  an 
e s t imate o f  0 . 6 1 square m i l e s  pe r t o r nado in Lo u i s i ana . 
The f r equency , f ,  o f  th e ma r i ne t e r m i n a l  be i ng s t r uck  by a 
t o r n ado i n  one year i s : 

f = 
3 x 0 . 6 1 = 1 . 8 3 x l o - 4  pe r year . 

1 0 , 0 0 0 
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A s s um i ng o n l y  o ne f i l l i ng o r  w i thdr aw a l  oc c u r s  i n  any o ne 
ye a r , t h e n  the s u r g e  tank s  c o n t a i n  o i l  o n l y  5 mo n t h s  o u t  
o f  the ye a r . Th e r e fo r e , f r equency o f  be i ng s t r uc k  by a 
to rnado wh i l e  o i l  i s  p r e se n t  i s  

5 
1 2  

x 1 . 8 3 x 1 0- 4  p e r  ye a r . 

T he o i l  s u r g e  t a n k s  a r e  d e s igned to w i th s tand ve r y  s t r o ng 
w i nd s  a nd s h o u l d  r ema i n  i ntac t f o r  sma l l  to r nad o e s  and 
l a r g e  to r n ad o e s  wh i c h  a r e  " ne a r  m i s se s . "  Howeve r ,  s ho u l d  
the ta n k  b e  damaged , t h e  to r nado m i g h t  " s u c k  up " some o f  the 
o i l . Th i s  o i l  wo u l d  be d i spe r sed ove r such a w i d e  a r ea tha t  
adve r se env i r onme n t a l  e f fe c t s  wo u l d  b e  m i n i m a l . Any o i l  
l e a k i ng f r om the damaged tank wo u l d  be r e t a i ned i n s ide 
the d i ke . 

L ig h tn i ng 

L i gh t n i ng may i n t e r r up t  ope r a t i o n s  and c a u se f i r e s  i f  
c e r ta i n  sys t em c ompon e n t s  a r e h i t .  The r e  i s  a low 
p robabi l i ty that f i r e s  wo u l d  occ u r , b u t  in the eve n t  
t h a t  they o c c u r , they wo u l d  c a u se o n l y  s l i g h t  env i r o nmen t a l  
deg r ad a t i o n  i n  the  f o r m  o f  a i r  po l l u t io n  ( s ee S e c t i o n  3 . 7 . 6 ) . 

3 . 7 . 7  Cave r n  S tab i l i ty 

Th e  i nhe r e n t  c h a r ac te r i s t i c s  o f  so l u t io n  m i ned cave r n s  
ma ke them o ne o f  t he sa f e s t  po s s i b l e  me a n s  fo r c r ud e  o i l  
s t o rage . The p l a s t i c  n a t u r e  o f  s a l t a t  the tempe r a tu r e s  
and p r e s s u r e s  p r e s e n t  pe r m i t the cave r ns t o  w i th s tand 
s h o c k  fo r c e s  far in e x c e s s  of any e a r thquake k nown to h ave 
o c c u r r ed in the G u l f C o a s t reg i o n . Al t hough c ave r n  
c o l l a p se s h ave o c c u r r ed i n  th i s  r eg i o n , t h e se c o l l ap se s 
seem to h ave o c c u r r ed a s  a r e s u l t  o f  fac to r s  s u c h  as  
unco n t r o l led l e ac h ing ad j ac e n t  to the cap r oc k , w i th 
s u bsequent s u b s i d ence o f  the u n s uppo r ted ove r b u r de n . 6 2  

A n umb e r  o f  fac to r s  a f fe c t  the s tab i l i ty o f  c av e r ns i n  
s a l t domes i nc l ud i ng : c ave r n  depth , d i am e t e r , a nd 
tempe r a tu r e , d i s s o l u t i o n , a nd p r o x im i ty o f  the sal t dome 
bo und a r y  to o the r c ave r ns . These fac to r s  we r e  cons i d e r ed 
i n  se l e c t ing t he cave r ns p r opo sed fo r deve l opme n t . 

Fo r ex i s t i ng c ave r n s , the maj o r  fac to r i s  changes i n  
p r o x i m i ty t o  s a l t  d ome bound a r i e s  o r  mu l t i p l e  cave r n s . 
S i nce cave r n s  used  fo r o i l  s to r ag e  g r ow app r o x ima tely 1 5  
pe r c e n t  d u r i ng each  cyc l e  o f  f i l l  a nd w i thd r awa l due to 
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d i s so l u t io n  o f  s al t ,  i t  may be nece s s a r y  to co n t r o l  
g r owth o f  the c ave r n  i n  some c a se s . Th i s  may b e  ac com­
p l i shed i n  the upwa r d  d i r e c t ion by m a i n t a i n i ng a bl anke t 
o f  o i l  nea r  the cave r n  ce i l i ng and may be con t r o l led i n  
a l l d i r e c t i o n s  by us i ng s a t u r a t ed b r i ne r a the r than f r es h  
wa ter a s  t h e  d i spl a c eme n t  fl u id . 

The p r opo s ed s to r age c av e r n s use a b l a n k e t  o f  c r ude 
o i l  to c o n t r o l  g r owth in the upwa rd d i r e c t i o n s  ( see F i g u r e  
3 . 2 2 ) . T h e  l o c a t i o n  o f  the o i l -b r i ne i n t e r face may b e  
mo n i to r ed b y  any o ne o f  seve r a l  ava i l ab l e  i n s tr ume n t s  such 
a s  so n i c  i n t e r f a c e  d e tec t io n , n uc le a r  logg i ng , a nd o i l  
c o l umn p r e s s u r e g aug i ng . One o r  mo r e  o f  the s e  d ev i c e s  
wo uld b e  ut i l i zed to mo n i to r the o i l - b r i n e  i n t e r face . 
Th u s , t he l ev e l  o f  the o i l -b r i n e  i n t e r face can be 
con t r o l l ed to p r ec l ud e  upwa rd l e ach i ng . Al so , as may be 
no ted f r om F ig ur e  3 . 2 2 ,  the  phys i c a l  a r r angement of the 
we l l  ca s i ng s  p r o h i b i ts w i thd r awa l of o i l  above the lo c a t i o n  
o f  the annu l u s  t h r ough wh i c h  the o i l  i s  w i thd r awn . Thus , 
an o i l  bl anke t wo u l d  always be p r e s e n t  i n  any l e ached 
space above the l o c a t i o n  of  the annul u s . Th i s  p r o v i d e s  a 
f a i l - s a f e  d e s i g n  not s ub j ec t  to ope r a to r e r r o r . Ca s i ng 
cement fa i l u r e s  a t  uppe r l eve l s ( fo r  exampl e the 1 6  i nc h  
at 2 , 5 0 0  feet  i n  F i g u r e  3 . 2 2 )  wo u l d  be e a s i l y  d e tec ted a nd 
r epa i r ed u s i ng s tand a r d  tec h n i q ue s . 
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F i g u r e  3 . 2 2 Typ i c a l S t o r age We ll . 
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Water In/Brine Out 

Oil In and Out 

Close (Oil In During 
Leaching Only) 

WELLHEAD : 

20 x 16 x 13- 3/8 x 9-5/8 

42" @80 ' 
30" @500 ' 
24" @ 1400 ' 

16 " @2500 ' 
BLANI<ET OI!.. 

IL IN AND OUT 
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4 .  PROBABLE ADVERS E  ENVI RONMENTAL E FFECTS WH ICH 
CANNOT BE  AVO IDED 

S UMMARY 

The an t i c ipa ted e nv i r onme n t a l  i mpa c t s  o f  the con s t r uc t i o n  
a n d  ope r a t io n  o f  the pr opo sed S t r ateg i c  P e t r o l e um Re se rve 
s to r age p r og r am a t  the S u lphur  M i ne s  s a l t d ome a r e  
a b s t r acted i n  t h i s se c t io n . M i t i g a t ing me a s u r es and 
un avo i d a b l e  i mpa c t s  a r e  s umma r i z ed i n  tabu l a r  fo rm i n  
Table 4 . 1  a t  th e end o f  th i s  sec t io n . 

C o n s t r uc t ion ope r a t io n s  wo uld be the mo s t  env i r onme n t a l l y  
d i sr upt ive , i n c l ud i ng unavo i d able so i l  e r o s i o n , i nc r ea sed 
tu r b id i ty a nd sed ime n t - r e s u s pe ns ion i n  the ons i t e  r e s e r vo i r s . 
The co ns t r uc t io n  o f  r oads  and p ipe l i ne s , a nd f ur the r 
deve l opment o f  the s t o r age s i te wo u l d  tempo r a r i l y  d i s t u r b 
e x i s t i ng i nd u s t r i a l  and ag r i c u l t u r a l  land and f o r e s t , a nd 
wo uld fo r ce r e s ident  w i l d l i fe to em i g r ate to mo r e  t r anq u i l  
s e t t i n g s  un t i l  h uman d i s r up t i o n  c e a s e s . Mo s t  o f  the l and to 
be impac ted i s  i n d u s t r i a l , a l though abo ut 1 0 6  ac r e s  o f  
non i nd u s tr i al l a nd would a l so be d i s r upted . 

The s u r r o und i ng s u r face wate r s y s tem wo u l d  e xpe r i ence ve r y  
l o c a l i z ed , un avo i d a b l e  tempo r a ry i nc r e a s e s  i n  tur b id i ty ,  
r e s u s pe ns i o n  o f  sed i me n t s  and/ o r  po l l u t a n t s  f r om d r edg i ng 
ope r a t i o n s  and e r o s i o n . The r e s u l tant  impac t s  on the 
aqua t i c  commun i ty wo u l d  p r imar i l y  i nvo lve the e l i m i na t io n  
o f  m i no r  amoun t s  o f  benth i c  o r g an i sm s  and r ed uce p l a n k t o n  
p r od uc t i o n  i n  t h e  d r edged a r ea . D u r ing  d r awdown ope r a ­
t io ns , t he u se o f  the S a l t Wate r  Re s e r vo i r /S a b i ne Rive r 
D i ve r s io n  C a nal fo r the wate r s uppl y  wo u l d  r e s u l t  i n  a m i n o r  
w a t e r  l ev e l  f l uc t ua t io n  i n  the l a k e  and po s s i bl y  c o u l d  
e nh ance t h e  wate r q ua l i ty o f  the r e s e r vo i r  as  i t  i s  r e p l e n­
i s hed f r om the f r e s he r  S ab i ne Rive r D i ve r s i o n  C anal . 
Wh i l e  some l o s s  o f  o r ga n i sm s  i s  expe c t ed f r om e n t r a i nment , 
the i mpac t i s  not  co n s i de r ed s i g n i f i c a n t  ( see Sec t io n  
3 . 4 ) . Dur i ng the con s t r uc t io n  phase o f  the S PR p r og r am ,  
a i r  po l l u tant leve l s  i n  the v ic i n i ty o f  the sa l t  d ome and 
the do c k s  wo uld be r a i sed p r inc i pa l l y  d ue to he avy-d uty 
d i ese l e q u i pme n t . The maj o r  po l l utant l e ve l s  i n  the 
v i c i n i ty o f  the sa l t  dome and the doc k s  w o u l d  be r a i sed 
p r i nc i pa l l y  d ue to he avy-d uty equ ipme nt . The ma j o r  po l l u te r s  
a r e expe c t ed t o  be the d r i l l  r ig s  w i th em i s s io n  r a te s  o f  0 . 3 
µgm/sec to 1 µg m/sec f o r  hyd r oc a r bo n s , s u l f u r  d i o x ide , c a r bon 
mo no x ide s and p a r t i c u l a t e s . N i t r og e n  d i o x ide em i s s i o n  r a tes 
could be as  h igh a s  5 µgm/sec a t  the s i te . 
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.i:. I N 

ACT I ON 

D r edg i ng 

D i spo s a l  o f  
spo i l  d r edged 
f r om S a l t Wa t e r  
Re s e rvo i r  

SUMMA RY O F  PRIMARY ENVI RONMENTAL I MPACTS 
M I T I GAT I ON P ROC E DURES AND UNAVO IDABLE ENVI RONMENTAL E F F E C T S  

PRI MARY I MPACT 

6 0  a c r e s  of a r t i f i c a l l y  
c r e a ted ma r s h l a nd w i l l  be 
cove r ed by d r ed g e  s po i l  
f r om d e e pe n i ng r e s e r vo i r  

mo b i l e  a n i m a l s  ( e sp e c i a l ly 
b i r d s )  w o u l d  l e ave the a r e a ; 
they may r e t u r n  w i t h i n  2 - 3  
mo n t h s  o f  c omp l e t i o n  

s l i g h t  tempo r a r y  l o c a l i z ed 
i n c r e a s e  in t u r b i d i ty ,  TKN 
( d e t r i ta l  ma t te r  a nd 

ammon i a )  COD 

po s s i bl e  s l i g h t  d e c r e a s e  i n  
to t a l  d i s s o l ved oxygen 

tempo r a r i l y  e l i m i n a t e  as 
many a s  3 . 6 5  x 1 0 6 be n t h i c  
f o r m s  i n  a r e a s  d r ed g ed 

tempo r a r y  d e c r e a s e  i n  
pr i m a r y  p r od u c t i v i ty d u e  
t o  i n c r e a sed t u r b i d i ty 

M I T I GAT ION 

none 

none 

fo l l ow mos t r e c e n t  
ad va n c e s  i n  d r ed g i ng 
te c h n o l ogy and d r ed g e  
d i s p o s a l  t e c h n o l o g y  

w i t h ho l d d r ed g e  w a t e r 
f o r  s u f f i c i e n t  t i me to 
al low o x yg e n a t i o n  

none 

no ne 

UNAVO I DABLE I MPACT 

same a s  pr i m a r y  impac t 

same a s  p r i m a r y  impac t 

tu r b i d i ty l oc a l i z e d  t o  
w i th i n  2 0 0  f e e t , sma l l e r  
i n c r e a s e  i n  t u r b i d i ty ,  
TKN a nd C O D  

d i s s o l ve d  o x yg e n  c o n t e n t 
w i l l  be l e s s  d im i n i s h e d  

s ame a s  pr i m a r y  i m p a c t  

same a s  p r i m a r y  impac t 



� 
I 

w 

ACT I O N  

D r ed g i ng fo r 
D i sp l a c e m e n t  
Wa t e r  I n t a k e  
S t at i o n  on 
S a l t  Wa t e r  
Re s e rvo i r  

W i th d r aw a l  o f  
D i spl a c e m e n t  
Wa t e r  f r om 
S a l t W a t e r  
R e s e r vo i r  

I nj e c t i o n o f  
F r e s h  W a t e r  
i n to C av i t i e s  

P R I MARY I MPACT 

d r ed g e  spo i l  w i l l  smo t h e r  
so i l  o r g a n i sms a n d  vege t a t i o n 
we r e  d i sposed o f  o n  6 0  a c r e  
s i te 

be n t h i c  o r g a n i sm s  d e s t r o yed 
and de c r e a s ed p l a n k t o n  
pr od u c t i o n  f r om d r ed g i ng ­
i n d u c e d  t u r b i d i t y 

e n t r a i nm e n t  i n  i n t a k e  s t r u c ­
t u r e s  o f  p l a n k t o n  o r g a n i sms 

i mp i ng eme n t  o f  some f i s h 
ag a i n s t  i n t a k e  s t r u c t u r e s  
( T h e s e  f i s h a r e  n o t  impo r t an t  

comme r c i a l o r  s po r t  spec i e s )  

Appr ox i m a t e l y  1 5  pe r c e n t  
vo l ume i n c r e a s e  o f  t h e  
cav i t i e s  d u r i ng e ach d r aw­
down r e f i l l  cy c l e  

po t e n t i a l  l o s s  o f  c a v i ty 
s t r uc t u r al s u ppo r t  

M I T IGAT ION 

r e d u c e  t h e  a r e a  c ove r ed 
by spo i l  by ma x i m i z i ng 
spo i l  s t a c k i ng d e p t h  

n o n e  

c l e a r  s c r e e n  t o  m i n i m i z e  
h i g h e r v e l o c i t i e s  o f  
wa t e r  t h r o u g h  s c r ee n s  

d e s i g n  i n t a k e  s t r u c t u r e 
to av o i d  c r e a t i o n  o f  
i n t a k e  v e l o c i ty g r e a t e r  
t h a n  f i s h ' s  ab i l i ty to 
e s c a p e  and c l e a r s c r e e n s  

u s e  s a t u r a t ed br i ne f o r  
d i s p l a c e me n t  w a t e r  to 
l i m i t  e n l a r g e m e n t  of 
cav i t i e s  

a s s u r e  m a i n t e n a n c e  o f  
s t r u c t u r a l  s u ppo r t . 
u s e  sona r d e v i c e  f o r  
t e s t i n g  t h e  shape o f  
cav i t i e s  wh i c h  may 
coa l e s c e  

UNAVO I DABLE I M PACT 

m i n i m i z e  l o s s  o f  
hab i t a t  

same a s  p r i ma r y  i mp a c t  

r ed u c e d n umbe r o f  
p l a n k t o n i c  o r g a n i sms 
e n t r a i n ed 

no impa c t  

l e s s  t h a n 1 5  p e r c e n t  
e n l a r g e me n t  d u r i ng 
e a c h  c yc l e  

n o  imp a c t  
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ACT I ON 

B r i n e  �t i on 

E n c l o s u r e  o f  
t h e  S to r age 
S i t e  

P R I MARY I MPACT 

P o t e n t i a l  co a l e s c e n ce o f  
c av i t i e s  # 6  a nd # 7  

we l l  h e ad b l o wo u t s i f  we l l s  
a r e  d r i l l e d  t h r o ug h  p r e s s u r e  
z o n e s  and e x c e s s i ve p r e s s u r e  
bu i l d u p  o c c u r s  

po s s i b l e  s t r a t a  f r a c t u r e  and 
c o n t am i n a t i o n  o f  f r e s hw a t e r  
aq u i f e r s  

i n t e r f e r e n ce w i t h e x i s t i ng 
o i l  p r od u c t i o n  ope r a t i o n s  

tempo r a r y  i n c r e a s e  i n  p r e s s u r e  
e q ua l i z e d  o v e r  s ho r t  pe r i od 
a t  e n d  of i n j e c t io n  

s u b s u r f a ce p r e s s u r e  i n c r ea s e  
d u e  t o  br i n e  i n so l u b l e s  

i nc r e a s e  i n  s a l i n i ty ( - 1 p p t ) i n  the aqu i fe r  

- 3 4 6 ac r e s  o f  i nd u s t r i a l  
l a nd u t l i z e d  

po s s i b l e  d e s t r u c t i o n  o f  a 
ve r y  sma l l  n umbe r o f  n e s t s  
and i nd iv i d u a l  a n i m a l s 

some m i xe d  vege t a t i o n  
wo u l d  b e  d e s t r oyed a nd 
r e g r ow t h  w o u l d  n o t  be 
a l l owed 

M I T I GAT I ON 

u s e  o f  s a t u r a t e d  b r i ne 
f o r  d i sp l a c eme n t  w a te r 
in cav i t i e s  

c a r e f u l  e v a l u a t i o n  o f  
aqu i fe r  capac i ty ,  e x t e n t  
a nd p r e s s u r e g r ad i e n t s  

u se c on s e r v a t i ve 
spac i ng o f  i n j e c t i o n  
we l l s ; 1 0 0 0  f e e t ;  
d i s c o n t i n ue i n j e c t i o n  

se c u r e  we l l he ad p l u g s  o n  
al l a b a n d o n e d  o i l  we l l s  

no n e  

b r i ne c l e a n u p  tr ea tme n t  
p r i o r  to i n j e c t i o n  

none 

none 

no ne 

none 

UNAVO IDABLE I MPACT 

n o  i mp a c t  

n o  imp a c t  

n o  i mpac t 

no i mp a c t  

same a s  pr i m a r y  i mp a c t  

r ed u c e d  i nc r e a s e  i n  
s u b s u r f a c e  p r e s s u r e  

s ame a s  pr i m a r y  i mp a c t  

s a m e  as pr i m a r y  i mp a c t  

same as pr i m a r y  i mp a c t  

s ame as pr i m a r y  i mp a c t  
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U1 

A C T I ON 

P ipe l i n e s  

p ip e l i ne 
c o nn e c t i o n s  
t o  5 s to r ag e  
ca v i t ie s ,  t o  
b r i ne s e t t l i ng 
t a n k s 

o i l  
d i s t r i b u t i o n  
p i p e l i ne 

d i spl a c em e n t  
w a te r  ( b r i n e ) 
d i s po s a l  s y s tem 
c o n s t r uc t i o n  

Add i t i o n a l  
T a n k  s h ip 
T r a f f i c  

P R I MARY I MPACT 

n o i se w o u l d  c a u se mob i l e  
w i l d l i f e  t o  tempo r a r i l y  
l e a v e  t h e  s i te 

up t o  1 5  ac r e s  d i s t u r bed 
( un d e te r m i ned r ig h t  of way 
fo r on s i te p i pe l i n e s  

5 5  a c r e s  d i s t u r bed , pe r m a n e n t  
l o s s  o f  t imbe r a n d  tempo r a r y  
l o s s  o f  g r a z i ng l a nd 

1 8 . 8  a c r e s  o f  m i xe d  p i ne 
fo r e s t  pe r m a ne n t l y  c l e a r e d 

e r o s i o n  f r om i nc r e a s ed wave 
ac t i o n  on the ba n k s  of t h e  
S a b i ne R i ve r  

bo t tom s c o u r  f r om i n c r e a s ed 
t u r b u l e n c e  

i nc r ea s ed c h a n c e  o f  o i l  
sp i l l  a t  d o c k  o r  i n  t r an s i t  

em i s s io n s  o f  hyd r o c a r bo n s , 
s u l f u r  o x i d e s , c a r bo n  
mo no x i d e , n i t r og e n  o x i d e s  
and p a r t i c u l a te s  

M I T IGAT I ON 

none 

l a y  p i pe l i n e s  d u r i ng 
w i n t e r  wh i c h  i s  a l o w  
g r ow t h  pe r i od a nd i s  
the l o c a l  d r y  s e a s o n  
( g r o und d o e s  n o t  f r e e z e  

ha r d )  

none 

none 

seed a nd p l a n t  b a n k s 
w i t h  n a t i ve b r u sh and 
und e r b r u s h  to w a te r l i ne 

none 

c on s t r u c t i o n  of s p i l l  
r e t e n t i o n  d e v i c e  a t  
d o c k  

n o ne 

UNAVO I DABLE I M PACT 

same as p r ima r y  impa c t  

r e d uc e d  i mpa c t  o n  c o u r t i ng 
a nd ne s t i ng b i r d s  

pe r m a n e n t  l o s s  o f  t i mbe r 
pr o d u c t i o n  

same a s  pr ima r y  impac t 

m i no r  e r o s i o n  f r om wave 
ac t i o n  

i n c r e a se i n  b o t tom s c o u r  
d u e  t o  t u r b u l e nc e  

m i n im i z e d  s p r e ad o f  o i l  
sp i l l  

same a s  p r i ma r y  i m p a c t  
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AC T I ON 

O i l  Sp i l l ed 
f r om V e s s e l  
i n  T r an s i t  

Above G r o und 
O i l  P ipe l i ne 
Sp i l l  

PRI MARY I MPAC T 

i n c r e a s ed no i s e l e ve l s  f r om 
ve s s e l  ope r a t i o n s  and f r om 
p ump i ng o f  c r u d e  o i l  

p o t e n t i a l  o i l  s p i l l  o f  3 1 0 0  
bbl w i l l  s p r e a d  t o  co ve r 2 6 0 0  a c r e s  o f  open w a t e r , 
po s s i b l y  i n  S a b i n e  L a k e  

t empo r a r y  c o n t am i na t i o n  o f  
s e d i m e n t  

o i l  m a y  a f f e c t  t a s t e  o f  
oy s t e r s  and d e c r e a s e  o y s t e r  
l a r ve l  d e v e l opme n t  

mo d e r a te o i l  c o n t am i n a t i on o f  
ma r s h ve g e t a t i o n  w i l l  c a u s e  
d e a t h  o f  r o o t s , r e d u c e d  
g e r m i na t i o n  o f  c o n t am i n a te d  
s e e d s a n d  a r e d u c t i o n  i n  
a n n u a l  s pe c i e s  ( r e c o ve r y  
r e l a t i v e ly r ap i d  i n  < 2  y ea r s )  

po s s i b l e  h a z a r d  t o  w i l d l i f e  
u s i n g  th e S a b i ne N a t i o n a l  
W i l d l i f e  Re f ug e  f o r  b r e e d i ng 
g r o u n d s  

c o n t am i n a t i o n  o f  so i l  and 
ve g e t a t i o n  in sma l l  a r e a  
n e a r  s p i l l  

M I T I GAT I ON 

e n c l o s e  p ump s i n  
a c o u s t i c a l l y  i n s u l a t ed 
p ump h o u s e s  

r a p i d  c o n t a i nm e n t  w i t h  
boom s , ab s o r be n t s  t o  
m i n i m i z e  s p r e ad o f  
s l i c k  w i t h t h e  t i d e s  
and w i nd s 

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

none 

r ap id c l e a n u p  

n o n e  

c l e a n  u p  p r omp t l y  

UNAVO I DABLE I MPAC T 

s l i g h t  i n c r e a s e  i n  no i s e 
l e v e l s  c l o s e  to d o c k  
f ac i l i t i e s ;  l e v e l s  b e l o w  
5 5  dB a t  ne a r e s t  r e s i d e n c e  

r ed u c e a r e a  cove r ed b y  
s l i c k  d e p e nd i ng on 
vo l ume con t a i n e d  i n  
4 8  h o u r s  

l e s s  con t am i na t i on 

same a s  p r i m a r y  impact 

l e s s  c o n t am i na t i o n  

s ame a s  p r ima r y  imp a c t  

m i n o r  s u r f a c e  s o i l  a nd 
ve g e t a t i o n  c o n t am i na t i o n  
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Underg r o und 
O i l  P ipe l i n e  
Sp i l l  

Road 
const r uc t ion , 
B u i l d i ng 
Found a t i on s , 
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c o n t am i n a t i on of s o i l  to 10 c m  none 
d ep th f r om sp i l l  ( - 1 0 0 0  b b l ) 
cove r i ng - 0 . 4  a c r e s  

m i g r a t ion o f  o i l  v i a  w a t e r  
t a b l e  i n to w a t e r  bod i e s  

1 1 5  a c r e s  d i s tu r be d  

e r o s ion 

2 9 0  c u .  yd/y r sed i m e n t  washed 
into water f r om e r o s i o n  d u e  
t o  r a i n f a l l  o n  1 1 5  d i s tu r bed 
a c r e s  

d ig t r e n ch e s  a t  po i n t  
o f  e n t r a n c e  i n to w a t e r  
body a n d  c o l l e c t  a n d  
d i sp o s e  o f  o i l  

none 

plant o r  seed w i th 
na t iv e  v e g e t a t i o n  

p l a n t  o r  seed w i th 
vege t a t i on 

avo i d  l and f i l l  wor k 
d u r i ng r a i n y  s e a son 

at . 5  km , c e nt e r l i ne concen- none 
t r a t i o n s  o f  em i s s i on s  CO ( 1  h r ) : 
7 2 1  �g /m 3 HC ( 3  h r ) : 2 1 9  
µ g /m 3 N02 ( an n u a l  mea n ) : 

2 5  µg/m 3 S02 ( 2 4 h r ) : 
1 5 8  µ g /m 3 ( on ly HC concen­
t r a t ion exceeds s t anda r d s ; 
d u e  to po i n t  s o u r ce a s s ump­
t i o n , see T a b l e  3 . 5 )  

no i se leve l s  l e s s  than 5 5  dB 
a t  nea r e s t  r e s i d e n ce 

none 

UNAVO I DABLE I M PACT 

m i no r  con t am i na t i on o f  
s o i l  s u r r o und i ng p ip e l i ne 
unt i l  d e g r a d a t i o n  a n d  
m i g r a t ion d i l u te o i l  
conce nt r a t i o n  

m i n im a l  c o n t am i n a t i o n  
o f  w a t e r  bod i e s  f r om 
o i l  n o t  c o l l e c ted 

s ame a s  p r i ma r y  imp a c t  

e r os i on a nd r u n o f f  
c o n f  i ne'd 
p r i o r  to s u cc e s s f u l  
e s ta b l i s hme n t  

o f  veg e t at i o n  

l e s s  t h a n  2 9 0 c u .  y d / y r  
s e d i m e n t  r u n o f f  

s ame a s  p r i ma r y  imp a c t  

s ame a s  p r ima r y  imp a c t  
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Ve s s e l  L o ad i ng max i m um o f  4 6 1 0  µ g / s e c  hyd r o­
c a r bo n  em i s s i o n s  d u r i n g  u n ­
l o ad i n g  a t  a r a t e o f  3 0 , 0 0 0  
ba r r e l s  p e r  h o u r  

Employm e n t  o f  
S k i l l ed 
L a bo r e r s  

Ope r a t i o n  o f  
F a c i l i ty 

s u r g e  t a n k  w o r k i ng l o s s  
hyd r o c a r bon em i s s i o n s  o f  6 . 4 7 
µ g/ s e c  p r ima r y  s ta nd a r d s  

e x c e eded t o  2 k m  ( f o r  1 0  mo . )  

a t  2 km , c e n t e r l i ne c o n c e n t r a­
t i o n s  o f  em i s s i o n s  H C  ( 3  h r )  
4 3 0  µ g /m 3 ( on l y  H C  c o n c e n­
t r a t i on e x c e e d s  p r i m a r y  
s t anda r d  d u e  t o  po i n t  s o u r c e 
a s s ump t i o n  

d a y t ime amb i e n t  n o i s e  l e ve l s  
i n c r e a s e d  f o r  r e s i de n t s  ( se e  
T a b l e  3 . 1 9 )  to L eg - 6 4  a t  
2 0 0 0  f e e t  

po s s i bl e  d e l ay i n  r e -employ­
me n t  o f  t h e s e  l a bo r e r s  a t  t h e  
comp l e t i o n  o f  co n s t r u c t i on 
ope r a t i o n s  

i n c r e a s e  i n  l o c a l  t r a f f i c  
l o ad 

i n c r e a s ed demand f o r  l o c a l  
m a i n t e na n c e  ope r a t i on s  

i nc r e a s ed u s e o f  commu n i ty 
p r o t e c t i v e  s e r v i c e s  t o  
a s s u r e  s e c u r i ty and 
r e sp o nd t o  f i r e h a z a r d s  

M I T I GAT I ON 

u s e  o f  v a p o r  r e c o v e r y  
s y s tem a t  d o c k  

u se o f  a vapor r e c o ve r y  
s y s tem o n  t a n k  

u s e  o f  vapo r r e c ove r y  
s y s t e m  

none 

none 

none 

n o n e  
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n e g l i g i b l e  hyd r o c a r bon 
em i s s i o n s 

n e g l i g i b l e  h yd r o c a r bon 
em i s s i o n s  

r ed u c e d  hyd r o c a r bon 
em i s s i o n s 

s ame a s  p r i m a r y  i m p a c t  

s ame a s  p r i m a r y  impact 

s ame a s  p r i ma r y  imp a c t  

s ame a s  p r i ma r y  impact 

S P R  e mp l o yme n t  of m i n i m a l  d emand on l o c a l  
ded i c a t ed s e c u r i ty and po l i c e  a n d  f i r e f i g h t i ng 
f i r e  f i g h t i ng c ap a b i l i t i e s  



The pa i n t i ng o f  the tan k s  a t  the S un T e r m i nal d o c k  
f ac i l i t i e s  wou l d  tempo r a r i l y  ( le s s  than 3 mo n th s ) r a i se 
the hyd r o c a r bo n  leve l s  o f  the a r e a  above the amb i e n t  
s tand a r d s  w i th i n  1 to 2 k i lome t e r s  o f  t h e  s i te .  Wh i l e 
these hyd r oc a rbon emi s s io n s  wo u l d  e leva te l o c a l  l eve l s , 
they a r e  p r i ma r i ly non-pho tochem i c a l l y r eac t ive spe c i e s  
( l i g h t e r , s a t u r a ted hyd r o ca r bo ns ) and s ho u l d  n o t  c o n t r i bu te 
s ign i f i c a n t l y  to o x i d a n t  conce n t r a t io n s  i n  the ar e a .  
These e s t i ma t e s  a r e  ba sed o n  the a s s ump t i o n  o f  ve r y  s t able 
w i nd cond i t i o n s  ( < 5 mph)  wh i c h  are  no t c h a r a c te r i s t ic o f  
the Gu l f  Co a s t  r e g i o n  i n  g e ne r al . The p r ed i c ted o x idant  
c o nce n t r a t io n s  are  the r e fo r e  mo r e  seve r e  than wou l d  
a c t ua l l y  b e  expe c t ed . 

T h e  in j e c t io n  o f  b r i ne in to deep sal i ne aqu i fe r s  o f f  the 
s o u the r n  f l a n k s  of the sal t dome wou l d  i nc r ea s e  the downho l e  
p r es s u r e o f  t h e  aqu i fe r  tempo r a r i ly .  The magn i tude o f  the se 
d e ep aqu i fe r s  tend s to a l low r ap i d  p r e s s u r e  equ i l i z a t io n  
p r o v ided t h e  i n j e c ted b r i n e  does n o t  c log the aq u i f e r  and 
s e a l  the l o c a l  i n j e c t i o n  a r e a  o f f  f r om l a t e r a l  commu n i c a t io n  
w i th th e r e s t  o f  the aqu i fe r . A b r ine  s e t t l i ng po nd i s  to 
be empl oyed to a s s u r e  th i s  does n o t  h appen . Ad d i t io na l  
t r e a tme n t  o f  the b r i ne may be r e q u i red i f  i t  i s  d e te r m i ned 
t ha t  it is chem i c a l l y  i nc ompa t i b l e  w i th the s a l i ne w a t e r  i n  
the aqu i fe r . 

P ip e l i ne Ac c id e n t s  

U n avo i d a b l e  c r ude o i l  spi l l s  a l o ng t he b u r i ed p i pe l i ne 
r o u te s , o f  a med i an vo l ume o f  1 , 0 0 0  ba r r e l s , wo u l d  r e s u l t  i n  
an i n i t i a l  i nf i l t r a t i o n  o f  1 0  c e n t ime te r s  i nto the su r r o und i ng 
so i l . Th i s  i n f i l t r a t i o n  wo uld a f fe c t  0 . 4 a c r e s  o f  l and . 
Ove r  a pe r i od o f  year s the o i l  c o n t am i n a t i o n  o f  th i s  a r e a  
wo u l d  d e c r e ase d ue t o  deg r ad a t i o n  o f  t h e  c r ud e  and d i s so l u t io n  
due t o  the he avy a n n u a l  r a i n f a l l i n  t h e  a r e a . B e c a u se t he 
s u r f ace w a t e r  i n  the S u lp h u r  M i nes a r e a  i s  h e l d  n e a r  the 
s u r f ac e  by sub s t r ate c l ay ,  some quant i ty of any o i l  
sp i l led f r om a p i pe l i ne fa i l u r e  wou l d  c o n s eq ue n t l y  seep 
w i th th e n a t u r a l  s u r f ace wa te r m i g r at i o n , r es u l t i ng i n  a 
w i th the n a tu r a l  s u r f a c e  wa te r m ig r at i o n , r e s u l t ing i n  a 
low l e v e l  contam i na t i o n  o f  ne a r by wa te r bod i e s  fo r seve r a l  
ye a r s .  S h o u l d  a sp i l l  o c c u r , t he mag n i t ud e  o f  t h i s  
con t am i na t i o n  c o u l d  be m i n i m i zed by d i g g i ng t r e n c h e s  a t  
the po i n t  o f  ent r y  i nto the ne a r by wa te r body ( I nd u s t r i a l  
Wa ter C a n a l  and Bayou D ' I nde ) . The o i l  t hen wo u l d  be 
c o l l e c t ed f r om these  t r enches as i t  m i g r a t e s  towa r d s  the 
wa ter body . O i l  m i g r a t i o n  i s  a ided by he avy r a i n f a l l s  and 
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th u s  th e loca t i o n  o f  the p o i nt o f  e n t r y  i n to e i the r the 
I nd u s t r i a l Wa ter C a nal o r  Bayou D ' I nde wou l d  h ave to be 
de te rm i ned f a i r l y r ap i d l y  a f te r  spi l l s  of a s i g n i f i c a n t  
s i ze . 

The e f f e c t s  o f  an und e rg r o und p i pel i ne sp i l l  o n  so i l  
o rg a n i sm s  i n  the immed i a te v i c i n i ty ( a  d i s tance o f  o ne 
me ter o r  l e s s )  c o u l d  be seve r e . I f  such a sp i l l  
o cc u r red , o r g a n i sm s  such a s  m i te s ,  c o l l embo l a , n ema tod e s , 
e a r thwo rm s , e tc . , wo u l d  be k i l l ed . I t  i s  n o t  an t i c ipated 
th a t  the so i l  o rg a n i sms in the p a th of the o i l  m i g r at io n  
i n  th e wa te r tab l e  wo u l d  be a s  seve r e l y  a f fec ted , s i n c e  
the conce n t r a t i o n  i s  i n c r e a s i n g ly d i l u ted w i th t ime , 
r a in f a l l  and d i s tance f r om the spi l l  s i te . Th i s  m i g r a t i on 
wo u l d  c a u se an un avo i d a b l e  l o s s  o f  so i l  o rg an i sm s  and some 
veg e ta t i o n . 

The on l y  above g r o und p i pe l i ne s  wo u l d  be a t  the s to r age s i te 
and a t  the Ned e r l and t e r m i nal . An above g r o und spi l l  
wo u l d  be r e ad i l y d e tec table by i nspe c t i o n . The mag n i tude 
of such a sp i l l  is  expe c t ed to be 1 , 0 0 0  ba r r e l s  or  l e s s . 
These sp i l l s a r e  r e ad i l y  c o n t a i ned and c l e an ed up , c au s i ng 
neg l i g i b l e  un avo i d a b l e  env i r onme ntal  damage s u c h  as  
d e s tr uc t io n  of  so i l  o rg a n i sm s  and l o c a l i zed veg e ta t i o n ,  
r e s pe c t ivel y .  

Tan k s h ip s  a n d  Ba rge O i l  Spi l l s  

The p r ob a b i l i ty o f  unavo i d a b l e  tan k sh ip sp i l l s , t ho se 
g r ea te r  than 3 0 0  ba r r el s and tho s e  g r e a t e r  than 1 0 , 0 0 0  
ba r r e l s  ( fo r  6 3  t r i p s  to t r an s po r t  2 4  x 1 0 6 ba r r el s ) , i s  
e s t i ma ted to be 0 . 0 1 and 0 . 0 0 0 8 ,  r e spe c t i ve l y . The to t a l  
expe c t ed sp i l l  v o l ume o f  c r ude sp i l led i s  4 3  bar r e l s  fo r the 
f i l l  of t he c a v i ty to 2 4  x 1 0 6 ba r r e l s , w i th 6 3  t an k s h i p  
tr i p s . Ove r the l i fe o f  the f ac i l i ty ,  a s sum i ng f ive f i l l and 
d r awdown cyc l e s , the to t a l  expe c t ed quan t i ty of o i l  
spi l l ed f r om t an k sh ip c a s ua l t i e s  i n  i n l and wa te r s  i s  
3 4 5  ba r r e l s . The expec ted to tal sp i l l  vo l ume over  the 
l i fe t ime of the pr o j e c t  r e f l e c t s  the amo u n t  of c r ude tha t 
may be sp i l led f r om both tr anspo r t  acc i d e n t s  and t e r m i na l  
acc i d e n t s  r e l a t ive t o  the number  o f  tr i p s  mad e , t h e  to t a l  
vo l ume o f  c r ude hand l ed , a n d  t h e  low p r obab i l i ty o f  s u c h  
spi l l s , b u t  doe s n o t  r e f l ec t t h e  an t i c i p a ted med i an 
quan t i ty o f  s uc h  a sp i l l  s ho u l d  i t  o c c u r  ( e . g , 0 . 5  ba r r e l s  
a t  th e t e r m i nal  and 3 , 1 0 0  ba r r e l s/sp i l l  fo r tan k sh ip s ) . 
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S ho u l d  a spi l l  o f  med i an expec ted vo l ume o c c u r  on ope n 
wa ter , a n  o i l  s l i c k , unconta i ned , c o u l d  cove r as much as  
2 , 6 0 0 a c r e s  i n  2 4 - 4 8  ho u r s  ( 3 , 1 0 0  bar r el s ) , a s sum i ng no 
c ur r e n t s , w i nd or o b s t ac l e s . Depend i ng on the we a the r 
cond i t io n s  a nd the r ap i d i ty o f  c o nt a i nme n t  and c le a r -up 
ope r a t io n s , o i l  s l i c k s  could cove r a s i g n i f i c a n t  po r t io n  
o f  the s h i p p i n g  chann e l s o f  the S a b i ne-Neches  sys tem . 
S p i l l s  near  the j un c t i o n  o f  the Neches  R i ve r  a nd the 
I n tr ac oas tal Wate rway wo u l d  t h r ea te n  S ab i ne Lake . 

A g e ner al i nc r ease  i n  the bac k g r ound level  o f  o i l  con­
t am i na t i o n  i n  the bot tom sed i me n t s  wo uld r e s u l t  i n  an 
un avo i d a b l e  d i sr upt i o n  of the be nt h i c  comm un i ty s t r u c t u r e . 

Mo s t  type s o f  veg e t at i o n  appe a r  to be able to w i th s tand 
l i g h t  to mode r a te o i l  contam i na t io n .  Sho r t- t e r m  e f fe c t s  
ar e g e ne r a l ly the de a th o f  o i l -coated roo t s , r ed uced 
g e r m i n a t i o n  of c o n t am i na ted se ed s and con seque n t l y  the 
r e d uc t i o n  i n  ann u a l  spe c i e s  r eproduc t io n . Re cove r y  i s  
r e l a t i ve l y  r ap id , t a k i ng l e s s  than two ye a r s .  I f  mo r e  
than f o u r  o i l  s p i l l s  ( 1 , 0 0 0  ba r r e l s )  o c c u r  w i th i n  a two 
to th r ee y e a r  pe r i od , s u b s t an t i a l  un avo i d a b l e  vege t a t i o n  
mo r t a l i ty wo u l d  b e  s u s t a i ned and r ec ove r y  wo u l d  be 
r e t a rded . The o c c u r ance o f  spi l l s  o f  th i s  mag n i tude and 
f r eque ncy i s  un l i k e l y  beca u se of the low p r obab i l i ty o f  
sp i l l s  and the expe c ted f i l l  and r e f  i l l  f r equency o f  the 
SPR pr og r am . 

Mit igation o f  Impac t s  

The p l an for m i t igat ing the impac t s  ident i f i ed in Tab l e  4 . 1  
i s  par t o f  S PR ' s env ironmental p l ann i ng proc e s s  and i s  be ing 
incorpora ted into a S i t e  Envi ronmental Ac t ion Repor t  ( S EAR ) 
i f  the s it e  i s  s e l e c ted for u s e . The S EAR wou l d  o u t l ine 
deta i l ed d e s ign c r i te r i a , c o n s truc t ion p ra c t ic e s , and operat iona l 
proc edur e s  wh ic h ,  when imp l emented at each s i t e , wou l d  m i n im i z e  
o r  avo id env ironmental impac ts , con s i stent w i th the environmenta l 
po l icy o f  the S trateg ic P e tro l eum Re s erve O f f i c e . P l ann ing for 
the pr event ion o f , as we l l  as the containment and c l eanup o f  
o i l  and br ine sp i l l s w i l l  be accomp l i shed b y  the prepara t ion o f  a 
S p i l l  Pr event ion Cont r o l  and Countermeasure ( S PCC ) P l an r equired 
under 4 0  CFR ,  P a r t  1 1 2  and an O i l  S p i l l  Contingency P lan r equ ired 
under 4 0  CFR P a r t  1 5 1 0 .  The S P RO env i ronmental po l icy a s  s ta t ed 
in the s e  documen t s  wou ld b e  imp l emented by eng ineer ing contrac to r s  
d ev e lop ing eac h s to rage s i t e , and by S P RO s ta f f  o r  contra c to r s  
operat ing eac h s i t e . 
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5 .  RELAT I ONSH I P  BETWEEN SH ORT-T ERM USES OF T H E  ENVI RONMENT 
AND MA INT ENANCE AND ENHANC EMENT OF LONG-T ERM PRODUCT IVITY . 

P r e se nt ly , t he S u lphu r M i n e  s a l t  dome s i t e  i s  be i ng u sed 
e x te n s ively by the A l l i ed C h e m i c a l  C ompa ny fo r h yd r oc a r bo n  
p r oduc t sto rage and f o r  t h e  p r od u c t ion o f  b r i ne wh i c h  i s  s o l d  
to P PG , I n c . T h e  commi tme n t  o f  t h e  dome to the  S PR p r og r am 
wo u l d  p r e c lude f u r t he r p r oduc t ion o f  b r i ne i n  t h a t  pa r t  o f  
the s a l t dome i n  t he v i c i n i ty o f  the s to ra g e  s i te . H oweve r , 
po r t ions o f  the s a l t  dome c o u l d  s t i l l  be u sed f o r b r i ne 
e x t r a c t ion i f  n ew we l ls w e r e  d eveloped . The s u b s u r face 
d i spo s a l  of b r i n e  wo u l d  r e nd e r  some s a l t  i r r e t r i evab le . 
Th i s  quant i t y  i s  sma l l i n  r e l a t ion to the  net amo u n t  ava i l ab le , 
th u s  the long t e r m  c on sequence f r om t h i s  l o s s  o f  sa l t  w o u l d  
be i n s ign i f i c a nt . The SPR p r og r am s ho u l d  h ave n o  e f fe c t  o n  
the s to rage o f  hyd r oc a r bon p r od u c t s  d ue t o  the  l o c a t ion o f  
the se cav i t ie s  i n  r e l a t ion t o  the cav i t ie s  and f ac i l i t i es 
r e q u i r ed f o r  t he c r ude o i l  s to ra g e . 

D u r i ng c on s tr u c t ion at the s i te , ac t iv i t ie s  c au s i ng s ho r t- t e r m  
i mpac t s  on t he l a nd i nc l ude r oad c on s tr u c t ion , wel l  dr i l l i ng 
a nd p r e pa r a t ion , a nd g e ne r a l  con s tr uc t io n  ac t i v i t ie s  
as soc i at ed w i th the v a r i o u s  fac i l i t i es l o c a ted o n  s i te . 
The r e  wo u l d  be no i mpac ts to the  s tr a t ig r aphy o r  g e o log i c  
s t r u c t u r e  i n  t he a r e a .  Wh i l e  the  f ac i l i ty i s  i n  ope r a t i o n  
the r e  wo u l d  b e  n o  lo n g - t e r m  i mpac t s  on d r a i nage p a t t e r n s  i n  
the a r e a  a n d  o n l y  m i n o r  impac ts o n  t he s o i l  cau sed b y  so i l  
e r os ion . M i nor a l te r a t ion o f  the topog r aphy wo u l d  o cc u r  as  
a r e s u l t  of  spo i l  d i sposa l . 

Dur i ng c o n s tr u c t ion o f  the o i l spur  p ipe l i n e , m i n o r  s ho r t ­
t e r m  c hanges i n  t he topog r aphy wo u l d  r e s u l t  f r om p i pe l i n e  
b u r i al .  H oweve r ,  a ny i mpac t s  t o  v a r i o u s  l a nd fo rms , 
inc lud i ng the se s po i l  mo unds  w o u l d  o n l y  o c c u r  i n  t he 
s ho r t  te rm s i nce t h e  o r i g i n a l  l a nd c o n to u r s  w o u l d  be 
r e s to r ed i mmed i a t e l y  fo l low i ng p i pe l i ne bur i al .  No 
i mp a c t  to the  so i l  wo u l d  o c c u r  o t h e r  t h a n  v e r t i c a l  
m i x i ng a l o n g  the p i pe l i n e  t r e nch c a u sed by t he 
o r i g i n a l  so i l  r emov a l  a nd r ep l aceme n t . 

I n  s umma r y ,  t he i mpac t s  f r om fac i l i ty l o c a t ion at th e 
S u lphur  M i nes sal t d o me s i te w o u l d  be m i no r s o i l  e r os i on and 
m i n o r  topog r aph i c  changes c a u sed by spo i l  d i sp o s a l  a nd o i l  
p ipe l i ne bur i a l .  Wh i le the f ac i l i ty i s  i n  ope ra t i o n , 
e x i s t ing i ndu s t r i al u se o f  the s i te w i l l be a l lowed to 
con t inue . C r e at ion o f  a s po i l  a r e a  may r e s u l t  i n  a temp o r a r y  
r e d u c t ion i n  b i o log i c a l  p r od uc t iv i ty .  
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The natu r a l  veg e t at ion and w i l d l i fe tha t i s  l o s t  fo r t he 
b r i n e  d i sp o s a l  sys tem i s  a reso u r ce commi t ted fo r t he 
l i fe o f  the p r oj ec t  and mu s t  be con s ide red i r r e t r i evab l e . 
A max i mum 4 5  ac r e s  o f  l and wou l d  be con t i n u o u s l y  c le a r ed 
o f  o bs tr uc t ive veg e t at ion , a l t e r i ng the a s s o c i at ed h ab i tats  
for  t he d u r a t ion o f  the  p r o j e c t . Al so a 9 m i l e  s tr e t c h  o f  
l and wo u l d  be commi t ted fo r t he l i f e  o f  the p r oj e c t  to 
ma i n t a in t he p i pel i n e  r i g h t-o f -way . T h is c o u l d  l i m i t 
con s tr uc t ion w i th in t he p i pel i ne cor r i do r wh i c h  may 
eve nt u a l ly be p a r t ia l ly w i th i n  the S u lphur  c i ty l i m i ts . 

Dur i n g  c on s t r u c t ion , the r e  w i l l  be a t empo r a r y l o s s  o f  
p r oduc t iv i ty t o  t h e  on-s i te s a l t  wate r r e s e r vo i r  d u e  to 
d r ed g i ng . T h i s  l o s s  o f  pr oduc t i v i ty i s  c o n s ide red 
i n s i g n i f i c a nt whe n the t o t a l  p r od uc t i v i ty of the a r e a  is 
eva l u a t ed ( s e e  Sec t ion 3 . 4 ) . 

D u r i ng o pe r a t ion , s ome o r g a n i sms w o u l d  be e n t r a i ned w i th 
the d i sp l ac eme nt wat e r . T he se wou l d  be l o s t  f r om the 
popu l a t ion . Bec a u se t he numbe r of o r ga n i sms i s  smal l 
whe n  compa r ed t o  t he nor ma l  popul a t ion , t he e f fe c t s  wou l d  
be l e s s tha n f r om na t u r a l  mo r t a l i ty .  N o  comme r c i al o r  
r e c r e a t ional  spec i es a r e  f ound i n  the  s a l t w a t e r  r e s e rvo i r . 

Res o u r ce u s e  and dep l e t ion i nvo l ved w i th the S u l p hu r 
M i nes Dorne wou l d  h ave a m i n o r  i mpa c t  on env i r onment al 
p r od uc t iv i ty a s so c i ated w i th the I nd u s t r i al Wat e r  C a na l . 

Dur i n g  o i l  r ec ov e r y , the re wou l d  be a s ho r t  te rm u se 
o f  f r e s hwat e r  f r om t he I nd u s tr i al Wat e r  C a na l . The f lo w  
o f  the canal  r a ng e s  betwe e n  3 4 0  a nd 4 5 0  c f s  wh i c h  i s  
eq u i va l e nt t o  a r a t e  o f  between 2 . 1 8 x 1 0 5 bar r e l s/h o u r  
a nd 2 . 8 8 x 1 0 5 bar r e l s/h o u r . The max i mum w i thd r awa l fo r 
the S ul p h u r  M i ne s i te wou l d  be 6 . 9 4 x 1 0 3 ba r r e l s/ho ur . 
Th i s  me ans th a t  l e s s  than 3 . 6 pe r cent o f  t he wa t e r  i n  t he 
canal  wou l d  go to the  S u lph u r  M i ne s i te , a nd i ts use  s h o u l d  
have an i n s i gn i f i c a n t  e f fec t on t h e  amo unt o f  w a t e r  ava i l ab le 
to t he i nd u s tr i es d ep e ndent  on t he canal  wat e r . 

The d i sposal  o f  up to 2 4  m i l l i o n  ba r r e l s o f  br i ne i n  the  
sa l i ne aq u i fe r s  w o u l d  i nc r e as e  t he i r  s a l i n i ty s l i g h tl y . 
Because  the br i ne wo u l d  be i n j ec ted a t  depths o f  app r ox i ­
ma t e l y  - 5 , 0 0 0  t o  - 7 , 0 00 feet , t he depths ove r l ap the o i l  
and g a s  pr odu c i ng i n t e r val . The r e fo r e , c a r e  wo u l d  be 
exe r c i s e d  to a s su r e  t h a t  b r i n e  is  n o t  inad ve r t e n t l y  
i n j e c ted i nto o i l  a nd g a s  sa nd s i n  a manner wh i c h  w o u l d  
r ed uc e  o i l  a nd gas pr od u c t ion . I t  i s  po s s i b l e  that  the 
i n j e c t io n  wou l d  o f fse t l o s se s  i n  p r e s su r e  in  the  g eo log i c a l  
fo r ma t ion d ue to o i l  a nd g a s  depl e t i o n , the r eby po s s i b l y  
enhanc i n g  o i l  a nd g a s  r e c ove r y . 
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D u r i ng c o n s tr u c t ion , t he re wo u l d  be a s ho r t  te rm ( 2 2 0  
µg/m 2 ) i nc r e ase o f  l o c a l  hyd r o c a rbon leve l s  i n  the a i r  at 
a d i s t ance o f  5 0 0  me t e r s  downw i nd of the s i te f r om the 
d r i l l i ng o pe r a t io n .  H oweve r ,  t h i s  would not p r e s e nt a 
h e a l t h  ha z a r d  w i t h i n  t he s i te bo unda r y  a nd wo u l d  d im i n i s h  
t o  leve l s  wel l be l o w  t he Fede r a l  S t and a r d s  a t  o f f s i te 
l o c a t ions . D u r i ng f i l l ope rat i o n s  th e re wou l d  be a s ho r t  
te rm i nc r e ase i n  h yd r oca r bon em i s s i o n s  a t  a r a t e  o f  1 4 . 0  
g/sec ( Se c t ion 3 . 3 ) a t  max i mum f i l l  r a t e  o f  4 , 2 0 0  ba r r e l s  
ho u r . These inc r e ment al i nc r e as e s  i n  hydr oca rbons w o u l d  
be p r e s e nt fo r 1 2  mon t hs d u r i ng c o n s t r u c t ion a nd f o r  5 
mon t h s  d u r i ng f i l l  o pe ra t ion . D ue to the s ho r t  pe r iod o f  
hyd r oc a r bo n  expo s u r e  l i t t l e  long t e rm e f fe c t  i s  expe c t ed . 
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6 .  I RREVERS I BLE OR I RRETRI EVABLE COMMI TMENTS OF RESOURCES 

Of the r e s o u r ce s  c ommi tted to the deve lopme n t  and ope r a­
t iona l p h a se o f  the fac i l i t i e s  a t  the S u l ph u r  M i ne s  s a l t  
dome , o nly a few o f  the se comm i tmen t s  a r e  i r r e ve r s i b l e  o r  
i r r e tr i evab l e . They a r e : 

Wat e r  Resou r c e s  

A s sum i ng t h a t  5 cyc le s a r e  i n vo l ved d u r i ng the  l i fe o f  the 
p r o j ect , app r o x imate l y  5 x 1 0 9 g a l l o n s  ( 1 8 , 0 0 0  a c r e  
f e e t )  o f  M a t e r  wo u l d  be taken d i r e c t l y  f r om t he s u r f ac e  
wa te r sys tem o f  t h e  o n- s i te sal t wa t e r  r e s e rvo i r  ( i nd i r e c t l y  
f r om t h e  S ab i ne R i ve r D i ve r s i o n  C ana l ) , a nd u l t im a t e l y  
i nj e c t ed i n to t h e  d e e p  sal i ne aqu i fe r s . Th i s  w a te r wo u l d  
b e  i r r e tr i ev ab l e  i n  i t s  o r i g i na l  low sal i ne fo rm , s i nce 
the  sal t i n  the dome wo u l d  d i sso lve to s a t ur ate the br i ne 
d u r i ng per i o d s  when w a te r i s  i n  the c av i ty . When the 
amo u n t  o f  s u r f ac e  water  ava i l ab l e  in the a r e a  f r om r un -o f f  
i s  c o n s ide r e d , the  lo s s  o f  th i s  vo l ume over the l i fe o f  
t he pr o j e c t  i s  i n s i g n i f i c an t . 

B i o log i c  Re so u r c e s  

A ma j o r i ty o f  b i o l o g i c  i mpac t s  wo u l d  be sho r t  te r m . 
Fo l l ow i ng t he c on s t r uc t i o n  pe r i od , mo s t  o f  the l a nd c l e a r ed 
d u r i ng f ac i l i ty deve l o pme n t  wou l d  be a l lowed to r eveg e tate 
and wo u l d  r e t u r n  to i t s n a tu r a l  s tate of pr od uc t i v i ty w i th i n  
two ye a r s .  E i g h t  a c r e s  wo u l d  be u t i l i z ed f o r  the comp l e x  o f  
o f f i c e , wa r eho use and s to r ag e  bu i l d i ng s  f o r  the l i fe o f  the 
p r o j e c t . An add i t io n a l  1 3 . 8  ac r e s  of n a tu r a l ly wo oded 
ac r e age w o u l d  be k ep t  c l ea r  of t r e e s  fo r p ipel i ne r i g h t- o f­
way d u r i ng the  l i fe o f  the p r o j e c t . 

C on s t r uc t i o n  M a te r i a l s  

Mo s t  o f  th e conc r e t e , s teel , and o th e r  ma ter i a l s  u sed i n  
c on s tr uc t i o n  mu s t  be con s id e r ed a s  i r r e t r i evab l y  c ommi t ted , 
s i nce no val i d  e s t i ma te o f  sal vage can be made a t  th i s  
po i n t . Appr o x i ma t e l y  3 , 5 0 0  tons  o f  s t e e l  wo u l d  be r equ i r ed 
fo r p ipe , wel l s , and o t h e r  compone n t s . 

E n e r gy 

Dur i ng f i l l  cyc l e s , when p l ac i ng o i l  i n t o  s to r ag e , the 
pump s r eq u i r ed fo r o i l  i nj ec t io n  and fo r br i ne d i spo s al 
wo u l d  cons ume 2 1 . 5  x 1 0 6 k i l owatt-ho u r s over  a 2 4 0  day 
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per i od . Fo r the f i ve p l a nned f i l l  cyc l e s , a total  o f  
1 0 7 . 5  x 1 0 6 k i lowatt-hour s wo u l d  be c o n s umed . 

Twenty - f o u r  m i l l io n  ba r r e l s  o f  o i l  wo u l d  be t r an s po r ted 
f r om S u lphur  M i ne s  to d e s i g n a te d  ma r ke t  r eg i o ns i n  the 
event of a fo r e ig n  o i l  s uppl y  i n te r r upt i o n . The pumps 
r e q u i r ed to d i splace th i s  amo unt of o i l  and load i t  o n to 
tanke r s  over a 1 5 0-day pe r i od i s  5 . 5  x 1 0 6 k i l owa t t­
hour s .  For  the 5 p l a nned w i thd r awa l cyc l e s , a total  o f  
2 7 . 5  x 1 0 6 k i l owatt-ho u r s  wo u l d  be c o n s umed . 

Thus , the  ent i r e  fac i l i ty ene r g y  expend i t ur e ,  a s  p l ann�d 
fo r 5 f i l l  and w i thd r awal cyc l e s , is 1 . 3 5 x 1 0 8 k i l owa tt­
ho ur s . Th i s  total energy c o n s umpt i o n  is  0 . 0 6 3  p e r c e n t  o f  
the eq u i va l e n t  e ne r g y  val ue 2 . 1 2 5 x l o l l  k i l owa tt-ho u r s  
o f  the 1 2 0 m i l l i o n  ba r r e l s  o f  o i l  wh i c h  wo u l d  be s to r ed a t  
t h e  f ac i l i ty d u r ing  the l i fe o f  the p r o j e c t . 

E l e c t r i c a l  powe r needed to ope r a te mach i n e r y  ( s uch a s  
p ump s )  r epr e s e n t s  an i r r eve r s i b l e  and i r r e t r i evab l e  c omm i t­
me n t  o f  ene r gy a nd t h u s , the f u e l s  needed to p r oduce 
the powe r . Because  e l ec t r i c a l  powe r i s  gener a ted by 
fo s s i l  f ue l  w i th i n  the r eg i o n , pe t r o l e um r e s o u r ce s  wo u l d  
b e  expe nd ed t o  p r o d u c e  t h e  ene r gy . D r i l l i ng ,  c o n s t r uc t ion , 
and s h i pp i ng a c t i v i ty a s so c i ated w i th S u lphur  M i ne s  c ommi t s  
c on s ide r ab l e  p e t r ochem i ca l  r e sour c e s  t o  t he p r o j e c t . These 
r e so ur c e s  wo u l d  be i r r eve r s i b ly and i r r e t r i evably expended . 

S a l t  

T h e  deep we l l  i n j ec t io n  o f  the br i ne f r om s o l u t i o n  m i n i n g  o f  
the sal t dome i r r eve r s i b l y  commi t s  a so l i d s al t  r e so u r ce . 
Howeve r ,  bec a u se sa l t  dome s , bed s , and depo s i t s a r e p r esent  
t h r oug ho u t  many pa r t s  of  the  Un i ted S t a te s , and s i n c e  the 
S u lphur  M i ne s  s i te c av i t i es have been c r eated d u r i ng m i ne r a l  
ex t r ac t i o n , th i s  i s  no t a new commi tme n t  o f  r es o u r ce s . 

L abo r 

Labor u sed i n  c o n s t r uc t i o n  and ope ra t io n  o f  the S u l ph u r  
M i ne s i te w o u l d  cons t i tute an i r r e t r ievable expe nd i tu r e  o f  
manpowe r .  The mo s t  cons t r uc t i o n  wo r ke r s  th a t  wo u l d  be 
eng aged a t  the s i te w o u l d  be 3 4 0  w i th an ave r age of app r ox ­
i ma t e l y  1 0 0  man-ye a r s o f  e f f o r t  f o r  t h e  o n e  y e a r  o f  c o n s t r uc ­
t i on . T o  ope r a t e  the fac i l i ty appr o x i ma t e l y  2 0  man-ye a r s o f  
e f fo r t  a r e  need e d  p e r  y e a r . 
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7 .  ALT ERNAT IVES TO TH E PRO POSED ACT I ON 

S eve r a l  a l t e r n a t i ve s  to the p r opo s ed a c t ion have been 
e x am i ne d . The s e  i n c l ude a l te r n a t ive s to r age s i te s , 
a l t e r n a t ive fa c i l i ty compo ne n t s ,  a nd no ac t i o n . 

7 . 1  ALTERNATIVE STORAGE S ITES 

As d i sc u s sed in S e c t ion 1 . 1 ,  the S u lphur  M i ne s  s a l t d ome 
sto r age s i te h a s  been i n c l uded a s  o ne o f  a g r oup o f  n i ne 
cand i d a te s i te s  wh i c h  can p r ov ide sto r age capac i ty to mee t  
the g o a l  o f  the acce l e r a ted S PR p r o g r am o f  2 5 0  m i l l i o n  
ba r r e l s  by 1 9 7 8 . Four  o f  the se s i te s  have been s e l e c t ed 
fo r u se .  The se s i te s  a r e  Bayou Choc taw ( FEA- F E S  7 6 - 5 ) , We s t  
H a c k be r r y ( FEA-FES 7 6 / 7 7 - 4 ) ,  B r yan Mo und ( FEA-FES  7 6/ 7 7 - 6 ) , 
and We ek s I s l a nd ( FEA-FES 7 6/ 7 7 - 8 ) . The r ema i n i ng four  
s i tes .Cote Bl anche ( FEA- FES 7 6/ 7 7 - 7 ) ,  C e n t r al Ro ck ( FE S  
7 6 - 9 ) , I r o nton ( FEA- F E S  7 6- 1 0 ) , a nd K l e e r  M i ne s  ( FEA-F E S  
7 7 - 2 ) a r e  a l t e r n a t ives  t o  S u lphur  M i n e s  fo r t h e  p urpose  o f  
p r ov id i ng t h e  nec e s s a r y  c apac i ty t o  r e a c h  the 2 5 0  m i l l i o n  
ba r r el g o a l . S i te spec i f i c  E IS s  have been p r epa r ed fo r each 
of  th e s e  four  s i te s . 

T h e  imp a c t s  wh i c h  wo u l d  r e s u l t f r om deve l opment o f  each  o f  
the cand i d a te s i t e s  a r e  d e s c r i bed b r i e f l y  i n  S e c t i o n s  7 . 1 . 1 -
7 . 1 . 4 .  The ind i v i d ua l  sta teme n t s  sho u l d  be c o n s u l ted fo r 
a d e t a i l ed a s s e s sment o f  these impac t s . 

7 . 1 . 1  C o t e  B l an c he 

C o nve r t i n g  the C o te B l anche sa l t  m i ne i n to a 2 7 -m i l l i o n  
ba r r el o i l  s to r age f ac i l i ty wou l d  r eq u i r e r e l o c a t i o n  o f  
ex i s t i ng m i n ing ope r a t i o n s , c on s tr uc t i o n  o f  a new pump 
s h a f t  a t  the ex i s t i ng m i ne ,  e n l a r geme n t  o f  a b a r g e  s l i p , 
and c o n s t r uc t io n  o f  fo u r  b a r ge load i ng p l a t fo rms and 
a s so c i ated p ipe l i n e s  to the s i te . Al tho ugh they a r e  n o t  
l i k e l y  t o  cause  l o n g  t e r m  adve r s e  impac t s , cons t r u c t io n  
a nd ope r a t io n  o f  th i s  f ac i l i ty wo u l d  a l te r  t h e  l o c a l  
e nv i ro nme n t  i n  seve r a l  s i g n i f i c a n t  way s . The s e  e f fe c t s  
ar e s hown i n  Tab l e  7 . 1  a nd d i sc u s sed be low fo r s to r age 
s i te acqu i s i t io n  and co ns t r u c t io n , dock  fac i l i t i e s  and 
p i pe l i ne s , ma r i ne ope r a t i o n s , and f ac i l i ty ope r a t i o n s . 

S to r age S i te Acqu i s i t i o n  and Co n s t r uc t io n  

T h e  ma j o r  cons tr uc t ion ac t iv i ty a t  the s to r a g e  s i t e  
i t sel f ,  s i n k i ng a new 1 2- fo o t  p ump sha f t  and p ump s ta t i o n , 
wo uld r eq u i r e  m i n imum s u r f ace g r ad i ng ove r 1 a c r e  and 
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Table 7 . 1  Envi ronmental Impact Summary Cote B l anche 
S t . Mary P ar i sh , LA 

r- Actlvlty _________ Impacts Due to Activity _______ _ 

STORA.3 SITE Ca.ISTRUCTIOtl 

12 ft � Shatt and Auocute� 
A.bow9ro1a1d lq\U'911nt 

DOCK rACI t.ITU::S 

lu,e S Up and 4 k.r9e t.o.di n9 
P l a t fo,_. 

PIPE I.IMES 

Po\U' 0 .  S-ai Pipeline• Bet:ween Doc 
and S i u  

P i pe l i ne  to S t .  J urie s  vi• kyou 
heh• (80 ai )  

P i pe l i ne  t o  S t .  JUie• Y h  
At chah lay e  (60 L )  

MAAI ME OPEM.TIClfS 

PACIUTr' OPERATICMS 

GEOLOGY MO SOI LS 

Surface 9radin9 of 1 acre: no 
i11p<1ct on •1ne a t r uc t u n ;  ••C411Ya­
uon of l S , 000 cu. y dti .  of 

M t e r i a l  for land f i l l  dupoeal; 
loss of aalt reao1.1rC'e di.ae to 
�•orption; fractun unlikely due 

to &baence of fault.in9. 

Eip.tnditd ace.ea to 1 a l t  depoa i t 1 ;  
in creased qradinqs a n d  aoil 
erosi on .  

SO\ r.duction i n  s i  ta excavation 
and 9radi n9 . 

250,000 cu. yda. soi l dnd9ed: 
1 1191'\tly 1ncnued runoff fbar9• 
alip now dred9ad b1annua l l y ) .  

01at1.1rbanc• o f  aand, a 1 l t ,  and 
clay so i l • ;  i ncreased runo f f .  

T•mporary dis ruption o f  • o d •  
a l on 9  ri9ht-of -way , u s u l t in9 in 
runoff. 

T•WlpOr&ry d.i•ruption o f  soila 
alon9 nC)h t-of-way , n-sultin9 i n  
r W'l o f f .  

Increa•ed erosion o n  b a nk s  o f  I C:W  
a n o  acce•• cana l .  

I.t.ND USE 

Mo i11pact. 

llfATEl QCJALIT't I.ND SUPPLY 

Iiaiper.abilit.y of Nlt O f ! H t l  

potential i.9pact1 o n  9round­
.. ter sy•t.•; no �c t • .  

20 a· n •  of �lture a n d  forest for ShC)ht decnue froei soll e r o S L or. 
ditvelo'911n t  of new a.i. ne .  and runoff.  

Surface acreaqe required for aine 
n te would be una ltered. 

Alteration of 9 acres frOlll aarsh 
to o�n water 1 20 acres required 
for aboveqround stora9e, of wh i ch 
lS acres a n  •anhland and upland 
fore s t .  

A.bout l acres atf.cted b y  repre­
Hnteth• SOO-bbl spi l l ;  lffpa9e 
and aove•ent to b.lr9e slip where 
it would be contained. 

a.duct.ion •ros 1 on and 1 1 l u 1 t l o n  

associated w i th  9radin9. 

S aa l l  decreue at s i te o f  excava­

tion and dred99 dapos a l ;  i n c r e a • •  

i n  800, <lecrease in DO ,  reducti on 

i n  pH, increase in nutl"ienta, 
possible i n c r e u e  in heavy N ta � s ,  

sua�nded 1olld1 i n  ecces• cana ls . 

Mo 1i9ni he ant i91pact on qround or 
surf&c• water , 

Alteration of 1201 acre& , of which Pouible low•rin9 of pH and 00 and 
60\ al"e undi1tu1"bed SWiU!ip. i ncreaae 1 "'1  nutrient concentra­

tions and BOO fro• depos i t  of 
excavated aoi l s ;  no i11pact on 

9round water; oil sp i l l  i91pacts 
l••• th a n  with b.lr9e 1y1t••· 

Dist urbance of 923 acre•, of wt1.1c:h Sa .. as f i rst a l ternative. 
42\ are unduturbed swa111p . 

No impact. S l l qh t l y  i ncreased turbidity i n  
IC"91 a.nc.l access c a n a l  f r o m  b•rqe 

operation s ;  runi111a l  i�&C't froci1 
s p i l. l e d  oil ( 17:24 bar r e ls expected; 

6 0 , 000 aaxi11nm.J due to 11111ted 
potential. for l ne r � l  spce adin9 . 

Greeter disruption of 1oi l 1  dlJll! to "°" land reqw red tor dock Fewe r water impacts due to 
expected • p i l l a 99  o f  42\ l.e1 1  oi l .  need fol" larqer bar9e h c i h ti.s f•c i h t i es .  

and pi�lin• acros1 u land. 

llo i.apac t .  Jrilo impact., 
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Table 7 . 1 Environmental Impact Summary Cote Blanche ( Cont . )  

A.I R  QUA.LIIV 

Smal l qua n t i t i es of dust and NCK , 
SC!.., from cc.�. s t ruct1on vehicle 
ex!'\aust nc v 1 o l .,. t 1 or, of 
s t a n d a r d s .  

S l l qht ly i n c r e a s e d  du�t a n o  
con s t ruct1on veh 1 c l e  exhaust 

S l lqht re-duct1on u ;  d < r  e11'1 s s 1 ons 
dur1nq con s t r;Jct 1 0�. f r°"' those o! 

niine relocation ot-.t 1 on .  

S l lqt:t hydro.:arbon e1111 s s 1 on s . 

S l l qh t  h y d rocarbon elftl S S l or. s .  

S l l qh t  hydroca rbon e mi s s i ons . 

Hydro'"arbon e mi s s i on s  dur1nq 
t r 611S l t  a t  an an n ;.i a l  rate of 244 
tons/y r ,  and d u r i n g  vessel- tv­
ve s s e l  t r a n s f e r s  at an annual rate 
o f  1200-1 300 tons ; y r .  T4I'l)c.er­
barqe transfers would .:ause hydro­

carbon conce n t r a t i ons i n  excess of 

160�9"1/111 · as far as 6 B m1 . 
downw i n d .  

Hydrocarbon e m 1 s s 1 oris 37\ l owe r 

than from srt1aller barqes . 

Hydrocarbor. e N S ! Hons dunnq barqe 

load.lnq at an annual rate of 7 ) 1  
tons/y r ,  c&USlnq concentrauons i n  
e :w. c e s s  o f  160,,91"/m � as far as 4 111i .  
�nwlnd. HJ.nor hydrocarbon and 

hydroqen s u l fide e m.i s s l ons from 
s y s t ell'I le&ka� dunnq pum.pinq and 
a.inor s u l t u r  d.lo:w.ide eaussions 
froai flannq o f  vapors dunnq t i l l .  

NOISE 

Less than 6 dP- i nc r e a s e  in n i q h t ­
t 1 me  al!lb1ent s o u n d  l e v e l s  in 

nearby undeveloped areds dur1nq 

con s t ruct l On ;  nu lncrease ln 
nearby town s .  

ECULOGY 

No ilflpa c t .  

) 7  t o  70 dB at 5 0 0  f e e t  f r1 r  qround Mo i111pact s ;  s i te o f  new lllne 
re f n qe r a t 1 on on e 4 w prrie nt and a l r eady h 1 q h l y  d i s t u r be d .  
s e rv 1 ctc>  c: h a f t  cons truct \ o n ,  
explos l ve s ;  no impact on nearby 
towns , however 

No1se lcYels  red..i.ced OYt:: r m 1 r.e 
re l o c a t 1or-. or-•" 1 0• 

7 1  dF l O  hours each day a t  500 
feet f rorr. p i l e  d n ve rs for barqe 

dock i:.ons t r u c u . o n ; no unpact 
nearby towns due to d 1 s tance. 

6 8  dB at 500 fee t .  

As above. 

5 5  dB a t  500 feet for o_ne ban;ie 

passby ; frequency of occurence to 
i n c rease by less than one add1-
t 1 o n a l  passby pe r  hour over 

present rate for 28- lllOn t h  f i l l ,  5-
rnonth w 1 t h d rawal period; no i s e  
levels occurrinq o v e r  1 2  111t...n ths i. f  
Weeks a l s o  deve loped and barqes 
used tor trans fe r .  

S l l q h t l y  less i.npact than s N l l e r  
barqe s .  

Loadinq ano un l oadinq barqes 

result i. n  5 5  dB at 500 feet ( a t  

l e a s t  1 2  dB l ow e r  than e : u s tinq 
backqround l . 

7 - 3  

No i mpa c t . 

Removal o f  5 0  • 10' 9ra1T1S dry 
we1qht of oyster l)ra1s ; adverse 
lmpact to 6 x 10' 9rams ot 
orqan1sms , � s t ly blue c r a b .  

Sp1 l l s  reach1nq no.a. r s h  beyond barqe 
shp probably would affect l e s s  
than 5 a c r e s  a n d  would be a l lowed 
to weathE>r and deqrade natu r a l l y .  

More adverse impacts on ecoloqy o f  

of urur1od i  f i e d  sw&111p forest t h a n  o n  
Atchafalaya route a n d  o f  dock 

construction. 

Less i111pact than Bayou Teche 

SN.l l risk to all fauna and wi ld­

l i fe ir.hab1t1nq coastal aarshes 
frOD'I s p i l l e d  oi l ;  te!llpOrary d i s ­

ruption of veqetation where o i l  
s p i l l e d .  

Less i 111pact due t o  l ow e r  expected 

vol� o f  s p l l lP.d ol l .  

llo •dd.i.tiOMl �ct:. 

SOCIOECONOMIC 

Loss o f  S26 ,000 property tax per 
yea r ;  no adverse l!!lpact 
archaeolog1 c a l  s l t e s . 

2'0 , 000 !!l&n-wee�s o f  construction 
over 8 3  weeks with earn1nqs of 

S 2 , 30C , OOC per year for 2 year s ;  

i f  1n 1 n 1 nq i n te r r u p t e d ,  unert1ploy-
1M n t  or unde remployl'lle nt o f  60 1111 n e  
worke r s  for 74 week s a n d  earn1n9s 
loss o f  S L  7 m1 l l 1 o n ;  if mininq 
not i n t e rrupted, cont1nuat1on o f  

2 5 , 000 !Mn-weeks o f  labor o v e r  1 0 3  
weeks a n d  earn1nqs o! $ 4 , 000 , 000 
per year !or 2 ye a r s .  

E l l ll'l l n a t i o n  o! S l . 2  m l l l l o n  

an n ua l ly in q r o s s  waqe s ;  local 
loss o f  120 Jobs ; induced loss o f  

2 0 0  &e rv1ce Jobs l n re91on . 

I n c l uded above . 

I n c l uded above; protect1on of 
pot e n t i a l  for archaeoloqical f i n ds  
b y  presence o f  s t a t e  a r chaeolo91 a t .  

Le s s  ope ration expense th a n  for 
barqe transpor t ;  construction 

ert1ployinent o f  150 persons for one 
y ea r .  

Le s s  ope ration expense than for 

bar� transport;  con s t r u c t 1 on 

e111Ployment o t  120 pe r s ons for one 
y ea r .  

S 1 qn 1 f 1cant increased de-nd for 
b.lrqe r;; , tuq boa t s ,  crews with re­
sultant expa.nded e.aployw.ent and 
inca.e in reqion; need for prior 1 -
ties in equip111e n t  u.se durinq e-r-
9ency; possible i•pa.ct to recrea­
tional use of water nearby frOftl o i l  
s p i l l ;  aiqniflcant cleanup c o s t s .  

5 1 1 ¢\ t l y  q r e a t e r  than dock. 
ope r a t i o n .  

2- 3 pe naanent employees t o  IDOn!tor 

equipment. and provide secur i t y ; 1 5  
people f o r  5 mionths d u r i n q  w i t h ­
drawa l ;  1 5  pe o p l e  f o r  10 -=>nths 
d u r i n q  re f i l l . 



the r e fo r e  c r e a te o n l y  sma l l , l o ca l i z ed inc r e a s e s  in d u s t , 
a nd o f  veh ic le exhau s t  f r om con s tr uc t ion equ ipme nt . 
E c o l og i c a l  e f fe c t s  wou ld be l im i ted t o  m i no r  accumu l a t ions 
of  d u s t  on f o l i age i n  t he immed i a te v i c i n i ty o f  the 
c o ns t r u c t ion . P r oposed f r ee z i ng of the a r e a  s u r r ound i ng 
t he pump s h a f t  wou ld p r eve n t  any cons t r uc t ion d i s tu r ba nce 
to the g r oundwa te r .  

Deve l opme nt o f  a r e p l a ceme nt m i ne wou ld requ i r e  co ns id e r ­
a b ly mo r e  con s t r uc t ion a c t i v i ty .  Appr ox ima tely 2 0  a c r e s  
o f  l a nd now i n  pas t u r e  and fo r e s t  wou ld be needed f o r  new 
m i ne de ve lopme n t . G r ad i ng at t he new m i ne s i te wou l d  
i n c r e a s e  so i l  e r o s ion and r un o f f and lowe r s u r face wate r 
qual i ty i n  t he l o ca l a r e a . The u se o f  d r i l l i ng mud a r ound 
the wa l l s o f  the ho le to p r eve nt wa te r  i n f l ow wo u l d  
p r o t e c t  g r oundwa te r .  

Al though gove r nment acq u i s i t i on o f  the m i ne s i t e  would 
e l i m i na t e  the  annual p r op e r ty tax of  $ 2 6 , 0 0 0 ,  c on s t r uc t ion 
of the s to r age fa c i l i t i e s , i nc l ud i ng do ck s and p ipe l i ne s , 
would p r ov ide 2 0 , 0 0 0  ma n-we e k s  o f  labor  fo r 8 3  wee k s  and 
to t al annual e a r n i ng s  o f  $ 6 . 3  m i l l i on fo r two year s .  
E c on om ic ga in r e s u l t ing f r om a n  i n t e r r upt ion in m i n i ng to 
a c ce l e ra te t he s to r age sched u l e wou ld be o f f s e t  by 
un emp l oyme n t  o r  unde rempl oyme n t  of 1 2 0 m i ne w o r k e r s  and a 
l o s s  o f  $ 1 . 7  m i l l i on in e a r n i ng s . I f  Dom t a r  de c i ded not  
t o  con s t r u c t  a new m i ne , the  1 2 0 j o bs pe rmanen t l y  l o s-t� 

would e l i m i na te annual  e a r n ing s o f  $ 1 . 2  m i l l i o n . The 
mu lt ip l i e r  e f fe c t  of t h i s  de c i s ion would e n t a i l  t he l o s s  
o f  anothe r 2 0 0  s e r v ice j o bs and as s o c i a ted i ncome s  w i th in 
the reg ion . 

Doc k F ac i l i t i e s  and P ipe l i n e s  

E n l a r gement o f  t h e  ba rge s l i p and cons t r uc t ion o f  fo u r  
ba rge load i ng p l a tfo rm s  wo uld r e qu i r e excava t ion a nd 
d i sp o s a l  o f  2 5 0 , 0 0 0  c ub i c  ya r d s  o f  so i l  m a te r i a l s  to 
c r e ate 9 a c r e s  of ope n wate r f r om ma r s h l a nd a nd i nvo lve 
a no t he r  20 a c r e s  of ma r sh and f o r e s t . Cons t r u c t ion o f  
four  hal f-m i l e p ipe l i ne s  be twe e n  the d o c k s  and t he s to r age 
s i te wou l d  a l so d i s tu r b  so i l s  on the i s l and . 

S u r face water  q ual i ty would d e c r e a s e  i n  the a c ce s s  c a na l 
n e a r  the ex cava t i on and d i spo s a l  s i tes  w i th i n c r e a s e s  in 
b i o log i cal oxyge n demand ( BOD ) a nd n u t r i e n t s  and de c r e a s e s  
i n  d i s s o lved oxyge n ( DO )  a nd pH . S i nce t h e  ex i s t ing ba rge 
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s l i p i s  now d r edged b i -ann u a l ly , the add i t i o n a l  e x c av a t ion 
a s so c i at ed w i th en l a r geme n t  of the d o c k  fac i l i ty wou l d be 
les s s ig n i f icant  than in an othe rw i se u nd i s tu r bed a r ea . 

The do c k  c on s t r u c t ion would n o t  a f fec t any r a r e  spec ies  
bu t w o u l d  r emove a sma l l  q uant ity of  vege t a t i o n  ( e . g . , 
oys ter g r as s ) , and bo t tom o rg a n i sm s  ( e . g . , b l u e  c r ab ) . 

As  an a l t e r n a t ive to en l a r g i ng the dock , the cons t r u c t ion 
of a p ipe l i ne f r om Cote B l anche to S t .  J ame s , f o l l ow i ng a 
r o u te a l ong e i the r B ayo u Teche ( 8 0 m i l e s )  o r  the 
Atch a f  alaya R ive r ( 6 0  m i le s ) , is mo r e  l i k e ly i f  both 
C o t e  B l a nche a nd We e k s  I s l a nd are  deve loped fo r s to r age . 
The Bayou Teche r o u t e  would a f f e c t  a l a rge r numbe r o f  
ac r e s  ( 1 , 2 0 1  as  oppo s ed to 9 2 3 ) , o f  wh ich  a g r eat e r 
p e r c e n t age i s  now und i s tu r bed . Bo th r o u tes w o u l d  deg r ad e  
the q ual i ty o f  s u r f ac e  wa t e r  by l owe r i ng pH a n d  D O  and 
i n c r e a s ing n u t r i en t  conce n t r a t ions and BOD f r om depo s i ts 
o f  excava ted s o i l s . Howeve r , by s uppl a n t ing the ba r g e s , 
the p ipel i ne would cause  l e s s  impa c t  f r om o i l s p i l l s . The 
p ipel i ne w o u l d  be mo r e  e xpens ive to con s tr uc t  b u t  l e s s  
expe ns ive t o  ope r a t e  than the ba rge f ac i l i t i e s . 

M a r ine  Ope r a t i o n s  

The u s e  o f  b a r g e s  fo r t r anspo r t ing o i l  t o  and f r om the 
s t o rage f ac i l i ty would i nc r ea s e  e r os ion a l o ng the bank s o f  
the I n t r ac o a s tal Wa te rway a nd would i n  t u r n  inc r e a s e  
t u r bid i ty .  Ove r t h e  l i fe t ime o f  t h e  p r o j e c t , i t  i s  
expe c t ed t h a t  a bo u t  2 , 7 0 0  b a r r e l s  o f  o i l  w o u l d  b e  s p i l led 
a nd t ha t  the max imum c r ed i b le sp i l l  ( G u l f S ho r e )  would be 
6 0 , 0 0 0  ba r r e l s  f r om a 4 5 , 0 0 0  DWT t an k e r . Al though s l ow 
w a te r c u r r e n t s  and m i n ima l wave ac t ion would i nh i b i t  the 
o i l f r om spr ead i ng ,  the o i l  r each i ng s ho r e  would d e s t r oy 
ma ny sens i t ive m a r s h  spec i e s , wh ich wo u l d  regene r a te a f te r  
two y e a r s .  

T r anspo r t i ng the o i l  to and f r om the dock  a t  the s to r age 
s i t e  would r e s u l t  i n  s i g n i f icant  hyd r o c a rbon em i s s i o n s , 
both d u r i ng t r a n s i t  and a t  the t r an s f e r  po i n t s  in the 
M i s s i s s ipp i R i ve r and in the Gul f of M e x i c o . S y s tem 
l e akage ( " b r e at h i ng " )  l o s s e s  f r om tank e r s  and ba r g e s  wo u ld 
o c c u r  a t  a max imum a nnual a tmosphe r i c l o ad i ng r a te o f  2 4 4  
tons/ye a r  d u r i ng f i l l  and w i thd r awa l . These em i s s ions 
wo u l d  be  d i spe r s ed a l ong the M i s s i s s ip p i  R ive r - I n t r a­
c o a s t a l  Wate rway r o ute f r om the G u l f  to the s t o r age s i te .  
VLCC- t a nk e r  t r a n s fe r s  i n  the G u l f  and t a n k e r-b a r g e  
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t r a n s fe r s  i n  the M i s s i s s ipp i R ive r wou ld cau se em i s s ions  at  
max imum a nn u a l  r a tes o f  1 , 2 2 0 tons/ye a r  and 1 , 3 0 0  tons/ye a r  
r e spe c t ive l y . U nde r w o r s t  case  atmo sphe r i c cond i t io n s , 
t r ans fe r s  a t  the M i s s i s s ippi  R ive r t r an s f e r  po i n t  w o u l d  
cau se hyd r o c a r b o n  concent r a t ion in exce s s  o f  t h e  th r ee-hour  
Fede r a l  s tand a r d  o f  1 6 0  µ gm/m3 a s  f a r  as  6 . 8 m i l e s  
d ow nw i nd . T h e  S t a te o f  Lou i s i ana c u r r e n t l y  exemp ts f r om 
r e g u l a t i on em i s s ions f r om c r ude o i l  t r an s fe r s . 

As  an a l t e r nat ive to sma l l  b a r ge s ,  l a rge , seago i ng ba rge s 
m i g h t  be u sed to t r anspo r t  pa r t  o f  the o i l  d i r e c t ly 
be tween the t anke r s  i n  the G u l f and the s i te . Th i s  sy s tem 
wou ld r eq u i r e  l a r ge r dock  fac i l i t i es and a p ipel i ne ac r o s s  
the i s l a nd c r e a t ing a g r e a t e r  impac t o n  the eco l ogy o f  the 
i s l a nd . Howeve r ,  the i r  u s e cou ld r e s u l t  in a 4 2  pe r cent  
r e d uc t ion i n  sp i l led o i l  a nd a 37  p e r ce nt r e d uc t ion i n  
hyd r oca r bon em i s s ions . 

F ac i l i ty Ope r a t i o n s  

T r an s fe r r i ng t h e  o i l  f r om t h e  s to r age cave r n  t o  t h e  ba r g e s  
a t  t h e  dock wo u l d r e s u l t  i n  s ig n i f i c a n t  hyd r o c a r bon 
em i s s i o n s  as  the ba rge t an k s  a r e  f i l led w i th o i l  a nd the 
vapo r s  c on t a i ned t h e r e i n  are ve nted to t he a tmosphe r e . 
These ve nt ing lo s se s  wou ld o c c u r  a t  a max imum a nnual  
a tmo sphe r i c load i ng r a te o f  7 3 1  tons/ye a r . U nde r wo r s t  
c a se atmo s phe r i c cond i t ions , t h i s  ope r a t ion wou l d  cau se 
hyd r o c a r bon conce n t r a t ions in exce s s  o f  the th r ee - h o u r  
Fede r a l  s ta nd a r d o f  1 6 0  µgm/m3 a s  f a r  as  4 m i l e s  d ownw i nd . 
Becau se o f  un ava i l a b l e  sy s tem l e ak s , m i n o r  amo u n t s  o f  
hyd r o c a rbons and hyd r og e n  s u l f ide wou l d  be em i t ted d u r i ng 
f i l l i ng o f  the s to r age c ave r n  as  a r e s u l t  o f  f l a r ing o f  the 
vapo r s  that w o u l d  be ve nted d u r i ng that  ope r a t ion . 

F i f tee n emp l oyees  w o u l d  be ne eded d u r i ng the 1 5 0-day 
w i thd r awal a nd t he 3 0 0 -d ay r e f  i l l  pe r i od s .  Only two to 
t h r ee pe rmanent emp l oyees  would be needed t o  ma i nt a i n  
secu r i ty o n  the s i te d u r i ng the s to r age phase o f  the 
pr og r am .  
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7 . 1 . 2  I r o nton 

C o nve r s i o n  of  the I r onton l imestone m i ne i n to a 2 1 -m i l l ion  
b a r r el o i l  s to r ag e  f ac i l i ty wo uld r e qu i r e  cons t r uc t ion o f  
two new vent sha f t s ; p ump i ng o u t  and c h em i c a l ly t r eat i ng 
seepag e wate r c u r r en t l y  i n  m i n e ;  seal i ng two ex i s t i ng 
s ha f t s  w i th d o ub l e  con c r e t e  b u l k h e ad s  upon comp l e t ion o f  
the ins tal l a t i o n  o f  the pum p i ng e q u i pment ; i ns tal l i ng o i l  
p i pe l i ne s , pump man i fo ld s  and me t e r i ng equ ipmen t  between 
the new pump s t a t i o n  and p ump sh a f t ;  i n s tal l i ng a n  e l e c t r ical  
powe r s u b s t a t io n ;  c o n s t r uc t i ng a 1 3 -m i l e p i pe l i ne connec t i o n  
be tween t h e  s i te and Ashl and Re f i n e r y  sys tem and cons t r uc t i ng 
p ipe l i ne term i n a l  f ac i l i t i es a t  o r  ne a r  Ashl and ' s  C a t l e t t sb u r g  
T e rm i nal . C o n s t r uc t ion o f  th i s  f ac i l i ty i s  n o t  expe c t ed t o  
h ave l ong t e r m  adve r s e  env i r onme ntal  impac t . E x cept f o r  the 
r emo t e  po s s ib i l i ty of a l a rg e  o i l  s p i l l ,  a ny n eg a t ive imp a c t  
i s  expe c t ed t o  be s ho r t  term and m i no r  i n  natur e ,  ( see 
Tabl e 7 . 2 ) . 

S t o r ag e  S i te C o nve r s i on and Con s t r uc t i o n  

C o nve r s ion o f  the I r on t o n  l ime s to n e  m i ne t o  an o i l  s to r ag e  
f ac i l i ty r eq u i r e s r emoval and t r eatme n t  o f  seepage wa te r , 
r emoval o f  ex i s t i ng s h a f t  equ ipme n t , s i n k i ng o f  two new vent 
s h a f ts , c o nve r s io n  o f  one o f  the ex i s t i ng sha f t s  to 
ac commodate p ump ing eq u ipmen t , seal i ng of  the sec ond s h a f t  
a f te r  und e rg r o und cons t r uc t i o n  i s  c ompl e t e , c on s t r uc t ion o f  
und e rg r o und d r a i nage channe l s  and a p r ov i s ion f o r  a s ump 
b e l ow the p ump sha f t . Dur i ng con s t r uc t ion ac t i v i ty t h e r e  
wo uld be inc r e a s e s  i n  fug i t ive d u s t  l eve l s ,  em i s s i o n s  f r om 
cons t r u c t ion veh i c l e s  and amb ient  no i se l eve l s .  The s e  
e f fe c t s  would be l o c a l i z ed and t empo r a r y . 

Deve l o pment o f  the s t o r ag e  fac i l i ty wo uld p r o v i d e  3 , 6 0 0  
ma n-week s o f  l abor  f o r  a 5 5-we ek p e r iod and a total  e a r n ing s 
o f  abo u t  $ 1 . 5  m i l l i o n . M i ne conve r s io n  wo uld c o s t an 
e s t imated $ 1 . 0  m i l l i on and o i l  h a nd l i ng equ i pme n t  and 
d i s t r i b u t i o n  fac i l i t i es an e s t ima ted $ 6 . 7  m i l l i o n . The 
total  p r o j e c t  d eve l opment c o s t  wo u l d  be mo r e  than $ 7 . 7  
m i l l i o n  o r  $ 0 . 3 7 pe r ba r r e l  o f  o i l  s to r ed . 

P ipe l i ne C on s t r u c t i o n  

An 1 8 - i nc h  d i ame te r , 1 3 . l -m i l e  l o ng p i pel i ne would be 
requ i r ed to c o n ne c t  I r on t o n  s t o r ag e  fac i l i ty w i th the 
C a t l e t ts b u r g  T e rm i nal l o c a ted at A s h l and Re f i n e r y . The 
4 0- fo ot w i d e  r i g h t- o f -way c o r r i d o r  of the p ipe l i ne wou l d  
a f fect  6 4  a c r es o f  i nd u s t r i al , l ow- i ncome r e s iden t i a l  and 
fo r e s t l a nd s . C o n s t r uc t ion ac t i v i ty ,  i nc l ud i ng b l a s t i ng a nd 
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Tab le 7 . 2  Environmenta l Impa ct Summary I ronton 

Lawrence County , Ohio 
r Actlvlty_.,.-------- 'mpacts Due to Activity __________ _ 

WATER tal.ITY AND SUPPLY LNID US! 

Stora9e Site 
and Tenainal 
Facilit ies 
construction 

Pipel ine 
COn1truct ion 
!U-aila pipe­
line between 
CAtlattol>ur9 
T<lrainal and 
oite) 

GEOLOGY AND SOILS 

Sl i9ht eroaion of bar• 
9round1 •iniaal re-
9....Si119 of ai t•. 

40 acre/feet ot dis­
turbed soil over routei 

8 acre/feet of soil 
eubject to runoff 
eroaion . 

Pipeline Accident• Soil fouled in vicinity 

(Between St. J ... o of pipeline . 

Terwinal and 1it•) 

Facility 
Operation 

Marin• Operation 

No impact .  

su.11 .-:>W\ t  o f  ero1ion on 
harbor bot..,.. 

2 acrH for pap nation 
on aitei 2 acrea for 
pipeline tenainal 
facilities. 

6 3 . 5 2  acre• for pipeline 
ri9ht-of-way corridore. 

S l i9ht possibility of 
an oil spill reachinq 
developed vater recre­
ation ar•••· 

No impact. 

llO 1-ct. 
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Little adver•• impact to 
Ice Creek or Ohio River 
from 40 • i l l ion 9allon• 
of treated aine aeepaqe; 
no ei9nificant 9round 
water cont .. ination . 

Sli9ht increase in 
turbidity, ouapended 
aolida, and sediment 
loadil'l9• in Ice Creek : 
lowerin9 of pH, incr�••ed 
h .. vy metal concentration, 
increased nutrients and 
BOD in Ohio River , 1i9ni­
f icant adverse impact 
localized and te111porary 
only. 

(9etween Catlettabur9 Terai.nal 
and. 1ite) Averaqe expected •Pill 
ai ... in surface ve.ter1 i• 1, 000 
barrel•; Mxiaum credible spill 

... i ... -3000 barre l • ;  aliqht chance 
of oil 1pil l reachinq Ohio River 
and affectinq downatreu vater 
1uppliea. E.Xpected tot.al YOlt.me 
of oil apilled-205 barrel• (between 
St . J' ... • and Ca tlet tabur9 
Terainal) ; .u.iMm credible 1pill 
10, 000 barre l 1 .  

Minimal impact expected ; no 
d i 1ch.ar9e of vastes to 1ur­
face vater or ground water; 
very remote possibility of 
contall\ination resulting 

f ro• accidents involvin9 
explosion from oil pressur­
ization, aeepa9e of oil from 
�ine , or displacement of o i l  
resulting from veter inflow 
into mine1 . 

Mui- credible spill in Gulf 
60 , 000 barrel•; tot.al expected 
opUlaqe of 585 b&rrelo-105 at 
St • .JAMa, 480 in M.iaai1aippi 
Ri vu or in the Gulf. 



Tab l e  7 . 2  Environmental Impact S ummary 

A I R  QUALITY 

Sma l l  qua n t i t i es of 
du s t ,  NO , so2 , CO and 
hydrocar&ns aue to 
con s t r u c t i on veh i c l e  
a c t i v i t y ;  n o  v io l a t ion 
o f  pr imary standard s .  

Increased du s t ,  NO , 
so2 , CO and hydroc�r bo n s  
d u e  to c o n s  t r u e  t ion 
ac t i v i t y ;  no v io l a t ion 
o f  pr Un a r y  standard s .  

Hydroca r bo n  vapor 
em i s s ions from spi l l ed 
o i l .  

4 2  lb/day hydrocarbons and 
. 04 lb/day hydrogen s u l f i de 

expected from leakage o t  
vapors from p i pe l i nes ; 1 4 1  
lb/day H2 S emi tted i f  ca­
vern un f l a red ; 281 lb/day 
502 e m i t ted if vapors are 
f l a r e d ,  no violat ion o f  

p r i ma r y  s t andards . 

"Breathin9" losses from tankers and barqes-in.a.xi.mwn annual rate 
ata:ispheric load in9 rate of )0 tons/yr . ;  maxi111U111 a.nnual hydro­
carbon emission rates tor t..ruter 
trans fer s in Gulf-600 tons/yr . ;  
trans fers at St. Janes would cau.ae 
emissions in excess of 3-hour

) Federal standard ot 160 lJ<Jll/• as tar •• 7. 5 a.ile1 dovnwi nd .  

NOISE 

l dB and 5 d B  increase 
in d a y t i me  and nighttiine 

.a mb i e n t  sowid levels 
"in the city o f  Ironton. 

6 dB, i nc n;ase in ambient 
sound l ev �l s  l m i l e  from 
p.ipe

�
l i ne coii s t ru c t i o n ;  9i d B  noi�� l e v e l  a t  

1 000 f e e t  from b l a s t i n g  
through s u r face l ime­
stone. 

No i se from clean up 
ope r a t i on s .  

N o  a n t i c i pa t ed increase 
in ambient sound level 
in city o f  Ironton; 
equ i v a l en t  sound level 
con t r i bu t ion from 
pipe l ine faci l i t ie s  i n  
the Cat l e t t sburg 
Termin a l  would be about SS dB a t  SOO feet . 
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.
ECOLOGY 

S i t e  a l ready h i g h l y  
d i s t u r bed ; neg l i g ib l e  
l o s s  o f  habi ta t .  

Lo s s  o f  2 7 00 square 
feet o f  aqua t i c  h a b i t a t  
f r o m  r ig h t s -of -way 
throcgh 9 sm a l l  
streams ; 2 0  a c r e s  o f  
woodland habitat l o s t  
d u e  to pipel i n e  r ig h t ­
of-wa y .  

Siqnificant i1np4cts 
include : oil ing ot 
birds, Nlll"ICl\a ls &l'ld 
aqua tic organi H\S ,  1099 
ot &b:::>ut 5-7 acres ot vegeta tion a.nd grass­
lands ,  {between 
Ci1tlett sburg Terminal 
and s i te ) , loss ot 
vild l i fe habitat a.nd 
food supp l y ,  and 
contamina tion ot soi l s .  

No impa c t . 

llui- credible oil api l l  
tor the GI.al t oo l.a.l. d  render 
840 to 1 , 680 acre• ot .. rah 
non-productive tor 2 yeara . 

I ronton ( continue d )  

SOCIOECONOMIC 

Ko impact on any known 
archaeo l og ical or hi storic 
resource; no signif icant 
transpor t a t i on impd c t ;  
t o t a l  g r o s s  payro l l  o f  

l 

$1 . S  m i l l io n ;  loss of S SSoo 
in prope r t y  taxes i f  
federa l l y  owned. 

Inc l uded i n  above i mpa c t s .  

2 - )  pennan ent employees 
needed to moni tor equipment 
and provide secur i t y ;  8-10 
person• required tor 107 weeks durinq f i l l  and 21 
week a dur inq withdrawa l .  

Reduced •rket.Abi l ity o t  fish fouled 
by o i l ;  possible increase in demand 
tor t..ruter• .. y have poai tive effect 
on 9C'Ol'I09)' . 



u s ing t r u c k s  and h e avy equ i pme n t , wou l d  cau se inc r e ased 
n o i se level s ,  f ug i t ive d u s t  leve l s , and ve h ic le s  em i s s i o n s . 
Dur i ng e x cav a t io n  and back f i l l i ng o f  the p ipe l i ne t r en ch , 
the so i l  p r o f i l e  would  be i nve r ted a nd d i s tu r bed , l e av i ng 
t he so i l  v u ln e r ab l e  to r u no f f  - e r o s ion p r oc e s s . Because o f  
t h e  b l a s t i ng o f  l ime s to ne l o c a ted c lo se t o  the l and s u r f ace , 
r e s t o r a t ion wo u l d  be r eq u i r ed . 

P ipe l ine T e r m i n a l  Fac i l i t i e s  Con s t r u c t ion 

The co n s tr uc t i o n  o f  the  p ip ing , i n s t r ume nt a t i o n  and e l e c t r i c a l  
sys tems l o c a ted a t  o r  n e a r  t h e  C at l e t t sb u r g  t e r m i na l  w i l l  
d i s tur b abo u t  2 a c r e s  o f  l and . C on s tr uc t io n  a c t iv i ty wo u l d  
c au se i n c r e a s ed no i se leve l s , f ug i t ive d u s t  leve l s  and 
veh i c le em i s s i o n s . T h e s e  e f fe c t s  wo u l d  be l oc a l i zed and 
tempo r a r y . 

F ac i l i ty Ope r a t i o n s  

T h e  s to r age f ac i l i ty wo u l d  b e  f i l l ed b y  a p ipe l i ne th r o ug h  
t h e  C a t l e ttsburg  t e rm i na l  a t  a r a te o f  abo u t  2 8 , 0 0 0  BPD ove r 
app r ox imately 7 5 0 day s .  O i l  wou l d  be w i thd r awn at a r a te o f  
1 4 0 , 0 0 0  B P D  ove r a 1 5 0  d ay w i thd r awal  pe r i od . App r o x ima tely 
4 2  pound s o f  hyd r o c a r bo n s  pe r day wou l d  be em i t ted f r om the 
s to r ag e  cave r n  d u r i ng f i l l  pe r iod s ; a tempo r a r y  f l a r e  sys tem 
would  be used  as a sa fe ty p r ec a u t ion to r ed uce concent r a t i o n s  
o f  comb u s t i b l e  g a s e s  and s o 2 i n  t h e  m ine a r e a . 

E ig h t  to ten s k i l l ed emp l oye e s  would be r eq u i r ed d u r i ng 
the 1 5 0  day w i thd r awal and the 7 5 0 d ay r e f i l l  pe r i od . Two 
o r  th r ee emp loye e s  would  be s u f f i c i en t  to c a r r y  o u t  r o u t i ne 
ma i nt e n a nce , equ ipme nt mon i t o r i ng , and s e c u r i ty pr oced u r e s  
a t  the s to r ag e  s i te d u r i ng s tandby s to r age pe r iod s . 

O i l  Sp i l l s  

Th e  poten t i a l  f o r  o i l  s p i l l ag e  a t  both  the I r onton f ac i l i ty 
and t he C a t l e t ts b u r g  t e r m i nal  h a s  been p r o j e cted t o  be 
0 . 0 1 0 5 sp i l l  i n c i d e n t s  per s ing le f i l l  cyc le ,  a nd 0 . 1 0 5  
sp i l l  i nc i d e n t s  ove r the p r oj e c t  l i f e t ime . The ave r ag e  
sp i l l vo l ume pe r i nc ident i s  c a l c u l a ted to b e  3 0 0  ba r r e l s , 
w i th a max imum c r ed i b l e  sp i l l  be i ng 3 0 0 0  bar r e l s . The 
p r o j e c t ed vo l ume o f  o i l  r e l e a s ed d u r i ng the p r o j e c t  l i f e t ime 
i s  3 0  bar r e l s . 

The expe c t ed n umbe r o f  sp i l l  i n c id e n t s  o f  the p ip e l ine 
f r om the I r onton s t o r age s i te to the  C at l e t t sb u r g  te rm i na l  
i s  . 0 1 3  i nc i d e n t s  pe r s ing l e  f i l l i ng cyc l e  and . 1 4 ove r 
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the p r oj e c t  l i fe t ime . The ave rage s p i l l  vo l ume i s  e s t imated 
at 1 0 8 3  b a r r e l s , w i th a max imum c r ed i b l e  s p i l l  of 3 0 0 0  
ba r re l s . The p r o j e ct ed vo l ume o f  o i l  r e l e a s ed d u r i ng the 
p r o j ec t  l i f e t ime is  1 5 6 . 

T r anspo r t a t i o n  o f  C r ud e  O i l  f r om t h e  G u l f o f  Me x i c o  and 
the C a t l e t ts b u r g  Term inal  

A l l  f ac i l i t i es r eq u i red for  the  t r an s f e r  o f  c r ud e  o i l  
f r om the G u l f o f  Mex i c o  and C at l e t t s b u r g  T e r m i na l  a r e  
p r e s e n t l y  i n  ope r a t ion . The r e  wo u l d  be no cons t r u c t i o n  
r e l a ted impac ts , be cause  no new c ons tr uct i o n  w o u l d  be 
requ i r ed . 

S ig n i f i c a n t  hyd r o c a r bo n  em i s s ions wo u l d  o c c u r  d u r i ng each 
f i l l  ope r a t ion at the fac i l i ty l o c a t ions : 6 0 0 tons i n  the 
G u l f  of Mex i c o  s o uth of the M i s � i s s ipp i R ive r ; 3 0  tons in 
t r anspo r t  up th e r ive r to S t . J ame s , Lo u i s iana ; 4 2 0  tons a t  
S t  J ames Te r m i n a l ; 1 3 . 5  t o n s  a t  t h e  t a n k  fa rms in P a to k a , 
I l l i no i s  and Owensbo r o , Kentuc ky . Dur ing the l i f e  o f  the 
p r o j ec t  an equ iva l e nt of app r o x ima tely 3 5 , 9 3 0  ba r r e l s  of o i l  
wo u l d  be em i tted to the atmo sphe r e . Max imum c r ed i b l e  s p i l l  
s i z e  fo r p ipel i ne a c c idents  i s  1 0 , 0 0 0  ba r r e l s . 

I n  t r an s po r t ing c r ud e  o i l  f r om the G u l f  o f  Me x i c o  to 
C a tl e ttsbur g ,  the e x pec ted total  vo l ume of o i l  s p i l led 
d u r i ng the p r oj e c t  l i f e t ime wo u l d  be 5 7 0  b a r r e l s . O f  th i s  
total , 1 5 0 ba r r e l s  wo u l d  be r e l e ased i n  the G u l f o f  Mex i c o  
o r  M i s s i s s ippi  R ive r be low S t .  J ame s , Lou i s i a n a  and the 
r ema inde r would be r e l e as ed acc i d e n t l y  f r om the C ap l i ne or 
A s h l and p ipel i ne s . THE VLC C to t a nk e r  t r a n s fe r s  of c r ude 
o i l in the G u l f a nd tank e r  to s to r ag e  tank t r an s fe r s  at 
S t . J ame s would c a u se em i s s ions at max imum a nn u l a  r a tes o f  
6 0 0  tons/y e a r  and 4 2 0 ton s/ye a r , r e spec t ive l y . T r an s f e r s  at 
S t .  J ame s , unde r wo r se case  cond i t i o n s  wo uld c a u se hyd r oc a r bon 
conce n t r a t ions in e x ce s s  of  the 3 - h o u r  Fede r a l  S t and a r d  o f  
1 6 0  M g/m3 a s  f a r  a s  7 . 5  m i l e s  downw i nd . 

7 . 1 . 3 C en t r a l  Roc k  

C o nve r s i o n  o f  th e C e nt r a l  Roc k  l im e s tone m i ne i n to a 
1 4 -m i l l ion  ba r r e l  o i l  s to r ag e  f ac i l i ty wo u l d  r eq u i r e  r e l o c a t ion 
of  the  ex i s t i ng m i n ing ope r a t ions ; c on s t r u c t ion of  a new pump 
s h af t and app u r tenant f ac i l i t i e s  at the s to r ag e  s i te ; 
c o n s t r uc t ion o f  an o i l  p ip e l i ne f r om Cent r a l  Roc k  M i ne to 
T a te C r ee k  Te r m i na l ; a nd c on s tr uc t ion of te r m i na l  f a c i l i t ie s  
( i nc l ud i ng two 1 2 0 , 0 0 0 bar r e l  s to r ag e  tank s )  a t  T a t e s  C r e e k  
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T e r m i na l . C o n s t r u c t ion o f  th i s  fac i l i ty i s  n o t  expec ted to 
have l ong t e r m  adve r s e env i r onmental impac t . Any neg a t ive 
impac t is e x pe c t ed to be sho r t  term and m i no r  i n  n a tu r e , 
( s ee Table  7 .  3 ) . 

S to r ag e  S i te Conve r s io n  a n d  Con s t r uc t i o n  

C o nve r s i o n  o f  t h e  C e n t r a l  Roc k  l imestone m i ne t o  a n  o i l  
s to r ag e  f ac i l i ty r eq u i r e s  r emoval o f  the ex i s t i ng s h a f t  
equ i pme n t , s i n k i ng o f  a new pump sha f t , i n s ta l l a t ion o f  o i l 
p ump s and c a s i ng s , a nd s e a l i ng t he ex i s t i ng p r o d uc t io n  
d e c l ine and s e r v i c e  sha f t .  A m i n im a l  amo u n t  o f  s u r f ace 
g r ad i ng wou l d  be r equ i r e d  ove r  an area o f  abo u t  2 a c r e s  
i nc l ud i ng s u r face a r e a  r eq u i r ed b y  new m i ne d eve l opment . 
Du r i ng t h e  c on s t r uc t ion ac t iv i ty the r e  wo u l d  be an inc r ea se 
i n  f ug i t i ve d u s t  level s ,  po l l u t a n t s  f r om c o n s t r uc t io n  
veh i c l e  em i s s i o n s , a nd amb i ent no i se leve l s . Howeve r ,  these 
e f fe c t s  wo u l d  be l o c a l i z ed and tempo r a ry and wou l d  cease 
upo n comp l e t ion of  c o n s t r uc t ion . 

Deve l opme n t  o f  New M i ne S i te 

Re l o c a t i o n  of the m i n i ng ope r a t io n  wo u l d  r e qu i r e the 
e x c av a t i o n  of a p r o d uc t i o n  and a c c e s s  d e c l i ne , and the 
d r i l l i ng o f  a s e r v i c e  sha f t . The s u r face equ i pment and 
cons t r u c t ion techn ique emp l oyed wo u l d  be s im i l a r  to tho s e  
u sed a t  t h e  s to r ag e  s i te ; howeve r , the excav a t i o n  p r o c e s s  
wo u l d  r eq u i r e  u s e  o f  e x pl o s ive s . Both amb i e n t  and impac t 
so und leve l wo u l d  i nc r ea se i n  the v i c i n i ty o f  the p r o j e c t  
d u r i ng con s t r uc t ion a n d  e xc ava t io n . As c on s t r uc t ion ac t iv i ty 
p r oc e eded f ur the r unde r g r ound , aud i b le sound leve l s  wo u l d  
dec r e as e .  

C o n s t r u c t ion o f  the sto r age f ac i l i ty and r e l o c a t i o n  o f  the 
m i n i ng ope r a t io n  wou l d  p r o v i d e  abo u t  9 , 0 0 0  m a n-we e k s  o f  
l abor f o r  a 7 9 -week pe r i od ( 5 9 wee k s  w i th the tempo r a r y  m i ne 
s hut down opt i o n )  and total  ear n i ng s  o f  abo u t  $ 2 . 9  m i l l i o n . 
Ec onom i c  g a i n  r e s u l t i ng f r om an i n te r r u p t i o n  in m i n ing to 
a c ce l e r a t e  the s to r ag e  sc he d u l e  wo u l d  be o f f se t  by unempl oyme n t  
a nd unde r emp loyme nt o f  u p  t o  1 2 0 m i ne wo r ke r s  and a l o s s  o f  
$ . 7  m i l l i o n . 

P ipe l i ne C o n s t r uc t i o n  

A 1 3 . 5  m i l e  l o n g  p ipel i ne 1 6  i nches  i n  d i amete r wou l d  be 
r eq u i r e d  to connect  the C en t r a l  Roc k  s to r ag e  fac i l i ty w i th 
the A s h l a nd o i l  boo s te r  T e rm ina l at T a te s  C r e e k . The 
4 0 - fo o t  w id e  r ig h t-o f-way c o r r ido r o f  the p ipe l i ne wou l d  
a f fe c t  6 5  ac r e s  o f  l a nd . Co n s t r u c t ion ac t iv i ty ,  w i th the 
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Table 7 . 3  Environmenta l  Impact S ummary Central Rock 
F ayette County , Kentucky 

rActlvlty_.,._ _____ fmpacts Due to Activity __________ _ 

Storaqe Site 

and Ten1in.l 

rac i l i ti•• 

Conatruction 

and Nev Mine 

Development 

Pipeline 

Conatruction 

(U.5 Ill.le pipel 
-- Tat•• Cr 
ftrainal and •ite) 

AHO SOIL 

Surf•ce Grading of 1 1  

acres; no i.apact in •ine 

structure; a l ight erosion 

of bare ground; •inor 

destruct ion of weathered 
bedrock surface; excava­

tion of 1 0, 000 cubic 
yards of mater ial ; 

expanded access to l ime­

stone deposits. 

TelDporary di sruption of 

about 4 1  acre/feet of 

soil alonq ri9ht-of­

vay, about 8 . 2  acre/ 

feet of soil subject to 

runoff erosion. 

Pipeline Accident• Soil fouled in vicinity 
(ktweeo St.  J ... a of pipeline . 

Te�nal and site) 

Facil ity 

Operation 

liar ine Opera ti on 

No illlpac t .  

Small UlOunt of eroaion on 
harbor bot toa. 

11 acres tot•l for aite 
and ten1inal fac i l ities. 

Temporary disturbance 

of 65 acres of aqri­

cultural and grazinq 

land . 

Min illla l  illlpact to land 

use . 

No impact . 

No impact. 
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WATER UALITY 

Decrease in quality of water 
shed streams due to runoff 

erosion process; s i l tation 

and increased turbidity in 

stream; increased sedimenta­
tion within S111a l l  impound­

ments downstream of project 

conatruction. 

Increase in the runoff 

erosion process;  temporar­

i l y  hi9her inf i l tration 

rate along pipe l i ne trench. 

Poaaible contutination of aur­
f•c• water or shal lov aquifer, 
total expected oil spi l l age ii 
203 barrel1 (between Tates Creek 
Te�nal and aite) ; -.ri­
credible api l l  ii HOO barre l s .  
Total expected vo l .- of o i l  
•Pilled ii 165 barrels (between 
St. James and Tates Creek Terainal) 

and the aaxiam credible spill 
i a  1 0 , 000 barre l s .  

Minim.al impact ,:xpected ; no 

d i scharge of wastes to 

surface water or ground 
water ; very remote possi­

bi l i ty of con tamination 

resul t i nq  fran incidents 

involving explosion from 

oil pressurization , seepage 

of oil from mine , or dis­

pl acement of oil resu lting 

from water inflow into 

mines . 

ll&xil!IUll credible 1pill for Gult-
60, 000 barrels; expected total 
oil apilled-390 barre l a ,  70 barrels 
at St. J'a.mes and 120 barrels on 
Kiui11ippi River or in the Gulf. 



Tab le 7 . 3  Envi ronmental Impact S umma ry Central Rock ( continue d )  

!\ I R  QUllLITY 

I n crea sed dust , NOx , so2 • 
CO, and hydrocarbon s 

due to construction 

veh icl e act iv ity . 

I ncreased dust , NO , so2 , 
CO , and hydrocarho�s 
during construct ion 

a�t iv i ties . 

Hydrocart::xJn vapor 
emission from spil led 
01 1 .  

Minor hydrocarbon and 
hydrogen sulfide emission 
froat system leakage dur1n9 
pumping and 111inor so2 
U'lissiona f'ro111 flaming of 
vapors during f i l l .  Daily 
los1 of approx ilMtely 85 
pounds of hydrocarbons t.o 
atmosphere fro111 storage 
t..anll dur ing period• of 
f i l l ;  vorst-case emiss ions 

would exceed 160 ).lq-m/1113 
for less than i. mile dovn­
wind. 

"Breat.hin9" losses from ta.Mera 
and bar9es-rr.axill'IUlll annual 

atm:>spheric loadinq: rat• of 
20 tons/yr . ; N.ximum annual 

hydrocarbon elfti1sion rate for 
tanker transfers at S t .  Ja.ea-

280 tons/tr . : tranafer• at 
S t .  Ja.ines vould cause e.J11is1 ion1 

in excess of 3-hour Federal 
standards of 160 µqll.fa3 •• far 

as 7. 5 miles downwind . 

NOISE 

sma l l  increase of aboUt 
2 dB 11111bient Ld and 
5 <SB ambient L in city 
of Lexington dUr ing 

construction ; impulse 

noise leve l s  fran 

blasting as high as 91 
dB at 1000 feet . 

Increase of a.bout 6 
d.B in ambient L

d 
at 

pasture lands 1 m i l e  

f r om  construction 
activ ity . 

Noise from clean ­

up operat ions 

Ambient sound level 

ant i c ipa t ed t o  be 

55 dB at 500 feet , or 
11 dB lower than 

ex i st i ng background 
ambient sound l eve l .  

ECOLOGY 

Storage site already 

highly disturbed: 
n eq l igible loss of 

habitat; about 9 acres 
of pasture-crop land 
habitat lost at the 

Tates Creek Termina l .  

Temporary removal of 

pasture habitat a long 

pipe l in e ;  phy s ical 

di sruption of about 

300 square feet of 

ex i s t ing streain bed 
aquat i c  habi tat . 

Sign if ican t  impacts 
1 ikely to occur to 
terrestrial vegeta­

t ion , manna l s  and 
bird s .  and to aquat ic 

organisms. 

No impact . 

ll&X1- crecSU>le oil api ll 

for th• Gulf co1.1ld render 
840 tD 1680 acr•• of -.rah 

non-prod1.1ctiv• for 2 yu.r1 . 
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SOCI OECCtlOMI C 

No impact to any known 
historical or archae­

oloq ica l resource; loss 
o f  about $ . 7  ai l l ion in 

salar i es if 120 work.er a 
are laid o f f  for 2 0  
weeks a n d  a r e  unable to 

f i nd replacement 

employment .  

Included i n  above impac t s .  

No impact . 

2 - 3  permanent employees 

needed to monitor equip­

ment and provide site security;  8 - 1 0  employees 
required for 5 1110nths 

during withdrawal and 16 
months during f i l l .  

lleduced INlrk.etability o f  fi•h fo1.1led 
by oil 1 poed.bl• incr•••• in demand 
for tanker• a&y have poaitive effect eel 
on the economy . II 
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u se o f  t r u c k s ,  he avy e q u i pment and b l as t i ng , wo u ld c au se 
i n c r eased no i se leve l s , fug i t ive d u s t  l eve l s , and ve h i c le 
em i s s ions . Dur ing excava t ion a nd ba c k  f i l l i ng o f  the 
p i pe l i ne t r ench , the so i l  p r o f i l e  wo u l d  be i nve r t ed a nd 
d i s t u r bed , leav i ng the so i l  vul n e r ab l e  to t he r uno f f-e r o s ion 
p r o c e s s . Becau s e  the p i pe l i ne r ig h t-o f-way c o r r ido r i s  in 
a n  a r ea deve l oped in va l uab le r aceho r s e  p a s t u r e  land s , 
r es to r a t i o n  o f  th i s  l and wo u l d  be a nece s s i ty . 

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

E xpans ion o f  th e T a t e s  C r e e k  T e rm i na l to accommodate t h e  o i l  
f r om Cent r a l  Ro c k  s to r age fac i l i ty w i l l  r eq u i r e  cons t r u c t i o n  
o f  two 1 2 0 , 0 0 0 ba r r e l  s to r ag e  tank s ,  p l u s  pumps , met e r s , and 
a c o n t r o l  s y s tem . Abo u t  9 a c r e s  o f  l and p r e s e n t l y  z oned fo r 
r e s ident i a l  u s e  w i l l  be r eq u i red fo r the expans ion . E nv i r on­
mental  impac ts f r om c o n s t r uc t ion wo u l d  be s im i l a r  to tho s e  
r e s u l t ing f r om m i ne r e l oc a t i o n  and p i pe l i ne co ns t r uct ion , 
a nd wo u l d  be s ho r t  term and m i n o r  i n  na tu r e .  Con s tr u c t io n  
o f  the p ipel i ne and t e rm i n a l  fac i l i t i e s  wo u l d  r eq u i r e  
app r o x ima t e l y  2 0  week s .  

F ac i l i ty Ope r a t i o n s  

P e r i od s  o f  f i l l  and w i thd r awal wo u l d  l a s t  5 0 0  day s and 1 5 0 
days r e s pe c t i ve l y . T h e  s t o r ag e  f ac i l i ty wo u l d  be f i l led by 
p ipe l i ne t h r ough the Tates C r eek T e r m i n a l  a t  a m i n imum r at e  
o f  2 8 , 0 0 0  BPD . W i thd r awal o f  o i l  wo u l d  b e  made at a r a t e  o f  
9 3 , 0 0 0 B P D  t h r ough t h e  Tates  C r e e k  Te r m i na l . 

Appr ox imately 4 2  pounds o f  hyd r oc a r bo n s  p e r  day wo u l d  be 
em i t ted f r om t h e  s to r age cave r n  d u r i ng f i l l  pe r i od s ;  a 
tempo r a r y  f l a r e  sys tem wo u l d  be u sed a s  a s a f ety p r ecau t io n  
t o  r ed uc e  c o n ce n t r a t i o n s  o f  combu s t i b l e  g a s e s  and S02 i n  
t h e  m i ne a r ea . D u r i ng e a ch f i l l-w i t hd r awal cyc le , o i l  wo u l d  
be s to r ed a t  T a t e s  C re e k  T e rm i n a l , and appr ox ima t e l y  8 5  
po und s o f  hyd r o c a r bo ns pe r  day wo u ld be l o s t  to the a tmo s p he r e  
f r om the two 1 20 , 0 0 0  ba r r e l , f l o a t i ng r oo f  s to r ag e  tank s .  
S uch hyd r oc a r b o n  emi s s i o n s  m i g h t  r e s u l t  i n  amb i e n t  concent r a t i o n s  
e x c e ed i ng 1 6 0  µ. g/m3 i n  t h e  immed i ate v i c i n i ty o f  t h e  s i te . 

E i g h t  to ten t r a i ned empl oyees wo u l d  be r eq u i r e d  d u r i ng the 
1 5 0  day w i thd r awa l and t he 5 0 0 day r e f i l l  p e r i o d . Two or 
t h r ee emp l oye e s  wo u l d  be s u f f i c i en t  to ca r r y o u t  r o u t i ne 
ma i n t en a nc e , eq u ipme nt mon i to r i ng ,  and s e cu r i ty proced u r e s  
at the s to r ag e  s it e  d u r i ng s tandby s to r ag e  pe r i od s . 
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The poten t i a l  f o r  o i l  sp i l l age a t  both the C e n t r a l  Ro c k  
S to r ag e  f ac i l i ty a nd the Tates  C r ee k  T e rm i na l  h as be e n  
e s t imated at 0 . 0 0 7 s p i l l  i nc i d e n t s  p e r  s ing l e  f i l l i ng c y c l e , 
and 0 . 0 7  sp i l l  i nc i d e n t s  ove r the p r o j e c t  l i f e t ime . The 
ave r age sp i l l  vo l ume is c a l c u l a ted to be 3 0 0  b a r r e l s , w i th a 
max imum c r ed i b l e  sp i l l  be ing 2 5 0 0 . Howeve r ,  the expec ted 
vo lume o f  sp i l lage ove r the p r o j e c t  l i fe t ime i s  2 1  bar r e l s . 

The  p ipel i n e  f r om the Cent r a l  Ro c k  c ave r n  s to r age s i te to 
the T ates C r e e k  T e rm i na l  wou l d  be la id t h r ough K a r s t  topo g r aphy 
( a  l im e s to ne p l a teau ma r k ed by d i s s o l u t i o n  f e a t u r e s  such as 
s in k s ,  o r  k a r s t  h o l e s , a nd und e r g r ound cave r n s  a nd tunne l s )  
and wo u l d  be subj e c t  t o  b r e a k ag e  i n  case  o f  s in k ho l e  co l l ap se 
and f o un da t ion f a i l u r e . Because of the k a r s t  topog r ap hy , 
the r i s k  o f  o i l  s p i l l  would be g r ea t e r  than normal  fo r 
p ipe l i ne s . The sp i l l f r equency e x pe c t a t ion p e r  s ing l e  
f i l l i ng cyc l e  w o u l d  b e  0 . 0 0 9 , and 0 . 1 5  o v e r  t h e  p r o j e c t  
l i fe t ime . The av e r ag e  sp i l l  vo l ume i s  e s t im a ted a t  1 0 8 3  
ba r r e l s , w i th a max imum c r ed i b l e  sp i l l  o f  3 5 0 0  ba r r e l s . The 
expe c t ed vo l ume of sp i l l ag e  ove r  the p r o j e c t  l i f e t ime is 1 6 1  
ba r r e l s . 

T r anspo r ta t i o n  o f  C r ud e  O i l  f r om t h e  G u l f  o f  Me x ico t o  
T a t e s  C r e e k  T e r m i n a l  

A l l f ac i l i t i e s  r e q u i r ed f o r  t h e  t r an s f e r  o f  c r ude o i l  f r om 
th e G u l f o f  Mex i c o  to T a t e s  C r e e k  T e rm i n a l  p r e s e n t l y  e x i s t  
and a r e  i n  ope r a t io n . N o  new cons t r u c t i o n  w o u l d  be r eq u i r e d , 
the r e f o r e , t h e r e  would be no co n s tr uc t ion r e l a ted imp ac t s . 

T h e r e  w o u l d  be l o ca l ly s ig n i f icant  i n c r e a s e s  i n  hyd r o c a rbon 
em i s s i o n s  d u r i ng each f i l l  ope r a t io n . I t  i s  es t ima ted that 
4 0 0  tons o f  hyd r o ca rbon em i s s i o n s  would be r e l e a sed to the 
a tmo s phe r e  a t  the G u l f of Me x ico s o u th of the M i s s i s s i pp i  
R i ve r ;  2 0  ton s  i n  t r anspo r t  up the M i s s i s s ipp i R ive r to S t .  
J ame s , Lo u i s i ana ; 2 8 0 tons  at S t . J ame s T e rm i na l ; 6 tons at 
the P a to k a , I l l i no i s , tank f a rm ; and 4 . 5  ton s  at th e Owen s bo r o , 
K e n t uc ky t a nk f a r m . Th i s  amo u n t s  to 8 1 0 . 5  t o n s  p e r  f i l l  
cyc le , a nd 4 0 5 2 . 5  tons  o f  hyd r oca rbon o r  appr ox imately 
2 4 , 6 3 0 ba r r e l s  o f  o i l  for  5 c y c l e s . 

A total  o f  5 5 0 ba r r e l s  o f  o i l  a r e  expec t ed to be sp i l led 
d u r i ng p r o j e c t  l i fe t ime , w i th 3 9 0  ba r r e l s  expe c t ed to be 
r e le ased i n to the G u l f o f  Me x i co o r  the M i s s i s s ipp i R iv e r  
below S t . Jame s ,  L o u i s i ana . T h e  r em a i n i ng 1 6 0  bar r e l s  a r e  
e xpe c ted t o  b e  r e le a s ed a c c idently  f r om C apl i ne o r  Ashl a nd 
p ipe l i ne s . The max imum c r ed i b l e  sp i l l  i s  es t imated to be 
6 0 , 0 0 0  ba r r e l s  fo r t an k e r s  in the G u l f  and 1 0 , 0 0 0  b a r r e l s  
f r om t h e  p ip e l i ne sys tem . 
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7 . 1 . 4  K l ee r  M i ne 

C onve r s io n  of  an ex i s t i ng s a l t m i ne to a 3 0 -m i l l i o n  ba r r e l  
o i l  s to r age fac i l i ty a t  K l e e r  M i ne wo u l d  i nvo lve the con s t r u c t ion 
of  a n ew r epl aceme nt salt  m i ne , mod i f i c a t i o n  o f  ex i s t ing 
m i ne fac i l i t i e s  to r e c e ive o i l , c o n s t r uc t i o n  of a 4 2-m i l e  
p i pe l i ne ( 2 2 - i nch p ipe ) , and mod i f i c a t i o n  o f  the Texoma-W i nn sb o r o  
T e rm i n a l . Al though they a r e  no t l i ke l y  to c a u se long term 
ad ve r se impac t s ,  c on s tr uc t ion and ope r a t i o n  o f  th i s  fac i l i ty 
wo u l d  a l t e r  th e l o c a l  e nv i r onme nt i n  seve r a l  s ig n i f i c a n t  
ways . Th e s e  e f fe c t s  a r e  shown i n  Tab l e  7 . 4 a nd d i s c u s sed 
be low fo r s to r age s i te acqu i s i t i o n  and cons t r uc t ion , dock  
f ac i l i t i e s  and  p ipe l i ne s , ma r i ne ope r a t i o n s , and  f ac i l i ty 
ope r a t i on s . 

S t o r age S i te Acqu i s i t i o n  a n d  Con s t r u c t ion 

The maj o r  c o n s t r u c t ion ac t iv i ty a t  the  sto r ag e  s i te wo u l d  
r e qu i r e m i n imum s u r f a c e  g r ad i ng o v e r  1 0  a c r e s  a n d  the r e f o r e  
c re ate on l y  sma l l ,  l o c a l i z ed i nc r e a s e s  i n  d u s t  and o f  
veh ic l e  e x h au s t  f r om con s tr u c t ion equipme n t . 

C o n s tr uc t i o n  o f  a new sal t m i ne to replace  that conver ted 
fo r o il s to r age wo u l d  i nvo l ve 1 0  ac r e s  o f  i nd u s t r i a l  l a nd . 
The o i l s to r age p r og r am wo u l d  be sched uled so as  n o t  to 
i n t e r r upt s a l t  m i n i ng .  Th i s  p r og r am wo u l d  r eq u i r e  appr ox ima t e l y  
2 1 , 0 0 0  man-we e k s  o f  l ab o r  a n d  p r o v i d e  an e s t ima ted $ 7 . 3  
m i l l i o n  i n  s a l a r i e s . 

Devel opment o f  an ad d i t i o n a l  1 4-m i l l i on ba r r e l s  o f  s to r age 
i s  an op t io n  that wo u l d  h ave a r e s u l t i ng l o s s  i n  s a l t 
prod uc t ion . W i th a 4 0-week  c e s sa t i o n  i n  s a l t pr o d uc t i o n  a t  
K l e e r  M i ne , d e s ign ed t o  exped i te t h e  compl e t i o n  o f  the 
sto r age fac i l i ty ,  2 2 , 5 0 0  man-we e k s  o v e r  6 4  week s c o u l d  be 
r eq u i r ed .  

The ne t e c on om i c  e f fe c t  o f  th i s  opt i o n  i s  the d i f fe re n c e  
between th e c o n s t r u c t i o n  ea r n i ng s  ( $ 7 . 3  m i l l i o n )  a nd the 
l o s t m i ne emp l oyee and oppo r t un i ty e a r n i ng s  ( $ 1 . 0 4 m i l l i o n ) , 
o r  a ne t i n c r e a s e  o f  $ 6 . 3  m i l l i o n  i n  wag e s . 

Doc k Fac i l i t i e s  and P ipel i n e s  

O i l  wo u l d  b e  de l i ve r ed t o  t h e  W i nnsbo r o  T e r m i nal  ( Wi nn sbo r o , 
Tex a s )  by p i pe l i n e  f r om the Tex oma T e rm i na l  ( Nede r l and , 
Texa s ) . Al l fac i l i t i e s  r eq u i r ed to t r an s po r t the o i l  f r om 
the Texoma T e rm i n a l  c u r r e n t l y  ex i s t  and a r e  i n  ope r a t i o n ; 
th u s  no new c o n s t r uc t i o n  i s  r eq u i red a t  th i s  s i te .  At the 
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Table 7 . 4  Environmental Impact Summary Kleer 

Van Z andt Countv , T e x a s  
- Actlvlty------- •mpacts Due to Activity---------

eon..aJ.Ofl of 
.. i•tiall ult. 
ai• tG JO 
au lioll ltriHTel 
oU ator ... 
facility ") 

coamtnct!Oll 
of r .. l�t. 
Nlt � wiU1 
.,, 

�I uu..-th• u u. 
...,.... .,. .... ... l ... 

(C9\.i• l) -
inHr�loa 
of ult a&.a-
1,,., 
(C9\.i• 2) 
tn.urr,..c.ioa 
of Nlt .U.. '"' 

PlnLillEI 
O:.STltUCTlC. 
tt2 aue. 22-1nct. 

pipel iM . )  

PinLtU ACCIDENTS 
( .. tween Jle4er lan4 

Terainal and aite) 

Expanaion of 
Vinn•boro with 
2 90. oocr1>arnl 
atora99 unk.a 
,,, 

ra.c1Lrn 
OPERATIOJIS 

r1U inq tlO 
90ntha/aton99 
(\lftknOllTI peri­

od) /withdrawal 
tS .:>nth•> 

... Jll'E OP&MTIOM 

-· 

42 ailH a.lOft41 llS 
foot r 19"at-of-way 
in.olwd; pi�liN 
2-J 1 .. t below au.r­
t.ca, 140 acre- I Mt 

f toil dht\arbed; 
21 acn-fMt loat d\1119 
to eroaion. 

Percolation of apil h 
no c19eper tharl wat•r 
t.able or hiqher i11per·viOU9 
l•v.l becauM of low 
.oil perweatiilit.y. Soil 
fouled in vicinity of 
api l l .  

N.iniaal i..,ect.. 

Low seisaic re9ion. 
no effect fr<* Nixi-. 
MiaaJ.city on ..and•r-
9round at.orate and 
only ainor d.aaa99 to 
al.lrfac• faciliti••· 

s .. 11 uiount. of erosion 
on harbor bot.toa . 

10 Kr .. 1nd\18t.rial 
land ....,.ired. 

.. -. 

Me9li9Ud• 1..,ect on 
land \IN . 

l addi t ional acre• of 
oak-•a,,·annah at Texomii • • 
Winnaboro Tenainal 

Jll9st.riction on industrial 
and residential developiaent 
alonq pipe l ine ri9ht-of-vay. 
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-� QUALITY 

Cona.-pt.ift tiiM of wat.er 
r9C1Uired for c-nt • 
Nni Ul'1' and other fiiM• .  

With aini•l wet.er r9<1\IJ.r ... nta. 
l'IO �u on wet.er aupplr1 ait• 
a\lfficiantly elevated to a¥Oid 
in\llldation hoa flood•. 

.. -. 

Poaaibl• U9"1ificant increaM 
1.n tu.rtliidity. aua�nded .olid• 
and aedi•nt loadinq. 

(9etw@en Winnsboro T'erainal and 
s i t e )  averaq• expected apill 
aize 1,081 barl'd•: ex�cted 
t.oul volume spi l led i• 498 
barrels: Nixi.uft credible spi l l 
ia S , 000 barrel"; betw@en 
ttederland and Vinnsboro Terwii­
nal the total ex�cud o i l  
spilled h US barnla; the 
Nixi� credible spi l l  i• 1 0 , 000 
barrels; tesiporary adverae 
i..,ect on water supp ly if an 
oil spill reachH Qu i t111oan lAki.• 
or Lake Cypress Sprinqs. 

l'liniN.l i91p<11c� . 

Sanitary waste d i sposdl vi.• 
aept.ic tanks or (10r t.1hl•· 
cheaical treat111ent r.u· i I 1 t y ; 

averal}e oi l spi l l  .ll •·.wh 
terwiinal por if'll: ith>nt 1 � •  to 
barrels; C•J""C\f'<I to1.1I  ""ol ua.• 
spi l l ed i!I 4':1 b1rrt•b .1t t•.ai.:h 
terwi1n.,,, 1 .  

l'la•l- l:r• .. lihh· i;1 •i l l  Cur C".ul f  
i !\  60,ono 1.-arrrJ'.; t:XpL-c tc..-d 
tot.:il oi 1 :q1il h:od i11 (18':1 
b.lrr•;J?;; HU h.1rr1 • l :i;  �t Jik!odcrland 
1'1;.!rairw.I "'"d foOt; Nrrch in 
transit bctwcc...n Nederland and 
the Gul f .  



Table 7 . 4  Environmental Imp a c t  S ummary 

A I R  QUALITY 

s111.a1 1  lncreases ln 
pa. r t 1 c u l a t e ,  d u s t ,  and 
hydrocarbons ( fro111 vehicle 
eKhaust l•vels during 
const.n.ict1or; ) . 

A �  above . 

As above. 

As above . 

Hydrocarbon vapor elft1ss1ons 
from sr1lled 01 1 .  

l.J J r .1. n g  f 1 1 1  and 1111 thdrawal 
hydrocarbon em11s1on1 fr°'" 

�:��
a

�:c;:�
k

�6�s���;i 
per 

,, t ,rndard to la ll'llle down111ind. 

r>unnq flll 75 lbs. per day 
hydrocarbons •nd . 075 lb•. 
per day H2S lo•t frOlft leak• 
aqe . Hydrocarbon concen­
trat1on less than 194 

, .<'T!rlllft) at JOO 111e tera downwind 
--exceeds 160 1.1qwi;111 3 standard. 

VLCC-tenker transfer• i n  
t h e  G u l  t wo u l d  cauae 
eJ11i s s1on• a t  • 11o1xi..._.. 
&Ml.141 rate of 860 ton a/yr . :  

And 600 ton a/yr . for tanker­
tanlt farri. tranafers. 
Tr-ansfers at the Nederland 
Tenninal would cuase hydro­
carbon concentrations in 
excess of the 160 1iqmi..t11l 
rederal 3-hour standard as 
far as 7 .  75 •iles downwind. 

f'OISE 

�d��
c

�
ea

:�c;!a:e 
of • d.Bnat Grand 
S&line. 

Increase of 68 d.B 
a t  500 feet fro111 
construct ion of 
• h a f t • ;  37 dB at 
500 feet for re­
fn9erat ion p l a n t .  

As above. 

Sound from 66 dB 
to 70 dB at 500 feet 
along route; i91>ulae 
noi11e levels from 
blaating aa high as 
9 1  d.B at 1000 feet. 

Noise fro111 cleanup 
operations. 

Less than 5 5  JB at 
500 feet fro. puapin9 
facility at tera.inal. 

No increaae over uituent 
sound levela a t  s i t e  or 
pipeline P�ln9 station. 

S l i9ht i11p&ct. 

ECOLOGY 

111.iniNl surface operations 
involved; no •ignificant 
i11p1ct. 

Aa above . 

As above. 

257 acre!I oak-savanna�. 
vegetation destroyed and 
'moil aixed; 61 acres of 
bott�land habitat with 
s i m l l a r  effect!! ; 3 1 8  acres 
o f  ta.me pasture h.M>itat 
SubJect to temporary 

e f f e c t ;  di5ruption of 
benthic organ11,111.5 at 
streu crossings ln Sabine 
FUver, Lake f'ork Creek and 
Big Cypre ss Creek Crom 
diat urbed substrate &nd 
sedia..-n t ;  possibly ugni flcant 
losses of eggs a.nd larval 
fl. s h ;  losses o f  fish prob­
ably �nlNl . 

I.-.pacts include veqetation 
d�ged or destroyed; O l l l n g  
of bird1, U.1!1M l s ,  and 
aguatlc organislll.S 111 i t h  
po s s i b l e  subsequent d e a t h o; ,  
loss �f w 1 l d l l fe habitat. 

2 additional acres o f  o&k 
savannah habitat l o s t .  

No a 1 qn i h cant i11p&ct 
other than oil api l l a .  

Maxi ..._ credible o i l  splll for 
the Gulf 11110uld render e•o to 1680 acres of .. rah non-pro­
duct i ve for 2 year s .  
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Kleer ( con tinue d )  

SOCIOECOHOl'!l C 

Daytime population increase 
,by 300 construction worker s ;  
s l  iqht increase 1 n  transient 
hou111ng; s l ight loss of re­
coverable salt due to m.i.nor 
o i l  absorbt ion. 

Co111pletion o f  new Jrllne necessary 
before f i l l ing o f  e x i s t i n g  J11ine 
for o i l  atorage can begin; some 
e111Ployees continuing a t  Morton 
Sa l t ;  2 1 ,  000 Nn-weeks o f  1 &bor 
111 ith $7 . 3  m i l l i o n  payroll or about 
S 5 . 0  lfl l l l i o n  dlsposable inco111e ; 

s1t1a l l  po s i t i ve e f fect on Van Zandt 
County; SON' archaeological s i t e s  
may be affected by constructior.. 

Salt inining inter rupted for 64 week s ;  
1 9 2 , 000 tons s a l t  production l o s t ;  
l 3 1in l l ion ba r r e l s  � r e  o i l  stored 
than Option 1; 200-220 workers af­
fected by teft'lporary ft'line shutdoYn--
90 unerP1ployed or und•rernployed. some 
archaeoloc;-ical s i t e s  IM!y be a f fected 
by construction. 

Possible $ 5 2 , 000 annually i n  t.axes to 
Wood County for p i � l i n e  route, only 
111inor benef1t coinpared with ta• base; 
Sorl'le archaeological sites po s s i b l y  
a f fected b y  construction o f  Pl�line . 

Co!lt of cleanup o f  oil apll l ,  
cost to 111unicipa l i t i e s  for 
e l 11111nating residu.al o i l  
from wat:•r supp l i e s ;  and r e ­
storing recreation a r e a s .  

Mo iltlpllc t .  

HU\Or lncrea•e i n  prope rty 
tax revenues during ope rat ion; 
2 or 3 pera.a.nent e91>loyeea 
a:>ni tor lng u t•; 8- 10 • ._ 
ployeea dur inq 20 a:>nths 
needed for f i l l  and 5 a:>ntha 
tor wi thdrawal . 

Reduced -.rk•tabi l i t y  o f  fish 
fouled by o i l ;  poauble increase 
in derri.and for tankers .. Y have 
positive effect on the econo"'Y . 



W i nn sbo r o  T e rm i na l , i t  i s  e s t imated that 2 add i t i o n a l  
9 0 , 0 0 0 -ba r r e l  s t o r ag e  tank s would  b e  requ i r ed d u r i ng f i l l  
a nd w i thd r awal ope r a t io n s . 

A 4 2-m i l e p ipe l i ne ( 2 2- i n c h )  wo u l d  be r eq u i r ed to connect 
the W i nn sbo r o  T e rm i na l  and the s to r ag e  f ac i l i ty .  The 
cons tr uc t ion ac t iv i ty would  d i s tu r b  1 4 0  a c r e - f e e t  of  so i l  
a nd t empo r a r i l y  i n c r e a s e  tu r b id i ty a nd s ed ime n t  l o ad d own­
s t r e am f r om the s i te ac t iv i ty .  

Mar ine  Ope r a t i o n s  

T a nk e r ope r at i o n s  wou l d  i nvo lve a t o t a l  d i s ta nce o f  9 5  
m i l e s . O i l  wou l d  be o f f l oaded f r om ve r y  l a rg e  c r ude c a r r i e r s  
( VLCC ) t o  3 0 , 0 0 0 DWT t a nk e r s  i n  the G u l f o f  Me x i c o , t r anspor ted 
up th e Neches  R iv e r  ' to Nede r l a nd , Texa s . The max imum 
c r ed i b l e  sp i l l  s i z e  and the expec ted ave r ag e  sp i l l  a s so c i ated 
w i th t a n k e r  t r anspo r t  up the Neches  R i v e r  wo u l d  be 6 0 , 0 0 0  
ba r r e l s  a ntj 7 7 0 ba r r e l s  r e s pe c t ive ly . The l a r g e s t  expe c t ed 
total  s p i l l  vo l ume w o u l d  be a s so c i a ted w i th the t r an s f e r  o f  
o i l be twe en ve s se l s  i n  t h e  G u l f ( 4 5 0  b a r r e l s ) . The total  
o i l  s p i l l age expec ted d u r i ng f ive comp l e t e  f i l l  ope r a t i o n s  
wo u ld b e  9 7 5  ba r r e l s .  

VLCC - t an k e r  t r an s fe r s  i n  the Gul f wo u l d  c ause hyd r oca rbon 
em i s s i o n s  at a max imum annual  r a te o f  8 6 0  to n s/ye a r . Tanke r 
t r a ns f e r  ope r a t ion at Nede r l and wo u l d  c a u s e  em i s s i o n s  at a 
max imum a nn u a l  r a t e  o f  6 0 0  t o n s/ye ar . U nd e r wo r s t  c a s e  
atmo s phe r ic c o nd i t io n s , t r ans fe r s  at Nede r l a nd wo u l d  c ause 
hyd r oc a r b o n  c o n c e n t r a t io n s  i n  exce s s  o f  the th r ee h o u r  
F ed e r a l  s tand a r d  o f  1 6 0  ,,ug/m3 a s  f a r  as  7 . 7 5  m i l e s  downw i nd . 

F ac i l i ty Ope r a t io n s  

The m a j o r  impac t s  as so c i at ed w i th fac i l i ty ope r a t ion wou l d  
o c c u r  d u r i ng f i l l  a nd w i thdr awa l . D u r i ng f i l l  ope r a t ions 
o i l  s to r age t an k s at Nede r l a nd a nd W i nn sbo r o  wo u l d  r e l e a s e  
hyd r o c a r bo n s  a t  r a t e s  o f  2 2 . 5  tons/ye a r  a n d  2 5 . 5  ton s/ye a r  
r es pe c t ive l y . T h i s  wo u l d  c a u s e  the F e de r a l s tanda r d  o f  1 6 0  
µg/m 3 to be e x c eeded a s  f a r  a s  . 4 5  m i l e s  d ownw i nd at 
Nede r l a nd a nd . 2 5 m i l e s  downw i nd a t  W i nn sbo r o . D u r i ng 
w i thd r awa l the e f f e c t  wo u l d  be the s ame at W i nnsbo r o  ( the 
a l l o c a t ion of o i l  to ma r k e t s  has not been made and the r e f o r e  
the an a l y s i s  o f  impac t s  d u r i ng w i thd r awal ex tend s o n l y  to 
W i nnsbo r o ) . At the s to r ag e  f ac i l i ty a tempo r ar y  f l a r e  sys tem 
wo u l d  be u s e d  d u r i ng f i l l  pe r iod s for  comb u s t i o n  of hyd r oc a r bo n  
a n d  hyd r og e n  s u l f ide v apo r s  vented f r om the c ave r n . Appr ox ima t e l y  
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7 5  po und s pe r d ay o f  hyd r o c a r bo n s  ( a t a 5 0 , 0 0 0  BPD f i l l  
r a t e )  wo u l d  be em i t ted d u r i ng th i s  pe r i od .  The s t o r age 
pha s e  o f  the p r og r am wo uld c a u se no add i t i o n a l  s ig n i f i c a n t  
impa c t s . O n l y  3 - 4 empl oye e s  wo u l d  b e  needed to ope r a te 
the fac i l i ty d u r i ng the s t o r age phase . D u r i ng o i l  r e cove r y  
ope r a t io n s , 8 - 1 0  empl oye es wou l d  be r equ i r ed . 
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7 . 2 ALTE RNAT IVE FAC I L I TY COMPONENTS 

The S u lphur M i ne s  f ac i l i ty has been d e s igned fo r 
u t i l i z i ng t h e  mo s t  f e a s i b l e  op t io n s  f o r  d i s t r i b u t ion , 
b r i ne d i spo s a l , a nd r aw wa ter supply sys tem c ompone n t s . 

P o s s i b l e  a l t e r n a t i v e s  and t he env i r o nmen t a l  impac t s  
f o r  each o f  the se compo ne n t s  a r e  s umma r i z ed i n  
T a b l e  7 . S � nd a r e  d i s c u ssed i n  de t a i l  i n  the f o l l ow i ng 
s u b s ec t ions . 

7 . 2 . 1  A l t e r n a t ive D i s t r i b u t ion F ac i l i t i e s  

P r opo sed P ipe l i ne D i s t r i b u t i o n  

The p r e s e n t  p l an f o r  o i l  d i s t r i b u t i o n  to a n d  f r om the 
S u lphur  M i nes d ome is to c o n s tr uc t  a 1 4  m i l e p ipe l i ne 
con nec t ion to the We s t  H a c k be r r y - S un Te r m i n a l  SPR 
p ipe l i ne ne a r  Goose  Lake on the I n t r ac o a s t a l  Wate rway a s  
de s c r i be d  i n  S e c t i o n  1 . 3 . 1 . 5 .  T h u s , t he S un T e rm i na l  and 
the Texoma P ipe l i ne at Nede r l a nd , T e x a s  wo u l d  se rve as  
the s upp ly and d i s t r i b u t i o n  po i n t  f o r  bo th the pr opo s ed 
we s t  H a c k be r r y a nd S u lphur M i ne s  S PR s i t e s . Fo r a d e s ­
c r ipt i o n  o f  t e r m i n a l  oper a t i o n s , see the s uppl eme n t  to FES 
7 6/7 7 - 4 . 

S i nc e  the t e rm i na l  a nd ma i n l i ne d i s t r i b u t i o n  p ipe l i ne 
w o u l d  be con s t r uc t e d  unde r the we s t  H ac k be r r y SPR d ev e l op­
ment , the m a j o r  impa c t  of the pr opo s ed S u lphur  M i ne s  
d i s t r i b u t ion sy s tem wo u l d  b e  the cons t r uc t io n  o f  the 1 4  
m i l e  spur p ipe l i ne . The pr opo s ed r o u t e  wo u l d  e l im i na t e  
appr o x imately 2 4  a c r e s  o f  woo d l and and t empo r a r i ly d i s r upt 
app r ox i ma tely 8 2  a c r e s  o f  dry c l e a r ed l and , pr ima r i l y 
pa s t ur e . The  t o t a l  p ipe l i ne d i s t a nce between S u lphu r 
M i n e s  and the S un T e rm i na l  wo u l d  be 4 8 . 4  m i le s . 

A l t e r n a te T e r m i na l  Lo c a t i o n  

Th e  a l t e r n a t e  d i s t r i b u t ion sys tem pr opo sed f o r  t h e  S u lphur 
M i ne s  E SR f ac i l i ty is  to dev e l op a tank e r  dock on the 
C a l c a s i eu R ive r S h ipp i ng C h annel , abo u t  9 m i l e s  to the 
s o u the a s t . I t  w o u l d  be ad apted f r om the Lone S ta r  C ement 
Company barge d o c k , l o ca ted j u s t  be l ow V i nc e n t  L a nd i ng on 
a 3 5 7 a c r e  plot w i th 3 , 3 8 0  f e e t  o f  r i v e r  f r o nt ag e . The 
s i te p r ov i de s a r a i l r oad a c ce s s , 2 f r e s h  water we l l s  wh i c h  
h ad p r e v i o u s ly been equipped w i th 1 , 0 0 0  gpm p ump s , a nd 
2 8 , 0 0 0  square  feet  i n  f o u r  abandoned bu i l d i ng s . The 
pr e sent d o c k , wh ich was b u i l t  fo r barge t r a f f i c , is  1 , 2 3 0  
feet  long w i th a 1 4  foot  d r af t  capab i l i ty .  

7 - 2 2  



Table 7 .  5 S umma r y  o f  A l t e r na t i ve Fa c i l i t i es and Maj o r  
E n v i r onme n t a l  I mpac t s . 

ACT I ON CONSTRUCT ION I MPACTS 

D I STRIBUT I ON SYSTEM 

1 .  P r opo s ed : P ipe­
l i ne conne c t ion 
to Tex oma 
Te r m i n a l  

2 .  A l t e r nate : Ad ap­
ta t io n  o f  L o ne 
S t a r  D o c k  

3 .  A l t e r na t i ve : 
C o n ne c t ion to 
E x i s t i ng 
Ref i ne r i e s  

P ipe l i ne co nne c t i o n  
mu s t  c r o s s  appr . 1 4  
mi . o f  m i xed fo r e s t s , 
ag r i c u l t u r a l , a nd 
pa s tu r e  l a nd s . Maj o r  
tempo r a r y d i s r u p t i o n o f  
habi tat a l o ng Bayou 
Cho upique . Re cove ry 
beg i ns w i th i n  l yea r .  
May take 3 ye a r s  a f te r  
aba ndo nme nt to r e s to r e  
t o  na t u r a l  s tate . 

D r edg ing tanke r be r t h -
0 . 3 3  x 1 0 6 c u  yd s ,  
d i spo s a l  on 2 0  a c r e s  
o f  d i s tu r bed s po i l  a r ea , 
sca t t e r ed ma r s h  en v i r on­
me n t . Ons i te g r ad i ng 
and t a n k  cons t r u c t ion 
on ind u s t r i a l  p r ope r ty 
( 1 7 ) o f  3 5 6  ac r e s ) . 

N i ne m i . p ipel i ne tem­
po r a r i l y d i s tu r bs 1 8  
a c r e s  m i xed p i ne f o r e s t  
and 3 7  a c r e s  o f  c l ea red 
l a nd . P a r t ia l ly p a r a l ­
le l s  e x i s t ing r i g h t- o f ­
way . D r y  l a nd co n s t r u c ­
t i o n  tech n i que requ i r ed . 

C i t i e s  S e r v i ce Re f i ne ry : 
D r edg i ng , spo i l  d i spo s ­
a l , te r m i n a l  con s tr uc­
t i on much the same as  
fo r Lone S ta r . Seven 
mi . p i pe l i ne f o l l ows 
same r o u te a s  for c o n­
nec t i on to Lone S t a r . 
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OPE RAT I ONAL I MPACTS 

Wo u l d  s e r v i ce o the r 
SPR s i te s  i n  th i s  
s to r age r eg i on . 
Sma l l  cha nce o f  a 
sp i l l  ( 3 . 0 % p r oba­
b i l i ty of me d i an 
sp i l l , 1 0 0 0  bbl s ) . 
E xcep t f o r  wa te rway 
c r o s s ing , the e f fe c t  
o f  a l e a k  wo u l d  be 
loca l i z ed .  S p i l l  
i n to wa te rway wo u l d  
requ i r e eme rge ncy 
tr eatme n t . 

I nc r ea sed tanke r 
t r a f f i c ( max . one 
tan k e r  pe r day , hand l e s  
1 6 7  MBPD , d u r a t i on 5 
mo . )  Sma l l  r i s k  o f  
damag i ng o i l  s p i l l  
( 7 • 2 6 x l o - 7 pe r 
tank t r i p ) . Maj o r  
sp i l l  c o u ld d i s a s ­
t r o u sly a f fe c t  f i sh­
ing a nd wa t e r f owl 
feed i ng in Mo s s  L a k e  
and C a l c a s ieu L a k e . 
P o s s i b le i n te r f e r e nce 
w i th s h r imp and oy ste r 
p r od uc t ion . 

S ame a s  impac t a t  Lone 
S t a r  l o c a t ion f o r  f i l l  
p r o ce s s . L i t t l e  o r  no 
te rm i na l  act iv i ty 
d u r i ng w i thd r awa l . 



Table 7 . 5  Summary of Alternat ive Fac i l i t ies and Ma jo r  
Envi ronmental Impac ts . (Cont inued ) 

ACTION 

D ISTRIBUTION SYSTEM 

3 .  Alter nat ive : 
( Con t i nued)  

CONSTRUCTION IMPACTS 

Conoco Re f ine ry : 
Dredg ing , spo i l  d i sposal , 
te rminal construction 
much the same as for 
Lone S tar . Th i r teen mi . 
pipe l i ne follows ex i s t ing 
r ight-o f-way , temporar­
i ly d i s turbs 7 8  acres 
of mixed pine for est  and 
c leared land . Dry land 
cons tr uc t ion technique 
requi red . 

BRINE DI SPOSAL SYSTEM 

1 .  Proposed : 
Subsu r face 
I n j ec t ion 

2 .  Al te rnate : 
Mar ket  Br ine 
Feedstock 

Construct ion of  p ipel ine 
and serv ice roads and 
pads necessitates clear­
ing of  1 8 . 8  acres  of 
mixed p ine fore3 t ,  ma in­
ta ined l i fe of  proj ect . 
Dr i l l ing no ise ( 1 2  mo . 
dur at ion ) . D r i l l ing 
mud to be reprocessed ; 
p i ts  reclaimed ;  l ittle  
local impac t .  M inute 
probab i l i ty of blowout 
dur ing dr i l l ing . 

Construct ion  of  surge 
p it  on s ite . U ses 
e x i s t i ng b r i ne p ipe­
l ine to PPG industr ial 
plant . 
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OPERATIONAL IMPACTS 

Maj or sp i l l  could 
d i sasterously affect 
f i sh i ng and recr ea­
t ion in P r ien Lake 
in add i t ion to poss ible 
impacts  on Moss Lake 
and Calcas ieu Lake . 

Small  probab i l i ty 
( 1 . 0 % )  of  b r i ne sp i l l  
due t o  p ipel ine o r  
wel lhead failur e .  
May destroy local 
g ras ses and unde r­
growth . Overpressu r­
i z at ion could f rac ture  
aquic lude result ing 
in poss i ble fresh 
aqu ifer contamina­
t ion . Wel l  c logg ing 
may requ i re  flush i ng , 
result ing in  o il 
f i l l  delays . To tal 
durat ion - - 5 mo . 

May l imit  o i l  f il l  
r a te s ,  depend ing on  
demand fo r  br ine 
feedstock . Would 
s l ightly reduce  
rate of  treated 
ball ast  water 
release into Calca­
s ieu Rive r but in­
creases durat ion . 



Tabl e 7 .  5 S umma r y  o f  A l t e r n a t i ve F ac i l i t i e s  and M a j o r  
Env i r onme ntal  I mpac t s . ( C o n t i n u ed ) 

ACT ION 

WAT ER SUPPLY S YSTEM 

l .  P r oposed : 
On s i te 

2 .  Al t e r n a t e : 
S h a l l ow 
Aqu i f e r s  

CONSTRUC T I ON I MPACTS 

Dr edg i ng to deepen 
r e s e r vo i r , app r . l x 1 0 6 
yd 3 spo i l  depo s i ted on 
60  a c r e s  Al l ied p r ope r ty 
r un o f f  d i r e c ted bac k 
i n t o  r e s e r vo i r . Rep l e n­
i s hme nt f r om I nd u s t r i al 
Wa t e r  Canal  r eq u i r e s  
1 . 7  m i l e p ipel i ne 
ac r os s  Al l i ed p r ope r ty .  

No new r oad c o n s t r u c t i on . 
M i n imum p i pel i ne con­
s t r u c t i on ( .  25  m i ) . 
Dr i l l i ng d u r a t i on , 3 mo . 
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OPERATI ONAL I MPACTS 

Rep l e n i s hme nt r a te 
f r om I nd us t r i al 
Wate r Canal  wo u l d  
v a r y  w i th dem and 
f r om i nd us t r i al use . 
D r awdown t ime , 5 mo . 

S a l i ne water w i th­
d r awn f r om Evangel i n e  
aq u i f e r . S a l i ne/ 
f r e shwate r i n te r face 
not adve r s e l y  a f fected . 
D u r a t i o n - 5  mo . Ex­
t r eme l y  sma l l  p r oba­
b i l i ty of s u r face sub­
s ide nce . 



The do c k  wo u l d  be ad ap ted f o r  load i ng and o f f l oad i ng two 
tank b a r g e s  and one tank sh ip ( see F ig u r e  7 . 1 ) . To adapt 
the doc k f o r  tanke r t r a f f i c , 3 3 0 tho u sand c ub i c  ya r d s  o f  
b o t tom s ed iment wo u l d  be d r edged , t h u s  deepe n i ng the 
moo r i ng a r ea to the 4 0  f t .  depth of the s h ipp i ng ch annel . 
D r edge spo i l  wou l d  be depo s i ted i n  l o c a l  d e s i g n a ted spo i l  
a r e a s  o n  the we s t  bank  o f  the s h ip c h annel  a t  Mo s s  Lake  
C u to f f  j u s t  s o u t h  of  the  te rm i n a l  s i te ( see F ig u r e  7 . 2 ) , 
cov e r i ng a n  a r e a  o f  appr ox ima t e l y  2 0  a c r e s . The spo i l  
a r e a  i s  a fo rme r i n t e rmed i at e  m a r s h  wh ich h a s  a l r eady been 
d i s tu r bed by depo s i t io n  o f  spo i l  f r om t he cons t r u c t i o n  
a nd ma in t e nance d r edg i ng o f  Mo s s  L a k e  C u to f f . M u c h  o f  the 
a r e a  has a l r e ady been r a i sed t o  dry l a nd e l ev a t i o n s , 
l e av i ng patches o f  i so l a ted o r  s ubd iv i d ed ma r s h . 

Onsho r e  impr ovem e n t s  fo r c o nve r s ion o f  the ex i s t i ng 
i nd u st r i al s i te to a c r ud e  o i l  s h ip te rm i n a l  wo u l d  r eq u i r e  
the c o n s t r uc t io n  o f  two 2 0 0 , 0 0 0  b a r r e l  c r ud e  o i l  s u r ge 
tank s ,  two 5 5 , 0 0 0  b a r r e l  tank s fo r r ec e iv i ng o i l y  b a l l a s t  
wa te r f r om o n l o ad i ng tank e r s ,  a nd two 7 , 5 0 0  ba r r e l  ba l la s t  
t r e a tment t an k s . Al so r eq u i r e d  a r e  mech a n i c a l  o i l/w a t e r  
sepa r ato r s  t o  r ed u c e  o i l  concent r a t ions t o  3 0  ppm be fo r e  
d i sc h a r g e  i n to t h e  r i v e r  c h an n e l . T h e  tank s , o f  s t and a r d  
p l a te s t e e l  f l o a t i ng r oo f  c o n s t r uc t ion , wo u l d  b e  enc l o sed 
i n  sp i l l  c o n t a i nme n t  d i k e s  as  r eq u i r ed . * The con t r o l  
bu i l d i ng , powe r s ubs tat ion , a nd o t h e r  s uppo r t  f ac i l i t i e s  
may b e  ad apted f r om pa r t  o f  the ex i s t i ng i nd u s t r i al f ac i l i t i e s  
o r  they may b e  bu i l t  new . T h e  a r e a  af fec ted by t h e  o n s ho r e  
te rm i n a l  f ac i l i t i e s  and d r edge d i spo s al f o r  S ulphur  M in e s  
wo u l d  compr i se app r o x ima te ly 3 7  ac r e s  o f  the to t a l  3 5 7  ac r e  
Lone S ta r  p r o pe r ty .  

A 9 -m i l e b i-d i r ec t i o n a l  2 0- i n c h  pipe l i ne ,  c o n ne c t ing t he 
te rm i n a l  s i te to t he s t o r ag e  s i te ,  wo u l d  be r eq u i r ed . A 
pr e l i m i n a r y  p ipe l i ne r o ute m ap i s  s hown i n  F ig u r e  7 . 3 .  
The r o u te w o u l d  p a r a l l e l  a n  ex i s t i ng C i t ie s  S e rv i c e  r ig ht­
o f-way a d i s t an c e  of abou t  4 . 5  m i l e s  f r om so u t h  of t he 
sto r age s i te to a po i n t  j u s t  we s t  o f  the i r  r e f i n e r y  wh ich  
i s  a few m i l e s  n o r t h  of  the Lo n e  S t a r  f ac i l i ty .  The  
p ip e l i ne wou ld be  cons t r uc ted u s i ng c o nve n t i o n a l  dry  l and 
tec h n iques  fo r the mo s t  pa r t  ( see S e c t ion 1 . ) . The r o u te 
c r o s se s  mo s tl y  s ta b l e  g r o und , c ompr i se d  o f  app r o x ima tely 
18  a c r e s  of  m ixed p ine fo r e s t  and 37  acres  of  c le a r ed l and . 

* As a meas u r e  o f  c omp l i an c e  w i th the Sp i l l  P r even t io n  
C o n t r o l  and C oun te rmeas u r e  P l an ( SPCC )  w i th r e q u i r eme n t  
o f  4 0  C F R  1 1 2 - 7 . 
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At the s i te o f  the d r ed g i ng ac t iv i ty ,  t h e r e  w o u l d  be 
an inev i t ab l e  i nc r ea s e  in tur b id i ty* as a r e s u l t  o f  
t h e  tur bulence c r e a ted by the dr edge . S i n c e  the bo t tom 
sed ime n t s  ar e po l l u ted , the r e l e a s e  of a f r ac t io n  o f  
t he s e  po l l u t a n t s  d ur i ng d r edg i ng cannot b e  avo ided . Mo s t  
r e se a r c h e r s  h ave conc l uded that  the d r edg i ng ope r a t i o n , 
u s i ng mod e r n  te c h n iq ue s , h a s  l i t t l e  l ong- te rm e f fe c t  on the 
water  ove r l y i ng the sed iment s . 1 , 2 , 3 , 4 , 5 Th i s  appe a r s to 
be the c a se even wh en the sed ime n t s  ar e h ig h l y  po l l u t ed . 
These i nve s t ig a to r s  r epo r t  that some dr edg i ng ac t iv i t i es 
i nc r ease  w a te r  t u b i d i ty and other p a r ame t e r s  to a very m i n o r  
d eg r ee up to a m i l e  f r om t h e  d r edge s i te u n d e r  ce r t a i n  
c ond i t io n s . A s ig n i f i c an t  inc r ea s e  i n  any p a r ame ter has 
been r epo r t ed only w i th i n  2 0 0  feet o f  the d r edge . 

I n c r e as e s  i n  s u spended s o l i d s  ar e g e ne r al ly l o c a l i z ed 
n e a r  the d r ed g i ng and exe r t  l i t t l e  s t r e s s  o n  s u r r o und i ng 
aqua t i c  o r g an i sm s . Hydr aul i c  d r ed g e s  ( wh ich  would  be 
u sed i n  the p r opo sed d r edg i ng ope r a t i o n )  u se r evo l v i ng 
c ut te r h e ad s  and c a u se some l o c a l i zed t u r b id i ty .  Howeve r , a 
l a r g e  pe r centage o f  the sed iment- l ad e n  wate r near the 
ope r a t ing c u t t e r h e ad is s u c k ed i nto the d r edge and d i schar ged 
w i th the dr edge mate r i al i nto the d i spo s a l  a r ea . The 
t u r b id i ty pl ume pr od uced by the d r edg i ng ope r a t i o n s  wo u l d  
ex tend down s tr eam seve r al t ho u s and feet . T h e  s i ze and 
d u r a t io n  o f  th i s  p l ume wou l d  depend on the n umbe r  and s i z e  
o f  the d r ed g e s  ope r at i ng i n  t h e  ar e a ,  t h e  l e n g t h  o f  t ime 
d u r i ng wh ich d r ed g i ng o c c u r s ,  bot tom sed iment c h a r ac t e r i s t i c s , 
and r iv e r  f l ow c o nd i t i o n s . I t  i s  r easonable to expe c t  a 
mea s u r ab l e  i n c r ease  in tub id i ty a t  a d i s tance as  g r e a t  as 
o ne m i l e  down s t r eam f r om the d r edg i ng s i te .  D r ed g i ng i s  
pr o j e c t ed t o  o c c u r  over a pe r i od o f  up to two mo n t h s . The 
l a s t  o f  the s u spended h e av i e r  par t i c l e s  wo u l d  s e t t l e  o u t  
s o o n  a f t e r  dr edg i ng c e as e s , p r obably w i th i n a few d ay s . 
S i l t  and c l ay pa r t i c l e s  m i g h t  be s u spe nded o r  pe r h ap s  
r es u spended fo r longe r pe r i od s . C l ay i s  l i k e ly t o  b e  the 
ma in compo nen t o f  the d r ed g e  spo i l  s i nce the d r edg i ng wo u l d  
b e  done a l ong t he s h i p  c hanne l , and the m a i n  r eg ional  
s h a l low sub s u r f ace m a te r i al is  c l ay .  S ome sma l l e r  p a r t i c l e s  
m i g h t  p a s s  i n to and b e  d i s t r ibu ted i n  Mo s s  L a ke and f a r ther  
to  the sou t h , p e r h ap s  even as  f a r  as  C a l c a s ieu  Lake . The 
t ime r eq u i red fo r movement o f  mater i al s  i n to these water 

* T u r b i d i ty is  a meas u r e  o f  the amo u n t  o f  l ig h t  that w i l l  
pa s s  thr ough a l iq u i d  and desc r i b e s  the deg r ee o f  opaquen e s s  
pr od uc ed b y  s u s pend ed p a r t i c u l a te mater i a l . I n  con t r a s t  to 
t u r b i d i ty ,  me a s u r eme n t  of s u spended so l i d s  quant i f i e s  the 
a c t u a l  amo u n t  of p a r t i c u l a te mate r i a l  in the w a te r . 
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bod i e s  i s  unknown . Mo s s  and C a l cas ieu  Lake s a r e  al r e ad y  
r ec ip i e n t s  o f  f i ne suspe nded ma te r i a l s  a s  i nd i c a ted by the 
sed ime n t s  i n  C a l ca s ieu Lake ( h igh i n  s i l t  and , to a l e s se r  
d eg r ee ,  c l ay )  a nd the typ i c a l  cond i t i o n s  i n  c o a s t a l  Lou i s iana 
s t r eams and e s tua r i e s . 6 In shal low l a k e s  such a s  the se , 
f i ne sed ime n t s  unde rgo an almo s t  cons tant r ed i s t r i b u t ion . 
B o t tom ma te r i a l s a r e  typ i c a l ly so f i ne th a t  whe re c u r rent  
a nd wave a c t ion a r e  we a k  or  la c k i ng the r e  i s  a f l o e * o r  
w a te r y  sed ime n t  o n  th e bot tom . 6 

The g r eates t impac t f r om i nc r e a sed t u r b i d i ty a nd s u spended 
so l id s  on the aqua t i c  r e so u r ces wou l d  be r e a l i zed in the 
d i spos a l of the d r edged ma te r i a l . S t and a rd pr act ice  wo u l d  
c a l l fo r a we i r * *  t o  b e  empl a c ed ad j acent t o  t h e  d i spo s a l  
a r ea fo r r e t a i n i ng much o f  the exce s s  water  f r om t h e  spo i l . 
A d r a i n age d i tc h  wo u l d  ch anne l ove r fl ow wa te r f r om the 
d i spo s a l  a r ea back  i n to the r ive r . Th e l a nd i n  the d i spo sal  
a r e a  i s  p r ima r i l y  ma r s h , 7 wh ich has been p r ev i o u s l y  
d i s t u r bed by spo i l  depo s i t i o n . 

The r e l e a s e  o f  n u t r i en t s , par t i c u l a r l y n i t rog e n ,  i n- c on f i ned 
wa te r i n  the d i spo s a l a r e a  may e nc o u r age e x ce s s ive g r owth o f  
a l g a e  and c o n s equent  deg r ad a t i o n  o f  wate r qual i ty .  I n  v i ew 
o f  the h i g h  nu t r i e n t  l eve l s  al r eady pr e s e n t  i n  the e s t u a r y , 
the i n c r ease  f r om r e l ea s e s  r e s ul t i ng f r om d r ed g i ng o r  spo i l  
d i spo s a l  wo u l d  not  be s ig n i f icant . The Lou i s i a na Adv i so r y  
C omm i s s i o n  on C o a s ta l  and Ma r i ne Reso u r c e s  bel i eves  the 
en r i chme n t  of c o a s tal and ma r s h  w a te r s  is bene f i c i al . 8 

The d i sposal  o f  d r edged ma ter i a l s  i n  a c o n f i ned a r e a  and 
r e te n t i o n  of the as soc i at ed water  fo r s u f f i c i e n t  t ime wou l d  
avo id a h a rm f u l  depr e s s i o n  o f  d i s so lved o xyg e n  ( DO )  l eve l s  
i n  adj o i n i ng wa te r s  wh i c h  wo u l d  o c c u r  i f  oxyg e n-demand i ng 
s ubs tan c e s  a r e  r e l e a sed i nto them . Whe n  oxyge n-demand i ng 
s ed ime n t s  ar e d i spe r sed ad equately i nto a sha l l ow r enten t i o n  
a r ea wh e r e  the ove r l y i ng water  may und e rgo a tmo sphe r i c  
r e oxyg e n at ion , the  net ef fec t i s  to s a t i s fy the o xygen 
d emand w i tho ut r i s k i ng a water qua l i ty pr obl em . Th e g r owth 
of algae i n  the c o n f i ned a r e a , s t im u l a ted by the r e l e a s e  o f  
n u t r i en t s  fr om the sed ime n t s  w o u l d  f u r the r a i d  i n  s a t i s f y i ng 
oxyg e n  demand s i nc e  a l g ae p r od uc e  oxyg e n  d u r i ng pho tosyn the s i s , 
a l though a l g a e  do con s ume oxyg e n  d u r i ng pe r i od s of  d a r k n e s s . 
W i ndom 3 o b s e r ved a s ig n i f i c a n t  inc r ea s e  i n  DO i n  c o n f i ned 
d i spo s a l  a r eas . The c o n f i neme n t  a r e a  wou l d  be d e s igned so 
that  the d r ed g e  spo i l  water  r e t u r ns to the wate rway a f ter  
s u f f i c i en t  t ime fo r s u spe nded so l id s  to be depo s i ted 
* F l oe is a m i x t u r e  of water and s ed ime n t  fo r m i ng a c l o ud y , 
f l u f fy ma s s  and i s  d epo s i ted on the bot tom . 
* *  A we i r  i s  a ve r t i c a l  p a r t i t i o n  o r  obs t r u c t ion i n  an open 
ch annel ove r  wh i c h  wate r f l ows . 
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and n u t r i en ts to be r emoved by a l g ae , b u t  be f o r e  the a l g ae 
pop u l a t io n  becomes s e ne sc e n t  and d i es . The r e tu r n i ng 
water  wou l d  be o f  g ood qual i ty w i th h ig h  o xyge n  and l ow 
n u t r i en t  co nten t . U n d e r  these c i r c ums tance s ,  t he con f i ned 
d i spo s al a r ea w o u l d  s e rve much l i k e  an ox i d a t i o n  po nd 
s im i l a r  to tho s e  u sed fo r many yea r s  to t r e a t  mun i c ipal 
and i nd u s t r i a l  o r g a n i c  wastes . 

I n  add i t io n  to the i n c r ease o f  t u r b id i ty a nd the  r e l e ase 
of  o rg a n ic n u t r i e n t s  d u r i ng d r edg i ng and d i spo s al ope r a­
t io ns , po l l u ta n t s  f r om t he sed ime n t s  wo u l d  be r e l eased 
i n to the r ive r c h annel  as  we l l  a s  the d i spo s al s i te .  L e ad 
a nd n ic ke l  concentr a t i o n s , a s  shown i n  the e l u t r i a te and 
wate r s amp l e s  ( Appe nd i x  D . 7 ) , e x ceed the pr opo s ed EPA 
n ume r i c a l  c r i te r i a fo r mar i ne wa te r aqua t i c  l i fe .  The 
r el e a s e  of a r se n i c  f r om the d r edge s i te or d i spo s a l  s i te , 
h oweve r ,  wo u l d  not  be e x ce s s iv e  be c a u se the leve l s  o f  
a r s e n i c  i n  the e l u t r i at e  s ampl e s  we r e  n o t  h ighe r than 
those  i n  co r r e spo nd i ng wa te r s amp l e s  a nd no leve l s  e x ce ed 
a ny known s ta nd a rd . P e s t i c i d e s  h ave been u sed h e av i ly i n  
t he Lo u i s i a n a  w e t l a nd s , 9 a nd the r e l ea s e  o f  pe s t i c id e s  
a nd o the r tox i c  c h em i c a l s  d u r i ng d r edg i ng c a n  r e s u l t  i n  
water  q ua l i ty deg r ad a t io n  and a neg a t ive impact  o n  
aqua t i c  l i fe .  I n  ad d i t io n  t o  immed i ate e f fe c t s , these 
chem i c a l s  can be t r an s fe r r ed and concen t r a ted v i a the food 
c h a i n , to o the r o rg a n i sms . Howeve r ,  because of the 
absence of d a ta fo r pe s t i c ide l eve l s  in the e l u t r i ate 
s amp l e s , no s pe c i f i c  s tatement can be made r eg a rd i ng the 
r e le ase of s uc h  pe s t i c id e s  d u r i ng d r edg i ng . 

D u r i ng ope r at io n  o f  the a l t e r nate tanke r f ac i l i ty ,  the  
ove r a l l  amb i en t  hyd r o c a r bo n  leve l s  in the n e a r  v ic i n i ty of  
the  tanke r a nd ba r ge do c k s  wo u l d  be not i c e a b l y  i nc r ea sed 
fo r the d u r at ion of tanke r l o ad i ng or u n l o ad i ng . S t and i ng 
s to r ag e  l o s se s  f r om t a n k s  wo u l d  a l s o  c o n t r ib u t e . The s e  
e s t ima ted h yd r oc a r bo n  concent r at i o n s  a r e  s ub s t an t i al ly 
d i f fe r e n t  i n  c h a r a c t e r  f r om o t he r a i r  po l l u t an t s . Some 
e l emen t s  of the v apo r may e l i c i t  an unpl e as an t  o l facto r y  
r e s po n s e , depend i ng o n  the s u l f u r  c o n t e n t  o f  the o i l , b u t  
the v apo r wo u l d  n o t  b e  to x i c  to h umans o r  l o c a l  b i o t a . 
The imp ac t s  o n  a i r  q u a l i ty o f  e l ev a ted concent r a t io n s  o f  
i ne r t  hyd r o c a rbons  s uc h  as  a r e  r e l e as ed f r om c r ud e  o i l  
t r an s fe r  ope r a t i o n s  have n o t  been r e po r t ed i n  the l i te r a­
t ur e . * A s e a r c h  o f  the l i te r a tu r e  r e ve al ed no a s s e s smen t s  

*At th i s  t ime th e r e  a r e  n o  fede r al o r  s tate s ta nd a r d s  
wh ich  es tabl i sh g u id e l i ne s  fo r ac cep t ab l e  leve l s  o f  
pho tochem ic a l l y  i ne r t  hyd r o ca rbons . 
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o f  the imp a c t s  o f  these hyd r o c a r bo n s  i n  concent r a t i o n s  
typ i c a l  o f  t h e  leve l s  expec ted f r om t h i s  pr o j e c t . 

The fo l l ow i ng concen t r a t i o n s  o f  hyd r o c a r bo n s  a r e  e s t ima ted 
fo r the wo r s t  c a se , a nd a r e  co n t r o l l a b l e  by the i n s t a l l a­
t i o n  o f  v apo r r e c ove r y  sys tems fo r t an k e r  l o ad i ng and 
u n l oad i ng . Load i ng and u n l oad i ng ope r a t i o n s  wo u l d  r e s u l t  
i n  a n  e s t ima ted t o t a l  hyd r oc a r bon em i s s io n  o f  abou t  4 6 . 4  
tons  f r om i n i t i al and s ub s equent f i l l  ope r a t i o n s  and about  
53  tons  f r om e ac h  1 5 0  d ay d r awdown ope r a t ion . The ne t 
hyd r oc a r bon tonn ag e  r e l e ased to the l o c a l  a i r  env i r onme n t  
f r om t h e  E a r l y S t r a teg i c  Re s e r ve ope r a t i o n s  a t  S u l phur  
M i n e s  wo u l d  be  r ou g h l y  0 . 1 pe r c e n t  o f  the  to t a l  em i s s i o n s  
fo r t h e  ent i r e  p a r i s h .  i n  1 9 7 0 . 

A l te r n a t ive P ipel ine Connec t i on to E x i s t i ng Re f i ne r i e s  

A n  a l t e r n a t i�e to bu i l d i ng t h e  pr opo s ed tank e r  t e r m i n a l  a t  
t h e  L o n e  S t a r  d o c k  wo u l d  b e  t o  c on s t r uc t  p ipe l i ne connec­
t io n s  to e i th e r  the Lake C ha r l e s  C i t i e s  S e r v i c e  r e f i n e r y , 
l o c a ted about  2 m i l e s  n o r t h  o f  Lone S t a r , o r  the Conoco 
r e f i ne r y , l o c a ted abo u t  1 3  m i l e s  eas t of  the  S ul p h u r  M i nes 
d ome ( s ee F ig ur e  7 . 4 ) . These two r e f in e r i es h and l e  mo r e  
f o re ign c r ude o i l  t h an t h e  d e s ign w i thd r awal r a te o f  t h e  
s t o red o i l . Ad d i t i o n a l  d o c k  space wou l d  h ave to be 
c r e a ted fo r E S R  f i l l  ope r a t ions . 

The 7 m i l e  al t e r n a t ive p ipe l i ne to the C i t i e s  S e rv i c e s  
r e f i n e r y  wo u l d  f o l l ow t h e  same r o u t e  as d e s c r ibed f o r th e 
conne c t ion to Lone S ta r  and wo u l d  pa r a l l e l  an ex i s t i ng 
C i t i e s  S e rv i c e  r ig h t-o f -way fo r abo u t  5 m i l e s . The r o u te 
c r os ses s ta ble g r o und , c ompr i s ed o f  appr ox ima t e l y  1 8  a c r e s  
o f  m i xed p i ne f o r e s t  and 2 4  ac r e s  o f  c l e a r ed l and . 

On the o t he r  h and , the 1 3  m i l e  a l t e r n a t ive p ipe l ine to the 
C o noco r e f i n e r y  wou l d  p a r a l l e l  an ex i s t i ng Conoco gas 
p i pe l i ne be tween the dome s i te and the r e f i n e r y . Much t he 
s ame type o f  te r r a i n  wo u l d  be a f fec ted a s  d e s c r i bed f o r 
the r o u te to Lone S t a r  o r  C i t ie s  S e rv i c e . A to t a l  o f  7 8  
ac r es , r oughly h a l f o f  wh ich i s  m i xed p i ne fo r e s t  and h a l f 
o f  wh ich  i s  c l e ar ed l a nd , wo u l d  be af fec ted by the p ipe l i ne 
c on s t r uc t io n .  The p ipel i ne w o u l d  a l s o  c r o s s  the I nd u s t r i a l  
w a t e r  C a n a l  and p a s s  no r th o f  t h e  c i ty o f  S ul p hu r . 

The cons t r uc t ion o f  a tank e r  te rm inal  fo r E S R  c r ud e  o i l  
s uppl i e s  n e a r  e i the r the C i t i e s  S e r v i c e  o r  the Conoco 
r e f i n e r y  wou l d  be r eq u i r e d . The  t e r m i n a l  wo u l d  connect  to  
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PROrOSED ROUTE TO LONE STAR 

F i g u r e  7 . 4 A l t e r n a t i v e  D i s t r i b u t i o n  T e rm i n a l  L o c a t i o n s  



th e d i s t r i b u t i o n  p i pe l i ne s  f o r  c r ud e  o i l  t r an s fe r  bac k to 
the dome s to r age s i te .  E s sent i a l ly , the s ame type o f  
term i nal a s  d e sc r i bed f o r  the fac i l i ty a t  Lone S t a r  wo u l d  
be bu i l t  a t  th e a l t e r n a te l o c a t i o n . I t  wo u l d  p r ov i d e  
moo r i ng f o r  o n e  5 0 , 0 0 0  DWT tan k e r  o r  seve r al tank b a r g e s . 
The dock  wo u l d  be abo u t  8 0 0  to 1 , 0 0 0  f t .  l ong and , a s  i n  
t h e  p r opo s ed dock  d e s i g n , w o u l d  r e q u i r e  abo u t  3 3 0 , 0 0 0  
c u b i c  ya r d s  o f  bo t tom ma te r i al t o  be d r edged fo r a tank e r  
moo r i ng a r ea ad j ac e n t  t o  the s h i p  c h anne l . The spo i l  
d i sposal a r e a  f o r  e i the r d o c k  l o c a t ion would r eq u i r e 
appr ox ima tel y 2 0  a c r e s  o f  d r y l a nd and s c a t te r ed patches 
of  marsh in a r eas al r eady d i s t u r bed by c h annel d r edge 
s po i l d epo s i ts .  

B e c au se e i th e r  fac i l i ty wo u l d  be o n  the C a l ca s i eu R i ve r , 
t u r b id i ty r e s u l t i ng f r om d r ed g i ng wou l d  e x t e nd con s ide r ab l e  
d i s tanc e s  d owns t r e am .  Al though sed ime n to l ogy d a t a  are  n o t  
ava i l ab l e  fo r t h e  s i te ,  i t  c a n  be as s umed t h a t  t h e  r ive r 
c o n t a i n s  much the same sed ime n t  compo s i t i o n  th r o ug h o u t .  
Fo r th i s  r e a s o n , the e x t e n t  and imp a c t s  o f  t u r b id i ty 
r e s ul t i ng f r om the al t e r nat ive ac t io n  wo u l d  be s im i l a r to 
tha t of th e t e rm i n a l  and dock  fac i l i ty at Lone S t a r . Fo r 
f u r t h e r  d i sc u s s i o n , see S e c t i o n  3 . 2 .  

O n s ho r e  impr oveme n t s  a s s o c i ated w i th the a l te r n a t i ve 
d i s tr i b u t i o n  term i na l  wo u l d  be eq u i v a l e n t  to tho s e  r eq u i r ed 
fo r the Lone S t a r  dock . The s i z e s  and a r r a ngeme n t  o f  
tanke r load i ng p umps and p ipe l i ne t r an s f e r  p umps may be 
d i f f e r e nt than ones  pr o j e c ted fo r the Lone S ta r  f ac i l i ty 
d ue to coo r d i na t i o n  w i th the r e f i ne r y  d emand s and po s s i b l e  
s ha red f ac i l i t i e s . Both s i te s , howeve r , wo u l d  b e  l o c a ted 
on app r ox ima tely 1 7  a c r e s  of h e av i l y  i nd u s t r i a l i zed l a nd 
and the env i r onme ntal  impac t s  o f  the con s t r uc t i o n  and 
ope r a t ion o f  e i th e r  fac i l i ty wo u l d  be e s se nt i a l l y  
equ i va l e n t . 

The po ten t i a l  fo r r o u t ine sma l l  o i l  sp i l l s d u r i ng t e rm i nal 
t r an s f e r  ope r a t io n s  wo u l d  be e s sen t i a l ly the same a t  bo th 
l o c a t i ons . Gene r al ly sma l l  s p i l l s o c c u r r i ng d u r i ng no rmal 
ope r a t i o n s  d o  not have l ong r ange damag i ng e f fec t s  on the 
e nv i r onme n t . S u c c e s s ive ac c id e n t a l  sp i l l s of g r e at e r  
mag n i tude ( f r om 3 0  to 1 0 0  b a r r e l s )  c a n  h ave pr ono unced 
e f fe c t s , howeve r ,  e spe c i al ly i n  r e l a t ive l y  c o n f i ned a r e as 
s uch as the C a l c a s i e u  S h ip C h annel whe r e  s p i l led o i l  wo u l d  
no t have t ime f o r  we a the r i ng be f o r e  r e ach i ng s ho r e l i ne s . 
The pr obab i l i ty o f  sp i l l s o f  th i s  mag n i t ud e  i s  c a l c u l a ted 
a t  4 . 5 7 x l o - 5 pe r tan k e r  tr ip . S e c t io n  3 . 7  de a l s  w i th 
m a r i ne ac c i de nt s i n  mo r e  d e ta i l . 
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7 . 2 . 2  A l te r nate B r ine  D i spo s a l  Fac i l i t i e s  

S ub s u r face I nj e c t ion P r opo s a l  

T h e  pr opo sed me thod o f  b r i ne d i spo s a l  i s  t o  d r i l l  a s e t  
o f  4 d i sposal  wel l s  f r om 5 , 0 0 0  to 7 , 0 0 0  f e e t  d e ep to the 
south  and we s t  of the sa l t  d ome . As d e s c r i bed i n  S ec t io n  
1 . 3 ,  t he i n j e c t io n  sy s tem i s  d e s ig ned t o  h and l e  the e n t i r e  
1 0 0 , 0 0 0  ba r r e l s  pe r d ay ( 2 , 9 0 0  gpm )  p r od uced d u r i ng f i l l  
ope r a t io n s . 

The p r oposed de s ig n  c a l l s  fo r a 1 0 0 , 0 0 0 b a r r e l  s u r g e  p i t  
( app r o x imately 4 0 0  x 4 0 0  fee t )  t o  be c o n s t r uc ted j u s t  
south  o f  t h e  s to r age s i te ( see F ig u r e  7 . 5 ) . Al l the we l l s  
wo u l d  be con s t r u c t ed o n  p r ope r ty acqu i r ed f r om Al l i ed , 
r e qu i r i ng a t o t a l  o f  approx ima tely 4 8  a c r e s  o f  pr imar i l y 
m i xed p i ne f o r e s t s . An e s t ima ted 1 8 . 8  ac r e s  o f  the to t a l  
wo u l d  b e  c l e ar ed f o r  r oadway a nd p ipe l i ne c o n s t r u c t i o n . The 
i nd i v id u a l  d i spo s al wel l s  wo u l d  be spaced on 1 , 0 0 0  f e e t  
i n t e r val s ,  a nd i n j e c t ion p ump s wo u l d  b e  l oc a ted a t  the 
c e nt r a l  p ump b u i l d i ng at the s t o r age s i te . 

A l t e r n a t i ve M a r k e t  Br i ne Feed s to c k  

As a n  a l te r na t ive to t h e  pr opo sed deep we l l  i n j ec t ion 
of  b r i ne ,  a n  a t temp t c o u l d  be made to ma r k e t  the b r i ne 
fo r c h em i c a l  i nd u s t r i e s . S i nce the we l l s  p r op o s ed fo r 
E S R  s t o r ag e  a r e  c u r r e n t l y  u sed f o r  b r ine  feed s to c k  p r od uc ­
t i o n ,  t he br i ne d i spl aced b y  c r ude o i l  i n j e c t io n  wo u l d  be 
c omp a t i b l e  w i th nece s s a r y  qual i ty s t and a rd s .  PPG I nd u s t r i e s  
p r e s e n t l y  u t i l i ze b r i ne f r om the S u lph u r  M i nes dome a t  a 
r a te o f  2 , 5 0 0  gpm . S i nce the de s ig n  r a te o f  c r ude o i l  f i l l  
ope r a t i o n s  i s  2 , 9 0 0  gpm , a ba l a nce o f  4 0 0  gpm d u r i ng the 8 
month f i l l  pe r iod wo u l d  h ave to be ma r k e ted to o t h e r  demand 
so ur c e s  i n  th e r eg i o n . If the i n i t i a l  f i l l  pe r iod we r e  
e x t e nded to 1 0  mo nths , consequently c u t t ing t h e  o i l  i n j e c t i o n  
r at e s , then PPG c o u l d  u t i l i z e al l o f  t h e  br i ne p r od uced 
d u r i ng th i s  e x t e nded f i l l  p r oce s s . 

Th i s  al t e r n a te sys tem o f  hand l ing b r ine  wou l d  u t i l i ze 
the same br i n e  se ttl i ng po nd a s  p r oposed f o r  the i n j ec t io n  
sys tem . Ex i s t i ng br ine  p ipe l i ne s ,  howeve r , wo u l d  connect  
the s i te w i th th e PPG p l a n t s . Thus no  add i t i o na l  impa c t s  
d u e  t o  new c on s t r uc t ion o r  ope r a t io n  wo u l d  b e  i nvo lved . 

The pr ob lem w i th th i s  al t e r nat ive i s  tha t a po ten t i a l  
br ine u s e r  wo u l d  n o t  be w i l l ing  t o  accept a n  unknown 
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q ua n t i ty o f  b r i ne on such  an unpr ed i c table sched u l e  tha t  i s  
i nh e r e n t  i n  the cyc l i ng o f  the S P R  f ac i l i ty a t  S u lphur  
M i ne s . F u r the rmo r e  once the se i nd u s t r i e s deve lop an a l t e r n­
a te sour ce o f  b r i ne they w i l l  be unwi l l i ng and/o r unable to 
c u t  o f f  that so u r ce , and change the b r i ne t r e a tment proce s s  
t o  accept br i ne f o r  a r e l a t i ve l y  sho r t  pe r i od o f  t ime f r om 
S u lphur  M i ne s . 

7 . 2 . 3  A l te r n a t i ve D i spl aceme n t  Wate r S o u r ce 

S u r face Wate r P r opo s a l  

T h e  p r e fe r r ed opt i o n  f o r  d i splaceme n t  wate r s uppl i e s  a t  
S u lphu r M i nes i s  to e x t r ac t  t h e  water  f r om the o n s i t e  
r e se r vo i r  ( S a l t  Wate r Re s e r vo i r  s hown i n  F i g u r e  7 . 5 ) a t  
t he we s te r n  e d g e  o f  the s a l t  dome . 

Appr o x i ma t e l y  7 , 3 5 0  ba r r e l s pe r ho u r  ( 5 , 1 4 5  gpm )  i s  r equ i r ed 
fo r c r ude o i l  w i thd r awal ope r a t io n s . A total  o f  2 5 . 2  
m i l l i o n ba r r e l s  o f  water  wo u l d  be r equ i r ed to d i sp l a c e  a l l 
o f  the s to r ed o i l . As  d e sc r i bed i n  S ec t io n  1 . 3 ,  the e x i s t i ng 
capac i ty o f  the r e s e r vo i r  i s  2 0  m i l l i o n  bar r el s ,  but  i t  i s  
c u r r en t l y  p l a nned t o  d eepen i t s  s o u t he r n  po r t io n  t o  c r e a te a 
to t a l  capac i ty o f  2 5  m i l l ion  ba r r el s .  The d r ed g i ng wo u l d  
r e qu i r e  app r o x imately o ne m i l l i o n  c u b i c  ya r d s  o f  ma te r i al to 
be depo s i ted on abo u t  6 0  ac r e s  ad j ac e n t  to the r e s e r vo i r . 

I n  ad d i t i o n , r epl e n i shme nt o f  the r e s e r vo i r  i s  p l a n ned 
f r om the S ab i ne R i ve r  D i ve r s ion Canal , a leg of the S ab i ne 
R i ve r D i ve r s i o n  sys tem , abo u t  o ne m i l e  no r t h  o f  the r e s e r vo i r . 
Wa ter f r om t he s y s tem wo u l d  be ava i l ab l e . The r eq u i r ed 
E S R  d emand r a te i s  o n l y  3 . 3  p e r c e nt o f  the c a na l  sys tem 
i n i t i a l  c apac i ty .  The p i pe l i ne connec t i o n  wo u l d  be con­
s t r u c t ed on g r ade on Al l i ed pr ope r ty w i th a sma l l p ump 
s ta t io n  l o c a ted on the canal . 

A l t e r nat i ve S u b s u r f ace Aqu i fe r s  

An al t e r nate so u r ce o f  d i spl a ceme nt water  wo u l d  be f r e s h  
o r  s l i g h tl y  sa l i ne w a t e r  f r om sha l l ow s ub s u r face wel l s  
d r i l l ed t o  de p ths o f  fr om 5 0 0  t o  9 0 0  f e e t . The l o c a t i o n  
o f  th e s e  a l t e r n a t e  r aw water we l l s  wo u l d  b e  j u s t  o f f  the 
s o u t hwe s t  f l a n k s  of the dome ( se e  F i g u r e  7 . 5 ) . A total  o f  
f i ve wel l s  i s  a s s umed . Al though the exac t y i e l d  r a te s  
ob t a i nable f r om e ac h  we l l  a r e  u n k nown , e xpe r i ence f r om 
o the r wel l s  i n  the v i c i n i ty sugg e s t s  th i s  as  a r ea so n ab l e  
e s t i mate ( see S e c t i o n  2 . 2 ) . Two s ha l low aqu i fe r s  ex i s t 
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i n  the a r ea . Th e Ch i c o t  aqu i fe r  i s  found i n  the subs u r face 
i n t e r v al f r om abo u t  30  f t .  to a r o und 8 0 0  f t .  a nd con t a i n s  
f r e s h  t o  s l i g h t l y  sa l i ne wa ter . T h e  Evangel i ne aqu i fe r  
ex tend s f r om abo ut 8 0 0  f t .  to app r ox imately 2 , 8 0 0  f t .  and 
c o n t a i n s  s a l i ne water . These aq u i fe r s  are d i sc u s sed i n  
d e ta i l  i n  S e c t i o n  2 . 2 .  

The p r i m a r y  i mpac t o f  the co n s t r u c t i o n  o f  the we l l  sys tem 
wo u l d  be inc r e a s ed no i se and a i r  po l l u t a n t  em i s s io n  l eve l s  
d u r i ng the sev e r al mo nths o f  d r i l l i ng .  S i nc e the a r ea i s  
heav i l y  i nd u s t r i a l i z ed and seve r a l  m i l e s  f rom pop u l ated 
a r eas , the ope r a t io n  o f  an add i t io n a l  d r i l l  r ig wo u l d  
a f fe c t  o n l y  t h e  immed i a te s u r r o u nd i ng s  on the s i te .  
Becau se the e x a c t  spac i ng , c o n f i g u r a t io n ,  a nd dep ths o f  
the wel l s  have not been de te rm i ned , seve r a l  po s s i b i l i t i e s  
we r e  a s s umed fo r a s s e s s ing the impac t o f  e x t r ac t ing 
s u b s u r face wa te r s  f r o m  the v i c i n i ty a t  the  expec ted 
w i thd r awal r a tes . 

As d e sc r i bed i n  Appe nd i x  D . 7 ,  o ne po s s i b i l i ty wou l d  
i nvo lve f i ve wel l s ,  each d r aw i ng 1 , 0 0 0  gpm o f  f r es h  wa ter 
f r om the Ch ic o t  aq u i f e r . Th i s  pump i ng r a te is app r ox i ­
ma tely 1 . 8  t ime s the p ump i ng r a te fo r t h e  c i ty o f  S ul p hu r . 
F o r  p u r p o s e s  o f  a n a l y s i s , the wel l s  a r e  a s s umed to be 
pl aced a t  the f o u r  c o r n e r s  and a t  the c e n t e r  o f  a sq u a r e  
app r ox imately 5 0 0  feet o n  a s id e . T h e  r e s ul t i ng d r awdown 
is pr e s e n t ed i n  F i g u r e  7 . 6 .  As i nd i c a ted i n  the f i g u r e , 
the d r awdown wo u l d  be 7 . 6  f e e t  at a d i s tance o f  8 , 0 0 0  feet 
f r om the we l l  f i e l d  center after  1 5 0  d ays of  p ump i ng . 
Th i s  d i stance i s  r o ughly equal  to the d i s tance sepa r a t i ng 
the dome s i te f r om the c i ty o f  S ul ph u r . The r e s u l t i ng 
d r awdown i s  th u s  r ep r e s e n t a t ive o f  the e f fe c t  o f  the 
wi thd r awal as  expe r i e n c ed at S ul ph u r . 

A l t hough the d r awdown de s c r i bed i n  the p r eced i ng p a r a ­
g r aph appear s smal l i n  compa r i so n  wi th the d r awdown 
r e sul t i ng f r om the pumpage of wate r fo r i nd u st r i al u se i n  
the Lake  C h ar l e s  a r ea , i t  sho u ld b e  noted that th e r e  i s  
c u r r en tl y  a n  i nadequate s uppl y  o f  f r e s h  g r o u nd water  i n  
t h e  a r ea . 1 0  Th i s  sho r tage i s  the r e s u l t  o f  s a l t  wa te r 
contam i n a t i on o f  the Ch i c o t  Aqui f e r . Me t r opo l i t an a r e a s  
and i nd u s t r y  u s u a l l y  tap t h e  top po r t i o n s  o f  t h e  aq u i fe r  
t o  obt a i n  f r e s h  wa te r wi th l ow d r i l l i ng c o s t s . Red uc t io n  
o f  the f r e sh w a t e r  head pe rmi t s  pr e s s u r e to d r ive lowe r 
qual i ty wa ter up i n to the f r e s h  wa ter  aqu i fe r s . The 
b r ac k i sh wa te r mu s t  pe ne tr ate aq u i ta r d s  and aq u i c l ud e s  to 
c o n tam i n a te the f r esh wa ter  laye r s .  A l t ho ugh ve r t ic a l  
hydr a u l i c  c o nd uc t i v i ty c oe f f i c i e n t s  m a y  va r y  ove r 4 o r  5 
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o r d e r s  o f  magn i t ud e , the r e s i s tance i s  u s ual l y  l a rge 
enough to p r e c l ude s i gn i f i cant  i n t e r m i x i ng . 1 1  

Neve r t he l e s s , c o n t am i na t i on h a s  been o b s e r ved . I t  i s  
u sual l y  a t t r i b uted to geo log i c  f a u l t s , n a t u r a l  aqu i fe r  
connec t io n s  whe r e  wa te r den s i ty va r i at i o n s  m i n im i ze 
m i x i ng p r i o r  to p ump i ng , or  to  po o r l y pl ugged wel l s  or  
m i nes . A g e o l og i c  fau l t  e x i s t s  th r e e m i l e s  south of  the 
dome . 1 2  It i s  not k nown whe the r th i s  f a u l t  c o u l d  s e r ve 
a s  a con nec t i o n  f o r  s a l i n e  i n t r u s i o n  i n to f r e s h  g r ound 
wa ter s uppl i e s . S uch an eve n t  i s  unl i k e l y  d ue to d i s tance 
a nd e s t i ma ted head r e d uc t i o n . 

S ome o f  the 7 5  aband oned o i l  and gas  wel l s  d r i l led i n  th i s  
r eg i on may o f  fe r p a t h s  fo r i n t e r m i x i ng o f  the wa te r 
laye r s . 1 3  S u c h  l e a k age m i g h t  no t be o b s e r ved unt i l  
l a rg e  s c a l e  pump i ng beg i n s  i n  the a r e a . 

The potent i a l  f o r c o n t am i n at i ng f r esh wa te r aqu i fe r s  wo u l d  
be m i n i m i z ed b y  d r i l l i ng be l ow 8 0 0  f e e t  and u s i ng s a l i ne 
wa te r f r om t he Evang e l i ne aq u i f e r  f o r the p r o j e c t . Any 
ex i s t i ng s ho r t  c i r c u i t  water  p a t h s  wo u l d  d r aw r e l a t i ve ly 
smal l amo u n t s  o f  f r e s h  water  down i n t o  the b r ac k i sh 
l aye r s , leav i ng the f r e s h  wa te r aqui fe r s  uncontam i nated . 

Wh en g r ound wa ter i s  r emoved f r om an aqu i fe r , s u r face 
s u bs ide nc e i s  po s s i b l e . Lowe r i ng the a r t e s i a n  h e ad o f  
a n  aqu i fe r  r e d u c e s  the f l u i d  p r e s s u r e w i th i n  the aqui fe r 
but  does not  c h ange the e x te r n al p r e s s u r e  ac t i ng o n  the 
aq u i fe r . The r e s u l t  is an i n c r ea sed p r e s s u r e  d i f fe r e n t i a l . 
Th e compac t io n  i n  these aqui fe r s  i s  immed i a te but  may be 
pa r t i a l l y  r e cove r ed when i n t e r n a l  f l u i d  p r e s s u r e  i s  r e s to red . 

Aq u i t a r d s  and aqu i c l ude s , *  howeve r , h ave l ow ve r t i c a l  
p e r meab i l i ty and h ig h  spec i f i c  s to r age unde r v i rg i n s t r e s s  
cond i t i o n s . The ve r t i c a l  e s c ape o f  wa te r and t he ad j u s t­
me n t  o f  po r e  p r e s s u r e s a r e  r e l a t i ve l y  s l ow . Compac t i o n  
may t a k e  p l ace ove r mo n t h s  o r  y e a r s .  Re cove r y  i s  l i ke l y  
to be smal l . 1 4  

*An aq u i c l ude i s  a geo log i c  fo rma t io n  so impe r v i o u s  that 
fo r a l l  p r ac t i c a l  p u r po s e s i t  c ompl e te l y  o bs t r uc t s  t he 
f l ow o f  g r ound wa te r ( a l tho ug h i t  may be s a t u r a t ed w i th 
wa te r i t se l f ) , a nd c omple te l y  c o n f i ne s  o the r s t r a ta 
w i th wh i c h  i t  a l t e r nates  i n  depo s i t i o n . 
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S u b s ide nc e h a s  been me asu r ed i n  seve r a l  a r e a s  o f  the G u l f  
Coas t .  I n  the H o u s to n/Galve s to n  ar e a ,  t h e  compa c t i ng bed s 
l i e  be twe en 2 0 0  a nd p e r h ap s  2 , 0 0 0 f ee t . The ar te s i an head 
de c l i ne f r om 1 8 9 0  to 1 9 6 1 r e ac hed 2 5 0  to 3 0 0  f e e t  i n  
s eve r a l  a r ea s . The max i mum s u b s ide nce r anged f r om t h r ee 
to f i ve f e e t  f r o m  1 9 4 3  to 1 9 6 4 . Ove r 2 , 6 0 0  s q u a r e  m i l e s  
subs ided b y  0 . 5  fee t o r  mo r e  d u r i ng t h a t  2 1-ye a r  pe r i od . 1 4  

N e ar B a to n  Ro uge over  2 5 0  squa r e  m i l e s  have subs ided f r om 
1 9 3 4  to 1 9 6 5 . The max imum s ubs idence i s  one foo t . The 
depth of the compa c t i ng bed s i s  1 5 0  to p e r ha�s 2 , 0 0 0  f e e t . 
The a r te s i a n  h e ad decl i ne i s  over  1 0 0  fe e t . l 

I n  New O r l e a n s , the ar t e s i a n  head de c l i ne was as  muc h  a s  
1 3 0  f e e t  i n  the 7 0 0- f o o t  sand be twe en 1 9 3 8  and 1 9 6 4 . The 
s u b s idence ove r  th i s  2 6-ye ar pe r i od was 1 . 7  fe e t . 1 2  

A c le a r r e l a t i o n s h ip be tween sub s idence , d r awd own , a nd 
t i me fo r S ul ph u r  M i n e s  h a s  n o t  been e s tabl i shed . As noted 
i n  Appe nd i x  D . 7 ,  i t  appe ar s l i k e l y  that the w i thd r awa l o f  
water f r om the sha l l ow aqu i f e r s  a t  S u lph u r  M i n e s  would 
r e s u l t  i n  neg l i g i b l e  s u r face ad j u s tme n t . 

S h o u ld s ur face s ub s idence o c c u r , the quan t i ty o f  s t and i ng 
water i n  the a r ea would i nc r e a se . I t  i s  p r obable that 
d e t a i led me a s u r eme n t s  f r om deep we l l s w i l l  be nece s s a r y  to 
de te ct g r ad u a l  s ub s idence bec a u se the c h a r ac te r  of the 
immed i a te a r e a  should  not ch ange app r ec i ab ly d ue to a 
s l ig h t  r e d uc t io n  i n  eleva t io n .  

I n  s ummar y ,  the e f fe c t  o f  a p r ope r l y e ng i nee r ed g r o undwa ter 
supply f o r the d i spl aceme n t  pr oce s s  at S u lp h u r  M i nes wo u l d  
b e  l owe r i ng o f  t h e  p o te n t i ome t r i c  s u r face at t h e  d ome . 
Neg l i g i b le subs i d e nce would be e nc o unte r ed . The poten t i al 
contam i na t i o n  o f  f r e s h  wate r  aqu i f e r s  w i th b r ac k i sh o r  
sal i ne wa ter c a n  b e  avo ided by u s i ng sal i ne water  f r om the 
Evange l i ne aqu i f e r  a s  oppo sed to f r e s h  water f r om the 
Ch i c o t  aq u i fe r .  
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7 . 3  NO-ACT ION ALTE RNAT IVE 

A d e sc r ipt i o n  o f  the no- ac t ion a l te r na t ive and i ts im­
pa c t s , as i t  appl i e s  to the e n t i r e  p r og r am ,  i s  p r ov ided 
i n  the P r og r amma t i c E I S  ( F ES- 7 6 - 2 ) .  Wi th i n the 8 P R, a 
d e c i s i o n  not to deve l op the S u l ph u r  M i ne s  f ac i l i t i e s  wo u l d  
r e s u l t  i n  the developme n t  o f  o n e  o f  the o t h e r  c and i d a te 
s i te s  to t a k e  i t s  pl ace . I n  th a t  c a s e , the imp a c t s  d e s­
c r i bed i n  S e c t i o n  3 . 0  wo u l d  not oc c u r  and the ex i s t i ng 
e nv i r onme n t  o f  S u lphur  M i ne s  ( a s  d e s c r i bed i n  S e c t i o n  2 . 0 ) 
wo u l d  be ma i n t a i ned . Howeve r ,  a dec i s i o n  no t to deve lop 
S u l p h u r  M i ne s  wo u l d  r e s ul t i n  o th e r  imp ac t s : th o s e  
a s s o c i a ted w i th t h e  a l te r na te fac i l i ty .  S i nce many o f  
the  c and i d a te s i te s  a r e  a l s o  l o c a ted i n  th e G u l f  C o a s t  
Reg i o n , i t  i s  l i k e l y  that  many o f  t h e  imp ac t s  r e s u l t ing 
f r om the dev e l opme n t  o f  the r epl aceme n t  s i te wo u l d  be 
s ub s t an t i al ly the same as tho s e  fo r S u lphu r M i ne s . 
H oweve r ,  the d e t a i l ed impac t s  of  any pa r t i c u l a r  fac i l i ty 
a r e  v e r y  s i te-spec i f i c  and wo u l d  be d i s c u s s ed i n  the E I S 
f o r  that s i te . 
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8 .  RELAT I ONS H I P  OF TH E PROPOSED ACT I ON TO LAND USE  PLANS . 

Land u s e p l ans f o r  the a r e a  wh i c h  inc l ude s the S u lphu r 
M i nes s i te ,  have been deve l op ed by the I mpe r i al C a l c a s ieu  
Reg ional P l ann i ng and Devel opment Comm i s s ion in  con j u n c t ion 
w i th the Lo u i s i ana S t ate P l ann i ng O f f i ce . These plans are  
based on c u r r e n t  l and u s e  des i g n a t i o n s  and p r o j e c ted 
g r owth patte r n s . u se of these s i te s  f o r  the o i l  s to r age 
p r og r am would n o t  c hange the land u se d e s i g na t i o n s  c u r r en t l y  
app l i ed to these a r ea s . The p r oposed p r o j e c t  wo u l d  n o t  
co n f l i c t  w i th p l an s  t h a t  h ave been forwarded b y  t h e  p a r i s h  
and r e g i on a l  p l ann i ng comm i s s i on s . T h e  c u r r en t  d i s t r i bu t i on 
o f  to tal  a r e a  o f  C a l c a s ieu  P a r i s h , i n  wh i c h  the s i te i s  
lo c ated , i s  as  f o l l ow s : l 

Ag r i c u l t u r a l  Land s 3 3 6 , 9 0 4  a c r e s  4 9 . 1 6 %  
Fo r e s t  1 8 3 , 3 4 9  a c r e s  2 6 . 7 5 % 
P ubl i c/ semi-publ i c  Lands * 8 , 7 0 0  a c r e s  1 . 2 7 %  
U r ba n  A r e a s  5 7 , 7 3 2  a c r e s  8 . 4 3 %  
Undevelopable We t l ands 9 2 , 9 4 6 a c r e s  1 3 . 5 6 %  
Water Bod i e s 5 , 6 9 6  a c r e s  0 . 8 3 %  

To tal  6 8 5 , 3 2 7  a c r e s  1 0 0 . 0 0 %  

The p r imary c o n ce r n  o f  p r o j e c ted l and u s age p l a n s  r e l a t i ve 
to th i s  p r o j e c t  i s  the expan s i on o f  S u lphu r , wh i c h  i s  
g r ow i ng a t  a r ap id r a te and w h i ch i s  only 2 m i l e s  f r om the 
s to r age s i t e .  The pop u l a t i o n  o f  S ulph u r  i s  expe c ted to 
i nc r e a s e  a t  a rate o f  14  percent to 15  p e r c e n t  eve r y  5 
year s ,  r e a c h i ng a f ig u r e  o f  abo u t  2 3 , 5 0 0  by 1 9 9 0 .  The 
f o rmu l a  u s ed to e s t ima t e  l and r eq u i r emen t s  to accommo d a te 
th i s  u r ban expan s i on h a s  been ba s ed o n  the p r op o r t ion o f  
p r e s e n t  pop u l a t i o n  t o  l and u s age , and a s s umes the ba l ance 
in the v a r i o u s  u r ban s e c to r s  to r ema i n  cons tant . The 
r e s ul t i ng de l i ne a t i on o f  add i t i o n a l  u r ba n  l and r e q u i r e d  by 
1 9 9 0  is  s h own on Table 8 . 1 .  

The a r ea s  whe r e  land w i l l be anne xed to S ulphu r to s upply 
ad d i t i o n a l  r eq u i r emen t s  for u r ban a c r e age are s hown i n  
F i g u r e  8 . 1 .  P l anne r s  an t i c ipate that the c i ty w i l l  
c o n t i nu e  i ts p r e s e n t  patte r n  o f  expand i ng eas t and s o u th . 
A l a r g e  p r opo r t io n  o f  the r e s idents  o f  S u lph u r  wo r k  i n  
L a k e  C h a r l e s  and We s t l a k e ,  and the open space that  now 
sepa r a tes the s e  commu n i t i e s  w i l l  p r o bably even t u a l l y  me r g e  
i nt o  a con t i n u o u s  u r ba n i z ed a r ea . The f ig u r e s hows a 
s u bs tan t i a l  p r op o r t i on o f  land d e s ignated f o r  i nd u s t r i al 
g r owth . Th i s  l and l i e s  e a s t  and s o u th o f  S u lphu r i n  a n  
a r e a  wh e r e  i nd u s t r y  c o u ld t a k e  advan tage o f  the C a l ca s i e u  
R i ve r  a s  a s h ipp i ng r ou te f o r  s uppl i e s  a n d  p r od u c t s . 
C ompl e t i o n  o f  I n te r s tate H i ghway 2 1 0  w h i ch w i l l bypass  the 
downt own a r ea of Lake C ha r le s  and p r ov ide road a c c e s s  to 
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the a r ea s o u th e a s t  o f  S ul p h u r  w i l l  a l so p r omp t devel opment 
the r e . No r th e r n  expan s ion o f  the c i ty wo u l d  be bo u nded by 
the H o u s ton R i ve r , and s o u t h e r n  expan s i o n  wo u l d  develop on 
both s id e s  o f  H i ghway 2 7 , inco r po r at ing the e x i s t i ng 
r e s i d en t i al commun i ty o f  C a r l y s s . A s tudy cond u c t ed by a 
p l ann i ng c o n s u l tant f o r  the C a l ca s i eu Reg i o n a l  P l ann i ng 
Comm i s s ion i n  J ul y , 1 9 7 3  r ecommended that m un i c ipal i t i e s  
s u c h  as  S u l ph u r  anne x cont i g u o u s  a r e a s  i n  o r d e r  t o  co n t r o l  
th e i r  devel opment t h r o ugh l i cens i ng and z on i ng mea s u r e s . 2 . 

T h i s  s t udy a l so p r ed i c t ed that the r u r a l  popu l a t i o n  
s u r r o und i ng S u lp h u r  would d e c r e a s e  s ign i f i c a n t l y  b y  1 9 9 0 . 
S u l ph u r  and the p r oposed s to r age s i te a r e  i n  ward  4 o f  
C a l c a s i e u  P a r i s h ;  the bo u nda r i e s  o f  th i s  w a r d  a r e  s hown on 
F i g u r e  � . l .  The r u r a l  popu l a t ion in  th i s  w a r d  was abo u t  
1 1 , 5 0 0  i n  1 9 7 0  a nd i s  e xpec ted t o  d im i n i sh t o  abo u t  2 , 0 0 0  
i n  1 9 9 0  d ue to anne x a t ion o f  u n i nc o r po r a ted r e s i d en t i al 
a r e a s  by S u l ph u r  and We s t l a k e .  

Land u s e  p l a n s  ava i l able a t  th i s  t ime i nd i c a t e  that the 
we s t e r n  bo u nd a r y  o f  th e c i ty l im i t s o f  S u l p h u r  is unl i k e l y  
to b e  moved f a r th e r  west . Th i s  m e a n s  t h a t  the e x i s t i ng 
f o r e s t  be l t  w h i ch i s  abo u t  a m i l e  w ide and wh i c h  s ep a r a t e s  
th e p r opo s ed o i l  s to r age s i te f r om S ulphu r , w i l l  r ema i n . 
T h e  p r opo se d  o i l  d i s t r i bu t ion p ipel i ne woul d  c r o s s  
th r o ug h  a f o r e s t  a r e a  south o f  the s i te , and would l i e 
wes t o f  C a r l y s s . I t  would c r o s s  Ro u te 9 0  and I n te r s tate 
1 0 , Lo u i s i ana H i ghway 1 0 8 , and t h r e e  p a r i s h  r o ad s . T h e r e  
i s  s ome r e s i d en t i al deve lopment a l o n g  these p a r i s h  r o ad s , 
b u t  the homes a r e  s c a t t e r ed and c a n  be avo i d ed by the 
p ipel i ne r o u te . 

T h e  Comp r eh en s ive Z on i ng L aw o f  C a l c a s i eu Pa r i s h was 
ena c t ed in 1 9 6 2  to d i r e c t  the patt e r n  o f  devel opment 
t h r ougho u t  the par i s h . wo r k  is c u r r e n t l y  und e rway to 
compl e t e  the cl a s s i f i c a t ion o f  p r ope r t i e s . L and wh i c h  
w o u l d  b e  a f fec ted b y  t h e  p r op o s ed f ac i l i t i e s  at S u lphur  
M i ne s  and in  the p ip e l i ne c o r r i d o r  h ave not yet been 
c l a s s i f i ed for z on i ng r e g u l a t i o n s . 
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CHAPTER 8 
SULPHUR M I NE S  

RE FERENC E S  

1 .  I mper i al C a l c a s i e u  Reg i on a l  P l ann i ng a nd Deve lopment 
C o mm i s s io n , E x i s t i ng Land U s e  S t udy , J u ne , 1 9 7 4 .  

2 .  D i ve r s i f i e d  E c o nom i c  a nd P l ann i ng A s s o c i at e s , I nc . , 
Land U s e  P l a n , prepared  f o r  the C a l c a s i e u  Reg i o n a l  
P l an n i ng C o mm i s s i o n , L a k e  C h a r l e s ,  Lo u i s i a na , J u ly , 1 9 7 3 .  
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9 .  CONS ULTAT ION , RELATED PE RM ITS , AND D I S CUS S ION 

Va r i ou s  age nc i e s , g ove r nme ntal u n i t s , a nd l oc al g r oups  
co n t r i b u ted i n f o r ma t io n  and  a s s i s tance f o r  the p r ep a r a t i o n  
o f  th i s  E nv i r onme n t al I mpa c t  S tateme n t . A l i s t  o f  the se 
age n c i es is  g i ven i n  S e c t i o n  9 . 1 .  F u r the r adv i ce and 
c o o r d i na t i o n  w i l l  be sought  f r om agenc i e s  hav i ng r eg u l a t o r y  
j u r i sd i c t i o n  ove r tho se segme n t s  o f  the env i r onme nt wh i c h  
wi l l  o r  c o u l d  po tent i a l ly b e  af fec ted by t h e  p r opos ed 
p r o j e c t . P r oc ed u r e s  a r e  c u r r en tl y  unde rway to p r ep a r e  
appl i c a t i on s  f o r  tho s e  pe r m i ts and l i c e n s e s  wh i c h  would be 
r e q u i r e d  to p r o c e ed wi th the implementat i o n  o f  the p r o j e c t . 
T h o s e  F ed e r a l  and s tate age nc i e s  whose c onc e r n s  i n ter face  
wi th the p r opo s ed a c t i o n s  a r e  l i sted in  Sec t io n  9 . 2 .  

The D r af t  E nv i r o nme ntal I mpac t S ta teme n t  was r e l eased 
f o r  publ i c  r ev i ew a nd c omme n t  i n  S e p tembe r 1 9 7 7 . A l i s t o f  
tho s e  agenc i es a nd o r g an i z a t io n s  f r om wh i c h  c omme n t s  we r e  
r e q ue s ted i s  g i v e n  i n  S e c t i on 9 . 3 .  Tho se c omme n t s  wh i c h  
we r e  r e c e i ved w i th i n  the t ime a l l o t ted , a r e  i n c luded i n  
Se c t i o n  9 . 4 .  M i n o r  c hange s to the tex t  o f  the sta teme nt 
have been made i n  r e s po n s e  to the se c omme n t s . The c omme n t s  
f r om va r i o u s  agenc i e s  a r e  i n c l uded i n  the i r  en t i r e ty i n  
Appe nd i x  J .  

9 . 1  AGENC I ES AND GROUPS CONSULTED 

In  p r epa r a t io n  for  the  Env i ro nme ntal I mpact Repo r t , n ume r o u s  
age nc i e s , gove r nme n t al u n i ts and g r oups we r e  c o n s u l ted f o r  
i nf o rma t i o n  and tec h n i c a l  expe r t i s e  pe r t a i n i ng to the 
pr opo sed p r o j e c t . T he s e  g r oups a r e  l i s ted a lphabe t i c a l l y  
be low . 

Fed e r al Age nc i e s  

Ar my C o r p s  o f  E ng i nee r s  ( New O r leans  O f f i c e  a nd 
Vi c k s b u r g , M i s s i s s i pp i  E x p e r i me n t  S ta t i on ) 

Coas t Gua r d , Po r t  A r t hu r , T e x a s  
Env i r onmental  P r otec t io n  Ag e ncy , Da l l a s , T e x a s  
Geo l o g i cal  S u rvey , Res ton , V i r g i n i a  
H o u s i ng and U r ban Devel opme n t  Adm i n i s t r a t i on 

New O r leans , Lou i s i ana 
Depa r tme nt of the I n te r i o r , Wa s h i ng to n , D . C .  
Bu r ea u  o f  I nd i an A f fa i r s ,  Wa s h i ng to n , D . C .  
Bur e a u  o f  L a nd Manageme n t , Was h i ng t o n , D . C . 
N a t i o nal Oc e a n i c  and A tmo s ph e r i c  Adm i n i s t r a t i o n , 

New O r l e a n s , Lou i s i ana 
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O c c u pa t i o n al S a f e ty and H e al th Adm i n i s t r a t i o n  
New O r l e an s ,  Lou i s i ana 

S tate Agenc i e s  

Lo u i s i an a  Ag r i c ul tu r al S t ab i l i z a t i o n  and C o n s e r -
va t i o n  S e r v i c e  

Lou i s i a n a  A i r  C o n t r o l  Comm i s s i o n  
Lo u i s i a n a  Dep a r tment o f  Conse r v a t i o n  
Lo u i s i an a  E c o nom i c  Deve lopme nt Adm i n i s t r at i o n  
Lo u i s iana  S ta te Depar tme n t  o f  Empl oyme nt S e c u r i ty 
Lo u i s i ana S tate P l ann i ng O f f  i c e  
Lo u i s i an a  Comm i s s i o n  o n  S t r e am C o n t r o l  
Lo u i s i a n a  W i l d l i fe and F i s he r i e s  C omm i ss i o n  

Loc a l  Gove r nmen t  Agen c i e s  

C a l ca s ie u  P a r i sh Po l i ce J u r y  
Impe r i al C a l c a s i e u  Reg i o na l  P l a nn i ng and Deve l op­

me nt Comm i s s io n  

O th e r  G r o ups 

Al l i ed C h em i c a l  C o rpo r at io n , H o u s to n , T e x a s  
Br ims to ne H i s to r i c a l  S o c i ety , S u l phu r , Lou i s i ana 
G u l f  O i l C o rpo r a t i o n , H o u s to n ,  T e x a s  
Lake C h a r l e s  H a r bo r  a n d  T e r m i na l  D i s t r i c t  

9 - 2  



9 . 1 ENVIRONMENTALLY ORIENTED PERMITS AND LICENSES 

A number of Federal regulations wh ich must be compl ied with 
dur ing proj ect development are l i sted in Table 9 . 2 . Also 
inc luded in the l i st are state regulations wh ich are relevant 
to the program .  FEA wil l consul t with the state agenc ies in 
charge of implementing these regulations pur suant to the 
Intergove rnmental Coord ination Act of 1 9 6 8 . 
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Tab le 9 . 2  Regu l at o r y  B od i e s  and The i r  J u r i s d i c t i on a l  C o nc e r ns 

AGENCY 

F ED E RAL 

1 .  U . S .  A r my Corps o f  
Eng i n ee r s , N ew O r l e a ns 
and G a l v e s ton , D i s t r i c t  
Eng i n e e r  P e r m i ts f o r  
D r e d g i ng o r  f o r  
Con s t r uc t ion of any 
s t r u c t u r e  

REGU LATORY JUR I SDICT IONAL CONC ERNS 

" Regu l at i ons on N a v igab l e  Wat e r s "  

A .  Pe r m i ts f o r  Ac t i v i t ie s  i n  N a v i ga b l e  Wat e r s  
of Ocean W at e r s  

1 .  P r oh i b i t s  the u n a u t ho r i zed o b s t r u c t ion 
o r  a l t e r a t ion o f  a ny n a v i g a b le wat e r s .  

2 .  D i s ch a r ge o f  d r ed g e d  mate r i a l s  i n t o  
nav i ga b l e  wate r s .  

3 .  S t r u c t u r e s  o r  ac t i v i t i e s  a f f e c t i ng the 
nav i g ab i l i ty o f  n a v i g a b l e  wat e r s ; i n c l u d e s  
s t r u c t u r e s  unde r a nav i g a b l e  w a t e r way . 

R E F E RENCE 

33 C F R  2 0 9  

3 3  C F R  2 0 9 . 1 20 

3 3  C F R  209 . 1 2 0  ( b )  ( 2)  

3 3 C FR 2 0 9 • 1 2 0 ( b )  ( 3 ) , 
( b ) ( 7 ) , ( g ) ( 5 ) ( i i ) 

3 3  CFR 2 0 9 . 1 2 0 ( b )  ( 3 ) , 
( e ) ( i ) , ( g ) ( 5 ) ( i i ) 

4 .  D i s c h a r g e  of r e f u se i n t o  nav i g a b l e  wat e r s . 3 3  C F R  2 0 9 . 1 2 0 ( b )  ( 4 )  

5 .  Tempo r a r y  occ upat ion w i th u se o f  any 
seawa l l ,  b u l k h e ad , e t c . 

6 .  Dec l a r e s  a na t i o n a l  po l i cy to e n c o u r age a 
p r od u c t ive and e n j oyab le h a r mony between 
ma n and h i s e nv i r onment . 

7 .  P r e s e r v a t ion of the q u a l i ty o f  the aq uat i c  
env i r onme nt a s  i t  af f e c t s  the con s e r va ­
t ion , i mp r ovement and e n j oyme n t  o f  f i s h  
and r e sou r ces . 

8 .  L i c e nse needed wh i c h  w i l l  r e f l e c t  u pon 
p r ope r t i es l i s ted in the N a t i o n a l  
Reg i s te r  of H i s to r i c  P l ac e s .  

B .  P i e r s ,· D r ed g i ng , e t c , i n  Wate rways 

1.  S t r uc t u r e s  o r  ac t i v i t i e s  a f f ec t i ng the 
nav i g ab i l i ty o f  n a v i g a b l e  wat e r s ;  i nc l ud e s  
s t r u c t u r e s  u n d e r  a na v i g a b l e  wat e rway . 

2 .  Wo r k  connec t i n g  c a na l s  to n a v i g a b l e  
wate r s .  

3 .  F i xed s t r uc t u r es on the o u t e r  cont i ne n t a l  
she l f . 

4 .  P i e r s  o r  bul kheads at the coas t l i ne .  

3 3  C FR 2 0 9 . 1 2 0 ( b )  ( 5 ) 

3 3  CFR 2 0 9 . 1 2 0 ( c )  ( 4 )  

3 3  C FR 2 0 9  . 1 20 ( c )  ( 5 )  

3 3  C FR 2 0 9 . 1 2 0 ( c )  ( 7 )  

3 3  C F R  2 0 9  . 1 3 0  

3 3  C F R  2 0 9 . 1 3 0 ( b ) ( l 4 )  

3 3  C F R  2 0 9 . 1 3 0 ( b ) ( l 6 )  

3 3  C FR 2 0 9 . 1 3 0 ( q )  

3 3  C FR 2 0 9 . 1 3 0  ( b) ( 1 3 ) , 
( b ) ( 1 2 )  

REMARKS 
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T a b l e  9 . 2  Reg u l a t o r y  Bod i es and T h e i r  J u r i s d i c t i on a l  C o n c e r n s  ( c o n t i n ued ) 
REF EREN_C_E�����-��'R"E�M�A�RwK�S-AG ENCY REGULATORY J U R I S DICTIONAL CONCERNS --�--

2 .  U . S .  C o a s t  G u a r d , 
D i s t r ic t  Comm a nd e r  
o f  8 t h  C o a s t  G u a r d  
Di s t r i c t  ( N ew O r l e a n s )  
( N o  Pe r m i t  Req u i r i e d )  

C .  Pe r m i t s  fo r D i s c h a r g e s  o r  De po s i t s i n to 
N a v i g a b l e  Wa te r s  

Coa s t  G u a r d  Regu l a t i o n s  o n  O i l  Spi l l s  

A .  Le t t e r  o f  i n t e n t  t o  o pe r a te o i l  t r a n s f e r  
f a c i l i ty 

B .  Not ice o f  D i sc h a r g e  of O i l  

C .  Fa c i l i t i e s  a nd Ve s s e l s  f o r  T r a n s po r t i ng a nd 
H a nd l i ng Pe t r o l e um 

D. La r g e O i l  T r a n s fe r  F a c i l i t i e s  

E .  O i l  T r a n s fe r  Ope r a t i o n  

3 3  C F R  2 0 9 . 1 3 1  

3 3  C F R  1 5 4  
3 3  C F R  1 5 4 . 1 1 0  

3 3  C F R  1 5 3  

3 3  C FR 1 5 1 . 1 5 4  

3 3  C F R  1 5 4  

3 3  CFR 1 5 6  

3 .  U . S .  Env i r o nm e n t a l  P r o tec- �ul a t i o n s  o n  Pol i c i e s  and P r o c ed u r e s  f o r  
t i o n  Agency , Reg ion V I  t h e  N a t i o n a l  Pol l u t a n t  D i s c h a rge E l i m i n a t i o n  

Sys tem ( NP D E S )  

4 0  C F R  1 2 5  

1 .  These Reg u l a t i o n s  p r o s c r i be the po l i cy 
and p r oced u r e s  to be f o l l owed by the 
Ad m i n i s t r a t o r  o f  t h e  U . S . E . P . A .  pu r s u a n t  
t o  S e c t i o n s  4 0 2  a nd 4 0 3  o f  t h e  Fede r a l  
Wa t e r  Po l l u t i o n  Con t r o l  Ac t .  

3 3  us e  1 2 51 n t  

2 .  Req u i r e s  pe r m i t s  • . •  f o r  any i n d u s t r i a l  
d i sc h a r g e s  i n t o  n a v i g a b l e  wa te r s  i nc l u d i ng 
the " c o n t ig u o u s  z o n e "  t e r r i t o r i a l  sea . S u c h  
a pe r m i t  wo u l d  p r obably b e  nece s s a r y  f o r  
d i sc h a r g e  o f  e f f l u e n t s  f r om the o f f - s h o r e  a nd 
o n - s ho r e  t e r m i na l  wa s te t r e a tm e n t  fa c i l i t i e s . 
In add i t i o n , s h o u l d  the N PDES pe r m i t  s y s tem 
r eq u i r em e n t s  not apply to a pa r t ic u l a r  
ope r a t i o n ,  c e r t i f i c a t io n  i s  s t i l l  r e q u i r ed 
f r om the E PA adm i n i s t r a to r  ( o r  f r om a p p r o ­
p r i a te d e s i g n a ted S t a t e o r  I n te r s t a te 
agenc i e s )  whenever a Fed e r a l  l i c e n s e  o r  
pe r m i t  i s  be i ng s o ug h t  f o r  a c t i v i t i e s  
wh i c h  m a y  r e s u l t i n  d i s c h a r g e  i n to t h e  
n a v ig a b l e  wa te r s .  

Le t t e r s  o f  i n t e n t  
m u s t  b e  s u bm i t t ed 
and appr oved 6 0  
d a y s  p r i o r  t o  d a t e  
t h e  o pe r a t i o n  i s  
i n tended t o  beg i n .  

N o t i c e  f o r  o i l  
s p i l l e d  and d e l eg a t i o n  
o f  r e spo n s i b i l i ty fo r 
c l e a n u p .  

P r o v i d e s  e q u i pm e n t  
r e q u i r em e n t s  a nd 
c r i t e r i a f o r  ope r a ­
t i o n s  mo n i e s . 

Reg u l a te s  o i l  
t r a n s fe r . 

The S t a t e  of Lou i s i a n a 
does no t y e t  have a n  
appr oved p r og r am f o r  
i s s u i ng N PDES p e r m i t s .  
Howe v e r ,  t h e  S t a te 
h a s  to ce r t i f y  t h a t  i t  
h a s  s e e n  a n d  appr oved 
the pe r m i t  appl i c a t i o n  
be f o r e  E PA w i l l  a c t  
o n  i t ,  
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Table 9 . 2  Reg u l a t o r y  Bod i e s  and The i r  J u r i sd i c t i o n a l  Conce r n s ( c o n t i n ued ) 

____ .AGENCY 

4 .  Depa r tme nt o f  I n te r i o r  
F i sh a n d  W i l d l i fe 
Se r v i ce 

5 .  Depa r tment of Comme r c e  
N a t i o nal M a r ine F i sh i ng 
Se r v i ce 

6 .  Depar tment of Tr ans­
po r ta t io n ,  O f f i ce 
of P i pe l ine S a fe ty 

S t a t e  

7. Lou i s i ana S t r e am 
Co n t r ol Comm i ss ion 
( e nf o r cement agency 
is the Lou i s i ana 
D i v i sion o f  Water 
Po l l u t ion Contr o l ) 
( B a ton Roug e )  

REGULATORY J U R I S D IC'l'IONAL CONCERNS 

Regu l a t ions on Oil Pol l u t ion Prevent ion 

A Sp i l l  Pr even t i o n ,  Con t r o l , and Counte r ­
me a s u r e s  Plan ( S PCC )  must b e  prepared f o r  each 
o i l  hand l i ng f ac i l i ty ,  w i th i n  six months o f  
t h e  commencement o f  f ac i l i ty ope r a t ions . 

Regu l a t i ons on Tr ansplr t at ion for Dumping ,  and 
Dumping o f  Mater ia l s  n t o  Ocean Wate r s  

Pe r m i t  f o r  ocean dumping req u i r ed f o r  b r i ne 
d i spo sal . 

A i r  Po l l u t ion Con t r o l  

Pro tec t ion o f  W i l d l i f e  

W i l d l i fe P r e s e r v a t ion 

Sets St anda r d s  for Pipel ine C a r r y i ng 
Pe t r o leum or H a z a r dous Mater ia l s  

( a )  Ce r t i f i c a t e  o f  Approval requ i r ed f o r  
perm i s s ion t o  d i sc h a r g e  w a s t e s  i n to the 
pub l i c  water . 

( b )  S t a t e  m u s t  approve appl i c a t ions for N PD E S  
pe r m i ts b e f o r e  subm i s s ion t o  U . S .  
Env i ronme ntal Protect ion Agency 

( c )  Pe r m i t  for waste d i spo s a l . 

R E FERENCE 

40 CFR 1 1 2  
4 0  C FR 1 1 2 . 3  

40 C FR 2 2 0  

40 C F R  2 20 - 2 2 9  

.4 0 C FR 60 

16 use 661-666  
16 u s e  1 5 3 1 - 1 54 0  

16 use 6 6 1 -666 
16 use 1 5 3 1 - 1 5 4 0  

4 9  C F R  1 9 5  

Lo u i s i a na Reg u l a t ion 
Req u i r ing Submission 
of Repo r t s  for the 
Discharge of 
Ind u s t r i a l  W a s te • •  
40 C F R  1 2 3  Subpa r t A ,  
Se c t ion 1 2 3 . 3 .  

REMARKS 

New Sou rce per f o r m­
ance test ing must 
be pr ov ided . 

F i sh and W i l d l i fe 
Coo r d i na t ion Act 
Endang e r ed Spec i e s  
Ac t 

Ce r t i f i c a te o f  
Appr oval re q u i r ed 
3 to 1 2  wee k s  
be fore beg in n i ng 
d i sch a r g e s .  
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Ta b l e  9 . 2  Re g u l at o r y  Bod i e s  and Th e i r  J u r i s d i c t i o n a l C o n c e r n s  

AGENC Y R"EGiJLA:T6RY"J6RfSDfET!oNll:i:-c:oNc:fRN5�������--REFERENcE REMARKs 

8 .  Lou i s i ana A i r  ( a )  C e r t i f i c a t e  o f  Appr ova l f o r  cons t r u c t i o n  o f  
sour ces o f  a i r  pol l u t i o n  e m i s s i o n s . Appl i e s  
to o n s h o r e  t u r b i nes , b a r g e  load i ng a nd u n ­
l oa d i ng fac i l i t i e s ,  s u r g e  t a nk s ,  pumps , a n d  
re l a t ed fac i l i t i e s .  

Con t r ol Comm i s s i on 
( e n f o r cement ag ency 
i s  the Lou i s i a na 
D i v i s ion o f  Hea l t h )  

9 .  L ou i s i ana 
A r chaeolog i c a l  
S u r vey and 
A n t i q u i t i e s  
Comm i s s ion 

(b) Appr ova l for open bu r n i ng of l a nd c l e a r i ng 
debr i s  is n o t  spec i f i c a l l y  r eq u i r ed at p r e s e n t  
so l o n g  as t h e  g u i de l i nes st i p u l a t e d  i n  t h e  
a i r  c o n t r ol r e g u l a t i o n s  a r e  met . Howev e r , i t  
i s  ad v i sa b l e  to n o t i fy t h e  D i v i s i o n  p r i o r  t o  
s u c h  bu r n i ng t o  d e t e r m i ne t h a t  p r e d i c t ed 
amb i e n t  a i r  q ua l i t y a nd a t mo sphe r i c  cond i t i on s  
at the t i me o f  bu r n i ng w i l l  be s u i t a b l e  and t o  
a l e r t  t h e  D i v i s i o n  t h a t  b u r n i ng i s  p l a n ned a nd 
w i l l  be p r ope r l y  c o n d u c t e d . 

P r e s e r va t i o n  o f  A r c h a e o l og i c a l  a n d  H i s t o r i c a l  
Reso u r c e s  

1 0 . Lo u i s i ana S t ate S ta t e  H i s t o r i c  P r e se r va t i on O f f i ce r  
A r t ,  H i s to r i c a l  and 
C u l t u r a l  P r e s e r va t i on 
Agency 

1 1 .  Lo u i s i ana S t ate ( a )  
D i v i s i on o f  H e a l t h  
Bu r e a u  o f  E nv i r on ­
Me n t a l  S e r v i c e s  

P e r m i t  f o r  i n s t a l l a t i o n  o f  sewage t r e a tm e n t  
fac i l i t i e s  a n d  f o r  d i sposal o f  sol i d  a nd 
o i l y wa t e r  w a s t e s . 

1 2 .  Lou i s i ana S t ate 
Depa r t me n t  of 
Con s e rvat ion 

1 3 .  Lou i s i ana S t ate 
Depa r t me n t  of 
H i ghways 

1 4 .  Lo u i s i ana S t a t e  
Land O f f i ce 

( b )  P l a n s  a n d  spec i f i c a t i o n s  m u s t  be app r oved 
be f o r e  c on s t r uc t ion of a w a t e r  s u pp l y  
sys tem i s  c o mme nced . 

( a )  We l l  d r i l l i ng f o r  b r i ne p r od u c t i o n . 

( b )  I n j e c t i o n  wel l s  f o r  sa l t  w a t e r  or w a s t e  
d i spos a l . 

( c )  P e r mi t r e q u i r e d  f o r  s to r age of hyd r o ca r bon s .  

R i g h t - o f -way f o r  p i pe l i n e s  and powe r l i ne s  pa s s i ng 
und e r  or ove r h i ghway s .  

( a )  R i g h t - o f-way f o r  p i pel i n e  c r o s s i ng s t a t e ­
owned l a nd s  and n a v i g a b l e  w a t e r ways . 

( b l S u r f a c e  l e ase f o r  s to r age a nd t r a n spo r t a t i on 
of o i l  a nd ga s ,  

Lo u i s iana A i r  C o n t r o l  
Comm i s s ion Reg u l a t i ons 
Sec t i o n  6 . 1 .  

Lou i s i ana A i r  C o n t r o l  
C o mm i s s i o n  Reg u l a t i o n s , 
Sec t i o n  1 1 . 0 .  

Lo u i s i a na Rev . S t a t ; 
Se c t . 4 1 . 1 6 0 1 - 1 6 1 3  

1 6  USC 4 6 9  -

C h a p t e r  1 0 .  S a n i t a r y  
Cod es , S e c t ions 1 0 , 5 0 
and 1 0 . 5 6 . 4 ,  S t a t e  o f  
Lo u i s i a na 

La . Rev . S t a t . 
Sec t s . 3 0 - 1 ,  
et . seq . 

La . Rev . S t a t . 
S e c t s . 4 1 : 1 1 7 3 - 1 1 7 4  

P r i o r  t o  f a c i l i ty 
cons t r uc t i on , p l a n s  
a n d  spec i f i c a t ions 
o f  t h e  f ac i l i t y  s h o u l d  

Lo u i s i a na A i r  C on t r ol 
Commi s s i on . 

Req u i r e s  a S u r vey 
in t h e  i mpacted a r e a  
be f o re cons t r uc t i on 
commence s . 
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T a b l e  9 . 2  Reg u l a t o r y  Bod i e s  and T h e i r  J u r i sd i c t i o n a l  C o nc e r n s ( c o n t i n u e d ) 

AGENCY REGULATORY J U R I S D I CT I ONAL CONCERNS 

1 5 .  S t a te of 
Lo u i s i a n a  Depa r t­
me n t  of Publ i c  
Wo r k s  

1 6 .  Lo u i s i a n a  S t a t e  
F i r e M a r s h a l  

1 7 .  N o t  E s t a b l i shed 

1 8 .  Lou i s i a n a  W i ld­
l i f e and 
F i sher i e s 
Comm i ss ion 

Local 

1 9 .  C a l c a s ieu P a r i s h 
Po l i cy J u r y  

( a )  Levee Leakage - f o r  p i pel i ne c r o s s i ng , 
con s t r u c t i o n  of r amp s f o r  access to the 
pipe l i n e ;  cpn s t r u c t ion o f  a dock . 

( b )  Perm i t  to lay p ipel i n es under or a c r o s s  
navigable w a te rways or a c r o s s  s t r eam . 

( c )  L e t t e r s  of o b j ect ion or no obje c t i on 
conce r n i ng con s t r u c t ion of barge f a c i l i t i es and 
tanker f a c i l i t i e s .  

( a )  Appr ova l o f  p l a n s  a nd speci f i c a t ions f o r  a l l  
bar�� f a c i l i t i e s ,  t a n k e r  fa c i l i t i e s ,  a nd 
p i pel i ne con s t r uc t ion . 

Comp l i ance w i th C o a s t a l  Z one Ma nagement P l a n ,  when 
adopted . 

Comm i ss ion w i l l  s u bm i t  letter of obj ect ion o r  
n o  o b j e c t i on to C o r p s ;  consu l t a t i on and 
coor d i n a t i o n  w i t h  Comm i s s ion requ i r ed . 

( a )  Pe r m i t s  requ i r ed f o r  con s t r u c t ion of d o c k s , 
p i pel i nes , a nd bu i l d i ng s  to ex i s t i ng dock 
and new t a n k e r  f a c i l i t i e s . 

( b )  Approval r equ i r ed f o r  c r o s s i ng road s ,  d i tch e s ,  
c a na l s ,  a nd wa te r ways d u r i ng p ipe l i ne con­
s t r u c t i on . 

REFERENCE 

La . Re v .  S t a t . 
Se c t .  3 8 . 1  et seq . 

La Rev . S t a t .  
Sect s .  
4 0 : 1 5 6 1 - 1 563 
4 1 : 1 26 2 - 1 2 6 9  

La . Re v .  Code 
T i t l e  56 

-���-REMAR:�K�S'--�� 



9 . 3  PART I E S  FROM WH ICH COMMENTS WE RE REQUESTED 

As a pa r t  of  the r e v i ew pr oce s s  fo r the E nv i r onmen t a l  
Impac t S t a teme n t , c omme nt s  have be en r eques ted f r om t h e  
depa r tmen t s , a g e nc i e s , a nd o r g an i z a t i o n s  l i s ted be low : 

Fede r a l  Agenc i e s  

Appa l a c h i a n  Reg i onal  Comm i s s io n  
Depa r tment o f  Ag r i c u l tur e 
Dep a r tme nt o f  the A r my 
Depa r tment o f  Comme r ce 
Depa r tment o f  D e f e n s e  
Depa r tme nt of  Ene r gy 

( 1 0  Reg i o nal  O f f i c e s ) 
C o u n c i l  o n  E nv i r o nme n t al Q u a l i ty 
Fede r a l  Powe r C ommi s s i o n  
U . S . F i s h & W i l d l i fe S e r v i c e  
Depa r tm e n t  o f  H e a l th , Ed u c a t i o n  & Wel f a r e  
Adv i so ry C o un c i l  o n  H i s to r i c  P r e s e rv a t io n ­
Depa r tment o f  Ho u s i ng a n d  U r ba n  Devel opme nt 
Depa r tment o f  the I n te r i o r  
I n te r s tate Comme r c e  Commi ss i o n  
Depa r tme nt o f  Labo r 
Na t i o n a l  Ma r i ne F i she r i e s  S e r v i ce 
N a t i o n a l  S c i ence Foundat i o n  
Nuc l e a r  Reg u l a to r y  Commi s s i o n  
Dep a r tme nt o f  S tate 
Tenne s s e e  Val l ey Autho r i ty 
Depa r tme nt o f  T r anspo r t a t i o n  
Depa r tme n t  of  the T r ea s u r y  
Wa ter  Re s o u r c e s  Counc i l  

S ta te Agenc i e s  

Lo u i s i a n a  S ta te C l ea r i ngho u se 
Lo u i s i a na Depar tme nt o f  J u s t i ce 
Texas  S ta te C l ea r i ngho u s e  
N e w  Yo r k  S tate O f f i ce o f  E ne r g y  Anal ys i s  

Loc a l  Go ver nme n t  Agenc i e s  

Ca l ca s i e u  P a r i sh Po l i cy J u r y , Lou i s i an a  
Came r o n  P a r i s h  Po l i cy J u r y , Lo u i s i an a  
Je f fe r so n  County , T e x a s  
O r ange Co unty , T e x a s  
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I nd i v i d u a l s  and Organ i z a t i o n s  

Acad i ana P l a n n i ng & Deve l opme n t  D i s tr i c t  
Al l i ed C hem i c a l C ompany 
Ame r i c a n  F i she r i e s  S o c i ety 
Ame r i c a n  L i tto r a l  Soc i e ty 
Ame r i c a n  P e t r o l e um I n s ti tute 
B a to n  Ro uge Aud ubon S o c i ety 
Ca l c a s i e u  Rod & G u n  C l ub 
Came r o n  P a r i sh P o l i cy J u r y  
C a no e  & T r a i l  S h op , I n c . 
Ce nter f o r  Law & S o c i a l  Po l i c y  
C o un c i l  o n  t h e  E nv i r o nment 
The C o u r i e r  
E c o l og y  C enter  o f  Lo u i s i ana , I nc . 
Ed i s o n  E le c t r i c  I n s t i tu t e  
E l e c t r i c  Powe r Re sear ch I n s t i t u te 
E nergy C o n s e r va t i o n  Commi ttee 
Env i r o nmental D e f e n s e  Fund 
E nv i r o nmental  Po l i cy Center  
E nv i r o nme ntal Re so u r c e s  & E ne rgy G r o u p  
F l o r i d a  A ud ubon S o c i e ty 
Fr i en d s  o f  the E a r th 
Fund f o r  A n i ma l s  
G u l f S t ates  M a r i ne F i s he r ie s  C ommi ss i o n  
I n s t i t u t e  f o r  G a s  Techno l ogy 
I n te r s tate N a t u r a l  Gas As soc i at i o n  of Ame r i c a  
I z a a k  Wa l to n  League o f  Ame r i c a  
K a i s e r E ng i ne e r s  
League o f  Wome n Vote r s  
LOOP 
Lo u i s i a n a  O f f sho r e  T e rm i na l  Autho r i ty 
Lo u i s i a n a  Powe r & L i g h t  
Lo u i s i a n a  W i l d l i f e Fede r a t io n  
Na t i o nal A s so c i at io n  o f  Coun t i e s  
N a t i o n a l  Audubon S o c i ety 
N a t i o nal Le ag ue of C i t i e s  
Na t i o n a l  P a r k s  & C o n s e r v a t i o n  A s so c i at i o n  
N a t i o n a l  Re so u r c e  D e f e n s e  C o un c i l  
Na t i o na l  W i l d l i f e  Fede r a t i o n  
New O r l e an s  Aud ubon S o c i ety 
RES TORE , I n c . 
S eadoc k ,  I nc . 
S i er r a  C l ub - D e l t a  C h apte r 
S i e r r a  C l ub - G u l f Co a s t  Reg i o n a l  C o n s e r va t io n  

Comm i ttee 
S i er r a  C l ub - New O r l ea n s  G r oup 
S o u th C e n t r a l  P l ann i ng a nd Deve lopme nt 

Commi s s i o n  
The T imes - P i cay une 
U . S . C o n f e r en c e  o f  Mayo r s  
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9 . 4  PART I E S  FROM WHOM COMMENTS WERE REC E I VED 

The comme nts on the D r a f t  Env i r onme ntal I mpac t S t at ement 
add r e s sed h e re i n  a r e  those r ec e i ved by the Depa r tment o f  
E n e r gy wi th in the al lo t ted c omme nt pe r i od . Cop i es o f  tho se 
l e t t e r s  of  c omme nt a r e  c o n t a i n ed in  Appe nd i x  J .  

Comme nts r ec e i ved by DOE a f t e r  the exp i r a t ion o f  the 
t ime pe r i od a l so h ave been con s ide red in the p r epa r a t io n  o f  
t h i s  F i nal E nv i r onmental I mpac t S t atement t o  the d eg r e e  
p r a c t i c a b l e  w i th in s u c h  time l im i ts , b u t  a r e  n o t  ad dr e s sed 
i nd i v id ua l l y  wi th in Chapte r 9 .  

9 . 4 . 1  F ed e r a l  Age nc i e s  

9 . 4 . 1 . 1  Dep a r tment o f  t h e  Army 
New Or l ea n s  D i s t r i c t  C o r ps o f  Eng i nee r s  

Comment a -

"One o f  the p r ima r y  adve r s e  impac ts r e s u l t ing f r om 
p r oj e c t  imp l eme ntat ion is  th at wh i c h  wou l d  a f fe c t  the 
p r oj e c t  ar e a ' s  wate r qual i ty a nd , c onseque n t l y ,  the d epend e nt 
a q ua t ic o r g a n i sms . As n oted o n  page 2 - 1 5  o f  the tex t , the r e  
a r e  nume r o u s  aqua t ic sys tems wh ic h w o u l d  be a f fec ted by the 
p r opo sed p r oj ec t .  I t  is  appa r e nt that ne i the r wa t e r  qual i ty 
n o r  p l a n k ton i c  and bent h i c  s ampl e s  w e r e  t a k e n  a nd a n a l y z ed 
f r om these sys tems p r i o r  to p r e pa r a t io n  o f  the d r a f t  E I S . 
Rev i ew a nd i nc l u s i on o f  ava i l ab l e  l i te ra t u r e  conta i n i ng 
r e fe re nces to t he g e ne r a l  p r oj ec t  ar e a ' s  wate r qual i ty a nd 
aqua t ic o r g a n i sms a r e  app r op r i ate to e s tabl i s h  a h i s to r i c a l  
s e t t ing . Howeve r ,  to  adequa t e l y  a s se s s  wate r q ua l i ty 
impac t s , c u r r e nt and mo r e  s i te spec i f i c  i n fo r mat ion a r e  
r e q u i r ed . "  

Re spo n s e  

The c on s t r u c t ion o f  o i l  s to ra g e  f ac i l i t ie s  a t  S ul ph u r  
M i nes wou l d  be a s h o r t - te rm ac t iv i ty a nd t h e  a s so c i ated 
wa te r qual i ty i mpac ts would be tempo r a r y .  I n c r e a s ed level s 
o f  sed ime nt and o t he r  p o l l u tants i n  the wa t e r  col umn wo u l d  
impact  o n l y  a l imi ted a r e a  and wo u l d  s e t t l e  out  sho r t l y  
a f t e r  t h e  t e r m i n a t i o n  o f  c o n s t r u c t ion ac t iv i t ie s . P l a n k to n i c  
spec i es and a maj o r i ty o f  bent h i c  spec i es r e p r od uce r a p i d l y  
and , the r e f o re , t h e  popul at ions  o f  the s e  o r g a n i sms w o u l d  
q u i c k l y  r e t u r n  t o  n o r m a l  level s .  Bec a u se o f  t h e  tempo r a r y  
na t u r e  o f  the s e  impa c t s  and t he rapid r ecove r y  wh i c h  pop u l a ­
t i o n s  wou l d  unde rgo , i t  i s  not fel t that add i t io n a l  c o l l e c t i o n  
o f  f i el d data i s  app r op r i at e . 
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Comment b -

The s tateme nt on p age 2- 6 2 ,  p a r ag r aph one , i s  i n c o r r e c t .  
The r e fe rence c i ted i s  d ated 1 9 5 6 . A s a l twat e r  ba r r i e r , 
located a t  C a lc a s i e u  R i v e r  between m i l es 3 8 . 6  a nd 4 3 . 5 ,  was 
cons t r u c ted in 1 9 6 8  a nd h as been in ope r a t ion s i nce th at 
t ime . 
Re spo nse 

The appr op r i ate chang e  has been made i n  the text . 

Comme nt c -

" The r e f e rence s to r a r e  and e nd ang e red spe c i e s  sho u l d  
b e  changed to t h r e at e ned o r  e nd a nge r ed spe c i e s . "  

Re spo n se -

The app r op r i ate chang e s  have be e n  made i n  the te x t .  

Comme nt d -

" The env i r onme ntal set t ing sec t i o n  s ho u l d  i nc lude a 
d i sc u s s ion o f  the v e c to r p r ob l ems and potent i a l s  that e x i s t  
i n  the a r e a  o f  the p r o j e c t  i n f l ue nce . The impact sec t io n  
s ho u l d  p r ov i de a d i s c u s s i o n  a s  t o  h ow t he p r opo sed p r o j e c t  
wo u l d  a f fe c t  these vec t o r  p r ob lems . Cons t r u c t i o n  ac t iv i t i e s  
wo u l d  p r od uce h a b i tat f o r  vecto r s , e spe c i al ly mo sq u i toe s .  
P r o j e c t  compl et ion w o u l d  p o s s i b ly impede no rmal s u r face 
d r a i nage and a l so wo u l d  c r e ate tempo r a r y  a nd pe rma nent 
impo undme n t s  s u i table for vecto r p r od uc t ion . "  

Re spo nse -

The repo r t  h a s  been s u ppl eme nted w i th appr op r i ate 
i n f o rmat ion . Se e Sec t ion 2 . 4 . 1 . 5  a nd 3 . 4 . 6 .  

Comme n t  e -

" S e c t ion 6 s ho ul d  add r e s s  the b i o log i c a l  r e s o u r ce s  wh i c h  
wo u l d  b e  l o s t  d ue t o  f i l l i ng o f  ma r s hl a nd s  and c l e a r i ng a nd/o r 
f i l l i ng o f  wood l a nd s  r eq u i r e d f o r  cons t r u c t ion o f  the s to r ag e  
fac i l i ty ,  s uppo r t  b u i l d i ng s ,  s a l twate r r e s e r vo i r s , p i pe l i ne s , 
r o ad s , p ump s , and o the r pe rmanent appu r te nance s . "  

Re spo n s e  -

The deve lopme nt o f  the Sulph u r  M i ne s  sto rage f ac i l i ty 
wo u l d  n o t  r eq u i r e  the f i l l i ng o f  ma r s hl a nd s . The o i l  
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d i s t r i b u t ion p ipel i ne w o u l d  c r o s s  0 . 4  m i l e o f  ma r s h .  Th i s  
ma r s h  a c r eage wo u l d  b e  reg r aded a n d  n a t u r a l  r evegetat i o n  
wo u l d  o c c u r  f o l lo w i ng con s tr u c t ion . Sec t ion 6 h a s  been 
s u ppleme nted w i th i n f o rmat ion conce r n i ng c l e a r i ng o f  
wood l a nd a c r e age . 

Commen t  f -

" Th e  New Or l e ans D i s t r i c t  s ho u l d  be l i s ted w i th the 
Galve s to n  D i s t r i c t  i n  table 9 . 2  on page 9 - 5 . "  

Re s po n s e  -

The sugges ted add i t i on to table 9 . 2  has  be e n  mad e . 

9 . 4 . 1 . 2  Env i r o nme n t a l  P r o te c t i o n  Age nc y  

Commen t  a -

" The s ta teme nt ind i c a t e s  th at pa s t  r emoval o f  s u l p h u r  
f r om t h e  capr oc k o f  th e s a l t  dome m a y  h a v e  f o rmed c a ve r n o u s  
vo i d s  wh i c h  c o u l d  c o l lapse and c a u s e  s ubs i d e nc e , r e s u l t ing 
in s e v e r e  damage to s u r face s t r uc tu r e s  such as  p ipe l i ne s , 
s to r ag e  t a nk s ,  a nd h o l d i ng pond s . We would s ugge s t  that 
co r i ng be ob t a i ned f r om a re as of sul f u r  removal to obta i n  
c omp r eh e n s i ve load t e s t d a t a  i n  o r d e r  to p r ov i d e  i n f o rma t i on 
fo r the d e s i g n  of any p r opo sed s u r face s tr u c t u r e . Appl i c a n t ' s  
i n tent i o n s  on th i s  ma t te r s ho u ld be add r e s sed i n  the F i nal  E I S . "  

Re spo n s e  -

Sul f u r  h as no t been m i n ed a t  S ulphu r M i n e s  fo r almo s t  
5 0  yea r s  ( ex c e pt fo r s ho r t  t r i al pe r i od s  i n  the ear ly 
1 9 6 0 ' s ) and n e a r l y  a l l  s u b s i d e nce o c c u r red a t  th e t ime o f  
m 1 n 1 ng . The wel lheads fo r a l l  s to r age cave r n s  a r e  on the 
pe r i me t e r  of the s u b s i d e nce a r e a  and the r e  a r e  no p l a ns to 
bu i l d  any S PR fac i l i t i es i n  the s u b s ided a r e a . 

Comment b -

" The p r opo sed p r oj e c t  o f  empl ac i ng c r ude o i l  f o r 
s to r ag e  as  a s t r a t eg i c  r e s e r ve i n to the S u l p h u r  M i ne s  d ome 
wo u l d  r e s u l t  in l a r g e  q uant i t i e s  ( 2 4 m i l l i o n  ba r r e l s  p e r  
cyc le ; f i ve cyc le s )  o f  b r i n e  d i spl aced . The method o f  b r i ne 
d i spo s a l  p r e s e nted i n  the E I S  i s  emplacement o f  b r i ne s  i n to 
the subs u r face by d e ep wel l i n j ec t ion . The d a t a  p r e s e nted 
i n  the E I S  to s u ppo r t  th i s  method o f  d i sposal  i s  i n s u f f i c i ent 
to a l low for  a n  e f fe c t ive eval ua t i on of  the env i r onmental 
impac t of  such  an ope r a t ion . "  
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EPA Adm i n i s tr a t o r ' s  Dec i s ion  S t atement # 5  ( Fed e r a l 
Reg i s t e r , Vo l ume 3 9 , No . 6 9 , Apr i l  9 ,  1 9 7 4 )  spe c i f i e s  the 
amo unt and type of d a t a  that a potent i a l  i n j e c t o r  s ho u l d  
p r ov id e  in o rd e r  to e s tab l i s h  the a c ce p tab i l i ty o f  any 
p r opo sed we l l  i n j ec t ion . The amount and type o f  d a t a  
r eq u i r ed by E PA a r e  e s s e nt i al ly s im i l a r  t o  t h a t  r eq u i r ed 
unde r T i tl e  3 0 , Rev i s ed Lou i s i ana S t atutes , o r  und e r  the 
p r oposed Unde r g r ound I n j ec t ion Cont r o l  Reg u l a t i o n s  ( as pe r 
D r a f t  Reg u l a t i o n s , A ug u s t  3 1 ,  1 9 7 6 ) . 

Bec ause  t he S tate o f  Lo u i s i ana h a s  assumed p r i m a r y  
e n f o r cement a u t ho r i ty o f  t h e  Wate r S upply P r og r am o f  the 
S a f e  D r i n k i ng Wa t e r  Ac t ,  a nd is expec ted to a s sume p r i macy 
for the Unde r g r ound I n j ec t ion Cont r o l ( U I C )  pr og r am , we 
rec omme nd that the abo ve ment ioned d a t a  be o r g a n i z ed i n  a 
fo rmat s im i l a r  to that  req u i r e d  f o r  p e r m i t appl i c a t ion - f o r  
a n  unde r g r ound i n j ec t ion ope r a t ion , a s  spec i f ied i n  S t atewide 
O r d e r  2 9 -B o f  the Lo u i s i an a  Depa r tme nt o f  Conse rvat ion , O i l  
and Gas D i v i s i o n . We a r e  r e q ue s t ing that the s e l e c ted 
tech n i c a l  data s ho u l d  be p r ov id ed to the p ub l i c  in the fo rm 
of a " By r eq ue s t "  appe nd i x  to the F i nal  E I S .  I n  add i t i o n , 
c lo s e  coo r d i nat ion s ho u l d  be a f fo r d ed E PA a nd the Lou i s i ana 
Depa r tment of Conse rvat ion in a l l  phases  of d a t a  r eq u i r ement s , 
c o l lec t ion and p r e s e nt at io n .  DOE ' s  i n t e n t i o n  to comply w i th 
the above r e c omme nd a t i o n  sho u l d  be ad equately add r e s sed i n  
the F i nal E I S . "  

Re spo n s e  -

I f  S u l ph u r  M i nes i s  selec ted a s  a s to r age s i t e , S PR 
w i l l  s upply a l l  data req u i r ed i n  apply i ng f o r  a pe r m i t  fo r 
und e r g r o und i n j e c t ion o f  br i ne . Th i s  i n f o rmat ion w i l l  be 
p r e s e n ted to the Lou i s i ana Depa r tme nt o f  Conse rvat ion at a 
p ub l i c  h e a r i ng , as  was done fo r bo th the We s t  Hac kbe r r y a nd 
Bayou C h o c t aw s i t e s , s u b s e q ue nt to t he i r  s e l ec t io n  f o r  SPR 
use . Fur the rmo r e , DOE w i l l  c ont i n u e  to ma i n ta i n  commu n i c a ­
t i o n s  w i th t h e  Depa r tme nt o f  Conse rva t ion d u r i ng t h e  develop­
me nt of al l S PR f ac i l i t i e s . 

Comment c -

" The a l t e r na t e  method o f  b r i ne d i sposal  i s  s t r ongly 
rec omme nded . Th i s  met hod of  d i sp o s a l , as  pr opo sed in  the 
s u bj e c t  d o c ume n t , i nv o l v e s  m a r ket i ng the d i s p l aced b r i ne a s  
a c hem i c a l  f e ed s to c k . An i nd u s t r i a l c o n s ume r h a s  a l r e ady 
ind i c ated t he acceptab i l i ty of the br i ne for i t s use , a nd 
i t s  w i l l i ng n e s s  to p u r c h a se t he d i s p l aced br i n e  th r o ug h  an 
e x i s t i ng p ipe l i n e  netwo r k .  I t  is s t r ong l y  u r g ed that  the 
a l ter nate me t hod o f  br i n e  d i sposal be adopted f o r  the 
Sulphur  M i n e s  p r o j e c t . The appl i c a n t ' s  i n t e nt ions o n  th i s  
ma t t e r  s ho u l d  be addr e s sed i n  t he F i nal  S t atement . "  
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Re spo n se -

To date PPG h a s  not ind i c a ted a w i l l i ng ne s s  to p u r chase 
br i n e  d i spl aced f r om the s to r age cave r n s  at S u lph u r  M i nes 
for  the l i fet ime of  the p r o j e c t . Th i s  al t e r n a t ive would 
be p u r s ued i f  the s i te i s  s e l e c ted . Howeve r ,  fo r a 
wo r s t-case ana lys i s , i t  i s  a s s umed t h at al l br i ne wo uld 
be i n j ec ted . The text has been c l a r i f i ed to r e f l e c t  
t h i s . 

Comme nt d -

" The d r a f t  s t at eme nt d id not ad equately add r e s s  the 
Sp i l l  Pr event ion Cont r o l  a nd C o unte rme a s u r e  ( S PCC ) Plan  as 
r e q u i red und e r  code of Fede ra l Reg u l a t i o n s  at 4 0  CFR 1 1 2  ( O i l  
Po l l u t ion P r event ion ; Non-t r a ns po r t at ion Re l ated Onsho r e  and 
O f f sho r e  Fac i l i t ie s ) .  The F i nal E I S  s ho u ld s ta te that an 
SPCC P l a n  w i l l  be p r epa r ed w i th i n s i x mo n t h s  afte r the 
f ac i l i ty beg i ns ope r a t ion and s hal l be f u l ly implemented no 
late r than on e year  a f te r ope rat ion beg i n s  and w i l l me et the 
r e q u i r ement of 4 0  C FR 1 1 2 . " 

Re sponse  -

I t  h a s  been s ta t ed i n  the text that an SPCC p l a n  
t h a t  c ompl i e s  w i th 4 0  C FR 1 1 2 w i l l  b e  p r epa r ed . 

Comme nt e -

" The s tat eme nt ind i c a te s sewage t r e a tme nt and d i sposal 
wo u l d  be thr o ugh an ex i s t ing sept i c  t ank sys tem ope r a ted 
by Al l i ed Chem i c a l  C o rpo r a t ion . The s tat eme nt sho u l d  
i nd i c ate i f  the Al l i ed f ac i l i t ie s  w i l l  b e  . adequate f o r the 
add i t ional  domes t i c  was te load s c r e ated by the SPR p r og r am 
at S u lph u r  M i nes . "  

Re sponse  -

Sewage d i sposal d u r i ng s i te p r e pa r a t i o n  and con s t r uc ­
t ion w o u l d  u t i l i z e p o r t able chem i c a l  t o i l e t  sys tems . Was te s 
f r om these would be d i sposed o f  in an ex i s t i ng s e p t i c  tank 
sys tem at the Al l i ed Fac i l i ty .  
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I n  the eve nt that these was tes a r e  eno ugh to ove r ­
l o a d  these e x i s t i ng sys tems , t h e  was te sewage wou l d  be 
t r a nspo r ted to a n  ac cept ab le mun i c i p a l  or i n du s t r i al t r e a t ­
m e n t  sy s tem f o r  d i sp o s a l . 

The text  h a s  been r e v i sed to re f l e c t  th e s e  con s ide r a t i on s . 

Comme n t  f -

" The app l i c ant s hou l d  p r ov i d e s u bs tant i ve eva l uat ion o f  
a l l  p r opo sed a n d  a l te rnate ac t io n s  i n  rega rd to the i r  
potent i a l  to adve r se ly i mpac t the we t l and s . I n  conc l u s ion , 
the s e l e c ted p r o j e c t  act ion s ho u l d  be s hown to be t he mo s t  
p r a c t i c ab l e o f  a l l  a l te rn a t ive ac t io n s  and w i l l  p r ov i de 
po s s i b le m i t i gat i ve me a s u re to m i n i m i z e  h a r m  to the wet l a nd s . 
I n  the s e l e c t ion of any r i gh t-of-way , e f fo r t s s ho u l d  be made 
to avo i d  w e t l and s u t i l i z at ion . Ad equate re spon se on th i s  
mat t e r  s ho u l d  be p r ov i ded i n  t he F i n a l  E I S . "  

Response -

Fo r the d i sp o s a l  o f  d r edge spo i l  f r om the S a l t Wat e r  
Re s e r vo i r , the 6 - ac r e  d i sp o s a l  a r ea h a s  be en r e l o cated t o  a 
s i te no r thwe s t  o f  the S a l t  Wate r Re se rvo i r  wh i c h  i s  made u p  
o f  g r a s s land w i th some br u s hwood . The r e f o r e  no ma r sh l a nd 
wo u l d  be impac ted due to spo i l  d i sp o s a l  f r om the S a l t  Wate r 
Re s e r vo i r  e n l a r g eme n t . 

Fu r th e r  s tudy h a s  ind i c ated that much o f  the i mpac t 
on we t l and s ac r e age , d u e  to the d i sp o s a l  o f  d r edge spo i l  
r e s u l t ing f r om c r o s s i n g s  o f  wate rway s by the o i l p ipel i n e , 
may be avo i ded i f  d i s p o s a l  s i te s  a r e  p r ope r l y  s i ted u s i ng 
ava i l a b l e  non-we t l and s ac r e age . 

The on ly a l te r nat i ve wou l d  be to t r a nspo r t  spo i l  
f r om these s i te s  to a C o rp s  o f  Eng i n e e r  des ignated spo i l  
d i sp o s a l  a r e a .  The ne a r e s t  such  a r e a  i n  wh i c h  th e easeme nt 
r i gh ts a r e  ac t ive i s  on the C a l c a s i e u  R i ve r  near L a k e  
C h a r l e s  app r o x i ma t e l y  9 m i l e s  t o  t h e  no r t he as t .  Except f o r  
t h e  I CW t h e  wate rways involved a r e  not nav i g a b l e  at the 
p i pe l i ne c r o s s i ng po i n t s . Moveme nt of spo i l  f r om s u c h  a r e a s  
wou l d  r eq u i r e t r a c k ed veh i c l e s  wh i c h  i n  tu r n  w o u l d  cause 
s ome d amage to the s u r face env i r onme nt . 

9- 1 6  



Be s id e s  spo i l  d i sposal , the othe r p r i ma r y  c once r n  i s  
the ac tual  c r o s s i ng o f  ma r s he s .  The r o u te wo uld c r os s  only 
app r ox i ma tely 1 5 0 0 feet of  ma r s h l a nd . Th e con s t r u c t ion 
ac t iv i ty wo uld tempo r a r i l y  i mpac t veg e t a t i on and bent h i c  
o rg a n i sms along the p ipel i ne r o u t e . Howeve r , the r e  would 
n o t  be pe rmanent al te r a t i o n  or  lo s s  of  we t l a nd s . Th e r e fo r e , 
DOE doe s not bel i eve that the impac t o f  c on s t r uc t ion a l o ng 
the p r opo sed r o ute i s  s ig n i f i c a n t . 

Comment g -
Wi th the p a s sage o f  the C l e a n  A i r  Ac t Ame ndme n t s  o f  

1 9 7 7 , seve r a l  chang e s  w e r e  made i n  em i s s ion r e g u l a t ions 
wh ich may be appl i c a b l e  to the S u lphu r M i ne s  Sal t Dome 
p r oj e c t . The sec t ion o f  the E I S  add r e s s i ng Fed e r a l  
Em i s s i on Reg u l at i o n s  s h o u l d  be rev i sed to r e f l e c t  the se 
c h anges w i th pa r t i c u l a r  regard  to p r eve nt ion of  s ign i f i c ant 
dete r i o r a t io n  ( PS D )  and r e v i ew of em i s s i o n  o f fs e t  pol i c y  
appl i c a b i l i ty t o  s to rage tan k s . I n  add i t i on , Table 3 . 1 8  
n o  longe r rep r e se nts the new s ta nd a r d s  fo r the PSD i n  a 
C l a s s  I I  a re a .  New PSD s t and a r d s  incl ude al l c r i te r i a 
po l l u t an t s  ( i . e . , S ulph u r  D i ox ide ( S02 ) ,  Total S u sp e nded 
Pa r t i c u l a t e s  ( TS P ) , Non-me t hane hyd r oca r bon s , ( NMHC ) , 
N i t r ogen Ox i de ( NOx ) ,  C a rbon Monox ide ( C O) , and • 

Photochem i c a l  Ox i dants  ( 03 ) .  The se s tand a r d s  shou l d  
be add r e s sed i n  the F i nal E I �  

Respo n s e  -

The T e s t  ha s been r evi sed to inc l ude the change s  i n  a i r  
emi s s ion regulat ions . Regard ing Tab l e  3 . 1 8 ,  P S D  s tandard s  
have no t y e t  been e s tabl i s h ed f o r  c r i t e r i a  pol l utants o ther 
than tho s e  l i s ted in tha t Tab l e . 

Comme nt h -

" On page 3 - 6 6 ,  i t  is  noted that  v i o l a t i on s  o f  the 
Nat ional A i r  Qual i ty S t and a r d s  ( NAAQS ) wo u l d  not o c c u r  as  a 
r e s u l t  o f  the p r opo sed f ac i l i ty .  Howe ve r ,  o n  the p r eced i ng 
page , mod e l i ng c a l c u lat io n s  s how t h at i nd eed the 3 -h o u r  
s ta nda rd f o r  no n -methane hyd r oc a r bo n s  ( NMHC ) w i l l  b e  exc eeded 
d ue to s h ip l o ad i ng , unload i ng , a nd ba l l a s t ing ope r a t ions . 
Th i s  d i s c r epancy sho u l d  be c l a r i f i ed and po s s i b l e  co n t r o l 
me as u r e s  to p r event th e se v io l at i o n s  should  be d i s c u s sed i n  
the f i nal s tat ement . "  
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Re spo n s e  -

The dome s i te f ac i l i ty a l o n e  w o u l d  n o t  r e s u l t  i n  v i o l a t ion 
o f  sho r t  te rm a nd a nnual  amb i ent a i r  q ua l i ty s ta nd a r d s  fo r 
hyd r oc a rbon s .  Howeve r ,  d u r i ng t a n k e r  load i ng a nd u n l oad i ng 
ope r a t i o n s  at Sun  Te r m i nal , the 3-ho u r  NMHC s ta n d a r d  w o u l d  
be exceeded o u t  t o  a downw i nd d i s tance o f  appr ox ima t e l y  f i ve 
k i l omete r s . The annual  f r eq ue ncy of these v i o l a t i o n s  is 
e s t ima ted to be l e s s  than t h r e e  p e r cent w i th the mo s t  impac t 
o c c u r r i ng we s t  o f  the te r m i n a l  f ac i l i ty .  I t  i s  ant i c ipated 
that d u r i ng adve r se met e o r o lo g i c a l  c o nd i t io n s , r ed u c t ion o f  
t e r m i n a l  hyd r oca r bo n  em i s s io n  i s  r eq u i r e d . Seve ral a l t e r n a t ive 
meas u r e s  can be appl i ed to red uce hyd r oca rbon em i s s i on at 
S u n  Te r m i na l . The se i nc l ud e  ( 1 )  the i n s t a l l a t i o n  of  tal l 
vent i ng s tac k s , ( 2 )  the u t i l i z at ion o f  vapo r r e c ove ry a nd 
em i s s i o n  con t r ol e q u i pment , ( 3 )  r ed uce the tanke r load i ng 
and unload i n g  r a t e s , a nd ( 4 )  the comb i na t ion o f  the above 
me a s u r e s . The s e  mea sures are curren t l y  b e i ng s tud ied i n  deta i l .  
DOE wi l l  determine a t  a l ater d a te whi c h  are prac tic a b l e  
a n d  s houl d  be imp l emented to reduc e impac ts .  

Commen t  i -

I n  the d i sc u s s i o n  o f  the in t e rp r e t at ive r u l i ng o f  
Decembe r 2 1 ,  1 9 7 6 ,  o n  page 3 - 5 3 , the name " Em i s s i on 
T r ade-Of f s "  is  inc o r r e c t l y  u sed s i nce i t  i s  mo r e  
commo n l y  r e f e r red to as  " Em i s s ion Of fse t s . " Th i s  
d i sc r epancy i n  te r m i n o logy s ho u l d  be co r r ec t ed i n  the 
f i nal  s tat ement . 

Re spo n s e  

The app r op r i ate text  c h a n g e  h a s  been made . 

Commen t  i -
The leve l s  o f  e nv i r onme ntal n o i s e  tabula ted on page 

C - 3  of the D r a f t  EIS h ave be e n  labe l led as " e s t abl i s he d  
g u id e l i n e s , "  f r om EPA . Th i s  phr a s e , " e s t ab l i s hed 
g u id e l i n e s , "  is i n c o r r ec t .  Ra t he r , th i s  table re f l e c t s  
" i d e nt i f ied leve l s "  wh i c h  a r e  r eq u i s i te s  to p r otec t publ i c  
h e al th a n d  wel f a r e  w i th an adequate m a r g i n  o f  sa fety fo r 
bo th ac t iv i ty i n te r fe rence  and h e a r i ng l o s s .  F u r the rmo r e , 

9- 1 8  



the no i s e  leve l s  c i ted i n  th i s  table do n o t  c o n s t i tu t e  a 
r e g u l a t ion , s pec i f i c a t ion , o r  s tand a r d . Th i s  d i sc r epancy 
s ho u l d  be co r r ec ted i n  t he F i nal S t ateme nt . 

Re spo n s e  

The appr opr i ate text  change h a s  b e e n  made . 

9 . 4 . 1 . 3  Depa r tme n t  o f  Heal th , Ed ucat i on a n d  We l fa r e  

Commen t  a -

"We a r e  conce r ned abo u t  impac t s  on the q ua l i ty o f  
the local  water  s u pply . . .  Ca r e  m u s t  be t a k e n  to m i n i m i z e  
t h e  s u spens ion o f  to x i c  compo und s wh i c h  may o c c u r  f r om 
e r os i on o f  d r ed ged ma te r i al s  d u r i ng d r ed g i ng ope r a t i on s . "  

Re spo n s e  

Sec t ion 2 . 2 . 2 . l  o f  the D r a f t  E I S  s tates th at mun i c i pal 
wa t e r  f o r the c i ty of S u l ph u r , l o c a ted 2 . 5  m i l e s  east of the 
s i te ,  a nd the c i ty of Lake C h a r l e s , t e n  m i l e s  eas t of the 
s i te ,  i s  d r awn f r om t he C h ic o t  Aq u i fe r . None o f  the s u r face 
wate r bod i es i n  the v i c i n i ty of  the s i te are  c l a s s i f i e d  f o r  
u s e  as  publ i c  water  s u pply . 

Co n s t r uc t ion o f  the o i l  p i pe l i ne w o u l d  i nv o l ve 
d r edg i ng ac r os s  Bayou C h o u p ique , the I n t r ac o a s tal Wate rway , 
W i ng G u l l y  a nd S p r i n g  Gul ly . None o f  the s e  wate r bod i e s  a r e  
c l a s s i f i e d  f o r u se as pub l i c  w a t e r  s u pply ( s ee S e c t ion 2 . 2 . 1  
a nd Appe nd i x  D- 2 ) . Sect ion 3 . 2 . 1 . 3 s tates that e a r th 
moveme nt d u r i ng s i te p r e pa r a t io n  would r e s u l t  i n  the i n t r oduc­
t ion of  sed iment into Bayo u d ' I nd e  and  the Cal c a s i e u  R i ve r , 
howeve r ,  n e i the r o f  th e s e  wate r bod i e s  a r e  c l a s s i f i ed f o r  
u s e  as  pub l ic water  s u pply ( s e e  Appe nd i x  D- 2 ) . Th e r e f o r e  i t  
i s  not f e l t  that d r ed g ing ac t iv i t i e s  w o u l d  adve r s e l y  i mpac t 
the q ua l i ty o f  pub l i c water  s u pp l y  sys tem s . 

Commen t  b -

" Th e r e  i s  al so a potent ial o f  aq u i fe r  co n t am i na t i on 
d u r i ng the d e e p  wel l i n j ec t ion o f  b r i ne .  A p r og r am s ho u l d  
be es tabl i s hed t o  mon i to r  t h e s e  po l l u ta n t s  i n  a f fe c ted 
wate r s . "  ( I n  re fe re nce to po table g r ound water  s u ppl y . )  
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Re spo n s e  

Di sc u s s io n s  o f  t h e  p o t e nt i a l  fo r wate r q ua l i ty i mpac ts 
on p o t ab l e  g r o undwate r appe a r  in  Sec t i on 2 . 2 . 2 ,  3 . 2 . 2 . 2 ,  a nd 
Append i x  D ,  S e c t ion D- 7 a nd D- 8 .  The l i k e l i hood o f  f r e s hwate r 
aq u i fe r  c o n t am i nat ion a s  a r e s u l t  o f  d eep we l l  br i ne 
i n j e c t i o n  appe a r s f r om t he se d i s c u s s i o n s  to be remo t e  
espe c i a l ly s i nce a d e s i g n  change h a s  moved t h e  br i ne 
d i spo s a l  f i e l d  f a r the r f r om t he dome and a ny i mp r ope r ly 
p l ugged we l l s that may e x i s t  nea r the dome . 

Mon i to r i ng o f  water  i s  r o ut ine ly pe r fo rmed by the 
Wate r Depa r tme nt o f  the C i ty of  S u l ph u r , Lo u i s i ana and the 
G r ea te r L a k e  Char l e s  Wat e r  Company . Te s ts are made f o r  
i r on , mag n e s i um a nd pH . Al tho ugh sal i n i ty i s  n o t  mon i to red 
d u r i ng t r e atme n t , i t  would be d e t ec ted by c o n s ume r s  i f  
the r e  was a n  i n c r e a s e . M i l l i o n s  o f  ba r re l s  o f  sal twate r 
h ave be e n  i n j ec ted i nto s u b s u r face aq u i fe r s  th r o ugho u t  
C a l c a s i e u Pa r i s h , a nd i nd u s tr i al w a s t e s  have be e n  i n j ec ted 
near Lake Cha r l e s . The wate r company i nd i c ated that 
c o n t am i na t ion o f  po tab l e  wate r s u pply has not occ u r r e d  
a s  a r e s u l t .  

9 . 4 . 1 . 4 Adv i so r y  Counc i l  o n  H i s to r i c P r e se r va t i o n  

Comme n t  

Pu r s u a nt t o  Sec t ion 1 0 2 ( 2 )  ( C )  o f  the Na t i ona l Env i r onmen t a l  
Po l i cy Ac t o f  1 9 6 9 a nd t he Coun c i l ' s  " Pr oced u r e s fo r t he 
P r otec t ion o f  H i s to r i c a nd C u l t u r a l  P r ope r t i e s "  ( 3 6 C . F . R . 
Pa r t  8 0 0 ) , we h ave d e t e r m i ned that  y o u r  DES do e s  not c on t a i n  
s u f f i c i ent in fo rma t io n  conce r n i ng h i s to r i c and c u l t u r a l  
r e s o u r ce s  fo r r ev i ew p u r po se s . P l e a s e  f u r n i s h  t h e  f o l low i ng 
d a t a  i nd i c a t i ng : 

Compl i an c e  w i th Sec t i o n  1 0 6  o f  the Nat i o n a l  H i s to r i c P r e s e r v a t i o n  
Ac t o f  1 9 6 6  ( 1 6  U . S . C .  4 7 0 f , a s  amended , 9 0  S t a t . 1 3 2 0 ) . 

The env i r onme ntal  s ta tement m u s t  d emon s t r a t e  that e i the r 
o f  the fo l low i ng c on d i t i o n s  ex i s ts : 

1 .  No p r ope r t i e s  i nc l uded i n  o r  that may be e l i g i b l e  fo r 
i n c l u s i o n  i n  the Nat iona l Reg i s te r  o f  H i s to r i c  P l a c e s  a r e  
l o c a ted w i th i n  t h e  a r e a  o f  e nv i r onme n t a l  i mpac t ,  a nd t h e  u nd e r ­
ta k i ng w i l l n o t  a f fe c t  any s u c h  p r ope r ty .  I n  ma k i ng t h i s  
dete rm i na t ion , t he Co unc i l  r e q u i r e s : 
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--ev i d e n ce that yo u have con s u l ted the l a t e s t  ed i t i on o f  the 
N a t i o n a l  Reg i s ter  ( F ed e r a l Reg i s ter , Febr u a r y  1 ,  1 9 7 7 , and i ts 
monthly suppleme n t s )  ; 

--ev idence o f  an e f fo r t  to ens u r e  the ident i f i c a t i o n  o f  
p r ope r t ie s  el ig i b l e  fo r i nc l u s i on i n  the Nat i o n a l  Reg i s ter , 
i n c l ud i ng ev idence  o f  contact w i th the S ta t e  H i s to r i c 
P r es e r v a t i o n  O f f i ce r , who s e  comme n t s  s h o u l d  be i n c l uded 
in the f i nal e nv i r onme ntal s tateme n t . The S tate H i s tor i c  
P r e s e r v a t i o n  O f f i c e r  fo r Lo u i s i ana i s  M s . S a nd r a  T hompson , 
O l d  S t at e  C ap i to l , No r th Bouleva r d , Baton Ro uge , Lo u i s i ana 
7 0 8 0 1 . 

2 .  P r ope r t ie s  i n c l uded i n  o r  that may be e l ig i b l e  f o r  
i n c l u s i o n  i n  t h e  N 9 t ional Reg i s ter  a r e  l o c a ted w i th i n  the 
a r e a  of env i r onme ntal i mpa c t , and the u nd e r t ak i ng w i l l  o r  
w i l l  not a f f e c t  a ny such p r ope r ty .  I n  c a s e s  whe r e  the r e  
w i l l  be a n  e f fe c t , the f i nal e nv i r onme ntal i mpact s tatement 
s ho u l d  c o n t a i n ev i dence o f  comp l i ance w i th S ect i o n  1 0 6 of 
the Nat i o n a l  H i s to r i c P r e se r v a t i o n  Act th r o ug h  the 
Co un c i l ' s  " P r oc ed u r e s  fo r the P r otec t io n  o f  H i s tor i c  and 
C u l t u r al P r ope r t i e s "  ( 3 6  C . F . R . , P a r t  8 0 0 ) . 

Re sponse 

The Febr u a r y  1 ,  1 9 7 7  Fede r a l  Reg i s te r  and  i t s mon th l y  
s uppleme n t s  have be en c o n s u l ted a nd i t  was d e t e r m i ned t h at 
no ar c h aeo l og i c a l  o r  h i s to r i c  s i te s  at the S u lphur  M i ne s  
s i t e o r  al ong the p ipel i ne route  a r e  i nc l uded i n  the Nat ional 
Reg i s te r . A l e t t e r  f r om the D i v i s i on of  A r c haeo logy a nd 
H i st o r i c  P r e s e rvat i o n  con f i rms that no " k nown a r ch aeolog i c a l  
o r  h i s to r i c  s i te s  [ ex i s t ]  a l ong the p r opo sed p ipel i ne 
r o u t e . " 

I f  S u lp h u r  M i nes i s  s e l e c ted a s  an SPR s i te , a p r o fe s ­
s i onal a r chaeolog i s t  w i l l  i n spe c t  t h e  s i t e and p ipel i ne 
r o u te to de t e rm i ne the p r e sence o r  absence o f  a r c h aeo l og i c a l  
r e so u r ce s . I t  w i l l  a l so be d e t e r m i ned i f  p r ope r t i e s  e l i g i b l e  
fo r i n c l u s io n  i n  t h e  Na t i onal R e g i s t e r  ex i s t  on t h e  s i te o r  
al ong t h e  p ipel i ne r o u te . 

9 . 4 . 1 . 5  U n i ted S ta t e s  Depar tment of the I n te r i o r  

C omment a -

Pag e s  1 - 5  and 1 - 7 : I n  pa r ag r ap h s  1 . 2 . l  and 1 . 2 . 4 ,  
r e spect ively , the r e  i s  men t i on o f  both c u r r e n t  b r i ne 
p r od u c t i o n  and t h e  poten t i a l f o r  devel opme nt o f  p e r h ap s  
f i ve add i t i o n a l  so l u t ion cav i t i es i n  the f u t u r e .  T h e  d r a f t  
does n o t  ment i o n  e x i stence o f  an evapo r a t i on and s a l t  
p r oc e s s ing p l ant i n  the v i c i n i ty ,  o r  p l a n s  fo r ope r a t i o n  o f  
s u c h  f ac i l i t i es fo r p r o ce s s i ng b r i ne i n to comme r c i a l p r o d uc t s . 
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Re spo n s e  

The br i ne p r od uced at S ulphu r M i ne s  i s  t r a nspo r t ed 
appr ox imately 7 m i l e s  to a chem i c a l  p l ant i n  the c i ty o f  
Lake Ch a r l e s . The re a r e  no br i ne p r o ce s s i ng f ac i l i t i e s  at 
S ul ph u r  M i n e s  and the r e  i s  no need to bu i l d  fac i l i t ie s  on 
s i te eve n  if  b r i ne p r od uct ion con t i n ue s . 

Comment b -

Page 2 - 1 1 :  Und e r  S u lph u r  P r od uc t io n  i t  i s  ment io ned 
that th e r e h ave been " o c ca s i o n a l  a t tempts to r e s ume 
s u l ph u r  pr od u c t ion at S u l ph u r  M i n e s  dome . " No s u l ph u r  
pr od uc t ion i s  c u r r e nt l y  und e rway , b u t  the r e  i s  impl i c a t io n  
i n  the d r a f t  that m i ne ab le amo unts  o f  s u l p h u r  r ema i n  i n  the 
c ap r oc k . We po i n t  o u t  that should i t  be po s s i b l e  th at 
add i t i o n a l  s u l ph u r  m i n i ng might be p e r m i t ted in  the cap 
r o c k , f u r t h e r  s u b s i d e nc e  would be l i k e l y  wh ich c o u l d  impac t 
on any f ut u r e  p r oce s s ing fac i l i ty y i el d i ng s a l t  pr od uc t s . 

Re spo n s e  

The s u l ph u r  m i n i ng ope r at ions  in the ear ly 1 9 6 0 ' s  me t 
w i th many tech n i c a l  d i f f i c u l t i e s  and we r e  u npr o f i t ab l e . 
Th o s e  i nvolved i n  t ho s e  ope r a t ions  i nd i c a te that it  is 
ec onom i c a l ly i mp r a c t ic a b l e  to m i ne s u l phu r now or w i t h i n  the 
d e s i g n  l i fe o f  the SPR f ac i l i t i e s  at S u l ph u r  M i ne s . 

Comment c -

" Th is sec t ion ( S ec t io n  2 . 2 . 1 ) wo u l d  be impr oved by 
the d e l e t i o n  of the d i s c u s s io n  of hab i t a t s  and a s so c i at ed 
o r g a n i sm s  that w i l l not be a f fe c ted by the p r opo sed pr o j e c t  
o r  t h e  v a r i o u s  a l t e rnat ives . A mo r e  de t a i l ed d i s c u s s i o n  o f  
the f a un a  o f  the p r oj ec t s i te a nd a l t e r nat ive s i te s  sho u l d  
b e  i n c l ud ed i n  th is  sec t io n . "  

Re spo n s e  

Sect ion 2 . 2 . 1  c o n t a i n s  d i s c u s s i o n  o f  t h e  wat e r  qua l i ty 
o f  the s u r face water  sys tems wh ich w o u l d  be impac ted by 
pr opo sed ac t iv i t ies . Sec t io n  2 . 4  c on t a i n s  d i sc u s io n  o f  
the hab i t a t s  and the p o t e nt i a l ly impac ted o r gan i sm s  wh ich 
a r e  ch a r ac t e r i s t ic of  the s e  wate r bod i es . It  i s  not fe l t  
that i t  is  nec e s sa r y t o  r epeat the d i s c u s s i o n  o f  spe c i e s  and 
ecosys tem i n  S e c t ion 2 . 2 . 1 .  

Commen t  d -

Page 2 - 1 6 :  Lo c a l  pond s and r e s e r vo i r s  a r e  r e c og n i z ed 
as  b e i ng i n  the immed i at e  v ic i n i ty o f  the S u l phu r M i nes 
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s i te . The re c r e at ion potent i a l  o f  th e s e  bod i e s  sho u l d  be 
add r e s sed . Ac c or d ing t o  the S tatew i de C omp reh ens i ve Outd o o r  
Rec r e a t io n  P l a n  ( SCORP ) , t he reg i on h a s  a need f o r  f r e s hwa t e r  
f i s h ing and o t he r  wate r -o r i ented r e c r e a t ion . 

Re sponse 

I n  Se c t ion 3 . 2  it  is st ated that  th e large  r e s e rvo i r  near  
the s i te i s  on p r i vate p r ope r ty and t he u s e  i s  not s u b j e c t  to 
Fede r a l  o r  s tate r e g u l a t ion s . Th e s ame ho l d s  t r ue for the 
o the r wa t e r  bod i e s  o n  s i te . Al l we r e  co n s t r uc ted f o r  
i nd u s t r i al p u r po s e s  and h ave n o  publ i c  r e c r ea t i o n a l  val ue . 

Comme n t  e -

Page 2 - 9 5 , sec t ion 2 . 6 . 1 :  The d r a f t  s tateme nt i s  inadequa te 
in i t s c on s ide r a t ion of ar chaeolog i c a l  r e s o u r ce s . U nd i s tu r bed 
l a nd i n  t he p r o j e c t  a r e a  s h o u l d  be in spec ted by a p r o f e s s i on a l  
a r chae o l og i s t  to d e t e r m i n e  t he p r e se nce o r  ab s e nce o f  ar ch aeo­
l og i ca l  r e s o u r c e s . Th i s  would i n c l ude the p r oposed 1 7 -m i l e  
p ipel i n e  and 1 . 0  m i l e  wat e r - s upply l i ne .  Th e f i nal  s ta t ement 
sho u l d  i nd i c a t e  that such a s u r vey was made , a nd s ho u l d  c i t e 
the name and i n s t i t ut ion o f  the inve s t ig a to r . I f  no a r chaeo­
log i c a l  s i te s  we re ev i d e nt , it  sho u l d  be  so s tated . I f  s i tes 
we re reco rded , t he re sho u l d  be i n f o r ma t i on rega rd ing t he 
nat u r e  and s ig n i f i c a nce o f  the s i te s  and the e f fe c t  o f  the 
p r o j e c t  on s u ch s i t e s .  I f  the p r oj e c t  w i l l  adve r se l y  a f fe c t  
s i gn i f i c ant ar ch ae o l o g i c a l  r e so u r ce s , the re s h o u l d  be a p l a n  
o f  act ion c i ted t o  m i t igate  t h i s  e f fe c t . I f  any a r chaeo l og i c a l  
r e s o u r c e s  a r e  encountered d u r i ng c o n s t r u c t ion , ope r a t i o n s  
s h o u l d  c e a s e  at the d i s c ove ry s i te and a p r o f e s s i o n a l  
a r chae o l og i s t  sho u l d  b e  con s u l ted a s  to the s i gn i f i c ance 
o f  the mat e r i a l . 

Re sponse  

If  S u l p h u r  M i n e s  is  s e l e c ted a s  an SPR s i te ,  a p r o f e s s ional  
a r ch a eo log i s t  w i l l  i n spe c t  the  s i te and the p ipel i ne r o ute to 
de t e r m i ne t he p r e se nce o r  ab s e nce o f  a r c h ae o log i c a l  r e so u r ce s . 
I t  w i l l  a l so be dete rm i n ed i f  pr ope r t i e s  a r e  e l i g i b le f o r  i n­
c l u s i on i n  the Nat i o n a l  Reg i s te r  ex i s t  at the s i te o r  along 
the p ipel i n e route . I f  such r e s o u r c e s  ex i s t , the S i te Env i r on ­
me nt al Ac t ion Repo r t  ( S EAR) fo r S u l p h u r  M i nes , wh i c h  i s  now i n  
p r epa r a t ion , wi l l  o u t l i ne t he app r oved p r oced u r e s  f o r  m i t igat i ng 
the impac t o f  fac i l i ty c on s t r uct ion and ope r a t ion on h i s to r i c a l  
a n d  a r ch a eo l og i c a l  r e s o u r ce s . 

Comme n t  f -

Page 2 - 9 5 , sec t i on 2 . 6 . 2 :  I t  i s  st ated t h a t  Wa rd E ig h t  
Pa r k , I n te r s tate 2 1 0 P a r k ,  and P r i e n L a k e  Pa r k  c o u l d  conc e i vably 
be  impacted by tanker  o i l  sp i l l s . 
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Re spo n se 

Th i s  c omme nt i s  i n c or r e c t  and h a s  been d e l e t ed f r om the 
text . Ta n k e r s  w i l l not be u sed i n  the C a l c a s i e u  River  f o r  
the SPR p r og r am .  

Comme nt g -
Exec u t ive Or d e r  1 1 9 9 0 , i s sued by P r e s i d e nt C a r t e r  on 

May 2 4 , 1 9 7 7 , d i r e c t s  Fede r a l  agenc i e s  to avo id to the 
e x t e nt po s s i b l e  the long- a nd s h o r t-te rm adve r se impa c t s  
as so c i ated w i th the d e s tr uc t io n  o r  mod i f i c a t i o n  o f  we t l a nd s . 
I n  v i ew o f  t h i s  Exec u t ive O r d e r , we r e c omme nd t hat F EA 
u t i l i z e the a l t e r na t e spo i l  s i te d i s c u s sed on page 1 - 1 5  f o r  
d r edge mate r i a l  f r om S a l t  Wa t e r  Lake , and a t temp t to l o cate 
s u i table alte r nate s i te s  fo r d r edge spo i l  f r om the o i l  
p i pe l i ne wh i c h  wo u l d  avo i d  the d e s t r u c t ion o f  wet l a nd s . 

Re spo n s e  

Th e a l t e r na t e  d r edge spo i l  d i sposal  s i te w i l l  b e  u sed 
as the p r ime d i sp o s a l  s it e  as sugge s ted . Th i s  has been 
i nd i c ated in  the te x t . DOE doe s not have the r e spo n s i b i l i ty 
o f  s e l e c t ing spo i l  d i sposal  s i tes . The d r edge spo i l  gene r a t ed 
d u r i ng p ipel i ne c on s t r uc t ion w i l l be d i spo sed o f  i n  a r e as 
des ignated by the U . S .  Army C o r p s  of  E ng i ne e r s  and w i l l  be 
i n  compl i ance w i th the Execut ive O r d e r  and oth e r  pe r t inent 
s tate and Fede r a l  r e g u l at ion s . 

Comme nt h -

The text sho u l d  mo re ad equately o u tl i n e  the potent i a l  
impa c t s  on g r ound wa t e r  r e s u l t i ng f r om the r emoval o f  the 
mate r i a l s  between the cave r n  and t he sal t -dome m a r g i n  and 
should  sugge s t  any po s s i b l e  m i t ig a t ion o f  e f fe c t s . 

Re sponse  

A d i s c u s s i on o f  the  impa c t s  has been added to the text  
i n  S e c t ion 3 . 1 . 2 .  

Comme nt i -

Pag e s  3 - 2 4  a nd 3 - 2 5 , S e c t ion 3 . 2 . 2 . 1 :  Th i s  sec t ion 
s h o u l d  c on t a i n  an  a s se s sme nt o f  the e f fec t s , if  any that 
wa te r w i thd r awal f r om the Sab i ne Rive r D ive r s ion Canal  w i l l 
have on sal i n i t ie s  in down s t r e am e s t ua r i ne wat e r s . 

Re sponse 

As noted in S ub sec t ion 3 . 2 . 2 . l  the d i splaceme nt wate r 
w i th d r awn f r om the Sab i n e  Rive r D i ve r s ion Canal  Sys tem 
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r e p r e s e n t s  l e s s  tha n 4 pe r ce nt o f  the sys tem ' s  c apac i ty ( 3 4 0  
c f s ) . Cur r e nt ( a s  we l l  a s  pl anned ) i nd u s t r i al demand s fo r 
wate r f r om the canal sys tem a r e  we l l  w i th in th i s  capac i ty 
and t h u s  the d i spl aceme nt wat e r  w i thd r awal p r o ce s s  would not  
cause the canal sys tem to e x c e ed i t s d e s i g n  capac i ty .  The 
env i r onme nt al e f fe c t s  o f  the S ab i ne R i v e r  D i ve r s io n  C anal 
Sys tem h ave be e n  cove red i n  an e a r l i e r  s tudy ( s ee r e fe r e nce 
1 6 , C h apte r 2 ) . I t  i s  not g e ne r a l l y p r a c t i c a l  to deve l o p  a 
sepa r ate ana l ys i s  o f  the e f fe c t s  o f  l e s s  than 4 pe r ce n t o f  
the t o t al water u sed by that  sys tem . 

Comme n t  j -

Pages  3 - 2 5  t h r ough 3 - 3 0 , s ec t io n  3 . 2 . 2 . 2 :  The br i ne 
d i spl a c ement r a t e  ( 4 , 9 0 0  gal lons pe r m i nu t e )  w i l l  appa r e n t l y  
e x c e ed t he comb i ned i n j ec t ion-wel l capac i ty ( 4 , 0 0 0  gal lo n s  
pe r m i n u t e ) . The f a t e  o f  th e exc e s s  b r i ne , i f  any , s h o u l d  
be d i s c u s sed a l ong w i th ant i c ipated e nv i r onme nt al i mpac t s . 

The sec t ion on s u r face-wa t e r  co n t am i na t ion s h o u l d  i nc l ud e  
a d i s c u s s i o n  o f  t h e  pot ent i al e f fe c t s  on p l a n t s  and a n i mal s 
o f  s u r face l e a kage o f  b r i n e  t h r o ug h  po or ly pl ug ged o l d  wel l s  
o r  wel l blowo u t s . 

Re spo n s e  

The br i ne d i s p l acement r a t e  s ho u l d  b e  2 , 9 0 0  g a l l o n s  pe r 
m i nute i n s t e ad o f  4 , 9 0 0  gal lo n s  pe r m i n u t e . Th e tex t has 
been cor rec t ed in  t h i s  r e spec t . 

Due to the  r e l o c a t ion o f  the br i n e d i sposal f i e l d , o n l y  
one aband o n ed wel l ( d r i l l ed t o  a d epth equal t o  o r  g r e a t e r than 
the i n j ec t ion depth i n t e rval ) is  l o ca ted w i t h i n  5 0 0 0  f e e t  o f  
the i n j ec t ion we l l s . Th u s , the l i k el ihood o f  s u r face lea kage 
f r om i mp r ope r l y  pl ugged abandoned wel l s  i s  g r e a t l y  r ed uced . 
S u b s u r face l e a k i ng wo u l d  go und etec t ed . 

I f  l e a k ag e  d o e s  o c c u r , the r a t e  o f  flow w i l l  depe nd upon 
a numb e r  o f  p a r amet e r s  as n o t ed in  the text  ( S ub s ec t io n  3 . 2 . 2 . 2 ) . 
Based on the ca l c u l a t i o n s  pr ov ided i n  Appe nd i x  D . 7 ,  the f l ow 
r a t e s  f r om a n  impr ope r l y  pl ugged wel l wo u l d  ve r y  l i k e l y  be l e s s  
t h a n  1 ba r r el pe r day . 

The chem i c a l  c h a r a c ter i s t ic s  o f  the l e a k i ng wa t e r  s h o u l d  be 
the s ame as  tho se of the nat i ve wate r s  o f  the d i spo sal aqu i fe r  and 
not tho s e  of the i n j ec t ed br i ne .  Such c h a r a c t e r i s t i c s  a r e  no t 
we l l  de f i ned f o r the deep aqu i fe r s  i n  the S u l ph u r  M i ne s  r e g i o n  
but  sal i n i t ie s  o n  t he o r de r o f  3 5  t o  4 5  ppt . appe a r  r e asonab l e . 

A s ho r t  te rm s u r face l e a k  o f  3 5  to  4 5  ppt sal t wate r f r om 
an aba nd oned wel l wo u l d  n o t  have long t e r m  adve r s e  impac t s  o n  
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the t e r r e s t r i a l  ecosys tems i n  the v i c i n i ty o f  the spi l l . S a l t 
do e s  af f e c t  p l ant  g r owth by c au s i ng the ac cumu l a t i o n  o f  ce r t a i n  
i o n s  i n  tox i c  conce n t r a t ions i n  p l ant  t i s s u e  o r  by a l t e r i ng the 
p l a n t s  m i ne r a l  n u t r i t i o n . The two l a t t e r  e f f e c ts wo u l d  not be 
ev ide nced f o r  a sma l l sp i l l  u n l e s s  e x t r eme l y  d r y  we a t h e r  
cond i t io n s  p r evented no rmal leach ing o f  the s a l t o u t  o f  t h e  
so i l . 

G r a s s e s  and h e r ba c e o u s  veg e t a t i o n  w o u l d  be impac t ed by a 
spi l l  bu t r ec o v e r y  wo u l d  t a k e  place  f o l l ow i ng r a i n i nd uced 
l e ac h ing o f  s a l t f r om the  so i l .  A sma l l  sp i l l  wou l d  p r obably 
not impac t h ig h e r  ter r e s t r i a l  p l a n t s  bec a u se the i r  roo t sys tems 
a r e  gene r al ly d e epe r a nd co ve r a g r ea t e r  a r ea th an r o o t s  o f  
g r as s  and h e r ba c e o u s  p l a nt s . 

So i l  f au n a l  commu n i t i e s  wo u l d  expe r i en c e  de b i l i ta t i ng 
e f f e c t s  f r om a sma l l sp i l l . B u t  pop u l a t i o n s  w o u l d  r ecover 
r ap i d l y  f o l l ow i ng r a i n induced leach i ng . 

C omme n t  k -

Page 3 - 3 0 : We be l i eve th a t  the po i n t  s ho u l d  be r a i sed 
conce r n i ng the need o f  adequate con t r o l  d u r i ng br i ne i n j ec t i o n  
be c a u se h ig h  p r e s su r e  i n  t h e  aq u i fe r  co u l d  b e  de t r i men t a l  to 
e x i s t i ng o i l  p r od uc t i o n  and f u t u r e  expl o r at io n  in th i s  zone . 
O i l  i s  c u r r e n t l y  be i ng p r oduced f r om ho r i z o n s  h av i ng the 
same dep th as the i n tended br ine- i n j ec t i on aq u i fe r , a nd c a r e  
s ho u l d  b e  t a k e n  to p r event b r i ne f r om e n t e r i ng t h e  o i l - p r od u c i ng 
z o n e s . 

Respo n s e  

As d i sc u s sed i n  S e c t i o n  3 . 2 . 2 . 2 ,  the s u b- s u r f ace d i spo s a l  
o f  b r i ne w i l l  i nc r e a s e  t h e  p r e s s u r e  o f  t h e  d i spo s a l  f o r ma t i o n  
wh i c h , i n  t u r n , w i l l  i nc r ea s e  t h e  p r e s s u r e  o f  any o i l  o r  g a s  
ac cumu l a t i o n  t h a t  ex i s ts i n  the same f o r ma t i o n . A n  i nc r ea s e  
i n  p r e s s u r e  i n  an o i l  o r  gas  accumu l a t i o n  c o u l d  h ave th e 
f o l l ow i ng e f fe c t s :  

1 )  I nc r eased Po t en t i a l  f o r  B l ow-o u t  D u r ing D r i l l i ng Ope r a t i o n s  

H i g h  f o r ma t i o n  p r e s su r e s  a r e  r o u t i n e l y  d r i l le d  i nto b y  the 
pe t r o l eum i nd u s tr y .  A we l l  some t ime s blows o u t  when a f o r ma t i o n  
co n t a i n i ng u n an t i c ipa ted h ig h  p r e s su r es is pene t r ated . Ther e fo r e , 
the p r e s s u r ing up o f  fo rma t i o n s  c o u l d  i n c r ea s e  the l i k e l ihood o f  
a blow- o u t  o f  f u tu r e  o i l  o r  gas  wel l s . Th i s  i s  a r a th e r  r emo te 
po s s i b i l i ty becau se : 

a )  F i ve cyc l e s  o f  b r ine  i n j e c t i o n  a r e  an t i c i pa ted to 
inc r e a s e  d i spo s al f o rma t i o n  p r e s s u r e s  by only 5 0 0  
ps i o r  so . Th i s  i s  a r athe r mode s t  p r e s s u r e  inc r e a s e  
tha t c a n  ce r ta i n l y  be contai ned b y  mod e r n  d r i l l i ng 
me thod s . 
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b )  The g e ne ra l  a rea a r ound the d i spo s a l  wel l s  i s  ' ma t u r e ' 
w i th r e spe c t  to o i l  a nd gas  expl o r a t ion a nd deve lopment . 
I t  i s  l i ke l y  that no o i l  o r  g a s  wel l s  w i l l  be d r i l led 
i n  the v i c i n i ty in the f u t u r e . 

c )  A p r ud e nt o i l  o r  gas  ope r a to r wo u l d  c e r t a i nl y  ma ke 
h ims e l f awa r e  o f  the mas s i ve d i sp o s a l  p r o j e c t  and 
wo u l d  t ak e  the p r ope r p r ec a u t ions  whe n  d r i l l i ng i n  
the a r e a .  

2 )  I n t e r fe r en c e  w i th Ex i s t ing O i l  a nd Gas Ope r a t i o n s  

A n  i nc r ea s e  i n  f o rmat ion p r e s s u r e  c a u sed b y  b r i ne i n j e c t ion 
wo u l d  p r oba b l y  have a bene f i c i al ove r -a l l  e f fe c t  on o i l a nd 
gas  r e s e rvo i r s  ex i s t i ng i n  the d i spo s a l  f o rma t ion . Howev e r , 
i n te r fe r e nce by unautho r i z ed i n j e c t i o n  i s  ex p r e s s l y  pr oh i b i ted 
by the r u l e s  o f  the Lo u i s i ana Depa r tme nt o f  C o n se rvat ion p r i ma r i l y  
bec au se wh i l e  the ove r a l l e f fe c t  may b e  bene f ic i al , the e f fec t s  
on i n d i v i d ua l  l a nd own e r s and ope r ato r s  i s  d i f f i c ul t t o  a s se s s .  
I n  othe r wo r d s , some m i g h t  b e n e f i t , b u t  at the expense o f  o t he r s . 

I t  i s  not c u r r e n t l y  known i f  the d i sp o s a l  z one i s  in  
commun i c a t ion w i th o i l  and gas z o ne s . Commun i c a t i o n  is  
d i f f i c u l t  to a s se s s  bec a u se of  the l a c k  o f  a det a i l ed geolog i c  
s t udy s howing t he s t r uc t u r a l  lo cat ion o f  the d i spo s a l  z one s 
w i th r e spec t  to t he z ones c u r r e n t l y  pr od uc i ng o i l  a nd gas . 
F u r t he rmo r e , i t  i s  not c e r t a in that such  a m e a n i ng f u l  s t udy 
c o u l d  be made bec a use of the r e l a t ive l a c k  o f  geo log i c  con t r o l  
i n  the a r e a  o f  the d i s p o s a l  wel l s . 

The d i sp o s a l  a r e a , as  o f  Decembe r ,  1 9 7 7 ,  i s  abo ut one 
m i l e  f u r the r f r om the S u l f u r  M i ne s  F i e l d  than was the d i sp o s a l  
a r e a  d e s c r i bed i n  t h e  D r a f t  Env i r onmental  I mpac t S t atement 
of S eptembe r ,  1 9 7 7 .  The pot ent i a l  f o r i nt e r f e r ence is red uced 
bec a u s e  o f  the inc r e ased l i k e l ihood of fa u l t s  i s o l a t ing the 
d i sp o s a l  a re a  f r om the p r od uc i ng f i e l d . I t  is  not k nown 
whet he r the r e  a r e  a ny fa u l t s , but the l i k e l i hood i s  g r eat e r  
me re l y  bec au se--of th e i n c r e as ed s e pa r a t ion be twe e n  the d i sp o s a l  
a r e a  a n d  t h e  dome . 

Wi thout ev i d e nc e  to ve r i fy that the d i s po s a l  z o n e s  a r e  
n o t  in  commun i c a t ion w i th o i l  o r  g a s , i t  w i l l  be nece s sa r y  to 
mo n i to r  ad j ac e nt o i l  a nd gas o pe r at io n s  to i n s u r e  that no 
e f fe c t  o c c u r s .  Th i s  c a n  be ac compl i s hed by a r o u t i ne mon i to r i ng 
o f  the p r e s s u r e s  o f  the s e  wel l s .  Any abno rma l i n c r ea s e  i n  
p r e s s u r e  wo u l d  b e  s t r ong e v i d e nce o f  inte r fe r e nce . 

Comment 1 -

Page 3 - 3 1  a nd 3 - 3 2 : I t  is  stated that  the p r opo sed 
s u b s u r face br i ne -d i sp o s a l  r e s e r vo i r s  may have be en r a i s ed to 
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nea r the s u r face d u r i ng the empl acemen t  o f  the s a l t  dome . 
T h us , e sc ape o f  s a t u r ated b r i ne c o u l d  r e s u l t  a t  the s u r face 
or  i n to f r e s hw a t e r  aqui f e r s .  The s ta teme nt should u t i l i z e 
e x i s t i ng we l l  l og s  o r  geophy s i c a l  data to demo n s t r ate the 
d i s t r i bu t i o n  of the sa l i ne aqu i fe r s  or sho u l d  p r op o s e  spec i f i c  
me tho d s  o f  demo n s tr at i ng the i r  a t t i tude befo r e  the d i spo sal  
f ac i l i t i e s  ar e c o n s t r u c ted . 

Re spo n s e  

Ba sed o n  t h e  r e v i ew o f  seve r a l  add i t io n a l  we l l  logs , t h e  
r e l a t io n s h ip o f  t h e  deepe r aqui fe r s  t o  t h e  sal t d ome appe a r s 
to be s a t i s fa c to r i l y  r e p r e sen ted by the c r o s s  s e c t ion i n  F i g u r e  
2 . 3  o f  the text . A s  i n  o the r dome s o f  the G u l f  C o a s t  deep 
s ed iments ar e upl i f ted and faul ted by the salt s to c k . Pa ine * 
( 1 9 6 6 ) s hows the H e te ro s teg i na z o n e , a n  i mpo r t ant b i o s tr a t i g r ap h i c  
un i t  in  so u thwe s te r n  L o u i s i ana , i s  upl i f ted f r om a depth o f  
6 , 8 0 0  f e e t  o ne m i l e  f r om t h e  dome t o  5 , 5 0 0  f e e t  a t  the dome . 
Th i s  i s  s l i g h t l y  mo r e  de f o rma t i o n  than shown i n  F ig u r e  2 . 3 ,  
howeve r ,  i t  s ug ge s ts th a t  sed ime n t s  p r opo s ed f o r  b r i ne d i spo s al 
a t  dep ths f r om 5 , 0 0 0  to 7 , 0 0 0  feet are no t upl i f ted mo r e  than 
about 1 , 3 0 0  feet by the dome . F u r the rmo r e , t he s teep s i d e s  o f  
the dome i n  the i nt e r v a l  be tween - 5 0 0 0  f e e t  and t he s u r face 
s ugge s ts the dome pene t r a tes the sed iments w i th m i no r  upl i f t .  

T h u s , the conce r n  that deep d i sp o s al aqu i fe r s  a r e  i n  
c o n t ac t w i th s ha l l ow f r es h-wa ter aqu i fe r s  o r  po s s i bly even the 
s u r f ace seems unwa r r an ted . I t  i s  s t i l l  po s s i ble that deep 
aq u i fe r s  a r e  i n te r connec ted w i th shal lowe r sands d ue to the 
s t r uc t u r al c ompl e x i t ie s  o f  the dome . I t  i s  po s s i ble that b r i ne 
i n j e c t i o n  w i l l  r e s u l t  i n  some ve r t i c a l  f l u id d i splacement 
be c a u se of  the domal s tr u c t u r e . T h i s  c annot be  p r ed i c ted w i th 
ce r t a i nty .  Howeve r ,  the chances o f  s u c h  an o c c u r ence a r e  
r e d u c ed b y  the moveme nt o f  the d i spo s a l  we l l  l o c a t i o n  f r om the 
o r i g i n a l  s i te to the new l o c a t i o n  mo r e  than a m i l e  sou thwe s t  o f  
the dome . 

Commen t  m -

Page s 3 - 7 2  t h r ough 3 - 7 5 , sec t io n  3 . 4 . 2 :  " Qu a n t i ta t i ve 
data on f i sh e s  and p l a n k to n  sho u ld be c o l l e c ted i n  the 
S ab i ne R i ve r D i ve r s io n  C a nal to s uppo r t , i f  po s s i b le , the 
c l a i m  that w i thd r awa l s  f r om t he canal w i l l  h ave r e l a t ively 
l i ttle impact  o n  aqua t i c  l i fe . "  

* P a i ne , W . R . , " S t r a t i g r aphy and Sed iment a t i o n  o f  the H a c k be r r y  
S h a l e  and A s s o c i ated B e d s  o f  S o u thwe s te r n  Lou i s i ana , " 
T r a n s a c t i o n s  o f  the G u l f  C o a s t  A s so c i a t io n  o f  Geo l og i c a l  
S o c i e t i e s ,  pp . 2 6 1 - 2 7 4 ,  L a f aye tte , Lou i s i ana 1 9 6 6 . 
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Re s po n s e  

A s  noted i n  the r e s po n s e  t o  Comme nt i ,  the w a t e r  d r awn 
f r om the Sab i ne D ive r s ion Canal Sys tem r ep r es e nt s l e s s  th an 
four  p e r c e n t  o f  the sys tem c apac i ty .  Due to the  r a p id n a t u r a l  
r e p r od u c t ion r a t e  o f  phytop l a n k t o n  and t h e  sma l l  pe rce ntag e  
o f  the populat ion wh ich  wo u l d  b e  ent r a i ned , t h e r e  would be 
no long t e rm adve r s e  impac t .  I t  is not  f e l t  tha t c o l l e c t ion 
o f  quan t i ta t ive data i s  nec e s sa r y  to s uppl ement t h i s  ana ly s i s . 

The wat e r  i n t a k e  velo c i ty w i l l  be 0 . 5  feet pe r s e c ond 
or le s s .  At th i s  velo c i ty ,  f i s h  and o t h e r  mob i l e  aqua t ic 
o rg a n i sms c a n  r e s i s t the ind uced c u r r e n t  and avo id e nt r a i nment 
or imp i ngement . Fo r these reaso n s , i t  i s  felt that the d a ta 
p r ov i d ed i n  the d r a f t  s t atement i s  s u f f i c i ent . 

Comme n t  n -

Pag e 3 - 8 0 , S e c t ion 3 . 4 . 5 :  " Th e  red-c o c k aded wood pec k e r  
h a s  been d o c ume nted a s  o c c u r i ng i n  C a lc a s i e u  Pa r i s h .  Th e 
s ta tement should  be s u pplemented to i nd i c ate whe t h e r  s urveys 
o f  the wo r k  a r e a  have be en cond uc ted to de t e r m ine i t s  
p r e s enc e o r  ab s e nc e . I f  su r veys have not been cond uc ted , 
they should  be i n i t i ated s o on and t he r e s u l t s  inc l uded i n  
the  f i n a l  s tatement . I n  ad d i t io n , f o rmal con s u l t a t ion w i th 
the F i s h  and W i l dl i fe S e rv ice  s ho u l d  be i n i t i ated i f  the s e  
s u rveys d e t e rm i n e  t h e  p r e s e nce o f  t h e  red-c o c k ad ed wood pec k e r  
i n  o r  immed i at e l y  adj ace nt t o  t h e  p r oj e c t  a r e a , i n  ac c o r d a nc e  
w i th S e c t ion 7 o f  t h e  End a ng e r ed Spec i e s  A c t  o f  1 9 7 3 . "  

Re spo n s e  

The S t r a teg i c  Pet r ol e um Re s e r ve O f f i ce h a s  been wo r k i ng 
i n  c lo s e  coo rd i n a t ion w i th appr opr i ate f i e ld o f f ic e s  o f  the 
U . S .  F i s h  and W i l d l i fe S e r v i c e . I f  the S u l ph u r M i nes 
s to rag e fac i l i ty pl a n s  are appr oved fo r con s t r uc t ion and 
ope r a t ion , t h i s  c oope r a t ion w i l l  c o n t i n ue th r o ugho u t  each 
s t ag e  of  p r o j e c t  development . Ca r e f u l  watch w i l l  be ma i n t a ined 
fo r any b io l og i c a l ly sens i t ive spec i e s . I f  it  i s  d e t e rm i ned 
that al t e r a t ion of p r o j e c t  p l a n s  would be nec e s a r y  fo r the 
p r o t e c t ion of any s e ns i t ive spec i e s , appr op r i at e  a c t i o n s  
wo u l d  be t a k e n . 

Commen t  o -

Pag e 3 - 9 3 , Sec t ion 3 . 7 . 1 :  A d i sc u s s i o n  o f  o i l  a nd b r i ne 
s p i l l s  expe r i e nced a t  the ex i s t ing We s t  Hac kbe r ry S a l t  Dome 
S t ra teg i c  Pe t r ol e um Re se rve fac i l i ty s ho u l d  be added to t h i s  
s ec t io n . 
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Re spo n s e  

A n  S PCC p l a n  w i l l  b e  p r epa r ed fo r e a c h  o i l  s to r ag e  s i te 
i n  the SPR p r og r am . The do c ume ntat ion o f  the sp i l l s  that 
h ave o c cu r red at We s t  H a c k be r ry w i l l  be i n  a n  append i x  to 
the p l a n  f o r  We s t  H a c k be r r y  a s  r e q u i red . Whe n  comp l e t ed , 
the S PCC p l a n  and i ts append i c e s  w i l l  be ava i l able to the 
publ i c . 

Commen t  E -
" C l eanup ope ra t io n s  in ma r shes m ig h t  invo lve cont r o l led 

b u r n i ng i ns tead o f  mec h a n i c a l  removal of veg e t a t ion . The 
fo rme r method w i l l a low r eveg etat ion in a s ho r t  t ime , wh i l e  
t h e  l a t t e r  m e t hod w i l l h ave m u c h  mo r e  long - t e rm adve r s e  
e f fe c t s . "  

Re spo n s e  

Cont r o l led b u r n i ng c a n  b e  u sed und e r  on ly l im i ted c i r cum­
s ta n c e s  and i ts e f fe c t ivene s s  r ema i n s  q ue s t ionab l e . Env i r on­
me ntal i mpac t as so c i ated w i th th i s  tech n i q ue i n c l ude d e s tr u c t ion 
of  all  o rg a n i sms inhab i t ing t he bur ned a r e a , uncon t r o l led 
f i r e , a nd tempo r a r y  seve r e  a i r  q ua l i ty i mpac t s . Bur n i ng i s  
u s u a l ly n o t  c o n s ide red a n  e nv i r onme ntal ly p r e fe r red t e c h n i q ue . 
The ad va ntag e s  and d i s advantag e s  o f  th i s  and o t he r c l e a n up 
meas u r e s  a r e  d i s c us sed i n  S e c t ion 3 . 7 . 3  o f  the repo r t .  

Comm e n t  q -

Pag e  4 - 1 , S e c t ion 4 :  A s tatement should  be i nc l ud ed 
i nd i c a t ing the d e g r e e  o f  c omm i tme nt to impleme ntat i o n  o f  
each  o f  the m i t igat ing me asu r e s  l i s ted i n  Table 4 . 1 .  

Re spo nse 

It  i s  DOE ' s  intent i o n  to develop c r ude o i l  s to r ag e  fac i l ­
i t i e s  that a r e  e nv i r onme ntal ly ac ceptable a nd i n  f u l l  com­
pl i ance w i th pe r t inent s t at e  and Fede r a l  r eg ul a t i o n s  wh i c h  
a r e  i nc l ud ed i n  sec t ion 4 o f  th i s  F i nal E I S . I t  i s  the 
p u r po s e  of the E I S  to a s se s s  the potent i a l  f o r i mpac t s  and 
d i sc u s s  m i t i g a t ive meas u r e s , above tho s e  req u i r e d  by l a w ,  
wh ich a r e  ava i l ab l e  to l e s s e n  tho se impa c t s  i n  o r d e r  t h a t  a n  
i n fo rmed dec i s ion conce r n i ng the des i r ab i l i ty o f  u s i ng the 
s i te ca n be made . I f  a dec i s i o n  to s e l e c t  the s i te i s  mad e , 
i nc o rpo r a t ion o f  appr opr i at e  m i t i g a t ive meas u r e s w i l l o c c ur 
t h r ough DOE ' s  e nv i r onme ntal p l a nn i ng p r oce s s . 

Comme nt r -

Pag e s  7 - 3 8  t h r o ug h  7 - 4 2 :  The d r a f t s ta teme nt c on s id e r s  
i n  d e t a i l  t he a r e al ly i mpo r t ant C h i c o t  f r e s hwa te r aq u i fe r  as 

9- 3 0  



a potent i a l  s o u r ce o f  d i s p l aceme nt wate r but doe s not 
adeq uate l y  eval uate the u se o f  s l i gh tl y  salty or  b r ac k i s h  
g r ound wa t e r  f r om the Evang e l i ne aq u i fe r - - a l though i t  d o e s  
me nt ion t h a t  th e u se o f  the wate r f r om t h e  Evang e l i ne 
aq u i f e r  wo u l d  m i n i m i z e  the p o t e nt i al f o r  c o n t ami nat i ng the 
Ch icot aq u i fe r .  I nasmuch as the water o f  the uppe r p a r t  of 
the Evang e l i ne has a s a l i n i ty of only 3 to 10 ppt . ( p .  2- 3 1  
thr ough 2- 3 4 ) , the s t at eme nt sho u l d  mo r e  ad e q ua t e l y  e v a l uate 
the s a l i n i ty a nd a q u i f e r  c h a r a c t e r i s t i c s  of the Evang e l i ne - ­
u s i ng geophy s i c a l  log s i f  o t he r data a r e  n o t  ava i l ab l e . 

Re spo n s e  

Th e u se o f  the s l i g h t l y  sal i ne wate r f r om t h e  upper  
3 0 0  feet of  the  Evang e l i ne Aq u i fe r ,  a s  s tat ed in  s ubsec t io n  
7 . 2 . 3 ,  wo u l d  m i n i m i z e  the potent i a l  f o r  con t am i nat i ng t h e  
ove r ly i ng f r e s h  w a t e r  s a nd s  o f  t h e  C h i c o t  Aq u i fe r .  A s  noted i n  
s u b sec t ion 2 . 2 . 2 . 1 ,  t he y i e l d  o f  a n  i nd i v i d ua l  wel l f r om the 
s a nd s o f ' the Evang e l i ne Aq u i f e r  is e s t imated to be f r om �i O O  to 
2 , 0 0 0 g a l lo n s  pe r m i nute . Th u s , 3 to 1 1  we l l s w o u l d  be req u i r ed 
to s u pply d i spl ac ement wate r at a r a t e  o f  5 , 1 4 5  g a l l o n s  pe r 
m i nute . Bec ua s e  the Evang e l i ne Aq u i f e r  i n  the S u l phu r M i n e s  
a r e a  i s  not s u i tab l e  as  a s o u r ce o f  f r e s h  wate r , ve r y  l i t t l e  
u s e  i s  c u r r e nt l y  made o f  i t s  wate r . Th e w i thd r awal o f  5 , 1 4 5  
g a l l o n s  pe r m i n ute wo u l d  n ot r ep r e se nt any appr ec i ab l e  impac t 
on the subs u r face wate r env i r onment over  the t ime i nt e r v a l s  
i nvo l ved i n  the p r og r am . 

9 . 4 . 1 . 6  Nuc l e a r  Reg u l a t o r y  Comm i s s i o n  

Comment 

" Howeve r ,  t he r e  may be a co n f l i c t  between the u se o f  
s a l t  m i n e s  f o r  s to r i ng pe t r o l e um a nd the i r  u se f o r  sto r i ng 
r ad i o a c t ive was te . A c o n s id e ra t i o n  o f  th i s  po s s i b l e  co n f l i c t  
i n  t h e  f i n a l  s t atement wo u l d  b e  u se f u l . "  

Re spo n s e  

A s t atement i nd i c a t ing t h a t  the r e  a r e  no p l a n s  t o  s to r e  
r ad i o a c t ive was te a t  S ulphu r M i nes has been ad ded t o  the tex t .  

9 . 4 . 2  S t ate Ag e nc i es 

9 . 4 . 2 . l  The Te x a s  Depa r tmen t  o f  Ag r i c u l t u r e  

Comment 

"We do not ident i fy a ny pr o b l em s  w i th th i s  D E I S 
a s  f a r  as  o u r  Ag e nc y  i s  conce r ned . "  

No Re spo n s e  
9 - 3 1 



9 . 4 . 2 . 2  Te x a s  Gene r a l  Land O f f i c e  

Comme n t  

" The Env i r onme n t al I mpac t S t atement . . .  h a s  n o  g r e a t  
impac t o n  t h e  Gene r a l  Land O f f i ce s i nce t h e  dome i s  l o c a t ed 
i n  Cal c a s i e u  Pa r i s h , Lo u i s i ana . "  

No Re spo n se 

9 . 4 . 2 . 3  Te x a s  S t a te De par tme nt o f  H ighways & Publ i c  
T r a n s po r ta t i o n  

Commen t  

"The Depa r tme nt d o e s  not h ave any c omme nts  t o  o f fe r . "  

No Re spo n se 

9 . 4 . 2 . 4  Te x a s  I nd u s t r i a l  Comm i s s i on 

Comment 

"We have no neg a t ive comme nt on the above c i ted d r a f t  
s ta t ement . We feel  that the S t r a teg i c  P e t r o l e um Re se rve i s  
o f  nat ional impo r t an ce , a nd b y  al l me a n s  sho u l d  b e  impl eme nted 
as soon a s  po s s i b l e . 

No Re spo n s e  

9 . 4 . 2 . 5  Tex a s  Pa r k s  a n d  W i l d l i fe Depa r tme n t  

Comme n t  

" O u r  rev i ew . . . i nd i c a t e s  th at t h e  p r oj e c t  impac t s  w i l l  
o c c u r  i n  t he S t ate o f  Lo u i s i ana . The r e fo r e , we h ave no 
comme nt to o f fe r  on t h i s  d o c ument . "  

No Re sponse  

9 . 4 . 2 . 6  Te x a s  Depa r tment of  Wa t e r  Re s o u r c e s  

Commen t  a 

" The o i l  s to rage p r o j ec t  s i te a nd r e l a ted leac h  wate r 
and b r i ne d i sposal  fac i l i t ie s  . . .  wo u l d  not have any adve r se 
e nv i r onme ntal i mpac t s  o n  the g r o u nd o r  s u r face wat e r  
r e so u r c e s  o f  the S t ate o f  Tex as . "  

No Re spo n s e  

9- 3 2  



C ommen t  b 

" T h e  tech n i c a l  a s s e s sme nt of  po ten t i a l  l o c a l  i mpa c t s  
r el a t i ve t o  l a nd s ubs idence , g r ound c o n t am i n a t i on , o i l  
sp i l l age , a nd b r i ne d i spo s al i s  o b j e c t ive . P a r t i c u l a r l y , we 
su ppo r t  the tech n i c a l  a s s e s sment of the po tent i a l  h a z a r d s  . . .  
p r e s e nted o n  pag e s  D - 4 0  thr ough D-4 1 of  the r e f e r e nced 
D E I S . "  

No Respon se 

9-3 3 





AP PENDI X  A 

AIR Q UAL ITY ANALYS I S  AS S UMPT I ONS 
AND MODE LS - SULPHUR M I NES 





APPEND I X  A . l 

S HORT-TERM AND LONG-TERM EMI S S I ON RATE S  
FOR SULPHUR MINES  AND SUN TERMI NALS . 





:i:io I 

SOURCE 
DESCR I PT I ON 

Con s tr uct ion 
1 .  Dr i l l  R i g s  
2 .  Tankage 

a .  S u r face Pr epar a-
t ion 

b. Pa i n t  Appl i ca t ion 
r a t ion 

1 .  C r ude O i l  T r ansfe r 
a .  Load i ng -

Sh ips 
b .  S h ip - B a l l a s t i ng 
c .  Sh ip Eng i nes ( 7 )  

i .  Load i ng 
i i .  U n load i ng 

d .  Tug Eng i nes - Sh ip 
Ass i s tance ( & ) 
( Load i ng and 

Un l oad i ng )  

TABLE A . 1 - 1  
S i te-Spec i f i c  Shor t-Term Em i s s io n  Ra tes 

and S o u r ce Locat ions for S u lphur M i ne s .  

POLLUTION E M I S S I ON RATE 
LOCAT ION 

HC PART I CULATE S02 

Dome S i te 0 . 3  0 . 3  0 . 2  
Sun T e rm i na l  

-- o . a ( 2 l - -

2 . 1  - - --

VLCC to Tanker 3 0 , 3 ( 3 )  - - - -

Sun T e r m i n a l  1 5 . 2 ( 3 , 4 t -- --
Sun Te r m i na l  1 1 . 6 ( 3 , 5 , ) -- - -

Sun Termm i na l  0 . 1  0 . 9  1 2 . 5  
Sun Te r m i na l  0 . 2  1 .  3 1 9 . 2  

1 .  6 3 . 4  1 . 4  

( g /s ) + 

N0 2 H 2s ( l ) 

3 . 8  --

- - - -
- - - -

-- --

-- --
-- --

4 . 0  --
6 . 2  --

2 . 4  --

1 .  I t  i s  assumed that the c r ud e  w i l l  be s u f f ic i e n t l y  weath e r e d  to conta i n  i n s ig n i f icant amounts o f  H 2S 
2 .  I t  i s  as sumed that 4 0 %  o f  the total em i ss i ons f a l l  o u t  ve r y  c lo s e  to the so u r ce 
3 .  Based upon a max imum da i l y  f l ow r a te of 2 5 0 , 0 0 0  bbl s/day 
4 .  5 0 %  o f  the o i l  i s  d i s t r i bu ted by p i pe l i ne a nd 5 0 %  by tank e r  d u r ing d r awd own 
5 .  Ba l l a s t  4 0 %  o f  capac i tyo r t  
6 .  1 0 0 %  o f  da i l y  f low i l l  be d e l ive red by t a n k e r  to S un Term i na l  
7 .  See Table C - 3  
8 .  Two tugs ass i s t  p e r  tank e r  
+ See Sect ion 3 fo r s ho r t- te r m  assump t i o n s  

co 

o . a  

--
--

- -

--

- -

0 . 0 9 
0 . 1  

2 . 0  



� IV 

SOURCE 
DESCRIPTION LOCAT I ON 

Ope rat i on (Cont ' d . ) 
2 .  Tankage ( 2 ) 

a .  S urge Tanks ( 2 ) Sun Term i na l  
i .  S tand i ng 

Storage 
i i . Wi thdrawa l 

b .  Ba l l a s t  Water 
Sepa r a t ion Tanks ( 3 ) 
i .  S t and i ng 

S torage 
i i .  W i thd r awa l 

c .  O i l  S l op Tanks ( 4 )  
i .  S tand i ng 

Storage 
i i . Wi thd r awa l 

3 .  P i pe l i ne 
a .  Pump Sea l s  Dome S i te 

Dome S i te 
b .  Valve s  Dome S i te 

Dome S i te 

TABLE A . 1 - 1  (Cont . )  
S i te-Spec i f ic Shor t-Te rm E m i s s ion Ra tes 

a nd Source Loca t io n s  for S u lphur M i ne s . 

POLLUTION EMISS I ON RATE 

HC PART I CULATE S02 

0 . 3 5 -- --

3 . 6  -- --

0 . 1 6 -- --
neg . *  -- - -

0 . 0 4 -- - -
neg . -- --

0 . 1  - - --

0 . 2  - - - -
0 . 0 2 - - --

0 . 0 2 4  -- --

( g/s ) + 

N02 H 2s ( l ) 

-- --
- - --

-- --
-- --

-- --

-- --

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

- - - -

1 .  
2 .  
3 . 4 . 

I t  i s  assumed that the cr ude w i l  be s u f f ic i e n t l y  weathe r ed to conta i n  i n s ign i f icant amounts of e2 s 
2 - 2 0 0 , 0 0 0  bbl tanks 
2 - 5 5 , 0 0 0  bbl tanks 

* 
+ 

2 - 7 , 5 0 0  bbl tanks 
See Sect ion 3 f o r  shor t-term as sumpt ions 
neg . • neg l ig i ble 

co 

--
--

--
--

--
--

--

--

--

- -
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SOURCE 
DESCRIPT ION LOCAT I ON 

TABLE A . 1 - 2  
S i te-Spec i f i c  Annu a l  Em i s s io n  Ra tes 

and So u r ce Lo cat ions for Su lphur M i nes . 

POLLUT I ON EMISSION RATE ( g/s l * 

HC PART ICULATE S02 N02 H 2s ( l ) co 

S u r ge S to r age Tank S u n  Te r m i na l  
1 .  S tand i ng Stor age 0 . 29 -- -- -- --
2 .  W i thd r awa l 0 . 2  -- -- -- --

Ba l la s t  Wate r 
Sepa r a t io n  Tank s , S u n  T e r m i n a l  
1 .  S tand i ng S to r age 0 . 1 2 -- -- -- --
2 .  W i thd r awal neg . * * -- -- -- --

O i l  S l op Tank s Sun T e r m i n a l  
1 .  S t and i ng S to r age 0 . 3 5 -- -- -- --
2 • •  W i thd r awal neg . -- -- -- --

P i pe l i ne ( 2 ) 
1 .  Pump Seal s Dome S i te 0 . 1  -- -- -- --

Dome S i te 0 . 2  -- -- -- --
2 .  Valve s  Dome S i te 0 . 0 2 -- -- -- --

Dome S i te 0 . 0 4 -- -- -- --

* Em i ss i o n  r a t e s  a r e  ba sed on the a s sumpt ion that al l s o u r c e s  em i t  co n t inuo u s l y  at a f i xed ave rage 
* *  Neg . • neg l ig i b l e  
l .  

2 .  

I t  i s  a s sumed that the c r ude w i l l  be su f f ic i e n t l y  weathe r ed to conta i n  i n s ig n i f i c a n t  amo u n t s  o f  
S e e  Table D- 3 

----

----

--
--

----
--
--

annual r a te 

H 2S 
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SOllltCP. 

lJ 1mcn I PTION 

TABLE A . l - 2  ( Cont . )  

S i t e - S p e c i f i c n n n u a l  Em i s s i o n Rat e R  
a n d  S o u r c e  Lo c a t i o n s f o r  S u l p h u r  M i n e s . 

J.OCi\T I ON 
POJ,I,IJTi\N'l' F.M I S S I ON lti\rn ( r:. / R  ) +  

llC Pi\RT I CU f ,i\TF. so2 No2 
Op!' r :t t l o n  

• 

• 

• 

• 

• 

.. 
1 .  
2 .  

. J .  
1 .  

5 .  

Ci .  
7 .  

8 .  

T a n k <! r  Loncl i ng < 2 >  VLCC t o  T:t nk<!r � : �(:l) -- - - --
S u n  T P. rm J n u l  - - - - - -

Tn n k n r  Dn l ln� t i ng< 5 > S u n  T P. rm l n :t I 2 . 0\ G )  - - - - --
Sh i r . Enr i n c s  -
Load i n g  1 , 7 ) S u n  Term l n n l  0 . 01 0 . 07 1 .  0 0 . 3  S h i p  E n g i n c c s  -

Sun Tcrm l n n l ( Cl )  U n l o n d i n g ( 7 ) 0 . 02 0 .  1 1 .  5 0 . 5  

Tup.: F.n p.: i ncs ( S )  
S u n  Tcrm l n a l  � g �  1 Tu nker J .onrl l n rt  0 .  01 0 . 08 0 . 0 3 0 . 06 i i  U n l o n d l nr:. S u n  TP.rm l n n l  O . OG O . t  0 . 05 0 . 09 

F.m l snion rn t ns are bnscd on t l1c assump t io n t ha t  n i l  sources em i t  co n t i n uou s l y n t  n f i xed a v e rnge 
l l  ls n<>sumcd t hat t h e  c r lld<! wl 1 1  l:w r.u f f i r. k n t l y  "'c a t hcred t o  con t n l n  i n R l gn i  r t cnn t amoun t A  of n2s _iQ 9 cl e !_!_ti_y1:lii:._?_!li_e.ll...G..Q_Q_O_{l[�2J..'.l Q. �!II_ IQ_ 

J . 1 5 x 107 se c / y r  
50% o f  o i l  d l s t r t h11 t e d  b y  l a n k e r  

i_[_l_\)��fil(_2_fl_��_!l�>_'!_g/_IQ_ 
3 . 15 x 107 s e c / y r  i__G!J cl el /.J..!..ll!.:_�c_l�H�O_o_o _ _y_:1) _(_'1 ::i_1 __ R/j0_ -, J . 1 5  x 1 0  se c / y r  

L O O \  o f  o i  I cl e l  i v c rt•d b y  t a n k e r  t o  S u n  Te rm i n a l  
_(_�-�-�LY-i:.LL':_l! u r t  - t c. r_n�i:i s sJ�'-�'�!1_1:_e_l_<.�()_1)_(_::0�l_Q_ _s c<:f_!l!.l. ; Sec  Tab l e  3 - 8 f 0 1  e x:impl  e 

1 . I S  x 1 0 7 s e c / y r  
( (1 h r  a 5 s i s t a n c c / d c 1 )  ( 2  t 1 1 r, s ) ( (• lJ  d e l l.Y r )  ( 3 (1 0 0  s e c / h r ) (<• m i s s i o n f o c t o r ) 

·-- --· --- - - ------·-···---- - - ··- - ·· -· 1· - - - ·  - --- -- - ---------·-- - - · ------- ---

3 .  E· x l ll 5 C c / y r  

1 12s (l )  co 

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

-- 0 . 0 1 
-- 0 . 02 

- - 0 . 05 -- 0 . 08 



fJOllllCE 

lJF.SCll I PT I ON 

Co n s t r u c t i o n  
l. S i t o  P r ep a rat i on 

2 .  Unpaved llond s ( O )  

I 3 .  P n v e d  no ntl 9 { 7 ) 

4 .  llenvy Con '!: t ruc t ton 
Equ J pmcn t C B )  

5 .  L l l( h t  Du t y  Voh l c l e R ( lO )  

:i:-

TABLE A . 1 - 2  ( Cont . )  

S l t n - S p o c i f J c A n n u a l  Em i s s i o n  R a t n s  
a n cl S o t 1 r c e  Lo c n t l cr n s  f o r  S n l p h t 1 r  M i n e s . 

P0!.1.111'/\NT F.M I SS T ON 111\TR ( r; / 8 ) + 
1 .0Cl\'l' I ON 

llC VflllT I CUl,l\TF. so2 N02 

l ( ] ) ( 2 ) Domf' S t p
( 

1 ) - - 2 2 . 8 ( 2 ) -- --
Doc k  S .l t c

(
"

) 
-- 2 9 . 6 ( 2 )  - - - -

Pipi,J  J n i • s  :.> -- 2 5 . 6  - - - -
Dome S i  !CR  -- 7 J ;i <  2 )  - - - -. ' ( 2 )  Do c k  8 \  l cs - - 1 :1 . 2 - - --

Dome S lt c ( 9 )  0 . 0 1 0 . 0 1 0 . 0 1 0 . 2  
Dock S i t o 0 . 0 1 0 . 0 1 0 . 0 1 0 . 2 
Dom!' S l t e ( 9 )  0 . 0 1 n f' p; . • • n e g . 0 . 02 
Dock S i t e  O . O l n e g . nep; . 0 . 02 

I I  " ( 1 ) 2" 

--
--
- -
- -
--

--
--
- ---

1 • 
vi • Em i i< !'l l o n  r n t es n r f! based on t he n s s ttmp t l on t l111 t a l l  s o u r c e s  em i t  con t l n uo u !'l l y  n t  n f l x f' d  avo rngP. o n n u a l  rn l e .  

• • n o r; . = n r f; l l i:: i b l o 
1 .  I t  l s  n s s 11rnoc1 t h a t t h e  c r u d e  w i ll be su f f i c i f' n t l y  wo n t hered t o  con t n. i n  l n 11 l gn i f l c a n t  amoun t s  o r  fl2S 
2 .  I t  t s  a s s urned t h a t  4 0% o f  l h P  t o t a l f'rn l s s l o n s  fal l o u t v e r y  c l ose to t he sou r c e  
:L J OO n c r c s ; g / s  � _( 1 . 2'1'/nc • mp)( l l  mo . lL._G )( l OO acres 2J..£QQ_Oll/1' ( 1 !'>J . 6g/#_l 

1 
4 .  1 3 0 n c r e s ; p; / s  snmc n s  /,13 above 

3 . 1 5  x 10 s e c / y r  

5.  1 1 2  o c r c s ;  R / S  s a m �  a s  ff 3 n h o v 6  
0 .  lln sr>d o n  t h e  u s e  o f  1 1 20 m i l e s  o f  1 1 n p nv e d  rorul s  b y  emp l o y e e s  a t  t h e  dome a n d  dock d u r l n g  t h e  mn t n  8-hr R h l f t  
7 .  No p a v e d  roa d s .  
6 .  Sec Ta b l e  3 - 7 9 .  Va l u e r;  p ro r a t ed f o r  1 1 - mon t h  c o n s t ru c t i o n pe r l o tl . 

10 , Sec Tn b l e  0- 3 

co 

--
- -- -
- -
- -

0 .  04 
0 . 01 
0 . 2  
0 . 2  



:i>' 
I 

O'\ 

6 .  
7 ,  

• 
1 ,  
2 .  
J .  
4 .  
5 .  

:lO!J llCF. 
OF.SCll l l'T I ON 

D r i l l  lli g s ( J )  

Tnnl mge 
n .  Sur fnce Prepnrn-

t 1 on 
b .  P n i n t  i\ pp l l c nt i o n  

TABLE A . l - 2  ( Cont . )  

S i t e - S p e c i f i c  A n n u a l  Em i s s i o n  R a t e s  
a n d  S o u r c o  Lo c a t i o n s  [ o r  S u l p h u r  M i. n c s . 

J.OCi\T I ON 
POl.I.llTi\NT F.f.I J SS JON nr.·m ( r. /ri , .  

Ile Pi\llT ICUl,i\TF. so2 N02 

Dom e S i t e  O . J  0 . 2  0 . 2 J . 4  

S u n  1'erm l n n l  

0 . 1 ( 2 . 4 ) 
� � 2 ( 5 )  - - - -

- - - - - -

... ( 1 )  "2" 

- -

- -
- -

l':m l s s l on rates n r e bn.sed o n  t h e  assum p t i o n  t h a t a l l sou r c e n  em i t  con t i n uo u A l y  n t  n f i xed n. v e r n p; e  n n n u a l  r n t e . 
I t  l s  n ssumed � h a t  the c r u d e  w l l l be su f f i c i e n t l y  went hered to co n t n l n  l n s l gn l f l cn n t  amou n t R  o [  tt2s 
I t  l s  nssumed t h a t  4 0% of t h e  to t n l  em i s s i o n s  f a l l o u t  very c l ose to t h e  sourc e .  7 3 3 5  d n y A  x 20 h r s / d ay x ( 0 . 7 5 c a p a c i t y )  x Em i s s i o n  Fac t o r  ( g / h p · � r )  x ( 1  y r / 3 . 1 5 x 10 sec ) x 1 5 0 0  h p  
750 n o z z l e - h r s  x 1 0 0 0  II/hr x 0 . 0 1 x O . G  x 1 51 g / 11  x 1 y r / :J . 1 5 x 1 0  sec ) 
5 . 7  t o n s / co n t  x 2 const x 1 1 20 11/ t o n - pn l n t  x 4 51 g / 11  x ( 1  y r / :J . 1 5 x 1 o7 sec ) 

co 

0 . 7 

- -
- -



AP PEND I X  A . 2 

Air Quality Analysis Assumptions and Models - Sulphur Mines 

The pollutants associated with the proposed proj ect which 
impact ambient air quality may be treated as continuous 
emissions over periods of hours to a year . A binormal ( two 
dimens ional Gauss ian ) continuous plume dispers ion mode l is 
used to compute the pollutant concentration downwind from 
the source .  Estimates of dis�ers ion are thos e of Pasquill 
as res tated by Gifford . ( 1 , 2 , ) 

Atmospheric Dispersion· Model 

The equation developed to calculate downwind po l l utan t 
concentrations has been s implified for th is analys is to 
estimate only ground-level concentrations .  Equation 1 is 
the generalized form of this Gaus s ian di�pers ion model for 
1 0-minute sampl ing av�rages .  

2 2 . 
X (x, y , z=o ; H) = "<ry\u exp [- � (a;) J exp [- � (:z ) J Eq .  

where : 

X(x, y , z.;H) is the pol lqtant concentration in micro grams 
per cubic meter (µg/m� ) at a dis tance x meters downwind , 
a cros s wind distance of y meters , a height above the 
ground o f  z=O meters for an emis s ion sourc e effective 
stack height of H meters ; 

Q is the rate o f  emis s ions in grams p er second (g/sec) 
from the source ; 

u is the average wind speed in meters per s econd Cm/sec ) 

u is the standard deviation in meters o f  the dis tri­
b�tion of material in the plume in the horizontal or 
cros swind ( y) direction , at a distance of x meters 
downwind ; and 

u is the standard deviation in meters of the distri­
bUtion of material in the p lume in the vertica l ( z )  
direction , at a distance of x meters downwind . 

Values for u and uz , at a given distance downwind and for a 
g iven atmospheric stability cla s s  were read off the graphs l 
published in the workbook of Atmospheric Dispers ion Estimates 
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for rapid evaluation o f  the se parameters . The stabil i ty 
class as sumed for all calculations is the neutral stab i l ity 
clas s D ,  which generally characteri z e s  the atmospheric 
s tabil ity of night . time.> hours . N ight hours are marked by 
restriction s to turbulent d i ffusive spreading in both the 
lateral and vertica l directions . Materials released under 
nighttime or D stability cond ition s wil l  rise until its 
initial buoyancy and vertical momentum are d i s s ipated . It 
then wi ll drift downwind for sometime s as far as tens of 
ki lometers . 5 These conditions are bel i eved to repre sent 
a conservative case estimate o f  downwind pollutant concen­
trati ons and the use of the D stabi lity class also assures 
the application of Equation 1 is wi thin its intended con­
fidence l imits . The wind speed i s  taken to be the mean o f  
the low wind speed group a t  Lake Charles with D stabil i ty .  
I n  addition , a stable layer i s  assumed to exi s t  at 1 0 0  
meters altitude to hold the pollutant c lose to the ground . 
This raises concentrations at 1 0  kilometers by about 6 0  
percent , but does not affect concentrations at shorter 
d istances downwind . 

Sampl ing Time Corrections 

Corrections for wind meander encountered during s ampling 
averages for periods up to 2 4  hours can be applied to the 
1 0 -minute s ample average concentrations calculated by Equation 
1 .  The relationship between concentration and s ampl ing 
t ime is shown in equation 2 .  

x (tl  = 
(10 mi�utes) p ,  

X (l O  minutes )  
E q. 2  

where p has been found to b e  between 0 . 1 7 and 0 . 2 .
1 

Equation 
2 i s  most appropriately app l ied when the average wind direc­
tion i s  cons tant over the ave raging time . The correction 
factor to est imate !-hour , 3-hour and 2 4 -hour s ampl e  averages 
from 1 0-minute ave rage s are 0 . 7 4 ,  0 . 6 1 and 0 . 4 3 ,  respective ly . 
These are evaluated as s uming the exponent p equals 0 . 1 7 for 
the conservative cas e . 

These samp l ing average correction factors cannot be e xtended 
to one year to obtain estimate s  o f  annual average conc entra­
tion s . Ins tead , the annual average downwind concentrations 
are given by the following equation : 

Eq . 3 
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where : 

Xan is the annual average concentration at x meters 

downwin d ;  in � g/m
3

; 

Q , tr z ' x and H are the s ame variab l e s  as in Equation l ;  

u .  is the average wind speed o f  the i
th 

wind spee d  group in m/sec ; 

f .  is the fraction o f  the time that the wind i s  b lowing , l. th in the cho s en direction o f  the i speed group . 

For concentrations in Table A-1 , three s tack heights have 
been as sumed ; H = 1 3 . 4m for storage tanks , H = l G m 
for transport ve s sel s ,  and H = 3m for construction equip­
ment . The values of fi and ui are taken from wind ro se 
data compiled for the STAR program4 at Lake Charl e s . The 
mo st frequent atmospheric stability , D ,  and the mo s t  frequent 
wind direction within this D stabil ity c lass were used . 

Cros swind Distance s  ·and Concentrations 

The calcul ation of either the concentration at a distanc e  
x meters downwind and y meters cro s swind o r  the calcul ation 
o f  the cros swind distance y for a partic ular concentration 
c an be done us ing the following re lationship s : 

Y --er - /.2 ln 
l O O  d ( H )  __£___ p y y• 

p 
an x x , yp , z=o ; = 1 0 0  

where :  

x { x ,  y=o , z=o ; H )  

tr i s  the horizontal standard deviation at a d i s tance 
xYmeters downwind ; 

· Y. is the cro s swind d i stance a t  x meters downwind at 
wRich the po l l utant concentration i s  equal to " p "  
percent o f  the centerline concentration X ( x , o , o ; H ) . 

Inversely , to s o lve for what perc ent o f  the c enterline 
concentration i s  the c oncentration at a specified x and y , 
then : 

pt = ( 10 0 )  exp L - ; (:;) 2] 
Treatment of Area Sources as· Point Sources 

Equation 1 was develope d  for point source s .  Emi s s ion rates 
from large crude o i l  s torage tanks are not corre c tly descr ibed 
as a point s o urce with an equa l  emis sion rate . There fore 
some correcti on mus t  be made to maintain s ome realism in the 
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e stimated downwind concentrations from s torage tank emis s ion s . 
The method us ed has been to estimate the dis tanc e  downwind at 
which the tank would " appear " as a point s o urce . This is done 
by assuming the horizontal standard deviation at s uch a 
virtual point source is given by uy = D/4 . 3 , wher e  D is the 

diameter o f  the tank and uy is the
0

hori z on t�l s tandard devia­

tion at the virtual point s8urce dis tance from the tank , x 
meters . The virtual point source distance x0 is then read

0 

from the graphs o f  the horizontal s tandard devi ation o f  the 
material in the plume vs . d i s tance from the s�urce in the 
Workbook o f  Atmo s phe ri c  Dispe rs ion Estimate s . Once the 
val ue of x0 is determi ned for the s i ze o f  the tank and the 
appropriate atmospher i c  s tabi l i ty clas s , then the computations 
of the downwind concentrations use the s ame model as exores s ed 
in Equation 1 ,  with di fferent variables . For s impl i c i ty , 
Equation 1 is reproduced here with the diffe rent variab l e s  
identi f ied as follows : 

where : 

exp [- � (�/] e xp [- � ( :2 tJ J. 

xr = actual o r  real dis tance downwind from the tank 

uy . l. 
= the hori zontal standard devi ation o f  the matter 

in the p l ume evaluated at a dis tance , x .  = x + x (me ters ) 
downwind from the tank : and 

1 r 0 

Q ,  u ,  H and y are the variab l e s  as defined for equation 1 .  
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Table A . 2 - 1  Annual Sector Averaged Concentrations for Three Stack Heights 

Winds at Lake Charles4 - D Stability 

u1(m/sec ) 

0 . 77 1  
2 . 57 
4 . 3 7 
6 . 4 9  
9 . 77 

>10 . 80 

f 
i 

( \ )  s Winds 

O . ll28 
0 . 8288 
2 . 8290 
2 . 9249 
0 . 3288 
0 . 0 3 4 2  
7 . 0785 

3 
Centerline , Groundleve l X an/Q (sec/m ) at x Kilometers Downwind 

S Winds (for Q in g/sec) 

x (km) Xan/Q 1 H=l 3 . 4m Xan/Q ; Hc:lOm Xan/Q ; H=3m 

. s  2 . 7 1 3 . 05 3 . 48 1 . 91 0 . 94 0 . 98 2 . 315 0 . 320 0 . 326 
5 . 07 3  0 . 07 3  0 . 07 3  

10 . 024 0 . 024 0 . 02 4  
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APPENDIX B 

AIR POLLUTION MONITORING DATA 

The following data was provi ded by the Loui siana Ai r Contro l 

Conuni s s ion . Thi s data represents the mo st thorough and 

consi stent monitoring results the Commi ss ion has comp i led to 

date . The suspended parti culate data monitoring capabi l i ties 

are the mos t  refined in the State , and a few key locations 

are operab le for oxidant and sul fur dioxide monito ring . 

This data is inc luded in the last two tab les repre senting 

Lake Charles . This is representative only o f  the maximum 

concentrations measured during the stations on-time , as 

wel l  as the number of violations of the standards recorded . 

Monthly Suspended Particulate Samp l ing Data ( 1 9 7 5 )  

Tab le B- 1 Lake Charles 

Table B- 2 Lake Charles 

Table B- 3 We st Lake 

S uspende d Particulate Sampl ing Data 

Suspended Particulate Sampl ing Data 

Suspended Particulate Samp ling Data 

Continuous Oxidant ( 0 3 ) Month ly Samp ling Report ( 19 7 5 )  

Table B- 4 Lake Charles Month ly Oxidant ( 0 3 ) Concentrations 

Continuous Sul fur Dioxide ( S0
2 ) Monthly Samp l ing Report ( 19 7 5 )  

Table B-5 Lake Charles Monthly Sul fur Dioxide ( so 2 ) 
Concentrations 

· 
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Table B- 1 Monthly Suspended Particulate Sampling Data 

CITY : 

YEAR: 

Lake Charles 

1975 

SITE : Corner· Ryan and McNeese 

SAROAD CODE : 191600002 

l
o 

Standard 24-hr . max. = 260 µ9/m
3 

SA:<!PLING TYPE : 

2° Standard 2 4-hr . max = 150 µg/m
3

, Annual Geometric mean = 6 0  µq/m
3 

Nm-*.BER OF SAMPLES : 56 

ANNUAL GEOMETRIC ME.� :  4 3 

MONTH 
Jan 

Feb . 

Mar . 

Apr . 

May 

June 

DAY 

6 
12 
30 

5 
2 3  

1 
7 

13 
19 
25 
3 1  

6 
12 
18 
24 
30 

6 
12 
18 
24 
30 

5 
11 
17 
2 3  
29 

24 HR. MEASURE 

µg/m3 

3 3  
2 2  
2 4  

3 1  
3 1  

3 8  
79 
54 
6 0  

121 
40 

so 
38 
68 
4 5  
28 

4 5  
4 2  
67 
41 
18 

49 
37 
33 
77 
40 

MONTH 

July 

Auq . 

Sep . 

Oct . 

Nov . 

Dec .  

DAY 

5 
11 
17 
2 3  
29 

4 
10 
16 
2 2  
2 8  

3 
9 

15 
21 
27 

3 
9 

15 
2 1  
2 7  

2 
8 

14 
2 0  
2 6  

2 
8 

14 
20 
26 

24 HR. MEASURE 
l.Jg/m3 

4 7  
5 1  
4 4  
3 2  
4 4  

35 
2 7  
33 
37 
43 

85 
40 
70 
49 
68 

88 
48 
29 
52 
38 

4 1  
30 
83 
27 
42 

5 3  
3 7  
4 1  
5 1  
3 7  

Source : Louis iana. Air Control Commission , New Orleans , Loui si ana 
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Table B- 2 Monthly Suspended Part iculate Sampling Data 

CITY : Lake Charles 

YEAR : 1975 

S ITE : 7 2 1  Prien Lake Road 

SAROAD CODE : 191600001 

1
° 

S ta ndard 24 -hr . max. = 260 µg/rn
3 

SAMPLING TYPE : Population Oriented 

2
° 

S tandard 24-hr . max = 15 0 µg/m
3

, Annual Geometric mean = 60 µg/m
3 

NUMBER OF SAMPLES : 5 7 

ANNUAL GEOMETRIC MEAN :  68 

MONTH 

Jan . 

Feb . 

Mar . 

Apr . 

May 

June 

DAY 

6 
12 
24 
30 

5 
17 
2 3  

1 
7 

1 3  
19 
25 
31 

6 
12 
18 
24 
30 

6 
12 
18 
24 
30 

11 
17 
2 3  
2 9  

24 HR. MEASURE 
µg/m3 

99 
40 
98 
74 

57 
70 
39 

10 1 
86 
5 2  
79 

165 
81 

68 
100 
154 
215 

73 

113 
74 
93 

126 
76 

81 
129 

5 3  
40 

MONTH 

July 

Aug . 

Sept . 

Oct .  

Nov . 

Dec . 

DAY 

5 
11 
17 
2 3  
2 9  

4 
10 
16 
22 
28 

3 
9 

15 
2 1  
2 7  

3 
9 

15 
2 1  
2 7  

2 
8 

14 
2 0  
2 6  

2 
8 

14 
20 
26 

24 HR. MEASURE 

JJg/rn3 

46 
6 8  
6 4  
45 
5 4  

4 8  
37 
5 1  
5 5  
99 

8 5  
60 
8 3  
60 
79 

64 
51 
29 
96 
5 9  

5 9  
s o  
7 9  
39 
39 

96 
41 
47 
5 2  
54 

Source : Louis iana Air Control Commi ssion , New Or leans , Louisiana 
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Table B-3 Monthly Suspended Particulate Sampling Data 

CITY : West Lake 
YEAR: 197S 

SITE : 701 Johnson Street 

SAROAD CODE : 193180002 

1° Standard 24-hr . max . = 2 60 �g/m
3 

SAr1PLING TYPE : Population Oriented 
0 · 3  3 

2 Standard 24-hr . max = lSO µg/m , Annual Geome tric mean = 6 0  µg/rn 

NUMBER OF SAMPLES : SS 

Ai.'rnUAL GEOMETRIC MEAN :  S 7 

MONTH 

Jan . 

Feb .  

Mar . 

Apr . 

May 

June 

DAY 

6 
12 
24 
30 

s 
17 
2 3  

l 
7 

13 
19 
2S 
31 

6 
12 
18 
24 
30 

6 
12 
18 
24 
30 

5 
11 
17 
2 3  
29 

24 HR. MEASURE 
ug/m3 

S6 
27 
Sl 
48 

17 
42 
3S 

103 
89 
44 
SS 

146 
Sl 

6 3  
so 

10 2 
7S 
41 

97 
SS 
9 6  
4 3  
4 S  

1 2 2  
7 1  

12S 
52 
S4 

MONTH 

July 

Aug . 

Sep . 

Oct . 

Nov . 

Dec . 

DAY 

s 
11 
17 
2 3  
29 

4 
10 
16 
22 

lS 
2 1  
27 

3 
9 

lS 
2 1  
27 

2 
8 

14 
20 
26 

2 
8 

14 
2 0  
26 

24 HR .  MEASURE 
µq/m3 

llS 
93 
96 
S 7  
64 

S 7  
S6 
88 
47 

66 
39 
76 

63 
so 
29 
99 
S 2  

4 7  
3 6  
7 6  
2 S  
3 4  

S3 
31 
43 
6 3  
3 8  

Source : Louis iana Air Control Commi s s ion , New Orleans , I.ou i s iana 
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Table B-4 Continuous Oxidant (0
3

) Sampling Monthly Report 

CITY : Lake Charles SAROAD CODE 19160 0001 

YEAR: 1975 
0 

2
0 

Standard : 1-hr . max . = 0 . 0 8 ppm l and 

MONTH HIGHEST 2ND HIGHEST # VI OLATION %TIME OBSERVED 

January 0 . 0790 0 . 0290 0 
1/25/75 1/19/75 

February 0 . 0 5 30 0 . 0470 0 
2/19/7 5  2/27/75 

March 0 . 0390 0 . 0370 0 
3/19/75 3/16/75 

April 0 . 0390 0 . 0 2 90 0 
4/6/7 5  4/8/75 

May 0 . 0 7 90 0 . 0680 0 
5/18/7 5  5/12/75 

June 0 . 0 50 0  0 . 0450 0 
6/2/75 6/6/75 

July 0 . 1160 0 . 0 990 14 
7/10/75 7/8/75 

August 0 . 1220 0 . 0990 8 

8/20 /75 8/31/75 

September 0 . 0890 0 . 0850 3 
9/1/75 9/12/75 

Octobe r 0 . 1780 o .  0 7 30 7 

10/10/75 10/12/75 

November 0 . 1250 0 . 0 7 50 4 
11/4/75 11/5/75 

December 0 . 0520 0 . 0450 0 
12/20/75 12/3/75 

Source : Louisi ana Air Control Commi s sion , New Orleans , Loui s i ana 
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9 7  

9 7  

34 

9 8  

8 8  

8 7  

9 7  

9 6  

5 3  

9 8  

9 8  



table B- 5  Continuous Sulfur Dioxide (S0
2

) Sampling Monthly Report 

CITY : Lake Charles SAROAD CODE : 919600001 

YEAR: 1975 

l
o 

S tandard : 24-hr . max .  = 0 . 14 ppm , Annual Geometric Me an = 0 . 0 3 ppm 

0 
2 Standard : 24-hr . max. = 0 . 10 ppm , Annual Geometric Mean = 0 . 02 ppm 
MONTH HIGHEST 2ND HIGHEST #: VIOLATION \TIME OBSERVED 

June 0 . 0 300 0 . 0180 0 82 

6/28/75 6/l/75 

July 0 . 0 250 0 . 0230 0 85 

7/8/75 7/9/75 

August 0 . 0450 0 . 0 180 0 91 

8/.20/75 8/11/75 

September 0 . 0200 0 . 0180 0 5 2  

9/28/75 9/2/75 

October 0 . 0440 0 . 0210 0 9 7  

10/10/75 10/19/75 

November 0 . 0150 0 . 0130 0 82 

11/24/75 11/25/75 

Decembel:: 0 . 0440 0 . 0180 0 9 8  

12/20/75 12/10/75 

Source : Louisiana Air Control Conunission , New Orleans , Louisiana 
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APPENDIX C 

NOI SE IMPACT CR ITERIA ANO ANALYSIS 
Definition s an d Terminology 

A-We iaht - A f requency weighting network which is used in 
soun d analysis to s imulate the response of the human ear . 
(A-weighted soun d l evels are expre ssed in units o f  dBA) . 

Environment al Noi s e  - By s ection 3 ( 1 1 )  of the Noi s e  Control 
A ct o f  1 9 7 2 ,  the term " e nvironmental noise" mean s  the 
intensity, duration , and character of sounds f rom all 
sources . 

Equival ent S ound Level - The level o f  a constant sou�d 
which, i n  a given situation and time period , has the s ame 
sound energy as doe s a time varying sound . Technically , 
equivalent sound leve l i s  the level of the time w e ig hted, 
mean square ,  A-wei ghted sound pres sure . The time interva l 
over which the mea surement i s  taken shoul4 a lways be 
spec i f i ed .  

S ound Level - The quanti ty o f  decibel s measur e d  by a sound 
l evel meter sati sfying the requirements of Ameri can National 
Stan dards Specification for Sound Level Meters S 1 . 4- 1 9 7 1 .  
S ound l evel i s  the f requency-weighted soun d pressure leve l 
obtained with the standardiz ed dynamic c..'laracteri s ti c  " fa st" 
or " s low "  and we ighting A, B ,  or C ;  unle s s  indicated 
otherwise, the A-we ighting i s  understood .  The unit of any 
s ound level i s  the decibe l , having the unit s ymbol d B .  

Soun d Pressure Level - I n  decibel s ,  2 0  times the l ogarithm 
to the bas e ten of the ratio of a soun d pres sure to the 
reference sound pre s sure of 20 mi cropa s cals (20 mi cronewton s 
per square meter ) . In the absence of any modi fi er , the 
l evel is understood to be th at of a mean- square pres sure . 



Symbols . 

Ldn 

Equivalent A-weighted sound l evel over a gi ven 
time interval . 

Daytime equival ent A-weighted sound level b etween the 
hours of 0 7 0 0  and 2 2 0 0 .  

Nighttime equival en t A-weighted sound level 
between the hours of 2 2 0 0  and 07 0 0 .  

Day-night average s ound l evel - the 2 4-hour 
A-wei ghted equival ent sound level , with a 
1 0  decibel penalty appli ed to nighttime 
level s .  

i . e . , L = 10 log 15 x 10 TO' + L x 10 � 0 
[ Ld L +1 0l 

dn 24 24 



i 

F E D E RAL GU I D EL INES  

The  Fede r a l  Env i r onme ntal P r otec t io n  Age ncy has ident i f ied 
l e ve l s  fo r l im i ts of  La n req u i s i te for  the p r o t ec t i on of  
p ub l i c  heal th and wel f a r e . * 

Tab l e  C . l  S umma r y  o f  No i s e  Leve l s  I d e nt i f i ed As 
Req ui s i te to P r otect Publ i c  Heal th And 
We l fa r e  W i th An Ad equate Ma r g i n  o f  S a fety 

E f fe c t  Leve l  Areas  

H e a r i ng Lo s s  Leq ( 2 4 )  < 7 0d B  Al l A r e a s  -

Outd o o r  Act iv i ty Lan < 5 5d B  Outdo o r s  i n  -

r e s i d e nt i al a r e a s  
and f a rms and o the r 
o u tdo o r  a r e a s  wh e r e  
peop l e  spe nd w i d e l y  
va r y i ng amo u n t s  o f  
t i me and othe r p l a c e s  
in wh i ch q u i e t  i s  a 
ba s i s f o r  u s e . 

Leq ( 2 4 )  < 5 5d B  Outd o o r  a r e a s  whe r e  -

peop l e  spe nd l im i ted I amo unts  o f  t ime , s u c h  
a s  school  y a rd s , pl ay-
g r ound s , etc . 

I nd o o r  Ac t i v i ty La n < 4 5d B  I nd o o r  r e s id ent i a l  -

i n t e r f e r e nce a r e a s  
and a nnoyance 

Leq ( 2 4 )  4 5d B  Oth e r  i nd o o r  < a r e a s  -

w i th human ac t i v i t ie s  
such as  school , 
ho sp i t a l s , etc . 

Leq ( 2 4 )  r e p r e s e n t s  the s o und e ne rgy ave raged ove r a 2 4 -ho u r  
pe r i od . 

La n rep r e s e nt s  the Leq w i th a l Od B  n i g h t t ime weigh t i ng . 

* " I n fo rmat ion on Level s o f  Env i r onme ntal No i s e  Req u i s i te to 
P r otect P ub l i c  Heal th and We l fa r e  w i th an Ad equate M a r g i n  
o f  Sa fety , " US EPA , 5 5 0/ 9 -7 4 - 0 0 4 , Ma r ch 1 9 7 4 . 
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No ise Measures 

The descriptors Le and Lan quan ti fy tho s e  aspects of s ound 
which have been fo�nd to correlate w i th cumulative community 
expo sure to noi se and community annoyance . Accordingly , the 
Environmenta l  Protection Agency has selected Equivalent 
S ound Level ( Leq ) f or the purpose of identifying levels of 
e nvironmental n�is e .  

Equivalent Sound Level i s  formulated i n  terms of the 
equivalent steady noise level which in a stated p erioc of 
time would conta in the s ame noise energy as the time-varying 
noi se during the same time p eriod. 

The mathematical definition of L for an interva l defined 
a s  o ccupying the period between �ao points , in time t1 and � 
i s :  

L = 10 log eq -t-2
-:-t-l

- J:l 
dt 

wher e p {t) is the time varying sound pres sure and p0 i s  a 
reference pres sure taken a s  2 0  mi cropascals . 

Analys i s  o f  Noi se Impact from construction Activi ty and 
Faci lity Opera ti ons 

The exa ct determination of Le and Lan requires a pr ecise 
knowledge of the types o f  equ�pment used , the machine work 
cycl es , sc heduli ng , machin e  operating environment , and other 
f actors whi ch interact in a complex manner. In e s timating 
noise impact s  several simpli fying as sumption s have been 
mad e . I t  i s  as s umed that the u s e  o f  cons t r u c t i o n  equ i pment 
on the s i t e  r e s u l ts in i s o t r op i c  aco u s t i c  s o u r c e s  wh i ch h av e  
d u ty cy c l e s  and emi s s i on l e v e l s ch a r a ct e r i s t i c  o f  a c o n s t r uc­
t i on s i t e type . 
The construction site is viewed as a nois e  source consi sting 
o f  equipment which i s  used for various intervals o f  time 
throughout the period of construction . The equipment i s  
cons idered to be used in work cycl es similar t o  those of 
s imilar past pro j ects . The mode ls for construction site 
configuration , s ound propagation los s and equipment usage 
have be en developed in detail by the Environmental 
Protection Agency . 1 , 2  For this pro ject, the most a ppropri ate 



model i s  that of construction for pub l i c  works . The 
c onstru ction phases are :  

• c learing 
• ex cavation 
• foundation 
• erect ion 
• f i ni shing 

The usage f a ctors f or th e equi pment u s ed during each phase 
of gen eral con struc tion ac ti vity are given in Tab l e  C . 1 .  
Tabl es C . 2 and C . 3 show the equipment a s sociated with 
p ipe line and doc k construction . 

The mo de � fo r con s truction site type s lo cate s all equipment 
in a circl e 50 feet from a cal culation point of re fe�ence . 
A s imple propaga tion model in which noi se i s  attenuated at a 
rate o f  6 dB per do ub l ing of di stan ce has been as s ume d .  
Thus , around each construction si te there exists a s eries o f  
annuli wh ich repres ent areas o f  greater attenuation . 
B ecause of the extraordi nary l ow popu latiqn densi ty in the 
construction site area s, fractional impact calculations are 
not appropriate . I nstea d ,  impact zon e s  about the site s have 
b een cons tructed , u s ing the noi se mea sure s of Leq and Ldn 

P ipeline c onstruction is a s sumed to cons ist of di s crete 
s ites conta ining 1 /8 mil e l engths of pipel ine construction .  
The equipment a s sumed f or pi peline si tes is shown i n  Tabl e 
c .  2 .  
Convent ional pipeline equipment i s  shown for referen ce 
purpo s es . Pipel ine con struction is over va rie d  land 
conditions , howeve r ,  pri mari ly swamp l an ds .  A 1 0  dB 
r eduction* has been used referenced to conventional 
equipment for pi pel ine con struction no ise becaus e  of the 
inherently quieter swamp l an d  pipelin e constructi on 
t e chniqu es . 

The Lea obt ained us ing the model was converted to _an Lan for 
a 2 �- nouN day and then converted to an annual L an  by a dding 
1 0  log ( /3 6 5) whe re N is the durati on of constructi on in 
days . The sites are the re fore vi ewed as comp lex noi s e  
s ources with a determined annual val ue o f  Lan . 
I mpact zon e s  have been con structed and the land area has 
b e en  examined for type of land use , i . e . ,  res identia l ,  
l imi ted outdoor us e ,  schools , playgrounds , etc . Where 
p eop le are expo sed to levels in excess of EPA gui d elines 

i . e .  Ldn > 5 5  dB 
Leq 

( 2 4 )  > 5 5  dB 

a noise imp act is indicated . 

*SAI es timated reduction . 
C - 5  



The ana lysi s of site operations indi cates th at noi s e  from 
equipment u sed during the operation o f  facilit ies is 
dominat ed by pump noise (Figure C . 1 ) . 

Pumps at the site are to be located in a pump hous e  which is 
assumed to have a . concre te s l ab foundation and metal wall 
construction . A transmi ss ion los s  o f  3 3  dB is reasonable 
f or metal wall con struction . However � ventilation 
require.men ts will nece s sitate air ports which wil l  r educe 
the transmi ssion lo ss to approximate ly 2 3 dB .  

C- 6 



TABLE C . l  

USAGE FACTORS OF EQUIPMENT IN PUBLIC WORKS CONSTRUCT ION * 

.. 
Equipment * *  Cons truction Phase e 

GJ 
� +I 
M ..... 
0 
� .c: +I 

CJ CJ 
t1'I nJ GJ 
s::: GJ .,., ..... 0 
M s.. s.. 

c: s:: ::i o �  
0 0 t1'I ro � 

tJ\ ·� "" s::: c GJ 
c: +I +I 0 .,...f . en s:: ..... nJ n:s ..... .c: o ro o 
s.. > ro +J a) Lt) 0 
n:s n:s c: CJ .,...f - -P'I  s.. 
GJ CJ :::> C1' s::: tl1 s.. GJ ..... >: 0 s.. .,...f QJ Ql > CJ � rz. � rz. � � o  

Air Compressor [ 81 ]  1 . 0  1 . 0  . 4  . 4  • 4 ( 2 )  79 . 0  
B ackhoe [ 8 5 J  . 0 4  . 4  . 16 7 4 . 4  
Concrete Mixer [ 85 ]  . 16 ( 2 )  • 4 ( 2 )  . 1 6 ( 2 )  8 0 . 7  
Concrete P ump [ 8 2 ]  
Concrete Vibrator [ 7 6  J 
Crane , Derrick [ 8 8 ]  . 1  . 0 4  . 0 4 7 3 . 8  
Crane , Mobile [ 8 3 ]  . 1 6 6 9 . 7  
Dozer [ 8 7 ]  • 3 . 4  . 2  . 16 7 9 . 6  
Generator [ 7 8 ]  1 . 0  . 4  . 4  . 4  . 4  7 4 . 9  
Grader [ 85 ]  . 0 8  . 2  • 0 8 7 4 . l  
Jack Hammer [ 8 8 ]  . s  . s  . 0 4  . 1  ( 2 )  8 0 . 7  
Loader [ 7 9  J . 3  . 4  . 2  . 1 6 71 . 6  
Paver [ 89 ]  0 . 1  . s  8 1 . 4  
Pile Driver [ 1 0 1 ]  
Pneumatic Tool [ 8 5 ] . 0 4 ( 2 )  . l  . 0 4 7 2 . 6  
Pump [ 7 6 J . 4 ( 2 ) 1 . 0 ( 2 )  • 4 ( 2 )  7 5 . 7  
Ro ck Drill [9 8 ]  . 0 2 8 2 . 6  
Roller [ 7 4 ] . 0 1  . 5  . s  6 7 .  4 
S aw [ 7 8 ]  . 0 4  ( 2 )  . 0 4 6 3 . 4  
S craper [ 8 8 ]  • 0 8 . 2  . 0 8  . 0 8  7 8 . 2  
Shove l [ 8 2 ]  . 0 4 . 4  . 0 4  . 0 4 71 . 1  
Truck [ 8 8 ]  . 1 6 ( 2 )  . 16 • 4 ( 2 )  • 2 ( 2 )  . 1 6 ( 2 )  8 4 . 6  

Fraction Hrs . at site . 1 4 . 1 4 . 29 . 2 9 . •  14 

* Numbers in parentheses represent average number o f  items in use ,  
if that number is greater than one . B lanks indicate zero or 
very rare usage . 

* *  Numbers in brackets [ ] represent average noise leve ls [dBA] 
at 5 0  ft . 
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TABLE C . 2  

Equipment Us ed in Pipeline Cons tructi on 

Equipment Number 

Conventional : Truck ( 1 )  
Backhoe ( 1 )  

Concrete Mixer ( 1 )  

Crane ( 1 )  
Swamp : Swamp Buggy ( 2 )  

Lay Barge ( 1 )  

C - 8  



TABLE C .  3 

�quipment Used in Load ing Dock Construction 

Equipment 

P:ille Driver 

T:z::·uck 

C - 9  

Number 

( 2 )  

( 2 )  
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APPEND IX D . 1  

PREC I P I TATI ON DATA IN THE VICINITY 

OF THE 

SULPHUR MINES DOME 

Thi s appendix contains t hree f i gure s  concerning pre­

c ip i t at ion in the v i c i n i t y  o f  t he Sulphur Mines Dome . Figure 

D . 1 -1 presen t s  the d i stribut ion o f  average wint er-spring pre­

c ip i t at ion surp lus in southern Lou is iana bas ed on monthly water 

bal ances for t he 24 -year period from 1945 t o  1968 . The corres­

ponding summer-autumn precip itat ion surp lus is given in Figure 

D . 1-2 . The average s easonal precip i t at io n  def i c i t s  for the s ame 

area are provided fn Ffgure D . 1- 3 . 
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APPENDIX D . 2  

WATER QUALITY STANDARDS 

Five tables and a discussion of water quality standards comprise 

this appendix . Table D . 2-1 presents State of Louisiana water qua�ity 

criteria for the Calcas ieu River , Sab ine River , ·Hous ton River , and 

Bayou D ' Inde .  Table D . 2-2 provides the proposed EPA numerical criteria 

for public water intake . The proposed EPA numerical crit eria for water 

qual ity appropriate for freshwater aquatic · life are included in Table 

D . 2-3 . The propo sed EPA numerical criteria for water quality appropriate 

for marine water aquatic life is presented in Table D . 2-4 . Tab le D . 2-5 

provides certain recommended limits for concentrat ions of selected sedi­

ment paramet ers .  
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Discuss ion o f  Water Quality Standards 

All specific State o f  Louisiana water qual ity criteria pertinent to 
the bodies o f  water in the vicinity of the Sulphur Mines s ite are 
provided in Table D . 2-1 . Thes e criteria specify how the water of a 
bayou , canal , or river may be used , and also specify upper and /or 
lower limits for certain water quality parameters . 

In addit ion to the specific water criteria set forth by _the s tate , 
there exis t certain numerical criteria proposed .by EPA in 19 73 for 
water quality in general . Table D . 2-2 provides such criteria for 
domes t ic raw water supply while Table D . 2-3 provides the criteria 
for freshwater aquatic lif e .  The proposed EPA numerical criteria 
for water quality appropriate for marine water aquatic life is pre­
sented in Table D . 2-4 . The uses specified - in the s tate criteria for 
a given water body determine which EPA criteria are applicab le . 

The situation regarding sediment quality criteria has undergone con­
siderable revis ion in recent years . On 26 June 19 73 the Environmental 
Pro tection Agency (EPA) , Region VI ,  issued proposed regional bottom 
sediment criteria to be us ed in evaluating the sui tability of the dis­
posal of dredged or fill materials . On 15 October 1973 the EPA pub­
lished in the Federal Register "Envirocmental Protection Agency 
Crit eria for Evaluation of Permit Applications for Ocean Dumping" 
(40 CFR 227 , 38 FR 28618) . This criteria was to be used in evaluating 
the suitab ility of the discharge of dredged or fill material in the ocean , 
and , until guidelines were promulgated , in inland waters also . Dredged 
or fill material was cons idered to be unacceptab le if the ratio of the 
cons tituent concentration in the s tandard elutriate to the const ituent 
concentrat ion in the receiving water was greater than 1 . 5 .  The s tan-
dard elutriate results from a mixture o f  4 parts unfiltered receiving 
water to 1 part dredged material . 

On 6 May 1975  the EPA in conj unction with the Corps of Engineers pub­
lished the inland water criteria for dredged or fill material entitled : 
"Navigable Waters Procedure and Guidelines for Disposal of Dredged or 
Fill Material" (40 CFR 230 , 40 FR 19 794) . As previously s tated , the 
Ocean Dumping Criteria ' s  elutriate test required that after the 
material to be dredged had been vigorously mixed for 30 minutes with 
four parts of the water to which it is to be discharged and the super­
natent from the mixture has b een filtered through a 0 . 45 micron filter , 
the concentration of the constituents should b e  equal to or less that 
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1 . 5  times the concentration of those same constituents in the water 
b efore mixing . The new proposed (6 May 19 75)  Navigable Water Criteria 
allowed for applicat ion o f  a 10 : 1  dilution of the standard elutriate . 
Mathematical expressions of the above relationships are as follows : 

c < e � 

c w 

( O . l  c e 

c 

1 . 5  

+ 0 . 9  c ) 
w 

w 

< 1 . 5  

(based on 4 0  CFR 227 , 
38 FR 28618 ) 

(based on 40 CFR 230 , 
40 FR 19794) 

where C e = Concentration from the s tandard 
elutriate test (dissolved) 

C = Concentration in the receiving w water (dissolved) 

The newer propo sed guidelines (40 CFR 230 , 6 May 1975)  were revised on 
5 Septemb er 1975 (40 CFR 230 , 40 FR 4129 2) . These new interim final 
guidelines , entitled "Enviroomental Protection Agency - Navigable 
Waters - Discharge of Dredged or Fill Material , "  have eliminated both 
The l. 5  elutriate criteria as well as the 10 : 1  elutriate dilution of 
the May 6 guidelines . As a subs titute , the new guidelines recommend 
(1) comparing the elutriate to app licable narrative and numerical 
guidance contained in such water quality standards as are applicable 
by law , (Tables D . 4-1,  D . 4-2 , and D . 4-3) and , (2)  po s s ibly performing 
a total s ediment chemical analysis . In addition , the guidelines note 
that EPA and the Corps of Engineers in the coming months will prepare 
and publish a procedures· manual that will cover the summary and 
des cription of tests , definitions , sample collection and pres er­
vation , procedures , calculat�ons , and ref erences . 

Based on the proposed procedures describ ed in the three preceding 
paragraphs , no off icial sediment quality criteria currently are in 
effec t .  At the same time , in s ituations where sediment quality data 
are availab le but not elutriate data , the need arises for comparing the 
sediment quality data with some standard . Table D . 2-5 provides cer­
tain recommended limits for various sediment quality parameters and 
can be used for such a comparison . The data in Table D . 2-5 are not 
official and thus serve only as guidelines . 
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Proposed EPA Numerical Cri teria for Water Qua l i ty ,  
Pub l i c  Water S upply I ntake . 

Parame ter 

Ars enic 
Cadmium 
Chromium 
Coppe:r 
Lead 

erct.:Lry 
Z i n c  
Phen1,:,ls 

yani des 
ldJ: i n  
hlc1rdane 
OT 
i e ldrin 
nd rin 
e p tach lor Epoxide 
e p tach lor 
i. .1ndane 
C>xaphene 

ug/l 

s o  
1 0  
s o · 

1 0 0 0  
so 

2 
s o o o  

1 . 0  
2 0 0  

1 
3 

s o  
1 
0 . 2  
0 . 1 
0 . 1 

. 4  
5 

U . S . Environmental Protecti op Agency , 1 9 7 3 . Proposed Cri teria 
for Water Quali ty , Vo l .  I ,  Washington , o . c .  
U . S .  Envi ronmental Protection Agency , 1 9 7 3 .  Proposed Wate r  
Q uali ty In formation , Vol . I I , Washinqton , D . C .  
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Tab le D . 2- 3  Proposed EPA Numeri cal Cri teria for Water Qua l i ty 
( freshwater aquatic l i f e ) . 

Parameter ug/l 

Cadmium 

Chromium 
Copper 
Lead 
Mercury 
Nickel 
Z i nc 
pH 
Ammonia 
S ul f ides 
Suspended & Se ttle ab le 

S o l i ds 
Turb i di ty and Light 

Pene trati on 
Color 
O i l s  

Pheno ls 
Cyanides 
PCB 
Aldrin 
DDT 
Dieldrin 
Chlordane 
E ndrin 
Heptachlor 
Li ndane 
Toxaphene 
Di azi non 
Malath ion 
Parathion 
Methoxychlor 
DDD 
DO 

30 ( hardne ss > 1 0 0  mg/ l )  
4 ( " < 10 0 mg I 1 )  

5 0  
1/10 LC50 
3 0  

0 . 2 
1/ 5 0  LC5 0  
5 / 10 0 0  LC5 0  

6 - 9  
1/ 20 LC5 0  ( 2 0 ug/ l )  

2 

8 0  mg/ l 

1 0 %  change i n  compensation pt . 
1 0 %  change in compens ation pt . 
1 .  None vi sib le on sur face 
2 .  10 0 0  mg/kg Hexane ex trac tab le 

sub s tances in sediments 
3 .  1/ 2 0  LC5 0  
1/20 LC 5 0  ( 0 . 1 mg/l )  
1/ 20 LC 5 0  ( . 0 0 5  mg/ l )  

0 . 0 0 2  
0 . 0 1  

. 0 . 0 0 2  
0 . 0 0 5  
0 . 0 4  
0 . 0 0 2  
0 . 0 1  
0 . 0 2  
0 . 0 1  
0 . 00 9  
0 . 0 0 8  
0 . 0 0 1  
0 . 0 0 5  
0 . 0 06  
4 . O  mg/l (> 3 1°c)  

S o  re . U . S . Environmental Protection Agency , 19 7 3 . Proposed Cri teri u es . 
for Water Quali ty , Vol . I ,  Washington , D . C .  

U . S .  Envi ronmental Protection Agency , 19 7 3 . Proposed Water 
Qual i ty I nf ormati on , Vo l .  I I , Washington , D . C .  

D- 10 



Tab le D . 2- 4  P ropo s e d  EPA Numerical Cri teria for Water Qua l i ty , 
Marine W ater Cons tituents ( aquatic l i f e ) . 

P arame ter ug/l 

Ars enic 
Cadmi UIT'. 
Chromium 
Copper 
Le ad 
Mercury 
Ni ck e l  
Z i nc 
Cyanid e s  
O i l  and Gre a s e  

Aldrin 
DDT 
Die ldrin 
Endrin 
Heptach lor 
Lindane 
Toxaphene 
pH 
Ammonia 
Hydrogen S u l fi de 
D i s s olved Oxyge n 
Pho s phorus 

5 0  
1 0  

1 0 0  
5 0  
5 0  

1 . 0 
1 0 0  
1 0 0  

1 0  
a .  no t detectab le as a vi s ib l e  f i lm ,  

sheen , di s co loration o f  the surface , 
or by odor . 

b .  does not cause tainting o f  fish or 
inverteb rates or 1amage to b io ta . c .  does no t form an o i l  depos i t  on the 
shores or bo ttom o f  the receiving 
b ody of water . 

5 . 5  
0 . 6 
5 . 5 
0 . 6  
8 
5 
0 . 0 1 0  
6 . 5 - 8 . 5  

4 0 0  
10 

6 . 0 mg/l 
0 . 1 

Sources : U . S . Environmenta l P rotection Agency � 19 7 3 . P roposed Crite ria 
for Wate r  Qual ity , Vol . I ,  Washington , D . C .  

U . S . E nvironmenta l P rotection Agency , 19 7 3 . P ropo s e d  Wate r 
Qual i ty Inf ormation ,· Vo l . I I , Washington , D . C .  

0-11 
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Table D . 2- 5  Reconunended Concentra tion Limi t s  o f  Selec ted Sediment Parameters 

Un i ts Non-po l l u ted Pol l uted 
Parame ter (dry weight bas i s )  mean range mean range 

COD a 
mg/kg 2 1 , 000 2 , 000-4 8 , 000 1 7 7 , 000 3 9 , 000-395 , 000 

'l'l<Na 
mg/kg 550 1 0-1 , 3 10 2 , 64 0  580-6 , 800 

a 
mg/kg 560 grease - o i l  1 1 0-1 , 31 0  7 , 150 1 , 380-32 , 1 00 

a 
mg/kg 1 4 0  su l fide 30-150 1 , 700 1 00-3 , 700 

CODb 
mg/kg 50 , 000 

TKNb 
mg/kg 1 , 000 

b 
mg/kg grease - oil 1 , 500 

b 
mg/ky 1 mercury 

b 
mg/kg lead 50 

zinc b 
mg/kg 50 

a)  O ' Ne a l , G. & J. S cerva . " The Effe c ts of Dredgi ng on Wa te r Quali ty" , Wor ld Dredgi ng & 

Mari ne Cons truc tion , 7 ( 14)  pp . 24- 31 . 19 71.  
b) S lotta , L . S .  & K . J .  Wi l liams on . " Es tuari ne Impacts Re l a t ed to Dredge Spoi li ng " ,  

Proceedings o f  tho 6 th Dredgi ng Semi n a r ,  Texas A & M Univers i ty .  



�.PPENDIX D . 3 

CHARACTERIS T I CS OF P ONDS AND RES ERVOIRS 

IN THE VICINTIY OF SULPHUR 

MINE S ITE 

Th is appendix contains one tab le which l i s ts the 

characteris tics of the ponds and reservo irs ·in the vicinity o f  

Sulphur Mi ne S i te .  The location o f  each body o f  water i s  shown 

in Fi g .  2 . 2- 3  ( S ection 2 . 2 ) . 

o-13 



Table D . 3-1 

Reservoirs in the Vicinity o f  

Sulphur Mine S ite 

Water Body # Name Area ( ft
2

) Depth ( ft )  Volume (yd
3

) 

l Sal t Water Reservoir (North) 4 , 4 2 0 , 00 0  1 8 . 3  2 , 990 , 00 0  

2 Salt Water Reservoir (West)  7 7 5 , 000 2 3 . 6  6 7 6 , 000 

3 Sal t Water Reservoir ( South ) l , 86 5 , 000 8 . 4  3 7 8 , 000 

4 Crystal Reservo ir (We st Branch )  356 , 000 1 8 . 6  246 , 00 0  

5 Crystal Reservoir (West-Ea s t  
Branc h) 3 5 4 , 000 1 5 . 6  205 , 000 

6 Crystal Reservoir ( East Branch) l , 02 0 , 000 9 . 7  366 , 000 

7 Patsy Franks Dredge Hole No . l 4 08 , 00 0  8 . 7  1 3 2 , 00 0  

8 Patsy Franks Dredge Hole No . 2 215 , 000 4 . 9  38 , 90 0  

9 Northern Reservoir 7 4 0 , 000 7 . 4  201 , 50 0  

1 0  Fresh Water Pond No . l 554 , 000 9 . 9  1 30 , 000 

11 Fresh Water Pond No . 2 288 , 00 0  9 . 5  1 00 , 800 

12 Fresh Water Pond No . 3 2 5 6 , 00 0  8 . 5  81 , 4 00 

13 Dredge Pond 1969 191 , 000 6 . 9  48 , 8 00 

1 4  Triple Lake Area 

Reservoir No . l 2 7 0 , 000 l . 5  14 , 3 00 

Reservoir No . 2 7 3 , 000 3 . 3  8 , 9 00 

Reservoir No . 3 7 3 , 0 0 0  2 . 3  6 , 50 0  

Reservoir No . 4 27 , 000 3 . 1  3 , 1 00 

Reservoir No . 5 2 7 , 000 2 . 8  2 , 800 

15 Fresh Water Re servoir 670 , 000 0 (dry) 0 

16 Waste Oil Residue Pit 2 3 0 , 00 0  0 (dry) 0 

1 7  North Tank Battery Lake 160 , 00 0  l 6 , 00 0  

1 8  Center Lake 1 7 , 000 ( essentially 0 dry) 



AP PEND I X  D . 4  

WAT ER QUAL ITY AND D I SC HARGE DATA 

FOR BAYOU C HOUP I QUE , BAYOU D ' I NDE , AND THE ! CW 

Fo u r  t ab l e s  comp r i s e  t h i s  append i x .  Tab l e  D . 4 - 1 

con s i s ts o f  wat e r  q u a l i ty d a t a  f o r  Bayou C ho u p i q ue and 

Bayou D ' I nd e . Add i t io n a l  wat e r  q u a l i ty data  f o r  Bayou 

D ' I nd e  and Bayou C h o u p i q ue is  c on t a i ned in  Tab l e s  D . 4 - 2  
and 4 - 3 . D i s ch a r g e  dat a f o r  i nd u s t r i a l  a nd mun i c i pa l  

wastes  emp ty i ng i n to B ayou D ' i nd e  i s  i n c l uded i n  Tab le 

D . 4 - 4 . Tab le D . 4 - 5  p r e se n t s  the wat e r  q ua l i ty fo r the 

e f f l uent d i s ch a r g e  into Bayou D ' I nd e . Tab le D . 4 - 6  g i ves 
i n  s i t u  a nd l abo r a t o ry wat e r  ana ly s i s  f o r  the ! CW n e a r  

B l a c k  L ak e .  P es t i c i d e  ana ly s i s  f o r  the  ! CW appea r s  i n  

Table D- 7 .  

F i g u r e s  D . 4 - 1  and D . 4 - 2  g i ve s amp l e  s ta t ion lo cat i o n s  

f o r  the  wat e r  q u a l i ty d at a .  

D- 1 5  
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F i g u r e  D . 4 -1 Loca t i o n  o f  S amp l e  S ta t ions on Bayou d ' I nde and 
Bayo t: Choupique 
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Date 

4-15-66 

4-20-66 
7 : 55 am 

4-20-66 
2 : 00 pm 
7-20-66 

12-3-66 

l-24-67 

7-20-66 

7-20-66 

9-24-66 

l-24-67 

l-24-67 

l-24-67 

Table D . 4-l Salinity , pH , and Temperature Data for Choupique 
Bayou and Bayou D ' Inde 

U . S .  Geol . 
Survey Quadrangle 

Salinity Temperature Map Location 
Localitv (Pot) .e!! (

O
C )  ( Sulohur Quadranale)  

Choupique near 4 . 0  6 . 0  21 . 5  Tll S ,  RlOW ,  Sect . 23 ; 
intersec tion with in Sect . 7/16 mi .  east 
La .  Hwy . 27 15/16 mi .  north 

Same as above 7 . 6  5 . 5  18 . 8  Same as above 

Same as above 7 . 0  6 . 0-6 . 4  25 . 0  Same as above 

Same as above 7 . 4  5 . 5-6 . 0  35 . 0  TllS , Rl OW ,  Sect . 2 3 ; 
Sect . 7/16 mi .  eas t ,  
15/16 mi .  north 

Same as above 7 . 7  6 . 0  15 . 0  TllS , RlOW ,  Sect. 2 3 ; 
Sect . 7/16 mi .  east ,  
5/8 mi . north 

Same as above 9 . 0  6 . 0  15 . 0  TllS , Rl OW ,  Sect. 23 ; 
Sect. 7/16 mi .  east , 
15/16 mi .  north 

D ' Inde and I-lo 4 . 1  6 . 0  35 . 0  TlOS , RlOW, Sect. 36 ; i ·  
Sect . 3/32 mi .  east , 
5/8 mi .  north 

D ' Inde (Maple 5 . 6  5 . 5-6-0 32 . 0  TlOS , R9W , Sect. 3 1 ;  iil 
Fork ) and I-lo Sect. 5/16 mi . east , 

5/8 mi . north 

D ' Inde and I-lo l . 2  6 . 4  26 . 0  Tl O S ,  RlOW , Sect. 36 ; -

Sect . 3/32 mi .  east,  
5/8 mi . north 

D ' Inde (!i!a.ple � . 5  6 . 0  19 . o  TlOS , R9W , Sect. 36 ; in 

Fork) and I-lo Sect. 5/16 mi .  east 
5/8 mi .  north 

D ' Inde and I-lo l . 6  6 . 0  17 . 0  Tl OS , RlOW ,  Sect 36 ; in 
Sect . 3/32 mi .  east , 
5/8 mi .  north 

D ' Inde and La .  
Hwy . 27 0 . 5  6 . 0  1 9 . 0  TlOS , RlOW, Sect. 35 ; ii 

S ect. no map distance 
east , l/2 i:U. .  north 

From J. E. Vancil . Studies on Rot;!.;:e:i;:!I o f  t.1J. e  Calcasieu Estuarv . 

Unpublished Master ' s  'fhes is ,  McNeese State Univ. , Auqust ,  1967 
D·- 18 



tJ 
I 

f-' 1.0 

Tab le D . 4 - 2  Ana lys i s  o f  W a ter Q u a l ity S amp l e s  Co l l e c ted f rom B ayou D ' I nde 

P A P A M f T E R 

0 0 0 9 5 Cf\•OU C T V Y  A T  2 5 C  

0 0 £- 8 0  T O�f G C c 

7 0 2 9 9  � f S - S U S P  A T  l B O  C 

7 0 3 0 0  P E S IU U E t1 I S S - 1  B O  

7 1 8 9 0  "'-E H C U H Y  H G 1 Cl l S S 

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

B A Y O U O • l NO E  NR M A P L E W O O O t L A  

N U M H E R  Mf A N  t-I A X I M U M  

r..U C H O M H O  2 . 0 0 0 0 0 0  . O O O O tl O  

M G / L 2 9 . 9 5 0 0 0  1 0 . 0 0 0 0  

t-4 G /L 2 1 . 0 0 0 0 0  1 4 . 0 0 0 0  

c M G / L 2 3 2 1 5 . 0 0 6 4 3 0 . 0 0 

U G / L  l 1 . 0 0 0 0 0  1 . 0 0 0 0 0  

M I N I M UM B E G  D A T E  ENO D A T E  

. 0 0 0 0 0 0  7 1 / 0 4 / 2 5  7 1 / 0 4 / 2 5  

9 . 9 0 0 0 0  7 1 / 0 4 / 2 5  7 1 / 0 4 / ? 5  

. 0 0 0 0 0 0  7 1 / 0 4 / 2 5  7 1 / 0 4 / 2 5  

. 0 0 0 0 0 0  7 1 / 0 4 / 2 5  7 1 / 0 4 / 2 5  

i . 0 0 0 0 0  7 1 / 0 4 / 2 7  7 1 / 0 4 / 2 7 

Sou rce : U . S .  E nv i ronmenta l P ro t ection Agency , S TORET , Reg i o n  V I , 1 6 0 0  P a t te r son , ti a l l a s , Texas 1 s 2n1 . 
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Table D . 4 - 3 .  Wat e r  Q u a l i ty D a t a  f o r  B ayou C h o u p i q ue 

PARAMETER 
0 0 0 1 0  WAT ER 
0 0 0 9 4  CNDUCTVY 
0 0 2 9 9  DO 
0 0 4 0 0  PH 

30 0 4  4 7 . 0  0 9 3  20 2 0 . 0  2 
BY CHOUP I QU E  0 . 1  MI WEST OF G IWW 
STATI ON 1 

TEMP 
F I E L D  
PRO B E  

CENT 
MICROMHO 

MG/L 
SU 

NU MB E R  
2 8  
2 8  
2 8  
2 8  

MEAN 
1 9 . 4 6 0 7 
3 2 1 7 . 8 6 f 

8 . 3 1 0 7 1  
7 . 1 3 2 14 

MAX I MUM 
2 3 . 2 0 0 0  
9 1 0 0 . o o f 

1 0 . 1 0 0 0  
7 . 9 0 0 0 0  

Not e :  Locat ion s o f  samp l e  s ta t ions a r e  g i ven i n  F ig u r e D . 4 - 1  
Expl anat i on o f  s u pe r s c r i p t s  i s  g i ve n i n  Tab l e  D . 2 - 4  

Sou r ce s : U . S .  En v i r onmental P r o t e c t ion Ag e ncy , STORE T , Reg ion V I , 
1 2 0 1  E lm S t r e e t , D a l l a s , Texa s . 

M I N I MUM 
1 2 . 2 0 0 0  
2 0 0 . o o o f 

6 . 9 0 0 0 0  
6 . 3 o o o od 

BEG DAT E  
74/ 0 2/ 0 5  
7 4 / 0 2/0 5 
74/ 0 2/ 0 5  
7 4 / 0 2/0 5 

END DAT E 
7 4/ 0 4/ 2 3  
7 4 / 0 4/2 3 
7 4 /0 4/ 2 3  
7 4/ 0 4/ 2 3  
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Tab l e  D . 4 - 3 .  Wat e r  Q u a l i ty Data f o r  B ayou C ho u p i q ue ( C on t inued ) 

PARAMETER 
0 0 0 1 0  WAT ER 
0 0 0 9 4  CNDUCTVY 
0 0 2 9 9  00 
0 0 4 0 0  PH 

30 0 4  5 8 . 0  0 9 3  2 1  0 3 . 0 2 
BY CHOUP I Q U E  1 . 4  MI WEST OF GIWW 
STATI ON 2 

NUMB E R  MEAN 
TEMP CENT 3 1 6 . 0 0 0 0  
F I E L D  MICROMHO 3 2 0 0 . o o o f 

PROBE MG/L 3 7 . 5 3 3 3 3 
SU 3 6 . 5 0 0 0 0  

MAX I MUM 
1 6 . 0 0 0 0  
2 0 0 . o o o f 

7 . 7 0 0 0 0  
6 . 5 0 0 0 0  

Not e :  Locat i o n s  o f  samp l e  s ta t i o n s  a r e  g i ven i n  F i g u r e  D . 4 - 1 
Expl ana t i on o f  s u pe r s c r i p t s  i s  g i ven i n  Tab l e  D . 2 - 4  

Sou r ce s :  U . S .  Env i r on me n t a l  P r ot e c t ion Ag e ncy , STORET , Reg ion V I , 
1 2 0 1  E l m  S t r eet , D a l l a s , T e x a s . 

M I N I MUM BEG DAT E  E N D  DAT E 
1 6 . 0 0 0 0  7 4 / 0 2/ 0 5 7 4/ 0 2/ 0 5  
2 0 0 . o o o f 7 4/ 0 2 / 0 5 7 4/ 0 2/ 0 5 
7 . 4 0 0 0 0  7 4/ 0 2/0 5 7 4 / 0 2/ 0 5 
6 . 5 0 0 0 0  7 4 / 0 2/0 5 7 4/ 0 2 / 0 5 
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T a b l e  D . 4 - 3 . Wat e r  Q u a l i ty D a t a  f o r  B ayou C h o u p i q u e  ( Cont i nued ) 

PARAMETER 
0 0 0 1 0  WATER 
0 0 0 9 4  CNDUCTVY 
0 0 2 9 9  DO 
0 0 4 0 0  PH 

30  0 5  5 4 . 0  0 9 3  24 0 5 . 0  2 
BY C HOUP I QU E  7 . 6 MI WEST OF G I WW 
STAT I ON 3 

TEMP 
F I E L D  
PROBE 

CENT 
MI CROMHO 

MG/L 
SU 

NUMB E R  
3 
3 
3 
3 

MEAN 
1 5 . 0 3 3 3  
2 0 0 . o o o f 

6 . 1 3 3 3 3  
6 . 3 o o o od 

MAX I MUM 
1 5 . 1 0 0 0  
2 0 0 . o o o f 

8 . 4 0 0 0 0  
6 . 4 o o o od 

Not e :  L o cat i o n s  o f  samp l e  s ta t ions a r e  g i ven i n  F i g u r e  D . 4 - 1  
Explana t i on o f  s u pe r s c r i pt s  i s  g i ven i n  Tab l e  D . 2 - 4  

S o u r c e s : U . S .  Env i r onme n t a l  P r ot e c t ion Ag ency , STORE T ,  Reg ion V I , 
1 2 0 1  E lm S t r eet , D a l l a s , T e x a s . 

M I N I MUM 
1 5 . 0 0 0 0  
2 0 0 . o o o f 

7 . 8 0 0 0 0  
6 . 2 o o o od 

BEG DAT E 
7 4 / 0 2/0 5 
7 4 / 0 2/ 0 5 
7 4/ 0 2/ 0 5 
7 4/ 0 2/ 0 5 

END DAT E  
7 4 / 0 2 / 0 5 
7 4 / 0 2 / 0 5 
7 4/ 0 2 / 0 5 
7 4 / 0 2 / 0 5 
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T a b l e  D . 4 - 3 . Wa t e r  Q u a l i ty D a t a  f o r  Bayou C h o u p iq u e  ( C on t i n ued ) 

PARAMETE R 
0 0 0 1 0  WAT ER 
0 0 0 9 4  CNDUCTVY 
0 0 2 9 9  DO 
0 0 4 0 0  PH 

30  0 6  1 2 . 0 0 9 3  2 5  0 2 . 0  2 
BY CHOU P I QU E  8 . 8  M I  WEST OF G I WW 
STAT I ON 4 

TEMP 
F I E L D  
PROBE 

CENT 
MI CROMHO 

MG/L 
SU 

NU MBE R  
2 4  
24  
2 4  
2 4  

MEAN 
1 8 . 1 5 0 0  
4 6 2 . 5 o o f 

6 . 2 9 1 6 6  
6 . 6 5 4 1 6  

MAX I MUM 
2 2 . 9 0 0 0  
2 3 0 0 . o o f 

10 . 0 0 0 0  
7 . 4 0 0 0 0  

Not e :  Lo c a t ion s o f  samp l e  s tat i o n s  a r e  g i v e n  i n  F i g u r e  D . 4 - 1  
E x p l a n a t ion o f  s u pe r s c r i pts i s  g i v e n  i n  Tab l e  D . 2 - 4  

S o u r c e s : U . S .  E nv i r onme nt a l  P r otec t ion Agency , STORE T ,  Reg ion V I , 
1 2 0 1  E l m  S t r e e t , Da l l a s , T e x a s . 

M I N I MUM 
1 5 2 . 6 0 0 0  
2 0 0 . o o o f 

4 . 6 0 0 o od 

5 . 8 o o o oa 

BEG DAT E 
7 4 / 0 2/ 0 5 
7 4/ 0 2/0 5 
7 4/ 0 2/0 5 
7 4/ 0 2/0 5 

END DAT E 
7 4 / 0 4/ 1 5  
7 4/ 0 4/ 1 5  
7 4 / 0 4/ 1 5  
7 4 / 0 4/ 1 5  
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Tab le D . 4 - 3 .  Wat e r  Q u a l i ty D a t a  f o r  Bayou C ho u p i q u e  ( C o n c l uded ) 

PARAMETER 
0 0 0 1 0  WATER 
0 0 0 9 4  CNDUCTVY 
0 0 2 9 9  DO 
0 0 4 0 0 PH 

30  0 4  5 4 . 0  0 9 3  24  1 5 . 0  2 
BY C HOUP I QU E  8 . 8  MI WEST OF G I WW 
STAT I ON 5 

TEMP 
F I E L D  
PROBE 

CENT 
MICROMHO 

MG/L 
SU 

NUMB E R  
3 
3 
3 

24  

MEAN 
15 . 3 6 6 7  
2 0 0 . o o o f 

1 0 . 1 3 3 3  
6 . 5 3 3 3 3  

MAX I MUM 
1 5 . 4 0 0 0  
2 0 0 . o o o f 

10 . 3 0 0 0  
6 . 6 0 0 0 0  

Not e :  Locat ion s  o f  s a mp l e  s ta t i o n s  a r e  g i ven i n  F i g u r e  D . 4 - 1  
Expl anat ion of s u pe r s c r i p t s  i s  g i ven i n  Tab l e  D . 2 - 4  

Sou r ce s : U . S .  E n v i r onme n t a l  P r ot e c t ion Ag ency , STORET ,  Reg ion V I , 
1 2 0 1  E lm S t r e e t , D a l l a s , T e x a s . 

MI N I MUM 
1 5 . 3 0 0 0  
2 0 0 . o o o f 

9 . 9 0 0 0 0  
6 . 5 0 0 0 0  

BEG DAT E 
7 4 / 0 2 / 0 5 
7 4 / 0 2/ 0 5  
7 4 / 0 2/0 5 
7 4/ 0 2/ 0 5  

END DAT E  
7 4/ 0 2/ 0 5  
7 4/ 0 2/0 5 
7 4 / 0 2/ 0 5  
7 4/ 0 2/ 0 5 
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Table D . 4 - 4  I nd u st r i a l a nd Dome s t i c Wa s t e  Empt y i ng i nt o  Bayou D ' I nd e  - 1 9 6 9 1 

Source of Was te 

Pe troleum Chemical s ,  Inc. 

Union Texas Pe troleum 

Cities Service Re finery 
3 

S u lphur 

Ave rage Dai ly Discharge ( mgd) 

0 . 7 20 
Unkna.tn 

Unknc:Mn 

1 . 20 

De greJ of Treatment 

C . S . R . 

R. S . A .  

C . S . R . 

B . F . 

Es timated Average 
ppm B . O . D . in Discharge 

Unknc:Mn 

UnknOAt1n 

Unknown 

30 

li nformation on source s ,  amounts , and degree of treatme n t  of waste was obtained from the Louisiana Department o f  
Hea lth ,  1969 

2symbols for deg ree of treatment :  B . F . --B iological Fi ltration 1 C . S . R. --through Cit ies Service Re finery 1 R. S . A . -­
Reservoi r ,  Spray Aeration-- removal of n 2s .  

3 
S u lphur has 1 2 , 800 actual domes ti c sewage i ns tallations . 

From Loui s iana Wild li fe and Fishe ri e s  Commis sion , 1971 . Cooperative Gul f  of Mexico Es tuarine I nve ntory and S tudy , 
Loui s ian a .  Phase I ,  Area Descripti on , and Phase IV , Bio logy . 
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Tab l e  D . 4 - 5  Analy s i s  o f  Wat e r  Q u a l i ty f o r  t h e  E f f l u e n t  D i s ch a r ge i n t o  B ayou D ' I nde 
f r om C i t ie s  S e r v i ce R e f i ne r y 

3 0  1 2  0 4 . 0  0 9 3 1 9 4 5 . 0 
E f f L - C I T I E S  S V C  L A K E C H A R L E S  

P A R A ME T E R  N U M B E R  t-IE A N  l-1 A X I H U l-I  H l N I H UM B E G  D A T E  E N O  D A T E  

0 0 0 1 0  W A T E �  T E M P  C E N T  6 2 7 . 1 6 6 7 2 8 . 0 0 0 0  2 6 . 0 0 0 0  7 1 / 0 4 / 2 1  7 1 / 0 4 / 2 1  

0 0 0 9 5  C l\I D U C T V Y  A T  2 5 C  H I C l-< O M H O  7 1 1 7 1 . 4 3 1 6 0 0 . 0 0 1 0 0 0 . 0 0  7 1 / 0 4 / 2 1  7 1 / 0 4 / 2 2  

0 0 3 3 5  C U D  L O W L E V E L  M G / L 1 6 1 2 . 0 0 0  6 1 2 . 0 0 0  6 1 2 . 0 0 0  7 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

0 0 4 0 0  P H  S U  6 9 . 3 9 9 9 9  9 . 7 0 0 0 0  9 . 2 0 0 0 0  7 1 / 0 4 / 2 1 7 1 / 0 4 / 2 1 

0 0 5 5 0  O l l - G H S E T O T - S X. L T � 5 . 0 0 0 0 0  s . 0 0 0 0 0  1 1 1 0 4 1 1 1 1 1 1 0 4 1 1 1  M G / L  1 5 . o o o o o  
0 0 6 0 5  Of-«; N N M G / l  1 . 0 0 0 0 0 0  . 0 0 0 0 0 0  . 0 0 0 0 0 0  7 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

O O f: l O  N H 3 -N T O T .A L  M G / L  1 5 . 3 5 0 0 0  5 . 3 5 0 0 0  5 . 3 5 0 0 0  7 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

O O f.. 8 0  T 0 1-f G  C c M G / L  1 1 8 0 . 0 0 0  1 8 0 . 0 0 0  1 8 0 . 0 0 0  7 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

0 0 9 4 0  C H L O R I D E C L  M G / L  1 1 3 0 . 0 0 0  1 3 0 . 0 0 0  1 3 0 . 0 0 0  7 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

0 1 0 2 5 C A D "A J U i.t  C D , O I S S U G / L  1 . 0 5 0 0 0 0  . 0 5 0 0 0 0  . o s o o o o  7 1 / 0 4 / 2 1 7 1 / 0 4 / 2 1  

0 1 0 3 0 C H f HJ M I U M r R . n I S S U G / L 1 l . A O O O O  1 . 8 0 0 0 0  1 . 8 0 0 0 0  7 1 / 0 4 / 2 1  7 1 / 0 4 / 2 1  

0 1 0 4 0  C O P P E R  r. u , D 1 s s U G /l 1 . o q o o o o  . 0 9 0 0 0 0  . 0 9 0 0 0 0  7 1 / 0 4 / 2 1  7 1 / 0 4 / 2 1 

0 1 0 4 9  L E A D  P U , ClJ S S U G / L  l . 1 0 0 0 0 0  . 1 0 0 0 0 0  . 1 0 0 0 0 0  7 1 / 0 4 / 2 1 7 1 / 0 4 / 2 1  

5 0 0 5 0  C O N D U I T  f l . O W  M G D 6 3 . 9 5 0 0 0  3 .  9 5 0' 0  0 3 . 9 5 0 0 0  7 1 / 0 4 / 2 1  7 1 / 0 4 / 2 1 

7 0 2 9 9  Rf S - S U S P  A T  1 8 0 C 1-1 G / L  l 7 8 . 0 0 0 0  7 8 . 0 0 0 0  7 8 . 0 0 0 0  1 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

7 0 3 0 0  P E S J O U E  O I S S - 1 8 0 c M G / L l 8 6 8 . 0 0 0  8 6 8 . 0 0 0  8 6 8 . 0 0 0  7 1 / 0 4 / 2 2  7 1 / 0 4 / 2 2  

7 ) A 9 0  M E H C U H Y  11 G t D I S S U G / L  l . B O O O O O  . 8 0 0 0 0 0  . e o o o o o  1 1 1 0 4 1 2 1  1 1 1 0 4 1 2 1  

No t e :  S t ate Wa t e r  Q u a l i ty S t and a r d s  d o  not app ly i n  e f f l u e n t  m i x i ng z on e s . 

S ou r c e : U . S .  E n v i r onme n t a l  P r ot e c t ion Age ncy , STORET , R e g ion V I , D a l l a s  T e x a s . 



Tab l e  D . 4 - 6  Ana ly s i s  o f  Wat e r  S amp l e s  T a k e n  F r om the I nt r ac o a s t a l  
Wat e rway Du r i n g  t h e  P e r iod 2 3  - 2 8  M a r ch 1 9 7 5  

( U S  A r my C E , New O r l e a n s , 1 9 7 5 )  

D i s s ,> l vo<>d 
Lo t. .J l D i s so l·:ed 7c ta l D i s s :J !. ·.red So l : u.!:: � t:� �o t .  To t '1 1 O r q ,1 t·, i c  G !:"' e .3 s e  To t .  S u s � . \lo l....! r. :. l e 

S a�.? : c  coo CO::> TK:l T!':: N0 1 ( ;;-,��h i Or � !-.o ? ? p c_1 r�::on & O i l  So L d s S c: � ? · 

s :." : �on (!:';"/ l )  {"1g/ 1 )  (1:1-;/ l )  (mg / l )  (cc;:: ? l )  ( t'H� ;-·/ l )  (::i;?/ 1 )  {mq .' l )  (rnc;/ l )  (c:;/ l )  (::iq / l )  Sc � !.. � s 
k :: .' c l  -----

I I I I 
0 . 1 2

1 
I I d I • f 

1 3  3 3 . C  3 3 . 0  1 . B4 0 . 8 9 < O .  1 0
1 

< 0 . 0 1  0 .  2 <':  2 9 . 0  � 9 . 0  < S . O  4 3  J O  

D 
I 

N 
-i 

To ':: .. "Sc l .  :'o t:. .  So l .  To t: .  Sol . To t .  So !. . To t. . So l .  To :: .  So l .  To r .  S o l .  To :. .  So l .  
s�;:;:-2. �  Zn Z n  Cd Cc! Cu C u  C r:  C ::  tl i �l i P b  Pb As i\s H e;  He; 
S ::.3. � ! o n  ( :.:  ; / l l  (tJ;/ � )  (\,:g/ l )  ( µ q / 1 )  ( :; c;/ l ) (Wc;/ l ) (:.:;-/ 1 ) ( lJc;/ l )  ( LJg / l ) ( Ll<;.'  1 )  (\,:c;/ l )  ( LJc;  / 1 )  ( ;J::;/ !. )  ( >.; g / l )  (LJ:;/ l )  ( l: q  ' : )  

1 J  2 3 5  
f f ' 

1 J  0 . 6  < 0 . 2 1 0  9 6 
.. 

Sa�p l e  D e p t h  Temp DO 

I e <o . s  ' H  

S t a t ion T ime / D a t e  (_m) ( ° C )  (mg / l )  pl! 

� 1 3  0830/ 2 5  �!AR 5 . 6  19 . 5  8 . 05 6 . 7 5 

-------- ---

I f d 
1 8  2 . 0  1 .  0 6 0  &o ' 

Cond . OR P * "'  Sed . D i rec t io n  o f  
(!Ji:nho / c m )  (mv ) pH F l ow 

2 7 0  +8 20 7 . 30 E 

!_.!l S i tu pa rame t e r s  measured in t h e  Gu l f  I n t r a c oa s t a l  Wa t e rwa y d ur ing t h e  p e r i od 23-28  Ma r c h  1 9 7 5 . 
"' *  Ox id a t i on- r e d u c t ion p o t e n t ia l .  

Lo cR t i on n f  S R m n l P  S t � t io n � � r e  n i vAn i n  F i g u r �  D . 4 - 2  

E xp l a na t ion o f  the s u pe r s c r i p t s  i s  g i ve n  i n  Tab l e  D . 2 - 4  

d I 
9 . S  9 . 9  



Table D . 4 - 7  Pes t i c i d e  Ana ly s i s  o f  Wat e r  Samp l e s  T a k e n  f r om 
the I n t r a c o a s t a l  Wate rway D u r i ng the P e r iod 
23  - 29  Ma r ch 1 9 7 5  
(A l l  c o n c e nt r a t ions e xp r e s sed a s  g/l ) 

T o x a p h e n e  

L i n d a n e  

( U S  A r my C E , New O r l eans , 1 9 7 5 ) 

l ! e p t a c h l o r  

H e p t a c h l o r  E po x i d e  

A l d r i n  

C h l o r d a n e  

D i e l d r i n  

E t h  i o n  

Me t ho x y c h l o r  

E nd r i n  

O , P ' - D DT 

P , P ' - D DT 

O , P ' - D D E  

P , P ' - DDE 

O , P ' - D DD 

P , P ' - D DD 

S ample S t at ion lo cat ion s hown in F ig u r e  D . 4 - 2  

S tc"1 t i o n  J 3 
t lc a r  U l a c k- Lu k e  

d 
< s o 

d 
5 1  

d 
< 1 .  0 

9 
< 1 .  0 

d 
< l .  0 

d 
1 0  

d 
< 2 .  0 

t 1 0  
9 

< 1 .  0 
d 

< J .  0 
d 

] • 2 
• < 3 .  0 
• 

< l . 0 
e < 2 .  0 

< 2 . 0 '  

< J . o '  

Explanat ion o f  the s u pe r sc r ipts  is  g i ve n  i n  Tab le D . 2 - 4  

o-28 



APPENDIX D . 5  

HYDROLOGI C ,  WATER QUAL I TY , AND 

SEDIMENT QUALI TY DATA FOR THE SABINE RIVER 

NEAR RUL I FF , TEXAS 

Thi s  appendix contains two tab l es . . . T ab l e  D .  5- 1 inc ludes 

the d i s charge data for the S ab ine Ri ver near Ruli f f , Texas for 

the years 19 5 3  through 19 6 7 .  Hydro logi c ,  water quali ty , and 

s ediment data from Octob er 19 7 3  through 19 7 4  are provi ded for 

the s ame location on the rive r in Tab le D . 5 - 2 . 
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Tabi� o � s�1 Dlschar1e data for Sabine River (U.S.G.S. Station 8-0305 at Rullff, Texas) 
( 19 53 - 1967) 

Water 
Afontlal'JI a11d 11earl'JI mean di1alaar11• in cubic feet por 1eco11d (cf•) Tl10 

Year Oct. Nov. Dea. Jan. Feb. Alar. April Ala'll June J11lu A ug. S11pt. Yt'ar 

1963 878 663 8,903 6,663 1 1,090 21 ,690 7,666 66,020 20,610 4,264 3,608 1,966 1 2,340 
196" 994 1,162 4,966 0,083 6,760 3,1 3 1  6,079 16,660 3,672 7!10 61 -l 348 4,097 
19611 392 2,822 l,672 3,434 12,070 li,708 1 6,970 6,327 3,660 2,260 10, 1 90 3,12'1 6.574 
1966 1,308 968 1,960 3,039 1 2,6:10 6,662 6,740 7,298 1,509 687 36-t 326 3. 121  
1967 286 722 3,696 1,637 4,936 1 1 ,020 16,020 40,2!!0 23,31 0  10,680 1,6 18  2 ·•·l·• u .. : a5 ,- --
1958 4,898 23,29!> 18,360 16, 120 13,770 1 0,-120 9,608 24,150 8,773 4,472 2,62 1 12,:::10 12,:!:JO 
1969 1 1,080 3,0li( 3,013 2,847 16,790 0,382 l l ,3!i0 10,700 4,650 3,900 3,360 1 ,367 6,723 
1960 2,890 2,660 7,433 16,4•IO 16,680 17, 1 1 0  4 ,8!ll 3,395 2,269 3,177 1,636 1 ,322 6,6 16 
1061 2,098 4,871 16,820 36,670 21 ,990 20,520 17,520 3,385 (,253 8,772 S,!123 10,320 12,410 
1062 2,207 6,21i8 20,810 14,200 1 1 ,310 9,396 6,801 10,7!10 4,908 2,100 1 ,346 1 ,85( 
1063 1 ,821 1,869 8,885 6,807 4,643 4,2�5 2,722 4,·104 1 ,383 1,481 742 3,062 
11164 (00 1 ,32-1 2,806 3,936 3,218 9,716 7,2·15 - 6,305 1 ,878 868 642 636 
1966 60·1 676 2,700 2,391 6,6 14 8,052 !l,247 6,407 10,710 1,848 603 820 
1966 728 696 4,132 6,485 24,850 6,162 3,738 32,980 10,320 1 ,304 1,20-1 1 ,265 
1967 1 ,017 1 ,2 1 3 1,841 2,969 2,998 2,628 8,698 2,0·14 1 ,833 805 382 333 
Mean 2,037 8,876 0,499 8,200 1 1,476 0,681 8,649 16,!H3 6,908 S,lCO 2,132 2,746 

Dralnag� area: 9,82!1 1q. milea 
Records mnintained from Oct.a 1024 to Sept., 1967 ; Average discharge : 8,271 els for 43 yrs. 
Mulmum discharge : 121,000 eta, )fay 22, 1D63 ; Minimum discharge: 270 cfs, Sept. 27, 30, Oct. 1 ,  3, 1966 

Source s Louis iana Wi ldli fe and Fisheries Couunia sion , 19 7 1 . Cooperative Gu l f  of Mexico Es tuarine I nventory and 
S tudy , Louisiana . Phase I ,  Are a Description , and Phase IV , Biology . 

7,600 
2,831 
3,250 
4,081 
7,653 
1,95!1 
6 ,68 1 



Tab le O .  5-2 Volumetric Flow Rate Data and Analysis of S amples Collected 

at the S abine River near Ruliff , Texas 

SAiii• l!YD BASii 
OIGl0500 SAlllll m'El NlAI llA.I", TU. 

{R&4toc..-1cal nebian.) 

LOCATllll.-Ut JO"ll'U· . 10119 91•14•17•. rl<wton Couoty, &t 9191"9 1Ut1oo .. lll'idfe .. Suu K1,,..., lZ, 2.c •llH (l.9 UI) ..... . , 
llult,,,  uld •.5 wtlu (7.Z ka) _,.,.... ,,... Cyprou Croft, 

CllAI- AltU.-9,lZ9 •1• (24,lU .. •). 
PlRlOO 01 R[CClll. -0..1cal 1111lr1H: Oct-· 1945 •• S•tsee• 194', Octaller 19'7 to S111t-• 1974. 

°'9tt11 Ind b1...-1e&l 1111lySH! Octooer 1967 to S•-r 1974, 
PnttcicSe 1.n.lyns: JflMlury 196a to seou-o.r 197'. 
wuer t....,-1tur·H: Oc.too.r 1947 to S•t.Metr 197'. 

ElnD!CS.-Oc.-r 1973 to S•-• 197': 
SoecH1c CDftGMcunca: Ku1- uH1 , 183 lricn:mftO& OK. l7·19; a1111- 4li11. SI •1crc:imot. Oct. zo. 
wuer t91per.atur11: t\ut-. l2.c•: Awit: l; •111,_, i.C--C Dec. zz. JM. s. 

,.,.1� at r'ecDN: 
Specific co-cunco ( 1 !1<5�1. 190·70, 1971-74): Mu1- .. 11,, 779 •1c.-1 Auf, 31 , 1H6; •1•1- 4'111, ZI ot,,,._. Seot. 19, 

190, 
...... -.a. ... (T!l<r-ra, lt71-7'): 11u;-. ll.a·c Auf, 14, itu; .1.1 ... 1.a-c J111. 21. T!l<I. 

l&AlllS.-For 1nfo,...t10l'I oa 41-..rt10ftl UNI r"9tl.lrft flQWS., see RC11UKS Plr"99'""8 t1t Part t of tnf1 r"IC'Ort. 
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Table D . 5- 2  ( Continued) 
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Table 0 . 5-2 ( Continued) 
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APPENDIX D . 6 

SUBSURFACE WATER DATA 

Appendix D . 6 con t ains two fi gures and three t ab les 

pert ai ning to sub surf ace w at e r  dat a .  Figure D . 6 - 1  shows the 

geohydro logi c section from sout heas t e rn Texas t o  e as t e rn S t . 

Mart i n  Par i sh , Loui s i an a , wh i le Fi gure D . 6 - 2 i.ncl ude s  t he geo­

hy dro lo gi c section from no rthe rn B e auregard Pari sh to southern 

Cameron Par is h ,  Louis i an a . Typ i c al concent rat ions o f  selected 

chemi c al cons t i tuen t s  in fresh wat e r  o f  Ch i co t  Aqui fer are 

presen t ed in Tab le D . 6- 1 . Tab le D . 6-2 cont ains the S al t  Wat er 

Dispos al Repo rt for 19 74 o f  t h e  Lake Ch arl es di s t ri ct . Th e 

sub surface indus t ri al w as t e  dispos al wells i n  Loui s iana near 

Su lphur Mi nes fo r the ye ar 19 7 1  are inc luded i n  Tab le D . 6 - 3 .  
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Table D . 6- 1  Typical Concentra t ion s o f  Sel ected Chemical Consti tuents 

in Fresh Wa ter o f  Chicot Aqui fer 

--------------------------------------:--------------- ··-· - -j 

Dissolv�d 
Sol ids Hardness a s  caco3 

( Re s i due on 
Ca I Non-

S ilica I ron Bicarbona t( Carbonate Chloride evaporation 
plus I carbon-

( S i02 ) (Fe ) (HC03 ) (C03 ) (Cl ) at 180° C )  
Mg ate pll

l 
! 

4 0  . 1- 2 . 0  1 7 5 - 2 2 5  0 4 5  2 3 0-280 
I I 

100-150 I 0 7 .4 I I_ I l 

1 Laboratory measurem_en ts . 

Source : H arder , A .  H ., Kilburn , Chabot ,  Wh itman , I I . M . , and Rogers , S .  M . , " E f fects of Ground-Water Wi thdrawals 
on Water Levels and Salt-Water Encroachment in Southwestern Loui s iana " , S tate o f  Lou i s i an a , Department 
o f  Conservation , Wate r Resources Bulletin No . 1 0 ,  Oc tobe r 196 7 . 



Table D . 6-2 

SALT l·7ATER DISPOSAL REPORT 

LAKE CHl\.RI.ES D I STRICT-1 9 7 4  

I n j e c tion C umu l a ti ve F ie ld Number A ve rage Pre ssure fo r Year I n j e c t i o n  
o f  We l l s  D ep th Range (bbl s )  M ( bbl s )  

c.) r_c.n.sn:u -- ----

Ba yo u Cho upique l 1 , 8 3 9  6 0 0 -Vac 1 5 4 , 7 0 0  3 80 . 6  Be ckwi th Cre ek 
3 , 5 7 8  1 5 0 0 - 2 0 0  3 7 1 , 5 4 6  3 , 98 4 . 5  Be l l  Ci ty 0 0 0 0 1 , 8 1 5 . l  Jon .:; ir 0 0 0 0 1 3 8 .  9 Ch<; up iqu e l 2 , 000 2 6 0 - 2 6 0  7 2 7 , 04 7  2 , 9 5 3 . 0  Co u l e e  H i po l i te 0 0 0 0 6 06 . 8  DeQu i ncy 2 3 , 2 7 5  1 0 0 0 - 3 5 0  1 , 7 0 1 , 6 3 9  1 6 , 1 7 9 . 6  E .  Bel l  City l 2 , 4 5 5  2 00 -0 1 1 0 , 000 6 , 1 98 . 0  E .  :·lo s s  Lake l 1 , 96 0  1 8 0 -·7 5 1 , 2 44 , 3 4 6  1 0 , 4 0 2 . 6  EC:: ._; erly 4 2 , 700 2 5 0-0 6 2 9 , 3 2 9  5 , 5 9 2 . 6  G i l l i s -Eng l i sh Bayou 3 2 , 5 0 0  3 0 0-0 5 3 3 , 5 6 1  7 . 0 7 5 . 8  Hay e s  l 1 , 5 5 0  6 0 0 -0 4 0 , 1 6 6  2 , 5 8 8 . 2  Ho lmwood 0 0 0 0 1 1 , 2 9 3 . 2  Iowa 7 3 , 6 0 0  4 5 0 - 1 2 0  1 2 , 0 3 4 , 3 3 9  84 , 0 9 1 . 4  La k e  Charles l 1 , 80 7  Vac 1 0 , 9 5 0  1 1 .  0 Man c h e s t e r  l 4 , 0 0 0  1 3 0 0 -l l OO 6 98 , 1 6 0  7 , 0 9 0 . 4  N .  Cha lkley l 1 ,  7 1 0  9 0 0 - 2 0 0  7 6 7 , 0 1 5  7 , 1 5 9 . l  N .  S tarks 0 0 0 0 1 0 4 . 0  NW Chalk ey 0 0 0 0 3 0 3 . 6  Perkins l 4 , 4 00 4 00-0 2 , 2 74 , 6 6 7  18 , 3 5 7 . 6  S e c t i on 3 2  l 1 , 9 9 1  3 8-0 - 3 5 0  2 1 , 2 8 8  2 1 . 3 So . B e l l  C i ty l 2 , 6 0 0  4 0 0-0 6 6 6 , 29 6  2 , 6 2 9 . 8  So . Lak e Charl e s l 1 , 38 5  4 0 0 - 1 5 0  18 3 , 0 9 2  4 , 7 1 8 . 6  So . Manch e s ter 3 3 , 2 0 0  9 5 0 - 5 2 5  6 5 1 , 3 8 0  2 , 00 3 . 3  S tarks 3 2 , 2 5 0  8 0 0- 2 2 5  4 0 3 , 4 l l  3 , 4 1 7 . 9  S u lphur M i n e s  l 1 , 2 2 0  0-0 1 5 3 , 06 1  6 7 4 . 9  V i n ton 14 2 , 7 5 0  6 0 0 - 0  1 3 , 3 4 0 , 4 78 4 2 , 5 4 4 . l  We s t  Buhl er 0 0 0 0 2 8 . 7  

P.�RISH TOTAL so 
3 6 ,  7 1 6 , 4 7 9  2 4 2 , 364 . 6  

S ource : B a t es , Robert D . , " S ur..mary of Fi eld S t ati s tics and Dri l lin g Operations 

Louis iana " ,  1 9 7 4 . 
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Table D . 6- 3  

STATE OF LOUISIANA 

SUBSURFACE INDUSTRIAL WASTE DISPOSAL WELLS 

( 1971)  

Well Name 
Company and Number Parish & City Location Zone Remarks 

Cities Serv . Ref .  Waste Disposal Calcasieu l9-lOS-9W 3 500 Suspended and 
Lake Charles Ref .  # 1  Lockport 

Dissolved Solids 

a
2

s ,  Phenol , 

Iron Sulfates , 

Ammonia 

Cities Serv .  Ref .  Waste Disposal Calcasieu l9-lOS-9W 3 500 Suspended and 
Lake Charles Ref . #2 ' Lockport 

Dissolved Solids , 

a
2

s ,  Phenol , 

Iron Sulfates , 

Ammonia 

Pittsburg Plate Waste Disposal calcasieu 3 3 -9S-9W 4850 NaCl , Na
2

so
4

, 
PPG Industries #1 Lockport 

Na
2

co , Hg , Ca , 

Mg 

Pittsburg Plate Waste Disposal Calcasieu 3 3 -9S-9W 4850 NaCl , Na
2

so
4

, 
PPG Industries #2 Lockport 

Na
2

co
3

, Hg , Ca , 

Mg 

S ource : "Underground Indus tri al Waste Dispos al in Louis iana" , Louisiana Department o f  
Conservation , Louisiana Geological Survey , Apri l 19 7 1 .  
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Bouiroe 1 llairder, A.II . ,  ll:lU>urn, Chabot, Whi taan , 11 .H. , and Roqeira , B . H . , "Effecta of Giround-Wateir W l thdirawala on Wateir ).e\le la and Sa l t-Wa teir 

Enoiroad1ment in Bouthwea teirn Louisiana , "  State of Lou i s i ana, Depairtment of Consetva t l on ,  Wateir Reaouircea Bu l le t t n  llo. JO, P l ate :z ,  
Ootobeir 1967. · -

Figure D . 6 - 2  Geohydrologic Section From Northern Beauregard Parish 
to Southern Cameron Parish , LA . 



APPEND IX D . 7 

CORRESPONDENCE  PERT INENT TO THE SULPHUR MINES 

S ITE  FROM THE INSTITUTE FOR ENVIRONMENTAL 

S TUD IES ( LSU ) 

The fol lowing appendix conta ins letters , papers , and 

table s rece ived from C .  G .  Smi th and Wi ll iam J .  Bernard . The se 

commun ications are pr inc ipally concerned with water qua l i t y ,  water 

' s upp ly , and brine di spo s a l  que s t ion s . Corre spondenc e from the se 

person s rece ived prio r to 30 July 1 9 7 5  and pertain ing to the 

Sulphur Mine s s ite is inc luded . In some of thi s  corre spondenc e 

perta ining to Sluphur Mine s  re ferenc es are made to corre s pondence 

origina l ly wri tten with respect to other s a l t  dome s ites . For 

c omple tene s s  such corre spondence is a l so inc l uded . Al l corre s ­

pondence i s  arranged i n  chronological order . 
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L O U I S I A N A S T A T E  U N I V E R S I T Y  
A N D  A G· R I C U LT U R A L  A N O  M E C H A N I C A L

.
C O L L E C F.: 

B A T O N  R O U G E . L O U I S I A N A · 7 0 8 0 3  

l � S T I T U T [  F O "  E N V t ROl.: Pi' f.: NTAl,. $TU 0 1 £S 

P 0 C ri 1. ·�YEA J 0 

Vemo ra n d um t o : J ames V a n c i l  

Ap r i l 2 ,  1 9 7 6  

S u bj ec t :  G ro u n d -w a t e r  a t  S u l p h u r  M i n e s  

G e o hyd ro l ogy o f  P o t e n t i a l  G ro u n d -wa t e r  S u ppl i e s 

A l h: .. COCE so •  
T E l. l,.HOlllt J O U 0 600:J 

Fre s h -wa t e r  i s  a v a i l a b l e  from t h e  Ch i c o t  a q u i fer ( P l e i s t oc e n e  a g e ) a t  
S u l p hu r  M i n e s . T h i s ma s s i v e s a n d  s e q u e n c e  e x t e nd s  to a p prox i ma t e l y  -800 ' 
a n d  i s  b ro k en by s e v e ra l  t h i c k a n d  exte n s i ve c l ays ( 30 feet o r  more ) b e ­
tween t h e  s u rfa c e  a n d  - 3 5 0  fe e t  a n d  a s i ng l e  c l ay z o n e  from a p p ro� i ma te l y  
- 5 5 0  t o  - 6 00 fee t . Th e C h i c o t  a q u i fer i s  c o n t i n u o u s  fo r mo re t h a n  1 0 0 
m i l e s e a s t -we s t a n d  n o r th - s o u t h ( J o n e s , e t . a l . ,  1 9 5 4 ) . W e l l no . 3 o f  P l a te 
1 ,  H a r d e r  e t  a l  ( 1 96 7 ) , i s  l oca ted a t  S u l p h u r  M i n e s  a nd s h ows t h e  s e q u e n c e  
o f  a q u i fers a n d  c l ays . T h e  fre s h -wa t e r/ s a l t-wa t e r  i n te r fa c e  i n  th e Ch i c o t  
a q u i fer occ u rs a few m i l e s s o u th a n d  a few mi l e s we s t  o f  S u l p h u r Mi n e s  
( p l a te 2 ,  H a r d e r  et . a l . ,  1 9 6 7 ) . S a l t  water i s  a va i l a b l e  from t h e  Eva n g e l i n e 
Aqu i fer from d e p t h s  g re a t e r  t h a n  800 fe e t . 

T h e  mo s t  i mporta n t  l oc a l  d e ve l o pmen t o f  g ro u n d -\·Ja t e r  u s e  from tQe Ch i c o t  
a q u i fer i s  a t  L a ke C h a r l e s , 20  m i l es e a s t - s ou th e a s t  o f  S u l p h u r  Mi n e s . I t  i s  
e s t i ma ted tha t 4 7  b i l l i o n g a l l o n s  ( 1 3 0 mg d )  o f  wa t e r  wi l l  be  pumped from t h e  
C h i c o t  a q u i fe r  i n  t h e  L a k e  C ha r l es i nd u s tr i a l  a re a  i n  1 9 80 ( Ha rd e r , e t . a l . ,  
1 9 6 7 ) . The s a me report s h ows the S u l p h u r  M i n es a rea i s  o n  t h e  n o rt hwe s tern 
fl a n k  of  a l a rge c o n e  o f  d e p r e s s i o n  c e n t e red i n  L a k e Cha r l e s . The 1 96 5  
wa t e r  l e v e l s i n  t h e  Ch i c o t  a q u i fe r  were a p p rox i ma te l y  40 fe e t  b e l ow s ea l e v e l  
a t  S u l p h u r  M i n e s  a n d  more t h a n  1 00 fee t  b e l ow s e a  l e ve l a t  t h e  c e n t e r  o f  
pumpa ge ( Ha rd e r  e t . a l. ,  p l a te 4 ,  1 96 7 ) . 

Recha rge t o  t h e  C h i c o t  aq u i fe r o c c u r s  a t  t h e  o u t  crop  30 m i l e s n o r t h  o f  
S u l p h u r  Mi n e s . J o n e s  e t . a l . , ( 1 9 54 ) i nd i c a te a n  e f fec t i ve l i n e  o f  rec h a rg e  a 
few m i l e s no r thwe s t  o f  s u l p h u r  m i n e s . Th i s  i s  n o t  from s u rface r�c h a rg e  b u t  
may re s u l t  from c ha n ges i n  t h e  fo rm o f  t h e  aq u i fe r ( th i c ken i n g )  o r  may 
repres e n t  rec h a rg e  from connec t i o n s  wi t h  deeper s a n d s . 
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l·ir . V a nc i l 
Page  Tvm 

I rr.pa c t  o f  G ro u n d -wa t e r  D e v e l opme n t  

J ones  e t .  a l . , ( 1 9 5 4 )  p r e s e nt t h e  fo l l ow i n o  9 r a p l1 s h o;-:i n g  t h e  e ffect o f  
p ump i n g  1 000 gpm from a vie l l s c r e e n i:; d  in t h e  C h i co t a q u i fe r .  T h e  v a l u e s  

OtST.HIC[, r ,  I N  F [ [ T 

Fi�u1·c :l5. G ra nh !<hnwini: the drawtiown of watl'l' i,.,.,.j at a n y  cl i � t a 1 1cl' fr1 1111 a 1n1 m pcd 
Wl·l l  n f l t' r  p u m p i n i:  ha.• 1.w;:un. 

u s ed to comp u t e  d rawdown a re a s s ume d to b e  r e p re s e n t a t i ve of t h e  C h i co t  a q u i fer 
a t  S u l p h u r  M i n e s . From th i s  g ra p h  i t  i s  s e e n  t h a t  d rawdown at a pump i n g w e l l 
wou l d  b e  a b o u t  3 fe e t  b e l ow s ta t i c  l e v e l  a fte r p ump i n g  1 000 g pm fo r 1 5 0 days . 
Fi v e  we l l s ,  e a c h  p u mp i n g 1 000 g pm ( a v e r a g e  ra te o f  d e l i v e ry o f  d i s p l a c emen t  
wa t e r  requ i red i s  4 , 900 g pm ) p l a c e d  a t  t h e  4 c o r n e r s  a n d  t h e  c e n t e r  o f  a s q u a re 
a p p ro x i ma te l y  500 f e e t  o n  a s i d e , wo u l d  p r o d u c e  a d rawdown a t  t h e  c e n te r  o f  
a p prox i ma te l y  1 5  f e e t  a fter 1 5 0 days o f  o p e ra t i o n . Me a s u ra b l e l a nd s u b s i d e n c e  
p ro b a b l y  wou l d  n o t  o c c u r .  I n  L a ke C h a r l e s  wa te r l e v e l s h a v e  b e e n  l owered mo re 
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M r .  V a nc i l  
P a g e  Th ree 

t h a n  1 4 0 fee t  s i n ce the e a r l y  mea s u 1·eme n t s  of 1 9.0 3  ( J o n e s  e t . a l. ,  1 9 54 ) b u t  
a rec e n t  re p o rt o f  g ro u n d -w a te r  c o nd i t i o n s  i n  the a re a  ( Ha r d e r  e t . a l. ,  1 9 6 7 )  
ma k e s  n o  men t i o n o f  l a n d  s u b s i d enc e . Ob v i o u s l y  th i s  i s  n o t  pos i t i v e e v i d e n c e  
tha t s u b s i de n c e  h a s  n o t  o c c u r red b u t  i f  i t  h a s  i t  h a s  a p pa r e n t l y  b e e n  i n -
s i g n i fi c a n t .  

· 

CGS : mgm 

cc : J .  D .  Mart i n ez 
Fra n k  Tatom 

S i n c e re l y ,  

{'7�4 
Ch a r l e s  G .  t:, i t h ,  J r .  
Re s e a rc h  A s s oc i a t e 

H a rde r ,  A .  H . , C h a b o t  K i l b u rn , H .  M .  Wh i tman , a n d  S .  M .  Rogers , 1 96 7 . 
E ffec ts o f  ground -wa t e r  w i t h d rawa l s  o n  wa t e r  l e ve l s  a n d  s a l t -wa t e r  
enc roachme n t  i n  s o u t hw e s t e r n · L o u i s i a n a : L o u i s i a n a  Depa rtme n t  o f  
C o n s e rv a t i o n a n d  Depa rtme n t  o f  P u b l i c  Wo rks , U .  S .  Geo l o g i ca l  S u rvey 
Wa t e r  Res ou rc e s  Bu l l e t i n  N o . 1 0 ,  5 6 p .  

J o ne s , P .  H . , A .  N .  Tu rc a n , J r . , a n d  H .  E .  S k i b i t z k e , 1 9 54 . Geo l o gy a nd 
g ro u n d -wa t e r  res ou rces o f  s o u thwe s t e r n  L o u i s i a na : L o u i s i a na Depa r t ­
me n t  o f  C o n s e rva t i o n , Geo l o g i ca l  S u r v ey B u l l e t i n  3 0 , 2 8 5  p .  
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L O U I S I A N A S T A T E  U N I V E R S I T Y  
A N O  A G R I C U l..T U R A I.. A N D  M E C H A N I C A L.  C O L. L E G E  

B A T O N  R. O U G 'E  · L O U I S I A N A • 7 0 5 0 3  

l frrli: STfTU·rc f' O A  E !'."./ t R O N M C N T A t.  S T U D I E S  

P 0 Cll .. W E R  J 0 .  

Memo randum to : Fra n k  Ta tom 

Apri l 2 ,  1 9 7 6  

ARt: ... C:OOE 50• 
TEL.I.PH O N E  3 9 8 - 6003 

S u bj ect : Ge o l o g i c  D e s c r i pt i o n o f  Poten t i a l  Re s e rvo i r  Z o n e s  a t  S u l p h u r  
M i n e s  Dome . 

I t  i s  p ropo s ed t h a t  s a l i ne s a n d s  b etwe en 5 0 0 0  a n d  7000 ' b e l ow the s u r ­
fa c e  b e  u s ed fo r b r i ne d i s po s a l  a t  S u l p h u r Mi n e s  dome . N i n e w i l d c a t  we l l 
l o g s  were s t u d i e d . Th e i r  l o c a t i o n s  a re g i ven i n  the e n c l o s ed ma p .  

The u p p e r  pote n t i a l  d i s po s a l  z o n e  c o n ta i n s Mi ocene s a n d s  a n d  c l ay s  
betwee n  4900 a n d  6000 feet bel ow s e a  l ev e l  i n  the Hami l t on B rothers , Un i on 
Te xa s Fee , No � 1 wel l i n  S ec t i o n  2 1 , T9 S ,  Rl OW .  Th i s  zone i s  d i s t i ng u i s h ed 
by a 200 foo t  th i c k  c l ay a n d  s i l t  l ayer a bove and a 500 fo ot c l ay l ay e r  a t  
i ts b a s e .  I nd i v i dua l s a nd l ayers a re c o n t i n u o u s  ( ma p pa b l e )  fo r a d i s ta n c e  o f  
on l y  a few mi l e s .  The e n t i re zdne , howev e r , i s  ma p pa b l e i n  a l l the we l l s  
that were c he c k ed . Th i s  g i v e s  a proven d i s t a n c e  of c o rre l a t i o n o f  t h e  z o n e  
o f  7 m i l e s e a s t-we s t  a n d  5 mi l es n o rth - s o u t h . P o te n t i a l  res ervo i r  s ands 
ty p i ca l l y  range from as  th i n  a s  20 fe et to a th i c k n e s s  o f  70 feet wi t h i'n a 
d i s ta n c e  of o n e  mi l e .  The average tota l t h i c k n e s s o f  s an d  i n  the Mi ocene 
zone i s  6 00 fee t .  Typ i ca l  \-Je l l s  penetra t e  2 sands  1 00 fe et t h i c k  a n d  10  s an d s  

50 fee t  th i ck wi th l ate ral con ti n u i ty o f  l e s s  t h a n  2 mi l e s . 

The s ec o n d  poten t i a l  d i s po s a l  z o n e  c o n ta i n s O l i gocene c l ays a n d  s a nds 
from 6 500 fe et to 7500 fe e t  i n  the Hami l to n , Un i o n Texas Fee , N o . 1 we l l . 
Th i s  z o n e  i s  sandwi ched b etwe en 500 fe et of c l ay a bove a nd mo re t h a n  2000 
fe et o f  c l ay bel ow . Th i s  z o n e  i s  p re s e n t  i n  a l l we l l s .  I n d i v i d u a l s a n d s  
vary g re a t l y  i n  th i c kn e s s  from wel l t o  wel l and are defi n i t e l y  corre l ated 
fo r o n l y  about 3 mi l e s .  Appro x i ma t e l y  50% o f  the z o n e  i s  s a n d . Typ i ca l l y  
2 s a n d s  1 00 feet th i c k a n d  5 s a nd s  at l ea s t  50 fe et th i c k a re p e n etrated 
i n  t h e  O l i go c e n e  z o n e . 

CGS : mgm 

E nc l o s u re 

C C :  J .  D .  Ma rti n ez 
J ames Va n c i l  

S i n c e re l y ,  

/? .  42\ �� \. c'_!,/,,& i/c- o/./ '"!_,,_.,, )er 
Charl es G .  Snn th , J r .  
Re s e a rc h  A s s o c i a t e  
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1 i njecti dn we l l s .  

Map show i ng l o cat ions o f  e l ec t r i c  log s  o f  w i l dc a t  wel ls r e v i ewed . 

Note : The p r opo sed des i gn now ca l l s f o r  4 b r i ne d i s p o s a l  wel l s  
t o  b e  d r i l led s o u t h , s o u thwe s t  o f  t h e  s i te ( s e e  F ig u r e  1 . 5 ) . 
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C H A R L E S  G .  S M I T H  
CONSULTING GROUNO WATER GEOLOGIST 

!5743 soun1 POLLARD FKWY. 

BATON ROUGE, LOUIS IANA 70808 
PHONI: !504·7156·80!5 !5  

April 24, 1977 

Kemorandum to : Frank Tatom 

Subject;  Brine I n j e c tion Reservoirs at Sulphur Mines D ome . 

My memo o f  April 2 ,  1976 reported my analysis of brine di sp o s al reservoirs 

at Sulphur .t-'.ines b ased on 9 wildcat well log s . As noted in that memo 

two zones of mas sive s ands ( 5000 to 6000 and 6500 to 7500 feet deep ) 

were correlatable for dis tances of several miles and were present in all 

the wells evaluated . However ,  individual s and strata could not be mapped 

f or distances greater than two or three mile s .  

Two potential hydraulic boundary conditio ns ,  which could sub s tantially 

reduce . th e  areal extent, e.nd therefore the volume , of the reservoirs , 

must be considere d .  Firs t ,  numerous faults are characteris ti c  of sediments 

s..i rrounding and overlying sat t domes . At Sulphur Hine s faults may exist, 

as yet undiscovered, which could result in c ompartmentali z ation of s ands 

surrounding the dome . In tnis ins tance brine reservoir voulme would b e  

reduced, and pressure ir.crease due t o  inj e c ti on would b e  limited by fault 

barriers . 

The second b oundary condition that could effect brine disposal operations 

at Sulphur hines is the termination of sand fonnatio ns agains t the s a lt 

dome . At a depth o f  7000 fee t  below sea level the eastern flank of t� 

dome may lie within 800 feet of the north - s outh line of propo sed inj ecticn 

wells at the close s t  point . At t JOO feet b elow sea level the di stance 

between the salt and the proposed inj ection wells is approximately 1300 
feet . These potential b oundary conditions must bP. considered in the de sign 

and evaluation of the brine disposal sys tem at Sulphur Xines . 

Abandoned wells ne ar brine di sposal wells and p o tential b rine leaks YiJ. 

these wells is the sub j ect of a memo dated July 13, 1976 . In addition to 



abandoned wells producing oil w�lls are als o  located near the prop o s ed 

brine inj ection line . A review of the N ew Orle ans Geological tiociety 

map included with the July 13 memo shows 15 producing wells occur within 

2000 feet of the inj ection well line .Three of these wells are within 

1000 feet of the inj ectio n line . From 2000 to 3000 feet from the inj ection 

well lines an additional JO producing wells o c cur .  

Oil production near the inj ecti on lines occurs generally between 5000 
and 7000 feet-the s ame depth proposed for brine inj ection . I t  is p o ssible 

th at brine would be inj ected into formations now producing oil and gas 

if the pres ent plans for brine inj e c tion are c arried out . Title JO , 

Chapter I ,  S ection 4 ,  P aragraph C of the Louisiana Revi sed �tatutes of 

1950 give the Commi s sioner of Conservation authority to make Iilles and 

regulations to "prevent the intrusion of water into oil or gas s trata" . 

It app ears proposed brine inj ection plans for Sulphur Hines and state 

regulations regarding oil -and gas reserviors are in potential confli ct . 

Because the inj e c tion wells will be located in areas as yet unexplored 

it may be impossible to detennine whether or not b rine is b eing inj e cted 

into oil and gas s ands b efore the inj ection wells are drilled and logged . 

To avoid such a p o s s ibility it may be prudent to reloc ate the line of 

dispo sal wells perhaps further to the south , further from oil production 

and further from the s tructure of the dome . 

Sinc/ly, 1 � 
/?._, ctJc_- V - /)_ ��les Q .  Sm� 
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Te lephone Conve r s a t i on w i th Dr . B i l l  H i s e  

S u b j e c t : E a r thqu a k e s  

D a t e : May 2 8 , 1 9 7 6  

There i s  d o c ume n t ed e v i denc e o f  e a rthquake s b e i ng tr i g g e r e d  
a s  a r e s u l t  o f  sub s u r f a c e .  i n j e c t i on o f  f l u i d s  accomp a n i ed 
by a n  i ncr e a s e  in i n j e c t i on r e s e rvo i r  p r e s s ur e . The two 
k n own c a s e s  o f  thi s phenome n a  have o c c urred in Co l or ado i n  
a n  a r e a  o f  h i g h  natur a l  rock s tr e s s . One i s  n e a r  Denver i n  
a s s o c i a t io n  w i th a d i s po s a l  we l l  that i n j e c ted l i qu id w a s te 
f r om the Roc ky Mou nt a i n  Ars e na l , and the o th e r  i s  near Rang ly , 
Co lorado i n  a s s o c i a t i o n  wi th a wa ter f l ood i n  the Rang ly o i l  
f i e ld . The mecha n i sm c au s i ng the e a r thquake i s  no t we l l  u nd e r ­
s tood . Howe v e r , a l l  tho s e  who h a v e  s tud ied the p rob lem a g r e e  
tha t  the ex i s tence o f  h i g h  n a tu r a l  e a r t h  s tr e s s  ( e . g . , C o l o rado , 
Wyom i ng , C a l i fo r n i a ) i s  a prere�ui s i te .  

In the T e x a s -Lou i s i a n a  G u l f  C o a s t  the na tur a l  e a r th s tr e s s  i s  
low - here w e  d e a l  w i th a tec ton i c a l ly r e laxed a r e a  wh i c h  i s  
char a c te r i z ed a lmo s t  exc l u s ive l y  b y  norm a l  fa u l t i ng . ( No 
reve r s e  or ove rthru s t  f a u l t s . )  Nume r o u s  water f lood and l i q u i d  
wa s te i n j e c t ion s i te s  have b e en i n  ope r a t i o n  a l o ng the Lou i s i an a ­
Tex a s  G u l f  Coa s t  f o r  many y e a r s  without reported occuranc e s  o f  
e ar thqu ak e s . The r e f or e , i t  wou ld appear tha t e a r thquake occur­
ance a long th e Lou i s i an a - Texa s Coa s t  a s  a r e s u l t' o f  the i n j e c ti on 
o f  b r i n e  from the s tr a t eg i c  o i l  s torage pr o j e c t  wou ld n o t  be a 
problem tha t  c a n  be fo r s e e n  a t  th i s  time . 
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C H A H L E S  G .  S M I T H  
CONSULTING GEOLOGIST 

s 1 4 3  soun" r-ioLL.'·RO rKwY. 
BATON ROUGE. L0•.1 1 :; 1ANA 70eoe 

Pt<ONC 5 0 "' · 7 6 6 · 8 0 5 5  

:.;:;:< J R:\..;'Wlf.'.l TO ; F r: m k  B .  Tatom 

FRON : Charles G .  S m i th an d B i l l  R .  Hi s e  

DATE : J u ly 2 ,  1 9 76 
SU3J ECT : Grine I n j e ct ion 

An unde s i rab l e  cons equence of pres suring an aqui fe r (not to fracture 
p re s s ure l eve l s )  is the h a z ard it creates for future o i l  and gas we l l s that 
m:ist b e  dri l l e d  through i t .  Th e o i l  an d gas indu s t ry  i s  a·c cus tomed t o  contro l ­
l i n g  h i gh p re s s ures b u t  they are us u a l ly e n c oun t e re d  a t  rau ch gre a t e r  dep th s . 
E\· e n  then t h e s e  ab no nna l l y h i gh p r c s s Ul·e s  are d i ffi cult nnd e xpens i v e  t o  
h n.n d l e , and may re s u l t  i n  a b lo w  o u t  o r  "w i l d  we l l . "  \':hen u;ie xp e ct e d l y  en­
coun t ered at a s h a l l ow de pth , the s e  pres s ur e s  are much mo re l i k e l y  to caus e 
extreme h az a rds . 

I f  the a qui fer p re s s ure du ring b r i n e  i nj e c t i on exce eds the fra cture pTess urc at that depth , the inj e c t e d  fl u i d  may e s c ap e  the d i sp o s a l  aqu i fe r .  
Th i s  w i l l  a lmos t cert a i n ly b e  the case i f  inj ect i on cont inue s fo r a s i gn i fi ­
c ant p e r i od after fracture p re s s u re i s  reach e d . TI1 e fl u i d  may e s c ape by one 
or more o f  the fo l l owing me an s : 

1 .  Through a fracture crea t e d  in the overly i n g  s e dimen t s . 
2 .  Through a frac ture c re a t e d  in th e unde r l y i n g  s e d i me n t s . 3 .  Th rou gh a fai lure created i n  the c ement , o r  at the cement/pipe o r  

cement/ fo rmation inte rface around t h e  we l l  b o re . 

In any event , contro l o f  the in j e c t e d  flu i d  i s  l os t .  

The p a rt i cu l ar cons e quences o f  exceeding t h e  re s e rvo i r  fra cture p res ­
s ure arc un cert a i n . H oweve r ,  p o s s ib l e  res u l ts are : 

1 .  Hydrau l i c  c ommun i c ation c oul d deve l op w i th s h a l l ow , fre s h -wa t e r  aqui fers 
th e reby cont ami nating the p o t ent i a l  ground- water supp l y .  

2 .  Hy drau l i c  c or.�-nuni ca t i on deve l op e d  to t h e  surface c ou l d  con t ami nate 
s urface wate rs . 

C l early t h e  magni tude o f  the undes i rab l e  cons equenc e s  depends on the amount 
and rate o f  b r ine e s cap e . TI1e longer pump i n g  c ont inues a ft e r  fracture p re s ­
s ure i s  reach e d ,  t h e  worse t h e  p rob lem b ecome s . Thus , unde rground was te 
i n j e c t i on syst ems a re des i gn e d  to ope rat e we l l  b e l ow fracture l i m i t s . 
T11 ere fo re examp l es o f  res e rvo i r  fracture duri ng brine d i spos a l  and th e 
resul ting p rob l ems are l ackin$ · 
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C H A R L E S  G .  S M I T H 
CONSULTING GEOLOGIST 

5 7 .4 3  SOUTH POLLA�C> PKWY. 
DATON ROUt;r::. L O U I S IAN4 70.� 0 B  

HG'.O PJi.NDUM TO : Fra n k  B .  Ta tom 

FROM : C h a rl e s  G .  Smi th a nd B i l l R .  H i s e  

DATE : J u l y  1 3 ,  1 976  
S UB J ECT : G r i ne I nj ec t i o n  a t  S u l phur Mi n e s  

S tate wel l l oca t i on ma p s  w e r e  rev i ewed t o  d e term i n e  the n u m b e r  o f  
a b a n d o n ed v1e l l s  i n  the v i c i n i ty o f  the pro p o s ed b r i ne d i s po s a l  v1el l s  a t  
S u l p h u r  M i n e s . T h e  tv/O l i n es o f  i nj ec t i o n  v1el l s  1·t i l l  bor_d e r  S u l p h u r  Mi nes 
fi el d a p � rox i m a t e l y  a l o n g  th e east and s o uth l i nes of s ec t i o n  29 , T9S ; Rl OW ( s e e  map i n  Memo o f  A p r i l 2 ,  1 97 6 ) . I n  th i s  s ec t i o n  w i t h i n  2 5 00 feet o f  t h e  
i nj ecti o n  l i nes there a r e  a p p ro x i m a t e l y  40 a band o n ed wel l s  d ri l l ed t o  de pth s 
b e tw2en 3000 and 7000 feet a l o n g  the fl anks  o f  the d ome ( F i gu r e  1 ) .  T he 
records o f  t h e s e  wel l s  s ho u l d be c h ec ked to . i ns u re that t h ey 1·:ere pro p e r l y  
p l ugged . I f  t h ey v1ere no t they s ho u l d  be repl ugged to p revent the po s s i b i l i ty 
o f  v e rt i ca l  fl ow o f  b r i n e  deve l o p i ng v i a  the s e  wel l c a s i ngs . B ec a u s e the 
b r i n e d i s po s a l  res e rvo i rs p ro b a b l y  are u p l i fted by t h e  dome it  is  e s s en t i a l  
t h a t  wel l s  c omp l eted to depths  s h a l l ower t h a n  the d i s po s a l  reservo i r  a l s o 
b e  c h ecked . 

As no ted i n  an e a r l i er memo ra ndum ( J u n e  21 , 1 976 ) , t h e  c a l c u l a ted 
ra tes and v o l umes of b r i n e  fl ow t h a t  m i g h t  be a n t i c i p a t ed i n  an i nad equ a t e l y 
p l u gged wel l a r e  dependent o n  as s um p t i ons t h a t  mu s t  be made regard i ng t h e  
t i me o f  occu rren c e  o f  t h e  l ea k  r e l a t i ve t o  res erv o i r  pres s u re bu i l du p ,  and 
1·1hether the l ea ky v1e l l i s  co n s i d ered to be  o pen throughout t h e  res ervo.i r  or  
i s  only parti a l l y  o pen . 

Our memo randum o f  J u l y  2 ,  1 976 , o u t l i n es the c o n s eq u e n c e s  o f  p re s s u r­
i ng and o v er- pres s u r i ng a n  aqu i fer dur i n g br i n e d i s po s a l . Al t h o u g h  no 
examp l es a re kn own of res ervo i r  fra c t u re d u r i ng b r i ne d i s p o s a l  a rel a ted 
p ro b l em was reported a t  a b r i ne d i s po s a l  o pe ra t i o n near another Lou i s i ana 
s a l t  dome . B r i n e  was  i nj ec ted i nto a permea b l e  forma t i o n  n e a r  t h e  dome . 
P re s s u re was kept b e l ow fra c t u r e  p re s s u re . B u t  bec a u s e  t h e  fo rma t i o n  was 
ra i s ed to the s ur fa c e  o v er the dome the c o n n a t e  s a l i n e water c o n ta i n ed i n  
the forma t i o n  began to fl Ol'I o n  the s u r fa c e  a s  a res u l t o f  t h e  i nc reas ed 
res ervo i r  p re s s u r e .  I nj ec t i o n  wa s hal ted a n d  a n ew and d e e p e r  d i s po sa l  
sys tem v1a s  b u i l t . Apparently t h e  probl em h a s  been s o l v ed . 

At S u l p h u r  Mi n es the c a p  roc k i s  l es s  t h a n  400 feet bel ow th e s u rfac e . 
T he p o ss i b i l i ty t h a t  a d i s po s a l  res ervo i r  6000 feet b e l ow the s u r fa c e  a nd a 
m i l e  from t h e  dome i s  ra i s ed n ear the s u rface o v e r  th e dome mu s t  be i nv e s t i ­
ga ted . I n  s u c h  a c a s e  i nj ec t i o n  pre s s u re bu i l du p  co u l d cau s e  su rfa c e  o r  
n ear- s u rfa ce d i s c h a rge o f  s a l i ne water wh i ch c ou l d po l l u t e  fre s h  wa ters . 

Char l e s  G . lSm1 th 
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SULFUR MINES BRINE SUBSURFACE D I SPOSAL 

by 

Will i am J .  Bern ard 

SUB-SURFACE PRESSURES 

The analysis o f  sub sur face b rine disposal operat ions 
generally focuses on the pred ict ion of sub surface pres sures 
in the aqu i fe r  dur ing the inj ection operation . The s e  pres­
sure s are o f  prime interest because if the s ubsurface p re s ­
sure i n  any part o f  the aqu i fe r  exceeds the fracture pres sure , 
the b rine may escape the d i sposal aqui fer and perhaps contami ­
nate ne arby fre sh wate r aqu ifers . The sub s�rface -pr e s sure 
w i l l  be a funct ion o f  the overall r i se in aqu i fe r  pres sure be-· 
cause o f  the additional vo lume o f  the inj ected material 
(material balance type con s ide rat ion)  and the r i se in pre s s ure 
in the immediate vicinity of the we l l  bore wh i le actually in­
j e ct ing ( frictional los s in the rock pore channel s )  . 

The variab le s  influenc ing the sub s urf ace pres sure are the 
amount of fluid already exis ting in the aqu i fer ( de f ined by 
a re a l  extent , thickne s s , poro s i ty , compre s s ib i l ity) and the 
e as e  with wh ich the br ine w i l l  f low through the rock ( de fined 
by permeab i l ity , thickne s s , viscos ity , e t c ) . The equation that 
predict s the e ffec t s  o f  the se variab l e s  on sub sur face pres sure 
i s : 

Where : 

= P · + qµ k h ln [ 14 . 2 2  k t ] 1 7 . 0 8 µ c � r 2 w 

Pw = wel l  bore pres s ure , p s i g  

pi = initial aqui fer pres sure , p s ig 

q = inj ection rate , barre l s  per day 

µ = brine viscos ity , cp 

k = permeab i l ity o f  roc k ,  darcy 

h = s and thickne s s , feet 

t = time , days 

c = aqu i fe r-brine system compre s s ib i l ity , vol/vol/ps i 

� = poros ity , fraction 

rw = we l l  bore radius , feet 

Thi s  equation i s  valid only for a s ingle in j ect ion well i n j ecting 
at a con stant rate in an aqu i fer o f  inf inite extent . By the pro-
per use of " image we l l s "  and the mathematical theory o f  superpo s ition , 

D-55 



Page Two 

the equation can be ut i l i z ed for multi-we l l  inj ection at varying 
rates in aqui fers of varying s i z e s . 

In the propo s ed Sul fur Mine s pr o j ect , the fol lowing brine 
disposal plan has been propo s ed for e ach of five o i l - f i l l  cycles : 
Brine will be di spo sed at a rate o f  1 0 0 , 0 0 0  b arre l s /day ( 2 9 1 7 
gpm )  for 2 4 0  days into four i n j ectors ( 2 5 , 0 0 0  barrel s/day/in­
j ector ) . These rates are determined by the rate at which the 
cavities will be f i l led with o i l . The aqu i fer wi l l  have b een 
"dormant "  prior to the s tart of each of these cyc l e s . 

Geologic information on potential d i s posal aqui fers indicates 
that there exi s t s  four 1 0 0  foot thick sands and th irteen 50 foot 
th ick sands , for a total of 1 0 5 0  feet , lying between 5 0 0 0  and 
7 5 0 0  feet sub s ea . Four di sposal wel l s , each compl eted in s epar­
ate s and bodie s , w i l l  result in three we l l s  comp le �ed in 2 5 0  
feet o f  sand each and one we l l  completed i n  3 0 0  f e e t  o f  sand . 
Are al extent o f  the aqu i fers i s  unknown but cou ld rea sonab ly be 
expected to be 16 square mi les . Figure 1 and T ab l e  2 present 
the results o f  the pre s s ure c a l cul at ions . The data used in the 
calculations is shown in Table 1 .  The maximum pr e s sure re ached 
is 3 5 3 1  ps i ,  which occurs on the last day of the f i fth cyc le o f  
d i s po sa l . T h i s  is cons iderab ly be low the expe cted 4 5 0 0  p s i  
fr acture pres sure . Therefore , a 1 6  square m i l e  aqui fer is quite 
adequate for the brine di�po s a l . 

Two potential prob lems ex i s t  with regard to the s e  calcula­
tions : ( 1 )  the actual aqui fer extent could be sma l ler than 16 
square mi les and ( 2 )  the dispo s a l  we l l s  ar e close t o  the salt 
dome ( perhaps as c lo s e as 8 0 0  feet) . With regard t o  the first 
potential prob lem , additional calculations have s hown that as 
long as- the area l  extent o f  the aqu i fer is 5 square miles or 
greater , fr acture pressure will not be reached . With respect to 
the s econd potentia l  problem , analysis has shown th at , in the 1 6  
s quare mi le aqui fer , i f  a n  inj ector i s  within 8 0 0  f e e t  o f  the 
dome , the in j ec tion pres sures wi l l  increase a small amount ( le s s  
than 7 0  ps i )  b u t  n o t  enough t o  b e  o f  concern . 

LEAKAGE THROUGH ABANDONED WELLS 

If communication exi s ts r �tween the disposal aqui fer and 
shal lower fresh-water-bearing aqui fers through an abandoned wel l , 
then brine can be expected to e s cape . Normally , s u ch communica­
tion would not b e  expected because the S tate of Lou i s i ana has 
c ertain pres cribed and proven procedures for abandoning we l l s . 

This discus s ion centers on the hypothes i s  that a fracture 
of s ome type deve lops a long the l ength of the ab andoned we l l  
f rom the disposal z one t o  the fresh-water zone . Furthermore , i t  
i s  hypothes i z ed that the fr acture i s  0 . 0 1 inch wide and extends 
a long one-fourth o f  the perimeter of the abandoned wel l . 
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Page Three 

Be fore the start of br ine di sposal , there is v irtual ly no 
potential for water to f low through the fracture because the 
d i s po sa l  aqu i fe r  and the fresh-water aqu i fe r  are e s s entially 
in hydrostatic equ i l ibrium . As brine i n j ect ion beg ins , the 
pre s sure in the d i sposal aqu i fer increa s e s  and water begins to 
flow along the fracture . The e scap ing water w i l l  mo s t  l ikely 
be the nat ive aqu i fer water rather than the inj ected brine . 
The rate of e s cape will steadily incre ase as the d i s po s a l  aqui­
fer pres sure increases with continued d i s po sa l . At the end of 
the d i sposal cyc le , water will continue to e s cape a s  long as 
the pres sure i n  the d i spo s a l  aqui fer remains above its original 
leve l . 

There are three res i s tance s  in series th at impede the 
e scape of the water and were con si dered in the c a lculations . 

1 . The frictional loss in the di sposal aqu i fer 
2 .  The frictional loss in the fracture 
3 .  The jr ictional los s  in the fresh-water aqui fer 

The results of the ana lys i s  are shown in Tab l e  3 .  The rate 
o f  e s cape i s  quite small , with a total o f  only 50 barrels e s ­
caping over an a lmo s t  three year period . 

I f  the d isposal aqu i fe r  is sma l l er than the s ixteen square 
miles u s ed in thi s  analys i s , the rate of e s c ape w i l l  increase 
becau se of the higher pressures that wi l l  d evelop i n  the dis­
posal aqu i fer . The e scape rate w i l l  s t i l l  represent only a 
sma l l  fraction of the total volume of brine inj ected , however . 
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TABLE D . 7-1 

DATA USE D  FOR S ULFUR MINES BRINE DISPOSAL 

Number of  dispos al wells = 4 
Brine inj ected/we l l/cycle = 6 0 0 0 0 0 0  barre ls 
S and thicknes s  = 2 5 0  feet 
Poros i ty = 3 3 %  
Depth = 6 0 0 0  feet 
Initial aqui fer pre s s ure = 3 0 0 0  psig 
Fracture pres sure = 4 5 0 0  p s ig 
Brine vi s cos ity = 0 . 5 5 cp 
Brine density = 1 0  pounds/gallon 
P erme ab ility = 1 darcy 
Sys tem compressibili ty = io - 5 vo l/vol/ps i 
Well bo re diame ter = 5 i nches 
Areal extent of aqui fer = 1 6  square mi les 
Inj ection rate = 2 5 0 0 0  barrel s/day/well 
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TABLE D . 7 - 2  

S UB-S URFACE INJECTION P RES S URES 

S U L F U R  M l N E S  ( 4  I N J E C T O R S ) 
- - - - - - - - - - - B O T T O M H O L E P R E S S U R r  - - - - - - - - - - - -F I R S T  S E C O N D  T H I R D  F O U R T �  F I � T H  D A Y S C Y C L E  C Y C L E  C Y C L E  C Y CL E C Y C L E  

o . 
1 .  
2 .  3 .  
5 .  

1 0 .  
5 0 . 

1 0 0 .  
1 5 0 . 
2 0 0 . 
2 4 0 . 
2 4 1 . 
2 4 2 . 
2 4 3 . 
2 5 0 . 
3 0 0 . 

3 0 0 0 . 0  
3 0 6 8 . 5 
3 0 7 1 . l  
3 0 7 2 . 7  
3 0 7 4 . 7  
3 0 7 7 . 6  
3 0 9 3 . 0  
3 1 1 2 . l  
3 1 3 1 . 2  
3 1 5 0 . 2 
3 1 6 5 . 5  
3 0 9 7 . 4  
3 0 9 5 . 1  
3 0 9 3 . 9  
3 0 9 1 . 8  
3 0 9 1 . s 

3 0 9 1 . 5  
3 1 6 0 . 0  
3 1 6 2 . 6  
3 1 6 4 . 2  
3 1 6 6 . 2 
3 1 6 9 . 1  
3 1 8 4 . 5 
3 2 0 3 . 6 
3 2 2 2 . 7  
3 2 4 1 . 7  
3 2 5 7 . 0  
3 1 6 8 . 9  
3 1 8 6 . 6  
3 1 8 5 . '+  
3 1 8 3 . 3  
3 1 8 3 . 0 

3 1 A 3 . 0 
3 2 5 1 . 5  
3 2 5 4 . 1  
3 2 5 5 . 7 
3 2 '5 7 . 7  
3 2 f, 0 . 6  
3 2 7 6 . 0  
3 2 9 5 . 1  
3 3 1 4 . 2  
3 3 3 3 . 2  
3 3 4 8 . 5  
3 2 8 0 . 4  
3 2 7 8 . 1  
3 2 7 6 . 9  
3 2 7 '+ . 8  
3 2 7 '+ . 5 
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3 2 7 4 . 5  
3 3 4 3 . 0  
3 3 4 5 . 6  
3 3 4 7 . 2  
3 3 4 9 . 2  
3 3 S � . l  
3 3 (, 7 . 5  
3 3 A fi . 6  
3 4 0 5 . 7  
3 4 :::> 4 -. 7  
3 4 4 0 . 0  
3 3 7 1 . 9  
3 3 F. 9 . 6  
3 3 6 8 . 4  
3 3 f'. 6 . 3 
3 3 6 6 . 0 

� 3 6 0 . 0  
3 4 3 4 . 5  
� 4 :5 7 . 1  
'11 4 3 8 . 7  
:::i; 4 ti 0 . 7  
:1i 4 � � . 6  
:1i 4 5 9 . 0  
�'2i 4 7 8 . l 3 4 9 7 . 2 
:1i 5 1 E, . 2 
:1i 5 3 1 . 5 
3 4 6 3 . 4 
� !1 5 1 . 1  
3 4 5 9 . 9  
� 4 5 7 . B  
3 4 5 7 . 5  



TABLE D . 7 - 3  

WATE R LOS S THROUGH AN ABANDONE D WELL 

SULFUR MINES 

E S C A P E  R A T E ESC A P E D  V O L U M C:  D A Y S  B B L / D A Y  B B L  
3 0 . 0 0 . 0 1 a . 
6 0 . 0  0 . 0 2 o .  
9 0 . 0  0 . 0 2  1 .  

1 2 0 . 0  0 . 0 3 2 .  
l S O . O 0 . 0 3  3 .  
1 8 0 . 0  a . a s '+ . 
2 1 0 . 0  a . a s 5 .  
2 4 0 . 0  0 . 0 6 1 .  
2 7 0 . 0  a . a s 9 . 
3 0 0 . 0  0 .  0 e. 1 0 .  
3 3 0 . 0 a . a s 1 2 .  
3 6 Cl . O  O . O o 1''+ . 
3 9 0 . 0  a . a s 1 6 .  
4 2 0 . 0 0 . 0 6 1 7 .  
&+ S O . a  a . a s 1 9 .  
'+ 8 0 . 0  0 . 0 6 2 1 . 
s 1 0 . o  a . a s 2 3 . 
S 4 0 . 0  0 . 0 6  2 4 . 
S 7 0 . 0  a . a s 2 6 . 
6 0 0 . 0  0 . 0 6 2 8 .  
6 3 0 . 0  a . a s  3 0 .  
6 6 0 . 0  0 . 0 6  3 1 . 
6 9 0 . 0 a . a s 3 3 . 
1 2 0 . 0  0 . 0 6 3 5 . 
7 S O . o  0 . 0 5 3 7 .  
7 8 0 . 0  0 . 0 e. 3 8 .  
8 1 0 . 0  a . a s 4 0 .  
B i+ O . O  0 . 0 e. 4 2 .  
8 7 0 . 0  a . a s 4 3 . 
9 0 0 . 0  0 .  0 e. '+ s .  
9 3 0 . 0  a . a s '+ 7 .  
9 6 0 . n  0 . 0 6 '+ 9 .  
9 9 0 . 0  a . a s s o .  
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Appendix D . 8  

Pot ent i al Bri ne Inj ect ion Prob l ems Resul t i n g  f rom 
Ch emi cal and B i o l o gi c al Ch aracteri s t i cs 

As no t ed i n  sub s e c t i o n  3 . 2 . 2 . 2 ,  ass o ci at ed wi t h  b r ine i n­
j ect ion , t h e re are th ree potenti al p rob lem areas re sul t ing 
f rom the chemi c al and b i o l o gi cal ch aract e r i s t i c s  o f  the 
wat e rs invo lved . Th es e prob l em areas are : 

( 1 ) In compat ib i l i t y  o f  wat e rs 

( 2 )  Water-sen s i t i ve fo rmat ions 

( 3 ) Water qual i t y ·co nsiderat ions 

With respect t o  i n compat ibi l i ty o f  w at ers , 0s t r o f f l  notes 
"Waters that are comp at ib l e  c an be mi xe d w ith out produc­
i n g  any undes i rab l e chemi cal reac t ions b etw een c omponents 
dis solved i n  th e individual wat e rs . Undes i rab l e reac­
t i on s  are tho s e  that p roduce inso lub l e products such as 
calcium an d carb on at e  i ons , fo rmi ng b arium sul f ate . 
Insolub l e produc t s  pr oduced f rom t hese reac t ions c an 
dec rease f l ow i n  l ines , p lug i n j ect ion we l l s , or redu ce 
perme ab i l i ty . "  

Po t e nt i al prob l ems w i t h  w at er compat ib i l i ty exi s t  at 
s everal di f fe rent points in th e b r ine di spos a l prob lem . 2 , 3  
Of p rimary concern i n  the current case i s  t h e  comp at ib i l it y  
o f  t he b rine t o  b e  i n j ected w i th th e wat ers o f  the aqui­
fer wh ere i n j e c t ion is to o c cur . Wh en b ri n e  i s  i n j e c t e d  
i nto a reservo i r  co nt a in i n g  w at e rs inc ompat ib l e  w i t h  t h e  
b ri ne , depo s i t s  w i l l  form only whe re t he b rine and res e r­
vo i r  wat e r  make con t act and mix .  Depo s it s  wi l l  fo rm only 
in a sma l l  vo lume o f  water i f  the re is a smal l degree o f  
mi xi n g ,  b ut depos i t s  w i l l  form i n  a l arge volume o f  wat e r  
i f  a l arge degree o f  mixi n g  o c curs . 

Th e p rob l em o f  wat er-sens i t i ve formit�o�s h as b e en cons i­
de red b y  a numb e r  o f  invest i gators . ' ' Ce rt ain type s 
o f  ro cks are s us ce p t ib l e  to perme ab i l i ty damage wh en in­
f i l t rated b y  f resh o r  s l i gh t ly sal ine wat er . Damage o f  
t hi s  type i s  re l at ed t o  ro ck prop e rt i es and i s  caus e d  b y  
swe l l i n g  o f  indi genous c l ays and the di spers i on o f  indi­
genous nonswe l l in g  part i c l es during f lu i d  f l ow . 
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The swe l l i ng ( hydrat ion)  o f  cl ays i s  a funct ion o f  the 
salin ity of t he water b eing inj ected . Clay s  wh ich are 
prone to swe l l  are mo re s ens it i ve to f re sh w at er t h an 
sal i ne water w i t h  a mi nimum s al i n i ty o f  2- t o  50 ppt . 
B ecause the b r ine s alinity w i l l  b e  con s i d.e rably ab ove t h i s  
level , clay swe l l ing app e ars unl ike ly . 

The t hird p rob lem concerning w at e r  qual ity i n  general 
is clearly re l at ed t o  the two alre ady dis cus sed . As not ed 
by Os t ro f f l , "Wat e r  qual i t y  i n cludes t he amount o f  s us­
pended so l i ds i n  th e w at e r , numb er o f  b acteria p resent , 
and the co rrosivity o f  t h e  w at e r . Al l 0 £  t he s e  s o l i ds 
could p lug t he pore spaces in th e format ion or bui l d  up 
an imperme ab l e  f i lter cak e  on the face o f  the reservo ir 
ro ck t h at woul d impe de wat er inj e ct ion . B act eri a may 
contribut e  t o  co rro s i on and corrosion p rodft�t s ,  result ing 
in p luggi ng o f  t he inj e ct ion well . B act eri al growths 
t hemselves c an sometimes resul t in plugging . Corros ive 
w at e r  no t only damages the syst em but_ may pro duce corros ion 
pro duct s wh i ch can p lug the well . A common examp l e  o f  
t h i s  i s  i ron sul f i de formed from co rro sion b y  hydrogen 
sul f i de . "  

"Th e  character o f  the res ervo ir rock l argely i n fluences 
the qual i t y  of water t h an can b e  inj ect e d .  A reserv o i r  
rock wi t h  smal l pore s i ze s  and low poros ity requires 
w at e r  of very low suspended s o l i ds o r  hi gh-qu a li ty w at e r . 
Convers ely , a h i gh-poros i ty re servo i r  h aving l arge pores 
and voi ds would t ake w at e r  cont aining a cons i derab l e  amount 
o f  suspended so l i ds . "  

Fo r evaluat ing wat er qual i t y  for inj e c t i on purpo se s a 
rat ing system has been devise d5 as shown i n  Tab le D . 1 1- 1 . 
At t he present t ime , no re sult s  from t h es e  types o f  t e s t s  
are avai l ab l e  f o r  wat e r  samp l es from t he Sulphur M i n e s  s i t e . 

A maj or w ate r quality p rob lem i s  concerned w i t h  suspended 
so l i ds . " Suspended so l i ds carr ied b y  w at er may be s and 
grains from t he water- s an d , corrosion product s such as 
i ro n  s ul f i de o r  iro n  oxide , free sul fur , or b act eri al 
growths . I f  allowed t o  e nt e r  t h e  inj ect i on wel l s , t h es e 
mat eri.als w i l l  e ither p lug the w e l ls comp letely o r  caus e 
i ncreases i n  inj e ct io n  p res sures . Thes e mat eri als are 
o f t en p resent i n  water in a finely divi ded s t at e  and in 
amounts smal l enough s o  t hat their pres ence i s  no t e as i ly 
det ected b y  l ooking at the w at e r . Yet , when l arge vo lume s 
o f  water are i nj ected , even sma l l  amounts o f  susp ended 
so l i ds can form an app rec i a�l e  f i l t er cak e  o r  depos i t  
i n  an inj e ct ion w e l l  pore . "  
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A s econd w at er qual ity prob lem ari s e s  from the corros ive 
qual i t i es of t he w at e r . Th e  b rine to be i n j ected should 
no t be corro s i ve to the met als us e d  i n  the dispos al system . 
Such corro sion woul d  no t on l y  be de st ruct ive t o  th e di spo­
s al e quipment but might also produce corr.o s i on pro duct s 
that would p lug the i n j e ct i o n  we l l . 

A third maj o r  water �ual i ty p rob l em resul t s  f rom the pre­
s ence o f  bact e ri a .  • "The numb er and type o f  b act eria 
pre s en t  in inj e ct i on w at er affect the q ua l i t y  of t he wat er . 
B acteri a can co ntribute t o  co rros ion or produce p luggi n g . 
Des u l fovibrio or s ul f ate-reducing b acteri a ut i l ize oxygen 
in sul f at e  ion to oxi dize organ i c  compounds . Corros i ve 
hydrogen sul f i de i s  p ro duced in the proces s . I n creases 
i n  sul f i de cont ent of water w i th i n  th e w at er-han dl ing 
sys t em are caused b y  sul fate re ducers . Desu l fovib ri o are 
nearly always p res ent , but , when co ndi t i ons are not ri gh t  
for the i r  growth , they are not a s erious prob lem . "  

"The t ot al b ac t eri al count is indi cat i ve o f  th e number o f  
a l l  vari e t i e s  o f  b acteri a i n  the wat er . Large growths 
o f  b acteri a c an res ul t  in col on i es of the mi croo rgan i sms 
p lugging the i n j ect i o n  we l l  or otherw i s e  fou l i n g  equipment . 1 1 1 
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APPEND IX E 

CALCULAT ION OF SED IMENT TRANSPORT 

The annual volumetr ic transport rate for sediment c an be 
expres sed by the universal soil-loss equation developed by 
Wischme ier and Smith ( 1 9 6 5 ) . The univer sal soil-loss 
equation is a widely used calcul at ion for estimating 
soi l  ero sion on both farm l and and construction sites . 
However ,  the equation has severa l  limitations in the FEA 
SPR salt dome loc at ions : 

1 .  The slope factor will tend to overestimate the net 
result in l and with gentle slopes ; 

2 .  The equation does not predict soi l-loss that 
is due solely to thaw , snowmelt , or wind ; 

3 .  No known value has been developed for sal ine 
so i l s . 

4 .  This equation is still being perfected for the 
southeastern area of the United States . 

The soil-loss equation is 

A = R K L S C P 

where A is the computed so il lo ss per unit area -
( tons per acre per year ) . 

R ,  the rainfall factor , is  the number of 
ero sion- index units in a normal year ' s  
ra in . The erosion index is a measure 
of the eros ive force of spec i f ic rainfall . 

K ,  the soi l-erodibi lity factor , i s  the ero sion 
rate per unit of ero sion index for a 
spec ific so i l  in cultivated continuou s 
fallow , on a 9-percent slope 7 2 . 6 feet 
long . The reasons for selection of the se 
c onditions as unit values is explained 
in the detailed discuss ion o f  this factor . 

L ,  the s lope-length factor , is the ratio o f  
soil loss from the f ield slope length to 
that from a 7 2 . 6 - foot length on the same 
so il type and gradient . 
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S ,  the s lope-gradient factor , i s  the ratio 
of  soil loss  from the f ield gradient to 
that from a 9-percent slope . 

C ,  the c ropping-management factor , i s  the 
ratio of soil lo s s  from a field wi th 
spec i fied c ropping and management to 
that from the fallow condition on which 
the factor K is evaluated . If there i s  
no cropping management factor , then C = 1 .  

P ,  the eros ion- control practice factor , is  
the rat io of soil lo s s  wi th contouring , 
stripcropping , or terracing to that with 
s trai ght-row farming , up-and-down slope . 
I f  there i s  no eros ion control practice , 
then P = 1 .  

For Sulphur Mines , the factors for the universal so il-lo s s  
equation are : 

Thus 

R = 5 0 0  
L = • 3 
s = . 0 7- . 1 8 

for an assumed 6 month 

A = 5 0 0  x 0 . 3  x 0 . 0 7 

p = 1 
c = 1 
K = 0 . 2 5 

expo sure due to 

x 1 x 1 x 0 . 2 5  x 

= 1 . 3 0 tons/acre (min,imum) 

construct ion , 

0 . 5 years 

A = 5 0 0  x ( 0 . 2 5 )  x ( 0 . 3 ) x ( 0 . 1 8 )  x 1 x 1 x 0 . 5  years 

= 3 . 4  tons/acre (maximum) 

As noted in subsection 3 . 1 . 2 ,  the disturbed area is  11 5 . 3  
acres . To compute the amount of soi l loss  due to con­
s truction of the Sulphur Mines SPR facil ity , you multiply 
the soi l  loss per unit area (A) time s the number o f  acres 
disturbed . 

T = A · number of acres 

1 . 3  tons/acre x 1 1 5 . 3  acres = 1 5 0  tons (minimum) 

3 . 4  ton s/acre c 1 1 5 . 3  acres = 3 9 2 tons (maximum) 
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As suming the dens ity of the soil , which is a clay- loam , i s  
2 , 7 0 0  lb/yd 3 = p 

To calculate the volume of soil lo s s  (V 1 ) due to con­
struction at the Sulphur Mine s s ite , on� must divide 
the number of tons of so il lo s s  by the density of the 
soil , 

V = T/p sl 

1 5 0  tons x 2 , 0 0 0  lb/ton x 
1 

lb/yd3 
2 , 2 0 0  

V
sl 

= 1 1 1 . l  yd 3/year (minimum) 

3 9 2  ton s/year x 
2 '��� lb 

x 
2 ,

;
0 0  

lb/yd
3 

V
sl 

= 2 9 0 yd 3/yr (maximum) 

The increase in the turbidity of the surface water system 
wi ll depend on the tota l volume o f  water pre sent in the 
surface water system in the vic inity of the Sulphur Mine s 
s ite . This volume is dif ficult to calculate prec i sely . 
Ba sed on the dimensions of the ma j or bodies o f  water in 
the area 

v
sw 

� 5 . 8  x 1 0
6 

yd
3 

= 1 . 6  x 1 0
8 

ft3 

The most conservative a s sumption would be that none of 
the transported sediment settled out . Then the annual 
increase in su spended sed iment in the water would be 

T 
v

sw 

Minimum c a se 

1 5 0  to ns 
= 

1 . 6  x 1 0 8 f t3 

= 

= 

= 

= 

9 . 4  x 1 0
- 7 

3 . 3  x 1 0
- 8  

3 . 0  x 1 0
- 2 

3 O .  O mg/l 

tons/ft
3 

tons/l 

g/l 

(minimum) 

Maximum c a se 

3 9 2  tons 

1 . 6  x 1 0 8 f t
3 

= 2 . 5  x 1 0
- 6 

tons/f t
3 

= 8 . 9  x 1 0
- 8 tons/l 

= 8 . 1  x 1 0
- 2 g/l 

= 8 1 . 0  mg/l (maximum )  



Now the average leve l o f  suspended sol id s for the area i s  
�2 0 mg/l . Thus , the increase i n  the suspended soil would 
be : 

Minimum Case Maximum Case 

3 0 . 6-2 0 . 0 8 1 . 0  - 2 0 . 0 L:iC = = = = 
2 0 . 0  2 0 . 0 

= = 5 0 % = = 3 0 5 %  

There fore , due to construction at the Sulphur Mine s ite , 
the net increase in turbidity to the surrounding surface 
waters will be in the range of 5 0- 3 0 5  percent higher than 
ambient for a period o f  6 months . 
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APPENDIX F 

MODIFIED MERCALLI INTENS I TY S CALE 

OF 1 9 3 1  ( AB RI DGED , RI CH TER) 

I .  No t fe l t .  Margina l and long-period e f fe c ts o f  
large e�rthquakes . 

I I . Fel t by p er s ons at re s t ,  on upper floors , or favor­
ab ly p lace d .  

I I I . F e l t  i ndoors . Hangi ng ob j e c ts swi ng . Vib ra tion 
l ike pas s i ng o f  li ght trucks . Dura tion es tima ted . 
May not b e  recogn i zed as an earthquake . 

IV . .  Hangi ng ob j e c ts swing . .  Vib ration l ike pas s ing o f  
he avy tru ck s ; or s ens ation o f  a j o l t  l ike a heavy 
b a l l  s triking the wal ls . S tandi ng mo tor cars rock . 
Wi ndows , di shes , doors rattl e . Glas s es c link . 
C rockery c la s he s . I n  the upp er r ange o f  IV wooden 
wa l l s  and frame creak . 

V .  Fel t outdoors ; direc tion es tima ted . S le epers waken­
ed . Liquids d i s turb ed ,  s ome s pi l l e d .  Sma l l  un­
s tab le ob j e cts d i s p lace d or up s e t .  Doors swi ng , 
c l os e ,  open . Shutters , pi cture s move . P endu lum 
c locks s top , s tar t ,  change rate . 

VI . F e l t  b y  a l l . Many fri gh tened and run outdoors . 
P ers ons walk uns teadi ly . Windows , dishe s , g l as s ­
ware b roke n .  Kni ckknacks , book s , e tc . , o f f  shelve s . 
P i c ture s o f f  w a l l s . Furniture moved or ove rturned . 
We ak plas ter and mas onry D cra cked . Sma l l  b e l l s  
ri ng ( ch urch , s choo l ) . Tre e s ,  bus hes s haken ( vi s i b ly, 
or h eard to rus tle--CFR) . 

VI I . Di f fi cult to s tand . Noti ce d by drive rs o f  mo tor 
cars . H anging ob j ec ts quiver . Furni ture broke n . 
Damage to maso nry D ,  includi ng cracks . We ak chimneys 
b roken at roof line . Fal l o f  plas ter , loose bricks , 
s tone s , ti le s , cornices ( a lso unb race d parape ts and 
arch i te c tural ornaments--CFR) . S ome crack s in 
maso nry C .  Wave s on ponds ; wate r  turb i d  with mud .  
Smal l s li de s  and caving i n  along s and o r  grave l b ank s . 
Large b e l l s  ring . Concre te i rrig ation di tches damage d .  



VI I I . S teeri ng o f  mo tor cars a f fe cted . Damage to masonry 
C ;  partial col lapse . Some damage to masonry B ;  
none to masonry A .  Fa ll o f  s tucco and some masonry 
walls . Twi s tin g ,  fal l o f  chimneys , f a c to ry s ta ck s . 
monuments , towers , e leva ted tanks ·. Frame hou s e s  
moved o n  foundations i f  no t b o l ted down ; loose 
panel wal ls thrown ou t .  Decayed p i l i ng b roke n o f f . 
B ran ches b roken from tre e s . Chang e s  i n  f l ow o r  tem­
p e ra ture o f  springs and we l l s . Cracks i n  w e t  grou nd 
and on s teep s lope s . 

I X .  General panic . Mas onry D de s troyed ; mas onry C 
h eavi ly damaged , s ometime s wi th comp l e te c o l l aps e ; 
masonry B seriously damage d .  ( Gene ral damage to 
founda tio ns--CFR . )  Frame s truc ture s , i f  no t b o l ted ,  
shi f te d  o f f  founda ti ons . Frames ra ck ed . S e ri ous 
damage to re s ervoi rs . Underground p ipes b roken . 
Cons p i cuou s cra ck s  i n  ground . I n  al luviated areas 
s and and mud e j e c ted , e ar thquake f ountai n s , s and 
craters . 

X .  Mo s t  masonry and f rame s tru cture s d P- s troye d  wi th 
the i r  f ounda tions . S ome wel l-bui l t woode n s truc ture s 
and b ri dges des troye d .  S e ri ous damage to d ams , dikes, 
embankmen ts . Large l ands l i de s . Wa ter thrown on 
b a nks o f  cana l s . rive rs , lak es , e tc . S and and mud 
shi f ted hori zontally on b each es and f la t  l a nd . Rai l s  
b ent s l i gh t ly . 

XI . Rai ls b en t  greatly . Un�erground p i pe li nes comp l e tely 
ou t of s ervi ce . 

X I I . Damage nearly to tal . Large ro ck mas s es di s pl a ce d . 
Lin e s  o f  s i ght and leve l  di s tor ted . Ob j e c ts thrown 
i nto the a i r . 

Masonary_�. Good wo rkma n s h ip , mo r tar , and des i gn ;  
r e i n forced , especi a l l y l a teru l ly , a nd bound tog e ciler 
by us i ng s t�e l , c o ncrete , e tc . ; des i g ned to res i s t  
la teral force s . 

Mason�� - Good workma n s h i p and mortar ; re i n forced , 
b u t  n�t designed in detai l t o  rc 3 i � t  l a t c r� l fo r ces . 
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Masonry c .  Ordinary workmanship and mortar ; no ex­
treme weak nes s e s  like fai ling to tie in a t  corners ; 
but nei ther reinforce d nor de s i gne·a agains t  hori­
z ontal forces . 

Mas o nry D .  Weak materi als , s uch as adobe ; poor 
mortar ; low s tandards o f  workmanship ;  weak 
hori zonta lly . 
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APPEND I X  G . l  

RI SK OF O I L  S P I L L  RE SULTING FROM S H I P  COLL I S I ON 

1 .  I n t r od u c t i o n  

The r i s k  e s t ima te s t h a t  a r e  de r ived a n d  p r e s ented i n  th i s  
append i x  a r e  f o r  the i n c r eme n t a l  r i s k  o f  o i l  o r  chem i c a l  
sp i l l s  a s soc i ated w i th the ma r i ne t r an s po r t  o f  o i l  fo r 
t he S t r a teg i c  P e t r o l e um Re s e r ve p r og r am .  I t  i s  as sumed 
that the o i l  i s  tr an spo r t ed a 4 5 , 0 0 0  dwt tanke r ,  and the 
r e su l t s  a r e  p r e s e n ted as  the p r oba b i l i ty o f  sp i l l  pe r 
t r a ns i t . The spe c i f i c t r a ns i t  unde r cons ide r a t i o n  i n  th i s  
c a s e  i s  that  f r om the G u l f o f  Mex i c o  s tand i ng i n  S a b i n e  
P a s s , t h r ough t h e  S ab i ne-Neches  C a nal p a s t  Po r t  A r t hu r , 
Tex a s ,  and up the Neches R ive r 7 . 2  m i l e s  to a be r th at the 
S u noco S h i p  Load i ng Wh a r f , whe r e  the o i l  is to be t r a n s f e r r ed 
a sho r e  f o r  f u r the r t r a nspo r t  by l a nd p i pe l i ne .  Se c t i o n  2 
p r ov i de s a gene r a l  de sc r i p t i on o f  the comp u te r code u s ed to 
c a l c u l a t e  the sp i l l  r i s k  f o r  the case  o f  i n t e r e s t , as we l l  
a s  a d i s c u s s ion o f  the r e s u l t s  obta i ned . I n  succeed i ng 
s e c t i o n s  a r e  p r e s e nted the de t a i led analy t i c  me thodol ogy and 
t e c h n i q u e s  u t i l i z ed i n  c a l c u l a t i ng the se r e s u l t s .  

T h e  analy s i s  u s ed f o r  s h i p  c ol l i s i on p r oba b i l i t i es i n  
c h an ne l s i s  de sc r i bed i n  S e c t i on 3 .  Se c t i o n  4 d o c ume nt s 
the u s e  o f  h i sto r i c a l  data  fo r quant i f i c a t i on o f  sh ip 
co l l i s i o n  r i s k s . A sp i l l  can only r e s u l t  f r om a sh ip 
co l l i s i on if e i the r sh i p ' s s t r u c t u r e  is su f f i c i e n t ly 
pene t r ated . The analy s i s  u s ed f o r  pene t r a t i o n  p r oba b i l i t i e s  
i s  d e s c r i bed i n  S e c t i o n  5 .  

2 .  O i l  Sp i l l  P r oba b i l i t i e s  D ue to C o l l i s ion I nvo l v i ng 
SPR T a n k  Ve s se l  

T h e  analy t i c  mod e l  f o r  sh i p  co l l i s i on h a z a r d s  d e sc r i bed 
in S e c t i on 3 ,  and the me t hodo l ogy de sc r ibed i n  S e c t i o n  
4 fo r e s t ima t i ng t h e  p r obab i l i ty o f  sp i l l  due t o  ca rgo 
tank r u p t u r e , we r e  i n t eg r a ted to f o rm a s i ngle  comp u te r 
code . One of the mo s t  imp o r t ant i np u t s  to th i s  comp u te r 
code i s  a norma l i z a t i o n  f a c t o r  a that r e p r esent s the 
f r a c t i o n  o f  t ime du r i ng wh ich  sh ips  may be a s s umed to 
ope r a t e  r a nd om l y . P r ope r u t i l i z a t io n  o f  th i s  facto r i n  the 
c a l cu l a t i o n s  p r ov i de s a c o r r e c t  no rma l i z a t io n  to h i s t o r i c a l  
s h i p  co l l i s i on da ta , a s  i s  exp l a i ned i n  g r ea t e r  de ta i l  i n  
S e c t i on 4 .  

G . 1 - 1  



Add i t i o n a l  i np u t s  requ i r ed to ma ke a comp l e t e  analy s i s  
a r e  the p r o j e c ted ma r i ne t r a f f i c  de ns i ty f o r  spe c i f i c  
s egme n t s  o f  the sh ip ch anne l s  be i ng cons i d e r e d , the l e ng t h s  
o f  t h e s e  segme n t s , and t h e  ave r a ge spe eds fo r e a c h  type 
of ve s s e l  comp r i s i ng th i s  t r a f f i c . Da ta f o r  the ma r i ne 
t r a f f i c  for the two channel segme n t s  f r om seawa r d  u p  the 
S a b i ne P a s s  and S ab i ne-Ne che s C a nal ( 2 4 . 3  m i l e s )  and 
N e ch e s  R ive r ( 7 . 2  m i l e s ) t o  the S u noco Wh a r f  we r e  t a k e n  f r om 
W a te r bo r ne C omme r ce o f  the U . S .  fo r 1 9 7 3 . 1 Al t hough s h i p  
t r a f f i c  dens i ty h a s  be en i n c r e a s i ng i n  r e cen t ye a r s , the 
gene r a l ly i n c r e a s i ng s i z e  of me r c hant ve s s e l s  is expe c t ed to 
l e ad to c e s s a t i o n o f  such t r a f f i c  inc r e a s e s  and pe r h aps 
even a de c r e a se i n  total sh i p  t r a f f i c  i n  mo s t  po r t s . Da ta 
f o r  the year  1 9 7 3  may the r e f o r e  be as good an e s t ima te of 
ma r i ne t r a f f i c  de n s i ty fo r the ye a r s  1 9 7 8  t h r oug h 1 9 8 0 as 
any pr o j e ct i o n s  based on th i s  d a t a . 

I t  i s  f u r the r conven i e n t  t o  r e f i ne the sh ip t r a f f i c  data  
ba se by e s t ab l i sh i ng a sh ip s i z e  th r e s h o l d  i n c l u d i ng 
o n ly those ve s s e l s capab l e  o f  pe ne t r a t i ng the hu l l  o f  
the co n s i d e r e d  S t r a teg i c  Pe t r o l eum Re s e r ve ve s s e l . Th i s  
t r a f f i c  data  ba se mu s t  al so be cons i s tent  w i th the data  ba se 
u s ed i n  S e ct i on 4 f o r  norma l i z a t ion to h i s t o r i c a l  a c c i d e n t s . 
A s h i p  d i sp l a ceme nt t h r e sh o l d  o f  1 , 0 0 0  t o n s  was chosen 
fo r th i s  pu r po s e . The l e ng t h s  and beams o f  i nd i v i d u a l  sh ips 
are data r equ i r e d  for cal c u l a t i o n  o f  the sh ip co l l i s i on 
h az a r d i n  the comp uter  code as  we l l .  S i nce the m a r i ne 
t r a f f i c data  p r e sen ted i n  Re fer ence l g i ve only ve s s e l  
type , d r a f t ,  a n d  a cou n t  o f  t h e  numbe r o f  tr ans i t s , i t  
wa s nece s s a r y  t o  d e r ive va l u e s  o f  d i spl aceme n t , l e ng t h , 
and beam f o r  each sh i p  type and d r a f t  l i s ted . To accomp l i sh 
t h i s ,  the ch ar a c t e r i s t i c s  o f  sh ips we r e  samp l ed f r om 
The Re c o r d  pu b l i shed by t h e  Ame r i c an B u r e �  o f  S h ipp i ng ; 2 
r e l a t i o n s h i p s  de r ived f r om t h e s e  samp l ed c h a r a c t e r i s t i c s  
we re u s ed t o  pr ovide  the r equ i r ed da ta . 

T a ble G . 1 - 1  i s  a sma l l  samp l e  o f  the type o f  sh ip and ba rge 
t r a f f i c  i n  the N e ches R i ve r  du r ing 1 9 7 3 , and shows the 
de r ived ch a r a c t e r i s t i c s  as  we l l  as  ave r age ve s s e l  speed s . 
T h e  ave r age ve s s e l  speed s we r e  a r r ived at by cons ul t a t i on 
w i th the U . S .  C o a s t  G u a r d ' s  C apta i n  o f  the P o r t  i n  Po r t  
Ar thu r , Tex a s .  

An o t h e r  i tem o f  i n f o rma t i on requ i red to a s se s s  the pr obab i l i ty 
o f  penet r a t i o n  i s  the ave r age ang l e  o f  i n c ide nce o f  the 
s t r i k ing v e s s e l  i n  the case o f  a co l l i s i on . There is v e r y  
l i t t l e  data  f r om wh i c h  t o  deve l op t h e  d i s t r ibu t i on o f  th i s  

G . 1 - 2  



Table G . l - 1 S amp l e  C h anne l T r a f f i c fo r N e c h es R i v e r  

Numbe r o f  D r a f t  Speed Length Beam D i spl acement 
S h i:e Ty:ee T r a n s i t s  ( fee t )  ( k no t s )  ( fe e t )  ( f ee t )  ( 1 , 0 0 0  t o n s ) 

Tanke r s  3 4  4 0  6 7 1 3  1 2 1 6 0 . 7  
II 6 1  3 9  7 6 9 2  1 1 8  5 6 . 0  
II 7 9  2 5  6 4 0 8  5 6  1 1 . 1  
II 1 5 8  2 0  8 3 1 0 4 6  5 . 3  
II 2 6  1 5  7 2 2 5  3 6  2 . 0  
II 6 1 3  6 1 9 5 3 1  1 .  0 

P a s seng e r /C a rg o  1 4  4 0  8 7 9 5 1 0 6 3 9 . 4  
II 1 3 8  6 7 4 6  1 0 0  3 5 . 0  
II 3 9  2 6  6 4 4 1  6 3  1 0 . 7  
II 3 1  2 5  7 4 1 7 6 0  9 . 2  
II 5 1 6  1 4  7 1 9 0  3 4  1 .  4 

GJ II 1 , 0 4 7  1 1  6 1 5 0  2 6  1 .  0 . 
,_. T a n k  B a r g e s  I w w/t ug 6 2 6  7 9 0 7  1 8 0 3 8 . 7  

II 6 1 9  6 8 5 3  1 8 0 3 5 . 8  
II 3 1 8  7 8 2 5  1 7 0  3 3 . 4  
II 1 4  1 8  7 5 8 7  8 8  1 3 . 7  
II 8 1 8  8 5 0 8 7 0  9 . 2  

B a r g e s  
w/t ug 4 7  1 4  7 7 8 0  7 4  2 2 . 6  

II 3 6  8 6 5 8 2  4 1  3 . 1  
S P R  Ve s s e l  1 3 6 . 6  9 6 4 2  1 1 1  4 5 . 0  



ang le o f  imp ac t , and i t  i s  bel i eved that na r r ow c h annels  
w i l l  i n  gene r a l  c a u s e  t h i s  ang le e ,  a s  shown i n  F ig u r e  G . 1 - 1 , 
to  be sma l le r . S i nce the channe l s  be i ng cons i d e r e d  a r e  
r e asonably na r r ow ,  b u t  h ave j u n c t i o ns w i th I n t r a c o a s t a l  
Wate rway wh e r e  l a rg e r c o l l i s io n  ang l e s  c o u l d  e a s ily o c c u r , 
a r e l a t ive ly sma l l  ang l e , e o f  3 0 ° wa s spec i f i ed f o r  
l a rge ( > 3 0 , 0 0 0  dwt ) v e s s e l  c o l l i s io n s  w i th o t h e r  la rge 
v e s s e l s-and a l a r g e r  ang l e e of 4 5 0 was cho s en for  a l l  
o t h e r  c a s e s . 

T r a ns i t s  o f  the S t r a teg i c  P e t r o leum Re serve ve s s e l  f r om 
s e award  c ompr i s e s  a 2 4 . 3  m i l e r u n  t h r o ugh the S a b i ne 
P a s s  and S ab i ne-N e c h e s  C a na l  to the N e ches  R i ve r , a nd 
a 7 . 2  m i l e s t r e tc h  to the S u noco Wh a r f  on the N e c h e s  Riv e r . 
T h e s e  two channel  segme n t s  h ave bee n sepa r a tely analy zed , 
s i nce d i s t i nc t ly c h a r a c t e r i s t ic tr a f f i c data f o r  each 
are av a i l able i n  Re f e r e nce 1 .  The t r a f f i c d a t a  shown 
i n  T able G . 1 - 1  a r e  j u s t a sma l l  s ample of the total t r a f f i c  
i n  o n e  o f  these segme nt s , t h e  N eches  R ive r . Th e ve s s e l  
t r a f f i c w a s  ac t u a l ly c h a r acter i z ed i n  t e r m s  o f  1 1 1  v e s s e l  
type s f o r  S a b i ne P a s s  and S ab i ne-N e c h e s  C a nal , a nd 1 0 1  types 
for the N e ch e s  R iv e r . 

T h e  i nc r eme n t a l  r i s k  o f  o i l  sp i l l s be i ng c o n s i d e r e d  i s  
t h at i n c r eme nt wh i ch c a n  be a t t r ibu ted t o  the add i t i o n  
to ex i s t i ng t r a f f i c  o f  t h e  p l a n ned S t r ateg i c P e t r o l e um 
Re s e r ve ve s s e l  t r an s i t s . I n  gener al , a ny c o l l i s ion be twe e n  
t h e  S t r a teg i c  P e t r o l eum R e s e r ve ve s s e l  a n d  a n o t h e r  ve s s e l  
may r e s u l t  i n  a sp i l l , and t h at sp i l l  m igh t come f r om 
e i t h e r  the S t r a teg i c  P e t r o l eum Re s e r ve ve s s e l  i f  i t  i s  
s t r u c k , o r  anoth e r  t a n k  ve s s e l  o r  ba rge i f  i t  i s  s t r uc k . 
T h e  pr obab i l i ty fo r each o f  these po s s i b i l i t i e s  h a s  bee n 
analy zed separ a t e ly w i th in the compu t e r  cod e . Fo r the 
case o f  a passenger sh ip , d r y cargo sh i p , or  barge be i ng 
s t r uc k , the sp i l l  pr obab i l i ty was t a k e n  to be z e r o  s i nce no 
bu l k  l iq u id c a r g o  i s  i nvo lved . S amp l e  r e s u l t an t  p r obab i l i t i e s  
f o r  col l i s ion , pene t r a t i o n , and sp i l l s a r e  shown i n  T ab l e  
G . 1 - 2  f o r  t h e  s ame ve s s e l  types l i sted i n  T able G . 1 - 1 ; the 
p r oba b i l i t i e s  f o r  pene t r at i on a r e  cond i t i o n a l  that the 
c o l l i s io n  h a s  o c c u r r ed ,  and al l oth e r  pr oba b i l i t i e s  a r e  
e xp r e s sed as  pe r t r an s i t  o f  a S t r a teg i c P e t r o l e um Re s e r v e  
v e s s e l  o f  the type a n d  s iz e  l i s ted at t h e  bot tom o f  T a ble 
G . 1 - 1 . 

I n  the i nt e r e s t  o f  i n c r e ased s a f e ty , the P i l o t s  A s so c i at ion 
in  t h i s  po r t  area  have wo r k ed o u t  a fo rma l ag r eem e nt pl ac i ng 
spec i f i c c o n s t r a i n t s  on the ve s s e l  t r a f f i c . Fo r e x ampl e ,  
o n e  r u l e  f o l l owed i s  that , i f  a v e s s e l  o f  g r e a t e r  than 
8 5 , 0 0 0  dwt is  t r an s i t i ng the S ab i ne-N eches  Canal above 
buoy s 1 2  a nd 1 3 ,  no  other  s e a-g o i ng v e s s e l  w i l l  be p i loted 
in the oppo s i t e  d i r ec t i o n  in th i s  channe l .  Ano t h e r  s im i l a r  
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T a b l e  G . 1 - 2 P r o b a b i l i t i e s  of C o l l i s ion , P e ne t r a t ion , and S p i l l  f o r  S ampl e  C a s e s  i n  N e c h e s  R i v e r  
( P e r  T r an s i t  o f  4 5 , 0 0 0  dwt S P R  V� s s e l ) 

P r o b ab i l i ty o f  overaI_
1 ____ ---I>roEab iIIt Y o f

-- --- Ove r a l l  
Co l l i s i on o f  S P R  P r o b a b i l i ty o f  P r o bab i l i ty o f  P e n e t r at ion i f  P r obab i l i ty of 

O t h e r  Ve s s e l  Ve s se l  w i th Other P e ne t r a t ion i f  Sp i l l  ( S P R  SPR Ve s s e l  S t r i k e s  Sp i l l  ( S PR 
Type Ve s s e l  Type 

-

T ank e r s  . 9 5 5 x l o - 7 
II . 1 5 2 x 1 0 - 6 
II . 1 6 3 x l o - 6 
II . 2 5 5 x 1 0 - 6 
I I  . 4 0 4 x l o- 7 
II . 9 6 l x 1 0 - 8 

P a s s e ng e r /C a rg o  . 3 4 l x l o - 7 
11 . 2 8 2 x 1 0 - 8 
II . 8 3 8 x l o - 7 
II . 5 9 6 x l o - 7 
II . 7 7 0 x 1 0 - 6 
II . 1 5 7 x l o - 5 

T a n k e r  B a r g e  
w/T ug . 1 7 9 x l o - 7 
II . 1 9 3 x 1 0- 7 
II . 8 4 9 x 1 0- 8 
II . 3 1 7 x l o - 7 
II . 1 5 6 x 1 0 - 7 

B a r g e s  w/Tug . 1 2 ox 1 0 - 6 
II . 8 5 2 x l o - 7 

SPR Ve s s e l  S t r u c k  Ve s s e l  S t r u c k  O t h e r  Ve s s e l  Ve s s e l  S t r i k e s )  

- �-------------·----------- - - ------

. 5 3 2  . 1 9 2 x 1 0 - 7 . 5 2 0  . 3 0 9 x 1 0 - 7 

. 5 2 2  . 3 3 7 x 1 0 - 7 . 5 1 3  . 4 5 2 x 1 0 - 7 

. 4 0 1  . 2 9 5 x l o - 7 . 4 5 8  . 4 l l x 1 0 - 7 

. 1 6 8  . 2 4 2 x i o - 7 . 2 7 1  . 2 9 9 x 1 0 - 7 

0 ( a )  0 ( a )  0 ( b ) 0 
0 ( a )  0 ( a )  0 ( b )  0 

. 4 7 1  . 6 8 2 x 1 0 - 8 - ( c )  0 ( c )  

. 4 5 1  . 4 6 l x l o - 9 - ( c )  0 ( c )  

. 1 3 9  . 5 1 5 x 1 0 - 8 
- ( c )  0 ( C )  

. 3 5 0  . 1 0 2 x l o - 7 
- ( c )  0 ( c )  

0 ( a )  0 ( a )  - ( c )  0 ( c )  
0 ( a )  0 ( a )  - ( c )  0 ( c )  

. 4 3 6  . 3 0 9 x 1 0 - 8 . 6 2 9  . 6 8 l x 1 0 - 8 

. 4 2 2  . 2 9 9 x i o - 8 . 6 2 2  . 7 5 9 x 1 0 - 8 

. 4 0 9  . 1 4 3 x l o - 8 . 6 1 6  . 3 0 8 x 1 0 - 8 

. 1 7 7  . 2 4 7 x l o - 8 . 4 9 8  . 8 8 2 x 1 0 - 8 

. 0 2 6  . 1 9 8 xl o - 9 . 4 1 8  . 3 2 9 x l o - 8 

. 3 2 3  . 1 4 7 x 1 0 - 7 
- ( c )  0 ( c )  

0 ( a )  0 ( a )  - ( c )  0 ( c )  

( a )  T h e  p r ob a b i l i t i e s  of pene t r a t ion a r e  z e r o  f o r  t h e s e  c a s e s  be c a u s e  ve s s e l s  of t h e s e  
sma l l e r  tonnag e s  c annot pe n e t r a te t h e  S P R  Ve s s e l  h u l l  a t  t h e  spe c i f ied r ep r e s e n t a t ive co l l i s ion 
ang l e  o f  4 5° . Hence the sp i l l  p r obab i l i t i es a r e  a l s o  z e r o . 

( b ) As t h e  m a s s  ( o r  tonnag e )  o f  a s t r u c k  ve s se l  i s  cons i d e r e d  to de c r e a s e , a sma l l e r  and 
sma l l e r  f r a c t ion o f  the t o t a l  k i ne t i c ene rgy o f  the s t r i k i ng ve s s e l  con t r i bu te s  t o  co l l i s ion 
d amag e , t he r ema i nd e r  con t r i bu t i ng to a c c e l e r a t ion o f  t h e  s t r u c k  ve s s e l . Hence t h e  pene t r a t ion 
p r ob a b i l i ty f o r  such cases is  z e r o , a c c o r d i ng to t h e  M i no r s k y  t h e o ry . 

l c )  T h e  pene t r a t i on pr oba b i l i t i e s  we re n o t  c a l c u l a t ed f o r  t h i s  c a s e . S i nce p a s s enge r/c a r g o  
ve s s e l s  g e ne r a l ly do not c a r r y  o i l  or o t h e r  l i qu i d s  as bu l k  c a r g o , i t  i s  v e r y  un l i k e l y  t h a t  
a ny s u b s t a n t i a l  o i l  sp i l l  c a n  r e s u l t . F u e l  t a n k s abo a r d  s u c h  v e s s e l s  a r e  a l s o  mu c h  sma l l e r  
t h an c a r g o  t a n k s o f  t a n k  v e s s e l s ,  wh i ch al so m i n im i z e s  bo th t h e  l i k e l i h ood and t h e  s i z e  o f  sp i l l s .  



r u l e  i s  that  no two ve s s e l s o f  4 8 , 0 0 0  dw t m i n imum , l o aded 
to g r e a t e r  than a 30 foot d r a f t , are ma neuve red so as  
to me e t  i n  the ch anne l . These r u l e s  have the e f fe c t  of  
n u l l i fy i ng spec i f i c i n t e r s h ip c o l l i s i o n  pr obab i l i t i es , a nd 
t h i s bene f i c i a l  e f fect  has  been i n c o r po r a ted i n to the 
c ompute r c a l cu l a t i o n .  

T h e  ove r a l l  p r o b a b i l i ty o f  a sp i l l ,  pe r t r ans i t  o f  a 
S t r ateg i c  Pe t r o l e um Re s e r v e  ve s s e l , i s  s imp l y  the  s um o f  al l 
the  i n d i v i d u a l  sp i l l  pr obabi l i t i e s , o nly a s amp l e  o f  wh ich 
h ave be en l i s ted . The r e l evant sums a r e  shown i n  T a b l e  
G . l - 3 ,  b r o k e n  down i nto the two sepa r a t e  ch annel segme n t s ,  
a s  w e l l  a s  the  d i s t i nct cases  o f  be i ng s t r uc k  o r  be i ng the 
s t r i k i ng ve s s e l . I n  add i t i o n ,  s ubto t a l s  o f  the s e  p r obab i l i t i es 
a r e  shown for  a comp l e t e  t r ans i t  of the ch annel fo r the 
s t r u c k  and s t r i k i ng cas e s . F i nal ly , the t o t a l  p r obabi l i ty 
fo r a sp i l l  r e s u l t i ng f r om co l l i s ion  of  a S t r a t eg i c  Pe t r o l e um 
R e s e r v e  ve s s e l  i s  g iven as 1 . 7 5 x l o - 5  p e r  t r ans i t  fo r the 
case o f  a 4 5 , 0 0 0  dw t tank v e s se l . 

I t  shoul d be no ted a l s o that the  sp il l pr obabi l i ty pe r 
t r a n s i t  o f  the  4 5 , 0 0 0 dw t a l t e r n a t i ve v e s s e l , - 1 , 7 5 x 
l o - 5 , i s  app r o x ima te ly equal to the ove r a l l ave r ag e  sp il l 
p r obabi l i ty pe r t r a n s i t  c a l c u l at ed f o r  the ent i r e  Gul f C o a s t  
r eg i on . 
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T ab l e  G . 1- 3 Ove r al l  S p i l l  P r obab i l i t i e s  R e su l t i ng f r om P o s s i bl e  C o l l i s i o n s  
o f  4 5 , 0 0 0  dwt SPR Ve s s e l  w i th O t h e r  Ve s s e l  T r a f f ic i n  T r an s i t  
f r om G u l f o f  Me x i c o  t o  S u noco Wh a r f i n  N e c h e s  R i v e r  

C h annel  S egme n t  

G u l f o f  Me x i co to 
N e ches R iv e r  
( 2 4 . 3  m i ) 

N e ch e s  R ive r to 
S un oc o  Wh a r f 
( 7 . 2 m i )  

E n t i r e  T r an s i t  

Sp i l l  P r ob ab i l i ty 
Pe r T r an s i t  

( S PR Ve s s e l  S t r u c k )  

0 . 5 3 l x 1 0 - 5 

0 . 8 2 l x l o - 6 

0 . 6 1 3x l o - 5 

Sp i l l  P r ob ab i l i ty 
Pe r T r an s i t  

( SP R  Ve s s e l  S t r i k i ng )  

0 . 9 2 lx l o - 5 

0 . 2 1 6 x l o - 5 

0 . 1 1 4 x l o - 4 

T o t a l  Sp i l l  P r o b ab i l i ty pe r S P R  Ve s s e l  T r ans i t  = 1 . 7 5  x l o - 5 



3 .  SHIP COLLISION HAZARD MODEL 

The probab i l i ty of shipping accidents in the future can 
be s t  be predi cted by statistics of the pas t by us e of a 
model to account for changes in the volume and character­
is t ics of ships . An analytical model has been devel oped3 

to predi ct the· probabi lity of ships colli ding i n  s i milar 
zones . This mode l characteri zes the ship colli s i on 
probab i li ty i n  te rms of the various e lements whi ch are 
factors in sh ip collis ions s uch as speed , length and 
wi dth of ship , number of ship transits and the dimensions 
of the zone in question . The b as i c  as s umption of the 
model is that for ships to col lide , they mus t ,  for s ome 
short period of time , be · rnoving at random , rather than 
in accordance with rules and p lans . Using thi s  a s s umpti on , 
it becomes po s sib le to ignore the interaction of the ships 
before a col lis i on occurs and to s olve the problem of 
interacting bodies as involving only the two colli ding 
ships i l ius trated in Fi gure 1 .  Thi s model an alyzes the 
problem of two col liding ships in a coordinate sys t em 
fixed on one of the ships so that i n  e f fect , a s in g le 
ship i s  movin g about another ship , whi ch is s tationary , 
at a ve locity equal to the two ships ' re lative velocity .  
Thi s coordinate transformation i s  accomp li shed by 
performing a s imp le trans formation from the ori ginal frame 
to that of the moving frame . 

As illu strated in F i gure G . l - 2 , the ang l e  wh i ch the path 
c f  the second ship makes with the first ship i s  defined as 

. . 0'R which i s  in general di fferent from the heading of the 
second ship . For a col li sion cours e , thi s angle B R  i s  
the cons tant angle a t  -;.;hi ch the fir s t  ship continua l ly 
obs erves the s econ d ship to be . 

An analyti cal expre ss ion for the number o f  colli sions 
of a give n  ship during a s ingle trans i t  of a z one i s  now 
formulated . I f  the speed of e ach ship is constant in a 
rough ly square zone of characteri s t i c  dimension , d ,  the 
number of collis ions expected for a single shi p ,  Si , in each tran s i t  is equal to the product of the time i t  
requires to tran s i t  the zone an d  the probab i lities of 
finding another ship in the s ame zone and collid i ng 
with tha t  ship . 

· 

If ti i s the time ship Si requires to trans i t  the zone of 
dimens i on d ,  

P .  i s  the probab i lity of findin g  another ship , S
J
. ,  in J the z one area d2 , 
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P . . is the probabi lity per unit time of a coll i s ion l.J 

I I 
I 
( 

Second Ship ,  SJ 

I 
I /: 
I ,// ) eR 

E z . :::> - - - - - - - -
First Ship , S .  l. 

F ig u r e  G . 1 - 2  Coordinate System for Analysis 

p ,  . is the probabi lity per unit time of a collision 1J between s .  and s .  given that s .  is in d2 , and . 1 J J 
N-1 is the annual number of transits by other ships 

through zone 

then , the number of collisions Ci , which involves Si ' is 
approximate ly 

p .P . .  J 1J 

Each of the functions , t . ,  Pj , and Pij is now to be 
derived . The transit tiffie of the ship Si is equal to 
the zone dimension divided by its speed 

t .  1 d = v-:-1 
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The probability that another ship , S j , is in the zone is 
equal to the fraction of a year that one transi t  of the 
zone requires : 

t p ... _;! =  j y d 
Vj Y (3)  

where , if  velocity is  speci fied in feet per second ,  Y is 
the nwnber of seconds in a year . 

To obtain the probabi lity per unit time of a co llision 
between the two ships , given that both ships are in the 
zone , it is necessary to determine the rate that ships on 
any collis ion cours e wi l l  be encountered. Since this rate , 
and hence the probability , is directly proportional to 
both the size of the two ships , and the relative motion 
of the ships , it is convenient to formulate a function 
expressing these relationships . This is accomplished by 
constructing an expression for the flux of colliding ships 
at a speci fic angle , and later integrating thi s f lux over 
all collision angles . 

· 

If the cross section of a ship i s  defined in thi s  two­
dimensional problem as the apparent linear dimens ion of 
a ship when viewed from a specific angle , the flux of 
colliding ships at any specific angle is proportional to 
the relative velocity times the cross section of bo th ships 
at that angle . Thus , the magnitude of the flux wi l l  in­
crease or decrease with the apparent cross s ection and the 
ve loci ty of the ships . That is if � is the flux of 
solliding ships , ct is the cros s section of both ships and VR is the relative velocity , 

then 

The cross section of the ships is defined as 

+ ·U = A A A n .  + w .  m .  + ! .  nJ. J. J J J 
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wi 
. the width of ship s . l.S l. 

� is the unit vector normal to the width of ship s .  
l. 

" i  is the length of ship s .  l. 

�i 
. the unit vector normal to the length o f  ship · s . l. S  l. 

wj is the width of ship S .  J 
�j is the unit vector normal to the width of ship s .  J 
'·j is the length of ship - S . J 
� . is the unit vector normal to the length of ship S . J J 

It is important that the direction of each normal unit 
vector be chosen to maximize the flux. For example ,  the 
unit vectors associated with the width and length of both 
ships depicted in F ig u r e  G . l - 2 , a r e  i l l u s t r ated i n  F ig u r e  G . l - 3 . 

To completely determine the flux , the proportionality 
factor for Equation ( 4 )  · . must be obtained.  This f actor is 
equal to the probabi lity density function of the s econd 
ship being at any position and angle . The appropriate 
normalization is given by the factor l/2�d2 . Therefore , f/> is given by the expression 

Finally , the probabi lity ,  Pi-j 1 for a collis ion between Si Sj , given that both ships are in d2 , can be obtained by 
integrating over all collision angles : 

Pij =/ � t deR 
all collision 
angles 

where A i s  the wei ght function corresponding to the 
transformation to the moving coordinate sys tem 

A. = v . 2 
J 

v 2 
R 
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A nj 
I Second Ship , sj I I 
I �� 
I �ac.1 

oG 
I �e� 

I 
/ \ 0a 

I / / J .n1 t- - - - - - - - - ­
n1 

First Ship , s1 

F ig u r e  G . l - 3  Unit Normal Vectors 
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Substituting the express ions in Equations 2 ,  3 ,  and 5 for 
the function in Equation 1 ,  the number of co llisions 
experienced per transit of zone d2 by Si is  

1 �l f Ci c: 2 lfYV . L J. j=l 

+ +  la • V a 
v . J 

To evaluate this integral,  it is  convenient to trans form I 
to the variable a where 

-1 vi Og = ct n  ( ctn e + - csc 9 )  vJ 

Th umb f 11 . · t · t of the zone d2 by shi" p  e n er o co isions per ransi 
s .  is determined to be , for v . � v . , 1 J 1 

N- 1 [;� (2 (- �;) - n) Ci = L I; cos-1 vY . l J =  

� 1 .  1 . ] 
11' + 2 _.! + 2 _J_ vi vi vj 

+ 2\Vi 
sin 'cos-

1 (- vi ) +  v1 vj 

(6a) 

where wi ' 1 i  and wj ' lj . are the widt h and l ength of sh i p s  Si 
and Sj ' respect ively . 

By symmetry , the number of cq llisions for vi � vj is 

c1 = !Y �: [� (z cos-1 (- �) - n) -1 ( v · ) sin cos - � + 

( 6b )  
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The model discussed above applies to a roughly square zone . 
A non-square region such as an inland channel can be 
approximated by as sembling an appropriate number of square 
zones whose dimensions equal the width of the channel .  
This process increases the number o f  random collis ions by a 
factor of L/d where L is the length of the channel and d . is 
the width . (Alternatively , the same analytical re sult is 
obtained by considering a single rectangular zone using 
transit times proportional to L ,  and the density of ship s .  
proportional to (Ld) -1) .  J 
Having determined the collision rate for completely random 
ship. movements , the last s tep of this analysis is to 
consider the rate of expected collisions for more orderly 
ship movements . Since either ship , Si or S j , behaves 
randomly during only a very small portion of the trans it 
time in the zone of interest , the probabi lity of a collis ion 
involving Si is greatly reduced from the complete ly random 
probability by a factor equal to the probability that at 
least one of the two ships is operating in a random manner. 
That is , if a is the fraction of time that a ship behaves 
randomly in the zone of interest ,  the probabi lity of a 
collision involving Si is then approximately 

since 2 a  is approximately equal to the fraction of time 
that at le ast one of the two ships obeys the random 
collision probabi lity equations (Equations Ga , 6b ) . The 
parameter , a ,  reflects absence of the factors that normally 
avoid collisions . 

The total number of expected collisions , C(a) can be 
written as 

c<n > = C .  (a ) l. 
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where the factor 1/2 has been included to avoid double 
counting. a is determined from the analysis of specific 
accidents as wil l  be des cribed in Section 3 .  
The probabi lity of being the struck ship in a collision 
can be obtained from equations 6a  and 6b by counting only 
those collisions involving the side (or length ) of ship · 
Si and the end ( or width )  of al l ships S j . This is 
accomplished by setting Wi = �j = o .  · Thus , the final 
probabi lities for ship S i of length { i 1 width Wi , and speed 
Vi , being struck by ships S .  of length i . , width w . ,  and 
speeds V .  are , for V .  > V .  , J J J 

J J - l. 

C (a ) 
i '  st ruck = 

and , for vi � v j '  

(a ) Ci '  st ruck 
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4 .  NORMALI ZATION OF MODEL TO HISTORICAL ACC IDENT DATA 

The analyti c mode l developed in the previous section mus t  
be normali zed to actual ship collis ion statistics , i . e . , 
historical data , in order to be of use in es timating future 
probabi lities . More specifically , a value for the parameter 
a 1 the fraction of time during whi ch ships are as sumed 

to behave ran�omly , is sought for by analyzing re levant 
data . The most statistically signi ficant and re levant 
data base was pr!viously analyzed by SAI for the Federal 
Power Commis sion in order to as sess the risks of LNG 
marine operations . A detailed analysis was made of the 
historical traffic and accidents in the Delaware River 
and New York Harbor. The historical accidents that 
occurred in each of the 9 channel regions were normali zed 
to the ship traffic ,  ship mix , and channel length . The 
Chip Colli sion Hazard Model was then used to allocate 
the accidents over the population o f  ships transiting 
the channel .  The procedure used be low for es timating 
channel collision probabilities is derivab le from the basic 
model by shrinking the square zone to a narrow channe l 
of length D. 

New York Harbor and the Delaware River were subdivided to 
account for changes in traffic densi ty .  Three zones 
were defined for the De laware River and 6 zones were 
defined for New York Harbor. The traffic data was 
compiled from Waterborne Commerce of the Uni ted S tates .1 

Further details of the marine traffic analysis are 
described in Reference 3 .  

The basic source of accident statistics is the U. S .  
Coast Guard ( US CG) incident data bas e .  Each ship involved 
in an accident in U . S .  waterS with damage of $1 , 5 0 0  or 
greater is required by law to complete and submit an 
accident form to the USCG . Some re latively small cases 
close to the lower limit may not be reported . It i s  
cons idered highly unlikely that there is fai lure to 
report any significant collision involving maj or penetration 
cf the hull or loss of li fe ; i . e . , the type that could 
produce tank penetration of a vesse l .  A fi le is maintained 
for each case at USCG Headquarters , Washington , D . C .  In 
addition , a coded record is generated for each ship involved 
in e ach incident for purposes of automated computer 
processing . The USCG prepares a summary stati s ti cal 
report based on these .records annually .  Complete computer 
printouts are avai lab le for the period FY 69 through 
FY 7 4 .  
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The se printouts were initially scre ened to identi fy 
moving collis ions involving two ships of gro s s  tonnage 1 0 0  
tons or greater . The Coast Guard file s  on e ach accident 
thus identi fied we re examined to determine the pre c i s e  
location and the di splacement o f  the ships involve d and 
to verify the nature of the accident . Finally , only those 
accidents invo lving two ships with a di splacement greater 
than 1 , 0 0 0  tons were included in the final count. Th ere 
were a total of 30 accidents identi fied in the 9 channe l 
regions during the 6 year period 19 6 9-19 7 4 which p a s s e d  
a l l  of the se criteria. 

The ship collision model was exerci sed for the 9 channe l 
regions being analyzed , and the re sults expre s sed a s  
the number o f  colli sions expected for enti re ly random 
operation s , Ar · The actual number of histori cal accidents 
is to be repres ented by A for this 6 year period . From 
the data an a for each channe l area was calculated 
according to the formula 

a - A - �- • L 

where Ar i s  proportional to the square of the traffic 
transiting the region , N. The method chosen to combine 
the a' s was to weight each one according to the square of 
the traffic trans iting that length of channe l .  Thi s  i s  
appropri ate s ince the bas ic s c aling o f  accidents ac cording 
to the number of trans its is proportional to N2 ( actually to 
N (N- 1 ) /2 -- s ince each ship interacts with e ach of the N- 1 
other ships and divi sion by two avoids double counting ) .  

. - 4  The wei ghted average o f  a , 1 . 5 4 x 1 0  , i s  based on a data 
base whi ch contains 30 collisions for more than a mil lion 
trans its in the 9 channe ls of ships gre ater than 1 , 0 0 0  
tons over the 6 year peri od ( 196 9-19 7 4 ) . This data base 
is obtained from 6 years of the average annual traffi c , 
whi ch was developed from Reference 1 .  
Having determined a value for a from historic a l  traffic 
and accident experience , i t  i s  pos s ible to e s timate the 
frequency of collisions in a similar harbor in the future . 
The channel length , ve ssel speeds , and pro j e cted traffic 
density and di stribution by draft and ship type are the 
only additional inputs requi red . The total number of 
collisions expected and the probabi lity per tran s i t  that 
a given ship wi ll h ave a col lision can then be calculated . 
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5 .  CARGO TANK RUPTURE PROBAB IL ITY 

Cons iderab le attention has been devoted to the analy s i s  
o f  the complex phenomenon o f  ship collis ions . Many maj or 
studies have been undertaken internationally to inve stigate 
the s tatis tical , analytical , a�d experimental approaches 
to thi s  prob lem . In the United S tate s , statisti cal and 
analyti cal s tudi e s  were performed in the course of des igning 
the nuclear merchan t  ship Savannah . 4 The princip a l  product 
of thes e  e fforts was a s emi-empirical method formul ated by 
Minorsky 5 to corre late the absorbed collision energy to 
the amourit of de fo rmed structural materi al in the ships . 
Other studies were conducted in Japan , I taly , and Wes t  
Germany t o  determine the collision behavior o f  oth e r  
nuclear ships and tankers . While the Minorsky u.e thod has 
been modi fied , and many experimental tes ts have b e e n  
conducted f o r  the purpos es o f  verification o r  augme ntation 
of actual collis ion data , the bas ic Minorsky meth od pro­
vides the mos t  e ffi cient technique for e stimating th e  
penetration of the striking ship into the s truck ship . 
Hence , this re cogni z ed procedure is uti li zed for the 
analysi s of the probability of a cargo tank rupture for 
vessel co lli s ions involving the p lanned S trategic Re serve 
Program tank ships . 

The Minorsky method re late s the structural re sis tan ce to 
deformation of the colliding ships to the total e ffe ctive 
kine tic e nergy of the colli sion . I f  the res i stive pres sure 
of a ship ' s  s tructure is denoted by R (i) , the entire 
Minorsky result can be expressed as 

+ + + + + + + .P 
/ ( /R ( x} dA} • die = /F (�) • die = rµ . dp 

+ 
where c1A i s  a differential area normal to R ,  

+ + +  R F (x} i s  the force along l Rf ' 
+ , p i s  the momentum , and 

= E..2 
2 µ  

µ is the e ffective reduced mas s  o f  the ships . 

In e ffect , the problem s imp ly i s  one of obtaining the 
" re s i stance factors " and the effective or hydrodynamic 
mas s  of the s truck ship f rom an inspe cti on of sbip des ign 
specifi cations and collis ion s tati s tics . Experie n c e  has 
shown that R (i) can be attributed to the volume o f  
s tructural material parralle l to � since thi s  mate rial 
absorbs mos t  of the energy by bending and crushing during 
the colli sion . 
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To calculate the penetration depth into the struck · ship 
only the ve locity com p::>nent , v�, of the striking ship 
normal to the side of the struck ship enters into the 
calculation . Thus , the struck ship is cons idered as having 
no forward motion since data obtained by Minorsky indicate 
that forward motion only contributes to the length of the 
opening and not the depth . The effective collision energy 
of the completely inelastic collision is 

2 
1/2.µ <v .... > = 1/2 

m1m ' 2 

where m1 is the mass o! the striking ship , 

m• 2 is the hydrodynamic mass of the struck ship 

v1 is the veloci ty of the striking ship , and 

e is the orientation of the striking ship relative 
to the struck ship.  

According to Koch , 6 Dieudonn&,7 and Johnson ,8 the e ffective 
hydrodynamic mass of the struck ship is  1 . 4  m2 , so that the 
effective collision energy becomes , where m2 is mass of the 
struck ship , 

1. 4 m1 m2 (v1 sin e) 2 = 
2 m1+ 2 . 8 m2 

m1 m2 (v1 sin 9) 2 
1 . 43. m1 + 2 m2 

For the purpose of analysis , it is assumed that the ships 
maintain their orientation during the colli sion process . 
Therefore� the only relevant components of the nresistance 
factor , "  R {�) , are also normal to the side of the s truck 
ship. The penetration analysis conservatively assumes 
that the point of impact on the struck vessel is at its 
weake�t point , midway between webs , on soft plating , and 
that the strong transvP.rse bulkheads do not as sist in 
resisting the penetration . The final spill probabi lity 
is thus considered to be a conservative overestimate , 
cince the s lightest penetration of the outer hull of the 
struck vessel is ass'llmed to result in a spill . The 
t..�reshhold speed for the striking vessel to cause c argo 
tank rupture is then easily c alculated . 

The distribution of impact speeds in collisions is �ot well documented . The avai lable data seem to support 
the assumption that impact speeds are uni formly distribu­
ted between zero and the maximum speed at which ships 
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transit a given region . The penetration calculations 
were based on uniform impact speed dis tributions of 0 - 1 2  
knots for ships and 0 - 8  knots for barges in order to be 
conservative . 

If Pc
6 is the probability of being struck by a ship· 

in· category c ,  

is the probabi lity of a collision in an area 
where cargo tanks are located ( note : this 
probability is independent of striking ship 
category) , 

Pc 
v is the probability of the normal component of 

the striking ship ' s  ve locity being gre ater than the threshold velocity , 

Nc is the population of ships in category c ,  

N is the number of ship categories being 
considered, 

the normalized probabi lity of a Strategic Petroleum Reserve 
vessel tank rupture can be expres sed to first orde r ,  as 

Prupture 
= 

N t 
c=l 

N c 

The determination of these probabilities is discussed 
below.  

The probability , Pc , that the Strategi c Petroleum Reserve 
ship is struck by a�other ship is equal to the probabi li ty 
that the Strategic Petro leum ship is involved in collision 
multiplied by the probabi lity that the Strategic Pe trolemn 
Reserve ship is the struck ship . Both probabilities are 
obtained by category from the procedures des cribed in 
Section 3 .  
The value used for the probability Pt that a collis ion 
would occur in a region where the cargo tanks are located 
is generally 0 . 8 or above for tank vessels . I n  this cas e , 
it has been taken equal to uni ty, again as suring a 
conservatively high final estimate of the spill probabili ty. 
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The probability P; of the striking ship be ing capable of 
produc ing a spill is equal to the fract ion of ships who se 
velocity component perpendicular to the side of the struck 
ship exceeds the threshold veloc ity. The probab i l ity that 
the str iking ship will exceed the speed is then calculated 
u s ing the appropr iate impact speed d i stribution discus sed . 
above . 
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AP PEND I X  G . 2 

P ETROL EUM TANKER TRAF F I C  AND O I L  POLLUT I ON INC I DENTS 
IN THE GULF OF MEX I CO AND CARI BBEAN SEA 

Th i s  appe nd i x  t abul a t e s  h i s t o r i c al d a t a  conce r n i ng 
t h e  r e l a t i o n s h i p  betwe e n  t a n k e r  t r a f f i c  de n s i t y  and po l l u t i ng 
i n c i d e nt s , i . e . , po l l u t ing sp i l l s/ i nc i d e n t s  pe r t an k e r  
t r i p . 

Data  h a s  been g a the r ed f o r  the ye a r s 1 9 6 9  t h r ough 1 9 7 5 . 
D a t a  f o r  1 9 7 5  i s ,  howeve r ,  the mo s t  compl e t e , the r e f o r e  
t h a t  y e a r  h a s  been s e l e c ted a s  the base l i ne ye a r . 

D u r i ng the s u b j ect  y e a r  the r e  we r e  4 , 3 1 6  t r i p s  i n t o  
2 0  U . S .  G u l f C o a s t  po r t s  ( T abl e G . 2 - 1 ) b y  Fo r e i g n  F l ag t a nk e r s . l 
A b r e akdown o f  t r ips  by a r ea o f  o r i g i n2 appe a r s i n  T able G . 2 -2 . 

Ad d i t i o n a l ly , d u r i ng 1 9 7 5 ,  1 8 2  t r i p s  we r e  made i n t o  
U .  s .  G u l f  C o as t po r t s  ( T ab l e  G . 2 - 1 ) b y  U .  S .  F l ag t an k e r s  
e ng aged i n  f o r e i g n  t r ade . A s  the r e  i s  n o  d a t a  a t  h and as  
t o  the o r i g i n  o f  these voyag e s * a nd no ev i d e nce to the 
c o nt r ary , it  is  a s s umed they t r ave l ed f r om one o f  the 
a f o r eme n t i o ned a r e a s  ( T ab l e  G . 2 - 2 ) , and/o r f r om one of 
t r an s h ipme n t  fa c i l i t ie s  at B o na i r e , A r u b a , C u r ac o a , o r  
t h e  Bahama s .  I n  any c a s e , they con s t i t u t ed a po r t i o n  
o f  t h e  t o t a l  4 , 4 9 8  G u l f-C a r i bbean tank e r  t r i p s  t o  U .  S .  
G u l f  C o a s t  po r t s f o r  de l i v e r y  o f  f o r e ign pe t ro l eum and 
p r odu c t s . 

The 4 , 4 9 8  t r ip s  by f o r e ign f l ag and u. S .  F l ag-Fo r e ig n  
t r ade tank e r s r e s u l t ed i n  t h e  l a nd i ng o f  some 5 4 , 0 7 5 , 9 1 4  
s h o r t  tons o f  o i l  impo r t s . Th e u. S .  A r my C o r p s  o f  

1 E ng i n e e r s '  Annual  ( Repo r t  A E  4 9 5 , 1 9 7 5 ) , p r ep a r ed by t h e  
B u r e a u  o f  C e n s u s  f o r  t h e  u. S .  Army C o rp s  o f  E ng i ne e r s .  

2 M i ne r al I ndu s t ry S u r vey s , B u r eau o f  M i ne s , T a b l e  5 ,  
1 9 7 5 .  

* D a t a  i s  ava i l ab l e  on c u s toms ma n i f e s t s  l o c a t ed i n  the 
a r ch ives o f  the po r t s  o f  e n t r y , but t ime l im i tat i o n s  
p r ec luded s ea r ch o f  these r e c o r d s . 

G . 2 - 1  



T a b l e  G . 2-1  S e l e ct e d * U . S .  Gul f C o a s t  P o r t s  

O r ang e 
H o u s t o n  
F r eepo r t  
C o r p u s  C h r i s t i  
G a l v e s ton 
B r ownsv i l l e 
Po r t  S t .  J o e  
P e n s ac o l a  
P a s c ag o u l a  
L a k e  C h a r l e s  

Beaumont 
Texas C i ty 
Ma tag o r da S h ip Channel  
Po r t  A r thu r 
H a r bo r  I s l a nd 
Tampa 
Panama C i ty 
Mo b i l e  
Gul fpo r t  
New O r l e a n s  

* T h e s e  po r t s  we r e  s e l e c t ed s imply b e c a u s e  they we r e  the  one s 
f o r  wh i c h  t r i p c o u n t s  of fo r e i g n  f l ag and U .  S .  F l ag - F o r e ig n  
t r ad e  t a n k e r s  we r e  l i s t ed i n  t h e  E ng i ne e r ' s  A n nual  ( Repo r t  
A E  4 9 5 ) . A po r t  l i s t ed d o e s  no t nec e s s a r i ly i nd i c a t e  f i nal 
d e s t i na t i o n  o f  c a r g o . For  examp l e : a sh ip c o u n ted a s  a N ew 
O r l e a n s  tr i p  c o u l d  be d e s t i ned f o r  o f f l oad a t  Baton  Roug e . 

T a b l e  G . 2 - 2  

Ar ea o f  O r i g i n  

C e nt r a l Ame r i ca 
S o u th Ame r i c a  
E u r op e  
M i d d l e  E a s t  
As i a  
Af r i ca 

No . o f  T r i p s  
I n to Gul f Po r t s 

G . 2 - 2  

1 1 2  
5 6 1  

6 0  
1 , 3 3 8  

1 7 3  
2 , 0 7 2  



E ng i ne e r s 3 howeve r ,  s tates  a t o t a l  of 6 7 , 1 4 2 , 2 5 6 s ho r t  
tons  o f  pe t r o l eum we r e  impo r ted i n t o  G u l f C o a s t  po r t s  d u r i ng 
1 9 7 5 . Th i s  ind i ca tes that abo u t  2 0  pe r ce n t  o f  th e t o t a l  
impo r t s  w a s  t r a nspo r te d  by o t h e r  th an fo r e ig n  f l ag a n d  U .  S .  
F l ag-Fo r e ig n  t r ad e  tan k e r s .  Th i s  po r t ion o f  the total  
impo r t s  was mo s t  l i k e ly b r o ug h t  i n  to po r t s  by l ig h t e r ing  
ope r at i on s .  L ig h te r i ng w i l l  be add r e s sed i n  mo r e  d e t a i l  
l a t e r  i n  th i s  r e po r t .  

Above , the U .  S .  Army C o r p s  o f  E ng i ne e r s 3 wa s quo t ed 
r eg a r d i ng t o t a l  o i l  imp o r t  tonnage . I n fo rma t i o n  as  to total  
impo r t  tonnag e  w a s  a l so p r ov ided by o t h e r  gove r nment ag enc ies , 
bu t ce r ta i n  d i spa r i t ies  we r e  noted wh i c h  c o u l d  h ave a 
b e a r ing  o n  the numbe r s o f  t a n k e r  t r ips . I n  o r de r  to t r y  to 
d e te r m i ne wh i c h  i n f o rma t ion sou r ce was mo s t  ac c u r a te and/o r 
to unde r s t and the r e a s o ns f o r  the d i f f e r e n c e s  noted , an 
i n ve s t ig a t i o n  o f  pr ima ry /r aw d a ta sou r c e s  was i n i t i a ted . 
T h e  inve s t ig a t i o n  i nd i cated va r i o u s  so u r c e s  and comb i n a t i o n s  
the r e o f  we r e  used . I n  c a s e s  wh e r e  the s ame data s o u r c e  was 
u sed , d i f fe r e n t  e l eme n t s  we r e  used and d i f f e r en t  i n t e r p r e tat i o n s  
made , c o un t i ng me thods and th ings c o u n ted d i f f e r ed , a n d  ther e 
w e r e  d i f f e r e nce s i n  categ o r i z a t i on o f  pr oduc ts , e t c . Upon 
c o n s ide r ing  the c omp a r a t ive ly sma l l  d i f f e r e n c e s  in t o t a l s ,  
t he r e l a t iv e ly sho r t ,  nea r ly d i r e c t  path C o r p s  o f  E ng i nee r s  
d a ta t r av e l e d  f r om r aw so u r ce to pub l i shed r e po r t , c o n s i s t e ncy 
of c a teg o r i z a t i o n  and s tand a r d i z e d  cou n t i ng p r ocedu r e s , i t  
w a s  dec i de d  t o  u s e  C o r p s  o f  E ng i ne e r s  r e po r t s  a s  a pr i nc i pal 
d a ta so u r c e  fo r e s t ab l i s h i ng t r i p  to tal s .  

The C o rps o f  E ng i neer s r epo r ted , i n  1 9 7 5 ,  i n  add i t ion 
to the 4 , 4 9 8  t r ips by fo r e i g n  f l ag and u .  s .  f l ag - f o r e i g n  
t r ad e  tank e r s ,  6 , 4 0 7  t r ips by u .  s .  f l ag tan k e r s  i nto and 
o u t  o f  G u l f C o a s t  po r t s . Th i s  l a t t e r  numbe r of t r ips 
c omp r i s ed the c o a s t-w i s e t r a f f i c , i . e . , t r i p s  be twe en G u l f 
C o a s t  po r t s  ( B r ownsv i l l e  a r o und to T ampa ) ,  and betwe en the 
v a r i o u s  G u l f C o a s t  po r t s  and po r t s  a long the E as t  Coast  of  
the  u. s .  C o a s t-w i s e dome s t i c  ( U . S .  po r t  to u .  S .  po r t )  
t r a f f i c  vo l ume i s  shown i n  T able G . 2 -3 . I t  w i l l  be no ted th at 
s ome o f  the tank e r s  a r e  o bv i ou s ly not pe t r o l e um c a r r i e r s  
a l though th ey a r e  i n c luded i n  the t o t a l  coa s t-w i s e t r i p  
c o un t .  

3 Wate r bo r ne C omme r c e  i n  the U n i ted S t ates , P a r t  2 ,  
1 9 7 5 ,  U . S .  Army C o r p s  o f  E ng i ne e r s  
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The ave r ag e  s i z e o f  spe c i a l i z e d  U .  S .  F l ag tan k e r s  
( non-pe t r o l eum )  ope r a t i ng i n  the Gul f o f  Me x i co and a l ong 
the E a st C o a s t  of the U .  S .  is 1 2 , 7 0 0  dwt . 4 As sumi ng tha t 
t h i s  i s  the s i z e  ta n k e r  us ed i n  c o a s tw i se t r ade fo r the 
t r a nspo r t  of non-pe t r o l e um l i q u id p r od u c t s  ( 4 , 2 4 1 , 2 7 4  tons 
of l i q u id s u l p h u r  and 9 1 9 , 1 0 2  tons  of  al coh o l s , Table G . 2- 3 ) 
wh i c h  total  5 , 1 6 0 , 3 7 6  tons , i t  i s  p r e s umed that  some 4 0 7  
t r ips we r e  ma de by these  sh ips . The t o t a l  c o a s twi se/d ome s t i c  
t r ips  made by pe t r o l eum ca r ry i ng tan k e r s  th en be come s 6 , 0 0 0 . 

I t  has bee n p r e v i ou s ly noted that  about 2 0  per cent o f  
t h e  t o t a l  petr o l e um impo r t s a r r ive at Gul f C o a s t  po r t s by 
l igh te r s .  O n l y  U .  S .  f l ag tank e r s  a r e  u s ed f o r  l ig h te r ing  
and o f  the 24  U .  S .  tan k e r s  c u r r e n t l y  ope r a t i ng i n  the G ul f  
o f  Mex i c o ,  o n l y  f o u r  a r e  i n  e x c e s s  o f  4 0 , 0 0 0  dwt . The 
d r aug h t s  o f  these ve s s e l s  ex ce ed the pub l i sh ed channel  
depths o f  th e G u l f Coast  po r t s 5 and th e r e fo r e , un l e s s  o n ly 
pa r t i a l ly l oaded , they c o u l d  not  be u sed f o r  l ig h t e r i ng 
o p e r a t i on s .  The as sump t i on w i l l  be made that  those  ve s s e l s  
a r e  n o t  u s ed f o r  l ig h t e r i ng .  T h e  r ema i n i ng 2 0  U .  S .  tank e r s 
op e r a t ing i n  the G u l f r a nge i n  s i z e  f r om 1 6 , 7 0 0  dwt to 
3 7 , 9 0 0  dwt ; the ave r a g e  s iz e  be i ng about 2 8 , 0 0 0  dwt . 
P r e s um i ng the 2 8 , 0 0 0  dwt tan k e r  as the s i z e  g e ne r a l ly u s ed 
f o r  l ig h te r i ng , i nd i cat i o n s  are that abo u t  4 6 7  t r ip s  per  
y e a r  wo u l d  be  r equ i r e d  t o  l a nd the 1 3 , 0 6 6 , 3 4 2  t o n s  of  
p e t r o leum tha t i s  not l a nded by fo r e ign o r  U .  S .  f l ag - f o r e ig n  
t r ad e  tank e r s . T h i s  e s t imate o f  the vol ume o f  l i g h te r i ng 
a g r e e s  s a t i s f a c t o r i ly w i th p r ev i ou s ly deve l oped d a ta . 6 

Tank e r  t r i p s , o r  some po r t io n  th e r e o f , that  tr ans i t  
G u l f  of  Me x i co and C a r i bbean S e a wa te r s  a r e  summa r i z ed i n  
T a b l e  G . 2 - 4 . * 

4 U .  S .  Dep a r tme n t  o f  C omme r ce , MARAD Repo r t  E 2 - l l , 
J a n u a r y  1 9 7 7 . 

5 Wa te r bo r n e C omme r ce o f  the Un i t ed S t a t e s , P a r t  2 ,  
1 9 7 5 ,  U .  s .  Army C o r p s  o f  E ng i ne e r s .  

6 DOT , U S CG , Repo r t  No . CG-M- 0 6 - 7 7 , O c t o be r  1 9 7 6  ( by ORI ) . 

*No t  i nc l uded i n  the above a r e  c o a s t-w i se ta n k e r  tr ips  al ong 
the  sh o r e s  of o t h e r  n a t i o n s  wh i ch bo und the G u l f and C a r ibbean , 
n o r  a r e  t a n k e r  t r ips  wh i c h  o r i g i nated i n  othe r pa r t s o f  the 
wo r l d and t r a n s i t  G u l f and C a r i bbean en r ou t e  to and f r om 
o t her  G u l f and C a r i b bean na t i o n s . T h e r e fo r e , the  total  o f  
t r ips  shown i n  T a ble G . 2 - 4  d o e s  not  repr esent  t h e  t r u e t o t a l  o f  
t a nk e r  t r a f f i c  i n  t h e  G u l f o f  Mex i co and C a r ibbean S e a .  
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T able G . 2 - 3  

C ommod i ty 

C r ude 
G a so l i ne 
J e t  F u e l  
Ke r o sene 
D i s t i l l a t e  F u e l  
Res idual  F u e l  
L u b r i c an t s  and G r ease 
L iq u i f ied Gases 
L i qu id S u l phur  
A l coh o l s  (Wi ne s )  
Naptha and P e t r o l e um 

So lve n t s  
B e nz e ne and T o l uene 

Rec e ipts ( to n s ) 

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

4 2 7 , 4 2 1 
9 5 , 9 1 7  

1 , 6 0 5 , 7 2 0  
2 , 5 0 7 , 2 4 7  

3 8 9 , 6 0 4  
8 9 , 3 3 5  

2 , 3 7 0 , 3 0 8  
1 6 0 , 8 0 1  

1 5 7 , 0 7 0  
2 2 8 , 7 5 9  

2 1 , 7 5 3 , 7 4 9  

Total  C o as t-w i s e T o nnag e  9 5 , 8 4 0 , 8 6 7 .  

Sh ipmen t s  ( to n s ) 

9 , 1 9 5 , 3 9 3  
2 3 , 3 3 6 , 7 5 1 

2 , 4 6 9 , 7 7 5  
1 , 1 5 5 , 0 2 2  

2 0 , 6 8 7 , 6 7 4  
1 1 , 8 4 1 , 1 6 9 

1 , 3 5 8 , 7 2 5  
1 3 7 , 9 0 5  

1 , 8 7 0 , 9 6 6  
7 5 8 , 3 0 1  

1 , 0 1 3 , 2 4 8  
2 6 2 , 1 8 9 

7 4 , 0 8 7 , 1 1 8 

T o ta l  C o a s t-w i s e Pe t r o l eum Sh ipme n t s  ( l iqu id s u lphu r and 
a l coh o l s  d e l e te d )  9 0 , 6 8 0 , 4 9 1  tons . 

T able  G . 2 - 4  

F o r e ig n  F l ag T a nk e r s  
U .  s .  F l ag-Fo r e ig n  T r ade T ank e r s  
L ig h t e r  T a nk e r s  
No n-Pe t r o l e um T ank e r s  
U .  S .  Fl ag-Dome s t i c  T r ade T ank e r s  

(Total  T r ip s ,  1 9 7 5 )  

G . 2 - 5  

4 , 3 1 6  
1 8 2  
4 6 7  
4 0 7  

5 , 5 3 3  

1 0 , 9 0 5  



I n f o rma t i on r eg a r d i ng sp i l l/po l l u t i o n  i n c idents  
h as been  t a k e n  f r om two sou r ces : ( l )  " USCG ( G-MMt ) 
Wo r k i ng Pape r s : Table 1 ,  Tan k sh ip Acc i d e nt I nvo lveme n t s , 
O i l  O u t f l ows , Total  Lo s se s ,  1 9 6 9 - 1 9 7 3 ,  Tank s h ip s  ove r 3 , 0 0 0  
DWT , " a nd ( 2 )  " FY 7 0 - 7 5  Ve s s e l  C a s ua l t i e s  G u l f o f  Me x i c o S o r t  
FY/NA/VTYP , USCG , O f f i c e  o f  Me r chant Ma r i ne S a f e ty . " 
F o r tunately , the data s o u r c e s  have a ce r t a i n  amount  o f  t ime 
o ve r lap wh i ch has p r ov ided the oppo r tun i ty fo r a " d o u b l e  
c h e c k " d u r i ng t h a t  pe r i od . 

Th e f o c u s  o f  th i s  inve s t i g a t i o n  i s  on i nc idents  that 
o c cu r r ed in coas tal and open sea wate r s  as  oppo s ed to 
i nc i d e n t s  wh i c h  o c c u r r ed i n  wate r s g ove r ned by " I n l a nd Rul e s  
o f  the Ro ad . " T h e r e fo r e ,  i nc idents  wh i c h  t o o k  p l a c e  i n  
a r eas g ove r ned b y  t h e  I n l and Rul e s  w i l l  n o t  b e  co n s id e r ed . 

I n  1 9 7 5 , o n e  po l l u t i ng i n c i d e nt o c cu r r ed i n  the open 
sea wate r s  o f  the G u l f o f  Mex i c o .  A L i be r i an F l ag ,  steel  
t a nk e r , (data  r eg a rd i ng GWT a nd l e ng th are  m i s s i ng )  o f  
between 2 0  t o  3 0  ye a r s o f  ag e was i nv o l ve d  i n  a col l i s ion  
w i th another  sh ip i n  a c r o s s i ng s i t uat i o n .  Th e pr imary 
cause was a t t r i bu t ed to f a u l t  on the pa r t  o f  the other s h ip . 
T h e  acc i d e nt oc c u r r ed at n i g h t . The r e  i s  no r epo r t  r e g a r d i ng 
s ky c o nd i t io n s , p r e c i p i t at i o n , o r  fog . The v i s i b i l i ty was 
ove r two m i l e s  and the s u r face w i nd was betwe en 11 a nd 1 6  
k no t s . T h e r e  i s  no data r eg a r d i ng mo ne t a r y  d amage to the 
c a r go o f  the tank e r , b u t  med i um po l l u t i o n  was repo r ted . I n  
t he abs e nc e  o f  any add i t i o n a l  d a t a  ( n e i t h e r  the name no r 
o f f i c i al numbe r o f  th e sh ip was obtai ned so f u r th e r  i nve s t i­
g a t i o n  cannot be p u r s ued ) , the a s s umpt i o n  i s  made that the 
amo u n t  o f  pol l u t i o n  amo u n ted to abo u t  3 0 , 0 0 0  g a l l ons . 

As p r ev i o u s l y  noted i n  conne c t i o n  w i th T a b l e  G . 2 - 4 , 
t o t al tank e r  t r a f f i c  i n  the G u l f-C a r i b bean a r e a  wate r s  i s  
n o t  comp r i s ed o f  only tho s e  tank e r s  enter i ng and leav i ng 
U .  S .  G u l f  C o as t po r t s ,  but be c a u s e  of l a c k  o f  adequate d a t a  
r eg a r d i ng t h e  moveme nt o f  tank e r s  i n  and o u t  o f  f o r e i g n  
po r t s  i n  the S o u the r n  C a r i bbe a n , t h e  a s s ump t i o n  h a s  been 
made th at the t r a f f i c  vo l ume is sma l l  e nough that i t  can 
s a f ely be d i s r eg a r d ed for the purposes  o f  th i s  i nve s t i g a t ion . 
T h e  a s s ump t i o n  h a s  al so been made that the tank e r s mov i ng i n  
a nd o u t  o f  u .  S .  G u l f C o ast po r t s  con s t i t ut e s  t h e  total  
t r a f f i c  ( i . e . , f r e i g h t  and p a s s e ng e r  s h i pp i ng t r ips are  not 
i nc l uded ) . 

Th e r e  we r e  1 0 , 4 9 8  pet r o l e um t a n k e r  t r i p s  i n  1 9 7 5  
( T a b l e  G .  2 - 4 ) . 1 .  
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I n  1 9 7 4 , total  tanker  t r ips numbe r ed 1 0 , 7 5 8 . 7 I n  
t h at year  t h e r e  we r e  no i n c idents  i n  the G u l f-Ca r i bbe an 
c o a s t a l  o r  open sea a r e a s . 

I n  1 9 7 3  the r e  w e r e  a total  o f  1 0 , 4 7 1  t a nk e r  t r i p s  
i n to u .  s .  G u l f  C o a s t  po r t s . 8 

I n  M a r c h  o f  that year  a Ge rman tan k e r , the Z o e  C o l o t r on , 
2 5 , 7 1 6  dw t ,  t r av e l i ng i n  c o a s t a l  water s g r o unded . The 
po l l u t i o n  amo unted to s ome 1 , 4 6 1 , 7 0 0 g a l l o n s . 

The 1 9 7 2  count  o f  tanker  t r a f f i c  i n t o  u .  S .  G u l f  C o a s t  
po r t s w a s  8 , 4 7 1 . 9 

I n  F e b r u a r y  o f  1 9 7 2  an Ame r i c an chem i c a l  t a n k e r , 
V .  A .  Fogg , i n  ba l l a s t , was t r ave l i ng i n  c o a s t a l  wa ter when 
i t  expl oded and s ubsequently sank ; a total  l o s s . The s h i p  
was 2 0 , 7 6 5 dw t , between 5 0 0  and 6 0 0  feet i n  l e ng t h , s t e e l  
h u l led , a n d  was be twe en 2 0  and 3 0  ye a r s  o l d . The acc ident 
o c c u r r ed dur i ng the d ay unde r par t ly c l oudy s k i e s , v i s ib i l i ty 
w a s  ove r two m i l e s , and the w i nd v e l o c i ty somewh e r e  be twe en 
f o u r  and ten k n o t s .  I mp r op e r  s a f e ty pr e c au t io n s  ( i n the 
pr e s ence of vapo r s )  was l i s ted as the c a u se of the a c c i d e n t  
wh i c h , be s ides  l o s s  o f  t h e  ve s s e l , r e s u l t ed i n  1 1  f atal i t ie s , 
8 i n j u r i es , and po l l u t i on i n  the amount o f  some 4 7 0 , 0 0 0  
g a l l on s , pr i n c i pa l ly bun k e r  fue l . Th i s  was the on ly i nc ident 
i n  1 9 7 2  in  the wate r s  ( c o a s tal ) of  the Gul f-Ca r i bbean ar e a . 

Th e total t a n k e r  t r i p c ou n t  for  1 9 7 1  was 8 , 7 9 7 . 1 0  

I n  M a r c h  o f  the s u b j e c t  year , a L i ber i an f l ag tank e r , 
Vas s i l i k i ,  6 9 , 1 1 9  dw t ,  bu i l t  i n  1 9 6 5 , was t r ave l i ng , fu l ly 
l o ad ed i n  the open s e a  water s o f  th e G u l f- C a r r ibean ar ea 
when she  s u f f e r ed s t r u c t u r a l  f a i l u r e .  Th e repo r t  i nd i cates  
po l l u t io n  r e su l te d , bu t it  was unde t e r m i ned whether  a sp i l l  
g r ea ter than 5 0 0  long tons ocu r r ed . 

7 Wate r bo r ne C omme r ce o f  the U n i ted S t ates , P a r t  2 ,  1 9 7 4 ,  
u .  s .  Army C o r p s  o f  E ng i ne e r s  

8 Wate r bo r ne Comme r ce of  the Un i ted S t ates , P a r t  2 ,  1 9 7 3 ,  
U .  s .  Army C o r p s  o f  E ng i ne e r s .  

9 wate r bo r ne Comme r ce o f  the U n i t ed S t ates , P a r t  2 ,  1 9 7 2 , 
u .  S .  A r my C o r p s  o f  E ng i ne e r s . 

1 0  Wate r bo r ne Comme r ce of  the U n i t ed S t ates , P a r t  2 ,  1 9 7 1 , 
U . .  S .  A r my C o r p s  o f  E ng i ne e r s .  
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I n  J une the No rweg i an tank e r , S t o l t  Sveve , 1 6 , 3 5 0  dwt , 
bu i l t  i n  1 9 5 1 s u f f e r ed a br eakdown wh i l e  t r avel i ng in  the 
open s e a  wate r s  o f  the Gul f-C a r i bbean a r e a . The r epo r t  
i nd i ca t e s  po l l u t i on r e s u l t ed , but  i t  was unde termi ned 
wh e t h e r  a sp i l l  o f  g r e a t e r  than 5 0 0  l ong tons  o c cu r r e d . 

I n  Augu s t ,  the L i be r i an f l ag tank e r , Ma r S t a r , 
1 7 , 5 0 5  dwt , bu i l t  i n  1 9 5 3 was t r ave l i ng i n  bal l a st i n  the 
open sea wa ter s of the Gul f-C a r i bbean a r e a  wh en she  s u f fe r ed 
a b r e a k d own wh i c h  c a u s ed he avy d amag e .  Th e r epo r t  i nd i cates  
po l l u t io n  r e s u l ted , but  i t  was unde t e r m i ned whether  a sp i l l  
g r e a t e r  than 5 0 0  long tons o c c u r r e d . 

Th e 1 9 7 0  t ank e r  t r i p count  r epo r t  show s  8 , 9 3 2  t r ips 
were made into u .  s .  Gul f C o a s t  po r t s . 1 1  

I n  th e c o u r s e  o f  the y e a r , 1 9 7 0 , th e r e  we r e  no i n c idents  
r epo r te d  as  h av i ng o c c u r r ed i n  the  c o a s t a l  or  open wa t e r s of 
the Gul f of Mex i c o  and C a r i bbe an Sea a r e a s . 

Tank e r  t r i ps i n to u .  s .  G u l f C o a s t  po r t s d u r i ng 1 9 6 9  
t o t al ed 8 , 4 6 3 . 1 2 

I n  July o f  th at ye a r , the u .  s .  f l ag t a nk e r , Tex aco 
N evada , 1 9 , 9 2 4  dwt , bu i l t  i n  1 9 4 4 ,  was t r av e l i ng ,  f u l ly 
loaded , i n  th e open s e a  wate r s  o f  the Gul f-C a r i bbe an a r e a  
wh en s h e  s u f f e r ed s t r uc t u r al f a i l u r e . The r e po r t  i nd i c ates  
po l l u t io n  r e s ul t ed , but  i t  was unde t e r m i ned wh ether  a sp i l l  
o f  g r ea t e r  than 5 0 0  long tons occ u r r e d . 

I n  s umma ry , the r e l a t ions h ip between the total  tank e r  
t r ips  t o  Gul f C o a s t  po r t s  d u r i ng the ye a r s  1 9 6 9  t h r ough 1 9 7 5  
and the total  numb e r  o f  i nc i d e n ts/sp i l l s  i n  the c o a s t a l  and 
open s e a  wate r s  of the Gul f of Mex i c o  and C a r i bbean S e a  
w a s : 

7 i nc i d e n t s  
( 7  y e a r s )  x ( 6 6 , 3 9 0  t r ip s ) = l . 0 5x l o - 4  i nc i d e n t s  pe r t r i p ,  

and the ave r ag e  l o s s  o f  4 0 . 0 6 
g a l l o n s  pe r t r i p 

I n  o r d e r  to comp a r e  the r e s ul t s  o f  th i s  inve s t ig at ion 
to the f i nd i ng s o f  othe r s ,  the total  o f  po l l u t i ng i n c i d e n t s  
p e r  t r i p d u r ing t h e  ye a r s  1 9 6 9  thr ough 1 9 7 5  h ave been 
conver ted to po l l u t i ng i n c i d e n t s  pe r tank e r  y e a r . 
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The a s s ump t i o n  was made that each t a n k e r  t r ip i nvo lved 
3 . 5  days unde rway w i th i n  the con f i n e s  o f  the Gul f-Ca r i bbean 
a r e a  wate r s .  Th i s  pr ovided a f ig u r e  of 6 6 3 t ank e r  year s f o r  
the  pe r i od 1 9 6 9  t h r ough 1 9 7 5 .  D u r i ng th i s  pe r i od , th e r e  
we r e  seven po l l u t i ng i n c id e nts  in  the c o a s t al and open s e a  
w a te r s  o f  the a r e a  o f  i n t e r e s t . Th e r e fo r e : 

7 
6 3 7  

= . 0 1 1  po l l u t i ng i n c id e n t s  p e r  tan k e r  y e a r  
( i nc l ud i ng t r ips i n  bal l a s t )  

T h e  r e po r t , CG-D- 8 1 - 7 4 , " An Analy s i s  o f  O i l  O u t f l ows 
D ue to T a n k e r  A c c idents  1 9 7 1 - 1 9 7 2 , "  p r ep a r ed by J .  J .  H e n r y  
C omp any , I n c .  i nd i c at e s , o n  a wo r ldw ide ba s i s , 0 . 0 2 8 po l l u t i ng 
i n c idents  per  t a n k e r y e a r  d u r i ng the t ime pe r i od ana l y z ed . 

The r epo r t , " T an k s h ip Acc idents  and Resul t i ng Ou t f l ows , 
1 9 6 9 - 1 9 7 3 , "  LCDR J ames C .  C a r d , LCDR Wa r r en D .  S n id e r , U S CG 
O f f  i c e  o f  Me r ch a n t  M a r i ne S a f ety ana l y s es 4 5 2  po l l u t ing 
i n c id e n t s  wh ich oc c u r r ed ( wo r l dw i de ) d u r i ng the  ye a r s  1 9 6 9 
t h r ough 1 9 7 3 . D u r i ng th i s  pe r i od , the  wo r ld t a nk e r s h i p  y e a r  
e xpo s u r e  ave r aged 3 1 , 9 6 4 . I t  the r e f o r e  c a n  be es t ima ted 
that the r e l a t i o n s h ip wa s :  

4 5 2 
3 1 , 9 6 4  

= . 0 1 4  po l l u t ing i nc idents  pe r tan k e r  y e a r . 
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AP PEND I X  H 

SU MMARY OF I NFORMAT I ON ON E X I S T I NG CAVITI E S , 

CAVITY CONVE RS I ON P ROC E DURE S AND DRI LL ING PROCE DURES 

1 .  E x i s t i ng C ave r n s  & Conve r s i o n  

E i g h t  cave r n s  have been c r e at ed a t  the S u l phu r M i nes dome . 
The re a r e  5 cave r n s  wh i c h  Al l i ed l e a s e s  to PPG I nd u s t r y 
f o r  br i ne p r od u c t ion ( a l l  o f  wh ich wou l d  be made ava i l ab l e 
f o r  t he SPR p r og r a m )  . Two othe r cave r n s  developed by 
Al l i ed h ave been conve r ted to ethylene s to r a g e  a nd a r e  
u nde r l e ase t o  Conoco . PPG h as developed a th i r d  e t hy l e ne 
s to r a g e  cave r n .  

T h r e e  o f  the ex i s t i ng b r i n e  cave r n s  (No s 2 ,  4 ,  a nd 5 )  
ava i l ab l e  f o r  t he SPR have coa l e sced a nd a r e  u s ed a s  a 
bac k u p  so u r ce o f  b r i n e . Cave r n s  N o s  6 a nd 7 a r e  new e r  
o n e s  equ ipped w i th tw i n  d i s p l ac eme nt w el l s .  Cave r n s  N o s  
6 a nd 7 ,  howeve r ,  a r e  s e p a r a t ed b y  abo ut 1 2 5 f e e t  o f  sal t 
a nd w o u l d  p r obably c o a l e s c e  a f t e r  one o r  two cyc l e s  o f  
o i l  d i sp l acement . The f o l low i ng i s  a s u mma r y  o f  the 
c u r r e nt cave r n  cond i t io n s  along  w i th p r obab l e  mod i f i c a t i o n s  
and r ed e s i g n . A t ab u l at ion o f  the cave r n  d a t a  i s  shown 
i n  Tab l e  H . l .  

Ga l l e r y  2 - 4 - 5  

The g a l l e ry o f  cave r ns 2 ,  4 ,  and 5 l o c a t ed o n  t he s o u the r n  
f l ank  o f  S u l ph u r  dome cove r s  a n  a r e a  e s t imated t o  be 1 5 . 5  
ac r e s . The t h r e e  we l l s i n  t h i s  g a l l e ry we re comp l e t ed 
i n  1 9 4 6 , 1 9 4 9 , a nd 1 9 5 3 , r e spec t iv e l y , a nd h ave been 
l eached t o  a total vol ume o f  1 2 . 3  m i l l i o n  ba r r e l s .  

A Sona r s u r vey r un on S eptemb e r  8 ,  1 9 7 7  s howed t h e  roo f o f  
cave r n  N o . 2 to be -2 , 4 5 0  feet and t h e  f lo o r  at -3 , 0 9 0  feet . 
The v o l ume al so s how s i n t e r con nec t ion betwe en a l l cave r n s  
at app r o x i ma t e l y  2 , 9 3 0  f e e t  whe r e  a r e f l ec t i o n  o f  a s o u nd 
wave s how s an expa n s i o n  o f  7 6 0 feet  at a d i r e c t ion o f  1 3 5 0 
( so u theas t ) . Th i s  d i s tance r e f l e c t s  the bac k wal l o f  N o . 5 .  

We l l  No . 2 i s  p r e s e nt ly s tand i ng i d l e  w i th 8 - 5 / 8  i nc h  c a s i ng 
s u spe nded a t  - 2 , 5 5 8 f e et , pe r fo r a t ed a t  -2 , 4 5 0  feet . 
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Table II . l Cavern Data - Sulphur Mines 

Dep l::h to Depth to Dept:h to 
Depth Top Of Top Of Top Of Maximum Cavern Produc t Cas ing 

Cavern No . Origin/Present Cne Rock Sal t Cavern D iame ter Height S i z e /Deeth 
ft ft ft ft ft ft ft in ft 2 3 , 502 3 , 114 500 1 , 460 2 , 450 6 2 5 664 10- 3/4 1 , 5 70 

4 3 , 312 3 , 118 819 1 , 620 2 , 782 600 336 10-3/4 1 , 650 

s 3 , 74 5  * 829 1 , 564 * * * 13-3/8 1 , 5 74 

m 6X 3 , 708 3 , 42 3  6 2 0  1 , 4 70 3 , 090 585 333 10-3/4 1 , 836 I "' • 

6Y 3 , 692 3 , 4 23 6 30 1 , 470 3 , 090 585 333 9-5/8 1 , 9 11 

7A 3 , 491 3 , 205 962 1 , 500 2 , 8 7 2  500 333 9-5/8 1 , 82 7  

78 3 , 408 3 , 205 980 1 , 500 2 , 8 7 2  500 333 9-5/8 1 , 884 

• No Sonar Caliper of Cavern No . 5 



A Sona r s u r vey on Augu s t  3 0 , 1 9 7 7  s howed the top o f  
c ave r n  N o . 4 to be a t  - 2 , 7 8 2  feet and the f lo o r  at 
- 3 , 1 1 8 f e e t . Th i s  su r vey a l so s hows the i n t e r con nec t i ng 
h o r i z on betwe e n  the th r e e  cave r n s  to be at + 2 , 9 5 0  f e et . 
Th i s  wel l i s  a l so s tand i n g  i d l e  w i th 8 - 5 / 8  Inch c a s i ng 
s u spended to - 2 , 8 6 3 f e e t . An i n-l i ne pac k e r  at - 1 , 5 0 2  
f e e t  was i n s t a l led t o  cove r a ho l e  wh i c h  d eve l o ped i n  
the 1 0 - 3 / 4  inch c a s i n g  abo ve that po i nt . 

I n  wel l N o . 5 ,  a l e a k  d eve l oped i n  e i the r t h e  c a s i ng o r  
a r o u nd the ca s i ng s hoe , c au s i ng l o s s  o f  a l l b l anket  
mat e r i al a nd a l low i n g  the  cave r n  r oo f  to  be  l e ac h ed f r om 
abo u t  2 , 9 2 0 f e et to - 1 , 9 0 0  feet . F r om - 1 , 9 0 0  f e e t  
bac k up to the c a s i n g  s hoe at 1 , 5 7 4  feet , the h o l e  w a s  
con i c a l  a nd t a p e r e d  f r om 4 2  to 2 0  i nc h e s . I n  a n  attempt 
to s e a l  o f f  the 1 3 - 3 / 8  i nch shoe , a 4 - 1 / 3  i n c h  l i n e r  was 
r u n  f r om - 1 , 0 5 7 to - 1 , 7 0 9  feet and c eme n t ed the f u l l  l e n g th 
o f  th e l i ne r .  Th i s  o pe r a t ion was s u c c e s s f u l  a s  a nat u r a l  
g a s  b la nk e t  was i n t r od u ced i nto t h e  g a l l e ry t h r ough wel l No . 
5 u n t i l  g a s  r e t u r ns we r e  recovered  f r om N o s  2 and 4 .  The 
fact that p r e s s u r e  s t i l l  r ema i n s on we l l  No . 5 a nd i n  the 
a n nu l u s  of  wel l N o . 2 i s  e v i d e nce that the l i ne r j o b was 
s u c ce s s f u l  a nd the g a l l e ry is p r e s s u r e  t i gh t .  

T o  conve r t  th i s  g a l l e ry to o i l  s t o r a g e  wou l d  i nvo l ve the 
f o l low i ng p r oc ed u r e s : 

1 .  Remove g a s  b l an k et f r om g a l l e ry . 

2 .  P r e s s u r e  t e s t  g a l l e r y to 4 0 0 p s i  s u r f a c e  p r e s su r e  
w i th s at u r a t ed s a l t wate r . 

3 .  Remo ve s u spended c as i ng s t r i ng s  f r om wel l No s 2 and 4 
a nd r un Sona r su r veys i n  a l l t h r e e  wel l s . 

4 .  P l u g  a nd abandon wel l Nos  2 ,  4 ,  and 5 by set t i ng 
br i dge p l u g s  i n  t he l i n e r s and ceme nt i ng to the 
s u r face . 

5 .  D r i l l  a nd c ompl e t e  2 0  x 1 3 - 3 / 8  i nc h  c a s i ng r e p l ac eme nt 
holes at l o cat i o n s  d e t e r mi ned f r om Sona r s u r veys . 
Pr e s s u r e  t e s t  each c a s i ng shoe be f o r e  d r i l l i ng i nt o  
t h e  cave r n .  

6 .  Run 1 0 - 3 / 4  i nc h  d i s p l ac eme nt s t r i ng i n  wel l N o . SA 
on l y  a nd i n s ta l l wel l h e ad s  on a l l t h r e e  wel l s . 

7 .  Con ne c t  wel l s  to d i s tr i bu t i o n  sy s tem . 
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C ave r n  No . 6 

C avern  N o . 6 i s  l o cated on the nor thwe s t  f l ank  o f  S u l phu r 
d ome appr ox imately 5 2 0  f e et n o r th and e a s t  o f  c a v e r n  N o . 
7 .  Developme nt o f  the cave r n  was th r ou gh a d u a l  we l l  
s y s tem ( 6 X a nd 6 Y )  spaced appr o x i ma t e l y  4 0  f e e t  apa r t .  A 
S o n a r  s u r vey , r un O c t o be r  1 5 , 1 9 7 5  i n  wel l N o . 6 Y , s howed 
the r o o f  of the cave r n  to be at - 3 , 0 9 0  f e e t  and the f lo o r  
a t  -3 , 4 2 3 f e e t . T h e  c a l c u l ated g r os s  v o l ume was 4 , 3 7 4 , 0 3 7  
b a r r e l s . The eas t-we s t  p r of i l e o f  c a ve r n  N o . 6 i s  
i l l u s t r a ted by F i g u r e  H . l .  The r o o f  d i ame t e r s  a t  the i r  
r e s pe c t ive depths a r e  i l l u s t r a t ed by F i g u r e  H . 2 .  

O i l  s to rage i n  t h i s c a ve r n  wou l d  be s t  be ac h i eved by 
u t i l i z i n g  the ex i s t i ng wel l s  to i n j ec t  and w i thd r a w  o i l  
a nd a new we l l  f o r  wat e r  i n j ec t i on a nd br i ne w i th d r a wa l . 
O n l y  the wel l u s ed f o r  wat e r  wo u l d  r eq u i r e  a d i s p l ac ement 
s t r i ng .  Wi th the d i sp l ac eme nt s t r i ng h ung a t  3 , 3 5 5  f e e t , 
app r ox i mat e l y  4 , 1 2 4 , 0 0 0  b a r r e l s  o f  o i l c a n  be s to r ed . 
The f o l low i n g  wo r k  i s  r ec omme nded to p r epa r e  th i s  cave r n  
f o r  s to r ag e . 

1 .  Remo ve s u spend ed s tr i ng s  f r om both 6 X  a nd 6 Y . 

2 .  P r e s su r e  t e s t  c a s i ng s tr i ng s  i n  bo th wel l s .  

3 .  P r e s su r e  t e s t  c a ve r n .  

4 .  S on a r  s u r vey cave r n  a nd r un cement bond a nd c as i ng 
co r r os i on l o g s  i n  bo t h  wel l s . 

5 .  D r i l l  a nd c omp l et e  2 0  x 1 3 - 3/ 8  i nch  c a s ed r e p l ac eme nt 
wel l .  P r e s s u r e  t e s t  c a s i ng a nd c a s i n g  shoe be f o r e  
dr i l l i ng i n to t h e  cave r n .  

6 .  Run 1 0 - 3/ 4  i n c h  d i s p l ac eme nt s tr i ng i n  new wel l a nd 
i n s tal l wel lheads on a l l t h r e e  wel l s . 

7 .  Connect wel l s  to d i s tr i bu t ion sys tem . 

C ave r n  No . 7 

Cave r n  N o . 7 i s  l o cated on the wes t f l ank  o f  S ul ph u r  
dome . Developme nt was th r ough the u s e  o f  the two-we l l  
sys tem ( 7A and 7B ) spaced 4 0  feet apa r t . We l l  No . 7B 
i s  l o cated due no r th o f  N o . 7A . A Sona r c a l i pe r  r u n  on 
O c t o be r  1 4 , 1 9 7 5  i n  wel l N o . 7A s howed the cave r n  r oo f  
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Figure ii . 1  Cav•?rn No . 6 - Sulphur Mines Dome 
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at 2 , 8 7 2 feet and the f lo o r  at 3 , 0 2 5  f e e t . The 
c a l c u l ated g r os s  vol ume was 5 , 5 7 8 , 8 9 6  b a r e l s . The eas t-
wes t p r of i l e  o f  c a ve r n  N o . 7 is i l l u s t r a ted by F ig u r e  H . 3 .  
The r oo f  d i amet e r s  at the i r  r e spec t ive depths a r e  i l l u s t r a t ed 
by F ig u r e  H . 4 .  

O i l  s t o r a g e  i n  t h is c a ve r n  c o u l d  be s t  be ach i eved i n  the 
s ame mann e r  as  i s  r e c omme nd ed for cave r n  N o . 6 ,  i n j ec t i ng 
o i l  i n t o  the ex i s t i ng wel l s  and wat e r  i nt o  a new o n e . 
W i th the b r i ne d i s p l ac eme nt c a s i ng hung a t  3 , 1 7 0 feet , 
app r o x i ma t e l y  5 , 2 9 9 , 0 0 0 b a r re l s  o f  o i l  c a n  be s to red . The 
f ol low i ng w o r k  is r e c omme nded to p r epa r e  th i s  c a ve r n  f o r 
s to rage . 

1 .  Remo ve s u sp e nd e d  c a s i n g  s tr i ng s  f r om both 7A a nd 7 B . 

2 .  P r e s s u r e  te s t  c eme nted c a s i ng s tr i ng s  i n  bo th wel l s . 

3 .  P r e s s u r e  te s t  c a ve r n .  

4 .  Son a r  the  cave r n  and r un ceme nt bond a nd c a s i n g  
cor r o s i o n  l o g s  i n  bo th wel l s . 

5 .  D r i l l  a nd c omp l e t e  2 0  x 1 3 -3/8 i nc h  c a s ed r e p l aceme nt 
we l l .  P r e s s u r e  te s t  c a s ing a nd c a s i ng s hoe be f o re 
d r i l l i ng i nto t he c ave r n .  

6 .  Run 1 0 - 3/4 inch  d i s p l ac eme nt s t r i ng i n  new we l l  a nd 
i n s tal l wel lheads on al l t h r e e  wel l s . 

7 .  Con nect  we l l s to d i s tr i bu t i on sys te m .  
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F i g u r e  H . 5  C r o s s- s e c t i on o f  c a v e r ns numbe r 2 a nd 5 s ho w i n g  
the i r  r e l a t ive s i z e a n d  p r o x imi ty . Sona r c a l i pe r  
s u r veys w e r e  c ond u c t e d  a t  c ave r n s  2 a nd 5 on 
Septemb e r  8 ,  1 9 7 7  a nd on Septemb e r  2 ,  1 9 7 7 ,  
r e spec t i ve l y . Th i s  i s  the b e s t  r e pr e s e nt a t i o n  
i n  t wo d ime n s i on s .  D o t te d  l i n e s  ind i c a t e  a r e as 
of c oa l e s c e nc e . 
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F i gure H . 6 Cro s s -s e ction o f  cave rns number 4 and 5 showing 
the ir relative s i z e and proximi ty . Sonar c a l iper 
s urveys were conduc te d at caverns 4 and 5 on 
August 3 0 , 1 9 7 7  and Sep tember 2 ,  1 9 7 7 , re spectively . 
Thi s  i s  the be s t  repre sentation in two dimens ions . 
Dotted l ines indicate are as o f  coales cence . 
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2 .  Dri l ling Procedures 

The Sulphur Mines salt dome is reached at an average 
depth of 1 , 4 6 0  ft . Caprock with an average th i ckness 
o f  1 , 10 0  ft covers mos t  of the dome ' s  crest . The 
cei l ings of the s torage cavities range f rom 2 , 4 50 to 
3 , 0 9 0  ft below the surface . The new auxiliary we lls 
would require 1 3-3/8 inch cas ing cemented from the 
surface to the cei l ing , and 10- 3/4 inch displacement 
tubing suspended to the top of the sump space . 

· 

Conventional oil field rigs would be used . The maj ority 
of oil rigs are of the dies el powered rotary type . Some 
are direct coupled and some are dies el-electric . Cas ing 
s i zes to be used for the proj ect would be s omewhat 
larger than . required for " oi l  fie ld" wells of comparable 
depth . Consequently , drill rigs may have " oi l  field " 
depth ratings up to 10 , 0 0 0  ft . The required finishe d  
casing s iz e  for th e  auxil i ary we l ls would b e  13- 3/8 
inches , but because of the larger casings needed to 
cement the borehole at various intervals from the cavity 
to the s urface , the various bore capabilities of the rig 
is critical . 

A certain amount o f  di fficulty in dri ll ing through the 
caprock would be expected . This happens mos t  o ften when 
cavernous zones resulting from natural leaching of the 
anhydrite and gyps um formations cause a los s of the 
dri lling fluid necessary for lubricating the bit and 
transporting spoil to the surface . In mos t cases , 
circul ation could be re-e s tabli shed , but i f  caprock 
conditions at one of the re-entry wells fails in circu­
lation , the we ll could be completed at a greater expense 
without ful l circulation . I t  is estimated that in 2 0 %  
o f  boreholing through caprock some di ffculty with lost 
ci rculation may be experienced .  This prob lem would be 
magnified when attempting boreholes through previously 
mined caprock , because o f  additional voids induced by 
mining . 

Dri l l ing fluid , commonly called � mud ; "  could be of a 
variety of cons titutions , depending on dri l ling condi­
tions . "Highly inhibited muds " may be required in 
diffi cult ·shales·, but non-exotic clays would be used 
when poss ib le .  The cheapes t  and preferab ly leas t toxic 
mud that would do the job would be used , but the actual 
formulation would be determined by experience on the 
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s i te .  It may be possib le , in s ome ins tances , to q�t by 
wi th non-toxi c " native muds " unti l the " top hole " is 
cased off , and then to convert to saturated brine . The 
s alt mus t be dri lled wi th salt saturated. mud or brine to 
prevent hole enlargement by leaching . 

Dis pos al o f  used muds is als o an important cons ide ration . 
Normal procedure would be to trans fer the mud with the 
rig , continually recycling a volume equal to twice the 
borehole s i ze . There would be pits of s aline mud which 
would have to be cleaned up and buried . In the Gulf 
Coas t region , the humidity is too high to economically 
dry the waste . There fore , mud would have to be hauled 
away when drilling operations are completed.  
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APPEND I X  I 

EMI SS I ONS FROM MAR I N E  VE SSEL TRAN S F E RR I NG OF C RUDE O I L  

1 .  I n t r od u c t i o n  

Sh ips  and ba r g e s  w i l l  b e  u s ed to d e l i v e r  c r ud e  o i l  

t o  a nd f r om th e ma r i ne t e r m i na l s  f o r  the S t r a teg i c  P e t r o l e um 

R e s e rve ( S PR)  f ac i l i ty .  Hyd r oc a r bo n  em i s s i o n s  a r e  gene r ated 

at ma r i ne t e r m i n a l s  when vo l a t i l e hyd r oc a r bon l i q u i d s  a r e  
e i t h e r  l oaded o n t o  o r  u n l o aded f r om s h ip s  and ba r ge s . 

The mag n i t ude o f  c r ude o i l  t r a n s f e r  e m i s s i o n s  a r e  

d ependent on many facto r s . I nd u s t r y  te s t i n g  p r og r am s  h ave 
been cond u c t ed r e c e n t l y  to eval u ate the i n t e r r e l a t i on s h ip o f  

these a n d  o t h e r  impo r t ant f acto r s  i n  deve l op i ng up- t o-d ate 

em i s s ion f a c to r s for s h i p s  and ba r ge l o ad ing and ba l l a s t ing 

em i s s i o n s . Mo s t  o f  tho se s t ud i e s  comp l e ted have devel oped 

em i s s ion f ac to r s f o r  g a s o l i n e . C r ude o i l  t r a n s f e r r i ng 

o pe r a t i o n s  a r e  under  s t udy by the We s te r n  O i l  and G a s  

A s soc i at i o n  ( WOGA ) ( r e f . l ) . 

Th i s  append i x  e v a l u a t e s  the e x i s t i ng em i s s i on d a t a  and 

p r op o s e s  an ana l y t i ca l  p r o ce d u r e  f o r  e s t imat i ng the p r obable 
c r ude o i l  e m i s s ion f ac to r s f o r  the SPR f ac i l i ty . * 

Se c t i o n  2 p r e s en t s  the gene r a l  na t u r e  and c h a r a c t e r i s t i c s  

o f  ma r i ne t r an s f e r  em i s s i o n s . Sou r c e s  te s t i ng d a t a  comp i led 

by many i nd u s t r y  so u r c e s  conce r n i ng ma r i ne t r a n s f e r  em i s s i o n s  

a r e  p r e s e n ted i n  S e c t i o n  3 .  D e s c r i p t i on o f  a p r oposed p r o ced u r e  
and a s s ump t i on r equ i r e d  to e s t imate em i s s i on f ac t o r s f o r  c r ude 

o i l  a r e  p r e sented  in S e c t ion 4 .  The f i nal  sect i o n  con c l ud e s  

the em i s s i o n  f ac t o r  anal y s i s  and p r e sen t s  a s umm a r y  o f  em i s s i on 

f ac t o r s p r opo s ed to be u sed for the SPR f ac i l i ty .  

* Th i s  app end i x  d e r i ve s  em i s s ion f ac t o r s f o r  c r ud e  handl i ng 
oper a t i o n s  wh i c h  r e p r e s e n t  a r e d u c t i o n  i n  em i s s ion f a c to r s  
p r e s ented i n  ea r l i e r  F E A  env i r onme ntal  r epor t s . The r e s u l t s  
r epo r t ed h e r e  r ep r e s en t  t h e  be s t  app r o x ima t i o n s  po s s i ble w i th 
c u r r e n t ly ex i s t i ng d at a .  



2 .  Em i s s i o n  S o u r c e s  and C h a r a c t e r i s t i c s  

2 . 1 Load i ng Em i s s io n s  

L o ad i ng em i s s i o n s  a r e  a t t r i bu table to t h e  d i sp l a cement 

t o  the a tmo sphe r e  o f  hyd r oc a r bon vapo r s  r e s i d i ng in  emp ty 

v e s s e l  tank s by v o l a t i le hyd r oca rbon l i q u i d s  be i ng l o aded 

i n to the ve s s e l tank s .  L o ad i ng em i s s i o n s  c an be sep a r a t ed 

i nt o  ( 1 )  the a r r i va l  compo nent and ( 2 )  the gene r ated 

c ompone nt . The a r r ival  compo nent o f  load i n g  em i s s i o n s  

co n s i s t s  o f  hyd r o c a r bo n  vapo r s  l e f t  i n  the empty ve s s e l  t an k �  
f r om p r ev i o u s  c a r go s . The gene r ated c omponent  o f  load i ng 

e m i s s i o n s  con s i s t s  o f  hyd r oc a r bon vapo r s  evap o r a ted i n  the 

ve s s e l  t an k s  as  hyd r o c a r bon l i q u i d s  are be i ng l oaded . 

The a r r i v a l  compo nent o f  load i ng em i s s i o n s  i s  d i r e c t l y  

depe nde n t  on t h e  t r ue vapo r p r e s s u r e  o f  t h e  p r ev i o u s  ca rgo , 

the u n l oad i ng r a t e  o f  the p r e v i o u s  c a r g o , and the c r u i se 

h i s t o r y  o f  the c a r g o  tank  on the r e t u r n  voyage . The c r u i s e 
h i s to r y  o f  a c a r g o  tank  may i nc l ude h e e l  wash ing , bal l a s t i ng 

b u t t e r wo r th i ng , v ap o r  f r e e i ng , o r  no ac t i on a t  a l l . 

The gene r a ted compon e n t  o f  l o ad i ng em i s s i o n s  i s  p r od u ce< 

by the evap o r a t ion of hyd r o c a r bon l iq u id be i ng l o aded i n t o  

t h e  ve s s e l  tank . T h e  quan t i ty o f  hyd r o c a r bo n s  evap o r a ted i s  
depe nde n t  o n  bo t h  the t r ue vapo r p r e s s u r e  o f  the hyd r o c a r bo n :  

and the l o ad i n g  and u n l o ad i ng p r ac t i ce s . T h e  load i ng 

p r a c t i c e  wh i c h  h a s  the g r e a t e s t  impac t on the gene r a ted 

c ompon e n t  is the l o ad ing and u n l o ad i ng r a t e . 

A typ i c a l  p r of i l e o f  g a so l i ne conce n t r a t ion i n  a sh ip 
t an k  d u r i ng l o ad i ng is p re sen ted i n  F ig u r e 1 ( Re f  2 ) . As 

i n d i c a t ed in the f ig u r e , the hyd r oc a rbons p r e s ent th r o ug h o u t  

mo s t  o f  t h e  ve s se l  t a n k  vapo r space a r e  co n t r i buted t o  by 
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the a r r i va l  vapo r compo nent and the conce n t r a t ion i s  a l mo s t  

u n i f o r m . T h e r e  i s  a s h a r p  r i s e i n  hyd r oc a r bon vapo r concen­

t r a t ion j u st above the l i q u i d s u r face . T h i s  is  the g e n e r ated 

c ompone nt . The gene r at ed c ompo ne nt , a l s o  c a l l e d  a " v apor 

bl anket , "  is a t t r i bu ta b l e  to evapo r at ion o f  the hyd r o ca r bo n  

l i q u id . 

F r om F i g u r e  l i t  i s  app a r e nt that f o r  l a rge ve s s e l s  

w i th 5 5  f oot u l l a ge s , * the ave r age hyd r o c a r bo n  concent r a t ion 

of  vapo r s  ven ted d u r i ng load i ng ope r a t i o n s  i s  p r imar i ly 

depe nd e n t  on the a r r i v a l  compone n t .  F o r  sma l l e r  v e s s e l s  

s u ch a s  b a r ge s w i th 1 2  foot u l l ag e s , the ave r age hyd r o c a r bo n  

con ce n t r a t i on i n  t h e  vented l o ad i ng vapo r s  i s  dependent on 

both the gene r at ed compone n t  and the a r r i v a l  c omponent . 

2 . 2 U n l o ad i ng Em i s s i o n s  

U n l o ad i ng em i s s i o n s  a r e  hyd r o c a r bo n  em i s s ions  d i sp l aced 

d u r ing ba l l a s t i ng ope r a t i o n s  at the u n l o ad i ng dock subsequent 

to u n l oad i ng a vo l a t i l e hyd r o c a r bon l i q u id such as  g a so l i ne 

o r  c r ud e  o i l . D u r i ng the u n load i ng o f  a vo l a t i ly hyd r o c a r bon 

l i qu id , a i r  d r awn i n to the emp ty ing tank abso r bs hyd r o c a r bo n s  

e vapor a t i ng f r om the l i q u id su r f ace . T h e  g r e a t e r  p a r t  o f  the 
hyd r o c a r bon vapor s norma l l y  l i e s  a l o ng the l i q u id s u r f  ace i n  

a vapor b l a n k e t . Howeve r , th r o ughou t the u n load i n g  ope r a t i o n , 
hyd r o c a r bon l i q u i d c l i ng i ng to the ve s s e l  wa l l s  w i l l  con t i nue 

t o  e vap o r ate and to con t r i bu t e  to the hyd r oc a r bon conce n t r a t ion 
in  the upper  l e ve l s  o f  the emp ty i ng v e s s e l  tank . 

Be f o r e  s a i l i ng ,  an emp ty ma r i ne v e s s e l  m u s t  t a k e  on bal l a s t  

water  t o  ma i n t a i n  t r im and s t a b i l i ty . N o r ma l l y , on ve s s e l s 

t h at a r e  no t f i t ted w i th seg r eg a t ed bal l a s t  tank s th i s  

* The term " u l l ag e "  r e f e r s  to the d i s t ance betwe e n  the c a r go 
l i q u id l ev e l  and the r im o f  the u l l age c ap . 
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water  i s  pumped i n to the emp ty v e s s e l  tank s .  A s  ba l l a s t  

wate r enters tan k s , i t  d i sp l ac e s  t h e  r e s i d u a l  hyd r oc a r bon 

vapo r s  to the atmo sphe r e  gene r a t i ng the s o  t e rmed " un l oad i ng 

e m i s s i on s . "  

2 . 3 P a r ame t e r s A f f ec t i ng Em i ss i on 

E m i s s i o n  tes t ing r e s u l t s  i nd i c ate that many facto r s af fect  

the magn i t ude o f  c r ud e  o i l  l o ad i ng and  u n l oad i ng em i s s i o n s . 

Due  to the i nte r r e l a t ed natu r e  o f  th e s e  pa r ame t e r s , i t  i s  

d i f f i c u l t  to quant i fy t h e  em i s s ion impac t s . Th i s  s e c t ion 

q ua l i t a t i v e l y  p r e s e n t s  the e f f e c t s  o f  the f o l l ow i ng pa r ame t e r s  

o n  ma r i ne l o ad i ng and unload i ng em i s s ions : 

o l o ad i ng and unload i ng r a t e  
o t r ue vapo r p r e s s u r e  
o c r u i se h i s t o r y  
o p r ev i o u s  c a r go 
o chem i c a l  and phy s i c a l  prope r t i e s  

2 . 3 . l  Lo ad i ng and U n l o ad i ng Rate 

D u r i ng the l o ad i ng ope r a t ion , the i n i t i a l  l o ad i ng 
a nd unlo ading r a t e  has  a s ig n i f icant  e f f e c t  on hyd r o c a r bo n  

emi s s i o n s  due  to t h e  spl ash i ng a n d  t u r bu l ence c a u s ed b y  

h i ghe r i n i t i a l  l oad i ng o r  w i thd r aw i ng r a t e s . Th i s  s p l a s h ing 

and t u r bu l ence r e s u l t s  i n  r ap id hyd r o c a r bon evapo r a t ion and 

the f o rmat ion o f  a vapo r b l a n k e t . By r e d u c i ng the i n i t i a l  

ve l o c i ty o f  ent e r i ng o r  w i thd r aw i ng r a t e s , i t  i s  po s s i b l e  t o  

r ed uc e  t h e  t u r bu l ence and con s eq uent l y , t o  r ed u ce t h e  s i z e  

a nd concen t r a t ion o f  the vapo r b l a n ke t . S low f i n a l  load i ng 

r a t e  c a n  a l so l ower  the quant i ty o f  em i s s i on s . T h i s  i s  

b e ca u se when the hyd r o c a r bon level  i n  a mar i ne ve s s e l  tank  

app r oaches the  tank r oo f , the  act ion o f  vapo r s  f lo w i ng 

t owa r d s  the u l l age c ap vent beg i n s  to d i s r upt the q u i escent  

vapo r b l a nk e t . D i s r upt ion o f  the  vapo r blanket  r e s u l t s  i n  

n o t i ce ably h i g h e r  hyd r o c a r bo n  conce n t r a t ions  i n  t h e  vented 

vapo r ( Re f  3 ) . 
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2 . 3 . 2 T r u e  V apo r P r e s s u r e  

The t r u e  v ap o r  p r e s s u r e  ( TVP ) o f  a hyd r oc a r b o n  l i q u id 

h a s  a m a r k ed i mp a c t  o n  the hyd r o c a r bo n  c o n t e n t  o f  i t s  

l o a d i ng a n d  u n l o ad i ng em i s s i on s . TVP i s  a n  i nd i c a to r  o f  a 

l iq u i d ' s  vo l at i l i ty and i s  a f u n c t i on o f  the  l i q u id ' s  Re i d  

Vapo r P r e s s u r e  ( RVP ) and temp e r a tu r e . C o mp o un d s  w i th h ig h  

TVP exh i b i t  h i g h  evapo r a t io n  r a t e s  a n d  c o n s eq u en t l y , c o n t a i n  

h ig h  hyd r o c a r bo n  c on c e n t r at i o n s  i n  t h e i r lo a d i ng a n d  b a l l a s t i ng 

v apo r s .  The mon o g r aphs p r e s en t ed i n  F igure s  2 ,  and 3 c o r r e l a te 

t h e  TVP f o r  c r ud e  o i l  and g a so l i ne . T h e  RVP . o f  g as o l i ne 

l o aded i n  the H o u s to n-Galve s to n  a r e a  r ange f r om 9 . 5  to 1 3 . 6  

p s i a i n  the w i n t e r  s e a s o n , wh i le the RV� o f  c r ude o i l s  

u nl o ad e d  n o r m a l l y  r ange f r om 2 to 7 p s i a . F o r  the  p u r p o s e  

o f  a s s e s s i ng a S P R  f ac i l i ty , t h e  c r ude o i l  i s  a s s umed t o  

h av e  a m a x i m um RVP o f  5 p s i a  a n d  a n  ave r ag e  RVP o f  4 p s i a  a t  

a t empe r at u r e  o f  7 0 0 F .  

2 . 3 . 3  C r u i s e  H i s t o r y  

T h e  c r u i s e  h i s to r y  o f  a ma r i ne v e s s e l  i nc l ud e s  a l l  o f  

the  a c t iv i t i e s  wh i ch a c a r go t an k  e xp e r i e n c e s  d u r i ng the 

voyage p r i o r  to a l o ad i ng or  u n l o ad i ng o p e r a t i o n . E xamp l e s  

o f  s ig n i f i c a n t  c r u i s e h i s to r y  ac t i v i t i e s  a r e  b a l l a s t i ng , 

hee l w a s h ing , b u tt e r wo r th i ng , and g a s  f re e i ng . C r u i s e  

h i s t o r y  imp ac t s  m a r i n e  t r an s f e r  em i s s i o n s  b y  d i r e ct l y  

a f f ec t i ng t h e  a r r i v a l  v apo r componen t . B a r g e s  n o r m a l l y  

d o  n o t  h av e  s ig n i f i c a n t  c r u i s e  h i s t o r i e s  bec a u s e  they r a r e l y  

t a k e  o n  b a l l a s t  and d o  n o t  u su al l y  have t h e  m anpow e r  to 

c l e a n  c a r g o  t a n k s .  

B al l a s t ing i s  the a c t  o f  p a r t i al ly f i l l i ng emp ty c a r g o  

t an k s w i th w a t e r  to m a i n t a i n  a s h ip ' s s t ab i l i ty a n d  t r im .  

Recent  t e s t i ng r e s u l t s  i nd i ca t e  t h a t  p r i o r  t o  b a l l a s t i ng , 
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empty c a r go t an k s n o r m a l l y  c o n t a i n  a n  a l mo s t  h omo g e ne o u s  

c o n c e n t r a t io n  o f  r e s i d u al h yd r oc a r bo n  vapo r s . Wh e n  ba l l a s t  

w a te r i s  t a k e n  i nt o  t h e  emp ty t a n k , hyd r oc a r bo n  vapo r s  a r e  

ve n te d , b u t  t h e  r ema i n i ng vapo r s  n o t  d i s p l a c e d  r e t a i n  

th e i r  o r i g i na l  h yd r o c a r bo n  c o n c en t ra t io n . Upon a r r i v a l  a t  a 

l oa d i ng d o c k , a s h ip d i s c h a r g e s  i t s  bal l a s t  wate r a nd d r aw s  

f re sh a i r  i nt o  t h e  tank . T h e  f r e s h  a i r d i l u t e s  the a r r i v a l  

v ap o r  c o n c e n t r a t i on a nd l owe r s  t h e  e f f e c t ive a r r i v a l  v apo r 

c o n c e n t r a t i on by a n  amo un t  p ropo r t i o n a l  to the  v o l ume o f  

ba l l a s t  u sed . Al though bal l a s t ing p r a c t i ce s  v a r y  f r om ve s s e l  
. . 

t o  v e s s e l , th e a v e r age ve s s el i s  bal l a s te d  app r o x im a t e ly 4 0 % . 

The h e e l  o f  a t a n k  i s  the r e s i d u a l- p ud d l e s  o f  hyd r o c a r bo n  

l iq u i d s  r em a i n i ng i n  t an k s  a f t e r  emp ty i ng . T h e s e  r e s i d u a l  

l iq u id s  w i l l  even t u a l l y  evapo r at e  a n d  c o n t r i bu te t o  the 

a r r ival  c ompo ne n t  o f  s u b s eq uent ve s s el - f i l l i ng vapo r s .  By 

w a sh i ng o u t  th i s  heel w i th w a te r , AMOCO O i l  C ompany f o u nd 

t h a t  t h ey we r e  abl e to r e d u c e  the h yd r oc a r bo n  em i s s i o n s  f r om 

s ub s eq u e n t  f i l l i ng ope r a t i o n s  f rom 5 . 7  v o l ume p e r c e n t  to 2 . 7  

vo l ume p e r ce n t  hyd r o c a r bo n s  ( Re f  3 ) . B u t t e r wo r th i ng i s  the 

w a s h i ng d own o f  t a n k  wal l s  in add i t io n  to w a s h i ng o u t  t an k  

h ee l s . B u t te rwo r th in g  a l so r ed uce s l o a d i ng emi s s i o n s  by 

r e d u c i ng t h e  a r r i va l  c ompon e n t  c o n c e n t r a t io n . The hyd r o c a r bo n  

l iq u i d s  w a s h ed f rom the t an k s a r e  s t o r e d  i n  a s l o p s  t a n k  f o r 

d i spo s a l  o n s h o r e  ( r e f  3 ) . 

I n  add i t io n  t o  h e e l  was h ing a nd b u t t e r wo r t h i ng , ma r i ne 

v es s e l s c a n  p u r ge the h yd r oc a r bo n  vapo r s  f r om empty a nd 

b a l l a s t ed t a n k s  d u r i ng the voyage by seve r a l  g a s  f re e i ng 

t e c h n i q u e s  wh i ch i n c l ud e  a i r  blow i ng and r emoval o f  u l l ag e  

d o me c o ve r s . A c omb i na t io n  o f  t a n k  w a s h ing a nd g a s  f r e e i ng 

w i l l  e ff e c t i v e l y  r emove the a r r i v a l  c ompon e n t  o f  l o a d i ng 

em i s s ions  ( Re f3 ) . 

I -9 



2 . 3 . 4 P r ev i o u s  C a r g o  

T h e  p r ev i o u s  c a r g o  c o nveyed by a t a n k e r  a l s o  h a s  a d i re c t  

i mp ac t o n  t h e  a r r i v a l  compon e n t  o f  l o ad i ng emi s s ion s . C a r g o  

s h ip s wh i c h  c a r r ied n o n vo l a t i l e  l i q u i d s  o n  the  p rev i o u s  voyage 

n o rma l l y  r e t u r n  w i th low a r r i v a l  vapor c o n c e n t r a t i on .  E XXON 

O i l  C o mp any te s ts c o nd u c t ed i n  Baytow n , T e x a s  ind i c a ted t h a t  

t h e  a r r i v a l  c ompone n t  o f  emp ty u n c l e a ne d  c a r g o  t an k s  w h i c h  
h a d  p r ev i o u s l y  conveyed f u e l  o i l  r a nged f r om 0 v o l ume pe r c e n t  

to 1 v o l ume pe r ce n t  h yd r oc a r bo n s . C a r g o  t an k s  w i th t h e  s ame 

c r u i s e  h i s to r y  wh i c h  had p rev i o u s ly c o nveyed · g a s o l i n e , e x h i b i ted 

h yd r o c a r bo n  con c e n t r a t i o n s  i n  the a r r i v a l  vapo r s  wh i c h  r a nged 

f rom 4 pe r ce n t  ( by vo l ume bas i s )  to  3 0  �e r ce n t  and ave r ag e d  

7 pe r ce n t  ( Re f  3 ) . 

2 . 3 . 5  C h em i c al a nd Phys i c a l  P r ope r t i e s  

T h e  chem i c a l  compo s i t io n s  and mo l e c u l a r  we i g h t  o f  

c r ude o i l  vapo r s  w i l l  v a r y  ove r a w ide r ange . T h e  typ i c a l  

v apo r c on s i s ts p redom i na n t l y  o f  C 4 a nd C 5 c ompo u nd s . 

T he mo l e c u l a r  we i g h t  r ange s f r om 4 5  t o  1 0 0  p o u nd p e r p o u nd 

mo l e  w i th a n  ave r ag e  o f  app r o x ima t e l y  7 0 . 

3 .  I nd u s t r y  Em i s s io n  T e s t i ng Re s u l t s  

The pe t r o le um i nd u s t r y  h a s  been i nvo l ve d  i n  te s t  p r og r am s  

t o  q u a n t i f y  t h e  hyd r oc a r bo n  emi s s i o n s  f r om g a s o l i ne and 

c r ud e  o i l  t r an s f e r  ope r a t i o n s  at ma r i ne t e r m i n a l s .  T a b l e  1 

s umma r i z es the t e s t p r og r am s  wh i c h  h av e  been c o n d u c ted by 

the pe t r o l e um i nd u s t r y . The i n d u s t r y  p r og r am s  h ave i n c l ud e d  

mo t o r  g a s o l i ne , av i a t i o n  g a s o l i ne , a n d  c r ud e  o i l  l o ad i ng 

o n to t a n k e r s , b a r ge s , a nd o c e a n  ba r ge s . We l l  o v e r  2 0 0  ve s s e l  

t an k s  we r e  s ampl ed i n  t h e s e  p r o g r ams . T h e  pe t r o l e um i nd u s t ry 

t e s t s  we r e  p r im a r i ly c o n d u c ted b e twee n 1 9 7 4  and 19 7 5  i n  the 

H o u s to n-G a lv e s ton a r e a . T e s t s  h ave a l so be e n  c o nd u c t ed o n  

t h e  C a l i fo r n i a  C o a s t  and i n  t h e  G r e a t  L a k e s  a r e a  ( Re f  3 ) . 
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Summa ry of Petro leum Indu s try Te sting Programs on Marine Loading Emi s s io n s  

' 

E£!!!1'.!!.1!.t Types of HarJnc Te o t ing 

llUGA 

EXXON 

tonker loading ond 
ba llas t ing emins ions 
for crude oil ond 
natural gasoline 

prin� rily gas ol ine 
lond ing, but also 
avc rageu ond ctude 
looding 

Ame r ican 1 .. otor gasoline 
Petroleum load in g  
Ins t it u t e  

Arco motor gasoline 
londing of 
t a nk e r s  

AMOCO p r ima r i ly motor 
gaso l i ne loading 
crude barge unloading 

Shell gooolino loading on 
tonk or 

ll r i t i s h  c r ude o i l  loa ding on 
P e t roleum tanker 

Loc n t ion 

Ventura County 
Un ion O i l  

Terminal 
Getty OU 

Terminal 
Ca l if ornio 

Exxon Terminal 
Doytovn TcX3B 
Kora Is land , 

I ro n  

predominantly 
in llou e ton­
Colvee ton area 

Houston 
Ref inery 

llh iting, Ill 

Texas C i t y ,  
Texas 

D o e r · Patk, 
Texas 

tllddlc lou t  

� 
llay 1 9 76 
( t ea t s  ore 
oncoing) 

winter 
1 9 74-
1 9 75 

eummor 
1 9 7 5  

19 74-
1 9 76 

Ex tent of Teot ins 

6 teats to d a t e  

100 ahip test• 
JO barge test • 

Nov , 1 9 7 4 ,  11 tes t• 
Feb. ond 
April 1 9 75 

2 / 26 / 74- 40-SO tea t• 
1 / 2 2 / 1 5  
5/29/ 7 4- 9 tea t• 
8/5/75 

Oc t ,  1974 5-10 tes to 

1973 Unknowa 

Em i s s ion Fac tors 

preliminary dota inJicateo th ot e1n l n s ions f rom 
loading a nonvole t i le crude into ballas ted 
tonks which previouely car r i ed D>ore vola t i le 
crude ond not goaoline o re 0 . 9  to 1 . 0  
lb / 1000 gallons 

Gasoline Loading 

tanker - gas f ree 
tanker - ballasted 
tanker - uncleaned 
overage Exxon tanke r 
ocean borge -gas f ree 
ocean barge -ba l las ted 
ocean barge •uncleaned 
avg. EXXOY ocean barge 
barge 

3. 24 vol X 
6 . 9 6  vol X 

1 0 . 26 vol X 
6 . 4 1  v o 1 · x ( l . 4 7 lb/mgo l )  
5 . 69 vo l  X 
9 . 08 vo l X 

1 4 . 40 vol % 
1 1 . 7 1 vol % ( 2 . 66 lb/mgn l )  
1 8 . 35 vol % (4 . 1 4 lb/mga l )  

Aviation Gasoline Loading 

tanker - goa free 1 . 63 vol X 
tanker - unclean (av. gos prev . )  6. 65 vol X 
tanker - unclean (no goo pre v . ) 1 0 . 64 vol l 
average EXXON tanke r 5 . 35 vol % (1 . 4 7  lb /mga l )  
overnge mi l i tary tanker 4 . 1 3  v o l  X ( 1 . 1 3 lb/mg3 l )  ba rge 1 8 . 35 vol % ( 4 . 25 lb/ms• l )  

Weighted Average Dock 1 . 8  lb/mgol 

Aleo have a TVP dependen t co rrelat ion (see text ) 

cleon tankers 
c lean barges 
uncleaned t3nkers 
uncleaned barges 

1 . 3  lb/mgo l 
1 . 2  l b /mgol 
2 . 5  lb/mg3l 
3 . 8  lb/mgol 

Gasoline Loading on Tanker 

f a s t  loa d ,  low TVP ,  c loon 2 , 1 vol l ( 0 , /1 lb/mgnl) 
f as t  loa d ,  med TVP, clean 2 , 6  vol X ( 0 . 5  lb/mgo l )  
s low load,, high TVP ,  clean 4 . 2  vol X ( 0 , 9  lb /mga l )  
a low load·, high TVP, part clean 

port lceon 6 , 9  vol l ( 1 . 5  lb /D>gn l )  
ovg. AIICO tanker 3 . 9  vo l X ( 0 , 8 4  lb /mg;i l )  

none developed 

none developed 
AMOCO did a t a t e  that average emhs iona for 
AflOCO a h lp less than 1 0 .  2 vo l  % 

none developed 

nonu developed 



4 .  P r opo sed Em i s s io n  F a c t o r  C a l c u l a t i ng P r o c ed u r e s  

T h e  emi s s i o n  f ac t o r  c a l c u l a t i on p r oc e d u r e , sugge s ted 

i n  AP I p u b l i c a t i o n  2 5 1 4 A  fo r l o a d ing ope r a t i o n s  a r e  u se d . I n  

t h i s  m e thod , the t o t a l  ma s s  emi s s ic n  f ac to r  ( l b /1 0 0 0  g a l ) i s  

d e r i ve d  f r om the ave r a g e  H C  v o l ume c o n c en t r a t io n . The 

h yd r oc a r bo n  vo l um e  c o n c en t r a t ion is  the n  c o n v e r t ed i nt o  a 

t o t a l  h yd r oc a r bo n  m a s s by m u l t i p l y i ng a n  ave r a g e  vapo r 

mo l e c u l a r  w e i g h t  a nd a c o r r ec t io n  f ac to r a c c o u n t ing f o r  

v apo r g e n e r a t i on f a c to r . T h e s e  a r e : 

a nd 

F = 

H · = f ( I�� ) 

- x ) v 

wher e :  

H f = h yd r o c a r bo n  e m i s s ion f a c to r s ,  l b /1 0 0 0  g a l  

Xv = vo l u me t r i c  ave r ag e  o f  H C  c o n c e n t r a t io n  o f  

v e n ted vapo r , p e r c e n t  

K = co n s tant , 1 1 3 . 7  f t3;1 , o o o  g a l  

Wm = mo l e c u l a r  w e i g h t  o f  H C  vapo r , l b/l b-mo l e  

- 1  

Vk = mo l ec u l a r  v o l ume o f  p e r f e c t  g a s , 3 7 9 . 4 4 f t3/ l b  

F = vapo r gene r a t ion f ac to r , S e e  Equ a t i on ( 3 )  

XT = v o l umet r i c  a ve r ag e  H C  concen t r a t i on o f  

a r r i va l  vapo r , pe r c e n t  

X r = vo l ume t r i c  ave r age  H C  c o n c e n t r a t io n  o f  
r em a i n i ng vapo r , p e r ce n t  

U i = t o t a l  tank  d e p th , f t  

U f = f inal u l l ag e , f t  

r- 1 2· 

( 1 )  

( 2 )  



Accord ing to AP I calculat ion , a max imum volume increase 
( vapor gene rat ion factor F )  of 6 percent for both ships  
and barge was dete rmined . Thus , i f  we  comb i ne the  constants 
K and VK with a conse rvat ive value of  F equ ivalent to 
6 percent , equat ion ( 1 )  can be s impl i f ied to : 

H f = 0 . 3 7 3 5  • ( Xv ) . (Wm ) ( 3 )  

The total vo lume o f  H C  concentrat ion vented a t  load ing 
cond i t ions ( Xv ) is  equal to the sum of  ar r i val H C  c-oncent rat ion 
( Xa ) and the gene rat ion H C  vapor concent rat ion (Xg ) .  Thus 

Xv = Xa + Xg ( 4 )  

Based on the above relat ion , EXXON has further  de r i ved the 
fo llowing load ing emiss ion cor relat ion : 

( 5 )  

where :  

E = total vol ume of H C  emitted at the load ing cond i t ion , CF 
a r r ival H C  concent rat ion , percent c = 

v p 
A 

= 

= 

= 

H C  l iquid loaded , ft3 

t rue  vapor pressure  of  the H C  l iquid , p s ia  
sur face a rea  of  the H C  l iquid , ft2 

G 
u 

= 

= 

H C  gene rat ion coe f f i c i ent val ue of  0 . 3 6 ft3/ft2 - ps ia )  
f inal t rue ullage co r rect ion in  ft3/ ( f t2 - ps ia )  f rom 
F igure  4 

Assuming V = A ( U i - Uf ) ,  Equation ( 5 )  becomes 

X - r C l f p • 
(G - U )-1 v -

lOOJ + ( u i u f) J 
( 6 )  

I - 1 3  
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The E XXON cor relat ion of  equat ion ( 6 )  i s  based p r i nc ipally 
upon gasol ine load ing data ( Ref 3 ) . For the load i ng of  cr ude 
o i l ,  SAI has proposed to ad j ust the f i r s t  and second terms 
by mult iply ing correct ion factor s 1 and 2 1 respect ively . 
Thu s ,  for crude o i l  ship load ing operat ion : 

Xv = 1 C 
1 0 0  

+ 2P • ( G  - U ) 
( U i - Uf 

( 7 )  

I n  the above cor re lat ion , 1 is pr inc ipally . af fected by the 
character ist ics  of the prev ious cargo , whereas the value of 2 
i s  independent to the cond i t ions of previous ca rgo . For  
barge load ing operat ion , it  is  fur ther  -assumed that no 
co r rect ion factor 2 for vapor gene rat ion terms i s  necessary . 
This  is  becau se barge load ing s  are usually operated in sho r t  
durat ion and the maj or ity of hydrocarbon vapor generated 
dur ing th is  per iod would be those vo lat ile hydrocarbons with 
very l ight molecular  we ights . 

Thus , the bas ic d i f ference between vapor character istics  
for gaso l i ne and c r ude o i l would be  sl ight for  a short  barge 
load ing durat ion . 

For  the purpose of SPR fac i l i ty analys i s , it i s  further 
assumed that no co r r ect ion factor on C i s  necessary when previous 
ca rgo is  a volat ile  hydrocarbon sch as gasol ine . Thu s ,  

o 1 = 1 ,  when previous cargo i s  gasol ine 
o 1 = 2 1 when previous cargo i s  cr ude o i l . 

The co r rect ion factor 2 can be interpreted as the ratios 
of evaporat ion mass transfer  coeff ic ients between crude oil  and 

I- 1 5 



gasol i ne .  Mackay and Matsuger ( Ref 6 )  have co r related the 
mass transfer coe ff ic ient ( K )  based on wind tunnel stud ies of 
evaporative hydrocarbon l iquids . They found that the mass 
transfer coe f f i cient is  inve rsely propo rt iona l to the vapor 
phase Schmidt number ( Sc ) as follows : 

K = f ( U . A ) 

where  U is  wind speed , and A i s  the o i l  surface area . 

The a2 thus can be dete rmined by 

2 = Kc = Sc-0 . 6 7 c r ude o i l  

Kg Sc-0 . 6 7 gasol ine 

I-16  



S i nce the Schmidt number (S  ) i s  d e f i ned by the mas s  
c 

t r anspo r t  prope r t i es µ./p DAB ( Re f  7 ) 

a 2 
c a n  th en be calcul ated by th e f o l low i ng equ a t i ons : 

a nd 

-0 6 7  
c r ude o i l (µ./p DAB) • 

a 2 
= 

( µ./p DAB ) 
- 0 . 6 7 

gaso l i ne 

D
AB 

= 0 . 0 0 1 8 58 3  
JT

3 (!A + M� ) 
P <TAB2 n D, AB 

P. = 2 . 6 6 9 3x l 0  
- s  /MT 

� µAB 

µ. = vi s co s i ty of vapo r 

P = dens i ty o f  vapo r 

D
AB 

= b i na ry d i f f u s ivi ty fo r sys t em A ( ai r )  and 
B ( hyd r o c a rbon )  

MA , M8 = mo lecul a r  weight  o f  A , B ,  respec t i ve ly 

p = f l u i d  p r e s s u r e ,  atmo sphere 

<TAB = co l l i s i on d i ame ter , A 

AB = co l l i s i on i ntegr al for mass d i ffus i v i ty fl D 1 

flµ.,AB = co l l i s i o n  i ntegr al f o r  vi scos i ty 

( 8 )  

( 9 )  

( 1 0 ) 

Th e per t i ne nt i ntermo l ecular  p rope r t i es and func t ions f o r  

p red i c t i o n  o f  tr anspo r t  p r ope r t i es o f  hyd r oca r bon g a s e s  a t  

low dens i t i e s  a r e  p r e se nted i n  Table 2 and T a b l e  3 ,  r espec t ively . 
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Tab l e  2 .  I ntermo l ecular Parameter s o f  Hydroc arbons 

Lenn:ird-J ones 
Molecular Parameters• 

Substance W.:ight 
M a «/K (A) e K) 

·o:r. 16.04 3.822 137. 
C.H1 26.04 4.221 ISS. 
C.H. 28.05 4.232 20S. 

CiH. 30.07 4.418 230. � 42.08 

C,H, 44.09 .5.061 2.S4 • 

n-C,H1e 58.12 

i-C,Hie S8.12 S.341 313. 

n-C,H,, 72.15 S.169 34.5. 
n-C.Hst 86.17 .5.909 413 • 

n-CrH11 100.20 

n-C,H11 1 14.22 7.4.51 320. 

n-C.H •• 128.2.S Cyclohe:ilam 84.16 6.093 324. 

C,H. 73. 1 1  S.210 440. 
Othef' o�fJ/f#: 

compolUllb: 
3.822 137. CH. 16.04 

CHiC S0.49 3.37S SSS. 
CH�Cl1 84.94 4.759 406. 

CHCl2 1 19.39 5.430 327. 

CCI, 153.84 5.881 327. 
CsN, 52.04 4.38 339. 

cos 60.08 4.13 33.S. CSs 76.14 4.438 483. 

S o u rce : ( Hef 7 )  
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Tabl e  3 .  Functions for Predi c t ion o f  Tran s port Properties 

of Ga s se s  a t  Low Den s ities 
a 

n,. ... n.t n"' = n.1c KT/< (For viscosity n9..All KT/« (For viscosity 09,.J.B 
or and thermal (For mass or and thermal (For mass 

K.Tf<.J.B cdnductivity) diffusivity) K.Tf<�B conductivity) diffusivity) 

2..50 1 .093 0.9996 

0.30 2.185 2.662 2.60 1 .031 0.9878 

0.35 2.628 2.476 2.70 1 .069 0.9770 

0.40 2.492 2.31 8  2.80 1.058 0.9672 

0.45 2.368 2.184 2.90 1 .048 0.9576 

0.50 2.257 2.066 3.00 1 .039 0.9490 

0.55 2.1 56 1 .966 3.10 1 .030 0.9406 

0.60 2.065 1 .877 3.20 1.022 0.9328 

0.65 1 .982 I.798 3.30 1.014· 0.9256 

0.70 1.908 1 .729 3.40 1 .001 0.9 1 8 6  

0.75 1.841 1 .667 3 . .50 0.9999 0.9120 

0.80 1 .780 1 .612 3.60 0.9932 0.9058 

0.85 1 .72.S 1..562 3.70 0.9870 0.8998 

0.90 1 .67.S 1.517 3.80 0.98 1 1  0.8942 

0.95 1 .629 1 .476 3.90 0.9155 0.8888 

1 .00 1 ..587 1 .439 4.00 0.9700 0.8836 

1 .05 1 .549 J .406 4. 10 0.9649 0.8788 

1 .10 1.514 1 ,375 · 4.20 0.9600 0.8740 · 

1 . 1 5  1 .482 1 .346 4.30 0.9553 0.8694 

1 .20 1 .452 1 .320 4.40 0.9507 0.8652 

1 :25 1 .424 1.296 4.50 0.9464 0.8610 

1 .30 1 .399 1.273 4.60 0.9422 0.8568 

1 .35 1.375 1.253 4.70 0.9382 0.8530 

1 .40 1 .353 1 .233 4.80 0.9343 0.8492 

1 .45 1.333 1 .2 1 5  4.90 0.9305 0.8456 

1 .50 1 .3 1 4  1 .1 98 5.0 0.9269 0.8422 

1 .55 1 .296 1 . 1 82 6.0 0.8963 0.8 124 

1 .60 1.279 1 . 1 67 7.0 0.8727 0.7896 

1 .65 1 .264 1 . 1 53 8.0 0.8538 0.7712 

1 .70 1 .248 1 . 140 9.0 0.8379 0.7556 

1 .75 1 .234 1 . 128 10.0 0.8242 0.7424 

1 .80 1 .221 1 . 1 1 6  20.0 0.7432 0.6640 

1 .85 1 .209 1 . 1 05 30.0 0.7005 0.6232 

1 .90 1 .1 97 1 .094 40.0 0.6718 0.5960 

1.95 1 . 1 86 1 .084 50.0 0.6504 0.5756 

2.00 1 .175 1.075 60.0 0.6335 0.5596 

2. 10 1 . 1 56 1 .057 70.0 0.6194 0.5464 

2.20 1 . 138 1 .041 80.0 0.6076 0.5352 

2.30 1 . 122 1 .026 90.0 0.5973 0.5256 

2.40 1 . 107 1 .012 100.0 0.5332 0.51 70 

• Taken from J. 0. Hirschfcldcr, R. B. Bird, and E: L. Spotz, Chem. Rc:t·s., 44, 205 ( 1949). 
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Table 4 presents the comparat ive analys is  of  hydroca rbon 
vapo r emitted by load ing gasol ine and c r ude o i l . As can 
be seen , due to the d i f fe rence in  chemical compo s i t ions 
between and c rude o i l , the gaso l i ne gene rally  
exh ibits h igher transport  proper t ies and thus results in a 
h ighe r  evaporation mass  d if fusivity coef f ic ient ( i . e . , 
1 . 3 4 5  for gasol i ne ver sus 0 . 51 3  for crude o i l ) . Based on th is  
analys i s , the value of  2 can  be  determined as 0 . 3 8 1 . 

The approp r i ate a r r ival HC hydrocaibon .concen£�at ion , ( C )  , 
can be calculated based on API gasol ine emiss ions fac to r s  as 
follows : 

G_ene rat ion 

Emiss ion 
Vapo r Calculated p . ( G  - U ) Ar r ival 

Ar r ival Factor s ( U i Uf ) , %  Vapor 
Vessel s Cond i t ions ( lb/1 0 0 0  gal ) ( C )  ' % 

Sh ips Cleaned 1 . 3  ( 5 5-1 . 5 )  1 . 7 1  
Uncleaned 2 . 5  3 . 6 4 6 . 6 5 

7 . 5  ( 0 . 3 6-0 . 2 7=1 . 57 
Barge s  Cleaned 1 . 2  ( 5 5-12 )  3 . 3 7  

Uncleaned 3 . 8 1 . 57 14 . 1  

The calculated a r r i val  HC vapor concentrat ion for ships 
us ing API emiss ion factor seems to be i n  close agreement 
w i th the EXXON r eported value ( value in parenthe s i s ) . 

By subs t i tuting the appropr i ate values o f  c ,  2 1 and P ,  
Equat ion ( 7 )  also compares well with the latest ava ilable 
WOGA tes t data . The WOGA tes t on September 5 ,  1 9 7 6  es t imated 
the overall  c rude o i l  emiss ion factor to be 0 . 6 2 l lb/1 0 0 0  
gallons which f al l s  i n  the middle  of  the calculated emiss ion 
f ac tor s .  The calculated emiss ion facto r s  us ing Equation ( 7 )  
a r e  0 . 3 5  l b/1 0 0 0  gallons and 0 . 8 5  lb/gallons for c leaned 
and uncleaned ships , respec t ively . 
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Table 4 .  Comp a r i son o f  Chemical Compo s itions and Ma s s  Transpo rt 
Proper t i e s  Between Gasol ine and Crude Oil 

C hemi cal  Compo s i t ion , 
Vo lume % o f  Loading a C r ude Oi lb 

VaEo r s Gaso l i ne 
c l 

+ c
2 

0 . 0 2 0 . 1 2 

C
3 

0 . 0 2 0 . 1 5 

C
4 

2 . 3 6 1 . 3 3 

C 5 1 . 0 7 2 . 0 5  

c
6 

0 . 1 9 0 . 6 3 

C7 
0 . 1 9 0 . 3 2 

C a 0 . 15 0 . 0 3 

C g 
0 . 0 2 

C l O 
0 . 0 1 

c
1 1  

0 . 0 1  

Ai r 9 6 . 0 9 5 . 35 

1: E /K 3 0 2 . 1 3 3 1 . 6 

1: KT"/E 1 . 0 3 9  1 . 0 5 5  

fl D i AB 1 . 4 2  1 . 4 0 

flµ, AB 1 . 5 6  1 . 5 4  

er A (Ai r ) 3 . 6 8 1  3 . 6 8 1  

UB 5 . 2 8 5 . 2 1  

<TAB 4 . 4 8 4 . 4 5 

M
B 

6 7  7 7 

µ. 6 . 9 1 9 x l 0  
-4 

7 . 5 1 6x l 0  
- 4  

DAB 
0 . 3 6 0 . 0 8 1  

p 2 . 9 9 x l 0  
-3 3 . 4 3x l0 

-3 

(µ/p DAB )  - 0 • 6 7 
1 . 3 4 5  0 . 5 13 

� She l l  O i l  C ompany , Ship Valley Forge , t e s t  date 1 0/1 9/74 
Avila Te rmi na l ,  Li on o f  C a l i fo r n i a ,  t e s t  data 5/8/7 6 

Sou r ce : ( Re f  3 )  
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S imilar ly , the emiss ion f rom ship ball ast ing operat ion 
can be cor re lated based on a r r ival vapor concentrat ions 
d u r i ng load ing operat ions . S i nce the ballast ing potent i ally 
d i l utes tank a r r ival concentrat ion by approx imately the 
same percentage as that of ballast ing vol ume , for a ship 
w i th 4 0  percent ballast ing volume the emi ss ion factor 
can be calculated by d ivid ing the a r r i val HC concentrat ion 
( c )  by 0 .  4 .  

5 .  Conclus ion 

A mod i f ied analyt ical p rocedure based on �P I and 
E XXON gaso l i ne data enables quantitat ive est imat ion o f  
hydrocarbon emiss ion facto r s  f rom c r ude o i l  transfe r r ing 
oper at ions unde r var ious arr ival cond i t ions . The procedur e  
employs cor rect ion factors  t o  both ar r ival and generat ion 
components of  the hydrocarbon vapor s  concentrat ion previously 
de r ived f rom gasol i ne data . An emiss ion reduct ion factor of  
0 . 3 8  i s  der ived for  c rude oil  when compar ing the  evaporat ion 
mass d i ffusivi ty of  cr ude o i l  with gasol i ne . The f inal 
hyd roca r bon emiss ion facto r s  for cr ude o i l  load ing operat ions 
a re summa r i z ed in Table 5 .  As can be seen , the ave rage 
emiss ion facto r s  from ship load ing operat ions range from 
0 . 5 5  to 0 . 5 8 lb/1 0 0 0  gallons . S imilar  hydroca r bon emiss ion 
f actor s range f rom 1 . 0 1  to 1 . 0 6 lb/1000  gallons for barge 
c rude o i l  load ing operations . The ballast ing emi ss ion 
factors  are calculated to range f rom 0 . 1 7 to 0 . 6 6  lb/1 0 0 0  
gal l ons . 
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Table 5 .  S umma ry o f  Max imum and Ave rage  Hyd r ocarbon Emi s s ion Facto r s  ( l b/10 0 0  gal lon ) 
for  C r ude  O il T r anspo rt  Operat ion  

Ar r ivala 
ve ssels  Cond i t ions 

Sh ip  Load ing 
Cleaned 
Uncleaned 
Average  

Barge Load ing 
Cleaned 
Uncleaned 
Ave rage  

S h ip Bal last ing 
Cleaned 
Uncleaned 
Ave rage  

Max imum Emiss ion Factor b 

Prev ious Cargo  
Gasol ine C r ude O i l  

1 . 9 0 

3 . 8 7 

0 . 3 3 
0 . 8 3 
0 . 5 8 

0 . 52 
1 .  5 9  
1 .  0 6  

0 . 1 7 
0 . 6 6 
0 . 4 2 

Average Em iss ion Factor c 

Previou s  Cargo 
Gasol ine C r ude O i l  

1 . 8 6 

3 . 8 3 

0 . 3 0 
0 . 7 9 
0 . 5 5 

0 . 4 8 
1 . 5 4 
1 . 0 1 

0 . 1 7 
0 . 6 6 
0 . 4 2 

a Ave rage  cond i t ion l i es  between cl eaned and uncleaned cond i t ions . The c leaned 
i s  d e f i ned as the ar r ival cond i t ions where  vessels  had been subj ected to any 
clean i ng proces s pr io r  to load ing , as  wel l  as compar tments wh ich  had prev iously 
contained a nonvolat i l e  hyd rocarbon . 

b Based on RVP = 5 . 0 and temper atur e of  7 0°  F .  

c Based on RVP = 4 . 0  and tempe rature  o f  7 0° F .  
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LETTERS OF COMMENT 





DEPARTMENT OF Tl-I E ARMY 
N E W  O R LEANS DISTR I CT, CO R PS OF ENG I N EERS 

P .  0 .  B O X  6 0 2 6 7  

I N  REPLY REFER TO 
LMNPD-RE 

Mr . Michael E .  Carosella 
Exec u t ive Communications 
Room 3309 

N EW O R L EA N S. LO U I S I A N A  7 0 1 6 0  

Federal Energy Admin is t ra t ion 
Washingto n ,  DC 2 04 61 

Dear Mr . Caro sella : 

16 November 1 9 7 7  

Your draf t environmen tal impact sta tement ( E I S ) , with cover l e t ter 
dated 9 Sep tember 1 9 7 7 ,  concerning the Sulphur Mines salt dome crude 
o il s to rage s it e  was ref erred to this o f f ice from our Washington 
o f f ice f o r  r eview and commen t s .  

We have r eviewed the draf t E I S  in accordance with our areas o f  
responsib i l i t y  and exp e r t ise a s  outlined in the Counc il on Environ­
mental Qual i t y  guidel ine s ,  Title 40 , CFR , Part 1500 , publ ished in the 
" Fe deral Re g is t er "  dated 1 Au gus t 1 9 7 3 ;  and US Army Corps o f  Engineers 
a dminis trative procedur e s  for p ermi t ac t ivities in navigabl e  wa ters or 
o c ean wa t er s ,  T i t le 3 3 ,  CFR , Par t s  320-329 , publ ished in the "Federal 
Re g is ter" d a t ed 19 July 1 9 7 7 .  

We o f fer the following corrnnen ts r egar d ing the draft E I S : 

a .  One o f  the primary adverse impac t s  re sul t ing from p ro j ec t  
implementa tion i s  that which wo uld affect the proj ect area ' s  wa t e r  
quality and , consequen t ly , t h e  dependen t aquatic or ganisms . A s  noted 
on page 2-15 o f  the t ex t ,  there are numerous aqua tic sys t ems wh ich 
wo uld be af fec ted by the proposed proj ec t .  It is apparent that 
n e ither wa t er quality nor p lanktonic and benthic samp les were taken 
and analyzed f rom these sys t ems prior to p reparat ion of the draft E I S . 
Review and inclusion o f  available l i terature con tain ing references to 
t he general proj e c t  area ' s  wa ter qual i t y  and aquatic o r ganisms are 
appropriate t o  e s tab l i sh a his t o r ical s e t t ing . However , to adequately 
assess wa ter quality impac t s ,  cur rent and mo re site specific informat ion 
are required . 



LNNPD-RE 
Mr . Michael E .  Carosella 16 November 1 9 7 7  

b .  The s t a t ement o n  page 2 6 2 , paragraph one , i s  inco rrec t .  The 
r e ference c ited is dated 1 95 6 .  A s al twa t er bar r ier , loca t ed a t  
Calcas ieu River be tween miles 3 8 . 6 and 4 3 . 5 ,  was cons truc ted i n  1 9 6 8  
and has been i n  o p era t ion s ince that t ime . 

c .  The r e f e rence s t o  rare and endangered species should be changed 
to t hreatened or endangered spec i e s .  

d .  The environmen tal s e t t ing sec t ion should include a discuss ion 
of the vector p roblems and p o ten t ials tha t exis t in the area o f  p roj ec t 
influence . The impact sec t ion should p rovid e a d iscussion as to how 
the proposed p ro j ec t  would a f f e c t  these vector problems . Cons t ru c t ion 
ac t iv i t ie s  wo uld p roduce hab itat for vec tors , espec ially mo squi to e s .  
Proj e c t  comple t ion would p o s s ibly impede normal surface drainage and 
also would create temporary and p ermanent impoundmen t s  sui table f o r  
vec tor produc t ion. 

e.  Sec t ion 6 should also add ress the b iolog ical resources wh ich wo uld 
be l o s t  due to f i l l ing of marshland s and clearing and /or f i lling o f  
woodland s required f o r  construct ion o f  the storage facility , sup p o r t  
b uild ings , sal twa t e r  r e s ervo irs , p ipeline s ,  road s ,  p ump s ,  and o th e r  
p ermanent appur tenanc e s . 

f .  The New Or leans D i s t r i c t  should be l is t ed with the Galves ton 
D i s t r i c t  in table 9 . 2  on p age 9-5 . 

Pe rsonnel o f  the Fed e ral Energy Adminis t ra t ion and the Corps o f  
Eng ineers have been maintain ing close l iaison concerning the required 
Corps regulatory p ermi t s . Thank you f o r  the oppor tunity t o  review 
and comment on the draf t E I S .  

Sincerely your s ,  

�4'�cc ���RUSH I I I  ,- · Co lonel , CE 

Copy f urnished : 

Mr . Charl e s  War ren ,  Chairman 
Council on Environmen tal Qual ity 
Washington , DC 2 0 5 0 6  

D i s t r ic t  Eng ineer 
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U N I TED STAT ES EN V I RON M ENTAL PROT ECT I ON AG�NCY 

November 1 7 ,  1977  

Mr . Thomas A .  Noe l 

F I R S T  I N T E R N A T I O N A L  B U I L D I N G  
1 20 1  E L M  S T R E E T  

D A L L A S ,  T E X A S  75270 

Act i ng As s i stant Secretary 
Resource App l i cat i on 
Department of Energy 
1 725 M Street NW 
Was h i ngton , D .  C .  20461 

Dear Mr . Noel : 

We h ave rev i ewed the  Draft Env i ronmental  Impact Statement  for the  pro­
posed storage of crude o i l at the Su l phur Mi nes Sa l t  Dome l ocated i n  
Ca l cas i eu Pari sh , Lou i s i an a .  Su l phur Mi nes i s  a cand i d ate s i te for 
the Strateg i c  Petrol eum Reserve ( SPR ) program current ly  be i ng i mp l e ­
mented by t he Department o f  Energy ( DOE ) . The proposed Su l phur Mi nes 
fac i l i ty i s  present ly used by Al l i ed Chem ica l  Corporat i o n  and wou l d  
pro v i de o i l storage capac i ty of u p  t o  24 mi l l i on barre l s  ( MMB )  of the 
SPR req u i rements in the Texoma/Lake Ch ar l es/Beaumont storage reg i o n .  

The fo l l ow ing  comments are offered for your con s i derat ion  i n  prepar i n g  
the  F i n a l  E I S :  

1 .  The statement i nd i cates t h at past removal  of su l fur  from the 
caprock of the s a l t  dome may have formed cavernous vo i d s  wh i c h  cou l d  
co l l apse and cause s ubs i dence , resu l t i ng i n  severe damage t o  surface 
s tructures such  as p i pe l i nes , storage tan k s ,  and ho l d i ng  ponds . We 
wou l d  s uggest that cor i ng  be obta i ned from areas of s u l fur remova l  to 
obt a i n  comprehens i ve l o ad test data  in order to prov i de i nformat ion  
for  the  des i gn of  any proposed surface structure . App l i c ant ' s  i nten t i on s  
on th i s  matter s hou l d  be  addressed i n  t he  F i n a l  E I S .  

2 .  The proposed project of emp l ac i n g  crude o i l for storage as 
a strateg i c  reserve i nto the Su l phur Mi nes s a l t  dome wou l d  resu l t  i n  
l arge q uant i t i e s  ( 24 m i l l i on  barre l s  per cyc l e ;  f i ve cyc l es )  of b r i ne 
d i s p l aced . The method of br i ne d i sposa l  presented i n  the E I S  i s  emp l ace­
ment of br i nes i n to the subsurface by deep we l l i nject i o n . The data  
presented i n  the E IS  to  support th i s  method of d i sposa l  i s  i n suff i c i ent 
to a l l ow for an effect i ve eva l u at i on of the env i ronmenta l  i mpact of 
such  an operat i on . 
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EPA Admi n i strator ' s  Dec i s i on Statement #5 ( Federal  Reg i ster , Vo l ume 39 ,  
No . 69 , Apr i l 9 ,  1974 )  spec if ies  the  amount and type of data that a 
potenti a l  i njector shou l d  pro v i de i n  order to estab l i sh the acceptab i l i ty 
of any proposed we l l  i nject i on . The amount and type of data requ i red 
by EPA are essent i a l ly  s imi l ar to that requ i red under Ti t l e  30, Rev i sed 
Lou i s i ana  Statutes , or under the proposed Underground I nject ion  Contro l 
Regu l at i ons  ( as per Draft Regu l at i ons , August 31 , 1 976 ) . 

Because the State of Lou i s i ana has ass umed pr i mary enforcement author i ty 
of the Water Supp ly Program of the Safe Dr i n k i ng Water Act ,  and i s  
expected to ass ume pr imacy for the Undergound I nject ion  Contro l ( U I C )  
program , we recommend that the above ment ioned data b e  organ i zed i n  
a format s imi l ar t o  that requ i red for perm i t  app l i cat ion  for a n  under­
ground i nject i on operat i o n ,  as spec i f i ed in Statewide Order 29-B of 
the Lou i s i ana  Department of Conservat ion , O i l and Gas D i v i s i o n .  We 
are request i ng that the s e l ected techn i ca l  data shou l d  be pro v i ded to 
the pub l i c  in the  form of a "by request"  appen d i x  to the F i n a l  E I S .  
I n  add i t ion , c l ose coord i n at i on shou l d  be afforded EPA and the Lou i s i ana  
Department of  Conservat ion  i n  a l l phases of  data requ i rements , co l l ect i on 
and presentat ion . DOE ' s  i n tent i on to comp ly w i th  the above recommenda t i on 
shou l d  be adequate ly addressed i n  the F i n a l  EI S .  

3 .  The a l ternate method of br ine  d i sposa l  i s  strong ly  recommended . 
Th i s  method of d i sposa l , as proposed i n  the subject document , i n vo l ves 
market i ng  the d i s p l aced br ine  as a chem i ca l  feed stock . An i n dustr i a l  
consumer has a l ready i n d i c ated the acceptab i l i ty o f  the br ine  for i ts 
use , and i t s wi l l i ngness to purchase the d i sp l aced br i ne  through an 
ex i st i ng  p i pe l i ne  network . I t  i s  strong ly  urged that the  a l ternate 
method of br i ne  d i sposa l  be adopted for the Su l phur Mi nes project . 
The app l i c ant ' s  i ntent ions  on t h i s  matter shou l d  be addressed i n  the  
f i na l  statement . 

4 .  The draft statement d i d  not adequately addres s the Sp i l l  Pre­
vent i on Contro l and Countermeasure ( SPCC ) P l an as requ i red under Coded 
Federa l  Regu l at i ons  at 40 CFR 1 1 2  ( O i l Po l l ut i on  Prevent ion ; Non-Trans­
portat i on Re l ated Onshore and  Offshore Fac i l i t i es ) . The F i n a l  E I S  
s hou l d  state that an SPCC P l an wi l l  be prepared w i th i n  s i x  months after 
the fac i l i ty beg i n s  operat ion and sha l l be fu l ly imp l emented no l ater 
t han one year after operat ion  beg ins  and wi l l  meet the requ i rement of 
40 CFR 1 12 . 

5 .  The statement i n d i c ates sewage treatment and d i sposa l wou l d  
be through an ex i s t i ng sept i c  tank system operated by Al l i ed Chem i ca l  
Corporat ion . The statement shou l d  i n d i c ate i f  the Al l i ed fac i l i t i es 
wi l l  be adequate for the add i t i ona l  domest i c  waste l o ads created by 
the SPR program at Su l p hur Mi nes . 
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6 .  The statement i nd i cates that the SPR at Su l phur M i n e  w i l l  
neces s i tate permanent l oss  of 1 1 . 7  acres of ex i st i ng wet l and for p i pe-
1 i ne r i ght-of-way and approx imately 60 acres of art i f i c i a l ly  created 
marsh l and t hrough dredg i ng  and dredged mater i a l  p l acements . We wou l d  
l i ke t o  po i n t  out that the po l i cy o f  the En v i ronmental  Protect i o n  Agency, 
as  pub l i shed i n  the Federal  Reg i s ter 40 CFR 230 ( September 5 ,  1 9 7 5 )  
requ i res  that part i cu l ar cogni zance and cons i derat i on b e  g i ven any 
proposa l  that  has  potent i a l  to damage or destroy wet l ands by dredg ing  
act i v i ty .  The app l i cant shou l d  pro v i de s ubstant i ve eval u at ion  of a l l 
proposed and a l ternate act i on s  i n  regard to  the i r  potent i a l  to adverse ly  
i mpact the wet l ands . I n  conc l us i on ,  the se l ected project act ion  shou l d  
be shown to  be the  most  pract i cab l e  of a l l a l ternat i ve act i ons  and wi l l  
pro v i de pos s i b l e  m i t i gat i ve measures to  m i n i mi ze harm to the wet l ands . 
I n  the  s e l ect i on of any r i ght-of-way,  efforts shou l d  be made to avo i d  
wet l ands ut i l i zat ion . Adequ ate response o n  th i s  matter shou l d  be pro­
v i ded i n  the F i n a l  E I S .  

7 .  W i th the passage of the C l ean A i r  Act Amendments of 1 9 7 7 ,  
s evera l  c hanges were made i n  emi s s ion  reg u l at i on s  wh ich  may b e  app l i cab l e  
t o  the Su l phur  Mi nes Sa l t  Dome project . The sect ion  of the E I S  address­
ing  Federa l  Emi ss i on  Regu l at i ons  shou l d  be  rev i sed to ref l ect these 
c hanges w i th part i c u l ar regard to  prevent ion  of s i gn i f i cant deter i ora­
t i on ( PSD ) and rev i ew of em i s s i on offset po l i cy appl i cab i l i ty to storage 
t anks . I n  add i t i on ,  Tab l e  3 . 18 no l onger represents the  new standards 
for the PSD i n  a C l ass  I I  area . New PSD standards i nc l ude a l l cr i ter i a  
po l l utants ( i . e . , Su l phur  D i ox i de ( S02 ) ,  Total  Suspended Part i c u l ates 
( TSP ) , Non-Meth ane Hydrocarbons , ( NMHC ) , N i trogen Ox i de ( NO ) ,  Carbon 
Monox i de ( CO ) , and Photochem i c a l  Oxi dants ( 03 ) .  These stan6ards shou l d  
b e  addressed i n  the F i n a l  E I S .  

8 .  O n  page 3-66 , i t  i s  noted t h at v i o l at i ons  o f  the Nat iona l  
Amb i ent A i r  Qua l i ty Standards ( NAAQS )  wou l d  not  occur as  a resu l t  of 
the  proposed faci l i ty .  However , on the preced i ng page, mode l i ng ca l ­
c u l at i on s  show that i ndeed t he 3-hour standard for non-methane hydro­
c arbons ( NMHC ) wi l l  be exceeded due to s h i p  l o a d i n g ,  u n l oad i n g ,  and 
b a l l as t i n g  operat i on s .  Th i s  d i screpancy shou l d  be c l ar i f i ed and poss i b l e  
contro l measures  t o  prevent these v i o l at i ons shou l d  be d i scussed i n  
t h e  f i na l  statement .  

9 .  I n  the d i scus s i on of the i nterpretat i ve ru l i ng  of December 2 1 , 
1976 ,  on page 3-53 , the name " Em i s s i on Trade-Offs "  i s  i ncorrect ly  used 
s i nce it i s  more common ly  referred to as  " Emi s s i on Offsets . 11 Th i s  
d i screpancy i n  term i n o l ogy shou l d  be corrected i n  the f i n a l  s tatement . 
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10 . The l eve l s  of env i ronmental  no i se tab u l ated on page C-3 of 
the Draft E I S  h ave been l abe l l ed as "estab l i shed gu i de l i n es , "  from EPA .  
Th i s  phras e ,  "estab l i shed gu i de l i nes , "  i s  i ncorrect . Rather , th i s  tab l e  
ref l ects " i dent i f i ed l eve l s "  wh i ch are requ i s i tes  t o  protect pub l i c  
hea l th and we l fare w ith  a n  adequate marg i n  s afety for both act i v i ty 
i nterference and hear i n g  l o s s .  Furthermore , the no i se l evel s c i ted 
i n  th i s  tab l e  do not const i tute a regu l at i on ,  spec i f i cat ion , or standard . 
Th i s  d i screpancy shou l d  be corrected i n  the f i n a l  s tatement .  

These comments c l as s i fy you r  Draft Env i ronmental  Impact Statement as 
ER-2 . Spec i fi c a l ly ,  based upon the i nformat ion  contai ned i n  the state­
ment , we have env i ronmental  reservat i ons concern i ng  the destruct i on  
of va l u ab l e  wet l ands and a l so t he  cumu l at i ve l ong-term env i ronmental  
impacts that br i ne d i sposa l  cou l d  i nduce on underground aqu i fers . I n  
add i t ion , we are request i n g  more i nformat ion  on  a i r ,  no i se ,  underground 
i nject i on ,  wastewater treatment ,  and other areas as spec i f i c a l ly  addressed 
i n  the above comments . Our c l as s i f i cat ion  and a summary of our comments 
wi l l  be publ i shed i n  the Federal  Regi ster in accordance w i th our re­
spons i b i l i ty to i nform the publ i c  o f  our v i ews o n  proposed Federa l  
act i on s , u nder Sect i on  309  of the  C l ean Ai r Act . 

Def i n i t i ons  of the categor i es are prov i ded on the enc l osure .  Our pro­
cedure i s  to categor i ze the E I S  on  both the Env i ronmental  consequences 
of the proposed act i on  and on the adequacy of the i mpact statement at 
the draft stage , whenever pos s i b l e .  

We apprec i ate the oportu n i ty to rev i ew the Draft Env i ronmental  Impact 
Statement . P l ease send us two cop ie s  of the F i n a l  Envi ronmental  Impact 
Statement at the s ame t i me i t  i s  sent to the Counc i l on Env i ronmental  
Qua l i ty .  

S i n cere ly ,  
/ L 1  cL&tl(!krfi11'-

Ad l ene Harr i son 
Reg iona l  Adm i n i strator 

Enc l osures 



I.O - 12.c.1< of ChjeC-....icr-_.s 

EP ... � has r.o cbj ee-...=.cns to t..� proposed actic..."l as C.esc:.-il:ed in t::e d:r->_ft :i.mpact staterE" .. t ;  er suggests ccly rr.i.:'..cr C:-:::r:ges L"l t:-..e pro;:osee acticn . 

EPA has reserva tiCI"..s ccnc0mir:g t.."-:e er1virc:::rrent.al ef = ects of ce::t" ::1 i n 
asp:C-....s of tr..e prc'f:Cse:l aC-....ion . EPA believes tbat fi.:r'-J:er sti..:C.y of 
suggested al-t-e.7...2.tives c= rrcdificaticr...s is =csui=sd c.r..d bas as...�::d t.�e 
origir..ati...-:g Feee...."C.l. agency to re-assess tr..ese C.S?=�....S . 

EO - Envi.:..::cu,E!1.tal.1V U:n.satisfaC---erv 

E?A 1:el.ieves t"!a.t t.�e p.!.CfXlsed a�...icn is c:..satisfaC---er_1 ce--2use of its 
'n'"'\�="" ti a1 1 y  't- ;::i ___, .,::, . 1  o-Fror-<- en ... i..:e o ...... ...; .... c�"" .:.. � • .,........ ..... 0 .,..,....,..., .... 0 ......... e �C-0,... r"'!/ � �...i. - L.l.C...L-.� :...i...... ---- "- '-.I. � .. v �  • ••�• I.. • ;: � t..- ... -.-1o1...;...&.. - 1 t..- . · --;; �•'-.:.. believes t.'12.t t..�e pot.e..i-it.ial sa£egu.ard.s whic..� might te utilized. rray r:ct 
aC.e;uato1 y  protect. tb..e e!".vL--cr::rr.e.."1t =-'-·• r.:.a=a_..-C.S c.risi...-:g f:::cn t..'-tls aC--....ic� . 
Tl"'..e 'P-.t;�C:f re...:......t..er'..C.S t.'12.t al t0 "7'.2. ti "'TeS to t.i:e aC--....icn be anal y::ed �l;.e.:-
( i.. ..... ...cl1.:C.i..T"lg t..� possibility of r.o ac"".....icn at all) • 

cat.....oecrv 1 - Ad.ecuate 

The d...."C....� i..rr;2ct sta ter:ent adequately sets f ort..11. the e..'1.vi .... cr=:e..';_<-::1 J i..�ct 
of t..1-:.e ,t.i.t.cpose::!. p..."'"Dject. or ac-...i.cn as w-ell c...s alte....."'"":'latives r0:i�r:2.bly 
available to the proj ect cr _ act.; cn .  

Cateqor" 2 - L1"1.SU£!icient L'"lfa:cration 

EPA believes the d....--aft i."nOC.ct statere..'1.t &:es r.ot c:::ntain suf::ici�t 
in£or.raticn to assess fu.li v tr.e e..w ........ ...-cr:rre...i:.-"' 1 i.�ct of fr..e orc::ose::5. 
prcje;:t or act.; en . F..o ... >evei.-; frm tr..e L.{fc=.atio; scl:r.U.tt°""' , � t..�� 'Ager:c-1 
is able . to rnake a preliminary cete.-"7.1.i.r..atic:: of the i.1TI?=-ct. en t.":e 
env:ircr:rre..'1t:. EPA has request-Pd t.i...at the orig:inator µvvide tl:e 
infomaticn that was not i..nclt:Ced in t..�e c.....--=..::t statzre..i:.t . 

Cat-oecr.r 3 - L"":.2.ce::u.ate 
EPA Ce.lieves t.1;.at fr.e d...."C.ft i.7:!?2.ct stat.e:re::"= cc€s r-.ot adec;:t:ately assess 
t.1-i..e e:lvircr:rre..i:.ta.J. im;:act of t..'-:e prcE=Csed p::oject. or aC-.....icn , a:= t.":at t.:...e 
state:rent .ir...adeg.E t-0 1 y analyzes =eaSCI" -=.bl y c.vailable al t0"":'!a ti v·es • '!'he 
'P-..c;enc-.1 has requested r.ore info::raticn a."1.d e..."1.alysis c:::nce..."l'"!ling t:-.e 
FOte-"lti.al e..'W:i :::cn::-e..'1t-"" J l:i...az�.....s a.....-.d 1'.as as.�� t.i...at sul::st=.nH :i 1 ::-e:v.:....sicn 
'-- --...:1 .._ tl\., . . .._ ..__ .. ,� � - --=- st .._� ..... . . - � .u:: m::I..;.e .  :::.o .e i..�cc s ....a i...ere.'1. .... . _.._ a � � -- :::.a �'1. .... is assig::� a 
Cat-o.;orJ 3 ,  no =-ati.ng will !:e rrGC.e of t..:O:e �=ej ect.  or a.C-....icn , si..::ce a 
basis dces r.ot ger.erally e."<.i.st en whic.� to ::ai.::e such a C.eter::ti..."".E.t:..cr.. 



i:.n� Admln!3trntor for Pcatlcldo Pro­
&rnrn� (36  P'P. 90J1ll . 

Dakd:. April 3, 1974. 
Hn1RY J. KoRP, 

Deputv As31stant klmtnistrator 
/or Pc3ticltte l'ror;ro n:.s. 

( l"R Doo.H--0016 l"Ucd 4-S-7�;8 :4!) i>tu} 

SHELL CHEMICAL CO. 
Not1� of Fllln.< of Petition for Focd 

Addith.:e 
Pur�lllll1t to prov!slom or the Fcdcrnl 

:Food. Dru&'. and Cosmetic Act (5ec. 409 
<bl  < S l . '12 Stilt. 1 7 8 0 ;  2 1  U.S.C. 3�1Hbl  
t5>  > , notice ls given that a peti tlo::i (l>AP 
4H5046J has been llled b:1 the Shell 
Chemlcnl Co. , Suit� 300. 1 701) K S�:eet, 
NW., Vhshlngton, D.C. 2�006. proposing 
l?!ltnbl!shmen t o r  a fo;;.l addi�ive r�gula­
tlon C:.!l CFR Pnrt 1 2  lJ pcr:.nittln:> the 
safe u�e o f  the 1u.,�c t!c!de 2,2-cticrilorn­
v!nyl dlmethy1 Dhospliate In space, spot 
and/or c ruck fl nd rrevlce tre:itrr.ent.J of 
toad nerv!c�. P1�nufac tur1ng, nnd proc­
essing establ!s h:nent., lncludlng. but not 
J!:n!ted. to. re.,teurnnts, t:our m!l!B, 
supermarket�. and plunt, hnndl!nR 
dairy product,, vcg�table3, olb; cendy, 
macnronl/spnirhettt, soft drink.'!, cake 
mlxe3, nnd coo!:les. 

Dated: March 29, 1974. 
Jo1m B. R!TCH, Jr .... 

Director. 
R.calstrotlon Division. 

(FR Doc.7'1-8017 l-1led {-<l--7 t ; B :13 tim) 

SUBSURF/\CE EMPL/\CZMENT OF FLUIDS 

/\d mlnlstrotor'!I Decision Statement # 5  
The Etw1ron m�ntnl Protection Agency, 

In concert with the obJect!ves or the l-'ed­
crnl Water Pollutton Control Ad, as 
nmended <33 U.S.C. 1251  ct �eq.; IJ8 Stat. 
816 ct GCQ.; Pub. L. 02-5110) " • • .  ro 
TC11 tore and. m&.!11t1dn the chemical. phy­
sical, Nld b!olo;;tcr..l lnte;::rtty of the :Na­
tion's water" ha:; establ ished an EPA 
pol!cy on Sub.<u rrnco E::npiacement o! 
l'1u!d11 by Well InJccllon"' w!1lch v.a' !s­
!!Ued lntemal ly cu; Adrnlnls�rntor'i; D�i­
l!ioli Statement No. 5. The purpose c! tho 
poUcy ts to r.st11blish the A::;enc:;"s con­
cern with thls l.C\:hnlquo !or use in fluld 
storai::e and dl:.PQ'.J«I unct Its  position o! 
coruldertn� such tluld emp!nccment only 
where It L11 dcmon:;t.ratcd to be the most 
cnvironm.entall7 nr.r.cn!.Ablo B\'aih1ble 
method o! handUn� iluJd i;torai::e or d!s­
poscl. Publlc::it.Jon o! the Poll cir e.'l in-. 
!o rrnntlo.n c.it.ob!1zties tht! A•(c-ncy's po.-;!. 
tlon irnd provldcs r,uld1.nre to other F'ed­
ernl t.scnc!es. I.he Btntc:i, nad other 1n­
tere3tcd part!�. 

.l\ccomptrnyln:{ the policy :itn.tcm�nt 
e.ro "fte<oonimend�d Di\ta I�rriu!re mc:it.:i 
tor Env!ronm�n t1\I Enllu<1t!on oC :Sub­
tiurf1\Ce Em pl.lcc111rnt of Fluids by Well 
1njcctJon \;·ell �y� tcrn ; nnd to ln�uro 
r-.icnt.3 1.5 lo provlrlr. RHlcb.n� for: potcntl::il 
lnjrxtoni nnt! IT�( u l i; tory tl!:rncl�� c:on­
ci�ruLrig tho !J nL!.:i c! infor.nall:ln re­
c;:ulred to cv1dtrnt" tho prLl.<p.:-ctlni 
lnJtcUoru well �yot.em; 1u1u w lnsw>"l 

NOTICt:S 
protection or the environment. The 
Recomm �nded Dato. ncqulrcmcnt� re­
Qulro vuitlc!ent Information to CVl\luate 
C<Jm;ile� lnJcct!on operatlom !or li.az­
n::-doti3 ::rnter!uls, but may b� m�dHled 
1n acopo by· n regu!l'.tory ngency !or 
other typ�3 o! lnJect!on operntlon.:i. 

ThD E.?A rcco1'n!zes that !or cc rtl'.!n 
Industries and Jn certain locntloll!J tho 
dl.'!posal o! IVU3tc5 nml the 6toruge or 
fluld.• In the subsurface by U3::l ol well 
Injection ?nr.y be the mo3t cnv!ronmen­
tnlly ncN";::tubl� prnctlcc nva!l.ible. How­
ever, ncL'1crence to the policy requ!rcJ 
th(! poti;;:tbl in]ectcr to clearly demon­
strate ?.Cce;:itnbil!ty by the provision or 
tedmical o.naly3es and d<>.t:l jusllf:;ing 
the p:opcscl. Such demon.strnt.ion rc­
qui res conventional cn;f.11�erlnr, und 
other annlrscs which !nd i c .ite beyond 
!!. rcastmable doubt the cfllcacy o! the 
prop::iscd !nJ cc t!on well op�rnt!on. 

Severn! !;;sues within the policy should 
be h!::;hl!r,hted und explained to avoid 
confuslon. On13 of th� r,oals of t he pol­
icy 13 to protect the !ntcr,:r!ty ot the 
subsur!ncc environment. In the context 
or th� poacy atntement, lntc i;r!ty m ean.� 
the prc1·ent!on of un:clcnncd !rncturlng 
or other ph:;s!cai !mp.ilrm�nt of the gco­
lor,!c !or!lrn.t!on6 Rnd the uvo!d:mcc of 
undes! rr.b\e changea !::i nqul!ers, m.lneral 
dep06'.t9 or· other resourcca. It ls rucos­
n!zed tha,t lluld em placement by well 
lnJ cct!o:t may �a.use sonw cha.ng-o In 
tho environment nncl. to wme c�tent, 
may preempt other uses. 

Ernobccment Ls Intended to Include 
both c.llspo.ofl! nnd store.ge. 'l'lle dlO:cr­
cnce betwcP.n the two terms ls that stor­
ci;:e lmpJlcg the e:;istrnce or �. plllu for 
n covc ry of lhe mnt-:r!n! w i t h l n  a rc�.­
son:i.ble time whereas c!.:posnl '.mpllcs 
that no re covery or the mu terl.ll ls 
planned nt a gt1·cn s!tc. Either opern.­
t!cn \vould require essentially the r,n.mc 
t}']Je or informo.t!o n prior to inJ ectl on·. 
Tiowever, the uttl lu de of the upproprl:J.kl 
regulatory nr;ency townrc! en.luo.tlon o! 
the proponls would be dlil'crc nt !or c51ch 
t;-pe opernt.ion. Tho EP,\ policy rcc.o:r­
nl::c� th� need for lnkctlon wells In c�r-

. min oil nnr.1 m!nernl c;;tract!on nnd flu.Id 
stornze opcmt!ons !nit r<-qu.lres nuffic!cnt 
cnvlron::::::.cntul rafc::.'l.lard.'l t-0 protc-::t 
other u� ol the �ub�urfnce, both dur­
b<!' tho :i.ctual lnJcctton operation nud 
a!�·.'::- th:i lnJ ectlcn b...'1.3 c�ed. 

T.1c p:-ill�Y considers WMte dbpooal IJy 
w!.'ll lnJrction to be n tempornry � o! 
ul,>Jo!lal b the �nsc thr.t It \..• o.pprovf'd 
only !or the Ute of an lr..'!Ued pennlt. 
Sboulcl more en1·!ro1uncn�,'..l ly ncccpt.'\l:Jlt! 
d!s pos:il technology la�omc avn!lable, a. 
cli:u1;'.c to r.uch technolocr would be rc­
Qulrc<l. The term "tcmrt'rnry" Ls not in­
tended to 1n1ply subsC'Qucot recovery or 
lnJcc�l· W:J.'.;te tor proc=lng by 11.llot.hcr 
tcchnolo3y. . P:i.m1�:t;ih 5 or the Polley nnd pro1::n.rn 
aul.la.ncc provides that "PA w l ! l  :i.pply tli<! 
policy to Lhe c:o:trnt or l l> nuthorltks In 
c:mJuctlns nll EP ,\ prof:r:un n.ctlvltlcs. 
Tile npplicabtllty or Lil<1 pcll�y to pnrtlcl­
;- :l�.!0n L·y tl:I) 6CVt�n>.l !jLd,l.'.3 l a  the 
NPDi:.:3 p�rmlt p rL'.;nli:l unct�r ::cctivu 
�O'..! or  th� Frdanl \\'1•:•' r  I'ol la:lon C.:in­
twl Act a.:; run.::ndcd h!l.3 b�cn C'1t.:ilillsbcd 

prevloush• by ! 12.\.CO(dl  o! Pnrt 124  en­
tl tlcd "Btat.o Pro3Tnrn r::cmcnl-3 l;ccca-
5n::y for Pe.rt!clpatlon ln the Nal!on£il 
Pollutunt D!2ch�r;;-a :Cllmlnntlon Sys­
tem," 37 I'Il. Z8300 (December 22, 1 0 ·1 2 > .  
These c;u!dcllnes provide thnt e r.ch EPA 
Rc:;fon'.!I AC:111lnl� trator mu3t dlJtrlbuto 
the policy tu the D! r�ctcr or 0. mn.te 1;-ater 
discharge permlt losulnS' llgcncy, and 
mu.:;t ut!i!.::e the policy 1n h!.3 own rc�·!ew 
or !li:lY permll:J !or d!:;po3e.J o! polb tc.nta 
Int.a wellJ t!ut ure p ro po.1cd to be lc'.tUCtl 
by states purt!clpatlnr; ill the NPDE3. 

Dated: Amil 2, 197-<. 
JOHN QuAnT.L9, 

Act!n" Ac!.mlnistra tar. 

/i.:> MTNIOTIUToa's Df:crs1a;;< 8TAtt.Wl:?<T Na. � 
l::;'A I'OI...ICT Or-! 6U&9URFACl! ��IPLACZMT.:'.fr OJ' 

lo"LUIDS DT Wo..t. I!iJ"?:CTI0:-1 
'I11!..l AD3 rt.cm·d.B the EP."t. 's poAlt1cn on in­

jcctfo:i, woll.15 rrnd �rubatuf� cmptac�!lHln t  o! 
llulclo by woll l n fo c tloa, nnd oupo: ... 1dc• tha 
P�C.er:il \Vat'r q�:1't. i ! t j� A d m ln lst:r.�lou'n ord..,r 
COC.t 60!0.IO o! Oci.c.ccr 16,  1970 .. 

Coa.:s. Tea E'PA .?ol1C]" on. Sul.HsUrl:.'.� zrn ... pl�ccrn�n; o! F; u.Jcl.• b7 Well l.uJoo!lcn 1.5 degfgnect to: ( ! )  Prot oct. the oubrn r!'-"" from pol!u· 
t1on o:- othar cu\·t:onme ntnl ha7.a.rd" Aottrib­
utablo to !mprcpor lojcctlan or 111-&!tod ln• 
Jcctlon wel13, ( Z )  E".i u:·., th�t •n olnror!n0 ancl geo!e<;ical 
fufoguard!\ W e q � l". to t� prote c t  tho l u t (·;::r1t7 
ot th" nubnur!r.co M�'rlronm ei n t.  r.ro t1.d!lor6d 
to 1n the �roUml41n>y lil\'ostlga.tton, C.,�!gn. 
con:Jt!'uct!on, CJpor:o..ttoo. n1anltoring !.\nd 
nb'1ndoumer:.t plrn.ooa o! lnjectlan wail pro)• 
cc ta. tvJ  �.1...1.,;•1t.0 •"t'·Q ,;., .v: .... J_·.;:;.:..:.;.:..: .:;.: ::.!!:..::::..:.�':-': 
me� or ti�pn.5-l\l ..-;b!ch e.!:ord i;ro11WL" O.i:l• 
v!ronmont.nl p r:-ot.fct!ot'l.. 
· Pr:nctpal ;bidt7t9J an.£! polU:tJ f'ctkmale. 

T!:� n\'r�U:lt'i!� ,.. ..,·tdonco con�c:-n l.n�; lnje c t l o a  
woll.3 fl.lld !iub�ur!r..co c1nph�o:.:ieue o !  !luid5 

lnd�cat.os tbat: ( l )  The rmrilnc�r:non e  o! r.u! d., by sub!'U!• 
f�co lnjec\1on olton l.• co11old o;cd by 1;ovem-
1n.:iot end p!'h"l.t.O i\.;:)encl�' ::....1 a n  a.t�rnctlve 
ra;Jchants.ro !or .t1nr..l d l.?.pO.!lft.� or stor�ga owing 
to :  (<>) th" dlrolu1oh l.llg cop•b1lltlc• o! •ur­
!:!.ce \'J'O.Mts to rcco 1ve eC.lueintl w1tb.out v1o• 
l otton or qu,.l l t y  o tlOnd>.rdo, ll!ld (b) t.h" 
C.p[>ara n �  }O\.o,'Or CU.,t!l O! tOts mctbod O! dl!!I• 
po3!ll or 1'-toYr.-;" 0 \"1'!? .. convou tlon:il a.oc! nd• 

vs.u:-cd w�.,t� ruo.r.....:i sll�'.ent t.rch!l !q u e5. 
SU'J!:fltr!a.-:..t' 6tor::i�" C).pa.cltr ls a. nrt.turo.l ra­
aourco o! ooo�tcteraUloi vr.Iuo &Dd lik.- r.n7 
othcr n :r:1. tur�l t'e-wurr� 1til u� mu1t. b' oon.­
t:(}IT�d !ur rr;�xhn!'\1 b1'nc�t11 t.o ii.11 P'-'op!oo, ('.J) ItnprOj)(fr t!ljo,:Uon o! rn u n%�1p:ll o: 
lndtLlftrLlL ,� .. r.,,tc1 or 1njo-ct1on of oth�:" J1u!ii� 
(err ttor�� c.-r Utnyo.,c.l to 1.h.;i s.11bel!rfe.� t1n­
vln>nDU1n' (-Ouht ro.-.U' ln r.cr!ou.o p o U u t too 
o( w:iter »Upp!� er oth<I: OOYltoUnU>nt.tl 
hiu:..,-ds. (JJ Tho �rroct.. of eut•mrl"°" !nJ<>et!oa And 
the- f!:.to or tnJ�ct.ed D:!.__�t.4'rt&l5 ere uncertrii ln 
\Tith todura: kno .. vledg-o �od cou ld rf"sult ta 

8"'11.00d roUuttoo or cnvlronmentAl da.rtrn.ge 
""JU lrt.!1g cornptcx [Uld coatly eoluttona on " 

Ion�-t..crm b:tsis. 
Pol!c-,1 .ar:d pro9rom (TUldanCd. To �=um 

a.ccomplW1 m o n t.  o! tha &ub�rn :-f:\.C4' prot.6-.:tlon 
J::"O:\l!il ��t:\hJlnhNf £\h09'8 it 1-' t he pol1rj Of the 
l::nv1ron m:..•1lt�t rn�:.octton .l\�t>�cy U<t!\C : ( l l  Thet EP:\ wtU oµ�e �u��'1n....""'C'u"l.ant of 
111!\.tcrL:Ll.i by eu0�1JrtJ.ett 1nJ:>cttCta w1u1vut 
1'Jl:-1ct control,., . a.nd A .  clo.ar �t'n.wur;tr!\t.�on 
ttrnt. �uch cmpl�'k.""l)W...'"'.D.t "1lll nnt lntt'rle:-o 
w t�Jt prt\.."lt>nl (.If' p<)tt""ntW U� o( Do l'IUt>:ntr• 
!nC<" "' o v lro1u�ut. c .. >O t..J.ml.ll..'\t.o �:roU!hl wutcr 
r�o.ourco.a or oth�n;·i..� �s� the c u r lro:i­

mo!.lt. 

( n:o:-:.c. i::cm r::. vc:.. J,, NO. 6 1'-TUESOAY", AM!l '· 1 914 ' 



( 2 )  
· All p ropo•�l6 for •ub.Jurracc 1.nject!on 

thould bo crlllcall)' ova.lwi.tcd to dot<>rmlD<J 
th .. t: (r.) All re.uonable rJtemGtl"" Ine"3Ur.'..S 
bllYe b � n  exylorr:d n.nd fow1d l.l!l.:l eo.tlACac• 
tory to tf'trrr..3 or cn.v,ron rnent:\l protection: 

. ( b )  Ade<it at-> pretnjoctloo t""t• lrnv� l>oou 
i.."ll.d• ror prec! lctlog tho !n t.. o! materWo lnJcct.ca; 

(c) ·;noro In conclw!v& tnch n!cnl cvlC.enc& 
to dmnon•tra� th �t •ttch ln)ect!on ml! uot 
lnt<>r!ere 1>•llh ;:ir.....cnt or pot=tl-'ll U"8 o! 
W'l'\tcr roJO'Jrce-3 nor re.a.ult 1n ath"r Cflvlrol:l.• 
DUJntal hoJ . .ucle; (<ll  'nlo •ub•urfnc<> !n)"" t l�n •y•tcm hu 
00..n cte•lgnod IUld const.ructc<l to provide 
L-uxl"1al cnvlranm.,nt.>l prutc<:tlo'1; 

(•) Provl�lon.o lluve tz<: n  zn::.<l.o !or mon1-

tor1ng bo th tbe 1.UJ��lo::i operf.tion and t.b.e 
resulting tf:cc� on the eD'?lronrnent; 

(f) Contingency piano thnt wtU obv!ut& 
l\.DY onvlronmen tn.l cleg:1\dc.t1on . hf\Ve be-t.o. 

prepa.rc<l to cope w1th all woll ohut-l:ia or any 

weU Io.llures; ( !;') Pro·;Lsl.on wlll he mnde for superTI.� 
plu!(gln� o! l.n)ectlon '7ell• when ubancloncd 
1m<l for mon ltorln!( to en.>ure conUnUing cu­
vl.Ionmental rmJC,,CtlOD.· 0(3 )  Wr>e�c 'ub:rurfo.cc ln)ect!Oll 13 prnct!""'1 
for wa.ste <l lm<>'lal. It w ill be rccor.nJzed to " 
wmporary m�!l.Ila ot <11A!X>6al until new t<>ch­
nology become• c.vnll.,ble ennbll.n:<; more iu­
aurod. c n vt.ron.C'lenUl protoctton. 

(4) \Vhero oub6n r1'"°" lnJl>Ctloo !o practl""<t 
far un<'.lcrg-round rrtorR.ri"C or for rec1cUng at 
natural Jl.u l<t3, lt wlll be nocognlz"'ct ti.rat such 
practlce ?11ll CCB-Ae OT 1"" mocll!led �·hen e. 
bc.L!lrd. to nnturcl re!'50ur�s or tho en vlron­
n1cnt rippcars 1n1m1nent. 

(5) Tho F.:PA w1ll "pply t!:l.ls pollo7 to the 
extent o! !ta nuthor1tl�• In co:>.tluctLng �ll 
program actlv1tte:"S. 1�clur:!tog- retu lalory oc­
t.l";"ltlcs. re�a.rch n.nd dovelopmont. tc.c:hnic:U 
au14tw.nci:; to th-:; �t.a�s. r.nd tho �dIT'J n!fftra .. 

tJon or tho conttructton gr:s.n�. ;:ftu c..e p�ll­
gnm (l'Mlnt.w. o.nd bv.!n plnun!n(l grnnt.1 pro­
f;BttU r.n<! cont.lo! of pollutto:> �t }'•<lenl 
fl>cil!tl""' 1n a.ceorcfanco With £x""'1t1 ..., Orcter 
1 1 70-l. 

'WII.LLU« D. Rrrc=:u:mn•11, 
Adml71!Jtrator. 

l"CllUAAT el, 1973. 
R.!:COMYlCl'•rtHtD DATA !"'JQOiltJ:?d.JChl!J TO;!. ExTT.­

llOMW.ENT.\..L. Ev.t.I..'O'ATION or Strl!srmrAc� EJ!ll-· 
)'LACE.M.L."fT OP' F'LOI.D8 BY W1!t.L"lNJ £CT10!"f' 

· Th& · A<tml!ll!JtrntoT'a Det:lslo n 6tl\ttment No. O on eubsurt'C!.Cc employment o r  1ht1d!'i l>y 
wen lnjectton b l.!'  �ll prepi'L.red to est.n.b!Ul:t 
the .f1.3:ency·n po:1ittoo on tiiet u� o! t h t :,  d1.s­
P°"al r.nc1 1; toni.go t.(:chntque. To ok1 ln L"'ll­
plemt-ntn.tion o! tho- pollcy n rccoo1mended 
data ba...'e !or euviron.mental c valv.atlou hn.a_ 
be<!n dovelop<><l. The rollo'-"lng pVlalle t..,n <t=tt><> 1:h1' tn­
tormAtlon .,hlch sbou!d b<t provided by t.h". 
ln,tector 11.nd Bn" ck�l�ed to pmvlde 'ltr,'..lla• 
tory agcocleA Bu CUc- lo n t l!l(Q'r m :'\t�u to eva.tu.­
"t" tho '° n vlr-onment1'l scccpta b H l ty of n..nf proV"""<I ""'fl tn)cctlon. h p o t<- o t l:>J !n)cctoc 
1-houlct lnttl.�lly cont.a.ct tht, rc""H llltltory !lU• 
thor1ty to d e tc-rm1ntt U1e P"'ilml n..'\ry \:Jn:�tt­
gt.U.,., a.nc.1 d a. t� n:qul�n,entft !or n. p:Lrtlcula.r 
ln�ctton well M Ulf"'d.e m:ly vn.ry !vr c..�tfrN'"nt 
k.1.nd.s o! lnJoctton oj:'M:'mtlon.s. Tho np;:noi,rtat.o_ "'1>'tlatory O\llh<Jr1ty ... 1 11 • r<- c1fY the eJ<l'C� 
dAt:.. reqult"C'{l'W'lllta on n. c:::uJtt by �"'° btJ.Ji,J.a. 

( a )  An n.C"Cnrl'\te µ2at 111 holVtni;: Locatton fl.nd 
aurta..:e el� v a t to:.i oC prop·cMC"d tn]rl'C'Lion U""l:':ll. 
IJlt.r.. eurfo.C°"O c�tu�. prC'lp-c:rty l"'Ourn:fn� 
•nd aurf .M-c a..nd n1tncr!IJ o-.<nenU11p nt :u.J._ 
a.pp ron"'d .c a.Je. 

(b) Mn�!\ l o d ! C1\ t t n R'  lex"'O.t!on of '\Y':'tcr wtilio 
IK.l')('{ •JI 0U1"r '"clt.i. mtru·� or o...rt ln c b l  pe-ne­
�Uon11.. l nc l lhUnc: h u t  not ltm l te,\ to oll 11oud 
K°""' W"<'ll• ""''" r'll.f'l(11'"• tr>ry'  OT' t.f'�t llr"t"Hn. nh-ow­
llll <lop Uu. o.oru:1.0tu ..od Cl.lo c.hK>J.'�•t torrwo--

NOTICC:S 
t!on ponetrn.�d w ! t h ln tw lco tbe c�lculat.ert 
F"..one o! 1n..1ucnco o! tho propo;,ec1 projec t. 
Plugt;:.nr; and. n.bo.ne!onrrwut record...., for ni l oll n.ntl er.:. t".13UJ, nod. uater 'T'r�ll� 'lhould �oom­
p�ny tbo map. 

(c; :'>fo�• lnd lcat!ng vort!=l nnd latcrnl 
llntt:s ct �otti.b!o w.'\ter DU;:>?llo:s whloh wO'U1d. 
L"lcludo bo!b. h.hort .. r...nd long-term Y !l r 1 a. t.Jcn.3 
ln aurtl\:o wn.tcr n-:..ippl!o� and. 1ubJur!ace 
n.qul!�:l!i cont:"t1n1n-:.r wn.tcr w!th lr.i.>" t�ian 
1 0,COO mill tot�l cll,,olvod r;ol�. hvl\llr.blo 
0....T .. OUlltfJ A.Del. p rt:r.nn t ri.nd potentl:ll 'll!!C8 of' 
tt.e::'l wn�-�rs. Jt.3 wo:-11 !'.H pmj ectlona o! p u Ullc 
wntcr 8'...lpp:y rcqul.rcrncnt3 must be consld­
ercct. 

(d) De•crlp tlons or mineral re""urceo prc•­
ent or bell<tVed to be preBent !n """"" o! 
proj ec: c.nd the c!fect ut th!o projec t on 
pre$.&Ut or potential n1!nerrJ. reaour:o-' ln th:> 
e.rea.. 

(o) Uapo and CTOS' oect!ons r.t approved 
Aca.l"3 1llu5:tra.tlng d c t<\iled r;:eologtc struct.ura 
an<l .. Gtratlgruphlc Bectlon ( l.nC!U<lln� for­
ma.ttons, lithology, aua pby!!:1CA.1 cha..""?..c t.e r1� .. 
t:cs) !er the loco.l are<l.. P...lld gener(l.liZ:Cd mnp.5 
and c:Olls scctloD..5 Hlu�tr:l. t ! ng ttc rc3tonr.t 
geolo;;1o 6Ctt1Df; O[ the proje-ct. (f) Dcsalptron or chemical, phys!c11, u.nd 
blolo�tcu.l pro;:>crttc� :aod cb.aracterl.stlcs ot 
th• !lulcs to be !nJ<cte<l. 

(g) Potentlomctrlc mnpo nt npprovc<l 
•cal"" 2.0cl bopleth Interval• o! th<> pro­
poso<l !n;,,ct!on horl,,:m rrnd of thoec i;qul[cra 
1mmedi.c.te!7 abovo n.nd. b.:;low the lnject1on 
bor!.tOU, Witil CC0tJ!e:5 or n.ll dr U l -st.em teet 
ch�rt8, e:ctrnpoiatlonn, !\nd dn.ta. ll.5Cd ln com .... 
plllag •UCh maps. (h )  Descrl;:itlon ot the loc11t!on IUld nnturo 
or prc�ent or potcntJally \l.8.0e.ble mlnerai.s 
from the zone o!,tnaucnce. 

(1) Vol wn.:, rnte, t<n d  ln)«:tlcn preMUr6 
a! tho Jlu:d. . ( J )  Tho follovrln?; geolog!cnl rmd phyolc?\l 
cho.rr.o�r�.vttC1" o! tho 1 n j �c t l.on !nte-rvs.1 nn<l 
li.11;1 uve' i )' i ur., t1..J • ..1� uu�t:1 i;r �u� v..1uO.:£..;ti.jj �-� .... 
•hoUl<l bo ctotorm1ne<1 r.nct. oubmltted; ( 1) Thickne1111; ( 2 )  n.rei\l e 1 tcnt; ( 3 }  H��o!ogy: 

( ' I  gni.Jn mln•m!o(,ry; (�)  typo !Uld mlncrr.lo:;y ot xno.trb:; (6)  ch1y content; (7)  'cl.ay mlnernloITT: 
( 8 )  t'trecttve po,-o•l cy ( !ncluo.Jng n.n expl.2.­

nRtlon o: bow de�ennined ) :  
• ( 9 )  i=me..bUtty- ( Including A D  o.xplaw>.­

tloo a! how dotcrmJnect ) :  
( 1 0 )  ccd&le n t  o t  l\QU!!er •torage;. : ( 1 1 )  nmount u?l<l extu n t  or naturaJ fruc­

turln�; · ( 12 )  lo=tlon. 0:£:.<>nt, nn<t c:7octs or lcno"'-n 
ar •uapectc<i !nultlng lndlD'Ung w b ethcr 
!:1.ul� a...'"'t!! sr:a.lod. or fractured D:;cnue.3 !er 
!lu!d rooveru ent.; ( t:i) e.xt<in� "nd efieto. n! u•toral llOlutlan 
cho..u!le!!l; 

( 14) d""'"" or 11;.i\d gsturatlon: 
( l b )· forml\tlon rluld c h :mtlrtry (!ncludL-:ig 

local RJJ.d �gl-ons.l T!i.r1nt1on.'I ' :  ( 10) t<'m�rnture o f  tm-m•llon ( lnclud� 
an e.xpla.n""Uon or llow dotormtn!'Xl ) ;  

( 17 )  !orm!.t.t1on n.cd n u lc\ pres.'iurc ( 1.nclr.d­
ln� o r 1 g l n f. I  l\nc.J tnO(Hfl:c.fl.t\on..e re.ttult!.ng_!rom 
!\uld ,., ltbdr.>wnJ or I n j ection ) ;  

( 1 6 )  rrnctur l n p:  f""'d l • n to ;  
( 1 0 }  Gltrur.lon A.IHl Cl l"P<'r.<lon ch n.."t>.CU!r1rs­

tl� of t..hd w.A.3LO -.nd t.hn !on:n.attcn fi.uld 1.n­
cl u d t o g  oUect ,..: i:rriLVtty  1�rf."!;!\tlon; . (:;;J I compa.tlblllly O( lnJc>eu-d ...... i.. m t.h  
tho µh y.,lca.I. chemtc.8...1 a.nc! b loIO-S-��1 chn.r­
nc-� .. o.l"i�t!M of tho t""t'"l'-N'Tnl r; G.Dd 

( Zl  l !nJ� .. ..-:.1T'tty p ro,.)llll\..1.  (� ·n-.o fo!lo<T!.1lj!' angl.nL>M1ng dsW. &l:lonl<l � tHlpplt::l..i : 
( l }  n�i-· o! bow � tct3J. il<pt.h ot 

wu!l; 

. P) t,rpo, &iu, wcti;.ht, IUld A�t.!l. o! ....U 

ourfaco, !ntenncdlo.t-0, (l..ll<l lnJ octl011 cMlng otrlngs; (3)  cp,c!Ocntlo!UI ftntl propoot'<l ln•�11llt1· 
t1on o! tub! nrt G.Od po.cken; 

('-) propo""d ceroeutlng procedures An<l 
typ-e ot. cc�neat; (5) propool>d corlnµ; pro;;<am; 

( 6 )  propol'..cd. !ormatlon twtlng pr0!4ru.n:s.; 
(7 )  propUJO<'.! lco;:; ln 8 µ roi;ro::n; 
( 6 )  propr.-.e<l an:t::: c!al rrncturt:ig err �tll:n ­

ulnt1on prnsrnm; 
'(O) propc.,..1 l n )ootlon p roc.<:dure; 
( 1 0 )  pL1n'" or Lhe M.: rCf\ce n.nd ftUb!nz.rrnr:� 

conztru�lon <.1.Jt.aJh or the r;7et.."!m t n c- l u tl!;-i�: 
cnnHwerlu:; draw!n�s r.na !.pcc!L.catl/.>ne or 
tile uyntem ( I ncl ud i ng· Li u !.  not l!:...--: 1 t-0d to 
pump.9, We![ head C011Struct1on. and CMJng <te;:ith) ; ( I I )  plans !rrr mon l tor!:i� lnclutJ.lng a 
multipoint n u f d  pre�l'.\lro munttortng ays­
tem con..&tr uctod to m o n l :cir pr<".U.Ut� bove 
n.s wcll l!.:> w 1 Ul 1n tba l n�cc�!un zo:J.e�; c!-OCcrl ;:>­
t!on of (LUuula.r !lt!fd; o.rtd. ph .!1a !er ::l;l1:::i ­
tn1nln;; o. cuir.plete opern.tlo=.l h.lu tory � 
tho well; 

( ) 2 )  c;::rp�-ted c.h.nn�e:J tn prM,nre. rnta o: 
n.at1vti t:1uJ..1 d l..3p!a�rn.ent by inject-Oct fi u l d .  
d lrectl o us or dbpO,l"ljjon o.nd zone n.!l'cct-ed b,r tho> project; 

( 1 3 )  con tlni;oncy plnr.a to cap6 with nll 
shut-ln.s or well !�ill1n:-" In n m:\nncr t h a t  
wUl ob·r1.'\t.e R n 7  e!lvlror: m e n t.al deE..rrnclatloo. ( l }  Preparat.J.on o! n repi:rt thorOu�h l y  in­
\-e�t![�attng "Ch !) cO'cct.B 6! t..�o prop� oub­
a:ur!J.C� 1nJ�ct1on Pell t.hould bt'I a. prerequl ... 
slte ror cviitl u"'!.t.lon ot a rro��ct. Buch n t.tt\t-0-
me.nt r.b.ould include n. LliOrough [Ul.Se?Am..Dnt 
o!: ( 1 )  tbe nl t..ernnth·o c! �5pc.i:.1.:-i.t ,r;che�H�3 Jn 
terms or ms:..:.In1um c n v l:-onmcntnJ prot�c­
t !on; (2) proJcr. lloa o! 11uld pres.ciure l'('"�o n sc  
n1th tllne b o t h  l n  tho lnJ�.ct�on z.or-e...i ,:i..nd 
O"ferlytne- !orrn.stk:io.9., with pr.rtteule.r �ttt.on­
tlon to u.cq u l (cra w h kh rnny ru "tli;.l..xl lee 
!ro�h ivater t'IU?Pll� .tn tne !uturn: r.u.ct ( 3 )  
prou�.::a r�tx.11!'.'-""'"..l '*'"J W. 1  vcti.Ji;J:.::s L:J..J!',J..!.J.cn.;. 
SntoractionH bet,;r.en ln �::;t.¢<1 WMtea, !or­

J:Il.Atlou fiuh� . .,. cod w l nerulo-gtcal COTI !5 t l t u r':Jt�. 

( FR Doc.7��1 l'llc<1 {-S-74; 0 ; 4 5  r.m )  

FED Er\1\ L l\1ARHI M E:  COI'tl hilSSWN 
/IMERJC/.N WE':>! AFntGM'� FREIGHT 

. coo-.FEr<GiCC 
Notlco of ?cWlo� Flfe<l 

Notice la hereby r:!ven· thnt the tallow­
ing pct1'.hn hus been !lled wlth t.tle Com­
ml'.;slan !ar npprom.l Ptt.'"SU!lOt to s�ctlon 
11b of t!Je Sh!ppltl'.:' Act, inG. r.il a1i1cndec! 
(75 Slnt. 7G::!, •lU U.S.C. ll l 3:>.l . 

Int.i:re�kcl part.Jes mr1y Inspect a copy 
or the current contract form nnd of t.hP 
pcllt!on, rcllect!ng the changes prapo.sec 
to be ma.Cu In the Jun;:u:i.S'e of s:Ud con­
tract, nt  the \Vnshlngton o!1lco or the 
Pedet-tu �.rn.rlt!me Comm !.o;..<fon, 1100  I. Stn-ct NW .. Boom 1 0 1 '.: d  or r.t tl1e P1cld Offie<>-� . locctte<l 11.t ?frw York. N.Y .. New Orlen.n:s, Lo u!:;J�:i. S:\n Francisco, Cn.!1-
!orn!n., and Old Sn.n JuJ:i.  Puertn H.lco 
Comments wlU1 rcfrt-encc to t.he pro � 
change.i 1wd the pet!tl,m. lncludJr..:1' a n.'Q ucst tor l:cruini;. !( dc"lred, m:i.y be 
submltte<l to the Sccrctc1ry, l:"'et�cr:i.l !>far­
l tl� Comr...iils!o'.u, 1 1  CO L t:;!:,>ct :t•W . . WruJlingt=. D.C. :205';3. on e• before 
.AprU H J. 1 S 7".  /lny l 't'r"An c!c.• l rlnir r. 
hc�i; on t M  ;irov�ct modltlt-�1tton or 
the contr.:ict form v.r��.'o• the npproi·e d  
cont.re.cc s y 3 t.c.'.m  &hsll pr0'1!,1e n ckar nnd 
ccudse r,t..Ucm� ol UM fCJltkni upon 
wWcll they c!c·:llre to •l<;��e C\'IJcuce. 





United States Department of the Interior 

ER-77/875 

OFFICE OF THE SECRETARY 
WASHINGTON, D.C. 20240 

Mr. Mi chael E .  Carosel l a  
Associ ate As s i s tant Admi n i s trator 
Federal Energy Admi n i s tra tion 
Was h i ngton , D . C .  2040 1 

Dear Mr. Carosel l a :  

NOV 1 1  1977 

Th i s  i s  i n  response to yo u r  l etter of September 9 ,  1 977 , reques ti ng 
rev i ew o f  the d raft envi rc�men tal s tatement for S u l phur Mi nes Sal t 
Dome as a candi date s i te i n  the S trateg i c  Petro l eum Rese rve . 

GENERAL COMMENT 

I n  regard to b i o l ogi ca l  i n formati on , the draft s tatemen t rel i e s  too 
heav i l y  on publ i s hed l i terature and commu n i cations wi th knowl edgeab l e  
perso nnel i n s tead o f  p ro v i d i n g  s ite- speci f i c  data on the fl ora and 
fa una of the project area col l ected through fi el d i n ve s ti gati ons . 

SPEC I FI C  COMMENTS 

Pages 1 - 5 and 1 - 7 :  I n  paragraphs 1 . 2 . l  and 1 . 2 . 4 ,  re specti ve l y , there 
i s  men t i o n  of both curren t  bri ne p rod ucti on and the poten ti al for 
devel o pmen t  of perhaps fi ve add i ti onal s o l uti on cav i ti e s  i n  the future . 
The draft does not men tion exi s tence of an evaporati on and sa l t  p ro­
ces s i ng p l ant i n  the v i c i n i ty ,  o r  p l ans for operati on of s uch faci l ­
i t i es for proces s i n g bri ne i n to commerc i a l  products . Such bri ne 
p rocess i n g faci l i ti es come under the j uri s d i ction of the Mi ne 
E n fo rcement and Safety Admi n i s tra ti o n ,  so that any occupati onal ri s ks 
because o f  s u b s i dence , a i r  qual i ty ,  or hydrocarbon s p i l l age need to 
be addres sed , i f  these faci l i ti e s  exi s t  or are brought i n to ex i s t-
ence i n  the future . 

Page 2- 1 1 : Under S u l phur Producti on it is  menti oned that there have 
b�en "occa s i onal attempts to res ume s u l phur product i o n  at S u l phur 
Mi nes dome . "  No s u l phur producti on is  currently underway , but there 
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i s  i mp l i cati on i n  the draft that mi neabl e amounts of s u l p h u r  rema i n  i n  
the cap roc k .  We poi n t  out that s houl d i t  be poss i b l e  that addi ti onal 
s u l p h u r  mi n i n g mi g h t  be permi tted i n  the cap rock , fu rth e r  s u b s i dence 
wou l d be l i kely wh i ch co u l d i mpact on any futu re proces s i ng faci l i ty 
yi el d i n g  s a l t p roducts . Add i t i onal l y ,  we poi nt out that s u l phur p ro­
ces s i ng i n s ta l l at i o n s , and i n  parti cul ar ones that y i e l d graded p roducts , 
may come under Mi ne Enfo rcement and Safety Admi ni s trati on j u ri sdi cti on 
for occupati onal  heal th and s afety .  

Pages 2-1 5 th ro u gh 2-26 , secti on 2 . 2 . 1 : The acknowl edged l ack of s i te­
s peci fi c water-q u a l i ty data s houl d be remed i ed through co l l ecti on of 
addi ti onal i n forma t i o n . Th i s  secti on wo ul d be i mproved by the del eti on 
of the d i s c u s s i on of habi tats and a s s oci ated organ i sms that wi l l  not be 
affected by the p roposed project or the var i o u s  al ternati ves . A more 
deta i l ed d i scus s i o n of the fauna of the project s i te and a l ternati ve s i tes 
s ho u l d be i ncl ude9 i n  th i s  s ecti on . 

Page 2-1 6 :  Local ponds anrl reservo i rs are recogni zed as bei n g  i n  the 
i mmed i ate v i ci n i ty of the S u l phur Mi nes s i te .  The recreat i o n  poten ti al  
o f  these bodi es s houl d be addres sed . Accordi ng to the Statewi de 
Comp rehens i ve Outdoor Recreat i o n  Pl an ( SCORP ) , the regi on  has a need fo r 
fres hwater fi s h i n g and other water-ori en ted recreati o n .  

Page 2-95 , s ecti on 2 . 6 . 1 : The draft s tatemen t i s  i nadeq uate i n  i ts con­
s i derati on of archeol ogi cal reso yrces . Und i s turbed l and i n  the project 
area s h o u l d be i n spected by a profes s i onal archeol og i s t  to determ i n e  the 
presence or absence of archeo l ogi cal resources . Th i s  wo u l d  i ncl u de the 
proposed 1 4-mi l e  pi pel i ne and 1 . 7-mi l e  water- s upply l i ne .  The fi nal  
s tatement s houl d i n di cate that s uch a s u rvey was made , and s houl d ci te 
the n ame and i n sti tuti on of the i n vesti gato r .  I f  no  archeo l ogi cal s i tes 
were evi den t ,  i t  s h o u l d be so s tated . If s i tes were recorded , there 
s ho u l d be i n formati on regardi ng the n ature and s i gn i fi cance of the s i tes 
and the effect of the p roj ect on s uch s i tes . I f  the project wi l l  adver­
s e l y  affect s i gn i fi cant archeol ogi cal res ources , there s ho u l d be a pl an 
of acti on ci ted to mi ti gate th i s  effect .  I f  any archeol o g i cal  res ources 
are encoun tered duri n g  cons tructi on , operati ons s ho u l d cease at the 
d i s covery s i te and a profes s i onal archeol og i s t s houl d be cons u l ted as to 
the s i gn i fi cance of the materi al . 

The fi n a l  s tatement s houl d a l so i ncl u de evi dence of contact wi th the 
S tate H i s tori c P reservati on Offi cer ,  Mrs . Sandra S .  Thomps on , Secretary ,  
Department o f  Cul ture , Recrea t i o n  and Tou ri sm , P . O . Box 44361 , Baton Rouge , 
Lou i s i ana 70804 , and i ncl ude her cormnen ts rel ati ve to the i mpact of the 
proj ect , i f  any ,  upon p roperti es on or  el i gi bl e  for i ncl u s i on i n  the 
Nati onal �egi s ter of H i s tori c Pl aces . 
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Page 2-95 , s ecti on 2 . 6 . 2 :  I t  i s  s tated that Ward E i ght Park , I n tersta�e 
2 1 0  Park , and Pri en Lake Park cou l d  concei vably be i mpacted by tanker 
o i l  s p i l l s .  Tabl e 4 . 1  ( p .  4-2 thro u gh 4-8 )  shoul d i ncl u de mi ti gati on 
meas u res and unavo i dabl e i mpacts of tan ker oi l sp i l l s  i n  the I n tracoasta l  
Waterway , Cal cas i eu Ri ver , a n d  Pri en Lake . Because of the smal l er s i ze 
of these water bod i es and the proxi mi ty of these parks to them , the 
mi ti gati on p rocedu res l i s ted i n  tab l e 4 . 1 may not al ways be s u ffi ci ent 
fo r the s p i l l  of 3 , 1 00 barrel s anti ci pated in  the tabl e .  Mi ti gati o n  
meas u res t o  counter o i l  s pi l l s  s hou l d  b e  addressed so as  to a vo i d 
damage to park s i tes . 

Page 2-96 : Menti on i s  made of the i mpact of pos s i b l e o i l  sp i l l s  on 
ti dal mars hes . The SCORP. con s i ders the area wo rthy of a pos s i b l e  
wi l derness des i gnati on as a coastal mars h . We are al so  concerned about 
the i mpacts to ma rs h l ands res u l ti ng from di sposal of dredge ma teri a l . 
Page 3-1 1 i nd i cates that 60 acres of gra s s  and ma rs hl and wi l l  be l o st 
because of d i s posal  o f  dredge s po i l from Sa� t Water Lake , and page 3-1 2  
men t i o n s  s i mi l ar effects on  areas total i n g 1 1 . 7 acres due to dredg i ng 
for the oi l p i pel i n e .  Executi ve Order 1 1 990 , i ss ued by P res i dent Ca rter 
on  May 24 , 1 977 , d i rects Federal agenci es to avoi d to the extent 
pos s i bl e the l ong- and s ho rt-te rm adverse i mpacts assoc i a ted wi th the 
des tructi on o r  mod i fi cati on o f  wetl ands . I n  vi ew of th i s  Execu ti ve 
Order , we recommend that FEA uti l i ze the al te rnate s po i l s i te d i scus sed 
on  page 1 - 1 5  for dredge materi a l  from Sal t Water Lake , and attempt to 
l ocate s u i tabl e a l ternate s i tes -for dredge spo i l  from the o i l pi pel i ne 
wh i c h  wou l d avoi d the des tructi on o f  wetl ands . 

Pages 3-9 and 3-1 0 :  The p re-operati ona l testi n g  program mentions  the 
i mpo rtance of determi n i ng the proxi mi ty of cavern s to one another and to 
the s a l t-dome boundary .  A footnote ( p .  3-1 0 ) i nd i cates that the tes t  
i n forma t i o n  wi l l  b e  u sed to determi n e  duri ng wh i ch wi thdrawal cycl e  the 
caverns are l i ke l y  to col l aps e .  The text shoul d more adequate l y  outl i ne 
the poten ti a l  i mpacts on  ground water res u l ti ng from the remo val of the 
materi al s between the cavern and the s a l t- dome marg i n  and sho u l d s u ggest 
any pos s i b l e  mi ti gati on of effects . 

Pages 3-24 and 3-25 , s ecti on 3 . 2 . 2 . 1 : Th i s  secti on sho u l d conta i n an  
a s s essment o f  the effects , if  any ,  that water wi thdrawal from the Sabi ne 
Ri ver Di vers i on Canal wi l l  have on  s a l i n i ti es i n  down stream estuari ne 
waters . 

Pages 3-25 through 3-30 , secti on 3 . 2 . 2 . 2 :  The bri ne di spl acement rate 
( 4 , 900 gal l ons per mi n u te ) wi l l  apparen tl y exceed the combi ned i nj ection­
wel l capaci ty ( 4 , 000 gal l on s  per mi n ute ) . The fate of the excess bri ne , 
i f  any , s hou l d  be d i s cu s sed al ong wi th anti ci pated envi ronmen tal i mpacts . 
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The secti on on s urface-water contami nati on s hou l d i ncl ude a d i scuss i on 
of the potenti al  effects on pl ants and an i mal s of surface l eakage of 
bri ne through poorly pl ugged ol d wel l s  or wel l bl owouts . 

Page 3-30 : We bel i eve that the poi nt shou l d be rai sed concern i ng the 
need of adequate control duri ng  bri ne  i njecti on because  h i gh pressure 
i n  the aqu i fer coul d be detri mental to exi sti ng  o i l  producti on and 
future expl orati on i n  th i s  zone . O i l  i s  currently be i ng produced from 
hori zons h av i ng  the same depth as the i ntended bri ne- i njecti on aqu i fer , 
and care shou l d be taken to prevent bri ne from enteri ng  the o i l ­
produc i ng  zones . 

Page 3-31  and 3-32 : I t  i s  stated that the proposed s ubsurface bri ne­
d i sposal  reservoi rs may have been rai sed to near the s urface duri ng  
the empl acement of the sal t dome . Thus , escape of saturated bri ne  
cou l d  resu l t at the s urface or i nto freshwater aqu i fers . The state­
ment shoul d uti l i ze exi sti ng  wel l l ogs  or geophys i cal  data to demon­
s trate the d i s tri buti on  of the sal i ne aqui fers or shoul d propose 
s pec i fi c  methods of demonstrati ng  thei r atti tude before the d i sposal 
fac i l i ti es are constructed .  

Pages 3-72  through 3-75 , secti on 3 . 4 . 2 :  Quanti tati ve data on fi shes 
and p l ankton shoul d be col l ected i n  the Sab i ne Ri ver Di vers i on Canal 
to s upport , i f  poss i bl e ,  the cl a i m  that w i thdrawal s from the canal 
w i l l  have rel ati vely l i ttl e i mpact 6n aquati c l i fe .  

Page 3-80 , secti on  3 . 4 . 5 :  The red-cockaded woodpecker has been docu­
mented as  occurri ng  i n  Cal cas i eu Pari s h .  The statement shou l d be 
s uppl emented to i nd i cate whether s urveys of the work area have been 
conducted to determ i n e  i ts presence or absence . I f  s urveys have not 
been conducted , they shoul d be i n i ti ated soon and the resu l ts i ncl u ded 
i n  the fi nal statement .  I n  addi ti on , formal consul tati on wi th the 
Fi sh  and Wi l dl i fe Servi ce s houl d be i n i ti ated i f  these s urveys deter­
mi ne  the presence of the red-cockaded woodpecker i n  or  i mmedi ately 
adjacent to the project area , i n  accordance w i th Secti o n  7 of the 
Endangered Spec ies  Act of 1 973 . 

Page 3-93 , section  3 . 7 . 1 : A d i scuss i on of o i l and bri ne spi l l s  expe­
ri enced at the exi sti ng  West  Hackberry Sal t Dome Strategi c Petrol eum 
Reserve fac i l i ty shoul d be added to thi s s ecti on . 

Page 3-1 37 , secti on 3 . 7 . 3 :  C l eanup operati ons  i n  marshes mi ght i nvol ve 
control l ed burn i ng i nstead of mechani cal removal of vegetati on . The 
former method w i l l  a l l ow revegetati on  i n  a short ti me , wh i l e  the l atter 
method w i l l  have much more l ong-term adverse effects . 
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Page 4- 1 , s ecti on 4 :  A s tatement shoul d be i ncl uded i nd i cati ng the 
degree o f  commi tment to i mpl ementati on of each of the mi ti gati n g  measures 
l i s ted i n  tabl e 4 . 1 . 

Pages 7-38 th rough 7-42 : The d raft s tatement con s i ders i n  deta i l the 
areal ly i mportant C h i cot fres hwater ·aqui fer as a potenti al  source of 
di s p l acement water but does not adequatel y eval uate the use of s l i ghtly 
s a l ty o r  b racki s h  ground water from the Evangel i ne aq ui fer--al though 
i t  does menti on that the use of the water from the evangel i ne aq u i fer 
wou l d  mi n i mi ze the potenti a l  for contami nati ng the Chi cot aqui fer .  
I nasmuch as  the water of the upper part of the Evangel i ne h a s  a s a l i n i ty 
of only 3 to 1 0  ppt.  ( p .  2-31 th rough 2-34 ) , the s tatement shou l d  more 
adequately eval uate the sal i n i ty and aqui fer characteri s ti cs of the 
Evangel i ne-- us i ng geophysi cal l ogs i f  other data are not avai l abl e .  

We hope these comments wi l l  be o f  ass i s tance to you . 

��r���j'.__ __ Lar� Mlierotto � 
te�t7 l•� ! st� SECRETARY 





DEPARTM ENT OF H EAL TH, E D UCATION. A N D  WELFAR E  
OFFICE O F  T H E  SECRETARY 

WASHI NGTON, D.C. 20201 

Exe cut ive Co1wuunications 
RooD1 3 300 
Fede ral Ener;zy Ad1ai nis t ra t ion 
Washington , D . C .  2J461 
De ar S i rs : 

ocr 2 7 1977 00002 

Ti1ank you for tile opp o r t un i ty t o  revi ew the draft Envi ronmen tal 
Impact S t atement on the S ulphur Hines S al t  Dome . 

We a re conce rned ab o ut impac ts on tI1 e q uality o f  the lo cal wa t e r  
s up p ly wni cn . may o ccur e i the r  during cons truc t ion o r  o p era t ion 
of the propos ed o i l  res erve s  and the as s o ciated p ipe lines . 

Care mus t be taken to minimize the s us p en s i on o f  toxi c  corapounds 
which may o ccur f rom e ros ion o f  d redged ma te rials during d redgin g  
opera t ions . Th e re is also a potenti al o f  aqui f e r  contami n a t i on 
d uring the deep wz l l  inj e c tion o f  b rine . A p rog ram should b e  
e s t ab lis_he d  t o  mon itor thes e po llutants i n  affected wate rs . 

:;y:e_ � 
Charles Cus tard 
Di rector 
O f f i ce o f  Envi ronmen tal Aff airs 





Advisory Counci l on 
H i stor ic  Preserva t ion 
1522 K St reet NW Washington , D. C .  20005 

Mr . Micha el E .  Caro s ella 
Asso c i a t e  As sis tant Administrator 
S p ecial P rograms 
Federal Energy Admini s t ra t ion 
Wa shingt on , D . C .  20461 

Dear Mr .  Caro s el la : 

S e p t emb er 3 0 ,  1 9 7 7  

Thank you f o r  your reque s t  o f  S e p tember 9 ,  1 9 7 7 ,  for corrrrnents on the 
draft envi ronm en tal s ta t ement (DES ) for the S ulphur Mine Salt Dome , 
Calcasieu Pa rish , Louis iana . Pur suant t o  S e c t ion 102 ( 2 ) (C) o f  the 
Nat ional Environmental Policy Act o f  1 9 6 9  and the Coun ci l ' s  "Pro cedures 
for t he P ro t e c t ion of Hist oric and Cultural P ro p er t i es " ( 3 6  C . F . R .  
P a r t  800) , we have determined that y 0 ur PE S d 0 P. s  no t c on tain s uffi� i Pnt 
info cm;:i tio.n concerning.._ his_t_onc and cult ural res o ur c es r o r  review 
purpo ses . P l ea s e  furnish the fol lowing data ind i c a t ing : 

Comp l ianc e with S e c t ion 1 0 6  o f  the N a t ional H i s t o ric P re s erva t i on Act 
o f  1 9 6 6  (16 U . S . C .  4 70 f ,  a? amended, 90 S t a t . 1 3 2 0) . 

The environmental s ta t emen t mus t demons t r a t e  that e i ther o f  the follow­
ing c ond i t ions exis ts : 

1 .  Ng yrop e_rties included in or tha t  may be _el i gible f o r  inclusion in 
t h e  Nat ional R�gis t e r  o f  Histo�ic Places_ are l o ca t ed within the a r ea o f  
environmen t a l  imp a c t , a n d  the undertak ing w i l l  no� a t te c t any such 
p ro p e r ty . In making this determinat ion , the Council r eq uires : 

--evidence that you have cons ult ed the l a t e s t  edit ion o f  t he Nat ional 
Regis ter (Federal Reg is ter , Februa ry 1 ,  19 7 7 ,  and i t s  mon t h ly s up ple­
ment s ) ; 

--evidence o f  an e f fo_!_"_t t o  ensure the � d ent ifi c a tion Qf p ro p er ties 
e lig ib le for inc lus i on in the t{at j ona l Regis t e r , includ i n g  eviJence 
of c o n t a c t  wi t h  t h e  S t a t e  Hi s t o ric P r es ervat io11 O f f i c e r .  who se c ormnent s. 
should be in cluded in the f i n;:i l �nvi ronmen t .::i l .s ta t emt> n t .  The S ta t e  
Hi s t o r i c  Preserva t ion Of fic ?.r f o r  Lou is iana �-� Ms .  San d r a  Tho mp s on , 
Old S ta t e  Cap i t o l , North Boul evard , Baton Rouge , Louis iana 7 0 8 0 1 .  

The Council is a n  independent nnit o f  the Execu tive Bren ch of the Ftderal Gcn:ern men! charged by the Act of 
October 1 5 , 1966  to advise the President and Co ngress in the field of Historic Preseri:ation. 
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Mr . Mi chael E .  Caro sella 
Sulphur Mine S a l t  Dome , Louis iana 
Septemb er 30,  197 7  

2 .  I_>ro2ert ies in cluded in o r  tha t may b e  eli gib le for inc lus ion in the 
National Regis tP.+ are lo ca t ed wi thin the area of environmen tal impact , 
and-·t-he un der t_akin_g _ �i_l,� o_r V!�!l,_na_t._ .qf fec t any such yro_p er�y . In 

-

cases wh ere th ere will be an effec t , the final envi ronmental impact 
s t a t ement shoul d  contain evidence o f  complian ce with S ec t ion 106 of 
the Nat ional Hi s t o r ic Preservat ion Act through the Coun c i l ' s " P ro cedure� 
fo r the Protec t ion o f  His to r i c  and Cu ltural Prop erties" (36 C . F . R . 
Part 800) . 
Should yo u have any q ues t ion s ,  p lease call Michael H .  Bu reman at (303 
234-4946 . 

s inc erelytw 
/-�/# c// Lou is' S .  Wall 

As s is tant Directo r ,  O f fice of 
Review and Compl iance 



UNITED STATES 
N UCLEAR R E G U LATO RY COMMISSION 

WASHINGTON, 0. C. 20555 

Mr.  Mi chael  E .  Carose l l a  
Assoc i a te Ass i s tant  Adm i n i s trator 
Spec i a l Programs 
Federal Energy Adm i n i s trat i o n  
Wash i ngton , D .  C .  20461 

Dear Mr. Carosel l a :  

N OV 1 1  1977 

Th i s  i s  i n  res ponse to your l etter of  September 1 2 , 1 9 77  i nv i ti ng our 
comments o n  the Draft Envi ronmenta l Impact Statement concern i ng the 
proposed use  of the Texoma Group  of  s a l t domes for s tori ng petrol eum 
as part of the i mp l ementat ion  o f  the Strateg i c  Petrol eum Reserve 
Program . 

We have rev i ewed the s tatement and determi ned that the proposed acti on 
has  no rad i o l og i ca l  hea l th and safety i mpacts . However , there may be 
a con fl i ct between the use  o f  sa l t mi nes for s tori ng petro l eum and 
the i r  use  for stori ng rad i oacti ve waste . A cons i derati on of  th i s  
poss i b l e  confl i ct i n  the fi na l  sta tement wou l d  be  usefu l . 

No other acti v i t i e s  s ubj ect to regu l at ion  by the Nucl ear Regu l atory 
Comm i s s i o n  have been found to be  adverse ly  affected by the proposed 
acti on . Accord i ng ly  we have no further comments or sugges t i ons  to 
o ffer. 

Thank you for prov i d i ng us  w i th the opportun i ty to rev i ew th i s  Draft 
Envi ronmenta l  I mpact Statement .  

c c :  CEQ ( 5  cop i es )  

S i ncerely ,  

�� d� ��  
Vos s A .  Moore , Ass i s tant  D i rector 

for Envi ronmental Projects 
Di v i s i on of S i te Safety and 

Env i ronmental Ana lys i s  





i EXA S  DEPA RT1\1 EN T O I�' AG R I C U LTU R E  
REAGAN V. BROWN, COMMISSIONER I P. 0. BOX 12847 I AUSTIN, TEXAS ]8711  

AN EQUAL OPPORTUNITY EMPLOYER 

MEMORANDUM 

DATE : October 2 1 , 1 977 OCT 14 t97 7 

TO : 
FROM : 

Budget/ i- la nninr Wa rd C .  Goe s s l i ng , J r .  

Ray Prewett# 
RE : Dra ft Env i ronme n ta l Impa ct Sta temen t :  

Re se rve : Su l phur M i nes Sa l t  Dome 
Stra teg i c  Petro l eum 

We have revi ewed the Dra ft En v i ronmenta l Impa ct Sta temen t :  Stra teg i c  
Pe tro l e ll!l  Re se rve : Su l phur Mi nes Sa l t  Dane . 

We do not i den t i fy a ny probl ems wi th t h i s DE I S  a s  far a s  ou r a g ency i s  
con c e rned . 





General 
Land Office 

PLANN I NG PROGRAM 
1 700 North Con gre s s  Ave . 
Aus t i n , Te xas 7870 1 
{ 5 1 2 )  4 75 - 1 539  R E C E I V E D  AUSTIN, TEXAS 78701 BOB ARMSTRONG, COMMISSIONER 

OCT ao 1911 
. " 

Octobe r 1 9 ,  1 9 77 8ud�et/ Plannmg 
Off i ce of the Go ve rn o r  
Budget an d  Pl ann i n g  Off i ce 
4 1 1 We s t  1 3th St reet 
Aust i n , Te xa s 7870 1 

RE : DRAFT E N V I RONMENTAl I MPACT STATEMENT : STRATEG I C  PETRO L E UM 

RESERVE : S U L PHUR M I NES SALT DOME 

The En v i ronmen t a l  I mpact  Statemen t :  STRATEG I C  PE TROL E UM RESERVE : 

SULPHUR M I NES S L AT DOME has n o  g re a t  i mpa ct  on th e Ge neral Land Offi ce 
s i n ce the dome i s  l ocated i n  Ca l ca s i e u  Pa ri s h , Lou i s i ana . 

We a p p rec i a te the oppo rt un i ty to  s ubmi t our cor.rnen t s . 

Ruth Ke n t  
Coord i n ator 

RK/ml r 





COMMISSION 
RE AGAN HOUSTON CHAIRMAN 
DE WITT C GREER 

STA T E  D E P A R TM E " T  OF H I G H W H 'S 

R £ C f / V EJJ , • . o•R e c m R 
A N D  P U BL IC TR A NSPO R T A T I O N  B L DEBERRY 

CHARLES E SIMONS 
.uJsn�. TEXAS .,., •• OCT ao ·- - · -

Octobe r 19 , 1 9 7 7 i3udget/PJanning 

Dra ft Env i ronmenta l  S t a t eme nt 
Federa l Ene r gy Admi n i s t ra t ion 
S t ra t e g i c  Pe t ro l eum Re se rve 

Su l phur Mine s S a l t  Dome 

Mr . Ward C .  Goe s s l ing , J r . ,  Coord ina t o r  
Na tura l Re source s S e c t ion 
Gove rnor ' s  Bu dge t and Planning O f f i c e  
4 1 1  We s t  1 3 th S t re e t  
Au s t in ,  Texa s 7870 1 

Dea r  S i r :  

IN REP L Y  REFER TO 
FILE NO 

D8-E 4 .54  

Re fe rence i s  ma de t o  you r memorandum dat e d  Septemb e r  2 2 ,  1 9 7 7  t ra nsmi t t ing 
the ab ove capt ion e d  dra f t  env i ronmenta l s t a tement for review and comme nt s . 

The Depa rtment doe s not have any comment s to offe r .  

S i nc e re l y  yours ,  

B .  L .  DeBe r ry  
Eng i ne e r-D i re ctor 

By : kfR Jn '[4/£uy£ foR R .  L .  Lewi s ,  Ch i e f  Eng inee r 
o f  H i ghway Des ign 





C. T l'llftt Smid! 
Wylitl 
Chairman 

John 8. T11,_ 
Houston 
Vim Chaw..n 

Eloy Centeno 
S.,, Antonio 

L. T. Fairclodl 

Irwin; 

James Hunt 

Sonor1 

Sam C. Naifeh 
Oranp 

William A. Portar 
Terrall 

A. 8. Shelton 

Abilane 

Chester C. Win1 

Lar-.do 

Mario Yzaguirra 
8rcwnswi111 

James H. Harwall 
Exll!CUtin DirKtor 

��»TRIAL COMMISSION 
71' Sam Houston State Office BulldltlQ 512�"15-4331 Box 12721, c.p!tof Station, Auafln. Texu 7111 1  Telex HQ. 111-418 

TO: 

FROM: 

M E M 0 R A N D U M 

War d  C .  Goess l ing . Jr • •  Coo rdina t o r  
Na tural Resources Sec t ion 
Budget and Pla nning Off ice 

Phyl l i s  Proc£)/.:{ Manager 
Resea rch & ��;am Deve lopme nt Departmen t 

R ECEt Vfli 
llEP . 19n 

s ·  Udget/Piannf ng 

SUBJF.CT: Dra f t  Envi ronme n t a l  Impa c t  Sta tement : S t ra t e g i c  Petro leum 
Rese rve : Sul phur Mines Sa l t  Dome 

DATE : Sep t ember 2 3 .  1 9 7 7  

We have no nega t ive comme n t  o n  t he above c i t ed d ra f t  s t a t ement . 

We fee l tha t the S t ra t e g i c  Pet ro l e um Rese rve i s  o f  n a t i ona l importanc e , 
t nd by a l l  mea n s  should be imp l emen t e d  a s  soon a s  po s s ib l e . 

a bb 5 / 6  





TEX AS 
A R K S  A N D  W I L D L I FE DEPA R TM E N T  

"'- · FULTON 
Vtee .Chairrn.n, Luhbocl< 

Septembe r 28 , 1 9 7 7  

H E N R Y  8.  BU R K ETT 
E X ECUT I V E  D I R E C T OR 

4200 Smith School Rolld 
Austin. TU85 78744 

Mr.  Ward C .  Goes s l i ng ,  J r . , Coord i nator 
Governor ' s  Budget and Pl a nn i ng Offi ce 
E xec uti ve Offi c e  Bui l d i ng 4 1 1  West 1 3th Stre e t  
Au sti n ,  Texas 78701 

R E C. t l V E lJ  
ecr 3 1977 

Budge t/Planning 

COMM I SS I ON ERS 
L OUIS H .  STUM tJ E R G  

San Antonio 
JAMES R .  PAXTON 

P•IHtine 

P'E R R Y  R. BASS 
Fort Worth 

Re : Draft E n v i ronmental  I mpact Sta tement ;  Stra teg i c  Pe trol eum Re serve -
Su l phur Mi nes Sa l t  Dome 

Dear Mr . Goes s l i ng :  

Ou r rev i ew of the draft c i ted above i nd i c a te s  that  the proj e c t  impacts 
wi l l  oc cur i n  the Sta te of Lou i s i a na . The refore , we have no c omme n t  to 
o ffe r on th i s  doc umen t .  

T h e  opportu n i ty to rev i ew a nd C OITllle nt u pon the propo sed a c t i v i ty i s  
a p p rec i a te d .  

Si nc ere l y , 

HBB : B DK : j g 3/24 





' IT X J\ S  1 > 1 : 1 ' ,\ IUM l . /\:T 0 1  \\' !\ T L R  R LS O l  R C IS 

.:X A S  "'ATLH l > E V L LOl'M L l"\ T  ISl l :\ R l l  
A .  I . .  Bla1 l ,  Cli. 1 1 r r: : . 1 1 ,  
Rube r t  l.!. ( ; il m url', \'1"· < l i .1 1 1 1 1u 1 1  
Mil ton  T.  Po t t s  Joh n Ii .  Garr e t t  
(.;1.•orgc W. McCln l c ) 
Glen [. H oney 

I :' ( Il l I\.  c · . .  , , , ." ." A 1·c 1 1 1  . .  · 
A t " t 1 1 1 .  Tc.\ .1s 

Octobe r  1 8 ,  1 97 7  

Tl : X A S  \ \ :\Tl R ( '0\IM I S S IO �  
) o C'  D. C;,i rtcr . Clmrrnan 

Dors'°y B. Hardeman 

Joe R :  Carroll 

R E C E I V E D  
M r. Cha rles D .  T ra vi s ,  D i re cto r 

OCT 19 1977 
Gove rno r ' s  Budget & Pla n n i ng Offi ce Budget/PJan nin cr 4 1 1  Wes t  1 3th St reet F 
A u s t i n ,  T e x a s  7 87 0 1  

D e a r  M r. T ra vi s  : 

Re : Fed e ra l  E ne rgy A d m i n i s t ration - ­

D ra ft Envi ro nm enta l Stat em e nt {DE IS )  
- - St rateg i c  Pet roleum Res e rve 
(Su l ph u r M i n e s  S a lt Dom e ,  C a l c a s ieu 
Pa ri s h , Lo u i s i a na ) ,  DES -7 7 -6 , 
S e ptem be r 1 97 7 .  

In re s po ns e  to you r S e pt e m be r 2 2  m emo ra nd u m , t h e  T e x a s  D e pa rtm ent o f  
Wa te r R e s o u rce s  s t a ff h a s  revi e w ed th e r e fe re n ced D E IS o n  the p ropo s ed s to r ­
a g e  o f  2 4  m i llion ba rrels o f  c ru d e  o i l  a t  th e Su l ph u r M i ne s  s a lt dome located 
i n  C a l c a s i e u  Pa ri s h , Lou i s i a n a  - - a ca nd i d at e  s it e  fo r t h e  St ra tegi c Pet roleum 
R e s e rve p rog ram n o w  be i ng imple m e nt e d  by t h e  Fe d e ra l  E ne rgy A dm i n i st ra t i o n  
pu rs u a nt t o  Title I ,  Pa rt B o f  th e E n e rgy Po l i cy a n d  Co n s e rvation A ct o f  1 97 5 
(P. L. 94 - 1 6 3 ) . 

T h e  follo w ing tech n i c a l  s t a ff revi e w  comm e nts a re o ffe red : 

l .  T h e  o i l  sto rage p roj e ct s ite a nd related lea ch wate r a nd b ri n e  
d is po s a l  fa c i l it i e s  a re located i n  th e State of Lou i s i a n a  a nd would 
not h a ve a ny a d ve rs e  envi ro n m e n t a l  im pa cts o n  t h e  g round o r  

s u rfa ce wate r resou rces of th e State of Texa s .  

2. T h e  tech n i ca l  a s s es s m e nt of pote nti a l  l o c a l  im pa cts relat i ve to 
l a nd s u b s i d e n c e , g rou nd co nta m in a t i o n ,  oil  s p i l l ag e , a nd b ri n e  
d is po s a l  is obj e ct ive. Pa rti cu la rly , we s u ppo rt th e t e ch n i c 3 l  
a s ses s m e nt o f  t h e  potent i a l  ha z a rd s  d i s c u s s e d  i n  t h e  th ree m emo -



M r. Cha rles D. T ravis 
Octobe r 1 8 ,  1 9 7 7  
Pag e  2 

rand a from Mr. Cha rles G.  Sm ith , Consu lt ing Geolog i st , , Baton 
Rouge . Lou i s iana.  pre s e nted on pages D -4 0 ,  th rough D -4 1  of 
the refe renced DEIS. 

We appre ciated the oppo rtunity to review the refe renced do cument.  Ple ase 
notify me if  you be lieve that we c a n  be of  fu rthe r help. 

Since rely . 

Cha rles E.  Nem i r  
A ct ing Exe cutive D i recto r 



AP P END I X  K 

GLOSSARY OF TERMS 

The follow ing glossary of terms is prov ided for the rev iewer 
when read ing th i s  repor t .  

acre- foot 

adsorpt ion 

aldehyde s 

a l luv ium deposits  

amphipod 

anaerobic  

anhydr ite 

aqu iclude 

aqu i fer  

a measure of  water d ra inage or r unoff  
volume equal to  the quant ity of  water 
that would cove r one acre of land to 
a depth of one foot ( 4 3 , 5 6 0  c ub i c  
feet ) . 

an adhes ion of  an ext remely th in  laye r 
o f  molecules to the sur faces of sol id  
bod ies or  l iquids w ith wh ich it is  i n  
contact . 

va r ious h ighly react ive compounds typ i­
f ied by ace taldehyde and character i zed 
by the group CHO . 

rock fragments that are t ranspor ted by 
modern  r ive rs  and depos i ted in r ive r 
beds , flood plains , lak es and 
estuar ies and natural levee s .  

small , free-swimming cr ustaceans 
( i nclude s  beach fleas ) . 

refers  to l i fe o r  proce sses occu r r i ng 
in  the absence  of  free oxygen ;  refers  
to  cond it ions character i zed by the 
absence of f ree oxygen . 

an evapor i te mine ral , CaS04 , assoc­
iated with gypsum and found in  sed i­
mentary rock s .  

a geolog ic format ion so impervious 
that for  all  pract ical purposes it 
completely obstructs the flow of  
g round water ( although it  may be 
saturated itse l f ) , and completely 
conf ine s other s trata with which it 
alternates in  depos i t ion . 

a water bear ing strata . 



aquitara 

a rcuate faul t 

arenaceous 

artes ian water 

artes ian well  

bayou 

bbl 

benthos 

b ioc ide 

b iotypes 

blanket  o i l  

bleb  

bottom scour 

a geolog i c  format ion o f  a rather im­
pervious and semi-conf ining nature 
wh ich transmi ts water at  a ve ry s low 
rate compared to an aqu ifer . 

a fault  that has a curved trace on 
any g iven t ransect ing sur face . 

der ived from sand or  contain ing 
sand . 

g round water that i s  under suf f i c ient 
pressure to r i se above the level at 
which i t  is  encountered by a wel l , 
but wh ich does  not necessar i ly r i se 
to o r  above the sur face of the g round . 

a well  which reaches artes ian water . 

a s tream or small  r iver that  i s  a 
tr ibutary to another r iver - term 
local to southern s tates . 

barrel  or  bar rels  - one bar re l  of  
petroleum equals 4 2  U . S .  gallon s .  

organi sms f ixed to o r  grow ing on 
the bottom of water bod ies . 

substance destruct ive to many d i f fer­
ent organisms . 

organisms shar i ng a spec i f ied geno­
type . 

used dur ing format ion of  solut ion 
cav i ty to prevent undes i red leach ing 
of  cav i ty ce i l ing . 

a small ,  usually rounded f ragment of  
one mater i al enclosed in  another . 

bottom scour i s  the eros ion of  sedi­
ment  by mov ing water f rom the bottom 
of  the stream channel .  



BPD 

MB/D 
MMB/D 

brack i sh 

breccia  

brecciated 

br ine 

br ine safety laye r 

bar rels  per day - an o i l  product ion of  
d i str ibut ion rate . 

thousand bar rels  per day . 
m i l l ion bar rels  per day . 

sl ightly sal ine water between fresh 
water ( < 0 . 3  ppt )  and sea water concen­
trat ions ( - 3 5  ppt ) . 

a rock cons i st ing o f  sharp corne red 
b its cemented together by sand clay 
o r  l ime . Collapse brecc ias are de­
r ived from mater ial  broken up dur ing 
the collapse o f  a solut ion cav i ty 
roo f , wh ile  f issure brecc i as are 
accumulat ions of fragments in a solu­
lut ion f issure . 

conver ted into , ·characte r i z ed by , or  
resembl ing a breccia �  esp . said of a 
rock structure  mar ked by an accumu­
lat ion o f  angular fragment s .  

concentrated o r  nea r ly concentrated 
salt  water ach ieved by d issolving 
water w ith the salt  ins ide a salt  
dome , thus creat ing a cavi ty . Br ine 
produced in th is  way is  commonly used 
as feedstock ( raw mater ial ) by chemi­
cal industr ies  or  fo r ref ining into 
common sal t .  

the br ine safety layer i s  that amount 
of br ine whi ch should be at the bottom 
o f  the cavi ty when i t  is  " fu l l "  o f  
crude t o  assure that cr ude does not 
get pushed out of the br ine str ing 
into the br ine surge p its . 

deg rees Cels ius ( forme r ly called 
Cent igrade ) - conve r s ion of  Cels ius 
to Fahrenhe i t  is  9/soc + 3 2 0 = op . 



Caddo-Beauregard 
Assoc iat ion 

calcareous 

calc ite 

cap rock 

th is  is  an area of  level to very 
gently slop ing soils  on depress ions 
and low r idges in the nor thern part  of 
the par ish . This  area is  d i ssected by 
numerous small drainageways . These 
so i l s  are used mos tly for woodl and . 
The poo r ly drained Caddo so i l s  on the 
nea r ly level  and depressed areas make  
up  about  4 5  per cent of  the associat ion . 
They have a gray s i l t  loam surface and 
a gray s i lt  loam subsoil  mottled with 
brownish-yellow and red . The moder­
ately well drained Beaurega�d  soils  
on  the nearly level to  gently slop ing 
r idges  make  up about  3 5  percent of the 
associat ion . They have a dark  grayi sh­
brown s i l t  loam sur face and a yellow­
i�h-br own s i l t  �oam upper subso il  
mo ttled with red and pale  brown and a 
gray s i lty clay loam lowe r subso il  
mo ttled w i th red and brown . Acad i a­
Wr ightsville  and so i l s  in small  drain­
ageways make up mos t  of the rema ining 
20 per cent of the associat ion . 

composed of  or characte r i s t ic of  cal­
c ium o r  l imestone , having a chalky 
nature . 

calc ium carbonate , CaC03 , a mineral 
found in the form of  l imestone , 
chal k and marble . 

a mantle of associated mine rals  across  
the top of most  shallow , piercement 
salt  domes . No well def ined l ayers  
a re  ev ident due  to  complex ity and 
ir regular ity ;  however ,  th ree fa i r ly 
well-def ined zones are  d i s t inguishable 
in developed caprock : 

( 1 )  anhydr ite zone 
( 2 ) t rans it ion zone - conta ins 

sul fu r , gypsum , and less  
impor tant minerals  

( 3 )  calc ite zone - top zone in 
developed caprock .  



cast  and stac k  
d r edg ing 

cavernous poros i ty 

C ent ipose 

cf s 

cheniers  

chlor dane 

cladoce ra 

co 

COD 

coll o id 

type of  dredg ing that depos its  dredge 
spo i l  on the bank of  the canal/r iver 
by means of  p ipel ine or  conveyor bel t .  

containing cavit ies o r  cave rns , some­
t imes qu i te large . Mos t  frequently 
found in  l imestones and dolomites . 
I n  the case of  caprock  " large " means 
tens of fee t .  

un it  for measur ing v i scos i ty , wh ich 
is  the tendency of  a f l u id to r e s i s t  
change of  form.  

cub i c  feet per second - a rate of  
water volume flow . 

long s inuous r idges of sand depos i ted 
on top of 

A chlor inated , highly po isonous , vola­
t i le o i l  C1 0H6 Cl9 , u sed as an 
insec t ic ide . 

small , aquat ic c r ustaceans ( includes 
water fleas ) . 

carbon  monox ide - a color less , odo r­
less , highly po isonous gas , produced 
by the incomplete combust ion of  any 
car bonaceous mate r ial , i . e . , gaso­
l ine . 

chemical oxygen demand . 

a substance that , when apparently 
d i s solved in water , d if fuses not 
at all or  very slowly th rough a 
membrane , and usually has l i ttle 
e ffect on freez ing po int , bo i l ing 
po int , or osmot ic  pressure  of  the 
solut ion . 



concentrat ion 

cone of infl uence 

consol idated rock 

C retaceous 

c r ude o i l  

darcy 

a nodular or  i r regular concentrat ion 
or  aggregate of  m ine ral matter  
gene rally formed by orde r ly and 
loca l i zed precip itat ion f rom aqueous 
solut ion in  the pores of sed imentary 
rock and usually of  a compo s i t ion 
w idely d i f ferent from that of  the 
rock in wh ich it is found , it  
gene rally forms about  a central 
nucleus and i s  harde r than the 
enclos ing rock . 

actually a truncated cone ( F r ustrum ) , 
apex down , proj ected from the caprock 
to the ground surface . The- angle of 
the f rustrum is  dependent on the shea r 
angle of  the ove rburde n .  I t  is the 
largest  volume of mate r ial above a 
cavern  that would be i nfluenced , 
dur ing a collapse . 

coherent and relat ive ly hard , naturally 
formed mass of  mine ral matte r .  

a per iod o f  t ime f rom 1 3 6  mill ion years  
to  6 5  mill ion years  ago . 

unref ined o i l  as it  comes f rom the 
ground . 

a measure of  the permeabi l i ty of rock . 
One da rcy ( D )  equals a permeabil i ty 
such that  one mill i l i tre (ml ) of  fl u id , 
having a v i scos ity o f  one cent ipose , 
flows in one second unde r a pres sure 
d i f ferential  of one atmosphere th rough 
a porous mate r ial having a cross­
sect ional area of  one square cent i­
me ter ( cm2 ) ,  and a leng th of one 
centimeter . The wo r k ing unit  is the 
mill idarcy (mD )  , one thousandth of a 
darcy . Darcy ' s  Law relates to the 
flow of f l u ids , especially gas , o i l  
and wate r i n  the unde rgr ound rock s .  



DDT 

decibels :  dB 

dBA 

d i chloro-d iphenyl-tr i chlorethane -
power ful  insect i c ide effect ive on 
contac t .  

loga r i thmic  unit  method of  express ing 
the re lat ive intens ity of  sound 
pressure . The human ear is  sens it ive 
to changes in atmospher ic pressure  
( sound v ibrat ions )  rang ing f rom j u st 
barely aud ible at 0 . 0 0 0 2  µbar to the 
thre shold of pain  at 2 0 0 0  µbar s .  Th is  
range in  sens i t ivity is  so  tremendous 
that a more  wor kable express ion of  
these ranges i s  to  compress  them on a 
logar i thmi c  scale . I n  orde i to do 
th i s ,  the reference sound pressure is  
usually taken as the sound pressure 
detectable , that of  0 . 0 0 0 0 2 µbar s .  
The intens ity o f  sound i s  then 
me�sured in  decibels by the follow ing 
funct ion : 

( P ressure  ) 
I ntens ity ( in dB ) = 20 log1 0  ( 0 . 0 0 0 2 µba r )  

U s i ng th is method , the range o f  human 
sens it ivity is  from 0 dB ( p ressure  at  
0 . 0 0 0 0 2 µba r )  to approx imately 1 4 0  dB  
( p ressure  at 2 0 0 0  µbar ) . 

P sychacoust ic  stud ies  ind icate that a 
1 0  dB increase i n  sound intens i ty is  
perce ived as a doub l i ng o f  loudness . 

A-weighted level - a unit  is  s imilar  
to dB Sound P ressure  Level ( SPL )  i n  
that  i t  represents sound intens ity 
level . Howeve r ,  the A-weighted level 
includes attenuat ion at each f requency 
which is  s imilar  to the ear ' s  attenua­
t ion of  frequenc ies . S ince the human 
ear is much less  sens it ive to low 
frequency , it  implies  that a sound at 
2 5 0  Hz of 6 5  dB ( SPL)  is perce ived 
relat ive to a sound at  1 0 0 0  Hz of  6 5  
dB ( SPL )  as much less  intense . The 
A-weighted scale has been  developed 
to adj ust  by frequency the overall  
sound pressure  level o f  no ise to  an 
approximat ion o f  how the ear would 
hear the no ise . 



d e l t a i c  

depo s i t i o n a l  b a s i n 

d e t r i t u s  

d i ap i r  

d i a z o n i um 

d ie ld r i n  

d i s s e m i n a ted 
a nh yd r i t e  

d i s t r i bu ta r y  ( s t re a m )  

d i u r n a l  

DO 

p er ta i n i ng t o  o r  ch a r a c te r i z ed by a 
de l t a ;  e . g . , " d e l t a i c  s ed i me n ta t i on " . 

a s egme n t  o f  the e a r th ' s  c r u s t wh i ch 
h a s  bee n  downwa rped , f o r m i ng a ba s in , 
w i th i n t e r m i t te n t  r i s i ng s  and s in k i n g s . 
T h e  s ed ime n t s  i n  s u c h  ba s in s  i n c r e a s e s  
i n  th i c k n e s s  tow a r d  t h e  c e n t e r  
o f  t h e  ba s in .  

m a t e r i a l  p r od uc e d  by th e d i s i n t eg r a­
t i o n  a nd weath e r ing o f  r o c k  th a t  h a s  
bee n mo ved f r om i ts s i t e  o f  o r i g i n . 
Al so , f r agmen t s  o f  d e t a c h e d- o r  b r o k e n  
down m at e r i a l  s uch a s  l e a ve s  a n d  o t h e r  
p l a n t  p a r ts . 

a n  i nt r u s io n  o f  s a l t  f r om the s a l t  
be.a i n t o  o ve r ly i ng s ed i me n t s , o f te n  
i n  t h e  f o r m  o f  a r id g e  o r  s ta l k- l i k e  
p i e r ceme n t  s t r u c tu r e . 

the g r o up i ng ( o r g a n i c  c h em i s t ry ) , = 
N = N ,  ( t r ip l e  bond o f  n i t r og en ) . 

c h l o r i na ted o r g a n i c  c h e m i ca l , 
C 1 2H 9 C l 60 ,  a wh i t e  c r y s tal l i ne 
c o n t a c t  i n s e c t ic ide , o b t a i ne d  by 
o x i d a t io n  of  a l d r i n ;  u s ed in  mo th­
p r o o f i ng . 

p a r t ic l e s  o f  anhyd r i t e  ( C aS04 ) 
d i sp e r s ed th r o ugh e n c l o s i ng r o c k . 

An i r r e g u l a r , d i ve r ge n t  s t r e am 
f low i ng away f r om th e ma i n  s tr e am 
and n o t  r e t u r n i ng t o  i t , a s  i n  a 
d e l t a  o r  o n  a n  a l l uv i a l  p l a i n .  I t  
may be p r od uc e d  by s tr e am d e po s i t io n  
cho k ing t h e  o r i g i n a l  c h a nne l . 
Ant : t r i b u t ar y .  

r e cu r r i ng o n  a d a i l y  cyc l e  o r  i n  
th e d a y t ime a s  oppo s e d  t o  n o c t u r na l .  

d i s s o lved o xyg e n . 



d o l o m i t e  

d o l om i t i c  

d o w n  t h r own 

dw t or DWT 

e le c t r i c  l o g s  

emul s i f i c a t i o n  

e nd r i n  

e nt r a i nmen t  

e u r yh a l i ne 

e u r ythe r ma l  

e u t r op h i c  

e v apo r i te 

a c ommon r o c k  f o r m ing m i ne r a l  
C aMg ( C03 ) 2 . 

c o n t a i n i ng d o l om i te ; b e i ng comp o s e d  
o f  d o l om i te . 

the w a l l  o f  a f au l t  th a t  h a s  moved 
down in r e la t i o n  to the  o t h e r  w al l .  

d e adwe i g h t  capa c i ty - n a v a l  a r ch i tec­
t u r e  term for  total  c a r r y ing c apac i ty 
o f  a s h ip e xp r e s s ed i n  l o n g  t o n s  
( 2 , 2 4 0  pounds ) ;  d i s p l a ce me nt o f  a 
f u l l y  loaded ve s s e l  l e s s  the we i g h t  
o f  t h e  s h ip i t s e l f .  

th e l o g  o f  a we l l  o r  bo r eh o le o b t a i ne d  
by l owe r i ng e l e c t r od e s  i n  t h e  h o l e  a nd 
mea s u r i ng v a r i o u s  e l e c t r i ca l  p rope r t i e s  
o f  t h e  geo l og i c  f ormat i o n s  t r ave r se d . 

the  p r o c e s s  o f  d i spe r s ing one l iq u id 
i n  a s e c o n d  imm i s c i b l e  l iq u id ( l i q u i d s  
th a t  w i l l  n o t  m i x  w i th o n e  a n o th e r ) .  

a po i s on o u s  wh i t e  c r y s t a l , C 1 2H 9 C l 6 0 ,  
i n s o l uble  i n  wate r u s e d  a s  a pes t i c ide . 
A s te r e o- i s ome r o f  d i e ld r i n . 

c a p t u r e  o f  a n  o b j e c t  o r  o r g a n i sm by 
a f low ing l iq u i d  o r  g a s . 

o r g an i sms th a t  c a n  to l e r a t e  a w id e  
r an g e  o f  s al i n i t i e s . 

o r ga n i sm s  th a t  c a n  t ol e r at e  a w id e  
r an g e  o f  tempe r a t ur e . 

r i ch i n  n u t r i e n t s  a nd o r g a n i c  
mate r i al s , th e r e f o r e , h ig h l y  p r od u c­
t iv e . 

a s e d i me n t  r e s u l t ing f r om th e e v apo r a­
t i o n  o f  s al i ne wate r .  Mo s t  evapo r i te s  
a r e  d e r i ve d  f r om bod i e s  o f  s e a  w a te r . 
Evapo r i te m i ne r a l s  a r e  f o r me d  i n  the 
r e ve r se o r d e r  o f  th e i r  s o l ub i l i t i e s , 
i . e . , th e l e a s t  s o l ub l e  f o r m  f i r s t . 



f a u l t  

f l e x u r e  

f lo a t i ng r o o f t a n k  

f l uv i a l  

F r a s ch m i n i ng 

g d r y  wt/m2/ y r  

a t r a c t u r e  i n  r o c k  a l o n g  w h i c h  the r e  
h a s  been a n  o b s e r v e d  amo u n t  o f  d i s ­
p l aceme n t . F a u l t s  a r e  r a r e ly s in g u­
l a r  p l a n a r  u n i t s : n o r ma l ly o c c u r r i ng 
a s  p a r a l l e l  s e ts o f  p l a n e s  a l o n g  
wh i ch movemen t  h as t a k e n  p l a c e  t o  
g r e a t e r  o r  l e s s e r  e x te n t . S uc h  s e t s  
a r e  c a l l e d  f au l t o r  f r a c t u r e  z o ne s . 

b e nd i ng o f  s e d i me n t a r y  l ay e r s .  

a v e r t i c a l  c y l i nd r i c a l  t a n k  w it h  a 
r o o f  d e s i g n e d  t o  f l o a t  o n  top o f  the 
s to r e d  l iq u id p r od uc t  · ( commo n ly o i l )  
a s  the  l e v e l  i n  the  t a n k  r i s e s  a nd 
f al l s .  

- · 

f or me d  o r  p r od u ce d  by the a c t i o n  o f  
f low i ng w a te r . 

m u c h  m i ne d  s u l f u r  ( e leme n ta l  s u l f u r ) 
i s  p �o d u c e d  f r om c ap r o c k  o r  s a l t  dome s 
by the F r as ch p r o c e s s  u t i l i z i ng s up e r ­
h e a t ed s te am t o  me l t  the s u l f u r  i n  
c ap ro c k .  D r i l l i ng w e l l  d e s ign c o n­
s i s ts o f  a con c en t r i c  a r r a ng eme n t  o f  
p ip e s  o f  v a r io u s  d i ame te r s .  S te am i s  
inj e ct e d  i nt o  t h e  s u l f u r  bea r i ng z on e  
t h r o u g h  o n e  o f  the  i nn e r t u bi ng 
s t r i ng s . Comp r e s s e d  a i r  i s  i n j e ct e d  
t h r o u g h  the i nn e r mo s t  t u b i ng s t r i ng 
w h i ch f o r ce s  w a t e r  a nd mo l te n  s u l f u r  
t o  r i s e  i n  t h e  l a r g e  o u t e r  d iame t e r  
p ipe s . T h e  mo l t e n  s u l f u r  t h e n  f lows 
th r o ug h  heated p ip e s  t o  s e t t l i ng 
t a n k s .  F r as ch p r o ce s s  s u l f u r  i s  ve r y  
pu r e , a s  m u c h  a s  9 9 . 5  p e r ce n t  s u l f u r . 

g r ams d r y  we i g h t pe r s q u a r e  me t e r  p e r 
y e a r  - a mea s u r e  o f  the  r at e  o r  
o r g an i c  p r od u c t i o n  p e r a r e a  o f  y ie l d . 



g e o lo g i c  t ime s c a l e  

g e o mo r ph o logy 

g e o syn c l i ne 

g e o sy n cl in a l  a x i s  

GPD 

GPM 

g r a b e n  

g yp s um 

a n  a r b it r a ry , c h r o n o l o g i c  a r r a ng eme n t  
o r  s eq ue nc e  o f  g e o l o g i c  e v e n t s , u se d  
a s  a mea s u r e  o f  t h e  r e la t ive o r  
a b s o l u t e  d u r a t io n  o r  age  o f  any pa r t  
o f  g e o l o g i c  t ime . S ee F ig u r e  1 . 1 .  

the s c i e n ce th a t  t re a t s  the g e ne r a l  
c on f ig u r a t io n  o f  the E a r th ' s  s u r f ac e ; 
spe c i f ic a l ly , the s tudy o f  th e c l as s i­
f ic a t i o n , d e s c r i p t i o n , n a t u r e , o r ig i n , 
a nd deve lopme n t  o f  p r e s e n t  l a n d f or ms 
and the i r  r e la t i o n s h ip s t o  u nd e r ly ing 
s t r u c t u r e s , and o f  th e h is to r y  o f  
g e o log i c  c h a ng e s ·  a s  r ec o r ded b y  the s e  
s u r f a ce f e a t u r e s . 

a l a r g e , g e ne r a l ly l in e a r ,  g e o l o g i c  
t r o ugh wh i c h  s u b s ided d e e p ly th r o ugh­
o ut a long  p e r i o d  o f  t ime , in wh i ch 
a t h i c k  s u c ce s s i o n  o f  s t r at i f i e d  
s e d ime n t s  a ccumu l a t e d  ( fo r  e x ampl e , 
the  G u l f  o f  Mex i co d e p r e s s io n )  • 

a l i ne wh i ch i s  p a r a l l e l  t o  th e 
l o ng e s t  h o r i z o n t a l  d i me n s i o n  o f , a nd 
r ou g h l y  b i s e c t s , a g e o s yn c l i ne . 

g a l lo n s  p e r day - f low r ate f o r  
l iq u i d s . 

g a l lo n s  pe r m in u te - f low r a t e  f o r  
l iq u i d s . 

a b l o c k  o f  the e a r th ' s  s u r f a ce th a t  
h a s  a long  h o r i z o n t a l  d i me ns i o n  a nd 
i s  f o r me d  when t e n s i o n  f au l t ing 
r e s u lt s  i n  tha t  b l o c k  d r opp i ng i n  
r e l a t io n s h ip t o  t h e  s u r f a c e  o n  e i th e r  
s id e . 

a n  e v ap o r i te m i ne r a l , C aS 04 2 H20 
f o u nd i n  c la y s  and l ime s to ne s , s ome­
t ime s a s s o c i at e d  w ith s u l fu r . 

hyd r og e n  s u l f id e ; a n  i n f l ammab l e , 
p o i s on o u s  g a s  w i th the c h a r ac te r i s t ic 
sme l l  o f  r o t te n  e gg s .  



h a l i te 

h e r p e t o f  a u n a l  

H o l o c e ne 

h o r i z o n s  

H P  o r  h p  

h um i c  a c i d  

h yd r a u l i c  d r ed g i ng 

imp ingeme n t  

a n  e vapo r i t e  m i n e r a l , N aC l , common 
s al t .  

r ep t i l e s  and amph i b i a n s  r eg a r de d  
c o l l e c t i ve l y  a s  a f au n i s t ic 
g r o up ing . 

the  pe r i o d  o f  t ime f r om o n e  m i l l i o n  
y ea r s  a g o  t o  p r e s e n t . 

1 .  th e v a r io u s  l a y e r s  o f  s o i l , e a c h  
o f  w h i c h  i s  a f ew i n c h e s  to a f o o t  o r  
mo r e  t h i c k ; 
2 .  a p l a i n  o f  s t r a t i f i ca t io n  a s s umed 
t o  h ave bee n o n c e  h o r i z on t a l  and c o n­
t in u o u s ;  a p a r t i c ul a �  s t r a t ag r aph i c  
l eve l i n  the g e o l o g i c  co l um n  o r  i n  
the s y s tema t i c  po s i t io n  o f  a s t r a tum 
i n  the  geolog i c  t ime s c al e . 

h o r s epowe r ;  equa l  t o  a r a te o f  3 3 , 0 0 0  
foo t-p o u n d s  pe r m i n u t e , the p owe r 
r e q u i r e d  to r a i s e  3 3 , 0 0 0  po u n d s  a 
d i s t a n c e  o f  one f o o t  i n  a t ime o f  one 
m i n u te . 

a g e l a t i n uo u s  mate r i a l  f o r me d  a s  a 
p r e c ip i t a t e  when o r g a n i c  mat t e r  i s  
t r e a te d  w ith a s t r on g  b as e , and the 
r e s u l t i ng s o l u t i o n  is  a c i d i f ie d . 

t h i s  me thod i n c l u d e s  a s u c t i o n  
p ipe l i ne w it h  e i th e r  p l a i n  s u c t i o n  
o r  c u t t i ng h e a d s  f o r  d ig g i ng h a r d  
mate r i al . T h e  s e d i me n t s  d r edged 
a r e  c onveyed by p ipe l ine e i t he r  t o  
a b a r g e  o r  t o  a depo s i t io n  a r e a  
o n  s h o r e .  

e n t r app i ng o f  ob j ec t  o r  o r g a n i sm 
aga i n s t  a s c r e e n  o r  f i l te r  by the 
fo r ce o f  a l iq u id o r  g a s  mo v i ng 
th r ough o r  a ga i ns t  the s c r e e n . 



i nc ep t i s o l  

i n j e c t io n  we l l  

i n ve r s io n  

i s oh a l i ne 

i sopach 

i so p l e th 

i s o s ta t i c  

K ca l  

a n  o r d e r  o f  s o i l  c l as s i f i c a t i on - a n  
i nc ep t i s o l  i s  a ve r y  y o u ng s o i l , the 
h o r i z o n s  are not d i s t in c t . T h e r e  i s  
n o  a l l uv i a l  c l ay i n  the s u b so i l . 

a we l l  tha t  b r i ne w i l l  be f o r ced i n t o  
a s  p a r t o f  t h e  b r i ne d i spo s a l  p r o ce s s . 

a r e ve r s a l  i n  the  n o r ma l  a tmo sph e r i c  
t empe r a t u r e  g r a d i en t  s u c h  th a t  t empe r a­
tu r e  i n c r e as e s  w it h  a l t i tu d e  ( w i t h i n  
3 0 0  t o  6 0 0  fee t )  a nd r e s u l t s  i n  a n  
a tmo sph e r i c i nve r s io n . T h e  w a r me r  
a i r  o n  t op a c t s  as  a c e i l i n g  t o  a ny 
ma t e r i a l  n o r ma l l y  d i f f u s i ng ve r t i c a l ly . 

a l i ne d r aw n  o n  a map o r  c h a r t  c o n n e c t­
i ng p l a ce s o f  e q u a l  s a l i n i ty . 

• 

a l i ne o n  a map j o i n i ng po i n t s  o f  
equal  th i c k ne s s  o f  a r o c k  o r  s ed ime nt 
type . 

( 1 )  a g r aph p l o t t i ng the o c c u r r e nc e  
o r  f r eq u e n cy o f  a phenome n o n  i n  
me t e o r ol og y , e t c , a s  a f u n c t i o n  o f  two 
v a r i ab le s , t ime a n d  space . 

( 2 )  the l i ne co n n e c t ing po i n t s  o n  a 
g r ap h  th a t  h ave e q u a l  o r  co r r e spond i ng 
va l u e s  w i th r e g a r d  t o  ce r ta i n  v a r i ab l e s  
- s y nonym - i so l i ne . 

s u b j e c t  to e q u a l  p r e s s u r e  f r om eve r y  
s id e . 

k i l o c a lo r i e .  



K c a l /m2/ y r  

kg 

l ea c h  

l it t o r a l  

l o g  n o r m a l  
d i s t r i bu t i o n  

l o n g  t o n  

l o  t i c 

LPG p r o d u c t s  

mac r oph y t e  

M e r ca l l i  s c a l e  

me t eo r i c  wate r 

k i l o c a l o r i e pe r s qu a r e  me t e r  p e r  
yea r - a mea s u r e  o f  t h e  r a t e  o f  
o r ga n i c  e ne r gy p r od u c t i o n  p e r  a r e a  
o f  y ie l d . 

k il og r am .  

t o  r emove s o l u bl e  c on s t i t u e n t s  f r om 
a s ub s t a n c e  by the a c t i o n  o f  a p e r c o ­
l a t i ng l iq u i d , i n  th i s  c a s e , wa t e r  
t a k i ng s a l t f r om a s a l t  dome i nt o  
s o l u t i o n . 

a s h a l low z on e  th a t  e x t e n d s_ f r om 
sho r e  to the  l a k ewa r d  l im i t  o r  r oo t ed 
aqu a t i c  p l an t s ;  the sho r e w a r d  r eg io n  
o f  a w a t e r  body ; i n  ma r i n e  e nv i r on­
men t s , th e t id a l  z on e . 

a d i s t r i b u t i o n  i n  wh i c h  the l o g a r i thm 
of a p a r ame t e r  i s  n o r m a l l y  d i s t r i b u ted . 

2 , 2 4 0  p o u n d s , a s  opp o s e d  t o  2 , 0 0 0  
pou n d s  i n  a s ho r t  ton . 

p e r t a i n i ng t o  f low i n g  w a te r s s u ch a s  
s tr e ams and r ive r s .  

l iq u id p e t r o le um g a s , comme r c i a l  
pet r o l e um d e r i v a t i v e s  s u c h  a s  
p r opane , e t h a ne , e t h y l e ne , e t c . 

any p l a n t  t h a t  c a n  be s e e n  w it h  the 
n a k e d , una i d ed eye ; e . g . , aqua t i c  
mo s se s , f er n s , l i ve r wo r t s , r oo te d  
p l a nt s . 

a 1 2 - po i n t  s c a l e  f o r  c l a s s i fy ing the 
magn i tude of  a n  e a r th q u ak e .  

wate r wh i c h  o cc u r s  i n  o r  i s  d e r i ve d  
f r om the a tmo sph e r e . 



mg 

mg/ l  

M i o ce ne 

Moh s ca l e  

mon o c l i ne 

m i l l ig r ams � 1/1 0 0 0  o f  a g r am .  

m i l l i g r am s  p e r  l i t e r . 

the  t ime s p a n  f r om 1 2  to 2 6  m i l l i on 
yea r s  ago c h a r a c te r i z e d  by the 
devel opme n t  of l a r g e  mo u n t a i n  r a ng e s  
( th e  f ou r th epoch o f  th e T e r t i a r y  
P e r i od ) . 

a n  emp i r i ca l  h a r dn e s s  s c a l e  r e l a ted 
to s ta nd a r d  m i ne r a l s : 

M in e r a l  

1 0 . D i amon d  
9 .  C o r undum 
8 .  Topaz  
7 .  Q u a r t z  
6 .  O r th o c l a s e  
5 .  Apa t i te 
4 .  F l uo r i te 
3 .  C a l c i t e 
2 .  Gyp s um 
1 .  T a l c  

C ommon e q uiva l e n t s  

H a r d  f i l e  
P e n k n i fe 
W i ndow g l a s s  
T ee th 

F i nge r n a i l  

The s teps between va r i o u s  m i ne r a l s  
a r e  by n o  mea n s  eq u a l , e . g . , d i amo n d  
i s  abo u t  t e n  t im e s  a s  h a r d  a s  c o r u nd um , 
whe r e a s  c o r undum i s  o n l y  abo u t  1 0 %  
h a r d e r t h a n  topa z . 

s t r a t a  that d ip f o r  a n  i nd e f in i te o r  
u n k nown l e ng t h  i n  one d i r e c t i o n  and 
wh i ch d o  n o t  apa r e n t l y  form s id e s  of  
h i l l s o r  va l l ey s . 

a s tep- l i k e  bend i n  o th e r w i s e  h o r i ­
z o n t a l  o r  g e n t ly d ipp i ng bed s . 



Mow a t a  s o i l  s e r i e s  

MSL 

N /A 

N aCL 

n e k t o n  

n o r ma l  f au l t  

o c c l ud e d  

ocs 
OD 

O r g/m3 

o ve r bu r de n  

p a t h og e n i c  

T h e  Mow a t a  s e r i e s  c o n s i s t s  o f  l e ve l , 
poo r ly d r a i ne d , v e r y  s l owly p e rme a b l e  
s o i l s .  T h e y  h ave a g r ay s i l t  loam 
s u r f a c e  and a g r ay s i l ty c l ay loam 
s u b s o i l  mo t t l e d  w i th b r ow n  a nd 
s t r e a k ed w i th d a r k  g r ay . T h e s e  
s o i l s  developed unde r g r a s s  veg e t a­
t io n  f r om a l l uv i a l  s e d i me nt s . T h ey 
o c c u r  i n  d ep r e s se d  a r ea s  a t  l o c a l  
e le v a t i o n s . S lo p e s  r an g e  f r om 0 to 1 
pe r c e n t . 

Mean S e a  L eve l . 

n o t  ava i l a b l e  o r  u nk now n .  

sod i um ch l o r i d e  ( sa l t ) . 

mac r o s co p i c  sw imm in g  o r g a n i sm s  a b l e  t o  
nav i g a t e  a t  w i l l  ( f i sh , amph i b i a n s , 
l a r g e  a q ua t i c  i ns e c t s , e tc . ) . 

n i t r og e n  o x i d e s  = NO ,  N02 1 e t c . 

a f a u l t  i n  wh i c h  th e o ve r ly i ng w a l l  
appe a r s  t o  h av e  bee n  moved downwa r d  
r e l a t ive t o  th e unde r ly i ng wal l . T h e  
a ng l e  o f  t h e  f a u l t  i s  u su a l ly 4 50 t o  
9 0 ° . 

p re v e n t s  the p a s s ag e  o f .  

O ut e r  C o n t i n e n t a l  S he l f .  

o u te r  d i ame t e r  - i n  r e f e r e n c e  t o  p ipe 
or tub i ng s i z e .  

o r g a n i sm s  p e r  c u b i c  me t e r .  

m a t e r i a l  o f  any nat u r e  c o ns o l i da te d  
o r  u n c o n s o l i da te d  th a t  o ve r l i e s  a 
depo s i t  o f  u s e f u l  m a t e r i al s , 
m i ne r a l s , coa l , o r  s a l t .  

d i se a s e  c au s i ng . 



p e l ag i c  
s ed ime n t s  

p e rmea b i l i ty 

p e rmea b i l i t y  o f  a n  
a q u i fe r  

p e r v i o u s  

pH 

p ho tosynth e s i s  

s ed ime n t s  d e r ived f r om open o c e a n  
s e t t l i ng f r om t h e  s he l l s  o f  u n i ­
ce l l ul a r  o r g a n i sm s  k nown a s  f o r am i n i ­
f e r a . T h e  s h e l l s a r e  comp o s e d  o f  
e i th e r  c a l c i um o f  s i l i c o n . I n  
add i t i on , r e d  c l a y s  o f  l a n d  mas s 
o r i g i n  a r e  a l s o  depos i t ed . 

a r o c k  i s  s a i d  t o  be pe r me a b l e  i f  
w a t e r  o r  o th e r  l iq u i d s  i n  c o n t a c t  
w i th i t s  uppe r s u r f ac e  t e nd t o  p a s s  
th r o ug h  th e r o c k  mo r e  o r  l e s s  f r e e l y  
t o  t h e  l owe r s u r f a c e . P e r me a b i l i ty 
may be ach i eved by th e r o c k -be i ng 
e i t h e r  po r o u s  o r  pe r v i o u s . T h e  
e s s e nt i a l  f e a t u r e  o f  � b e d  o f  p e r ­
mea b l e  r o c k  i s  th a t  th e l i q u i d  i t  
con t a i n s  may b e  e x t r a c t ed b y  pump i ng . 
P e rmea b i l i ty i s  _me a s u r ed i n  d a r c i e s . 

th e c ap a c i ty o f  a n  aqu i f e r  t o  t r a ns­
mit wate r  unde r p r e s s u r e . 

a r o c k  i s  s a id t o  be pe r v i o u s  i f  i t  
i s  p e r me a b l e  b y  v i r tu e  o f  me ch a n i c a l  
d i s c on t i n u i t i e s  s u ch a s  j o i nt s ,  
bed d ing p l a ne s , f i s s u r e s ,  et c .  ( e . g . , 
s ome l ime s tone s and s ome i g ne o u s  
r oc k s )  . 

a mea s u r e  o f  a c i d i ty o f  a l iq u id 
d e t e rm i ne d  by th e c o n c e n t r a t io n  o f  
hyd r o n i um ( H 3 0+ ) i o n s  pe r mo l e  
o f  l iq u id . T h e  pH va l ue e q u a l s  th e 
neg a t i ve l o ga r i thm o f  the  h yd r on i um 
c o n c e n t r a t i o n . A hyd r og e n  i o n  con­
c e n t r a t i on of  l o - 7 e qu a l s  a pH o f  7 .  
T h e  s c a l e  h a s  a r ange f r om 1 to 1 4  
w i t h  va l ue s  below 7 i nd i c a t i ng i n­
c r ea s i ng a c i d i ty ,  and val ue s  abo ve 
7 i nd i ca t i ng i n c r e a s i ng a l k a l i n i ty .  

the me tabo l i c p r o c e s s  by wh i c h  s imple 
s ug a r s  a r e  manu f a c t u r e d  f r o m  c a r bo n  
d i o x ide a nd wat e r  by p l a n t  c e l l s  
u s i ng l ig h t  a s  a n  e ne rgy s ou r ce . 



phy topl a n k t o n  

p i e r ce me n t  dome 

p ie z ome t r i c  
s u r f a c e  

p impl e-mou n d s  

p i nc h-o u t  

P le i s t o c e ne 

P l i o ce n e  

P l owpan 

m i n u t e , p a s s ive l y  f lo a t i ng p l a n t  l i fe 
o f  a body o f  w a te r . 

a s a l t  dome i n  wh i c h  t h e  s a l t  co r e  
h a s  b r o k en t h r o ugh t h e  o ve r ly ing 
s tr a t a  u n t i l  it  r ea c h e s  o r  a pp r oa c h e s  
t h e  s u r f a ce . 

a n  i ma g i n a ry s u r f a ce t h a t  eve r ywh e r e  
co i n c i d e s  w i th t h e  s ta t i c  l eve l o f  th e 
water  i n  the aqu i f e r . 

sma l l  r ou n d e d  c i r cu la r  e l e v a t i o n s 1 5  
t o  3 0  f e e t  i n  d i_ame t e r  a n d  2 t o  6 
f e e t  i n  h e i gh t .  

th e te r m i na t i o n  o r  e nd o f  a s t r a t um o r  
o t h e r  r o c k  body t h a t  n a r rows o r  th i n s  
p r og r e s s ively i n  a g iven h o r i z o n t a l  
d i r e c t i o n  u nt i l - i t  d i s appea r s , and 
the r oc k s  th a t  it once separ a t ed a r e  
i n  c o n t ac t ;  e sp . a s t r a t igr aph i c  t r ap 
f o r me d  by th e th i n n i ng o u t  o f  th e 
po r o u s  and p e r me a b l e  r o c k  be tw e e n  two 
l ay e r s  o f  imperme a b l e  r o c k . 

a t ime s p a n  f r om 1 to 2 m i l l io n  yea r s  
ago ch a r a ct e r i z ed b y  4 i c e  age s  i n  
N o r th Ame r i c a  ( th e  e a r l i e r  o f  th e 2 
epoch s comp r i se d  i n  the  Q u a t e r n a r y  
P e r i o d ) . 

l a t e s t epo ch o f  the T e r t i a r y  or  the  
co r r e spond ing s y s tem o f  r oc k s . 

A c o mp a c ted l ay e r  f ormed i n  s o i l  j us t  
be low the plower l a ye r . 



po r o s i ty 

ppm 

p p t  

p r od u c t  

p r o g r ad a t i o n  

p s i  

p s i g  

r aw wa t e r  

r ee nt ra n t  

a r o c k  i s  s a id to b e  po r o u s  i f  i t  
po s s e s s es c av i t i e s  b e tw e e n  the 
m i ne r a l  g r a i ns ma k i ng up the r o c k  
wh i ch c a n  co n t a i n  l iq u id .  T h e  t e r m  
p o r o s i ty r a t io o r  s impl y  po r o s i ty i s  
g ive n to the pe r ce ntage o f  vo i d  space 
tha t a r o c k  c o n t a i n s . P o r o s i t i e s  o f  
s ed i me n t a r y  r o c k s  r an g e  f r om l e s s  than 
1% to 1 5 % ; l o o s e  s an d  a nd g r av e l  may 
r ea c h  4 5 % ; w h i l e  c l ay s , wh ich a r e  
e x c e e d i ng l y  po r o u s  r o c k s ,  some t ime s 
r e a c h  5 0 %  p o r o s i ty .  ( P o r o u s  r o c k  i s  
no t ne ce s s a r i ly pe rme a b l e ) .  

p a r t s  pe r m i l l i o n . 

p a r t s  pe r thou s a n d . 

r e f i n e d  pet r o l e um p ro d u c t s . 

the b u i l d i ng f o r w a r d  o r  o u tw a r d  towa r d  
the s e a  o f  a sho r e l i ne o r  c oa s t l i ne 
( a s  o f  a beach , d e l t a , o r  f a n )  by 
ne a r sho r e  d e po s i t io n  o f  r i ve r bo r n e  
s e d imen t s  o r  b y  con t i n u o u s  a c c umu l a t i o n  
o f  b e a c h  ma te r i a l  th r ow n  up b y  waves o r  
moved by l o ng-s ho r e  d r i f t .  

p o u n d s  p e r  squa r e  i nch - p r e s su r e  
mea s u r eme n t . 

g auge p r e s s u r e  i n  p o u n d s  p e r  s q u a r e  
inch a n d  i n c l ud i ng p r e s s u r e  o f  a tmo s­
phe r e , a s  oppos ed t o  a b s o l u te p r e s s u r e  
( p s i a ) , p r e s s u r e  me a s u r e  w i th r e sp e c t  
to z e r o  p r e s s u r e . 

a s  u sed i n  th i s  r e po r t  - r aw w a t e r  i s  
tha t  wa t e r  u s e d  f o r  c a v i ty l e a ch i ng o r  
o i l  d i sp l a ce me n t .  

r e e n t e r i ng o r  d i r e c t ed i nwa r d  a s  a 
r ee n t r an t  a ng l e  i n  a co a s t l i ne o r  a ny 
i nd e n t at i o n  i n  a l a nd f o r m , u s u a l l y  
mo r e  o r  l e s s  a ng u l a r  i n  cha r a c te r . 



r e ve t me n t  

r o s e  ( w i nd r o s e )  

r o t i fe r  

s a l i ne 

s a l t  s to c k  

s e d im en t a r y  

s e d i me n t a r y  
d i f f e r e n t i a t i o n  

s e i sm i c  

s en e s ce n c e  

s es s i l e  

s h a l e  

a f ac i ng mad e  o n  a s o i l  o r  r o c k  emb a n k­
men t  t o  p reve n t  s c o u r by w e a th e r  o r  
w a te r .  

a g r aph i c  i l l u s t r a t i o n  o f  w i nd speed 
and d i r e c t i o n  r e l a t ed t o  p e r c e n t  f r e ­
q u en cy o f  o c c u r r e nc e . 

a phy l um o f  m i nu te , mu l t i ce l l ul a r  
aquat i c  o r g an i sm s  wh i ch po s s e s s  a 
whe e l- l i k e  b a n k  o f  c i l i a a t  th e 
a n te r i o r  ( o r a l )  e n d . 

wate r co n ta i n i ng .  a s i g n i f i ca n t  q u a n t i ty 
( < . 3  p p t )  o f  d i s s o lved n at u r a l  s a l t s  o f  
sod i um ,  magne s i um , e tc .  

a g e ne r a l  t e r m  f o r  a d i ap i r i c s a l t  body 
o f  whatever  s h ape , c f . s a l t  c o r e . 

r o c k s  f o rmed f r o m  ma te r i a l  d e r i v e d  f r om 
p r e-e x i s t i ng r o c k s  by p r o ce s s e s  o f  
d e n uda t i o n  ( depos i t i o n  o f  e ro d e d  
ma te r i a l ) toge th e r  w i th mate r i a l  o f  
o r g an i c o r i g i n .  

the p r og r e s s ive sepa r a t i o n  by e r o s i o n  
a n d  t r a n spo r t a t i o n  o f  a we l l  d e f i ne d  
r o c k  mas s  i nt o  phy s i ca l l y  a n d  chemi­
c a l ly u n l i k e  p r od u c t s  th a t  are  r e s o r ted 
a nd depo s i te d  a s  s e d i me n t s  o v e r  mo r e  
o r  l e s s  sepa r a t e  a r e a s , e . g . , th e 
s eg r e g a t i o n  a nd d i sp e r s al o f  the 
compone n t s  o f  a n  i g n e o u s  r o c k  i n t o  
s a n d s tone , s h a l e s , and  l ime s to ne s .  

p e r ta i n i ng to a n  e a r thq u a k e  o r  e a r th 
v ib r a t i o n , i n c l u d i ng tho s e  th a t  a r e  
a r t i f i c i al ly i nd u ce d . 

b i o lo g i ca l  c h ange s r e l a te d  to a g i ng 
( o f te n  s e a s o n a l ) .  

pe r ta i n i ng t o  t h o s e  o r g a n i sm s  th a t  a r e  
a t tached t o  s u b s t r a t e  a n d  n o t  f re e  to 
move a bo u t .  

a f is s i l e  r o c k  comp o s ed o f  l am i na te d  
l ay e r s  o f  c l ay l i k e , f in e  g r a i ne d  s ed i ­
me nt s . 



s l ip d ip f a u l t  

S MS A  

s o i l  c a t e na 

s o i l s e r i e s  

s o l u t io n  cav i ty 

s o n a r  

s o n a r  ca l ipe r 
s u r ve y  

s o u r  c r ude 

s t anda r d  e l u t r i at e  

s tomat a  
( pl u r a l  o f  s toma ) 

s tr i k e  

movemen t  a l o ng a f a u l t  p lane i n  t h e  
d i r e c t i o n  o f  the d ip o f  the f a u l t .  

S ta nd a r d  Me t r op o l i ta n  S ta t i s t i ca l A r ea . 

S ul ph e r  O x i d e s  - S02 , e t c . 

a s o i l  s e r i e s , a h o r i z o n ta l  g r a da t i on 
o f  
s o i l s  o f  a s im i l a r  o r i g i n .  

a spec i f i c  c l as s i f i ca t i o n  o f  s o i l  
types f o r  a l im i t e d  geog r ap h i c  a re a . 

cav i ty f o r me d  i n  s o l u bl e  r o c k s  ( o r  
s a l t )  p r ima r i ly by sol u t io n  act i o n  
( na t u r a l  o r  man-made ) .  

a s y s tem that u � e s  unde rwate r s o und , 
a t  s o n i c  o r  u l t ra s o n i c  f re q u e nc i e s , 
to  d e t e c t  and l o c a t e  o b j e c t s  i n  wate r . 

a t e c h n i q u e  f o r  mea s u r i ng i n te r n a l  
con f ig u r a t i o n s  o f  a cav i t y . 

c r ud e  o i l  w i th a h ig h  s u l f u r  con t e n t . 

the s up e r n a t a n t  r e s u l t i ng f rom the 
v ig o r o u s  3 0  m i n u te s h a k i ng o f  o n e  
pa r t  o f  bo t t om s e d ime n t  w i th 4 pa r t s  
w a t e r  ( on a vo l ume t r i c  bas i s )  co l le c t ed 
f r om the s ame s amp l e  s i t e , f o l l owed by 
a 1 -h o u r  s e t t l i ng t ime and app r op r i a t e  
0 . 4 5  m i c r on s  ( � )  f i l t r a t io n . 

a smal l  o pe n i ng o r  p o r e  i n  a s u r f ace . 

the co u r se o r  bea r i ng o f  the o u t c r o p  
o f  a n  i nc l i ne d  bed o r  s tr uc t u r e  o n  a 
l e v e l  s u r face � the d i r e c t i o n  o r  bea r ­
i ng o f  a h o r i z o n ta l  l i ne i n  t h e  pl ane 
of a n  i nc l i ne d  s t r a t um , j o i nt , f a u l t  
c l e a vage p l a ne o r  o th e r  s t r uc t u r a l  
p l a ne . I t  i s  p e ipe nd i c u l a r  t o  the 
d i r e c t i o n  o f  the d i p .  



s ub a ng u l a r  

s u b s t r a t a  

s u r ge t a n k  

s u spended s ol id s , 

s u spended pa r t i c u l a t e  
mat t e r  ( pa r t i c u l a te s )  

swe e t  c r ud e  

t a x o n  

te c t on i c  

T e r t ia ry 

th a lweg 

th r ow 

TKN 

a g r ade o f  r o un dn e s s  o f  r o c k  in wh i ch 
the f ragme n t s  r e ta i n  the i r  o r i g i n a l  
a ng u l a r f o r m , b u t  t h e  e dg e s  a nd 
co r n e r s  a r e  r o unded o f f . 

a l ay e r  o f  s t r a t um o f  ea r th o r  r o c k  
l y i ng immed i at e l y  u n de r a n o th e r . 

a s to r age t a n k  wh i c h  s e r ve s  to k ee p  
the pump ing r a te/p r e s s u r e th r o ugh a 
p i pe l ine c o n s ta n t  by s to r i ng e xce s s  
o r  p r o v i d i ng a s u r pl u s  when th e r a t e  
o f  p ump i ng " s u r ge s "  u p  o r  down , 
r e s pe c t ive l y . 

a d i re c t  me a s u r e me n t  q u a n t i f y ing . 

any f i ne ly . d i v ided s o l i d  a nd/o r 
l iq u id ma t t e r  wh i ch doe s no t s e t t l e  
f r om th e amb i e n t  a i r . 

c r ude o i l  w i th a low s u l f u r  c o n t en t .  

the name app l i e d  t o  a g r ou p  o f  p l a n t s  
o r  a n ima l s  i n  a f o r ma l  sys tem o f  
nome n c l a t ur e .  

o f ,  pe r ta i n i ng to , o r  d e s i g n a t i ng th e 
r o c k  s tr uc tu r e  a nd e x t e r na l  f or m s  
r e s u l t i ng f r om t h e  de f o r ma t i o n  o f  th e 
e a r th ' s  c r u s t .  A s  app l i ed t o  e a r th­
q u a k e s , i t  is  u sed t o  d e s c r ibe s h oc k s  
d u e  t o  v o l c a n i c  a c t i o n  o r  t o  c o l l a p s e  
o f  c a ve r n s  o r  l a nd s l id e . 

th e pe r i od o f  t ime e x t e nd i ng f r om 6 5  
m i l l i o n  t o  2 t o  3 m i l l i o n  ye a r s  ago . 

a l i ne j o i n i ng the d e e pe s t  po i n t s  i n  
a c h a n ne l . 

the amo u n t  o f  ve r t i c a l  d i sp l a c emen t  
as  a r e s u l t  o f  f a u l t i ng . 

t o t a l  K j e ldah l n i t r og e n  ( s um o f  f re e  
ammo n i a  a nd o r g a n i c  n i t r og e n  com­
p o u n d s ) .  



t o x aphene 

t r a n smi s s i b i l i ty ,  
coe f f ic i e n t  o f  

t r e nd 

t u r b id i ty 

t u r b i d i ty pl ume 

unco n f o rm i ty 

o r g a n i c  compo und , C 1 0 H1 0 C l a , a t o x i c  
waxy , amb e r  s o l id , w i th m i ld ch l o r i ne­
camp h o r  sme l l , s o l u b l e  i n  o r g a n i c  
s o l ve nt s , me l t s  at 6 5- 9 o o c .  U sed 
as i ns ec t i c i d e  ( al s o  k nown as tech n i c a l  
ch l o r i na ted c amphene ) .  

the r at e  o f  f l ow o f  w a t e r  i n  g a l l o n s  
pe r d ay th r o ugh a ve r t i c a l  s t r ip o f  
th e aqu i f e r  o n e  f o o t  w id e  ex t e nd i ng 
th r o ugh the ve r t ic a l  th i c k n e s s  o f  th e 
aqu i f e r  a t  a h yd r a u l i c  g r ad ient  o f  one 
foo t pe r foot and a t  th e p r eva i l i ng 
tempe r a t u r e  o f  tpe w a t e r . �h e t r a ns­
m i s s i b i l i ty f r om a pump ing t e s t  i s  
repor ted f o r  the p a r t  o f  th e aqu i fe r  
t apped b y  th e we l l . 

( 1 )  the  d i r e c t i o n  o r  bea r i n g  o f  th e 
outc r op o f  a bed , d i k e , s i l t . 

( 2 )  t h e  i n t e r s ec t io n  o f  th e p l a ne o f  
a bed , d i k e ,  j o i n t ,  f a u l t , o r  o t h e r  
s t r u c t u r a l  f ea t u r e  w i th t h e  s u r f ace 
o f  th e ea r th . 

a me a s u r e  o f  th e amou n t  o f  l ig h t  th a t  
w i l l  p a s s  th r ough a l iq u id . I t  
d e sc r i be s  the deg r e e  o f  opaquene s s  
p r o d u ced b y  s u spended p a r t i c u l a te 
ma t e r i al . 

a l o ca l i z ed a r ea o f  s u spended s ed ime n t s  
o ft e n  a s s o c i a ted w i th d r edg i ng ope r a­
t io n s  th a t  r e d u c e s  th e amo u n t  o f  l ig h t  
pene t r a t i o n  th r o ug h  the w a t e r  i n  th a t  
l o ca l i z ed a r e a . 

th e s t r uc t u r a l  r e l a t i o n s h ip be twe e n  
r o c k  s t ra t a  i n  c o n t a c t , ch a r ac t e r i z ed 
by a l ack o f  con t i nu i ty i n  depo s i t io n  
and co r r e spond i ng t o  a pe r i o d  o f  n o n­
depos i t i o n , wea th e r i ng ,  o r  e spec i a l l y  
e r o s i o n  ( e i th e r  s u ba r e a l  o r  s ubaqueo u s )  
p r i o r  t o  th e depo s i t io n  o f  th e y o u ng e r  
bed s , a n d  o f te n , b u t  n o t  a lway s ma r ked 
by a b sence o f  p a r a l l e l i sm be tween th e 
s t r a t a .  



u n c o n so l i da te d  
( s e d i me n t )  

u nd i f f e r e n t i at ed 

v o l .  

v u g g y  po r o s i ty 

v ug s  

w ind r os e  

1 .  a sed i me n t  th a t  i s  l o o s e ly 
a r r a ng e d  o r  u n s t r at i f i e d  who s e  p a r ­
t i c l e s  a r e  n o t  c eme n t e d  togethe r ,  
o c c u r r i ng e i th e r  a t  th e s u r f ac e , o r  
a t  depth . 
2 .  so i l  m a te r i a l  th a t  i s  i n  a 
l o o s e ly agg r e g a ted f orm . 

( see sed i me n t a r y  d i f fe r e n t i at io n ) 

v o l ume . 

po r o s i ty d u e  t o  v ug s  i n  c a l c a r e o u s  
r o c k . 

c a v i t i e s  o f te n  w i th m in e r a l  l i n i n g s  
d i f f e r e n t  i n  c ompo s i t io n  f r om t h e  
s u r r o u nd i ng r oc k . 

a d i ag r am show ing , f o r  a g iv e n  p l a c e , 
the r e l a t ive f r eq u e n cy o r  f r eq u e n cy 
and s t r e n g th o f  w in d s f r om d i f f e r e n t  
d i r e c t io n s . 
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